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ABSTRACT

Manual and com puter-aided  tech n iq u es for  handling lo c a tio n -sp ec ific  data 

are view ed, not in  term s of th eir  ab ility  to produce m ap s, but in  the broader  

ro le  o f storin g , m anipulating, and d isp laying such, data.

The ch a ra c te r is t ic s , so u r ces , and. supply of sp a tia l data are  d iscu ssed . 

Manual techniques fo r  handling mapped, data a r e  exam ined  a s  the bench­

m ark s o f trad itiona l cap ab ility  aga in st which, th e  new com p u ter-aid ed  

m ethods m ust be judged.

The storage of sp a tia l data in  e lec tro n ic  com puters i s  review ed . G eneral 

ca teg o r ies  o f com p u ter-a id ed  tech n iq u es b a se d  on  th e ir  storage form at are  

exam ined  and th e ir  ch a r a c te r is t ic s  a r e  illu stra ted  w ith  sp e c if ic  exam p les. 

The Canada Geographic Inform ation S ystem , w hose developm ent w as  

in itia ted  and d irected  by the author, i s  exam ined  in  th is  context.

T he current o v er a ll ab ility  to  handle sp a tia l data i s  an a lysed  w ithin a fr a m e ­

w ork  o f data ch a ra c te r is t ic s  and s y s te m  cap a b ilities . T he ca teg o r ies  o f  

different cap ab ilities  em er g e , th e ir  in stitu tion a l backgrounds a re  made 

c le a r , but questions a re  r a ise d  about th e  w ay  in  w hich  th e techniques are  

developing, th e ir  u se fu ln e ss , and th e  fu ture p r o g r e ss  o f such geographic  

in form ation  s y ste m s.

F o r m a l sp atia l an a ly sis  and governm ent d ec is io n  m aking are  exam ined in  

te r m s  o f th eir  u se  of data. T h e contribution o f  ex istin g  geographic  

in form ation  sy ste m s  to  th ese  p r o c e s s e s  i s  c r it ic a l ly  appraised .

W ithin the d isc ip lin e  o f geography, it: i s  su g g ested  that th e m utual develop­

m ent of form al sp a tia l m od els and geograph ic in form ation  sy ste m s  w ill  

lead  to  future b en e fic ia l sh if ts  o f  em p h asis  in  both  f ie ld s  of endeavour. 

W ithin governm ent, ch anges in  op erationa l p rocedure and the p o ss ib ility  

of changes in  the d ecision -m ak in g  p r o c e ss  a r e  d iscu ssed . O rganizational 

stru ctu res  to  fa c ilita te  th e u se  o f  data, s to r e s  a re  postu lated. It i s  apparent 

that the developm ent o f geographic inform ation s y ste m s  cannot sen sib ly  

p roceed  further in  iso la tio n , but. m u st b e  undertaken a s  an in tegra l part of 

th e v er y  la r g e  stru ctu re  o f  data gathering, data a n a ly s is , and d ecision  

making.
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C H A P T E R  1 -  INTRODUCTION

T h e  o b je c tiv e s  of th e  th e s is  a r e  to  ex am in e  new deve lo p m en ts  in  te ch n iq u es  

f o r  h and ling  s p a tia l  d a ta , and  to  co n s id e r  th e  im p lic a tio n s  of th e i r  u s e  on  th e  

m e th o d o lo g ica l a s p e c ts  of geo g rap h y  an d  on d ec is io n  m ak in g  in  g o v e rn m en t.

D a ta  h an d lin g  f i t s  w ith in  a  l a r g e r  f ra m e w o rk  of d a ta  g a th e r in g , d a ta  a n a ly s is ,  

an d  d ec is io n  m aking. C oncep tually , th e  in te ra c t io n s  am ong  th e  e le m e n ts  in  

th i s  f ra m e w o rk  a r e  e x p re s s e d  in  th e  fo llow ing  d ia g ra m  (F ig . 1. 1).

DATA
GA TH ERIN G

F ig . 1. 1. R e la tio n sh ip s  be tw een  d a ta  g a th e r in g , d a ta  h and ling , d a ta  
a n a ly s is , and  d ec is io n  m aking.

T h e  s te p s  n e c e s s a r y  to  a r r i v e  a t  d ec is io n s  b a s e d  on  o b s e rv e d  phen o m en a  

a r e  su g g e s te d  by  th e  s m a l l  b oxes  in  th e  d ia g ra m . F o r  th e  p u rp o s e s  o f 

th i s  d is c u s s io n  i t  is  a s s u m e d  th a t p henom ena a r e  o b s e rv e d , m e a s u re d  in  

so m e  s u ita b le  un it(s) and  d e s c r ib e d  on th e  b a s is  of th e s e  m e a s u re m e n ts . 

W hen th e  phenom ena h ave  b ee n  d e s c r ib e d , a n  a t te m p t ca n  b e  m ade to  

e x p la in  th e i r  p ro p e r t ie s ,  su ch  a s  th e i r  s p a t ia l  d is tr ib u tio n . I f  th e y  c a n  b e  

e x p la in ed , fu tu re  changes  in  th e  v a r ia b le s  ca n  b e  su g g e s te d  and  d e c is io n s  

c a n  b e  m ade on th e  b a s is  o f th e  p re d ic te d  ou tcom e.

T h e se  s te p s  ca n  b e  g rouped  in to  so m ew h at m o re  f a m il ia r  c a te g o r ie s .  D a ta  

g a th e r in g  e n c o m p a sse s  th e  v a r io u s  te ch n iq u es  o f  c e n su s , s u rv e y , ad m in i­

s t r a t iv e  r e c o r d  keep ing , and  so  fo r th . D ata  hand ling  c o m p r is e s  th e  s to ra g e , 

m a n ip u la tio n , and  d isp la y  of d a ta . D ata  a n a ly s is  in v o lv es  f i t t in g  th e  d a ta  to  

so m e  fo rm  of m ode l, e i th e r  m e n ta lly  in tu itiv e  o r  m o re  r ig o ro u s  and  fo rm a l, 

th a t a llo w s  th e  p henom ena to  b e  u n d e rs to o d  and , w ith  g r e a t e r  o r  l e s s e r  

d e g re e s  of a c c u ra c y , p re d ic te d . D ec is io n -m ak in g  p ro c e s s e s ,  w h e th e r  

a c a d e m ic , p ra g m a tic , ind iv id u a l, in s ti tu tio n a l,  o r  p o li t ic a l ,  c a n  th e n  r e s u l t .
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It can  b e  s e e n  th a t  d a ta  h and ling  i s  a  l im ite d  p a r t  of th is  p ro c e s s .  It i s  an  

e s s e n t ia l  and  in te g r a l  p a r t  o f th e  s e r ie s  b u t i t  d o es  no t en co m p ass  data  

g a th e r in g , th e  d e s ig n  and u se  of te ch n iq u es  fo r  d a ta  a n a ly s is , o r  the  

d e c is io n -m a k in g  p r o c e s s .  T h is  th e s i s  w ill  c o n c e n tra te  on th e  hand ling  of 

s p a t ia l  d a ta , b u t w ill  r e l a te  th e  h and ling  te c h n iq u e s  to  the  c h a ra c te r is t ic s  

and  v o lu m es  o f a v a ila b le  d a ta  and  to  th e  s u b se q u en t n ee d s  of v a r io u s  ty p es  

o f d a ta  u s e  and  d e c is io n  m aking.

D a ta  h an d lin g  i t s e l f  i s  an  e x tre m e ly  la rg e  f ie ld . T o  l im it th e  sco p e  of th e  

th e s i s ,  a t te n t io n  w ill b e  fo c u sse d  on te ch n iq u es  f o r  h and ling  th e  m apped  and  

r e l a te d  lo c a tio n -s p e c if ic  d a ta  g a th e re d  by  g o v e rn m en t ag e n c ie s . The. 

s p e c ia l  te c h n iq u e s  f o r  h and ling  d a ta  f ro m  p ic tu r e s  (p ic tu re  p ro ce ss in g )  w ill 

be  ig n o re d . S im ila r ly , on ly  g o v e rn m en t d e c is io n  m aking  w ill b e  exam ined . 

A lthough no d i r e c t  ex a m in a tio n  w ill b e  m ade o f th e  p r iv a te  and  c o m m e rc ia l 

s e c to r s ,  o r  o f th e  o v e rw h e lm in g  m a jo r ity  of d a ta  w h ich  is  no t o f a  

lo c a tio n -s p e c if ic  ty p e , a n  ex te n s iv e  s u b je c t n e v e r th e le s s  re m a in s .

M apped d a ta  an d  r e l a te d  lo c a tio n -sp e c if ic  d a ta  h ave  p ro b a b ly  b ee n  g a th e red  

and  h an d led  s in c e  a t  le a s t  2000 B. C . Of n e c e s s i ty ,  m an u a l c a rto g ra p h ic  

te c h n iq u e s  w e re  em p lo y ed  to  c r e a te  and  r e a d  m a p s , and  su ch  te ch n iq u es  

a r e  s t i l l  th e  m o s t w id e ly  u sed  in  th e  w o rld  to d ay . M anual te ch n iq u es  have 

so m e  ad v a n ta g e s , b u t th e y  a lso  h av e  s ig n if ic a n t d isad v a n tag es . A lthough 

m a p s  ca n  b e  an  e ff ic ie n t w ay  to  s to r e  and d isp la y  d a ta  co n c e rn in g  th e  e a r th 's  

s u r f a c e ,  th e r e  a r e  tw o b a s ic  l im ita tio n s  to  th e i r  u s e . T he f i r s t  i s  tha t 

th e r e  a r e  p h y s ic a l l im it s  on th e  am ount of d e s c r ip tiv e  d a ta  th a t c a n  be 

s to r e d  and  d isp la y e d  on an y  m ap. T o  re d u c e  su ch  d a ta  to  a  s e n s ib le  g rap h ic  

fo rm , th e y  m u s t b e  c la s s i f ie d  and g e n e ra liz e d , w h ich  to o  o ften  c a u se s  a  

lo s s  o f d e ta i l  d u r in g  th e  t r a n s i t io n  f ro m  a  l e s s  to  a  m o re  g e n e ra liz e d  fo rm  

of d a ta  r e c o r d .  T h e  se c o n d  lim ita tio n  i s  th a t in fo rm a tio n  in  a  m ap  fo rm a t, 

a s  w e know i t ,  h a s  to  b e  r e t r ie v e d  v is u a l ly  an d  m anua lly . M e asu rem e n t is  

la b o r io u s , and  q u a n tita tiv e  c o m p a riso n s  a r e  slow  and  exp en siv e . Any la rg e  

c o lle c tio n  of c a r to g ra p h ic  m a te r ia l  p r e s e n ts  a  fo rm id a b le  ta s k  of re a d in g  

and a n a ly s is  to  o b ta in  ev e n  th e  s im p le s t u n d e rs ta n d in g  of th e  in fo rm a tio n  it 

co n ta in s .

T h e  te c h n iq u e s  and  e f fo r t invo lved  in  th e  m an u a l h and ling  of m apped  d a ta  

w ill  be  ex a m in ed  in  d e ta il  in  C h ap te r 3. T he su b seq u en t c h a p te rs  o f the
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th e s i s  w ill  c o n s id e r  th e  te c h n iq u e s  th a t  h av e  b ee n  deve loped  in  th e  p a s t 15 

y e a r s  (s in ce  th e  adven t of th e  e le c tro n ic  c o m p u te r  am en ab le  in  th e  hand ling  

of m ap p ed  d a ta ). B oth  m a n u a l and  c o m p u te r -a id e d  te ch n iq u es  w ill  b e  

b ro u g h t to g e th e r  and  re v ie w e d  in  C h ap te r  6, so  th a t th e  c u r r e n t  o v e ra l l  

c a p a b ili ty  f o r  h an d lin g  s p a t ia l  d a ta  m a y  be  u n d e rs to o d . T h is  ca p ab ili ty  

w ill  th e n  b e  v iew ed  in  C h a p te rs  7 an d  8 in  te r m s  of th e  need  to  hand le  d a ta  fo r  

s p a t ia l  a n a ly s is  an d  d e c is io n  m aking  in  g o v e rn m en t.

REV IEW  O F LIT ER A TU R E

It i s  c l e a r  th a t th e  th e s i s  d ra w s  f ro m , and i s  co n c e rn e d  w ith , th e  r e la t io n ­

s h ip s  b e tw e en  c a rto g ra p h y , co m pu ting , in fo rm a tio n  s y s te m  d es ig n , 

g e o g ra p h ic a l ex p lan a tio n , f o rm a l  s p a t ia l  a n a ly s is ,  and  to  so m e ex ten t 

p o li t ic a l  s c ie n c e . E a c h  of th e s e  f ie ld s  h a s  a n  e x te n s iv e  l i te r a tu r e  b u t, a s  

m ay  b e  e x p e c ted , w o rk  in  th e m  te n d s  to  fo cu s  on m a t te r s  c e n tr a l  to  each  

d is c ip lin e  r a th e r  th a n  ex p lo r in g  th e i r  in te r re la t io n s h ip s .  E ven  te x ts  th a t 

a tte m p t to  en c o m p a ss  th e  sc o p e  o f th e i r  d is c ip lin e s  a r e  w eak  in  th i s  r e s p e c t .

T h e  c l a s s i c a l  te x ts  in  c a r to g ra p h y , su c h  a s  th e  w o rk  of R ob in son  o r  

M onkhouse and  W ilk in son , 1 a r e  c o n c e rn e d  m a in ly  w ith  th e  "how " of

p ro d u c in g  m aps an d  d ia g ra m s  r a t h e r  th a n  th e  "w hy". T he o v e ra l l  l i te r a tu r e

on  co m pu ting  is  v a s t ,  b u t th a t  s p e c if ic a l ly  c o n c e rn e d  w ith  hand ling  s p a tia l

d a ta  h a s  b ee n  s p a r s e .  (It w il l  b e  m o re  fu lly  ex a m in ed  below  and  in  th e  body

of th e  th e s i s .  ) T h e  c o n c ep ts  o f  in fo rm a tio n  s y s te m  d e s ig n  a r e  g e n e ra lly

ap p lic a b le  to  a l l  d a ta , b u t th e  s y s te m s  u s e d  a s  e x a m p le s2 h av e  c o n c e n tra te d

on  th e  n e e d s  o f b u s in e s s  m anagem en t, in d u s tr ia l  c o n tro l, econom ic  p lanning ,

m i l i t a ry  s y s te m s , and  so  fo r th .  T h e  s e v e r a l  e x c e lle n t re v ie w s  o f fo rm a l

s p a t ia l  a n a ly s is  and  g e o g ra p h ic a l ex p lan a tio n 3 do n o t co v e r  d a ta  hand ling

te c h n iq u e s  in  any  dep th . T h e  e x te n s iv e  l i t e r a tu r e  of p o li t ic a l  s c ie n c e ,

ev e n  th a t  d ire c t ly  c o n c e rn e d  w ith  d e c is io n  m ak ing  in  g o v e rn m en t,4 does

n o t o ften  ex p lo re  th e  s u p p ly  an d  hand ling  of d a ta  o n  w hich  d ec is io n s  a r e

b a s e d . E ven  s tu d ie s  s p e c if ic a l ly  co n c e rn e d  w ith  g o v e rn m en t m anagem en t 

of th e  e n v iro n m en t5 m ake o n ly  lim ite d  r e f e r e n c e  to  th e  in h e re n t ta s k  of 

h an d lin g  s p a t ia l  d a ta .

It w ould  b e  w ro n g , h o w ev e r , to  s u g g e s t th a t th e  p ro b le m s  of hand ling

1. R ob in son  1969, M onkhouse an d  W ilk inson  1970. 2, M cDonough 1963,
C le lan d  and  K ing 1969, D odd 1969, B u rc h  an d  S tr a te r  1974. 3. C h o rley  
and  H aggett 1967, C o le an d  K ing 1968, B e r r y  and  M arb le  1968, H a rv ey  1969, 
R ush to n  e t a l. 1971. 4 . W a rd  1962, P o r t e r  1965, B ra y  1970. 5. M acN eill 
1971.
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s p a t i a l  d a t a ,  a n d  t h e  

p o s s i b i l i t y  o f  b r i n g i n g  n e w  

m e t h o d s  t o  

b e a r  o n  t h e s e  p r o b l e m s ,  

h a v e  g o n e  u n r e c o g n i z e d .  

S i g n i f i c a n t  c o n t r i b u t i o n s  

h a v e  b e e n  m a d e  

t o  v a r i o u s  a s p e c t s  

o f  t h e  w o r k .  
The calculating c a p a c i t y  o f  c o m p u t e r s  w a s  r e a d i l y  

perceived by numerous workers. In particular, their capa- bilities for storage and information handling, in terms of spatial data manipulation, were anticipated by Coppock, Coppock and Johnson, Kao,1 and others. As the development of computers progressed, their contribution to spatial data handling was explored and noted by a series of workers. Tobler2 examined the automatic production of thematic maps. Dacey and Marble3 and Dueker4 made early comments on the needs and theoreticalproblems of handling spatial data with the aid of computers. Pfaltz5 
a n d  H â g e r s t r a n d  g e n e r a l l y  c o n s i d e r e d  t h e  

c o m p u t e r - a i d e d  h a n d l i n g  o f  s p a t i a l   

d a t a  i n  t e r m s  o f  a p p l i c a t i o n s  t o  s p e c i f i c  

g e o g r a p h i c a l  p r o b l e m s .  B a l c h i n  a n d  C o l e m a n 7 ,  
followed by Bertin, 8 produced two of the rare overviewsof computer use within a conceptual view of cartography. Haggett 9 presented a timely review of computer use in geography. Aumen10 con- sidered the advantages of numerical maps.With few exceptions, however, these general contributions have dealt with the potential of manipulating spatial data with computers, usually with the aim of producing a map. The broader concept of computers as tools to link the processes of spatial data gathering and decision making is not often considered.Two other categories of relevant literature can be recognized. The first discusses devices or techniques that contribute to the overall capability for handling spatial data, and the second describes the development of sets of techniques into geographic information systems with various characteris- tics and capabilities.Existing electronic computers are mainly general-purpose machines for digital data processing. Hardware for handling graphic data is limited to input and output devices, and as they have developed rapidly, the literature usually covers specific types of equipment. 
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tu b e s  f o r  d a ta  inpu t and  ed itin g , an d  P e t r i e 1 p re s e n te d  an  overv iew  o f

c a r to g ra p h ic  p lo ttin g  d ev ic e s  f o r  a u to m a tic  m apping. D ueker2 h a s

p u b lish e d  th e  c l e a r e s t  and  m o s t s tr a ig h tfo rw a rd  rev iew  of th e  m e thods of.

cod ing  g e o g ra p h ic a l p a t te rn s ,  though  o th e r  w o rk e rs 3 have p ro v id e d  a l t e r -  

n a tiv e  sc h e m e s . W illiam s4 p ro d u ced  a  va lu ab le  b ib lio g rap h y  o f w o rk  on  

d a ta  s t r u c tu r e s  and la t e r  s p e c i f ic a l ly  re v ie w e d  th o s e  of u se  in  co m p u te r 

g ra p h ic  s y s te m s .

T e ch n iq u es  f o r  s p e c if ic  m a n ip u la tio n s  of s p a tia l  d a ta  in  n u m e r ic a l f o r m  

h a v e  b e e n  d eve loped  by  m an y  w o rk e rs .  B oehm 5 c o m p a re d  v a r io u s  te c h -  

n iq u e s  o f s u r fa c e  sam p lin g  an d  conc luded  th a t th e r e  i s  no o p tim a l te ch n iq u e . 

T h e  ta s k  of d raw in g  c o n to u rs  h a s  r e c e iv e d  a  g re a t d e a l of a tten tio n ; 

p ro b a b ly  th e  b e s t  d is c u s s io n s  a r e  th e  e a r ly  one of B en g tsso n  and  Nord b e ck 6

and th a t  in c lu d ed  in  th e  w o rk  o f H a rb au g h  and  M e rr ia m .7 S pecific  co n to u rin g

p ro g ra m s  h ave b ee n  d eve loped  b y  n u m e ro u s  w o rk e rs ,8 and te c h n iq u e s  o f

tr e n d  s u r fa c e  a n a ly s is  r e c e iv e d  e a r ly  a t te n t io n  f ro m  g eo lo g is ts , n o ta b ly

K ru m b e in . 9 C h o rle y  and  H ag g e tt, 10 H arbaugh  and M e rr ia m , 11 and

C a s s e t t i  and  S em ple12 h av e  re v ie w e d  th e  w o rk  of o th e rs . T h e  c o m p u te r -

a id ed  m a n ip u la tio n  of m ap  p ro je c tio n s  h a s  b ee n  a  con tinu ing  in t e r e s t  o f

T o b le r13 and  K ao.14 Map g e n e ra liz a tio n  w as  d is c u s s e d  b y  T o b le r15 a n d

K oem an  and van  d e r  W eiden , 16 am ong  o th e rs .

T h is  sa m p le  of p u b lic a tio n s  c o n f irm s  th a t a  c o n s id e ra b le  am ount o f  w o rk  

h a s  b e e n  u n d e rta k e n  on s p e c if ic  a s p e c t s  o f s p a tia l  d a ta  hand ling .

T a r r a n t17 h a s  p ro v id e d  a  p a r t i a l  l i s t  o f th e  co m p u te r p ro g ra m s  a v a ila b le  in  

th e  g eo g rap h y  d e p a rtm e n ts  of u n iv e r s i t ie s ,  and  P e u c k e r  18 h as  com piled  a. 

b ib l io g ra p h y  on  c o m p u te r  c a rto g ra p h y .

L i te r a tu r e  d ea lin g  e x p lic i tly  w ith  g eo g rap h ic  in fo rm a tio n  s y s te m s  i s  l e s s  

r e a d i ly  a v a ila b le  in  e s ta b l is h e d  jo u rn a ls . It i s  m a in ly  to  b e  found  in  th e  

f o r m  o f go v ern m en t p u b lic a tio n s , c o n fe re n ce  p ro cee d in g s , s y s te m -re la te d  

m a n u a ls , o r  m im eo g ra p h ed  r e p o r t s .  V a rio u s  c a te g o r ie s  of geo g rap h ic

16
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in fo rm a tio n  s y s te m s  w ill b e  d e s c r ib e d  in  th e  body  o f  th is  th e s i s ,  w ith  

s p e c if ic  e x a m p le s . A b ib lio g rap h y  of th e  l i t e r a tu r e  is  p rov ided .

CONTRIBUTION AND CONTEXT O F TH ESIS

T he c o n tr ib u tio n  m ade b y  th is  th e s i s  i s  to  p ro v id e  a  co h e re n t ex a m in a tio n  

of th e  to o ls  now a v a ila b le  to  lin k  th e  p ro c e s s e s  of s p a tia l  d a ta  g a th e r in g  and  

d e c is io n  m aking . M anual and  c o m p u te r -a id e d  tech n iq u es  fo r  hand ling  

s p a t ia l  d a ta  a r e  v iew ed  not in  te r m s  of th e i r  a b i li ty  to  p roduce  m a p s , b u t 

in  th e i r  b ro a d e r  r o le  of s to r in g , m an ip u la tin g , and  d isp lay ing  d a ta  f o r  

d ec is io n -m a k in g  p u rp o s e s . P a r t i c u la r  a tte n tio n  i s  p a id  to  th e  u t i l i ty  of th e  

r e c e n tly  d eve loped  n o n -g ra p h ic  f o r m s  of d a ta  s to ra g e  a s  a  r e p o s i to r y  fo r  

s p a t ia l  d a ta . T h e  im p lic a tio n s  of th e  u se  of th e  new to o ls  fo r  fo rm a l  s p a t ia l  

a n a ly s is  an d  g o v e rn m en t d ec is io n  m ak ing  a r e  d is c u s s e d  and g u id e lin e s  f o r  

th e  fu tu re  dev e lo p m en t of te ch n iq u es  f o r  h and ling  sp a tia l'.d a ta  a r e  p u t 

fo rw a rd .

T h e  to o ls  fo r  h an d lin g  s p a t ia l  d a ta  m u s t of c o u rs e  b e  thought of in  th e  

co n tex t of th e  in ten d ed  u s e  of th e  d a ta . T h e  su p p ly  o f d a ta  and  th e  dem and  

f o r  th e m  a r e  n o t independen t. In  g e n e ra l,  d a ta  a r e  o b ta ined  in  re s p o n s e  

to  a  v a r ie ty  of in s ti tu tio n a l n e e d s , w h e th e r  h is to r ic a l ,  c u r re n t , a n tic ip a te d , 

r e a l ,  o r  i l lu s o ry .  T h is  in flu en ce  of th e  s o u rc e  a g e n c ie s  i s  v e ry  c l e a r  

w hen  one looks a t th e  s u p p lie s  of m apped  an d  r e la te d  lo c a tio n -sp e c if ic  d a ta . 

A v a ilab le  d a ta  r e f l e c t  th e  in s ti tu tio n a l r e q u ire m e n ts  w ith in  a  p a r t ic u la r  

co u n try , w h ich  in  tu r n  r e f le c t  th e i r  d iffe re n t n e e d s  and  s ta te s  o f d ev e lo p -  

m e n t. A lthough th i s  s itu a tio n  m ay  m e an  th a t  d a ta  a r e  c o llec ted  f o r  one 

p u rp o s e  on ly  and  canno t b e  t r a n s f e r r e d  to  o th e r  u s e s ,  it  does  g e n e ra te  d a ta  

th a t a t  le a s t  h av e  so m e  u s e . D ata  h ave  no v alue  e x c ep t in  th e  con tex t of 

th e i r  u s e , an d  in  th e  p a s t th e y  h ave  not b ee n  g e n e ra lly  c o llec ted  f o r  th e i r  

own sa k e . 1 T h e  to o ls  f o r  h and ling  d a ta  a ls o  h ave  n o t been  deve loped  fo r  

th e i r  own sa k e , b u t r a th e r  have  g row n p ra g m a tic a lly  out of in s ti tu tio n a l 

n eed . T h e  in flu en ce  of th e i r  in s ti tu tio n a l o r ig in  i s  p a r t ic u la r ly  p e rv a s iv e  

in  th e  c u r r e n t  e a r ly  s ta g e  of d eve lopm en t of c o m p u te r-a id e d  te ch n iq u es  

fo r  h and ling  s p a t ia l  da ta ; e a c h  o f th e  c a te g o r ie s  of te ch n iq u e  to  b e  ex a m in ed  

in  l a t e r  c h a p te r s  i s  r e la te d  to  sp e c if ic  ty p e s  of in s ti tu tio n a l ac tiv ity . T h e  

te c h n iq u e s  a r e  n o t n e c e s s a r i ly  ap p lic a b le  in  e v e ry  in s ti tu tio n  and  e v e ry  

co u n try , and  no u n iv e r s a l  s y s te m  f o r  h an d lin g  m apped  d a ta  e x i s t s  a t  th e

1. H ow ever, w e m a y  b e  a c q u ir in g  su ch  an  o v erw h elm in g  a b i lity  to  g a th e r  
d a ta  th a t th e r e  i s  d an g e r  of u n d ire c te d  a c c u m u la tio n  in  the  fu tu re .

1 7



m o m en t o r  i s  lik e ly  to  b e  c re a te d  in  th e  n e a r  fu tu re .

T h e  d eve lopm en t of d a ta  h an d lin g  m e th o d s, th e n , h a s  grow n f ro m  the  

in s ti tu tio n a l n ee d  to  han d le  da ta ; conseq u en tly , th e i r  u se fu ln e ss  and  a p p li- 

c a b ili ty  in  e a ch  co u n try  m u s t be judged  w ith in  th a t con tex t.

TH ESIS STRU CTU RE

T he th e s i s  s t a r t s  w ith  a  b r ie f  ex a m in a tio n  of th e  c h a ra c te r is t ic s  and  

a v a ila b i li ty  of s p a t ia l  d a ta , p ro c e e d s  w ith  an  ex a m in a tio n  of m an u a l and  

c o m p u te r -a id e d  s p a t ia l  d a ta  h an d lin g  te c h n iq u e s , and  ends w ith  th e  d i s -  

c u s s io n  of th e  re la t io n s h ip s  b e tw e en  g eo g rap h ic  in fo rm a tio n  s y s te m s , 

fo rm a l  s p a t ia l  a n a ly s is ,  and  d ec is io n  m ak ing  in  g o v e rn m en t.

T h e  ty p e  and  am ount of s p a t ia l  d a ta  th a t e x is t  o b v io u s ly  a ffec t th e  n ee d  fo r  

d a ta  h an d lin g  ca p ab ili ty . L o c a tio n -s p e c if ic  d a ta  th e m s e lv e s  r e s u l t  f r o m  

th e  d e s c r ip tio n  of e n t it ie s  o r  co nd itions  w ith in  s p a c e , and  th e  n a tu re  of 

th e  d e s c r ip tio n  d epends on th e  concep t of sp a c e  and  th e  language em ployed . 

T h e  ra n g e  of th e s e  p o s s ib i l i t ie s  i s  b r ie f ly  ex a m in ed  in  th e  f i r s t  p a r t  of 

C h a p te r  2. T h e  in flu en ce  of th e  s to ra g e  m e d iu m  on  th e  d a ta  fo rm a t i s  

co n s id e re d . D esp ite  th e  w ide  ra n g e  of co n c ep tu a lly  p o s s ib le  a p p ro ac h es  

to  s p a t ia l  d e s c r ip tio n , th e  o v erw h elm in g  am ount of e x is tin g  lo c a tio n -sp e c if ic  

d a ta  a s s u m e s  E u c lid e an  sp a c e  and  i s  s to re d  on  d o cu m en ts  in  e i th e r  g rap h ic  

o r  sy m b o lic  d a ta  fo rm a ts .  T h e  m o s t com m only  u s e d  ty p e s  of lo c a tio n  

id e n tif ie r  a r e  id e n tif ie d  an d  d is c u s s e d .

T h e  n ex t s te p  is  a n  ex a m in a tio n  o f v a r ia tio n s  in  th e  su p p ly  of su ch  s p a t ia l  

d a ta . An in v e n to ry  of s p a t ia l  d a ta  su p p lie s  in  v a r io u s  co u n tr ie s  i s  o u ts id e  

th e  sc o p e  of th e  th e s i s ,  b u t th e  f a c to r s  th a t in flu en ce  d a ta  g a th e r in g  and  

th e  ra n g e  of v a r ia tio n  w ith in  e a ch  fa c to r  a r e  d is c u s s e d  in  th e  seco n d  p a r t  

of C h a p te r  2. I t is  s e e n  th a t e a ch  d a ta  s e t w ith in  each  co u n try  (o r  e v e n  in  

d if fe re n t p a r t s  of a  coun try ) m ay  exh ib it c h a ra c te r is t ic s  th a t r e q u i r e  

d iffe re n t su b se q u en t h and ling . T h e  o v e ra l l  su p p ly  and  a v a ila b ility  of s p a tia l  

d a ta  m a y  v a ry  s u b s ta n tia lly  f r o m  one co u n try  to  an o th e r . C onsequen tly , 

th e  u s e fu ln e ss  of v a r io u s  ap p ro a c h e s  to  d a ta  h and ling  v a r ie s  be tw een  

c o u n tr ie s  and  th e  a p p ro p r ia te  m ix tu re  of te c h n iq u e s  f o r  any  one co u n try  

depends on th e  d a ta  av a ila b le  w ith in  i t .  T h e se  o b se rv a t io n s  a r e  m ade a t 

th e  o u ts e t of th e  th e s i s  so  th a t e le c tro n ic  c o m p u te r  m e thods fo r  s p a tia l
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d a ta  h an d lin g  can  b e  ex am in ed  su b se q u en tly  in  a  c l e a r e r  p e rs p e c t iv e . T h is  

p r e l im in a ry  d is c u s s io n  d o es , h o w ev er, m ake i t  c l e a r  th a t c a p a b ili tie s  fo r  

d a ta  g a th e r in g  a r e  r a p id ly  expanding. T he in c r e a s e d  p e rc e iv e d  n ee d  fo r  

s p a tia l  d a ta  an d  th e  g row th  of th e  te ch n o lo g ie s  b a s ic  to  d a ta  a c q u is itio n  

s u g g e s t th a t th e  p r e s e n t  ra p id  in c r e a s e  in  v o lum e of s p a tia l  d a ta  w ill 

c on tinue . T h is  g ro w th , w h e th e r  o r  not i t  i s  w e ll d ir e c te d ,  w ill g e n e ra te  

in c r e a s in g  q u a n titie s  of s p a t ia l  d a ta  w hich  w il l  n ee d  to  b e  hand led .

M anual te c h n iq u e s  f o r  h and ling  m apped  d a ta  and  o th e r  lo c a tio n -sp e c if ic  

d a ta  f o r m  th e  b e n c h m a rk s  of t r a d i t io n a l  c a p a b ili ty  a g a in s t w hich  m ach ine  

m e th o d s m u s t b e  judged ; th e y  a r e  ex a m in ed  in  C h a p te r  3. T h e  e ffic ien c y  

o f th e  m ap  a s  a  s o u rc e  of d a ta  f r o m  w hich  u s e fu l in fo rm a tio n  m u s t be 

e x t ra c te d  and  th e  te ch n iq u es  fo r  e x t ra c tin g  i t  a r e  d is c u s s e d . M anual 

p r o c e s s e s  a r e  th u s  re v ie w e d  in  th e  con tex t o f d a ta  h an d lin g  r a th e r  than  

s im p ly  a s  t r a d i t io n a l  c a r to g ra p h ic  p r a c t ic e .  M aps a r e  r e g a rd e d  a s  g ro u p s  

o f r e c o r d s ,  o r  " f i l e s " ,  in  w h ich  s p a t ia l  d a ta  a r e  s to re d .  T h e  a rra n g e m e n t 

of d a ta  on a  m ap  is  c o n s id e re d  a s  a  " file  s t r u c tu r e " ,  and  m an u a l hand ling  

te c h n iq u e s  a r e  th o s e  u sed  to  m a n ip u la te , g ro u p , an d  e x t r a c t  d a ta  f ro m  the  

f i l e s .

A  v e r y  w ide  ra n g e  of s p a t ia l  d a ta  h and ling  ta s k s  can  b e  ac co m p lish ed  

m an u a lly , c o n s tra in e d  m a in ly  b y  th e  t im e  and  e f fo r t  n ee d ed  to  p e r fo rm  

th e m ; th e  d is c u s s io n  in  C h ap te r  3 f o c u s s e s  on  th e i r  e ffic ien c y . In  g e n e ra l, 

ta s k s  th a t r e ly  on  m a n u a l m o to r  p r o c e s s e s ,  su ch  a s  d a ta  t r a n s f e r  by  tra c in g , 

o r  m a n u a l m e a s u re m e n t , a r e  s e e n  to  b e  slow . T e ch n iq u es  th a t r e ly  m ain ly  

o n  m e n ta l d a ta  p ro c e s s in g  a r e  f a s t .  T e ch n iq u es  th a t r e ly  on com binations 

o f th e s e  p r o c e s s e s  in c r e a s e  in  e ff ic ien c y  a s  th e  p ro p o r tio n  o f m e n ta l d a ta  

p ro c e s s in g  b e c o m e s  g r e a te r ,  u n ti l  th e  m a x im u m  r a t e  a t w h ich  b i t s  of 

in fo rm a tio n  ca n  b e  t r a n s m it te d  to  th e  b r a in  (hum an  s e n s o ry  c h a n n e l capacity) 

i s  re a c h e d . M ore  s p e c if ic a l ly , m a p s  ca n  b e  ec o n o m ic a lly  han d led  by  

m a n u a l te ch n iq u es  i f  th e  p ro c e s s e s  invo lve  re a d in g  and  m a n ipu la tion  o r  

g roup ing , o r  bo th , o f d a ta  w r i t te n  d ire c t ly  on th e  m ap . G rap h ic  s o u rc e  data  

canno t b e  h an d led  so  e ffic ien tly , h o w ev er, w hen th e  d a ta  to  b e  e x tra c te d  by 

m a n u a l m e a s u re m e n t and  c o m p a riso n  a r e  in h e re n t in  th e i r  f i le  s t ru c tu re .  

In c re a s in g  d a ta  v o lum e ra p id ly  m a k e s  i t  u n ec o n o m ica l to  m a n ip u la te and
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e x t r a c t  even  th e  d a ta  a c tu a lly  w r itte n  in  th e  f i l e .  A lso , im p ro v e m e n ts  in  

th e  f le x ib il i ty  of a  g rap h ic  f i le  u s u a lly  im p ly  c r e a t io n  of m u ltip le  g ra p h ic  

r e c o r d s ,  and  h en ce  in c r e a s e  th e  b i t s  of d a ta  to  b e  hand led ; g rap h ic  s o u rc e  

m a te r ia l  can  b e  s a id  to  im p o se  a n  in h e re n t in f le x ib i li ty  on f i le  s t r u c tu r e s ,  

and  is  n o t v e ry  e ff ic ie n t a s  a  s o u rc e  of la rg e  v o lu m es  of s p a t ia l  d a ta .

T h e  ex a m in a tio n  o f e le c tro n ic  c o m p u te r -a id e d  te ch n iq u es  f o r  h and ling  

s p a t ia l  d a ta  th u s  p ro c e e d s  f r o m  th e  o b s e rv a t io n  th a t th e  v o lu m e of. s p a t ia l  

d a ta  av a ila b le  in  th e  w o r ld  i s  r a p id ly  in c re a s in g  an d  th a t  g ra p h ic  s to ra g e  

m e d ia  and m an u a l te c h n iq u e s  a r e  in ad eq u a te  to  h a n d le  l a r g e  v o lu m es  of da ta .

T h e  s to ra g e  o f s p a t ia l  d a ta  b y  e le c tro n ic  c o m p u te rs  h a s  tw o  in h e re n t 

p h y s ic a l ad v a n tag es . T h e  f i r s t  i s  th e  r e la t iv e ly  co m p ac t n a tu re  of th e  

s to ra g e  co m p a re d  w ith  co n v e n tio n a l g ra p h ic  s to r a g e .  T h e  se c o n d  advan tage  

i s  m o re  c ru c ia l ,  s in c e  i t  ad d s  a  new  d im en s io n  to  th e  f i r s t ;  th i s  i s  th e  

a b i li ty  to  u se  e s ta b lis h e d  com p u tin g  m a c h in e s  to  r e a d ,  s t o r e ,  a n d  m an ip u la te  

n o n -g ra p h ic  s to r e s  of s p a t ia l  d a ta . In  ad d itio n , su c h  s to r e s  o f d a ta  a r e  

r e la t iv e ly  e a sy  to  au g m en t, e d i t ,  a n d  c o r r e c t  w ith o u t ren ew in g  th e  e n t i r e  

s to ra g e . F o r  a l l  c o m p u te rs  i n  g e n e ra l  u s e  in  1973-74 , h o w ev e r , m apped  

d a ta  an d  r e la te d  lo c a tio n -s p e c if ic  d a ta  m u s t b e  a v a ila b le  in  a  coded , 

m ach in e  - re a d a b le , n o n -g ra p h ic  f o r m  of s to r a g e .

A fte r  th e  ra n g e  of cod ed , n o n -g ra p h ic  s p a t ia l  d a ta  fo rm a ts  an d  th e  b a s ic  

a t t r ib u te s  of f i le  s t r u c tu r e s  h a v e  b e e n  o u tlin ed  in  C h a p te r  4 , g e n e ra l  fo r m a t-  

r e l a te d  c a te g o r ie s  of c o m p u te r -a id e d  te c h n iq u e s  a r e  ex a m in ed , a n d  th e i r  

c h a r a c te r is t ic s  a r e  i l lu s t r a t e d  w ith  s p e c if ic  e x a m p le s  in  C h a p te rs  4: a n d  5. 

T h e  C anada  G eo g raph ic  In fo rm a tio n  S y stem , w hose  dev e lo p m en t w a s  

in i t ia te d  and  d ire c te d  b y  th e  a u th o r , i s  ex a m in ed  w ith in  th i s  co n tex t. 

C o m p u te r-a id e d  te c h n iq u e s  a r e  co m p a re d  w ith  m a n u a l o n e s , a n d  t r e n d s  in  

th e  d eve lopm en t of d ig itiz a tio n  te c h n iq u e s , in te r a c t iv e  d a ta -b a s e  m a n ip u la -  

tio n , ou tpu t d e v ic e s , and  mul t i f o r m a t  s y s te m s  a r e  a lso  e x a m in ed  s o  th a t  

th e i r  p o te n tia l c o n tr ib u tio n  to  s p a t ia l  d a ta  h an d lin g  c a n  b e  c o n s id e re d .

F r o m  th i s  ex a m in a tio n  co m e s  th e  view  th a t i t  i s  g e n e ra lly  c h e a p e r  an d  

q u ic k e r  to  u se  a  c o m p u te r  to  m a n ip u la te  s p a t ia l  d a ta  th a n  to  h an d le  num erous, 

m a p s  m anua lly , p a r t ic u la r ly  w hen  m e a s u re m e n ts  h a v e  to  b e  m a d e  an d  w hen 

co m p a r is o n s  be tw een  d if fe re n t m a p s  a r e  n ee d ed . T h e re  a r e  d if f ic u lt ie s .
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h o w ev er. T he m a in  s h o r tc o m in g  of th e  c o m p u te r -a id e d  ap p ro ach  is  th a t 

c u r r e n t ly  i t  is  u n ec o n o m ica l to  t r a n s f o r m  th e  d a ta  f ro m  m aps in to  a  

m a c h in e -re a d a b le  f o rm a t ,  and  th i s  im p o se s  c o n s tra in ts  on the  am ount of 

d a ta  s to r e d  in  th e  c o m p u te r  and  th e  w ay th e y  a r e  s to re d .  T h e re in  l ie s  

th e  ch a llen g e  and  p ro s p e c t o f th e  new  te ch n iq u es . If  i t  i s  p o ssib le  to  

re m o v e  o r  r e d u c e  th e  d iff ic u lt ie s  of m ak ing  m a p s  re a d a b le  by  m ach ine , 

and  th e r e  is  e v e ry  ev id en ce  th a t i t  i s ,  th e n  th e r e  is  a  good p ro s p e c t of 

u s in g  c o m p u te rs  to  r e a d  and  m a n ip u la te  m a p s.

P a ra d o x ic a lly , th e  fu ll  c a p a b ili t ie s  o f m o d e rn  c o m p u te rs  a r e  s ig n if ic a n tly  

u n d e r -u t il iz e d  b y  even  th e  m o s t adv an ced  of th e  e x is t in g  s y s te m s  fo r  

hand ling  s p a t ia l  d a ta . T h is  i s  p a r t ly  b e c a u se  s y s te m s  a r e  c u r re n t ly  a t a n  

e a r ly  s ta g e  of dev e lo p m en t, b u t p a r t ly  a lso  b e c a u se  of a  la c k  of any  

c l e a r ly  s ta te d  re q u ire m e n ts  to  m a n ip u la te  th e  d a ta  in  w ays th a t u se  

m o d e rn  s ta t i s t i c a l  o r  m o d e l-b a s e d  ap p ro a c h e s  and  so  ta k e  advan tage of 

th e  c o m p u te r s ’ c a p a b ili t ie s . T h e re  a r e  s e v e r a l  re a s o n s  fo r  th i s  defic iency , 

so m e s te m m in g  f ro m  th e  type  of in s ti tu tio n s  th a t h ave  fo s te re d  the  grow th  

o f th e  new te c h n iq u e s , and  so m e a r i s in g  f ro m  th e  p re s e n t m ethods of 

d e c is io n  m ak ing  and  th e  tr a in in g  of d e c is io n  m a k e rs . S ev era l of th e  c o m - 

p u te r -a id e d  te c h n iq u e s , in  fa c t ,  can  b e  re c o g n iz e d  a s  concep tual 

ex ten s io n s  o f t r a d i t io n a l  m a n u a l c a rto g ra p h y , d es ig n e d  to  p re s e n t s p a tia l  

d a ta  in  a  fo rm  th a t hum an  b e in g s  can  co m p reh en d  b y  v is u a l exam ination . 

O nly re c e n t  d ev e lo p m en ts  in  c o m p u te r -a id e d  te ch n iq u es  have t r i e d  to  

ex ten d  hum an  a n a ly tic a l c a p a b ili t ie s  by  s y s te m a tic a lly  co m p arin g  and 

m an ip u la tin g  th e  s p a t ia l  d a ta  w ith in  th e  c o m p u te r  and  p re s e n tin g  th e  r e s u l t s  

to  th e  u s e r .

T h e se  though ts a r e  sy n th e s iz e d  in  C h ap te r 6. T h e  v a r io u s  s e ts  o f te c h -  

n iq u e s  a n a ly se d  in  the  p re v io u s  c h a p te r s  a r e  b ro u g h t to g e th e r  in  an  a ttem p t 

to  s e e  w hat p r o g r e s s  i s  b e in g  m a d e , and  a  te n ta t iv e  f ra m e w o rk  i s  p ro v id e d  

w ith in  w hich  b o th  m a n u a l an d  c o m p u te r -a id e d  s y s te m s  a r e  lo c a ted  so  th a t 

th e i r  r e la t iv e  c a p a b ili t ie s  fo r  h an d lin g  s p a t ia l  d a ta  can  be u n ders tood . T he 

c o n trib u tio n  of th e  v a r io u s  te ch n iq u es  to  th e  o v e r a l l  a b i li ty  to  hand le  s p a t ia l  

d a ta  i s  th u s  su m m a riz e d . T h e  c a te g o r ie s  of d iffe re n t c a p a b ili tie s  e m e rg e , 

th e i r  in s ti tu tio n a l b ack g ro u n d s  a r e  m ade c l e a r ,  and  s e v e ra l  im p o rtan t
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q u e s tio n s  a r e  r a i s e d  abou t th e  w ay  in  w h ich  th e  te ch n iq u es  a r e  deve lop ing , 

th e i r  u ti lity , and  th e  lik e ly  fu tu re  p ro g re s s  of g eo g rap h ic  in fo rm a tio n  

s y s te m s . T h e se  p ro b le m s  re la te  on the  one h a n d  to  g eo g ra p h ic a l th e o ry  

and  fo rm a l  s p a t ia l  a n a ly s is , and on th e  o th e r  to  d e c is io n -m a k in g  p r o c e s s e s .

C h a p te rs  7 and  8 a ttem p t to  ta c k le  som e of th e s e  i s s u e s ,  w hich  a r e  obv iously  

co m p lex  an d  n o t a m en ab le  to  e a sy  so lu tion . In C h a p te r  7, th e  co n tr ib u tio n s  

of th e  c a te g o r ie s  of e x is t in g  s y s te m s  to  fo rm a l s p a t ia l  a n a ly s is  and  

g o v e rn m e n ta l d e c is io n  m aking  a r e  ex am in ed .

In te r m s  of f o rm a l  s p a t ia l  a n a ly s is , th e  new te ch n iq u es  h ave  n o t c o n tr ib u te d  

to  th e o ry  c re a t io n ,  b u t have  the  p o te n tia l to  s p e e d  th e  c o u rs e  of th e o ry  

te s t in g  and allow  new avenues  to  be ex p lo red  m o re  ra p id ly . S p ec ifica lly , 

th e y  m ay  h e lp  b y  m ak ing  a v a ila b le in fo rm a tio n  th a t  w ould:

1) allow  c u r r e n t  m o d e ls  to  be te s te d  o v e r  a  w id e r  a r e a ,  o r  f o r  m o re  

d is a g g re g a te d  popu la tions;

2) allow  th e  d eve lopm en t of new m ode ls  (o ften  d e r iv e d  f ro m  o ld  theo ry ) 

th a t  m ay  in c o rp o ra te  v a r ia b le s  not b e fo re  av a ila b le  in  q u an tita tiv e  

fo rm ; th i s  m ay , in  tu r n ,  le a d  to  co m p le te ly  new  ty p e s  of th e o re t ic a l  

d eve lopm en t;

3) a s  a  s p e c ia l  c a s e  o f (2) above, p ro v id e  d a ta  on  ch an g es  th a t  o c c u r  at 

p a r t i c u l a r  p la c e s , and  th e  in te r re la tio n s h ip  b e tw e en  ch an g es  at 

p la c e s  (tha t i s ,  th e  in te ra c t io n  b e tw e e n  a t tr ib u te  and  tim e  o v e r  sp ace ); 

th i s  m ay  h e lp  to  develop  and  im p ro v e  d ynam ic  m o d e ls  of innova tion , 

d iffu s io n , th e  lag g ed  e ffe c ts  o f econom ic  a n d  s o c ia l  change, and so  

fo r th .

In  te r m s  o f g o v e rn m en t d e c is io n  m aking , e x is tin g  g eo g rap h ic  in fo rm a tio n  

s y s te m s  a r e  s e e n  to  m ake th e ir  m a in  co n trib u tio n  to  th e  m e n ta l d e c is io n  

p ro c e s s  a t  m an ag em en t and p o licy  le v e ls  of d e c is io n  m aking.

In  g e n e ra l,  i t  i s  a p p a re n t th a t a lthough  th e  p ro c e s s e s  of s p a tia l  d a ta  hand ling , 

fo rm a l  s p a t ia l  a n a ly s is , and  d ec is io n  m aking a r e  in te rd ep en d e n t, th e r e  is  

a  s u b s ta n tiv e  la c k  of in te ra c t io n  b etw een  th em . A lthough th e  deve lopm ent 

of c o m p u te r -a id e d  s y s te m s  so  f a r  h a s  grow n o u t o f  a  com b in a tio n  of 

p ra g m a tic  n ee d  an d  in te lle c tu a l c u r io s i ty  a s  m u ch  a s  f ro m  any  n a rro w ly  

defined  p r o g re s s io n  of te c h n ic a l evo lu tion , th e r e  h a v e  b ee n  few  lin k ag es
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be tw een  th e  d eve lopm en t of su ch  s y s te m s  and  th e  p ro c e s s e s  of fo rm a l  

s p a t ia l  a n a ly s is  o r  g o v e rn m en t d e c is io n  m aking.

T h e  fu tu re  deve lopm en t of te c h n iq u e s  fo r  hand ling  s p a tia l  d a ta  i s  c o n - 

s id e re d  in  C h ap te r 8, f i r s t  f r o m  th e  po in t of view  of th e  te c h n ic a l a s p e c ts  

of th e  s y s te m s  th e m s e lv e s , and  seco n d ly , in  te r m s  of th e i r  re la tio n sh ip  

w ith  th e  d is c ip lin e  of g eo g rap h y  and  th e  p ro c e s s  o f d e c is io n  m ak ing  in  

go v ern m en t.

T h e  g u id e lin e s  p ro p o se d  fo r  dev e lo p m en t of te ch n iq u es  a r e  r e la t iv e ly  

s tra ig h tfo rw a rd . Im p ro v e m e n t in  th e  te ch n iq u es  fo r  t r a n s fo rm a tio n  f ro m  

g ra p h ic  to  n o n -g ra p h ic  fo rm a t i s  im p o rta n t if  d ig i ta l co m p u te rs  a r e  to  be 

u sed . T h e  s to r e s  o f a v a ila b le  s p a t ia l  d a ta  w ill in c re a s e  i f  e x is t in g  n o n - 

g ra p h ic  d a ta  s e t s  a r e  m ade  m o re  com patib le  and  q u an tita tiv e  d a ta  

g a th e r in g  p r o c e s s e s  a r e  u sed  m o re  f req u en tly . D evelopm ent of th e  

c a p a b ili ty  fo r  m a n ip u la tio n  w ill  s te m  fro m  b e t te r  u se  of in te ra c t iv e  

(m a n -m ach in e) c o m p u te r  c a p a b ili t ie s , b e t te r  s ta t i s t ic a l  u n d e rs ta n d in g  of 

th e  m a n ip u la tio n  p r o c e s s e s  th e m s e lv e s ,  th e  g row th  of m u ltim o d a l s y s te m s , 

and  th e  d es ig n  o f f i le  s t r u c tu r e s  b a s e d  on fu r th e r  deve lopm ent o f lan g u ag es  

u s e d  f o r  o rd e r in g  s p a t ia l ly  d is tr ib u te d  data .

T h e  d eve lopm en t of g e o g rap h ic  in fo rm a tio n  s y s te m s  w ith in  th e  co n tex t of 

f o rm a l  s p a tia l  a n a ly s is  and  g o v e rn m en t d ec is io n  m aking  is  l e s s  s t r a ig h t- 

fo rw a rd . I t i s  not p o s s ib le  to  f o r e c a s t  th e  im p a c t of g eo g rap h ic  in fo rm a -  

tio n  s y s te m s  on th e  d is c ip lin e  of g eog raphy , b u t i t  i s  re a s o n a b le  to  expect 

so m e m u tu a l s h if ts  of e m p h a s is  in  bo th  fo rm a l s p a tia l  m ode ls  an d  in  th e  

s y s te m s  th e m s e lv e s  a s  th e i r  d eve lopm en t con tinues . T o g e th e r  w ith  

e x a m p le s  of r e la te d  d ev e lo p m en ts  in  o th e r  d is c ip lin e s , th e  ev id en ce  

s u g g e s ts  th e  fo llow ing  d ev e lo p m en ts :

1) B e t te r  u s e  o f th e  a  p r io r i  know ledge of in d iv idua l s itu a tio n s  w ill 

le a d  to  th e  n ee d  to  u se  d is a g g re g a te d  d a ta  s e ts .  I t a lso  im p lie s  the  

th e o r e t ic a l  d eve lopm en t o f lin k ag es  b etw een  m ic ro d a ta  an d  m a c ro d a ta , 

if  u n d e r  s tan d in g  of th e  l a r g e r  so c io -e n v iro n m e n ta l m e ch a n ism s  i s  to  

be  gained .

2) T h e se  d ev e lo p m en ts  in  tu r n  r e s t  on ad vances  in g eo g rap h ic  in fo rm a tio n  

s y s te m s , bo th  to  m ake b e t te r  u s e  of av a ilab le  s to r e s  of in fo rm a tio n
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an d  to  h an d le  th e  a t t r ib u te - s p a c e - t im e  in te ra c t io n s  am ong d a ta . T h is  

w il l  depend  on s u b s ta n tia l im p ro v e m e n ts  in  the  f i le  s t r u c tu r e s  of 

g e o g ra p h ic  in fo rm a tio n  s y s te m s .

3) T h e  dev e lo p m en t of m o re  e ff ic ien t f i le  s t r u c tu r e s  w ill depend to  a

c o n s id e ra b le  ex ten t on th e  th e o re t ic a l  deve lopm ent of m u ltid im en s io n a l 

la n g u a g e s .

T h is  ty p e  o f m u tu a l deve lopm ent of fo rm a l  s p a tia l  a n a ly s is  and  geo g rap h ic  

in fo rm a tio n  s y s te m s  w ill have c o n s id e ra b le  im p a c t on th e  a v a ila b i lity  of 

r e le v a n t  in fo rm a tio n  to  p ro v id e  u n d e rs ta n d in g  of s p a tia l  d is tr ib u tio n  and 

in te ra c t io n s .

C o n s id e ra tio n  of th e  fu tu re  d eve lopm en t of geo g rap h ic  in fo rm a tio n  s y s te m s  

f o r  g o v e rn m en t d e c is io n -m a k in g  p u rp o s e s  s im i la r ly  le a d s  to  th e  co nc lu sion  

th a t  bo th  th e o re t ic a l  and p ra g m a tic  ad v an ces  m ust r e ly  on e x p lo ra tio n  and  

re c o g n itio n  of th e  in te rd ep en d e n ce  of th e  s u b je c ts . T h e  im p lie d  in c r e a s e s  

in  c o m m u n ic a tio n  w ill n o t be a c h iev ed  w ithou t e ffo r t. T he deve lopm ent 

of in te r - in s t i tu t io n a l  d a ta  lin k ag es  w ill in  a l l  p ro b a b ility  h ave  c o n s id e ra b le  

im p a c t on th e  sup p ly  of a v a ilab le  s p a tia l  d a ta  and h en ce  th e  ty p e  of d ec is io n  

m ak in g  th a t  can  b e n e fit f ro m  im p ro v e d  hand ling  te ch n iq u es  and  im p ro v ed  

fo rm a l  s p a t ia l  a n a ly s is . T he la c k  o f fo rm a l tr a in in g  o f p re s e n t-d a y  

d e c is io n  m a k e rs  in  q u an tita tiv e  m e thods undoub ted ly  a f fe c ts  th e  p e rc e iv e d  

n ee d  f o r  and  u n d e rs ta n d in g  of fo rm a l  s p a tia l  a n a ly s is ,  and  h en ce  th e  d esign  

and  u s e  of g e o g rap h ic  in fo rm a tio n  s y s te m s  to  p ro v id e  d a ta  f o r  bo th  fo rm a l  

and  m e n ta l m o d e ls . A s an  in te r im  m e a s u re , i t  i s  s u g g es ted  th a t th o se  

c o n c e rn e d  w ith  th e  d eve lopm en t of fo rm a l s p a tia l  a n a ly s is  te c h n iq u e s , and  

in  p a r t ic u l a r  w ith  th e  d es ig n  of g eo g rap h ic  in fo rm a tio n  s y s te m s , m u s t 

u n d e rs ta n d  th a t i t  i s  n e c e s s a ry  to  en co u ra g e  u s e r s  to  b ec o m e  com p eten t 

in  q u a n tita tiv e  m e th o d s of p ro b le m  so lv in g  a s  w e ll a s  to  b u ild  in fo rm a tio n  

s y s te m s  an d  f o r m a l  a n a ly tic a l c a p a b ili tie s .

I t i s  r e c o g n iz e d  th a t in c re a s e d  c a p a b ili ty  fo r  g a th e r in g  d a ta  m ay  le a d  in  

th e  fo r e s e e a b le  fu tu re  to  th e  co lle c tio n  of la rg e  vo lum es of d a ta , w hich  

w e m a y  o r  m a y  not b e  ab le  to  han d le  and w hich  we m ay  o r  m ay  n o t need .

I t i s  a p p a re n t th a t in c re a s e d  feed b a ck  f ro m  p o licy  le v e ls  of go v ern m en t i s  

n ee d ed  to  id e n tify  w hich  s p a tia l  d a ta  shou ld  p ro f itab ly  be  co lle c te d , and  to  

p ro v id e  th e  c r i t e r i a  f o r  d e lim ita tio n . A s f a r  a s  is  know n, no o rg a n iz a tio n a l
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m e c h a n ism s  a r e  in  p la c e  to  im p ro v e  th a t feed b a ck . I t i s  s u g g es ted  th a t 

th e  f i r s t  im p ro v e m e n ts  in  feed b a ck  m ay  com e f ro m  th e  u s e  of geo g rap h ic  

in fo rm a tio n  s y s te m s . O nly  w hen d a ta  a r e  a c tu a lly  r e a d  and  u sed  in  m en ta l 

o r  fo rm a l  m o d e ls , and  i t  can  be show n th a t ch an g es  of con ten t o r  fo rm a t 

a r e  n e c e s s a r y  o r  th a t o th e r  d a ta  m igh t be p ro f ita b ly  c o l le c te d  w ith  th e  

s a m e  ex p e n d itu re  of fu n d s , can  p e rs u a s io n  b e  b ro u g h t to  b e a r  on tr a d itio n a l 

d a ta  g a th e r in g  a g e n c ie s  to  am en d  th e i r  s ta n d a rd  fo rm s  o f o p e ra tio n .

T he seco n d  le v e l  of im p ro v em e n t in  fe ed b a ck  w il l  com e w hen im p ro v ed  

s p a t ia l  m o d e ls  a r e  in te g ra te d  in to  th e  d e c is io n -m a k in g  p ro c e s s  and  can  be 

u s e d  to  sp e c ify  d a ta  r e q u ire m e n ts . T h is  im p lie s  a  change in  th e  d e c is io n -  

m ak ing  p ro c e s s  a s  w e know i t  today . A s u b s ta n tia l  d e g re e  of in te g ra tio n  

o f fo rm a l  te c h n iq u e s  in  th e  d e c is io n -m a k in g  p ro c e s s  w ould  be needed  

b e fo re  th e i r  d a ta  n e e d s  w ould r e p r e s e n t  a  s tro n g  a rg u m e n t fo r  changing 

e s ta b l is h e d  d a ta  g a th e r in g  p ra c t ic e .

T h e  p o s s ib ili ty  of su ch  ch an g es  in  th e  d e c is io n -m a k in g  p r o c e s s  is  d is c u s s e d  

in  C h a p te r  8 and  p o s s ib le  o rg a n iz a tio n a l s t r u c tu r e s  a r e  p o s tu la te d . In  

a d d itio n , th e  r e c e n t  dev e lo p m en t of in te ra c t io n s  b e tw e en  d a ta  co llec tio n , 

s p a t ia l  d a ta  h an d lin g , m e n ta l and  fo rm a l  s p a tia l  a n a ly s is ,  and  d e c is io n  

m ak ing  a r e  re v ie w e d  and  th e  t im in g  of fu tu re  ch an g es  i s  a  su b je c t of 

sp e c u la tio n . I t i s  s e e n  th a t  th e  deve lopm en t of g eo g ra p h ic  in fo rm a tio n  

s y s te m s  canno t s e n s ib ly  p ro c e e d  fu r th e r  in  is o la tio n , b u t m u s t be u n d e r-  

ta k e n  a s  a n  in te g ra l  p a r t  of a  v e ry  la rg e  s t r u c tu r e  of d a ta  g a th e r in g , d a ta  

a n a ly s is ,  and  d e c is io n  m aking.
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C H A PTE R  2 -  CH ARA CTERISTICS AND AVA ILA BILITY  O F 
LOCATION -S P E C IF IC  DATA

T h e  o b je c tiv e s  of th i s  c h a p te r  a r e  tw ofold: f i r s t ,  to  o u tlin e  th e  c h a r a c te r i s - 

t i c s  of lo c a tio n -s p e c if ic  d a ta  th a t a ffec t th e i r  su b se q u en t h and ling , by 

e i th e r  m a n u a l o r  c o m p u te r -a id e d  p ro c e d u re s ;  a n d  seco n d ly , t o  g ive  an  

u n d e rs ta n d in g  of th e  f a c to r s  th a t a ffec t th e  g e n e ra tio n  of su ch  d a ta  and  

d e te rm in e  th e i r  su p p ly  and  av a ila b ility .

T he d a ta  of c o n c e rn  in  th i s  th e s i s  a r e  th o se  d e r iv e d  b y  o b s e rv a t io n  and 

m e a s u re m e n t of c e r ta in  a s p e c ts  of th e  e a r t h 's  s u r f a c e ,  th e  en v iro n m en t, 

r e s o u r c e s ,  pop u la tio n , and  r e la te d  a t t r ib u te s  w ith in  th e  l iv in g  sp a c e  of 

m ank ind .1  T h e se  d a ta  a r e  o ften  d isp la y ed  on  m a p s  p ro d u ced  b y  g o v e rn - 

m en t a g e n c ie s . T o  l im i t  th e  sco p e  of th e  d is c u s s io n , th e  lo c a tio n -sp e c if ic  

d a ta  r e f e r r e d  to  w ill  b e  th o s e  g e n e ra lly  g a th e re d  b y  g o v e rn m en t ag e n c ie s .

CH ARA CTERISTICS O F LO C A T IO N -SPE C IFIC  DATA 

T h e  f i r s t  t a s k  i s  to  define  th e  m ean ing  of " lo c a tio n -s p e c if ic "  d a ta . The 

in fo rm a tio n  con ten t o f a  s in g le  d a tu m , o r  " d a ta  e le m e n t" , can  b e  re g a rd e d  

a s  h av in g  th r e e  p o te n tia l com ponen ts . T h e se  a r e  " s u b s ta n c e "  in fo rm a tio n , 

" lo c a tio n a l"  in fo rm a tio n , and  " te m p o ra l"  in fo rm a tio n . S ubstance  in fo rm a - 

t io n  d e s c r ib e s  th e  a t t r ib u te s ,  c h a r a c te r is t ic s ,  v a r ia b le s ,  v a lu e s , f e a tu re s , 

and  s im i la r  q u a l it ie s  o f th e  datum ; th e  ra n g e  f o r  an y  one d a tu m  m ay  

o b v io u s ly  b e  m u ltid im en s io n a l. L o c a tio n a l in fo rm a tio n  d e s c r ib e s  th e  

p o s itio n  o f th e  d a tu m  in  sp a c e  r e la t iv e  to  o th e r  d a ta . T e m p o ra l in fo rm a -  

tio n  d e s c r ib e s  th e  in s ta n t  o r  p e r io d  in  t im e  f o r  w h ich  th e  d a tu m  is  va lid . 

F ig u re s  co n c e rn in g  th e  a c c u ra c y  o f any  of th e  th r e e  p o te n tia l com ponen ts 

m ay  b e  added  a s  su p p le m e n ta ry  in fo rm a tio n .

One o r  m o re  of th e  in fo rm a tio n  com ponen ts  i s  p r e s e n t  in  e a ch  datum . If  

th e  lo c a tio n a l in fo rm a tio n  i s  p re s e n t ,  th e  d a tu m  i s  te r m e d  " lo c a tio n -  

s p e c i f ic " . A  lo c a tio n -sp e c if ic  d a ta  s e t  i s  a  c o l le c t io n  of d a ta  th a t a r e  

in d iv id u a lly  o r  c o l le c t iv e ly  a t ta c h e d  to  lo c a tio n ; " s p a t ia l  d a ta "  i s  a  te r m  

u s e d  syn o n y m o u sly  w ith  lo c a tio n -sp e c if ic  d a ta . S p a tia l d a ta  s y s te m s  o r

1. No r ig o ro u s  defin itio n  of th e  l iv in g  sp a c e  of m ank ind  w ill b e  a ttem p ted . 
In  g e n e ra l te r m s  i t  w ill  b e  ta k e n  a s  th e  s p a c e  co n ta in ed  on th e  e a r th 's  
s h e ll  be tw een  th e  M oho d isco n tin u ity  in  th e  c r u s t  an d  th e  u p p e r l im it  of 
th e  a tm o s p h e re ,  in  th a t m a n  a s  an  u n su p p o rted  o rg a n ism  m u st s t i l l  (1974) 
r e m a in  w ith in  th o se  bounds. T he u p p e r l im it ,  in  p a r t ic u la r ,  h ow ever, 
ca n  b e tra n sc e n d e d  b y  m ank ind  w ith  th e  a id  o f  v e h ic le s .

26



g e o g rap h ic  in fo rm a tio n  s y s te m s  a r e  s e t s  of te c h n iq u e s  th a t allow  th e  

lo c a tio n a l in fo rm a tio n  o f th e  d a ta  to  be m a n ip u la ted  in  c o n c e rt w ith  th e i r  

re m a in in g  value .

T o  p ro v id e  lo c a tio n a l in fo rm a tio n  i t  is  n e c e s s a r y  to  h ave  a  concep t of 

s p a c e  and  a  language in  w hich  t o  e x p re s s  a  d e s c r ip tio n .

A  fu l l  d is c u s s io n  of th e  co n c ep ts  of s p a c e , th e  s t r u c tu r e  an d  c a p a b ili t ie s  

o f av a ila b le  la n g u ag es , and  th e  m e th o d s o r  " m o d e ls "  of m e a s u re m e n t 

and  c la s s i f ic a t io n  i s  o u ts id e  th e  l im its  o f th is  th e s i s .  T h e  co m m en ts  th a t 

fo llow  m e re ly  o u tlin e  th e  a s su m p tio n s  th a t  u n d e r l ie  c u r r e n t  p r a c t ic e ,  so  

th a t  th e  c h a r a c te r is t ic s  of e x is tin g  s p a t ia l  d a ta  can  b e  b e t te r  u n d e rs to o d  

an d  th e  sco p e  f o r  fu tu re  d ev e lo p m en ts  ca n  b e  v isu a liz e d .

C o n cep ts  of Space

C o n cep ts  of sp a c e  m ake a  d is tin c tio n  b e tw e en  p h y s ic a l and  p e rc e p tu a l tr u th .  

P h y s ic a l  t r u th  r e s t s  upon ex p e rim e n t. W ith in  th e  l im it s  o f c u r r e n t  e x p e r i -  

m e n ts , m o s t w r i t e r s  a g re e  (though th is  i s  s t i l l  a n  open  question) th a t  

p h y s ic a l sp ace  fo r  p r a c t ic a l  p u rp o s e s  i s  E u c lid e an  in  s tr u c tu r e ;  s p a c e  ca n  

g e n e ra lly  be  though t of a s  hav ing  th r e e  d im en s io n s . T im e  m ay  th u s  b e  

c o n s id e re d  to  b e  a  fo u r th  d im en s io n . (W here e x tre m e  e x t r a t e r r e s t r i a l  

d is ta n c e s  a r e  co n c e rn e d , m a tte r ,  o r  f ie ld s ,  m a y  b e  c o n s id e re d  a s  a  f if th  

d im en s io n , though  th is  h a s  no p r a c t ic a l  a p p lic a tio n  in  sp ec ify in g  th e  

r e l a t i v e  lo c a tio n  of d a ta  r e la te d  to  th e  e a r th ’s  s u r fa c e . )

P e r c e p tu a l  sp a c e , 1 on th e  o th e r  hand , m a y  h av e  n u m e ro u s  d im en s io n s . 

R e la tio n sh ip s  b e tw e en  o b je c ts  on  th e  e a r th ’s  s u r fa c e ,  th e  ex ten t o f a r e a l  

u n i t s ,  and  so  fo r th , can  be m e a s u re d  on ly  in  fo u r  d im en s io n s  o r  l e s s ,  in  

p r a c t ic a l  te r m s  of p h y s ic a l sp a c e . H ow ever, in  p e rc e p tu a l t e r m s ,  th e y  

m a y  invo lve  m any  " d im e n s io n s " , su ch  a s  c o s t,  s a tis fa c tio n , u ti l i ty , o p p o r-  

tu n i ty , s o c ia l in te ra c t io n , and  so  on. A n in te r e s t in g  i l lu s tr a t io n  o f th i s  

co n c ep t i s  I s a r d 's 2 p e rc e p tu a l view  of " p o li t ic a l  tim e "  a s  a  p a th  t r a c e d  in  

a  co n c ep tu a l th re e -d im e n s io n a l f ra m e w o rk  of c a le n d a r  t im e , t im e  to  th e  

nex t e le c tio n , and  li f e s p a n  tim e  of th e  p o li t ic ia n . Such a  m u ltid im en s io n a l 

p e rc e p tu a l view  of t im e  m ay  b e  r e q u ir e d  to  u n d e rs ta n d  gov ern m en t 

d e c is io n  m ak ing  and  to  d e s c r ib e  i t  a d e q u a te ly . S im ila r ly , a  view  o f 

d is ta n c e s , ex ten t of a r e a l  u n its ,  and  s o  fo r th  w ith in  a  m u ltid im en s io n a l
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p e rc e p tu a l view  o f sp a c e  m ay  b e  n e c e s s a r y  to  u n d e rs ta n d  th e  d is tr ib u tio n s  

and  in te r a c t io n s  o f o b je c ts  on th e  e a r th 's  s u r fa c e . T h e  concep t of sp a c e  

em p lo y ed , a s  w e ll a s  th e  e m p ir ic a l  p ro p e r t ie s  of th e  concep ts  b e in g  

e x a m in ed , u n d e r l ie  th e  cho ice  of la nguage u sed .

S p a tia l L anguages

I te m s  th a t occu p y  p o s itio n s  in  sp a c e  can  b e  n am ed . T h e  re p la c e m e n t of

p ro p e r  n a m e s  b y  th e  te r m s  of so m e c o o rd in a te  s y s te m  a llow s the  p o s itio n

o f th e  i te m s  to  be  m o re  g e n e ra lly  s ta te d . T h e  s e ts  of r u le s  g overn ing  th e

u s e  of su ch  c o o rd in a te  s y s te m s  can  b e  re g a rd e d  a s  " s p a tia l"  la n g u ag es .

T h e  E u c lid e a n  concep t of sp a c e  u n d e r l ie s  E u c lid e an  g e o m e try , w hich  h a s

do m in a te d  th e  d e s c r ip tio n s  of sp a c e  fo r  o v e r  2 ,0 0 0  y e a r s .  I ts  s im p lic i ty

is  i t s  s t r e n g th ,  and  m any g eo g ra p h ic a l concep ts  a r e  c a s t in  E u c lid e an

t e r m s  s im p ly  to  allow  u s e  of th e  a n a ly tic a l to o ls  of E u c lid e an  g eo m etry .

In  th e  17th c e n tu ry , com p lex  (Euclidean) g e o m e tr ic a l p ro b le m s  w e re  so lv ed

b y  a lg e b ra ic  m e a n s . V ec to r and  te n s o r  a lg e b ra s  w e re  l a t e r  d eve loped  to

han d le  tw o -  an d  th re e -d im e n s io n a l g e o m e tr ic a l p ro b le m s . G eo m e try  can

s im i la r ly  b e  r e l a te d  to  p ro b a b ility  th e o ry , n u m b e r th e o ry , la t t ic e  th e o ry ,

and  so  on. T h e  s ig n if ican ce  of th e  a lg e b ra ic  a p p ro ac h  is  th a t g e o m e tr ic

co n c ep ts  and  th e o re m s  can  be  ex tended  to  th r e e ,  fo u r , an d  up  to  a n

in f in ite  n u m b e r  of d im en s io n s . T h e  19th c e n tu ry , h o w ev e r, saw  th e

e m e rg e n c e  of n o n -E u c lid ea n  g e o m e tr ie s , w h ich  w e re  b a s e d  on d iffe re n t

co n c e p ts  o f p h y s ic a l sp a c e . H a rv ey 1 n o te s  th a t:

"T h e  h y p e rb o lic  sp a c e  of L obachevsky  and  B o ly a i w as  th e  s p a c e  of 
c o n s ta n t n eg a tiv e  c u rv a tu re , th e  e l l ip t ic  sp a c e  of R iem an n  w as th e  
s p a c e  of c o n s ta n t p o s itiv e  c u rv a tu re , and  the  f la t  sp a c e  o f E u c lid  
w as  th e  sp a c e  of z e ro  c u rv a tu re . E v e ry  p e rc e p tu a l sh ap e  f r o m  a  
f la t  b o a rd  to  a  H en ry  M oore s ta tu e  cou ld  b e  g iven  a  co o rd in a te  
s y s te m , w hich  w ould define th e  in t r in s ic  g e o m e try  of th a t s h a p e . . .  
so  g e n e ra l  w as  th e  th e o ry  th a t R iem ann  d ev ise d  th a t i t  could  b e  
e x ten d ed  to  m o re  th a n  th r e e  d im en s io n s . "

G e o m e tr ie s  th u s  e x is t th a t a llow  d is c u s s io n  of n -d im e n s io n a l sp a c e . A t 

th e  en d  of th e  19th ce n tu ry , K le in 2 in  p a r t ic u la r  deve loped  a  new g e o m e try  

founded  on th e  to p o lo g ica l c h a ra c te r is t ic s  of o b je c ts . T h is  g e o m e try  is  

e s s e n t ia l ly  n o n m e tr ic a l,  and  co n c e rn e d  only  w ith  th e  con tinuous co n n e c ted -  

n e s s  o f p o in ts  on a  f ig u re .

A  c o n s id e ra b le  ra n g e  of la n g u ag es  i s  th u s  av a ila b le  f o r  s p a tia l  d e sc r ip tio n .

1. H a rv e y  1969. 2. K le in  (E n g l is h  e d .)  1939.
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f o r  th e  a s s ig n m e n t of lo c a tio n  id e n tif ie r s  to  d a ta . T opology, fo r  ex am p le , 

i s  d i r e c t ly  ap p lic a b le  to  th e  s tu d y  of th e  co n n ec tio n s  be tw een  s e tt le m e n ts  

b y  a  s e t  of t r a n s p o r ta t io n  lin k s . C a lcu la tio n s  r e la t in g  to  cu rv e d  sp a c e , 

s u ch  a s  tr a n s fo rm a tio n s  f ro m  one m ap  p ro je c tio n  to  a n o th e r , can  e ffic ien tly  

m ake  u s e  o f th e  m o re  re c e n tly  deve loped  a n a ly tic a l g e o m e tr ie s . T he 

c a lc u la tio n  of an g le s  and  d is ta n c e s  in  n a v ig a tio n a l p r a c t ic e ,  on th e  o th e r  

h an d , i s  m uch  s im p le r  b y  E uc lidean  th a n  s p h e r ic a l  g eo m e try . A lg eb ra s  

p ro v id e  conv en ien t w ay s of hand ling  c a lc u la tio n s  in  m u ltid im en s io n a l space..

T he s p a t ia l  la n g u ag es , h o w ev e r, h ave  b e e n  d eve loped  in  d is c ip lin e s  o th e r  

th a n  g eo g rap h y . T h e ir  ap p lic a tio n  to  g e o g ra p h ic a l p ro b le m s  is  grow ing, 

b u t r e p r e s e n t s  a  fu tu re  p o te n tia l r a th e r  th a n  a  w id e s p re a d  c u r re n t  p ra c t ic e . 

T h is  p a r t ic u la r ly  a p p lie s  to  th e  g a th e r in g  of s p a tia l  da ta . T he s p a tia l  

la n g u ag e  of la ti tu d e  and  long itude  (o r lo c a l  C a r te s ia n  co o rd in a te  s y s te m s ) , 

b a s e d  on  E uc lid ean  s p a c e , i s  u s e d  fo r  a lm o s t a l l  m a p s  and lo c a tio n  id e n tif ie rs  

a v a ila b le  tod ay . E uc lid ean  g e o m e try  i s  th e  to o l m o s t fre q u e n tly  u sed  f o r  

d e r iv in g  m e a s u re m e n ts  and  c o m p a riso n s  f ro m  su c h  d a ta . In  subsequen t 

c h a p te r s  i t  w ill  b e  s e e n  th a t th e  f i le  s t r u c tu r e s  of s p a tia l  d a ta  s y s te m s  a r e  

a l s o  in flu en ced  by  th is  t r a d i t io n  r a th e r  th a n  b y  th e  con cep t of p e rc e iv e d  

s p a c e  o r  th e  la n g u ag es  am en ab le  to  m u ltid im e n s io n a l ca lcu la tio n .

S p a tia l D e s c r ip t io n

D e s c r ip t io n  o f i te m s  m ay  b e  n o m in a l o r  o rd in a l. In  n om ina l d e s c r ip tio n  

(b in a ry  m e a s u re m e n t) , th e  o b je c t o r  even t i s  g iven  a  p ro p e r  nam e (lab e l), 

o r  one r e la t in g  to  a  s y s te m  of c la s s if ic a t io n . T h e  connection  be tw een  su ch  

a  n am e  and  a  lo c a tio n  id e n tif ie r  m ay  be  e s ta b lis h e d  b y  r e fe re n c e  to  a  

s e p a ra te  d e s c r ip tio n , b u t is  n o t in h e re n t in  th e  n am e i ts e lf .  O rd in a l d e s -  

c r ip t io n  im p lie s  so m e fo rm  of m e a s u re m e n t . M e asu rem e n t i s  no t d e s ira b le  

o r  u n d e s ira b le  in  i ts e lf ;  i t  is  m e re ly  u se fu l o r  not u se fu l. It d o es , h ow ever, 

p re s u p p o s e  a  concep t of sp a c e  and  a  su ita b le  lan g u ag e . T h e  s c a le s  u sed  fo r  

m e a s u re m e n t m a y b e  s in g le  ( s c a la r  m e a s u re m e n t) ,  su ch  a s  o rd in a l, in te rv a l , 

o r  r a t io  s c a le s ,  w h ich  a s s u m e  a  s in g le , o n e -d im e n s io n a l , u n d e rly in g  

con tinuum ; o r  m u ltid im en s io n a l (v ec to r, te n s o r ,  o r  o th e r  m e a s u re m e n ts ) . 

L o c a tio n  id e n tif ie r s  p re s u p p o se  m u ltid im en s io n a l m e a s u re m e n t and , fo r  

E u c lid e an  co n c ep ts , a s s u m e  o rth o g o n a l ax e s  th a t  p o s s e s s  th e  s a m e  s c a le  

c h a r a c te r i s t i c s .  M e asu rem e n t in  p e rc e p tu a l sp a c e , h ow ever, m ay  u se
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1. A  no tab le  ex cep tio n  is  th e  d a ta  g a th e re d  b y  th e  ER T S s a te l l i te  s e n s in g  
d e v ic e s . See C h ap te r 5, p. 178.



a x e s  th a t a r e  no t o rth o g o n a l and  m ay  m ix  ax e s  th a t h ave  o rd in a l,  in te rv a l ,  

o r  r a t io  s c a le s .

T h e  e m p ir ic a l  p r o p e r t ie s  o f th e  o b je c ts  o r  e v e n ts  b e in g  d e s c r ib e d , and  

th e  n e e d  f o r  th e  d e s c r ip tio n , obv iously  h ave  im p ac t on th e  c h a ra c te r is t ic s  

o f th e  d a ta  ( inc lud ing  th e  lo c a tio n  id e n tif ie r ) .

If  o b je c ts  o r  ev e n ts  a r e  r e p re s e n te d  a s  a  s e r ie s  of s e p a ra te  p o in ts  in  s p a c e ,

in  t im e , o r  in  s p a c e - t im e , th e y  a r e  thought of a s  " d is c re te "  i t e m s .  If

th e y  ca n  b e  r e p r e s e n te d  a s  le n g th s ,1 a r e a s ,  o r  vo lu m es in  s p a c e  o r  i n

s p a c e - t im e  (m o v e m en t), th e y  m a y b e  thought of a s  "con tinuous" i t e m s .2

B o th  d is c r e te  and  con tinuous o b je c ts  o r  e v e n ts  m a y  b e  co u n tab le , f in i te  

b u t u n co u n tab le ,3 o r  in f in ite  in  n u m b e r. O nly i f  th e y  a r e  co u n tab le  b y  

a v a ila b le  te c h n iq u e s  o f o b s e rv a t io n  and m e a su re m e n t can  a  "co m p le te "  

o b s e rv a t io n  b e  m ad e . In  a l l  o th e r  c a s e s , and  ev e n  in  m an y  in s ta n c e s  

w h e re  th e y  a r e  co u n tab le , a  sam p le  i s  tak en . T h e  w ay  in  w h ich  th i s  s a m p le  

i s  ta k e n  o b v io u s ly  h a s  im p a c t on th e  u se  of th e  d a ta . A  sa m p le  m a y  b e  

d es ig n e d  to  r e p r e s e n t  con tinuous d a ta  by  d is c r e te  d a ta , o r  v ic e  v e r s a .

S p a tia l D a ta  F o r m a t

D a ta  fo rm a t  i s  d e fin ed  a s  th e  w ay in  w hich  d a ta  e le m e n ts  a r e  r e p r e s e n te d

and  s to r e d  in  r e c o r d s .  G roups of r e c o rd s  a r e  te r m e d  " f i le s " ,  a n d  th e

a r ra n g e m e n t of d a ta  w ith in  a  f i le  is  th e  " f ile  s t r u c tu r e " .  R e c o rd s  a r e

p h y s ic a l e n t i t ie s  and  th e  w ay  in  w hich  d a ta  a r e  s to re d  in  th e m  d epends

p a r t ly  on th e  lan g u ag e  em p loyed  and  p a r t ly  on  th e  c h a r a c te r is t ic s  of th e

s to r a g e  m e d iu m . S to rag e  m e d ia  m ay  b e  e s s e n t ia l ly  o n e -d im e n s io n a l (su ch

a s  r u l e r s ,  p ie c e s  o f s t r in g ,  s in g le - tr a c k  m agnetic  ta p e s ) , tw o -d im e n s io n a l

(d o cu m en ts , p h o to g ra p h s , co m p u te r c o re  s to ra g e ), o r  th r e e  -d im ensiona l.

(g lo b e s , h a rd w a re  m o d e ls ,s te re o p h o n ic  g ram ophone r e c o r d s ,  h y d ro g ra p h ic  
4

m o d e ls , h o lo g ra m s , e tc . ).

W ith in  any  s p a t ia l  con cep t, i t  i s  p o s s ib le  to  en v isa g e  d is c r e te  p a in ts ,  c o n -
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1. L e n g th s  in  o n e -d im e n s io n a l tim e  a r e  r e p re s e n te d  b y  a  n u m b e r o f  u n i ts
and  h en c e  a r e  d is c r e te .  P e rc e p tu a l t im e  su ch  a s  I s a r d 's  " p o li t ic a l  t im e "  
i s  a  le n g th  th ro u g h  a  p e rc e p tu a l sp ace . 2. C e r ta in  e v e n ts  m ay  h a v e  b o th  
d is c r e te  an d  co n tinuous com ponen ts , i. e. , th o s e  invo lv ing  in te rm i t te n t  
m o tion . 3. F o r  ex a m p le , in s e c t popu la tions of a  co u n try , s a n d  g r a in s  o n  
a  b e a c h , e tc . 4. H o lo g ram s a r e  a  s p e c ia l  c a se  o f th re e -d im e n s io n a l 
s to ra g e  in  th a t  th e  th r e e  -d im en s io n a l d a ta  a r e  s to r e d  w ithou t tra n sfo rm a tio n , 
on  m o le c u le s  w ith in  a  tw o -d im e n s io n a l m ed ium  b u t a r e  e x t ra c te d , s e p a ra te d ,  
an d  re c o m b in e d  to  fo rm  a  th re e -d im e n s io n a l h o lo g ra p h ic  m o d e l u s in g  
c o h e re n t lig h t.



tin u o u s  l i n e s ,  a r e a s ,  and  vo lu m es (ite m s  w hich  in  th e m s e lv e s  have no 

d im e n s io n , one d im en s io n , tw o  d im en s io n s , o r  th r e e  o r  m o re  d im en s io n s). 

T h e se  i te m s  m ay  b e  d e s c r ib e d  in  a  v a r ie ty  of s p a tia l  la n g u ag es , e i th e r  in  

sy m b o lic  f o rm , u s in g  a lp h a n u m e ric  and  s p e c ia l  sy m b o ls , o r  in  g rap h ic  fo rm  

b y  d ia g ra m s . If th e  language i s  e x p re s s e d  in  sy m b o lic  fo rm , i t  can  b e  

r e c o r d e d  on any  o f th e  s to ra g e  m e d ia  m en tio n ed  above. If  th e  language is  

e x p re s s e d  in  g ra p h ic  fo rm , e n t it ie s  w ith  d im en s io n s  th e  s a m e  a s  o r  l e s s  

th a n  th o s e  in h e re n t in  th e  ch o sen  s to ra g e  m e d iu m  ca n  b e  d e s c r ib e d  w ithout 

t r a n s f o rm a tio n  an d  th e  in fo rm a tio n  re d u c t io n  th a t th e  tr a n s fo rm a tio n  m ay  

in c u r .

If  tw o -d im e n s io n a l d ocum en ts  a r e  u s e d  a s  a  s to ra g e  m ed iu m , th e  concep t 

of E u c lide a n  s p a c e  i s  adop ted , and  a  g ra p h ic  fo rm a t  i s  em ployed , on ly  

p o in ts , l in e s ,  an d  p lane  s u r fa c e s  ca n  b e  ad e q u a te ly  r e p r e s e n te d  (F ig . 2. 1). 

W a rp e d  p la n e s 1 and  v o lu m es  m u s t be t r a n s fo rm e d  b e fo re  b e in g  re c o rd e d .

T h e  s a m e  m e d ia  c o n s tra in t a p p lie s  w hen m u ltid im en s io n a l sp a c e  is  

a s s u m e d . I n  d ea lin g  w ith  fo u r-d im e n s io n a l s p a c e - t im e , fo r  ex a m p le , a  tw o - 

d im e n s io n a l m e d iu m  can  ad e q u a te ly  co n ta in  in fo rm a tio n  on l in e a r  d is ta n c e  x  

t im e  (th a t i s ,  a  g ra p h  of ve locity ) a s  a  s in g le  r e c o rd .  H ow ever, s u r fa c e  x 

t im e  o r  o th e r  c o n s t r u c ts  of th r e e  o r  m o re  d im en s io n s  cannot b e  r e p r e s e n te d  

w ithou t t r a n s fo rm a tio n .

S im ila r ly , th e  g ra p h ic  d e s c r ip tio n  of th e  in te ra c t io n s  be tw een  o b je c ts  o r  

ev e n ts , o r  bo th , i s  l im ite d  by  th e  d im e n s io n a l c h a ra c te r  of th e  s to ra g e  

m ed ium . S p ec if ica lly , th e  h ig h e s t n u m b e r of d im en s io n s  p o s s e s s e d  b y  any 

one e n t ity  in v o lv ed  in  th e  in te ra c t io n  m u s t not ex c e e d  th a t of th e  m ed ium .

On tw o -d im e n s io n a l s to ra g e ,  fo r  ex a m p le , i t  is  p o s s ib le  to  r e c o rd  p o in ts  

in  a  s e t  of p o in ts  (fo r ex a m p le , b r ic k  bu ild in g s  am ong  w ooden b u ild in g s), 

p o in ts  on  l in e s  ( ra ilw a y  s ta t io n s ) , l in e s  on lin e s  (unpaved p a r t s  of a  highw ay), 

l in e s  in  a r e a s  ( t r a i l s  in  a  p a rk ) , o r  a r e a s  in  a r e a s  ( is la n d s  in  a  la k e ) , b u t 

i t  i s  n ot  p o s s ib le  to  show th e  lo c a tio n  of p o in ts , l in e s ,  p la n e s , o r  vo lum es 

w ith in  a  vo lum e w ithou t tr a n s fo rm a tio n  (su b m a rin e s  in  th e  s e a ,  ro c k e t 

t r a j e c t o r i e s ,  co ld  f ro n ts  in  an  a i r  m a s s ,  o r  c louds in  th e  sky).

3 1

1. W a rp e d  p la n e s  (fo r ex a m p le , an  i r r e g u la r  to p o g ra p h ic  su rfa c e )  ca n  be 
c o n s id e re d  to  b e  a  fo rm  of "ex tended"  tw o -d im e n s io n a l f e a tu re . T h e y  a r e  
f re q u e n tly  r e c o rd e d  on m ap s b y  u se  of poin t p a t te rn s ,  o r  is o lin e s  (w ithout 
w h ich  i t  w ould  be c o n s id e ra b ly  m o re  d ifficu lt to  r e p r e s e n t  v o lum es). A 
tr a n s fo rm a tio n  h a s ,  h o w ev er, o c c u rre d  f r o m  th e  w arp ed  p lane  to  i t s  
r e p r e s e n ta t io n  b y  p o in ts  o r  is o lin e s .



SPA TIA L DIMENSIONS O F EN TITIES 
T O  B E  RECO RD ED

G = G rap h ic  e x p re s s io n  of s p a t ia l  lan g u ag e  p o ss ib le  
S = S ym bolic  e x p re s s io n  of s p a t ia l  language p o ss ib le  

(G)= L im ite d  g rap h ie  e x p re s s io n  of s p a t ia l  language p o ssib le  
= O verw h e lm in g  m a jo r ity  of e x is t in g  s p a t ia l  d a ta  r e c o rd s

F ig . 2. 1. R e l a t i o n s h i p s  b e tw e en  th e  s p a tia l  d im en s io n s  of e n titie s  
to  b e  re c o rd e d , g ra p h ic  and  sy m b o lic  r e c o r d s ,  and 
th e  cho ice  of th e  s to ra g e  m ed ia .

D esp ite  th e  l im ita tio n s , h o w ev e r, th e  o v erw h elm in g  m a jo r ity  of e x is tin g  

r e c o r d s  a r e  s to r e d  on tw o -d im e n s io n a l d ocum en ts . N ea rly  a l l  s p a tia l  d a ta  

a r e  (in  1974) in i t ia l ly  p o r tr a y e d  on  m a p s , d ia g ra m s , o r  p h o to g ra p h s. T he 

p r o c e s s  o f t r a n s fo rm in g  m u ltid im en s io n a l d a ta  to  a  tw o -d im en s io n a l g rap h ic  

f o rm a t  u n d e r l ie s  th e  w hole t r a d i t io n  o f m ap  p ro je c tio n s , c a rto g ra p h ic  

s y m b o liza tio n , and  th e  m o re  r e c e n t  t r a n s fo rm a tio n s  o f p e rc e p tu a l sp a c e  to  

g ra p h ic  fo rm .

I t  w as  m en tio n ed  above th a t a  co m p le te  o b se rv a tio n  ca n  b e  m ade on ly  w h e re  

o b je c ts  o r  ev e n ts  a r e  co u n tab le . F o r  f in ite  b u t uncoun tab le , o r  in fin ite , 

n u m b e rs  of o b je c ts  (and f re q u e n tly  f o r  o b je c ts  w ith in  coun tab le  s e ts ) ,  a  

s a m p le  i s  ta k e n . T h e  c o n s tra in t  of m e a s u re m e n t on th e  sam p lin g  techn ique
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m ay  b e  th a t  m u ltid im en s io n a l o b je c ts  a r e  r e p r e s e n te d  b y  d a ta  w ith  fe w e r  

d im e n s io n s . T h is  is  th e  c a se  w hen poin t d a ta  a t  w e a th e r  s ta tio n s  a r e  u sed  

to  sa m p le  th e  con tinuous vo lum e of th e  a tm o s p h e re , d r i l l  c o re s  a r e  u sed  to  

sa m p le  th e  in s id e  of o re  b o d ie s , and  a e r i a l  p h o to g ra p h s  a r e  u sed  to  sam p le  

top o g rap h y . A lthough th e  d a ta  f ro m  such  m e a s u re m e n ts  can  b e  re c o rd e d  

on a  s to r a g e  m e d iu m  th a t does n o t ad e q u a te ly  r e p r e s e n t  th e  e n tity  be ing  

s a m p le d , a  m e n ta l o r  ca lc u la tiv e  tr a n s fo rm a tio n  i s  r e q u ire d  to  u n d e rs ta n d  

th e  e n t ity  f r o m  th e  re c o rd e d  data.

R e c o rd s  in  g ra p h ic  fo rm a t can  b e  g rouped , in  an  a tte m p t to  o v e rco m e  th e  

d im e n s io n a l c o n s tra in t  o f th e  m ed ium . M any p ie c e s  of o n e -d im en s io n a l 

s t r in g  cou ld  b e  la id  s id e  b y  s id e  on  a  ta b le  top  and  a  tw o -d im en s io n a l m ap 

cou ld  b e  d ra w n  a c r o s s  th e m . A p ie ce  of s t r in g  cou ld  be  w rapped  a ro u n d  a  

d ru m  an d  th e  o u tlin e  of a  th re e -d im e n s io n a l f ig u re  could  be t r a c e d  upon it . 

T w o -d im e n s io n a l do cu m en ts  can  b e  su p e r im p o se d , each  re p re s e n t in g  a  

" s l ic e "  th ro u g h  a  vo lum e. (T h is i s  done d a ily  w ith  m e te o ro lo g ic a l c h a r ts  

of v a r io u s  le v e ls  of th e  a tm o s p h e re . ) T h re e -d im e n s io n a l h a rd w a re  m ode ls  

ca n  b e  ca u se d  to  m ove to  r e p r e s e n t  fo u r-d im e n s io n a l s p a c e - t im e . T he 

a b i li ty  w ith  w h ich  su ch  " f ile s "  can  b e  c o n s tru c te d  and  h and led  i s  c le a r ly  a  

c o n s tra in t  of th e  m ed ia .

R ec en t d ev e lo p m en ts  in  th e  f ie ld  h ave  le d  to  g r e a t e r  p o s s ib ili t ie s . T w o- 

d im e n s io n a l p h o to g rap h s  can  b e  show n in  seq u en ce  q u ick ly  enough to  add  a  

p e rc e p tu a l d im e n s io n  of t im e  (c inem a). S te re o sc o p ic  p a i r s  of p ho tog raphs 

can  b e  v iew ed  s im u lta n e o u s ly  and  a  p e rc e p tu a l th r e e  -d im en s io n a l su r fa c e  

can  b e  o b s e rv e d  an d  m e a s u re d  (p h o to g ra m m etry ) . R e c o rd s  f ro m  o n e - 

d im e n s io n a l m a g n e tic  ta p e  can  q u ick ly  g e n e ra te  tw o -d im e n s io n a l g rap h ic  

a r r a y s ,  an d  if  th e  a r r a y s  a r e  p ro d u ced  in  f a s t  s e q u en ce  a  p e rc e p tu a l tim e  

d im en s io n  i s  added  ( te lev is io n ). If th e  a r r a y s  a r e  w r i t te n  on to  tw o - 

d im e n s io n a l c o m p u te r  c o re  s to ra g e  in  r a p id  seq u en ce , a  l im ite d  th r e e -  

d im e n s io n a l r e p r e s e n ta t io n  of sp a c e  i s  g e n e ra te d  in  w hich  ca lc u la tio n s  m ay  

b e  p e r fo rm e d . T h e  fu tu re  deve lopm ent of c o m p u te rs  w ith  p a r a l le l  p ro c e s s in g  

c a p a b ili ty  (m u ltip le  tw o -d im e n s io n a l a r r a y s ) ,  o r  h o lo g ra p h ic  m e m o rie s , 

w ould  allow  th re e -d im e n s io n a l s to ra g e  to  be r a p id ly  m an ip u la ted  and  fo u r  

o r  m o re  d im e n s io n s  to  b e  s im u la te d  fo r  m e a s u re m e n t .
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C le a r ly , th e  s to ra g e  m ed iu m  a f fe c ts  th e  d a ta  fo rm a ts .  In  fa c t ,  ev e n  f ro m  

th is  p re l im in a ry  d is c u s s io n  it i s  ev id en t th a t the  e m p ir ic a l p r o p e r t ie s  of 

th e  e n t ity  o r  cond ition  b e in g  ex am in ed , th e  concep t of sp a c e  em p loyed , th e  

lan g u ag e  u sed , th e  m e thod  of d e s c r ip tio n , th e  d a ta  fo rm a t, th e  s to ra g e  

m e d iu m  ch o sen , th e  f i le  s t r u c tu r e  chosen , and  th e  ca p a b ili ty  f o r  m a n ip u - 

la tin g  th e  d a ta  a r e  a l l  in te rd ep en d e n t.

W ith in  th is  con tinuum , i t  sh o u ld  be no ted  th a t th e  E u c lid e an  co n cep t of s p a c e , 

E u c lid e an  g e o m e try , and  th e  w id e s p re a d  u s e  of tw o -d im e n s io n a l docum ents 

f o r  2, 000 y e a r s  h ave  h ad  a  s tro n g  in flu en ce  on th e  ty p e s  of s p a t ia l  d a ta  th a t 

a c tu a lly  e x is t  and  h ave  to  b e  han d led  today . T h e  seco n d  p a r t  of th is  ch a p te r  

w ill ex a m in e  th e  f a c to r s  th a t a ffe c t the  sup p ly  an d  a v a ila b i li ty  of sp a tia l  

d a ta  and th e  fo llow ing  c h a p te rs  w ill ex am in e  tr a d i t io n a l  and  new te ch n iq u es  

fo r  th e i r  h and ling  and  m an ip u la tio n .

T y p e s  of L oca tio n  Id e n tif ie r

T o  s u m m a r iz e  th e  c h a ra c te r is t ic s  of e x is t in g  d a ta , i t  can  be  s a id  th a t five  

m a in  ty p e s  of lo c a tio n  id e n tif ie r s  a r e  c u r r e n t ly  in  u s e  (F ig . 2. 2).

F ig . 2. 2. C om m on lo c a tio n  id e n tif ie r s  in  e x is t in g  s e ts  of data.

1) T h e  e x te rn a l index  c o m p r is e s  n o m in a l la b e ls  th a t a r e  g e n e ra lly  d e s - 

c r ip tiv e  o f a  lo c a tio n , su ch  a s  th e  n a m e s  of a d m in is tra tiv e  a r e a s ,  

s t r e e t  a d d re s s e s ,  c e n su s  t r a c t s ,  p o s ta l co d e s , and  so  fo r th . Such 

la b e ls  can  b e  u sed  to  g roup  d a ta  th a t h ave  no o th e r  lo c a tio n  id e n tif ie r . 

It i s ,  h o w ev er, im p o ss ib le  to  te l l  th e  r e la t iv e  p o s itio n  o r  p h y s ic a l
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l im i t s  of th e  e le m e n ts  w ithou t r e fe re n c e  to  a  m a s te r  index  ( ty p ica lly  

a  m ap) show ing  th e  b o u n d a r ie s  of th e  nam ed  ite m s . M ost no n -m ap p ed  

d a ta  w ith  any  lo c a tio n  id e n tif ie r  tod ay  a r e  r e c o rd e d  by  th is  d e s c r ip tiv e  

m ethod .

A ll th e  r e m a in in g  ty p e s  of lo c a tio n  id e n tif ie r  a re  r e la te d  e i th e r  to  som e 

c o o rd in a te  s y s te m  o r  to  o th e r  d a ta  e le m e n ts  by one o r  m o re  s p a tia l  la n g u ag es  

(see  d is c u s s io n  above).

2) D is c re te  p o in ts  a r e  b e s t  em p loyed  a s  a b s tra c t io n s  of s m a l l  phen o m en a , 

b u t f r e q u e n tly  a r e  u s e d  a s  s u r r o g a te s  fo r  la r g e r  phenom ena. T he 

c e n tro id  of an  i r r e g u la r  a r e a ,  fo r  ex a m p le , m ay  be u sed  a s  th e  lo c a -  

tio n  a t  w h ich  th e  c h a r a c te r is t ic s  of the  a r e a  a r e  r e c o rd e d . T h is  

ap p ro a c h , un like  th e  u se  o f nom in a l co d es, a llow s th e  r e la tiv e  p o s itio n s  

o f th e  l a r g e r  phen o m en a  to  be e s ta b lis h e d , b u t i t  does  no t, of c o u rs e ,  

define  th e i r  b o u n d a rie s . S e ts  of po in ts  m ay  a l s o  b e  u s e d  to  r e p r e s e n t  

e n t it ie s  w ith  one o r  m o re  d im en s io n s  (fo r ex a m p le , sp o t h e ig h ts  on  a  

to p o g ra p h ic  s u r fa c e , o r  w e a th e r - s ta tio n  d a ta  in  an  a i r  m a ss ) .

3) D ata  can  b e  a s s ig n e d  to  l in e  s e g m e n ts . C om m only , lin e  se g m e n ts  a r e  

em p loyed  to  r e p r e s e n t  f e a tu r e s  su ch  a s  ro a d s ,  ra i lw a y s , f lig h t p a th s , 

geo lo g ica l f a u l ts ,  and  s t r e a m s .  L ine  se g m e n ts  a r e  u su a lly  p lo t te d  on  

m ap s and  th u s  th e i r  r e la t iv e  p o s itio n s  a r e  re c o rd e d  w ith in  a  c o o rd in a te  

s y s te m . T h ey  m a y , h o w ev e r, be to p o lo g ica lly  r e la te d  and  g ra p h ic a lly  

d isp la y ed  w ithou t r e f e r e n c e  to  c o o rd in a te s , a s  on  a  s t r ip  m ap  o f a  

ro u te  o r  a n  u n d e rg ro u n d  m ap  of London. L ine  seg m e n ts  a r e  o n e -  

d im en s io n a l, b u t a  n e tw o rk  of su ch  se g m e n ts  i s  a  tw o -d im en s io n a l 

en tity .
4 ) A r b i t r a ry  r e g u la r  a r e a s  a r e  u sed  to  p ro v id e  c e l ls  fo r  th e  lo c a l s u b -  

d iv is io n  o r  g ro u p in g  of s p a t ia l  d a ta . T h e ir  u t i l i ty  depends on th e  s iz e  

o f th e  c e l l  in  r e la t io n  to  th e  phenom ena b e in g  re c o rd e d . T h ey  a r e  

n e c e s s a r i ly  a r b i t r a r y  u n its ,  ty p ic a l ly  a  g r id . T he po sitio n  of th e  g r id  

in  E u c lid e an  sp a c e  can  b e  s p e c if ie d  b y  i t s  c o rn e r  co o rd in a te s  and  th e  

d im en s io n s  of th e  g r id . T h e  r e g u la r  a r ra n g e m e n t of th e  c e l ls ,  th e  

e a s e  of e s ta b lis h in g  m a r k e r s  on th e  g round  to  d e lim it th e  r e g u la r  

p a t te rn ,  and  th e  e a s e  of lo c a tin g  a  sp e c if ic  c e l l  w ith in  th e  s e t  le d  to  

th e i r  e a r ly  ad op tion  fo r  th e  su b d iv is io n  of p ro p e r ty  (fo r ex am p le , in
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R o m an  c i t ie s  o r  N o rth  A m e ric a n  p r a i r i e  f a rm s ) ,  f o r  p u rp o s e s  o f 

m i l i t a r y  and a d m in is tra tiv e  r e fe re n c e ,  and , m o re  re c e n tly , f o r  th e  

g ro u p in g  of d a ta  in  p re p a ra tio n  fo r  co m p u te r s to ra g e . C r i t ic i s m  of 

th e  ap p ro a c h  f o r  g roup ing  c e n tre s  on th e  f a c t th a t i t  im p o se s  a n  u n r e a l  

d a ta  fo rm a t  on th e  r e a l -w o r ld  phenom ena.

5) I r r e g u la r  po lygons a r e  s u r fa c e -d e s c r ip t iv e  lo c a tio n  id e n tif ie r s . T hey  

d if fe r  f ro m  lin e  seg m e n ts  in  th a t th e i r  b o u n d a rie s  s e p a ra te  a r e a s  w ith  

u n lik e  c h a r a c te r is t ic s ,  w h e re a s  a  l in e  seg m en t o r  l in e  n e tw o rk  m a y  

t r a v e r s e  a  hom ogeneous a r e a .  T he a t t r ib u te s  of a  s u r fa c e  c a n  b e  

e x p r e s s e d  a s  con tinuous, s in g le -v a lu e d  fu n c tio n s , o r  a s  s te p  fu n c tio n s  

o f in dependen t con tinuous v a r ia b le s . T h e se  a r e  com m on ly  t r e a te d  a s  

e i th e r  co n to u rs  o r  s e ts  of la b e lle d  re g io n a l b o u n d a rie s . A s re g io n a l 

b o u n d a r ie s , i r r e g u la r  po lygons f re q u e n tly  define  a r e a s  g ro u p in g  d a ta  

th a t  a r e  o th e rw ise  not lo c a tio n -sp e c if ic  (such  a s  a d m in is tra tiv e  a r e a s ,  

p o s ta l  zo n e s , o r  c e n su s  t r a c t s ) .  U sed  a s  is o l in e s ,  i r r e g u la r  po lygons 

ex ten d  th e  c a p a b ili t ie s  of th e  tw o -d im en s io n a l docum ent fo rm a t  in  th a t  

th e y  p r e s e n t  a  u se fu l ap p ro x im a tio n  of a  w arp ed  p lan e ; to p o g ra p h ic  

co n to u rs  a r e  p ro b ab ly  th e  m o s t r e a d i ly  u n d e rs to o d  ex am p le .

T h e se  lo c a tio n  id e n tif ie r s  can  a l l  b e  g ra p h ic a lly  re c o rd e d  on  a  tw o -d im e n -  

s io n a l m ed iu m . T h e  g rap h ic  e x p re s s io n  of th e  s p a tia l  language ca n  b e  a n  

e x t re m e ly  co m p ac t fo rm  of no ta tio n . T he in fo rm a tio n  con ten t of a  l in e  ca n  

b e  m an y  t im e s  h ig h e r  th a n , fo r  ex am p le , a  n u m e r ic a l e x p re s s io n  th a t  u s e s  

th e  s a m e  am oun t o f sp a c e  on a  docum ent.

Any of th e  g ra p h ic  fo rm s  of lo c a tio n  id e n tif ie r s  m entioned  above c a n  b e  

m ix ed  to  f o rm  a  co m p o site  d e s c r ip tio n  of a  s u r fa c e . T hey  a r e ,  i n  f a c t ,  th e  

s tu ff  th a t  m ap s  a r e  m ade of, and  m ap s  h ave  s e rv e d  m a n  w e ll a n d  con tinue  

to  do so . A s tro n g  a rg u m en t can  b e  m ade th a t g ra p h ic  r e p re s e n ta t io n  of 

s p a t ia l  d a ta  fo llo w s  m a n 's  p e rc e p tu a l u n d e rs ta n d in g  of s p a c e , an d  th u s  i s  

e a s y  to  r e a d  and  a s s im i la te .  T he e a se  w ith  w hich  m an  can  e x t r a c t  d a ta  f r o m  

th e  g ra p h ic  fo rm a t w ill be exam ined  in  C h ap te r  3.

A ll th e  above ty p e s  o f  lo c a tio n  id e n tif ie r  w ill be ex am in ed  in  g r e a te r  d e ta il  

in  th e  fo llow ing  c h a p te rs  of th e  th e s i s .  A s h as  b ee n  p o in ted  o u t, th e y  do  not 

r e p r e s e n t  a l l  p o s s ib le  c a te g o r ie s  of lo c a tio n  id e n tif ie r ;  th e y  m a y  n o t ev e n  b e  

th e  m o s t u s e fu l w ay  to  sp ec ify  lo c a tio n  in  a l l  in s ta n c e s . T h e y  do , h o w ev e r.
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r e f le c t  th e  concep t o f sp a c e , g eo m e try , and  type  of g rap h ic  p o r tr a y a l  th a t 

h av e  found  g e n e ra l a c c e p ta n c e  and  u n d e rlie  th e  m a in  body of e x is tin g  lo c a tio n -  

s p e c if ic  d a ta . T h e  re m a in in g  p a r t  of th is  c h a p te r  w ill exam ine th e  fa c to r s  

th a t in flu en ce  th e  o v e ra l l  su p p ly  and  a v a ila b i lity  of lo c a tio n -sp e c if ic  da ta .

S U P P L Y  AND A V A ILA BILITY  O F DATA

T h e  s ta te  of dev e lo p m en t of s p a t ia l  d a ta  h and ling  te ch n iq u es  w ill b e  exam ined  

la t e r ,  b u t i t  sh o u ld  b e  m ade  c le a r  a t the  o u ts e t th a t th e  u s e fu ln e ss  of sp e c if ic  

te c h n iq u e s  d epends to  a  c o n s id e ra b le  ex te n t on  th e  supp ly  of d a ta  th a t m ust 

b e  h and led . T h is  m a y  v a ry  su b s ta n tia lly  f r o m  co u n try  to  cou n try . I t i s  not 

p o s s ib le  w ith in  th e  sco p e  o f th is  th e s is  to  ex am in e  th e  d a ta  su p p lie s  g e n e ra te d  

by  v a r io u s  c o u n tr ie s . A b r ie f  ex a m in a tio n  w ill , h o w ev er, b e  m ade of th e  

f a c to r s  th a t in flu en ce  th e  p ro v is io n  of s p a tia l  d a ta , so  th a t th e  e x is tin g  

ra n g e  o f v a r ia t io n  ca n  b e  b e t te r  u n d ers to o d .

T h e  co n d itio n s  and  c i rc u m s ta n c e s  th a t u n d e rlie  d a ta  supp ly  a r e  com p lex  and 

in te rd e p e n d e n t. F o r  conven ience , h ow ever, th e y  can  be  g rouped  in to  s ix  

b ro a d  c a te g o r ie s :  p e rc e iv e d  n ee d  fo r  da ta ; c o n s tra in ts  on d a ta  g a th e rin g ; 

c o n s tr a in ts  of c a p a b ili ty  f o r  g a th e rin g ; c o n s tra in ts  on valid ity ; p h y s ic a l 

h an d lin g  c h a r a c te r is t ic s ;  and  c o n s tra in ts  on u s e . T he c a te g o r ie s  can  b e  

r e g a r d e d  a s  v a r ia b le s  th a t a r e  c lo se ly  in te r r e la te d  and  to g e th e r  d e te rm in e  

s p a t ia l  d a ta  a v a ila b i li ty . T hey  a r e  i l lu s tr a te d  in  th e  d ia g ra m  (F ig . 2. 3).

F ig . 2. 3. V a r ia b le s  th a t in flu en ce  th e  c h a ra c te r  and  a v a ila b i lity  of 
s p a t ia l  d a ta  g a th e re d  by  gov ern m en ts .

S ou rce  C h a ra c te r i s t ic s

P e rc e iv e d  n ee d  f o r  d a ta . T h e  s p a tia l  d a ta  f o r  w hich  a  g o vernm en t h a s  a  

"p e rc e iv e d  n ee d "  a r e  qu ite  s im p ly  th e  d a ta  th a t a  governm en t th in k s  i t  n eed s  

and  is  p r e p a r e d  to  pay  fo r .  T h ey  a r e  r e la te d  to  the  type and  le v e l of
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eco n o m ic  d eve lopm en t of th e  co u n try , i t s  p o li t ic a l  and  s o c ia l  a c t iv i t ie s ,  and , 

a s  a  s p e c ia l  p a r t  of th e se , i t s  m i l i t a ry  h is to r y  and a s p ira tio n s . T h e  to ta l  

am oun t o f e x is t in g  s p a t ia l  d a ta  in  a  co u n try  re f le c ts  i t s  h is to r ic a l  s eq u en ce  

o f p e rc e iv e d  n ee d s  and , to  a  l e s s e r  e x te n t, i t s  view  of th e  fu tu re .

An obvious d ifficu lty  in  p ro c e e d in g  r ig o ro u s ly  w ith  a  d is c u s s io n  o f n e e d s  is  

th e  la c k  o f any  w id e ly  a c c e p te d  s c a le  of eco n o m ic , p o li t ic a l,  s o c ia l,  o r  

m i l i t a r y  deve lopm en t, a lone  o r  in  co m b ination . A con tinuum  of so m e kind  

m ay  ex is t ,  a s  a  p a th  t r a c e d  in  a  co m p lex , m u ltid im en s io n a l p e rc e p tu a l sp a c e . 

T h e  re la tio n s h ip  b e tw e en  su c h  a  s c a le  and  e x is tin g  s p a t ia l  d a ta  w ould  p r o - 

b a b ly  not be l in e a r .  I t i s  th u s  p r a c t ic a l  on ly  to  in d ica te  b r ie f ly  th e  ra n g e  of 

p o s s ib i l i t ie s  an d  to  co m m en t on  th e i r  r e la tio n sh ip  to  d a ta  supply .

L e v e ls  of econom ic  d eve lopm en t am ong  n a tio n s  can  conven ien tly  b e  thought 

to  ra n g e  f ro m  do m in an tly  s u b s is te n c e  e c o n o m ie s , th ro u g h  p r im a ry  e c o n o - 

m ie s  w ith  e x t ra c tiv e  in d u s tr ie s  and s p e c ia liz e d  food p ro d u c tio n , to  c a p i ta l -  

in te n s iv e  in d u s tr ia l  e c o n o m ies , and  te c h n o lo g ic a lly  in te n s iv e  ec o n o m ies . 

C o m m e rc ia liz a tio n  in  th e  econom y  g e n e ra lly  in c r e a s e s  a s  o v e ra l l  r e l ia n c e  

on s u b s is te n c e  food  p ro d u c tio n  d e c re a s e s .

S om ew hat s im p l is tic a lly , i t  cou ld  b e  su g g e s te d  th a t th e  p r im a ry  in s tin c ts  

th a t m o tiv a te  a  g o v e rn m en t to  g a th e r  s p a tia l  d a ta  a r e  t e r r i t o r i a l  c o n tro l 

and  ta x a tio n . A t th e  lo w e r  end  o f th e  econom ic  s c a le ,  s p a t ia l  d a ta  a r e  

r e q u i r e d  f o r  th e  ta x a tio n  o f  la n d  and  f o r  th e  e s ta b lis h m e n t of t e r r i t o r i a l  

b o u n d a r ie s  w ith in  w h ich  ta x e s  m a y  b e  le v ied . T h e  n ex t s te p  r e la te d  to  

ec o n o m ic  d eve lopm en t i s  th e  a c q u is itio n  o f d a ta  co n c e rn in g  th e  ex p lo itab le  

r e s o u r c e s  o f th e  la n d , i t s  c l im a te , v eg e ta tio n , s o il ,  geology, w a te r , an d  so  

fo r th . In it ia l ly , th e se  a r e  u s u a lly  h u r r ie d  e x p lo ra to ry  s u rv e y s , w ith  a  h igh  

s u b je c tiv e  co n ten t u s e d  to  d ir e c t  th e  in v e s tm e n t of e f fo r t (cap ita l) . U su a lly , 

h o w ev e r , th e y  la y  th e  fou n d a tio n s  fo r  con tinuous d a ta  g a th e r in g  in  th e i r  

r e s p e c t iv e  d is c ip lin e s .

T h e  in i t ia l  g row th  of c o m m e rc ia liz a t io n  b r in g s  w ith  i t  th e  n ee d  fo r  s p a tia l  

d a ta  on  tr a n s p o r ta t io n  r o u te s  (w hich m ay  in  so m e in s ta n c e s  p re c e d e  t e r r i - 

to r i a l  in v e s t ig a t io n  of an y  k ind). T h e  f i r s t  need  is  fo r  d a ta  f ro m  s im p le  

t r a v e r s e s ,  th e n  to p o g ra p h ic  d a ta  f o r  ro a d , r a i l ,  and  ca n a l b u ild in g , and  fo r  

w a te r  and  a i r  nav ig a tio n . A s p o pu la tion  d e n s ity  in c r e a s e s ,  the  n ee d  f o r  a
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m o re  d e ta ile d  s p e c if ic a t io n  o f  th e  ta x  b a s e  a r i s e s .  F o r m a l p o p u la tion  c e n su s , 

a g r ic u l tu ra l  c e n s u s , and  c o m m e rc ia l  cen su s  by  ta x ab le  a r e a  a r e  g e n e ra te d .

T h e  g row th  o f c a p ita l- in te n s iv e  in d u s tr ie s  (and a  new ta x  b ase) in c r e a s e s  

th e  n ee d  f o r  a  c e n su s  of in d u s try . A s in d u s try  m a k es  dem ands on n a tio n a l 

and  h u m an  r e s o u r c e s ,  an d  c o n tro l o v e r  th e i r  e x p lo ita tio n  is  d ee m ed  p ru d en t, 

m o re  d e ta ile d  s u rv e y s  a r e  re q u ire d .  G o v e rn m e n t-c o n tro lle d  s u rv e y s  of 

logg ing  an d  r e a f f o r e s ta t io n  (as  opposed  to  t im b e r  r e s o u rc e  su rv ey s) 

i l lu s t r a t e  th i s  n ee d .

A s te c h n o lo g ic a l dev e lo p m en t and  s o c ia l  liv in g  s ta n d a rd s  in c r e a s e ,  th e r e  i s  

a  n e e d  f o r  d a ta  o n  w h ich  to  b a s e  r e s e a r c h .  S p a tia l d a ta  o n  f o r e s t  p e s ts ,  

c ro p  d is e a s e s ,  a n d  h u m a n  m e d ic a l and  s o c ia l  cond itions  a r e  ty p ic a l r e s - 

p o n se s  to  th i s  n ee d . A s co m m u n ica tio n s  w ith in  a  co u n try  deve lop  and  a s  

re g io n a l e c o n o m ic  d is p a r i t ie s  b ec o m e  ev iden t to  th e  popu la tion , th e  need  

a r i s e s  to  g a th e r  s p a t i a l  d a ta  o n  a  re g io n a l b a s is .  T h e  d eve lopm en t of 

co m p lex  u rb a n  s o c ie t ie s  w ith  th e i r  in h e re n t s t r a in s  b r in g s  a  d e s i r e  fo r  

c o n tro l of s p a t ia l  in te ra c t io n s ,  and  th u s  a  n ee d  f o r  d e ta ile d  s p a t ia l  data .

T h e  h ig h e r  le v e ls  of eco n o m ic  d eve lopm en t a r e  c h a ra c te r iz e d  b y  in ten se  

co m p e titio n  b e tw e e n  p o te n tia l  la n d  u s e s  and  th i s  c r e a te s  th e  n ee d  fo r  d e ta iled  

s p a t ia l  d a ta  on  w h ich  to  b a s e  d e c is io n s . W id e r c o n c e rn s  of e n v iro n m en ta l 

d e g ra d a tio n  h a v e  in i t ia te d  th e  g a th e r in g  o f d a ta  o n  cond itions  o f w ild life  

h a b i ta t ,  r e c r e a t io n a l  p o te n tia l, and , m o re  re c e n tly , th e  e ffe c ts  of m a n - 

p ro d u c e d  p o llu ta n ts .

I t i s  im p lic i t  in  th e  p h r a s e  " re g io n a l eco n o m ic  d is p a r i t ie s "  th a t c o u n tr ie s , 

p a r t ic u l a r ly  la r g e  o n e s , do not develop  h om ogeneously . W ith in  an y  one 

n a tio n  th e r e  m a y  b e  s e v e r a l  d is tin c t le v e ls  of econom ic  dev e lo p m en t, and  

h en c e  d if fe re n t p e rc e iv e d  n e e d s  f o r  s p a t ia l  d a ta  in  v a r io u s  p a r t s  o f th e  

co u n try .

A s w e ll  a s  v a r ia t io n s  in  th e  le v e ls  o f eco n o m ic  dev e lo p m en t, th e r e  a r e  v a r i a - 

tio n s  in  ty p e s  o f p o l i t ic a l  an d  s o c ia l ac tiv ity . C o u n tr ie s  w ith  a  lo n g  h is to ry  

of s e lf -g o v e rn m e n t m a y  h a v e  s e t s  of d a ta  e n t ir e ly  d if fe re n t f ro m  th o s e  of 

new ly  in d e p en d en t c o u n tr ie s . T h e  l a t t e r  m a y  h av e  d a ta  d e te rm in e d  b y  w idely  

d iffe re n t fo re ig n  p o lic ie s  o f th e  p re v io u s  co lo n ia l a d m in is tra tio n s . At th e  

o th e r  e x t r e m e , s o m e  s p a r s e ly  in h a b ite d  a r e a s  m a y b e  s u rp r is in g ly  w ell



s u rv e y e d  s im p ly  b e c a u s e  th e  p o l i t ic a l  e x ig e n c ie s  r e q u ire d  e v id e n c e  

o f  te r r i to r ia l  p o s se s s io n . D if fe re n c e s  in  p o l it ic a l  s t ru c tu re  re su l t  in  

d if f e re n c e s  in  d a ta  g a th e r in g . S tro n g  c e n tra l  g o v e rn m e n t n e c e s s ita te s  

g o o d  c o m m u n ic a tio n s  a n d  e ff ic ie n t d a ta  g a th e r in g . N a p o le o n 's  in n o v a tiv e  

d a ta  g a th e r in g  (a n d  a d m in is tra tiv e )  s tru c tu re  o f  F re n c h  " D é p a r te m e n ts "  

s till u n d erlie s  co llec tio n  o f d a ta  in  F ran ce . T h e  p o litica lly  o rien ted  o ffic ia l d a ta  

g a th e r e r  f o r  e a c h  c i ty  b lo c k  f a c e  d u r in g  th e  p e r io d  1 9 3 5 -4 5  in  G e r m a n y  

w a s  a n  e x tre m e  e x a m p le  o f  c o lle c t io n  o f  s p a tia lly  p re c is e  d e m o g ra p h ic  

statistics, implemented by an authoritarian regime. M ilitary 

e x ig e n c ie s  h a v e  h a d  a  s t ro n g  in f lu e n c e  o n  th e  p e rc e iv e d  n e e d s  fo r  s p a tia l  

d a t a .  T h e  s u p p ly  o f  t e r r a in  d a ta  w i th in  a n y  n a t io n  f r e q u e n t ly  r e f le c t s  i t s  

in v o lv e m e n t (e ith e r  d e l ib e ra te  o r  in v o lu n ta ry )  in  w a rfa re . I t  m a y  w e ll  b e , 

fo r  in s ta n c e , th a t V ie tn a m  c u rre n tly  h a s  th e  m o s t e x te n s iv e  a n d  u p - to -d a te  

s u p p l ie s  o f  t e r r a in  d a ta  o f  a n y  c o u n try  in  th e  w o r ld  a t  a  s im i la r  le v e l  o f  

e c o n o m ic  d e v e lo p m e n t.  T h e  in f lu e n c e  o f  th e  m i l i t a ry  in  d a ta  g a th e r in g  

is  n o t  n e c e s s a r i ly  b a d . P e rh a p s  th e  c la s s ic  c a s e  is  th e  O r d n a n c e  S u rv e y  

in  G r e a t  B r i t a in ,  w h ic h  h a s  f u r n i s h e d  th a t  c o u n t r y  ( a n d  o t h e r s )  w i th  

ex e m p la ry  topog raph ic  m aps. T he  first m odern  p re sen t-land -use  su rvey  o f 

G r e a t  B r i t a i n  w a s  a n  i n d i r e c t  r e s u l t  o f  t h e  s t r e s s  o f  w a r .  S im i l a r ly ,  

th e  w id e s p r e a d  p la n im e tr ic  m a p p in g  p ro g ra m  o f  n o r th e rn  C a n a d a  w a s  

fundam enta lly  dependen t on  the  need  fo r w artim e aeria l nav iga tion . T he m ilita ry  

c o m m u n ity  h a s  c o n s is te n tly  n u rtu re d  th e  d e v e lo p m e n t o f  sp a tia l d a ta  

g a th e r in g  te c h n iq u e s , in c lu d in g  th e  e a r lie s t  u se s  o f  a e r ia l  p h o to g ra p h y , 

p h o to g ra m m e try , in f ra re d  p h o to g ra p h y , m ic ro w a v e  tr ia n g u la tio n , s a te ll i te  

s e n s o r  p l a t f o r m s ,  a n d  la s e r  d i s t a n c e  m e a s u r e m e n t ,  a l l  o f  w h ic h  

are routinely  used  in  non-m ilitary  spatial data  gathering  today .

C le a r ly , th e  p e rc e iv e d  n e e d s  o f  g o v e rn m e n t  a re  c o m p le x  a n d  re f le c t  th e  

h is to ry  o f  th e  c o u n try ,  i ts  in te ra c t io n  w ith  i ts  n e ig h b o u rs ,  a n d  i ts  p re s e n t  

m ix tu re  o f lev e ls  o f ec o n o m ic  d ev e lo p m en t.

G a th e r in g  c o n s tra in ts .  G a th e r in g  c o n s tra in ts  a re  c o n d i t io n s  th a t  a f fe c t  th e  

c o s t,  le n g th  o f  t im e , o r  p ra c tic a li ty  o f  g a th e r in g  s p a t ia l  d a ta  in  a n y  c o u n try .

P h y s ic a l  e n v iro n m e n ta l  c o n s tra in ts  a re  p e rh a p s  th e  m o s t e a s ily  re c o g n iz e d , 

th o u g h  th e ir  a c tu a l  e f fe c ts  o n  th e  s p a tia l  d a ta  g a th e r in g  p ro c e s s  a n d  th e  

su b se q u e n t a v a ila b ili ty  o f  v a r io u s  ty p e s  o f  d a ta  a re  n o t s o  w id e ly  u n d e rs to o d .
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T h e  s iz e  of a  co u n try  does  not p ro h ib i t d e ta ile d  lo c a l s p a tia l  d a ta  g a th e r in g , 

bu t i t  d o es  d ra m a tic a l ly  affec t th e  co s t and  tim e  of o v e ra l l  r e c o n n a is sa n c e  

s u rv e y , w h ich  i s  a  f o rm  of h ig h - r i s k  d a ta  p ro s p e c t in g . N ations  w ith  a  

la r g e  a r e a l  ex ten t f r e q u e n tly  sp en d  a  h ig h  p e rce n tag e ' of th e i r  a v a ilab le  

d a ta  g a th e r in g  b udget on  th is  le v e l of s u rv e y . T h e  ex ten t and  age  of th e  

d if fe re n t ty p e s  of d a ta  av a ila b le  m ay  th u s  v a ry  w ith  th e  s iz e  of th e  nation .

C lim a tic  e x t r e m e s  of h e a t,  co ld , d ry n e s s , and  w e tn e ss  a r e  w e ll-u n d e rs to o d  

p h y s ic a l c o n s tra in ts .  Som e of th e  s id e -e f fe c ts  o f th e s e  e x tre m e s  a ls o  a c t 

a s  im p o r ta n t  c o n s tra in ts .  T h e  s u b a r c t ic  a n d  a r c t ic  a r e a s  a r e  no t only  

c o ld  b u t d a rk  f o r  lo n g  p e r io d s  of th e  y e a r .  A s one ap p ro a c h e s  th e  m ag n e tic  

p o le s , t r a d i t io n a l  f o rm s  of n av ig a tio n  a r e  u n re l ia b le  and  ra d io  c o m m u n ic a - 

t io n s  a r e  s o m e tim e s  d is ru p te d  b y  e l e c t r i c  s to r m s ,  w hich  a r e  r a r e  in  

lo w e r  la t i tu d e s .  H um id  tr o p ic a l  cond itions  n o t on ly  r e s t r i c t  g round  

s u rv e y  b u t th e  a s s o c ia te d  cloud co v e r  in h ib its  a e r i a l  s u rv e y . T he only  

w id e s p re a d  a e r i a l  view  of P a n a m a , f o r  in s ta n c e , h a s  com e on ly  s in c e  

c lo u d -p e n e tra tin g  p -b a n d  r a d a r  s e n s o r s  h a v e  b ee n  em ployed .

S u rfa c e  t r a f f i c a b i l i ty  i s  c le a r ly  a ffe c te d  b y  c o n s tra in ts  su ch  a s  m o u n ta in s , 

ic e  f ie ld s ,  s a n d  d e s e r t s ,  m u sk eg , sw a m p , a n d  v a r io u s  fo rm s  of d en se  

v e g e ta tio n  c o v e r . T h e  a u th o r  w as  o nce  le a d e r  o f a  te a m  of p h o to - in te r - 

p r e t e r s  w ho c a r r i e d  o u t a  p h o to -g e o lo g ic a l s tu d y  of 5 0 ,0 0 0  s q u a re  m ile s  

o f n o r th e r n  O n ta r io  in  C anada. T h e  p r im a r y  p u rp o s e  of th e  w o rk  w as 

s im p ly  to  id e n tify  th e  r a r e  ro c k  o u tc ro p s  in  th e  m u sk eg  so  th a t h e l ic o p te r - 

b o rn e  g e o lo g is ts  cou ld  ex am in e  a c tu a l b e d ro c k . P a ra d o x ic a lly , th e  s a m e  

h e l ic o p te r s  cou ld  n o t b e  u sed  in  th e  o u tc ro p -ab u n d an t h igh  m ounta in  a r e a s  

in  B r i t i s h  C o lu m b ia , b e c a u se  th e  a i r  a t  h ig h  a ltitu d e  w as too  th in  fo r  

e f f ic ie n t u s e  of ro ta ry -w in g  a i r c r a f t .  D ense  v eg e ta tio n  co v e r  n o t only  

h in d e rs  s u r fa c e  t r a f f ic a b i l i ty  b u t ca n  co m p le te ly  o b s c u re  a e r i a l  o b s e rv a t io n  

o f t e r r a i n .  N ot a  few  co n to u r m a p s  of t e r r a in  h e ig h t r e p r e s e n t  th e  s u r fa c e  

of th e  v e g e ta tio n  canopy  r a th e r  th a n  th e  s u r f a c e  of th e  g round  0 to  300 

fe e t be lo w . D ata  g a th e r in g  in  la rg e ,  s p a r s e ly  in h a b ite d  o r  un inhab ited  

a r e a s  in v o lv es  a  h ig h  c o s t fo r  lo g is t ic a l  s u p p o r t of th e  s u rv e y  p e rs o n n e l . 

T h e  e f fe c t o f th i s  i s  r a r e l y  fu lly  a p p re c ia te d . A t a  t im e  w hen p e t ro l  w as 

r e a d i ly  a v a ila b le  a t  50c p e r  ga llon  in  in h a b ite d  p a r t s  o f  C anada, f o r  

e x a m p le , th i s  fu n d am en ta l co m m o d ity  f o r  tr a n s p o r ta t io n , w a rm th , and
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cook ing  o r  fu e l c o s t $ 3 .0 0  p e r  ga llo n  in  th e  C an ad ian  a r c t i c .  T h e  c o s t o f 

a e r i a l  s u rv e y  f o r  th i s  i te m  a lone  w as th u s  s ix  o r  m o re  t im e s  h ig h e r  p e r  

sq u a re  m ile  in  th e  un in h ab ited  a r e a  th a n  in  th e  in h a b ite d  a r e a  to  th e  sou th .

A ll of th e  above ty p e s  of p h y s ic a l c o n s tra in t c o n tr ib u te  to  th e  v a r ia b i l i ty  

in  ty p e  and  s u p p ly  of s p a t ia l  d a ta , and  a ls o  a ffe c t th e  e r r o r s  of o b s e rv a -  

tio n  and  m e a s u re m e n t in  the  d a ta  a c tu a lly  g a th e re d . S im ila r ly , th e r e  i s  

a  d is tin c t d if fe re n c e  in  r e l ia b i l i ty  be tw een  m e a s u re m e n ts  of s ta t ic  an d  

n om ad ic  hu m an  p o p u la tio n s , and  be tw een  an im a l popu la tions  r e s t r i c t e d  

to  one feed in g  a r e a  and  m ig ra to ry  ones .

L e s s  obv ious a r e  th e  p o li t ic a l and  s o c ia l  c o n s tra in ts  of d a ta  g a th e r in g  within, 

a  co u n try . A d is tin c tio n  is  m ade b e tw e en  th e  c o n s tra in ts  th a t a ffe c t th e  

g a th e r in g  of d a ta  and  th o s e  th a t a ffec t th e i r  u se  an d  a v a ila b i li ty  a f t e r  th e y  

h ave b ee n  g a th e re d . T h e  l a t t e r  w ill b e  c o n s id e re d  s e p a ra te ly .

W ith in  n a t io n s , p a r t ic u la r ly  th o s e  w ith  f e d e ra l  f o r m s  o f  g o v e rn m en t, 

th e r e  m a y  b e  s e v e r a l  c le a r ly  e s ta b lis h e d  ju r is d ic tio n s , e a c h  w ith  r e s p o n s i -  

b i l i t i e s  f o r  c e r t a in  ty p e s  of d a ta  co llec tio n . W ith in  C an ad a , f o r  ex a m p le , 

e a ch  p ro v in c e  i s  c o n s titu tio n a lly  re s p o n s ib le  f o r  d a ta  r e la t in g  to  i t s  own 

n a tu r a l  r e s o u r c e s .  W h ere  d iffe re n t p o li t ic a l  p r io r i t ie s  e x i s t  w ith in  th e  

v a r io u s  ju r i s d ic t io n s ,  d iffe re n t le v e ls  of s p a t ia l  d a ta  a v a ila b i li ty  c a n  and  

do r e s u l t .  D iffe ren t c la s s i f ic a t io n s  m a y b e  adop ted . D iffe re n t u n i ts  of 

m e a s u re ,  t im e s  o f s u rv e y , le v e ls  o f d e ta il ,  an d  ty p e s  of d a ta  g a th e r in g  

m ay  r e s u l t  in  a  p a tch w o rk  q u ilt of d a ta  a v a ila b i li ty  w ith in  o n e  n a tio n . One 

of th e  m a jo r  a c h ie v e m e n ts  of th e  C anada L an d  In v en to ry  b e tw e en  1962 and  

1969, f o r  e x a m p le , w as th e  p e r fo rm a n c e  of s e p a ra te  n eg o tia tio n s  w ith  

e a ch  p ro v in c e  th a t le d  to  u n ifo rm  c la s s i f ic a t io n s  of p re s e n t  la n d  u s e ,  

a g r ic u l tu ra l  c a p a b ili ty , f o r e s t  ca p ab ili ty , w ild life  s u ita b ili ty , an d  r e c r e a -  

t io n a l p o te n tia l of th e  la n d  a c ro s s  C anada. I f  n eg o tia tio n s  h a d  b e e n  

conduc ted  by  d if fe re n t p e rs o n n e l , in  a  d iffe re n t p o l i t ic a l  c l im a te , o r  a t  a  

d if fe re n t t im e  in  h is to r y ,  th e i r  ou tcom e m igh t h av e  b ee n  l e s s  f o r tu n a te  

and  th e  a v a ila b i li ty  o f  s p a t ia l  d a ta  in  C anada w ould  be m e a s u ra b ly  d iffe re n t.

S ocia l c o n s tra in ts  on d a ta  g a th e r in g  a lso  v a r y  w id e ly . T h e  r e l ia b i l i t y  o f 

d a ta  c o l le c te d  b y  th e  U. S. B u rea u  of C en su s  f r o m  b la c k  g h e tto s  i n  th e  

U nited  S ta te s  s u f f e r s  in  th e  s a m e  w ay a s  th e  c e n su s  d a ta  f r o m  C o r s ic a
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g a th e re d  b y  th e  G overnm en t of F r a n c e  (IN SEE). T h e  h o s ti l i ty  of a  popu- 

la tio n  to  a u th o r ity  can  b e  a  s e v e r e  c o n s tra in t on d a ta  g a th e r in g . In  

c o n tra s t  is  th e  4 0 0 -y e a r -o ld  t r a d i t io n  of th e  C e n tra l  P o p u la tio n  R e g is te r  

in  Sw eden, w h e re  d a ta  c o l le c te d  on p o p u la tio n  a t t r ib u te s  a r e  not only 

d e ta ile d  and  g e n e ra lly  r e l ia b le ,  bu t a r e  f r e e ly  av a ila b le  to  th e  pub lic . 

S im ila r ly , th e  h ig h  r a t e  of r e s p o n s e  to  th e  p o s ta l  m ethod  of c e n su s  u sed  

in  C an ad a  w ould  b e  to ta lly  im p o ss ib le  in  a  c o u n try  w ith  a  h ig h  p e rce n tag e  

of i l l i t e r a c y .

T h e  abo v e  e x a m p le s  do not ex h a u st th e  l i s t  o f c o n s tra in ts  th a t a ffec t th e  

g a th e r in g  of s p a t ia l  da ta . T h ey  a r e ,  h o w ev e r, su ffic ien t to  in d ica te  th a t 

e a c h  c o u n try  i s  un ique . E ach  co u n try  h a s  i t s  ow n m ix tu re  of c o n s tra in ts  

th a t  h av e  to  b e  o v e rc o m e  if  s p e c if ic  ty p e s  of d a ta  a r e  n ee d ed , and  th a t 

r e s u l t  in  s u b s ta n t ia l  v a r ia tio n s  in  th e  ty p e  and  c h a ra c te r  of d a ta  supply.

G a th e rin g  ca p a b ili ty . T he c a p a b ili ty  of a  co u n try  to  g a th e r  s p a tia l  da ta  

depends on th e  g a th e r in g  te ch n iq u es  and  th e  am oun t of funds a v a ilab le  a t 

th e  t im e  w hen  th e  n ee d  f o r  th e  d a ta  i s  p e rc e iv e d . T h e  ra p id  deve lopm ent 

of s p a t ia l  d a ta  g a th e r in g  te ch n iq u es  d u rin g  th e  p a s t  c e n tu ry , and  p a r t ic u la r ly  

in  th e  p a s t 50 y e a r s ,  w ill b e  ex a m in ed  v e ry  b r ie f ly  below . B ec au se  of 

th i s  r e c e n t  d ev e lo p m en t, th e  o v e ra l l  s u p p lie s 1 o f s p a t ia l  d a ta  av a ilab le  

in  v a r io u s  c o u n tr ie s  g e n e ra lly  r e f le c t  th e i r  d iv e r s e  n ee d s  in  the  p as t 

c e n tu ry  (and  h en c e  th e i r  r e c e n t econom ic  and  s o c ia l  s ta te )  r a th e r  than  

e a r l i e r  in  th e i r  h is to ry . D iv e rs ity  a ls o  s te m s  f ro m  th e  fa c t th a t the  a p p li- 

c a tio n  of d iffe re n t d a ta  g a th e r in g  te ch n iq u es  r e s u l t s  in  d iffe re n t d a ta  

p ro d u c ts . F o r  e x a m p le , a  g eo lo g ica l m ap  r e s u l t in g  f ro m  g ro u n d  s u rv e y  

a lo n e  w ill  p ro b a b ly  b e  d iffe re n t f r o m  one p ro d u ced  b y  a i r - p h o to - in te r p r e ta - 

t io n , w h ich  w ill b e  d if fe re n t f r o m  one u ti l iz in g  bo th  te c h n iq u e s , w hich  

w il l  b e  d iffe re n t a g a in  f ro m  one in c o rp o ra tin g  g eo p h y s ic a l m e a s u re m e n ts  

of b e d ro c k  a t t r ib u te s .  In  s h o r t ,  d if fe re n t d a ta  g a th e r in g  te ch n iq u es  

p ro v id e  p ro d u c ts  th a t have  th e i r  own c h a r a c te r is t ic s  and  l im ita tio n s , and  

th e s e  a ffe c t th e  s u p p ly  and  n a tu re  of th e  a v a ila b le  d a ta  in  w ays th a t m ay  

o r  m ay  not be a p p a re n t to  th e  u s e r .

(a) S p a tia l d a ta  g a th e r in g  te ch n iq u es . S p a tia l d a ta  g a th e r in g  r e l ie s  upon 

th e  te ch n o lo g ie s  of d a ta  s e n s in g , t r a n s p o r ta t io n  and  com m u n ica tio n , and

1. T h is  ap p lie s  to  s p a t ia l  d a ta  w ith  a  slow  r a t e  of decay , su ch  a s  con tou r 
m a p s  of t e r r a in ,  g eo lo g ica l m a p s , s o i l  m a p s, e t c . , a s  w e ll a s  to  m o re  
v o la tile  d a ta .
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d a ta  re c o rd in g . D ata  g a th e r in g  m e th o d s a r e  th e  ap p lic a tio n  of such  

techno logy .

T h e  f i r s t  of th e s e  f a c to r s ,  d a ta  s e n s in g , can  b e  d e fin ed  a s  th e  ab ility  to  

m ake an  o b s e rv a t io n , and , by  ex te n s io n , th e  a b i li ty  to  c a l ib ra te  the  

o b s e rv a t io n  (p ro v id e  a  m e a s u re ) . The d e v ic e s  em p loyed  ca n  b e  hum an 

o r  in s tru m e n ta l.  T h e  re la tio n sh ip  b e tw e en  th e m  i s  i l lu s t r a te d  in  F ig . 2 .4 .

INSTRUM ENT
HUMAN

S ensing  of phenom ena 
u n d e tec ta b le  by 

h u m an  s e n s e s

C a lib ra te d
in s tru m e n t

re s p o n s e

E x ten d ed  hum an 
s e n s o ry  

o b s e rv a t io n

C a lib ra t io n  of 
hum an  

o b se rv a t io n

M ore re c e n t deve lop - 
m en t. R e la tiv e ly  

lim ite d  p ra c t ic e  
(w ith so m e e x - 

c e p tio n s , e .g .,  
com pass)

H um an
s e n s o ry

o b s e rv a t io n

R eco g n itio n
E s tim a tio n

C ounting

A ncien t and 
m o d e rn  s k i l l

CALIBRATION

F ig . 2. 4 . R e la tio n sh ip  be tw een  hum an  and  in s tru m e n t c a p a b ili tie s  
f o r  s e n s in g  and c a lib ra t in g  s p a t ia l  da ta .

I t i s  n o t n e c e s s a r y  to  ca ta lo g u e  th e  d iffe re n t c a p a b ili t ie s , b u t s e v e ra l  

co m m en ts  can  b e  m ade on th e i r  ra n g e . A lthough th e  p h y s ic a l c o n s tra in ts  

on d a ta  g a th e r in g  h ave  re m a in e d  m o re  o r  l e s s  co n s ta n t, th e  supp ly  of th e  

m o s t com m on s e n s in g  d ev ice , m an  h im se lf ,  h a s  in c r e a s e d  exponen tia lly .

I t  i s  a  t r u i s m  to  s a y  th a t m o re  h u m a n s  h av e  liv e d , b ec o m e l i t e r a te , and  

p a r t ic ip a te d  in  d a ta  g a th e r in g  in  th e  p a s t  100 y e a r s  th a n  th e  to ta l  so  

occu p ied  s in c e  th e  beg inn ing  o f t im e . I t i s  c l e a r ,  h o w ev e r, th a t the  

g row th  of m ank ind  no t on ly  g e n e ra te s  d em an d s  f o r  d a ta , b u t a lso  c r e a te s  

th e  d ev ice s  f o r  g a th e r in g  th e m .

In s tru m e n ta t io n  h a s  ex ten d ed  th e  ra n g e  of p o s s ib le  s e n s in g , by  extend ing  

hum an  s e n s i t iv i ty  th ro u g h  d e v ic e s  su ch  a s  th e  te le s c o p e , m ic ro s c o p e , and  

d e n s ito m e te r , w h ich  a r e  s e n s it iv e  to  lig h t; th e  th e rm o m e te r ,  w hich  se n s e s

1. I t i s  n e c e s s a r y  to  d if fe re n tia te  be tw een  hum an  s e n s in g  ca p ab ili ty  and 
hum an  d a ta  p ro c e s s in g  c a p a b ili ty  a t  th is  po in t. T h e  l a t t e r  qu ite  pow erfu l 
c a p a b ili ty  ad d s  g r e a t  u ti l i ty  to  th e  r e la t iv e ly  l im ite d  f o r m e r  one. The 
c h a ra c te r is t ic s  o f h u m an  and  m a c h in e -a id e d  c a p a b ili t ie s  to  hand le  sp a tia l  
d a ta  w ill b e  ex am in ed  in  the  fo llow ing  c h a p te r s  o f th e  th e s i s .

SENSING

W id e sp re a d
p ra c t ic e



h e a t; th e  a n e m o m e te r , w hich  m e a s u re s  flow ; th e  g ra v im e te r ,  w h ich  

r e s p o n d s  to  g ra v ity ; th e  e c h o -so u n d e r , w hich  u s e s  and d e te c ts  sound ; 

and  p o llu tio n  d e te c tio n  d ev ices  w hich  re sp o n d  to  ch e m ic a l o d o u rs . I n s t r u -  

m e n ts  a l s o  ex ten d  hum an  s e n s it iv ity  by  sen s in g  phenom ena th a t  m a n  

can n o t d e te c t,  s p e c if ic a l ly  e n e rg y  w ave fo rm s  su ch  a s  m a g n e tic  f ie ld s .  

X - r a y s ,  g am m a  r a y s ,  r a d io  w av es , in f r a re d  and  u ltra v io le t r a d ia tio n , 

an d  c h e m ic a l an d  p h y s ic a l p ro p e r t ie s  su ch  a s  m in e ra l  co n ten t an d  

e l e c t r i c a l  r e s is t iv i ty .

A lthough  a l l  th e s e  ty p e s  of s e n s in g  a r e  u s e d  to  g a th e r  d a ta  c o n c e rn in g  

a t t r ib u te s  of th e  en v iro n m en t, hum an  s e n s o ry  s k i l l s  (coupled  w ith  th e  

in s tru m e n t- a id e d  ex ten s io n s  of s e n s it iv ity  and ca lib ra tio n ) p re d o m in a te .

T h e  o v e ra l l  su p p ly  of s p a tia l  d a ta  now av a ilab le  h a s  r e l ie d  on th e  s e n s in g  

a b i li ty  of t r a in e d  hu m an s. T he d ev ices  th a t s e n s e  p henom ena u n d e te c ta b le  

b y  h u m a n s  a r e  n o t in  su ch  w id e sp re a d  u se  (w ith th e  p o s s ib le  ex c e p tio n  of 

th e  c o m p a ss) ; h igh  le v e ls  of te c h n ic a l e x p e rt is e  a r e  r e q u i r e d  to  b u ild  a n d  

u s e  su ch  d e v ic e s  a s  m a g n e to m e te rs , g e ig e r -c o u n te r s , in f r a re d - r a d ia t io n  

s e n s o r s ,  an d  r a d a r  s c a n n e rs , and  s im i la r  h igh  le v e ls  of e x p e r t is e  a r e  

n ee d ed  to  u n d e rs ta n d  th e i r  r e s u l t s .  T hey  a r e ,  h o w ev e r , b e in g  ra p id ly  

d ev e lo p ed  and a r e  cap ab le  of p ro d u c in g  la rg e  vo lum es of d a ta  f o r  s u b s e -  

q u en t in te rp re ta t io n .

D a ta  m a y  b e  g a th e re d  b y  e i th e r  " co n tac t"  o r  " re m o te "  s e n s in g  m e th o d s . 

C o n ta c t s e n s in g  o c c u rs  w hen th e  se n s in g  dev ice  is  in  c lo se  p ro x im ity  to  

th e  i t e m  b e in g  o b s e rv e d  (as  in  in te rv ie w s , g round  s u rv e y s , m e te r e d  

t r a f f i c  c o u n ts , s u r fa c e  m e te o ro lo g ic a l re c o rd in g s , o r  h y d ro lo g ic a l s u rv e y s ) . 

S am p ling  of s o i l ,  w a te r , ro c k , o r  s im i la r  s u b s ta n c e s  f a l ls  in to  th i s  c a te -  

g o ry  b e c a u s e  th e  sa m p le s  a r e  c o llec ted  by  a  co n tac t p ro c e s s .  R em o te  

s e n s in g , on  th e  o th e r  hand , r e l i e s  on a  sen s in g  dev ice  f a r  f r o m  th e  item , 

b e in g  o b s e rv e d  (as  in  a irb o rn e  and s a te l l i te  s e n s in g  of th e  e a r th ,  u s e  o f  

l i d a r s  an d  r a d a r s  to  m e a s u re  a tm o sp h e ric  p ro p e r t ie s ,  e c h o -so u n d in g  of 

th e  s e a  f lo o r ,  s e is m ic  m e a su re m e n t of s u b su rfa c e  m a te r ia ls ,  o r  s p e c t r a l  

s e n s in g  o f o b je c ts  in  sp ace). O bviously  th e  te r m s  " c lo se  p ro x im ity "  an d  

" r e m o te "  a r e  s u b je c tiv e , and  r e p re s e n t  p o in ts  on a  con tinuum  of d is ta n c e  

b e tw e en  th e  i t e m  bein g  o b se rv e d  and th e  se n s in g  dev ice . T h e  c a te g o r ie s  

a r e  th u s  n o t r ig o ro u s  and only  r e p r e s e n t  a  conven ien t w ay  to  th in k  of
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s e n s in g  te c h n iq u e s . In  s im i la r  g e n e ra l  te r m s ,  w h e th e r th e  s e n s in g  

d ev ice  i s  a  co n tac t o r  r e m o te  one , th e  f u r th e r  s te p  of r e c o rd in g  th e  d a ta  

m ay  b e  done in  c lo se  p ro x im ity  to  th e  s e n s in g  dev ice  o r  re m o te ly , b y  

m e a n s  of so m e  f o r m  o f co m m u n ic a tio n  channel (as i s  th e  c a se  w ith  m e te o ro - 

lo g ic a l so und ing  b a llo o n s , a u to m a tic  w e a th e r  s ta t io n s , o r  s u b su rfa c e  

th e r m is to r s ) .  T h e se  b ro a d  c a te g o r ie s  of te ch n iq u es  a r e  s u m m a riz e d  

in  th e  d ia g ra m  (F ig . 2 .5 ) .

E x am p lesSENSING
PR O C E SS

F ig . 2. 5. M ethods of s p a t ia l  d a ta  s e n s in g  and  reco rd in g .

T h is  b r ie f  c o n s id e ra tio n  of d a ta  g a th e r in g  m ethods im p lie s  th a t th e  second  

a r e a  of te ch n o lo g y , t r a n s p o r ta t io n  an d  com m u n ica tio n , is  invo lved  in  th e  

o v e ra l l  a b i li ty  to  g a th e r  d a ta . S p a tia l d a ta , by  d efin ition , a r e  g a th e re d  

f ro m  v a r io u s  lo c a tio n s  i n  s p a c e . If  co n tac t s e n s in g  i s  em ployed , the  

se n s in g  d ev ice  m u s t b e  t r a n s p o r te d  so  th a t  i t  is  in  c lo se  p ro x im ity  to  th e  

ite m  o r  co n d itio n  be in g  o b s e rv e d . I f  th e  d a ta  a r e  th e n  re m o te ly  re c o rd e d , 

a  co m m u n ic a tio n  c h a n n e l i s  r e q u ir e d .  If  r e m o te  se n s in g  is  em p loyed , the  

s e n s in g  d ev ice  m u s t  b e  p o s itio n ed  s o  th a t th e  i te m  o r  cond ition  of c o n c e rn  

ca n  b e  o b s e rv e d . I f  o b s e rv a t io n s  beyond  th e  ra n g e  of th e  r e m o te  s en s in g  

d ev ice  a r e  n ee d ed , th e  d e v ic e  must, b e  tr a n s p o r te d . A gain , if  d a ta  

r e c o rd in g  is  r e m o te  f r o m  th e  s e n s in g  d ev ice , a  com m un ication  channel 

is  r e q u i r e d .  T h e  a v a ila b i li ty  of s p a t ia l  d a ta  th u s  r e s t s  on tr a n s p o r ta tio n  

and  c o m m u n ic a tio n  te c h n o lo g ie s . T h e se  c a p a b ili tie s  have expanded 

e n o rm o u s ly  in  th e  p a s t  c e n tu ry . T h e  y e a r s  s in c e  1870 have s e e n  th e  

d ev e lo p m en t of th e  a u to m o b ile , d ir ig ib le , a i r c r a f t ,  te lep h o n e , ra d io ,
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te le v is io n , h e l ic o p te r , h o v e rc ra f t ,  ro c k e t , e a r th  s a te l l i te ,  and  e a r ly  

s p a c e sh ip . T e chno logy  s e e m s  to  have fo llow ed a  p a t te rn  of a c c e le ra tin g  

g row th . T he c e n tr a l  th e m e  of th is  th e s i s  i s  the  hand ling  of s p a t ia l  da ta , but 

c e r ta in ly  th e  a d v a n ces  in  tr a n s p o r ta t io n  and  co m m un ication  te ch n o lo g ies  

a r e  m a jo r  in flu en ces  on th e  vo lum e of s p a t ia l  d a ta  g a th e re d . We m a y  be 

a c q u ir in g  th e  a b i li ty  to  g a th e r  m o re  d a ta  th a n  w e can  hand le ; th is  point 

w ill  b e  d is c u s s e d  in  m o re  d e ta il  in  su b se q u en t c h a p te rs .

T h e  th i r d  te ch n o lo g y  w ith  a  d ir e c t  in flu en ce  on th e  a b i lity  to  g a th e r  d a ta  

i s  th a t  o f d a ta  re c o rd in g . In  th e  e a r l i e r  p a r t  of th e  c h a p te r  th e  e ffe c t of 

th e  d im en s io n s  of th e  re c o rd in g  m ed ium  on th e  d a ta  fo rm a t w as  d is c u s s e d . 

T he o th e r  e s s e n t ia l  e le m e n t is  th e  e a s e  of im p rin tin g  a  unique r e c o r d 1 on 

a  s to ra g e  m e d iu m  and  th e  e a s e  o f i t s  su b se q u en t r e t r ie v a l .

If  a  g ra p h ic  o r  a  sy m b o lic  language is  u sed  to  g e n e ra te  a  d e s c r ip tio n  th a t

is  r e c o rd e d  so  th a t i t  ca n  b e  r e a d  v isu a lly , a  "g rap h ic  r e c o rd "  i s  p ro d u ced .

If  e i th e r  la nguage i s  u s e d  to  g e n e ra te  a  d e s c r ip tio n  th a t i s  r e c o r d e d  on a

s to ra g e  m e d iu m  f ro m  w h ich  i t  can  be r e t r ie v e d  b y  o th e r  hum an  s e n s e s  o r

b y  m ach in e  m e th o d s , i t  i s  te rm e d  a  "n o n -g ra p h ic  r e c o rd " .  It i s  obvious

th a t d a ta  g a th e r in g  is  in f lu en ced  not on ly  b y  th e  a b i li ty  to  se n s e  d a ta , but

a ls o  b y  th e  sup p ly  of d e v ic e s , hum an  and  m e ch an ic a l, th a t p la c e  th e  o r ig i -  

n a l  r e c o r d  in  a  s to ra g e  m ed ium .2 L e s s  obvious i s  th e  f a c t th a t th i s  

a b i li ty  i s  dependen t on th e  a v a ila b i li ty  o f a  su ita b le  s to ra g e  m ed ium .

C o m p a red  w ith  th e  p r e s e n t-d a y  supp ly  o f d a ta , few r e c o r d s  w e re  g e n e ra te d

b e fo re  th e  f i r s t  p a r t  of th e  18th ce n tu ry . D esp ite  th e  adven t of th e  p r in t in g

p r e s s  in  1588, p a p e r  w as  not ch eap ly  p ro d u ced  u n ti l a p p ro x im a te ly  1750.3 

T h e  w id e s p re a d  a v a ila b i li ty  o f  p a p e r , h o w ev er, a t a  t im e  of g row ing  

l i te r a c y ,  g row ing  n ee d  fo r  d a ta , and  g row ing  a b i lity  to  o b s e rv e , s tro n g ly  

in flu en ced  th e  fo rm a t  and  vo lum e of th e  sub seq u en t (and  p re s e n t)  su p p ly  of
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1. T h e  p r o c e s s  of p la c in g  a  unique r e c o r d  on a  s to ra g e  m ed ium  is  h e r e  
d if fe re n tia te d  f ro m  th e  p ro c e s s  o f re p ro d u c in g  co p ies  of th a t r e c o rd .  T he 
f i r s t  a ffe c ts  th e  e a s e  w ith  w hich  d a ta  a r e  g a th e re d , and  h en c e  w h ich  d a ta  
e x is t .  T he seco n d  a f fe c ts  th e  d is se m in a tio n  of th e  data . T h e se  a r e  con -  
s id e r e d  to  be p r im a r y  an d  se c o n d a ry  in flu en ces  in  th e  to ta l  " a v a ila b ility "  
o f d a ta . 2. T h e  im p o r ta n t c o ro l la ry  to  th is , th e  a b i li ty  to  r e a d  e i th e r  g rap h ic  
o r  n o n -g ra p h ic  r e c o r d s  and  to  co n v e rt one to  th e  o th e r , i s  fu n d am en ta l to  
s p a t ia l  d a ta  h and ling  and  w ill b e  d is c u s s e d  in  d e ta il  in  th e  fo llow ing  c h a p te rs . 
3. T h e  f i r s t  p a p e r-m a k in g  m ach ine  w as p ro d u ced  in  1798. T he f i r s t  p a p e r-  
m ak ing  m ach in e  in  C anada w as b u il t in  1803. Wood, a s  opposed  to  co tton  
o r  r a g s ,  w as f i r s t  u s e d  in  1720, w as f i r s t  u sed  in  a  m i ll  in  1800, an d  had  
g e n e ra lly  su p p lan ted  o th e r  m a te r ia ls  by  1880.



d a ta . T he la t e r  p ro d u c tio n  of p la s t ic  f i lm  an d  th e  coa ting  of m e ta l ,  g la s s ,  

p a p e r , and  p la s t ic  f i lm  w ith  s e n s itiv e  la y e r s  added  g re a t ly  to  th e  e a s e  

w ith  w hich  r e c o r d s  cou ld  b e  g e n e ra te d . T he p e r io d  1830-1890 saw  th e  

dev e lo p m en t of th e  l ig h t- s e n s i t iv e  co a tin g  an d  th e  b i r th  of p h o tog raphy  a s  

i t  i s  know n today . T h e  im p a c t of th i s  dev e lo p m en t on th e  sup p ly  of a v a ilab le  

d a ta  i s  d iff icu lt to  o v e re s t im a te . P r a c t ic a b le  ph o to g rap h y  co in c id ed  w ith  

th e  e a r ly  dev e lo p m en t of th e  a i r c r a f t .  A irb o rn e  c a m e ra s  h ave  b ee n  u sed  

ro u tin e ly  fo r  o v e r  50 y e a r s  f o r  r e m o te  s e n s in g  and  re c o rd in g  of th e  e a r th 's  

s u r f a c e .  T h e  f i r s t  C an ad ian  a e r i a l  ph o to g rap h y  (fo r f o r e s t  su rv ey ) w as 

in  1921-24. S ince th a t t im e , th e  w hole of C an ad a  (o v er 3 1 /2  m illio n  

sq u a re  m ile s )  h a s  b ee n  p h o to g ra p h ed  a t  s c a le s  a t  o r  l a r g e r  th a n  1:63, 360. 

T h is  im p lie s  th a t th e r e  a r e  s u b s ta n tia lly  m o re  s q u a re  in ch es  of o r ig in a l 

p h o to g ra p h ic  d ocum en ts  av a ila b le  in  C an ad a  th a n  th e r e  a r e  of to p o g ra p h ic  

m a p s  a t a l l  s c a le s .  E v en  though  s o p h is tic a te d  in te rp re ta t io n  is  n ee d ed  to  

r e t r i e v e  th e  in h e re n t d a ta  f r o m  th e  p h o to g ra p h ic  r e c o r d  (u su a lly  a  n o n - 

coded  im a g e ) , th e  r e c o rd in g  m e d iu m  (in  c o n c e r t  w ith  se n s in g  d e v ic e s , 

t r a n s p o r ta t io n  te c h n iq u e s , g a th e r in g  c o n s tr a in ts ,  and p e rc e iv e d  need s) 

h a s  h ad  a  d ra m a tic  e ffec t on th e  s p a t ia l  d a ta  av a ila b le  in  C anada. E qu a lly  

p o te n t b u t s t i l l  la te n t i s  th e  a b i li ty  to  s to r e  in fo rm a tio n  on m e d ia  w ith  

m a g n e tic a lly  s e n s it iv e  co a tin g s . "M ag n e tic"  w ire ,  s te e l  ta p e , and  p la s t ic  

ta p e  b e c a m e  av a ila b le  b e tw e en  1889 a n d  1935. T h e se  s to ra g e  m e d ia , and  

d a ta  coded  a s  p a t te rn s  of h o le s  punched  in  p a p e r  c a rd s  and  ta p e s ,  fo rm  

th e  b a s ic  r e p o s i to ry  of m a c h in e - re a d a b le , n o n -g ra p h ic  r e c o rd s  o f s p a tia l  

d a ta  a v a ila b le  today . T h e  a b i li ty  of m a c h in e s  to  r e a d  and  re p ro d u c e  

s u c h  r e c o r d s  qu ick ly , and  su b se q u e n tly  to  ex a m in e  and  m a n ip u la te  th e i r  

v a lu e s , i s  a  c e n tr a l  c o n c e rn  of th i s  th e s i s  and  w ill b e  exam ined  in  the  

fo llow ing  c h a p te r s . It i s  s u ff ic ie n t to  s a y  a t  th i s  p o in t th a t d a ta  re c o rd in g  

te ch n o lo g y  h a s  a  s u b s ta n tia l  im p a c t o n  th e  a b i li ty  to  g a th e r  s p a t ia l  d a ta  

and  on th e  sup p ly  of da ta .

(b) A v a ilab le  r e s o u rc e s .  T he con cep t of p e rc e iv e d  n ee d  e x p re s s e d  above 

in c lu d ed  th e  d ec is io n  o f a  co u n try  to  a llo c a te  r e s o u r c e s  to  d a ta  g a th e rin g ; 

to  pay  f o r  th e  data . T o  som e e x te n t, th e  in te r n a l  a v a ila b i lity  of r e s o u r c e s  

in  a  co u n try  h a s  an  e ffec t on th e  s u p p ly  o f  d a ta , b u t th e  re la tio n sh ip  betw een  

a v a ila b le  fu n d s  and av a ila b le  s p a t ia l  d a ta  i s  f a r  f r o m  c le a r  and  c e r ta in ly  

not l in e a r .
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In  g e n e ra l,  a  deve lop ing  co u n try , "p o o r"  in  te r m s  o f p e r  c a p ita  in co m e, 

w ill not h ave  th e  a b i li ty 1 to  g a th e r  a s  m uch  d a ta  a s  a  " r ic h "  co u n try . In  

th e  fo r m e r ,  s tro n g  c o m p e titio n  e x is ts  fo r  i t s  s c a r c e  r e s o u rc e s  of t r a in e d  

m anpow er and  te c h n ic a l e x p e rt is e ; s o c ia l  c o n s tra in ts  s u ch  a s  i l l i t e r a c y  

m ay  b e  s ig n ifican t; and  a d m in is tra tiv e  n e tw o rk s  m ay  b e  ru d im e n ta ry  and  

u nab le  to  g a th e r  r e l ia b le  d a ta . T h is  l a t t e r  p o in t is  w o rth  am p lifica tio n .

T he g o v e rn m en ta l s o u rc e s  of s p a tia l  d a ta  ca n  b e  g e n e ra lly  su b d iv id ed  in to  

" a d m in is tr a tiv e "  and  " s u rv e y "  c a te g o r ie s . T h e  f o rm e r  p ro d u ce  d a ta  a s  

b y -p ro d u c ts  o f th e  a d m in is tra tiv e  a c t iv i t ie s  of g o v ern m en t (tax  r e tu r n s ,  

b u ild in g  p e rm its ,  v eh ic le  r e g i s t r a t io n s ,  h e a lth  r e c o r d s ,  c ro p  y ie ld s , 

and  so  fo r th ) . T he l a t t e r  a r e  th e  r e s u l t  of s p e c if ic  d e c is io n s  to  g a th e r  th e  

d a ta  ( c e n s u s , s o i l  s u rv e y , g eo lo g ica l su rv e y , m e te o ro lo g ic a l su rv e y , an d  

o th e rs ) .  In  a  deve lop ing  co u n try  th e  a d m in is tr a tiv e  s t r u c tu re  m ay  g e n e ra te  

l i t t l e  a d m in is tra tiv e  d a ta , w h e re a s  th e  g r e a te s t  vo lum e of s p a t ia l  d a ta  

a v a ila b le  in  an  in d u s tr ia l ly  advanced  n a tio n  m ay  com e f ro m  su c h  s o u rc e s . 

S u rv ey , on th e  o th e r  hand , r e q u i r e s  l e s s  w e ll e s ta b lis h e d  go v ern m en t 

s t r u c tu r e s  and can  ta k e  m o re  ra p id  ad v an tag e  of ad v a n ces  in  d a ta  g a th e r in g  

tech n o lo g y . A dvanced d a ta  g a th e r in g  te c h n iq u e s , h o w ev e r, h av e  b e e n  a  

p ro d u c t of th e  deve loped  c o u n tr ie s , and  th e y  a r e  u su a lly  f i r s t  ap p lied  to  

th e  b e n e fit of su ch  c o u n tr ie s . N e v e r th e le s s , th e  techno logy  ca n  b e  r e a d i ly  

e x p o rted . A  v e ry  com m on fo rm  of in te rn a t io n a l a id  is  th e  p ro v is io n  of 

s u rv e y  e x p e rt is e ;  th e  a u th o r  h a s  ta k e n  p a r t  in  s e v e r a l  su ch  m is s io n s .

T h e  v e ry  p ro c e s s ,  h o w ev e r, u n d e r l in e s  th e  d iffe re n c e  b e tw e en  a d m in is tr a -  

t iv e  and s u rv e y  data .

T he ty p e  o f r e c o rd s  g e n e ra te d  b y  a d m in is tr a tiv e  d a ta  can  b e  re a d i ly  

en v isa g ed ; th e i r  g e n e ra tio n  i s  d ire c t ly  r e l a te d  to  th e  s o p h is tic a tio n  of th e  

a d m in is tr a tiv e  s tr u c tu r e  in  a  co u n try . S u rv ey  d a ta  can  em p lo y  a  w ide 

v a r ie ty  o f g a th e r in g  te ch n iq u es  and , a f te r  ta k in g  th e  p e rc e iv e d  n ee d  and  

g a th e r in g  c o n s tra in ts  in to  ac co u n t, th e  a v a ila b i li ty  of th e  p ro d u c ts  o f 

s u rv e y s  in  any  one co u n try  depends a s  m uch on p o li t ic a l d e c is io n s , i n t e r -  

n a tio n a l a lig n m e n ts , and  in c id en ce  of w a r f a r e  a s  i t  does on  th e  in te rn a l  

a v a ila b i li ty  o f r e s o u rc e s .

R e su ltin g  D ata  C h a ra c te r is t ic s
I t i s  c l e a r  f ro m  th e  above d is c u s s io n  th a t s p a tia l  d a ta  a r e  g a th e re d  f o r  a

1. And p ro b ab ly  not th e  s a m e  need.



v a r i e ty  of r e a s o n s ,  b y  v a r io u s  m e th o d s , and  in  th e  f a c e  of v a r io u s  d if f i- 

c u l tie s . T h e  ap p ro a c h  u s e d  to  g a th e r  a  s p e c if ic  ty p e  o f d a ta  w ill obv iously  

a ffec t th e  n a tu re  of th e  r e c o r d s  p ro d u ced  and  th e i r  re l ia b i li ty . T he s e t  of 

ch o ices  m a d e  in  a  c o u n try  d e te rm in e s  th e  c h a ra c te r is t ic s  o f th e  o v e ra l l  

sup p ly  of s p a t ia l  d a ta  to  b e  han d led , an d  h e n c e  th e  ty p e s  o f hand ling  

tech n iq u e  th a t  w ould  b e  u se fu l.

T he u s e  of data i s  a ffe c te d  b y  th e  c h a ra c te r is t ic s  th a t c o n s tra in  th e ir  

v a l id ity  and  th o s e  th a t in flu en ce  th e i r  p h y s ic a l m a n ip u la tio n . T h e  ra n g e  

of th e s e  c h a r a c te r i s t i c s  I s  c o n s id e re d  below .

V a lid ity  c o n s tr a in ts .  A ll th e  com ponen ts  ( a t t r ib u te s ,  s p a tia l  and  te m p o ra l 

c h a r a c te r i s t i cs) of a  d a ta  e le m en t can  b e  c o n s id e re d  to  b e  a t  so m e le v e l 

on  an  im a g in a ry  s c a le  o f v a l id ity  (tru th ). T h e y  m a y  not n e c e s s a r i ly  b e  a t 

th e  s a m e  le v e l ,  an d  th e i r  a c tu a l r e l ia b i l i ty  m a y  o r  m a y  not b e  a p p a re n t.

T he f i r s t  a s p e c t o f v a l id ity  i s  th e  le v e l of e r r o r  th a t  m a y  hav e  b ee n  in t r o - 

d uced  b y  th e  p r o c e s s  o f o b s e rv a t io n  and  m e a s u re m e n t . No hum an  o r  

in s tru m e n ta l  s e n s in g  d ev ice  is  p e rfe c t; th e  e r r o r s  p ro d u ced  m ay  no t b e  

ra n d o m , and  e n v iro n m e n ta l co nd itions  m a y  d if fe re n tia lly  a ffec t th e  r e s u l t .  

T h e  s e n s in g  p r o c e s s  i t s e l f  m a y  a ffec t th e  s u b je c t; a n  in q u iry  b y  a  g o v e rn -  

m ent ag e n t to  a  f a r m e r  co n c e rn in g  h is  c ro p  d am ag e , f o r  e x a m p le , m ay  

y ie ld  d a ta  e n t i r e ly  d if fe re n t f r o m  th o se  o b ta in ed  b y  a i rb o rn e  se n s in g  of 

th e  s a m e  in fo rm a tio n . T h e  ra n g e  of su ch  e r r o r  f o r  any  one  o b se rv a tio n  

can  o b v io u s ly  b e  l a r g e .  C a re fu l d e s ig n  and s c re e n in g  o f d a ta  g a th e r in g  

p r o c e s s e s  ca n , h o w ev e r, r e d u c e  th e  o v e ra l l  e r r o r  of a  d a ta  s e t ,  and  w ith  

a d e q u a te  p ro c e d u r e s  th e  d e g re e  of e r r o r  in  a  d a ta  s e t  c a n  b e  e s tim a te d .

T h e  se c o n d  a s p e c t  o f v a l id ity  c o n c e rn s  th e  n a tu re  of th e  e n t ity  o r  cond ition  

b e in g  o b s e rv e d , an d  th e  u s e  to  w h ich  i t s  d e s c r ip tio n  w ill  b e  pu t. I t w as 

m e n tio n e d  above th a t  on ly  w hen o b je c ts  o r  ev e n ts  a r e  coun tab le  b y  the  

te c h n iq u e s  o f o b s e rv a t io n  and  m e a s u re m e n t u s e d  c a n  a  c o m p le te  o b s e rv a - 

t io n  b e  m a d e . In  a l l  o th e r  c a s e s ,  and  in  m an y  in s ta n c e s  w h e re  th e  s u b je c ts  

a r e  co u n tab le , a  s a m p le  i s  ta k en . A n e x a m in a tio n  of th e  th e o ry  and  

p r a c t ic e  of sam p lin g  i s  o u ts id e  th e  sco p e  o f th i s  d is c u s s io n . H ow ever, the  

w ay  in  w h ich  th e  sa m p le  i s  ta k e n  and , in  p a r t ic u la r ,  th e  f re q u e n c y  (density  

in  s p a t ia l  te r m s )  of th e  s a m p le , c le a r ly  h av e  im p a c t o n  th e  co m p le ten ess
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w ith  w h ich  an  e n tity  i s  d e s c r ib e d . T he r e s u lt in g  le v e l of d e s c r ip tio n , 

coup led  w ith  th e  le v e l of e r r o r ,  m ay  o r  m ay  n o t b e  s ig n if ican t to  th e  

d e c is io n s  to  be m ade f r o m  th e  da ta ; the  d a ta  m ay  o r  m ay  not b e  v a lid  in  

te r m s  of a  s p e c if ic  u se .

S e v e ra l b ro a d  c a te g o r ie s  of le v e l  of d e s c r ip tio n  can  b e  re c o g n iz e d . T hey  

a r e  e s s e n t ia l ly  b a s e d  on d if fe re n c e s  in  sam p lin g  fre q u e n c y  w ith  r e s p e c t  

to  th e  n a tu re  of th e  e n t i t ie s  b e in g  o b s e rv e d , a s  o u tlin ed  below .

E x p lo ra to ry  d a ta  g a th e r in g  r e s u l t s  in  g e n e ra l w id e -a re a  in v e n to r ie s  b a s e d  

on b ro a d  c la s s i f ic a t io n s . U sin g  n a tu r a l  la n d sc a p e  fe a tu re s  a s  a n  ex a m p le , 

m a jo r  to p o g ra p h ic -c l im a tic  zo n e s  a r e  id e n tif ied  and m a jo r  r e l ie f  u n its  

a r e  d e lim ite d . T he r e s u l t s  a r e  v a lid  f o r  an  in i t ia l  a s s e s s m e n t  of the  

p o te n tia l f o r  c o m m e rc ia l d eve lopm en t.

R e c o n n a is sa n c e  d a ta  g a th e r in g  ty p ic a l ly  r e s u l t s  in  d a ta  th a t ca n  b e  u sed  

to  c o n f irm  th e  e x is te n c e  of p o s s ib le  c o m m e rc ia l o p p o rtu n itie s  and  to  

id e n tify  a r e a s  th a t w a r r a n t  m o re  d e ta ile d  s tudy . U sing  th e  n a tu r a l  la n d - 

sc a p e  ex a m p le  ag a in , g r e a t  s o i l  g ro u p s , m a jo r  la n d  fo rm s , and  v eg e ta tio n  

co m m u n itie s  a r e  d if fe re n tia te d .

In te n s iv e  d a ta  g a th e r in g  p ro v id e s  in fo rm a tio n  th a t u n d e r l ie s  p re l im in a ry  

c a p a b ili ty  s tu d ie s , c o s t b en e fit a n a ly s is ,  and  so  fo r th . S oil s e r i e s ,  d e ta ile d  

la n d  fo rm s , and  v eg e ta tio n  a s s o c ia tio n s  a r e  id e n tif ie d  in  th e  n a tu ra l  

la n d sc a p e .

D e ta iled  d a ta  g a th e r in g  p ro v id e s  in fo rm a tio n  a t th e  m ax im u m  le v e l  of 

d e ta il  n ee d ed  to  e s ta b lis h  r e l ia b le  c o s t-b e n e f it  r a t io s  o r  to  m ake inpu t in to  

m an ag em en t d e c is io n s . In  th e  n a tu ra l  en v iro n m en t, p h a se s  of s o i l  s e r i e s ,  

la n d  fo rm  e le m e n ts , s lo p e  u n its ,  v e g e ta tio n  s p e c ie s  d is tr ib u tio n , t r e e  

c o u n ts , and  so  fo r th ,  a r e  id e n tif ied .

T he le v e l of d e s c r ip tio n  i s  c le a r ly  r e la te d  to  th e  in te n s ity  o f d a ta  g a th e r in g . 

T h e  above c a te g o r ie s  a r e  e s s e n t ia l ly  s im p l is tic  su b d iv is io n s  of a  con tinuum . 

T he p re v a le n c e  of d a ta  s e ts  th a t p ro v id e  s p e c if ic  le v e ls  of d e s c r ip tio n  in  

an y  co u n try  o b v iously  depends on th e  d a ta  g a th e r in g  c o n s tra in ts ,  and  the  

n ee d  and  te ch n iq u es  u s e d  to  o v e rco m e  th o se  c o n s tra in ts . In d iv idua l d a ta  

g a th e r in g  te ch n iq u es  have  a  ra n g e  of a p p lic a b ility  to  c e r ta in  le v e ls  of
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in te n s ity  of d a ta  g a th e r in g , depend ing  on  th e i r  in h e re n t s e n s in g  re so lu tio n  

and  th e  e ffo r t n ee d ed  to  em p lo y  th e m .

T h e  d iff icu lty  a r i s e s  w hen  d a ta  g a th e re d  a t a  low le v e l  of s am p lin g  freq u en c y  

o r  in h e re n tly  h igh  le v e l  o f e r r o r ,  o r  bo th , a r e  u s e d  f o r  d e c is io n s  th a t 

r e q u i r e  m o re  d e ta ile d  o r  a c c u r a te  d a ta . F u r th e r  d if f ic u lt ie s  a r i s e  w hen 

d a ta  w ith  v a r io u s  sa m p lin g  f re q u e n c ie s  an d  sa m p lin g  d es ig n s  a r e  co m p ared  

o r  com b ined . T h e s e  a r e  e le m e n ta ry  c o n c e rn s , b u t h av e  d ire c t  im p ac t on 

th e  u t i l i ty  of s u b se q u en t te c h n iq u e s  of d a ta  s to ra g e  and  m an ipu la tion .

A ll d a ta  h av e  a  r a t e  o f d e c a y  o f v a lid ity . T h is  m ay  b e  s p e c if ie d  to  so m e 

d e g re e  b y  th e  te m p o ra l  id e n tif ie r  a t ta c h e d  to  th e  d a ta  e le m e n t o r  d a ta  s e t.

I t m ay  n o t b e  sp e c if ie d , b u t m a y  b e  u n d e rs to o d  to  b e  a  g e n e ra lly  con stan t 

r a t e  of d ec ay  (a s  f o r  a  p o p u la tio n  c e n su s ) . O th e r  d a ta , h o w ev er, su ch  a s  

p o l i t ic a l  op in ion , m a y  b e  s u b je c t to  u n p re d ic ta b le  ch an g es  in  th e  r a t e  of 

d ec ay  an d  th e r e  m a y  b e  no a p p ro p r ia te  m e a s u re  of th is  "v o la til ity " .

W hile  i t  w ou ld  b e  v a lu a b le , i t  i s  n o t w ith in  th e  sco p e  of th is  c h a p te r  to  

ex a m in e  fu lly  th e  th e o ry  of d a ta  c la s s if ic a t io n . In  g e n e ra l te r m s ,  " p r im a ry "  

and  " s e c o n d a ry "  d a ta  c a n  b e  id e n tif ie d . P r im a r y  d a ta  a r e  d ir e c t  r e c o rd s  

( e i th e r  c o n tac t o r  re m o te )  o f th e  s e n s in g  d ev ice  r e s p o n s e . S econdary  

r e c o r d s  a r e  g e n e ra te d  b y  p r o c e s s e s  su c h  a s  g e n e ra liz a tio n , in te rp o la tio n , 

o r  in t e rp r e ta t io n  o f p r im a r y  d a ta , u s u a lly  w ith in  so m e s p e c if ie d  ru le s  of 

c la s s i f ic a t io n . T h e  d iff ic u lty  a r i s e s  w hen  th e  p r o c e s s e s  a r e  m ixed  to  

p ro d u c e  one s e c o n d a ry  r e c o r d ,  a s  th e y  f re q u e n tly  a r e .  A s o i l  m ap , fo r  

ex a m p le , can  show  s o i l  ty p e s  th a t ,  w ith in  one s h e e t ,  m ay  h ave b ee n  d e lim ited  

b y  g e n e ra liz a tio n  o f n u m e ro u s  g ro u n d  o b s e rv a t io n s , in te rp o la tio n  betw een  

s p a r s e  g round  o b s e rv a t io n s , o r  in te rp r e ta t io n  of a e r i a l  pho to g rap h ic  im a g e s , 

o r  any  co m b in a tio n  o f th e s e  te c h n iq u e s . O n th e  o th e r  hand , su ch  c la s s i f i -  

c a tio n  m a y  re d u c e  th e  e ffe c t o f  e r r o r  in  in d iv id u a l d a ta  and g e n e ra te  

s e c o n d a ry  d a ta  th a t  a r e  a d e q u a te  f o r  d e c is io n  m ak ing  b y  the  u s e r .  A s a  

r e s u l t  of th e s e  p r o c e s s e s ,  h o w ev e r , th e r e  m ay  not be an  adequate  m e a s u re  

of th e  in te rn a l  c o n s is te n c y  an d  r e l ia b i l i ty  o f a  s e c o n d a ry  d a ta  s e t ,  and  i t s  

v a l id ity  f o r  s p e c i f ic  d e c is io n s  m a y  b e  e ffe c tiv e ly  o b sc u re d . T he p ro b le m  

i s  th a t  s e c o n d a ry  r e c o r d s  a r e  n o t in fre q u e n tly  th e  on ly  " s o u rc e "  data  

a v a ila b le .
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P h y s ic a l  hand ling  c h a r a c te r is t ic s .  T he cho ice  of te ch n iq u es  and  le v e l of 

a c tiv i ty  f o r  d a ta  g a th e r in g  in  a  co u n try  w ill d e te rm in e  th e  p h y s ic a l hand ling  

c h a ra c te r is t ic s  of th e  re s u l t in g  p r im a r y  d a ta . T he cho ice  of language 

and  re c o rd in g  m ed iu m  fo r  d e s c r ip tio n s  w ill d e te rm in e  th e  e a se  w ith  w hich  

th e  r e s u l t in g  d a ta  m a y  b e  re a d . T h e  in te n s ity  of d a ta  g a th e r in g  and  the 

s iz e  of th e  co u n try  w ill d e te rm in e  th e  vo lum e of d a ta  to  b e  hand led .

In  th e  e a r ly  p a r t  of th i s  c h a p te r  (see  "S p a tia l d a ta  fo rm a t" )  i t  w as  s ta te d  

th a t la n g u ag es  f o r  d e s c r ib in g  s p a t ia l  d a ta  a r e  e x p re s s e d  e i th e r  in  a  s y m - 

b o lic  f o r m  (a lp h an u m eric  p lu s  s p e c ia l  sym bo ls) o r  in  a  g ra p h ic  fo rm .

W ith in  th e  la t t e r  i t  i s  p o s s ib le  to  d if fe re n tia te  f u r th e r  be tw een  d ia g ra m s  

and  p ic tu r e s ,  d ia g ra m s  b e in g  g ra p h ic  e x p re s s io n s  of a  known s p a tia l  

lan g u ag e , and  p ic tu r e s  th e  uncoded  r e c o r d s  of im a g e s . (It i s  an  open  

q u e s tio n  w h e th e r  th e  l a t t e r  i s  a n  e x p re s s io n  in  an  undefined  g ra p h ic  

la n g u ag e . ) F o r  p r a c t ic a l  p u rp o s e s , th e  m e d ia  c u r re n t ly  u s e d  f o r  r e c o rd in g  

s p a t ia l  d a ta  a r e  a m en ab le  to  th e  p ro d u c tio n  of e i th e r  g ra p h ic  o r  n o n -g ra p h ic  

r e c o rd s .  T he f i r s t  a r e  v is ib le  m a rk s  on docum ents, o r  a r e  p h o to g ra p h s  

(on p a p e r , p la s t ic  f ilm , o r ,  l e s s  com m on ly , g la s s  o r  m e ta l) . T h e  seco n d  

a r e  m a c h in e - re a d a b le  m a rk s ,  su ch  a s  punched  h o le s  in  p a p e r  c a rd s  o r  ta p e s ,  

o r  m ag n e tic  s ig n a ls  on th e  co a tin g  of ta p e s ,  d is k s , d ru m s , and  so  fo r th .

T h e  v a r io u s  ty p e s  of d a ta  s e n s in g  te n d  to  p ro d u ce  sp e c if ic  d a ta  f o r m a ts ,  

b u t th e r e  a r e  ex c ep tio n s  w ith in  e a ch  ca teg o ry . H um an s e n s in g  and 

ex ten d ed  hum an  s e n s in g , f o r  e x a m p le , g e n e ra lly  p ro d u ce  p r im a r y  d a ta  

in  a  sy m b o lic  fo rm a t. M any of th e s e  a r e  t r a n s fo rm e d  to  se c o n d a ry  d a ta  

in  a  g ra p h ic  fo rm a t. An ex c ep tio n  to  th e  g e n e ra l r u le ,  h o w ev er, i s  th e  

s u rv e y o r  w ho p lo ts  th e m a tic  b o u n d a rie s  on m ap s a s  he  w alk s  th e  g round , 

o r  w ho d ra w s  s k e tc h e s  of ro c k  co n ta c ts  and  so  fo r th , th u s  p ro d u c in g  

d a ta  d ire c t ly  in  g ra p h ic  fo rm a t. S e lf - re c o rd in g  in s tru m e n ts  u su a lly  

p ro d u c e  d a ta  in  g ra p h ic  fo rm a t a s  d ia g ra m s  (g rap h s  o r  t r a c in g s ) ,  but 

s o m e  now p ro d u ce  d ig i ta l d a ta  (in sy m b o lic  fo rm a t) . S ensing  d e v ic e s  th a t 

t r a n s m it  in fo rm a tio n  fo r  r e m o te  re c o rd in g  u su a lly  sen d  d a ta  in  co d es  (a 

sy m b o lic  fo rm a t) , w h ich  m ay  b e  su b se q u en tly  tr a n s fo rm e d  in to  an  an a lo g  

o r  d ig ita l fo rm  (g ra p h ic - fo rm a t d ia g ra m s  o r  sy m b o lic  fo rm a t) . P h o to - 

g ra p h ic  s e n s in g  p ro d u c e s  d a ta  in  p ic tu re  fo rm a t. T he m ix tu re  of d a ta



f o rm a ts  p ro d u ced  o b v io u s ly  depends on th e  d a ta  g a th e r in g  te ch n iq u es  

em ployed . H ow ever, d a ta  in  a  g ra p h ic  fo rm a t can  b e  s to re d  on ly  in  g ra p h ic  

r e c o r d s ,  w h e re a s  d a ta  in  a  sy m b o lic  fo rm a t can  b e  s to re d  in  e i th e r  g ra p h ic  

o r  n o n -g ra p h ic  r e c o r d s .  If  d a ta  in  a  g ra p h ic  fo rm a t  a r e  to  b e  s to r e d  on 

n o n -g ra p h ic  r e c o r d s ,  th e y  m u s t (in  1974) f i r s t  b e  co n v e rted  to  a  sy m b o lic  

fo rm a t. T h e se  p o s s ib i l i t ie s  a r e  i l lu s t r a te d  in  th e  d iag ram . (F ig . 2 . 6).

R ET R IEV A L
POSSIBILITIES

M achine -a id e d

H um an v is u a l 
r e a d in g

H um an v is u a l 
in te rp r e ta t io n

F ig . 2. 6. R e la tio n sh ip s  be tw een  d a ta  fo rm a t, r e c o rd  f o rm a t ,  an d  
r e t r i e v a l  p o s s ib i l i t ie s .

T h e  r e c o r d  fo rm a t  in  tu r n  d e te rm in e s  th e  f a c i l i ty  with, which, th e  d a ta  c a n  

b e  r e t r ie v e d  f o r  u s e .  G rap h ic  r e c o r d s  r e q u i r e  hum an, v is u a l  r e t r i e v a l ,  

and  p h o to g ra p h ic  r e c o r d s  m ay  re q u i r e  a  s o p h is tic a te d  p r o c e s s  of in t e r -  

p re ta tio n  invo lv ing  h u m a n  p a t te r n  rec o g n itio n  b e fo r e  data, a r e  id e n tif ie d . 

N o n -g rap h ic  r e c o r d s  allow  th e  u s e  of m a ch in es  to  r e a d  th e  d a ta  ra p id ly . 

T h e se  c a p a b ili t ie s  o v e r la p  som ew hat: a  l im ite d  n u m b e r o f m a c h in e s  

(o p tica l c h a ra c te r - re c o g n it io n  dev ices) ca n  r e a d  sy m b o ls  o n  g ra p h ic  

r e c o r d s ,  and  eq u a lly , a  h u m an  can  in te r p r e t  a  p a t te r n  o f h o le s  in  a  punch  

c a rd  o r  ta p e  and  s lo w ly  d e te rm in e  th e  d a ta  co n ten t. In  te r m s  o f c u r r e n t  

p r a c t ic e ,  h o w ev e r, th e s e  a r e  u n im p o rtan t exceptions..

In  g e n e ra l,  h u m an  r e t r i e v a l  of d a ta  f r o m  g ra p h ic  r e c o r d s  i s  a  s lo w e r  p r o - 

c e s s  th a n  m a ch in e  r e t r i e v a l  of d a ta  f r o m  n o n -g ra p h ic  r e c o r d s .  T h e  e ffec t 

o f  th i s  on  th e  u s e  o f d a ta  and  th e  r e la t iv e  c a p a b ili ty  o f h u m a n  an d  m a c h in e -  

a id ed  te ch n iq u es  fo r  su b se q u en t d a ta  m a n ip u la tio n  w il l  h e  th e  su b je c t of 

th e  fo llow ing  c h a p te r s .
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T h e  vo lum e of d a ta  av a ila b le  i s  p ro b ab ly  th e  m o s t im p o rta n t in fluence  

on th e  w ay  th e  d a ta  a r e  su b se q u en tly  hand led . In  co u n tr ie s  w ith  m a jo r  

d a ta  g a th e r in g  c o n s tra in ts  and  a  low le v e l of d a ta  g a th e r in g  a b i li ty , th e  

am oun t of s p a t ia l  d a ta  g e n e ra te d  i s  l ik e ly  to  be w e ll w ith in  th e  e x is t in g  

c a p a b ili ty  f o r  h an d lin g  b y  h u m a n s  o r  m a ch in es . H ow ever, a lthough  the  

c o n s tra in ts  on  d a ta  g a th e r in g  a r e  slow  to  change, th e  a b i lity  to  g a th e r  

d a ta  i s  in c r e a s in g  ra p id ly , and  s o  is  th e  vo lum e of s p a tia l  d a ta . T h e  

vo lum e of d a ta  g e n e ra te d  in  g ra p h ic , a s  opposed  to  n o n -g ra p h ic , r e c o r d s ,  

b e c o m e s  p a r t ic u la r ly  s ig n if ic a n t b e c a u se  i t  r e q u i r e s  hum an  r e t r ie v a l ,  

w h ich  i s  r e la t iv e ly  s low . T h e  need  to  su p p lem en t hum an  d a ta  r e t r i e v a l  

and  m a n ip u la tio n  w ith  m a c h in e -a id e d  p ro c e s s e s  c le a r ly  depends on th e  

vo lum e of d a ta  g e n e ra te d  in  th e  co u n try  co n cern ed .

U se  c o n s tra in ts .  T h e  n ee d  f o r  s p a tia l  d a ta  m ay  h ave b ee n  p e rc e iv e d , 

th e  c o n s tr a in ts  on g a th e r in g  m ay  h ave b ee n  o v e rco m e  b y  v a r io u s  te c h n iq u e s , 

an d  th e  r e q u i r e d  d a ta  m a y  a lre a d y  e x is t  in  so m e fo rm a t. F o r  s e v e r a l  

r e a s o n s ,  h o w ev e r , th e r e  m a y b e  c o n s tra in ts  on th e i r  a c tu a l u s e .

T he c o n s tra in t  on  d a ta  u s e  im p o se d  b y  th e i r  v a lid ity  w as m e n tio n e d  above.

T h e  le v e l  of e r r o r ,  sa m p lin g  d es ig n , o r  ag e  of d a ta  th a t a p p a re n tly  " e x is t"  

m a y  m ake th e m  u n su ita b le  f o r  a  p a r t ic u la r  u s e .

O th e r c o n s tr a in ts  on  u s e  can  b e  reco g n iz e d . V a rio u s  ty p e s  of s p a t ia l  d a ta  

m a y  b e  r e q u i r e d  fo r  a  sp e c if ic  p u rp o se ; th e y  m ay  a l l  e x is t ,  b u t m a y  be 

d is p e r s e d  in  n u m e ro u s  d e p a rtm e n ts , a t  v a r io u s  le v e ls  of g o v e rn m en t, in  

v a r io u s  p a r t s  of th e  co u n try . T he e ffo r t invo lved  in  a s s e m b lin g  th e  

r e q u i r e d  d a ta  s e t s  m a y  ex c eed  av a ila b le  r e s o u r c e s ,  and , in  p r a c t ic a l  

t e r m s ,  th e  d a ta  can n o t b e  u sed . H igh d a ta  vo lum e com bined  w ith  low 

re a d in g  c a p a b ili ty  m a y  h av e  th e  s a m e  e ffec t. If  a  d ec is io n  h a s  to  b e  m a d e , 

i t  m ay  n o t b e  p o s s ib le  f o r  a s s e m b le d  d a ta  to  b e  re a d ,  w ith  a v a ila b le  

r e s o u r c e s ,  in  t im e  f o r  th e i r  in fo rm a tio n  con ten t to  b e  b ro u g h t to  b e a r  upon 

th e  d e c is io n . A gain , in  p r a c t ic a l  te r m s ,  th e y  a r e  not av a ila b le .

A m o re  p e rv a s iv e  in flu en ce  on th e  a v a ila b i lity  of d a ta  is  th e  c o n s tra in t of 

" c o n fid e n tia lity " . In  m any  c o u n tr ie s , g o vernm en t d e p a rtm e n ts  g a th e r  

d a ta  th a t  th e r e a f te r  a r e  le g a lly  con fid en tia l. T h e re  a r e  s e v e r a l  d im en s io n s  

to  co n fid en tia lity . L e g a l co n fid en tia lity  of c e r ta in  ty p e s  of d a ta  i s  p r e s c r ib e d
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to  p ro te c t  th e  p r iv a c y  of in d iv id u a ls  (as  in  th e  c a se  o f  c e n su s  o r  ta x a tio n  

d a ta ), and  su ch  d a ta  m ay  b e  m ade a v a ila b le  on ly  in  s u m m a ry  fo rm . O th er 

c o n fid e n tia lity  c o n s tra in ts  a r e  im p o se d  m e re ly  b e c a u se  th e  d a ta  g a th e r in g  

a g e n c ie s  w ish  to  c o n tro l the  d a ta , b e c a u se  th e  c o llec tio n  o r  s to ra g e  have 

b e e n  p o o r , o r  b e c a u se  th e  d a ta  m ay  b e  c r i t i c a l  o f th e  in s ti tu tio n ’s  p o lic ie s . 

T h e re  a r e  m any  c a s e s  of a p p a re n tly  innocuous d a ta  b e in g  s u p p re s s e d  fo r  

no c le a r ly  d efined  r e a s o n . T h e  m il i ta ry ,  in  p a r t ic u la r ,  h av e  a  s tro n g  

in flu en ce  on d a ta  a v a ila b i li ty  in  so m e  c o u n tr ie s . T h e ir  a ttitu d e  s te m s  

f r o m  a  d e s i r e  to  p re v e n t d a ta  f r o m  re a c h in g  th e  "en em y " and  to  avoid  

r e v e a lin g  th e i r  own d a ta  g a th e r in g  ca p ab ili ty . In  N o rth  A m e r ic a , fo r  

e x a m p le , i t  i s  s p e c u la te d  th a t a t  le a s t  50 e a r th  s a te l l i te s  occupy ing  v a r io u s  

m o b ile  and  s ta t io n a ry  o rb i ts  a r e  m o n ito r in g  cond itions  on th e  e a r t h 's  

s u r fa c e .  Som e of th e m  a r e  re p u te d  to  o p e ra te  s e n s o r s  w ith  h ig h  le v e ls  

of r e s o lu t io n . T he on ly  s a te l l i te s  p ro d u c in g  w idely  av a ila b le  s p a t ia l  d a ta  

a r e  th e  TIRO S and  ER T S s a te l l i te s ,  and  th e y  c a r r y  s e n s o r s  w ith  on ly  

lo w - le v e l re s o lu t io n .

O ne can  a rg u e  th a t i t  w as  a lw ay s th u s  and  th a t th e s e  c o n s tra in ts  a r e  a  

fu n c tio n  of th e  n a tu re  of m ankind . I t m u s t, h o w ev er, be p o in ted  out th a t 

s u c h  c o n s tra in ts  a r e  a  f u r th e r  v a r ia b le  th a t  in flu en ces  th e  su p p ly  and  

a v a ila b i li ty  of d a ta  in  any  p a r t ic u la r  co u n try .

R e s u lt in g  S p a tia l D ata  Supply and  A v a ila b ility

T h e  v a r ia b le s  th a t d e te rm in e  s p a t ia l  d a ta  a v a ila b i li ty  d e s c r ib e d  above a r e  

c l e a r ly  in te rd ep en d e n t. T h e  a v a ila b i li ty  o f a  p a r t ic u la r  d a ta  s e t  in  one 

c o u n try  i s  th e  r e s u l t  o f a  s e r i e s  o f ch o ice s  m ade  w ith  r e s p e c t  to  e a ch  o f 

th e  v a r ia b le s .  T h e  s e r ie s  o f ch o ic e s  can  b e  thought of a s  a  p a th  t r a c e d  

th ro u g h  th e  v a r io u s  c o n s tra in ts  and  c a p a b ili t ie s .

A  g eo lo g ica l s u rv e y  in  C anada, f o r  ex a m p le , w ould r e p r e s e n t  th e  p e rc e iv e d  

n ee d  fo r  d a ta  b y  th e  c e n tr a l  g o v e rn m en t o f a  co u n try  w ith  a  r e la t iv e ly  h igh  

le v e l of eco n o m ic  deve lopm en t. T h e  s iz e  of th e  co u n try  fo rm s  a  c o n s tra in t;  

a ls o ,  th e  c l im a te  is  g e n e ra lly  co ld  an d  o v e ra l l  t r a f f ic a b i l i ty  is  b ad . T h e re  

w ould  be l i t t l e  p o li t ic a l  o r  s o c ia l o b je c tio n  to  the  s u rv e y . A b a la n c e d  c o m - 

b in a tio n  of hum an  and  ex ten d ed  h u m a n  s e n s in g  d ev ice s  could  be em ployed , 

t r a n s p o r ta t io n  of th e s e  cou ld  b e  a id ed  b y  a i r c r a f t ,  h e l ic o p te r , and
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au to m o b ile , an d  b o th  re m o te  and  co n tac t s e n s in g  w ould  b e  em ployed , 

w ith  co n tac t re c o rd in g  in  each  c a se . T h e  re c o rd in g  m e d ia  w ould  inc lude  

bo th  p a p e r  and  p h o to g ra p h s , and  th e  s u rv e y  w ould  b e  u n d e rta k e n  by  a  

s u rv e y  ag e n cy  u s in g  t r a in e d  r e s id e n ts .  T h e  d a ta  c h a r a c te r is t ic s  w ould 

r e s u l t  f r o m  a  s u b s ta n tia l  am ount of r e c o n n a is sa n c e  d a ta  g a th e r in g , a  

f a i r ly  low  le v e l  of e r r o r  in  p r im a r y  o b s e rv a t io n , and  a  m e d iu m  le v e l of 

e r r o r  in  se c o n d a ry  r e c o r d s  due to  th e  r e la t iv e ly  low  le v e l of in te n s ity  of 

th e  d a ta  g a th e r in g . T h e  re s u l t in g  d a ta  w ould  in c lu d e  la rg e  n u m b e rs  of 

an n o ta ted  a i r  p h o to g ra p h s , p lu s  docum en ted  f ie ld  n o te s  a s  p r im a ry  data , 

and  a  r e la t iv e ly  few  s m a l l - s c a le  m ap s  a s  s e c o n d a ry  " s o u rc e "  data . A ll 

d a ta  w ould  b e  av a ila b le  f o r  g e n e ra l u s e  on r e q u e s t .  T h e  m ap s  w ould  be 

a v a ila b le  a s  a  p r in te d  m ap  s e r ie s .

A s a  c o n tra s t ,  le t  u s  c o n s id e r  th e  in flu en ces  on a  r e c e n t  g eo lo g ica l 

s u rv e y  in  a  co u n try  su ch  a s  South V ie tnam . T h e  c o u n try  h a s  a  low le v e l 

o f eco n o m ic  dev e lo p m en t, and  th e  s u rv e y  w ould  b e  u n d e rta k e n  p r im a r i ly  

f o r  m i l i t a r y  p u rp o s e s  b y  a  c e n tr a l  g o v e rn m en t. I t is  a  m e d iu m - to - s m a l l  

c o u n try  w ith  a  hot c l im a te , e x te n s iv e  v eg e ta tio n  c o v e r, and  p o o r o v e ra l l  

t r a f f ic a b i li ty . P o l i t ic a l  c o n s tra in ts  m a y b e  low , b u t s o c ia l  c o n s tra in ts  

on a  s u rv e y  m ay  b e  h ig h . T h e  te ch n iq u e  u s e d  w ould  b e  a lm o s t ex c lu s iv e ly  

p h o to g ra p h ic , a i r b o rn e ,  r e m o te  s e n s in g  w ith  c o n tac t r e c o rd in g  re s u l t in g  

in  p h o to g ra p h ic  r e c o r d s .  T h e  s u rv e y  w ould  b e  u n d e rta k e n  w ith  te ch n ology  

d e r iv e d  f ro m  o u ts id e  th e  co u n try  and  c a r r i e d  out b y  n o n re s id e n t te c h n ic ia n s  

w ith  l i t t l e  e x p e rie n c e  o f th e  g round  cond itions  in  th e  co u n try . T he re s u l t in g  

d a ta  w ould p ro b a b ly  in c lu d e  a  m e d iu m  am oun t p ro v id e d  b y  re c o n n a is sa n c e  

su rv e y , an d  so m e a t a  h ig h e r  le v e l, of d a ta  g a th e r in g  in te n s ity  f r o m  s i te s  

of s t r a te g ic  im p o rta n c e . A  m e d iu m -to -h ig h  le v e l of e r r o r  cou ld  be  ex p ec ted  

in  p r im a r y  and  s e c o n d a ry  r e c o r d s .  T h e  re s u l t in g  d a ta  w ould  in c lu d e  la rg e  

n u m b e rs  of an n o ta ted  a i r  p h o to g ra p h s , few  o r  no su p p o rtin g  f ie ld  n o te s , 

and  a  m e d iu m -to -h ig h  n u m b e r o f m e d iu m -s c a le  m ap s a s  se c o n d a ry  " s o u rc e "  

d a ta . T h e re  m igh t b e  s e v e r e  c o n s tra in ts  on th e  a v a ila b i li ty  of th e  d a ta  fo r  

g e n e ra l u se .

A  th i r d  ex am p le  m igh t b e  a  g eo lo g ica l s u rv e y  of a  co u n try  s im i la r  to  G rea t 

B r ita in . T h e  co u n try  i s  a s s u m e d  to  h ave  h a d  a  p e rc e iv e d  n ee d  fo r  g eo lo -  

g ic a l s u rv e y  f o r  c o m m e rc ia l  p u rp o s e s  d u rin g  th e  in d u s tr i a l  rev o lu tio n , and



i t  i s  u n d e r  a  s tro n g  c e n tr a l  g o v e rn m en t, w ith  no d ire c t m i l i ta ry  in flu en ce . 

T he c o u n try  i s  s m a l l ,  h a s  a  te m p e ra te  c l im a te , p re s e n ts  good o v e ra l l  

t r a f f ic a b i l i ty ,  and  e x h ib its  no s ig n if ic a n t p o li t ic a l  o r  s o c ia l  o b je c tio n s  

to  th e  su rv e y . T h e  e a r ly  in i t ia l  p e rc e iv e d  n ee d  fo r  th e  su rv e y , coup led  

w ith  th e  low  le v e l of c o n s tr a in ts ,  w ould  allow  hum an  co n tac t s e n s in g  and  

re c o rd in g , b y  tr a in e d  re s id e n ts  em p loyed  by  a  s u rv e y  agency . T he 

re s u l t in g  d a ta  w ould  re p r e s e n t  a  h igh  le v e l of d a ta  g a th e r in g  in te n s ity , a  

low le v e l  o f e r r o r ,  and  th e  p ro d u c tio n  of a  m e d iu m  q u an tity  of la r g e - s c a le  

p a p e r  m a p s  a s  " s o u rc e "  d o cu m en ts . F ie ld  d ocum en ta tion  w ould  e x is t ,  

but w ould  n o t b e  av a ila b le  due to  g a th e r in g -a g e n c y  c o n s tra in ts .

T h e  th r e e  ex a m p le s  i l lu s t r a te  ty p ic a l d if fe re n c e s  in  th e  d a ta  c h a r a c te r is t ic s ,  

r e c o r d  c h a ra c te r is t ic s ,  and  a v a ila b i li ty  of. d a ta  th a t e x is t  f o r  one ty p e  of 

d a ta  in  d if fe re n t c o u n tr ie s . T h is  v a r ia b i l i ty  o c c u rs  not only  be tw een  

c o u n tr ie s , b u t b e tw e en  p a r t s  of c o u n tr ie s , an d  be tw een  d a ta  ty p e s  w ith in  

one coun try .

SUMMARY

T h is  c h a p te r  h a s  b r ie f ly  ex am in ed  th e  c h a ra c te r is t ic s  of lo c a tio n -sp e c if ic  

d a ta . T h e  co n c ep ts  th a t u n d e r l ie  s p a tia l  d e s c r ip tio n  w e re  c o n s id e re d , and  

th e  in flu en ce  of th e  s to ra g e  m ed ia  on s p a tia l  d a ta  fo rm a t w as  show n. T he 

m a in  ty p e s  o f lo c a tio n  id e n tif ie r  c u r r e n t ly  u sed  w e re  id e n tif ied , th e  f a c to r s  

th a t  in flu en ce  th e  o v e ra l l  su p p ly  and  a v a ila b i lity  of lo c a tio n -sp e c if ic  d a ta  

w e re  ex a m in ed , and  th e  ra n g e  of v a r ia tio n  th a t e x is ts  w as  i l lu s tr a te d .

O nce a  su p p ly  of s p a tia l  d a ta  h a s  b ee n  o b ta ined , th e  n ee d  e x is ts  to  s to r e ,  

r e a d ,  and  an a ly se  th e m  if  th e i r  in fo rm a tio n  con ten t is  to  be ap p lied  to  

d e c is io n s . T he nex t p a r t  of th is  th e s i s  w ill ex am in e  th e  s ta te  o f d e v e lo p - 

m en t of s p a t ia l  d a ta  h and ling  te ch n iq u es . T h e  u s e fu ln e ss  of su ch  te ch n iq u es  

depends to  a  c o n s id e ra b le  ex ten t on th e  sup p ly  of d a ta  th a t m u s t b e  h an d led , 

and  i t  h a s  b ee n  show n th a t th is  m ay  v a ry  s u b s ta n tia lly  betw een  c o u n tr ie s .
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C H A PTE R  3 -  MANUAL TECHNIQUES F O R  HANDLING M A PPED  AND 
O TH ER L O C A TIO N -SPEC IFIC  DATA 

F o r  th e  p u rp o s e s  o f th is  d is c u ss io n , m an u a l te ch n iq u es  f o r  h and ling  m apped  

an d  o th e r  lo c a tio n -s p e c if ic  d a ta  a r e  ta k en  to  b e  th o se  a c co m p lish ed  by- 

hum an  s k ill ,  a id ed  b y  d ra f tin g  and  p h o to g rap h ic  equ ipm en t bu t not by  

e le c tro n ic  d a ta  p ro c e s s in g  equ ipm en t. In  g e n e ra l,  th e y  fo rm  th e  b a s ic  

m ethodo logy  o f lo n g -e s ta b lish e d  c a r to g ra p h ic  p ra c t ic e .  T h ey  a r e  s t i l l  

u s e d  to  c a r r y  out m o s t s p a tia l  d a ta  h and ling  ta s k s .  A lso , v iew ed  in  th e  

to t a l  con tex t o f d a ta  h an d lin g  r a th e r  th a n  on ly  a s  " tra d itio n a l c a r to g ra p h ic  

p r a c t ic e " ,  th e  v a r io u s  m an u a l m e thods fo rm  a  s e r i e s  of b e n c h m a rk s  of 

t r a d i t io n a l  c a p a b ili ty  a g a in s t w h ich  m a ch in e  m e th o d s m u s t b e  judged . 

D e s c r ip t io n s  of m an u a l te ch n iq u es  in  th is  c h a p te r  w il l  fo cu s  on th e i r  

tim in g  and e ffic ien c y .

V iew ed in  th e  co n tex t of d a ta  h and ling , a  m a p  is  a  lo c a tio n -sp e c if ic  d a ta  

" f i le "  in  w h ich  e a r th  d a ta  a r e  g a th e re d , o rd e r e d ,  and  re c o rd e d  in  a  w ay  

th a t  p r e s e r v e s  th e  m e a s u re s  of th e i r  s p a t ia l  a t t r ib u te s  and d is tr ib u tio n .

T h e  f i l e 's  s t r u c tu r e  p re s u p p o s e s  so m e c o n c ep tu a l m o d e l of th e  sp ace  

o cc u p ied  b y  th e  g lobe , and  s u ita b le  u n its  f o r  i t s  m e a s u re m e n t . T he 

E u c lid e an  m o d e l, w ith  d e g re e s  of la titu d e  and  long itu d e  a s  u n its  of m e a s u r e -  

m e n t, i s  th e  one w id e ly  ac cep te d . I t s  a p p ro p r ia te n e s s , u ti lity , o r  v a l id ity  

w ill  no t b e  c a lle d  in to  q u es tio n  in  th is  c h a p te r .

T h e  c la s s ic  t a s k  of g eo d e tic  and  to p o g ra p h ic  su rv e y in g  is  to  r e c o r d  in  su ch  

a  f i le  th e  co n fig u ra tio n  of th e  e a r t h 's  s u r fa c e  and  a  v e ry  l im ite d  s e t  o f i t s  

f e a tu r e s .  T h e  lo c a tio n  o f a  s e r ie s  o f id e n tif ia b le  p o in ts  on th e  g round  is  

e s ta b lis h e d  b y  m u ltip le  m e a s u re m e n ts  b e tw e en  th e  p o in ts , an d  be tw een  th e m  

an d  e x t r a t e r r e s t r i a l  b o d ie s . P la n e  g ra p h ic  r e p re s e n ta t io n s  (m aps) o f th e  

cu rv e d  s u r fa c e  of th e  e a r th  a r e  p ro d u ced  b y  m a th e m a tic a l tr a n s fo rm a tio n s  

(m ap p ro je c tio n s) . E s ta b lis h e d  p o in ts  a r e  " f ile d "  on th e  m ap s a c co rd in g  

to  th e i r  m e a s u re d  r e la t iv e  p o s itio n s . E le m e n ts  o f th e m a tic  d a ta  a r e  

lo c a te d  b y  o b s e rv in g  o r  m e a s u r in g  th e i r  re la tio n s h ip  w ith  e a s i ly  id e n tif ie d  

fe a tu r e s  a l r e a d y  s to re d  in  th e  s p a t ia l  f i l e ,  an d  a r e  r e c o rd e d  b y  in s e r t in g  

th e m  in to  th e  a p p ro p r ia te  p la c e  in  th e  f i l e ,  th a t i s ,  b y  p lo ttin g  th e  o b s e rv a -  

t io n s  on a  m ap.
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T h e  u se  o f a e r i a l  pho to g rap h s a s  th e  s o u rc e  o f bo th  to p o g ra p h ic a l in fo rm a - 

tio n  (ph o to g ram m etry ) and  th e m a tic  d a ta  (p h o to - in te rp re ta tio n )  fo llo w s  the  

s a m e  g e n e ra l p ro c e d u re  a s  f o r  g ro u n d  su rv e y . T h e  m a in  d if fe re n c e  i s  

th a t th e  r e la tio n s h ip s  be tw een  o b je c ts  o r  th e  r e la tio n sh ip s  b e tw e en  th e m a tic  

d a ta  and  to p o g ra p h ic  o b je c ts  a r e  o b s e rv e d  and  m e a s u re d  on p h o to g ra p h s , 

and  on ly  a  few  o b se rv a t io n s  on th e  g round  a r e  n e c e s s a ry .

B e fo re  1960, th e  on ly  fo rm  of s to ra g e  f o r  s p a tia l  d a ta  w as  g ra p h ic  (as 

m a p s) , and  i t s  p re c is io n  v a r ie d . D ata com p ac tio n  w as  a tte m p te d  by  u se  

o f sy m b o ls , and  d a ta  s e p a ra t io n  and  id e n tif ic a tio n  w e re  f r e q u e n tly  a id ed  

b y  c o lo u rs . R e tr ie v a l  of d a ta  f r o m  th e  f i le  w as m a in ly  m anual. T h e se  

m a n u a l r e t r i e v a l  p ro c e d u re s  h ave  not changed  s u b s ta n tia lly  in  th e  p a s t 30 

y e a rs .

T h e  s ta r t in g  po in t o f m an u a l p ro c e d u re s  f o r  h and ling  g ra p h ic a lly  s to r e d  d a ta  

i s  th u s  th e  m ap  it s e lf .  T he e ff ic ien c y  of th e  m ap  a s  a  s o u rc e  o f d a ta  f ro m  

w h ich  u s e fu l in fo rm a tio n  h a s  to  b e  e x tra c te d , and  th e  te ch n iq u es  f o r  

e x t ra c tin g  i t ,  n ee d  to  be  exam ined . Such s p a tia l  d a ta  hand ling  te c h n iq u e s  

f a l l  in to  th r e e  g e n e ra l c a te g o r ie s . T he f i r s t  i s  " im ag e  m a n ip u la tio n " , 

w h ich  ch a n g es  th e  a r e a  o f th e  g ra p h ic  m a te r ia l  on w hich  d a ta  a r e  to  be  

d isp la y ed . T h is  c a te g o ry  in c lu d e s  changes  of s c a le ,  c o r re c tio n  o f d i s to r -  

t io n s  in  th e  o r ig in a l m a te r ia l ,  and  changes  of m ap  p ro je c tio n . T h e  seco n d  

in v o lv es  th e  "g ro u p in g "  of d a ta  o r  s e ts  of d a ta  and  th e  p ro d u c tio n  o f a  new 

o r  am en d ed  r e c o r d  p r io r  to  d a ta  e x tra c tio n . It in c lu d es  su ch  p ro c e d u re s  

a s  c e n tro id  a llo c a tio n , m e rg in g  and  d is so lv in g  of d a ta , and  g e n e ra liz a tio n . 

B o th  im ag e  m an ip u la tio n  and  g ro u p in g  a r e  b ro a d  c a te g o r ie s  of d a ta  h and ling  

te c h n iq u e s  th a t a ffec t th e  r e t r ie v a b i l i ty  of d a ta  f ro m  th e  g ra p h ic  f ile . 

A lthough th e r e  i s  in e v ita b le  o v e r lap p in g  be tw een  th e  tw o g ro u p s , th e  f o rm e r  

i s  p r im a r i ly  co n c e rn e d  w ith  changes  in  the  g ra p h ic  im ag e  of th e  d a ta  and  

th e  l a t t e r  i s  c o n c e rn ed  w ith  ch an g es  in  th e  s u b stan tiv e  v a lu e s  of th e  d a ta  

e le m e n ts . T h e  th i rd  g e n e ra l c a te g o ry  is  th e  p ro c e s s  of " d a ta  e x tra c tio n "  

i t s e l f ,  and  in c lu d es  v is u a l in sp e c tio n  and  e s tim a tio n , s e le c te d  e x tra c tio n , 

an d  m e a s u re m e n t .

T h e  s to ra g e  m e d iu m  a ffe c ts  a l l  su b se q u en t p ro c e s s e s  of d a ta  hand ling . It 

m a y  v a ry  f ro m  p a p e r  of v a r io u s  q u a l it ie s  and  cond itions  to  m o re  s ta b le
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m a te r ia ls  su c h  a s  p a p e r  bonded to  m e ta l o r  p la s t ic  f i lm s  (opaque, t r a n s

lu c e n t, o r  c le a r ) ,  e m u ls io n s  on p la s t ic  o r  g la s s ,  o r  d ire c t  e n g rav in g s  on 

m e ta l. E a ch  of th e s e  m e d ia  h a s  som ew hat d iffe re n t p h y s ic a l c h a ra c te r is t ic s ,  

and  m a y  b e  u s e d  a t  v a r io u s  s ta g e s  of m ap  p ro d u c tio n . A s an  end  p ro d u c t, 

h o w ev e r, th e r e  a r e  tw o  p red o m in an t ty p e s  of g ra p h ic  d a ta  s to ra g e : th e  

m ap  th a t i s  c o lo u r -p r in te d  on p a p e r , an d  th e  m ap  d raw n  in  a  s in g le  tone  

on  p la s t ic  f ilm . T h e se  tw o  ty p e s  of g ra p h ic  s to ra g e  e n c o m p ass  th e  o v e r - 

w he lm in g  am oun t of s p a t ia l  d a ta  in  g ra p h ic  fo rm .

IM AGE M ANIPULATION

Im ag e  m a n ip u la tio n  i s  th e  c o n tro lle d  s tr e tc h in g  o r  sh rin k in g  of a  g iven  

im a g e . It i s  a c h ie v e d  b y  v a r io u s  m e an s  and  u s e d  to  affec t th e  r e t r i e v a

b il i ty  of th e  g ra p h ic  in fo rm a tio n . S im ple change of s c a le  is  a  r e s u l t  of 

eq u a l and  o rth o g o n a l s tr e tc h in g  o r  sh rin k in g . A fte r  re d u c tio n  o f th e  im ag e , 

in fo rm a tio n  r e t r i e v a l  i s  a ffe c te d  by  f a c to r s  of v is u a l ac u ity , and  a f te r  

e n la rg e m e n t b y  th e  f a c to r  of v isu a l s can n in g  (red u c tio n  of sy n o p sis) . 

R e c t i l in e a r  d is to r t io n s 1 in  a  g iven  im ag e  can  b e  e l im in a te d  by  l in e a r  

s tr e tc h in g  o r  s h r in k in g  a lo n g  one o r  m o re  a x e s  (not n e c e s s a r i ly  eq u a l o r  

o rth o g o n a l) . N o n lin e a r  d is to r t io n  e lim in a tio n  i s  a  n o n lin e a r  v e r s io n  of th e  

l a t t e r  p r o c e s s .  M ap p ro je c tio n  change is  e s s e n tia lly  a  co n tro lle d  f o rm  of 

l i n e a r  o r ,  m o re  o ften , n o n lin e a r  s tr e tc h in g  o r  sh rin k in g  w h e re  th e  p ro p e r -  

t i e s  of th e  d is to r t io n  in  th e  r e s u lt in g  d isp la y  m u s t b e  known. T h e  sub seq u en t 

r e t r ie v a b i l i ty  of in fo rm a tio n  m ay  b e  a ffec ted  b y  bo th  of th e  f a c to r s  r e la tin g  

to  s c a le  change  no ted  above , and  a lso  b y  th e  change in  d is tr ib u tio n  of s u b

s ta n t iv e  in fo rm a tio n .

L in e a r  s tr e tc h in g  o r  s h r in k in g  of an  im ag e  can  b e  ac h iev ed  in  s e v e r a l  w ays. 

T h e  s im p le s t  b u t m o s t la b o r io u s  is  th e  p o in t-b y -p o in t t r a n s f e r  of d a ta  by  

h a n d  an d  ey e  f r o m  th e  s o u rc e  m a te r ia l  to  th e  new e n la rg e d  o r  re d u c e d  

fo rm a t. M ore  com m on  i s  th e  u se  of a  "p an to g rap h " , a  dev ice  th a t  m e c h a n i

c a lly  lin k s  a  d raw in g  dev ice  to  a  c u r s o r  w ith  w hich  th e  o r ig in a l im ag e  is  

t r a c e d .  T h e  lin k ag e  i s  ad ju s ta b le  so  th a t th e  im ag e  bein g  d raw n  can  be 

l a r g e r  o r  s m a l le r  th a n  th e  o r ig in a l. O p tic a l m e thods involve p ro je c tio n  

o f  th e  s o u rc e  m a te r ia l  on to  a  su ita b ly  a lig n ed  p la n e  s u r fa c e , w h e re  th e  new 

im a g e  i s  r e c o r d e d  b y  tr a c in g  o r  b y  u s in g  p h o to sen s it iv e  m a te r ia l .  T he u se

1 . E lim in a tio n  o f r e c t i l in e a r  d is to r t io n  in  th is  s e n s e  does  not m e an  c o n - 
v e r s io n  to  th e  a ll -c u rv e d , s p h e r ic a l s u r fa c e  b u t r e f e r s  on ly  to  d is to r t io n  
in  c o m p a ris o n  w ith  a  s ta n d a rd  th a t h a s  no t undergone d im en s io n a l change.



o f an  e p id ia sco p e  o r  s im p le  s lid e  p ro je c to r  to  sh in e  im a g e s  on a  f la t  

s u r fa c e  f a l ls  in to  th is  c a teg o ry . T h e  in h e re n t d is to r t io n s  of su ch  s im p le  

o p tic a l s y s te m s  can  b e  rem o v e d  b y  th e  u s e  of h ig h -p re c is io n  copy  c a m e ra s , 

s ta b le  b a s e  m a te r i a ls ,  v acu u m  f r a m e s ,  and  so  fo r th . T h e  e n la rg e m e n t o r  

re d u c t io n  of l e t t e r s ,  n u m b e rs , and  sy m b o ls  does  in tro d u ce  p ro b le m s  of 

a e s th e t ic s  and  le g ib il i ty , and  i f  th e s e  b ec o m e  s e v e re ,  th e  te x tu a l in fo rm a - 

tio n  m a y  h av e  to  b e  rem o v e d  and  re in tro d u c e d  a f te r  a l te ra t io n . C o lo u rs  

can  b e  t r a n s f e r r e d  f ro m  th e  o r ig in a ls  b y  u s e  o f co lo u r pho tog raphy  o r  

c o lo u r  s e p a ra t io n  and  a  f u r th e r  p r in t in g  p ro c e s s .  N o n lin e ar s tr e tc h in g  o r  

sh r in k in g  of an  im ag e  canno t, h o w ev e r, b e  a c h iev ed  w ith  su ch  s im p le  

o p tic a l o r  m e c h a n ic a l s y s te m s ;  i t  r e q u i r e s  q u ite  exp en siv e  o p tic a l p ro c e s s e s  

in  w h ich  in d iv id u a l le n s e s  a r e  p ro d u c e d  f o r  sp e c if ic  n o n lin e a r  c o r re c t io n s ,  

o r  e ls e  th e  s im p le r  b u t s lo w e r  p r o c e s s  o f p o in t-b y -p o in t t r a n s f e r .

S cale  Change

T h e  c u r r e n t  m a n u a l p r o c e s s e s  of s c a le  change th u s  invo lve e i th e r  r e la tiv e ly  

s im p le  p ro c e d u re s  w ith  in h e re n t in a c c u ra c ie s  (in te r m s  of hum an  e r r o r ,  in  

o p tic a l s y s te m s , an d  in  t r a c in g  p r o c e s s e s  th a t m e ch an ic a lly  t r a n s m it  o r  

f ix  th e  im a g e ) , o r  th e y  em p loy  r e la t iv e ly  s o p h is tic a te d , h ig h -p re c is io n  

o p tic a l eq u ip m en t, e x p e rie n c e d  te c h n ic ia n s , and  n o t in ex p en siv e  pho to - 

s e n s it iv e  m a te r ia ls  and  c h e m ic a ls . T o  change th e  s c a le  of a  2 0 - in . x  30 -in . 

m ap  s h e e t m a n u a lly  w ould n o rm a lly  ta k e  be tw een  1 and  10 h o u rs  of 

e x p e rie n c e d  la b o u r , depend ing  on  th e  d a ta  con ten t of th e  m ap s h e e t concerned .

D is to r tio n  E lim in a tio n

A lthough d is to r t io n  e lim in a tio n  i s  u s u a lly  p e r fo rm e d  w hen d a ta  a r e  in s e r te d  

in to  a  s p a t ia l  f i le  r a th e r  th a n  w h ile  th e y  a r e  in  th e i r  s to re d  fo rm , te chn iques  

invo lv ing  th e  l a t t e r  i l lu s t r a t e  th e  d iff ic u lt ie s  of m anual p ro c e s s e s .  N on- 

s ta b le  m a te r ia l  su ch  a s  p a p e r  m a y  o c c a s io n a lly  b e  u sed  fo r  s to ra g e , and  it  

m ay  s t r e t c h  o r  s h r in k  b e c a u se  of ch an g es  in  te m p e ra tu re  of hum id ity . If 

su ch  a  d is to r te d  d a ta  s e t  h a s  to  b e  o v e r la id  on  a  n o n d is to r te d  one, th e  d i s - 

to r t io n s  m u s t b e  e l im in a te d . O nly  l i n e a r  d is to r t io n  can  b e  e ffec tiv e ly  

c o r r e c te d  b y  eco n o m ic  m an u a l p r o c e s s e s .  A  tra n s p a re n c y  of th e  s o u rc e  

m a te r ia l  h a s  to  b e  p ro d u ced  a t a  s c a le  th a t can  b e  ac cep te d  by  a  p ro je c to r , 

and  th is  p ro c e s s  i t s e l f  m ay  in tro d u c e  in a c c u ra c ie s , p a r t ic u la r ly  if  the
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tra n s p a re n c y  h a s  to  b e  s m a l l .  P ro d u c tio n  o f la rg e  tra n s p a re n c ie s  re d u c e s  

th e  e r r o r ,  bu t r e q u i r e s  copy c a m e ra  equ ip m en t. T he im age ca n  b e  m ade 

to  f i t  c o n tro l p o in ts  d raw n  on th e  im a g e  p la n e , b y  a  p ro c e s s  s im i la r  to  th a t 

of re c t ify in g  p h o to g ra p h s . B ec au se  of th e  n a tu re  of the  p ro c e s s ,  and  b e c a u se  

i t  i s  d iff icu lt e i th e r  to  c o r r e c t  n o n lin e a r  d is to r t io n s  o r  to  a s s u m e  th a t th e  

d is to r t io n  of th e  s o u rc e  d a ta  i s  in  fa c t l in e a r ,  th e  p ro c e s s  i s  r a r e l y  u sed . 

M ino r d is to r t io n s  in  g rap h ic  s o u rc e  d a ta  a r e  u s u a lly  ig n o re d , o r  a t  b e s t 

"a llo w ed  fo r"  w hen m apped  data, a r e  han d led  m anually .

N o n lin e a r D is to r tio n  E lim in a tio n  and  M ap P ro je c t io n  Change 

T h e se  p ro c e d u re s  do n o t le n d  th e m s e lv e s  to  o p tic a l o r  pho to g rap h ic  p ro c e s s e s ,  

so  th e  t r a n s f e r  of d a ta  f r o m  s o u rc e  m a te r ia l  to  a  new fo rm a t is  a c h iev ed  b y  

eye  and  hand . C a lc u la te d  r e f e r e n c e  p o in ts  a r e  u s e d  a s  a . guide, fo llow ed  b y  

in te rp o la tio n  b e tw e e n  d a ta  e le m e n ts  w hen su ff ic ie n t n u m b e rs  h av e  been  

t r a n s f e r r e d ;  if  g r e a t  c a re  i s  e x e rc is e d  th e  a c c u ra c y  can  b e  high. T he tim e  

ta k en  m a in ly  d epends o n  th e  n u m b e r  of d a ta  p o in ts  t r a n s f e r r e d .  A  s in g le  

20 -in . x  20 -in . o u tlin e  m a p  of p o li t ic a l  b o u n d a rie s  and m ain  p h y s ic a l f e a tu r e s  

o f w e s te rn  E u ro p e , f o r  ex a m p le , w ould  ta k e  m o re  than  one m a n -d ay . T he 

e f fo r t  r e q u i r e d  fo r  th e  m a n u a l m e th o d  m e an s  th a t i t  is  g e n e ra lly  u n d e rtak en  

b y  c a r to g ra p h ic  h o u s e s  r a t h e r  th a n  b y  r e s e a r c h  g e o g ra p h e rs .

GROUPING

G rouping  e n c o m p a s s e s  s e v e ra l ,  te c h n iq u e s  u s e d  to  change th e  fo rm  of th e  

d a ta  in  a  m ap  p r i o r  to  data, e x tra c tio n . 1 I t in c lu d es  th e  r e la t iv e ly  s im p le  

co n c ep ts  o f m e rg in g  data, o r  s e t s  o f  d a ta  and  d isso lv in g  red u n d an t d a ta  

e le m e n ts  ( fo r  ex a m p le , re m o v in g  a  l in e  th a t s e p a r a te s  tw o a r e a s  o f th e  sam e  

k ind , w h ich  m a y  hav e  r e s u l t e d  f r o m  e i th e r  m e rg in g  o r  m a tch ing  ed g es). It 

a lso  in c lu d es  "m o d a l change" a n d  th e  " g e n e ra te "  p ro c e s s ,  w h e re  d a ta  e l e - 

m e n ts  a r e  g ro u p e d  o r  r e p r e s e n te d  on th e  m ap  b y  a  new ly  g e n e ra te d  d a ta  

e le m e n t o r  e le m e n ts  (e .g . ,  c e n tro id  a l lo c a t io n , con tou ring , g en e ra liz a tio n ) .

A ll th e s e  te ch n iq u es  invo lve s e le c tiv e  p ro c e s s e s  a s  w e ll a s  p u re ly  m e ch an ic a l 

re p ro d u c tio n ; th e  l a t t e r  m a y  b e  h a r d e r  to  ac co m p lish  th a n  th e  fo rm e r .

1. B oth  " im ag e  m an ip u la tio n "  a n d  "g ro u p in g "  invo lve th e  c re a tio n  o f a  new 
re c o rd ,  i . e . ,  a  new  m a p , and,, i n  th a t s e n s e , cou ld  b e  te rm e d  "m ap  co m p i- 
la tio n " . T h e  l a t t e r  te r m ,  h o w ev e r, i s  f re q u e n tly  u sed  to  d e s c r ib e  the  
a s s e m b ly  o f s p a t ia l  d a ta  to  p ro d u c e  an  o r ig in a l m ap. A s th is  d is c u ss io n  
c o n c e rn s  i t s e l f  w ith  te c h n iq u e s  th a t  a r e  em p loyed  only  a f te r  th e  o r ig in a l 
m ap  h a s  b ee n  p ro d u ced , th e  t e r m  "m a p  co m p ila tio n "  h a s  not b ee n  em ployed  
in  th e i r  d e s c r ip tio n  to  avoid  confusion .
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M erge and D isso lv e

T o  m e rg e  i s  to  com b ine  co n tiguous a r e a s  th a t qua lify  fo r  in c lu s io n  in  a  new 

c a te g o ry  o r  s e t  of c a te g o r ie s ,  and  to  d is s o lv e  i s  to  rem o v e  a  com m on 

b o u n d a ry  be tw een  s p e c if ie d  a r e a s  an d  to  g roup  th e m  in  a  s in g le  a re a .

E i th e r  th e  e n t ir e  f i le  can  b e  t r a c e d  (o r p h o to g ra p h ica lly  rep ro d u ced ) w ith  th e  

a p p ro p r ia te  e le m e n ts  o m itte d  o r  m a sk e d , o r  th e  o r ig in a l f i le  can  b e  am ended. 

E x c ep t w hen m in o r  ch an g es  a r e  m ade to  a n  e x is t in g  f i le , e i th e r  p ro c e s s  is  

r a t h e r  la b o r io u s . T h e  m a te r ia l  of th e  s o u rc e  docum ent, the  n u m b er of 

ch a n g es , and  th e  n e a tn e s s  r e q u ir e d  in  th e  f in a l docum ent have a  su b s ta n tia l 

e ffe c t on th e  t im e  invo lved . S ta b le -b a s e  p h o to sen s it iv e  m a te r ia ls  have b ee n  

d ev e lo p ed  on w h ich  d a ta  f r o m  tr a n s lu c e n t  s in g le  - tone  s o u rc e  m a te r ia l  can  

b e  cop ied  and  f r o m  w h ich  d a ta  ca n  b e  re m o v e d  b y  e le c tr ic a l ly  p o w ered  

e r a s u r e .  H o w ev er, i f  th e  s o u rc e  m a te r ia l  i s  c o lo u r-p r in te d  p a p e r  and 

c o lo u r  w a s h e s  m u s t b e  chan g ed  in  th e  m e rg e d  a r e a s ,  th e  docum ent m u s t be 

c o m p le te ly  r e p r in te d  u s in g  c o r r e c te d  co lo u r  s e p a ra t io n  p la te s .

E dge M atch
T h e  s a m e  d iff ic u lt ie s  h av e  to  b e  fa c e d  w hen th e  ed g es  of ad jacen t m aps a r e  

 m a tch ed . T o  e d g e -m a tc h  one s h e e t , e ig h t o th e r  s h e e ts  m u s t be exam ined  

v is u a l ly  and  c o r r e c t io n s  m a y  b e  r e q u ir e d  on fo u r  o r  m o re  of th e m . T he 

tim e  ta k e n  v a r i e s  w ith  th e  num be r  o f m ism a tc h e s  to  b e  c o r re c te d  and 

n u m b e r  of r e f e r e n c e s  th a t m u s t b e  m ade to  d a ta  s o u rc e s , bu t th e  le v e l of 

e f fo r t r e q u ir e d  ca n  b e  u n d e rs to o d .

T h e  b r ie f  d is c u s s io n  of m a n u a l te c h n iq u e s  fo r  h and ling  s p a tia l  d a ta  so  f a r  

h a s  in d ic a te d  th e  r e l a t i v e ly  la b o r io u s  n a tu re  of c e r ta in  of th e i r  o p e ra tio n s . 

T h is  p a r t ic u la r ly  a p p lie s  to  th e  p ro c e d u re s  invo lv ing  the  t r a n s f e r  of d a ta  

f r o m  one m e d iu m  to  a n o th e r , e s p e c ia lly  i f  i t  i s  not a  l in e a r  p ro c e s s .  On 

t h e  ot h er  han d , th e  s e le c tiv e  p r o c e s s  u n d e rta k e n  b y  th e  hum an m in d a s  an  

in te g ra l  p a r t  of m a n u a l g ra p h ic  d a ta  p ro c e s s in g  is  o ften  e x tre m e ly  e ffic ien t. 

 T h is  i s  i l lu s t r a te d  in  so m e  of th e  te ch n iq u es  d e sc r ib e d  below .

C e n tro id  A llo ca tio n
C e n tro id  a l lo ca t ion  i s  th e  d e te rm in a tio n  of th e  c e n tre  of a  d a ta  c lu s te r  

ac c o rd in g  to  a  g iv en  a lg o r ith m . T h e  a lg o r ith m  can  p r e s c r i b e  w h e th e r  i t  be 

th e  c e n tre  of m a s s ,  a  c e n tre  const r a in e d  w ith in  th e  boundary  of th e  a r e a .
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o r  th e  c e n tre  of a r e a s ,  l in e s ,  c lu s te r s  of l in e s , o r  c lu s t e r s  of p o in ts . T h e  

ey e , hand , and  b r a in  can  p e r f o rm  th i s  ta s k  e a s i ly , a s  i t  in v o lv es  p a t te r n  

re c o g n itio n  b o th  to  c a lc u la te  th e  p o s itio n  of th e  c e n tro id  in  th e  d a ta  c lu s te r  

and  to  s e p a r a te  th e  d a ta  c lu s te r  f ro m  o th e r  e le m e n ts  in  th e  s p a t ia l  f ile . 

C a lc u la tio n  of th e  c e n tro id , a  r a th e r  com p lex  p ro c e s s  in  te r m s  o f th e  

d e c is io n s  invo lved , i s  done a lm o s t in s ta n tan e o u sly . C o n s id e ra b ly  m o re  

t im e , h o w ev er, i s  n ee d ed  a c tu a lly  to  p lo t th e  c e n tro id  on th e  g ra p h ic  m ed ium . 

On a  ty p ic a l 2 0 -in . x  3 0 -in . m ap  of p re s e n t la n d  u s e  a t  a  s c a le  of 1 :50 ,000 , 

w ith  2 ,0 0 0  p a tc h e s  of hom ogeneous la n d  u s e , e a ch  of w h ich  r e q u i r e s  a  

c e n tro id , th e  p ro c e s s  ta k e s  ap p ro x im a te ly  2 h o u rs  f o r  p o in t a l lo c a t io n  (3 

h o u rs  i f  th e  p o in ts  a r e  s e q u e n tia lly  n u m b e red  on  th e  m ap  a s  th e y  a r e  in s e r te d ) ,  

an d  a  f u r th e r  1 h o u r  to  c h e ck  th a t none h ave  b e e n  m is s e d . T he s a m e  e f f i -  

c ie n c ie s  ap p ly  in  th e  ta s k s  of m an u a l co n tou ring  a n d  m a n u a l g e n e ra liz a tio n .

C o n tou ring
C o n to u rin g , th e  c re a tio n  of is o lin e s  th ro u g h  a  s e r ie s  of po in ts  w ith  v a r ia b le  

v a lu e s , r e l i e s  upon v is u a l ex a m in a tio n  of th e  o r ig in a l  d a ta  s e t  a n d  a  

d e c is io n -m a k in g  p ro c e s s  to  d ir e c t  th e  d raw ing  of is o lin e s  th ro u g h  th e  p o in ts  

b y  hand . C o n flic ts  of in te rp r e ta t io n  m ay  o r  m a y  n o t b e  re s o lv e d  b y  r e f e r e n c e  

to  ad d itio n a l d a ta . T h e  m an u a l a p p ro ac h  h a s  th e  ad v an tag e  th a t  i t  m a k es  

im m e d ia te  u s e  of th e  r e le v a n t  know ledge of a  d rau g h tsm an .

G e n e ra liz a tio n
In  g e n e ra liz a tio n , e le m e n ts  of s p a t ia l  d a ta , p o s s ib ly  w ith  m u ltiv a r ia b le  

c la s s i f ic a t io n s ,  a r e  com b ined  in to  a  s in g le  l a r g e r  e le m e n t w ith  a  s in g le  

c la s s i f ic a t io n ,  u s u a lly  b a s e d  on th e  p ro p o rtio n  of th e  o r ig in a l  s e p a ra te  

c la s s i f ic a t io n s  co n ta in ed  in  th e  new s p a tia l  d a ta  e le m e n t. T h e  p r o c e s s  i s  

e s s e n t ia l ly  a  s o p h is tic a te d  seq u en ce  of m e rg in g , d isso lv in g , and  g e n e ra tin g  

c a lc u la te d  a c c o rd in g  to  a  s e t  of r u le s .  T h e tech n iq u e  i s  u s e d  w hen  th e  

co m p lex ity  of d a ta  p ro h ib i ts  s e n s ib le  d isp la y  a t th e  d e s ir e d  s c a le ,  and  i s  o f 

p a r t ic u la r  s ig n if ican ce  w hen th e  r e s u lt in g  g rap h ic  d isp la y  i s  to  b e  th e  on ly  

p la c e  w h e re  th e s e  d a ta  a r e  s to re d . G en e ra liza tio n  i s  p a r t  a r t  and  p a r t  

s c ie n c e . T h e  d e g re e  to  w hich  d a ta  ca n  b e  crow ded  on a  p a r t ic u la r  m ap  

s h e e t i s  f re q u e n tly  d e te rm in e d  b y  m e n ta l ev a lu a tio n  of th e  e a s e  w ith  w h ich  

th e  m ap  s h e e t ca n  b e  r e a d ,  o r  th e  o v e ra l l  a e s th e t ic s  of co lo u r  o r  lin e  

p a t te rn s .  H e re  ag a in , th e  m e n ta l p r o c e s s e s  of g ra p h ic  s e le c tio n  a r e
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e x tre m e ly  e ff ic ie n t. O nce th e  d ec is io n s  h av e  b ee n  m ade, th e  new b o u n d a rie s  

m ay  b e  t r a c e d  s e le c t iv e ly  f r o m  la r g e r - s c a l e  s h e e ts ,  th e  im a g e s  re d u c e d  

p h o to g ra p h ica lly , and  th e  d a ta  e le m e n ts  r e la b e lle d ; l in e s  m ay  b e  sm oo thed ; 

o r ,  f o r  e x t re m e  g e n e ra liz a tio n , th e  o r ig in a l d a ta  m ay  b e  sym b o lized . T he 

te ch n iq u es  u s e d  in  th e s e  d if fe re n t ap p ro a c h e s  m a y  v a ry , and  can  b e  m ixed  

on the  s a m e  sh e e t .  A ll th e  p h y s ic a l o p e ra t io n s  a r e  la b o rio u s  and invo lve 

th e  c re a tio n  of a  new s p a t ia l  d a ta  f i le . T he tim e  and e ffo r t ta k en  n e c e s s a r i ly  

depend  on th e  a r e a  to  b e  c o v e re d  and , in  p a r t ic u la r ,  on th e  r u le s  of th e  

g e n e ra liz a tio n .

DATA EX TRA CTIO N

D ata  e x t ra c tio n  i s  th e  d ua l p r o c e s s  of s e le c tin g  and re t r ie v in g  d a ta  f r o m  th e  

g ra p h ic  s to ra g e  f i le  f o r  su b se q u en t d e c is io n -m a k in g  p u rp o se s .

“D ata  se le c tio n "  d epends on  th e  r e q u ire m e n ts  of th e  p a r t ic u la r  d e c is io n s  to  be 

m a d e , and  i s  b a s e d  on a  p r io r i  know ledge of th e  co n ten ts  of th e  f i le ,  o r  on 

th e  h e u r i s t ic  p r o c e s s  of b ro w sin g  th ro u g h  th e  f i le  ( in te ra c t iv e  f i le  s e a rc h ) , 

o r ,  m o re  u s u a lly , on a  com b in a tio n  of th e  tw o  ap p ro a c h e s . T he m e n ta l 

p ro c e s s e s  of su ch  id e n tif ic a tio n  and  se le c tio n  a r e  e s s e n tia lly  lo g ic a l c o m p a r i- 

so n s  of th e  f i le  e le m e n ts  w ith  m e n ta l s e ts  of d a ta , o r  r u le s  p r e s c r ib e d  by  

a  d ec is io n -m a k in g  p ro c e s s .  A s th e  a b i li ty  to  b ro w se  th ro u g h  g ra p h ic  

s to ra g e  f i l e s  r e l a te s  to  th e  p h y s ic a l p ro c e s s  o f d a ta  e x tra c tio n , i t  w ill  be 

b r ie f ly  e x a m in ed  in  th is  s e c t io n  o f th e  c h a p te r .

" D a ta  r e t r i e v a l "  e n c o m p a s s e s  th e  d ir e c t  re a d in g  of d a ta  e le m e n ts  w r it te n  

in  th e  s p a tia l  f i le  and  a ls o  th e  r e t r i e v a l  of d a ta  in h e re n t in  th e  s t r u c tu r e  of 

th e  f i le  co n ten ts . T h is  l a t t e r  a s p e c t of d a ta  r e t r i e v a l  in c o rp o ra te s  m e a s u r e ­

m e n t and  c o m p a ris o n , w h ich  a r e  c o n tro lle d  b y  th e  d a ta  s e le c tio n  p ro c e s s  

an d  w h ich  ca n  b e  e i th e r  m e n ta l (e s tim a tio n ) o r  p h y s ic a l. E i th e r  type , 

m e n ta l o r  p h y s ic a l,  can  b e  u s e d  to  id e n tify  d a ta  e le m e n ts , id e n tify  and  

r e t r i e v e  d a ta  p a t te rn s ,  c o m p a re  s e p a ra te  d a ta  e le m e n ts  o r  p a t te r n s ,  and  

su p e r im p o se  d a ta  e le m e n ts  o r  p a t te rn s . D ata  r e t r i e v a l  i s  co m p le ted  by  

m oving th e  s e le c te d  d a ta  e le m e n ts  o r  r e s u l t s  of th e  m e a s u re m e n t o r  c o m - 

p a r is o n  to  a n o th e r  f o r m  o f s to ra g e , e i th e r  m e n ta l o r  p h y s ic a l. T h e  m e n ta l 

o p e ra t io n s  in vo lved  in  m e a s u re m e n t and  c o m p a riso n  a r e  o u ts id e  th e  sco p e  

of th i s  th e s i s ,  b u t th e  p h y s ic a l p ro c e s s e s  o f m e a s u re m e n t and co m p a riso n
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f o r m  a  s u b s ta n tia l  p a r t  of th e  te ch n iq u es  f o r  m anua lly  hand ling  g ra p h ic  data .

T h e  m anual o p e ra t io n s  in vo lved  in  th e s e  p ro c e s s e s  in c lu d e  th e  a b i li ty  to  

r e a d ,  s e a rc h ,  m ove ( t r a n s f e r  d a ta  f r o m  one r e c o r d  to  a n o th e r) , m e a s u re , 

and  co m p are . Som e e x a m p le s  th a t i l lu s t r a t e  th e  tim e  and  e ffo r t invo lved  
in  th e s e  ta s k s  a r e  g iv en  below .

D ata  S e lec tion

R ead ing . R ead in g  i s  b y  no m e an s  s im p le  and  s tra ig h tfo rw a rd . C h a ra c te r  

re c o g n itio n  i s  a  co m p lex  p ro c e s s  th a t th e  hu m an  m ind  can  do w e ll, g iven  

ad e q u a te  t r a in in g , b u t th a t c o m p u te rs  canno t (hence th e  need  to  change 

g ra p h ic  d a ta  in to  s p e c ia l  m a c h in e - re a d a b le  co d es  a s  an  e s s e n t ia l  f i r s t  s te p  

in  m ach ine  d a ta  h and ling ). F u r th e rm o r e ,  r e a d in g  g rap h ic  f i le s  im p lie s  

th e  a b i li ty  to  in te r p r e t  th e  sy m b o ls  and  p a r t ic u la r ly  th e  conven tions u s e d  in  

th e  c a r to g ra p h ic  d is p la y s . It r e q u i r e s  m e n ta l ad a p ta tio n  to  th e  c o n s tra in ts  

o f th e s e  g ra p h ic  la n g u ag es  w hen e s tim a tio n  and m e a s u re m e n t o f th e  g ra p h ic  

f i l e  a r e  invo lved . It i s  no t u n u su a l f o r  th e  re a d in g  of a  20 -in . x  30- in . 

to p o g ra p h ic  m ap  s h e e t , u n d e rta k e n  to  d e te rm in e  p r in t in g  e r r o r s ,  to  ta k e  

10 h o u rs , and  th e  t im e  i s  c o rre s p o n d in g ly  lo n g e r  f o r  s h e e ts  w ith  h igh  

d e n s it ie s  o f d a ta . Such re a d in g  f o r  ed itin g  p u rp o s e s  d o es , of c o u rs e , 

in c lu d e  th e  t im e  u s e d  f o r  m e n ta l c o m p a r is o n s  w ith  a  g iven  s e t  of e d i to r ia l  

r u le s ,  b u t i t  in d ic a te s  th e  g e n e ra lly  slow  n a tu re  of th is  b a s ic  a s p e c t of 

m a n u a l r e t r ie v a l .  T h e  re a d in g  p r o c e s s  i t s e l f  i s  n o t f r e e  f ro m  e r r o r s .  I t 

i s  com m on p r a c t ic e  to  u s e  m o re  th a n  one e d i to r  f o r  m ap  check ing , no t o n ly  

b e c a u se  one p e r s o n  ca n  in tro d u c e  e r r o r s  in to  th e  in fo rm a tio n  a s  i t  i s  b e in g  

r e a d ,  b u t b e c a u se  one p e r s o n  can  om it to  r e a d  p a r t  of th e  f i le  a tten tiv e ly , 

ev e n  though  i t  h a s  b e e n  v is u a l ly  scan n e d  b y  th a t p e rso n .

T h e  tim e  invo lved  in  re a d in g  a  p a r t ic u la r  g ra p h ic  d a ta  s e t  is  a  fun c tio n  o f 

re a d in g  ca p a b ili ty  a n d  f i l e  s iz e . A lthough m ap  s h e e ts  a r e  thought o f a s  a  

co m p ac t and  sy m b o lic  f o r m  of d a ta  s to ra g e ,  th e  n u m b e r of s h e e ts  r e q u ire d  

to  co n ta in  even  a  l im ite d  am ount of th e  s p a t ia l  d a ta  a lre a d y  g a th e re d  f ro m  

a  p a r t ic u la r  a r e a  of th e  e a r th  m a y  b e  la rg e .  T h is  can  b e  i l lu s t r a te d  by  

tw o  ex a m p le s . T h e  f iv e  d a ta  s e t s  (p re s e n t la n d  u s e ,  a g r ic u l tu ra l  c a p ab ility , 

f o r e s t r y  ca p a b ili ty , r e c r e a t io n  su ita b ili ty , an d  w ild life  h a b ita t su ita b ili ty ) 

c o l le c te d  b y  th e  C an ad a  L an d  In v en to ry  f ro m  th e  a g r ic u l tu ra l  and  p ro d u c tiv e
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f o r e s t  a r e a s  of C anada (ap p ro x im a te ly  1 m illio n  s q u a re  m iles)  w i l l  c o m p r is e  

15 ,000  to  20 ,000  s h e e ts  w hen co m plete  (14 ,000 have a lre a d y  b e e n  p roduced ). 

Of th e  m o re  th a n  500 e le c tr i c i ty  u ti lity  co m pan ies  in  th e  U n ited  S ta te s , a  

ty p ic a l  co m pany  h a s  10,000 to  15 ,000 m ap s h e e ts  to  r e c o r d  th e  p o s itio n  of 

i t s  p o w e r l in e  n e tw ork . Even th e  p h y s ica l s to ra g e  re q u ire m e n ts  of s u ch  

d a ta  s e t s  a r e  n o t in c o n s id e ra b le , and  u s e r s  f re q u e n tly  have a  s u b se t of 

g ra p h ic a lly  s to r e d  m a te r ia l  f o r  r e g u la r  u s e  and  c e n tra l  (rem o te) l i b r a r y  

f a c i l i t ie s  f o r  m a in  s to ra g e . T h is  m e a s u ra b ly  le n g th en s  th e  a c c e s s  t im e  to  

th e  to ta l  s to r e  and  h a s  so m e in flu en ce  on th e  d a ta  re a d i ly  a v a ila b le  (hence 

m o s t u sed) f o r  d e c is io n  m aking. F in a lly , th e  a c tu a l hand ling  o f  th e  f i le s  

c a u s e s  e v e n tu a l p h y s ic a l d e te r io ra t io n  of th e  im a g e s  and  r e g u la r  m a in te n an ce  

i s  r e q u ire d .

S e a rc h  an d  id e n tif ic a tio n . T he tim e  and e f fo r t invo lved  in  a l l  ty p e s  of 

" s e a r c h "  o p e ra t io n s , bo th  m anual and  c o m p u te r-a id e d , a r e  o b v io u s ly  i n -  

f lu e n c e d  b y  th e  w ay  in  w hich  th e  d a ta  e le m e n ts  a r e  o rg a n iz e d  a n d  indexed .

T h e  s to r a g e  o f g ra p h ic  d a ta  im p o se s  s e v e r a l  s ig n if ican t c o n s tra in ts  o n  th e  

w ay  s p a t ia l  d a ta  a r e  f i le d  and on th e  vo lum e of d a ta  on any  one  r e c o r d .  

A tte m p ts  to  f i l e  th e  m any  d iffe re n t ty p e s  of ind iv id u a l sp a tia l, data, e le m e n ts  

on  s e p a r a te  s h e e ts  and  lin k  th e m  by  lo g ic a l in d e x es  r a p id ly  c r e a te  p ro h ib i- 

t iv e ly  la r g e  n u m b e rs  of s h e e ts . T o  m in im ize  th e  n u m b e r  of s h e e t s ,  s e t s  

of r e la te d ,  b u t d if fe re n t, d a ta  e le m e n ts  a r e  f re q u e n tly  f iled  on o n e  s h e e t ;  

f o r  e x a m p le , a  to p o g ra p h ic  m ap show s r iv e r s ,  b u ild in g s , f o r e s t s ,  c o n to u rs  

of h e ig h t, an d  so  fo r th . A lte rn a tiv e ly , v a r io u s  d a ta  e le m e n ts  m a y  b e  c o m - 

b in e d  and  c la s s i f ie d  a c c o rd in g  to  a  s e t of ru le s ,  and  only  th e  re s u l t in g  

c a te g o r ie s  a r e  show n. T h e se  p ro c e d u re s  a r e  u s e fu l if  th e  u s e r  w is h e s  to  

c o n s id e r  th e  r e s u l t in g  d a ta  s e ts  in  th e ir  e n t ir e ty , bu t th e y  can  m a k e  i t  

v e r y  d iff ic u lt to  s e a r c h  fo r  su b se ts  of the  o r ig in a lly  g a th e re d  d a ta ,  and  w h e re  

r e c la s s i f ic a t io n  h a s  o c c u rre d  m ay  even p ro h ib it th e i r  e x tra c tio n .

T h e  f i l e  s t r u c tu r e  u s e d , h o w ev er, m ay  g re a t ly  f a c i l i ta te  th e  s e a r c h  p r o c e s s .  

In  s o m e  in s ta n c e s ,  su ch  a s  a  to p o g ra p h ic  m ap , th e  f i le  s t r u c tu r e  of th e  d a ta  

e le m e n t c o n f o rm s  ap p ro x im a te ly  to  o u r  p e rc e p tio n  of th e  v a r io u s  e n v iro n - 

m e n ta l e le m e n ts , and  th e i r  re la tio n sh ip s  to  each  o th e r  and to  o u r  b eh a v io u r  

p a t te r n s .  T h is  p ro v id e s  u s  w ith  a  s e r ie s  of m e n ta l in d e x e s  w hich e s ta b lis h
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a  h ie r a r c h y  o f v a lu es  f o r  d a ta  e le m e n ts  and  k ey s  to  th e ir , s p a t ia l  d is tr ib u tio n .1 

U se  of su ch  e s ta b lis h e d  m e n ta l in d e x es  can  m e a s u ra b ly  re d u c e  th e  am oun t 

of re a d in g  r e q u ir e d  in  th e  s e a r c h  p ro c e s s .

C o nven tiona l p h y s ic a l in d ex ing  of g rap h ic  d a ta  s to ra g e  i s  u s u a lly  l im ite d  to

b ro a d  g ro u p s  of s u b je c t m a tte r ,  c ro s s - in d e x e d  b y  s p a t ia l  a t t r ib u te s .  L i tt le

ca n  b e  ac co m p lish e d  b y  r e f e r e n c e  to  su ch  s im p le  in d ex es  a lo n e , b u t th e y

p ro v id e  ra p id  id e n tif ic a tio n  of d a ta  s e ts  f o r  sp e c if ic  a r e a s ;  su b se q u en t

a c c e s s  to  th e  m ap  s h e e ts  is  d ir e c t  (random ) and  th e  t im e  u s e d  can  b e  s h o r t .

T h e  s to ra g e  m e d iu m  i s  th e  s a m e  a s  th e  d isp la y  m ed iu m , so  d a ta  r e t r i e v a l

can  b e g in  in s ta n tly . B ro w sin g  i s  g r e a t ly  a id ed  b y  th e  ra n d o m  a c c e s s  to  m ap

s h e e ts .  I t i s  e a s y  to  d is p la y  s e v e ra l  m ap  s h e e ts  in  r a p id  s u c c e s s io n  and  to

view  th e m  s id e  b y  s id e . F o r  s m a l l  n u m b e rs  of s h e e ts  th is  is  an  e x tre m e ly

e ff ic ie n t o p e ra t io n , b u t i f  m any  m ap s a r e  d isp la y ed  a t  once i t  m a y  b ec o m e

difficu lt f o r  th e  o b s e rv e r  to  re c o g n iz e  and r e t a in  th e  im a g e s  th e y  con ta in .

T h is  m a y  b e  a  fu n c tio n  of low  h u m an  "chan n e l c a p a c ity " .2 T h e  p r o c e s s  i s ,  

h o w e v e r , e n t ir e ly  u n d e r  th e  c o n tro l of th e  o b s e r v e r  an d  b ec o m es  c u m b e r - 

so m e  on ly  i f  la rg e  f i le s  h av e  to  b e  scan n ed . W hen th e  s im p le  in d e x es  allow  

id e n tif ic a tio n  of l im ite d  s e a r c h  a r e a s  and th e  av a ila b le  d a ta  s e t s  a r e  c o n - 

v e n ie n tly  g ro u p ed , th e  m a n u a l p ro c e s s  is  r a p id , e ff ic ie n t, and  in e x p en s iv e .

T h e  end  p ro d u c t of th e  s e a r c h  and  id e n tif ic a tio n  p ro c e s s  i s  s e le c tio n  of th e  

d a ta  e le m e n ts  to  b e  e x t ra c te d  f r o m  th e  f i le . In  m e n ta l te r m s ,  th i s  in v o lv es  

m a tch in g  th e  p a t te rn  of th e  g ra p h ic  e le m e n ts  to  a  g iven  s e t  of r u le s  o r  to  

im a g e s  b a s e d  upon a  s e t  of g ra p h ic  r u le s .  W h e re  th e  d a ta  e le m e n t , fo r  

ex a m p le  a  n a m e , i s  w r i t t e n  in  th e  f i le ,  id e n tif ic a tio n  is  a  s tra ig h tfo rw a rd  

m a tch in g  p ro c e s s .  W h e re  th e  d a ta  e lem en t, f o r  ex a m p le  th e  d is ta n c e  

b e tw e en  o b je c ts , i s  in h e re n t in  th e  f i le  s t r u c tu r e ,  th e  p ro c e s s e s  of 

r e t r i e v a l  b y  m e a s u re m e n t o r  c o m p a riso n  (e i th e r  m e n ta l o r  p h y s ic a l, o r  both) 

m u s t b e  c a r r i e d  out to  r e v e a l  d a ta  th a t m a tch  a  s e le c tio n  r e q u ire m e n t .

T h e s e  l a t t e r  o p e ra t io n s  w ill b e  ex a m in ed  fu r th e r  below .

D ata  R e tr ie v a l

T r a n s f e r .  T h e  t r a n s f e r  of d a ta  e le m e n ts  f ro m  a  g ra p h ic  f i le  to  a  seco n d

s to ra g e  f o r  u s e  in  d ec is io n  m ak ing  m a y  b e  ac co m p lish ed  e i th e r  m e n ta lly

1. M ilg ra m  1972, E m e rs o n  1969, S tea  1969, T ro w b rid g e  1913. 2. H um an 
"c h a n n e l ca p ac ity "  i s  th e  m a x im u m  r a t e  a t w hich  b i t s  of in fo rm a tio n  can  
b e  t r a n s m it te d  to  th e  b r a in  v ia  a l l  h u m an  s e n s o ry  chan n e ls .
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A s th e  fo rm a t  of th e  m e n ta l s to ra g e  is  la r g e ly  unknow n, no se n s ib le  com m ent 

can  b e  m a d e  abou t th e  m e n ta l p ro c e s s  of t r a n s f e r  to  th a t f o r m  of s to ra g e  

e x c ep t th a t  i t  i s  r a p id  if  th e  d a ta  a r e  s im p le , inv o lv es  on ly  la b o u r  c o s ts ,  

and  h a s  p ro v e d  i t s  a b i lity . No m e a s u re s  of im ag e  re te n tio n  c a p a c ity  a r e  

a v a ila b le , b u t i t  i s  though t th a t a t l e a s t  250,000 im a g e s  a r e  f i le d  in  s to ra g e  

a s  p a r t  o f th e  n o rm a l hu m an  v is u a l re c o g n itio n  p ro c e s s .  T h e  p ro c e s s  in c o r -  

p o ra te s  ra n d o m  a c c e s s  to  su ch  im a g e s , a  co m p lex  to p o lo g ica l index , 

b ro w s in g  ca p a b ili ty , a  s o p h is tic a te d  im a g e -m a tc h in g  c a p a b ili ty , a n d  a n  

in d iv id u a l im ag e  m a tr ix  of 1 ,000 b y  1, 000 p o in ts . T h e  r a t e  of h u m a n  d a ta  

t r a n s f e r  i s  c o n s id e re d  to  b e  in  th e  o r d e r  of 3 baud , 1 w h ich  w ould  in d ic a te  

a  r a t h e r  low  "ch a n n e l ca p ac ity "  co u p led  w ith  a  h ig h  p ro c e s s in g  ca p ab ili ty .

No e s t im a te s  a r e  a v a ila b le  f o r  th e  m o d a l d iv is io n  of su ch  d a ta  b e tw e en  th e  

v a r io u s  s e n s o ry  ch a n n e ls . T h e se  f ig u re s  canno t b e  su b s ta n tia te d  w ith o u t 

e x te n s iv e  f u r th e r  in v e s tig a tio n , if  a t  a l l  in  th e  fo re s e e a b le  fu tu r e ,  b u t th e y  

p ro b a b ly  a r e  m in im u m s (p a r t ic u la r ly  in  th e  c a s e  of c h a n n e l ca p ac ity ). T h ey  

in d ic a te  th e  fo rm id a b le  ca p a c ity  of th e  hum an  s y s te m  of im ag e  s to ra g e  and  

m a n ip u la tio n , w h ich  m u s t b e  k ep t in  m in d  w hen a l te rn a t iv e  m a c h in e -a id e d  

s y s te m s  a r e  c o n s id e re d .

T h e  p h y s ic a l m o v em en t of s e le c te d  g ra p h ic  d a ta  to  a  se c o n d  s to ra g e  i s  a n  

im ag e  t r a n s f e r  p r o c e s s  ac c o m p lish e d  b y  a  v a r ie ty  of re a d in g  an d  w r itin g  

o p e ra t io n s . T h e  o p e r a to r  m ay  r e a d  th e  d a ta  e le m e n t and  w r i te  i t  on  a  

s e p a ra te  r e c o rd .  If th e  im ag e  i s  o th e r  th a n  sy m b o lic , th e  e r r o r  le v e l  of 

su ch  v is u a l  t r a n s f e r  m ay  b e  h igh ; and, a s  a n  a l te rn a t iv e ,  t r a n s f e r  m a y  b e  

m ade b y  c o n tac t t r a c in g  on to  a  seco n d  r e c o rd ,  o r  b y  p ro je c tin g  th e  im ag e  

on  to  th e  se c o n d  r e c o r d  and  tr a c in g  th e  lig h t im ag e . I f  th e  im a g e s  a r e  

e x t re m e ly  co m p lex  an d  tr a c in g  w ould  r e s u l t  in  a n  u n ac cep ta b le  n u m b e r o f 

e r r o r s  o r  ex p e n se  of t im e , th e n  a  p h o to g rap h ic  t r a n s f e r  p ro c e s s  m a y  b e  

u sed .

T h e  ad v an tag e  of m a n u a l t r a c in g  i s  th a t unw anted  d a ta  ca n  b e  m e n ta l ly  

m a sk e d  an d  on ly  s e le c te d  d a ta  n ee d  b e  t r a n s f e r r e d .  P h o to g ra p h ic  d a ta  

t r a n s f e r  m a y  m ake u s e  o f p h y s ic a l m a sk in g , in  w h ich  unw anted  p a r t s  of 

e i th e r  th e  o r ig in a l im a g e  o r  i t s  p h o to g rap h ic  copy  a r e  c o v e re d . H ow ever,

1 .  E d w a r d s  1 9 6 4 , Q u a s t l e r  1 9 5 6 .
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th i s  t a s k  i t s e l f  m a y  b e  m o re  la b o rio u s  th a n  tr a c in g .  A  f i l te r  ca n  b e  u s e d  

in  th e  p h o to g ra p h ic  p r o c e s s  to  m a sk  sp e c if ic  c o lo u rs  on  co lo u red  o r ig in a ls . 

H o w ev er, p h y s ic a l t r a n s f e r  of d a ta  f ro m  a  g ra p h ic  s to ra g e  f i le  to  a  second  

s to r e  i s  u s u a lly  a c c o m p lish e d  b y  tra c in g .

E x p e r im e n ta l ev id en ce  th a t re v e a ls  th e  d e g re e  of e r r o r  and  th e  e ffo rt 

r e q u i r e d  in  th e  p r o c e s s  h a s  b ee n  o b ta in ed  in  t e s t s  of d a ta  t r a n s f e r  by 

t r a c in g  an d  s c r ib in g  te ch n iq u es  p e r fo rm e d  b y  th e  C a rto g ra p h ic  S ection  of 

th e  C an a d a  D e p a rtm e n t o f A g ric u l tu re  in  th e  G overn m en t of C anada. 

D iffe re n t am o u n ts  o f d a ta  w e re  con ta ined  in  th e  g ra p h ic  s to ra g e  f i le  fo r  

v a r io u s  p a r t s  of th e  co u n try . A cco rd ing ly , s a m p le s  c o m p r is in g  one f ile  

c o n ta in in g  d a ta  of a v e ra g e  d en s ity  and  a n o th e r  con ta in in g  d a ta  of low 

d e n s ity  w e re  ch o sen  f o r  th e  t e s t s .  T h e  f i r s t  c o n s is te d  of a  s o i l  m ap  and  a  

p r e s e n t  la n d  u s e  m ap  o f p a r t  of G ren v ille  C ounty  in  O n ta rio , bo th  m aps a t 

a  s c a le  o f 1:126, 720. Tw o tr a c in g s  f r o m  th e  p r e s e n t  la n d  u se  m ap  of 

G re n v il l e  C ounty  w e re  m ad e , an d  th e  t r a c in g  t im e s  fo r  n e a t l in e  b o u n d a rie s  

an d  p r e s e n t  la n d  u s e  a r e a  b o u n d a rie s  fo r  th e  e n t ir e  m ap  s h e e t of 339 sq . in . 

w e re  a s  fo llow s:

7 1

S c rib in g  w as c a r r i e d  o u t a t  th e  s a m e  tim e  a s  tr a c in g ;  th e  s c r ib in g  tim e  f o r  

n e a t l in e  and  p r e s e n t  la n d  u se  b o u n d a rie s  w a s  a s  fo llow s:

T h e  s a m e  s c r ib in g  p ro c e d u re  w as  a ls o  u s e d  to  p ro d u c e  a  copy o f th e  p re s e n t  

la n d  u s e  m ap  o f th e  R id ing  M ountain a r e a ,  w ith  i t s  lo w -d e n s ity  data . T he 

s h e e t m e a s u re d  458 sq . in . and  re q u ire d  5 h o u rs  12 m in  fo r  s c r ib in g  and  

47 m in  f o r  ed itin g . A v e rag e  t im e  p e r  sq . in . o f th e  m ap  s h e e t s c r ib e d  b y  

a n  e x p e rie n c e d  d ra u g h tsm a n  w as 0. 8 m in .

I t  w as  conc luded  th a t  to  t r a n s f e r  d a ta  f ro m  th e  s to ra g e  f i le  by  m an u a l 

t r a c in g  p r o c e s s e s ,  s c r ib in g  w as f a s te r  and  m o re  a c c u ra te  th a n  th e  tr a d itio n a l

a. E x p e r ie n c e d  d rau g h tsm a n 4 h  35 m in
E d itin g  of t r a c in g  p ro c e s s 1 h

b . In e x p e r ie n c e d  d rau g h tsm a n 4 h  40 m in
E d itin g  of t r a c in g  p ro c e s s 1 h  30 m in

A v erag e  tim e  p e r  sq . in . of m ap  sh ee t a . 1 m in
b . 1. 1 m in

a . E x p e r ie n c e d  d rau g h tsm a n 3 h  31 m in
E d itin g 35 m in

A v e ra g e  t im e  p e r  sq . in . o f m ap  s h e e t 0. 7 m in



m e th o d  o f ink  o r  p e n c il t ra c in g . T h is  q u ic k e r  m e thod  o f m anual d a ta  t r a n s f e r  

w as  ta k e n  a s  a  s ta n d a rd  fo r  e s tim a tio n  of th e  tim e  r e q u i r e d  fo r  th e  t r a c in g  

e f fo r t  co n te m p la te d  in  th e  C anada L and In v en to ry . In  th e  e x p e rim e n ts , 

s c r ib in g  re s u l te d  in  t im e s  of betw een  0. 7 an d  1. 6 m in  p e r  sq . in . f o r  th e  

ty p e  an d  d e n s ity  of d a ta  co n ta in ed  in  th e  sa m p le  f i le  of g ra p h ic  s to ra g e ,  

o r  a n  e s tim a te d  la b o u r  t im e  of be tw een  7 an d  16 h o u rs  to  co m p le te  a  s h e e t 

of 600 sq . in . A  s e t  of 500 m aps w ould invo lve  b e tw e en  3 ,500  and  8 ,000  

m a n -h o u rs  (19. 9 and  45. 5 m a n -m o n th s). M ore  th a n  14 ,000  m a n u sc r ip t 

m ap  s h e e t s  h av e  b ee n  g e n e ra te d  b y  th e  C anada L and  Inv en to ry . A lthough 

th e  in s tr u m e n ts  and  equ ipm en t n e c e s s a ry  fo r  th i s  type  of w o rk  a r e  l im ite d  

to  n o rm a l  d rau g h tin g  f a c i l i t ie s  (qu ie t ro o m , t r a c in g  ta b le s ,  s c r ib e  p o in ts , 

an d  s c r ib e c o a t  m a te r ia ls  a t  a  c o s t of a p p ro x im a te ly  $5 . 00 p e r  sh e e t) , it  

c a n  b e  s e e n  ev e n  f ro m  th is  inadequa te  sa m p le  th a t th e  r e q u ire m e n ts  of 

la b o u r  and , m o re  im p o rta n t ly , of th e  t im e  to  t r a n s f e r  th e  d a ta , a r e  la rg e .

A  p r e l im in a ry  in v e s tig a tio n  of hum an  t r a c in g  e r r o r  w as  conduc ted  jo in tly  

w ith  th e  tim in g  s tu d ie s . T he sam p le  w as  a  la n d  r e s o u r c e s  m ap  o f a v e ra g e  

d a ta  d e n s ity ; though  su b je c tiv e ly  ch o sen , i t  w as  re p r e s e n ta t iv e  o f m any  in  

th e  C an ad a  L an d  In v en to ry . A m a s te r  copy  o f th e  m ap  w as  re p ro d u c e d  

p h o to g ra p h ic a l ly  on s ta b le  m a te r ia l .  D rau g h tsm e n  and  o p e r a to r s  w ith  

v a r io u s  d e g re e s  of e x p e rie n c e  w e re  s e le c te d . E a ch  t r a c e d  th e  m a s te r  copy 

b y  p e n  on a  tr a n s lu c e n t  s ta b le  m a te r ia l ,  f i r s t  a t  n o rm a l sp eed , n ex t a t h igh  

sp e e d , and  f in a lly  a t slow  sp eed  w ith  m a x im u m  a c c u ra c y . A fte r  a l l  t r a c in g  

h a d  b e e n  co m p le ted , a  s m a l l  a r e a  of th e  m a s te r  copy  w as  s e le c te d  and  

e n la rg e d  on  a  h ig h -p re c is io n  e n la rg e r .  T h e  s a m e  a r e a  on e a ch  of th e  t r a c e d  

s a m p le s  w as  s im i la r ly  e n la rg e d , and  d ev ia tio n s  f r o m  th e  o r ig in a l m o re  th a n  

one lin e  w ide  w e re  m e a s u re d . A s th e  d a ta  e x t r a c te d  w e re  th e  b o u n d a rie s  of 

p r e s e n t  la n d  u s e  a r e a s ,  and  a s  th e  f a c to r  c r i t i c a l  to  su b se q u en t d ec is io n  

m ak in g  w as  th e  m e a s u re m e n t of s iz e  of th e  a r e a  t r a c e d ,  th e  t r a c in g  e r r o r  

w as  e x p r e s s e d  in  te r m s  of i t s  e ffec t on th e  s iz e  of th e  a r e a s  su b se q u en tly  

m e a s u re d . B a se d  on th e  d a ta  re c o rd e d , i t  w as  found th a t th e  e r r o r  w as 

c lo s e ly  r e l a te d  to  b o u n d a ry  len g th  of th e  s p e c if ic  a r e a  an d  could  b e  e x p re s s e d

a s  0 . 6 x  10-3 sq . in . of e r r o r  p e r  l in e a r  in c h  of b o u n d a ry  m e a s u re d . T h u s , 

on a  m ap  a t 1 :50 ,000 s c a le ,  th e  a v e ra g e  e r r o r  in c u r r e d  w ould  b e  +/-3 a c r e s  

in  1, 300 a c r e s .  A lthough th e  t im e  r e q u ire d  i s  s u b s ta n tia l ,  th e  t r a c in g
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m eth o d  o f g ra p h ic  d a ta  t r a n s f e r  i s  th e r e f o r e  su ff ic ien tly  p r e c i s e  to  b e  a d e - 

q u a te  f o r  a  w ide  v a r ie ty  o f  d e c is io n -m a k in g  p u rp o se s .

M e a s u re m e n t an d  c o m p a riso n . T y p ic a l o p e ra tio n s  invo lved  in  e x tra c tin g  

d a ta  in h e re n t in  a  g ra p h ic  f i le  s t r u c tu r e  a r e  counting  of d a ta  e le m e n ts , 

d e te rm in a tio n  of d is ta n c e s  and d ire c tio n s , and  c a lcu la tio n  of th e  s iz e  of 

a r e a s .  C o m p a ris o n s  o f d a ta  e le m e n ts , o r  of the  r e s u l t s  of th e i r  m e a s u re - 

m e n t, allow  id e n tif ic a tio n  and  e x tra c tio n  of su ch  re la tio n sh ip s  a s  n e a re s t  

n e ig h b o u rs  am o n g  d a ta  e le m e n ts , s h o r te s t  ro u te s  am ong  a l te rn a t iv e s ,  a r e a s  

w ith  s p e c if ic  c h a r a c te r i s t i c s  (such  a s  s iz e ) , and  lin e s  of s ig h t. M e a s u re - 

m e n t an d  c o m p a r is o n  a c c o rd in g  to  m o re  com plex  s e ts  of r u le s  p e rm it c o n - 

te x tu a l  s e a r c h  ( id e n tif ic a tio n  of th e  o c c u rre n c e  o f sp e c if ic  d a ta  e le m e n ts  in  

s p e c if ic  ju x ta p o s itio n ) , and  i t s  s o p h is tic a te d  c a se , p a t te rn  reco g n itio n .

F u r th e r  ex te n s io n  of th i s  o p e ra t io n  a llow s th e  id e n tif ic a tio n  an d  e x tra c tio n  

of g ro u p s  of p a t te r n s  o c c u rr in g  a s  s p a tia lly  d is c re te  s e ts ,  and  th e  m e a s u r e - 

m en t of s p a t ia l  c o r r e la t io n s  b e tw e en  e le m e n ts  o r  s e ts  of e le m e n ts  th a t 

in te r a c t  in  th e  s a m e  sp a c e . A ll m a n u a l d a ta  e x tra c tio n  p r o c e s s e s  a r e  

u n d e r ta k e n  u n d e r  th e  m e n ta l c o n tro l (m onito r) of lo g ic a l r e q u ire m e n ts  

p r e s c r ib e d  b y  th e  d e c is io n -m a k in g  p ro c e s s .  T h is  function  is  ta k e n  fo r  

g ra n te d  w hen  h u m a n  s k i l l s  a r e  u s e d  b u t r e p r e s e n t s  an  e x tre m e ly  h igh  d e g re e  

of s o p h is tic a tio n  in  c o m p u te r -a id e d  te ch n iq u es .

T h e  d if fe re n c e s  b e tw e e n  th e  r e s u l t s  o f e s tim a tio n  and  p h y s ic a l m e a s u re m e n t 

in  c a r ry in g  o u t s im i la r  fu n c tio n s  l i e  in  th e i r  p re c is io n  and  th e  e ffo r t 

r e q u i r e d  to  ac h ie v e  th e m . T h e  n ee d  f o r  p re c is io n  shou ld , o f c o u rs e ,  be 

d e te rm in e d  b y  th e  in ten d ed  u s e  of d a ta  r e s u l t in g  f ro m  th e  o p e ra tio n .

P r e c i s io n  can  u s e fu lly  b e  though t of a s  " re p e a ta b i li ty " . I t  i s  an  o b je c tiv e ly  

d e te rm in e d  le v e l  o f a c tiv i ty  a t  w h ich  i t  i s  dec id ed  to  w o rk , a p p ro p r ia te  to  the  

a im s  of th e  e x e rc is e  b e in g  c a r r i e d  out. A r e la te d  but d iffe re n t p ro p e r ty , 

th a t  of " re s o lu t io n " , i s  dependen t on th e  s iz e  of th e  u n its  u ti l iz e d  f o r  m e a s u re - 

m en t. T h e  p r e c i s io n  and re s o lu t io n  of d a ta  e x tra c tio n  c le a r ly  a ffec t the  

su b se q u e n t u s e  of th e  d a ta  and  s im i la r ly  in flu en ce  the  sp e e d  and  le v e l  of 

e f fo r t n ee d ed  to  o b ta in  th e m . In t r i v ia l  o p e ra t io n s , su ch  a s  th e  coun ting  of 

a  s m a l l  n u m b e r  of p o in ts , th e  d if fe re n c e s  a r e  s m a l l  w h e th e r  su ch  an  o p e ra - 

t io n  i s  c a r r i e d  out m e n ta l ly  o r  w ith  th e  a id  of a  s im p le  m e c h a n ic a l co u n te r.

A s th e  c o m p lex ity  of m e a s u re m e n t and  co m p a riso n  in c r e a s e s ,  h o w ev er, th e
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d iffe re n ce  be tw een  es tim ation  and  physica l m easu rem en t becom es sign ifican t 

a n d  in f lu e n c e s  th e  u se s  to  w h ic h  th e  re su lts  c a n  b e  p u t. T h e  

d e t e r m i n a t io n  o f  d i s t a n c e  a lo n g  a  l in e  m a y  b e  u s e d  a s  a n  e x a m p l e .  F o r  

s im p le  s h a p e s  a n d  le n g th s  b e tw e e n  0 . 5  in . a n d  a p p ro x im a te ly  3 0  in . a n  

e s t im a te  o f  le n g th  u s u a l ly  r e s u l ts  in  e r ro r s  o f  ± 5 % . T h is  le v e l  o f  a c c u ra c y  

is  a d e q u a te  f o r  c e r ta in  ty p e s  o f  d e c is io n  m a k in g .  F o r  in tr i c a te  l in e  s h a p e s ,  

p a r t ic u la r ly  l in e s  c o n ta in e d  w ith in  à  n e tw o rk ,  th e  e r ro r  le v e l  in c re a s e s  

s h a r p ly  a n d  e s t im a tio n  b e c o m e s  le s s  u s e fu l  fo r  th e  s a m e  d e c is io n -m a k in g  

p ro c e s s .  P h y s ic a l  l in e  m e a s u re m e n t b y  v a r io u s  m e th o d s , s u c h  a s  c o m p a r is o n  

o f  l in e  le n g th  w ith  a  s c a le  o f  k n o w n  le n g th  (e ith e r  r ig id  o r  f le x ib le ) , m a p  

m e a s u re m e n t  b y  m o v in g  w h e e l ( c u rv im e te r ) ,  o r  c u r s o r  tr a v e l m e a s u re m e n t , 

c a n  re d u c e  th e  e r r o r  to  w ith in  ± 4 %  o f  th e  t r u e  m e a s u re m e n t .  D u p lic a t io n  

o f  m e a s u r e m e n t s  c a n  r e d u c e  t h e  e r r o r  f u r t h e r  b u t  t h e  t i m e  r e q u i r e d  

is  inc reased  su b stan tia lly , freq u en tly  b y  fac to rs o f 10  o r m o re . A n  

e x p e rim e n t  w a s  c o n d u c te d  in  w h ic h  1 5  p o in ts  w e re  se le c te d  a t  ra n d o m  o n  

a  s e c t io n  o f  a  m a p  s h e e t  th a t  i n c lu d e d  a  r o a d  n e tw o r k  p a t te r n .  T h e  

s h o r te s t  ro a d  d is ta n c e s  b e tw e e n  e a c h  p o in t  a n d  e v e ry  o th e r  p o in t  w e re  f ir s t  

e s t im a te d  a n d  s u b s e q u e n t ly  p h y s ic a l ly  m e a s u re d  w i th  a  m e c h a n ic a l  

lin e  m easu rin g  d ev ice . F in d in g s  a re  g iv en  in  T ab le  3 . 1 .

Table 3. 1 . Sum m ary of results of distance estim ation and m easurem ent. T he 

average difference in error between the quick estimate and single measurement was 

app rox im ate ly  15% , and  the  d iffe rence  in  tim e  w as in  the  o rder o f x  10 . M ore  

significantly, the individual distances estimated showed errors of up to approximately 

65% . Results obtained by m easurem ent and estim ation thus differ w idely in their type 

o f  ap p lica tio n  to  d e c is io n  m a k in g , an d  req u ire  s ig n if ican tly  d if fe re n t am o u n ts  

o f effo rt to  acqu ire . It m ust a lso  be  rem em bered  tha t th is  is  a  s im ple  and  

straightforward example of data extraction from a graphic storage file.
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T im e Av. % e r r o r
S tan d a rd  dev ia tion  

of % e r r o r
R ange of 
% e r r o r

Single m e a s u re m e n t 220 m in A ssu m e d  to  b e  z e ro  in  th is  c a se

C a re fu l e s tim a te 50 m in 9. 3% 10. 3 0 -  68. 2%

Q uick  e s tim a te 22 m in 14. 8% 12.0 0 -  64. 8%



A f u r th e r  ex a m p le  of d a ta  e x t ra c t io n  i s  th e  o v e r la y  p r o c e s s ,  o r  m e a su re m e n t 

o f th e  in te r s e c t io n  of s e t s  of h om ogeneous p a tc h e s  of a r e a l  d a ta  th a t o cc u r  in  

th e  s a m e  se c t io n  of th e  s p a t ia l  f ile .

Tw o ty p e s  of p h y s ic a l m e a s u re m e n t a r e  in  com m on u s e  fo r  m anua lly  

m e a s u r in g  a r e a s  on  m a p s , one u s in g  a  p o la r  p la n im e te r , th e  o th e r  a  dot a r e a  

g r id . T e s t s  w e re  done w ith  bo th  ty p e s  o f m e a s u re m e n t . P a r t  of th e  

p re v io u s ly  m en tio n ed  G ren v ille  C ounty  s o i l  m ap  (1 :50 ,000  s c a le )  w as o v e r - 

la id  w ith  a  t r a n s p a re n t  m ap  a t th e  s a m e  s c a le ,  an d  an  a r e a  of 16 sq . in . w as 

s e le c te d . T h e  a r e a  co n ta in ed  386 co m b in a tio n s  o f s o i l  an d  p re s e n t  la n d  u se  

in fo rm a tio n , th e  s iz e  of th e  in d iv id u a l p a tc h e s  v a r ie d  f r o m  1 to  2, 000 a c r e s ,  

and  th e  to ta l  s iz e  o f th e  a r e a  r e p r e s e n te d  10, 240 a c r e s  on th e  g round . A 

s ta n d a rd  e q u a l- a r e a  dot g r id  w as  u s e d  b e c a u s e  th e  in h e re n t e r r o r  in  t r e a t in g  

m in im u m -s iz e d  a r e a s  i s  s m a l le r  th a n  th a t of a  ra n d o m  dot p a t te rn  g r id , 

w h ich  m ay  m is s  m an y  s u ch  a r e a s  an d  ex h ib it c lu s te r e d  p o in t c h a ra c te r is t ic s .  

T h e  p ro c e d u re  i l lu s t r a t e s  th e  a c tio n s  and  th e  u s e  of t im e  in vo lved  in  th is  

ty p e  of m e a s u re m e n t:

a) A  g r id  w as  s e le c te d : 1 dot = 1. 6 a c r e s .

b ) T h e  g r id  w as o v e r la id  an d  f ix e d  in  p o s itio n .

c) T h e  punch  c o u n te r  w as  u s e d  to  r e c o r d  d o ts , a  p e n c il w as  u s e d  to  m a rk

off m e a s u re d  a r e a s .  W h e re  a  dot w as  b is e c te d  b y  a  l in e , a  v a lue  of

o n e -h a lf  dot w as  a s s ig n e d  to  th e  a r e a  on  e a c h  s id e  of th e  lin e .

d) T h e  a r e a  of e a ch  co m b in a tio n  of p r e s e n t  la n d  u s e  and  s o i ls  w as

m e a s u re d  an d  re c o rd e d  s e p a ra te ly  in  ta b u la r  fo rm , a s  w as  the  

r e q u ir e d  tim e  to  co m p le te  th e  w o rk  on  e a ch  a re a .

e) T a b u la tio n  of th e  d a ta  w as  m ade on  th e  b a s i s  of s o i l  ty p e s  an d  p re s e n t

la n d  u s e . S um m ation  of a l l  co m b in a tio n s  of a r e a  w as  m ade and  th e  

to t a l  co m p a re d  w ith  th e  know n a r e a .

T h e  te s t  w a s  re p e a te d  u s in g  a  s ta n d a rd  p o la r  p la n im e te r  w ith  a  t r a c in g  po in t, 

in s te a d  o f th e  dot g r id . T h e  a r m  w as  a d ju s te d  to  s c a le  and re a d in g s  w e re  

ta k e n  to  th r e e  d e c im a l p la c e s . P ro c e d u re :

a) T he o p e ra to r  t r a c e d  a ro u n d  th e  a r e a  to  b e  m e a s u re d  and  re c o rd e d  th e  

re a d in g  in  s q u a re  in c h e s  f r o m  th e  V e rn ie r  s c a le .

b) T h e  o p e ra t io n  w as  r e p e a te d  th r e e  t im e s ,  o r  u n ti l th r e e  re a d in g s  

d iffe re d  b y  l e s s  th a n  0 .0 0 3  s q . in .
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c) T h e  a v e ra g e  re a d in g  w as  re c o rd e d .

d) O p e ra tio n  t im e s  w e re  r e c o rd e d  a s  f o r  th e  dot g r id  m ethod.

e) A re a  ta b u la t io n s  w e re  m ade  a s  f o r  the  dot g r id  m ethod. 

C o m p a riso n  of r e s u l t s  of t e s t s  on 16 sq . in . of m ap s h e e t a r e  g iven  in  

T a b le  3. 2.

T a b le  3. 2. S u m m a ry  of r e s u l t s  of a r e a  m e a su re m e n t te s t .

T h e  r e s u l t s  show  th a t th e  dot g r id  p ro v id e s  a  co n s id e rab ly  f a s te r  and  s o m e - 

w hat m o re  a c c u ra te  m e th o d  of m e a s u r in g  m ap  a r e a s .

S im ila r  a r e a  m e a s u re m e n ts  w e re  o b ta in ed  f ro m  th e  R id ing  M ountain m ap 

s h e e t . T h e  s c a le  of m ap  an d  o v e r la y  w as 1:126, 720, and  th a t of th e  dot 

a r e a  g r id  w as  1 dot = 13 a c r e s .  Tw o h u n d red  s q u a re  in c h es  o f m ap  s h e e t 

w e re  m e a s u re d ,  e d ite d , and  ta b u la te d  (447,000 a c re s )  a t  th e  r a te  of about 

5 m in  p e r  sq . in . T h is  r a t e  r e f le c ts  tw o th in g s: th e  r e la t iv e  c o a rs e n e s s  of 

th e  g r id  and  th e  low in fo rm a tio n  d e n s ity  of th e  d a ta  in  th e  g ra p h ic  s to ra g e  

f i l e .  P e rc e n ta g e  e r r o r  w as  s lig h t ly  m o re  th a n  3% fo r  th e  to ta l  a re a .

M e a su re m e n t o f low - d e n s ity  m ap  d a ta  u s in g  a  c o a rs e  dot g r id  th u s  r e q u ire d  

ap p ro x im a te ly  5 m in  p e r  sq . in . an d  m e a s u re m e n t of n o rm a l-d e n s ity  m ap 

d a ta  u s in g  a  f in e  dot g r id  u ti l iz e d  45 m in  p e r  sq . in . A lthough th e  dot a r e a  

g r id  m a y  p ro v id e  th e  f a s te r  and  m o re  a c c u ra te  m ethod  of m e a s u r in g  m ap  

a r e a s ,  th e  b e s t  t im e  fo r  a  s q u a re  in c h  of m anual m e a su re m e n t a p p a re n tly  

f a l l s  b e tw e en  5 an d  45 m in  f o r  th e  c o m p a riso n  of tw o ty p e s  of d a ta . T h is  

d o es  n o t in c lu d e  th e  p r e p a ra t io n  o f  th e  m a p s, b u t does inc lude  th e  m e a su rin g , 

ed itin g , an d  w r i t t e n  ta b u la t io n  of th e  r e s u l t s .

T h e  above te s t s  w e re  c a r r i e d  out b e c a u se  m e a su re m e n t and  co m p a riso n s  

b e tw e en  m a p s  co n ta in in g  d iffe re n t ty p e s  of d a ta  w e re  d e s ire d  a s  an  a id  to  

u n d e rs ta n d in g  th e  q u a l ity  and  v a r io u s  c h a ra c te r is t ic s  of the  a g r ic u l tu ra l
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O p era tio n Dot a r e a  g r id P o la r  p la n im e te r

T im e  to  m e a s u re  a r e a s 9 h  6 m in 14 h  36 m in

T im e  f o r  e d i tin g  an d  ta b u la tio n 3 h 3 h

T o ta l t im e 12 h  6 m in 17 h  36 m in

A v erag e  tim e  p e r  sq . in . of m ap  s h e e t 45 m in 65 m in

D iffe ren c e  b e tw e en  s u m  o f p a tch  s iz e s  
an d  to ta l  s iz e  o f a r e a  b e in g  m e a s u re d ± 2% ±1 3. 7%



= 852 m a n -m o n th s . T h e se  t im e s  m u s t b e  m u ltip lied  by  the  

n u m b e r of c o m p a r is o n s  th a t  n ee d  to  b e  m a d e , th a t i s ,  th e  n u m b e r of t im e s  

i t  i s  w ish e d  to  c o m p a re  an y  tw o  ty p e s  o f d a ta  th rou g h o u t th e  in v e n to ry  a re a .  

T he s m a l l - s c a l e ,  h ig h e r - s p e e d  a p p ro ac h  r e s u l t s  in  th e  b ro a d e s t s p a t ia l  

c o m p a r is o n  o f  th e  d a ta  invo lved . If  f in e r  g r id s  a r e  u s e d  f o r  m e a s u re m e n t 

an d  c o m p a r is o n  of m o re  d e ta ile d  d a ta , th e  m in im u m  t im e s  invo lved  fa l l  

c lo s e r  to  th e  m id d le  of th e  g iv en  ra n g e .

T h e se  f ig u re s  canno t b e  e x ten d ed  in to  e s tim a te s  of th e  to ta l  t im e  an d  e ffo r t 

n ee d ed  m a n u a lly  to  e x t r a c t  d a ta  f r o m  a  g iven  s e t  of m a p s  u n le ss  one can  

d ec id e , in  ad v a n ce , how m an y  m a p s  h ave  to  b e  ex am in ed  and  how m any  

co m p a r is o n s  h a v e  to  b e  m a d e . Som e m a p s  m igh t b e  ex p e c ted  to  b e  th e  

su b je c t of n u m e ro u s  c o m p a r is o n s , b u t r e la t iv e ly  few  c o m p a riso n s  w ould  

n e e d  to  b e  m ade o n  a  coun tryw ide  b a s is .  N e v e r th e le s s , th e  am ount of t im e  

and  e f fo r t  n ee d ed  to  c a r r y  o u t m a n u a l m e a s u re m e n t and  c o m p a riso n  i s  e v i - 

d en t and  an y  la r g e  v o lu m e o f m a p s  w ould  n e c e s s a r i ly  m e an  a  lo t  o f w o rk . 

E qu ip m en t a n d  in s tru m e n ta tio n  n e c e s s a r y  f o r  m e a s u r in g  and  ed itin g , 

h o w ev e r, a r e  l im ite d  to  n o rm a l  d rau g h tin g  f a c i l i t ie s ,  th e  p ro v is io n  of 

p r e c is io n  do t g r id s  a t  a p p ro x im a te ly  $ 15 p e r  s e t ,  o r  p la n im e te r s  a t  a  c o s t 

of $65 each .

I f  m e a s u re m e n t a n d  c o m p a r is o n  a r e  re p la c e d  b y  e s tim a tio n , l e s s  e ffo r t 

w ould  b e  n e e d e d  a n d  m o re  e r r o r  cou ld  b e  ex p ec ted . I f  o th e r  e s t im a te s  

of c o r r e la t io n  b e tw e e n  th e  d a ta  s e t s  w e re  ap p lic a b le  to  th e  ta s k  fa c in g  th e  

u s e r ,  th e n  s a m p lin g  p ro c e d u re s  b a s e d  on fe w e r  m an u a l m e a s u re m e n ts  

an d  c o m p a r is o n s  cou ld  y ie ld  u s e fu l r e s u l t s .  In  e a ch  c a s e ,  a  g e n e ra l le v e l  

of p re c is io n  i s  r e l a te d  to  a n  ap p ro x im a te  le v e l  o f e f fo r t. In  th e  ex am p le  

of m e a s u re m e n t a n d  c o m p a r is o n  p ro v id e d , th e  r e s u l t in g  d a ta  w e re  n ee d ed  

to  ex a m in e  th e  a c tu a l  re la tio n s h ip  b e tw e en  p re s e n t  la n d  u s e  and  s o i l  

c h a r a c te r i s t i c s  in  c o u n tie s  w ith  v a ry in g  s o c io -e c o n o m ic  c h a ra c te r is t ic s ,  

a s  a  b a s is  f o r  id e n tify in g  m a rg in a l f a rm in g  t r a c t s  in  C anada.
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la n d  in  C anada. G iven  a n  a v e ra g e  m ap  of 600 sq . in . (20 in . x  30 in . ) and  

a s s u m in g  th a t a n  a v e ra g e  of 400 sq . in . w ould  b e  of in te r e s t  f o r  a  p a r t ic u la r  

ex a m in a tio n , th e  t im e  in vo lved  f o r  th e  c o m p a riso n  of one s e t  of 500 m aps 

w ith  a n o th e r  500 w o u ld  b e  b e tw e en  = 94. 7 m a n -m o n th s  and



SUMMARY

T h is  c h a p te r  h a s  fo c u s s e d  on th e  u t i l i ty  of th e  m ap  a s  a  s o u rc e  of d a ta  f ro m  

w h ich  in fo rm a tio n  h a s  to  b e  e x tra c te d . G e n e ra l c a te g o r ie s  of m an u a l te c h - 

n iq u e s  fo r  h and ling  m ap p ed  d a ta  h ave  b ee n  ex am in ed  and  th e ir  e ffic ien c y  

h a s  b ee n  i l lu s t r a te d  w ith  s e le c te d  ex a m p le s . S e v e ra l co n c lu s io n s  can  be  

d raw n  f ro m  th e  ev idence  p re s e n te d .

F ro m  a  s im p l is t ic ,  e m p ir ic a l  po in t of v iew , i t  c a n  b e  no ted  th a t f o r  a  s in g le  

a r b i t r a r y  a r e a  of abou t 10 sq . in . of m ap  sh e e t, th e  v a r io u s  s im p le  t e c h - 

n iq u es  of im a g e  m a n ip u la tio n , g roup ing , re a d in g , s e a rc h ,  s e le c tio n , 

t r a n s f e r ,  an d  m e a s u re m e n t by  e s tim a tio n  e a ch  ta k e  a p p ro x im a te ly  1 to  30 

m in  to  ac co m p lish . T h e re  i s  w ide  v a r ia t io n  w ith in  th a t ra n g e  depend ing  on 

th e  app roach  u s e d , th e  d e n s ity  of d a ta  in  th e  f i le ,  and  so  fo r th . F o r  th e  

o p e ra t io n s  of m e a s u re m e n t and  c o m p a ris o n , h o w ev e r, th e  t im e  and  e f fo r t 

r e q u i r e d  r i s e  s h a rp ly  to  b e tw e en  a p p ro x im a te ly  80 and  650 m in  fo r  th e  

s in g le  10 sq . in . T h is  i s  i l lu s t r a te d  on th e  fo llow ing  g rap h  (F ig . 3. 1).

In h e re n t d a ta  
e x tra c tio n

W ritte n  d a ta  
m an ip u la tio n  and 
e x tra c tio n

F ig . 3. 1. R e la tio n sh ip  b e tw e en  ty p e  of m an u a l te ch n iq u e  and  tim e  u sed .

Tw o co m m en ts  m ay  b e  m ade abou t th e  re la tio n s h ip  show n. F i r s t ,  m o s t 

te ch n iq u es  th a t f a l l  below  th e  b r e a k  in  s lo p e  (ap p ro x im a te ly  3 m in  p e r  sq . in . ) 

s e e m  to  b e  th o s e  th a t y ie ld  a  r e a s o n a b le  r e tu r n  f o r  e f fo r t. T h e y  p ro b a b ly
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a r e  c u r r e n t ly  c o n s id e re d  to  b e  e c o n o m ic a lly  p r a c t ic a l  a s  m an u a l w ork in g  

to o ls .  Secondly , th e s e  te ch n iq u es  o p e ra te  on th e  d a ta  w r i t te n  on th e  m ap. 

O p e ra tio n s  to  e x t r a c t  d a ta  in h e re n t in  th e  f i le  s t r u c tu r e  of th e  m ap  f a l l  above 

th e  b r e a k  in  s lo p e  a n d  ra p id ly  b e c o m e  u n ec o n o m ica l. I t can  re a s o n a b ly  be 

conc luded  th a t if  m a n u a l te c h n iq u e s  a r e  u s e d , g ra p h ic  s o u rc e  d a ta  h ave  low 

u t i l i ty  w hen d a ta  in h e re n t i n  the. f i l e  s t r u c tu r e  h av e  to  b e  e x tra c te d .

T h e  above o b s e rv a t io n s  w e r e  d e r iv e d  f r o m  th e  t im e  an d  e ffo r t invo lved  in  

h an d lin g  th e o re t i c a l ly  a  s in g le  s m a l l  p ie c e  of g ra p h ic  s o u rc e  d a ta . F r o m  

th e  ev id en ce  in  th e  te x t i t  i s  r e a s o n a b le  to  a s s u m e  th a t t im e  and  e ffo rt 

in c r e a s e  in  p ro p o r tio n  to  th e  v o lum e of g ra p h ic  d a ta  to  b e  h an d led . T h is  

m a y  not b e  a  l in e a r  fu n c tio n , a s  in c r e a s in g  d a ta  vo lum e b r in g s  p h y s ic a l 

h an d lin g  p ro b le m s  in  ad d itio n  to  th e  t im e  r e q u i r e d  f o r  d a ta  m an ip u la tio n  

an d  e x tra c tio n . H o w ev er, f o r  th e  p u rp o s e s  of th is  a rg u m en t th e  r e la tio n s h ip s  

ca n  b e  c o n s id e re d  to  b e  l i n e a r  (y  = x ), a s  show n in  th e  d ia g ra m  (F ig . 3. 2).

F ig . 3. 2. R e la tio n sh ip  be tw een  d a ta  vo lum e and tim e  re q u ire d  f o r  d a ta  
m an ip u la tio n  and  e x tra c tio n .

W hen th e  re la tio n s h ip  be tw een  m a n u a l te ch n iq u es  and  tim e  is  c o n s id e re d , 

th e  c u rv e  r a p id ly  s te e p e n s  (y = ax ).

F ig . 3. 3. R e la tio n sh ip s  betw een m a n u a l te c h n iq u e s , vo lum e of d a ta , 
and  tim e  u sed .

79

T im e

V olum e of g ra p h ic  s o u rc e  data

In h e re n t d a ta  e x tra c tio n

W ritte n  d a ta  m an ip u la tio n  
and  e x tra c tio n

M anual te c h n iq u e s

T im e



I t c a n  e a s i ly  b e  s e e n  (F ig . 3. 3) th a t in c re a s in g  d a ta  vo lum e ra p id ly  

d e c re a s e s  th e  ty p e  of m anual te ch n iq u e  th a t can  b e  c o n s id e re d  eco n o m ica l.

I t a l s o  i l lu s t r a t e s  th e  poin t th a t in c re a s in g  d a ta  vo lum e ra p id ly  m ak es  

u n ec o n o m ica l th e  m a n ip u la tio n  and e x tra c tio n  of d a ta  a c tu a lly  w r i t te n  in  the  

f i le . T h e  e ffec t o f in c re a s in g  d a ta  vo lum e i s  p a r t ic u la r ly  s ig n ifican t, a s  

in c r e a s e s  in  f i le  f le x ib il i ty  in  a  g ra p h ic  m ed ium  u s u a lly  im p ly  c re a tio n  of 

m u ltip le  g ra p h ic  r e c o r d s  and  h ence  in c re a s e  th e  b i t s  of d a ta  to  b e  hand led . 

G ra p h ic  s o u rc e  m a te r i a l  th u s  im p o se s  an  in h e re n t in fle x ib ility  on  f i le  

s t r u c tu r e s ,  and  h a s  low u t i l i ty  a s  a  s o u rc e  of la rg e  vo lum es of s p a tia l  d a ta .

F r o m  a  th e o re t i c a l  po in t of v iew , i t  could  be s a id  th a t m anual te ch n iq u e s  

f o r  h an d lin g  m apped  d a ta  a r e  r e l ia n t  p a r t ly  on m an u a l m o to r p ro c e s s e s ,  

p a r t ly  on m e n ta l d a ta  p ro c e s s in g , and  p a r t ly  on hum an  channel cap ac ity . 

F r o m  th e  e x a m p le s  d is c u s s e d  in  th is  c h a p te r , i t  m igh t b e  r e a s o n e d  th a t 

m a n u a l m o to r  p r o c e s s e s  a r e  r e la t iv e ly  slow , th a t m e n ta l g rap h ic  d a ta  

p ro c e s s in g  i s  r e la t iv e ly  f a s t ,  and  th a t hum an  channel c a p a c ity  i s  a p p a re n tly  

l im ite d . In  g e n e ra l,  th e n , te ch n iq u es  th a t r e ly  m a in ly  on  m a n u a l m o to r  

p r o c e s s e s ,  su ch  a s  d a ta  t r a n s f e r  by  tr a c in g  o r  m an u a l m e a s u re m e n t , a r e  

s low . T e ch n iq u e s  th a t  r e ly  m a in ly  on m e n ta l d a ta  p ro c e s s in g  a r e  fa s t;  f o r  

e x a m p le , e s tim a tio n  of lin e  le n g th  is  a p p ro x im a te ly  10 tim e s  f a s t e r  th a n  

m a n u a l m e a s u re m e n t o f th e  s a m e  l in e s . T ech n iq u es  th a t r e ly  on c o m b in a - 

t io n s  o f m a n u a l m o to r  p r o c e s s e s  and  m e n ta l d a ta  p ro c e s s in g  in c r e a s e  in  

e ff ic ie n c y  w ith  th e  p ro p o r tio n  of m e n ta l d a ta  p ro c e s s in g  invo lved , un til 

h u m a n  ch a n n e l c a p a c ity  i s  re a c h e d .

Tw o e x a m p le s  can  b e  u s e d  to  i l lu s t r a te  th is  l a s t  po in t. T h e  f i r s t  is  c e n tro id  

a l lo c a t io n , a n  o p e ra t io n  com bin ing  m e n ta l d a ta  p ro c e s s in g  and m an u a l m o to r 

p r o c e s s e s .  T h is  te ch n iq u e  is  ec o n o m ica lly  a c cep ta b le  u n til v e ry  com plex  

a r e a s  a r e  e n c o u n te re d  (such  a s  a  m a tr ix  in  w hich  m any  is la n d s  a r e  s tudded ), 

a t  w h ich  po in t m e n ta l r e t r i e v a l  of th e  im ag e  is  so  com plex  th a t channel 

c a p a c ity  i s  ex c eed ed  and  th e  e r r o r  invo lved  in  c e n tro id  p la cem e n t b ec o m es  

v e r y  h ig h . T h e  se c o n d  exam ple  i s  e s tim a tio n  of l in e  len g th , w hich  

o p e ra te s  a t  r a t e s  of a p p ro x im a te ly  15% e r r o r  w hen lin e s  a r e  s h o r t ,  but 

w h ich  r a p id ly  in c r e a s e s  in  e r r o r  r a t e  f o r  long  com plex  lin e s . T h e se  

re la t io n s h ip s  ca n  b e  e x p re s s e d  d ia g ra m m a tic a lly  a s  fo llow s (F ig . 3 .4 ).

8 0



F ig . 3. 4. R e la tio n sh ip  b etw een  com ponen ts of m a n u a l te ch n iq u es  
and  tim e  u sed .

I t  m u s t b e  em p h a s iz e d  th a t no m e a s u re s  of h u m a n  ch a n n e l c a p a c ity  w e re  

u n d e rta k e n  d u rin g  th e  w o rk  on w h ich  th is  c h a p te r  i s  b a s e d , and  th e r e fo r e  

th e s e  r e m a r k s  a r e  e s s e n t ia l ly  s p e c u la tiv e . F r o m  th e  e m p ir ic a l  ev id en ce  

th a t h a s  b ee n  p re s e n te d , h ow ever, i t  m ay  b e  re a s o n a b le  to  conc lude  th a t i f  

c o m p u te r -a id e d  te ch n iq u es  a r e  to  im p ro v e  on m a n u a l te c h n iq u e s  f o r  

h an d lin g  m apped  d a ta , such  im p ro v em e n t m igh t p ro f ita b ly  be sough t in  

o p e ra t io n s  th a t re d u c e  m anual m o to r  p ro c e d u re s  an d  th a t  allow  th e  

p re s e n ta t io n  of d a ta  to  a  u s e r  in  a  f o r m  th a t d o es  n o t o v e r lo a d  h is  channel 

ca p a c ity . A n ex a m in a tio n  of c u r r e n t  c o m p u te r -a id e d  te ch n iq u es  fo r  

han d lin g  m apped  d a ta  i s  p re s e n te d  in  th e  n ex t c h a p te r .
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C H A PTE R  4 - CU RRENT C O M PU TER -A ID ED  SYSTEMS FO R  HANDLING 
M A PPED  AND O TH ER LO C A TIO N -SPEC IFIC  DATA

C o m p u te r-a id e d  te ch n iq u es  f o r  h an d lin g  m apped  and o th e r  lo c a tio n -sp e c if ic  

d a ta  m ay  be d e s c r ib e d  a s  c u r re n t  if  th e y  a r e  beyond th e  d eve lopm en t s ta g e  

and have  b ee n  im p lem en ted  in  go v ern m en t o r  ac ad em ic  s y s te m s  fo r  

h an d lin g  s p a t ia l  d a ta , f o r  p u rp o s e s  o th e r  th a n  th e  deve lopm ent of the  

te ch n iq u es  th e m s e lv e s . A s p a t ia l  d a ta  hand ling  " s y s te m "  in  th i s  s e n s e  i s  

ta k e n  to  be a  s e t  of one o r  m o re  c o m p u te r -a id e d  te ch n iq u es  fo r  re a d in g , 

s to r in g , m an ipu la ting , and  d isp lay in g  s p a tia l  d a ta . Such s y s te m s  have  

b ee n  d ev ise d  m a in ly  in  th e  p a s t d ec ad e , and  the  f ie ld  con tinues  to  deve lop  

ra p id ly . T o  u n d e rs ta n d  th e  c o n trib u tio n  of th e  c u r re n t  s y s te m s , i t  i s  

n e c e s s a r y  to  ex am in e  th e m  in  th e  co n tex t of th e i r  d eve lopm en t to  da te .

B e fo re  1960, c o m p u te rs  w e re  e s s e n t ia l ly  h ig h -sp e e d  ca lc u la tin g  m a ch in es . 

L a rg e  am oun ts  of d a ta  cou ld  be m a n ip u la ted  in  th e  c o m p u te rs , b u t th e i r  

l im ite d  in te rn a l  s to ra g e  c a p ac ity  w as a  s ig n if ican t c o n s tra in t on th e i r  u s e . 

T h e  e a r ly  to  m id-1960s saw  th e  d eve lopm en t of c o m p u te rs  w ith  v e r y  la rg e  

m ag n e tic  s to ra g e  c a p a c it ie s , in  e x c e ss  of one m illio n  c h a ra c te r s .  T h is  

d eve lopm en t a llow ed  ra p id  g row th  in  th e  u se  o f co m p u te rs  f o r  in fo rm a tio n  

h and ling  and , in  p a r t ic u la r ,  opened  th e  d o o r to  th e  n o n -g ra p h ic  s to ra g e  of 

s p a t ia l  data .

T he co m p u te r s to ra g e  of s p a tia l  d a ta  h a s  tw o ad v a n tag es . T h e  f i r s t  i s  th e  

r e la t iv e ly  co m p ac t n a tu re  of th e  s to ra g e  c o m p a re d  w ith  co n ven tiona l g ra p h ic  

s to ra g e . T he seco n d  advan tage  i s  m o re  c ru c ia l ,  s in c e  i t  adds  a  new 

d im en s io n  to  th e  f i r s t ;  th is  i s  th e  a b i lity  to  u s e  e s ta b lis h e d  com pu ting  

m a c h in e s  to  r e a d ,  s to r e ,  and  m a n ip u la te  n o n -g rap h ic  s to r e s  of s p a tia l  

d a ta . In  add itio n , su ch  s to r e s  of d a ta  a r e  r e la t iv e ly  e a s y  to  augm en t, 

e d it, and  c o r r e c t  w ithout ren ew in g  th e  e n t ir e  s to ra g e .

A n obv ious u se  of n o n -g ra p h ic  s to ra g e  i s  to  c o lle c t to g e th e r  th e  n u m e r ic a l 

r e s u l t s  of th e  m a n u a l p r o c e s s e s  of to p o g ra p h ic  su rv e y , in  p re p a ra t io n  fo r  

v a r io u s  fo rm s  of g ra p h ic  outpu t. A dvances  in  th is  a r e a  s te m m e d  f ro m  th e  

w o rk  of p h o to g ra m m e tr is ts  w ith  c o m p u te rs  in  th e  1950s, and  s y s te m s  of 

in s tru m e n ts  now e x is t  th a t allow  m e a s u re m e n ts  f ro m  pho to g rap h s  to  be 

t r a n s f e r r e d  d ig ita lly  to  m ag n e tic  ta p e  (au to m atic  p h o to g ra m m e try ). T he
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u s e  of n o n -g ra p h ic  s to ra g e  by  tr a d i t io n a l  m a p -m ak in g  in s ti tu tio n s  (au tom atic  

c a r to g ra p h y ) , h o w ev er, h a s  g row n  on ly  m o re  re c e n tly . E x is tin g  s y s te m s  

can  now ta k e  n u m e r ic a l s u rv e y  d a ta  a s  th e i r  d ir e c t  inpu t and  p ro c e s s  it 

d ig i ta l ly  to  p ro d u ce  a  n o n -g ra p h ic  s to r e  of s p a tia l  d a ta ; th is  can  e a s i ly  be  

d isp la y e d , u pdated , and  ed ited . A lso , p lo ttin g  m a ch in es  can  now a c c u ra te ly  

co n v e rt a  n o n -g ra p h ic  s to r e  in to  a  g ra p h ic  d isp lay . T h e se  s y s te m s  of 

a u to m a tic  c a rto g ra p h y , h o w ev e r, a r e  s t i l l  in  th e ir  in fancy  o r ,  a t  b e s t ,  a t 

a n  e x p e rim e n ta l s ta g e . A t p r e s e n t  (1974), no ex ten s iv e  n o n -g rap h ic  s to re  

of to p o g ra p h ic  in fo rm a tio n  h a s  b e e n  g e n e ra te d  d ire c t ly  f ro m  n u m e r ic a l 

s u rv e y  d a ta .

T h e  e x is te n c e  of la rg e  and g ro w in g  s to r e s  of s p a tia l  d a ta  in  g ra p h ic  fo rm , 

and  th e  a b i li ty  of p r e s e n t-d a y  c o m p u te rs  to  m an ip u la te  n o n -g rap h ic  s to ra g e , 

h av e  le d  to  th e  d eve lopm en t of te c h n iq u e s  to  c o n v e rt g rap h ic  to  n o n -g rap h ic  

f o rm a ts  an d  to  m a n ip u la te  th e  r e s u l t in g  s to r e s  of n o n -g ra p h ic  s p a t ia l  da ta . 

S e v e ra l m e th o d s now e x is t  f o r  su ch  tra n s fo rm a tio n . O nce a  n o n -g rap h ic  

f i l e  of s p a tia l  d a ta  h a s  b ee n  c re a te d ,  d a ta  m ay  b e  added  to  i t  w ithout 

p a s s in g  th ro u g h  a  g ra p h ic  s ta g e . V a rio u s  n o n -g rap h ic  d a ta  fo rm a ts  and 

r e l a te d  f i le  s t r u c tu r e s  h ave  b ee n  d eve loped , w ith  d if fe rin g  d e g re e s  of 

re s o lu t io n  and  a b i li ty  to  h an d le  th e  o r ig in a l da ta . E a r ly  e ffo r ts  in  such  

tr a n s f o rm a tio n  em p lo y ed  s im p le  d a ta  fo rm a ts  and  f i le  s t r u c tu r e s ,  s e v e r a l  

o f w h ich  a r e  s t i l l  in  w id e s p re a d  u s e  (fo r ex am p le , g r id  s y s te m s ) . The 

g e n e ra l  a c c e p ta n c e  o f th e s e  a p p ro a c h e s  shou ld  p e rh a p s  b e  q uestioned , 

b e a r in g  in  m ind  th e  re la tio n s h ip  b e tw e en  d a ta  a v a ila b i lity  and  th e  d e c is io n - 

m ak in g  p ro c e s s .  M ore  s o p h is tic a te d  n o n -g rap h ic  d a ta  fo rm a ts  and  f ile  

s t r u c tu r e s  have b e e n  deve loped  and  a r e  b eco m in g  m o re  w idely  u sed . T he 

v a r io u s  m an ip u la tio n  fa c i l i t ie s  th a t h av e  b ee n  deve loped  r e ly  to  a  c o n s id e r - 

ab le  ex ten t upon th e  f i le  s t r u c tu r e s  to  w h ich  th e y  a r e  app lied .

A lthough th e  p ro c e s s e s  o f h an d lin g  s p a tia l  d a ta  h ave  undergone co n s id e rab le  

dev e lo p m en t in  th e  p a s t d ec ad e , c u r r e n t  te ch n iq u es  a r e  in  a  tr a n s i t io n  

p h a se . A t p re s e n t  th e i r  d a ta  a r ra n g e m e n ts  a r e  b a se d , w ith  few ex cep tio n s , 

on  lo c a l a p p lica tio n s . T he in te rn a t io n a l adoption  of com m on d a ta  fo rm a ts  

an d  f i le  s t r u c tu r e s  i s  a  t r e n d  w hich  m u s t be ex p ec ted , h ow ever, and  th is  

s ta n d a rd iz a t io n  m ay  b e  h a s te n e d  by  th e  need  to  m o n ito r e n v iro n m en ta l
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v a lu e s  on  a n  in te rn a t io n a l-sca le . It m ay  b e  p r e s c r ib e d  by  tr a d itio n a l d a ta  

g a th e r in g  in s ti tu tio n s . We s h a l l  a lso  s e e  th e  deve lopm ent of s y s te m s  th a t 

c an  a c cep t n u m e r ic a l  d a ta  f r o m  s u rv e y  in s tru m e n ts  to  augm ent e s ta b lis h e d  

n o n -g ra p h ic  d a t a b a s e s .  W ith in  th e  nex t d ecade a l s o ,  c o m p u te rs  th a t u s e  

o p tic a l, h o lo g ra p h ic , o r  adv an ced  fo rm s  o f e le c tro m a g n e tic  s to ra g e  w ill 

p ro b a b ly  b e c o m e  a v a ila b le , a llow ing  noncoded (fo r ex am p le , g raph ic) d a ta  

to  be s to r e d  a n d  m a n ip u la ted . T h is  w ill su b s ta n tia lly  re d u c e  th e  n ee d  to  

co n v e rt g ra p h ic  s o u r c e  d a ta  to  coded n o n -g ra p h ic  fo rm a ts  and , w ith  th e  

adv en t of e c o n o m ic a l p ic tu re  p ro c e s s in g , w ill m e a s u ra b ly  in c re a s e  the 

ra n g e  of g ra p h ic  d a ta  ty p e s  th a t can  be p ro c e s s e d . T h e  tr e n d  of th e s e  

d ev e lo p m en ts  i s  show n  s c h e m a tic a lly  (F ig . 4. 1).

N on-coded
co m p u te r

s to ra g e

G eo-cod ingN o n -g rap h ic  
s o u rc e  data

F ig . 4 . 1. D evelopm en ts  in  d a ta  flow .

B e fo re  fu tu re  t r e n d s  a r e  d is c u s s e d , h ow ever, i t  i s  th e  p u rp o se  of th is  

c h a p te r  to  ex am in e  c u r r e n t ly  deve loped  te ch n iq u es  fo r  hand ling  m apped 

d a ta  an d  to  c o n s id e r  th e  u t i l i ty  of co m p u te r s to ra g e  a s  a  s o u rc e  of d a ta  

f r o m  w hich  in fo rm a tio n  h a s  to  be ex tra c te d .

BASIC CONSIDERATIONS

F o r  a l l  c o m p u te rs  in  g e n e ra l  u s e  in  1974, m apped  and re la te d  lo c a tio n -  

s p e c i f ic  d a ta  a r e  r e ta in e d  in  a  coded , n o n -g rap h ic  fo rm  of s to ra g e . T he

1. T he "u ti lity "  o f  a  s to r e  o f in fo rm a tio n  fo r  d ec is io n -m ak in g  p u rp o se s  is  
dependen t upon  1) w h e th e r  th e  ty p e s  of d a ta  in  th e  s to r e  a r e  re le v a n t to  th e  
d e c is io n s  b e in g  m ad e , 2) w h e th e r  th e  re s o lu t io n  of th e  d a ta  e le m e n ts  (and by  
im p lic a tio n  th e i r  fo rm a t)  i s  r e le v a n t to  the  d e c is io n s  bein g  m ad e , and  3) how 
e a s i ly  th e  d a ta  in  th e  s to r e  can  b e  m an ip u la ted  (com bined , c o r re la te d ,  c o m - 
p a re d , e tc .)  to  p ro d u ce  th e  in fo rm a tio n  on w hich  the  d ec is io n s  can  b e  m ade.

T he r e la t io n s h ip  b e tw e e n  s to r e s  of in fo rm a tio n  and  d ec is io n -m ak in g  p r o -  
c e s s e s  w il l  b e  ex am in ed  la t e r  in  th e  th e s is .  In  th is  ch a p te r  a tten tio n  w ill b e  
fo c u s s e d  o n  d a ta  h and ling  te ch n iq u es  f ro m  a  fu n c tio n a l s tandpo in t. T he 
" u t i l i ty "  of com put e r  s to ra g e  in  th is  s e n se  r e f e r s  to  th e  lim ita tio n s  and  c a p a -  
b i l i t i e s  in h e re n t in  n o n -g ra p h ic  s to ra g e  fo r  r e c o rd in g  and m an ipu la ting  
g ra p h ic  s o u rc e  data.
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c h a ra c te r  and  th e  u t i l i ty  of th a t s to ra g e  a r e  fu n c tio n s  of the  ty p e  of non - 

g ra p h ic  d a ta  fo rm a t o r  f o rm a ts  u s e d  and  th e  cho ice  of f i le  s t ru c tu re  

em p loyed  (F ig . 4 . 2).

C O M PU TER  STORAGE

F ig . 4. 2. C om ponen ts of c o m p u te r  s to ra g e .

In  v e ry  g e n e ra l te r m s ,  th e  ch o ice  of coded d a ta  fo rm a t d e te rm in e s  w hat 

s u b se q u en tly  can  b e  done w ith  th e  d a ta , and  th e  cho ice  of f i le  s t r u c tu r e  

d e te rm in e s  th e  r e la t iv e  e a s e  of th e  v a r io u s  m an ip u la tiv e  p o s s ib ili t ie s .

T h e se  tw o  a s p e c ts  of c o m p u te r  s to ra g e  a r e  obv iously  c lo se ly  in te r re la te d .  

Of th e  tw o , th e  cho ice  o f coded  fo rm a t  i s  p e rh a p s  th e  m o s t c r i t ic a l  a s  i t  

ca n  h ave  im p a c t on th e  co n ten t of th e  d a ta . T ra n s fo rm a tio n s  of d a ta  to  

v a r io u s  coded  fo rm a ts ,  o r  f r o m  one coded  fo rm a t  to  an o th e r , in  c e r ta in  

c i r c u m s ta n c e s  can  r e s u l t  in  in fo rm a tio n  lo s s .  T h is  i s  exam ined  m o re  fu lly  

below . T ra n s fo rm a tio n s  b e tw e en  f i le  s t r u c tu r e s ,  on th e  o th e r hand , a r e  

fu n c tio n s  of t im e  and  c o s t,  th e s e  in  tu r n  b e in g  r e la te d  to  the  c a p a b ili tie s  of 

th e  co m p u te r  be in g  u sed . T h e  type  of f i le  s t r u c tu r e  u sed  w ill b e  (o r shou ld  

be) gu ided  b y  th e  in ten d ed  u s e  of th e  d a ta , w h e re a s  i t s  com p lex ity  is  

d ir e c t ly  dependen t on th e  coded  n o n -g ra p h ic  fo rm a t an d  th e  volum e of d a ta  

to  b e  h and led .

CODES F O R  N ON -G RAPH IC SPA TIA L DATA

T w o b ro a d  c a te g o r ie s  of co d es  f o r  n o n -g ra p h ic  s to ra g e  of s p a tia l  d a ta  can  

b e  reco g n iz e d . T h e  f i r s t  of th e s e  i s  m e tr ic  coding , b a s e d  on a  g e o m e tr ic a l 

c o o rd in a te  sy s te m ; if  a  h igh  d e g re e  of a c c u ra c y  in  g e o g rap h ica l lo c a tio n s  

i s  re q u ire d ,  th e n  so m e  f o r m  of m e tr ic  coding  m u s t b e  em ployed . T he 

seco n d  i s  to p o lo g ica l cod ing , w h ich  defin es  th e  lo c a tio n s  of d a ta  e le m e n ts  

in  s p a c e  w ith  r e s p e c t  to  one a n o th e r , but w ithout r e fe re n c e  to  ac tu a l 

d is ta n c e s . Q u ite  r ig o ro u s  to p o lo g ica l g ra m m a rs  can  b e  developed  to  define 

s p a tia l  r e la tio n s h ip s  in  w ays th a t g re a t ly  fa c i l i ta te  d a ta  ed iting , d a ta  m a n i- 

p u la tio n , and  d a ta  r e t r i e v a l  f o r  s p e c if ic  p u rp o s e s . E i th e r  c a te g o ry  o f

8 5
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cod ing  ca n  b e  ap p lied  to  a  g iven  s e t  o f s p a tia l  d a ta , b u t pow erfu l c a p a b ili tie s  

f o r  d a ta  m a n ip u la tio n  ca n  b e  deve loped  w hen bo th  a p p ro ac h es  a r e  u sed  in  

co m b in a tio n  on th e  s a m e  d a ta  se t.

F ig . 4. 3. D ata  in p u t and  r e t r i e v a l  p a th s .

T h e  d ia g ra m  of d a ta  inpu t and  r e t r i e v a l  p a th s  (F ig . 4 . 3) i l lu s t r a t e s  th e  la s t  

po in t. A  g iven  s e t  of s o u rc e  d a ta  m ay  b e  coded m e tr ic a lly , to p o lo g ica lly , o r  

b o th . I f  bo th  m e th o d s  a r e  em ployed , a  r e q u e s t f o r  r e t r ie v a l  of s o u rc e  d a ta  

m a y  e n t e r  th e  f i le  v ia  th e  to p o lo g ica l co d es, w h ich  can  b e  u s e d  a s  an  index 

to  th e  m e tr ic  d a ta , o r  v ia  th e  m e tr ic  co d e s , w hich  can  b e  u s e d  a s  an  index  

to  th e  to p o lo g ic a lly  coded  data ; th e  cho ice  depends on th e  n a tu re  of the  

e n q u iry . In  ad d itio n , to p o lo g ica l co d e s  can  b e  u s e d  in  con junction  w ith  

m e tr ic  co d e s  to  re d u c e  th e  am ount of o v e ra l l  s to ra g e  re q u ire d .

A ll m e tr ic  co d es  r e l y  e i th e r  im p lic itly  o r  e x p lic i tly  on  a  co o rd in a te  sy s te m . 

A s m e n tio n e d  in  C h a p te r  3, a t  p re s e n t  the  on ly  w idely  ac cep te d  m ode l of 

th e  s p a c e  o cc u p ied  b y  th e  e a r th  i s  E uc lid ean . T h e  p r im a r y  c a te g o ry  of 

n o n -g ra p h ic  s to ra g e  w ould  s e e m  to  b e  the  n u m e r ic a l r e c o rd  of lo c a tio n s  in  

t e r m s  o f th e i r  th re e -d im e n s io n a l  s p a t ia l  c o o rd in a te s . H ow ever, r e la tiv e ly  

co m p lex  c a lc u la tio n s  a r e  r e q u i r e d  to  m an ip u la te  th i s  ty p e  of co o rd in a te  

s y s te m , th e  in te rp o la tio n  of d a ta  e le m e n ts  is  a ls o  com plex , and  th e r e  a re  

c u r r e n t ly  few  g o v e rn m en t d ec is io n -m a k in g  p ro c e s s e s  th a t r e q u i r e  da ta  to  

b e  m a n ip u la te d  on a  th re e -d im e n s io n a l g loba l b a s is ;  th is  i s  th e r e fo r e  an  

u ncom m on  fo rm  of n o n -g ra p h ic  s to ra g e  a t th e  m om ent. F u tu re  developm ent 

of g lo b a l e n v iro n m e n ta l m o n ito r in g  s y s te m s  m ay  r e q u i r e  t r a n s fo rm a tio n  of 

so m e  ty p e s  of d a ta  to  su ch  fo rm s  of n o n -g ra p h ic  s to ra g e .
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P la n e  g ra p h ic  re p re s e n ta t io n s  (m aps) o f th e  c u rv e d  s u r fa c e  of th e  e a r th  a r e  

d e v ise d  b y  m a th e m a tic a l tr a n s fo rm a tio n s . T he lo c a tio n  of d a ta  e le m e n ts  

m apped  on the  p la n e  can  th u s  b e  n u m e r ic a l ly  coded by  m ap  c o o rd in a te s . 

S im ila r ly , d a ta  can  be  coded in  te r m s  of an  a r b i t r a r y  s y s te m  of p la n e  

co o rd in a te s  su p e rim p o se d  on th e  m ap . Such a r b i t r a r y  cod ing  i s  u s e d , fo r  

ex a m p le , in  con junction  w ith  an  au to m a tic  t r a c in g  inpu t dev ice; o r  to  a id  

s u b se q u en t com pu ta tion  w ith in  th e  c o m p u te r; o r  to  h e lp  t r a n s fo rm  a r b i t r a r y  

co o rd in a te  v a lu es  to  th e  o r ig in a l p lane  co o rd in a te  s y s te m  o r  to  a n o th e r  

s y s te m .

In  a  p la n e  co o rd in a te  s y s te m , the  c o o rd in a te s  can  b e  u s e d  a lo n e , to  define 

th e  lo c a tio n  on  th e  p lane  of p o in ts  (of p la c e s  o r  e v e n ts ) , a r b i t r a r i l y  sh ap ed  

a r e a s  (such  a s  g r id s ) ,  l in e s  of any  c o n fig u ra tio n  and , b y  ex ten s io n , a r e a  

b o u n d a r ie s  of any  con fig u ra tio n . T he s p a tia l  ju x ta p o s itio n  of su ch  d a ta  

e le m e n ts  i s  m ade ex p lic it in  th e i r  c o o rd in a te  d e fin itio n s .

At th e  o th e r  end  of th e  ra n g e  of n o n -g ra p h ic  d a ta  fo rm a ts  i s  th e  e x c lu s iv e  

u s e  of to p o lo g ica l codes to  r e c o r d  s p a t ia l  d a ta  e le m e n ts . T h e  s im p le s t  f o rm  

is  a  n o m in a l code w hich  id e n tif ie s  d a ta  a s  be lo n g in g  to  a  p a r t ic u la r  g e o g ra -  

ph ic  a r e a  o r  lo c a tio n . T h is  v a lu e  d o es  n o t convey  re la t iv e  lo c a tio n  d ire c tly , 

b u t m u s t b e  u sed  in  con junction  w ith  an  e x te rn a l m e tr ic  index , ty p ic a l ly  a  

m ap . C om m on am ong  su ch  n o m in a l co d e s  a r e  n u m b e rs  o r  n a m e s  id e n tify ing  

a d m in is tr a tiv e  a r e a s ,  s t r e e t  a d d r e s s e s ,  c e n su s  t r a c t s ,  t r a f f ic  z o n e s , and  

so  fo r th . M ost e x is t in g  g e o g ra p h ic a lly  r e f e r e n c e d  d a ta  th a t a r e  n o t m apped  

em p lo y  th i s  d e s c r ip tiv e  coding  m ethod.

S til l a t  th e  e x c lu s iv e ly  to p o lo g ica l end  of th e  ra n g e  is  th e  u se  o f co d es  th a t  

sp e c ify  th e  r e la t iv e  lo c a tio n  of d a ta  e le m e n ts  (fo r ex am p le , po in t co n n e c-  

t i v i t i e s ,  g r id  c e ll  co n tig u itie s , n e tw o rk s , and  a r e a  a d jacen c ie s ) b u t w h e re  

th e  a c tu a l lo c a tio n  o f th e  d a ta  e le m e n ts  in  s p a c e  m u s t s t i l l  b e  d e te rm in e d  

f r o m  an  e x te rn a l index . A  u se fu l ex a m p le  of th is  ap p ro a c h  i s  a  b a s ic  DIME1 

f i le  w hich  p ro v id e s  a  to p o lo g ica lly  r ig o ro u s  co n n e c tiv ity  code fo r  c i ty  s t r e e t s  

w ith o u t n e c e s s a r i ly  m apping  th e  r e s u lt in g  n e tw o rk  in  sp ace .

B etw een  th e  e x t re m e s  of e x c lu s iv e ly  m e tr ic  o r  e x c lu s iv e ly  to p o lo g ica l

1. DIME i s  th e  D ual Independen t M ap E ncod ing  s y s te m  (U. S. B u re a u  o f 
C en su s  1972).
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cod ing  is  th e  com bined  u s e  of th e  tw o ty p e s  o f code (F ig . 4 .4 ) .

Only m e tr ic  
co d es  used*

M e tr ic  and  to p o lo g ica l co d es  u sed *
Only to po log ica l 
codes u sed *

P u r e
C o o rd in a te

defin itio n

D ata  co m p ac tio n  D ata  co n n e c tiv ity  
        fu n c tio n s                                fu nc tions

D e c re a se  in  u s e  of m e tr ic  codes→

D e c re a se  in  u s e  o f to p o lo g ica l codes←

N am es r e f e r r in g  
to  e x te rn a l 
m e tr ic  index

* " Used "  in  th i s  s e n s e  m e an s  th a t th e  code o r  co d es  co n c e rn ed  a r e  p a r t  of 
th e  s to ra g e  of th e  d a ta  h and ling  s y s te m  and th e  p ro p e r t ie s  th e y  d e s c r ib e  
a r e  th u s  know n to  th e  s y s te m .

F ig . 4 . 4. R e la tio n sh ip  b e tw e en  m e tr ic  and to p o lo g ica l codes.

W hen th e  m e tr ic  an d  to p o lo g ica l p ro p e r t ie s  of th e  d a ta  s e t  a r e  known to  th e  

s y s te m  to  v a ry in g  d e g re e s ,  v a r io u s  ty p e s  of com p ac tio n  of d a ta  s to ra g e  o r  

in d ic a tio n s  of d a ta  co n n e c tiv ity , o r  b o th , a r e  p o s s ib le , though a t the e x - 

p e n s e  of co m p lex ity  of th e  f i le  s t r u c tu r e  (see  d is c u ss io n  of f i le  s t r u c tu r e s  

be low ). T h is  can  b e  i l lu s t r a te d  w ith  e x a m p le s  f o r  e a ch  of th e  fo u r cate- 

g o r ie s  o f m e tr ic  code (p o in ts , a r b i t r a r y  r e g u la r  a r e a s ,  lin e  se g m e n ts , 

an d  i r r e g u la r  po lygons).

P o in ts  d e fin ed  by  co o rd in a te s  can  b e  g iven  n a m e s  (ty p ica lly , n u m b e rs) 

w h ich  ca n  b e  u s e d  in  su b se q u en t g ro u p in g  p r o f e s s e s ,  th u s  avoid ing  th e  

r e p e t i t io n  of th e i r  le n g th y  c o o rd in a te s ;  th is  i s  a  s im p le  fo rm  o f  d a ta  c o m -  

p ac tio n . P o in t n a m e s  ca n  b e  r e la te d  to  one an o th e r  b y  a  poin t con n ec tiv ity  

code o r  a  p o in t co n n e c tiv ity  m a tr ix . P o in ts  can  b e  r e la te d  to  o th e r  d a ta  

e le m e n ts , w hose  lo c a tio n s  can  b e  e i th e r  defined  o r  undefined , by  e i th e r  

c o n n ec tiv ity  codes o r  a  co n n e c tiv ity  m a tr ix . A c a se  in  po in t i s  th e  u se  of 

a r e a  c e n tro id s  a s  an  ind ex  to  a r e a s .  If th e  a r e a s  a r e  defined  b y  c o o rd in a te s , 

th e  c o o rd in a te s  of th e  c e n tro id s  can  r e l a te  th e m  to  th e  a r e a s .  C o o rd in a te  

p o in ts  ca n  a ls o  b e  r e la te d  to  a r e a s  b y  im p lic it  o r  ex p lic it co n nectiv ity  

c o d e s . In  e i th e r  c a s e ,  th e  m e tr ic  r e la tio n sh ip  of th e  p o in ts  can  b e  u sed  

(and f re q u e n tly  i s  used) a s  a  s u r ro g a te  f o r  th e  m e tr ic  re la tio n sh ip  of the  

a r e a s ,  w ith  so m e  g a in  in  d a ta  com p ac tio n  b u t w ith  th e  r i s k  of lo s s  of 

a c c u ra c y . In  ad d itio n ,  c e n tro id s  w ith  m e tr ic  o r  o th e r  codes can  b e
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to p o lo g ic a lly  in te r r e la te d ,  f o r  ex am p le  b y  a  po in t co n n e c tiv ity  code o r  

m a tr ix , w h ich  m ay  fu n c tio n  a s  a  s u r r o g a te  f o r  an  a r e a  co n n e c tiv ity  in d i- 

c a to r ,  b u t ag a in  w ith  th e  r i s k  of lo s s  o f a c c u ra c y .

A r b i t r a ry  r e g u la r  a r e a s  can  b e  defined  b y  c o o rd in a te s  f ix in g  tw o o r  m o re  

p o in ts  o f th e  a r r a y  and  b y  to p o lo g ica lly  cod ing  th e  r e g u la r  c e l ls  con ta ined  

in  th e  a r r a y  (a  f o r m  o f d a ta  com pac tion ). B oth  se q u e n tia l d a ta  group ing  

and  in v e r te d  d a ta  g ro u p in g  of a r e a l  u n its  s im i la r  in  s iz e  and sh ap e  a r e  

com m on (s e e  d is c u s s io n  on f i le  s t r u c tu r e s  below ). E x p lic it d a ta  e lem en t 

co n n e c tiv ity  i s  in h e re n t in  bo th  fo r m s  of to p o lo g ic a l coding.

L in e  s e g m e n ts  can  b e  re c o rd e d  in  a  co m p ac t f o r m  of s to ra g e  th a t u ti l iz e s  a  

p o in t -o f -o r ig in  co o rd in a te  fo llow ed  by  th e i r  le n g th  and  d ire c tio n . W ith a 

p o la r  c o o rd in a te  s y s te m , an  a p p ro ac h  u s in g  v a r ia b le - le n g th  v e c to rs  can  be  

em p loyed . W ith  an  o rth o g o n a l c o o rd in a te  s y s te m , a  ch a in -en co d in g  ap p ro ac h  

ca n  b e  u s e d  to  r e c o r d  changes  of d ire c tio n  f ro m  a  s ta r t in g  point; it  is  not 

n e c e s s a r y  to  sp e c ify  le n g th  in  th i s  c a s e , a s  i t  i s  im p lic it  in  the  d ire c tio n  

co d e s  b e c a u se  o f th e i r  h ie r a r c h y  of m ovem en t. T h is  a p p ro ac h  to  line  

se g m e n t co m p ac tio n  cod ing  w as f i r s t  em p lo y ed  in  CGIS. 1 L ine  seg m e n ts  

can  b e  n am ed , and  c o n n e c tiv ity  b e tw e en  lin e  se g m e n ts  and  o th e r  da ta  

e le m e n ts  can  b e  s e p a ra te ly  in d ic a te d , f o r  e x a m p le , by  cod ing  to  end  po in ts  

o r  to  co n tiguous a r e a s .

I r r e g u la r  po lygons (a re a s )  can  b e  nam ed  and  th e  n a m e s  u s e d  a s  s u r ro g a te s  

in  su b se q u en t g ro u p in g  p r o c e s s e s  (a s im p le  fo rm  of d a ta  com paction). A re a s  

ca n  b e  encoded  a s  po lygons m ade up of a  s e r i e s  of p o in ts , o r  a s  a  s e t of 

l in e  se g m e n ts ; th is  i s  th e  red u n d an t c o n v e rs e  of l in e  seg m e n ts  coded co n - 

t ig u o u sly  to  a r e a s .  A re a s  can  b e  r e la te d  to  o th e r  a r e a s  by  bein g  coded 

a s  con tiguous o r  b y  a  co n n e c tiv ity  m a tr ix .

T h e se  e x a m p le s  do n o t fo rm  a  co m p le te  l i s t  of th e  sp e c if ic  n o n -g rap h ic  data  

f o rm a ts  th a t c a n  b e  d ev ise d . T h ey  a r e  g iv en  to  i l lu s t r a t e  th e  ra n g e  of 

p o s s ib le  ty p e s  o f code and  th e  ra n g e  o f ty p e s  of s p a tia l  re la tio n sh ip  w ith in  

a  d a ta  s e t  th a t can  b e  e x p re s s e d  b y  v a r io u s  cod ing  fo rm s . E xam ples  of

1. T h e  C anada G eo g raph ic  In fo rm a tio n  S y stem  (T o m lin so n , R. F . 1967).
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th e  p o s s ib il i t ie s  a r e  g iven  below  (F ig . 4. 5).

F ig . 4. 5. R ange of coding  re la te d  to  e x p re s s io n  of s p a tia l  r e la tio n sh ip s  
w ith in  a  d a ta  s e t .

I t c a n  be s e e n  f ro m  th e  d ia g ra m  th a t th e  b a s ic  fo rm a t of n o n -g ra p h ic  d a ta  is  

d e c id ed  b y  the  type  of r e a l - w o r ld  d a ta  e le m e n t be in g  encoded  (po in t, lin e , 

a r e a ,  o r  a r b i t r a r y  a re a ) . The s im p le s t  fo rm  of n o n -g ra p h ic  s to ra g e  u s e s  

p u re  co o rd in a te  d e fin ition  a lo n e , o r  to p o lo g ica l r e f e r e n c e  to  an  e x te rn a l 

ind ex . T he c e n tra l  p a r t  of the  d ia g ra m , h ow ever, in d ic a te s  th e  a r e a  w h e re  

c a re fu l  cho ice  of f i le  s t r u c tu r e  ca n  b en e fit th e  su b se q u en t e a s e  of r e t r ie v a l  

o f th e  d a ta , can  allow  m odal change of d a ta  to  b e  a t te m p te d , and , in  som e 

in s ta n c e s , can  red u c e  s to ra g e  re q u ire m e n ts .

F IL E  STRUCTURES F O R  CODED N ON-GRAPHIC SPA TIA L DATA 

T h e  p h y s ic a l a rra n g e m e n t of any  s u b s ta n tia l  c o llec tio n  of d a ta  in  any  fo rm a t, 

n o n -g ra p h ic  o r  g rap h ic , a ffec ts  th e  e a se  w ith  w h ich  i t  m a y  su b se q u en tly  be 

e x am in ed , c o r re la te d , and  u n d e rs to o d . The ra n g e  of d a ta  a r ra n g e m e n t ty p es  

th a t can  be  em ployed  i s  d ire c tly  r e la te d  to  th e  p h y s ic a l and  econom ic  co n ­

s t r a in t s  of hand ling  d a ta  in  the  ch o sen  s to ra g e  m ed ium . T h e  ch o ice  of d a ta  

a r ra n g e m e n t w ith in  th a t ra n g e  is  (o r  sho u ld  be) b a s e d  on th e  m a n n e r  in
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P u re
c o o rd in a te
defin itio n

E x a m p le s  of da ta  
com paction  functions

E x a m p le s  of d a ta  
con n ec tiv ity  fu n c tio n s

N am e s  r e f e r r in g  
to  e x te rn a l 
m e tr ic  index(C om bined u se  of m e tr ic  & to p o lo g ica l codes)

P o in ts P o in t nam e 
(ty p ica lly  a  num ber)

P o in t to  poin t 
co n n e c tiv ity [code or m a tr ix ]  
P o in ts  r e la te d  
to  a r e a s  [code or m a tr ix ]

T o po log ica lly  
u n re la te d  
n am es

T opo lo g ica lly
re la te d
n a m e s

A rb itr a ry
r e g u la r
a r e a s

G rid  c e l l  nam e
S equen tia l coding 
In v e rte d  coding , e tc .

L ine
se g m e n ts

Segm ent nam e 
V ariab le  v e c to r  coding  
U nit v e c to r  coding  
(chain  coding)

L ine  seg m e n ts  
to  end po in ts  
L in e  seg m e n ts  
to  a r e a s

I r r e g u la r
po lygons
(a re a s )

A re a  n am e

L ine  seg m e n t 
bou n d ary  cha in s

A re a s  m ade up of po in ts  
A re a s  m ade up of lin e  
se g m e n ts
A re a s  to  a r e a s  

[code or m a trix ]



w hich  th e  d a ta  a r e  s u b se q u e n tly  to  b e  m an ipu la ted .

T he p h y s ic a l c h a r a c te r i s t i c s  of s to ra g e  m ed ia  re a d a b le  by a  co m p u te r (such  

a s  c a rd s ,  ta p e s ,  d is k s , c o r e ,  and  ce lls )  and  the  e le c tro n ic  ca p ab ili ty  of 

ex is t in g  c o m p u te rs  to  r e a d  and  h an d le  d a ta  so  s to re d  a r e  w e ll-d o cu m en ted  

a s p e c t s  of c o m p u te r  d e s ig n . T h e  re s u l t in g  ran g e  of d a ta  a rra n g e m e n t 

ty p e s  is  d is c u s s e d  b r ie f ly  below  so  th a t th e  f ile  s t r u c tu r e s 1 c u r re n t ly  u s e d  

to  han d le  m ap p ed  and  r e l a te d  lo c a tio n -sp e c if ic  d a ta  can  b e  v iew ed  in  con tex t.

T he tim e  an d  c o s t in vo lved  in  re a d in g  and  c o r re la tin g  a  co llec tio n  of 

c o m p u te r - s to re d  d a ta  a r e  a ffe c te d  by: th e  sequence  in  w hich th e  d a ta  a r e  

s to r e d  (file  s eq u en c in g ); th e  m a n n e r  of link in g  and th e  d eg ree  to  w h ich  i t  is  

p o s s ib le  to  e s ta b l is h  lin k s  b e tw e en  d a ta  o r  s e ts  of d a ta  (file linkage); the  

m a n n e r  in  w h ich  e a c h  d a ta  e le m e n t i s  d e s c r ib e d  in  th e  f i le  (file  r e c o r d  

lay o u t); and  th e  in fo rm a tio n  co n ten t of th e  f i le  (file  in fo rm a tio n  content).

O nly a  l im ite d  s e r i e s  of a p p ro a c h e s  can  b e  u s e d  w ith in  each  of th e s e  fo u r  

a s p e c ts  o f f i le  s t r u c tu r e .  A lthough th e r e  i s  no ac cep te d  o rd in a l s c a le  of 

co m p lex ity  o f o v e ra l l  f i l e  s t r u c tu r e ,  th e  s im p le s t  f i le  s t r u c tu r e s  te n d  to  u se  

e le m e n ta ry  a p p ro a c h e s  in  th e s e  fo u r  c a te g o r ie s  and th e  m o s t com p lex  f i le  

s t r u c tu r e s  em p lo y  one o r  m o re  of th e  advanced  ap p ro ac h es . A  b r ie f  

d e s c r ip t io n  of th e  v a r io u s  a p p ro a c h e s  fo llow s.

F i le  S equenc ing   1) S eq u en tia l
2) Indexed  S eq u en tia l
3) D ire c t A c c e s s

A se q u e n tia l a r ra n g e m e n t i s  th e  s im p le s t  of a ll. E ach  data  e le m e n t h a s  a  

d ir e c t  and  sp e c if ic  r e la t io n s h ip  to  th e  ones s to r e d  im m ed ia te ly  b e fo re  and 

a f te r  i t ,  and  th is  r e la tio n s h ip  i s  s p e c if ie d  by  the  p o s itio n  of th e  d a ta  e lem en t 

in  th e  seq u en ce . I t m ay  b e  a rg u e d  th a t th e  lo w es t fo rm  of s eq u en tia l 

a r ra n g e m e n t i s  one w h e re  th e  d a ta  e le m e n ts  d e l ib e ra te ly  have  no m a th e - 

m a tic a l r e la t io n s h ip  to  e a c h  o th e r  (tha t i s ,  n om ina l sca lin g ). T he v a r io u s  

fo r m s  of o rd in a l s c a l in g  (p a r t ia l  o rd e r in g , w eak  o rd e r in g , and  co m plete  

o rd e r in g ) , in te rv a l  s c a l in g , an d  r a t io  sc a l in g  fo rm  in c re a s in g ly  s o p h is tic a te d  

le v e ls  of se q u e n tia l re la t io n s h ip s .  M u ltid im ensiona l s ca lin g  canno t be 

co n v e n ien tly  a c co m m o d a ted  in  a  s im p le  l in e a r  a r ra n g e m e n t w ithou t t r a n s - 

fo rm a tio n . If an  a r r a y  of g r id  s q u a re s  w e re  seq u en tia lly  f i le d , th e y  w ould 

be  s to re d  s t r i p  b y  s t r ip .

1. F o r  th e  p u rp o s e s  o f th is  d is c u s s io n , a  " f ile "  is  ta k en  to  be  an  a r ra n g e d  
s e t  of d a ta , an d  f ile  " s t r u c tu r e "  r e f e r s  to  th e  m a n n e r in  w hich th e  d a ta  
a r e  a r ra n g e d .
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An in d ex ed  s e q u e n tia l a rra n g e m e n t im p lie s  a  seq u e n tia l s to ra g e  re la tio n s h ip  

b e tw e en  d a ta  e le m e n ts , bu t adds  th e  f a c i l i ty  of a  r e la te d  index . I f , fo r  

e x a m p le , so m e d a ta  e le m e n ts  in  th e  seq u en ce  w e re  m is s in g , th e  r e la tio n sh ip  

b e tw e en  a d ja c e n t e le m e n ts  in  th e  f i le  could  b e  d e te rm in e d  f ro m  th e  index .

F o r  ex a m p le , i f  an  a r r a y  of g r id  s q u a re s  w e re  indexed  b y  g r id  c e n tro id  

c o o rd in a te s , th e  r e s u l t  w ould  b e  an  indexed  s e q u e n tia l f ile .

A d ir e c t  a c c e s s  a rra n g e m e n t d o es  no t r e q u i r e  any re la tio n sh ip  to  e x is t  

b e tw e en  ad ja c e n t d a ta  e le m e n ts  in  s to ra g e  (an a rg u m en t a g a in s t n o m in a l 

s c a l in g  a s  th e  lo w es t fo rm  of se q u e n tia l a r ra n g e m e n t) . In  th is  c a s e , 

h o w ev e r , th e  d a ta  e le m e n ts  a r e  p la c e d  in  a  lo g ic a l seq u en ce  a c c o rd in g  to  

a  ra n d o m iz in g  fo rm u la  and  th e  r e la tio n sh ip  be tw een  d a ta  e le m e n ts  i s  d e t e r - 

m in ed  e n t ir e ly  f ro m  th e  ra n d o m iz in g  fo rm u la  and not f r o m  th e i r  p o s itio n  in  

th e  s e q u en ce  of d a ta  e le m e n ts . A com m on u s e  of a  ra n d o m iz in g  fo rm u la  i s  

know n a s  "k ey  tr a n s fo rm a tio n "  o r  " h a sh  cod ing". T he n am e of e a ch  d a ta  

e le m e n t to  b e  s to re d ,  fo r  ex a m p le , th e  v alue  of v a r ia b le  A a t g r id  lo c a tio n  

23, 64 (i. e . , A. 23, 64) is  t r a n s fo rm e d  in to  a  n u m b e r c a lc u la te d  f r o m  th e  

b in a ry  f o r m  of th e  e x p re s s io n  A, 23, 64, u s in g  a  g iven  fo rm u la . T he 

r e s u l t in g  n u m b e r  i s  u s e d  a s  an  " a d d re s s "  in  co m p u te r s to ra g e  a t  w h ich  a r e  

s to r e d  th e  d a ta  d e s c r ib in g  the  a c tu a l va lue  of A a t g r id  lo c a tio n  23 , 64. E ven  

w ith  so m e  ad d itio n a l co d es  to  allow  fo r  re a s s ig n m e n t of d u p lica ted  a d d r e s s e s ,  

s p a r s e  d a ta  co n ten ts  of an  a r r a y  can  b e  s to r e d  in  m uch le s s  sp a c e  th a n  

w ould  b e  ta k e n  b y  a  co m p le te  a r r a y ,  and  th e  a d d re s s e s  of s p e c if ic  d a ta  

i te m s  ca n  b e  d e te rm in e d  th ro u g h  c a lc u la tio n  b y  the  ra n d o m iz in g  fo rm u la .

F i le  L inkage
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A) F ile  d a ta  o rg an iza tio n B) F i le  p o in te rs
1) Sequential data grouping 1) None

2) In v e r te d  d a ta  g roup ing 2) In tra -d a ta -e le m e n t  p o in te r s
a) E x te rn a l d ir e c to r y
b) In te rn a l d ire c to ry
c) In te g ra te d  p o in te rs

3) L i s t - s t r u c tu r e d  d a ta  g roup ing 3) I n tr a - f i le  p o in te rs
a) E x te rn a l d ir e c to r y
b) In te rn a l d ire c to ry
c) In te g ra te d  p o in te rs

4) V a lu e - l is t - s tr u c tu r e d  d a ta  o r  
C r o s s - l i s t - s t r u c tu r e d  d a ta

4) I n te r - f i le  p o in te rs
a) E x te rn a l d ir e c to ry
b) I n te rn a l d ire c to ry
c) In te g ra te d  p o in te rs



T h e  p u rp o s e  of f i le  linkage te ch n iq u es  i s  to  allow  o r  a id  the  g roup ing  and 

r e t r i e v a l  of s u b s e ts  of d a ta  con ta ined  in  a  f i le ,  o r  in  m u lti- f i le  co llec tio n s  

o f d a ta , w ithou t re a d in g  and p ro c e s s in g  th e  e n t ir e  d a ta  s to r e .  O ne obvious 

a p p ro a c h  to  th i s  t a s k  i s  to  d e te rm in e  in  advance  a l l  th e  needed  su b se ts  of 

d a ta  and  to  c r e a te  s e p a ra te  s m a l l  f i le s  f o r  th e m . T h is  i s  th e  b a s ic  c o n - 

ce p t beh in d  f i le  d a ta  o rg an iza tio n .

A n o th er a p p ro ac h  i s  to  inc lude  in  th e  o r ig in a l f i l e  o r  f i l e s  a  s e t  of "p o in te rs " 1 

le a d in g  f r o m  a p p ro p r ia te  d a ta  e le m e n ts  to  o th e r  d a ta  e le m e n ts  w ith  w hich  

th e y  m ay  ev e n tu a lly  b e  g rouped . T h is  i s  the  b a s ic  r a t io n a le  beh in d  f i le  

p o in te r s . B o th  ap p ro a c h e s  can  b e  u s e d  w ith in  th e  s a m e  d a ta  s e t .

T he s im p le s t  f o rm  of f i le  d a ta  o rg an iza tio n  i s  s e q u e n tia l  d a ta  g roup ing . No 

s u b s e t g ro u p in g  i s  a ttem p ted , and  th e  only  s u b s e ts  th a t can  b e  conven ien tly  

e x t r a c te d  a r e  p a r t s  of th e  o r ig in a l f i le  in  th e i r  o r ig in a l  seq u en ce , su ch  a s  

th e  f i r s t  h a lf , th e  m idd le  th i rd , o r  th e  l a s t  q u a r te r .  In v e r te d  d a ta  g roup ing  

i s  th e  f i r s t  a t te m p t a t  re o rg a n iz in g  th e  o r ig in a l f i le . I t i s  th e  e le m e n ta ry  

co n c ep t of m a tr ix  in v e rs io n . D a ta  in  an  a r r a y  of g r id  s q u a re s  w ould  be 

s to r e d  co lum n  b y  co lum n  r a th e r  th a n  row  by  ro w , to  avo id  p ro c e s s in g  th e  

w hole f i l e  in  o r d e r  to  exam ine th e  d a ta  f ro m  one co lum n only. T h is  s t r a ig h t- 

fo rw a rd  ap p ro a c h  b e c o m e s  expensive  if  th e  d a ta  co n ta in ed  in  th e  a r r a y  a r e  

s p a r s e .  T o  o v e rc o m e  th is  p ro b le m , l i s t  s t r u c tu r e s  a r e  u s e d  w h ich  s im p ly  

l i s t  th e  d a ta  in  th e  s u b se ts  re q u ire d  and  s to r e  th e m  in  th a t m a n n e r . A 

v a lu e - l i s t  s t r u c tu r e  is  em ployed  w hen each  d a ta  r e c o r d  co n ta in s  a  n um ber 

o f v a lu e s , and  s u b s e ts  of s e le c te d  v a lu e s  a r e  r e q u i r e d  a s  w e ll a s  s u b se ts  

of th e  d a ta  r e c o r d s  th a t co n ta in  th o se  v a lu es . S im ila r ly , l i s t s  can  b e   

c r e a te d  th a t g ro u p  sp e c if ic  d a ta  e le m e n ts  f r o m  a  v a r ie ty  of o th e r  l i s t s ;  

th i s  p ro v id e s  a  c r o s s - l i s t  s t ru c tu re .

A ll o f th e s e  f o rm s  of f i le  d a ta  o rg an iza tio n  ca n  b e  ac h iev ed  b y  u s in g  p o in te rs ; 

in  f a c t ,  l i s t  s t r u c tu r e s  (A3 and A4 in  th e  su b se c tio n  head in g  above) a r e  not 

o fte n  found  w ith o u t th e m . P o in te r s  can  b e  c o n ta in ed  in  a  l i s t  th a t is  

e x te rn a l  to  th e  s y s te m  (e x te rn a l d ire c to ry ) , o r  a  l i s t  th a t i s  in te rn a l  to  the  

s y s te m  and  h en ce  p a r t  of th e  f i le  ( in te rn a l d ire c to ry ) ,  o r  th e y  ca n  b e  

a c tu a lly  a t ta c h e d  to  th e  d a ta  e le m e n ts  th e m s e lv e s  ( in te g ra te d  p o in te rs ) .

I n tr a -d a ta - e le m e n t  p o in te rs  a r e  th o se  em p loyed  to  lin k  a  s e r ie s  of ite m s

1 .  P o in te r s  can  ta k e  s e v e ra l  fo rm s , th e  m o s t com m on  of w hich  is  a  code 
fo llo w ed  by  th e  s to ra g e  " a d d re s s "  of th e  nex t d e s ir e d  d a ta  e lem en t.
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of d a ta  th a t  to g e th e r  m ake up one d a ta  e le m e n t (fo r exam p le , th e  lin k ag es  

b e tw e en  lin e  se g m e n ts  th a t to g e th e r  m ake  up a  s p e c if ic  polygon). In tra - f i le  

p o in te r s  a r e  th o se  em p loyed  to  connect s u b s e ts  of d a ta  w ith in  one f ile  (such  

a s  th e  l in k a g e s  th a t e s ta b l is h  ad jacen c y  b e tw e en  po lygons on a  m ap).

I n te r - f i le  p o in te r s  a r e  th o se  u s e d  fo r  m u lti- f i le  index ing  (fo r exam p le , to  

con n ec t d if fe re n t d a ta  ty p e s) . T h e  la s t  c a te g o ry  of p o in te r  p e rm its  m o re  

e f f ic ie n t u s e  of su b se c tio n s  o f d a ta  f o r  s p e c if ic  p u rp o se s  and m o re  e ffic ien t 

u s e  of so m e  ty p e s  of co m p u te r h a rd w a re  th a t hand le  s m a l l  bun d le s  of d a ta  

a s  c h e ap ly  a s  in d iv id u a l d a ta  e le m e n ts .

T h e  s e n s ib le  u se  of v a r io u s  ty p e s  of f i le  seq u en c in g  and  f i le  lin k ag es  

in c r e a s e s  th e  f le x ib il i ty  of a  f i le  of d a ta  an d  d e c re a s e s  th e  t im e  fo r  d a ta  

r e t r i e v a l  in  re s p o n s e  to  an  en q u iry . T h e se  b e n e fi ts  a r e  ga ined  a t  the  

ex p e n se  of u s in g  ad d itio n a l s to ra g e  s p a c e  and  in c re a s in g  th e  t im e  needed  

in i t ia l ly  to  e s ta b l is h  and  su b se q u en tly  to  am en d  th e  f ile .

F i le  R e c o rd  L ayou t 1) F ix e d  F o rm a t
2) V a ria b le  F o rm a t 
 3) M ixed F o rm a t

P r a c t ic a l ly  a l l  co m p u te r s to ra g e  s y s te m s  a r e  l in e a r ;  one s to ra g e  lo c a tio n  

co m es  a f te r  a n o th e r  and  no new o n es  m a y  b e  in s e r te d  betw een  th e  o r ig in a l 

o n e s . T h e  s im p le s t  type  o f r e c o r d  la y o u t is  th u s  one w h e re  the  fo rm a t of 

each  d a ta  e le m e n t can  b e  d e te rm in e d  in  advance  and  w h ere  fix ed  b locks  o r  

s t a n d a r d - s iz e d  u n its  of s to ra g e  a r e  a l lo c a te d  f o r  each  d a ta  e lem en t. Such 

r e c o r d s  a r e  s a id  to  be in  a  f ix e d  fo r m a t .

A p a rt f r o m  th e  obv ious ad v a n tag es  of u n ifo rm ity , th e  value  of f ix e d -fo rm a t 

d a ta  i s  a p p a re n t in  a l l  of th e  d a ta  s t r u c tu r e s  d e s c r ib e d  above, w h e re  the 

p o s itio n  of a  d a tu m  in  a  f i le  c a r r i e s  a  g r e a t  d e a l of m ean ing  and can  iden tify  

th e  datum . T h e  d ifficu lty  a r i s e s  w hen d a ta  in  a  f ix e d  fo rm a t s tr u c tu r e  a r e  

s p a r s e  o r  w hen, b y  th e  n a tu re  of th e  d a ta , a  fix ed  fo rm a t i s  im p ra c tic a b le . 

A re a l  d a ta  w ith  b o u n d a rie s  d e s c r ib e d  b y  lin e  seg m e n ts  is  ju s t  one exam ple. 

F o r  s u ch  c a s e s ,  v a r ia b le - fo rm a t  d a ta  ca n  b e  em ployed , b u t add itio n a l d a ta  

(p o in te rs )  a r e  need ed  to  in d ica te  th e  beg inn ing , s iz e ,  o r  end of a  re c o rd , 

o r  to  in d ic a te  th e  s iz e  of v a r ia b le - s iz e d  d a ta  a r r a y s . W here the  data  

co n ten t of e a c h  r e c o r d  i s  v a r ia b le  (v a r ia b le  d a ta  con ten ts), a  d ire c to ry  of
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th e  co n te n ts  m u s t b e  p ro v id e d  in  a  s e p a ra te  p a r t  of th e  co m p u te r o r  coded 

w ith in  e a ch  r e c o r d  i t s e l f ,  so  th a t th e  v a r io u s  c a te g o r ie s  of d a ta  a t  d iffe re n t 

p la c e s  in  th e  v a r ia b le  r e c o r d s  can  b e  lo c a te d , added  to , o r  d e le ted . M ixed 

fo rm a ts  m a y  b e  u s e d  in  la rg e  f i l e s ,  to  ta k e  advan tage of fix ed  fo rm a ts  fo r  

so m e  p a r t s  o f g ro u p in g  and  r e t r i e v a l  w h ile  re ta in in g  v a r ia b le  f o rm a ts  to  

a c co m m o d a te  v a r ia b le  fo rm s  o f da ta . In ev itab ly , th e  in te ra c t io n  of the  

tw o r e q u i r e s  ad d itio n a l s e t s  o f p o in te r s , s to ra g e  s p a c e , and  p ro g ram m in g .

F i le  In fo rm a tio n  C onten t

T h e  s t r u c tu r e  of an y  f i le  i s  o b v iously  in flu en ced  by  th e  fo rm a t of th e  s o u rc e  

d a ta  i t  h a s  to  h an d le  (se e  coded  n o n -g ra p h ic  d a ta  f o rm a ts ,  above). A 

se c o n d  in flu en ce  on th e  u t i l i ty  of th e  f i le  s t r u c tu r e  i s  i t s  c a p a c ity  to  ac cep t 

r e l a te d  o r  s u m m a ry  d a ta  w h ich  m ake  i t  u n n e c e s s a ry  to  r e p e a t ca lc u la tio n s  

on  th e  o r ig in a l  d a ta  s e t  (fo r ex a m p le , th e  a r e a  o r  th e  c e n tro id  of polygons).

T h e  s e n s ib le  u s e  of f i le  r e c o r d  lay o u t and  ad d itio n a l f i le  in fo rm a tio n  content 

can  d e c re a s e  th e  v o lum e of s to ra g e  r e q u ire d  fo r  s p a r s e  d a ta , a t  a  co s t of 

in c r e a s in g  th e  c o m p lex ity  o f th e  f i le  and  h en ce  th e  p ro c e s s in g  c o s ts .

(W here d a ta  su b se q u e n tly  b ec o m e d en se , bo th  s to ra g e  and  p ro c e s s in g  c o s ts  

a r e  in c re a s e d . ) T he ta s k  th a t f a c e s  th e  f i le  d e s ig n e r  i s  to  ac h iev e  a  

b a la n c e  b e tw e en  s to ra g e  vo lum e and  th e  am ount of p ro c e s s in g  needed .

RELA TIO N SH IP B ET W EE N  T Y P E  O F STORAGE FORM A T FO R  
N ON -G RAPH IC S PA TIA L DATA AND CURRENT SYSTEMS FO R  
HANDLING SPA TIA L DATA
T h e  u n d e rly in g  th e m e of th e  above d is c u s s io n  is  th a t th e  fo rm a t, f ile  

s t r u c tu r e ,  and  u t i l i ty  o f a  s to r e  of n o n -g ra p h ic  d a ta  depend  to  a  g re a t 

ex ten t on  th e  fo r m a t  o f th e  r e a l - w o r ld  d a ta  e le m e n ts  to  be re p r e s e n te d  in  it. 

W hen v a r io u s  fo rm a ts  of r e a l -w o r ld  d a ta  m u s t b e  in c lu d ed  in  one s y s te m , 

i t  i s ,  of c o u rs e ,  p o s s ib le  to  code th e m  and  com bine th e m  in  a  v a r ie ty  of 

w ay s . W hen th e r e  i s  only  one ty p e  of fo rm a t of r e a l - w o r ld  o r  coded  data  

e le m e n t , th e r e  a r e  in h e re n t l im ita tio n s  on th e  ty p e s  o f o p e ra tio n s  th a t 

c a n  b e  p e r fo rm e d  on th e  re s u l t in g  s to r e  of da ta . T h is  can  b e  i l lu s tr a te d  

w ith  p o in t da ta .
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F ig . 4 . 6. O p e ra tio n s  p o s s ib le  on  s p a tia l  -data coded a s  c o o rd in a te  p o in ts .

T he d ia g ra m  (F ig . 4 . 6) show s th e  o p e ra t io n s  p o s s ib le  on a  n o n -g rap h ic  

s to r e  of s p a tia l  d a ta  coded  a s  co o rd in a te  p o in ts . T h e  po in ts  can  b e  a g g r e - 

g a ted  in to  c o a r s e r  g r id s ,  c a lc u la tio n s  can  b e  c a r r i e d  out on d en s ity  

(inc lud ing  c o n to u rin g ), d is ta n c e , a r e a ,  and  d ire c tio n , and  b o u n d ary  o p e r a - 

t io n s  ca n  b e  p e r fo rm e d  (fo r ex a m p le , w ith in  c i r c le s ,  r e c ta n g le s , o r  p o ly - 

gons). A b a s ic  l im ita tio n  o f th e  fo rm a t  of n o n -g ra p h ic  s to ra g e  u s in g  

no th ing  b u t co o rd in a te  p o in ts  i s  th a t on ly  re la tio n s h ip s  d e r iv e d  f ro m  p o in t-  

to -p o in t d is ta n c e  c a lc u la tio n s  can  b e  a d e q u a te ly  re n d e re d . W ithout ad d itio n a l 

d a ta  d e r iv e d  f ro m  o th e r  d a ta  f o r m a ts ,  th e r e  i s  no  w ay  of in fe r r in g  in fo rm a - 

t io n  abou t a d jacen c y  o r  a c c e s s ib i l i ty  su ch  a s  could  b e  d e te rm in e d  f ro m  

n e tw o rk , g r id , o r  b o u n d a ry  (web) f o rm a ts ;  th e s e  a r e  not in h e re n t in  th e  

p o in t s y s te m .

T he ty p e  of l im ita tio n  ap p lie s  to  so m e  d e g re e  to  a l l  ind iv idual d a ta  fo rm a ts ,  

and  h a s  p a r t ic u l a r  im p a c t on th e  a b i li ty  to  t r a n s f o r m  one type  of d a ta  to  

a n o th e r . F o r  e a ch  type  of r e a l - w o r ld  d a ta  e le m e n t th e re  i s  s t i l l  an  o p tim u m  

coded  n o n -g ra p h ic  fo rm a t  (po in ts  a s  p o in ts , l in e s  a s  l in e s , and so  fo rth ). 

T ra n s fo rm a tio n  to  o th e r  f o rm a ts  is  p o s s ib le  in  so m e in s ta n c e s , b u t in  o th e rs  

i t  r e q u i r e s  d a ta  red u c tio n . In  th is  e a r ly  s ta g e  of deve lopm ent of c o m p u te r-
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a id ed  s y s te m s  fo r  h and ling  s p a t ia l  d a ta , th e r e  h a s  b ee n  a  s tro n g  (and p e rh a p s  

u n d e rs ta n d ab le )  te n d en cy  to  avoid  th e  c o m p lic a tio n s  of c r o s s - fo rm a t  

lin k a g e s  b u t r a t h e r  to  develop  s y s te m s  p r im a r i ly  desig n ed  to  han d le  sp e c if ic , 

ind iv id u a l f o rm a ts  of da ta . T he re la tio n sh ip  b e tw e en  re a l -w o r ld  d a ta  e l e ­

m e n ts  and  coded  n o n -g ra p h ic  s to ra g e  fo rm a ts  w ith  ex a m p les  of c u r re n t 

s y s te m s  i s  show n in  th e  d ia g ra m  (F ig . 4. 7).

F ig . 4. 7. R e la tio n sh ip  betw een  r e a l -w o r ld  d a ta  e le m e n ts  and  coded 
n o n -g ra p h ic  s to ra g e  fo rm a ts .

E a ch  of th e s e  c a te g o r ie s  of s to ra g e  fo rm a t, th a t i s ,  a r b i t r a r y  r e g u la r  a r e a s ,  

p o in ts , l in e  se g m e n ts , and  po lygons, w ill be  e x a m in ed  in  tu rn  below . T h e ir  

c h a r a c te r is t ic s  w ill b e  i l lu s t r a te d  by  exam in in g  one o r  m o re  sp e c if ic  s y s te m s  

w ith in  e a c h  c a te g o ry , so  th a t th e  p r a c t ic a l ,  a s  w e ll  a s  th e  th e o re tic a l,  

c o n s tra in ts  an d  c a p a b ili tie s  in h e re n t in  each  s to ra g e  fo rm a t can  b e  seen .

1. LUNR -  New Y o rk  S ta te  L and  U se  and N a tu ra l R e s o u rc e s  sy s te m ; MIADS - 
U. S. F o r e s t r y  S e rv ic e  sy s te m ; SYMAP -  S ynag raph ic  C om pu ter G rap h ic s , 
H a rv a rd  U n iv e rs ity ; F R IS  - Sw edish C e n tra l B o a rd  f o r  R ea l E s ta te  D ata 
s y s te m ; GRDSR - G e o g rap h ic a lly 'R e fe ren ce d  D ata  S to rag e  and  R e tr ie v a l 
s y s te m , S ta t is t ic s  C anada; DIME - D ual Independen t Map E ncod ing  s y s te m ,
U. S. B u re a u  of C en su s ; SACS - S tre e t A d d re s s  C o n v e rs io n  S ystem , U rban  
D ata  C e n te r , S ea ttle .
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A RBITRA RY  R EG U LA R -A R E A  CATEGORY O F  SYSTEMS

It can  b e  s e e n  f ro m  th e  d ia g ra m  (F ig . 4. 7) th a t th e  cho ice  of a  s to ra g e  fo rm a t 

u s in g  a r b i t r a r y  r e g u la r  a r e a s  (typ ica lly , a  g rid ) f o r  r e a l -w o r ld  d a ta  e le m e n ts  

im p lie s  so m e  d e g re e  of d a ta  red u c tio n , u n le ss  th e  s o u rc e  d a ta  e le m e n ts  a r e  

ho m o g en eo u sly  (evenly) d is tr ib u te d  th ro u g h o u t each  a r b i t r a r y  a r e a  and  u n le ss  

changes  in  d a ta  v a lu e s  o c c u r  only  a t th e  b o u n d a rie s  of th e  a r b i t r a r y  a r e a s .

T h e  m e th o d  h a s  th e  advan tage  of be in g  a  s im p le  a p p ro ac h  to  d a ta  s to ra g e ,  

a t  th e  ex p e n se  of so m e  in fo rm a tio n  red u c tio n . A lthough c o n s id e ra b le  

(u su a lly  m anual) e f fo r t i s  invo lved  in  rew o rk in g  e x is t in g  d a ta  s e t s  to  co n fo rm  

to  r e g u la r - s h a p e d  "p ig e o n h o le s" , i t  i s  a  s im p le  c o m p u ta tio n a l ta s k  to  s to r e  

th e  r e s u l t s  an d  su b se q u e n tly  r e t r ie v e  o r  d isp la y  th em .

If  th e  a r b i t r a r y  a r e a s  a r e  la r g e  co m p a re d  w ith  th e  s iz e  and  s p a tia l  co m p lex ity  

of th e  d a ta  e le m e n ts  th e y  r e p re s e n t ,  th e  coding f re q u e n tly  c r e a te s  a  sp u rio u s  

ho m o g en e ity , d e g ra d e s  lo c a tio n a l p re c is io n , and  im p o se s  an  u n re a l  fo rm a t 

on th e  s o u rc e  d a ta . If  th e  a r b i t r a r y  a r e a s  a r e  s m a l l  c o m p a re d  w ith  the  

d a ta  e le m e n ts  th e y  r e p r e s e n t ,  th e s e  e ffe c ts  a r e  m in im ized . A w ide  v a r ie ty  

of s y s te m s  h a s  b e e n  deve loped  u s in g  th e  a r b i t r a r y  r e g u l a r - a r e a  s to ra g e  

fo rm a t, and  th e y  ra n g e  f ro m  th o se  in i tia lly  d e s ig n e d  to  a c cep t c o m p a ra tiv e ly  

la rg e  c e l ls  r e la t iv e  to  th e  d a ta  b e in g  s to re d ,  w hich  w ill b e  te rm e d  T ype 1 

s y s te m s , to  s y s te m s  w hose  m an ip u la tiv e  fu n c tio n s  a s s u m e  a  s m a l l  c e l l  s iz e  

r e la t iv e  to  th e  s o u rc e  d a ta  e le m e n ts  be in g  s to re d , to  b e  te r m e d  T ype 2. 

s y s te m s  (F ig . 4 . 8).

F ig . 4 . 8. T y p e s  of m an ip u la tio n  ca p ab ili ty  in  s y s te m s  b a s e d  on s to ra g e  
fo r m a ts  u s in g  a r b i t r a r y  r e g u la r  a r e a s  a s  a  function  of c e ll 
s iz e  and  c h a ra c te r is t ic s  of so u rc e  data  e le m e n ts .
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In h e re n t in fo rm a tio n  lo s s  g e n e ra lly  d e c re a s e s  a long  th e  d iagonal in  the  

d ia g ra m  (F ig . 4 .8 ) . W ith in  s p e c if ic  s y s te m s , h o w ev e r, th e  d e g re e  of 

d a ta  re d u c tio n  i s  a  fun c tio n  of th e  m ix tu re  of c h a ra c te r is t ic s  of th e  data  

e le m e n ts  b e in g  s to re d .  T h e  re la tio n s h ip  be tw een  m a n ip u la tiv e  functions  

and  th e  r a t io  of c e l l  s iz e  to  d a ta  e le m e n t s iz e  i s  s im p lif ie d , b u t th is  a llow s 

a  g e n e ra l g roup ing  in to  tw o  b ro a d  c a te g o r ie s  of s y s te m s  f o r  d e sc r ip tiv e  

p u rp o s e s .

A r b i t r a ry  R e g u la r -A re a  S y stem s  - T ype 1

T he f i r s t  c a te g o ry  (Type 1 in  F ig . 4. 8) is  a  ty p e  o f d a ta  s t r u c tu r e  th a t h a s

b ee n  adop ted  f o r  a  n u m b e r of a d m in is tr a tiv e  u n its  in  v a r io u s  c o u n tr ie s . In

N o rth  A m e r ic a , f o r  e x a m p le , th e  type  of s to ra g e  fo rm a t  u s in g  a r b i t r a r y

r e g u la r  a r e a s  i s  u s u a lly  a  g r id . T h e  s iz e  o f th e  g r id  S quare  em ployed

v a r i e s  f ro m  1 /8  m ile  s q u a re  in  I l l in o is  (NARIS s y s te m 1) and  M inneso ta

(M inneso ta  L a k e s h o re  D eve lopm en t S tudy2) to  500 m  s q u a re  in  p a r t s  of 

O n ta r io , C anada (E r ie  P r o je c t3) , 1 km 2 in  M a s sa c h u s e tts  (C om prehensive

L and  U se  In v en to ry  P r o je c t4) and  D ela w are  C ounty , P en n sy lv a n ia 
(D elaw are  C ounty  In fo rm a tio n  S y stem 5) , and  10 m i le s  s q u a re  in  th e  O zark s  

r e g io n  (C om posite  M apping S y stem 6). O ne ty p ic a l ex am p le  of th e  f i r s t

c a te g o ry  i s  LUNR,7 th e  L and  U se  and  N a tu ra l R e s o u rc e s  in v e n to ry  of 

New Y o rk  S ta te , w h ich  em p lo y s  a  1-km 2 g r id  s q u a re . T h e  LUNR s y s te m  

w ill b e  u s e d  to  i l lu s t r a t e  th e  p ro b le m s  and p o te n tia ls  of th is  c a te g o ry  of 

s to ra g e  fo rm a t  b e c a u se  i t  is  a  s t r a ig h tfo rw a rd  ex a m p le  of th e  g e n re  w hich  

h a s  b ee n  fu lly  d eve loped  in  te r m s  of th e  o r ig in a l o b je c tiv e s  of i t s  d e s ig n e rs . 

I t is  q u ite  w e ll d o cum en ted  and  h a s  b e e n  in  e x is te n c e  f o r  a  su ffic ien t tim e  

( s in c e  1969) to  allow  a  p r e l im in a ry  a s s e s s m e n t  of i t s  c a p a b ili tie s .

LUNR S y stem  - E x am p le  of T ype 1 of th e  A r b i t r a ry  R e g u la r-A re a  C a teg o ry  

T he a im  of th e  LUNR8 p ro je c t w as  to  p ro d u ce  an  in v e n to ry  of th e  p re s e n t 

la n d  u s e s  and  c e r ta in  e n v iro n m e n ta l l in e  and  poin t a t t r ib u te s  in  New Y ork  

S ta te . T he d a ta  s o u rc e s  a v a ila b le  to  th e  p ro je c t  w e re  a e r i a l  p ho tog raphs  

(1 :24 ,000) su p p lem en te d  b y  e x is t in g  m a p s , r e p o r t s  and  d ir e c to r ie s ,  

pub lic  agency  r e c o r d s ,  and  d ir e c t  f ie ld  o b se rv a tio n . T he d a ta  e lem en ts  

id e n tif ie d  w e re  p lo tte d  on 7 - 1 /2  m in u te  s e r ie s  of to p o g ra p h ic  b a s e  m aps 

(1 :24 ,000) of th e  U nited  S ta te s  G eo lo g ica l S u rvey  (USGS). T he f i r s t  s tep

1. U n iv e rs ity  of I ll in o is  1970. 2. B o rc h e r t  1969. 3. B r u e r  1967, P h ilb r ic k
1967. 4. V og t, I v e r s  and  A ss o c ia te s  1966. 5. D e la w are  County P lan n in g  
C o m m issio n  1970. 6. U. S. D ept. of C o m m e rc e  1967. 7. H ard y  e t a l. 1971a. 
8. H ard y  e t a l. 1971b.
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in  th e  o v e r a l l  p ro je c t w as th u s  to  e s ta b lis h  a  to ta lly  g ra p h ic  s to ra g e  f ile .

T he g ra p h ic  d a ta  a r e  c o n v e rted  to  a  n o n -g rap h ic  fo rm a t u s in g  v e ry  s im p le  

co m b in ed  m e tr ic  and  to p o lo g ica l co d es  fo r  an  a r r a y  o f g r id  s q u a re s 1 s u p e r - 

im p o se d  on  th e  USGS b a s e  m aps. U n iv e rs a l T ra n s v e r s e  M e rc a to r  (UTM) 

c o o rd in a te  p a i r s  ta k e n  f ro m  th e  c o r n e r s  of e a ch  b a s e  m ap  m e tr ic a l ly  define 

th e  a r r a y .  T h e  g r id  s q u a re s  a r e  to p o lo g ica lly  coded  b y  s e q u e n tia l n u m b e rin g  

(le ft to  r ig h t ,  row  b y  row ) w ith in  e a ch  sh e e t. A ll d a ta  e le m e n ts  a r e  th e n  

a s s ig n e d  to  a  un ique  g r id  c e ll  n um ber.

T o  a s s ig n  d a ta  e le m e n ts  to  g r id  c e l ls ,  th e  to ta l  of a r e a l  u n its  (ind ica ting  

p r e s e n t  la n d  u se) w ith in  e a ch  c e l l  i s  m an u a lly  m e a s u re d  b y  a  type  of dot 

g r id  a c c u ra te  to  0 . 01 km2  and e x p re s s e d  a s  th e  p e rc e n ta g e  of th e  c e ll  

co v e re d  by  a  p a r t ic u l a r  ty p e  of a r e a l  d a ta . T h e  r e s u l t in g  m e a s u re m e n ts  

a r e  coded  an d  a s s ig n e d  to  th e  g r id  s q u a re  n u m b e r. L in e a r  m e a s u re m e n ts  

w ith in  e a ch  c e l l  (m ilea g es  of s h o re lin e s , r a i lw a y s , and  so  fo rth ) a r e  p e r - 

fo rm e d  to  a  re s o lu t io n  of 1 /10  m ile ; th e se  data , and  coun ts of n u m b e rs  of 

po in t and  a r e a  d a ta  e l e m e n ts , a r e  s im i la r ly  a s s ig n e d  to  g r id  c e l l  n u m b e rs .

T h u s , a  s ig n if ic a n t am ount of d a ta  e x tra c tio n  (m e asu re m en t) i s  c a r r i e d  out 

on  th e  g ra p h ic  s to ra g e  f ile  at th is  s ta g e , and  i t  is  th e  r e s u l t s  of th e se  

m e a s u re m e n ts  th a t a r e  s to re d  in  th e  r e g u la r  m a tr ix  o f th e  n o n -g rap h ic  

s to ra g e  f ile . No d e ta ile d  co s t b reak d o w n s of m an u a l e f fo r t a r e  av a ila b le , 

b u t i t  c a n  b e  no ted  th a t 140,000 1-km 2 g r id  c e l ls  a r e  needed  to  co v e r  th e  

S ta te  of New Y o rk , and  th e  m an u a l p a r t  of th e  p ro je c t  w as  la r g e  enough to  

dem an d  th e  f u l l - t im e  e f fo r ts  of up to  50 w o rk e rs  o v e r  a  p e r io d  of fo u r 

y e a r s  (1967-71).

T he coded  n o n -g ra p h ic  d a ta  a r e  keypunched an d  s to re d  on an  IBM  2316 D isk 

S to rag e  d e v ic e .3 E a ch  in d iv idua l r e c o rd  c o n ta in s  a l l  th e  d a ta  f o r  f iv e  g r id  

c e l l s ,  o rg a n iz e d  s e q u e n tia lly  in  560 " w o rd s"  (tha t i s ,  115 w o rd s  p e r  ce ll) .

T he d a ta  a r e  co m p ac te d  on th e  b a s is  of one w o rd  (4 b y te s , 32 b in a ry  b i t s ,  

o r  24 f lo a tin g  po in t b i t s ,  p lu s  8 b i t s  exponent) p e r  s e t  of 8 o r  10 r e a l  

n u m e r ic  in te g e r s ,  and  s to r e d  in  f ix e d -fo rm a t r e c o rd s ;  em p ty  f ie ld s  a r e  

f i l le d  w ith  z e ro s .  T he r e c o r d s  a r e  f i le d  fo r  d ir e c t  a c c e s s ,  though the  

ra n d o m iz in g  fo rm u la  u s e d  c r e a te s  140 indexed  se q u e n tia l g ro u p s  of r e c o r d s ,  

e a ch  g roup  co n ta in in g  th e  r e c o r d s  f ro m  one b a s e  m ap .

1. I t sho u ld  b e  no ted  th a t th e  g r id  " s q u a re s " , a r e  on ly  a p p ro x im a te ly  s q u a re 
an d  th e i r  sh ap e  v a r ie s  s lig h tly  o v e r th e  ex ten t of New Y o rk  S ta te . T h is  i n - 
h e re n t e r r o r  w as  not co n s id e re d  to  b e  s ig n if ican t in  any  ca lc u la tio n  u s in g  the  
s u m m a r iz e d  g r id  c e ll  co n ten ts . 2, H ard y  and S helton  1970. 3 .  S helton  et a l. 1971.
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T h e  r e t r i e v a l  p ro g ra m  (DATALIST1) c a n  s e le c t any  in d iv id u a l r e c o rd  o r  s e t

o f r e c o r d s .  Any c e ll  can  b e  c a lle d 2 b y  u s in g  th e  c o o rd in a te  po in t of i t s  

n o r th - e a s t  c o rn e r ;  s im i la r ly ,  any  re c ta n g u la r  b lo ck  of c e lls  can  b e  ca lle d  

b y  the  c o o rd in a te  p o in ts  o f b lo c k  c o rn e r s .  C e lls  can  a lso  b e  ca lled  b y  d a ta  

i te m s , w h ich  m a y  in c lu d e  coun ty  and  tow nsh ip  n am es . On r e t r ie v a l ,  e ach  

in d iv id u a l r e c o r d  i s  expanded  in to  th e  fu ll  d a ta  s e t  f o r  th e  f iv e  s e p a ra te  

g r id  c e l ls .  U nw anted c e l ls  o r  d a ta  v a lu e s  a r e  s im p ly  d isc a rd e d . T h is  i s  

th e  on ly  fo rm  o f r e t r i e v a l  p o s s ib le , and  i t  m ust b e  u s e d  to  get even  one 

v a lu e  f ro m  one g r id  c e ll .  T he  r e t r i e v a l  of th e  to ta l  d a ta  f ro m  one c e ll  (o r 

s e t  of f iv e  c e lls )  i s  th u s  r e la t iv e ly  e ff ic ie n t, but th e  r e t r i e v a l  of one va lue  

f ro m  th e  e n t ir e  f i le  r e q u i r e s  p r o c e s s in g  of th e  e n t ir e  f ile . T h e re  a r e  no 

e x p lic it p o in te r s  in  an y  fo rm  in c o rp o ra te d  in  th e  f i le . U s e r s  h ave  c re a te d  

sp e c if ic  l i s t  s t r u c tu r e s  f o r  f r e q u e n tly  r e q u ire d  r e t r i e v a l s  in  s e le c te d  a r e a s ,  

b u t th e s e  a r e  n o t in c o rp o ra te d  o r  in d ex ed  in  th e  m a in  file .

A ny com b in a tio n  of d a ta  v a lu e s  f r o m  c e l ls  can  b e  p ro d u ced  and  any  m a th e - 

m a tic a l o r  lo g ic a l a n a ly s is  can  su b se q u en tly  be m ade on th e  d a ta , a lthough 

s p e c if ic  a lg o r ith m s  m u s t b e  p ro g ra m m e d  f o r  th e  d a ta  m an ipu la tions  

r e q u ir e d  in  th e s e  ta s k s .

U sing  a  seco n d  c o m p u te r  p ro g ra m  (PLA N M A P1), a  p ic to r ia l  r e p re s e n ta t io n  

of th e  g r id  s q u a re s  can  b e  p ro d u ced  b y  th e  co m p u te r lin e  p r in te r .  In  co n - 

ju n c tio n  w ith  DATA-LIST, th e  m app ing  p ro g ra m  PLA NM A P can  d isp la y  any  

s e le c tio n  o r  m a th e m a tic a l com b in a tio n  of g r id  v a lu es . Sym bols can  b e  

o v e rp r in te d  to  g ive  d iffe re n t g re y  to n e s  (choice of f iv e  le v e ls )  in  each  g r id . 

N u m e r ic a l v a lu e s  (one d ig it) can  b e  p r in te d  in  the  m idd le  of e a ch  g r id  so  

d isp la y ed . A  g r e a t  m an y  l in e - p r in t e r  m ap s  of th e  g r id  s q u a re s ,  show ing 

d iffe re n t co m b in a tio n s  of i te m s , can  b e  p ro d u ced  v e ry  q u ick ly  (w ithin h o u rs ) . 

W hile  th e  con ten t of th e  g r id  r e m a in s  c o n s ta n t, i t  i s  p o s s ib le  to  change th e  

" s c a le "  b y  in c r e a s in g  th e  a r e a  of th e  l in e - p r in te r  p a p e r  on w hich  each  g r id  

i s  p ro d u ced . No o th e r  im ag e  m a n ip u la tio n s  o r  ty p e s  of d a ta  e x tra c tio n  a r e  

p o s s ib le  in  th i s  s y s te m .

T o  a s s e s s  th is  type  of s y s te m  in  th e  f i r s t  c a te g o ry  of s to ra g e  fo rm a ts ,  one 

cou ld  c o m p a re  th e  a b i li ty  of th e  LUNR s y s te m  to  m an ip u la te  i t s  n o n -g rap h ic  

s to ra g e  w ith  th e  a b i li ty  to  m a n ip u la te  th e  o r ig in a l g ra p h ic a lly  s to re d  d a ta

1. S helton  and  D im ock  1971a, 1971b. 2. "C a lled "  in  th is  con tex t m eans 
s e le c te d  fo r  r e t r ie v a l .
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m anually . T he o r ig in a l  g ra p h ic a lly  s to re d  d a ta  could  be a s s u m e d  to  c o m - 

p r i s e  a p p ro x im a te ly  140 s h e e ts  of po in t d a ta  s im i la r ly  re c o rd e d . T he e ffo r t 

r e q u ir e d  to  s u m m a r iz e  and  o v e r la y  th e  v a r io u s  ty p e s  of d a ta  e le m e n ts  f ro m  

th e  c o n tra s tin g  f o rm a ts  cou ld  be  e s tim a te d  and  co m p ared . Such a  d ire c t  

c o m p a r is o n  w ould , h o w ev e r , b e  m islead in g , and  th e r e in  l i e s  th e  key  to  

a s s e s s in g  th e  u t i l i ty  of L U N R -type s y s te m s . T h e  n o n -g rap h ic  s to r e  does  

no t co n ta in  th e  s a m e  d a ta  s e t  a s  th e  g ra p h ic  s to r e .  I t co n ta in s  a  s e le c te d  

s e t  of m e a s u re m e n ts  m a n u a lly  d e r iv e d  f ro m  th e  g rap h ic  s to r e  a t c o n s id e ra b le  

ex p e n se  and  r e c o rd e d  in  an  a r b i t r a r y  fo rm a t. T he LUNR s y s te m  can  only  

m a n ip u la te  and  d isp la y  th o s e  m e a s u re m e n ts ;  i t  h a s  no a c c e s s  to  th e  s o u rc e  

d a ta .

A s m en tio n ed  in  th e  s y s te m  d e s c r ip tio n  above , th e  m anual p ro c e s s  of 

c re a t in g  n o n -g ra p h ic  f o rm a ts  of a r b i t r a r y  r e g u la r  a r e a s  invo lves  m e a s u r in g  

and  coding  a l l  p r e s e n t  la n d  u s e  a r e a s ,  m e a su rin g  and coding lin e  le n g th s , 

and  coun ting  and  cod ing  p o in ts . T h e se  a r e  h ig h -o rd e r  m an u a l te ch n iq u es  

(see  C h a p te r  3, p. 78) th a t  e x t ra c t  d a ta  in h e re n t in  th e  f i le  s t r u c tu r e  of 

th e  m ap s  invo lved , and  f o r  re a s o n s  of c o s t and  tim e  they  a r e  not u s u a lly  

ap p lied  to  m o re  th a n  a  l im ite d  n u m b e r of m ap  s h e e ts .

If  th e s e  m e a s u re m e n ts  a r e  g ro u p ed  ac c o rd in g  to  th e i r  o c c u rre n c e  in  1 -k m2 

c e l ls ,  th e  o r ig in a l s p a t ia l  re la tio n s h ip s  of th e  d a ta  e le m e n ts  a r e  lo s t  and  

a r e  r e p la c e d  b y  th e  a r b i t r a r y  re la tio n sh ip  in h e re n t in  th e  r e g u la r  a r e a  

fo rm a t. T h is  in fo rm a tio n  re d u c tio n  in c lu d es  th e  lo s s  of o r ig in a l a r e a  

b o u n d a rie s  (both  th e i r  c o n fig u ra tio n  and  p re c is io n  of lo c a tio n ) , lo s s  of 

p r e c is io n  o f po in t lo c a tio n , and  lo s s  of lin e  seg m e n t co n fig u ra tio n  and 

p re c is io n  of lo c a tio n . U nd erly in g  th e  e n t ir e  m an u a l tr a n s fo rm a tio n  p ro c e s s  

i s  th e  a s su m p tio n  th a t th e  m e a s u re m e n ts  b e in g  m ade w ill b e  r e q u ir e d  by 

th e  u s e r  an d  th a t th e  lo s s  of in fo rm a tio n  is  no t im p o rta n t to  the  u s e r . In

te r m s  of th e  u s e  of th e  su b se q u en t d a ta , th e  lo s s  of in fo rm a tio n  i s ,  of 

c o u rs e , g r e a te s t  w hen  s m a l l  n u m b e rs  of c e l ls  a r e  c o n s id e re d , an d  is  

m in im ized  w hen la r g e  n u m b ers  o f th e  c e l ls  a r e  c o n s id e red .

T he ta s k s  e v e n tu a lly  a s s ig n e d  to  th e  co m p u te r to  m an ip u la te  th is  n o n -g rap h ic  

s to ra g e  a r e  r e la t iv e ly  s im p le : th o s e  of re a d in g  th e  d a ta  w r itte n  in  th e  f i le ,  

s e le c tin g  and  g ro u p in g  th e m  on com m and , and  p roducing  a  p ic to r ia l  d isp la y
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of th e  r e s u l t .  In  th e  te r m s  u s e d  to  d e s c r ib e  m an u a l p ro c e s s e s  in  C h ap te r  3, 

th e y  invo lve  th e  te ch n iq u es  of re a d in g  d a ta , g ro u p in g  d a ta  (m e rg e , d is s o lv e , 

an d  g e n e ra te ) , and  p e r fo rm in g  d a ta  m ove and s c a le  change on output. T h e se  

te c h n iq u e s  r e q u i r e  a  s u b s ta n tia l  d e g re e  of m an u a l e f fo r t, and  if  a  la rg e  

n u m b e r of c e l ls  have  to  b e  p ro c e s s e d  (as  f o r  th e  s ta te -w id e  d is p la y  of 

s e le c te d  d a ta  ite m s ) , th e  c o m p u te r -a id e d  p r o c e s s e s  w ould  te n d  to  b e  c h e ap e r 

an d  quic k e r  th a n  m a n u a l te c h n iq u e s , even  though in e ffic ie n t in  te r m s  of 

co m p u te r  u sag e .

T h e  te ch n iq u es  of re a d in g  d a ta , g ro u p in g  d a ta , and  s c a le  change r e f e r r e d  

to  above , a lthough  h igh  in  m a n u a l m o to r  e f fo r t, a r e  n e v e r th e le s s  s t i l l  in  

th e  lo w -o rd e r  g roup  (se e  C h a p te r  3, pp. 78-79) g e n e ra lly  c o n s id e re d  to  be 

e c o n o m ica lly  p r a c t ic a l  a s  w o rk in g  to o ls  f o r  a  l im ite d  n u m b e r  of m ap s (such  

a s  m igh t b e  r e q u ire d  b y  a  lo c a l p la nn ing  agency). T he s y s te m  d e s ig n e rs  

s e e m  to  h ave  co n sc io u s ly  o r  su b c o n sc io u s ly  re c o g n iz e d  th is  f a c t and  th e  f i le  

s t r u c tu r e  of LUNR i s  a t  i t s  m o s t e ff ic ie n t in  r e t r ie v in g  d a ta  f r o m  s m a ll  

a r e a s .  T he c o n s tra in t on  th e  s y s te m , ho w ev er, is  th e  low re s o lu t io n  

in h e re n t in  th e  n o n -g ra p h ic  d a ta  f o rm a t ,  w h ich  s e r io u s ly  l im i t s  th e  u ti l i ty  

of th e  s y s te m  fo r  a n a ly s is  of su ch  l im ite d  a r e a s .

D a ta  a r e  added  to  th e  n o n -g ra p h ic  s to r e  in  th e  s a m e  m a n n e r  a s  th e  o r ig in a l 

da ta . W ith  s m a l l  am o u n ts  of d a ta  th i s  i s  an  e a sy  p r o c e s s ,  now th a t th e  f i le s  

a r e  e s ta b lis h e d . W ith la r g e r  am o u n ts  of d a ta , su ch  a s  a  new p r e s e n t  la n d  

u s e  su rv e y , m a n u a l d a ta  e x t ra c tio n  to  c re a te  th e  n o n -g ra p h ic  f i le  w ould 

dem and  a s  m uch e f fo r t a s  f o r  th e  o r ig in a l d a ta  s e t .  O th e r th a n  th e  a b ility  

to  m a n ip u la te  d a ta  a s  d e s c r ib e d  above , th e  m a in  o v e ra l l  b en e fit of th e  LUNR 

a p p ro ac h  is  p e rh a p s  th e  s ta te -w id e  c la s s i f ic a t io n s  of d a ta  now a v a ila b le  

in  bo th  g ra p h ic  and  n o n -g ra p h ic  f o rm s  w hich  h av e  re s u l te d  f ro m  th e  data  

g a th e r in g  a c tiv i ty  u n d e rly in g  th e  c re a tio n  of th e  a c tu a l s y s te m  it s e lf .

A r b i t r a ry  R e g u la r -A re a  S y stem s  -  T ype 2

T he seco n d  type  o f s y s te m  in  th e  c a te g o ry  of s to ra g e  fo rm a t  u s in g  a r b i t r a r y  

r e g u la r  a r e a s  i s  c h a ra c te r iz e d  b y  m an ip u la tiv e  fu n c tio n s  re ly in g  on  a  s m a l l  

c e l l  s iz e  r e la t iv e  to  th e  s o u rc e  d a ta  e le m e n ts  b e in g  s to re d . T h is  type  u s e s  

s in g le  d a ta  s e ts ,  o r  f a c to r s  d e r iv e d  by  a  co m b in a tio n  o f su ch  d a ta  s e ts ,  

p la c e d  in  s m a l l  a r b i t r a r y  g r id  c e l ls  w hich  can  th e n  b e  sp a tia lly  m a n ip u la ted
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b y  th e  co m p u te r . Such m an ip u la tio n  i s  bo th  f a c i l i ta te d  and c o n s tra in e d  by 

th e  s m a l l  g r id  f o rm a t ,  and  by  th e  re q u ire m e n t f o r  an  end  p ro d u c t w ith  one 

d a ta  v a lue  p e r  g r id  c e ll .  T he  r e s u l t s  a r e  u s u a lly  d isp la y ed  a s  l in e - p r in te r  

c h a ra c te r  m aps.

SYMAP V1 i s  th e  b e s t  know n and  m o st w id e ly  u s e d  p ro g ra m  of th i s  type .

O th e r s im i la r  p ro g ra m s  in c lu d e  MIADS2 and  MIADS23 (U. S. F o r e s t  S erv ice ),

GRID4 (H a rv a rd  U n iv e rs ity ) , LIN M AP5 and  CO LM AP6 (M in is try  of H ousing

and  L o c a l G overnm en t, U .K .) ,  MANS7 (U n iv e rs ity  of M ary land ), GEOMAP8

(U n iv e rs ity  of W a te rlo o ), M AP019 (New Y o rk  S ta te , D ep a rtm en t of P u b lic

W o rk s), BRA DM A P10 (B rad fo rd , U .K .) ,  and  n u m e ro u s  o th e r  unnam ed ,

u ndocum en ted  e x a m p le s  th a t ex h ib it th e  c h a r a c te r i s t i c s  of th e  c a te g o ry  and

a r e  in  lo c a l u s e , f o r  ex am p le  th e  s y s te m  d eve loped  and  u s e d  in  th e  G eography

D ep a rtm e n t, U n iv e rs ity  of M ichigan , Ann A rb o r , U. S. A.

C o ncep tually , th e  tr a n s fo rm a tio n  f ro m  s o u rc e  d a ta  fo rm a t  to  n o n -g rap h ic  

fo rm a t  in v o lv es  o v e rlay in g  th e  s o u rc e  d a ta  w ith  an  a r b i t r a r y  re c ta n g u la r  

g r id . T he g r id  c e l ls  can  b e  of any  s iz e ,  b u t th e y  u s u a lly  ap p ro x im a te  to  the  

a r e a  on th e  s o u rc e  m ap  c o v e re d  b y  one sy m b o l on  th e  l in e  p r in te r  av a ilab le . 

T he on ly  ch o ice  th a t  can  a ffec t th e  r e s o lu t io n  of th e  n o n -g ra p h ic  s to re  is  

e x e rc is e d  a t th is  s ta g e , and  su b se q u en t ch an g es  of s c a le  on ly  a ffec t the  a r e a  

of p a p e r  u s e d  to  d is p la y  th e  r e c o rd e d  d a ta  s e t.  T he s o u rc e  d a ta  a r e  then  

éoded in  th e  new g ra p h ic  fo rm a t of th e  a r b i t r a r y  g r id , th e  c o n s tra in t being  

th a t on ly  one v a lu e  can  b e  a l lo c a te d  to  e a ch  g r id  c e ll. P o in ts  a r e  ass ig n ed  

one c e l l  e a ch , l in e s  a r e  r e p r e s e n te d  a s  s tr in g s  of a d ja c e n t c e l ls ,  and a re a s  

a r e  d e s c r ib e d  a s  c lu s t e r s  of c e lls .  F u r th e r  m a n u a l t r a n s fo rm a tio n  to  n on - 

g ra p h ic  fo rm a t in v o lv es  only  th e  a s s ig n m e n t of a  s im p le  co o rd in a te  sy s te m  

to  th e  g r id  s t r u c tu r e  and  th e  re a d in g  of th e  c e l l  v a lue  fo r  th e  a p p ro p ria te  

c e l l  c o o rd in a te . T h e  re s u l t in g  d a ta  s e t  i s  th u s  m e tr ic a l ly  and to p o log ica lly  

coded , w ith  th e  re la tio n s h ip s  in h e re n t in  th e  a r r a y .  T h e  a r r a y  m ay  o r  m ay  

not b e  r e la te d  to  r e a l -w o r ld  lo c a tio n , th a t i s ,  i t  m a y  o r  m ay  not have r e a l -  

w o rld  d im en s io n s  w hich  a r e  know n to  th e  s y s te m . M anipu la tive  c h a r a c te r is - 

t i c s  of th e  s y s te m  a r e  u s u a lly  independen t of d im en s io n s  e x te rn a l to  the  a r ra y .

1. S ynag raph ic  C o m p u te r G ra p h ic s , L a b o ra to ry  f o r  C om pu ter G rap h ic s  and 
S p a tia l A n a ly s is , H a rv a rd  U n iv e rs ity , U .S .A . SYMAP w as o r ig in a lly  d ev e - 
lop ed  by  H. T . F is h e r  and B e tty  B enson , and  su b se q u en t m od ifica tio n s  to  the  
p ro g ra m  h ave b e e n  m ade b y  A. S chm id t, R . R u s s e l l ,  D. S hepard , M. M anes and 
K . R e in e . (See H a rv a rd  U n iv e rs ity  1968). 2. A m idon 1964. 3. A m idon 1966.
4 . S in ton  and  S te in itz  1969. 5. G a its  1968. 6. P e a r s o n  1972. 7. P fa ltz  1967c.
8. S te in e r  1970. 9. New Y o rk  S ta te  1967. 10. T o m lin so n , K. R. and  Huff 1972.
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In  p r a c t ic e ,  1 a  co o rd in a te  s y s te m  of a r b i t r a r y  p lane  g r id s  is  s u p e rim p o se d

on  th e  s o u rc e  m ap  and th e  n u m e r ic a l co d es  of p o in ts , l in e s , o r  a r e a s  a r e

r e c o rd e d  m a n u a lly  o r  by  u se  of a  m e ch an ic a l co o rd in a te  r e a d e r .  In  som e

s y s te m s , a r e a s  (c lu s te r s  of g r id  ce lls )  can  b e  coded b y  re c o rd in g  only  th e ir

le f t-h a n d  edge (assu m in g  th e  m ap  i s  e n t ire ly  ch o ro p le th ic ), o r  by  re c o rd in g

p o in ts  w h ich  r e p r e s e n t  v e r t ic e s  of s tr a ig h t- s id e d  po lygona l a r e a s .  T he

p r o c e s s  i s  slow  and  a t b e s t  s e m i-a u to m a tic . T h e  co n v e rs io n  of a  b a s e  m ap  

of M o n trea l2 (12 m ile s  x  18 m i le s , 1 :25 ,000  s c a le ,  500 c e n su s  t r a c ts )  to  a  

n o n -g ra p h ic , s m a l l -g r id  fo rm a t to o k  22 m a n -d a y s . S im ila r ly , th e  n on - 

g ra p h ic  cod ing  of c ity  b lo c k s  d e r iv e d  f r o m  1 :50 ,000  b a s e  m a p s  f o r  P a r i s 3 

to o k  12 m a n -m o n th s .

S e v e ra l ty p e s  o f im ag e  m an ip u la tio n  and d a ta  e x tra c tio n  ca n  b e  c a r r i e d  out 

on  th e  re s u l t in g  n o n -g ra p h ic  data . T he im p lic it a s s u m p tio n  in  th e  m a jo r ity  

of su ch  m an ip u la tio n s  i s  th a t th e  s m a ll  g r id  c e l l  s iz e  and  s in g le  v a lu e  p e r  

c e l l  a llow  th e  c e l ls  to  be  r e g a rd e d  a s  an  a r r a y  of p o in ts  w ithou t s ig n if ic a n t 

lo s s  of in fo rm a tio n . T h is  a s su m p tio n  i s  a c c e p ta b le  only  if  th e  c e l l  s iz e  

i t s e l f  i s  s m a l l  in  r e la tio n  to  th e  r e a l -w o r ld  d a ta  e le m e n ts . T he b o u n d ary  

o f th e  a r e a  a ro u n d  the  p o in t (the l in e  se g m e n ts  fo rm in g  th e  ce ll) a r e  im p lic it, 

no t e x p lic i t ,  w ith in  th e  s y s te m . T he ex am p le  th a t w ill be  u s e d  to  i l lu s t r a te  

th e  p r a c t ic a l  p ro b le m s  of T ype 2 of th e  c a te g o ry  of s to ra g e  fo rm a t  u s ing  

a r b i t r a r y  r e g u la r  a r e a s  is  th e  w e ll-d ev e lo p e d  and  w idely  ap p lied  SYMAP 

s y s te m .

SYMAP S y stem  -  E xam ple  of T ype 2 of th e  A r b i t r a ry  R e g u la r -A re a  C a teg o ry  

In  SYMAP V,1 th r e e  f ix e d -fo rm a t s e q u e n tia l f i le s  a r e  e s ta b lis h e d  fo r  e a ch  

s o u rc e  m ap . T h e  f i r s t  f i le  con ta in s  th e  c o o rd in a te s  of th e  c e l ls  th a t f o rm  th e  

o u te r  b o u n d a ry  of th e  m apped  a re a ,  th e  seco n d  co n ta in s  th e  co o rd in a te s  of 

th e  c e l ls  th a t fo rm  in te rn a l  b o u n d a rie s  w ith in  th e  m apped  a r e a ,  an d  th e  th i rd  

c o n ta in s  th e  c o o rd in a te s  of c e l ls  th a t h ave  d a ta  v a lu es  a s s o c ia te d  w ith  th em . 

T h e re  a r e  no e x p lic it p o in te rs  in  th e  f i le s .  G iven th e se  th re e  f i l e s ,  th e  

fo llow ing  ty p e s  of b a s ic  m a n ipu la tions  can  b e  c a r r i e d  out. V alues p ro v id ed  

a t  s in g le  g r id  co o rd in a te  p o in ts  can  be s p re a d  h o m ogeneously  o v e r  a r e a s  

( c lu s te r s  of g r id  ce lls )  p re v io u s ly  d e s c r ib e d  to  th e  s y s te m  b y  th e  o u te r  and  

in n e r  b o u n d a ry  f i le s .  T h is  p ro c e s s  is  ak in  to  m an u a l m ap  co lo u rin g . How - 

e v e r ,  if  th e  v a lu e s  to  be "co lo u red "  a r e  ch o sen  so  th a t unw anted  v a lu es

1. S chm id t, A. 1966. 2. S eem an  1973. 3. A te l ie r  P a r i s ie n  d 'U rb a n ism e  1972.
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r e m a in  b la n k , th e n  th e  p ro c e s s  i s  equ iv a len t to  th e  m anual d a ta  e x tra c tio n  

p ro c e d u re  of re a d in g , iden tify in g , and  r e t r ie v in g  sp ec ific  d a ta  e le m e n ts  o r  

d a ta  p a t te r n s .

F o r  up to  1 ,000  p o in ts  w ith  d a ta  v a lu es  a ttach e d , is o lin e s  can  b e  c a lc u la te d  

a t eq u a l in te rv a l s  o v e r  th e  ra n g e  of  v a lu e s  of poin t d a ta  p ro v id ed . T he e q u i- 

v a le n t m a n u a l im ag e  m a n ip u la tio n  p ro c e s s ,  co n to u rin g , i s  e x tre m e ly  

e ff ic ie n t in  te r m s  of c a lc u la tin g  th e  p o s itio n  of th e  is o lin e s , a s  i t  in v o lv es  a  

h igh  d e g re e  of m e n ta l im ag e  p ro c e s s in g ; h o w ev er, p lo ttin g  th e  r e s u l t in g  lin e s  

is  a  r e la t iv e ly  slow  m o to r  p r o c e s s .  C o m p a rab le  con tou ring  of 500 p o in ts  on 

a  2 0 -in . x  30 -in . m ap , f o r  e x a m p le , could  b e  m an u a lly  ac c o m p lish e d  in  3 o r  

4 m a n -h o u rs .

A th i r d  ty p e  of m a n ip u la tio n  i s  lo c a tio n  of th e  b o u n d a rie s  of s p a t ia l  u n its ,  

e x t r a c te d  f ro m  p o in t in fo rm a tio n  by  n e a re s t-n e ig h b o u r  m e thods. T h is  is  

e s s e n t ia l ly  a  c a lc u la te -a n d -c o m p a re  p ro c e s s  c a r r i e d  out on th e  p o in ts  in  th e  

d a ta  v a lu e  f i le .  T he r e s u l t s  a r e  c a lc u la te d  fo r  each  row  of th e  a r r a y  and  a r e  

p r in te d  se q u e n tia lly . T h e  m a n u a l eq u iv a len t i s  r a th e r  ak in  to  a  r e v e r s e  fo rm  

of c e n tro id  a llo c a tio n , w h e re  th e  p o in ts  a r e  known but the  b o u n d a rie s  be tw een  

th e m  h a v e  to  b e  d e te rm in e d . If  m a n u a l e s tim a tio n  is  u sed , th e  m e n ta l 

s e le c tio n  p r o c e s s  i s  qu ick , b u t th e  m o to r p ro c e s s  of p lo ttin g  th e  l in e s  ta k e s  

t im e . F u r th e rm o r e ,  th e  e r r o r  le v e l in  th e  e s tim a tio n  p ro c e s s  i s  d iff icu lt 

to  d e tec t. If  a  m o re  q u an tita tiv e  m an u a l p ro c e s s  i s  a ttem p ted , s u ch  a s  

m e a s u re m e n t be tw een  c e n tro id s  to  d e te rm in e  m id -p o s itio n s , th e n  ex te n s iv e  

m a n u a l m e a s u re m e n t i s  invo lved  and  th e  r e s u l t  s t i l l  in c o rp o ra te s  va lue  

ju d g e m en ts . Y et a  th i r d  m an u a l a p p ro ac h  to  th e  s a m e  ta s k  cou ld  be to  

e m u la te  th e  co m p u te r p r o c e s s  and  la y  a  f in e  g r id  o v e r  th e  p o in ts  c o n c e rn ed . 

T he g r id  c e l ls  a ro u n d  each  po in t cou ld  b e  co lo u red  s te p  b y  s te p  u n til 

b o u n d a ry  co n d itio n s  w e re  d e te rm in e d . F o r  any m anual ap p ro ac h  to  su ch  

p ro x im a l im a g e  m an ip u la tio n , th e  t im e  to  hand le  100 p o in ts  on a  2 0 - in  x  3 0 -in . 

s h e e t w ould  be in  e x c e ss  of 3 m a n -h o u rs .

In  c o n tra s t ,  th e  c o m p u te r  can  m a n ip u la te  an  equ ivalen t n o n -g ra p h ic  s to r e  

and p ro d u c e  a l l  th r e e  ty p e s  of d a ta  m an ip u la tio n  f o r  a  20 -in . x  30 -in . m ap  

in  a p p ro x im a te ly  50 s e c 1 of IBM  370/155 c e n tra l  p ro c e s s in g  un it (cpu) tim e .

T y p ic a l a c tu a l e x a m p le s  a r e  r e t r ie v in g  and  d isp lay ing  a l l  c ity  b lo c k s  in  P a r i s 2

1. See S chm id t, A. 1972a f o r  s im i la r  ex am p le . 2. A te l ie r  P a r is ie n
d 'U rb a n is m e  1972.
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w hich c o s ts  be tw een  $12 o r  $75 , depending on th e  ty p e  of m an ip u la tio n

(co n fo rm a i, co n to u r, o r  p ro x im a l) . T he g en e ra tio n  of a  SYMAP l in e - p r in te r

m ap  of C anada show ing  258 ce n su s  su b d iv is io n s , co n fo rm a lly  sh ad ed , c o s ts

a p p ro x im a te ly  $20. T h e  p ro d u c tio n  of a  s im i la r  m ap  fo r  M on trea l,2 show ing 

500 ce n su s  t r a c t s ,  c o s ts  b e tw e en  $2 and  $10.

S im ila r  p ro c e s s in g  c a p a b ili t ie s  have b ee n  developed  in  o th e r  s y s te m s  of 

th e  SYMAP ty p e . A p ro g ra m  c a lle d  SECTION c re a te d  a t  th e  U n iv e rs ity  of 

I l l in o is 3 p ro d u c e s  a  c r o s s - s e c t io n  p ro f ile  a long  a  row  o r  a  co lum n of a  

SYM AP d a ta  b a s e  a t  th e  c o s t of ap p ro x im a te ly  20 s e c  of IBM  370/155  cpu

tim e . A p ro g ra m  n a m ed  VIEWIT p ro d u ced  b y  th e  U. S. F o r e s t  S e rv ic e4 

o p e ra te s  on a  MIADS d a ta  b a s e  an d  c a lc u la te s  and  d isp la y s  th e  a r e a s  v is ib le  

w ith in  a  g iven  ra d iu s  f r o m  a  g iven  c e ll, b a s e d  on e le v a tio n  v a lu e s  a s s ig n e d  

to  th e  o th e r  c e l ls .  F o r  a n  a r r a y  of ap p ro x im a te ly  52 x  52 c e l ls ,  th is  

p r o c e s s  c o s ts  1 s e c  of UNIVAC 1108 cpu t im e .

T h e se  s im p le  ty p e s  of m a n ip u la tio n , w hich  invo lve bo th  im ag e  m a n ip u la tio n  

and  d a ta  e x tra c tio n  f r o m  th e  n o n -g rap h ic  d a ta  s to ra g e , a r e  th u s  e ff ic ien t 

and  in e x p en s iv e . T h e y  r e l y  on th e  fa c t th a t th e  n o n -g ra p h ic  d a ta  b a s e  i s  

s t r u c tu r e d  a s  an  a r r a y ,  th a t th e  d a ta  can  b e  hand led  a s  po in t v a lu e s  in  an  

a r r a y ,  and  th a t e x is t in g  d ig i ta l co m p u te rs  a r e  p a r t ic u la r ly  adep t a t  a r r a y  

m an ipu la tion . C o m p a re d  w ith  m anual te ch n iq u es , th e  co m p u te rs  h ave  

ad v a n tag es  in  th e i r  s p e e d  o f ca lc u la tio n  w hen any  m o re  th a n  a  few p o in ts  

a r e  invo lved , and  in  th e i r  a b i li ty  to  p lo t th e  r e s u l t s  of th e i r  c a lc u la tio n s  

q u ick ly  on a  lin e  p r in t e r  (up to  2 ,000  lin e s  of c h a ra c te r s  p e r  m in).

Som e SY M A P-type s y s te m s  p ro v id e  a  v e ry  s im p le  v e r s io n  of an  o v e r la y  

p ro c e s s  b y  th e i r  a b i li ty  to  com bine d a ta  v a lu e s  f o r  one g r id  c e ll  f ro m  

d iffe re n t d a ta  s e ts  (under th e  c o n tro l of a  s e t of ru le s )  and  to  a r r i v e  a t  a  

new s in g le  v alue  w h ich  i s  th e n  re c o rd e d  fo r  th e  c e ll.

The u s e  of SYM AP in  co n junction  w ith  a  p ro g ra m  nam ed  SYMVU p ro d u c e s  

an  ob lique-v iew  m ap  f r o m  th e  s in g le  d a ta  b a se . T he m ap s a r e  d raw n  b y  

a u to m a tic  p lo ttin g  m a c h in e s  th a t u se  th e  ou tpu t f ro m  th e  c o m p u te r. B a se d  

on in te rp o la tio n , th e s e  d raw in g s  show s p a tia l  v a r ia tio n s  in  v a lu e s  of th e  

da ta  by  v a r ia tio n s  in  th e  he ig h t of a  s u r fa c e  r e p r e s e n te d  a s  i f  s e e n  o b liquely

1. P o d eh l, 1973.  2. S eem an  1973. 3. D udnik 1972. 4. A m idon 1972.
5 .  H a rv a rd  U n iv e rs ity  1968. 6. SYMVU is  b a s e d  on a  p ro g ra m  o rig in a lly  d e v e -
lop ed  by  F ra n k  R en s. S ubsequen t m o d ifica tio n s  have b ee n  p ro v id e d  by  
K ath leen  R e in e , L annon  L e im a n  and  o th e r  m e m b e rs  of th e  L a b o ra to ry  fo r  
C o m p u te r G ra p h ic s  and  S p a tia l A n a ly s is  (S chm idt, A. 1972b).
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f r o m  above . T h e  in te rp o la te d  fa c ts  a r e  show n w ithou t n ee d  f o r  c la s s in g .1

A f u r th e r  dev e lo p m en t of th is  ca p ab ili ty  f o r  p ic to r ia l  d isp la y  i s  a  p ro g ra m

nam ed  O B LIX , b y  w hich  co n to u r l in e s  a r e  p re s e n te d  on th e  p e rs p e c t iv e  view

of th e  3 -d im e n s io n a l s u r fa c e . T h is  l a t t e r  ca p ab ili ty , h o w ev er, i s  on ly  a t  the  

s ta g e  of a c tiv e  d eve lopm en t.2

SYMAP V3 h a s  a  w ide  n u m b e r of s ta t i s t ic a l  s u p p o rt op tions lin k ed  to  the  

m app ing  s y s te m , w hich  p e rm it c a lc u la tio n  of su ch  a n a ly s e s  a s  m e an s , 

s ta n d a rd  d e v ia tio n s , h is to g ra m s , and  p e rc e n tile  g ro u p s  of th e  data .

T h e  e a r l i e r  v e r s io n s  of SYMAP u s e d  la r g e r - s c a le  c o m p u te rs  (fo r ex am p le ,

IBM  7094), b u t th e  c u r r e n t  s y s te m  can  u s e  m e d iu m -s c a le  c o m p u te rs  (such  

a s  th e  IBM  360 /40  and  lim ite d  v e r s io n s  can  ru n  on s m a l le r  m a ch in es .

T h e  c h a ra c te r i s t i c s  of SY M A P-type s y s te m s  in  th is  c a te g o ry  a r e :  r e la t iv e ly  

la b o r io u s  p r e p a r a t io n  of th e  b a s ic  g r id  data ; r e la t iv e ly  c o a rs e  d a ta  r e p r e s e n - 

ta t io n  (u se  o f l a r g e r  s c a le s  to  ac h iev e  b e t te r  r e s o lu t io n  m u ltip l ie s  th e  m an u a l 

p r e p a ra t io n  n e c e s s a ry ) ;  s t r a ig h tfo rw a rd  c o m p u ta tio n a l o p e ra t io n s ; s im p le  

b u t u s e fu l d a ta  m a n ip u la tio n  c a p a b ili t ie s  on th e  v e ry  s im p le  (one v a lu e  p e r  

ce ll) d a ta  s e t s  th a t  th e y  a r e  ab le  to  hand le ; in a b ili ty  to  han d le  co m plex  d a ta  

s e ts ;  an d  a  s im p le  g rap h ic  c a p a b ili ty  fo r  d isp la y . T he la b o u r  c o n s tra in t 

on  inpu t u s u a lly  l im i t s  th e  a r e a  han d led  b y  th e  s y s te m . T he d a ta  a r e  u su a lly  

h an d led  in  p u n c h -c a rd  fo r m .  S to rag e  i s  not co m p ac t. T h e  tim e  r e q u i r e d  to  

re s p o n d  to  r e q u e s t s  f o r  m a n ipu la tion  and  d isp la y  of s e le c te d  d a ta  s e ts  i s  

w ith in  a  d a ily  t im e  f ra m e , p ro v id e d  the  b a s e  m ap  i s  a l r e a d y  coded . C om pu- 

ta tio n  t im e s  a r e  low . C ost of d a ta  p re p a ra tio n  i s  f re q u e n tly  fo u r  o r  f iv e , 

and  s o m e tim e s  m any  m o re , t im e s  h ig h e r  than  su b se q u en t co m p u ta tio n a l 

c o s t of m a n ip u la tio n  and  d isp la y  of th e  s a m e  d a ta  s e t .

T h e  s y s te m s  th a t  be lo n g  to  T ype 2 o f th is  c a te g o ry  a r e  u s e fu l f o r  g eo g ra p h ic a l 

ta s k s  th a t  invo lve  few  b a s e  m ap  s h e e ts  and  s im p le  d a ta  s e ts ;  th e  m an ip u la tio n  

an d  d is p la y  of c e n su s  d a ta  f o r  u rb a n  a r e a s  i s  a  ty p ic a l ap p lica tio n . S im ila r ly , 

s m a l l - s c a le  d isp la y  of w id e r  d a ta  d is tr ib u tio n s  can  b e  e ffec tiv e ly  hand led .

T h e  s y s te m s  a r e  not e ffic ien t f o r  s to ra g e  and m a n ip u la tio n  of ex ten s iv e  m ap  

s e r i e s ,  and  h an d lin g  of lin e  and n e tw o rk  d a ta  and  flow m a n ip u la tio n s  i s  

d iff icu lt. T h e  sy m b o lic  r e p re s e n ta tio n  d o es  not allow  th e  hand ling  of c o m - 

p lic a te d  d e s c r ip t io n s ,  su ch  a s  a  f o r e s t  s o i l  c a p a b ili ty  w ith  m u ltip le

1. F i s h e r  1970.  2. Schm id t, A. 1970, T h o m as , A. 1972. 3. H a rv a rd  U n iv e rs ity
1968.
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su b fa c to rs . E v en  in  s itu a tio n s  w h e re  th e  c a p a b ili tie s  o f th e  s y s te m s  can  be  

pu t to  th e i r  b e s t  u s e , ap p lic a tio n  of th e  d isp la y s  in  a  r e s e a r c h  o r  d e c is io n - 

m ak ing  con tex t is  lim ite d . In  an  a c a d e m ic  s e n s e ,  the  te ch n iq u es  a r e  v a luab le  

f o r  r a i s in g  q u es tio n s  ab o u t d is tr ib u tio n s , b u t a r e  po o r f o r  p rov id ing , d a ta  in  a  

fo rm  on w hich  d ec is io n s  can  b e  b a se d . P o s s ib ly  one of th e  m o s t la s t in g  

b e n e fi ts  of th e s e  s y s te m s  i s  th e i r  fu n c tio n  of tr a in in g  th e ir  u s e r s  in  e le m e n - 

t a r y  te c h n iq u e s  of n o n -g ra p h ic  s p a tia l  d a ta  hand ling ; an o th e r  i s  in  p ro v id in g  

low -c o s t  e x a m p le s  of c o m p u te r-m a n ip u la te d  g eo g ra p h ic a l d a ta  a s  an  ex c e lle n t 

v is u a l a id , w hich  s e r v e s  to  in tro d u c e  th e  p o s s ib i l i t ie s  of fu r th e r  u s e  of 

s u ch  c a p a b ili t ie s  in  p la n n in g  o r  a d m in is tr a t iv e  en v iro n m en ts.

PO IN T DATA CA TEG O RY  O F SYSTEMS

T he se c o n d  lo g ic a l c a te g o ry  of s to ra g e  fo r m a ts  o u tlin ed  in  F ig . 4 . 7 is  th a t 

o f po in t data.

"P o in t d a ta  s y s te m s "  h an d le  r e a l - w o r ld  d a ta  e le m e n ts  s to re d  in  th e  fo rm

of i r r e g u la r ly  d is tr ib u te d  p o in ts . T h e  in h e re n t l im ita tio n s  of th e  ty p e s  of

o p e ra tio n  th a t c a n  b e  p e r fo rm e d  on th e  su b se q u en t s to r e  of in fo rm a tio n  w e re

d is c u s s e d  e a r l i e r  in  th i s  c h a p te r  (page 96). N e v e r th e le s s , th e  r e la tiv e

s im p l ic i ty  o f s to r in g  and  p ro c e s s in g  po in t d a ta  h a s  le d  to  u se  of th e  fo rm a t

asx the  b a s is  f o r  a  n u m b e r of c u r re n t  s y s te m s , inc lud ing : FR IS1 (Sw edish

B o a rd  f o r  R e a l E s ta te  D ata ); GIST2 (G eog raph ic  In fo rm a tio n  S y stem , New

Y ork); C o v en try 3 (T he P o in t D ata S y stem , C o v en try , U .K .) ;  NCC4 (The

N a tio n a l C ap ita l C o m m issio n  S y stem , O ttaw a , C anada); GRDSR5 (S ta tis tic s  

C anada); and  th e  p ro p o s e d  G ISP6 (G eo g rap h ic  In fo rm a tio n  S y s te m  fo r  P lan n in g , 

U .K .) .

A s show n on F ig . 4. 7, th e  u s e  of th e  s im p le  p o in t fo rm a t of s to ra g e  is  o p ti- 

m um  f o r  r e a l - w o r ld  p o in t d a ta  but im p lie s  d a ta  re d u c tio n  w hen u s e d  to  

r e p r e s e n t  a r e a s  (inc lud ing  c lu s te r s  of p o in ts) and  l in e s . T o  a  g r e a t  ex ten t, 

c u r r e n t  s y s te m s  in  th i s  c a te g o ry  a c c e p t th e  d a ta  re d u c tio n  and  u s e  po in t 

d a ta  s y s te m s  to  m a n ip u la te  a r e a  c e n tro id s  a s  s u r r o g a te s  f o r  d a ta  s e ts  

g ro u p ed  by  i r r e g u la r  a r e a s .  T h is  is  p a r t ly  b e c a u se  r e la tiv e ly  few  o f  th e  

ty p e s  of r e a l - w o r ld  d a ta  e le m e n ts  th a t a r e  of in t e r e s t  to  in v e s t ig a to rs  a r e  

t r u ly  p o in t p henom ena, and  p a r t ly  due to  th e  co m p lex ity  and  ex p e n se  in h e re n t 

in  h ig h e r -o rd e r  s y s te m s  th a t can  hand le  l in e s  and , p a r t ic u la r ly ,  i r r e g u la r

l .A lf r e d s s o n  e t  a l. 1970, M ela n d er e t a l. 1971, S e la n d er 1970, O lsso n  and 
S e la n d er 1971, O lsso n  1971. 2. A m s te rd a m  1968, 1969. 3. C o v en try  C ity  
C ouncil 1970. 4. Sym ons 1972a. 5. S ta t is t ic s  C anada 1972a, 1972b. 6. J o in t  
L o c a l A u th o rity  1972.
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a r e a s .  It r e m a in s  to  b e  s e e n  w h e th e r  th e  s y s te m  u s e r s  can  a c c e p t th e  in f o r - 

m a tio n  re d u c tio n  in h e re n t in  th e  p o in t s to ra g e  of h ig h e r -o rd e r  d a ta  fo rm a ts .

T h e  s im p l ic i ty  o f poin t fo rm a t  p ro c e s s in g  h a s  le d  to  i t s  e a r ly  adop tion  by 

a g e n c ie s  w ish in g  to  e s ta b lis h  so m e fo rm  of lo c a tio n  id e n tif ie r  f o r  la r g e  d a ta  

s e t s  ( fo r  ex a m p le , 20 m illio n  r e c o r d s ,  120 d a ta  v a lu es  p e r  r e c o r d 1). T he 

r e s u l t  h a s  b e e n  th e  d eve lopm en t of r e la t iv e ly  s o p h is tic a te d  p ro c e d u re s  to  a id  

th e  p r o c e s s  of a llo c a tin g  v a r io u s ly  coded d a ta  to  th e  a p p ro p ria te  p o in ts . E ven  

th ough  th e  in i t ia l  s ta g e  of c re a t in g  th e  n o n -g rap h ic  d a ta  f i le  u s u a lly  r e l i e s  on 

m a n u a l  o r  s e m i-a u to m a tic  te c h n iq u e s , th e  m o s t s ig n ifican t co n tr ib u tio n  of 

th e  c u r r e n t  s y s te m s  l i e s  in  th e  su b se q u en t f i le  c re a tio n  p ro c e s s e s .  T h ey  

h a v e , in  f a c t ,  m ade i t  p o s s ib le  f o r  lo c a tio n  id e n tif ie r s  to  be a s s ig n e d  to  d a ta  

s e t s  th a t  cou ld  n o t, fo r  a l l  p r a c t ic a l  p u rp o s e s , have b ee n  d isp la y ed  in  c a r t o - 

g ra p h ic  f o rm  b y  con v en tio n a l m an u a l te ch n iq u es  (due to  r e a s o n s  o f tim e , 

h u m a n  r e s o u r c e s ,  an d  ex p e n se , r a th e r  th a n  to  te c h n ic a l cap ab ility ). T h e re  i s ,  

a s  ca n  b e  u n d e rs to o d , so m e  d ifficu lty  in  co m p arin g  th e  c o m p u te r-a id e d  

te c h n iq u e s  w ith  m a n u a l-a id e d  te ch n iq u es  w ithout a ssu m in g  a  g rap h ic  d a ta  b a s e  

th a t  cou ld  no t b e  c re a te d  e c o n o m ica lly  b y  m anual m e thods, though  som e 

c o m p a r is o n s  w ill  b e  a tte m p te d  la t e r  in  th is  d iscu ss io n .

S y s te m s  u s in g  th e  po in t d a ta  ap p ro a c h  com m only  u se  a  tr a c in g - ty p e  d ig i tiz e r  

to  p ro v id e  a  coded  m e tr ic  r e p re s e n ta t io n  of e x is tin g  c a d a s t r a l  m a p s. T he 

te c h n iq u e s  u s e d  invo lve  th e  in i t ia l  c re a t io n  of a  s e t  of co o rd in a te  p o in ts  th a t 

c a n  b e  u s e d  a s  index  p o in ts  f o r  th e  d a ta  s e ts  o r  d is c r e te  da ta . A  m e d iu m - 

to  l a r g e - s c a le  c o m p u te r  i s  m o s t o ften  u sed  to  s to r e  and m an ip u la te  th e  d a ta . 

V a r io u s  a p p ro a c h e s  can  th e n  b e  u s e d  to  r e l a te  d a ta  to  th e  co o rd in a te  p o in ts . 

R e t r ie v a l  of d a ta  i s  u s u a lly  b y  a r b i t r a r y  polygon o r  n e tw ork , and  d isp la y  of 

d a ta  i s  u s u a lly  ac co m p lish e d  on a  l in e  p r in te r .  B ec au se  of th e  la r g e  q u a n titie s  

of d a ta  m a n ip u la ted  in  so m e  s y s te m s , e ff ic ien t f i le  s t r u c tu r e s  h av e  b ee n  

dev e lo p ed  fo r  th e  s e le c tio n  and  r e t r i e v a l  of s p a tia l  d a ta  f ro m  la rg e  f i le s .

T h e  tim e  f o r  r e s p o n s e  to  r e q u e s ts  can  b e  ra p id  enough to  han d le  d a y - to -d a y  

q u e r ie s  invo lv ing  d a ta  s u m m a ry  b y  a r e a .  R eq u e sts  re p e a te d  fre q u e n tly  a r e  

am e n a b le  to  a  s ta n d a rd iz e d  q u e ry  fo rm a t. T h e se  g e n e ra l s y s te m  c h a r a c te r i s - 

t i c s  h av e  le d  to  th e  adop tion  of poin t s to ra g e  sy s te m s  f o r  hand ling  qu ite  c o m - 

p le x  an d  c lo se ly  s p a c e d  d a ta  s e ts  f ro m  re la t iv e ly  s m a ll  a r e a s .  T h ey  a r e

1. S ta t is tic s  C anada 1972a, 1972b.
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com m on ly  deve loped  to  hand le  u rb a n  d a ta  and  ca n  b e  u s e d  in  s m a l l- s c a le  

re p re s e n ta t io n s  of r u r a l  data .

O ne s y s te m  th a t i l lu s t r a t e s  th e  m a in  c h a r a c te r is t ic s  c u r re n t  in  th e  c a teg o ry  

of s to ra g e  fo rm a t u s in g  po in t d a ta  is  GRDSR, th e  g e o g rap h ica lly  r e fe re n c e d  

d a ta  s to ra g e  and  r e t r ie v a l  s y s te m  of S ta t is t ic s  C anada.1 I t is  b r ie f ly  

d e s c r ib e d  below .

GRDSR S y stem  -  E xam ple  of P o in t D ata  C a teg o ry

T h e  o v e ra l l  o b jec tiv e  of GRDSR i s  to  f a c i l i ta te  th e  r e t r i e v a l  of su b se ts , of 

c e n su s  d a ta  b y  s m a l l  a r e a s .  T h e  c e n su s  (C anada 1971) c o m p ris e s  a p p ro x i- 

m a te ly  21 m illio n  s m a l l  d a ta  s e ts  (120 d a ta  v a lu e s  p e r  s e t  of da ta ), to p o lo - 

g ic a lly  coded  (by p o s ta l a d d re s s , a nd e n u m e ra tio n  d is t r i c t  and  a r e a  n u m b ers) 

to  an  e x te rn a l g ra p h ic  index . In  u rb a n  a r e a s ,  s t r e e t  a d d re s s e s  can  be 

r e l a te d  to  a  s t r e e t  m ap; in  r u r a l  a r e a s ,  e n u m e ra tio n  n u m b e rs  ca n  be  re la te d  

to  e n u m e ra tio n  a r e a  m a p s. B oth  s t r e e t  m a p s  and  en u m e ra tio n  a r e a  m aps 

a r e  b a s e d  on U T M -coded  c a d a s t r a l  s h e e ts .

T h e  in i t ia l  s te p  in  co n v e rs io n  to  n o n -g ra p h ic  fo rm a t i s  cod ing  th e  e x te rn a l 

g ra p h ic  index  to p o lo g ica lly  and  m e tr ic a l ly .  W ith in  u rb a n  a r e a s ,  th e  s t r e e t  

n e tw o rk  i s  to p o lo g ica lly  coded by  s t r e e t  n am e , node n u m b e r, and  civ ic  

a d d re s s  ra n g e  of s t r e e t  s e g m e n ts , and  is  m e tr ic a l ly  coded by  node c o o rd i- 

n a te s . T he c o o rd in a te s  of p o in ts  to  w h ich  d a ta  f r o m  one c ity  b lo ck  s id e  

(face) w i l l  ev en tu a lly  b e  a l lo c a te d  a r e  in te rn a l ly  c a lc u la te d  f ro m  th e  m e tr ic  

node co d e s , a c c o rd in g  to  a  g iven  s e t  of r u le s .  T h e  re s u l t in g  n o n -g rap h ic  

d e fin itio n  of th e  c ity  i s  te r m e d  an  a r e a  m a s te r  f i le  (AM F). T h e re a f te r ,  

th e  s t r e e t  a d d re s s e s  th a t id e n tify  th e  d a ta  s e t s  a r e  in te rn a l ly  s ta n d a rd iz e d  

b y  a  p ro g ra m  c a lle d  th e  p o s ta l  a d d re s s  a n a ly s is  s y s te m  (PAAS), m a tched  

to  th e  to p o lo g ica l co d es  of th e  A M F (th rough  th e  a d d re s s  co n v e rs io n  file ) , 

and , if  th e  m a tch  is  s u c c e s s fu l,  a r e  a s s ig n e d  th e  r e la te d  m e tr ic  code (the 

b lo c k  fa c e  po in t co o rd in a te ). V e r if ic a tio n  an d  ed itin g  p ro c e d u re s  a r e  b u ilt 

in to  th e s e  s te p s . In  r u r a l  a r e a s ,  c e n tro id s  of p o p u la tio n  d e n s ity  a r e  

m an u a lly  a s s ig n e d  to  e a ch  e n u m e ra tio n  a r e a  ( th is  b e in g  a n  e x tre m e ly  

e ff ic ie n t m an u a l p ro c e s s ,  a s  no ted  in  C h a p te r  3) and  th e  m e tr ic  c o o rd in a te s  

and  e n u m e ra tio n  a r e a  codes of th e  c e n tro id s  a r e  re c o rd e d  s e m i-a u to m a tic a lly . 

R e c o rd s  f ro m  r u r a l  a r e a s  a r e  a s s ig n e d  to  th e  m e tr ic  co o rd in a te  v ia  the

1. Ion  1969, S ta t is t ic s  C anada 1972a, 1972b.
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to p o lo g ic a l code of th e  e n u m era tio n  a r e a  n u m b e r. D eriv in g  the  n o n -g ra p h ic  

to p o lo g ic a l co d e s  and  m e tr ic  codes fo r  bo th  u rb a n  and  r u r a l  a r e a s  i s  a  slow , 

s e m i-a u to m a tic  p ro c e s s ,  w hich  is  c h a ra c te r is t ic  of th e  c a te g o ry  of po in t 

s to ra g e  s y s te m s . T he F R IS  s y s te m , fo r  e x a m p le , w hich  u s e s  an  ap p ro ach  

s im i la r  to  GRDSR fo r  a ss ig n m e n t to  r u r a l  a r e a  c o o rd in a te s , b u t c a r r i e s  it  

to  th e  le v e l o f la n d  o w n ersh ip  p a r c e ls ,  h a s  r e q u ir e d  s ix  tw o -m a n  te a m s  of 

d ig i t iz e r s  to  cope w ith  th e  d a ta  a t a  r a t e  of a p p ro x im a te ly  30 ,000  p a rc e ls  

p e r  y e a r ,  and  i t  i s  e s tim a te d  th a t th e r e  a r e  a p p ro x im a te ly  3 m illio n  la n d  

p a r c e l s  in  th e  p o p u la ted  p a r t s  of Sweden a lone  th a t r e q u ire  f u r th e r  poin t 

a l lo c a tio n . 1 In  C anada be tw een  1968 and  1972, 14 u rb a n  c e n tr e s  w e re  

p a r t ia l ly  coded , 225 ,000  b lo ck  fa c e s  w e re  id e n tif ied , and  27 ,000  r u r a l  

e n u m e ra tio n  a r e a s  w e re  coded. No m e a s u re s  of th e  e f fo r t r e q u ir e d  to  a c c o m - 

p l is h  th is  ta s k  a r e  av a ila b le . T he a s s ig n m e n t of re c o rd s '. to  th e  d e r iv e d  p o in t 

c o o rd in a te  co d e s , h o w ev e r, i s  e ffic ien t. T he to ta l  c o s t of a d d re s s  s ta n d a rd i - 

z a tio n , v e r i f ic a t io n , and  c o o rd in a te  a s s ig n m e n t in  GRDSR is  a p p ro x im a te ly  

1 c e n t p e r  a d d re s s .2

T h e  f i l e  s t r u c t u r e 3 of GRDSR is  s tra ig h tfo rw a rd , b u t i l lu s t r a t e s  how the

e ff ic ie n c y  o f su b se q u en t d a ta  r e t r i e v a l  is  dependen t on  an  a p p ro p r ia te  f i le

s t r u c tu r e .  T he d e c la re d  o b je c tiv e  of th e  GRDSR s y s te m  i s  to  f a c i l i ta te  th e

r e t r i e v a l  of s u b s e ts  of c e n su s  d a ta  (o r  o th e r  data) b y  s m a l l  a r e a s .  In v e r te d

d a ta  g ro u p in g  of th e  b a s ic  d a ta  s e t  p ro d u c e s  120 nam ed , indexed , s e q u e n tia l

data, s t r in g s  (su b se ts )  of m ix e d -fo rm a t d a ta  v a lu e s  (fixed  fo rm a t w ith in  e a ch

s tr in g ) . E a c h  d a ta  s t r in g  i s  s to re d  on a  d i r e c t - a c c e s s  s to ra g e  dev ice  w ith

i t s  a p p ro p r ia te  c o n tro l in fo rm a tio n  (h e a d e r , le v e l ,4 fo rm a t, le n g th , and  so  

fo r th ) . T h e  in te rn a l  ind ex  (ca lled  th e  d a ta  d ire c to ry )  l i s t s  th e  b lo c k  face  

p o in t c o o rd in a te s  and  u s e s  in t r a - d a ta - e le m e n t  p o in te r s  th a t r e l a te  th e  

c o o rd in a te  p o in ts  to  ind iv id u a l d a ta  v a lu e s . One d a ta  d ir e c to ry  i s  c re a te d  

f o r  e a c h  c ity . T h e  ad van tage  of th e  d a ta  p lu s  p o in te r  index  (d a ta  d ire c to ry )  

i s  th a t on ly  th e  r e q u i r e d  s tr in g s  a r e  a c c e s s e d  fo r  e a ch  r e t r i e v a l  r e q u e s t .  

W ith in  th e  s tr in g ,  on ly  th e  re q u ire d  e le m e n ts  a r e  a c tu a lly  r e a d .  T h e  d a ta  

d i r e c to ry  i t s e l f  i s  indexed  b y  th e  q u e ry  a r e a  l i b r a r y  (QAL), w hich  c o n s is ts  

of n am ed  s e t s  o f p o in te rs  d e r iv e d  f ro m  th e  d a ta  d ire c to ry . T he n a m e s  o f th e  

p o in te r  s e ts  in  th e  Q A L h en ce  define s p e c if ie d  a r e a s  f o r  d a ta  r e t r i e v a l  and  

c a n  b e  u s e d  a s  s ta te m e n ts  in  th e  r e t r ie v a l  com m and  language (TA RELA).

1.n C rip p s  1970. 2. S ta t is t ic s  C anada 1972b. 3. P o d e h l 1972a. 4 . See p. 113 
f o r  ex p lan a tio n  of " le v e l"  .
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R e t r ie v a l1 i s  l im ite d  to  g a th e r in g  sp e c if ic  d a ta  v a lu es  f o r  sp e c if ie d  po in ts .

No o th e r  fo rm  of d a ta  m a n ip u la tio n  in  th e  s p a t ia l  s e n s e  is  p o s s ib le . A re a s  

a r e  sp e c if ie d  fo r  r e t r i e v a l  b y  any  nam ed  s e t  of p o in te r s  in  th e  Q AL, o r  b y  a  

s e t  of p o in te rs  g e n e ra te d  b y  m a tch in g  th e  d a ta  d ir e c to r y  w ith  a  m e tr ic a l ly  o r  

to p o lo g ica lly  defined  r e t r i e v a l  a r e a  b y  a  p o in t-in -p o ly g o n  ro u tin e  (P IPA ). If 

th e  r e t r i e v a l  a r e a  i s  to p o lo g ic a lly  d efined , b y  s t r e e t  n am es  o r  node n u m b e rs , 

th e y  a r e  m a tch ed  a g a in s t th e A M F to  p ro d u ce  c o o rd in a te  po in ts  w hich  a r e  

u s e d  to  define th e  po lygon u s e d  in  th e  P IP A . F o rm u la s  of g e o m e tr ic  sh ap es  

can  s im i la r ly  b e  u sed  to  define  a  r e t r i e v a l  polygon. E ach  s e t  of p o in te rs  

g e n e ra te d  b y  su ch  r e q u e s ts  i s  n a m e d  an d  added  to  a  te m p o ra ry  o r  p e rm an en t 

f o rm  of th e  Q AL; th u s  a  " l i b r a r y "  of f r e q u e n tly  u s e d  r e t r ie v a l  a r e a s  i s  on 

h and  and  p re v io u s ly  sp e c if ie d  a r e a s  n ee d  not be re s p e c if ie d .

D ata  v a lu es  a r e  n am ed  in  a  d a ta  d ic tio n a ry , and  th e  n a m e s  can  b e  u sed  a s  

s ta te m e n ts  in  TA R EL A .2 A s th e  d a ta  s t r in g s  a r e  to  som e ex ten t h ie r a r c h ic a l

(som e con ta in  d a ta  r e la t in g  to  h o u seh o ld s , so m e  to  p e r s o n s , and  so  fo r th ) ,

th e i r  " le v e l"  i s  coded  in  th e  s t r in g  f i le  and  th e  f i le  s y s te m  (STA TPAK 3) a llow s 

th e  in te rn a l  g e n e ra tio n  of in t e r - f i l e  p o in te r s  to  p e rm it  to p o lo g ica lly  d ire c te d  

s e a r c h  (fo r ex a m p le , f o r  v a lu e s  a t ta c h e d  to  s p e c if ic  p e rs o n s  w ith in  c e r ta in  

househ o ld s). T h is  ag a in  im p ro v e s  th e  s e a r c h  e ffic ien c y  of th e  sy s te m .

O utput f r o m  m o s t r e q u e s ts  i s  g e n e ra te d  in  th e  f o rm  of ta b le s .

V alues  f o r  s p e c if ie d  c o o rd in a te  p o in ts  ca n  b e  fe d  (v ia  a  p ro g ra m  ca lle d  

M APPAK) to  SYMAP f o r  d isp la y . T he A M F can  b e  au to m a tic a lly  p lo tted  

b y  a  p ro g ra m  nam ed  M AP.M AKER.

O v erh ead  c o s ts  a r e  in vo lved  in  e x t ra c tin g  a r e a  defin itio n s  f ro m  Q A L, in  

a n a ly s in g  th e  TA R E L A  re q u e s t ,  and  in  th e  c o m p ila tio n  and  lin k in g -ed itin g  

p h a s e s . T he ex e cu tio n  c o s ts  a r e  c lo se ly  dependen t on th e  n u m b er of y a lu es  

r e t r ie v e d  f r o m  th e  s t r in g s .  T y p ic a l ta b u la tio n s  ra n g e  f ro m  $30 to  o y e r $100.

T h e  c o n trib u tio n s  of s y s te m s  in  th e  c a te g o ry  i l lu s t r a te d  by  GRDSR r e s t  in  

th e i r  a b i lity  to  a s s ig n  la r g e  d a ta  s e ts  to  lo c a tio n  id e n tif ie rs  and  to  s e le c t  and  

r e t r ie v e  su ch  d a ta  e ffic ien tly . T h e  s p a tia l  m an ip u la tio n  ca p ab ili ty  c u r re n t ly  

in c o rp o ra te d  in  th e  s y s te m  is  t r i v ia l ,  even  ta k in g  in to  account th e  in h e ren t 

l im ita tio n s  of m an ip u la tin g  po in t d a ta . An ad d itio n a l co n s id e ra tio n  is  the  

re d u c tio n  of d a ta  in vo lved  in  a s s ig n in g  g ro u p s  of po in t d a ta  (a rea s) to  s in g le

1. S ta t is t ic s  C anada 1972c. 2. P h il l ip s ,  J .  1972a. 3. P o d eh l 1972b.
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p o in ts . W hile  th is  f a c i l i ta te s  s to ra g e , a s  can  b e  s e e n  above, i t  im p o se s  

s u b s ta n tia l  c o n s tra in ts  on th e  u se  of d a ta . T he w ell-know n  p o in t-in -p o ly g o n  

r e t r i e v a l  p ro c e s s  in h e re n tly  p ro d u ces  sp u rio u s  r e s u l t s  w hen p o in ts  a r e  s u r r o - 

g a te s  f o r  unknow n, i r r e g u la r  a r e a s ,  u n le s s  su ff ic ie n t p o in ts  a r e  in c lu d ed  to  

m in im iz e  th e  edge e ffec t. In  a  s y s te m  w hose  o b je c tiv e  is  to  p ro d u ce  s m a l l- 

a r e a  d a ta , th e  p o in t-d a ta  fo rm a t i s  th u s  th e  m a jo r  c o n s tra in t on  r e l ia b le  

d a ta  r e t r ie v a l .  T he ac c e p ta n c e  o f th is  fa c t m ay  b e  r e la te d  to  th e  r e q u ire m e n ts  

of co n fid en tia lity  o f c e n su s  d a ta  (even  though  in  th e  GRDSR s y s te m  th e r e  i s  an  

a d d itio n a l in b u ilt p ro c e s s ,  not d e s c r ib e d  above , to  e n s u re  su ch  co n fid e n tia lity 1), 

N e v e r th e le s s ,  th e  a b i li ty  to  r e t r ie v e  d a ta  f ro m  la rg e  f i l e s  in  n o t - s o - s m a l l  

a r e a s  s p e c if ie d  b y  th e  u s e r  i s  a  g r e a t  s te p  fo rw a rd  f ro m  th e  s ta te  of 

a v a ila b i li ty  of c e n su s  d a ta  on ly  b y  p re d e te rm in e d  ag g reg a tio n s  of c o n s id e ra b ly  

l a r g e r  s iz e ,  p ro v id in g  th e  l im ita tio n s  of th e  a p p ro ac h  a r e  u n d e rs to o d .

A s m en tio n ed  above , th e  GRDSR s y s te m  u s e s  p o in ts  a s  s u r ro g a te s  f o r  a r e a s  

( c lu s te r s  of p o in t d a ta ), w h ich  a r e  undefined  in  th e  r e t r i e v a l  s y s te m , w h ich  

ca n  b e  of w id e ly  d iffe rin g  sh ap es  and  s iz e s ,  and  w h ich  m ay  o r  m a y  no t b e  

e x te rn a l ly  defined  (fo r ex am p le , m apped). O th e r s y s te m s  in  th i s  c a te g o ry , 

su ch  a s  F R I S and  NCC, m e a s u ra b ly  in c r e a s e  th e  e f fo r t  needed  in i t ia l ly  to  

code th e  d a ta  b u t u ti l iz e  p o in ts  a s  s u r r o g a te s  f o r  s m a l le r  a r e a s  (land  p a rc e ls )  

w h ich  a r e  e x te rn a lly  d efined  and in  so m e  in s ta n c e s  a r e  know n to  th e  s y s te m . 

Som e ad d itio n a l s p a tia l  d a ta  m a n ip u la tio n s  a r e  a lso  p o s s ib le  in  o th e r  

s y s te m s  (fo r ex a m p le , m e a s u r in g  th e  a r e a s  r e p r e s e n te d  by  the  d o ts  in  

F R IS 2) , b u t th e y  a r e  g e n e ra lly  lim ite d .

C o m p a riso n  of th e  c a p a b ili tie s  of a  s y s te m  in  th e  c a te g o ry  ex e m p lif ied  by  

GRDSR w ith  th e  c a p a b ili t ie s  of m an u a l g ra p h ic  d a ta  h and ling  te ch n iq u es  p o s e s  

th e  p ro b le m  of se le c tin g  a  s ta r t in g  po in t f o r  th e  c o m p ariso n . T h e  tr u e  b a s ic  

d a ta  s e t s  a r e ,  of c o u rs e , th e  h an d w ritten  c e n su s  r e tu r n s  f ro m  in d iv id u a l 

re s p o n d e n ts . P r i o r  to  1968, th e  on ly  fo rm  of g ra p h ic  d isp la y  of c e n su s  d a ta  

in  C anada  w as  in d iv id u a lly  p ro d u ced  m ap s of c e n su s  d a ta  show n a s  v a lu e s  

w ith in  c e n su s  su b d iv is io n s  a t  a  c o n s id e ra b ly  h ig h e r  le v e l of ag g re g a tio n  

th a n  e n u m e ra tio n  a r e a s  o r  c ity  b lo c k s .

W ith  th e  adven t of l a r g e - s c a le  c o m p u te rs  in  th e  1960s, the  b a s ic  c e n su s  d a ta  

w e re  t r a n s c r ib e d  in  c o m p u te r - re a d a b le  fo rm  to  a id  th e  ta b u la tio n  p ro c e s s .  It

1. P h ill ip s , J .  1972b , M urphy 1972. 2. O lsso n  1971.
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i s  th e  a v a ila b i li ty  of th a t  la rg e  am oun t of d a ta  in  c o m p u te r - re a d a b le  fo rm  

th a t m a k es  th e  d es ig n  of GRDSR p ra c t ic a l ,  b u t w h e th e r  th e  t r a n s c r ip t io n  

c o s ts  sho u ld  b e  a s s ig n e d  to  th e  s y s te m  is  d eb a tab le . T he g ra p h ic  equ ivalen t 

to  th e  n o n -g ra p h ic  s to r e  of d a ta  a s  coded  fo r  GRDSR w ould  b e  a  s e r ie s  of 

m ap s w ith  th e  po in t lo c a tio n s  p lo tte d  and  th e  d a ta  v a lu e s  f o r  each  poin t 

in d ic a te d  ( e i th e r  a s  c lu s te r s  of v a lu e s  on s h e e ts  o r  on  s e p a ra te  s h e e ts ,

120 in  a l l) . G iven su ch  a  g ra p h ic  f i le ,  th e  m a n u a l te ch n iq u es  th a t p a ra l le l  

th o se  a v a ila b le  in  GRDSR w ould  b e  th e  s u p e r im p o s i tio n  o f po lygons, and  th e  

coun ting  of d a ta  v a lu e s  w ith in  th o s e  po lygons. T h e  m an u a l o p e ra tio n  w ould 

b e  q u ic k e r  and  c h e a p e r  th a n  GRDSR if  v e ry  few  d a ta  p o in ts  w e re  re q u ire d  

f ro m  v e ry  few  s h e e ts , b u t w ould  r a p id ly  b ec o m e  m o re  ex p e n siv e  a s  the  

s e a r c h  a r e a  o r  a r e a s  m u ltip lie d  an d  th e  n u m b e r of d a ta  v a lu e s  in c re a s e d .

T h e  im a g e  m a n ip u la tio n  c a p a b ili t ie s  in h e re n t in  SYMAP a r e  p a r t  of th e  d is - 

p lay  p o s s ib i l i t ie s  of GRDSR. T h e  re la tio n s h ip  o f th o s e  te c h n iq u e s  to  m anual 

p r o c e s s e s  w as  d is c u s s e d  in  th e  p re c e d in g  s e c t io n  of th i s  c h a p te r  and ap p lies  

h e r e .  In  g e n e ra l,  th e  c o n trib u tio n  of s y s te m s  in  th e  p o in t d a ta  c a te g o ry  to  

c u r r e n t  s p a tia l  d a ta  h an d lin g  re q u ire m e n ts  l i e s  in  th e i r  to p o lo g ica l 

s o p h is tic a tio n  r a t h e r  th a n  th e i r  m e tr ic  fa c i li ty .

LIN E SEGM ENT CATEGORY O F SYSTEMS

T h e  th i r d  c a te g o ry  of s to ra g e  fo rm a t  co n ta in s  l in e  seg m e n t d a ta  s y s te m s , 

w h ich  a r e  th o se  w ith  th e  c a p a b ili ty  of h and ling  r e a l -w o r ld  d a ta  e lem en ts  

s to r e d  in  th e  f o r m  of l in e  s e g m e n ts . T he b o u n d a ry  cond itions  s e p a ra t in g  

lin e  se g m e n t d a ta  s y s te m s  f ro m  lo w e r - o r d e r  s y s te m s  a r e  th a t th e  lin e  

s eg m e n t n e tw o rk s  m u s t be defined  in  th e  p r im a r y  f i le  s t r u c tu r e  of the  

s y s te m s  and  th a t  d a ta  so  re la te d  can  b e  m a n ip u la ted  and e x t ra c te d  w ithout 

f u r th e r  n e tw o rk  sp e c if ic a tio n . A lthough i t  i s  conven ien t to  e s ta b lis h  th is  

su b d iv is io n  in  th e  d is c u s s io n  of c u r r e n t  s y s te m s , th e  l im ita tio n s  of the  

c a te g o r iz a tio n  sh o u ld  b e  no ted . F i r s t ,  th e  h ig h e r - o rd e r  s y s te m s , su ch  a s  

l in e  d a ta  s y s te m s , a r e  not n e c e s s a r i ly  u n im odal. T h e y  m ay  in c o rp o ra te  in  

th e ir  d e s ig n  th e  a b i li ty  to  han d le  d a ta  in  f o rm a ts  o th e r  th a n  th e i r  p r im a ry  

fo rm a t and  to  change one fo rm a t to  an o th e r . (The d iffe re n c e  b etw een  th o se  

tw o  fu n c tio n s  sho u ld  b e  r e c o g n iz e d .) Secondly , a s  w as  m en tioned  a t  th e  

b eg inn ing  of th i s  c h a p te r , th e  deve lopm en t of te ch n iq u es  to  han d le  s p a tia l  data
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i s  in  a  s ta te  o f t r a n s i t io n .  S y stem s  o r ig in a lly  designed  to  b e  u n im odal a r e  

b e in g  changed  to  h an d le  ad d itio n a l d a ta  fo rm a ts . An exam ple  of th is  la t t e r  

type  of dev e lo p m en t i s  th e  F R IS  s y s te m , w hich  w as o r ig in a lly  d esigned  a s  a  

po in t d a ta  s y s te m  to  l in k  a d m in is tra tiv e  d a ta  f i le s  and  w hich  i s  now having  

added  to  i t  th e  c a p a b ili ty  of hand ling  s tr a ig h t lin e  seg m e n ts  in  n e tw o rk s . In  

th e  in te r im , th e  g e n e ra l  g roup ing  of sy s te m s  in to  c a te g o rie s  b y  p r im a r y  d a ta  

fo rm a t  w ill  b e  r e ta in e d  f o r  conven ience  of d e s c r ip tio n  r a th e r  th a n  a s  a  

p ro p o s a l f o r  f o r m a l  o rd e r in g .

S e v e ra l c u r r e n t  s y s te m s  w e re  d esigned  w ith  l in e  seg m e n ts  a s  a  p r im a r y  d a ta

s to ra g e  fo rm a t. T y p ic a l e x a m p les  a re :  SACS1 (S tree t A d d re ss  C o n v ers io n

S y stem , U rb an  D a ta  C e n te r , S ea ttle ); V ancouver S y stem 2 (C ity  of V ancouver 

E n g in e e r in g  D ep a rtm e n t) ; A UTOM AP3 (C e n tra l In te llig en ce  A gency, U. S. 

G ov ern m en t); an d  DIM E4 (D ual Independen t Map E ncoding S y stem , U. S. 

B u re a u  of C en su s ) . Tw o s y s te m s  w ill b e  u sed  to  i l lu s t r a te  th e  ra n g e  of 

c h a r a c te r i s t i c s  w ith in  th e  c a te g o ry  of s to ra g e  fo rm a ts  u s in g  lin e  se g m e n ts . 

T h e  DIM E s y s te m  is  ty p ic a l of th e  c a te g o ry  in  th a t it  a t te m p ts  to  hand le 

s u b s ta n t ia l  v o lu m es  of d a ta  r e l a te d  to  each  lin e  seg m en t. T h e  lin e  seg m e n ts  

a r e  th u s  u s e d  to  f o r m  a  s p a t ia l  s t r u c tu r e  to  w h ich  o th e r  d a ta  ca n  b e  re la te d . 

T he se c o n d  ex a m p le  i s  th e  AUTOM AP s y s te m , w hich  i s  ty p ic a l of s y s te m s  

d eve loped  to  p ro v id e  a  c a p a b ili ty  f o r  m an ip u la tin g  the  im a g e s  fo rm e d  b y  th e  

l in e  s e g m e n ts . T h e  e m p h a s is  of th e se  tw o ty p e s  of s y s te m  i s  d iffe re n t, but 

b o th  u s e  l in e  se g m e n t n e tw o rk s  a s  th e i r  p r im a ry  f i le  s t r u c tu r e .  B oth  a r e  

w e ll-d e v e lo p e d  s y s te m s  an d  a r e  in  da ily  u se  f o r  p u rp o se s  o th e r  th a n  th o s e  

of s y s te m  d ev e lo p m en t. T he f i r s t  to  b e  ex am in ed  i s  th e  DIME s y s te m .

DIME S y stem  - E x a m p le  of L ine Segm ent C a teg o ry

T h e  DIME s y s te m  v iew s  a  m ap  a s  a  com b ination  of l in e a r  g ra p h ic s  and  a lp h a - 

n u m e r ic  d a ta . 5 T h e  l i n e a r  g ra p h ic s  can  b e  d e s c r ib e d  by  po in ts  a t  w hich  the  

r a t e  o f change o f c u rv a tu re  of th e  lin e  ex c eed s  so m e g iven gounds. T h e se  

p o in ts  c h a ra c te r iz e  in  a b s t r a c t  fo rm  th e  s tr u c tu r e  of the  g rap h , a  s tr u c tu r e  

d e te rm in e d  e n t ir e ly  b y  im p lie d  m e tr ic - f r e e  re la tio n sh ip s . DIME topo lo g ica l 

cod ing  b eg in s  w ith  d iv is io n  o f th e  a r e a  to  b e  coded in to  an  ex h a u stiv e  and 

m u tu a lly  e x c lu s iv e  s e t  of bounded  re g io n s . E ach  of th e se  re g io n s  i s  a s s ig n e d  

a  u n ique  n o m in a l code . R eg ions  m ay  h ave s in g le  o r  m u ltip le  b o u n d a rie s .

1. C a lk in s  1967, B a rb  1968. 2 . C ity  of V ancouver 1965. 3. S chm idt, W. 1969. 
4. U. S. B u re a u  o f C en su s  1972. 5. C o rb e tt and  F a rn s w o r th  1971.
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T h is  d iv is io n  re q u i r e s  th a t an  a r e a  to  be coded  b e  t r e a te d  a s  a  s in g le , s im p ly  

co n n ec ted  s u r fa c e . T h e  b o u n d a rie s  be tw een  re g io n s  th e n  fo rm  the  m in im u m  

lin e  (segm en ts) n e tw o rk  w h ich  m u s t b e  coded. Any ad d itio n a l l in e s  ( in te r io r  

to  a  s in g le  reg ion ) m a y  a l s o  be coded  a s  th e  ap p lica tio n  re q u ire s .

A ll p o in ts  (nodes) w h e re  l in e s  m e e t a r e  th e n  a s s ig n e d  unique n o m in a l co d es. 

T he m in im u m  coding fo r  e a ch  seg m e n t th e n  c o n s is ts  of fo u r n om ina l co d e s: 

one fo r  e a ch  end  po in t and  one fo r  each  s id e . S ince no seg m e n t m ay  c r o s s  

a n o th e r , a  s id e  o f a  se g m e n t is  e n t ir e ly  in  one and  o n ly  one reg io n .

T he s e q u e n tia l a r ra n g e m e n t of th e  tw o node co d es  w ith in  th e  l in e  seg m e n t 

r e c o r d  i s  u s e d  to  sp e c ify  o r ie n ta t io n . A  seg m e n t i s  co n s id e re d  to  be o r ie n te d  

aw ay f ro m  th e  f i r s t  and  to w a rd  th e  seco n d  node. T h is  o r ie n ta t io n  m ay  b e  

e n t ir e ly  a r b i t r a r y ,  b u t o n ce  s e t  down i t  d e te rm in e s  th e  o r d e r  of th e  re g io n  

co d e s , th e  f i r s t  of w h ich  i s  th a t of th e  le f t  s id e  of th e  seg m e n t, th e  seco n d  

th e  r ig h t s id e . N o rm a lly  th e  re g io n  b o u n d a ry  lin e s  a r e  s t r e e t s  and  th e re fo re  

i t  is  u se fu l to  r e c o r d  s t r e e t  n a m e s  and  a d d re s s  ra n g e s  a s  ad d itio n a l n o m in a l 

c o d e s , and  to  b r e a k  up th e  b o u n d a rie s  b y  s t r e e t  n a m e s . A  w ide v a r ie ty  of 

o th e r  n om ina l co d e s  can  b e  a s s ig n e d  and  r e la te d  to  th e  n o d es , th e  s e g m e n ts , 

o r  th e  s id e s  ( a re a s ) . T h e  re s u l t in g  ind iv id u a l l in e  seg m e n ts  a r e  in  fix ed  

fo rm a t. T h e  co n n e c tiv i tie s  th a t a r e  s p e c if ie d  depend  on th e  se le c tio n  of 

n o m in a l co d es  w h ich  a r e  r e c o rd e d  a s  p a r t  of e a ch  r e c o r d ,  but in  e s s e n c e , 

tw o  n e tw o rk s  a r e  d e s c r ib e d . O ne n e tw o rk  i s  th a t of th e  s e g m e n ts ' connecting  

p o in ts , th e  o th e r  th a t of th e  s e g m e n ts ' conn ec tin g  (sep a ra tin g ) re g io n s . T he 

p r in c ip le  of d u a lity  le a d s  to  so m e  e ff ic ie n t in te rn a l  ed itin g  ch e c k s . T he 

m a in  e d it ro u tin e  of th e  DIME s y s te m  is  th e  p ro g ra m  (KI RCH O FF) th a t u s e s  

th e  K irch o ff a lg o r ith m  fo r  d e te rm in in g  th e  co n n e c tiv ity  of th e  g rap h . A fte r  

a s s e m b lin g  a l l  s e g m e n ts  w ith  a  p a r t ic u la r  re g io n  code (on e i th e r  s id e ) , one 

m u s t b e  ab le  to  f o rm  one o r  m o re  c lo se d  ch a in s  w ith  seg m e n ts  cha in ed  

to g e th e r  b y  th e  node code. If any  bound ing  seg m e n t h a s  b ee n  o m itte d , o r  

i f  any  code h a s  b ee n  r e c o rd e d  in c o r re c t ly ,  o r  if  th e  o r ie n ta t io n  i s  in c o r r e c t  

on any  se g m e n t, th e n  th e  ch a in in g  w ill f a i l .  S im ila r ly , one can  a s s e m b le  a l l  

s e g m e n ts  w ith  a  g iv en  node code and  t r y  to  c o n s tru c t a  cha in  a ro u n d  th e  node 

w ith  th e  se g m e n ts  c h a in ed  on re g io n  codes. N odes m u s t be s in g ly  bounded 

i f  th e r e  a r e  no d u p lica te  codes.
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T h e  f ile  can  be m e tr ic a l ly  co d e d  b y  add ing  th e  c o o rd in a te s  of n o d es  to  th e  

se g m e n t r e c o rd s .  Co o rd in a te s  a r e  added  to  th e  f i le s  on ly  a f te r  a  h igh  

le v e l of in te rn a l  to p o lo g ica l c o n s is te n c y  h a s  b e e n  ach ieved .

T h e  DIM E s y s te m  h a s  b e e n  d eve loped  b y  th e  U. S. B u rea u  of th e  C en su s . It 

h a s  tw o s ig n if ic a n t a d v a n tag es  th a t a r e  p a r t ic u la r ly  v a lu ab le , one of w hich 

a r i s e s  f r o m  th e  to p o lo g ic a l n a tu re  of i t s  cod ing  and  th e  o th e r  f ro m  i t s  c e n su s  

o r ig in . T he s iz e  of th e  U n ited  S ta te s  h a s  in h ib ite d  th e  d eve lopm en t of a  

u n ifo rm  n a tio n a l g r id  th a t w ould  su p p o rt a  m ap  f i le  encoded p r im a r i ly  b y  

t r a c in g .  A ny in fo rm a tio n  s y s te m  th a t i s  c r e a te d  on a  g eo g ra p h ic a l b a s is  a t 

p r e s e n t  h a s  to  re c k o n  w ith  s o u rc e  d a ta  of a  v a r ia b le  and  u n c e r ta in  q ua lity . 

H en ce , th e r e  a r e  s tro n g  ad v an tag es  in h e re n t in  a  s p a t ia l  d a ta  s y s te m  w hich  

can  ex p lo it to p o lo g ica l re la t io n s h ip s  to  th e  fu l le s t  ex ten t.

T h e  DIME coded d a ta  s e t  i s  am e n a b le  to  v a r io u s  ty p e s  of f i le  s t r u c tu r e ,  th e  

ch o ice  o f w h ich  depends upon th e  p a r t ic u la r  a p p lica tio n . T h is  i s  i l lu s tr a te d  

b y  th r e e  e x a m p le s  below . T he U. S. B u re a u  of C en su s  b a s ic a l ly  u s e s  a  

p o s ta l  c e n su s  f o r  i t s  u rb a n  a r e a s  (at le a s t  60% of a l l  h o useho ld s  in  the  

U n ited  S ta te s  re s p o n d  in  th a t  m a n n e r .) T h is  le d  to  th e  e a r ly  d eve lopm en t of 

l i s t in g s  in  c i t ie s  of p o s ta l  a d d re s s e s  th a t w e re  g ro u p ed  by  b lo c k  fa c e s .

E a ch  b lo c k  fa c e  f i l e  in  th is  a d d re s s  l i s t  (ACG, a d d re s s  coding  guide)1 i s  

id e n tif ie d  by  s ta te ,  county , c e n su s  d i s t r i c t ,  c ity , z ip  n u m b e r, s t r e e t  s eg m e n t 

n u m b e r, s t r e e t  a d d re s s  b u ild in g  n u m b e rs  (a t e a ch  end), a d m in is tra tiv e  code, 

and  an o r d e r  n u m b e r. ACG f i l e s  h ave  b ee n  e s ta b lis h e d  fo r  225 c i t ie s  in  th e  

U. S. A. T he lin e  se g m e n t DIME r e c o r d s  can  b e  se q u e n tia lly  a r ra n g e d  by  

node n u m b e rs  w ith in  s t r e e t  n a m e s . T h is  s te p  p ro d u c e s  tw o l i s t s  of b lo ck  

n u m b e rs , one f o r  e a ch  s id e  of th e  s t r e e t .  T h e  c e n su s  r e c o r d s  (a d d re s s  

cod ing  gu ide), coded  by  s t r e e t  a d d re s s  and  b lo c k  co d e s , can  th e n  b e  m a tch ed  

in to  th e  seg m e n t r e c o r d s  b y  m a tch in g  s t r e e t  n a m e s  and  b lo ck  co d e s , u s in g  

ADM ATCH o r  UNIM ATCH p ro g ra m s .2 H ence, a l l  ind iv id u a l c e n su s  r e c o r d s  

can  b e  s p a tia lly  a s s ig n e d  to  l in e  se g m e n ts  w ith in  th e  c ity  co n cern ed .

T h e  DIME a p p ro a c h  a llo w s  c o l la t io n  of s e p a r a te ly  e s ta b lis h e d  e x te rn a l 

in d e x e s  su ch  a s  c i ty  d i r e c to r ie s 3 w ith  th e  DIME f ile  i t s e lf ,  on th e  b a s is  of 

s t r e e t  n a m e s . A  c i ty  d ir e c to ry  f i le  c o n s is ts  of an  a d d re s s  coding  of c o n ti- 

guous se g m e n ts  w ith in  s t r e e t  n am e w ith  id e n tif ic a tio n  of in te rs e c tio n  s t r e e t s .  

T he DIME d a ta  s e t  i s  s e q u e n tia l ly  a r ra n g e d  by  node n u m b e rs  w ith in  s t r e e t

1. U. S. B u re a u  of C en su s  1971a. 2. J a r o  1972a, 1972b. 3. U. S. B u rea u  o f
C en su s  1971b.
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n a m e s , a s  d e s c r ib e d  in  th e  p re v io u s  ex am p le . T he r e s u lt in g  ch a in  of node 

n u m b e rs  i s  u s e d  a s  an  ind ex  to  r e t r ie v e  th e  n a m e s  of in te r s e c tin g  s t r e e t s  

f ro m  th e  o r ig in a l f i le  and  add  th e m  to  th e  new l i s t .  T he  re s u lt in g  f i le  is  in  

e s s e n t ia l ly  the  s a m e  s t r u c tu r e  a s  th e  c ity  d ire c to ry , and  i t  i s  p o s s ib le  to  

c o lla te  th e  tw o f i le s  on th e  b a s is  of s t r e e t  s e g m e n ts  be tw een  in te r s e c t io n s .

T he th i r d  ex am p le  c o n c e rn s  th e  c o lla tio n  of tw o DIME f ile s  f o r  th e  s a m e  a r e a ,  

w h ich  h av e  b ee n  coded  fo r  d iffe re n t p u rp o s e s  and  con ta in  d iffe re n t co d es. It 

is  a s s u m e d  th a t th e  tw o encod ings  a r e  independen t a s  to  node n u m b e rin g , 

and  th a t th e  a r e a  co d es  r e c o rd e d  a r e  d iffe re n t in  e a ch  c a se  (the tw in  c i t ie s  

p ro b le m ). T h e  c o lla tio n  p ro c e e d s  b y  a s s e m b lin g  th e  s t r e e t  n a m e s  a t  each  

node in dependen tly  f o r  e a c h  f i le ,  and  th e n  co m p arin g  th e  g ro u p s  of n a m e s  to  

develop  c o rre s p o n d e n c e  be tw een  node n u m b e rs  in  bo th  f i l e s .  E v en  if  bo th  

f i l e s  co n ta in  c o o rd in a te s , th e  to p o lo g ica l ap p ro ac h  f o r  d eve lop ing  c o r r e s - 

pondence i s  p ro b a b ly  a  m o re  re l ia b le  p ro c e d u re  th a n  m a tch in g  c o o rd in a te s , 

g iven  th e  in e v ita b le  d if fe re n c e s  in  c o o rd in a te  re a d in g s  f ro m  tw o independen t 

m a p s.

T h e  DIME s y s te m  h a s  i t s  d isad v a n tag es . I t i s  o f v e r y  l im ite d  u s e fu ln e ss  in  

r u r a l  a r e a s ,  a s  th e  r u r a l  ro a d  n e tw o rk  le a v e s  in t e r s t i t i a l  a r e a s  p o o rly  

d if fe re n tia te d  an d  r u r a l  p o s ta l  a d d re s s e s  a r e  v e ry  d ifficu lt to  a l lo c a te  to  

s p e c if ic  l in e  (road) se g m e n ts . T h e  ACG does  not e x is t in  r u r a l  a r e a s .  T h e re  

i s  c o n s id e ra b le  d ifficu lty  in  r e la t in g  th e  DIME f i le  to  c e r ta in  k inds  of m a p s, 

su ch  a s  co n to u r m a p s , w h ich  ca n  on ly  b e  c o lla te d  on a  co o rd in a te  b a s is .

T he c o s t of c re a t in g  a  DIM E f ile , inc lu d in g  th e  c o o rd in a te  f i le ,  is. a p p ro x i- 

m a te ly  50 to  70 c e n ts  p e r  b lock . T h is  in c lu d es  th e  u p da ting  and  c o r re c tio n  

of th e  a v a ila b le  m a p s , cod ing  of th e  n o d es , a llo c a tio n  of s t r e e t  s eg m e n t 

d e s c r ip tio n s , c a rd  p u nch ing  an d  t r a n s f e r  to  m ag n e tic  ta p e , a  v a l id ity  ch eck  

on th e  f i le ,  and  th e  ad d itio n  of c o o rd in a te s . I t u s u a lly  r e q u i r e s  a  la r g e - s c a le  

co m p u te r  to  o p e ra te  e ffic ien tly . H ow ever, th e  e d its  w ill  ru n  on an  IBM  360/40  

w ith  a s  l i t t l e  a s  32K b y te s  of s to ra g e .

U ndoubtedly  a  m a jo r  b e n e fit of an  e s ta b lis h e d  f i le  in  th e  c a te g o ry  of s y s te m s  

lik e  DIME i s  th e  s u b se q u en t a b i lity  to  c o lla te  s p a tia lly  th e  d a ta  s e ts  of in t e r e s t  

to  an  in v e s t ig a to r . A n ex c e lle n t exam p le  of th is  i s  th e  D IM E -b ased  h ea lth  

in fo rm a tio n  s y s te m 2 (HIS) e s ta b lis h e d  in  New H aven, C o n n ., U . S .A . N e a rly

1. O b se rv a to ire  É conom ique Mé d i te r r a n éen  1971. 2. U. S. B u re a u  of C en su s  
1970a, 1971c.
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300 s e ts  of d a ta  i te m s  f ro m  s u ch  s o u rc e s  a s  th e  C en su s  F i r s t  Count S um m ary 

T a p e s , C ity  V ita l R e c o rd s , and  th e  M enta l R e ta rd a tio n  R e g is te r  w e re  lin k ed  

th ro u g h  ADMATCH and  s u m m a riz e d  b y  b lo c k  g roup . C o rre la tio n a l, fa c to r , 

and  fu r th e r  m u ltiv a r ia te  a n a ly s e s  w e re  p e r fo rm e d  on th e  d a ta  to  p ro d u ce  a  

few  c o n s tru c ts  o r  ty p o lo g ie s . 1 T h e  re s u l t in g  ty p o lo g ie s  th e m s e lv e s  and m aps 

d isp la y in g  w hich  b lo c k  g ro u p s  a r e  ty p ic a l f o r  a  g iven  typo logy  (tha t i s ,  w hich 

b lo c k  g ro u p s  ra n k  in  th e  to p  q u a r t i le  am ong  a l l  th e  b lo c k  g ro u p s  w ith  r e s p e c t 

to  th i s  typology) w e re  p ro d u ced  f o r  c i ty  h e a lth  s e rv ic e  p lann ing . A  g e n e ra lly  

e q u iv a len t m a n u a l p ro c e s s  cou ld  b e  co n s id e re d  to  be th e  m an u a l a llo ca tio n  

of th e  s e le c te d  d a ta  v a lu e s  id e n tif ie d  by  s t r e e t  a d d re s s e s  to  c ity  b lo c k s  

(o r s u b je c tiv e ly  defined  c i ty  zones) w ith  su b se q u en t m an u a l coun ting  and 

s u m m a ry  le ad in g  to  th e  eq u iv a len t s ta t i s t ic a l  a n a ly s is ,  fo llow ed  b y  g en e ra tin g  

a p p ro p r ia te  m a p s  of th e  r e s u l t s .  An a l te rn a t iv e  m igh t b e  to  p lo t e a ch  d a ta  

s e t  a s  p o in ts  on a  c i ty  m ap , w ith  su b se q u en t v is u a l in te rp re ta t io n  of poin t 

c lu s te r  c h a r a c te r is t ic s .  E i th e r  a p p ro a c h  w ould  invo lve  ex te n s iv e  m anual 

e f fo r t  and  i t  can  b e  n o te d  th a t d e s p ite  th e  lo n g - te rm  a v a ila b i li ty  of th e  

s ta t i s t i c s  co n c e rn ed , no a tte m p t h a s  b e e n  m ade to  c a r r y  out th is  type  of 

s p a tia l  a n a ly s is  b y  m an u a l m e th o d s (though s u ch  a  d ec is io n  i s  in flu en ced  by  

th e  le v e l of c ity  m a n ag em e n t p r o c e s s e s  a s  w e ll a s  th e  c o s t of c a rto g ra p h ic  

te ch n iq u es).

T he m o s t s o p h is tic a te d  s p a t ia l  a n a ly s is  te ch n iq u es  b a s e d  on  th e  n e tw o rk s

defined  in  a  DIME s y s te m  a r e  in c o rp o ra te d  in  a  p ro g ra m  known a s  th e

c o m p u te r iz e d  r e s o u rc e  a llo c a tio n  m o d e l (CRAM). CRAM 2 is  a  g e n e ra liz e d  

s y s te m  f o r  d e te rm in in g  th e  s e r v ic e  a r e a s  f o r  a  s e t  of fa c i l i ty  lo c a tio n s . In  

i t s  m o s t g e n e ra l fo rm , s e rv ic e  a r e a s  a r e  c o n s tra in e d  b y  fa c i l i ty  c a p a c itie s  

and  t r a v e l  t im e s .  G iven d a ta  on dem and  and  fa c i l i ty  ca p a c ity , th e  p ro b le m s  

th a t ca n  b e  a tta c k e d  th ro u g h  CRAM  ru n  f ro m  s im p le  f ix e d -s o u rc e  d is tr ic tin g  

p ro b le m s , su ch  a s  a llo c a tio n  o f s ch o o l d is t r i c t  b o u n d a rie s , p a rk  p lanning , 

and  s i te  lo c a tio n , to  m uch  m o re  c o m p lic a ted  p ro b le m s  of e m e rg e n c y  veh ic le  

ro u tin g , d e l iv e ry  o r  b u s  ro u te  p lann ing , and  f re e w a y  lo c a tio n  s tu d ie s . CRAM 

u s e s  a  m odified  v e rs io n  of th e  M oore s h o r te s t  pa th  a lg o r ith m 3 to  do i t s  

g eo g rap h ic  a n a ly s is ; th e  m o d ifica tio n  c o n s is ts  of chang ing  M o o re 's  techn ique 

of fin d in g  th e  s h o r te s t  p a th  b e tw e en  p o in ts  to  one of v iew ing  th e  n e tw o rk  a s  a

1 .  A  typo logy  in  th is  s e n s e  i s  a  s y n th e s is  of m any i te m s , o rd e r e d  lo g ic a lly  by 
th e i r  c o n trib u tio n  to  th e  w hole. 2. U. S. B u rea u  of C en su s  1971d.
3 . F a rn s w o r th  1970.



s e t  of in te rc o n n e c te d  l in k s , th e  co nnec tions  b e in g  n o d es . T h is  ap p ro ach  

f i t s  th e  a lg o r ith m  to  th e  p r im a r y  DIME f ile  s t r u c tu r e  and  b r in g s  som e 

a d v a n ta g e s  in  th e  a llo c a tio n  of dem and , b e c a u se  d isa g g re g a tio n  of persons 

(dem and) to  l in k s  i s  m o re  re l ia b le  th a n  d is a g g re g a tio n  to  nodes , a s  lin k s  

have  le n g th  and  th e  d is a g g re g a tio n  m ay  b e  v a r ie d  ac c o rd in g  to  le n g th , bu t 

th is  canno t b e  done w ith  n o d es . In  m an u a l te r m s ,  th e  u se  of g ra p h ic  s to ra g e  

a s  a  s o u rc e  of d a ta  f o r  su ch  s p a tia l  a n a ly s is  w ould  im p ly  the  m an u a l m e a s u re - 

m e n t of le n g th  o f a l l  r e le v a n t  s t r e e t  s e g m e n ts  on a  s t r e e t  m ap , th e  m anual 

a l lo c a t io n  of pop u la tio n  d a ta  f r o m  in d iv idual c e n su s  (o r o th e r)  r e c o r d s  by  

s t r e e t  a d d r e s s  to  th e  l in e  se g m e n ts , and  th e  id e n tif ic a tio n  and c a lcu la tio n  

of s h o r te s t  p a th s  in  th e  s im p le  c a se  of a  f ix e d  fa c i li ty . I t is  doubtfu l if  the  

i t e r a t iv e  p ro c e s s e s  of o p tim iz in g  c o llec tio n  ro u te s  o r  a llo ca tio n  of m u ltip le  

f a c i l i ty  lo c a tio n s  w ould  b e  a t te m p te d  q u a n tita tiv e ly  b y  m an u a l m e th o d s. It 

i s  m u ch  m o re  p ro b a b le  th a t e s tim a tio n , coup led  w ith  a  l im ite d  am ount of 

m a n u a l m e a s u re m e n t , w ould  b e  em p loyed  to  avo id  an  in c a lc u la b le  am ount of 

m a n u a l e f fo r t. In  e i th e r  of th e s e  m anual a p p ro a c h e s  to  ne tw o rk  a n a ly s is , 

a  h ig h  p e rc e n ta g e  of th e  m an u a l ta s k s  a r e  of a  h igh  o rd e r  b e c a u se  th e  data  

r e q u i r e d  a r e  in h e re n t in  th e  g ra p h ic  f ile  s t r u c tu r e ,  r a th e r  th a n  b e in g  e x p lic itly  

w r i t t e n  in  it .

M ore d i r e c t  c o m p a r is o n  b e tw e en  m an u a l te c h n iq u e s  an d  c o m p u te r-a id e d  

te c h n iq u e s  r e l a te d  to  th e  DIME ty p e  can  b e  m ade  f ro m  an  exam ple  of the  

s im p le r  s p a tia l  d a ta  m a n ip u la tio n  ta s k s .  U sing  th e  DACS p ro g ra m 1 (DIME 

A re a s -C e n tro id  S y stem ), th e  s iz e  of c ity  b lo c k s , c e n su s  t r a c t s ,  o r  o th e r  

a r e a s  n o m in a lly  d efined  in  a  m e tr ic a l ly  coded  DIM E f i le  can  be c a lcu la ted . 

T h is  w ou ld  c o m p a re  w ith  m e a s u re m e n t o f th e  s a m e  a r e a s  b y  dot g r id  o r  

p la n im e te r  on th e  g rap h ic  v e r s io n  of th e  m ap . S im ila r ly , by  th e  DACS 

p ro g ra m , th e  p o s itio n  of a r e a  ce n tro id s  can  b e  a l lo c a te d  and  th e i r  c o o rd i- 

n a te s  c a lc u la te d . T h is  w ould  c o m p are  w ith  th e  e ff ic ien t p ro c e s s  o f v isu a l 

a r e a  c e n tro id  a llo c a tio n  coup led  w ith  th e  r e la t iv e ly  slow  m an u a l p ro c e s s  of 

d e te rm in in g  c o o rd in a te  v a lu e s  f ro m  an  o v e r la id  g r id . T y p ica l f ig u re s  fo r  

th e  com bined  c o m p u te r -a id e d  a r e a  ca lc u la tio n  and  c e n tro id  a llo ca tio n  

p r o c e s s  (p roduc ing  a  l i s t in g  of a r e a  id e n tif ie r ,  s iz e ,  and  c e n tro id  coo rd in a tes) 

a r e :  f o r  288 b lo c k s  in  A kron , O hio, 2 1 .6  m in  of IBM  360/40  cpu tim e  a t a

1. M ey er 1972. 2. W hite , M. S. 1973.
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to ta l  c o s t of $4 . 00; an d  s im i la r ly  fo r  ap p ro x im a te ly  5 ,0 0 0  b lo c k s  in  New 

H aven , C o n n ., 1 a  to ta l  co s t of ap p ro x im a te ly  $80. 00. (C o s ts  a r e  not qu ite  

l in e a r  a s  th e  p r o c e s s  invo lves  bo th  s o r tin g  and c a lcu la tio n , and  th e  co s t of 

th e  s o r t in g  r i s e s  f a s te r  th a n  th e  co s t of th e  c a lc u la tio n .) I t i s  a l s o  p o s s ib le , 

t h e r e a f te r ,  u s in g  DIME s y s te m  co lla tio n  p ro c e d u re s , to  a llo c a te  th e  

d a ta  s u m m a r iz e d  b y  b lo c k s  o r  o th e r  a r e a s  to  su ch  c a lc u la te d  c e n tro id s .

P o in t- in -p o ly g o n  r e t r i e v a l  can  b e  c a r r ie d  out su b se q u en tly  on  su ch  po in t 

d a ta  (in  e x a c tly  th e  s a m e  m a n n e r a s  th e  GRDSR po in t d a ta  s y s te m  d e s c r ib e d  

above , and  w ith  a l l  th e  c o n s tra in ts  in h e re n t in  p o in t d a ta  s y s te m s  app ly ing  

to  th e  p ro c e s s ) .  E v en  a s su m in g  a  conven ien t w ay  of m a n u a lly  a llo c a tin g  

d a ta  s e t s  to  g ra p h ic a lly  s to re d  p o in ts , th e  m an u a l p ro c e s s  of su ch  polygon 

o v e r la y  and  p o in t coun ting  re q u i r e s  c o n s id e ra b le  m o to r  e ffo r t if  th e  a r e a  

c o n c e rn e d  is  la r g e  o r  if  th e  p ro c e s s  h a s  to  b e  r e p e a te d  fo r  v a r io u s  ty p e s  of 

polygon.

A s a  co m p lem en t to  th e  DIME type  of s y s te m , w h ich  u s e s  a  l in e  n e tw o rk  

a s  a  b a s i s  f o r  m a n ip u la tin g  r e la te d  s e ts  of d a ta , i t  is  n e c e s s a ry  to  co n s id e r  

th e  type  of s y s te m  th a t in c o rp o ra te s  th e  a b i lity  to  p e r fo rm  s p a t ia l  d a ta  m a n i- 

p u la tio n s  on a  r e la t iv e ly  s im p le  im ag e  f i le  of lin e  se g m e n ts  and  p o in ts  b u t th a t 

d o es  not p ro v id e  m u ltip le  lin k a g e s  to  r e la te d  d a ta  s e ts .  A ty p ic a l  exam p le  

o f th i s  p a r t  of th e  l in e  seg m e n t c a te g o ry  of s y s te m s  is  th e  AUTOM AP2 

s y s te m  of th e  C e n tra l  In te llig e n c e  A gency, U. S. A.

A UTOM AP S y stem  - E xam ple  of L ine  Segm ent C a te g o ry

T h e  AUTOM A P s y s te m  co n c e rn s  i t s e lf  w ith  th e  e x t ra c tio n  of s im p le  lin e  and  

p o in t d a ta  f r o m  e x is t in g  m a p s, w ith  th e i r  s to ra g e  in  a  n o n -g ra p h ic  fo rm , and  

w ith  th e  a b i li ty  to  s e le c t  and  m an ip u la te  th e  s e t  o r  a  s u b se t of th e  n o n -g rap h ic  

im a g e s  (im age  m a n ip u la tio n  tech n iq u es) in  qu ite  a  c o m p reh en s iv e  w ay  b e fo re  

d isp la y in g  th e m  ag a in  in  g rap h ic  fo rm . I t does n o t, a s  f a r  a s  i s  p u b lish ed , 

h av e  an y  e x te n s iv e  a b i lity  to  e x t ra c t d a ta  f r o m  th e  n o n -g ra p h ic  s to ra g e  if  

th e y  a r e  no t a l r e a d y  w r i t te n  in  th e  f i le  (see  d a ta  e x t ra c tio n  te ch n iq u es).

T he g ra p h ic  s o u r c e  d a ta  o r ig in a lly  u s e d  w e re  th e  U. S. N avy O cean o g rap h ic  

12 S heet M ap "T h e  W o rld "  (1:12, 233 ,000 sca le ) and  th e  U. S. A ir  F o r c e  

P la n n in g  C h a r t " A n ta rc t ic a "  A SC-6 (1 :9 ,0 0 0 ,0 0 0  sc a le ) . T h e  d a ta  e le m e n ts  

th a t w e re  n o n -g ra p h ic a lly  coded w e re  l in e  se g m e n ts  d e s c r ib in g  in te rn a t io n a l

1. W hite, M. S. 1973. 2. S chm idt, W. 1969.
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b o u n d a rie s , c o a s t l in e s , r i v e r s ,  c o o rd in a te  g r id s , and  s e le c te d  p o in t data .

P o in t d a ta  e le m e n ts  a r e  m e tr ic a l ly  coded b y  la titu d e  and long itude  co o rd in a te s  

and  a r e  n o m in a lly  coded b y  n am e , ty p e  of lo c a tio n , " ra n k " ,  m ap  a r e a  code, 

and  a c c e s s io n  n u m b e r.

L ine  d a ta  a r e  m e tr ic a l ly  coded  and  t r a n s f e r r e d  f ro m  g rap h ic  s to ra g e  to  non - 

g ra p h ic  s to ra g e  b y  u s in g  a  d ig i ta l l in e  fo llo w e r, a  T hom pson  P F 1 0 L D S , w hich  

c r e a te s  a  s t r in g  of a r b i t r a r y  X , Y  co o rd in a te s  f o r  e a ch  lin e  seg m e n t. E ach  

lin e  seg m e n t is  f u r th e r  id e n tif ie d  b y  a  n u m b e r un ique ly  a s s ig n e d  w ith in  e a ch  

con tinen t. T h e  lin e  se g m e n ts  a r e  p la c e d  in  a  v a r ia b le - fo rm a t  indexed  

s e q u e n tia l f i l e  s t r u c tu r e  in  o r d e r  o f seg m e n t n u m b e r. T h e  index  r e l a te s  th e  

lin e  seg m e n t n u m b e r to  a  m ap  a r e a  code , a  f e a tu re  ty p e  code , and  a  " ra n k "  

code .

T he " ran k in g "  code a l lo c a te s  e a ch  d a ta  e le m e n t to  one of a  h ie r a r c h a l  

s e r ie s  of s u b s e ts  of d a ta . T h e  co d es  a r e  th u s  in t r a - f i l e  p o in te rs  to  an  

e x te rn a l  d ir e c to ry  of r a n k  v a lu e s . T h e  ran k in g  code coup led  w ith  th e  n am es  

o f the  ty p e s  of d a ta  e le m e n t r e q u i r e d  a r e  th e  n e c e s s a ry  d a ta  d e s c r ip to r  

s ta te m e n ts  in  su b se q u en t r e t r i e v a l  and  m an ip u la tio n  p r o c e s s e s .

A  m a th e m a tic a l tr a n s fo rm a tio n  i s  su b se q u en tly  p e r fo rm e d  on th e  l in e  seg m en t 

f i le  to  co n v e rt th e  a r b i t r a r y  c o o rd in a te s  to  g eo g rap h ic  c o o rd in a te s  and ra d ia n  

v a lu e s . T h e  g eo g ra p h ic a l c o o rd in a te s  of th e  poin t d a ta  s e ts  ca n  s im i la r ly  be  

t r a n s fo rm e d  to  ra d ia n s .  T h is , th e n , i s  th e  f i r s t  ex am p le  in  th e  s e t  of s y s te m s  

d e s c r ib e d  in  th is  c h a p te r  th a t v e n tu re s  in to  any  fo rm  of th re e -d im e n s io n a l 

m e tr ic  coding. T h e  s y s te m  can  c a r r y  out th e s e  inpu t tr a n s fo rm a tio n s  on 

so u rc e  d a ta  a r r a n g e d  in  p la n e  g ra p h ic  s to ra g e  in  any  one of fo u r  com m on 

m ap  p ro je c tio n s .

O nce th e  s p a t ia l  d a ta  a r e  o rg a n iz e d  in  th i s  m a n n e r in  th e  n o n -g ra p h ic  f i le ,  

i t  i s  p o ss ib le  to  c a r r y  ou t im a g e  m an ip u la tio n s  th a t a r e  bo th  in te r e s t in g  

and  ex ten s iv e . U sing  th e  c o o rd in a te  v a lu e s  and  ra d ia n  v a lu e s , th e  n o n - 

g ra p h ic  s to r e  can  b e  r e a r r a n g e d  in to  an y  one of 16 p lane  tr a n s fo rm a tio n s  

b y  th e  CAM 1 (C arto g rap h y  A u to m a tic  M apping) p ro g ra m . T h e se  p ro je c tio n s  

a re :

1. Schm id t, W. 1970.
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1. M e rc a to r  - s p h e re  or  s p h e ro id
2. M ille r  C y lin d r ic a l - s p h e re  o r  s p h e ro id
3. T r a n s v e r s e  M e rc a to r  - s p h e re
4. O rig in a l Input P ro je c t io n ,  r e g a r d le s s  of type  (one-to -one)
5. A zim u th a l E q u id is ta n t, O blique - s p h e re
6. O rth o g ra p h ic  f ro m  In fin ity
7. E q u ire c ta n g u la r
8. S te re o g ra p h ic  -  s p h e re  o r  s p h e ro id
9. L a m b e r t C o n fo rm a l C onic w ith  Tw o S tan d a rd  P a r a l le l s  - s p h e re  o r  

sp h e ro id
10. P to le m y  C onic E q u a l In te rv a l w ith  One S tanda rd  P a r a l le l
11. K a v ra is k y  IV  C onic E q u a l In te rv a l w ith  Two S tan d a rd  P a r a l le l s
12. A lb e r 's  C on ic E q u a l A re a  w ith  Tw o S tan d a rd  P a r a l le l s
13. T r a n s v e r s e  M e rc a to r  S phero id
14. G nom onic -  s p h e re
15. P e r s p e c t iv e  f r o m  a  G iven A ltitu d e
16. A zim u th a l E q u a l A re a

I t w ill b e  r e m e m b e re d  th a t th e  m an u a l p ro c e s s  of chang ing  m ap  p ro je c tio n s  

w as  e x t re m e ly  le n g th y  and  la b o r io u s  and  w as a  fun c tio n  u s u a lly  u n d e rta k e n  

o n ly  b y  la r g e  c a r to g ra p h ic  in s ti tu tio n s . T h e  AUTOM AP s y s te m  can  c a r r y  

out su ch  ta s k s  w ith in  a  s in g le  day.

A  fu r th e r  in te r e s t in g  a b i li ty  i s  to  s e le c t  sp e c if ic  a r e a s  f o r  r e t r i e v a l  and  a t 

th e  s a m e  tim e  to  sp e c ify  to p o lo g ica lly  th e  c a te g o r ie s  of d a ta  th a t a r e  

r e q u ir e d  f o r  d isp la y , and  a lso , if  n e c e s s a ry ,  in c o rp o ra te  a  g e n e ra liz a tio n  of 

th e  l i n e a r  da ta . A s m en tio n ed  above , th e  se le c tio n  of i te m s  to  b e  d isp la y ed  

i s  b a s e d  on th e  co d es  f o r  d a ta  type  and ra n k  le v e l, su ch  a s  a l l  tow ns (type) 

of o v e r  100,000 in h a b ita n ts  (rank ). L in e a r  g e n e ra liz a tio n  is  a c h iev ed  by  

ig n o rin g  seg m e n t c o o rd in a te s  a t sp e c if ie d  in te rv a ls  and  a s s ig n in g  a  f r e e - r u n  

( in te rp o la ted ) p lo t te r  l in e  th ro u g h  th e  re m a in in g  po in ts . T h is  ap p ro a c h  to  

l in e a r  g e n e ra liz a tio n  i s  s im p l is t ic  but adequate  f o r  th e  d e c is io n -m a k in g  

p u rp o s e s  th a t th e  s y s te m  w as  d es ig n e d  to  accom m oda te . (The c o a s ta l  is la n d  

p ro b le m  i s  d e a lt w ith  b y  a  s im p le  a lg o r i th m .) D ependent on th e  re q u ire m e n ts  

of th e  u s e r ,  th e  s y s te m  h a s  th e  a b i lity  a u to m a tic a lly  to  s e a r c h  th e  f i le ,  to  

c a r r y  out th e  c a lc u la tio n s  n e c e s s a ry  fo r  th e  r e q u ire d  p ro je c tio n , s c a le ,  

and  ou tput d ev ice , and  to  f i l t e r  to  e lim in a te  su p e rflu o u s  p o in ts . T h is  p ro c e s s  

th u s  not on ly  in c lu d es  th e  im ag e  m an ip u la tio n s  of th e  d a ta  b a s e , b u t in c o r - 

p o ra te s  s e le c tiv e  e x t ra c tio n  ak in  to  th e  p ro c e s s  of t r a c in g  s e le c te d  d a ta  

f ro m  g rap h ic  s to ra g e .
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T he s y s te m  h a s  th e  f u r th e r  a b i lity  to  g e n e ra te  and  draw  p ro je c tio n  g r id s , 

ra n g e  r in g s ,  a z im u th s , an d  c i r c le s  o r  s p i r a l s  a ro u n d  a  g iven  po in t, and  to  

s u p e r im p o se  th e s e  on th e  d a ta  to  b e  d isp la y ed . In  th e  sam e  m a n n e r , i t  can  

g e n e ra te  and  draw  r e c ta n g le s ,  m ap  b o u n d a r ie s , g r e a t  c i r c le  p a th s , e l l ip s e s , 

a  v a r ie ty  of s p e c ia l  s y m b o ls , m ap  c e n tre  p o in ts , c o rn e r  t ic k s , an d  t i t le  

b lo c k s .

T he s y s te m  em p lo y s  a  l a r g e - s c a le  c o m p u te r  (IBM 360/65) and  can  p ro d u ce  

g rap h ic  ou tpu t su ita b le  f o r  a  v a r ie ty  of ou tpu t d e v ic e s : lin e  p r in t e r ,  lin e  

p lo t te r ,  and  ca thode r a y  tu b e . T o  do th i s ,  i t  can  co n tro l a  lig h t-b ea m , 

d raw in g  h ea d  on  th e  p lo ttin g  ta b le , c o n tro l v a r io u s ly  c o lo u red  p en s  on one 

outpu t, and  c o n tro l th e  s iz e  and  s la n t a t  w h ich  s p e c ia l  sy m b o ls  a r e  draw n.

T he tim e  be tw een  r e q u e s t  f o r  d a ta  and  a  f in a l m ap  p lo tted  to  th e  s p e c i f ic a -  

tio n s  r e q u e s te d  ca n  ta k e  a s  l i t t l e  a s  3 to  4 h o u rs . T h e  s y s te m  h a s  an  

e x t re m e ly  l im ite d  s u ite  of d a ta  s e t s  w ith  a  to ta l  n u m b e r of po in ts  and  lin e  

seg m e n t nodes in  th e  o r d e r  o f 100 ,000 ; it  canno t hand le  th e  p r in t in g  of n am es 

w ith  any fa c i l i ty , and  h a s  no  ca p a b ili ty  f o r  m e a s u re m e n t o r  c o m p a ris o n  of 

da ta .

T he s y s te m  is  b y  no m e a n s  un ique . S im ila r  ap p ro a c h e s  h ave  b ee n  u s e d  a t

s e v e r a l  a g e n c ie s , in c lu d in g  th e  E x p e r im e n ta l C a rto g ra p h y  U nit,1 R . C. A . ,

L ondon, R om e A ir  D evelopm en t C e n te r ,2 New Y o rk , th e  C anad ian  H y d ro - 

g ra p h ic  S e rv ic e ,3 O ttaw a , th e  G eog raphy  D ep a rtm e n t, U n iv e rs ity  of 

M ich ig an ,4 th e  O n ta r io  D ep a rtm en t of H ighw ays,5 T o ro n to , and  th e  

E le c tro m a g n e tic  C o m p a tib ility  A n a ly s is  C e n te r ,6 A nnapo lis, M ary land .

A s th e  u s e  of su ch  m ap  co m p ila tio n  s y s te m s  in c r e a s e s ,  so  th e r e  w ill be 

a  b u ild -u p  of c a r to g ra p h ic  in fo rm a tio n  in  d ig i ta l  fo rm  th a t w ill b e  am enab le  

to  s p a tia l  a n a ly s is  of m any  k in d s . A lthough  th i s  ty p e  of a n a ly s is  i s  no t th e  

a im  of m any  s y s te m s  of th i s  c a te g o ry  a t  p r e s e n t ,  i t  m ay  b e  a  fu tu re  b en e fit 

w h ich  f a r  e x c eed s  th e  c u r r e n t  o b je c tiv e s  of econom y  and fa c i l i ty  in  p roducing  

c a r to g ra p h ic  im a g e s . Som e lim ite d  m e a s u re m e n t and c o m p ariso n  of n on - 

g ra p h ic  s to ra g e s  a r e  b e in g  c a r r i e d  out in  so m e  r e la te d  s y s te m s . T h e  d ig ita l 

in fo rm a tio n  i s ,  f o r  ex a m p le , b e in g  u s e d  to  c a lc u la te  d is ta n c e s , a r e a s ,  and 

vo lu m es in  v a r io u s  a p p lic a tio n s . P ro f i l in g ,7 l in e -o f - s ig h t  a n a ly s is ,8 and 

ra d a r - m a s k in g  a n a ly s is 6 a r e  a ls o  b e in g  c a r r i e d  ou t. T he AUTOM AP s y s te m

1. B ick m o re  1971, L ang  1971, R h ind  1971. 2. D ie llo  e t  a l . 1969, D ie llo  1970. 
3 B oyle 1970b, 1972. 4. T o b le r  1970. 5. M cL eod  1972. 6. E lec tro m a g n e tic
C o m p a tib ility  A n a ly s is  C e n te r  1969. 7. C la rk . 1970. 8. B oehne 1967.
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d o es , h o w ev er, r e p r e s e n t  one su ch  s y s te m  th a t i s  in  d a y - to -d a y  u se  f o r  

p u rp o s e s  o th e r  th a n  i t s  own deve lopm ent.

SUMMARY

T h is  c h a p te r  h a s  fo c u s s e d  on th e  l im ita tio n s  and c a p a b ili tie s  of c u r r e n t  

te ch n iq u es  fo r  n o n -g ra p h ic  s to ra g e  and  c o m p u te r -a id e d  m a n ip u la tio n  of 

s p a t ia l  da ta . T h e  b a s ic  a t t r ib u te s  of n o n -g ra p h ic  s to ra g e  w e re  b r ie f ly  

d is c u s s e d . G e n e ra l c a te g o r ie s  o f c u r re n t  c o m p u te r -a id e d  te ch n iq u es  w e re  

th e n  ex a m in ed  and  th e i r  c h a r a c te r is t ic s  i l lu s t r a te d  w ith  s p e c if ic  e x a m p le s . 

C o m p u te r-a id e d  techn iques w e re  c o m p ared  w ith  m a n u a l te c h n iq u e s . S e v e ra l 

co n c lu s io n s  can  b e  d raw n  f ro m  th e  ev id en ce  p re s e n te d .

A ssu m in g  th a t th e  la r g e - s c a le  co m p u te rs  com m on in  m o s t r e s e a r c h  and  

g o v e rn m en t in s ti tu tio n s  in  th e  1970s a r e  a v a ila b le  to  th e  u s e r ,  th e n  th e  

f a c to r  th a t d e te rm in e s  th e  u s e fu ln e ss  of c u r r e n t  s y s te m s  is  th e  fo rm a t  and  

f i le  s t r u c tu r e  of th e  s p a tia l  d a ta  s to re d  in  th e m . T h e  p r im a r y  s h o rtc o m in g  

o f c u r r e n t  s y s te m s  i s  th e  c o n s tra in t on d eve lopm en t of th e  fo rm a t  im p o se d  

b y  th e  ec o n o m ics  of t r a n s fo rm in g  g ra p h ic  s o u rc e  d a ta  to  a  m e tr ic a l ly  coded, 

n o n -g ra p h ic  fo rm . In  a l l  s y s te m s  d e s c r ib e d  th e  p r o c e s s  i s  m a n u a l o r ,  a t 

b e s t ,  s e m i-a u to m a tic . In  ty p ic a l lo w e r -o rd e r  s y s te m s , e x t re m e ly  h igh  

le v e ls  of m an u a l e f fo r t a r e  u s e d  to  c r e a te  d a ta  f o rm a ts  w ith  in h e re n t 

in fo rm a tio n  lo s s ,  and  f i le  s t r u c tu r e s  of th e  s im p le s t  k ind . In  th e  h ig h e r - 

o r d e r  s y s te m s  th e  c re a tio n  of th e  b a s ic  m e tr ic a l ly  coded  s to ra g e  fo rm a ts  

in v o lv es  e f fo r t ran g in g  f r o m  5 to  50 m a n -d a y s  p e r  2 0 -in . x  30-in . m ap 

sh e e t . T h e  e ffo r t invo lved  pu ts  s e v e r e  c o n s tra in ts  on th e  am oun t of d a ta  

a v a ila b le  to  th e  c o m p u te r. It shou ld  be em p h a s iz e d  th a t th i s  a p p lie s  

p r im a r i ly  to  th e  m e tr ic  a s p e c t of n o n -g ra p h ic  coding . T h e  m o s t s ig n if ican t 

advance  in  o v e rco m in g  th e  l im ita tio n s  of c u r r e n t  p r a c t ic e s  f o r  c o n v e rtin g  

g ra p h ic  to  n o n -g ra p h ic  d a ta  l i e s  in  th e  a b i lity  to  r e l a te  s p a t ia l  to  to p o lo g ica lly  

coded  d a ta  s e ts ,  deve loped  in  th e  h ig h e r - o rd e r  s y s te m s  e x e m p lified  b y  

PAA S,1 ADM ATCH,2 and  UNIMATCH. 3 T h e  l im ita tio n  on m e tr ic  inpu t is  

s ig n if ican t a s  i t  can  h av e  the  e ffec t, a t  p re s e n t ,  of re d u c in g  th e  re s o lu t io n  

of th e  inpu t d a ta  (in an  a tte m p t to  re d u c e  th e  inpu t e ffo rt) and  th u s  im p o sin g  

s ig n if ican t c o n tro l o v e r  th e  su b se q u en t u t i l i ty  o f th e  c o m p u te r -a id e d  p ro c e s s . 

S im ila r ly , i t  l im its  th e  vo lum e of d a ta  av a ila b le  to  th e  s y s te m , an d  th e

1. S ta t is t ic s  C anada 1972b. 2. U. S. B u rea u  of C en su s  a s  d e s c r ib e d  b y  J a r o  
1972a. 3. U. S. B u re a u  of C en su s  a s  d e s c r ib e d  b y  J a r o  1972b.
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p r im a r y  ad van tage  of c o m p u te r  p ro c e s s in g  i s  i t s  a b i li ty  to  hand le  ra p id ly  

la r g e  vo lu m es o f d a ta . C e r ta in ly , i f  im p ro v e m e n ts  in  c u r re n t  s y s te m s  a r e  

to  b e  ex p e c ted , th e y  w ould  b e  of g r e a te s t  b e n e fit in  th e  inpu t p ro c e s s .

In  c o n tra s t  to  th e  l im ita tio n s  im p o se d  b y  th e  t r a n s fo rm a tio n  of d a ta  to  non - 

g ra p h ic  fo rm a ts ,  th e r e  i s  a  s ig n if ic a n t u n d e r -u s e  of c a p a c ity  in  subsequen t 

d a ta  m an ip u la tio n  and  e x tra c tio n . In  a l l  c a te g o r ie s  of s y s te m  so  f a r  

d e s c r ib e d , th e  f i le  s t r u c tu r e s  a r e  a t  b e s t  s tra ig h tfo rw a rd . It a p p e a rs  th a t 

th e  ca p a c ity  of c u r r e n t  (1974) l a r g e - s c a le  c o m p u te rs  to  m an ip u la te  d a ta  is  

c o n s id e ra b ly  in  e x c e s s  of th e  m an ip u la tio n s  x  vo lum e of s p a t ia l  d a ta  th a t 

th e y  a r e  b e in g  a sk e d  to  han d le . T h is  m ay  w e ll b e  a  c o n s tra in t im p o se d  by  

th e  inpu t l im ita tio n s  d e s c r ib e d  above . I t m a y  b e  a  la c k  o f r e q u ire m e n t f o r  

d a ta  to  b e  m a n ip u la ted  in  a  s o p h is tic a te d  m a n n e r  (tha t i s ,  a  la c k  of u s e r  

n e e d  o r  com p eten ce). In  any  ev e n t, th e re  i s  no ev id en ce  f ro m  th e  f ile  

s t r u c tu r e s  ex a m in ed  so  f a r  th a t th e y  a r e  d e s ig n e d  to  f a c i l i ta te  ( th a t i s ,  to  

m ake p o s s ib le  eco n o m ica lly ) co m p lex  s p a t ia l  d a ta  m an ip u la tio n s .

T h e se  c o n s id e ra tio n s  le a d  to  th e  g e n e ra l o b s e rv a t io n  th a t c u r r e n t  c o m p u te r -  

a id ed  s y s te m s  a r e ,  to  a  g r e a t  e x ten t, co n c ep tu a lly  ex ten s io n s  of m anual 

p r o c e s s e s .  A s m e n tio n e d  a t  th e  beg in n in g  o f th i s  c h a p te r , th e y  a r e  in  a  

t r a n s i t io n  p h ase  b e tw e en  m a n u a l te ch n iq u es  and  c o n s id e ra b ly  m o re  advanced  

c o m p u te r -a id e d  p r o c e s s e s ,  th e  l a t t e r  u s in g  e i th e r  coded o r  n on -coded  

in fo rm a tio n . A t th e  end  of th e  c h a p te r  c o n c e rn in g  m an u a l te ch n iq u es , i t  

w as  no ted  th a t in c r e a s in g  d a ta  vo lum e ra p id ly  d e c re a s e s  th e  type  of m an u a l 

te ch n iq u e  th a t can  be c o n s id e re d  e c o n o m ica l, an d  i t  w as su g g e s te d  th a t 

c o m p u te r -a id e d  te c h n iq u e s  m igh t p ro f ita b ly  s e e k  to  re d u c e  m an u a l m o to r 

p r o c e s s e s  and  allow  th e  p re s e n ta tio n  of d a ta  to  a  u s e r  in  a  f o rm  th a t does 

not o v e r lo a d  h is  chan n e l c a p a c ity  (the l a s t  tw o su g g es tio n s  b e in g  a  d ire c t  

fun c tio n  of th e  v o lum e of d a ta  to  b e  h and led ). T h e  key  to  th e  u t i l i ty  of 

c o m p u te r -a id e d  s y s te m s  i s  th u s  th e  d e g re e  to  w h ich  th e y  can  s p a tia lly  

m an ip u la te  in c r e a s in g  v o lu m es  of d a ta . Such s p a t ia l  m an ip u la tio n  can  ta k e  

tw o  fo rm s . T h e  f i r s t  of th e s e  i s  th e  a b i lity  to  re d u c e  th e  in fo rm atio n  

con ten t of im a g e s , o r  r e fo rm a t  th e m  to  f i t  m e n ta l in d e x es , to  th e  po in t w h e re  

th e i r  v is u a l e x a m in a tio n  does  not ex c eed  h u m an  chan n e l ca p a c ity  (so  th a t 

th e  m ap s  p ro d u ced  b ec o m e  c l e a r  o r  a r e  co m p re h e n s ib le  to  m ank ind , b u t
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w h e re  th e  su b se q u en t c o r re la t io n s  o r  p a t te rn s  of s p a tia l  d a ta  a r e  s t i l l  

v is u a l ly  d e te rm in e d  b y  th e  o b s e rv e r ) .  T he seco n d  type  of s p a tia l  m a n ip u la - 

tio n  i s  the  a b i li ty  to  r e t a in  th e  to ta l  in fo rm a tio n  con ten t of th e  im a g e s  and 

s y s te m a tic a l ly  a n a ly se  th e m  n o n -v isu a lly  (b ecau se  th e  vo lum e of g rap h ic  

d a ta  d o es  not allow  v is u a l  in sp ec tio n ) , th e n  to  p r e s e n t  the  r e s u l t s  o f such  

a n a ly s is  to  th e  u s e r .

T he lo w e r o rd e r  of c u r r e n t  s y s te m s  and  th e  h ig h e r  o r d e r  of im ag e  m a n i- 

p u la tio n  s y s te m s  (such  a s  SYMVU,1 OBLIX, 2 AUTOM A P3) m ake th e i r  

g r e a t e s t  c o n trib u tio n  in  th e  f i r s t  m ode of s p a t ia l  m an ip u la tio n . T h a t i s ,  th e y  

h ave  a s  th e i r  o b je c tiv e  th e  d isp la y  of m ed iu m  to  la rg e  d a ta  s e ts  f o r  s u b s e - 

q u en t v is u a l s y n th e s is .  T h e y  b r in g  som ew hat l a r g e r  d a ta  s e ts  th a n  can  be  

n o rm a lly  v is u a l ly  acco m m o d a ted  to  a  po in t w h e re  hum an  channel c a p a c ity  i s  

n o t exceed ed . In  th i s  p r o c e s s ,  th e y  can  a c c e p t, in  f a c t m u s t in c o rp o ra te , 

so m e  in fo rm a tio n  lo s s .  T h is  ty p e  of s y s te m , d e sp ite  th e  u se  of c o m p u te rs , 

i s  c o n s id e re d  to  b e  c o n c ep tu a lly  m anual (v isual).

T h e  h ig h e r -o rd e r  c a te g o r ie s  of c u r r e n t  s y s te m s  ap p ro ac h  th e  po in t w h e re  the  

d a ta  th e y  c u r r e n t ly  co n ta in  canno t b e  v is u a l iz e d  e c o n o m ica lly  and  w h e re  th e  

se c o n d  m ode of s p a t ia l  m a n ip u la tio n  m u s t b e  em ployed . A t th is  po in t, by 

r e a s o n  of vo lum e of d a ta  (a  p ro d u c t of d a ta  re s o lu t io n , s iz e  of d a ta  s e t s ,  and  

n u m b e r of m a n ip u la tio n s  re q u ire d ) , it  i s  l i t e r a l ly  im p o ss ib le  to  conceive  

m e n ta l ly  th e  r e s u l t .  (T he p r im a r y  fa c to r  is  one of hum an  channel c a p a c i ty .)

I t  i s  c o n s id e re d  th a t  th e  h ig h e r  o rd e r  of c u r r e n t  s y s te m s  is  ju s t  e n te r in g  

th is  a r e a  of ca p ab ili ty . Som e s y s te m s  h ave la rg e  d a ta  f i l e s  but a r e  unab le 

to  m a n ip u la te  th e m  o th e r  th a n  to  r e t r ie v e  s u b s e ts  of d a ta  e ffic ien tly . O th e r 

s y s te m s , h o w ev e r, su ch  a s  th e  CRAM  p ro g ra m  o p e ra t in g  on a  DIME f ile , do 

ap p ro a c h  th is  le v e l of ca p ab ili ty . One can  p e rh a p s  lo o k  fo rw a rd  to  th e  t im e  

w hen  in s te a d  of c a r ry in g  out an  op tim iz in g  a n a ly s is  on a  p lane  n e tw o rk  in  tw o 

d im en s io n s  i t  w ill be p o s s ib le  to  have s im i la r  a n a ly s is  of m u ltila y e r  n e tw o rk s , 

o r  th re e -d im e n s io n a l n e tw o rk s  th a t g e n e ra lly  define  vo lu m es in  s p a c e , o r  

d y nam ic  m u ltid im e n s io n a l n e tw o rk s . In  ad d itio n , o r  a s  an  in te r im  s te p , one 

m igh t an tic ip a te  s y s te m s  th a t can  in c o rp o ra te  bo th  m o d e ls  of s p a t ia l  m a n i- 

p u la tio n  on an  in te ra c t iv e  b a s is .  T he c u r re n t  s y s te m s  a r e  t r u ly  in  an

1. S chm id t, A. 1970. 2. S chm id t, A. 1970, T h o m as , A. 1972.3. Schm id t, W. 1969.
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e le m e n ta l s ta te ,  but g ive so m e  in d ica tio n s  of th e  c a p a b ili tie s  th a t can  b e  

expected .

T he fo llow ing  c h a p te r  w ill ex am in e  so m ew h at m o re  advanced  s y s te m s  th a t 

a r e  now b e in g  developed.
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C H A P T E R  5 -  CO M PU TER -A ID ED  SYSTEM S UNDER D EVELOPM ENT
F O R  HANDLING M A PPE D  AND O TH ER LOCATION- 
SPE C IF IC  DATA

C o m p u te r -a id e d  te ch n iq u es  fo r  h an d lin g  m apped  and  o th e r  lo c a tio n -sp e c if ic  

d a ta  a r e  d e s c r ib e d  h e r e  a s  b e in g  "u n d e r  dev e lo p m en t"  i f  they  have not been  

im p le m e n te d  a s  d a ta  h and ling  s y s te m s  in  a g e n c ie s  o th e r  than  th o se  w h ere  

th e  te ch n iq u es  w e re  d eve loped . T h ey  a r e  g e n e ra lly  re g a rd e d  a s  be in g  s t i l l  

in  th e  dev e lo p m en t s ta g e  by  th e  s ta f f  c o n c e rn e d  w ith  th e i r  desig n , and 

u s u a lly  a r e  not d o cum en ted  to  th e  le v e l w h e re  t r a n s f e r  of th e  techno logy  to  

o th e r  a g e n c ie s  could  b e  e a s i ly  ac co m p lish e d . T h is  does  not m ean  th a t 

u s e fu l in t e r im  p ro d u c ts  a r e  not g e n e ra te d  b y  su ch  s y s te m s  in  th e i r  c u r re n t 

s ta te  of deve lopm ent.

T he t e r m  "u n d e r  d eve lopm en t"  n e c e s s a r i ly  c o v e rs  a  la rg e  and h e te ro g en eo u s  

r e a lm  of a c tiv i ty  and  th e r e  a r e  d if f ic u lt ie s  in  p ro v id in g  an  in te g ra te d  view.

T h e  f i r s t  h a lf  of th is  c h a p te r  w ill con tinue  th e  d is c u s s io n  of s to ra g e  fo rm a t 

c a te g o r ie s  f r o m  C h ap te r  4 , ex am in in g  the  c u r r e n t  w o rk  on s y s te m s  w ith  

s to ra g e  fo rm a ts  th a t u se  i r r e g u la r  po lygons; th e  P o lygon  In fo rm atio n  O v erlay  

S y stem  (PIO S)1 and  th e  C anada  G eo g rap h ic  In fo rm a tio n  S ystem  (CGIS)2 w ill 

b e  ta k e n  a s  e x a m p les  to  i l lu s t r a t e  th e  c a te g o ry . T h e  seco n d  ha lf of the  

c h a p te r  w ill ex am in e  m o re  g e n e ra l c u r r e n t  deve lo p m en ts  in  input (d ig itiza tion ), 

m a n ip u la tio n , and  ou tput c a p a b ili t ie s  w h ich  app ly  to  a l l  th e  c a te g o r ie s  of 

s y s te m  d is c u s s e d  so  f a r .  T he c h a p te r  w il l  conc lude  w ith  a  d is c u ss io n  of the  

m o d e rn  tr e n d  to w a rd  m u l ti- fo rm a t s y s te m s  w h ich  com bine th e  p ro p e r t ie s  

o f o th e r  s y s te m s  d e s c r ib e d  h e r e .  In  C h a p te r  6, th e  " s ta te - o f - th e - a r t  w ill 

b e  e x a m in ed  b y  r e f e r e n c e  to  th e  p r o g r e s s  r e p r e s e n te d  by a l l of th e  d eve lop - 

m e n ts  d is c u s s e d  in  C h a p te rs  4 an d  5.

IRREG U LA R POLYGON CATEGORY O F SYSTEMS

S y stem s th a t hand le  r e a l - w o r ld  d a ta  e le m e n ts  w ith  i r r e g u la r  polygons a s  th e ir  

p r im a r y  s to ra g e  fo rm a t  a r e  g e n e ra lly  c o n s id e re d  to  b e  s t i l l  (1974) under 

d eve lopm en t.

T he b o u n d a ry  cond itions  th a t d is tin g u is h  i r r e g u la r  polygon data  s y s te m s  fro m  

lo w e r -o rd e r  s y s te m s  a r e  th a t th e  i r r e g u la r  po lygons m ust be  s e p a ra te ly

1. D angerm ond  1971. 2. T o m lin s o n , R . F . 1967.

130



d efined  in  th e  p r im a r y  f i le  s t r u c tu r e ,  and  th a t th e  d a ta  r e la te d  to  th e m  can  

b e  m a n ip u la ted  and e x tra c te d  w ithou t f u r th e r  po lygon sp ec ifica tio n . Such 

s y s te m s  a r e  not n e c e s s a r i ly  un im odal. T h ey  m ay  in c o rp o ra te  in  th e ir  

d e s ig n  th e  a b i lity  to  hand le  d a ta  in  fo rm a ts  o th e r  th a n  th e  p r im a ry  one, 

and  to  change f ro m  one fo rm a t to  an o th e r .

I r r e g u la r  polygon d a ta  s y s te m s  a r e  c h a ra c te r is t ic a l ly  u sed  to  s to r e  and 

d e s c r ib e  th e  a r e a l  a t tr ib u te s  of a  s u r fa c e . T he lin e  defin ing  a  polygon 

b o u n d a ry  h a s  re g io n s  on e i th e r  s id e  of i t  w ith  d iffe re n t s u r fa c e  a t tr ib u te s , 

w h e re a s  l in e s  defin ing  po in t c o n n e c tiv itie s  (ne tw orks) m ay  h ave th e  sam e  

a t t r ib u te s  on e i th e r  s id e  (tha t i s ,  th e  n e tw o rk  m ay  p a s s  th ro u g h  a  h o m o - 

geneous a re a ) .  T he a t tr ib u te s  of a  s u r fa c e  ca n  b e  e x p re s s e d  a s  continuous 

s in g le -v a lu e d  fu n c tio n s , o r  a s  s te p  fu n c tio n s  of in dependen t continuous 

v a r ia b le s .  T h e se  a r e  com m on ly  t r e a te d  a s  e i th e r  co n to u r m aps o r  s e ts  of 

la b e lle d  re g io n a l b o u n d a rie s . In  bo th  c a s e s ,  i r r e g u la r  polygon b o u n d a rie s  

p ro v id e  an o p tim a l d a ta  r e p re s e n ta tio n . A lthough th e  d a ta  co n ten ts  of 

th e s e  tw o ty p e s  of i r r e g u la r  polygon b o u n d a ry  a r e  d iffe re n t, and  th e  s u b - 

seq u en t m an ip u la tio n  p r o c e s s e s  co n seq u en tly  d if fe r , th e  sam e  b a s ic  

p ro b le m s  of g ra p h ic  to  n o n -g rap h ic  c o n v e rs io n  and s to ra g e  p re s e n t  th e m - 

s e lv e s .

T h e  ra n g e  of n o n -g rap h ic  codes th a t can  b e  em p lo y ed  to  d e s c r ib e  i r r e g u la r  

po lygons w as g e n e ra lly  d is c u s s e d  in  C h ap te r  4 (pp. 8 7 -9 0 ). P e rh a p s  th e  

m o s t com m on fo rm  of re g io n a l cod ing  u s e d  i s  th a t of to p o lo g ica lly  u n re la te d  

n a m e s  r e f e r r in g  to  an  e x te rn a l m e tr ic  index  ( ty p ica lly  a  m ap); th e  w idely  

u s e d  n a m e s  of c o u n tr ie s , p ro v in c e s , s ta t e s ,  co u n tie s , p a r i s h e s ,  p re c in c ts , 

t r a f f i c  zo n e s , a d m in is tra tiv e  d i s t r i c ts ,  and  ce n su s  su b d iv is io n s  a l l  f a l l  in to  

th e  c a te g o ry  of n am ed  i r r e g u la r  polygons. T he n a m e s  have  v alue  fo r  a l lo - 

ca tio n  and  g ro u p in g  p u rp o s e s , a r e  th e  b a s i s  of a  v a s t am ount of s ta t i s t ic a l  

l i t e r a tu r e ,  and  a r e  not in  th e m s e lv e s  m e tr ic a l ly  defined .

T h e  re la t iv e  p o s itio n s  of i r r e g u la r  po lygons ca n , o f c o u rs e , b e  defined  b y  

u s e  of ad jacen c y  co d es  o r  a  co n n e c tiv ity  m a tr ix ,  b u t if  any  h igh  d eg re e  of 

a c c u ra c y  i s  r e q u ire d  in  th e  g eo g ra p h ic a l lo c a tio n  of th e  i r r e g u la r  polygon 

b o u n d a ry , m e tr ic  codes b a s e d  on a  g e o m e tr ic a l c o o rd in a te  s y s te m  m u st be 

em p loyed  fo r  n o n -g rap h ic  s to ra g e .
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T h e  com plex  sh ap e  of i r r e g u la r  po lygons m a k es  th e  ta s k  of s p a tia l  d e fin ition  

g r e a t e r  th a n  th a t f o r  lo w e r o r d e r s  of g ra p h ic  r e p r e s e n ta t io n  ( re g u la r  g r id s , 

p o in ts , o r  l in e  seg m e n ts ) . An ad d itio n a l im p e tu s  to  p r e c i s e  lin e  defin ition  

of po lygons is  th a t th e  lo c a tio n  of th e  lin e  a long  i t s  len g th  r e p r e s e n t s  a 

b o u n d a ry  cond ition , w h e re a s  lin e s  in  n e tw o rk s  r e p r e s e n t in g  flow c o n n e c ti­

v i t ie s ,  f o r  ex a m p le , can  fu lf il th e i r  fun c tio n  w ith  l e s s  l in e a r  p re c is io n .

T h e  vo lum e of s p a t ia l  d a ta  needed  to  define i r r e g u la r  polygon b o u n d a rie s  h a s  

c o n s id e ra b le  in p a c t on th e  e ffo r t n ee d ed  to  c o n v e rt th e  d a ta  f ro m  g ra p h ic  to  

n o n -g ra p h ic  fo rm a t (w hich w as th e  m a in  c o n s tra in t in  c u r re n t  s y s te m  d es ig n  

and  u s e ,  a s  re c o g n iz e d  in  C h ap te r 4 , p. 126 ). It a ls o  a ffe c ts  th e  s to ra g e  

an d  m a n ip u la tio n  of th e  d a ta , and  th e  cho ice  of f i le  s t r u c tu r e s .

T he re la tio n s h ip  b e tw e en  th e  vo lum e of s to ra g e  d a ta  and th e  cho ice  and 

re s o lu t io n  (fide lity) of th e  v a r io u s  s to ra g e  fo rm a ts  i s  i l lu s t r a te d  in  th e  

fo llow ing  s e r ie s  of d ia g ra m s  (pp. 133-135).

F ig . 5. 1 i s  a  sa m p le  m ap  (g rap h ic  im a g e  only) m a d e  up of an  a r b i t r a r y  s e t  

of l in e s  w ith in  a  1 0 -sq . in . re c ta n g le . W ith d iffe re n t s e ts  of d e s c r ip to r  d a ta  

r e l a te d  to  s u ch  a  m a p , th e  l in e s  cou ld  co n ce iv ab ly  r e p r e s e n t  a  n e tw o rk  

(such  a s  a  h ighw ay netw ork ) o r  a  s e t  of 15 bounded re g io n s  (such  a s  a  p re s e n t  

la n d  u s e  m ap). T h e r e  a r e  ap p ro x im a te ly  33 in . of l in e  le n g th  in  th e  to ta l  

s e t  of in t e r io r  and  e x te r io r  b o u n d a rie s . In  c o m p a r is o n  w ith  r e a l -w o r ld  

m a p s  of s im i la r  s u b je c ts , th e  sa m p le  m ap  m ig h t s u b je c tiv e ly  b e  d e s c r ib e d  

to  b e  of "m e d iu m " d a ta  den sity .

F ig . 5. 2 show s th e  r e s u l t  of r e g a rd in g  th e  sa m p le  m ap  a s  a  s e t  of i r r e g u la r  

po lygons and  u s in g  th e  p o in t d a ta  s to ra g e  fo rm a t to  r e c o r d  th e i r  c e n tro id  

c o o rd in a te s . A p p ro x im a te ly  15 d a ta  p o in ts  w ould  n ee d  to  b e  coded if  th is  

a p p ro a c h  w e re  u sed . F ig . 5. 2. 1 show s th e  s iz e  o f a  s q u a re  g r id  th a t w ould 

r e s u l t  if  15 a r b i t r a r y  r e g u la r  a r e a  c e l ls  w e re  u s e d  to  d e s c r ib e  th e  s a m e  a re a .

In  F ig . 5. 3, th e  sa m p le  m ap  is  ta k en  to  b e  a  n e tw o rk  w h e re  th e  flow betw een  

in te r s e c t io n s  is  o f c o n c e rn  and w h e re  it can  b e  a d e q u a te ly  r e p re s e n te d  by  

s t r a ig h t- l in e  se g m e n ts  be tw een  in te r s e c t io n s . (An in te r s e c t io n  o c c u rs  

w h e re  th r e e  o r  m o re  l in e  seg m e n ts  m e e t; m ap  c o r n e r  p o in ts  a r e  a  s p e c ia l  

c a s e . ) Such a  lin e  se g m e n t m ap  cou ld  be  s a t i s f a c to r i ly  encoded  w ith  32 d a ta
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F ig . 5. 2. 1. F ifteen  arb itrary  re g u la r-a rea  c e lls .

F ig . 5. 1. Sam ple map of 15 irreg u la r  polygons.

F ig . 5. 2. C entroid coordinates (15 data points).
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F ig . 5 .4 .  C o a rs e  polygon r e p re s e n ta t io n  
(98 d a ta  p o in ts .

F ig . 5. 4. 1. N in e ty -e ig h t a r b i t r a r y  r e g u la r - a r e a  
c e lls .

F ig . 5. 3. N etw ork  r e p re s e n ta t io n  (32 d a ta  p o in ts).

F ig . 5 .3 .1 .  T h ir ty - tw o  a r b i t r a r y  r e g u la r - a r e a  
c e lls .



F ig . 5. 6. F in e  po lygon re p re s e n ta tio n : 50 po in ts  
p e r  in . (1 , 650 d a ta  p o in ts ).F ig . 5. 5. F in e  po lygon r e p re s e n ta tio n : 10 p o in ts  

p e r  in . (330 d a ta  p o in ts).

F ig . 5. 5. 1. T h re e  h u n d red  and th i r ty  a r b i t r a r y  
r e g u la r - a r e a  c e lls .

F ig . 5. 6. 1. One th o u san d , s ix  h u n d red  and  fif ty  
a r b i t r a r y  r e g u la r - a r e a  c e lls .
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p o in ts . F ig . 5. 3. 1 show s th e  s iz e  of s q u a re  g r id  th a t w ould  r e s u l t  i f  32 

a r b i t r a r y  r e g u l a r - a r e a  c e l ls  w e re  u s e d  to  d e s c r ib e  th e  sam e  a re a .

In  F ig . 5. 4 , th e  sam p le  m ap  is  r e g a rd e d  a s  a  s e t  of i r r e g u la r  polygons 

w hose  b o u n d a rie s  m u s t b e  defined . A cco rd in g ly , th e  b o u n d a rie s  a r e  

r e p r e s e n te d ,  in  c o a rs e  ap p ro x im a tio n , by s tr a ig h t- l in e  seg m e n ts  b e tw een  

n o d es  (co o rd in a te  po in ts) th a t h ave  b ee n  m a n u a lly  s e le c te d  be tw een  in t e r - 

s e c t io n s . T h is  i s  p ro b a b ly  th e  lo w es t le v e l  of f id e lity  (and h ence  d a ta  volum e) 

th a t  w ould  b e  a c c e p ta b le  to  a  u s e r  in te r e s te d  in  th e  lo c a tio n  of th e  b o u n d a rie s . 

N in e ty -e ig h t d a ta  p o in ts  a r e  u s e d  to  encode th e  b o u n d a rie s  in  th is  m a n n e r.

F ig . 5. 4 . 1 show s th e  s iz e  of g r id  s q u a re  th a t w ould  r e s u l t  if  98 a r b i t r a r y  

r e g u l a r - a r e a  c e l ls  w e re  u s e d  to  d e s c r ib e  th e  s a m e  a re a .

F ig s .  5. 5 and  5. 6 a r e  to p o lo g ica lly  th e  s a m e  a s  F ig . 5. 4; th e  d iffe re n ce  l i e s  

on ly  in  th e  sp a c in g  of th e  c o o rd in a te  p o in ts  u s e d  to  d e s c r ib e  th e  co n fig u ra tio n  

of th e  b o u n d a r ie s . In  p r a c t ic e ,  th e  s to ra g e  fo r m a ts  i l lu s t r a te d  in  F ig s .  5. 5 

and  5. 6 r e s u l t  f r o m  th e  u s e  of v a r io u s  ty p e s  o f s e m i-a u to m a tic  d ig itiz a tio n  

te c h n iq u e s  w h ich  p ro d u c e  a  s t r e a m  of c o o rd in a te  p o in ts  b y  fo llow ing o r  

scan n in g  th e  l in e s  on th e  s o u rc e  m ap. T h e  sp a c in g  of th e  p o in ts  i s  s u b je c -  

t iv e  and  can  b e  v a r ie d  w ith in  one m ap. H ow ever, 10 p o in ts  p e r  in . i s  u s u a lly  

c o n s id e re d  to  b e  th e  w id e s t sp ac in g  a t w h ich  th e  co n fig u ra tio n  of i r r e g u la r  

l in e s  can  b e  f in e ly  a p p ro x im a ted . A  sp ac in g  of 50 p o in ts  p e r  in . is  com m on; 

i t  a llow s po lygons to  b e  defined  w ith  m in im a l lo s s  of a r e a l  a c c u ra c y , b u t 

w ith  l in e s  th a t do not a p p e a r  "sm o o th "  to  n o rm a l v is u a l in sp ec tio n . A 

sp a c in g  of 100 p o in ts  p e r  in . p ro d u c e s  p o in ts  th a t a r e  w ith in  th e  w id th  of 

th e  o r ig in a l l in e  on  th e  m ap , and  th is  m u s t b e  c o n s id e re d  to  be  th e  m ax im u m  

n ee d ed  f o r  a c c u ra te  r e p r e s e n ta t io n  of th e  l in e s .  Such a  sp ac in g  m igh t b e  

c o n s id e re d  n e c e s s a r y  f o r  c a r to g ra p h ic  p u rp o s e s , w h e re  th e  lo c a tio n a l 

a c c u ra c y  of c lo se ly  sp a c e d  lin e s  d ep ic tin g  c o n to u rs  ( fo r exam ple) m u s t be 

p r e s e r v e d .  G iven  th a t  th e r e  a r e  33 in . of lin e  on th e  sa m p le  m ap , i t  w ould 

b e  n e c e s s a r y  to  encode  330, 1 ,650 , and  3 ,3 0 0  p o in ts  r e s p e c t iv e ly  f o r  th e

sp a c in g s  m en tio n ed  above. F ig . 5. 5 i l l u s t r a te s  a  f in e  polygon r e p re s e n ta t io n  

u s in g  10 p o in ts  p e r  in . (330 to ta l  p o in ts) , and  F ig . 5. 5. 1 show s th e  s iz e  of 

g r id  s q u a re  th a t w ould  r e s u l t  if  330 a r b i t r a r y  r e g u l a r - a r e a  c e lls  w e re  u sed  

to  d e s c r ib e  th e  s a m e  a r e a .  F ig . 5. 6 i l lu s t r a t e s  a  f in e  polygon r e p re s e n ta t io n
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u s in g  50 p o in ts  p e r  in . (1, 650 po in ts  in  to ta l) ,  and  F ig . 5. 6. 1 show s th e  

s iz e  of 1, 650 g r id  s q u a re s  to  d e s c r ib e  th e  s a m e  a re a .

E ach  of th e  a p p ro a c h e s  to  d a ta  s to ra g e  d e s c r ib e d  above h a s  ad van tages  and  

d isad v a n tag es  f o r  d a ta  r e p re s e n ta t io n  and  su b seq u en t d a ta  m an ipu la tion . It 

i s  im p o rta n t to  n o te  th a t a  s tro n g  re la tio n sh ip  e x is ts  be tw een  th e  s to ra g e  

fo rm a t ch o sen  and  th e  vo lum e of d a ta  g e n e ra te d . M e tr ic  defin ition  of 

i r r e g u la r  po lygon b o u n d a rie s  in c u rs  th e  ex p e n se  o f s to r in g  s ig n ifican tly  

h ig h e r  v o lu m es  of d a ta  th a n  s to ra g e  fo rm a ts  th a t do n o t a ttem p t to  r e p r e s e n t  

th e  po lygon b o u n d a ry  a c c u ra te ly . T h is  i s  in tu itiv e ly  se lf-e v id e n t, b u t th e  

d e g re e  of in c r e a s e  in  d a ta  vo lum e be tw een  fo rm a ts  i s  in s tru c tiv e . A t a  

" c o a rs e "  le v e l of i r r e g u la r  polygon defin itio n  (F ig . 5. 4 ), th e  vo lum e of 

d a ta  r e q u ir e d  i s  3 to  6 t im e s  g r e a te r  th a n  lo w e r - o r d e r  fo rm a ts . A t a  "fin e"  

le v e l of i r r e g u la r  po lygon defin itio n  (F ig s . 5. 5 and  5. 6), th e  vo lum e of d a ta  

r e q u ir e d  i s  10 to  200 t im e s  g r e a te r .

T h e  fo llow ing  s e r i e s  of d ia g ra m s  (pp. 138-39) p ro v id e s  a  g e n e ra l c o m p ariso n  

b e tw e en  s to r a g e  f o rm a ts  u s in g  i r r e g u la r  po lygons and  th o se  u s in g  a r b i t r a r y  

r e g u la r  a r e a s .  T h e  vo lum e o f d a ta  and  th e  c o m p a ra tiv e  re s o lu t io n  of th e  

tw o  s to ra g e  fo r m a ts  a r e  of co n c e rn , w h e re  b o u n d a ry  d efin ition  a t te m p ts  to  

b e  ex p lic it.

T h e  f i r s t  f ig u re  (F ig . 5. 7) is . s im p ly  th e  sa m p le  map f ro m  th e  p rev io u s  s e r ie s ,  

w ith  a  s in g le  i r r e g u la r  polygon in d ica ted . T h e  n ex t f iv e  i l lu s tr a t io n s  (F ig s .

5. 7. 1 -  5. 7. 5) show  th e  b o u n d ary  of th e  s a m e  po lygon a s  i t  w ould b e  s to re d  

i f  a s s ig n e d  to  a  r e g u la r  a r b i t r a r y  g r id  in c u r r in g  p ro g re s s iv e ly  l a r g e r  

v o lu m es  of d a ta  s to ra g e .  (The va lue  of th e  i r r e g u la r  polygon is  a s s ig n e d  

to  a  r e g u la r  g r id  un it if  m o re  than  50% of th e  r e g u la r  g r id  fa l ls  w ith in  th e  

i r r e g u la r  p o ly g o n .)

In  e a ch  c a s e ,  th e  a r b i t r a r y  g r id  s iz e  ch o sen  u s e s  th e  sam e  vo lum e of 

s to ra g e  a s  th e  a l te rn a t iv e  s to ra g e  fo rm a t on w h ich  i t  i s  su p e rim p o se d . It 

c an  b e  s e e n  th a t th e  s to ra g e  of i r r e g u la r  po lygons in  a r b i t r a r y  g r id  fo rm a t 

e i th e r  g iv es  an  u n re a l  f o r m  to  th e  r e a l -w o r ld  d a ta  e lem en t o r  im p o se s  a  

h ig h e r  b u rd e n  of d a ta  vo lum e to  ob ta in  co m p a ra b le  f id e lity . It m ust be  

e m p h as ized  th a t th i s  p a r t ic u la r  s e r ie s  of ex a m p le s  i l lu s t r a te s  th e  e ffec t
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F ig . 5. 7. 1.

P o lygon  bou n d ary  a s s ig n e d  
to  r e g u la r  g r id  u s in g  sam e  
d a ta  volum e (15 d a ta  po in ts) 
a s  c e n tro id  co o rd in a te s .

F ig . 5. 7. 2.

P o lygon  bou n d ary  a s s ig n e d  
to  r e g u la r  g r id  u s in g  sam e  
d a ta  volum e (32 d a ta  p o in ts ) 
a s  lin e  netw ork .

F ig . 5. 7.

Sam ple m ap w ith  s in g le  
i r r e g u la r  polygon ind ica ted .
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F ig . 5 .7 .4 .

Polygon  b o u n d ary  a s s ig n e d  
to  r e g u la r  g r id  u s in g  s a m e  
d a ta  vo lum e (330 d a ta  p o in ts ) 
a s  fin e  po lygons a t  10 p o in ts  
p e r  in .

F ig . 5 .7 .5 .

P o lygon  b o u n d ary  a s s ig n e d  
to  r e g u la r  g r id  u s in g  sam e  
d a ta  volum e (1, 650 d a ta  
poin ts) a s  fin e  po lygons 
a t  50 p o in ts  p e r  in .

F ig . 5 .7 .3 .

P o lygon b o u n d ary  a s s ig n e d  
to  r e g u la r  g r id  u s in g  sam e  
d a ta  volum e (98 d a ta  p o in ts ) 
a s  c o a rs e  polygon.



only  on  one sp e c if ic  polygon. T h e  e r r o r  in h e re n t in  th e  t ra n s fo rm a tio n  

b e tw e en  s to ra g e  fo r m a ts  m ay  b e  l e s s  s e v e re  if  th e  sh ap e  of th e  i r r e g u la r  

po lygon i s  c lo s e r  to  th a t  of th e  a r b i t r a r y  a r e a  u sed , and  w ill p ro b ab ly  be  

m o re  s e v e re  if  th e  i r r e g u la r  po lygon  h a s  a  m o re  com plex  co n fig u ra tio n . No 

m e a s u re s  of th e  d e g re e  of a r e a l  c o r re la t io n  can  b e  v a lid ly  o b ta ined  f ro m  th i s  

s in g le  ex a m p le . T h e  po lygon  u s e d  fo r  co m p a riso n , how ever, i s  hot a  

co m p lex  i r r e g u la r  po lygon, and  th e  g e n e ra l t r e n d  i l lu s tr a te d  is  p ro b a b ly  

va lid . G iven  r e a l - w o r ld  d a ta  e le m e n ts  in  th e  fo rm  o f i r r e g u la r  po lygons, 

a  h igh  v o lum e of d a ta  i s  n ee d ed  to  define th e i r  b o u n d a rie s  m e tr ic a lly , b u t 

o th e r  ty p e s  o f s to ra g e  fo rm a t  p ro v id e  r e p re s e n ta t io n  a t  a  lo w er r e s o lu t io n  

ev e n  w ith  eq u iv a len t v o lu m es  of m e tr ic  da ta .

In  co n seq u en c e , on ly  a  r e la t iv e ly  n arro w  ra n g e  of n o n -g rap h ic  co d es  c a n  

b e  u s e d  to  define  th e  lo c a tio n  of th e  b o u n d ary  of an  i r r e g u la r  po lygon 

m e tr ic a l ly  w ithou t lo s s  of r e s o lu t io n  o r  p ro h ib itiv e ly  expensive  (g r id  sq u a re ) 

v o lu m es  of d a ta . W ith in  th e  ra n g e , th re e  a p p ro ac h es  can  b e  re c o g n iz e d .

T he f i r s t  ap p ro a c h , and  th e  m o s t com m on, i s  th e  one u s e d  in  th e  e x a m p les  

above , w h ich  can  b e  r e f e r r e d  to  a s  "ch a in  encod ing". C oo rd in a te  p o in ts  a t  

ch o sen  sp a c in g s  a r e  r e c o r d e d  e i th e r  m an u a lly  o r  b y  m ach ine  to  define  th e  

b o u n d a ry , w ith  s tr a ig h t- l in e  seg m e n ts  a s s u m e d  to  jo in  th e  p o in ts .1 A  

v a r ia t io n  on th e  s a m e  th e m e  is  to  define  b o u n d ary  p o in ts  (u su a lly  in t e r s e c -  

tio n s) an d  d e s c r ib e  th e  p o in t lo c u s  be tw een  in te r s e c tio n s  b y  a  s e r i e s  of 

d ire c tio n  an d  d is ta n c e  c o d e s , w ithou t a c tu a lly  r e c o rd in g  th e  co o rd in a te  

v a lu e s  of th e  i n t e r s t i t i a l  p o in ts . T he a p p ro ac h  u s in g  co o rd in a te  p o in t r e c o r d s  

i s  th e  one em p lo y ed  in  th e  m a jo r ity  of i r r e g u la r  polygon s y s te m s  and  w il l  b e  

d e s c r ib e d  m o re  fu lly  in  th e  s y s te m  d e s c r ip tio n s  g iven  below .

T h e  seco n d  a p p ro a c h , and  p e rh a p s  th e  m o s t m a th e m a tic a lly  e leg an t, i s  to  

ap p ro x im a te  th e  b o u n d a ry  l in e  p ie ce  by  p ie c e  w ith  an a ly tic a lly  s im p le  c u rv e s ,  

a s  i s  done in  SK ETCH PA D  and i t s  s u c c e s s o r s .  2 T h is  ap p ro ac h  ca n  g r e a t ly  

re d u c e  th e  v o lum e of d a ta  n ee d ed  to  define a  polygon bou n d ary  m e tr ic a l ly ,  

a t  th e  ex p e n se , h o w ev e r , of so m e su b seq u en t co m p lex ity  in  d a ta  m a n ip u la -  

tio n . T h e  ap p ro a c h  i s  m en tio n ed  fo r  th e  s a k e  of c o m p le te n e ss , b u t h a s  n o t 

b e e n  adop ted  by  any i r r e g u la r  po lygon s y s te m  now u n d e r deve lopm ent.

1. F re e m a n  1961, F r e e m a n  and G a rd n e r  1964. 2. S u therland  1963.
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T h e  th i r d  ap p ro a c h  i s  th e  r e p re s e n ta t io n  of p la n a r  re g io n s  b y  th e i r  

" s k e le to n s " . If th e  sk e le to n s , a s  defined  b y  a  p a r c e l  of g r id  s q u a re s ,  of 

ad ja c e n t p la n e  re g io n s  a r e  m e tr ic a l ly  d e s c r ib e d  in  su ff ic ien t d e ta il ,  th e  

b o u n d a ry  b e tw e en  th e m  i s  th e re b y  m e tr ic a l ly  defined.

S e v e ra l ty p e s  of s k e le to n  r e p re s e n ta t io n  can  be env isaged ; th e  one u s e d  by 

P fa l tz  and  R o se n fe ld 1 a s s u m e s  a  re c ta n g u la r  m a tr ix  of p o in ts  o v e r la id  on 

th e  a r e a  co n ta in in g  th e  re g io n . W ith in  the  m a tr ix , "n e ighbou rhoods"  can  

b e  d efined  b y  a  p o in t an d  a  r a d iu s .

F ig . 5. 8. M ax im al ne ighbou rhood  of a  poin t in  a  m a tr ix .

In  F ig . 5. 8 above , th e  neighbou rhood  is  defined  b y  th e  lo c a tio n  of po in t P  

w ith  a  r a d iu s  of 2. A  neighbou rhood  i s  te rm e d  a  " m a x im a l ne ighbourhood" 

if  i t  i s  n o t p r o p e r ly  co n ta in ed  in  any o th e r  such  neighbourhood . An i r r e g u la r  

po lygon  ca n  b e  r e g a r d e d  a s  a  un ion  of m a x im a l n e ighbou rhoods, and  th u s  

ca n  b e  s p e c if ie d  b y  c e n tr e s  and r a d i i  of th o se  neighbou rhoods.

F ig .  5. 9 . R e p re se n ta tio n  of an  i r r e g u la r  polygon b y  m a x im a l 
ne ighbou rhoods.

T h e  i r r e g u la r  po lygon  in  F ig . 5. 9 i s  defined  b y  th e  m a x im a l neighbou rhoods 

of p o in ts  A , B , C , D w ith  r a d i i  3, 2, 1, and  0 .

P fa l tz  an d  R o sen fe ld  c o m p a re d  th e  vo lum e of d a ta  g e n e ra te d  b y  th is  ap p ro ach  

w ith  th a t of c h a in -en co d in g  i r r e g u la r  po lygons, and  ca m e to  th e  co n c lu sio n

1 .  P f a l t z  and  R o sen fe ld  1967.
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th a t f o r  th e  s a m e  re s o lu t io n  of bou n d ary  defin itio n  ap p ro x im a te ly  th e  s a m e  

n u m b e r of d a ta  p o in ts  m u s t be encoded. S p ec ifica lly , fo r  a  s e r ie s  of 

i r r e g u la r  po lygons (co u n try  b o rd e r s ) ,  th e  r e s u l t s  g iven  in  T a b le  5. 1 

w e re  ob ta ined .

I r r e g u la r  polygon  A B C D E F G

B o undary  po in ts 338 178 231 286 440 197 262

S kele ton  po in ts 371 135 407 272 402 183 244

T a b le  5. 1. N u m b er of d a ta  p o in ts  re q u ir e d to  define a  s e r i e s  of i r r e g u la r  
po lygons b y  ch a in -en co d in g  bo u n d a rie s  and  b y  sk e le to n  m ethod.

I t i s  p o s s ib le  to  g e n e ra te  a  ch a in -en co d e d  re p re s e n ta t io n  of a  boundary , 

g iven  th e  s k e le to n  p o in ts , and  i t  is  m o re  e ff ic ie n t to  c a r r y  out so m e  ty p e s  

of s e t - th e o r y  o p e ra tio n s  u sing  su ch  encod ings . In  p a r t ic u la r ,  th e  m e th o d  

p ro v id e s  a  v e ry  e ff ic ie n t fo rm  of s to ra g e  if  i t  i s  n e c e s s a r y  to  d e te rm in e  

w h e th e r  p o in ts  l ie  w ith in  o r  ou ts id e  re g io n s . T h e  ap p ro a c h  a lso  s e e m s  

am en ab le  to  h ie r a r c h ic a l  cod ing  of d e s c r ip to r  d a ta , a n d  w ould  p ro v id e  

e c o n o m ies  in  so m e fo rm s  of g e n e ra liz a tio n  and  r e t r i e v a l  of d e s c r ip to r  

d a ta . U n fo rtu n a te ly , th e  ap p ro ac h  h a s  not b ee n  ad o p ted  b y  any  ag e n cy  f o r  

an  i r r e g u la r  po lygon d a ta  hand ling  s y s te m  u n d e r d eve lopm en t a t th is  t im e .

T h e  d e fin itio n  of i r r e g u la r  polygon d a ta  s y s te m s  u s e d  a t  th e  b eg in n in g  o f  

th is  c h a p te r  w as  th a t th e  i r r e g u la r  po lygons th e m s e lv e s  m u s t b e  d efined  

in  th e  p r im a r y  f i le  s t r u c tu r e  of th e  s y s te m s  c o n c e rn ed . I t can  b e  seen  

f ro m  th i s  d is c u s s io n  of m e tr ic  defin itio n s  th a t po lygon b o u n d a rie s  a r e  

g e n e ra lly  d efined  w ith  r e fe re n c e  to  so m e s t r u c tu r e  of c o o rd in a te  p o in ts . In  

add itio n  to  c a r ry in g  th e  r e q u ire d  vo lum e of d a ta , if  po lygon fo rm s  a r e  to  b e  

id e n tif ie d  th e  f i le  s t r u c tu r e  m u s t obv iously  in c lu d e  cod ing  of th e  r e la t io n -  

sh ip s  b e tw e en  the  e le m e n ts  of th e  polygon fo rm ; be tw een  p o in ts  th a t f o r m  

lin e  se g m e n ts ; and  be tw een  lin e  seg m e n ts  th a t f o rm  po lygons. T h is  " c h a in  

m u s t b e  e x p lic i t ly  o r  im p lic itly  id en tif ied . S im ila r ly , i f  m o re  th a n  one  

po lygon i s  c o n c e rn ed , th e  r e la tio n sh ip  b e tw e en  po lygons m u s t b e  coded  to  

p ro d u ce  m a p s. T h is  ca n  b e  im p lic it in  m e tr ic  cod ing , b u t ad v an tag es  m a y  b e  

gain ed  f r o m  sp ec ify in g  th e  re la tio n sh ip s  b e tw e en  po lygons m o re  d ire c t ly .  In
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ad d itio n , th e  d e s c r ip to r  d a ta  (w hich m a y  b e  v e ry  com plex) h a s  to  be  re la te d  

to  a p p ro p r ia te  po lygon b o u n d a rie s  a t  an  e ffic ien t le v e l in  th e  h ie r a r c h y  of 

r e la tio n sh ip s  b e tw e en  coded  im ag e  e le m e n ts . F o r  exam p le , i f  m any 

co o rd in a te  p o in ts  a r e  u s e d  to  define  a  polygon b oundary , it  m ay  b e  p ro h i- 

b it iv e ly  ex p e n siv e  in  te r m s  of d a ta  vo lum e and  p ro c e s s in g  co s t to  a t ta c h  the 

d e s c r ip tio n  of th e  po lygon  con ten t to  each  poin t; w h e re a s  in  a  poin t d a ta  

s y s te m  th i s  i s  a  n o rm a l  p ro c e d u re . C le a r ly , i r r e g u la r  polygon d a ta  s y s te m s  

d em and  m o re  s o p h is tic a te d  d a ta  s t r u c tu r e s  th a n  lo w e r -o rd e r  s y s te m s . 

E x a m p le s  of th e  d a ta  s t r u c tu r e s  em p loyed  in  s y s te m s  un d er deve lopm ent 

a r e  g iven  below .

S y stem s  u s in g  th e  i r r e g u la r  po lygon  a p p ro ac h  com m only  u se  a  t r a c in g  type 

of d ig i t iz e r ,  an  a u to m a tic  lin e -fo llo w in g  d ev ice , o r  som e fo rm  of e l e c t r o - 

o p tic a l s c a n n e r  to  p ro d u c e  th e  coded m e tr ic  r e p re s e n ta t io n  of th e  g rap h ic  

s o u rc e  d a ta . A l a r g e - s c a le  c o m p u te r  i s  m o s t o ften  u sed  to  s to r e  and  m a n i- 

p u la te  th e  d a ta , b u t r e c e n t  d ev e lo p m en ts  in  m in i-c o m p u te rs  h ave  a llow ed 

th e m  to  b e  u s e d  f o r  c re a t in g  and a c c e s s in g  la rg e  o ff-lin e  d a ta  s to r e s .  D ata 

m a n ip u la tio n  c a p a b ili t ie s  a ffe c te d  b y  th e  fo rm a t in c lu d e  the  a b i li ty  to  m e a s u re  

a r e a s  and p e r im e te r  le n g th s , and  to  g ro u p  d a ta  in  s e ts  of po lygons e i th e r  

known to  th e  s y s te m  o r  a r b i t r a r i l y  g e n e ra te d  by  th e  sy s te m . P e rh a p s  the  

m o s t u s e fu l c a p a b ili ty  is  th a t of o v e rla y in g  one s e t  of i r r e g u la r  polygons 

on a n o th e r ,  to  d e te rm in e  th e  c h a r a c te r is t ic s  of co m p o site  s u r fa c e s .

P o ly g o n  d a ta  s y s te m s  h ave b ee n  ad o p ted  f o r  hand ling  s u r fa c e -d e s c r ip t iv e  

d a ta  s e t s  f ro m  r e la t iv e ly  la r g e  a r e a s ;  th e  s y s te m s  have com m only  been  

deve loped  to  h an d le  re g io n a l da ta . D a ta  r e t r ie v e d  f ro m  such  s y s te m s  a r e  

ty p ic a l ly  d isp la y e d  on a  l in e  p lo t te r  o r  in  ta b u la r  fo rm  on a  l in e  p r in te r ,  

a lthough  th e  u s e  of ca thode r a y  tu b e s  (both s to ra g e  tu b e  and  r e f r e s h e d  

disp lay) i s  b ec o m in g  m o re  p re v a le n t.

T Y P E S  O F IRREG U LA R POLYGON SYSTEMS

I r r e g u la r  po lygon d a ta  s y s te m s  com m on ly  u se  ch a in -en co d in g  to  define th e  

polygon b o u n d a r ie s . F o r  conven ience  of d e s c r ip tio n , tw o ty p e s  o f ch a in - 

encod ing  can  b e  re c o g n iz e d . T h e  d iffe re n c e  be tw een  the  tw o ty p e s  i s  re la te d  

s o le ly  to  th e  p r a c t ic e  of en cod ing  and  u t i l i ty  of th e  sub seq u en t r e c o rd s ,  a s  

th e  a p p ro a c h e s  a r e  to p o lo g ica lly  id e n tic a l. T h e  f i r s t  r e l ie s  on th e
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a p p ro x im a tio n  of po lygon b o u n d a rie s  by  s tr a ig h t  l in e  se g m e n ts  be tw een  

n o d es  v isu a lly  ch o sen  b y  an  o b s e rv e r .  An ex a m p le  of th is  ap p ro ac h  is  

show n in  F ig . 5 .4  above; i t  r e s u l t s  in  r e c o r d s  th a t  w ill b e  te r m e d  " c o a rs e "  

polygons. T h e  seco n d  r e l i e s  on th e  d e fin itio n  of th e  polygon b o u n d a rie s  by  

a  s t r e a m  of p o in ts  (betw een w hich  s tr a ig h t  l in e  se g m e n ts  a r e  a ssu m ed ), 

u s u a lly  g e n e ra te d  by  a  s e m i-a u to m a tic  o r  au to m a tic  dev ice . T h is  ap p ro ach  

(F ig s . 5. 5 and 5. 6 above) r e s u l t s  in  r e c o r d s  th a t w ill  b e  te rm e d  "fin e"  

po lygons. T h is  is  an  e n t ir e ly  a r b i t r a r y  d is tin c tio n  and one of only  te m p o ra ry  

m e r i t ,  a s  new encod ing  m e th o d s a r e  b e in g  d eve loped  b y  w hich  i r r e g u la r  p o ly - 

gons w ill  b e  defined  b y  m e tr ic  co d es  a t  v a r io u s  p o in ts  on th e  con tinuum  

be tw een  " c o a rs e "  and " f in e " . T h e  c a te g o r ie s  do , h o w ev e r, r e f le c t  tw o m a in  

ap p ro a c h e s  to  th e  d es ig n  of i r r e g u la r  po lygon d a ta  s y s te m s  w h ich  h ave  been  

a tte m p te d  in  the  p a s t d ecad e  and a r e  em p lo y ed  b y  s y s te m s  now u n d e r d e v e - 

lo p m en t. S e v e ra l s y s te m s  fo r  h an d lin g  i r r e g u la r  po lygons in  bo th  of the  

above c a te g o r ie s  e x is t  to  s to r e  an d  m a n ip u la te  co n to u r da ta ; h o w ev er, the  

e x a m p le s  d e s c r ib e d  below  w ill  b e  d raw n  f r o m  s y s te m s  th a t u se  i r r e g u la r  

po lygons to  define re g io n s , a s  th e  p ro b le m s  a r e  of co m p a ra b le  com p lex ity  

and  th e  re g io n a l s y s te m s  re la te  m o re  d ire c t ly  to  th e  a u th o r 's  w o rk  w ith  th e  

C anada G eo g rap h ic  In fo rm a tio n  S y stem  (d e s c r ib e d  in  th e  A ppendix).

C o a rs e  P o lygon  S y stem s: th e  E x am p le  of P IO S

S e v e ra l s y s te m s  h ave b e e n  d es ig n e d  w ith  c o a r s e  po lygons a s  a  p r im a r y  d a ta  

s to ra g e  fo rm a t. T y p ic a l ex a m p le s  a r e  M A P/M O D E L 1 (M ap M odel S ystem , 

C o l u m b i a  R eg ion  A ss o c ia tio n  of G o v e rn m en ts , P o r t la n d ,  O regon), PIO S2 

(P olygon In fo rm a tio n  O v e rla y  S y stem , C o m p re h en s iv e  P lan n in g  O rg an iza tio n , 

San D iego C ounty, C a lifo rn ia ), an d  NRIS3 (N a tu ra l R e s o u rc e s  In fo rm atio n  

S y stem , B oeing  C o m p u te r S e rv ic e s , I n c .) .  A ll th e  s y s te m s  exh ib it s im i la r  

b a s ic  c h a ra c te r is t ic s  and  c lo se ly  fo llow  th e  co n c ep ts  th a t o r ig in a te d  in  th e  

M A P/M O D E L s y s te m  b e tw e en  1964 and  1968. D esp ite  th e  len g th  of tim e  

o v e r  w h ich  th e  s y s te m s  h av e  b ee n  d eve loped , r e c e n t  com m u n ica tio n  w ith  

th o se  re s p o n s ib le  f o r  th e i r  d eve lopm en t c o n f irm s  th a t th e  ap p ro ac h  i s  s t i l l  

e x p e rim e n ta l. None of th e  s y s te m s  i s  in  ro u tin e  o p e ra t io n  in  an  agency  th a t 

i s  u s in g , r a th e r  th a n  deve lop ing , th e  a p p ro ac h . T he P IO S s y s te m  is  b r ie f ly  

d e s c r ib e d  below .

1. A r m s  1967 , 1968 , 1 9 6 9 , 1970. 2 . D a n g e rm o n d  1971 , C o m p r e h e n s iv e  
P l a n n in g  O r g a n iz a t io n  1 971 . 3 . B o e in g  1 9 7 2 a , 1972b.
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L ike M A P/M O D E L an d  NRIS, P IO S is  b a s e d  on th e  concept th a t th e  g ra p h ic  

co n ten t of a  m ap  is  m ade  up of i r r e g u la r  s tr a ig h t- s id e d  po lygons th a t define  

hom ogeneous a r e a s .  P o in ts ,  and  lin e  seg m e n ts  th a t do not bound po lygons, 

a r e  c o n s id e re d  to  b e  s p e c ia l  c a s e s  of polygons.

T h e  p u rp o se  of im p le m e n tin g  PIO S in  San D iego C ounty, C a lifo rn ia , is  

p r im a r i ly  to  s u m m a r iz e  s o i l  d a ta  b y  tr a f f i c  zone fo r  u se  in  an  u rb a n  d ev e lo p -  

m en t m o d e l. T h e  s e c o n d a ry  o b je c tiv e  i s  to  p ro v id e  a  c a p a b ili ty  to  a g g re g a te  

th e  s o i l  d a ta  in to  o th e r  a r e a l  u n its  e c o n o m ica lly  f o r  sub seq u en t a p p lica tio n s .

Tw o s e ts  of m a p s  h av e  b e e n  s p e c ia lly  p re p a re d  f o r  th e  p ro je c t.  A ll m aps 

a r e  d raw n  on s ta b le  b a s e  m a te r ia l  (m ylar) a t a  s c a le  of 1 :24 ,000 w ith  an  

a p p ro x im a te  s h e e t s iz e  of 40 in . x  45 in . T he s ta te  p lane  co o rd in a te s  of a t 

l e a s t  th r e e  r e f e r e n c e  p o in ts  (edge " tic k "  m a rk s)  a r e  g iven  on e a ch  sh e e t , 

and  e a ch  s h e e t i s  u n iq u e ly  n u m b e red  w ith in  i t s  s e t .  T h e  f i r s t  s e t  of 

ap p ro x im a te ly  15 s h e e t s  (so m e p a r t ia l  sh e e ts )  show s s o i l  d a ta  b o u n d a rie s  

( i r r e g u la r  po lygons).  E ach  s h e e t i s  o v e r la id  on a  s e p a ra te  id e n tic a l copy 

(b luep rin t) on w h ich  a r e  w r i t te n  the  so il- ty p e  sy m b o ls . T he to ta l  s o i l  d a ta  

m ap  s e t  C ontains a p p ro x im a te ly  30 ,000  polygons. T h e  n u m b e r of po lygons 

on  e a ch  s h e e t v a r ie s  w id e ly , b u t su b jec tiv e ly  can  b e  c o n s id e re d  to  b e  of 

m e d iu m  to  low d e n s ity  (a  ra n g e  of 500 to  5 ,0 0 0  polygons p e r  sh ee t) . T he 

se c o n d  s e t  of m ap s a r e  o v e r la y s  f o r  th e  f i r s t  s e t  and  show tr a f f i c  zone 

b o u n d a rie s  ( i r r e g u la r  po lygons); th e  to ta l  of su ch  po lygons in  th e  m ap  s e t  i s  

a p p ro x im a te ly  250. A gain , th e  n u m b e r of polygons on  each  s h e e t v a r ie s  

w id e ly , b u t a l l  c a n  b e  c o n s id e re d  to  co n ta in  lo w -d e n s ity  d a ta . T he tr a f f ic  

zone n u m b e r  i s  w r i t t e n  d ir e c t ly  on th e  o v e r lay . T h e  f i r s t  s te p  in  th e  o v e ra l l  

p r o je c t  i s  th u s  th e  e s ta b lis h m e n t of a  to ta lly  g ra p h ic  s to ra g e  file .

T he b o u n d a ry  d a ta  a r e  m e tr ic a l ly  coded  an d  t r a n s f e r r e d  f ro m  g ra p h ic  to  n o n - 

g ra p h ic  s to ra g e  b y  u s in g  a  d ig i tiz e r  to  r e c o rd  a  s e r i e s  of d is c r e te  p o in ts  th a t 

define e a ch  polygon. T h e  a r e a  o f each  po lygon i s  c o n s id e re d  to  b e  c o m p le te ly  

e n c lo s e d  b y  a  b o r d e r  co m p o se d  of s tr a ig h t  l in e  se g m e n ts  jo in ing  th e  p o in ts . 

(C u rved  lin e s  a r e  a p p ro x im a te d  by  su ch  s tr a ig h t  l in e  s e g m e n ts .) E ach  

in d iv id u a l po lygon  i s  to ta l ly  e n c lo se d  b y  a  s e r ie s  of p o in ts , so  a l l  l in e s  on  

th e  m ap  a r e  r e c o r d e d  tw ic e . T he p o s itio n s  o f th e  po in ts  a r e  v isu a lly  

s e le c te d  b y  th e  o p e ra to r ;  th e  n u m b e r r e q u ire d  to  define  a  po lygon v a r ie s  w ith
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th e  s iz e  an d  c o n fig u ra tio n  o f th e  polygon. T h e  f in e s t  re s o lu t io n  u s e d  is  

a p p ro x im a te ly  50 p o in ts  p e r  l in e a r  in c h  of po lygon b oundary , but the  a v e ra g e  

is  s u b s ta n tia lly  l e s s  th a n  th a t. A to t a l  of 6 ,0 0 0 ,0 0 0  p o in ts  have b ee n  u sed  to  

define 30 ,000  po lygons, an  a v e ra g e  of 200 p o in ts  p e r  in d iv id u a l polygon 

r e c o r d .  T h e  r e c o r d  s iz e , h o w ev er, v a r i e s  w idely . E ach  po lygon  i s  a lso  

a s s ig n e d  th e  c o o rd in a te s  of a  co n ta in ed  c e n tro id  v is u a l ly  e s tim a te d  by  the  

o p e ra to r .

In  ad d itio n , s e v e r a l  s ig n if ic a n t i te m s  o f d a ta  a r e  added to  th e  con ten t of 

e a c h  po lygon  r e c o r d .  E a ch  po lygon is  a s s ig n e d  a  unique n u m b e r (a  co m b in a-  

tio n  of th e  m ap  n u m b e r and  th e  po lygon n u m b e r  w ith in  th e  m ap). C lo se s t 

po lygons a r e  n u m b e red  c o n secu tiv e ly  to  a c h iev e  som e e ff ic ie n c ie s  in  

su b se q u e n t g ro u p in g  and  p ro c e s s in g  p ro c e d u re s .1 T h e  d e s c r ip tiv e  d a ta  

r e la t in g  to  th e  po lygon  a r e  e n te re d  a s  p a r t  of th e  polygon r e c o rd .  (Soil d a ta  

a lp h a n u m e r ic s  a r e  t r a n s fo rm e d  to  a  n u m e r ic  code so  th a t th e y  ca n  b e  e n te re d  

th ro u g h  th e  d ig i t iz e r  k e y b o a rd .) E a ch  po lygon  is  a s s ig n e d  a  code by  the  

o p e ra to r  to  d is tin g u is h  n o rm a l p o lygons, in c o m p le te  po lygons (those  a t  m ap 

b o rd e r s ) ,  and  po lygons w holly  co n ta in ed  w ith in  o th e r  po lygons (the is la n d  

c a s e ) .  A  coun t o f th e  to ta l  n u m b e r o f p o in ts  r e q u ire d  to  d e s c r ib e  th e  polygon 

i s  a u to m a tic a l ly  a s s ig n e d  to  e a ch  po lygon  r e c o r d  by  th e  d ig i t iz e r .

F o r  e a c h  s h e e t ,  th e  c o o rd in a te  a x is  of th e  d ig i t iz e r  ta b le  i s  m anua lly  a lig n ed  

to  th e  a x is  of th e  P la n e  C o o rd in a te  S y stem  r e f e r e n c e  p o in ts  on th e  m ap  to  

e l im in a te  th e  n ee d  fo r  su b se q u en t c a lc u la tio n  of co o rd in a te  ro ta tio n . T h e  

ta b le  c o o rd in a te s  of th e  r e f e r e n c e  p o in ts  a r e  re c o rd e d  fo r  e a ch  m ap , th e  

u p p e r  le f t  r e f e r e n c e  p o in t b e in g  a s s ig n e d  a  ta b le  co o rd in a te  va lue  of 0 .0 .

T h e  e f fo r t  expended  in  d ig itiz in g  a lo n e , ex c lu d in g  e r r o r  check ing  and  

re d ig i t iz in g , to o k  218 m a n -d a y s  and  c o s t $ 1 0 ,2 4 0 .0 0 , exc lud ing  o v erh ead . 

T h e se  f ig u r e s  r e f le c t  th e  le v e l of d e n s ity  and com plex ity  of co n fig u ra tio n  of 

th e  s o u rc e  d a ta . H a rd w a re  p ro b le m s  a lso  co n tr ib u te d  to  th e  am ount of e ffo rt 

in v o lv ed  (though th e s e  a r e  not u n u su a l in  th i s  type  of deve lopm ent). 

D an g erm o n d 2 e s t im a te s  th a t o v e ra l l  d ig itiz in g  c o s ts  could be lo w e re d  b y  30% 

in  a  p ro d u c tio n  o p e ra tio n .

A n  in s p e c tio n  of th e  s p a tia l  c o n n e c tiv itie s  in h e re n t in  th e  d a ta  r e c o rd s

1. T h is  i s  a  lo o s e  fo rm  of to p o lo g ica l co n n e c tiv ity  coding, b u t i s  no t r ig o ro u s  
enough  f o r  su b se q u en t u s e  a s  a  co n n e c tiv ity  in d ic a to r . 2. D angerm ond  1971.
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p ro d u c e d  b y  th e  d ig itiz in g  p r o c e s s  m a k es  i t  p o ss ib le  to  u n d e rs ta n d  th e  s u b - 

se q u e n t p ro c e s s in g  s te p s  u s e d  to  p ro d u c e  an  in te rn a l ly  c o n s is te n t n o n -g rap h ic  

f i le .  A s a  r e s u l t  of th e  d ig itiz in g  p r o c e s s ,  p o in ts  a r e  sp ec ified  b y  m e tr ic  

co d e s  and  th e i r  s p a t ia l  re la tio n s h ip  to  one an o th e r  i s  defined  b y  th e ir  

s e q u en ce  w ith in  th e  l in e  se g m e n t r e c o rd s .  S im ila r ly , th e  re la tio n sh ip  of 

th e  l in e  se g m e n ts  (the s t r a ig h t  l in e  conn ec tio n  po in ts) to  one an o th e r is  

e s ta b l is h e d  b y  th e i r  s e q u en ce  in  a  po lygon r e c o rd  (and only  one polygon 

r e c o rd ) .  S p a tia l c o n n e c tiv ity  b e tw e en  po lygons is  ex p lic it only  in  the  m e tr ic  

co d e s  of th e  b o u n d a ry  p o in ts  u s e d  to  define th e m . T h e  c e n tro id  co o rd in a te s  

o r  th e  un ique  n u m b e r a s s ig n e d  to  each  po lygon w ould s e e m  to  be am en ab le  

to  to p o lo g ic a l c o n n e c tiv ity  cod ing , b u t none h a s  b ee n  a ttem p ted . M ap -to -m ap  

co n n e c tiv ity  is  lo o s e ly  d efin ed  b y  th e  m ap  n u m b e rin g  s y s te m , b u t is  ex p lic it 

on ly  in  th e  c o o rd in a te  v a lu e s  a s s ig n e d  to  the  edge re fe re n c e  po in ts . T he 

s p e c if ic a t io n  of s p a t ia l  co n n e c tiv ity  th u s  l i e s  w ith in  th e  m e tr ic  coding  of th e  

d a ta  s e t .  T he s p a t ia l  a s p e c ts  of su b se q u en t f i le  c re a tio n  a r e  in i tia lly  c o n - 

c e rn e d  w ith  a c h iev in g  a n  in te rn a l ly  c o n s is te n t m e tr ic  s tr u c tu r e .  Such a  

s y s te m  sh o u ld  allow  ed itin g  and  c o r r e c t io n  of e r r o r s  in  th e  co o rd in a te  r e c o rd s .  

A ssu m in g  th a t a  c o m p le te  m ap  is  not d ig itiz e d  at one t im e , th e n  th e re  m ust 

be  a  w ay  to  in c lu d e  po lygons in  one s e t  to  f o rm  a  co m plete  m ap  o r  s e t  of 

m a p s . A ssu m in g  th a t m o re  th a n  one m ap  is  d ig itiz ed , th e r e  m u s t b e  a  

p r o c e s s  to  l in k  th e  m e tr ic  co d es  of in c o m p le te  po lygons to  fo rm  w hole p o ly -  

gons (edge m a tch in g ). If  su b se q u en t p ro c e s s in g  i s  to  be e ffic ien t, th e r e  m u s t 

b e  a  p ro c e s s  to  co n v e rt th e  c o o rd in a te  d e s c r ip tio n  of th e  f ile  to  a  u n ifo rm  

b a s e .  S ubsequen t d a ta  m a n ip u la tio n s  su ch  a s  d a ta  r e t r ie v a l ,  m e a s u re m e n t , 

and  c o m p a r is o n  w ill p ro b a b ly  n ee d  to  b e  b a s e d  on th e  m e tr ic  p ro p e r t ie s  of 

th e  f i le .  T h is  in d e ed  o c c u rs  in  PIO S.

A f te r  the  d ig itiz in g  p ro c e s s  i s  co m p le ted , som e in i t ia l  s te p s  in c o rp o ra te d  in  

th e  p ro g ra m s  STO RE AND ED IT , POLYG O N  M ERGE, and  MAP M ERGE a r e  

gone th ro u g h  to  f a c i l i ta te  su b se q u en t p ro c e s s in g . W ith th e se  p ro g ra m s , 

ea c h  po lygon r e c o r d  i s  e d i te d  f o r  su ch  ite m s  a s  c lo su re , fo rm a t, and 

c o r r e c t  co n ten ts  (none m is s in g  o r  e x c eed in g  g iven  lim its ) .  In  th e  p ro c e s s ,  

th e  e x t re m ity  c o o rd in a te s  of th e  po lygon a r e  d e te rm in ed  and  added to  th e  

po lygon  r e c o rd .  T h e  po lygons a r e  p lo tte d  u s in g  an  au to m atic  d ra f tin g
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m a ch in e  u n d e r  c o n tro l of th e  c o m p u te r and  th e  re s u l t in g  g rap h ic  r e p r e s e n ta -  

t i o n  of th e  d ig i ta l  r e c o r d  i s  v is u a l ly  in s p e c te d  to  d e te rm in e  in a c c u ra c ie s ,  

p a r t ic u la r ly  n o n -lo g ic a l e r r o r s  su ch  a s  th o se  re s u l t in g  f ro m  d ig i tiz e r  d r if t , 

in c o r r e c t  s e t-u p ,  o r  o th e r s .  (T h e se  p ro b le m s  w ill  be d is c u s s e d  m o re  

fu lly  in  a  l a t e r  p a r t  of th i s  c h a p te r .)  In a c c u ra te  po lygons a r e  r e d ig itiz e d  

an d  th e  new r e c o r d s  a r e  exchanged  fo r  th e  o ld  on th e  b a s is  of po lygon 

n u m b e rs . F in a l ly , th e  po lygon c o o rd in a te s  a r e  changed  f ro m  th o s e  of th e  

d ig i t iz e r  ta b le  t o  s ta te  p lane  c o o rd in a te s , by  em p loy ing  th e  s ta te  p la n e  

c o o rd in a te  v a lu e s  of th e  r e f e r e n c e  p o in ts  on  th e  b o r d e r  of e a c h  m ap . T h e  

f i le  th a t r e s u l t s  f r o m  th e s e  o p e ra t io n s  i s  te rm e d  th e  B a se  Map M a s te r  F ile .

T h e  n ex t s e r ie s  of o p e ra tio n s  i s  d e s ig n e d  to  re m o v e  th e  b a s e  m ap  b o r d e r s ,  

c o n s tru c t co m p lete  r e c o r d s  fo r  po lygons th a t co n ta in  o th e r s ,  c o m p u te  a r e a s  

a n d  c e n tro id s ,  c o n v e rt polygon v e r t ic e s  to  c e n tro id  r e la t iv e  c o o rd in a te s , and  

c r e a te  th e  P IO S  M a s te r  F i le  w ith  am p lif ie d  d e s c r ip tiv e  d a ta . T h e s e  fu n c tio n s  

a r e  p e r fo rm e d  b y  th e  in te ra c t io n  of th r e e  p ro g ra m s  (LIST , CO NN ECT, and 

IN SER T). T he LIST p ro g ra m  i s  u s e d  to  p ro d u ce  a  l i s t  of th e  n u m b e rs  of th e  

b o r d e r  (incom ple te) an d  n e s te d  ( is la n d  case) po lygons f ro m  th e  sh o o ts  b e in g  

jo in e d . T h e  l i s t e d  n u m b e rs  of th e  a p p ro p r ia te  po lygons a r e  m a tc h e d  by  

v is u a l  in s p e c tio n  of th e  g ra p h ic  s o u rc e  m a te r ia l .  T h e re a f te r ,  a  te m p o ra r y  

f i l e  i s  g e n e ra te d  w hich c o n ta in s  th e  r e s u l t s  of th i s  v is u a l p r o c e s s  in  th e  fo rm  

o f an  in d e x ed  s e q u e n tia l  s e t  of po lygons. O ne p a s s  of th e  p r o g r a m  CONNECT 

us e s  a  s e a r c h  ra d iu s  te c h n iq u e  to  m a tc h  c o o rd in a te  s tr in g s  i n  a d ja c e n t 

b o r d e r  po lygons f r o m  ad ja c e n t m a p s . T h e  s a m e  a p p ro ac h  is  u s e d  to  in s e r t  

c o n ta in ed  (nested) po lygons in to  th e  f i le  b y  a  m a n u a l m a tch  fo llo w ed  by  

m ach in e  m e rg e , though  in  th i s  c a se  th e  m e rg e  i s  a c h iev ed  u s in g  th e  IN SERT 

p ro g ra m . T h e  IN SERT p ro g r a m  a ls o  c a lc u la te s  th e  a r e a  o f  e a ch  po lygon 

(u s in g  S im p so n 's  ru le ) ,  an d  c a lc u la te s  a  "c e n tro id "  (u s ing  a  s tr a ig h tfo rw a rd  

c e n tr e -o f - g r a v i ty  so lu tio n ; th e  re s u l t in g  po in t i s  e x p re s s e d  in  s ta te  p lane  

c o o rd in a te s , and  m a y b e  w ith in  o r  o u ts id e  th e  polygon). T he s a m e  p ro g ra m  

c o n v e rts  th e  po lygon  v e r te x  co o rd in a te s  to  c e n tro id  r e la t iv e  c o o rd in a te s .

T h is  l a t t e r  s te p  f a c i l i ta te s  c e r ta in  su b seq u en t m a n ip u la tio n s , in c lu d in g  a  

s im p lif ie d  v e r s io n  of p ro je c tio n  change, u s in g  su ch  p ro g ra m s  a s  th o se  

a v a ila b le  in  th e  AUT O M A P s y s te m  b u t p e r fo rm e d  on  th e  c a lc u la te d  c e n tro id s  

r a t h e r  th a n  o n  a l l  v e r te x  c o o rd in a te s . In  add ition , th e  IN SERT p ro g ra m
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T a b le  5. 2. PIO S: co m p u te r  t im e  r e q u ire d  to  p ro c e s s  an  a v e ra g e  m ap 
f r o m  d ig itiz a tio n  to  M a s te r  F i le  fo rm a t.

S e v e ra l k in d s  of m a n ip u la tio n  can  b e  p e r fo rm e d  on th e  PIO S M a s te r  F i le .  

T he LIST p ro g ra m  can  b e  u s e d  to  l i s t  and  su m m a riz e  polygons b y  type , 

w hich  ca n  b e  s p e c if ie d  by  any  of th e  c h a ra c te r is t ic s  in  th e  polygon r e c o r d  

(se e  above ). T h is  r e p r e s e n t s  a  v a lu ab le  ca p ab ili ty  f o r  s e le c tiv e  r e t r ie v a l .  

T h e  P IO S  M a s te r  F i le  can  b e  up d a ted  u s in g  th e  IN PU T p ro g ra m . B y  m an u a lly  

sp e c ify in g  th e  ch an g es  on new punch  c a rd s ,  i t  is  p o ss ib le  to  add, r e p la c e ,  

o r  d e le te  po lygons, and  to  change d e s c r ip tiv e  in fo rm atio n . H ow ever, th i s  

m a y  r e q u i r e  la b o r io u s  m an u a l p re p a ra t io n  of punch c a rd s  u n le s s  th e  

ch a n g es  invo lve  s m a l l  am o u n ts  of da ta . T h e  M ASTER F IL E  P L O T  p ro g ra m  

w ill  c a u se  th e  a u to m a tic  p lo ttin g  ta b le  to  d raw  m aps of th e  polygon f i l e  o r  

p o r tio n s  of th e  f i le  (see  "w indow " c a p a b ili ty  below ), a t any s c a le , s u ita b ly  

g r id d e d  a n d  ti t le d . D e s c r ip t iv e  a n n o ta tio n s  a r e  p la ced  a t th e  e s tim a te d  

c e n tro id  co n ta in ed  w ith in  e a c h  po lygon ( r a th e r  th a n  a t  th e  c a lc u la te d  c e n tro id ). 

W e igh ted  sh ad in g  ca n  b e  a s s ig n e d  to  s p e c if ie d  a r e a s .  An a l te rn a t iv e  f o r m
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w r i te s  l i t e r a l  r e c o r d  s u b tit le s  in to  th e  d e s c r ip tiv e  r e c o rd ,  su ch  a s  SOILS, 

T R A F F IC , CSPC (C a lifo rn ia  S ta te  P la n e  C o o rd in a te s ), a s  a p p ro p r ia te  in  

e a c h  c a se . T he re s u l t in g  f i le  (PIOS M a s te r  F ile )  i s  th u s  a  seq u e n tia l s e t  

o f po lygon  r e c o r d s ,  each  r e c o r d  hav ing  an  indexed  seq u en tia l s t r u c tu r e ,  

w ith  a  r e la t iv e ly  s o p h is tic a te d  s e t  of in s e r te d  and  c a lcu la ted  d a ta  co n ten ts .

T h e  fo llow ing  ex a m p le  i s  an  in d ica tio n  of th e  le v e l of e ffo rt r e q u ire d  fo r  

a n  a v e ra g e  m ap  to  be p ro c e s s e d  th ro u g h  th e  above s te p s  f ro m  d ig itiz a tio n  

to  P IOS M a s te r  F i le .  T he m ap  u s e d  a s  an  exam ple  con ta in s  3 ,100  s o ils  

po lygons. T h e  t im e s  g iv en  a r e  f o r  s in g le  ru n s  of each  of th e  p ro g ra m s . 

T h e  ru n s  w e re  m ade on an  IBM  3 6 0 /5 0 , 256K, w ith  a  C alcom p 566 30-in . 

p lo t te r .

C o m p u te r p ro c e d u re s R un tim e s

1) S to re  and  ed itin g  ( s e v e ra l  ru n s  to  g e t to ta l  map) 17. 3 m in  cpu

2) M erg e  p r o g r a m  (s e v e ra l  ru n s  to  g et to ta l  map) 19. 7 m in  cpu

3) P lo t t e r  r uns 8. 1 m in  cpu 
4. 2 h  p lo ttin g  t im e

4) E d itin g  ru n 8. 7 m in  cpu

5) C o n v e rt ru n 37. 7 m in  cpu



of g ra p h ic  d is p la y  i s  to  a l lo c a te  d e s c r ip tiv e  d a ta  of th e  polygons to  th e i r  

c e n tro id s  and  u se  th e  re s u l t in g  po in t d a ta  a s  an  inpu t to  s y s te m s  of th e  

SYMAP ty p e ; in  o th e r  w o rd s , a  g r id  c e l l  d a ta  bank  of any c e ll  s iz e  can  be 

c re a te d .  S im ila r ly , su ch  po in t d a ta  cou ld  b e  u sed  in  any poin t d a ta  hand ling  

s y s te m , cou ld  b e  a g g re g a te d  by  p o in t-in -p o ly g o n  te ch n iq u es , and  could b e  

u s e d  in  c o m p a ra tiv e  s ta t i s t ic a l  o r  s in g le  v a r ia b le  a n a ly s is . T h e se  m oda l 

change p ro c e d u re s  do, of c o u rs e , in c o rp o ra te  a l l  th e  l im ita tio n s  of th e  

r e s u l t in g  d a ta  f o rm a ts  d is c u s s e d  in  C h a p te r  4 , pp. 95-97  , a lthough th e y  

h av e  so m e  v a lu e  fo r  p la n n in g  s tu d ie s  th a t invo lve  s m a l l- s c a le  g r id  te ch n iq u es .

M ore  in te r e s t in g  a r e  th e  "w indow ing" and  " o v e r la y "  c a p a b ili tie s . T he 

w indow ing tech n iq u e  a llo w s  re c ta n g u la r  a r e a s  to  b e  s o r te d  ou t of th e  m a s te r  

f i l e  f o r  s u b se q u en t co m p u ta tio n  and  a n a ly s is  o r  g ra p h ic  d isp lay . T he 

r e c ta n g u la r  a r e a  r e q u ir e d  i s  s p e c if ie d  b y  c o o rd in a te s  and the  p ro g ra m  

c r e a te s  a  w o rk  f i le  th a t co n ta in s  th o se  po lygons w hose  e x t re m itie s  fa l l  

w ith in  th e  r e c ta n g le , th a t i s ,  w ith in  th e  s p e c if ie d  "w indow ". T h is  l im its  

th e  s iz e  o f f i le  to  b e  a c c e s s e d  fo r  su b se q u en t p ro c e s s in g , p a r t ic u la r ly  f o r  

o v e r la y  p u rp o s e s .

O v e rlay in g  i s  th e  p ro c e s s  of s u p e rim p o s in g  tw o o r  m o re  d a ta  s e ts  su ch  th a t 

th e  f in a l  d a ta  s e t  p ro d u ced  co n ta in s  th e  in fo rm a tio n  f ro m  both  o r  a l l  of th e  

o r ig in a l  d a ta  s e ts .  A s th e  n u m b e r of o v e r la y s  and  m ap  co m plex ity  g row , 

so  do th e  c o s t and  doub ts about re p ro d u c ib ili ty . T h is  is  obv iously  a  v e ry  

ex p e n siv e  an d  tim e -c o n su m in g  p r o c e s s  f o r  com p lex  s itu a tio n s , a lthough  i t  

m ay  b e  a c c e p ta b le  f o r  s im p le  ones . T h e  o v e r la y  p r o c e s s  em ployed  in  P IO S 

i s  b a s e d  on  s e v e r a l  a s su m p tio n s . T h e  d a ta  s e ts  to  be o v e rla id  a r e ,  of c o u rs e ,  

s e ts  of d e fin ed , s t r a ig h t- s id e d  po lygons. It i s  a s s u m e d  tha t th e  a v e ra g e  

s iz e  of one of th e  po lygons of one s e t  (the t r a f f i c  zone) i s  s u b s ta n tia lly  l a r g e r  

th a n  th e  a v e ra g e  s iz e  of po lygons in  th e  seco n d  s e t (the s o il  m ap s), and  th a t 

th e  l a t t e r  a r e  to  b e  ag g re g a te d  w ith in  th e  f o rm e r .  It i s  a lso  a s su m e d  th a t th e  

d a ta  s e t s  a r e  of l im ite d  s iz e  ( th is  i s  e n s u re d  by th e  ab ility  to  "w indow " th e  

r e q u i r e d  a r e a s ) ,  and  th a t on ly  tw o s e ts  of d a ta  a r e  be in g  o v e rla id  a t  one t im e .

V a rio u s  a p p ro a c h e s  to  th e  ta s k  of o v e r la y  a r e  a v a ilab le .1 T he ap p ro ach  

c h o sen  b y  th e  d e s ig n e rs  of P IO S2 re f le c ts  th e  n e c e s s a ry  b a lan ce  betw een

1. A rm s  1968. See rev iew  of o v e r la y  te c h n iq u e s , pp. 795-805 in  T o m lin so n , R .F .
1972. 2. D angerm ond  1971.
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e ff ic ie n c y  of p ro c e s s in g  and  th e  c o re  s to ra g e  re q u ire m e n ts  needed  to  ru n  th e  

p ro g ra m , g iven  th e  o v e r la y  a s su m p tio n s  m en tio n ed  above. T he a lg o rith m  

u s e d  em p lo y s  an  e ffic ien t polygon su b d iv is io n  techn ique  w hich  p a r t i t io n s  th e  

l a r g e r  po lygons fo r  sub seq u en t p o in t- in -p o ly g o n  ca lcu la tio n s  to  d e te rm in e  

w h ich  v e r t ic e s  of th e  su b o rd in a te  po lygons a r e  con ta ined  w ith in  th e m , and 

h en c e  w h ich  p a r t s  of th e  su b o rd in a te  po lygons a r e  con ta ined . E a ch  d o m i- 

nan t po lygon  ( tra ff ic  zone) i s  d iv ided  in to  16 s t r ip s  of eq u a l w id th , p a r a l le l  

to  th e  X  a x is .  E a c h  s t r i p  i s  th u s  a  new ly  d efined  sub -po lygon , w hich  is  s to re d  

in  an  a r r a y .  E a ch  po in t in  th e  su b o rd in a te  po lygon  is  r e a d  in to  th e  a r r a y  and  

i s  te s t e d  to  d e te rm in e  w h e th e r i t  is  in  o r  out of th i s  s t r ip  of th e  m a jo r  p o ly -  

gon. A s th e  p o in t-in -p o ly g o n  tech n iq u e  o p e ra te s  p a r a l le l  to  th e  s t r i p 's  

lo n g itu d in a l d ire c tio n , th e  t e s t  need  o n ly  b e  ap p lied  w ith in  th e  s t r ip  and  th e  

r e s t  of th e  d om inan t po lygon n ee d  no t b e  co n s id e re d . A fte r  th e  s p e c ia l  c a se  

o f lo c a tin g  th e  f i r s t  po in t h a s  b ee n  c o n s id e re d , s u c c e s s iv e  p o in ts  define lin e  

s e g m e n ts  th a t a r e  co n ta in ed  w ith in , in t e r s e c t ,  o r  a r e  o u ts id e  th e  dom inant 

polygon . T h o se  co n ta in ed  a r e  r e c o rd e d  in  a  m e m o ry  ta b le . T h o se  i n t e r -  

s e c t in g  allow  th e  in te r s e c t io n  poin t to  b e  c a lc u la te d , th e  t ru n c a te d  lin e  

se g m e n t to  b e  s to r e d  in  th e  m e m o ry  ta b le , and  a  c lo ck w ise  change in  

d ire c t io n  to  b e  m ade to  p ro c e e d  to  th e  n ex t p o in t. In  th is  m a n n e r  the  new 

(o v erla id ) po lygons a r e  deve loped  and  th e i r  a r e a s  a r e  su b se q u en tly  com puted . 

T h e  r e s u l t in g  po lygon  s iz e s  a r e  s u m m a riz e d  b y  type  w ith in  th e  dom inan t 

po lygons.

T h is  is  an  e x t re m e ly  s tr a ig h tfo rw a rd  ap p ro a c h  to  polygon o v e rla y , and  the . 

p r e l im in a r y  a s su m p tio n s  m ade and  d e s c r ib e d  above e lim in a te  th e  m a jo r ity  

o f  p ro b le m s  in h e re n t in  m o re  co m plex  po lygon  o v e r la y  ta s k s  (su ch  a s  im a g e  

b la ck en in g , s m a l l  a r e a  c re a tio n , e x c e ss iv e  d a ta  volum e c re a tio n , co incid ing  

b o u n d a r ie s , c o a s t lin e  w eav e , and  im m e rs e d  b o u n d a rie s ) . T he few  p ro b le m s  

th a t  a r i s e  a r e  v is u a l ly  ex am in ed  in  a  g ra p h ic  p lo t of th e  f i le  re s u l t in g  f ro m  

o v e r la y  and  a r e  c o r r e c te d  m anually . In  co n seq u en c e , th e  com pu ting  tim e s  

f o r  th e  o v e r la y  p ro c e s s e s  a r e  s h o r t.  T h e  s im p le s t  e a s e , w h e re  tw o  polygons 

a r e  o v e r la id  one on th e  o th e r  and  have  tw o in te r s e c t io n  p o in ts , h a s  an  

a v e ra g e  co m p u ta tio n  t im e  of 0. 8 s e c  o f cpu  tim e . A  ty p ic a l w indow co n -  

ta in in g  400 s o i l  zone polygons o v e r la id  b y  one t r a f f i c  zone can  b e  an a ly sed
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in  l e s s  th a n  1 m in  of cpu tim e , o r  an  a v e ra g e  of 6. 6 polygon co m p ariso n s  

p e r  s e c . (A c o n s id e ra b le  p e rc e n ta g e  of th e  400 po lygons invo lved  in  su ch  an  

ex am p le  w ill not be in c lu d ed  in  th e  d om inan t po lygon  and hence  w ill no t be 

p ro c e s s e d .) T h e  o v e ra l l  e ffo r t to  o v e r la y  a l l  of bo th  d a ta  s e ts  in  th e  PIO S 

p ro je c t co s t $4 , 200. 00 fo r  co m p u te r  t im e  and  $ 130 .00  f o r  la b o u r , and  w as 

co m p le ted  in  2 days .

F in e  P o lygon  S y stem s: th e  E x am p le  o f CGIS

P ro b a b ly  the  m o s t c o m p reh en s iv e  s y s te m  d es ig n e d  w ith  fin e  po lygons a s  a  

p r im a r y  s to ra g e  fo rm a t i s  th e  C anada G eo g rap h ic  In fo rm a tio n  S y stem  (CGIS). 

A lthough th e  s y s te m  is  c u r r e n t ly  in  o p e ra t io n  a t  th e  D ep artm en t of th e  E n v iro n - 

m en t, G overnm en t of C anada, O ttaw a , th e  s y s te m  f a c i l i t ie s  a r e  u n d e r  c o n - 

tin u in g  deve lopm ent. A fu ll  te c h n ic a l d e s c r ip tio n  of CGIS i s  g iven  in  the  

A ppendix.

T he ap p ro ac h  u s e d  in  CGIS i s ,  f i r s t ,  to  t r a n s f o r m  th e  g rap h ic  d a ta  in to  a  

s tr u c tu r e d ,  n o n -g ra p h ic  fo rm a t, am en ab le  to  co m p u te r p ro c e s s in g , and  

seco n d ly , to  p ro v id e  a  s e t  of p ro c e d u re s  th a t  can  e ff ic ie n tly  o p e ra te  on th e  

s to r e d  data. T h e se  tw o s te p s  a r e  c o n c ep tu a lly  d is tin c t. T he c re a tio n  of 

th e  d a ta  b ank  in v o lv es  th e  p ro c e s s in g  of s o u rc e  d a ta  by a  u n ifo rm  s e t  of 

o p e ra t io n s . O nly th e  d a ta , o r  a t  m o s t a  few  p a r a m e te r s ,  change. T h is  s e t  

s e r ie s  of o p e ra t io n s , o r  " p h a s e s "  a s  th e y  a r e  r e f e r r e d  to  in  th e  CGIS, 

r e m a in s  co n s ta n t and  is  e x e cu ted  u n d e r  th e  re s id e n t  o p e ra tin g  s y s te m  of 

th e  c o m p u te r. T he su b se q u en t m a n ip u la tio n  and r e t r i e v a l  of th e  d a ta , on 

th e  o th e r  hand , a r e  m ade up  of s e ts  of p r o c e s s e s  th a t ca n  v a ry  fo r  e a ch  u s e r  

and  each  u se . T h e  seq u en ce  and ty p e  of o p e ra t io n s  m ay  change w ith  each  

re q u e s t ,  f o r  ex a m p le , o v e r la y , d is s o lv e , o r  m e rg e . E ach  re q u e s t h a s  to  

b e  p ro v id e d  w ith  i t s  own "job  s t r e a m " ,  w h ich  can  b e  com plex  to  s e t  up, 

t im e  consum ing , and  p ro n e  to  e r r o r  u n le s s  au to m ated . A cco rd ing ly , a  

"m o n ito r"  s y s te m  i s  a  b a s ic  n ee d  of th e  r e t r i e v a l  p r o c e s s .  It f a c i l i ta te s  

and  co o rd in a te s  th e  o p e ra tio n s  needed, to  m a n ip u la te  th e  d a ta  ban k , and  a lso  

h a s  a  s p e c ia l  c o m p ile r  th a t a llow s a  n u m b e r of com m ands f o r  g ra p h ic  d a ta  

h and ling  to  b e  e x p re s s e d  in  an  E n g l is h - lik e  language. T h e  output f ro m  

r e q u e s ts  can  b e  in  ta b u la r  o r  p lo tte d  l in e  fo rm .

1. T o m lin so n , R. F . 1967, 1968.
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F ig . 5. 10. CGIS: o v e ra l l  s y s te m  concep t.

T h e  f i r s t  fu n c tio n  of th e  s y s te m  i s  to  co n v e rt th e  g rap h ic  s o u rc e  d a ta  to  a  

s im p le  n o n -g ra p h ic  fo rm a t. T h e  o p e ra tio n s  involved in  th is  p ro c e s s  a r e  

i l lu s t r a te d  in  th e  d ia g ra m  (F ig . 5 .1 1 ) below , bu t i t  m ay  b e  no ted  th a t th e  

g rap h ic  s o u rc e  d a ta  a r e  p ro v id e d  a s  h a n d -d raw n  anno ta tions  on tr a n s lu c e n t, 

s ta b le - b a s e  re p ro d u c tio n s  o f to p o g ra p h ic  m a p s. T he vo lum e of s o u rc e  d a ta  

i s  h igh . O v e r 15 ,000 2 0 -in . x  3 0 -in . s h e e ts  h ave  a lre a d y  been  re c e iv e d  f o r  

s y s te m  p ro c e s s in g . T h e  s o u rc e  d a ta  a r e  p re p a re d  fo r  cod ing  by  tr a c in g  

(sc rib in g ) th e  im a g e  (boundary  lin e ) d a ta  on s e p a ra te  s h e e ts , by  s e q u en tia lly  

n u m b e rin g 1 e a ch  g ra p h ic  d a ta  e le m e n t on e a ch  sh e e t , and  by  c re a tin g  a  

s e q u e n tia lly  n u m b e re d  l i s t  of th e  a lp h a n u m e ric  d e s c r ip to r s  th a t app ly  to  

e a c h  g ra p h ic  d a ta  e le m e n t on e a ch  sh e e t.

T h u s  p r e p a r e d ,  th e  im a g e  d a ta  a r e  scan n e d  w ith  a  d ru m  sc a n n e r2 (see  F ig . 

5. 11) to  c r e a te  a  m a g n e tic  ta p e  of th e  im ag e . T h e  seq u en tia lly  n u m b e red  

a lp h a n u m e ric  d e s c r ip to r s  a r e  k ey e d 3 d ire c t ly  on m ag n e tic  ta p e . T o  lin k  

th e  im ag e  and  d e s c r ip to r  d a ta  s e t s ,  a  d ig i t iz e r  p ro d u ces  a  th i rd  m agnetic  

ta p e  th a t co n ta in s  th e  c o o rd in a te s  of a  poin t f o r  each  seq u en tia lly  nu m b ered  

d a ta  e le m e n t (u su a lly  a  v is u a l ly  e s tim a te d , con ta ined  ce n tro id  fo r  polygon

1. T h is  p r o c e s s  i s  d u p lica ted  to  allow  d a ta  to  be  v e r if ie d  du rin g  subsequen t
e d itin g  p ro c e d u re s . 2. T h o m p so n  1967. 3. T h is  p ro c e s s  is  dup lica ted  to
allow  d a ta  to  b e  v e r i f ie d  d u rin g  su b se q u en t ed itin g  p ro c e d u re s .

(U nder c o n tro l of o p e ra t in g  sy stem )
IN PU T PRO CESS
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G rap h ic  to  
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R e tr ie v a l
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R eq u e sts
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m o n ito r)



da ta ). T h e  n u m b e r i s  com m on  to  th e  po in t and  to  th e  a lp h an u m eric  d e s c r ip ­

to r  o f th e  d a ta  e lem en t. T h e  c o o rd in a te s  o f th e  poin t ca n  b e  m e tr ic a lly  

r e l a te d  to  th e  c o o rd in a te s  of th e  im a g e  r e c o rd .  A  r e c o r d  i s  a lso  m ade of 

c e r t a in  d a ta , su c h  a s  m ap  s c a le ,  la ti tu d e  and  long itude  of m ap c o rn e r  p o in ts , 

an d  type  of s o u rc e  d a ta , to  b e  u s e d  a s  c o n tro l in fo rm a tio n  in  su b se q u en t 

p ro c e s s in g .

S c r ib e d  im ag e N u m b ered  o v e r la y

X -Y  d ig i tiz e r

D e s c r ip to r  d a ta

D e s c r ip to r  d a ta  w ith  r e la te d  
re fe re n c e  co o rd in a te s  f ro m  
d ig i tiz e r

Raw m ap  im ag e  d a ta

F ig . 5 . 11. O p e ra tio n s  invo lved  in  CGIS p ro c e s s  of g rap h ic  to  n o n -g rap h ic  
c o n v e rs io n .

1 5 4

D ru m  s c a n n e r

E n c o d e r

D ata  red u c tio n  
s u b sy s te m

S o u rce  m ap

H IJ

KL M
R F T

CDE

1 ABC
2 CDE
3 H IJ
4 KLM



O nce th e  d a ta  a r e  in  n o n -g ra p h ic  fo rm , th e  fo llow ing  s y s te m  fu n c tio n s  a r e  

c a r r i e d  out b y  a  co m p u te r .

T h e  n o n -g ra p h ic  d a ta , bo th  im ag e  and  d e s c r ip tiv e , a r e  ed ited  fo r  v a lid ity .

R edundan t d a ta  a r e  e l im in a te d  and  to p o lo g ica l codes a r e  a u to m a tic a lly  added  

to  th e  m e tr ic a l ly  co d e d  im ag es . L ine  se g m e n ts  a r e  id e n tif ied  a s  l in e  s e g - 

m e n ts , a r e  o rd e r e d  an d  l i s te d ,  and  a r e  a s s ig n e d  " d ire c t io n s " , th a t  i s ,  a r b i - 

t r a r y  but  co n s ta n t " r ig h t"  and " le f t"  s id e s . S ing le -bounded  po lygons a r e  

id e n tif ie d  a s  po lygons. T h e  c o n n ec tiv ity  b e tw e en  po lygons and  lin e  seg m e n ts  

i s  s p e c if ie d  in  a  code  a u to m a tic a lly  a s s ig n e d  to  each  lin e  seg m e n t r e c o rd .

T h e  m e tr ic  co d es  of th e  im a g e  r e c o r d s  a r e  c o n v e rted  f ro m  th e  co o rd in a te  

s y s te m s  of th e  s c a n n e r  an d  d ig i t iz e r  to  a  u n ifo rm  b a s e  c o o rd in a te  s y s te m , 

th e  G eo g ra p h ic a l C o o rd in a te  S y stem  (GCS). W hen ap p lic a b le , th e  inpu t s c a le  

of th e  s o u rc e  d a ta  i s  co n v e rte d  to  a  s to ra g e  s c a le ,  and  i f  th is  in v o lv es  s c a le  

re d u c t io n , s in g le -p o in t sm oo th in g  of th e  l in e s  i s  c a r r i e d  out. T h e  e ffe c ts  of 

l i n e a r  d is to r t io n s  in  th e  s o u rc e  m a te r ia l  and  a x ia l ro ta tio n  on th e  abso lu te  

p o s itio n  o f d a ta  e le m e n ts  a r e  e lim in a te d  d u rin g  th e se  tr a n s fo rm a tio n s . T he 

a r e a  of po lygons i s  m e a s u re d  and  th e  c e n tro id  c o o rd in a te s  (c e n tre s  of m ass) 

of th e  po lygons a r e  c a lc u la te d  and added  to  th e  po lygon r e c o r d s .  T h e  s iz e  of 

th e  im a g e  d a ta  f i l e  i s  re d u c e d  b y  co n v e rtin g  th e  m e tr ic  codes fo r  l in e  s e g - 

m e n ts  to  a  c o m p ac t fo r m a t. T h e  f i le  con ta in in g  th e  im a g e  d a ta  i s  a u to m a tic a lly  

su b d iv id e d  and  la b e lle d  in  co n v e n ien tly  s iz e d  b lo c k s  (fram e s)  f o r  e a s e  of 

s u b se q u en t r e t r i e v a l  and  p ro c e s s in g ; th e  s y s te m  th u s  im p a r ts  a  s t r u c tu r e d  

a r e a l  d iv is io n  to  th e  im a g e  f i le .  P o ly g o n  e q u iv a len c es  a r e  re s o lv e d  and  the  

d e s c r ip to r  d a ta  a r e  m a tc h e d  to  th e  im a g e  d a ta .

T h e  s y s te m  a u to m a tic a l ly  d e te c ts  to p o lo g ica l e r r o r s  and  l i s t s  th e  e r r o r s  

found in  th e  f i l e s .  A  m a n u a l s u b sy s te m  a llo w s  e r r o r s  to  b e  c o r r e c te d  by 

u s in g  m a n u a lly  p r e p a re d  c o r r e c t  d a ta  e le m e n ts  to  update  th e  f i le .

A f te r  e r r o r  c o r r e c t io n  of th e  f i l e s ,  edge  m a tch in g  i s  a c h iev ed  b e tw e en  the  

new s h e e ts  of d a ta  an d  th e  d a ta  a l r e a d y  s to r e d  in  th e  d a ta  bank . T h e  new 

d a ta  a r e  th e n  ad d e d  to  th e  d a ta  b an k  (d a ta  b an k  c rea tio n ) .

T h e  co n c e p tu a l fo rm a t  of th e  d a ta  b an k  re s u l t in g  f ro m  th e s e  p ro c e s s e s  is  

show n in  F ig s .  5 .1 2  an d  5 . 13.
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L ine seg m e n ts  
th a t co n s titu te  
polygon

F ig . 5. 12. Im a g e  D ata Set -  L ev e l 1.

Tw o m a in  d a ta  s e t s  a r e  e s ta b lish e d : th e  im ag e  d a ta  s e t  and  th e  d e s c r ip to r  

d a ta  s e t.

A n o th e rw ise  u n s tr u c tu r e d  (level  1) im ag e  d a ta  s e t  (IDS) i s  a r ra n g e d  b y  

d a ta  ty p e . E a ch  d a ta  ty p e  co n ta in s  the  im ag e  r e c o r d s  fo r  e a ch  f r a m e , 

w h ich  c o n s is ts  of th e  m ap  e le m e n ts  (u sually  polygons) th a t m ake up  th e  

f r a m e . E a ch  po lygon  r e c o r d  con ta in s  the  im ag e  r e c o r d s  of th e  l in e  seg m e n ts  

th a t  m ake up th a t po lygon and  a ls o  a  p o in te r  to  th e  p a r t  of th e  d e s c r ip to r  

d a ta  s e t  th a t c o n ta in s  th e  d e s c r ip to r  apply ing  to  th a t polygon. A n o th e rw ise  

u n s tru c tu re d  ( le v e l 1) d e s c r ip to r  d a ta  s e t  (DDS) is  a r ra n g e d  by  d a ta  ty p e . 

W ith in  each  d a ta  ty p e  th e  d e s c r ip tiv e  d a ta  a r e  g iven  fo r  each  s e p a ra te  m ap  

e le m e n t (u su a lly  a  polygon). F o r  each  m ap  e lem en t, p o in te rs  a r e  p ro v id e d  

to  th e  f r a m e s  and m ap  e le m e n ts  in  the  IDS th a t co n ta in  th e  im a g e  d a ta  f o r  

th a t p a r t ic u la r  d e s c r ip to r .  S e v e ra l f r a m e s  m ay  th u s  co n ta in  p a r t i a l  r e c o rd s

L ine  
se g m e n t #n

L ine 
se g m e n t #1

S equen tia lly  o rd e re d  
in  v e r te x  ta b le

DDS

F ra m e

N ext
polygon

e tc .

DDS

S eq u en tia lly  
o r d e r e d  
w ith in  f r a m e

O rd e re d
sequence

Next
fra m e

N ext 
d a ta  typeD ata type

Polygon

P o in te r  
to  DDS



of th e  im ag e  d a ta  n ee d ed  to  d e s c r ib e  th e  b o u n d a ry  of one m ap e lem en t d e s - 

c r ib e d  in  th e  DDS.

Sequence 
n u m b e rs  
w ith in  
d a ta  type

e. g. 
P o lygon  
nu m b e r

EL EM EN T

e . g. 
P o ly g o n  
n u m b e r

P o in te r s  to  
f r a m e s  in  IDS 
th a t  co n ta in  

po lygon

A ttr ib u te s  
of po lygon

IDSIDS

F ig . 5. 13. D e s c r ip to r  D a ta  Set -  L e v e l 1.

V a rio u s  ad d itio n a l le v e ls  of s t r u c tu r e  can  b e  im p a r te d  to  the  DDS b y  g roup ing  

and  in d ex ing  th e  m ap  e le m e n ts ; th e  su b d iv is io n  of a  f i le  by  re g io n  i s  a  ty p ic a l 

ex a m p le . T h e  r e s u l t in g  fo rm a t  i s  show n in  F ig . 5. 14.

L e v e l 2 
s t r u c tu r e

N ext
s u b c la ss

L e v e l 3 
s tr u c tu r e

L e v e l 1 
s t r u c tu r e

F ig . 5. 14. S tru c tu re d  D e s c r ip to r  D ata Set.
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N ext
c la s s

IDSIDS

Next 
m ap  e lem ent

M ap e lem en t

P o in te r s  
to  IDS

C la s s  
e . g .,  re g io n

S u b c la ss
e .g .,

su b re g io n



A s n o te d  abo v e , a l l  fu n c tio n s  of d a ta  b ank  m an ip u la tio n  and  r e t r i e v a l  a r e  

c a r r i e d  out u n d e r  th e  c o n tro l of a  r e t r i e v a l  m o n ito r p ro g ra m . O ne of th e  

b a s ic  s y s te m  c a p a b ili tie s  is  th u s  th e  a b i li ty  to  com bine m an ipu la tion  o r  

r e t r i e v a l  co m m an d s , o r  bo th , a u to m a tic a lly , w ith  th e  d e s c r ip tiv e  in fo rm a -  

t io n  in  th e  a p p ro p r ia te  f i le  and  w ith  co m p u te r  p ro g ra m s  re s id e n t  in  the  

s y s te m  l i b r a r y .  I t g e n e ra te s  a  c o m p le te  r e q u e s t  th a t the  co m p u te r ca n  u se  

to  e n te r  th e  d a ta  b ank  and  p ro d u ce  th e  d e s ire d  a n s w e r  in  ta b u la r  o r  p lo tted  

fo rm . T h e  s e t  of code w o rd s  u s e d  to  sp ec ify  th e  m an ip u la tio n  and  r e t r i e v a l  

fu n c tio n s  m ake up th e  "com m and  la n g u ag e" .1 T h e  m an ip u la tio n  and  r e t r i e v a l  

fu n c tio n s  c u r r e n t ly  in  u se  a r e  d e s c r ib e d  below . In  each  c a se , th e  com m and  

la n g u ag e  w o rd  o r  w o rd s  th a t in i t ia te  th e  fun c tio n  a r e  g iven  in  p a re n th e s e s .

W ith in  any  one d a ta  ty p e  (co v erag e  in  th e  d a ta  b an k ), it  i s  p o s s ib le  to  r e t r i e v e  

any  d e s ir e d  s u b se t of d a ta . S p ec ifica lly , one can  s e le c t  (ex trac t)  a l l  d a ta  

w ith  d e s i r e d  IDS o r  DDS c h a ra c te r is t ic s  and  a l lo c a te  a  nam e to  th e  r e s u lt in g  

su b se t (S E L E C T , IN CLU D E, NEWNAME); s e le c t  a l l  d a ta  excep t th o s e  w ith  

u n d e s ire d  c h a ra c te r is t ic s  and  n am e th e  re s u l t in g  s u b se t (SELE C T, EX CLU D E, 

NEW NAM E); o r  sp e c ify  a  c i r c le  o r  po lygon w ith in  w hich  to  a d d re s s  fu r th e r  

c o m m an d s  (C IR C L E , POLYGON).

T h e  s t r u c tu r e  of a  f i le  in  th e  d a ta  b an k  can  b e  changed , b y  s o r tin g  th e  DDS 

in to  a  d e s ir e d  seq u en ce  of any  c h a ra c te r is t ic  (DDSORT); b y  specify ing  

(labelling ) p a r t s  of th e  f i le  f o r  f u r th e r  in c lu s io n  o r  e x c lu s io n  in  p ro c e s s in g  

(CO M BIN E, M ERG E); b y  eq ua ting  e x is tin g  fa c e s  in  th e  f i le  and  e ffe c tiv e ly  

re m o v in g  th e  b o u n d ary  b etw een  th e m , so  th a t f o r  th e  p u rp o se s  of f u r th e r  

r e t r i e v a l  th e y  w ill b e  re g a rd e d  a s  one a r e a  (DISSOLVE).

T h e  co n ten t of a  f i le  in  th e  DDS can  b e  changed  b y  re c la s s ify in g  e x is t in g  m ap  

e le m e n ts  in  th e  f ile . T h is  a llow s th e  ad d itio n  an d  d e le tio n  of d a ta  (DISSOLVE 

XXXX F R O M  YYYY PO IN TE R , CLA SSIFY  XXXX FRO M  YYYY P O IN TE R ). 

R e c la s s if ic a tio n  of th e  IDS is  c a r r i e d  out b y  u s in g  the  m anual p r o c e s s  o f 

e r r o r  c o r r e c t io n  and  re p ro c e s s in g  th ro u g h  inpu t p h a s e s  0 to  8 (as  d e ta iled  

in  th e  A ppendix).

" M e a s u re m e n ts "  ca n  be c a r r i e d  out on th e  f i l e  b y  g a th e rin g  to g e th e r  th e  

m e a s u re m e n ts  a l r e a d y  m ade in  th e  inpu t p h a se s  and co n v e rtin g  th e m  a s  

d e s ir e d  to  u n its  of e i th e r  a  s q u a re  m ile  o r  an  a c re  (SQMI, ACRE).

1. K ingston  1968.
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T he con ten t of a  f i l e  ca n  b e  s e le c tiv e ly  r e p o r te d  upon, p r in te d  ou t, o r  p lo tted . 

T h e  w hole f i le ,  e i th e r  IDS o r  DDS, can  be p r in te d  out (IDSDUMP, D DSLT). 

F o rm a t c o n tro l of su ch  a  p r in to u t o r  s e le c te d  r e t r ie v a l  of p a r t  of th e  f i le ,  o r  

b o th , can  be sp e c if ie d  (ASSESS). Any sp e c if ie d  p a r t  of th e  IDS (w ith o r  

w ithou t th e  DDS) can  b e  p lo tted . T he p lo t can  in c o rp o ra te  a  s c a le  change 

w ith in  a  ra n g e  of x 0 .5 t o  x 4 .  N u m eric  la b e ls  can  be  p lo tted  a t  th e  c e n tro id  

o f e a ch  fa c e  an d  th e  a p p ro p r ia te  d e s c r ip to r s  f ro m  th e  DDS can  b e  l i s te d  

s e p a ra te ly  b y  la b e l  n u m b e r  (P L O T ).

F ro m  m u ltip le  d a ta  ty p e s  (c o v e ra g es), i t  i s  p o ss ib le  to  e x t ra c t  (m ove) bo th  

IDS and  DDS d a ta  f r o m  th e  d a ta  b ank  and  p la c e  th e m  in  th e  s y s te m  l i b r a r y  in  

p re p a r a t io n  f o r  f u r th e r  com b ined  p ro c e s s in g  (COMBINE). A fte r  th is  s te p  

h a s  b e e n  ta k en , ah  o v e r la y  ca n  b e  m ade of o v e rlap p in g  d a ta  s e ts  (OVERLAY). 

T h e  re s u l t in g  s in g le  co v e ra g e  is  am en ab le  to  a l l  th e  m an ip u la tio n  and 

r e t r i e v a l  fu n c tio n s  m e n tio n e d  above.

S e v e ra l "h o u sek eep in g " fu n c tio n s  can  a ls o  b e  c a r r i e d  out. I t i s  p o s s ib le  to  

m odify  th e  s y s te m  p a r a m e te r s  in  th e  d a ta  b ank  and  in  th e  s y s te m  l ib r a ry ,  

c r e a te  b ac k -u p  f i l e s ,  and  l i s t  th e  e x is tin g  s y s te m  l i b r a r y  (MODMCCB). A  

m o ck  DDS can  b e  c r e a te d  f o r  te s t in g  p u rp o s e s  o r  f o r  g e n e ra tin g  a  s u b se t of 

d a ta  r e la te d  to  a  c i r c l e  o r  po lygon (DDSGENR). New com m and  w o rd s  can  

b e  s p e c if ie d  and  added  to  th e  com m and  l i b r a r y  (SYSMAT).

I t c a n  b e  s e en  f ro m  th e  above d e s c r ip tio n  of CGIS func tions  th a t th e  c o s ts  of 

h an d lin g  sp a tia l  d a ta  in  no n -g ra p h ic  f o rm  can  no lo n g e r  be s im p ly  re g a rd e d  

a s  th o se  a s s o c ia te d  w ith c o n v e rtin g  th e  s o u rc e  d a ta  to  n o n -g rap h ic  fo rm  p lu s  

th o s e  in c u r r e d  in  r e t r ie v in g  or d e r iv in g  m e a s u re m e n ts  and  c o m p a riso n s  f ro m  

th e  data . At le a s t  th r e e  d is c r e te  s te p s  can  b e  rec o g n iz e d  th a t h av e  a  co s t 

a s s o c ia te d  w ith  th e m . T h e  f i r s t  r e m a in s  th e  g rap h ic  to  n o n -g ra p h ic  c o n v e r- 

s io n , a lthough , a s  can  b e  s e e n , th is  m a y  in c o rp o ra te  s e v e r a l  d is tin c t 

p ro c e s s e s ,  th e  co n tr ib u t iv e  c o s t of w hich  m ay  v a ry  w ith  e a ch  d a ta  s e t .  T h e  

seco n d  s te p  is  d a ta  r e d u c t io n  arid d a ta  b ank  (file  s tru c tu re )  c re a tio n . T h is  

s te p  can b e  c a r r i e d  ou t w ith in  th e  co m p u te r but m ay  in c o rp o ra te  s e v e r a l  h ig h -  

o rd e r  o p e ra tio n s  of m e a s u re m e n t and  co m p a riso n , th e  r e s u l t s  of w h ich  a r e  

s to r e d  in  th e  f i l e  f o r  su b se q u en t r e t r ie v a l .  In  th e  c a se  of th e  CGIS, th i s  s te p  

in v o lv e s  change  o f m ap  p ro je c tio n , c e n tro id  ca lcu la tio n , a r e a  m e a s u re m e n t ,
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l in e a r  m e a s u re m e n t , a u to m a tic  a s s ig n m e n t o f n a m e s  to  f a c i l i ta te  r e t r ie v a l ,  

to p o lo g ica l ed itin g  and  c o r re c t io n , and  s im p le  fo rm s  of lin e  sm ooth ing ; i t  

m a y  a ls o  invo lve  s c a le  change, m e rg e , and  d is so lv e . T he th i r d  s te p  i s  th e  

a c tu a l m a n ip u la tio n , r e t r ie v a l ,  m e a s u re m e n t , and  c o m p ariso n  of d a ta  in  

th e  f i le .  T h is  m ay  invo lve th e  r e t r i e v a l  and  g roup ing  of any of th e  m e a s u re - 

m e n ts  c a r r i e d  out d u rin g  th e  c re a t io n  of th e  d a ta  ban k , o r  th e  g e n e ra tio n  of 

new m e a s u re m e n ts  and  c o m p a r is o n s , o r  bo th .

T h e  ta s k  of d ire c t ly  co m p arin g  m a c h in e -a id e d  te ch n iq u es  and  equ ivalen t 

m a n u a l p ro c e s s e s  ca n  th u s  b e  e x tre m e ly  d ifficu lt and  m is lead in g . F o r  

c o m p a r is o n  w ith  one m a n u a l o p e ra tio n , th e  to ta l  c o s ts  involved in  c re a tio n  

o f th e  w hole d a ta  b ank  r e p r e s e n t  a  v e ry  la rg e  o v e rh e a d  b u rd en  f ro m  w hich  it  

i s  im p o ss ib le  to  s e p a ra te  th e  com ponen t p a r t s  th a t h ave  co n trib u te d  to  th e  

eq u iv a len t c o m p u te r -a id e d  o p e ra tio n . F o r  th e  s a m e  m anual o p e ra tio n , if  

r e t r i e v a l  c o s ts  on ly  a r e  ex a m in ed  th e  r e s u l t  m ay  b e  equa lly  m is lead in g , a s  

m uch  o f th e  n e c e s s a ry  p ro c e s s in g  m ay  h ave b ee n  ac co m p lish ed  in  c re a tin g  

th e  n o n -g ra p h ic  f i le  and  th e  r e t r i e v a l  c o s ts  m ay  s e e m  u n reaso n ab ly  low.

L e t u s ,  h o w ev e r, exam ine th e  c o s ts  f o r  th e  v a r io u s  s ta g e s  of d a ta  hand ling  

in  th e  CGIS, to  ga in  an  in i t ia l  overv iew  of th e  e f fo r t in c u rre d .

T h e  m o s t r e c e n t  in fo rm a tio n  on c o s ts  of u s in g  th e  CGIS is  so m e te s t  r e s u l t s  

m ade a v a ila b le  in  S ep te m b er , 1973. T a b le  5. 3 below  is  a  su m m a ry  of the  

c o s ts  f r o m  w h ich  so m e co n c lu s io n s  m ay  b e  d raw n . F i r s t ,  le t  i t  b e  s a id  

th a t  th e  t e s t  d id  not invo lve e i th e r  a  w ide  ra n g e  of d a ta  ty p e s , o r  enough 

v o lum e of d a ta  f r o m  w hich  to  d e r iv e  re l ia b le  e s t im a te s  fo r  a l l  ty p e s  of d a ta  

p ro c e s s in g  u s in g  th e  CGIS. Such a  vo lum e te s t  i s  c u r re n t ly  b e in g  designed , 

b u t w ill  n o t b e  av a ila b le  in  t im e  fo r  in c lu s io n  in  th is  th e s is .  T h e  te s t  r e s u l t s  

th u s  r e f e r  on ly  to  th e  ty p e  and  vo lum e of d a ta  b e in g  p ro c e s s e d  d u rin g  the 

t e s t  a lo n e . (H ow ever, th e  d a ta  w e re  ch o sen  to  b e  r e p re s e n ta tiv e  of ty p e s  

com m on ly  a v a ila b le  to  th e  s y s t e m .)

T h e  s o u rc e  d a ta  f o r  th e  t e s t  c o m p r is e d  fo u r  s h e e ts  of i r r e g u la r  polygon d a ta  

w ith  s im p le  r e la te d  d e s c r ip to r  d a ta  (a  tw o -d ig it o r  th re e -d ig it  d e s c r ip to r  

code f o r  each  po lygon). T he s h e e ts  v a r ie d  in  s iz e  and d a ta  d en s ity . T he 

s h e e t d im e n s io n s , polygon count, and  to ta l  l in e  le n g th s  fo r  e a ch  s h e e t a r e
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given. T he s o u rc e  d a ta  w e re  p ro v id e d  b y  th e  U nited  S ta tes  G eo lo g ica l 

S urvey  and  w e re  b a s e d  on U. S. to p o g ra p h ic  s h e e ts . F o r  th e  conven ience  of 

th e  CGIS, th e  s h e e ts  w e re  re d ra w n  to  co n fo rm  w ith  C anad ian  N a tio n a l T o p o - 

g ra p h ic  s h e e ts , g iv ing  a  to ta l  of 12 s h e e ts . T he r e s u lt in g  d im en s io n s  a r e  

ta b u la te d  below . T h e  po lygon count and  th e  s c a le  r e m a in  th e  s a m e , th e  lin e  

le n g th  i s  a d ju s te d  to  acco m m o d a te  th e  ad d itio n a l len g th  of s h e e t b o u n d a rie s  

on ly , th e  d a ta  d e n s ity  is  ap p ro x im a te ly  h a lv ed , and  the  change in  polygon 

d e n s ity  p e r  s q u a re  inch  and  lin e  in c h e s  p e r  sq u a re  inch  a r e  ta b u la te d , T he 

f ig u re s  r e la t in g  to  the  s o u rc e  d a ta  a r e  p ro v id e d  in  the  top  fo u r  ro w s  of th e  

ta b le ,  an d  th o s e  re la t in g  to  th e  C an ad ian  eq u iv a len t s h e e ts  a r e  g iven  in  the  

b o tto m  fo u r  ro w s; th e  ro w s  a r e  a r ra n g e d  in  descen d in g  o rd e r  of d a ta  d e n s ity  

in  bo th  c a s e s .  T h e  s h e e t con ta in in g  th e  d e n s e s t s o u rc e  data  h a s  2. 54 p o ly - 

gons p e r  sq . in . and  4. 02 l in e  in . p e r  sq . in . ,  w h ich  m igh t be su b je c tiv e ly  

d e s c r ib e d  a s  m e d iu m -d e n s i ty  d a ta . T h e  s h e e t w ith  th e  le a s t  d en se  s o u rc e  

d a ta  h a s  0. 13 po lygons p e r  sq . in . and  0 . 68 l in e  in . p e r  sq . in ., and  th is  

m igh t b e  s u b je c tiv e ly  d e s c r ib e d  a s  lo w -d e n s ity  d a ta . In  th e  C an ad ian  fo rm a t, 

th e  d a ta  h av e  a  ra n g e  of 1. 34 to  0. 07 po lygons p e r  sq . in . and  2. 13 to  0 . 40 

lin e  in . p e r  sq . in . T h e  c o s ts  g iven  a r e  th o se  fo r  p ro c e s s in g  th e  l a t t e r  12 

s h e e ts  in  th e  C an ad ian  fo rm a t. A  m o d e ra te  ad d itio n a l o v e rh ea d  b u rd en  is  

th u s  p la c e d  on th e  p r o c e s s ,  in  th a t ed g e s  h ave  to  b e  m a tch ed  b e tw e en  th e  

s h e e ts  th a t m ake up  the  new d a ta  s e t ,  b u t th e  th e m a tic  d a ta  s e t  be in g  

p ro c e s s e d  r e m a in s  e s s e n t ia l ly  th e  sam e .

T h e  c o s ts  of g ra p h ic  to  n o n -g ra p h ic  c o n v e rs io n  inc lude  a l l  p ro c e s s e s  b e tw e en  

th e  s o u rc e  docum en t m a n u sc r ip t and  th e  p ro d u c tio n  of a  d ig ita l r e c o r d  s u ita b le  

f o r  co m p u te r  p ro c e s s in g . T h is  in v o lv es  th e  ta s k s ,  d e s c r ib e d  above , of 

re fo rm a tt in g , im ag e  s c r ib in g , po lygon n u m b e rin g , d e s c r ip to r  d a ta  encod ing , 

r e f e r e n c e  c o o rd in a te  d ig itiz in g , and  im a g e  scann ing . T he c o s ts  f o r  th i s  s tep  

a r e  g iven  in  t e r m s  of to ta l  la b o u r  and  to ta l  m a n -h o u rs  u sed , an d  the. n u m b e r 

of m in u te s  ta k e n  to  co m p le te  a l l  th e s e  fu n c tio n s  p e r  s q u a re  in c h  of m ap  s h e e t 

a r e  g iv en  in  th e  ad ja c e n t co lum n. It i s  in te re s t in g  to  no te th a t th e  to ta l  n u m - 

b e r  of m in u te s  p e r  s q u a re  inch  (w ith one exception) is  l e s s  th a n  3, th e  le v e l 

re c o g n iz e d  in  C h ap te r  3, p. 78, a s  b e in g  e ffic ien t f o r  m anual p ro c e s s in g . T h is  

i s  to  b e  ex p e c ted , a s  th e  m anual ta s k s  invo lved  a r e  b a s ic a lly  lo w -o rd e r  

o p e ra t io n s  su ch  a s  t r a c in g  and n u m b e rin g , and  no  d a ta  in h e re n t in  th e  f i le  

s t r u c tu r e  h av e  to  b e  m e a s u re d  o r  co m p ared .
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T a b l e  5 .  3 . C G IS  t e s t :  s u m m a r y  a n d  t i m e  a n d  c o s t  a n a l y s i s .
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* A ssum ing labour costs 
of $5.00 p e r  hour.

TEST DATA CHARACTERISTICS PROCESSING COST SUMMARY TIME & COST ANALYSIS

Sheet 
dimensions 

(in .)

P e r i ­-
m ete r
(in.) Sq.  in

No.of
poly­-
gons

P o ly ­
gons/
sq . in.

Total 
line
length 
(in . 
incl.
p e r i-meter

Line
in . /
sq.in.

G raphic to
non-graphic
conversion

Min./sq. in.

Data 
reduction 

and file  
form ation Total

Total
co s t/
sq.in

($)

Total
co s t/
poly­-
gon

($)

Total 
cost / 
line in.

($)

Data red. 
& file form. cost as 

manual equiv. time*

(min./sq. in)

T o ta l 
c o s t  a s  
m an u a l 
equiv . 
t im e *  

(m in . /  
s q .  in.)

Source
data

18 x 26 88
468 1190 2.54 1883 4 .02

Assum ed

as

below

5. 4
Assum ed

as

below

1. 76 0 . 68 0. 43 15.7 21. 1

38 x 44 164 1672 1252 0.75 3728 2.23 2. 4 0 . 66 0 .88 0. 29 5.5 7. 9

18 x 26 88 468 185 0.40 566 1.21 2.4 0. 71 1. 80 0. 59 6.1 8.5

38 x 44 164 1672 207 0.13 1134 0.6 8 0. 7 0. 38 3. 04 0. 55 3.7 4. 4

R eform at 
(No. of 
sheets)

T otal exterior 

p e r i ­-
m ete r
sheet
group(in.) Approx. to tal sq. in.

M an-h r. 
Govt. of 
Canada 
labour costs

IBM 370/165cpu min.

g ro ss  system  
u tilization 

costs

As
processed  

in Canadian 
form at

2 122 900 1190 1.34 1917 2.13
42. 30 hr. 
$182.55 2.4

24. 632 min. 
$623. 92 $ 8 0 6 .4 7 0. 90 0. 68 0. 42 8. 4 10.8

4 217 3000 1252 0.42 3781 1.2 6
65. 75 h r. 
$284.85 1.3

21. 451 min. 
$810. 99 $1095.84 0. 37 0. 88 0. 29 3. 1 4 .4

2 122 900 185 0 .21 600 0.67
18. 45 h r. 
$ 8 0 .  25 1.2

4. 624 min. 
$254.03 $ 3 3 4 .2 8 0. 37 1. 80 0.53 3. 2 4 .4

4 217 3000 207 0.07 1187 0.40 20. 25 h r.$102.45 0.4 10. 559 min.$525.53
$ 6 2 7 .9 5 0 . 21 3. 04 0. 53 2. 1 2.5



T h e  c o s ts  of d a ta  re d u c tio n  and  f i le  fo rm a tio n  (d a ta  b ank  c rea tio n ) a r e  g iven  

in  th e  n ex t co lum n. T h e  cpu m in u te s  g ive  an  in d ica tio n  of th e  r e la t iv e  am ount 

of e f fo r t  invo lved . T h ey  inc lude  a l l  cpu u ti l iz a tio n  fo r  p h a s e s  0 to  8, 

in c lu s iv e , p lu s  M EC ( e r r o r  c o r re c tio n )  p ro c e d u re s . P e rh a p s  th e  c o s ts  o f 

g r o s s  u s e  of th e  IBM  370/165 s y s te m  give a  b e t te r  in d ica tio n  of th e  le v e l  of 

e f fo r t .  T he c o s ts  a r e  th o se  p a id  to  a  c o m m e rc ia l d a ta  c e n tre  f o r  u s e  of a l l  

f a c i l i t ie s  r e l a te d  to  th e s e  s ta g e s  of th e  p ro c e s s in g , an d  not s im p ly  to  cpu  u se .

T h e  com bined  c o s ts  of a l l  d a ta  p ro c e s s in g  f ro m  s o u rc e  d a ta  to  d a ta  b ank  a r e  

g iv e n  in  th e  n ex t co lum n. A s m en tio n ed  above , and  d e s c r ib e d  in  d e ta il  in  

th e  A ppendix , th e s e  c o s ts  in c lu d e  h ig h -o rd e r  te ch n iq u es  f o r  h and ling  g rap h ic  

d a ta  su ch  a s  a r e a  m e a s u re m e n t , l in e a r  m e a s u re m e n t , s c a le  change , p r o je c - 

t io n  chan g e , to p o lo g ica l code a s s ig n m e n t, and  r e s t r u c tu r in g  of th e  g rap h ic  

f i le .  T h e  a n a ly s is  o f th e s e  c o s ts  in  th e  n ex t th r e e  co lum ns show s w hat m igh t 

b e  in tu itiv e ly  ex p ec ted . F i r s t ,  th e  d e n s e r  th e  d a ta  on  th e  s o u rc e  m a te r ia l ,  

th e  m o re  e f fo r t  ( tim e  and  cost) p e r  s q u a re  in c h  i s  r e q u ir e d  to  p r o c e s s  th e m . 

Second ly , a s  fe w e r  po lygons p e r  s q u a re  in c h  a r e  en c o u n te re d , th e  co s t p e r  

po lygon  r i s e s  (as  b o th  th e  s iz e  of th e  p o lygons, and  th e  n u m b e r of s q u a re  

in c h e s  th e y  e n c o m p a ss , in c re a s e ) . T h ird ly , th e  c o s t p e r  l in e  in c h  of d a ta  

p ro c e s s e d  show s no m a rk e d  tre n d . (The sa m p le  i s  n o t la rg e  enough to  show 

a  t r e n d  w hen d if fe re n c e s  a r e  s m a l l . )  V a r ia t io n  b e tw e en  ex a m p les  in  th is  

s a m p le  a r e  p ro b a b ly  a  fun c tio n  of th e  n u m b e r of e r r o r s  w ith in  any  one d a ta  

s e t  th a t h ad  to  b e  c o r re c te d ,  o r  th e  edge m a tch in g  p ro b le m s  en c o u n te red .

P e rh a p s  th e  m o s t in te re s t in g  o b se rv a t io n s  ca n  b e  m ade  f ro m  th e  t im e  a n a ly s is .  

O bv iously , in  any m a c h in e -a id e d  d a ta  p ro c e s s in g  s y s te m  th a t in c u rs  c o s ts ,  

th e  q u e s tio n  a r i s e s  a s  to  th e  am oun t of m a n u a l e f fo r t th a t cou ld  h av e  b ee n  

b ro u g h t to  b e a r  on th e  s a m e  ta s k s  if  eq u a l am o u n ts  of m oney  h ad  b ee n  sp en t 

o n  m en  a s  opposed  to  m a ch in es . T h is  i s  a n  e x t re m e ly  d ifficu lt q u e s tio n  to  

a p p ro a c h , a s  so  m any  v a r ia b le s  a r e  in vo lved  and  so  m any  a s su m p tio n s  m u s t 

b e  m ad e . In  an  a tte m p t to  p ro v id e  so m e c o m p a riso n , h ow ever, th e  to ta l  c o s ts  

in vo lved  w e re  co n v e rte d  to  h o u rs  u s in g  an  a r b i t r a r y  f ig u re  of $5 . 00 p e r  h o u r 

f o r  la b o u r  c o s ts .  (No a ttem p t w ill  b e  m ade  to  defend  th is  f ig u re . I t is  

p ro b a b ly  f r a c t io n a l ly  h igh  in  te r m s  of s tr a ig h t  s a la r y ,  and  s u b s ta n tia lly  low 

if  la b o u r  o v e rh ea d  i s  in c lu d e d .) T h e  r e s u l t in g  m a n -h o u rs  a r e  g iven  a s

163



m in u te s  o f la b o u r  p e r  s q u a re  inch  of s h e e t p ro c e s s e d . T he ran g e  v a r ie s  

d ir e c t ly  w ith  th e  d a ta  d en s ity , a s  m igh t be  expected . W ith r e g a r d  to  the  

C an ad ian  fo rm a t  (w ith  i t s  lo w er d a ta  d e n s it ie s ) ,  th e  ra n g e  i s  2. 5 to  10. 8 m in  

p e r  sq . in . (o r  2. 1 to  8. 4 m in  p e r  sq . in . i f  th e  lo w -o rd e r  m anual p ro c e s s e s  

in v o lv ed  in  th e  g rap h ic  to  n o n -g ra p h ic  co n v e rs io n  a r e  ex trac te d ) ; w ith  r e g a rd  

to  th e  h ig h e r -d e n s i ty  s o u rc e  d a ta  th e  ra n g e  i s  4. 4 to  21. 1 m in  p e r  sq . in . (o r 

3. 7 to  15. 7 m in  p e r  sq . in . i f  th e  lo w -o rd e r  m an u a l p ro c e s s e s  a r e  e x tra c te d ) .

D ire c t c o m p a r is o n  b e tw e en  th e  co m p u te r  p ro c e s s in g  and  m a n u a l-c o s t e q u i

v a le n t t im e s  f o r  th e  co m p le te  ra n g e  of d a ta  d e n s it ie s  is  g iven  in  T a b le  5 .4  

below .

P o ly g o n s  
p e r  s q .  in .

M a n u a l 
e q u iv a le n t  

(m in . p e r  s q .  in .)
D a ta

d e n s i ty
L in e  in s .  

p e r  s q .  in .

M a n u a l c o s t  
e q u iv a le n t  

m in . p e r  s q .  in .
2 . 54 2 1 . 1 M e d iu m↓

L ow

4 .0 2 2 1 .1
1. 34 10. 8 2 .2 3 7 .9
0 . 75 7. 9 2 .1 3 1 0 .8
0 . 42 4 . 4 1 .2 6 4 .4
0 . 40 8. 5 1 .2 1 8 .5
0 . 21 4 .4 0 .6 8 4 . 4
0 . 13 4 . 4 0 .6 7 4 .4
0 .  07 2 . 5 0 .4 0 2 .5

T a b le  5. 4 . CGIS and  m a n u a l equ iv a len t t im e s  fo r  hand ling  d a ta  a t 
v a r io u s  d e n s it ie s .

A n in te r e s t in g  o b s e rv a t io n  is  th a t th e s e  t im e  f ig u re s  (a  ra n g e  of 2 .5  to  2 1 .1  

m in  p e r  sq . i n . ) r e p r e s e n t  th e  m a n u a l-c o s t eq u iv a len t m in u tes  f o r  com p le tio n  

o f s e v e r a l  h ig h - o r d e r  d a ta  m an ip u la tio n  p r o c e s s e s .  T he ran g e  f o r  s in g le  

h ig h -o r d e r  d a ta  m a n ip u la tio n  p r o c e s s e s  d e te rm in e d  f ro m  th e  ex a m in a tio n  

of m a n u a l ta s k s  in  C h ap te r 3, p. 78, w as  b e tw e en  3 and 65 m in  p e r  s q .  in .

In  th e s e  te r m s ,  an d  f ro m  th is  v e ry  l im ite d  s a m p le , i t  m ight b e  su g g e s te d  

th a t th e  m a c h in e -a id e d  p ro c e s s e s  w e re  som ew hat m o re  e ff ic ien t than  

m a n u a l te c h n iq u e s , ev e n  w hen  th e  s te p  o f g rap h ic  to  n o n -g rap h ic  co n v e rs io n  

i s  in c lu d ed  in  th e  c o s ts .

P e r h a p s  e v e n  m o re  s ig n if ic a n t th a n  th e  co s t f a c to r  i s  th e  to ta l  e la p se d  tim e  

r e q u i r e d  to  c a r r y  out eq u iv a len t ta s k s .  T a b le  5. 5 show s th e  t im e  r e q u ire d  

to  c r e a te  th e  d a ta  bank , a s su m in g  a c tu a l t im e  fo r  m anual p ro c e d u re s
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(p lus a  n o m in a l o n e -d ay  a llow ance f o r  m ach ine  p ro c e s s  tu rn a ro u n d ), 

co m p a re d  w ith  th e  n u m b e r of m a n -d a y s  th a t cou ld  be p u rc h a se d  w ith  the 
s a m e  funds.

T a b le  5. 5. CGIS te s t :  to ta l  e la p s e d  tim e  and co s t re q u ire d  to  c re a te  
d a ta  bank.

T h e  above a n a ly s is  r e l a te s  to  th e  c re a t io n  of th e  d a ta  bank  and , a lthough 

s e v e r a l  h ig h -o r d e r  p ro c e s s e s  of d a ta  m an ip u la tio n  have b ee n  a c co m p lish ed , 

th e  r e t r i e v a l  of th e  d a ta  h a s  s t i l l  to  b e  c a r r i e d  out and p a id  fo r . T h is  

r e t r i e v a l  can , of c o u rs e , in c lu d e  f u r th e r  m e a s u re m e n t and c o m p ariso n s  

p e r fo rm e d  on th e  n o n -g ra p h ic  s to ra g e .

B e fo re  p re s e n tin g  th e s e  r e t r i e v a l  f ig u r e s ,  i t  i s  p e r tin e n t to  r e m e m b e r  th a t 

a  b a s ic  o b je c tiv e  of th is  s tu d y  w as  to  c o m p a re  th e  u ti l i ty  of n o n -g rap h ic  

s to ra g e  c o m p ared  w ith  th e  u t i l i ty  of g ra p h ic  s to ra g e . A  c a se  could  be  m ade 

th a t th e  on ly  c o s ts  r e le v a n t to  su c h  a  c o m p a r is o n  w ould b e  th e  o n es  

p re s e n te d  below , and th a t th e  c o s ts  of c re a t in g  th e  n o n -g rap h ic  s to ra g e  

g iv en  above shou ld  b e  re g a rd e d  a s  o v e rh e a d , ju s t  a s  th e  c o s ts  f o r  c re a tin g  

th e  o r ig in a l g rap h ic  s to ra g e  a r e  g e n e ra l ly  c o n s id e re d  to  be o v e rh ea d . The 

tim e  h a s  n o t y e t co m e, h o w ev er, w hen d a ta  g a th e r in g  com m only  p ro c e e d s  to  

th e  n o n -g ra p h ic  fo rm a t w ithou t p a s s in g  th ro u g h  th e  g rap h ic  p h ase ; th u s  i t  is  

s t i l l  r e a s o n a b le  to  inc lude  th e  c o s ts  f o r  th e  s te p  f ro m  g rap h ic  im a g e  to  d a ta  

ban k , p a r t ic u la r ly  a s  s e v e r a l  h ig h - o rd e r  p r o c e s s e s  of d a ta  m an ip u la tio n  a r e  

in vo lved  in  c re a tin g  th e  d a ta  bank . H ow ever, i t  shou ld  b e  em p h as ized  th a t 

d a ta  b an k  c re a tio n  is  a  o n e - t im e  e f fo r t  and  r e p re s e n t s  an  o v e rh ea d  co s t th a t 

m u s t n e c e s s a r i ly  b e  s p re a d  o v e r  a l l  su b se q u en t o p e ra tio n s  of d a ta  r e t r ie v a l ,  

m uch  a s  s u rv e y  and  c a r to g ra p h ic  c o s ts  a r e  s p re a d  o v e r  a l l  subsequen t 

p r o c e s s e s  of g ra p h ic  d a ta  e x tra c tio n  (if  th e y  a r e  co n s id e red  a t a l l ! ) .
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D ata 
d e n s ity  

p e r  sq . in.
Sq. in .

E la p se d  tim e  
in  CGIS 

days

T o ta l CGIS 
co s t e x p re s s e d  

a s  m a n -d ay s  
@ $5 p e r  h

2. 54 468 6. 29 20. 57
0. 75 1672 6. 72 27. 52
0 .  40 468 3. 31 8. 29
0. 13 1672 3. 53 15. 33

T o ta l r e a l  
e la p se d  tim e  

fo r  equ ivalen t 
ta s k

B ased  on m anual 
e s tim a te s  in  ch . 4, 
th e se  f ig u re s  could 
be m u ltip lied  by  a  
f a c to r  of 1 to  6 fo r  
r e a l - t im e  e s tim a te s



S e v e ra l r e t r ie v a l  o p e ra t io n s  w e re  p e r fo rm e d  on  th e  d a ta  s e t s  d e s c r ib e d  above.

S pec ifica lly :

1) L in e a r  m e a s u re m e n ts  of th e  p e r im e te r  of each  po lygon w e re  m ade fo r  

e a ch  d a ta  s e t .  T h e se  w e re  e x p re s s e d  a s  in c h e s  of l in e  and a ls o  con -  

v e r te d  to  m e tr e s  a t  m ap  s c a le . The r e s u l t  w as  p r in te d  in  a  r e p o r t ,  

g iv ing  th e  code n u m b e r of e a ch  polygon, i t s  d e s c r ip tiv e  d a ta , i t s  s iz e  

in  a c r e s ,  an d  th e  tw o  le n g th s  m e a su re d .

2) T h e  a r e a  of e a ch  po lygon  w as m e a s u re d  and  e x p re s s e d  in  a c r e s ,  and  

th e  c e n tro id  o f e a ch  po lygon w as d e te rm in e d  and  e x p re s s e d  in  d e g re e s  

of la ti tu d e  and  lon g itu d e . T h e  r e s u l t s  w e re  p r in te d  a s  a  r e p o r t ,  g iv ing  

th e  code n u m b e r  of e a c h  polygon, th e  la ti tu d e  and  long itu d e  of i t s  

c e n tro id , i t s  a r e a ,  an d  th e  p e rc e n ta g e  of th e  to ta l  a r e a  o f th e  d a ta

s e t  r e p r e s e n te d  b y  th a t polygon.

3) A  s u m m a ry  r e p o r t  w a s  g e n e ra te d  show ing th e  s u m  of a c r e s  of po lygons 

w ith  th e  s a m e  d e s c r ip to r ,  th e  n u m b e r of po lygons th a t m ade  up the 

to ta l ,  th e  a v e ra g e  s iz e  o f e a ch  po lygon , and  th e  p e rc e n ta g e  of th e  to ta l  

d a ta  s e t  of e a ch  d e s c r ip to r .

4) A n o v e r la y  of. d a ta  s e t s  of th e  sam e  s iz e  w as p e r fo rm e d , th a t  i s ,  th e  

m e d iu m -d e n s i ty  d a ta  s e t  of 468 sq . in . (1 ,190  po lygons) w a s  o v e r la id  

on  th e  l e s s  d en se  d a ta  s e t  of 468 sq . in . (185 po lygons). S im ila r ly ,

th e  1, 672-sq . in . (1, 252-polygon) d a ta  s e t  w a s  o v e r la id  on  th e  1, 672-sq . in . 

(207-polygon) d a ta  s e t .  In  e a ch  c a s e  a  r e p o r t  w as  g e n e ra te d  show ing 

th e  s iz e  in  a c r e s  o f th e  po lygons fo rm e d  b y  th e  o v e r la y  p ro c e s s ,  th e i r  

lin k ed  d e s c r ip to r s ,  and  th e  p e rc e n ta g e  of e a ch  new  po lygon con ta ined  

w ith in  th e  l e s s  d en se  po lygons of th e  o r ig in a l  d a ta  s e t .

5) G rap h ic  ou tput f ro m  th e  co m p u te r  dup lica tin g  e a ch  o f th e  o r ig in a l d a ta  

s e t s  and  th e  o v e r la id  d a ta  s e ts  w as  p ro d u ced , a s  w e re  r e p o r t s  l i s t in g  

th e  po lygon code n u m b e r, c e n tro id  c o o rd in a te s , and  d e s c r ip to r  d a ta  

f o r  e a ch  p lo t.

T h e  com m ands to  g e n e ra te  th e  above r e t r i e v a l  p ro c e s s e s  to o k  1. 5 days to

p r e p a r e ,  th e  e la p s e d  tim e  f o r  a l l  p r o c e s s e s  w as 10 d ay s , and  th e  to ta l

m a n -e f fo r t  w as  11. 5 d ay s .

1. T he te s t  r e p o r t s  w e re  n o n -s ta n d a rd  fo r m a ts  and  th e  c o s t f o r  g e n e ra tin g  
th e  s p e c ia l-p u rp o s e  r e p o r t s  i s  in c lu d ed  in  both  th e  m a n -d a y s  of e f fo r t and  
th e  c o s t o f c o m p u te r  u se .
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T h e  d a ta  r e t r i e v a l  c o s ts  in  te rm s  of g ro s s  c o m p u te r  u s e  a r e  g iven  in  

T a b le  5 .6 .

L in e a r  m e a s u re m e n ts
O v e rla y
S ortin g
R e p o rt p r o g r a m  d eve lopm en t 
R e p o rt g e n e ra tio n  
V alid a tio n  r e p o r t s  (DDSLT)

$ 25 
287 

35 
250 

57 
43

T o ta l $697

T a b le  5. 6. CGIS te s t :  r e t r i e v a l  c o s ts .

I t c a n  b e  s e e n  th a t e a ch  of th e  r e t r i e v a l  p r o c e s s e s  in v o lv es  h ig h -o rd e r  

m e a s u re m e n t and  th e  e x tra c tio n  of d a ta  th a t a r e  in h e re n t in  th e  f i le  s t r u c tu r e s  

of g ra p h ic  s o u r c e  m a te r ia l .  A s m en tio n ed  above , s e v e r a l  of th e s e  p ro c e s s e s  

a r e  a c c o m p lish e d  en  ro u te  to  th e  d a ta  ban k . T h e  o v e r la y  p ro c e s s ,  h o w ev e r, 

i s  n o t in c lu d ed  in  th e  fo rm a tio n  of th e  d a ta  ban k , a n d  can  on ly  b e  c a r r i e d  out 

in  CGIS a f te r  th e  d a ta  b ank  h a s  b ee n  e s ta b lis h e d . I t i s  p e rh a p s  in s tru c t iv e  

to  ex am in e  th e  c o s t of th i s  p ro c e s s  in  d ir e c t  c o m p a r is o n  w ith  m a n u a l te c h -  

n iq u e s  o p e ra t in g  on g ra p h ic  s o u rc e  d a ta .

T he o v e r la y , w h ich  w as c a r r ie d  out e ffec tiv e ly , p ro c e s s e d  a  to t a l  of 2 ,1 4 0  

sq . in . of d a ta . A ssu m in g  th a t 20% of th e  r e p o r t -g e n e ra t in g  p ro c e s s  w as  

a s s o c ia te d  w ith  th e  o v e r la y  (it w as  p ro b a b ly  l e s s  th a n  th a t,  a s  o v e r la y  r e p o r t  

i s  a  ro u tin e  CGIS func tion ), th e n  th e  to ta l  c o s t in c u r r e d  w as  $287 + $70 = $357. 

T h e  e la p s e d  tim e  fo r  th e  a c tu a l o v e r la y  ru n  w a s  l e s s  th a n  10 m in , bu t, 

a s s u m in g  th a t  2 d ay s  w e re  n o m in a lly  in v o lv ed  in  r e q u e s t  p ro g ra m m in g  an d  

r e p o r t  g e n e ra tio n  a s s o c ia te d  w ith  i t ,  th e  o v e r la y  c o s t $357 and  to o k  2 d ay s .

F r o m  a  m a n u a l o v e r la y  o p e ra tio n  exam ined  in  d e ta i l  in  C h ap te r 3, pp . 7 5 -7 6 , 

w ith  d a ta  s e t s  of co m p a ra b le  d en s ity , th e  t im e  r e q u i r e d  f o r  2, 140 s q .  in . of 

o v e r la y , g e n e ra tin g  e x a c tly  the  s a m e  r e p o r t s ,  w ou ld  re q u i r e  a p p ro x im a te ly  

200 m a n -d a y s  (w hich, a t  a  co s t of $ 5 .0 0  p e r  h o u r , w ou ld  am ount to  $ 8 ,0 0 0 ) .

T h e  to ta l  c o s t of co m p le te ly  c re a tin g  th e  n o n -g ra p h ic  d a ta  b ank  and  p e r -  

fo rm in g  a l l  th e  r e t r i e v a l  p ro c e d u re s  m en tio n ed  above w as  $3 , 607. 54, th i s  

f ig u re  in c lu d in g  la b o u r  c o s ts  and  g ro s s  co m p u te r  u ti liz a tio n  c o s ts .1

F r o m  th is  l im ite d  te s t ,  i t  can  b e  s u g g es ted  th a t ,  g iv en  th e  n ee d  to  p e r fo rm

1. O v e rh ead  c o s ts  of p h y s ic a l p lan t, equ ipm en t o th e r  th a n  th e  c o m p u te r, 
and  s u p e rv is o ry  s ta f f  a r e  not in c luded  in  e i th e r  th e  m an u a l o r  m a c h in e -a id e d  
e s t im a te s .  O v e rh ead  c o s ts ,  inc lud ing  c o m p u te r  a m o r tiz a tio n , a r e  in c lu d ed  
in  th e  g ro s s  c o s ts  of co m p u te r u s e  g iven .
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h ig h -o rd e r  p ro c e d u re s  f o r  d a ta  e x tra c tio n  f ro m  a  g ra p h ic  so u rc e  d a ta  b a s e  of 

i r r e g u la r  po lygons, i t  i s  a t  le a s t  a s  e f f ic ie n t in  te r m s  o f o p e ra tin g  c o s ts  to  

c r e a te  a  n o n -g ra p h ic  d a ta  b ank  of th e  CGIS type  to  c a r r y  out th e  o p e ra tio n s  

c o n c e rn e d . In  ad d itio n , if  m o re  th a n  one r e t r i e v a l  (m e a su re m e n t o r  c o m - 

p a r iso n )  of d a ta  i s  co n tem p la ted  f ro m  th a t d a ta  bank , th e n  th e  co m p arab le  

o p e ra t in g  c o s ts  a r e  m a rk e d ly  lo w er. T h e  c o m p u te r -a id e d  te ch n iq u es  can  

a ls o  s u b s ta n tia lly  re d u c e  th e  e la p s e d  tim e  b e tw e en  th e  r e q u e s t  f o r  r e t r ie v a l  

and  th e  d e l iv e ry  of th e  r e s u l t s  o f h ig h -o r d e r  m e a s u re m e n t and  co m p a riso n  

of g ra p h ic  d a ta .

So f a r ,  th i s  c h a p te r  h a s  b e e n  d ea lin g  w ith  th e  c a te g o ry  of s y s te m s  u s in g  an  

i r r e g u la r  polygon s to ra g e  fo rm a t, w h ich  can  b e  c o n s id e re d  to  b e  u n d e r 

deve lopm en t in  th e  e a r ly  1970s. T h e  re m a in in g  p a r t  of th is  c h a p te r  w ill 

d is c u s s  c u r r e n t  d ev e lo p m en ts  in  inpu t, m a n ip u la tio n , and  ou tpu t te ch n iq u es  

w h ic h  m a in ly  r e f le c t  p ro b le m s  r e l a te d  to  h a rd w a re . T h e se  en co m p ass  

d ig itiz a tio n , a u to m a tic  l in e  fo llow ing , scan n in g , in te ra c t iv e  m an ip u la tio n  

of th e  d a ta  b a s e , m a n ip u la tio n  of r e m o te  s e n s in g  d a ta , and  g ra p h ic  output 

c a p a b ili t ie s . In  e a ch  o f th e s e  a r e a s ,  d ev e lo p m en ts  in  a c tiv e  p r o g r e s s  

w il l  g e n e ra lly  ap p ly  to  a l l  th e  c a te g o r ie s  o f s y s te m  d is c u s s e d  so  f a r .

CU RREN T H A RD W A RE-RELA TED  D EV ELO PM E N T S IN  IN PU T, 
M ANIPULATION, AND O U TPU T C A PA B ILIT IES

Input T e ch n iq u es

T he fo re g o in g  d is c u s s io n  h a s  n o te d  th a t if  d ig ita l c o m p u te rs  com m only  

a v a ila b le  in  1974 a r e  to  b e  u s e d  to  han d le  g ra p h ic  im a g e s , th e n  a  n o n -g rap h ic  

(d ig ita l) r e p r e s e n ta t io n  of th e  im a g e s  m u s t b e  g e n e ra te d . T h is  im ag e  

" d ig itiz a tio n "  h a s  b ee n  re c o g n iz e d  a s  a  s te p  w ith  s u b s ta n tia l  t im e  and c o s ts  

r e l a te d  to  it. A s m igh t b e  ex p e c ted , s e v e r a l  ap p ro a c h e s  to  d ig itiz a tio n  a r e  

u n d e r  d eve lopm en t th a t a tte m p t to  re d u c e  th e  co s t b u rd en  and  th e  in h e re n t 

c o n s tra in ts  on deve lopm en t of g eo g rap h ic  in fo rm a tio n  s y s te m s .

C u r re n t  p o in t /l in e  d ig itiz in g . T h e  s im p le s t  fo rm  of m an u a l d ig itiz a tio n  i s  to  

p la c e  a  t r a n s p a re n t  g r id  o v e r  th e  g ra p h ic  im a g e  and  to  r e a d  by eye  the  row  

and  co lum n v a lu e s  of p o in ts . A n eq u iv a len t fo rm  is  th e  u s e  of a  s e t  s q u a re  

o r  s im i la r  d ev ice  to  r e a d  c o o rd in a te  v a lu e s  of a  po in t f ro m  th e  coo rd in a te
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ax is  a t  th e  edge of a  g iven  sh e e t. C u rre n t s e m i-a u to m a tic  " d ig i tiz e r s "  a r e

e s s e n tia lly  e le c tro m e c h a n ic a l d ev ices  th a t u s e  th e  s a m e  ap p ro a c h e s  a s  th e

m an u a l te c h n iq u e s . A  po in t m ay  b e  e le c tro m e c h a n ic a l ly  r e la te d  to  a  g r id

u n d e rly in g  the  s u r fa c e  of th e  d ig itiz in g  ta b le , o r  to  th e  im p lie d  coo rd in a te

ax is  a t  th e  edge . T h e  tech n iq u e  i s  th u s  e s s e n t ia l ly  l im ite d  to  th a t of a

re a d in g  d ev ice , in  th a t th e  lo c a tio n  of th e  point o r  p o in ts  i s  s t i l l  chosen  b y

th e  o p e r a to r  w ho p o s itio n s  a  c u r s o r .  In  m o s t of su ch  s y s te m s , a  s t r e a m  of

p o in ts  i s  g e n e ra te d  a s  th e  c u r s o r  is  m oved a lo n g  a  l in e . Such d ig itiz in g  u n its

a r e  r e a s o n a b ly  w e ll know n and  m any ty p e s  a r e  in  u s e , f ro m  th o s e  w h e re  the

c u r s o r s  a r e  m oved  b y  h and  w h ee ls , to  th e  " f re e  p e n c il e le c tro m e c h a n ic a l

ty p e s , to  th e  m o re  r e c e n t  B end ix  d a ta g rid . A no th er r e c e n t  add ition  to  th e

ra n g e  u s e s  a  so n ic  p o s itio n  d e te c to r .1 H a rd w a re  c o s ts  f o r  c u r r e n t  d ig i tiz e r s

v a ry  f ro m  $5 , 000 to  $ 5 5 ,0 0 0 . T h e  a v a ilab le  c u r r e n t  equ ipm en t i s  fu lly

d is c u s s e d  b y  B oyle  in  " G eo g rap h ic a l D a ta  H andling"2 and w ill not be 

fu r th e r  d e s c r ib e d  h e re .  I t i s ,  h o w ev er, p e r t in e n t to  no te th e  lim ita tio n s  

of th e  c u r r e n t  eq u ip m en t, so  th a t  th e  p o te n tia l ad v an tag es  of d ig itiz in g  

s y s te m s  u n d e r  dev e lo p m en t can  b e  u n d e rs to o d .

C u r re n t  s y s te m s  n e c e s s a r i ly  r e ly  on th e  t r a c in g  c a p a b ili ty  of h u m an s. T h is  

i s  a  lo w -o rd e r  m a n u a l fun c tio n , b u t i t  h a s  b ee n  o b s e rv e d 3 th a t th e  m ax im um  

s p e e d  f o r  t r a c in g  w ith  good to le ra n c e  l im i t s  i s  on ly  abou t 2 in . p e r  m in .

T h is  h a s  obvious c o n s tra in ts  on a l l  lin e  d a ta  in p u t. T h e  seco n d  d ifficu lty  i s  

th e  p o s s ib i l i ty  of e r r o r  in  a s s ig n in g  d e s c r ip to r  d a ta  to  th e  g ra p h ic  im ag e .

A  th i r d  d iff icu lty  i s ,  of c o u rs e ,  th e  e r r o r s  th a t m a y  b e  in tro d u ced  b y  th e  

equ ip m en t i t s e lf .  T h e  fo u r th  lim ita tio n  i s  th a t th e  d ig itiz a tio n  p ro c e s s  

p ro d u c e s  a  "b lin d "  r e c o r d ,  th a t i s ,  th e  o p e ra to r  canno t d ire c t ly  c o m p are  

th e  r e c o r d  he i s  p ro d u c in g  w ith  th e  s o u rc e  docum en t, and  th u s  e r r o r s  ca n  

on ly  b e  d e te c te d  b y  su b se q u en t p lo ttin g  and  ed itin g  of th e  r e s u l t .  T he l i m i - 

ta tio n s  of c u r r e n t  equ ipm en t a r e  g ra p h ic a lly  i l lu s t r a t e d  b y  th e  fo llow ing 

e x t r a c t  f r o m  th e  P IO S r e p o r t .4

" T h e  G eo g rap h y  D e p a r tm e n t . . .  m a in ta in ed  a  s u b - c o n tr a c t . . .  f o r  
d ig itiz in g , p r e - e d i t in g  and  re -d ig i t iz in g  of th e  po lygon data . H a rd w are  
and  o th e r  p ro b le m s  e x p e rie n c e d  by  th e  U n iv e rs ity  s e r io u s ly  co m p lic a ted  
th e  p ro je c t  s i tu a tio n  an d  m o re  th a n  doubled  th e  e s tim a te d  tim e  re q u ire d .

1. T h e  " g ra f /p e n "  p ro d u ced  b y  S cience  A c c e s s o r ie s  C o rp ., 65 S ta tion  S t . , 
Sou thport C o n n ., U. S. A. 2. T o m lin s o n , .R. F . 1972. 3. See t r a c in g  ca p ab ility  
t e s t s  d e ta ile d  in  Ch. 3, pp. 71-73 ,and  d is c u s s io n  of d ig itiz in g  o p e ra to r  
p e r fo rm a n c e  b y  B oyle  in  T o m lin so n , R. F . 197-2. 4. D angerm ond  1971.
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f o r  d ig itiz in g  th e  m aps.

" O rig in a lly  th e  U n iv e rs ity  d ig itiz in g  equ ip m en t be in g  u sed  w as co n fig u red  
f o r  punched  c a rd  output only, and  h ad  b ee n  su b je c t to  on ly  lig h t to  m o d e ra te  
w o rk lo ad s . B y  th e  end  of th e  f i r s t  m onth  of h eavy  d ig itiz in g , sp o ra d ic  
equ ipm en t a n o m a lie s  h ad  in tro d u ced  e n o rm o u s  ed itin g  p ro b le m s . A 
m ag n e tic  ta p e  r e c o r d e r  w as re q u e s te d  and  in s ta lle d .

" O nce o p e ra tio n a l, th e  ta p e  re c o rd e d  output show ed p o o re r  q u a lity  th a n  
th e  punched  c a rd s .  A fte r  ex ten s iv e  in v e s tig a tio n  it w as  found th a t s im i la r  
p ro b le m s  ex p e rie n c e d  b y  o th e r  u s e r s  of th is  equ ipm en t had  b ee n  t r a c e d  to  
s e rv ic e  vo ltag e  v a r ia tio n . T h e re fo re , th e  v a r io u s  u n its  w e re  is o la te d  on 
s e p a r a te  c i r c u i t s  and  v o ltag e  re g u la to r s  in tro d u ced . T h e se  m e a s u re s  
c o r r e c te d  punched  c a rd  e r r o r s ,  b u t h a d  l i t t l e  e ffe c t on m ag n e tic  ta p e  
outpu t. N ext th e  m a g n e tic  ta p e  and  in te r fa c e  w as in v e stig a ted . B y 
in s u la tin g  th e  u n it 's  c h a s s is ,  p ro v id in g  an  a b so lu te  g round , sh ie ld in g  c a b le s , 
and  c a re fu l tun ing , th e  m o s t s e v e r e  k in d s  of e r r o r s  w e re  e lim in a te d  an d  
e r r o r  f re q u e n c y  s u b s ta n tia lly  re d u c e d . One w eek  o f p ro d u c tio n  show ed  a  
r a t e  w hich , though  m uch  lo w er th a n  o r ig in a l e s t im a te s ,  cou ld  b e  a m e l-  
io r a te d  w ith  in c re a s e d  s ta ffin g . T h is  p r o g r e s s ,  coup led  w ith  th e  fa v o u rab le  
a p p e a ra n c e  o f th e  f i r s t  p lo tte d  m a p s , c a u s e d . . .  th e  U n iv e rs ity  to  p ro c e e d .

" T he fo u rth  and  fif th  p ro je c t m on ths  show ed  re a s o n a b le  p ro g r e s s .  N oise 
a p p e a re d  in  ou tpu t ta p e s  p e r io d ic a l ly , b u t f re q u e n t re tu n in g  of th e  r e c o r d e r  
in te r fa c e  w o rk e d  to  a l le v ia te  th e  p ro b le m . In add itio n , a  s p e c ia l  c o m p u te r  
p ro g ra m  w as w r itte n  to  o v e rco m e  th e  im p a c t of n o ise  on p ro c e s s in g . A n 
u n ex p e c ted  f u r th e r  p ro b le m  a p p e a re d  in  th a t d ig i t iz e r  o p e ra to r s  began  to  
ex h ib it an  a b i li ty  to  " o v e rd r iv e "  th e  r e c o r d e r .  T h is  "o v e rd r iv e "  p ro b le m  
w as  c a u se d  b y  o p e ra to r s  w ho a t te m p te d  to  r e c o r d  a  g r e a t e r  n u m b e r of 
p o in ts  th a n  th e  m ach in e  h ad  th e  c a p a b ili ty  of s to r in g  and w r itin g  on  ta p e .
T h e  d ig i t iz e r  a l s o  show ed so m e cu m u la tiv e  d r if t ,  bu t not of a  s ig n if ic a n t 
am oun t w hen th e  o r ig in  w as r e g u la r ly  ch e ck ed  and  r e s e t .  It w as  though t 
th a t th e  o p e ra to r s  w ould  s e lf -d is c ip lin e  th e i r  a c t iv i t ie s . In m an y  o c c a -  
s io n s  th is  d is c ip lin e  d id  not p re v a i l  and  th e  job  of re d ig itiz in g  in c re a s e d  
a s  a  r e s u l t .  U n iv e rs ity  s ta ffin g  d id  no t r e a c h  ex p e c ted  le v e ls , b u t 
in c r e a s e d  s te a d ily .

" T h e  seco n d  b a tc h  of m ap s w e re  p lo tted  d u rin g  th e  la s t  p a r t  o f th e  f if th  
p ro je c t  m o n th  and  th e  f i r s t  p a r t  of th e  s ix th  p ro je c t  m onth . T h e y  i l lu s t r a te d  
th a t r e m a in in g  s o u rc e s  o f e r r o r s  w e re  m o re  s e r io u s  th a n  a n tic ip a ted . One 
of th e  s tu d en t d ig i t iz e r  o p e r a to r s  w as  p ro d u c in g  w o rk  of po o r q u a lity  and 
in  m any  c a s e s  a l l  th e  o p e ra to r s  w e re  p ro d u c in g  d r if t . S e v e ra l of th e  o th e r  
o p e ra to r s  con tinued  to  o v e rd r iv e  th e  s y s te m . C o m p u te r p ro g ra m s  w e re  
m od ified  to  h e lp  c o r r e c t  d r if t  and  a  r ig id  q u a lity  c o n tro l p lan  w as  desig n ed  
b u t m uch re d ig itiz in g  w as  needed . T o w ard  th e  end  of th e  s ix th  m onth  th e  
d ig itiz in g  equ ipm en t s u f fe re d  b reak d o w n s . T h is  b reakdow n  n e c e s s i ta te d  
ex te n s iv e  r e p a i r s .

" D u ring  th e  sev en th  and  e ig h th  m on ths  of d ig itiz in g  i t  w as  found th a t th e  
f in a l d ig i tiz e r  r e p a i r s ,  inc lu d in g  a  f ie ld  m o d ifica tio n  to  len g th  c i r c u it  
t im e  c o n s ta n t in  th e  ta p e  in te r fa c e , a lm o s t to ta l ly  e l im in a te d  n o ise  and 
s h a rp ly  re d u c e d  o v e rd riv in g . It w as  d e m o n s tra te d  th a t if  th e  equ ipm en t 
w as  o p e ra t in g  e ffe c tiv e ly  to  beg in  w ith  th e  d e lay  and e r r o r  p ro b le m s  
w ould  h ave  b ee n  g re a t ly  red u ce d . "

170



I t sho u ld  b e  em p h a s iz e d  th a t not a l l  d ig itiz in g  e f fo r ts  have th e  s a m e  p ro b le m s , 

an d  th a t th e  p ro b le m s  a r i s e  m a in ly  w hen th e  vo lum e of d a ta  n e c e s s i ta te s  a  

p ro d u c tio n  o p e ra t io n  r a th e r  th a n  a n  e x p e rim e n ta l o p e ra tio n . T h is  au th o r, 

h o w ev e r, doub ts  th a t any  c u r re n t  p ro d u c tio n  opera tio n -in v o lv in g  d ig i t iz e r s  

h a s  r e a c h e d  any  le v e l of e ff ic ien c y  w ithou t e x p e rie n c in g  s im i la r  d iff ic u ltie s , 

even  if  su c h  d iff ic u ltie s  h av e  not b ee n  re p o r te d .

In te ra c tiv e  p o in t /l in e  d ig itiz in g . P ro b le m s  s im i la r  to  th e  ones  no ted  above 

p ro m p te d  th e  u s e  of c o m p u te rs  to  m o n ito r  th e  r e c o r d  bein g  p ro d u ced  b y  th e  

o p e ra to r  d u r in g  d ig itiz in g . T he a v a ila b i li ty  in  1968 and  m o re  re c e n tly  of 

m in i-c o m p u te r s  th a t could  b e  e c o n o m ica lly  d ed ica te d  to  a  d ig itiz in g  p ro c e s s ,  

co u p led  w ith  a c c u ra te ,  in e x p en s iv e , o n - lin e  d isp la y  u n its  u s in g  ca thode r a y  

tu b e s  (C R T), g r e a t ly  ac c e n tu a te d  th is  tre n d .

In  th i s  in te ra c t iv e  p r o c e s s ,  th e  c o m p u te r  ch e ck s  th a t th e  d a ta  a r e  p ro p e r ly  

r e c o rd e d ,  th a t th e  d e s c r ip to r  fo rm a ts  u s e d  b y  th e  o p e ra to r  a r e  s e n s ib le , 

th a t th e  " lin e  d a ta "  s e n s ib ly  r e p r e s e n t  a  l in e  of d e s ir e d  re s o lu t io n  and  

a c c u ra c y , and  th a t " is la n d "  o r  "po lygon" c lo s u re s  a r e  com p le ted  p ro p e rly ; 

i t  a lso  a llo w s  th e  o p e ra to r  to  b a c k tra c k  and  r e c o v e r  o r  c o r r e c t  e r r o r s  a s  

th e y  a r e  m ad e . T he in te ra c t iv e  d ig itiz in g  a p p ro ac h  is  s t i l l  l im ite d  to  th e  

t r a c in g  s p e e d  o f th e  o p e ra to r ,  b u t g r e a t ly  im p ro v e s  th e  q u a lity  of th e  r e c o r d s  

p ro d u c e d  and  g o es  f a r  to w a rd  e l im in a tin g  th e  leng thy  p ro c e d u re s  of ed itin g  and 

e r r o r  c o r r e c t io n  n e c e s s i ta te d  by  "b lin d "  d ig itiz in g .

S e v e ra l s u ch  in te ra c t iv e  d ig itiz in g  s y s te m s  a r e  u n d e r  d eve lopm en t. W e ll-

know n o n es  a r e  r e s id e n t  in  th e  R o y a l C o lleg e  of A r t ,  1 London; R om e A ir

D eve lopm en t C e n te r ,2 U. S. A . ; U n ited  S ta te s  G eo log ica l S u rvey ,3 W ashington ,

D. C . ; an d  th e  C anad ian  H y d ro g rap h ic  S y stem 4 deve loped  a t th e  U n iv e rs ity  of 

S ask a tch ew an , C anada. T h is  ap p ro a c h  d e f in ite ly  h a s  m e r i t ,  p a r t ic u la r ly  

w hen th e  w o rk  re q u ire m e n t in v o lv es  low  to  m e d iu m  vo lum es of da ta .

N u m ero u s  f i r m s  in  N o rth  A m e r ic a , in c lu d in g  IBM , R ay theon , H. D e ll F o s te r ,  

S y n e rco m  T echno logy , an d  o th e r s ,  h av e  adop ted  th e  ap p ro ach  fo r  s y s te m s  

c u r r e n t ly  u n d e r  d eve lopm en t an d  s t i l l  p ro p r ie to ry .  T he h a rd w a re  co s t fo r  

su ch  s y s te m s  v a r ie s  f ro m  $ 5 0 ,000  to  $ 1 5 0 ,0 0 0 . In  each  c a se  th e  so ftw a re  

h a s  b ee n  d eve loped  by  th e  agency  co n c e rn e d  and  h as  n o t been  im p lem en ted  

e lse w h e re .

1. B ic k m o re  1966, 1971, R h ind  1971. 2. D ie llo  1970, P . R . C . 1973. 
3. U. S. G. S. 1969. 4 . B oyle 1.970a, 1971.
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An in te r e s t in g  h y b r id  v e r s io n  of th i s  ap p ro a c h  i s  u s e d  in  the  C O PIE R  s y s te m 1 

(L ockheed), w h e re  a  g ra p h ic  im ag e  is  o p tic a lly  p ro je c te d  on to  a  CRT 

s u r fa c e  and  a  lig h t p en  i s  u s e d  to  t r a c e  th e  im a g e  in te ra c t iv e ly . Som ew hat 

s u rp r is in g ly ,  a  g r id  b lo c k  s t r u c tu r e  i s  d e r iv e d  f r o m  th e  C O PIE R  s y s te m  f o r  

e a s e  of su b se q u en t p r o c e s s in g  in  th e  r e la t iv e ly  s m a l l  a r e a s  th a t h ave  b ee n  

a tte m p te d , though  th e  L ockheed  f i le  s t r u c tu r e  d e s c r ib e d  h as  qu ite  adequate  

b o u n d a ry -h an d lin g  a lg o r ith m s .

A u to m a tic  lin e  fo llow ing . If  a  d ev ice  cou ld  b e  d eve loped  th a t au to m a tic a lly  

fo llow s a  l in e  (and a c c u r a te ly  r e c o r d s  th e  p a th  fo llow ed) a t  a  f a s te r  r a te  

th a n  a  h u m a n  c a n  gu ide a  c u r s o r ,  th e n  a  s ig n if ic a n t c o n s tra in t on l in e  

d ig itiz in g  w ou ld  b e  re m o v e d . T h is  i s  a  g r a i l  th a t h a s  b ee n  sough t b u t not 

y e t w on . In  p r a c t ic e ,  th e  ap p ro a c h  u s e d  c o n c e n tra te s  on th e  p ro c e d u re s  

w h e re b y  th e  o p e ra to r  p re d e f in e s  a  l in e , m a n u a lly  t r a c e s  any  " le n g th s  of 

co n fu s io n " , and  a llo w s  th e  lin e  fo llo w e r to  f i l l  in  th e  d e ta ile d  lin e  data .

T h e  G e rb e r  C om pany , M a s s . , U. S. A. and  th e  U. S. G. S . , 2 W ash ing ton ,

D. C . , in d e p en d en tly  h av e  done c o n s id e ra b le  r e s e a r c h  on th is  ap p ro ach ,

b u t h av e  not y e t d eve loped  an  a c c e p ta b le  s y s te m . T h e  U n iv e rs ity  of 

S askatchew an3 u s e s  a  V idicon. c a m e r a  c a r r i e d  on an  X , Y m e ch an ism , 

c o n n e c ted  to  a  P D P 8 /E  c o m p u te r. T he V id icon  t r a c k s  in  s te p s  of about 

1 /2  in . a lo n g  e a c h  lin e  in  tu rn .  W ith in  e a ch  s te p  a  s c a n  o p e ra tio n  is  

c a r r i e d  o u t, b u t th e  f in a l  output i s  in  l in e  fo rm  and  is  d ire c tly  co m p arab le  

w ith  o u tpu t f r o m  o th e r  l in e  d ig i t iz e r s .  In  o rd e r  to  m ake th e  l in e  t r a c in g  

o p e ra t io n  co m p le te ly  a u to m a tic , th e  w o rk  is  p re c e d e d  by  a  v is u a l e x a m in a - 

t io n  o f th e  a r e a  on th e  in te ra c t iv e  d is p la y  C R T. S ta r t  c o o rd in a te s  and 

d e s c r ip to r s  a r e  th e n  a l lo c a te d  by  th e  o p e ra to r .  Speeds of a p p ro x im a te ly  

60 in . p e r  m in  can  b e  a c h iev ed  u s in g  th e  o p e ra t io n s  of p re -e d i t in g  p lu s  

a u to m a tic  l in e  fo llow ing . T h is  ap p ro a c h  can  b e  s a id  to  b e  u n d er ac tiv e  

d ev e lo p m en t. C o s ts  of h a rd w a re  a s s o c ia te d  w ith  i t  v a ry  f ro m  $30 ,000  to  

$ 2 0 0 ,0 0 0 , No a u to m a tic  l in e  fo llow ing  s y s te m  i s  in  p ro d u c tiv e  u se  in  any 

g e o g rap h ic  in fo rm a tio n  in  1974. H ow ever, th e  g e n e ra tio n  of l in e  in fo rm a tio n  

in  20 to  30 t im e s  l e s s  t im e  and  a t  m e a s u ra b ly  lo w e r  c o s t th a n  c u r re n t 

d ig itiz in g  s y s te m s  i s  a  p ro b ab le  fu tu re  deve lopm en t. T h e  u s e fu ln e ss  of 

th i s  ap p ro a c h  w ill  depend upon th e  sp e e d  w ith  w hich  i t  ca n  be b ro u g h t in to

1. M e r r i l l  1973. 2 . P e r s o n a l  c o m m u n ic a tio n , E dson  1973. 3. B row n 1970.
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r e l ia b le  p ro d u c tio n , th e  a rc h i te c tu re  of l a r g e - s c a le  c o m p u te rs , an d  th e i r  

n e e d s  and  e ff ic ie n c y  in  hand ling  lin e  d a ta  f o r m a ts  a t  th a t t im e . G iven the  

p r e s e n t  a r c h i te c tu r e ,  c a p ab ility , and  f i le  s t r u c tu r e s  of c o m p u te rs , the  

a u to m a tic  l in e  fo llow ing  ap p ro ac h  w ould  s e e m  to  o ffe r  e x tre m e ly  a t t r a c t iv e  

ad v a n tag es .

S canning. T h e  scan n in g  ap p ro ac h  e s s e n t ia l ly  u s e s  som e dev ice  to  r e c o rd  a  

p a tch  (o r  a ll) of th e  s u r fa c e  of th e  s o u rc e  docum ent in  m a c h in e -re a d a b le  

fo rm , an d  r e l i e s  on  th e  co m p u te r su b se q u e n tly  to  iden tify  th e  im a g e  e le m e n ts  

w ith in  th e  p a tc h  th a t a r e  of in t e r e s t  to  th e  u s e r  and  need  to  b e  re t r ie v e d .  T h e  

a p p ro a c h  r e q u i r e s  u n equ ivocal d a ta  to  b e  scan n ed . T h e  p ro g ra m s  n ee d ed  f o r  

su b se q u en t id e n tif ic a tio n  and  la b e llin g  of l in e  se g m e n ts  a r e  s o p h is tic a te d ; 

in  a d d i t io n ,  a  m a n u a l o r  s e m i-a u to m a tic  p r o c e s s  m u s t be u s e d  to  r e la te  

d e s c r ip to r  d a ta  to  th e  im a g e s .

T w o v e r s io n s  of th e  scan n in g  a p p ro ac h  h av e  b ee n  fo llow ed. T he f i r s t  i s  

b a s e d  on  th e  w e ll-k n o w n  fa c s im ile  p r in c ip le , w h e re  th e  s o u rc e  docum ent i s  

p la c e d  o n  a  d ru m  an d  ro ta te d  in  f ro n t of th e  scan n in g  head , w h ich  m oves 

in c re m e n ta l ly  a c ro s s  th e  f a c e  of th e  d ru m . T he e n t ir e  docum ent i s  scan n ed  

and  t r a n s l a te d  in to  b i t s  of d a ta , th e  n u m b e r of b i t s  fo r  any one docum ent 

depend ing  on th e  s c a n  sp o t s iz e .  In  th e  se c o n d  v e rs io n , a  s m a l l  a r e a  (about 

2 in . x  2 i n . ) of th e  s o u rc e  docum ent (o r a  m ic ro f ilm  of a  l a r g e r  docum ent) 

i s  s c a n n e d  w ith  a  f ly in g  spo t ( r a s te r )  s c a n n e r ,  and  th e  co m p le te  d a ta  f o r  

th a t a r e a  a r e  r e c o rd e d  on  m ag n e tic  ta p e . T h is  la t t e r  p ro c e s s  ta k e s  seco n d s  

on ly . T h e  d a ta  a r e  su b se q u en tly  h an d led  in  m uch th e  sam e w ay  a s  th o se  

f r o m  a  d ru m  s c a n n e r .

T he r a s t e r  scan n in g  ap p ro ac h  w ould  s e e m  to  b e  of im m ed ia te  b en e fit. H ow - 

e v e r ,  th e  d e s ig n  p ro b le m s  h ave not y e t b ee n  o v e rco m e . A fly in g  spo t s c a n  

of 0. 001 in . re s o lu t io n  r e s u l t s  in  1 m illio n  s p o ts  p e r  sq . in ., o r  0. 6 b illio n  

s p o ts  f o r  a  2 0 -in . x  30 -in . m ap.  A  0 .0 1 -in . spo t s iz e  g iv es  on ly  10,000 

s p o ts  p e r  sq . in . o r  6 m illio n  s p o ts  f o r  th e  s a m e  m ap. T h e r e f o r e ,  spot 

s iz e ,  sh a p e , sp ac in g , p re c is io n  p la c e m e n t, o v e rla p , en e rg y  d is tr ib u tio n , 

and  o th e r  p a r a m e te r s  of spo t d e s ig n  m u s t b e  g iven  e x tre m e ly  c a re fu l con -  

s id e r a t io n  to  p ro v id e  th e  s y s te m  w ith  eco n o m ic  scann ing , p lo ttin g , p r o -  

c e s s in g , and  d isp la y . P ro c e s s in g  tim e  p e r  m ap  ca n  q u ick ly  b ec o m e

1. See d is c u s s io n  b y  S harp , pp . 687-689 in  T o m lin so n , R. F . 1972.
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e x c e ss iv e  w ith  th e  c o m p u te rs  in  g e n e ra l u s e  in  1974.

T h e  d ru m  scan n in g  ap p ro a c h , though s lo w e r  (betw een 1 and 15 m in , depending  

on  m ap  s ize )  h a s  b e e n  u s e d  to  d ig itiz e  e c o n o m ica lly  s o u rc e  d o cu m en ts  o f up 

to  45 in . x  45 in . in  s iz e .1 A V is ico n  d ru m  s c a n n e r  w ith  a  r e s o lu t io n  of

0 . 01 in . i s  u s e d  f o r  d o cu m en ts  of u p  to  11 in . x  17 in . a t  P e n n sy lv an ia

S ta te  U n iv e rs ity .2 T h e  R om e A ir  D evelopm ent C e n te r3 u s e s  a  la rg e  (45-in.

x  4 5 -in .) p r e c is io n  d ru m  s c a n n e r , a s  does TO POCO M  (U. S. A rm y  T o p o g ra - 

ph ic  C om m and) in  W ash ing ton , D. C. T h e  RADC s c a n n e rs  a r e  in ten d ed  f o r  

b o th  p lo ttin g  an d  d ig itiz in g  (in  th a t o rd e r ) ,  and  a r e  p a r t  of th e  p ro p o se d  

s y s te m  of d a ta  s to r a g e  in  g rap h ic  fo rm . T he TO PO CO M  un it w a s  p r im a r i ly  

in ten d ed  f o r  d ig i tiz a tio n , b u t u s e s  an  e a r ly  f o rm  of d isp la y  m an ip u la tio n  

s y s te m  to  a id  th e  s o f tw a re  in  jo in in g  s m a l l  a r e a s  r e c o rd e d  f ro m  th e  s c a n  

o p e ra tio n . T h e  C an ad a  G eo g rap h ic  In fo rm a tio n  S y stem  u s e s  a  d ru m  s c a n n e r , 

a s  d e s c r ib e d  in  th e  ac co u n t of th e  CGIS g iven  above and  in  d e ta il  in  the  

A ppendix . T h e  inpu t p r o c e d u re s ,  d e s c r ip to r  d a ta  lin k ag e , and  su b se q u en t 

p ro c e s s in g  s te p s  g iven  in  th e  CGIS d e s c r ip tio n  a r e  ty p ic a l of th o s e  e n c o u n te red  

in  th e  d ru m  scan n in g  ap p ro a c h . T h e  equ ipm en t c o s ts  f o r  d ru m  scan n in g  

v a r y  f r o m  $ 5 0 ,0 0 0  to  $ 180 ,000 .

An in te r e s t in g  h y b r id  ap p ro a c h 4 is  u s e d  b y  C a lsp a n  C o rp o ra tio n  ( fo rm e r ly  

th e  C o rn e l l  A e ro n a u tic a l L a b ora to ry ,  C. A. L . ). T he in i t ia l  s te p  fo r  

d ig itiz in g  b a th y m e tr ic  c h a r t s  s e m i-a u to m a tic a lly  is  to  s c a n  th e  c h a r t  and  

p ro d u c e  a  d ig i ta l  im a g e , w h ich  i s  d isp la y e d  to  th e  o p e ra to r  on a  C R T. A fte r 

g e o m e tr ic  r e f e r e n c in g  of th e  edge " tic k "  m a rk s , a  s e t of c lo se ly  sp aced  

p a r a l le l  (tra ck ) l in e s  i s  a u to m a tic a l ly  g e n e ra te d  o v e r th e  im ag e . T h e  c h a rt  

i s  th e n  re s c a n n e d  a lo n g  th e  t r a c k  l in e s ,  an d  in te r s e c t io n s  w ith  th e  b a th y - 

m e tr ic  co n to u rs  a r e  a u to m a tic a l ly  d e tec te d . N ext, th e  in fo rm a tio n  on depth  

f o r  th e  in te r s e c t io n s  i s  au to m a tic a l ly  added  i f  enough d a ta  a r e  av a ila b le .

T h e  o p e ra to r  m a y  th e n  in te r a c t  w ith  th e  s y s te m  to  d e te c t and  add  m is s in g  

co n to u rs , d e te c t and  d e le te  ex tran eo u s  c o n to u rs , and  p rov ide  th e  n e c e s s a r y  

a d d itio n a l d a ta  on  co n to u r  dep th . T ra c k  lin e  by  t r a c k  lin e , th e  id e n tif ied  

in fo rm a tio n  i s  w r i t t e n  in to  m a g n e tic  ta p e  s to ra g e . T h is  type  of a p p ro ac h  is  

of c o n s id e ra b le  in t e r e s t ,  a s  i t  co m b in es  th e  sw ift a sp e c ts  of scan n in g  w ith  

th e  in te ra c t iv e  c a p a b ili ty  of th e  o p e ra to r  to  p ro d u ce  a  fo rm  of au to m a tic

1. See CGIS c o s t s u m m a ry  in  T a b le  5. 3, p.162, an d  in  A ppendix. 2. P e r s o n a l 
co m m u n ica tio n , W illia m s , C . M. 1973. 3. D iello  1970. 4. Solosko 1973.
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l in e  fo llow ing . C o s ts  of u s in g  th e  C a lsp a n  s y s te m  a r e  not a v a ila b le  a t  th is  

t im e . Such s y s te m s  m u st b e  c o n s id e re d  to  b e  u n d e r  deve lopm ent.

I t can  b e  s e e n  f ro m  th e  above th a t th e  in h e re n t c o n s tra in t of g ra p h ic  to  non -  

g ra p h ic  c o n v e rs io n  i s  re co g n ized  n o t only  f r o m  a  th e o re t ic a l  s tan d p o in t, 

b u t a s  a  p ro b le m  th a t m u s t b e  o v e rco m e  if  s p a t ia l  d a ta  s y s te m s  a r e  to  

dev e lo p  f u r th e r .  In  te c h n ic a l te r m s ,  i t  is  c e r ta in ly  th e  m a jo r  c o n s tra in t 

on  s y s te m  d eve lopm en t a t p r e s e n t ,  a lthough  i t  w ou ld  a p p e a r  th a t a  s ig n if ican t 

re d u c t io n  in  th e  c o n s tra in t m ight b e  re a s o n a b ly  a n t ic ip a te d  w ith in  th e  nex t 

th r e e  y e a r s .

D a ta  B a s e  M anipu lation  T ech n iq u es

I n te ra c tiv e  m a n ip u la tio n  of s p a tia l  d a ta  b a s e . A  s ig n if ic a n t d iffe re n c e  b e tw e en  

g ra p h ic  and  n o n -g ra p h ic  fo rm s  of s p a tia l  d a ta  s to ra g e  i s  th a t  th e  f o r m e r  

a r e  v is ib le  to  a  hum an  and th e  l a t t e r  a r e  v is ib le  on ly  to  a  c o m p u te r .

W ith  g ra p h ic  d a ta  s to ra g e , th e  s to ra g e  m e d iu m  is  th e  d isp la y  m ed iu m , so  

d a ta  r e t r i e v a l  c a n  b eg in  in s ta n tly . B ro w sin g  is  g r e a t ly  a id ed  b y  th e  ra n d o m  

a c c e s s  to  m ap  s h e e ts . W hen s im p le  in d ex es  allow  id e n tif ic a tio n  of l im ite d  

s e a r c h  a r e a s  and  th e  a v a ilab le  d a ta  s e ts  a r e  conv en ien tly  g rouped , th e  

m a n u a l p r o c e s s  i s  ra p id , e ffic ien t, and  in e x p en s iv e . In  c o n tra s t ,  in  any  o f 

th e  s y s te m s  em p loy ing  n o n -g rap h ic  fo rm s  of d a ta  s to ra g e  d e s c r ib e d  in  th e  

p re v io u s  c h a p te r s ,  th e  co m p u te r m u s t b e  c a re fu l ly  in s tru c te d  to  c a r r y  ou t 

th e  s im p le s t  of re a d in g  ta s k s ,  b ro w sin g  is  co m p le te ly  in e ffic ie n t (involv ing , 

a s  i t  d o es , th e  re q u ire m e n t to  sp ec ify  w hat m u s t b e  b ro w se d  b e fo r e  th e  

b ro w s in g  b eg in s) , and  w hen a l l  is  done th e  c o m p u te r  ou tpu t (in g ra p h ic  fo rm ) 

s t i l l  h a s  to  be r e a d  b y  a  hum an.

W ith  th e s e  co m m en ts  in  m ind , i t  is  in te r e s t in g  to  ex a m in e  s y s te m s  u n d e r  

dev e lo p m en t th a t bo th  allow  d ire c t  v is u a l ex a m in a tio n  of n o n -g ra p h ic  s to r e s  

of s p a t ia l  d a ta  v ia  a  ca thode ra y  tu b e , and  o ffe r  th e  a b i lity  to  b ro w se  th ro u g h  

th e  d a ta  b a s e , s e le c t  s e ts  of d a ta  of in t e r e s t  to  th e  o b s e rv e r  and , th ro u g h  

th e  s a m e  m e d iu m  (CRT), p e r fo rm  (d ire c t and  re c e iv e  r e s u l t s  f ro m )  so m e 

m a n ip u la tio n  ta s k s  on th e  s e le c te d  data .

A lthough  th is  in te ra c t iv e  in te r ro g a tio n  of a  d a ta  b a s e  i s  n o t uncom m on  in
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la rg e  n o n -s p a tia l  d a ta  s e ts ,1 i t  h a s  not b ee n  w id e ly  adopted  fo r  la r g e - s c a le  

m a n ip u la tio n  of s p a t ia l  da ta .2 P e r h a p s  th e  b e s t  exam p le  of s p a tia l  da ta

s y s te m s  th a t em p lo y  th e  a p p ro ac h  is  th e  a p p ro p r ia te ly  nam ed  INSIGHT3 

(In te ra c tiv e  S y stem  fo r  In v es tig a tio n  b y  G ra p h ic s  o f H ydro log ica l T re n d s ) , 

a  s y s te m  d eve loped  b y  R . F . P h ill ip s  of U n id a ta , Inc., Ann A rb o r , M ichigan.

T h e  INSIGHT s y s te m  u s e s  a  s to ra g e  tu b e  te rm in a l  (T e c tro n ix  4010) connected

to  a  t im e - s h a r in g  co m p u te r (IBM 360/67)4 to  d isp la y  th e  lo c a tio n s  of a  poin t 

d a ta  s e t  of w a te r  q u a lity  m o n ito r in g  s ta t io n s ,  su p e rim p o se d  on a  b ackg round  

of g e o g rap h ic  f e a tu r e s .  T h ro u g h  th e  C R T , th e  u s e r  can  m an ip u la te  th is  m ap 

b a c k g ro u n d  in  a  v a r ie ty  of w ays an d  a s k  f o r  an d  re c e iv e  ta b u la r  and  g rap h ic  

p re s e n ta t io n  of th e  w a te r  q u a lity  p a r a m e te r s  th a t h ave  b ee n  m e a s u re d  f o r  any 

of th e  p o in t d a ta  s ta t io n s .

T h e  c a r to g ra p h ic  d a ta  b a s e  i s  qu ite  s m a l l  an d  e s s e n t ia l ly  fix ed  (ap p ro x im a te ly  

2. 2 x  106 b y te s  of da ta ). T he d a ta  b a s e  r e l a te d  to  th e  po in t d a ta  s e t  of w a te r  

q u a lity  m o n ito r in g  s ta t io n s  i s  la rg e  (c u r re n t ly  700 x 106 by tes) and  is  

expandab le .

S ince th e  s y s te m  is  g e o g ra p h ic a lly  o r ie n te d , th e  u s e r 's  f i r s t  s te p  is  to  s e le c t 

a  r e f e r e n c e  m ap  f ro m  th e  c a r to g ra p h ic  d a ta  b a s e . T he S tate  i s  th e  b a s ic  

c a r to g ra p h ic  un it o f th e  s y s te m . T h e  u s e r  ca n  h ave  any  s ta te  m ap  d isp lay ed , 

o r  any  g ro u p , o r  a l l  of th e m , and  th e n  in d ic a te  th e  one o r  th e  g ro u p  th a t i s  of 

f u r th e r  in te r e s t .  T h e  re s u l t in g  m ap  ca n  b e  m od ified , by  sh rin k in g  o r  

expand ing  th e  d is p la y  s c a le ,  by  zoom ing  o r  pann ing , w ith  r e s p e c t  to  the  

o r ig in a l  d a ta , o r  by  d es ig n a tin g  a  c e r ta in  po lygona l p o rtio n  (a  county , fo r  

ex a m p le). A dd itio n a l g eo g ra p h ic a l f e a tu r e s  su ch  a s  county b o u n d a rie s , 

r i v e r  t r a c e s ,  la k e  o u tl in e s , and  m u n ic ip a l b o u n d a rie s  can  b e  s e le c tiv e ly  

added  a t  th i s  p o in t b y  re q u e s t in g  th a t th e y  b e  o v e r la id  on the  s ta te  o u tlines . 

T h is  i s  e s s e n t ia l ly  a  b ro w sin g  p ro c e s s  th ro u g h  a  s e t  of m aps. T he sc a le  

ca n  b e  e n la rg e d  u n ti l th e  l im it  of th e  o r ig in a l  d ig itiz ed  d a ta  i s  reac h ed .

1. A s, f o r  ex a m p le , a t a i r l in e  t ic k e t  c o u n te rs  in  N orth  A m e ric a  and  E u ro p e .
2. I t h a s ,  h o w ev e r, b ee n  adop ted  f o r  a  v a r ie ty  of m i l i ta ry  ap p lica tio n s , and  in  
c o m m e rc e , f o r  o n - lin e  m an ip u la tio n  of s p a tia l  d a ta  f o r  a i r  t r a f f ic  con tro l.
3. P h il l ip s ,  R .  L.1972, U n id a ta , Inc . 1973. 4. T h is  i s  a  duplex cpu co n figu ra tion  
w ith  2, 700 p ag e s  of v ir tu a l  m e m o ry  (4K b y te s /p a g e )  av a ilab le  on th re e  paging  
d ru m s . T h e  co m m u n ic a tio n s  in te r fa c e  i s  a  d a ta  c o n c e n tra to r  b a s e d  on a  P D P 8 /E  
an d  a s s o c ia te d  m u ltip lex in g  and p o r t  s e le c t io n  h a rd w a re . C onventional 
su p p o rt ro u tin e s  w ith  te le ty p e  d ev ic e s  a r e  u s e d  f o r  g rap h ic  te rm in a l  
o p e ra t io n s .
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S e v e ra l ad d itio n a l m an ipu la tion  fe a tu r e s  a r e  p o s s ib le  on th is  d a ta  b a se . A re a s  

ca n  b e  m e a s u re d  by  tr a c in g  th e i r  o u tlin e  w ith  th e  c u r s o r  on th e  CRT.

S im ila r ly , lin e s  can  be  m e a s u re d  b y  m oving  th e  c u r s o r  a lo n g  th e i r  length . 

L ong itude  and  la titu d e  of any  c u r s o r  p o s itio n  ca n  b e  c a lcu la ted . T he re s u l t s  

of th e s e  ca lc u la tio n s  a r e  show n on th e  s c r e e n .  T h e  m o s t im p o rta n t fa c i l i ty  

o f th e  s y s te m  i s ,  h ow ever, th e  co n n ec tio n  w ith  th e  h y d ro g rap h ic  d a ta . T he 

c a r to g ra p h ic  b a s e  a c ts  a s  an  index  to  th e  v a s t s to r e  of w a te r  q u a lity  data.

T h e  po in t d a ta  re p re s e n t in g  th e  p o s itio n s  o f th e  w a te r  q u a lity  s ta t io n s  a r e  

d isp la y e d  on  th e  c a r to g ra p h ic  d a ta  b a s e . F r o m  th is  b a s e , th e  d e s ire d  s e t  

of s ta t io n s  is  s e le c te d . A l i s t  of d a ta  av a ila b le  a t e ach  of th e  s e le c te d  s ta tio n s  

ca n  th e n  b e  d isp lay ed . A fte r  b ro w sin g  th ro u g h  th e  l i s t ,  th e  o b s e rv e r  s e le c ts  

th e  d e s ir e d  v a r ia b le s . A conven tional g rap h  show ing  th e  d is tr ib u tio n  of the  

v a r ia b le s  o v e r  t im e  a t  th e  s e le c te d  s ta t io n s  can  th e n  b e  g e n e ra te d ; equa lly , 

th e  d a ta  can  b e  l i s te d  in  ta b u la r  fash io n  o r ,  p e rh a p s  m o re  in te re s tin g ly , 

th e  w a te r  d a ta  and  c a r to g ra p h ic  d a ta  b a s e  can  b e  com bined  a t  th is  poin t and 

a  th re e -d im e n s io n a l p e rp e c tiv e  d isp la y  of th e  s ta t io n s , th e  co u n try  

su r ro u n d in g  th e m , and th e  m e a s u re m e n ts  of th e  s p e c if ie d  p a r a m e te r s  can  

b e  d isp la y e d  a s  a  v e r t ic a l  b a r  g rap h .

G e n e ra l c o s t f ig u re s  a r e  not a v a ila b le , b u t d a ta  have b ee n  g a th e re d  fro m  

o p e ra t io n  in  th e  U n iv e rs ity  of M ich igan  c o m p u te r. W hen th a t s y s te m  is  

u se d , one is  c h a rg e d  m a in ly  fo r :  (1) connect t im e , a t $3 p e r  h o u r; (2) cpu 

t im e , a t $4 . 73 p e r  m in ; and  (3) a c tu a l v ir tu a l  m e m o ry , a t $2 . 85 p e r  p ag e - 

h o u r . F o r  a  ty p ic a l 1 -h o u r s e s s io n  w ith  IN SIG H T, and  20 to  30 r e t r ie v a l s  

f o r  abou t 20 s ta t io n s , th e  c o s t ru n s  be tw een  $15 and $20.

T h e  lim ita tio n s  of th e  s y s te m  a r e  obv ious. I t i s  a  po in t d a ta  s y s te m  of the  

GRDSR ty p e , em bedded  in  a  s im p l is t ic  c a r to g ra p h ic  d a ta  s e t .  T he s im p l i- 

c ity  of th e  c a r to g ra p h ic  d a ta  s e t  is  id e a l f o r  th e  index ing  p u rp o se s  f o r  w hich  

i t  i s  u sed , and  no p re c is io n  i s  a tte m p te d  o r  need ed . T he s p a tia l  m a n ip u la - 

t io n  fu n c tio n s  ( a r e a  m e a s u re m e n t and  co o rd in a te  po in t m e asu rem en t) a re  

e s s e n t ia l ly  m an u a lly  t r a c e d ,  and  th e  o p e ra to r  w o rk s  in  a  r e la tiv e ly  

e x p e n siv e  (com p u te r-lin k ed ) en v iro n m en t. N e v e r th e le s s , th e  a b i lity  to 

r e a d  e ffe c tiv e ly  and b ro w se  th ro u g h  n o n -g ra p h ic  s to ra g e  a t th e se  volum e 

le v e ls  i s  c le a r ly  in d ica ted , a s  is  th e  a b i lity  to  ga in  r a p id  a c c e s s  to  huge
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am o u n ts  of d a ta  and  m a n ip u la te  s e le c te d  s u b se ts . T h is  p ro c e s s  w ould  s e e m  

to  be a  fu n d am en ta l re q u ire m e n t if  l a r g e - s c a le  n o n -g rap h ic  s to r e s  of s p a tia l  

d a ta  a r e  to  be of w ide  u s e  in  th e  fu tu re .

M anipu la tion  of ER T S n u m e r ic a l ly  coded im a g e s . R em ote  s e n s in g  is  a  

s u rv e y  tech n iq u e  th a t ca n  and  does p ro d u ce  la rg e  q u an titie s  of s p a t ia l  d a ta  in  

n o n -g ra p h ic  f o rm  a s  a  p r im a ry  p ro d u c t. T he E R T S-A  s a te l l i te ,  fo r  

ex a m p le , p ro d u c e s  a p p ro x im a te ly  9, 212 o r ig in a l n u m e r ic a l im a g e s  of 1, 316 

s c e n e s  o v e r  th e  U. S. A. a lo n e , each  w eek. Of th e s e ,  b e tw e en  1% an d  5% a r e  

re ta in e d  in  n u m e r ic a l fo rm . E ach  su ch  im ag e , h o w ev er, c o n ta in s  a p p ro x i- 

m a te ly  16 m illio n  c e l ls ,  e a ch  coded to  64 g re y  le v e ls  in  6 b i ts ;  in  o th e r  w o rd s , 

e a ch  im ag e  p ro d u c e s  96 m illio n  b i t s  of n u m e r ic a l in fo rm a tio n . E a ch  w eek  

a p p ro x im a te ly  300 n u m e r ic a l  im ag es  a r e  re c o rd e d  on a p p ro x im a te ly  870 c o m - 

p u te r -c o m p a tib le  m a g n e tic  ta p e s . T h e  o r ig in a l im ag e  d a ta  p ro d u ced  can , of 

c o u rs e ,  b e  t r a n s la te d  in to  g rap h ic  fo rm  b y  a  v a r ie ty  of p ro c e s s e s .  The 

re s u l t in g  p ic tu re s  can  b e  v is u a l ly  in te rp r e te d  and  th e  r e s u l t s  of su ch  in t e r - 

p re ta tio n  ca n  b e  c o n v e rte d  to  d a ta  b ank  fo rm a ts  u s in g  any  of th e  te ch n iq u es  

d e s c r ib e d  above.

A  c o n s id e ra b le  ch a llen g e , h o w ev er, e x i s t s  in  th e  p o s s ib il i ty  o f u s in g  the  

co m p u te r  to  m a n ip u la te  an d  co n v e rt d ir e c t ly  the  1% to  5% of im a g e s  le f t  in  

th e  raw  n u m e r ic a l d a ta  f o rm a t ,  in to  a  u s e fu l d a ta  b ank  fo rm a t. T h e  m any 

v a r ia b le s  a s s o c ia te d  w ith  th is  ta s k  a r e  th o ro u g h ly  docum ented  by  S te in e r 

in  "G eo g rap h ic a l D ata  H and ling". 1 T h e  d a ta  red u c tio n  s te p s  in c lu d e  im ag e  

p ro c e s s in g , p a t te rn  re c o g n itio n , s ta t i s t ic a l  r e la tio n sh ip s  to  n o n -o b s e rv a b le s , 

d e s c r ip t iv e  un it a s s ig n m e n t, change d e te c tio n , and  g e o m e tr ic  b a se  

r e c o n s t ru c tio n . T h e  re s u l t in g  p ro d u c ts  w ould  be am enab le  to  encod ing  f o r  

d a ta  b ank  u s e  o r  to  a  fu tu re  fo rm  of p ic to r ia l  in fo rm a tio n  s y s te m .

I t i s  o u ts id e  th e  sc o p e  o f th i s  th e s is  to  ex p lo re  th e  d a ta  te ch n iq u es  involved  

in  p ic to r ia l  d a ta  re d u c t io n . T hey  do, h o w ev er, r e p r e s e n t  an  e x ten s io n  of th e  

co n ven tiona l n o n -g ra p h ic  p ro c e s s in g  te ch n iq u es  c o v e re d  in  th is  th e s i s  and  

w ill fo rm  a  b r id g e  b e tw e en  th e  la rg e  m a s s e s  of n u m e r ic a l ly  coded p ic tu re  

in fo rm a tio n  now b ec o m in g  a v a ilab le  and g eo g rap h ic  in fo rm a tio n  s y s te m s  th a t 

w ill b e  d eve loped  h e r e a f te r .  A t th e  m om en t, h o w ev er, th e  te ch n iq u es

1. T om lin so n , R . F . 1972.
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d ev ise d  fo r  n u m e r ic a l d a ta  re d u c t io n  do not allow  a c c u ra te  th e m a tic  in fo rm a - 

tio n  to  be e x t ra c te d  f ro m  th e  n u m e r ic a l p ic to r ia l  d a ta  b a s e , ex c ep t in  c lo se ly  

c o n tro lle d  t e s t  s itu a tio n s  o r  f o r  g ro s s  th e m a tic  o b s e rv a t io n s . In  add itio n , 

th e  g e o m e tr ic  re s t i tu t io n  o f th e  p ic to r ia l  im ag es  d e g ra d e s  th e i r  a l r e a d y  low 

re s o lu t io n  and  f u r th e r  in v a lid a te s  th e m a tic  id e n tif ic a tio n  p r o c e s s e s .

In  th e  m a in , it  can  b e  s a id  th a t th is  a p p ro ac h  to  m a n ip u la tio n  o f raw  n u m e r ic a l 

s p a t ia l  d a ta  d o es  not add  any  s ig n if ic a n t am ount of d a ta  to  g eo g rap h ic  in fo rm a - 

t io n  s y s te m s , b u t th a t i t  i s  an  a p p ro a c h  w hich  m u s t b e  fo llow ed  f u r th e r  a s  

s e n s o r s  a r e  d es ig n e d  to  p ro d u ce  m o re  p r e c i s e ,  h ig h - re s o lu tio n  d a ta  and a s  

c o m p u te r  co n fig u ra tio n s  a r e  deve loped  th a t a r e  am en ab le  to  s u ch  p ro c e s s in g .

O utput D ev ices

O utput d ev ic e s  a r e  th o se  th a t c o n v e rt n o n -g ra p h ic  d a ta  to  a  g ra p h ic  fo rm a t. 

T h e y  ra n g e  f ro m  lin e  p r in t e r s  of a lp h a n u m e ric  sy m b o ls  (o r s p e c ia l  sy m b o ls ), 

th ro u g h  sy m b o l and  lin e  d ra f t in g  m a c h in e s  (p lo t te rs ) ,  to  ca thode r a y  tu b e s  

of v a r io u s  k in d s . T h e re  i s  a  w ide  ra n g e  of "designs and  c a p a b ili t ie s , c o s ts  

and  co n v e n ien ce s  in  th e s e  m a ch in es . A  fu ll  d e s c r ip tio n  of th e  equ ipm en t 

h a s  b ee n  p ro v id e d  b y  R . B oy le1 in  "G eo g rap h ic a l D ata  H and ling". T he 

s p e c t ru m  of c a p a b ili tie s  f o r  p ro d u c in g  m ap s  w ith  th e s e  d ev ic e s  w as  th o ro u g h ly  

d e m o n s tra te d  by  D. E d so n 1 in  th e  s a m e  vo lum e. T h e ir  re v ie w s  w ill  no t b e  

r e p e a te d  h e re ; i t  is  s im p ly  p e r t in e n t to  n o te  th a t th e  d ev ice s  p r e s e n t  no 

c o n s tra in t  on c u r re n t  a b i lity  to  h an d le  s p a tia l  d a ta . Any n o n -g ra p h ic  im ag e  

ca n  b e  re a d i ly  and  e c o n o m ica lly  t r a n s fo rm e d  to  a  g ra p h ic  im a g e , to  any  

d e g re e  of p re c is io n  and  re s o lu t io n  in h e re n t in  th e  n o n -g ra p h ic  d a ta . E ach  

y e a r  su ch  s y s te m s  deve lop  in c r e a s e d  sp eed  of o p e ra t io n , im p ro v e d  re l ia b i l i ty ,  

an d  lo w e r  u n it c o s t. T h is , a t  l e a s t ,  i s  th e  s itu a tio n  in  1974. P e rh a p s  w ith  

th e  ex c ep tio n  of CRT s to ra g e  tu b e s  (w hich m igh t conv en ien tly  b e  som ew hat 

la r g e r ) ,  no s p a t ia l  d a ta  b a s e  h a s  g ra p h ic  fo rm a ts  th a t canno t b e  d isp la y ed  

w ith in  th e  l im i t s  of e x is t in g  d ev ice s . One can , h o w ev er, v is u a l iz e  fu tu re  

d ev e lo p m en ts  in  s p a t ia l  d a ta  s to ra g e  (such  a s  h o lo g ra p h ic  m e m o r ie s ,  o r  

p ic tu r e -p ro c e s s in g  co m p u te rs )  th a t w ould ex c eed  th e  c a p a b ili ty  of e x is tin g  

ou tpu t h a rd w a re . T h is  s ta g e  h a s  n o t y e t b ee n  re a c h e d , and  i t  i s  r e a s o n a b le  

to  s a y  th a t th e  c u r r e n t  ou tpu t equ ipm en t and th e  te ch n iq u es  em p loyed  a r e  

a s  good a s  o r  b e t te r  th a n  c u r r e n t  ca p a b ili ty  f o r  s p a t ia l  d a ta  hand ling .

1. T o m lin so n , R. F . 1972.
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M U L TI-FO R M A T SYSTEM S

A m u l ti- fo rm a t g eo g rap h ic  in fo rm a tio n  s y s te m  is  one th a t a t te m p ts  to  hand le  

m o re  th a n  one fo rm a t  of n o n -g ra p h ic  s p a t ia l  da ta . T h e re  a r e  tw o a s p e c ts  to  

th i s  c a p a b ili ty , e i th e r  o r  bo th  of w hich  m ay  b e  p re s e n t in  a  m u lti- fo rm a t 

s y s te m . T h e  f i r s t  is  th e  a b i li ty  to  a c c e p t and s to r e  d a ta  of d if fe re n t fo rm a ts  

in  th e  b a s ic  f ile  s t r u c tu r e  of th e  s y s te m . T h is  p ro c e s s  i s  c le a r ly  d if fe re n t 

f r o m  th a t of co n v e rtin g  d iffe re n t s o u rc e  d a ta  fo rm a ts  to  a  s in g le  fo rm a t f o r  

s u b se q u en t n o n -g ra p h ic  s to ra g e . T h e  second  a s p e c t i s  th e  ab ility  to  change 

th e  d a ta  s to r e d  in  s in g le  o r  m u ltip le  fo rm a ts  in  th e  f ile  s t r u c tu r e  of the  

s y s te m  to  a l te rn a t iv e  f o rm a ts  fo r  u s e  in  sub seq u en t p ro c e d u re s  of d a ta  

m a n ip u la tio n  o r  d isp la y . T h e s e tw o a s p e c ts  w ill b e  c o n s id e re d  s e p a ra te ly .

T h e  a b i li ty  to  change d a ta  s to r e d  in  a  s in g le  fo rm a t to  a l te rn a t iv e  fo rm a ts  i s  

in c re a s in g ly  com m on  in  g eo g rap h ic  in fo rm a tio n  s y s te m s . T he p u rp o s e s  

b eh in d  su ch  t r a n s fo rm a tio n s  a r e  v a r ie d . A ty p ic a l u se  i s  to  r e d u c e  th e  vo lum e 

of d a ta  th a t m u s t b e  h a n d led  in  su b se q u en t d a ta  m a n ip u la tio n s , o r  s im p ly  to  

p ro v id e  th e  d a ta  in  a  fo rm a t  th a t is  am en ab le  to  c e r ta in  ty p e s  of m an ip u la tio n . 

A n o th er u s e  i s  to  allow  c o m p a ris o n  w ith  d a ta  s e ts  th a t a r e  a v a ila b le  in  th e  

a l te rn a t iv e  fo rm a t .  A s w ith  the  t r a n s i t io n  f ro m  th e  fo rm a t of r e a l - w o r ld  data  

e le m e n ts  to  th e  s to ra g e  fo rm a t, a  change m ay  im p ly  so m e lo s s  of in fo rm a tio n . 

S im ila r ly , th e  lo s s  of in fo rm a tio n  te n d s  to  d e c re a s e  a s  th e  s iz e  of th e  s to ra g e  

e le m e n t d e c re a s e s  in  r e la t io n  to  th e  s iz e  of th e  output e le m e n ts , a s  shown 

in  F ig .  5. 15.

180

F ig . 5. 15. In fo rm a tio n  lo s s  in  r e la t io n  to  s iz e s  of s to ra g e  and ou tpu t 
e le m e n ts .

V e ry  s m a l l  g r id  c e l ls ,  f o r  ex am p le , m ay  b e  g rouped  in to  v e ry  la rg e  i r r e g u la r  

po lygons w ith  a  m in im a l in fo rm a tio n  lo s s  (and w ith  an  a tten d an t re d u c t io n  in  

d a ta  v o lum e). A  po lygon re p re s e n te d  b y  i t s  c e n tro id  c o o rd in a te , on th e  o th e r

S ize  of
s to ra g e  e lem en t

S ize o f ou tpu t e lem en t
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han d , m ay  in c u r  a  s u b s ta n tia l  in fo rm a tio n  lo s s  (although the  in fo rm a tio n  

lo s s  m ay  not b e  of c o n c e rn  to  a  p a r t ic u la r  u s e r ,  and  th e  s ig n ifican t re d u c tio n  

in  d a ta  vo lum e f o r  so m e  m a n ip u la tio n s  m ay  b e  a t t r a c t iv e ) . T he fo llow ing 

d ia g ra m  (F ig . 5. 1 6 .) , w h ich  c lo se ly  fo llow s F ig . 4. 7 b u t w hich  now r e la te s  

s to ra g e  fo rm a t to  ou tpu t f o rm a t ,  show s ty p ic a l tr a n s fo rm a tio n s  w hich  a r e  

c u r r e n t ly  c a r r i e d  out in  v a r io u s  s y s te m s .

F ig . 5 .1 6 . T ra n s fo rm a tio n s  b e tw e en  s to ra g e  an d  ou tput fo rm a ts  
u n d e r ta k e n  b y  ty p ic a l s y s te m s .

T h e  ad v a n tag es  of h an d lin g  re d u c e d  vo lu m es of d a ta  (fo r ex am p le , po lygons 

r e p re s e n te d  a s  c e n tro id s )  can  b e  r e a d i ly  u n d e rs to o d . S im ila r ly , the  

d e s ira b i l i ty  (if no t th e  valid ity ) of chang ing  fo r m a ts  to  allow  c o m p a riso n  w ith  

o th e r  d a ta  s e t s  ca n  b e  a p p re c ia te d . T h e  v a lu e  of chang ing  n o n -g ra p h ic  

s to ra g e  fo rm a ts  to  f a c i l i ta te  s p e c if ic  s p a t ia l  d a ta  m an ip u la tio n s  i s  i l lu s

t r a te d  in  th e  fo llow ing  ex a m p le s .

G iven a  s u r fa c e  d e s c r ib e d  b y  d a ta  e le m e n ts  in  th e  fo rm  of i r r e g u la r  polygons 

w hose  b o u n d a rie s  a r e  is o lin e s , and  g iven  th e  n e e d  to  d e te rm in e  s u r fa c e  s lo p e s , 

i t  i s  th e o re t ic a l ly  p o s s ib le  to  c a lc u la te  th e  s lo p e  d a ta  d ire c t ly  f r o m  the  

is o l in e s ,  b u t on ly  w ith  a  r e la t iv e ly  com plex  a lg o r ith m  w hich  i s  th u s  exp en siv e  

to  u s e . T he po lygon fo rm a t ca n , h o w ev er, b e  changed  to  a  s m a l l  g r id  

fo rm a t f ro m  w hich  s lo p e  d e te rm in a tio n  is  s im p ly  d e r iv e d  b y  co m p arin g  th e  

e lev a tio n  a t  a  g iv en  c e l l  w ith  th a t of th e  su rro u n d in g  c e lls .  D iv ision  by the
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c o n s ta n t s c a le d  d is ta n c e  b etw een  ro w s  and co lum ns g iv es  th e  s lope  g rad ie n t. 

T h e  c e l l  s iz e  ch o sen  is ,  of c o u rs e ,  s ig n if ic a n t, a s  the  c a lcu la tio n  cannot 

ta k e  in to  acco u n t i r r e g u la r i t i e s  th a t m ay  e x is t  w ith in  th e  g r id  c e ll. If the  

c e l ls  a r e  r e la t iv e ly  s m a l l ,  f o r  th e  m a jo r ity  of d ec is io n -m ak in g  p u rp o se s  

th e  r e s u l t s  o b ta in ed  b y  th is  a p p ro ac h  to  s lo p e  ca lc u la tio n  a r e  d ire c tly  

c o m p a ra b le  to  r e s u l t s  f r o m  th e  is o lin e  in te rp re ta tio n  a lg o rith m , and  they  

a r e  s u b s ta n tia lly  e a s i e r  to  a c q u ire .

S im ila r ly , v a lu e s  of i r r e g u la r ly  d is tr ib u te d  po in t d a ta  ca n  b e  u sed  to  c a l - 

c u la te  r e l a te d  v a lu e s  f o r  an  o v e r la y  of s m a l l  g r id  s q u a re s  (as opposed  to  

g ro u p in g  p o in ts  w ith in  g r id  s q u a re s ) .  T he r e s u lt in g  a r r a y  can  be u s e d  in  

d a ta  m a n ip u la tio n s  su c h  a s  d iffu s ion  a n a ly s is  w ith  m uch g r e a te r  effic ien cy  

th a n  d ir e c t  u s e  of th e  po in t d a ta  s e t  (though e r r o r  m ay  b e  in tro d u ced  b y  th e  

a s s u m p tio n s  in h e re n t in  th e  p o in t- to - g r id  tr a n s fo rm a tio n  p ro c e s s ,  and  m ay 

a r i s e  f r o m  th e  o r ig in a l d is tr ib u tio n  of th e  p o in ts).

T he e x a m p le s  g iv en  above m igh t in d ic a te  th a t a  g r id  fo rm a t i s  a  d e s ira b le  

p r im a r y  fo rm a t  f o r  d a ta . In  s o m e  c i rc u m s ta n c e s  i t  i s .  It i s  a lig n ed  to  

m uch  c o m p u te r  a r c h i te c tu r e  (p a r t ic u la r ly  th a t of th e  e a r ly  co m p u te rs ) , and 

ev e n  to  so m e  c o m p u te r  la n g u ag es  (FO RTRA N , fo r  ex am p le , h a s  i t s  ro o ts  

in  m a tr ix  m ethodo logy). H ow ever, i t  m u s t b e  s t r e s s e d  th a t th e  fo rm a t 

change i s ,  to  a  g r e a t  e x ten t, i r r e v e r s ib le .  In  th e  ex am p le  g iven  above , it 

i s  not p o s s ib le  to  r e c a lc u la te  th e  lo c a tio n s  of th e  o r ig in a l po in t d a ta , o r  

to  t r a c e  th e  o r ig in a l po lygona l b o u n d a r ie s  a c c u ra te ly  f ro m  th e  g r id  v a lu es . 

T he a b i li ty  to  change  to  a  g r id  fo rm a t  f o r  so m e m a n ip u la tio n s  i s  c le a r ly  

d e s ira b le .  I t s  v a lue  a s  a  un im o d a l s to ra g e  fo rm a t h a s  to  b e  c o n s id e re d  

w ith  due ca u tio n  and  w ith  a t te n t io n  to  o v e ra l l  r e q u i re m e n ts  f o r  d a ta  

m an ip u la tio n .

In  th e  s a m e  m a n n e r  th a t p o in t and  po lygon d a ta  can  b e  r e la te d  to  g r id s ,  so 

d a ta  f r o m  a l te rn a t iv e  fo rm a ts  can  b e  re la te d  to  l in e  s e g m e n ts . J u s t  a s  th e  

ex a m p le  g iven  above of t r a n s fo rm in g  po in t d a ta  to  g r id s  im p lie d  th e  a s s ig n - 

m e n t of a  w e ig h ted  va lue  to  a  g r id  c e ll ,  so  can  th e  d is ta n c e -o f -p o in t d a ta  

a t t r ib u te s  b e  u s e d  a s  a  w eig h tin g  fa c to r  in  a s s ig n in g  v a lu e s  to  lin e  seg m en t 

d a ta . T h is  a p p ro ac h  ca n , f o r  ex a m p le , in te rn a l ly  s im p lify  th e  a n a ly s is  of 

c o r r id o r s  th ro u g h  lin e  n e tw o rk s . A  r e c e n t s tudy  to  lo c a te  t r a n s m is s io n
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l in e s  c a r r i e d  out f o r  th e  A riz o n a  P u b lic  S e rv ic e1 w eigh ted  d a ta  ite m s  fo r  

r e la t iv e  c o m p a tib ili ty  w ith  tra n s m is s io n  lin e  r o u te s ,  co n s id e r in g  such  

f a c to r s  a s  d is ta n c e  f ro m  h is to r ic  s i te s  (point d a ta ), d is ta n c e  o v e r bad  

g ro u n d  co n d itio n s  (polygon da ta ), and  in te r s e c t io n s  w ith  r a i l r o a d s  (o ther 

l in e  se g m e n t da ta ). T he s tu d y  d e r iv e d  v a lu e s  f o r  each  lin e  seg m e n t b a sed  

on  th is  t r a n s f e r  of va lue  f ro m  one d a ta  fo rm a t to  an o th e r . T he r e s u lt in g  

a n a ly s is  f o r  n e tw o rk  o p tim iz a tio n  w as a  s tr a ig h tfo rw a rd  l in e a r  p ro c e d u re .

J u s t  a s  in  th e  c a se  of g r id  c e lls ,  a l lo ca tio n  of th e  (w eighted) v a lu es  to  th e  

l in e  se g m e n ts  i s  i r r e v e r s ib le .  It is  not p o s s ib le  to  r e c r e a te  th e  s o u rc e  

d a ta  fo r m a t  f r o m  th e  new fo rm a t. H ow ever, th e  b en e fit of th e  cap ab ility  

f o r  fo rm a t  change w ith in  s y s te m s  can  b e  a p p re c ia te d .

A s w a s  no ted  in  C h a p te r  4 , pp . 9 6 -97 , a t  th i s  e a r ly  s ta g e  of deve lopm ent of 

c o m p u te r -a id e d  s y s te m s  f o r  h an d lin g  s p a t ia l  d a ta  th e r e  h a s  b e e n  a  tendency  

to  avo id  th e  c o m p lic a tio n s  of c ro s s - f o r m a t  l in k a g e s  th a t w ould  be re q u ire d  

b y  m u l ti- fo rm a t p r im a r y  s to ra g e ; h en c e , th e  f i le  s t r u c tu r e s  of sy s te m s  

h av e  g e n e ra lly  b ee n  d ev e lo p ed  a ro u n d  a  s in g le  fo rm a t  of s p a tia l  data . T he 

p r e s s u r e s  to  change th is  s ta te  of a f fa i r s  a r e  e a s y  to  u n d e rs ta n d . The r e a l  

w o r ld  ca n  b e  m o re  a c c u ra te ly  d e s c r ib e d  if  a  m ix tu re  of d a ta  fo rm a ts  (po in ts, 

l in e s ,  and  a re a s )  i s  em p lo y ed , an d  ex p lan a tio n s  of th e  in te ra c t io n  of r e a l -  

w o r ld  phen o m en a  f re q u e n tly  invo lve r e a l -w o r ld  d a ta  e le m e n ts  th a t have 

d if fe re n t o p tim a l s to ra g e  f o rm a ts .  T he d es ig n  of s e v e ra l  s y s te m s  obv iously  

r e f l e c t s  a  r e s p o n s e  to  th e s e  p r e s s u r e s .

T h e  F R IS  s y s te m  f r o m  Sw eden, now b e in g  f u r th e r  deve loped  b y  the  

N ORD PLA N 2 agency , h a s  a l te r e d  i t s  p r im a r y  po in t f i le  s t r u c tu r e  so  th a t 

l in e  n e tw o rk s  can  b e  id e n tif ie d  and  m a n ipu la ted . T he poin t d a ta  ap p roach  

i s  s t i l l  u s e d  to  lo c a te  th e  b a s ic  s ta t i s t ic a l  r e c o r d s .  T he po in t-n e tw o rk  

lin k a g e s  h av e  a llo w ed  th e  d eve lopm en t of qu ite  s o p h is tic a te d  m ode ls  fo r  

r e s o u r c e  a llo c a tio n . S im ple f ix e d -so u rc e  d is tr ic t in g  p ro b le m s , su ch  a s  

a llo c a tio n  of s ch o o l b o u n d a r ie s  and t r a v e l- to -w o rk  ca lc u la tio n s , a r e  now 

b e in g  c a r r i e d  out in  ad d itio n  to  m a n ip u la tio n s  o f po in t data .

T h e  DIME3 s y s te m , although  p r im a r i ly  an  ex am p le  of a  lin e  n e tw ork  sy s te m , 

i s  a ls o  an  ex a m p le  of a  m u l ti- fo rm a t s y s te m  th a t a c c e p ts  a r e a l  and  lin e  d a ta

1. D ang erm o n d  1973. 2. P e r s o n a l  com m u n ica tio n , Salom onsson  1973.
3. C o rb e tt and  F a rn s w o r th  1971.
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in to  i t s  p r im a r y  s to ra g e  fo rm a t (hence th e  w o rd  "D ual" in  i t s  ac ro n y m ).

T h e  s y s te m  s t r e s s e s  i t s  c a p a b ili ty  f o r  hand ling  lin e  n e tw o rk s  and  h a s  so m e 

in e f f ic ie n c ie s  in  te r m s  of d e s c r ib in g  com plex  a r e a s ,  b u t n e v e rth e le s s  it 
h an d le s  bo th  fo rm a ts .

San D iego C ounty1 in  C a lifo rn ia  is  in  th e  p ro c e s s  of com bin ing  th e  f i le  

s t r u c tu r e s  o f i t s  c o a rs e  po lygon s y s te m  (a  v e rs io n  of PIOS) and  th e  DIME 

s y s te m . T h e  d e g re e  to  w h ich  th is  h a s  b ee n  s u c c e s s fu l i s  not known.

T h e  CGIS now h a s  th e  a b i li ty  to  a c c e p t d a ta  r e la te d  to  poin t f o rm a ts .  T h is  

i s  a  f a i r ly  r e c e n t  d eve lopm en t2 (1973). It w ould s e e m  to  le a d  th e  w ay  to  

lin k in g  th e  c a p a b ili t ie s  o f CGIS w ith  th e  f i le  so p h is tic a tio n  of GRDSR. A s 

b o th  s y s te m s  h ave b ee n  deve loped  w ith in  th e  sam e  g o v ern m en t, th i s  m a y  

p r e s e n t  an  o p p o rtu n ity  f o r  c o m p le m e n ta ry  deve lopm ent. It i s ,  h o w ev er, 

s ig n if ic a n t to  n o te  th a t th e  CGIS h a s  not a tte m p te d  (and a t th e  t im e  of w r it in g  

h a s  no  p la n s  to  a ttem p t) to  a c q u ire  th e  ab ility  to  s to re  n e tw ork  d a ta  in  i t s  

m a in  f i le  s t r u c tu r e .

U ndoubtedly , th e  a b i li ty  to  s to r e  v a r io u s  d a ta  fo rm a ts  in  th e  p r im a r y  f ile  

s t r u c tu r e  of a  s y s te m  i s  b e in g  co n s id e re d , and  deve lopm ent a lo n g  th e s e  l in e s  

i s  ta k in g  p la c e . E q u a lly , su ch  an  a b i li ty  w ould b e  d e s ira b le . C o n s id e ra tio n  

of th e  f i le  s t r u c tu r e s  of th e  ty p ic a l  s y s te m  d e sc r ib e d  in  th is  th e s i s ,  h o w ev er, 

d o es  no t le a d  to  th e  co n c lu sio n  th a t m od ifica tio n  o r  m e rg in g  of e x is tin g  

d e s ig n s  w ill b e  an  e a s y  p r o c e s s  o r  w ill le a d  to  e ffic ien t p ro c e s s in g . It i s  

p ro b a b le  th a t e ffic ien t f i le  s t r u c tu r e s  f o r  m u lti-m o d a l inpu t w ill h av e  to  b e  

d es ig n e d  w ith  th e  m ix tu re  of d a ta  fo rm a ts  e x p lic itly  p re d e te rm in e d .

SUMMARY

T h is  c h a p te r  h a s  fo c u s s e d  on th e  s ta tu s  of tech n iq u es  u n d e r d eve lopm en t f o r  

th e  n o n -g ra p h ic  s to ra g e  and  c o m p u te r -a id e d  m an ipu la tion  of s p a t ia l  d a ta .

T h e  i r r e g u la r  polygon c a te g o ry  of s y s te m s  f o r  hand ling  s p a tia l  d a ta  w as 

ex a m in e d  and  i t s  c h a ra c te r is t ic s  i l lu s t r a te d  w ith  sp e c if ic  e x a m p les . T he 

c o m p u te r -a id e d  p ro c e s s e s  w e re  co m p a re d  w ith  equ ivalen t m anual p ro c e s s e s .  

T h e  t r e n d s  in  the  d eve lopm en t of d ig itiz a tio n  te ch n iq u es , in te ra c t iv e  m a n i- 

p u la tio n  of th e  d a t a b a s e ,  ou tput d ev ice s , and  m u lti- fo rm a t s y s te m s  w e re  

a l s o  ex a m in ed , and  th e i r  p o te n tia l co n trib u tio n  to  p ro c e s s e s  f o r  hand ling

1. P e r s o n a l  com m u n ica tio n , T ay l o r  1973. 2. P e r s o n a l  co m m un ica tion ,
S w itz e r , W. 1973.
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s p a t ia l  d a ta  w a s  co n s id e re d . S ev e ra l co n c lu s io n s  can  b e  d raw n  f ro m  the  

ev id en ce  p re s e n te d .

T h e  te c h n iq u e s  of g ra p h ic  to  n o n -g ra p h ic  co n v e rs io n  th a t w e re  no ted  to  be 

m a jo r  c o n s tr a in ts  on c u r r e n t  s y s te m s  re m a in  a s  c o n s tra in ts  on s y s te m s  

u n d e r  dev e lo p m en t. D ang erm o n d 's1 g ra p h ic  d e s c r ip tio n  of th e  d iff icu ltie s  

of d ig i tiz a tio n  en c o u n te re d  in  the  r e la t iv e ly  advanced  P IO S  s y s te m  w as 

p re s e n te d . O nly  w hen  m o re  advanced  d ig itiz a tio n  te ch n iq u es  a r e  em ployed , 

su ch  a s  u s e  of th e  d ru m  s c a n n e r  b y  CGIS, a r e  the  o v e ra l l  c o s ts  o f co m p u te r 

te c h n iq u e s  lo w e re d  to  ac c e p ta b le  le v e ls  in  co m p a riso n  w ith  th o se  of even  

m e d iu m - to  h ig h - le v e l m an u a l p ro c e s s e s .  T h is  c o m p a riso n  w as  c le a r ly  

show n in  th e  CGIS c o s t a n a ly s is .  T h e  c o n s tra in ts , h o w ev er, a r e  be in g  

re m o v ed . S peeds of d ig itiz in g  20 to  30 tim e s  f a s te r  th a n  c u r re n t  m ethods 

c a n  b e  r e a s o n a b ly  ex p e c ted . T h is , coup led  w ith  th e  adven t of s u b s ta n tia l  

v o lu m es  of n u m e r ic a l  d a ta  d ire c t ly  d e r iv e d  f ro m  s u rv e y  p r o c e s s e s  (such  

a s  E R T S -A  d a ta ) , can  b e  p re d ic te d  to  r e s u l t  in  g r e a t e r  vo lu m es of m e tr ic a l ly  

coded  n o n -g ra p h ic  s p a t ia l  d a ta  in  th e  f o re s e e a b le  fu tu re .

T he p ro s p e c t  o f in c re a s in g  vo lum es of n o n -g ra p h ic  d a ta , bo th  b y  im p ro v e d  

d ig itiz in g  o r  d if fe re n t g a th e r in g  te ch n iq u es  and  b y  th e  u s e  of h ig h -o rd e r  

d a ta  f o rm a ts  su c h  a s  i r r e g u la r  po lygons (o r lo w -o rd e r ,  h ig h -v o lu m e d a ta  

f o rm a ts  su ch  a s  g r id s ) ,  b r in g s  w ith  i t  th e  p ro b le m  th a t th e  p ro c e s s in g  

c a p a c i t ie s  of c o m p u te rs  m ay  b e  exceeded . A lre a d y  (in CGIS) i t  can  b e  no ted  

th a t so m e  p ro c e s s in g  te ch n iq u es  (sec tion ing) w e re  d e te rm in e d  b y  co m p u te r 

p ro c e s s in g  c a p a c ity  and  th a t th e  f i le  s t r u c tu r e  (fram e s)  w as  d e te rm in e d  by  

a n t ic ip a te d  d a ta  v o lu m es  (ov erlay s) r e la te d  to  co m p u te r  p ro c e s s in g  cap ac ity . 

T h is  is  n o t a  fu n c tio n  of s to ra g e  c a p a c ity  of a  c o m p u te r  (w hich i s  p ra c t ic a l ly  

in f in ite ) , b u t o f th e  a c c e s s  t im e  to  th e  v a r io u s  fo rm s  of s to ra g e . A s p re s e n t 

c o m p u te rs  a r e  a p p a re n tly  ap p ro ac h in g  the  th e o re t ic a l  l im i t s  o f e l e c t r o - 

m e c h a n ic a l s to r a g e ,  a  new a p p ro ac h  to  co m p u te r m e m o ry  (o p tica l s to ra g e , 

h o lo g ra p h ic  m e m o rie s )  m ay  have to  b e  im p lem en ted  to  rem o v e  th is  co n - 

s t r a in t .  T h is  f a c to r  does  n o t in h ib it th e  u se  of c u r r e n t  s y s te m s  o r  s e r io u s ly  

in flu en ce  th o s e  u n d e r  deve lopm en t, b u t it w ill h ave  s ig n if ican t im p ac t if  n on - 

g rap h ic  d a ta  v o lu m es  a r e  in c re a s e d ,  and  th e r e  is  e v e ry  in d ica tio n  th a t th e y  

w ill  b e .

1. See q u o ta tio n  on pp. 169-170 in  th e  te x t above f ro m  D angerm ond  1971.
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In  c o n tr a s t  to  th e  l im ita tio n s  im p o se d  by  th e  t r a n s fo rm a tio n  of d a ta  to  n on - 

g ra p h ic  f o rm a ts  and  th e  p o te n tia l c o n s tra in ts  of co m p u te r  p ro c e s s in g  sp eed , 

th e r e  is  a  s ig n if ic a n t u n d e r-u s e  of the  a rc h i te c tu re  of c u r re n t  c o m p u te rs  by  

ev e n  th e  m o s t advanced  s p a tia l  d a ta  hand ling  s y s te m s . I t is  not n e c e s s a r i ly  

tr u e  th a t th e  m o s t com p lex  f ile  s t r u c tu r e  i s  th e  m o s t e ffic ien t, b u t th e  f i le  

s t r u c t u r e s  em p loyed  by  th e  s y s te m s  u n d e r d eve lopm en t a r e  e x tre m e ly  

s tr a ig h tfo rw a rd .  T h e se  c o n s id e ra tio n s  le a d  to  th e  g e n e ra l o b s e rv a t io n  th a t 

th e  g r e a t  m a jo r i ty  of c o m p u te r-a id e d  s y s te m s  in  any s ta te  of d eve lopm en t 

h av e  b e e n  d es ig n e d  in  the  ab sen ce  of re q u ire m e n ts  to  m a n ip u la te  d a ta  in  a  

s o p h is tic a te d  m a n n e r . T he only  s y s te m s  th a t a r e  d es ig n e d  to  o p e ra te  in  a  

u s e r  en v iro n m e n t, u n d e r  th e  co n tro l of a  s y s te m  m o n ito r  and  w ith  a  s u ite  of 

co m m an d s  to  g e n e ra te  d a ta  m a n ip u la tio n s , a r e  th e  CGIS and INSIGHT. 

N e ith e r  of th e s e  s y s te m s  could  b e  c o n s id e re d  to  have  u sed  th e  fu ll  c a p a c ity  

of p r e s e n t -d a y  c o m p u te rs  f o r  th e i r  f i le  s t r u c tu r e s .  T h e  su ite  of CGIS 

c o m m an d s  is  l im ite d , in  any s e n s e  of in te r ro g a tiv e  s p a t ia l  a n a ly s is , and  th e  

INSIGHT f i l e  s t r u c tu r e  f a c i l i ta te s  re a d in g  and  b ro w sin g  r a th e r  th a n  any  

su b s ta n tiv e  m an ip u la tio n . N e ith e r i s  lin k ed  to  any  fo rm  of s p a tia l  a n a ly s is  

p r o g r a m  o r  s e t  of p ro c e d u re s  th a t r e q u ire  co m p lex  d a ta  m a n ip u la tio n s .

I t i s  c l e a r  th a t  fu tu re  s y s te m  deve lopm ent w ill n ee d  g r e a t e r  in te ra c t io n  and 

d ire c t io n  f r o m  s y s te m  u s e r s .  A s s p a t ia l  d a ta  vo lu m es in c r e a s e ,  and  if 

th e s e  d a ta  a r e  to  b e  m an ip u la ted  by  co m p u te r , an  in c r e a s e  can  b e  ex p e c ted  

in  th e  r e q u ir e m e n ts  f o r  s p a tia l  a n a ly s is  of th e  d a ta  in  a  n o n -v is u a l m a n n e r  

and  fo r  co m b in ed  v is u a l and  n o n -v is u a l ( in te rac tiv e ) a n a ly s is . C e r ta in ly , 

if  im p ro v e m e n ts  a r e  to  b e  m ade in  s y s te m s  u n d e r  d eve lopm en t, th e y  can  

m o s t b e n e f ic ia lly  b e  ap p lied  to  th e se  p ro c e s s e s .  T h e  re la tio n sh ip  b e tw e en  

d a ta  a v a i la b i l i ty ,  d a ta  h and ling  ca p ab ility , and  u s e r  re q u ire m e n ts  w ill  b e  

ex a m in e d  in  th e  fo llow ing  c h a p te rs .
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C H A PTE R  6 - ANALYSIS O F SPA TIA L DATA HANDLING CA PA BILITY  
IN TE R M S O F DATA CHARACTER AND AVAILABILITY:
A FRAM EW ORK FOR DESCRIPTION O F GEOGRAPHIC 
INFORM ATION SYSTEMS

T he tw o p re v io u s  c h a p te r s  h ave  exam ined  th e  s ta tu s  of e x is t in g  c o m p u te r -  

a id ed  te ch n iq u es  f o r  h an d lin g  s p a tia l  d a ta . The p u rp o se  of th is  c h a p te r  is  

to  id e n tify  th e  co n tr ib u tio n  of th e  v a r io u s  te ch n iq u es  to  o u r  o v e ra l l  a b i lity  

to  han d le  s p a t ia l  d a ta . A te n ta t iv e  f ra m e w o rk  is  p ro v id e d  w ith in  w h ich  

s p a tia l  d a ta  h an d lin g  s y s te m s  can  b e  lo c a ted  and  th e i r  r e la tiv e  c a p a b ili t ie s  

u n d e rs to o d . B y  e x te n s io n , i t  can  a ls o  be  u sed  to  in tro d u ce  th e  r e la tio n sh ip s  

b e tw e en  h an d lin g  c a p a b ili ty  and  th e  re q u ire m e n ts  of th e  u s e r .

ANALYSIS O F FRAM EW ORK

F ro m  th e  s tan d p o in t o f th e s e  s y s te m s , s p a tia l  d a ta  can  be c h a ra c te r iz e d  

by  th e  n a tu re  of th e  lo c a tio n  id e n tif ie r  u sed , and th e  vo lum e (n u m b er of 

p ieces) of d a ta  c a r r i e d  in  c o n c e r t  w ith  any  one s e t  of lo c a tio n  id e n tif ie r s . 

L oca tion  id e n tif i e r s  r a n g e  f ro m  th e  m o s t e le m e n ta ry  fo rm  of e x te rn a l 

indexes  to  e x p lic i t  b o u n d a ry  defin itio n  on the  s u r fa c e  of th e  e a r th ,  w ith  a 

p o s itio n a l a c c u ra c y  o f p lu s  o r  m inus h a lf  th e  w id th  of th e  lin e . T h e  vo lum e 

of d a ta  v a r ie s  in  s c a le  f ro m  one o r  tw o p ie c e s  of d a ta  p e r  lo c a tio n  id e n tif ie r  

to  la rg e  am o u n ts  up to  50 ,000  p ie c e s  of d a ta  p e r  lo c a tio n  id e n tif ie r ,  a r ra n g e d  

in  o v e rlap p in g  c a te g o r ie s .  T he th i rd  b a s ic  v a r ia b le  of a  s p a tia l  d a ta  hand ling  

s y s te m  is  th e  ra n g e  of c a p a b ili t ie s  fo r  m anipu la tion ; i t  ex ten d s  f ro m  e le m e n - 

ta r y  fo rm s  of r e t r i e v a l  up to  com plex  d a ta  hand ling  o p e ra tio n s  u n d e r the  

c o n tro l o f a  s y s te m  m o n ito r .

T h e se  th r e e  v a r ia b le s  ( lo c a tio n  id e n tif ie r ,  d a ta  vo lum e, and m a n ip u la tio n  

fac ili ty )  can  b e  thou g h t of a s  th re e  ax e s  of a  cube (F ig . 6. 1) w ith in  w hich  

th e  s y s te m s  d e s c r ib e d  in  C h a p te rs  4 and  5 can  b e  lo c a ted . T he u s e  o f th e  

d iagonal ax is  of th e  cube a s  a  v e c to r  of po te n tia l f i l e - s t r u c tu r e  c a p a b ili ty  

w ill b e  ex a m in ed  l a t e r  in  th e  c h a p te r .

I t m u s t be e m p h a s iz e d  th a t th e  v a lu es  of th e  v a r ia b le s  a long  each  ax is  a r e  

e s s e n t ia l ly  a r b i t r a r y ,  and  th e i r  r e la t iv e  p o s itio n s  a r e  u se fu l only  a s  g e n e ra l 

in d ic a to rs  of s y s te m  c h a ra c te r is t ic s .  T he p ro g re s s io n  a lo n g  e a ch  ax is  is  

c e r ta in ly  n o t l in e a r ,  and  in  a t le a s t  tw o c a s e s  ten d s  to  b e  lo g a r ith m ic , a s

1. A " s p a t ia l  d a ta  h an d lin g  s y s te m "  in  th is  s en se  i s  ta k en  to  be  a  s e t  of one 
o r  m o re  c o m p u te r -a id e d  te ch n iq u es  th a t can  re a d , s to r e ,  m a n ip u la te , and  
d isp la y  s p a t ia l  d a ta .
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w ill  be show n. T h e re  a r e  d is c o n tin u itie s  in  the  s e r ie s  of v a lu e s  and , h en ce , 

im p lic it  s te p s  in  the  s c a le s .  In  s h o r t ,  th e  in te rn a l  sp a c e  of th e  cube  is  

n o t s im p ly  defined , and  s y s te m s  canno t b e  p r e c is e ly  lo c a te d  w ith in  i t .  As 

m o re  in fo rm a tio n  b ec o m es  av a ila b le  abou t v a r io u s  s y s te m s , i t  m ay  be 

p o s s ib le  and w orthw hile  to  r e g ro u p  o r  re f in e  th e  v a lu es . T h e  a p p ro a c h  is  

p ro v id e d  h e re  only  a s  a  conven ien t f ra m e w o rk  fo r  d is c u s s io n  of s y s te m  

c h a r a c te r is t ic s .

F ig . 6. 1. A xes o f d e s c r ip tiv e  f ra m e w o rk .

T he ra n g e  of v a lu es  a lo n g  e a ch  a x is  w ill  b e  exam ined  b r ie f ly  below . T h e r e - 

a f te r ,  th e  v a r io u s  s y s te m s  w ill  b e  lo c a te d  w ith  r e f e r e n c e  to  th e  a x e s  and  

th e i r  r e la t iv e  c h a ra c te r is t ic s  w ill b e  d is c u s s e d .

L o c a tio n  Id e n tif ie rs

T he v a r io u s  ap p ro a c h e s  u s e d  to  define  and  code the  lo c a tio n  of s p a t ia l  d a ta  

w e re  d is c u s s e d  in  so m e d e ta il  a t th e  beg in n in g  of C h ap te r 4. T o  s u m m a riz e  

and  s im p lify  th a t d is c u s s io n , th e r e  a r e  e s s e n t ia l ly  th r e e  c a te g o r ie s  of 

m e th o d s fo r  id e n tify ing  lo c a tio n . A r ra n g e d  in  ascen d in g  o rd e r  of. re s o lu t io n , 

th e  f i r s t  c a te g o ry  g ives  a  nam e to  th e  lo c a tio n  of th e  d a ta  e le m e n t w ithout 

o th e rw ise  defin ing  i t s  p o s itio n , th e  seco n d  d e s c r ib e s  th e  r e la t iv e  lo c a tio n  

of d a ta  e le m e n ts , and  th e  th i r d ,  u s in g  v a r io u s  le v e ls  of p re c is io n , de fin es  

th e  lo c a tio n  of th e  b o u n d a ry 1 o f th e  d a ta  e lem en t. T he s e r ie s  of lo c a tio n  

id e n tif ie r s ,  w ith  e x a m p les  of th e i r  a p p lica tio n , is  i l lu s tr a te d  in  F ig . 6. 2.

1. A ll r e a l -w o r ld  e le m e n ts  of s p a t ia l  d a ta  h ave  b o u n d a rie s . P o in ts  a r e  
r e g a rd e d  a s  d a ta  e le m e n ts  w ith  b o u n d a rie s  b u t no s ig n if ican t d im e n s io n s , 
l in e s  a s  d a ta  e le m e n ts  w ith  b o u n d a rie s  b u t no s ig n if ican t d im en s io n  in  
one d ire c tio n , and  a r e a s  a s  bounded d a ta  e le m e n ts  w ith  tw o d im en s io n s .

L ocation
id e n tif ie r

1 8 8



T y p ic a l  s y s te m s

CGIS

CANADIAN HYD RO GRA PH IC 

AUTOM AP

PIO S , M A P /M O D E L , GIMMS, NRIS 

D IM E , O EM , N O R D PL A N , SACS

SYMAP
MINNESOTA
LUNR

GRDSR
F R IS

A DM INISTRATIVE DATA 

CENSUS

F ig . 6. 2. L oca tion  id e n tif ie rs  w ith  r e la te d  d a ta  s e ts .

T h e  s im p le s t  c a te g o ry  of lo c a tio n  id e n tif ie r s  i s  th e  e x te rn a l  index , a  

n o m in a l code th a t id e n tif ie s  d a ta  a s  be lon g in g  to  a  p a r t ic u l a r  g eo g rap h ic  

a r e a  o r  lo c a tio n . T h e  v alue  does not convey re la t iv e  lo c a tio n , w hich  in 

th i s  c a s e  m u s t be d e te rm in e d  by  r e f e r e n c e  to  an  e x te rn a l  m e tr ic  index , 

ty p ic a l ly  a  m ap. W ith in  th is  c a te g o ry  i t  i s  p o s s ib le  to  re c o g n iz e  a  h ie r a r c h y  

of n a m e s  r e f e r r in g  to  d e c re a s in g  s iz e s  of d a ta  e le m e n t (and h en ce  in c re a s in g  

re s o lu t io n  of lo c a tio n ), fo r  exam p le: w o rld , co u n try , p ro v in c e ,  county , 

p o s ta l  zone , s t r e e t  n am e , and s t r e e t  a d d re s s .  P ro b a b ly  the  o v erw h elm in g  

p ro p o r tio n  of n o n -m a p p ed  d a ta  w ith  any  lo c a tio n a l id e n tif ie r  to d a y  u s e s  th is  

d e s c r ip tiv e  m ethod . M ost tr a d i t io n a l  c e n su s  and  a d m in is tr a tiv e  d a ta , fo r  

ex a m p le , a r e  coded on ly  by  th is  m ethod.

T h e  seco n d  c a te g o ry  c o n s is ts  of id e n tif ie r s  th a t convey  th e  r e la t iv e  lo c a tio n

L o c a tio n  id e n t i f ie r s

Simple grid
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o f th e  d a ta  e le m e n ts , b u t do no t define th e  po sitio n  of th e i r  b oundary . A  ty p ic a l

ex am p le  of th is  c a te g o ry  i s  po in t c o o rd in a te s  th a t r e p r e s e n t  the  lo c a tio n  of

o th e rw ise  u n sp ec ified  a r e a s ,  a s  in  GRDSR1 and FR IS2. A n o ther ex am p le  is  

th e  DIME3 s y s te m , w hich  p ro v id e s  a  to p o lo g ica lly  r ig o ro u s  co n n e c tiv ity  code 

fo r  c i ty  s t r e e t s  w ithou t n e c e s s a r i ly  m apping  th e  r e s u lt in g  n e tw ork  in  sp ace .

T h is  l a s t  ex am p le  i l lu s t r a t e s  one of th e  d iff ic u ltie s  in  ab so lu te  a llo c a tio n  of 

s y s te m s  to  c a te g o r ie s . In  th e  DIM E s y s te m , co o rd in a te  v a lu es  ca n  b e  added 

to  i t s  n e tw o rk  n o d es , and  h en ce  i t  can  b e  re g a rd e d  a s  a  h ig h e r -o rd e r  s y s te m  

(se e  F ig . 6. 2). A lso , s e v e r a l  h ig h e r - o rd e r  s y s te m s  have th e  ab ility  to  

change th e  d a ta  fo rm a t. Such ch an g es  a r e  f re q u e n tly  m ade to  lo w e r -o r d e r  

lo c a tio n  id e n tif ie r s ,  and  w hen o p e ra t in g  in  th a t m ode th e  s y s te m s  m igh t be 

c o n s id e re d  to  be of a  lo w e r  o rd e r .  In  g e n e ra l,  h ow ever, s y s te m s  a r e  a l lo - 

c a te d  to  th e  c a te g o ry  th a t r e p r e s e n t s  th e  h ig h e st function  th e y  can  c a r r y  out.

T h e  th i r d  c a te g o ry  of lo c a tio n  id e n tif ie r s  c o m p ris e s  th o se  u sed  in  s y s te m s

w h e re  th e  p o s itio n  of th e  b o u n d ary  of th e  d a ta  e le m e n t is  im p lic itly  o r  

e x p lic i tly  known.4 T h e  lo w es t o r d e r  w ith in  th is  c a te g o ry  u s e s  c e lls  in  a  

s im p le  g r id  w hose  o r ig in  i s  m e tr ic a l ly  defined . T h e  r e s u lt in g  lo c a tio n a l 

co d e s  m ay  b e  m e tr ic  (c e l l  c e n tro id  c o o rd in a te s , f o r  exam ple) o r  to p o lo g ica l 

(such  a s  c e ll  s eq u en ce  n u m b e rs ) . H ow ever, th e  e s s e n t ia l  c h a ra c te r is t ic  

i s  th a t th e  lo c a tio n  of th e  a c tu a l b o u n d ary  of the  c e l l  is  (im p lic itly ) known to  

th e  s y s te m , w ithou t b e in g  fu r th e r  (exp lic itly ) defined  by  a l l c o rn e r  p o in ts  o r  

by  a  s t r in g  of c o o rd in a te s  of th e  b o u n d ary  l in e s . T h e re  is  a  fin e  d is tin c tio n  

in  lo c a tio n a l p re c is io n  b e tw e en  u se  of c e n tro id  c o o rd in a te s  of undefined  a r e a s ,  

a s  in  GRDSR, and the  g ro u p in g  of d a ta  e le m e n ts  of o th e rw ise  u n sp ec ified  

lo c a tio n  in  la r g e  g r id  c e l ls ,  a s  in  LUNR.5 T h e  im p lic it defin ition  of a  

b o u n d ary  be tw een  s e ts  of d a ta  b y  th e  g r id  c e l l  m ethod  d o es , h ow ever, p la ce  

i t  in  th e  lo w es t o rd e r  of th e  th i r d  ca teg o ry . W ith in  th is  g r id  c e ll  su b -  

c a te g o ry  th e r e  a p p e a rs  to  e x is t  a  h ie r a r c h y  of v a lu e s , ran g in g  f ro m  la rg e  

to  s m a l l  c e l l  s iz e  (in r e la t io n  to  th e  s iz e  and r e g u la r i ty  of d is tr ib u tio n  of 

s o u rc e  d a ta  e le m e n ts ) , th a t i s ,  f ro m  T ype 1 a r b i t r a r y  re g u la r - a r e a  s y s te m s 6 

su ch  a s  LUNR to  T ype 2 a r b i t r a r y  r e g u la r - a r e a  s y s te m s 6 su ch  a s  SYMAP.7

1. S ta t is t ic s  C anada 1972a, 1972b; s e e  a lso  C h ap te r 4, p p . l l  1-115. 2. A lfre d sso n  
e t a l. 1970, M elander e t  a l. 1971. 3. C o rb e tt and  F a rn s w o r th  1971; s e e  a lso
C h ap te r  4 , pp .116-122. 4 .  "Known" in  th i s  s e n s e  m ean s  th a t th e  bou n d ary  p r o - 
p e r t ie s  c o n c e rn ed  a r e  r e c o rd e d  in  th e  s to ra g e  of the  d a ta  hand ling  s y s te m  and 
a r e  th u s  known to  th e  s y s te m . 5. H a rd y  e t a l. 1971a; s e e  a lso  C h ap te r 4, pp. 
9 9 -1 0 3 . 6. A s defined  in  C h ap te r 4 , p .98 . 7. H a rv a rd  U n iv e rs ity  1968; s e e  a lso  
C h a p te r  4 , pp. 105-109.

190



E x p lic it b o u n d a rie s  of d a ta  e le m e n ts  fo rm  th e  h ig h e r  o r d e r s  of th e  ca teg o ry .

L in e s  d e s c r ib e d  b y  w id e ly  sp a c e d  no d a l p o in ts  m ay  be thought of a s  s im p le

( lo w e r-o rd e r )  ex a m p le s  of ex p lic it b o u n d a rie s . T he h ie ra rc h y  ex ten d s  upw ards

a s  th e  r e s o lu t io n  o f th e  im a g e  d e s c r ip tio n  in c r e a s e s ,  a s ,  fo r  ex am p le , w hen

th e  n u m b e r of p o in ts  u s e d  to  d e s c r ib e  a  lin e  in c re a s e s .  B ec au se  lo c a tio n

id e n tif ie r s  can  b e  u sed  f o r  v a r io u s  ty p e s  of d a ta  e lem en t (po in ts, l in e s ,  a re a s )

w ith in  one s y s te m , it  i s  d iff icu lt to  a l lo c a te  s y s te m s  ab so lu te ly  to  c a te g o r ie s ,

b u t a llo c a tio n  of s y s te m s  i s  g e n e ra lly  b a s e d  on the  le v e l of lo c a tio n  id e n tif ie r

u s e d  to  define  i t s  m o s t com p lex  d a ta  e lem en t. T y p ica l of th e  s im p le s t  fo rm

of e x p lic it b o u n d a ry  id e n tif ie r s  a r e  th o se  u sed  in  th e  DIM E, OEM , 1
 

N ORD PLA N,2 and  SACS3 n e tw o rk  s y s te m s . H igher in  lo c a tio n a l p re c is io n

b u t s t i l l  a t  th e  " c o a r s e  polygon" le v e l a r e  th e  GIM M S,4 PIO S, 5 M A P/M O D EL,6

and NRIS7 s y s te m s . A UTOM AP8 an d  th e  C anad ian  H yd ro g rap h ic  S ystem 9

a tte m p t to  define  t h e i r  b o u n d a r ie s  w ith  g r e a te r  p re c is io n . T y p ic a l of th e

h ig h e r -o rd e r  s y s te m s  i s  C G IS ,10 w h ich  lo c a te s  a l l  b o u n d a rie s  w ith  an  e r r o r

o f l e s s  th a n  h a lf  th e  w id th  of th e  o r ig in a l line .

T h e  sp a c in g  of th e  c a te g o r ie s  and  s u b c a te g o r ie s  along th e  ax is  i l lu s tr a te d  

in  F ig . 6. 2 i s  c o m p le te ly  su b je c tiv e , but i t  i s  s tra ig h tfo rw a rd , and  r e c o g - 

n iz e s  th e  a s c e n d in g  o r d e r  of re s o lu t io n  of lo c a tio n a l id e n tif ic a tio n  in  the  

d iffe re n t c a te g o r ie s . T h e  lo w e r  h a lf  of th e  ax is  i s  occup ied  b y  tech n iq u es  

th a t do not e x p lic i tly  define  th e  p o s itio n  of th e  r e a l -w o r ld  d a ta  e le m e n t, but 

u s e  so m e  s u r ro g a te .  11 T h is  lo w e r  p a r t  of th e  ax is  is  a r b i t r a r i l y  subd iv ided  

in to  th r e e  eq u a l p a r t s ,  e a ch  re p re s e n t in g  a  m o re  p r e c i s e  m ethod  w ith in  th is  

ap p ro a c h  to  lo c a tio n  id e n tif ic a tio n ; w ith in  e a ch  su b d iv is io n , an  a scen d in g  

o r d e r  of lo c a tio n a l re s o lu t io n  i s  a s su m e d . T he u p p er h a lf  o f th e  ax is  is  

occu p ied  b y  te ch n iq u es  th a t m ake  an  a ttem p t to  define the  p o s itio n  of the  

b o u n d a rie s  of th e  r e a l -w o r ld  d a ta  e le m e n ts  in  sp ace . A gain , an  a scen d in g  

o rd e r  of lo c a tio n a l re s o lu t io n  i s  a s s u m e d  w ith in  th e  e n t ir e  su b ca teg o ry . The 

re la t iv e  r e s o lu t io n  of lo c a tio n  id e n tif ie r s  u s e d  in  the  d iffe re n t s y s te m s  can  

be  id e n tif ie d  re a s o n a b ly  c le a r ly  f r o m  th is  a r ra n g e m e n t along th e  a x is .

I . O b se rv a to ire  É conom ique Méd i t e r r a n éen  1971. 2. P e r s o n a l  com m un ication ,
S alom onsson  1973. 3. C a lk in s  1967, B a rb  1968. 4. W augh 1972. 5. D an g e r-
m ond 1971; s e e  a ls o  C h a p te r  5 , pp. 145-152. 6. A rm s  1967, 1968, 1969, 1970.
7. B oeing  1972a, 1972b. 8. S chm id t, W. 1969; se e  a lso  C h ap te r 4 , pp. 122-126.
9. B oy le 1970a, 1971. 10. T o m lin so n , R . F . 1967; s e e  a ls o  A ppendix.
11. A p o s s ib le  ex c ep tio n  i s  th a t so m e r e a l -w o r ld  d a ta  e le m e n ts  m ay  a c tu a lly  
have th e  f o r m  o f g r id s ,  and  m ay  b e  r e p re s e n te d  by  a  g r id .
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F ig . 6. 3. C a te g o r ie s  of vo lum e of r e la te d  d a ta  w ith  ex a m p le s  of 
ty p ic a l s y s te m s .

In  th e  i l lu s tr a t io n ,  s ix  c a te g o r ie s  have b ee n  iden tif ied . A t th e  lo w er (left) end 

o f th e  ax is  th e r e  a r e  tw o c le a r ly  d is tin g u ish ed  c a te g o r ie s . F a r th e r  alo ng the 

ax is  th e  p ic tu re  i s  l e s s  c le a r ,  bo th  a s  to  s ig n ifican t g ro u p in g s  and  a s  to  the
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C A N .H Y D R O  P I O S  L U N R

S Y M A P  M A P/M C D E L  F R I S  C G IS  SA C S  G R D S R  W W W

A U T O M A P  M IN N  D IM E  C E N S U S

T y p i c a l
e x a m p l e s

N u m b e r  o f  p i e c e s  
o f  d a t a  a t  a n y  o n e  
lo c a t i o n

Volume of Related Data The 

s e c o n d  v a r i a b le  o f  s p a t ia l  d a ta  h a n d l in g  s y s te m s  is  th e  v o lu m e  o f  p i e c e s  

o f  r e l a te d  d a ta  th a t  c a n  b e  c a r r ie d  a t  a n y  o n e  lo c a t io n  w i th in  o n e  s e t  

o f  l o c a t i o n  id e n t i f i e r s .  T h i s  v a r ia b l e  i s  th e  s e c o n d  a x i s  o f  th e  r e c o r d  

plane (the other axis being that of the location identifier).

T h e  u n it  o f  m e a s u re m e n t o f  v o lu m e  is  im p o r ta n t, b e c a u s e  th e re  is  a  d i f f e re n c e  

b e tw e e n  b in a ry  b its  o f  s to ra g e , w h ic h  re p re s e n t th e -m o s t e f f ic ie n t fo rm  o f  

c o m p a c tio n  a n d  h e n c e  th e  tru e  v a lu e  o f  d a ta  v o lu m e  th a t h a s  to  b e  h a n d le d  b y  

a n y  s y s te m , a n d  p ie c e s  o f  d a ta ,  w h ic h  a re  r e c o g n iz a b le  e le m e n ts  o f  r e a l-  

w o r ld  d a ta . T h e  re la t io n s h ip  b e tw e e n  th e  tw o  is  s tr a ig h tfo rw a rd  a n d  c a n  b e  

e x p re s s e d  a s  th e  to ta l  n u m b e r  o f  c la s s if ic a t io n s  o r  g ro u p in g s  u s e d  (o r  a t  le a s t  

th e  n e x t h ig h e s t b in a ry  n u m b e r  th a t w ill  h o ld  th a t n u m b e r  o f  c la s s if ic a tio n s )  

fo r  eac h  ca teg o ry  o r p iec e  o f d a ta  o r d a ta  e lem en t, th a t is :     

 Category n  ∑   C lassification  G roups =  M agnitude of B its of D ata 
                     

 Category 1 W ith  th e  re la t io n sh ip  e x p re sse d , p ie c e s  c a n  b e  u se d  a s  th e  u n its  to  

s u b d iv id e  th e  a x is  r e p r e s e n t in g  th e  v o lu m e  o f  r e la te d  d a ta ,  b e c a u s e  th e  

re la tionsh ip  be tw een  p ieces o f da ta  and  the  con ten t o f ac tua l system s is  considerab ly  

ea sie r to  understand . T he su b d iv is io n  o f th e  ax is  is  illu stra ted  in  F ig . 6 . 3 .



ex a c t d a ta  co n ten t of any  one s y s te m . In th is  p a r t  of th e  a x is , o v e rlap p in g  

ra n g e s  h ave  b e e n  u sed  to  d is tin g u ish  s m a l l ,  m ed ium , la r g e ,  and  v e ry  la rg e  

v o lu m es  o f r e la te d  d a ta . T he p ro g re s s io n  i s  c e r ta in ly  n o t l in e a r ,  and  even 

,in th i s  s im p lif ie d  i l lu s t r a t io n  i t  can  be s e e n  to  b e  ap p ro x im a te ly  lo g a r ith m ic .

T he f i r s t  c a te g o ry  c o n ta in s  one p ie ce  of d a ta  p e r  lo c a tio n . T h is  r e p r e s e n t s  

a n  e n tity  th a t s ta n d s  b y  i t s e l f ,  su ch  a s  the  p re s e n c e  o r  ab se n c e  o f snow  a t a  

p a r t ic u la r  lo c a tio n  o r ,  m o re  com m only , th e  p re s e n c e  o r  ab se n c e  of a  ro a d  

a t  a  p a r t ic u la r  lo c a tio n . T h is  c a te g o ry  in c lu d es  th e  com m on ly  rec o g n iz e d  

im ag e -h o ld in g  b it-p la n e  found  in  im ag e  rep ro d u c tio n  s y s te m s  su ch  a s  

AUTOM AP, and  a ls o  th e  g r id  c e ll  s y s te m s  r e s t r i c te d  to  one va lue  p e r  g r id  

c e l l  su ch  a s  SYM AP.

T he seco n d  c a te g o ry  c o m p r is e s  r e c o rd s  th a t ca n  co n ta in  tw o p ie c e s  o f r e la te d  

d a ta  p e r  lo c a tio n , and  f r o m  th e  v iew point of s y s te m  co n ten t i t  i s  th e  f i r s t  

c a te g o ry  w h e re  p ie c e s  o f d a ta  ca n  b e  re la te d  to. one a n o th e r , a t one lo c a tio n .

I t b ec o m e s  p o s s ib le  to  c o n s id e r  t im e  in  th e  d a ta  s tr in g , and  to  m a n ip u la te  

o v e r la y s . T y p e s  o f s y s te m s  w ith in  th is  su b d iv is io n  inc lude  th e  C anad ian  

H y d ro g rap h ic  S y s te m 1 and  s im p le  v e rs io n s  of th e  M A P/M O D E L s y s te m , 

a lthough  th e  l a t t e r  i s  c a p ab le  of ex ten s io n  in to  th e  th i r d  ca teg o ry .

T h e  th i rd  c a te g o ry  co n ta in s  d a ta  r e c o rd s  w ith  a  s m a l l  n u m b e r of p ie c e s  of 

d a ta  a t  e a ch  lo c a tio n , ty p ic a l ly  2 to  100. In to  th is  su b d iv is io n  com e su ch  

s y s te m s  a s  F R IS , N CC,2 OEM , PIO S, and  th e  CGIS in  i t s  c u r r e n t  s ta tu s ,  

a lthough  th e  l a s t  of th e s e  s y s te m s  h a s  th e  ca p ac ity  to  expand  in to  th e  fo u rth  

su b d iv is io n .

T h e  fo u rth  c a te g o ry  h a s  a  m e d iu m  n u m b er of p ie c e s  of d a ta  a s s o c ia te d  w ith  

e a ch  lo c a tio n  id e n tif ie r ,  ty p ic a l ly  50 to  1 ,000 . Inc luded  in  th i s  c a te g o ry  a r e  

th e  d a ta - in te n s iv e  c e n su s  ty p e s  of r e c o r d s  su ch  a s  th e  GRDSR s y s te m , DIM E, 

SACS, and  th e  LUNR ty p e  o f sy s te m .

In  th e  f if th  c a te g o ry , l a r g e  n u m b e rs  of p ie c e s  of d a ta  a r e  a s s o c ia te d  w ith  

e a ch  lo c a tio n  id e n tif ie r ,  ty p ic a l ly  500 to  10 ,000 . E x a m p le s  of th i s  s u b - 

d iv is io n  a r e  t r a d i t io n a l  c e n s u s -d a ta  hand ling  s y s te m s , w h e re  la rg e  n u m b e rs  

o f v a r ia b le s  a r e  g a th e re d  f o r  a r e a s  lo c a ted  b y  nam e. T h is  c a te g o ry  i s  a lso  

c h a ra c te r iz e d  b y  d a ta  s tr in g s  w h e re  th e  a t tr ib u te s  a r e  m e a s u re d  a t  r e p e a te d

1. B oyle 1970a, 1971. 2. Sym ons 1972a.
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t im e  in te rv a l s ,  th u s  p ro d u c in g  la rg e  v o lu m es  of da ta . An ex am p le  of th is  

type  w ould  b e  th e  in fo rm a tio n  a t ta c h e d  to  one lo c a tio n  such  a s  a  w e a th e r  

s ta t io n  on a  10- y e a r  s e r i e s  o f w e a th e r  m a p s, each  p ro d u ced  e v e ry  ho u r.

T h e  e x is t in g  w o rld -w id e  w e a th e r  s y s te m  h as  d a ta  r e c o rd s  in  th is  ca teg o ry .

T h e  s ix th  c a te g o ry  h a s  a  v e ry  la rg e  n u m b e r of p ie c e s  of d a ta  a s s o c ia te d  w ith  

e a ch  lo c a tio n  id e n tif ie r .  T h e  ra n g e  is  su g g e s te d  to  ex tend  f ro m  5 ,000  to  

in fin ity . No d a ta  s y s te m  known to  th e  au th o r  c u r re n t ly  h an d le s  d a ta  vo lum es 

in  th i s  c a te g o ry , but i f  m an y  la rg e  f i l e s  o f d a ta  w e re  in te g ra te d  on a  sp a tia l  

b a s is  su c h  v o lu m es  m igh t co n c e iv ab ly  o c c u r  in  th e  fu tu re .

T he s ix  c a te g o r ie s  g ro u p  v a r io u s  ty p e s  of s y s te m s  to g e th e r  and  show  in 

s e q u e n tia l o r d e r  o f m agn itude  th e  im p a c t of th e  r e la te d  d a ta  vo lum e on the  

f i l e  s t r u c tu r e s  th a t m u s t be in c o rp o ra te d  in to  th e  v a r io u s  s y s te m s . No 

a t te m p t h a s  b e e n  m ade  a t  th is  s ta g e  to  ev a lu a te  the  d eg re e  of im p a c t of 

r e l a te d  d a ta  v o lum e on s y s te m  desig n . I t is  p ro b ab ly  not l in e a r .

M anipu la tion  F a c i l i t ie s

T he th i rd  v a r ia b le  is  th a t of th e  m a n ip u la tio n  fa c i l i t ie s  in c o rp o ra te d  in  th e  

s y s te m . T o  e s ta b l is h  a  h ie r a r c h y  of m a n ip u la tio n  f a c i l i t ie s ,  i t  i s  n e c e s s a r y  

to  e s ta b l is h  so m e r e la t iv e  m e a s u re  of th e  e ffo r t needed  to  p ro v id e  th e m , th a t 

i s ,  so m e m e a s u re  to  id e n tify  w h ich  m a n ip u la tio n s  a r e  ea sy  and  w h ich  a r e  

m o re  d ifficu lt. F o r  e a ch  m a n ip u la tio n , one o r  m o re  lo g ic a l o p e ra t io n s  m ust 

b e  p e r fo rm e d  upon th e  d a ta  to  p ro d u ce  the  d e s ire d  r e s u l t s .  A  lo g ic a l o p e r a - 

t io n  i s  a  change in  d a ta  v a lu e , a  c o m p a riso n , o r  m ovem ent of th e  d a ta  e lem en t. 

A h ie r a r c h y  of m a n ip u la tio n  fa c i l i t ie s  can  b e  b a s e d  on th e  in c re a s in g  num ber 

of lo g ic a l o p e ra t io n s  th e y  p |n ta in .

A d is tin c tio n  sh o u ld  b e  m ade a t  th is  po in t be tw een  a  lo g ic a l o p e ra t io n  and  a  

p h y s ic a l o p e ra t io n  w ith in  th e  c o m p u te r  s y s te m  i tse lf .  A change in  d a ta  va lu e , 

f o r  ex a m p le , c a n  b e  a c c o m p lish e d  b y  any  of th e  p h y s ic a l o p e ra tio n s  o f add itio n , 

s u b tra c tio n , m u ltip l ic a tio n , o r  d iv is io n , e i th e r  s in g ly  o r  in  seq u en ce  (m u lti- 

p lic a t io n  and  d iv is io n  a r e  in  th e m s e lv e s  a  seq u en ce  of th e  p h y s ic a l o p e ra tio n s  

of ad d itio n  o r  n eg a tiv e  addition). T h e  r e s u l t  o f th e  sequence  of p h y s ic a l 

o p e ra t io n s , h o w ev e r , i s  a  lo g ic a l o p e ra tio n , th e  change in  d a ta  v a lu e .

T h e  s e r i e s  o f m a n ip u la tio n  f a c i l i t ie s  a r e  la id  out a long  the  th i rd  a x is  of the
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cube in  F ig . 6. 4. T h re e  s ig n if ican t c a te g o r ie s  o f s y s te m  can  b e  iden tified : 

th o s e  w ithou t o v e r la y  ca p ab ili ty , th o se  w ith  o v e rla y  ca p a b ili ty , and  th o se  

w ith  a  s ig n if ic a n t ly  deve loped  m o n ito r  s y s te m  o r  q u e ry  la n g u ag e , o r  both.

T y p ic a l  s y s te m s

CAN. HYDRO

GIMMS
P IO S, M A P /M O D E L , NRIS

O B LIX , SYMVU

SYM AP, D IM E , GRDSR, P R IS , SACS 
WWW, N O RD PLA N , OEM

AUTOM AP 
LU N R, MINN 

CENSUS

M an ip u la tio n
f a c i l i t i e s

F ig . 6. 4. M anipu la tion  fa c i l i t ie s  and  th e i r  r e la te d  s y s te m s .

L e v e l 1. W ith in  th e  f i r s t  c a te g o ry , th e  h ie ra rc h y  of d a ta  m an ip u la tio n  can  be 

la id  out. T h e  s im p le s t  c a p a b ili ty  ( le v e l 1) i s  b a s ic  d a ta  r e t r ie v a l ,  a  s in g le  

lo g ic a l "M ove" o p e ra tio n . T h e  d a ta  con ten t is  not m a n ip u la ted  b u t i s  m e re ly  

re p ro d u c e d  on a n  e x te rn a l  s to ra g e  m ed iu m , w hich  could  b e  a  p ie ce  of p ap e r.

T h is  f i r s t  ex a m p le  i l lu s t r a t e s  th e  d iffe re n c e  be tw een  lo g ic a l and  p h y s ica l 

o p e ra t io n s : th e  lo g ic a l Move o p e ra tio n  m ay  r e q u i r e  s e v e ra l  p h y s ic a l o p e r a - 

t io n s . T h e se  can  in c lude : D efine w hat i s  be in g  looked  fo r ;  R ead  th e  input 

r e q u e s t in fo rm a tio n ; A naly se  th e  co n ten t of th e  re q u e s t ;  Move f ro m  e x te rn a l

195

N
um

be
r 

of 
o

p
er

at
io

n
s

M
on

ito
r 

sy
st

em
 

an
d 

qu
er

y 
la

ng
ua

ge
O

ve
rl

ay

CGIS

N
o

n-
ov

er
la

y



m e d iu m  to  s to ra g e  to  allow  c o m p a r is o n  in te rn a l ly ; S ea rc h  th e  ta p e  to  find  the 

in fo rm a tio n  (S earch  i t s e l f  i s  m ade up of R ea d , C o m p a re , In c re m e n t, Move 

ta p e , R ep ea t; w hen  equa l; C o m p are  and  Move e lem en t); D e te rm in e  w hat p iece  

o f e x te rn a l s to ra g e  h a s  to  b e  re fe re n c e d  (c a rd  punch , p r in t e r ,  e tc .) ;

R e - fo rm a t a s  r e q u i r e d  to  s a ti s fy  th e  re q u e s t ,  ( th is  is  u su a lly  a  com plex  

M ove o p e ra t io n , a lthough  i t  can  b e  done a s  p a r t  o f a  s o p h is tic a te d  P r in t  

o p e ra tio n ); and  O utput (p r in t , punch, o r  d isp lay ).

T h is  to ta l  b a s ic  r e t r i e v a l  p ro c e s s  m a y  ta k e  b e tw e en  s ix  (P L /1 )  and  a p p r o x i- 

m a te ly  200 (A ss e m b le r  language) in s tru c t io n s ,  depend ing  on th e  le v e l of 

c o m p u te r  s y s te m  and  th e  language b e in g  u sed . In  l a r g e r  and m o re  advanced  

c o m p u te rs , p a r t ic u la r ly  th o se  w ith  v ir tu a l  m e m o ry  o p e ra t in g  s y s te m s , the  

e x te rn a l  m e m o ry  i s  in  m any w ays an  ex te n s io n  of th e  in te r n a l  s to ra g e  and  

th e  in s tru c t io n s  r e q u i r e d  a r e  g re a t ly  s im p lif ie d . H ow ever, th e  p ro c e s s  

fo llow ed  in  b a s ic  d a ta  r e t r i e v a l  is  th a t of re p ro d u c in g , on an  e x te rn a l 

m e d iu m , m a te r ia l  th a t a l r e a d y  e x is ts  on an  in te rn a l  m ed ium . T h is  i s  

d e s c r ib e d  a s  a  lo g ic a l M ove, and  is  one lo g ic a l o p e ra tio n .

F u r th e r  le v e ls  o f c a p a b ili ty  fo r  m an ip u la tio n  w ill be d e s c r ib e d  a s  co m b in a- 

tio n s  of su ch  lo g ic a l o p e ra tio n s . In  e a ch  c a s e  th e  n u m b e r  of lo g ic a l o p e ra - 

tio n s  s p e c if ie d  m a y  b e  r e p e a te d  a s  o ften  a s  n e c e s s a r y  to  co m p le te  th e  m a n i- 

pu la tio n . A t th e  r i s k  of not id en tify in g  su b tle  d if fe re n c e s  in  m an ipu la tion  

fa c i l i ty , and  to  s im p lify  d isc u ss io n  d iv id ing  th e  c a p a b ili t ie s  f o r  m an ipu la tion  

in to  on ly  a  few le v e ls ,  o p e ra tio n s  th a t a r e  lo g ic a l ly  th e  s a m e  o r  th a t could  

lo g ic a l ly  b e  done in  one s te p  w ill be  g ro u p ed  a s  one lo g ic a l o p e r a t io n .

L e v e l 2. T he se c o n d  le v e l o f c a p a b ili t ie s  i s  th e  r e s u l t  of tw o lo g ic a l o p e ra tio n s , 

and  th e se  can  n o n - in te ra c t iv e ly  p ro v id e  d a ta  s u m m a ry , e lim in a tio n  of l in e a r  

d is to r t io n , c la s s i f ic a t io n  change, s e le c tiv e  s e a r c h ,  s c a le  change, p ro je c tio n  

change, o r  m e a s u re m e n t of s tr a ig h t- l in e  d is ta n c e  b e tw e en  p o in ts . T h e se  

fa c i l i t ie s  a r e  d e s c r ib e d  below ; it sho u ld  b e  n o te d  th a t th e  m an ip u la tio n  

fa c i l i t ie s  m u s t r e m a in  n o n - in te ra c t iv e  to  be c la s s i f ie d  a t  le v e l 2.

D ata  s u m m a ry  i s  a c h iev ed  b y  th e  co m bina tion  of th e  lo g ic a l o p e ra t io n s  Move 

(to a c q u ire  data) and  Change in  D ata V alue. E lim in a tio n  of l in e a r  d is to r tio n , 

th e  r e v is io n  of th e  lo c a tio n  of sp a tia lly  d is tr ib u te d  p o in ts  in  a  l in e a r  fash io n
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on one a x is , i s  a c h iev ed  by  a  lo g ic a l C o m p a re  o p e ra tio n  (again st s tan d a rd s) 

and  a  lo g ic a l C hange in  D ata  V alue. T h e  la t t e r  i s  u su a lly  a  com plex  o p e ra tio n  

of m u ltip ly in g  and  d iv id ing , w hich  p ro d u c e s  a  s h if t, on one co o rd in a te  a t a  

t im e , f ro m  one p o s itio n  to  an o th e r . C la s s if ic a t io n  change is  b ro u g h t about 

b y  a  lo g ic a l C o m p a re  (of th e  e x is t in g  d a ta  v a lu es  w ith  a  ta b le  of d a ta  v a lu e s , 

to  f in d  th e  m a tch in g  e n t ry  f o r  th e  su b se q u en t su b stitu tio n ) and  a  lo g ic a l Move 

(to e ffec t th e  su b stitu tio n ) . S e lec tiv e  s e a r c h  is  c a r r i e d  out b y  a  lo g ic a l Move 

to  g et th e  d a ta , fo llow ed  by  a  lo g ic a l C o m p a re  (ag a in s t th e  re q u e s t) . Scale 

change and  P ro je c t io n  ch a n g e , l ik e  E lim in a tio n  of l in e a r  d is to r t io n , a r e  a  

co m b in a tio n  of lo g ic a l C o m p a re  and  lo g ic a l Change in  D ata V alue. T he 

m e a s u re m e n t of th e  s t r a ig h t- l in e  d is ta n c e  be tw een  tw o p o in ts  i s  ach iev ed  by  

a  lo g ic a l M ove to  a c q u ire  th e  seco n d  p o in t and  a  lo g ic a l C a lcu la te  (Change in  

D a ta  V alue). A  lo g ic a l C a lcu la te  is  th e  s a m e  a s  a  C hange in  D ata V alue w h e re  

th e  change i s  m a d e  b e tw e en  tw o v a r ia b le s  o r  be tw een  a  v a r ia b le  and  a  

r e f e r e n c e  valu e ; th a t  is , i t  i s  a  p a r a m e tr ic  change in  d a ta  value.

T h e  a b i lity  to  c a r r y  out m o re  th a n  one of th e s e  m an ip u la tio n s  n o n - in te ra c t iv e ly  

e s ta b l is h e s  a  s u b h ie ra rc h y  w ith in  le v e l 2. H ow ever, a s  long  a s  th e  m a n ip u la - 

tio n s  a r e  n o n - in te ra c t iv e , th e  s y s te m  i s  s t i l l  co n s id e red  to  b e  w ith in  the  le v e l. 

T h e  s a m e  s u b h ie ra rc h ic a l  g ro u p in g  can  b e  ap p lied  w ith in  o th e r  h ig h e r  le v e ls . 

T ra d itio n a l c e n su s  s y s te m s  invo lv ing  s u m m a ry , LUNR, and  th e  M inneso ta 

S y stem  (MINN)1  ca n  b e  c o n s id e re d  a s  ex a m p le s  of le v e l 2 s y s te m s .

L e v e l 3. T h e  th i r d  le v e l of c a p a b ili t ie s  i s  a  r e s u l t  of th r e e  lo g ic a l o p e ra tio n s . 

T h e se  p ro v id e  fo r  m e a s u re m e n t , e lim in a tio n  of n o n - lin e a r  d is to r t io n , the  

a b i li ty  to  g e n e ra te  ( c i r c le s  and  po lygons), and  th e  ab ility  to  c a r r y  out 

s ta t i s t i c a l  g a th e r in g .

M ea su re m e n t can  c o n s is t  of a r e a  c a lc u la tio n s , d e te rm in a tio n  o f d is ta n ce  a long

an  i r r e g u la r  l in e  b e tw e en  p o in ts , p e r im e te r  m e a s u re m e n t , and  th e  count of

po in ts  w ith in  a r e a s .  In  a r e a  c a lc u la tio n , th e  a c tu a l m e a su re m e n t p ro c e s s  is

a s s u m e d  to  s t a r t  w hen  th e  d a ta  h av e  b ee n  found on the  a p p ro p ria te  f i le  and  a

v e r te x  on th e  b o u n d a ry  h a s  b ee n  id e n tif ie d  a s  an  a d d re s s  of th e  a r e a  location .

A ty p ic a l and  s tr a ig h tfo rw a rd  a r e a  c a lc u la tio n  (CGIS2) u s e s  th e  s ta n d a rd  

a lg o r ith m  f o r  sub ten d ed  a r e a s .  T h e  f i r s t  o p e ra tio n  is a  lo g ic a l C om pare  (at 

th e  g iven  s ta r t in g  point) w ith  th e  b o u n d a ry  d efin ition , to  d e te rm in e  th e  nex t

1. B o rc h e r t  1969.  2. See A ppendix.
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p o in t on th e  b oundary . T h is  m ay  b e  a  lo g ic a l M ove, depend ing  on th e  s tru c tu re  

of th e  d a ta  s to ra g e ; i t  i s  so  in  the  c a se  o f CGIS, w h e re  e a ch  v e r te x  w ould 

co n ta in  the  d ire c tio n  and  th e  d is ta n ce  of th e  nex t v e r te x  on th e  seg m e n t. T he 

c o m p a r is o n  w ould , h o w ev er, be im p lic it  on th e  m ove to  the  nex t v e r te x . The 

lo g ic a l C o m p are  is  fo llow ed  b y  a  lo g ic a l C a lcu la te  (of th e  a r e a  sub tended), 

and  a n o th e r  lo g ic a l C a lcu la te  (to c r e a te  th e  to ta l) .

T h e  d is ta n c e  a long  an  i r r e g u la r  l in e  b etw een  tw o p o in ts , o r  a  p e r im e te r ,  a  

s p e c ia l  c a se  w h e re  th e  l in e  fo rm s  a  c lo se d  loop, is  o b ta in ed  b y  m e a su rin g  

th e  le n g th  of th e  s tr a ig h t- l in e  seg m e n ts  th a t m ake up th e  i r r e g u la r  l in e  and 

su m m in g  th e  r e s u l t s .  Both m an ip u la tio n s  a r e  m ade up of a  lo g ic a l M ove (to 

g e t th e  p o s itio n  of th e  end  o f th e  s tr a ig h t- l in e  seg m e n ts ) ; a  lo g ic a l C a lcu la te  

(of th e  s tr a ig h t- l in e  le n g th  of th a t seg m en t); and  a  lo g ic a l C a lc u la te  (to 

p ro d u c e  th e  to ta l) . A s th e  m a n ip u la tio n s  b ec o m e in c re a s in g ly  com plex , th e y  

m a y  b e  a c h iev ed  b y  s e v e r a l  s e ts  of lo g ic a l o p e ra tio n s  r a th e r  th a n  b y  ju s t  one 

s e t .  In  th is  d is c u s s io n , a  m an ip u la tio n  w ill g e n e ra lly  b e  d e s c r ib e d  in  a  

s im p le  fo rm , to  in d ica te  th e  le v e l in  th e  h ie r a r c h y  of m a n ip u la tio n s  a t  w hich 

th a t p a r t ic u l a r  k ind  o f m a n ipu la tion  b ec o m es  p o ss ib le .

A  coun t of p o in ts  w ith in  an  a r e a  (polygon), a n o th e r  fun c tio n  of m e a s u re m e n t , 

c a n  b e  a c h iev ed  in  v a r io u s  w ays. T h e  s im p le  to p o lo g ica l te ch n iq u e  i s  to  m ove 

f r o m  th e  g iven  poin t in  a  u n ifo rm  d ire c tio n  to  an  a x is , and  count th e  n u m b e r 

o f in te r s e c t io n s  m ade w ith  th e  b oundary  of th e  p r e s c r ib e d  a r e a .  T h is  

a lg o r i th m  is  u su a lly  m ade up  of a  lo g ic a l Move (to g e t th e  n ex t po in t); a  

lo g ic a l C a lcu la te  (of th e  n u m b e r of in te r s e c tio n s  c r o s s e d  go ing  to  the  ax is); 

an d  a  lo g ic a l C a lcu la te  (to count the  n u m b e r o f p o in ts) . D iffe ren t ap p ro ac h es  

to  th e  coun t of p o in ts  w ith in  polygons a r e  u s e d  in  v a r io u s  s y s te m s . T he d ig ita l 

ap p ro a c h  to  count th e  po in ts  w ith in  th e  polygon, u s e d  in  th e  M A P/M O D E L 

s y s te m , and  th e  a p p ro ac h  u sed  in  th e  CGIS to  lo c a te  th e  a r e a  in to  w hich  a  

p o in t f a l l s  r a th e r  th a n  to  count th e  p o in ts  w ith in  an  a r e a ,  bo th  re q u i r e  th re e  

lo g ic a l  o p e ra tio n s .

The Generate f a c i l i ty  is  th e  a b i lity  to  p ro d u ce  c i r c le s ,  po lygons, and  po in ts  

th a t  m u s t b e  known to  th e  s y s te m . T he p ro c e s s  of g e n e ra tio n  i t s e l f  a s s u m e s  

th a t  th e  p o s itio n  o f th e  i te m  to  be g e n e ra te d  is  s p ec ified . T h e re a f te r ,  th e  

g e n e ra tio n  of th e  i te m  p ro c e e d s  th ro u g h  th e  lo g ic a l o p e ra tio n  M ove (to  a c q u ire
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th e  d a ta , in c lu d in g  th e  sp e c if ie d  positio n ); a  lo g ic a l C a lcu la te  (to d e te rm in e  

th e  d is ta n c e  to  th e  b o u n d a ry  f ro m  th e  i te m  co n c ern ed ); and  a  lo g ic a l 

C a lc u la te  (to d e te rm in e  th e  m ovem en t to  th e  nex t v e r te x  poin t). R ep e titio n  

of th is  p r o c e s s  g e n e ra te s  th e  r e q u ire d  f ig u re  o r  p o in t and  p la c e s  i t  in  

s to ra g e  f o r  f u r th e r  u se .

S ta t is t ic a l  g a th e r in g  is  th e  p r o c e s s  of s e le c tiv e ly  s e a rc h in g  f o r  ite m s  

a c c o rd in g  to  a  g iv en  p ro f ile , and th e  a p p lica tio n  of a  sp e c if ie d  s ta t i s t ic a l  

c a lc u la tio n  to  th o s e  s e le c te d . T h e  m a n ip u la tio n  can  b e  d e s c r ib e d  a s  a  lo g ic a l 

M ove (to a c q u ire  th e  d ata); a  lo g ic a l C o m p a re  (a g a in s t th e  p ro f ile  p ro v id ed  

in  th e  r e q u e s t ) ;  and  a  lo g ic a l C a lcu la te  (w hich i s  a  change in  v alue  a c co rd in g  

to  th e  r u le s  p ro v id e d  in  th e  re q u e s t) .

A  s y s te m  in  le v e l  3, o r  any  o th e r  le v e l,  m ay  n o t a u to m a tic a lly  inc lude  a l l  th e  

m a n ip u la tio n  f a c i l i t ie s  con ta ined  in  th e  p re v io u s  le v e ls ,  bu t the  m a n ip u la tio n s  it 

can  c a r r y  out a r e  m o re  so p h is tic a te d . T h e  AUTOM AP s y s te m  m ay  b e  c o n - 

s id e r e d  to  be in  le v e l  3.

L e v e l 4 . T h e  fo u r th  le v e l of c a p a b ili t ie s  i s  th e  r e s u l t  of fo u r  lo g ic a l o p e r a - 

tio n s  u s e d  in  se q u e n c e , and  th e s e  p ro v id e  th e  m a n ip u la tio n  fa c i l i t ie s  of 

c e n tro id  a l lo c a t io n  (b eca u se  m e a s u re m e n t e ffe c tiv e ly  h a s  to  b e  done f i r s t)  

and  a u to m a tic  c o n to u rin g . T y p ic a l s y s te m s  w ith in  le v e l 4 inc lude  DIM E, OEM , 

SACS, FR IS , N ORD PLA N, and  GRDSR.

J u s t  as . th e r e  a r e  s e v e r a l  w ays of c a lc u la tin g  a r e a  o th e r  th a n  th e  s in g le  

a lg o r ith m  m e n tio n e d  in  le v e l 3, th e r e  a r e  s e v e r a l  w ay s of ca lc u la tin g  c e n tro id s . 

T h e  cho ice  and  e ff ic ie n c y  of p ro c e d u re s  f o r  c a lc u la tin g  a r e a s  depend on the  

m e thod  u s e d  to  s to r e  th e  l in e s  a s  b o u n d a rie s  of a r e a s  w ith in  th e  com p u te r.

T h e  d iffe re n c e  b e tw e e n  ap p ro a c h e s  b y  w hich  lin e s  a r e  r e p re s e n te d  a s  fo rm u la s  

of c u rv e s , o r  a s  s tr a ig h t- l in e  s e g m e n ts , o r  a s  c lo s e ly  sp a c e d  po in ts  o r  s m a ll  

g r id s ,  can  b e  r e a d i ly  en v isa g ed . T h e  cho ice  of l in e  s to ra g e  m ethod , and 

h en ce  th e  ap p ro a c h  to  a r e a  ca lc u la tio n , i s  dependen t on  th e  c h a ra c te r  and  

vo lum e of th e  o r ig in a l  l in e  d a ta , b a lan ced  a g a in s t th e  n ee d  to  p r e s e r v e  the  

a c c u ra c y  o f th o s e  d a ta  and  th e  co s t o f  co m p u te r p ro c e s s in g . C en tro id  d e te r - 

m in a tio n  r e q u i r e s  a n  e x t r a  c a lcu la tio n , th a t of d iv id ing  th e  to ta l  m om en t by 

th e  to ta l  a re a ;  th e  ad d itio n a l lo g ic a l C a lc u la te  o p e ra t io n  involved  p la c e s  i t  in
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le v e l 4. T h e  lo g ic a l o p e ra tio n s  invo lved  a r e :  a  lo g ic a l Move o r  C o m p are  (to 

a c q u ire  th e  d a ta ); a  lo g ic a l C a lcu la te  (of the  sub tended  a r e a  and m om ent); a  

lo g ic a l C a lcu la te  (to  su m  th e  to ta ls ) ;  and  a  lo g ic a l C a lcu la te  (to d iv ide the  

to ta ls  one in to  th e  o th e r  to  p ro v id e  th e  coo rd in a te ).

A u to m a tic  co n to u rin g  i s  th e  fa c i li ty  of c re a tin g  is o lin e s  th ro u g h  a  s e t  of 

p o in ts  w ith  v a r ia b le  v a lu e s . T he s im p le s t  fo rm  of a u to m a tic  co n tou ring  i s  

th e  p r o c e s s  of s ta r t in g  a t  a  poin t w ith  a  sp e c if ic  v a lu e , o r  a  va lue  w ith in  a  

s p e c if ie d  ra n g e  of v a lu e s , th e n  jo in ing  i t  to  th e  c lo s e s t po in t w ith in  th e  s a m e  

v alue  ra n g e . T h e re  a r e  m o re  s o p h is tic a te d  ap p ro a c h e s  to  au to m atic  

co n to u rin g , b u t th i s  e le m e n ta ry  one u s e s  a  m in im u m  n u m b e r of lo g ic a l s te p s  

and  i s  d e s c r ib e d  to  in d ic a te  th e  lo w es t le v e l in  th e  h ie r a r c h y  of m an ip u la tio n  

f a c i l i t ie s  a t  w h ich  a u to m a tic  co n tou ring  b ec o m es  p o s s ib le .

A ssu m in g  th a t th e  p r o c e s s  s ta r t s  a t  a  g iven  po in t, th e  s te p s  r e q u ire d  a re :  

r e t r i e v a l  of th e  n ex t p o in t to  b e  c o n s id e red ; d e te rm in a tio n  of th e  d is ta n ce  

b e tw e en  th e  g iv en  p o in t and  th e  n ex t poin t; c o m p a riso n  of th e  value  o f th e  nex t 

poin t w ith  a  g iven  s e t  of r u le s  to  d e te rm in e  if i t  is  th e  c lo s e s t  p o in t w ith in  the  

s a m e  ra n g e  of v a lu e s , to  ch eck  w h e th e r i t  h a s  b ee n  u sed  b e fo re , and  to  

e n s u re  th a t th e  r e s u l t in g  con tou r w ill not c r o s s  a n o th e r  co n to u r a lre a d y  in  

e x is te n c e  (though i t  can  touch); and  f in a lly  to  jo in  th e  p o in ts  by a tta ch in g  a  

com m on  id e n tif ie r  to  th e  new poin t.

T h e  lo g ic a l o p e ra t io n s  needed  a r e :  a  lo g ic a l Move o r  C o m p are  (to g e t th e  nex t 

po in t); a  lo g ic a l C a lc u la te  (to d e te rm in e  th e  d is ta n ce ); a  lo g ic a l C o m p are  (w ith 

a  s e t  of ru le s ) ;  and  a  lo g ic a l Move (to a  s u b se t,  to  a s s ig n  a  com m on id e n tif ie r ) .

T h e  r e la t iv e  s im p l ic i ty  of th e  s e t  of r u le s  in  th e  lo g ic a l C o m p are  i s  the  

e s s e n t ia l  d if fe re n c e  b e tw e en  th is  le v e l of m an ip u la tio n  an d  h ig h e r - le v e l  m a n i- 

p u la tio n s  su c h  a s  th e  d e te rm in a tio n  of in te rv is ib i l i ty  be tw een  po in ts . In  th e  

l a t t e r  c a s e ,  th e  lo g ic a l C om pare  w ould s p l i t  in to  a  lo g ic a l C o m p are /M o v e  

p ro c e s s .  SYMAP V and  WWW, w ith  th e i r  c a p ab ili ty  fo r  a u to m a tic  co n tou ring , 

m a y  a l s o  b e  c o n s id e re d  to  b e  a t  le v e l 4.

L e v e l 5. T h e  n ex t le v e l  of c a p a b ili tie s  i s  the  r e s u l t  of f iv e  lo g ic a l o p e ra tio n s  

u s e d  in  seq u en ce . T h is  p ro v id e s  f a c i l i t ie s  fo r  th e  s im p le s t fo rm s  of g e n e ra l i - 

z a tio n , m e rg in g , d isso lv in g , d e te rm in a tio n  of in te rv is ib i l i ty , and  s im u la tio n . 

T y p ic a l o f th is  le v e l a r e  s y s te m s  w ith  f a c i l i t ie s  fo r  h i l l  shad in g  o r  ro u te
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d e te rm in a tio n .

G e n e ra l iz a tio n  i s  co n s id e re d  to  be th e  p ro c e s s  of com bin ing  m u ltip le  a r e a s ,  

p o s s ib ly  w ith  m u ltiv a r ia b le  c la s s if ic a t io n  d e s c r ip to r s ,  in to  a  s in g le  l a r g e r  

a r e a  w ith  a  s in g le  c la s s if ic a t io n . T h e  new c la s s i f ic a t io n  is  b a s e d  on the  

p ro p o r tio n  of th e  o r ig in a l s e p a ra te  c la s s i f ic a t io n s  con ta ined  in th e  new a re a .  

G e n e ra l iz a tio n s  of lin e  s h ap es  su ch  a s  c o a s t l in e s , and  p a r t ic u la r ly  the  

" c o a s ta l  is la n d "  type  of p ro b le m , a r e  ap p lica tio n s  of th e  a lg o rith m ; th is  w ill 

b e  o u tlin ed  la te r .

T h e  f i r s t  p a r t  of th e  p ro c e s s  i s  to  m e a s u re  th e  s iz e  of th e  a r e a s  to  b e  c o m - 

b in e d , w h ich  is  a  r e p e a te d  le v e l 3 o p e ra tio n . T h e  n ex t s te p  is  to  c o m p are  

th e  in fo rm a tio n  co n c e rn in g  th e  lo c a tio n  and  s iz e  o f th e  a r e a s  w ith  a  s e t  of 

r u le s .  T h e  c o m p a ris o n  w ill d e te rm in e  if  th e  a r e a s  f a l l  in to  a  s iz e  c a te g o ry  

th a t r e q u i r e s  th e m  to  be g e n e ra liz e d  and , if  th is  i s  so , w ith  w h ich  a r e a s  

a n d  a c c o rd in g  to  w hat ru le s  th e  g e n e ra liz a tio n  w ill ta k e  p la ce . F o r  ex am p le , 

i t  m a y  no t be  p e rm itte d  to  com b ine  c e r ta in  ty p e s  of c la s s if ic a t io n , su ch  a s  

la n d  an d  w a te r ,  o r ,  i f  su ch  a  com b ination  is  a llow ed , a  r e s u l t in g  c la s s if ic a t io n  

a s  w a te r  m a y  o r  m a y  not show th a t th e  a r e a  co n ta in s  a  p e rc e n ta g e  of land .

T h e  C o m p a re  o p e ra tio n  r e f le c ts  th e  ru le s  f o r  g e n e ra liz a tio n  th a t app ly  in  the  

p a r t ic u l a r  c a s e  and  fo rm s  th e  b a s is  of the  c a lcu la tio n , w hich  fo llow s th e  

p r e s c r ib e d  ru le s .

T h e  f i r s t  lo g ic a l o p e ra tio n  invo lved  is  a  lo g ic a l M ove (to get th e  d a ta ). T h is  

m a y  in s te a d  be a  lo g ic a l C om pare  of th e  g iven  s ta r t in g  poin t w ith  th e  b o u n d ary  

d e fin itio n , to  d e te rm in e  the  nex t poin t on the  b oundary . T h is  o p e ra t io n  is  

fo llow ed  by  a  lo g ic a l C a lcu la te  (of th e  a r e a  sub tended ); a  lo g ic a l C a lcu la te  

(to  c r e a te  th e  to ta ls ) ;  a  lo g ic a l C o m p are  (w ith a  s e t  of ru le s ) ;  and  a  lo g ic a l 

C a lc u la te  (acc o rd in g  to  th e  s e t  of ru le s ,  to  p roduce  th e  g en e ra liz a tio n ) .

T h e  c a s e  of g e n e ra liz a tio n  of is la n d s  on a  c o a s t l in e  fo llow s the  s a m e  a lg o rith m . 

T h e  s iz e  o f th e  is la n d s  i s  m e a s u re d  a s  above. T he fo u rth  s te p , th e  lo g ic a l 

c o m p a r is o n  w ith  a  s e t  of r u le s ,  d e te rm in e s  w h e th e r  th e  is la n d s  a r e  s m a l le r  

th a n  a  p r e s c r ib e d  m in im um  s iz e  and  c a n  b e  e lim in a te d  ( re p la c e d  b y  b lanks) 

d u r in g  th e  C a lcu la te  o p e ra tio n ; w h e th e r th e y  a r e  la rg e  enough to  b e  k ep t but 

to o  s m a l l  f o r  e a s y  reco g n itio n , in  w hich c a se  th e  su b se q u en t C a lcu la te
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e n la rg e s  th em ; o r  w h e th e r  th e y  a r e  so  la rg e  th a t g e n e ra liz a tio n  i s  not 

d e s ira b le .  If th e  p r e s c r ib e d  s iz e  l im its  in th e  r u le s  w e re  s e t  a t  a  su ita b ly  

low  le v e l, th e  C a lcu la te  o p e ra tio n  could  m ake P r in c e  E d w ard  Is la n d  th e  

s iz e  of G reen land .

M erg e  is  th e  p ro c e s s  of com b in ing  con tiguous a r e a s  th a t qualify  fo r  

in c lu s io n  in  a  g iven  new c a te g o ry  o r  s e t  of c a te g o r ie s ,  a s  defined  u n d er 

m a n u a l p ro c e d u re s  in  C h ap te r  3 and  in  the CGIS d e s c r ip tio n  in  th e  A ppendix. 

T h e  p r o c e s s  is  i l lu s t r a te d  in  F ig . 6. 5.

Map show ing 1 -m ile -  
s q u a re  f ie ld s  o f  la n d  
c la s s if ie d  a c co rd in g  
to  quality .

A B C X X X A X

X X X X X X X X

X X X X X X X X

X A X X B X X X

X X X X X B C X

G iven th a t la n d  ty p e s  A, B , and  C a r e  p r im e  la n d , and  
i t  i s  r e q u i r e d  to  d e te rm in e  th e  s iz e  and  n u m b e r o f p ie c e s  
of p r im e  la n d  on the  m ap , th e  a n a ly s is  w ould  p ro v id e  the  
an sw e r th a t th e re  w e re  f iv e  p ie c e s  of p r im e  land , one of 
3 s q u a re  m i le s , one of 2 s q u a re  m i le s , and  th e  r e m a in d e r  
of 1 s q u a re  m ile . T he M erge  fa c i l i ty  w ould  be u s e d  in  
c a s e s  1 and  2.

F ig . 6. 5. E xam ple  of th e  m e rg e  p ro c e s s .

T h e  M erg e  fa c i l i ty  w ould b e  u sed  f o r  a l l  con tiguous o c c u rre n c e s  of land  

ty p e s  A , B , and  C in  th e  f ig u re , su ch  a s  in  C a s e  1 and C a se  2, to  com bine 

th e i r  p ie c e s  fo r  m e a s u re m e n t and  to  a s s ig n  th e  r e s u l t in g  p ie c e s  to  th e  c a te - 

g o ry  " p r im e  la n d " . T h is  p ro c e s s  i s  s im i la r  to  g e n e ra liz a tio n  in  i t s  lo g ic a l 

p a th , b u t i s  s l ig h t ly  d iffe re n t in  app lica tio n .

T h e  f i r s t  p a r t  of th e  p ro c e s s  is  to  c a lc u la te  th e  s iz e  of th e  a r e a s  to  be

C a s e  1

M erg e  w ould  o c c u r  h e r e

C a se  2

M erg e  w ould  o c c u r  h e re



c o n s id e re d . (A lthough th e  ca lc u la tio n  i s  p a r t  of th e  lo g ic a l p ro c e s s ,  it  m ay  

have  b ee n  done a t  an  e a r l i e r  s ta g e  in  so m e  s y s te m s , su ch  a s  CGIS; th is  

s h o r te n s  th e  su b se q u en t M erge  p ro c e s s  and  m ak es  it m o re  e f f ic ie n t .) T h e  

in fo rm a tio n  d e s c r ib in g  th e s e  a r e a s  i s  c o m p ared  w ith  a  s e t  of r u le s ,  to  

d e te rm in e  if  th e  c la s s i f ic a t io n s  a r e  of a  type th a t can  be  m e rg e d  and  if th e y  

a r e  con tiguous w ith  s im i la r  a r e a s .  T h is  le a d s  to  th e  c a lcu la tio n  in  w hich  

th e  s iz e s  of th e  a r e a s  to  b e  m e rg e d  a r e  sum m ed .

T h e  seq u en ce  of lo g ic a l o p e ra tio n s  is :  M ove, C o m p a re , and  C a lcu la te  

o p e ra t io n s  (to m e a s u re  th e  a re a s ) ;  a  lo g ic a l C om pare  (ag a in s t a  s e t  of ru le s ) ;  

and  a  lo g ic a l C a lc u la te  (to  add  th e  to ta ls  and  c re a te  th e  new com bined  a r e a s ) .

D isso lv e  i s  th e  p ro c e s s  of rem o v in g  a  com m on b o u n d ary  be tw een  sp e c if ie d  

a r e a s  and g ro u p in g  th e m  in to  a  com m on  a re a .  It i s  s im p ly  a  s in g le  m e rg in g  

of tw o  sp e c if ie d  a r e a s .  T h e  p ro c e s s  of D isso lv e  and  th e  p ro c e s s  of M erge 

a r e  id e n tic a l,  e x c ep t th a t th e  a p p lica tio n  of th e  D isso lve  to  th e  a c tu a l im ag e  

in c lu d e s  in  i t s  c a lc u la tio n  th e  re m o v a l of th e  id e n tif ied  bou n d ary  and  th e  r e c a l -  

cu la tio n  of th e  v a lu e s  of p o in te rs  on th e  s e g m e n ts , a s  d ire c te d  b y  th e  s e t  of 

r u le s .

T h e  concep t of d e te rm in in g  in te rv is ib i l i ty  b e tw een  g iven  po in ts  i s  s t r a ig h t -  

fo rw a rd . T h e  a im  is  to  f in d  out if  any  in te rm e d ia te  poin t on a  lin e  be tw een  

tw o g iven  p o in ts  h a s  a  h ig h e r  a ltitu d e  th a n  th e  p lane  on w hich th e y  a r e  

lo c a te d  (F ig . 6. 6).

F ig . 6. 6. In te rv is ib i l i ty  b e tw een  g iven  po in ts .

T he s te p s  in  th e  p r o c e s s  a r e  to  r e t r ie v e  th e  data ; to  c a lcu la te  the  c o o rd in a te  

on th e  X , Y p la n e  of th e  n ex t po in t (o b s tru c tio n ) to  b e  p ro c e s s e d ; to  c a lc u la te  

th e  Z co o rd in a te  of th e  in te rs e c tio n ; to  c o m p are  th e  r e s u l t s  w ith  a  s e t  of 

r u le s  to  d e te rm in e  if  th e  nex t po in t is  c lo se  enough to  the  in te rv is ib i l i ty  l in e
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to  b e  c o n s id e re d , and  if  so  i f  i t s  Z  c o o rd in a te  v a lu e  i s  h ig h e r  th a n  th a t of th e  

in te r s e c t io n ;  and  to  m ove an  id e n tif ie r  to  a s s ig n  a  v a lue  to  th e  in te rv is ib i l i ty  

lin e  if  th e  c o m p a r is o n  show s th a t i t  i s  eq u a l o r  h ig h e r .

T he lo g ic a l o p e ra t io n s  a r e :  a  lo g ic a l M ove (to get th e  data); a  lo g ic a l C a lcu la te  

(to  d e te rm in e  th e  d is ta n c e  aw ay f ro m  th e  l in e  be tw een  the  tw o po in ts); a  lo g i- 

c a l  C a lc u la te  (of th e  h e ig h t of th e  in te rv is ib i l i ty  l in e  a t th a t poin t); a  lo g ic a l 

C o m p a re  (ag a in s t a  s e t  of ru le s ) ;  and  a  lo g ic a l M ove (to iden tify  th e  line).

In  th e  s im p le s t  te r m s ,  S im u la tion  is  th e  p r o c e s s  o f ta k in g  s ta t i s t ic s  and 

e x tra p o la t in g  t r e n d s  f ro m  th e m  u n d e r  c e r ta in  c o n s tra in ts  and  p ro b a b ili t ie s . 

T h is  is  a  v e ry  b a s ic  v iew poin t of a  p r o c e s s  th a t can  b e  e x tre m e ly  com plex . 

S im u la tion  d if fe rs  f r o m  th e  m a n ip u la tio n s  d e s c r ib e d  so  f a r ,  in  th a t th e  o th e rs  

a r e  e s s e n t ia l ly  s e t s  of p red e fin ed  o p e ra tio n s  in  a  s p e c if ie d  seq u en ce , w h e re a s  

ea ch  s im u la tio n  i s  a  un ique in te rp re ta t io n  ap p lied  to  e a ch  s e t  of da ta . T o  

ac h ie v e  an  o p tim u m  s im u la tio n  fo r  a  p a r t ic u la r  p u rp o s e , one m u s t c r e a te  a  

s p e c ia l  s e t  o f o p e ra t io n s  th a t p ro d u c e s  th e  d e s ire d  r e s u l t  f o r  th e  sp ec ific  

d a ta  s e t .  D efin ing  th e  a lg o r ith m  is  p a r t  of th i s  p ro c e s s .  F o r  th e  sak e  of 

econom y , p re s p e c i f ie d  s im u la tio n  m ode ls  a r e  o ften  u s e d  on v a r io u s  s e ts  of 

d a ta , b u t th i s  u s u a lly  r e q u i r e s  a  s a c r i f i c e  to  g e n e ra li ty  and  a  c o m p ro m ise  in  

s o m e  s p e c if ic  a s p e c t s  of th e  p ro b le m s  to  b e  so lved .

T he b a s ic  ap p ro a c h  to  s im u la tio n  can  b e  though t of in  th e  fo llow ing s te p s . 

F i r s t ,  th e  s ta t i s t i c s  th a t d e s c r ib e  th e  c o n s tra in ts  and  th e  p ro b le m  have to  be  

g a th e re d  to g e th e r . T h e  seco n d  s te p  is  th e  g e n e ra tio n  of an  a lg o rith m  

(fo rm u la ) to  r e p r e s e n t  th o s e  s ta t i s t ic s .  T h e  th i rd  i s  th e  g en e ra tio n  o r  s e le c -  

t io n  of p ro b a b i l i t ie s  o r  p ro b a b ility  d is tr ib u tio n s  th a t w ill b e s t  r e p r e s e n t  th e  

s ta t i s t i c a l  t r e n d s  p ro v id e d  in  th e  d a ta  g a th e re d  in  s te p  one. T he fo u rth  i s  to  

ap p ly  th e  p ro b a b i l i t ie s  to  th e  fo rm u la , to  g e n e ra te  th e  fo re c a s te d  r e s u l t .  T he 

lo g ic a l o p e ra t io n s  n ee d ed  to  ac h iev e  th e s e  s te p s  a r e :  a  lo g ic a l Move (to a c q u ire  

th e  d ata); a  lo g ic a l C o m p are  (ag a in st a  p ro f ile  p ro v id e d  in  th e  req u e s t); a  

lo g ic a l C a lc u la te  (acc o rd in g  to  th e  r u le s  in  th e  re q u e s t); a  lo g ic a l C a lcu la te  (to 

g e n e ra te  th e  a p p lic a b le  p ro b a b ilit ie s ) ; and  a  lo g ic a l C a lcu la te  (to apply  

p ro b a b i li t ie s  to  th e  fo rm u la , to  g e n e ra te  th e  fo re c a s te d  re s u lts ) .

D epending on th e  a lg o r ith m  th a t h a s  b e e n  deve loped , th e  f in a l s te p  is  ac tu a lly  

th e  " s im u la tio n "  s tep .
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L e v e l 6. T h e  seco n d  m a jo r  c a te g o ry  of m an ip u la tio n  fa c i l i t ie s  co n ta in s  th o se  

th a t in c o rp o ra te  o v e r la y  (see  F ig . 6. 4 ), and  le v e l 6 i s  a r b i t r a r i l y  o ccup ied  

b y  th e  o v e r la y  fa c i l i ty  i t s e lf .  O v e rlay  is  th e  w e ll-u n d e rs to o d  a b i lity  to  

s u p e r im p o se  tw o m ap s  (tha t i s ,  tw o s e t s  of im a g e s  and c la s s if ic a t io n  s y s te m s)  

and  s e n s ib ly  com bine th e m  in to  one m ap  (tha t i s ,  in to  one im ag e  and  one 

c la s s i f ic a t io n  s y s te m ). T he g e n e ra l p r in c ip le s  of th e m a tic  m ap  o v e r la y  w ill 

b e  d e s c r ib e d  below , and  although  th e r e  a r e  s e v e r a l  ap p ro a c h e s  to  th e  ta s k ,  

th e  one u s e d  in  CGIS w ill p ro v id e  ex a m p le s  w h e re  d e ta ils  o f a  sp e c if ic  

a lg o r ith m  a r e  g iven .

A  p r e l im in a ry  s te p  in  th e  p ro c e s s  of o v e r la y  is  to  s e le c t  th e  p a r t ic u l a r  p a r t s  

of th e  tw o m a p s  th a t h ave  to  be  o v e r la id , in  o th e r  w o rd s , to  define th e  s u b s e ts  

of th e  to ta l  a r e a  th a t have to  be  o v e r la id . F ig . 6. 7 show s M ap B  p a r t ia l ly  

o v e r la id  on  M ap A. T he d e c is io n  m u s t be m ade w h e th e r  to  inc lude  in  th e  

ou tpu t a l l  p o r tio n s  th a t a r e  com m on to  A and B. (A∩B ), o r  to  inc lude  a l l  a r e a s  

of b o th  A and  B  (A⋃B). In  th e  la t t e r  c a s e ,  a n  a r b i t r a r y  nu ll c la s s i f ic a t io n  

cou ld  b e  u s e d  fo r  th e  p o r tio n  of th e  r e s u l t in g  o v e r la y  th a t d o es  n o t o v e rlap ; 

in  th e  CGIS, c h a ra c te r  b la n k s  a r e  a s s ig n e d . A fu r th e r  cho ice  i s  to  o v e r la y  

o n ly  c e r ta in  p o rtio n s  of th e  in te r s e c tio n  of A  and  B.

F ig . 6. 7. O v e rla y  cond ition  w h e re  M ap B  i s  p a r t ia l ly  o v e r la id  on M ap A.

T h e  f i r s t  s te p  in  th e  a c tu a l o v e r la y  p ro c e d u re  i s  to  la y  out th e  im a g e  of th e  

f i r s t  m ap  in  m e m o ry . T h e  im ag e  of th e  seco n d  co v e ra g e  is  th e n  la id  o v e r 

th e  f i r s t  im ag e  in  m e m o ry . D uring  th i s  p ro c e s s  th e  im a g e s  a r e  c o m p ared , 

poin t by  p o in t, f o r  in te r s e c tio n s  of b o u n d a rie s  and f o r  each  in te r s e c t io n  poin t 

found , a  v a lu e  (the X , Y c o o rd in a te  of th e  in te rs e c tio n )  i s  put in to  a  ta b le . 

N ext, th e  ta b le  of in te r s e c t io n s  i s  s o r te d  in to  a  conven ien t s eq u en ce  fo r
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su b se q u en t c o m p a r is o n s ; in  th e  CGIS a p p ro ac h  th e  ta b le  is  o rd e r e d  by  X, Y 

v a lu e s . T h e  n u m b e r of b o u n d ary  in te r s e c t io n s  so  s to re d  is  th e o re tic a lly  

in f in ite , and  is  l im ite d  only  by th e  ca p a c ity  of th e  m e m o ry  s y s te m  and the  

f a c t  th a t a  m e a n in g le s s  q u an tity  of in te r s e c tio n s  m a y  b e  c re a te d  w hen 

n u m e ro u s  co v e ra g e s  a r e  so  o v e r la id . T h e  CGIS d es ig n  h a s  a r b i t r a r i l y  s e t  

e ig h t m e d iu m - o r  lo w -d e n s ity  m ap  co v e ra g e s  a s  i t s  u p p e r  l im it .  T he o v e rla y  

o f tw o  m ap  co v e ra g e s  w ith  e x tre m e ly  d en se  b o u n d a ry  s e t s  can  ca u se  p ro b le m s  

w ith  m e m o ry  c a p a c ity  a t  th is  po in t in  th e  p ro c e s s .

T h e  n ex t o p e ra t io n  i s  to  r e -e x a m in e  e a ch  of th e  tw o co v e ra g e s  b e in g  o v e r la id  

an d  to  b r e a k  up th e i r  b o u n d a r ie s  in to  s u b se g m en ts  w hose  ends a r e  th e  s a m e  

a s  th e  new ly  d e te rm in e d  in te r s e c tio n  p o in ts . T h e  s u b se g m en ts  a r e  then  

re c o n n e c te d  to  c r e a te  th e  new a r e a s  and  so  co m p le te  th e  o v e r la y  o f th e  im ag es , 

T h is  l a s t  s te p  m u s t b e  done s e n s ib ly  w ith  r e g a rd  to  th e  c la s s if ic a t io n s  

a t ta c h e d  to  th e  p re v io u s  b o u n d a rie s .

S y s te m s  do not n e c e s s a r i ly  keep  th e i r  im ag e  and d e s c r ip to r  d a ta  s e ts  in  

d if fe re n t f i l e s ,  a s  in  CGIS, and  th e  com bin ing  of a r e a s  and  c la s s if ic a t io n  

s y s te m s  s o m e tim e s  p ro c e e d s  s im u ltan e o u sly . S im ila r ly , th e r e  a r e  d iffe re n t 

a p p ro a c h e s  to  th e  p ro c e s s  o f com b in ing  th e  c la s s i f ic a t io n s  f ro m  tw o  o r  m o re  

m a p s  to  p ro d u c e  th e  c la s s if ic a t io n  fo r  th e  new m ap . G e n e ra liz a tio n  m ay  be 

em p lo y ed . In  com bin ing  12 w e a th e r  m a p s , each  show ing  th e  a v e ra g e  m ean  

te m p e r a tu r e  f o r  a  m onth  o f th e  y e a r ,  one m ay  w ish  to  p ro d u ce  an  end  r e s u l t  

show ing  a r e a s  w ith  a  sp e c if ic  p ro f ile  o f te m p e ra tu re ,  f o r  ex a m p le , an  a r e a  

th a t  en jo y ed  30% of th e  y e a r  b e tw e en  30 and  40º F ,  40% of th e  y e a r  be tw een  

40 an d  7 0 °F , an d  30% of th e  y e a r  be tw een  70 and  9 0 °F . T h is  ty p e  of change 

in  c la s s i f ic a t io n  cou ld  b e  han d led  b y  th e  im ag e  o v e r la y  p ro c e s s  d e s c r ib e d  

above , b u t th e  g e n e ra liz a tio n  of th e  d e s c r ip to r  d a ta  w ould  h ave  to  follow  a  

co m p lex  s e t  of r u le s  th a t w ould  depend  to  a  g r e a t  ex ten t on  the  fo rm a t  and 

n a tu re  o f th e  d a ta . T he CGIS ap p ro a c h  is  to  u s e  s im p le  c o n c a ten a tio n  of th e  

d e s c r ip to r  d a ta  s e t s ,  so  th a t th e  d e s c r ip to r  of each  new a r e a  fo rm e d  by  th e  

o v e r la y  is  o b ta in ed  b y  s im p ly  add ing  to g e th e r  th e  c la s s if ic a t io n s  of the  tw o 

o r ig in a l  a r e a s .  T h e  p ro c e s s  fo llow s a  s im p le  s e t  of ru le s  and i s  not d a ta  

d ependen t. T h e  to ta l  c la s s i f ic a t io n  of one a r e a  i s  co m b in ed  w ith  th e  to ta l  

c la s s i f ic a t io n  of th e  o v e rly in g  a r e a .  T h e re  a r e ,  of c o u rs e ,  v a r ia tio n s  in
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th e  ap p ro a c h  to  o v e r la y , depend ing  on th e  n a tu re  of the  co m p u te r b e in g  u sed , 

the  s iz e  of th e  r e c o r d s  bein g  h and led , and  th e  r e s u l t s  re q u ire d  b y  th e  u s e r .

T h e  lo g ic a l o p e ra t io n s  involved in  p r e l im in a r y  se le c tio n  of th e  a r e a s  to  be 

o v e r la id  a r e :  a  lo g ic a l Move (to g e t th e  d ata); a  lo g ic a l C om pare  (ag a in s t a  

s e t  of ru le s ) ;  and  a  lo g ic a l Move (to a  su b se t) . In  the  b a s ic  type  of o v e rlay  

p r o c e s s ,  th e  lo g ic a l o p e ra tio n s  beg in  w ith  a  lo g ic a l Move (fro m  a u x ilia ry  

s to ra g e  to  m e m o ry ) to  la y  out th e  im ag e  o f th e  f i r s t  co v e ra g e ; th e  second  

im a g e  i s  la id  o u t and  th e  su b se q u en t c o m p a riso n  and  fo rm a tio n  of th e  ta b le  

of in te r s e c t io n s  a r e  done b y  a  r e p e a te d  lo g ic a l M ove and lo g ic a l C o m p a re , 

fo llow ed  b y  a  lo g ic a l Move (of th e  id e n tif ied  in te r s e c t io n s  to  the  ta b le ) . T he 

ta b le  i s  s o r te d  in to  seq u en ce  b y  a  cyc le  c o n s is tin g  of a  lo g ic a l C o m p are  

fo llow ed  b y  a  lo g ic a l M ove. The e x is tin g  b o u n d a rie s  a r e  b ro k en  down in to  

s u b se g m e n ts  b y  a  lo g ic a l Move (w ithin th e  im ag e  da ta ), a  lo g ic a l C om pare  

(w ith th e  a l r e a d y  seq u en ce d  in te r s e c t io n  ta b le ) , and  a  lo g ic a l M ove (of the  

d a ta  s u b se g m e n ts  to  s to ra g e  w hen th e  nex t in te r s e c t io n  is  re a c h e d ) . The 

s u b se g m e n ts  a r e  re c o n n e c te d  in to  a r e a s  b y  a  lo g ic a l C om pare  (to  m ake s u re  

th a t i t  i s  a n o th e r  se g m e n t bounding  th e  s a m e  a re a )  and  a  lo g ic a l Move to  

r e d i r e c t  th e  p o in te r s .

L e v e ls  7 to  11. T he seq u en ce  o u tlin ed  above w as ta k e n  m a in ly  f ro m  the 

p r o c e s s  of im a g e  o v e r la y  u sed  in  th e  CGIS, and  11 lo g ic a l o p e ra tio n s  w e re  

id e n tif ie d  in  i t .  A n o v e r la y  p ro c e s s  b a s e d  on im a g e s  alone could  ta k e  s o m e - 

w hat fe w e r  lo g ic a l o p e ra t io n s , b u t a t th e  ex p e n se  of p ro c e s s in g  t im e , o r  if  

b a s e d  on a  l e s s  co m p lex  d a ta  s tr u c tu r e .  One w ith  m o re  so p h is tic a te d  

h an d lin g  of co m p lex  im ag e  cond itions  o r  of d e s c r ip to r  d a ta  could  h ave  m o re  

o p e ra t io n s . A s th e  o v e rla y  m an ip u la tio n  i s  c o n s id e re d  to  be  s ig n if ic a n tly  

m o re  co m p lex  th a n  th e  m an ip u la tio n s  d e s c r ib e d  in  le v e ls  1 to  5, i t  h a s  b ee n  

a r b i t r a r i l y  a s s ig n e d  to  le v e l 6 and  fo rm s  th e  b a s is  of the  second  ca teg o ry . 

T he le v e ls  d e s c r ib e d  in  th e  f i r s t  c a te g o ry  can  b e  re p e a te d  a s  le v e ls  in  the  

seco n d  c a te g o ry  (w ith th e  add itio n  of an  a r b i t r a r y  s ix  o p e ra tio n s  on th e  f ro n t 

of e a c h  m a n ip u la tio n ), p ro v id in g  le v e ls  7 th ro u g h  11.

L e v e l 8 i s  th u s  a  s y s te m  w ith  o v e r la y  c a p a b ili tie s  th a t can  a lso  c a r r y  out 

m a n ip u la tio n s  up to  le v e l 2 , e i th e r  b e fo re  o r  a f te r  th e  o v e rla y  m an ipu la tion .
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L e v e l 9 in c o rp o ra te s  o v e r la y  c a p a b ili ty  w ith in  th e  f a c i l i t ie s  of le v e l 3, and  is  

ty p ic a l ly  r e p r e s e n te d  b y  the  PIOS, M A P/M O D E L, NRIS, and  GIMMS sy s te m s .

L e v e ls  12 to  24. T h e  th i rd  m a jo r  c a te g o ry  in c o rp o ra te s  a l l  s y s te m s  w ith  a  

m o n ito r  s y s te m  o r  q u e ry  language , o r  bo th , th a t h av e  b ee n  deve loped  o r  

im p le m e n te d  to  a  s ig n ifican t d e g re e . T h is  f a c i l i ty  m a y  e x is t  w ith  o r  

w ith o u t th e  o v e r la y  ca p ab ili ty  and , u s in g  a  b a s e  of 12, p ro v id e s  le v e ls  13 to  

24. I ts  p o s itio n  on th e  ax is  (see  F ig . 6 .4 ) th u s  n ee d  n o t be  a  l in e a r  p r o g r e s - 

s io n  f ro m  th e  o v e rlay ; i t  is  p la ced  th e r e  m e re ly  f o r  conven ience , and  p e rh a p s  

to  in d ic a te  th e  s ig n if ic a n tly  h igh  le v e l  o f ca p a b ili ty  f o r  m an ip u la tio n . T he 

se q u en ce  of le v e ls  could  be con tinued  th ro u g h  th is  th i r d  c a te g o ry  to  in d ica te  

th e  r e la t iv e  so p h is tic a tio n  of ca p a b ili ty  f o r  m an ip u la tio n . A lthough the  p o s i - 

t io n  of s y s te m s  w ith  m o n ito rin g  c a p a b ili tie s  on th e  ax is  is  a r b i t r a r y ,  in  p r a c - 

t ic e  th e y  have n o t b ee n  c o n s id e re d  n e c e s s a r y  fo r  s y s te m s  w ith  r e la tiv e ly  

s im p le  m an ip u la tio n  fa c i l i t ie s .  O nly th e  h ig h e r -o rd e r  s y s te m s  in c o rp o ra tin g  

o v e r la y  o r  in te ra c t iv e  p ro c e s s e s ,  o r  bo th , em p loy  th is  in c re a s e d  le v e l of 

s o p h is tic a tio n . T he p ro g re s s io n  of m an ip u la tio n  f a c i l i t ie s  a long  th e  ax is  th u s  

r e p r e s e n t s  a  r e la t iv e ly  c le a r  p ro g re s s io n  of a c tu a l c a p a b ili t ie s  fo r  m a n ip u la -  

tio n  in  s y s te m s  in  1974.

A  m o n ito r  s y s te m  and  q u e ry  language f a c i l i ty  i s  n o t a n  o p e ra t io n  in  its e lf ;  

r a th e r ,  i t  i s  an  o v e ra l l  c o n tro llin g  fu n c tio n  of o th e r  o p e ra t io n s . A m o n ito r 

s y s te m  is  th e  ex ecu tiv e  d ire c to r  of n o rm a l o p e ra t io n s  w ith in  th e  co m p u te r 

an d  i t s  p u rp o se  is  to  f r e e  th e  o p e ra to r  f ro m  m a n u a l c o n tro l ta s k s ;  i t  m ak es  it 

a s  e a sy  a s  p o s s ib le  f o r  th e  u s e r  to  h ave  h is  r e q u e s t  a n sw e re d . A  qu ery  

lan g u ag e  i s  a  s e t  of code w o rd s  u sed  to  sp e c ify  th e  m a n ip u la tio n  and  r e t r ie v a l  

fu n c tio n s  re q u ire d . One of th e  b a s ic  fu n c tio n s  of th e  m o n ito r  s y s te m  is  

a u to m a tic a lly  to  com bine m an ip u la tio n  o r  r e t r i e v a l  com m ands f ro m  th e  q u e ry  

lan g u ag e  w ith  th e  d e s c r ip tiv e  in fo rm a tio n  in  th e  a p p ro p r ia te  f i l e s ,  and 

w ith  c o m p u te r  p ro g ra m s  r e s id e n t in  th e  s y s te m  l i b r a r i e s .  I t th u s  g e n e ra te s  

a  co m p le te  re q u e s t  th a t th e  co m p u te r ca n  u s e  to  e n te r  th e  d a ta  ban k , p roduce  

th e  d e s ir e d  m an ipu la tion , and  p re s e n t  i t s  r e s u l t s  in  ta b u la r  o r  p lo tted  fo rm .

A fu ll  te c h n ic a l d e s c r ip tio n  of a  ty p ic a l m o n ito r s y s te m  and  q u e ry  language 

i s  g iven  f o r  th e  CGIS in  th e  A ppendix.

T h e  lo g ic a l o p e ra tio n s  invo lved  in  th e  b a s ic  th e o r e t i c a l  a p p ro ac h  u sed  b y  th e
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m o n ito r  s y s te m  and  q u e ry  lan g u ag e  a r e  a s  fo llo w s: a  lo g ic a l Move (to r e a d  

th e  a tte n tio n  s ig n a l f ro m  th e  inpu t dev ice ); a  lo g ic a l Move (to  sen d  acknow - 

le d g em en t to  th e  dev ice); a  lo g ic a l M ove (to r e a d  th e  in i tia liz a tio n  r e c o rd  

f ro m  inpu t o r  ou tput of th e  l a s t  c o m p le ted  ta s k ) ; a  lo g ic a l C o m p are  (to 

ch eck  th e  v a l id ity  of th e  u s e r ,  o r  a g a in s t th e  ta b le  of ac tiv e  ta sk s ) ;  a  lo g ic a l 

M ove (of a  m e ss a g e  to  th e  te r m in a l  te ll in g  i t  to  e n te r  th e  re q u e s t ,  i f  th e  

r e q u e s t  is  f r o m  a  te r m in a l ,  o r  to  re m o v e  th e  ta s k  id e n tif ie r  f ro m  th e  ta b le  

o f ac tiv e  ta sk s ) ;  a  lo g ic a l M ove (to  r e a d  th e  f i r s t  l in e  of the  r e q u e s t ,  o r ,  if  

th is  i s  th e  l a s t  s te p  of th e  p r o c e s s ,  to  r e tu r n  to  w a itin g  s ta tu s ) ; a  lo g ic a l 

C o m p a re  (of k ey  w o rd  w ith  l i s t ,  to  e d i t th e  key  w o rd  fo r  v a lid ity ); a  lo g ic a l 

M ove (to  r e a d  f i le  d e fin itio n s  on a  s p e c ia lly  d es ig n e d  s y s te m  f i le  a s s o c ia te d  

w ith  th e  m o n ito r  to  d e te rm in e  th e  f i l e s  a s s o c ia te d  w ith  th e  p ro g ra m ); a  

lo g ic a l Move (to c a l l  in  the  o p tio n a l p a r a m e te r s  p ro v id e d  in  th e  re q u e s t  to  

m odify  th e  f i le  de fin itio n , f o r  e x a m p le , th e  n a m e s  of th e  c o v e ra g e s  to  be 

a c c e s se d ) ; a  lo g ic a l M ove (to lo a d  th e  p ro g ra m  f ro m  th e  l ib r a r y  to  th e  

co m p u te r); a  lo g ic a l M ove (to e n te r  th e  ta s k  id e n tif ie r  in to  th e  ta b le  of 

a c tiv e  ta sk s ) ; a  lo g ic a l M ove (to h and  o v e r  c o n tro l of p ro c e s s in g  to  th e  

p ro g ra m , and  so  in i t ia te  th e  ta s k ,  and  th e n  r e tu r n  to  w a itin g  s ta tu s ) ;  and  a  

lo g ic a l M ove, C o m p a re , M ove, C a lc u la te , and  M ove sequence  (se e  q u e ry  

language). T h e  above lo g ic a l s te p s  a r e  th e n  re p e a te d  a s  n e c e s s a ry .

T he only  s y s te m  know n to  h av e  a  fu ll  m o n ito r  s y s te m  in  con junction  w ith

o v e r la y  and  a l l  lo w e r - le v e l  c a p a b ili t ie s  f o r  m an ip u la tio n  i s  th e  CGIS, w hich

w ould  h ave  an ap p ro x im a te  le v e l o f 22. T h e  USGS s y s te m , 1 now in  th e

e x p e rim e n ta l p h a s e , and  d ev e lo p m en ts  of th e  U. S. E n g in e e rs  W aterw ays 

s y s te m 2 a n tic ip a te  a tta in in g  th i s  le v e l of m a n ip u la tio n  fa c ili ty .

T he above d is c u s s io n  of m an ip u la tio n  f a c i l i t ie s  h a s  b ee n  m o re  e x ten s iv e  th a n  

th o se  fo r  th e  a x e s  of lo c a tio n  id e n tif ie r  and  vo lum e of re la te d  d a ta , m a in ly  

b e c a u se  th e  te c h n iq u e s  in vo lved  h av e  n o t b ee n  c la s s i f ie d  b e fo re  and  i t  w as  

n e c e s s a r y  to  e s ta b l is h  so m e b a s is  f o r  c o m p a riso n , how ever b ro a d  and  

s im p l is tic . T he c a te g o r ie s  and  s u b c a te g o r ie s  id e n tif ied  (see  F ig . 6 .4 ) a r e  

n o t l i n e a r ly  d is tr ib u te d  a long  th e  a x is . T h e re  a r e  obvious d isc o n tin u tie s  of 

s c a le  am ong th e  th r e e  m a in  c a te g o r ie s ,  and  th e  d is tr ib u tio n  i s  not a r i th m e tic  

b u t te n d s  to  b e  lo g a r ith m ic  in  te r m s  of th e  in c r e a s e  in  com p lex ity  of

1. E dson  1973. 2. L a G ard e  1973.

209



m an ip u la tio n  a lo n g  th e  a x is . A m o re  d e ta iled  ex a m in a tio n  of th e  p ro c e s s e s  

w ould  p ro b ab ly  r e v e a l  th a t th e  p ro g re s s io n  w as m u lti-d im e n s io n a l. F o r  th e  

p u rp o s e s  of th is  d is c u s s io n , h o w ev er, th e  ax is  p ro v id e s  a  s im p le  e m p ir ic a l 

s u m m a ry  of th e  r e la t iv e  le v e ls  of m an ip u la tio n  ca p a b ili ty  in  s y s te m s .

SYNTHESIS

T he fo llow ing  s e r ie s  of d ia g ra m s  i l lu s t r a t e s  th e  lo c a tio n  of th e  v a r io u s  

s y s te m s  in  r e la t io n  to  th e  a x e s  d e s c r ib e d  above.

N in e teen  s y s te m s  h ave b ee n  lo c a te d  on th e  fo llow ing  d ia g ra m s . N ot a l l  th e  

s y s te m s  m en tioned  in  th e  p re v io u s  c h a p te rs  h ave  b ee n  p lo tted , a s  th is  w ould 

have  in c u r r e d  m any  c lo s e ly  o v e rlap p in g  n a m e s  and u n n e c e ss a ry  d u p lica tion . 

(The SYMAP s y s te m , fo r  ex a m p le , i s  r e p r e s e n ta t iv e  of ap p ro x im a te ly  te n  

s im i la r  s y s te m s  th a t  w ould  each  occupy a p p ro x im a te ly  the sam e  sp a c e  on the  

d ia g ra m .) H ow ever, e a ch  s y s te m  p re v io u s ly  m en tio n ed  in  the  te x t a s  an 

ex am p le  of a  p a r t ic u l a r  c a te g o ry  of s to ra g e  fo rm a t  is  p lo tted . W h ere  sp a c e  

p e rm itte d , and  d if fe re n c e s  w a rra n te d , o th e r  s y s te m s  have b ee n  added. T he 

M inneso ta  (MINN) s y s te m , w hich  u s e s  4 0 - a c r e  g r id  u n its ,  h a s  b ee n  p lo tted  

a s  w e ll a s  th e  LUNR s y s te m , w hich  u s e s  l -k m 2 u n its . T he "C en su s"  

s y s te m  r e p r e s e n t s  t r a d i t io n a l ,  c o m p u te r-a id e d , c e n su s  hand ling  te ch n iq u es  

u s e d  p r io r  to  th e  ad v en t of th e  GRDSR and  DIM E ty p e  of s y s te m s , and  w hich  

s t i l l  acco u n t f o r  th e  g r e a t e s t  am ount of c e n su s  d a ta  hand ling . T h e  w o rld -w id e  

w e a th e r  (WWW)1 s y s te m , w h ich  i s  e s s e n t ia l ly  a  p o in t d a ta  s y s te m , h a s  b ee n  

show n a s  i t  r e p r e s e n t s  th e  la r g e s t  n u m e r ic a l ly  coded , lo c a tio n -sp e c if ic  d a ta  

s e t  c u r r e n t ly  b e in g  h and led . M anual te ch n iq u es  a r e  not id e n tif ied  a s  th e y  

a r e  not tra d i t io n a l ly  re c o g n iz e d  a s  s y s te m s . T h e ir  c o n trib u tio n  to  o v e ra l l  

d a ta  h and ling  c a p a b ili ty  w ill , h o w ev er, b ecom e ap p a re n t.

T h e  f i r s t  d ia g ra m  (F ig . 6. 8) lo c a te s  th e  19 s y s te m s  in  th e  r e c o r d  p lan e , 

w ith  r e s p e c t  to  th e  v a r ia b le s  of lo c a tio n  id e n tif ie r  and  vo lum e of r e la te d  

d a ta . .T h is  p e rh a p s  i s  th e  m o s t in te re s t in g  of th e  th r e e  v iew s of th e  cube 

show n, a s  i t  g iv e s  an  o v e ra l l  p ic tu re  of th e  g e n e ra l a v a ila b ility  of s y s te m s  

( re g a r d le s s  of m a n ip u la tio n  ca pab ility ) to  hand le  v a r io u s  ty p e s  of da ta .

1. P e r s o n a l  co m m u n ic a tio n , M cK ay 1973.
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F ig . 6. 8. L o c a tio n  id e n tif ie r s  r e la te d  to  vo lum e of r e la te d  data .

T h e  a r e a  of th e  d ia g ra m  c lo s e s t  to  th e  o r ig in  of bo th  a x e s  co n ta in s  no 

c o m p u te r -a id e d  s y s te m s . In  th is  a r e a  of s im p le  lo c a tio n  id e n tif ie r s  and  

re la t iv e ly  low v o lu m es  of r e la te d  da ta , c u r re n t  m an u a l te ch n iq u es  of s to r in g  

and  a n a ly s in g  d a ta  a r e  e c o n o m ica l and  s a t i s fa c to ry  to  th e  u s e r .

Im m e d ia te ly  beyond  th i s  a r e a  i s  a  p ro li f e ra tio n  of c u r r e n t  w ork in g  s y s te m s , 

lo c a te d  ac co rd in g  to  th e i r  need  to  hand le  im ag es  in  r e la te d  d a ta  s e ts .  T he 

v a r io u s  a r b i t r a r y  r e g u l a r - a r e a  g r id  s y s te m s  such  a s  SYM AP, MIADS1, MINN, 

and  LUNR a r e  r e p r e s e n te d  h e r e ,  a s  a r e  th e  p o in t d a ta  s y s te m s  of GRDSR 

and  FR IS.

T h e se  s y s te m s  a r e  r e a s o n a b ly  w e ll e s ta b lis h e d  in  c u r re n t  p r a c t ic e ,  b u t it is

1. A m idon 1964, 1966.
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in te r e s t in g  to  no te th a t a s  in c r e a s in g  vo lu m es of d a ta  a r e  hand led , a  r e t r e a t  

i s  b e in g  m ade in to  th e  s im p le r  fo rm s  of lo c a tio n  id e n tif ie r .  T he p ro g re s s io n  

of g r id  s iz e s  in  r e la tio n  to  d a ta  e le m e n t s iz e  in c r e a s e s  (SYMAP - ty p e , to  

M IN N -type, to  L U N R -type) a s  v o lu m e of d a ta  in c r e a s e s .  P o in t d a ta  s y s te m s  

s u ch  a s  GRDSR, FR IS , and  WWW, u ti l iz in g  lo c a tio n  id e n tif ie r s  th a t p ro v id e  

on ly  th e  r e la t iv e  lo c a tio n  o f th e i r  d a ta  s e ts ,  a r e  u s e d  a s  d a ta  volum e 

in c r e a s e s .1 W ith th e  tr a d i t io n a l  te c h n iq u e s  f o r  h an d lin g  to ta l  s e ts  of cen su s  

d a ta  it h a s  b ee n  found e s s e n tia l  to  l im i t  th e  lo c a tio n  id e n tif ie r s  to  nom inal 

codes.

B eyond th e  w e ll - e s ta b lis h e d  s y s te m s  is  a  b an d  o f  o th e r s  th a t a r e  g e n e ra lly  

o p e ra t io n a l , b u t s t i l l  som ew hat e x p e rim e n ta l. T h e  AUTOM AP s y s te m  co m es  

in to  th i s  c a te g o ry  by  r e a s o n  of i t s  a tte m p t to  han d le  s im p le  im a g e s  w ith  a  

r e la t iv e ly  h igh  o rd e r  of lo c a tio n  id e n tif ie r .  T h e  DIM E, OEM , NORDPLAN, 

and  SACS ty p e  of n e tw o rk  s y s te m s  f a l l  in to  th is  c a te g o ry  b e c a u se , a lthough 

th e y  u ti l iz e  a  lo w e r  o r d e r  of lo c a tio n  id e n tif ie r ,  th ey  a tte m p t to  hand le  

m e d iu m  vo lu m es of d a ta . T he c o a rs e -p o ly g o n  s y s te m s  of th e  M A P/M O D E L, 

PIO S, and  GIMMS ty p e  f a l l  in to  th is  c a te g o ry  b e c a u se  th e y  com bine th e  f i r s t  

a t te m p ts  a t  u s in g  po lygon lo c a tio n  id e n tif ie r s  w ith  s m a l l  am oun ts  of re la te d  

d a ta .

T he C anad ian  H y d ro g rap h ic  S y stem  and  CGIS r e p re s e n t  s y s te m s  un d er 

deve lopm en t, w h ich  a t te m p t to  h an d le  d a ta  w ith  a  h igh  d eg re e  of lo c a tio n  

sp e c if ic ity . I t sho u ld  b e  no ted  th a t th i s  is  th e  r e a s o n  w hy th e y  a r e  r e la t iv e ly  

h ig h -o r d e r  s y s te m s . N e ith e r  h a n d le s  la rg e  v o lu m es  of r e la te d  d a ta  at 

p re s e n t .  T h e  C anad ian  H y d ro g rap h ic  S y stem  is  p r im a r i ly  an  im age 

re p ro d u c tio n  s y s te m . CGIS s t i l l  h an d le s  r e la t iv e ly  s m a l l  vo lu m es of d a ta  

a t  any  one lo c a tio n , a lthough  i t  m ay  h an d le  c o n s id e ra b ly  m o re  a s  i t s  d e v e - 

lo p m en t co n tin u es .

T h e  n ex t d ia g ra m  (F ig . 6. 9) show s th e  re la tio n sh ip  be tw een  th e  m an ipu la tion  

fa c i l i t ie s  o f th e  v a r io u s  s y s te m s  and  th e  type  of lo c a tio n  id e n tif ie r s  u sed .

1. A lthough GRDSR and F R IS  a r e  d e s ig n e d  to  r e p r e s e n t  a r e a l  d a ta  by a  poin t 
d a ta  s u r ro g a te ,  i t  could  b e  su g g e s te d  th a t po in t d a ta  c o l le c te d  a t w ea th e r  
s ta t io n s , a s  in  WWW, a r e  p r e c i s e ly  lo c a te d  in  a  po in t d a ta  s y s te m . T h is  
su g g es tio n  w ould, h o w ev er, b e  m is le a d in g , a s  th e  w e a th e r  s ta tio n  d a ta  a r e  
by  defin itio n  ta k en  a s  a  s a m p le  o f th e  a r e a l  a tm o s p h e r ic  cond itions  and 
ind eed  a r e  th e  b a s is  of su b se q u en t a r e a l  a n a ly s is . T h e  c o n s tra in t im p o sed  
b y  the  d a ta -g a th e r in g  p ro c e s s  d o es  not a l t e r  th e  fa c t th a t a r e a l  d a ta  a re  
b e in g  s u r ro g a te d  b y  p o in t d a ta  f o r  the  n e c e s s a r y  p u rp o se  of d a ta  red u c tio n .
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F ig . 6. 9 . S y stem  m a n ip u la tio n  fa c i l i t ie s  r e la te d  to  lo c a tio n  id e n tif ie rs .

If  one c o n s id e rs  th e  hum an  m ind  to  b e  th e  equ iv a len t of a  m o n ito r s y s te m  

and  q u e ry  la nguage com bined  (and f ro m  th e  co n c lu sio n s  re a c h e d  in  C h ap te r  

3, i t  p e r f o rm s  th e s e  fu n c tio n s  w ith  c o n s id e rab le  e ffic iency ), then , 

d is re g a rd in g  vo lum e of d a ta , m an u a l p ro c e s s e s  m ay  b e  s a id  to  b e  ap p licab le  

to  any  type  of m a n ip u la tiv e  a c tiv ity , in  co n c e r t w ith  any  type  of lo c a tio n  

id e n tif ie r  e n c o m p a sse d  in  th e  above d ia g ram .

B ec a u se  of th e  l im ita tio n s  o f hum an  m o to r  c a p ac ity  and hum an  channel 

ca p a c ity , h o w ev e r , on ly  th e  s im p le s t of m an ipu la tive  func tions  can  be
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han d led  ec o n o m ica lly  b y  m an u a l p r o c e s s e s .  F o r  even  lim ite d  vo lum es of 

d a ta , th e  ev id en ce  p re s e n te d  in  C h ap te r  3 in d ic a te s  th a t m anual te ch n iq u es  

can  on ly  b e  c o n s id e re d  e c o n o m ica l in  ap p ro x im a te ly  th e  f i r s t  tw o le v e ls  of 

m an ip u la tio n  fa c i l i ty  id e n tif ie d  in  th e  d ia g ra m . (T his, how ever, h a s  not 

p ro h ib ite d  th e i r  ap p lic a tio n  to  v e ry  s m a l l  v o lu m es  of d a ta  f o r  h ig h e r -o rd e r  

m an ip u la tio n  p r o c e d u r e s .)  T h e  d eve lopm en t of c o m p u te r-a id e d  s y s te m s  h a s  

th u s  s e e n  i t s  g r e a te s t  p ro l i f e ra t io n  in  le v e ls  3, 4, and  5 of m an ipu la tion  

p ro c e d u re , a s  m ay  b e  ex p ec ted . T h e se  e s s e n t ia l ly  r e p r e s e n t  th e  im m ed ia te  

e x te n s io n  of m a n u a l p ro c e s s in g  ca p ab ili ty . F ro m  the  d is tr ib u tio n  of th e  

s y s te m s  on  th e  d ia g ra m , i t  can  b e  s e e n  th a t tr a d i t io n a l  cen su s  hand ling  

te c h n iq u e s , and  th e  l a r g e r  g r id  s y s te m s  LUNR and  MINN, o v e rla p  in to  th e  

a r e a  of e c o n o m ica l m a n u a l te ch n iq u es . T h e y  co m p ete  d ire c tly  w ith  

p ro c e s s e s  th a t a r e  s t i l l  m a n u a lly  e ff ic ie n t (a s su m in g  lim ite d  d a ta  s e ts ) .  

AUTOM AP ca n  c a r r y  ou t s e a r c h ,  s c a le  change, and  p ro je c tio n  change on 

e x p lic itly  defined  b o u n d a r ie s , b u t th e s e  a c t iv i t ie s  a p p e a r  to  be a t  th e  l im its  

of m an u a l e ff ic ien c y  even  though  th e y  a r e  c a r r i e d  ou t m anua lly  w ith  som e 

re g u la r i ty .

A n id e n tif ia b le  g roup  o f s y s te m s  f a l l s  w e ll  w ith in  le v e ls  3, 4, an d  5 of 

m an ip u la tio n  fa c i l i ty . T h e se  p r o c e s s e s  a r e  d e m o n s tra b ly  exp en siv e  to  

c a r r y  ou t m an u a lly , an d  i t  i s  to  b e  ex p e c ted  th a t c o m p u te r -a id e d  te ch n iq u es  

w ould  b e  f i r s t  d eve loped  f o r  su ch  f a c i l i t ie s .  T e n  of th e  19 s y s te m s  shown 

fa l l  in to  th i s  l im ite d  a r e a .  I t i s  in te r e s t in g  to  n o te , h ow ever, th a t th e  ra n g e  

of lo c a tio n  id e n tif ie r s  em p loyed  b y  su ch  s y s te m s  i s  s t i l l  qu ite  lim ite d . T h ey  

u s e  po in t d a ta  s e t s ,  s m a l l  g r id s ,  o r  s im p le  n e tw o rk  re p re s e n ta t io n s  a s  th e i r  

b a s ic  d a ta  fo rm a ts .  L i tt le  c a p a b ili ty  e x is ts  to  p e r fo rm  th e  h ig h e r  m a n ip u la ­

tio n  fu n c tio n s  of th e  f i r s t  c a te g o ry  on th e  m o re  e x p lic i tly  defined  s p a tia l  da ta .

S y stem s  in c o rp o ra tin g  an  o v e r la y  c a p a b ili ty  n e c e s s a r i ly  o cc u r  in  th e  u p p e r 

h a lf  of th e  lo c a tio n  id e n tif ie r  ax is  b e c a u se , u n le s s  b o u n d a rie s  a r e  ex p lic itly  

id e n tif ied , th e  un ion  of d a ta  s e t s  ca n  b e  ac co m p lish e d  b y  su m m a ry . T he 

r e la t iv e ly  sm a ll n u m b e r o f s y s te m s  in c o rp o ra tin g  th is  c a p ab ili ty  (five out 

o f 19) s u g g e s ts  th a t  e i th e r  l i t t l e  re q u ire m e n t  e x is ts  f o r  th e  r e s u l t s  o f o v e r lay , 

o r  th e  p ro c e s s  r e q u i r e s  te c h n iq u e s  th a t a r e  m a in ly  e x p e rim e n ta l a t  p re s e n t .  

T h e  t r u th  p ro b a b ly  l i e s  in  a  com b in a tio n  of th e s e  f a c to r s ,  a lthough  the
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te c h n ic a l d if f ic u ltie s  m ay  p re s e n t  th e  g r e a t e r  c o n s tra in t. T he c o a rs e  p o ly - 

gon type  of s y s te m  (M A P/M O D E L, PIO S, GIMMS) fo rm s  an  id e n tif iab le  

g ro u p  a t th e  lo w e r end of th e  h ie r a r c h y  of s y s te m s  u s in g  ex p lic it b o u n d a rie s . 

O nly th e  C anad ian  H y d ro g rap h ic  S y stem  and  CGIS a ttem p t o v e r la y  m a n i- 

p u la tio n s  on f in e ly  defined  polygons; th e  l a t t e r  s y s te m  a lso  in c o rp o ra te s  a  

fu ll  m o n ito r  s y s te m  and q u e ry  lan g u ag e  cap ab ility .

T he nex t d ia g ra m  (F ig . 6. 10) i l lu s t r a t e s  th e  m an ipu la tion  f a c i l i t ie s  of th e  

v a r io u s  s y s te m s  in  r e la t io n  to  th e  vo lum e of d a ta  a t  e ach  lo c a tio n .

F ig . 6. 10. S y stem  m an ip u la tio n  f a c i l i t ie s  r e la te d  to  vo lum e of d a ta  
p e r  lo ca tio n .

A s w as no ted  in  C h ap te r 3, an  in c r e a s e  in  th e  vo lum e of d a ta  ra p id ly  d e c re a s e s  

the  u t i l i ty  of m anual p r o c e s s e s .  T h e  d ia g ra m  i l lu s t r a t e s  th e  e ffec t of
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in c re a s in g  v o lu m es  of r e la te d  d a ta  on even  th e  s im p le s t  m anual m a n ip u la - 

tio n  p r o c e s s e s .  In  F ig . 6. 8 ( s y s te m s  in  th e  r e c o r d  p lan e), it  w as  su g g es ted  

th a t tr a d i t io n a l  c o m p u te r-a id e d  c e n su s  te c h n iq u e s , and  th e  l a r g e r  g r id -b a se d  

s y s te m s  (LUNR and  MINN), w e re  n o t e c o n o m ica l to  p e r fo rm  m anually .

In  F ig . 6. 9 (m an ip u la tio n  fa c i l i t ie s  r e la te d  to  lo c a tio n  id e n tif ie rs ) ,  they  

a p p e a re d  to  b e  com p etin g  w ith  m an u a l p r o c e s s e s ,  a s s u m in g  lim ite d  am ounts 

of d a ta . F ig . 6. 10 show s th a t th e  u t i l i ty  o f th e s e  s im p le  a p p ro ac h es  

to  s p a tia l  d a ta  m an ipu la tion  r e s t s  on th e i r  econom y  in  hand ling  m ed ium  to  

la r g e  am o u n ts  o f d a ta  r a th e r  th a n  on th e i r  re s o lu t io n  o f lo c a tio n  id e n tif ie r .

T o w ard  th e  le f t  o f  th e  d ia g ra m , in  th e  f i r s t  c a te g o ry  of vo lum e of r e la te d  

d a ta , th e  im a g e  re p ro d u c tio n  s y s te m s  can  be id e n tif ied . AUTOM AP a p p e a rs  

to  be  a  lo w -o rd e r  s y s te m  in  th e s e  t e r m s ,  a lthough  i t  h an d le s  a  h ig h -o rd e r  

s e t  of e x p lic it lo c a tio n  id e n tif ie rs . T h e  h ig h e s t o r d e r  of th e  im ag e  m a n ip u la - 

tio n  s y s te m s  show n is  undoubted ly  th e  C anad ian  H y d ro g rap h ic  S ystem , c o m - 

b in in g  a s  i t  d o es  a  h igh  ca p a b ili ty  f o r  m a n ip u la tio n  w ith  h ig h -re so lu tio n  

lo c a tio n  id e n tif ie r s .  (I ts  p u rp o se  is  to  m a n ip u la te  p r e c i s e  h y d ro g rap h ic  

c h a r t s  p r e p a re d  f o r  n av ig a tio n a l p u r p o s e s . ) T he m idd le  ra n g e  of the  im age 

re p ro d u c tio n  s y s te m s  is  o ccup ied  b y  th e  T ype 2 a r b i t r a r y  r e g u la r - a r e a 1 

fa m ily  (SYM AP, MIADS, e t c . ) th a t a c c e p ts  a  low to  m e d iu m  le v e l of lo ca tio n  

id e n tif ie r  ( s m a ll  g r id s ) b u t o f fe rs  a  r e la t iv e ly  w ide  ra n g e  of ca p ab ility  fo r  

m a n ip u la tio n  in  th e  n o n -o v e rla y  ca teg o ry .

T h e  n ex t g ro u p  is  FR IS , SACS, DIM E, OEM , GRDSR, NORDPLAN, and  WWW. 

T h e se  s y s te m s  a r e  c h a ra c te r iz e d  by  a  f a i r ly  ex te n s iv e  ca p a b ili ty  fo r  m a n i- 

p u la tio n  in  th e  n o n -o v e r la y  c a te g o ry , and  b y  a  v a r ie d  b u t m ed ium  le v e l of 

lo c a tio n  id e n tif ie r  (se e  F ig . 6. 9); h o w ev er, a l l  in  so m e  w ay  a ttem p t to  

han d le  c o n s id e ra b le  q u a n titie s  o f d a ta  r e l a te d  to  th e i r  lo c a tio n  id e n tif ie rs . 

R e g a rd le s s  of lo c a tio n  id e n tif ie r ,  th e  e m p h a s is  i s  on r e la te d  d a ta  handling .

It i s  s ig n if ic a n t th a t,  w ith  th e  ex cep tio n  of WWW ( i ts e lf  a  s y s te m  handling  

la rg e  am o u n ts  of d a ta ), a l l  s y s te m s  in  th is  g ro u p  h ave b ee n  developed  in  

a g e n c ie s  d ire c t ly  r e la te d  to  c e n su s  and a d m in is tr a tiv e  d a ta  hand ling  a c tiv i tie s . 

T h is , th e n , i s  th e  g roup  th a t h a s  a tte m p te d  to  han d le  la r g e  q u a n titie s  of 

d a ta  and  h a s  c o m p ro m ise d  on lo c a tio n  id e n tif ie r  and  m anipu la tion  cap ab ility  

(at th e  m om en t).

1. As d efined  in  C h ap te r 4, p. 98.
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In  th e  o v e r la y  c a te g o ry  is  th e  w e ll - e s ta b lis h e d  g roup  (in a l l  th r e e  d ia g ram s)  

o f GIMMS, P IO S, and MAP /  MODEL. H e re  the  e m p h a s is  h a s  b ee n  on the

dev e lo p m en t of c a p a b ili ty  f o r  m an ip u la tio n , and  in  e v e ry  c a se  th e  f ile  

s t r u c tu r e  is  d es ig n e d  f o r  th is  r a th e r  th a n  f o r  c a r ry in g  la rg e  am o u n ts  of d a ta . 

I t is  r e le v a n t  th a t e a ch  s y s te m  h a s  b e e n  deve loped  by  p la n n e rs  o r  g e o g ra p h e rs  

c o n c e rn e d  w ith  s p a tia l  a n a ly s is ,  r a th e r  th a n  th e  m an ip u la tio n  of la r g e  d a ta  

s e ts .

T h e  CGIS s y s te m  h a s  a  s u b s ta n tia l  c a p a b ili ty  fo r  m an ip u la tio n  b u t a t  p re s e n t 

i t  d o es  not c a r r y  la r g e  vo lu m es o f r e la te d  d a ta  a t  e ach  lo c a tio n . T he f ile  

s t r u c tu r e  of th e  s y s te m  (the s e p a ra te  d e s c r ip to r  d a ta  f ile s )  is  in  p la c e  to  

h an d le  s u b s ta n tia l  q u a n titie s  of r e la te d  d a ta  in  an  e ffic ien t m an n er.

In  s u m m a ry , th e  f i r s t  d ia g ra m  of th e  th r e e  (F ig . 6. 8) g e n e ra lly  i l lu s t r a t e s  

th e  c u r r e n t  s ta tu s  of d eve lopm en t of s y s te m s  and  th e i r  a b i lity  to  hand le 

v a r io u s  ty p e s  o f d a ta . T h e  tw o d ia g ra m s  th e r e a f te r  (F ig s . 6. 9 and  6. 10) 

c la r if y  th e  f i r s t  and  p e rm it  c e r ta in  g roup  c h a ra c te r is t ic s  to  b ecom e 

ap p a re n t. T h e  im ag e -h a n d lin g  s y s te m s , w ith  th e i r  v a ry in g  le v e ls  of 

lo c a tio n  id e n tif ie r  and  ca p a b ili ty  f o r  m an ip u la tio n , can  be reco g n iz e d . T h is  

g ro u p  i s  p ro b a b ly  r e p r e s e n ta t iv e  of s y s te m s  of " au to m a tic  c a rto g ra p h y "  now 

in  e m b ry o n ic  s ta g e s  of d eve lopm en t in  v a r io u s  tr a d itio n a l c a r to g ra p h ic  

in s ti tu tio n s . T he g roup  u tiliz in g  lo w -le v e l lo c a tio n  id e n tif ie rs  (CENSUS, 

LU N R, MINN) ca n  b e  id e n tif ied  a s  depend ing  on d a ta  vo lum e f o r  th e ir  

e co n o m ic  ap p lica tio n . T he la r g e r  g ro u p  of w o rk in g  s y s te m s , w ith  n o n - 

o v e r la y  m an ip u la tio n  fa c i l i ty  and  so m e v a r ie ty  of m e d iu m -le v e l lo c a tio n  

id e n tif ie r ,  a r e  show n to  b e  th o se  a ttem p tin g  to  ta c k le  th e  p ro b le m  of hand ling  

d a ta  vo lum e w ith  g r e a t e r  f a c i li ty  th a n  is  o ffe re d  e i th e r  by  m an u a l te ch n iq u es  

o r  b y  th e  s y s te m s  u s in g  lo w -le v e l lo c a tio n  id e n tif ie r s . T h ey  d ire c t ly  r e f le c t  

th e  im m e d ia te  n ee d s  of th e  a g e n c ie s  deve lop ing  them ..

T h e  c o a rs e -p o ly g o n  g ro u p  of s y s te m s  (M A P/M O D E L, PIO S, GIMMS, e tc .)  

can  b e  id e n tif ie d , and  e s s e n t ia l ly  r e p r e s e n t s  an  a tte m p t to  ac h iev e  th e  

c a p a b ili ty  f o r  s p a t ia l  m a n ipu la tion  on lim ite d  d a ta  s e ts  and  to  fa c i l i ta te  th e  

g ra p h ic  ta s k s  th a t a r e  p ro h ib itiv e ly  ex p e n siv e  b y  m anual m ethods.

CGIS i s  a  r e s e a r c h  s y s te m  d esigned  to  h ave  a  r e la t iv e ly  h igh  ca p ab ility  fo r  

m a n ip u la tio n  coup led  w ith  th e  p o te n tia l to  hand le  m ed ium  to  la rg e  d a ta  s e ts .
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I t m u s t b e  em p h a s iz e d  th a t the  d ia g ra m s  th e m s e lv e s  a r e  no t, and  canno t be 

co n s id e re d , a  p r e c i s e  to o l f o r  r e la tin g  s y s te m  c a p a b ili tie s ; th e y  m e re ly  

p ro v id e  a  co n cep tu a l f ra m e w o rk  fo r  d is c u s s io n  and  fo r  th e s e  g e n e ra l 

o b s e rv a t io n s .

C o n s id e rin g  th e  th r e e  v a r ia b le s  a s  th e  a x e s  of a  cube, a s  i l lu s t r a te d  in  

F ig . 6. 11, th e  d iagonal OS e s s e n tia l ly  r e p r e s e n t s  the  p o te n tia l c a p ac ity  

of a  f i le  s t r u c tu r e  to  han d le  in fo rm a tio n  in  any  lo c a tio n -sp e c if ic  in fo rm a tio n  

s y s te m .

F ig . 6. 11. D iagona l OS a s  a  v e c to r  o f p o te n tia l c a p ab ili ty  o f s y s te m  
f i le  s t r u c tu r e s .

If  th e  d iagona l ax is  is  d iv ided  a r b i t r a r i l y  b e tw e en  O and  S in to  te n  equa l 

p a r t s ,  r e fe re n c e  to  th e  th r e e  p re v io u s  d ia g ra m s  (F ig s . 6. 8, 6. 9, and  6. 10) 

show s th a t th e  p o r tio n  of th e  cube p a s s e d  th ro u g h  b y  th e  lo w es t th r e e  un its  

e n c o m p a s s e s  v a r ia b le s  th a t to g e th e r  m ay  c o m p ris e  th e  f ie ld  w h e re  c u r re n t 

m an u a l m e th o d s of s to r in g  and  m an ip u la tin g  d a ta  a r e  econom ic  and 

s a t i s f a c to ry  to  th e  u s e r .

T he p o r tio n  of th e  cube b e tw e en  le v e ls  3 and 4 on th e  d iagonal co n ta in s  the  

p ro li f e ra tio n  o f c u r r e n t  w o rk in g  s y s te m s  a c co rd in g  to  th e i r  n ee d  to  hand le  

im a g e s  o r  r e la te d  d a ta  s e ts .  T h e se  p ro b ab ly  in d ica te  the  le v e l of f i le  

s t r u c tu r e  and  d es ig n , coup led  w ith  m ach ine  ca p ab ili ty , th a t h a s  c u r re n t ly
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found eco n o m ic  a c c e p ta n c e . F u r th e r  s y s te m s , if  deve loped  w ith  co m binations  

of v a r ia b le s  th a t f a l l  in to  th is  c a teg o ry , sho u ld  b e  im p lem en ted  w ithou t 

d ifficu lty  and  b e  e ff ic ie n t to  u se .

A s one p ro c e e d s  up th e  d ia g o n a l, th e  f i le  s t r u c tu r e s  n e c e s s a r i ly  b ec o m e  m o re  

s o p h is tic a te d ; in  f a c t ,  a s  th e  o r th o g o n a l a x e s  th e m s e lv e s  ex h ib it lo g a r ith m ic  

p ro g re s s io n ,  th e  d iagonal a x is  is  p ro b ab ly  lo g a r ith m ic . T he ty p e  and  c a p a - 

c i ty  o f th e  d a ta  p ro c e s s in g  m ach in e  re q u ire d , a s  w e ll a s  th e  d e g re e  of s k i l l  

n eeded  to  u s e  i t  e ffic ie n tly , s im i la r ly  p r o g re s s .  T y p ic a l of th e  s y s te m s  a t  

le v e ls  5 to  7 a r e  th e  im a g e -h a n d lin g  s y s te m s  of AUTOM AP, th e  C anad ian  

H y d ro g rap h ic  S y stem , and  a l s o  th e  PIOS, MAP /  M ODEL, GIMMS g roup .

I t  sho u ld  b e  no ted  th a t th e  d iag o n a l r e p r e s e n t s  th e  p o te n tia l c a p a b ili ty  of th e  

s t r u c tu r e s  a t  th e s e  le v e ls . In  so m e in s ta n c e s  th e  f i le  s t r u c tu r e  i s  n o t u s e d  

a t  i t s  fu ll  p o te n tia l. T h e  b a s ic  c h a ra c te r is t ic s  m ay  b e  em p loyed , b u t th e  

s u b s t ru c tu r e s  w ith in  th e  g e n e ra l f i le  o rg a n iz a tio n  h ave  not b ee n  developed .

T h e  s t r u c tu r e  cou ld  b e  s a id  to  be l ik e  a  sk e le to n  th a t i s  cap ab le  of su p p o rtin g  

a  body  b u t does  not h av e  th e  f le s h  and  a n c illa ry  s y s te m s  in  p la c e ,  o r  does 

n o t n ee d  th e m  a t  th e  m om ent.

P e rh a p s  one le v e l h ig h e r  i s  th e  type  of s y s te m  re p re s e n te d  b y  CGIS, b ec a u se  

su ch  s y s te m s  a tte m p t to  c a r r y  m o re  re la te d  d a ta  th a n  do th o se  m a in ly  

c o n c e rn e d  w ith  th e  m a n ip u la tio n  of im a g e s . A t th i s  le v e l, e ff ic ie n c y  of o p e ra - 

t io n  is  c lo se ly  r e la te d  to  f i le  s t r u c tu r e  and  th e  op tim u m  u s e  of com pu ting  

f a c i l i t ie s .  H e re  ag a in , h o w ev e r, th e  p o te n tia l c a p a b ili ty  of th e  f i le  s t r u c tu r e  

i s  c u r r e n t ly  u n d e r-u tiliz ed . W ith in  th e  g e n e ra l f ra m e w o rk  of th e  e x is tin g  

CGIS f i le  s t r u c tu r e ,  a  w ide  v a r ie ty  of s u b s t ru c tu r e s  cou ld  be deve loped  in  

re s p o n s e  to  u s e r  d em an d s , b u t th e y  h ave  not y e t b ee n  e s ta b lis h e d .

R e m e m b e rin g  th a t th e  d iag o n a l p ro b ab ly  p r o g r e s s e s  lo g a r ith m ic a l ly  in  te rm s  

of in c re a s in g  com p lex ity , i t  c a n  b e  no ted  th a t no f i le  s t r u c tu r e s  h av e  b ee n  

deve loped  in  th e  h ig h e r  p a r t s  of th e  ra n g e . Such s y s te m s  dem and  s o p h is - 

t ic a te d  d es ig n , and  p ro b ab ly  th e  u s e  of co m p u te r f a c i l i t ie s  not c u r re n t ly  

a v a ila b le . T h e  a r e a ,  h o w ev e r , e n c o m p a sse s  s y s te m s  th a t m u s t m a n ip u la te  

la r g e  v o lu m es  of d a ta  w ith  h ig h -re so lu tio n  lo c a tio n  id e n tif ie r s . T h e  data  

s e t s  to  b e  han d led  in  th is  m a n n e r  a r e  not y e t in  m a c h in e - re a d a b le  fo rm .

A lso , th e  im p lem e n ta tio n  of su ch  ca p ab ili ty  m u s t aw ait th e  d eve lopm en t of
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c o n s id e ra b ly  im p ro v ed  p r o c e s s e s  of g ra p h ic  to  n o n -g ra p h ic  d a ta  c o n v e rs io n , 

o r  th e  d eve lopm en t of advanced  com pu ting  ca p ab ili ty , o r  both . E ven m o re  

fu n d am en ta lly , i t  aw a its  th e  n ee d  of u s e r s  to  han d le  su ch  d a ta  s e ts .

A lthough th i s  a p p ro ac h  to  g eo g ra p h ic a l in fo rm a tio n  s y s te m s  c r e a te s  som e 

u n d e rs ta n d in g  of th e  r e la tio n sh ip  be tw een  c h a r a c te r is t ic s  of the  v a r io u s  

s y s te m s , i t s  p r im a ry  p u rp o se  i s  not to  e s ta b lis h  a  h ie r a r c h y  of s y s te m  

s o p h is tic a tio n . R a th e r , i t  a llow s th e  s y s te m s  to  be  ex am in ed  in  te rm s  of 

av a ila b le  e n v iro n m e n ta l d a ta  and th e  e f fo r t r e q u ir e d  to  han d le  th e m . J u s t 

a s  th e  v a r ia b le s  of lo c a tio n  id e n tif ie r ,  vo lum e of r e l a te d  d a ta , and  m a n i- 

p u la tio n  fa c i l i ty  m ay  b e  u s e d  to  d e s c r ib e  th e  s y s te m s , so  m ay  th e y  s e rv e  

to  in d ic a te  th e  r e q u ire m e n ts  fo r  h and ling  d a ta  to  p ro v id e  a  b e t te r  d e s c r ip tio n  

and  u n d e rs ta n d in g  of th e  en v iro n m en t.

B y  ex ten s io n , th e  s a m e  ty p e  of cube o r  m a tr ix  u s e d  a s  a  f ra m e w o rk  fo r  

s y s te m  d e s c r ip tio n  could  b e  u sed  to  ex a m in e  th e  d a ta  hand ling  re q u ire m e n ts  

of th e  u s e r ,  and  th e  r e la tio n s h ip s  be tw een  s y s te m  c a p a b ili ty  and  e n v iro n - 

m e n ta l d a ta  h and ling  n ee d s . F u r th e r ,  i t  m a y  b e  p o s s ib le  to  r e la te  the 

c a p a b ili t ie s  of g e o g ra p h ic a l in fo rm a tio n  s y s te m s  to  th e  c a p a b ili tie s  of d a ta  

g a th e r in g  p ro c e s s e s .  In  s im i la r  te r m s  th e  s ta te d  re q u ire m e n ts  of th e  u s e r  

m a y  b e  r e l a te d  to  th e  v a r io u s  ty p es  of d a ta  a n a ly s is , and  to  th e  d ec is io n s  

th a t depend  on su ch  a n a ly s e s . T h e se  lin k a g e s , and  h en ce  th e  o v e ra l l  u ti lity  

of s p a t ia l  d a ta  h and ling  s y s te m s , w ill b e  ex a m in ed  in  th e  fo llow ing ch a p te r .
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C H A PTE R  7 - GEOGRAPHIC INFORM ATION SYSTEMS, SPA TIA L DATA 
ANALYSIS, AND DECISION MAKING IN GOVERNMENT

In  g e n e ra l,  th e  fiv e  p re v io u s  c h a p te rs  o f th is  th e s is  h av e  h ad  a  te c h n ic a l 

e m p h a s is . R e la tiv e ly  l i t t l e  d is c u s s io n  h a s  b ee n  p ro v id e d  abou t th e  th e o ry  

on  w hich  s p a tia l  d a ta  a n a ly s is  is  im p lic itly  o r  e x p lic i tly  b a se d , abou t the  

in s ti tu tio n s  th a t have fo s te re d  the  d eve lopm en t of v a r io u s  d a ta  hand ling  

s y s te m s , o r  abou t th e  g e n e ra l s o c io -e co n o m ic  con tex t in  w hich  g eo g rap h ic  

in fo rm a tio n  s y s te m s  have  evolved.

P r o c e s s e s  o f d a ta  g a th e r in g , c h a ra c te r is t ic s  of d a ta , and  te c h n iq u e s  of 

m a n ip u la tio n  a r e  in e x tr ic a b ly  lin k ed  w ith  m e thods of d a ta  a n a ly s is , in s t i - 

tu t io n a l s t r u c tu r e s  and a c t iv i tie s , and  th e  n ee d  to  m ake d e c is io n s  about 

r e a l - w o r ld  p ro b le m s , even  if th e i r  in te rd ep en d e n ce  is  not c le a r  o r  co m p le te ly  

u n d e rs to o d . T h is  c h a p te r  w ill b r ie f ly  ex am in e  so m e a s p e c ts  of th e se  

in te r r e la t io n s h ip s  in  o rd e r  to  i l lu s t r a te  th e  o v e ra l l  v a lu e  o f g eo g rap h ic  

in fo rm a tio n  s y s te m s  a s  th e y  a r e  know n today , and  to  show th a t th e y  have 

g row n  ou t of a  com b ina tion  of p ra g m a tic  n ee d  and  in te lle c tu a l c u r io s i ty  a s  

m uch  a s  f ro m  any n a r ro w ly  defined  p ro g re s s io n  of te c h n ic a l evolu tion .

T h e  co n c ep tu a l ex ten t of th e  s u b je c t, h o w ev er, i s  e n o rm o u s. It would , fo r

ex a m p le , be qu ite  p ro p e r  to  c o n s id e r  th e  la r g e - s c a le  s o c ia l  and  p o litic a l

b ac k g ro u n d 1 of in s ti tu tio n s , in  o rd e r  to  u n d e rs ta n d  th e i r  p r io r i t i e s  and

ac tio n s  in  in fo rm a tio n  p ro c e s s in g . I t w ould  b e  v a lid  to  t r a c e  th e  im p a c t of

d a ta  on d e c is io n s  in  th e  v a r io u s  in s ti tu tio n s  w ith in  d iffe re n t s o c ia l and

p o li t ic a l  s t r u c tu r e s .  It w ould  a ls o  be v a lu ab le  to  a s s e s s  th e  v a l id ity  of th e

th e o r ie s  co n sc io u s ly  o r  su b co n sc io u s ly  ap p lied  in  th e  c u r r e n t  g a th e r in g  of

d a ta  (the th e o r ie s  u n d erly in g  th e  m e a s u re m e n t , s am p lin g , c la s s if ic a t io n ,

and  re c o rd in g  o f da ta).2 T h e se  a r e  im p o rta n t and  n e c e s s a r y  to p ic s  fo r  s tudy  

an d  m u s t be  ex am in ed  if  th e  va lue  of in fo rm a tio n  s y s te m s  is  to  be fu lly  u n d e r - 

sto o d . Any d is c u s s io n  of th e se  b r o a d e r  i s s u e s  in  th e  conc lud ing  c h a p te rs  of 

th e  th e s i s ,  h o w ev er, w ould  n e c e s s a r i ly  be s u p e r f ic ia l  and  u n s a tis fa c to ry .

T h e  th e s i s  h a s  b ee n  co n c e rn ed  w ith  th e  hand ling  of s p a t ia l  d a ta  g a th e re d  b y  

g o v e rn m en t a g e n c ie s ; th e re fo re ,  th e  d is c u ss io n  in  th is  c h a p te r  w ill focus  on

1. S ee, f o r  ex am p le , T o m lin so n , R . F . 1971. 2. S ee, f o r  ex a m p le , C oom bs 
1964, and  th e  d is c u s s io n  in  H arv ey  1969, C h ap te r 17.
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th e  c o n tr ib u tio n  of s y s te m s  fo r  hand ling  s p a tia l  d a ta  to  th e  a n a ly s is  of 

s p a t ia l  d a ta  and  d e c is io n  m ak ing  in  g o vernm en t.

T h e  con cep t of th e  r e la tio n s h ip s  b e tw e en  the th r e e  e le m e n ts  i s  e x p re s s e d  

in  s im p le s t  te r m s  in  F ig . 7. 1.

F ig . 7. 1. R e la tio n sh ip s  be tw een  d a ta , a n a ly s is , and  dec is ion .

T h e  c i r c u la r  n a tu re  of th e  d ia g ra m  im m e d ia te ly  em p h a s iz e s  th e  d ifficu lty  of 

b re a k in g  in to  th e  p ro b le m  a t  any  one po in t. T he a v a ila b i lity  of d a ta  co n - 

s t r a i n s  a n a ly s is ,  y e t a n a ly s is  (o r  th e  th e o ry  beh ind  it) shou ld  b e  a  gu ide to  

w ha t d a ta  a r e  m ade a v a ila b le . In  te r m s  o f d ec is io n  m aking , th e  a n a ly s is  

r e q u i r e d  d epends on  th e  d e c is io n s  th a t m u s t be m ad e , and  th e  d e c is io n s  in  

tu rn  can  b e  a ffec ted  by  th e  a n a ly tic a l ca p ab ili ty . D ec isio n s  can  b e  m ade 

d i r e c t ly  f ro m  d a ta  (a s su m in g  th e  e x is te n c e  o f som e m e n ta l m ode l), an d 'th e  

c o n c e rn s  of th e  com m un ity  and  th e  n a tu re  of i t s  in s ti tu tio n s  can  in fluence  

th e  d a ta  a c tu a lly  g a th e re d . T h e  t r a n s la t io n  of th is  s im p le  concep tual 

d ia g ra m  in to  a  m ode l r e la t in g  te c h n iq u e s  of d a ta  hand ling  to  s p a tia l  th e o ry  

and  th e  p r a c t ic e  of in s ti tu tio n a l d e c is io n  m ak ing  is  no t s tra ig h tfo rw a rd . 

T h e re  a r e  d iff ic u lt ie s  in  u s in g  a  r ig o ro u s  language to  a b s tra c t  th e  r e l a t i o n - 

s h ip s ,  in  s ta t in g  re a s o n a b le  co n c ep ts  th a t a r e  p r e c i s e  and  unam biguous, and  

in  deve lo p in g  p r e c i s e  s ta te m e n ts  o f th e  r e la tio n sh ip s  th a t b ind  th e  co n c ep ts  

to g e th e r . T h e  d ia g ra m  can  th u s  b e  u s e d  on ly  a s  a  f ra m e w o rk  f o r  d is c u s s io n  

in  a  p r e l im in a ry  ex a m in a tio n  of th e  r e la tio n s h ip s  involved.

T h e  c h a r a c te r is t ic s  of g eo g rap h ic  in fo rm a tio n  s y s te m s  and  the  ca p a b ili ty  of 

th e i r  te c h n iq u e s  to  han d le  s p a tia l  d a ta  h ave  b ee n  exam ined  in  th e  p rev io u s  

c h a p te r s . T h e  re m a in d e r  of th is  c h a p te r  w ill co n s id e r  the  c h a ra c te r is t ic s ,

G o v ern m en ta l 
d e c is io n  m ak ing
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f i r s t ,  of fo rm a l  s p a tia l  a n a ly s is , and  th e n  o f g o v e rn m en ta l d e c is io n  m aking , 

in  te r m s  of th e i r  n eed s  to  han d le  s p a tia l  d a ta . T he v a r io u s  c a te g o r ie s  of 

e x is t in g  g eo g rap h ic  in fo rm a tio n  s y s te m s  id e n tif ied  in  C h ap te r 6 w ill be 

e x a m in ed  in  th is  con tex t, th e  in s ti tu tio n a l b a s is  of th e i r  deve lopm ent w ill 

be d is c u s s e d , and  th e  u s e fu ln e ss  of th e  d iffe re n t ty p es  of sy s te m  w ill 

b e c o m e  ap p a re n t.

C h a p te r  8 w ill co n s id e r  th e  fu tu re  d ev e lo p m en ts  of geo g rap h ic  in fo rm a tio n  

s y s te m s  and ex am in e  th e ir  con tinu ing  ro le  w ith in  th e  d isc ip lin e  of g eog raphy  

and  d e c is io n  m ak ing  in  govern m en t.

F O R M A L SPA TIA L ANALYSIS R E L A T E D  T O  DATA USE 

F o rm a l  s p a t ia l  a n a ly s is , th e  r ig o ro u s  ex p lan a tio n  of th e  d is tr ib u tio n  and 

in te r a c t io n  of th e  a t t r ib u te s  of p la c e s  on  th e  e a r t h 's  s u r fa c e , i s  c e n tr a l  to  

g e o g ra p h ic a l m ethodology. T h e  c o n tr ib u tio n  of th e  to o ls  of geo g rap h ic  

in fo rm a tio n  s y s te m s  to  fo rm a l  s p a tia l  a n a ly s is  i s  th u s , to  som e ex te n t, a  

c o n tr ib u tio n  m ade to  g eo g ra p h ic a l m ethodology.

A fte r  e a r l i e r  d eve lopm en t in  s e v e r a l  of th e  p h y s ic a l and  b io lo g ica l s c ie n c e s , 

th e  to o ls  a v a ila b le  fo r  r ig o ro u s  ex p lan a tio n  in  th e  s o c ia l s c ie n c e s  have 

r a p id ly  d eve loped  in  r e c e n t y e a r s .  In  an  e s s a y  on th e  in te ra c t io n  of to o ls  

and  p ro b le m s  in  e c o n o m ics , K o o p m an s1 no ted  th a t "T he p re s e n t  p h a se  of 

e c o n o m ic s  i s  ind eed  one of tu rb u le n c e  and  tr a n s i t io n  in  the  dom ain  of to o ls , 

m o re  s o  th a n  in  th e  dom ain  of p ro b le m s  and  s u g g es ted  so lu tio n s . P e rh a p s  

th e  m o s t consp icuous d eve lopm en t is  th e  in c re a s in g  u s e  of a  g row ing  n u m b er 

o f m a th e m a tic a l co n c ep ts , th e o r ie s ,  and  th e o re m s  in  econom ic  rea so n in g .

B ut s e v e r a l  o th e r  im p o rta n t d ev e lo p m en ts  dem and  a tten tio n . T h e re  i s  th e  

re v o lu tio n a ry  in c re a s e  in  th e  c a p a b ili t ie s  of com puting  and d a ta -p ro c e s s in g  

equ ipm en t; th e  in c re a s e d  a p p lica tio n  o f m ethods of s ta t i s t ic a l  in fe re n c e , 

in c lu d in g  m e thods sp e c if ic a l ly  d e s ig n e d  f o r  econom ic  p ro b le m s ; th e  o p p o r- 

tu n i t ie s  a ffo rd ed  by  s y s te m a tic  ap p lic a tio n  of sam p le  s u rv e y  m e thods of 

o b s e rv a t io n . "

T h e  w o rd s  of K oopm ans in  1957 w ill s e e m  f a m il ia r  to  th e  e a r s  of g e o g ra p h e rs , 

w ho h av e  w itn e s s e d  a  s im i la r  r a d ic a l  tr a n s fo rm a tio n  in  th e  s p i r i t  and  p u rp o se  

of g e o g ra p h ic a l m ethodo logy  in  th e  p a s t 15 y e a r s .  T hey  s e rv e , h o w ev e r, to

1. K oopm ans 1957.
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p la c e  th e  co n trib u tio n  o f c o m p u te r-a id e d  s y s te m s  of d a ta  hand ling  in 

co n tex t w ith  th a t of th e  o th e r  r e c e n tly  a r r i v e d  " to o ls" .

P e rh a p s  a  c l e a r e r  d is tin c tio n  sho u ld  b e  m ade a t  th is  po in t betw een  the  

e m e rg e n c e  o f th e  c a p a b ili tie s  of c o m p u te rs  to  p e r fo rm  ca lcu la tio n s  and  th e ir  

u se  fo r  g eo g rap h ic  in fo rm a tio n  s y s te m s . A t th e  beg inn ing  of C h ap te r 4 i t  

w as  n o te d  th a t b e fo re  1960, co m p u te rs  w e re  e s s e n t ia l ly  h ig h -sp ee d  

c a lc u la tin g  m a ch in es , and  not u n til th e  e a r ly  m id -1 9 6 0 s d id  deve lopm en ts 

in  c o m p u te r  tech n o lo g y  allow  ra p id  g row th  in  th e i r  u se  f o r  in fo rm a tio n  

h an d lin g  and  th e  n o n -g ra p h ic  s to ra g e  o f s p a t ia l  d a ta . Y et in  1963, in  a  cogen t 

rev iew  of th e  im p a c t of th e  n ew er to o ls  on g e o g ra p h ic a l m ethodology,

B u rto n 1 s ta te d  th a t,  w h ile  " th e  c o n seq u en c es  of th e  re v o lu tio n  h ave  y e t to  be 

w o rk ed  ou t and  a r e  lik e ly  to  invo lve  th e  'm a th e m a tiz a tio n ' of m uch of o u r  

d is c ip lin e  w ith  th e  a tten d an t e m p h a s is  on th e  co n s tru c tio n  and  te s t in g  of 

th e o re t ic a l  m o d e ls , " and  "a lthough  th e  fu tu re  changes  w ill f a r  o u tru n  the  

in i t ia l  ex p e c ta tio n s  of th e  re v o lu tio n a rie s , th e  (quan tita tive) rev o lu tio n  is  

now o v e r . " C e r ta in ly , b y  1962-63, th e  to o ls  of m a th e m a tic s , th e  te ch n iq u es  

o f s ta t i s t i c a l  in fe re n c e  and sam p lin g , and  the. c a lc u la tin g  c a p ac ity  of c o m ­

p u te r s  h ad  begun  to  m ake a  s ig n if ican t im p a c t on g e o g rap h ica l m ethodology. 

H o w ev er, a t th a t t im e  not one of th e  n u m e ro u s  c o m p u te r-a id e d  tech n iq u es

fo r  h an d lin g  s p a tia l  d a ta  a v a ilab le  to d a y  and  d e s c r ib e d  in  th is  th e s i s  h ad  b ee n  

d eve loped . Coppock2 in  1962 c l e a r ly  saw  th e  l im ita tio n s  of th e  c o m p u te rs

of th e  t im e  and  no ted  th a t th e  "b o o k -k eep in g "  type o f co m p u te r w as  p ro b ab ly

f a s te r  f o r  la r g e - s c a le  d a ta  m a n ip u la tio n  th a n  th e  " s c ie n tif ic "  co m p u te rs  th e n

a v a ila b le . He com m en ted  th a t "w ith  a  m ach in e  of l a r g e r  s to ra g e  cap ac ity ,

i t  m ig h t h ave  b ee n  p o s s ib le  to  p r in t  out r e s u l t s . . .  " s o r te d  by  geo g rap h ic

c o o rd in a te s  to  m ake m ap d raw in g  e a s ie r .  Such d eve lopm en ts  w e re  a n t ic i-  

p a te d  b y  T o m lin so n ,3 K ao ,4 and  o th e r s ,  b u t even  th e  s im p le r  fo rm s  of

s y s te m s  w ith  g r id  s to ra g e  fo rm a ts  (such  a s  SYMAP5 and  MIADS6) d id  not

a p p e a r  u n ti l  1964-66. T o b le r 's 7 e a r ly  c o n tr ib u tio n  to  e x p e rim e n ta l a u to - 

m a te d  p re p a ra tio n  of th e m a tic  m ap s  w as pu b lish ed  in  1964. T he deve lopm ent 

of a  w id e r  ra n g e  of s y s te m s  fo r  h and ling  s p a tia l  d a ta  h a s  b ee n  a  p ro d u c t of 

th e  p a s t decade  (1964-74), and  even  now th e y  m ust be co n s id e red  to  b e  in  

a n  em b ry o n ic  s tag e  of deve lopm ent.

1. B u rto n  1963. 2. Coppock 1962. 3. T o m lin so n , R . F .  1962. 4. K ao 1963.
5. S chm id t, A. 1966. 6. A m idon 1964. 7, T o b le r  1964a.
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N ot on ly  w e re  g eo g rap h ic  in fo rm a tio n  s y s te m s  not in  th e  fo re f ro n t of the  

q u an tita tiv e  re v o lu tio n  in  g eog raphy , b u t a lso  th e y  h av e , in  th e  m a in , b ee n  

deve loped  b y  a g e n c ie s  m o re  co n c e rn ed  w ith  th e  h an d lin g  of d a ta  th a n  w ith  

th e  g ro w th  of g e o g ra p h ic a l th e o ry . I t is  n o t w ith in  th e  sco p e  of th is  th e s is  

to  r e p e a t  o r  e n la rg e  on th e  e p is te m o lo g ic a l p ro b le m s  of g eog raphy  o r  to  

t r a c e  th e  o v e ra l l  im p a c t o f q u an tita tiv e  m ethods on th e  deve lopm ent of g e o ­

g ra p h ic a l th e o ry . I t i s ,  h ow ever, n e c e s s a ry  to  m e n tio n  b r ie f ly  th e  to p ic  o f 

g e o g ra p h ic a l m ethodo logy  to  i l lu s t r a te  th e  p o te n tia l c o n trib u tio n  of 

g eo g rap h ic  in fo rm a tio n  s y s te m s  to  fo rm a l s p a t ia l  a n a ly s is .

A t th e  o u ts e t , i t  i s  p ro b a b ly  re a s o n a b le  to  s ta te  th a t th e  a b i lity  to  hand le

s p a t ia l  d a ta  w ill p ro b a b ly  have  m o re  im m e d ia te  im p a c t on g eo g rap h ica l

m ethodo logy  th a n  on g e o g rap h ica l th e o ry . W ith in  a  g eo g rap h y  defined  a s

" th e  d e s c r ip t io n  an d  ex p lan a tio n  of th e  s p a tia l  d if fe re n tia tio n  and  in te ra c t io n

be tw een  a t t r ib u te s  o f th e  e a r th 's  s u r f a c e ,"1 th e r e  a r e  a  n u m b e r o f " s tr a n d s "

o f th e o ry , w h ich  a r e  v e ry  d ifficu lt to  d is c u s s  in  th e  a b se n c e  of any  a s  y e t 

c le a r ly  id e n tif ie d  body  of g eo g ra p h ic a l th e o ry . H aggett and  C h o rley 2 have 

ap p ro a c h e d  th e  p ro b le m  b y  g roup ing  a  w ide  v a r ie ty  of id e a s  and  a p p ro ac h es  

w ith in  a  f r a m e w o rk  of m o v e m en ts , n e tw o rk s , n o d e s , h ie r a r c h ie s ,  and 

s u r fa c e s .  T h e r e  a r e  p ro b le m s  of d is tin c tly  s p a t ia l  d a ta  a s s o c ia te d  w ith  each  

of th e s e  " s ta g e s " ,  an d  so m e  of th e m  h ave b ee n  a t ta c k e d , co n sc io u sly  o r  no t, 

b y  th e  g eo g rap h ic  d a ta  h and ling  s y s te m s  d e s c r ib e d . Som e ex a m p les  at 

v a r io u s  s ta g e s  a r e  s y s te m s  b a s e d  on p o in t d a ta ,  o n l in e  se g m e n ts , on i r r e g ­

u la r  p o lygons, and  on  o th e r  s u r f a c e - d e s c r ip t iv e  fo rm a ts ,  and  s y s te m s  w ith  

th e  a b i li ty  to  co m b ine  a t t r ib u te s  w ith in  o r  b e tw e en  d a ta  fo rm a ts  and  to  d e r iv e  

co m p o site  d a ta  su ch  a s  th e  in te ra c t io n  b e tw e en  tw o p la c e s , th e i r  h ie r a r c h ic a l  

s ta tu s ,  o r  th e i r  in v o lv em en t in  a  p a r t ic u la r  a c tiv ity . T h e re  a r e ,  h ow ever, 

d if f ic u ltie s  in  th is  s im p l is t ic  re la tio n sh ip  b e tw e en  g eo g ra p h ic a l th e o ry  and  

c a p a b ili t ie s  f o r  h an d lin g  s p a t ia l  data .

A s in  any  d is c ip lin e , th e r e  a r e  m any a p p ro a c h e s  to  th e o ry , ran g in g  f ro m  

th e  m o s t a b s t r a c t ,  d ed u c tiv e , and id e a liz e d  m e n ta l c o n s tru c ts  of th e o re t ic a l  

p h y s ic a l s c ie n c e  o r  e c o n o m ics , to  th e  m o s t in d u c tiv e , d a ta -o r ie n te d  

fo rm u la tio n  of w o rk in g  h y p o th e se s , f o r  th e  p u rp o s e s  o f ex p e rim e n ta l s c ie n ce  

o r  s o c ia l  s tu d ie s . T h e  fo r m e r  type  of a p p ro ac h  o ften  d e a ls  w ith  concep ts

1. S u rface  in  th i s  s e n s e  im p ly in g  " s h e l l" ,  r a th e r  th a n  th e  m a th e m a tic a l 
defin itio n  of " s u r f a c e " .  2. H aggett 1965, C h o rle y  and  H aggett 1967, H aggett 
and  C h o rle y  1969.
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th a t a r e  c u r r e n t ly  d ifficu lt to  m e a s u re  (such  a s  a  "quan tum " in  p h y s ic s  o r  

"u ti l i ty "  in  ec o n o m ic s ) , o r  th a t can  be m a th e m a tic a lly  p r e c i s e  in  th e i r  

m ean in g  w h ile  b e in g  d ifficu lt to  en v isa g e  in  th e  r e a l  w o rld  (fo r ex am p le , 

e x p o n e n tia l fu n c tio n s , L a g ran g ian  m u l t ip l ie r s ,  o r  en tropy). T he induc tive  

a p p ro ac h , on th e  o th e r  han d , depends on fo rm u la tin g  g e n e ra liz a tio n s  ( th e o re t i­

c a l s ta te m e n ts )  in  w ays th a t can  b e  te s te d  th ro u g h  m o d e ls  of v a r io u s  k in d s . 

T h e  in d u c tiv e  ap p ro a c h , in  f a c t ,  d ep en d s  o n  th e  a v a ila b i li ty  of sp e c if ic  da ta .

T o  c o m p lic a te  th i s  s itu a tio n  fu r th e r ,  bo th  d ed u c tiv e ly  and  in d u c tiv e ly  d e r iv e d  

th e o r ie s  ca n  b e  te s te d  b y  r e fe re n c e  to  m o d e ls  th a t  u s e  v a r io u s  ty p e s  of s u r r o ­

g ate  da ta ; f o r  e x a m p le , u t i l i ty  m ay  b e  m e a s u re d  b y  th e  am ount o f  c a sh  peop le  

a r e  p r e p a r e d  to  p a y  f o r  a  good; in te ra c t io n  i s  o f te n  " m e a s u re d "  th ro u g h  u se  

of s p e c if ic  s e t s  of d a ta  on m ig ra tio n , te le p h o n e  c a l l s ,  o r  com m uting  flow s.

T h e  v a l id ity  of su c h  o p e ra t io n a l t e s t s  o f  th e o r e t i c a l  s ta te m e n ts  obv io u sly  

depends on how w e ll  th e  d a ta  c o n fo rm  w ith  th e  a s s u m p tio n s  o f th e  m ode l 

d e r iv e d  f r o m  th e  th e o ry . T h u s th e  d ifficu lty  i n  fo rm u la tin g  an y  d ir e c t  

m e a s u re  o f th e  im p a c t of e x is tin g  o r  im p ro v e d  g e o g rap h ic  in fo rm a tio n  

s y s te m s  on th e  c re a t io n  of g e o g ra p h ic a l th e o r y  c a n  b e  re a d i ly  a p p re c ia te d .

H arv ey ­1 a t te m p ts  a  b r ie f  c la s s i f ic a t io n  o f th e  v a r io u s  a p p ro ac h es  to  th e o r e t i ­

c a l s t r u c t u r e s : T y p e  1, d ed u c tiv e ly  co m p le te  th e o ry ; T ype 2, s y s te m a tic  

p re s u p p o s itio n s ; T ype 3, q u a s i-d e d u c tiv e  th e o r ie s  (w hich in c lu d es  induc tive  

s y s te m a tiz a tio n  a s  one of i t s  sub c a te g o r ie s ) ;  and  T y p e  4 , n o n fo rm a l th e o r ie s .

C o n s id e r in g  s p e c i f ic a l ly  g eo g rap h ic  th e o ry ,  H a rv e y 2 a rg u e s  th a t "G iven th e

n a tu re  of g e o g ra p h ic a l co n c ep ts , th e  d ev e lo p m en t of fo rm a l  th e o ry  (Type 1)

in  g eo g rap h y  a p p e a rs  to  b e  a  r e s t r i c te d  p o s s ib i l i ty ,"  and , "In  p ra c t ic e ,

m o s t of o u r  t r a d i t io n a l  (p re -q u a n tita tiv e )  th e o r is in g  h a s  b ee n  w ith in  T ype 4 

th e o re t ic a l  s t r u c t u r e s . . . " He co n tin u es3 b y  s u g g e s tin g  th a t "in  th e  p re s e n t  

s itu a tio n , i t  m a y  w e ll  b e  m o re  a d v isa b le  to d eve lop  c l e a r  h e u r i s t ic  tr e a tm e n ts  

of g e o g ra p h ic a l p ro b le m s  th a n  to  s e e k  f o r  f u l l  fo r m a l  e x p re s s io n s  of th e o ry . 

F o r  th i s  r e a s o n ,  m o d e l-b u ild in g  te c h n iq u e s  a r e  m u ch  m o re  s ig n ifican t to  

g e o g rap h ic  r e s e a r c h  and  a r e  lik e ly  to  r e m a in  so  in  th e  n e a r  f u tu r e ."

F o llow ing  th i s  lin e  o f though t, it  is  r e a s o n a b le  t o  s u g g e s t th a t th e  m a in  c o n t r i­

b u tio n  to  b e  m ade  b y  g eo g rap h ic  in fo rm a tio n  s y s te m s  to  g e o g rap h ica l th e o ry  

and  fo rm a l  s p a t ia l  a n a ly s is  is  th e  p ro v is io n  o f d a ta  f o r  m o d e ls  o r  p a r t ia l

1. H a rv ey  1969, Ch. 7, pp. 97-99 . 2. H a rv e y  1969, Ch. 9, p . 130.
3. H a rv ey  1969, Ch. 9, p. 134.
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m o d e ls  r e l a te d  to  indu c tiv e  th e o re t ic a l  s t r u c tu r e s .  T he q u es tio n  th a t re m a in s  

i s  w h e th e r  m o d e ls  of u s e  in  g eo g ra p h ic a l s tu d ie s  r e q u i r e  s p a tia lly  d is a g g re ­

g ated  d a ta , o r  la r g e  vo lu m es of d a ta , o r  w h e th e r  th e y  r e q u ire  s o p h is tic a te d  

te c h n iq u e s  of m a n ip u la tio n  to  d e r iv e  ad e q u a te  s u r r o g a te  d a ta  f r o m  b a s ic  d a ta  

s e ts ;  in  o th e r  w o rd s , w h e th e r g eo g rap h ic  in fo rm a tio n  s y s te m s  a r e  a c tu a lly  

n eeded . C e r ta in ly  th e re  h a s  b ee n  l i t t l e  co m m u n ica tio n  b etw een  th o se  d e v e ­

lop ing  m o d e ls  an d  th o se  deve lop ing  g e o g rap h ic  in fo rm a tio n  s y s te m s . 

F re q u e n t ly  one h e a r s  of m o d e ls  b e in g  b a s e d  on  e x is t in g  d a ta , o r  s im p ly  

u s in g  s p e c ia l  s u rv e y s  to  g a th e r  d a ta  o th e rw ise  u n av a ilab le .

T h e  o v e ra l l  s p e c t ru m  of d a ta  n eed s  f o r  g e o g ra p h ic a l m o d e ls  h a s  not b ee n  

e x a m in ed  ex te n s iv e ly . A p a rt f ro m  s ta t i s t i c a l  a b s t r a c ts  and  r e p o r t s  on d a ta  

s o u r c e s ,  so m e  p u b lica tio n s  b y  d a ta  g a th e r in g  in s ti tu tio n s  h ave  su g g es ted  

u s e s  f o r  th e  d a ta  th e y  c o l le c t .  A n ex a m p le  of th e s e  i s  a  s e r i e s 1 of p u b lic a ­

tio n s  b y  th e  U. S. B u re a u  of C en su s  on  d a ta  u s e  fo r  v a r io u s  ty p e s  of ad m in i­

s t r a t iv e  p u rp o s e . S im ila r ly , th e  a d m in is tr a tiv e  n ee d s  of p lann ing  ag e n c ie s  

fo r  d a ta  h av e  b e e n  exam ined ; th is  w o rk  i s  ty p if ie d  b y  the  p a p e rs  of 

C h e s h ire 2 in  G re a t B r ita in , H olleb3 in  th e  U. S. A., S alom onsson4 in  Sweden, 

an d  b y  a  m a jo r  s tu d y 5 in  G re a t B r i ta in  th a t ex a m in ed  the  n eed s  of lo c a l 

a g e n c ie s  in  te r m s  of th e  d ec is io n s  th e y  m ake. T h e  la s t  s tu d y  d id  no t, 

h o w e v e r , r e l a te  th e  d a ta  to  th e  s t i l l  " la rg e ly  e x p e rim e n ta l s y s te m s  ap p ro ach  

to  p la nn ing  and  m o d e llin g  te c h n iq u e s ." A t th e  o th e r  end of th e  s c a le  a r e  

th e  n u m e ro u s  d e s c r ip tio n s  of in d iv id u a l s p a t ia l  m o d e ls  th a t m e n tion  th e  d a ta  

p ro b le m s  r e l a te d  to  t h e i r  s p e c if ic  ta s k .  Som e a u th o rs  h ave  ta k en  a  w id e r  

po in t o f v iew . C oppock a n d  Jo h n so n 6 in  1962 m ade an  e a r ly  ex a m in a tio n  of 

d a ta  s o u rc e s  in  t e r m s  o f th e  bu rg eo n in g  d em an d s  of q u an tita tiv e  g eo g rap h ica l 

m e th o d s . R e c e n t w o rk  i s  ty p ified  b y  th e  r e p o r t s  o f C a te r ,7  B atty ,8 and 

W illis 9 in  th e  U nited  K ingdom . O f th i s  l a t e r  w o rk , th a t of B a tty  p ro b ab ly  

ap p ro a c h e s  th e  p ro b le m  m o s t d ire c tly .

B a tty  c o n s id e r s  th e  s p a tia l  th e o ry  u n d e rly in g  u rb a n  p lann ing  and g e n e ra lly  

c l a s s i f ie s  th e  v a r io u s  co n c e p ts  ac c o rd in g  to  t h e i r  u se  of da ta . He re c o g n iz e s  

e ig h t c a te g o r ie s ,  b a s e d  o n  w h e th e r  th e  d a ta  u s e d  a r e  a g g reg a ted  o r  d is a g g re ­

g a ted  w ith  r e s p e c t  to  s p a c e , a t t r ib u te ,  o r  t im e . T h e se  c a te g o r ie s  can  b e  

g ro u p ed  an d  ra n k e d  ac c o rd in g  to  th e  le v e l of re s o lu t io n  of th e  d a ta

1. U. S. B u re a u  of C en su s  1970a. 2. C h e s h ire  1970. 3. H olleb  1969.
4 . S alo m o n sso n  1969. 5. M in is try  of H ousing  and  L ocal G overnm en t, U. K. 1970. 
6. C oppock an d  Jo h n so n  1962. 7. C a te r  1970. 8. B a tty  1970. 9. W illis  1971.
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em ployed . F o r  conven ience  of c la s s i f ic a t io n , low le v e ls  of d a ta  re s o lu t io n  

w ill b e  r e f e r r e d  to  a s  " r e la t iv e ly  a g g re g a te d "  d a ta  and  h igh  le v e ls  of 

re s o lu t io n  a s  " r e la t iv e ly  d is a g g re g a te d "  data .

T h e  concep t of ag g re g a tio n  o r  d is a g g re g a tio n  of th e  s p a tia l  a s p e c t of d a ta  

g e n e ra lly  r e l a te s  to  s c a le . R e la tiv e ly  a g g re g a te d  d a ta  in  th e  s p a t ia l  s e n s e  

w ould  b e  u s e d  in  su b re g io n a l m o d e ls  su ch  a s  in te ru rb a n  m o d e ls , w h e re a s  

r e la t iv e ly  d is a g g re g a te d  s p a t ia l  d a ta  w ould  b e  em p loyed  in  in t r a - u r b a n  

m o d e ls  a t  lo c a l s c a le s .

In  te r m s  of t im e  d a ta , m o d e ls  th a t a r e  s ta t ic  w ith  r e s p e c t  to  t im e  a r e  

c o n s id e re d  to  em p lo y  a g g re g a te d  t im e  d a ta ; co n v e rse ly , th o se  th a t a r e  

dynam ic  w ith  r e s p e c t  to  t im e  a r e  s a id  to  be u s in g  d is a g g re g a te d  t im e  data .

S im ila r ly , th e  r e la t iv e  ag g re g a tio n  o r  d is a g g re g a tio n  of a t tr ib u te  d a ta  r e f e r s  

to  th e  le v e l  of d e ta il  a t  w h ich  th e y  a r e  c la s s if ie d . In  m o d e ls  u s in g  p o p u la tion  

o r  em p loym en t d a ta , f o r  e x a m p le , a g g re g a tio n  w ould app ly  to  th o s e  th a t 

t r e a t  th e  d a ta  a s  a  w hole w h e re a s  d is a g g re g a tio n  w ould  app ly  to  m o d e ls  th a t 

su bd iv ide  th e m  in  so m e w ay.

T h e  ran k in g  of m o d e ls  i s  g iv en  below . (B atty  u s e s  a  d iffe re n t fo rm a t  f o r  th e  

a r ra n g e m e n t of h is  e ig h t c a te g o r ie s  and  a  som ew hat d iffe re n t a s s ig n m e n t of 

co n c ep ts  to  c a te g o r ie s ,  b u t th e  g e n e ra l ap p ro ac h  fo llow s h is  w o rk .)

L e v e l 1: A ll d a ta  a g g re g a te d  in  s p a c e , a t t r ib u te ,  and  tim e

E x a m p le s: R ank  s iz e  r u le ,  g ra v i ty  th e o ry  (p r in c ip le  of le a s t  e ffo rt) .
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L e v e l 2:  O ne a s p e c t of d a ta  d is a g g re g a te d ; o th e r  a s p e c ts  a g g re g a te d

a) D isa g g re g a te d  s p a t ia l  d a ta

E x a m p le s ; T h e o r ie s  o f l in e a r  fo rm , co n c e n tr ic  fo rm , and  
m ic ro s c a le  d es ig n , c e n tr a l  p la c e  th e o ry , G a r in -
L ow ry  m o d e ls  of change of la n d  u s e .

b) D isa g g re g a te d  a t t r ib u te  d a ta

E x a m p le s: I s a r d 's  g e n e ra l th e o ry  of s p a t ia l  e c o n o m ics  (m in im u m  
c o s t e q u ilib r iu m ), econom ic  b a s e  th e o ry , in p u t-o u tp u t 
a n a ly s is , s o c ia l  th e o ry  of hum an  in te ra c t io n  (e. g . , 
W ebber), F o r r e s t e r 's  m ode l of u rb a n  d y n am ics , 
M e ie r 's  m ode l of hum an  com m un ication .

c) D isag g re g a te d  t im e  d a ta

E x a m p le s: M ig ra tio n  m o d e ls  (e. g . , Häg e rs tr a n d ) .



L e v e l 3:  Tw o a s p e c t s  of d a ta  d isa g g re g a te d , th i r d  ag g reg a ted

a ) D is a g g re g a te d  s p a tia l  d a ta , d isa g g re g a te d  a t tr ib u te  data

E x a m p le s : S o c io -e co lo g ica l th e o r ie s  (land  u se  - land  r e n t  e q u i­
lib r iu m ) such  a s  th e  co n c e n tr ic  zone th e o ry , m u ltip le  
n u c le i and  s e c to r a l  th e o ry , econom ic  r e n t ,  th e o ry  of 
a g r ic u l tu ra l  lo c a tio n  and  u rb a n  lo c a tio n , W ingo 's  
m o d e l of u rb a n  la n d  u s e , M uth 's  m ode l of re s id e n tia l  
lo c a tio n , K a in 's  m ode l of r e s id e n tia l  lo c a tio n , H e r b e r t -
S tev e n s ' m ode l of r e s id e n tia l  lo c a tio n , C h ap in -W eiss ' 
m o d e l of r e s id e n tia l  lo c a tio n , e tc .

b) D is a g g re g a te d  s p a tia l  d a ta , d is a g g re g a te d  tim e  d a ta  

E x a m p le s : S p a tia l d iffusion  m o d e ls .

c) D is a g g re g a te d  a t tr ib u te  d a ta , d isa g g re g a te d  t im e  d a ta  

E x a m p le s : R eg io n a l e c o n o m e tr ic  m o d e ls .

L e v e l 4 : A ll  d a ta  d is a g g re g a te d  in  s p a c e , a t tr ib u te , and  tim e

E x a m p le : I s a r d 's  g e n e ra l th e o ry .

E x a m in a tio n  o f th e  le v e l  of d a ta  r e q u ire m e n t of th e  v a r io u s  co n c ep ts  i l lu s ­

t r a t e s  th a t ,  f o r  th e  e x a m p le s  of u rb a n  s p a tia l  th e o ry  g iven , th e  a v a ila b i lity  

of d a ta  d o es  no t a ffe c t th e  concep tua l fo rm a tio n  of th e o ry .

L e v e l 1 co n ta in s  so m e  o f th e  m o re  f re q u e n tly  d is c u s s e d  th e m e s  of r e c e n t 

q u a n tita tiv e  g eo g rap h y , th o s e  of ra n k  s iz e  r u le  and  g ra v i ty  th e o ry  (p rin c ip le  

o f l e a s t  e f fo r t) . T h e se  co n c ep ts  w e re , h o w ev er, fo rm u la te d  be tw een  1929 

and  1949.1 T h e y  w e re  ta k e n  up aga in  b y  s e v e r a l  w o rk e rs  be tw een  1956 and 

1964 . 2

L e v e l 2 c o n ta in s  th r e e  c a te g o r ie s , each  w ith  som ew hat d iffe re n t c h a r a c te r i s ­

t i c s . T h e  f i r s t  c a te g o ry  co n ta in s  th e o r ie s  of l in e a r  fo rm  and  co n c e n tr ic  

f o rm  e la b o ra te d  b y  w o r k e r s  in  th e  a r c h i te c tu r a l  tr a d itio n  ac tiv e  a t  th e  tu r n  of 

th e  c e n tu ry . T h e s e  c la s s ic  s tu d ie s  in c lu d e  G a r n ie r 's  concep t of th e  l in e a r  

fo rm , "C ité  i n d u s t r i e l l e , " p ro p o sed  in  1904, E b e n e z e r  H o w a rd 's  concep t of 

a  c o n c e n tr ic  f o r m  of "G ard en  C ity" in  1898, and  L e C o rb u s ie r 's  con cep t of 

th e  "V ille  r a d ie u s e "  in  1920. T he c a te g o ry  a lso  co n ta in s  w o rk  of th e ir  

m o d e rn  c o u n te rp a r ts 3 in  m ic ro s c a le  u rb a n  d es ig n , p ub lished  be tw een  1964 

and  1967, th e  c o n c ep ts  of c e n tra l  p la ce  th e o ry , and  th e  G arin -L o w ry  m ode ls  

o f la n d  u s e  change. T h e  f i r s t  of th e se  co n cep ts  o r ig in a te d  o v e r  40 y e a r s  ago4 

and  h a s  b ee n  d ev e lo p ed  m o re  re c e n tly  (1954-67) b y  s e v e ra l  w o rk e rs .5 The

1. R e illy  1929, S in g e r  1936, Z ip f 1949. 2. C a r ro th e r s  1956, B e r r y  and  G a rr is o n
1958, B e r r y  196 1 , K an to ro w ich  1964, Huff 1964, and  o th e rs . 3. A lexander 
1964, 1967, A lex a n d e r and  C h erm ay eff 1966. 4. C h r is ta l le r  1935. 5. L o sch  
1954, B e r r y  1967.
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G a rin -L o w ry  m o d e ls  o f la n d  u s e  change a tte m p t to  u s e  v e r y  d is a g g re g a te d  

s p a t ia l  d a ta  and  a r e  r e la t iv e ly  r e c e n t  dev e lo p m en ts .1

T h e  se c o n d  c a te g o ry  of le v e l 2 co n ta in s  th e o r ie s  e s s e n t ia l ly  d e r iv e d  f ro m  

ec o n o m ic s  and  th e  s o c ia l  s c ie n c e s . A ll a r e  d a ta -d ep en d e n t th e o r ie s  and  

w e re  d ev e lo p ed  b e tw e en  1956 and  1969 by n u m e ro u s  w o rk e rs .2

T h e  th i r d  c a te g o ry  co n ta in s  th e o ry  c h a ra c te r iz e d  b y  d is a g g re g a te d  tim e  

d a ta  a n d  g e n e ra l ly  la r g e  vo lum es of da ta . W ork  on m ig ra tio n  m o d e ls  by  

g e o g ra p h e rs  w a s  a  d eve lopm en t of th e  p e r io d  1957-69.3

L e v e l 3 co n ta in s  th r e e  c a te g o r ie s ,  though m o s t of th e  e x a m p le s  f a l l  in to  th e  

f i r s t  w h ich  c o n ta in s  co n c ep ts  em p loy ing  d a ta  d is a g g re g a te d  in  a t tr ib u te  and 

in  s p a c e . H e re  aga in , i t  c a n  b e  no ted  th a t th e  a v a ila b i li ty  of d a ta  d o e s  no t 

a ffe c t th e  c o n c ep tu a l fo rm a tio n  o f th e o ry . T h e  s o c io -e c o n o m ic  th e o r ie s

w e re  d ev e lo p ed  b e tw e en  1925 and  1939.4 T he c la s s ic  th e o ry  o f eco n o m ic  

r e n t  w a s  f i r s t  fo rm u la te d  by  R ic a rd o  in  1817, and  th e o r ie s  of a g r ic u l tu ra l  

lo c a tio n  an d  u rb a n  lo c a tio n  w e re  deve loped  be tw een  1826 and  1926.5  T h e  

m a in  d ev e lo p m en t of th e se  th e o r ie s  and  th e i r  ex te n s iv e  te s t in g  and  deve lop ­

m e n t, h o w e v e r , o c c u rre d  be tw een  1961 an d  1964.6 W ils o n 's 7 tech n iq u e  

o f e n tro p y  m a x im iz a tio n  shou ld  p e rh a p s  b e  r e g a rd e d  a s  a  s p e c ia l  c a s e , in  

th a t  th e  ap p ro a c h  is  f le x ib le  enough to  b e  u s e d  w ith  w id e ly  v a ry in g  le v e ls  of 

d isa g g re g a tio n  and  ty p e s  of da ta . T h e  m o re  f re q u e n t a p p lic a t io n s , h o w ev er, 

m igh t b e  a llo c a te d  to  th i s  c a teg o ry .

T h e  se c o n d  and  th i r d  c a te g o r ie s  a t  th is  le v e l bo th  r e q u i r e  d a ta  d is a g g re g a te d  

w ith  r e s p e c t  to  t im e . C oupled  w ith  e i th e r  d is a g g re g a te d  s p a tia l  d a ta  o r  d i s ­

a g g re g a te d  a t t r ib u te  d a ta , th is  im p lie s  th a t s ig n if ic a n t v o lu m es  o f d a ta  m u s t 

b e  han d led . W ork  b y  g e o g ra p h e rs  in  th is  f ie ld  i s  a  f a i r ly  r e c e n t  d eve lopm en t; 

th e  s p a t ia l  d iffu s ion  m ode ls  of Hä g e r s tr a n d 8 and  P i t t s 9 w e re  a  p ro d u c t of

1. L o w ry  1964, 1965, G a rin  1966. 2. I s a r d  1956, 1960, L e o n tie ff  and  S tro u t 
1963, W eb b er 1963, 1964, W ilson , A. G. 1967, 1969a, 1969b, N o u rse  1968, 
Wä rn e r y d  1968, B ro ad b en t 1969, R ic h a rd so n  1969, F o r r e s t e r  1961, M eie r 
1962, and  o th e r s .  3. Hä g e r s tr a n d  1957, 1965, B ogue 1957, R o g e rs  1968, 
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t h e  e a r l y  1 9 6 0 s .  M o d e l s  o f  r e g i o n a l  e c o n o m i c  g r o w t h 1  a r e  m o r e  

recen t, and  som e o f the  very  recen t w o rk  o n  u rb an  h o u s in g  su ch  a s  th a t 

u n d e r  d e v e lo p m e n t  b y  th e  U r b a n  I n s t i tu t e  a n d  th e  N a t io n a l  B u r e a u  

fo r E conom ic  R esearch  in  W ash ing ton , D .C ., w ou ld  seem  to  fa ll in to  th is  

category. L e v e l 4  c o n ta in s  th e  c a te g o ry  o f  th e o ry  w h e re  th e  d e m a n d s  fo r  d a ta  

h a n d lin g  a re  n e c e s s a r ily  h ig h . I t  is  ty p i f ie d  b y  c u r re n t  c o n c e p ts  s u c h  

as Isard's general 

theory. S e v e ra l su g g e s tio n s  c a n  b e  m a d e  fro m  th e  a b o v e  o b se rv a tio n s . F irs t , 

and  m ost obv ious, is  tha t the  co n c ep tu a l fo rm a tio n  o f  th eo ry  is  n o t d ep en d e n t 

on  the  ab ility  to  hand le  da ta . S econd ly , the  testing  o f h y p o th e se s b ased  o n  

s u c h  th e o r ie s  b y  m o d e l  b u i ld in g  r e c e iv e d  c o n s id e r a b le  im p e tu s  b e tw e e n  

1 9 5 4  a n d  1 9 6 7 ,  a n d  to  s o m e  e x t e n t  i s  c o n te m p o r a r y  w i th  th e  a v a i la b i l i t y  

o f  c a lc u la tin g  c a p a c ity  in  c o m p u te r s .  T h ird ly ,  th e  t r e n d  in  m o re  re c e n t  w o rk  

(1961-69) is  tow ard  data-dependen t m ode ls, w h ich  co u ld  b en efit fro m  in creased  

availa­ bility of relevant data . Finally , the developm ent of theory requiring  the 

a n a ly s is  o f  d a ta  d i s a g g re g a te d  in  t im e  h a s  n o t  b e e n  e x te n s iv e ,  a n d  th is  

is  p o ssib ly  d u e  in  p a r t  to  th e  la c k  o f  s u i ta b le  d a ta  a n d  th e  c a p a c i ty  to  h a n d le  

them . F r o m  th e  a b o v e  c o m m e n t s  i t  i s  c l e a r  t h a t  th e  d e v e l o p m e n t  o f  

g e o g ra p h ic  in fo rm a tio n  sy s te m s  w ill  n o t  c re a te  th e o ry , b u t th e y  m a y  s p e e d  

th e  c o u rs e  o f  th e o ry  te s tin g  a n d  th u s  a llo w  n e w  a v e n u e s  to  b e  e x p lo r e d  

m o re  rap id ly . S pec ifica lly , they  m ay  he lp  theo ry  by  m ak ing  ava ilab le  in fo rm ation  

that would: a )  a l lo w  c u rre n t m o d e ls  to  b e  te s te d  o v e r  a  w id e r  a re a , o r  fo r 

more disaggregated populations;

b )  a l lo w  th e  d e v e lo p m e n t o f  n e w  m o d e ls  ( o f te n  d e r iv e d  f ro m  o ld  th e o ry )  

th a t m a y  in c o rp o ra te  v a r ia b le s  n o t b e fo re  a v a i la b le  in  q u a n tita tiv e  

fo rm  (w h ic h  m a y , in  tu rn , le a d  to  c o m p le te ly  n e w  ty p e s  o f  th e o re tic a l  

development); c) 

a s  a  s p e c ia l  c a s e  o f  ( b )  a b o v e , p ro v id e  d a ta  o n  c h a n g e  a t  p la c e s ,  a n d  th e  

in te r re la tio n s h ip  b e tw e e n  c h a n g e s  a t p la c e s  ( th a t is , th e  in te ra c tio n  

b e tw e e n  a t t r i b u t e  a n d  t i m e  o v e r  s p a c e ) ,  t o  d e v e lo p  a n d  i m p r o v e  

d y n a m ic  m o d e ls  o f  in n o v a t io n ,  d if fu s io n ,  th e  la g g e d  e f fe c ts  

of econom ic and social change, etc.

1. R ic h a rd s o n  1969.
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T h e  above d is c u s s io n  h a s  b r ie f ly  ex am in ed  th e  re la tio n sh ip  be tw een  fo rm a l  

s p a tia l  a n a ly s is  and  th e  a v a ila b i li ty  of da ta . T he nex t se c t io n  w ill o u tline  the  

c h a r a c te r i s t i c s  of th e  d ec is io n -m a k in g  p ro c e s s  in  g overnm en t. T h e re a f te r ,  

th e  va lue  of e x is t in g  g e o g rap h ic  in fo rm a tio n  s y s te m s  to  fo rm a l  s p a tia l  

a n a ly s is  an d  d e c is io n  m ak in g  w ill  b e  exam ined .

GOVERNM ENT DECISION MAKING R E L A T E D  TO  DATA USE 

T h e  p r im a r y  fu n c tio n  of m a n  i s  th e  p ro c e s s in g  of in fo rm atio n . A ll h is  

d e c is io n s  a r e  b a s e d  on h is  im ag e  of r e a l i ty ,  h is  m e n ta l m ode l of th e  r e a l  

w o r ld . W h e re  th e  d e c is io n s  (of a  g o v e rn m en t, f o r  exam ple) c o n c e rn  

v a r ia b le s  d is tr ib u te d  in  s p a c e , th e  though t p r o c e s s e s  invo lved  a r e ,  to  so m e  

d e g re e , s p a t ia l  m o d e ls . M en ta l m o d e ls  can be  v e ry  com plex , f in e ly  tuned , 

in tu itiv e  p r o c e s s e s ;  th e y  r e c e iv e  d a ta  f r o m  a  v a r ie ty  of s o u rc e s ,  f i t  th e m  

in to  th e  in d iv id u a l 's  p ra g m a tic  ex p lan a tio n  of th e  c o u rs e s  of a c tio n  o pen  to  

h im , and  fo rm  th e  s tan d p o in t f r o m  w h ich  he (as a  M in is te r  of go v ern m en t 

in  C ab in e t, f o r  ex am p le) m u s t a rg u e  h is  c a se  w ith  h is  c o lleag u e s . T he 

d is c u s s io n  p ro c e s s  of C ab in e t i t s e l f  cou ld  b e  lik en ed  to  a n  i te r a t iv e  m ode l, 

r e c e iv in g  v a r ia b le  in p u ts  of in fo rm a tio n  a s  th e  deb a te  co n tin u es , p o s itio n s  

(w eigh ted  v a r ia b le s )  a r e  changed  in  d eb a te , and an  ev e n tu a l so lu tio n  (o r la c k  

of one) i s  r e a c h e d . I t  i s  no t su g g e s te d  th a t th is  i s  a  co ld , r a t io n a l  p ro c e s s .  

A ny e x p e rie n c e  of th e  p o li t ic a l  o r  e m o tio n a l a s p e c ts  of d ec is io n  m aking  

im m e d ia te ly  in fo rm s  one  o th e rw ise . T h e  p sy ch o lo g ica l im p u ts  s im p ly  add  

to  th e  ra n g e  of in fo rm a tio n  b e in g  p ro c e s s e d ; th e y  a r e  an  in te g ra l  p a r t  of th e  

d e c is io n -m a k in g  p r o c e s s  an d  in c r e a s e  th e  c o m p le x ity  of th e  in h e re n t m ode lling  

e x e rc is e .  T h e r e  a r e  no f o r m a l  s u r ro g a te s  th a t can  ad eq u a te ly  r e p la c e  th e  

m e n ta l m o d e llin g  p r o c e s s  in  1974, though  obv iously  bo th  fo rm a l  and m e n ta l 

m o d e ls  c a n  p la y  a  r o le  in  d e c is io n -m a k in g  p ro c e s s e s .  T he m e n ta l m o d e ls  

r e l y  on  d a ta  p r e s e n te d  in  su ch  a  w ay th a t th e  hum an  m ind  can  v is u a l iz e  and  

c o m p reh en d  th e m . T h u s , th e  ro le  o f in fo rm a tio n  s y s te m s  fre q u e n tly  i s  to  

re d u c e , d e r iv e , and  r e f o r m a t  d a ta  so  th a t th e y  can  be  u n d e rs to o d  and  

in c o rp o ra te d  in  th e  m e n ta l m o d e llin g  p ro c e s s  (the p a r a l le l  r o le  f o r  in fo rm a ­

t io n  s y s te m s  i s  to  su p p ly  an d  m a n ip u la te  d a ta  f o r  input to  fo r m a l  m ode ls).

E v en  am o n g  g o v e rn m e n ta l in s ti tu tio n s , i t  i s  e a sy  to  en v isa g e  a  w ide  ra n g e  

o f ty p e s  o f d e c is io n -m a k in g  agency . A  ty p ic a l s e t  of d ec is io n -m ak in g
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in s ti tu tio n s  i s  g iven  in  F ig . 7. 2.

I n d i v i d u a l

F ig . 7. 2. T y p ica l s e t  of d ec is io n -m a k in g  in s ti tu tio n s .

T h e  l i s t  i s  a r b i t r a r y  and  o th e r  s e ts  of d e c is io n -m a k in g  a g e n c ie s  cou ld  be 

eq u a lly  v a lid ; one could  d iffe re n tia te  b e tw e en  g o v e rn m en ts  in  c o u n tr ie s  a t  

d if fe re n t s ta g e s  of econom ic  d eve lopm en t, f o r  ex a m p le , o r  b e tw e en  g o v e rn ­

m e n ts  w ith  d iffe re n t p o li t ic a l and  a d m in is tra tiv e  p h ilo so p h ie s . T h e  l i s t  

above re c o g n iz e s  g loba l, m u ltin a tio n a l, n a tio n a l, re g io n a l, lo c a l,  and  

in d iv id u a l le v e ls  of d e c is io n  m aking . T h e  ty p e s  of d ec is io n -m a k in g  

a g e n c ie s  and  th e  ty p e s  of d ec is io n  w ith in  in s ti tu tio n s  th a t f a l l  in to  th e se  

c a te g o r ie s  can  b e  re a d i ly  env isag ed . T he a im  i s  not to  defend th i s  p a r t ic u la r  

s e t ,  b u t m e re ly  to  in d ica te  th e  sco p e  of any  s tu d y  of d ec is io n  m aking  in  

g o v e rn m en t. If th i s  s e t  is  a c cep te d  and  on ly  th e  n a tio n a l, re g io n a l, and  lo c a l 

f o rm s  of g o v e rn m en t a r e  co n s id e re d , one can  su g g es t so m e of th e  ty p e s  of 

d e c is io n  m ade b y  s u ch  ag e n c ie s  (F ig . 7. 3).
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T h e  l i s t  ch o se n  d if fe re n tia te s  betw een  ty p e s  of d ec is io n s  in  a r e a s  of p o licy ,n

m a n ag em e n t, and  th e  a d m in is tra tiv e /m o n ito r in g  p ro c e s s .  T he c a te g o r ie s  

a r e  su b je c tiv e  and  th e  a c tu a l bou n d ary  cond itions  th a t s e p a ra te  th e m  a r e  

f a r  f r o m  d is tin c t;  o th e r  s e ts  of d ec is io n  ty p e s  ca n  b e  eq u a lly  va lid . T h u s, 

D e u tsc h 1 re v ie w s  s e v e ra l  m o d e ls  o f p o li tic a l com m u n ica tio n  and  c o n tro l in  

g o v e rn m e n t, B ra y 2 re c o g n iz e s  g e n e ra l p o licy  re v ie w s , ac tio n  p ro g ra m s , 

and  o p e ra t io n a l d ec is io n s  a s  s e p a ra te  c a te g o r ie s  w ith in  th e  B r i t i s h  g o v e rn

m e n t, and  W a rd 3 in  C anada h a s  d is c u s s e d  g o v e rn m en t d e c is io n s  d if fe re n ­

t i a te d  on f i s c a l  c r i t e r i a .  A gain , th e  a im  i s  no t to  defend  th e  s e t  p re s e n te d  

above , b u t to  in d ic a te  th e  sco p e  of th e  ty p e s  of d e c is io n  th a t m u s t be  

c o n s id e re d  f o r  fu tu re  stu d y . In  th e  c a te g o r ie s  g iven  above , p o licy  d e c is io n s  

a r e  ta k e n  to  b e  th o se  w h e re  a  s e le c tio n  is  m ade be tw een  m a jo r  a l te rn a t iv e s  

o f a c tio n . M anagem ent d e c is io n s  c o n c e rn  th e  s e le c tio n  of a l te rn a t iv e s  fo r  

im p le m e n tin g  th a t p o lic y  w ith in  th e  c o n s tra in ts  of th e  p o lic y  and  th e  j u r i s ­

d ic tio n a l c o n s tr a in ts  of th e  agency  re s p o n s ib le  f o r  im p lem en ta tio n . D ec isio n s  

on  a d m in is tr a t iv e  an d  m o n ito rin g  p r o c e s s e s  a r e  th e  d a y - to -d a y  d e c is io n s  

w ith in  th e  ch o se n  im p lem e n ta tio n  p ro c e d u re s .

A  h y p o th e tic a l p o lic y  d e c is io n  a t th e  n a tio n a l le v e l of g o v e rn m en t, f o r  

e x a m p le , cou ld  b e  to  re h a b i l i ta te  f a r m e r s  f r o m  m a rg in a l  f a rm s  w hose  

in c o m e  w a s  below  th e  p o v e r ty  le v e l. T he p o s s ib le  ju r is d ic tio n a l,  le g a l, 

f in a n c ia l ,  an d  s p e c if ic  m e a s u re s  w ould  be e s ta b lis h e d . T h e  p o lic y  m igh t 

s p e c i fy  a  v a r ie ty  of m e a s u re s  su ch  a s  f a r m  p u rc h a s e , fo rm a tio n  of f a r m e r s '  

c o o p e ra tiv e s , a m a lg a m a tio n  of f a r m s  in to  ec o n o m ic a lly  v ia b le  e n t it ie s , 

in c r e a s e d  o p p o rtu n itie s  f o r  ex ten s io n  ed u c a tio n  in  a g r ic u l tu re ,  d ir e c t  

c a p ita l  s u p p o r t,  s u b s id ie s  f o r  c ro p  tra n s p o r ta t io n ,  and  so  fo r th . T he 

m a n ag em e n t d e c is io n s  r e l a te d  to  su ch  p o licy  m igh t b e  c o n c e rn ed , in  th e  f i r s t  

in s ta n c e ,  w ith  id e n tify in g  f a r m e r s  on m a rg in a l la n d . T h is  m igh t invo lve  an  

in v e n to ry  o f m a rg in a l land . In  a  c o u n try  w ith  th e  re g io n a l d iv e r s i ty  of 

C an a d a , f o r  e x a m p le , a  m an ag em en t d e c is io n  m ay  be m ad e , on th e  b a s is  

o f  v a r io u s  ty p e s  of d a ta , to  em p loy  (p rom o te  and  encou rage) one c o u rs e  of 

a c tio n  in  one  p a r t  of th e  co u n try  and  an o th e r  in  a  d iffe re n t p a r t  of the  

co u n try . A d m in is tra tiv e  d e c is io n s  w ould b e  a t th e  le v e l  of d e te rm in in g  

w h e th e r  a  f a r m e r  w as  e lig ib le  f o r  su p p o rt u n d e r th e  v a r io u s  c a te g o r ie s  of

l .  D eu tsch  1966. 2. B ra y  1970. 3. W ard  1962.
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th e  le g is la t io n  im p le m e n te d  in  h is  a r e a ;  th e y  w ould  inc lude  m o n ito rin g  the  

p ro c e s s ,  m e a s u r in g  the  r e s p o n s e  to  th e  p ro g ra m  in  th e  a r e a ,  and  so  fo rth .

T h e  d e c is io n -m a k in g  le v e ls  a r e  O bviously in te rd e p e n d e n t and  o p e ra te  w ith in  

a  co m p lex  fra m e w o rk  w ith in  and  o u ts id e  th e  in s ti tu tio n s . A  s im p l is t ic  c o n ­

cep t o f th e  r e la tio n s h ip s  be tw een  th e  d e c is io n -m a k in g  le v e ls  of n a tio n a l, 

re g io n a l, and  lo c a l  g o v e rn m e n ts  in  a  p a r l ia m e n ta r y  s y s te m  is  i l lu s tr a te d  

in  th e  d ia g ra m  (F ig . 7 .4 ) o v e r le a f . T he d ia g ra m  and  th e  co m m en ts  th a t 

follow  a r e  a s  g e n e ra l a s  p o s s ib le , b u t r e f le c t  th e  a u th o r 's  e x p e rie n c e  w ith  

v a r io u s  le v e ls  of p a r l ia m e n ta ry  gov ern m en t in  C anada.

T h e  h y p o th e tic a l le g is la t io n  a l r e a d y  o u tlined  w ill b e  u s e d  a s  an  ex a m p le  to  

t r a c e  th e  p a th s  fo llow ed  b y  the  d e c is io n -m a k in g  p ro c e s s  a s  p re s e n te d  in  th e  

d ia g ra m  (F ig . 7 .4 ) . T h e  p o s s ib le  co n trib u tio n  of g e o g rap h ic  in fo rm a tio n  

s y s te m s  an d  fo r m a l  and  m e n ta l m o d e ls  to  th e  p r o c e s s  w ill a ls o  b e  exam ined .

I t m u s t, h o w ev e r, b e  e m p h a s iz e d  th a t th e  m ix tu re  and  v a lu e  of th e  v a r io u s  

te c h n iq u e s  a r e  d if fe re n t f o r  e a ch  type  of le g is la t io n ; th e y  v a ry  f ro m  y e a r  to  

y e a r ,  f r o m  d e p a rtm e n t to  d e p a rtm e n t , and  ev e n  f ro m  in d iv id u a l to  in d iv idua l 

ac c o rd in g  to  th e  t r a in in g  an d  c h a ra c te r  of k e y  p e rs o n n e l .

A ssu m in g  th a t th e  d ia g ra m  r e p r e s e n t s  a  n a tio n a l le v e l  of g o v e rn m en t and th e  

p o lic y  d ec is io n  r e s u l t s  in  p a r l ia m e n ta ry  le g is la t io n , th e  A ct w ill u su a lly  be 

im p le m e n te d  b y  a  s in g le  g o v e rn m en t d e p a rtm e n t, though  i t  m a y  a ls o  h ave  an  

im p a c t on  th e  a c tio n s  o f o th e r s .  T h o se  in vo lved  w ith  th e  m a n ag em e n t d e c is io n  

p r o c e s s  a s  d efined  above a r e  now re s p o n s ib le  f o r  ch o o sin g  th e  a l te rn a t iv e s  

o f a c tio n  w ith in  th e  le g is la t iv e  f ra m e w o rk . F o r  o u r  h y p o th e tic a l a g r ic u l tu ra l  

le g is la t io n , th e  d e p a rtm e n t m ay  f i r s t  w an t to  g a th e r  d a ta , not a v a ila b le  f ro m  

o th e r  s o u r c e s ,  abou t th e  d is tr ib u t io n  of m a rg in a l la n d s  a c ro s s  th e  coun try . 

T h is  s te p  i s  show n a s  inpu t f ro m  d e p a rtm e n ta l d a ta  g a th e r in g  to  th e  m a n ag e ­

m ent d e c is io n  p r o c e s s .  A g e o g rap h ic  in fo rm a tio n  s y s te m  m a y  b e  desig n ed , 

o r  an  e x is tin g  one u s e d , to  s to r e ,  m a n ip u la te , and  g e n e ra te  s u m m a r ie s  of 

th e  d a ta  f o r  th e  d e p a rtm e n t. D a ta  f ro m  o th e r  a g e n c ie s , su ch  a s  a g r ic u l tu ra l  

c e n su s  d a ta  r e la t in g  to  s iz e  and  cond ition  of f a r m s ,  g ro s s  p ro d u c tiv ity , 

a v e ra g e  in c o m e  le v e ls ,  and  so  fo r th , m ay  b e  d e r iv e d  and  re w o rk e d  to  m a tch  

th e  d a ta  g a th e re d  b y  th e  im p lem en tin g  agency  i t s e lf .  At th is  s ta g e ,  fo rm a l
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m o d e ls  m ay  b e  d es ig n e d  and  u sed . M odels m a y  b e  deve loped  to  r e l a te  the  

v a lu e  of f a r m  la n d  to  th e  d is ta n c e  f ro m  m a rk e ts ,  to  s tu d y  in te r re g io n a l  

f lo w s  of c o m m o d itie s , to  id e n tify  re g io n s , to  d e te rm in e  w hich  re g io n  w ould 

b e n e fi t f r o m  w hich  type  of su p p o rt u n d e r th e  p ro g ra m , and  p e rh a p s  even  to  

s im u la te  th e  d iffusion  of know ledge abou t th e  p r o g r a m  to  th e  fa rm in g  

co m m u n ity  so  th a t i t s  t im in g  and b u d g e ttin g  can  b e  m o re  p r e c i s e .  T he 

m an ag em e n t d e c is io n  p ro c e s s  w ould  a lm o s t c e r ta in ly  in c o rp o ra te  so m e 

su c h  p ro c e d u re s ,  b u t w ould  a lso  r e ly  h ea v ily  on m e n ta l m o d e ls  b a s e d  on 

th e  e x p e rie n c e  of th e  re s id e n t  go v ern m en t a g ro n o m is ts , th e  p ro v in c ia l 

m in is te r s  of a g r ic u l tu re  and  th e i r  s ta f fs  in  v a r io u s  p a r t s  of the  co u n try , 

an d  th e  e x p e rie n c e  o f th e  d e p a rtm e n ta l a d m in is tr a to r s  th e m s e lv e s .

W ith in  th e  l im it s  im p o se d  b y  th e  le g is la t io n , th e  in s ti tu tio n a l p ro c e d u re  

w ou ld  b e  d eve loped  an d  p a s s e d  to  th e  a d m in is tr a tiv e  u n its  f o r  im p lem en ta tio n . 

In  th e  in i t ia l  s ta g e s  of a d m in is tra tio n  of s u ch  p r o g r a m s , d ec is io n s  a r e  

p r e s c r ib e d  and  have  s im p ly  to  b e  im p lem en ted . D ata  a r e  c o l le c te d  a s  p a r t  

of th e  a d m in is tr a tiv e  p ro c e s s .  H ow ever, a s  d if f ic u ltie s  in  im p lem e n ta tio n  

a r i s e ,  an d  a s  th e  peop le  in  th e  f ie ld  f in d  th a t th e  p ro g ra m  i s  n o t a c c e p te d  o r  

i s  n o t hav in g  th e  d e s ir e d  r e s u l t s ,  th e i r  a rg u m e n ts  and  th e  su p p o rtin g  d a ta  

a r e  p a s s e d  b a c k  to  th e  m an ag em en t d ec is io n  p ro c e s s .  Such a rg u m e n ts  

f r e q u e n t ly  invo lve  lo g ic a l, w e ll-d o cu m en ted , d a ta -d ep en d e n t r e p o r t s ,  b u t in  

o u r  h y p o th e tic a l ex am p le  th e y  w ould  a lm o s t e n t i r e ly  b e  b a s e d  on  th e  m e n ta l 

m o d e ls  of th e  ex p e rie n c e d  f ie ld  o f f ic e r s .

A t th is  s ta g e  th e  p r o c e s s e s  of m an ag em en t an d  a d m in is tr a tiv e  d e c is io n  can  

b e  c o n s id e re d  to  a c t to g e th e r  a s  an  i t e r a t iv e  p ro c e d u re . F r e s h  d a ta  f ro m  

a d m in is tr a t iv e  s o u rc e s ,  p e rh a p s  ad d itio n a l d a ta  f r o m  o th e r  a g e n c ie s , 

r e p r e s e n ta t io n s  to  th e  m in is te r  of th e  d e p a rtm e n t , and  h is  r e d i r e c t io n  of 

p r io r i t i e s  o r  re a lig n m e n t of p ro c e d u ra l e m p h a s is  a r e  so m e o f th e  f a c to r s  

th a t  change.

P r o g r a m s  blo o m , w ith e r , and  d ie  in  t im e , a s  th e  cond itions  in  w hich  th e y  

o p e ra te  change, a s  th e  n ee d  fo r  th e m  b e c o m e s  l e s s  r e a l  o r  ap p a re n t, o r  

b e c a u se  th e  le g is la t io n  o r ig in a lly  p a s s e d  down does  no t allow  th e  p ro g ra m  

to  su c c e e d . In  o u r  h y p o th e tic a l c a s e , th e  l a s t  s itu a tio n  m igh t o c c u r  if  th e  

o r ig in a l  le g is la t io n  h a d  b ee n  f ra m e d  to  g ive a id  d ir e c t ly  to  f a r m e r s  on th e
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m a rg in a l f a r m s  o f a  c e r ta in  r u r a l  a r e a ,  w ithout reco g n iz in g  th a t th e i r  p lig h t 

m igh t b e  in e x tr ic a b ly  bound to  th e  to ta l  econom ic s y s te m  in  th e  ru r a l -u r b a n  

re g io n  th a t in c luded  th e i r  a r e a .  I t m igh t b ecom e c le a r  a s  th e  p ro g ra m  

p ro c e e d e d  th a t th e  m a in  e ffec t of the  po licy  a s  im p lem en ted  w as a  r a p id  

in c r e a s e  in  r u r a l - to - u r b a n  m ig ra tio n , and  th a t th e  " re h a b ili ta te d " , d is p la c e d  

m a rg in a l  f a r m e r s  w e re  b ecom ing  u rb an  w e lfa re  r e c ip ie n ts  and  c re a t in g  a  

m o re  s e v e re  s o c ia l  and  econom ic  p ro b le m  th a n  th e  one in i t ia lly  fac e d .

In  su c h  c irc u m s ta n c e s ,  i t  i s  com m on f o r  a  d e p a rtm en t to  p r e p a re  p ro p o s a ls  

f o r  new le g is la t io n  to  b e  su b m itte d  to  g o vernm en t. T h e se  m a y  e i th e r  a g r e e  

o r  co n flic t w ith  p ro p o s a ls  f o r  new le g is la t io n  f ro m  o th e r  d e p a rtm e n ts . A 

H e a lth  and  W e lfa re  agency , f o r  ex am p le , m ay  have id e a s  on  the  a p p ro p r ia te  

a n s w e r  to  o u r  h y p o th e tic a l p ro b le m  co m p le te ly  d iffe re n t f r o m  th o se  of a n  

A g r ic u l tu ra l  agency . T h e  p o licy  d e c is io n  p ro c e s s  m u s t be r e s p o n s iv e  to  

m an y  in p u ts . T h e  p r im a ry  lin k  b e tw e en  th e  le v e ls  of m an ag em en t d e c is io n  

an d  p o lic y  d ec is io n  i s  th e  fu n c tio n  of th e  e le c te d  m in is te r . H is a w a re n e s s  

o f  th e  n ee d  f o r  a  change in  p o lic y  co m es  not only  f ro m  th e  s e n io r  c iv i l  

s e r v a n ts  in  h is  own d e p a rtm e n t (o r f ro m  th e i r  n eg o tia tio n s  w ith  th e i r  c o u n te r ­

p a r t s  in  o th e r  d e p a rtm e n ts ) , b u t f ro m  th e  adv ice  o f independen t c o u n c ils  an d  

c o m m is s io n s , f ro m  s p e c ia l - in te r e s t  g ro u p s  su ch  a s  f a r m e r s ' a s s o c ia t io n s ,  

f r o m  p e rs o n a l  c o n ta c ts , and  f r o m  th e  m ed ia . C o m m issio n s , such  a s  th e  

E c o n o m ic  C ouncil of C anada , m a y  w e ll u se  fo rm a l m ode ls  in  p r e p a r in g  a  

s u b m is s io n  (to  th e  m in is te r ,  to  p a r l ia m e n t, o r  f o r  g e n e ra l pub lica tion) on 

th e  s ta t e  of th e  f a rm in g  econom y. T o  a  l e s s e r  ex ten t, a g e n c ie s  su ch  a s  

f a r m e r s '  a s s o c ia tio n s  em ploy  ec o n o m is ts  to  help  th e m  p re p a re  th e i r  a r g u ­

m e n ts . I t i s  p ro b a b le , though , th a t m o s t su b m iss io n s  a r e  b a s e d  on m e n ta l 

m o d e ls  and , in  th e  c a se  of th e  m e d ia , th e y  a r e  p e rh a p s  lim ite d  to  th e  c o n ­

tr ib u t io n  of d a ta  and  opin ion  of v a ry in g  d e g re e s  of r e l ia b i li ty .

T he p r o c e s s  o f p o licy  d ec is io n  in  go v ern m en t w o rk s  in  th e  m ilie u  of e s t a ­

b lis h e d  a g re e m e n ts ;  i t  o p e ra te s  w ith in  th e  co n s titu tio n  (w hich m a y  h a v e  a. 

p a r t ic u l a r ly  s tro n g  in fluence  on  p o licy  u n d er a  f e d e ra l  sy s te m ), th e  law , 

e x is t in g  t r e a t i e s ,  in te rn a t io n a l ta r i f f  a g re e m e n ts , and tr a d itio n s  of in t e r ­

g o v e rn m e n ta l co n su lta tio n . T h e  p ro c e s s  a lso  w o rk s  w ith in  p o li t ic a l  

c o n s tr a in ts ,  a c c id e n ts , and  p o s s ib il i t ie s ;  " p o litic a l"  h e r e  i s  u s e d  in  a
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b ro a d  s e n s e  to  in c lu d e  th e  in te ra c t io n s  w ith  the  b u s in e s s , la b o u r , and 

r e l ig io u s  c o m m u n itie s . T h e s e  v a r ia b le s  m u s t a l l  be  c o n s id e re d  in  po licy  

d e c is io n s . P o lic y  f re q u e n tly  i s  in flu en ced  by  b ackg round  s tu d ie s , and 

p ro p o s e d  p o lic ie s  a r e  o ften  su b je c t to  rev iew , by  a g e n c ie s  su ch  a s  T re a s u ry  

B o a rd , D ep a rtm e n t of F in a n c e , and P r iv y  C ouncil O ffice. T h e se  ag en c ies  

m ay  o r  m ay  not u s e  fo rm a l  m o d e ls  in  th e i r  ev a lu a tio n  of po licy , but a  s tro n g  

tr a d i t io n  o f eco n o m ic  in p u t/o u tp u t m o d e ls  and n a tio n a l ac co u n ts  (and to  som e 

e x te n t re g io n a l accoun ts) u n d e r l ie s  m a jo r  f i s c a l  d e c is io n s . H ow ever, th e  

ad v ice  s p e c if ic  to  a  p a r t ic u l a r  p o licy  w ill c e r ta in ly  in c o rp o ra te  a  s tro n g  

e le m e n t b a s e d  on m e n ta l m ode lling .

T h e  p a r l ia m e n ta ry  p r o c e s s  of p o licy  d e c is io n  by  c o m m ittee  d is c u ss io n , 

d e b a te , and  v o te  cou ld  b e  d e s c r ib e d  a s  be in g  b a s e d  on m e n ta l m ode lling . It 

r e c e iv e s  in p u ts  of a  w ide  v a r ie ty  of d a ta , so m e of w hich  m ay  com e fro m  

g eo g ra p h ic  in fo rm a tio n  s y s te m s  in  th e  fo rm  of m a p s, d ia g ra m s , s ta t is t ic a l  

s u m m a r ie s ,  flow  c h a r t s ,  and  th e  lik e . F r o m  th is  p ro c e s s  e m e rg e s  (it is  

hoped) new p o lic y  w hich , a t  n a tio n a l le v e l, m ay  b e  t r a n s la te d  in to  le g is la tio n .

F r o m  th e  above s im p lif ie d  d is c u s s io n  of th e  in te ra c t io n s  am ong  d e c is io n ­

m ak in g  le v e ls  of g o v e rn m en t, it  i s  c le a r  th a t a  m ix tu re  of fo rm a l  m ode ls  

and  m e n ta l m o d e ls  i s  in vo lved  in  d ec is io n  m aking . In  g e n e ra l, fo rm a l 

m o d e ls  p ro b a b ly  m ake  th e i r  m a jo r  co n trib u tio n  a t  th e  m anagem en t le v e l, 

and  a s  an  e le m e n t in  th e  p r o c e s s e s  of p o licy  rev iew  (both back g ro u n d  rev iew  

and  p ro p o s e d  p o lic y  re v ie w ). A ll th r e e  le v e ls  of d e c is io n  m ak ing , how ever, 

a r e  d o m in a ted  b y  th e  u se  of m e n ta l m o d e ls . D ec is io n s  a t  th e  le v e l of th e  

a d m in is tr a t iv e /m o n i to r in g  p r o c e s s  a r e  dependen t on m e n ta l m o d e ls  b e c a u se , 

to  a  g r e a t  ex te n t, a c tio n s  a t  th a t le v e l a r e  p r e s c r ib e d  b y  in s ti tu tio n a l 

p ro c e d u re s  (d ec is io n  m o d e ls  a r e  e s s e n tia lly  p rov ided ). A lthough d a ta  

g a th e r in g  (p ro g ra m  m on ito rin g ) i s  a  fu ndam en ta l a c tiv i ty  a t th is  le v e l, few 

r e s o u r c e s  a r e  p ro v id e d  fo r  a b s tr a c t  thought. T h e  v a lu ab le  adv ice  f ro m  th e  

a d m in is tr a t iv e  le v e l r e l i e s  h e a v ily  on  th e  m e n ta l m o d e llin g  p r o c e s s e s  of 

ex p e rie n c e d  a d m in is t r a to r s .  D ec isio n  m aking  a t  th e  m anagem en t le v e l, in  

c o n t r a s t ,  h a s  th e  r e s o u r c e s  and  th e  n ee d  to  u se  fo rm a l  m o d e ls  ( th e re  is  

u s u a lly  a  " P o lic y  and  P lan n in g "  d iv isio n  in  go v ern m en t d e p a rtm e n ts  a t  the  

n a tio n a l le v e l  in  C anada). N e v e r th e le s s , the  inp u ts  a t  th is  le v e l a r e
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n u m e ro u s  and not n e c e s s a r i ly  q u an tifiab le . T h e ir  in te g ra t io n  r e l i e s  upon 

th e  e x p e rie n c e  (m e n ta l m odels) of th e  s e n io r  a d m in is tr a to r s  and , in  p a r t i ­

c u la r ,  on the  in te ra c t io n  b etw een  th e  d e p a rtm e n t (c iv il s e rv ic e )  and  the 

m in is te r  (e le c te d  o ffic ia l) . D esp ite  th e  inpu t of fo r m a l  m o d e ls  to  the  

p o licy  rev iew  p r o c e s s ,  po licy  d ec is io n s  m u s t a ls o  be co n s id e re d  to  be 

dependen t on m e n ta l m o d e ls . T h e  d ec is io n s  a r e  b a s e d  on  a  w ide v a r ie ty  

of f a c to r s ,  of w h ich  m any  a r e  e s s e n tia lly  q u a n tita tiv e , so m e  u n c e rta in , 

m any  dynam ic , and  a l l ,  to g e th e r , in v a ria b ly  com plex . D ec is io n  th e o ry  

and , in  p a r t ic u la r ,  th e  r e c e n t deve lopm ent of th e o ry  on d ec is io n s  u n d e r co n ­

d itio n s  of u n c e r ta in ty  a r e  not deve loped  (in  1974) to  th e  s ta g e  w h e re  the  

o v e ra l l  p o lic y  p r o c e s s  of g o vernm en t is  a m en ab le  to  fo rm a l  m o d e ls .

W ith th e  above d is c u s s io n s  of th e  c h a ra c te r is t ic s  of fo rm a l  s p a tia l  a n a ly s is  

and  an  o u tlin e  o f th e  d ec is io n -m a k in g  le v e ls  of g o v e rn m en t in  m ind , the 

c o n tr ib u tio n  o f g e o g rap h ic  in fo rm a tio n  s y s te m s  to  th e  o v e ra l l  s itu a tio n  w ill 

b e  exam ined .

CONTRIBUTION O F D IFF E R E N T  T Y PE S O F EXISTING GEOGRAPHIC 
INFORM ATION SYSTEM  TO  FORM A L SPA TIA L ANALYSIS AND TO  
DECISION MAKING IN  GOVERNMENT

T he f iv e  b ro a d  c a te g o r ie s  of geo g rap h ic  in fo rm a tio n  s y s te m s , b a s e d  on 

d if fe re n c e s  in  th e  m ix tu re  of th e i r  c h a ra c te r is t ic s  of m a n ip u la tio n  capab ility , 

c a p a b ili ty  to  han d le  vo lu m es of d a ta , an d  re s o lu t io n  o f lo c a tio n  id e n tif ie r ,  

w e re  re c o g n iz e d  in  C h a p te r  6. T h ey  a r e  s u m m a riz e d  in  th e  f iv e  ro w s  of 

F ig u re  7. 5.

T h e  f i r s t  c a te g o ry  id e n tif ie d  i s  th a t of s y s te m s  w hose  p r im a ry  function  is  

im ag e  h and ling . T h e y  a r e  not d es ig n e d  to  hand le  co m plex  s e t s  of d a ta  r e la te d  

to  th e  lo c a tio n  id e n tif ie r s ,  but e x is t  to  p ro d u ce  im a g e s , to  m ake th e  p ro d u c ­

t io n  of m ap s m o re  ra p id  o r  m o re  eco n o m ica l, o r  to  f a c i l i ta te  v is u a l d isp lay . 

T h e ir  u s e fu ln e ss  can  b e  in f e r re d  f ro m  th e i r  end  p ro d u c ts .

T h o se  w ith  a  s to ra g e  fo rm a t of a r b i t r a r y  r e g u la r  a r e a s  (Type 2), th e  SYM AP-

MIADS g roup , a r e  u s e d  to  g e n e ra te  in ex p en siv e , s im p le , v is u a l e x p re s s io n s  

of s t a t i s t ic s .  T y p ic a l p ro d u c ts 1 a r e  g ra p h ic  i l lu s tr a t io n s  o f incom e d en s ity  

in  S o u thern  New E ng land ; of d is tr ib u tio n  of s e d im e n t c la s s e s  on a  p o rtio n  of 

th e  Ohio R iv e r  floo d p la in ; of in d u s tr ia l  em p loym en t a s  a  p e rc e n ta g e  of to ta l

1 . P i c t o r i a l  i l lu s tr a t io n s  of th e  e x a m p le s  c i te d  a r e  co n ta in ed  in  W arntz 1971 
and  T o m lin so n , R . F . 1972.
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G roup c h a ra c te r is t ic s T y p ic a l s y s te m s P r im a r y  u ti l i ty P r im a r y  u se

P r im a r i ly  im a g e -h an d lin g  s y s te m s : 
F ie ld  of a u to m a tic  c a r to g ra p h y  
V aried  lo c a tio n  id e n tif ie rs

SYM AP, MIADS, e tc . 
AUTOM AP
CAN. HYDROGRAPHIC

F a c i l i t a te  v is u a l d isp la y

P ro v id e  e c o n o m ic /ra p id  
m ap  p ro d u c tio n

M enta l m ode ls

R e la tiv e ly  h igh  d a ta  v o lum e: 
L o w -o rd e r  lo c a tio n  id e n tif ie rs  
and  m a n ip u la tio n  ca p ab ility

 CENSUS 
LUNR, MINN

G e n e ra l iz e  la rg e  vo lum es 
of d a ta

M enta l m ode ls  
F o r m a l m o d e ls  u s in g  
ag g re g a te d  d a ta

M edium  m an ipu la tion  ca p a b ili ty : 
M edium  to  h igh  d a ta  volum e 
M ed iu m -o rd e r  lo c a tio n  id e n tif ie rs

FR IS, GRDSR 
DIM E, SACS, O EM  
NORDPLAN 
WWW

INSIGHT

D eveloped  by , and  r e f le c t  need s  
of, c e n su s  o r  a d m in is tra tiv e  
a g e n c ie s .
A ttem p t to  hand le  d a ta  volum e 
w ith  g r e a te r  fa c i l i ty  th a n  m anual 
te ch n iq u es  o r  s y s te m s  u s in g  
lo w - le v e l lo c a tio n  id e n tif ie r s .

W ide p o te n tia l ap p lica tio n  
to  fo rm a l m ode ls

H igh m an ipu la tion  ca p a b ili ty : 
L im ited  d a ta  vo lum e 
M edium  to  h ig h -o rd e r  lo c a tio n  
id e n tif ie r s

P IO S, NRIS 
M A P/M O D E L 
GIMMS

F a c i l i t a te  g rap h ic  ta s k s  th a t a re  
p ro h ib itiv e ly  expensive  
by  m an u a l m ethods

M enta l m ode ls
S ou rce  of d e r iv e d  d a ta  fo r
fo rm a l m ode ls

H ig h -o rd e r  lo c a tio n  id e n tif ie r : 
H igh m an ipu la tion  c a p ab ili ty  
Low to  (po ten tia lly ) h igh  d a ta  
volum e

CGIS A s above
N ation -w ide  d a ta  b a s e  s tr u c tu r e

M enta l m ode ls  
S ource  of ex ten s iv e  d e riv ed  
d a ta  fo r  fo rm a l m ode ls  
P o te n t ia l  ap p lica tio n  to  
fo rm a l m ode ls

F ig . 7. 5 C a te g o rie s  o f geo g rap h ic  in fo rm a tio n  s y s te m s ,  th e i r  c h a ra c te r is t ic s ,  p r im a ry  u tility , and  p r im a ry  u se .
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em ploym en t; and  p e rc e n ta g e s  of land  in  r e s id e n tia l  u se  (s e p a ra te  m a p s, 

s a m e  a re a )  in  th e  N o r th e a s te rn  C o r r id o r  T ra n sp o r ta tio n  P r o je c t ,  U. S. A . ; 

o f a i r  p o llu tio n  f r o m  2 -h o u r  su lp h u r  d iox ide re a d in g s  in  St. L ou is; o f change

 in  pop u la tio n  b y  c e n su s  d i s t r i c t  in  C anada; o r  of the  p e rc e n ta g e  of coconu t - 

g row ing  a c re a g e  s u f fe r in g  f r o m  b lig h t in  M ontegna B ay. M any h u n d re d s  of 

s im i la r  p ro d u c ts  co u ld  b e  li s te d . T he p ro c e s s  p r e s e n ts  s p a t ia l  s ta t i s t ic s  

in  a  fo rm  th a t  c a n  b e  m o re  e a s i ly  co m prehended  by  a n  o b s e r v e r ,  an d  i s  

u s e d  to  i l lu s t r a t e  r e p o r t s ,  to  su p p o rt a  v e rb a l p re s e n ta tio n  of a  co n cep t o r  

po in t o f v iew , and  (occasio n a lly ) to  t r ig g e r  new u n d e rs ta n d in g  of d is t r ib u ­

tio n s . E s s e n tia l ly  th e  s y s te m s  p ro v id e  inpu t to  m e n ta l m o d e ls .  T he 

AUTOM AP s y s te m  ca n  ra p id ly  (in  2 h o u rs ) p ro d u ce  a  s im p le  o u tlin e  m ap  

of any  p la c e  in  th e  w o r ld , a t  any  s c a le  ( f ro m  1 :10 ,000 to  1 :1 ,0 0 0 ,0 0 0 ,0 0 0 )  

on an y  one of 17 m a p  p ro je c tio n s . P e r t in e n t  d a ta  a r e  an n o ta ted  b y  h an d  on 

th e  c o m p u te r -p ro d u c e d  o u tlin e  m ap . T he m ap s  a r e  p ro v id e d  b y  th e  C e n tra l 

In te llig e n c e  A gency1 o f th e  U. S. A. a s  a  back g ro u n d  fo r  d a ily  b r ie f in g s  of 

th e  D ire c to r  o f  C . I. A. an d  th e  P re s id e n t  of th e  U nited  S ta te s . T h e  

C anad ian  H y d ro g ra p h ic  S y stem  p ro v id e s  a  m e an s  of ra p id ly  p ro d u c in g  

(rev is in g ) h y d ro g ra p h ic  c h a r t s  f r o m  new sound ings  and  h y d ro lo g ica l o b s e r ­

v a tio n s . I t  i s  ty p ic a l  o f s y s te m s  o f "a u to m a tic  c a rto g ra p h y "  th a t a r e  in  

e a r ly  s ta g e s  o f d ev e lo p m en t in  tr a d i t io n a l  m a p -m ak in g  in s ti tu tio n s .

T h e  o v e ra l l  c a p a b ili ty  o f  th e s e  s y s te m s  i s  to  r e fo rm a t  d a ta  f le x ib ly  so  th a t 

th e y  f i t  h u m a n  m e n ta l u n d e rs ta n d in g  of s p a c e , and  in  one s e n s e  (th a t of 

g e n e ra liz a tio n )  t o  r e d u c e  d a ta  vo lum e. T h ey  a ls o  ca n  p ro d u ce  in n u m e ra b le  

g ra p h ic  im a g e s , w h ich  m u s t su b se q u en tly  be v isu a lly  exam ined . T h e se  a r e ,  

of c o u rs e , th e  c h a r a c te r i s t i c s  of tr a d itio n a l ca rto g ra p h y . In  a l l  c a s e s ,  th e  

s y s te m s  in  th i s  c a te g o ry  m ake th e i r  p r im a ry  co n trib u tio n  to  m e n ta l m o d e ls . 

T h ey  a r e  c o n c ep tu a l e x te n s io n s  o f m an u a l c a r to g ra p h ic  p ra c t ic e . T h e ir  

v a lu e  l i e s  in  th e  d e g re e  to  w hich  th e y  can  lo w e r th e  c o s t o r  in c r e a s e  the  

ra p id i ty  w ith  w h ich  g ra p h ic  im a g e s  a r e  p roduced .

T he seco n d  c a te g o ry  co n ta in s  tw o a p p a re n tly  d is s im i la r  ty p e s  of s y s te m , th e  

tr a d i t io n a l  m e th o d  of p ro c e s s in g  c e n su s  d a ta  and  th e  s y s te m s  w ith  a  s to ra g e  

fo rm a t ( la rg e  g rid ) o f a r b i t r a r y  re g u la r  a r e a s  (Type 2). T h e  u n d e rly in g  

fu n c tio n s , h o w ev e r , a r e  th e  s a m e : th e y  bo th  g e n e ra liz e  la rg e  v o lu m es  of d a ta

1. S chm id t, W. 1973.
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and  bo th  have  a r i s e n  f r o m  th e  n ee d  of n a tio n a l o r  re g io n a l g o v e rn m en ts  to  

g a th e r  s ta t i s t ic s  abou t th e i r  dom a ins  and su b se q u en tly  s u m m a riz e  the  

d a ta  f o r  hum an  c o m p reh en s io n .

T he v alue  of su ch  s y s te m s  a t  th e  a d m in is tra tiv e  le v e l of n a tio n a l, re g io n a l, 

and  lo c a l g o v e rn m e n ts  i s  m a rg in a l . B ec au se  th e y  s u m m a riz e  d a ta  into 

re la t iv e ly  la rg e  a r e a l  u n its  f o r  r e a s o n s  of conven ience  o r  co n fid en tia lity , 

th e y  e ffe c tiv e ly  o b s c u re  th e  d a ta  on w hich  m o s t a d m in is tra tiv e  d e c is io n s  a r e  

m ad e . T h is  i s  one  of th e  r e a s o n s  w hy a d m in is tra tiv e  le v e ls  of g o v ern m en t 

te n d  to  g a th e r  th e i r  ow n d a ta . T h is  s itu a tio n  is  only  a m e lio ra te d  w hen th e  

su m m a ry  a r e a  c o in c id e s  w ith  an  a d m in is tra tiv e  a re a .  E ven th i s  d o es  not 

p ro v id e  th e  d is a g g re g a te d  d a ta  r e le v a n t to  d e c is io n s  a t  th e  a d m in is tra tiv e  

le v e l.

T h e  u s e fu ln e ss  of su c h  s y s te m s  to  th e  m anagem en t and  po licy  le v e ls  of 

d e c is io n  m ak ing  r e s t s  on to ta l  c o v e ra g e  of th e  a r e a  th a t th e  d e c is io n  c o n c e rn s . 

T h e  v a lu e  of s u m m a r ie s  of c e n su s  d a ta  to  n a tio n a l and  re g io n a l le v e ls  o f 

g o v ern m en t (w hile s u b je c t to  m a jo r  im provem en t) is  not in  q u es tio n . T h e  

to ta l  c o v e ra g e  of th e  g o v e rn m e n ta l dom ain  i s  in h e re n t in  th e  c e n su s  p ro c e s s ;  

th e  p r in c ip a l s u m m a r ie s  follow  one (u su a lly  p o litic a l)  h ie r a r c h ic a l  s e t  of 

m a jo r  a d m in is tr a tiv e  a r e a s  (though th e re  i s  noth ing  " n a tu ra l"  abou t s u ch  

u n its ) .1 If , h o w ev e r, s im i la r  la rg e -g r id - ty p e  c o v e ra te  of th e  d e c is io n ­

 m ak ing  a r e a  of n a t io n a l o r  re g io n a l g o v ern m en ts  i s  em p loyed , th e  ad v a n tag e  of 

r e g u la r  a r e a s  i s  g a in ed  b u t th e  m an u a l p ro c e s s  of a ss ig n in g  d a ta  f r o m  o th e r  

g ra p h ic  f o rm a ts  to  g r id  s q u a re s  i s  en o rm o u s. T he r e s u lt in g  g r id  s q u a re s  

a r e  not a lig n ed  to  a d m in is tr a tiv e  b o u n d a rie s , though  th e se  m a y  b e  a p p ro x i­

m a te d  i f  so m e  f u r th e r  d a ta  lo s s  i s  a c cep ta b le . T h ey  can , h o w ev er, p r e s e n t  

th e  g e n e ra liz e d  d a ta  in  c o m p u te r -g e n e ra te d  d isp la y s  of th e  SYMAP ty p e .

Such s y s te m s  a r e  u s e fu l on ly  to  fo rm a l s p a tia l  m ode ls  th a t u se  s p a tia lly  

a g g re g a te d  s ta t i s t i c s .  T h e  c e n su s  h as  th e  m e r i t  of m e a s u r in g  m any a t t r ib u te s ,  

and  does a t  le a s t  p ro v id e  a  w ide  v a r ie ty  of s p a tia lly  ag g re g a te d  s ta t i s t i c s .  T he 

d es ig n  of th e  c u r r e n t  d a ta  b an k s  w ith  a  la rg e  g r id  s y s te m  a s s u m e s  th a t th e  

r e q u ire d  s ta t i s t i c s  a r e  th e  a g g re g a te d  ones (but th e r e  h as  b ee n  l i t t l e  co n tac t 

to  da te  b e tw e en  s y s te m  d e s ig n e rs  and  s p a tia l  a n a ly s ts ) , and  th a t th e  s iz e  and 

sh ap e  of th e  a r b i t r a r y  u n it of the  s y s te m  a r e  a p p ro p r ia te  to  the . le v e l  of

1. S e v e ra l d is c u s s io n s  h av e  c o n s id e re d  th e  p ro b le m s  in h e re n t in  u s in g  d a ta  
f r o m  a d m in is tra tiv e  u n its  th a t a r e  no t s im i la r  o r  c o m p arab le  w ith  r e g a r d  to  
th e  d a ta  a g g re g a te d  w ith in  th e m . See, fo r  ex a m p le , H arv ey  1969, C h a p te r  19, 
R ob inson  1956, T h o m a s , E . N. and  A n d erso n  1965, and  D uncan e t a l . 1961.
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a g g re g a tio n  of th e  m o d e l co n c e rn ed .

F o r  a l l  ty p e s  of s y s te m  in  th is  c a te g o ry , only  lim ite d  o p e ra tio n s  of m a n i­

p u la tio n  can  b e  c a r r i e d  out on th e  s u m m a riz e d  d a ta . T h is  is  not a  co m p u te r 

l im i t a t i o n , b u t i s  in h e re n t in  th e  n a tu re  o f su m m a riz e d  d a ta . G rouping  and 

d is p la y  a r e  s tr a ig h tfo rw a rd ,  b u t s ig n if ic a n t m e a s u re m e n ts  and  co m p ariso n s  

can  b e  m ade w ith in  th e  d a ta  s e t  on ly  w hen v e ry  la rg e  a r e a s  a r e  involved 

(and th e  T ype 2 s to ra g e  fo rm a t  i s  th e re b y  ap p ro ac h ed ).

P e rh a p s  th e  r e a l  v a lu e  of th i s  ap p ro a c h  to  s p a tia l  d a ta  h an d lin g  i s  the  b a s ic  

f a c t th a t in te rn a l ly  co n s is te n t d a ta  s e t s  fo r  n a tio n a l and  re g io n a l a r e a s  a r e  

a c tu a lly  g a th e re d . T h e  f a m il ia r i ty  of c e n su s  s ta t i s t ic s  o b s c u re s  th is  fa c t, 

bu t i t  i s  m o re  a p p a re n t in  th e  r e c e n tly  deve loped  la rg e  g r id  s y s te m s . T he 

LUNR1 s y s te m  of New Y o rk  S ta te , f o r  ex a m p le , r e q u ire d  a e r i a l  pho tog raphy  

of th e  e n t ir e  s ta te  (140 ,000  km 2 ) and  s ta te -w id e  id e n tif ic a tio n  and  c l a s s i f i ­

c a tio n  of la n d  u s e  c a te g o r ie s ,  r e c r e a t io n a l  f a c i l i t ie s ,  tr a n s p o r ta tio n  

fa c i l i t ie s ,  w a te r  r e s o u r c e s ,  and  so  fo r th . A lthough th e s e  d a ta  w e re  s u b s e

q u en tly  s u m m a r iz e d  in to  la r g e  g r id  s q u a re s ,  the  s ta te  h a s  w ise ly  m ade the  

o r ig in a l d a ta  a v a ila b le  a s  w e ll  a s  th e  su m m a ry  data .2 T h e  dem and  fo r  th e  

b a s ic  d a ta  in  g ra p h ic  f o rm  h a s  so  f a r  o u ts tr ip p e d  th e  dem and  fo r  th e  c o m p u te r-

s to r e d ,  s u m m a r iz e d  d a ta . T he g ra p h ic  b a s ic  d a ta  h as  p r im a r i ly  b ee n  u sed  

fo r  d e c is io n  m ak in g  a t  th e  a d m in is tr a tiv e  le v e l of go v ern m en t. T he " s y s te m "  

h a s  th u s  m ade m o re  d a ta  o b s e rv a t io n s  av a ila b le , even  th o u g h  i t  h a s  e s s e n

t ia l ly  depended  on m a n u a l e f fo r t to  a c h iev e  th is . The au th o r  know s of no 

in s ta n c e  w h e re  th e  s u m m a ry  d a ta  in  la rg e  g r id  fo rm a t f ro m  th a t p a r t ic u la r  

s y s te m  h a s  b e e n  u s e d  in  a  fo rm a l  s p a tia l  m odel; th e  g r id  d isp la y s  h ave  been  

of so m e  v a lu e  in  th e  m e n ta l m o d e llin g  p ro c e s s  a t  m anagem en t and d e c is io n ­

m ak in g  le v e ls  o f s ta te  g o v e rn m en t.

T h e  th i r d  c a te g o ry  c o m p r is e s  s y s te m s  th a t a s s ig n  d a ta  to  po in t lo c a tio n s  o r  

to  l in e  s e g m e n ts , and  a tte m p t to  b r in g  ad d itio n a l c a p a b ili ty  fo r  s p a t ia l  m a n i­

p u la tio n  to  la r g e  v o lu m es  of d a ta . I t is  te m p tin g  to  s a y  th a t no one i s  m o re  

a w a re  of th e  m a n ip u la tiv e  l im ita tio n s  im p o se d  b y  la rg e  d a ta  vo lum es and 

lo w -le v e l lo c a tio n  id e n tif ie r s  th a n  th e  c e n su s  and  a d m in is tra tiv e  ag e n c ie s  

them selves". W h e th e r o r  not th is  is  t r u e ,  th e  p r im a ry  deve lopm ent of th e

l .  See C h ap te r  4 , pp. 9 9 - 1 0 3 .  2. R em e m b e r th a t the  n o n -g rap h ic  s to re  does 
n o t co n ta in  th e  s a m e  d a ta  s e t  a s  th e  g ra p h ic  s to r e .  It con ta in s  a  s e le c te d  
s e t  of m e a s u re m e n ts , m a n u a lly  d e r iv e d  f ro m  th e  g rap h ic  s to r e .
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GRDSR, DIM E, FR IS, OEM , WWW g ro u p  of s y s te m s  h a s  b ee n  u n d e rtak en

b y  a g e n c ie s  re s p o n s ib le  f o r  d a ta  g a th e r in g  r a th e r  th a n  im p lem en ta tio n  of

p ro g ra m s . T h e re  a r e  so m e  ex c ep tio n s . V a rio u s  c i t ie s  in  th e  U nited  

K ingdom  and  N o rth  A m e r ic a  (fo r ex a m p le , C o v en try ,1 O ttaw a,2 and 

D e tro it3) h ave  e x p e rim e n te d  w ith  p o in t-g eo co d ed  p a r c e l  f i l e s  fo r  a d m in i

s t r a t iv e  p u rp o s e s . T he p ro p o se d 4 po in t r e fe re n c in g  s y s te m  in  G rea t 

B r i ta in  s te m s  f ro m  th e  in te ra c t io n  of p la nn ing  d e p a rtm e n ts  a t  th e  lo c a l 

go v ern m en t le v e l and  th e  (now) D e p a rtm e n t of th e  E n v iro n m en t. The 

m e te o ro lo g ic a l s e r v ic e s  of v a r io u s  c o u n tr ie s  p a r t ic ip a tin g  in  th e  WWW 

s y s te m  co lle c t th e  d a ta  f o r  th e i r  own a n a ly s is  (though th a t p ro b a b ly  shou ld  

not be  though t of a s  th e  end  u s e  of th e  in fo rm a tio n ). H ow ever, th e  p a t te rn  

i s  c le a r ;  th e  in i tia tiv e  h a s  b ee n  b a s e d  on p ra g m a tic  c o n s id e ra tio n s  r a th e r  

th a n  in te lle c tu a l c u r io s i ty .

T h e  l im ita tio n s  o f th is  c a te g o ry  of s y s te m  ( in fo rm a tio n  re d u c tio n  w ith  u s e  

o f n o n -o p tim a l lo c a tio n  id e n tif ie r s ,  r e s t r i c t e d  in h e re n t c o n n e c tiv itie s  of 

p o in t d a ta  s e ts ,  an d  so  fo rth ) h ave  b ee n  d is c u s s e d  in  th e  te x t.5  T h e se  

l im ita tio n s  a r e  m in im ized  w h e re  c lo se ly  sp a c e d  lo c a tio n  id e n tif ie r s  a re  

em ployed . A com m on  u s e  of th e  s y s te m s  is  to  han d le  u rb a n  data .

In  s p ite  of th e i r  lim ita tio n s , i t  can  b e  s a id  th a t s u ch  s y s te m s  allow  a c c e s s  to , 

and  s p a t ia l  m an ip u la tio n  of, d a ta  th a t w ould  o th e rw ise  b e  u n av a ilab le , 

b e c a u se  o f th e  c o s t o f h and ling  h igh  v o lu m es  o r  th e  s u b m e rg e n c e  o f d is a g g re ­

g a ted  d a ta  in  la rg e  a r e a  s u m m a r ie s .  T h e y  p ro v id e  p o te n tia l a c c e s s  to  m any 

m e a s u re d  v a r ia b le s  in  c e n su s  and  a d m in is tr a tiv e  r e c o r d s  th a t p re v io u s ly  

cou ld  not (in p r a c t ic a l  te r m s )  b e  s p a tia lly  r e l a te d  to  one a n o th e r  o r  even  

s p a tia lly  g ro u p ed  to g e th e r .

W ith th e  ex cep tio n  of w e a th e r  m o n ito r in g  (WWW), th e s e  s y s te m s  have been  

deve loped  and  te s te d  on ly  s in c e  1968. A p a rt f r o m  WWW, th e  r u r a l  ca p ab ility  

o f GRDSR, and  th e  c o n trib u tio n  of INSIGHT (w hich w ill be d is c u s s e d  s e p a r a t e ­

ly  below ), th e  s y s te m s  h an d le  u rb a n  d a ta . Owing in  p a r t  to  th e i r  re c e n t 

deve lopm en t, th e i r  im p le m e n ta tio n  and  u s e  in  d e c is io n  m ak ing  h ave  ju s t  

begun  and  a r e  p o te n tia l r a t h e r  th a n  a c tu a l.  S e v e ra l e x a m p le s  can , how ever, 

b e  g iv en  to  i l lu s t r a te  th e  c a p a b ili ty  th a t e x is ts .
1. C o v en try  C ity  C o u n c il 1971. 2. Sym ons 1972b. 3. B e c k e r  1971.
4. D ep a rtm en t of th e  E n v iro n m en t, U .K . 1973. 5 . See C h ap te r 4 , pp . 95-96.
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At th e  a d m in is tra tiv e  le v e l of d e c is io n  m ak ing , th e  p o lic e  d e p a rtm e n t in 

B osto n , 1 U. S. A., u s e s  i t s  DIM E s y s te m  to  d isp a tc h  e m e rg e n c y  c a r s  by  

a d d re s s ,  in te r s e c t io n ,  and  s t r e e t  lo c a tio n . P o lic e  " in c id e n ts"  a r e  geocoded 

and p o lice  p a t ro l  r o u te s  a r e  r e v i s e d  on th e  b a s is  of th e  d a ta . L os A ngeles2 

and  o th e r  c i t ie s  have u s e d  c e n su s  d a ta  a s s ig n e d  to  po in t c o o rd in a te s  to  

deve lop  t e s t s  of p o te n tia l c a rp o o l ca n d id a te s  on th e  b a s is  of p ro x im ity  to  

re s id e n c e s ,  w o rk  h o u rs , and  d is ta n c e  to  w o rk . T he d a ily  ro u te  m ap s  fo r  

s o lid -w a s te  c o l le c to r s  in  B aton  R ouge, M em ph is, S h re v e p o rt, and  o th e r  

c i t ie s  in  th e  U. S. A. a r e  r e v i s e d  b y  u s e  o f a  l in e  seg m e n t s y s te m  (RAGS)3 

s im i la r  to  DIME; co lle c tio n  c o s ts  h ave  b e e n  re d u c e d  b y  10% to  25%, d a ily  

r o u te s  h av e  b ee n  re d u c e d  f ro m  200 to  175, and  f ro m  65 to  32, am ong  o th e r  

r e s u l t s .  S im ila r  a p p lic a tio n s  in c lu d e  a s s ig n m e n t of p u p ils  to  sch o o ls ­4 and 

c re a t io n  of s t r e e t  m a in te n an ce  and  r e p a i r  s c h e d u le s .5 T h e se  p r o c e s s e s  

p r im a r i ly  r e ly  on s p e c if ic  d a ta  a s  inpu t to  m e n ta l m o d e ls , b u t o cc a s io n a lly  

th e y  em p loy  s im p le  p a r t ia l  m o d e ls  f o r  p r o c e s s e s  o f n e tw o rk  op tim iza tio n .

A t th e  m an ag em en t le v e l of d ec is io n  m ak ing , th e  lo c a tio n  of f a c i l i t ie s  r e la te d

to  d is a g g re g a te d  p o pu la tion  c h a ra c te r is t ic s  i s  a  ty p ic a l ex am p le  of d ec is io n s  

th a t a r e  m ade b e tw e en  a l te rn a t iv e s  w ith in  a  p o licy . D ec is io n s  h ave  been  

m ade on 
lo c a tio n  of h o s p ita ls , 6 fa llo u t s h e l t e r s ,  7 new s c h o o ls , 8 unem ploy

m en t o r  w e lfa re  o ff ic e s ,9 and  c o m m e rc ia l e s ta b lis h m e n ts ,10 and  a lte rn a t iv e  

h ighw ay r o u te s 11 h ave  b ee n  ev a lu a te d . S im ila r  c h o ic e s  be tw een  a l te rn a t iv e s  

h av e  b ee n  ex am in ed  in  th e  ev a lu a tio n  of m o d a l cho ice12 b e tw e en  u rb an  

tr a n s p o r ta t io n  n e tw o rk s , g iven  a  p o licy  of in c re a s in g  com m uting  s e rv ic e . 

T he d a ta  a r e  u sed  in  s im p le  s p a tia l  m o d e ls  in  m o s t in s ta n c e s .

A t th e  p o lic y  le v e l o f d ec is io n  m ak ing , d a ta  h av e  b e e n  c o l le c te d  to  d isp la y  

g ra p h ic a lly  th e  h igh  r a t e s  of abandonm en t of su b s id iz e d  h o using ;13 to  dem on

s t r a t e  th e  im p a c t of a  new ra p id  t r a n s i t  s y s te m 14 on p o pu la tion , la n d  u se , 

and  pu b lic  s a fe ty  a ro u n d  new s ta t io n s ; to  d e te rm in e  th e  p o te n tia l dem and  fo r  

b ank  s e r v ic e s ;15 and to  p ro v id e  b ac k g ro u n d  d a ta  f o r  sch o o l d e se g re g a tio n 

p o lic ie s .16 B a s ic a lly , th e  d a ta  p ro v id e  in p u t to  m e n ta l m o d e ls .

1. K ra sn a k e v itc h  1973. 2. H o e lz e l 1973. 3. Owen 1972. 4. S alom onsson  1973. 
5 . C ity  of V ancouver 1965. 6. Dowd 1973. 7. T re ic h e l  1973. 8. B a r r e t t  1973.
9. W e s te r f ie ld  1973. 10. H ealy  1972. 1 1 . K ra sn a k e v itc h  1973. 12. B a r r e t t
1973. 13. F a rn s w o r th  1973. 14. B a r r e t t   1973. 15. Cooke 1973.
16. A lm en d in g er 1973.
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D ata  f ro m  th i s  c a te g o ry  o f  s y s te m  a r e  s u ita b le  f o r  m any  ty p e s  of m o re  

com plex  fo rm a l  s p a tia l  m ode lling . T h e y  h ave  b ee n  u s e d  f o r  inpu t to  g ra v i ty
 m o d e ls ,1 f o r e c a s t s  of t r i p  g e n e ra tio n  m o d e ls ,2 fa c i l i ty  dem and  m o d e ls  

(the CRAM 3 m o d e l w as  b r ie f ly  d e s c r ib e d  in  C h a p te r  4 , pp. 120 - 121 ). 

O th e rs  can  e a s i ly  b e  en v isag ed .

T h e  p o te n tia l va lue  of th is  ty p e  o f g eo g ra p h ic  in fo rm a tio n  s y s te m  f o r  u rb an  

d e c is io n  m aking  and fo rm a l  s p a tia l  a n a ly s is  i s  c le a r ly  h igh . N etw ork  (line 

segm en t) s y s te m s  p ro b a b ly  a r e  so m ew h at m o re  p o te n tia lly  u se fu l th a n  po in t 

d a ta  s y s te m s , p r in c ip a l ly  b e c a u se  th e  co n n e c tiv ity  in h e re n t in  th e i r  f i le  

s t r u c tu r e  is  m o re  s p e c if ic . T he c o n v e rs io n  o f th e  po in t d a ta  s y s te m  FR IS  

to  a  l in e  se g m e n t s y s te m  b y  NORD PLA N  i l lu s t r a t e s  th is  po in t of view . 

T o p o lo g ica lly  r ig o ro u s  s y s te m s  w ou ld  s e e m  som ew hat m o re  u se fu l th a n  

s y s te m s  w ith  s t r i c t ly  m e tr ic  coding , if  on ly  b e c a u se  of th e  s tr o n g e r  in te rn a l 

e d itin g  p o s s ib le  in  th e  fo r m e r  and  th e  p r a c t ic a l  p ro b le m s  a s s o c ia te d  w ith  

d ig itiz a tio n  in  th e  la t t e r .  In te ra c tiv e  s y s te m s  can  b e  ex p e c ted  to  add  a  

h ig h e r  d im en s io n  of m a n ip u la tio n  ca p a b ili ty , and  of u s e fu ln e ss .

INSIGHT4 (d is c u s s e d  in  C h ap te r  5, pp. 175-178) i s  ty p ic a l of a  new b re e d  

o f s y s te m , th o s e  w ith  in te ra c t iv e  ca p ab ility . I t f a l l s  in to  th e  th i rd  c a te g o ry  

b e c a u se  i t  c a n  p ro v id e  a c c e s s  to  la rg e  d a ta  s e ts ,  h a s  a  m ed iu m  le v e l of 

c a p a b ili ty  f o r  s p a t ia l  m an ip u la tio n , and  can  u s e  m e d iu m -o rd e r  lo c a tio n  

id e n tif ie r s  ( e s s e n tia lly  po in t d a ta  s e t s  in  INSIGHT). A s im i la r  in te ra c t iv e  

s y s te m  o p e ra t in g  on lin e  se g m e n t d a ta  h a s  b e e n  d ev e lo p ed 5 a s  an  ad ju n c t to  

SACS b y  th e  U rb an  D ata  C e n te r  in  S ea ttle . T he ap p lic a tio n  of th i s  ap p ro ac h  

to  th e  la rg e  d a ta  s e ts  a l r e a d y  g eocoded  (such  a s  GRDSR and  DIME) w ould  

add  a  ca p a b ili ty  f o r  h e u r i s t ic  b ro w sin g  and c o m p a ris o n  to  a l r e a d y  u se fu l 

s y s te m s . I t w ould a ls o  add  a  v a lu ab le  new to o l to  th e  p ro c e s s  of m e n ta l 

m ode lling , w h ich  in  tu r n  m igh t open  lin e s  of in q u iry  le a d in g  to  th e  fo r m u la ­

tio n  of h y p o th e se s  th a t cou ld  be te s te d  b y  n o n in te ra c t iv e  u s e  of th e  s a m e  d a ta  

b ank . A gain , i t  can  b e  no ted  th a t th e  c a p a b ili ty  w as  deve loped  in  re s p o n s e  

to  th e  n ee d  o f a  d a ta  g a th e r in g  and a d m in is tr a tiv e  agency  of g o vernm en t.

T he fo u rth  c a te g o ry  co n ta in s  th e  " c o a rs e "  polygon s y s te m s  (M A P/M O D E L, 

P IO S, NRIS, GIMMS, e t c . ) .  T h ey  a r e  c h a ra c te r iz e d  b y  a  r e la t iv e ly  h igh  

c a p a c ity  f o r  m an ip u la tin g  th e i r  s p a tia l  d a ta ; th e y  a l l  c a r r y  out o v e r la y  w ith

1. W hite , M. S. 19.73. 2. B a r r e t t  1973. 3. F a rn s w o r th  1970. 4 . P h ill ip s , R . L. 
1972. 5 .  C a lk in s  1973.
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so m e d e g re e  of s u c c e s s ,  an d  can  m a n ip u la te , c o m p a re , and  d e r iv e  a  v a r ie ty  

of s p a tia l  m e a s u re m e n ts  f ro m  th e i r  s to r e d  d a ta . " C o a r s e " po lygons a r e  

m e d iu m - to  h ig h -o rd e r  lo c a tio n  id e n tif ie r s ,  though , a s  y e t, th e  s y s te m s  

han d le  low vo lu m es of d a ta  r e la te d  to  th e m . In  e s s e n c e , th e y  a r e  s u r f a c e -

d e s c r ip tiv e  s y s te m s , d es ig n e d  to  f a c i l i ta te  g ra p h ic  ta s k s  th a t a r e  p ro h ib i­

t iv e ly  ex p e n siv e  by  m a n u a l m e th o d s. In  th e  m a in , th e i r  d eve lopm en t h a s  

r e s u l te d  f ro m  th e  w o rk  of g e o g ra p h e rs  and  p la n n e rs ,  w ho, a s  a  g ro u p , a r e  

p ro fe s s io n a l ly  in te r e s te d  in  s u r fa c e  c h a r a c te r is t ic s  o f s p e c if ic  a r e a s  and  

a r e  a w a re  of th e  e f fo r t in vo lved  in  h and ling  g ra p h ic  d a ta  m anually .

In  th e i r  c u r r e n t  s ta te  of d ev e lo p m en t, none of th e  s y s te m s  is  of im m e d ia te  

b e n e fit to  d e c is io n  m aking  a t  th e  a d m in is tr a tiv e  le v e l. G iven a  s u b s ta n tia l  

in c r e a s e  in  th e  a r e a l  ex te n t and  vo lum e of th e i r  s to re d  d a ta , and  in c re a s e d  

e a s e  of u s e , th e y  cou ld  b ec o m e  u se fu l f o r  m o n ito r in g  change, o r  a s  a  r e a d i ly  

up d a ted  d a ta  b a s e  ag a in s t w h ich  to  check  co m p lian ce  to  re g u la tio n s , su ch  a s  

zon ing  d e c is io n s  o r  b u ild in g  p e rm it  ap p lic a tio n s . T h e ir  m a in  u s e , h ow ever, 

i s  no t a n t ic ip a te d  a t th e  a d m in is tr a tiv e  le v e l.

T h e ir  p r im a r y  v alue  l i e s  in  th e i r  co n tr ib u tio n  to  m a n ag em e n t and  po licy  

d e c is io n s . T h e y  can  c o m p are  (overlay ) tw o o r  m o re  a t t r ib u te s  of s u r f a c e - 

d e s c r ip tiv e  d a ta , su ch  a s  p o te n tia l land  u se , w ith  a c tu a l la n d  u s e , f o r e s t  

c a te g o r ie s  w ith  s lo p e  c a te g o r ie s ,  s o i l  d a ta  w ith  t r a f f ic  zo n es  (PIOS), 1 o r  

c o m p a re  m ap s of a  s in g le  a t tr ib u te  p re p a re d  a t d iffe re n t t im e s ,  su ch  a s  

la n d  u s e  of th e  s a m e  a r e a  in  1965 and  1970. T h is  p ro c e s s  i s  ana lag o u s to  

" s ie v e "  m apping  and  a llo w s, f o r  ex a m p le , s e v e r a l  c o n s tra in ts  on la n d  

d eve lopm en t to  b e  com bined  an d  a r e a s  s u ita b le  f o r  d eve lopm en t to  be 

p inpo in ted , o r  a r e a s  w ith  m u ltip le  sp e c if ie d  c h a r a c te r is t ic s  to  b e  id e n tif ied  

f o r  f a c i l i ty  lo c a tio n . A  v e ry  in te r e s t in g  c a s e  of th e  a p p ro ac h  b e in g  u s e d  to  

define le g a lly  an  e s ta b lis h e d  co m m u n ity  c e n tre  in  R o m u lu s, M ichigan , in

te r m s  of o v e r lap p in g  s o c ia l  s e rv ic e s  an d  a  ra n g e  of c e n tr a l  p la c e  fu n c tio n s  

w as r e c e n tly  r e p o r te d  b y  K o la rs  and  N ystuen .2 In a l l  c a s e s  th e  s y s te m s  have 

th e  a b i lity  to  p ro d u ce  g ra p h ic  im a g e s  (m aps) show ing th e  r e s u l t s  of th e i r  

o p e ra t io n s . It m u s t b e  no ted  th a t m uch of th e  o r ig in a l s u r fa c e -d e s c r ip t iv e  

s o u rc e  d a ta  co m es  on ly  in  th e  fo rm  of m a p s  (o r s im i la r  g rap h ic s )  u s in g  

i r r e g u la r  polygons. V isu a l c o m p a riso n  be tw een  g rap h ic  im a g e s  n o t on ly  is

1. See d is c u s s io n  of P IO S in  Ch. 5, pp. 144-152. 2. K o la rs  and  N ystuen  1974.
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tim e  consu m in g , b u t can  b e  m is le a d in g .1 T he o v e ra l l  va lue  of th is  c a te g o ry  

o f s y s te m s  l i e s  in  m ak ing  th is  ty p e  of d e r iv e d  d a ta  av a ilab le  to  th e  d e c is io n ­

m ak ing  p ro c e s s ;  su c h  s y s te m s  can  in c r e a s e  th e  n u m b e r of o b se rv a tio n s  tha t 

r e l a te  to  a  d ec is io n .

T h e  s y s te m s  can  d e r iv e  q u an tita tiv e  m e a s u re m e n ts  of th e  c o rre la tio n , 

g e n e ra te  a g g re g a te d  d a ta  w ith in  new ly  defined , i r r e g u la r - s h a p e d  a r e a s ,  and  

d e r iv e  q u a n tita tiv e  m e a s u re m e n ts  of n u m b e rs  o f a t t r ib u te s ,  le n g th s  of l in e s , 

an d  ex te n t of a r e a s  f r o m  th e i r  d a ta  b a s e . T h u s , th e y  can  in c re a s e  the  

n u m b e r o f d e r iv e d  o b se rv a t io n s  th a t a r e  eco n o m ica lly  av a ilab le  f o r  input 

to  f o rm a l  s p a t ia l  m o d e ls . (PIOS w a s , in  f a c t ,  s p e c if ic a l ly  developed  to  

p ro v id e  d a ta  f o r  a  m o d e l o f u rb a n  d e v e lo p m e n t.)

T h e  f if th  c a te g o ry  i s  c h a ra c te r iz e d  b y  h ig h -o rd e r  lo c a tio n  id e n tif ie rs  (fine 

po lygons), b u t eq u a lly  im p o rta n t ly  by  h igh  ca p a b ili ty  f o r  m an ip u la tio n  and  

th e  p o te n tia l c a p a b ili ty  f o r  h and ling  la rg e  vo lu m es of d a ta  by  a  f i le  s t r u c tu r e  

a l r e a d y  d es ig n e d  to  ac co m m o d a te  th em . An e s s e n tia l  a sp e c t of th e  c a te g o ry  

is  th a t  a  b a s ic  f i le  s t r u c tu r e  f o r  s p a t ia l  d a ta  a llow s reg io n -w id e  o r  n a tio n ­

w ide  d a ta  to  b e  s to r e d  and  e ffic ie n tly  r e t r ie v e d .  T h is  im p lie s  th a t th e  

in h e re n t p ro b le m s  of in te rn a l  tr a n s fo rm a tio n  be tw een  co o rd in a te  s y s te m s , 

edge  m a tch in g  of s o u rc e  m ap  s h e e ts , d a ta  com p ac tio n , and  effic ien t f ile  

s t r u c tu r e s  f o r  s p a t ia l  d a ta  s to ra g e  and  r e t r i e v a l  h ave  b ee n  o v erco m e. At 

th e  p r e s e n t  t im e  (1974), i t  a lso  im p lie s  th a t an  e ffic ien t p ro c e s s  of g rap h ic  

to  n o n -g ra p h ic  c o n v e rs io n  h a s  b ee n  dev ised .

T h e  u n d e rly in g  in te n t of s y s te m s  in  c a te g o ry  5 is  to  u s e  n o n -g rap h ic  s to ra g e  

a s  a n  a l te rn a t iv e  to  g rap h ic  s to ra g e ,  to  s e r v e  a s  a  p e rm an en t s o u rc e  of 

s p a t ia l  d a ta  o th e rw is e  av a ila b le  only  on  m a p s. I ts  o b jec tiv e  is  to  p ro v id e  

e c o n o m ic a l a c c e s s  to  th e  s u b s ta n tia l  q u a n titie s  o f s o u rc e  data  d e sc r ib in g  

a t t r ib u te s  of th e  e a r t h 's  s u r fa c e  re c o rd e d  only  on m a p s. A lthough th is  

o b je c tiv e  i s  a  s im p le  co n cep tu a l e x ten s io n  of th e  c a p a b ili tie s  of sy s te m s  

d e s c r ib e d  in  c a te g o ry  4 , i t  i s ,  in  m any  w ay s, p a r a l le l  to  th a t of sy s te m s  

lik e  GRDSR an d  DIM E (c a te g o ry  2) th a t  not on ly  a s s ig n  lo c a tio n  id e n tif ie rs  

to  la r g e  d a ta  f i l e s ,  b u t m o re  im p o rta n t ly  allow  c o m p u te r-a id e d  sp a tia l  

m a n ip u la tio n s  to  b e  p e r fo rm e d  on su ch  la rg e  d a ta  s e ts .  T he p rev io u s  

c o n s tra in t  of su c h  c e n su s  d a ta  s e ts  w as  th a t no d is a g g re g a te d  lo c a tio n
1. E km an  e t a l. 1963.
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id e n tif ie r s  w e re  a v a ila b le  f o r  o th e rw ise  m a c h in e - re a d a b le  data . T he 

p re v io u s  c o n s tra in t  of m ap  d a ta  s o u rc e s  w as th a t th e i r  d isa g g re g a te d  

lo c a tio n  id e n tif ie r s  w e re  n o t in  m a c h in e -re a d a b le  fo rm .

CGIS1 is  an  ex a m p le  of a  s y s te m  in  c a te g o ry  5. I ts  l im ita tio n s  a r e  n u m e ro u s. 

I t h an d les  d a ta  on ly  in  i r r e g u la r  po lygon fo rm a ts  (although th e  ca p a b ili ty  f o r  

hand ling  p o in t - re fe re n c e d  d a ta  i s  now b e in g  added). D esp ite  th e  f a c t th a t it  

i s  d es ig n e d  a s  a  s to r e  f o r  la r g e  am o u n ts  of d a ta , th e r e  is  no b ro w sin g  

ca p ab ility ; a l l  p r o c e s s in g  i s  done b y  b a tc h -p ro c e s s in g . I ts  m an ip u la tio n  

c a p a b ili t ie s  do not in c lu d e  h an d lin g  i r r e g u la r  po lygons th a t d e s c r ib e  co n ­

tin u o u s, s in g le -v a lu e d  fu n c tio n s ; th a t i s ,  i t  canno t m an ip u la te  o r  g e n e ra te  

co n to u rs .

T h e  va lue  of th e  ty p e  of s y s te m s  in  c a te g o ry  5 fo llow s a  s im i la r  p a t te rn  to  

c a te g o ry  4 s y s te m s . In  th e i r  p r e s e n t  fo rm  th e y  can  m ake l i t t l e  co n trib u tio n  

to  d e c is io n  m ak ing  a t  th e  a d m in is tr a tiv e  le v e l,  a lthough  w ith  co n s id e ra b le  

f u r th e r  d ev e lo p m en t, and  p a r t ic u la r ly  a n  in te r a c t iv e  m a n /m a c h in e  in te r fa c e , 

th e y  m igh t a p p ro ac h  th e  u s e fu ln e ss  of c a te g o ry  3 s y s te m s  fo r  d ec is io n  m ak ing  

a t th a t le v e l. T h e  q u e s tio n  c o n c e rn s  th e  need  f o r  s u r fa c e -d e s c r ip t iv e  d a ta  

in  su ch  d e c is io n  m ak in g  r a t h e r  th a n  th e  re q u ire m e n t  f o r  te ch n iq u es  of s p a tia l  

d a ta  hand ling . T h e  p r im a r y  v alue  of c a te g o ry  5 s y s te m s  is  a t the  m a n a g e ­

m en t and  p o lic y -m a k in g  le v e ls  of d ec is io n  m aking .

CGIS w a s  d es ig n e d  in  a  g o v e rn m en t d e p a rtm e n t2 in  re s p o n s e  to  th e  n e e d s  of 

th a t d e p a rtm e n t to  g a th e r  and an a ly se  d a ta  f o r  m an ag em en t d e c is io n s . T he 

d e p a rtm e n t h a d  u n d e rta k e n  to  ta k e  an  in v e n to ry 3 of th e  r e s o u r c e s  of th e  

p ro d u c tiv e  a r e a s  of C anada in  th e  c a te g o r ie s  of p re s e n t  la n d  u s e , a g r ic u l tu ra l  

ca p ab ili ty , f o r e s t  c a p a b ili ty , r e c r e a t io n a l  su ita b ili ty , and  su ita b ili ty  fo r  

w ild life . E a c h  o f th e s e  a t t r ib u te s  w as  s e p a ra te ly  o b se rv e d  (as e a ch  re q u ire d  

s e p a r a t e  o b s e rv a t io n a l s k il ls )  and  encoded  on s e p a r a te  s e r ie s  of m ap  s h e e ts . 

A ll d a ta  w e re  m apped  in  th e  fo rm  of i r r e g u la r  polygons. B etw een  10 ,000 and 

20 ,000  m a n u sc r ip t m ap  s h e e ts  w e re  in i t ia lly  invo lved . T h e  d ec is io n s  to  be 

m ade b y  th e  d e p a rtm e n t c o n c e rn e d  ch o ice s  am o n g  com peting  p ro p o sed  la n d  

u s e s ,  b a s e d  on c o m p a r is o n  of th e  v a lu e s  of th e  v a r io u s  la n d  a t tr ib u te s ; th a t 

i s ,  i t  w as  n e c e s s a ry  to  c o m p a re  th e  a t t r ib u te s  b y  o v e r la y  o f the  m ap s h e e ts . 

A t th is  m a n ag em e n t le v e l of d ec is io n  m ak ing , th e  re te n tio n  of b o u n d a rie s

1. See Ch. 5, pp . 152-168 an d  A ppendix. 2. D ep a rtm en t of F o r e s t r y  and  R u ra l 
D evelopm ent, G overnm en t of C anada. 3. T h e  C anada  L and Inven to ry .
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was significant. It was also desired to overlay the data on land attributes with the boundaries 

of census enumeration areas so that the socio-economic attributes of areas could be similarly 

examined and correlated. In addition, summaries of widespread correlations between the variables 

were needed as a basis for policy decisions. These tasks required high-order (but conceptually 

straightforward) manual cartographic 

techniques, which were prohibitively expensive in terms of effort and time. The contribution 

of the CGIS in carrying out these techniques was to provide data to the mental modelling 

process at management and policy levels of decision making. Although the system must still be 

considered to be experimental, it has provided test data as a basis for mental models at 

management and policy levels for comprehensive develop­ ment programs on land use 

in Prince Edward Island, Nova Scotia, the Gaspé Peninsula, and Manitoba. The capability 

exists within the CGIS to derive measurements and compari­ sons from the stored data and 

produce the results in quantitative terms, to assign any result to any point location, or 

automatically to assign weighted attribute 

values to any size of overlaid grid square (or other arbitrary regular area). It thus has a high 

potential as a source of derived data for input into formal spatial models. The file structure of 

the system can accept any descriptor of an attribute and so can respond to as yet unspecified 

inputs to formal models that relate to surface attributes within irregular polygons. The 

author, however, knows of no instance where data from the system have been used in a formal 

spatial model. OVERALL VALUE OF EXISTING GEOGRAPHIC INFORMATION 

SYSTEMS In considering the value of geographic information systems, it is worth noting the 

difference between a store of information and an information system. Earlier in the thesis1 it 

was stated that the usefulness of a store of information depends on whether the type (attributes), 

resolution

1. Ch. 4 , p. 85.

 

( le v e l of d isa g g re g a tio n ) , and  fo rm a t  (type of lo c a tio n  id e n tif ie r)  of d a ta  

a r e  r e le v a n t  to  th e  d e c is io n s  (an a ly s is ’) be in g  m ade, and  a lso  on th e  e a s e  

w ith  w h ich  th e  d a ta  in  th e  s to r e  (in te rm s  of th e i r  a t tr ib u te s , vo lum e, and 

fo rm a t)  can  b e  m a n ip u la ted  to  p ro d u ce  th e  in fo rm a tio n  on w hich  d ec is io n s



(an a ly s is )  a r e  m ade. In  view  of th e  d is c u s s io n s  above , i t  s e e m s  a p p ro p ria te  

to  add th a t th e  va lue  of th e  s to re  of in fo rm a tio n  a lso  depends on w h e th e r  i t s  

c o n ten ts  a r e  p e rc e iv e d  to  b e  needed  fo r  ex p lan a tio n  o r  d ec is io n , th a t is ,  

w h e th e r  th e  tr a in in g  of th e  u s e r s  h a s  p ro v id e d  th e m  w ith  fo rm a l  o r  m en ta l 

to o ls  th a t u s e  su ch  data .

T he v a lu e  of g e o g rap h ic  in fo rm a tio n  s y s te m s  m u s t be c o n s id e re d  w ith in  th is  

co n c ep t Of th e  u s e fu ln e ss  of s to r e s  of in fo rm a tio n . It i s  c l e a r  f ro m  the  

d is c u s s io n  above th a t th e  c u r re n t  c o n trib u tio n  of g eo g rap h ic  in fo rm a tio n  

s y s te m s  to  bo th  fo rm a l  and  m e n ta l ty p e s  o f s p a t ia l  a n a ly s is  is  tw ofold: 

th e y  in c r e a s e  th e  am ount and  v a r ie ty  of e x is t in g  d a ta  th a t ca n  eco n o m ica lly  

be  a v a ila b le  f o r  s p a t ia l  a n a ly s is , and  th e y  in c r e a s e  th e  c a p a b ili ty  of m a n i­

p u la tin g  th o s e  d a ta  to  p ro d u ce  th e  in fo rm a tio n  a p p ro p r ia te  to  s p e c if ic  ty p es  

of a n a ly s is ,  th a t i s ,  w h e re  c h a ra c te r is t ic s  of p la c e  a r e  involved . I t h a s  

b ee n  show n th a t th e s e  fu n c tio n s  r e s t  on  in c r e a s e s  in  th e  c a p a b ili tie s  fo r  

re a d in g  d a ta , a s s ig n in g  th e m  to  lo c a tio n  id e n tif ie r s  f o r  su b se q u en t sp a tia l  

a n a ly s is , d e r iv in g  d a ta  by  m e a s u re m e n t and  c o m p a riso n , an d  g e n e ra tin g  

g ra p h ic  d isp la y s .
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C H A PTE R  8 - FU T U R E  D EV ELO PM EN T O F GEOGRAPHIC 
INFORM ATION SYSTEMS

D EV ELO PM E N T O F  SYSTEM  C A PA B ILIT IES  ASSUMING PR E S E N T  
C O M PU TER  CHARACTERISTICS

S e v e ra l u s e fu l l in e s  of fu tu re  d eve lopm en t can  f i r s t  be p ro p o se d  w ith in  the  

d e l ib e ra te ly  n a rro w  view  of th e  v alue  of g eo g rap h ic  in fo rm a tio n  s y s te m s  

th e m s e lv e s . A ssu m in g  p re s e n t  (1974) c h a ra c te r is t ic s ,  c a p a b ili t ie s  and 

c o s ts  of c o m p u te rs , i t  i s  p o ss ib le  to  en v isa g e  d eve lopm en t of b o th  th e  

av a ila b le  d a ta  b a s e  and  th e  m a n ip u la tiv e  ab ility  un d erly in g  s p a t ia l  a n a ly s is  

and  d ec is io n  m aking .

Im p ro v e m e n ts  of th e  N o n -g rap h ic  D ata  B ase

T he tr e n d  in  im p ro v em e n t of te ch n iq u es  fo r  t r a n s fo rm a tio n  f ro m  g ra p h ic  to 

n o n -g ra p h ic  fo rm a t  h a s  a l r e a d y  b e e n  no ted . 1 C e r ta in ly  th is  i s  a t  p re s e n t  

a  m a jo r  c o n s tra in t  on th e  a v a ila b i lity  of s p a tia l  d a ta  th a t can  b e  p ro c e s s e d  

b y  c o m p u te r . T h e  n a tu re  of th e  new te ch n iq u es  in  th is  f ie ld  h a s  a lre a d y  

b e e n  ex a m in ed , 1 b u t i t  m u s t b e  re c o g n iz e d  (though i t  i s  f re q u e n tly  overlooked) 

th a t th e  p ro b le m  i s  n o t s im p ly  one of " d ig itiz a tio n " , but r a th e r  of t r a n s ­

fo rm in g  an  e r r o r - p r o n e  m a n u sc r ip t to  an  a c cep ta b ly  e r r o r - f r e e  n o n -g rap h ic  

f i le . T h is  end  p ro d u c t is  p a r t ic u la r ly  s ig n if ican t in  th e  c u r r e n t  s ta g e  of 

dev e lo p m en t of c o m p u te rs  th e m s e lv e s , a s  th e y  a r e  not s e le c t iv e ly  " fo rg iv ing" 

in  th e i r  su b se q u en t a n a ly s is  of da ta ; th e y  m a y  b e  e ff ic ien t b u t th e y  cannot 

in te ll ig e n tly  ig n o re  non lo g ica l e r r o r s .  T h e  in te ra c t iv e  c a p a b ili ty  th a t 

co u p les  a  m a n 's  m in d  d ire c tly  to  a  c o m p u te r , an d  th e  s o p h is tic a te d  dev e lo p ­

m en t of c o m p u te r  p ro g ra m s  w ith  a  c a p a b ili ty  f o r  m u ltip le , h e u r is t ic ,  

in te rn a l  ed itin g , a r e  s t i l l  in  a  m o s t e le m e n ta l s ta te .  C onsequen tly , the  

te ch n iq u es  of p r e - e d i t in g  g rap h ic  d a ta  fo r  d ig itiz a tio n  and  c o r r e c t in g  e r r o r s  

in  th e  s u b se q u en t f i l e  s t r u c tu r e  a r e  e s s e n t ia l  s te p s  and c o s ts  in  th e  p ro c e s s  

o f t r a n s fo rm a tio n  f ro m  g rap h ic  to  n o n -g rap h ic  fo rm a t. Im p ro v e m en ts  in  

th e s e  a s p e c ts  of th e  p ro c e s s  a r e  ju s t  a s  im p o rta n t a s  im p ro v e m e n ts  in  d ig i­

t iz a t io n , and  m u s t r e c e iv e  m o re  a tten tio n  th a n  a t p re s e n t .

I n c r e a s e s  in  th e  s to r e  of m a c h in e -re a d a b le  d a ta  p o te n tia lly  a p p licab le  to  a  

sp e c if ic  p ro b le m  ca n  com e f ro m  th e  e n c o u ra g em e n t, by  p e r s u a s io n  o r  le g i s ­

la tio n , o f c o m p a tib ili ty  b e tw een  th e  a t t r ib u te s ,  lo c a tio n  id e n tif ie r s ,  and  tim e

1. C h ap te r  5, pp . 171-175 .

253



id e n t if i e r s  of d a ta . T h e  c a se  f o r  d a ta  s ta n d a rd iz a t io n  h a s  b ee n  freq u en tly  

s ta te d . T h e  c a se  f o r  n a tio n a l s ta n d a rd s  of lo c a tio n  id e n tif ie r s  h a s  b ee n  

re c e n t ly  ex am in ed 1 in  th e  U. S. A . , and  even  th e  n a tio n a l sav in g s  on  c o s ts  

of su c h  a  s te p  w e re  e s tim a te d . U ndoubtedly su ch  lo n g - te rm  o b je c tiv e s  

a r e  d e s ira b le ,  b u t a s  an  in te r im  m e a s u re  c o m p a tib ility , r a th e r  th a n  

s ta n d a rd iz a t io n , m ay  be m o re  re a d i ly  re a l iz e d . C o m p a tib ility  can  be 

e n c o u ra g e d  th ro u g h  th e  e s ta b lis h m e n t o f g u id e lin e s  (as  r e c e n tly  a tte m p te d  

in  th e  U. K . ,2 b u t not in  m any  o th e r  c o u n tr ie s ) ,  by  th e  ad v ice  of c e n tra lly  

funded  s o u rc e s  of e x p e r t is e  av a ila b le  a t  no co s t to  p a r t ic ip a tin g  le v e ls  of 

g o v e rn m en t (an ap p ro a c h  th a t  h a s  a p p lica tio n  in  a  f e d e r a l  s y s te m ) , by  

d e s ig n  r e q u ire m e n ts  a tta c h e d  to  th e  fund ing  of p ro g ra m s  th a t invo lve  d a ta  

g a th e r in g , and  b y  a g re e m e n t be tw een  a g e n c ie s  w ith  m u tu a lly  s u p p o rtiv e  

p ro g ra m s . W ith  th e  ex cep tio n  of th e  l a s t  ex am p le , d a ta  c o m p a tib ili ty  a t 

th is  le v e l i s  c o n s id e re d  to  b e  a  te c h n ic a l is s u e  w h ich  ca n  b e  re s o lv e d  by 

th o s e  c o n c e rn e d  w ith  th e  d es ig n  of d a ta  hand ling  s y s te m s . D ata  co m p a tib ili ty  

do es  n o t g u a ra n te e  th e  a v a ila b i lity  o r  exchange of in fo rm a tio n , but i t  w ould 

m ake  p o s s ib le  m any  deve lo p m en ts  th a t a r e  now im p o ss ib le . It w ould  tu rn  

th e  m a tte r  in to  one of le g is la t io n  and  not of p h y s ic a l f r u s tr a t io n .

I n c r e a s e s  in  th e  s to r e  o f n o n -g rap h ic  s p a tia l  d a ta  ca n  com e f ro m  th e  dev e lo p ­

m e n t of te ch n iq u es  th a t a c c e p t n o n -g rap h ic  d a ta  d ire c t ly  f r o m  q u an tita tiv e  

d a ta  g a th e r in g  p ro c e s s e s  (sen s in g , su rv ey in g , and  so  fo r th ) . I t is  p a ra d o x ic a l 

th a t s u rv e y s  f o r  m app ing  p u rp o s e s  o ften  g a th e r  d a ta  f i r s t  in  n u m e r ic a l  fo rm . 

T h e se  d a ta  a r e  th e n  tu rn e d  in to  g rap h ic  d a ta , w hich  m u s t b e  tr a n s fo rm e d  to  

a  n o n -g ra p h ic  f o r m  ag a in  f o r  co m p u te r s to ra g e . T h e re  a r e ,  of c o u rs e , 

ad v a n ta g e s  in  th e  tr a d i t io n a l  p ro c e s s . T he m o s t s ig n if ic a n t i s  hum an  

in t e r p r e ta t io n  of th e  o r ig in a l n u m e r ic a l d a ta  to  p ro d u c e  a  g ra p h ic  im ag e . It 

i s  im p o r ta n t , though , th a t th e  concep t o f s o u rc e s  f o r  n o n -g ra p h ic  s to ra g e  is  

p u sh ed  b a c k  beyond th e  g rap h ic  im ag e , fo r  tw o  re a s o n s .  T h e  f i r s t  i s  the  

fa c t  th a t in  tr a d i t io n a l  " in te rp re ta tio n " , n u m e r ic a l s o u rc e  d a ta  a r e  f re q u e n tly  

r e p la c e d  b y  g rap h ic  m a te r ia l  a s  th e  only  av a ila b le  " s o u rc e " . C o n to u rs  a r e  

p re s e n te d  a s  th e  so u rc e  d a ta  of a  S u rface  in s te a d  of th e  m e a s u re d  poin t 

o b s e rv a t io n s  on w hich  th e y  w e re  b a se d . D e lin ea tio n s  of s o il  ty p e s  r e p la c e  

th e  m any  q u an tita tiv e  m e a s u re s  o f s o il  c h a ra c te r is t ic s  g a th e re d  w ith  c o n ­

s id e r a b le  e f fo r t  a t each  sam p lin g  lo ca tio n . T he b a s ic  q u an tita tiv e  d a ta  a r e

1. B a rra c lo u g h  1972. 2. D ep artm en t of E n v iro n m en t, U .K . 1973.
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e ffe c tiv e ly  lo s t ,  b u t could  b e  r e ta in e d  and  r e t r ie v e d  in  c o n c e rt w ith  the  

in te r p r e te d  im ag e  f ro m  ad eq u a te  n o n -g ra p h ic  s to ra g e . Secondly, s e n s o rs  

a r e  b ec o m in g  av a ila b le  th a t r e c o r d  a t t r ib u te s  o f th e  e a r th 's  s u r fa c e  only 

in  th e  f o r m  of la r g e  q u a n titie s  of n u m e r ic a l  co d es. T h e  E R T S-1 s a te l l i te  

i s  an  ad e q u a te  ex am p le  of th is  tre n d .1 T h e  te c h n iq u e s  fo r  ac cep tin g  th e se  

d a ta  d ir e c t ly  in to  n o n -g rap h ic  s to ra g e  so  th a t  th e y  can  b e  re l ia b ly  co m p ared  

w ith  o th e r  d a ta  a r e  in  an  even  m o re  e m b ry o n ic  f o rm  th a n  s p a tia l  d a ta  sy s te m s  

th e m s e lv e s . B ut th e y  a r e  b e in g  d eve loped , and  th e  f u r th e r  deve lopm ent of 

g e o g rap h ic  in fo rm a tio n  s y s te m s  to  han d le  su ch  d a ta  w ill c e r ta in ly  add to  th e  

v o lu m e , c o v e ra g e , and  t im e l in e s s  w ith  w h ich  s p e c if ic  a t tr ib u te s  of e a r th -  

s u r fa c e  d a ta  a r e  s to re d  f o r  u se .

Im p ro v e m e n ts  in  M anipu lative C a p a b ili ty

In c r e a s e s  in  th e  a b i lity  of g e o g rap h ic  in fo rm a tio n  s y s te m s  to  p e r fo rm  m a n i­

p u la tio n s  ca n  s te m  f ro m  s e v e r a l  l in e s  of dev e lo p m en t. Tw o of th e se  have 

b e e n  m en tio n ed  in  th e  te x t. T h e  f i r s t  i s  th e  fu r th e r  d eve lopm en t of in t e r

a c tiv e  ca p ab ili ty .2  T h is  is  a  m o s t s ig n if ic a n t ad d itio n , not only  b ec a u se  it  

m a y b e  of c o n s id e ra b le  b en e fit to  th e  e c o n o m ics  of e r r o r  c o r re c tio n , but 

a ls o  b e c a u se  i t  a llo w s  th e  u s e r  to  " s e e "  w hat i s  o th e rw ise  an  in v is ib le  d a ta  

ban k . T he s in g u la r  ad v a n tag es  of g ra p h ic  f o rm s  of s to ra g e  a r e  th e  sp eed  of 

a c c e s s  to  d a ta  w ith in  the  s to r e  and  th e  c a p a b ili ty  of b ro w sin g  h e u r is t ic a l ly  

th ro u g h  a  m ap  co llec tio n . T h is  ca p a b ili ty  i s  la c k in g  in  m o s t c u r re n t  g eo ­

g ra p h ic  in fo rm a tio n  s y s te m s , and  i t  i s  an  im p o r ta n t fa ilin g . In te ra c tiv e  

s y s te m s  a r e  now b ec o m in g  f e a s ib le , p r im a r i l y  b e c a u se  of th e  adven t of 

th e  m in i-c o m p u te r  and  lo w -c o s t ca thode r a y  tu b e  d isp la y s  (the f o r m e r  can  

a c t a s  a  co m m u n ic a tio n s  dev ice  to  a  l a r g e r  c o m p u te r  i f  ad d itio n a l c a p ac ity  

i s  c a lle d  fo r ,  a s  in  th e  INSIGHT3 s y s te m ). E ff ic ie n t f i le  s t r u c tu r e s  a re  

n ee d ed  fo r  s u ch  s y s te m s . C o n s id e ra b le  e f fo r t  i s  need ed  to  develop  in t e r ­

a c tiv e  m a n ip u la tio n  c a p a b ili ty  (in  ad d itio n  to  b ro w sin g  and  re t r ie v in g  of data). 

T h e  in te ra c t iv e  a p p ro ac h , h o w ev e r, i s  an  im p o r ta n t k ey  to  th e  u se fu ln e ss  of 

n o n -g ra p h ic  d a ta  s to ra g e  f o r  th e  l a r g e r  d a ta  s e t s  th a t can  b e  expected .

T h e  seco n d  lin e  of deve lopm en t in  m a n ip u la tio n  m en tio n ed  in  th e  te x t w as 

th a t of m u l ti- fo rm a t s y s te m s  fo r  h and ling  s p a t ia l  d a ta . T h is  ca p ab ili ty  h a s  

n o t b ee n  w id e ly  deve loped  to . d a te , p a r t ly  b e c a u se  of th e  a t t r a c t iv e  s im p lic i ty

1. See C h a p te r  5 , pp. 178-179. 2. See C h a p te r  5, p .175.    3. P h ill ip s , R . L . 1972;
s e e  a l s o  C h a p te r  5, pp. 176-179. 4 . See C h a p te r  5, p. 180.
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of s in g le - fo rm a t  s y s te m s  fo r  p r im a ry  d eve lopm en t e f fo r ts ,  and  p a r t ly  

b e c a u s e  of th e  la c k  o f sp e c if ie d  need  to  r e l a te  d if fe re n t s p a tia l  fo rm a ts  in  a  

m o re  e ff ic ie n t su ite  of m a n ip u la tio n s . U ndoubtedly  the  a t tr ib u te s  of the  r e a l  

w o r ld  can  b e  m o re  a c c u ra te ly  r e p r e s e n te d  in  any  s to ra g e  s y s te m  if  sp a tia l  

f o rm a ts  ca n  b e  m ixed . E qu a lly , i t  i s  c le a r  th a t  c e r ta in  fo rm s  of s p a tia l 

a n a ly s is  can  b e  c a r r i e d  out m o re  e ffic ie n tly  if  d a ta  a r e  a v a ila b le  in  m atch ing  

f o rm a ts  (m a tch in g  e a c h  o th e r  and  m a tch in g  th e  te ch n iq u es  em ployed  in  the  

s p a t ia l  a n a ly s is ) .  T h e  p o ss ib le  lo s s  of in fo rm a tio n  in c u r r e d  b y  changing 

th e  fo rm a t  m a y  not b e  s ig n if ican t to  th e  p ro b le m  b e in g  so lv ed . T h is  c a p a ­

b i l i ty  i s  b e in g  e x p lo re d  in  v a r io u s  s y s te m s ,1 b u t i f  th e  re q u ire m e n t fo r  

m a n ip u la tio n  can  b e  sp e c if ie d  ad eq u a te ly , it  r e p r e s e n t s  a  f ru it fu l lin e  of 

d ev e lo p m en t.

Im p ro v e m e n ts  in  th e  c a p a b ili ty  f o r  m an ip u la tio n  can  a lso  com e f ro m  g r e a te r  

s t a t i s t i c a l  u n d e rs ta n d in g  of th e  m an ip u la tio n  p r o c e s s e s  th e m s e lv e s . A gain, 

a  p a ra d o x ic a l s i tu a tio n  p re s e n t s  i ts e lf .  In  th e  f i r s t  in s ta n c e , m any p o te n ­

t i a l l y  u s e fu l p ro c e d u re s  of m an ip u la tio n , w h ich  s y s te m s  a r e  a lre a d y  in h e re n tly  

c a p ab le  of p e r fo rm in g , a r e  not a ttem p ted .2 In  th e  seco n d  in s ta n c e , m a n ip u la ­

t io n s  a r e  c a r r i e d  out and  th e  r e s u l t s  a r e  a c c e p te d  w ithou t th e  a s su m p tio n s  

u n d e rly in g  th e  o p e ra t io n s  b e in g  exam ined .

M ost o f th e  s y s te m s  in  c a te g o ry  4 o r  5 g iven  in  C h ap te r 7 (pp. 247-252) h ave  

th e  c a p a b ili ty  f o r  o v e r la y  (patch  on p atch ). M e a s u re s  of a s s o c ia tio n  of th e  

c o m p a r is o n  ca n  b e  g e n e ra te d . It i s  doubted , h o w ev er, w h e th e r  th e  in h e re n t 

p o s s ib i l i ty  of p ro d u c in g  s p u r io u s  r e s u l t s  h a s  b e e n  exam ined  b y  s y s te m  

d e s ig n e rs .  T h e re  is  ev e n  le s s  ev idence  of th e  d es ig n  of m an ipu la tion  

fu n c tio n s  th a t cou ld  in v e s t ig a te  su ch  c o m p a r is o n s , f o r  in s ta n c e , b y  c r o s s - 

c o r r e la t io n  b e tw e en  v a r io u s  s c a le s  o b ta ined  b y  s p e c t r a l  a n a ly s is , though th is  

w ou ld  b e  a  f a i r ly  s tr a ig h tfo rw a rd  p ro c e d u re  to  im p lem en t even  w ith  the  

e x is t in g  f i le  s t r u c tu r e s .  C le a r ly , s ta t i s t ic a l  m e thods m u s t be in te g ra te d

1. C h a p te r  5, pp. 183-184. 2. T he r e a s o n  fo r  n o t c a r ry in g  out m a n ipu la tions  
th a t  s y s te m s  can  p e r f o r m  is  com plex . P a r t l y  i t  i s  la c k  of a  s p e c if ie d  n eed , 
p a r t ly  i t  i s  th e  in a b ili ty  o f n o n -u s e r  d e s ig n e rs  of s y s te m s  to  reco g n ize  the  
c a p a b ili t ie s  o f th e i r  s y s te m , p a r t ly  i t  i s  th e  f e a r  a tta ch e d  to  any  s ta te -o f - th e -  
a r t  p ro je c t  and  e x p re s s e d  by  th e  a ttitu d e  "L e t w e ll  enough a lo n e ,"  and  p a r t ly  
i t  i s  la c k  o f r e s o u r c e s  ("T he d e s ig n e rs  a r e  h av in g  a  h a rd  enough tim e  m ak ing  
th e  s y s te m  w o rk  a s  i t  i s ,  w ithout w an ting  fu r th e r  ta s k s  th r u s t  upon them ") 
E s s e n tia l ly ,  i t  i s  a  r e f le c tio n  of th e  e a r ly  s ta te  of deve lopm ent of the  s y s te m s .



w ith  th e  c a p a b ili ty  f o r  m an ip u la tio n  in  s y s te m  d e s ig n  if  s e n s ib le  u s e  i s  to  

b e  m ade of e x is t in g  and  fu tu re  g eo g rap h ic  in fo rm a tio n  s y s te m s .

T h e  im p o r ta n c e  of th is  l in e  of d eve lopm en t i s  em p h a s iz e d  b y  an  exam ple , 

qu o ted  b y  D angerm ond ,1 of th e  seco n d  in s ta n c e : w h e re  a  m an ip u la tio n  is  

co m m o n ly  c a r r i e d  out w ithou t ex am in a tio n  o f th e  a ssu m p tio n s  u n derly ing  

th e  o p e ra tio n . T h e  c a s e  i s  th e  s im p le  one of a r e a l  o v e rla y  ( in te rs e c tio n  of 

se ts )  w h e re  i t  i s  a s s u m e d  th a t th e  po lygons b e in g  o v e rla id  a r e  hom ogeneous 

w ith in  th e m s e lv e s . T h e  C om m onw ealth  S c ie n tif ic  and  In d u s tr ia l  R e s e a rc h  

O rg a n iz a tio n  (CSIRO) in  A u s t ra lia  m a n u a lly  o v e r la id  th r e e  s e t s  of polygons 

and  c a r r i e d  o u t f ie ld  ch e ck s  to  d e te rm in e  w h e th e r  the  a t tr ib u te s  th a t 

co in c id ed  a t s p e c if ic  p o in ts  on th e  m ap s a c tu a lly  co in c id ed  in  th e  f ie ld . 

O nly in  38% of th e  c a s e s  cou ld  th e y  c o r r e c t ly  p re d ic t  th e  p re s e n c e  of th e  

th r e e  a t t r ib u te s  to g e th e r  on th e  g round . T h is  is o la te d  r e s u l t  m a y  b e  due to  

a  v a r i e ty  of f a c to r s ,  in c lu d in g  the  p o s s ib il i ty  of in a c c u ra te  o r ig in a l su rv ey .2 

I t d o es , h o w ev e r , i l lu s t r a t e  th e  la c k  of u n d e rs ta n d in g  of even  s tra ig h tfo rw a rd  

p r o c e s s e s  of s p a t ia l  m an ip u la tio n  w hich  a r e  r e g u la r ly  c a r r i e d  out. T he 

p ro b le m  ex ten d s  to  th e  u s e  of s ta n d a rd  s ta t i s t i c a l  p ro c e d u re s . A  com m on 

a s s u m p tio n  in  s ta t i s t i c s  i s  th a t v a r ia b le s  a r e  independen t, hence  th e  d ifficu lty  

of ap p ly in g  th e m  to  t im e  s e r ie s  o r  s p a tia l  d a ta . T h e  p ro b le m s  of a u to c o r re la

t io n  h a v e , of c o u rs e ,  b ee n  re c o g n iz e d ,3 b u t th e  f a c t r e m a in s  th a t v e ry  few  

s ta n d a rd  s ta t i s t i c a l  p ro c e d u re s  a r e  a s p a t ia l .

In  g e n e ra l ,  s ta t i s t ic ia n s  have  not deve loped  te c h n iq u e s  th a t a r e  r e a d i ly  

ap p lied  to  s p a tia l  p re d ic tio n . T h e re  a r e  e x c ep tio n s . W e in er4 in  1930 

in tro d u c e d  w o rk  on g e n e ra l  h a rm o n ic  a n a ly s is , an d  M athe ron5 b u il t on th is  

w o rk  and  in tro d u c e d  a  new  f ie ld  o f s t a t i s t ic s ,  d if fe re n t f ro m  th e  tr a d itio n a l 

one in  th a t i t  a s s u m e s  th a t v a r ia b le s  a r e  r e la te d  to  e a ch  o th e r . Some 

g e o g ra p h e rs 6 a r e  s ta r t in g  to  app ly  th e s e  a p p ro a c h e s  to  s p a t ia l  a n a ly s is ,  b u t 

su ch  s o p h is tic a tio n  i s  n o t com m on. M ore f re q u e n tly , an  a ttem p t is  m ade 

to  co n v e rt s p a t ia l  d a ta  to  a  f o rm  th a t f i t s  th e  u n d e rly in g  a ssu m p tio n s , o r  even  

to  p ro c e e d  w ithou t u n d e rs ta n d in g  th e  a s su m p tio n s . Such m an ip u la tio n s  m ay  

a c q u ire  even m o re  s p u r io u s  v a l id ity  w hen th e y  a r e  th e  r e s u l t  of a  supposed ly  

a c c u ra te  c o m p u te r  p ro c e d u re . Im p ro v e m en t of c a p a b ili tie s  f o r  m an ipu la tion  

m u s t r e s t  on  a  b e t te r  u n d e rs ta n d in g  of the  s ta t i s t ic a l  b a s is  of th e  o p e ra tio n s

1. D angerm ond  1973. 2. W hich a rg u e s  s tro n g ly  f o r  th e  deve lopm ent of in d ice s
of th e  r e l ia b i l i ty  of s o u rc e  d a ta  and  th e i r  in c o rp o ra tio n  a s  f la g s  in  non ­
g ra p h ic  s to ra g e . 3. C liff and  O rd  1973. 4. W e in e r 1930, 1958. 5. M atheron  
1970. 6. S w itze r, P . 1973, R ay n e r 1974, fo r  exam p le .
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invo lved .

A  v i ta l  l in e  of deve lopm en t, re la te d  to  th e  p ro b le m s  m entioned  above but 

c o n s id e ra b ly  m o re  fund am en ta l in  n a tu re ,  i s  in v e s tig a tio n  of th e  lo g ic a l 

p ro p e r t ie s  of th e  la n g u ag es  av a ila b le  f o r  o rd e r in g  s p a tia lly  d is tr ib u te d  data . 

C u rre n t ly , tw o d iffe re n t ty p e s  of language a r e  u s e d  fo r  iden tify ing  g e o g ra ­

p h ic a l in d iv id u a ls . One language ty p e  is  u s e d  to  d e s c r ib e  th e  a t t r ib u te s ,  

and  th e  o th e r  th e  s p a c e - t im e  p ro p e r t ie s ,  o f th e  in d iv id u a l (the " s u b s ta n c e  

lan g u ag e"  and  th e  " s p a c e - t im e  lan g u ag e"  r e f e r r e d  to  b y  W ilson1). N otions 

of g eo g ra p h ic a l s im i la r i ty  of in d iv id u a ls  th u s  m ake i t  im p e ra t iv e  to  d e s c r ib e  

s a m e n e s s  in  a t  le a s t  tw o  la n g u ag es . T o  d e r iv e  in d iv id u a ls  s p e c if ie d  in  one 

la nguage (sa y  th e  s p a c e - t im e  language) f r o m  in d iv id u a ls  s p e c if ie d  in  th e  

o th e r  language , an  ad e q u a te  tr a n s la t io n  p r o c e s s  i s  re q u ire d . H a rv ey 2 

s u g g e s ts  th a t th e  m ix ing  of su ch  la n g u ag es  u n d e r l ie s  th e  d ifficu lty  s u r ro u n d in g  

re g io n a l concep ts  in  g eo g rap h ic  though t. T h e  ex te n s io n  of g eo g ra p h ic a l 

p ro b le m s  in to  fo u r-d im e n s io n a l s p a c e  (a  v e r y  s im p le  concept) im m e d ia te ly  

i l lu s t r a t e s  th e  l im ita tio n s  and aw kw ard  s t r u c tu r e s  re s u l t in g  f ro m  th e  u s e  of 

c u r r e n t  la n g u ag es . A n ex am p le , p ro v id e d  b y  F low erdew ,3 w ould  b e  the  

d e s c r ip tio n  in  a  su b s ta n c e  language of th e  d is tr ib u tio n  in  a  co u n try  of th e  

"w o rk in g  c la s s " ;  su ch  d e s c r ip tio n s  canno t b e  e f f ic ie n tly  han d led  in  e x is tin g  

g eo g rap h ic  in fo rm a tio n  s y s te m s . A lthough i t  w ou ld  be v a lu ab le , i t  i s  not 

p o s s ib le  in  th is  th e s i s  to  rev iew  o r  in i t ia te  d is c u s s io n  on g eo g rap h ic  co n c ep ts  

o f s p a c e , th e  ch a r a c te r i s t i c s  of e x is t in g  la n g u a g e s , an d  th e  n ee d ed  ty p e s  of 

deve lopm en t. Im p o rta n t r e c e n t c o n tr ib u tio n s  to  o th e r  than  e x is tin g  la n g u ag es  

h ave  b e e n  m ade: b y  Hä g e r s tr a n d 4 and  G rig g 5 c o n c e rn in g  th e  concep t of th e  

"g e o g ra p h ic a l in d iv id u a l" ; by  T o b le r6 w ho ex ten d s  th e  ev e ry d a y  concep t of 

g e o g ra p h ic a l sp ace  beyond  th e  s ta n d a rd  E u c lid e an  fram ew o rk ; and  b y  D acey ,7 

F lo w erd ew , 8 and B e tak 9 in  th e ir  in v e s t ig a t io n s  of th e  concep ts  and fu r th e r  

deve lopm en t of s p a tia l  language. D esp ite  th e s e  e x a m p le s , g e o g ra p h e rs  

have  done l i t t l e  w o rk  in  th is  c r i t i c a l  f ie ld . C le a r ly , th e  f a c i li ty  w ith  w hich  

one can  d e s c r ib e  th e  s p a t ia l  in te ra c t io n  of s u r fa c e  a t t r ib u te s  depends on th e  

lan g u ag e  u s e d  fo r  th e  d e sc r ip tio n . T h e  d e s ig n  o f f i l e  s t r u c tu r e s  f o r  g e o g ra ­

ph ic  in fo rm a tio n  s y s te m s  a lso  depends on th a t language . T he e ffic ien t d e s ig n  

of g eo g rap h ic  in fo rm a tio n  s y s te m s , and  in  p a r t ic u l a r  th e i r  p ro v is io n  of d a ta

1. W ilson , N. L . 1955. 2. H a rv ey  1969, Ch. 14, p. 216. 3. F low erdew  1974.
4 . H a g e rs tra n d  1953, 1963, 1967b. 5. G rig g  1965, 1967. 6 . T o b le r  1963, 1964b,
1970, T o b le r  e t a l. 1968. 7. D acey  1964, 1965a, 1965b. 8. F low erdew  1973a,
1973b. 9. B e tak  1974a, 1974b.
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f o r  d ynam ic  s p a t ia l  m o d e ls , m ust depend  on in c r e a s e d  co n trib u tio n s  f ro m  th is  

l in e  of d eve lopm en t.

IM PA C T O F CO M PU TER D EV ELO PM EN T ON GEOGRAPHIC 
INFORM ATION SYSTEMS

T h e  above d is c u s s io n  of l in e s  of d eve lopm en t w e re  b a s e d  on p re s e n t -d a y  

c h a ra c te r is t ic s ,  c a p a b ili t ie s  and  c o s ts  of c o m p u te r s .  T h e  deve lopm ent of 

co m p u te r  c a p a b ili t ie s , h o w ev er, con tin u es  a p a ce  and  i t  is  p o s s ib le  to  

s p e c u la te  b r ie f ly  o n  th e i r  im p a c t on g eo g rap h ic  in fo rm a tio n  s y s te m s .

W ithout f u r th e r  ju s ti f ic a tio n , it w ill b e  a s s u m e d  th a t co m p u te r s to ra g e  c a p a ­

c i t ie s  w ill  in c r e a s e ;  a c c e s s  t im e s  w ill d e c re a s e ;  th e  c o s t p e r  b it  o f in fo rm a ­

tio n  p ro c e s s e d  w ill d e c re a s e ;  h ig h e r - o rd e r  (m o re  h u m a n -o rien te d )  co m p u te r  

la n g u ag es  w ill  b e  d ev e lo p ed  th a t allow  e a s y  u s e  of c o m p u te rs  b y  peo p le  who 

a r e  not p r o g r a m m e rs ;  in te ra c t iv e  p e r ip h e ra l  d ev ic e s  and s u p p o rtin g  so ft

w a re  w ill  p ro l i f e ra te ;  th e  ca p a c ity  of lo w -c o s t m in i-c o m p u te rs  w ill in c re a s e ;  

co m m u n ic a tio n  n e tw o rk s  b e tw e en  co m p u te rs  w ill in c re a s e ;  th e  w o rld -w id e  

a v a ila b i li ty  of c o m p u te rs  w ill in c re a s e ;  an d  th e  n u m b e r of peop le  ab le  to  u s e  

co m p u te rs  w ill  in c r e a s e .  T h e re  is  s u ff ic ie n t ev id en ce  in  r e a d i ly  o b s e rv a b le  

t r e n d s  to  be s u r e  th a t th e s e  deve lo p m en ts  w ill  o c c u r. O th e rs1 can  b e  f o r e ­

se e n , b u t a r e  n o t r e q u ir e d  f o r  th e  p re d ic tio n s  l i s t e d  below .

T he fo llow ing  d ev e lo p m en ts  r e la te d  to  g e o g rap h ic  in fo rm a tio n  s y s te m s  can  

b e  expec ted :

T he t r e n d  to w a rd  c re a tio n  of la rg e  f i le s  o f n o n -g ra p h ic , s p a tia lly  coded  d a ta  

w ill  con tinue  and  p ro b a b ly  a c c e le ra te .  T h e  1970-71 C en su s  of U. S. A. and  

C an ad a  i s  av a ila b le  to  th e  pub lic  in  th e  fo rm  o f m a c h in e - re a d a b le  s u m m a r ie s  

o f s p a t ia l ly  coded  s m a l l  a r e a s .  E v e ry  tow n and  c i ty  in  F r a n c e  w ith  a  p o p u la ­

tio n  of m o re  th a n  20, 000 i s  s ch ed u led  to  h av e  an  u rb a n  d a ta  s y s te m  of th e  

l in e - s e g m e n t (DIME) ty p e  b y  1975. T he O rdnance  S u rvey  of G re a t B r i t a in  

h a s  ad o p ted  n o n -g ra p h ic  s to ra g e  fo r  i t s  m a s te r  m ap  s h e e ts  of to p o g ra p h ic  

su rv e y . A ll h y d ro lo g ic a l d a ta  g a th e re d  by  th e  E n v iro n m e n ta l P ro te c tio n  

A gency  in  U. S. A. ( c u r re n t ly  10 y e a rs  o f o b s e rv a t io n s , u s in g  700 x  106 b y te s  

of s to ra g e )  is  now in  n o n -g ra p h ic  fo rm . M any fu r th e r  e x a m p les  cou ld  b e  

p ro v id e d .

1. S om ew hat m o re  e s o te r ic  d ev e lo p m en ts  m igh t in c lu d e  m a jo r  changes  in  
c o m p u te r  a r c h i te c tu r e  su ch  a s  th e  d eve lopm en t o f la r g e - s c a le  p a r a l le l  . 
c o m p u te rs  (such  a s  ILL IA C  IV ), s p e c ia l-p u rp o s e  co m p u te r  la n g u ag es  (e. g . , 
fo r  s p a t ia l  a n a ly s is ) ,  a  w ide  ra n g e  of g ra p h ic  d a ta  in p u t/o u tp u t d ev ices , 
o p tic a l m e m o rie s , h o lo g ra p h ic  m e m o r ie s ,  an d  th e  deve lopm ent o f th e  a b i li ty  
to  p r o c e s s  n o n -co d ed  in fo rm atio n .
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T h e  u s e  of m in i-c o m p u te rs  and  in te ra c t iv e  d isp la y s  f o r  h and ling  s p a tia l  d a ta  

w ill  r a p id ly  in c r e a s e ,  bo th  f o r  te a c h in g  te ch n iq u es  and  f o r  o p e ra t io n a l g e o g ra ­

p h ic  in fo rm a tio n  s y s te m s . F o r  ex a m p le , i t  i s  qu ite  p r a c t ic a l ,  even  now 

(1974), to  s to r e  m ap s  on m a g n e tic  ta p e  in  in e x p en s iv e  ($3 .00 ), s ta n d a rd  

(P h ill ip s )  c a s s e t te s ,  f o r  u s e  w ith  m in i-c o m p u te rs .

Im p ro v e d  co m m u n ica tio n  n e tw o rk s  b e tw e en  m a jo r  c o m p u te rs  w ill  allow  

co m p a tib le  d a ta  s o u rc e s  to  b e  c o r re la te d .

P ic tu r e  p ro c e s s in g  w il l  b ec o m e e c o n o m ica l and  w ill g re a t ly  add  to  th e  s to r e  

o f s p a t ia l ly  coded  d a ta  on a t t r ib u te s  of th e  e a r t h 's  s u r fa c e  in  n o n -g ra p h ic  

fo rm .

M u ltid im e n sio n a l f i l e  s t r u c tu r e s  w ill  b e  d es ig n e d , w hich  m ay  en c o u ra g e  

in te rd is c ip l in a r y  g a th e r in g  of b io s p h e r ic  d a ta  an d  th e  d eve lopm en t of m o re  

co m p lex , dynam ic  m o d e ls .

F u r th e r  s p e c u la tiv e  co m m en ts  cou ld  b e  added  w ith  l i t t l e  d ifficu lty . H ow ever, 

e v e n  w ith  th is  m o d e st l i s t  i t  ca n  b e  su g g e s te d  th a t th e  e n v iro n m en ta l, 

e c o n o m ic , and  s o c ia l  n e e d s  of s o c ie ty  w ill e n c o u ra g e  u s e  of th e  la rg e  f i le s  

o f n o n -g ra p h ic  d a ta  b e in g  c re a te d , and  th a t g e o g ra p h e rs  w ill ta k e  advan tage  

o f th e  r e l a te d  d ev e lo p m en ts  in  th e  te ch n o lo g y  o f d a ta  h and ling  fo r  th e  d es ig n  

of g e o g rap h ic  in fo rm a tio n  s y s te m s .

D EV ELO PM E N T O F GEOGRAPHIC INFORM ATION SYSTEM S IN 
CONTEXT O F TH E  O V ERA LL VALUE O F STO RES O F SPA TIA L 
IN FO RM ATION

It w as  n o te d  above th a t th e  va lue  of g eo g rap h ic  in fo rm a tio n  s y s te m s  f i t s  

w ith in  th e  con cep t of th e  u s e fu ln e ss  of s to r e s  of s p a t ia l  in fo rm a tio n . I t w as  

su g g e s te d  th a t  th e  p e rc e iv e d  n ee d  f o r  d a ta  and  th e i r  r e le v a n c e  w e re  im p o rta n t 

e le m e n ts  in  th e  w id e r  concep t of u s e fu ln e ss . I t w ould  p e rh a p s  s e e m  

re a s o n a b le  f i r s t  to  p e rc e iv e  th a t d a ta  a r e  r e q u ire d ,  th e n  to  dec id e  upon th e  

r e le v a n t  a t t r ib u te s  and  fo rm a ts ,  and  th e r e a f te r  to  d e s ig n  and im p lem en t th e  

te c h n iq u e s  to  h an d le  th e m . In  th is  p ra g m a tic  w o rld , h o w ev er, i t  i s  not 

uncom m on  f o r  th is  lo g ic a l s eq u en ce  to  be d is tu rb e d . T ech n iq u es  f o r  

h an d lin g  d a ta  h av e  p ro b a b ly  b ee n  d e v ise d  th a t s t i l l  aw ait th e  p ro v is io n  of 

" re le v a n t"  d a ta , and  th e y  m ay  w a it s t i l l  lo n g e r  b e fo re  th e  va lue  of th o se  d a ta  

i s  p e rc e iv e d . I t is  eq u a lly  p ro b a b le  th a t d a ta  a r e  g a th e re d  w ithou t any
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e x is t in g  te c h n iq u e s  f o r  th e i r  hand ling , o r  any  p e rc e iv e d  n ee d  f o r  th e m . T he 

co m m en ts  in  th e  above se c tio n  of th is  c h a p te r  c o n c e rn in g  th e  fu tu re  dev e lo p ­

m en t of g eo g ra p h ic  in fo rm a tio n  s y s te m s  h ave fo c u s s e d  m o re  on th e  n a rro w  

co n cep t of th e i r  v a lu e . T h e  w id e r  concep t and  so m e  of th e  c o m p lex itie s  

in  th e  r e la t io n s h ip s  b e tw e en  g eo g rap h ic  in fo rm a tio n  s y s te m s , fo rm a l  s p a tia l  

a n a ly s is , and  d e c is io n  m ak ing  in  go v ern m en t w ill b e  c o v e re d  in  th e  fo llow ing 

p a r t  of th i s  c h a p te r .

T h e  co n c e p tu a l d ia g ra m  o r ig in a lly  p re s e n te d  in  C h a p te r  7 (F ig . 7. 1) is  u se fu l 

in  i l lu s tr a t in g  so m e  of th e s e  co m p lex itie s  (see  F ig . 8. 1 below ).

GEOGRAPHIC
INFORM ATION
SYSTEMS

S to re s  of s p a tia l  
in fo rm a tio n

FO RM A L
S PA TIA L

ANALYSIS

S p a tia l
th e o ry

T h e o r ie s  te s te d  
a g a in s t fa c ts

F ig . 8. 1. C o m p le x itie s  in  the  re la tio n sh ip s  be tw een  d e c is io n  m ak ing , 
g e o g rap h ic  in fo rm a tio n  s y s te m s , a

Fig. 8.1. Complexities in the relationships between decision making, geographic information systems,

 and spatial analysis.F i r s t  le t  u s  c o n s id e r  th e  g e n e ra l re la tio n sh ip  be tw een  s to r e s  of s p a t ia l  in fo r ­

m a tio n  and  s p a t ia l  th e o ry . B u rto n 1 pu t th e  is s u e  c le a r ly  in  s a y in g  th a t: "T he 

c o re  of s c ie n tif ic  m e th o d  is  th e  o rg a n iz a tio n  of f a c t s  in to  th e o r ie s ,  and  th e  

te s t in g  and  re f in e m e n t of th e o ry  b y  i t s  ap p lica tio n  to  th e  p re d ic tio n  of 

unknow n f a c t s . . .  T h e o ry  p ro v id e s  th e  s iev e  th ro u g h  w hich  m y r ia d s  of fa c ts  

a r e  s o r te d ,  w ithou t i t  th e  fa c ts  r e m a in  a  m e an in g le ss  jung le . T h e o ry

1. B u rto n  1963, p . 156.

GOVERNMENT DECISION - MAKING PROCESSF a c ts  in fluenced  by  
a  p r io r i  th e o r ie s /h y p o th e s e s



p ro v id e s  a  m e a s u re  a g a in s t w hich  e x c ep tio n a l an d  u n iv e rsa l e v e n ts  a r e  

re c o g n iz e d . In  a  w o rld  w ithou t th e o ry  th e r e  a r e  no excep tions; ev e ry th in g  

i s  u n i q u e . " B u rto n 1 a lso  p o in ted  out th a t " th e  m om en t a  g eo g rap h e r  b eg in s  

to  d e s c r ib e  an  a r e a ,  h o w ev er, h e  b e c o m e s  s e le c tiv e  (fo r i t  is  not p o ssib le  

to  d e s c r ib e  every th in g ) an d  in  th e  v e ry  a c t of s e le c tio n  d e m o n s tra te s  a  

co n sc io u s  o r  u n co n sc io u s  th e o ry  o r  h y p o th e sis  co n c e rn in g  w hat i s  s ig n if i­

c a n t." S im ila r ly , th e  g a th e r e r s  o f d a ta  and  p ro v id e r s  of s to r e s  of in fo rm a tio n  

a r e  s e le c t iv e  ( fo r  i t  i s  no t p o s s ib le  to  d e s c r ib e  every th ing) and in  th e  v e ry  

a c t o f d a ta  s e le c t io n  u s e  a  co n sc io u s  o r  s u b co n sc io u s  th e o ry  O r h y p o th e sis  

co n c e rn in g  w hat i s  s ig n if ican t and  " re le v a n t" . In  d esig n in g  in fo rm a tio n  

s y s t e m s ,  to o , th e  d e s ig n e rs  choose  b e tw e en  c re a t in g  d iffe re n t f i le  s t r u c t u r e s  

and  m a n ip u la tio n  fa c i l i t ie s  on th e  b a s is  of th e i r  co n sc io u s  o r  su b co n sc io u s  

th e o ry  o r  h y p o th e s is  c o n c e rn in g  w hat is  s ig n if ic a n t.

I t  h a s  a l r e a d y  b e e n  m en tio n ed  th a t th e r e  h a s  b ee n  l i t t l e  con tac t b e tw een  th o se  

c o n c e rn e d  w ith  fo rm a l  s p a tia l  a n a ly s is  and  th o s e  c o n c e rn ed  w ith  th e  dev e lo p ­

m en t o f g eo g ra p h ic  in fo rm a tio n  s y s te m s . In  n u m e ro u s  c a s e s , a s  h a s  b e e n  

sh o w n , th e  s y s te m s  h ave b ee n  deve loped  b y  g o v e rn m en t d a ta  g a th e r in g  and  

a d m in is tr a tiv e  a g e n c ie s  th a t r e ly  e x te n s iv e ly  on m e n ta l m o d e ls . T h is  c r e a te s  

no d if f ic u lt ie s  p e r  s e ,  b u t th e  r e la tio n sh ip  b e tw e en  su ch  d a ta  and  fo rm a l 

s p a t ia l  a n a ly s is  i s  no lo n g e r  n e c e s s a r i ly  th e  r e la t iv e ly  s tra ig h tfo rw a rd  one 

o f la rge- s to r e s  o f f a c t s  b e in g  o rg a n iz e d  in to  th e o ry , a s  th e  d a ta  a r e  only 

a v a ila b le  i n  p r e f a b r ic a te d  b u n d le s . In  ad d itio n , if  the  s to r e s  of s p a tia l  

in fo rm a tio n  a r e  a s s u m e d  to  r e p r e s e n t  th e  to ta l  d a ta  av a ilab le  and to  con ta in  

th o s e  fa c t s  a g a in s t w h ich  th e o r ie s  m u s t a lso  b e  te s te d , th e r e  i s  th e  e v e r ­

p re s e n t  p o s s ib i l i ty  of c i r c u la r  a rg u m e n t u n le s s  th e  to ta l  d a ta  s e t  i s  su ita b ly  

p a r t i t io n e d . L e s s  obv ious i s  th e  d an g e r  th a t  e a c h  s id e  in  su ch  a  p a r t i t io n  h as  

b e e n  in flu en ced  b y  th e  co n sc io u s  o r  su b co n sc io u s  a  p r io r i  th e o r ie s  o r  hyp o

th e s e s  o f d a ta  g a th e r e r s  and  d e s ig n e rs  of g eo g rap h ic  in fo rm a tio n  s y s te m s .

T h e  s itu a tio n  i s  f u r th e r  c o m p lic a ted  b y  th e  o v e r a l l  re la tio n sh ip  betw een  s to r e s  

of in fo rm a tio n  an d  d ec is io n  m aking  in  g o v e rn m en t. F o llow ing  th e  above a rg u ­

m en t, i t  cou ld  b e  s u g g es ted  th a t g o v e rn m en ta l d ec is io n  m aking , p a r t ic u la r ly  

at: m a n ag em e n t and  p o lic y  le v e ls  (to th e  ex ten t th a t they  r e ly  on  g o vernm en t 

s o u rc e s  of d a ta ) , is  in flu en ced  b y  th e  sup p ly  of d a ta  th a t r e s id e s  in  the  s to r e s

1. B u r to n  1963, p . 156.
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o f in fo rm a tio n . I t can  b e  a rg u ed , on  th e  o th e r  hand , th a t the  sup p ly  of d a ta  

u sed  in  th e  d ec is io n -m a k in g  p ro c e s s  i s  c o n s id e ra b ly  in fluenced  by  th e  a im s  

and  o b je c tiv e s  of th e  a g e n c ie s  of go v ern m en t re s p o n s ib le  fo r  d e c is io n s .

D esp ite  a  tr a d itio n a l s e p a ra t io n  of d a ta  g a th e r in g  ag e n c ie s  (such  a s  cen su s  

and  su rv ey ) f ro m  lin e  go v ern m en t d e p a r tm e n ts , m any  d a ta  a r e  g a th e red , 

and  a r e  g e n e ra lly  u n d e r th e  c o n tro l of (and o ften  con fid en tia l to ) , th e  la t te r  

type  of agency .1 Such d a ta  a r e  f re q u e n tly  in co m p atib le  in  t im e , u n it , and  

s p a t ia l  c h a ra c te r  f ro m  one in s ti tu tio n  to  an o th e r . T he s e le c tio n  of con ten ts  

of m any  s to r e s  of in fo rm a tio n  cou ld , in  th i s  s e n s e , b e  c o n s id e re d  to  be 

c o n tro lle d  b y  su ch  in s ti tu tio n s . T he o v e ra l l  supp ly  of d a ta  i s  th u s  p a r t i t io n e d  

in to  su b se ts  w hich  a r e  b ia s e d  b y  th e  th e o r ie s  and h y p o th ese s  th a t u n d e rlie  

d e p a r tm e n ta l ac tio n s . P o lic y  and  p ro g ra m s  te n d  to  b e  exp la ined  in  te r m s  of 

su ch  d a ta  s u b se ts , and  ev e n tu a l le g is la t io n  te n d s  to  b e  im p lem en ted  w ith in  

th e  ind iv id u a l ju r is d ic tio n s  of th e  s a m e  in s ti tu tio n a l f ra m e w o rk . T h e re  a r e  

ch e ck s  an d  b a la n c e s  in  th e  s y s te m , a s  h av e  b ee n  no ted  (for ex am p le , the  

p o licy  rev iew  a g e n c ie s  and th e  p r o c e s s  of p a r l ia m e n ta ry  g o vernm en t i ts e lf ) ,  

b u t, to  quo te F o x 1 in  a  r e c e n t  C anad ian  p u b lica tio n  of th e  (federa l) D ep artm en t 

o f Supply an d  S e rv ic e s , B u re a u  of M anagem en t, "T he p ro c e d u re s  of 

re p r e s e n ta t iv e  g o v e rn m en t can  e a s i ly  b ec o m e  u n d em o c ra tic , w ith  M em b e rs  

o f P a r lia m e n t and  th e  g e n e ra l pub lic  th e  v ic tim s  of th e  g o a ls  and  b ia s e s  of 

th e  s p e c ia l i s t s  (and in s ti tu tio n s)  who c o n tro l th e  g e n e ra tio n  of in fo rm a tio n  

on  w h ich  d e c is io n s  m u s t be b a se d ." C le a r ly , the  re la tio n sh ip  b etw een  

a v a ila b le  d a ta , s p a t ia l  a n a ly s is ,  and  g o v e rn m en t d ec is io n  i s  not s t r a ig h t­

fo rw a rd .
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FU T U R E  D EV ELO PM EN TS WITHIN TH E  D ISCIPLIN E O F GEOGRAPHY 

Som e of th e  co m p lex itie s  in h e re n t in  th e  o v e ra l l  r e la tio n sh ip s  h ave  been  

b r ie f ly  m en tioned . T h is  le a d s  to  a  r e - ex a m in a tio n  of th e  linkage b etw een  

fo r m a l  s p a tia l  a n a ly s is  and  g eo g rap h ic  in fo rm a tio n  s y s te m s , and  c o n s id e ra ­

tio n  of th e i r  fu tu re  in te ra c t io n . T h e se  c o n c e rn s  m igh t b e  c o n s id e re d  to  

f a l l  w ith in  th e  d isc ip lin e  of g eo g rap h y  i t s e lf ,  a s  i l lu s t r a te d  in  th e  n ex t c o n c ep

tu a l  d ia g ra m  (F ig . 8. 2). O ne a s p e c t of th is  b ro a d  f ie ld  of s tudy , th e

1. F o x  1973. 2. O th e r ty p ic a l e x a m p les  a r e :  th e  in te ra c t io n  b etw een  g eo g rap h ic  
in fo rm a tio n  s y s te m s  and  q u an tita tiv e  te ch n iq u es  needed  to  m e a s u re  o r  d e r iv e  
m e a s u re s  f o r  en v iro n m e n ta l in tan g ib le s  (fo r a  rev iew  of the  l a t te r  te ch n iq u es  
s e e  C oom ber and  B isw as 1972), and  th e  in te ra c t io n  of fu r th e r  th e o re tic a l 
a n a ly s is  o f th e  te m p o ra l d im en s io n  p e r  s e  a n d  the  re s u l ta n t  r e s tr u c tu r in g  of 
s p a c e - t im e  m o d e ls  le ad in g  to  a  re d e s ig n  of g eo g rap h ic  in fo rm a tio n  s y s te m s  
(s e e , f o r  ex am p le , th e  d is c u s s io n  of te m p o ra l d im en s io n s  by  I s a r d  1970).



b e t te r  u se  of a  p r io r i  know ledge and  th e  a t t r ib u te - s p a c e - t im e  in te ra c t io n s  

am ong  d a ta , w ill b e  u s e d  a s  an  exam ple .

•  D evelopm ent of GIS a s  a  b a s is  fo r  s p a t ia l  a n a ly s is
•  In te g ra te d  d a ta  h and ling  and  m ode l- b u ild in g  p ro c e s s
•  S p a tia l a n a ly s is  u s e d  to  d e te rm in e  p a r a m e te r s  o f GIS

F ig . 8. 2. F u tu re  d ev e lo p m en ts  w ith in  th e  d is c ip lin e  of g eog raphy .

W hile i t  m a y  b e  o b s c u re  (as  po in ted  ou t above), i t  i s  r e a l ly  no t s u rp r is in g  

th a t a  p r io r i  know ledge in flu en ces  th e  con ten ts  of s to r e s  of in fo rm a tio n . 

A lthough i t  b ia s e s  av a ila b le  s to r e s ,  th e  ap p ro ac h  i s  n e c e s s a r y  an d  u n d e r ­

s tan d a b le . In  fa c t ,  in  d is c u s s in g  th e  r e la tio n sh ip s  be tw een  fo rm a l  sp a tia l  

a n a ly s is  and  s to r e s  of in fo rm a tio n  (and in  p a r t ic u la r  th e  c o n ten ts  and  c a p a ­

b i l i t i e s  of g eo g rap h ic  in fo rm a tio n  s y s te m s ) , i t  is  o f c e n t r a l  co n c e rn .

J a m e s  T ob in ,1 quo ted  b y  K oopm ans, pu ts  the  u n d e rly in g  is s u e  c le a r ly  by  

s ay in g  th a t q u an tita tiv e  m ethods "an d  d eve lopm en ts  in  h ig h -s p e e d  c a lcu la tin g  

m a ch in es  m ake it  p o s s ib le  to  w o rk  w ith  (econom ic) m o d e ls  o f  m uch  g r e a te r  

c o m p lex ity , sco p e  and  d e ta il  than  w as fo rm e r ly  though t p o s s ib le . W hat is  

w ro n g  is  th e  p o o r  q u a lity  o f th e  p ie c e s  th a t w e p u t to g e th e r  in  su ch  m o d e ls ." 

I t w as  a rg u e d  in  th e  p rev ious  c h a p te r2 th a t th e  co n trib u tio n  m ade  b y  g e o g ra ­

p h ic  in fo rm a tio n  s y s te m s  w as to  in c re a s e  th e  am ount and  v a r ie ty  of e x is tin g  

s p a t ia l  d a ta , and  in c r e a s e  th e  ca p a b ili ty  fo r  m a n ip u la tin g  th o se  d a ta . The 

q u es tio n  s t i l l  to  b e  a n s w e re d  i s  w h e th e r  th e se  d ev e lo p m en ts  can  a ffec t the  

"q u a l ity  of th e  p ie c e s "  th a t a r e  put to g e th e r .

1. Tobin 1953. 2. Chapter 7, p. 252.
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K oopm ans,1 in  h is  ex a m in a tio n  of tw o ec o n o m ic  m o d e ls , no ted  th a t " they  had  

not show n th e  e x is te n c e  of a  defin ite  pay -o ff  to  f u r th e r  d is a g g re g a t io n . . .  th ey  

d id  n o t show an  in c re a s e  in  f le x ib ility  c o m m e n s u ra te  w ith  th e i r  g ra d u a l 

in c r e a s e  in  s iz e  and  in  d e ta il . T h is  w as p a r t ic u la r ly  t r u e  fo r  th e  in p u t-ou tpu t 

m o d e l, in  w hich  a  s im p le  th e o re t ic a l  sch e m e  w as im p re s s e d  on a  l a r g e r  and 

l a r g e r  body  of d e fe n s e le s s  da ta ."

A rg u m en ts  s im i la r  to  th e se  could  b e  p re s e n te d  co n c e rn in g  fo rm a l  sp a tia l  

a n a ly s is . D esp ite  the  c u r re n t  a c tiv ity  in  m o d e l b u ild in g  and  te s t in g , th e re  

s e e m s  to  b e  an  u n d e rc u r re n t of d is s a t i s fa c t io n  w ith  th e i r  o u tc o m e, and 

c e r ta in ly  m o d e ls  a r e  not w idely  ap p lied  to  d e c i s io n  m ak ing . A lthough c o m ­

p u tin g  c a p a b ili t ie s  and  th e  p o te n tia l c o n trib u tio n  of g eo g rap h ic  in fo rm a tio n  

s y s te m s  h av e  d e fin ite ly  m ade i t  p o s s ib le  to  in c o rp o ra te  m o re  in fo rm a tio n  in  

m o d e ls , th e  p e rc e p tio n  of how to  ta k e  ad van tage  of th e s e  c a p a b ili t ie s  is  

la ck in g . I t is  c le a r  th a t a  m e re  in c r e a s e  in  th e  am ount of d a ta  u s e d  does not 

g u a ra n te e  in c re a s e d  u n d e rs ta n d in g  of s p a tia l  d is tr ib u tio n  and  in te ra c t io n s .

K oopm ans1 su g g e s ts  th a t b e t te r  u se  m u s t be m ade of a  p r io r i  know ledge, but 

in  a  k ey  p h ra s e  p o in ts  out th a t " su ch  a  p r io r i  know ledge th a t w e h ave  ap p lies  

to  in d iv id u a l s i tu a tio n s ". He a rg u e s  th a t a  h igh  d e g re e  of d a ta  d isag g re g a tio n  

i s  n ee d ed  to  em p loy  su ch  know ledge, a n d  a t  th e  s a m e  tim e  a  g r e a t e r  f le x i­

b i l i ty  in  a ssu m p tio n s  i s  n e c e s s a r y  t o  m a k e  th e  le v e l  of d is a g g re g a tio n  m e an in g ­

fu l. H e o b s e rv e s  th a t th e  d eg re e  of d is a g g re g a tio n  in  m o d e ls  m a y  not be 

su f f ic ie n t to  p e rm it  th e  u s e  of a  g r e a t  d ea l o f a v a ila b le  in fo rm a tio n  and th a t, 

in  m o s t c ir c u m s ta n c e s , e s t im a te s  of b eh a v io u r  p a r a m e te r s  o b ta ined  fro m  

a g g re g a te  d a ta  do not h ave  th e  d i r e c t  and  e x c lu s iv e  re la tio n sh ip  to  th e  d e s ire d  

in d iv id u a l b eh a v io u r p a r a m e te r s .  "T h u s , th e  d e g re e  of ag g re g a tio n  u sed  does 

n o t p e rm it  u s  to  exp lo it th e  s im p le s t  ty p e s  of a  p r io r i  in fo rm a tio n  w e p o s s e s s ."

T h e se  l a t t e r  though ts  have b ee n  m o re  re c e n tly  co n firm e d  by  w o rk e rs  co n c e rn ed

w ith  s p a t ia l  m o d e ls , and  have b ee n  p a r t ic u la r ly  ev id en t in  p ro b le m s  con cern in g

h u m a n  b eh a v io u r. I s a r d  and  R e in e r2 p o in ted  out th a t  "m o d e ls  of hum an  b e h a v ­

io u r  o v e r  sp a c e  h ave  been  a lm o s t e n t ir e ly  o r ie n te d  to  m a ss  p ro b a b ilis t ic  

b e h a v io u r ." On th e  b a s is  of ex ten s iv e  e x p e rie n c e  w ith  m ig ra tio n  and d iffusion  

m o d e ls , Hä g e r s tr a n d 3 no ted  th a t in  s p ite  of th e  in tu itiv e  fe e l in g  am ong  a l l

w o rk e r s  in  th e  f ie ld  (of m ig ra tio n ) th a t m ic ro -e n v iro n m e n ta l f a c to r s  a re

1. K oopm ans 1957. 2. I s a r d  and  R e in e r  1966. 3. Hä g e r s tr a n d  1970.
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im p o r ta n t in  th e  d ec is io n  to  m ove , n e a r ly  a l l m ode ls  involve o n ly  th e  e x t r a ­

p o la tio n  of c u r r e n t  a g g re g a te  b eh a v io u r."

U n til now , h o w ev er, i t  h a s  g e n e ra lly  b ee n  a s s u m e d  th a t m ic ro d a ta  have 

th e  in h e re n t p ro b le m  of b e in g  c re a te d  b y  a c tiv ity  w ith in  the  d a ily  ra n g e  of 

th e  m a jo r i ty  of th e  p o p u la tion , and  h en ce  a r e  su b jec t to  a  v a r ia b il i ty  th a t 

i s  av o id ed  in  th e  ho m o g en e ity  o f m a c ro d a ta . N e v e rth e le s s , lin k a g e s  m u s t 

b e  d eve loped  b e tw e en  su ch  m ic ro d a ta  and  th e  a g g reg a te  d a ta  if w e a r e  to  

g a in  an  u n d e rs ta n d in g  of th e  la rg e  so c io -e n v iro n m e n ta l m e c h a n ism s  th a t  

a g g re g a te  d a ta  f a i l  to  g ive u s . One avenue of ap p ro ac h  to  th is  p ro b le m , 

s u g g e s te d  b y  H äg e r s tr a n d ,1 i s  th e  p h y s ic a l ap p ro ac h  involv ing  th e  s tu d y  of 

how e v e n ts  o c c u r  in  th e  t im e - s p a c e  fra m e w o rk . T h is  im p lie s  th e  a v a ila b i li ty  

o f g e o g rap h ic  in fo rm a tio n  s y s te m s  w hose  f ile  s t r u c tu r e s  and la n g u ag es  a r e  

c o n s id e ra b ly  fu r th e r  d eve loped  th a n  th o se  d e s c r ib e d  in  th is  th e s i s ;  i t  

e m p h a s iz e s  th e  e a r ly  s ta g e  of d eve lopm en t of e x is tin g  te ch n iq u es .

F r o m  th e s e  th o u g h ts , h o w ev e r, i t  i s  p o s s ib le  to  su m m a riz e  so m e  p o s s ib le  

fu tu re  l in e s  of d eve lopm en t th a t invo lve  in te ra c t io n s  b etw een  f o r m a l  s p a t ia l  

a n a ly s is  and  g eo g rap h ic  in fo rm a tio n  s y s te m s .

1) B e t te r  u s e  of th e  a  p r io r i  know ledge of ind iv id u a l s i tu a tio n s  in v o lv es  th e  

u s e  of d is a g g re g a te d  d a ta  s e ts ,  and  im p lie s  th e  th e o re tic a l d eve lopm en t 

o f lin k a g e s  be tw een  m ic ro d a ta  and  m a c ro d a ta , so  th a t u n d e rs ta n d in g  of 

th e  l a r g e r  s o c io -e n v iro n m e n ta l m e ch a n ism s  can  b e  gained .

2) T h e se  d ev e lo p m en ts  in  tu r n  r e s t  on ad v an ces  in  geo g rap h ic  in fo rm a tio n  

s y s te m s , bo th  to  m ake b e t te r  u se  of av a ila b le  s to r e s  of in fo rm a tio n  a n d  

to  han d le  th e  a t t r ib u te - s p a c e - t im e  in te ra c t io n s  am ong data . T h is  in  tu r n  

w ill depend  on s u b s ta n tia l  im p ro v e m e n ts  in  th e  f i le  s t r u c tu r e s  o f  g e o g ra ­

ph ic  in fo rm a tio n  s y s te m s . A s d e m o n s tra te d  in  C h ap te rs  4 an d  5, th e  

c u r r e n t  f i le  s t r u c tu r e s  a r e  a t  b e s t  s t r a ig h tfo rw a rd  and  a r e  th e  p ro d u c t 

of s y s te m  d e s ig n e r s ' c a p a b ili t ie s  r a th e r  th a n  u s e r  d em ands.

3) T h e  d eve lopm en t of m o re  e ff ic ie n t f i le  s t r u c tu r e s  w ill d epend  to  a  

c o n s id e ra b le  ex ten t on th e  th e o re t ic a l  deve lopm ent of m u ltid im en s io n a l 

la n g u ag es .

T h is  type  of m u tu a l d eve lopm en t of fo rm a l  s p a t ia l  a n a ly s is  and  g eo g rap h ic  

in fo rm a tio n  s y s te m s  w ill h ave  c o n s id e ra b le  im p ac t on the  eco n o m ic

1. Hä g e r s tr a n d  1970.
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a v a ila b i li ty  of ad d itio n a l r e le v a n t in fo rm a tio n  fo r  th e  u n d e rs ta n d in g  of 

s p a t ia l  d is tr ib u tio n  and  in te ra c t io n s . T he sp e c if ic  a p p ro ac h es  w ith in  th e se  

in te ra c t in g  l in e s  of d eve lopm en t m u s t n e c e s s a r i ly  r e ly  on fu tu re  w ork .

 T h e o re t ic a l  d eve lopm en t a long th e se  l in e s , h o w ev er, a s s u m e s  a c c e s s  to  

d a ta . Such a c c e s s  i s  p o s s ib le  in  co u n tr ie s  w ith  tr a d i t io n s  of open  c e n tr a l  

r e g i s t e r s  of m ic ro d a ta , su c h  a s  Sweden. P eo p le  w ork in g  in  o th e r  co u n tr ie s  

m igh t h av e  to  c a r r y  out r e s e a r c h  w ith in  th e  a e g is  of in s ti tu tio n s  th a t g a th e r  

s u ch  d a ta , though  i t  can  b e  no ted  th a t g eo g ra p h ic a l in fo rm a tio n  s y s te m s  to  

d a te  h av e  la r g e ly  b e e n  b u il t b y  su ch  a g e n c ie s . T h e  c o n s tra in ts  on  w id e r  

u s e  of d a ta  im p o se d  b y  s o c ia l  and  in s ti tu tio n a l co n fid en tia lity  w as  d is c u s s e d  

e a r l i e r 1 in  th e  th e s i s  and  ca n  p r e s e n t  fo rm id a b le  o b s ta c le s  to  in v e stig a tio n .

S om ew hat m o re  p ra g m a tic  b u t c o n s id e ra b ly  m o re  com plex  a r e  th e  lin k ag es  

b e tw e en  g o v e rn m e n ta l d e c is io n  m aking  and  th e  te ch n iq u es  of s p a t ia l  d a ta  

h an d lin g  a n d  a n a ly s is . T h e  a r e a  of c o n c e rn  is  i l lu s t r a te d  in  th e  co n cep tu a l 

d ia g ra m  (F ig . 8. 3) below . Som e of th e  p o ss ib le  t r e n d s  in  d ec is io n  m aking  

in  re s p o n s e  to  d ev e lo p m en ts  in  g eo g rap h ic  in fo rm a tio n  s y s te m s  an d  s p a t ia l  

a n a ly s is  a r e  show n, and w ill b e  d is c u s s e d  in  th e  te x t th a t fo llow s.

F U T U R E  D EV ELO PM E N T S R E L A T E D  T O  DECISION MAKING IN 
GOVERNM ENT

F ig . 8. 3. F u tu r e  d ev e lo p m en ts  of d e c is io n  m aking  in  re s p o n s e  to  dev e lo p ­
m e n ts  in  g eo g rap h ic  in fo rm a tio n  s y s te m s  and s p a tia l  a n a ly s is .

1. Ch. 2, pp . 55-56.
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Tw o in te r r e la te d  d ev e lo p m en ts  a ffec tin g  d ec is io n -m a k in g  in s ti tu tio n s  u n d erly  

th e  n ee d  to  im p ro v e  d e c is io n  m aking  in  g o v ern m en t. F i r s t ,  a s  th e  i n t e r ­

dependence  of the  peop le  o f a  na tio n  in c r e a s e s ,  a u th o r ity  and  re s p o n s ib il i ty  

f o r  g o v e rn m en ta l a f f a i r s  a p p e a r  to  g ra v i ta te  upw ard  f ro m  lo c a l to  re g io n a l 

to  n a tio n a l govern m en t.1 T h is  t r e n d  is  s tro n g , though  no t w ithou t p r e s s u r e s  

f o r  r e v e r s a l .  In c re a s in g  le v e ls  of educa tion , popu la tion , co m m un ica tion , 

and  s ta n d a rd  of liv in g , coup led  w ith  th e  a p p a re n tly  in c re a s in g  " re m o te n e s s "  

o f g o v e rn m en t, h ave  f o s te r e d  dem ands fo r  g r e a te r  c i t iz e n  p a r t ic ip a tio n  

in  th e  d e c is io n s  b e in g  m ade b y  g o v e rn m en t (as in i t ia lly  d is tin c t f r o m  th e  

o v e rth ro w  of gov ern m en t). In  so m e c a s e s  th is  p r e s s u r e ,  in  c o n c e r t  w ith  

o th e r s ,  h a s  le d  to w a rd  m o v e m en ts  f o r  devo lu tion . N e v e r th e le s s , th e  im p ac t 

o f g o v e rn m en t d ec is io n s  on p r iv a te  l iv e s  in c r e a s e s .

S econd ly , th e  d e c is io n s  th a t f a c e  g o v ern m en ts  a r e  ra p id ly  b ec o m in g  m o re  

c o m p lex , a s  c l e a r ly  d e m o n s tra te d  b y  th e  c u r re n t  p ro b le m s  o f re g io n a l 

e conom ic  ex p an sio n , e n v iro n m e n ta l p o llu tion , la n d sc ap e  d eg rad a tio n , and 

s p e c ie s  p r e s e rv a t io n ,  to  m e n tio n  on ly  th o se  m o s t d ire c t ly  r e l a te d  to  s p a tia l  

d a ta . T h e  r e s u l t  of th e s e  d ev e lo p m en ts  h a s  b ee n  a  r a p id  e s c a la tio n  of the  

n e e d  fo r  b e t te r  d e c is io n -m a k in g  p r o c e s s e s ,  in  p a r t ic u la r  in  n a tio n a l g o v e rn ­

m en t. T h e  s im p l is t ic  d ia g ra m  of le v e ls  o f d e c is io n  m ak ing  w ith in  g o v e rn ­

m en t g iven  in  C h ap te r 7 (F ig . 7. 4) obv iously  d o es  not show th e  s t r a in s  and 

d is c o n tin u it ie s  in  th e  re la tio n s h ip s  w hich  a r e  in h e re n t in  th e  m o re  com plex  

d ec is io n -m a k in g  ta s k s .  T o  i l lu s t r a te  th e s e ,  the  d ia g ra m  on th e  fo llow ing 

page  i s  u s e fu l a s  a  s ta r t in g  po in t f o r  d isc u ss io n .

I t c a n  e a s i ly  b e  u n d e rs to o d  th a t p ro b le m s  su ch  a s  e n v iro n m e n ta l po llu tio n  

m a y  cu t a c ro s s  th e  tr a d i t io n a l  l in e s  of ju r isd ic tio n  of n u m e ro u s  g o vernm en t 

a g e n c ie s . G iven a  ra t io n a l  s ta te  of a f f a i r s ,  a  d a ta  b a s e  w ould  b e  a v a ilab le  

f r o m  w h ich  d a ta  cou ld  b e  e x t ra c te d , m an ip u la ted , and  re fo rm a tte d  by  

h an d lin g  te ch n iq u es  of v a r io u s  ty p e s ; th e  re w o rk ed  d a ta  w ould  b e  inpu t to  

s e le c te d  m o d e ls , m e n ta l o r  fo rm a l, w hich  w ould  app ly  to  th e  com plex  

p ro b le m s  co n cern ed ; and  d e c is io n s  b a s e d  on th e  m o d e ls  w ould b e  m ade f o r  

su b se q u en t ac tio n . Som e of th e  a s s u m e d  re la tio n sh ip s  h ave  a l r e a d y  b ee n

1. S im ila r ly  (but o u ts id e  th e  sco p e  o f th i s  d isc u ss io n ) , th is  in te rd ep en d e n ce  
in c r e a s e s  th e  a u th o r ity  and  re s p o n s ib il i ty  of in te rn a t io n a l and  g loba l 
g o v e rn m en ts , a s  i s  w itn e s s e d  by  th e  c re a tio n  of e n t it ie s  su ch  a s  th e  
C om m on M ark e t in  E u ro p e  and th e  grow th  of m u ltin a tio n a l co rp o ra t io n s .
See F ox  1973 fo r  a  d is c u s s io n  of th e  con flic t be tw een  th i s  t r e n d  and  the 
s o c ia l  and p h ilo so p h ica l concep t of dem o cracy .
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e x a m in ed  in  th is  c h a p te r  and  th e  r e a d e r  i s  g e n e ra l ly  a w a re  of: s o m e  of th e  

d is c o n tin u it ie s  in  th e  p ro g re s s io n  shown in  F ig . 8. 4 . T h e re  is  n o t one 

d a ta  b a s e ,  b u t m any , f re q u e n tly  in co m p atib le  w ith  each  o th e r  and  of v a r io u s  

le v e ls  of re l ia b i l i ty .  A s h a s  beco m e a p p a re n t in  C h a p te rs  3 to  7, ou r 

c a p a b ili ty  f o r  hand ling  s p a tia l  d a ta  in  p a r t ic u la r  is  in. i t s  v e ry  e a r ly  s ta g e s  

of deve lopm en t.

D ec is io n  th e o ry

O rg a n iz a tio n
th e o ry

S p a tia l th e o ry

D a ta  th e o ry

Fig. 8. 4. Conceptual sequence of events between data gathering and policy decision making within government.S im ila r ly , m o d e ls , bo th  fo rm a l and m e n ta l, f o r  hand ling  e x t re m e ly  com plex  

p ro b le m s  a r e  in  an  em b ry o n ic  s tag e . W ith o u r  p re s e n t in s ti tu tio n a l
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s t r u c tu r e s ,  p ro b le m s  te n d  to  be  han d led  f ro m  th e  poin t of view of in d iv id u a l 

g o v e rn m en t a g e n c ie s , r a th e r  th a n  in  a  c o n c e r te d  m a n n e r . In s tea d  of one 

a n s w e r , one m igh t ex p e c t a s  m any  a p p ro a c h e s  to  a  com p lex  p ro b le m  a s  

th e r e  a r e  g o v e rn m en t d e p a rtm e n ts . T h e  tr a d itio n a l re s p o n s e  to  th is  

r e c u r r in g  s itu a tio n  is  to  r e o rg a n iz e  th e  in s ti tu tio n s , c re a tin g  new d e p a r t ­

m e n ts . T o  d e a l w ith  c r i t ic a l  p ro b le m s  of h o u s in g  and u rb an  deve lopm ent, 

one c r e a te s  a  D ep a rtm en t of H ousing  and  U rb an  D evelopm ent,1 f o r  p ro b le m s  

of re g io n a l eco n o m ic  expansion , a  D ep a rtm en t of R eg io n a l E conom ic  

E x p an sio n ,2 and  fo r  g rie v o u s  p ro b le m s  co n c e rn in g  th e  en v iro n m en t, a  

D ep a rtm en t of th e  E nv ironm en t.3

T h e  a rg u m e n ts  in  fav o u r  of th is  p ro c e s s  a r e  th a t new ju r is d ic tio n a l bou n

d a r ie s  a r e  n e c e s s a r y  to  han d le  th e  new p ro g ra m s , th a t th e  p ro b le m  w a r r a n ts  

th e  fu l l - t im e  c o n c e rn  of a  s e n io r  m in is te r  an d  s ta f f ,  o r  th a t ra t io n a l iz e d  

f i s c a l  p ro g ra m s  ca n  b e  d ev ise d  w ith in  th e  new s tru c tu r e .  It is  s u g g es ted  

th a t  th e r e  is  a n o th e r  u n d e rly in g  re a s o n : th e  p o w er of a  s in g le  in s ti tu tio n  

i s  n e c e s s a ry  to  a c q u ire  a  co n s is te n t body of d a ta  to  app ly  to  th e  com plex  

p ro b le m . B ec a u se  of th e  r a p id ity  w ith  w h ich  co m plex  p ro b le m s  s e e m  to  b e  

e m e rg in g , and  th e  in e v ita b le  o p e ra t io n a l in e f f ic ie n c ie s  in h e re n t in  m a jo r  

r e s t r u c tu r in g  o f any  la rg e  o rg a n iz a tio n , g o v e rn m e n ts  a r e  a ttem p tin g  to  

deve lop  te ch n iq u es  th a t w ill allow  a  m o re  e ff ic ie n t re s p o n s e  to  com plex  

p ro b le m s , p a r t ic u la r ly  w h e re  th e  p ro v is io n  and  h and ling  of d a ta  a r e  c o n ­

c e rn e d . One of th e  d iff icu ltie s  in  su ch  dev e lo p m en t, h o w ev er, is  th e  la c k  

of ad e q u a te  th e o ry  a s  a  guide to  fu tu re  ac tio n . T he v e ry  c a te g o r ie s  of 

th e o ry : d a ta  th e o ry , s p a tia l  th e o ry ,4 o rg a n iz a tio n a l th e o ry , and  d ec is io n  

th e o ry , th a t a re . c e n tr a l  to  th e  go v ern m en t p r o c e s s ,  a r e  am ong  th e  le a s t  

u n d e rs to o d  and  le a s t  am en ab le  to  r ig o ro u s  ex p lan a tio n  in  1974. G overnm en t 

in  th i s  co m p lex  age i s ,  even  m o re  th a n  b e fo re , a  g ra n d  ex p e rim e n t. W ithout 

going  f u r th e r  in to  th e  o v e ra l l  ph ilo sophy  of g o v e rn m en t, i t  c a n  b e  o b s e rv e d  

th a t  a t  le a s t  th r e e  m a jo r  p h ilo so p h ies  o f g o v e rn m en t, e a ch  co v e rin g  

a p p ro x im a te ly  o n e -q u a r te r  of the  w o r ld 's  p o pu la tion  (W este rn  w o rld , 

M a rx is t-L e n in is t ,  M ao is t), e x is t  s id e  b y  s id e . N o one of th e m  i s  dem on­

s t r a b ly  " b e t te r "  th a n  th e  o th e r  in  te r m s  o f g o v e rn m e n ta l o rg an iza tio n . It 

is  su g g e s te d  th a t e a ch  fa c e s  th e  s a m e  w eak n e ss  in  th e  th e o ry  th a t r e l a te s  to  

th e i r  p r o c e s s  and s tr u c tu r e .

1. F o r  ex a m p le , HUD, U. S. A. 2. F o r  ex a m p le , D R EE, C anada. 3. F o r  
ex a m p le , D ep artm en t of th e  E n v iro n m en t in  s e v e r a l  c o u n tr ie s . 4. T he 
r e s t r i c t i o n  to  s p a tia l  th e o ry  h e r e  i s  w ith  r e s p e c t  to  th e  te rm s  of th is  th e s i s .

270



T he re la tio n s h ip  am ong  th e  th e o r ie s  u n d e rly in g  th e  p ro c e s s  of g overnm en t 

i s  o u ts id e  th e  sco p e  o f th is  d isc u ss io n , b u t m u s t be in c o rp o ra te d  in  fu tu re  

w o rk  r e la t in g  to  th e  d eve lopm en t of in fo rm a tio n  s y s te m s . In  th e  in te r im , 

lin e s  of d eve lopm en t th a t m igh t b en e fit and  h av e  a  p ra g m a tic  in fluence  on 

th e  r e s p o n s e  of d e c is io n  m aking  to  d ev e lo p m en ts  in  g eo g rap h ic  in fo rm a tio n  

s y s te m s  and  s p a t ia l  a n a ly s is  w ill b e  su g g es ted .

In s titu tio n a l D ata  L in k ag es

P e rh a p s  th e  f i r s t  l in e  of d eve lopm en t th a t can  b e  su g g e s te d  i s  an  in c re a s e  

o f in te ra g e n c y  d a ta  l in k a g e s . C e r ta in ly  th is  g o es  c o u n te r  to  th e  co n c e rn s  

of e x is t in g  in s ti tu tio n a l pow er (but if  i t  w e re  p o in ted  out th a t an  a lte rn a t iv e  

w as a  d ec lin e  in  in d iv id u a l in s ti tu tio n a l re s p o n s ib i l i ty  and  th e  g row th  of 

in c re a s in g ly  c e n tra l iz e d  pow er in  s u p e r  d e p a r tm e n ts , th e  in d iv id u a l in s t i tu ­

tio n s  m igh t f in d  su ch  jo in t ac tio n  a t t r a c t iv e ) . H ow ever, s te p s 1 to w ard  

c o m p a tib ili ty  o f d a ta  b e tw e en  a g e n c ie s  a r e  b e in g  ta k en  (even if  th e y  a r e  

b e in g  w a tc h ed  e x t re m e ly  w a r ily  b y  th e  in s ti tu tio n s  co n c ern ed ). In  fa c t, 

th e  n ee d  f o r  in s ti tu tio n s  to  be  e ffec tiv e  a s  w e ll a s  p o w erfu l h a s  en co u rag ed  

th e  t r e n d  to w a rd  co m p a tib le  da ta .

One ap p ro a c h  to  th i s  lin e  of d eve lopm en t i s  to  c r e a te  " m in i- in s ti tu tio n s"  

w h ich  a r e  r e s p o n s ib le  f o r  g a th e r in g  in te ra g e n c y  d a ta . One of th e  f i r s t  

ex a m p les  of th i s  w as  th e  C e n tra l  S ta t is t ic a l  O ffice in  G re a t B r ita in , du rin g  

W orld  W a r II. I t w as  e s ta b lis h e d  to  r e s o lv e  a rg u m e n ts  a r i s in g  f ro m  co n ­

f lic tin g  f ig u re s  g iven  to  th e  C ab inet by v a r io u s  d e p a r tm e n ts , and  to  p rov ide  

th e  f ra m e w o rk  of n a tio n a l acco u n tin g  needed  to  m anage th e  o v e ra l l  dem and  in 

th e  econom y  a c c o rd in g  to  K ey n es ian  p r in c ip le s . (N ote th a t th e  s t r e s s  of w a r , 

th e  n ee d  to  u n d e rs ta n d  a  com plex  s itu a tio n , and  th e  s p e c if ie d  n ee d  fo r

r ig o ro u s  ex p lan a tio n  w e re  f a c to r s  th a t in d u ced  in s ti tu tio n a l c o m p lia n c e .) T h e

B u s in e ss  S ta t is t ic s  O ffice2 p ro p o sed  in  G re a t B r ita in , in tended  to  g a th e r  

a l l  d a ta  f r o m  a l l  in d u s tr i a l  e s ta b lis h m e n ts  f o r  su b se q u en t u s e  by  a l l  d e p a r t­

m e n ts  need in g  th e m , fo llow s th e  concep t o f th e  f i r s t  exam p le .

A seco n d  a p p ro ac h  i s  th e  e s ta b lis h m e n t of new te c h n ic a l gu id e lin e s  f o r  d a ta  

hand ling . A  tim e  of chan g e , s u ch  a s  d u rin g  the  t r a n s i t io n  f ro m  m anual to

1. T he p ro c e s s  h a s  r e c e iv e d  so m e im p e tu s  f ro m  th e  adven t of co m p u te rs  a s  
in fo rm a tio n  p r o c e s s o r s .  A s th e  chan g eo v er f r o m  m an u a l to  co m p u te r p r o ­
c e ss in g  is  m a d e , th e r e  can  be an  a ttem p t (so m e tim e s  a t th e  te c h n ic a l le v e l 
r a th e r  th a n  the  p o lic y  lev e l)  to  m ake d a ta  s e ts  co m p atib le  (given gu ide lines, 
co m p e ten c e , and  re s o u rc e s ) .  J u s t  a s  e a s i ly , h o w ev e r, su ch  a  m ovem ent 
c a n  be f r u s t r a t e d ,  and  th e  in c o m p a tib il ity  of d a ta  can  be e n sh rin e d  in  
c o m p u te r  s to ra g e . 2. B ra y  1970.
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c o m p u te r  d a ta  p ro cessing, provides opportunities for such innovations.

W ithout legislative underpinnings, how ever, this approach is less 

like ly  to  be  successfu l in  a  tim e  o f m e th o d o lo g ica l s tab ility . A n  ex am p le  is  th e  
current effort of the Departm ent of Environment in Great Britain to guide the spatial 

encod ing  o f u rban  data  tow ard  po in t da ta  system s.1  A  th ird  app roach  is  the  

provision of technical expertise, the central training of technicians responsible 

for designing new data structures. A gain, this approach is prim arily useful in a 

tim e of m ethodological change. It is being attem pted in  a program  extended to  

225 cities in the U. S. A.,2 and underlies the program of the Centre d'Études et de 

Recherches sur les Collectivités Locales en Europe (C. E. R. C. L. E.)3 proposed 
in France for the training of m iddle levels of governm ent staff in the 

technology of data handling. A third approach is that of the "pilot study". An example of th i s  can  be ta k en  f r o m  F ra n c e :  th e  Opéra t io n  P ilo te  Inte r m in i s té r i e l l e  

sur  le s  Donné e s  A d m in is t r a tiv e s 4 h a s  b ee n  e s ta b lis h e d  a t n a tio n a l le v e l in  

d e p a rtm e n ts  of g o v e rn m en t w ith  th e  sp e c if ic  o b jec tive  of in te g ra t in g  in s t i tu

tio n a l d a ta  f o r  p la nn ing  in  th e  South of F r a n c e . T he a im  of th is  e x e rc is e  

i s  ev e n tu a lly  to  m ake th e  d a ta  in  th e  v a r io u s  g o vernm en t a g e n c ie s  co m p atib le  

and not to  e s t a b lish  a  new agency . T he fo u rth  ap p ro ac h  i s  to  r e q u i r e  

co m p a tib le  d a ta  so u rc e s  b y  le g is la t io n , a s  p r io r  condition  fo r  r e c e iv in g  

funds fro m  a  cen t r a l  s o u rc e . An ex am p le  of th is  is  th e  J a c k so n  B il l5 

c u r r e n t ly  b e in g  d eba ted  b y  th e  U .S . Senate, w hich  w ill r e q u i r e  e v e ry  s ta te  

to hav e  a  s u rv e y  of p r e s e n t  la n d  u s e , c o m p u te r -s to re d  in a  co m p atib le  

fo rm a t ,  a s  a  b a s is  f o r  fu tu re  g ra n ts  f o r  f e d e ra l land  p lanning  and  deve lopm ent.
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T h e  d e g re e  to  w hich  th e s e  ap p ro a c h e s  a r e  needed  and w ill a c h iev e  s u c c e s s  

v a r ie s .  A s p o in ted  out in  C h a p te r  2, th e  exis t in g le v e l of  d a ta  co m p a tib ili ty  

be tw een  g o v e rn m en t d e p a rtm e n ts  v a r ie s  m a rk e d ly  f ro m  one co u n try  to  

a n o th e r . T he 4 0 0 -y e a r -o ld  tr a d itio n  o f open  C e n tra l R e g is te r s  in  Sweden 

c o n t r a s ts  w ith  th e  m o re  c o n fid e n tia l and  f le x ib le  ap p ro ach  to  d a ta  g a th e r in g  

in  Gr e a t  B r ita in , w hich  c o n tra s ts  in  tu rn  w ith  th e  im m en se  c o m p lex itie s  due 

t o  s iz e  and  a  f e d e ra l  s y s te m  of g o v e rn m en ts  in  th e  U .S . A. N e v e rth e le s s  

th e  d eve lopm en t of in te r - in s t i tu t io n  d a ta  lin k ag es  w ill have c o n s id e ra b le  

im p a c t on  th e  sup p ly  of d a ta  av a ila b le  and on th e  type of d ec is io n  m aking

l .  D e p a r tm e n t  o f  E n v i ro n m e n t ,  U .  K .  1 9 7 3 .  2 .  U .  S .  B u r e a u  o f  C e n s u s  1 9 7 3 .
3 . T h e  a u th o r  i s  a  m e m b e r  o f  th e  s t e e r i n g  c o m m i t t e e  f o r  th i s  p r o g r a m .4. S a lm o n a  1 9 7 4 .  
5 . N a t i o n a l  L a n d  U s e  P o l i c y  a n d  P l a n n i n g  A s s i s t a n c e  A c t ,  S 2 6 8 ,  

9 3 r d  C o n g r e s s  o f  U .  S .  A . ,  1 s t  S e s s i o n .  S e e  a l s o  C a l k i n s  e t  a l .  1 9 7 3 .



th a t  can  b e n e fit f ro m  im p ro v e d  te ch n iq u es  fo r  h an d lin g  s p a t ia l  d a ta  and 

im p ro v e d  fo rm a l  s p a tia l  a n a ly s is  (and v ice  v e rs a ) .

D esign  of F o rm a l S p a tia l M odels

T h e  d eve lopm en t of ty p e s  o f fo rm a l  s p a t ia l  a n a ly s is  th a t a r e  m o re  v a lu ab le  to  

go v ern m en t d e c is io n  m ak ing  th a n  th o s e  c u r re n t ly  av a ila b le  w ill  c e r ta in ly  b e  

e n c o u ra g e d  b y  d ev e lo p m en ts  w ith in  th e  d isc ip lin e  o f g eo g rap h y  an d  b y  c o m ­

p a ra b le  in c r e a s e s  in  s u p p lie s  of com p atib le  d a ta  w ith in  g o v e rn m en t. R e a l 

im p ro v e m e n t, h o w ev er, m u s t r e ly  to  a  g re a t ex ten t on  in c r e a s e d  co m m u n i­

ca tio n  b e tw e en  m o d e l d e s ig n e rs  and d e c is io n  m a k e rs . I t i s  d iff icu lt to  ta k e  

an  o b je c tiv e  view  of th e  s itua tion  and dec id e  w h ich  g roup  i s  h e s i ta n t ,  and 

w hy. S im ple  m o d e ls , w h ich  re la te  to  th e  in tu itiv e  m o d e ls  o f d e c is io n  m a k e rs , 

f re q u e n tly  s e e m  to  b e  in ad eq u a te  f o r  d e c is io n  m ak ing  b e c a u se  of th e  in f le x i­

b i l i ty  of th e i r  in h e re n t a s s u m p tio n s  (assu m p tio n s  u s e d  v e ry  fle x ib ly  in  

m e n ta l m o d e ls ) . M ore  com plex  m o d e ls , w h ich  a tte m p t to  b e  fle x ib le  w ith  

r e s p e c t  to  th e  s a m e  a s s u m p tio n s , do not r e la te  to  th e  in tu itiv e  m e n ta l m ode ls  

of d e c is io n  m a k e r s ,  a r e  in c o m p re h e n s ib le  to  an  u n tra in e d  m ind , and , 

d e s p ite  th e i r  s ta te  of dev e lo p m en t, a r e  s t i l l  aw kw ard  to o ls . T h e  re la tio n sh ip  

i s  co m p lic a te d  by  th e  f a c t th a t  g o v e rn m en ta l d e c is io n s  a r e  f re q u e n tly  m ade 

in  u rg e n t r e s p o n s e  to  p ro b le m s  (they  o p e ra te  in  " r e a l  t im e " )  w h ile  th e  d e s ig n  

and  te s t in g  of re le v a n t m o d e ls  m ay  ta k e  m o re  t im e  th a n  i s  av a ila b le  b e fo re  

su ch  d ec is io n s  h ave  to  b e  m ade (they  o p e ra te  "o ff- lin e" ) . T h e re  a r e  so m e 

e x a m p le s  o f m o d e ls  b e in g  in te g ra te d  w ith  th e  d ec is io n -m a k in g  p r o c e s s  w ith in  

an  in s ti tu tio n a l f ra m e w o rk . T he u rb a n  tr a n s p o r ta t io n  m ode ls  b a s e d  on th e  

w o rk  of G a rin  and L o w ry  a r e  w e ll e s ta b lis h e d  in  P i t t s b u rg h , U. S. A. Sub­

re g io n a l g row th  and  a llo c a tio n  m o d e ls  a r e  in  ro u tin e  u s e  in  E ng lan d  in  

L e ic e s te r s h i r e ,  C h e s h ire , and  H am p sh ire . T he Sw edish  G o vernm en t em p loys  

q u ite  so p h is tic a te d  m o d e ls  of re g io n a l grow th  a s  an  in te g ra l  p a r t  o f p o lic y  and 

p la nn ing  d e c is io n s . T h e  t r e n d  is ,  how ever, in  i t s  in fancy . T h e  c u r re n t  

o v e r a l l  s itu a tio n  cou ld  p ro b a b ly  be  s u m m a riz e d  b y  s ay in g  th a t th e r e  a r e  few 

f o r m a l  m o d e ls  u se fu l to  th e  d ec is io n -m ak in g  p ro c e s s  on a  r e c u r r in g  b a s is ,  

an d  th e r e  i s  a  w id e s p re a d  la c k  of co m p reh en s io n  of s p a t ia l  a n a ly s is  on th e  

p a r t  of d ec is io n  m a k e rs .

I t can , h o w ev er, b e  no ted  th a t th e  deve lopm ent of s p a t ia l  m o d e ls  in  r e c e n t
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y e a r s  h a s  c lo s e ly  fo llow ed  th e  c o n c e rn s  of so c ie ty . T he w id e s p re a d  dev e lo p ­

m en t of t r a n s p o r ta t io n  and u rb a n  m o d e ls  h a s  b e e n  in  r e s p o n s e  to  g o v e rn m en ­

t a l  p ro b le m s  of tr a n s p o r ta t io n  and  u rb an  deve lopm ent. D ou b tle ss  th e  

n u m b e r of e n v iro n m e n ta l m o d e ls  w ill in c re a s e  in  th e  n e a r  fu tu re . In  th e  

op in ion  of th e  au th o r , an  e x p re s s e d  need  fo r  exp lan a tio n  and  th e  funds to  

s u p p o r t r e s e a r c h  e l ic i t s  a  s tro n g  re s p o n s e  f ro m  m ode l d e s ig n e rs . 

A ssu m in g  th a t c a p a b ili t ie s  f o r  d a ta  g a th e r in g  and h and ling  h ave  b ee n  

d eve loped , th r e e  f a c to r s  a r e  need ed  to  en co u ra g e  th e  deve lopm ent of b e t te r  

m o d e ls  f o r  d e c is io n  m aking : in c re a s e d  p e rc e p tio n , an tic ip a tio n , and  

co m p re h e n s io n  on  th e  p a r t  of d e c is io n  m a k e rs . I t is  c le a r  th a t  a  d e c is io n  

m a k e r  m u s t b e  ab le  to  p e rc e iv e  th a t fo rm a l  a n a ly s is  c a n  ap p ly  to  th e  ta s k s  

th a t  fa c e  h im . B e fo re  su ch  te ch n iq u es  can  b e  d ev ise d , th e  n ee d  fo r  th e m  

m u s t b e  a n tic ip a te d , to  allow  th e  le a d  t im e  r e q u ir e d  fo r  m ode l deve lopm en t. 

T h is  in v o lv es  a  change in  m ode of g o vernm en t f ro m  one of re s p o n s e  to  

c r i s e s  to  th e i r  an tic ip a tio n , w h ich  in  i t s e l f  w ill b e  a  m a jo r  change f o r  g o v e rn ­

m e n ts . T h e  th i r d  f a c to r ,  c o m p reh en s io n , im p lie s  th a t th e  fo rm a l  tr a in in g  

of d e c is io n  m a k e rs  in c lu d e s  s u b je c ts  th a t allow  h im  to  u n d e rs ta n d  (and 

depend  upon) th e  te c h n iq u e s  bein g  u sed .

Of th e s e  th r e e  f a c to r s ,  an tic ip a tio n  i s  p ro b ab ly  th e  l e a s t  c r i t ic a l ,  a s  to  so m e  

e x te n t i t  c a n  be  a  c o o p e ra tiv e  p ro c e s s  be tw een  m o d e l b u i ld e r s  and  d ec is io n  

m a k e rs  w ithou t c lo se  c o n tac t. T h e  m ode l b u ild e rs  th e m s e lv e s  ca n , to  so m e  

e x te n t, o b s e rv e  s o c ie ty 's  t r e n d s  and  d ir e c t  r e s e a r c h  ac co rd in g ly . T h e  

f a c to r s  o f p e rc e iv e d  n ee d  f o r  fo rm a l  a n a ly s is  an d  i t s  su b se q u en t c o m p re h e n ­

s io n , h o w ev e r, r e l y  m a in ly  on th e  tr a in in g  of th e  d e c is io n  m a k e rs .

P o s t -U n iv e r s i ty  T r a n s f e r  of T echno logy  to  D ec ision  M ak e rs  

O ne can  hope th a t  c u r r e n t  c o u rs e s  of h ig h e r  educa tion  w il l  p ro v id e  a n  a d e ­

q u a te  s u p p ly  o f  w e ll - t r a in e d  peo p le  who w ill ev en tu a lly  p a r t ic ip a te  in  th e  

d e c is io n -m a k in g  le v e ls  o f g o v e rn m en t. Of m o re  im m ed ia te  c o n c e rn  a r e  

th e  p e o p le  w ho h av e  co m p le ted  th e i r  fo rm a l  ac ad em ic  t r a in in g  and  w ho w ill  

in flu en ce  d e c is io n  m ak ing  in  g o vernm en t in  th e  n ex t d ec ad e . T h e  e x p e rie n c e  

o f th e  U. S. B u re a u  of th e  C en su s  in  a  r e c e n t s e r ie s  of W o rk sh o p s f o r  

tr a in in g  lo c a l  g o v e rn m en t o f f ic ia ls  in  th e  te ch n iq u es  of th e  D IM E  s y s te m  

i l lu s t r a t e s  th e  s itu a tio n . T h e  o b je c tiv es  of th e  w o rk sh o p s  (each  5 d ay s  long)

1. S ee  C h. 4 , pp . 116-122.



w e re  to  e n s u re  " th a t th e  in h e re n t c a p a b ili t ie s  of th e  DIME s y s te m  fa c i li t ie s  

can  b e  u ti l iz e d  b y  th o s e  im p lem en tin g  i t  in  w o rk in g  e n v iro n m en ts  a n d . . .  to  

p ro v id e  a  feed b a ck  p ro c e s s  so  th a t th e  con tinu ing  d es ig n  of the  DIME sy s te m  

f a c i l i t ie s  can  b e  c a r r i e d  out in  re s p o n s e  to  e x p re s s e d  u s e r  n ee d s  and 

p ro b le m s . " T he w o rk sh o p s  w e re  h e ld  a t  re g io n a l c e n tre s  in  th e  U. S. A. 

(In d ian ap o lis , A tla n ta , P i t t s b u rg h , B osto n , and  San F ra n c is c o ) . A pp ro x i­

m a te ly  200 peop le  f ro m  m idd le  le v e ls  of m an ag em en t in  u rb a n  and 

re g io n a l g o v e rn m en t a tten d ed . T he a u th o r  w as  a  m e m b e r of th e  a d v iso ry  

c o m m ittee  f o r  th e  w o rk sh o p s  and  a tte n d e d  fo u r  of th e m . Q u ite  s im p ly , 

th e  w o rk sh o p s  show ed  th a t a  k ey  fa c to r  in  u se  of th e  DIME s y s te m  w as the 

a b i li ty  of th e  u s e r s  to  a p p ro ac h  p la nn ing  p ro b le m s  in  a  m a n n e r  th a t re q u ire d  

the  ty p e  o f  d a ta  th e  s y s te m  cou ld  p ro v id e . A s th e  DIM E s y s te m  is  f a i r ly  

w e ll deve loped , q u ite  f le x ib le , and  re a s o n a b ly  e ff ic ie n t, th e  lim itin g  

f a c to r  w a s  th e  co m p eten ce  of th e  p la n n e rs  to  ap p ro a c h  th e i r  p ro b le m s  in  

q u an tita tiv e  t e r m s ,  to  th in k  in  s p a t ia l  te r m s ,  and , in  g e n e ra l,  to  be ab le  

to  ta k e  ad v an tag e  of th e  d a ta  s y s te m  c a p a b ili t ie s . T h is  la c k  o f t r a in in g  has  

eq u a l im p a c t on  th e  p e rc e iv e d  n ee d  fo r  and  u n d e rs ta n d in g  of fo rm a l  s p a tia l 

a n a ly s is , and  th e  d es ig n  and  u s e  of g e o g rap h ic  in fo rm a tio n  s y s te m s  to  

p ro v id e  d a ta  f o r  bo th  fo rm a l  and m e n ta l m o d e ls .

T h e  fa c t re m a in s  th a t few  s t r u c tu r e s  i n  o u r  so c ie ty  allow  th e  p o s t-u n iv e r s i ty  

t r a n s f e r  of ad v an ced  tech n o lo g y  to  a d m in is tr a to r s  and  d ec is io n  m a k e rs , who 

m o s t n ee d  to  be aw a re  of i t s  p o te n tia lity . I t i s  c l e a r  th a t one l in e  of deve­

lo p m en t m u s t b e  an  in c r e a s e  in  fo rm a l  and  in fo rm a l p o s t-u n iv e r s i ty  

ed u ca tio n , w h e th e r  i t  b e  in  th e  f o r m  of s a b b a t ic a ls , s u m m e r  c o u rs e s , 

s h o r t  c o u r s e s ,  s e m in a r s ,  w o rk sh o p s , a u d io -v is u a l p r e s e n ta tio n s , c o m p u te r-  

a id ed  in s tru c tio n , p ro g ra m m e d  in s tru c tio n , s e lf - te a c h in g  m a n u a ls  o r  an 

a p p ro p r ia te  m ix tu re . A gain , th e  d e ta ile d  a p p ro ac h  to  be fo llow ed  m ust 

depend on  fu tu re  stu d y . W hat i s  im p o r ta n t i s  th a t su ch  tr a in in g  b ec o m es  

m o re  r e a d i ly  a v a ila b le , and  b e c o m e s  an  in te g ra l  p a r t  of th e  c a r e e r  p a th  of 

d e c is io n  m a k e rs . A s an  in te r im  m e a s u re ,  it  i s  su g g e s te d  th a t th o se  co n ­

c e rn e d  w ith  fo rm a l  s p a tia l  a n a ly s is , and  in  p a r t ic u la r  w ith  th e  d es ig n  of 

g eo g rap h ic  in fo rm a tio n  s y s te m s , u n d e rs ta n d  th a t i t  i s  n e c e s s a ry  to  bu ild  

u s e r  co m p eten c e  in  q u an tita tiv e  m e th o d s of p ro b le m  so lv in g , a s  w e ll a s  to  

b u ild  in fo rm a tio n  s y s te m s  and  fo rm a l  a n a ly tic a l c a p a b ili tie s .

l .  See U. S. B u re a u  of C en su s  1973.
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In te ra c tio n  B etw een  D ata G a th e re r s  and  D ata U s e rs

T he m andate  of d e p a rtm e n ts  of go v ern m en t th a t tra d i t io n a l ly  g a th e r  d a ta  

(cen su s  and  su rvey ) is  to  p ro v id e  d a ta  r e la t in g  to  th e  p e rc e iv e d  n ee d s  of 

g o v ern m en t im p a r t ia l ly  to  a l l  d e p a rtm e n ts  of g o v ern m en t (and to  a  l e s s e r  

d e g re e , to  a l l  o th e r  pu b lic  and  p r iv a te  u s e r s ) .  T h is  i s  a  v e ry  b ro a d  m a n ­

d a te . A s th e  ta s k s  fac in g  su ch  d a ta  g a th e r in g  d e p a rtm e n ts  h ave  in c re a s e d , 

and  a s  th e  d e lay  b etw een  th e  n ee d  fo r  d a ta  and th e i r  r e c e ip t  h a s  beco m e 

m o re  c r i t ic a l ,  th e  lin e  d e p a rtm e n ts  of go v ern m en t h ave  h ad  in c re a s in g  

r e a s o n  to  u s e  th e i r  own a d m in is tra tiv e  n e tw o rk s  (fre q u e n tly  m o re  ex ten s iv e  

th a n  th o se  of d a ta  g a th e r in g  ag en c ies) to  c o l le c t d a ta  r e la te d  to  th e i r  own 

o p e ra t io n s . N e v e r th e le s s , d a ta  g a th e r in g  a g e n c ie s  g a th e r  la rg e  am oun ts  of 

d a ta . A lthough su ch  d a ta  n e c e s s a r i ly  a r e  b ia s e d  b y  th e  a g e n c ie s ' in t e r p r e ­

ta tio n  of th e  " p e rc e iv e d  n ee d s  o f g o v e rn m en t" , th e y  a r e  o th e rw ise  im p a r t ia l  

and  in te rn a l ly  co n s is te n t.

T h e re  a r e  tw o  su b s ta n tia l  d raw b ack s  to  th e  p r e s e n t  s itu a tio n . F i r s t ,  th e  

d e p a r tm e n ts ' in te rp re ta t io n  of and  re a c tio n  to  th e  p e rc e iv e d  n eed s  of 

g o v ern m en t m ay  ca u se  d a ta  to  b e  g a th e re d  w ithou t l a t e r  u se ; and  once d a ta  

c o lle c tio n  h a s  begun , th e r e  is  a  te n d en cy  fo r  i t  to  con tinue  if  on ly  fo r  the  

sak e  of con tinu ity .1 S econdly, th e  p ro c e s s  of fe e d b a c k  f ro m  g o vernm en t, 

th e  s p e c if ic a tio n  of th e  p e rc e iv e d  n ee d s  of g o v e rn m en t by  go v ern m en t, is  

s u b s ta n tia lly  f i l te r e d  th ro u g h  th e  in te rv e n in g  lin e  d e p a rtm e n ts  o r  does  not 

o c c u r  a t a l l .  T h e se  d raw b ack s  p la ce  a  g re a t d e a l of r e s p o n s ib il i ty  on th e  

sh o u ld e rs  of th e  d a ta  g a th e r in g  d e p a rtm e n ts  and  p e rh a p s  in c r e a s e  th e  dan g e r 

of i r r e le v a n t  d a ta  be in g  g a th e re d  o r  of lin e  d e p a rtm e n ts  be in g  e n c o u ra g ed  to  

g a th e r  th e i r  own " re le v a n t"  da ta . A t th e  s a m e  tim e , th e  te ch n iq u es  and  

c a p a b ili tie s  f o r  g a th e r in g  d a ta  a r e  ra p id ly  im p ro v in g . In  the  s u rv e y  p r o ­

f e s s io n  in  p a r t ic u la r ,  th e r e  have b ee n  s p e c ta c u la r  deve lo p m en ts  in  re c e n t 

y e a r s  in  th e  c a p a b ili ty  f o r  g a th e r in g  to p o g ra p h ic  and  th e m a tic  s p a tia l  data . 

T h e  ad v an ces  in  co n v e n tio n a l a e r i a l  pho tog raphy , a u to m a tic  p h o to g ra m m e try , 

o r th o -p h o to g rap h y , m u lt is p e c tra l  sen s in g , s a te l l i te  s e n s o r  p la tfo rm s , 

h e l ic o p te r  r e c o n n a is sa n c e  s u rv e y s , s p a tia l  sa m p lin g  te ch n iq u es , and a u to ­

m a tic  c a rto g ra p h y  r e p re s e n t  a  g r e a t  in c re a s e  in  th e  te chno logy  of da ta  

g a th e r in g  and  d isp la y , w hich  w ill b e  e x e rc is e d  p r im a r i l y  by tra d itio n a l

1. T h e  in e r t ia  in  th e  s y s te m  is  not n e c e s s a r i ly  bad . C on tinu ity  of d a ta  s e ts  
i s  a  v a lu ab le  p ro p e rty . T h e  in e r t ia ,  h o w ev er, a f fe c ts  bo th  u se fu l and  u s e le s s  
d a ta . T h e  p ro b le m  l ie s  in  e s ta b lis h in g  c r i t e r i a  f o r  d is tin g u ish in g  betw een  
th em .
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d a ta  g a th e r in g  in s ti tu tio n s : We a r e  undoubtedly  in  a  p o s itio n  w h e re  w e can  

g a th e r  huge am o u n ts  of d a ta , w hich  we m ay  o r  m ay  not be ab le  to  h and le , 

and  w hich  w e m ay  o r  m ay  not need . C le a r ly , in c re a s e d  feed b ack  f ro m  th e  

p o lic y  m ak in g  le v e ls  of g o vernm en t i s  needed  to  id e n tify  w hich  d a ta  could  

p ro f ita b ly  b e  c o l le c te d  and , p e rh a p s  eq u a lly  im p o rta n tly , to  p ro v id e  th e  

c r i t e r i a  f o r  d e lim ita tio n .

Such r e v is io n  w ill not o c c u r  qu ick ly . No m e ch a n ism s  a r e  in  p la c e  to  im p ro v e  

th e  fee d b a c k , and  th e r e  is  su b s ta n tia l  m om entum  to  th e  g a th e r in g  of c u r re n t  

d a ta  s e t s .  I n c r e a s e s  in  th e  to ta l  supp ly  (of both  w an te d  and unw anted  data) 

and  p o s s ib le  o v e rlo ad in g  of s to ra g e  and  hand ling  c a p a c ity  fo r  so m e ty p e s  of 

d a ta , a r e  l ik e ly  to  o c c u r  b e fo re  b e t te r  feedback  h a s  a  g r e a te r  in flu en ce  in  

th e  s e le c t io n  of d a ta  to  b e  g a th e red .

P e r h a p s  th e  f i r s t  im p ro v e m e n ts  in  feed b a ck  to  the  d a ta  g a th e r in g  a g e n c ie s  

th a t  p ro v id e  s p a tia lly  coded d a ta  w ill com e f ro m  th e  u se  of g eo g rap h ic  in fo r ­

m a tio n  s y s te m s . O nly w hen d a ta  a r e  a c tu a lly  r e a d 1 and u sed  in  m e n ta l o r  

fo rm a l  m o d e ls , and  i t  can  b e  show n th a t con ten t o r  fo rm a t changes  a r e  

n e c e s s a r y  o r  th a t  o th e r  d a ta  m igh t be p ro f ita b ly  co lle c te d  w ith  th e  s a m e  

e x p e n d itu re  of fu n d s , is  th e r e  any  lik e lih o o d  th a t p e r s u a s io n  can  b e  b ro u g h t 

to  b e a r  on  tr a d i t io n a l  d a ta  g a th e r in g  a g e n c ie s  to  am en d  th e ir  s ta n d a rd  fo rm s  

o f o p e ra t io n .

T h e  se c o n d  le v e l  o f im p ro v em e n t in  feed b ack  w ill com e w hen im p ro v ed  s p a t ia l  

m o d e ls  a r e  in te g ra te d  in to  th e  d e c is io n -m ak in g  p ro c e s s  and  can  b e  u sed  to  

sp e c ify  d a ta  r e q u ire m e n ts .  T h is  im p lie s  a  change in  the  d ec is io n -m ak in g  

p r o c e s s  a s  w e know i t  today . A  s u b s ta n tia l  d eg re e  of in te g ra t io n  of fo rm a l 

te c h n iq u e s  in  th e  d ec is io n -m a k in g  p ro c e s s  w ould b e  needed  b e fo re  th e i r  d a ta  

n e e d s  w ou ld  r e p r e s e n t  a  s tro n g  a rg u m en t f o r  chang ing  e s ta b lis h e d  d a ta  

g a th e r in g  p r a c t ic e .  T he p o s s ib il i ty  of su ch  changes  in  th e  d ec is io n -m a k in g  

p r o c e s s  i s  ex a m in ed  below .

In te ra c tio n  B etw een  D ata S p e c ia lis ts  and  D ecision  M akers  

S e v e ra l s t r a n d s  of though t ru n  th ro u g h  th e  d is c u ss io n  in  th e  l a t t e r  p a r t  of 

th i s  c h a p te r . T h e  d ec is io n -m ak in g  p r o c e s s ,  a s  h a s  b ee n  s e e n , r e l i e s  

p r im a r i l y  on  m e n ta l m o d e ls . F o rm a l m ode ls  h ave  a  v a luab le  p a r t  to  p la y  

in  d e c is io n  m aking , b u t d e c is io n  m a k e rs  g e n e ra lly  la c k  a  c le a r  c o m p reh en s io n

1. T he b e n e fit of even  th e  c u r re n t  le v e l of te ch n iq u es  fo r  hand ling  s p a tia l  da ta  
i s  th a t i t  i s  now p o ss ib le  to  exam ine th e  d a ta  p re v io u s ly  co llec ted , b u t not 
b e fo re  a m en ab le  to  econom ic  u se .
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o f th e i r  c a p a b ili t ie s . G eog raph ic  in fo rm a tio n  s y s te m s  h ave b ee n  developed  

m a in ly  in  r e s p o n s e  to  s o u rc e s  of d a ta  and th e  n ee d s  of m en ta l m o d e ls . T hey  

w ill be f u r th e r  deve loped  to  hand le  in c r e a s e s  in  th e  g a th e r in g  of s p a tia l  da ta , 

in  th e  s to r e s  of s p a tia lly  coded, m a c h in e - re a d a b le , e x is tin g  d a ta , and  in  the 

dem an d s of fo r m a l  m o d e ls . T he c o n c e rn s  of g o v ern m en t a r e  o b se rv ab ly  

b ec o m in g  m o re  com plex  and im p ro v e m e n ts  in  d ec is io n -m ak in g  p r o c e s s e s  

a r e  n ee d ed  w ith in  th e  o rg a n iz a tio n a l s t r u c tu r e  o f g overnm en t.

In  th e  s h o r t  te r m ,  th e r e  is  an  obv ious n ee d  to  in c r e a s e  th e  com m un ication  

b e tw e en  d e c is io n  m a k e rs  and  th o se  c o n c e rn e d  w ith  th e  p ro v is io n , hand ling , 

an d  a n a ly s is  of d a ta . C om m un ica tion  in  th is  s e n s e  does not s im p ly  r e f e r  to  

an  exchange of in fo rm a tio n , b u t im p lie s  "n eg o tia tio n " . T he concept u n d e r ­

ly in g  th i s  su g g e s tio n  i s  th a t d e c is io n s  a r e  not m ade f ro m  th e  d a ta  th e m se lv e s  

o r  f r o m  d a ta  p ro v id e d  b y  m e n ta l o r  fo rm a l  m o d e ls , b u t f ro m  th e  im ag es  

th a t th e  d a ta  c r e a te .  In  th e  ab se n c e  of d a ta , o r  any  fo rm  of a n a ly s is  of da ta , 

th e  im a g e  m ay  b e  b la n k  o r  p reco n c e iv e d , but th a t does not a l t e r  th e  fa c t 

th a t th e  d e c is io n  is  m ade f ro m  th e  im ag e . 1 T h e  im p a c t of d a ta , and  the  

a n a ly s is  of d a ta ,  on  a  d ec is io n  is  th u s  th e  ex ten t to  w hich  the  im ag e  is  

c re a te d  o r  changed  by  th e  d a ta  o r  a n a ly s is .  T h e  fun c tio n  of th e  d e s ig n e r  of 

an  in fo rm a tio n  s y s te m  o r  a  fo rm a l  m ode l in  d ec is io n -m a k in g  te r m s  is  to  

p ro v id e  ou tput th a t h a s  im p a c t on th e  im a g e . T h e  f le x ib il ity  of th e  p ro c e s s  

(in  th e  co n ten t and  m an ip u la tio n  fa c i l i t ie s  o f in fo rm a tio n  s y s te m s , and  in  the  

ty p e s  of f o rm a l  an a ly s is )  i s  th a t im a g e s  m a y  b e  g e n e ra te d  o r  changed  by  

one of an y  n u m b e r of s u b se ts  of th e  d a ta  o r  ty p e s  of a n a ly s is  needed  to  

q u an tify  th e  im a g e  co m p le te ly . T h e  r e q u ir e d  com m u n ica tio n  p ro c e s s  is  

th u s  one th a t n e g o tia te s  th e  in te r fa c e  be tw een  th e  im ag e  and  th e  d a ta ; th a t 

n e g o tia te s  b e tw e en  d e c is io n  m ak ing  and  th e  p r o c e s s e s  of in fo rm a tio n  s y s te m  

d e s ig n  and  fo rm a l  a n a ly tic a l des ign . T h e  o u tcom e of neg o tia tin g  th e  i n t e r ­

f a c e  b e tw e en  d e c is io n  and  d a ta  w ould b e  a  new view  and  u n d e rs ta n d in g  of 

d a ta  th a t th o s e  c re a t in g  and  m a in ta in in g  d a ta  b an k s  and  in fo rm a tio n  s y s te m s  

f re q u e n tly  la c k . S im ila r ly , i t  w ould m e a s u ra b ly  a s s i s t  the  d e s ig n  of fo rm a l 

m ode ls  th a t co u ld  be  in te g ra te d  in to  th e  d ec is io n -m ak in g  p ro c e s s e s .

In  g e n e ra l,  th e  s t r u c tu r e s  th a t w ould allow  th e  n ee d ed  com m un ication  b etw een

1. If a  p e r s o n  know s ab so lu te ly  noth ing  abou t a  s u b je c t, e. g. , li fe  in  o u te r 
s p a c e , h e  i s  q u ite  ca p ab le  of m ak ing  a  d e c is io n  abou t i t ,  e i th e r  f ro m  a  b lank  
im ag e  o r  an  im ag e  b a s e d  on ab so lu te ly  no ev id en ce . G iven data , he can  p r o ­
c e s s  th e m  e i th e r  m e n ta lly  o r  fo rm a lly  and  a r r iv e  a t  a  co nc lu sion , w hich  m ay  o r  
m ay  not a l t e r  h is  im ag e . In  th i s  s e n se  an  im ag e  is  an  a b s tra c tio n  of a  m en ta l m odel; 
th e  f o r m e r  i s  a  m e n ta l s ta te ,  th e  l a t t e r  a  m e n ta l d a ta  p ro c e s s in g  p ro c e d u re .
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d a ta  s p e c ia l i s t s  and  d ec is io n  m a k e rs  a r e  not now com m on in  g o v e rn m en t a t 

lo c a l,  re g io n a l,  o r  n a tio n a l le v e ls . T he d eve lopm en t of su ch  s t r u c tu r e s  i s  

a  r e a l  n ee d  of lo c a l go v ern m en t. T he n ee d  is  c r i t ic a l  a t re g io n a l and  n a tio n a l 

le v e ls  p a r t ic u la r ly ,  to  p e r m it  in te ra c t io n  be tw een  th o se  co n c e rn e d  w ith  

m u l t i - ju r is d ic t io n a l  p o lic y  and  th o se  c o n c e rn ed  w ith  p ro v is io n  and a n a ly s is  

o f d a ta .  Such a  s t r u c tu r e  cou ld  in c lu d e  th e  fun c tio n  o f a  "g o -b e tw ee n ": 

e s s e n tia lly , so m eo n e  who is  t r u s te d  by  th e  d ec is io n  m a k e r  b u t w ho u n d e r ­

s ta n d s  th e  te ch n o lo g y  of in fo rm a tio n  s y s te m s  and  fo rm a l d a ta  a n a ly s is .  T he 

fun c tio n  of an  " in te r p r e te r "  of th e  te ch n o lo g y  is  a lso  need ed ; one  w ho cou ld  

a ls o  au gm en t su ch  te chno logy  w ith  s u p p le m e n ta ry  fo rm s  of a n a ly s is  o r  sup p ly  

of d a ta , b u t w hose  b a s ic  re q u ire m e n t  w ould  b e  th e  s e n s it iv ity  to  u n d e rs ta n d  

t h e  d iff ic u ltie s  of co m m u n ica tio n  in  d ea lin g  w ith  d e c is io n  m a k e rs ,  e s p e c ia lly  

w hen th e y  la c k  so p h is tic a te d  te c h n ic a l t ra in in g . T he concep t is  one of an  

" in te lle c tu a l t r a d in g  p o s t"  f o r  t r a n s a c t io n s  b e tw e en  n ee d  and ca p ab ility .

T h e re  i s  so m e ev id en ce  th a t su ch  s t r u c tu r e s  a r e  in  em bryo  f o r m  in  so m e  

c o u n tr ie s , a t so m e  le v e ls  of g o v e rn m en t. In  com p lex  b u re a u c ra t ic  o r g a n i­

z a tio n s , th e  tr a d in g -p o s t  concep t can  b e  im p lem en ted  in v is ib ly  w ith in  any , 

o r  s e v e ra l ,  e x is t in g  fra m e w o rk s . In  l e s s  co m p lex  g o v e rn m e n ts , th e  

s t r u c tu r e s  w ould  b e  m o re  ev id en t, p a r t ic u la r ly  n e a r  th e  p o licy  le v e l  of 

gov ern m en t w h e re  th e y  a r e  m o s t need ed . T he a u th o r  w as  p a r t  of su ch  a  un it 

in  th e  S e c r e ta r ia t  to  th e  C ab inet of th e  G overnm en t of N ova S co tia  be tw een  

1969 and  1971. T h is  w as  an  e n t ir e ly  new fo rm a l  in s ti tu tio n  w ith in  a  p ro v in ­

c ia l  g o v ern m en t in  Canada.  A t th e  n a tio n a l le v e l in  C anada, i t  can  be 

o b s e rv e d  th a t th e  s ta f f  in  th e  P r im e  M in is te r 's  o ffice h a s  in c r e a s e d  s u b s ta n ­

t i a l l y  in  r e c e n t  y e a r s  ( fro m  20 to  o v e r  100 p e rs o n s ) .

T h e  concep t o f th e  t r a d in g  p o s t i s  on ly  one of s e v e r a l  m ethods f o r  c re a t in g  a  

s t r u c tu r e  th a t w ould  allow  fo r  e ffe c tiv e  co m m un ication . O th e rs  can  be 

though t of w ithou t m uch e ffo r t. R e g a rd le s s  o f th e  a c tu a l s t r u c tu r e ,  h o w ev e r, 

th e  n ee d  f o r  in c r e a s e d  co m m u n ica tio n  is  a p p a re n t. Such com m u n ica tio n  w ill 

n o t o c c u r  w ithou t e ffo rt; th e  e f fo r t shou ld , h o w ev er, be a  te m p o ra ry  

phenom enon  th a t w ill d e c re a s e  a s  th e  d ec is io n -m a k in g  p r o c e s s e s  and  a g e n c ie s  

re s p o n s ib le  f o r  p ro v is io n  and a n a ly s is  of d a ta  a d ju s t to  new d em an d s , and  

a s  t r a in in g  changes  th e  s k i l l s  of th e  p a r t ic ip a n ts .
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P e rio d  of in creasin g  com plexity in concerns of governm ent, in c re ase  in government 
in terac tion  with the community and increased  supplies of data. Growing inadequacy 
of m ental m odels to  provide a  satisfac to ry  base fo r the decision-m aking p rocess. 
Advent of com puter capability  to  s to re  and manipulate data.

F i g. 8 .5 . Int e r a c ti on s  b e tw e e n  d a ta  co lle c tio n , s p a t ia l  d a ta  hand ling , 
m en ta l an d fo rm a l  s p a tia l  an a ly s i s ,  and  d ec is io n  m aking, 
o v e r  t im e .
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T h e  lin k ag es  b e tw e en  th e  v a r io u s  s tr a n d s  o f though t no ted  above a r e  com plex  

and v a ry  o v e r  t im e . T h e y  h ave  b ee n  s u m m a riz e d  in  F ig . 8. 5. F o r  the  

p u rp o s e s  of d is c u s s io n , th e  in c r e a s e s  in  co m m un ication  need ed  a r e  

r e p r e s e n te d  by  a  tr a d in g -p o s t  s t r u c tu r e .

T he d ia g ra m  i s  co n c ep tu a l and  c o n c e n tra te s  on th e  c e n tra l  c o n c e rn s  of th e  

th e s is :  th o se  of s p a t ia l  d a ta  h and ling , s p a t ia l  d a ta  a n a ly s is ,  a n d  d ec is io n  

m ak ing  in  g o v e rn m en t. D a te s  a r e  in d ic a te d  on th e  r ig h t s id e  of th e  d ia g ram . 

T h e  tim e  s c a le  i s  a p p ro x im a te ly  l in e a r  b e tw een  1970 and 1984, b u t not 

r ig o ro u s ly  so . B e fo re  1945, th e  d a ta  c o lle c tio n  p ro c e s s  p ro v id e d  d a ta  f o r  

s p a tia l  d a ta  h an d lin g , w h ich  w as  ex c lu s iv e ly  m anual a t  th e  t im e . T h is , in  

tu rn ,  p ro v id e d  in p u t to  (and  re c e iv e d  d ire c tio n  fro m ) th e  e x c lu s iv e ly  m e n ta l 

m o d e ls , w h ich  h ad  in p u t to  (and r e c e iv e d  d ire c tio n  fro m ) th e  d ec is io n -m a k in g  

p r o c e s s ,  w h ich  o p e ra te d  in  r e s p o n s e  to  th e  go v ern m en t p e rc e p tio n  of th e  

c o n c e rn s  of g o v e rn m en t.

F o r  a l l  th e  p r o c e s s e s ,  th e  lin e s  of d eve lopm en t con tinue (v e rtic a lly ) f ro m  

b e fo re  1945 to  th e  to p  o f th e  d ia g ra m . T h e se  p ro c e s s e s  a r e  a l l  th u s  s t i l l  

w ith  u s  and  a r e  l ik e ly  to  con tinue  in th e  fo re s e e a b le  fu tu re . If a  p ro c e s s  in  

th e  d ia g ra m  u n d e rg o e s  s ig n if ic a n t change, a  new box  h a s  b ee n  in s e r te d  on 

th e  p ro c e s s  l in e  to  in d ic a te  th e  change. O th e rw ise , th e  d ia g ra m  is  m a in ly  

co n c e rn e d  w ith  ch a n g es  in  th e  in te ra c t io n s  be tw een  th e  p ro c e s s e s .

F o r  p u rp o s e s  of s im p lic i ty , th e  m any  v a r ia b le s  th a t e n te r  in to  th e  p ro c e s s  

o f p e rc e p tio n  of g o v e rn m e n ta l c o n c e rn s  a r e  not show n. A tten tio n  is  fo c u sse d  

on th e  re la tio n s h ip s  b e tw e en  d a ta  co llec tio n , hand ling , and  a n a ly s is , and 

d ec is io n  m aking .

T he p e r io d  b etw een  1945 and  1970 saw  in c re a s in g  com plex ity  in  th e  co n c e rn s  

of g o v e rn m en t, in c r e a s e  in  g o v e rn m en ta l in te ra c t io n  w ith  th e  com m un ity , and 

in c r e a s e d  s u p p lie s  of d a ta . A lthough m e n ta l m o d e ls  w e re  s t i l l  th e  p r im a r y  

fo rm  o f a n a ly s is , th e  p o te n tia l co n trib u tio n  of fo rm a l  sp a tia l  m o d e ls  to  

d e c is io n  m ak ing  b e c a m e  a p p a re n t. T he co m p u te r b ec am e a v a ila b le  a s  a  

ca lc u la tin g  and in fo rm a tio n  p ro c e s s in g  too l.

D raw ing  f ro m  m e n ta l m o d e ls  and s u b se ts  of d a ta , d e r iv ed  f ro m  e x is tin g  

s to r e s  of d a ta  la rg e ly  b y  m an u a l p ro c e s s e s ,  fo rm a l s p a tia l  m o d e ls  w e re
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in tro d u c e d  a s  e le m e n ts  in  th e  d ec is io n -m a k in g  p ro c e s s .  T hey  m ade a  lim ite d  

co n tr ib u tio n  to  m e n ta l m o d e ls  and to  d e c is io n  m ak ing , and  th e r e  w as l im ite d  

feed b a ck . In  th is  p e r io d , te ch n iq u es  fo r  h an d lin g  s p a tia l  d a ta  w e re  slow ly  

ta k in g  ad v an tag e  of co m p u te r  c a p a b ili tie s  and  deve loped  in to  th e  e a r ly  

f o rm s  of g eo g ra p h ic  in fo rm a tio n  s y s te m s  (g eo g rap h ic  in fo rm a tio n  s y s te m s  

in  th is  s e n s e  in c lu d in g  a l l  p ro c e s s e s  of h and ling  s p a t ia l  d a ta , m an u a l and  

co m p u te r-a id e d ) . T h e se  m ade th e i r  f i r s t  co n tr ib u tio n s  to  m e n ta l m ode ls  

and  h ence  to  d e c is io n  m ak ing , and  th e r e  w as l im ite d  feed b a ck  f ro m  th e  

d e c is io n -m a k in g  p ro c e s s .  B etw een 1970 an d  1974 th e y  m ade a  l im ite d  

co n tr ib u tio n  to  f o rm a l  s p a t ia l  m o d e ls . T h is  seq u en ce  b r in g s  u s  to  th e  

c u r r e n t  (1974) s ta te  of a f fa i r s .

T h e  in te r a c t io n s  b e tw e en  p ro c e s s e s  th a t follow  a r e  sp e c u la tiv e , bu t r e f le c t  

th e  th e m e s  id e n tif ie d  in  th e  th e s is .

I n c r e a s e s  in  th e  c o lle c tio n  of s p a tia l  d a ta  en c o u ra g e  th e  deve lopm ent of 

g eo g rap h ic  in fo rm a tio n  s y s te m s . G eo g rap h ic  in fo rm a tio n  s y s te m s  te n d  to  

deve lop  on s e p a ra te  l in e s :  so m e (RS) re sp o n d  to  th e  p ic tu re -p ro c e s s in g  

dem an d s of r e m o te  sen s in g ; so m e (M) con tinue  th e  tra d itio n a l fun c tio n  of 

p ro v id in g  in p u t to  m e n ta l m o d e ls ; so m e  (F ), in  r e s p o n s e  to  m u tu a l d ev e lo p ­

m en t of f o rm a l  s p a t ia l  a n a ly s is  and  d a ta  h and ling , a r e  p r im a r i ly  u s e d  to  

p ro v id e  in p u t to  f o rm a l  s p a t ia l  m o d e ls . In  th is  l a s t  type  th e  f i r s t  e x p e r i­

m e n ts  w ith  new la n g u ag es  w ill b e  m ade and  th e  te m p o ra l  v a r ia b le s  w ill 

r e c e iv e  g r e a t e r  a tten tio n . D uring  th is  p e r io d , com m u n ica tio n  w ith  d e c is io n  

m a k e rs  (the  g o -b e tw ee n  p ro c e s s )  w ill  in c r e a s e ,  and  th e  u se  of fo rm a l s p a tia l  

m o d e ls  in  d e c is io n  m ak ing  w ill  s lo w ly  b eco m e m o re  freq u en t.

F o rm a l s p a t ia l  m o d e ls  II r e p r e s e n t  th e se  to o ls  deve loped  to  th e  p o in t w h e re  

th e y  a r e  c o n s id e ra b ly  m o re  a lig n ed  to  th e  d ec is io n -m a k in g  p ro c e s s .  T hey  

con tinue  to  m ake inpu t to  m e n ta l m o d e ls  and e n c o u ra g e  th e  deve lopm ent 

of th e  g o -b e tw ee n  p ro c e s s .  T h ey  m ake and  re c e iv e  inpu t f ro m  th e  m a in ­

s t r e a m  of dev e lo p m en t of g eo g rap h ic  in fo rm a tio n  s y s te m s , and  have a  lim ite d  

in flu en ce  in  th e  co lle c tio n  o f da ta . G eo g rap h ic  in fo rm a tio n  s y s te m s , h ow ever, 

a r e  s t i l l  m ak in g  th e i r  m a jo r  co n trib u tio n  to  m e n ta l m o d e ls  fo r  d e c is io n  

m aking.
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A t th e  le v e l of r e v i s e d  g eo g rap h ic  in fo rm a tio n  s y s te m s  I, th e  s y s te m s  w ill 

p ro b ab ly  h av e  b e n e fi tte d  su b s ta n tia lly  f ro m  deve lopm ent of d a ta  th e o ry  and 

new s p a t ia l  la n g u ag es . A  m uch g r e a t e r  in te g ra t io n  of d a ta  s o u rc e s  and 

fo rm a ts  w ill b e  p o s s ib le . Input w ill  b e  m ade e i th e r  to  fo rm a l  m ode ls  and  

th e n c e , b y  w ay  of m e n ta l m o d e ls , to  th e  go -b e tw een  p ro c e s s ,  o r  d ire c tly  

to  m e n ta l m o d e ls  and  th e  go -betw een  p ro c e s s .  M ost im p o rta n tly , th e r e  

w ill b e  a  s tro n g  fe ed b a ck  to  th e  d es ig n  of in fo rm a tio n  s y s te m s  f ro m  the  

g o -b e tw ee n  p ro c e s s .  T he feed b a ck  to  th e  d a ta  c o llec tio n  a g e n c ie s  w ill s t i l l  

b e  lim ite d .

A fte r  th e  n ex t d ec ad e , i t  is  a s s u m e d  th a t m any  of th e  co m m un ication  a s p e c ts  

o f th e  g o -b e tw ee n  p r o c e s s  w ill h av e  b ee n  in c o rp o ra te d  in to  w hat w ill th e n  

b e  s ta n d a rd  fo rm s  of d ec is io n  m aking . T h is  w ill invo lve co m m un ication  

w ith  a  th i r d  g e n e ra tio n  of s p a tia l  m o d e ls  in te g ra te d  in to  th e  d e c is io n  

p r o c e s s ,  an d  w ith  g eo g rap h ic  in fo rm a tio n  s y s te m s  s im i la r ly  aligned . T he 

m a in  r e s u l t  of th e s e  deve lo p m en ts  w ill  b e  s tro n g  feed b a ck  to  th e  p r o c e s s e s  

o f d a ta  c o lle c tio n  and  a  r e v is e d  and  s e le c tiv e  p ro c e s s  of d a ta  co llec tio n .

I t i s  e m p h a s iz e d  ag a in  th a t th e se  in te ra c t io n s  a r e  s p ecu la tiv e . Some 

co m m e n ts  on so m e  of th e  t im in g s  en v isa g ed  m igh t, h o w ev e r, b e  w orthw hile . 

T h e  r e la t iv e ly  slow  im p lem en ta tio n  of th e  go -b e tw een  p ro c e s s  i s  b a se d  on a  

view  of th e  in h e re n t in e r t i a  of g o v e rn m en t in s ti tu tio n s  and  th e  lik e lih o o d  th a t 

th e r e  w ill h av e  to  b e  d e m o n s tra b ly  b e t te r  fo rm a l  m ode ls  and  geo g rap h ic  

in fo rm a tio n  s y s te m s  b e fo re  th e  n ee d  f o r  in c re a s e d  com m u n ica tio n s  w ill be 

s ub s ta n t ia te d . T h e  p re d ic tio n  th a t d eve lopm en t of d e c is io n -o r ie n te d  

g eo g rap h ic  in fo rm a tio n  s y s te m s  w ill b e  la te  ( c i r c a  1983) is  b a s e d  on th e  la c k  

of c u r r e n t  r e s e a r c h  in  th e  u n d erp in n in g s  of th e o ry  and  language of th e  p ro c e s s .  

T h e  d eve lopm en t of v a s tly  in c re a s e d  com pu ting  p o w er w ould  a m e lio ra te  th e  

s itu a tio n , b u t w ould  n o t n e c e s s a r i ly  p ro v id e  e ffic ien t so lu tio n s  to  the  u n d e r ­

ly in g  p ro b le m s . T h e  deve lopm ent of a  s tro n g  feed b a ck  loop to  th e  t ra d itio n a l 

p ro c e s s  of d a ta  co lle c tio n  m u s t aw ait, and fo llow , th e  s o lid  e s ta b lish m e n t 

of th e  o th e r  p r o c e s s e s .  No e ffec tiv e  p e r s u a s io n  c a n b e  b ro u g h t to  b e a r  

w h ile  m a n ip u la tio n  p ro c e s s e s ,  fo rm a l  s p a tia l  a n a ly s is ,  and  d ec is io n  

p ro c e s s e s  th e m s e lv e s  a r e  ra p id ly  evo lv ing .

1. T h e  d eve lopm en t of la r g e - s c a le  p a r a l le l  p ro c e s s in g  c o m p u te rs  s im i la r  
to  th e  e x p e rim e n ta l ILLIA C  IV  a t  th e  U n iv e rs ity  of I ll in o is , o r  th e  ca p ab ili ty  
of deve lop ing  m u ltip le -c p u  in te r fa c e s ,  w ould allow  tw o -d im en s io n a l d a ta  to  
b e  han d led  w ith  m o re  fa c i l i ty  th a n  i s  c u r r e n t ly  p o ss ib le . T h e re  i s  no 
ev id en ce , h o w ev e r , th a t su ch  d ev e lo p m en ts  in  co m p u te rs  can  b e  a n tic ip a ted  
in  the  n e a r  fu tu re .
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T h e  d ia g ra m  r e p r e s e n t s  one v e r s io n  o f m any  p o s s ib le  p a t te rn s  of in te ra c t io n . 

P e rh a p s  i t s  m a in  fun c tio n  i s  to  s t r e s s  th a t su c h  in te ra c t io n  is  e s s e n t ia l  if  

r a t io n a l  dev e lo p m en t of s to r e s  of in fo rm a tio n , g eo g rap h ic  in fo rm a tio n  

s y s te m s , f o rm a l  s p a t ia l  m o d e ls , and  d ec is io n  m ak in g  is  to  go fo rw a rd .

SUMMARY

T h e se  tw o f in a l c h a p te r s  of th e  th e s i s  h ave  b r ie f ly  exam ined  th e  i n t e r ­

-re la t io n s h ip s  b e tw e en  g eo g rap h ic  in fo rm a tio n  s y s te m s , fo rm a l s p a tia l  

a n a ly s is , and  d e c is io n  m aking  in  govern m en t.

In  C h a p te r  7, th e  c h a ra c te r is t ic s  of fo rm a l  s p a tia l  a n a ly s is  and  th e n  

g o v e rn m e n ta l d e c is io n  m aking  w e re  d is c u s s e d  on th e  b a s is  of th e i r  n ee d s  

f o r  s p a t ia l  d a ta  hand ling . T h e  v a r io u s  c a te g o r ie s  of g eo g rap h ic  in fo rm a tio n  

s y s te m  id e n tif ie d  in  th e  p re v io u s  c h a p te r s  w e re  co n s id e re d  in  te r m s  of th e  

co n tr ib u tio n  th e y  m ake to  th e s e  p ro c e s s e s .  T h e  v a ry in g  c o n trib u tio n s  of 

th e  d iffe re n t ty p e s  o f  s y s te m  w e re  m ade a p p a re n t and  the  in s ti tu tio n a l b a s is  

o f th e i r  dev e lo p m en t w as  d e m o n s tra te d . T he o v e ra l l  v a lue  of g eo g rap h ic  

in fo rm a tio n  s y s te m s  w as  exam ined .

In  C h a p te r  8, l in e s  of fu tu re  d eve lopm en t w e re  p o s tu la te d , a s su m in g  p r e s e n t  

and  fu tu re  co m pu ting  c a p a b ili t ie s . T hen , on th e  b a s is  th a t g eo g rap h ic  in f o r ­

m a tio n  s y s te m s  a r e  not s im p ly  p ro c e s s in g  to o ls  b u t th a t th e i r  u s e fu ln e ss  

i s  in h e re n tly  a lig n ed  to  t h e i r  b ro a d e r  function  a s  s to r e s  of in fo rm a tio n , 

th e i r  dev e lo p m en t w as ex am in ed  w ith in  th e  b ro a d e r  con tex t. Som e of th e  

g e n e ra l c o m p le x itie s  in  th e  r e la tio n s h ip s  be tw een  s p a tia l  th e o ry , s to r e s  

o f s p a t ia l  in fo rm a tio n  and th e  d e c is io n  p ro c e s s  in  governm en t in s ti tu tio n s  

w e re  noted .

T h e  fu tu re  d eve lopm en t of in te ra c t io n  b etw een  s p a tia l  d a ta  and  fo rm a l s p a t ia l  

a n a ly s is  w ith in  th e  d isc ip lin e  of g eo g rap h y  w as  p o s tu la ted . It w as  s e e n  th a t 

e a s y  m a n ip u la tio n  of p a r t ic u la r  s e ts  of m ic ro d a ta  p ro v id e s  scope f o r  im p ro v e ­

m e n ts  in  th e  sp e e d  and  p re c is io n  w ith  w h ich  h y p o th eses  a r e  te s te d . T h is  

f a c i l i ty , m o re  th a n  th e  vo lum e of d a ta  i t s e lf ,  w ill p ro v id e  th e  m a in  c o n t r i ­

bu tio n  of g e o g rap h ic  in fo rm a tio n  s y s te m s  to  th e  d isc ip lin e  of g eog raphy , 

e s p e c ia lly  w hen  d ire c te d  to w a rd  p ro b le m s  of dynam ic a n a ly s is  and  su p p o rte d  

b y  the  a c tiv e  d eve lopm en t of su ita b le  m u ltid im en s io n a l la n g u ag es . T he
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fu tu re  d eve lopm en t o f d e c is io n  m aking  in  r e s p o n s e  to  d eve lopm en ts  in  

g eo g rap h ic  in fo rm a tio n  s y s te m s  and s p a t ia l  a n a ly s is  w as  a lso  c o n s id e re d  

and  so m e lin e s  of dev e lo p m en t w e re  p o s tu la ted . I t w as m ade c l e a r  th a t 

th e  d eve lopm en t of g e o g ra p h ic  in fo rm a tio n  s y s te m s  a s  d e s c r ib e d  in  th is  

th e s is  m u s t be v iew ed  n o t a s  an  is o la te d  p r o c e s s ,  b u t a s  an  in te g ra l  p a r t  

of a  v e ry  la r g e  s t r u c tu r e  of d a ta  g a th e rin g , d a ta  a n a ly s is , and  d ec is io n  

m aking . T h e  th e o re t ic a l  un d erp in n in g s  of th e  s t r u c tu r e ,  in  p a r t ic u la r  

th e o ry  app ly ing  to  d a ta , la n g u a g e s , s p a tia l  a n a ly s is , o rg a n iz a tio n , and  

d ec is io n s  a r e  n o t s tro n g . I t is  su g g e s te d  th a t ra t io n a l  d eve lopm en t of 

b o th  th e  th e o r e t ic a l  b a s i s  and  p ra g m a tic  ap p lica tio n  w ill b en e fit f ro m  

e x p lo ra tio n  and  re c o g n itio n  of th e i r  in te rd ep en d e n ce , and  f ro m  a  s u b s ta n tia l  

in c r e a s e  in  in te ra c t io n  b e tw e en  th e  te ch n iq u es  of d a ta  g a th e r in g , d a ta  

h and ling , d a ta  a n la y s is ,  and  d ec is io n  m aking.
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A PPEN D IX  - TEC H N IC A L DESCRIPTION  O F TH E  CANADA 
GEOGRAPHIC INFORM ATION SYSTEM (CGIS)

T h is  te c h n ic a l d e s c r ip tio n  i s  in ten d ed  to  allow  th e  r e a d e r  fu lly  to  u n d e r­

s tan d  th e  fu n c tio n s  of th e  C anada  G eog raph ic  In fo rm atio n  S ystem , to  

p re s e n t  e x a m p le s  of i t s  p ro d u c ts , to  d e s c r ib e  th e  o p e ra tio n s  invo lved  in  

a c h iev in g  e a ch  fu n c tio n , and  to  g ive d e ta ils  of th e  a lg o rith m s  u n derly ing  

th o s e  o p e ra t io n s . T h e  s y s te m  Vs c u r re n t ly  in  o p e ra tio n  a t  the  D ep artm en t 

of th e  E n v iro n m e n t, G o v ern m en t of C anada, O ttaw a. D e ta iled  s y s te m  

do cu m en ta tio n  an d  th e  c o m p u te r  p ro g ra m s  r e s id e  w ith  th e  D ep artm en t of 

th e  E n v iro n m e n t. R e s e a rc h  le a d in g  to  th e  deve lopm ent o f th e  s y s te m  

s ta r t e d  in  1961. S ince th a t t im e  m o re  th a n  40 p e rs o n s  have b ee n  ac tiv e  

in  i t s  dev e lo p m en t. F u ll  acknow ledgem en t of th e i r  e f fo r ts  i s  g iven  a t th e  

end  of th i s  te c h n ic a l d e s c r ip t io n  and  in  the  te x t. T h e  s y s te m  i s  co n s id e re d  

to  b e  o p e ra t io n a l in  te r m s  of th e  fu n c tio n s  d e s c r ib e d  in  th is  appendix  in  th a t 

i t  g e n e ra te s  s u b s ta n t ia l  p ro d u c ts  fo r  a d m in is tra tiv e  p u rp o s e s , f o r  v a r io u s  

le v e ls  of g o v e rn m en t in  C anada. T he s y s te m  fa c i l i t ie s  a r e ,  how ever, 

u n d e r co n tinu ing  deve lopm en t.

DATA IN PU T SUBSYSTEM

T he d a ta  inpu t s u b sy s te m  c o n v e rts  th e  g rap h ic  s o u rc e  d a ta  to  a  s im p le  

n o n -g ra p h ic  fo rm a t. T h re e  ty p e s  of d a ta  a r e  e x tra c te d  f ro m  each  s o u rc e  

m ap: th e  im a g e  d a ta , th e  d e s c r ip to r  d a ta , and  th e  lin k ag e  data .

T h e  im a g e  d a ta  a r e  th e  l in e s  th a t f o rm  th e  b o u n d a rie s  on the  o u te r  edge 

of th e  m ap , p lu s  a l l  th e  lin e  im a g e s  con ta ined  in  i t s  in te r io r .  T h is  w eb 

of g ra p h ic  d a ta  i s  t r a c e d  (sc rib ed ) on a  c lean  sh ee t.

T h e  d e s c r ip to r  d a ta  a r e  w r i t te n  d e s c r ip tio n s  o f th e  e lem en ts  th a t c o m p r is e  

th e  m ap , su ch  a s  d e s c r ip t io n s  o f th e  p re s e n t land  u se  of each  ind iv id u a l 

a r e a  on a  p r e s e n t - l a n d - u s e  m ap . E a c h  d e s c r ip to r  fo r  each  in d iv idua l m ap 

e lem en t i s  s e q u e n tia l ly  n u m b e re d  and  l i s te d  on a  fo rm  d esigned  f o r  th e  

p u rp o se .

T he th i r d  ty p e  of d a ta  i s  th e  k e y  to  lin k in g  the  im ag e  d a ta  to  th e  d e s c r ip to r  

d a ta . A  t r a n s p a re n t  s h e e t i s  o v e r la id  on th e  s o u rc e  m ap  and th e  d e s c r ip to r  

l i s t  n u m b e r  i s  w r i t t e n  a t  th e  a p p ro x im a te  c e n tre  of th e  m ap e lem en t to  

w h ich  e a c h  d e s c r ip to r  r e l a te s .
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T h e se  th re e  so u rc e  m ap d e r iv a tiv e s  a r e  p a s s e d  th ro u g h  a  d ru m  s c a n n e r , 

an  X -Y  d ig i tiz e r , and  an  e n c o d e r , r e s p e c t iv e ly , and  a r e  l a t e r  p u t on 

m a g n e tic  ta p e  to  fo rm  th e  inpu t to  th e  d a ta  r e d u c t io n  s u b sy s te m . D iag ram

5. 11 in  C h a p te r  5 above i l lu s t r a t e s  th e  d a ta  p re p a ra t io n  p ro c e s s .

T h e  tr a c e d  s h e e t of im ag e  d a ta  i s  p la ced  on th e  d ru m  s c a n n e r  and  the  

s can n in g  o p e ra t io n  p ro d u c e s  a  d ig itiz ed  m ap  o f the  im ag e  on m agnetic  ta p e . 

T h e  d ru m  s c a n n e r  w as  d eve loped  to  m e e t C anada G eo g raph ic  In fo rm a tio n  

S y stem  re q u ire m e n ts  by  th e  In te rn a tio n a l B u s in e s s  M ach ines C om pany 

(IBM ). U se of th e  d ru m  S canning a p p ro ac h  w as  f i r s t  c o n s id e re d  in  1963, 

d e s ig n  c r i t e r i a  w e re  e s ta b lis h e d  b y  th e  a u th o r  in  1964, an d  deve lopm ent 

w o rk  w as  c o n tra c te d  to  th e  fo llow ing  y e a r .  T h e  s c a n n e r  c o n s is ts  of a  

c y l in d r ic a l d ru m  on w hich  a  m ap  o r  c h a r t  c a n  b e  m ounted , and  a  m ovab le 

c a r r i a g e  th a t s lo w ly  m oves  th e  scan n in g  h ea d  a c r o s s  th e  f ro n t  of the  

re v o lv in g  d ru m . T he scan n in g  s y s te m  c o n s is ts  of th e  scan n in g  h ea d , i t s  

a s s o c ia te d  e le c tro n ic s ,  and  c o n tro ls  le ad in g  to  a  s ta n d a rd  IBM  m agnetic  

ta p e  d r iv e . T he tech n iq u e  em p loyed  i s  to  d e te c t ch an g es  in  in te n s ity  of 

lig h t r e f le c te d  f ro m  b la ck  or  w h ite  a r e a s  on  th e  m ap  s u r fa c e ,  and  to  r e c o r d  

th i s  in fo rm a tio n  a s  a  s e r ie s  o f b in a ry  b i t s  w r i t t e n  on  m a g n e tic  ta p e . T he 

s c a n  h ea d  u s e s  f ib re  o p tic s  and  can  s c a n  e ig h t s c a n  l in e s  s im u ltan e o u sly . 

T he d ru m  s c a n n e r  can  a c cep t a  m ap  of up to  48 in . x  48 in . A fu l l - s iz e d  

m ap  ta k e s  ap p ro x im a te ly  15 m in u te s  to  s c a n ,  in c lu d in g  th e  t im e  to  m ount 

and  d ism oun t i t ,  and  s m a l le r  s h e e ts  ta k e  a  c o r re s p o n d in g ly  s h o r te r  tim e .

I t i s  not w ith in  th e  scope o f th is  append ix  to  g ive  a  d e ta ile d  d e s c r ip tio n  of 

th e  d ru m  S can n e r; th e  en g in e e r in g  a s p e c ts  of th e  d e s ig n  h ave  b ee n  d e s c r ib e d  

b y  T hom pson . 1 H ow ever, th e  fo rm a t of th e  m ap  im a g e  d a ta  on ta p e  i s  

p e r t in e n t .  One m a p -im a g e  r e c o r d  is  p ro d u ced  f o r  e a c h  0 .0 3 2  in . a long th e  

X  ax is  of th e  m ap  sh e e t , and  th e  he ig h t of e a ch  r e c o r d  i s  0 .0 0 4  in . a long  the  

Y a x is . T he 0 .0 3 2  in . r e c o rd ,  c o m p r is in g  one b y te  of co m p u te r s to ra g e , 

i s  d iv ided  in to  e ig h t b i t s .  E a ch  b it  th u s  r e p r e s e n t s  an  a r e a  o r  spo t 0 .0 0 4  in . 

w ide . L in es  d raw n  on  th e  m ap  a r e  u s u a lly  0 .0 0 8  in . w ide. T he advan tage 

of s c r ib in g  a s  opposed  to  t r a c in g  by  p en c il o r  p en  i s  th a t th e  m in im um  lin e  

w id th  ca n  b e  a s s u r e d  w ithou t e x c e ss iv e  lin e  th ic k n e s s . If  th e  s c a n  head s  

id e n tify  50% o r  m o re  of a  spo t a s  p a r t  of a  l in e , th e n  th e  b it  g e n e ra te d  is  

1; i f  n o t, th e  b i t  g e n e ra te d  is  0. In th i s  m a n n e r , a  l in e  i s  r e p re s e n te d  a s

1. Thom pson  1967.
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a  co lle c tio n  of 1 -b its ,  w h ich  a r e  u su a lly  1, 2, o r  3 s p o ts  in  w idth .

T he s c r ib e d  im ag e  sh e e t , w ith  th e  t r a n s p a re n t  n u m b e red  o v e r la y  s u p e r ­

im p o se d , i s  p la c e d  on a  D -m ac  c a r to g ra p h ic  X -Y  d ig i tiz e r  w ith  th e  fo u r  

c o rn e r  r e f e r e n c e  p o in ts  and  th e  c o o rd in a te s  o f one r e fe re n c e  po in t p e r  

m a p  " fa c e "  coded  in  d ig its . A m ap  fa c e  i s  any  one of th e  d is tin c t a r e a s  

th a t  to g e th e r  m ake up th e  s u r fa c e  of th e  m ap .

T h e  m a g n e tic  ta p e  f r o m  th e  X -Y  d ig i tiz e r  i s  th e n  p la ced  on an  NCR e n c o d e r 

and  th e  se q u e n tia l ly  n u m b e red  d e s c r ip to r  d a ta  a r e  encoded  b e s id e  the  

a p p ro p r ia te  r e f e r e n c e  c o o rd in a te s . T h e se  tw o  p r o c e s s e s  a r e  d u p lica ted  to  

allow  f o r  v a l id ity  ch e ck s  in  th e  f i r s t  p a r t  o f th e  d a ta  re d u c tio n  su b sy s te m .

DATA RED U CTIO N  SUBSYSTEM  AND 
M ANUAL ERRO R CORRECTION SUBSYSTEM

T h e  d a ta  re d u c t io n  s u b sy s te m  a c c e p ts  the  r e c o r d s  p ro d u ced  b y  th e  s c a n n e r , 

d ig i t iz e r ,  and  e n c o d e r  and , in  c o n c e r t w ith  th e  m anual e r r o r  c o r re c tio n  

(MEC) s u b sy s te m , t r a n s f o r m s  th e m  in to  a  c o m p ac t, e r r o r - f r e e  fo rm a t 

th a t  i s  conven ien t f o r  s to ra g e  and  su b se q u en t co m p u te r p ro c e s s in g .

" L o g ic a l o p e ra t io n s "  a r e  th e  s te p s  ta k e n  to  c a r r y  out th e  w ork ; in  th e  d a ta  

r e d u c t io n  su b sy s te m  th e y  a r e  g ro u p ed  in to  " p h a s e s " . E ach  p h ase  is  a  s e t  

of g e n e ra lly  r e la te d  lo g ic a l o p e ra t io n s , and  h a s  a  s e t  of inp u ts  th a t it  

o p e ra te s  upon  o r  r e f e r s  to  and  a  s e t  of ou tp u ts  th a t it  p ro d u c e s  fo r  u s e  by  

su b se q u en t p h a s e s . T h e se  p h a s e s  and  lo g ic a l o p e ra tio n s  a r e  th e  bu ild in g  

b lo c k s  w ith  w h ich  i t  i s  p o ss ib le  to  d e s c r ib e  a  s y s te m . T h e  co m p u te r  i t s e l f  

re s p o n d s  to  a  s e r ie s  of p ro g ra m s , m ade up of ro u tin e s  and su b ro u tin e s , 

w h ich  w o rk  w ith  i t s  own re s id e n t  o p e ra t in g  s y s te m  and ta k e  advan tage  of i t s  

s p e c if ic  c o m p u te r  a rc h i te c tu r e .  O cca s io n a lly  a  lo g ic a l o p e ra tio n  is  han d led  

b y  a  s in g le  p ro g ra m , b u t n o rm a lly  i t  r e q u i r e s  th e  u s e  of s e v e r a l  p ro g ra m s , 

ro u t in e s ,  o r  s u b ro u tin e s , som e o r  a l l  of w h ich  m a y  a lso  b e  u sed  f o r  o th e r  

lo g ic a l o p e ra t io n s . In  1969, th e  a c tu a l p ro g ra m  d e s c r ip tio n  f o r  th e  C anada 

G eo g rap h ic  In fo rm a tio n  S y stem  r e q u ir e d  a  s u b s ta n tia l  am ount (19 vo lum es) 

of docum en ta tio n . S ince th a t t im e , p ro g ra m s  h av e  b ee n  m od ified  and fu r th e r  

p r o g r a m s  h av e  b ee n  w r itte n . T h e  s y s te m  co n tin u es  to  b e  u n d e r ac tiv e  d e v e ­

lo p m e n t. A cco rd in g ly , th is  p a r t  of th e  append ix  w ill c o n c e rn  i t s e l f  w ith  

b r ie f ly  d e s c r ib in g  th e  s u b sy s te m  in  te r m s  of th e  lo g ic a l o p e ra tio n s  c a r r ie d
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out b y  e a ch  p h a se . T he n a m e s  o f p ro g ra m s  an d  ro u tin e s  in vo lved  w ill  be 

g iven  w h e re  a p p ro p r ia te .

A flow c h a r t  of th e  d a ta  re d u c t io n  s u b sy s te m  i s  p re s e n te d  below  a s  a  guide 

to  th e  flow  of d a ta  th ro u g h  th e  p h a s e s . A lthough i t  p ro v id e s  on ly  a  b r ie f  

in d ic a tio n  of th e  o p e ra t io n s  w ith in  e a c h  p h ase , i t  g iv e s  a  p ic tu re  o f the  

d a ta  th a t e n te r  e a ch  p h a s e , th e  d a ta  p ro d u ced  b y  e a ch  p h a s e , and  the  

lin k a g e s  b e tw e en  p h a s e s ; i t  m a y  th u s  o f fe r  a  r e f e r e n c e  p o in t f o r  th e  d e s c r ip ­

tio n s  of in d iv id u a l p h a s e s .

In  g e n e ra l ,  p h a s e s  a r e  lin k ed  b y  " s o r t s " ,  b y  w hich  th e  p h ase  o u tpu t is  

r e a r r a n g e d  in to  a  conven ien t fo rm a t f o r  th e  n ex t p h a se . E a ch  p h ase  h a s  

so m e  w ay o f re p o r t in g  e r r o r s .  In  p h a se s  1 to  4A, th e  ty p e s  of e r r o r s  to  be 

re p o r te d  a r e  s p e c if ie d  on a  "d ia g n o s tic  c a rd " .  T he e r r o r s  a r e  t r a c e d  and  

r e c o r d s  of th e m  a r e  p r in te d  o u t a t  th e  end  of e a c h  p h ase  on a  " s y s te m  

m e s s a g e s "  l i s t .  S p ec ia l p ro c e d u re s  a r e  b u il t in to  th e  p ro g ra m s  to  r e p o r t  

upon and  re s o lv e  d a ta  e r r o r s .

A s e a c h  m ap  i s  p ro c e s s e d  th ro u g h  th e  s y s te m , v i ta l  s t a t i s t i c s  abou t i t s  

s iz e ,  com p lex ity , e r r o r  s ta te ,  and  so  fo r th  a r e  l i s t e d  on a  m ap  c o n tro l 

b lo c k  (M CB). T h is  i s  p a s s e d  f ro m  p h ase  to  p h a se  r a th e r  l ik e  a  notebook. 

E a c h  p h ase  u s e s  th e  d a ta  i t  co n ta in s  to  p r e p a r e  th e  a p p r o p r ia te - s iz e d  f i l e s ,  

ta b le s ,  o r  sw itc h e s  f o r  p ro c e s s in g , o r  e x t r a c ts  m ap  c o n s ta n ts  f r o m  i t  f o r  

u s e  in  c a lc u la tin g  ch an g es  of m ap  p ro je c tio n  o r  s c a le ,  and  so  on. T o w ard  

th e  end  of th e  w o rk , in  p h ase  6, th e  p ro c e s s in g  of in d iv id u a l m a p s  g iv es  

w a y  to  th e  p ro c e s s in g  o f a l l  m a p s  a s  one u n it . A t th is  po in t th e  M CB is  jo ined  

b y  th e  m a s te r  co v e ra g e  c o n tro l b lo c k  (M CCB), w h ich  a c ts  a s  th e  no tebook  

fo r  a l l  th e  m a p s  in  th e  d a ta  b an k  of one d a ta  ty p e  (fo r ex a m p le , la n d  u s e , 

c e n su s , o r  r e c r e a t io n  p o te n tia l) . T h e  MCCB r e c o r d s  a r e  u s e d  in  th e  s a m e  

m a n n e r  a s  th e  MCB r e c o r d s ,  b u t r e f e r  to  th e  e n t i r e  d a ta  b an k  in  i t s  f in a l 

fo rm a t.

I t c a n  b e  s e e n  f r o m  th e  flow  c h a r t  th a t  in  p h ase  0 th e  d a ta  a r e  a c c e p te d  f ro m  

th e  d ig i tiz e r  and  e n c o d e r  and  ed ited  fo r  v a lid ity  and  c o n s is te n c y . T h e se  

d a ta  a r e  th e  n u m b e re d  r e c o r d s  th a t d e s c r ib e  th e  m ap  e le m e n ts , and  th e  

s im i la r ly  n u m b e re d  r e f e r e n c e  c o o rd in a te s  th a t allow  e a c h  d e s c r ip tio n  to  be 

r e la te d  to  a  p la c e  on th e  m ap .
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In  p h ase  1, th e  raw  im ag e  d a ta  a r e  a c cep te d  d ire c t ly  f ro m  th e  s c a n n e r .  

T h is  la rg e  am ount of d a ta  i s  ex a m in ed  p ie c e  b y  p ie c e , th e  g rap h ic  e le m e n ts  

( lin e s , in te r s e c t io n s ,  m ap  b o r d e r s ,  e tc . )  th a t m ake up th e  m ap  a r e  id e n tif ied  

and la b e lle d , and th e  r e s t  is  re je c te d .

P h a s e  2 p r e p a r e s  th e  w ay f o r  b rin g in g  th e  d e s c r ip to r  d a ta  and th e  im a g e  data, 

to g e th e r . B ec au se  th e y  w e re  p ro d u ced  on d if fe re n t input d ev ice s , th e y  

a r r iv e  fo r  p ro c e s s in g  w ith  in h e re n tly  d if fe re n t f r a m e s  of re fe re n c e .  T h e  

co o rd in a te  s y s te m  o f th e  s c a n n e r  d a ta  m u s t th u s  b e  put in to  a  f o rm  th a t  

can  b e  r e la te d  to  th e  co o rd in a te  s y s te m  of th e  d a ta  f ro m  th e  d ig i t iz e r , 

s p e c if ic a l ly  th e  r e f e r e n c e  co o rd in a te s  and th e i r  r e la te d  p ie c e s  of d e s c r ip to r  

d a ta . T h e  tr a n s fo rm a tio n s  n e c e s s a ry  to  a c h iev e  th is  a r e  c a lc u la te d  in  p h a s e  

2.

P h a s e  3 b r in g s  th e  d a ta  to g e th e r . In  e ffe c t, th i s  i s  th e  f i r s t  t im e  in  th e  

s u b sy s te m  th a t th e  s o u rc e  m ap  i s  r e c r e a te d .  O nce th e  d a ta  a r e  a s s e m b le d  

in  p h ase  3, d is to r t io n s  ca n  b e  e l im in a te d  and  th e  r e c o r d s  co m p ac ted  to  an 

e c o n o m ica l le v e l f o r  f u r th e r  hand ling . P h a s e  4A  is  a n o th e r  m a jo r  p h a s e . 

It ta k e s  th e  com bined  r e c o rd s  f ro m  p h a se  3 and  f ro m  th e m  a s s e m b le s  th e  

im ag e  f ile  o r  " im ag e  d a ta  s e t"  (IDS), and  th e  d e s c r ip to r  f i le  o r  " d e s c r ip to r  

d a ta  s e t"  (DDS), in  th e  s a m e  fo rm a t a s  th a t  o f th e  f in a l d a ta  bank.

T he d iffe re n t d a ta  r e c o r d s  h ad  to  b e  b ro u g h t to g e th e r  in  p h ase  3 so  th a t  th e  

im ag e  and d e s c r ip to r  cou ld  b e  m a tch ed  p ro p e r ly . Now i t  i s  conven ien t to  

s e p a ra te  th e m , b e c a u se  th e  r e t r i e v a l  p r o c e s s e s  th a t ev en tu a lly  o p e ra te  o n  

th e  im ag e  f i le  n ee d  n o t b e  b u rd en ed  w ith  th e  d e s c r ip to r  d a ta , and s im i la r ly  

th e  r e t r i e v a l  p r o c e s s e s  th a t ev e n tu a lly  o p e ra te  on  th e  d e s c r ip to r  d a ta  w o rk  

im m e a su ra b ly  f a s te r  if  th e y  a r e  not r e q u ir e d  to  r e t a in  th e  im ag e  d a ta . 

P o in te r s  f r o m  one f i le  to  an o th e r  allow  jo in t p ro c e s s in g  a s  d e s ire d . P h a s e  

4A th e r e fo r e  invo lves  bu ild in g  lin k a g e s  be tw een  th e  com ponen ts of th e  m ap , 

and  a llow s a  d e ta iled  to p o lo g ica l c h e ck  to  b e  m ade of th e  m ap  com ponen ts  

and  a  l i s t in g  o f e r r o r s  to  b e  p u t out f o r  c o r re c t io n .  T h e se  p r o c e s s e s  a r e  

h and led  by  th e  m anual e r r o r  c o r re c t io n  s u b sy s te m , w hich  re c y c le s  th e  

c o r re c t io n s  th ro u g h  p h ase  4A  u n ti l a  c le a n  s e t  of new m ap  d a ta  i s  ach ieved .

P h a s e s  4B to  8 a r e  invo lved  w ith  a lign ing  th e  ed g es  of th e  new m aps b e in g  

p ro c e s s e d  w ith  th o s e  a l r e a d y  in  the  d a ta b a n k  (the e d g e -m a tc h  p rob lem ). 

P h a s e  4B is  to  iden tify  and l i s t  th e  r e c o r d s  th a t f a l l  on th e  b o rd e r s  and  m u s t
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be  m a tch ed . P h a s e s  5 and 6 a r e  a  tw o -s ta g e  edge m a tch in g  p ro c e s s ;  p h ase  

5 o p e ra t io n s  m ake s u r e  th a t th e  d e s c r ip to r s  on b o th  s id e s  of th e  in te r fa c e  

a r e  a lig n ed , and  th e  p h a se  6 p ro c e s s  t r a c e s  th e  e n t ire  b o u n d a rie s  of sin g le  

a r e a s  th a t m ay  f a l l  a c ro s s  th e  in te r fa c e , and m ak es  s u r e  th a t th e y  h ave  the  

s a m e  d e s c r ip to r .  A s e t  of in s tru c tio n s  i s  a lso  p re p a re d  f o r  changes  th a t 

h ave  to  b e  m ade to  b o th  the  new d a ta  s e t  and  th e  m a s te r  d a ta  s e t ,  to  m ake  

th e m  co m p a tib le . Som e of th e se  changes a r e  c a r r i e d  out in  p h ase  7, an d  th e  

new d e s c r ip to r  r e c o r d s  a r e  added  to  th e  m a s te r  d e s c r ip to r  d a ta  s e t .  O th e r 

changes  a re  c a r r i e d  ou t in  p h ase  8, and  th e  new im ag e  d a ta  r e c o r d s  a r e  

added  to  th e  m a s te r  im a g e  d a ta  s e t .  A  fu ll d e s c r ip tio n  of th e  lo g ic a l o p e r a ­

tio n s  w ith in  e a ch  p h a se  i s  g iven  below .

P h a s e  0

In p h a s e  0 , th e  inpu t d a ta  f ro m  th e  d ig i t iz e r  and  en c o d e r a r e  ed ite d  fo r  

v a l id ity  and  in te r n a l  c o n s is te n c y . I t shou ld  b e  no ted  th a t th e  d es ig n  o f th is  

p h a se  i s  u n d e r ac tiv e  deve lopm ent.

P h a s e  1

T h e  p h ase  1 p ro c e s s  o p e ra te s  on th e  raw  m ap  im ag e  d a ta  p ro d u ced  b y  th e  

d ru m  s c a n n e r . It u s e s  th e  m ap  c o n tro l b lo c k  (MCB) f ile  to  p ro v id e  in fo r ­

m a tio n  abou t th e  m ap  b e in g  p ro c e s s e d  (ac tu a l s iz e  of m ap , ty p e  of 

in fo rm a tio n  c a r r i e d ,  e t c . ).

T he p u rp o se  o f p h a s e  1 is  to  e lim in a te  red u n d an t in fo rm a tio n  in  th e  raw  

m a p  im ag e  d a ta , and  to  id e n tify  and  code th e  e s s e n t ia l  m ap  e le m e n ts  ( lin e s , 

a r e a s ,  in te r s e c t io n s ,  e t c . ) th a t n ee d  to  b e  c a r r i e d  on  fo r  f u r th e r  p ro c e s s in g . 

I t a l s o  g e n e ra te s  c e r ta in  d e s c r ip tiv e  in fo rm a tio n  abou t th a t  m ap  and p a s s e s  

i t  on  to  a id  f u r th e r  p ro c e s s in g .

In  g e n e ra l t e r m s ,  p h a se  1 a c c e p ts  th e  m ap  im ag e  d a ta  and  a u to m a tic a lly  

d iv id es  i t  up in to  s m a l l  b lo c k s , o r  " s e c t io n s " , th a t can  be conven ien tly  

h an d led  b y  th e  c o m p u te r  b e in g  u sed . W ithin each  se c tio n  i t  p ro d u c e s  X  and  

Y  c o o rd in a te s  f o r  a l l  p o in ts  ly in g  a long  th e  lin e s  of th e  m ap . I t la b e ls  th e  

lin e  s e g m e n ts  so  d e s c r ib e d , and  id e n tif ie s  and  la b e ls  th e  p o in ts  w h e re  th e y  

in t e r s e c t  o th e r  l in e s ,  s eg m e n t b o u n d a rie s , and  m ap  b o u n d a rie s . It a s s ig n s  

an  a r b i t r a r y  n u m b e r code (a  "co lo u r") to  th e  a r e a s  en c lo sed  b y  th e  lin e s  

w ith in  e a ch  se c tio n . It n o te s  w hen a r e a s  in  a d jacen t s e c t io n s  h ave  b e e n
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g iv en  d iffe re n t n u m b e rs  (co lo u rs) and  p ro d u c e s  a  ta b le  of c o lo u rs  th a t a r e  

e q u iv a len t. It a ls o  id e n tif ie s  and  la b e ls  th e  fo u r  c o rn e r s  of th e  m ap 

(F ig . A. 2) .

Id en tif ied  
m ap  e le m e n ts

Raw m ap 
im ag e  d a taD ru m  s c a n n e rS o u rce  m ap

F ig . A. 2. P h a s e  1 in p u ts  and  ou tpu ts.

T h e  s e q u e n c e  of lo g ic a l o p e ra t io n s  c a r r i e d  out in  p h a se  1 is  g iven  in  

th e  flow  c h a r t  o v e r le a f  (F ig . A. 3).

P h a s e  1 i s  m ade up of a  s e t  of p ro g ra m s  th a t w o rk  in  c o n c e r t to  co m p le te  

th e  s e q u en ce  of lo g ic a l o p e ra t io n s . T h e  n a m e s  of th e  ro u tin e s  a s s o c ia te d  

w ith  e a c h  lo g ic a l o p e ra t io n  a r e  in d ica ted  in  F ig . A. 3, a n d  th e  h ie r a r c h ic a l  

s e q u en ce  f o r  c a llin g  up th e  ro u tin e s  i s  l i s t e d  below .
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T he lo g ic a l o p e ra tio n s  c a r r i e d  out i n  p h a se  1 a r e  a s  fo llow s:

In it ia l iz a t io n  and  co n tro l. T h e se  fu n c tio n s  a r e  han d led  by  th e  ro u tin e  

n am ed  PH A SE 1. T h is  ro u tin e  a l lo c a te s  c o re  sp ace  to  v a r io u s  ta b le s , 

p e r f o rm s  m ost in p u t/o u tp u t fu n c tio n s , and  a c ts  a s  a  ca llin g  ro u tin e  fo r  

th e  o th e r  g ro u p s  of ro u tin e s . A  debugging  fa c i l i ty  i s  p ro v id e d  th ro u g h  

ro u tin e s  CDUM P and  T B P R N T . R ou tine  V LD ATE p ro v id e s  v e rs io n  and  

le v e l n u m b e rs  u se fu l in  k eep ing  a  r e c o r d  o f p ro g ra m  ch a n g es.

C om pute se c t io n  s iz e  and  g et f i r s t  s e c tio n . I t i s  no t p o s s ib le  to  ho ld  in  c o re  

a t one tim e  a l l  th e  p o in ts  th a t m ake up a  m ap , b e c a u se  a  20 in . x  30 in . 

m ap  m a y  c o m p r is e  o v e r  56 m illio n  b i t s  of raw  im ag e  d a ta  (o v er 7 m illio n  

b y te s  o f co m p u te r  s to ra g e ) . T he m ap  m u s t th e r e f o r e  be  d iv ided  in to  

s m a l le r  p a r t s ,  c a l le d  s e c t io n s . S ince a  m ap  is  d ig itiz ed  b y  s t r ip s  o r  

c o lu m n s , i t  m igh t a p p e a r  ad v a n tag eo u s , in  te r m s  of in p u t/o u tp u t p ro c e s s in g  

t im e , to  han d le  th e  m ap  on th a t  b a s is .  H ow ever, su ch  an  advan tage  w ould  

b e  lo s t  w hen m any s m a l l  l in e  se g m e n ts  w e re  r e a d  a c ro s s  th e  re s u l t in g  

lo n g , n a r ro w  s e c t io n s . A  s q u a re  o r  n e a r ly  s q u a re  s e c t io n  g iv es  lo n g e r  

lin e  se g m e n ts  and  fe w e r  co n n e c tio n s  b e tw e en  s e c t io n s , so  th a t i t  r e s u l t s  

in  s h o r te r  p ro c e s s in g  tim e .

T h e  p ro g ra m  DVIDE a u to m a tic a l ly  c a lc u la te s  th e  s e c t io n  s iz e  w ith in  l im its  

s e t  to  u se  a s  m uch  a v a ila b le  c o r e  a s  p o s s ib le . T h e  o v e ra l l  s iz e  of th e  

m ap  i s  r e a d  f ro m  th e  m ap  c o n tro l b lo c k . A  n o rm a l se c t io n  s iz e ,  u ti liz in g  

abou t 350K of c o r e ,  is  1 .50  x  2 .2 4  in .  S ec tio n s  a r e  su b se q u en tly  p r o ­

c e s s e d  one a t a  t im e , s ta r t in g  a t  th e  lo w e r le f t  c o rn e r  of th e  m ap  and 

p ro c e e d in g  u p w ard s  and  to  th e  r ig h t .

C om pute V -v a lu e s . A s d e s c r ib e d  ab o v e , th e  raw  m ap  im ag e  d a ta  f o r  

e a ch  s e c t io n  i s  m ade up of a n  a r r a y  of b i t s  o f d a ta . T h e  lin e s  o f th e  o r ig in a l 

m ap a r e  r e p r e s e n te d  b y  c louds  o f 1 -b i ts ,  an d  th e  "backg round" of th e  m ap  

i s  f i l le d  in  w ith  0 -b its .  T h e  b ac k g ro u n d  in fo rm a tio n  and th e  m o s t o f th e  

c louds  of 1 -b its  m u s t b e  e lim in a te d  a t  a n  e a r ly  s ta g e  so  th a t l in e s ,  a  

s in g le  p o in t in  th ic k n e s s , re m a in . A cco rd in g ly , a  s im p le  a r i th m e tic  

o p e ra t io n  is  c a r r i e d  out b y  p ro g ram . CVVALU, w h ich  a s s ig n s  a  new  v a lu e  

( te rm e d  a  V -value) to  e a ch  p o in t in  d i r e c t  p ro p o r tio n  to  th e  n u m b e r o f 

1 -b its  a d ja c e n t to  i t ,  a s  show n in  F ig .  A . 4 .
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F ig . A . 4 . C o m p u ta tio n  o f  V -v a lu e s ; th e  V -v a lu e  fo r  p o in t A  is  3 .

I n  th i s  d ia g ra m , th e  V -v a lu e  fo r  a  p o in t i s  n o m in a l ly  w r itte n  in  th e  s q u a re  

w ith  th e  g iv e n  p o in t  a t  i t s  lo w e r  le f t  c o rn e r .  T h e  V -v a lu e  n o rm a l ly  r a n g e s  

f ro m  0  to  4 ,  in c lu s iv e .  T h e  v a lu e  m a y  b e  a r t i f ic ia l ly  in c re m e n te d  d u r in g  

processing. The 

V - v a lu e  c a lc u la t io n  h a s  th e  e f f e c t  o f  e n h a n c in g  th e  c e n tr e  p o in ts  a lo n g  

th e  l in e s ,  a s  w e ll  a s  m in im iz in g  th e  e f fe c t  o f  r a n d o m -n o is e  b its  g e n e ra te d  

b y  d u s t  p a r t ic le s  o n  th e  s c a n n e d  m a p . A n  e x a m p le  o f  th is  V -v a lu e  a l lo c a tio n  

a n d  th e  s u b se q u e n t c lo u d  e lim in a tio n  a n d  b o u n d a ry  tra c in g  p ro c e s s  is  g iv e n  

in  a  s e r ie s  o f  d ia g r a m s  a t  t h e  e n d  o f  th i s  a p p e n d ix  ( F ig s ' .  A .  6 1 ,  A .  6 2 ,  

A. 63, A. 64, and A. 

65). V e r t e x  t a b l e  i n i t i a l i z a t i o n .  T o  s e t  t h e  s t a g e  f o r  c lo u d  e l im in a t io n ,  

boundary  tracing , and  in tersec tion  iden tification , a  tab le o f line in tersec tions 

o r "vertices"  m u st b e  in itia lized  a t th is  p o in t, u s in g  ro u tin e  V R H S K P .

C lo u d  e lim in a t io n . D u r in g  th is  p a r t  o f  th e  s e q u e n c e  o f  o p e ra tio n s , e a c h  o f  

th e  l in e s  in  th e  s e c t io n  is  lo c a te d  a n d  fo llo w e d  to  a  c o n c lu s io n , g u id e d  b y  

the  V -values  c rea ted  ea rlie r. E ach  lin e  te rm in a tio n  is  en te red  as  a  ve rtex  

in to  a  v e r te x  ta b le . T h e se  p ro c e sse s , c o n tro lle d  b y  ro u tin e  C E L IM N , 

a re  h a n d led  b y  a  g ro u p  o f  ro u tin e s  c a lle d  P V E Q 7 , P S C A N , S C A N L P , 

S P T E S T , H V S R C H , W C H U S E , W V C A L C , F O L L O W , T S T L O C , a n d  

VTHSKP. In this 

o p e ra t io n ,  a n  8 - b i t -w id e  v e r t i c a l  s c a n  p ro c e d u re  is  in i t ia te d  w h e n ­ e v e r  

i t  is  n e c e s s a r y  to  s ta r t  th e  c lo u d  e l im in a t io n  o f  a  n e w  l in e  in  a  s e c t io n .  A  

V -v a lu e  o f  2  i s  s u f f ic ie n t  to  s to p  th e  l in e - f in d in g  s c a n  a n d  c o m m e n c e  

" l in e  fo llo w in g " . T h e  lin e - fo llo w in g  p ro c e s s  e n s u re s  th a t n o  p o in t is  

s e le c te d  a s  p a r t  o f  th e  l in e  i f  th e re  is  a n  a d ja c e n t  p o in t  th a t  h a s  a  h ig h e r  

V -v a lu e . T h e  p ro c e d u re  fo llo w s  th e  l in e  f ro m  th e  s ta r t in g  p o in t  a n d  

re c o rd s  ( in  th e  b o u n d a ry  tra c e  im a g e )  th e  d ire c tio n  f ro m  o n e  p o in t  o n  th e
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l in e  to  th e  n e x t. T h is  d ire c tio n  i s  co d e d  a s  a  "d" Code (F ig . A. 5).

F ig .  A. 5. D ire c t io n  of lin e -fo llo w in g  s c a n  ("d"  code).

T h e  lin e  i s  fo llow ed  u n ti l one of s e v e ra l  th in g s  happens: th e  l in e  bein g  

fo llow ed  in t e r s e c ts  i t s e lf ,  o r  one p re v io u s ly  fo llow ed; it  r e a c h e s  a  se c tio n  

l im it ;  o r  i t  s im p ly  en d s . In  e a ch  c a s e  an  iden tify ing  e n t ry  i s  m ade in  th e  

v e r t e x  ta b le .  F iv e  ty p e s  o f  v e r t ic e s  a r e  r e c o g n iz e d  in  p h a se  1:

(1) E - v e r t e x  -  a  " d e a d e n d "  v e r te x ,  w ith  on ly  one lin e  e n te r in g  
o r  le av in g  it .

(2) R - v e r te x  -  an  a r b i t r a r y  v e r te x  a s s ig n e d  to  a  lin e  th a t i s  a  
c lo se d  loop  o r  " r in g " ,  so  th a t one end of th e  lin e  
le a v e s  th e  v e r te x  an d  th e  o th e r  end  of th e  sam e  
lin e  e n t e r s  i t .

(3) N -v e r te x  -  a  " n o rm a l"  v e r te x , w h ich  o c c u rs  a t  th e  in te r s e c tio n  
o f tw o o r  m o re  l in e s . It m ay  h ave th r e e  to  sev en  
lin e s  e n te r in g  o r  le av in g  it .  F o r  conven ience , tw o -  
l in e  n o rm a l, v e r t ic e s  a r e  c la s s e d  w ith  R -v e r t ic e s .

(4)P - v e r te x  -  a  v e r te x  fo rm e d  w hen  a  l in e  c r o s s e s  th e  ou te r 
" p e r im e te r "  o f a  s e c t io n . It  n o rm a lly  h a s  tw o 
lin e s  a s s o c ia te d  w ith  i t  b u t m ay  have  up to  seven .

(5) C - v e r te x  -  a  v e rtex : th a t m a rk s  a  " c o r n e r "  of a  s e c t io n  and 
n o rm a lly  h a s  no  l in e s  a s s o c ia te d  w ith  i t ,  a lthough 
i t  m ay  h ave up to  sev en . 

H av ing  fo llo w e d  th e  l in e  f ro m  th e  s ta r t in g  p o in t to  a  lo g ic a l v e r te x , th e  

s e a r c h  p ro c e s s  r e tu r n s  to  th e  s t a r t  an d  b e g in s  t r a c in g  in  the op p o s ite  

d ire c tio n . H ow ever, t o  p r e s e r v e  th e  d ire c tio n a l s e n s e  of th e  l in e  and  to  

k ee p  th e  d ire c t io n  co d e s  in  th e  s a m e  conven tion  fo r  th e  w hole l in e , th e  

code p la c e d  in  th e  t r a c e  r e c o r d  f o r  th e  seco n d  h a lf  of th e  lin e  (F ig . A. 6) 

i s  th e  r e v e r s e  of th a t  u sed  in  th e  f i r s t  h a lf  (F ig . A. 5). T h e  r e v e r s e  code, 

i t  c a n  b e  s e e n , i s  s im p ly  (d code + 4) m odulo  8.
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F ig . A. 6. D ire c tio n  of seco n d  h a lf  of lin e -fo llo w in g  s c a n  ("d" code + 4).

W hen a  l in e  h a s  b e e n  tr a c e d  to  a  v e r te x  a t  bo th  en d s , th e  lin e -f in d in g  s c a n  

fo r  a n o th e r  s ta r t in g  po in t re s u m e s  f ro m  th e  p re v io u s  one. L in e s  th a t have 

b e e n  fo llow ed  and  re c o rd e d  a r e  m ade " in v is ib le "  in  th e  V -v a lu e  s e c tio n , 

so  th a t a  lin e  can n o t b e  t r a c e d  tw ic e . T he m e thod  of scan n in g  f ro m  s t a r t  

p o in ts  e n s u r e s  th a t a l l  lin e s  a r e  fo llow ed. A fte r  a n  e n t ir e  se c t io n  h a s  

u n d erg o n e  c loud  e lim in a tio n , the  b o u n d a ry  t r a c e  im a g e  w ill  co n ta in  th e  

c e n tre  p o in ts  of a l l  l in e s  co n ta in ed  in  th e  s e c t io n  an d  th e  v e r te x  ta b le  w ill 

co n ta in  th e  lo c a tio n  of a l l  in te r s e c tio n s  and edge p o in ts .

B o u n d ary  t r a c in g  and  co lo u rin g . O nce th e  l in e s  h av e  b e e n  lo c a te d , a  

n u m b e r o r  " c o lo u r"  i s  a s s ig n e d  to  each  a r e a  e n c lo se d  b y  th e  l in e s  in  th e  

s e c t io n . T h e  lin e s  a r e  th e n  r e t r a c e d  and  th e  X  and  Y c o o rd in a te s  of th e  

p o in ts  a r e  re c o rd e d . Som e new v e r t ic e s  m ay  b e  c r e a te d  in  th e  p ro c e s s ,  

and  so m e  s m a l l  g ap s  in  th e  l in e  m ay  b e  c lo se d . T h e s e  fu n c tio n s , co n tro lle d  

b y  ro u tin e  B T R A C E , a r e  hand led  by  th e  g ro u p  of ro u t in e s  COLOUR, 

E Q U A T E, LDSCAN, TR A C E, L N FO L L , D M FO LL, RSOLV, G PCLOS, 

and  VTHSKP (a lso  u s e d  by  CELIM N).

T h e  p o r tio n  of a  lin e  ly in g  be tw een  tw o v e r t ic e s  i s  know n a s  a  " s e g m e n t" . 

E v e ry  seg m e n t h a s  a  s t a r t  (o r opening) v e r te x  and  an  end  (o r closing) 

v e r te x .  A  " la t t ic e "  i s  a  s e t  of v e r t ic e s  in  a  s e c t io n  th a t a r e  a l l  in t e r ­

connec ted . T he la t t i c e  th a t in c lu d es  th e  P  - v e r t ic e s  (se e  C loud e lim in a tio n  

above) i s  a lw ay s th e  f i r s t  la t t ic e  r e c o rd e d  in  th e  s e c t io n . (The p e r im e te r  

l in e s  of th e  s e c t io n  a r e  c la s s e d  a s  se g m e n ts  f o r  th e  p u rp o s e s  o f i n t e r ­

c o n n ec tin g  v e r t ic e s  in  a  l a t t i c e . ) A " fa c e "  i s  th e  a r e a  bounded  b y  a  c lo se d  

loop  of s e g m e n ts . E ach  seg m e n t i s  a s s o c ia te d  w ith  tw o fa c e s ,  one on 

e a c h  s id e  o f i t .

In  " c o lo u rin g " , id en tify in g  ta g s  a r e  ap p lied  to  b o th  " s id e s "  o f th e  l in e  

s e g m e n t. S ides (r ig h t o r  le ft) have m e an in g  w ith  r e s p e c t  to  th e  d ire c tio n
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in  w hich  th e  l in e  w as  f i r s t  t r a c e d  d u rin g  c loud e lim in a tio n . T he iden tify ing  

ta g s  a r e  c a lle d  c o lo u rs  b e c a u se  th e y  a r e  ana logous to  th e  c o lo u rs  on a  

p o li t ic a l  m ap . In  p r a c t ic e ,  th e  ta g s  a r e  a t ta c h e d  to  th e  v e r t ic e s .  A  s o r t -  

a n d - s e a r c h  o p e ra t io n  on th e s e  c o lo u rs  en a b le s  th e  se g m e n ts  to  be connected  

and , h en c e , th e  f a c e s  to  b e  a sse m b le d .

T h e  lin e s  a r e  r e t r a c e d  and X  and  Y c o o rd in a te s  a r e  a s s ig n e d  in  a  s t r a ig h t­

fo rw a rd  o p e ra tio n . T h e  po in t of o r ig in  of th e  c o o rd in a te  s y s te m  is  th e  lo w er 

le f t  s id e  of e a ch  s e c t io n , and  a  un ique n u m b e r i s  a s s ig n e d  to  e a ch  seg m e n t 

a s  i t  i s  tr a c e d . T h e  n u m b e r of p o in ts  in  e a ch  se g m e n t i s  re c o rd e d .

A s m en tio n ed  above , th e  p e r im e te r  lin e  of a  s e c t io n , th a t i s ,  th e  com m on 

lin e  b e tw e en  tw o a d ja c e n t s e c t io n s , i s  known a s  th e  p - lin e . F o r  con tin u ity  

b e tw e en  s e c t io n s , a d ja c e n t se c t io n s  a r e  o v e rla p p e d  to  p ro v id e  a  com m on 

a r e a  e ig h t p o in ts  w id e . T h e  o v e rlap p ed  a r e a  s tr a d d le s  th e  p - lin e  of the  

s e c t io n  w ith  fo u r  p o in ts  on e i th e r  s id e , so  th a t c o lo u rs  can  b e  p a s s e d  f ro m  

s e c t io n  to  s e c t io n . T h is  i s  c a r r i e d  out a u to m a tic a l ly  b etw een  s e c tio n s  

p ro c e s s e d  s e q u e n tia lly , b u t in  so m e c a s e s  th e  s e c t io n s  do n o t com e to g e th e r  

an d  th e  m a tc h  canno t b e  no ted  u n til s e v e r a l  in te rm e d ia te  s e c t io n s  h ave  b ee n  

p ro c e s s e d .  D. L e v e r  d eve loped  m uch of th e  lo g ic  invo lved  in  cloud 

e l im in a tio n  and  b o u n d a ry  tr a c in g ,

W rite  seg m e n t r e c o r d  and  g et n ex t seg m e n t. A ll p e r t in e n t in fo rm atio n  

abou t th e  seg m e n t b e in g  p ro c e s s e d  i s  w r i t te n  in  th e  b o u n d a ry  t r a c e  f ile , 

an d  th e  su b ro u tin e  DVIDE c a l ls  up th e  n ex t se g m e n t. T h is  p ro c e s s  i s  

re p e a te d  u n ti l  a l l  s e g m e n ts  in  th e  m ap  h av e  b ee n  p ro c e s s e d .

W rite  eq u iv a len t c o lo u rs . D iffe ren t c o lo u rs  n o te d  a s  be in g  a s s ig n e d  to  

e a c h  h a lf  of one fa c e  a r e  l i s t e d  in  th e  "co lo u r  eq u iv a len ce  ta b le " , w hich  

i s  p a s s e d  to  p h a se  3 to  b e  re s o lv e d .

C o rn e r  po in t lo c a tio n . T h e  p o in ts  a t  w hich  th e  m ap  b o rd e r s  in te r s e c t  th e  

s e c t io n  lin e s  a r e  k ep t in  a  w o rk in g  ta b le . W hen a l l  s e c t io n s  h ave  b ee n  

p ro c e s s e d ,  fo u r  s t r a ig h t  l in e s  a r e  f i t te d  to  th e s e  p o in ts  and  th e  in te rs e c tio n s  

of th e  l in e s  a r e  ta k e n  a s  th e  c o rn e r  p o in ts  of th e  m ap . T h is  i s  done by  

p r o g r a m  F IC O R P . T h e  c o rn e r  p o in ts  so  d e te rm in e d  a r e  r e c o rd e d  in  th e  

M CB in  s te p  12.



E r r o r  ro u tin e . D epending o n  th e  s e v e r i ty  o f  an  e r r o r ,  th e  m ap  o r  th e  

e n t ir e  p ro g ra m  m a y  b e  te rm in a ted .. E a c h  e r r o r  ty p e  h a s  a  unique code , 

w h ich  i s  p r in te d  a t th e  end  of th e  m ap  p ro c e s s in g  and i s  a lso  p la c e d  on 

th e  e r r o r  f i le  u sed  b y  p h a s e s  1 to  31.

U pdate of m ap  c o n tro l b lock . T h e  h ig h e st co lo u r code , th e  l a s t  s e c tio n

n u m b e r, th e  s e c t io n  s iz e  u sed , an d  th e  c o r n e r  p o in t lo c a tio n s  o f th e  m ap  

a r e  added  to  th e  m ap  c o n tro l  b lo ck , w h ich  i s  p a s s e d  to  p h a s e s  2 and  3 to  

p ro v id e  p a r a m e te r s  fo r  f u r th e r  p ro c e s s in g .

T h e  ou tpu ts  f ro m  p h ase  1 a r e  th u s :

(1) A l i s t  con ta in in g  a l l  the. co d e d  lin e  se g m e n t in fo rm a tio n .

(2 ) A l i s t  of e q u iv a len t c o lo u rs  b e tw e e n  s e c t io n s  th a t a r e  a s  
y e t u n re s o lv e d .

(3) A n u pdated  m ap  c o n tro l  b lo ck .

(4) A n e r r o r  f i le  th a t  a c c u m u la te s  th e  e r r o r s  found  in  p h a se s  
1 to  3 fo r  re s o lu t io n  in  p h a s e  4 .

T h e  fo llow ing  lim ita tio n s  app ly  to  p h a se  1, a s  c u r r e n t ly  im p lem en ted . It 

i s  p o s s ib le  to  r e a r r a n g e  so m e of th e s e  r e s t r i c t i o n s ,  depend ing  on the  

a v a ila b i li ty  of c o re  s to r a g e .
S ec tio n  s iz e M inim um . 0.86  in . x  0 . 42 in . w ide 

m a x im u m  1. 5 in .  x  2. 24 in . w ide 
o f f r a m e  height: x  f r a m e  w id th

N o. of s e c t io n  ro w s  o r  co lu m n s m a x im u m  64

N o. o f s e g m e n ts /s e c t io n m a x im u m  250

No. of p o in ts /s e c tio n m a x im u m  8000

No. of is la n d s /s e c t io n m a x i m u m  59

No. of v e r t ic e s  p a s s e d  to  a  s e c t io n 80

F o r  th e  above r e s t r i c t i o n s ,  th e  fo llo w in g  a ssu m p tio n s  a r e  m ade w h e re  

r e q u ire d :
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No. of v e r t ic e s  on s e c t io n  b o u n d a rie s  
f o r  a  co lum n  p lu s  th e  top  of one  
s e c t io n m ax im u m  320

S ection  p a ra m e te r  

T a b le  p a ra m e te r

Map he ig h t

S ection  s iz e  

R eg ion

= 5
= 4

= 22 in .

= 1. 50 x  2 .2 4  

= 320K



In  c e r ta in  s itu a tio n s  d u rin g  lin e  fo llow ing , g ap s  th a t w e re  n o t p r e s e n t  on 

in p u t a p p e a r  in  th e  ou tpu t im ag e . T he s itu a tio n , show n in  F ig . A. 7, can  

b e  c o r r e c te d  on ly  by  u se  of th e  m a n u a l e r r o r  c o r re c tio n  (MEC) p ackage.

F ig . A. 7. C re a tio n  o f gap  in  ou tput im ag e .

D. L e v e r , G. M orton , H. L e rc h  and  A. Aus m ade s ig n if ic a n t c o n t r ib u ­

tio n s  to  th e  d e ta ile d  d es ig n  and  p ro g ra m m in g  of p h a se  1.

P h a s e  2

T h e  co o rd in a te  s y s te m  u s e d  in  p h ase  1 to  d e s c r ib e  th e  im ag e  d a ta  lin e  

se g m e n ts  in  e a ch  s e c t io n  i s  d e r iv e d  f r o m  th e  d ru m  s c a n n e r , w h e re a s  th e  

co o rd in a te  s y s te m  u sed  to  d e s c r ib e  th e  r e fe re n c e  p o in ts  r e l a te d  to  each  

p ie c e  of d e s c r ip tiv e  d a ta  i s  d e r iv e d  f r o m  th e  ta b le  d ig i t iz e r . T h e s e  tw o 

c o o rd in a te  s y s te m s  m u s t o b v io u s ly  b e  equ a ted  b e fo re  th e  d e s c r ip to r  d a ta  

ca n  b e  m a tch ed  to  th e  im ag e  d a ta  and  a  d a ta  b an k  c re a te d , a s  d a ta  f ro m  

bo th  s o u rc e s  a r e  invo lved . I t i s  eco n o m ica l a t th is  s ta g e  to  co n v e rt both  

c o o rd in a te  s y s te m s  to  th e  one u s e d  f o r  m a in  s to ra g e  in  th e  d a ta  b an k . 

P h a s e  2 p a r t ia l ly  c a r r i e s  out th is  co n v e rs io n , and  p r e p a re s  th e  w ay  f o r  i t s  

co m p le tio n  in  p h ase  3.

T h e  c o o rd in a te  s y s te m  u sed  f o r  th e  m a in  s to ra g e  of th e  d a ta  b an k  i s  th e  

n a tu r a l  g eo g rap h ic  c o o rd in a te  s y s te m  (GCS) o f d e g re e s  of la ti tu d e  and 

lon g itu d e . A p a r t ic u la r ly  d e s ira b le  fe a tu re  of th i s  conven tion  i s  th a t it 

fa v o u rs  no one p r o je c t io n .  B ec au se  i t  i s  n e u t ra l ,  t r a n s fo rm a tio n s  to  and 

f r o m  th e  s y s te m  f o r  any p ro je c tio n  invo lve on ly  one s te p . M ore  im p o rta n tly , 

i t  i s  s t r i c t ly  co n fo rm a l. T h e re  i s  no  d ifficu lty  in  go ing  f r o m  one p a r t  to  

a n o th e r , w hich  i s  a  s ig n if ic a n t advan tage  w hen a  d a ta  b an k  c o v e rin g  a  s u b ­

co n tin en t i s  co n tem p la ted . W hen th e  e a r th  is  r e p r e s e n te d  in  e i th e r  m ap 

p ro je c tio n s  o r  n a tu ra l co o rd in a te  s y s te m s , th e  qu estio n  a r i s e s  w h e th e r  it  

sh o u ld  b e  ta k en  to  be a  s p h e re  o r  an  e llip so id . T h is  q u es tio n  w a s  exam ined
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an d  i t w a s  fo u n d  th a t i f  0 . 2 5 %  e rro rs  in  b o th  a re a  a n d  le n g th  c a lc u la t io n s  

fo r  a re a s  u p  to  3 ,  0 0 0  s q u a re  m ile s  a re  a c c e p ta b le ,  th e n  re p re s e n tin g  th e  

e a r th  a s  a  s p h e r e  i s  a d e q u a te .  T h e s e  e r r o r s  a r e  v i r tu a l ly  in d e p e n d e n t  o f  

th e  s iz e  o f  th e  q u a d r ila te ra ls  c o n te m p la te d , a n d  w e re  c o n s id e re d  a c c e p ta b le  

f o r  th e  p u rp o s e s  o f  th e  C a n a d a  G e o g r a p h ic  I n f o r m a t io n  S y s te m . T h e  

o n ly  r e m a in in g  q u e s t io n s  to  b e  a n s w e r e d  a r e  w a y s  o f  c o m p u t in g  a r e a s ,  

le n g th s , a n d  d is ta n c e s  in  th e  n a tu ra l g e o g ra p h ic  c o o rd in a te  

system . T h e  d i f f ic u l ty  e n c o u n te r e d  in  p e r fo rm in g  a r e a  c a lc u la t io n s  in  

th e  G C S  is  d u e  to  th e  n o n -u n ifo rm  g r id  l e n g th  a lo n g  th e  a b s c is s a .  

A lth o u g h  th is  le n g th  is  v e ry  n e a r ly  a  c o s in e  fu n c tio n  o f  th e  la titu d e , o v e r  

sm a ll ch a n g es  in  la titu d e , a s  a  f irs t ap p ro x im a tio n  th e  re la tio n sh ip  ca n  b e  

assum ed  to  be linear. C o n s id e r in g  tw o  co o rd in a te  sy stem s , S 1  an d  S 2  

s h o w n  in  F ig .  A .  8 ,  w h e r e  th e  X  g r id  le n g th  o f  S 2  is  a  l i n e a r  f u n c t io n  

o f  th e  o rd in a te , it  c a n  b e  sh o w n  th a t a  s im p le  re la tio n sh ip  e x is ts  b e tw e e n  

the  area A 1  in  s y s te m  S 1  a n d  th e  s a m e  a re a  A 2  in  s y s te m  S 2 . I f  U c  

is  th e  a b s c is s a  le n g th  in  s y s te m  S 2  a t  th e  c e n tro id  o f  a re a  A 1  in  
system S 1 , th e n  A 2  =  U c  x  A 1 . N o  a d d it io n a l  e f fo r t  is  r e q u ire d  to  c a lc u la te  

Uc o n  a n  e l l ip s o id  a s  o p p o s e d  to  a  s p h e re .  S in c e  a n y  la rg e  a r e a  c a n  b e  

sub d iv id ed  in to  sm a lle r a reas , w h e re  th e  f irs t a p p ro x im a tio n  is  v ir tu a lly  

e x a c t  w e  c a n  c a lc u la te  a n y  s m a l le r  a r e a  to  a n y  d e g r e e  o f  a c c u r a c y .  

T h e re  is  a  s m a ll  e r ro r  d u e  to  th e  c h a n g e  in  th e  Y  g r id  le n g th  b e c a u s e  o f  th e  

e llip tic ity  o f  th e  ea rth , b u t th is  e ffe c t is  sev era l o rd ers  o f m ag n itu d e  sm a lle r  

th a n  th e  e f fe c t  o f  th e  X  a x is .  H o w e v e r ,  to  c o m p le t e  th e  p r o c e d u r e  

fo r  c a lc u la t in g  a re a s , i t  s h o u ld  b e  n o te d  th a t th e  Y  g r id  le n g th  a t  th e  

centroid can be used as the average Y grid length.

F ig . A. 8. R e la tio n sh ip  of a r e a s  in  tw o c o o rd in a te  sy s te m s .
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T o  s e e  how c lo se ly  th e  above fo rm u la  a g re e d  w ith  th e  t r u e  v alue  of a r e a  on 

an  e l l ip s o id , th e  p e rc e n ta g e  e r r o r  in  a r e a  w as ta b u la te d  a s  a  fu n c tio n  of th e  

ang le  of la titu d e  sub ten d ed  by  th e  a r e a .  T o  o b ta in  an  e s tim a te  of th e  b e s t 

and  w o rs t  c a s e s ,  tw o s h a p e s  of f ig u r e s  w e re  c o n s id e re d , one a  sq u a re  and 

th e  o th e r  an  L  shape one g r id  e le m e n t in  th ic k n e s s . A  g r id  le n g th  of 

1 /16384° w as  ta k en , w hich  r e p r e s e n t s  a  d is ta n c e  of abou t 22 fe e t in  the 

m e r id ia n  and  11 fe e t in  th e  p a r a l le l  of 60° la titu d e . I t w as  o b s e rv e d  th a t, 

f o r  a r e a s  w ith  a  ra n g e  of 500 m ile s  in  th e  m e r id ia n  and  300 m ile s  in  th e  

p a r a l l e l  a t  60° la titu d e , th e  m a x im u m  e r r o r  in c u r r e d  w as  l e s s  th a n  25 

p a r t s  in  100 ,000 .

D is tan c e  ca lc u la tio n s  in  th e  GCS c a u se  no s e r io u s  d iff ic u lt ie s . I f  re g io n s  

a r e  su ff ic ie n tly  s m a l l  th e  P y th a g o re a n  th e o ry  can  b e  u se d , w h e re a s  fo r  

g r e a t e r  d is ta n c e s  a  g r e a t - c i r c le  a p p ro x im a tio n  can  b e  em p loyed  f o r  an 

eq u iv a len t s p h e re  w hose  ra d iu s  i s  th e  m e an  ra d iu s  of c u rv a tu re  a t  a  la titu d e  

m idw ay b e tw e en  th e  tw o p o in ts . S til l  m o re  a c c u ra te  d e te rm in a tio n  of d is

ta n c e s  can  b e  o b ta in ed  u s in g  s ta n d a rd  b u t m o re  co m plex  p ro c e d u re s . T he 

l a t t e r  a r e  no t u ti l iz e d  in  CGIS a t th is  s ta g e  of deve lopm en t. F .  Jan k a lu k  

w as  re s p o n s ib le  f o r  th e  m a th e m a tic s  and  p ro g ra m m in g  u n d e rly in g  th e  u se  

of GCS.

Inpu t to  p h ase  2 c o n s is ts  of th e  se g m e n t r e c o r d s  co n ta in ed  on th e  bou n d ary  

t r a c e  f i l e ,  output f r o m  p h ase  1, and  th e  e d i te d  d e s c r ip to r  d a ta  and re la te d  

r e f e r e n c e  c o o rd in a te s  ou tpu t f r o m  p h a se  0. In  ad d itio n , th e  m ap  c o n tro l 

b lo c k  p ro v id e s  id e n tif ic a tio n  in fo rm a tio n  abou t th e  m a p  b e in g  p ro c e s s e d .

T h e  ou tput f r o m  p h ase  2 i s ,  in  e f fe c t, a  copy  of th e  d e s c r ip to r  d a ta  w ith  

th e i r  r e fe re n c e  c o o rd in a te s  w ith in  e a ch  se c t io n  changed  to  th e  GCS fo rm a t, 

to g e th e r  w ith  th e  tr a n s fo rm a tio n  co e ff ic ie n ts  to  b e  u s e d  in  p h ase  3 to  c o m

p le te  th e  co n v e rs io n  o f th e  im a g e  d a ta  to  GCS fo rm a t. T h e  m ap  c o n tro l 

b lo c k  i s  a lso  updated  b y  p h a se  2 (F ig . A. 9).

E d ite d  d e s c r ip to r  d a ta  D e s c r ip to r  d a ta  w ith
w ith  r e la te d  r e f e r e n c e  r e f e r e n c e  c o o rd in a te s
c o o rd in a te s  in  GCS, by  se c tio n

F ig . A. 9. C oncep tual fu n c tio n s  of p h ase  2.
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T h e  s e q u en ce  o f lo g ic a l O pera tions  c a r r i e d  o u t in  p h a se  2 i s  i l lu s t r a te d  

b y  th e  flow  c h a r t  in  F ig . A. 10.

ERROR
ROUTINE

C h a n g e  s c a l e  o f  
d i g i t i z e r  d a t a  t o  
t h a t  o f  s c a n n e r  
d a t a  s o  t h a t  m a tc h  
c a n  b e  a c c o m ­
p l i s h e d  i n  p h a s e  3 .

O P E N  D A T A  S E T 
I N I T I A L I Z E  

P R O G R A M S
R E A D  F I R S T  R E C O R D

LOCATE MAP 
CORNERS

CALCULATE
TRANSFORMATION 

COEFFICIENTS

TRANSFORM 
DIGITIZER 

DATA

WRITE DIGITIZER 
DESCRIPTOR DATA

AND SECTION 
RECORDS

WRITE MAP 
CONTROL 

BLOCK

T o  e n d  o r  r e p e a t  
i f  m u l t i p l e  m a p s

F ig . A. 10. P h a s e  2 flow  c h a r t .

P h a s e  2 c o n s is ts  o f  a  m a in  p r o g r a m  (PHASE2) th a t  c o n tro ls  th e  ex ecu tio n  

of th e  ro u tin e s  and  s u b ro u tin e s , and  h an d les  m uch of th e  co m p u ta tio n  and  

a l l  of th e  in p u t/o u tp u t. T h e re  a r e  fo u r  m a in  ro u tin e s  in  p h a se  2 (RADUTM, 

UTM RAD, X C O E F F , and  ERRA N L), w h ich  a r e  u s e d  fo r  r e p e t i t iv e  c a lc u la ­

tio n s  an d  e r r o r  hand ling .

P h a s e  2 p e r fo rm s  th e  fo llow ing  lo g ic a l o p e ra t io n s :

In it ia l iz a t io n  and  c o n tro l. T h e se  p r o c e s s e s  a r e  hand led  b y  th e  m a in  p ro g ra m , 

P H A S E 2, w hich  a l lo c a te s  and r e l e a s e s  c o re  a s  re q u ire d ,  p e r fo r m s  a l l  

in p u t/o u tp u t fu n c tio n s , a c ts  a s  a  ca llin g  ro u tin e  fo r  th e  s u b ro u tin e s , and  

p e r fo rm s  co m p u ta tio n s  not d ire c tly  r e la te d  to  tr a n s fo rm a tio n s  and  e r r o r  

a n a ly s is .
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L oca tio n  of m ap c o rn e r s .  In  o r d e r  to  p e r fo rm  any  tr a n s fo rm a tio n s  invo lv ing  

th e  scan n ed  m ap d a ta , i t  i s  n e c e s s a r y  to  lo c a te  th e  m ap  c o rn e r s  a c c u ra te ly . 

T he p ro c e s s  in v o lv es  re a d in g  th e  m ap c o r n e r  p o in ts  f ro m  th e  d ig i tiz e r  d a ta  

(tak ing  th e  m ean  of s e v e r a l  re a d in g s ), ta k in g  th e  m ap  c o r n e r  p o in ts  a s  

d e te rm in e d  f ro m  th e  im a g e  d a ta  in  p h ase  1, ta k in g  th e  la titu d e /lo n g itu d e  

co o rd in a te s  of th e  m ap  c o r n e r s  r e c o rd e d  in  th e  m ap  c o n tro l b lock , and  

r e la t in g  a l l  th e se . T h is  i s  done in  PH A SE2, u ti liz in g  ro u tin e  RADUTM  

w h e re  n e c e s s a r y  to  r e l a te  th e  a c tu a l m ap  to  th e  co rre sp o n d in g  th e o re t ic a l  

UTM  m ap.

C om pute t r a n s fo rm a tio n  of co e ff ic ie n ts . Tw o s e ts  o f tr a n s fo rm a tio n  

co e ff ic ie n ts  a r e  com pu ted  in  p h a se  2:

(a) D ig itiz e r  an d  s c a n n e r  tr a n s fo rm a tio n  co e ffic ie n ts
-  r e q u ire d  to  t r a n s f o r m  d e s c r ip to r - r e la te d  re fe re n c e  c o o rd in a te s  

in to  eq u iv a len t s c a n n e r  c o o rd in a te s .

(b) D is to r tio n / o r ie n ta t io n  tr a n s fo rm a tio n  co e ffic ie n ts
- r e q u ire d  to  co m p en sa te  f o r  any  e r r o r s  in tro d u ced  b y  d is to rtio n , 

of th e  m ap  sh e e t , o r  b y  th e  o r ie n ta t io n  of th e  a c tu a l m ap  on  th e  
s c a n n e r .

B oth  tr a n s fo rm a tio n s  a r e  c o - l in e a r  t r a n s fo r m a tio n s ,  and  th e  co e ff ic ie n ts  

a r e  com pu ted  in  ro u tin e  X C O E FF .

T ra n s fo rm  d e s c r ip to r - r e la te d  r e f e r e n c e  c o o rd in a te s  to  GCS. U sing  the 

a l r e a d y  ca lcu la ted  t r a n s fo rm a tio n  c o e ff ic ie n ts , e a c h  of th e  d e s c r ip to r -  

r e la te d  r e fe re n c e  c o o rd in a te s  i s  tr a n s fo rm e d  in to  s c a n n e r  c o o rd in a te s  to  

d e te rm in e  in to  w hich  s e c t io n  o f th e  r e f e r e n c e  c o o rd in a te  p o in ts  f a l l .  T h e  

p o in ts  a r e  th e n  tr a n s f o rm e d  fo r  d is to r t io n  and o r ie n ta t io n  and  f in a lly  in to  

GCS c o o rd in a te s . T h e  p o in ts  a r e  p a s s e d  to  p h a se  3 in  th is  fo rm .

W rite  out r e v is e d  d e s c r ip to r  d a ta  r e c o r d s  and  se c t io n  r e c o rd s .  Two r e c o rd s  

of th e  r e v i s e d  d e s c r ip to r  d a ta  a r e  g e n e ra te d  fo r  u se  in  su b se q u en t p ro c e s s in g . 

E ach  r e c o r d  c o n ta in s  th e  t r a n s fo rm e d  r e f e r e n c e  co o rd in a te s  and  th e  s e c t io n  

n u m b e r in  w hich  i t  f a l ls .  In  ad d itio n , one of th e  r e c o rd s  (DS3507) co n ta in s  

th e  f a c e  n u m b e r and  fu ll  d e s c r ip to r  p a s s e d  f ro m  th e  so u rc e  d a ta . W hen 

a l l  f a c e s  h ave  b ee n  p ro c e s s e d ,  one r e c o r d  i s  w r it te n  on th e  b o u n d a ry  t r a c e  

f i le  f o r  e a ch  s e c t io n  o f  th e  m ap . T h e se  r e c o r d s  co n ta in  th e  se c t io n  n u m b e r , 

th e  coun t of r e f e r e n c e  c o o rd in a te s  in  th e  s e c t io n , and  the  tr a n s fo rm a tio n  

co e ffic ie n t a r r a y .
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E r r o r  a n a ly s is .  W hen an  e r r o r  i s  d e te c te d  d u rin g  th e  ru n , an  e r r o r  n u m b e r 

(ERRNUM) i s  a s s ig n e d  and  a  c a l l  m ade to  s u b ro u tin e  ERRA N L. T he s u b ­

ro u tin e  a s s e m b le s  an  e r r o r  m e ss a g e  b a s e d  on th e  e r r o r  n u m b er and w r ite s  

i t  on f i le  DSERROR. D epending  on th e  s e v e r i ty  of th e  e r r o r ,  th e  r e m a in d e r  

of th e  inpu t r e c o r d s  f o r  th e  c u r re n t  m ap  m ay  b e  b y p assed .

W hen c o n tro l r e tu r n s  f ro m  ERRA N L, th e  p ro g ra m  w ill con tinue, te rm in a te  

th e  m a p , o r  te rm in a te  th e  ru n , depending on th e  type  of e r r o r .

W rite  m ap  c o n tro l b lo c k  and  end  of p h a se . W hen th e  m ap  h a s  b ee n  co m ­

p le te ly  p ro c e s s e d  (o r  te rm in a te d  b e c a u se  of an  e r r o r ) ,  th e  e r r o r  code, 

r u n  d a te , a n d  v e r s io n  and  le v e l n u m b e rs  a r e  added  to  th e  MCB and  the  

u p d a te d  r e c o r d  is  r e w r i t te n .  A ll " a llo c a te d "  c o re  i s  r e le a s e d ,  and  th e  

e r r o r  code i s  r e s e t .#

T h e  ou tp u ts  f ro m  p h a s e  2 a r e  th u s :

(1) A  l i s t  o f d e s c r ip to r  d a ta  in  e a ch  se c t io n  w ith  th e  r e la te d  

r e f e r e n c e  c o o rd in a te s  in  GCS. B e fo re  b e in g  p a s s e d  to  p h a s e  3, 

th i s  l i s t  i s  s o r te d  in to  o rd e r  of s e q u e n tia lly  n u m b e red  re fe re n c e  

c o o rd in a te s  w ith in  each  s e q u e n tia lly  n u m b e red  s e c t io n  w ith in  

e a c h  m ap .

(2) A  l i s t  o f r e f e r e n c e  c o o rd in a te s  in  e a ch  se c tio n . B e fo re  b e in g  

p a s s e d  to  p h a se  3, th i s  l i s t  i s  s o r te d  in to  the  o rd e r  of seq u en ­

t i a l l y  n u m b e re d  r e f e r e n c e  c o o rd in a te s  w ith in  e a ch  s e q u e n tia lly  

n u m b e re d  s e c t io n  w ith in  e a ch  m ap.

(3) A  l i s t  con ta in in g  a l l  th e  coded  lin e  seg m e n t in fo rm a tio n  in  e a ch  

s e c t io n  to  w hich  h a s  b ee n  added  th e  coun t of r e f e r e n c e  

c o o rd in a te s  in  e a ch  se c t io n  and  th e  co e ff ic ie n ts  n e c e s s a r y  to  

t r a n s f o r m  th e  X -Y  c o o rd in a te s  of th e  l in e  se g m e n ts  to  GCS.

(4) T h e  e r r o r  f i l e  updated  w ith  e r r o r s  u n re s o lv e d  in  p h a s e s  1 an d  2.

(5) A n up d a ted  m ap  c o n tro l b lock .

Note:  T h e  p h a s e  2 a lg o r ith m  f o r  lo c a tin g  c o r n e r  p o in ts  is  a c c u ra te  to  ±1 

s c a n n e r  po in t f o r  c le a n  m ap   c o r n e r s .  T h e  a c c u ra c y  i s  red u ce d  if 

an y  of th e  fo llow ing  s itu a tio n s  o c c u rs :

(a)  D ir t  o r  s p u r io u s  l in e s  c lo se  to  th e  m ap  c o rn e r  a r e  p re s e n t .

(b) T h e  m ap  b o r d e r s  a r e  not- d raw n  in  th e  p ro je c tio n  b e in g  u sed .

3 3 6 :



B . K em eny , I. G ro ss m a n , and  A. A us m ade s ig n ifican t co n trib u tio n s  to  

th e  d e ta ile d  d es ig n  and  p ro g ra m m in g  of p h a se  2.

P h a s e  3

P h a s e  3 r e c e iv e s  a s  inpu t a  d a ta  s e t  th a t co n ta in s  th e  " im ag e"  of th e  o r ig in a l 

m ap  and  a  d a ta  s e t  th a t c o n ta in s  th e  d e s c r ip to r  d a ta  of th a t m ap , to g e th e r  

w ith  a  s in g le  p o in t f o r  e a ch  d e s c r ip to r ,  w h ich  h a s  now b e e n  o r ie n te d  to  th e  

im a g e  d a ta . P h a s e  3 lin k s  th e  tw o  d a ta  s e t s  and  so  co n c ep tu a lly  r e s to r e s  

th e  m ap  to  i t s  o r ig in a l  c la s s i f ie d  s ta tu s .  I t a ls o  changes  th e  b a s ic  u n it of 

d a ta  s to ra g e  f ro m  th e  " s e c t io n "  th a t  w as conven ien t in  p h a se  1 to  th e  

" f r a m e " ,  a  l a r g e r  un it conven ien t f o r  th e  f in a l d a ta  bank.

T h e s e  co n c ep ts  ca n  b e  e x p re s s e d  g ra p h ic a lly , a s  show n in  F ig . A . 11.

D e s c r ip to r  d a ta  w ith  
r e f e r e n c e  co o rd in a te s

F ig . A. 11. Inpu ts and  ou tpu ts  of p h ase  3.
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(c) In  th e  g iven  p ro je c tio n , no p a r t  of th e  b o rd e r  f r o m  a  c o rn e r  

to  a  po in t on th e  b o rd e r  a p p ro x im a te s  a  s tr a ig h t lin e .

In  th e  p r e s e n t  im p lem en ta tio n  (UTM ), th e  f i r s t  5% of any  b o rd e r  m u s t 

l i e  a lo n g  a  po in t "band  w id th"  of 2, a t  a  re s o lu t io n  of 250 po in ts  to  th e  

inch .

T ra n s fo rm a tio n s . W ith in  e a ch  s e c t io n , on ly  th e  sec tio n  c o rn e r  po in ts  

a r e  a c c u ra te ly  tr a n s fo rm e d  f r o m  s c a n n e r  to  GCS fo rm a t, and  th e  

r e m a in in g  p o in ts  in  th e  se c t io n  a r e  e x tra p o la te d  lin e a r ly  f ro m  th e m . 

T h is  c a u se s  n eg lig ib le  d is to r t io n  f o r  s e c t io n s  w ith in  th e  S ize ra n g e  

a llow ed  in  p h a se  1.

Id en tif ied  
m ap  e le m e n ts

P h a s e  1

P h a s e  2

S ections

F ra m e s

P h a s e  3



T h e  seq u en ce  of lo g ic a l o p e ra tio n s  C a rr ie d  out in  p h ase  3 is  i l lu s t r a te d  

in  th e  fo llow ing  flow c h a r t  (F ig . A. 12).
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F ig . A. 12. P h a s e  3 flow ch a rt .
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P h a s e  3 i s  m ade  up of a  s e t  o f p ro g ra m s  th a t  w o rk  in  c o n c e r t  to  co m p le te  

th e  se q u e n c e  of lo g ic a l o p e ra tio n s . S p ec ifica lly , i t  c o n s is ts  of five  

ro u t in e s ,  e x te rn a l  to  each  o th e r , co m p iled  s e p a ra te ly  and  lin k -e d ite d  

to g e th e r . T h ey  a r e  known a s  fo llow s:

S o u rce  p ro g ra m  
n am e

E x te rn a l 
e n t ry  nam e

Invoked
b y Invoke

AB1
AB2
AB3
AB4
AB5

PHA SE 3
PH3SEC
PH3SEG
P H 3F R M
P H 3T R C

(O ptions MAIN)
AB1
AB2
AB2
AB1, AB2

A B2, AB5 
A B3, A B 4, AB5

T h e  fo llo w in g  d ia g ra m  a t te m p ts  to  dep ic t th e  c a llin g -se q u e n c e  re la tio n sh ip  

o f th e  f iv e  ro u tin e s  (F ig . A. 13).

F ig . A. 13. C a llin g  seq u en ce  of ro u tin e s  in  p h ase  3.

T h e  ro u tin e s  u s e d  in  each  lo g ic a l o p e ra tio n  a r e  s u m m a riz e d  below .

R outine
L o g ic a l o p e ra t io n AB1 AB2 AB3 AB4 AB5

F ra m in g X X X X

C o lo u r  eq u iv a len c e X X
L in k ag e X X X
T r a n s f o r m X X X
S ca le  r e d u c t io n X
G ap c lo s in g . X

S m oothing X
C o m p ac tin g X
G eodetic  c a lc s . X
T ra c in g X X X X X

T h e  p ro g ra m s  a r e  d es ig n e d  to  b e  e ffic ien t in  te r m s  o f th e  c o m p u te r  a r c h i ­

t e c tu r e ,  and  to  ta k e  advan tage  of th e  o p e ra t in g  s y s te m . F o r  th e  p u rp o s e s  of 

th i s  b r ie f  te c h n ic a l d e s c r ip tio n  of th e  o v e ra l l  s y s te m , th e  c o n tr ib u tio n  of 

p h a se  3 ca n  b e s t  b e  u n d e rs to o d  f ro m  an  ex a m in a tio n  o f th e  lo g ic a l o p e ra tio n s .



In it ia liz a tio n  and  co n tro l. T h e se  fu n c tio n s  a r e  han d led  b y  the  AB1 

ro u tin e , w hich  a l lo c a te s  c o re  to  th e  v a r io u s  ta b le s ,  p e r fo rm s  m o st in p u t/ 

ou tput fu n c tio n s , and  a c ts  a s  a  c a llin g  ro u tin g  fo r  th e  o th e r  g ro u p s  of 

ro u tin e s  (se e  above).

F ra m in g . T o  u n d e rs ta n d  th e  s t r u c tu r e s  in h e re n t in  f ra m in g , i t  i s  n e c e s s a ry  

to  ex am in e  th e  co n c ep ts  o f s c a le  f a c to r ,  f r a m e  f a c to r ,  and  edge fa c to r , 

a s  u s e d  in  th e  s y s te m .

T h e  s m a l le s t  d iv is io n  in  th e  g eo g ra p h ic  co o rd in a te  s y s te m  is  a  "un it g r id " ; 

i t s  s iz e  is  d e r iv e d  qu ite  e m p ir ic a lly . T h e  g r e a te s t  ex ten t of th e  G eograph ic 

C o o rd in a te  S y stem  n ee d ed  to  en c o m p a s s  C an ad a  is  128º in  long itude .  A  

fu l l  w o rd  o f s to ra g e  in  f ix e d  b in a ry  n o ta tio n  co n ta in s  32 b i t s ,  so  th a t e ight

b i t s  of b in a ry  n o ta tio n  ca n  r e p r e s e n t  th e  128º and  th e  re m a in in g  24 b its  

r e p r e s e n t  th e  p o s s ib le  su b d iv is io n s  of any  one d e g re e . T he f in e s t  s u b

d iv is io n  in  th e  s y s te m  (the  un it g rid ) is  th u s  an  a n g u la r  d is ta n c e  of 2-24 

de g re e s  in  long itude  and  la titu d e . A t 45º la ti tu d e  th is  i s  ap p ro x im a te ly  

1 /6  in . lo n g itu d in a lly  (X d ire c tio n )  an d  1 /4  in . la ti tu d in a l ly  (Y d ire c tio n ). 

In  p r a c t ic e ,  a  su b d iv is io n  c o a r s e r  th a n  th e  u n it g r id  i s  d e s ira b le . The 

a n g u la r  d is ta n c e  be tw een  tw o p o in ts  a c tu a lly  s to r e d  i s  th u s  a  m u ltip le  of 

th e  un it g r id , th a t i s ,  so m e m u ltip l ic a tio n  be tw een  0 and  31. T h e  d eg ree  

o f m u ltip lic a tio n  i s  c a lle d  th e  s c a le  (S) f a c to r .  T he o p tim u m  S fa c to r  

obv io u sly  depends upon th e  d e g re e  o f r e s o lu t io n  of th e  s o u rc e  d a ta , and  on 

th e  d e g re e  to  w h ich  i t  i s  d e s ir e d  to  m a in ta in  o r  d e c re a s e  th a t re s o lu t io n  in  

s y s te m  s to ra g e . An S fa c to r  of 9 (one po in t e v e ry  0 .1 0 4 6  s e c ,  o r  133 .5  in . 

x  8 6 .2  i n . ) i s  u s e d  in  th e  CGIS f o r  d a ta  d e r iv e d  f r o m  1:50 ,000  m aps.

I t  w il l  b e  re m e m b e re d  th a t in  p h a se  1, th e  raw  im ag e  d a ta  w as d iv ided  up 

in to  th e  la r g e s t  u n its  conven ien t to  p r o c e s s .  T h e se  a r e  th e  r e la t iv e ly  

s m a l l  " s e c t io n s "  in  w h ich  th e  f i l e s  a r e  s t i l l  o rg a n iz e d  a t  th e  beg in n in g  of 

p h a se  3. B ec au se  m uch  red u n d an t in fo rm a tio n  w as  e l im in a te d  in  p h ase  1, 

i t  i s  conven ien t and  e ff ic ien t a t  th i s  s ta g e  to  g roup  th e  re m a in in g  d a ta  in to  

l a r g e r  u n its . Such u n its ,  l a r g e r  th a n  s e c t io n s  b u t s m a l le r  th a n  a  m ap, 

a r e  c a lle d  " f r a m e s " ,  and  th e y  a r e  th e  m a in  un it of s to ra g e  fo r  th e  f in a l 

d a ta  ban k . T h e ir  e v e n tu a l s iz e  depends on th e  re s o lu t io n  of th e  d a ta  to  be 

s to re d ,  and  th e  c a p a c ity  of th e  c o m p u te r  c e n t r a l  p ro c e s s in g  un it. It is
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a ls o  e ffic ien t if  su c h  f r a m e s  f i t  in to  th e  s t r u c tu r e  of th e  G eog raph ic  

C o o rd in a te  S y stem . A  s q u a re  w as  found  to  be th e  a r e a  m ost e ffic ien tly  

sh ap ed , in  t e r m s  o f m a x im iz in g  th e  l in e  seg m e n t le n g th s  co n ta in ed  w ith in  

i t  and  e a s e  of su b se q u e n t c a lc u la tio n s  and  g roup ing . A un it f r a m e  is  th u s

a  s q u a re  (in te r m s  o f th e  GCS) h av in g  an  a r b i t r a r y  m ax im um  o f 2 16 un it 

g r id  p o in ts  a lo n g  e a ch  s id e  (14. 1 s e c ,  o r  1 ,423  f t. la t .  x  919 ft. long . a t 

50°N ), a s  show n in  th e  d ia g ra m  (F ig . A. 14). T h e  u n it f ra m e  o f 216 w as 

ch o sen  a s  b e in g  th e  m a x im u m  n u m b e r  th a t ca n  b e  r e p r e s e n te d  in  a  o n e -

h a lf -b y te  w o rd . In  p r a c t ic e ,  a  g ro u p in g  la r g e r  th a n  th e  un it f r a m e  is  

d e s ir a b le  and  th e  a c tu a l  f r a m e  u s e d  i s  a  m u ltip le  o f th e  un it f r a m e . T he 

d e g re e  of m u ltip l ic a tio n , c a lle d  a  f r a m e  (F) f a c to r ,  can  h ave  v a lu es  in

th e  ra n g e  of 0 to  16, in c lu s iv e . T h e  u p p e r  r e s t r i c t i o n  is  c o n tro lle d  only  

b y  th e  f a c t  th a t 2 16 i s  th e  la r g e s t  n u m b e r th a t can  b e  r e p r e s e n te d  in  a  

h a lf -w o rd  fix e d  b in a ry  f ie ld . An F  fa c to r  of 5 i s  u s e d  in  th e  CGIS fo r  d a ta  

d e r iv e d  f r o m  1 :50 ,000  m a p s. (A fa c to r  5 f r a m e  is  7 .5  m in2 , o r  a p p ro x i­

m a te ly  8. 6 m i le s  la t .  x  5. 6 m i le s  lo n g . a t  5 0 °N .)

F ig . A. 14. R e la tio n sh ip  o f u n it g r id s  to  un it f r a m e s .

T h e  a c tu a l n u m b e r of g r id  p o in ts  a lo n g  th e  s id e  of an  a c tu a l f r a m e  obv iously  

d epends upon th e  ch o ice  of S and  F  f a c to r s .  T h is  edge (E) f a c to r  can  b e  

e x p re s s e d  a s :

2E  = 2 16 w hen  S = F  = 0

T h e  re la tio n sh ip  b e tw e e n  E , S, and  F  f a c to r s  can  th u s  be e x p re s s e d  a s :

E  = 16 -  S + F  

E  i s  l im ite d  t o  v a lu e s  of 0 to  15, so  th a t th e  X  and Y c o o rd in a te s  w ith in  a  

f r a m e  m a y  b e  r e p r e s e n te d  in  16 b i t s .  A p r a c t ic a l  l im it  of 11 e x is ts  i f  a
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U nit f ra m e
F  = 1

O ne un it 
f r a m e
F  = 0

2 16 U nit 
g r id s

2
U nit g r id s
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c o r e  b i t  im a g e  i s  to  b e  la id  out in  512K b y te s  of s to ra g e .

E a c h  u n it f r a m e  in  th e  s y s te m  is  a s s ig n e d  a  un ique n u m b e r s ta r t in g  a t th e  

o r ig in  ( la t. 145°W and long . 40°N ). F ro m  th a t po in t, f r a m e s  a r e  seq u en ce d  

so  th a t  th e y  fa n  out f r o m  th e  o r ig in  a s  f r a m e  n u m b e r in c r e a s e s .  T h e  

a r ra n g e m e n t i s  show n in  F ig  A. 15.

16 un it 
f r a m e s

127 255

31 63 191

15 47

1 3 11
0 2

16 un it f r a m e s

0, 1, 2 , 3, 4

F ig . A. 15. Sequence of f ra m e  n u m b e rs .

T h e  d ia g ra m  (F ig . A. 16) show s th e  a rra n g e m e n t of th e  f i r s t  256 un it 

f r a m e s .  T h is  sc h e m e , n am ed  th e  M orton  m a tr ix  a f te r  i t s  d e s ig n e r , 

G. M o rton , h a s  th e  advan tage  th a t f r a m e s  clo s e  to g e th e r  in  th e  seq u en ce  

w ill p ro b a b ly  b e  c lo se  to g e th e r  on th e  e a r t h 's  s u r fa c e .  E q u a lly , r e c o rd s  

c lo s e  to g e th e r  on  e a r th  h av e  th e  m in im u m  s e p a ra t io n  p o s s ib le  in  a  

s e q u e n tia l  f i le .  T h is  can  m a te r ia l ly  r e d u c e  s e a r c h  t im e , e s p e c ia lly  

w h en  s m a l l  a r e a s  a r e  invo lved . A n ad d itio n a l b en e fit of th is  f i le  s t r u c tu r e  

i s  th a t th e  a c tu a l r e c o rd  a d d r e s s e s  o f a  g e o g ra p h ic a l lo c a tio n  can  b e  

d i r e c t l y  com pu ted  by  m an ip u la tin g  th e  b in a ry  r e p re s e n ta t io n  of th e  

g eo g ra p h ic  X -Y  c o o rd in a te s  show n on th e  M orton  m a tr ix  d ia g ra m . T h e  

a d d r e s s  i s  e s ta b lis h e d  b y  in te r le a v in g  th e  b in a ry  r e p re s e n ta t io n  of th e  

X  and  Y c o o rd in a te s  in  su ch  a  w ay  a s  to  com bine th e  in d iv id u a l d ig i ts  of 

e a c h  a x is  in  seq u en ce  f r o m  a  h igh  o rd e r  to  a  low o rd e r .

F  =
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85 87 93  95 117 119 125 127 213 215 221 223 245 247 253 255

84 86 92 94 116 118 124 126 212 214 20 222 244 246 252 254

81 83 89 91 113 115 121 123 209 211 217 219 241 243 249 251

80 82 88 90 112 114 120 122 208 210 216 218 240 242 248 250

69 71 77 79 101 103 109 111 197 199 205 207 229 231 237 239

68 70 76 78 100 102 108 110 196 198 204 206 228 230 236 238

65 67 73 75 97 9 9 105 107 193 195 201 203 225 227 233 235

64 66 72 74 96 9 8 104 106 192 194 200 202 224 226 232 234

21 23 29 31 53 55 61 63 149 151 157 159 181 183 189 191

20 22 28 30 52 54 60 62 148 150 156 158 180 182 188 190

17 19 25 27 49 51 57 59 145 147 153 155 177 179 185 187

16 18 24 26 48 50 56 58 144 146 152 154 176 178 184 186

50101
7

0111
13

1101
15

1111 37 39 45 47 133 135 141 143 165 167 173 175
4

0100
6

0110
12

1100
14

1110 36 38 44 46 132 134 140 142 164 166 172 174
1

0001
3

0011
9

1001
11

1011 33 35 41 43 129 131 137 139 161 163 169 171
0

0000
2

0010 81000
10

1010 32 34 40 42 128 130 136 138 160 162 168 170

000    001   010   011     100    101    110   111 
0        1       2       3         X        →

F ig . A. 16. M o rto n  m a tr ix .

In  th e  " f ra m in g "  o p e ra t io n s  in  p h a se  3, th e  f i r s t  s ta g e  of c o n v e rs io n  to  

a  f r a m e  f o rm a t  i s  c a r r i e d  out by  ro u tin e s  A B l, AB2, AB3, and  A B4. A ll 

P - l in e s  (se c t io n  p e r im e te r  lin e s )  a r e  d is c a rd e d  and  a  new ty p e  o f a r t i f ic ia l  

l in e  c a lle d  f r a m e  l in e s  (the f ra m e  b o rd e r s )  a r e  g en e ra te d . (M ap b o r d e r s  

w ill ev e n tu a lly  h av e  to  b e  d is c a rd e d  and  th e y  w ill be r e p la c e d  b y  f ra m e  

l in e s ,  a s  one o f th e  c o n s tra in ts  of th e  s y s te m  i s  th a t a l l  m ap  b o r d e r s  f a l l  

on f r a m e  b o r d e r s . ) P h a s e  3 e l im in a te s  a l l  P - l in e s  b u t does  n o t e l im in a te  

v e r t i c e s  th a t  h av e  b e e n  ca u se d  b y  in te r s e c tio n s  w ith  se c t io n  l in e s ;  th a t 

s te p  i s  c a r r i e d  out in  p h ase  4. T he p h a se  3 o p e ra tio n  i s  i l lu s t r a te d  in  

th e  d ia g ra m  below  (F ig . A. 17).

111

110

101

100

011

010

001

000

↑
Y

3

2

1

0
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"S ec tio n s"  an d  m any  
" a r t i f ic ia l"  v e r t ic e s  
a t  th e  in te r s e c t io n  of 
l in e  s e g m e n ts  and  
se c t io n  b o u n d a rie s .

S ec tio n s  e lim in a ted . 
F r a m e  g r id  in tro d u ced . 
S til l  m o re  a r t i f ic ia l  
v e r t ic e s .  R edundant 
v e r t ic e s  w ill  b e  rem o v ed  
in  p h a se  4.

F ig . A. 17. P h a s e  3 o p e ra t io n s .

C o lo u r eq u iv a len c e  re s o lu t io n . A s th e  s e c t io n s  a r e  b ro u g h t to g e th e r  in to  

f r a m e s ,  th e  c o lo u r  eq u iv a len c e  ta b le  g e n e ra te d  in  p h a se  1 i s  u s e d  to  

r e s o lv e  m o s t o f th e  d u p lica te  c o lo u rs  a s s ig n e d  in  th a t  p h a se . F r a m e s  a r e  

s u b s ta n tia lly  l a r g e r  th a n  s e g m e n ts , and  tw o ty p e s  o f co lo u r equ iva lence  

re s o lu t io n  a r e  c a r r i e d  ou t (F ig . A. 18).

T h e s e  t w o  a r e a s  w o u l d  b e  
a s s i g n e d  d i f f e r e n t  c o l o u r s  
i n  p h a s e  1 . T h e y  w i l l  b e  
a s s i g n e d  t h e  s a m e  c o l o u r  
i n  p h a s e  3 .

T h e s e  t w o  c o l o u r s  c o u l d  b e  
d i f f e r e n t  i n  p h a s e  1 . T h e y  
w i l l  b e  a s s i g n e d  t h e  s a m e  
c o l o u r  i n  p h a s e  3 .

F ig . A. 18. C o lo u r  eq u iv a len c e  re s o lu tio n .

P h a s e  3

T ype 1 

S ec tio n s

T y p e  2 

F r a m e



T he c o lo u r  w ith  th e  low est n u m e r ic a l  v a lu e  in  e a ch  s e t  of equ ivalen t 

c o lo u rs  i s  th e  one to  w hich  th e  eq u iv a len c e  w ill b e  re so lv e d . R ou tines  

AB1 an d  AB2 a r e  invo lved  in  th is  o p e ra tio n .

L in k ag e . T h is  i s  th e  b a s ic  p ro c e s s  o f lin k in g  th e  im ag e  d a ta  f ro m  p h ase  1 

to  th e  d e s c r ip to r  d a ta  f r o m  p h a se  2, and  co n c ep tu a lly  r e c r e a t in g  th e  s o u rc e  

m ap  in  co m p u te r s to ra g e . T h e  ta s k  of p h a se  3 is  to  d isc o v e r  in to  w hich  

fa c e  in  th e  im ag e  f i le  each  of th e  d e s c r ip to r - d a ta  r e fe re n c e  c o o rd in a te s  

f a l l s ,  th u s  link in g  e a ch  d e s c r ip to r  to  a  f a c e  co lo u r. T he a lg o rith m  

a s s u m e s  th a t  th e  d a ta  s t r u c tu r e  i s  a r r a n g e d  so  th a t a l l  a r e a s  a r e  defined  

b y  s e t s  of s e g m e n ts  in  a  ta b le , and  th a t  th e  e n t ry  f o r  each  seg m e n t id e n ­

t i f i e s  a n  a r b i t r a r y  " s ta r t "  v e r te x  and an  "end"  v e r te x  and  co n ta in s  an  

id e n tif ie r  to  in d ic a te  on w hich  s id e  o f th e  se g m e n t th e  a r e a  is  found.

T h e  p r o c e s s  of d e te rm in in g  if  a  po in t i s  w ith in  an  a r e a  i s  s ta r te d  by 

p ro c e e d in g  a long  a  l in e  f ro m  th e  p o in t, p a r a l le l  to  th e  a x is , po in t by  po in t, 

u n ti l  an  in te r s e c t io n  w ith  a  bou n d ary  se g m e n t i s  m e t. T he s e a r c h  th e n  

p ro c e e d s  a ro u n d  th a t in te r s e c t io n  u n ti l  th e  p o in t con ta in ing  th e  n ex t 

b o u n d a ry  (in  any  d ire c tio n ) is  found. T he p ro c e s s  i s  re p e a te d  and  the  

b o u n d a ry  fo llow ed  u n til th e  n ex t n o rm a l  v e r te x  i s  found. T he co o rd in a te s  

of th i s  v e r te x  a r e  s to re d . T he s a m e  lin e  seg m e n t i s  then  r e t r a c e d  and 

th e  c o o rd in a te s  of th e  o th e r  v e r te x  a r e  d e te rm in e d . T he tw o v e r t ic e s  

a r e  th e n  c o m p a re d  w ith  th e  v e r t ic e s  of th e  l in e  seg m e n ts  in  th e  ta b le , and  

w hen  a  m a tc h  i s  m ade , th e  lin e  se g m e n t i s  id e n tif ied . F r o m  th e  o rd e r in g  

o f th e  v e r t ic e s  on th e  ta b le  in to  s t a r t  and  en d  v e r t ic e s ,  th e  s id e  of th e  lin e  

on w h ich  th e  po in t l i e s  can  be  d e te rm in e d . T h e  b o u n d ary  of th e  e n t ire  

a r e a  i s  th e n  fo llow ed  a ro u n d  in  th e  s a m e  fa sh io n , t o e n su re  th a t th e  poin t 

i s  co n ta in ed  w ith in  th e  a r e a  co n c e rn e d  (F ig . A. 19). 

A p ro b e  r u n s  f r o m  th e  re fe re n c e  co o rd in a te  AB 
to  th e  edge o f th e  m ap . I t en c o u n te rs  seg m e n t 1 
and seg m e n t 2, b u t ta k e s  i t s  co lo u r f ro m  seg m e n t 

b e c a u se  se g m e n t 1 i s  n e a re s t  to  th e  r e fe re n c e  
c o o rd in a te . S ince seg m e n t 1 c a r r i e s  tw o co lo u rs  
(2 and 3), p h a se  3 m u s t dec ide  w hich  co lo u r  f a l ls  
on th e  "low  -x "  s id e  of s eg m e n t 1.← low x  h igh  x→

A B = co lo u r 2

F ig . A. 19. L inkage p ro c e s s .

3 4 5



Gap c lo sin g . B ec au se  th e  change of r e s o lu t io n  r e q u ire d  i s  u s u a lly  dow nw ard, 

s e v e r a l  p o in ts  of inpu t, a f te r  tr a n s fo rm a tio n  and s c a le  re d u c t io n , w ill fa l l  

on to  a  s in g le  poin t of outpu t. A s a  r e s u l t  of ro und ing  in  th e  t r a n s fo rm a tio n  

ro u tin e s ,  a  gap  w ill  s o m e tim e s  b e  c re a te d  in  the  ou tpu t s e g m e n t w h e re  

none e x is te d  in  th e  inpu t. It i s  a  ta s k  of p h ase  3 to  c lo se  su ch  g ap s  w ith  

s t r a ig h t  l in e s , and  i t  i s  c a r r i e d  out in  ro u tin e  AB3 (F ig . A. 21).

F ig . A. 21. Gap c lo sin g .

S ingle point sm oo th ing . A fte r  tr a n s fo rm a tio n  and  re s o lu t io n  change , a  lin e  

o ften  h a s  " ja g g ed  p o in ts " , w h ich  can  b e  defined  a s  p o in ts  in  a  l in e  w hose 

n e ig h b o u rs  on e i th e r  s id e  a r e  a d ja c e n t, and  th e re fo re  could  b e  jo in ed  

w ith o u t p a s s in g  th ro u g h  th e  ja g g ed  po in t (F ig . A. 22).

  In  th e  d ia g ra m , th e  " jag g ed "  p o in ts  a r e  
c i r c le d .  T h ey  could  b e  re m o v e d , and  
th e  lin e  show n w ill s t i l l  h av e  no g ap s  in  i t .

F ig . A. 22. S ingle poin t sm oo th ing .

S in ce , a t a  r e s o lu t io n  of 250 p o in ts  p e r  inch , th e se  jag g ed  p o in ts  cou ld  not 

h av e  b e e n  d raw n  in ten tio n a lly , i t  i s  a s s u m e d  th a t th e y  a r e  a c c id e n ta l. T hey  

w ould  add h ea v ily  to  th e  am ount of s to ra g e  re q u ire d  to  keep  th e  co m p ac ted  

r e p re s e n ta t io n  of th e  l in e , and  th e y  w ould add  to  th e  t im in g  r e q u i r e d  to  

co m p ac t and  unco m p ac t th e m ; i t  i s  th e r e f o r e  conven ien t to  d ro p  su ch  

p o in ts . T he p ro c e s s  of d ropp ing  th e s e  p o in ts  is  c a lle d  "sm o o th in g " .
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T ra n s fo rm a tio n s . U sing  th e  tr a n s fo rm a tio n  c o e ff ic ie n ts  d e te rm in e d  in  

p h ase  2, th e  im ag e  tr a n s fo rm a tio n s  a r e  co m p le ted  in  p h ase  3. S pec ifica lly , 

in  p h ase  3 tw o  ty p e s  of l in e a r  d is to r t io n  in  th e  im ag e  a r e  e lim in a te d  and 

th e  c o r r e c te d  r e s u l t  i s  co n v e rte d  to  GCS (F ig . A. 20).

L in e a r  d is to r t io n  ty p e  1

F ig . A. 20. T ra n s fo rm a tio n s .

T he a lg o r ith m s  r e q u ir e d  to  p e r f o rm  th e s e  tw o o p e ra t io n s  a r e  com bined  

in to  a  s in g le  a lg o r ith m , w hich  i s  c a r r ie d  ou t b y  ro u tin e s  A B1, AB2, and 

A B3. H o w ev er, b e c a u se  app ly ing  th a t a lg o r ith m  to  e v e ry  poin t w ith in  a  m ap 

w ould  be a n  e x t re m e ly  expensive  u se  of co m p u te r  t im e , a  co m p ro m ise  is  

r e a c h e d  b y  ap p ly ing  th e  a c tu a l a lg o r ith m  to  th e  c o r n e r s  of e a ch  sec tio n  

on ly , an d  c a lc u la tin g  po in ts  w ith in  th e  s e c t io n  a s  l i n e a r  in te rp o la tio n s  

f r o m  c o r n e r  p o in ts . T h e  in a c c u ra c y  in c u r r e d  i s  n o t s ig n if ic a n t in  s y s te m  

te r m s .

R eso lu tio n  re d u c t io n  - s c a le  change. T he m ap s inpu t to  th e  s y s te m  have 

b ee n  scan n e d  a t  a  r e s o lu t io n  of e x a c tly  250 p o in ts  p e r  inch  of m ap . T he 

d a ta  b an k  re s o lu t io n  m ay  v a ry , bu t w ill s e ld o m  b e  m o re  d en se  th a n  50 

p o in ts  p e r  l i n e a r  in c h  of m ap. A n ad d itio n a l ta s k  of p h ase  3 i s  th e re fo re  

to  r e d u c e  th e  re s o lu t io n  of th e  incom ing  m ap; th e  p ro c e s s  i s  com bined  w ith  

th e  tr a n s fo rm a tio n  fu n c tio n s  in to  th e  s in g le  a lg o r ith m . Change of s c a le  

(i. e . , th e  a c tu a l d is ta n c e  p o r tra y e d  p e r  in c h  of m ap) m ay  a lso  b e  re q u ire d , 

and  th i s  i s  a c c o m p lish e d  b y  th e  t r a n s fo rm a tio n  ro u tin e  AB3.
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T he d if fe re n c e  be tw een  s in g le -p o in t sm oo th ing  and m o re  s o p h is tic a te d  

sm o o th in g , o r  g e n e ra liz a tio n , i s  i l lu s t r a te d  in  th e  fo llow ing d ia g ra m  

(F ig . A. 23).

F ig . A. 23. T w o -p o in t sm o o th in g  o r  g en e ra liz a tio n .

S in g le -p o in t sm oo th in g  i s  c a r r i e d  out in  c o n c e r t  w ith  th e  o th e r  t r a n s f o r m a ­

tio n s  in  ro u tin e  AB3.

C om pacting . In  th e  lin e  seg m e n t f i le  p a s s e d  f ro m  p h ase  1, th e  lin e  se g m e n ts  

a r e  d e s c r ib e d  a s  a  s e r ie s  of c o o rd in a te s  of each  of th e  po in ts  c o m p ris in g  

th e  se g m e n t. F o r  a  n o rm a l s e c t io n  s iz e ,  a  fu ll  w o rd  i s  needed  to  d e s c r ib e  

e a ch  po in t in  th e  seg m e n t. One a v e ra g e  20 in . x  20 in . m ap  con ta in in g  

800 in c h e s  of l in e  seg m e n t w ill occupy  ap p ro x im a te ly  200,000 b y te s  of 

s to ra g e  i f  th i s  n o ta tio n  i s  em ployed . W hen i t  i s  co n s id e red  th a t not one 

m ap  b u t s e v e r a l  th o u san d  a r e  e n te re d  in to  th e  s y s te m , a  m o re  e ff ic ien t 

f o r m  of s to r a g e  m u s t b e  u ti liz ed . R . L . K em eny  d ev ise d  th e  co m p ac t n o ta ­

tio n  u s e d  in  CGIS. T h e  fo llow ing b r ie f  co m m en ts  w ill d e s c r ib e  th e  p ro c e s s  

a s  c a r r i e d  out in  ro u tin e  AB3 in  p h a se  3.

T h e  tech n iq u e  em p lo y s s e q u en ce s  o f tw o -b it co d es  deno ting , by  co n tex t, 

e i th e r  a  change of d ire c tio n  o r  a  n u m b e r of s te p s  in  an  e s ta b lis h e d  d ire c tio n . 

F o u r  d ire c tio n  ch an g es  o r  th r e e  u n its  of d is ta n c e  can  b e  r e p r e s e n te d  in  tw o 

b i t s ,  and  b e c a u se  a  d is ta n c e  of z e ro  h a s  no m ean ing , i t  can  be u ti l iz e d  to  

give a  f if th  d ire c tio n : no d ire c tio n  change.

The ch o ice  of w hich  d ire c tio n  ch an g es  out of th e  p o ssib le  e ig h t w ill b e  g iven  

a  tw o -b it code  is  b a s e d  on the  f r e q u e n cy  of o c c u rre n c e . I t w as  o b s e rv e d  

th a t s c r ib e d  lin e s  on la n d  u se  m ap s h av e  a  ten d en cy  to  be sm o o th , and  h en c e ,
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s h a rp  b a c k w a rd  tu rn s  of d ire c tio n  a r e  r a r e .  B y a llo c a tin g  th e  fo u r  co d es  to  

d ire c tio n  ch a n g es  -2(+ 6),  - 1 (+7), +1, +2, v ir tu a lly  a l l  d ire c tio n  c h a n g e s  th a t 

w ill  n o rm a lly  o c c u r , ex c ep t 0 , h ave  been  acco u n ted  fo r .  T o  allow  fo r  

in c r e a s e d  c a p a b ili ty  to  co m p ac t s tr a ig h t  l in e s ,  0 h a s  b ee n  g iven  a  s p e c ia l  

s ig n if ic a n c e . U sing  th e  d e fin ition  of d -co d e  d e m o n s tra te d  b elow , the  

fo llow ing  b a s i s  f o r  th e  co m p ac t n o ta tio n  can  b e  fo rm u la te d :

A  fu n d a m e n ta l un it of co m pact no ta tio n , ex c ep t f o r  s p e c ia l  co nd itions  of 

change in  d ire c tio n , is  a  fo u r - b i t ,  o n e -h a lf  b y te . T he d -co d e  i s  d efined  to  

th e  kt h  u n it of co m p ac t n o ta tio n  to  b e  Dk = 0 by  defin itio n ). The 

d ire c t io n  change △  i s  f u r th e r  defined  be tw een  th e  d ire c tio n  of th e  kth unit 

and  th e  k  + 1th u n it , ta k e n  in  c lo ck w ise  d ire c tio n  to  b e  a  p o s itiv e  n u m b er 

d e fin ed  b y  th e  fo rm u la : △k +  1 =  ( D k  + 1 - Dk + 8) mod. 8

A lso , w e h av e :

Dk  + 1 = (Dk  +  △ k + 1) m od. 8 

U sin g  th e s e  d e f in itio n s , th e  fo llow ing  l i s t  can  b e  c o n s tru c te d :

A cco rd in g  to  th e  above d efin ition , th e  fo llow ing  w ould  d e s c r ib e  th e  l in e  in  

th e  f ig u re  below  (F ig . A. 24).

k △k D k
C om pact R e su lt

1 l 1 0101 1 un it in  d ire c tio n  1
2 l 2 1101 3 u n its  in  d ire c tio n  2
3 0 2 0010 2 x 4 0 = 2 u n its  in  d ire c tio n  2
4 0 2 0010 2 x 4 1 = 8 u n its  in  d ire c tio n  2
5 1 3 1001 2 u n its  in  d ire c tio n  3
6 4 7 0000 0110 0001 1 x 4 0 = 1 u n it in  d ire c tio n  7
7 0 7 0001 1 x 4 1 = 4 u n its  in  d ire c tio n  7
8 7 6 1000 2 u n its  in  d ire c tio n  6
9 6 4 1010 2 u n its  in  d ire c tio n  4
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N = N th  c o n secu tiv e  o c c u rre n c e  of △  = 0 
XX = 01 , 10, 11

C om pact n o ta tio n  u n it △ D is tan c e

00XX 0 (XX) • 4 (N -1) u n its
XX01 XX u n its
XX10 XX u n its

0000 0110 XX00 3 (4 + 7)8 XX u n its
0000 0110 00XX 4 (4 + 0 )8 XX u n its
0000 0110 XX01 5 (5 + 1)8 XX u n its

XX10 6 XX u n its
XX00 7 XX u n its



F ig . A. 24. C om pacting .

T h e  l i s t  of X -Y 's  f o r  th i s  lin e  r e q u i r e s  864 b i ts  w h e re a s  in  co m pact n o ta

tio n  i t  o cc u p ie s  76 b i t s ,  of w h ich  32 a r e  ta k e n  up w ith  th e  s t a r t  po in t X -Y  

c o o rd in a te s . If  r e q u i r e d ,  l in e s  ex h ib itin g  r e g u la r  p a t te rn s  can  b e  fu r th e r  

co m p ac te d  b y  s to r in g  th e  p a t te rn  and  th e  r e p e t it io n  fa c to r .

G eodetic  c a lc u la tio n s . T h e  d a ta  b an k  m u s t p ro v id e  in fo rm a tio n  co n c e rn in g  

e a ch  fa c e  of a  c o v e ra g e , su ch  a s  a r e a  and  c e n tro id . P h a s e  3 c a lc u la te s  

v a lu e s  f o r  e a c h  se g m e n t (m om en t, m e a s u re ) ;  in  p h ase  4 th e se  v a lu e s  a r e  

a c c u m u la te d  o r  a v e ra g e d  fo r  a l l  of th e  se g m e n ts  c o m p ris in g  a  fa c e , th u s  

y ie ld in g  a r e a  and  c e n tro id  r e s u l t s .

T he g eo d e tic  c a lc u la tio n s  a r e  c a r r i e d  out b y  ro u tin e  AB3. T he a c tu a l 

seq u en ce  o f ev e n ts  i s  in te r le a v e d  w ith  th e  co m p ac tin g  p ro c e s s :  (a) p r e

co m p ac tin g , (b) g eo d e tic  c a lc u la tio n s , (c) com pacting .

T h e  a r e a  c a lc u la tio n  i s  c a r r i e d  out by  f i r s t  d e te rm in in g  th e  d is ta n c e  

be tw een  th e  in i t ia l  v e r te x  po in t an d  th e  n ex t v e r te x  po in t on th e  p e r im e te r ,  

and  th e n  c a lc u la tin g  th e  a r e a  sub ten d ed  b y  th e  tw o p o in ts  to  th e  ax is  of th e  

c o o rd in a te  s y s te m . T h e  a r e a  so  c a lc u la te d  i s  added  to  th e  to ta l  of a r e a s  

ca lc u la te d  in  th i s  m a n n e r  a ro u n d  th e  e n t i r e  p e r im e te r ,  e i th e r  in  a  p o s itiv e  

o r  n eg a tiv e  m a n n e r , depend ing  on  th e  d ire c tio n  of th e  seg m e n t. T h e  d i r e c ­

tio n  of a  seg m e n t i s  d e te rm in e d  in  r e la t io n  to  th e  ax is  sub tended . If  the  

d iffe re n ce  b e tw e en  th e  f i r s t  v e r te x  o f th e  se g m e n t exam ined  and  th e  second  

v e r te x  of th e  se g m e n t e x a m in ed  i s  p o s itiv e  on th e  a x is , th e  d ire c tio n  of th e  

seg m e n t i s  c o n s id e re d  to  b e  p o s itiv e . A  n eg a tiv e  change on th e  ax is  a l lo ­

c a te s  a  n eg a tiv e  d ire c tio n  to  th e  seg m e n t. T h e  a r e a  c a lc u la tio n  p ro c e s s  

ca n  b e  m ade c l e a r  b y  r e f e r e n c e  to  F ig . A. 25. S ta r tin g  a t  v e r te x  1 to  

m e a s u re  th e  s iz e  o f a r e a  A, th e  d is ta n c e  be tw een  v e r te x  1 and v e r te x  2 i s
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d e te rm in e d  and  th e  s iz e  of the  sub tended  a r e a  P  (1, 2, 2 ',  l ') is  c a lcu la te d . 

T h e  a r e a  sub ten d ed  b y  a l l  lin e  se g m e n ts  i s  c a lc u la te d  in  th e  s a m e  w ay. 

B etw een  v e r te x  1 and  v e r te x  5 , a l l  seg m e n ts  a r e  p o s itiv e  w ith  r e la tio n  to  

th e  X  a x is . S egm ent 5 ,  6 su b ten d s  a r e a  N (5, 5 ' , 6 ',  6). A s seg m e n t 5 ,  6 

i s  n eg a tiv e  in  d ire c tio n  w ith  r e la t io n  to  th e  X  a x is , a r e a  N is  added  in  a  

n e g a tiv e  m a n n e r  to  th e  to ta l ,  th a t i s ,  i t  i s  s u b tra c te d . T he p ro c e s s  is  

r e p e a te d  fo r  th e  a r e a  su b ten d ed  b y  seg m e n t 6, 1 and  th e  re s u l t in g  c a lcu la tio n  

p ro v id e s  th e  a r e a  of A.

F ig . A. 25. L e v e l 3 m e a s u re m e n t a r e a  c a lcu la tio n .

T o  d e te rm in e  th e  ce n tro id , th e  to ta l  m om ent m u s t b e  d iv ided  by  th e  to ta l  

a r e a .  T he s te p s  in  th e  c e n tro id  a l lo ca tio n  a lg o r ith m  a r e  a s  fo llow s:

T h e  su b ten d e d  a r e a  of e a c h  in c re m e n t along th e  a x is  i s  c a lcu la ted ,

i  =  n    j  =  n ∑   ∑ (X i-X i- l )(Y j - Y j - l )  w h e re  X n =X o  and  Yn = Yo,
i  =  1    j  =  1

a s  i s  th e  sub ten d ed  m o m en t u s in g  th e  a r e a  c a lcu la tio n  i ts e lf ,

             i = n   j = n  ∑    ∑  (X i-Xi-1)(Yj-Yj-1) where Xn =Xo and Yn = Yo,i =  

1   j = 1               2
A s e a c h  su b ten d e d  a r e a  and  sub ten d ed  m om ent a r e  ca lcu la te d , th e y  a r e  

s e p a ra te ly  su m m ed . T h e  p r o c e s s  i s  re p e a te d  u n ti l th e  f ig u re  i s  com p leted . 

T h e  to t a l  of th e  su b ten d ed  m o m en ts  is  d iv ided  by  th e  to ta l  o f th e  sub tended
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T h is  p ro v id e s  th e  c o o rd in a te  o f th e  f i r s t  a x is . T he p ro c e s s  is  r e p e a te d  to  

d e te rm in e  th e  c o o rd in a te  on th e  se c o n d  a x is ,

E r r o r  tr a c in g . B ec a u se  p h ase  3 r e p r e s e n t s  the  m om en t in  th e  d a ta  r e d u c ­

tio n  s y s te m  a t w h ich  th e  im ag e  an d  c la s s i f ic a t io n  d a ta  a r e  bo th  a v a ila b le  

fo r  th e  f i r s t  t im e  to  one p ro g ra m , th i s  p h ase  is  th e  lo g ic a l p o in t a t  w hich  

to  in v e s t ig a te  a p p a re n t e r r o r s .  T h e  tr a c in g  p ro c e s s e s  o f p h a s e  3 a r e  

d es ig n e d  to  show  w h e th e r  e r r o r s  h av e  a r i s e n  f ro m  im ag e  o r  c la s s i f ic a t io n  

inpu t d a ta , w h e th e r  p h a se  1 o r  p h a se  2 p ro c e s s e s  h av e  c a u se d  th e  e r r o r s ,  

o r  w h e th e r  th e  d a ta  p a s s e d  on to  p h a se  4 a r e ,  in  f a c t ,  c o r r e c t .  T h e  t r a c in g  

p ro c e d u re s  a ls o  s e rv e  a s  a  p e rm a n e n t m ethod  of debugging  p h a s e  3 e r r o r s .  

T h ey  a r e  in c o rp o ra te d  in  a l l  ro u t in e s ,  A B1, A B2, AB3, AB4, a n d  A B5, 

u s e d  in  p h a s e  3. N e v e r th e le s s , th e  p h ase  3 o p e ra tio n  i t s e l f  d o es  v e r y  l i t t l e  

to  c o r r e c t  th e  e r r o r s .

T h e  p h ase  3 o p e ra t io n  ch eck s th e  seq u en ce  o f inpu t and  th e  r e c o r d  ty p e  an d  

i t  does  n o t a c c e p t m ap s f o r  p ro c e s s in g  th a t a r e  not ac co m p an ied  b y  a  m ap  

c o n tro l b lo ck . I t does not p ro c e s s  any  m ap  w hose m ap  c o n tro l b lo c k  show s 

a  h igh  le v e l of e r r o r  in  p h a s e s  0 to  2. It ex p e c ts  to  f in d  inpu t r e c o r d s  f o r  

a l l  inpu t f i le s  (excep t t r a c e  inp u t), and  w ill not p ro c e s s  a  m ap  u n le s s  a l l  

f i l e s  a r e  p r e s e n t .  In  th e  c a s e  o f t r a c e  in p u t, i f  i t  i s  d is s a t i s f ie d  w ith  th e  

one o r  m o re  t r a c e  c a rd s ,  i t  w ill  o f fe r  th e  o p e ra to r  th e  ch o ice  o f  te rm in a tio n  

o r  con tinua tion  w ithou t t r a c e .

T he s y s te m  u s e d  b y  p h a s e  3 to  in d ic a te  th e  n a tu re  Of i t s  e r r o r s  u t i l iz e s  a  

s ix - c h a ra c te r  code , R 3xxpe, w h e re  xx r e p r e s e n t s  th e  ty p e  o f  e r r o r ,  p  

r e p r e s e n t s  th e  e x te rn a l p ro c e d u re  w ith in  w hich  th e  e r r o r  o c c u rr e d ,  an d  

e r e p r e s e n ts  th e  e r r o r  -n u m b e r w ith in  th a t p ro c e d u re .

a r e a ,
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  X  =
i = n  j = i   ∑      ∑    (Xi+Xi-1) (Xi-Xi-1) (Yj-Yj-1)i = 1  j = 1        2
i = n  j = i   ∑      ∑ 

   (Xi=Xi-1) (Yj-Yj-1)i = 1  j = 1

Ῡ =
i = n  j = i   ∑      ∑    (Yj+Yj-1) (Xi-Xi-1) (Yj-Yj-1)
i = 1  j = 1        2

i =  n   j =  i   ∑       ∑     ( X i- X i- 1 )  
(Yj-Yj-1) i = 1  j = 1



T h e  o u tp u ts  f r o m  p h ase  3 a r e  th u s :

(1) An u n s o rte d , linked  f i le  w ith  th e  v a r io u s  ty p e s  of r e c o rd s  

g e n e ra te d  f ro m  s e v e ra l  d if fe re n t p la c e s  in  p h a se  3. T he 

c o v e ra g e  h e a d e r , w hich  is  th e  l a s t  r e c o r d  w r itte n , c a r r i e s  

d a ta  co n c e rn in g  the  n u m b er of fa c e s  and  d e s c r ip to r s  p ro c e s s e d . 

T h e  f ra m e  r e c o r d s  c a r r y  d a ta  co n c ern in g  the  n u m b e r of fa c e s  

an d  th e  se g m e n ts  en c o u n te red  in  each  f ra m e , th e  p o s itio n  o f th e  

f r a m e  in  th e  output m ap , and  th e  f r a m e s  ad jacen t to  i t .  F a c e  

r e c o r d s  a r e  w r itte n  fo r  e a ch  fa c e  en c o u n te red , once  f o r  e a ch  

f r a m e  in  w hich  e a ch  fa c e  fa l ls .  F a c e  r e c o rd s  c a r r y  th e  d e s ­

c r ip to r  of th e  face  and  th e  co lo u r th a t h a s  b ee n  lin k ed  to  it. 

T w o seg m e n t r e c o rd s  a r e  w r itte n  fo r  e a ch  seg m e n t p ro c e s s e d  

o r  g e n e ra te d  by  p h ase  3, and  c a r r y  a l l  d a ta  c o n c e rn in g  th e  

s e g m e n t, inc lud ing  th e  com pact n o ta tio n  of th e  a c tu a l p o in ts  

c o m p ris in g  th a t seg m en t.

T h is  f i le  i s  s o r te d  in to  n u m e r ic a l seq u en ce  of c o lo u rs  w ith in  

n u m e r ic a l  sequence  o f f r a m e s ,  b e fo re  b e in g  p a s s e d  to  p h a se  4.

(2) A n e r r o r  f i le  updated  w ith  th e  e r r o r s  u n so lv ed  in  p h a s e s  0 to  3.

(3) A n up d a ted  m ap  co n tro l b lock .

(4) P r in te d  ou tpu t on p h ase  ev e n ts , t im e  s t a r t  and  end , end  

m e s s a g e s ,  e t c . , a s  re q u e s te d .

T h e  fo llow ing  b a s ic  p ro g ra m m in g  lim ita tio n s  app ly  to  p h ase  3:

(a) S ec tio n  w id th  m u s t be le s s  th a n  f r a m e  w id th .

(b) S ec tio n  heigh t m ust b e  l e s s  th a n  f r a m e  h e ig h t.

(c) A ll s ig n if ican t ta b le s  in  p h ase  3 a r e  a l lo c a te d , b a s e d  on  d a ta  

d e n s ity . I t i s ,  th e r e fo r e ,  d ifficu lt to  define c o re  r e q u ire m e n ts .  

H ow ever, th e r e  i s  a  d a ta  d en s ity  th a t w il l  overflow  an y  re g io n  

s iz e .

T h e  fo llow ing  in h e re n t d is to r t io n s  in  p h ase  3 sh o u ld  b e  noted:

(i) A ligned  se c t io n  and  f ra m e  b o rd e r s .  S egm ents th a t d id  n o t end  

on  a  se c t io n  b o rd e r  b e fo re  t ra n s fo rm a tio n  w ill b e  d is to r te d  by  

±1 p o in t, i f  t r a n s fo rm a tio n  c a u se s  th e m  to  en d  on  a  se c t io n  

b o rd e r  th a t is  a lso  a  f ra m e  b o rd e r .
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(ii) A lignm ent of m ap  b o r d e r s .  M ap in fo rm a tio n  fa llin g  ou ts id e  th e  

o u ts id e  GCS f ra m e  b o r d e r s  of a  m ap  i s  ig n o re d . M aps w ill be 

s tr e tc h e d  a  m ax im um  of n  s c a n n e r  p o in ts  if  th e  m ap b o rd e r  f a l ls  

in s id e  th e  ou ts id e  GCS f ra m e  b o rd e r .  T he p h a se  4 inpu t c a rd  

d e te rm in e s  n.

A . B en jam in  m ade s ig n if ican t co n trib u tio n s  to  th e  d es ig n  and p ro g ra m m in g  

o f p h a se  3, in  p a r t ic u la r  th e  m ap  e r r o r  rec o g n itio n  and  c o r re c t io n  and  th e  

p ro g ra m m in g  o f th e  lin k ag es  b e tw e en  im ag e  and  d e s c r ip to r  d a ta .

P h a s e  4A

T h e  m a in  ta s k  ac co m p lish ed  by  p h ase  4A  i s  to  b u ild  th e  r e c o r d s  of th e  m ap  

p ro d u ced  in  p h a se  3 in to  th e  g e n e ra l s t r u c tu r e  of th e  m a in  d a ta  bank . A s 

d e s c r ib e d  in  th e  in tro d u c tio n  above , th e  d a ta  b a n k  c o n s is ts  o f tw o f ile s :  th e  

im a g e  d a ta  s e t  (IDS) and  th e  d e s c r ip to r  d a ta  s e t  (DDS). T he com m on  u n it 

of s to ra g e  in  b o th  f i le s  is  th e  face . T h e  IDS c o n ta in s  th e  im ag e  r e c o r d s  of 

th e  f a c e , th a t i s ,  th e  l in e  seg m e n ts  r e c o rd s  th a t be lo n g  to  e a ch  fa c e , and  

th e  po in t r e c o r d s  th a t m ake up e a ch  lin e  se g m e n t. F o r  e a ch  ty p e  of d a ta  

w ith in  th e  IDS, th e  face  r e c o r d s  a r e  l i s t e d  w ith in  e a c h  f ra m e  a s  show n in  

F ig . A. 26.

F ig . A. 26. S tru c tu re  of IDS and  DDS.

T h e  DDS co n ta in s  th e  d e s c r ip tiv e  r e c o rd s  of e a ch  fa c e  fo r  each  d a ta  type . 

L in k ag es  be tw een  the  f i le s  a r e  e s ta b lis h e d  b y  p o in te r s . E a ch  fa c e  r e c o r d  

in  th e  IDS con ta in s  a  p o in te r  to  th e  p a r t  of th e  DDS th a t co n ta in s  the
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d e s c r ip t iv e  r e c o r d  fo r  th a t  fa c e , and  e a ch  fa c e  d e s c r ip to r  r e c o rd  in  th e  DDS 

co n ta in s  a  p o in te r  to  th e  f ra m e (s )  and  fa c e  in  th e  IDS th a t co n ta in  th e  im ag e  

d a ta  f o r  th a t p a r t ic u l a r  d e s c r ip to r .  (M ore than  one f ra m e  m ay  co n ta in  th e  

p a r t i a l  r e c o r d s  o f th e  im ag e  d a ta  needed  to  d e s c r ib e  th e  b o u n d ary  of one 

fa c e  d e s c r ip t io n  co n ta in ed  in  th e  D D S.) T he function  of p h ase  4A  i s  th u s  to  

a r r a n g e  th e s e  r e c o r d s  and  lin k a g e s . T o  c a r r y  th is  ou t, e a ch  fa c e  h a s  to  be 

c l e a r ly  d e l im ite d  and  i t s  com ponen t p a r t s  a s se m b le d . In  th e  p ro c e s s ,  

i l lo g ic a l  c o n d itio n s  b ec o m e  a p p a re n t and  a r e  e i th e r  c o r r e c te d  b y  p ro c e d u re s  

w ith in  th e  p h a s e  o r  a r e  w r i t te n  on an  e r r o r  r e c o rd .  T h e  e r r o r  r e c o r d  

p ro d u c e d  b y  p h a se  4A  i s  p ro c e s s e d  b y  the  m an u a l e r r o r  c o r re c t io n  (MEC) 

s u b s y s te m  an d  th e  ou tpu t f ro m  th a t p r o c e s s  i s  r e c y c le d  th ro u g h  p h a se  4A. 

P h a s e  4A i s  th e  gatew ay  to  th e  d a ta  bank, and  th i s  s te p  e n s u re s  th a t  d a ta  

f r o m  in d iv id u a l m a p s  a r e  to p o lo g ica lly  c o r r e c t  b e fo re  th ey  p a s s  to  th e  

s e q u en ce  of o p e ra t io n s  th a t  w ill in s e r t  th e m  in  the  f in a l d a ta  bank.

T h e  flow  c h a r t  (F ig . A. 27) g iv es  an  overv iew  of th e  seq u en ce  of lo g ic a l 

o p e ra t io n s  invo lved .

P h a s e  4A  p e r fo rm s  th e  fo llow ing  lo g ic a l o p e ra tio n s . A s in  o th e r  p h a s e s , th e  

code n e e d e d  to  a c c o m p lis h  th e se  ta s k s  i s  to  be found s p re a d  out th rou g h o u t 

th e  p h a s e .

C o v e ra g e  in i t ia liz a tio n . T h is  p ro c e s s  i s  h and led  by  th e  m a in  p ro g ra m  

n a m ed  PH A S E 4. O nly one  d a ta  type  (coverage) m ay  b e  p ro c e s s e d  in  any 

o ne  ru n ,  so  th e r e  i s  on ly  one c o v e ra g e  r e c o r d  to  b e  r e a d  in , and  a l l  

c o v e r  ag e -d e p e n d e n t f ie ld s  a r e  in i t ia liz e d  on th e  b a s is  of th is  r e c o rd .

In i t ia l iz e  a n d  p ro c e s s  f r a m e  r e c o r d s .  T he f i r s t  p a r t  of th e  f r a m e  r e c o r d  to  

b e  r e a d  in  i s  th e  f r a m e  " h e a d e r"  (Type 1 f r a m e  re c o rd ) . T h e re  i s  o n ly  one 

o f th e s e  p e r  f r a m e ,  and  i t  co n ta in s  in fo rm a tio n  co n c e rn in g  th e  n u m b e r of 

f a c e s  and  s e g m e n ts  in  th e  f ra m e . On th e  b a s is  of th e  m ap n u m b e r to  w h ich  

th e  f r a m e  b e lo n g s , th e  m ap  c o n tro l b lo ck  i s  r e a d  in  and  th e  f r a m e  p a r a m e te r s  

a r e  c a lc u la te d  f r o m  in fo rm a tio n  found th e re in . T he re m a in in g  f ra m e  r e c o r d s  

a r e  th e n  r e a d  in . T h e s e  a r e  type  2 f r a m e  r e c o rd s ,  and  th e re  m ay  b e  up to  

fo u r  of th e m , one f o r  e a c h  of th e  fo u r  f r a m e  s id e s  w hich  i s  a  m ap  b o rd e r .  

S w itches  a r e  s e t  to  in d ic a te  w hich  of th e  s id e s  a r e  m ap b o r d e r s ,  and  th e se  

s w itc h e s  a r e  r e f e r r e d  to  a s  n ee d ed  th roughou t the re m a in d e r  of th e  p h ase .
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F ig . A. 27. P h a s e  4A flow c h a r t .

3 5 6



R ea d  co lo u r  r e c o r d s .  T he co n ten ts  of th e  f r a m e  a r e  p r o c e s s e d  nex t. T he 

c o lo u r  r e c o r d s ,  inc lud ing  th e i r  r e l a te d  se g m e n t and  v e r te x  r e c o rd s ,  a re  

r e a d  in , one c o lo u r  a t a  t im e , u n til th e  n ex t f r a m e  r e c o rd  is  re a c h e d .

B ec a u se  i t  i s  th e  d iv id ing  lin e  be tw een  tw o f a c e s ,  e a ch  seg m e n t h a s  two 

c o lo u rs  a s s o c ia te d  w ith  i t .  T h e  " m a jo r"  c o lo u r  i s  th e  co lo u r of th e  fa c e  to  

th e  r ig h t of th e  se g m e n t, th e  " m in o r"  co lo u r  i s  th e  c o lo u r  of th e  face  to  the  

le f t.

S ince  th e  inpu t f i le  i s  s o r te d  in  a sc e n d in g  co lo u r  seq u en ce , th e  f i r s t  co lou r 

to  b e  r e a d  in  i s  co lo u r  0. T h is  i s  th e  co lo u r  a s s ig n e d  to  th e  a r e a  th a t f a l ls  

to  th e  r ig h t  of s e g m e n ts  m ak ing  up th e  f r a m e  b o r d e r .  C o lou r 0 r e p r e s e n t s  

a l l  th e  a r e a  o u ts id e  th e  f r a m e , and  can  be r e g a r d e d  a s  a  p seudoco lou r 

r e p r e s e n t in g  th e  f r a m e  b o rd e r .

C o lo u r 1 is  a  s p e c ia l  c a se  o f co lo u r  0 , and  is  a s s ig n e d  to  an  a r e a  th a t f a l ls  

in s id e  th e  f r a m e  b o r d e r  b u t o u ts id e  th e  m a p  b o r d e r ,  th a t i s ,  an  a r e a  

e x te r io r  to  th e  m ap  th a t h a s  f a l le n  in s id e  th e  f r a m e  b o rd e r .

T he th i r d  s p e c ia l  co lo u r  i s  c o lo u r  x , a c tu a lly  c o lo u r  = 32, 705 (COLORX). 

T h is  i s  a s s ig n e d  in  p h ase  3 to  f r a m e - b o r d e r  s e g m e n ts  w hen th e  a c tu a l co lo u r 

canno t be d e te rm in e d . T h e se  f i r s t  th r e e  ty p e s  o f co lo u r  a r e  hand led  in  th e  

lo g ic a l o p e ra t io n  " p ro c e s s in g  th e  f r a m e  b o r d e r "  b e fo re  th e  n o rm a l co lo u rs  

a r e  p ro c e s s e d .

P r o c e s s in g  th e  f r a m e  b o rd e r .  T h is  lo g ic a l o p e ra t io n  is  p a r t ly  dependent on 

th e  d e g re e  o f f r a m e  b o rd e r  e r r o r  a c c e p ta b le  to  th e  u s e r  of the  sy s te m . 

CG STO L is  a  v a r ia b le  w hose  v a lu e  i s  d e te rm in e d  b y  ca lc u la tio n , in  p h ase  4, 

u s in g  th e  m ap  p a r a m e te r s  and  th e  va lue  a s s ig n e d  to  SCNTOL. T he v alue  of 

SCNTOL i s  s e t  a t  th e  t im e  of co m p ila tio n , and  r e p r e s e n t s  th e  n u m b e r of 

p o in ts  of to le ra n c e  on th e  s c a n n e r  g r id  a llo w ed  to  co lo u r 1 in s id e  th e  f ra m e  

b o r d e r  b e fo re  a  m a p  b o r d e r  gap i s  d e c la re d .

In  th e  c a se  of co lo u r 1 s e g m e n ts , i f  th e  d is c re p a n c y  b e tw e en  th e  m ap b o rd e r  

and th e  f r a m e  b o rd e r  i s  l e s s  th a n  GCSTOL g r id  p o in ts , th e n  new seg m e n ts  

a r e  g e n e ra te d  b y  p ro je c tin g  th e  o ld  se g m e n ts  on to  th e  f ra m e  b o rd e r  and 

a lig n in g  th e m  w ith  i t .  T he  new v e r t ic e s  a r e  th e  o ld  v e r t ic e s  p ro je c te d  on 

th e  f r a m e  b o rd e r .  In  o th e r  w o rd s , th e  m ap  b o r d e r  i s  fo rc e d  to  f i t  th e



r e g u la r  f r a m e  b o r d e r s  and  th e  in a c c u ra c y  in c u r re d  (n ev e r m o re  th a n  th re e  

o r  fo u r  g r id  p o in ts)  i s  a c cep te d . T h is  p ro c e s s  m ay  c re a te  m in o r  gaps  in  

th e  b o r d e r ,  w hich  w ill  b e  f i l le d  e i th e r  by  o th e r  e x is tin g  se g m e n ts  o r  by 

s e g m e n ts  g e n e ra te d  by  m ean s  of ro u tin e  NSLOC3.

If  th e  d is c re p a n c y  be tw een  m ap  b o rd e r  and  f r a m e  b o rd e r  i s  m o re  th a n  

G CSTOL, th e n  a  m a jo r  m ap  b o rd e r  gap  i s  in f e r re d  and  a l l  th e  se g m e n ts  

c o n c e rn e d  a r e  l i s t e d  in  th e  e r r o r  ou tput f i le .

C o lo u r x  se g m e n ts  a r e  r e p la c e d  by  seg m e n ts  g e n e ra te d  b y  ro u tin e  NSLOC2.

S ince th e  f ra m e  b o rd e r  is  a lw ay s  th e  f i r s t  co lo u r of a  f r a m e  p ro c e s s e d ,  i t  

i s  th e  f i r s t  e n t ry  in  th e  ou tput IDS. I ts  ou tput fa c e  n u m b e r i s  s e t  to  eq u a l 1, 

an d  th e r e  i s  o n ly  one e n try  in  th e  fa c e  ta b le . T h e  seg m e n t e n t r ie s  f o r  th e  

f r a m e  b o r d e r  a r e  th e  f i r s t  s e g m e n ts  in  th e  ta b le , and  s ta r t in g  a t th e  f i r s t  

p o in te r  w ill  a lw ay s  po in t to  th e  nex t se g m e n t on th e  r ig h t .  No DDS r e c o rd  

is  p u t out f o r  th e  f r a m e  b o rd e r .

B y p a ss  s m a l l  n o ise  fa c e s . F o r  e a ch  co lo u r , a l l  th e  f a c e  d e s c r ip to r  r e c o r d s  

a r e  r e a d  in  and  s to r e d  in  th e  inpu t f a c e  ta b le ; a l l  i t s  s eg m e n t r e c o r d s  a r e  

r e a d  in  and  s to re d  in  th e  inpu t seg m e n t ta b le . V e rte x  r e c o rd s  a r e  r e a d  in  

s im i la r ly .  T he f i r s t  ta s k  c a r r i e d  out in  p ro c e s s in g  n o rm a l c o lo u rs  i s  to  

d e te rm in e  w h e th e r  th e  co lo u r can  b e  b y p a s s e d  b e c a u se  i t  i s  a  s m a l l  n o is e  

fa c e . T h is  m ay  b e  done by  ch eck ing  th e  se g m e n ts  d ir e c t ly  o r  b y  check ing  

ta b le  CO LTA B, w h ich  m ay  h ave th e  co lo u r  a s  an  e n t ry  b e c a u se  o f p re v io u s  

c a lc u la tio n s . If th e  co lo u r can  b e  b y p a s s e d , a  b ra n c h  is  m ade to  r e a d  in  

th e  n ex t co lo u r.

T h e  s c a n n e r  i s  a  v e ry  s e n s it iv e  d ev ice , and  w ill r e c o r d  a l l  l in e s  on th e  m ap. 

H ow ever, i t  w ill a ls o  r e c o rd  any sm u d g es  o r  s m a ll  s p e c k s  of d i r t  on th e  

m ap . S pecks of d i r t  can  g ive r i s e  to  a  s m a l l  fa c e  th a t w ill a p p e a r  a s  an  

" in te r io r  f a c e " ,  a s  show n in  F ig . A. 28. (" In te r io r "  and " e x te r io r "  a r e  

w ith  r e s p e c t  to  th e  fa c e  b e in g  p r o c e s s e d .)

T h e se  s m a l l  in t e r io r  f a c e s ,  i f  not d e te c te d  and  b y p a sse d , w ould a p p e a r  a s  

u n c la s s i f ie d  fa c e s  in  th e  e r r o r  l i s t .  T h e y  a r e  d e te c te d  by  a  p ro c e s s  (see  

" A r e a - ce n tro id  ca lc u la tio n s"  below ) th a t ch e ck s  the  m e a s u re  (a re a )  of a  

b o u n d a ry  b e fo re  s e le c tin g  a  s ta r t in g  seg m e n t fo r  th a t b oundary . If  th e
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to t a l  m e a s u re  of a  b o u n d ary  i s  -11 M EAS 0 , th e  boundary  is  a  s m a l l  

in t e r io r  f a c e  and  m ay  b e  b y p assed .

F ig . A. 28. S m all n o ise  f a c e  ( in te r ip r ) .

A ta b le  n a m ed  B P R O C  i s  u s e d  to  b y p a s s  th i s  s m a l l  in te r io r  fa c e . T he ta b le  

co n ta in s  e n t r ie s  r e f e r r i n g  to  th e  lo c a tio n  in  the  inpu t seg m en t ta b le  of each  

of th e  se g m e n ts  m ak in g  up th i s  fa c e . In  th e  d ia g ra m , th e  fa c e  a p p e a rs  a s  

a n  in t e r io r  b o u n d a ry  to  c o lo u r  A, and  is  co m p o sed  of fo u r  seg m e n ts . T o  

b y p a s s  th e  b o u n d a ry  in s o fa r  a s  co lo u r  A  i s  co n c e rn ed , th e  sw itch  in d ica tin g  

th a t  a  seg m e n t h a s  b ee n  p r o c e s s e d  i s  tu rn e d  on fo r  each  of th e se  fo u r  s e g ­

m e n ts . T h e  " 1" m in o r  c o lo u rs  of e a ch  o f th e  fo u r  seg m e n ts  m ak ing  up the  

b o u n d a ry  (E , F ,  G, H) a r e  th e n  e n te re d  in  ta b le  CO LTA B, w hich  con ta in s  

a  l i s t  of c o lo u rs  th a t  can  b e  b y p a s s e d . If  tw o o r  m o re  of th e  seg m e n ts  have  

th e  s a m e  m in o r  c o lo u r , on ly  one e n t ry  i s  m ade in  COLTAB.

W hen a  c o lo u r  i s  p ro c e s s e d ,  th e  f i r s t  s te p  c a r r i e d  out is  to  ch eck  w h e th e r 

i t  h a s  b e e n  e n te re d  in  th e  ta b le  CO LTA B, and  i f  so , i t  i s  b y p assed . In  

th i s  w ay , E , F ,  G, and  H  a r e  b y p a sse d . B e fo re  a  co lo u r in  CO LTA B is  

b y p a s s e d , h o w ev e r , a l l  o th e r  m in o r  c o lo u rs  of s e g m e n ts  m ak ing  up  the  

c o lo u r  a r e  ch e ck ed  to  s e e  i f  th e y  a r e  e n t r ie s  in  CO LTA B,  and i f  no t, th e y  

a r e  e n te re d  in  CO LTA B. T h u s , w hen co lo u r  E  i s  p ro c e s s e d , it  w ill be 

b y p a s s e d , b u t n o t b e fo re  c o lo u r  J  i s  e n te re d  in  COLTAB.

T h e  s e n s i t iv i ty  of th e  s c a n n e r  and  th e  tech n iq u e  u s e d  in  p h ase  1 f o r  co lo u r 

e l im in a tio n  o ften  g ive  r i s e  to  s m a l l  " e x te r io r "  n o ise  fa c e s  a t  th e  ju n c tion  

of tw o  o r  m o re  l in e s ,  a s  show n in  F ig . A. 29. ( " In te r io r"  and  " e x te r io r"  

a r e  w ith  r e s p e c t  to  th e  fa c e  b e in g  p ro c e s s e d .)

T h is  s itu a tio n  w ill a lso  o c c u r  if  th e  l in e s  h ave  b ee n  s c r ib e d  on th e  m ap in  

s u ch  a  w ay  th a t a  ju n c tio n  i s  th ic k e r  th a n  n o rm a l. P h a s e  1 w ill c r e a te  th e
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s m a l l  n o ise  f a c e  E , a t  th e  junc tio n . T h is  f a c e  i s  n o t c la s s if ie d , and  w ill 

c a u se  an  UNCLASSIFIED  F A C E  e r r o r  cond ition  th a t w il l  be  d e te c te d  by 

p h ase  4A i f  th e  fa c e  i s  not d e le ted .

T y p ic a l m ap  a s  scan n ed            E x te r io r  n o is e  fa c e  E

F ig . A. 29. S m all n o is e  fa c e  (e x te r io r ) .

T h is  cond itio n , u n lik e  b y p a s s a b le  f a c e s ,  is  n o t d e te c ta b le  u n ti l  a f t e r  the  

seg m e n ts  m ak in g  up th e  f a c e  h av e  b e e n  p r o c e s s e d  in to  th e  ou tpu t IDS ta b le .

A fte r  a  c o lo u r  h a s  b e e n  p ro c e s s e d ,  d u rin g  ro u tin e  CO LEN D , a  c a ll  i s  m ade 

to  p ro c e d u re  TAGUNCL in  w hich  a l l  s m a l l  u n c la s s i f ie d  fa c e s  a r e  s c ru tin iz e d  

to  s e e  if  th e y  can  b e  d e le ted . T h e  p r e s e n c e  o f a  ty p e  " 0 /  l "  se g m e n t 

su g g e s ts  th a t a  la rg e  p a r t  of th e  f a c e  l i e s  in  th e  ad jo in ing  f r a m e . S ince 

p h a se  4A h a s  no  f r a m e - to - f r a m e  c o m m u n ic a tio n , th i s  canno t b e  checked , 

s o  i t  is  a s s u m e d  th a t m o s t of th e  fa c e  l i e s  in  th e  ad jo in ing  f r a m e  and  i t  i s  

no t s e t  up f o r  d e le tio n . T h e  m in o r  c o lo u rs  of a l l  th e  se g m e n ts  (except 

th o s e  C onca tenated  in  the output) m ak in g  up th e  f a c e  a r e  c o m p ared . If  one 

ca n  b e  found  th a t i s  u n ique , b u t i s  n o t eq u a l to  0 o r  1 and  i s  s m a l le r  than  the  

co lo u r  b e in g  p ro c e s s e d ,  th e n  th e  f a c e  i s  s e t  up  fo r  d e le tio n . T h e  face  r e c o rd  

in  th e  IDS h a s  i t s  f a c e  n u m b e r  s e t  to  999999 an d  th e  SDISS sw itch  f o r  the 

seg m e n t w ith  th e  un ique  co lo u r  i s  s e t  to  " 9" . T h e  IDS fa c e  n u m b e r fo r  th e  

f a c e  c o r re s p o n d in g  to  th e  unique le f t  c o lo u r  i s  d e te rm in e d , s o  th a t a  supp le

m e n ta ry  (R ec o rd  C ode = "4002") DDS r e c o r d  m a y b e  c re a te d . In  e ffec t, an 

e x t r a  DDS r e c o r d  i s  c re a te d  w h ich  c a u s e s  th e  a r e a  of th e  f a c e  b e in g  dele ted  

to  b e  added  to  th e  a r e a  of th e  unique le f t  c o lo u r  (A).

T h e  fa c e  h a s  now b e e n  s e t  up fo r  d e le tio n , b u t th e  a c tu a l d e le tio n  does not 

ta k e  p la c e  u n ti l  th e  en d  o f th e  f r a m e , b y  p ro c e d u re  FRM END . T o  d e le te  th e  

f a c e ,  th e  ta g g e d  fa c e  and  c o rre s p o n d in g  se g m e n t a r e  lo c a te d . T he seg m en t 

i s  e lim in a te d  f ro m  th e  IDS seg m e n t ta b le , and  p o in te r s  a r e  a d ju s te d  to  

in c lu d e  th e  r e m a in in g  se g m e n ts  o f th e  d e le ted  fa c e  a s  an  in te g ra l  p a r t  of the
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O nce th e  s ta r t in g  se g m e n t f o r  a  f a c e  b o u n d a ry  h a s  b ee n  lo c a te d , i t  is  

p r o c e s s e d  in to  th e  o u tpu t, c re a tin g  IDS fa c e  and  seg m e n t r e c o rd s  a s  

r e q u i r e d ,  and  m oving  th e  co m p ac t n o ta tio n  fo r  th e  seg m e n t in to  th e  output 

c o m p a c t n o ta tio n  s tr in g .

C o n ca ten a tio n  is  th e  p ro c e s s  of jo in in g  tw o s u c c e s s iv e  se g m e n ts  to g e th e r  

to  p ro d u c e  one seg m e n t. T he in te rm e d ia te  com m on  v e r te x  i s  e lim in a ted , 

an d  one c o m p ac t n o ta tio n  s t r in g  i s  c re a te d  fo r  th e  r e s u lt in g  seg m en t.

T h e  p r e s e n c e  o f s e c t io n  b o rd e r s  c a u se s  m an y  of th e  se g m e n ts  in  p h ase  3 to  

b e  c o n c a te n a te d  b e c a u se  of a  v e r te x  c re a te d  a t  th e  se c tio n  b o rd e r .  T he o u t­

p u t of p h a se  4A  (IDS) co n ta in s  no v e r t ic e s  o th e r  th a n  tr u e  v e r t ic e s .  A ll 

v e r t ic e s  a t  s e c t io n  b o r d e r s  w ill h ave  d is a p p e a re d .

T h e  p ro c e d u re  CONTST (con ca ten a te  te s t)  'is c a lle d  b e fo re  any  seg m e n t i s  

p r o c e s s e d  in to  th e  IDS. (T h is  p ro c e d u re  i s  c a lle d  a t o th e r  t im e s  in  the 

p ro g ra m , b u t m e re ly  to  e lim in a te  th e  se le c tio n  of a  co n c a ten a tab le  seg m en t

S EA R C H -A A s im p le  s e a r c h  th a t lo c a te s  m o s t s ta r t in g  seg m e n ts .

S EA R C H -B A co m plex  s e a r c h ,  invoked  w hen SEA RCH-A  fa i ls .  

SEA RCH -B e n s u re s  th a t any  seg m e n t it  s e le c ts  is  p a r t  

o f a  c lo se d  bou n d ary . I t i s  u s e d  to  invoke g ap -c lo s in g  

ro u tin e s  in  co lo u r 1 s itu a tio n s  (see  above), and  to 

d e te c t and  r e c o r d  b y p a s s a b le  n o ise  f a c e s  (see  above). 

SEA RCH -B alw ays r e c o r d s  e x te r io r  b o u n d a rie s  b e fo re  

in t e r io r  b o u n d a rie s  (se e  below ).

SEA RCH -C F in d s  s ta r t in g  se g m e n ts  o n ly  fo r  u n c lo se d  b o u n d a rie s , 

l in e s ,  and  p o in te rs .

SEA RCH -D F in d s  co lo u r 0 only.

fa c e  w hose c o lo u r  i s  th e  unique le f t  co lo u r.

B ec au se  of th e  c o m p lex ity  of th e  IDS, and  th e  f a c t th a t m any su ch  fa c e s  m ay  

h ave b ee n  s e t  up f o r  d e le tio n , o th e r  ch eck s m u s t b e  m ade to  th e  IDS a f te r  

d e le tio n .

T ra c e  b o u n d a ry , c o n c a ten a te  seg m e n ts . If  th e  f a c e  i s  a  v a lid  one, a  s ta r t in g  

s e g m e n t m u s t b e  found . A h ie r a r c h y  of s e a r c h  ro u tin e s  i s  em ployed  to  

a c h ie v e  th is :



in  v a r io u s  s itu a tio n s  w h e re  su ch  a  seg m e n t i s  not a  d e s ira b le  c h o ic e .) T he 

m a in  t e s t  f o r  co n c a ten a tab le  se g m e n ts  i s  th a t th e  v e r te x  count f o r  th e  com m on 

v e r te x  m u s t be eq u a l to  tw o , and  th e  m in o r  co lo u r m u s t b e  th e  s a m e  fo r  

b o th  se g m e n ts .

T h e  d ia g ra m  (F ig . A. 30) d e p ic ts  th e  d is a p p e a ra n c e  of v e r t ic e s  a t s e c tio n  

b o r d e r s  fo r  a  ty p ic a l f r a m e .

F ig . A. 30. E lim in a tio n  of v e r t ic e s  a t s e c t io n  b o r d e r s .

A c o lo u r  m ay  a lso  c o n s is t  of m o re  th a n  one b o u n d a ry , w h ich  m ay  b e  a  m ix ­

tu r e  of e x te r io r  and  in t e r io r  fa c e  b o u n d a r ie s , a s  show n in  F ig . A. 31.

F ig . A. 31. E x te r io r  and  in te r io r  fa c e  b o u n d a rie s  o f c o lo u r  8.
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P h a s e  4A inpu t (68 seg m en ts)  
show ing  th e  68 inpu t seg m e n ts  
w ith  th e  su p e rim p o se d  s e c t io n  
an d  f ra m e  g r id s .

P h a s e  4A output (37 seg m en ts) 
show ing  th e  37 output seg m e n ts  
a f te r  co n c a ten a tio n . N ote th e  
d is a p p e a ra n c e  o f a l l  s ec tio n  
b o rd e r  v e r t ic e s .



E a ch  b o u n d a ry  m u s t b e  co m p le ted  b e fo re  th e  n ex t one  is  b eg u n , and  a l l  th e  

p o in te r s  and  c o u n te rs  a s s o c ia te d  w ith  a  b o u n d ary  m u s t b e  in i t ia liz e d  a t  th e  

s t a r t  o f a  b o u n d ary . B ec au se  som e seg m e n t co o rd in a te s  a r e  a l te re d  and 

o th e r s  a r e  g e n e ra te d , th e  t e s t  to  e n s u re  th a t a  b o u n d ary  c lo se s  depends 

c o n s id e ra b ly  on  th e  f r a m e  l i s t  w o rk  f i le  ( tab le  FRSEG) w hich c r o s s -  

r e f e r e n c e s  th e  inpu t an d  output ta b le s .

E r r o r  ch e ck . W hen a l l  th e  b o u n d a rie s  f o r  a  co lo u r  a r e  d e te rm in e d  and  a l l  

th e  s e g m e n ts  h av e  b e e n  p ro c e s s e d , th e  d e s c r ip to r  d a ta  fo r  th a t  f a c e  a r e  

ch e ck ed  b e fo re  th e y  a r e  u s e d  to  c r e a te  th e  DDS. T h e re  sh o u ld  b e  one and  

on ly  one fa c e  r e c o r d  f o r  each  co lo u r th a t co m es  in to  p h a s e  4A , ex c ep t f o r  

c o lo u rs  0 , 1, and  c o lo u rs  th a t a r e  b y p a s s e d  o r  w ill  b e  d e le te d  b y  p h a se  4A, 

a s  n o te d  above . S e v e ra l e r r o r  s itu a tio n s  m ay  o c c u r , in  w hich  th e  d a ta  f o r  

th e  c o lo u r  a r e  w r i t te n  out on th e  ERRORS f i le  f o r  in c lu s io n  in  th e  ERRO R 

LIS T . T h e se  e r r o r s  a r e  checked  f o r  d u rin g  ro u tin e  COLEND, excep t f o r  

th e  l a s t  in  th e  l i s t  below . T h is  ty p e  of e r r o r  is  d e te c te d  an d  s to r e d  w hen 

th e  fa c e  r e c o r d  i s  re a d .
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C o m p le tio n  of a r e a  c e n tro id  c a lc u la tio n s . T he in p u t seg m e n t ta b le  co n ta in s  

th e  v a lu e s  f o r  th e  M EASURE (a rea ) and  M MX/MMY  ( X  and  Y  c e n tro id  

m o m en ts) f o r  e a ch  seg m e n t. If th e s e  a r e  to ta lle d  f o r  a l l  th e  se g m e n ts  

m ak in g  up a  f a c e ,  th e  to ta ls  y ie ld  th e  a r e a  and  th e  c o o rd in a te s  o f th e  

c e n tro id  fo r  th e  fa c e . T he a r e a  i s  in  sq u a re  g r id  u n i ts .

T h e  to t a l  M EASURE fo r  a l l  s e g m e n ts  m ak ing  up th e  f r a m e  b o r d e r  i s  

ch e ck ed  a g a in s t th e  th e o re t ic a l  to ta l  f o r  a  g iv en  s e t  o f  S, F ,  a n d  E  f a c to r s .  

If th e  tw o  do n o t a g r e e ,  an  e r r o r  s itu a tio n  e x is ts  a n d  th e  d a ta  f o r  th e  f r a m e  

b o rd e r  (COLOUR = 0) i s  put out on f i le  ERRO RS, a lo n g  w ith  th e  m e ss a g e  

"A R EA  M ISM ATCH ON FRA M E BO RDER".

E r r o r  m e ss a g e C au se

M AP EX T E R IO R  CLASSIFIED - C o lou r 1 h a s  a  f a c e  r e c o r d .

U N CLA SSIFIED  F A C E - No fa c e  r e c o r d  f o r  th e  c o lo u r

M U LTIC LA SSIFIED  F A C E - M ore th a n  one  fa c e  r e c o r d  f o r  th e  
co lo u r.

SM A LL A REA  C LA SSIFIED  FA CE - A  n o is e  fa c e  h a s  a  fa c e  r e c o rd .

F A C E  R ECO RD  CONTAINS BLANK 
CLA SSIFICA TIO N  DATA

- T h e  c la s s if ic a t io n  d a ta  f o r  a  r e c o rd  
co n ta in s  a l l  b la n k s .



T h e  to ta ls  f o r  M S/M M X /M M Y  f o r  a l l  f a c e s  in  a  f r a m e  a r e  ca lcu la ted  and  

c o m p a re d  w ith  th e  th e o re t i c a l  f r a m e  to ta ls .  If  th e  tw o do not a g re e , a  

m e ss a g e  i s  p r in te d  on SYSOUT g iv ing  the  a c tu a l and  th e o re tic a l v a lu e s . A n 

e r r o r  s e v e r i ty  code of "B "  i s  pu t in  the  m ap  c o n tro l b lock , but no m e ss a g e  

o r  fa c e  d a ta  a p p e a r  in  th e  ERRO R LIST.

B u ild  IDS r e c o rd s .  A t th e  end  of th e  f r a m e , p ro c e d u re  FRM END  is  ca lled . 

T h e  p ro c e d u re  m o d ifie s  th e  new IDS to  e lim in a te  any  s m a l l  e x te r io r  f a c e s  

th a t h av e  b e e n  tag g ed , c o r r e c t s  o th e r  s m a l l  e r r o r  s i tu a tio n s  in  th e  IDS, 

a d ju s ts  th e  v e r te x  co u n ts , and  w r i te s  out th e  fo u r  IDS re c o rd s  f o r  th e  f r a m e . 

T h e  n ex t f r a m e  is  th e n  p ro c e s s e d  in  th e  s a m e  m a n n e r  a s  the  f i r s t .

U pdate MCB and  w r ite  D PS. W hen no m o re  f r a m e s  re m a in  to  b e  p ro c e s s e d ,  

th e  MCB i s  updated  and r e w r i t te n  and  p ro c e d u re  MPSGOUT is  ca lled .

T h e  ou tpu t f r o m  p h ase  4A i s  th u s : 

(1) T he new im ag e  d a ta  s e t  (IDS), w hich  i s  c re a te d  in  p h a se  4A  and 

c o n ta in s  th e  im ag e  d a ta   f o r  th e  f r a m e s  p ro c e s s e d  in  one ru n  

th ro u g h  p h a se  4A.

(2) T h e  new d e s c r ip to r  d a ta  s e t  (DDS), w hich  is  c re a te d  in  p h a s e  4A  

and  co n ta in s  th e  d e s c r ip to r   d a ta  f o r  e v e ry  fa c e  p ro c e s s e d  in  one  

ru n  th ro u g h  p h a se  4A.

(3) T h e  e r r o r  l i s t  f o r  p ro c e s s in g  in  th e  m an u a l e r r o r  c o r re c t io n  

s u b sy s te m .

(4) T h e  n o rm a l ru n  l i s t in g ,  con ta in ing  a  l im ite d  t r a c e  an d  an y  e r r o r  

m e ss a g e s  p e r ta in in g  to  th e   a c tu a l run n in g  of th e  p h ase  4A  p ro g ra m .

T h e  fo llow ing  p ro g ra m m in g  r e s t r i c t i o n s  apply  in  p h ase  4A fo r  a  re g io n  s iz e  

o f 390K. T h e  p a r t ic u la r  s e t  of ta b le  s iz e s  m ay  b e  r e a r ra n g e d .

C om pact n o ta tio n /in p u t s eg m e n t m ax im u m  250 b y te s

Inpu t p lu s  g e n e ra te d  s e g m e n ts /c o lo u r /f r a m e m ax im um  700

T o ta l co m p ac t n o ta tio n  in p u t /c o lo u r /f r a m e m ax im um  7000 b y te s

N u m b er o f c la s s i f ic a t io n  r e c o r d s  /c o lo u r m ax im um  25

O utput co m p ac t s t r in g / f r a m e m ax im um  15000 b y te s

O utput s e g m e n ts /f r a m e m ax im um  1200

O utput f a c e s / f r a m e m ax im u m  800

T o ta l n u m b e r  of inpu t s e g m e n ts /c o lo u r  p lu s  
to ta l  n u m b e r of m e s s a g e s /c o lo u r m ax im um  1500

M axim um  n u m b e r of inpu t and  g e n e ra te d  
s e g m e n ts /f r a m e 2500
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T h e  fo llo w in g  in h e re n t d is to r t io n s  o c c u r  in  p h ase  4.

E lim in a tio n  of s m a l l  f a c e s  and  lin e s . L in es  th a t fo rm  no p a r t  of 

a  c lo se d  f ig u re  and  a r e  le s s  th a n  10 p o in ts  in  len g th  a r e  co n s id e red  

to  b e  n o ise  l in e s ,  and  a r e  e lim in a te d  b y  p h ase  4 . T h e  fa c e  shown 

in  F ig . A. 32 w ould  th u s  be  c o n s id e re d  n o t in  e r r o r .

F ig . A. 32. A  com pound e r r o r .

T h e  fa c e  to  th e  le f t  is . un ique ly  c la s s i f ie d  and  is  in  e r r o r  only  

b e c a u se  of th e  s c r ib in g  e r r o r  show n. T he fa c e  to  th e  r ig h t i s  

m is ta k e n ly  u n c la s s if ie d . B ec au se  of th e  gap , th e  tw o  fa c e s  a r e  

a s s u m e d  to  b e  one and  th a t s in g le  f a c e  i s  c o n s id e re d  n o t in  e r r o r .

T h e  s itu a tio n  d ep ic ted  in  F ig . A. 33 .show s a  fu r th e r  s m a l l  d is ­

to r t io n  c a u se d  b y  d ir t  o r  w idely  s c r ib e d  inpu t l in e s . T h is  

d is to r t io n  i s  n eg lig ib le  f o r  la r g e  fa c e s .

F ig . A. 33. D is to r tio n  e r r o r  in  p h ase  4.
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J .  W hite m ade  s ig n if ic a n t c o n trib u tio n s  to  th e  d es ig n  a n d  p ro g ra m m in g  of 

p h a se  4.

M anual E r r o r  C o rre c t io n  (MEC) S ubsystem

T he MEC s u b sy s te m  h a s  b ee n  d es ig n e d  to  c o r r e c t  e r r o r s  th a t a p p e a r  in  th e  

e r r o r  l i s t in g  p ro d u ced  b y  p h ase  4A. C e r ta in  e r r o r s  a r e  no t c o r r e c ta b le  

on one p a s s  th ro u g h  th e  M EC s u b sy s te m . In p a r t ic u la r ,  e r r o r s  c a u se d  b y  

p ro g ra m  f a u l ts  r a t h e r  th a n  t r u ly  i l lo g ic a l co n d itio n s  cannot n e c e s s a r i ly  be  

e lim in a te d , a s  th e  e r r o r  m e ss a g e  i t s e l f  m a y  be a n  e r r o r  in  s u ch  c o n d itio n s . 

S im ila r ly , e r r o r s  in  th e  p h a se  4A  li s t in g  m a y  b e  sy m p to m s o f a  m o re  c o m ­

p lex  s e t  of e r r o r s ,  th e  com ponen ts  of w hich  a r e  on ly  r e v e a le d  w h en  th e  

a p p a re n t e r r o r  i s  c o r re c te d .  T h e se  cond itions  b ec o m e l e s s  f re q u e n t a s  

th e  s y s te m  i s  developed . T h e  d e s c r ip tio n  below  o u tlin e s  th e  lo g ic a l  o p e r a ­

tio n s  of th e  M EC s u b sy s te m .

A s f a r  a s  M EC i s  c o n c e rn ed , p h ase  3 output i s  th e  s o u rc e  of a l l  ev il, th a t  i s ,  

i t  i s  th e  s o u rc e  o f a l l  e r r o r s  found b y  p h a se  4A and l i s t e d  in  th e  e r r o r  l i s t in g .  

T o  c o r r e c t  th e  e r r o r s  a t  th e i r  s o u rc e , i t  w ould  b e  n e c e s s a ry  to  r e s c a n  o r  

r e d ig itiz e  o r  bo th , an d  th e n  r e r u n  p h a se s  0 , 1, 2 , 3, and  4A . M EC i s  

d es ig n e d  to  c r e a te  a  new p h a se  3 output th a t i s  e r r o r  f r e e ,  th e re b y  e l im in a ­

tin g  th e  n ee d  to  c o r r e c t  th e  inpu t to  p h a se s  0 and 1.

T he seq u en ce  of lo g ic a l o p e ra t io n s  th a t m ake up th e  M EC s u b s y s te m  a r e  

i l lu s t r a te d  in  th e  flow  c h a r t  (F ig . A. 34).

E r r o r  l i s t in g s .  T he e r r o r s  d e te c te d  in  p h ase  4A a r e  l i s t e d  and  c la s s i f ie d  

in to  c a te g o r ie s  A, B , F ,  G, J ,  and  Z . C a te g o ry  A  e r r o r s  a r e  ed itin g  an d  

v a lid ity  ch e c k s , w h ich  a r e  not han d led  b y  M EC. C a teg o ry  B co n ta in s  

s e r io u s  e r r o r s  th a t m ay  be han d led  by  MEC (see  co m m en ts  in  in tro d u c tio n  

to  MEC above). E r r o r s  in  c a te g o r ie s  F  to  J  a r e  a l l  h and led  b y  M EC.

T h o se  in  c a te g o ry  Z a r e  in fo rm a tio n  m e ss a g e s  f o r  th e  u s e  o f M EC . A  b r ie f  

l i s t  of th e  e r r o r s  th a t m a y  b e  p ro d u ced  is  g iven  below .

R4101A  - R4111A  V a lid ity  e r r o r s

R4115B M ap b o r d e r  gap. T h is  i s  a  s e r io u s  e r r o r ,  u su a lly  ca u sed  b y  

g ro s s  m is ta k e s  on th e  s o u rc e  docum ent, though  i t  m a y  in d ic a te  a  

p ro g ra m  d ifficu lty . MEC can  s o m e tim e s  c o r r e c t  th i s  e r r o r  b y  

in s e r t in g  a  new seg m e n t.
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F ig . A. 34. MEC s u b sy s te m  flow c h a rt .
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R 4116B  A re a  m ism a tc h  on f ra m e  b o rd e r . T h is  cannot be c o r r e c te d  

d ir e c t ly  b y  M EC, b u t i t  i s  u su a lly  sy m p to m a tic  of o th e r  e r r o r s  th a t  

can  b e  e lim in a te d  th ro u g h  M EC and h ence  can  b e  e lim in a ted  i t s e lf .  

R 4117B U nable to  c lo se  e x te r io r  boundary . T h is  im p lie s  tw o c o lo u rs  

s id e  b y  s id e  w ith  no se g m e n t s e p a ra t in g  th e m . In s e r t  s eg m e n t to  

c o r r e c t .

R 4118B In c o r r e c t  co m b in a tio n  of e x te r io r  f a c e s .  A co lo u r a p p e a rin g  

tw ic e  on a  f r a m e . R e c o lo u r  to  c o r r e c t .

R 4160F  E nd  of l in e . A g roup  o f s eg m e n t r e c o r d s  w ith  sam e  colour' on  

e a ch  s id e . R e c o lo u r  to  c o r r e c t .

R4170G  and  R4173G  U n c la ss if ie d  fa c e . C la s s ify  to  c o r r e c t .

R4171G  M u ltic la ss if ie d  fa c e . D ele te  o r  r e c o lo u r  to  c o r r e c t .

R 4172G  M ap e x te r io r  c la s s i f ie d . D ele te  o r  re c o lo u r  to  c o r r e c t .

R 4180J S m all a r e a  c la s s i f ie d  face . U n c la ss if ie d  fa c e s  of l e s s  th a n  10 

u n its  of a r e a  a r e  e l im in a te d  by  p h ase  4A. C la ss if ie d  fa c e s  m u s t b e  

e l im in a te d  m a n u a lly , e i th e r  by  d e le tin g  th e  fa c e  o r  th e  fa c e  r e c o r d ,  

o r  b y  chang ing  th e  co lo u r of th e  fa c e  r e c o rd .

R 4200Z  -R 4 2 0 4 Z  In fo rm a tio n  m e s s a g e s . H elp  to  sp ec ify  above e r r o r s .

D e te rm in e  c o r r e c t io n s ,  o p tiona l p lo t. F ro m  th e  l i s t  o f e r r o r s  p ro v id e d , 

th e  o p e ra to r  m u s t d e te rm in e  and  sp e c ify  w hat c o r re c t io n s  a r e  n e c e s s a ry .  

T h is  i s  th e  "m a n u a l"  p a r t  of th e  M EC s u b sy s te m . In som e co m p lex  s i tu ­

a t io n s , n o ta b ly  th o se  re q u ir in g  in s e r t io n  of new se g m e n ts , a  p lo t of th e  

se g m e n t r e c o r d s  w r i t te n  on  th e  e r r o r  ta p e  is  he lp fu l. T h is  is  a c co m p lish e d  

by  su b ro u tin e  M EC PLO T. T he o p e ra to r  h a s  a t h is  d isp o sa l th e  com m and  

lan g u ag e  of M EC, w h ich  co n ta in s  th e  v e rb s : CO PY , CHANGE, IN S E R T , 

D E L E T E , and  END. T h e se  key  w o rd s , coup led  w ith  defin itio n s  (and  so m e  

co n v en tio n s  su ch  a s  p a re n th e s e s )  a r e  u sed  to  sp ec ify  the  n e c e s s a r y  

c o r re c tio n s :

C O PY  -  A  s ta r t in g  com m and  w hich , w ith  a  s u b s c r ip te d  d e f in i

t io n , s p e c if ie s  th e  m ap s  to  be   in c luded  in  the  new d a ta  

s e t  c r e a te d  b y  th e  update p ro g ra m .

CHANGE -  W ith  th e  defin itio n  fo llow ing , i t  sp ec if ie s  a  change 

f r o m  one e n tity  to  a n o th e r , fo r   exam p le , change o f 

one co lo u r to  an o th e r.
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IN SERT -  W ith  th e  de fin itio n  fo llow ing , i t  s p e c if ie s  in s e r t io n  of 

fa c e  r e c o rd s  o r  l in e  s e g m e n ts , e t c . , w h e re  none e x is t .

D E L E T E  - W ith  th e  defin itio n  fo llow ing , i t  sp e c if ie s  de le tio n  of 

fa c e  r e c o r d s  o r  l in e  se g m e n ts .

END -  E nd  of p ro c e s s  co n cern ed . No s u b s c r ip t.

K ey w o rd s  th a t a r e  u n d e rs to o d  b y  M EC and  can  b e  u sed  in  con junction  w ith  

th e  v e rb s  in  th e  g r a m m a r  of d e s c r ip tio n  a r e :  COVERAGE, M AP, STO P, 

ER R O R , CO LO UR, S P L IT , L E F T , RIG HT, O PE N , C LO SE, FRO M , TO , 

P O IN T E R , F A C E , NEW , X , Y , GRID, USER, CLA SSIFICA TIO N, L IN E. 

A  fu ll  d e s c r ip tio n  o f  th e s e  te r m s  w ill  not b e  g iv en  h e r e ,  b u t th e  fo llow ing 

e x a m p le s  i l lu s t r a t e  t h e i r  u se :

(a) T h e  fo rm a t  o f a  com m and  r e q u ire d  to  add  a  f a c e  r e c o r d  is  

a s  fo llo w s:

IN SERT F A C E  [L IN E ] 'lin e  n u m b e r '

COLOUR [NEW ] 'c o lo u r  n u m b e r '

USER 'u s e r  f a c e  n u m b e r '

CLA SSIFICA TIO N  'd e s c r ip to r  d a ta '

[P O IN T E R  X  'X - c o o rd . ' Y 'Y -c o o rd .' ]

(b) T h e  fo rm a t of a  com m and  r e q u ir e d  to  d e le te  seg m e n t o r  face  

r e c o rd s  i s  a s  fo llow s:

D E L E T E  [L IN E ] 'l in e  n u m b e r  s tr in g '

T he o p e ra to r  m a n u a lly  d e te rm in e s  th e  c o r re c t io n s  n e c e s s a r y ,  r e f e r r in g  

to  th e  s o u r c e  d a ta ,  s c r ib e d  m ap , and  p lo t of com p lex  e r r o r s ,  if  p ro d u ced . 

C a rd s  a r e  p ro d u ced  w ith  th e  n e c e s s a ry  c o r re c t io n s  and  a r e  su b m itte d  to  

th e  e r r o r  c o r re c tio n  p ro g ra m .

E r r o r  c o r re c tio n  p ro g ra m  (MECMAIN). T he e r r o r  c o r re c t io n  p ro g ra m  

co n ta in s  a  n u m b e r  of ro u tin e s  and  s u b ro u tin e s .

T h e  p ro g ra m  i s  s ta r t e d  b y  i t s  m a in  ro u tin e  (M ECM AIN), w hich  a l lo c a te s  

c o r e ,  in i t ia liz e s  th e  f i l e s ,  an d  c a l ls  MECREAD and  M ECO RET. T he f i r s t  

s te p  i s  to  r e a d  th e  c o r re c t io n  c a rd s  p re p a re d  b y  th e  o p e ra to r  and  s to re  th e m  

on ta b le s  f o r  f u r th e r  a n a ly s is  (M ECREAD). T h e  ta b le s  a r e  scan n ed  (SCANR) 

and  th e  k e y  w o rd s  th a t  t r i g g e r  th e  re m a in in g  seq u en ce  of o p e ra tio n s  a re  

e x t ra c te d . T he s t r u c t u r e  o f  th e  com m ands p re p a re d  b y  the  o p e ra to r  is
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ed ite d  fo r  v a lid ity , and  in  p a r t ic u la r  th e  d ire c tio n s  to  change o r  in s e r t  

c o lo u rs  a r e  ex a m in ed  (COLOUR). If e r r o r s  a r e  found  in  th e  o p e r a to r 's  

s u b m is s io n , th e n  a  d ia g n o stic  r e p o r t  i s  p r in te d  (ERRT) and  th e  o p e ra to r  

c o r r e c t s  h is  co m m an d s and re s u b m its  th em . T h e  h ie r a r c h ic a l  ca llin g  

o r d e r  of th e  e r r o r  c o r re c tio n  ro u tin e s  is  g iv en  below .

E R R T :
E R R T :

C R EA TE :
PRINTSQ :
STO RE:
E R R T :
COREX:
COM P:
DCOM P:
M ECVADJ:
VLROUT:
ER R T :
TIM R:
DCOM P:
VLROUT:
E R R T :
TIM ER :
MOVEX:

E R R T :

SCANR:
COLOUR:
ERRT: 
PR IN T B : 
IN SERT: 

SEGOUT:

STO R E:

ERRT:
M ECVADJ:
MOVEX:
VLROUT:
DCOM P:
TIM ER:
NXFRM :

M ECREAD:

M ECO RET:

T IM E R :
E R R T :

MECMAIN

W hen th e  co m m an d s h ave  p a s s e d  th ro u g h  the  in i t ia l  s ta g e  of th e  p ro g ra m  

s u c c e s s fu lly , ro u tin e  M ECORET r e a d s  th e  e r r o r  ta p e  f r o m  p h a se  4A and  

p e r fo rm s  th e  c o r re c t io n s  "d e le te "  and  "ch a n g e" . A t th e  s a m e  tim e , th e  

s a m e  ro u tin e  p r e p a r e s  th e  re q u ire d  ta b le s  a n d  a  w o rk  f i le  f o r  th e  " in s e r t "  

com m and . T o  in s e r t  a  s eg m e n t is  a  som ew hat m o re  com plex  ta s k  th a n  

chang ing  a  c o lo u r  r e c o r d ,  a s  changes in  th e  im a g e  a r e  invo lved . T he 

o p e ra t io n  i s  c a r r i e d  out u n d e r  th e  co n tro l of s u b ro u tin e  IN SERT. F i r s t ,  th e  

new seg m e n t r e q u ir e d  i s  la id  out in  a  s m a l l  b lo c k  of c o re  c a lc u la te d  and  

c r e a te d  f o r  th a t p u rp o se  (CREA TE, PRINTSQ ). T h e n  th e  l in e  seg m e n ts

ER R T :
MOVEX:



f r o m  th e  e r r o r  ta p e  a r e  co n cep tu a lly  su p e rim p o se d  on the  s a m e  b lo c k  of 

c o re  (STO RE). T h e  co m p ac t n o ta tio n  m a n ip u la tio n s  a r e  hand led  b y  s u b ­

ro u tin e  D COM P. T h e  new  se g m e n ts  and  v e r te x  a d ju stm en t r e c o rd s  a r e  

ou tpu t b y  ro u tin e s  SEGOUT and  M ECVADJ. R ou tine  VLROUT h an d les  

v a r ia b le - le n g th  r e c o r d s  e n c o u n te red , and  ro u tin e  TIM ER  p ro d u ces  tim in g s  

f o r  e a c h  in d iv id u a l p ro d u c tio n  rim . If il lo g ic a l cond itions  in  th e  o p e r a to r 's  

co m m an d s b ec o m e  a p p a re n t d u rin g  th e  IN SERT, STO RE, SEGOUT, o r  

M ECV AD J r o u tin e s ,  th e  a p p ro p r ia te  d ia g n o stic  m e ss a g e s  a r e  g e n e ra te d  

(E R R T , MOVEX) a n d  a r e  p a s s e d  to  th e  o p e ra to r  so  th a t th e  c o r re c t io n  

co m m an d s  c a n  b e  re v is e d .  T h e  output f r o m  MECMAIN is  a  s e t  of r e c o r d s  

th a t  a r e  lo g ic a l ly  c o r r e c t  in  t e r m s  o f th e  e r r o r  ta p e  and  th e  c o r re c t io n  

c o m m an d s .

T h e se  c o r r e c te d  r e c o r d s  a r e  s o r te d  in to  n u m e r ic a l  sequence  of c o lo u rs  

w ith in  n u m e r ic a l  s e q u en ce  of f r a m e s ,  b e fo re  b e in g  p a s s e d  to  th e  update  

r o u tin e  (M ECU PD ).

T h e  upd a te  ro u tin e  (M ECUPD) a c c e p ts  a s  inpu t th e  s o r te d  ou tput f ro m  

p h a s e  3. I t  c o m p a re s  th is  " m a s te r "  w ith  th e  " d e ta il"  p ro d u ced  b y  MECMAIN, 

an d  u p d a te s  th e  r e c o r d s  on a  f r a m e -b y - f r a m e  b a s is .  A new s o r te d  p h a se  3 

ou tpu t is  w r i t te n  an d  i s  p a s s e d  to  p h ase  4A f o r  p ro c e s s in g . T h e  M CB is  

up d a ted .

R . W h itta k e r  m a d e  s ig n if ic a n t co n tr ib u tio n s  to  th e  d e ta ile d  d es ig n  and  

p ro g ra m m in g  of th e  m a n u a l e r r o r  c o r re c t io n  su b sy s te m .

P h a s e  4B

P h a s e  4B i s  a  co n tin u a tio n  of p h ase  4A and  r e q u i r e s  th a t th e  d a ta  be in g  

p r o c e s s e d  a r e  e r r o r  f r e e ,  a s  th e y  a r e  to  b e  m a tch ed  w ith  th e  m ain  d a ta  

bank . T h e  p h a s e  i s  th u s  c a r r i e d  out a f te r  th e  m a n u a l e r r o r  c o r re c tio n  

p r o c e s s  h a s  b e e n  co m p le ted .

A s d e s c r ib e d  above, th e  d a ta  b e in g  p ro c e s s e d  a r e  now in  th e  b a s ic  f o r m  

of th e  d a ta  b a n k  b u t th e  r e c o r d s  a r e  s t i l l  b a s e d  on  in d iv idual m a p s, an d  

n u m b e re d  on a  m a p -b y -m a p  b a s is .  T he m ap  ed g es  o f th e  new d a ta  h ave  no t 

b ee n  m a tc h e d  w ith  th e  m ap  ed g e s  of th e  d a ta  in  th e  m ain  d a ta  bank. T he 

new d a ta  h a v e  n o t, i n  fa c t ,  b ee n  m e rg ed  w ith  th e  d a ta  in  th e  m a in  d a ta  bank.

371



T h e se  o p e ra tio n s  a r e  c a r r i e d  out in  p h a se s  5 to  8. P h a s e  4B s e ts  th e  s ta g e  

f o r  th e s e  o p e ra t io n s  b y  li s t in g  th e  m ap  edge d a ta  of th e  new r e c o r d s  i t  h a s  

p ro c e s s e d  and  of th e  ab u ttin g  ed g es  in  th e  m a in  d a ta  bank , in  p re p a ra tio n  

f o r  th e  m a tch in g  o p e ra t io n s  in  the  s u ccee d in g  p h a s e s .

T h e  f i l e s  in p u t to  p h a se  4B a r e  th e  new IDS, th e  new DDS, and  th e  e x is t in g  

IDS m a s t e r  f i l e  (IDSMAST).

T h e  s tr a ig h tfo rw a rd  seq u en ce  of lo g ic a l o p e ra t io n s  c a r r i e d  out in  p h a se  4B 

i s  g iv e n  in  th e  flow  c h a r t  (F ig . A. 35).

OPEN DATA 
SETS

 INITIALIZE

READ INPUT 
(NEW IDS AND 
I DS MASTER)

IDENTIFY 
BORDER 

RECORDS

READ INPUT 
(NEW DDS)

IDENTIFY 
BORDER 
FACES

WRITE FRAME 
BORDER DATA 

RECORDS

F ig . A . 35 . P h a s e  4B flow c h a rt .

T h e  lo g ic a l  o p e ra t io n s  invo lved  a r e  a s  fo llow s:

In it ia l iz a t io n . T h is  o p e ra tio n  a l lo c a te s  c o re  s p a c e  to  th e  v a r io u s  f i l e s ,  

in i t ia l iz e s  th e  b o r d e r  f r a m e  r e c o r d  f i le , and  p e r fo rm s  m ost in p u t/o u tp u t 

fu n c tio n s .

R ea d  new  IDS and IDS m a s te r  and iden tify  b o rd e r  r e c o rd s .  T he f ra m e  

b o r d e r  r e c o r d  in c lu d e s  h e a d e r  in fo rm a tio n , th e  b o r d e r  f ra m e  n u m b e r , th e  

a d ja c e n t f r a m e  n u m b e r, th e  fa c e  n u m b e rs , th e  c o o rd in a te s  o f s t a r t  and  end 

v e r t i c e s  o f  f r a m e  b o rd e r  se g m e n ts  (it can  be  a s s u m e d  th a t a  f r a m e  b o r d e r
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se g m e n t i s  a  s tr a ig h t  l in e ) , and  th e  d e s c r ip to r  d a ta  f o r  th e  fa c e  f ro m  th e  

new DDS. T h e se  d a ta  a r e  now p a s s e d  to  p h a s e  5 f o r  m a tch ing  w ith  th e  DDS 

m a s te r .

T h e  output f r o m  p h a se  4B i s  th u s  th e  f r a m e  b o r d e r  r e c o rd .  T h is  is  s o r te d  

by  m ap  b o r d e r  b e fo re  bein g  p a s s e d  to  p h a s e  5.

P h a s e  5

P h a s e  5 i s  d e s ig n e d  to  m a tch  th e  d a ta  on  f r a m e  b o r d e r s ,  p r im a r i ly  on m ap  

b o r d e r s  a s  n o te d  in  p h ase  4A  above; i t  c a n  a l s o  han d le  in te r io r  f ra m e  

b o r d e r  d a ta , if  c o lo u r  eq u iv a len c es  h av e  not b e e n  c o m p le te ly  re s o lv e d  

b e tw e en  f r a m e s  in  p h ase  4A.

P h a s e  5 r e c o r d s  th e  in fo rm a tio n  th a t h a s  b e e n  s o r te d  b y  m ap  b o rd e r  a f te r  

p h a se  4B , an d  m a tc h e s  f a c e s  a c ro s s  m ap  b o r d e r s  a g a in s t th e  DDS m a s te r  

f i l e .  I t c r e a te s  b o rd e r  seg m e n t r e c o r d s  w ith  e q u iv a len t fa c e  n u m b e rs , 

w h ich  a r e  th e n  s o r te d  in to  a d jacen t p a i r s  and  p a s s e d  on  to  p h ase  6.

T h e  seq u en ce  of lo g ic a l o p e ra tio n s  c a r r i e d  out in  p h a se  5 is  g iven  in  th e  

flow c h a r t  (F ig . A. 36).

IN IT IA L IZ A T IO N

R E A D  I N P U T  A N D  
S T O R E  B O R D E R

 R E C O R D S

C A L C U L A T E  
C E N T R O ID  A N D  
A R E A  V A L U E S

D E T E R M IN E  E Q U I
V A L E N C E  O F  

B O R D E R  S E G M E N T S

W R IT E  F A C E  
A N D  B O R D E R  
D A T A  

F ig . A. 36. P h a s e  5 flow c h a rt;

T h e  lo g ic a l o p e ra t io n s  c a r r i e d  out in  p h a s e  5 a r e  a s  fo llow s:

In it ia l iz a t io n . T h is  ro u tin e  opens th e  f i l e s ,  a l lo c a te s  th e  re q u ire d  a r e a s  in  

c o re ,  and  in i t ia l iz e s  sw itch e s  and  c o u n te rs . It a l s o  r e a d s  the  MCB file .
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R ead  inpu t and  s to r e  b o r d e r  r e c o rd  - c a lc u la te  g eo d e tic s . In  ad d ition  to 

r e a d in g  th e  r e c o r d s  f o r  th e  m a in  p ro g ra m , th is  ro u tin e  a s s ig n s  n eg a tiv e  

f a c e  n u m b e rs  to  a l l  f a c e s  on th e  inco m in g  m aps th a t l ie  nex t to  m ap 

b o r d e r s .  T h e se  a r e  a s s ig n e d  se q u e n tia lly , s ta r t in g  w ith  -1 , -2 , -3 , e tc . 

T h is  i s  a  conv en ien t w ay  to  id e n tify  b o rd e r  fa c e  n u m b e rs  at th is  s tag e .

In  a  l a t e r  p h ase  and  a f te r  eq u iv a len c es  h av e  b ee n  e s ta b lis h e d , each  e n t ry  

f o r  a  n e g a tiv e  n u m b e r w ill be a s s ig n e d  a  new p o s itiv e  n u m b e r o r  a  p o in te r  

to  a n o th e r  e n t ry  th a t h a s  a  p o s itiv e  f a c e  n u m b e r o r  p o in te r. In  th i s  w ay  a  

n e g a tiv e  fa c e  n u m b e r w ill be a s s ig n e d  a  r e la te d  p o s itiv e  f a c e  n u m b e r.

D u rin g  th is  ro u tin e  th e  c e n tro id s  a r e  r e c a lc u la te d  re la tiv e  to  th e  o r ig in  of 

GCS, and  a r e a s  r e c o rd e d  in  un it g r id s  a r e  c o n v e rted  to  a c r e s  (o r o th e r  

s p e c if ie d  u n its ) .

D e te rm in e  eq u iv a len c e . T h is  o p e ra tio n  m a tch es  seg m e n t r e c o r d s  a c ro s s  

m ap  b o r d e r s  b y  co m p arin g  th e  s t a r t  and  end v e r t ic e s  of th e  b o rd e r  seg m e n ts  

a s  s to r e d  in  th e  b o r d e r  r e c o rd  f i le  f ro m  p h ase  4B . T he m a tch ing  p ro c e s s  

ca n  b e  i l lu s t r a te d  a s  fo llow s (F ig . A. 37).

B o rd e r  of m ap  1 

B o rd e r  of m ap  2

F ig . A. 37. C oncep t of m atch ing .

In  th e  d ia g ra m  (F ig . A. 37) th e  v e r t ic e s  1. 1 and  2. 1 m a tch  a c r o s s  th e  m ap 

b o r d e r s  (tha t i s ,  th e y  h ave  th e  s a m e  v alue  in  th e  v e r te x  tab le ). S im ila r ly , 

v e r t i c e s  1. 2 and  2. 2 m a tch . G iven  th is  m a tch , th e  d e s c r ip to r s  f o r  th e  two 

fa c e s  a r e  ex a m in ed  in  th e  b o r d e r  d a ta  f i le  and  th e  DDS m a s te r  r e s p e c t iv e ly . 

In  th i s  c a s e ,  th e  d e s c r ip to r s  (AB and  AB) m atch . F a c e  n u m b er -23 can  

now b e  d ir e c t ly  eq u a ted  w ith  fa c e  n u m b e r -4 in  an  equ ivalence  ta b le .

F ig . A. 38. N o n -m atch in g  v e r t ic e s  and d e s c r ip to r s .

V e r t ic e s

B o rd e r  of m ap  1 

B o rd e r  of m ap 2
V e r tic e s



F ig . A. 39. F r a m e -a l ig n e d  seg m e n t.

A  new v e r te x  (1. n) is  c re a te d  and  e n te re d  in  th e  v e r te x  ta b le . T h e  o r ig in a l 

s e g m e n t (1. 1, 1. 2) h a s  now b e e n  s p l i t  in to  th e  seg m e n ts  (1. 1, 1. n) and 

(1. n , 1. 2). T h e  seg m e n ts  (1. 1, 1. n) and  (2. 1, 2. 2) now m a tc h  ( th e ir  v e r ­

t i c e s  m a tch  in  th e  v e r te x  ta b le ) and  fa c e  n u m b e r -10 can  b e  eq u a ted  w ith  

fa c e  n u m b e r  -8  a lo n g  th a t  p a r t  of th e  b o rd e r  in  th e  equ ivalence  ta b le .

S egm en t ( l . n ,  1. 2) is  d e s ig n a ted  a s  a  " f ra m e -a lig n e d  seg m e n t"  w ith  

d if fe re n t f a c e  n u m b e rs  on  e i th e r  s id e . If t r u ly  ad jacen t f r a m e s  a r e  bein g  

c o m p a re d , th e  above p ro c e s s  r e s o lv e s  th e  m a tch  a c ro s s  f r a m e  b o rd e r s .  

M u ltip le  m ism a tc h  in d ic a te s  e r r o r  in  m ap  o r  f ra m e  n u m bering .

W rite  fa c e  and b o rd e r  d a ta . P a i r s  of eq u iv a len t fa c e  n u m b e rs  a r e  r e c o rd e d  

on  th e  b o rd e r  d a ta  f i le . T h is  f i le  is  s o r te d  in to  fa c e  n u m b e r seq u en ce  b e fo re  

b e in g  p a s s e d  to  p h ase  6. T he p ro g ra m m in g  lim ita tio n  to  b e  no ted  is  th a t 

no m o re  th a n  50 m a p s  can  b e  p ro c e s s e d  th ro u g h  p h a se s  5 and  6 a t one tim e .

B . S p a rk s  and P .  B e d a rd  m ade s ig n if ic a n t c o n trib u tio n s  to  th e  d e ta iled  

d e s ig n  and  p ro g ra m m in g  of p h ase  5.

P h a s e  6
T h e  p r im a r y  p u rp o s e  of p h a se  6 i s  to  c r e a te  th e  r e c o rd s  th a t w ill be u sed  

to  u p d a te  th e  DDS m a s te r  in  p h a s e  7. T h is  invo lves  a s s ig n in g  re s o lv e d  

fa c e  d e s c r ip to r s  to  th e  m a tch ed  r e c o r d s  a t  m ap ed g es, com b in ing  th e m  

w ith  th e  v a lid  d e s c r ip to r  r e c o r d s  f ro m  th e  new m ap  in te r io r s ,  and p ass in g  

th e m  fo rw a rd . Up to  th i s  po in t, m a tch in g  a c ro s s  b o rd e r s  h a s  b e e n  c o n ­

c e rn e d  w ith  in d iv id u a l s eg m e n ts  th a t m ake  up th e  b o rd e r . Now a tten tio n  is  

fo c u s s e d  on th e  f a c e s .  T h is  p h a se  a c c u m u la te s  th e  m a tch ed  b o rd e r  seg m e n ts
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In  th e  d ia g ra m  (F ig . A. 38), th e  v e r t ic e s  1. 1 and 2. 1 m a tch  a c ro s s  th e  m ap 

b o r d e r s .  V e r tic e s  1. 2 and  2. 2 do not m a tch  ( th e ir  va lues  in  th e  v e r te x  

ta b le  a r e  d iffe re n t) . T h e  d e s c r ip to r s  m a tc h  fo r  the  f i r s t  p a r t  of th e  d is ta n ce  

f r o m  1. 1 to  1. 2, b u t not f o r  th e  seco n d  p a r t .  A ccord ing ly , th e  s itu a tio n  is  

in te rp r e te d  a s  r e p r e s e n t in g  a  f r a m e -a l ig n e d  seg m e n t, a s  show n in  F ig . A. 39.

V e r t ic e s

B o rd e r  of m ap  1 

B o rd e r  o f m ap 2



and  a s s e m b le s  th e m  b y  fa c e . I t re c o g n iz e s  th a t f a c e s  m ay  b e  com plex  in  

sh ap e , m a y  w an d e r o v e r  th e  m ap  b o rd e r  in  m o re  th a n  one p la c e , and  m a y  be 

m ade up of m o re  th a n  one co lo u r. T h is  p h a s e  a llow s th e  fa c e  co lo u r e q u i­

v a le n c e s  to  be u n d e rs to o d  and  g e n e ra te s  in s tru c tio n s  and d a ta  f o r  c o r r e c t  

r e c o r d  c re a tio n  in  p h a se s  7 and 8. I t  d o es  n o t a c tu a lly  m ake th e  changes 
in  p h a se  8.

In ad d itio n , p h ase  6 r e n u m b e rs  th e  f a c e s  a s  n e c e s s i ta te d  by  new in fo rm a tio n  
f ro m  th e  inco m in g  m a p s.

In fo rm a tio n  about th e  re s o lv e d  eq u iv a len t f a c e  and  b o rd e r  d a ta  i s  p a s s e d  on 

to  p h a se  8, so  th a t th e  new IDS f i le  can  b e  s e n s ib ly  m e rg ed  w ith  th e  IDS 

m a s te r  in  th a t p h ase , and  m a p -to -m a p  co n tin u ity  en su re d .

P h a s e  6 a ls o  u p d a tes  th e  m a s te r  co v e ra g e  c o n tro l b lock .

P h a s e  6 i s  th e  f in a l s ta g e  of p ro c e s s in g  b e fo re  th e  a c tu a l updating  of th e  IDS 

m a s te r  and  DDS m a s te r  w ith  th e  new m a p s.

T h e  d a ta  inpu t to  p h a se  6 c o m p r is e s :

H e a d e r  r e c o r d s ,  new DDS d a ta , b o rd e r  d a ta  (m ap b o rd e r  face  n u m b e r 

eq u iv a len c e  and  f ra m e  b o rd e r  f a c e  n u m b e r eq u iv a len ce , th e  l a t t e r  type  

o n ly  b e in g  p a s s e d  on w hen p h a se  4 canno t a s c e r ta in  th e  eq u iv a len ce  of 

f a c e  n u m b e rs  a c ro s s  a  f r a m e  b o r d e r  w ith in  a  m ap; p h ase  5 p ro d u c e s  

th e s e  r e c o r d s  w hen i t  a s c e r ta in s  th a t th e  f a c e s  a c ro s s  th e  f ra m e  b o rd e r  

a r e  n o t equa l), DDS m a s te r ,  and  th e  m a s te r  c o v e ra g e  c o n tro l b lo ck  
(M CCB).

T h e  d a ta  ou tput f r o m  p h a se  6 c o m p r is e s :

(1) T h e  DDS update  to  p h ase  7.

T h is  co n ta in s  in s tru c tio n s  to  d e le te  e x is t in g  r e c o r d s  in  th e  DDS 

m a s te r ,  and  in fo rm a tio n  to  add  to  th e  DDS m a s te r  p re p a re d  by  
p h a se  6.

(2) T h e  eq u iv a len ce  f i le  to  p h a se  8 .

T h is  c o n ta in s : th e  ch an g es  ( in c re m e n t and  d ec re m en t) needed  to  

m ake th e  fa c e  n u m b e rs  in  th e  IDS m a s te r  c o n s is te n t w ith  th e  DDS 

m a s te r ,  a f t e r  u p d a te ; tw o r e c o r d s  f o r  e v e ry  b o rd e r  seg m en t 

p r o c e s s e d  in  p h a s e s  5 and  6 (and tw o r e c o rd s  f o r  in te r io r  f r a m e  

b o r d e r  se g m e n ts  i f  b e tw e e n -f ra m e  eq u iv a len c es  a r e  s t i l l
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u n re so lv e d ); and  ch an g es  need ed  to  c o r r e c t  any  fa c e  n u m b e rs  f o r  a r e a s  th a t 

m a tc h  a c r o s s  m ap  b o rd e r s  in  th e  IDS to  re s o lv e d  fa c e  n u m b e rs .

T h e  seq u en ce  of lo g ic a l o p e ra tio n s  c a r r i e d  o u t i s  show n in  th e  flow  c h a rt  

(F ig . A. 40).

T h e  lo g ic a l o p e ra t io n s  involved a r e  a s  fo llow s:

In itia liz a tio n . T h is  o p e ra t io n  a l lo c a te s  c o re  sp a c e  to  th e  v a r io u s  f i le s ,  

in i t ia l iz e s  ta b le s ,  and  p e r fo rm s  m o st in p u t/o u tp u t fu n c tio n s .

R ea d  fa c e  r e c o rd s  f r o m  p h ase  5.
S to re  fa c e  n u m b e rs  and  eq u iv a len c es  in  ta b le .
A c c u m u la te  geo d e tic  da ta .

T h e se  th r e e  o p e ra t io n s  to g e th e r  a r e  th e  f i r s t  s te p s  in  a c c u m u la tin g  th e  d a ta  

f r o m  one fa c e  w ith in  one o f th e  new m a p s. T h e  g eo d e tic  d a ta  f o r  d iffe re n t 

p a r t s  of one fa c e  in  d iffe re n t f r a m e s  a r e  ac cu m u la ted  and  su m m ed .

R ea d  m ap  b o rd e r  f i le  f o r  face .
W o rk in g  f i le  o f f r a m e  b o rd e r s .

T h e  m a p  b o rd e r  se g m e n t f i le  i s  now r e a d ,  and  an y  seg m e n ts  th a t a r e  

u n re s o lv e d  a c ro s s  f r a m e  b o rd e r s  w ith in  a  new m ap  a r e  p la ced  in  a  s e p a ra te  

w o rk in g  file .

R ea d  DDS m a s te r  f o r  fa c e . T h is  c o m p le te s  th e  s te p s  f o r  accu m u la tin g  the  

d a ta  f o r  one fa c e . A ll a v a ilab le  d a ta  a r e  now on h and  to  allow  tw o ty p e s  of 

eq u iv a len c e  to  b e  o b se rv e d .

D e te rm in e  eq u iv a len ce  w ith in  fa c e . T h is  s te p  re c o g n iz e s  th a t one fa c e  m ay  

h a v e  s e p a ra te  p a r t s  w ith  d if fe re n t c o lo u rs  w ith in  one m ap.

F ig . A. 41. E q u iv a le n ces  w ith in  face .

In  th e  d ia g ra m  (F ig . A. 41), th e  te m p o ra ry  c o lo u rs  -7  and -9 a r e  equ iv a len t, 

a s  th e y  a r e  p a r t  of th e  fa c e  a lre a d y  a s s ig n e d  c o lo u r  234 in  th e  DDS m a s te r .
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W rite  d e le te  in s tru c tio n s  f o r  DDS m a s te r .  In s tru c t io n s  a r e  g e n e ra te d  th a t 

w ill d e le te  one o f th e  c o lo u rs  on  th e  new m ap  and  re c o lo u r  th e  r e c o r d  w ith  

th e  seco n d  co lo u r , to  s e t  th e  s ta g e  fo r  re c o lo u r in g  w ith  a  new n u m b e r.

F ig . A. 42 . D e le tio n s  in  DDS m a s te r  f i le .

F o r  ex a m p le , in  F ig . A. 42 , 476 and  478 w ou ld  b e  d e le ted , le av in g  488.

C o m p a re  a d jacen t d e s c r ip to r s .
A ss ig n  fa c e  n u m b e rs  if  eq u iv a len t.

Now th e  d e s c r ip to r s  in  th e  f a c e  a r e  c o m p a re d  and , if  th e y  a r e  eq u a l, th e  

f a c e  n u m b e rs  a r e  n o te d  a s  b e in g  eq u iv a len t. T h e  c a se  in  F ig . A . 41 above 

i s  e a s y  to  r e s o lv e  (n u m b er 234 w ould  b e  a s s ig n e d ) , b u t th e  c a s e  i l lu s t r a te d  

in  F ig . A. 42 i s  m o re  co m p lex  a s  th e r e  a r e  s e v e r a l  " f in a l"  n u m b e rs  a l r e a d y  

a s s ig n e d  in  th e  DDS m a s t e r .  T h is  m a y  ta k e  tw o p a s s e s  of th e  m a tch  

o p e ra t io n  (in  p h a s e s  5 an d  6) to  r e s o lv e .

W rite  out IDS and  DDS fa c e  n u m b e r change in s tru c tio n s . E q u iv a len ce  b etw een  

fa c e  n u m b e rs  w ith  s a m e  d e s c r ip to r s  i s  g iven  h e r e .  The p ro c e s s  i s  re p e a te d  

f o r  th e  n ex t f a c e ,  u n ti l a l l  b o r d e r  f a c e s  on th e  new  m ap  have  b ee n  re s o lv e d .

C lo se  DDS m a s te r  f ile .

R ea d  w o rk  f i le  o f f r a m e  b o r d e r s .
W rite  out f r a m e  b o rd e r  d e le te  and  change in s tru c tio n s . T h e  in t e r io r  f a c e s  

th a t a r e  u n re s o lv e d  a c ro s s  f ra m e  b o r d e r s  a r e  now re s o lv e d  and  th e  a p p ro ­

p r ia te  d e le te  and  change in s tru c tio n s  a r e  w r i t te n  f o r  p a ss in g  on to  p h ases  

7 and  8.

T he d ia g ra m  (F ig . A. 43) i l lu s t r a t e s  th e  con cep t of f i r s t  m a tch in g  o v e r  m ap 

b o u n d a rie s  and  f in a l m a tch in g  o v e r  in t e r io r  f r a m e  b o u n d a rie s , w hen the  

e x te rn a l  in fo rm a tio n  h a s  b ee n  u s e d  to  re s o lv e  th e  fo rm e r  eq u iv a len ce .
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F ig . A. 43 . M atch ing  o v e r  f r a m e  and  m ap  b o u n d a rie s .

B . S p a rk s  m ade s ig n if ic a n t co n tr ib u tio n s  to  th e  d es ig n  and  p ro g ra m m in g  of 

p h a se  6.

P h a s e  7

T he p u rp o s e  o f p h a se  7 i s  to  update  th e  m a s te r  d e s c r ip to r  d a ta  w ith  the 

d e s c r ip tiv e  in fo rm a tio n  r e la te d  to  th e  new m ap s e n te r in g  th e  d a ta  bank.

New f a c e  r e c o r d s  a r e  added  to  th e  DDS m a s te r ,  and  any  fa c e s  to  b e  updated  

h av e  th e i r  a r e a s  and  c e n tro id s  r e c a lc u la te d  and  th e i r  f r a m e  l i s t  re a d ju s te d  

to  in c lu d e  a l l  th e  f r a m e s  in  w hich  th e y  a p p e a r . T he M CCB is  a ls o  updated  

to  r e f le c t  th e  new  s ta tu s  of th e  DDS m a s te r .

R e c o rd s  inpu t to  p h a se  7 a r e :

(1) DDS u p d a te  f i le  f ro m  p h ase  6, con ta in in g  com m ands to  dele te  

r e c o r d s  in  th e  DDS m a s te r  and  in fo rm a tio n  to  add to  th e  DDS 

m a s t e r .

(2) DDS m a s te r .

(3) M CCB.

R e c o rd s  ou tpu t f r o m  p h ase  7 a r e  th e  r e v i s e d  DDS m a s te r  f i le , e r r o r  

m e s s a g e s ,  and  up d a ted  MCCB f ile .

T he s e q u en ce  o f lo g ic a l o p e ra t io n s  c a r r i e d  out in  p h ase  7 is  g iv e n  in  the 

fo llow ing  flow c h a r t  (F ig . A. 44).
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F ig . A. 44 . P h a s e  7 flow c h a rt .

T h e  lo g ic a l o p e ra t io n s  invo lved  in  p h ase  7 a r e  a s  fo llow s:

In it ia l iz a t io n . S w itches a r e  in i t ia l iz e d  an d  n o rm a l e n d -o f-f ile  p ro c e d u re s  

a r e  s e t .  F i l e s  a r e  opened  and  ta b le s  a r e  in i tia liz e d .

R ea d  in p u t f i l e s  f o r  e a ch  fa c e . T he inpu t f i le s  a r e  r e a d  in to  a s s ig n e d  ta b le s  

in  c o re .

E d it f i l e s  f o r  v a l id ity  on  a  fa c e  g ro u p  b a s is .  R e c o rd  se q u e n c e s , r e c o r d  

ty p e s ,  th e  n u m b e r  of r e c o rd s ,  and  th e  con ten t of r e c o r d s  a r e  cheeked . 

In te rn a l  c o n s is te n c y  in  a l l  a s p e c ts  of th e  f i l e s  i s  r e q u ir e d  b e fo re  m e rg in g  

is  u n d e rta k e n . E r r o r  cond itions  a r e  p r in te d  out if  th e y  h ave  n o t b ee n  m e t.

R e c a lc u la te  g eo d e tic  in fo rm a tio n  to  b e  m e rg ed . C en tro id s  of f a c e s  a t m ap 

b o r d e r s  th a t a r e  eq u iv a len t a r e  m e rg e d  to  p ro d u ce  a  c e n tro id  r e f le c tin g  th e  

t r u e  c e n tro id  o f th e  new fa c e . S im ila r ly , th e  a r e a s  a r e  su m m e d  to  r e f le c t  

th e  t r u e  a r e a  of th e  f a c e s  to  b e  m e rg ed .
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M erg e . R ou tine  BSM ERGE m e rg e s  th e  DDS up d a te  f i le  f r a m e  l i s t  w ith  the  

DDS m a s te r  f i le  f r a m e  l i s t  on a  f a c e -b y - fa c e  b a s is .

W rite  r e v i s e d  DDS m a s te r .  T he new m a s te r  f i le  i s  w r i t te n  out.

U pdate M CCB. T h e  M CCB file  f o r  th e  d a ta  ty p e  bein g  p ro c e s s e d  i s  r e a d  

and  i s  up d a ted  w ith  th e  new c e n tro id , and  a r e a  c a lc u la tio n s  a r e  added  to  i t  

f r o m  th e  re v i s e d  DDS m a s te r .  A ny e r r o r s  in  th is  p h ase  can  on ly  be  cau sed  

b y  a  p r o g ra m  o r  s o r t in g  e r r o r ,  and  w hen th e y  o c c u r  p ro c e s s in g  is  te rm in a te d  

u n ti l  th e y  a r e  c o r re c te d .

T h e  p ro g ra m m in g  l im ita tio n  in  p h ase  7 is  th a t a  m ax im u m  of 8170 f ra m e s  

a r e  p e rm it t e d  in  th e  new  IDS.

B . S p a rk s  and  P .  B e d a rd  m ade s ig n if ican t c o n trib u tio n s  to  th e  d es ig n  and  

p ro g ra m m in g  of p h a s e  7.

P h a s e  8

T h e  p u rp o s e  of p h a se  8 i s  to  c r e a te  a  r e v i s e d  im a g e  d a ta  s e t  w ith  in fo rm a ­

t io n  on th e  new m ap s  e n te r in g  th e  d a ta  bank. M ap b o r d e r s  a r e  e lim in a ted  

a s  m a p s  a r e  jo in ed . F a c e  n u m b e rs  of f a c e s  c ro s s in g  th e  b o rd e r s  a r e  

re s o lv e d .  Any n e c e s s a r y  se g m e n t s p lit t in g  i s  done in  a  s im i la r  m an n er to  

se g m e n t s p lit t in g  in  p h a se  6. T h e  v e r te x  co u n ts  a long  th e  b o rd e r  a r e  s e t 

and  th e  M CCB i s  u p d a ted  to  ta k e  in to  acco u n t th e  r e v i s e d  s ta tu s  of th e  IDS.

T h e  in p u ts  to  p h a se  8 a r e  a s  fo llow s:

(1) T he eq u iv a len c e  f i le  r e c o r d s  f ro m  p h a se  6, w hich  co n ta in :

C hange r e c o r d s ,  eq u iv a len c e  r e c o r d s ,  and  th e  neg a tiv e  face  n u m ­

b e r  r e c o r d  (the  l a t t e r  to  change a l l n eg a tiv e  fa c e  n u m b e rs  th a t 

h av e  n o t b e e n  p ro c e s s e d  in  p h a se  8 so  th a t th e y  m ay  r e f le c t  the  

t r u e  fa c e  n u m b e r).

(2) T he new IDS r e c o r d s  f ro m  p h ase  4 , w h ich  con ta in :

H e a d e r , fa c e  r e c o r d s ,  se g m e n t r e c o r d s ,  and  co m p ac t no ta tion  

r e c o r d s  f o r  th e  new da ta .

(3) T h e  IDS m a s te r  f ile .

(4) T he MCCB.

T h e  o u tp u ts  f ro m  p h a se  8 a r e  th e  r e v is e d  IDS m a s te r  f i le  and  an  updated  

M CCB.
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The seq u en ce  of lo g ic a l o p e ra tio n s  in  p h a s e  8 i s  g iv en  in  th e  flow  c h a r t  

(F ig . A. 45).

F ig . A. 45. P h a s e  8 flow c h a r t .
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T h e  lo g ic a l o p e ra tio n s  in  p h a se  8 a r e  a s  fo llow s:

In it ia l iz a t io n , ch eck  seq u en ce , and  ed it f o r  v a lid ity . T h is  o p e ra t io n  

a l lo c a te s  c o re  sp a c e  to  th e  v a r io u s  f i l e s ,  in i t ia l iz e s  ta b le s , s e t s  sw itc h e s , 

p e r f o rm s  m o s t in p u t/o u tp u t fu n c tio n s , a n d  e d i ts  inpu t f i le  c o n ten ts  fo r  

f o rm a t ,  v a l id ity  w ith in  s e t  l im i t s ,  and  in te r n a l  co n s is te n c y .

R ead  f r a m e  r e c o rd .
R ea d  fa c e  and seg m e n t r e c o rd  and  m ap b o r d e r  eq u iv a len ce  r e c o rd .

O p e ra tin g  on  one f r a m e  a t  a  t im e  and. o n  one f a c e  a t  a  t im e , in  seq u en ce , 

e a ch  se g m e n t i s  ex am in ed . B o rd e r  se g m e n ts  a r e  id e n tif ied  in  th e  IDS and 

a r e  c o m p a re d  w ith  th e  r e s o lv e d  b o r d e r  se g m e n t d e s c r ip to r s  b e in g  p a s s e d  

f ro m  p h a se  6.

C o m p a re  seg m e n t len g th . T h is  i s  c o n c ep tu a lly  th e  s a m e  p ro c e s s  th a t w as  

ap p lied  to  b o rd e r  s e g m e n ts  d e s c r ib e d  in  th e  DDS in  p h a s e  6, b u t now the  

s e g m e n ts  a r e  ta k e n  f ro m  th e  ID S, th a t  i s ,  th e  eq u iv a len c es  r e s o lv e d  in  th e  

DDS a r e  now p a s s e d  to  th e  IDS. A s in  p h a s e  6 , th e  v e r t ic e s  a r e  exam ined . 

If  th e r e  i s  a  m a tc h , th e  in d ic a to r s  co n ta in ed  in  th e  seg m e n t r e c o r d s  a r e  

sw itc h e d  to  in d ic a te  a  m a tch ing  s e g m e n t. If th e  v e r t ic e s  do not m a tch , 

th e  seg m e n t i s  s p li t .

Sp lit se g m e n t. A s in  p h a se  6, s e g m e n ts  a r e  a lw ays s p lit ,  r a t h e r  th a n  

ex ten d ed , to  c r e a te  a  v e r te x  m a tc h . G iv en  tw o seg m e n t r e c o r d s  th a t m a tch  

o n ly  a lo n g  p a r t  of th e i r  len g th , th e  com m on  p a r t  i s  id e n tif ied , th e  l a r g e r  

se g m e n t i s  s h o r te n e d  b y  changing  one o r  m o re  of i t s  v e r te x  r e c o r d s  to  equa l 

th o s e  of th e  s h o r t  seg m e n t, a n d  a  new se g m e n t r e c o r d  i s  w r i t te n  to  d e s c r ib e  

th e  p ie c e  th a t  i s  s p l i t  o ff. T h e  new s e g m e n t r e c o r d  w ill  be p u t in to  th e  ta b le  

w ith  th e  o th e r s  b u t w ill b e  la b e lle d  f o r  o n e  s id e  only ; th is  w ill be a l te r e d  to  

th e  c o r r e c t  v a lu e  w hen th e  a d ja c e n t f r a m e  i s  p ro c e s s e d . T h e  p ro c e s s  of 

c o m p a rin g  se g m e n t le n g th s  and  s p lit t in g  seg m e n ts  to  ac h iev e  m a tc h e s  is  

c a r r i e d  on  u n ti l  a l l  s eg m e n ts  a ro u n d  th e  f r a m e  a r e  id e n tif ied  w ith  th e  face  

n u m b e rs  on  e i th e r  s id e  o f  th e m , o r  a r e  id e n tif ie d  a s  f ra m e -a lig n e d  se g m e n ts  

an d  a r e  la b e lle d  a s  su ch  so  th a t  t h e i r  co n tr ib u tio n  to  fa c e s  in  a d jacen t f r a m e s  

can  b e  u n d e rs to o d .

J o in  m u ltip le  e x t e r io r  f a c e s .  T h is  is  th e  p r o c e s s  of d e te rm in in g  th e  e q u i­

v a le n c e s  w ith  a  fa c e  th a t m a y  h a v e  s e p a r a t e  p a r t s  w ith  d iffe re n t c o lo u rs
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w ith in  one m ap . U sin g  th e  eq u iv a len c es  on th e  eq u iv a len ce  f ile  r e c o rd s  

p a s s e d  on f ro m  p h ase  6, th e  s e p a ra te  p a r t s  a r e  id e n tif ied  a s  be long ing  to  

th e  s a m e  fa c e . T h e  con cep t is  i l lu s tr a te d  in  F ig . A. 46.

F ig . A. 46 . J o in in g  m u ltip le  e x te r io r  fa c e s .

T h e  new IDS r e c o r d s  fo r  th e  above m ap  w ould show th a t  face  n u m b e r -4 w as 

m ade  up o f s e g m e n ts  1, 3, and  8 (fo r exam ple) and  th e  f a c e  n u m b e r -8 w as 

m ade  up  of se g m e n ts  9, 12, and  14 (fo r exam p le).

T he e q u iv a len c e  f i le  r e c o r d s  w ould  show th a t fa c e  -4 = fa c e  5 and  th a t  face  

-8 = fa c e  5. T h e  tw o  fa c e s  (-4  and  -8) w ould th e n  b e  jo in ed  by  c re a t in g  a  

r e c o r d  th a t show ed  th a t  f a c e  n u m b e r 5 in  f ra m e  0 is  m ade up o f se g m e n ts  

1, 3, 8, 9 , 12, and  14. In  e ffe c t, th e  tw o neg a tiv e  n u m b e rs  have b ee n  

re p la c e d  b y  th e  h ig h e r  p o s itiv e  n u m b e rs , and  th e  seg m e n t (and co m pact 

n o ta tion) r e c o r d s  h av e  b ee n  co n c a ten a ted  beh ind  th e  new s in g le  n u m b e r.

C opy and  re m o v e  d e le te d  r e c o r d s .
W rite  out r e v i s e d  IDS.

T h e se  tw o o p e ra t io n s  r e v i s e  th e  r e c o rd s  in  lig h t of th e  changes  b ro u g h t 

abou t b y  re c o g n iz in g  e q u iv a le n c e s . The f i r s t  s te p  s im p ly  t r a c e s  th ro u g h  

th e  f i l e s  an d  re m o v e s  th e  red u n d an t r e c o r d s .  T h e  second  s te p  w r i te s  out 

th e  co m p le te  IDS in  f in a l fo rm a t u s in g  the  new in fo rm a tio n . T h e  p ro c e s s  

i s  r e p e a te d  f r a m e  b y  f ra m e  in  th e  IDS. A s th e  d a ta  have b ee n  m ade e q u i­

v a le n t b e tw e en  a l l  f r a m e  b o r d e r s ,  new and o ld , th e n  th e  m ap b o rd e r s  have 

bee n  e f fe c tiv e ly  e l im in a te d  and  e x is t  only  a s  f ra m e  b o r d e r s  in  th e  f in a l 

d a ta  ban k . T h e  fo rm a t  o f th e  IDS fo r  a  s a m p le  f ra m e  is  g iven  in  F ig . A. 47.

E nd p ro g ra m . E r r o r s  in  p h ase  8 can  only  be p ro g ra m  o r  s o r t in g  ones . 

W hen th e y  o c c u r , p ro c e s s in g  i s  te rm in a te d  u n til th e y  a r e  c o r re c te d .
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IM A G E  O F  F R A M E

F A C E  R E C O R D

#
# l s t

S e g m e n t

S w i t c h e s
M u lt ip le
e x t e r i o r I n t e r i o r

T o u c h e s
f r a m e

1 .
2 .
3 .
4 .
5 .

A
B
C
D

E

1 L
9 R
2 L

1 1 L
1 2 L

N o
N o
N o
N o
N o

N o
N o
Y e s
N o
N o

Y e s
Y e s
Y e s
N o
Y e s

↑ T h e s e  n u m b e r s  a r e  
n o t  s t o r e d  i n  c o m
p u t e r ;  r e c o r d s  a r e  
j u s t  k e p t  i n  s e q u e n c e .

↑ Sw i t c h  i n d i c a t e s  
w a y  l i n e s  t r a c e d  
i n  p h a s e  1.

S E G M E N T  R E C O R D

Next R

Next L

OP,
VTX

CL,
VTX Compact Internal Segment of new boundary Vertex

Indicators

Start
LengthR L R L Open on frame

Close
on
frame

Open
Count

Close
Count Seq. onframe

Seq. aligned to frame

1 2 R 8 L x , y  x,y 1 1 no no n o y e s y e s y e s 4 6 yes n o
2 3R 3 L 2 1
3 4 R 4 L 3 2 - n o n o n o y e s y e s 3 3 y e s n o
4 5 R 10R 5 1
5 6R 10 L 6 2

6 7 R 5 L 8 1
7 0 * 1* 9 1 no n o n o n o y e s y e s 2 4 y e s y e s
8 12R 9 L 10 3 n o n o n o n o y e s no 6 1 n o n o
9 6 L 7 L l 3 2

10 8R 2 * 15 4
11 3* 4 * 19 3 y e s n o y e s n o no n o 1 1 n o n o
12 11L 5 * 22 4     no n o y e s yes 6 6 no n o

S a m p l e  l i n e s  
f i l l e d  in .  A l l  
l i n e s  f i l l e d  in  
a c t u a l  r e c o r d .

↑ T h e  n u m b e r s  a r e  n o t  s t o r e d  i n  
th e  c o m p u t e r .  T h e  r e c o r d s  
a r e  j u s t  k e p t  i n  s e q u e n c e .

        ↑    ↑N u m b e r  o f  s e g m e n t s  
e n t e r i n g  in to  v e r t e x  
m in u s  1 s o  t h a t  th e  
m a x im u m  (7) c a n  b e  
r e p r e s e n t e d  in  t h r e e  
b i n a r y  b i t s .

COMPACT RECORD 
10 11010110111 etc .1              2           3

F ig . A. 47 . S am ple of IDS fo rm a t.

*  m e a n s  g o  b a c k  u p  
to  f a c e  r e c o r d  a n d  
g e t  t h e  n e x t  f a c e  
(B, C, D, e tc .)



T h e  fo llow ing  m o d ifiab le  r e s t r i c t i o n s  app ly  to  p h ase  8 , a s  c u r r e n t ly  

im p lem en ted :

N u m b er o f f a c e s  p e r  f r a m e  200

N u m b er of s e g m e n ts  p e r  f r a m e  1000

N um ber of co m pact b y te s  p e r  f r a m e  10000

B . S p a rk s  and  P .  B ed a rd  m a d e  s ig n if ican t c o n trib u tio n s  to  th e  d e s ig n  and  

p ro g ra m m in g  of p h a s e  8.  A . B en jam in , P .  K ingston , G. M o rto n , and  

F . Jan k a lu k  m ade s ig n ifican t c o n trib u tio n s  to  th e  d e ta ile d  d es ig n  and 

p ro g ra m m in g  of th e  d a ta  b a s e  fo rm a t.

DATA R E T R IE V A L  SUBSYSTEM

One of th e  e a r l i e s t  d e s ig n  c r i t e r i a  f o r  th e  CGIS w as  th a t,  to  th e  g r e a te s t  

ex te n t p o s s ib le , th e  m a n ip u la tio n  and  r e t r i e v a l  of d a ta  f r o m  th e  d a ta  bank  

sh o u ld  b e  in i tia te d  b y  co m m an d s th a t cou ld  b e  u n d e rs to o d  b y  a  w ide  g roup  

of p o te n tia l  u s e r s  a n d  th a t  co u ld  b e  u s e d  w ithou t ex te n s iv e  (and expensive) 

c o m p u te r  p ro g ra m m in g . T h a t o b je c tiv e  h a s  b e e n  gained  to  th e  ex te n t th a t 

a  p e r s o n  w ith  a  b a s ic  know ledge of one h ig h - le v e l co m p u te r  language (P L /1) 

can  a s s e m b le  E n g lis h - ty p e  k e y w o rd s  ( f r o m  th e  com m and  language) in to  a  

s im p le  p ro g ra m  th a t  a llo w s  e v e n  e x tre m e ly  co m p lex  o p e ra tio n s  to  be 

c a r r i e d  out w ithou t f u r th e r  h u m a n  in te ra c t io n . M ost r e c e n t  g rad u a te  

s tu d e n ts  of g e o g rap h y  w ou ld  h a v e  no d ifficu lty  in  p r e p a r in g  a  r e q u e s t .  A lso , 

any  d e s i r e d  m a n ip u la tio n  o r  r e t r i e v a l  c a n  be b u ilt in to  a  lo a d ab le  p ro g ra m  

and a s s ig n e d  a  k ey  w o rd ; w h ich  ca n  th e n  b e  u s e d  in  su b se q u en t p ro g ra m s  

(th a t i s ,  added to  th e  com m and  lan g u ag e). H ow ever, th is  s te p  m a y  b e  m o re  

e a s i ly  c a r r i e d  ou t b y  a. p ro g ra m m e r .  T h e  w hole p ro c e s s  o p e ra te s  u n d e r 

th e  c o n tro l of a  " m o n ito r"  s y s te m  th a t in t e r p r e ts  th e  key  w o rd s , a s s e m b le s  

th e  p ro g ra m  th a t th e  c o m p u te r  a c tu a lly  u s e s ,  s u b m its  th e  r e s u l t  to  the 

c o m p u te r  f o r  p ro c e s s in g ,  a n d  r e c e iv e s  th e  r e s u l t s .  P .  K ingston  w as 

re s p o n s ib le  f o r  th e  o v e ra l l  d e s ig n  of th e  CGIS d a ta  r e t r i e v a l  s u b sy s te m .

T h e  re la tio n sh ip  b e tw e e n  a  n o n re s id e n t m o n ito r s y s te m , a  com m and  

la n g u ag e , and  th e  r e s id e n t  o p e ra t in g  s y s te m  of th e  c o m p u te r  u n d e r  w hich  

a l l  o p e ra t io n s  a r e  c a r r i e d  o u t i s  a s  fo llo w s: w hen a  m o n ito r  s y s te m  is  

u se d , i t  i s  th e  ex e c u tiv e  d i r e c to r  o f a l l  n o rm a l o p e ra t io n s  w ith in  the  

c o m p u te r , ta k in g  o v e r  m a n u a l c o n tro l t a s k s .  A com m and  lan g u ag e  can
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o p e ra te  w ithou t a  m o n ito r  s y s te m , but if  th e r e  i s  no com m and  language 

th e  m o n ito r  s y s te m  h a s  to  fun c tio n  a s  an  o p e ra t in g  s y s te m . T h e  l a t t e r  i s  

e s s e n t ia l ly  a  c o m p u te r -o r ie n te d  c o n tro l s y s te m ; i t  gu ides w o rk  th ro u g h  the  

c o m p u te r  in  a  w ay  th a t m ak es  b e s t  p o s s ib le  u se  of th e  m a c h in e 's  r e s o u r c e s ,  

r a t h e r  th a n  in  th e  m o s t conven ien t w ay fo r  th e  u s e r .  An o p e ra tin g  s y s te m  

ca n  b e  th o ugh t of a s  a  su b se t of a  fu ll  m o n ito r  s y s te m .

A s a  gu ide  to  u n d e rs ta n d in g  th e  a c tio n s  of th e  m o n ito r p ro g ra m , i t  i s  u se fu l 

to  c o n s id e r  th e  p ro c e s s  of m an u a lly  a s s e m b lin g  a  n o rm a l p ro g ra m . U su a lly  

a  " s o u rc e  d eck" of in s tru c tio n s  is  p re p a re d  b y  a  p ro g ra m m e r , in  e i th e r  

m a c h in e -o r ie n te d  o r  p e o p le -o r ie n te d  code , th a t p r e s c r ib e s  how th e  d a ta  to  

b e  su b m itte d  m u s t b e  p ro c e s s e d . T h e  s o u rc e  d ec k  is  p la c e d  n ex t to  a  d ec k  

o f "job  c o n tro l language"  c a rd s  th a t co n ta in  th e  s e t  r u le s  f o r  h and ling  th e  

s o u rc e  d ec k , an d  th e  tw o a r e  p ro c e s s e d  ("com piled") by  th e  co m p u te r  to  

p ro v id e  a  new s e t  o f c a rd s  ("o b je c t deck") in  m ach ine  language . T h e  o b je c t 

d ec k  i s  s t i l l  independen t of inpu t and  ou tpu t c o n tro l ro u tin e s , o th e r  p r e ­

w r i t te n  s u b ro u tin e s  (such  a s  s in e  and  c o s in e  fu n c tio n s), and  th e  lo c a tio n  in  

th e  c o m p u te r  m e m o ry  in  w h ich  i t  w ill o p e ra te . T he o b je c t deck  i s  lin k ed  

to  th e  a p p ro p r ia te  p re w r i t te n  s u b ro u tin e s , w h ich  a r e  a l r e a d y  in  o b je c t d ec k  

f o rm , in  a  m a n n e r  p r e s c r ib e d  b y  c o n tro l c a rd s  u n d e r  th e  d ire c tio n  of a  

" lin k ag e  e d i to r "  p ro g ra m . T h e  r e s u l t  is  a  " lo a d ab le  p ro g ra m " , b u t one 

w h ich  h a s  n o t y e t b e e n  a s s ig n e d  a  sp e c if ic  m e m o ry  lo c a tio n  fo r  p ro c e s s in g  

b y  th e  c o m p u te r . A  f in a l s e t  of job  c o n tro l language r u le s  i s  p la c e d  a f te r  

th e  lo a d a b le  p ro g ra m ; i t  id e n tif ie s  th e  d a ta  f i l e s  to  b e  a c c e s s e d  b y  th e  

p ro g ra m  d u rin g  p ro c e s s in g , and  in s t ru c ts  th e  c o m p u te r 's  o p e ra t in g  s y s te m , 

u n d e r  th e  c o n tro l o f  a  p ro g ra m  n am ed  "L O A D E R ", to  a s s ig n  s p e c if ic  

m e m o ry  lo c a tio n s  to  th e  p ro g ra m .

T h e  CGIS r e t r i e v a l  f a c i l i t ie s  allow  e a ch  o f th e s e  le v e ls  of p ro g ra m  c o m p ila ­

t io n  to  b e  in te rm in g le d  in  th e  p ro c e s s  o f an  in q u iry . In  h is  in i t ia l  s ta te m e n t, 

th e  u s e r  ca n  th u s  com m and  a  com bina tion  of s o u rc e  d ec k s , o b je c t d ec k s , 

o r  lo a d ab le  p ro g ra m s . T h e  s o u rc e  d ec k s  a r e  s p e c ia l-p u rp o s e  r e q u e s t s ,  

u n ique  to  th e  u s e r  c o n c e rn ed  and  w r itte n  b y  h im  in  e i th e r  P L / 1 o r  a s s e m b le r  

language. T h e  o b je c t d eck s  o r  lo a d ab le  p ro g ra m s  a r e  ro u tin e s  a l r e a d y  in  

th e  l i b r a r i e s  o f th e  s y s te m , and  a r e  c a lle d  up  b y  key  w o rd  in  th e  u s e r 's
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p ro g ra m . T h e  job c o n tro l language i s  s im i la r ly  s to r e d  in  th e  s y s te m  

l i b r a r y ,  and  p ro v id e s  th e  r u le s  and  s t r u c tu r e  w ith in  w hich  th e  m a ch in e - 

re a d a b le  r e q u e s ts  a r e  g en e ra te d .

A g e n e ra l s c h e m a tic  o f th e  CGIS r e t r i e v a l  m o n ito r  i s  g iv en  in  F ig . A. 48.

F ig . A. 48 . CGIS r e t r i e v a l  m o n ito r  s y s te m .

T h e  e n t ir e  r e t r i e v a l  s y s te m  i s  w r i t te n  in  th e  P L / 1 p ro g ra m m in g  language 

and  i s  s u p p o r te d  by  a s s e m b le r  la nguage s u b ro u tin e s . T he u s e r  codes a. 

s e r ie s  of com m ands in  th e  c u s to m  P L /1  o f th e  com m and  la nguage and 

s u b m its  th e m  to  th e  m o n ito r  p ro g ra m  (se e  d ia g ra m  above). T h e  com m and  

language in t e r p r e te r  t r a n s l a te s  th e s e  co m m an d s b y  r e f e r r i n g  to  th e  com m and 

l i b r a r y ,  a n d  p ro d u c e s  a  m a c h in e -re a d a b le  r e q u e s t .

T h e  r e q u e s t ,  s t i l l  in  th e  job  c o n tro l lan g u ag e  g e n e ra te d  b y  th e  m o n ito r, 

n ex t h a s  to  b e  in te r p r e te d  and  re v i s e d  in  te r m s  of th e  d a ta  on w h ich  i t  h a s  

to  o p e ra te . T h e  r e f e r e n c e  f i le  co n ta in s  tw o  d a ta  s e ts  th a t a r e  r e f e r r e d  to  

a t th is  s ta g e .  T he m a s t e r  c o n tro l ta b le  (MCT) i s  a  l i s t  of a l l  d a ta  types
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(co v e ra g es) c u r re n t ly  re s id e n t  in  th e  CGIS d a ta  bank. I t p ro v id e s  th e  

r e l a t i v e  lo c a tio n  of th e  c o n tro l in fo rm a tio n  on each  co v e rag e  in  th e  m a s te r  

co v e ra g e  c o n tro l b lo ck  (M CCB), w h ich , i t  w ill b e  re m e m b e re d , w as 

g e n e ra te d  and  co n tin u a lly  u pdated  by  th e  d a ta  red u c tio n  su b sy s te m . T h e  

M CT i s  in  f a c t an  index  to  th e  M CCB. T he M CCB con ta in s  such  v i ta l  in f o r ­

m a tio n  a s  b lo c k  s iz e ,  lo g ic a l r e c o r d  le n g th , p h y s ic a l lo c a tio n  o f th e  f i l e s  

m e n tio n e d  in  th e  r e q u e s t ,  th e  v a r io u s  ty p e s  of s in g le  co v e rag e  in  an y  one 

com b in ed  c o v e ra g e , F  f a c to r ,  S f a c to r ,  E  f a c to r ,  and  o th e r  in fo rm a tio n  s u ch  

a s  th e  n u m b e r  of d e s c r ip to r s  u s e d  in  th e  co v e ra g e . T he m o n ito r  s e le c ts  

th e  a p p ro p r ia te  d a ta  n ee d ed  and  c a lc u la te s  th e  in s tru c tio n s  th a t m ust b e  

added  to  th e  re q u e s t .  S im u ltan eo u sly , th e  c o v e ra g e  l ib r a r y  (COVLIB) is  

co n su lted . COVLIB co n ta in s  th e  d e s c r ip to r  d a ta  f ie ld s  fo r  each  co v e ra g e  a s  

a  s e t  of P L /1  d e c la ra t io n s . W hen n ee d ed , th e s e  a r e  in c o rp o ra te d  in  th e  

r e q u e s t .

T h e  re q u e s t  i s  now ex e cu ted , and  o p e ra te s  upon th e  d a ta  b ank  f i le s  (DDSXXXX) 

o r  (IDSXXXX), o r  bo th , a s  n e c e s s a r y .  (T he XXXX in  th e  nam e s im p ly  in d i­

c a te s  th e  code n u m b e r of th e  p a r t ic u l a r  d a ta  s e t  be in g  u s e d .) In  p ra c t ic e ,  

th e  m o n ito r  d e te rm in e s  f ro m  th e  l i s t  w ith in  i t s e l f  w hich  f i l e s  a r e  r e q u ire d  

an d  th e n  p ro v id e s  th e  o p e ra t in g  s y s te m  w ith  th e  a p p ro p r ia te  c o n tro l in fo rm a ­

t io n  to  a c q u ire  th e  f i l e s .  T he o p e ra t in g  s y s te m  d e te rm in e s  i f  th e  needed  

f i l e s  a r e  lo a d ed  on th e  co m p u te r  a l r e a d y , and  if no t i t  w ill p r in t  a  m e ss a g e  

on th e  o p e r a to r 's  co n so le  in s tru c t in g  h im  to  get th e  f i le s  f ro m  s to ra g e  and  

lo a d  th e m  on th e  a p p ro p r ia te  re a d in g  d ev ice . T he e n t ir e  r e t r ie v a l  p r o c e s s  

u t i l iz e s  th e  r e s id e n t  O S /360 o p e ra t in g  s y s te m  co n tro l, and  u s e s  o p e ra tin g  

s y s te m  f a c i l i t ie s  n o rm a lly  a v a ila b le  in  IBM  360 /65  co m p u te rs . W hile  th e  

p r o g r a m  i s  b e in g  ex e cu ted , th e  m o n ito r  r e tu r n s  to  "w a it"  s ta tu s  (to h an d le  

r e q u e s t s  f o r  o th e r  ta s k s ) .

At th e  co m p le tio n  of th e  ru n , th e  p ro g ra m  sen d s  a  m e ss a g e  to  th e  m o n ito r  

in d ic a tin g  th a t  th e  ta s k  h a s  b e e n  co m p le ted . T he m o n ito r r e a d s  th e  id e n ­

t i f i e r  of th e  ta s k  and re m o v e s  i t  f r o m  i t s  ta b le  of ac tiv e  ta s k s .  B a s e d  on 

th a t  r e c o r d ,  i t  d o es  one of s e v e r a l  th in g s : (1) p a s s e s  the  output to  an  ou tpu t 

d ev ice ; (2) te rm in a te s  th e  o p e ra tio n ; (3) r e p e a ts  th e  w hole cy c le . T he m o s t 

s ig n if ic a n t c h a ra c te r is t ic  of a  m o n ito r  s y s te m  i s  th a t it  a llow s one co m p u te r  

p r o g r a m  to  c o n tro l a n o th e r , b a s e d  o n  d a ta  p ro v id e d  b y  th e  seco n d  one.

P. K ingston , B. F e r r i e r ,  and  M. D oyle m ade s ig n ifican t c o n trib u tio n s  to
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th e  d e s ig n  an d  p ro g ra m m in g  of th e  m o n ito r  sy s te m .

COMMAND LANGUAGE IN T E R P R E T E R

T he key  to  th e  m o n ito r  s y s te m  i s  the  com m and  language in t e r p r e te r ,  and 

i t s  o p e ra t io n  w ill  b e  d e s c r ib e d  b r ie f ly  b e fo re  th e  CGIS com m and  la n g u ag es  

a r e  exam ined .

T he com m and  l i b r a r y  a t  th e  d is p o s a l o f th e  CGIS com m and  la nguage in t e r

p r e t e r  is  m ade up of fo u r  d a ta  s e ts :

(1) S ou rce  p ro g ra m  l ib r a r y  (SYMLIB). T h is  l i b r a r y  c o n ta in s  a  

s e t  of P L / 1 s o u rc e  p ro g ra m s  fo r  each  " a s s e s s m e n t  lan g u ag e"

subcom m and .

(2) R ou tine  p ro g ra m  l ib r a r y  (RTN LIB). T h is  l i b r a r y  c o n ta in s  a l l  

th e  p r e - a s s e m b le d  s u b ro u tin e s  s to r e d  in  o b je c t le v e l fo rm .

(3) L oad ab le  l i b r a r y  (LO D LIB). T h is  l i b r a r y  co n ta in s  a l l  th e  

c u s to m -w r i tte n  p r og ra m s  in  lo a d ab le  fo rm  re a d y  f o r  execu tion . 

T h e se  p ro g ra m s  a r e  c a lle d  b y  com m ands in  th e   "m a n ip u la tio n  

lan g u ag e" .

It w ill  b e  n o te d  th a t th e  th re e  d a ta  s e t s  above r e p r e s e n t  th r e e  le v e ls  

o f p ro g ra m  co m p ila tio n : s o u rc e , o b je c t, and  lo ad ab le .

(4) Jo b  c o n tro l language l i b r a r y  (JC LIB ). T h e  job  c o n tro l language 

r u le s  th a t a r e  r e q u i r e d  to   ex e cu te  e a ch  com m and  a r e  s to r e d  in  

th i s  l i b r a r y  a s  a  seq u en ce  of one o r  m o re   job s te p s .

W hen th e  r e q u e s t  i s  p a s s e d  to  th e  m o n ito r  f o r  p ro c e s s in g , th e  com m and  

language in t e r p r e te r  f i r s t  r e a d s  th e  r e q u e s t .  On th e  b a s is  of th e  key  w o rd  

code , i t  s e a r c h e s  th ro u g h  th e  a p p ro p r ia te  f i le  in  th e  com m and  l i b r a r y  fo r  

an  equa l cond itio n  on an  a s s o c ia te d  s e t  of r u le s  in  th e  JC L IB . It c a lc u la te s  

th e  in te ra c t io n s  b e tw e en  v a r io u s  d a ta  and in fo rm a tio n  r e q u ire m e n ts  and  th e  

r e q u e s t ,  th a t i s ,  i t  c r e a te s  th e  s e t  o f s u b o p e ra tio n s  to  b e  p e r fo rm e d  to  c a r r y  

out the  com m and , th e n  i t  ta k e s  th e  r e s u l t  and  m oves i t  to  th e  n ex t s ta g e .

If  th e  o r ig in a l r e q u e s t w as  e x t re m e ly  s im p le , th is  g ro s s ly  o v e rs im p lif ie d  

d e s c r ip tio n  o f th e  o p e ra t io n  m igh t b e  su ffic ien t. A  m o re  u su a l, ty p ic a l ly  

com p lex , re q u e s t  r e q u i r e s  a  m uch m o re  com plex  re s p o n s e  f ro m  th e  

com m and  language in t e r p r e te r .  A  s lig h t ly  m o re  com plex  re q u e s t  m igh t be  

h and led  a s  fo llo w s . F i r s t ,  th e  com m and  language in t e r p r e te r  r e a d s  th e

391



r e q u e s t ,  r e a d s  th e  r u le s  in  th e  JC L IB , an d  s e a rc h e s  th ro u g h  th e  a p p ro p r ia te  

l i b r a r y  (SYM LIB, R T N L IB , LO D LIB), a s  b e fo re . T h en , in  o r d e r  to  

p ro c e s s  o r  t r a n s l a te  th e  re q u e s t ,  i t  m u s t o p e ra te  upon th e  re q u e s t  a c co rd in g  

to  th e  s e t  o f r u le s ;  a t le a s t  one  o p e ra tio n  h a s  to  ta k e  p la c e  f o r  e a c h  ru le  

in  th e  s e t .  T h e  s p e c if ic  o p e ra tio n  depends on  th e  com m and  bein g  in te rp re te d ,  

f o r  ex a m p le , a  s im p le  lo g ic a l c o m p a riso n  to  d e te rm in e  w h e th e r th e  p a r a ­

m e te r s  a r e  a l l  p r e s e n t  b e fo re  going on  to  th e  nex t o p e ra tio n , o r  it m a y  be  

a  lo g ic a l c a lc u la tio n  to  d e te rm in e  th e  r e la t iv e  s to ra g e  a d d re s s  f o r  th e  

in s tru c t io n  b e in g  g e n e ra te d .

W hile  th e s e  o p e ra t io n s  a r e  b e in g  p e r fo rm e d , th e  p a r a m e te r  d a ta  r e f e r e n c e s  

and  in s tru c tio n  la b e ls  th a t a r e  en c o u n te re d , th e i r  d e fin itio n , an d  an y  

a d d r e s s e s  th a t  h a v e  a l r e a d y  b e e n  a s s ig n e d  to  th e m  a r e  co p ied  in to  a  s to ra g e  

ta b le  (R). T h e  p a r t ia l ly  t r a n s la te d  in s tru c tio n s  a r e  s to r e d  in  a n o th e r  ta b le  

(J). W hen R  h a s  b e e n  s o r te d ,  a d d r e s s e s  a r e  a s s ig n e d  to  th e  la b e ls  and  

p a r a m e te r s .  T h e  ta b le  R  i s  co n cep tu a lly  c o m p a re d  w ith  ta b le  J  a n d  th e  

p a r a m e te r s  in  th e  l a t t e r  a r e  r e p la c e d  w ith  a d d r e s s e s  f r o m  ta b le  R . A s 

e a ch  re q u e s t  s ta te m e n t i s  p ro c e s s e d  in  th i s  w ay , it is  m oved  to  a  s to ra g e  

m e d iu m  a s  a  m a c h in e - re a d a b le  re q u e s t  f o r  f u r th e r  u s e . W ith in  th e  CGIS, 

co m m an d s  th a t r e q u i r e  s tr a ig h tfo rw a rd  p ro c e s s in g  a r e  te r m e d  " n o rm a l" 

co m m an d s  an d  th o s e  th a t  g e n e ra te  m o re  co m p lex  in te rp re ta tio n  p ro c e d u re s  

a r e  c a lle d  " g e n e ra to r"  co m m an d s . T h e  d iffe re n c e  i s  t r a n s p a re n t  to  th e  

u s e r .

T he CGIS a c tu a lly  r e c o g n iz e s  tw o in t e r r e la te d  com m and  la n g u ag es . In  one, 

th e  l i t e r a l  co m m an d s a r e  p re f ix e d  b y  a  # s ig n  an d  be lo n g  to  the  "m a n ip u la tio n  

la n g u ag e" . T h e se  a r e  h ig h - le v e l com m ands (key  w o rd s  to  q u ite  com p lex  

o p e ra t io n s ) , an d  th e y  a r e  in te rp r e te d  b y  a c c e s s  to  th e  JC L IB  and  th e  LO D LIB.

T he f i r s t  com m and  in  th e  m an ip u la tio n  la nguage i s  #ASSESS. T h is  a llow s 

th e  co m b in a tio n  an d  u s e  o f com m ands p re f ix e d  b y  a  $ s ig n , w h ich  b e lo n g  to  

th e  " a s s e s s m e n t  la n g u a g e " . T h e  a s s e s s m e n t  la nguage co m m an d s a r e  m in o r  

v e r s io n s  of th e  o v e r a l l  co m m an d  language s t r u c tu r e ,  and c a l l  up a  w ide  

s e le c tio n  o f s p e c ia liz e d  su b ro u tin e s . T h e  #ASSESS com m and  can  b e  u s e d  in  

con ju n c tio n  w ith  th e s e  m in o r  com m ands to  d e s c r ib e  a  p ro c e d u re  sp e c if ic  to  

th e  u s e r .  T h u s , not on ly  d o es  th e  u s e r  h ave  th e  op tion  o f  em p lo y in g  m a in
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k e y w o r d s  t o  sp e c ify  h is  n e e d s , b u t he can , to  a  c o n s id e rab le  ex ten t, w r i te  

h is  ow n s p e c ia l  p r o g r a m s  and  lo a d  th e m  u n d e r th e  #ASSESS key  w ord . (In 

a d d itio n  to  th i s ,  th e  u s e r  can , of c o u rs e , s te p  o u ts id e  th e  com m and  language 

e n t ir e ly , p r o g ra m  h is  r e q u e s t s  in  p la in  P L /1  o r  a s s e m b le r  lan g u ag e , give 

th e m  a  k e y  w o rd , p la c e  th e m  in  a  com m and  l i b r a r y ,  and  c a l l  th e m  by  key  

w o rd  th e r e a f te r . )  A s s e s s m e n t la nguage com m ands a r e  in te rp re te d  b y  a c c e s s  

to  th e  SYM LIB. B o th  m a n ip u la tio n  language and  a s s e s s m e n t  language 

co m m an d s , a f t e r  in te rp re ta t io n ,  m a y  u se  su b ro u tin e s  f ro m  RTN LIB .

E x a m p le s  o f  r e q u e s t s .  Tw o sa m p le  re q u e s ts  a r e  g iven  below .

(1) In fo rm a tio n  R e q u ire d

How m u ch  la n d  g r e a t e r  th a n  10 a c r e s  in  a r e a  w ith in  R ideau  C ounty  is  

now b e in g  u s e d  to  grow  p o ta to e s ?  L is t  the  a r e a s  w ith  th e i r  tow nsh ip  

an d  a c re a g e .

R e q u e s t

# S E L E C T  PR O V , I, NEWNAME =RIDO 1
   COUNTY=RID 2

# COM BINE RPLU =PRLU +RID O  3
# O VERLA Y  R P L U  4
# ASSESS 5

 $ C F IL E , R P L U , I  6
ON E N D FIL E(D D IR PLU ) GO TO  END: 7
T T LA R EA =0; 8

R EA D : 9
$ REA D , R P L U  10
I F  U SE=' F A R M 'T H E N  11
I F  C R O P = 'P O T A 'T H E N  12

D O; 13
$ A C R E , R P L U  14
I F  A R EA  = 10 TH EN  15

DO; 16
P U T  SK IP LIST (COUNTY, T W P , USE, CRO P, AREA );   17 
T T LA R E A -T T L A R E A + A R E A : 18

EN D ; 19
EN D ; 20

GO T O  R EA D ; 21
E N D : 22

P U T  SK IP LIST ( 'T O T A L  PO TA TO ES FA RM ED  IN 
RID EA U  C O U N T Y = ',T T L A R E A ,'A C R E S '); 23

#  MODMCCB 24
$ D E L E T E  RIDO, FA CTO RS, F IL E S  25
$ D E L E T E  R P L U , FA C T O R S, F IL E S  26
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S ta tem e n t F u n c tio n

1 & 2 S e le c ts  a  s u b se t co v e ra g e  f r o m  th e  p o li t ic a l  c o v e ra g e  PROV  

f o r  th e  coun ty  w ith  th e  coded n am e RID and  c a l ls  i t  RIDO. 

T h e  ' I ' in  s ta te m e n t 1 is  an  a b b re v ia tio n  f o r  in c lu s iv e .

3 C re a te s  an  e n t ry  in  th e  s y s te m  l i b r a r y  fo r  co v e ra g e  R P L U  

m ade up of p re s e n t  la n d  u s e  co v e ra g e  P R L U  an d  su b se t 

c o v e ra te  RIDO ju s t  s e le c te d .

4 C a u s e s  an  o v e r la y  o p e ra t io n  to  ta k e  p la c e  to  c r e a te  the  

co v e ra g e  d e s c r ib e d  b y  3.

6 C a lls  in  th e  a s s e s s m e n t  p ro g ra m  g e n e ra to r  w h ich  c r e a te s  

a n  a s s e s s m e n t  f ro m  s ta te m e n ts  6 th ro u g h  23.

6  -  2 3 A  s im p le  a s s e s s m e n t  p ro g ra m , l i s t s  th e  a r e a s  r e q u ir e d  and  

f in d s  th e  to ta l  r e q u ire d .

N ote  th e  u s e  o f th e  s p e c ia l  in s tru c t io n s  #C F IL E  (s ta tem en t 

6) , $READ (s ta te m e n t 10), and  $ A CRE (s ta te m e n t 14) in  

a d d itio n  to  th e  r e g u la r  P L / 1 s ta te m e n ts .

24 C a lls  in  th e  p ro g ra m s  to  m odify  th e  s y s te m  l i b r a r ie s ,

25 -  26 d e le te s  th e  te m p o r a ry  co v e ra g e s  c re a te d ,  and  r e l e a s e s  

th e i r  f i l e s ,  w h ich  h av e  b ee n  s a v e d  in  c a se  i t  i s  d e s ire d  to  

ru n  s e v e r a l  a s s e s s m e n ts  on th e  s a m e  d a ta  o r  to  sav e  th e m  

f o r  a n o th e r  fu tu re  u se .

(2) In fo rm a tio n  R eq u ired

F in d  a n  a r e a  s u ita b le  f o r  r e c r e a t io n  (e. g . , ca m p s ite s)  a t  le a s t  2 s q u a re  

m i le s  in  s iz e , a s  n e a r  a s  p o s s ib le  to  a  la k e  of a t le a s t  3 s q u a re  m ile s  

a n d  to  H ighw ay 183, th a t i s  w ith in  50 m ile s  o f th e  tow n of R en frew .
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R e q u e s t

# G EN ERA TE C IR C LE , C E N T R E =42382811, RADIUS=50 MI
# COM BINE R E N F  =PRLU+ROAD
# O VERLAY R E N F , GENR, LIN E
# COM BINE CA M P=REN F
# ASSESS

1
2
3
4
5

E x p lan a tio n  of R eq u est S ta tem en ts



COMMAND LANGUAGES

T he s u ite  o f  com m ands in  th e  m a n ip u la tio n  language and  a s s e s s m e n t  language 

i s  g iv en  b e lo w . P .  K ingston , K . W ard , B. F e r r i e r ,  M. D oyle, J .  T h a c k e r , 

F .  Jan k a lu k , H . K nigh t, an d  P .  H a tf ie ld  m ade s ig n if ic a n t co n trib u tio n s  

to  th e  d e s ig n  and  p ro g ra m m in g  o f th e  r e t r i e v a l  com m ands.

M an ipu la tion  L anguage -  #ASSESS C om m and

# ASSESS. T h is  com m and  s ig n a ls  th e  s t a r t  of a  P L / 1 p ro g ra m , u s in g  th e  

a s s e s s m e n t  lan g u ag e  co m m an d s g iv en  below . T h e  p ro g ra m  is  f i r s t  p ro c e s s e d  

b y  th e  a s s e s s m e n t  la nguage g e n e ra to r , w h ich  r e s o lv e s  a l l  su bcom m ands th a t 

m a y  b e  p r e s e n t  in  th e  inpu t ( im m ed ia te ly  a f te r  th e  com m and), and  th e n  p a s s e s  

th is  r e s o lv e d  inpu t on to  th e  O S /360 c a ta lo g u e d  p ro c e d u re s  f o r  com p iling , 

lin k  ed itin g , and  ex ecu tin g  th e  a s s e s s m e n t  p ro g ra m . A ll r e q u ir e d  job 

c o n tro l lan g u ag e  and  n e c e s s a r y  s u b ro u tin e s  a r e  a u to m a tic a l ly  g e n e ra te d  and  

in c lu d ed  b y  th e  a s s e s s m e n t  g e n e ra to r .
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S ta tem e n t F u n c tio n

1 G e n e ra te s  a  c i r c le  a ro u n d  th e  tow n o r  R en frew  so  th a t 

on ly  th a t a r e a  w ill  b e  s e le c te d .

2 S e ts  up a n  e n t ry  in  th e  s y s te m  l i b r a r y  fo r  a  new co v e ra g e  

'R E N F ', to  b e  fo rm e d  b y  com bin ing  th e  d a ta  of p re s e n t  land  

la n d  u s e  w ith  ro a d  o r  h ighw ay co v e ra g e s .

3 C re a te s  th e  new  c o v e ra g e  R E N F  a s  d efined  by  2, u s in g  a  

s e le c tio n  ro u tin e  f o r  g e n e ra te d  c o v e ra g e  (the one g e n e ra te d  

in  s ta te m e n t 1) and  in c lu d in g  lin e  d a ta  ( ro a d  m ap s).

4 S ets  up a n  e n t ry  f o r  a  new c o v e ra g e  CA M P to  b e  fo rm e d  

f r o m  co v e ra g e  R E N F . B e fo re  a n o th e r  com m and  r e f e r s  to  

th e  c o v e ra g e , a n  e n t ry  m u s t be  g e n e ra te d  f o r  i t .

5 W e now h av e  th e  d a ta  n ee d ed  b u t w e m u s t exc lu d e  any  la k e s  

o r  r e c r e a t io n a l  a r e a s  s m a l le r  th a n  th o s e  re q u ire d .  T h is  i s  

done b y  a  s h o r t  a s s e s s m e n t  p ro g ra m  th a t w ill w r ite  out a  

new co v e ra g e  c o n s is tin g  of only  th e  d a ta  w ith  th e  d e s ire d  

q u a l it ie s .

N o te : T h e  a r e a  cou ld  h av e  b e e n  s e le c te d  m an u a lly  f r o m  a  l i s t  

ou tpu t b y  th e  a s s e s s m e n t  p ro g ra m .



T h e r e  a r e  s e v e r a l  op tio n s  av a ila b le  to  th e  u s e r  cod ing  th is  com m and , 

in c lu d in g  th e  P L / 1 c o m p ile r  o p tio n s , a  com m and  to  th e  a s s e s s m e n t  g e n e ra to r  

in d ic a tin g  th e  c a rd  im a g e  to  b e  p r in te d , and  s ta r t / s to p  in d ic a to rs  f o r  an  

o v e r la y . T h e  d e fau lts  f o r  th is  com m and  a r e  any  P L /1  c o m p ile r  op tions  th a t 

w e re  s e t  a s  d e fa u lts  w hen th e  o p e ra t in g  s y s te m  w as  la s t  in i t ia liz e d ; 

h o w ev e r , p ro c e s s in g  of c o m p ile - tim e  m a c ro s  w ill a lw ays b e  sp ec ified .

A s s e s s m e n t  language .

$ A C R E. T h is  sub co m m an d  c a lc u la te s  th e  a r e a  in  a c r e s  of a  DDS fa c e  of 

a  s p e c if ie d  co v e ra g e .

$ C F IL E  covg  (1 )/(0 ). T h is  m a c ro  p ro v id e s  a  P L /1  s t r u c tu r e  d e c la ra t io n  

f o r  a  DDS f i le  of a  s p e c if ie d  c o v e ra g e . I t is  a  conven ience  com m and  fo r  

a d d re s s in g  c o v e ra g e s .

$ C LA SSIFY  cvg2(FR O M  c v g l ) c -p t r .  T h is  m a c ro  w r i te s  a  d e s c r ip to r  r e c o rd  

f o r  a  c o v e ra g e  p r o c e s s e d  b y  th e  $DISSOLVE m a c ro  below .         
(FROM)

$ DISSOLVE cvg2 (E X C L ) c v g l c - p t r .  T h is  subcom m and  ta g s  a  fa c e  to  be 

c o a le s c e d  o r  m e rg e d  w ith  a d ja c e n t f a c e s  th a t have th e  sam e  ou tpu t d e s c r ip to r . 

I t i s  th e  o n ly  sub co m m an d  av a ila b le  in  th e  a s s e s s m e n t  la nguage f o r  m odifying 

th e  im a g e  d a ta  s e t .  I t i s  u s e d  in  con junction  w ith  CLA SSIFY  if  i t  i s  w ished  

to  change im a g e  d a ta  b y  re m o v in g  b o u n d ary  l in e s . FRO M  = change sp ec if ic . 

E X C L  = change  e v e ry th in g  excep t.

$ EQ U A TE cvg2 F R O M  cv g 1. T h is  subcom m and  m oves a l l  DDS fa c e  re c o rd  

c o n te n ts , e x c e p t f o r  th e  d e s c r ip to r  d a ta , f r o m  one a r e a  to  a n o th e r , one face  

a t  a  tim e .

$ IN IT P  (n a m e -1 , n a m e -2). T h is  fun c tio n  g e n e ra te s  a  P L /1  "PR O C  OPTIONS 

(M AIN);" s ta te m e n t ,  th a t i s ,  i t  a d d s  a  t i t l e  to  a  c u s to m  P L / 1 p ro g ra m .

$ REA D  covg(, F ) . T h is  fun c tio n  r e a d s  and ch eck s a  d a ta  b an k  DDS face  

r e c o r d  fo r  a  s p e c if ic  co v e ra g e .

$ S E L E C T  cvg2 F R O M  c v g 1. T h is  fun c tio n  c r e a te s  a  su b se t d a ta  b an k  IDS 

b a s e d  on a  l i s t  co n ta in ed  in  a  DDS fa c e  r e c o r d  o r  r e c o rd s .  I t co p ies  an 

IDS fa c e .
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$ SQ3VH covg. T h is  fu n c tio n  c a lc u la te s  th e  a r e a  in  s q u a re  m ile s  of a  DDS 

f a c e  of a  s p e c if ie d  c o v e ra g e .

$ T E R M P . T h is  i s  an  o p tiona l w ay  to  te rm in a te  a  P L /1  p ro g ra m  w r i t te n  

u s in g  //ASSESS. I t s  fu n c tio n  is  to  g e n e ra te  th e  P L /1  "EN D ;" s ta te m e n t.

$ W R IT E cvg2 (FRO M  c v g l) .  T h is  fu n c tio n  w r ite s  a  d a ta  b ank  DDS r e c o r d  

w ith  a  s p e c if ie d  co v e ra g e  code.

M an ipu la tion  L anguage

# C IR C L E  (c o v g ,) C E N T R E  =DDD. MM. SS. DD. MM. SS
, RADIUS=9999. 999
( ,  POIN TS=999)
(, SFACT=99)
(, FFA C T=99)

T h is  com m and  a llo w s  a  u s e r  to  g e n e ra te  a  c i r c le  in  a  d a ta  b ank  fo rm a t ,  th a t 

i s ,  an  IDS co n ta in in g  th e  im ag e  of a  c i r c le .  T he u s e r  can  defin e  th e  c i r c le  

w ith  a  g iv en  c e n tre ,  a  g iv en  ra d iu s ,  and  a  g iven  n u m b e r of p o in ts  on  th e  c i r c le .  

T h e  c i r c le  is  d efined  a s  an  in s c r ib e d  polygon. T h is  c i r c le  i s  th e n  a v a ilab le  

f o r  o v e rla y in g  on top  of any  c o v e ra g e , and  th u s  defin ing  a  s u b se t co v e ra g e .

# COM BINE cv gc= cvg l+ cvg2+ cvg3 .. .  +cvg8(, M). T h is  com m and  is  u s e d  to  

s a t i s fy  th e  p r e r e q u is i te s  f o r  th e  OVERLAY and  M ERGE com m ands. I ts  

fu n c tio n  i s  to  add  e n t r ie s  to  th e  m a s te r  c o v e ra g e  c o n tro l b lo c k  and COVLIB 

fo r  a  new co v e ra g e  th a t i s  to  be a  com b in a tio n  of a l r e a d y  e x is tin g  co v e ra g e s .

If  (, M) i s  n o t s p e c if ie d , th e  co n c a ten a ted  d a ta  d e s c r ip to r s  f o r  e a ch  c o v e ra g e  

w ould  b e  th e  s a m e  and  on ly  the  f i r s t  s e t  i s  u sed .

# DDSGENR covg  p lu s  d a ta  c a rd s  con ta in ing  fa c e  n u m b e r  and d e s c r ip to r .  The 

p u rp o s e  of th i s  fun c tio n  i s  to  g e n e ra te  a  d a ta  b ank  DDS con ta in ing  on ly  fa c e  

d e s c r ip to r  d a ta . T h e  p ro g ra m  is  g e n e ra lly  u s e d  to  s a t i s fy  th e  p r e r e q u is i te  

o f  #OVERLAY th a t th e r e  b e  a  m a tch in g  DDS fo r  e v e ry  IDS. (T h is  com m and  

i s  n o rm a lly  u sed  in  con junction  w ith  #POLYGON and  # C IR C L E .) It can  a lso  

b e  u s e d  to  g e n e ra te  a  m ock  DDS fo r  te s t in g  p u rp o s e s .

# D DSLT (NOPRINT) (, COPY) ( ,  NONEWNAME)
(PRINT) (NOCOPY) (NEWNAME =covg)

T h is  is  a  u t i l i ty  com m and  w hose  p u rp o se  is  s im p ly  to  p ro c e s s  th e  DDS. It 

w il l  p r in t  s e le c te d  f ie ld s ,  copy an  e n t ir e  DDS, and  re n a m e  a  DDS f ro m  one 

co v e ra g e  code in to  an o th e r .
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# MERGE covg (, T)(, V=SER=vol-id) (, 
D)(, V=REF=vol-id) The 

f u n c t i o n  o f  t h i s  c o m m a n d  i s  t o  c r e a t e  a  n e w  I D S /  D D S  p a i r  i n  d a t a  

b a n k  fo rm a t, c o n ta in in g  th e  ID S  a n d  D D S  o f  n o n -o v e r la p p in g  c o m p o n e n t  

co v e rag es  m erg e d  an d  ren am ed . N o  ac tu a l p ro cess in g  tak es  p la c e  a n d  

th e  f in a l  re s u l t  is  e q u iv a le n t to  a n  e x e c u t io n  o f  th e  O /S  s o r t/m e rg e  u t i l i ty  

program . T  specifies o u tpu t on  tape . D  spec ifies  ou tpu t on  

disc. # M O D M C C B . T h i s  i s  a n o th e r  u t i l i ty  p r o g r a m , w h o s e  f u n c t io n  is  

to  m an ip u la te  th e  m a ste r co v e ra g e  c o n tro l b lo c k  a n d  th e  a s s o c ia te d  C O V L IB  

entries. T he com m and m akes use of subcom m ands and o p tional da ta  ca rd s. 

A ll su b c o m m a n d s  a re  s im ila r  to  th o s e  in  th e  c o m m a n d  # A S S E S S , in  th a t  

card column one must be a $ sign.

#POLYGON (covg)(, SFA CT=99)(, FFA C T=99) p lu s  d a ta  c a rd s  con ta in ing  

co o rd in a te  l i s t .  T h is  com m and  i s  s im i la r  in  function  to  #C IR C L E , b u t i t  

g e n e ra te s  an  im ag e  d a ta  s e t  in  d a ta  b an k  fo rm a t con ta in ing  th e  im ag e  of a  

polygon. T h e  po lygon  i s  d efined  b y  a  c o o rd in a te  l i s t  su p p lie d  b y  th e  u s e r .  

T h e  only  re q u ire m e n t  i s  th a t i t  m u s t b e  a  r e g u la r  polygon, a  s in g le  co m p le te  

f ig u re  en c lo s in g  a  s in g le  a r e a ,  w ith  no s id e s  m e rg in g  o r  c ro s s in g .

#S ELE C T (EXCLUDE) ( ,  NEW NAM E=covg)
(INCLUDE)

The p u rp o s e  of th i s  com m and  i s  to  p ro d u ce  an  im ag e  d a ta  su b se t in  d a ta  

b ank  fo rm a t, b y  in c lu d in g  o r  exc lud ing  r e c o r d s  f r o m  an  inpu t im ag e  d a ta  

s e t on the  b a s is  of a  l i s t  su p p lie d  by  th e  u s e r .  It i s  a  s im i la r  fun c tio n  to  

$S ELE C T and  c o n c ep tu a lly  th e  r e v e r s e  of # M ERGE.

$ ADD covg(FA CTO RS) (V =unit=vol-id)
-M CCB (and COVLIB) c a r d s -

Add a  cover-age to  th e  s y s te m  
l i b r a r y

$ U PD A TE covg(FA CTO RS) (V =unit=vol-id)
- MCCB (and COVLIB) c a r d s -

Change th e  c o n ten ts  o f  th e  
s y s te m  l i b r a r y  fo r  a  co v e ra g e

$ D E L E T E  covg(FIL E S) (FACTORS) (ONLY) (V =unit=vol-id) R em ove a  
co v e ra g e  f r o m  th e  s y s te m  l i b r a r y  
and f ro m  th e  d a ta  b ank

$LIST (covg) (FACTORS)
(MCCB)

L is t  th e  s y s te m  l i b r a r y  e n t ry  
fo r  a  s p e c if ie d  c o v e ra g e

$CO PY  cvg2 FR O M  c v g 1(V=unit=vol-id) C re a te  a  new e n try  th e  s a m e  
a s  an  e x is t in g  e n t ry

$SAVE                                                                           )
$R ESTO R E                                                                   ) C re a te  b a c k -u p  f i le s .



# SORTDDS. T he p u rp o s e  of th i s  com m and  i s  to  s o r t  one o r  m o re  d e s c r ip tiv e  

d a ta  s e t s  in  d a ta  b ank  fo rm a t in to  ascen d in g  sequence  by  fa c e  n u m b e r, 

r e c o r d  ty p e , and  c o v e ra g e  code. I t ex ecu tes  the  O /S  s o r t /m e r g e  u ti lity  

p ro g ra m . A ll J C L  o v e r r id e s  m u s t b e  p ro v id e d  b y  the  u s e r .

T h e  f in a l  co m m an d  in  th e  m an ip u la tio n  language i s  th e  one th a t c a l ls  th e  

o v e r la y  fun c tio n . I t i s  an  im p o r ta n t com m and  a s  i t  g re a t ly  expands the  

m a n ip u la tiv e  c a p a b ili ty  of a  m u l t i - d a ta - s e t  d a ta  bank. T o  d e m o n s tra te  th e  

ty p e s  of lo g ic a l  o p e ra t io n  b ro u g h t in to  p la y  w hen th e  above com m ands a r e  

em p lo y ed , and  to  i l lu s t r a t e  th e  o v e r la y  p ro c e s s  i t s e lf ,  a  b r ie f  d e s c r ip tio n  

o f th e  o v e r la y  lo g ic a l o p e ra t io n s  i s  g iven  below .

#O VERLAY

T h e  #O VERLA Y  co m m an d  e n a b le s  th e  u s e r  to  o v e r la y  one co v e ra g e  d ire c tly  

o n  to p  o f a n o th e r , p ro d u c in g  a  th i r d  c o v e ra g e  th a t is  the  m e rg e d  im ag e  of 

th e  tw o  in p u ts . Up to  e ig h t inpu t c o v e ra g e s  ca n  b e  o v e rla id  in  one o p e ra tio n . 

T h e  im a g e  d a ta  of th e  input co v e ra g e s  a r e  la id  one on top  of th e  o th e r  to  f o rm  

a  co m b in ed  im a g e , th e  d e s c r ip to r  d a ta  fo r  th e  r e la te d  im age p o rtio n s  a r e  

c o n c a te n a te d , and  th e  g eo d e tic  d a ta , a r e a ,  and  c e n tro id  a r e  r e c a lc u la te d  to  

r e f l e c t  th e  new  f a c e s .

T he #O VERLAY co m m an d  c a u s e s  th e  g en e ra tio n  of a  s u b sy s te m  th a t i s  m ade 

up  o f job  c o n tro l la n g u ag e  e n c o m p ass in g  th e  tw o p ro g ra m s  #IDSM ERGE and 

#OVLAY. T h e  r e l a te d  fu n c tio n s  o f th e se  tw o p ro g ra m s  a r e  i l lu s tr a te d  in  

F ig . A . 49 .

T h e  #ID SM ERG E p ro g ra m  is  a  s im p le  m e rg in g  o p e ra tio n  in  w hich  th e  IDS 

c o v e ra g e s  to  b e  m e rg e d  a r e  p la c e d  on one f ile  in  seq u en ce , a c c o rd in g  to  

f r a m e  n u m b e r and  co v e ra g e  code . T h is  i s  a  s tra ig h tfo rw a rd  o p e ra tio n  and 

s im p ly  p r e s e n t s  th e  d a ta  to  th e  m a in  #OVLAY p ro g ra m  in  a  conven ien t 

m a n n e r .

T h e  o v e r la y  p r o c e s s  i t s e l f  i s  a c co m p lish e d  in  tw o s te p s . T he f i r s t  c a r r i e s  

out th e  im a g e  o v e r la y , p ro d u c e s  th e  o v e rla id  im ag e , and p a s s e s  in fo rm a tio n  

on  r e s o lv e d  fa c e  e q u iv a le n ts  on to  th e  seco n d  s tep . T he o v e r la y  of th e  

d e s c r ip to r  d a ta  s e t  m a k e s  u s e  of th e  s e le c te d  DDS f ile s  and  th e  in fo rm a tio n  

f r o m  th e  f i r s t  s te p ,  and  p ro d u c e s  th e  o v e r la id  d e s c r ip to r  d a ta  s e t .
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F ig . A . 4 9 . C o n c e p tu a l d iag ram  o f # O V E R L A Y  co m m an d  fu n c tio n s .

T h e  s e q u e n c e  o f  lo g ic a l  o p e ra t io n s  in  th e  ID S  o v e r la y  s te p  is  s h o w n  in  

the flow chart overleaf (Fig. A. 50). The 

lo g ica l opera tions invo lved  in  the  ID S  overlay  a re  as  fo llow s: O V L . 

T h e  O V L  p ro g ra m  f irs t e d its  th e  d a ta  a n d  th e  re q u e s t. T h e  m a s te r  c o v e ra g e  

c o n t r o l  b l o c k  ( M C C B )  i s  c h e c k e d  f o r  c o n d i t i o n s  t h a t  w o u l d  m a k e  

th e  o v e r la y  in v a l id ,  a n d  e r ro r  m e s s a g e s  a re  g e n e ra te d  fo r  c o n d i t io n s  th a t  

a r e  n o t  a c c e p ta b le .  T h e  in p u t  c o v e ra g e  n a m e s  a re  s o r te d  in to  c o l la t in g  

sequence  and  lis ted  on  the  ou tpu t p rin ter fo r a  fina l check  by  the  opera to r. T he  

F  a n d  S  fa c to rs  fo r  e a c h  c o v e ra g e  in v o lv e d  a re  ta k e n  f ro m  th e  M C C B  a n d  

c h e c k e d  f o r  v a l id i t y .  T h e  c o r e  r e q u i r e m e n ts  o f  th e  o v e r la y  p r o g r a m  a r e  

c a lc u la te d , v a r io u s  o p tio n s  b e in g  w o rk e d  o u t  to  f in d  th e  m o s t e f f ic ie n t

O v e r la id  
ID S

O v e r la id  
DDS

DDS
OVERLAYDDS

WORK
F IL E S

IDS
OVERLAY

M erged  
 IDS

# OVLAY 
p r o c e s s

#IDSM ERGE

IDS

IDS M ERGE



F i g .  A .  5 0 .  F low  c h a r t  show ing seq u en ce  of lo g ic a l  o p e ra t io n s  in  
IDS o v e rla y .
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m ethod  o f u s in g  th e  av a ila b le  c o re  sp a c e . An in d ic a to r  of th e  ca lc u la tio n  

op tio n  to  b e  u sed  i s  s e t ,  to  be  r e fe re n c e d  d u rin g  p ro c e s s in g . T h e  c o re  

a v a ila b le , th e  c o re  r e q u ire m e n t , and  th e  p ro c e s s in g  op tion  a r e  a ls o  p r in te d  

out.

T he IDS d a ta  b an k  co v e ra g e s  a r e  r e a d  in  on  a  c o v e ra g e -w ith in - f ra m e  

s e q u e n c e , a s  put out by  th e  #IDSM ERGE s te p . F o r  e a ch  com m on f ra m e  

g ro u p , a  " b it  im a g e "  of th e  f r a m e  is  la id  out in  c o re . E s s e n tia lly , a  b la n k  

a r e a  of c o r e  ad e q u a te  to  hand le  e v e ry  poin t w ith in  the  f r a m e  is  a l lo c a te d , 

and  a l l  th e  im ag e  r e c o rd s  f ro m  com m on f r a m e s  a r e  la id  ou t in  th a t sp ace .

T he v e r t ic e s  f o r  th e  lin e  se g m e n ts  a r e  p lo tte d  and  ed ite d  fo r  v a lid ity . T he 

c o m p ac t n o ta tio n  f o r  each  seg m e n t i s  th e n  t r a c e d  f ro m  v e r te x  to  v e r te x .

T h is  i s  c a r r i e d  out u n til a l l  lin e  se g m e n ts  f r o m  a l l  IDS co v e ra g e s  bein g  o v e r ­

la id  a r e  co n ta in ed  w ith in  a  s in g le  f r a m e  r e c o r d .  A ll p o in ts  w h e re  seg m e n ts  

in t e r s e c t  a r e  now re c o rd e d  in  a  v e r te x  ta b le , to g e th e r  w ith  th e  o r ig in a l 

open  an d  c lo se d  v e r t ic e s  f o r  each  in p u t se g m e n t, p o in ts  of seg m e n t m e rg e s , 

and  re p r e s e n ta t iv e  p o in ts  f o r  d iagonal in te r s e c t io n s .  T h is  ta b le  of v e r t ic e s  

i s  s o r te d  in to  seq u en ce , equa l e n t r ie s  a r e  e lim in a te d , and  if  i t  h a s  b ee n  

n e c e s s a r y  to  s o r t  th e  ta b le  in to  g ro u p s  to  m ake o p tim u m  u s e  of c o re , the  

s o r te d  g ro u p s  a r e  m e rg e d  to g e th e r . T he f in a l outpu t, w ith  c e r ta in  ca lcu la ted  

v a lu e s  and  ed itin g  in fo rm a tio n , i s  p a s s e d  to  OVM.

OVM. On a  f r a m e -b y - f r a m e  b a s is ,  th e  se q u en ce d  v e r te x  ta b le s  ou tput b y  

O VL a r e  r e a d  in , a s  w e ll a s  th e  IDS fo r  e a c h  f ra m e  of e a ch  co v e ra g e . T he 

s e g m e n ts  o f e a ch  in p u t fa c e  a r e  t r a c e d  and  th e  fa c e  n u m b e r i s  a tta c h e d  to  

th e  c o r r e c t  s id e  of th e  se g m e n ts . E a c h  s e g m e n t is  r e t r a c e d ,  ch eck ing  f o r  

th e  in te r s e c t io n s  r e c o rd e d  in  th e  v e r te x  ta b le ,  g e n e ra tin g  a  new seg m e n t at 

e a c h  r e c o rd e d  v e r te x ,  and re c o rd in g  th e  new  seg m en t n u m b e r and  d ire c tio n  

o f in te r s e c t io n  in  th e  v e r te x  ta b le . T h is  i s  done fo r  e a ch  input c o v e ra g e  f o r  

th e  f r a m e . T he s im i la r i ty  be tw een  th i s  and  th e  b o u n d ary  tr a c in g  c a r r i e d  out 

in  p h a s e  1 of th e  d a ta  red u c tio n  s u b sy s te m  i s  ev iden t. T h e  w hole o v e r lay  

p ro c e s s  i s ,  in  fa c e , a  lo g ic a l copy o f p h a se s  1 to  8 of th e  d a ta  red u c tio n  

s u b sy s te m , w ith  th e  a s su m p tio n s  th a t  the  d a ta  be in g  han d led  a r e  e r r o r  f r e e  

and a l r e a d y  in  the  fo rm  of s in g le -p o in t-w id th  lin e  seg m e n ts .
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T h e  new s e g m e n ts  a r e  now lin k ed  to  one a n o th e r  b y  p o in te r s , p ro d u ced  by  

tr a c in g  f r o m  v e r te x  to  v e r te x  and o u tlin ing  e a c h  a r e a  o r  fa c e  w ith  unique 

c h a ra c te r i s t i c s  (com b ina tions  of inpu t f a c e s  f ro m  e a ch  co v e rag e). A 

c o lo u rin g  p r o c e s s  id e n tif ie s  a l l th e  inpu t c o v e ra g e  fa c e s  th a t en c lo se  o r  

fo rm  th e  new  f a c e s  b y  p a s s in g  inpu t fa c e  n u m b e rs  a c ro s s  s e g m e n ts , a f te r  

a l l  th e  s e g m e n ts  bounding  th e  fa c e  h ave  b e e n  checked .

In te r io r  f a c e s  n o t to u c h in g  an  e x te r io r  p o r tio n  a r e  id e n tif ied  and  m a rk ed .

S eg m en ts  a r e  c o n c a ten a ted  w h e re v e r  p o s s ib le , w h e re  on ly  tw o m e e t a t a  

v e r te x .  G eodetic  d a ta  a r e  c a lc u la te d  fo r  th e  new  se g m e n ts .

G eodetic  to ta ls  a s s o c ia te d  w ith  an  a r e a  and  X -Y  c o o rd in a te s  f o r  e a ch  face  

w ith in  th e  f r a m e  a r e  found and  in fo rm a tio n  i s  p a s s e d  to  OVN f o r  in te r f ra m e  

lin k a g e s . O ne r e c o r d  is  p u t out f o r  e a c h  f a c e ,  w ith  c o lo u rin g  d a ta  (input 

f a c e  n u m b e rs )  an d  g eode tic  d a ta . A lso , r e c o r d s  fo r  e a ch  v e r te x  and 

s eg m e n t o n  f r a m e  b o rd e r s  a r e  p a s s e d  to  O V P an d  OVN re s p e c t iv e ly .

A  te m p o ra ry  IDS in  d a ta  b an k  fo rm a t on  a n  in d ependen t f r a m e -b y - f ra m e  

b a s i s  i s  p a s s e d  to  OVP.

OVN. T h e  f r a m e  b o u n d a ry  r e c o rd s  p u t o u t b y  OVM a r e  s o r te d  b y  input fa c e  

n u m b e r b e fo re  b e in g  p ro c e s s e d  b y  OVN. T h is  g ro u p s  to g e th e r  th e  r e c o rd s  

f o r  m u ltif ra m e  fa c e s .  T h e  OVN p ro g ra m  a s s ig n s  a  new  fa c e  n u m b e r to  

e a c h  g ro u p , to ta ls  th e i r  g eo d e tic  d a ta , an d  c o n v e rts  th e m  to  a c r e s .  F a c e  

c e n tro id  c o o rd in a te s  a r e  c a lc u la te d  re la t iv e  to  th e  GCS o rig in . T h e  f i r s t  

p ro d u c t i s  a  g eo d e tic  t r a n s m it ta l  r e c o r d  w h ich  i s ,  in  e ffec t, a  dum m y DDS 

r e c o rd ,  s in c e  i t  h a s  no d e s c r ip t iv e  d a ta  a t  th i s  p o in t. T he new fa c e  n u m b e rs  

a r e  p a s s e d  to  OVP a f te r  b e in g  r e s o r te d  in to  a  s e q u en ce  o f fa c e  n u m b e rs  

w ith in  f r a m e s .

F a c e  e q u iv a len c e  r e c o r d s  in d ica tin g  w hich  in p u t fa c e  n u m b e rs  f o rm  the  

ou tpu t f a c e s  a r e  w r i t te n  on a  w o rk  f i le  to  b e  p a s s e d  to  th e  DDS o v e rla y  

o p e ra t io n , so  th a t  th e  m is s in g  d e s c r ip to r  d a ta  ca n  b e  e x tra c te d  f ro m  the 

inpu t DDS f i l e s  an d  added to  th e  g eo d e tic  d a ta .

O V P. T h e  s o r te d  output f r o m  OVN i s  r e a d ,  a lo n g  w ith  th e  te m p o ra ry  IDS 

o u tpu t f r o m  OVM. If n e c e s s a ry ,  f o r  th e  inpu t r e c o r d s ,  s e g m e n ts  on the  

te m p o ra r y  IDS a r e  s p lit  in to  tw o o r  m o re  p a r t s ,  a s  in d ica ted  b y  th e  v e r te x
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F ig . A. 51. F low  c h a r t  show ing  seq u en ce  of lo g ic a l o p e ra t io n s  in  
DDS o v erlay .
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r e c o r d s .  (T h is  i s  th e  f a m il ia r ,  s e g m e n t-s p lit t in g  p r o c e s s  c a r r i e d  out in  

p h a s e s  6 and  8 of th e  d a ta  r e d u c t io n  s u b sy s te m .)  T h e  v e r te x  coun ts  a r e  

a lso  u p d a ted  fo r  th e s e  v e r t ic e s  on f r a m e  b o r d e r s ,  to  allow  f o r  segm ent, 

in te r s e c t io n s  on th e  op p o s ite  f r a m e  b o rd e r s .  A lso , a lig n m e n t i s  s e t  fo r  

se g m e n ts  n o t p re v io u s ly  know n to  b e  a lig n ed , an d  a lig n m e n t i s  re m o v ed  

fo r  s eg m e n ts  th a t w e re  a lig n ed  an d  sho u ld  not h a v e  been.. T h e  new fa c e  

n u m b e rs  a r e  a s s ig n e d , m u ltip le  e x te rn a l  f a c e s  f o r  r e e n t r y  o f th e  f a c e  

in to  a  s in g le  f r a m e  a r e  re c o g n iz e d , and  fa c e -a lig n e d  se g m e n t r e c o rd s  a re  

c r e a te d  f o r  se g m e n ts  a lig n ed  w ith  th e  f r a m e  b o r d e r s .  A s w ith  p h a se  8, 

th e  ou tput of th e  p ro g ra m  i s  a  new co v e ra g e  IDS. T h e  M CT and MCCB 

r e c o r d s  a r e  up d a ted  w ith  in fo rm a tio n  d e s c r ib in g  th e  n ew ly  c r e a te d  IDS 

co v e ra g e .

T he s e q u en ce  o f lo g ic a l o p e ra t io n s  in  th e  DDS o v e r la y  s te p  i s  show n in  

th e  flow  c h a r t  (F ig . A. 51).

T he lo g ic a l o p e ra tio n s  invo lved  in  th e  DDS o v e r la y  a r e  a s  fo llo w s:

OVQ. T h e  fa c e  eq u iv a len ce  r e c o r d s  a r r i v e  at OVQ a s  a  s e r i e s  of f a c e  

n u m b e rs  f o r  th e  f a c e s  c r e a te d  b y  th e  im ag e  o v e r la y  p r o c e s s ,  e a ch  of w h ich  

h a s  a t ta c h e d  to  i t  th e  n u m b e rs  of f a c e s  f r o m  th e  o r ig in a l  c o v e ra g e s . T h is  

i s  co n c ep tu a lly  i l lu s t r a te d  in  F ig . A. 5 2  below .

F a c e
equ iv a len t
r e c o rd

O rig in a l
co v e ra g e s

New   O ld
1 = 1 ,4
2 = 2 ,4
3 = 2 ,5
4 = 3 ,4  

e tc .
5

F ig . A. 52. OVQ p ro c e s s .

OVQ s im p ly  s o r t s  th e  fa c e  eq u iv a len t r e c o r d  in to  a  seq u en ce  of f a c e  n u m b e r 

w ith in  o r ig in a l c o v e ra g e  to  m ake i t  e a s y  f o r  th e  n ex t s te p , OVS, to  s e le c t
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th e  d e s c r ip to r  d a ta  f r o m  th e  o r ig in a l co v e ra g e  f i l e s  (F ig . A . 53).

F ig . A. 53. S o rtin g  of f a c e  equ iva lence  r e c o rd .

OVS. U sing  th e  s o r te d  fa c e  eq u iv a len ce  r e c o rd s  p a s s e d  f r o m  OVQ and th e  

in p u t co v e ra g e  DDS f i l e s ,  th i s  o p e ra tio n  e x t r a c ts  f r o m  th e  l a t t e r  th e  fa c e  

d e s c r ip to r  r e c o r d s  n ee d ed  to  fo rm  th e  face  d e s c r ip to r  r e c o r d s  of th e  

f in a l  o v e r la id  DDS.

OVS a lso  r e f e r s  to  th e  M CCB fo r  p a r a m e te r s  and , in  con ju n c tio n  w ith  a  

p re w r i t te n  ro u tin e  in  SYM LIB n am ed  DDSOVL, g e n e ra te s  a  P L /1  s o u rc e  

p ro g ra m . A fte r  b e in g  co m p iled  in  OVU, th is  p ro g ra m  w il l  b e  u s e d  to 

c r e a te  th e  o v e r la id  DDS.

OVT. T h is  o p e ra t io n  re c e iv e s  th e  l i s t  of fa c e  d e s c r ip to r  r e c o r d s  p ro d u ced  

b y  OVS an d  th e  g eo d e tic  d a ta  t r a n s m it ta l  r e c o rd s  p a s s e d  f ro m  th e  im ag e  

o v e rla y  p ro c e s s .  It s im p ly  s o r t s  th e m  to  p ro d u ce  a  f i l e  con ta in in g  a  s e t  

of r e c o rd s  f o r  e a ch  new fa c e  in  sequence  o f new fa c e  n u m b e rs .

OVU. T h is  o p e ra t io n  co m p ile s  and  lin k -e d its  th e  s o u rc e  p ro g ra m  g e n e ra te d  

in  OVS above , p ro d u c in g  a  te m p o ra ry  lo a d  m odule fo r  u se  in  O W . OVU 

r e f e r s  to  COVLIB and  SYM LIB to  ob ta in  th e  DDS in p u t-o u tp u t a r e a s  and 

th e  O W  m a in  l in e  lo g ic , r e s p e c t iv e ly .

QVV. T he p u rp o s e s  of th i s  o p e ra tio n  a r e  to  com b ine  th e  d e s c r ip to r  d a ta  

s e le c te d  f ro m  th e  inpu t DDS f i le s  w ith  the  g eode tic  d a ta  p ro d u ced  b y  th e  

im ag e  o v e r la y  p ro c e s s ,  and  to  fo rm  a  DDS r e c o rd  f o r  e a ch  fa c e  in  the new  

o v e r la id  DDS. T h e  d a ta  i t  n eed s  fo r  th i s  p ro c e s s  h av e  b e e n  a r r a n g e d  o n  

one f i le  and  p a s s e d  to  i t  f ro m  OVS. T he p ro g ra m  needed  to  c a r r y  out th e  

p ro c e s s  h a s  b e e n  ta i lo r - m a d e  by  OVS and OVU to  f i t  th e  ty p e s  o f d a ta
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O ld   New
A1 = 1

2 = 2 ,3
3 = 4 ,5 ,6  

B4 = 1,2,3
5 3 ,5

e tc .

New  Old
1 = 1 ,4
2 = 2 ,4
3 = 2 ,5
4 = 3 ,4  

e tc .



invo lved  and th e  s iz e  o f th e  ta sk . T h e  r e c o r d s  a r e  p ro c e s s e d  se q u e n tia lly  

and ch e ck ed  fo r  e r r o r  co n d itio n s , and  a  new DDS r e c o rd  is  w r it te n  fo r  

each  new  fa c e .

P .  K ingston  and  M. D oyle w e re  re s p o n s ib le  fo r  th e  d e s ig n  and  p ro g ra m m in g  

of th e  o v e r la y  o p e ra tio n .

PL O T

P L O T  is  a  su b ro u tin e  th a t a c c e p ts  IDS fo rm a t r e c o r d s  and  p r e p a r e s  a  

ta p e  f o r  u se  on a  f la t- b e d  p lo t te r .

EX A M PLE S O F O U TPU T FRO M  TH E 
CANADA G EOGRAPHIC INFORM ATION SYSTEM

F iv e  e x a m p le s  of CGIS ou tput a r e  p ro v id e d  on  th e  fo llow ing  p a g e s . T h e y  

d e m o n s tra te  th e  c a p a b ili ty  of th e  s y s te m  to : m e a s u re  and ta b u la te  d a ta  

f ro m  m a p s  o f th e  s a m e  d a ta  type ; co m p are  m a p s  of d if fe re n t d a ta  ty p e s  

and  l i s t  a r e a s  w ith  s p e c if ie d  m u ltip le  c h a ra c te r is t ic s ;  draw  a  new m ap 

show ing s e le c te d  la n d  ty p e s  in  p ro x im ity  to  o th e r  f e a tu re s ;  p e r fo rm  

m u ltip le  c o m p a r is o n s  be tw een  m aps of d if fe re n t d a ta  ty p e s  and draw  a  

new m ap  show ing  on ly  th o se  com binations  of la n d  of in t e r e s t  to  th e  u s e r .

In  e a ch  c a s e  th e  re q u e s t  b e in g  m ade is  w r it te n  a s  i t  w ould  be in i t ia lly  

s ta te d  by  th e  u s e r .  F o llow ing  th e  r e q u e s t a re  th e  s a m p le s  of th e  ou tpu t 

f r o m  th e  CGIS s y s te m  m ade in  re s p o n s e  to  th a t r e q u e s t .  In  th e  l a s t  ex a m p le , 

c o p ie s  of th e  o r ig in a l  m a n u sc r ip t m aps a r e  p ro v id e d  so  th a t the  s y s te m  

ou tpu t ca n  b e  c o m p a re d  w ith  th e  s o u rc e  d ocum en ts .

T h e se  e x a m p le s  w e re  g e n e ra te d  by  th e  D ep a rtm en t of th e  E n v iro n m e n t, 

G overn m en t of C anada , in  1972.
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E x a m p le  1 - A re a  to ta ls  f ro m  m aps of s in g le  d a ta  t ype.

R eq u e st: L i s t  a l l  th e  unique p re s e n t  land  u s e s  c la s s i f ie d  in  the

d a ta  bank. G ive th e  to ta l  ex ten t of e a ch  ty p e  in  a c re s  

and  g ive th e  p e rc e n ta g e  of th e  to ta l a r e a  th a t e a c h  type 

o cc u p ies .

CLASSES DESCRIPTION ACREAGE PERCENT (LAND AREA)
A

95%-1 0 0 % CROPLAND 0 0 .0
A 75%- 9 4 .9 % CROPLAND 0 0 .0
A 50%- 7 4 . 9% CROPLAND 17 ,869 1 .4

      P 95%- 100% IMPROVED PASTURE AND FORAGE CROPS 493 0 .0
P 75%- 9 4 .9 % IMPROVED PASTURE AND FORAGE CROPS 15, 464 1 .2
P 50%- 7 4 .9% IMPROVED PASTURE AND FORAGE CROPS 542, 69 6 4 4 .3
B URBAN LAND USE (NON-AGRICULTURAL) 6 ,9 4 6 0 .5

E MINES, QUARRIES, SAND AND GRAVEL PITS 702 0 .0
G ORCHARDS AND VINEYARDS 351 0 .0
H CROPLAND (FIELD, CROPS-GRAIN, VEGETABLES, ETC) 8 3 8 0 .0
K ROUGH GRAZING AND RANGELAND 74, 4 5 3 6 .0
L UNVEGETATED SURFACES (ROCK) 4 5 3 0 .0
H SWAMP,  MARSH OR BOG 2 3 ,2 0 3 1 .8

O URBAN OUTDOOR RECREATION (PARKS, ARENAS) 8 74 0 .0
S UNPRODUCTIVE LAND (SAND) 5 ,5 1 3 0 .4
T PRODUCTIVE WOODLAND 4 63 ,457 3 7 .9
U NON-PROOUCTIVE WOODLAND (SMALL TREES, BUSHES) 69, 367 5 .6

  Z WATER (OCEANS, LAKES, PONDS, RIVERS) 2,083,676 0 .0

TOTAL AREA (ACRES) 3 ,3 0 6 ,2 6 5

TOTAL AREA EXCLUDING WATER (ACRES) 1 , 222,5 8 9

T a b le  A. 1 .  C anada G eo g raph ic  In fo rm a tio n  S y stem  -  E x a m p le  1.
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E x a m p le  2 - O v e rlay  and c o m p a riso n  of m aps of tw o d iffe re n t da ta  ty p e s . 

R eq u e st: O v e rla y  th e  p re s e n t  land  u se  m ap  on th e  m ap of the  c a p a b ili ty  

of th e  land  fo r  a g r ic u ltu re .

L is t  th e  m a jo r  a g r ic u l tu ra l  l im ita tio n s  of th e  land , s a tis fy in g  

th e  fo llow ing  re q u ire m e n ts :

(1) T h e  la n d  m u s t h av e  an  a g r ic u l tu re  c a p a b ili ty  of 

3 o r  le s s .

(2) T h e  land  m u s t p r e s e n t ly  b e  u n p ro d u c tiv e , th a t  is ,

it  m u s t be  e i th e r  n o n -p ro d u c tiv e  w oodland, u n im p ro v ed  

p a s tu re  and  ra n g e  la n d , c ro p lan d , h o r tic u ltu re , o r  

im p ro v ed  p a s tu re  and  fo ra g e  c ro p s .

(3) O nly la n d  a r e a s  of g r e a te r  th a n  10 a c re s  a r e  to  b e  

co n s id e re d .
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NO.
CODED E S CRI PTION ( ACRES) LAT . LONG. CODE CLASSL I MITATO N

1 U NON-PRODUCTIVE WOODLAND 3 3 .6 7 4 8 .8 3 6 4 .6 1 3 T TOPOGRAPHY

2 K UNIMPROVED PASTURE AND RANGE LAND 1 1 .3 7 4 8 .8 0 6 4 .6 0 3 T TOPOGRAPHY

3 U NON-PRODUCTIVE WOODLAND 1 6 .4 8 48 .8 0 6 4 .6 0 3 T TOPOGRAPHY

4 K UNIMPROVED PASTURE AND RANGE LAND 1 7 .2 0 4 8 .8 0 6 4 .6 0 3
T

TOPOGRAPHY

5 U NON-PRODUCTIVE WOODLAND 1 7 .6 8 4 8 .8 2 6 4 .6 0 3 T TOPOGRAPHY

6 K UNIMPROVED PASTURE AND RANGE LAND 1 1 .0 6
48.82

64 .6 0
3 T

TOPOGRAPHY

7 U NON-PRODUCTIVE WOODLAND 1 3 .11 4 8 .8 1 6 4 .5 4 3
T TOPOGRAPHY

8 P IMPROVED PASTURE AND FORAGE CROPS 1 4 .4 9 4 8 .8 3 6 4 .6 1 3 F FERTILITY

9 P IMPROVED PASTURE AND FORAGE CROPS 1 0 .1 6 4 8 .8 4 6 4 .4 2 3
F FERTILITY

10 U NON-PRODUCTI VE WOODLAND 2 5 .8 6 4 8 .8 1 6 4 .5 8 3 F FERTILITY

11 P IMPROVED PASTURE AND FORAGE CROPS 1 4 .8 5 4 8 .8 2 6 4 .5 8 3 F FERTILITY

12 U NON-PRODUCTIVE WOODLAND 1 0 .3 4 48 .8 2 6 4 .5 8 3
F FERTILITY

13 P IMPROVED PASTURE AND FORAGE CROPS 4 1 .6 7 4 8 .8 2 6 4 .5 8 3
F FERTILITY

14 K UNIMPROVED PASTURE AND RANGE LAND 3 0 .3 0 4 8 .8 2 6 4 .5 9 3 F FERTILITY

1 5 P IMPROVED PASTURE AND FORAGE CROPS 11. 4 8 4 8 . 8 3 6 4 .5 9 5
F F E R T I L I T Y

16 K UNIMPROVED PASTURE AND RANGE LAND 1 8 .7 0 4 8 .8 3 6 4 .5 9 3
F FERTILITY

17 P IMPROVED PASTURE AND FORAGE CROPS 1 6 .4 7 4 8 .8 3 6 4 .6 0 3 F FERTILITY

   18 P IMPROVED PASTURE AND FORAGE  CROPS 2 7 .5 3 4 8 .8 4 6 4 .6 1
3 F FERTILITY

19 P IMPROVED PASTURE AND FORAGE CROPS 6 2 .8 9 4 8 .8 3 6 4 .6 0 3 F FERTILITY

20 K UNIMPROVED PASTURE AND RANGE LAND 2 5 .9 1 4 8 .8 3 6 4 .5 9 3 F FERTILITY

2 1 P I MPROVED PASTURE AND FORAGE CROPS 2 3 .3 7 4 8 .8 4 6 4 .5 9 3 F FERTILITY

22
  P

IMPROVED PASTURE AND FORAGE CROPS 1 7 .3 7 4 8 .8 4 6 4 .5 9 3 F FERTILITY

23 K UNIMPROVED PASTURE AND RANGE LAND 1 0 .7 0 4 8 .8 4 6 4 .5 9 3
F FERTILITY

24  P IMPROVED PASTURE AND FORAGE CROPS 15. 8 7 48 .84 6 4 .4 0 3 F FERTILITY

25K UNIMPROVED PASTURE AND RANGE LAND 2 3 .9 8 4 8 .8 4 6 4 .6 0 3 F FERTILITY

410T a b le  A. 2a. C anada G eog raph ic  In fo rm a tio n  S y stem  - exam p le  2.

FACE   PRESENT LAND USE CLASSIFICAT IONS          AREA       CENTROID (DEG.)    AGRI.  CLASSIF ICATIONS



411

NO. CODE
D E S CRIPTI ON (A CRES) L AT . L O N G . CODE CLASSL I M I T A T I O N

26
H

HORTICULTURE 1 6 .5 9 4 8 .8 4 6 4 .6 0 3 F FERTILITY

27 K UNIMPROVED PASTURE AND RANGE LAND 1 5 .1 4 4 8 .8 5 6 4 .6 0 3 F FERTILITY
28

P IMPROVED PASTURE AND FORAGE CROPS 5 5 .8 4 48. 8 5 6 4 .6 1 3 F FERTILITY

29 P IMPROVED PASTURE AND FORAGE CROPS 1 9 .60 4 8 .8 3 6 4 .5 6 3 F FERTILITY

30 K UNIMPROVED PASTURE AND RANGE LAND 1 7 .01 4 8 .8 3 64. 55 3 F FERTILITY

31 K UNIMPROVED PASTURE AND RANGE LAND 10 .1 0 4 8 .5 1 6 4 .5 6 3 F FERTILITY

32 P IMPROVED PASTURE AND FORAGE CROPS 5 7 .3 6 4 8 .8 3 6 4 .5 7 3
F

FERTILITY

33 K UNIMPROVED PASTURE AND RANGE LAND 1 5 .8 1 4 8 .8 3 6 4 .5 7 3 F FERTILITY

34 K UNIMPROVED PASTURE AND RANGE LAND 15.21 4 8 .8 3 64. 58 3 F FERTILITY

35 U NON-PRODUCTIVE WOODLAND 3 7 .2 7 4 8 .8 3 6 4 .5 6 3 F FERTILITY

36 P IMPROVED PASTURE AND FORAGE CROPS 1 7 .8 6 4 8 .8 1 6 4 .5 4 3 F FERTILITY

37 P IMPROVED PASTURE AND FORAGE C ROPS 4 2 .2 8 4 8 .8 1 6 4 .5 5 3 F FERTILITY

38 P IMPROVED PASTURE AND FORAGE CROPS 4 9 . 67 4 8 .8 3 6 4 .5 4 3 F FERTILITY

39 P IMPROVED PASTURE AND FORAGE CROPS 3 2 .2 3 4 8 .8 3 6 4 . 53 3 F FERTILITY

40
K

UNIMPROVED P ASTURE AND R ANGE  LAND 57 . 7 8 4 8 . 6 3 6 4 . 52 _3 F FER T I L I T Y

41
U

NON-PRODUCTIVE WOODLAND 1 1 .4 2 4 8 . 83 6 4 . 54 3 F FERTILITY

42 K UNIMPROVED PASTURE AND RANGE LAND 1 9 .1 8 4 8 .8 3 6 4 . 53 3 F FERTILITY

4 3 K UNIMPROVED PASTURE AND RANGE LAND1 5.8 7 4 8 . 84 6 4 . 59 3 F FERTILITY

44 P IMPROVED PASTURE AND FORAGE CROPS 2 0 .9 9 4 8 .8 2 6 4 .5 7 3 F FERTILITY

45 U NON-PRODUCTIVE WOODLAND 1 1 .7 3 4 8 . 81 6 4 . 50 3 T TOPOGRAPHY

46 K UNIMPROVED PASTURE AND RANGE LAND 4 9 . 9 7 48 .9 5 6 4 .67 3
F

FERTILITY

47 K UNIMPROVED PASTURE AND RANGE LAND 1 0 .6 2 4 8 .9 1 6 4 .6 1 3 F FERTILITY

48 P IMPROVED PASTURE AND FORAGE CROPS 3 0 .9 7 4 8 .9 1 6 4 .6 2 3 F FERTILITY

49 K UNIMPROVED PASTURE AND RANGE LAND 1 0 .0 8 4 8 . 91 6 4 . 63 3 F FERTILITY

50 K UNIMPROVED PASTURE AND RANGE LAND 1 5 .7 8 4 8 .9 2 6 4 .6 3 3 F FERTILITY

T a b le  A. 2b. C anada G eo g raph ic  In fo rm a tio n  S y stem  - exam p le  2 continued.

FACE   PRESENT LAND USE CLASSIFICATIONS           AREA    CENTROID (DEG.)  AGRI. CLASSIFICATION



NO. CODE
D E S C R I P T I O N (A C R E S ) LAT. LONG. CODE CLASSL IM ITATION

51 U NON-PRODUCTIVE WOODLAND 4 3 .27 4 8 .9 2 6 4 .6 2 3
F

FERTILITY

52 P IMPROVED PASTURE AND FORAGE CROPS 1 6 .8 0 4 8 .9 2 6 4 .6 2 3 F FERTILITY

5 3 P IMPROVED  PASTURE AND FORAGE CROPS 2 8 .6 8 4 8 .9 3 6 4 .6 3 3 F FERTILITY

54 K UNIMPROVED PASTURE AND RANGE LAND 1 0 .0 2 4 8 .9 4 6 4 .6 4 3
F

FERTILITY

55 K UNIMPROVED PASTURE AND RANGE LAND 1 4 .6 5 4 8 .8 9 6 4 .6 0 3
F

FERTILITY

56 P .IMPROVED  PASTURE AND FORAGE CROPS 20.7 7 48.90 64. 68 3
F

FERTILITY

57 K UNIMPROVED PASTURE AND RANGE LAND 1 5 .97 4 8 .9 0 6 4 .6 1 3
F FERTILITY

58 U NON-PRODUCTIVE WOODLAND 1 5 .4 3 4 8 .9 0 6 4 .5 8 3
F

FERTILITY

59 P
IMPROVED PASTURE AND FORAGE CROPS 5 4 .6 3 48 . 90 6 4 .6 1 3

F FERTILITY

60 A CROPLAND 1 5 .6 6 4 8 .9 1 6 4 .6 1 3
F

FERTILITY

61 K UNIMPROVED PASTURE AND RANGE LAND 1 1 .3 5 4 8 .8 9 6 4 .5 6 3 F FERTILITY

62 K UNIMPROVED PASTURE AND RANGE LAND 6 4 .0 2 4 8 .8 9 6 4 .5 5 3 F FERTILITY

63 U NON-PRODUCTIVE WOODLAND 2 1 .7 3 4 8 .8 9 6 4 .5 6 3
F

FERTILITY

64 K UNIMPROVED PASTURE AND RANGE LAND 2 1 .3 7 4 8 .9 0 6 4 .5 7 3
F

FERTILITY

65 K UNIMPROVED P ASTURE AND  RANGE LAND1 1 4 .3 9 4 8 .9 8 64. 5 8 3 F FERTILITY

66 P IMPROVED PASTURE AND FORAGE CROPS 2 1 .6 8 4 8 .8 8 6 4 .5 3 3 F FERTILITY

67 P IMPROVED PASTURE AND FORAGE CROPS 2 6 .1 9 4 8 .8 8 6 4 .5 3 3 F FERTILITY

68 U NON-PRODUCTIVE WOODLAND 1 1 .3 5 48.89
6 4 .5 2 3

F FERTILITY

69 K UNIMPROVED PASTURE AND RANGE LAND 1 2 .0 7 4 8 .8 9 6 4 .5 2 3
F

FERTILITY

70 K UNIMPROVED PASTURE AND RANGE LAND 4 3 .3 7 4 8 .8 8 6 4 .5 1 3 F FERTILITY

71 U NON-PRODUCTIVE WOODLAND 2 4 .0 3 4 8 . 8 8 64 . 51 3
F FERTILITY

72 U NON-PRODUCTIVE WOODLAND 2 9 .0 1 4 8 .8 8 6 4 .5 1 3 F FERTILITY

73 U NON-PRODUCTIVE WOODLAND 1 4 .8 9 4 8 .8 8 6 4 .5 1
3 F

FERTILITY

74 U NON-PRODUCTIVE WOODLAND 3 1 .8 9
48.89 64.52

3 F FERTILITY

75 P IMPROVED PASTURE AND FORAGE CROPS 3 4 .6 6 4 8 .8 8 6 4 .5 2 3 F FERTILITY

T a b le  A. 2c. C anada G eog raph ic  In fo rm a tio n  S y stem  - exam p le  2 continued .
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FACE   PRESENT LAND USE CLASSIFICATIONS          AREA      CENTROID (DEG. ) AGRI .  CLASSIFICATIONS

T a b le  A. 2d. C anada G eog raph ic  In fo rm a tio n  S y stem  - exam p le  2 continued.

NO.
CODE DESCRIPTION (A CRES) LAT. LONG. CODECLASSL IM IT A T IO N

76 K UNIMPROVED PASTURE AND RANGE LAND 1 4 .5 3 4 8 .8 9 6 4 .6 8 3 F FERTILITY

77 K UNIMPROVED PASTURE AND RANGE LAND 1 4 .5 3 4 8 .8 8 6 4 .5 2 3 F FERTILITY

78 K UNIMPROVED PASTURE AND RANGE LAND 68. 1 1 48 .87 6 4. 50 3 F FERTILITY

79 K UNIMPROVED PASTURE AND RANGE LAND 3 1 .1 2 4 8 .8 7 6 4 .5 0 3 F FERTILITY

80 U NON-PRODUCTIVE WOODLAND 1 4 .1 1 4 8 .8 9 6 4 .5 4 3 F FERTILITY

THE TOTAL AREA PROCESSED IS  2 , 0 5 3 .6 3  ACRES
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E x a m p le  3 - Id e n tif ic a tio n  of land  c h a ra c te r is t ic s  a d ja c e n t to  s p e c i f i c  
fe a tu re . P ro d u c tio n  of g rap h ic  output.

R eq u e st: O v e rla y  th e  m ap of p re s e n t land  u se  on th e  m ap  of land  

re c r e a t io n a l  c a p a b ili ty  in  th e  v ic in ity  of L ac  de l 'E s t .

L i s t  th e  p re s e n t  land  u s e s ,  th e  lan d s  r e c r e a t io n  cap ab ility , 

and  th e  p r im e  r e c re a t io n  fe a tu re  of th e  a r e a  su rro u n d in g  

L a c  de l 'E s t .

P lo t and  la b e l a l l  fa c e s  w h ich  a r e  l a r g e r  th a n  80 a c re s .



NO.CODED E S C R I P T I O N (ACRES) L AT .L O N G .CODECLASS FEATURE

1 Z WATER .0 6 4 7 .2 1 6 9 .5 7 2 B BEACH

2 B UNMAPPED AREA . 0 6 4 7 .1 8 6 9 .5 1 6 Q TOPOGR. PATTERNS

3 B UNMAPPED AREA .0 6 4 7 . 1 8

69.51

6 Q TOPOGR.  PATTERNS

4 B UNMAPPED AREA .0 6 4 7 .1 7 6 9 .5 2 6 Q TOPOGR. PATTERNS

5 B UNMAPPED AREA .0 6 4 7 .1 6 6 9 .5 3 3 N LODGING

 6 B UNMAPPED AREA .0 6 4 7 . 16 69 . 5 3

2
B BEACH

7 B UNMAPPED AREA .0 6 4 7 .1 6 6 9 .5 3 2 B BEACH

8 B UNMAPPED AREA .0 6 4 7 .1 5 6 9 .5 4 6 Q TOPOGR. PATTERNS

9 B UNMAPPED AREA .0 6 4 7 .1 4 69. 55 6 Q T OPOGR. PATTERNS

10 B UNMAPPED AREA .0 6 4 7 .1 4 6 9 .5 6 6 Q TOPOGR. PATTERNS

11 B UNMAPPED AREA .1 8 4 7 .1 6 6 9 .5 3
2

B BEACH

12 B UNMAPPED AREA

.24

4 7 . 1 7 69. 52

6 Q

TOPOGR. PATTERNS

13 T PRODUCTIVE WOODLAND .5 5 4 7 .1 9 6 9 .5 0 8 UNCLASSIFIED

14 T PRODUCTIVE WOODLAND .9 3 4 7 .2 2 6 9 .5 7 3 B BEACH

15 B UNMAPPED AREA 1 .0 5 4 7 . 1 7 69. 52

6 Q

TOPOGR. PATTERNS

16 B UNMAPPED AREA 1 .5 5 4 7 . 13 6 9 .5 6 6 Q TOPOGR. PATTERNS

17 B UNMAPPED AREA 1 .7 3 4 7 . 13 6 9 .5 6 6 Q TOPOGR. PATTERNS

18 B UNMAPPED AREA

2.66

4 7 . 1 8 6 9 .5 2 6

Q

TOPOGR. PATTERNS

19 B UNMAPPED AREA 2 . 85 4 7 . 17 6 9 .5 2 3 N LODGING

20 B UNMAPPED AREA 3 .4 7 4 7 .1 9 6 9 .5 1 6 Q TOPOGR. PATTERNS

21

B

UNMAPPED AREA 4 .5 3 4 7.4 4 69. 5 5 6 Q TOPOGR. PATTERNS

22 T PRODUCTIVE WOODLAND 5 .3 3 4 7 .2 3 6 9 .5 8 2 B BEACH

23 T PRODUCTIVE WOODLAND 5 .6 4 4 7 .2 3 6 9 .5 8 2 B BEACH

24 P IMPROVED PASTURE AND  FORAGE CROPS 5 .8 2 4 7 .2 2 6 9 . 57 2 B BEACH

25 B UNMAPPED AREA 5 .9 6 4 7 .1 5 6 9 .5 4 6 Q TOPOGR. PATTERNS

26 P IMPROVED PASTURE AND FORAGE CROPS 1 0 .3 5 4 7 .2 1 6 9 .5 7 3 B BEACH

FACE   PRESENT LAND USE CLASSIFICATIONS          AREA      CENTROID(DEG.)     REC. CLASSIFICATIONS

T a b le  A. 3a. C anada G eo g raph ic  In fo rm a tio n  S y stem  - ex am p le  3.
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NO. CODE DESCRIPTION (ACRES)
LAT. L O N G .CODECLASS FEATURE

27 B URBAN: BUILT-UP AREA 1 0 .5 3 4 7 .2 4 6 9 .5 8 6 Q TOPOGR. PATTERNS

28 B URBAN: BUIL-UP AREA 1 2 .7 7 4 7 .2 3 6 9 .5 7 6 Q TOPOGR. PATTERNS

29 Z WATER 13 . 7 6 4 7 .22 69. 57 2 B BEACH

30 B URBAN: BUILT-UP AREA 1 4 .3 2 4 7 .2 3 6 9 .5 9 3 B BEACH

31 B URBAN: BUILT-UP AREA 1 5 .9 3 4 7 .2 3 6 9 .5 8 3 B BEACH

3 2 T PRODUCTIVE WOODLAND 2 1. 21 4 7 .2 2 6 9 . 57 2 B BEACH 

33 T PRODUCTIVE WOODLAND 2 4 .6 1 4 7 .2 3 6 9 .5 9 2 B BEACH

34 P IMPROVED PASTURE AND FORAGE CROPS 2 4 .8 0 4 7 .2 2 6 9 .5 7 2 B BEACH

35 P IMPROVED PASTURE AND  FORAGE CROPS 29. 64 4 2 . 22 69 . 57 3 B BEACH

36 Z WATER 3 0 .1 0 4 7 .1 8 6 9 .5 4 2 B BEACH

37 M SWAMP,  MARSH OR BOG 3 0 .2 4 4 7 .1 5 6 9 .5 9 6 Q TOPOGR. PATTERNS

3 8 P IMPROVED P ASTURE AND FORAGE  CROPS 3 0 .5 7 4 7 .2 2 6 9 . 56 6 Q TOPOGR. PATTERNS

39 T PRODUCTIVE WOODLAND 3 5 .9 6 4 7 .2 2 6 9 .5 9 3 B BEACH

40 Z WATER 4 5 .2 6 4 7 .2 3 6 9 .5 8 2 B BEACH

41 Z W A T E R 5 2 . 2 4 4 7 . 19 6 9 .5 7 4 D DEEP INSHORE WATER

42 T PRODUCTIVE WOODLAND 5 6 .0 4 4 7 .1 7 6 9 .5 3 3 N LODGING

43 Z WATER 5 7 .0 2 4 7 .1 8 6 9 .5 5 4 B BEACH

44 Z WATER 6 7 . 02 4 7 .20 69. 5 7 2 B BEACH

4 5 T PRODUCTIVE WOODLAND 7 1 .6 1 4 7 .1 8 6 9 .5 7 3 B BEACH

46
T PRODUCTIVE WOODLAND 7 1 .9 7 4 7 .1 9 6 9 .5 7 4 D DEEP INSHORE WATER

47 T P R O D U C T I V E  W O O D L A N D 7 2 .3 2 4 7 .16 6 2 .5 4 2 B BEACH

48 T PRODUCTIVE WOODLAND 7 4 .4 2 4 7 .2 1 6 9 .5 8 4 D DEEP INSHORE WATER

49 T PRODUCTIVE WOODLAND 7 5 .4 3 4 7 .2 0 6 9 .5 7 2 B BEACH

5 0 T PRODUCTIVE WOODLAND 8 0 . 4 2 4 7 .2 3 6 9 . 57 3 B BEACH

51 B URBAN: BUILT-UP AREA 8 6 .3 0 4 7 .2 3 6 9 .5 8 2 B BEACH

52 T PRODUCTIVE WOODLAND 8 7 .0 1 4 7 .1 8 6 9 .5 4 2 B BEACH

T a b le  A. 3b . C a n a d a  G e o g ra p h ic  I n fo r m a t io n  S y s te m  -  e x a m p le  3 c o n tin u e d .
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N O .CODED ESCRI PTI ON( A C R E S ) L A T . LONG.CODE CLASSF E A T U R E

5 3 Z WATER 8 9 .3 9 4 7 .1 7 6 9 .5 3 2 B BEACH

54 Z WATER 1 2 0 . 0 1 4 7 .1 9 6 9 .5 7 3 B BEACH

55 Z WATER 1 2 1 .7 7 4 7 .2069. 57 3 B BEACH

56 T PRODUCTIVE WOODLAND 1 4 2 .5 9 4 7 .1 9 6 9 .5 5 4 B BEACH

57 T PRODUCTIVE WOODLAND 1 45 .1 1 4 7 .1 7 6 9 .5 5 3 N LODGING

5 8 T P RODUCTIVE  WOODLAND 2 0 9 .3 0 4 7 .2 0 69 . 56 3 B BEACH

59 Z WATER 2 0 9 .3 2 4 7 .2 1 6 9 .5 7 4 D DEEP INSHORE WATER

60 Z WATER 2 6 5 .5 8 4 7 .2 2 6 9 .5 8 3 B BEACH

6 1 Z WATER 6 7 9 .0 9 4 7 .1 8 69 .5 5 3 N LODGING

62 B UNMAPPED AREA 4 , 5 5 5 .4 0 4 7 .1 5 6 9 .5 2 8 UNCLASSIFIED

63 T PRODUCTIVE WOODLAND 2 4 , 7 5 0 .3 5 4 7 .1 9 6 9 . 57 6 Q TOPOGR. PATTERNS

THE TOTAL AREA PROCESSED IS  3 2 , 5 3 3 .2 3  ACRES

T a b le  A. 3c. C anada G eog raph ic  In fo rm a tio n  S y stem  - ex am p le  3 continued .

FACE   PRESENT LAND USE CLASSIFICATIONS          AREA      CENTROID(DEG.)     REC. CLASSIFICATIONS



4 1 8

DATE: F EB.  8 / 7 2
JOB:  D3 2 1 0 9 2 ZR

F ig . A. 54. E x a m p le  3 -  CGIS g ra p h ic  outpu t.



E x a m p le  4 - O v e rlay  and c o m p a riso n  of m ap s  of tw o d iffe re n t d a ta  ty p e s . 

R eq u e st: O v e rla y  the  m ap of p r e s e n t  la n d  u se  on th e  m ap show ing the

c a p a b ili ty  o f th e  la n d  fo r  f o r e s t r y .

How m uch la n d  th a t h a s  a  f o r e s t r y  p o te n tia l  of C la s s  4 to  7 

i s  c u r r e n t ly  bein g  u sed  a s :

K -  Rough g ra z in g  a n d  ra n g e lan d

T -  P ro d u c tiv e  w oodland

U -  N o n -p ro d u c tiv e  w oodland ( s m a l l  t r e e s ,  bushes)

M - Sw am p, m a rs h  o r  b o g

S -  U nproductive  la n d  (sand)

L - U nvegeta ted  s u r f a c e s  (rock)

419



ACREAGE IN PRESENT LAND USE CATEGORIES T .V .M.  (FORESTED  L AND)

FORESTRY 
CLASS
CODES

2 3 4 5 6 7 TOTALS

4 1 0 ,5 8 9 1 5 ,1 5 7 3 ,1 2 5 4 ,9 8 2 0 1 ,8 2 7 3 5 ,6 8 0

5 2 ,5 3 4 3 , 0 9 9 2 ,6 0 4 3 , 1 2 1 0 1 ,9 1 5 1 3 , 272

6 35 21 0 33 0 0 89

7 306 50 68 362 0 655 1 ,4 4 2

TOTALS 1 3 ,464 1 8 ,3 2 7 5 ,7 9 7 8 ,4 9 8
0

4 ,3 9 7 5 0 ,4 8 3

* **NOTE -  TOTALS MAY VARY BY PLUS OR MINUS 3 ACRES BY ROWS OR 2 ACRES ON COLUMNS 

* * * * * *  ALL VALUES ARE IN  ACRES

PERCENTAGE DISTRIBUTION ON COLUMS               PERCENTAGE DISTRIBUTION ON ROWS

T a b le  A. 4 . C anada G eog raph ic  In fo rm a tio n  S y stem  - exam p le  4.
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2  3 4 5 6 7

4 79 83 54 59 0 42

5 19 17 45 37 0 44

6 0 0

0

0 0 0

7 2 0 1 4 0 15

2 3 4 5 6  7

30 42 9 14 0 5

19 23 20 24 0 14

40 24 0 3 7 0 0

21 3 5 23 0 45



E x a m p le  5 - M ultip le  o v e r la y s . W eighted c o m p ariso n . L is t and 
p lo tte d  output of s e le c te d  a r e a s .

R eq u e st: S e le c t th e  h ig h e st w eigh ted  c a p ab ili ty  of an  a r e a  b a s e d  on the

s e t  of p r io r i t ie s  show n in T ab le  A. 5. In  the  a n a ly s is ,

c o n s id e r  m ap s  of th e  fo llow ing d a ta  ty p e s:

(1) r e c r e a t io n

(2) a g r ic u ltu re

(3) f o r e s t r y

(4) w ild life  -  u n g u la te s

(5) w ild life  -  w a te rfo w l

A  co m p o site  " c o v e ra g e " i s  fo rm e d  f ro m  an  o v e r la y  o f m aps 

o f th e  above d a ta  ty p e s .

T h e  d e s c r ip to r  d a ta  f o r  e a ch  a r e a  (face) in  th e  co m p o site  

co v e ra g e  is  scan n ed  to  d e te rm in e  w hich  c o v e ra g e  h a s  th e  

h ig h e s t c a p ab ility . T h e  d e s c r ip to r  d a ta  is  th e n  changed  to  

r e f le c t  th e  c la s s if ic a t io n  of th e  h ig h e st ca p a b ili ty  only.

T h e  re s u l ta n t  d e s c r ip to r  d a ta  is  r e s c a n n e d  and  if  ad ja c e n t 

fa c e s  h ave  th e  s a m e  d e s c r ip to r ,  th e i r  com m on b o u n d a rie s  

a r e  re m o v e d  and  th e  f a c e s  a r e  m e rg ed .

F ig u re s  A. 55, A. 56, A. 57 , A. 58, and  A. 59 show  th e  o r ig in a l 

input docum en ts  u s e d  a s  input to  th e  f i r s t  o v e r la y . A lthough 

th e  e n t ir e  m ap  s h e e t w as p ro c e s s e d  on ly  th e  b o tto m  r ig h t 

hand  q u a r te r  is  shown.

O utput: T h e  f ig u re  la b e lle d  " S e le c ted  H igh P o te n t ia l  C ap a b ility  A re a s "

(F ig . A. 60) show s th e  h igh  ca p ab ili ty  su b se t of th e  co v e ra g e  

re s u l t in g  f ro m  th e  above m an ip u la tio n s .

T h e  li s t in g  fo llow ing  (T ab le  A. 6) d e s c r ib e s  th e  h igh  c a p a b ili ty  

a r e a s  f o r  th e  e n t ir e  m ap  sh e e t . T h e  la b e l n u m b e r on  th e  plo t 

is  d e s c r ib e d  by  th e  c o rre sp o n d in g  fa c e  n u m b er in  th e  l i s t in g .

421
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C A P A B IL I T Y P R IO R IT Y
H . W . C .  *  

C O D E
A G R I C U L T U R E

A G
F O R E S T R Y

F O
R E C R E A T I O N

R E
U N G U L A T E S

UN
W A T E R F O W L

W A
D E R I V E D  C L A S S IF IC A T IO N S  

D E S C R IP T IO N

H IG H

1 R E 1 1
2 U N 1W 1W
3 W A 1 1
4 U N I 1
5 U N 2W 2W
6 R E 2 2
7 W A 2 2

8 U N 2 2
9 F O 3 3

M O D E R A T E

10 U F 3 W U N G U L A T E S  A N D  F O R E S T R Y
11 U R 3W U N G U L A T E S  A N D  R E C R E A T I O N
12 U N 3W 3W
13 R E 3 3
14 W A 3 M 3 M
15 WA 3 3
16 U F 3 U N G U L A T E S  A N D  F O R E S T R Y
17 U R 3 U N G U L A T E S  A N D  R E C R E A T I O N
18 U N 3 3
19 F O 4 4
20 R E 4 4
21 A G 4 4
22 W A 4 4
23 N R 4 A G R I C U L T U R E  A N D  U N G U L A T E S
24 UN 4 4
25 F O 5 5
26 A G 5 5
27 R E 5 5
28 W A 5 5
29 N R 5 A G R I C U L T U R E  A N D  U N G U L A T E S
30 U N 5 5

L T D ,

31 U C U M U N C L A S S IF IE D  A N D  U N M A P P E D
32 U C U R U N C L A S S IF IE D  (U R B A N  B U I L T - U P  A R E A )
33 U C N T W A T E R
34 N D 6 N O  D O M IN A N T  U S E
35 N B 7 A L L  O T H E R  P O S S I B I L IT I E S  ( I F  A N Y )

T a b le  A. 5 . W eighting f a c to r s  -  ex am p les  

T h e  no m e n c la tu re  u s e d  in  t h i s  t a b l e  i s  d e s c r i b e d  o n  p age 4 2 3 .

* H IG H E S T  W E I G H T E D  C A P A B IL I T Y
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N o m en c la tu re  U sed in  T a b le  A. 5

E a ch  d a ta  ty p e  and c a p a b ili ty  d e s c r ip to r  w ill b e  show n in  th e  fo rm  "aa b b " ,

w h e re  "aa "  s p e c if ie s  d a ta  ty p e , a c c o rd in g  to  th e  code:

A g ric u l tu re  AG
F o r e s t r y  FO
R e c re a tio n  RE
U ngula tes UN
W aterfow l WA
N ativ e  ra n g e  NR
No dom inan t u s e  ND
U ngula tes and m o d e ra te  f o r e s t r y  U F
U ngu la tes  and m o d e ra te  r e c r e a t io n  UR

and  "bb" s p e c if ie s  ca p a b ili ty  w ith in  th e  d a ta  ty p e , f o r  ex a m p le , 1, 1S, 1W, e tc .

N ativ e  ra n g e  co o rd in a te . T h is  c o o rd in a te  m ay  h ave tw o v a lu e s , defined:

If U ngu la tes  4 and A g r ic u l tu re  6 o r  7, th e n  - 

N ativ e  R ange c a p a b ili ty  = NR4 

N R 4 =  ((UN4) and  (AG6)) o r  ((UN4) and AG7))

If U ngula tes 5 and  A g r ic u l tu re  6 o r  7, then  - 

N ative  R ange ca p ab ili ty  = NR5 

NR5 = ((UN5) and (AG6)) o r  ((UN5) and (AG7))

No dom inan t u se . W here no s in g le  b e s t c a p a b ili ty  in  a  g iv e n  un it ex ceed s

c la s s  6, th a t un it s h a l l  th e n  b e  c la s s e d  "no dom in an t u s e " .

U ngu la tes and  fo r e s try .

If  U ngu la tes (3W) and F o r e s t r y  (4), th e n  -

U ngu la tes and F o r e s t r y  c a p a b ili ty  = UF3W 

UF3W  = UN3W and F O4 

If  U ngu la tes (3) and  F o r e s t r y  (4), th e n  -

U ngu la tes and  F o r e s t r y  c a p a b ili ty  = U F3 

U F3 = UN3 and  F o 4

U ngu la tes and r e c re a t io n .

If  U ngu la tes (3W) and  R e c re a tio n  (4), th e n  -

U ngu la tes and  R e c re a tio n  ca p a b ili ty  = UR3W

UR3W = UN3W and RE4 

If  U ngu la tes (3) and  R e c re a tio n  (4), th e n  -

U ngu la tes and  R e c re a tio n  ca p a b ili ty  = UR3 

U R3 = UN3 and RE4
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KANANASKIS 

LAKES 

B r i t is h  C olum bia. 

A lb e rta

Scale 

1 : 50 ,000

F ig . A. 55.

RECREATION

605

O rig in a l
m a n u sc rip t

copy
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KANANASKIS 

LAKES 

B r i t i s h  C olum bia 

A lb e r ta

S cale 

1 : 50 ,000

F ig . A. 56 

AGRICULTURE 

205

O rig in a l
m a n u sc rip t

copy



KANANASKIS 

LAKES 

B r i t is h  C o lum bia 

A lb e r ta

Scale 

1: 250,000

F ig . A. 57.

FO RESTRY

305

O rig in a l
m a n u sc r ip t

copy
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KANANASKIS 

LAKES 

B r i t i s h  C o lum bia  

A lb e rta

Scale 

1 : 250 ,000

F ig . A. 58.

W ILDLIFE

UNGULATES

405

O rig in a l
m a n u sc r ip t

copy
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KANANASKIS 

LAKES 

B r i t is h  C o lum bia 

A lb e rta

S cale  

1 : 250,000

F ig . A. 59
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S E L E C T E D  HIGH P O T E N T I A L  C A P A B I L I T Y  A R E A S
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FACE GEODETIC
AREA ( ACRES)

CENTROID CLASSIFICATION 
DATALATITUDE LONGITUDE

101 1 ,8 5 9 .0 7 5 0 .2 2 2 1 1 4 .5 2 2 RE1

102 3 4 0 .8 7 5 0 .2 5 6 1 1 4 .5 2 0 RE1

T ab le  A. 6a. C anada G eog raph ic  In fo rm a tio n  S y stem  -  exam p le  5.
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HIGH CAPABILITY

TOTAL ACREAGE FOR THE ABOVE SINGLE BEST CAPABILITY CLASSIFICATION IS  2 ,1 9 9 .9 4



T a b le  A. 6b. C anada G eog raph ic  In fo rm a tio n  S y stem  - exam p le  5 continued.
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TOTAL ACREAGE FOR THE ABOVE SINGLE BEST  CAPAB IL IT Y  C L A S S IF IC A T IO N  IS  1 0 ,8 0 6 .2 8

 HI GH CAPABI L IT Y

FACE 
NUMBER

GEODETIC 
AREA (ACRES)

CENTROID CLASSIFICATION
DATALATITUDE LONGITUDE

160 4 ,5 5 9 .5 2 5 0 .2 5 6 1 1 4 .7 6 5 RE2

159 3 ,5 2 2 .4 1 5 0 .6 4 1 1 1 5 .1 4 1 RE2

146 7 6 9 . 1 8 5 0 . 939 1 1 5 .3 2 1 RE2

155 4 9 3 .2 6 5 0 .9 8 2 1 1 5 .3 6 2 RE2

149 3 4 4 .4 9 5 0 .8 1 1 1 1 5 .1 7 4 RE2

156 2 4 8 .5 7 5 0 .8 7 8 1 1 5 .3 6 2 RE2

145 2 2 3 .5 3 5 0 .9 3 9 1 1 5 .3 3 5 RE2

144 1 6 3 .9 9 5 0 .8 9 4 1 1 5 .2 6 3 RE2

154 1 6 2 .7 4 5 0 .8 8 7 1 1 5 .3 8 4 R E 2

147 1 3 2 .8 4 5 0 .6 1 3 1 1 5 .6 7 0 RE2

150 1 0 9 .5 4 5 0 .8 3 4 1 1 5 .2 1 6 RE2

148 56 . 11 5 0 .6 7 5 1 1 5 .0 7 7 RE2

153 1 4 .2 5 5 0 .8 1 6 1 1 5 .2 1 5 RE2

152 2 .6 5 5 0 .8 2 9 1 1 5 .2 2 5 RE2

151 2 . 4 8 5 0 .8 4 3 1 1 5 .2 3 9 RE2
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FACE
NUMBER

GEODETIC 
AREA (ACRES)

CENTROID CLASSIFICATION 
D ATALATITUDE LONGITUDE

106 19 , 54 3 . 42 5 0 . 743 114 .7 7 6 UN1W

107 1 8 ,1 4 9 . 87 50.644 1 1 4 .6 2 2 UN1W

108 1 6 ,8 3 3 .2 4 5 0 . 114 . 358 U N 1 W

111 1 2 ,5 6 3 . 21 5 0 . 1 1 4 .1 2 1 UN1W

1 0 5 1 0 ,5 8 9 .0 8 5 0 . 114 . 631 UN1W

112 9 ,7 0 5 . 67 5 0 . 114 . 345 U N 1 W

109 6 ,5 8 0 .6 7 5 0 . 1 1 4 .2 2 7 UN1W

110 4 ,0 4 0 .5 4 5 0 . 1 1 4 .1 8 6 UN1W

103 3 ,8 5 8 .1 8 5 0 . 1 1 5 .1 9 8 U N 1 W

TOTAL ACREAGE FOR THE ABOVE SI NGLE B EST  CAPAB IL IT Y  CLASS I FICAT ION IS 10 1 ,8 5 5 .8 8

T a b le  A. 6c. C anada G eog raph ic  In fo rm a tio n  S y stem  -  exam p le  5 continued.

HIGH CAPABILITY



FACE
NUMBER

GEODETIC 
AREA (ACRES)

CENTROID CLASSIFICATION 
D ATALATITUDE LONGITUDE

174 9 8 ,9 7 4 .0 4 5 0 .5 9 4 1 1 4 .8 6 3 UN2

181 6 0 ,8 1 4 .3 7 5 0 .0 7 1 1 1 4 .4 7 3 UN2

180 1 6 ,3 3 2 .6 9 5 0 .6 7 4 1 1 4 .7 4 8 U N 2

172 6 ,9 8 3 .4 2 5 0 .9 3 5 1 1 4 .9 7 8 UN2

175 4 ,9 7 8 .0 4 5 0 .1 6 0 1 1 4 .5 6 3 UN2

166 4 ,7 7 7 .4 2 5 0 .8 3 8 114 . 923 U N 2

167 3 ,1 6 5 . 93 5 0 . 907 115 . 239 UN2

165 2 ,9 8 0 . 76 5 0 .9 4 0 115 . 155 UN2

164 2 ,7 7 9 .6 0 5 0 . 966 11 5 . 213 U N 2

168 2 ,4 5 1 . 11 5 0 . 726 115. 198 UN2

179 2 ,1 9 3 . 14 50 . 888 114 . 807 UN2

163 1 ,5 1 7 . 04 5 0 . 648 115 . 163 UN2

162 1 ,0 0 2 . 75 5 0 . 612 115. 202 UN2

TOTAL ACREAGE FOR THE ABOVE SINGLE BEST CAPABILITY CLASSIFICATION IS  2 0 8 ,9 5 0 . 31

T a b le  A. 6d. C anada G eog raph ic  In fo rm a tio n  S y stem  -  ex am p le  5 continued.
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HIGH  CAPABILIT Y
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FACE 
NUMBER

GEODETIC 
AREA ( ACRES)

CENTROID CLASSIFICATION
DATALATITUDE LONGITUDE

128 4 1 ,6 2 9 .9 6 5 0 .2 4 3 1 1 4 .5 0 2 UN2W

139 3 8 ,6 0 7 .0 7 5 0 .6 8 4 1 1 4 .3 5 9 UN2W

124 2 1 , 5 4 0 .2 5 50 . 8 65 1 1 5 .0 69 UN2W

129 1 6 ,1 9 4 .0 2 5 0 .6 4 8 1 1 4 .8 4 7 UN2W

135 1 4 ,1 4 7 .3 5 5 0 .0 3 3 1 1 4 .3 0 6 UN2W

132 9 , 00 0 .6 5 5 0 .8 4 3 1 1 4 .8 4 2 UN2W

126 8 ,1 4 1 .9 5 5 0 .4 5 5 1 1 4 .7 4 8 UN2W

141 7 ,0 8 0 .0 7 5 0 .9 1 3 1 1 4 .2 7 6 UN2W

140 5 , 1 3 9 .6 2 5 0 .5 1 3 1 1 4 .1 2 4 UN2M

118 5 ,1 3 4 .4 3 5 0 .4 4 9 1 14 .291 UN2W

131 4 ,1 0 2 .1 4 5 0 .7 6 0 1 1 4 .8 7 6 UN2W

1 1 9 3 ,902 . 56 5 0 .7 8 7 1 1 4 .3 2 3 UN2W

136 3 ,6 4 8 .1 2 5 0 .5 6 5 1 1 4 .2 9 1 UN2W

121 2 ,1 9 7 .6 2 5 0 . 938 1 1 5 .2 1 0 UN2W

1 4 3 1 ,8 5 7 .2 5 50 . 8 6 8 1 1 4 .2 1 2 UN2W

116 1 ,7 2 6 .8 0 5 0 .6 6 2 1 1 4 .9 6 4 UN2W

142 6 8 3 .7 6 5 0 .8 4 9 1 1 4 .4 1 4 UN2W

120 3 9 0 .9 3 5 0 .8 3 0 1 1 4 .3 5 9 UN2W

114 2 2 .0 7 5 0 .4 6 9 1 1 4 .7 2 0 UN2W

115 1 .3 3 5 0 .3 9 0 1 1 4 .5 7 6 UN2W

117 .9 2 5 0 .8 1 2 1 1 4 .8 1 4 UN2W

113 .4 6 5 0 .4 1 4 1 1 4 .7 3 2 UN2W

T a b le  A. 6e. C anada G eog raph ic  In fo rm a tio n  S y stem  - exam p le  5 continued .

TOTAL ACREAGE FOR THE ABOVE SINGLE BEST CAPABILITY CLASSIFICATION IS  1 8 5 ,1 4 9 .8 3
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FACE
NUMBER

GEODETIC 
AREA (ACRES)

CENTROID CLASSIFICATION 
 DATALATITUDE LONGITUDE

161 5 2 7 .5 6 5 0 . 882 1 1 4 .6 5 5 WA2

T a b le  A. 6f. C anada G eog raph ic  In fo rm a tio n  S y stem  -  exam p le  5 continued.

HIGH CAPABILITY

TOTAL ACREAGE FOR THE ABOVE SINGLE BEST CAPABILITY CLASSIFICATION IS  5 2 7 .5 6



T a b le  A. 6g. C anada G eog raph ic  In fo rm a tio n  S y stem  -  ex am p le  5 con tinued .
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TOTAL ACREAGE F O R T HE  ABOVE SINGLE BEST CAPAB IL ITY CLASSIFICAT ION IS 7 7 8 .8 8

FACE 
NUMBER

GEODETIC
AREA (ACRES)

CENTROID CLASSIFICATIO N 
DATALATITUDE LONGITUDE

182 7 7 8 .8 8 5 0 .7 3 1 1 1 5 .1 2 9 FO3



SUMMARY OF THE HIGHEST WEIGHTED CAPABILITIES

HIGHEST WEIGHTED CAPABILITY ACREAGE

WA2 5 2 7 .5 6

UN2W 1 8 5 ,1 4 9 .8 3

UN2 2 0 8 ,9 5 0 .3 1

UN1W 1 0 1 ,8 5 5 .8 8

RE2 1 0 ,8 0 6 .2 8 .

RE1 2 ,1 9 9 .9 4

FO3 7 7 8 .8 6

THE TOTAL AREA PROCESSED IS  5 1 0 ,2 6 8 .6 8  ACRES

T a b le  A. 6h. C anada G eog raph ic  In fo rm a tio n  S y stem  - exam p le  5 continued.
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EX A M PLES O F V -V A LU E A LLO CA TIO N , CLO U D  ELIM IN A TIO N ,
AND BOUNDARY TRACING

S o u r c e :  M o r to n ,  G .  M . 1 9 6 6 .  C o m p u te r  m a p p in g  -  A  m a p  r e d u c t io n  
technique. U n p u b lis h e d  w o rk in g  p a p e r .

T h i s  i s  a  s m a l l  p i e c e  o f  t h e  s c r i b e d  i m a g e  o f  t h e  s o u r c e  m a p ,  a s  
s e e n  b y  t h e  s c a n n e r .  T h e  v i e w  i s  h i g h l y  m a g n i f i e d .  I n  r e a l i t y ,  
t h e  l i n e s  a r e  o n l y  0 .  0 0 8  i n .  w i d e .

F ig .  A . 61. Input m ap.



T h i s  i s  t h e  p a t t e r n  o f  0  a n d  l  b i t s  p r o d u c e d  b y  t h e  s c a n n e r  a s  a  
r e p r e s e n t a t i o n  o f  t h e  i m a g e  t h a t  i t  s c a n n e d .  ( T h e  0  b i t s  h a v e  
b e e n  l e f t  b l a n k  i n  t h i s  d i a g r a m . ) T h i s  0  a n d  1 p a t t e r n  i s  s t o r e d  
o n  m a g n e t i c  t a p e .  T h e  g r a p h i c  t o  n o n - g r a p h i c  c o n v e r s i o n  h a s  
t h u s  b e e n  c a r r i e d  o u t .

F ig . A. 62. S can n e r output.
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T h i s  i s  t h e  r e s u l t  o f  p e r f o r m i n g  t h e  " V - v a l u e "  c a l c u l a t i o n  u p o n  
e a c h  o f  t h e  b i t s  o f  d a t a  d e s c r i b i n g  t h e  i m a g e  n o w  s t o r e d  i n  t h e  
c o m p u t e r .  N o t e  t h a t  t h e  h i g h e r  t h e  v a l u e  n o w  a s s i g n e d  t o  e a c h  
b i t ,  t h e  c l o s e r  i t  i s  t o  t h e  c e n t e r  o f  t h e  l i n e .

F ig . A . 63. R e s u lt o f V -va lue  ca lc u la tio n s .
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DIRECTION CODES:

C loud  e lim in a tio n  i s  th e  s e le c t io n  o f p o in ts  n e a r  th e  c e n te r  of l in e s  and  
th e  e l im in a tio n  of o th e r  p o in ts . T h e  p r o c e s s  i s  b eg u n  b y  c h o o sin g  a  
s t a r t  po in t w ith  a  su ita b ly  h ig h  V -v a lu e . T h en  th e  p a th  of h igh  V -v a lu es  
i s  fo llow ed . A s th e  l in e  i s  fo llo w ed , th e  p ath  i s  " m a rk e d "  s o  th a t i t  
w i l l  n o t b e  r e t r a c e d .  S im u lta n e o u sly , a  new  m a p  im a g e  i s  c r e a te d  
e l s e w h e re  in  c o r e  w ith  only  th e  s e le c te d  p o in ts . T h e  d ia g ra m  above 
sh o w s th i s  n ew  m ap. N ote th a t  th e  v a lu e s  a r e  no lo n g e r  V -v a lu e s ;  th ey  
a r e  a c tu a lly  d ire c tio n  co d e s  w h ic h  in d ic a te  th e  d ire c t io n  of th e  n ex t 
p o in t in  th e  lin e . T h e  l in e  is  t r a c e d  in  th is  m a n n e r u n ti l  th e  edge of a 
s e c tio n  i s  r e a c h e d , a  p re v io u s ly  t r a c e d  l in e  i s  e n c o u n te re d , o r  a  lin e  
t e rm in a te s  i t s e l f .  In  th e  c a s e  ab o v e , th e  l in e  w a s s im p ly  t r a c e d  u n til 
th e  edge of the s e c tio n  w a s  found.

F ig . A. 64. R e su lt of c loud  e lim in a tio n  -  f i r s t  lin e .
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T h e  t r a c i n g  p r o c e s s  s c a n s  t h e  s e c t i o n  u n t i l  a n o t h e r  s u i t a b l y  h i g h  
V - v a l u e  s t a r t  p o i n t  i s  f o u n d .  T h e  p r o c e s s  i s  r e p e a t e d  u n t i l  a l l  
p a t h s  i n  t h e  s e c t i o n  h a v e  b e e n  t r a c e d .  I n t e r s e c t i o n s  a r e  r e c o g n i z e d  
a n d  m a r k e d  w h e n  p r e v i o u s l y  t r a c e d  l i n e s  i n  t h e  s e c t i o n  a r e  m e t :  '△ '.  
G i v e n  t h e  l i n e  i m a g e  n o w  i d e n t i f i e d ,  i t  i s  a  s i m p l e  m a t t e r  t o  l i n e -  
f o l l o w  t h e  d i r e c t i o n  c o d e s  a l o n g  e a c h  l i n e  s e g m e n t  a n d  c o n v e r t  e a c h  
p o i n t  o n  t h e  l i n e  t o  a n  X - Y  c o o r d i n a t e ,  a n d  r e c o r d  t h e  c o o r d i n a t e s  
i n  a  t a b l e .  D u r i n g  t h i s  l a t t e r  l i n e - f o l l o w i n g  p r o c e s s ,  " c o l o u r s "  
( u n i q u e  n u m b e r s )  a r e  a s s i g n e d  t o  e a c h  a r e a  a n d  s m a l l  g a p s  i n  t h e  
l i n e s  a r e  c o n n e c t e d .

F ig . A. 65. R e su lt of cloud e lim in a tio n  -  re m a in in g  lin e s .



P A R T IA L  LIST O F PERSONS INSTRUM ENTAL IN  T H E  D EV ELO PM EN T 
O F TH E  CANADA GEOGRAPHIC INFORM ATION SYSTEM 
IN  A PPR O X IM A T E  ORDER O F A PPEA RA N CE

1961 R . F . T o m lin so n
W . G. E . B row n
J .  S harp
L . E . P r a t t
H. L e rc h s
A. A us
J .  T h a c k e r
I. G ro ss m a n
M. R ay
J .  L ew is
C . P o r t e r
G. M orton
J .  R u s s e l l
H. K nigh t
D. L e v e r
D. T hom pson
R . K em eny
A. B en jam in
F . Jan k a lu k
P . K ingston
B . S p a rk s
E . B ea u d e tte
C. B row n
R . P re d z n o v ik
W. S w itze r
W. S to re y
A. K. M illa r
J .  B o lton
B . F e r r i e r
G. F ie r h e l le r
T . L a k a to s
J .  W hite
M. D oyle
K. W a rd
G. L e is m e r
B . G ile s
R . Shaw
J . M edd
B . C ook
D. P e a r c e
P .  H a tfie ld
D. L e e
R . W h itta k e r
P . B e d a rd

1969 J .  F o s t e r

4 4 3

P lu s  c u r r e n t  D ep artm en t o f th e  E n v iro n m en t s ta ff  of 
ap p ro x im a te ly  10 p e rs o n s .



CANADA GEOGRAPHIC INFORM ATION SYSTEM  BIBLIOGRAPHY

P u b lis h e d  P a p e r s

K ingston , P .  P . C. H. 1968. A c o m p u te r  o r ie n te d  g eo g rap h ic  in fo rm a tio n  
p ro c e s s in g  s y s te m . P a p e r  p re s e n te d  a t th e  10th A nnual C onference  
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- . 1967. A n in tro d u c tio n  to  th e  g e o g rap h ic  in fo rm a tio n  s y s te m  of th e  
C an ad a  L and  In v en to ry . D ep a rtm en t of F o r e s t r y  and  R u ra l D evelop
m e n t, O ttaw a , O nt.

- . 1968. A  g eo g rap h ic  in fo rm a tio n  s y s te m  fo r  re g io n a l p lanning . In
S te w a rt, G. A . , ed . L an d  ev a lu a tio n . P a p e r s  o f a  CSIRO Sym posium  
o rg a n iz e d  in  co o p e ra tio n  w ith  UNESCO, C a n b e r ra , 26-31 A ugust 1968, 
pp . 200-210 . M acm illan  of A u s t ra lia , South M elbou rne , V ic to ria .

U npub lished  W ork ing  P a p e r s  and N otes

Jan k a lu k , F .  1967. A  r e f e r e n c e  co o rd in a te  s y s te m  f o r  co m p u te r m ap p in g .*

 -. 1967. A  s y s te m  d e s ig n  fo r  a  g e o g rap h ic  in fo rm a tio n  s y s te m . *

K em eny , R . L . 1968. A  g e n e ra liz e d  m e thod  f o r  r e p re s e n t in g  d ig itiz ed  lin e  
d a ta  in  co m p ac t f o rm  f o r  c o m p u te rs . *

K ingston , P . P .  C .H . 1968. M ethods o f o v e rla y in g  d ig i t iz e r  l in e  d a ta  in  
c o re . *

M orton , G. M. 1966. C o m p u te r m app ing  -  A  m ap  re d u c tio n  techn ique . *

T o m lin so n , R . F .  1964. C anada  L and  In v en to ry  - E conom ic  fe a s ib ili ty  
r e p o r t  o f d a ta  c o o rd in a tio n  m e th o d s.

 -. 1969. In fo rm a tio n  f r o m  th e  d a ta b a n k  -  R e t r ie v a l  ca p a b ili tie s  of
th e  C an ad a  G eo g raph ic  In fo rm a tio n  S y s te m .+

U npub lished  S y stem  D ocum en ta tion

P r o g r a m  d o cu m en ta tio n , d e ta ile d  flow  c h a r t s ,  o p e r a to r s ' and  p ro g ra m m e rs ' 

g u id es  an d  m a n u a ls  e x is t  a s  w o rk in g  do cu m en ts  and a r e  b e in g  co n tinually  

r e v is e d .  T h e y  a r e  re g a rd e d  a s  in -h o u s e  w o rk in g  r e c o r d s  and a r e  not in  a  

f o r m  s u ita b le  f o r  p u b lica tio n  o r  f o r  u s e  b y  p e r s o n s  o th e r  than  th o se  ac tiv e ly  

d eve lop ing  th e  CGIS s y s te m .

* W ritte n  f o r  IB M  te c h n ic a l in fo rm a tio n  exchange p u rp o s e s .
+ P r e p a r e d  f o r  in te rn a l  g o v ern m en t in fo rm a tio n  exchange p u rp o se s .
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A Geographic Information System 
for Regional Planning

R. F. Tomlinson 
Department o f  Forestry and  Rural Development, 

Government o f  Canada

A s a  tool  in its program o f  rural development, Canada is developing a computer- 
based information system fo r  the storage and manipulation o f  map-based land 
data. The system and its capabilities are described.

C an ad a , like m any coun tries, faces an  im m ense problem  in bo th  u n d erstand ing  
a n d  guid ing  the developm ent o f  its  land , w ater, and  h um an  resources. O ne o f  
the  m ajo r agencies created  specifically to  im plem ent policy to  a tta ck  th is problem  
is the  R ural D evelopm ent B ranch o f  the D epartm en t o f  F o restry  and  R u ra l 
D evelopm ent. A  prim ary  task  facing this agency is to  assem ble social (dem o­
g raph ic). econom ic, a n d  lan d  d a ta  fo r a n  in tegrated  analysis to  e nab le  p rob lem s 
o f  ru ra l developm ent to  be specified, developm ent program s to  be im plem ented , 
a n d  the ir effectiveness evaluated .

Parallel w ith th e  g a thering  o f  d a ta  has been th e  developm ent, by th e  R egional 
P lann ing  In fo rm ation  System s D ivision o f  the  B ranch, o f  interrelated, co m p u ter- 
based in fo rm ation  system s to  hand le  a n d  analyse th e  da ta . T h e  G eographic  
In fo rm a tio n  System , fo r th e  sto rage  and  m anipulation  o f  land  d a ta  is the  m ost 
developed  o f  these system s. Its design and  developm ent s ta rted  in  1963, im ple­
m en ta tio n  began in 1965, a n d  is now  in its  final stages; rou tine use is scheduled 
fo r  S ep tem ber 1968. I t  is perhaps w orthw hile to  recoun t o u r  p rogress w ith 
th is  system  a t th is time.

E arly  in  the life o f  the  B ranch  (1962) a  s ta r t w as m ade w ith the gathering  o f  
som e k inds o f  land  d a ta  by  the C anada  Land Inventory . T h e  d a ta  they collect 
is restric ted  to  five types: the present use o f  the land , the capab ility  o f  th e  land  
fo r  ag ricu ltu re , the capab ility  o f  the  land  fo r forestry, the  capability  fo r re­
c rea tio n , a n d  the c apability  for s upporting  wildlife. T hese d a ta  a lone, i f  gathered  
in  sufficient quan titie s  for the sum m aries to  be directly  applicable to  provincial 
a n d  federal resource policy a n d  regional planning , will generate  an  estim ated  
30,000 m ap  sheets, a t  various scales. T he Inventory  has curren tly  p roduced  
7000 m ap  Sheets, o f  w hich 3000 have been prepared  fo r com pu ter input. T h e  
m aps con ta in  a n  average o f  800 d istinct a reas  on  each sheet, and  have been 
fou n d  to  co n ta in  a s  m any as 4000. A dditionally , o th e r types o f  m aps covering 
w atersheds, c lim ate , geology, adm inistra tive boundaries, and  la n d  titles a re  
generated  by  o th e r  agencies.

T h e  need fo r a  com pu ter-based  system , w hereby m ap  an d  related  d a ta  can  
be  s to red  in a  fo rm  su itab le  fo r rap id  m easurem ent a n d  com parison , is a p p a ren t 
a s  soon  as th e  m agnitude o f  the  problem  o f  handling  large num bers o f  m aps 
is app rec ia ted . Lack o f  tra ined  personnel m akes it im possible to  exam ine such 
large a m o u n ts  o f  d a ta  m anually  in any  sensible tim e, m uch less to  provide a  
m eaningfu l analysis o f  the conten t. A  situation  c an  be reached w here the a m o u n t 
o f  d a ta  precludes its use. T h e  end  p ro d u c t o f  countless hours o f  survey can 
rem ain  unused , w ith the result th a t ad m in is tra to rs  d o  n o t receive in fo rm ation  
necessary for a  sound  basis to  decision m aking.

P U B L ISH ED  CONTRIBUTION

R e p r in te d  f ro m  S tew art, G. A., ed. 1968. L and  ev a luation . 
M acm illan  of A u s tra lia .



F rom  th e  first, it w as the in ten tion  to  produce th e  m aps generated  fo r the 
C an ad a  Land Inven to ry  in such a way tha t their d a ta  could  be related  o n  a 
nation-w ide basis by th e  geographic  in form ation  system. T h is  m ade it necessary. 
to  estab lish  a  com m on  basis o f  d a ta  descrip tion . C lassification system s w ere 
evolved fo r each  type o f  d a ta  by discussions w ith the federal an d  provincial 
agencies concerned  in th e  orig inal survey, un d e r the gu idance o f  a  federal c o ­
o rd in a to r. In  each  case, th e  classification system s w ere subject to  tria l in  p ilo t 
areas in v arious regions o f  the  country . Regional varia tions a re  inco rpo ra ted  
in to  th e  classification  system  by developm ent o f  ra tings w hich recognize 
equivalen t values. T he classification system s vary from  a relatively sim ple, one- 
le tte r code  fo r  p resen t land  use to  a  com plex, multi-level descrip tion  used fo r 
forestry.

T he m aps, essentially  in te rp re ta tions o f  existing d a ta  in term s o f  th e  classifi­
ca tion  system , a re  usually  produced  by the federal and  provincial agencies m o st 
closely re la ted  to  th e  co llection  o f  the orig inal d a ta  (over 100 agencies a re  
involved). T h e  m anuscrip t m aps arc  sen t to  O ttaw a to  be  ed ited  an d  p repared
fo r co m p u te r inpu t.

T he basic cap ab ility  o f  the geographic  in form ation  system  is th a t it accepts
and  sto res a ll types o f  location-specific in form ation , th a t is, any  in fo rm ation  
which can  be  related  to  an  a rea , line, o r po in t on  a  m ap. In fo rm ation  re la ting  to  
land resources is m ost frequently  location-specific in charac te r. F o r  exam ple, 
census d a ta  (perhaps n o t usually  though t o f  as location-specific) a re  collected 

from  specific areas of land called enumeration areas, which are recorded on maps: a h ighw ay is a  location-specific line; a cam psite  can  be  th o u g h t o f  a s  a  
location-specific p o in t on  a  m ap.

T he system  c a n  best be described as com prising tw o p a r ts : th e  d a ta  b a n k  
and  th e  set o f  p rocedures and  m ethods fo r m oving d a ta  in to  the bank , and  fo r 
carry ing  o u t th e  m an ipulations, m easurem ents, an d  com parisons o f  th e  d a ta , 
o n c e  there. T hese tw o p a r ts  will be referred to  as the ‘d a ta  ban k ’ a n d  th e  
‘in fo rm ation  system ’, respectively. I t  is qu ite  possible to  have th e  en tire  geo­
g raphic  in fo rm ation  system  w ith full opera ting  capability  a n d  have no  d a ta  
in the d a ta  ban k . T he am o u n t o f  d a ta  w hich can  be p u t in to  the d a ta  b an k  is 
infinite, as any  nu m b er o f  m agnetic tapes  can  be generated  a n d  sto red . 
A dd itiona l d a ta  re lated  to  any  a rea  can  be inserted a t  an y  tim e.

T he system  h as  the follow ing capabilities:
It will a ccep t m aps co n ta in ing  d a ta  represented a s  areas o r  lines o r  po in ts. 

T he m aps can  be o f  any  scale a n d  on  any  m ap  projection, a n d  they  c an  co n ta in  
linear d is to rtions. A ll o f  these characteristics will be ad justed  to  a s ta n d a rd  
fo rm at (norm alized) w hen they are  p u t in. D a ta  relating to  po in ts only can  be  
put in  independen tly  o f  m aps. They  are  sim ply related to  th e ir  la titude  a n d  
longitude poin ts.

T he system  co m p acts  a n d  sto res in form ation . T he com paction  is  m ost 
efficient. F o r  m aps a t  a scale o f  1 : 50,000 with a n  average density  o f 
in fo rm ation  it is expected th a t a  com plete  coverage o f  the farm ed a rea  o f  
C an ad a  (app rox im ate ly  600 m ap  sheets) can  be recorded o n  tw o reels o f  
m agnetic  tape.

T he system  can  m easure any  d a ta  in  the d a ta  bank . I f  the  d a ta  have  been  
inserted in  the fo rm  o f  areas, then  each a rea  can  be m easured. F o r  exam ple, 
a soil m ap  m igh t be  represen ted  by different areas o f  different soils. T h e  area 
o f  each patch o f  so il o r  the  to ta l a rea  o f  any one type o f  soil can  be calcu lated .

Sim ilarly , the  lengths o f  lines can  be m easured  an d  the occurrences o f po in ts 
counted .

T he reg ion  fro m  w hich area, line, o r po in t m easurem ents a re  requ ired  can
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be l im i ted  in a  varie ty  o f  w ays. D a ta  can  be  retrieved within any  boundary  
a lready  described  to  th e  system . If, fo r  exam ple, a  m ap  o f  adm in is tra tive region 
bou n d a rie s  has been  p u t in to  the d a ta  bank , m easurem ents can be carried ou t 
w ith in  a specific ad m in is tra tive  reg ion . I f  a desired boun d ary  has  n o t already 
been  described to  the system  i t  can , o f  course, be d raw n  on  a clean sheet and  
inserted in the no rm a l w ay, o r  if  it is sim ple e nough in  shape to  be described by 
a  stra ig h t line jo in in g  po in ts , then  it is on ly  necessary to  p u t in  the  co-ord inate  
values o f  th e  po in ts.

It will a lso  be  possib le  to  lim it re trieval by reference to  any  line o r po in t 
a lready  described  to  th is  system . T h e  system  can  be asked , f o r  exam ple, to  
m easu re the a rea  o f  pa tches o f  land  crossed by th e  line o f  a  highw ay o r w ithin 
a  ban d  o f  specified w id th  a long  th e  highw ay, o r  to  determ ine the areas su itab le  
fo r sub-d iv isions w ith in  20  m iles o f  the cen te r o f  a  city.

A  m a jo r system  cap ab ility  is com parison  o f  tw o types o f  m apped  da ta  
re la ting  to  th e  sam e area . Ju s t  a s  tw o m aps can  be m anually  overlaid to  allow  
the re la tionsh ips  betw een th e  d a ta  to  be exam ined , the system  can  overlay  any 
tw o o r m ore  types o f  d a ta  to  m easure  th e  exact am o u n ts  o f  each  type o f  land in 
ju x tap o s itio n  to  th e  m ap  o r  m ap s below.

T his can  be app lied  a s  a  search capability , whereby a  com parison  o f  various 
types o f  in fo rm a tio n  is m ade to  find o u t w here a  selected set o f characteristics 
occu r together. F o r  exam ple , a request to  find su itab le  landing  sites fo r  a  heli­
co p te r w ould  requ ire  a n  exam ina tion  o f  the vegeta tio n m ap to  determ ine 
treeless areas , th e  to p o g rap h ic  m ap  to  m ake sure  th a t the a rea  w as flat, a n d  the 
p resen t land  use  m ap  to  m ake sure  th a t the  a rea  w as n o t populated . T hese 
th ree  coverages w ou ld  be co m p ared  to  iden tify  a n d  describe all po in ts  having 
th e  desired  characteristics.

A  fu r th e r  ex tension  o f  th e  search  capability  cou ld  resu lt in  a  ‘search  in  
co n tex t’. A  po ten tia l he licop te r landing-site, fo r exam ple, w ould  be o f  lim ited 
value if, w hile being perfectly  treeless, flat, and  uninhabited , it occurred  as an 
island  in  the m iddle  o f  a  sw am p. T h e  search rou tine  can be in struc ted  to  ignore 
o therw ise desirab le  sites i f  they d o  n o t occu r in  a  desirab le  contex t.

A n o th e r  search  cap ab ility  th a t can  be  im plem ented is referred  to  a s  the 
‘nearest ne ig h b o u r sea rch ’. T h is  w ou ld  be em ployed  w hen the lim it o f  the search 
is n o t definite enough  to  be  specified. T h e  search  com m and  w ould  simply 
request th e  n earest exam ples o f  the  desired  charac te r to  be located. A  com posite 
exam ple o f  som e o f  these capabilities m ight be an  instruction  to  locate the  
nearest p o ta sh  m ine w hich  is served by a  m ain  highw ay, n o rth  and  south  
ra ilro ad  connec tions, a n d  is su rro u n d ed  by  a  m in im um  o f  10,000 sq miles o f 
g o o d  fa rm land .

T he system  can  p roduce  in fo rm ation  in tw o d ifferent form s. T h e  com m onest 
fo rm  is p erhaps the n o rm a l prin ted  alphabetical and  num erical d a ta  produced 
on  the regu la r co m p u te r p rin te r. In  ad d itio n  to  th e  p rin te r will be a  graphic 
p lo tte r  w hich , u n d e r  th e  co n tro l o f  th e  system , produces a m ap show ing the 
loca tion  o f  th e  desired  areas , lines, o r  po in ts w hich  satisfy th e  request.

A n  in h e ren t d an g e r o f  in fo rm ation  system s is th a t the d a ta  en tered  in to  the 
system  m ay vary  w idely in  reliability , b u t m ay  be assum ed to  be equally  reliable 
in  subsequen t m u ltifac to r assessm ents. T h e  system  can  accept a  reliability 
iden tifier w ith  any  type o f  in fo rm ation  and  can  keep track  o f  reliability tags so 
th a t degrees o f  reliab ility  a re  p rin ted  o u t beside the answ er to  a request.

T h e  advan tages o f  in fo rm a tio n  w hich is kep t up  to  da te , com pared  w ith 
d a ta  w hich  have to  accum ula te  fo r several years before it is econom ically 
desirab le  to  rep rin t a  m ap , a re  well know n to  users o f  m ap  inform ation . D a ta  can 
easily  be  added  to  the system  w ith o u t w aiting  fo r large a m o u n ts  o f  new  d a ta  to
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accrue. O ld  coverage can  be e rased  an d  replaced on  th e  m agnetic  tapes o r ,  if  
desired , bo th  the o ld  and  the new  coverage can  be retained . N ew  survey d a ta  
a t  a  m ore d e ta iled  scale c an  be in co rpo ra ted  w ith  previous d a ta  a t sm aller scales, 
p rov ided , o f  course, th a t th e  c lassification system s a re  com patib le .

F o r  m any  o f  th e  day -to -day  in fo rm ation  needs o f  ad m in is tra to rs  o f  land  
resource policy, sim ple fo rm s ex ist to  allow  the ad m in istra to r to  in itia te  the  
request w ith o u t th e  a ssistance o f  a  co m p u ter p rogram m er. A lthough  m ore 
detailed  assessm ents requ iring  the full flexibility a n d  capability  o f  the system  
w ou ld  best be hand led  by som eone acqua in ted  w ith  the d a ta  form ats, a  con ­
siderab le  am o u n t o f  p rog ram m ing  effort has been elim inated  even a t  th is level 
by use o f  p ro g ram s a lready  w ritten  and  inco rpo ra ted  in to  the system . I t  is esti­
m a ted  th a t, w ith  no  prev ious co m p u te r know ledge, a n  ad m in is tra to r cou ld  be 
tau g h t to  com ple te  no rm al form -orig inated  requests in  one week. T h ree  w eeks 
tra in ing  a n d  practice  thereafte r a re  expected to  be  necessary fo r  the sam e 
a d m in is tra to r  to  hand le  m ore  detailed  requests. T h e  unusual o r  very com plex 
requests w ill need  a  p ro g ram m er w ork ing  in  conjunction  w ith the system  
lib ra rian .

In  m any  w ays th e  system  is self-m onitoring. O n accepting a  request fo r 
in fo rm a tio n , th e  first response o f  the lib ra rian  will be to  use th e  system ’s 
K W IC 1 index  to  check w hether th a t particu la r request has been m ad e  before  
an d , if  so , to  ind ica te  w here the an sw er is sto red  in the filing cab inet. If  the 
request has a lready  been  p artia lly  answ ered, th is a lso  is determ ined . I f  the 
request requ ires new  m an ipu la tion  o f  d a ta , the system  indicates W hich tapes 
have  the requ isite  d a ta  stored  on  them .

T h e  tapes  then  a re  selected from  the lib rary , p u t o n  to  th e  co m p u te r and  the 
assessm ent is executed. A n ex tension o f  th is capability  is to  prov ide a  cost 
estim ate  o f  th e  w o rk , p r io r  to  processing, based o n  a prelim inary analysis o f  the 
a m o u n t o f  d a ta  o n  the requested  tapes. S uch  estim ates w ill be  necessary in 
m ore  com plex  applications.

T h e  system  is independen t o f  peripheral devices such  a s  in p u t scanners o r 
o u tp u t p lo tte rs . W hile the IB M  ca rtog raph ic  scanner is  now  in  use, in  con ­
ju n c tio n  w ith  a  D -M ac  X -Y  d igitizer, to  convert g raph ic  d a ta  to  d ig ita l fo rm , 
in stru m en ta tio n  is likely to  be  developed in  the nex t two o r  th ree  years to  
com bine  these functions.

T h e  no rm a liza tio n  step , w hich  converts d igitized g raph ic  in fo rm ation  to  the 
fo rm a t requ ired  by th e  d a ta  bank , is independen t o f  the m ain  system  functions 
a n d  can  be  ch an g ed  accordingly.

T h e  system  is designed  fo r use o n  th e  IB M  System  360 M odel 50, w ith  
512 th o usand  bytes2 o f  s to rage, 6 m agnetic tape drives, and  3 m agnetic d isc  
drives u n d e r  th e  con tro l o f  the s tan d ard  op era tin g  system. G rea te r opera ting  
efficiency is ach ieved  i f  th e  System  360 M odel 65 is used. T he practical app lica­
tio n  o f  th e  d a ta  ban k  concep t a n d  the en tire  system  capability  is availab le  by 
use o f  th is  genera l-pu rpose  com pu ter.
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SY ST E M  D E S C R IP T IO N  

B oundary  d a ta  to  be p u t in to  th e  d a ta  ban k  a re  traced  (scribed) o n  to  a c lean

1 KW IC —  K ey W ord In Context document indexing and cross-referencing system 
based on com puter sorting o f key w ords in the title. Ref. IBM Publ. E20-8091.
2 Byte —  a  un it o f com puter storage space made up o f eight digits, o r bits, in the 
binary system (using only 0 or 1). Each byte is capable of storing one letter, two decimal 
digits, o r a binary value.
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sheet from  th e  source m ap  (Fig. I). T he unique a reas  o r  ‘m ap  elem ents’ are  
n um bered  on  a tran sp a ren t overlay and  the correspond ing  classification is 
transcribed  to  a  d a ta  sheet fo r  punching  in to  cards to  be read  by the com pu ter.

Fig. 1. D iagram  showing flow o f data  preparation procedures.

T h e  traced  b o u n d a ry  sheet is p laced  o n  th e  d ru m  scanner, a n d  the scanning  
o p e ra tio n  p roduces a  d igitized m ap  o f  the  boundaries o n  m agnetic tape . T he 
d ru m  scanner w as deve loped  to  m eet R ural D evelopm ent B ranch requirem ents 
by  the In te rn a tio n a l B usiness M achines C om pany. T h e  possible use o f  the  d rum  
scann ing  app roach  w as first considered  in 1963. T he p relim inary  design crite ria  
w ere established by th e  R ura l D evelopm ent B ranch in 1964 and  developm ent 
w ork  w as c on trac ted  to  th e  In te rna tiona l Business M achines C om pany  in 1965. 
T he scanner consists o f  a cylindrical d ru m  on  w hich a  m ap  o r  c h a r t  can  be 
m o u n ted , a n d  a  m ovable  carriage  w hich slow ly m oves the scanning  head  across 
th e  fro n t o f  the revolving d ru m . T he scanning  system  consists o f  the  scanning  
head  p roper, its  a sso c ia ted  electronics, a n d  co n tro ls  lead ing  to  a  s tan d ard  
IB M  m agnetic  tape drive.

T he technique em ployed is to  delect th e  changes in  in tensity  o f light reflected 
from  b lack  o r  w hite a reas  o n  the m ap  o r  ch a rt surface a n d  to  record  this 
in fo rm ation  a s  a  series o f  b inary  bits w ritten on  m agnetic tape. T he scan  head  
is a device u tiliz ing  fibre optics and  is capab le  o f scanning  eight scan  lines 
sim ultaneously . T he d ru m  scanner can  accept a  m ap  up  to  48 in. x  4 8 in .  i n  
size. A  full-size m ap  ta k e s  app rox im ate ly  15 m inutes to  scan , including  the 
tim e fo r  m o u n tin g  a n d  d ism o u n tin g  it . S m aller sheets take  a  correspondingly  
sh o r te r  tim e.



It is n o t w ith in  the scope o f  th is  paper to  give a  detailed  d escrip tion  o f  the 
d rum  scanner, though  it is hoped  th a t the engineering aspects w ill be c overed  in. 
detail in  a  fu tu re  paper. T h e  fo rm a t o f  the  m ap-im age d a ta  o n  tap e  is, how ever, 
pertinen t to  the d iscussion. O ne m ap-im agc record is p roduced  fo r  each  0 .032 in. 
a long  the X -axis o f  a m ap  sheet, a n d  the height o f  each  record  a rea  is 0 .004 in. 
a long  th e  Y -axis. T h e  0-032  in . record , com prising  o ne  byte o f  co m p u te r  
s torage; is d iv ided  in to  eight b its. Each b it thus represents a n  a rea  o r  spo t 
0 . 004 in . w ide. L ines d raw n  o n  th e  m ap  a re  usually  0 . 008 in. w ide. I f  the scan  
he ads o n  th e  scanner iden tify  5 0%  o r m ore o f  a  spo t as p a r t  o f  a  line, th e n  a  
'1 ' b it is g enera ted ; otherw ise a  ‘0 ’ b it is generated . A  line in th is m a n n e r  is 
represen ted  as a co llection  o f  b its w hich a re  usually  e ither one, tw o, o r  th ree  
spo ts  in w idth.

T he traced  b o u n d a ry  sheet w ith  the transparen t num bered  overlay  is p laced 
o n  a D -M ac  ca rto g rap h ic  X -Y  d ig itizer w here the fou r reference c o rn e r p o in ts  
a nd  th e  co -o rd ina tes  o f  one reference po in t per ‘m ap  face’ a re  coded  in  digits. 
A  m ap face is any  o ne  o f  the d istinct areas th a t together m ake up  th e  surface 
o f  the  m ap . A s noted  before, in fo rm ation  related to  a face is considered  to  be 
hom ogeneously  d is trib u ted  w ith in  th a t face. T he o u tp u t from  th e  X -Y  digitizer 
is p roduced  o n  m agnetic  tape by m eans o f  an  N C R  en co d e r; th is  will revert to  
punched  ca rd s  i f  it is found  th a t the e rro r-ed it capability  o f  c a rd s  is needed. 
The classification  d a ta  sheet is now  also  d irectly  transcribed  o n  to  m agnetic  
tape, th o u g h  th is  m ay be taken  back  to  punched  c a rd  o u tp u t. C lassification d a ta  and the digitised reference points are combined on the basis of map face number 

to  result in  a  c lassification  tape.

Entering Data into the System

T he basic  app ro ach  to  feeding m a p  d a ta  in to  the system  is to  reco n stru c t a  line 
segm ent, o r  the  p a r t  o f  a line th a t lies between ad jacen t vertices, f ro m  th e  p o in t 
com prising  th e  scanned  m ap  im age. T hese segm ents a re  then  c om bined  w ith  the 
c lassification in fo rm a tio n  to  p roduce  m ap  faces w hich a re  a  basic  u n it  o f 
storage.

T he follow ing  a re  som e o f  the steps in th is inpu t procedure. A s a  prelim inary , 
the iden tifica tion  o f  th e  scanner and  classification tapes, coverage a n d  m ap 
identification , and  sim ilar d a ta  a re  p u t in to  the p rocedure w hich co n tro ls  the  
flow in the su b seq u en t u p d a te1 opera tion . T he classification tap e  is ed ited  
fo r d a ta  consistency  a n d  is changed  in to  system  fo rm at d u rin g  th is  stage 
(F ig. 2).

T he m ap-im age tap e  then  en te rs  the m ain  m ap -d a ta  reduction  procedure. 
Since a 30-in. by  30-in. m ap  generates over 56 m illion bits, occupying  over 
7 m illion bytes o f  co m p u ter sto rage  on  an  IBM  System  360, the d a ta  reduc tion  
o f  the m ap  im age is perform ed sequentia lly  o n  sm aller u n its  know n a s  ‘sections’. 
T he use o f  a  sq u a re  (o r nearly  square) section results in  considerab ly  longer 
lines being  availab le  from  the m ap  for processing a t one tim e th an  w ould  be 
the case if  a lo n g ,  th in  rectangle w ere used. A co m p u ter w ith 512 th o usand  
bytes o f  co re  s to rage  can  han d le  a section in the o rd e r  o f  1½ in. x  2¼ in.

Each sp o t in  th e  c loud  o f  spo,ts w hich m ake u p  the lines is a ssigned a  ‘V ’ value. 
T his is a  m easure  o f  th e  n um ber o f  inform ation-carry ing  spots su rro u n d in g  it.

1 Update —  A com puter procedure to  combine new data being entered into the system 
with data already existing in the system. This m ay take the form o f correcting, re­
placing, o r deleting existing data, o r inserting Or adding new data.
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T h is  m inim izes the  effect o f  irre levan t bits a n d  tends to  pick  o u t th e  cen te r 
po in ts  a long  the line. T h e  search follows the highest V values; it e lim inates the 
redundan t sp o ts  in the cloud.

2 0 6  DATA HANDLING AND INTERPRETATION

Fig. 2. Diagram showing sequence o f file update operations.

T h e  cen ter po in ts  a re  coded to  identify  line in tersections (o r vertices) and  the 
sense o f  d irection  o f  the  line. H av ing  thus located the po in ts  w hich com prise  
boundary  lines, it is a sim ple task  to  record  the X  and  Y  co -o rd ina tes o f  each 
p o in t along  a  segm ent.

T he system requires descriptive in form ation  to  be re lated  to  m ap  elem ents. 
O ne m ethod  o f  accom plishing th is is to  apply  an  identifying tag  to  bo th  sides 
o f  th e  line. T his tag  also indicates in  w hich d irection  th e  line w as first followed, 
th is being necessary if  the  sides o f  the  line a rc  to  have a  con stan t m eaning.



T h e  identify ing  tags a re  called ‘system  co lo rs’. T hey  a rc  ana logous to  the 
co lors in  a  po litical m ap. A  sort-and-search  o f  these co lors enables the segm ents 
to  be connected  w ith each  o ther, and  hence faces to  be assem bled.

U sing  the re ference po in ts  in l a ti t ude  a n d  longitude tak en  fro m  th e  fou r 
c o rn e r po in ts  o f  th e  m ap , a tran sfo rm atio n  is carried  o u t w hich locates th e  X -Y  
d ig itizer m ap-elem ent reference poin ts w ithin the scanner. M a p  pro jections, 
w hich c an  vary from  o ne  m ap  to  a n o th e r, a rc  norm alized . C alcu lations a rc  m ade 
to  c o rrec t for linear d is to rtio n  a n d  skew ed o r ien ta tion  o f  th e  m ap  o n  th e  scanner 
o r digitizer. T he tran sfo rm ed  ‘m ap-im age d a ta  se t’ an d  th e  classification (or 
‘d e scrip to r-da ta  se t’) th en  a rc  m atched  a n d  com pacted . D uring  th is m a tch -and - 
c o m p act op e ra tio n , the m ap-im age co -o rd ina tes a re  reco rded  in  te rm s o f  a  
s tandard ized  geodetic  co -o rd in a te  system . T his allow s a  un ifo rm  base for 
sto rage a n d  the subsequen t m easurem ent and  overlay  p rocedures.

T h e  cho ice  o f  a s tan d a rd  co -o rd ina te  system  was a  m a jo r consideration . 
T he eventual m easu rem en t needs (i.e. a re a , length, and  cen tro id ) requ ired  the 
chosen system  to  be locally  cartesian . H ow ever, a  co -o rd in a te  system  based  on  
a  pro jec tion  c a n  result in  a  system  o f  regions, each  w ith its ow n co -o rd ina te  
system . T his p ro b lem  is particu larly  p ertin en t w hen  o n e  considers an  a re a  as 
extensive a s  C anada .

C areful investigation  ind icated  th a t  a  system  com prised  o f  th e  geodetic  
la titu d e  and  longitude h ad  m any advantages. T h e  sm allest d ivision in  the 
geodetic  co -o rd in a te  system  used  in  the  d a ta  ban k  i s  called  a u n it  g r id . It 
rep resen ts a n  an g u la r  d isp lacem ent o f  1/22 4 degrees. T h is  w as derived quite  
em pirically . U sing a  4-by te  un it, 1 by te  allow s a  span  o f  128 degrees w hich is 
sufficient to  encom pass C an ad a . T he rem ain ing  3 bytes rep resen t th e  possib le  
subdiv ision  o f  a n y  o ne  degree.

T he theo retical reso lu tion  o f  th e  system  is de term ined  by  th e  ac tua l distance 
o n  the g ro u n d  covered  by  th is un it g rid , w hich a t 45 degrees la titude  is ju s t 
over 1/4 in. in  th e  la titu d in a l (o r  X) d irection . T h is  is considered  adeq u a te  for 
th e  d a ta  being p u t in to  the system .

Scale w ith in  th e  system  is in  term s o f  the  u n it g rid  d istance . F ac to rs  from  
2° to  231 have been devised to  provide co arser resolution.

T o  hand le  m ap  in fo rm ation  w ith in  th e  system , i t  is conven ien t to  subdivide 
th e  c o -o rd in a te  system  in to  regions called ‘fram es’. A  fram e has an  equal 
ang u la r d isp lacem ent in  th e  X  a n d  Y  directions, hence is a  sq u a re  in th e  g eodetic 
co -o rd ina te  system .

A  relatively sim ple  calcu la tion  reveals th a t a  m ap  o f  average  density  (30 in. 
by 30 in ., w ith 800 in . o f  boun d ary  lines), w ill occupy 200,000 bytes o f  s to rage 
if  n o  scale ch an g e  o r  tran sfo rm atio n  is perform ed. W ith u p  to  30,000 m aps 
envisaged as the p rim ary  co n ten t o f  the d a ta  ban k , a  co m p act n o ta tio n  for 
sto rage  o f  co -o rd ina tes  w as essential.

W ith  a  code  based  o n  d irec tion  change betw een co -o rd ina tes  a n d  distance 
betw een c o -o rd in a te s , a  sequence o f  sim ple codes can  be used to  describe 
co -ord inates. A  sam ple line,  req u irin g  864 bits fo r  no rm al X -Y  recording, 
occupies 76 b its in  c o m p act n o ta tion . I f  required , lines  w ith  reg u la r pa tte rn s  can 
be fu rth e r com pacted  by  s to rin g  the p a tte rn  w ith a n  ind ica tion  o f  h o w  m any 
tim es th e  p a tte rn  is repeated .

In  the m atch-and -com pact phase , rou tines a re  carried  o u t to  calcu late  the  
area  o f  each  face, the cen tro id  o f  face elem ents, an d  the length o f  line elem ents. 
In th e  sam e phase, a n  extensive e r ro r  analysis isp e r fo rm e d  to  ensure th a t the 
m ap  is topologically  correct. E rro rs  found a t  th is  stage a re  docum ented  by a  
series o f  e rro r  m essages on  th e  c o m p u te r prin ter.

T he m atc h -and -com pact o p e ra tio n  produces tw o index  fi l e s .  T h e  firs t o f
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th e se  is  a  face  file  w ith  c lassification  and  fram e num ber w h ich , w hen  so rted , is  
used  in  upda ting  the  descrip to r-da ta  se t. T he  second  is  a  face  file  w ith  segm en t 
iden tifiers w hich  is used  to  update  the  im age-data  set. Incorporated  in  the  second  
file  is  th e  b a s ic  c o m p a c t n o ta tio n  o f  c o -o rd in a te  d a ta  b y  fra m e  n u m b e r. T h e  
ro u tin e  fo r u p d a tin g  th e  im ag e  d a ta  se t p ro v id es  th e  g eo d e tic  p ro p e rtie s  (a rea , 
c e n tro id , a n d  le n g th )  a s  re q u ire d  to  u p d a te  th e  d e s c r ip to r -d a ta  s e t .  B o th  o f  
t h e s e  u p d a te  ro u t in e s  c a n  p ro d u c e  e r ro r  l is t in g s  a s  n e w  d a ta  a r e  m a tc h e d  
w ith  d a ta  a lread y  in  th e  d a ta  b an k . A g ain , e rro r co rrec tin g  is  c a rried  o u t a s  an  
update to the primary map-data reduction phase. The best 

approach  to  take w ith regard to  error correction w ill only be found by  trial w ith 
a  w o rk in g  sy s tem . G iv en  a  h ig h  p e rcen tag e  o f e rro rs  req u irin g  re fe ren ce  b ack  
to  so u rce  d o c u m e n ts  o r  e v e n  to  f ie ld  su rv e y , th e  re la tiv e ly  e x p e n s iv e  m e th o d  
u s in g  ca th o d e -ray  tu b e  d isp lay s  w o u ld  ad d  little , if  an y th in g , to  th e  e ffic ien cy  
o f  th e  e rro r-c o rrec tio n  p ro ced u re . O n  th e  o th e r h an d , g iv en  a  h ig h  p ercen tag e  
o f e rro rs o f a  s tric tly  ca rto g rap h ic  n a tu re  an d  n o t req u irin g  re fe ren ce  to  so u rce  
d o c u m e n ts , th e  c a th o d e - ra y  tu b e  a p p ro a c h , b y  w h ic h  im a g e s  d is p la y e d  o n  
th e  tu b e  can  b e  co rrec ted  b y  ‘d raw in g ’ o n  it w ith  a  b eam  o f  lig h t, w o u ld  h av e  
considerable m erit. B oth approaches w ill be investigated during the system  trials.
Data Bank Organization

The data bank is divided into 

c la s s i f ic a t io n  d a ta  c o n ta in e d  w ith in  th e  d e s c r ip to r -  d a ta  s e t  a n d  b o u n d a ry  
d a ta  c o n ta in e d  w ith in  th e  im a g e -d a ta  s e t . T h re e  le v e ls  o f  f i le  o rg a n iz a t io n  
a re  e n v is a g e d .  T h e s e  a r e :  ( 1 )  c o n s e c u t iv e . ( 2 )  re g io n a l , a n d  (3 )  in d e x e d . 
T h e se  f i le  o rg a n iz a tio n s , to g e th e r  w ith  an  u n s tru c tu re d  o r  s tru c tu re d  v e rs io n  
o f th e  c la ss ific a tio n  d a ta  w ith in  th e  d e sc rip to r-d a ta  s e t . h a v e  b e e n  c o m b in e d  
in to  s ix  lev e ls . F iv e  o f  th e se  w ill  b e  p o s s ib le  w ith in  th e  p re se n t s c o p e  o f  th e  
data bank. Using the 

descrip to r-da ta  se t as an  exam ple, the  re la tionsh ip  be tw een  the  various leve ls 
can  b e  th o u g h t o f as  fo llo w s: L ev e l 1  rep resen ts  th e  b asic  d es­ c rip to r-d a ta  se t 
a r r a n g e d  b y  c o n s e c u t iv e  f a c e  n u m b e r ;  L e v e l  2  r e p re s e n ts  a  s o r te d  L e v e l  
1 , g ro u p e d  acco rd in g  to  so m e  se lec ted  ch a rac te r is tic  o r  se t o f  ch a ra c te r is tic s ; 
L ev e l 3  is  th e  e q u iv a len t to  L ev e l 1  fo r a  sp ec ific  reg io n  o r g ro u p  o f reg io n s  ; 
L ev e l 4  can  b e  th o u g h t o f a s  a  L ev e l 3  w h ich  h as  b een  s tru c tu red  b y  g ro u p in g  
th e  fa c e s  re la tin g  to  a  c e r ta in  c h a ra c te r is tic  o r  s e t  o f  c h a ra c te r is tic s ;  L e v e l 
6  is  a  L e v e l  2  o r  4  w h ic h  i s  n o t  o n ly  s t r u c tu r e d  b u t  h a s  a n  in d e x  o f  i t s  
co n ten ts  a v a ila b le  to  fa c ilita te  fu r th e r  se a rc h . L e v e l 5  is  n o t im p le m e n te d  a s  
an indexed consecutive file is not an advantage.

In  th e  d esc rip to r-d a ta  se t fo r each  m ap  e lem en t, th e re  is  a  lis t o f p o in te rs  to  
th e  fram es co n ta in in g  re lev an t p arts  o f th e  b o u n d a ry  in fo rm a tio n  fo r th a t m ap  
e le m e n t. T h e  fo rm a t o f  th is  k ey  v a r ie s  w ith  th e  lev e l o f  f ile  o rg an iza tio n , b u t 
in  a ll cases , it se rv es  to  re la te  th e  im ag e-d a ta  se t to  th e  d escrip to r-d a ta  se t. T h e  
record  form ats o f the  various levels o f descrip tor-data  set are  illustra ted  below .

Level 1, 3

Record
Type

Coverage

Number
Map

Element
Geodetic

Data
Factor

Data
Fram e

List

Level 3 
Region 

List



Record
Type

DDS Key 
Classification 

D ata
Geodetic 

D ata

Non-Key 
Factor 
Data

Frame
List

Region 
N o. List

Data Retrieval

As the b o u n d a ry  in fo rm ation  is kep t separate  from  the descrip tion  in fo rm ation  
it is on ly  necessary to  use the boundary  in fo rm ation  if  a c tua l b o undaries  have  
to  be co m p ared  o r  o u tp u t. O therw ise, all retrieval can  be  d o n e  from  th e  des­
c rip tion  in fo rm a tio n  files. T his leads to  extrem ely efficient use o f  th e  d a ta  bank , 
as m o st requests will n o t require use o f  the boundaries.

A  co m p u te r needs a  detailed descrip tion  o f  th e  location  a n d  o rgan iza tion  o f  
d a ta  w ith in  itse lf  before it can b rin g  it o u t o r  m anipu la te  it. T hese d e ta iled  
descrip tions a re  them selves kept in co m p u ter sto rage  and  a re  indexed by  key 
w ords. T hese key w o rd s have been m ade to  be the norm al w ords th a t w ould  
o rd inarily  describe the m aps such a s  Present La n d  Use o r  A g ricultural  
C apability . T he use o f  such key w ords au tom atically  g en e ra te s  co m p u te r 
p rogram s th a t  bo th  describe t he data and  actually  bring it o u t o f  the  co m p u ter.

In the sam e w ay key w ords a re  used to  describe the types o f  m an ipu la tion  
th a t can  be carried  o u t by the system . W hen d a ta  is to  be retrieved  the request 
is w ritten  by com bin ing  the key nam es o f  the d a ta  and  the key w o rd s o f  th e  
desired analysis. T his resu lts in a  very  pow erful se t o f  instructions being  a v a i l ­
ab le  th a t a re  also  very flexible. T his flexibility in d a ta  specification s ta tem en ts  
is m ade possible by  use o f  the P L /l language. U ncom plicated  requests w ill be  
extrem ely sim ple  to  add ress  to  the com puter. T he m ore com plex requests will 
necessitate a  sm all p ro g ram  being w ritten , b u t even th is w ill be  fac ilita ted  by 
th e  use o f  these key w ords w hich represen t a lready  w ritten  sm all p ro g ram s.

Overlay Procedure

T he overlay  p rocedure  o f  the  system  is the w ell-know n function  o f  p u ttin g  o ne  
m ap  ov er a n o th e r  a n d  exam ining th e  resulting d a ta  re la tionsh ips.

F irstly , the tw o  m ap s in  the  d a ta  ban k  a re  b rough t to  the sam e scale. T h e n  a  
section o f  o ne  m ap  o f  a size th a t can  be handled by th e  co m p u te r is  b ro u g h t 
in to  co re  a n d  th e  co rrespond ing  section o f  the m ap being overlaid is s im ilarly  
b rough t in to  co re  and  superim posed  on  the first. T his, in effect, creates a  new 
m ap  w ith new  faces. T he new  faces a re  ‘re-co lored’ and  identified a s  new h o m o ­
geneous areas . T h e  first descrip tion  d a ta  set is then  b rough t in  a n d  th e  p ro p e r  
descrip tion  is applied  to  each  o f  the  new faces. T h e  descrip tion  d a ta  set front 
the  overlay  m ap  is s im ilarly  b rough t in and  app lied  to  the  new m ap  faces. E ach  
o f  the  new  faces has now  g o t a  d o ub le  nam e, one front each  o f  the orig inal 
tw o m aps. T h e  process is thus one o f  creating  o ne  ‘new’ m ap  from  th e  tw o  
original m aps being overlaid. T h e  new  m ap  can  then have its  a reas  m easured 
a n d  sum m arized  in the sam e w ay a s  any  o th e r m ap  in the system . It is sto red  
a n d  kep t in the  system  as if  it w ere a n  original m ap  coverage. U p  to  eight m aps 
can  be overlaid  in th e  sam e o p era tio n  but obviously  th is is n o t a lim ita tion , a s  
the  resu lts o f  tw o overlays can  subsequently  be them selves overlaid .

Level 2, 4, 6
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Data Control

D ata  c o n tro l w ith in  the system  is achieved by th e  system  m o n ito r. T h e  system  
m on ito r accepts pertinen t d a ta  on  the h istory  o f  m ap -d a ta  m an ipu la tion  w ith in  
th e  system  a t  all tim es. M an y  o f  the responsibilities fo r system  co n tro l in  suc h  
a n  open-ended  system  m ust rest w ith the system  lib ra rian .

T he lib ra rian ’s  responsibilities include decid ing  w h eth er coverages are  
perm anen t o r  tem porary , selecting the reso lu tion  a t  w hich boun d ary  lines for 
various coverages need to  be stored , and  deciding th e  w ay in w hich  the dcs- 
c rip to r-d a ta  sets a re  filed for ease o f  re trieval a n d  com parison . H e  i s  a lso  
responsible fo r p rov id ing  the  p rocedures which ed it th e  c lassification  d a ta  in 
th e  prelim inary  phase o f  the m ap-da ta  reduction  sub-system . H e m u st ta ilo r 
th e  key w o rd s th a t describe the different types o f  m ap  a nd d iffe ren t types o f  

m an ip u la tio n  to  efficient, specifically applicab le  retrieval requirem ents. H e  is in 
con tro l o f  the  flow o f  ind ividual m ap s w ithin the system  an d , s im ilarly  he m u st 
evaluate  th e  practicab ility  o f  assessm ent requests, inc lud ing  th e  avo idance  o f  
dup licate  assessm ents.
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CONCLUSION

T h e  G eo g rap h ic  In fo rm a tio n  System  o f  the R ura l D evelopm en t B ranch  is. still 
in an early  stage o f  its developm ent. N ot all the  procedu res described  have  yet 
been fully im plem ented and  a t p resen t ra tes o f  p rog ress i t  will be several years 
before  th e  d a ta  ban k  co n ta in s  m aps fo r  any  one type o f  in fo rm ation  th a t cover 
th e  w hole o f  the  settled po rtion  o f  C anada . T he effectiveness o f  the system  will 
o f  course depend  as m uch on  th e  quality  o f  the  d a ta  en tered  in to  the bank  
as on  th e  capabilities fo r hand ling  da ta . N evertheless, th e  system  is fu rth e r 
advanced  th an  any  o th e r m ajo r land  d a ta  bank  and  con ta in s  several new 
concep ts a n d  techniques, especially those relating  to  the  co m p act s to rag e  o f  
b o u n d a ry  d a ta  an d  the rap id  com parison  o f  one m ap  w ith  an o th er. S uch  a  
system  is essential to  effective ru ra l p lann ing  in any  c o u n try  a n d  offers fo r th e  
first tim e th e  possibility  o f  rap id  a n d  efficient geographical analysis w hich  has 
app lica tio n  in any  n a tio n  w here th e  developing  econom y is concerned  with 
the na tu ra l resources.
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