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A DATA STROCfURE FOR EXO-IANGING GEOGRAPHICAL INFORMATIOO 

by 

A K  Coope r 
Nat i ona l  Research I ns t i t u te for  Ma t hena t i ca l  Sc i ences , CS IR 

ABSTRACT 

Geographi ca l  i n fo rma t i on cons i s t s o f  non- spa t ia l i n f o rma t i on 
( a l phanumer i c ) ,  and spa t i a l  i n fornn t i on ( vec tor  and ras te r ) , the  
re l a t i onsh i ps be t ween t he non- spa t i a l  i nf ornn t i on and t he spa t ia l  
i n f orna t i on ,  as we l l as t he spa t ia l r e l a t i onsh i ps i nhe ren t i n  t he 
spa t i a l i n forma t i on ,  known as t opo l ogy . I t  i s  unde s i rab l e  fo r any 
exchange s tanda rd to l ose , reduce or a l t e r any i n f ornn t i  on exchanged 
t hrough t he s tandard . Fo r t h i s  reason , cu rren t a l phanume r i c  and graph i c  
exchange s tanda rd s  are insu f f i c i en t  for  geograph i ca l  i n f o rma t i on .  

The proj ec t t eam d raw i ng up a p ropo sed Sou fh A f r i ca.n s tandard for  the  
exchange of  geograph i ca l  i nf or nu t i on has s t ud i ed t he p ropo sa l s  and 
s tandards o f  o t he r  coun t r i e s  and has he ld d i scu ss i ons w i t h  the users  and 
po t en t i a l  user s o f  compu te r i zed geograp h i ca l  in fo rma t i on i n  t h i s 
coun t ry .  The proj ec t team f ee l s  t ha t  t he be s t  mode l for  u se w i t h  the 
da t a  s t ruc t u r es of  t he exchange s tandard is  t he r e l a t i ona l  one . Th i s  
paper de sc r i be s  t he na tu re o f  geog raph ica l  i n fo rma l ion and t he 
advan tage s o f  t p� r e l a t i ona l  mode l .  

KEYIURDS 
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1 . INTRODUCTIOO 
Geographi ca l  i n fo rma t i on cons i s t s of a l l i nf orrrn t i on tha t re fe r s  to the 
man-env i ronme n t sy s t em and t ha t  can be l oca l i zed i n  space and t i me . 
Compu te r i za t i on o f  geog raph i ca l  i nforrrn t i on s ta rt ed w i t h t he s ta t i s t i ca l  
p rocess i ng o f  t hem. t i c  da ta and w i t h  au torrn ted ca r t og raphy . Th i s  has now 
deve l oped to Geog raph i cal  I nf orrra t i on Sys tems ( C I S ) . A G I S  cons i s t s o f  a 
da ta base o f  spa t ia l l y ( geograph i ca l l y )  referenced da ta and a co l l ec t i on 
o f  u t i l i t i e s  fo r e f f i c i en t l y i npu t t i ng ,  s to r i ng ,  re t r i ev i ng ,  
mai n ta i n i ng ,  man i pu l a t i ng ,  anal ys i ng and d i sp layi ng t he da t a .  

A t r ue G I S  i s  a sys t em tha t i s  or i e n t a t ed to  t he ana l y s i s  o f  
geograph i ca l l y r e f er enced da t a  t o  produc e  usef u l  i nf ornn t i on [ GX>P86b] .  
To do t h i s ,  t he G IS ' s  da t a  base mus t ca t e r  for  the d i f fe re n t types o f  
geograph i ca l  i n f o rma t i on ( vec tor , ras t e r  and a l phanumer i c } and prov ide  a 
t opo l og i ca l s t r uc t u re f or t he spa t i a l  da ta - t ha t  i s . a s t ruc t ure  t ha t  
exp l i c i t l y encode s t he spa t ia l  re la t i onsh ips i nhe ren t i n  t he da ta . 

A ma j o r  p rob l em w i th  geog raph i ca l  i n fo rma t i on ,  and one t ha t  has de layed 
i t s compu t e r i za t i on ,  i s  the eno rmou s vo l ume s  i nvo l ved . Dona l d L igh t o f  
t he US Geo l og i ca l Survey ( USGS) es t i ma t es t ha t  t o  d i g i t i ze t he 
approx i ma te ly 54000 7 . 5-m i nu t e s t andard topographi ca l  quadrang l e  maps 
( a t  a sca l e  o f  1 : 24000 ) t ha t  cove r the l owe r  49 Ame r i can s ta tes , the 
USGS w i  1 1  requ i re a s t o rage capac i ty of  a bou t 1 1  t e  raby t e s  [ LI CH8G] . The 
sca l e o f  1 :  24000 wou l d  be accep Lab l y  l arge for  mos t r u ra l app l i ca t i ons . 
bu t for  u rban app l i ca t i ons , sca l es  o f  1 : 1 000 o r  even 'l arge r bec ome 
n ecessa ry . The enormous vo l umes a re no t res t r i c t ed t o  t opog raph i ca l  da ta 
- con s i de r  t he amoun t of da t a  cap t u red in a popu l a t i on census . 

I t  i s  no t feas i b l e  to expec t u sers  o f  geog raph i ca l  i nforrra t i on t o  
cap t u  re a l  l t he i r  own raw da t a  because t he t i  me and cos t s  i nvo 1 ved q.r e  
proh i b i t i ve .  Use r s  mu s t  b e  ab l e  t o  acqu i r ·e  da t a  f rom o t he r· use r s . There  
a re a n umbe r o f  d i f f e re n t  s upp l i e rs whose hardware and so f t ware a re u sed 
for proces s i ng geograph i ca l  i nf orma t i on .  Un for t una t e l y ,  very few ar e 
compa t i b l e  w i th  eac h o t he r  t o  t he ex ten t t ha t  t hey can ,  exchange 
geograph i ca l  i n f o rma t i on .  Genera l l y . u sers  have a g rea t dea l o f  f reedom 
i n  s t r uc tu r i ng t he i r  sys tems . and consequen t l y ,  there cou l d  even be 
s ign i f i can t p ro b l ems i n  exchang i ng i n forma t i on be t ween sys tems f r om the 
same supp l i er .  Thus t he re i s  a need for  a sof t ware- and 
har dware- i ndependen t exchange s t andard for  geog raph i ca l  i n f o rnu t i on .  The 
da t a  s t ruc t u r es o f  t he exc hange s tandard shou l d  be a supe rse t 'of  the 
s t r ue tu  re s o f  t he sys terns t ha t  m igh t use the exchange - they mu s t  no t 
l ose , r educe or  a l t er t he i nforma t i on o r  i t s topo l ogy .  

I n  Ap r-i l 1 986 a j o i n t  p ro jec t be tween t he Na t i ona l Re search In s t i t u t e  
f or Ma t hema t i ca l  Sc i ences ( NR I MS )  o f  t he CS l l<  and the Ch i e f Di rec t ora t e  
o f  Surveys and Mapp i ng ( CDSM ) was i n i t i a t ed t o  draw u p  a Sou t h  A f r i ca n  
exchange s t anda rd f o r  geograph i ca l  i n fo rma l  i on .  The p ro jec t t eam ha s 
s tud i ed t he s tandards and propo sa l s  of  a numbe r o f  cou n t r i es ,  i nc l ud i ng 
Aus t ra l i a  [STAN8 1 ] .  the Un i t ed S t a tes  [ USGS..'-M] . [ MOEL8:::, J , [ MOEL86] . 
[TESE86 ] and [ MOEL87 ]  and t he Un i t ed K i ngdom [ HAYW86 ] and [ HAYW87 ] .  as  
we l l as propo sa l s  s1 1 bm i t ted t o  t he I n t e r· na t i ona l Hyd rograph i c  



Organ i sa t i on ,  [ NAWG85 ] , [Q-IS85] and [ YEAG86 ] . The proj ec t t eam 
d i s tr ibu t ed a ques t i onnai re on GIS t o  over 1 10 o rgan i sa t i ons i n  Sou t h  
Afr i ca and has a l so o rgan i z ed a numbe r o f  workshops on G I S . Th i s  ha s  
enab l ed t he G IS communi ty t o  prov i de t he pro j ec t t eam w i t h va l uab l e  
i npu t s  conce rn i ng t he proposed exchange s tandard . A d ra f t exchange 
s tandard was re l eased i n  Ma rch 1 987 for pub l i c  commen t [CLAR87 ] .  and i n  
Sep t embe r  1 987 t he f i na l  repo r t  w i l l  be presen t ed t o  the Na t i ona l 
P rogramme for  Remo t e  Sens i ng ,  t he pro jec t ' s  sponsor s .  

2 .  11IE a>NTFlffS OF A GEOCRAPII ICAI . I NFORNATIOO SYSTEM 
The f o l l ow i ng def i n i t i ons are f rom [C(X)P87 ] ,  [CLAR8Gb ] and [CLARS'l ] :  

A s i mp l e  feature i s  a se t o f  one or  more un ique l y  iden t i f i ab l e objec t s  
i n  t he rea l wo r l d  whe re t he def i ned cha rac t er i s t i cs o f  t he objec t s  a re 
cons i s ten t t h roughou t a l l t he obj ec t s . 

An at tr i bu te i s  a def i ned cha rac t er i s t i c  o f  any fea tu re abou t wh i ch 
i nforna t i on i s  s t ored . 

Non-spa t i al a t t r i bu tes are a t t r i bu t es t tk'1. t are i ndependen t of  pos i t i on -
o f t en t ermed the desc i p t i ve da ta o f  t he fea t u re . 

A spat ia l  a t t r i bu te i s  an a t t r i bu t e  who se va l ue i s  a subse t o f  any 
n-d i mens i onal space . Mo s t  cur ren t G IS ' s  work i n  t wo d i mens i ons , and some 
work i n  three d i mens i ons . The re i s  no reason why f u tu re G IS ' s  m i gh t no t 
work i n  mor e  d i mens i on s . TI1e t h ree fundamen t a l  t ypes o f  t wo-d i mens i ona l  
vec to r spa t ia l a t, t r i bu t es a re nodes , cha i ns and r eg i ons . The fu ndamen ta l 
ras t e r  spa t i a l  at t r i bute i s  t he ma t r i x .  

A node i s  a 0-d imen s i ona l obj ec t w i t h  a n  n- 1 1 1p l e  of  coqrd i na t e s 
spec i f i ng i ts pps i t  i on i.n n-d imcn s i ona l � pace . 

A chai n  i s  an o rdered sequence o f  n- t up les  o f  coo rd i na t es w i t h  a node a t  
each end . The d i rec t i on o f  the cha i n  i s  def i ned when t he cha i n i s  u sed 
in a spec i f i c f ea t u re .  

An arc i s  any con t inuous par t o f  t he c i rcumf erence o f  n c i rc l e w i t h  n 
node a t  each end . The a n: i �  de f i ned by 14 i v i ng t he s t a r t  and e nd node � 
o f  the arc  and e i t he r· t he cen t re of  t he c i rc l e  or  any o t he r  po i n t on t he 
c i rcumference o f  the arc . 

A regi on i s  t he i n t er i o r  of  a con 1 i nuo1 1 s  and c l osed seq uence o f  one o r  
mor e  cha i ns , known as t he reg i on ' s ou t e r  bounda r·y . 
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Examp l e s  o f  vec t o r  spa t ia l  a t t r ibu t es a re : 

• 
Node Chain 

/ 
Region 

Figure 1 

A matrix  cons i s t s  o f  an n- t up l e o f  coo rd i na l e s ( i t s 1 o r i g i n )  and an  
m-d i men s i ona l t e sse l a t  i on of da t a  va l ues enc oded i n  a pre-de f i ned 
f orrra t .  

Thr ee-d i men s i ona l vec t o r spa t i a l  a t t r i b1 1 t es a re no t y e t we l l unde r s t ood ,  
and no exchange s tanda rd has a t t emp ted lo  ca t e r  f o r  t hem . [COOPS't J 
r ef e r s to sol ids as t he fundamen ta l t hr ee-d imen s i ona l vec t o r  spat i a l 
a t t r i bu te .  As  and when so l i ds are f orma l l y def i ned and u sed i n  
geograp h i ca l  i n forma t ion , t hey can eas i l y be added t o  the . p ropo sed 
exchange s tandard .  The advan tag� of t he re l a t i ona l  mode l f o r  t he 
exchange s tanda rd i s  t ha t  t o  add new t ype s of  da ta , a l l  one has t o  do i s  
f or ma l l y  de f i ne ,  and add to  t he s t anda rd . t he re la t i on sh i ps t ha t  shou l d  
ex i s t  be t ween t he new da t a  type s  and ex i s t i ng da t a  t y pe s . 

I n  a geograph i ca l  da ta base , f ea t u res  a re grouped on r he bas i s  o f  t he 
na t u r e  o f  the i r  spa t i a l  a t r r i bu t e s . The t h ree t ype s o f  vec t o r ,J ea tu res 
are po i n t , l i ne a nd a rea , and t he ras t e r t y pe of  a fea t u r e  i s  a g r i d .  

A poi nt f ea t u re i s  one whose pos i t i on i s  de sc r i bed by a node . 

A l i ne fea t u r e  i s  one whose pos i t i on i s  des c r i bed by a se t o f  c ha i n s  
and/o r  arcs . These cha i ns and a rc s  d o  no t necessa r i l y  fo rm a con t i nuous 
obj ec t .  

An area f ea tu re i s  one whose po s i t  i on i s  desc r i bed by a se t o f  1 ·eg i cms . 
The se r eg i ons do  no t nece ssar i l y fo rm a con t i nuou s objec t .  

A gr id  f ea tu re i s  one whose po s i t i on i s  de sc r i bed hy a se t o f  ma t r i ces . 
The se ma t r i ce s  do no t neces sa r i l y  f o rm a con t i nur n 1 s  obj ec t .  



' 

Ow i ng t o  the comp l ex na tu re o f  geog raph i ca l  i nforrm t i on ,  i t  i s  de s i rab l e  
to  b e  ab l e  t o  c omb i ne a numbe r o f  d i f fe ren t fea tu re s  t o  form one 
fea tu re . The proposed exchange s t andard al l ows compound fea t ures , wh i c h  
are c o l l ec t i ons o f  o t he r  fea t ures . 

Class i f icat ion i s  t he arrangemen t o f  
mus t be done on t he bas i s  o f  t he 
obj ec t s ,  such as the i r f unc t i on , 
quan t i tat i ve charac te r i s t i c s .  

fen t u res i n t o  c l as se s  o r  g roups and 
qua l i t a t i ve charac t er i s t i cs of t he 
and no t on t he bas i s  of  t he i r  

The re i s  a g rey a rea be t ween t he c la ss i f i ca t i on and the non- spa t i a l 
a t t r i bu tes  o f  a fea ture , and d i f f e ren t c r i ter i a ' app l y  for d i f f eren t 
u se r s  [ CX)()P86a] . I n  fac t ,  c lass i f i ca t i on i t se lf cou l d  be c on s i de red t o  
b e  a non- spa t ia l  a t t r i bu t e . 

For examp l e , a ta l l  o ff i ce bu i l d i ng cou l d  be c l ass i f i ed as a bu i l d i ng ,  
as an area zoned for  comme rc ia l use , o r  even as an aer onau t i ca l  
obs t ruc t i on .  Wh i cheve r c l as s i f i c.,a t i on i s  used , the o t he r  cha rac te r i s t i c s  
o f  t he fea t ure c ou l d  be reco rded a s  non- spa t ia l  a l  t r i bu t es o f  the 
f ea tu re . 

A fea tu re ' s  c lass i f i ca t i on shou ld  be done on the bas i s  o f  i t s 
charac t e r i s t i cs t ha t  are l eas t l i ke l y t o  c hange . I n  ou r examp l e , i t  
wou l d  be be t t er to  c l as s i fy t he fea tu re as a bu i l d i ng becau se if t he 
bu i l d i ng were des t royed t hen the fea tu re wou l d  be as we l l ,  wh i l e the 
bu i l d i ng cou l d  qu i t e eas i l y  be rezoned . Concep t ua l l y ,  t he re i s  no reason 
why an objec t or eyen t in t he rea l  wo r l d cou l d  no t be represen t ed by 
more t han one fea t ure . espec i a l l y  i f  the c lass i f i ca t i ons of  t he 
d i f fe ren t fea tu res  a·re no t c l ose l y  connec ted . Howeve r ,  th i s  cou l d  l ead 
t o  prob l ems such as redundan t da ta and i s  no t recommended . For de ta i l s  
on how t o  se t up a c l as s i f i ca t i on see ( S CHE8G J . 

4 .  10POU>GY 

Fou r t ype s of  t opo l ogy are i nc i denc e , con t a i nmen t .  i n t e rsec t i on and 
adjac ency . 

Inc idence mean s tha t  more t han one f Pa t 1 1 n� s hare t he same spa t i a l  
a t t r i bu t e s . I f  t h i s  t opo l ogy i s  no t exp l i c i t l y cap t ured w i t h  t he spa t i a l  
da ta , i t  i s  d i ff i cu l t t o  gene ra te . - In o l der G I S ' s ,  t he same spa t i a l  da t a  
w e r e  o f ten cap t ured mo re t han once , fo r examp l e .  t he common boundary o f  
t wo ne i ghbour i ng reg i ons  wou l d  be cap t u red t w i ce ,  once for  each reg i on .  
As  t hese da t a  wou l d  be cap t u red by hand d i g i t i za t i on ,  t he t wo ve r s i ons  
o f  t he same ooundary wou l d  no t necessar i l y be t he same . Th i s  wou l d  
resu l t i n  s l i ve r s  i n  the data base - nar row areas o f  ove r l ap { t he 
i n t er sec t i on o f  two reg i ons i n  t he da ta ba se t ha t  do no t i n t e rs ec t i n  
t he rea l wo r l d }  and unde r lap { t he a rea be tween two reg i on s  i n  t he data 
base t ha t  i n  t he rea l wor ld  are adjacen t ) .  The so l u t i on t o  t he prob l em 
o f  s l i vers  i s  t o  share . spa t ia l  da ta so tha t  when da ta are cap tu red , t he 
spa t i a l  da ta t ha t  are a l ready cap t u red can be used . 

 
 



I nc idence topo l ogy i nc l udes po in t f ea tu res shar i ng the same nod e , l i ne 
f ea tures and area boundar i e s  shar i ng the same cha in s , area f ea tu re s  
shar i ng t he same regions an d  gr i d  f ea tu re s  shar ing the same mat r i ce s . An 
examp l e  f o l l ows : 

Figure 2 

Thu s , the cha i n  be tween nodes A and B i s  sha red by the 1 ine fea tu r e  
R i ver Z and t he boundar i es of  t he "a rea fea t u res Farm X and Fa rm Y .  

Con tainment means t ha t  a spa t ia l a t  t r i bu t e · l i es en t 'i re l y  w i th i n  t he 
ou ter  boundary o f  a reg i on . The t wo con ta i nmen t  t opo l og i e s  ar e exc l us ion 
and i nc lus i on .  I f  a reg i on i s  comp l e t e l y  con t a i ned wi th i n  ano ther r eg i on 
and doe s no t fo rm a par t o f  t he con ta i n i ng reg i on , ' t hen t he ou t e r  
boundary o f  t he con ta i ned reg i on i s  an i nner boundary o f  t he c on ta i n i ng 
r eg i on . We say t ha t  t he con ta i n i ng reg i on exc l ude s t he con tai ned reg i on .  
A reg i on rruy exc l ude ze ro o r  mo re o t he r  reg i ons wh i ch a re w i th i n  i t s 
i n t er io r . I nc l u s i on means t ha t  t he con ta i ned spa t i a l  a l  t r i bu t e  forms a 
par t o f  t he con ta i n i ng regi on . Inc l us i on can be de term i ned f rom the 
c oord i na t es o f  the spa t ia l a t t r i bu t es . Howeve r ,  a u se r  m i gh t  wi sh t o  
encod e  t he re la t i onsh i p  exp l i c i t l y a s  t ran s fornn t i ons  be t ween d i f f e ren t 
pro jec t i ons can a l t e r  · t he apparen t re l a t i on sh i ps . Encoded i nc l usion 
r e l a t i onshi ps can speed u p  access t o  t he da ta . Ow i ng to t he numbe r o f  
t he se re l a t i on sh i ps norma l l y p resen t i n  t he da ta , i t  i s  un l i ke l y t ha t  a 
u se r  w i  1 1  exp l i c i t l y encode a 1 1  t he i nc l u s i on re l a t  i onsh i ps . 

In tersec t i on mean s t ha t  t he re i s  one coord i na te common to  mo re than one 
spa t i a l  a t t r i bu te .  I n  t opo l og i ca l l y  s t r uc tu red da ta one wou l d  expec t a 
nod e  a t  t ha t  po i n t and t ha t  a ll cht l i ns pass i ng t h rou�h t li.t t po i n t  wou l d  
be broken a t  tha t po i n t  i n t o  t wo cha i ns ,  each o f  wh i c h  ha s i t s s t ar t o r  
e nd node a t  t ha t  po i n t .  To, de t e rm i ne t he i n te rsec t i ons of  l i ne fea t ures , 
one wou l d  d e t ermi ne wh i ch o f  t he i r cons t i tuen t chai ns had t erm i na l  node s 
i n  COJMIOn . 

Adjacency o f  reg i on s  can be d e t ermi ned t h rough the cha i ns w h i ch form 
boundar i e s  common to  mo re t han one reg i on .  

Thu s , t opo l og i ca l connec t i ons on spa t i a l a t t r i bu t es ex i s t  be t ween a 
c ha i n  and i t s t e rm i na l  node s ,  a reg i on and t he chai ns tha t form i t s 
ou t er and i nner boundar i es , and a reg i on a nd i t s exc l uded reg i ons and 
i nc l uded node s , cha i n s , reg i ons a nd ma t r i ces . 



I n  add i t i on , be tween t he fea t ures and t he spa t i a l  a t t r i bu te s  are the 
re l a t i ons t ha t  take care of  ne t wo rks o f  cha i n s  tha t  f orm a l i ne f ea tu re ,  
d i s j o i n t reg i ons that form an area fea t ure and d i f f eren t ma t r i ce s  t ha t  
f orm a gr i d  f ea tu re .  

I n  the examp l e  be l ow ,  chains  A .  B .  C ,  D a nd E t oge t he r  form R i ver X .  

River X 

Figure 3 

Topo l og i ca l  i n f orma t i on i s  i mp l i c i t i n  t he rea l  wo r ld and i s  exp l i c i t l y 
cap t u red t o  reduce da ta redundancy , enhance da ta con s i s t ency and 
comp l e t enes s , and speed up access to the da ta . TI1e t opo l ogy o f  
geograph i ca l  i nf orma t i on i s  no t ye t we l l  unde rs tood , nnd wh i l e the 
propo sed exchange s tandard [ Cl .AR87 ] has a t temp ted to ca ter fo r t opo l ogy 
t ha t  i s  lmown and used , i t  m i gh t  be nece ssary to rev i se the topo l og i ca l  
re l a t i onshi ps ca te red · for  i n  the s tandard a s  t he u se o f  t opo l og_-y i n  
geographi ca l  i n fprma t i on nn tu re s . ... . - .. . .. - ·  · · · .. � 

5 .  ADVANTACF.S OF A RFJ .ATIONAL STROCfURE FOR EXCHANC INC 
GEOCRA PH ICAIJ INFORMATION 

The re are t hree common mode l s  for da ta s t ruc t u res , name l y  the 
h i e ra rchi ca l , t he ne t wo rk and the r e l a t i ona l . C1 1 rr ·en t exc hange s t anda rd s 
u se h i e ra rc h i ca l  { f or  examp l e , t h e  Au s t ra l i an s t andard [STAN8 1 ] )  ne two r k  
or  hybr id mode l s  { f or  examp l e , t he Br i t i sh s t anda rd [ HAYW8ri ]  u s e s  a 
combi na t i on o f  ne twork and re l a t i ona l mode l s )  f o r  t he i r  da t a  s t ruc t ures . 
Two nnjor  d i sadvan tages of  t hese mod e l s  are f i rs t l y ,  t ha t  use r s  have t o  
en t er da ta i n t o  a numbe r o f  f i e l d s  t ha t  t hey do  n o t  w i sh t o  u se , and 
second l y ,  t ha t  t he s t ruc t ures are r i g i d and cm1 on l y  be chnnged w i t h  
d i f f i cu l t y to  ca ter for new t ypes o f  da ta , such as t he t h i rd d i mens i on .  

W i t h  a re l a t i ona l s t ruc t u re , use r s  me re l y  omi t t hose re l a t i on s  for  wh i ch 
they have no da ta , and i t  i s  a l mo s t t r i v i a l  t o  add new re l a t i on s  to  an 
ex i s t i ng exchange s tandard .  In fac t , da ta tha t  car i  b(-' exchanged through 
a re l a t i ona l exchange s t ruc ture  can a l ways be exchanged th rough the 
s t ruc tu re , no ma t t e r  how many new r e l a t i ons are added t o  ca t e r  for new 
types o f  da ta . 
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Norma l i za t i on o f  geograph i ca l  da t a  i n  r e l a t i ons m 1 n 1 m 1 zes t he redundancy 
and remove s anomo l i es i n  upda t i ng the da t a  [ VANR87 ] . A l l t he re la t i on s  
i n  t he pr oposed exchange s tanda rd [CLAR87] a r e i n  a t  l eas t the second 
norma l f o rm . Once t he con t en t s have been f i na l i sed , fu r t he r  
norma l i za t i on w i l l  be i nves t i ga ted , bear i ng i n  mi nd t he dange r tha t  ove r 
norma l i za t i on o f  geograph i ca l  i n f o r ma t i on cou l d  s l ow down t he re t r i eva l 
o f  the i n fo rma t i on [VANR87J . 

The proj ec t t eam d raw i ng up the p roposed excha nge s tandard has s t ud i ed 
t he h i erar ch i ca l . ne t wo rk and re l a t i ona l da t a  mode l s  i n  t he con t ex t  o f  
geograph i ca l  i n f orma t i on and be l i eve s t ha t  t he re la t i ona l mode l i s  the 
o n l y  one t ha t  prov i de s  the powe r and f l ex i b i l i t y requ i r ed .  

The f o l  l ow i ng are a f ew examp l e s o f  the r e l a t  i ons p rov i ded i n  t he 
exchange s tanda rd . The re la t i ons are g i ven i n  t he boxes w i t h rounded 
corne r s , and the a t t r i bu t es of the re l a t i on s  are g i ven i n  t he boxes w i t h  
square co rner s .  The key s o f  t he re l a t i ons are g i ven above t he r e l a t i ons . 

Feature ID 

Feature I Classification Relation 

Classification 

Figure 4 

MIW'�· h-ol\V 
Thi s i s  a one � many re l a t i o n  eac h fea t u r e  may have on l y  one 
c l ass i f i ca t i on ,  whi l e  the re may be any number o f  fea t u r es w i th the same 
c l as s i f i ca t i on .  

Feature ID Sequence number 

Feature I Non-spatial Attribute Relation 

Non-spatial Attribute ID 

Non-spatial Attribute Value 

Figure 5 
Becau se a f ea t u re caJl have mo re t han one non-spa t i a l  a t  t r i bu t e ,  a 
seq uenc e  numbe r has t o  be added t o  t he key t o  ensure t ha t  t he key i s  
uni que . 



Feature ID Sequence number 

Line Feature / Spatial Attributes Relation 

! ! 
Chain ID Node ID 

Figure 6 

A l ine f ea t ure  cons i s t s o f  a se t of cha i ns . I n  t he re la t i on ,  the  node I D  
i nd i ca tes  whi ch o f  the chai n ' s two' term i nal  nodes i s  t he s tar t node . The 
re l a t i onsh i ps i n  geograph i ca l  i n fornn t i on are compl ex ,  and i t  i s  no t 
poss i b l e  t o  de f i' ne a l l  t he re l a t i ons so t ha t  t hey m igh t eas i l y  be 
i nver ted . Fo r examp le ,  t he inve rse o f  t he prev i ous re la t i on i s  the 
fo l l owi ng ( no te t ha t  t he node I D  i s  no t i n  the re la t i on ) : 

Chain ID Sequence number 

Chain / Lin� Feature Relation 

Feature ID 

Figure 7 

6 .  ffiNCLUSIOO 

To be use fu l ,  an exchru1ge s ta ndard shou ld  be a supe r se l of any sys t ern 
t ha t  m igh t use t he exchange . I t  shou l d  a l so be expand i b l e  t o  ca t e r  fo r 
any advances t ha t  m i gh t  take p l ace . Thus , wh i l e  the s tandn.rd shou l d  
ca t er for  the ·  topo l ogy requ i red by G I S ' s ,  a 1 1 se r  shou ld  he ab l e  t o  use 
i t  i n  a s t r ipped down f o rm i f  he does no t r eq u i re a ny t opo l ogy . 
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