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CURSO INTENSIVO SOBRE: 

"CARTOGRAFIA AUTOMATIZADA APLICADA A LA PlANEACION" 

LUNES 18 

9al0h: 

10a13h: 

PROFESOR 

PROGRAMA 

Introducción ai Curso. 
Presentación de profes0res y participantes. 
Provisión del material necesario. 

La producción da gráficas mediante computadora 
y sus aplicaciones en planeación. 

ERIC TEICHOLZ. 

13 a 14 h: Comida . 

14 a 17 h: Cartografía automatizada. 
Procesos necesarios y consideraciones técnicas 
para su implementación. 

PRO F E S O R THOMAS K. PEUCKER. 

17a18h: Coctel. 

t~-\A RT ES 19 

9al0h: Estructuras de datos cartográficos. 

lOallh: Digitalización. 

llal3h: Ejemplos de sistemas de información geográficos. 

PROFESOR THOMAS K. PEUCKER. 

Tacuba 5, primer piso. México 1, D. F. 
Teléfonos: 521-30-95 y 513-27-95 



MARTES 19 

13 a 14 h: Comida. 

14 a 18 h: Visita a Ce tena 1. 
Demistración de equipo y trabajos realizados. 

PROFESORES: ING.ENRIQUESOTO 
ACT. JOSE OLIVERES. 

MIERCOLES 20 

9 a 11 h: Mapas interactivos. 

PRO F E S O RE S: ERIC TEICHOLZ 
THOMAS K. PEUKER. 

11 a 13 h: Modelos digil"ales de Terrenos. 

P RO F E S O R THO MAS K. PEUKER. 

13 a 14 h: Comida. 

14 a 18 h: Presentación de los programas del 
Loborotory for Computer Grophics ond 
Spotiol Anolysis de la Universidad de Harvard. 

PRO F E S O R ERIC TEICHOLZ. 

JUEVES 21 

9 o 13 h: El Sistema de Cartografío Automatizado 
de Ce tena l. 

P R O F E S O R lng. Alberto Torfer Marte l. 

13 a 14 h: Comido. 

14 o 16 h: Trabajos realizados en el Centro de Computación 
de la Dirección General de Planeoci ón. S. E. P. 

16a 18h: Trabajos realizados en el Laboratorio de Ploneación · 
Urbana de la Sección de Planeación. 
D.E.S.F.I. 
UNAM. 
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VIERNES 22 

9a13h: 

PROFESORES: 

13 a 14 h: 

14al8h: 

PROFESORES 

SABADO 23 

o 9allh: 

lla12h: 

12a13h: 

o 

Mesa Redonda sobre aplicaciones a casos 
de interés de los participantes al curso. 

THOiVIA S K. PEUCKER. 
ERlC TEICHOLZ. 
CARLOS ESTR.A.SSBURGER. 
ALEJANDRO VILLANUEVA. 
MARCIAL PORTILLA. 

Comida. 

Sesión de Práctica con los programas 
SYMAP, GRID y SYMVU. 

del Laboratorio de Planeación Urbana. 

Evaluación de los resultados obtenidos 
en la Sesión Práctica. 

Reunión para establecer mecanismos de 
cooperación profesional para la aplicación 
y avance de este tecnología en México. 

CONACYT 

CLAUSURA. 
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FOREJVORD 

1 he Rc<;ource Papcrs hJvc bccn dcvclopcd as exposrtory docurncnt<; for thc use of both 
thc studcnt and rn<;tructor They are expcumcntal m that thcy are dcsrgncd to 
supplcmcnt cxrstmg tcx ts ancl lo frll a gap betwecn srgmflcant rc<;carch 111 gcography 
aml rcadrly acce<;srble matenals The papers are concerned wrth rmportant conccpts 111 
mndern geography and focus on tluce general themes geographrc theory; pollcy 
llll¡:>hcatiOns, and contemporary socral relevance. They are desrgncd as supplcments to 
a vancty of undcrgraduate college geography courses at the mtroductory and advanccd 
leve! Thcsc Rcsourcc Papcrs are dcveloped, p~mted, ami drstnbutcd by the 
Commrssron on College Geography under the ausprces of the Assocrat.on of Amcncan 
Geographcrs wrth Natronal Scrence Foundat10n support. The rdeas presented 111 these 
papers do not rmply endorsement by the AAG. S111gle copres are matlcd free of charge 
to all AAG mcmbers. 

John F. Lounsbury 
ProJcct Dnector 
Commtsston on Collcgc Gengraphy 

Panel Mcmbcrs 

Paul W Engllsh 
Chanman, Panel on Resource 
and Techmcal Papers 

Jan Burton, Umversrty ofToronto 
Leshe J Krng, McMaster Umversrty 
Harold M Rose, Umvcrsrty of Wrsconsm-Mtlwaukee 
Robcr 1 11 T Smtth, Quccn 's Umvcrsrty 
EdwJrd W Soja, Northwcstcrn Umversrty 
l'luhp L Wagncr, Sunon Fraser Umvcrstty 
Juhan Wolpert, Umverstty of Pcnnsylvama 
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J. IN1J~ODUCTJ(JN 

Gco¡cl,l¡'lic'' use m,q1s for tl1e analys1s, commu111cat10n 
,111d 'l<li.l¡_;c ,,¡ liiCII liildlli)::\ And 11 seems that mJps are 
ll'ccntlv 111\lll' .111d illlliL' 111 Jemand In addilloll, thcre fl,¡s 
i'c'c'll .111 lilCIC.i''' 111 thc .¡v,lll<ibility of mform.illon With 
dd il'IL'ill kllll¡.., ol ''l!lC.I(IOII ldentiiiCI~" and ;JillllCrCdSe lll lile 
dc'lll.lllli 1-o, 1 liciii.IIIC m.1p~ showmg populat1on dens111es, 
,,,,.,,¡¡ él.l:-' dl>llibutloil 111 C1t1es, land use rnaps, and 
pe¡-;pcciJvc VJCIV\ of tcriJIIl and the hke 

l\11,dicl to tlm g¡ow1ng 1111erest 111 maps, the cornputerhas 
¡1L1yed .111 111LIC.ISII1g role 111 rnost arcas nf human hfe. 
l'lliVCi,IIIC<> .11c illdJOr u'c's of the computcr ami many 
'>l'll'llliiiL di'iCiphllcs mcludmg gcog1aphy are mak111g 111-
LfL',I'>IIl)..! u'c' of tlic cnmputer 111 research and tedclnng The 
dcvclo¡HIICIII ol Lllllljllller cJrtog1aphy w.1~ lllllially 

'''""i'<'IL'd hy lile lach. ol '·''''"'ctmy graplnc lll'ililllill'nl,rll•lll 
,tlld hy iln• 1111\ClliiLl'pli!lil ol tflc .ICdlicllliC COIIlllllllllly tflalll 
W.!\ VCI)' dilfiLidt lo h,!lldic IIOil·lllllliCrllal SllbJeCl\ hy 
compuil'l 

Compull'l~ pm~e'' three dtffercnt commtllliL<JIInn 
.ibilillcs liiCr.ICy, numcrJcy ami grapluc,JCy 1 L1"c man. lhey 
Jll' not cqu.diy wcll vel'ied 111 all of them Among pcople. 
Ulll'VCIIIIL'\' .,¡ ¡w¡lorm,IIILe IS i.Jrgcly ,, result ol uneve11 

cdllc,ili'''l .111J li.tllllllg For examplc, 111 thc educ.JIIollal 

>Y'>ILil! lhc cmph""' 1s upon hte1acy, wherca~ numc11r and 
C'ipCt i.lliV )..!idpliiL lr:lllllllg 1\ lei.IIIVC(y ncglccted 

An ,¡n,du,l.!\' L.lil he m.ulc lwlwecn htllll.llll'l'illilltlllll,illon 
.111d cdilc.IIIPII ,111d "'llipulcl¡llog¡.llll~ wh.JII\t'diiL,Iil•'ll fnr 
¡1¡,· t 111;.1 h.l\ il\ l'lj\IIV,dl'lll 111 lill' jllll¡!.l.llll' flll lhl' lllll1jlllll'f 
! he' 1 <1111j•illl'l-li.iidW.ilt' l\ ll'.idV ltldOCVl'l)'llllll¡.!.hUI.ihle tu 
Jo lltllillll): W1tho11t clfícleut pwgrJmnllng 

¡-;·1 ~~~~;:.- ~~ ,t difiCil'IIL·c bctwcen h.lldW.IIC Jnd 

,,,¡ IW.o1c ll.11dwJrL' 1s 1he set of cleclrnlllc ,111d 

111CLii,IIIICJi l~t¡lii¡1111Cill med 101 procC~'III¡.!. LJ,¡I,I 
) Snft\V.tre l!', lirC scl ol rnslrllLIJons (progLJillS). 

1 dcvellljlL'd hv peopic lo opcr,¡(c llle COillJ1liiCI rile 
1 bct ter tite '"ltware. lile more us;~hlc thc co111puler 
L 

lillttl t¡llllc II'L'~"tly, lhc cmph.!SIS 111 ~oltwarc dcwlopmcnt 
!1.1\ hn•¡¡ ''" ¡;,e \OIIItton of numcnc prtlhlcnl\ mus! lih.ely 
iJCL'.III\l' \Lil'llll'l\ ,IIHI l'11¡.!.111eCr'\ WeiC tite fll\l lo ll~e lile 

' \u~ ILil<lun. \\' (, V .uHI t\ M < nll'rn.m 1 'Jh7 "( ,trl<~¡_:r,q,ll; 
,ono Cnmputcl' !111' Cartoxra¡¡/¡,·r Vnl 4. 120-27 

computcr fm lltclr p1oblems pcii1Jps bec""''' ihC} h.ulnw1e 
funds thJn olhcr' Thc llllli.tllv slow prog1c" 111 g1.1pl11c' w:,, 

c.lll~cd mamly by thc necd tor furlherdcvc\••¡'"'''"' "' '. 1Jcu.ol 
rqtllpment such a' plottcrs ami c.tlillltk r,1y 1ubc' (~ce 

glo.,sary) (Figure 1 2) 

One of t he earhc~l d •~cq,li ncs o f 1 il me 11 ''" 11 10 n ,di y cl.i'i'C': 
among thc humanttlcs to contnbute lo lile developmcnt uf 
computcr sclcncc was hngtmllcs l11 do1ng '>o, llllgtll'illcs h.ts 
expandcd 1ts own mtelkL111al (.Pnlent LOII'ildei.tbly 111 

connec110n w1th tl11s cnnl1ibut1on L1ngu"" wc1e .tble lo use 
thelf expcncncc w1th n,JiurJI l.1ngu.¡gcs to n1ves11g.ile t he 
problem of conHnuntcJllltg wtlh m.tch111e~ \ll1l'l' ,, progldi1l ,1s 
a sel of command' 1s struelur.lily vcry \111111.11 t,, .l sct of 
'enlences 111 nalllla11.111gu,¡ges 

lnuthn word~. ,1 JliO¡.!.I,IIll ha' lo he wr111en 111.1 L111g11.1F.I' 

w1th ,t dc;u cut 'YPI.IX (g1:unm.1r) .111d ,, '""''''d '""nh·:1 ": 
pnnui1VC symbols M.tny compul\'1 1,11\):ll·l:!c'\ 11,1\l' in·en 
dcvclppcd, somc ol wluch .trc 111glily 1/ltu llnlr'·nrwntc,/ 
( a'sembly ldllguages). wlulc ot he" J re 1\ldC.: llllll' 111dcpc11Jel\ 1 

i\'iachmc-oncnted l.mguages llldh.c Jllll,l'LIIllllllll¡! ddliLUil hui 

specd up thc rcsult111g t.1sk (cxeculion).¡m•cl'tillrc-oncntct! 
l.1nguagcs p1cscnbe llow tite p1occs' ol 'olv1ng lile prohlcm ~~ 

lo be carr1ed out, and lmally pmhlt•m-oncnted L1ngu.1ges 
neccsstlatc only to slate the prohlcm and not tite leL11ill<jiiC uf 
sol u 1 1011 

Allhuugh lmgtmls h.1ve hecn \\"'""'~! '"' u'lll1111•'' "'1 
Jll<'hlcllls uf gi,IIIIIILII. litl'V h,i\'1' 1l1>l h.i.l l<l 11111<1-. ,lillllll 

1.111gu:1gL'\ wilh ~ud1 .111 l'\plt<il ''"'·'' '" lill"<' 1\r'l'<kd h', 
uHnpulel 1.~11gu,1g'"' SIIILL' IIIIIIIL'IIl '"ll'l'lli,lllil\1' h.1d '''he 
pul 111to a stnct .llld IPg1cal lolltl long hef•llt' the com¡Hrle¡ 

was devcloped, the 1 trsl compute! LlltgllJ¡!l''- Wl'IL' dcvl'in¡lL'J 
exclus1vely for lllllllCfiCJI Lllllljl111.illllm Onlv IL'Ll'nlly ¡,,,ve 

wc been g1ven prugrams wi11LI1 h.intliL'\IIIIlP·•''Lil.ll.iLI<'i''" 
well a~ numbers, ami we ~llollld lw hL'IIL'I ,1hi<- t"""""i'IILIIC 

ve1 b.d d.tt.l lile more we k.11 11 ,rhllul 1i1e il,l\ll 11 •L'' ''" 
The wo1k on g1,1pi11L (two-dlliil'll'l"n.d) Liii¡.:II.<)!L'' ,, '•";¡ 

vc1y shghl Jlld no def1111te lar1¡.!.11.1ge "·" hccn tl<'''t:'"'d .ti ilm 
poml Rescarchcrs 111 LUII1jHIIL'I gr,¡pliiL\ lll.t~c dl\llllt llllll\ 

.11110ilgdi.igrarns(c g, illlW-Lil.tll\.tlld ''lllllll') 'h.eiLirc'(l' ¡:. 
hne d1awmgs) and g¡,¡y-sc,dc p1Ci11re' (wl11l 1t C.oll ¡,,, 
jlilllfll¡.!.rdphS, hui'""' S111 i,lll'\ 'li1LL' ):1 1\'·\L,¡jl" ,\1\' •'lli\' 'llll' 

ly¡w ol 1 valuc~. '"" liL'Ij.',hl, l'lt .1 i h''""'lll,d '''"''''' .111.1 
l.1nguagc develop111cnl'> .11e 111 i""g"''' '"'.di ¡_;llllii''.h"t ,¡,e 

emphas1s 1s on J¡agr.llns J nd >h. e 1 L 11L'' 1" 1 ilc r 1 i1,11 1 o1t P'' 1111 L'~ 

o 

o 

o 
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THE STHTE OF NEW YORK 

--·~"'.:1.,_.,.._ 

e:tl 12 1:"11 !l ... 

ri¡!IIIC 1 2 Ncw Y<llk :-.t.rl<· l'npul.ill!lll lkmlly, 1990 A gooc.l 

C\.llnpk ol .1 li!IL-I''IIllcr 111.1¡> l'rog•.rm SYI\IAP, dJLI 
OIIILC ni l'LIIIInrr~ ('onrtiln.rllllll, Stalc' ,,f Ncw York. 

produtllllfl ( '>tullll/, ll.nv.nd linJVl'l\IIV 

'1/ri<. IC\OIIIll' p:ipCi.\ L'lllp/J.iSI\ wi// be 011 1/JCill)'. l.t!ilc'l 

lil.JI\ ()J\ .ILIIJ,¡/ )11<1dllt'llllll J'lllLL''i'iC'i CJn/y /rii/c \!l.ILC wJI/ he 

11\<'d lo>1 1/ic dl-.tll\\1<11\ ol il.tldiV.liL'. "..llLl' lile lrlclllllL' ol .rny 

i'·'''''u/.11 ¡,·,hn"/"~Y 1' 'ho11 .11\d lht• \ludcnl ''u~hl '"lt-,1111 

\llhjl'tl\ 1/r • .l /¡,1\'L' ,IIL'.I<,tlll.lh/1' illll~ "/¡it'llllll' ·~ ()111 lllll'llll-, 

1" h 1 lllC: 1 he'' udc11 t 1" .1 kv el "' IIIHil'l -.1 .rnd 111g 11 '1111 w/uLi1 /¡,· 

Ld11 '<'1 11111 1111 h1\ t1WI1 No gci1L'I,Ji lliL'll1)' 1\ .1V.tll.lhil'. hui .rll 

.ill<'l11(ll /¡,¡•, hct'11 111.rdc '" hllll¡! 'llll1C ol tht• v lllt'li 1dc.1\ 

illgctil<'1 W•li1111 .t '1nglc II.J111L'Wol" Nc1tilc1 1\ t!ICIC oi1L' 

J1.1tk.l):l' ,,¡ IL'LI1111LJIIC<. lll gu1de onc 111 .1 coukhooh 1.1\lllllll 

llllllli¡'il 1 11c \llh¡cd 111.1llt'1 1-rn,lily. 110 lcxlhook cx1sh .11HJ 

liiL' .1\ltillll w¡// \llllll'llllll'\ 1clcr lile rc.~dcr tll '''iiiLl'\ 1\lll 

llllllll.rily tllcJ 1111111111du~..1"1Y tcxl:-. (l-rgu1e 1 1) 

1 1 11iJkl, lll 1 Ofllll/1\llll, 1 1)7{) 

l11formation Theory and Carlog1a 1 1l1~ 

('nlnpuler L.illo~r.ipliy 11111-.1 he \l'Cil 111,1 w1d•·• 11 1111<'1\"11-. 

lo 1.1!-.c• .ldV,I!\1,1).:<' ol dt•vel"j'llll'lll<. 111 olhcr llc·ld·. 111 <111kr 111 

11.111'1"'''' !l!IC\ llllllillg~ lll ,1 h1ghc• leve/"' ¡:c'll< 1.<1111 \\,· 

wi/1 lill'IL'lorc prl':-.l'lll lile \llhjL'L'I ht'll' 111 tilc· ll.llllc'l\llll-. lll 

lllll1111l.l 1 lllll 1 he u• y 

/11 lile gene¡,¡/ liSC ol' 1/ic Wllld, 111/r>/11/,/11•'11 lllt'.ll1\ 

11/1//11('//f!l/ ;\ if.lll\llllller il'i.lll'\ news lll .1 ll'll'l\t'l lill' 1\l'\V' 

1~ l'lllhcdded 111 L1mrl1al IICIIl\ l'or .1 ck.!IL'I lÍt'iiiiiii<>JI, the 

novel cielllcnt~ 111 lile ncwswillbc,.~llcd lllllllr1LIIIllll.lrllllhc 

l.r11111i.n tlcnts rcdullLianc'l' 1 
/11 ,, -.1,111\IIL.rl \l'IN' 1<'1111'>\IILil 

' 1111' lllitiiWlll¡: p,ll.lg<.ljlll\ <iiC ll.l\<'d <111 ¡\(\(<JI\ 11 f.. 1 '1(1~ 
.¡, '''"'''" ¡,,. Rulrmda11:. líJrnhurg 
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THUNEN RENT FUNCTIONS 

___ ,._,.,....__,,, 
~':¡ .. '::.:.. ..... 

1fu 71148 

1 ~gurc 1 3 fhrcc-r>tmcmwnul Rcnt 1 unctwn~ Thc graphiC rcprc~cn!JIIOn of gcograph1calmodcl~ c_an a1d our 
undcrstand1ng of thcm l'rograms SI' A fl· UN, SYMVU, product1on T K l'cuckcr 

as "1nrmm.1t1on." "new~." "surpnse." and "unprohahili!y" 

currc~¡Jonu to !he term "rareness" A lnghly unexpectcd 

ncws 1tem 1s a g1e.1t surpn~e. 11 has a l11gh mtormJtlon 

Lonlént In llllorm.IIIOil theory, a framcwork hJ~ bccn 

dt'VL'illjll'U to d•·tclllllllC tiiiS Ullltcnl qu.illliLIIIVcly Thc 

IIIL.t.lllt'lllt'lll 111111 1\ tlllC lllt, denol111g lllll~ IWti-W.iy(hiii.HYl 

dt'll'.l<>ll 1 lit' 1111111hl'l ,,¡ hll\(ll', thc llilllllll.illoll conlcllt ol 

.1 IJL' ,v\ 11 L' 111 11' 11 w 1l'f o re d L' 1 e 1 tllllll'd h y tia· 1111111hc r 111 h 111.11 y 

d('LI;Ion~ onc ¡, .. ,lo makc tu sor! the 1tem outlwmlhesum 

uf.tll C\pccted 1tcms 4 

Tlic prohklll of measurmg mformaliOil 1s usuJIIy more 

u•m¡lllt.:.Jtl'll '1ncc mformJilon 1terns vary 111 thcn proba

hilily of ocCIIIIL'IlCC ~ llowever wc will not go heyoml 1111~ 
Jct,nlll•>n \IIILc 111s nol pertment lo our undt·r\l.tndmg 111 1111~ 

p.tpl'l 

JI 1111111111,1111111 rci,IIC\ (O 111\[fULIIOII,Ihcnlhc ICCepiiOil ol 

lllÍililll.tllllllll'i.llc~tole,lllllllg NoncWSL.IIIhl'Llllghtlot,dly 

1mkpcndcnt lltllll known knowlcdge Redumlancy 1\ thc 

• "' .111 ~\.11nple the chcc"-er-hllard, w1th 1h 1>4 lidd,, nct'l" '1' 
hlll.try dl'<l\11111\ lo rcJth any ol lhc 64 12•) llt'ld' 1111 lhL lm,ITd 

1 1 nr t'\,llnplc, 111 thc l.n¡,:l"h ,tlph,lhcl lhl' lellcl '\ .. h.t' ,1 
lllllth lu¡.:hn lrl'qlll'IILY -Jilli lllll\ ,1 iowcr llllllfiii,JIIllll Lllnlclll 111 

prll'C than. lor c \,llnpk. thc le llcr "k " 

complcmcnl uf mform<~IHJil, 11 hnks ¡nfolmaii(IJl to lhc 

frJmework ol knowlcdgc. Wrth Jll'y [!f.q1111l. dr'>pl,ry onc 

thcreforc has lo combrne news w1th 1i1e l.iinlil.il Tilll'>C 

clemcnts of a map whrch IIIÍtHin ,il)()ut thc v,lfl,lll•lll ol thr 

uh¡ccl (lhc c.111h's ~urlo~c_c) IL'i,IIL' to 1111<11111.1111111, thtl'>L' 

l'iciiH'IIh Whllli alCIIIIIlliol lile Vl\ll,¡j t'l lctllll lil<' lll.ijl ll'i.llt' 

lo l<:diilitl.iiilY 1 h¡•,111e 1 ,¡) 

] hl'IC ,IIC .1\ III.IIIY tJ¡iiCICIII lypt'\ ,,¡ lllitlllll.illllll dllli 

respccliVC typc~ofrcdund:rncy ,1'> !Itere .IIL'III.t¡'l'il'llll'lll'> \\'e 

tal k abo u t lOim, hrtgh lness. pragmJ tIC 1nl• Hlll.ill• 111, e tTccttvc 

mf urnw !ton. typogra plnc 111 t mm a 11011. e te ( Jn,· Li.t'>'>lilc.illtlll 

would havc two g1oup~ oltnfotmJIIOII aLCllidlll).! to !he mmlc 

ol thc vtcwer's .Jllcntton Onc gm11¡1 wuuld Lti\CI tiiL' llllcl

lcctual and ral1onal, the other, thc '>Cil'"IIY .IIL'.I ( 1 I¡!IIIC 1 51 

When examllllllg .1 map, une oh'>L'fVl'\,111 llill'l' ¡,h,I'>L''> 

I.Sclccltve ph.t~e The v1cwcr '~'¡,.,¡., L<lii'>Litlll\ly 111 

uncoll~ctou~ly, l1om thc l.11gc IILJIJihL'I "' '>lgm (e g. 

p.11 allclllllc~) 

2.Synthcl1L ph.t~e Thcvtcweltccoglli/L''•''IIIJ'll'>llc->rgm 

(e g ,d ~lteet) 

3 Analytlcal pha~c Thc VICWL'I '>illdrc·, llll' '>llllclllit' ul 

thc stgn (e g, thc \ltccl h,t, lltll'l\cLIIllll'>) 

o 

o 

o 
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hgmc 1.4 Ski Arca. PcrspCctiYC plots can aid planmng and aavcr
ll~lllg Program VILWBLOK; data· D. Douglas, Um
vcr~•ty of Ottawa 

Dunng lile proccss of mdp-cxarmnahon, lhe vtcwer wtll go 
tilrough lhcse phascs scvcr Ji lunes, movmg on lo htghc_r levels 
of observJI•on. (omposllc srgns becomc srmple srgns on thc 
nc,-.t lcvcl buddmg an IIIVCJicd trec of srgns of mcreasmg 
CP111pDSIIIOil. 

Two !y pes of classcs of srgns. simila,rrly and htérarchy, can. 
bc·l:or.lsJdcrcd. Thc htlln.rn brarn classrf¡cs'a large number ol 
SI~:I;S ~¡'S Sllllll.H, e g. 11 = ¡'¡ =·2 11 a(so SUillS up Stgns !O-;JlOie 
cumplcx s•gns, e g . J numbcr ol hot,~ses wrth strects becomc a 
sclllcmcnl. 

Tlus abrlily lo summ.1rize conlcnt rs largely duc to lhc 
propcnstty of human pcrccpl1on lo reduce a large supply of 
mi orma 11011 1 o a mJ nagcab le size. 11 has be en· foúnd 1 ha 1 1 he 
cyc al une can rcccrve lhrcc mrllron brls pcr second Hnwcver, 
<lliiy ~IXICCil hrl\ pcr \CClliHJ L'.lll he COIISCÍOU\iy prc~Clll llllhc 
hl.illl.6 Thc rcdllLii<lll 111· lllloJm.lllon c.111 he acL~lUlllcd 1111 
by l·) a o;inflof lllilllllldllllll llllo llllCOII\CIIIIl~ <lfC,IS(\\'hL'IL'il 
ca11 reka'c rt'llcxc,). 2) concclllralloll 111lo cl.l"L''· 31 '11rc 
1111 k .~gc lo L11111 h.n h 11ow lcdgc and 4) a co11sc lllll s II 11111.1 11011 lo 
"Single freid ofconlcnl. 

A ·cartographer musl kccp lhcsc plllnls 111 rmnd whcn 
dc'>tgrimg a map. To he effcc11vc. a map musl be based 011 lhc 
¡lclccptual Jbrhly of mcn. For cxarnplc, 111 producrng J 
touliSI m.tp fur drtvcrs wluch cxlub1ts tcrram bes1dcs tr.dllc 
lltiorm.tllOil. thc rc\¡cl shad1ng 1\ prcfcrablc lo ISallllum. 
SlllLC H lead~ lll_rcl.lly lo lile dcsm:d cumposrtc s1gn--rchcf
wherc.t~ onc h<1~ lo go lhrough scvcral stcps of lllJp

C\.IIliiiiJIIOil lo undcr~l.md ICiicl from an 1sartlhm1c map. 
(\~L' l':lll he cnnllde111 lh.11 thc d11vcr wrll not wanl l<l h.rve 
,.,,,,l·lil'rglih <lll to.'ll·li lllll!ll nlllil' 111.1p) ( hgllll' 1 h) 

• '.t'l ,\1\1<'1><11,1\. 111112,;ln/lit'/11till' N,·,/r/1/dllll_ ll,lllllllllf' 
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P~RSPECTIVE VIEW OF CROP DISTRIBJ.!TION 

hgurc 1.5 Crop Dt~lnbullnn Sunul.tllon. Thc ~unuiJiaon of 
lantl use Wtlh lwo mar"-cl~ ba't~tl on lhl' 1 hiin•·n 
lhcory l'rogr;uns SIM, 1'1 I{S. CN 1 011){ pru
ducllon S. W1ltuk, Sunnn 1 r,t,cr Untvcr'll)' 
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\\ 

·1 

'\' 

., 

1 
1 

-' 
1 t¡'IIH' 1 (1 S,t.trlaml, (\•nlr.dliY 'IIH' rnul" ol .1 I.HIIll .111,111 "' .,¡ 

IIJ~ V.III.Jhlt\ ,IIHI \c;h llllllllllllllfll\ 1 H ljq 1 111111 dlt\' 

l'ttl~'·'"" 1 AI\AN, '>YMVII, <l.at.l .orad 1''''""' """ \\' 11 
ICI\c 



lhc Fe:~turc~ of Numcric Cartography 
and Thcir St1uctures 

D.lcl'\' ( I'J70) lormul.rlc<; thc conccpl of l.rnguagc as 

lollm1' 

:\ 1/(1/ ¡, lilt' \lll,lilt'\l 111111 lil.rl dt'\IJ;11.1lt''i, .!IHI lil.il 
11 ll!c il i' ptlii11Cd Olll 1~ t.!lled !he d<'HKII0/11111 of !he 
\1)'11 :\ SI."" {'IIIL<'JS IS .!11 .lrl.111J;t'111Cill of Slgll\ lhJI 
dc'li:l1.11t'\ S011lt'll1111g /.11/lf.:IIU!;<' 1~ ,111111~llllll1011JII!cd 

'olkcll•'ll ol \1¡!11\ th.rt h.rvc common de~rgn.rlron~ lo 
lllc'illhc¡, ol lhc commu11rlv ll\lllg lhc<;e <;1g11s 1 he 'il¡!l1'i 
.11c prPduc¡hle hv rnemhcr<; of llr~<; commu11rly .111d 
llicv 111.1\ lw tombll1l'\lln \OIIlt' w.ryo;, hui nol 111olher 
11 .11' 11' oh 1.1111 '1g11 prnt l''M'' wh re h .liso h.tve .t 
tllllllllllll dC\1);11.1(1011lO lill' ll\t'r'• 

Orll' h.r''' le.rlure of lollll.!l .rnd natur.rl languagc<; " 

tlllil .rlt'll.liiP!l ( 1 t', lmk.rge ol <;¡gns 111 one dnncn'iiOil) The 

tHIIV Pllkrr¡;g concepl\ 111 thc\e "lmear languagcs" are thc 

!>l'IJ,ii<HdLi\ol "hctore" .rnd "allcr "lnmap-langu.rge~whrch 

.lit' llllflrl\lt.dly two-JrmensJon.d. tire conccpls of nctghhor

IHHld .lrHIJll\l.!pmrlton 111 lwo dlllll'll\lnns .nc bJsrc fcalures 

1 hc'e lc.ilure\ ..:.rn he cxpresscd by properlres such "~ 

i'"'"lll!IV. tilllllCdlon. \llf1t''""P"'-IIHHI, .rbovc, lwlow, kll, 

11gl11. cill'L'-hy tlll\ll'rl'd. dr\pt'l\l'd, dr\laiiLC dCt.ly, '-p.!lr.d 

.IIIIP"''"'I.rlt•lll ilrrrt:llon (\l'l' dr.1plcr' 111, IV, V) \p.rlr.d 

llVl'li.!p. Clt 

t\llPihcr ptHill mus! he ..:on\ldercd Nol only rs lhc 

t:llllt.ltcnalrun 111 two drmeno;rons rmportant for map lan

gu.lgc<, hui !he <;lru..:turc of tire m.rp (Le., tire JllterrelatHHl

,1¡¡¡,., "' '1¡:11'). ,¡j,, ha' lo he \ludrcd Classeo; of qgn<; rannol 

Plll\ ¡,,. lll)'.llllll'd holr/ont.dly helwern lhc elcnrcnh lll .1 

\III):Jc· il·v,·l. hnl ,¡j\ll 11111\l he hll'I.IILlill.d (1 1', ll'!lll'\l'lll 

tlll\111'1 11111\\ .111d ,1\\IILI.illllll\ hl'IWl'l'll lliL' V,\llllll\ il-vl'i\) 

(0/.ii.!\lllih.!il\, l'lh'l) 

t\11 e\.!lll¡'k would he .1 I.Hgc-~cak m.rp 'ihowrng t'VL'tY 

hirJid¡ng hy .1 'YIIlhol Allhough evety hurldr11g 1\llrllerL'Illlll 

rc·,¡htv .• 1 111.11' wrll ,j¡nw .1 lnnrlcd 11l1111her ol hurldrng lypt'~ 

·¡¡111\, !he ver y l,¡¡ge llllllli)L'I of lypes ol hurldrng' wlrttlr L.lll 

he f\,,l,ld <ln, ~.ry .• 111 acll.riplrotogr.iph 1salready reduccd toa 

sm.dl lllllnbL'I ol hurldrng clJ<;ses or s1gns To crea le slructure, 

onc L.rn hurld J o;el ol super-s1gns su eh as the followrng 

.1 f.¡rnl\lc.ld ís a vny dcn<;e clustcnngofmorc lh.1n onc 
hui k,, 1 ho~n ~t'Vt'n ~rgns of lile clJ~~cs "house" ami 
"h,u n " 

.1 h.11nlt-l ".1 den'e tlu~tenng of more th.m four hui le~s 
lh.1nlwcnly \!gil\ ollhe d:J•>\C~ "hou-;e" .rnd "bJrn" 

,1 vilro~gc ".1 dt'll\t' tlu<;lenng of more th.111 frllet'll hui 
lt''" ll!.lll Lwo hundred ~rgns of lhe da'i\t''> "lrou'ie," 
"b.rrn." .I!Hionc \lgn of !he cl.rs'> "Lhureh" 

filr~ >ery \lillple- Jnd prob.1bly 111 most ca>es lllsuffrcrent

dc,urplronlll thc Ll.i\ses IJrmstead, hamlel ami vlllage grves 

an rdeJ of wlr.ll mrglrt be perttnent 111 a lucrJrchtcal map 

S 

langu.rge Of C<Hrrsc, 111 .111 opc1a lron.rll.llrgu.rgt' 1 he i''llPCIII•'' 

"dense" Jnd "very dense" would h.JVt' '" lr.1Vt' '"'nc 

qu.mlrt.rlrve mcar1111g 1 he cl;rs'ie<; ovnl.rp. ·" 111 ,,·.~irly i (lf 
automaled map analy'ils. o11e nru<;t .rdd tllhc1 propcrty 

d!lllCIISIOIIS, Of makc thc process llller.ICIIVC (1 L' .111 C.rch t:.r'ie 

ol amhtgntly, !he m.tclune rcpor l<i, lc;rvrng thc Ut'ti\Hlll lo 

m.tn) ( hgurc 1 7) 

In a lcanung maclunc. onc ''"''' wllh .r vcrv \11\,dl 
vocabulary of srgns (symhol\) allll a ver)' \llliple \liliLilliC 

(synt.rx. gramrnar) and buJids botlr up Jur1ng llrc pillLC\\ of

map analys1s A~ soon as tire madllnc gel\ lo .1 \l)'ll wi11Lir 1' 

.nnhrguous or unknown lo the rnaLillne, llt.!lllr.i\ lllllld~C tire 

dec~<;Hlll by etlhcr .dloc.rtrng llre \lgn lo,¡ knllwn cl.i\\ 111 hy 

crcatmg a new one 1 he m.rLIIIne wo11ld '''H'' 1i1c d,·'-"'"" '" 
lhc new cl.r~~ ami acl .rccordrngly wircn ll1c L,l\c <>u,llllt'd 

ag.!rn t\t thc start ol Jire an.rly~"- 111.111 h,!'i '".!el VCIY ortcn, 

but thc frequcncydecre.:~e~qutLkly. 

Syntax rs nol thc only ao;pect ol carlogr;ll'illc ;!IJ,ilyo;¡\ .rnd 

rcprcscntatton Tltere are otircr lactor\ piJynrg J 1 "¡,. wir11 .. h 

shoulll becorne clear when readmg Jire rc\1 ol tlm "''''lirLe 

papcr and other puhlrcalron~ 111 Ulllllgr.rphy 7 

Thc mcthod~ of Lartograplllc prc<;t'lllatr"n c.lll, hl' ,¡.~,,,_ 
lled 1111o fivc groups <;em.rnlrt mctiroth. \Yiii.JLIIt lllcllr"d'. 

po;yd10logrcJI mellrod\, plry\lologrL.d rm·r hod\ .111d \lgn.d 

111e thotls R 

1 Scmanlrc mcllmd~ ThL'\C nwllrod' ,.,v,·¡ .dl'''''"lllll)C\ 

wluch CJil he att.rched lo stgn<;. rncludrng lirt: ohj,'c 1 "'

representalton, whethcr a perspcctrve vrcw uf .r lil'C or .1 

surface funct1on Scm.rnt1c methods t.rkc cllt'tl tirrou¡!lr the 

ohject 

2. Sy111.rclr..: rm·tlrod\, ,1\ di\LII\\I'd hclllll', .lit' lin· 

' St•t• C\lll'll.tlly ( 'onlllli\\IOII on ( 'oHt'l'l t H'tl!'l.ljlh\. l{t',tHih l 

I'Jpcr No. 1'1, lhl'lnattc Carto~ra¡J/n•, hy l'lllhp ,\l111 1>1, ~~-

" Aflcr AI~Jchcn, K, 1962, lfntlwtt~<il<' Rtchlll./1111 li.lllil>llf)! 

-A ,r••T• q 
'1 ~ 1 1 

1 ~ 1 J' ~~ 

hgurc 1.7 V.uH:ouver. \Ve,! LnJ V.llllC\UWI\ lll.l,"' IIJ~J¡-r¡,,· ·'1'·"·· 
ment Jre.J All hou~c' .~re rcpiL'\Cilil'd iJ, hi<>Lk' 1 he· d.1t.1 
b.1nk of homc' can t'.!'lly be ti!.lllgt·d '" ,Jww IC\Idcnll.il 
dcvelopmcnt Thc cnJqhnc '' dr.1Wn 111 m.ll"l.tllv l'lll· 

gr.un BLOCKS.dala A 1 urgu,o11 t<>.l'.tlinc L Nchon, 
bolh from Snnon 1 r.t<cr Umvcr~lly 

o 

o 

o 



o 

o 

o 

,:<'•'11•<'11¡( .lllli \l.lli,IIL'.d ,lll.lll¿!Cilll'ill ,lllÓ di~llihUilllll rule~ 

1 i1C\ ll"iud,· ·;l¡uclllr.d clcmenh ~u.:il .1s llc.ghborhood. 

¡>CiiL'diLll\ llllll'l L\ll\lll'Lllllll.l'IC 

3 P~\ ,¡¡pj,,¡,:¡c,¡j llll'lilnd~ l ilc~c lllcliloth covcr phenom

l'll.i l'<'lhl<kl<'d by ¡.:c-.1.111 psyrhuhl¡.!Y- ~uch .1s Sllllli.liJly 

,!.'"'''· p,·,ccpl;vc p¡o,css.cl.: .¡¡¡J icllll'Stlth.l~rhythm<llld 

Ú\ ll.lllll,lll (lll .lll .liii\IIC ~CilSe). llll<'ll~l(y, ilJIIllOily, etc. 

i'<;VL'Il•'i••):!lL.il lllClillld\ l,lkl' Clicct lillllll¡.!h pCICL'¡J(J\lll 

4 l'il~ \IPI<').!IL.il lilellllld' .nc lile ¡c-;ults ol thc condillons 

nf lile lljliiL,¡j lllg.111 ~llCil .!S YISLI,li ill'id, d,cpth or rocUS, 

l'lllllr.l~l \l'll\IIIVJI)'. ClliOI Vi\llallllll, L'IL 

S. S1~~il.li llll'liwd<: il'prcsent pc1ccpiHlll clcmcnts wlllch 

1.1h.e cllect by nolhill)-! but lilCill\ciYc~ Background and 

h,l<:<'-l<lhll .11c t'\.llnpk<: 111 C.lllog;,¡pl\y t l1gurc 1 X) 

All ni tllc,,· llll'lli"d' 11111\l he u"·d 111 c.III•Jgi.iphy 

\illWl'Vl'l, llil'll .IJ1jli'L.Illllll 1\ j¡¡gj¡jy llliUdiYl' ,1! Jlll'\Ciil 

hl'L.I\1'<' l\'\h Jo¡ ll11' .lll.ily\1\ o! li11' llll'ililld\' ciil'LtS liiC 

Ylllll:dly llllii-C"\1\lCill S11,h lt'\t\, unde1 l.¡hol:tfoty LOildi

lillll\ 1h.11 ch.!llgt' only onc I.!Ltlll .11 .1 lime .11cvcrydilliLUII 

(ll ,ILiii<'Ye 11 1\ j¡,¡¡djy j11l:.\lbic lo jJIOdlllC lllolllllaiiy a ',CIIC\ 

<ll 111.1p<. wlliLh dillc1 only 111 ~ckLicJ d\pcch lb thc 

C<lllllpJphCI ÚI,JWS llllC lll.IJl ,dier thc othcr, he llll¡JIOYCS lile 

uvcrJiilllljliL'S~Illll ul thc mc~p uncon~clt>usly Tcst<>have only 

bccn run on Jb~trJ<.:I di<;lllbulluns of~ymhols anJ un! y rJrcly 

on vcry ~1mpk m,1ps ( F1gure 1 9) 

Wc JI e now abte, lwwever, lo JU toma IJcally produce senes 

¡ 
1 
1 
1 
1 í.,__, _______ , ____ _ 

of 111Jps undrr slnclly conllolletl coml111on;, o111d o,hould 

lhc1cfu¡c be Jhlc lo <Hlvance ou1 h.nowlcdge uf lile mc,Jn~ ol 

lll.JP rrprcscntatmn ,11 con~idcrablc spccu 9 

Points, Lines and Surface~ 

In lhc lollow1ng clwptcr~. thrce J¡ffercnt typc' of map 

fc.ilures wlil be discusseu~pomts, lmc~ Jnd surlo~Lc~ All 

lince are spat1al s1gm of J¡ffcrcnl dnncns1ono; In Mldilloll, ,, 

lll.IJl conldlllS a vancly of symbol-type<: whiLII are '1)-!ll' 

w11i>ou1 spaltal thmcns10ns but usuJIIy w1th speCJriL loL.•

twns 

P01nts are 7cro-dm1ens¡on,Ji )lgns wl11ch Cllhcr dcnol<' tlic: 

loL.Jllllll of content (namc, YJiuc, ciL) m LOil\llliill' .t p.ti 1 ol 

lile olhcr lwo fcaturco, 1\ lme con~1~1~ ol lliH' 1H lllllll' 

lillt'-\l'glllCill\ WiliLli <llC \lr,llglit IJ11<~\ (VCLtlllo,) hlliliHi IJy d 

po1111 on cach cnd '1 hcoreiiL.!IIy, any unved I11Jc j¡,¡, .111 

HlillliiC numbcr ol linc-o,egmcnl> ol lllilllllco,¡n¡,,¡Jy ''""' 

lcngth>, but 111 computer carlogrJphy, conlllllillll\ly LIIIVed 

lmc' cJn be con~lructeu only 111 rJrc cJ<;C~ (wl.cn .lll:d"g 

plollcr~ are avatlable), m prJcltce, a llnc 1~ UllllJHI'>CU ol .1 

numbc1 of stra1ght lme scgmcnts w1th dl'>crctc icngths L111c~ 

can llave a vanely of contcnts (func11om) (1 e. thcy cJn 

" !'~ycho¡)Jctoncs 1~ a fícld very closc lo Uu~ .Jttcmpt ~ce 

L1pkm and Roscnfcld, O 970) 

1 q~un~ 1 H V.lllLOUVCr rlih neg.liiVl' ol ,¡ plot l\ olll cxampk of thc 'lgn,¡lmcan~ of 
cartngr.1plm rc¡HC\Cnt.lllon l'rogr.un S YM Vll d.1t.1 D. Mar k, product10n W D Ra<c 
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rc,'l'''<'lll Jl\l'r'. "'·ILh h~>trnd,ltlc~. llows. cunlou!'i .rnd so 

1 lll 1 h) 

Surl.ll'l'' c.111 he dcrcrlllilll'd 111 .lllllllll'IIC f.r~ht~l" by .rgrrd 

111 p<~rnrs. a ~cltL'S ol irllL''· •lr by onc ol scvcr.il lllJihcm.rtrcal 

runLittlr;, Thc C<llllcrrr I\'JiriL') ni .1 surf.rccc.JJIIL'prcscnt tllll 

tllll\ .illllliLk. hui .ll"' d,·rrsll\. prcs'illtc. propotiHln.ttllcn· 

Sil\ ·I'PIL'Illt.ri L'IL ( j JUIIL' 1 1()) 

ll.tdttlllll.rlly. lile enr 11h,J\t'i ol cumpu1c1 carlo~r.rphy .rt 

thc lllliVCI\IliC'i ll,t'> hl'l'll Uil ~llii,ICL''i. C'ijlCCtaily Sllri;JL(~ 

,¡n,rlv'r' .11Hithcn onlv IL'I''l''l'llt.IIInn .• rnd ic'i'ion pomlsan<.l 

ltrll'' "liiL' Jl'.l\<>11 h,·~ llL111rly 1n lirL' h.u1d ~>fcqu1pmcnl wiJJLil a 
IL''<'.lll'lr<'t L',lll li'L' .11 ,, 11111\<'l\tl)' ¡\ LII¡.!L' Lll111pllll'r ,l'i 

¡;r.l¡lhtc lll.ILillncry ¡.:crrcr.rlly 'i.llt~Jrcs only vcry mude~! 

LlL'oJLIIld'i 111 ll'1rm ul qu.tlrty .rnd accur,rcy Tlrerrforc. lile 

dcvcl,,prncnl ol tire ''''"11 lrnc .1110 symbol produLimn has 

llt'L'Il icfl ,tit1lll\l cnltiL'i)' lO guVI'fllllll'Jli.tl .tgl'lll'leS WittClt 

h,JVL' dcvcio¡wd llllp!C\\1\'l' ii,IJdW.tll' ,llld \OI IW.tle 'i\'SIL'IW• 

Tire o¡lptlllllnttrcs lor LllOjll'l,tlHlll belwcen lile acadcrniL' 

.md g(>VL'IIllllent.li ):'toup-; e~ re erHllllillliS. Thcory ami UlllLL'jllS 

lt<'lll thl? l<lltlll'l. :111d pr.lLitLal expL?rll'llLC .Ind .!Vdil.thk 

ct¡llijlllll'nt lrulll the l.1itl't U'llld LOillplerncnl e.ILh ulher 

liL'IIlL'IHl<HI'>iy llnlo1 tun.r!clv 11 rnu.,l he .rdnitllcd thc~t IIIIS 

C<H>jl<'t,IIIllll 11.11dly L'\t''' Nc11l1l'l group l.IJI p.rrltllli.IIIV he 
!Ji,lflll'd llli tlil\, \tilLe Llllllllll/IIIL.tlllllll'Vl'll Wllliltll'.ILj¡ ¡.!l!llljl 

"f'""' lt mrgltt he tllc lll'WJle'>,ol tlic~uh¡L'd orlliedrVl'l\lly 

ol lile IIIICie\led pcopk .111d lll\lillii!Uli~.OI S1111ply lile i.tLk lll 

JllY Lllllllllllll Olf!.tllJ/.Jllllll llowever. cspcu.tlly w1tli rcgJrJ 

llllll[!.llli/.ill\lll, VCIY jllllllllS/11¡! crforl' liJVC been unJcrl.tkcn 

rcr.:cntly (see TomilliSllll, 1'170) 

Hardware 

Ir lllllq be '.110 df!.llll JIHI .tgalll tliJI a SLILCC%1111 study or 

L:LJJ11 11Uter c.rr IU):'idphy rs nol Jcpcndcnt unlhc aVJIIJhrlily ul 

speual gr.1ph1c lllslrumcnl' Somc uf thc mosl exutrng 

LllllLCpls h.1vc bren dcvclopcd WltlnHrl .rny adcqii.Jtc 

liJrdW.JIC Sume or !he JlllliC rnterc\llllg dcvclnprlll'Jil' ni 

grJplnc 111put-ou1pul <.lcv¡cc'> h.~vc becn pubh,lied w1th 

pholug1.1phs ol papcrboa1J mudel' .111d \lllltrl.rred Il'\lllts 

·¡he LllllSiruclmn ol thc lll.tLitrrrery t\ dependen! <lll rile 

ullll!ll<:rLI,Ii Jcm.111d lur ti. 1ngenurty C.lnnot .t11d Jllll\l nur 

w.rrt lur comrncrualnecds Two cx.unplc' 'hould Li.lltly thL' 

prt>hlcm, onc frum !he arca of pioJeclrom. !he othcr 1 rnrn 

an:tlylrc.tl hrll-shaJmg 

Thc conslillcllllll of 111.1p pro¡cct ">ti' ,rlw.ry' In volved lime 

COII\llllllllg LakuiJIIOIIS lt W,IS n.illlt.d lor !lime 11/VIII~l'd 111 

lhrs _1ob tu use lile computer • .rl J lrme whcn rvcnlrne-prrnlcr' 

v.c1c loomcssy JnJ slow lo proJuce pr1nter-m.rp' lluleven 

thc compula!Jun uf a IC!te,tnal gr1d 111 Ca1 ICSI.tll coordllldtes 

w.rs .r grcJl S.IVIllgs llowcvcr. til!l'>C rntercsrcd 111 'ludyrng 

Pfllll'Ctlon ;;ystcm'i 111 d more tltcorcrrraf lrameworl-. 1 0 wcrc 

very wcll JWare lila! lhcy wc1e Jevdllptng UlllLeph tll he 
.1pplrcd on the pr<1pcr h.ndwa1e. \lllen .¡vari.Ihie rnl·tdL'Ili.rlly. 

hy the Irme lhcy 11,1\l cornpletcd tltcll wurJ.. (l 1)::111<' 1 111 

¡\¡¡()thcr CX.tllll'lc IS th.tt or IHII-\h,l\ltng lite lll.illll,ri 

,ljljllll,ICii IS JeveiopeJ lll ,llllllljlll':,\!Ve leve! IIOWL'VL'I .11'> ll\e 

1\ ll'\IIILIL'd hV Cll~l .lllll lliL' \L',JILIIY ol ljlt.il!l!c'd l.ttlo¡:

l.t¡tltet\ Jj U!IC ,ICLepl\ tlil' );l'llcl.tl \L'II\L' lll"i llllli[:\ tltl'tlll'lll 

(le. lita! .1ny proccdlltC wiHL'It L.tll be -.pculrrd 111 ,, lrnrto: 

numbe1 uf sleps can be aulomalcd). lile aulorn.lllllll ni the 

'
0 Scc lor c,,unplc l ohkr. W !{ ( 1 <)(,~ 1. ",\ Cl,t\'il.it .1111111 "' 

1\l.rp l'roJl'Llmm." l1111wl.\, /1/l(,, Vol 52, 167-17<.. ,1nd """ 1{ ( 

11967 l. "(;cnmctnc Pro¡el'f¡on' 111 Sy,tcm' Stud1c'." 111 \\ L 
(;,IHJ\011 Jlld D 1· ~l.trblc, cth !1967) (jllall/tlulll'l' (uog¡a¡>hl·. 

Par/ JI, 1 v,,"'Jon, 243-323 

k-~~-~-.. -----·......; 

h dt'll\11\ lll.lp e J .nlll b 

ti' A\-<'"'''' .rn,<h '1') 

llf.!llll' 1 10 Al:<ltullur.Ji lh·m1lv Alfl'.l::• "' 11.<1. 1'1\'i '\o11H' '"'·" .IVt'r.<~-:1111.: would ir,IVl' ntl 111fll't·d lile Jlll,lf.!l' lnll lill 
j)IIIILITY pur¡H,..,l \\,,.., tlH· ll''''''"''ll'll ti! t•'lllllf\' ht~llnd.ll\' IIIH\ Show.., .11''' 111\· .ulv.anl.t~l'' 11! 11,111 ltllll 

,h ... lln¡.: l'ro¡.!r.un I'AX ll.d.ll,, .<nd f'liHillllillll 1 1 l't.!lit lln,Vt'r\IIY ol Yll¡!llll.l 
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1 1gurc 1 11 Állllllllh,lll'•"i''''lltlll 1 ''''· 111<' f!n<l '' dr.Jwn .111d thl'll 

OVt 1 ~ llflll ¡>tlllll\ illllll ,¡ d.11.1 h.lll~ ,11\' r< t tllllJllll< ti .111\i 
ploti<'d t•r .. gr.un Slll'l RMAI'. prodtllll<>ll W 1> R.l\<' 

me1lwd '' lltl ~urprt~c 1 1 llowcvcr, Yocl1 dtd ih1~ 1 2 wttlt 

gt.~plllL equt¡'tncnt wlnch gave lnm no dtJncc cvcn lo UllllC 

nc.t1 tilc qu.dtty ol manual shadmg he produced J Jcn;c gm! 

u( gt.ty v.dliL''· gcncrJtcd un lile hne-pnntcr dtllcrcnt grJy 

tune<; lillt~llgil nvctpiitillllg. cut them out, ami paslcd them 

utll<l .1 l.trgc \itcel 111 tile tHLler 111d1catcd by tile compule1 11 

Tite IC\ttll "·'' tilcn photographcd Tit1s author lcpro

!l'·''''''¡,·d lile lllcllllld for ,1 f.t<;lel-rccmdcr (wtlil .1 h4 lcvcl 

¡~i.l\ ,,,d,· .111<l .1 ¡:11d ol up l\14 ()()() x 4.000) lllL.tlnl 1.'>00 
¡¡¡¡j,·, ,1\\,1\ ()j, <>111\l' lhl' li\,1)-:L' 111 \ll<it .1 1.11)-:l' )!lid IIIV<liVl'\ 

l<llt ,¡,j,¡,,llk IIIIIIIL'IIL,¡j dcvl'illjlllll'lll hui tite Lil'tlll illt litL' 

llh'lil<•tl ,·le,,, 1\ ,i,l\' wilh Yocl1 (Scc 1 1g111C <;X) 

) 1•<· diSLll~<;toll \lllile iJJrdWJIC Wlli titcrefoiC be te\IIICied 

111.1 >"•'IV gcll<:t.d de\ulpllon .1110 a ve1y ltm1ted outlouk Tite 

h,l\1\ ¡,,1 .tll wo1 h. 111 ullll¡HIIcr LMiog1apity 1~. ol UlliiSc, the 

Ullilllllil'l, .1 

lll.lllljlld.lllll)! 

\lljlplytng 1 itL· 

dt'VIle LJjl.ible ol .!Ccepllllg lllfOflll.iiiOil, 

11 hy ,1 \eqllellt..e ill qorcd t..Oilllll.tilll\, ,!lid 

IL'\llll\ ol tite lll.lllljllll,lllllll lt li\U,dly t..Oil\1\1\ 

Oi .ltlliiiiiL'liL ,111d logiLJI 111111~ ,lllll .1 Ullllrllilltlll, <;lor.lgc 

' ' 1 t>bkr p 1 ~X "' 1 onl1111'"" 1 •no 
'' Yo<'h 1' t l'lú~) '•\n.dyil<dl 11111 '.h.tdlll).:" Sllll't'\'111~ t7JI(/ 

,i/o¡lfJII/1:, Vnl ," e:,-¡\ C:,71J .liHI Yot 11 1' f I 1H,7) "r-..lt 1 h.llll/,lllt'll 111 

,\ll.il\'111 d lltll \h ullllf, · /1¡, ( lllfns.;ltlf'lllt loltlfllll \'ttl ·1 H 1 HX 
/\11 t \,lllljlh t olll ¡,, lound 111 Hnhlll'dtll .IIHI ~.dt' I'H,'I, p 1 /1 .llld 

IX\ 

t ' 1 "" IIIL' liltld " 111<11< .IIL'Li 111 ( il.ljll\'1 V 

l) 

dcv¡,es, .1ml 1nput-output tlcv1ce~ Tite Lfl\1 L.lll V.tty f11Hn 

!tille ovc1 J hundred dollars lo t..lo<;e lo .1 qu.t1lc1 ol .tmtlltun 

doll.trs rcntJI !tlllC pet montit Tite typtt...d con1putct lor o 
<;luden! use al tite un¡vcrs11y 1~ medlllm lo l.nge, Wllit :12,000 
lo 121:1,000 wotd~ of usablc f.~>l lllellltlly, ~eVL:I.d 111.1g11CIIC 

dt~C .111d l.lpC d!IVCS lot seeot1d.1ry \l<ll:tgc .. IIHI a h1git-\j1C<:d 

flllltlet M.111y systcm~ lllt..lude .1 dlltlll plollcl .!llll ~on1c: ol 

tite I.Hgrr oncs .dso 111t..lutle dll lllleraLIIVC C.ilito,k-r.ty 111he 

Tite marh.et 1s rap1dly expamlmg lor IIIIIIILOillputct\, hut 

cartugtJplty 1s not al fectcd JS yet, dc>ptle lllJIIY v.tlu.~hlc 

potcnttJI apphcJIIons 

We w1ll lnst dtsutss dtllcrent grJpittt.. oulput .111d 1nput 

dev1cc<; The lmc prmter "LCtl.llnly tite mo't .tv.ttl.ihlc devtLC 

Jusi JS une can p1mlut..c p1L ILHC~ wtth tite typcwntet by 

t.1k1ng advantagc uf tite v.nymg g1.1y levcl of lite dtllctcnt 

chJractcrs, so can the l1nc prtntcr prudut..c 111.1ps Sevc1JI 

mappmg programs w1<!• examplcs 111 tl11s p.1per Jtc adcquJtc 

proof W1th up lo 2.000 ltnes pcr mntute ti ts .tlso J very l.1<;t 

mstrumcnt. Tite drJwbacks are 1ts low 1Csolut1on. w1tit 1 O 
cha1.1c!ets per mch actoss .md ú. X 01 1 O l'L't llh'h clown .• md 
liJe rci.IIIVCiy (jiiiCi-. faU111g of tiJC L.ilbllll-llhlhlll WIIILh oiiL'll 

tc~ults 111 a d1flctcnl gray-lottc 1 romonc· ''"'e' 111 lite· nn.t 

llolit dt~adv.tnl,lgC\ it.IVL' hecn l'il!lllll.ti<'d hv c·kcti<hl.lltc 

l11tc plotlcrs wlnLit p!ot hnc' ol po11tl\. 1 ()() 1'''' IIILit .11 l11gh 

\f1Ce0 lloWeVCI, tite jl.I[1C! 1\ ,dJOIII 1<:11 llllle\ llltiiL' C\jll'II\IVL' 

tit.111 pr111ter papcr, wlnclt 111.1kcs nHIIY Lll111putn:g Letll•.'l\ 

ltestiJnl to 1nstJII sut..h a 111111 Titey ptelct thc ~c1y vct\.ttdc 

plotters wlnch draw hnes ddinctl hy J scquCIILl: ol Ctlllt d111.1 te Ü 
patrs There ate two dtl'lerent types of l111c pluttct~ tlll tite 

market. ctlhcr the cheaper drum pltllter wli1cli uses lite 

rotalton of thc drum as thc movcment along lile x ax1~ .111d 

thc hontontal sh1ft uf tite pen JS tite movct.tenl along tite y 

i!Xt<;, or !he nJtbed plottet wheiC tite pelllllllVl'~ 111 iwtit X ,IJld 

y thrcciiOII over a 1.1blc Tite y it.1ve L'tl hc·1 IPw 111 l11gl• 

te\Oillllllll ( 1()0 111 10,()()0 \kjl\ llL'I IIILiti.l\l\V \ll ~~~~~~ '}'<'l'd 

( 1 (O ·10 IIILill'\ jll'l \<'llllld). IHIL' l'\l li.llll't',lhic llt'll \ll .1 

llllillt-jlell itL',Ili,l'iL',dL'jll'iltiiiJglllllitt•jllllt' [\¡,,¡ t>l ili<'Jll\ll\ 

111 tltl\ papcr aJe p1oduLcd 1111 .1li1111Y ¡¡¡,j¡ dotiiiiJ'I'''''''. 'llll 

Slep~ pet llltit. 1 5 IIIL'itl'' jll'f \CC<IIId ,llld tllll' Jll'll ( 1 lf:IIIL' 

1 12) 

1 he cJtitodl' r.1y tulle" l.lnllil.n to t'VL't\ h·•dy hv 1!\ 11'c 111 

telcVI<;tOil UnlortunJtcly lor LMiog1a1'it). 1 l1t' CR 1\ ll\<'d 1>1 

COIIIleCIIOII Wl 1 j¡ 1 ite COillJHI[C 1 ,lle 1111 L'll t¡llll L' J ti k 1 L'lll riiL'Y 

ll\liJiiy ope1.1IC Ullder Vl'CIOI IIIPdC and IHIII.Iql'l lllllde(ll'. 

they draw ~ltatgitt IIIICS of .111y lcngtit wtlli .1 111.1\lllllltll "1 

3.000 lo ú,OOO lmcs). Jlld do nul pctnlll \CicLllve turtlltl¡!<lll 

or olf of tndlvttlual potnls 111 a m,IIIIX PI ht'I\\CL'Il 2'iú .111d 

4.096 po1111s <;t¡llale Th,•y .d~o l""""Y dn 11111 .,¡-il't \.iiYtii:: 

,l!I.IY-IIlllt'\, h111 1111ly d.tlk ltlll'' 1111 li,•J¡¡ h.11 (.,<'l<'lttid 111 

Vill'-Vl'l\,1 1\111 llil'y ,11<' VI'IV i.l\1 111 1\''•i'""" \tll.l\1 111.11 "''' 

t',lll l'Vl'tl Jlilldtlll' Lllllt¡lllil'l lilllVIl'\ 111<'\' .IIL .d\11 1>1 «'11 

tntctJCIIve. tit.11 1~. litcy .ill"w tlic 11\L't '" P""'' ¡,, dtlkiL'IIl 

o 



o 

o 

o 

h¡:urc 1 12 :,.l.lll.lud, Cunl!llllllll¡! 1 he llll1lllllllln¡; p.lltcm 

111 till' ( •l'rlll.lll ¡novJncc l'rogr.lln 1'1 IIL. d.JtJ \V 1) RJ\C 

plo~u.~' <lll thc ~Cil'Cll .1nd m.tkc Lite compulcr rcacl 111 a 

¡lfll~l.lllliill'd w.1y L~.amplcs oflilcus:~gcol suchadcv¡¡;ccan 

be lound 111 Lh.iplc•s llvc.~JxanJscvcn,andallhccndoftlus 

cll.Jplct lhgu1c 1 13) 

1 1' 

"'~" / 

• J: 
1,1 

1 I¡!Url' 1 ¡1 Y.lllL<IU\'c'r 'itreel NeiiVOl~ \V¡tl! ( ll,t\llllll' 

ll,ILI S ll'lllllk 

ill 

·¡he VL'Lllll-modc CRT 1~ loll Cli.II\L' lor lhc p¡odiiLIHlll "' 

11111\l j¡¡¡,¡\ lll.IP' Lllil'\ 111 C.lilt!);i.!phy .IIL' 11\li.dly ltHI 

LlllllfllcX to he ICjliC\CJliL'd by <1 rcl,iliVCiy <;m,J\1 lllllllhl'f ol 

veLior<; In aJdiiiOII, lucilunng 1s almo<;t illlpo\,ihk llmv

cvcr, dS an llllCflllCdlalc dcvtcc. :..ny CR r can he of l'llllflllllll\ 

v.iluc hcL.Ili\C 11 allow~ lile ll\l'f lo worl.. w11h lilt• map 

li.i\1-IOIIC ('!{'! \ llllghl he lillliC 11\l:Jui 111 clliiip11il:i L.IIIOg

l.tp!Jy. ~\pCc1ally lo1 li~l·i.d c<lpiC\ hgtlll' 1 10 'l1ow' lile 

rc\li\1\ liOill .111 111p111-oulpu1 \L;JIIIICI 011 liln1 WJiil .1 po1111 

lll,llil\ oi 11p lo 4.00() hy •f.()()(), ,111d (,,~ IJ,¡JJIOIIC\, 

dcvelopcd .11 lile lilliVCJ,,Iy ol M.11yi.J11d 

M.111y illplll-dcv¡cc<; ~liLh ,¡-; piLiliiC ,¡nt\ lll.I¡J·\L<iii!H:r,, 

ilc1ghl <;canncr<; on ,¡cn,d pilolog!o~ph'>. ;:ultliii.Jllc luJc-

1 ollowcrs .tnd ·'Pl'cl.tl pa t t cr 11-rccog111 t 1< 111 Llllll pu t L'l\ ilo~vc 

bccn Jcvclo¡wd ! lowcvcr, tltcy .tiC \l'idom .IV<~ILiiJic to 

sludcnls ol vllllPlliCr carlog1Jplty Tl1c only dcVILC wlllcl1 1\ 

frct¡lll'illly JV'III<Jhk 111 lllliVCt<;!IICS 1\ dll xy-dtgiii/Ci \llllil,lf 

lo J dr.ilttng t.~hlc Wilh Jny onc o:· >CVCIJI mcLh.tnl>lll\ In 

!CCOid lile X, y pUSIIIOil of :J COUISCI \H lll~gnciiL pcll. lile 

LiJgiii/Cf IS Vl'IY JCCllrale ,111d ICJJtiVCiy f,¡sl. h111 doCS il<ll 

tcltcvc the uscr or thc nced for carcful prepJrJIIOJI (Figlllc 

1 14} 
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1 I[:Ure 1 14 111ll'f.!LiiVé Sioro~¡.:e luhc 1 he luiw '' 111 .111 .dlll•"l 

h<ntJont.ll pn\iliOil fnr work.tng LCII\\'~'111~ nu· i \¡~· npt'r· 

,\lor h.\\ lm 11chl h.IIHI O\\ .1 ¡,.¡,.¡, 1'<' '"'"',¡" '"' 
Ji¡>h.llllll1"1efiC 111[éf.ll 11011 1\ 111! lhl' l 111\\jlllll'f ikt\\<Tll 

lhc tdetypc ~uH.l tl1c tulll' '' .1 'lliPll'l' .. lcu ''"~' 
d!nh..'n"l(l!Lll llll\'f.lLitllll\ \\tlll 1111..' U'llJilllllr ( clllll\''~ 

A R llovlc.llmver\111' ol ~.l\~.IILil<'"·'" 



ill. A SFllJllT lNTl~OIJUCTJ(JN TO ONJE ~iAf~J»J¡VC 
SYSTE!fl 

~l.u1y 111.1p 1'111g ~yslems h.1ve heen devcloped, hut only a 

kw lo thc sLi~·: .11 wluch thcy can be u~ed by pcoplc olhcr 
1 h.111 t he u p1 <').:l.lllllllcr\ Thc nupp111g system lo he descnbcd 
1' '>llL' tll l hc Jllo't w1Jcly d 1Sl11hutcd, SYM Al', dcvclopeJ by 

thc Ldllll,llory fo1 Computn (;rapllll~ .111d Spallal Analys1s 

Jl li.IJV,lld Uruvers1ty. lis w1desprcJd use 1s nol neccssanly 

1111" lt> ds qu.Jhty--although 111~ a ve1y good program--but 1ts 

gttPd doLtllllL'ill.llton and llsavatl.lblllly through purchasc. 

·1 he IISdhiltty of SYMAP 1s bJsed on lwo mstrumcnts 
.Jv.tlJ.ible 111 v11 tudlly all computmg centcrs a mcdnnn·slzed 

Clllliputcr Jnd a hnc p11111cr Jusi as the typewnler can 
p1uduu: p1cture<; by IJkmg advanlage of lhc dtfferenl 

J-'-I.JY·SL.dcs ol lctlers, numbet<;. ami s1gns. so can lhe hne 

I'Jillll'r. bdl al a speed of úOO lo 2.000 lmes per llllllUie, 
u,u,dly 132 ~yrnhob pcr hnc Thc resol u! ron 1~ ten symbols 

i'Cr 1nch hotllontally ami SIX 01 e1ghl syrnbols per mch 

v..:·1t1cJiiy Thc w1tlt h of lile out pul sheet (13 2 symbols) rs no 

lc'~IIJCilllll ~111cc one C:.Jll p1111l a map ll1 sl11psand lhen f.tslen 
thc p.nt<; ll1gethcr ( f1gure 2 1) 

Othcr ptl~IIIVC k.Jiurc<; ol thc J1lllj..'.f.llll .!fe ncxdllhty ol 
111pul Jllll lhe g1edl ".lllety ol tllliput The stanJ.ml lorm ol 

lilplll 1~ un L:lld' (punch-c:.Jrd'i. 1 B M can.i'>), hut <;ome or .1ll 
ll11' ilillliiii.!IIIIJI ,,¡¡¡ ,d\11 he Jl',Hi 111 lilllll lli.J~IlCirL la¡W lll 

dt•,, [ 111' 1"'" o" \VooJdol 11111111111\ l11• liJo' 11'\JJII 111 '''lill' 

¡r11 \11!11'•, 1111111111 dttlll .lit lt 1. d !1.1 .l.tllll.ltdU.IIIIIII 11 ¡'lt '• 

'1<111 ,¡¡¡,Ji\''.1\, l.oo Jo¡ .oll,ily-.¡-. .o11ol 1111 liko IIHil' ¡•,,o .I.IIJti.llol 

c.lld illllll.JI, lli.ll 1\, tllc Llllll\ 1!1ll'l CXjlL'Lh Ll'il.llll d.11.1 111 

LCJI.till ''JieiJ~" (groups ol Lolumns), bul cven tlu~ LJil be 

ch.11o:~~·d 

Tlic• lll.JIII lllplll lor the pit>diiLllllll or ,¡ lll.lp lllll\l~h ol 

u>oJdlll.llc~ illl ptHJll~ 1Vl11Li1 1Cp1L'~Cil[ Cl[iJL'I d,ll.i·pOIIliS lll 

loL.Jilllll~ ,dPIIg illll'~ Thc dtlil'Jcnl typL'\ .uc ~I<Htpl'll 111 

\ll-t:Jiicd p.!Ch..Jge~ WlliCll CLli1\J~[ ora C<Jfli Wtlh lhe paLkJgO: 

ttllc. thc po111l-c.nds (n11c t..JJd pcr pomt) and pJLk<~gc-cnd 

t:Jtd Thelltlkrent p:Jckage~<~•e 

Outlrnc 
(' 1111 ro lllll\ illlCS 
Ddl.l-1 1olllll' 
Otokgc·nd 

B:mtcrs 
Valucs 
M.!p 

1 ¡ 

The nulpul can be tn thrce types of' m.~p:- Tloo: uHllour 
lllJp represenls thc 1 vaiue~ oi' a <;el ol (lloii.Jily) 11 rcgui.Hiy 

d1SI11bulcd d:Jt:.J-pomts by contouJ l1nc' w11h up lo lwclvc 
dass 111lcrvals The choroplcth m.1p por tJ"Y' 't.!IJ,IIL.il .11c," 
w1th g1vcn boun(i:.Jnes, aga111 by up l\1 lwclvc '-;,~,, IIIICJV.tl' 

The proxnn.Ji llldJ' IS sumi.Jr to lile <..iHH "l'iel h m.1p, bul thc 

botmda1tes ollhc slal!~[:':al are.1s are 1101 g1vc11 11 c1c.tle~ lhcsc 
Lloundartes belween p;ms of dai.J-jl\11111<; (l·lgulco; 2 2. 2 3) 

Input IS governcd by lhe chOice loclwccn ,¡ rl\cd illlril·lll 
d&ta-struclure ora tlcxtblc uscr-suppltcd o11c In .1Jd1t 1011, ihc 

progr:.JI11 can be oper¡¡teu by USlllg oniy :.J p.tl II,Ji <;eiecll011 or 

the packages and elecltves of thc m.1 p·pack.Jgc 1 lll ex.tmplc. 
one mtght produce a m<~p wtllhllll lcgcnd' .1nd ciHlO\C thc 

stund;nd st7e (13 !llcllcs) In thts c.J<;C, onc c.Jn lc.Jvc out lile 

Otolcgcnd-package and docs llt>l have ít> ~peufy thc 

stt.e-elccltve (conun.Jnd), but LJII 1ely nn ill•' del.llllt opl1t111 

of 13 tnches. 
The posstbtltty ol opcrall11g the prog1.11ll '''llh .J'>m,dlcJ ,,.¡ 

of commands, howcver. can lurn the prll¡_:J.Jill Jntu .1 burJcn 
to bolb lhc user and h1<> compullllg celllcl i 111'> 1~ lile f.ndlol 

thc user not the progr.un Lvcllllllh\lllipl'·'l 1•11111 (IL. w1111 
everyt h111g lcl l tu del JUII ). SYM Al' j¡,~, lo IL'\c'l VL' Clll e',¡ (\J.Jgl' 

and 11~e up compute¡ llilll' i'n1 lllL' llllll'<'d p.lc:...J¡.:c·~ .111d 

"1'111111'> t\l.iil\' ol iho• lll.i¡\\ ¡>J<Hillo ,·d Wlll1 '-'1 ~1,\1' l <'tdd l>o~ 

11111 id'.ii'J oolld 1111111 1 loo .qol\ wlllo .. ·'" ,¡¡, 1 1''"1'' 1111 hn 

".11111<' ltlliliill \VIId•,, Jill' olo V• JooJIIIIO 111 ool 11< )¡ 1 l'lii¡'I,IJII 

Wllllid p.! y Pli 

We should be encuur.~gcd. ho\\CVO:J lu ¡,..,¡.., r1.tt> ~ Y~L\1' 
111 more det.11J SO [j¡J[ \VL' dll 1101 li'>L' .1 10:\IIILIL'd 'il'l o( 

lllllllll:Jll(b, S1111ply lllll lli lj..'.lllll.llllc \Ve· wJII \l.lil \1 Jli: liJ<? 

'iiillpil''>l 1111.1~C .1nd tltc11.Jdd Plin·¡ k.Jitllc'' 

Tite only 111.1nd.Jio1y jl.JLI-,,¡gc· 111 \'\ ,\l,\1' '' liJe' Jll.ljl
p.ickagc wh1ch control\ th•: prodliLIJo>ll ,,¡ C.JLh ilLlp '"he· 
prmled. 11 ha<; o~ppro'\llll.Jtely lh11 ty "l'lltlll\. lllliJC ••1 wl11c h 

h:.JVC [O be \!Sed IOr thc [11~1 CJ~e (J¡¡Jy Jill' p.IL 1-...lgL' ll,lllll', 

tltrce c:.Jrdsoi'tllle and two lCJillllldiJtlll L.JJcl-..IJ•: nCLC\\.oiV 1t1 

produce a 1 J x 13 rnclt pr1nlo1rl wllh .1 IJ,I!llL' <llily 

By ,Jdd111g ,1 sel oi d.JI.J·jllllill\ llllL' "hl.loil' .1 c••llll>lll lll.1 1l 

l hc \,llldlc-pPllll I'ILIIIIL'. whi< l1 ll'Jll<"'•'lll\ .111 ,,¡ lc'll d"clh"'" 
lll.Jill'i 111 L.lllll~J,J¡ilov. i' LIC,Jic'd h\ IJ¡,· "'<11 c<lloll, 1' .¡.,¡., 

Wltl're lite J'llllli~ ,JI tite l'lid' l\J l\llL' di.J¡.'.llll,Ji j¡,JVL' Jngli V.liliL'\ 
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!I,H'AP sru 1\167 

h¡wrc 2 1 (.r<JII\C MountJJn. Nnrtl1 V,JIIlOIIVer 1 en Li,I" IntuvJh h,¡ve bccn u~cd l<>r thc l!li<lnunn~ ¡-¡,,. rn.q> 

,hows thc llillcrent comhiiiJtJ"n' ol ktter' 11\l'd 1 he numhcr~ ~hnw thc lncatton ol d,JI,•-I'"l"I'.IIId 
thc1r lcvd 1'10¡:rJill SYMAP. dJtJ ll MMk 
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hgurl 2 2 Vancouver A chorop1cth map ~howmg thc rcsult~ of J f.¡ctor ana1ys¡~ of thc l~ll~ll' of 
popuia!lon factor (79 van,tb1c~, 118 LCn~u' trJd\) Data T.K Pcuckcr. produc!Jon W [) KJ>e 
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o • " .. o . . . . 
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'' ' ............... '" ... ........ ............ •• • ..... ..... ... • ................... " ....... ................... o o .... .. 

1 ¡gurc 2 3 S.t.~rl.11al, Ccntr.tluy ·¡ hl' cxo~mplc ,Jww' th.il thc pro\1111,,1-typc llldJl Lolll lJc wr~· \llilolbk lt>r d.""""'''"n 
Tli.IJljllll): rile .nc • .- or ilttil' JIHI lugh VJfiJl!Oil JfC wcll dchncatcd lJy thc dcn\llY ol unrdcr.' l'rt>¡:r.nn SY~1AI'. 

d,l!,l \V J) 1{,1\C 

.~ntl lile Jh>lllh Pll thc I>IIIL'I dt.1gonal h.tvc low <lile~ Tilc 

potlll\ ate ICJliC'<Cnlcd 111 lile d.tLt-potnl pack.1gc w1til liJen 

C<Hlldlll:.tlc~ .11HI 111 lile v,duc\ p.tch.agc vvllh illl'tr /-v,due<; 

(iletgill, ClL) ¡\<, dl\ltllgut~,JIL'd iftllll i/ic .._I,IIHl.!id l!llthc

llldllc.d ~.-<><lldllt.!IC -,y:,lcrll, ~YM/\1' d\\lllllC\ thc <nl,0,11lllillw 

llllllliWl'\( LlliiiCI ti/ 1/tc Jli,IJi :lllli llll".l~liiC\ /il\1 dtJWII ,Jild 

IÍICII.lLIII\\ J'/¡l' lt',l\011 /or illl:-\lllllL'illllL':-VL'IY IIIUIIIVL'IIIL'Ili 

ll'~rli,llillll lié\ 111 lile' plll¡.!:l.llil\ 111\lory In C,llltct VCI\Itll'' e JI 

~Y:'.lAI', ¡J¡,· '""'''~ h.1d lo be done by 1111<'' ,tnd coltllllll\ ,,¡ 
¡j,,. ltlllllc' \lllt¡lllt Ílllud,ly'S lllllll' U~CI-!IIICJlll'Ó Vl'l\lllll, IÍII\ 

1 ·t 

¡<; dt•lle by lite COillJll!ICf ,¡f(CI Sillfl ,¡¡¡¡] <;C,IÍl' p.tldllll'lc'l\ i!.JVl' 

IJcen lah.cnlltlo cunstdct;llt<lll (i't~:utc 2 1) 

Thc cartug¡~phc•'s .11ca '" he lll.ippcd '' ll'·ll.tlly nol 

teclallgul.~r 14 
Ctltcs h.tvc lltcgulo~t slt.IJiC' <"lltl!llc'\ .tic' 

itllllit.:d hy houlld.Jtll'' .tlld WdlCI hc'VIIIld WÍIIt/i d.tl.l ,IIC 

Ctl/iCI llll~llll\VIllll llllll-L'Xi:-ICIII 'JJI\' uullllil' 1\ tkllllL'd !Jy 1:1c 

outltnc-p.lch..Jgl' Tlic :lll'.t ouhtdc lit•~ lltliliiH' '' 11\tt.tlly kit 

IJ/,IIik, hl!l Ldll bc (¡jJcd Wlill,lll)' dl'\llt'd \)'IIIÍIIIlllttollgJ¡ om• 

ol lile cicdlVC' 111 liJe lll.lf'-J'dCJ....igC' ( 1-tgiiJC 2 ~) 
14 Wc .tr<: UI\LII'''IIt: tllclllallt', not '''l"'~~r.IJllilc 111"1'' 



¡gurc 2 4 S.H.luie l'ollll 1 hl' d.tl.l·JlOIIlh ,¡re .11 lhc lour corncr' or llll' "luan· No l'IL'Lllvn ni lile 
map p.1Lk.1gc .are mcd l'rogr.un SYMAI', produdton (; ll.tyw~rd, Sunon l ra,cr Umvc"IIY 

In .1ddttHlll to tite outltnc. tite hasc-m.tp may also itavc 
ttttetnJI hmutd.mes such JS thosc of st.tte~ Tite conformo
ltnc-pJckage cont;JIIIS thc boundary-coordtnalcs of thc 
..,¡,¡l¡<;tll:al arCJ~ fOI thc cltoroplctit mar Howcver, tite St;JIC 
I)()Ulld<~lles could abo be protluccd by hnc-lcgcnds 111 tite 
1.-gcnd-pacl-..q,?,c The lcgend-pJckagc g1vc~ tite uscr tite 
opp<lillilllly lo .1dd lo tite m.1p llil<lllli.tll•llt wlndt ~lwuld be 
iCpl'.lied eve1 y lill\C 1 he p.!L k,lgl'' .11 L' lllll Wil iJ dilil'll'lli V,tiUC~ 
Jl1d/"' clcctlvc~ L,,llnplc.., ~•e .111 ,~..,tcrl\k .11 the pl.1cc ot .1 
c1ty w1tit tite ltr~t letter nr tite 1-ullit.nnc 011 tite ~tde, strtng~ 

of a symbul "~ >trcet~. bouiH.lJrte~. nvcr~. etc, are.~., ,-,lkd 
wllit o11c symbol for lakcs, unpupul.1ted .11e.J..,, p.1rk~. n,,,,,,. 
arrows, largc tttlcs, etc A carcful prcp.IIJtlllll ul tite kgcl1d
packJgc can .1dd col1stdcrably lo tite m.•p ( 1 1gurcs 2 (,, 2 7) 

One cJn urg.ttliZC thc SYMAP clccttvc~ 1111o ;·uur gt•'lljl' 

St7c. scct 1011, ami scJic e lec t ¡ve.., 
2 Ct.iy-scalc lcvels .md symbohstu ekL'ItVL'> 
3 In tc1 polat ,,,¡¡ clcLitves 
4. M~>u:ll.nH:ou~ clcd1ves (text llliolttl.Jilllll.ll:..,¡¡¡,¡¡"ll~. 

output onto tape, etc) 

o 

o 

o 



o 

o 

o 

F¡gure 2 5 CanJda Outllne Thc use of thc outlrne package and thc ~11e elect1vc. 
l'rogram SY:O.lAP. data D llatlelld. Suuon l'rJscr Umvcr~1ty 

1 SYMAP 1s tot<JIIy scalc-mdcpcndcnt. In othcr words, 
tt1c mca-;u¡emcnt Uilll of the Input docs not 111 any way 
IC\lrict thc out pul Onc can dcfmc the.coOidlllates llllllches, 
mdc'>, Ll:llllmetei~. etc. but also 111 non-drstJncc umtssuch as 
.i1111llal piccl[lltat¡on vcr\U\ 111~.111 annual tempcr.11ure The 
progr,llll .1\\llllll.:\ tli,il ~vciytlllllg " 111 llh.:lit·~ llll'll'iy IP 

L.tkul.llL' 11~ lllll'lllal 'Lak (p1111l~d 11UI witli tlie map). and 
¡-¡rt~ducc> cll h~1 J m a p of th11 te en rnches ( the del .IUI t opl1o11) 
ur lit" thc >llc ,p~ufrcJ rn .111 ele._t¡ve 

Tlie mcr of SY:'-.IAP I'> not bound by thc areJ he wants lo 
111.1p by 1hc JreJ he Inputs 111to the system By dclmrng onc 

. ekUivc he ~..<In take a sectJ.on of thc map antl show rt ,11 any 
,c,li~ Thc 'eclion ho~~ lo he rectangular, howevcr, w1th a 
holli'OII 1 ,¡j ho~~c 

2 \Vhen .t ..:_..rrh1g1 o~phcr m.qv; .t thcma 11c su1 facc or terrJIIl 
by o.:hororlcth or con tour mcthod~. he nlu~l cmploy a ~yslem 
ol gcncr,dillllg qiL' JrrJy ol d.1l.I Cl.1~s 1111ervab are thc 
llllillc'11L.d L.tlcguiic'\ <ll \lldl ,¡ 'Y'I~m allli..,lilluld be thought 
lll '" hclil).: hu11111kd hy ~.,l."' liillll\ A gt'llgi.Ipliei kllolw..,tli.II 
cqu1d1\l,111l cla,...·llll<'IV.d\alc 11111 .dw.ty' lli<'itk.d tli<lll..t' i-111 

CXJIIIjlk. 111 ,¡ lllio.JI diL'.I WIIII llill' "''Y ,lhl' jlllplll.ilillll dl'll\lly 

IS atlcasl f1ve tunes the average rural popu!Jtion do:nsity With 
thc SYMAP def:wll opllon of five dJSS Inlervah. the 1 ural 
pPpulaiillll tlens¡ty would fall ent1rely Illlo..:la..,s <lile wiH'Ic.l.., 
the c1ty would fallmto class f¡vc Wllh notlnng f<li Llo~-;ses IW1l 
to four Therefore, nne 1111ght bcnclit l1om t.lk111g thc lowo: ... t 
and thc lnghest rur.d dcii,IIY :1nd est.~hh ... lung lo111, !:1\\C\ lo11 
1111..rl populallon'aml the f¡ftli (01 urh.IIIJ'<lplll.rtrPII Anuthc1 
P'I~Sibrhty would be lo produce more ci.J~'> llllciVJh. lur 
example ten, but then onc would ag..rrn gel Cit!hl 111h..rn ~..l.~~,l'~ 
( for only oífc clly) an~l two rural oncs ( Frpnc ~ S) 

Both alternJIIves ami :my·vartat1onul thc111 .1rc po''!hlc 
Onc éan also substiitÍte the stand<J1d symbolr~1Ú w1th one ol 
iu:, own eh orce 

3 Thc dat,1-pomts uscd lo cicate a surl..rcc dcfu1cd by a 
rc~u lar gntlnf 1 v.d u es do not ha ve to be lliSlllbu t cJ regula ily. 
SYMAP mterpolates for a regular gr1d ustng .1 ..,<lplmlicated 
,rlgolllhm. wh1ch has four mam components 1 s ( hgurc 2 q¡ 

'' <.,,·,· Shc·p.ml. 11 ( 111(,¡\) "A l llll·lhlll<'lhlllll.il llli<'ll'lll.IIH•II 

'""''"" lor lnq.:ularly Sp.lll'd 11,,¡,,," ¡•,,,., ,.,¡,,~,. 21ul N.ll 
""'.A'""'·'''"" 1<11 ('o111p1111111,: ~t~dum:ry, ~ 17·52·1 



1~[\V 
•----•----I----•----¿----•----i----•----~----•----~----•----h----+----7----•----4----•----• 

1 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 1 
1 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 1 
j ••••••••••••••••••••••••••••••••••••••••• / ll ••• ••••••••••••••••••••••••••••••••••••••••.• 1 
1 •••••••••••••••••••••••••••••••••••••••• • l • • l • ••••••••••••••••••••••••••••••••••••••• : • .. 1 
•••••••••••••••••••••• o • ••••••••••••••••••• 1. 1 ••••• ••••.••. o ••• ....................... o •• o o. 

¡ .••....••......•..••••.••••••••••••••••••.• /. l.l/ •••••••••••••••••••••••••••••••••••••... 1 
1 •••••••••••••••••••••••••••••••••••••••••••• l/1 •• l 1 • ••••••••••••••••••••••••••••••••••••• 1 
1 ••••••••••••••••••••••••••••••••••••••••••• • u ..... ll •••••••••••.••••.••••••••••••.....•• 1 
1 •••••••••••••••••••••••••••••••••••••••••••••• l ••• • , • l' •• ••••••••••••••••••.••••••••.•.•• 1 
l •••••••••••••••••••••••.••••••••••••••••••••••• l ••• • ••• 1 l • •••••••••••••••••••••••••••••••• 1 

¡ .•..•.••••.••••••.••••••.•••.•••••••••..•...•.•. l •• ••• l •• ••••••••••••.••••••••.•••.•••.•• ' 
¡ •••••..•••••••••••••.••••••••••••••••••••.•...••. l • ••• ' •••••••••••••••••••••••••••••••••• 1 
1 •••••••••••••••••••••••••••••••••••••••••••••••••• 7 •••• 1 • •••••••••••••••••••••••••••••••• 1 
¡ .••...••••..•••...••..•.•••••..••..••••...•...•..•• l • •• ll • •• 1 •••••••••••••••••••••.•.•••• 1 
••••• o o ................ o • o •• ••••••••••• o • o o •• o • •••••• • ! •• 1. o •• 1 ••• o ••• •••• o •••• o o •••••• o • o • t 

¡ ••••••••••••••••.•••••••.••••••.•••••••••...••••••••• 1 •• 1 "'. ll. • • • • • . • • • • • • • • • . • . • • ••..• 1 
1 •••••••••••••••••••••••••••••••••••••••••••••••••••••• l •• •• 1. /l •• •••••••••••••••••••••••• 1 
1 ••••••••••••••••••••••••••••••••••••••••••••••••••••••• 1 • ••• 11. l.. • • • • • • . • • • • • • • • .•••..• 1 
1 ••••••••••••••••••••••••••••••••••••••••••••••••••••••• / •••••••• l • ••••••••••••••••••••••• 1 
? •••••••••••••••••••••••••••••••••••••••••••••••••••••••• r ••••••• ut •••••.•• tltllt •. ••••.•. 
•••••.•••••••••••••••••••••••••••••••••••..•••••••••••••• t •••.•••••• lll/ ••• 1 •••••• !1 •••• • 1 

1 ••••••••••••••••••••••••••••••••••••••••••••••••••••••• l • •••••••••••••• l ¿ 1 • ••••• ' •••••••• 1 

1 ••••••••••••••••••••••••••••••••••••••••••••••••••••••• 1 •• •••••••••••••••••••••• 1 •••••••• 1 
¡ •.....••••.•.•.•..•........••.•.•.•••.•.•.....•••.•.••. l • ••••••••••••••••••••••• ' ••.•.•.• ' 
•••• o • ••••••••••••• o •••••• o o ••••••••••••• o • o •••••••••• • l ••• o • o o o • • • o. o ••••••••• 1 o •• o .. o • o • • 

1 •••••••••••••••••••••••••••••••••••••••••••••••••••••• 1 •••••••••••••••••••••• 11 • ••••••••• 1 
l •••••• , •••••••••••••••••• , ••••••••••••••••••••••••• U/ •••••••••••••••••••• l •• l •••••••.••• 1 
i,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,¡{,,,,,,,,,,,,,,,,,,,,{//1[/,,,,,,,,,,,,1 
¡ .••...••...•.•......•..•.••.....•.••.........•.•• ' ••.•••.......•..... 1' ..... l • •••••••..•• 1 
j. ••••••••••••••••••••••••••••••••••••.••••••••••• ' ••••••••••••••••••• /1............. . ... ' 
l •••••••••••••••••••••••••••••••••••••••••••••••••• llll/ •••••••••••••••• [ ••••••••.••••.•.. 1 
1 ••••••••••••••••••••••••••••••••••••••••••••••••••••••• 1! 1 •••••••••••• l •••••••••••••••••• 1 
1 •••••••••••••••••••••••••••••••••••••••••••••• ••••••••• •• 1 ••••• •• •••• { • •••••••••••••••••• ' 

¡ ••...••••••.•.••.•••••.•••.••.•.•••••.•.•..•••••••••.••.• ' ...•.•.•.. 1 ••••••.•...•. 
+ o •• o •••••• o • o ••• o •• o •••• o •• o o o ••••••• o •• o 1 1 ••••• ~ •• o •••• o • ,' ••••••• o l •••• o o •••••• o •• o ••• o ... 

1 •••••••••••••••••••••••••••••••••••••• 111./! ••••• 1 ••••••• [ •••••••• 1 •••••••••••••••••••••• : 
1 ••••••••••••••••••••••••••••••••••••• 11 ••••• l • •• 'l '1 •• ............ ' •••.••••••••••...•..••• 1 
1 •••••••••••••••••••••••••••••••••••••• 1 •••••• 1// •.•• 1 •• ! .......• / ........................ 1 

l ••••••••••• •••••••••••• •••••••••••••• • 1 •••••• 1 ••••• 1 •• /1, •••••• ! ••••• •••.••••••••••••...• 1 

'······················· ••••••••••••• 111 ••••••••••• 71 •••• /ltl/ll •••••••••••••••• ••••• ·····'· 
1 ••••••••••••••••••••••••••••••••• 1/1 ••••••••••••••• • l • •••• 1 •••••••••••••••••••••••••••••• 1 
1 ••••••••••••••••••••••••••••••••• 1 ••••••••••••••••• 1 • •••••••••••••••••••••••••••••••••••• 1 
1 ••••••••••••••••••••••••••••••••• r .....••....•..•• 1 •••••••••••• •••••••••••••••••••••••••• , 
1 ••••••••••••••••••••••••••••••••• 1 •••••••••••••• 1 1 ••••••••••••••••••••••••••••••..••..••• 1 
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hpm· 2 7 U S A All tlw bnund.tne' .nc produccd ll\111!! thc otolcgcnd package l'rngr.nn 
SYMAI'. dat.1 T K l'cuLkcr .111d R Men:rcJdy. Vtcllll.l, V1rg1ma; producllon G llayward 

a) Thc pmnt sekLtJ<lll Thc .1tternpt ts to fmd thc stx 
d.tta·pomh élo~c~t tu tiH' g••d-potnt 111 quest1011 Th1s rs 

. U<llll' by nHnput•ng an ''nut1.tl" scarch rad1us wlnch 
e11clo~e~ s1x dat.l-plllnts "as thc map average." 11 thc 
~e.11L'h te~ult~ 111 helwecn four ami eleven pmnts.'lhe 
lllllllhe1 IS Cllll"de1eJ SJI1SfaciOiy.olheiW1SC tftesCaH.:h 
1.1d 1m bcum1e~ shmtcr 01 ionge• 1 cspccltvcly 

b) J)¡,t.JnLe we1ghtrng The d.lld·jl\1111L'> choscn .nllllrtb-
111.: Wltil tiJ<'il ;-v,duc~ lo lile v.iluc ol thc gt1d·po1111 
111\L'I'<'iy p1op<Hlron.d lothc~qu.ue oflhc,u dr>lancc lo 
IIJL'):IId-pllllll 

0 

o ' 

C) lliiL'LII<lll,il hl.l\ riJ,• dt~lal'tce-L'\liiCCted \VCtght ul ,1 

por111 1\ rcdUL<'d aLCtndmg'to thc localron 11! a po111l 
bcli rnd .rrl<l t he• por 111 w1 1 h 1 espec 1 to 1 he g••tl-r)otnl. 

J) i\ddlltnn~ In lile .dgortlhm Jccnunl for, Cl~mpulalton 
e11 \11 ~ .IJHi d ISCillllllllll t tes of ~~~~pe a 1 1 he da la-p0111 ls 

4 Flll.illy.sumegenc•.llelc..:ltvcscannull;fy st)IÍlc bulil-111 
~.tlcgu,Jill~ .• dlow fm .tddlltonJI mfurm.111on bcyond lile lttlc. 
and pc1nllltcpe11lllll1 ufclceltvcs from¡HevuJus maps.~pectal 
oulput. elL One clcct1ve of spcctal 1111CICSI .tllows lile 
Ctlpymg of lhe map tnformJIJOI1 onlo tape for the purpo5e nf 
p1oduung per~pccltvc vtcws ami for allowmg o1hcr upcra
llons hJ~ed <lll a rcgul.n grtd of z values. (ftgure 2.10) 

SYMAP is a htghly ncxtble ptLlgram wh1ch p1<lduccs vcry 
~<.Kccptable results wtthm thc lumts ol a lmc ¡H111ter. 

Eventually 1t may be replaced by an updJicd vet,lon whtch 
allows cas1cr mampulat10n of thc prog1am tlself. such as lhe 
mclus1on of so me spccta 1 opt1ons for m te rpoi.Jl1on, 1 he 
p1<1dud1on of analyt1cJI m.tps. lhe approxuu.tllon ami 
filletmg of data, and so forlh. 11 should alsu be po>~lhlc lo 
1educe lhé p1~)gr.un l\1'a SJ7C wluch wuuld.m.tl-..c 11 la>IL'I ·!lid 
u~.1hlc fm sm<JIIe1 compute•~. llowevl'i'. lrlllc m·ed, 1t1 be 
.• d,k'd f1om a use1's po1111 of vtcw. wluch " qu11c .1 

con1plnncnl for a ~ysl~lll CllllCl'Jllll.tlr;cd .tlrllll\l len yl·.n~ 
.lgt) 

An .dletn,lltve 1<1 SYI\Ii\1' 1\ GEOI\IAI' ,(;1 0~1:\1' w,l\ 

devcloped ovc1 a somcwhal po~rallcl tune peni1d as SYI\Ii\P 
b}!l h.t~tcally; by only on_e per~on 1,6 .GEOMA_P produceúhc 
s.tme. th.ec lypcs or. m.tps; b.tsed on tite qtnlc dtllc•enl 

o. Ltlll<'l'PI of nc1ghbmhood-smnotlung. bu11~ ll'SIIIclcd 111111.1p 
wtdth (lo .l'pagc) and does uoh.:o'n1e clo~c 111 lile ilc\tbtltly of 
1 he lc~cnJ p.1<.:L1gc ;¡nd tl1c clcctiVC~ ol SY~I i\P llowcvct. 11 
nceds lcss cotc-mcmory. (Ftgure 2 11) · 

18 

~ • 1> Stclllcr. lltHvt:r~tly nf Watcrlnn, 'omc .. .,.,,,l,lll< e In thc 
opcr.tlltlnJIIt.Jtmn of thc pro¡;ram w.t~ gtvcn by Olio 1· M.ttt, 
LIIH":<'r'IIY of Zunch 
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hgure 2 11 Sw¡tzerl.md--Thrcc ~lap' by <a·.OMAP A ldcntlfll.lhon m.tp, B. unproduLt¡vc and unculllv.ltL"d l.u1d a\ 
pcrccnta~c of total di\lflct JfCJ, e forc~t a~ pcrccnta!'C of totJI dlstnct JfCa. Smcc thc pro¡;r.un lolll pnnt only 
o1 pJgc Width, thc d.1IJ hJvc bccn rot.Jtcd 90" to allow for a largcr map D.Jta D. Stcmcr .Jnd O 1'. MJtt, 
U mvcrslly of Water loo 
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111. SOfvHE THElJRY lJF THE SUJl~JFACE 

lnl•lpog!djliHc and thcmallL callogrJphy,cvcry iwml on a 
m:IP l'<lll be, 1dcnt~fll'd by 1ts' and y collldlnc~les rclaHvc to .111 
Llllglll In' most ca~l.·s 11 can ,liso be 1elatcd to oní:' s1ngle 
qu.llllllcillve 01 qu:dllallVC v,tlue lf lhe valuc 1s qti,liltitlvc, 
thc ¡;;c,lllllll gel~ ,1 LellJIII symbolo1 collll accorcliltg fo lhe 
e las~ ni' 1 he v,d u e In t he qua nt1 [,¡ l 1ve c,1se tite sclol ;)11 ¡mm l s 
CJII he CLlllSidl'1ed .1s huddutg a surfJce w1th thc va)ue oS lile 
"hc1ght" of thc surfacc JI thal jJJiltcular po1111. Such values 
can be populallllll dcns1ty, percentage of thc populatton 
bclong1n'g to a ccrt,un cthn1c group. atmosphcnc prcssui-e, 
etc.' Al t hoilglt t he se ya lues orten occur as éla<;scs ( órd m a 1 se ale 
111 thc case ol clwloj1lelh maps). 'the d1scusston' wlll be 
IC~lliclcd l,11gcly lo valucs meast;rable by a contmuous 
(lntc¡vc~l) ~cale 

The lnformation Content ofa Surface-Point 

\. ' ~ ' 

Some p1opcrttcs ofsurfaces wtth respect tosamplmg(1 e, 
IJ!..utg valucs ol'l 1he surface al speCIIk pomts) w¡ll be 
d1scusscd. One L.Jll record a surlace 111 al least lince thfferent 
WJ)'S 

l. By f..ecp1ng one dtmenSHln cnnstant and gomg a long the 
otlll'l~ lncquldl\1.1111 stcps m lollowmg thc Slllfacc,llongthc 
L'Pmi,Jill dilllCII\1<111 Thc ln~l ''"" would ¡11oduL!:: a 
IL'll.lll¡!lll.ll g11d PI 1 v.du,·~ thc \l'CPIId a IHlll/onl.lllPill<llll 
lllll' ( l\,111 111111) 

~ ll\' l.llldllllll\' ,,IIIIJllillf! ¡j¡,• \llll.ltl' (ll'. \VIIh l.lllli<llll \ 
:ntd y (lllliJl') l11 Jll.l< IILl'. 1111'> ll'jliL'\l'lll\ lllll'>l 111 thc 
'\l.!IISIILal\lllidle\ 

3. By LOJmg only "sullace-,peclf'lc" polnl<;, lh,llls pomls 
wl11ch f111111Sh nw1c mformat1on aboul thc sutface thanonly 
1hc1r coord111<1le~ ~u eh as peaks and passcs 

Wtlhoul -(klvlllg 111lo all the problems ol sampl1ng a 
su1 f'aLC. 11 c<Jn be '>.lid thc~t <~ g1ven 1eg1da1 gnd of S<1mpl1ng 
p•lllll~ can dcptcl only l hme V.111al IOIIS of !he dJta Wll h "wavc 
lenglh~ ol lWICl' the ~.11npl111g dlslJncc or more " 1 7 In othc1 
wnrd'>, 1fwe lllt::.l\llle thc elqc~IHll,l ola topog1apiHc ~udc~ce al 

an tnte1 y.d "' SO Ice l. we Wllllo~e all t he huníps .111d bumps "" 
100 lcet W1dth .~nd less.1fwc collectLensusdatJ pe1 census 

'
7 W 1{ 1 uhkr, 1'161), C\(ll,om' lhl' 111 "Ccngr.ophl<.ol hile" 

.• nu thcor lnwrw,," (,,'('Kraplwallllwl¡•,\1\, Vol l. 214-25~. c:'p 
243. 

t1acl Wllh lince thousand mhab1tants we wlil he ahlc lo I111Li 
111formallon on vallaÚons•ol group~ w1ll1 an ,¡verage s11e ol s1x 
thousaiJd,·or mo'tc. 18 ln.th1s cc~sc wc wlil not be ablc lo 
acqune c~ny. knowlcdgc abllul nc1ghborhilods. l01 CX<Jillplc, 
s1ncc nc1ghbodwods are m u eh ~mallcr 

lf onc.~hoose~ a regul,11 gnd. une iws tu ad¡u\1 \_he mesh 
w1dth to thc smallcstdcsucd va11al1onln thc mc~p,evcq 111lm 
varlcillon happe1~sonly 111 a po1 twn of thc m.JP a1ea, and une 
could gel along w1th a mu.ch w1dcr net for most ol the are¡¡ In 
o1de1 lo be represcntat1ve 111 arcas ofrough tcnain,lhe g11d 
must be much fmer than 1s neccssary lo rcpr,c~cnt 1 egmns of 

' :'' o ' ',¡ ' ' 
smoother tcrram. These dlfflcUltlcs have lcd lo 1hc formulo· 
t 1on o(.van:;bl.~· gr1d melh(~d-s, 1n wl11ch thc mc-,h "'e" ~m.lil 

, 11; l'ougl; rcgiO·I~S andhugc 111 S;lHJOlh 1CgH111S.IlllWCVer. tiJc¡e 
IS ll~ a PI;¡ lea Lion 111 gcogi aphy u·~lllg Sth.: h me 1 hod\ el\ y e ( 
· 'pp;_r,l\S .l~-·a.ur11fOII11 g11d' are, vc1y d~ilmt'e' w11h 1espc'L1 to 

,the1r coonjlllatcs. thcy have a spcnf1c loca11on reiJtlve lo 
longttu~'e· .dll~ lat!tude, or lo a1¡y olher :11 thog_(;l1~1 or 
11011-orthúgün~l ,rcf,érc,nce, systcm. H o~ e ver. t_hey are random 
wtth respect lo thc surface In other words. tf the surfc~cc 1s 
un,known. a regular gnd 1s·the best ·way lo p1oduce a ~ample 
of val u es (eleva t lllns: e 1 e.) 

'The case 1s r:ue 111 wlnl:h a regula1 g11d ofv,due' 1\ nbt:nned 
w11h 'no ¡nev1ous knowlcdge of !he ~lll face av:ul.1bk 01 
wllhout ,tcqtmlllg tlu~ kiHlwledge dU1111g lhc jliOLl'\\ ol 
dl¡!lll/111¡.!, lt W<l'llld lhl'll'l<lll' be I!Hlh\h llol( (ol li\L' \ll<'h 
!..11<1Wkdge 1111 .1 IIIOIL" <'LOII<lllll<.il dl¡!lll/,111<111 S<'VL'I,d 
<ljljli0.1Lhl'S (O'dlgllll'.l(l!lll liSIII¡.!, jlleVIOII~ l..llolllkdg,• o( ¡J¡,• 

~u1lace wlll be COII~h.leH:d' 
·11 ,¡·pc1son·looks al a mc~p rep1esent1ng a l<~j1Pg1.¡ph1.: <11 

tltcm.lltC'Slllfacc. he does not sampk the stlll.l·~c !allUllllliy. 
lhat 1s, lel.h1s eyesjump,over lhc mc~p lo illllllmlicallllll~ of 
thc surfacc's "hetght" al 1andom pomts.neilhc1 Jnl·~ he SL.dll 
tite mar1 m·cquiclistal1t·steps:LHit rathc1 he seJ1chcs .dnn:; thc 
sleepesl slopes for local, m.t:\1111.1' lH llllllllll.I.·Vl'IY '.lllllhu lo 

,, 
1 • Thc rcl.liiOil\hop bclwccn \Jillplm~, di\IJilLL' .ond dcp¡clc'd 

v.on.o11un "~l.otcd 111 lhc ,,tmpl1i1g lhnncm' wiii.Lh 'lnbkr i I'J69h) 
c\pl.olll\ '" folluw' "Thc lhcorcm \l,olc~ th.ot 11 ,, tuncllllll h.o, 1111 

,pcctr.d LOmponcnl' ol lrcqucnLy ho¡:hcr th.m W lh<'ll !he v.olul' ni 
lhe ltonLlonn 1\ complctcly dl'lcrmoncd by,, kno\\ t,·d¡:e ol _11\ ,v.oluc' 
.ot ¡H>illl\ 'Jl.lccd 1/, \V .op.nl 1 he l.od, 111 lr,'<'d<lllllll lill' l<mcllnn lnr 
v.trl.lllllll lrom lhc )HC\Lrllwd p.olh hci\\C<'Il ,,,mpk poonl\ ¡, .o 
Lllll\C!(liCilLC ol il\ (,¡L(o, lll 'jlCLirJ[ COill(HlllCill\ ol lll'ljliCilcy ho¡.:hc'l 
than \V" 



tl\,· hiii-.:lunhtng icc·hmquc tn st.iltq¡cs ,tnd numencal 
an.tl)~i' In ntilc·r \\LliLI\, hcnw~t ptoh,lhly lnoks 1-o¡ lullsand 
v.ilky~ ll' ~ct .111 idL',I 11: thc surl.lt:C'-~tlucturc_ 

1\il\' L'Lln(lillllHI\ ~tllf.ICt' c.lll be ,ljljllll\llll.til'd by .1 fi1111e 
llllllllh'l ,,¡ pi.IIIL'' In f,¡,·t thl\ 1' hnw 'lliVl'Yill\ .md 

:'ill'l•'¡:l.!lllllll'll'l' li'll.dly j1l'ILL'IVt' thc lopll)::l.lpln~.- ~urL1ce 

wh,·n ullkctlng d.1t.1 Thc q11VcVn1s lllL'.I~urc only thc 
u'llil'l·p•Hnh ,),- l'''lvg,ms (usu.illy 111.111glcs) wlnch cover the 
\llll,ill' CniiiC!y ] ¡¡,. phntP¡!I.IllllliL'ICI II.ICCS ,dong Olle 
, . .,,l,t.llll ;1\.IS ,1nd nnly 1Cu11ds thc "h1l'.1b" of the surface 
t1 e. thc ¡w1nh wh,•lc thc suil.tcc·, ,Jnpc ~uducnly cha11ges). 

lt ~~ evtucnt lh.ll tlns mc1hod L:ll1 be of adva11lage lor 
\llll.l,cs w1th httlc pcriOUictty ,tnd 1.11gc Jtllcre11ces 111 the 
ucm1ty of v,lll.tllnll A •cgul.tr g11J of values ca11, 111 such 
c.~s,·,, lw u;!c1 P''i.IIL'd by fmdmg lhc polygolllllSide ofwluch 
c'.lcli g11d-¡mu¡t J¡,·~ ,IIIU thcn compullllg the "he1gh1" the 
plaltch.l~.tt thcl,l~.-,lliLlnoftluspomt 19 

i11 lll.tny case~ one L.ll1 acqu11e a lughe1 level ofprehm1nary 
11111Hll1.1t1on al)Llu( .1 '\urface 111 the f01m oftts"surface-func
illlli .. or "autocollcl.illon-funcllon" Thc autocorrclall<lll 
fu1tLIIun wluch wtlt he di~lUS'\cd lll a la ter part of tlu~ chapter 
111 llillle det.nl. rep¡c~CIIt'\ the mr.tn "surl.tce behav10r" 

·¡ h¡, lc,1d' lo ¡J¡,· dl\u"~'Oll of a \C'l of lc.ttllle' wluch Me 

,111 c:-.p1C"1on PI tite '\url.1cc tl'\ell, c.tllcd "\urlaLe \pcctl1c" 
P"inl\ .tnd hn''' "llllcC dil-lercnl p.ln\ c.tn be dt\llngtmhed 
wluch h.tw J¡lfercnt rcl.tllomhlp\ lo the ~urlace The~c p.ur~ 
.uc 1wa).., .111J p1ts .1~ maX1111a ami 1111111111a uf lhe surface, 

P·"'c' wi11LI1 .tll' .tl tllc ~ame Irme m.t\1111,1 111 one JneLtton 
.111d llllllllll.l 111 tite ''the1 ,11\d 11dgc-lmcs .utd cour'\r-ltncs J~ 
\.>,,il 111.1\llll,l .111d lllllillll.l c"lllllll'l"lllil.! jl.III\PI jll'.i)..'.illd IHlS. 
1•'' 11 1'< 11\1'1\ .111.1 llill'l\l'LIIlll.! ,llj',l\\1'\ ( l-i¡_!llil' i 1) 

1'<.1"-' ·''' ~llilllllll' ,,, llhlillil.llll\ .lii.l 11111, .l!ld .1, 'lh 11 lll' 
.. : •\111'11111 ,'• 1 1111, 11 1 l'•"llll>il\ ,,, 1111\l.lbk l'Ljllillhlllllll 1'11, 
1111 ¡j¡,• o'Íiil'l j¡ 111.\ ,ill' ¡,,,¡¡11111' L11 )1\>IL'\ .!lid ,1, \ll, ~~ ,ill' 

llllllllilill11 i'l'llih '" 1'•''""'11' ,,, \l.lhk l'ljllllihlllllll 1\111 
IIIIC:iil>o\11111.! j'l",¡¡._, 1!1' lilli--c.i Jl\ ,l lid¡:<' itlll'.l\11> IIL'I¡:Iih,,lllll.! 

1lil:< .lll' ;lllkL'll h\ ,1 c•>III\L' illil' [h>ill (~ jl<'> t>f f'L'IjlL'IIdiLiil,ll 

:"'''' b,·;¡,;.:: l1nc·, 111 luc.tl lll,l).lll\,1 a110 lllllillll.l ¡espc'clivcly 

P~''"'· tite cro<;>~ng P<llnl<; ol tite two types ofhnes, Jrc p01nts 
u,- 1111 \ed cq u ti 1 b r 1 u m 

The typc of cqutliblllllliS he1e 1s rel.tted to the type of 
v.: 1 g.:ncy (con ve rgcncy. d 1vergcncy, 1111 xed vergency) of llnws 
,.long lile surl.1ce Tllus .1 hill 1s .tll .tiCJ of d1vergcnt llows 
h11t1ndcd by cour~c-hnes wluch arr lmes ol convergen! llows. 
On lile olher hand. dJles are arcas of convergen! llows 
hnundcd hy rtdgr-l1ncs wluch are lincs ol d1vcrgent llows 
PeA\ o~nu p11> hJvc tite s.tme vergency of llow .ts thc1r 
r.:~pcc t¡vc .11 e.ts, wllc r CJ:. pJsses Jre pom t s of llll xcJ vc1 gency 

'• 1 he "lm~.tr" tntcrpol~twnl' f.J,tL'\1 \IIILC 11 only 1nvolvc' thc 
'olv1ng ut onc linear cqu.JIIOII pcr gruJ-potnl 
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T Jble 3.1 g1ves a summary of thc dtffercnt surfJcc-spccdlc 
featurcs w1th the1r vergcncy .2 0 

Surface Bchavior 

G1vcn ,¡ scl oí rcguiJrly or llrcguLHiy 'P'c.td d.t1.1 pmnts 
w1lh thetr x, y and z valucs, the task IS to map tl1csc p01nts, 
tltat 1s, to creatc a surlace conttnunusly dctelllllneJ .md 
~¡ngle-vJiued For pr.IcttcJI purpo,c~. ti " sufftt-ICnt to 
postul.tte that tlus surface ts fully rcprescntcd by ,1 dense 
regular gnd nf pomb. lf no other tnformat1on than lhe 
posltton of the data pomts m tlncc dunens1onal <;pJce ts 
avatlable, somc assumpt10ns havc to be made about thc 
"bchavwr" ofthc surface betwcen the dJta-pomh /\gam,lor 
operatwnal purposcs, 11 may be JssumeJ th.tt thesc be
havtoral assumptwns hdve to be m.1dc for the Jen~e gnJ of 
pum ts. 

Thc dlsco¡Jt¡nuou~ surfacc 

The ftrst assumptllln ~hJII be thal thc vJillc of Jll)' onc 
data-pmnt ts rcpresentat¡vc for thc v.tluc<. 111 11'> I¡CtgiÜ)llr

hood In other words, thc ~uriJce IS ;¡ ~CIIC\ of lcvcl 
sub<;~JI faces wtth lllffe¡ent he1ghl~ Ncighbo1huod 111 tlns 
conlcxt can be Jcfmed 111 twu dtllerenl WJY~ 

Ftrst, a grid-pmnt can acccpt thc valu~ ol thc Liosesl 

'
0 1 or a dcta1lcd dl\clls~lon of 'urf~LL'·'pculic fcdturc' ~ce 

WJrnll, 1966 

) . ,. 

' F ~. 

1 1gurc 3 1 1-iclddbc·r¡,:, Topogr.1phy ¡\ \ludy of ilic· \Urf.tcL' of 
llcldl'ibcrg by .1 ~lopc-.tn,liy;," progr~1n 1 he '!'L'u,dly 
nurkcd polllb .H~ PL',tk' Progr.Jm WA-11 R~lll D, d.1ta 
T K. PcuL-kl'f, produ..:t1on \VD R,1,c 
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TABLE 3 1 

~ 
Mn:cd 

DIVcrgcncy Convergcncy Vcrgcncy 1 

POII)l PcJk P1t P.t~' 

LlllC R1dgc Course 
>• 

Arc3 11111 DJic Te m tory 
i' 

dat.l·po•nt. Thc type ol 111.1p 1C~tlil111g 1'- ollcn callcd a 
"pHlXIlll,il" lll.ip .111d U<,CU 111 SCVC1aim.1pp111g p1ogralll~SII1CC 
thc pr1lccdurc to fmd houndancs bclwcen two arcas of 
dlllc1cnt valucs 1s vcry snnplc. 2 1 (Ftgurc J 2) 

Sccond.nc•ghhn1hood can be defmcd by·;ucal cxtcnt. that 
1s, cach datum has a g1vcn subare.1 w1th known bo~mdanes 
.~~suc1ated: Tloc rc~ult111g map. thc d;oropleth map; has bccn 

'' In SY~IAI'. thc do\c\1 ú.1ta-poml 1\ fou,nd lor c.1ch gnd
JHlllll .111d 11> v.duc 1\ ,1\\1¡!-ncú tu U1c g'mt:pmnt In (,I·.OMAI'. ;1 ficld 
1\ nco~lcd .tround cwry d.ti.I·JlOllll wl11ch •~ c\pandcd.p.uJIIcl lo U1c 
othcr rlcJ¡J\ unlll ll htl\.0U1cr liclds ,¡[ cvcry dHCCIIUil uf CXJldll\IOn 
Tite rc~ull\ o.~rc vo:ry \111111.1r · 

well studted and uscd 111 both tradttwnal a11d com;Jut~r 
cartography. lt JS htghly Sllltcd for a manual prcscntallnn of 
statisttcal data. Howcvcr, for a prcscrúatwn by thc c,;,;lpt•ter, 
¡[ is not thc most cffictcnt appro<~ch. Tuné and costs fL>f 

codtng the boundancs, stormg thc arca! cxtcnt' of thc 
sub-regions and shading the map oftcn lnakc tlmiÚtor to thc 
method of prod ucmg a con lmuous surfacc. · 

2. Thc continuous !>url"acc llirougl• d.il<~·po•nl\ 

The second assumpt10n ts thal cach dala-po111t represen~<, a 
sample of a smgle valucd conltnuous surfacc. Thc surfJcc <..o~n 
be conlt~lUOUS lll thc firsl dcnvattvc or nol (Le .• h,,vc 
"brcaks" or not). Howcvcr, thc quc~tton ol contlnui!y 
bccomcs 1rrelcvant Wtlh an tncrcJsmg numbct ol data-potnls 

- 111 a dtscrclc patlcrn ofgrtd'potnls. 
DtsconttnuJty 111 thc ftrst ucrtvaltVC can lll~an th.lt tl,c 

surface ts approxtmatcd by a sct of planes"~ Ul'-cu~scd 111 .111. 

carlicr part of thts chaptcr Tl11s rcprcscnts thc. sunplc~t. 
fastcst and oftenlhc least nuslcadtng mtcrpo!Jtlonmctlll>d Jt 

F~gurc 3 2 Jlcx.¡gon\ l'rnduLcd by thc proxunal-map clcctlvcs Thc d.1ta-p01nt~ 
are o.~rrangcd 111 regular tn.1nglc~ Progmnr SYMAP, data W D H.J\C 

25 



iund ,( l:lc' pl.111l'' .lll' 1L'p1L'~c·ntcd bv lll.lll¡!k~ ~ ~ IIHl~l PI thc 

L<lllltlllilll)-: .ti)C,ll llillll\ lliii';L' ltld,ly .IIL' h.I~Cd \111 ,IIL'Cl.lll¡!lli,lr 

¡!11,1 dtvtdc,ltillnlnultii.Ill¡!k,hycompultngthcccnlct po111t 

tll lile' lc'cl,lllrck 

Cnilllllllll~ 111 lile' ll1~l .llld h1t.:hc1 dl'IIVallVCS Wllh thc 

Sllll.ic'é p,l\Sill¡!. thlllllgh ,di d.tl,l-jl\lllllS ,11 thc S,llllC lllllC IS 

li\U,dly .lc'C:clllljlil,llc'd hy llist.lllt:C-Wl'lghllllg funclton~ The /, 

hliuc~ ,,r .1 lllltnhc'l ol doscst p01nts are we1ghted by II1C 

ltlWI~.c ni thc dl~.l.Incc Wllh an exponen! wiHch r.111gc~ from 

LlllC lO IOUI.23 

Thc tht1d ,t.,...IIInpllnn 1~ that thc samplcd v.Iiuc\ 111cludc 

lllé.i'>llll'l<ll'lll Clllll~. ¡j¡,¡( 1,, th.tt the \lHI.tLe doe~ nol 

lléCc'",ll il) 1'.1" ti11 llll¡!h ,¡j 1 dd l.t-p01111 ~ lt ",¡[so ,IS~IIlllCd ( j¡.¡( 

lite '>llll.Icl' 1' '>lllll!llitcr th.In 01 JI icJst as smnoth .~~ thc 

v.III.Ill\111 ol th,· d.il.t-v.duc' llldh.:atc. dnd th.11 the e1rorssum 

up tn .1 lllllllllllllll um.lc1 onc of scvcr,Ii LOndttmns J¡scusscJ 

l.llct ami 1)1,11 tltcse c1 ru1s a1c random (1 e. no clustcnngs of 

llC¡!,IllVC lll po~lllVC Clllll S) 
_/\ 

The llt'l ami mo't l1equcnt condiiHlll 1s thJt thc surfJcc 

can he c\¡Hcs,cd by;_¡ polynOim.d or lllgonometllc funclHlll 

ol \ .111d y Thc lllllllllllllll condillon 1s that thc ~um of thc 

squ.11Cd d1fkrcncc\ hctwecn thc dctual and thc u1mputcr 

~uriJ..:c JI thc data pollll\ be JI lis lowcst posstble VJiue Thc 

IL'sulttng surl,¡cc IS usuJIIy callcd "t1cnd surface" 111 gcology 

.lllll );Cil);l.ijllty ami "re~pllll\e \Uff.ILC" 111 SlJl!S(ICS l
4 

( r 't:'nc 3 3 ¡ 
.\nnthcr lllllllllllllll ..:nnd1t1on IS lhJt the sum ol thc 

Jh..,ulute dil'fclcncc~ hctwcen thc actu.d Jnd thc computeJ 

'>llil.Icé .11 thc d.IL• p<HIIh he .11 ll\ lowc ... t po....,lhle v.duc Th1~ 

Lllliditlllil 1'> .ILL<>III;l[l\lll•d by !lit• llll'lii•Hi ol [1111'.11 Jli<>)'l.llll 

111111)', i[w IIIL'lliod 11,1'> '.111111' .i!IV,IIII.Ig<''> IIV<'I tlll' tl\'1111 

\Uii.lu'' 111 ( !11 l\C L.I'>L'\ 111 WIIICh 1 ill' d "llihll 1 1< lll 11! d,il,l 111 llllh 

1' illgidy lllegUIJI lloWCVel. 1( 1\ Iei,IIIVC!y l'Xjléii'IVe !111 

COill¡JIIl.iiiOII 2 ~ 

i\il!llhcJ .ippro,tLh lo tite Lll'.Ill!lll ol. d \Uii.ILe wh1ch 1~ 

snwothc1 titan tite oiigin,il ~uii.Ice 1\hy filtellllgout tite h1gh 

'' \,-e lkn¡:h<lll 1! 1 .md S ~"1dhec ~ 11 '11•4) "( Olhlrtll llllll 
ol ¡,,111llllll' .111d ¡,,.r¡llllllll ~1.11" hy ( Pllltllilcl · IJ 1 1 No!dl\~ 

JuJ,~u/1 jnrlll}ol/11111//1111> IJ<'ill111dl111~ Vol 4 ¡n-JOS 
2

' 1 '" <'\,1111pk lile re l'\i\1 Wf\1011\ ot SY\IJ\1' wllllh .dlmv 1hc 
l'\jl>llll'lll lu he .dlcicd liolll 2 

1 
' ._,,.,. ( horlc} ,, nd 1 l.i¡!)!<'ll 1 1 'll, 'i ), ll.1 rh< Hlt.:h .11HI ,\k m.1111 

1')(,:-; .11111 tlo\, (, 1 1' il')(¡()) "llillll¡! t lllflllll,d ti,,¡,,_" ill/111111, 

,\'oll' ln1~ ,J,mh'llll'"/.\<llll<t, v,.t Hh 7'12-XIfl 
'' \o'l' 1 loughc 11) 1 1 .1111t :-.n111h 1 t 'lhl• 1 "l tH' ll" 111 t lll\'.11 

t'IIJ¡!IIIllllllll¡! 111 t ¡J¡,·r lll¡!liilut \l.lp tl.ll.l, .. lo~n¡>i!l'\/1\ v .. t \t 
2 5 _l -2 .'\') 

ticqucnc¡cs Th1~ will be di~Lll~scd 111 more dci.11l 111 Ch.Iplcr 

IV 

4 Autocortclation functton 

llp lo tlus poml, no knowlcdgc or only 11111,· kltllwlcdgc uf 

the gcllCIJI ~hape uf tite 'iurl.tLe WJ' ll'>ed lor 1t' C\pi.In.IIIIlll 

lt Ita~ heen mcnt1011Cd C,IIIIer, lwwcvet. tlt.Il vcry oftcn a l.11r 

.IIIHlllnl of lllfotlll.llloll 1'> Jvaildhlc citlte1 lrt1111 othcr \tllld.tr 

su1l.tces 01 from tite 'u' l'.1c.e 11~cll a~ one goe' ~Iillll[~ cod1ng 1!. 

Fusl. thc areJs of diileiCill rougllllC\S 11f tclt.llll llllght he 

known. Tlus w!ll lllllucncc tite distllbuil<lll ol ob,eiV.illon 

pl1111ls sJnce more po1111~ .tre needcd 111 IC.Ic.h ~~ LCI t.un 

dLClliJCY ofsuifdCe IepiCSCill.llllllllll IOU¡!ItCI leiialll th.IIllll 

~h<~llow arcJs Tlm titen IL .. d\ lo S.lmpllll¡! g1Id'> wlih v.ny111g 

p<llnl dcns1ty Scullld, thc ~o-c.Iiled b1e,1k~ nught be dclcc.lcd 

c.t,!ly Jnd thus cnablc J more ~uri.ILe-otlcntcu ,,11npl111g 

The most powerful knowlcdgc of .1 '>UI r.~cc, iHJwevci,ts thc 

knowlcdgc of Jts .tulocor1elallon Tlus funLll<lll g1vcs tlic 

av..:ragc degrcc of Sllllll.lrJty betwecn al! P·"" of v.llues ,¡<; J 

lunct1on of thc J¡slJncc betwecn thc 1cspccl1VC potnts For 
the computalton of thc .llllocottcl.illnll functioll the mc.tn 

pl.tnc (1 c., thc average oiall he1ghl>) hc~s ltl be LllllljllllL'd llr\1 

.111d thcn subtraclcd from thc suti.Icc. yJ..:Idlll); pus¡l¡ve ,tnd 

11ega11ve v;Iiucs Thc JUloco¡¡clJtlon lunLIIOII llie11 llldiL.Ile~ 

!he expcctcd Slllltlartty oi' lWO V~tlliC\ JepCIIlliilg 011 thc 

di~l.lllcc hctwccn lhcm Dt.tgJ.Illl\ 3 1,1 .1nd b '>limv tw11 l) p
Ica! .tlllocolrel~llton luncttom 111 onc d1mcn"un (dt'>l.tiiLCl 

,111d D1.tgram _r le g1vc., .111 n .. a1npt..: ol " two-diiiiCI\\Illil.d 

lunct1on Thcy start w¡th 1 .ti d!sldnce 1cru llldlcaltng 111.!1 

thc valucs of IWO p01lll'> ate expcLieJ lo be tden!Ic,Ii ti ihclf 

loc.tllllll " 1dent1c,d wluLh '" l.illl<IIoglc.d 11 .1 C<lllliiHI<llh 

'>lltl.IL't' 1~ ·"'llllll'd .111d g<l lo /t'l<l .1t .111 llllll11tl' dl\l.llill' l11 

11till'l Wllid•,,llll'l<' 1\ 1111\llilll.iiil)' ilt'tWI'<'II ti11· v.dllt'\<d IW<> 

p<•llll'>IIilll'Y,IIL''>l'P•II,Ill'd llV i.ll)'l'dl\l,lllll''< 

Tl1e apphc.Iill111 ol ¡j¡,~ .IlltllL'Illlc't.ttloll lilllcll•lll l<ll iiiL' 

c'lilll.tiion ol thc v.duc ol ,1 p<>llll (lllll'lpol.tliiiii).II.iLéll.llll 

dt\I.IIICC lrom ,1 d.It.I-p<lllil, 1'> bd\cd o11lh..: ILk.itl..~t tite v.!luc 

1' most ltkcly hetween thcdata v.ducJnd 1hc lllc'.lll pl.111 v.du,· 

(IL' ,th,ll the SUii'.tCC ,¡j\V,lV'i "uliiVCI~!l'\ .. lll tite· llll',lll 1l),l.lc') 

'(j¡L' lci,IIIVC dCt:fC.I'>l' 111 lile• v • .illl' llllill ihl' d.d.l- 11<>1111 \\'llli 

lllCil.'J,lll!; tli,UlllLC l\ gtVL'Jl by iliL' .lllllh..lliiL'),¡[,.lll illlicll<lll 

wlu..:h 1.1kc' tiH: d.il.l valuc .l'i lllll' .111d Jite lllL',IIl pi.illl' ,¡, /L'I'' 

('>idlld.tldlll'd d~Il.t) ,111d thcn lllliiiiphc' tite .llllllc·<lllc'Lill<lll 

illllCIIOJl Wllli thc dillciCilLL' lt llllllé tli.lll 1lllc' d.il.i Jlllllll l\ 

ll\l'd fo1 the com¡Htl,lllllll ol J v.dul'. thc l'l<lU'liiiiL' lwullll>_', 

IIHliC compl1c.tted Buttl1c b.I'>IC 1dc.~o1 ¡[¡,· ""' ••t h.ltow[,·,ig,· 

111 11ic 'utl,lú'-hch.tvll•I l111 .1 hL'tl<'l Lkliillllllll 1' 111.1•1•:.111'•',¡ 

1 1 lrclllc 1 4 ¡ 
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Dmgram 3 1 Autocorrelatwn Funclwn 

Surfacc~ Featurc_~ and Informal ion Hierarchie~ 

11 lll.IY he Jo,o,¡¡mcd .1~.1111 that .1 ~uli.J<.:l' l~lklelllllned hy :.~ 

dcil'-' hui dl\c re' le' ).:lid 2 " Thc tlh¡c..:l 111.1y he t.ilü'll ,1\ lh.llol" 
dco,c 1 iiHng .1 \UII.Iu' .. ,,,¡ •~I.1Lionly "Ohvlllu~ly, when gomg 

lil1o11gh thcpl<lc•''~ "''k~<.:11hulg ;.~ ~lllla..:c,somc peoplewdl 
be '"'t~llnl c.11itcr 1h.1n others.lfone defines dcscnpt1on as 
the •.:duLiton of llilLL'ItJlllly then one could say thal some 
pco11/c h.1vc .1 IHghe1 cnur tolcrJn<.:e !han othcrs, usual/y 
occJu<;e !he pu1 po~c oí !he surfa..:c study var1cs. 

Thcrc .nc -,cvcr.d p0111ts 011 a surf.1ce wlnch represen! 
stiiÍ.tce fL'.tlure<; Wllh .t lnghc1 mforma!JOI1 co111e111 th .. 11 !he 
JVt:r.1gc suriJce pu1111 f'or op11111.tl suliace des..:npt1on, thesc 
fe~dures slwuiJ he >ortcd out w1th dc<.:ICJSIIlg 111fo1111.tl1on 
LOillenl so th:.~l the IJte uf error reduct1on becomes sm.dle1 
w1lh Joded feJttne, The nnporta11ce of the llldlvH.Iual 
lc.tturcs 1111gh1 V.11y from c<.~se to case, but for many 
,¡ppliL.tliOil' !he folloWIIlg hleiJrchy 1111ght prCVJJI 

" j)"LI<'IL' lll ¡(¡" lllll)l''l. rei,oJL,_ lo lhe llOil-LOil(llllii(Y Ol th<: 
'-l • .tlnplln~ pittl.L'"" 

~---l 
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1-tgurc 3 4 ll"i,IJHc Dcc.1y 1 tlllcllon Wtlh 1 <HII Ccnln' l'rogr.un' 
SI'ATI·UN, SYMVU, productwn ·r .K l'c·ud.cr 

l. Surface behav10r 

In somc cases, the pure dcscnpt1on ot the n.llure of an 
arca' s lcrralll 1s cnough losa 1 1sf y onc ·se u rHl~l ty or t o de ft nc J 
rclatlvely s1mple surfaec complctcly 1 f. f01 ex.tmplc, onc ts 
tuld thJt a ccrt.JIIl arca IS llat, has a rolhng tcrr.lln or a 
mountamous structure, tlus nught be ,¡JJ he wants to know 
These terms represen! autocorrclat1on funct10ns of a very 
summary lype, not d1rectly quantdiJblc, bu! dlstlllct 
quant1lat1ve conccpt10ns Thc mathemat1cal typc'> of thc 
Jutoconel,Jtlon func!llln are onc-d1mcns!OilJI IU!h..llon~ or 
two.Jnncns1onal fun<.:t1or1s 111 wluch the corrcl.llton ..:an Jrop 
w1th vary111gspeed 111 dil"i"ciCI11 d1rcdl<lil\ 

Thc lunct1om CJil be cxp1cs~eJ 111 '>lllgul.tr cqu.tllom <11 1n 
WCilHS ,11\d lll.illi<.:L'~ shOWIIIg 1 hl' fllllCI lllll al di~L'IC[C p01111 ~
The .llllo..:orrci.IIHln tunLIIonu~u,¡lly p!Jys.mlmp<li t.llll p.11 t 
111 thc CXp/an.IIHlll of a ~llll,¡ce. 

Othcr cxamplcs of su rf:.~cc bchav1o1 t"unct10m .ne Ol'it.nll..:e 
decay funct1ons, polynonual and harmomc trc11J surfaces 
(w1thout thc constan! clcmcnt), etc. 

2 Su rf a ce hetgh l 

Allhough thc surf.1cr hchav1or mtght ol"i"l'r 'iOill.: llldt'--·1-
IILlil ofthc hc1ght ofthe sur1.1..:e. tl11~ mtghl he lllt,k'.HIIIlg hlr 
cx.nnple. tla t te rr<J 1n suggest ~ low all1 t udL·, bu l leve 1 ~tr,~as ~ ho 
c.tn be found 111 l11gh altitudes In many c.1~cs. J he1~ht 

mdlc<Jtor must be addcd lo th.: ~urfJu~ behJv:or Thc ,lh<>olute 
clement 1n thc ttend-sutiJcc ttlll<.:ltom. the v.due ,.1 tlw 

lughcst p01nl 011 J ~uri.ILC. 01 the lllC.Ill pl.Jne 111 1i1e 
Jli(OCllrrei<JIIOniUilLIIOil .lrC C\,lllljllc'> 
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'j¡¡c mc.tn pi.1nc c.m be extended 'u anolhcr su1 f.tce 
fc,lllill' uf~nllll' lllllrC geog:apiliC S\glllfiC.l!h;C ll t-Ullid ai~o be 

Vll'\\l'll .\~ ,¡ ll'tl'il'I\CC piJI\C (O WiliLil lile Sllri.ICCCOI\VelgCS!f 
.111) ,Jtilcl IPillllll.illllll 1s l.tclo.lllg. Bul lhcn. onc 1111ght ask, 
d11l'' 11 h.tw !ll be J ilori/unl.d pl.1nc as requcstcd 111 

Cll[.:IIICl'ltllg .ippltc.tttons? In lopng1.tplnc lctrallt, onc could 
tillillo. nt· .1 pl.t.tc wlncil fullow~ lile general dr,unagc sy~tcm. 
11 l'lltl!d he lile l1nc.n trcnd-sut f.tce of tile terratn wil1ch 
\\'ln,id tndtL.tlc the general w.ttcr rlow 1f tilc JICJ 1~ lumted 
lll une dt.ltn.lgc bJs111. 2 7 

Othct tcl"ctcncc planes can be un.tgmed, such a, J ;.ero 
pl.illC [U Wilich dtstance decay funcltOil~ 111 JCilSity, gravtty 
and Jlllklltt,d modcls converge .utd tnfimty planes to wlnch 
tl.ti1, 11Pilalttlll funcllons 111 cost-~u1 faces ur tsochmne lll.tps 
.:unv.:rgc 

'' ·¡ 11,· n:fen:nLc "planc" L.ln ,,¡.,p he uf ht~hct nrdcr th.m UlC 
liro,l, bul 11 ·~ lo¡:t~.-.tl UJ.tlll hdo, lo he o,uuplcr than lhc JcluJI ~urf.tcc 

•1 

" 
- ,¡J 

Surface-:;pcctfic pomts ha ve a l11gher tnfotm.t !ton ccmtc¡;t 
lhan surface-random pomts Surf'.¡cc-~pcuftc potnls, how
evcr, cxlubtt J lucrarchy among lilcmselvcs Tilcse potnls ;tre, 
lll dccrea~111g ordcr, peaks anJ jlllS. p.¡;\eS, and rtdge ,Jild 
coursc !mes Thcsc fcaturcs not only tell thctr valuc~. hut .d'.o 

gtvc so me tde.1 about thc1r surround tng~ 1 n l he cnvtrons ola 
peak, we can say that everythmg else wdl be lowcr, and wtth 
thc autocot relatton functwn we can say lo wil,il dcgrcc. 

5 Gltd-pomts 

A surfacc-random pomt on lile olhcr h.tlld, gtves only tls 
own iletght and notlllng nwre In othe1 W<Hd<;, 1f a ~urface 

wcre rcpt e sen led hy a gnd of 1 00 by 1 00 p• 1111 h, i< •lOWlllg '>l1e 
pmnt would bnng us 1/IO,OOOth clu~er to .ti ttll KnLJwicugc of 
the surfacc. Unfortunately, no ~tud1es yct t·~llu~ how mJny 
pomts onc surfacc-spcctftc pomt of a ccrto~1n ktnd ~tJnJ~ for. 

.., ..... !~ - '!> .. -n •• 

1 1gurc 3 5 Norlh AmcrtLJ, Popui.Jtton Pnlt:nlt.d Tlt..: LOnccpt of 'urf.JLc'·\pCciltc P•Hnlo, .,,¡J llnc' 
l,lll be o.cmpltl'tcd by lhc [hlpul.tliun-polenttal 111.1p Sour,;c Duugl.". D.tvtd 1!. 
lilll\lratro/1 o/ l?.•·¡;¡o¡w/ D11panll<'l 111 North AlllCnéa by /he Use oj lh<' l,'rul/1)' Mude/ 
M A rhc't'. C.<rll'lonlltHV<.:ro,Jly, Scplembcr 1969 
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~uLil .1 lllcl,IICIIy of ~111 facc fcaturcs can supply a 
fl.llllL'Wlll J... fo1 .1 'I'Jll,d llllgtll\llc systcm of su1 facc dcscnp
IILHl Thc p1occdu1c' oflllform.ltlon compactlon- the reversc 
of whJt hJd bccn done :Jb1JVC- slwuld exempilfy how thc 
p111cCS~ ni su 1 f.ll'L' u ese r1 pt 11111 could be orgamtcu on J 
llll)::liiSIIC b.1s1s Ül cmllsc. thcrc JIC many ways todo tlus, 
Lllll) onc ofwil1Lh \\di be shown hc1c 

By p1occsslllg C\L'ry ¡!lid pn111t 111 COilJUllcllon Wllh lis 
lh:lgilblllllllou. Sllll,lccs of slopc grad1cnts2 8 and d!rcctlons 
.:Jn be Clllllputcd By us111g the d1rectlon of steepest deseen! 
astil<' crltCJia ÍLll vc¡¡,:cnLy (convcrgcncy, d¡vergency, nuxed 
ve1g<'ncy), onc .:Jn find thc diff<'rcnt surface-speciflc pmnts 
and llll<'S Surface-spcc¡f¡c arcas {lulls and dales) can then be 

'' = 111.: iir'l dcnv.ilnc of thc \llrfJcc 
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dcfincu w1th d1ffcrcnt dct.III pcaks and p1t~ alonc wdl g.vc 
the rciJt ¡ve locatiOII of hdls and d.de~, re~pect1vcly. pJsscs wdl 
lllUilJtc the "p01nts of mudTcrcnce" (1 e, thc po111ts shared 
by two a1eas of the s:Jmc type), Jnd 11Ügc and coursc lmcs wlil 
dctcrnunc 1 he ex a e 1 bounda11CS of da les and l11lls. rcspec
llvcly. ( F1gure 3 5) 

Hav111g acqu1red lllform,lllon about llldiV!du.!l surfacc
spcclflc arcas, onc can go on lo ~lructure thc ~urfacc as a 
whole. Thc rcfcrcncc surfacc g1ves thc general lrcnd of lhe 
surf.1cc, whcrcas lile surface-bchav10r funct¡on (thc auto
corrclJllon funct10n) suppilcs lhc average local v.mJtiOn 

TlliS framcwork has lo be claboratcd upon 111 ordcr to be 
opcrat10nal. Howcvcr. w1lh some proccdurcs for fcature 
analys1s and thc knowledgc of sorne typ1cal surf.1ccs. 11 shoutd 
be posstblc lo develop a su1 racc rccogmt10n anJ clJssdlcat10n 
systcm Sll11tlar lO thc procedurcs of plclurc rccogllltl011 and 
class¡f¡catiOn. (F1gurc 3.6) 

h'" ,1' 

!'~- . 

1 -

~· ,-, ' -
=--· ,..,., - i '·--

ltgurc 3 6 North AmcncJ, S.tlc' ancl Popu!Jtlon Potcntl.ll Thc m.tp ~hows thc wc¡ghted <hflc·rcnt-c of !he I'OI'til.lll<>n 
potcnlt.tl .1nd thc rcl.ul <;.Jlc~ polcntiJI {ILtrn\' m.trkct potcnhal). Thc rcsult 1~ a mJp of purLit.l'in¡: P"''''r 
dispantlcs (darkcst JrcJ = ncgJIIVC) SourLc a' 111 1 ¡gure 3 5 
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IV. SURFACE PROCESSING 

1 n mosl cJses spatwlly collecled dJta are not, or should 
not be, t he cnd-product of Jn lllqLÍu y. For examp!e, a map of 
popul:JtlOll denstty does not te!! us very much apart i1om 
the mele dlstnbutton of densttles. Too many lffllatmg 
undul3uons of the surfJce 111 small arcas occur (h1gh 
vattJllt>;I), .md wc need some addttlonal mformatwn tomake 
scns;: oi d1c Jtst nbut1on of dcnsittes. 

"[he ftrst dd ect IS re la ted lo thc problems of smootlung, 
fi!~c~.ng. ,lppro:>..tm.Ition, surface-generahLJtlOn, etc, where
as th.: sc..:,1Ilci 1s related to problem> Lke map companson, 
s¡_lJllJI concl:J t.on, overlay-analysis, and geneíally spa t1al 
anJ!ys1~ 1, IS 11ot adv1sable to go mto 

1
much techn1cal detall 

stnce thc student typ1cally will be able to use progr Jm
packJgcs and does not· have to worry about aspccts of 
computal1on, tarhcr he has to 'study the theory and the 
m1phc:ll10ns of the dtfferent methods. 

Gcowaphers are not the only persons who have worked 
mtensivcly m the arca of surfacc proces>111g. Geologtsts, 
eco!ogists, computcr scienl!sts, and others have dcvclopcd a 
vanety of concepts wh1ch the geographer can use for hts own 
purposc Thcse disciplines oftcn refer to surfaccs w1th 
dt!fcren t na mes, the most frequent bemg "ptcture "The lerm 
plctt.r~ suggest, a flat squarc obJcCt whose appcJrance vanes 
froP1 püll1l io pomt. The v;matlün can h:JVe one componen! 
(bb_i., .ll.lLl wh,tc) or severa! (color), but p!durc .1n.tly~:~ Jllcl 
proCC:~\ll1g 1~ !.,, ¡!,C!y reslrlcleu lO the b]ack :md wh 1 te C,lsc_2 9 

Tlic: .11 l¡¡¡¡ty bctwccn ~urraces JiH.I p1cture~ 1s obv10us. 
Botil h,IVé llilé r!llile valuc: al C.!Ch JlOIII( (lile gl.IY lcvd,iillhe 
c:Jse ,Jf lile plclu¡e). Both are assumccl to be conllnuous, 
smgle-valued, clc.30 It 1s therefore po~s1ble lo use al! the 
clcvelopmcnt m digital and optlcal p1cture-processmg for 
surfacc analys1s wh1ch JS usually summamed undcr the tcrm 
of f¡Jtcrmg. However, geographers somet1mes use the tcrm 
llltellng for a w1der aspect of surface processmg.3 1 lt 1s 
extended to JlJ ,thosc methods wh1ch gJVe a more general Idea 

'" llm dhLll\\lon follow\ the more d.:t .. ukd dcfimtJOn of 
piLture' ¡¡¡ Ro,enktJ, 1969, CJ¡,¡pter 1 

1 " Rml'nll'id. i 969, \IIOW\ th.1t ,tnY p1Llt1re 1~ "lmh~tlnglll\hJblc 
Ir'"" .n1 .m . .Jylll.dly w<:ll-heh.Jv~d luncll<lll," .rnd NurJlícd. ,lnt1 
lty .h dt •,l~nw lhL \,tllll lor lli.lf1\ ,., long ,1, llil'Y '.111 bl' tr.m,lofllll ... d 
l!ll<> d,m.ty Hl.lJl' :-,". N<udht<k, :-, .nHI Í'· i(V\Ildl (1 1!70). 
"h,1111Ilrtlll \l1(l\ .111d 1111. ( olllilllltly ol l\clt ILIHl lnll"IV,il IUIH ... -

II<HI\," l,'¡·u.;mjJ\Idl ilJIIWI<"r, Vol 5:>, <,cr B, 'Jl-12\ 

,, s~e robkr,(l969b) 

31 

of a somet1mes ·rery confus.ng emplflcal surf<.~ce In the 
context of ¡nformat,on theory, al! the melhod> aJm at 
reducmg the wformat10n content of 3 surface whde 
simullanem~sly reltill11!1g the "1mportant" charJctenstics and 
d1scardmg tlle ummportant oncs. (Figure 4.1) lt 1s therefore 
cruCial that the researcher 

l. know what is 1rnportant and know Jt 111 a fash10n wh1ch 
can be 1mplcmenled. 

'2. use procedures wluch Jre adequate to lhe cxpectcd 
res u! ts. 

3. rece1ve the result m a form wh1ch he IS able to ,nterpret. 

Three types of surfJ.c.e processmg <.~re those wluch stnve to 
crea te a well-defined surface (as a funct1on ora regu
lar gnd of values). 
ehmmate or emph:1s1ze certa111 vanatlons of thc sur
face for a better 1¡1terpretat10n 
and compare two or more surfaces. 

These types can occur 111 comb111at10n, and severa! c<!n 
often be sat1sfied w1lh onc procedure. They are thereiore 
not mdependently d1scusscd but wlll be menuoncd durmg 
the prescntJtJon of the d1t"ferent procedural modeb. 

Prcl~Jction 

Thc fi1~t pomt relate~ tu the prnblem of llll\ljJlll.illllll 
ami Cldl,t!'ol,il:on or p1.:d1dton .. 1~ thc two plllccdu¡c~ ,uc 

~omctunc~ c.dkd 32 Thc general p1ohkP1 oí two Lillncll
slOnal ullc(polatlOn JS to cstunatc thc valuc, of a ~urf..¡ce ,il 
every mtersect1on of a regular gnd (the gnd-pmnt) from the 
values of a number of surround111g gtvcn pomts (the 
d<.~ta-po111ls). The type of mterpolauon depcnds hrghly on 
the assumpt1ons the rescarcher has madc about lhe smfJcc, 
and the' ptupose of the Intelpolatllln. Although these two 
aspects mtcr<.~ct highly, they have been ticatcd· mclcpcn
denlly 111 tl11s·paper.·The underly1ng assumpt1ons h:~vc been 
d1scusscd 111 the prevwus chapler and therc ~~ littlc lo add 

lt 1s, howevc1, llnport,¡nt lo kcep lll 111111d th,1t th.: 
purpose of thc mterpolallon uften dcterlllllle> the undel
lyltlg .1~\lllllJlllOll or ;¡f ]c;¡Sf llltpJ¡c~ ,1 le>ll!Cl~d ~el nf 

"Sce lk1'k 111<11, \V \ ,¡¡td 11 ~1<)111/ (1'11.7). /'!JI\I<al 

Gcodc.1y, SJn 1 rJil<..l\<..0, ChJplcr 7 
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assumptHH1s. lt ~~ ,thcrcforc unportJnt to kccp thc lattcr tn 

111111d'whcn dlscusslng thc formcr. 
Thc dwropkth and p1U\IIllal mJp approach IS ortcn 

uscd for J first luok JI JatJ smcc 11 offcrs a t¡utd .. and easy 
uvc1vtcw l'spcc1ally whcn u sed manually. llowcver, for an 
cvaluatton of dJia hy lllJciunc, linear ur even other types uf 
mtcrpolations nnghl furntsh a more acccptable Jlld lcss 
cxpcn~1vc rcsult. 1\ surfacc w1lhout '\teps" --alllwugh 
"b1caJ...s" 1111ght ucctn-rcprcsclllcJ by conlotirs"frcquently 

.. g1vcs. bctlcr puss1billltcs for tnlcrplclatton 11 m'usl be 
adnuttcd that 11 .tlso opcns !he door for mJstntcipretJttons 
but thc JdV,IIIl.Jgcs U>llally prcv.11l tFtgu1c 4.2) 

In thc c.1sc of thc lmca1 mtcrpol.ltuln, thc lince doscsl 
Jata-ptllllls a1e scarchcJ for a g11J-polllt. Somc p1uccdures 
prov1Jc fm thc spcctal stlualton th.il all thc threc pomts are 
un .1 slt.ttglú ltnc or closc. lo tltn whtch case a foutlh pomt 
IS ~c.nchcd- fot. fhc fC~UII of thts typc nf 111ÍC1'polaiH;II 1~ a 
surf,¡cc wh tch comt\ls of a sct of t nangles Wl th lhe 
d.tl.l·POIIlls ,,., unncrs A typc of lme.ll mterpnlalHHl wluch 
pwduu:~ ~tllllcwh.tt '>IIHHJther rc'>ttlh 1~ ·ha~ed on CtlllVCX 
quadtll.ltcr.tl~ .111d iillerpoiJIC'> bclween oppo~11e ~1de~ 11 

/\nolher l111e,u nlcthod use~ lwo ovcdapptng lnangle~ and 
.IVt'r,tgc~ thc 1\~o IC'>llll111g v.tluc~ lo1 a gtld-pomt lt 1~ clca1 
tiJ.tl liJe- IC~tdl dÍIIct'> lund.uncnt.dly ltotn lho~c ol thc 
prev1ous n1etlwd., Thc oh lamed ~u1 l'ace doe~ nol 'pas~ 
throúgh .di the tH1g111al d.ila-potnls .111d lhe rcsull wd! be 
smoother lha11 lhe vanJIHlll oF lhe dala-pomls would 
suggest. 

· The fusl group of mte1polal1on melhods--whtch m
cludcd thc al rcady e:-. tcns1vcly d1scusscd d 1stancc-we1gh 1111g 
mcthod-rcpcats every hdl and dale g1vcn by thc data. Thc 
vatlalllln cre.tlcd by thesc mcllwds JS equJI lo, or evcn 
h1ghcr lh.ln, thc vanaltnn nf lhc sct of dala-values Thc 
~ccond gwup of metlwds wlud1 wc nughl call apptoxun.l· 
llllll~. smooths tlll' surlacc (1 e. plllUlllCS J sulfacc wllh 
lcss V.lflaltoll th.111 thc ongmal Olll') 

Tite lllllSl IICqliL'IIIIy appllcd model or ~lltlJCC 

apprnXIlll.tlloll ts thJt of lhe polynollual "ttend surlacc",34 

as 11 IS callcd 111 geology and gcog1aphy (nr "1espo11sc 
~urfacc" 111 statiSIJcs) Thc ob¡ec11vc for thc approxunatmn 
1s usually thc lc.1st ~qu.1re cnlcno11, lhat ·Js. the condJIInn · 
lhal lhc Slllll ol' thc S(jli.H.Cd devtallOllS OÍ the dal,¡ po1111S 
from llíc computcd ~urface be llllllii11Jted In olhet words. 
lo take thc acluJI vJlue of a pomt, compute tls estmwlcu 
valuc hy'cnte1111g 11s x ami y pnsJiton mio lhc íunc11on, 
sublrJcl onc from lhe olher Jlld square lhe d1fference, lhe 
condltllln 1~ lhal thc ~um uf all thc squared dtfi'crcnces has 
lo be 11llll1111lllll. (See F1gurc 3.3). 

"K.lpiJn. 1\1 A .md H A I'Jpl!IIJ (1971) "11 Note on 
()u.ldni,¡Lc·r.ll lnlerpol.ltion," Joumal oj thc /iswuatum jor Com
f'llll'r MaLiuncry, Vol IR, 1971, 576·5115 

" ~ce Chorky .111d IIJ¡:gell, 1965 
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1-J¡;urc 4.2 U.unf1cld, L1nc.tr lntcrpol.llJOn The cl.¡h'or.¡tc SYMAI'

Jntcrpolalwn al¡:onlhm J\ u\cd only for cvcry \ctonu 
jlOIIll ÚOWII ami lhiiÚ jlOJII[ .ILW\\ a\' dcf,llill ( hJ\ 

cx.unplc ~lww' lh.1t llm Lan c.:rc.!le unpk.l\anl paiLh
surf.Jccs l'wgr.tm S Y MAl'. ú.IIJ (, NcJIIy, 1\ILM.t,lcr 

UmvcrsJly. produc.:lwn T K l'cuckcr 

Anothe1 ÜbJeCIJvc for lhc approxm1al1011 1s lhe colldl
llon lhal lhe sum of lhe absolulc dcv1alions be" 1111illllllil11, 
agam another 1~ bascd on the mtnJmum cutv,ilurc-cntcnon. 
Tlns melhod, callcd splmc approxnnatHJII, 1s usu.illy .1pplicu 
111 a senes of surfacc pJichc~JS ami thctcfo¡c h.1s a suntl.n 

,efTcct lo lhal of thc loc,iltnn-mv;nl<~nl snwo1l11ng mclhod .... 
The SI/e of lhc p.ilchcs 1s p1opor11on,d l•' thc '>!le of the 
IIHlVIIlg lll,llfiX 111 liS SIIIOOIIllii); IC~UII~ 

Pnlynolllldl lrend sullace ha~ hcen 1111roduccd mto 
spat1.il analys1s by gculogtsls who~c studll'~ ol ~cduncntary 
laye1s are c:o.pcclcd to be sunplc. and easily Jlld mcantngfully 
descnbecl by polynom1als of lhe sccond tlr lh11d ordcr. In 
geography. however. espcctally 111 humJn gcog1.1pl1y. thc 
frcquent use ol polynom~al trenJ surface oftcn sccms to be 
based on the la e k of bet ter programs. Toblc1 ( 1 ~69) wn tes 

There appcars lo be a templ.111on lo .1pply 1111~ modd 
rather mdlscnmmJicly lo .111 ~orh of gcogr.lphH;al 
~Jtuat1ons, for no bcttcr re,¡,on than 111.: fall tltJI'J 
compulcr program 1~ Jv,¡¡lablc 11 \l'elll\ t.IIhcr fooli~>h 
when .1ppltcd lo soc1Jl data 111 an lllh,¡n .11~.1, for 

\ ex.Jmplc, smce thcrc 1s no thcorciJt:.JI rc.1~on lor 
beltevulg sul.h a modcl to be u~eful ·¡ li1• do.:s not 

" Scc llolroyd, M 1 and 11 1\. llh.11 l.llh.JryyJ (1970) 
"AuJorn.ttJ, Conlounng of Gcophy,l\;,¡1 ll.1I.J ll\lng IIJcubJc Spline 
lntcrpoiJIJOn," Geo/o¡:u·a/ S11rvcy of Canalla, l'.l(wr, No 70·55 



111L',IIl th,tl lil<'IL' ,11~ llll ¡!l!O¡!IJphtL,ti ~ltU,ltiOilS for 
wluch th1' mou~l nught s~rw, bul only lhJt ti ~~ nol 
.tiWJY' JppropnJL~ 

>\m,titn k.t~I-Mpt~ne :tpprtl\tmalton 1s that hy lrtgono
,lll'llt< flldLII<lll\ (i<lliiiCI \CIIC~). 16 

tln,• 11',1'<'11 1111 tlt,· ltL''IIi<'lil 11\L' 111 lite lwo k-~1'1 >qu:11c 
l;'¡'~•'\lllllll"ll\ 1' 1111'11 L':l\1' 11l tllllljllll:tllntt llowcvcr, 

tl11'11 11' 1111 .. a11 lw VI'IY 1111 d1 ~tiiiiT' d fHP, d,,f t, 111.1 pr,,vHif; 

'•'l l ¡¡•toliVI'iy 'V• 11 dt.IJtillili•lil ,.¡ d,Ji.¡po,¡¡¡l ,, o.tj¡t IWI',f', 
tilo' \lJII.Jt<' 1'> dt'IL'IIIillil d lt)IJ liill~il IJy lftt'>it.:f> of l:dl,l·jlCIIIJI\ 
.111d dcvt.lll'\ CXIfCII!Ciy 111 arca:, c¡j' ,¡ ~par\C di\lriiJII!IOil of 
pottd> 'lite d.tngcr 1' >ottlcw)¡,¡¡ rcduc.:cd by Founcr >en~~ 
iH'o ,¡¡¡·,o of tllt:lf pcnocltuly. 

1 !.e pt rt••dll c.:ltdf.Jl!Cr !JÍ lt..trtn••rtr(. lurtlli<lll al\r¡ g1vc<, 

'"'~ cx¡,J<~tl.ltnry pr¡wcr Wlicrcv.:r une WJilb to tc\t 
tLc•'tlc'~ wtih pcrtodtc.: fcJturc,, Fourtcr 'Ctl~' lit tite 
,'ttt¡h"L' vcty wcll ~l.111y ~p.ttt.d titconc' tlllply pcr1odu; 
.. ·,,¡¡¡,·, \liLh ,¡:, \l'llicm~nl\, dtllli'IOII attd tite ltkc. 
¡l o':llll' Í _l} 

1 t',i'I·'•;Li.lll' .1 1'jll< 1\l:o!.llll111' IL'<]IIIIL' ,llllllllllllllll lllllllilL'I 

·'· ""'J- 1'•'11lh ''' ¡'f•'dl!.-c' llt'll·lrl\ t.tl tits \1 e. tlts \\ lth .1 

,.:;.' ii1Jli pcr(c, t '''r•ciJII•'Il bctwccn th.: Jc'IUJI JnJ thc 

'' Scc llJrb.1u¡:h .lllli \t,•rrtJm ( 1968) 

DOUBLE FOURlER 

computer surf.tce) Tltt' mmtmum numbcr 1' cc¡uJI to thc 
numbcr uf clcmcnh m thc func.:l10n. 1\ pl.tnc--;¡ polynom:

JI uf thc f:rsl urdcr--thcrcforc, nccJs lince 1)CJt:<t<; fur 
dcllntlton (a tablc tan 'tand on tltrcc lcg~. for cxamplc). 
Thc lllllnbcr of pomb bcyond tite mtntmlHil numhcr are thc 
'\lcgtccs of frccdom" of thc 'urfac.:c, a lu,t> for J¡ffcrcr¡t 
Lonfidcncc mc;JSIHC\ for thc >urLtlC. 

.\1<><.1 ~p.tlt.d lhcorJV, hJVC ¡¡ dt;,talllC.-dccay c..urr.
P'liiLIIt.-17 lt wc,uiJ illr.:rcfr,rc he <Jpprc,prlatc tc, clcvclop 

mcthoJ> whtc.:h allow tc>tlng of tiJc'c thcortc> A proccdurc 
for thts purposc ha~ bccn dc\clopcd rcccntly Js lt fmt fits 
a !mear Ira>! squarc c.:one for cvcry data pomt and sclects 
thc onc w:th thc h:r)1cst cxplanatory powc; (w¡ih Lhc: 
ioWC\t \Ufn of fC<;H]uaJ'.) Jt i!JCiJ rcpcal'i !he rlf<>(.<- :. w:lh 
thc rc\lduab, cte. /\11 cxpan\t<lft ol thc proc.:cclurc 1 '' .tllc,w•. 

17 Sec ('oJilllll\\11111 nn Colkg,· (,c .. gr.oplty 1\L'\IllH<< l'o~;•~r~ No 
l. liii'Orll'\ o{ Urhan f.r¡¡altoll l>y B 1 L Berry. No 4. Sp(llltJ! 

llr/jrll/0/1 hy 1' (,oulu .. 11HI No H /'/re l'o/ttua/ 01):</lll.atr"'l of 
S¡oa,·c• hy 1 Sn¡,J 

"S,·,· <.':t'll'IIJ 1 .. ltl.l ll. ~•'lllpk ( 11lhS) "\ \kih,,,¡ ¡,,, 
11w Sh'P"I'""' Scp.~r.ttH~n '-'' Sp.1l!.d lh.'lhh.'' Jl,,t J\\l\"l 1' .. ·1,r \l1 
1 l. \ltdugJn lnt~r-Limh'f'Jty CnmmlHlllY ul ~l.lih.:ni.JII<.JI ,;,.,,;:
r.Jphcr~ 

39 Toblcr, 1970 
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tor lrJnstnrm.liiOn of the data for non-linear eones 

.' (Fi"urc44)-
• > b 

Spectr:~l An:~lysis 

Ch1sely 1Clat~i.l to h:IIIlllllliC trend analys1s 1s spcclr:.~l 
an.dys1s. Bolh ;u~ h:1se~l 'on Fm'mcr senes :.~1Íd f11 :.~ surf:.~cc 
by :.~ sc••cs' ~;-r l••gono;nctrJc 'runciJOns· w1lh mcre:.~~mg 
f•c~¡ucncy.; the 'li1st lo i.:1cale a 'smoolher' objecl :.~nd lhe 

_ second lo llhlaln J frcc¡w::ncy-brc·.~kdilwli of lhe surface. 
·· But. thc spi.'dllll.ll (;ui' ~e1ve as 'a bas1s' for mitny'iil.fercni

¡HII!lll~es. Spí.•ct1.d .111.dyst~'has long.been íised •'n ;lhe ~~~~~ly 
of tllile-~l'lle~ bul the appiiC.IIHlllS ol" I\VO-UIIllellSIOilal 

.spcc11.1 a1c •cl.llivcly rarc 'l\ecat;sc nc1lhcr wc1c ·1h'cre any 
good .·J ISCIIJl lton's ol the m'ellwtl m1r· prog1 ,¡'ms- :.~v~1lable _4 0 

Thc.spcct rum dl';piJy-; ·lhc f•cquc'nctes :Hid lhet~\iinpilludes 
wl11ch contnhulc lo a su1 face. Therefo1c, spcctr.d analys1s 1s 
J way lo d1~agg11.::galc a ::.lll facc mto all 1ts wavc compo
nents. (DJagrJm 4.1) lf lhe sürface 1s permd1c: then the 
mupber ol contJJbullllg frcquencJCs 1s fi111te :.~nd can be very 
smJII The spectrum 1s then called discrete :.~nd has the form 
of DI:JgiJill 4.2a. 

In a non-pcrtodtc surface, theorct¡cally an lllfillltC 
number offrequencicscontnbtitc to lhe spectrum wh1ch has 
lile form of Dtag1a111 4.2b, and thus IS contlnuous. In 
practJcc, thc numbcr ·or frequenc1es IS sllll llmlc smce tl;e· 
d:~ta-base IS discrcte, but Il IS usually very large. Of coursc, 
the one-dimens•on;d ca~e can be exp:~nded tu two (and 
more) dunenswn's. W1th two. dimensions · the · d1screte 

40 Thl' h.1' ~h.Jn¡.:cd WJih l{.¡yncr's (1971) vcry thorough 
mlroducuon llllo thc d1llcrent ..J\pcct~ of~pcctral an.1lysJ\ 
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Dwgram 4 1 \Vave Componen!~ 

spectrum would becomc a map of pmnts ,llld thc contin
uous spectrum. would. be 'a surface The c:omputJtlonJI 
methods mvolveü 111 both types :~re vcry sullllar, but thc1r 
staiJstJcal conf1dence 1s ve~y' d;ff~rent, as tite figure nught 
suggest . 

lt should be mentwned that 'üne dala-set c<~n produce 
many dJtferenl sp~ctra dep~ndi.ng.upon.thc V<~flous fllte1s 
:~nd windows uscd 111 the · éomputatloJL Tllercl'orc, lhc 
student cannot be saii~fied Wlth one ~Ingle an.tlys•~ bul 
musl cxpcruncn1 .lo ohlillll lile be~-~ lrcqucncy ;u,aly\t\ 

~~ . 

[u_LI_ 1 L 

i ' 

k 
1 
'------ ---. -~ 

fREOUENC< lkfQUI NCY 

(J) (b) 

DJ.tgr.un 4 2 Ont'-DJillL'Il'l"nal \¡>L't lrlllll 



pos~Ihl~. On~ Jr~a of thc analys1s ccnler~ on thc spectrum 
Its~lf F,H ~\ampk, ¡f onr h.I<J to find nul whcthcr thcrc Jre 
JllY p~ri<ldiLIII~s ¡,¡;¡ncnt 111 thc dJta. thc ;maly~Is would 
mdicJk .llliUpt pc,¡f..~ 111 thc ~pcctrum. On the uthcr hand, a 
f.nrly cvcn dislrihllll<lll of V.HIJih.:c along the frcqucncy axis 
mdic.ltc~ 111,11 thc data wcrc gcncra1cd by a random proccss. 
Thc v.lll.lllcc spcdrum (1.c., lhe spcctrum of standardtzcd 
J,11.1) IS jlll'fc1rcd by many rcsc.m;hcrs. 

1 he ~tudy of lhc rclatumslllp bclwcen two spJIIally 
dependen! van.lhlcs IS Jnuthcr are¡¡ of mtcrcst. Thc cross 
spe..:trtllll g¡vcs thc scJlc breakduwn of regresswn p¿¡ram
eters su..:l1 as covanJnce and corrclalton coeffic¡ent.41 lf 
two v.11 IJhks are currelatcd JI une se¡¡! e ¡¡nd not at anothcr, 
J 1eg¡~s~l<lll Jn,lfysis would average thc two out ¡¡nd g1ve a 
low ovcr.dl correl¡¡twn wluch would be geograplucally 
lllCJillllg_fc!>S. 

•• Rayncr, 1971, p. 8. 

Other apphcaiions of spcctr;¡J analys1s use thc spcctrum 
as an :11d to computJlion R¡¡yncr mcnt1ons thc arcas of 
IntcrpolatiOn, filtcrmg, cJ¡ffcrcnti:Jlion, mtcgrat 1011 ¡¡nd pat
tei n rccognilton. In tcrpolat 1011 n11gh t be u une d~rcctly by 
applying the mvcrsc founcr trJnsform lo .m Jugmcntcd 
matnx or by usmg thc autucov¡¡narKc or autocorrclatton 
funct1on as a wc¡ghttng functton for mcgularly ~prcad 

pomts. In tl11s case, the ;¡utocorrcf;.¡t¡on funct1on 1s thc 
surf;¡cc-bchavior funct1un wh1ch mdie<Jtcs thc surfacc
devclupment betwccn thc pumts. (F1gure 4.5) 

FIItcnng Wilh thc spcctrum !S a vcry clcg;mt way uf 
cxtractmg data from a surfJcC. By d¡scJrdmg all tho~e 

frcqucncJes undcmablc fur thc purposc of the study, une 
can extract thc pcrtmcnt mfurmJIIon. Smooth111g, would be 
pcrformed by multiplymg al! h1g,h frcqucncJc~ by Lcro; 
remov¡ng trcnds for thc study of residuals would mean 
mult1plymg h1gh frcqucnciCs uy one and low frcquencws by 
zero. The detectton of h1gh rates of change and thc 
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cnh.lnccmcnr pf h11111lll.ll res l<'t¡lllre~ ,, dlflcrenlr.ill!'l' ol 111e 
suri.ICL' Sf,,pc\ (lile llrsl dcrtv.!ltvc), dt.111ge~ of ~lllpc (lile 
:-.c..:,,nd) ele. r.rn he llbl.tlllcd by lile flitL'r p1oce'' 111 lhc 
spcclr.tl L'llllll':\l.(Figurc 4 (,) 

P.tlll'rn ll'I'O¡~Illlton CIHdd al~o bc cons1dcred .1s a 
íillcr111g p1,1Cc~' 111 thc ~pcclral doma111 Tite co1npa1r'"11 of 
a 1-..nnwn p.tllCIIl w1lh an llll"nmvn lo c\llact corlci.iliOilS 
hctWC<'Il lill' lwo lllvolvc' ,1 mulliphc.lllllll nf lile lwo 
'pcc11.1 w.lil .111 lllVC"L' li.lll\lornl 

~l•hl nf t!Jc drg1t..J opc1allllll\ of \¡JCclr.rl an,rJy;.l\ C.lll 
,,¡,,,he pc111111l'Cd op!1cally .1nd lile 11plrc;rl o~ppro.rlh h.r~ 

clc.1r ,,dv.m!.I)-',C\ 111 p1nblcms wherc lile Ollglllai do~la ,m; 

al1cady 111 p1d 1:rc form {1 r , wilc1c gr.ay lo11es coiiC~jHllld 

,-' ;~ J ;,:: !~ 
; • ;,...;¡-

;;.; ,' ""\ 

; _/,, / 
/ 

_..,..., ~ / 

k' 

l ¡¡;urc 4 6 L,¡l-.c LnJII\C Wnr, Smoothlllp Tlm cx.Jmplc show~ rh.tl 

fi:tcnng h.¡, a ~L.Jlc-rcu ucllon cffcLl l'rogr.u11 INCLIN, 
d~I.J T K Pcuckcr 
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lo hcJgl1ts), becausc oí liJe relal1vc ca~e wrlh wlll( .. h 1l1e 
researchcr cJn mmlify frltcr~ 111 rC\j)(lfl\e lo lhc ob\crv.:o 
out puL 

OptlcJI opcralHlll~ are po~ll:orHnv.rll.rnl opcral1ons, lhJl 
r~. lhcrr eflecl on onc pu1nl tloc~ nol dcpcntl on 11l~ 

positron of lhc poinl in liJe prcltiiC IJ1grl;rl po\llroll· 
mvarwnt opcralrom are írcqucntly ll'>c.:d 111 lile ~HCJ o:· 
p1clure processrng 4 2 Thcrclorc, rl 1~ nol surpr1qng 11'"' 
~pcctr.d .111aly~1~ ;1nd prclurc procc\\111¡', L1rgt:ly sharc tlJcrr 
lhcorclrcal b.1~rs, .rllhough tire p1ou:d111,d llnplclncnl.llh•ll'> 
are vcry tJ¡Ifcrcnl Somc of tiJC\e oper,Jr1or1~ ;uc cxpb111t.:d 
bclow. 

t\mong !;CII/1/CifiCIII IIIH'fii//IJ/1.\, :-.IJ ¡j l111g r\ po,rlroll lil· 

varr.rnl, whcrc,¡' rol.rl(()ll ami ~c.rlc cil;lf¡ge are nol, ~lllLL: 

thcy ch.Hlgc one po1nt's po,rtro¡: Wllll rc:,pecl lo 11' 
ncrghbors. Shrflrng opcr.1rrom, vcry lr.:quciil 111 pdlkroi 
r.lJtclnng prohlcm;, can .rl,l• be ol li\C 111 c.¡rtogr;,phy, for 
cxamplc 111 a 'tudy of spreJd-iuncli(!JlS tlirough l11nc. 

Po/111 opcratwm chJnge thc gray lcvcl al cach pornt 111 a 
manncr that docs nol depcnd on thc rcst of thc prctu1c. Of 
course, nellhei does 11 affccl lh.: gcomctry oí lhc prcturc. 
Examples of po!llt operallnns are llllcnslfrcatron .md 

quan!rzatron. Whcn ¡nlcnsrfyrng .1 p~c·tmc, onc mull,plr.:s 
lhe gray leve] by a comtJnt, wherco~s lile qt•Jillli.Jllon nf;¡ 
prclure mvolves tbc reducltnn of thc lllilllber oí gr;¡y lcvcl~. 
oflcn by addrng random rw1sc (1 e, addrng or subtr~cung 
one gray leve] 111 J random scqucncc) lo "break up" faisc 
con t ours. Thc select ion of class 1nlc 1 v Jis rn con lo u r and 
choroplcth maps JS a typc of qu.rnlllJlron. 

Anothcr typc of p1clurc proccssmg rs local o¡Jctatwns, rn 
wh1ch a pornt IS opcralccl upon w11h rcspcct ¡,¡ rls 
nctghborhood. In othcr wnrds, thc vJiuc of evc1y ptlllll rs 
changrd and thc changc " a lilllclron n! thc ilL'I¡:hborrng 
v.rlucs i\11 lrltc11ng c.1n be cortsrtkrcd .1> a loc.d uprr.JihHL 
Thc nclghhll!lllg v.rlllc' corllrllniiC lo lile v.liue uf thc po1nl 
by lhc l'OrlljJU[,fll!lll lll ,r WCJ¡.~hll'd ,lVl'l.lgt' ('llllhllhlllg) Ur 
drffcrcn11.d (cdgrng) ol ihe :,uh·\iiii.ILL' 01 colll\<', 

"ncrgilborllllod" l.JII hJvc ,¡ dtrcclioll.rl h1.rs, lh.il 1:,, bl· 
along a l1nc (lrnc-sprc.ld-funclron) or only on onc s1Jc of J 
lrnc ( cdgc-sprcad-íu nclron) 

The cl1g1t3l rmplcm.:nlJtwn of thcsc opcrJtrons pose:, 
compulallonal prublcms msofJr JS thc numbcr of mulllph
c;,t lO liS and JdJd lllm liiCrC.JSCS 1 ap1d !y Wl ¡IJ tlJc lllC1 CJ'ilng 
sr1e of thc prclurc Ctl!IW!lllon.d ullllJllltcrs ar.: IJ.1<.":.rdy 
scquentral, that 1,, they CJii pe1lurm only one JrrlhmctiL 
opc,.rllllll ata lrmc lf lll.l•IY 1dcnllc.d li¡JL'I.IIIOll' cn11ld h.: 
pc1ro1rned sllnull.lllcou:,ly (re. ,"p.ll.dkl"¡, g~t . .:.ll ,,1vrng:, 
could be rcrl11cd. Two dlielllpl\ lll tlrl'> diiCLll•lll .:.111 ll.: 
ob:,crvcd On.: 1'> 1hc con:-trliLthlll ol :-.pc'Li.rl "p:.~r.rllt:l" 

computcrs wrth mJny proLe:,\lng unrl:,. Such .ClllllJHil~r~ are 



Vl'IY C\llllpic\ .md co~tly bul thc comput~t10nal savmgs 
IW.til\ thcn dc\clnpmcnt 

Tlic' llthc1 .lpp¡n.lc'h ''lo tJh.c .ldV<illt.lgc nf thc f.ICI th;_¡t 
C\c'll .1 c•.:,vc'llllltll,il c'lllllputcr c'.lll pcil•'llll lilllltCd lngtcal 
;Jild ,}¡Jttnlg •'PL'l.IIIOII\ llll C.lt.:h bill.lr)' thg¡t of o11e lllCillllTY 
"w,l¡d" lit .! p.11.dlcl f,¡~j¡lllll 111 thiS C.!Se, a Sllil.lce IS 
ll' 1 11C~Cilll'd ll\' \lile' lll .1 ~l.it.:h. lli "hlt-¡l}Jiles" (1 C, gr¡J 
valuc~ m.l) he l) "' 1 al a ¡wJill) V.ducs largc1 th.m 
that L'.lll he (IC:llcd hy ll~lllg ~CVCI.Ii pi.IIICS, OllC (JI] top of 
the olhn 41 Wilh tlll\ type ol d.il.i o~ri.IIJgemt:nl, ;_¡ parallcl 

prou:''''' C.lll he \lllllil.ltcd r.ilhcr cffcctJvely 4 4 
( hgurc 4 7) 

1).:-,pltc thc~r .:lliclcnLy, p.11.dlcl¡HoLc~''ng l,u¡guo~ges are 
lllll Vél)' fiClj\ICllliy li~Cd, ~IIILC thcy IIIVO!VC CXlellSIVe 
pr<l¡,:l.llllllllllg cfitll 1~ l'opul.n proLcdurc~ use much s1mplcr 
prngr.llllllllllg Stdl. thc approach lo fi1sl crcatc ,¡ rcgul,¡r 
gnd uf cclls 1s us.:d ve¡ y ortcn fo¡ thc tre,ilmcnt of l;_¡nd-usc 
vcgct,llltlll c<lVCI.lge .md gcolog1L d.1ta, etc For every cell, tt 
JS recmdcd whcthcr a cciiJln covcrJge IS prcscnl or not, or 
thc pt:rLCllt.Jgc of cover.1gc ¡f the un1t ccll1s rclat¡vcly large. 
Thc gr1d lllcthod Jllow:, very clllctcnt computJllon of the 
JrC,l ol J ccrt:11n covcragc typc Jmlits ccntro1d. lt Jlso lcnds 
11sclt' 1<1 somc vcry fast oved~y operJt¡uns of two or more 
typ.:s PI di~lributtons JS thc cnmput~llon of thc mter
seLtl<lll ;_¡mltllll<'l1 nf severa! dtsllibuttons and then are;,¡s 

Snmc: pwccdtlrcs .lllow for v;m,tblc gnd-s11e to guarantec 
;_¡ h;¡j,,,JCL' b.:tw..:.;¡¡ d.:i.11kd P•llyg.m rcprcscntatlllll and low 
SllH.Igc llt.:Ctlo; 4 5 Jf the pnlygons of a map VJTY COII
Sider.ibly, !he gr¡ci-method n11ght nced exccss1ve st01age 
space smcc thc untt Lcll has to be vcry small. Overby 
p10ccdurcs b;_¡scd nn bound.1ry lntcrscdiOllS are very uscful 
.:spccl.tlly ¡f th•: bounJ;_¡¡y hncs CJll be s11nplitled lo very 
iew .:Jgcs 4 6 Another mctlwd JS to rcp1csent polygons by 
skclctllll .1s d.:,.:nhcd 111 Chapter VI, wl11ch f;,¡,:¡j¡¡;,¡tes 
CCII.tlll tl[lCI.llltill~ likc lltlCr\et:tlUll Jlld >h,lllillg, but lllJkCS 
othcr' (e g, .ti<'.t colnpul.illnn) wry dillictdt 

Thc L.t\C ul twu-dllllCII'-It•ltal ,uri.ICC\ (1 e, Wilh a 1 value 
of 1 or 0), <•LClll~ vcry ulkn 111 gcug¡,¡phy and pl.llllllllg 
·¡he t:<llkLilllil ,,¡ I,¡¡,LJ-u\c Jnd l:llld-occup;_¡l¡on d.tla 1~ 

masstve As a rc:sult, the I:.JTgcst geogrJphtcJI datJ b;_¡nks 
h;_¡vc ;_¡s thcn m;_¡¡n stur;_¡gc rcqunemcnts boundary coOidJ
n;_¡tes of J;_¡nd-use are;_¡~ .md possess nnprcss1vc m;_¡ntpul;_¡tJon 
f;_¡cdtlte~ 111 soítwJre and J¡.,rJw;_¡re 4 7 

Thc compJr:son o! llnce dtmcnslon;_¡l m;_¡ps 1~ somewh;_¡t 

4
' ~1\ htl pl.tne,, for e,,,mpk. gtvc J r.tngc lrom Oto 63 (1 e, 

64 = 26 dtlkrc111 v . .lllc\) 
44 A prnLl'dme '"nul.lilllJ.! ,1 p.tr . .lkl procc"or 1' dc·,cnhed 111 

'ever.d p..rh ni Ltpk1n .nul i(n,enkld, 1970. h11l c\pcu.tlly nn pp 
427-~12 

4 ' IJ,¡¡¡gc'rlllllllU, 1 1, 1'10.'>, S.111 lliL~Il ('ounly (\unprchcn\lvc 
l'l.tnn111g Or¡;.IIJJ/,tlHHl, S.tn ))¡ego. 1'171 

4 
• Sce Ch.tp lcr VIl 

4 7 Tomllll\l'll, 1970 giVC\ a good JLLOUlll or lhcw d.tl.t b.lllk\ 
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more complex One mcthod, cross corrclJIIOll, h.ts .ilrc.Idy 
hccn lllCTIIJOncd 111 :JII carltCI p:.HI or thts chaptcr. Tilc {\\0 

duncnswnal cross spcctrum g¡ves th.: stmJI,lflty bclwCc'll 
lwo ~urf~LCS ;_¡'a funct10n of d1st .. nLe Jnd dlrcciiPit llllm 
~ny poult of one surf.1ce 

Anuthcr much sunplcr .1pproaLh mo~tht:lll.lllc.i!iy :' lo 
conlp.ITc two ,udaccs pomt by jlllllll Tlil> L.ill h..: ,:,,nc by 

'llhlr.tLilllg une ~urlacc f'lllm thc otht•r il 1111:y are h."L'ti llll 
lhc S.IIIIC llle.l~liiCillent lllllt Of thCII \(,11Hi.lrdi1Ld v.diiL'\ 11 
they .1rc not. lt c.111 abo he done hy tah.111g tlic v.iluc ul o¡,.; 
~urf;_¡cc as the dependen! and tllc v .. duc uf tlic othc1 .1\ !he 
llttlcpcndcnt van;_¡blc Thc two vJnbks tlit:11 c.ill he 

o 

o 

o 



o 

o 

o 

¡;omp.m::J by ¡;o¡ rclallon :md rcgress10n analys1s. By usmg 
reg1es~;~on analy~1s, lhc pJl<llllCICJS of thc rcg¡css¡on equa
twn would fur111sh ncw eslnnatcs fo; the dependen! 
VJríJblc wlud1 ¡;ould be subtractcd from the ongmal values. 
Tlic estm1atc~ JnJ thc JCSiduals wuld be mapped to show 
~be úmc~pi"Índmg va11allon and 1ts dev1ation., 

]') 

Problcms can anse ¡f the two data scts are ¡;ollcctcd from 
two d1fferent regiOnal un1ts. Th1s occurs vcry oftcn WJth 
socwl stallSIICS whcrc the statiSIIc:.d un11~ vary frpm onc 
collcctmg agcncy to the other. lnlerpoiJtlon lo a ~ommon 
regular_ gnd based on any of the prev1ously !'Jle!~twncd 
assumptions can be the solution herc. 

,e 



() J? S UI?.F A CES, LlNES AND 

11 -.h,>tlld lllll he lno diiTu.:ull to rcJiilc th.11 surlaccs 
p1c,cnl a c••nccpl w1th w1de lhCO!CIJc.il l.lllllilcallons .1110 
p1.1L'IIL.il .1ppllc.JIIons. The quesl1on JS how In rcprc~ent 

dil 1 L'l élll lypcs oi" ~urL1cc~ C.lrlngraphlcJIIy, especJJIIy by 
L'PillJllilCI. A l.ugc numbc1 of 111JIIU.il metlwds CXI~l. 

ilPwCVl'r, wlllch lli lhe~c mcthod~ should he aulom,iled? 
\Vhen ~hould lhcy he u\cd'1 And can Jlly metlwds be 
developcJ wllldl .1rc cntncly J¡ffercnt from mJnual 
n1e 1 IJ, •J, 1 

Ck.uly lhe .111\Wt:r lo lile lo~~lque~llllil h.1\ lll be ncg.!IIVC 
¡( liiill' .111d ll>'•l\ ,IJl' le\[rJC[IOII\ llllWl'Vel, !he .IIJ~Wer 

could he 1eve1 \Cd by ,,,ymg lh,ll. lhe1e 1~ no prohlem wlnch 
wJII no! cvenlu.dly be h.1ndled by compulcr.llowcvcr,costs 
wJII cnnf1nc 1hc lllllllber of 1.1~b lo be dcalt Wilh lo those 
wlllch hJve WJuc enough rclcvancc lo JliSIJfy thc dcvclop
mcnl of soiiW.11e :unl p•lS\Ihly h,1rdw,ue 

In Ch.iplci 111 11 was pomtcd out lhal surfaccs do not 
hJvc to be Jcp¡cscnlcd 111 p1ctomd form, cspccJally not m 
thc usu.il form of contour-lmes (1s.nlllum) In lh1s chapter 
we wdl d1scus<> J¡fferent ways to represen! surfaces, startmg 
w1th the llH>:-t "pi.ISlic" ones Jnd becommg more abstrae! 
JS the duplcr goes .:long. Some problems wluch do not 
cntJrcly f.dl Jlllt> the ,¡,ca of surfacc reprcsenlalwn bu! are 
needeJ 111 piJ<:L'S to.- lis unJersiJnd¡ng w111 also be h.1ndled 
he re. 

Three-Dimcn1>ion::~l lnformation Elcments 

Thc UI'<Lll\\lílll of thc proce'' or VIC\VIIIg lhree
UIIllen~l()flJI obJccls wlll be mserled here o'nc typc of 
per~pect.vc v¡cw 1n lwo dJmens1ons employs two p1clurcs, 
one solcly for !he r1gh 1 cyc, the other for the lcft Tlm 
cffcc,~ 1s JciJllvcly CJSY lo produce, but thc prescntat1on of 
such un.1gc~ Jem.mds speCJal cqu1pmcnt wluch pcoplc 
1111gl11 find ,,wkwJrd lo use 

lluwcvcr. r~yclwlogJsls found out a long tune ago that 
one docs 11nl nced lwo cye~ lo scc depth. Depth can be 
~unul.llcd by dilfcrcnt proces~es 

ll10VCJllellt 
one ami two-poml per~p,•c!Jve 
dil fcrence~ 111 ~1te 
shades and shJdmg 
structurc 111 the rcprescntatwn 
Vl~lb¡JJ(y 
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By mov¡ng !he obJecl WJlil re~pcct lo thc oh\crvcr or thc 
observcr w1lh rc~pecl lo the ohJcct, lhc unpre\\1o11 of deplh 
can be crcated. The VJ~ual 'Y'lem respond~ very ~h.~rply lo 
angular and sv.e changc~ The abilily to comp.11C \evcrJI 
aspccts of an obJect al d1flercnt a11gles or d1stance\ add~ 
very m u eh to th rcc-d Jmcn>~unal v Js1h d 11 y TI liS com p:mson 
can be made through t1me (movemcnt) or by vary1ng 
UiSlance ( perspcctlve ami changc or SIIC) 

lf onc d1splays thc shadow of an oh¡ed, one 111 f.Jct 
produces lwo v1ew~ of !he ohJCLl from d1flcrcnt aJ•gic>. Thc 
human cye 1~ ~o u~ed lo lhe recognilloll o/ '>hade\ th.d 11 

doe~ nol 1111110 the tr;ln">forma!Jon 11 lile oil¡ecl (ior 
cxamplc thc ~urfacc) CJ~b ~hadow\ onlo 1hell, lile dJ>¡llJy 
of thcsc shadows grcatly enhancc~ the pcr'>pcclJve ~;nprc~· 

SIOII. 
lf an obJcct IS g1ven struclurc by Jny of thc lllllllbcr of 

d1ffcrcnl lypcs of strucLUrc-lmes (1.e, a l;ugc number uf 
lmcs arr<.~nged 1n some rcgul.~r manncr such a\ p.~r,Jikl 

profiles on a Slllfacc), thc cye c.1n casdy rccogm1e dcpt11. 
An obJect Wilh a well-chosen structure 1s usuJIIy Jlso 
aesthetJcally pleasmg However, tlus 1s only the case ¡f thmc 
slructural cnmponenl\ ludden by clo~cr componcnts of lile 
surface, are dcleted f1om lile ¡JJclurc Thc iudJen surfJo:e 
problem 1S unpo1lant lll computer gr.1plucs a11d wdl 
thcrcforc be d1~cus~cd 1n more dc!Jd, ,¡flcr .1 trCJimcnt of 
thc p1cture plane. (F1gure~ 5.1 and 52) 

Figure 5.1 13ow R1ver Vallcy, Vww from N \V Slww' >c·ry dc·,,ny 
thc gi.ICI..il fe..1ture~ of th..: Jrc.J V1,uJI dlcd ~1v..:n by 2'lS 

IJnc' runnmg par..ilkl o ver thc 'urfJcc Prngr.uu SYM VU, 
data C. Ncllly,l\lcMaster Uruvcr>lly 

o 

o 

o 
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F1gurc S 2 Northt:fll f ;uJf bldlld\, Water G1vcn B.1ckgronnd SyP1bol 1'10grdm 
SYMVU, datJ \V Wolfcr~tan, p10d11ct10n \VD ltJsc 

Picturc Planc 

The ¡;,¡s¡c~t w.1y lo Lonvert a thrce-duncnston:~l oh¡eLI 
1nto J twn-utmen;¡unal un~ge IS lo pl<Jce ,¡ giJ~.s platc 
bctween the ob¡eLt and the ob,crvci, who then !taces what 
he CJIJ see. Tlus uo¡;s not requue any .trllSIIL tJicnt or 
expcr1ence, JUSI a ;t.:ady hand The ptcturc wdl Lllll be 
bc.Jut¡ful, but tl wtll be correct. 

D1agram 5 1 ;.¡ ;hows ;.¡ hypolhcttc<JI ob¡cct .ti a g1vcn 
po111t (P ftll pollll) ~tnd 1ls proJCCllon on thc ptcturc planc (1 
for umgc). Wilh thc lncat10n of the observer (0) .tl thc 
dlSIJncc (d) from 1he p1cture plane 0I.JgJ,Illl 5.! b slwws a 
clnss-scctl•lll uf Dl,tgt,Lill 5. L1 .tlong lile" .IXLS. O ts l,th.cn as 
thc \lllglll of thc oh¡cL'I ~p.1cc Hotil >lww tilc ~pcu.tl ca-.c ol 
.1 lllle·ptlLlll Jl<'i\¡l<'Litvc Ftll lile I\OillL'litL· JllllJCLIL•lJI, d 
bc._o¡nc' llllinllcly long. lo1 thc lwo-p•lllll ¡JL'i~pccliVL'. lile 

pL111e 11.1' to be ttltcd 11 '' LlL',II l1o1ll lile llgtllL'' lil,il lile 
UllllfHII.iiion ol lh¡; po>~lloll ol ,¡ny po1111 l¡o¡¡¡ lile 

obJcct-space to the pu:ture plane uoes nol pose conceplu.d 
problcms.4 8 

Visibility 

Fo1 1he gencJ,Ll¡liohlem ofVI\Ibtlil)', i)¡~¡gr.lm 51 C.lll he 
o! se¡v¡ce .tga111. l he uut~IJillhng propc1 ty of .1 vl~Jble 

poiill, P. of thc ob¡cct '" ti!Jt thc 11nc ~eglllcnt OP L'Oilt.tlll'\ 
only one pOLnt or thc ObJCCl, ¡> Conver~cly, ,r p WCIC 

40 ~kthnd' lor 'lulllll¡: thc· <Hl!;lll tn lill' nlht:rV,lllllll pmnt ,Jnd 
rnt.1t1ng .¡ "' th.lt thc (HLilllc pl,¡ne "p.,r.dkl 1<1 lhc y .1\1\, ,l, wcll 
'" oll1cr gL'OilldrJL opn,¡ttom 1n lhrcc·dllllemH>ll.ll 'P·lcC , ,lll h,· 
found 111 llhujd, ll V .11111 S 11 Coom 11 'JúH). "(;cwnclly lor 

Cüll\lrULliOII ~nd IJI\jildy," 1 /J M Syl/<'111\ loumal Vnl 7. 1 X~. 
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h1ddcn, OP would cont~m Jt lea<;! one pPlnl ui thc ob¡cct 
uthcr than P. 

The cas1est conceptual method for proccedJng wou!d be 
to test evcry pomt on an Objcct fo¡ Vlslbilil)' 1\ surfacc 
dcflllccl by a malm, could thc1etllle be ~ubd¡v¡Jcd mto a 
!Jtge number of sub-surfJces-cach rcciJnglc furms two 
tn,¡ngles--;md onc could then test flll cvcty pollll vvllcthc¡ 
thc scgmcnt OP lntcisects w1th any of thc sub-,uri.Jccs 

/\ltlwugh the ,dgort!hm for tl11s test ¡s slt:Jt:C,htlorw:JIJ, 

11 consumes a consideJablc Jnwun! of comp.ttcr tune. 
Thereforc, seve1al "short-cuts" are uscd to 1educc tllc 
compuler tune, tak1ng :~dvJntage ol the spccul ._h.~¡;¡.;tcflS
ttcs of thc uata ba~IS and lile rCpleSCill:ill\lll algufllhlll. 
Tll!l~c peil.IIIllng to 1hc JC'jlll'~CJILIII•lll .,¡ '-IIIJ.'lc·valti.:d 
:-uil,ll'e'. will he di>Cll\:-ed, llL'gkL·tlllJ.' ihll\é .ippl\'111:: !11 lhl' 
ICfliC~¡;¡¡I,¡J¡p¡¡ llJ ,llitli:, k g, huJidlllg'.) WhiLit 11\ll,dly llL'L'll 
'.Oilll' ;¡ddJiillll,d COil~idl'Ja!Jilil\ 

¡\ SllllpiJIJcd VCJ,Illll ol lile ,tiHJW ,¡j~llllillill 1\ ll'.l'd Jo1r 

lile Llllnpulallon of lile VI>ible diCd JJlllllocl .J ¡wllll oi 
ob~ervatwn locatecl on or Jbow tile suriJLC 4 9 Un thc 11111 
ur lhe lllatllX Of alnng ,¡ ClrL·Ie dltlllnd lhc llb;.CIVdllllll 
po1111, g11d polllts ,11e cunncctcd In tilc tlh:,L'IV.tllllll pn1111 
.!long an llll,lgll!ary !Jne /\11 g1 id jl<liill:- ,don~ lile· lllll' ,11..-: 
le~lcd itlr the11 VICW-dllgJc if!lill iilL' Pihc'IV,Iillln Jlllnll 
~I.Lrtlllg Wllh lile cloSe!>l ))()1111 ~llld g<lillg lllii\V,II,h 1h lll11g 
,¡;, tilC' VleW ~111glc COillllllleS lll rl~l'. lile pulll(, :11c Vl~ihlc t\> 

~<HJII JS one .mglc drops duwn 1u J lmvcr kvcl thJJI tilc 
pll:VlOU!> une. lile po111l IS not VJ<;Jblc ·¡he IJ¡ghc•,¡ ,tllgk 1s 

'.loJcu ,md the pwcedme conllllUcs li .11 .~ny p•>lnt thc 

4 
'' 1'11c bo~\Jc .dgnrllhm \V,I\ dcvl·lu¡wd h) 1\m¡dnn. 1 .111d 

<. ti 1 hnn (19úK) !Jl'illlc'0/111,1: /ancflea¡'' l1c'H lt,d\· ·1 Culll· 
fl/llt'l ilfiílrtWI'il. LJSil/1 1 IHl'\l l{l'"'.Jf< h N1llc', 1':-,\1' i Hli, I',JL lile· 
S\\' 1 ore'.! ,¡nd R.lll~O: 1 '\P<'rllllLilt ~l.dl<>ll. Be·r~l'i,·\. ( .d1fnrn¡,¡ 
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lll,lgl.llll ~ 1 l'itlllll' l'i.llll' 

p( ~ ., 1 J 
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(h¡ 

.111::k ,,,,., ·':'·'''' .!11,,\, lile ,l,,.,·d \ .1111< lli• ·""·' lw, "''~<' 
Vl'>ihk .i;'.l\11 1111'> Jll<h.:L''>'> j¡,¡-, 1<1 he IL'JlL'.Iird ,1\ <liiL'\1 ,1\ 

litt:IC .11<' jHI\111'> <111 lli<.' 11111 ( 1 lgiiiL' ~ _lj 

11 111<' '>1111.11 <' 1\ ~'IVt'\1 hy llll't',lli.JI Jl<>llll\ .11\!l .111 

lllll'II'"J.tlittll l•• ,1 1\'j'IJJ.¡¡ )'lid JlltiVL'\ 11<>1 it',l\lhic-, .1 11\<'iilttti 

'>llllil.ll ill lile 111\l 11111\l he 111i111ed 01\C III.IY 111\l IL'\1 

wiliLil <>1 lile IJJ,¡IIgie\ ,,¡ lile \llri.tLe .11e J,¡emg lmv.1rd\ lhe 

oh,,·,v.tll<>l• p<>llll .IIHI wlllch ,\le 11ol Till\ IC\1 L.lll he do11c 

by u•lll¡Jllllllg lhc equ.JIIo\1 ol lhe pi.111C ol cacil IJI,Jilglc 

.Jilll liiL'II ll:\l111g wilc1he1 lile oh\l'IV.JIItlll po1111 l1c\ ,¡hove 01 

hclow ll1e pl.111e 111 lile L.J\e ol lri.lllglc~ 11!11 I.Jelng lhe 

t>l>'>t:IV,ili<>ll p<>ilil, lile pl.illt: wdl he 11\VI\ihk 111 cvc1y L.i'>C 

.Jilll L.ill IJ¡,·¡clllit' he dclclcd l11r lile ll'\l ol lile Vl\ihiliiY 

IC\1'> 

IJ d \llildLL' \IIIILIIIIL' (1 e . .1 \eiiC\ oJ p.ll,tikiJJJIC\) h,l\ lo 

IJe dL'VL'i<~ped lll<' .idV,\Ill,tge oJ '>elJIICIILL' L.ill he 11\ed Jo¡ ,\11 

.:JiiLil'\11 ;¡j~tJIJii.111 J'ilc illll'\ .ill' .111.11\gL'd ,llLilid\11:~ lo 

lilc11 ~llll.illtlll Wllil IL''>JlCLI lo lill' VICWL'i\ J11l\IIIOII On,· 

~d.111\ w11il lile Ll<>\C:\1 l111e .nHI d1o~W\ 11 D1.1W111g lile IIL'\1 

l111e revc.tl' wile1ilc1 11 Ull'>\L'\ lile 111'>1 o11e .11 .IIIY 11111e (1 e. 

goe' hclow lhc 111'>1 line) 11 lill\ 1\ lile c.t'>e. lile \CLII<~II 
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hclow 1s not d1.1W11 .11HJ lhc Vl\ihlc J1.111~ .11c ~lorcd ;¡s <J 

"li<lll/011" Wilh tho~C p.iflS or iht:: lil\l lii\L' WhiLh h1dc 

po1 tllln~ of lhc ~ccond Tlm p1occdu1L' 1\ 11\eJ ior Jll 

\uhscqtiC'Ill h11c~. only llwsc parl'> .11c d1:1\vll wh1cil .11c 

.ilwvc 1hc "IHifl/oll" .111d 1he Vl\ihk p.11l\ •11 lile line 

eollliihli!C lo thc 1Hlll/.ol1 ol tile 11e>.l I111C 

S111t:C thc~e p.ll.illci !me\ 11111 ,\LJll\\ .1 lll.ilrl\ o( 1 v.duc~ 

onc U'uld Jl,¡g :my p01nl wl11ch 1\ Vl\lhlc Tl11\ mforlllJIIon 

would thu~ be >lorcd for latcr dldWII1g'> 1111 the s.tmc 

\urfJec, '>uch as lines pcrpcndlcul.tl lo thc prcv¡ou> \Cl of 

lii1C\_ ro.Jd'i, rlvC~>. sctlkmcnt'i. el( ( 1 ¡::;u re~-\ l 

\Ve u~c JllOtho appro,¡,J¡ whc¡, .t per'i¡1cc 11ve \ 1cw of .1 

suriace rrp1escntcd hy Jts 1sar1thms 1s u>nstruc<cll .• md 1· thc· 

oho;crvcr IS SilUJicd .1buvc lh.: :-.urf.JLC he stJrl<; w1d1 

lhc lughcst conlour !me .1nd W(lrk<; lus WJY dov.,l\v,nJ 

ln'i1dc thc arca bounlkd by the lughc\1 coniour, no othcr 

,ontour LJI1 be sccn. Thc 'iCCtlllli h1ghcs1 Ctll1l\Hir w¡JJ o¡;Jy 

he drawn whcn 11 docs not l1c 1m1dc tilc .lrst tlilC The 

Ulllllll of thc two contnurs (1 e . the JIC.J wh1ch 1s '".:.:up1eJ 

hy c1thcr of thc L011LOLII JfC.J<; or by hoth togcthcr) Wlll he 

thc "covcrcd arca" lor thc nc>.l Lontour. etc 

IJlock Diagr a m~ 

The block di.lgi.JIIl lll pe1,pcct.ve v1cw nt .1 '>tlil.~o~c 1\ 

g.lllllllg 111 Jlli¡Jlliallly .1'> aJL' tllhel lll.1 1lJ1111¡! iliL'Iilo.J-, 

\\ /n,h p1t1VIdc• .111 L',i\il'l .1nd qu1c !-,,•¡ ullllJlll'lit•ll-

I'·IJ.ilicl lilh'\) 1\ lh<' llllhi J"'l'lll.\1, 1>111 11llc' .111d 11\<> 1'•'1111. 

.JIId CVCII cylllllilll'~ 0 jll'l\jiL'L'IIVl'\ ,IIL' .Ji:-.11 ll'>l'd 

11 J¡,., 111 he .id111111ed IIJ,¡I lile hl",¡., cll.tF.• 1lll'> Jll<>diiu'd 

hy 1/ll• LI•IIIJIIIIt'l ,1\t' Wl \1 \IIIIJiit' 1 <>lllJl.lll't/ lo wJ,,¡( /¡,¡-, 

hn·¡¡ ptoduu·d hy l1.111d lii<'Y .IIL' 11\ll,tlly ""'Y illll'\ .d .. 11~ 
lile \llli.JLC Wilh ,¡ Jcw 1< i.liiVeJy \llllpk \)'llliHI\\ 

Mo\l ol lhc piOLl'LllliC:\ f111 lli.JKIIIg hloLk dl.igi.JIII\ '1.111 

w11h .1 lll.lliiX ol 1 v,i111e\ (¡e. w11h .1 ll').~ti1.11 g11d <>1 \,y 

.111d 1 LlHIIdlll.iiC:-.) 111 whiLh thc 111\l lwo Ltlllfdln.ilco, d<l 

1101 iJaVC lo IJe '>JieLIJICd \IIILL' liJcy .11e IIIIJdiLIIJy giV•:I1 hy 

liJe JHIIIl['S \IIU.JIIil\1 111 liJe lll.Jiil\ 1 !Jc Jli<ILL'dtlll'\ cOIIIjHIIé 

I!JC Joc.IIIOII oJ C.ICIJ Jlllllil 1111 lile VIL'\V p\,lllt' .111d liiL'Il i111J.. 

.11! ¡JilllllS ,i\ong fii\V\, Ltlilllllll\ 111 di.JF.IIII.tl\ 111 L<llllhiii.IIIOII\ 

ol lhco,c Mo:-.1 11\CI:-., howcvcJ. L'illpl"y dl.lg<~Ji.il' 11 lilc·y ,,,,. 

.JV.Iil.1hic \11\CC tiJcy g¡ve ,¡ IJ¡giJL'I delhll) ol JiiiC\ JI l\ C.l'>)' 

ltl \IJow liJ.JI i!JC lllllllhl'l ,,¡ di.I)-!OP,Ji\ 1\ t'<JII,Ji lt1 lile '>lllll ,,¡ 

u1lunJn:-. .1nd ll>W' llllllll\ 1w11 ( 1 ¡~¡¡;,· <; S¡ 

o;n llil' Vll:\VL'r •'- Ltlll\ldl'rl'd ,¡.., \l,liHIIIlt! lll',Hk .1 1\ lllldl'l 1\),¡}...¡n~ 
1(,(¡" .1round lhrough lhl' LYIIIllln. ¡¡¡,. 11\1.1~<· '' lile• unlnidc·d 
e) lindcr 
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o 



o 

o 

o 

-~-

L:.::..:.~-------------~ -
1 ¡gur..: 53 l'<urlhern (,uJf hldllí.h, V¡,¡bk Are,¡ 1 JUlll One Po1111 Program:. VIl:. \V. SIIDCTI{, u.Jl,t \V Wulfcr;t,tJl, 

' produclwn \V[) Ra>c a!ld G Brady 

Block J¡:.~g¡.Jms llave onc ma¡o¡ Jcfcct \\'hclc.l~ hu11· 
znntal spa..:c on thc lllJP usually 1cprc~enls piJnPnclnc 
po,lli<lll, pJrt of 11 hJs tu be rcscrvcd for hontont.il 
poo,ft¡on In othcr words, lugh fc'<llures CJ•I luck low onc~ 
bciund thcm 131ock lli.JgrJms lhcrcfurc cannol be uscd lur 
any gcncr.d purposc mfo¡m;¡tJOn ;,¡n..:e lhc typc of mfollll.l· 
lioil 1h.1t ..:.111 he 'ccn on a ~,urf.¡,·c dcpcnd;, vc1y lllllch on 

liJL' ,1/lfllliiiJ ,111d ,JIIj',ic 11l VI<'W JI"WI'Vl'J, l1l11< h di.tj'l,lilll, 

'·'" j¡,· v"y 1'""" '" .,¡,.,w «'Ji.llll ·''·1"'•1·. 111 .1 '-",¡·"''· 
C',JIC\J,olly l111 fc.n lllllj', jliiiJHI'.l'\ 111 1 lt',IIIL 'o (o,,¡ 111'1\11<'<. 

LJVc v.cw ul Lile NPili•CIII Gull hl.ll,d\ ol J)¡Jii\ll Cnhiillbi.i 
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h.1s bccn u~cd lo show 1cc covermg .JIH.l llow JUilllg 1hc l.i'>l 
1ceage.51 

Planimclrically C01rcct Stu facc Rc1Hc~cnlarions 

lt 1~ SOIOlClllliCS llllportailt lll h.lVC d pl.iilllllC[ilL,dly 

LOIICll lll.IJl wlllcil di\Jll.ly> ll'lf,llll .11 ,¡ '\llhh ¡:l.liou' lill:l\l 

'
1 N~t lt\\t nlllllll'll, W, lhr 1 a/1 t'/1 nf¡•¡¡ll• íJI/¡/J\'1,¡1// I,Jdt Id/ 

¡l/trljl/iulo.l.',l' t111d CIJt¡IJilllu,".)' uf S h' lluin!J (',,f¡uu/¡¡¡¡ .ulll N 1~' 

h'u,lllllglull, M A lile~" 111 pn•~rel', ~lmun 1 r.J~er Unncr\IIY 



~ l .. 

F1gure 54 Cdmp 1 ortunc, Y1cw' Sccn by Appro.lclllng and Pd"ll1g Alf~ralt Tht: turn Lo 

look h<~ck "dt thc 12th graph VIl \VIII 01\. compute\ thc dr<~wmg ol OllC \Ct 
of pdr.tllcl hnc> dlld lldg' thc po1nh (1-vl\lillc, G-not Vl'ihle) tor thc 

perpend11 ul.u hnc' or olhcr lcdturc' l'rugr.un VILWBLOh., ddl.l U Dougl." 

llliiVIIl¡.; 11,111\port.ltiOil '.IICit .1\ alliOillOhdeS .illd ,lllpl:llll!'., 11 

1\ illlt IIL'lL:\\,IIY lo i..tiOW IL:II.illl V,lrl.tlit>ll\ 111 lite dcgtl'(' ol 

dl'l.11l di'<pl.~ycd hy ,, ._olll\1111 lll.tp. !11 I.1L1 11 L.lll he 

c>.lll'lllL'iy da11gcrou> lo itave to >tudy L!lllldllt-lme~ ott tite 

m.~p l.lll'l-ully 111 otder to undcr~t.1nd the rclrel. hccJu~e ll 

kecp> •he .:yc> oll tite fll,td for toulong ,, penod 

Automattcally-produceJ pl.mlmctnc,tlly concct \llriJLC 

rcptc:-.ctil,ttlom .~re .tll b.1scd 1111 thc 1dcJ of rcltcf ,h,ldmg 

A'i\llllllllg o.1 1h•tfcLtly whttc, m.tttc hody ,mcl" light 'ourcc 

.11 a cell,tlll anglc_ rhcn thc ,¡muunl uf llghl !JIImg on cadt 

-,ub-,uíi.ILC IS plllpuillllll,il lo tite co\lllC of rhe .mglc 

herwccn thc dtrcLitun of thc ligitt .md the nulln,d vcctot 

perpendr.:tii:H tu tite \uh,tll f.tce q ( Frgurc 5 7) 

'' In onc· '''"IY ol ll:llll '''·"hn¡: ti " lly¡,oilll''"' d ilt.ll IIH 
Liii~!Lill ol :he o~ngl~. ¡o, IJHHL .tpJHtlj)II,Jlt ¡,, m,d,l' 11dg\' l tHin' tHJi 

\'wiUlt.- or, lll otiler WtHd\, lo 1111\ nhlique .111d Vt..llll.li lllllllllll.llltlll 

'>ce 1\l.trllg, 1 1 '171. "i\¡¡lolll,lll< l<l'lll'l ~ll.nl111¡.:" /'hu/u 
¡:rammc/na, Vol 27, pp 57-70 
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Sevet.d .ipprn.tLite\ lo 1it1~ lit<'"'Y t>l itdl--,li.tdlii;l. i1.1Vc' 

hcc11 devdo¡wd l'itc 1110'>1 diiL'CI 1111<' "tit.il ,,J .111.dylt< .d 
litil ~li.llllllg 111 Wllldl lile teilel 1\ \lllllil.ill'll lly )',I.IY I•IIIL'\ •, 1 

ll111il very 1e<.:e111ly, llblltlllletll\ WL'IL' .1 \C:II<lll\ h<llllc·¡tcL:.... 

\IIICC il WaS dtrflcUit (O prodUle ,¡ \.lll,i.tliOIY gr,ty-<;l,tle, 

hut tlliS problem scem' lo he db:Jppc.lllng 

Thc othcr two mctlwds wcre Jcvcltlpc·d 1:1 the l.de 

twcntres and early fort1cs r.:spcdrvcly by f....¡clmo 

T.tn,t!..a 54 

'' Se e Y neli. 1' • 19ó5, "An.lly IIL.il 1 lill Sl~.td.n¡.: " \un•• VIII S.: 

ll/1(/ Jl!a¡>(JIIIK, Vol 25, 573-">79 .. 11al Yul'li,l' _ 11)(,7 .. ,k,ll.ll\ll,tllon 
111 An.ilyiJL.II 11111-Sii.ldln¡.:," 1/~t• Canogra¡>/u, lounwl VL>I -l. 1'1' 
X2-HX 

" Sec l•11 tlie li1\l "l.tn.•'·'· 1- . ti ')_12 l "lile ()"h"!-!'·il''"'·il 
I(L'IIel ~kthod ni RqHl'\L'Illlll¡_: 11111 lc.tlllrc'\ "" " tupngr,¡pll¡,,¡j 
\l.1p," (,r·outi¡>lll<ili Jouuwl. Vnl 711 21 >-219 ,111tl l{<~i>lll'""· 1\ 11 
o~lld N 1 W llnnwe1, 1'1)7 "A N<'" ~kll11>d l•ll l<'fl.llll l(qli<'\Lill.t
llllll," (,, . .,¡:ra¡>!Jual u,.,.,, 11', V!ll ·1 7 'ill7-'i_1{1, .11td l<~r 11•c· !liilL't 

!."'·'"·'· ¡,, i950 "rli<' l(clil'f ('""'""' ~kll"'" 111 IZ<'i''<''<'"l"'~ 
111111 e,tltllc' on ,, lopu~r.tplll<.tl 'l.q•," ("'"S.:ta¡>lll,all\,·1/,'11', V<~l, 
40, PI' 444456 
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F!gurc 5 5 Bow R1vcr Valle y, Wc~t Shows thc amount uf arca wluch 
can be Juddcn 111 ,¡ pl'r~pcctJvc plot f'rogr~m SYMVU, data T K. 
l'cud..cr, prod uctwn W .D Rase 

Thc f¡¡~l lllCiilLlU TCplCSCJliS lhe lllteJSCCIIOIIS of thc 
su¡la,·e w¡lh p.lrJIIel JJH.:Imcu planes. In othcr wnrds, the 
p1ucedulc d1.1WS IllciJned conlotli lmes Thc degree of 
u1clin.ltiLm Jnd lile alJnluth of lile planes slwulu he 
ortlwgun.il lo tlie u¡rcc:IILHl of lhc illumlll.liWn sou1ce, 
uw~.lly from We~l. Nurthwcsl, 01 Norlh. The olher method 
drJws t.:•llltour l111eS 1n biJck or wh1te on a gray background 
wllh t)lCir w1dth vary111g lo approxunate [)l)ghtness 
(Figure 5.8) 

bari thms 

lf a \lllf.IL'l' 1~ iiliCI'\CC!l'd by a pi,llll' p.IJ,dicilll lliL' b,l>l' 
,llld ,¡¡ J Lil'.t,lllll' 1. Wl' L,¡jj tiJC li.ICl' 11( thc pi;llll' Wilh lile 
\llii.ICe ,111 l\,llilhill ·¡he 1~.111111111 Lllli:-l\1\ lll illll' \ll 111\lll' 
,·lo"•d l•1•11" In ,,1\L' ,,¡ .1 \,lddl,·p"illl olc\.ILilv liJe ih'lghl 
1. 111,· 1\.llilliill 111 j¡,·¡giJI 1 w!ll,i"" 11\<'11 .11 ti¡,· P""" 

Thc ¡,1,11'' .11<' ,11ily u1JIIIllll•11l' 11 1111· 'liJI.ILl' '' c•llillll· 
IILlllS .illll lhu' \lllgic-v,ilucd, liJJI 1,, 11 ihl VCIIIC.il lH 

•lVCr-hangmg clilh C'.!St PJCCC·WI'\l' Clllliiiliillli'. singlc
valucd III,JLIHlll' .ilioWIIlg fo¡ VCIIIC.d ciJth IIJVC bccn 
W•lll-.cd 1111~ 6 hui h.1rdly apy pitlCClltllC' ail,1w lo1 ihJs 57 

ll<lWl'Vl'l, 111 'llllp!tly lhc C\pi.IJl,lll\lil, only ullliiHII·iiiH: 
,dgllll(iiJil~ llll (\\illlllll\111\ ~lllfaL'l'\ Wiii iJl' di,LII~M'd 

;\ licljlleoll Illi'.LtlliL'C¡Jii!lll "lh.il ¡,,IIIIIillliL lll:Ijl\ ;Iil' lhc 
lllll\l .I(Cllr.dl' fCj11l'\Cili.IIlllll of .I :,llli.ICL! rile oniy IWLl 
type~ of ITlJps wiiich ;_¡re JS accuiJic .1s thc OIIginal 
d.lla·g<~lhcri;lg (lc¡r,¡¡n-survey, etc) Jre 1.1bles g1V111g x, y 
and 1 coo¡ dlll.ilc,, .111d map~ ~how1ng lile \tnvcycd po111ls 
<~11.1 the11 v.duc\ 

'' ·: f¡¡, L.Jil he ''"'"'ll L'"'ily hy Iwo hy¡wrlwl." (ll'IJlC:IHiillil.•r lo 
cJch othcr .md w1lil lile ,,une .1\C\, Wllh lile fou lllo\'illg tow,¡rch 
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A vcry llll[JOI tanl factor for the ~:ccuracy or d C:lldi\\111 
111.1p ~~ the den~1ty of po1nts. F1gure S 9a - d show<; .1 o11c 
square kilomcter sccllon of lile Alla1oon,1 D<~m, Georg1.1 
,¡reJ 111 lhe onginol gr,d of 101 x 101 p•llnls5

H Jlld ,¡ 

subsequcnt rcducllon of po1nls by .1 lJClOí of two (S 1 x 
51), thicc (34 x 34), and four (26 x 26) On tl1c h:J\I'i of 
thc slighl (liffcrence betwcen thc flrst and the sccund lllJp 
onc n11ght s<Jy thal the firsl surfJce JS overreprescnted But, 
agam, loo IIttle research lws bccn done lo g1ve ;_¡ clc.1r 
nol1on ol thc optunal numbcr of pomt> .111d thc govl!rnlllg 
con el III!lllS. 

Dependmg on the ciislnbullon of lhc d .. t,l·pomt~. 
cldTcient typcs of preproces~IIIg <Jre nccc~~JIY bcfo1c 
proceedmg to thc conlouii11g. lf the d.lla-pnults Jie 
UJ<;li!butcd megularly, e1thcr J sct of Ilt>ll-overlappmg 
ln,¡ngles Itas to be creatcd lo huild thc bci'>l' \)r ;, rathcr 
comp!Icated contourmg procedure, or lile surfo~cc 1s J:Her
polatcd toa regular gnd lt hJs bcen shuwn59 th.Jt a gml uf 
regular tnanglcs offers the most cuns¡stent way of con
touring, but ~mee a recta:Jgul::ll gml allows a more effJcJcnt 
-;tormg of gnd-pomt values, the ],¡ttcr 1s uscd n1ost 
frequenlly. 

thc mterscctwn of thc a~c' \\~1cn the fou u>nvcrge m tlw 
mtc:r~cct.Jon, thc hypcrllol.w Wlll be alcntJrJI Wllh tJ1c axc' 

DJ.tgr<~m 5 2 Con•our on a S.tOdk-í'oiiH 

'" ~1<10\C, SI',J9(.S, "A ~l,,tiiClll,lltl.il ~lo.lc'll"r lile· ,\n.tly,¡, 
of Cnniou r Lmc D.1 !.1," louuwl of tl1c /1 1 IO<Illllllll ¡or Colllf>llfcr 
Matl11nr•ry, Vol 15.205-220 

"Onc· pro¡,:r,¡¡n th,¡t doc:' .lllnw fm 11 "~Y,\J¡\J', ll!lll'lt IJJ," 
p,¡d.,,~c for lllll'rJl•1l,lllllll h.1rncr' 

o; 
11 1 he d.JI,¡ h.IVl' IH't 11 t~í.'l1l ldti"'IY pr.wukd hy 1 >1 1 )e,~¡¡ 1 d\on. 

li ~ (,c\llil~l\,¡[ .'>IIIVl'J', Jo)l<>J~I.Ij>ill< lliVI\1\111, \\',1\illlle'i<lll, J) ( 

~ 'l lkll¡~l\,lll B 1 ,11/tl ~ NuidiJLl.i-. j j 1)(,..J) '( \l¡hlltll liilll lli 

kiiillllll\ Jlld h.lllillillll ,\l.q>, by COII<Jlllic'r," /11 1, lV!lrdi\A 
Tuldrtjl jor luformaf/OIIS-IJ,·Ilandllllg, Vol 4, X7-lll'i 
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J'¡gurc 56 Northcrn Gulf lsland~. lcc-flow Map. A computcr-<lrawn v¡cw uscd a> the bas1s for thc ,mJlyw. Jnd dcscnptwn of 
1cc-flow patterns Analys1s and 1cc flow W. N¡cuwcnhUlzcn, S1mon Frascr Umvcrslly, program SYMVU. d.lta W. WOtfcrstan 

The probk111 of contou1mg J rcL1angula1 gnd CJll be 
b1ul-.cn duwn llllll !luce p.1r1~ m.uupul.lllllll ol one cdl. 
ncJII<lll uf .1 st1111g uf llne~. Jlld ~IIHHllhlng 

Ülil: ccll 1s dellncd by thc four corner-pomts of a 
rcct:mglc Smcc thc proccdurc of tcstlng a gnd for a 
con tour -scgmcnt has to be re pe<! teJ ve ry oftcn ( f or ex
amplc, for J map w¡th J lOO x 100 gnd and 20 
contour-lcvcls~200,000 limes), the procedure h<Js lo be as 
fa~t as poss1ble. The bas1c 1dea 1~ lo test whether any one of 
thc four edgcs of the rccto~nglc ¡nlcrsects nr touches a 
contour lcvcl Some algonthms do tlus and then produce 
onc str;11ght linc through thc squo~1c. Othcrs account for lhe 
fact that J \quJre ha~ onc pollll too many for an 
unamb1guuus deflnllloll PI .1 piJnc. ,¡nd the1efore Cllhcr 
crcJ te 1 wo t n.111gles w 11 h onc J IJgtJllJ 1 .1~ the CllllllllOll b.1 ~e 
for thc two, or compute the Lenter nf thc ccll .1s thc mcJn 
of the four_lell plllnts. Jnd ,dlow 11 to be the commnn pomt 
for four tnanglcs. Othcrs agam lit a polynomtJI surfJcc 
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thrnugh the ccll-po1nh .lnd lhe llel¡_:hhollllg pnmh lo gel ,1 
smooth curve .IS CllliiOIII-illlc lt 1~ ..:k.~r th.11 !he III~t 

methml 1s the la,te:-.1 but ut.dl'\1 ,111d thc 1.~~1 the \lowcst 
but smoothcst. The othcr two mctlwds l1c 111 betwccn witil 
rcspcct to compu t mg specd anJ ~moothncss 

Thc sunplcst mcthnd of CICJIHlg .1 s.:t of ..:onlour hncs .s 
to sean thc matr¡x row by row m cnlumn by ..:olumn. Th1~ 
can Jlso be done wllh thc lc.lsl ..:ompulcl n¡..;¡¡]l)¡y 
occuplcd, but m.1kc\ smou;hlllg vcry d¡¡¡'¡._tlll. (DlJgrJm 
5.3) Thc other metlllld IS lo test the fllll or thc malnx and 
search along cach column for thc o;t,1rt of ,1 con tour !lile and 
thcn follow thc hnc th1ough the m.dllX unt1IJl IC.h.:he~ thc 
rm1 agam or clo::.cs lhe luop Tlu~ meliwd nccl!~ much llHJIC 
fast memory, ~IIICC the whule lll.IliiX h.1::. to be kcpt 111 <.:lHC 

(computcr mcmory) for thc wilole t1mc of thc JOb 1 un 
Howcvcr, 11 makcs snlllotlung thc lu1c~ vcry sm;pk :;.:.ce 

ll creatcs a scqucnce ol· scgmcnt~ wlm.h nnly hJ::. tu he 
"1roned out" by d1llercnt hnc smoothmg tc..:h111quc~. W11il 

o 

o 

o 



o 

o 

o 

DlJgr.un 5 3 Conlour Sr.llllllng 

lite ClJlllpll!Cili piC~Cidiy .IVaJi,¡bJe, ll JISo ~dVC~ plultlllg 

lllllC' ~lllCC J( ;,jiliW~ ;¡ Cllll(II!IIOUS pJot of a fui] line. 
Many ~pec,Jlisb t:om1dc1 lhc SllltJuthnc~.s of cnnlour 

lineo; lhe mosl crlllc,li rcquiiCillent lor thc general usc1 111 

.IIJiom,Jtl:J I~.Jrilhnllc 1ll.1pp1ng lt 1~ lht:refoiC almos! 

L'\oc'llli . .l lo apply \lllllillliiii¡~ lllclilod\ !11 lile 'Cdlllllllf! 

plllCI'tllill'~ 'j he ic,I\J·\tjii.IIC Íilllllj!, IIJJ<~IIgh ,¡ p.i1Li1 oí 

Jlllllil~ Wllh l]¡c t..CJ] a~,¡ Cl!lllt.:l 1!,1~ ,d1cady he\'11 IIICIIIHlllt.:d, 
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h,:t.rc 57 TI,L'tlic'IIL .. d ~uri'Jt..~. I{C'IICf CnriltHif Mcthod l'ro¡;r,\lll 

Sil l.JC'll\. <LiiJ D Wolfc, S un un h,t,cr Umvcr\IIY. 
producuLm T r... Pcuck~r 
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Jllolhcr approach wo,ild be lo sto1c Lhc rc~1ilt~. of scvcrJ: 

1ows and only plot sc¡;mcnl~ whcn they cc~n he >nHwlhcd 

Wllll the1r neJglibors on bolh s1dcs 11 h,h lo he mcntwncd, 

howevcr, ll1a1 a smoulh cuntoliJ-lmc depCll\1'> IJ¡ghly on J 

\llloolh surfacc. (F¡g¡nc 5.10) 
1\\ CJII be \CCIJ fwm ;¡ Clllllj).ill\011 \lf lile l'.lllifllll\ of 

'lllliOI!Jcd \llll.ilC~., lile vcry iJ¡g]¡ ,¡¡]\] VCI)' h•W tiiiC\ \hllllf,. 

w1lh colllillUOII' ~n¡oolh1ng In olhcr word\, \Jilouih¡¡¡g 

llallcn~ lhc 'llllacc wllh ihc lllCdll rCJlldllllllg Ltlll\l.illl Tl11s 
IS unforlunalc, bcc.nlsc onc ll'>ll,illy wotJid hkt· 1<~ rcl,¡¡n lhc 

lXIJCilla \¡JlLe l]¡cy .Jil' oJicll llled\Jircd \VI(]¡ ]¡¡~~ill'l .ILLlJI.ilY 

¡]¡,¡¡¡ !IIIJn fltlllll\ 1111 lile ~1111.1u.: 11 J¡.¡., lliL'ICit•re bl'Cil 

\llggc,lcd lo IC,It>re lllC \llri.!LC hy pt>:-l-lllltllipiylll:'. 11 Wilft 

a torreciJ•>n f.tclor wluch rccstabli\he\ l]¡c C\IJclnc~.60 

Thc product1on of a very rough contour 111.1p J> qUJtc 

chcap lmprovemcnts mean ex lr J dcvclop111cn t and com

pulcl tune, WJlh dccreJSJng return' Somcwhc1C .i111ng the 

Ltlll[llllllllll o] lllL'fe,¡,¡¡¡g CO,IS t!JCIC '' ,1 pt111il WliL'IC lile 

ll'\ll]l¡ng llllj)ltlVCill..:ill 1~ ltHl ~lll.J]J lo jll\lli)' lile' ,¡cJcJillOil,¡] 

t..tl~IS. /\1 (]¡¡~ pt>iill, liJe Cdillllf' .Ji>JIIil<'' 11! ,¡¡¡ l'\j)CIIl:llt..t.:d 

c.lllt>¡.!.r.q>hcl .llc il!tliC cllit..Il'nt 11 mu:-1 1>..: o~dllllll..:d lil.tt 

IIIL' ~pcci.d ,J,.¡J]:,oi lile c.liltlg¡,¡piJ..:r lt.1vc 1101 y,·¡ hl'cll u~cd 

t.:iltlllgil lo1 thc ]Htld'ililtlll ol Lllillllill lll.ljl\ ,\ l.11gc 

.lllltlllill of Clllll]JUICI lllllC .Jild p¡ogJ,JIIl dl'Yclt>pillCill ]¡,¡~ 

h..:cn w.Jslccl anJ good la]..:Jtts h,JVl' bc<~ll unu~l·J 111 thc 

Jllcmpt tu manufacture final rc~ulrs. 

60 
Tobkr, W R (1966). iVIIIIINII'a/,1/a¡> <:cncrall:atiOII, Di>

ll"''"ll l' .• p~r No tl, ~~" ln:~.lil ln!~r-Univ~r"ll' Com¡nunlt)' of 
MJlh~illJIICJI Gcogr~phc-r\ 1 he lurmulJ '" 

r 
Z = A + B (Z - ;\) wh ere 

1 J 1 J 

r 
Z tl1c rc,lorcd v,,Juc of lhc pomt lJ 

1) 

Z thc \ili<Jolhed v.ilul' ul !he P<lllll 11 
IJ 

;\ Ulc nH!Jil v,¡Jpc 

ll 
{'.._nl_,I_~ __ _____{I~1_111 

thc corrct..lJun f.¡c lor = , , 
z /ll,l\ . l. lll/11 
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Dat.l Gnd~ and Functions 

Su1 fJces ch1 1101 11.:-cd to be J¡splaycd 111 an unagc to 
q¡,,¡j¡f~ .í:. 111.1ps In many stuciles, lor example, m most of 
lile wo¡}., nn !Csponse surfJccs, 011e 11ccds only the lo...:Jtlon 
ni thc 111.1\1111a ami 1111111111.1 of ,1 surfacc, and for .111y stnf:.~cc 
111.illlpu1Jt1Dlls, J rcgul.n gnd of valucs h:.~s great adv;~ntages 
<lvCI d¡;;pl:.~y or dJt.l 111 thc fo1m of .1 tradil1011<JI m<~p. Ag<~m, 
till' <lpCr,ltl\ll1 of map OVCI i.1y 111 ll1<111Y C<JSCS C<ll1 be 
pcilurmed Without a11y g1aph1c output, for ex<Jmple whcn 
.u e,¡¡ C\ ten t .s Jsked for or whe11 two types of i<lnd 
oc.:up.1ncy (e g., ICS1dentwl :.~nd <1 ccrtJII1 ra11ge of slopc) are 
u-;ed lo ucJtc J new lJI1d-typc by thcn mtc¡sectlons (e.g., <1 
\pccdlc resldCI1liJI zone) fm late1 11lJ111pulatHll1. 

In m,¡¡¡y c.Jscs thc optlmal surface type fo¡ 111<1111pulat 1011 
1> d11lcrcnt from thc optun,li type f01 stnragc, .1s 1l 1s also 
Jillcrcnt from thc optun.il type fo1 lnterp1etat10n by m<Jn. 
Fn1 cx.llnplc, Jll urcguiJily dl\llibutcd 'ct of d.1ta-pomts, 
01 somctlmcs <1 set of iunctums, wlll use thc le:.J~t storJge 
space, but the best lorm to mampul<.~le IS upon a rcgul;¡r 
g11d, .1nd thc ¡Jea! form for VIsual mterpretat1on 1s a rehef 
map Also thc most econonuc<.~l stor<~ge of 13nd-use data 
u>uJIIy dcs1gn<.~tes thc bound.mes, the f¡¡stesl man1pulat1on 
ca11 be pcrformcd on btt planes, and many people would 
tlnd only a colored map ;,;cccptJble. 

Po in b and Lines 

Although p01nts a11d hncs could be cons1dcrcd spect<JI 
C,ISC'i nf biii<IIY SUIÍ.lCCS. thcy will he treJkd scpar,llcly 
Sllh.:c thcn computatwnc~l Jnd grapluc manlpulaliOllS lurn 
out to be qu1tc J¡ftcrcnt t"rom thosc of thc surfJcc. 

In p1cturc pmcc~-;¡n¡:, thc rclat10nshtp hctwecn surf.1ccs 
.llld llllcs 1s vc1y \lrPng In a Jcn~c pomt-anay. a line 1~ 

llltli.dly .1 IPng-~ll<'ichcd 'llrí.ICL', olll'n lnlcnuptcd 11 thc 
jlldliiC ,¡J thc hlll' lilLiildC\ llliiLii 1101\C lkJlliL' dC\LIIjlll<lll, 
SIILii .1 '>111 J,,._,. h.~~ lo he tli1nncd .1nd ulllllL'CicJ. Only thcn 
..:an tt be Li.l'i\llicd ·" .1 ccrl.ltll typc uf lmc llllweve¡, the 
c.ntogrJphct ts r.11cly ulllccrncd Wllh thts kmd of problem 
~mee lus l<1sk 1s not thc rccoglliiiOn hui thc produLilon of 
pomts and lines on thc lll.ip. Thereforc. J dcfllllti!Jil w1lhm 
thc fr<.~mewor}., of Euclidcan gcometry ts more app1opnatc 

;\ poml d1V1des J lmc 111to two segmcnts (bre.1k pomt, 
nuoc, co1ncr, etc.), .1 lu1c d¡v¡Jes a ~urfacc mto two atc.ls 
(bound:uy, fronllCI. etc.), :md a surface diVIdes spJcc mto 
tW<J po~llllli1S (Jront, wall, str.llum, etc.) To use thcsc 
t..:rms for thc bounclary deflllltmn of spJilal 1iems, one C<lll 
\JY thJI lwo pomt:. on a line 1\lll.iiC J segmcnt, th<Jt a clused 
i1nc Dll ,1 \llrí.lce ¡,ol,¡tc:. .1 lc~l<lll, .11al th.1t a clo~ed :.urlace 
111 \jl.ICC 1\lll.ilc\ .1 VtdillliC. 

l'ollll\ ,1\ /Cill·dlillCil\IOII.d ~utl.tcc:. .uc 11\cd Jw tlio\C 
11ems wluch havc llttle or no extcnl lelJtlvc lo thc ~c.dc. 
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The ~ymbol mually uccup1e~ more ~¡J<Jcc on thc 111.1p than 
1ls e>.tei1SIOI1 111 rc.dlly. li 1s cuded by 11' cuor,j¡¡,at.;~ :1nd <1 
namc, numbcr, or :.~ny othc1 contenh1gn (scc ('h,,ptcr VI). 

A !me can be coded m scvc1 JI w;¡ys <1~ Jc.,cr1bed m 
Chaptcr VI. The prmctplc 1s to 1Cp1cse11t a line by a vector 
or a sct of vecto1s (str<ughl hncs) For compul,lllon<.~l, but 
rarely for storage purposes, curves are somctunes repre
sentecl by funct1ons. 

The contcnt of pomts .md lines can be reptcscntccl lll <1 
v:.~ncty of w¡¡ys D1flerent types of charactcr> Jl1d symbob, 
ch:wgmg s1zc and color 111 two or thrcc duncnswns, CJI1 be 
use el Thc compu ter do es 1101 add any ncw typc of sym bols 
to those drawn manuJIIy, but crcates severa! problems 
easily ha11dled by a tramcd cartog1.1pher. Two problcms will 
be d1scussed hcrc. 

The f~rst problcm a11SC\ from the fJct th.ll thc st.mdard 
cumputer Is funJ;¡mentaJiy scqucntlal, whcrcJs the eyc 
opcrates lll a parJllcl way Thc eye thcrcforc cJn pcrcc¡vc 
spalwl rel.tiiOnslllps wh1ch thc computcr cJnnot, unlc~s so 
programmed. Th1s calls for progr.uns wl11ch sunulatc 
pJrallcl computers, for l11ghly complicatcd prnccdurcs for 
hiddcn-linc climmJt 1011. cte. 

An ex.unpk should da11fy the piobk-m bclllll' ~<llllL' ,1¡' 
thc solutwns ate pomtcd out. 1\ ca¡cJul l<lll}., .11 ¡!J,· cd;.:c' lll 
thc IS<Jnthnuc maps wdl sllllw tli.tl lll.lllY ol tliL' hc1~)1• 

labels are UIHe:JJJbie becau~e of ovc!l.tpplilg ¡\ d I.IJ'I~lll,ln 
CJII e<.~sdy av01d tlus, by not wr1t111g wlic¡c he hJd 
prevwusly wntte11 Howcver, thc computcr wnuld havc lo 
kccp every stroke of prev1om drJwmgs 111 mcmory .111d al 
each draw111g-stcp sca1 eh lhrnugh 11~ menHliY fnr po~:.~blc 

cl.tshcs, thercby 1111posmg llCillCndous computlllg dcm.111d~ 
111 thc case of a complicatcd grJph For .111 t6.mtlun1c map, 
one could elnmnalc !Jhellng al thc nm .1nd only 1.1hcl 
Colllours 111 <IIC,¡~ of ~m.Jil \Jope (1 C, WhCIC 1\.illlillll~ .IIC 1,¡¡ 
.1pa11) Tlm p1ocedutc would .1Vn1d lllll\1 llVCI l.tpplng 

1\-lcihnds dn C;>..l\l, illl\VCVCI, 111 ilil'lll,lllL l.llll>gt.lpliy, illl 
<llg,llllllllg thc d,¡(;¡ ,¡nd ihl' Ulill¡lill,ilillll,d \l'ljliCIIL'C lll 
JVOid llVCli,lpplllg, Wlllilllll h.¡Vlllg lll }.,c,·p CVL'i}'lliing 111 
mcmory. lf lhc m.1p 1~ dl'>playcd by thc lmc ¡Htntc¡ <H <lll .1 
tclcVISIOil·h"-e sto¡,¡gc-luhe, 11 1~ ptnduccd polnt-hy-poull 
.111d lme-by-lmc. Smce thc pt<lgl.llll il.1~ lo .lc·,cpl ¡¡JinrnLI· 
llllll from d¡ffcrcnt di~pl.¡y categntlC:. 1,11 e.1L:1 ¡lllll11 (L' g, 
contours, slrcets, la beis, etc.), OilC C.ill g1ve tl1csc ca tcgor1c~ 
dtffercnt pr10rll1es. Thc procedu1e 1s to \llliC d¡ffctcnt 
:.tspccls of thc map on '>Ccond.~ry ~llllagc (d1:.c 01 tape) .111d 
run thc J¡f(erent aspecls oll mcmo1y plllnl lly po1nl on 
lhrcc dtffere11l tapes. Once lile compul.lltoll~ ,JIC lumhcd, 
thc tapes are rcwound, and for evcty pu1111 thc mform.illllil 
1~ rcad from Jll threc 1.1pes. lf tlictc 1\ !>onlcilllng 011 .di 
thr,;e l.tpc~ Jm lliiC p~>llll, tite l.~hcl. ti glVCil l11\l !lll<>lli)', 
wdl he dt.tWll. 11 ¡j,.;¡c l\ ll<l l.ihcl, lile :.IICL'l 'liould llL' 11<:\l 
anJ thcn lhe coutou1. Onc p1ugram opct.Jttng 111 ~ucl1 J 
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F¡guic 5 10 Allatóon.J Dam, Contounng With Smoothmgs. 
l'rngr,uns SMOOTII, CNTOUR, dat.1 courtcsy 
D. l~dson, U.S CcoiogJcal Survcy; produ~:twn. 
T K.l'cud.cr ' 
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hgurc 5 11 Dr~p1ay of Ab~olutc Data Ovcrlappmg cuele~ wlth rcmoval of ovcrlappwg part~ Progr.un 
SIRKLL,dJto~ D liJtkhu 

1.,'>111"'' '' SY:'Ilt\1' ¡¡.,w,v,·r. ¡.,, llrl\ P"'l"'"'· rl '"''' d"L' 
Wllkll .IIC 1.1\ICI lil.lll l.i¡JL'\ ,111d ir,IVC le\~ IC\IIIll 1\lll\ 

,\nolhcr IIJCiillld 1\ lo \tHI lile IICill\ dLCord111g lo lllc1r 

P'''h"n1ilty PI ovc1l..rpp111g or bc111g lmltlcn, .11H.I thc11 lo 

~up¡ll<:\~ ovcrlo~pprng p.rrt~ In tire c:.~~c ol pomt ~y111bols, 

eneJes. squJIL'\, ele, .11c good Sl/.c llldle:Jiors hui lllJilY 

overl.1ps wouiJ Dllcnd thc cyc. Onc eouiJ, thclcfo1.:, ~ort 

lhe d,ll.i f11~1 by '>1/C, SIJrllllg Wllh thc Slll.r)Jesl IICill ,mJ 

w11h .:acli '>til1<,cqucnt 11<:111 l<:\t for thc llll<:r>Ccllon lo he 

tkictcd Sund.1r tl11ng' could he done w1th lmc~. altlwuglr 

~trc!Lhcd hm:~ llr.il ero<;\ do not h.1vc thc ~.nne .1dvc1>e 

Vl>u,Ii cfkll :J\ po1111 symbob Tlnec-dunen~Hlll,Ii ill~to

gram,, 011 ;he othcr hand, would look eonfus111g w1thout 

1hc IO..:mov,d <1l hiddo..:n lll1l'\ /1 1gurc' 'i 11. 'i 12) 
t\ tlr11d mcthoJ ol .IV<lldlng uvcrl.1p 1~ IIIICI.tLIIVC F1r\l, 

th..: P"'glo~lll pioh out ,1 rough 111.1p oulo .1 \LICCII. .111 

opcr,11tH ck:.~r; up l1nc~. ~hilh l.1b.:l~ CIL, ,1nd tlu;n p1PJuec~ 
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.1 lr.lld-tc>py c>il ,\lll>ilr•·r dt·vrtt· llr,· 11pd.rl111¡' .,¡ !lit' Nt'llh 

ÁlliCIIL.IIl,ICfOIIdUIIL,d Lii,Iil,l\dtl\ll' lllihl\lll.illlltl 1
'
1 

Á\ llll'lliiOIICd a!Jov<:, \llltH>ihlll).: .1 'Uri.ILt' (1 C, illtL'IIIl.~ 

out hrgh f1equcnclc\), wo1l-.' lrl,c .1 gcncr.dl!.rlron ol Ihc 

~urface Unforlun.rlcly, lilterlllg 1\ r.1rcly U\O:d lor ~ .... de 

rcduction, and gcncr.riii.Jiron ha'> hccn o~ppircd to 1\drlthnh. 

nnt Jlways wrlh the bcsl result~ bo:c,rusc thc g.:n.:r.dil.lll<lll 

nf por ni ,md lrnc ~ymhols po~<'~ ~lllllC .rddrtron.tl pr ohkrn~. 

Scvcr,rl "l<rw~ ol gencr<rlllallllll" h.1vc b<:Cil d~vc:op.:d .di 
po1nlrng lo thc general ruk 1h~11 ihc 1.\lltl h.:lwcc·r1 thc 

numbcrs of symhols 111 thc ongrn.rl Jllll 111 !Ir.: g.:nc1.ri11~d 

m:.~p should be the mvcrsc of thc squ.1r<: rool or lh~ 

•• Lul'lJC, 11 ,tnd 1{ < •• tnl !l'i(,S) "l ••llljllth'l-t\"i'kd 

('.¡rltl~rJphy, 1\ {;¡,¡phiL Sy,lém ;"' Cil.trl ('""'•'"'ilillll .11111 "'
vr,wn." lnjortna/ton ~)'\1<'111\ S\'lllf>0\111111, ~epi 4 !,, l'ii>S. 

\Vo~,lunglon, D.C 
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l·.gure 5 12 wc~ll nd, V.lllCOIIVCr, Advant.lgC\ of llldden Lllle Rcmov~l. l'rogr~m lli.OCKS, do~t.l ¡\ 1 urgll\011 

m.1p-~c.1k rallo~ 62 J\t fitsl stghl, tllts sccm~ a slt.ttghtlor
w.ml ruk wtthout OJPlbtguttlcs lf thc sca!c ts rcduccd by a 
f.tc lor oC lout, thc number of selllcments, the tutJI lcngth 
11f strcct~. ISJJJthms, etc., hJs lo be reduced by lwo But 
wh.lt typcs or 'cltlcmenls should be chosen, wlllch slreets 
dwppeJ'1 Sunply to sort all settlements (e g .. on a U.S. 
mJp), by St7c, t,1ke the medwn, and drop cverythmg below 
lt, would lc.1ve large JreJs Wtlhout ,my ctly and create 
ovctcrowdmg 111 other arcas. lt ts clear tllJl thc "law" ha~ lo 
he spectf1cd to gtve cnough mlormatton for a suttable 
se k c. t wn pruccss 

Somc addtttonal problems have lo be answered m 
;.,utom.iled ltnc gcner.Jhl.tlton. Not only do hnes have lo be 
-;clcctcd, but fot those relamed, lhc amuunt of undulatton 
( thc lcngth) hJ~ to be rcduccd. Thts can be done m al least 
two ways. 

6
' 1 e thc .. R.JdlcJI Law" m Toepfe1. F, and W ['Jilcwli?Cr 

il ':!66) ... 1 he Prmdple~ of Sclcct¡on," Thc Cartograpluc Joumal. 
Vül 3, l 0-16 
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The first and stmple~t approach 1~ to sclcct cvcry n-th 
stored pomt for plottmg, whcrc n ts dependen! on the ~cale 
chJngc and the denstty of pomts. Thts reduces computat.on 
ttme, bul does tlot reduce tite compiextty of thc hne. In 
other word~. tt docs nol reduce the numbcr of featurcs of 
the lme. Some corner-cultmg could occur tf the ongmal 
dens1ty of pomts were not htgh enough, and tlliS could only 
have adverse efíects on thc !cgtbtlJty of the map. 

The nex t app1 o a eh 1s !me smooth mg. The number of 
fcaturc~ ts reduced but lll a htghly uncontrollcd w:Jy. 
FurthermOic, cer!Jtn llllc-fcatures on a map would look 
very unrcaJtstic ¡f smoothed out For exJmplc, the coastlme 
m a nver delta ts sharply mdcntccl landwatds, ancl smooth
tng thts out would be unacceptable. The amwcr ts to 

mJIIllalll sorne ol the largcr nvcr brJnchcs and ~upprcss thc 
others. This demJnds constant dcctstons or a wry detatlcd 
catalogue of condtttonal rules. The mJill dtfftculty for an 
automatton would be m recogmnng fcaturc classes to be 
mamtamed 01 deleted. 
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VI. DATA STRUCTURES 

:'11<15[ quJlltl[,¡t¡ye rescaH.:h lll thc SOCIJJ Sctences lllVOJVCS 
l..tgc· dJta sets TlllS 1s cspcci.illy true for gcngraphy \Ve try 
tu dt>.tggtcgatc (1Ur rcgio11.l1 Ulllts JS f:.tr down as pos~tble, 
C\'cll ¡f JCCll111p.1111.:J by a Jnss 111 prCCISIOil nf thc d.i[.l 
\\'hcn 1t comes to gcographtc.d d.tta bani--s. somc pt:<1Jlil' 
wouiJ hi--c tu h.tvc thc coordti1Jtcs of cvcry ttcc 111 thc 
Wlltld (,;11(1 :t fcw L·u,dd cvcn u~e tlns mform.tllon) 

1\ wcll-oJg.tntlcd data structure 1s thctcforc cruCial for 
any sucu:ssful opcrallt>ll 111 computcr cartogtaphy Thc 
)1<1lllts to cnmtdcr r.tnge from label111g a carel deck to the 
prcpJla(tol1 of vcty soplmtlc<Jted procedures for hst-proces
smg nf d.tt.l For ma11y nf these. p;¡ck.tgcd solut1ons are 
.tv.ttl.Jblc. howevcr thc prospecttve numertcJI cartogr.tpher 
~IH1Uid alwJys speml sonte tune on the methods of 
hnokl--ecplltg .llld proccssmg hcjorc he ~t.nts to code l11s 
llli.otm.ttton. Othcrw1se he wtll not be able to ¡Jcnlify the 
contcnl uf h1s decks l<Jtcr 011, or wtll hJvc to dupiic,llc 
dcLk' wtth shtftcd colum11s to fit thcm to hts ptogtam~ In 
thts chJptet, some gllldehncs are g1ve11 Jnd hJsic ptoblems 
.trc dtsc·usscd Ustng tl11s k11owlcdgc <JS ,¡ bas1s thc rcader 
sh<HiiJ he .tb!.: lll undetstJrH.l Jnd use exts!tng d.ttJ bJnks. 
he w.ll, ih1Wcvcr. h.tw todo somc mure IC:.Jdtng tu dcvclop 
!w, <1Wll J.tt.l structurcs 

Th: <luglwut tl11s chJptct, we wtll .~,,u me ¡J¡,¡¡ IVL' h.tvc to 
dcvL'illp .1 d.11.1 h,I\C lor 0111 \l,ilc or plOVIIlcL' Fo1 lile 
J11<''<'111 llill<', ¡J¡,· h,JJIJ.- llli¡'ht be Vl'l\' \lli.J!J (1<', 11 IIIJ}:Iit 
Jliclu.k <llliV .1 lnv lll'ill'), h1il ¡J¡,• h.t~<' ,J¡,HJid IH· lk\Jhk 
l'll<lliC:II ¡,, h.illdk ,¡ j¡p~¡ <11 <llill'l JlliPIJII.IIIPII T.l ilL' lll<lll' 
'Pú ¡¡·,,, W~ llllght p¡¡Jy h.iVC lo CPd~ COliiiiY d.i!.l Wilh 
COUillY 11Jil1CS, populJII011 SI/e, Cllllllly bnund.mes J!ld 
centrutds, but we r111ght be requestcd to .illmv fu1 l.t!cr 
mclmtoJl oí' thc populat1o11 ce11~us, houndancs of ovn
lJ¡)plllg scts of :-.t.lltsltc<JI <111d admtntslr.tttvc ,11cas '"eh JS 
sclwol .md husptt.il dtstrtcts, a11d ~!so to f.tultl.t te telneval 
of the mformat1o11 for computatto11al .111d clt~play purposes 

Codmg 

\V~ h,IVé b,!,JC,J!Jy threc klllcl\ of dCVICe\ lO S[tlle our d.il.l 
111 JII.JLhtJIC:-IL',Id.thlc lo1 111 L.trd~. 1.1p~~ .11HI dt,cs. Most pf 
th..: pr IJli,IJY uldtllg '' don~ llll L.Jld'>, but tliiL' !1.1~ lo dc.il 
wtth J.Jt..t ~Ct\ <111 tape'> .111d dt\C'> rclattvcly c.uly 111 J¡¡~ 

c<~rcct JS J 11lii11Crtc.il c<.~rlogrJphcr. lt '' thetcl'orc qutle 
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nnpor!JI11 to h<Jve J good not1011 of the problems of codmg 
<JheJd of tune. 

11 (11lC has !P cudc ;¡ p111111, .11 k.1q 1!\ c'li<1tdtn.tk' .111d ,1 
Ul11ljlll!ly idl!llliliL'Ll "ll,lllll'" lllll\1 be• il'gi\IL'Il'<i :\1 k,¡,¡ lll\l' 

valuc IS u"t.dly .tliJLhcd lo lhL' 1"11111. '"Lil ,¡, th,· L'k\'.III<'JI 
011 J topograpl11c m.tp. thc pupul.t!i<lll ol J ctly. <H thc .m 
ptesstne <Jl a meteotologtcal st:.Jtton_ llmvever the seco11d 
examplc espec1Jlly shows that there C<JI1 be qutte J few 
more Itcms, such as :,t:verJI hu11dreds of vart.Jhic'> for census 
lt<Jcts (tdenttfJCd by then ce11trotd, 111 tlliS case). and sever.d 
thousJI1ds 111 tune senes of we.Jthcr d.il<J (1 e , every hour 
for ten ycars). 

The coord111ates of .1 po111t CJil be "x" .1nd "y" 
coordmates, or a systcm's geugr.tplnc.d coordtnJlcs 
(lo11gttude a11cl l.tlttucle), or ~GJics 111 J two-dnnenstonJl 
dtagtammctnc system (such JS temperaturc .md pteupt1.1-
'ttul1 111 the x a11d y dtreclton w¡th crop ytciJ 111 tl1c thnJ 
dnectmn reprc~c11t111g the mdtvtdu;_¡( v.duc) 

lf one attcmpts to comp.nc u1 JOIIl cl.ti.J-,ctc; fílfl1l lwo Q 
dtfferent coordinJte system~. he 'hould th1n:... .1hmtl some 
<Hg.mil.llillll 111 Jdv.mce lo avotd ll''' of d.JI.I whcn he c.111 
no lunger remembcr thc ~H<lJCCtton 01 thc ottg•JI 111 a 
matnx-lt!--c gnd. ami tu ptcvenl l.trge C\11li 1Hll.tlh11l crrors 
lha 1 Cllllid OCUII bcc,IUSC ni llll'l1ill p.i 1 tbk p1 llJc'L t 1< 1m J j' 
gCllgraplJiL,¡J JllllJCC[I<lll' ,JIC lllVlliVl'd, L'\Jll'r!~ liiL'IL'illiC 
\II)',)',C~[ i--l'L'!'lllg IWP gl'<l)~I.Jjl!Jil,¡J d.il.i lik'. tl\IL' WJIIi i!JL' 
JliL'il'Jil'd Jllll(úiiPII .JIIli ,IJltlliJl'J Wtlh ¡j¡,· ¡'.<'•l¡'J.ql!J¡,,¡j 
L<Hlldiii.IIC\ lJnllgJIIIdl' .lllli l.tlillllk) !11 llil' c.J\l' JI 1\ L'.I\Y 
to Jtgtii/C d.tt.l 111 any pill!L'Lil<lJJ .111d u>JI\'l'J 1 tli..:lll lo 
longtlude a11d !Jlttudc, stncc lh" \1\tJ,dly po~cs le'' 
prohlems [J¡,IIl COIIVCI!'.lOil fJOIIl OIIC pi,ljCL'lillll i\l ,JIIl11licr 
lt Jlso .dlows users to uadc d.ila w:lh otlicJ ,¡gcnuc' :i thcy 
:.¡]so llave a doublc sy~lem. Thc c\pct h C<lll'>tdct tl11, bcltct 
lh.ill lrymg lo have cverybody .tgtcc nn onc P'''JCCliOII, .111 
tmposstbihty bccause thc v.ntuus sysll'tll' .:1c .llrc,¡dy qutlc 
adva11ccd m lhe use ofvcty llifi'erent ptUJCLii<lll., 

Evcn when dealmg wtlh a Jcgtli.ll g1Id ~Y\ICIIl, h11wcvcr, 
prublcms of coorJmalHlll can occur Thc m.tlhcmattc:.d 
coordm;dc ~yslcm h.ts tls \Htgtn 111 thc S \V Ll11 n,;¡ of thc 
ate.!, lhc fi1st c:onrdtn.ilc shOW\ lhc loL.IIIPII ol .1 potlll t.J 
lile c.tsl ol thc Oll)',tll (x dtrc..:ttn¡¡) .111d til·· >C~<llill 

connltn.tlc tmit..:atcs thc d"t,JIILC 111 thc Jlllllll 10 ¡;¡..: nu1til 

(y dnectwn). To lllJIIY pcopk, tl11s 1~ ihc o11ly P'"'1bk 

e 



o 

o 
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coo¡JmJtc sy~tcm A'i we have s~cn w1th SYMAP. such 1s 
not thc ca~c. SYMAP h.1s 1ts on;:;m 111 the N.W. corner and 
mc.l~urcs Slllilh first (DOWN) and then easl (ACROSS). 
Oll:cr coorol.JJrc systc¡,¡s can be env1s10ned. 

In f.1ct, c1ght poss1blc systerns can be ¡dentlfed by thrce 
bmary ~.:ilüices; 

l. x or y coorulll:ae fi1st coded 
2. on¡;m wcst or e<~sl 
3. ongm south or north 

Thc tl11cc chü1ces c.1n be prescntcd 111 a systcm of blllary 
numbcrs Jnd trJnslJtcd mto the dcc1mal ~ystcm so tlwt 
cvcry onc of the 8 püsslble coordlllate systcms gcts a 
m.mbcr betwecn O <~nd 7. Table 6.1 gtvcs the e1ght 
coord111Jle sy~tcms w¡th thc1r bmary and the dec1mal 
;H:I!Jbcrs Of course, sume nf thesé' e¡¡;ht systcms occur 
vc1y rw.:ly, othcrs very oft~n System O 1s the tladitlonJI 
mJIÍlcmalicJ] coordmate systern, 5 1~ the SYMAP coordi
na k syslcm. 

CJn one JVOid mlstmderstanc!Ings and makc sure that 
onc ncver produces a map wluch 1s upSILle-down or a 
mnror 1mag..: of the ongmal? Two appruaches are poss1ble. 

l. One agrees to a system and opcrates only w1th that 
on.:,or 

2 Onc md1cates on every data ~et ami every progrJm 
wl11ch coordmate-system 1l 1s based un and converts 
Wlth the prnpCl CllllVCrSIPil IOUillleS. 

Th~ ,tu tlwr would Jdv1se thc readcr to opt fm thc sccond 
.dtc¡n;.¡t¡vc The first appro<Ich would mean that any d.1ta 
cummg lllll11 outsiJc has lo be cnnverted mmtedtately, and 
..:vc.y ptugram from outs1dc has lo be rcprogrJmmcd, a 
proc..:ss far more dtfftcult than readmg the datJ selln w1th 
the propcr routme. 

\Ve ,lfC ~IOW rcady lO diglli/C the COUIILleS of Ollf Sl:tle 
.n p1uv¡nce. Thc lucl ... y stuJcnt c.tn u~c .lll .tulom<~tlc 

¡ Ir\ l 
Coord 

X 

y 

w.:~t 

East 

WC\( 

L~,¡ 

TABLL 6 1 

Ongm 

South 

North 

South 

:"Jorth 

South 

North 

!:>outh 

North 

13tnJry Dcumal 

Numl>cr Numbcr 

000 o 
001 

010 2 

011 3 

100 4 

101 5 
------~ ---------

110 (, 

-------
111 7 
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dtgllller on campus, others should not dcspatr, however, as 
long as the number of pomts to be coded does not exceed J 

thousand or so. In :.llly case, lhe actual codmg of pomls 1s 
only a part of the JOb, ano thc rest has tu be done manually 
111 any ca~e. 

Une-S torage 

\V¡th rare except10ns, thc pomt 1s t!1c ckmcntary codmg 
unll for cartographtc mform.il1on. Lmcs :1re co(.kJ as a sct 
of p01nts, as are ~lll f.tccs. Thc digtlll:tllg uf surface~ l> 
reiJtlvely slr:.11ghtforwa1d a\ far J~ lhc Jata structurc 1s 
concerned, smce thc result 1~ an ai ray of x, y. 1 courdmJte~ 

or a regular gr1d of z values. ll dcmands considerable 
rellect10n upon the sampl111g of pOdlts, lwwcver. Thts 
opcral1on has becn dt:.cusscd 111 thc LllJplct<; on cod1ng l)¡' 
Slll fJces :md SU rfdCC bchaVIOI. 

The diglliZJilon of lme>. on the othcr lt .. mt, IS stra¡ght
forward wnh respect lo the scle.::tHlll of po1111s--we wdl 
p!Jy clown the problcms occu1 llllg 1n the case of gen..:raltz.t
twn for the moment by J:.stumng th:Jt wc will kecp scJle 
:Jnd emphas1s const.mt, howevcr 11 lllvoíw:, qutte compli
cated qucst10ns concermng the d..::velop111cnt c.f a hnc-datJ
bank. The dtglttzatlon of county oound.JIII!S 1s J gouJ 
example. One coulcl dlglliLe thesc bounda11CS by s!Jrtll\g 
w1th the first county, codmg 1ts borJcr~ plllnt-w.se, .nound 
thc clock, for ex¡¡mplc, aml then pioccl'di.Jg Wllli thc 
:,econd county, etc., untll onc has codcd allthc C<>Ulltlcs. In 
ti11S case, most of the boundartes would h.Jvc lo be dtgllltcd 
1w1ce, und thc pomts whcre tlt1ec countiC> come togethc1 
three tunes Furthernwrc, one 1s bound tu p1uducc erfl1rs 
even w¡th the most accurate cligJllLCr, wlll'n .1 potnl h:Js 
shghtly d1fferen1 coordmJles tor two .::uunt1..:~. thc dis
crcp.mcy can disJppeaJ 01 h..: m •• gnlill·d by iilL' lllltndmg 
¡JIOCe\~ lllltcrent lll .!llY 111C,JSllll!lllCllt 1\¡>.lfl fllllll lli.ll, 
:,CVCI,d progl,llll :,yslt;Jll<, ,IIC llll.Jhi..: lll ICUit-:111/L' ,¡ bllll!ll],¡¡y 

bctwc..:n twu a1c.Js tf tlns ])(Jund.JiY ~~ 11•>1 1dentJIIcd by 
1!\:JLlly lhe :,,une :-..:t ni pdtllb lot bolit ,lll',J~ 

One sulut1on IS lo numbcr .111 the ¡HHnt:, lo be codnl. 
cliglllle them 111 sequence, ~llld thcn p1ep.11C l1sts <li 
"pomters" as the boundaiy-pomts fo1 eJch county (D,J
g¡,un Cí.l) Tius would Jl>o S.Jve ~.-on:,t.!cr.Jblc :,lur.Jgc 
space by !he tcducllOJ• uf\, y Lt)llidlll:llcs 111 hL' <>lu1cd.b.l 

1\ nHHe cumple\ d:~t.1 prcp:~r.Jli<lll '>yst..:m It11ght illV<llve 
a p1ogr.1111 wh1ch docs thc Jl)b tli- CIC,!ldlg a p,l;nlcr 11st i,H 

c.tch cnunty In such a case 1li1C h.l> Slillpl;. lo d .gd¡;c 
bouJHJ,mc:, Wlthout mulJt carc ,1lwut thc dcm:.y o( pmnb, 
1hc ,Jccur.lle dcfi¡¡¡[ll)n of sta1 t ano cnd ol .1 thlunJ,¡¡y, etc 
S>i<..h ,1 pwgr.JIIl llllghl rll\l find ,¡,¡I,ICCill .IIC.o\. lllcrgc iln.::-

' 
1 

\\'¡¡j¡ ll\1•\l uHltp\lk,-l.ldfll.l¡'~ \ tlll\.' l-.llt p.1ll.. l\\d \'1 thru 
pt>IU(t;[\ \IdO llllC \VU/\1, lh~reby k.idlll~~ 1~> ,¡ lUillll'l 1\.~dUllll':l ol 

'lorJgc ;p.IL<! 
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wh~<:h .nc (11111/lHlll lwrdl.'iS, and find lhc nplilll.il 1\llilllll'l 
ol ¡w¡nt~ .H.:ulldlllJ; 111 ~11111.: aligllllll'llll'illl.'ll.l \\'¡th ~11d1 .¡ 

l''"'~l.llll, 1111"1 11f lhl· d.il.l pll.'p.11.1111lll woJI.. would he 
p.:¡Jo¡¡¡¡cd hy lile colllplllcl 

l lil' higLc~l :-.luro~gl' lct¡lli!Cllll'lll 111 gcogr.lphr..:.il '>Y'>ICIII\ 
will lilll:-.1 111-.cly lllLlll w11h lin.: dat.1 11 1\ till'IL"Iurc vc1y 
llllJlllfl.Jnt lo lll.Jio.e a good l.hoJce of a hnc-~toJJge ~ystcm. 
Fu11r 1ypc~ can he di\llllguJsheJ 64 

l. In tl1c x, y coord111Jlc mctlwd. each hnc scgmcnt 
rcprc,..:ntmg .111 ~uh1trJIY lmc m.1y he cncoded by 'to1111g 
thc x and y e<HlldJnJtc' of 1ts cndpo1nts lhl.' mcthod 1s 
\tr.nghtforw.Jid 111 ¡¡, logJL .1nd dJgJIJ/Jng lt 1' vc1y suJtabk 
whcn -.c;¡J¡¡¡g allll rotallllll are rcquJJcd oftcn. aml when JrCJ 
anJ ur~..umf.::rcncc havc to be computcd. lt JS rclatJvcly 
pu01ly 'llltcd, for cxamplc, tu cases 111 wh1ch thc sh.Jdlllg 
of .lfC.I\ w1th ~tr.11ght linc scgmcnt' 1' nccdcd. Sh.Jdmg 
IL't¡lllll':-. thc Jc¡H".ilcd L.il• ui.Jtloll ol lh..: 1"'1111\ pf llllCJ:-.cc-

r," 'JJJI' ,,'liiLtll ¡•, l,¡q~t'l)' l,,¡•,1d 1111 ihtt~tl (, J•, 11 11/11¡ 

lu/1'1m l/11( (,fllJIIJif\ ontl a 11/t/llllllli' l'lttltl•'tll, i\IS< llit'\1\, liLjll tll 

Con1 1HJiu1~ Su.;ntc. lin¡vn,llY ol ¡\JI>crla. 1 dnHHIIOII 
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L1on of a linc w1ih thc J1ca g1vcn, a proccs~ wluch rcqlllres 
much .:omputcr tm1c fo1 J,¡ta cncodcd m Llm form. 

2. Incremental encOlhng 1s very SlllliiJr to thc absolutc x, Ü 
y coordmate mcthnd. Thc dillcrcn..:c 1s thJt 11 storcs cvcry 
pomt as if thc prcv10us p0111t werc thc ong111 Thc mcthod 
Js as fast as thc prcv10us onc f,n ~calmg, lllll much slowcr 
for rolat1on ;md arca compu1at1on, and much fJsicr for 
hnc-length. lts m a JO r ad van t3ge. llllweve r, Les m the stor Jge 
'.lV\IlgS by ::1 fJC\t1[ ~'l .lt le.!Sl l\\ n.6 

S 

3 ChJlll Clh.:,,dm,: E .• ,·n hn~.· .:.1 .. t>~.· .L',' ·''11;1.~tc,i t"l) J 

SCIICS nf Clght ¡wy;¡bJc Slt'pS 1\\llllbc'lúl (¡,1,·,¡ l) lll 7 .>S lll 

d1Jgram 6 2a. Thc !me 111 th.JgrJm 6 2b wüuld th.::n be 
Jdent1ficd by the strmg 001020765. Thc clllliCC of thc bas1c 
unit's length (thc gml Sl7C) .ll'l'11rd111g 111 lhl.' ,::,,l.:tnc~s 

requncd for thc Jccnnsliuct.::d dr.IWIIl¡',~ ~~ Jlllpnli.llll Th..: 
method 1s very w..:ll su1tcd tor th..: 1L.:p1L''>Cill.lllon nf fine 
outhnes of a1eas, for thc computJtJon <lf a1eas .md for 

•' lf no mncmcnt 1~ 1.1rg~.·r 1h.1n 127 llnlt' 1~ g. 1 27 1111:h..:~ 
w1th a rc'olut1on of 1/100 llll'll) IW<l '·Y p.11r' 1.'.111 h.: q,ucd 111 ''"'' 

word, whcTCJ\ on..: lll'C<h .11 kJ~I on1.' word lnr .m .ilh<1lllh' '·Y p.ur 
(1 BM-360 sy~tcm) 
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sc.lilllg. but ¡-, ¡W<ll i'o1 llnJ¡¡¡g thc mtetscciiOllnf two i111e5, 
f<ll.lli<lll, sh.idlllg.cll:.b 6 

4 SJ..ckt<lli CIIC<hling Any arca can be ucl¡ncd by a set 
ut' ilwmbl. A llllllllbll~ IS the locus or constan! block-fJCC 
<list.1ncc (J.c., w1th .1 cunst.1nt sum of dtstance 111 thc x Jnd 
y lliiCCltllll) D1.tgl.llll 6.3 ~ilow~ .1 skclclon cncoJ¡ng of a 
p.Ht ,,r .111 :nc.1 Algonllnns for lile computJtlon of 
"m.l,llll.il nclgilb<liiHJods" ate dcvelopcd.67 

11m nh:tillHi '' thc hcst uf tilc lou: for the dcll!tlllllld· 
tHlll llf lllll!i~CCI!<llh, Ulli011S ol atC.I~ :.111d sil.1d111g of ,ltl!,IS, 
llnt 11 ts !Cl.tltvcly >low lo1 ohlallllllg thc :nc,¡ .111d lile 
jWIIIlll'll'i ol .1 ll'J.'IPII :111d 1~ poo1 lo¡ 1hc cncodtng ol opcn 

l'\11 Vl'~ 

j¡ llllgÍil he .ljljll<ljllioilc hL'IC lo go lll(ll ~01\ll! lll<IIC Jet.1il 
.ill<lll( d.11.1 \lilllilhc> l1elmc p:oceed1ng w11h lile CXoililple 

(oc<~glo~jlilil'•il d.il.l .11e ul two ly11e~. t 1111/el// dala o111d 

''''~ce· IICl'li\.111, 11 (1'!(,1) "l'clllliHIIIé:O lor ¡)¡~II.Ii Computcr 
t\ll.iiY"' ot ( 11.1111 1 lh <>dcd Arhllro~ry I'IJllé CIIIVC,,"/'uJU'!'d/1/¡;S oj. 
¡/¡,· Nuuu11ul u,., 1ro111o (olljcrcncl', Vol 17,421-432 

01 l'i.ill/ J L. o~nd Rownfcld, A, (1967), "Cumputcr Reprc
'ünl.illon nt l'l.lll.li Rq~Hlil' by thc1r Skclcton,," C<,III/111111/Calums of 
lh!';l·,wualwnfurCulllfllllcrMaduncry, Vol 10,119-125 

,_ 
11/0S 

2 
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place data. 68 Conlcnt d.ila relate to recordeJ ob<>erv.~,¡ons 
upon phcnomena and pl:Jcc data rel.1le to geometnc 
charactensttcs of scgmcnls of space. Contenl d.tt,¡ reier to 
obscrvauom on phenomena wtth a p.irltcul.tr place ami 
ltme-dtmenston Propert1cs of s11e, sh.tpc, <Jrea, and con
ncct1v1ty in space are cons1deted place d.tta 

DJ la h;_¡ve th 1 ce el une ns10ns phcnomcna, 1 une .md 
locatum. Phcnomc1w Célll be 111 thc form of va1Jabic,, 111 
Whtch CJSe thcy ,!le Clllltle~ meaSl!T.iblc Wlth .111 d'o~Uillecl 

LHtg111 (tcmperalurc) or .1 ftxeJ ong111 (wc1ght. age, etc) 
l'henomcna can ;_Jl~o he 1dentdled by Jllcll lliCillher~lup 111 
Ll.i~~C\ WiliLll Cdll Cllii<,l\l o( llOil·lll(icled giOIIfl~ dellOilll· 
ll.!lcd by cuele~ (-.ex, t,1u.:, ele). ol llldc·•cd gl'lllljl'
dcnolllllt.tlcd by cudc-. (.o,ocl.il 1:1111-., li<-Citp:lllilll, ele.), or 
L:tll be aS<,Jgned lll clo~:,,-lllll'fV,¡j~ Wilh k111lWII li"ldiiLC~ 

helwcen ciJ~~e~ (.1gc .111d lllLi\IIH: gii>Up'>. etc) 
T1me c.tn he a pe11ud (lile ('¡vil W.H, lile llllit.:lccnlh 

century, 1955 . .1 muntlt, cíe) m J po111t 111 lillll! (cm! ol thc 
year, 1st of July 1955, ele.) 

IAJcatwn tdcntiiJcls a'-s1gn pJ.,cc>, lmes, or ,¡rcJs to 
contenl ami place cl.ila The ~iinpk•,t lypc 1~ thc c"lcin:JI 
llldex wh1dl 1~ a clcscrtpttvc property or o111 adurc~s whmc 
loc.tlton has lo he dctermJilCd by m a~ ter md..:", ex lctn.d lo 
thc sy,tcm E".implc~ .trc strecl .tdJressc:,, (tdcniify¡ng 
plllnts). cuunly·lldmcs (pomtmg w ;¡ ~el <>f boulhi,uy 
cuorJmate~). thc namc of ;¡ typlwon (indlc.lllllg a lisl of 
coordlllates anJ polllts m tune ~how111g t!.c lyplwo11's 
movcment thrnugh sp.tce and tune), etc 

Locat1011 1dcnttf1cr~ 111 Jll ordmo~l sc:~le are rclattv.::ly raJe 
but seem to he g.lllllllg lll use. In cnviWilillCnt:d l"ydwlugy, 
tm c\amplc. p.::•>pk sccm to be quite wdl.ng to r.111!.. 
pCiCCIVl'cl diSloillCC~ lJut llll,lbie t<l giVC ,111)' llll.'d\\ll,ibJe 
illll.illllll. 

The mosl accu1alc f<lllll ,¡f l<JC.lllllll ldCilllf.c·l, 111 
Llllllj)lllCI gt.tpii!L~ 1\ lile C<HlidlildiC r(lll11, whc·till'l il IH.' .111 

'·Y systl'lll <11 any JlllliL'CliUIJ Thc eonvc''''lll fmn1 une 
')'~ll.!lll [ll :tlll>liJL'I j¡,¡o, .tlit:.ld)' IJL'Cil dJ~Cli~\L'd 

Da ta-Organization 

Any geog1aphicJl :-ystcm musl dcvelop .111 crtlctcnt 
datJ-organllJiwn. "l:lftClCill'' mc,ms th.tt lile Jlllilllill of 

mcmory for lile d.ild systc1n 1~ lmv, but tho~t ¡l¡.; do~t.t 111Jy 
.d~<l i>e arr.1ngcd 111 \IIL-Íl J wo~y th.il tlli.!)' c.:n hl.' fot111d 
Willwut much 'oC:IIcli1ng ami C<Hnpul.illiHl. D.:td !llg.lllll.l· 
llllll can he buill up fmm th1cc ha~1c '>liUdiiiL''> IC!fiiCI/IIal, 

ralf(/o/11, .mJ /¡si Compulcr mcniorlc> .11e '-Cqlll.'llliJl 111 
aCCCSS, tkll lS lllCilHHY locJllnm ,IIC llUillbCiCd ~Cfi.tlly lf, 

"'·11m krllliillllogy ''"' l,e~,¡ ,,d,Jplcd lrom thc liib.Jn .111.1 
1 r,¡o¡,porl.llioll lnfllroll.tllclll Sy,l<.:lll\ llfl!jC:Ll ,ll :-\orlliwc,lcrol 

Umvc:r\llY .¡, dt'\cnb.:J 111 lludcr, 1-.. ( 1966) 



thl?lCi't)ll?. ''111? ".1hk tn ;¡¡r,lngc <lllC\ d.ll.J ~cqucnti.dly. onc 
.:.m .:.111 tli.:m Ckt.:h" th.:m) WIIIHHII h.1v111g lo .dloc.ltl? 
sttll,lgc sp.1ce to thc Jddrcss111g procedurc. A lyptc.il 
s.:quL'tltt,d d.Jt.l tHg.tnttJttnn ts a m.ttttx (1 c., a rccl.tngular 
twtH.ltm.:nsHln,d .tttay of dat:.~). Most ol the census sl,Jttsltcs 
would (,¡J¡ .:1tn thts c.tlcgoty. 

i\ny ,lat.l IC!ttcv.d and malllpulatton wlllch docs not 
cli.Jng.: tlic dunenstons of the dat.1 sel ami lhe order of lhe 
dJLI elcm.:nl 1s hcst pcrf01med Wtlh a scqucnttal d.ila 
''tg.ltlll.ill<'ll RccoJds c.1n be relJtcved qlllckly, but 111ser
tton ni· .1 tcco1d .111d Jeletton nf an old one ts ,1 dtlltutlt, 
sh1w pltlCC~~- hccau~e the wlwle file of reco1 ds mmt be 
upd.1t.:d e.IL'Ii tune .1 change occurs Smce mseriHlllS nr 

ddctlllll\ .1f teclnds h.1ppen vcry often tn computcr 
callllgl.iphy, the ~cquentt.d otg,lllll.llton by tlsell 1' ol itllle 
use: lor gengr.1ph1c ami callogl,lphtc da1.1 fde~ 

In tht: 1.1ndom d.ll,t file, e,¡cJ¡ record h.1~ J llame oran 
".iddit:~~" ol th loc,llton m memory as a h.ey for rei!ICV.il. 
The C<HIIIIY hound.11y lile couiJ be an.111ged a~ a random 
file. 011 t\1\e h.illd. one Wllllid J¡,¡ye .1 !'tic CIHILillllllg p.llr> o(' 

X.)' CllOililll.IIC\ ui' aJJ diglll/Cd JHlllll~ Willch W!lldd l¡;¡vc all 
,¡ddié\\ 1111phul llnongh lhc11 lnc.ltlnn 111 lile ltle. on lile 
olhL'I h.lltd, he would h.1ve .1 ~elle' ol "pollliL'i" lile,, lh.11 
IS. lor ea..:h county a file of Jddrc~ses (numbc1~) wl11ch 
rcfc1s to the pomts conlatncd 111 lhe hotuHlc~ry. 

Jl<llh typcs o!' files die \eqllCllllaitll SIIULiillC ·¡he ('¡Je ol 

x ami y ..:oordm,ttes ._oni.JII1'i all lhc dtg1111cd JHllnl' ,¡mil he 
pns1tton of ;¡ pomt hecomes tts add1ess, thc ftrst pomt hJs 
¡J¡,• .tdd1c'' "1 ". tile tth po111t has thc adcltess "t" One 
h<l<illtl.IIV lile é<llll.llil' .111 Pfdl'iCd \l'lJIIL'IlCC nf .lddiC~~l'~, 
lh . .t ''· ¡J¡,· llllillhl'l\ (ll ¡J¡,· !'"'"" IPillllll): lh,· lhlllllti.tl\' 111 
.1, ¡,,, J...\1'1'-<' <illl'< lhlll :\Jlil<>IIL',il lil<' \(lill lllll' ,,¡ h,,¡J¡ 1\'Jl<''
Pi (¡],·, j\ \l'l]lic'llll.Ji. till'll llill'le<lllllL'Lil•lll h l.llllllllll, til,Jl 
b by ~omg d<lWll .1 bnund.11y fik the Jdd1e~' c.lll 111d1c.Jtc 
,IIIY p.11 t ni the P•'llll IJ\1, lnt.illy Hllicpcndcnt ni lile 
.iddlt'\\ ,,¡'lile JHCVIllliS lll lht: \Ub~L'lJIIelliJHlllllel 

·¡ lm llll'lilllll \.!Ve' ~pace on L'al d-,, 1.1pe .• nlll di\C whcn 
'luJéG, .tnd core sp.1cc when ope1.Jlt:d upnn, bul 11 1s not 
very convcnJent for scvcr.li typc~ of piOccssmgs \Ve mtght, 
l'or cxamplc, add ,mothcr scl of rcg10ns lo our county sct tn 
wluch thc sets ovcdap 111 thcn umts. Tl11s p1 oblcm occurs 
trc:qucntly 111 geography. smce dtffe¡cnl sets of si:.JIJSIJc,il 
dJta are colleLied by d1ffercnl Jgcnctcs 111 dtffcrcnt areJI 
unJts. \Ve mtght w;mt lo f'ind lhe sct of tnlcr>ccllons of the 
IWO 'it:l'i o( ICgiOII' 

lf we Ulgttllc two 'eh or reguHI'i .11 lhe -,;¡¡¡¡e lnne, wc 
c.111 c1cale a ¡wml lile, .mJ thc:n threc ~el~ ol boullli.Jry lile~ 
(or two boundMy filco; and the llwd compuled I'IOIII thc 
twn), thc s.nnc w.1y we ucJicu onc hcl'orc. JJ,Jweve¡, 11 wc 
dJgJlllc the lwo ~cls JI dJITeJcnl tJmc,, wc wlll creale ncw 
p11111l> whcn wc llliCI~t:cl two reglllll' The UHJJdlllalc' of 
thc JHlll1" ol lntcr;cclloll would be JdJcd to lile boltonl <>f 
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thc p01nt file wtthoul dJrftculllcs. hul 1t wuuld takc somc 
lll:.tlltpui,JIIllll lo 111'\Cil lile .tddrc~sc'> 1111o tile houndary 
ftclds. The lll~Crllon would reqUJrc puslung all thc .1ddrc~~c' 
aftcr lhe ,¡clclress of lile 111\e1 tcd pomt, down onc pbcc, 
wh1ch 1s le),¡t¡vely tune con,unung. 

Fac1htatmg or specdmg up tlic proccs~ 1'\ c<lllncctcd Wllh 
;¡n expanswn of thc stor,¡gc Mea nccdcd. Tt1e J¡,l \lruclurc 
avotds resortmg of adclrcss files, hut exp.111d\ i11e llks by 
addmg p01111ers In shorl, a ltst orgJIIII.illllll 1\ onc 111 wl11ch 
rccords are chamecl logelher by polllkl\ In otner words, 
cach record conl,uns .1 pou¡te1 to thc IICXI record 111 J 
sequen ce where the pn1nle1 of 1 he ¡,~,1 ICC!ll d 1r1 thc 
sequence rcfc1s b.1ck to lile slart of th..: 'cqucncc ~o thal 
onc can also follow through thc scquClkl' hackw,¡¡J,. Th1~ 
case 1s .liso called r1ng \llucturc, 'mcc thc 1.~-,1 ¡w1nter Llo\c~ 
a rmg potntmg b.1ck tn thc lm.t record To 111~ert rccords 
herc means lhat thc po1ntcr of lhe JliCVIlJU\ r..:t.:lHd h.1\ to be 
chamcd lo lhe address ol 1hc 111'-CIIed rt:c<Hd wtlh thc 
pomler of t he tnsc 1 tcd record re fe rr tng 1 o t he .1dd 1 C'-' of 1 he 
ncxt record. DclciJon l\ UIH.lcrt.lkcn 111 .1 '>llllil.n mo~nnc¡ 69 

In thc followlllg, the ll\.lhdily ol lill: dilkJcJJI d.1l.1 
~IIUCIUie~ 111 c.lllog¡.¡pJ¡y wlil he -,J¡owll hy dl'\'t'I11Jllllg l>\11 
cxamplc o( a d.11.1 h,¡¡¡J.. l"r .1 >Lile 111 Jli"VIIILé 

County and ulhc1 bou1Jda11C' .nc u11ly I.IIL'i\' '>11,11¡2.Íil 
l111es. Thcy c.1n he .lpploxnn.Jtell w1th '>ll,llghl ln1c~. 

howcvcr. Th1' 1' .Jtkqualc <ll cvc11 lll'u'"·IIY l<ll ""11'' 
mapp111g \y>ICIII\ (a'-, (o¡ CX.1111ple, ~Y,\li\1') h111 léiHiL-" 
vcry dto;appolnlmg rcsults Wllh othcr\ (c~pcct.dly ti.usc 
hased on thc plottcr asan oulput dcv1cc) Thc qucslltlll ts 
how lo crcalc .1 d.JI,¡ ha\e wh1ch allow\ fo1 holh l.I\C'- wllh 
.llllllllllllllll ni '-l<'l.lgL' 'I'·ILL' 

OilL' '''llld '(lll\1\kl ( Cil.llll jl!llllh .111111•' .1 ¡,,lllli.l.il\' ,1\ 
(,',JlliiL' JllliiJI' .111.! )~1\L' lil!'IJ\ .1 ,,,,., i,d illlh (1\111 l)lh \ lltl!.!, 
t'ol t:X.IillJlk'. dL'IlllL' ,¡JJ tilll~L' Jl<lllll\ Whkli lllk' \\'lltild U\,' 
for a lllllgh llli.I¡,'.C ,,,¡ lhe J¡¡¡c JllliiiL'I .111.i h.1W .1 '"1 ol 

JHltllls hclwccn lhL'lll ftll lhc dt:l.11kd '''i'''''''lll.illllll <ll th..: 
hnc. In L1cl, 'llll.lge 'P.It.:C clltild he 1cdth.<'d cv..:¡¡ luilhcl by 
Jef111111g liJe "vcc[u¡s" 111 lilCICIIICIII.Ji l,illiCI th.111 ,Jil>UiliiC 
COOidlll.lle~ (1 C. by onJy llldlcatlllg X Jlld y di~laiiLC O( J 
potnt from thc prcv1ous pomt rJthcr thJn llllill .111 •lllglll). 

In ordcr lo guar.tntcc llexlbillty for JeiiJevJI. wc h.1vc lo 
arrange our scgmcnt pnmt 111 ,1 l1sl ~lJUCit,,c. huwcvcr, wc 
do nol nccd a pn1111Cr l'o1 ::-vcry vccto;. hui c.u1 gllHIJ) J 
number of vcclo1s togcthc1 111 onc JCCtlld w1ih .1 pomtcr to 
the ncxl r.::cmJ Scvcn vectors would be: .111 cx;,m1)1e 70 

(D1Jgt.1tn () 4) 

For many .1ppl1caltom., ou!y thc l'c.ilutc Jl<llill' W<>uld be 

ncccss.Jry. For CX.Jlllplc, a li1sl le~l of lnlel~cclton ol two 

• 
9 The ¡nlen:,tnl rl'J<kr .;,111 tind lll<liL •lll d . .1.1 'lfllclurc' 111 

Wtlll.llm, ( 1971 ) .llld Dul'l,.:r, 1966. ( h.1p ,,. " X ,\ 9 
7 0 In th.: lll~l /3(,0 'Y'h:m,, lnur W•Hd' W•>llld h<: JhXlkd fm 

thl\, fourtccn byte' for the potnl .111d two hyk, l•lf lh.: po111kr 

o 

o 

o 
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last record 

D1agram 6.4 L1st Structurc of Lme Encodmg 
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arcas could be done w1th thcm, or thc computat1on of thc 
arca of a county ¡f the result d1d not havc to be cxtrcmcly 
accurate. These po111ts should thcrcforc not only havc 
pomters to the next record of scgment po111ts, but al so onc 
to thc néxt Cild-pü1111 .o~ a_ scgment. ' ' 

A numbcr· of scgments rcprcscnts a rcg10n by 1ts 
boun4a~1es. At tlus levcl, stali~tlc~l tab,lcs come. 111to thc 

, picturc. Thercfore, w.e not .only, nccd a file contammg thc 
addrcsses' .of. tl1e start111g pomts of the segment \~h1ch 
comprlSC the rcgio'n hut aJs~ püllliCrS, to SOlllC S-t~tlStlCaJ 

! ' ' , - ~ ' 1 • ' • 1 1 

· tables. ·In other .. words, the statiStical tables rcqu1re ad-
dress~s wh;éh ~-a~ 'be. conne~tcd to the addresses of the 

1 ' • ' l 

region. 

'A sct óf one sort of' rcg10ns (.:ount1es, cte.) compfiscs 
· another' type of regions (statcs, etc~). Algonthms can be 
dcveloped wh1ch compute thc boundary for the '~hypcr-

reg¡of1"71, the' arca of the hypcr-rcgwn, cte. -

Lmc-mfonnat1on such as strccts and powcr-hnes, and 
point mformat1~n such as sc'ttlemcnts or surfacc-he¡ghts can 
be, storcd sunilarly. Thcy be long, howcvcr, ,lo d1ffcrcnt 
"classcs" ~r data. Thcy can be mcludcd, how~~cr, 111' thc 

" ' • - • ' ' 1 1 

datJ bank, dcscnbcd and rccnllcd togcthcr w1th boundary 
' ' . ' 

and st,atlst,l,c:,.t!. informntwn. 

7 ' The concept 1s vcry s¡mplc cach ~cgment no! sharcd by two 
icgwns 'must' be part · of_ the hypcr-rcgwn \ boundary l'mdmg the 

. nght scqucnce of scgments 1s somewhat more diificult 



VIL COil1J?UTEl! CARTOGRAPJIY FOJ( r'V1-10J1i 

1\lnst ~tudent~ of computer CJrtogrJphy d1d not become 
lll(CICSICU 111 thc \Uh¡ect bt:C.IliSC thcy SaW llS grcat !HllCllllal 
f,H gcng1.1phy, pl.11111111g allll/or othcr <;ectors ol ~oc1ely, nor 
bcc.1u~c thcy reahtc thc ma11y theorcllcal problcms 111-
ht:ICIIt 111 thc dcvelopmc11t of gr.1pluc proccdurcs, bul 
~unply bec,lu~c thc ncwnc~~ of the ~uh¡ect and the unusuJI 
appe.~rancc of computer 111.1ps prom1scd "a lol ol fun" 
L1tc1 on, other thmgs bccJmc more nnportant, although 
sludcnts m1ght ~tlll fcel cxc1tcment when producmg a new 
ma¡1. 

011e n11ght di\llllgtiiSh between two Lypes of 111Jps 
llllCii11CdiJtt: .md fiiiJI onc~ lntermcd¡ate m.tps serve asan 
.11d for t·u,thcr <Jnalysls dun11g J rese<Jrch prOJCCt, where<Js 
fuul m<Jps Jrc p.11 t of tllc rcsult of Lhc proJCCI Theorctl
c.tlly, cvcry m.1p 1s lnte¡medi<Jtc smce 11 <;ervcs as a 
"d.ttJ·bJIIk" JllU C<Jil alwJys be used for Jllllthcr study. but 
n make~ J dec1~tvc d1ffcrcnce for thc rcseardtcr's atlempts 
JL Jtt.1111111g l11¡:h mJp LlllJiity to know that he wlll use the 
nJJp only for h1s uwn mformJllon, or l.ugely lor thc 
mfn1111<J ll.JII nf others. 

Thc mtcrmcd!Jte map can play a vc1y unportant role 111 

J rccur~¡vc 1e~ca1ch Lyclc of hypothcs1~ fnrmulat¡on, datJ 
g.tthermg, d:1ta analys1s, Jnd reformulat10n of hypotll· 
CSC<;, 72 Sllh:C thc IHJp IS the only dCVICC wlJ¡ch SLOfCS dJl:J 
111 " two.Jilii<:JI\IOilal <.OIItcxt Thc map\ do 1101 h.IVC to he 
11l J¡¡¡:,J¡ qu.dily ¡.., th1\ Jlllfllll\<:, hui they do iloiVl' lo he 
l""'lilll'd ljiiH J..ly CttlllflliiL'I lll.ijl\ lulitll C\.illly thc\l' 
ll•,••Jil'llll'lll\ .111d III.IIIY p~<>gJ.IIII\ (u:, SYMt\1') wc1c' 
llllli.dly dcvt.:loped ¡mt lor lhl'> purpo'>c 

~pccJ 1s 11ot the only IJctor. The cosl componen! h:J~ 
Jlrc.~dy !leen con~1dered 1n a vcry c<Jrly \LJge of the 
Jcvclupmcnt Toblcr g1ves thc lullowmg co~t compJrl· 
~Oil7 J 

To drJw ,¡ 17 x 22 1nch lllJp of thc world on \OlllC 
oh\utrc: pro1Clf1011 L0'-1\ .thuut $4 00 fnr thr plolt1ng, 
<;;r, 00 lor lhr lOillpUilng Jnd pL·rh.ip'> $1 O 00 loJ 
lile \dllp IJi,l<: 1 do not know .my pl,tcc you L.ln 
gl'l .1 Jr.tlhlllolll to do J 17 x 22 lllLh 111o1p ol thL' 
Wlli Id tlll '>OIIlC '>lfolllgc IHllJCC(IOil Jor k\\ [J¡,¡n 
S 100 00 

"~ce ll.•~~cll. 1' (I'J6~) S¡>atwl l1nalv111 111 lfu111an (,cu¡; 
ra¡>/¡ y. 1 lltHlllll 

' ' In r,,mlln'>on, 1 '.170 
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Thc co<;t-comp,lflson would not he .1s ¡·Jvor.lhle m olhcr 
mappmg arcJs, bu! one 11.1~ to expcct .~· co11~1der~l~lc 
rcduclion of computcr cust<; m the nc\l dc<.JJe, ~o th .. .t 
whJl 1111ght scem cxpcn~1vc 111 thc ~tudcnt's lrc'>hman yc.n 
wlll be Lhc:Jp by thc tune he g1.tdu<Jtcs. 

t\nother crllerl<lll fo1 !he .ldvo~nccmeltl ol computcr 
cJrtogr.1phy IS the nccd for .tull>Jll,ltiOil hclo~li\C ol· IJck of 
pcrsonncl for thc mc~lnJ<Jl product1on lt 1~ c<>ii111Jlcd t:IJI Jt 
the most, 4Q<Y,; to 50% <lf thc c.nth's l .. nd \U:f.¡cc h.1~ bccn 
mappcd ata scalc of 1 100,000 or lMger .. nd only 3 to 4';é, 
:JI thc scalc of 1 25.000 or lc~1gcr.74 Tlic rcJ,llll >S not ~o 
much thc lack of survey data wl11ch couiJ be gJIIlercd 
through aer1,11 photogrJphy 111 a IC!Jtlvely '>illlrt llillC. JS 11 JS 

thc mappmg mcthods wh11J1 cJnnot J...cep pace w1th thc 
proVISIOII of data Thcrcf<HC, ncw typcs or lll.tp'> hJVC bcen 
proposed ,\lld dcveloped such J~ lile J.ll.t·lliJtnx 7 ' Jnd thc 
orlhophoto mJp, J map typc ba~cd on JeliJI phnt<lgJ.!pl•~ 
At the samc lime, thc JUIOJllJIIOJl or Jll,IJlUJI mctlwJs lS 
progrcssmg rap1J ly. 

Higb-Accuracy Sy~tcm~ 

Another fJctor tn the promot1011 ol comput<.:r cartog
raphy lS the li1CfCJ~111g Jllltlllllt of <.,11 tog1 ,¡p/¡¡c data 
collcctcd 111 m.tch IJlC·J cJd.1h le fn1 m t\ go<~cl C\,1 .npk IS thc 
'>Y'>ICIII of .l!lllllll.olil c.til<lf',l.ljlily d,·y,·Jll¡h·d llll lile 
C.iii.Jdi.lll llydt<>¡'.i·IJllllc Sc:IVh e' 

7
' 'llw lllj•lll lli li1h '>Y\IL'III 

J\ \lll vcy d.11.1 ll"<.llltkd al \Col 111 dlj'li.d i<lllil iillW<'VCJ, 
CXI\llllg lll.IJl~ :Ul' ,¡J\tl dlf',llill'd ill {,¡J..,,· ,¡¡J~,iJII.Jge lll llCW 

and oiJ U:ilJ 111 a cuhc~l\'é lllJ!lllél The ,11111 nr ilie ~ysten: IS 

tn JrJW ch:.rt overl,ty sheet\ .tlltom.ttk.illy wh1·j1 -;:wuld 
hJvc thc quallly ami JCLlllacy .ll"l:eptJhle '"lile uscr .111J tn 
thc ScrvKc 

Eventu.lily, mnst ol thc dJl.t wdl he '"'"hlln~:' rcL·or(kd 
Jutomat1cally on soumlmg vco;scls 111 Jll,J llillt:-rcJdo~blc I<Hill 
(1 e, on mJgnct¡c t.tpc) In thc me.tnt:llll'. lltlwcwr. IJrgc 

74 Aller Yoeli P ((9{¡7) ··r,op<>~r.>,lhl'<llc· }o.,,r¡,·n und 

RcLheno~ulnlllJicn," Awlo¡;>a¡>lll\llr Naclrmhl• 11 Vol :7. 116·11R 

" Ynch. 1' ( 1 ')6 7). 1hul .md ,\uollL'Il 1\ ( il ')70) "A ~cw 
~l.tp 1 Prlll Numhn,," lnt.·nwtll"wl } <'<111'""' o/ ( arl.,~m¡llll' V o! 
10, XO·X4 

'" llnyk A R. ¡t971ll. "Alli<'lll.lil<>ll 111 ll;dr<>gr.lplu, ( 11.1rl· 
1ng," J/¡c CanaJwn SurV<')'"' V"l 2·1 . .'i 1'1·'> \'/ 
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Vcllllllles of d.i!J llave lo be convcrlcd f1o111 hj drog1 apluc.d 

c:ll.lrlS. A dlf,ill/Cr 1s llllclf.;Lcd Wllh a lllllliC<llllpulcJ for 

r.:II.Jllillly cont¡ol. F111 c:>...llllplc, thc cnmpulcr slops lile 

pro,'l'S~ 1f thc llj1CI,llllr llllJVCS thc tr.ICCI lOO fJ~l, 11 JOIIlS lile 

l.'lhl of .t colllolll·hne lo 11~ ~1:111, cte. i\11 d.11a are ~!orcd on 

lll.lgJICIIC tape. 

Two oulpul·lllllb .uc plllVIdcd Onc 1~ .1 hl¡!h-accuracy 

il.Jlhcd pl•ll ter w1lh .1 J¡ghbpol pen lnk pcn~ o~nJ scnhcrs 

.IIC ol !JIIIc IISC lo .lllllllllaiiC ~y\ICill~ \111\;C tllcy dry Up, 

hl,lh, cll·. ll>c plolil'J 1~ d11VC11 hy .wolhcr JllllliCOll1Jllllcr 

1111 .1u.:11J,11:y ulllltol 'll11.' olllc1 oulpul-111111 1~ a ~ltli.Jgc 

illhe ('1\ 1 l<ll C<li11pil.illllll jlllljlll\e\. ¡\ lll.lll-lll.IChlllC 

.lll.llo~CIIll.'lil p, med to e1nploy lile opltiiOII .111d dcCI\1011· 

lll.tklilt', L.lp.thtltly ol .1 c.111og1.1plln 011C g1n11p oJ 1illeJ

,¡,,I¡<lll~. t!Je "¡¡¡ICI.illiVl' d.J1,¡ h.1\C Jl1,1111J111l.ii10il," llldlllly 

IJIVIJIV\'~ llil' l'llllljl.l1o~<lll oJ <lid ,111d JlCW d,¡f;1, tlcLidJ!lg 

Wllo~li .lll' IH'IIC1, ,111d \lidi111J', ,IJtd 1C011Coliii1J; lht:Jll lo Jil 

lile IIV<l \I>!IILC\ lo C\.ICIIy llil' ~.lllll' 1CJe1Cill:e h.t\C 'j !Jc 

\L'Ullld gotH1Jl, <.:<lllljlillcr ,¡;dctl• Clllllpli.tllll11, 11\Volvc~ 

LhCdd11g lile 1\11!jllll d.il,¡ ,IIJ,'olged hy file LlllllJlUieJ J11r 

<.:h.11l Ol.tWIJ¡g .tild llhldily¡¡¡g liJe ~Cic<.:IHlll of dJid !ll detall~ 

,,r l111e 1\1 ~ymbcll WIHk, a\ con~1dcrcd mo~l appropnatc by 

lile <lJlL'1.1íPJ Two dnnellslon.d 1nlc1.JCI1on 1s P"'r''11lled 

Wllh lile .lid ol ,1 "!!lllll'l'," ;¡ 11\.tllU,d II!ICid\.IIVé 111111 WhiLh 

lolll\ 1111 IW!l Will'<'i\ 111 !lé1jlCI!diLI1i.ll jlll\IIIIHI 1\IIL' lO 

,J1I<lllll'1 i!y llli\illllg lliL' "1111\li\C" .lllll11Hi llll d pl.111e 

~li!I.Jc..:, ollL' lllllW\ .1 po11li on lile ~c1eC11 lo 111111a1e l1ne 

JlhiJt 1\lm, dclct IOIIS, etc. ( hgure 7.1) 

A typ1c::al lll.lnlpuiJIIoll 11f thc CRT gocs as follows Thc 

C::<llnput.:r rc.1Lb ilnc allll po111l 111lonnal1011 frnm tape onto 

UJSC l<l Jlluw fJ<;Ic¡ upcJaliOll. The opcrator then d1splays 

1hc p1ctu1c nn thc screcn, eniJrgcs J sect1on (comm:Jnd 

7oom), C()rrccl\ CL'I ta111 p.~rt~ w¡¡J¡ thc lll<llJSC and tilcn ~l11fts 

(LIIill11l.illd p:111) 1< 1 ,IJi<JIIJCI ~llil',éCIIOil i\IJ thc changc~ .Jfe 

fCLilldl'd 0!1 di\\. (l<lgcllil'l \Vilil f!IC 111111.!1 d.JI.t) .J!Id IC.1d 

<llll!l l.tpc· .11 lile' l'lld PI lile ¡oh 

Jn tLIS ll1.11111CI, 111put 1> prov1dcd lilloUgh .1 lllllllCOll'· 

putc1 onto tape .tnd output 1s t'wm lJpc tu plottcr o1 CRT 

vw 111liliC1llllputcJ. lktween thosc two slcps, ~CVC!Jl com

pul,lllom are pcrfo1mcd wlnch havc lo he bascd on a large 

co:PputcJ. Tlu;, l.Jil be done c.¡sily SlllCC :JII thc d.11.1 aJe 

storcd ()Jl (lllllpdliille l.ipC. Somc oJ' thc runLliOilS o~re (O 

JOIIl scp,¡ratcly dJgJtJ;cd sectlllll' of .1 di JI l, corrcctmg for 

~h1í't and or¡ent.III!Hl, t.Jk,ng do~1.1 Jrom lhc d,ila-hank .11Hl 

lll~ikJng 11 ~tiii.Jillc In¡ lll.ICilllll' Lli.IWIIlg Wilh l111c~ 111 a 

\ill!Hllhcd Jo¡¡¡¡ i>J.ogl.1111 7 1 \llllW\ .t cli.11l oi' llit: whtok 

\Y'>lCili Tlll\ -.y~ll'lll 1\ ol '>jlCcJ,;i 111lt:IC\I J111 lill' gl'!l):l.ijlhc'l 

i11r ll \J\1\W\ tlil' \<ILci"\JUJ,¡ppiJc..illllll llf llltl'l,lciiVe dCVIL-l'\ 

i'or ~p.tli.d p1nhk111\ I'Je\eoJIL'd lwlmv ,Jil' \lllllt: Jdl',l\ ol ,111 

lllki.IC:llVC Loll[<lgl.ljlloiL llllil ,111d o1 léW ¡llllhklll\ ):L'Ilg· 

r JplJc¡:. Jnd c.ntugr.1pllcrs could lJLkk Wllil 11 

Small Intcractive Sy:-.tcm:-. 

Thc bJ!>IC un1l!> of such a systcm would be .1 cJ¡g¡t¡zcr 

lll.!Ybc opcrat1ng w1lh a magnel1c pcn, .1 ~lorJgc tuhe CRT, 

a dlsc.:-dnve for JnlCilllediJtc dalJ ~tor~1ge, ;¡ tapc-d11VC for 

lllput ami uulput, a lcletype for lext-lntel~lcllon .1nd 

pl\lgramming, all ¡nlerfaccd lo a lllllllcompulcr. The 

d¡g¡f¡zer would not only funct1on <JS a d1g11,zcr, hut Jlso a\ 

po111tcr :Jilll l1.1ccr 111 an lllleracllvc mode w1th cvcry move 

beu1g rccorded on lile ~creen Thc slor.tg¡; tuhc 1~ a 'JlCCial 

CRT wlllch doc~ no! 11ecd ¡cfre•,htng oJ the p1clt11C (e g, 30 
lnne~" ~ccond) Tl11~ u1h down cml\ IJ!.:IIlcllll'•ll\ly hut 1<. 

al\o \lmver llowcvcr, .1 lew ~ecomh lo JJII lile whole ~uecn 

1~ ~tdl Ve1y ra\( Jo¡ lhe gcog1:1pher\ need\ 

A J'requenl prohlcm 1~ tlic di:.pJ:¡y oJ do~l.1 by :.talJ\IIc.JI 

.m:,¡ (L-lll11oplcth 111:1p) Tilc dcll'lllllll.JII011 oJ ..:I.J\\·illlerval\ 

ncelh expcriJliCJII.illllll, \lnce equ;_¡J 1n1crv:d\ oftcn lc.1d lo 

'>enoll'> ~upp¡c~~¡on' ol· v,i11d lnform.illoll, .11Hl cvcn the1r 

delernnn:Jli()Jl on the b:•<.l'> PI frequcn..:y dJ,trJbtdlon'> docs 

lldl always 'upply lhe gray-lune dl>tnbull!lll dc~licd. Thc 

:.y~lem thcreforc should 111clude the pos,¡IJ¡J¡ty of 

modil'y¡ng cla~s mlerv.tls lhrougli the lclcty 1Jc and repre

o;entlllg thcm 111 d!l'fcrcnt gr.ty-lcvcb The pwccdure could 

he :ILUHnpaliiCU hy ddlcJcnt <,lalt~llc',il computalion'>, 

lmto¡;J:um, etc on thc ,m,ill cqmptller, whe1c.t'> lhc actu.d 

uc.llillll of the valuc-gml wouiJ be pe1J ormed un thc l.1rge 

processo1 

Thc lllllllcomputcr could play ddTcrenl C<lllliol func

lions dunng thc dlgltlzatlon p10ccss, such .1s max1mum 

nwvemcnt con¡¡ol dur1ng the line-dlgltl/lng, pomi :Jild 

shapl.' control by d;splaymg codcd pomts .JiHl lincs concur

rently on thc lubc, cte. An 111teract1vc s,un 11l1ng proccdurc 

could ~dso be dcve!,lped Fu ~t. OIW would h.¡ve lo code a 

ICI.iiiWiy WldC-IllC~hed llél (rcgui.ll 01 llreg¡¡j,¡¡) 111· ,¡ ~U1i .. ILC 

o111d tiJCI\ Lllllljlllle ,¡Jl e~llll\,JIC ol L'dLiJ Jl<ll1\l\ V.il\1é, ll',lllg 

dilicl\'1\l lllil:ljl<>idll!olo ,¡jg\llililltl\ lf lile dJiiCII'IILl' 

hl'Í\I'CCil .idll,¡l ,111d l'\lllll:ilcd V.diiC'o 1'. llllllC lilo~ll oi giVl'll 

tll!e<;ilDid lo1 .1 puull, a ll:J11llWeJ nel wuuld h.1vc lo be 

codcd around lhc pomt. 

i\11 map c0111pllLJIIOI1 pro.:,·durc~ c~J~cus,ed L'.ll hc1 could 

abo be unplemcnlcd (1 e, J¡¡¡c ..:oncctwn, .tdOllloll .111d 

dclctlllll, 111leract1Ve ll.llllC .111d ~ymhol pl.iccnlenl, et..: ). 

Onc could actu.dly pll)ducc scver.d olVCii.Jys 1,1¡ onc lllJp 

lllter,¡cllvcly, h1gh resolutJon grJy·ll111C sheet' 011 J h.dl'·tone 

rc~.ordcr .1nd combme thc ~hccls ¡,, onc m .. p by ll';mg 

dillcJeill .:oJo¡ fi11c1~ Such .1 m:1p ;~ .lilc.1dy llll\\Jhk, 

.dtho111gh ,1\ qu.d¡ly wuuld ¡¡n¡ yct ICoiLh lil.il ol .1 lll.tilll.dly 

l.illi1L'•II<:li lll.ojl 

Áilolhcl jl<l'o,Jillc lo~L' ul lliL' L.llll•f'l.ljlliic 111111 clltild he· 
lh devcllljlillélll ,1\ ,¡ IC\I lililÍ 1111 :ll.!Jl ll\,lgc· ,\¡ íill\ lllllc' 

Will'll l'Vl'lyhudy i\ t.Jih.111g ,dl<•t:l loi'IV lll.ijlllc'c'c:\ .1.1d lll.lil)' 

new lll.ljl typL'\ .1r.: hc1ng piclullLcd. lile h,¡¡,.wicuge abnut 
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D1.t¡:;r.un 7 1 Tl.c Automatcd Cutography Sy~tcm for !he 
llydrogr.tplu..: ScrVJcc ofCJnad.t 

lliL' ll'L'illilll'>' ,,¡ ú'l l.liil lll.lp 1~ pe-; f<li C<?r(alll pUrpOSCS IS 

VL'l)' 'lll.Jil 1'\!c'lhlphy\Jc,Ji lc''h ,JJl' J,JJl'iy lli,Hll', JJH1 ¡f ~ll. 
tl1cy .lll' ll\<l.ill) •'il ah,ti.IL'I p.lltcJm anú nol on .h.:tu.d 
map'> \Vllh thc c.lllllgi.J¡Jillc. 11111! ,llighly '>OplmtJc,ilcd tc~ts 
L•llild be pcilollllcd l·or CX.Jlil[llc, '>llpposc th.11 \eVeJ.d 
mclhod\ ol rciJL'i rc'ple,l'Jll.illon .11e l!l lw lc\lcd lo¡ tile11 
\lllt.ihilllY ¡.,¡ d1l krL'Ill 111.1p 11\l'\ Onc n1.q1 type W!luld he 

1\lUUJlkd onto lile d.1ta gllll Jlld 'cver.d t.:Plllilll P<lllll' 
wuuJd be dlglllll'U tu br111g liJe lll.ip 111 COih:OrUJIILC Wllh 
thc cumputcr's t,;()(ndm:.Jtc ~ystcm The fust questwn wo¡¡JJ 
then .1ppc~lf un thc '\Creen, f01 cxamplc "PJc¡¡sc dr<Jw w1th 
thc m.Jgncttc pcn al! the vJI!eys you c<Jn fmd on lhe m.1p " 
Thc compu1cr woulü not only 1ccorü al! thc vJileys found 
anJ tc't for thc ·accur<Jcy of thc guc>s, numbcr of vallcys of 
a ceriJIIl typc found. etc, but abil mca,urc the tune 11 t.1h.c~ 
thc lC'>I <lh¡ccl tu llllll dilkJclll kallllc' \llhcr aiJ,WCio 
C<lllld he· lypcd Jill<> 1i1c tekty;1c. ele 

FJ¡¡,¡jJy.Jt llllgiJt Jw ll\c'llllillll'd IIJ.il liJc'l.JII•lg¡.¡piJIC llllil 

could ot Ulllf,l' .Jbo peiloJnl .di ¡oh' ull1illlonly dcJJc,llcd 
to ~mJ!I com¡HJtcr\. Somc of thc~c .1rc coJnputcr-J;;¡;tcd 
lmtructlun 111 tht~ ;mtJncc unpillvcd 1m gcog¡,¡phcJ~ by 
lile JV<JII.Jbdny 0f thc CRT · llli<.:IJLtlvc lext cdiiJJJg. kcy-

word relncv,¡j of biblwgrvplm:s, etc Thc usagc 1'> unlJmJtcd 
The h.~rdwJIC for such a sy;tem 1s avaiiJblc Jt cost:; wlllc~l 
.nc manageablc now by !arge dcpartments ;.;11c! 111 ilvc lll ¡,·,¡ 

years, by medJUm-s¡zcd clcpartmcnt<; f!L)WC\'CJ, thc snll
WJrc for such <J system 1s toa brgc degr..:c 110I1C\lstcnt, <JnJ 
mtghl be for ycars. 

Applications 

Mosl of lhu;c who h;tvc Ll f1rn1 cxpciiCilLC Jll ~.on¡pulcr 

carlogt.!phy·-Jl th1'i lime 111.11nly planncr\ rdihcr tiJ.JJl 
gcographcrs- are not mterc;tecl 111 wut kmg on thcrrrJe> .JJhi 
dcvc!op1ng pr<1ccclurcs, but Jat]¡cr wanl 10 u>c w!J.Jt..:v.:r 
pmgrams are av;Jlbblc. And onc cJnnot bi;Hnc tl.cm Thc 

dcm<Jnd for pcoplc to use th.:H knuwlcdgc '' 'Jllrlc lngh. ''" 
IS thc fmJJlll,¡j lllCCil[JVe rurt!JCrlllOJC, lhe probic;m tlJcy 
Me cutnmt;,Joncd Wilh are w.u.dly w ndcrc;l¡ng thcJt thcy 
c.111 o11ly p1ly us thcorettCJam. Somc of lhcsc problcms ;hall 
be prcscnlcd hc1c. 

"Northst<Jr" 1s a proposccl sk1 rc;orl 111 thc VJCimty ot 

Lakc Tahoc Severa! cxpcrts had g¡vcn connlctlllg ev:.J!UJ· 
11ons of thc "best" pl<Jccs fu¡ thc sh.1 f\II1S, thc dcvclup.:r~ 

werc louk111g for .: study ba~ed on a quJillJtatJvc JllU 
c<Jrlogr<Jpluc evalual1on nf <Hc,dly-collcctcd u.1lo~. 77 Tl1c 
sludy lllVolved co!lcctlng dJlJ on a g¡,cl h~\J:, f,¡r thc 
Vclftab!es of topogrJphic clcvatJon, vcgct.Ilion lypc, vcgct.I
lllln dens1ly, vegctJt:on age ,lJld hydro!ogy PICI'Jomly 
collcctcd data tncludcd sun anglcs <Jnd lucalluns ,¡( J¡ffcrcnt 
tllnes clurmg the cJ:.¡y ancl ~poi samples ,)f snow ctepth f01 
four yeJrs From th1s d:.JtJ, scvcral othcr va1 i.Jblcs wc¡c 
de¡¡vcd such JS slo¡:¡c graclicnt ;:¡pd dtreclion .1nd sun 
mtcnstly 111 ltcat tr,lJlsfcJ unJts (F1gur.: 7 2) 

A mulliplc rcgJcs,Jon Jnaly'\IS w,1~ pc1 fu¡mcd w.tli dm1y 
'>IJOW sam¡)l111g si.IIJons lhJough fou1 yc.11~ Will, .:lcv.tlillli, 

'lope, vcgclc~lJoll, \llll J•llt:Jl\tly allll w.dcJ .llt:.l\ "' J¡Jck¡)Cil 
dcnl v.Jrl.thlc'> Thc ll''.IIII w.~>" lll.IJl ,,¡ \1111\V dt·plh> which 
g.tvc S<llllC prcilllllll.lry JC\Idl\ o¡¡ ~>11\lW qu.tlil)' l '' gcllnu:c 
llliOIIllJIIOJl 011 ~110\V ljliJiily, ,, quc~.(ll!il/IJJie WJ~ ~~111 1llJI 
l\l sh.1 consullanb and pcoplc rcsp•Jnsible illJ si-.1 slupc 
groommg at exJStll1g sk1 rc~o1 ts 

Thc combtnatton of <JIJ thc vJnablc~ pi<lVJckd thc bJ~I~ 
fur lhc lln.il ~h.1 slopc SUJtabJiily nwctcl L1.:h c:.:ll on thc 
lll.ip reprcscntcd thc "GooJnc~~" ol !he 'P'll lur ~h.ung 111 

len lcvcls. A1 cas c¡thcr too slc.:p for skltilg 111 il.JvJng oti;cr 
c:onslJ.Jllll>, such ¡¡s w.t\CJ arc,ts or Jll,¡¡~J¡ l.tild'>. WCJ<.: ll<ll 
ulll\JdCJcd A1ca~ wlllcli w.:1c c'<u:llcnt ¡,,, '~.111g 111 .di 
V.ill.ibk'' C:!.CCpl v.:gcl,ilillll WCIC Lit:liiiCll iJy ¡j¡c '>YIIlblli 
"V" illdJCJIIllt, tJ¡,¡( iliC\C .llé,J~ c.01Jid i)C ck,ucll ,¡¡¡¡\ wuuJd 
lllci\ becumc al·cept.lblc ~1-.lillg :~rc.1~. (i'igllJr; 7 3) 

'
7 -¡he lolloowm~ hJ' h~.:-n dc,u¡hcd tn .• lci 1cr Ju 1\1<' Jlll!l<H by 

().,ngcrmond, Red~.,nd~. CJhoorn¡,¡ 
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f¡gurc 7 2 North,ur Dcvciopmcnl, Sun !ntcns¡ly Analys¡s 
Court "Y J ]),¡ngermond, Rcdland;, Cahforn1J 

Th~ ..:on:btiiJllon o;· vanous cclls to sh.t-hdls was done 
lllJilU.illy. Q,¡c cuuld th111k of an ex tcnston of tlns study by 
a d<lwnhill '\.lunh1r1g" prnc~dur~ w¡th gradtcnt cnnstramts 
to ftnd ~k1 ~hlpc'> l<>1 thc J¡[fcH . .:nt C)l..penen~.-e-d.t~~e~. ele. 

Tl11.: ulhcl \l11liy to he dt\Cll~~ed hc1c 1\ .1 -;y,telll\ 
.m.dy>l'. iur pl.iillllli(', the llllllllplc \1\e ol thc ll•111ey lltll 
are .. o! Sw.¡n;cy, Ncw ll.unp,hue 711 ·¡he ~tudy ~IVL'\ .1 g•1od 
c:-.ampll' uf dtlteJcnl resourcc evaluatlon mcthoJs 111 a 
pra.::t~c·Ji .tppltc.tllüll The data for thc ~tudy havc bcen 
dcnvcJ from dCri.tl photographs and ficld ~urveys at a 
regu!Jr grtd JI the scalc of 1/100 :.q h.m (2.4 acres). Thc 
~Lond .t>pc~..t of thc .maly>ts was thc dcvclopmcnl of a 
seitcs ol qu.1ltly mdtccs, such '" vt,uJl qu;,ltly, ccologtc.tl 
J:.un.1ge, wddld·c h,Jl1tlal lJUaltty Jlld othcr~. The,e wcrc 
d~vclopcd .1~ moJel~. Silc Jtlracttum tll um~Lraml~ wcrc 
mc:.~,ureJ 1n thc,e term~ for a v.mety ol rcctc.tlron types 

'" Rn:~~r, P, (' '-;tculllt, 1' Murr.1y, ll S111lon, [( 1oth, ll 
\\',¡y 1/un,·y //ti/ 1l Syllt'/111 11 •.ul\'\t\ jur l'lillllttn~ ¡/¡,· Mullt¡ile ll11· 

of Con/ro/lcd •l'atcr •lrcill, U~ Army C01p' ol 1 n¡.:1n~~r' lzc,c,trdt 
CoillrJL\, C:r.¡¡[ll,lk School ol u~,.gn, IIJlVJfd lllllVCf\llY, 1971 lh~ 

dc,~nptlon In the tc·._r 1' c:-.tractcd trom ~l<'lnilt, Ro¡.:l!r\ As\OCJat.:~ 
lnc (1971) ~ele\:l~:d l'roj.:cl~. CJmlmd¡;e, ~1.1" 
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Figure 7 3 North~tar Devclopmcnt, Ski Slope SuitJbillly 
Courtc~y J Dangcrmond, Rcdl.wd;, CJillormJ 

and othcr acttvlltes. Thcsc usc-quallty cv.duatJOllS wcrc 
rank-ordcred, thus lcadmg dncctly mlo :.1 pl.:nmng evJlua
lll)ll proccss lor Sil<: dcvelopmcnt Thc cnvtrllllillCtlt.d 
ljll.dtty lllllllcl\ WCJe ll\ed ,¡>, .111 lllleg¡,¡[ p.lll 111 tlie pl.illlllll_:\ 
.Jilll l'V.dll,iiiOII \Y'>klll whtdi C:llll\llllllcd tl1C th11U .1\¡lCLI o( 

thc \ludy (hgute 7 ·1) 

Thc~c moJcls wc1e lo mvc~t¡g.lle lhc lillpltc.lllull' ¡,,¡ 

cnvtronmcntJl quahly of vartuus potcnlt.il uses of .1 

parttcular study arc:t Thts stcp tnvolvcd thc appltcat10n of 
thc formal mathcm:Jitc:Jl nwdcls of systcm' anJlys1s Tlucc 
dtflcrcnt :lpproachcs to thc dcvclo¡mlcnl ol pl.,ns fut thc: 
s¡lc arcJ wcrc mvc~tlg,¡tcd 

Thc fir~t .lppro.Jch u~c,l J ltne,:r prog: di~lllltllg moc.kl 
Gtvcn ccrlatn phystcal, ccologti..Jl a11d <:t.,OlHlllllC ..:onstr.lmts, 
thc oh¡cdtvc funcllLlll of thc moJel w.1~ thc: 111.J:>.llll:1.\lt~l.l 

of ncl hcncllt~ for thc dcvelopment ol tlle lloncy í !!11 
re,ervott. Tllc rc::.tdl of lhc ¡Jl¡,del ¡lillVILkd "oplilll.ti" 
dcvclopmcnt pilljHl\,d~ Wtlliltl \<Hile: flity p¡c,kftned /llllC\. 
lt abo gJVC par<~mctn..: lullcttom oí !he :,y;te111\ 1..:spumc 
lo chJngc~ 111 the dcmand paramcter~. 

Thc ::.c1..ond Jpprn.1ch mvolved "bc:.t profcsstttn,,l JUdg-
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!"lg<irl' 7 4 iiOIIl')' illil. ,\IILIC llVl'IW" 1lll jj¡~IJ\V,I}' ('oUrll'\)' (' ~ll'lllll/, 

H arvard U mvcrs1ty 

mc:11ts" to dcvclop thc V::JilOliS pla11s by thc mcmbc1 s of thc 
rc<;carch tcam h,J,cd p.1rtly 011 thc Jnalys¡s producccl 111 thc 
f¡rst two ~t.lgc'> of thc rcsc<llch Tl1c tlurd appro~ch WJS thc 
J.:vclopmcnt ol a <;lmulatHlll modcl. Total dc111.111d was 
g¡vcn. hui ad¡v;ty picfcrcnccs wcrc kcycd ton111e combi11J· 
twns of mco;nc Jnd li,IYcl lilllC·dl'ilancc to thc 'illc. The 
modcl w,,, uscd to cv.Jiualc thc JitCII1:Jtlvc~ arlslng l10m thc 
"bc-;1 p¡ofcs,JoJl,il ¡uugmcnt" .md to test thc plans 1mplicd 
by thc illlC.II P''>gl.llllllllllg 1110dcl (1 1gure 7 5) 

Thc v.iluc ,¡j \ULh 'tudiC'> "cv¡Jcnt Thcy .tre b.1sed l•ll .t 

\oltd d.ii.J h.1\C '1111\ d.1ta h.1\c 1\ IHought lo¡b oplllnalll\C 
hy tloc colllillll.lllllll uf ,¡¡¡,dyt1c.d lcLiilllqucs .111d llll111Cdi.llC 

(,(¡ 

.nappmg Thc p1 oblcm wllh convcnli<ln.il , J rll•gr .1phy 111 
plann1o1g IS that thc mappcd J.1ta are out <>1 d.ilc hcl(l,c 1hc 
m¡¡p 1s evcn f1111~hcJ a11d th.:: C:ll tog1aphc1 1'> lilL.Jp.ibk lll 
re,lctlllg to thc fasl-chang¡ng p~iS[ll'CIIVCS ,~,,d nc.:c:~ ol tilc 
pla11ncr :md poiiiiCI.IIl Thc re;ult 1s uhVJ<lll~ PI:J:Illlllg 
.ttlascs '>Uitablc for anythtng IJut piJnnlng, " dcl.1y 111 d1c 
atljustmcnt proccss bcc¡¡usc tlicsc .nlasc~ hccnmc l.1w by 
mdolcncc, nthcr~ :.11c CllC(•lii<Jgcd tn p1odu..:c o.ltt:l pl.in.tmg 
atlasc~ becausc thcy look so good 

Thc modc1n rcgJon.tl ,111d pl.illollng .Jtia'> :-.lwuld nut he 
h<HIIHI. i\ctu.dly, ,he 1dc;d ,¡¡1,,, wuuld he .1 wcll-,lig.JIIItcJ 
d.ttJ b.mk wh1d1 cuuid be c.dlcd upon whcn a CCil.J111 
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H.nvard Umvcr~1ty 

qucstlllll co.ncs up Th1s would gu.lrdntcc qtuck response> 
wllh t11c l.ttc>l datJ Snmc qucsltons could be .mswc¡cd 
lmmcdlatcly by callmg a particular ~anablc, somc would 
nwolvc ltltk or vcry complcx lPil1pulatums Somc maps 
would C<lll'<l'<l only of l.1hlc~. oliJc¡:-. ol qu1ck pitlllcr lll.t¡l'<. 

" l'cw could he prcp.1rcd wlliJ ~IC.il c.1rc .111ll :-.pcct.d 
haiOWJrc 10 atlract thc lllkic>t ol a laq;c puhlt-. 

(F1gurc 7 6) 
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Computcr ca1lography 1s tncreasln¡:ly ¡:aunng Jttcntlon 
111 many J¡~clplmc, and publtc .•cllVllJC\ Gct1g1aphy J> llOl 
thc harJcst pushcr 111 thc ficld, but gct•).:i.iph..:l' .. re nccJcJ 
to provtdc thc ltnk hctwccn thc01y .md practJcc 1\lttdt ni 
thc oppostltt>ll ag.ltihl compute¡ ~,,¡rltlgl.ljllly come'< litlil1 
c.lrlo~I.iphci'< wh•1 ,nc ,¡l¡a¡d ol hL'ill~ 1cp! .. ,cé\ 11y th~.: 
COilljHILCI Tlll', .tllllutk llt.iy he lidl~..tdou,, ilii 1hc ilCW 
posslblhllCS may crcalc mo1c wu1k lor c.trtngi.tpilcr,. 
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Anybody 111 thc ficld wtll agrec that onc wtll find ten good 
prugrammcrs bcforc onc can find onc good cartographcr. 

In thc ncxt dccadcs, the work of many cartographers w1ll 
..:hJngc from draftlllg lo cartography as a sctcncc w1th 1ts 
own 'thcory, tcchn"1ucs and app1Icalllli1S. T111s event b not 

, __ 

1 

necessarily causcd by the computcr but by a constdcrablc 
change 111 the reqUiremcnts of the public. The tmpltcaliOn, 
however, 1s that th1s trcnd wtll mvolvc a ncw typc of 
cartographcr -w¡th cxpandcd 111tercsts and cxpcrlt~c-, 111 

whtch coinputcr cartography w1ll play an ¡,·.·.1o1 ... ! role 
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IIJrh.:::gh, J \\' JrHI D. [. Mcmarn, 1968, Computa tlppluatrons 

111 Slra/l~raJIIIl< /1 nalys1s, Ncw York 
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Ltpl.:n, B S .md 1\ Ro~.:nfdd ¡.;,¡~ ), i970, Plcll.rc Pr<Jccssmg and 
Psychop1ctoncs, Ncw York 

Many problcm~ pcrt111cnt for cornputcr cJrtogr.:phy Jrc dls

cu~~ed hcrc frorn thc Vlcwpollll of p1cturc procc~\lllg ll1crcfore 
vcry 1mportant but dcmand111g rc.Jchng' 

Marble, D F. 1967, Somc Compulcr Pro¡;ram; for GcoKrapluc 
Research, Dcp.:rtmcnl ::-f Gcogr.:phy, N orthwc,t~:rn Umvcr\lty, 
LvJnqon 

A collcdlon ol gcogr.:ph1ul progr,un' 111 I·OR I'RAN IV 

Nar.:~unh.~rn, R, 1969, "On thc Dc\UiplH>n, (.cncr.:tlon, and 

Rccogmllon of Clas,cs of Ptclurc~." pp 1--<: 2, 111 (,rJ~clll, A 

(cd) Aulomat¡c /ntcrprcta/1011 all(} Clal\ljicalwn of lmages, :-.lcw 

York, 1969 
/\n authontJliVC d"cour~c on p1l.lurc IJngu.~gc' 

Ncgropontc, N, 1970, 'fl¡e Arclutcuurc /11a(hlllC, Cambndgc, M.l\S 

A hvcly cxcur\1011 1nto thc quc~llon' of .Jrtlfiu,d llllclllgcncc Jnd 

rn.m-rnach1nc m tcral.l1on 111 .Hclnlccl u re Jnd pl.1nrnng 

Nordbcck, S , 19(,H, "CoordlnJIC M.:pp:ng Tc.;hmquc\," Plan, 
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"Urb.w Jnd Rcg1on<~l Rc,carch 111 Swcckn," 196R. 101--117 
Nordbcck hJs bu1lt a complete \Y\lcrn of compuler <-JrtogrJphy O 
on the b.JSI~ of thc ~quarc gnd "coord1n.lle rc.1l c\IJtc rcb1~ter" 111 

Swcdcn. h.mthnnc rn.~p,, pomt tn polygon prop.un~. rJnbc, 

fr.1ct1on, .:Jrn.:gc, corrcl.:t10n. tr.Jific ,md pn1cnl1.:1 m.:p~ .He 

\O me of thc dcvclopmcn ¡, So me ni thc IH<l<-C<lllf'-' ,He pubh,hcd 

ITl No\ 7, 8, 9 of thc LunJ StUOIC\ 111 GengL:phy, Ser e 
Pfall!, J. L. and D. L. M:lgrJrn, 1970. An l:.\{ICfiii/CI/lal 

Map Dc~cn¡llwn Syslem, fcdllli~JI Kcport 70 130 (;J 754 
Cornputcr Sctencc Ccntcr, Umvcrslly of :V!.IryiJnJ, Collcgc Park, 

Mcl 
A vcry rc.ld.:blc de" npt:on of ,, m.1pp1n¡: ,,.,tL'Il\ bJ,ed on 

bllpl.:nc,, Wlth C\.Jrnpk, Ver] good "' .111 111ll•>,lilLIHlll 

l{.¡yncr, J N. 1971, An lnirodullwn lu S¡i<'< /!<Ji ·llllli•'l/1, No 2, 

Monogr.1ph' m SpJlt.JI .md l nv1ronmcni.JI ~\ ,¡cnh ,\n,¡ly'l', 
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Doc' not Jcm.:nd any 'pcu .• t rnJihcm.:tll.:l :..tl\nvkdg~ Cllld~, 

thc \tudcnl lo .1 ~.ompcllont li\C of th1' tle\ihk method LII<H]llc 

m the dl\dl\\lllll of two-duncn\loiO.li 'PC< tr.:l .lll .. IY'" 
K.oblll\011, A 11 .1nd K [) S.¡lc. 1969, 1:_/¡·,nenl\ of Car/o¡;raphy, 

Ncw York 

·n1e ~tudcnt of cornpull'T cJrtogr.:phy n<'l'd, 10 ,tudy gcncrJI 

cartography thoroughly rhcrc Jrc 'nerJi good te~l\, llm onc 
\hOW\ a fcw cornpuler m.lp\ 

Ro,cnfcld, A, 1969. P,uurc l'roccs.l<ltJ.: h¡- Cmllpllll'f. :-.:cw Yorl. 

1\ m.JthcmJtiL,llly dcmJ1101ng lrcatmcnl nf th:' 'llbJcCI 

Toblcr, W R, 1967, "Of ~!.•P' .md ~l.:tn'" .. Joltmúl of Hcgumal 
Sc1cncc. Vol 7, 27~ 2HO 
/\n de¡:.:nt lrt:.llllll'lll ol nunh:nc.ll f1IIL'fll1~ .111d ,url.tLc' ~'"'""11-
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Toblcr, \V. R , 1969a. "An An.Uys1s of J DigJ!Izcct Surf.¡cc," pp. 
59'-S6, m C M DJVI~ A Sludy oj the l.and Type, Dcpartmcnt 
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corrdJtcd and thn:c groups c'tractcd, (.:lcvatwn, slopc, rough· 

•' 
Tohh:r, W. R., 1969b, "G,·ogmplu-.al hltcrs anu tllc1r lnvcr,cs," 

Gcographicalllllalys¡s, Vol 1, 1969, 234-253 
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pubhcatwn of thc IGU Comm•~s1on on GcogrJpluc,d D .• ta 
Scnsmg and Procc~smg, Ottaw.1 
A good diSCU%1011 of thc state of thc art m largc gcograpllH . .JI 
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Waltcrs, R. F, 1969, "Contounng by Machmc A u~cr's Gtudc," 
Thc Amencan Aswctatwn uf Pctrolcum Geolog1Hs, Bulle/m, 

• .. V~l. 53,2325-2340. 
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~~~l;ly 'teml~ .m· b.J,ed 011 Slppl. e (1966). CoiiJ¡JII/Cr Du /umary, 

l11dl.lll.qh>ll,, AC~I/SIGRAI'll ( 1971). Computer Gro~plué' (olo~,.~ry, 
Cnn¡wtcr r;rapl11n, 'vol S, i'iü 1, 1-14, .úid Dcjtlll/tun oj Tcrms m 

'-·'·i;cncral u~c jor .:tutúmatcd Carto¡;raphy:lntcrn.lt10n.U Co~rtograpluc 
A\\OCI.JII011 ( 1971 ), Commt\~1011 1 il on Automallo~n m CJrtography 

~ ' ' 1 r 

'., 1>-!~ny term~ ha~e .d¡ffcrcnt mc~nmg~. Thc one used ·.; tlit~:research 
P·•Pc.r IJ.¡, bccn defincd ~ ' · · 

J~curacy 

o~Jdrcs~ 

.Ugonthm 

andlog 

breo~ k 

byte 

CAD 

CAl 

- conccms thc proccss of obtauung data from, 
or plJU11g do~IJ m, storagc. 

-- frecd o m f ro m error 

- a lo~bcl, 11amc or numbcr tdcnltfymg a loca
lton or untl wherc mformatton 1~ ~torcd 

- a uefmcd proces~ or ,e 1 of rule\ thJI lc.Jd\ 
a11u .~,~urcs dcvelopment of a dcsHcd output 
from .J g1ven mput .11 scqucncc of formulas 
and/or algcbratc/log¡caJ stcps to calcu~tc or 
ddermme a g¡vcn task. 

- the reprcscntallon of numencal quanttttcs by 
means of phystcal vanablcs (e g., translattOn, 
rotalton, voltage, or powcr), contrasted wtth 

dtg¡ tal. 

J nu¡nherut¡.\ W'te111 h,I\Ctl un tw•'' r.tthcr 
tl•.111 lt·m wh11 h 11":' ouly 1111· dt¡•,ll\ O .11111 1 

Whl'IÍ Wllllt:ll 

-- o~bbrcv1Jiton of bmary d1g1t ~l.Jy be cqtiiVJ
knt lo .m on or ofl co11diltOI1 . .1 yc' or no, 
etc A umt of mf~rmalton co~pJctty of storo~gc 
dcvtcc. llJC capac1ty m btt~ •~ t11c logantlun 
lo thc ba~c two of thc number of posstblc 
states of the dcv¡cc. 

- thc pmn 1 of sudden changc of slope a long a 

~canmng ltne. 

-- .1 group of hm.1ry d1gtl~ U\U.JIIy opcr.Jicd 

upon .1\ •• Ullll u~ll.tlly 6 btt\ or H htl\ 

- Computcr Atdcd Dc,1g11 

- Computer Atded or A~st,ted ln,trudton 

card 
'" 

c_aliiodc ray tubc 

ccntrotd 

command 

compact10n 

compattble 

compresston 

cont1guous 

contras! 

coordmatc 

cursor 

dJia-pomt, 

daiJ \lructurc 

dcfo~ult opt10n 

dtgtlal data 
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1 ¡ •, 

. 1' 

1 ' 

- ,, rnaLIII,I1e,prpcc~'"blc tnlonn~tltOn-\lor •• gc 

mcd1um of .~pcct.ll' q UJIIty papee \loe k, 

'., gcncra}IY. 7 '1. by _ 3\1.,-mchc~. · contammg 
80 columri~ and 12 pum:h ·¡;~~;ttons. 

- CRT An clc~üori ''tub'c• who~c' facc IS 

c~veicd wttl1 'a·''phospÍJOr'·that' cmtl~ .ltght 

whcn cncrgtLcd by rts clcctron bcam. 

- thc mean pm1lton of a polygon Dctcrnuncd 
by thc x .md y mco~n~ of thc polygon pomts 

- thc portton of an 111\lrucllon word whrch 
spccJfic, t11c opcrJtlon to be pcrformcd 

- rcductton of storage spacc usmg .111 cfftctcnt 

storagc sy~tcm . 

- cxecutJble on more thJn onc computcr 

- rcductron of storage sp.1cc by sclcctmg data 
lrom J largc data-body 

- adjaccn t or adJommg. 

- thc n;lo~ttOn.Jup of thc bngh te~t to thc 
darkc~t portton~ of .1 dtsplo~y tm.Jgc. 

- an ordercd \Ct of dJI.J v,¡]ue,, e1thcr Jb,olutc 

ur rel.lliVC, whtrh 'i'''< 1ftc' ,, loc.llltlll 

dl\pl,¡y 11\1111' l'.lllllllil' ¡,¡y illht'\ '" 1111' 

Vll'\VIIIJ! dl'lllllll (r.a\IGJ \l.ll'l, 'IOJ.I¡'l' 111\H', 

dtrcded be o~ m) 

-a movable markcr Vl\iblc on .1 CR r dt~p:ay 
uscd to mdtcatc thc pomllln at whh.h thc 
ncxt operatton (mscruon, rcp!Jccmcnt, era

surc) 1s to takc place 

- pomt 011 J ~urf.>cc, g¡ven by lh coorJtn.llC~ 
bcforc computaltoll\ (\CC p.d l'lllllt). 

- !he ,¡rr,mgemcnt .md lllh'IICl.IIIOil nf Ct-COCU\ 

111 .1 fílc. 

progr.HnmcJ Ulllllll.md whtt-h ¡,,kc' clil:ct tf 

th.: n:spt:cliVC dccttw 1\ not 'pcuftcd 

- mform.t!ton rc¡nc,cn!cd by J codc <-Oml~llng 
of J ~ct¡ucm;e of J¡~crctc dcmcnt,. 

o 

o 

o 



o digllllCr 

diglliliilg 

d1rcctcd bc.un 

tlk 

t1dg 

gr.1pluc l.mguJgc 

gnd po111 t 

halftonc d.:v1CC 

o hJrJWJrC 

h1dd.:n !mes 

mput 

III(CrWLlil>ll 

•~an thm 

Jll 't.1po" lion 

IJbd 

ligh t pcn 

o linc pnntn 

- J dcv¡u~ tila t ._o de' 1111Jg<:s 111 hl d1g1IJI 

com¡nih:r-mJblc form 

- co11wrt .1a.ilog mC.I\urc; (..! g, lcngth) mto 

d1g1tJl form. 

- aho callcd vector modc In thc CRT mcthod 
tlit·sc ar.: thc clcmc11ts of a d1~play ¡magc 

whcrc tlic bcam mot1o11 1~ m ~tra1ght hnes 

from pomt to pomt (~ce raster sean) 

- collcct¡on of reiJtcd record; trcJtcd ;¡~" umt 

A collc~t1011 of mformJliOndli!Cms snmiJr to 
onc Jnothcr 111 purpo~c. fonn, Jnd content 

- md1cator u~cd to tcll ~ome latt'r part of a 
progr.un thJt ;omc co11dlt10n ocwrred carl¡cr 

- ;oflware Fltrrf.¡cc bctwecn th<' progr:J.mmcr 

Jlld thc diSplay dCVICC. 

- pomt 011 J \urf<JLC, detincd 111 J regular nct of 

gr1d pOint;, ll,liJiiy computed from data 

pomt; by mtcrpo1Jti011 

- gr JphiL 111\lrumcnt wluch l-Jil produce ;cvcrJl 

grJytonc~ bc>ldc; black and wlutc 

- lhl' mcLhallll-,d, 111.1gnctll, ci<'<lnt.d .md 

CieLlr0111L U'~\'ILC\ or LOIIIjllliiCill~ o( J 

c,Jmputcr 

- linc ;cgmcn l' ob>t u red from VICW 111 a pro

JCLtcd llliJgc of d threc-duncmwn.tl objcct 

- u.fvrmJtiOn or dJla trJn,fcrrl'd or to be 
tr.Hl\f.:rrcd from .111 extcrnJI ~tor.1gc rncdiulll 

1nto thc 1ntcrr1.1l \torJgc of thc LOmpulcr 

tlll' .m·a lh.11 IWil owi1.1ppu1~ rq:ulll\ h.1vc 111 

UlllllllOII 

-- ~urfaLc-linc of l-llll\l.!lll 1 VJiuc Aho c.lllcd 

LOlllOUr-lmc 

- 1hc po,1l1onmg or pi.ILIIl[: ol 1tcm' .1d¡Jccnt 

to CJLh nthcr or \IU<: by \ltk 

- .111 idcnlifl'-.lllvl1 dcVILc for 1ntrodue~ng J 

record, group~ of rcwrrh, or .111 addrc~; 

- J ~tylu~ Wlllch dCICl-1~ Wlllllll .1 lllllliCd ,lrC,l 

(lhc .ummg urde) l1ght gc•ncr.1kd on J (_ ll.T 
tn dclcriTIIIlC CilhCI jlll\I[IIJil,¡j Of d"JliJy 

eil!lll\.'111 alcnllly1ng mlnllll.llll,ll 

,, ¡1111111..1 1n \'.'IIH iJ .illl~lllue IIIH' lllll,,,r.H h 1' 

1"1 lOillpo ... t•d .IIHI p111llld ,JI,¡ IHIIC 

h~l 

mcmory 

m o use 

llOISC 

off-lme 

ongm 

output 

plnttcr 

pom ter 

prCCISIOil 

ra' ter ~(...,Ul 

record 

rcdundancy 

n.:frc,h rJIC 

n:,1du.tl 

H "-tthiiiOil 
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- d,ltJ \[TIIL!UrC WhiLh 01\'0rtC\ thc loglt,.i 

orgJIII7 .. 1lion of J file lrom 1t; phy\IL~I 

organ1LJ 11011 by cmploymg pomlcr' to mdi

CJte rccord-;cque11ces 

- an orgam¿at1on of storJgc un1b, pnmanly for 

thc rctncval of 1nformat1on 

-a h.md-hcld dcv¡cc, Wilh two perpendicular 

whccl~. wh1ch 1~ rollcd arnund 011 a !1Jt 

surfacc to prov¡dc coordmo~lc mput to lhc 
Ol~piJy dCVILC 

-error~ mtroduccd mto datJ durmg mea~ure

ment or d!'play 

-a systcm whcrc thc pt'iiphcr.d cqu¡pmc11t 1s 

1101 uncler thc control of tnc '-''11lfJI 1noLC.,.,

mg lllllt, J\ ili\ 111 UlC on-h11c loi\C 

-a rcfcrcncc pomt whosc Loordmatcs ,¡re .JI 
..:ero. 

- computcr rc,ult~ 'uch .~, ,111\\\cr, lo m.lthc

m.ltlcal ,md ;tatl~tiLJI probterm. plot~. etc 

- J gr.1ph1c dl'VICC i<H 111.1k111~ pCII\I,IIll'llt 

COpie\ li\ii,illy \VIIh .1 IIIOVIII,_: pcii i'h>lit'[\ 

L.ill he <ilgil.d 111\ IL'IIILIIi.d \11 ,111,i111~ 

(l-oniiiiiiOII\), dn1111 ,,r 11.11-bul plollt'r\, ~IL 

- an addrc" m J record wlulll rdcr~ lo J 

rclatcd 1Ccord 

- thc dt•gn·e of CXJCII1C\\ Wllh whiLh J 

qu~nt¡ty " ~l~tcd, contr.1~t w1th .ILlllrJLY, 

wh1d1 rcfcr> to thc .Jb\CnLc ol error rcgard

lcss of prcu'ion 

- J lcLi1111que for gc11cr.Jl111g or rc"oHilng ,111 

nnagc w¡th .111 llllCI1\Il)' (/ v,¡j¡¡,•) 'o11tmlkd 

lnw-ily-IIIIC ~WC<'P .1< ro" lhL' LllliiC d1'pl.1y 

;uii,ICC Al"l t.ilkd IHlllllllll><k ¡j¡,pl,¡y 

- d \l:i ol Olh' or lllOft..' LllllO...l'lll ti V~ lll.'it.h \ll 

rl'i,¡lcd data ¡(em; 

- thc fr.ICliOil of thc grm,·lnlo¡¡n,dHHl eontcnt 

of J mc\\Jge th.1t can be dillllil.llt:d w¡thout a 

l<h> ol c''c11!1.1¡ 1nlon11.1llon 

-- thc f,ILL' ,11 WIHLh .1 dhpi.ly 1\ f\~\'llL'r,llL'd 111 

orJcr lo rclllJIII Vl\lbk 

-lile difk,cn._c bcl\\L'L'I1 tht' L'\lllll.Jicd .111d thc 
JLtu,d V,IIIIC of g..:m:r.1lCd llllC <lf \drf.ll-C ,¡[ .l 

dat~ po1nt 

,¡ 11\l',I\\IIC o( till' .dHiil)' tll ,\ d~._ Vh 1,.' lO 

diiiL'IL'Iii!,IIC v.IIIIL, C g pi\Jih 1 \ltp '1/l' nr 

r.a .... tc¡: 1.11111 



r~tncv.U - the .1ct of fimhn¡: qorcd mformJIIOil. 

- ~tora¡:c who'c pnrnJry tuncllon 1~ to aug· 
m~nt tJlC C.IJlJL"Ily of mtcrn,ll qor.¡gc for 
h,mdilng dal,J ,ulll m~lru~(IOil~. ~IU\1 be 

tran,lcrrcd to mtcrnnl ~lnragc to becomc 
operJbic U~u,¡lly 011 ÚI~C, Uflllll or !Jpe. 
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~oftwarc 

storage tube 

UIIIOO 

- th•: 1nlcrn.ll progrJm' prcp,Hcd to \Unphfy 
progr.mllllllllo! Jnd ~nmputcr opcrJliOil :\Ion: 
gcncr.llly cvcry !y pe of compu ter program. 

- J CRT wluch rct.Jm~ Jn m1o~gc ior an ex
tended pcnod w1lhout rcfrc\hlng 

- the arcJ l-ovcrcd by c¡thcr or both ovcr
lappmg rcgwn~ 

o 

o 

o 



o 

BLOCKS 

CALFORM 

CNTOUR 

FA KAN 

GEOMAP 

o INCLIN 

KOPPE 

PAX 

1'1 I(S 

PFEIL 

RAI'P 

SIIDCTR 

SIM 

o 

'• 

lWAJOR PR(/GRA!ris'··uSED FOR THE 
. ' 

PR01J)UC1JON" OF. 'TIIE. FIGUR.Es·· 
• . ' J • ' 'ti• 

- Plot~ pl.mar prOJCcllons of Uucc-dimcn~ion
1

al 
block modcb. 1\uthor: R. M. Ray, UmvcrsiiY 
of North C.uolma. 

- Produce~ choropleth maps on U1c hne plot
ter. A u ilior· J. Cartngh t, Harvard UmvcfSity. 

- Subroutmc to compute one contour 111 a 
regular gnd of poml~. Author L. Coulthard, 
Umver~Jty of BntJsh Columbia. 

- Lictor an.Uysis (pnnciple 3'-IS mciliod) 
1\uUwr: W. D. Ra~c. Bonn-Bad Godesberg. 

' • ' ' ~ 1 ¡ 

- Lmc-pnnter program for ehoropleth, proxi
mal, and contour map~. AuU1or: D. Stemer, 
UmvcrsJiy of Watcrloo. 

- Prograin for UJC OrUwgrapl11cal Rehef 
Method Authors: T. K. Pcucker, M. 
TJcl1enor; Ottawa; and W: D. Rase. 

- Sclects smallcr gnd from surface gnd, com
putes absolutc and mean crrors of 
mterpolallon and plots residuals Auilior T. 
K Pcucker. 

-- Parallcl picture proccssmg UmvcrsJilcs of 

llhno1~ and M,uyland. 

l'lot~ pcr\pC\ liVC ViCW,. i\utllor L Coult
ll,ml. 

- Subroutme to plot flow-pattcrns. Author. W. 
D. Ra~c 

- Resource i\naly~is and Presentat10n Programs 
lo overiJy di~ tnbutwn datJ A u tlwr T. 
Stanhope, Umvcmty of WJterloo. 

- Produces Rehef Con tour MeU10d A u Uwr T. 

K. Peuc..ker and M. T1chenor. 

- Simulatcs land-u~e pattcrns and plots rc~ults. 
Author S. Willllk,·Smwn 1 ra~cr UniVCr,ily. 

· SIRKEL 

SLOJ,>E 

SMOOTH 

SPATFUN 

SUPERMAP 

SYMAP 

SYMVU 

VIEW 

VIEWBLOK 

WATERSHED 

YOELI 
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-·Produces cueles for absolute data plotllng · 
1 . 

w1th delctwn, of ovcrlappmg parts. Author: 
D.llatlehd, Sunon rrascr Umvers1ty. 

- SÜbrou'tme to compute slopes 111 a surface. 

Author: W. D. Rase. 

·- Subroutme· 'to ~mooU1 a surfacc on ilic ba,Js 
of .a mov19g ¡tyerage. Author W D Rase. 

J _¡ l '"' 
- Outputs rectangular array of z-values from a 

ChOiCC of'lif·spatJal funCliOllS Wllh USCf• 

supphed parameters Author T. K. 
PcucKér ; •. · • ., 

- l~;~ws m;~~ ;and other data m a numbcr of 
proJcchon,, A·t;Üior R. L Parker, UmvcrsiiY 
of Cahf<;Jmla, San DJCgo. 

- Flexible program to produce dtffcrcnt type~ 
of maps.on•a·hnc-pnntcr. Autl\or Labora
to,ry f~r .Con{p;/t0r GrJphic'> and SpJtiJI 
Analy;~,, Harvard Umvcrsity. I·:O..tcn>iOil,· (e g. 
mclu~wn of pqlyn01m.tl trcnd-,urta(c, poult 
di~lnbutJon cocfficicnt. cntry lor w.n
suppllcd subroutmc). W. D R,,,c 

- Plots pcr<,pccllvc Vii!W' ot rcgul.ir gn<h. 
1\uthor•. 1·. l~cn,, St.ttc lilllVCI,llY ni Ncw 
Y m k, Butf.tln Jlld L.tbor.tllHY lm C\unptttcr 
Cr.tphi'"' ,ttH.l Sp.t ll.tl 1\n.tly"'• ll.tt v.u d 
lJIIIVCf,ily ' 

- Computes Vi"blc arc:L'> on J gnd of ht'igh t 
from an obscrvatwn pomt and plot,'rc .. ults 
Author. T K. Peuckcr, Jftcr Amtdon &. 

Lhncr. 

- l'lot~ p..:rspcc..üvc. vtcws of rcgul.tr gnd~. 
Author D Dougla,, Umv.:r;lly of Ottawa. 

- Surfacc ,mJ.IY'" bJ'>t:d on ,Jope analy~ts. 

Author D Shcp.trd, liJ.rv,,rd UmvcrsJIY 

- Analytlcal HJII,h.•dmg 1\uthon,: M. 
TKhcnor, T. K. Pcuckcr Jnd W. D. Ra,c. 
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TliEMATIC CARTOGRAPISJ:Y 

I. INTRODUCTIDN 

Cartogr:~phers are contmually under pressure to reduce 
mappmg ume and costs while stlll plllducmg more and 
bcttcr maps. Sausfymg thcse demands lustoncally has 
mcJnt lhat carlographers must c¡utckly take advarilagc of 
general tcchnologtcal and mformat10nal advanccs m soctety. 
MaJOr cartograpluc developmcnts are, m fact, easily traced 
to such mvenltons JS the compJss, the pnnttng press, the 
dlllmomctcr. ltthography, aenal pholography, scnbmg, 
computcr g1,1piucs, and remole sensmg from space vehtcles. 
Obv1ously many of the devclopmcnts alluded to here have 
bccn m pr1mary (t.e., ong1nal) mapptng acttvtty and have 
oflen been accompltshcd through expenstve ec¡mpment 
Jcc¡utsltton and a klgmcntatton/spectaltzatton of labor 
mputs. The scalc economtes of pmnary mappmg and the 
n.llurc of lhc demand for the resulttng maps have actually 
encouraged centraltzatton to the pomt that most acttvtty ts 
now caflled out 111 a fcw largt: governmental agenctes. 
Forlunately, all of thts has been to the beneftt of the 
so·callt:d thcmJttc cartographer. who generally operates on 
J l11mtcd budgcl and uuhzes 1nfnrmat1on from establtshed 
d.1t.1 collc..:twn agcnctc~ to comptlc spcct,illzed maps on a 
hnutcd pll)dudton b.l>ts 

Bo1h 1hc cnviiOillllL'Ilt.d >Cicnccs ancl d.1l.1 proccs~111g 

h.lh' dcwl,lpcd c:-..tcns¡vcly ove¡ 1hc p.l\1 few yca1s By .1110 
l.ng•·. thcm.1t1c c.1rtogr.1phcn, have kcpt up w1th t)1csc 
devcl<>pments and con111111Cd to produce a useful 
product. Somctuncs vast changes 111 data mpuls and 
marp1ng methodologiCs were 1nvolved. Recen! responses 111 
themat.c mappmg lo general technolog1cal and mtorma
uonal devclopmenls llave actually produccd l11JJOr mod1f1· 
cat¡ons tn ca1 tograpll1c empllas1s and tccllmc¡ue The 
conceptual, mctllodolog1cal and techmcal dcvclopments 
underlymg tllese cllangcs llave rcvcalcd or crea ted a w1de 
arr JY of cartograpl11cal problcms as well as a 1 tractcd 
.tlt<:n11on lo lhc unportancc of b.ISIC cJrtograplHc 1c~eJrch 
Unlortun.llcly, clcvclopmcnts h.1vc oftcn bccn so d1Vc1sc or 
uJ -;ucll \¡lCl!.di!Cd lla\llfC tll;¡( tiH~If \l~ll¡jiC.IllLC 111 ,¡ 
b!o.1dC1 '>Cil\t.: ha., not .dw.Jy\ hccn ck.IIly I<'Lilglli!Cd IH 

undc,,tood Too oftcn for tllc llldlvldu.d thc IC'>llll ll.l\ bc..:n 
to obscure gt:ncral rest:arcll trcnds and goals The pu1 pose 

of lh1s monogrJph IS lo rev1ew reccnt dcvch1pmcnts 111 tlle 
field of thcmallc cartography and. fu¡ thcr, to 1dcnl1fy 
tntcresttng problcm arcas wh1ch war1ant futur~ altcnuon 
Although ttts unposs1blc lo t1eJt c:-..hJustlvcly thc C'\.1cns1ve 
matenal avatlablc 111 a s1ngle pape1 ot l111s nalurc, tllc 
selcct1on of top1cs p1cst:nted should tllu~t 1 .~te Jdcquatcly 
the number of unresolved problems facmg tllem.1t1c carto· 
graphers and !hose who uttl1ze thetr spcc1altled maps. Keep 
tn mmd of course that th1s wrttcr's plHHilles m top1c 
select1on and emphas1s do not ncccssartly rcOcct the 
opm1ons onc m1ght sol1ctt from a comm1ttee of noted 
cartographers. 

The problems and research acttv1t1es ol conccrn here are 
best assoc1ated w1th lhe contmumg trcnd 1 f\1111 map makuzg 

to cartograplzy Tl11s d1stmct1on 1s 1mportant Map maK1ng 
has rece1ved mosl attent10n and IS det'mcd JS thc agg1cgate 
of those tnd1V1dual and largely techmcal proccsses of data Q 
collectwn, cartogr Jphtc d~s1gn and const ruct10n ( d1 afung. 
scnbtng, dtsplay). 1eprocluc11on. ct cctt:Ia, norm.tlly as
soc1ated w1th lhe actual product1on of maps A l.Hg<: body 
of tccllntcJI 1nformat1on and lllllll11Vt.: P''h.:cdurc; h.1> 
.H:cumul.ltcd l>VCr thc ycar~ wlHcll ]¡.¡, pc'lllllltcd map 
lll.ikCI\ Wl1ll. 111 111,11\V C.J\c'\. !Jttk illllll.Jl \ciCilllfl~.- ll.JIIIIIlg 
111 tllc V,lll<lll~ .l~pcch 111 c.lil<lgJ.i¡ll11c l<'llic''c'lll.lli<lll 111 

comp1lc qu1tc acccpt.!blc m.1ps i<ll lll.Jily pu1 p<l,L'' C.lJt<lg-
raphy. on thc othc1 hJnd. rc•fct~ tu t:1c lltlk ~1\•Ülcd 

ph1losophtcal and themellcJl bases ptlnllplcs. and rul~s for 
maps and mappmg procedurcs The cu11Cnt lll,ih.l!ly of 
1hcmat1c cartographc1s lo synthcsw: ctlcctlvciy the 
amasscd weallh of 1nd1v1dual mapp1ng teclln1qucs rd1ects 
thetr lack of attcnt1on to lhesc conccptu.d 111und.1l1UI1S ot 
mappmg. Thc resull too often ~~ 111.1rllculJtc j)I.JlllliOn<::r~ 

of an 1ntuit1ve dtscipltne Ca1 tog¡,¡plllc actlv1ty ~:-.pllc!lly 

mtrocluces the graph1c modcl na tu re ot m.1ps .• nd thc 
result1ng un plica llOllS for m a p ll1J k1ng me 1 hodulogy S1ncc 
th1s mcludcs map me 1n Jdd1t1nn l<l nlJp makmg. c,ll
tography <.:Xpl1Lilly LOilCCIIl\ thc rl'l.l!IV<: CliCLiiVCllé'>' OÍ 

V,III0\1\ lll.ip¡llllg !cl'iilli!!iiL'\ .111d l<'<¡illll'\ ,¡ ,¡..,11 IIIHi..:l· 
\l.llldliig ol tll~ uo;cs to wll!c"h lll,ljl Jlll<lllll.illoll \\lll hl' pul 
In sunplcst tcrms. ca1 togr;~phy IS ch:JI.Ic'lcil!cJ by -:on-

o 
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.:cptuJl. problcm-oncnted rcsearch d1r.:;cted at fo1n13hzmg 
1 

the scicn.·e u11dcrlymg the art of cartog1aphy. 
Onc may deduce from the mtroductory .ernarks that 

numcroús 'externa/ 111[/uences combme to set real con
str:unts:on 'thc mapp111g process. Dcvclopmcnts rclatmg to 
thcsc vuts1dc mtluenccs obvwusly will have a d1rect effcct 
on m,lppmg JS well. l t 1s 1ntercst1ng, therefore, lo tdenttfy 
the ·more unport<~nl mflucnccs that underhc thc s1gntf1cJnl 
changes thal havc t:1kcn place in cartograph1c cmphas1~ and 
te.:hmquc m lhc p:~sl dc'cade. lt appcars that CJrlographrc 
trcnds durmg tlm pcnod can be atlributcd to al lcast four 
broad. mlerrclatcd factors: a scrcnt1fic revo\ut10n m 
map-rcl.itcd d1SCljJl111cs, the emergencé of a general thcory 
of commumcat10n, th~ advent of' h1gh-speed d1g1tal com
puters and pcnpheral dev1ces, and improvéments 11~ druftrng 
mak~-~:~ls, cqu1p'mcnt and techmques. 

Fmt, m 1 eccrit dccadcs' lhcre was a raprd "scrent1flca
uo~" of d1SC!p!Jnes 1110St aSSO~!ated W1lh the USC of maps. 
The whole tra11síormat10n prÓcess has been descnbed as the 
quan(ltative revolution, m spite of the fact that the result 
was much more' than mere quantlilcatlOn of d1sc1plm~s. The 
"re,¡l" rcvolut1on was onc of mtcnsc ncw mtere~t ¡'n 
thcorctH.:Jl Jnd mcthoclolog1cJI devclopment The h1gh 
dcgrcc of lJrgcly uncnt1cal acceplance enJ9ycd by maps 
lustoncally. duc lJrgely to the fundamentJI role thcy 
playcd 111 geography, e ame undcr long overdue scruuny. 
EmphaSlS qlllckly cha11ged íro:n a quahtatrvc toa qúanllta
tlVC approach ,wlth the assumptron that subject1ve map 
analys1s 1s 1101 suít1c1e11t.ly ~1gorous to- p;ovicte thc ·rou'rict:~~'
t10n for a SC1ent1f1c d1sc1plme never far out of mmd Maps 
had to take then proper place w1th other mclhods of 
mforma11on processmg 011 wh1ch env1ronmental pohcy and 
plarimng dcc1~1om dcpcnd. So-called quant¡f¡ers' nWJOr 
rc~ponse w.1s tn 'borrow a hosl oí statrstrcal proccdures 
from other f1elds for ob¡cctlve (Le., rcpcatJblc).analy;¡s of 
sp:Jt1:~1 drslnbulltlns. Bccausc of unccr1Jll1t_II!S sun oundrng 
th.: potcn11.d a11d role of both grJplucs anél statrstrcs, 11 rs 
stdl 1101 ele a¡ whcn the USe Of one Or thc ül hcr tcdllllque IS 
more appropnatc. ~0r what the most ¡ud1crous m1x of the 
two appro:Jchcs slwuld be. Probably thc most rmportant 
cJrtogr:~plliC development to ansc from th1s sc1entrfic 
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rcvolutron IS an mcreased conéern íor the role of maps, or, 
more gcnc1ally. graph1cs; m sclCnllfic argument. The 11tera-
ture of cartography, graph1c commun1catron. and sc1ent1f1c 
model buridmg Jll become s¡gmf1cant Cartographcrs have 
becn i1Jrced 1ll cv,llu.liC thcn mcthodology and adJUSI lo .1 
mor..-: sophrsllCJted .1pproach lo resc:nch. 

Sccondly. 111 thc· 1.1~1 two dccadc~ CO/lll/llllll!"allr>ll and 
¡njomw/ltJ/1 c.tpluH:d lhc ,lllcnllull of \..:lcntl~h R.llnilrca
\IOll~ 1111111 th~ Cill11111lllll.;,lllllll ,lllll lllillllll:illilll thcur.:tlC 
Jppr,l.ILhc> 11m~ p~rmc.1tc nwsl scrcntrlr..: <:11clC.tVl>r Tlle 
devdopm.:11t of J gc11aal theory ot ~.,ommum~atllln was 

2 

bound to have 1mportant conscquences for cartography, 
S111Ce mapS are essenttaJ1y mformat10n transmlttmg ~eVICCS 
mvolvmg the ba~1c rules of graph1c commumcatwn. 
Although· cartographers havc not been able to couch thc1r 
subject mattcr 111 formal commumcauon theory tcrm~; 

thcrc' has be en an increascd' cmpl\asis on thc informa uor' 
aspects of cartography as ev1denced by our prgom1cd 
hterature ( c.g., not~ the use of su'ch W<:Jrds ·as Signa(, no1se, 
bit' channCI capaclly, a11d othérs) The context of mforma
tlo~ the¡)[y pr~v1dc.s cJear:cJt"aeclS1Óll' cr1nifiií for rela111111g 
or- chmmatmg rrwp · efen1etl1 s ¿n the ·tias1\ of thw com
munrcatwn effecl1Víines~. 
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But 'úr'¡~' '§'1111 'riece'ss~HY to dctc'r
mme wl{at mfo~matwri '1s mcíc';Jnt, ;di o:riiy margmally 
relevant, to the m'ap_use'r and w~at'c9mbinaii'ons of..symbol 
forms are confusmg and dlstractmg from overall map 
legrbllrty. Prob:.Jl)Jy thc most imporant cor1scqucncc of 
these new SCIClltlflc pe'rspect1VCS on con1múmcal1011 ha~ becn 
thc exphe1t recogmt10n tha-t cartograpluc processrng 1s, m 
fact, an act1ve feedback sys-tem mv'olvrng 'data collectron, 
data processmg, mfonr\auon dÍspl~y. añ_d iír{age processing. 
ThlS "systems" approach, W1th :ltS strong cmphaS]S on the' 
mterdependence be'twce'n ttie s'teps m cartographlC mforrrw-

- Í10fl p1 OCCSSlllg, 1S slow]y répJacmg an h1Sl0f1Cal tcndcncy lo 
"¿ó~s1der cartógraphy :.1s esse.1trally a "mapprng" pmblcm. 
T!íc'' n·cw 'approJcli has also ca u sed a ma3or rcthinkrng, of 
car togwplnc methódology anct' opcned vJst arc::s uf 
potcntlJl research and development. lt partlcularly 
emphas1zed the general nature oi mformatwn and lcd 
eartógraphers lo a consJdcratwn of more abstracf forros of 
data. 

Tlurdly ,' reccnt ,decades ha ve w1tnessed the conung of 
computers and automatwn T\le range of computer apphca
uons 1s essent1ally unlumted. Any problcm that 1s com
putable, m the language oí automata thcory, can be ~olvcd 
thcorctrcally by a generJl purpose comput.:r.'T!.c condrtron 
ol compulabihty is dcfm~d by thc Sll-c.ilkd Tunng 
thcorcm ,' r.c.,- a11y p1 ocedure wluch can be rcdu.:cd to a 
finrtc ~equcnce oí expiren stcps can' be Jult;>matcd Cer
tamly most cartograpluc apphcat10ns can be reduced to a 
fHuté nuniber cií ~xphc1t opcr;t10ns and thus Jrc potcn
twlly capable of bemg a'utomatcd lt rs only a qucst10n of 
undcrstanding cartogrJph1c pracuce, technologrc::ll aclucvc
mcn t, requned spced, developmen t -:JI1d unplcmcnt:Jt1'on 
COSIS. and SO forth. lt 1S hardly surpnslng. thcn. that the 
dcvelopment oí computers and penphcrJl equrpri1ent lus 
had an unmeasurdble effect on contcmpor.ny .:artography 
Jml the futurc outlook Cmogr.1ph1c tcclllllquc hJs bccn 
Liclrc:dly transformcd 111 two w.1y~. On une h.111d. computc1s 
madc lcas1ble much more raprd and 'uplw,tr.:.tll'Ll 'l.ilbllc.d 
lll.ll1llH~lal1011 or Llat.l SCl~ TJu,, 111 lllrn, kd lulnghL'l kvcl~ 
ol ~crcntrll" mmlel buddmg. lnordcr lo o.llllllllllC plllducrng 
a useíul pwducl, cartographers have had to map thesc more 



Jb,IJJ..:t :mJ oftcn complcx notwns On tllc othc1 hJnd, 
1 cnul te scnstlrs, a u tomJ tcd stereo-com pila twn maclunes, 
t)¡):.c.ll scanncrs. computcr-dtrectcd llnc-prmtcrs and 
pl,lttcrs. CJlllodc ray tubc (CRT) d1spiJys. and other 
dc'VIc'CS hJvc bcgun lo rcpl.Jcc lllJilUJI 111.1p comp1lat10n 
¡,·cillllqllé~ Onc ri?sult hJ~ becn a phenomcnJl tncleJsc 111 

Ul11l¡ljlJllllll SpccJ .• ICCUf,ll.y, ,Jild thc tlCXlbillty of data 
lll.illlpUIJllOn Jnd d1splJy Altlwuglllncrcascd magmtudm;:¡l 
.llld p,l,lllllnal (1 e planlJllCtrlc) .tccurJcy 1s not cspcctally 
, 1 lllc.d .1nJ po~s1bly sllould e ven be dc-cmphast7cd 111 

thélll.tttc m.1pp111g. tncrcJséd product10n spced, along wtth 
gJCJlcr mapp1ng tlcxtbil1ty. mcans thJt largcr numbcrs of 
up-lll·d.tlc m.tps CJil be produccd lo SCIVC. partlcul;:¡rly, 
tnb.1n and rcg¡on.d planmng and policy dcclston nceds A 
~cLond con~cquclll'l' of dulomatlon UCIIVCS from thc fJct 
11l.11 ulll1j1Uicr-J~'l:·.lcd Ldllog¡,¡pily must be bascd upon a 
i"C!lc.d s~.hcmc of un.llllbiguous rule~ lH 111Stru..:t10ns CJr
l<l¡21.1phcls hJvc bccn loJLCd lo an~wcr qucsl1on' hcrctoforc 
c\lll\llklcd only lillpllCllly by lllllllllVC proccdurcs Thus, 
wlilic thc ,IU(Ollldllllll oi' CSt.tbltsilcd C.lrtograplnc prdC[ICC 
w.ts cnllldy piCdiCl.tblc and lhcrciOlc not of maJOr 
tlicorctlc.ll conscqucncc, lile a..:tu.d disclplmc mvolvcd 111 
,,·duunl; lile ",111 ol l.lllo¡.;r.Jpliy" lo .1 'l'ljllCIILC ol cxplilll 
'>ll'!h lil,l( t01111 lill' llldlVllill,¡j LlllllJlllll'l JliO).'.l,Jlll\ COllld 
wcll¡novc ¡,, hJVl' .ll.l,llng bcncllcl.d cllccton c~ulogl.lplnc 
Jcvclopmcn t Tlll' tlwugh 1 proccsscs m volved 111 makmg 
v.JgllL' lll.lpplllg llk.l\ ..:oncr..:lc cannot ll..:lp but to fJollt.ilt.: 

T¡ 
~ 

T1 = Doto Collect•on 

T 2 = Nlopp• ng 

T3 = Nlop Reod1ng 

RAW DATA 

t 

tllc dcvclopmcnt and tmplemcntatwn of cnttrely new 
carlographtc pracllces. 

f¡n;:¡lly. a wtde range of draftmg and reproducuon m.:d1J 
hJvc been dcvdoped 111 re..:cnt ycJrs wh¡l·h requ¡¡.: lH 

cn.:ourJgc enttrcly ncw .1pproachc·s to tr,¡J¡¡¡,),¡,.! piObléms 

Plasl1cs, sensttllcd papcr~ and films, ;:¡nd ncw nonpllllllng 
proccsscs havc had ;:¡ part1cularly great unpa..:t on Lartog
raphy. Prepnnted mate11als, wh1ch reqUirc only map pü~l
tiOnlllg, are now ub¡qu1tous atds 111 cartogrJphlc labora
tones. Thcse matenals perm1t thc prcparJtlon of h1ghcr 
qualtty maps wtth less manual labor and m lcss ttmc than 
wJs posstble Wtlh prevwus mclhods. 

Takcn together, thc rcccnt changcs 111 cartogr~ph1c 

cmplwsts and techlllquc havc rcvttallzcd and rconcnted a 
Jtsc1plmc founded u pon convcnt1on 1 n comb 111'-1 t 1011, thcy 
pJrtlcularly cmpllasl/C that un¡Jc¡st..llldmg anu Lommumca
tllln betwccn data col lector, cartogr J ph1c p1 occs~cr, and 
uscr must be exccllcnt 1f lhc cartograph1c 1nformatlon 
systcm 1s to functmn optun~dly To lllu~tl.ltc thcsc lntcr
dcpcndcnclCS, thc bas1c orgallltJtlon of cJrtog¡,¡pluL pro
ccdurcs typ1fymg cartograpluc mformatlDn proccsslllg has 
hccn ~chcm.lllc.llly outlu1cd 111 F1gurc 1 Th..: ¡nc\cnt >IHvcy 
of c.1rtograpluc allll Jclatcd IC,C.llch ~.lmcly loll"w' thc 
w..:ccss1vc (but llltcllci.llcJ) \lCJh 111 t!J¡, 'Y\klll In 
partH.:ulJr, the callograpluc prm.:css 1s V1..:wcd J~ a se ne> of 
transform;:¡tlons mvolvmg the select10n of d.Jta fwm the 
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re JI wodd (T 1 ). the tr Jnsforma twn of thcsc data m to a 
grJpluc map {T 2 ), and the rctneval ofmformat·-on through 
an mtcrprctatlvc mJp readmg proccss (T 3 ). A mcasure of 
thc · commumcat10n cffic.ency of the cartographic system 1s 
rcJatcd (O thc amount of transmitted informat10'n, wh1ch IS 

sunply a mcasure of the correlation between"input and out
put•mfor111Jl1011. Thc cartographer's task 1s to dev1se better 

, .. 
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'1 

and better approx¡mat10ns toa transformat10n, T 2 , suc:;h that 
output from T3 IS equal to mput T2 , 1.e., T3 = T2·-•. Th1s 
conceptual s1mpllf•cation 1s not meant t\) 1mply, of course, 
that the transformations themselves are either Simple or 
unrelated. Our "ab1lity to measure the amount of mforma
llon that survives the various cartographic transformat1ons 
1s also quite llm1ted. 
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llo DATA COLJLECTION 

Data capture actually 1s a better term than data 
CllllcdlOn, s1ncc 1t more exp¡css1vely conveys the 1dea that 
dJta must be act¡vcly sought, as opposed to merely 
Jcqu¡rcd 1n a pass¡ve way. The contmumg mformat10n 
cxplos10n lll t11e env1ronmcntal sClences long ago over
whclmcd our lmutcd data lldl1dllng capabi11t1es. Our ablllty 
to "cJ¡Jtu¡e" env~ronmentJi dJta far exceeds our ab1hty to 
111(Ctptet and manJgc 1t cJrtogrJp!ucally. The result 1s a 
growtng dcmand for (a) lower cost maps produccd 111 
lcss tune, (b) maps utillzmg new forms and types of data, 
and (e) maps bascd on mcreasmgly more soph1st1cated 
mcasurement and data samphng schemes. Sat1sfymg these 
and othcr necds entails a w1dc spectrum of cartograpluc 
a.:t¡v¡ty. More thcory 1s needcd, ncw tcchmqucs must be 
dcv1scd and, above Jll, more c.ntographcrs must be tramed. 

( 1) Automation 

Themat1c mappmg has been affected dnectly by the 
advcnt of versatilc, lugh-spccd d1gJtJI computcrs wluch 
prov1de thc bJSlS for modern clcdron¡c data proccssmg 
(EDP) The demJnd tor nurncncal mforrnat10n spJtlJlly 
formJtlcd wlth unJmb1guous locatwnal 1dentlflers brought 
about by thc apph..:Jtwn of data proccssmg tcchmqucs has 
causcd maJOr changes m cstabl1~hed non-tcrram data col
lc..:tlOll pwccdure~ ADP has prov1ded the baSJS 111 thcmat1c 
cJrt,Jg¡,,phy for the devcloprnent of automJtcd sp,¡t¡aJ 
Jn::llyst~ and mappmg systcms, both of wh1ch are ..:re¡¡t¡ng a 
nced for ever largcr amounts of spat1ally ordered dJg1tai 
mform.ttlon. lt mu~t also be rcmembered that for computer 
proccs:,111g 1t 1s w¡se to record data at thc largcst scale that IS 

hkely cver to be dcmed, smce theoretlcally thcrc 1s no real 
mtcrn<~l storagc problcm wlule the task ot augmentmg 
cxlsllng data files w1th more dct:.11l 1s s¡gnlflL.Jilt In 
pract1cc, thc unlumtcd nature of potentwlly mJpp.1blc 
mformJtlon Jnd pr.Jgm<~tic lumts on the phy~IcJI s¡zc and 
costs of est::!bhslung Jnd ma111tJmmg d<JtJ banks rnake 
"rc.:ordmg JJt..1 Jt the largest scale that IS evcr to be 
Jc~1rcd" only lhc Ideal 111 th.:ory We slluuld tllcr.::lürc 
cxpcct ~pcu:~lltcd, map spcctfic UJt,I lllcs lo rcmam 111 
<..ommon U>t:, J!tlwugll tllc-,c lile-, will InueJ'>Ingly be lll J 

form acccptablc for LDP Wht:nt:ver pr.H.tical, future dJta 
collcctwn schem.::s must be dcs1gn·~d or modified to output 
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forms of mformatwn wh1ch wiii be gencrally access1ble 
w1th a m1mmum of subscqucnt data handling to the w1dcst 
possible vanety of cartographic processmg techmques Th1s 
means that observed measurements must be rcportcd 
daectly m rnachme usable forrns Although today 
"machme-usablc" essent1ally 1mphes digital storage, we 
should expect futurc mcreaseJ use of analog stordge 
techmques such as m1crofilm, microf¡chc, and so forth, as 
pictonal computer input becornes a reahty (see lJter 
diSCUSSion). 

Contmued modlficatwn of conventwnal Jata collec:ion 
procedures along w1th thc development ol entlrely new 
techniques will make ever largcr vo!umes of data acccssibk 
to autom<Jtcd proccssmg. Thc most ctlicicnt .lpproJch 1s to 
oblam dtglfaed ptctures or nwnencal maps d1rcctly from 
rcmote sen~ors, altltough, stnctly spc<~king, tlus usually 
cntails automatic converswn bctwecn some combmat10n of 
graplucal, electncal, optical and digital modc~ (Figure 2). 
Portable d1g1tizmg equ1pment wluch can be used to record 
obscrvatwns daectly as d1gtts or convert them unmedwtely 
mto spat1JIIy ordcrcd numcnc<~l for:ns wlll becomc ess.::ntiJI 
to efficicnt field work. The mJnufacture of compact 
computers wluch are rugged cnough to w1thstand lnstal
latwn 111 slups, anplanes, ~<~tclhtes, and othcr mobile 
vchiclcs mcans that 111put (dat<~) may oftcn cntcr the 
cartograph1c proccssmg systcm duectly from lhe environ
mcnt with httlc, ¡f any, hum¡¡n Intcrventwn. Computer 
mtcrpolauon and extrapolJ tlvll :ilgollthms .;Jn be us.:J to 

"f¡Jl" data matnccs from observat1ons at scattered control 
pomts or sparse gnd networks (Figure 3) In any case, thc 
output from modern data acquiSIIIOn systcms wi!I corh,st 
of coded 1Jlformation stored on punched cJrC:s, punched 
paper tape, m<~gnet1c tape, nr 111 some othcr computcr 
compJ trblc f orm. 

In CJses whctc mfOim.ltron hJs ,llre,¡<.Jy becn colkc1cd 
but cx1sts only 111 a tabu!Jr, tcxtuJl, or grJp!Hc t'ormat, 
thcse data havc to be convertcd Into a digit:JI .-,1L1de ¡mor tú 
most computcr process1ng TJbui.Ir Jnd t..:xtu.ll 111format10n 
sourccs (e g., mmt cxrstlng ccn~us d.ltd) .11e CJ~IIy but 
!Jbonously tr.In~lcrrcd UllcL.!Iy lo cumpulc'l cu,<:p,l 1•hk• 

cards or tJpcs usJng J typcwiilér-likc Jcvi..:c Nlill\.:IICJI d::JIJ 
:~re usu:~lly extrJcted manually fwm m:~p> by super
unposmg onc of the common areal sampllllg Jcsrgns on the 
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l.b 2.1 z.s 2,8' 2.9 ,2·9 >.6 2.1 1.5 .9 .2 ·:5 ·1.0 •1,) ·1 "·1.2 -.8 -.) ·1 l.) 

.1 .s 1.0 t.) 1.4 LJ 1 1 1,6 .1 -.6 -1 J -l.Q .. 2,) -2.6 ·2.? • .z.s -2.1 -1.5 -.e ,, 

NUMERICAL M~P 

(!unctoon) 

_SIN (X+ Y) + 2SIN (2Y) 
,, . 

+ 3S!N (3X) 

hgure '2. D1gltJ.l and numenéal maps (aftcr Joncs and Gallct, 1962 and l962b) 

Data Points 

* 
* *· 

** * 
* ** 

* 
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lll.lil surf.1..:c . .t top¡c to be cl!scusscd .1g.11n l.dcr A Jargc 
numbcr of dJglt1/lllg 1nstrumcnb Jnd Jssoc1atcd tcchlllqucs 
11.1\'C bc•cn dcvclupcd I.Llr thc t.1sk of convcrtlllg gcomctnc 
d.11.1 from ch;H!S, m.1ps, photogrJphs, etc. Jnlo numcncal 
fo1m Thcsc Jnstrumcnts rangc 1n complcxlly (and cost) 
IJom rcl.ttivcly CltHlc, m.tnu.dly opcratcd trJcmg or pornt-
111).! dcvk.:> ¡,1 p.11 IJ.dly JUIOllldiJc !me lracmg and fully 
.1UlLlill.IIIO.: O)lllL.Jl-mcch.illlCJi !>C.IIllllng ,111d (tJlgJIIZillg 
nl.ll:lill1CS i\i.lJlll.dly opcrJtcd dcv¡ccs Jmkcd w1th co-
ordinJll' drglliLcr;, Jnd alphantlll1Cflc kcyboards have 
alrcJdy p1 owd ~uccessful and should bccomc standard 
c.u lllgl.iplnc lJborJiory equ1pmcnt 1n tlns decJdc. Thc 
more o .. pcn~tvc. volumc-oncntcd autom.llic cqtnpment stlll 
must undcrgu st.b>iJilll.Iillllprovcmcnt bcfore 11 1S gcnerally 
prJct~<.-.d [ven tht:n 1t wiiJ undoubtedly be restncted to only 
thc !JJgt"il m.Ipplllg orgJI117atlons for some lime ResCJ!ch 
uSSOCIJil'd Wllh thc actual devclopment of the types vf 
nwt1e c/1angmg cqt~~pmcnt mcntwncd above 1s tcchnical 
a11d not commonly pursucd by thcmat1c cartographers, 
thcrcfore. the top1c wiii not be cons1dc¡ed further On the 
othcr hand, thc degree and narure of d<~ta error (n01se) 
111truduccd by system d1stortwn IS an tmportJnt <~nd 

rclcv.lnt to¡:Jic fur study by themJllC cJrtographe1s Any 
gJlll ur loss of mflllm.ltlllll must, of cour;,e, be wctghed 
ag.llmt systcm conven¡cncc and il!lal map accuracy stan
d.Jtd'> 

S111cc dcvclopment of computmg systems thJt could 
hJndlc gr,¡plllcal tnput would clu11lnatc the nume1tcal111put 
holllcncd; to lllCIC.J~ed aulom.i11on. thc literature of 
Jll< l<>ii.d d II.J~c<IIIIJlll'~~l<l11 ll'l J¡¡¡¡qill'~ .. llilllill.JliL Jl.!IICill 

1< < "('11111"11 .111.! J'l< 11111' J''''' <'\'.lllf' i>1• l IIIIIJlili<'l 1~ lll 
11il•" ,¡ (" J\,,,. ¡¡¡,·J.J. J'l¡,'l) [I¡JI,'Iillllli<'il. "'IIIJ>iil<'l 

J•ill•'ill .111 .¡, \1\ \\ .,¡¡Jj J¡llk 1\i<lll' ill.lllllll.il' J>i•>ll'\\111}', J¡¡ 
.,¡>11•' •>l 11, tlil'lll•'lil .Ji jlllll\11"'· 11111,1 ¡,·, lilll'llll'~ ,¡..,:,.¡,,¡wd 
[¡¡ d.1l<' 111 li11' J'l• llill' jllll< l'\~111)' .111',1 IIIV<IiVI' ~IIIIJll.

,iJ,II.I< ¡,·¡ ll'LII)',IIIllllll ,111d .IJ>J>.III 1111\' \JIII\V lillllli'.J .!111'1 1 
L.lllil:~i . .¡lltiL ,!p)lilL.iiJ¡j¡ly Ji Wi!J Jll<lh,ihJy be W\lll' ll!liC 
b•:lu¡,· c'Ulllpkx gtJphtc dat.t >llllliJr lo m.tps can be 
procc,,ccJ automaltcdlly and thc1t:by prov1dc sat¡sfactory 
~oluttll!IS l•l thc g¡,¡plllcal 111put problcm In lhe mcantune, 
spat¡,.Jly ordcred numcrtcJI dJtJ will rcmalll a htgh pnonty 
IIClll 111 datd JCqUISllOll ~yslCillS 

(2) Typc of Data 

A trend towJtd m.1pp1ng mote conceptu.il. clu~lve 

(cphcmctJI) Jnd ab;,trJct forms of tnlurm,illon ts .tppJrent. 
Somcluncs thi> h.1s lnvolvcd the dcvclopmctll of Jevolu
twn.ny ncw mctlwdologtc~. lll.Jtcnab ,1nd cqu1pmcnt For 
C\dlllJliC. 111 lhc c,JSC ol ll\lilg ICilHJICiy ~L'Il~Cd d.i!.l, 

LJI tugr.1phcr, Jrc ¡ncrc.J\Illgl~ looJ..1ng bcy1md u>nvcntlo!l,¡J 
bl.rd. Jlld wlt!IC phulogr.¡plty ,Jllu thc VJ>iblc-light poll!On 
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of 111e elcc:to:,1agnd.c spcctrum In f.tcl, sunultancous 
scnstng í/Jrúu¿!wut thc ;,pecuum 1s <~lrc.~dy at lcJ0t thc
orcllc.dly poss1ble Rese.trchcrs are currently mvolved w1th Q 
comparalive analysts of such d1verse multtbJnd sensmg 
techniqucs as black and wJ¡¡te and true-color photography 
(tn vanous ftlm-ftltcr combin,Jt¡om), falst:-color and blJck 
Jnd wl11te lllfrared photogrJphy, thcrmJI mf'rJred llllJgery, 
stdc·lookmg rJd.u, elcctro-opttcal (tclcvtston) un.1gery, 
llllJg1ng m¡crowJve unagery, ami othc1s Once thc reiJllVC 
cJpabtlllles nf these sensmg methods takén lildlvtduJIIy and 
111 combtnal10n JIC understood. the rnaJor Jematmng tasks 
wtll be (1) to lcarn how to ll1Jtch tl11s llllpress¡vc array of 
matenals. eqUipmcnt, and tech111qucs ro illd!vldual survey 
requ¡rcments, ami (11) to learn how to llllcrplel Jnd use the 
resulls (output) 111 lhe mosl elficiCI1l Jnd cffecllvc way. 

Thc growmg acceptance of thc conccpt of quJntttauve 
geogwplucal volumes a~ descnbcJ by .llaltsflml surjaces has 
gtvcn rmpctus lo the mappmg of mJny ¡ntan61ble distnbu-
ttons (Ftgure 4) The pract¡caliy unlnn¡tcd potentt::tl of 
top1cal lllJppmg hJs been further c.\pn~ed by d rcl::ttcd 
trcnd tow.ud genc1al rccoglllt!Oil ot' ¡J,c fJct th,lt su.:h 
ahstr,1ct noltnl1s as a/1/0lllll, t•a/u¡•, dc'lllll_l' .. 1tg111jtcancc, 

pressurc, ele, can be usefully ~ub~t1lutcd 111 pl.tcc of the 
convel11tonal altt!llde 111 stud1cs ol sp.llt.d V.JJI.Itwn (f1gurc: 
5) Mmc Wlclc,plead u;,c of thc st.Jit>ltc,d ;,ullacc •10l!L>ll 111 
COllJllnctton wtth non-letl.llll phcnomenJ 111 thc futurc 
should result 1n much grcJter analytlcJI ~oplllslllatwn, 

Sl!lce, for purposes of J11alys1~. ¡,¡iJcrently di,Cictc dJta 
(e g. populat10n) can be treated as conttnuous and J¡f. 
fcrent1able throughout thcrr dumJlll As cartogr.tphcrs lc.nn 
ltl 111 Jilll' lim JlPWCI fui lL'Cillill]lll', WC l.tll C\j)Cc'l J() ~CC ,lJl 

lllt'l<'.l\l'" III.IJlJllil~ lli I'•'I<L'lll.lf:l', l.lllll, lkl1\llY. C<l\[ 
l'<llt'I1Ii.d. "''111.111d. dl'tJ\.lllll', .1tld ,11\¡,•¡ 'llli.J,'L'\ Stllcl' 
dcpt. ll-'11 ,,¡ llic~c lllltl·l•'tl.tltl ,¡¡¡J,¡,,·, g,·¡~c·t.tllv ttlv,•lv''' 
t 11/ 1\J¡ 1<'\ .1hk .!.1 (.¡ Jl1 Jllljlld llJ• 01/ J 1/ il 1/ lo 1 \ii.IJ >J'Illf! flllill<'l 
di".• IJ',',/11/I 11l IJ11·. IIIJH• J', .J,·J, 111 d ¡, 1 J.¡j,' ,~, 11"/1 "" d d.1 

)lll' )1/IILC\\/IIg 
Common pr~cltce 1s lo m.tp ~lllgk ~_IJ~tr.JLICrl'lk~ wli!Lii 

are CO!lSidCtCd d¡z.gllOS[IC of lllCII respCLIIVC ~pJIJai pj¡e. 
nomena. But ti ts nol Jlways pos~1bk lo ftnd .1 ~tngle 

d1agnosttc clwracter for a phcnomctwn. and .:wn 1f ,1r;~ ts 
found 11 cJrtiCS the nsk ot' scttotl'i ll11Sll1.1pplllg'i duc tu 
random abc1rattnns tnhc1cnt lll the slllglt' lc.lturc U'icd lll 
CfiLHS 111 liS IllCJSUfCiiiCill ¡\¡¡ .JIIClllJIIVl' l!,d lllll?ll lllO!C 
U'ieful tcchlllquc 1s to map llll'.Jsurcs lltJI summal17l' m.1ny 
cltaraclenstlcs, CJclt of whh:ll r'i cum¡cJct e,] p.11 1 t.J/l) 
di.Jgno;,ttc of tts rc,pc.:t¡vc ;,pat!.tl pltcllllllll'llllil LJ¡¡j¡;¡ng, J 
number of common (m ;,llatcd) fc.ttUJé~ cltmllmhcs thc 
"error" d~>OCI.Itcd wrllt :.~ny >Ingle Jtlrtbutc allll lilCtCJ>éS 
liJe IJllotmJiwn contcnl uf lile >llb>cqucnt ttl.IP sy·nhols 

M,>rc .md lllPrc oltcn ~_,¡ttogr.J¡)IlcJ> will be Llli1fr,ln,.:d 
w11il di>!Jibutwnal lllfullllJttun wlnch doc~ n.1t ullglll.ll.: 

o 

o 



o 

o 

o 

SURFACE REPRES~NTATION 

DIGITAL MAP 

THREE - DIMENSIONAL 

HISTOGRAM 

F1gurc 4 Thc statiStical surface concept m mappmg (after Robmson, 1961) 

J¡rectly Wlth ex¡stmg phenomena. One example is the task 
of mappmg spat1al 1mages held m the human mmd m an · 
attempt to dehm1t man's functlonal space. (F1gure 6). 
Mappmg functlonal rclat10nships deduced from· a set of 
spat1al process assurnpt1ons 1~ another cxample. These data 
may represen! (1) analog or digit,ll computer sunulauons of 
1abst r Jet popula 11011 and mnovat10n Lhffu~wn models 
(Figure 7), or (u) s1mply abslracl. funct10nal dcswpllons 
Although the mappmg task remams unchanged, we can 
expect certam conceptual and melhodological problems to 
ame m the process of displaymg these somewha t non
conventwnal data forms. Th~ cartographer's respons1b1hty 
w¡JJ be to learn to cope wnh these less familiar map mputs 
as effecuvely as poss1ble. 

Thc temporal aspect of themat1c map ·dala 1s also 
und.:rg01ng change. bnphas1s has always bcen on relativcly 
stal1c. easily m~naged mfnrmat1on evcn though these data 
mJy not represen! thc mnst ClllCial'envnon'ment.ll variables 
:-.1aps of urban populat1ons based on n•ght·lune res¡denti.ll 
distnbuLion ar.: good examples Potentially more Intcrcstmg 
and revealmg nups of do.~ytimc, rush hour. or non
rcsidcntJa! night-tlm<: populauom scldom ex1st 1 Color 
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schemes of phys1cal maps are often based on the natural 
land~orm and vegetatwn colors. Bu t why do cartographers 
usually choose the wet season o ver t he dry scason, summer 
over wmter, fall or sprmg? Why are monthly avcrages so 
often mappcd evcn whcn they havc no theoret1cal bases 
wnh respect to the phcnomena dep1cted? F ortunJ lely, 
somc of thcse and other tune convent10ns are b¡eakmg 
down and we can loo k forward to more tcmpor JI freedom 
m themat1c mappmg. 

In the pasl the cartographer has comrnonly made do 
w1th mformat1on 'prov1ded by fundamental data co!le'cuon 
agcnclCs such as- census bureaus, government surveys, etc. 
Such mformauon, however useful 1t seemed to the ongmal 
data collect10n agenc¡es, often was httlc su1ted to scryc as 
the bas1s~ for envnonmental declSlon makmg. Now, as 
cartograpluc systems bccomc formahzed, cartographcrs a.rc 
havmg much more chancc to lllnucncc dalJ collcction 
Mmc lhan cv~r bcforc, the c;:ntographcr has thc oppor
tun¡ty, and the obhgat10n, to be respons1vc to thc nccds of 
those people respons1ble for the use of maps, rJthcr than 
t.oncern h1mself. as so often m the past. V,:Ith prcscntmg 
fam1har or readliy mappable phenomena. Cartographers 



o 

¡:,gurc 5 l'opul.ll•onm.ljl\ ol i\nn 1\rbor, Ml<lug.lll (lrum Rcm, 1967, Tohkr, 1970) 

o 

hgun: 6 Ovcrall v¡ew of thc rcs¡dcnti.JI dc~lrabiliiY of the U S as seen from Mmnesota (from Gould, 1966) _, 
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Figure 7 An cxpcruncntal 'and hypothclical pattcrn of central placcs, .1~ m1ght ha ve dcvclop,cd ovcr, pcr~1ap~ 100 yc~r~ 
(frorn Mornll, 1970) 

musl nol fa!l lo take advantage of the1r 1ncreasmg ab!ltty to 
ch.u1gc thc unenlal1on from lhc collcclor of data lo lhc 
ll\~1 

In ill\ llllc'ltli\Ciphn.~ry c.1paclly, lhc C.l1lng1aph~1 lllll~l 

rd.1tc 111 somc tkg1<.:~ 1<> lile lula! CllVII\llllllclll wluch 101111~ 
thc bas1s llf gcugr.lplucal m.1pp1ng Thcsc UJlJ cncompJss 
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,•· 

gcograplHcal mcqu1ty (soctJl/econOimc/phys~eal). cnvnon
mcntal quahty, urban problcms, populalwu problcms, 
mannc rc~Olllccs,,aml \O ou, all lhc 1clcvaut I\\IIC~ l~f tod.1y! 

In prad1cc c.ntogr.1phcr~ haw l;11kd Adnutlcdly, thl!y 
havc lncd lo cncour.1gc .m undcr~t.lllllillg ul thl' n:latHm
slup~ belwccn clcmcnts wtthm our cnVIIlHHncnl, bul thc 



11\llS( ''lllll'•'lt.i•li•· .ntCIJCliOilS WCIC ¡Jiubal1ly lllll .~lw.¡ys 

tnc ,,¡¡.:.; "'Jó\tJc.cd (alto~r.lphc;:, !uve !Jcked e:,scnltJl 
ll\il.ll•\'C t:1c, oftcn toul-. thc11 >llh_¡c-:1 m.1ttc1 p.1sstvdy 
(rnm p.lrclól diSCiplines, such J> gcogl.i¡Jhy, wll!ch wcre 
themsclvc' ,•,scntl.lily uncunccrned u, lllh.:ommtllcJ Thus, 
.:1 ~;lli..: ul i.1tgc .tnwunb of money bc1ng >pcnt CJch ycJr m 
g.llilcnnt! :i.lllílll:Jiloll about thc cnvnonme11t. wc llave fcw 
m.1ps !CI..itng to rclcvant lllptcs, a11d Cdrtogr.iphc¡s have 
~'',1l.tbl.ltc'l.l !.t tlc io undcrstJndulg ClllldtltOil' .1nJ relattoi1-
S!li,'S ti•.ti .. :fc..:t people. \Ve ask our JGlllllllStrJtors, 
pi:t:l,k'r' .• ,,,¡ utiler de..:tSIO!l-mJkcrs to wo1l-. 111 a car
tugr .1pil'e' ',,dl\1111, an cnvnonment 111 wh1ch there are few 
usctul .n.'i'' on thc bas1s of wllllJl to mJke rJtiOnal 
dc~ISIOib .tnd pleUICIIOilS. 

The l·l~l},lwlllg quotc from an Jccount of M:mner 9 pnor 

to lb 111'>l:umcntJl contact Wilh Mars ts p1cscnled as one 
examplc ,¡¡· thc ltm1teJ vtston of c::.rtogtaphei> 

r¡,,. ~~)\'!Ch .í!ld the U S are alrcady tul\y aw,¡rc of 
onc dr.I.JlJllC :VIJrtlJn occurrence Smcc: lhc cnd of 
SL'pl.:mbn .• l~lronomer-. hJve ob'it:rved J dust storm 
on tnt: piJnd SprcaJ1ng Jt the rdte ot 20 or 30 
m ¡1 11, lht: ydlow:sh cloud now ob,,ures much of 
thc· pl.~n~t 's <;urf.lCe Jnd ¡:, one ot the mo;,t '>Cver.: 
b[O\\ up;, L'\'l'r Wilne:,scd through te1 re>l!Jl tcle:,copc;, 
Sorn,· 'ctenllst> Jrc delighted w1th th,:, rJre ch.1nce of 
w¡tn<.:'>'>11l)! closc up one of Mars' pun:lmg storms. 
wh, il ,,,•m tn ou:ur when thc pland m<lves clo<;cst 
"' ilh ''111 ,1,\•1 tih' ~1.1111.11\ \\IILI<'<' he ih 11p ()¡J¡,·r~ 
,1¡, l IJII.dh ,,llh, lticd 111 ll lile t!lt\1 1111\ nh,i 111\' 1111' 

\ 1( \\ ¡1¡ i 1 IJ q.: 1\ .\1 IIIIH 1 -.. 1\\ 111 1 lllll 1 ' 1\ '• j' 1 • ,, • 1 

;-.lll'llll'.,( ¡.:,,![\ll( JI '-.h'llli 1,1lilll //1r fflol/'f!<l\ 

¡u•l .111 /-., wil1k tii<he Jl""l'k 1""~111~ .11 dyn.llnl~.
clLinge' 011 ih<: pLlllel Jre h'op111~ ti\.: '>lorm IJ'>l:, long 
enough lor lh~m lo ;tudy 11 · 11 iJI1c•, 1111ne 1 

(7 IIIIL', N ovl' m be r l S, llJ 7 1 . p 46) 

Tll.: s.1d J1lllllt hcic 1' th.tl the c.titogi.IJ1hcrs wcre not 
Jlll'l··,l:,·d lo1 tll.lJlpli\g -;uch dyn.tllllc ,111d C'\Lillng phc
III>ill<'ILI .1'> 1 J¡,· \I()¡Jl\ J'.lllcill 11'<'11 ( Jnillllllll.IICJy, illl'> 
L'\,JJtl 11 k ¡, '>YIIII'i•lllLIIIL ,¡J .1 gc'lll'l,d d<'ll~lL'ilLY whiLil 
\)l'ellli\L'' éV<'ll 1\l<lll' (¡,¡giL' Lltl'>l'l (¡l Jl>lillé l J¡c Jlhl'llllilll'l\,1 

\W ll•cil' 1íl' llOi JiWJY> lile lllthl ~lllcl.d tllll'> 
\\'e owe :he m.lp mcr moJe Al thc k.Jsl wc owc h11n 

:.JLCC'-' to It:icv.~nt ;nlo:lll.dllll1 and slwuld mod1fy thc 

C:JrtogrJplnc :.ystcm accc>IUlllgly M.IJOf structUIJI changc:, 
~, .. : not nccc~sary, only a ch.mge 111 Jllttudc to bencf1t the 

dcU'>I<lll mJ'-cr w11o IS 111 a po>IliOll whcre maps Cl>uld be 
U>t:iJl In m:..ny ~Jscs al! that 1> rcqtllréd 1\ J c:hange 111 
cmpilJ'>I> ftom p!Iysl(a/ to 101 w/ llOlll ¡Jm/ tu prc~ellt, 

f1om ~laf/(' to d)'llai/1/C, or lr•lllll/1/!'fnllllg to relcl'a/1/ 

(3) Scalc 

J'>:ljlk\111~ ~cll:~i.1pi11L.il \L,Ik pi<~hlcill\ \¡,lVI: h.:l'llldl'illl
IIUJ Wi1kil e,l, lllgJ.l¡Jiiél\ 11111\[ l_llll'>llic 1 1'\pliLilJ) 1 Wll 
Llllnpunc:nh cJI gcug¡,,p!'l""! llii•HlllJIIllil ilJv>: long b.:cn 

1 ¡ 

rccogrnzcd : .. b il--:.12 '-~llt.:/~,ILud,OII dichOLODi/ T}ll..! conf~ .:...: :.n.: 

réSUliS 111 Jttcmplllog '>ldlLiit~illCOUS 'tudy o( búlil fl-IJLVé

pOSILIOl1 Jlld sJtc wtcmlly IS J11Jiogous to Hei~c:nbc:~'s 
~ 

w:certamty JllitiCiple focus c,n e:lhcr stte or SllU.llton lc.ws 
lo dunuliSh posstblc re,oluuoi> qf the o1hcr Furthermorc, 
thc SllC/SILUJ(lOil dl._i,niomy h >CJJe depcndi!lll, that IS, lt 
changes wllh the scak of mqu:ry 

Geographers mvolved 111 modellllg spaltal systcms hJve 
found necd to fO!m.tli7c p.11 ucul:Jrly :he ">IIU:ltiOn" con
cept m Oidei to budd opcrauonal proccss modcls Th1~ hu> 
been paru .. dly Jccom 1Jllshcd th10ugh d.::fmtliOll of mcJn 

mjomumon jields, wh1ch hJve als•J be.::n !Jbelled g.:o
graplucal nc¡ghborlwod\ or thc neighborlwod of a pouu 
(Ftgurc 8) Undersldndably, the vasl range ol gcogrJpi1.c..Jl 
phenornena exh1b1b wtde vanat1on m su.:h net¡;hborhood 
charactcnsllcs as form, cxtcill, Jnd llllcn;¡ty :\cl_;nbor

hoods also ovedap, ate ~'.lbJCCl tu diStoiliOli, and so on Atl 
of thts, of cour>~.:, compltc.llCS lhc fact that any stt:dy ot 
lhe processes thal form thc geographtcal cnvnonmcni mu:,t 
relate d¡rectly to thc Jppropnale proccss nc1gnburhood:, 

lt should now be dpparcnl wny data cnllcctton ~chcmc' 
h:Jve been l1kened lo ftshnets lnfurmatwn 1'> nol cupturt:d 
unlcss tts bas1c nc1ghborhood or pcrtod IS largcr than thc 
mesh s¡zc (1 e, 'ianlpllllg mtervdl) of thc nct 1! the Gdt..J 

collectwn ullcrval 1> small m Ielauon lo thc IcicvJnt 
gcogt,lphtcal nc1ghborhood, an l'II,IIIC .1nd crro11.:nm 
p.illc'lll 1~ pic~dtiLt:d lt' thc h.1:-.I~ d.Il,l lllii'Iv.d 1'> J.¡¡g,· 111 
l<'i.JIIllll lll tlll' ¡,·Jcv,¡¡¡l '1'-lli.d lll'li'h\l,nl!lhl.i th,· d.1!.1 .Jil' 
,l¡l• 11J!)¡¡•d ,lJI\l ill\( liiL' IJil!hll {,¡¡¡{ ll)lh ill\1\111 l\ {ll.tÍ 

t;C•I)!i.¡¡l,¡j,,d ,J.¡[,¡ 11111:>1 be ~uiJc~IL'd ,¡¡ .1 \~.1k LliiL
lllCli>UIJl\.: Willl lhc undcrlytng '>[1Jll.il j1Illc.::,:-.c:, 11 t!l<.: 

llJturc ul thc pJttClll I> lo b.: pr..:-,crvcd 111 ;he J.ItJ A 
cumpltcauon .tri,CS, howcver. ¡f we acccpt thc phdosophicui 
as;,t:IIIon lh.1t no pracll~.-.ll map CJll pl»>l'>'> l1uc ab,olute 
~~.-ale. lhl'> 1'>, lCpiL''>Cll( .1 llllC·[!HlllC lll.tj)¡Jillg WlllJ ti.L' 
¡;,~~ ih\ '>llll.!LC J'¡opc: ,¡¡¡;,¡J ,¡gg¡.:g.Illi>ll 1'> llCL<''>'>,il)' .!lld i'> 

b,l'>cd 011 .,,.y,•¡,¡J ·"'lllll 11il•>li'> .dlu,kd ill ,;,,y,· (1) '>¡J.Il• ¡\ 

Jl!OCC'>'>Co <l¡JL'I.!lc ,¡[ V,!Jlllllo .l!C,d oL,ilc''> Id ¡Jilldllll' gc,¡. 
g1aph1LJl patteiil .:ompkxc;, thJt cxh1b1t ,¡ 1o~ngc lilllll i<h.l; 

van.liiOI1 to reg~cm,tl Jlld g\<JbJl trcnds,,llld (.t) gcugupl\ic:il 
>Jlllpiing prC'>Clll> prohkms >111ltlJr [ll cllll'>C ¡¡¡lJerClli 1!1 
functtun samphng. thu>, JCCI)td,ng to ,!le ~ani¡J/u;g 

1 licorem, spa t tJl pa ttcrm posscs>lllg pe 1 Ill<h ( oLJlc,) ~.::,, 

than lWICC thc >II.C ot' J lCgUl.lf dJia coJ:cLlillil gll(j w;li be: 
lnst (Ftgllle 9) When lllJP> lhcm:.elve.; ¡,.;,n thc? b.t,c l·o: 

sampltng, 11 :s nec:cs:,Jry tu coorJ1n~.tc l"n:; m.ql sc.t:c .:1hl 
~C:Jk Ol llldiVidllJilll:..p llll.:a>UfCI11Clli> \\'li\i iJl()LL''>S ,C,i\c'S lll 

o1dC1 to compcns,¡lc for Ji! <)1 thc scJic-uepc:ndc:nclcS oC 

'>llch <.ampllllg rcgnlte' Unlllttun.ltcly, illc la'>k ol 
'>P<'lll.ylng thc ,,,de .11 wh1Lh .1 paitlelli.,¡ ~<.'llgi.'p:dL.I' 

p.ill<.:ill '>hould he lllé.l'>\lil'll ,¡¡¡d :\\ IJlJlt.:,l ,¡¡JI j)ll'>v .1 
J¡liiLll\t CJllüglaplllC j)lllbkm, plllll.illl)' bl'C.lll>L' >p,l;l.d 

o 

o 
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NEIGH80RHOOD MODIFICATION PROCESS USING 

A 3 X 3 lOCAl OPERATOR 
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TYPICAl SCHEMES FOR WEIGHTING lOCAl OPERATORS 
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F1gure 8 111e gcograplucal ne1ghborhood conccpt w1th ty,p¡cal we1ghtmg opcratlons 
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~----------------- Unit D1stance 
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O hg111t: '1 The11ry "' !une 111111 ,,unpllllg 1.111c1 Bl.lt.~man Jlld J'n~ey, 1 958) 
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an::dysts h<Jve yct to fllimJJly charactcr:zc thc pattcrn scalcs 
"'sucta tcd w1 t h parlicu!Jí spa twl proccsscs 

Commun!l ... dton thcortsts woultl say th.tt maps "'e band 
/1111/(L'U, th.lt IS, tilcy fo¡_US 011 a pMllCUIJr ;patrJI sc .. J!c and 
blur !llloiln~it:on JSSllctJtcd wtth othcr scales Thc tmpltca
r,on 1s tita! m.tp scaks mus! be consctentlüusly m..:tchcd to 
us~r tcc¡utr~mcnts Unf01tunately, map scales appear to 
hJve bccn too small ior many "human" app!IcatiOns at the 
IOLJl kv el PLt:mcrs and vat tou; lll bJn dectston makers Lnd 
httk use for convcntwnJI m.1ps ScJles of spaual processes 
tmport.mt to pcoplc may wcll be filtcrcd out of such 
stJndatcl .mcl wtdcly cmployed mappmg scttes as thc U S. 
CcologtcJl Stllvcy lopogr;_¡p]uc shects Thc conclus10n IS 
that many ..:ommonly uscd maps are not rcdlly approprwte 
f01 tlll' appltc.tltons attcmptcd A poor transfcr funct10n 
cxtsts bctwccn mformJtton prcscntcd at convcnt10nal m.1p 
scaks and mJp rcfctcnl cnvtronments. 

As Jn Jddt t tonal ..:onstdct a tton, sea le dcpendcnctcs m ay 
Jcwlop 111 tilc data whcn geographtcJI mfotmJtton ts 
J););ICg,atcd by .. nca and the obsctv,Jt!Onal colkctllln untls 
cxntbtt dtffctctlt gcomctttcs Tl11s ts lile cJ~e wtlh most 
ccnsus Ja lJ On the basts of solutlons to sunt!ar pt oblems 111 
other ficlcls, Toblcr (1969b) suggests that tt should be 
pos'>tblc to dc~tgn tcchntques wlu..:h would pcrrmt cor
tcctton for thcsc observdttonal umt effects and. tlleieby, 
rccovcr thc truc stgnal, a process labclcd gcogwplucal 
enlwn e eme n t 

Obv10usly l he overall sea le problem ts complex, has 
unportant cartogtaphtc tmpiicattons, and ts not well under
stood Jl thts tllne. \Ve can make severa! observattons. Ftrst, 
evcn ¡f data wcre avatl3blc ''at the largest ~cale eve1 ltkely to 
be dewcd." tile problem of matchtng leve! of cartographtc 
Jb,,rJctton to the tclcvant gcographt..: netghbotl10od would 
sttll be wtth us Establtslung map spcctfic dJta ftlc~ ~unply 

tlllitHJuces thc nctghborhood problcm carltcr 111 thc mfor
ill.ili"ll p¡,¡,·c,,¡¡¡g ~Y'>iclll SL'ullllily, gtvL'll th~ll gcogtaph
¡, d ¡•o~tlo'i¡¡·, ·"'' .,,.,¡J,•.,I,·¡'•'il.l,·¡¡t. 11'•' ,¡ll'lild ''"!''''' tl':'t 
¡J¡, ~: 11 1 lllf'"l !,q 1 f1,,,,¡ 1111p .lt t'lll' 'u .d1 t', tlld \ltllplv 

11 ¡,¡·,{,q¡¡¡,•.J Jlilll ¡',jlLilh ¡'.••••.! .1.11.1 1,11 ill.l!" ,JI ••IJ¡¡·¡ 
'' .J!,' i !tll\ ltl li,lll'>il'l litllll lllll' \C,Iil' l•l .llllllill'l 1\ ,¡JI 
tl111,6dlllg quc>tton yct to be .. lll'>We:cd 111 .1 ~.ttl\1-.tcloty 

m.l!illl'l Tllc ,,,ilc qtJC'>llllll will be i.Jio.l'tl up .tg.1111 111 .1 I.IIL'I 
SCCtiOJI 111 ICiallO!l lO '>¡ICCtfiC ptobiCill\ .111,111g 111 l'.JI (O· 

graphtc processmg oí gcographtcal mlormJltotl. 

( 4) S:11npling and Prediction 

:V!.J;>s Jrc JllCíca~mgly compiled from spatt .. J! samplcs 
(popu!aLnn \t,t)\Cis) LH~1Cí illdll f¡u¡¡¡ popLd{tllnll d.itJ 

illlil,¡j j)ll'OC:lllj).llillil WltiJ a<,p,ili.JJ \,lllljliillg dL''.If-',11\ hPI· 
ltlW~U illll1l oliH~I di'>Lij)illlC\ ll.1~ llllW i.1tg~ly gtvcn w.1y lo 
rrue spJttal (pl,utc) ~Jmplmg (Ftgurc 1 O) l'omts, quJdr.Jts, 
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and trave•~cs havc bccn the stancl,¡rd ~ampltng un.ts 
cmploycd 111 '>tt.li:c' tnvolvtng sp.ttt.il d"' :tbuttu,¡s 
Common proccdutcs for sc!ccttng unbta,cd s .. ¡¡nplc untts 
tnclude randum dcs¡gns, whctc s.unplc clcmcnts are dr.1w11 
tndepcndently wt th cquJI probabtlit:cs ustng rantlom 
numbcr tables, systcmanr Jc.ILgns, whcrc SJlllpling follows ,¡ 

cons1stent and orderly schcmc ,hroug;wut, Hranj¡cJ 

dcs1gns, whcre thc S.illlple !S proportlllned out to ¡¡ 
stratll'tcatwn of Jrca bJ~ed upon extslln;j :..nowlcdg..: o( tne 
pnpulauon, and lucrarclucal des1gns, whc:c <;;unpllllg d..:Jo~d 

changcs as a functton of thc icvcl of popu!Jtton orgam7a· 
tton (sec Bcrry and Bakcr, 1968) Sarnplmg poses two ba~tc 
queslton for thc ca1 togrJphc, Ftrst, what sampltilg 
attnbutes sufllcc for "::tdcc¡L,atc" dcscnpttons of spattal 
pattcrns? Sccondly, what cffccu, do tnfcrcnttal gcncral11a· 
ttons (whtch go L;:;,nnd thc samplc datJ) n;.¡ve on sub
sequen! tn3ppmg and map tntctpretauon operattons. 
whether thcy be tntuttli'C or St.iltsttc .. tl? 

Thc matn goal f01 callngt.tphl'ts 111 S.lll1¡)ltng ,,.¡J 
prcdtctton ts to gcncratc tni'lllm .. liiOil 01- ll•111tlfl11 .t.:ü.l.ll) 
and Jbstraclton so that subscqucnt mdppmgs will be ce¡uJ!Iy 
gencr¡¡)¡zed throughout In pradtcc, v,,¡~c,blc m,1p gcn
eraltz..tllon (or '\IJfferenual srnontiung") bclomc> J lliJJOr 
problcm bccause (1) thc spJlt.d pJtlcins s .. unplcd an.: by 
JlJiurc VJrtablé, Jlld (11) eVCil 111 thc JCIJSC'\l pi.lllC ~ampltilg 
of a conttnuous tltslrtbutton, .-:-valucs are obt;_¡¡ncd dt oniy a 
rclatrvc\y few pomts. 

Sp..1rse and uncontrollcd sampk VJluc> m.ty suff'tcc wJ,cn 
a stmplc symbol plot (e g, dady T V wcJthct ntJp show1ng 
thc pattern of low tcmpcr.tlures for U.S "'!tes) ts desncd. 
But, usually, generaltzJtiOn from the sam 1;lc d~ta '' ,·allcd 
for and some fonn of micrpt)!Jtion and cxtrapo!a,IOil ts 
ncccssary to suppkrncnt thc control wtth f!ICdiLh'd 1-v .. lluc:-, 
al othct loLJltons (relcr tu Ftgurc J) ~1ncc J v,¡¡,cty of 
prcdtclton (1 e, nllcrptllatwn JnJ cxlt,¡pnJ,¡t¡on) mctllncl' 
,¡re .tvad,lbk, to be .tble lll '-l'lcd thc "bl''>t" mod,•l 11 '' 

lll'L't'\\.IIY lo ~llll\1', ltll L\h.:il ¡,•,·IJIIIljlll', ¡j¡,• il.IIIJ.c' tll 
jll•'til, lillll t'llill\ .IIHI ih lillitll'lll'l' 1111 <kllll'•i lll.lj' J'· i.l
llllitl\ (St'l' 1\llllll'o•'ll, i'' i!) l·v.dt!.Jll•'li .111•1, llllljl.lll\\lll ,lj 

lile :IL'Clii,ICY ,llld i.lll!;C pj .lj)JlÍIL,IiJ¡J¡¡y ul V .ti !llll'o jl\1\\ihil' 
llll'lilod~ tll j)ICdiLIIllll liJJI'o ll'l!lllll' \''>lilll.lilllll ,¡ ¡,.,,f¡ 

jlil'dlt'(lllil .111d Ji'"Jl·l)'.·illllll t'lllll\, ,·,¡, i1 ,,¡ wl11< j¡ •'- ¡, 1 ,¡,.,¡ 
tu tllc tlllglll,tl 1 v.dt!L' luJl, illlll .:1al tite d,·!'.'''C l•' 1111:, iJ !lh' 
>..tmplc represen!> 1"' l(x,y) Thc '>ltuc:tut .. d natutc ,1, 'p::ttJl 
dtstt1but10ns ts appropttJtely ,tudtccl usmg treno sur:· .. cc 
analysts and stmdur tcc.hntqucs Actu<.l samplmg LJ¡cal-.s 
down mto prohlcm~ telatmg to sJmplc stze. unns ut' 
observar ton, and po;,¡, IOillng dc>tgn F ro m J p1 ..,._¡ ;.:.~l 

\l..lndpotnl 11 '' gcnct,lily <~CÍVt· .. Ihk In L .• )::,.c, gctl~i.1pl~~c.il 

cj,l[,¡ .tt ll'glli~ll '>j),JII . .J IIIICIV.d\ 111 {\V(I llili,d~tlll.d Cll>.<.<IOil\ 
111 llldCI ltl ill..Jio.C bt:~l ..JJV,Jill..¡gt: tlt' llllldl'lll d,tl..¡ jlllll-L \\lllg 
capabdlltcs. 

o 

o 

o 



o 

o 

o 

'• 

. .. 
RA Non M DESIGN SYSTEMATIC DESIGN 

1 
1 

(observation un i t) (obse rvati on un i t) 1 

1 
Point Ouodrot Tronsect Poi nt Ouodrot Tro,nsec't 

o "'~~ . 
1 

~ 
>-

..:{ o 

RX 
'o ~·· o o 

-'= ~ o 
~ ::> o t: ' o 
~ "' .. o o o e •·' . ' 

"' "' o ·- O> o o -'= 

. 

o o o o - E o o 
GJ 

:X: ' ~ 

o 

e 
o 

o 

V ~ 
e: GJ l ·- ~ o o. ¡---

< o o t---
"' -u o o ¡---
> 
GJ "' - ·- o 

rA ~ 
o o t--!--

~ Do o o ¡---
-'= ·- o - - o o o t--- -o o o e ~ o 

.;; . 

' 

Í:tgure ·1 O Spaual samplmg se heme~ 

MaJor problems apparcntly ex1st m balancmg somet1mes 
contrad1ctory samphng cntcria such as cost,. opcrational 
convemence, and accuracy dlfferences. The imphcat10ns of 
usmg vanous prcd¡ctlon ·models W1th sample data. drawn 
from · populat10ns cxlllbltmg d1ffcrcnt structuial charac
tenstlcS· clcJrly prov1dc add1t10nal and valuablc top1cs for 
futurc c.ntograph1c rcscarch Wc are faccd wtth:thc problcm 
of d.::term1mng thc accuracy oi "cstlmJtcd n1.1ps:· b:~sed on 
vJnous samplcs Recen! work suggcsts thc p_m,lbiltly ol 
estabhshmg 'general samplmg/prcdlctlon modcl· gu1delmcs 
that w111 help guarantee thc truest representatlon· of the 
spatwl characterlstlcs of the phenomcnon. Joel Mornson 
(1970) formally states the problem m terms of a sunply 
calculated md1cator (based .on th~ nearcst ne1ghbor 
stausuc) wh1ch specif1es the degrcc_of confidcnce.one can 
have m thc accuracy of maps produced by g1vei1 samplc 
proccdurcs executcd m vanous distnbutlOI}al contexts 

SJmplmg also · ra1scs mterestmg questtons tllll cn
countercd when mappmg populauon statlSlJcs Puss1bly the 
mo~t mtngu1ng questlon 1s whether conf1dcnce lim1b 
rcg.nd1ng thc ~tattslH.:.II rchablllty of a ~amplc havc J 
compJT.tbk 1lltcrprctat10n 111 thc (,I~C ol subscqucnt 111Jp 
dcptcltom. hn cx;~mplc, whJt are thc tmphcJllon' ,¡f 
convmcmg dcmonstrauons that v1sual ftdellly 1s not equtv-
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¡¡lent to statistJcal f1dehty 111 mappmg? Tl11s phenomcnon
.relates to the,psychophys1cs of human VlSion and warrants a 
gr,eat_deal of attention m future re~.earch · ,. · 

(S) Measurcmcnt 

, Cartographyrs are díscovenng that thc nupp111g op.::ra
twns. pc~·nuttcd 01~ g1~cn gcog1Jplm:al ·II;I,Hm,IIII!IJ ar.:: 
dcp~ndcn_t, on thc leve/ o}.mcasurclllcn,t :~ciHcvcd F!gu¡c 11 
.1s dcslgJ_Icd to review and summJnL.:: wh.1t· ~~ 1~1~~~lt by 
: measurement. 111 cartog\aphy. and should. be stu.d1ed. 
thoroughly by those unfam1har w1th the con~~P! bc-fo¡c 
proceedmg with tl11s discusslon More fundJmcntal trcat
ment .of tl~1s 1mpprtant subjeCt ca.n be got.t\?11 fr~'~<~;cgel. 
(1956). 

Although 1t 1s easy to, demonstrJtc. th:~t thc tJcll..:.llly 
d1ffcrent propcrues of the I!OIIlll/01. 01dtnal, llltcJyal .. a1;d 
ratw sc(Jies of mcasuremcnt are of fundamcnt.llllnpot l:mc.:: 
111 mappmg. the1r full 1mphcatlons 111 canog1Jphy h.l\'~ yct 
to be systemat¡cally ancl ngorously d.::fmed lt 1~ cv1~.::nt. 

huwevcr. that hlstoncJl 1mprovcmcnt 1n .elata colle_ct10n 
'chcmcs has .liso ptngtes,tvely r:mcd thc lcwh ot n\c.t~urc
m-:nt atlJ111Cd, JI1J htghet lcvd> ol lli<:.ISIIICI11Crll pCilll~l 

111creased mapp1ng a1..curacy Jnd L·omplcx1ty Thc 1111port.1111 
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DEFINING 

RELATIONS 
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(1) Equovalence 
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1 r-.TERVAL 

(1) Equivalence 
(2) Greoter than 

(1) Ec;uovalence 
(2) Greater than 
(3) Known roto o of any 

two 1 ntervals 

11) Equ;valence 
(2) Greater thon 

RATIO 1 :3) Known ratio af ony two 
two intervals 

(4) Known rato o of any 
two scole volues 

o @ 
•moll medium large 

Papulatian Centers 

o 
45 

o 
60 

o 
72 

Spot Elevatoons 

ooooOO 
Area Proportoonal to 

Population 

Roads by Dcgree of ~Yoeld 
lmprovement 

La ti tude/Longo tu de 

Grod 

Population Density 
lsopleths 

Forst 'Nhote Sertlement 

Darkness proporti ano 1 
to Po;>ulotoon Densoty 

Ftgurc 11 Mea~urcmcntll!vcls undcrfy¡ng map mfonnatton 

pomt ts that Jll stattsllc.ll and cartographtcal opcrJtlom Jte 
p<!!llll\\lhlc .ti tlll' h1gllc,¡ levcl (1 e, ratw sc.llmg). bul JI 
il": l•lWC\1 kvcl "' ll!lilllii.d \L.d111g nnly a vcty lltlltlcd 1.111g~ 
lll l-.111<1-\I.!II\IIL.li "'" l.lllilll\ l\ jll'lllll\\lhk M.q>jllll¡~ 

"iJ,·Jllw" ¡j¡,· .tLitiCVl'lJ il'VL'J llf IIIC,!\IIil'IIICIII l\ jlll\\lilk llltl 

gc¡,,~rally uH:frlclc!lt (<::>.ccpt J,n gcncr,tltt.Jtwn~) ~1ncc 1t 
mvolvcs a /o.1s ¡n mformatwn, whcrcas m.1pp111g ",1bovc" 
tllc m.:.I~UIC!llent lcvcl IS cxtrcmcly d11l1cult (w1thout 
mal<.lllg c.ltegormng assumpt10ns wluch Jre Jt best dubiOU\) 
1f nut 1111poss1ble s1nce 1t unphes a ga111 111 1nforma11on Th1s 
IS equ1v.tlent lo sJy1ng that decreas1ng lcvels of mcJ~ure
ments cntail mucasmg mJp generaiiZJ!IOil :llld we sull are 
u.1.tble to ungcneraltzc a map exccpt 111 vcry spcc1JI 
cncums tJnccs. 

lt slwulcl bccomc qtuckly apparent that cartographc1s 
must c:>.crc1sc spec1al cJut1on whcn dcahng w1th mc,¡surc
mcl1t Cllllu:'j)h, Sllll'C d.rt,l pJollcJ 0!1 map~ llave ,1!1 1!11phcll 

IJllor¡n.ttlllil hcyorlú '>illlpk Ul!liC111 wlucll III.IY be .di lh.il 
was cxpl11.1tly ~cJI..:d l·ur c:>..11nplc, .111 outll!lc m.rp ul thL' 

!5 

UmteJ States nnght at f1rst appear to be stncrly classlln:a
tory (1 e, nom1n.li). but note th.1t 1! IS ,1t lea~t thel11ellc:tlly 
¡m~s1bic lO C1lllljliiiC IJ1>Ih thc JC¡¡gtll OJ ~I.IIL' bllll!ldo~IIC~ 

(11', 1.11111) ,111d '>I.IIC flii\llltlil (11', illil'IV.ti) J{,l.l<i'> ih'l\\'1'1'l1 

LIIIC\ 1111 .1 lll.lfl III.IV dLill•l 1111li1111g h111 • illlllt'l IIVIIY (ll', 
llOilllll.il). yet 11 W\lllJd lJ,· lill'll!L'IIc.illy Jlil'>'>ibk 111 dCIII'c' 
diS(JilCC(Le ,ral10)and j)ll~lllllll (¡ C ,llllCIV,il) r.:J.Itllllhh,p'> 
AddltoO!l<JI poss1bll1l1CS obv1ouo;ly C:>.ISt Clc.1rly. SCJI111g un 
content and geograph1c.il orJermg :JIC qUite separare th1ngs. 
but both reprcscnt mcasuremc11t opcratlllnS ivlaybc tlic 
pomt herc 1s that geog¡aplucal 1!1form.1t1on IS propclly 
ordc1ed when 111 111Jp fo1m. wh1ch me,,¡¡, lh,d 11 p<J:,~c>ses 

thc spat1al Jll11bute pos111on. fro,n wl11ch cJn be dc11\cJ 
ducctllln and dl,tancc to JeiJtcd nbJcLis 

Thcse fcw commcnt~ un <;cJilllg o;houlJ sufilcC to 
conv1ncc thc rc.1dC1 th.1t c.ntographcrs must bcg1n .:st,JiJ
Itshll1g senou:, formJI gu1dclincs lll .ud 1n optlllilllll~ th.: 
plJyoff bctwccn su¡vcy rco,tJICllllll\ (1 e. tll~lc, IJil,lJ, 
lllOilCy), JcvcJ Oi JllL',I\lllL'Jlleilt, IJllCillkJ )dld[-;'"' JliJjl 
ptli pose, ;¡nJ poiL'Illl.il lung·ICI!ll llcm.tnd~ ,,n 1 11,· d.tt,r 

o 

o 

o 



o 

o 

o 

TiHlrl)l,gh unJe¡stJnJ¡ng or the quest10n of measuremcnt 
wlll ultlndu..:e cJrlographcrs to metlwus wh1ch pernllt 
C\.llactwn of thc maxunum amount of uscful mformat10n 
f1nm ea.:h mcJsUICIIICllt scalc. Growmg 1111portancc of 
p1cmap dat.l mampulatwn (next' sectwn) suggcsts that 
knowlcdge of m.lthcmJtlcal opcr.ltlons permtsstble on data 
rccordcd .1t eJ.:ll me,¡surcment lcvcl wtll also become 
mcrc:>smgly more Cltllcal to eiTccttve mapping. 

( 6) Preproccssi ng 

Ctrtographc1s facc sevcrc problcms of s1ft1ng and fdter
lllg hugc mJsscs of dJta. Somc form of data rcductton 1s 
nccessa1y to kcep ca1 tograph1c processmg wtlhtn reasonablc 
lmuts. Numcrous · premap dJta processtng operatwns' whtch 
pcnmt unagc improvement (enhancement), n01se and 
redundancy ¡eduLl¡on. extract10n of sahent features, and 
spatwl frequency flitenng have been developed 111 effect1ve 
response to tl11s datJ management problcm Data trans
fOima t10ns m w¡Je vana tiOn-are-now ro u tme ly perf ormcd 
e1the1 to obtJIIl dcsucd cnd-p10ducts for dtrect mappmg or· 
to faclllt.ltc lu1thcl c.utogl.!piHc p1occss¡ng Prcp1ucessmg 
r<:lCIS hl'rC (ll ,¡ny (11Cill,lp llallStUIIllalllln of laW dJta 
bcyond ~1111pk mude chJnges Thcse l1ansfo1malions serve 
severa! spce~f1c purposes wl11ch, lhough seldom mutuall'y 
exclus¡vc, are convcn¡ently separated for d1scuss1on. One 
dass of trJnsfLHm.lttons ts lllustrated cffecttvely from the 
v¡cwp•Hlll ,,f thc cDmmumcatlün engmcer. In the context 
nf 111:1¡1 pu;Jh'~C. ,¡ny ~el ,,f d.1ta may be d¡v¡dccl 1111o a 
ll'<'lul 'l'L!llh'lll ,·.llkd tl1c ,¡gna/.111d 'J1lllll'll' lll,ltl'll.d c.dkd 
/1,11\1' (hgllll' t.~) ¡.:,,.1\hl\'lllg V.ll\llll\ l\'J'L'~ ¡l( 1\lli\L' il<llll 
¡j¡,: d.11:1 Jllllll i<l lli.IJlJllllg ..:.111 lllll!ll g¡c,l!ly IIIIJllllVl! iill! 
t.II1JI m .• p 1esult Fm 1n~tance, Blumenstock ~1953) suggests 
that d.ltJ rciiJblllty can be affccted by observallonal, 
sJmpilng. anJ b1Js (or pcrSISlent) e1ror resultmg from 
VJllous lumtat10ns 1n ci::Jta collcct10n. Numerous premap 
opc1at1ons Jre clcs¡gncd to reduce or ehmwate nmse 
attnbuted to tl11s or1gmal data error. Use of the pnnc1ples 
of stereLlphotngrammetry lo denve rchable plammetry 
from measurrments taken on 1mages dtstorted m photog
r.Iphy ts one well known example of premap conectton for 
sy~tcrn error. 

Spaual wwotlung or jiltenng 1s poss1bly a more "car
wg1apl11c'' c>..Jmpk of premap correct10n for datJ error. In 
tlliS restncted tnterplctatiOn, the goal of filte1mg 1s to 
1soiJte Jnd re m ove that p.11 t of lhe da ld wh1ch can be 
Jttnbutcd to thc above er101 types T111S usually mvolve~ 
illtc1 mg h1gh frcqucncy (small scalc) components m the 
J..Jlú wl11ch are a'sumcd to be assoc¡atcd w1th vanou~ 

1a:1dom d!StlllbJnces and are thrrcfmc clumnatcd. Of the 
n umc1 ous tech111ques fo1 removmg spunou~ short
\\Jvckngth compun..:nts, computmg local spat1Jl movmg 
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avcrages and removal of random, htgh-frcquency residuals 
through sorne form of tre;Jd analys1s seem to be the most 
popular (Ftgure 13). 

lt 1s also poss1ble ,to eilmtnJte mformat10n cons1dered 
superfluous, and therefore d1stracting, to pJTtlcular map- · 
pmg problems. Th1s can be accomplished m severa! way~. 
For examplc, tl ts poss1ble to enhance (a) the study of 
m<ÍJor spat1al trends by first removmg no1se duc to' small 
scale fluctuat10ns (low pass filtenng), (b) thc ~tudy of small 
scale lealures by ftrst removmg n01se due to maJor trcnds 
(l11gh pass fíltermg), and (e) the study of mtcrmcd1ate scale 
fcatures by flfSt removmg n01se·duc to lugher and lowcr 
frcqucncy vanat10n (ba~d pass. f¡Jtenng). The effects of 
dom1nant spat1al features ,can be excluded so that th..: 
poorly developed features (of any frcquency) that thcy 
obscure or conceal can be ldent¡f¡ed and studiCd more 
effect¡vely. Reverse smoothers or ampilfiCrs m ay accom
pilsh the same goal. 

Currently the. most popular method of selccttve spat1al 
fillcnng ts geographtcal trend analySIS. Tlm quant1lattve 
lechmque of fittmg mathemaucal surfaces to cmpiTical da_ta . 
'pe1m1ts componenls of global, regtonal. ano local var¡atloll 
to be ¡Jentlftcd formally and ~eparatcd (F1gure 14) Wc can 
con elude from Tobler's (1 969b) rcv1ew m "Geogr.lph¡c,li 
Flitcrs and Thetr Invcrses" that the actual cho1ce betwcen 
power senes polynomwl models, double Founcr models, 
noi1~tnear "substantiVe" models, and two-d1mens1onal 
power spectrum models ts crttlcal, extremely ddftcult. and 
largely dependen\ on ;he naturc ilf thc data .llld the 
Ph¡cct¡vcs ni 111_.1p .lll.liy~¡~. Thl' full l'lkd' PI 'Jl·lll.il 
'illlhlllllllg 111 ldl,',lltlg lllll\l he ,¡u,llcd unlli lully uild<'l· 
,¡,,lld so that th..:: ¡Hocedu1e' c.1n b.: lk~l¡!,lll!d (l'l dlll\<'il) tl' 
be~l sutt the appilcat¡on. illlllally, rescarch on f¡Jtcrmg 
could be dtrected prof1tably at tdenttfymg meJnmgful 
p1c1 u re "nc1ghborhoods," defnung use fui local operators, 
~tudymg the mward propagat10n of boundary effects, and 
IIICICasmg the mterpretablilly of thc 1esulls. 

A second category of transformauons mcludes the bulk 
of premap operattons mtended lo accentu:.~te sclc-ct or 
dc1tvcd attnbutes and relatwnslups m the ongmal data. The 
rJnge of transgenerat1ons avaliable at many computér 
ccntcrs wtth thc Wld,ely ,uscd Biomed1cal Computer Pro
g¡ams and the numerous transformat1ons provtded for m 
the more recently creatcd Sla'ttsttcal Pack;ge for the Soc1al 
Sc1ences are examples of sunple non-spat1al transforma
tluns. A number of t1ansformatlons wlm;h actually take the 
spJtlJI vanable 1nto account were performed by Tobler 
(1969a) m an attempt lo 1solate ccrtam terrJin charac
tCIIStl<.:s wh1ch could then be correlated wtth an extstmg 
cl.lSSlllcJtiOn of land types. Relevan! aspects of Toble1's 
cxpc11111ent mclude local dodgmg, raw Jnd locally avcraged 
f1rst and second spa11al denvat¡ves, h>cal range, and local 
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l 'rgurc 14 Gcogr.Jpillcdl trcnd dll.llY\1~ Founcr ~ynthcsr~ of ~ port10n of a mounldlll rdngc rn Gh,ma (fwm Tobkr, 1969b) 

v.~rr:rrH.:c ( Frgurc 15) Additron,rl terrarn roughness param
ct.;r, h.rvc bccn ..:.rkul.rted as wc!L ComputaiHlll of 111Jny 
mdr-:c·~ .. rverJge~. dcmitrcs. pcrccnt.r~cs. Jnd cocllrcrcnts. 
along w¡¡J, ilw gcncrJtwn ofaulocorrelc~tron surfaccs, polcn
IIal sur faces, a11d probabrlily sur faces, are furi hcr examples 
of prcrm¡) opcratl011S fallmg 111 tlus class (F1gure 16). 

A tlllld cl,rs' of prcprocessmg lechmques 1s des1gned to 
Ccll1dcn'c mulrrv,.rrJte d.1ta 11110 erther a Sllllple codmg or ::r 
fcw "esscntrJl fc.1turcs wl11ch account for most of thc 
total v.¡rrJncc FcHgoho11's (1960) rc~rcw of class1fymg 
iunclions. entropy functwns. Cl1tropy-r::rtro funct1o11,, 
faL'lCS dcp.1rturcs. a11d varrabrlrty functrons rllustratcs codrng 
tccilnrqucs uscd wrth multrv,uratc geological dJta, whrch 
p.:nlllt srngle vJri.lblc mapp1ngs (F1gure 17) Mul11varrate 
d,r,~rtyrng. t.:clmrqucs such as pn11crp,rl componc11ts J11al
y,r~. I.Iclllf anJI} 'rs. cluster Jna1ysrs, allll drscnrr11na111 t'unc
tlllil~ JlllWlclc optrrnal varrabk combmatl011S 011 tire basr' of 
a rcductH>II 111 tut.d ~urn nr squares cntcr1011 (Frgurc 1 S) 

A lourth Ll.iss of proccdurcs rs rntcndcd lo produce 
forms of rnfnrrnatro11 that are more surted lor subscquc11t 
analym r\alll¡llcs oí' lhe<;c premap opcratwns rncludc bJslc 
(r c .. ~t:.rtrslrc: .. ,J) ~tand,rrdrtJtrol1 :.rnd lllllm,Ilir.rtron pro
cedures ami trJn<;lormation ofspJtrJilopology (Frgurc 19) 

Obv¡ously ti.c number of possrblc prcm.1p transform.r
tlon~ IS rCS(iiLléU lllliy by OUT abrlrty lO Cll!lCeiVC thcm, and 
lo J,ilc our llll.igll1at ron has not be en rrnprcs~rvc Some 
tr.rmform,rli<ll1'. of coursc. wrll n.rturally lH' illOlC lllCJI1· 
111glul th;rn <llill'l' lrornorrc ~¡(¡¡,¡(¡o¡¡ to rile lll'\1 l'omllln.r
tloll ol illl.:\c' lr.:¡i\lcHill.l(lllll~ 111 "'-l'l!llt'llll' .. "' 111 "p,lr.Jllcl" 
.11\ll ~l'L:Ill~ d<'\li.iiJJe (~<liiiL'illllL'\ CVl'll IIL'Ll'\\.11)') WliiLJ¡ 
IJI~L'' tJrc ljliC~(lllll ol tilc'll (Oillhlild(OII;¡J ,ril:!,Chl.l l'ohki 
(1969J) hJs bncily explorcd tlm JspcLl of prem.rp pro-
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cessmg The second denvalrve, k)Lally avcraged f11sl and 
second denvat1ves. <Jnd low low pass frltcr (al! mcd m hrs 
study) offcr Luriy cornplcx cx.rmple<> of mc;r11rngfrrl con
c.rlcnat¡on~ Surlacc frttrrll-' .rnaly'r~ ol tiH: :c~rrlt' ol mo~t 

of thc transtorm,rliOI1\ mc11!1orrecl .rhovc h .rbo j)Clllii\\Illic 
and sometrmes revcalurg ·¡he extent tu wln-:lr rnodc 
changes ancl true transformatrons may be comb111cd 1s wcll 
dcmonslrated by the sc1res (prctonJI dJtJ--digitlllllg -mean 
coneciion-autocovanance functiOn- Fourrcr trJn~forms-

averaged Founer lransforms-log,rrlthnllc trJnslorm,llron
hncar lransCormJtron) uscd by Agtcrbcrg ( 19(17) rn two
dunensronal power spectrum anJlysr' In general. rhe 
restnctrons on penmssrble combrnat1on' of trJmformauons 
are 1dentrcal w1th thosc on srngk W111sfor mJtlons- the 
rcsults must be mtc1pretablc and mc.rnr11gful 

Thc logre undcrlyrng thc .rstornshrng gruwth 111 m.rth
cm,llrL.rl/siJli~lrLal prcprnccs,rl1g lr.r~ llliiLh ~up¡HHl h11 
one rcason. llh.:rca:-.lllg dc'lll,lrhl llll ~p.rtr.rl d~rl.r. ,·nuplcJ 
wrth ma¡or dcvclopmt:l1ts 111 dJt,r ,JCC]lllSiirnn <..Ip.rbrlrtJcs. 
have already ,¡verwhelmcd lhe CJI togr.rpluc proc.:essJng 
syslcm. The obvwus efr¡c:¡cncy gJincd throu,;h d.,ta com
pnciJon 111 premap proccs~rng wrll bc'Cllme C\'Cn mor e 
csscnt,al rf prcclrctcd rncn:a-;es 111 da ... rnputs tn thc 
cartugraphrc systcm from LROS (L .. rth r\C"lllrce> Ooscrv,¡. 
lion Systcm) and srmrl.tr s..:hcn-,c~ m.ltcrr,r:,¡c Prcm.rp d.;,;¡ 
mampulatrun rs liJcrcfc>re consrdcrcJ tu be' Llf gJc.ri llll 11•H· 

lance .Js a p:u t1:rl solui1on to our ll1lllill1atwn ovcrload 
problcms Secondly. thc ,:brlrty of hun~or,¡s to J.1aiy1c 
l'ffectrvcly ~p.rtr,¡J dr~trihutron\ ¡o; ,rlie,;cd to dctcrllliJk 
pltlgiL'\\JVL'Jy .1:. lile lllllllhc'l ol \',lll.dlic'o llll<l',l\l'>;, llllCI· 
il'l.i!lllll~J¡¡p\ .illlilll~'. V.ill,tlllc' ilt'LlHllt' llltliL' ~11hik ,llld tirL· 
lll.Jglllllldc tll v,¡¡¡,¡lltlll' dccrC.i~C~ Tlll\ \llgl:'c''ol\ lh,lt c,ll· 
togr aphrc prc~cnt,ruon mu:,.t dem,md JS Ir: tic m.: .11.ri Clllll· 
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Figure 15 i\lod1fY1ng a tcrram ~urfacc usmg local gcograph1cal opcrators (from Toblcr, 1 969a) 
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1 1gurc 18 Rcduung mulllV.!nJic dJtJ lo J fcw d11nCm1ons a f,¡clor m<~p of agncultural rcg10n~ for Oluo dcp1ctmg 
lile gcncrJI crop d¡mcn.,IOn (from Kmg, 1969) 
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lt .... ,,,,¡ .llld c'<llll'l'!ll\1,:;¡¡,¡{¡()!1 JS pos;;Jblc ¡f th~ fulJ 
¡'clll'Ll¡,,li d: l'JC.l(JVL' JlllllliJUil ,¡flJ dCCISillll 111Jkillg l~ to be 
Il'.dtll'll lf ihc Ctito~l.tp:tc:r c.m develop more effccttve 
.i.tlt ,,·dtkll<lil tc~illlJ<¡tJc~. anJ thc m.tp reaJcr Cdll be 
I.Jtl:~iil lll undcr~t.llld thc:u unJcr!y¡ng conccpt (1 e. readliy 
dcu••k liJClll), titen lite allWUill of lllfülmatiO!l C0111· 
,:¡,¡,,,,,~k,i by .1 ,¡ngk Jll.tp mtght be grcatly lllCICJ~cd. 

1 ¡¡¡,,¡), n •• tp~ mml he llltcg1atcd ¡nto ever lngher lcvcls 
tll ,¡,¡,¡,y,¡:, tf thc fui! potc1111.tl of Vl~llahí',IIIO!l ptOVIUCd by 
Jll.ljl'> 1' tn he IL'ah1cd 1 fttouglwut thc cyciH...tl (lller,trclncal) 
¡'t"l''''' ,,¡ ~Cil'illiltc JttqttiiY Thc con,ldclalHlll ol raw data 
,¡l,,¡¡,·. 1~inclt h.t' bccn tlic gcnct.tl rule 111 the p.i,l, wlil not 
,.tlt,fy tite nccd fnt m.tJ1' lil luturc tlicory fotnHiiJtllln anJ 
\c.iCilltik .nodl'! butldtng c::ndeavors C.ntograplters wdl also 
J¡,¡vc to <i'' bc:ynml Jc>Ciipllve ,tJIISliCS ,md umvanate 
Jn.tlys1s lo sl.ttl'>i,c.d liliCJcncc and nn.l1¡vanate analys1s. 
l!JJ>. 111 turn, wlil 1cqune ncw map mputs, smce the 
c,l,IVCilliclll<ll mctlwJ of mapp111g absolute Crequcnctes or 
pc1 ccnlJgcs ,Citou,ly lllmts the user's abtltty to make 
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mlcrencc' ruscJ on mapped van<~tH)IlS Wltiwut the dan:;cr 
oC baswg conclu,Jons on non>lgllll'lcant t:mdom fluctu.l
tll)flS 

Extens1vc research ts necdcd throughout the arca of 
premJp 1nformatton processmg befare thc tcchmque c:Jn 
bccomc gcnerally elfect1ve. J\lt!tough thc mathemallcJl/ 
,tall~llt:ai proccdurc~ are rcldtlVCiy str:JJghtforward, ft.:w 
carlogrJphers posscss the b.Jch.grounJ nccessJry for thc1r 
appl1catton. Jnterprclalton of tite rc,ults- mapped or 
otherwtse--IS nftcn cxtremcly dilllcult ,J'> well file relev.mt 
po111t 1~ tliJt preprocess1ng prov1dc~ wlution to thc probJ.;;n 
of datJ ovcrloJd only lo thc cxtent tli<~t cffccttvc JecodJttg 
1s po:,~tblc. M.1ny cstJbli,ltcd tcch111quco; are '>liil wt.:ll 
beyond the gra,p of many L-.tt ¡ographcr<. J' wc:l J'> 111-.p 

readcr:,. Thc research cartogr.tphcr's ta'k Wl;l be to cxpl(Jrc 
the potenttaltttcs of each or' lile nurnerous techmqucs and 
to provtde practtcu;;; cartogr<~plicrs and map rcadcrs w.th 
mtcrprctattve guidehncs whtch wtll msurc propcr and 
effecttve use of preprocesscd data mput. 
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Jfll. NJ.APPJNG 

TJ-.e mcu111m of graphl(S Itas lOng bcen usecl lo CJeatc 
two-dimei1SIOI1,¡] lCpJcsenta\1011 ot spallal phcnomena for 
ti1C: pll!l1dfY purpose oC YISUaiiJ:alJon a11d, for ll1JI1Y, tlus hJS 
.liso be en thc essence of "ca1 tography " Recc11l llbcrJiiJ:a
t:on of the mterprct<Itton of Ca1tog1aphy place<; actual data 
p,ntr,Jyal. or mappmg. m pcrspccuve as an 111tcgral step 111 
thc broad,~r contcxt of canogi.tphic proccssmg In 01der lo 
c:vJtuJtc thc actu.1l mJ¡Jpmg p.ocess Ills neccssary lo asscss 
how welt 1t funct1ons as a commumcatwns link 111 a much 
broadcr d<JtJ handlmg systcm. The mterdependcnciCs 
be t wcc n da la collectlon, m a ppmg. Jnd 111 forma t1on re tneva l 
actiYilics wc1gli heavily 111 tiHS cv,J!uatwn 

COI•VCI111onJt mappmg 1~ cxtr.::ml?ly tune consum111g a11d 
costly. In mdcr lo kccp pace \\IIth dcvelopments 111 other 
fit:!Js, mJp ¡1!llllllcl1011 cfflclcl1cy a11d nwp effecuvc:ne>S 
muu be contmually mcreased. Automatl:Jll, along Wllll 
nnpruvcmc11ts ¡¡¡ matcnals, equ1pmcnt, and techmques, 
~hould dummate the clnve to píüducc larger numbcrs of 
m.1rs 111 les~ lime ;md at lowcr cost per untt Human 
ultutllon and c¡cat¡v¡ty, 111 CllllJUl1Clion w1th considerable 
expcnme11tal rcsearch, should lc.1d to the product¡on of 
mapo whtch mo1e etTccllvely serve then mtended pu:pose. 

( 1) Productwn Efficicncy 

EcOI1tilllY lll m.tp prodttCillll1 IS [liiin,\1 liy " r lli1Cl \011 or 
¡,,¡,¡] 11l.IJ'I'ol1~ 1111\C, Wl\IL'h 111 111111 dc¡ll'llll' upon ],J!llli, 
lt1.1IL'II.d .. tlhl ,·quq'lllL'It\ l<'t\IIIIL'IIH'nh S!lkl' 11111/WII lol>tll 

.!ú'lllil\1\ llli lite l.ilgL'\[ j11<l[1<lili<>11 lll \Vllli-.·lilllC L<lll'>lli\~j1-

' \i<lil ,\lld ¡11•lcli!Lilllll L'll'>\S, )'L'il'> bl'I\C!,¡]ty Lli.JIIIClL'II/Cd hy 
hl\v pi<ldUlliVlly, a11 ,,bv¡ou:- w,ty lll g:.~111 m.1p p1uduc:ILOil 
c!Ticll'I1<--Y 1~ tu 1cducc thc atnnunl oí human >kill aml iabut 
mvolvcd 111 \he 111dppmg p10ccss Labor savmg has becn 
accompllshccl by (.1) autom,tll11g li.tdlllOnJII,tblli-111\Cn'>IVe 
n1Jppmg proccduJes, (b) cmpl"y¡ng mal1uJlly controlkJ 
eqtllpmcnt and ulihJ:tng prcpJ1cd mJtcnab wl11ch mcreasc 
hum<Jn effic¡cncy by reducl!1g tJsk tune/cffOI t, ur (e) 
allL1gcthcr C'l1111111atmg trad1t1on,d lab01-consummg steps 111 
thc 111.1ppmg proccss 

(,¡) Autnll1.iliOll 

]
1 11\h,d;ly till' illl•'>l CXLillllg .!tlli l!lll<i~l\ll.il ICC:Cll[ dcv<.:l· 

Ufí11\<.:11l 111 ill,_¡p Ull1\llll<-li<ll1 1~ tiJl: l!Clid \LlW<ird c,UllljllliCI-
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ass1stcd mapp<ll6 Thc bulk of thc ]JbOI mvolvcd 1n 
mappmg 1s str:.ughtforw:.nJ. rcdund;mt. and wcll oUitcd :n1 
machmc oprratwn~ 1-!Igh-speed, digital computcrs J:Jd 
automated d1aftmg machmcs have already provcn espec¡ally 
valu:.,bic for routmc calculatwn and mappmg chor~s. 

Automatcd dcv1ces are,¡;-¡ f.¡ct, fJsl bccommg md¡spcnsJbk 
111 mcelJllg dcmands for more rap1d rroducLIOI1 of wuJcr 
vaiiCl!cs a11cl greater volUI11l'> of zn,¡ps tvluch of thc 
drudgcry of routme compilallon ,md thc preparatwn 01. 
reprnductJvn copy can now be automaLcd. 

The tradllwna! method of treaung map mputs ;_¡s 

so me thmg umq u e tu pJ rt1cu Ln m a p com p ¡].¡u o no 1s 
mcff¡c¡ent. Thc convcrs1on of data to the graph1c moo..: 
alw;_¡ys prcscntccl scnous lllfOI!lJalion storagc and rctncvdl 
problems Changmg the sea le 01 ptll pose ol a map u~u;_¡Jly 
1.:qunes gomg back to thc bcgmnu,g compdat¡on statc ,,nJ 
start1ng ovcr. In cont:.1q, computcrs store gcograp 111c.:i 
mformalion (1 e, posJt,on and ¡ntcnoJ\Y valucs) 111 J¡¡ghly
acccsslblc d1g1tal forms. Once a mapplllg syste,n has bcc11 
preprogrammed a11d data h;¡ve bccn made mólcl1111e-usJblc, 
littlc human mtcrvcnuon or e!Tort 1s Jcquncd to produce 
111Jps ;¡utom;¡lically m íarge 11umbc1 Jnd varwl1on f¡ozn J 
s1ngle set of dJt,l Thc data a1e ab<' acccs,Ibk by multl¡Jic 
usc1s. Thc bencfil o[ usJ11g Jutüm<~tcd proccdurcs m 
COI1JU11Clllll1 w1th mullLpk-pu:posc <Ltta file-, (callcd data 

ha11A.1) can be :.1 \1C111<:11dou'> !cduc\1on 111 d.1t.1 J¡,¡ndllll~ l1mc 
,lllll <.:ll'l, ,tdd '>if'llii!L.lill 11l.IPI'II1f' il<'\ihillly Í\.ccp 111 llllllli 
tliat tlliS lllLIC,I\L'<l lln .. Jllllity ¡lillVIllL'\ \lllllli<lll l<l )li<lhkill~ 
Ul C,\!lll¡!,IJ¡JiJ!I.. an,ii'(SI'> <liJ!y lu lile C\lCiil ¡]¡,¡( \VL' CXL'Id\C 
cartog¡,¡¡¡fuc seusc Tht:JC 1> l1Ll gu.JI,IIJIL!L' liJ,¡t t..:n. lll cvc:1 
lWCI1ly, COlll[JlllCI map~ Wlll lllhCIC11lly be: <111)' !.ll[lfllV\!

me11l ovc1 one wcllthoughl uut manually pruduccJ mJp 
Actually, 1t 1s not so much thc llcxtbliilY as 1hc 

me re a sed spccd of autLl:T1~J\ccl pruccd u re' thJ t 1> 11h)> l 
cxc1t1ng d~vclopmcntally lf mJps cJn be m.1dc mor.: 
qulckly, the scop..: of c<JrlOgrJphlc JllJ!)'SIS .:an be cx\cl1dcu 
to mclude sho:tcr-lifc ph,'IHJI11Cl1J A two-yeJr tUJl1-Jilhl11d 
umc fo1 a sta11u,ud topugr,tphlc sheet mJy sufll-:e m hght 
of thc no1 mal 1 JLC oC cha11gc 111 IJnclform. but :.m polluuun 
llLlpS of a mctropol.t.m ar..:,t mu>t be aVJI 1JÓlc w1tLI.1 J 
1\llil il!l lll iWUI'> ii ¡J¡,·y diC lll 111.? oi' 111lllt: titdl1 ill'>lll\ ¡,_,¡\ 

lii[CIL!\l t'<l]¡L)' dl'Li\lllll'> ,JIIC:(\Jilg pcuplé 11\lhl lliléil be 
lJ.¡:-cd un h:g.hly >pc:c!.illll'd, Up·l<l-d,dc il1<~P'> ul ..:pilcJliL'•·d 



suh¡cd m.:llc'l Jllcl 1llcy m.1y llc u~cd tlllly .1 lcw tunes at 
llltl'>l ·¡ 1ll' ,J,¡w 1<'.\fici//,H' {11/1(' .111d lrl'IllC\lUOLIS co~t of 
pltJUUL'IllS m.Jil)' cur¡.:nl m.1ps, such J~ tilc USGS topo
gLlpliiL ~ilcl'b, ucfu¡¡¡cJy d,J llcJt sau~ry such Jdn111uslrJ!1on 
Jlld pl.lllillilg nccds 

Input ltl .Jtdtli\1,1 tcd sy~tcm~ consists of alphanumcJIC 
d.ltJ lli symbtlb l'OIIIIIllllllL.llCd ducl'tly lhiol,gh an on-lme 
lt'Jiillll.d tWIIIL'h c.Jn be an tllclinary homc tclcphonc) or 
Il'cUJdcd <lil llollc'JJth-typc punchcd c.uds. punchcd papcr 
1.1pc. or m.lgnc!¡,· 1.1pc Computci-gcneJalcd mapptng con
Slsls tlf :Hlll.ng d.JIJ l<l a piCpilll!Cd b.1sc ma¡->. or rcpro
duung a m.1p <>Il bl.inl-- ICcorJ¡ng mcd1a such as papcr, 
pi.1s'"· l·ilm. •ll O.:.lt!lode ray lubc Thc bull-- ol Jlltomatcd 
cqt11pmcnt an,; JssocJ.!lcd tcchlllqucs pcrCorms the task ot· 
ptl~lliüillilg symbols by rcla!Jvc lt>cJilon. 

St.1nd.Jrd C<lill[HllCI pililtoul cqu1pmcnl can funcl1on as 
.1 pillillllvc hut eCOilllllliO.:.li Lla-;s of Jutomatcd mapp111g 
dcvJcc~ l he ..:omputer m.1y be p1ogianuncd 111 two ways. 
·¡he ~Jlllpk,t. but il',¡-,¡ lk:-.1bic. plOLcdurc IS lo prov1dc a 
Ctlmplct.: ~et ni Jll~tJuciJons wl11ch prcspce~fy cach pnniing 
po,IIillll F,ll c:>.Jmpk, nwp ckments lo be pnntcd m.1y be 
puncilc·J tlii llolkiilh c.ud:-. 111 th~Ir propcr -;p.JliJi form'at 
.111d lile .:.ud dec·i-- iJ>tcd on .1 ¡111nlci Thc dJs.Idv.tnta~c of 
thl\ ¡.:,·!J¡¡¡quc• ¡-, tli.Jl .I new :-.el uf I\l<;[Jl\Liltl\1:-. 1:-. \Cljlllll'd 
f01 t'.ICh V,lJJ,d>k .. 111d t!JC JlllljCLIJOII ,JIHi :-.C.dL' L'.llllllll bt' 
chang,·d ,\n .dicJJl,iiC Jjljli<>.Jt:h 1:-. to Idcntily IJJio;m.JtJon 
by ioCJliLlllJi ,;,lllidiJlJlC~ ,lJld thcn CICJ(C J IllJjl·j)Illlllllg 

.. .... 

computcr prog1Jm lo ptcpJiC IIS own pr7ntll1g position 
spccdlcJ ttons Th1s 1 c..:hmq u<.: hJs 1 he ad VJ n t.1gc Ll1J t the 
p10gram can be used lo scicct varwbles. alter prOJCLlion and 
scalc, and change plottmg symbols A l:.Jrgc numbcr of 
stJndard mappmg progrJms of th1s sccond typc ;.¡re now 
avaiiable and Widciy u sed m d 1vcrse dJsc1plmcs 

Common linc-pilnler creatcd mJp formats ¡ncluJc out
llnc mJps annotatcd w¡th ccnsus data, contour-!Jkc symboi 
stJings or bJnds, ¡sopicth or choropleth appearmg symbol 
Jleids, and plots of dJscrcte obscrvJllons (Figure 20) Síllce 
common illlpJct !me piintels are restnctcd to tho~e 

symbols found on most ~tand.Jrd typcwntcr>, IllJp> pro
duL·cd on thcm are· gencrally char ... ctcnzcd by lr'v. geo
graplucal re~olutwn, but th1s docs not h:~vc to be tilc CJSC. 
ThcOJettcaily 1t 1s poss1ble, though not aiways pr.lct:cal, lo 
nuke pnnter maps at large scaies and then Icduce thc 
output drasucally TlllS actually has bec:n done by Yoch 111 

Jm analytical hiii shJdmg, proccdure (Figure 21) ¡\1',\iüugh 
pnntcr mJps hJve provcn cxtrcmely uscful, thc:y .nc illlllted 
tu disconiinuous symbois .111d Jrc furthcr restiiL tcd by ( 1) 
the mabii1ty to centcr thesc symbois betwc<'n column 
pos¡twns across thc pagc, or bctween hnc pü>IIIuns dü\vn 
thc page. and (2) thc f~ct thJt signifiCJ\11 Jllcctlonal 
th~toiiiun con Jccruc dueto thc rectangular furlll o! ptinlcr 
pu~tlJons. 

¡\ scc<>nd ci.1ss of 111.1pptng machint'~ J> lile' cthlic!t:l.JIC 
piottcr The more lkx¡bJe systcms posscss scvcJ..tl t~p.:rJtmg 
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r IJ;Uf~ 21 Sh.llkd rclicf onllnc-prmtcr (lrom Yocil. 1965) 

mod.:s For C\Jmplc. by uqng JntcJchJJJ¡,;cc~blc 1nstrument 
hcJd~. the C'Uipui. fonn~n ~~1;! oc ~1n 1nkJrlnvn tus:ng ball 
p,!dll, wct 1nk, or nylon ilp pcns) or Jllll11cd or¡g¡n;d on 
rJpcr, J S<.:!Jbccl nc;;.Jt¡ve, 01 Jll c:-.pmcd IJilll pll~IIIVC llll.lt',C 

Pn¡m,¡vc ..:omdi!1Jtc plottCI>--thJt ::-.. tlillsc whJLh o¡Jiy plnt 
'ymlll1ls L'.lil drJw, scnbc, p1111l, LH plwtu¡;i,ipli!cally 
C\pn,c d.:J,l, -;ymbois. Jnd ;¡Jplunulllc: IL .lllllcliJI.llllS .11 

'>jlCCJi'Jcd LlHlldJn.Jtc [Hl';Jilllli' Thc-,c phlltcl' h.1vc thc ,,¡¡nc 

.:ppliL".il!ll!l '" ul!nputcl ¡mnlci'. hui ¡1'''"~'' thc ,,dv.llll.q,;c 
uJ f1nc. rc,oillllon. l.1rgcr clWILC ,Jr 'iymbul<> .JIHI 1111.1gc 
(i;ld. e,¡¡,,, L"!'"hility, :md giCJtcr -,,·kLiilJll ,.¡ dr:ilttng ba,.c 

ll1.1 1 cn.ds 
1ht• ¡J1()1C SUpi:t\liCdlCd Cllllli,l\ii)W,-LllfVC ¡J[llllCI'> di,pl.iy 

cvcn giC.ilCr lk'\tbiltty li1 .lpphcdllílll In ciddiiHlll lo 
p;,ltltng symb,li'>, tllcsc lllJchtnc' L.an JtJw, sutbc. or 
phLllugr;¡phtcc!lly cxposc ..:ontJnlltl\1<; 'lrc~¡ght-linc ~~gmcnl<; 

uln.Jcct,Pg :,¡¡ ;ng' ol po1n1,; wln..:h JIC ,d.:.ttlficd by 
c•Hl!clindtCs (l';gull' :;:::¡ In t:m ¡,~,11"''1. a 'llaJ¡;Iit-ltnc 
..Jjl¡Jll)'\l!ll.lli011 (1\ ,¡ny CLI!YC (dll ()~ fllíldliLC'd JI inlcr~J!lCC 

kvcb llllll1.ilcliL'd by 111.11lílcd plolliil¡.! ;,Jctlwd' B.i:-.IL
c~llillillclléll \Liihc 'J''Iél1l\ cllé .dtcJd\' t':il\y L.ip.ibk nf 
p¡,,,:t~Llil~ .IL'dlt.li~ litlé\\lltl-. .11 k,¡-,¡ t'qtl.d ¡,¡ qu.d1ty tu 
g.>11d lll.lilt:.d \,llillll¡.! i\L'cL'Jll.d)k )-!1.1) (¡lile J1.ili~lll\ l<ll 
dll',d ,lJ,¡,j¡¡Jg \i,iVé cd,ll lJCC!l jlll>c!iiLL'd \JV il""\L' pit>1lC" 
(1·.:-,utL' .23) \n,lll:c·¡ h1gh 'J'L'l'd u>llilllllllll\ ci!l\c i'l<IJICI 
IIO>C' .¡ l.i~CI •>j1lic.d 'Y'ICIIl •\ !clil:Lil.:d i.1\l'l hL.IIll ¡JI,>" ti.L: 

29 

111.1p ll1lcl:;c, l1nc hy IJnc, un photogr.1phtc fil.;: or papc1 ·:t.c 
CXI:.:mcly rmc rc!-.olullon [lC111lilS h,gh dCil>I~Y of llllC'> Ji1Ll 
patlcrn<;, Jnd thus nwh.cs a wtdc rangc IJÍ grJy shJucs 
pmstblc. 

Cornmon c.:tlogr:.~pluc appl!c.lltom. of Cílllt:nuou,-l-urvc 
pluttcrs mcludc draw1ng map ptOJCCtlons, gr1d tcfctc.;Lc 
systcms, world outllllCS, poiJttcJi :Jnd ccn<.c~s trJct hou;;d
<l!lCS. pctspccttvc dtagrams, Jsollilcs, trJmport~ttun nct
worh, Jnd nvcr systcm~ ln mo!'.t cJ:,cs l11c symboi plot 
capabtLty IS uscd In COilJU!Kll<Jll wtth cont¡nuom-.:urvc 
plots 

Co¡r;putcr-cuntrollcd clcctrolllc t<lcipptng systcm~ cun
~ttluk a tlurd cL1s~ of at,tom.ltCd 11lcl¡1pt1g dcvtccs ~~l~í) 

fcJllliC~ c!IC liaccd c]cctrnntc,diy and clisrl.Jyccl hy ,11C.lll•; .Ji 

;¡ CRT (C:1thoclc Ray T:ltJc), a11 clcctro<;tat:L :·,¡¡,¡tcr/plut:c~. 

o, snmla: durclly VtC'wcd dcv1cc No.ll!np.:ll clcctr"'"·'tK 
r.1slct SC:IllllC!S ate 1~,, tllan two yc.:r\ ()Id bL:t c:Ir,;;¡c!y 
appcar to be onc of tl1c ¡¡,u'it ,¡gn¡t'¡c,,¡¡t dc:vclopmctd\ 11. 

Ul>piJy dcvtccs Tllcs·~ mc~l-hlllcs c~rc <..clp,lidc l)f pro~.-~C..:c!Jn;; 
:Jt sttcil phcnomcnal :,pccds th:Jt thcy can actu,dly kc..:p pace 

wtth the tnlcrnal :,pc~d of modnn cicctr<lllJC ClllllfllilLf~ 

Eqlllpmcnt VMICS grc.Jtly dilcl b ur,Jcr cuntlntililf,; dcvcl,lp
mcnt but. 111 gcncrcll, oc~tput 1.-Jil be pr!dlcd l.nc by ltn..: ~d .1 

cuHcnl rc~tc ot from 300 to 5000 llllc' p..:r lllJJ:utc C).:pc1 
spcccl uf l to 2 tnchcs/-;c~.-ond) w,:ll ·' ICS<llll!Jon ul 70 to 
100 dob or illlpicS~hJil>/lnch An /)~~-· oy l 1 'mc~p L:lll be 
plPtécd 111 lcss th.lil 7 sccunds tcgJ:dk,, ut- compk:-. .. y 
(Figure '24) Thc f.1cio:-s of hn\1 L.()';t. h:qc.-1 cnpy. ell'Llro:llC 

spccd, sh:,dmg. ¡.;l¡.¡[l,]¡ty, .1nd t1cx,btilly (u.1c LiL'VlLc ~.-J;; 

oftcn rcpia<.:c thc olucr m~;, hanJcJI ltnc-pnnrt?r> Jnd lilcrc
mcnt.ll plottcts) as>,KI~ilcd Witll cl.:t:il ll\lciliL m,qc¡Ji:,o; 
mctlhJdS suggcst thcll c:Jitogl,tphc¡-, ,¡,e J0Llilt lll IC:Jli/c thc 
full P•ltc:llwl of compu:c1s lll CJI togr.1riuc ,nform.il :.m 
piOLCS'\lllg Th~ lllcllll ÜIS.!dVclili.lgc· uf ck,tlll\lcllic p:!llil'l/ 
pllllfCI' l' ti\Ji C,\Ch "Willll1g llib" W!l!Ci! c.:,l J1!0dl1LC a Llíli 
b cl~\clllcilcd W!lh ,1 LOflc·,pondt!lg bJildiY d1g.t Willl!ll tL.: 
L011lpli1CI dilll !he COlllpUICI ll1ll>l lu,¡ :111ldULC: ti\C ,11.1p 
lllUgC clot !Jy dll: l1o :1111.:<y IU!lll 

In c.onlra.,¡ tu ckctrll'.i:Jltc pilllll'</;Jl,llicl>, thL· Cl\ ¡' 

IC[liC,Clll' Jll cr11Clí1Ci:JJ dl'fll.J)' lCLhlli(,L•c lll wiJ:LlJ llii.! 
map ll1l,Jgc lS uc.llcd :)y clc!lcc:I:llg el DCJ¡fl o!' ltght ¡¡¡ h,,¡h 
thc ;.. and y Llucc:ttotl'> CIZT":, hd\C thc ,yml,,¡¡ ¡)lutllllg 
Cclp,!btlll)' (Di.!Lk-.llid-w)i¡¡c Ul Ctlllll) llf Lllllillllltll•\, d.l>iJL'il. 
u¡ dullcd ltllL''> ot' v.II 1Jll!c w,dth .. ilph . .:!ui,ll'lil'\ .. 11Hl 
t)rogl~tll1l11cJ g1 ... pl11.: syP1bul.;; ol \,lll~!bk -;¡¡e ~il~d dJJCnl .. ~

ltun (rtgu:c 25) Thc CRr d1<-pl.1y h Lil.:t.~ctct!h'u by 

c;..t"·mc ilc\ih.llly, llig:1 'pccd ]:,~[¡ ¡c-,,Jlu ... ll\. IL·I.::¡v~ly 

!11¡;11 Lll'>t (CXl~¡)Í 0•1 ,1 j11lllli•Llll111 ll,l\1\) '<ll.:il lill.!~,' .\,_',1. 
.Jild ¡,l\1/ :JLCUI.ILY DynJilllL CR ]' d::-.pl.l\' lll.ll-...: :1 ;lll\'llllc 
tl) ch~lllgl' li1IOI•ll.11ll)J) '"'ll:lll"11t ~d11H)\[ llh[,lJd.ti1l'dd,Jy 

(iih.llldul:; 111.1p up,L!litlg :111d Lllllt:cl:uíl). -,ymb,ll typc. 
¡JiíljCCI!Oil, .!lld <ll!Jc:r !ll.ip pci!,illlClL'I' \V¡;l'l1 Cill¡JltJy~J .JS 



)'1gur~ 22 Lmc piottcr mJp 1960 popuiJtwn dcPslly by count1~~ wnhm the l\orthcast Comdor 
(lrom Wamtz, 1971 l 

1¡,;ur~ 23 Ar<:dl ~cree m on tne cuorJillJI~ plotlcr JO ~\penmcntJichoroplelh mJp (from C.lflwngill. J 9701 
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.. 'll'L,LilV<' ¡;,),-.. ,H,;c¡ .:on-;ok,, CRT d~v1cc~ Jppcar pJl:lc
:d.·.iy wclJ SdoLCd [O C:.l.tog¡ .. pil:c C:\pC:llnlCIJl.illOJl, SlllCC 
L:."~' pl'il1lli ~:te ICSCJrCht!r lO Vl('\V 111 I1CJT rcl~¡ li!llC thc 
•'"'::!rcss1vc c::ic.:ts of thesc p.~r~:dJetcr .diclc~::uns In 
'"!,J:IIllil lLl JlrCCl VleWII1g, il !S pü~SIOIC !O record graph
lL .. :Iy CR r l)d:pul dllcc!ly l)Jl film lll Jnclircctly 011, fol 
C\.ll11¡1:.: .. :1. clcctrL1SlJllc prmter/plotter. The p1oduct10n 
,,¡l·,,ll1l.llY Lll crzr, hJS PlllVCJl usclul 111 proJucmg mov¡es 
lll .Jn•:'l"k,J m.1ps. Although clcctroi11C systems are 
Jyn.1:n1c ,J.,ll h:J\c tllc adv.mt,¡gc of specd over mechamcal 
sysicllh. ti1cy are s¡Jilmt'ellor to mcch:JnlcJ! pro.:cdures for 
t!,c p1Udl,ulclll uf Ja1gC 111.1ps Wllh CXllC111C ,JCCllrJCy. 

A fou.,¡, .:lJ~S uf "mapp111¡( i11.H:IHncs 1s tlJJt uscd to 
p:ociucc '.JI'icJ rd1cf maps ·¡he f1r~l '>lcp IS to carvc a 
tllrcc-dlnll: .. ,w:JJ! rcprcscl1tJ!IOI1 of a statJstlcal surfacc 
!rcll11 .1 Sll:.c: blo.:k o[ m.llCII.d, usmg a computer-controllcd 
¡lJ,,·c·.l ,1, mdlmg (ICVJLC .¡nJ d1gil.dly 't01ed d.IIJ. The 
¡c-;ullm~ ,.-1:.:1 !OlLJJcl can be h.111d "flll,shcd'' .md serve J:. 
¡;,e C!Jd ~;¡,;Jt.ct. or 11 can be uscd as a form m thc 
produc¡,,¡n <JI 1el1cf :n.1ps Thc subject for map¡Jlng does 
IHll hJv..: lo be lile l.wdiOrm surface. 

i3.JSk ,•:¡urls tu :JUtom.Jtc thc cJrtogr .. phlc proccss lwve 
lll\'l1ivc:Ll VJ~I tinailCIJI Jlld l<.!LillliC.d rC:SlllllCCS 111 both 
¡¡.Jid\\Jic (,·,~u1pJ11C111) Jl10 softWJrC (plOgfJOl 111!-.lrULIIOllS) 
devdt1,1l•l<'11l Jnd. lhclci',lfc, hJvc rcm.llncd thc domJJll of 
Lile l.1::~c: m.J¡>pzng mganl7atll111S wl.1ch Jl.lppcn to be 
¡,-llCIL''l<'d ¡1111\l.!lily 111 tite prcpJr3tiL111 of gcn.?rJJipurposc 
i•J¡JLlgr.~,oln.: mJps. nautlc3l chJrts .• !Cinnautical -:harts, 
:,¡¡;.~, ,;;.1ps. and othcr 11onthemat1c m"ps AutomJtton 111 
t:Jcm.lilc .:JrtogrJphy h.:s cssc11twliy mvolvcd develop1ng 
'L" 1\':,,:.: i11Jl coulu cxplo1t thc ~.-.Jp.d.Jil.tlcs of cx1stmg 
uJml·>~nJt¡ons of ,·omputcr:. and pcnphclal !Jncpnntcrs, 
;,;,)¡ ;c:s .1nd cJtlwdc r.1y !llbe d¡:,piJy syslc:ns ScvCIJI!arge, 

J1c:-.. hk tJ¡CJll.lliL 111.1pp111g \YSlCill' il,IVC bccn tH ,lJC 

lllllc'lllly ¡:,JLki d,·wlopmcnt. lllchldlng 1\U'TOivlt\P .11 the 
Cc.;,¡,d lnt.:lllg,·ncc :\c;,·ncy, SYM:\l' .11 liJrv.llcl lJn¡vcr'>lly, 
Ll~:-.it\l' .:.1.! COL\1/\i' .11 thc \lllll'>tly oi' llull>lttg anJ 
LLlL .. I {,uv.-¡ .llllc'lll 111 Engl.llld, lile ;\utnnl.liiC Sy,tcm of 
CJI1Ll_;t.~ 11ily at tl;l Ruy~.Il Collcgc of Art, Jild t!Jc CJnJdlJll 
Gcog.Jph:~~.: In.-orm~llül1 Systcm 

liJe JD:Lty lo Jcvclop ~utom.tted themJllC mJppmg 
roto~ ... es Llll lllllltcd budgcts utiilllll~ Wldcly avall.thlc 
llll•illplc·¡'Ll•jW>C u¡u:pmc'lli has C'llC•ldl.lgcd C:\ll'll\!Vc 
c\pclllllcllt.Jl:lln Tllc prtllii-Ci.lllo:¡ o: Jppll.:.lllllll'> of .llllll· 
m.Jlillll tu thcm.JIIl m.1pp111g 1HJw cncomp.tS>C'> JllllSt 
comnwn dl'í'I,Jy .JJcthnds Th.:: ,,1111c tedtn1quc' Jnd 
p •• tdlccs !:.1vc bcc::. ¡ndcpcl"kn¡ly Jcvclopcd Jnd .1ppl1ed 
UVC:f .ll1J OWí by 'LICilliSÍ'\ Wllh ,¡ WldC r.111gc oi llilCICSlS 
Thc ;',Cn,:r.d l.1l¡, Pi ploi-CS'>Illn,d ,,,mmu:Jic:lll<lll bctwccn 
.JJL\l llldiVIdll .. l, 11.1' J¡¡() lll lt 11 l!''>iJiicd 111 diij)llt_ illllll lli 
cll.;:t, .1 l.ilil:rc ltl k.llll rl<lill ()lil<'l'>. llliO,I,¡J,,·,_ ,¡ l.lc.l-. ,¡( 

:.t~nd.lidll.dlllll (:¡•, l<l prog1.1111 l.wgti.Jgc, c<llllP<iiCI lll'>i.d-

3?. 

l:.t:o11, user acccss. etc.), a.1d, m generJl, a ;¡ .. ;:e wasrc 
t~nough rc~.iu'~d .. JH :l\~ c;f J,nJlt..:-<1 ¡c~oLrcc!) .. r~1s c0:-11· 

mumc::liom brc"kdown hJs causccj nccc:lcs~ GL:..ly o! fLJl! 
re.illl~twn of the putcnual of JUlomJtcd thC:JlJ.Jllc cJr
tography. Allhough lllUiv.dual twpp1ng rouuncs .:~n somc
tuncs be fo:.Jlld m public.ltJo;Js by the1r Juthors 01 C\traded 
from collccted wo. b of cvmpu tc1 progrJin!> for env11 on
mcl.t~l s.~¡entJsts, thc bulk of cx,:.tmg compu;cr ma:'pmg 
cJpabthty :s stlll 1101 Jvadable to thc mdlvJdu~l uscr and IS 
not fully utli1zed. The need for a coordmatcJ pack.~;c or
uscr onemcd m.1pp111g programs such as m1gln be produced 
by a summer 11:st.ture on ThcmJllc ~1Jppmg by Computer 
a11d wh1ch could be s1mply mod1Lcd for use on most 
computer fac!lJtJes 1s obvwus and urg.:nt. In thc 1:1eanumc 
thc recently establlshcd Geograpl11c.Jl ProgrJm E:-cl1Jnge 
(GPE) w1ll be a most useful semce (scc \Vltl;.:k, l 97 l ). 

(b) Equipmcnt :tnd mJtertJb 

Cartograph1!rs aJe currently faccd \\oilh an um;~uJI•y VJSt 
Jn~y of 11cw drJfung and reproducll011 mJter,Jis, equJ?· 
ment. and J>SOCl.llcJ techmque:, w!11ch Jccount fo, st.b
stJntla! sav1ngs 1n labor. 1 he mctJvtcluJI J' 1U cotr.b,ncd 
clfccts of th!.'se dcveiopments, Jnd the 1csuiung lJ>1pl::.-J
liOI1S for geograph1cJl mapp1ng, are stlll not wcll undcr
stood Yet 1t ¡s pms1ble to 1dcntlfy 111 supclf,.;ul f~lsi1.on 

thosc m0UCilCCS wh¡.;J¡ aiready are J'asl cl!Jnglil¡,'. thc ll.JtllrC 
of ITidpp¡¡¡g JCllVIlJeS. 

Poss1biy the most obv10us labor savmg chJnt.~ JS th:n rhc 
proc.:ss of c.eallng a map nnagc wnh pcn, mk. a11d pape1 
hJs rap1dly dts.lppcJICd from ~11 CX<..Cpt sm.di ll1JPflll1g 
opcrat10ns Onc reason for th1s trcnd 1~ thJi .1 l.t1se v.mcty 
of !J¡gh-qu;,lity prc¡mntcd matcnafs <;Uitablc fu, m.:pp1n_; 
!uve been made comme1C1Jily avJJ!Jblc .11 n:Ltuvcly l<hl' 
wst At kast o11e of thc common brJ11d nJmcs. such 3~ 

Dcc.1-dry (C!J.1rt-pak),' Form.Jtt, P1c:.tapc. instJntypc, 
L.::tla~ct. PJ1.1t0ne. M1crotypc ,,nd NolmJtypc. JIC u~u.dly 
JVJtl.1blc .1t J,)cJ! grJphlc J.ts su;1ply LllJ.icts Thc;,l' 
JJ!J~,IVC-bJ.:i-..:d, SllC:i-.-up Jll,llciiJb 110\V lillit,Jc létlCIS, 
numbers. S)'11Jbols, !mes, and are~! toncs/paticlns. 111 a w.Cic 
v:mcty of typcs ~nd s;;rcs (ttgurc 26) Thc cJrtuguphcl li~s 

,mly to po::.JiiOil thc choscn makllJh m tt1e ~ropc1 J;1.it> 
fmm.ll. ~íusl co¡:J¡JJlileS thJt :.upply ;,LLI-.-up ;-¡.,¡.:r:ú; w1:1 
.liso accc 111 your own Jrt WLJIK !1om \\h1.:l. il:c'Y ,vlil mal-..:: 
up 'hc:cts uC spccJ.il symbols You .:.m ,l,cu,np .. >h ti:,· ,.t:nc· 
::lll1g lo.::llly by runmng J Llm p,l>Ili\'C u: ,;1,,:.il symb,Jls 
or rcdu:1d.w1 JI t work 111 cunt"cl w:th l):~l/<'1•.> diJ/ll· 
s.::ns1 tiLcd. JJ hcs:vc-bacl-.cd f1ln: t}:r,ll:gll Jll ÜZJl1u m.t~.-ll' n.: 
lt 1<; C:<Jillmon prJcltce 1-or l:m¡te::l produ, t1u11 n:,:pp ,,g 

1li :ypc tu cunllllL'ILJ,il :ypc,cltcl~. \llU: .1'> :Vl<llhcll. '· !:•J •1c 
111 lile hli>IIJC:\'> lll ¡liOclliLIIlg lile dt:SIICLI Sll,i..-up 1\l.Jil'll.li'> 
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One ulllverslty cartogr~phy laboratory (Umverstty of 
\V¡s,,111Stn) 1s .IL'tu.lll) l.11;;c ~l~<lllgh 1o support a photo-
1\ l'''Sl'llill:,! '"'IL'm c.1 11.1bl~ ,,( í'l<',hlL'11l:,! .1dhc'itvc-b.1ckcd 
.;¡h','h el! Sc'l IV¡1c' 111 ll\ll'"' l ]¡,· .lcl\1,¡] pi<l,CdillC lllVO]vcd 
1rl ¡1:1\.ll:llllg ¡11C¡1\!llll'd lilolll'il.d' 1\ lllll tlJ¡• lll.llil pl11111 \¡1 
he nuuc lh'IC, hu\~cv,;¡ WllJI 1~ JlllpU!t.rnt ~~ th.1t thc 
tc..:hrnquc ol posllllllllllg pics-.urc-:-.,•n,ttlvc ~ymbnls Jll a 

m .. ,, i'oll11.1l 1s c'l.trcmcly 1.1>;t, piPdu,:l's unti'o1n1ly lngh 
qu .• lll) products. :wd rcqutJc:- \'c'tY ltttk sktll 011 thc p.nt uf 
thc e~. togr::~phct 

A sc:cund rcJson for thc lrcnd awJy from mk Jrafttng ts 
thc rc~.-cnt Clcvclopmcnt o:· scnbuzg Thts ¡¡toces<; of 
cngtavl!lg lme-, and symbuis mto ~n opaquc-coated, 
dm¡enstonally st.Jble piasttc sllcet111g (,~ g, SCJtbccote) 

pcrm1ts tne cartographe1 to prepare a negat1vc map tmage 
wlhL:h ..:Jn subslltutc lor a fllr11 nc:::;at!V<:: lll rcproduct•on 
proccs~es Tire aClv:~ntJgc of s..:Ito1n,; ts that CJdtcmeiy 
hlgh-qu.dtty 111.1p ncgattvc:- can be prcpar<~d .Jt rcproductlOn 
::,¡zc w1th slgn¡t¡u¡nt ~avmgs 111 diort ami cost ov.:r tnk 
constntct¡on tcchmquc::. l t ,¡]s,, t,,;..,c, le~, t1mc and C':p.:nsc 
tu tl<~r!i pcopk to ~cnbe thJn 11 ,iu.:-s lo l!Jtn thcm lo Jrait 
Wilh tnk 

Prc\c;~\111/cd scnbcco.il lliJtcn.do; na\ e grcatly 'ilmpitftcd 
tnc prcpMc~llun <>i C:•)l!li tlllt PlJ~ks Thc prcv1ously tcdtous 
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task of prcpJ 1 1ng opcn wmclow ncga l1vcs b f h.uid c:.1.1 now 
be rcplaccd by " photoetch proccss (e g, .S'trt{Jflfe or 
l'cc!coat) wh.ch tnv,>lvcs tlncc s11nplc stcp'> (l) !r;In'ifcrnng 
thc ong¡n.tl n·~g.iltvc 1111.1gc hy pll,>t•'gi.1piu~ .:un1.1ct lo thc 
plCSCil'\lli/l'd \Cilhc._,,,lt. ( ~) Lllcililc.tl c'lc'lung t>l thc 111\,¡gc 
011 thc :,u¡lJccooll, ,lthi ~3) rctlh>vltlg ut j¡¡ ilng \>lll 1:1c 
scnbccuat ti\ thc oltC.IS wl!crc thc .:olor t1nt ,, tu JppcJI. 

T11c sub\lltutc ni p!Cpltntcd nulc•t.tl:- fnt 111k .nH.! papcr 
dtaÍlll\g ~lgilli'IC,ll\IJy ICdliCC'i thc lolJJ .;,¡¡tog¡o~phll- WUik
load TIJc cnd tc:-uit IS gcnctJily J lughc1 quahty pwdu..:t 
produc·~d tn icss tlmc :mJ wllh lc,s :-,t.;¡ll thJn nJJp> 
p1oduccd by tradlt!Onal mctllods. \Ve should expcct m;¡ny 
future devclopmcnts 111 p1cprep:ned .::aitograpluc matcrtJls, 
sorne of wh1ch wlll rcqutre radK:.lily d1ffcrent proccdurcs 
from thosc .l>>oclatcd w1th convenllonal nup comp:lJllüD 
of the p1 e- i Y 70's. 

(e) Task rcducliOil 

A ¡¡¡,rJ mcch.llllSm ror 111UCJS111g map piOclu..:lJOll 
effi..:tcncy lS to devclop new rncthodoiog¡c~ wl11d1 Jctu.lliy 
reduce matenal nr cq¡¡¡pmcnt nccd~ throut,ll tl:c cl!,mnJ
llon of tr;¡d¡uunJ.l ,te¡~s 1r1 thc '11.lp¡lmg l''o.;c;, :)rob.1bly 
the most drJmJtl..: rccent SJVrllg ¡n pruduct1on umc anJ 



~..·~..1~1' L.~s IC~l:~L~..·,J ~-~~1!~1 ncgctn'{' ,·,cn;JiiJ..t;. \v:nch clnnlll.Jtcs 
llh.) i)lil)~t_);L\J1lllc ~iL'lJ 111 n1.1p ¡nucc:-,Sing Rc::.C.lích 
·"'··•,: .. tcJ 11'11!: SLidllliS, clll.l:ls ti:.: scJtcil 10r bc'llet base 
¡¡, .. :c"l.!l,, SLiilh' , ... ;¡,_ lilSiiUJl;cnts. and the couplmg of 
,,1:~·.,:::; tcc'lllll<\llc'' lLl.ldltll1\,ltcd CJI\ngt.:pluc systems 

'\,'\\ IIO!Ifiliiillll,:i ¡;roC<'.\SC~ wlucl¡c•l:nun.:tt: tl:e nccess:ly 
Ll: .:'.p.·n,l\\' ;•h<lltlgt.:pl:lc pru..:.-~-;:ng ..:.:n .1lsu prov:de mo:~ 
.-..:'''"Hnlé.í: ~, . .,¡,¡,Jns io p:()dud:nn problems 111 many 
..:.:"'' • 1 :.,;11 l.llll:.:l ,·m, b h:.: ve long plagued c,:rtogra phcrs, 
C\j1CLI,Ji!y WIJCI\ llllly J !CI,¡[¡vcJy fcw COplCS of a par(ICUI:H 
m.,,l \\L'IC ¡,•,¡u:rl'd I\,Jn 1l::nl:ng mctl:ods are rel:.:t:vcly 
,1,1w. but h.:v.· d,c JLIV.llll.:gc.: uf lcl\v :n:l:al cosl compJred 
t() ,lll:lt.ng mc¡;,,Jlb ,¡,,d, thcrcfo¡c, are 1deJI for shorl runs 
(:e . whcn ,)r¡ly •lllC or ~cvcr.:l cop:cs .nc ncedcd) A second 
.1dv.mt:.:gc of:illll¡llll1l:ng proccs,c:- :s ll:at extem:ve photog
l.q1lly and J.u ¡,¡,Jtllll !'ac:l:t:cs a: e 1\()t requued Smce the 
\\'ltk v.:::cty tlf :lllli¡lililtlng ,,roccdures are not ~:mply 

..:: .• ""·1cd. ,,,,1:· tlw'c tcd:n:qucs wh:ch cJrlographers h.1ve 
11ll::.d w be Lllllillhl.dy .1v.ulabk Jlld most usc.:ful w:ll be 
lllL'i,lWllCci (1 .~tii·~ .":7) One ,;ene.:: JI p:ocess produces d:rccl 
..:uJ:l..:c.l ptl>lilVl''> (tucic IIJ!llC l)¡.¡¿o or ÜtJlid) Jnd ncg· 
.... ve' (<;l:<lilJI to stJ,1dard blu.::pnnts) Sens:lllcd pnnl!ng 
p..:¡1crs .11~ us.::Ll anJ íLt: '-op,cs nl'cess:mly a:c thc samc s1ze 
.::-. t1.~ or:g1nJi m.1p A :Jngc m paper and p::nl color 1s 
,,,,..,,:Dk A SL'C:llnl! ,;cn.:rJI prot:es~. t:Jiicd pliotocopy1ng. 
JL'it.J!;y releJ> tu ... numb~t of prot:~sscs bascd on J 
lir~ILj¡l.kJiHll1 llÍ. tiJC ¡¡r¡¡]\_:¡pJc of C011VCii(IOllJ[ piJcltOg .. lphy. 
Tlll' b<'st !-..now.: p!IllidC:opy:ng mctlwds ut:l:tc scns:l!Lcd 
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pL¡;;er JnJ J¡l~llldc tLc "'autdp~)'3:llVC 1 '' "t;-t.!rv":cr," ancl 

Pnotost~:t ( ~~~1Clc i1~Hnr) nnh..:cs..:;rs Thc ~'atj~.c 1JO\Itlve" 
tce-h,uquc:: :s J cont.Icl mcllwd wl11ch J¡:cctly p: oc!,:ces a Ü 
pos:t1ve unage Thc "transfcr" tcLhn1qc~c :s ·' co:lt:Jct 
metlll>J wh1..:h requ1:es an 1,1tcrmed1ale ncgat:vc stcp Thc 
PhotostJt tcchmquc 1nvolves an ::1tcrmcd:ate pl:()iL'gr;Ip!uc 
p:occdutc wh1ch proclut:cs a lh'g.ltlVC :mage Jnd pcrm1ts 
rcducuon .:nd enbr¡;c,¡¡.:nt of tl:c o:1g111:.d A ¡_]l,rd gcncr,d 
mcllllld, Xcrography (tr.1de namc Xc:ox), 1s a11 C\trcmely 
fast clcctrostat:c p10 .. css whtch Cocs ,wt requuc chcmlcals 
or ~cnslll7ed pr:ntJJ:g papcr. A pos1t1vc copy mJy be 
procluccd 111 severa! co!ots, and rl'ducllon ~nd enlargcmcnt 
are poss1b le. A fou rth el ass of so-e::! led proofi ng mJ tcnal s l ,¡s 
hccn dcvclopcd wh1ch Cdll be u>ed ¡,¡produce co:or pronfs 
and t:nntact pos:uves or ncg.:t1vcs under <;tancl:ncl car
tograpinc laborc~tory condd.o.l\ (1 e, wllLüut dJrh.IOO!ll 

rac:l1tiCS) S1nce thesc ale Lu.~laLl proccsscs, rcductlllll and 
cnlJrgemcnt of the ong:nal J:c: not poss1ble T11c,c pro
ccsscs combme the va no m lle~;.:l¡vc ur:g:nals hy pho to
cornposJt:on to produce a prnuf copy wh1ch faul:tates 
rcv:ew Jild cd:tmg pnor to íln.il m.qJ prmt:ng . 

Cont:nu:;¡g developmcnt'i :n prcscns:t:7cd íl,,pc:r:, Jnd 
íllms, ncw rlastlcs, color proofing matcr:als, anci tlw ilkc, 
along w:th tllc mcreas:ng general .:vallab:l:ty uf nonpr:nung 
proccsses, make thc producuon of .1 few cop:cs o:':.: mdp 
mu..:h less of a problcm ti1.1!l was prcv1uusly t ile case in 
fJc:t, thc ,nosl d1fílcult prcbkm !'Jc:ng a cat togra;1hct llLl\'1 
o: :n tlw future 15 that of ockdlllg thc nw::.t (Casonable 
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J:tcrn.ltl\'L: irum ¡;¡.:: w1dc .::h01c~ JV~lll:Jb!c. Futuic cJnog
:.Ip!lcr> wlll h.I\1.? to knmv wluch .n.x o! proccss1ng 
:cc:nn,;t • .::~ piO\'Itks th.:: mu~t ccononnc 1} soiut1on to 
dh!11 ,,it~.d us.:r 111:.::J~ Oftcn tlns m.1y m.:: ... n no mJp al all, Jt 
k,¡q 111 thc h.ud co¡Jy sensc, but r.1thci a di'Jll,,ycd (CRT, 
tckvi,lun. dcctiOldmlnesccnt/thc¡nwchromatic, cte.) ima¡;c 
thJl 1s onty tcm;)OIJlj 111 11ature ancl rc,Jdliy d1sposable 
once 11 h.1s scrvcd lb purpuse of ,lllgmcntmg the L•Se of the 
convcntwnal map. 

I'Jwtolllapplllg 1s rap1dly galmng acccptJncc as a tcch
mquc llul (1) c;:,l be rcJddy tJilorcd to uscr p!Jnimcmc 
acC\Ilacy sta;,d;ucb Jnd (n) pnrmls sclcct¡ve cJrtogrJph~<.: 

cnh.Inccmcnl of a1cal pl.utogr.1phs Thc diíicicno:.,c l!l 

p' oJucli,lll ll!JlC :.1nd cost bctwcen photumap~ and convcn
t!On.ll il!lc maps can ,Jt'ccn b..: COI1SJderable. Tht! c<:r
tograrllcr nn,~t. tllcrcforc, lcJ.n te) takc fui! aclv~nt;:¡gc of 
thc compkm..:ma 1 y n.ttu re o! m,)>! phowmJ pp1ng 1 cch
n,c¡t.es, s.nce lhcy t'JctlttJtC sclccliVC clumnat10n of nccdlcss 
s~cps JS>O<.:tJtcd w1th trJdlllOnJl !me map prout .. .:uon wllllc 
sttll SJil~fym:;; p:llllcul.H usc1 IcquJtem.:n1s For exJmplc, 
Lydd~n l97l otatcs th.tt rhotcHCVISCd USGS topngtaplllC 
m.1p'> showll'g 'JpdJted ch.mges 111 a J¡slmcuve c.:Dior havc 
not oniy cu: st.mdJtd updJttng costs by 2/3 but ;.bu 
pi oduccd a L•Séi ,,¡ Jncl wdl rccc¡vcd product The task 
J¡;.:;,,J ts to fmd answc1> to such qc~cq¡uns as (a) ln wilcil 
product:on s.tuJtJOll can photomaps be rnoduu:d more 
qutckly 01 ecor.oJnl<.:Jily tlun convcnttunJI lllle mJps'' and 
(b) In wh:.Jt s11uat10n CJn phot<•m.lj)S rr•)VIde lltlUflil.lllllll 
wh,ch 11 WOLild nut b..: poss1blc lo show un a convent¡on:.~l 
lmc m;_¡p? 

Rcs..::.rch :.J>~OCJ.ttcd w1th thc abovc and rclJtcd ntcih
odologH.:s 1> ot tJ,c samc cs>cntral nJturc Thc gcnc.J! 
problcm ¡-; one ul cxplonng the potcntr:.~ldrc<; of c;~ch ncw 
n.cthuJul.J¿y r~l • .trvc lo .. Ji ut!:Ch and thucby c<;tahJ¡-;JHng 
JI'> Jli.•LiJ< .• d \VIIlklil}' J¡¡¡¡¡(, Tl1t ili.Jj<ll ljll(!',(lllillllVtdv,•, tite' 
{¡,¡\ ¡¡¡.._,. h~.·t\Vl' 1 11 ~ \IH'II\IVl" t'ílll'l\1,¡,'111 ,¡¡¡d it'll,\l!li/1)', tlll 

¡lJit' ii.IJ,d .1;'.1111\\ )',.1111'> 111 j'll)dillllllll '1" "1 .11111 l.dHll 
c:/11\.iL'IIl)' dll lite 111JiL'I, 

:.:_;:;LICI1lil.:> ICl.ltL:d lO .¡Jdl\IOllJl J,J!Ju:-;¡\\OCJ.Jll:J ¡11()
CC:dUrCS <..JI1 a\,u be mcntl,lllL'd For c\,111\íllc 11 1s cun
vcn¡cnt tu CJ!Cg<lli/C ll1JP .n:·u1lll.llil¡i\ by typc .;,lCl tLcn 
(lutld nlJpS 111 mudulJr IJ,hlllll USlLg Ol'ei/a)' 1/U'IiWdl rile 
;)hcnu,ncnal g¡owth t1l th..: use o! tl11~ tcLhlllq~IC Lluscly 
p.nJ:kls thc lllL:rClSlrlg ,USC of ~lli<ll 111 ,nap r<:¡Jr,J,illdlUil, 
tllc dcqgn oC co[,,¡ p1 OJCCtlUn cqu¡pm<:lll . .~nd thc dcvclop
mclll <ll trJ,lsp.llcnl frlms Jnd piJSík', ik" L1~c ~..uJ,,r 

syn,bll!i'>Ill wcll Ovcilay¡ng ¡<; p.11 tlL:UI.~dy v.liu.Iilk 11: largc 
I11L1pp111g dgCilCIC'-. \VhCI(' il lS Ctll1111lul1 tu rlLtJ...C J I1UI11b..:1 llf 

!l1.q)" \.lL'p!Ltlnt, d!l-ll't~nl llllJlhdtc-; ul tl11.~ "an1~ rcg1un 

0:1,_c \lveli.IY' ,,¡ liydiogi.IJll:y, lr.l!l\¡JlllLltllll1. IYP''<c~Uphy, 
J:l.l '" ''11, h.Jh' !w,·¡¡ "'¡mpli-.:d. iiiL'Y ••liCII '-dil he d'>l:d "v,;¡ 
J:ld d\'ll li1~111V ;¡¡l)L'~ ~11\\.\ lli dtlil'~Cill l0l!ihil1~l!ll>I)O.., .1:1ll 
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thcrcby su1t VJr1ous map uscr 11c..:ds Tllus, by rcjt."';;o; 
:nJpp.ng cft'ort that l> ln1111cd to J ,1nglc ap¡;l: ... ~t1o.1, 
co.1sidcrahlc cconomrcs 111 productron are gJI,J..:d 

Ovcr!Jy1ng c.m Jlsu bl' J grc.tl sJvmg for lile map u-,:.:r. 
Thc capabtllly of bcmg ablc lo bulld a scnc~ of wdor-nwJe 
maps from a slllglc b:1sc map 311d thc apprll[HJatc ~ct of 
owrh:ys prov1d..:s v:.Jlu<Jble ilcx1b1llty and savcs l:hc uscr thc 
expense ancl burden of nccdmg J wholc sct ot f~rwhed rnap> 
dc¡)ldll1g thc samc tnformJt,on. Supcnmposmg laycrs of 
JatJ 111 th1s fa·,hwn :11 elfcct adds ai<Othcr dl!l1C•1>Jon to thc 
lírrutcd ¡ntoimJllon-carrymg capae~ty oi thc two
dlmcnsiOnal map surL1cc In general, smc,· ,he nouo.1 of 
mfl)jm,ltlOll scpJialion and ovc::.~ymg lS wcll su1tcd to 
automJt1c data prll<.:c>srng and m.~pfll.lg, wc can cxpcct J 
lctígc amuunt of altenuun to be dJrcc:c:J tow:Hd thrs 
conccpt 111 the [,Iture Thc ta>k ah,·ad l~r~.::ly ·~ntJlls thc 
sclc.__r1on and/or dcs1g.1 o! ~omb,nat¡ons ot sy1-;:bol schcrncs 
wmch L.c!lnatl', 1ati1<:r thJn d1stract from. map mtcrpict..:
l1on. 

Anothc:r WJY to achicvc: mappmg cltJCICllCJ IS 10 utll.rc 
map forrw, wl11ch mcct :-.pcc¡f¡c u>Cí ¡cqL'ircmcnb íal:•<-í 
tlnn SJt!Sly J hctc:rogeneous uscr aud¡cr:~..c lt hJo bc-:;1 
commo11 plciCIIC<.: for n:.1p u~crs who <~re mtcrcstcd 1n h,gn!y 
sclcctivc, .Ü)strJctcd mformJuon to f¡¡-¡J thcmoclvcs l!l J 

pos¡uon wher~ thc:y must nukc do w1th .1 m.1p dcs,gi•Cd 
w1lh sorne othcr purpo>c m mllld. Al! too -;lt.::1 thc nnly 
scnuce avJ1i.::b!t: 1s a mult1purpusc m.1p base i l.:lt 1~ clut tc1 cu 
w1th e>o.ll:.rncuus 'ymbols wi11ch rnJy Jctu.Jily d:>lí:.ct 
S1glllÍ1C31Hiy from optJmum Jnécrprcrat ron and cxpceicd 
u:1pact chJ:actcrrsucs of thc gr.1pl11~ In acld.t1on ¡,, h .. \u;g 

tu dc:Jl w1th a lcsscr quallty produCL, thc .11.1p .ISc1 may ¡)JY 

ror complimg nuppcd ml'ormallon he ducs not nccd. Or, J> 

Jnother c:-.amplc, thc cunvcntwnJl h:.~rd copy, mutll
colotcJ m.1p 1s wcll su1tcd lo¡ ce1 tJJll puiPOoc, but .. :~u vcry 
,IWK\V.IId tll lllllh'Cc'\>;.lry lll ntilCI \illl.ill<lll\ 

J¡¡ \q•!tt td l[ll JHl'VIIHI\ dhl 11','"-ltlll, 11 1\ ll'.l')tlll.ih\~ l11 

LltiJ,}II,I,· (J¡,¡j lht'll L ,\1\(\ .111 tiVl'l,:illi<'lld ll>W,iid 111, 1\',:\ld 
J.:i!JL!CikY 111 11l.q1 po~>duciiOll SJr1-:c ill.IJll'llt:~ ,·ItlCIClJ\..Y ¡, 

CJU\Ci', .\~~OLI,llCd \Vllh !ll,lp Cllc<..liVCllé'>S ¡)¡,· I1C\l \CLildll 
I> UCVOlCU lO Lúil'>ldé'iJliOI1 Oi tc~.-hnlqllc~ WiliL.h ,n1gJ1t 
faclillJtc clo>cr t.lliol1llg ol- mJ11 form, contcnt, J!ld >tylc lo 
u~..:r nccds. 

(2) Product E1fectivenc~~ 

Tb; Kcy tu p.oduc.ng l11clJe <'t'fccl!Vc PL•:;s !S ID Ullillc 
bcttcJ the untrmdC"J po~sJI)¡;¡¡¡c, (,'¡ VJíl,lli<>., l!l lllJFPI•16 
Thc bJunJs oí rn.:p¡)1il6 .IIC s...:l plli11~Iliy by ¡!J.: lr:111ls u¡ 
hUtl1Jn li11JgJr1dtlU\i Jnd llif:,Ci1UlLY Clu'-IC ...,..._~u~lny ni ngH.l, 
L:dllVCild()ll,¡J W.l)''. uJ' lillllhlll~~ ~}¡()¡¡\,\ IL'VC,J! flllili"l.J 
11\ii'J\'dllvt: oi~.J'a ~·l,¡ lhl) 1)\I¡P("'-C, ll llLl) b~ ~~~lpidl tu 

iiCdl ill.lp:, ,1\ [\l.l¡li:IL. J¡luLk! .1\lélp.ci.ll:"l'' ,1( ,p.Jli.li 



,1l..:nom.:nJ Tln-, 11,1,.d of vt.:w e;h·ump:i~'>es the powerful 
C<lnccpt uf S\'llibo/"· I<'¡JIL'\'CIIfatwn 011 une hJnd Jlld thal 
of ~CI<'IIfi)lc mud,·/ h,11fd111g ~1n Lile othct 

from thc ~cn~l<lltc VJ2W¡)(IIi1t would tnvoh,; s.udy of liS 
i.L)IIllal structurc (._:illccl l'}'lllactLcs), ¡¡e; rcl:.t.u:, lo obJccts 
dcstgn.tlcu (cJiicd .\Cilli!IIILCI) .md lo 111c pe¡-,¡"" who use 
1t (callcd pragnwfics). Whcn ttJnslJtcd mto mJ;J!I·1g tcrms, Ü 
lhc prcvwus stJkmenl mcans thJt wc c;hould focus on lhrcc 

MJn's ¡)¡¡,¡J..mg proccsses are mscpa1ably lmkcd wtlh 
VISU.IIIL.llion procc~-.cs wh1ch JI e o !'ten bdsed on syslems of 
Sl;lllS or symb,lls Ovcr tls long lnstory, carlogtaphy has 
cmp111Cilly dcv..::Jopcd lhe use of s1gns lo J Jugh dcgrcc of 
cl.ibll!Jllon Jnd compln..try In facl, lo the cxlcnt lhal 
m.tps C<llll!lllllliC.IlC gcogr.1pluc tnfOimJiton, thcy compnse 
J lJ.:~u.t¡;c of gr.Jpluc porlrayal Addtllonally, 11 sccms only 
j,¡g¡cJI that llw C<lllccpls a.1d mcthods developcd by 
lmgutsts :lllJ l<lgl<lans Cor Sllll!y of n.1tural (w01ds) and 
ailiÍICI.d (hlgtc amlm.llhcm.ll•c~) l.u1guagcs WL,_iiJ ptovtdc 
;,¡pptoptiJtc sl.irtmg ¡1011ils 101 ti1c descrtptton .1nd anJiysts 
Lll lhc spce~al !Jnguagc of m.1ps. UnfOilun.ttcly, formJl 
study uf thc cunceptu:il ¡¡,¡tute of mJp symbols m 
c.atogr .. p!itc commumcJtiOn ~~ .ilmosl nonc'\tstcnt and the 
l<lg;c.ll 1 uncuons .1nd propcrltcs of lhc gcograplucJlmap as 
J symbultc sy~tcm rcm.nn csscnttally unanaly;cd The 
;'li<l111t~c that study of thc lhcory of s1gns, 01 scmtoltcs, 
holds ror thc dccpc1 undcrstandmg and aliJlysts of the 
symbulic naturc uf m.1ps ~~JUSI nuw dtltJC!ing Jltenlton 
(scc DJccy. 1970) AnJlysts of thc cartogt.lphtc languagc 

1 

m.IJOr dtmCINons ol c.~rtographic proccsstng c;¡¡,Jy of lhc 
rcla11on of map symbols to the1r rcfc¡cnt5, slllay of thc 
rclatwn of map syrnbols to onc another, and ~tucly of the 
rciJIIOn oC map symbols lo thctr mtcrpreter~ (f¡gu¡c 28) 
lntttal work tclaltng to thc scm,lnllcs, syniJ:.., prJgn<:ttlcs, 
and olher altrtbulcs of a map languagc 1<. ~limuiJilng bul 
has not yct gotlcn far lmportJnl otffcrcncc~ bctwccn thc 
rcqutrcmcnts of a m.1p lJnguagc and convcnltonJllmgutslic 
structure !J;,¡ve also bccn nolcd. In partlculJr, problcms of 
"nctghborhood" and "JUXIaposttton" rcsuil irom the 
mul lt-dtrccllünal structu1 e of spa tl;~l p.ll lcrns 

Lack of a form.d dciu .. cllln of thc Janguagc of canog
raphy should nol prcvcnt us fíOm maktng a number of 
observattons on thc symbohc aspcct of cartog1 aphtc repre
senta !Ion. Vtcwmg map exprcss1on as but anothcl form of 
symboltc rcprcsentJiton helps tllumln:Jtc thc natutJl pos
stblltttcs and ltmttatlons 111 map symbohsm Cartogr:tphtc 
reprcscntalton of gcograph11.:al phcnomwJ " rc~tnclcd LO 
thc llSC or po1!11, Jmc, and arca emphaSILII1g symbols. But 
wtthm thesc constrJtnls thcre ts, tllco¡cttc.llly at least, 
mfimtc freedom. Prob:.Jblc symbols for dcptct111g tefcrent 
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phcncJmcnJ CJ!l be sckctcd anJ combiil<:d 111 VJIIous 
m.lnll~IS to prLldu.;e a v:mety of (mJp) solutwn~, cacl¡ of 
which ..:.111 be te~ted agJinst geogi<lpiHcaiic.Iltly. 

~iaps h.Ivc strong Intu¡t¡ve appc,Ii. Thcn Wldcsprc,Id 
acccptan..:c suggcsts tha l spa t 1al phc.nonwna a1 e cspccially 
su:lcd t'or ¡;uphl..:.II :.111alySlS. MJp' sylllbols :11c uscd to 
gc,¡c¡,¡\¡;,c ll!Cir Icl'crcnts 111 mJny ways (F1gure 29) At the 
lcJst .Ibst,a..:l lcvd a1c thc "truc·tn-n,Ilurc" or !laluru/ 

sym\Jllls wlud1 .11c rcahstic.Illy dcs1gncd to physically 
rc~c·mbk .m nnagc of thc phcnomcn.1 dcp1cicd lnlcr
mcdi.IIc ll'\cl .Ib\tlactluns a1c accompl!~hcd through 
~ymbLll-; wiuch M..:ncr.di/C c~'cnt¡,¡J ch.II,Ictcn~tlcs of thcn 
¡ct'clcllh '\c,nl-li.ltur.dly "Coo~~llincs, riVCIS, II.Ill'porl.¡(¡on 
nctwc11k'i, ,11\d c·ontour J¡ncs a1c comlliOilly reprcscnlcd 
SCllll-ll.llLirally At thc lughc\l lcvcl of abo:liJLtton, pomt, 
hnc, .~nd JI cal symbols a1c uscd lo g-::neralilc lile¡; rcfe1cnts 
''ailJlli.lidy'· llH,lugh cartograplnc convcntlon Use of 
~unplc gco¡¡,ctnc figures such as cJrcics. sc¡uarcs, and 
lli.Lllgl~s to rcpr.cs~nt pomt cmphas1s d.1ta, and thc use of 
VJ~IPus !me symbols ro clcp1ct dJIT.::rcnt poll!Ical OLlU!ldatJCS 
Jrc c;.,~unpks Unfonunately, thc rciJLtve ¡nfoim:Jlton
c:llrymg and tramm1tttng capJctty of natural, semt-n:Jtural, 
and ,llbn:·,¡y symbols ts unknown Lvidcncc >t!Ongly 
suggcsts, howevc1, that theic CX¡sls J nccd for unt ramed 
m.1p rcJdc¡s lo hJvc clements more reahsttc and less 
symbollc Thc Jppcal of natu1al symbol coordmal!ons Wlth 

1 Jgü11.. 2l) ~)'lllh1Jill UhHdll1,1lH)Jl\ ll.liUr.d, \~IHI·l\,ll\ll.ll, 

.¡¡,J o~illltr.¡ry 
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untramcd map tnterp¡clers appcJrs grcatcr til,m that or 
semHlJtural symhol coordtn<~ttons, wluc!-1, In turn, Ji~ 

thcm>civcs of grc.Iler appcal than that of arb1trary symbo: 
comr.li;iatlons. Thc revcrse <lppcars lo be thc case wttli 
ttaincd map rc,1dcrs. lf thc rcspon~cs lo mar ~yrnhol' 

suggcsted :~bovc are <Jctu,dly true, thc nnpoitJnl concluo;wn 
lo be madc 1s that rn:1ps must be carcfully des1gned w1th 
theu eventual u~er3 d~rcctly 111 mmd. 

Human, matCIIal, and cqlllpmcnt tulcrancc'> dctcrmn:c 
to a !Jrgc dcgrec lhc mtmmum pracucJl Sll.e al whtcL 
3ymbols can be resolved al particular map 'cJic' lt would 
be cxtremely 1arc (11' ,¡ol 1mpms:ole) lo produce J map 111 
wluch all map clcmcnts (Icprcsenllllg mappcr.l phenomcno~) 
wcrc dcplcter.l 111 truc rclatLve swlc, 1h.1t 1s, whcrc Jll m .. p 

symbols w-::tc p!Oportlonatcly corree\ to thc aiCJ! cxtcr,l o¡
then refc1cnts A degrce of symboltc "dtstorttllli" ¡:, 
charactensll..: of al! cartogrdphic reprcsc11tauon. For tlt:s 
rc.1son, J scalc-free map comparable lo sc.dc-L·-::c Slali'>tiC.Il 
mcasurcs 1s seldom, ¡f cver. atlatncd 1n actual pract1ce. The 
sugge<;uon IS that thc scale fauor undcriylilg any d.na 
coilccl¡on schemc should be dppro;mJtely modil'¡cd lo 
account for thc scalc dc?endent nalurc ot map :,ymbob 
Aml till:, leve! of ngo1 cannot be rcah,cd untll wc ho~ve 

extenstve ICSeJr..:h av:.ui.Ihlc mvolv111g thc funcllunJl rci.I
ilonslup cxisllng belwcen map scalc, patlcrn ch.JrJctcmtics 
(such as complcxtty, mtncacy, etc). and ..:Jilograpliic 
sclcctwn and cmph.~s¡s 

The obv10us quest10n thd t ansc:, 1s to wha t dcgrcc 
lile langL•JgC of cartography 1~ undcrstood by llS uSCIS 
Ccntuncs of cxocncnce w1th symbo!Ic gencraJ¡zation ha~ 

led 10 httlc bcyond mtuillve knowlcdge of thc cartogr.1p!uc 
effcctl\'Cncss of cven such Sl111plc ::md commonly u:,cd 
gcomelliC symbols as dots, clrclcs. tllang]c,, \C)U.tiC>, l't 

ce tc1 J In fo1 m.1 lloii 1~ ¡JJilirulJI!y laLkmg whcn 1 he 
p1ohlcm ¡o; lll :,clcct cflcdiVC cumbiii.Itwn<o ut· thc:s.:: 
'ymbol\ lo pruducc.: multiplc-fo~Liur m.1ps More ..tttl:ntltlll 
hJ~ bccn dcvutcd to pictugi.IJ'h ty¡h~ ~ymb.1ls Wllc:IC lile 
grJpi1!c form ¡:,· choscn lo fJc:ll,.ne ,ntulllVC symbul/ 
rcfcrent ¡Jcnuf¡..:alion Yct evcn piclogiJph dcstgn and 
deploymcnt hJVC been l:.:rgely a personal mattcr on thc p:.m 
of "artist¡c" c~rtogrJphcrs and llave scldom bcen based on 
thc rc~ulb of eJ..pcnmcntal cv .. lluJtnln. 

Gcnerally spc.:k,ng. co~rll')-!I.Iphci<: h.1ve p,Jorly cxplo:tcd 
the Jibllrary nullllC o[ lhe cooidlnation octwccn mJp 
::.ymbois Jnd mJpped Infor,l1Jt.on Rcg:.ndlcs~ of tLc v.duc 
ot symbol 'itJnd.lfJ,;:atlon. onc muq .,;,¡¡,elude tlu¡ 
symboliL cunvcntiu:l'o haw not ,H,Iy d!Sc'tlllr,¡,;cd IhlVCI 111.111 
c\J1•C\~l<lll bt:l .¡J\tl h.!Vl' !llilil11léd c'X['L'IIll1élll.illtlll \Vllh 
,t\!Cill.illVC 'Yiltb<lll\lli\ ¡\ le,<; IC\[i :cléci .lllilildC hl\V.ild 
-;ymh<Jil>I<l 1-'''--·I:c:: Wll\1:,: surciy lc.td to llllliC clk..:ll'/, 
clVCJ.lll C,lilug¡.¡;;;,k ..:Oi1llllllliiL.I!I<lll. j·¡,¡¡..;r's (1970) 

.. ttcmpl ... t CoJI lLlg,·.:plu..: symbu! t.lJ..u:wmy m.ty provtde ,1 



uo,'l.td, i! . .Jugh Lthtlf,,lUS, :1ppro,¡¡;j¡ tow,,1d ¡Jcntd'yll1g 

¡,"=·"·¡¡ ):!Jps ¡¡; lllil :-.ymbohsm and suggcst altc1natJVe 
o:· :ííll,JI itlii11S 11:,¡¡,: liíl¡ll1rt:J,lt. howcvcr. ts :o rcali1c that 
m.l 1l symll,J!t:-.111 1~ 1lc'llcdly general Jnd :-.hnutJ be dc,tgncd 
lll '•'I<'C;c,J ttl SUII thc ¡)lii¡JtJ>C o( C.llill¡,!fJpiliC ,lli,Jl)'SIS 

S,Jc'llll,,s coni'wntcd \\ilh conc,'plu.illy dtlltcull pto
cc'o'c' pk>t nunll1c1s 011 gt.tphs to '\ce" wh.t! thcy mean, 
,¡J ic'll unJer thc .tssttmplwn that evcn b.td graphs may 

11tt1Yide mu1e mc.,nmg th:w ttuy ltsts of numbets Normally 
\\C ncco Jll the 111:itght we can get, and graphtcs Jre closely 
,¡,:,oc¡,JlcJ wttll the tntuttton thJt !tes bcl11nd >O mueh 
ct .::.1 1 t\ e tnt:ttll y !'l1e ..:omru ter bustncss mcrcasmgly uses 
jltcttlil.ll t)llljlllt G1aplucs are useJ 111 b.t:-.lc rescJrch 111 
e¡¡¡;: nccrmg. m a 1 hcm:.t tJcs, phystcs, and other líelds as a 
n:,·.¡,¡:, ni Y•>to,lll/lllg cnmrlex fo1mttlas and modc!s The 
¡¡,,1 11, :h J 61Jph11.: i<>rm nf symbolic representat10n, also 
>c'IV''' 1lic Jll•íll.JIY functton nf v¡,ualll:atlon 111 scJcntlflc 
IC"'l~.liL'l\ (;·lgUIC 3()) 

!t .l¡l¡lC.ItS \Íl.lt lllJ)lS (llr gr.tplucs) Jre 110[ des1gned, 
l,;:,'ndc,;, 01 wcli olltlccl flJt prcctston wotk One slwuiJ not 
C\[h'c'l lki.iilcd Sidli~ll..:S from marrtng Thc llllp.tct of lhc 
111.1p ,, llltlt<' olten ,1!' g1e.ttct tmportancc tktn thc mfolma
lltlll ~1.1\l\ \t'l\'t' wcll tite IICCd itll ,¡ ~CIIl'l,t\ jliLlillC of t!JC 
1l.lilill' lll .1 dl,llthUillllllli t!JC lci.llltlll\ilijl\ hctWCt'll \CVCI.il 
<;,,¡l,illllltliJ> .. 1t k,¡,¡ wil<'ll lile p.tlll'lll\ .11<' nut too l.11ge. 
1:: !.:el, '!lllil' c1ud.: gt.lp!uc~ m.ty >Jtt:-.ly (lulitll) tite Jcs11ed 
,lb¡c'.:IIVC~ el:· rcscarch. as mnst computer output. mcludmg 
¡;1.~ 1 1, wcli illusnatcs Evcn 111 cJses whctc the approxllnJ
¡¡,¡,1 .tchJcvcJ by mJps IS not suffic1Ct1l, tnc 1nformat10n 
ouut,ll'U :·rom l.3rtograph1..: :.tn:.tlys¡s m.1y provtde a useful 
st.1. 11ng iJ<ltllt fo; numc:JICJ! methods 1 he pomt ts that the 

1~:.Jcll,,tl nn;JOttancc of maps 1~ ba,ed lcss 111 the1r accuracy 
.1.1d lllUIC 111 till'JI .:J.mty, COliV.:IliClll lll.llli[1Uiatt0!1, Jnd 
to~plu ,¡•;stmtlaiJon by Ihc hum.111 usc1 Whcn rese.n._h gcts 
be)<>,¡,¡ the 111.1p rcl.Jtcd siJges ol mducttvc, hypothc,Js 
~c;;,•¡,:,,on .~m! model reftnemetlt .111u 1nto thc Jeducttvc 
:.,:,¡¡,¡:,_ 111 t11e,c not1ons. thc fotm.ll logtc .1nd ob¡ccttvlty of 
lllJlill'lll.IIK> ;.nu q,ltiS!ICS ,CClll more ,lpp10prt.lle. 

In 1.:,.;:;¡ o( thc prcv10us d1scu%wn. onc LJilJHJt helr but 
w,Hhkl w:1y su._!t l:.~rgc Jnwunts o! c:.trtPgt .~ph1c e:-rort hJvc 
gunc llltLl Jctclllllnmg thc JccurJcy of mcJsuterncnts on 
m.qJs, J ~UbJCCt k1wwn J~ carromctry A piJustble cxp!JnJ
Iwn mJy be lhJt the phy,Ical CXIStcncc o!' a rn.1r gtves tht:: 
ii!USilll1 of ~c..:mmg ,lCCUr:tcy ,¡¡¡cJ lll,lkc> meJsurcmcnt C:tsy, 
¡f not stn..:tty rck1hle Thc tcmpt.llton ts 100 g1eat to 
lgtllJIC Yc¡ rc~c.ir<-li .lclively :IS\llCI.ttcd \\'llh cJrtomctrtc 
mcilll>,b ~ccm' lo be· at dticd oúd~ wtth ti • .: thcotclic.ll 
ba>t> ltH ¡;rapill<- 'ymbolblll 111 tite' t1r~1 p!Jce lt t> tl:crcfon:: 
llltCfC'olll\;j th.lt .11 tille> lll~ <¡U.II1111Jt1Vl' lll.ljl li\C Clllp!Jd\1/C 
thc lllYC,tlg,lllon ul tmtillllll'lll.il aml <ljlCt.:lttlll.d crtor' 
anc.l, tn :t k>scr Llc:gree, crror5 Jut:: ll> p.1pc1 d,·¡·llllllJttnn :lliu 
proje-:IIon dt'>tllrtton, but IIC.It thc ~..onscqucnccs of YJfla-
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uons 111 symbol Jcpresernauon only 111 an mudcntal Jnd 
non-ngmous way. lt 1s t!ds author's op1mon, With ccrtat:l 
obv1ous exccpuons, th.ll ti•e soond map mokers J:-JG u-;cr> 
realtze the thcm.ltJc map (1,1 p.11 t1cular) 1'> tlOL .ntcnc.icd to Ü 
be used Js a ba>e u;:llln wh1ch accuratc mcasurcmcnts 
should be m a de and cJ.,b,na te c:.tlcul:J tions >Ld)SCLJ ucntly 
bJscJ, lhe qtitckcr wc wtll have effecllVC canograph1c 
analysts. Problems conccrnmg the pidyo.T between 
pos1t10n.tl a.1d m:tgnttudu1JI accuracy versus map cffcct¡ve-
ness are dtscus,cd f urther below. 

(b) Sch.:ntific moclel builcl111g 

Thc cJrtographer ts fdced wJth an mforrnat,onal env1ron
mcnt poS>cSSiiH!, cnormous scope Jnd complcxlty H1s tJ'k 
1s to sclect cflíclcntly dnd effecllvely from tl11s envuunment 
thosc d.l!a wh1ch best atC: the dec1~1on m;,k¡¡¡g proccss of 
some uscr To do tl11s 1t 1s necessary to tcsort to 
cartogra¡J/uc generahzat1011-- a spcc1al case ot il~e more 
gcncr:.t! pro..:t::ss of sctenttflc abstr.lc!Jon -wL1ch 1mposcs 
scvcrc sp,tliJl, tcmpo1JI. :tmt content hmtlattom nn mfor
lllJIHl11 to be presentcd. Stncc map ueatJon cntatis tite <;::me 
ev.iluatton, ~clccllon, .me! cmp!Jas1s 1hat char,lclL'II/t:S 
SCil'lltti'tl. modcl buddtng. 11 h no! \Uiprlo.,ltlg th.il. Stcp!Jcn 
Toulmttl. wcll h.twwn p!JJ!o,op!Jn <>1 !>liL'IIt'L', 11.1:-. twtcd. 
nup~ thent>clves bc.1r e lose rc>ctnbi.IJ1L'l' to sc:cnt tilc 
models Jt 1s th1s absu:t.::ttw, cont1Jst .:nhJn~ll>g ch:ll.kter 
of mJps wh1ch g1vcs thcm th~1r SCICllllliC v.duc The detall 
:md complexJty of !he rc~l world IS pa1 t tally overcomc by Q 
crcJtlng :.t htghly sunpltúed but ::tpparcntly I:JtlonJI rqrc
sentJtlon demonstr:.tung only sdecttvc ;·cJturcs Jnu 
1(:latwnsh1ps The m:.tp 1s crcatcd to rcprc-,c.H a pJrttcular 
fragmcnt of tcJli!y delcrtl1lned ro be of spe..:.Jl llllerest A 
s1ngle mJp 1s o;,Jy one of 111Jny po~s1ble modcl I:Helprct:J-
uons of rcaltty Jnd mt,,t not be ..:un~tdc1Cd _., Ulllc;uc. 

Once a p.11 ttcu!Jr >pJtJ.d phcnomcnon or Ctllllb,nauon ol· 
phcnomcn.1 1s choscn fo¡ CJtlogr.1ph1c dcpt..:twn and l1.1s 
bccn >Uit.lbly proccsscd (1 t:: .. reJuccJ lo m.1blc lotm). 1t JS 
:.tlso subjcct to an mf1nJtc numbcr of g:.1ph1c.1! (mJp) 
t1catments or lntetpretJllons (Ftgu1c 3 i) Tl11s cunc·cpt IS 
Jcmonstrated sunply by the fJcl thJt dtifclCilt comblll.l
tlllns of SJ111plcs (typc, )IZe, >ChClllJ). CIJSS IIltCrv .. .Js. lltlll 
VJlucs, grJphtc tcchmques. proJccllüll>. gcth'la!tzauon pro
ceJm.:s. anll Jdd1t1onJi ma¡J pi!ICI/lC(Ct.\ .;.::, gcncr.llc qu1,c 
dtilcienl ovcrJ!I map 1magcs us¡,¡g th.: sJmc dat.1 Ca:
togt.lphc:Is mu>t compic!Jcnd thts moJel n.l>t,rc of m.1p> 
Jnd ic,\111 wlicn ,Jtnplc model dili'e:cn..:c~ w:ll lt.1vc a 
stgntlt<-Jilt cltcct on m.1p lnt.::tp.cl:ilitJil Fu: obv¡o,¡; 
Ie.tsun>. •he gcnc1Jl I.Jtlure tlJ g1.1sp tL1, 111.1 11/mollc! ::~Jtltlil 
h.~s scr:uu~ly 1Im1 tcJ the s.;¡cnttflc Jtl\ .ln.:ct~1cnt uf .:~ r
tug¡ .1ph1c anJly>ts 

Fm pcd.1gog1c putposes 1t m:~y be uscful to rc:·c, lo tlic 
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PAUIAl DATA LIHING 
j Mcuto • nolatoof'l) 

l 
l 
l 
l 
1 
1 
1 
l 
l 
l 
l 
l 
7 
7 

o.o 
~ 

1.6 
2.1 
2.6 
2. 7 

., Z,? 
Fl 2.4 
9 l,Q 

10 l.) 
11 • 7 
lZ ,o 
l) •,j 
ll.l •LO 
11 ·l.) 
" ·l.) 
17 '·l'.C 
V -.o 
lO ... S 
i!0 -.o 
l l,Ó 

' 2 4 
1 }.1 
~ ' 7 
') 4,1 
6 4,) 
7 4, 2 
.R ),9 
Q ),4 

10 2,fl 
\1 1.1 
\.' l 1+ 
l! ,¡o. 

,. 
\ 

' l 

Q 

lO 
ll 

" l) 

\ 

' 1 f 
4, 1 
• o 
'1 
~.· I.J 
l. o 
4 ~ 
J,R 
).1 
2,4 
1.8 

DATA M.A1AIX IO•"dol 111opl' 

o.o .~ 1,6 2.1 2.6 2.1 z.?' z.t. -t.o l.J- .1 .o -.s -1.0 -l.J ... ¡ J -1 z .. ,q -.s .. ,o 

1.6 7,4 J.l J,? 4,1 4,) 4,2 ).9 ),4 2.~ 2.1 l,o ,o .J ,¡ •. o ,l ,) ,B 1.2 

2,0 ),6 4,) 4,9 j,J j,4 j,) 'j,O 4,5 ),R ),1 2,4 • l.~ l.) 1,0 ,9 1.0 1.)- 1.7 2,2 

1 s 4.J 4 9 1.1 1.~ 6,o j,R 1·1 4,9 4.2 1.1 2.~· 2.1 l.f 1.3 1.2 1.1 1.6 2.o 2.1 

1 4 4,1 II,A 5.) '),? 5,7 '),6 5.2 4,6 ),q ),2 2,4 l.B 1 ) ,q ,fl, ,q 1.2 l.tl Z.l 

2 6 J,J 4,0 4,5 4,q 4,A 4,7 4,) ).? 2,0 2,2 ¡,u. ,? ,2 -.1 ... z -,1 .1 ,6 1.1 

l) 2.1 1 7 ),2 -),4 ).5 ),) 2.B 2,2 l.j' ,7 •.1 .:R ·l.l ·1.6 ·1.7 -1.6 ·1,) •.9 •,} 

-.o .? l.J 1.7 z.o z.o 1.1 ,,, .6 ... 1 .. ,q -1.1 ... z,b ... z.o ·J,J -J 4 -J.z .. z,q -2.5 -Lo 

-1 z -.s, .o .s .? .6 ....... ¡ -.? -t.s .. z,J -1.1 -J.FI ..... , ..... , .. t..? ...... fl .. 4,J -J e -J,z 

-1.9 -1.1 -.1 -.J -.1 ... z ...... · ... q ·1.6 -2.4 -1.2 -'•.o ..... , -s.z -s.s .. 5.fl -s.u -~.1 .... .5 -J.9 

·1.9 -1.3 -.9 -.• •. 2 •• ¡ -.6 -1.1 .¡,e -2.6 -J,4 -4.2 -4.• -1 1 -1.6 -1.1-1.1 -11 -4,6 -J,9 

-1.1 -.7 ... z .z .J .2 ... ,¡ -.6 •1,) -2.0 -2,9 -J.-5 -b,J -b,A -s.1 -s.1 -b.9 -b.S -).Q -J.2 

·,1 ,j 1,0 l.) 1.4 1,) 1,0 .5 -,2 -~~~ •l,B ·2.6 •).2 •).7 •),Q ·),9 ·),7 ·),) ·2.7 •2,0 

l.J l.A ~.) 2,6 2.7 2,6 z.) 1.8 1.1 ,J -.s -1.2 -l.fl -2.1 -2.5 -Z,II:j .. z.z -1.~ -1.1 -.~ 

l.'\ ),1 ),ll:j ),A ).9 ),8 ),lj ).0 2,) 1.5 ,'\ .C1 .. ,t. -1 O -1,1 ·1.1 ... Q •,lt ,) l.O 

• '! lt l \,., ), \ 2.1 \ t'l .9 • \ •• \ - ) .l f 1.) ~. \ 

.. ,, ........ . ' ·" . .. 
' ., 1 11 1 n t, 1 t,. p '' 1 1 n \ 1 ,~'· • ' ,, 1 ' ,\ 1 1¡ ., 

,--,,. 1, 1 7 \ ', R '} Q '} Q 7,,., ~ 1 1 "t , Q , '? .. ., -1,11 -1 1 - l la -1 , ~ - fl -, 1 ' \' 

.1 ,lj LO l.) 1.~ 1 J 1.1 .6 .1 •• 6 -1.1 -1.Q -2.) .. '¡',1. -7.? .; .... -J.l .. l.·· -.~ 

SIN(X+Y) + 2SIN(2Y) + 3SIN(3X) 

/~;:_·--.. - - -___ :.;_~: 

. /"'t' :;}f'?f~c·. •· 
- -.. .,. . -

hgurc 30. V¡~uahlmg 'tructurc 111 datJ tablcs, digital map>, funcllons, graph1c~ 
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Í 44 4S 5.~. H 57 55 52 48 44 40 14 26 25 18 

: .. 6 54 58 {>.. 67 60 59 5J 45 41 )5 28 27 20 lB 16 

).. 56 65 b7 73 68 65 60 49 4:Z J7 29 2S 27 23 20 

\ l Cl 71 71 d9 7 5 69 61 51 4} )6 )) Jl ) l 25 2) 

·" 6o 7l 84 97 78 71 66 55 41 J9 36 J7 JJ Jl 26 

~J bl t.ii 7.5 e:. 75 10 bO 48 41 40 42 44 42 40 J& 

¡H ~6 b5 67 7 2 67 65 ~6 50 46 45 4 7 5} 50 46 41 

1 "' 55 59 61 6(, 62 59 54 51 45 52 56 55 54 50 4 7 

t .. ~o 46 53 52 57 51 SO 50 52 54 61 66 62 59 Sl 4 7 

1 41 4) 45 

1

' )] l.ol 

JJ l5 40 

49 45 46 46 

J9 45 

51 58 

51 tl 

65 68 72 67 °64 60 51 

7l 7 5 64 7) 66 61 54 

40 }7 )8 4) 55 (,6 71 78 89 60 7l 67 56 

: 27 ll 29 )\ )) )6 42 5) 61 67 75 87 77 69 60 52 

14 78 JO Jl JO ll 42 47 % 65 67 73 68 65 59 50 

lB d ll 18 ll Jl 40 45 54 59 60 65 63 59 56 4& 

ll 20 26 27 27 JJ t.4 46 n ~6 58 SS ~1 50 44 

·' 
' -' ,, 

~ 1 -' "\. J .. 

F. , .. t ~ ... , •• , - ... 

1 .... 1 ¡t, t o ,r L 1 lo , \., ~ 1 

~ 1 \ .. ; • ~. " ,'1 ':, 1 ':: 

~ 
~\·· ~ .' .. ,~.;\ ~ ,· ~{,_.,./ -1 ' 

,¡; : .... ;,.· .. ~, .. ~t{i\\~· 
>' ,. ,' 1 ... 1 '.;l i ::, 1 ~ • r.: 1 l / 

r. .. ..... 
¡ ... ••• -\ .' • 1\ • ,• 1 

,· 

l, o ': .. .. :~~ " .. 1 _., ~! 1 :>·::::·.::.: .... .. .' 1 1 

•• ::.: .: ,~ 1 >, 1 1:( ,. 3 
.... : ,·: '. ... ... (, ' 1 1 1 

. . 'l 1
' 1 

<.' 

1 1gurc 31 l'o"Jblilllc' lor gr~phlL Jnterprct~tJon thc grapiliL modd LOncc¡H 
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s.:hcmat1.: l(!p¡cscntatlOn of map abstract10n provtdcd in 
Ftgurc 32. In tl11s dlusuauon I have g1vcn tl.e map wzivcrse 
or po¡mlatwiz (Le., the. set of al! poss1ble maps of all 
mappablc phcnom(!na) ~he namc Supermap. Thc ímpllca
tion 1s that 111 a mctaphystcal sense ihcre exists a su1glc, 
all-e11c.ompassmg 11;ap reprcsentmg all posstble tndivtdual 
;mp fo¡ms, typcs or vancltcs. Any smgle map constttutes a 
subsct of the map umversc c!iar~ctcnzcd by ;} spcc1fic 
comblllJlion of content electíon, space/tunc/content' 
abstractiol1, gra¡5luc tc.:hmqucs, cartograplnc paramctcrs,, 
and display media. Thts nollon ts dearly tllustrate~ QY 
conside11ng the fullowmg wnttcn desc_nptton of the map 
p1esentcd i11 Ftgu¡e 33: ·· · -' 

Ftgure 33 1s a contour m:tp w¡th a constan! contour 
mtcrval of 1.000 fcet Jep1ctmg Mr 'R.aímci, Wash
mgton, <.~t a ground ~cale of 1 250,000. Con tour !mes 
werc drawn w1th a #00 Lcroy pen on Duporit UC-4 
dra ftm¡; fllm No reduct10n. 

For thts cxample we have the followmg specíficatwns: 

Contcnt selccllon 

Spa.:e A bsi r:Jcl 1011 

111111: Ah~ll.tlliUII 

Arca of highest elevat10n 
in Waslungton State, U.S.A 
Arca boundcd by 
·li/' ·li•' .llhl -17" 00' N la1. 
1 '1" \ ;' 111.1 1 .'.1" .,,.,. \V, lt111p .. 

~!ap data I'IC1 i (data 
cullected 1959) 

1
' S U P E R M A P " Grophic 

Type 

V 

· Subject 

Contc11t Abstractwn 

Grapluc Techmques 
Cartographic paraíneters 

Display media 

Rough 1mprcss.on of mountam's 
form a11d position dcSITcd 
Contour mappmg 
1 ,000' con tour íntcrva1 
(constan!) 
mean sea leve! base 
scalc 1 ·250,000 
Cronanex (UC-4) draftmg film 
Lcroy #00 pen 
Tuschc T (mk) 
No reduct10n 

A. schcmatic d1agram of the abstract10n process 111 the above 
exainple 1s prov1ded ;I; Figure 34. 

'Individual n1aps are conccptually abstra.:t.:J from thc 
map un1verse ill much thc samc way that hum.1ns perce1vc 
order out of seemmg chaos The "wholc" 1s but 1101sy 
confus10n· until focus on an mdivJdual elemcnt causes th:..t 
parllcu1ar ilcm to em-erge clear and the othc1 clcmcnts to 
fade' irito the background. This 1s prcCiscly what we do m 
concelVIng "umque" maps. The unportant pomt, of coursc, 
is that we do not forget tha t the' background always e:mts. 

The map/model notwn strongly suggests that 1f tllc 
pass1v0 :1pp1nach l1H11<ip cnmptlSllll\11 wllidl·l, ~'' ¡11<'\'.alllll 

'o lid.! IH" ll.lll":(olll\ll"<l lill\1 .1 l'll\111\'<" \o"llo h lo•l 11111k1 

~tand111g. 1! c111dd putcntially lc,nl tu tl1c dcv,·l••j 11\lt'llt .11111 
fullcr ulilila tlon of ca rtog1 a pluc proce~~mg. l:ncou ragu1g 

~ 
M.ap 

~ Porameters 

A Display v Medio 

Abstraction / -=-:-> Leve! · 

l 

L? Map 
lmpression 

hgurc 32 A ~ch~lnau1.1110n of thc map ab,trJctwn proccss 
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Figure 33 Con tour map of Mt R,umcr, Washmgton 

o 

¡ 
1 

1, 
--------,, mean sea leve ¡ 

~ f 11 

1 ! ¡ 1000' c. l. l 
l(ontour Mopping ¡->-¡1: 250,000 scole i\ i 
1 i . ,. f 

\ 

A ~~ 
l¡ 1 
V J t ~.f' 

-~, '1/ i...--i _.¡¡ 1_ .. _ ! General . j, 
Mr. Rainier ¡ ~~ impress10n ¡ 

UC-4 
#OQ Leroy 

! of shape/pos;~ion ¡ 
' ~ ~ J ¡ 

¡ 1gurc 34 CJrtogrJpluc Jb,trJ..:tion thc Mt Ram¡cr exJrnple 
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p~ogrcss .s bc:¡,¡g mJJc hcrc IntuJtlve cartog:.1pluc Jcc1S1Lln 
m.il--tng pro..:cmn.::~ JlC slowly bcmg dtsp':1ccd by more 
formal ( ..:!11lpn1c.d) gu¡dcLncs cstabllshcd through c>.pell
mcn!Jtlon w1th vJnous map par;~meter combmJtwns Smce 
bcttcr undc1standmg of how the nnmpulat1on of thcsc map 
p31Jmctels lilllucnccs m;~p cffect¡vcness 1s C1Ucwl 111 our 
qucst f01 m1p10V111g CJl togrJplllc data proccssmg, at lcast 
b11Cf cons1Ck1.1 t ¡,)¡¡ of thc ca1 togr.¡phtc rcscarch m volved 
secms wa 1 r Jntcd. Thc maJOI proportton of t lns rcsearch has 
mvolvcd !Jbm1ous nunual mampulat10n of cxperunental 
Jcs1gns, althuugh JutomJtion now prom1ses to al\ev!atc 
much oC the fn1mcr diLH.lgcry Only a few of the more 
~1gmf1cJnt t"mdmg~ .. an be ¡cportcd hcre 

Thc gcomet1 ICJt .:nd mathemJtlcal prmoplcs of map 
pro¡ccuous ploh,,bly 1cprcsent thc mo~t obv10us ancl bcst 
uud..:1stoo(! l1hldc1 charactcnst1c of .naps Altlwugh ti tete 1s 
tltcotct1CJ11y no lumt h1 thc noss:b\e nurnbct of dtstlllct 
ptOJCCllOn~. lll ptacuce only a 1clallvcly smatl number of 
ratl1er dtfi.etcnt ptOJCCt1on "typcs" are 111 common use Thc 
.::onl'llct bctwccn ,l!ca, shape, d1stancc, antl dllCctlon prc
SC1v,ng ptopCllle'> 111.1kcs 1! 1111ll1cd1ately dca1 that d!ITercnt 
but ..:qu.llly ··cm 1c.::t'' plOJC'diLlllS cJn produce 1111.1ge'> of 
thc s.lll\C phcno.n~non thJ! lOnlrJsl g1c.1tly :n ;1ppC.ii,l!l<-e 

e, 
.;lld u~etuln..:~~ Thc CllllClllSillll ¡, that \he chmcc or "hc~t" 
p10JCCI10ll 1s unly mCJ11l!lgt"ul 111 tcrms of lile dcs11CU 
purpn>c of 1he catlograpluc modcl. Constdc1111g thc aosencc 
of ng01ous .;nJ!y-;,s. currcnt ¡;llldel.nes fo1 sdccllllg proper 
?rOJCC uons ,ll ~ li kdy to be b.Jscd on mi o rma uon wl11cll, 1!1 
somc ._·ase~. 1s mure 11lUs1onJry than factuJl 

F or obv1ous concept Llal and compu tJ t1onJl rcasons. 
111JpS ale lrJd!l!OllJJly f01!11U1Jtcd Wllhll1 thc COl1SlrJll\lS o!" 
Euchdc.m gcomctry. Althougll thc ;~ssumpt1on o[ a 
l:u.::hJeJn i1a~1'> l·or spat1.d pattc1n' sulftccs 1:1 thc <;tudy of 
n\,JI1\ í):w,¡,,¡\ ;)hcn•Hncna. thc¡c 1' !tille thctnelk.d b.l~l<; 

ln1 ¡¡¡,, ,·\llllll' ,,¡ ¡.:_L'Pll1c'IIV 111 lhc 'ludv ,,¡ \lh"l,d/clllllll.il 
~¡1,\u' lc'l.lii<'li' D<Hlht 'lilollllolllili)C. lile v.diclily tll thc 
l.u~l¡,k.m ·1''-lllll)lll<lll 1,11~<':-. :-CI!¡lll:, quc,llulh .1lluu1 thc 
OJSlC USc'illl!lc''> ul c..lltugtJplm. aolJlyst> 111 ,p.llt.d p:dt.:~~~ 

1CSL.!Jrch For cx.unp\c. can sp:.~ttai paltcrns gcncrJtL·d by 
bchJV1u1J1 p:oc<:sscs wl11cil Jrc markcdly non-Eu .. llJc,ln be 
:1113ly1cd cll-i:CI!Vcly w1th map' wh1ch are by CI)1Wentt•ll1 
bascd on an ,¡¡ekv;~nL EucltdcJn sp.Jce') Thc csscntd 
probkm w¡]] hl'LU!11C CVCl 1110IC ll11pOrl3l\( 3\ CdflDgiJphelS 
pro~1 c<;s¡v..:ly ,1b.mdon thctt land ÍLll m t 1 .. dlt 1un 

lJ,·:lbCIJ!C ll',C llf pllljC.::llOn dhtUrtlL)ol dll! obloiCS lO 
L:cillt.ltc lhc '>tudy or runc\101\Jl gcogl.lpill<..d S¡l.!CC 

l<.!l.lllllmlllp' h.:~ ku .o sevctal novel 111.1p trJnstotill.lllO!l~ 

Altll"ugh 11 ,., ._,¡nv..:ntlcln.d tu1 m<~p'> tu be <;c.dcu 111 
11\c",I'UIC' •ll pJ¡y,k . .\ Lhi,IIILC (C ).',. ll1lil'\) !ll.lllY gCO· 

g¡.¡p\1]L,¡) ¡íi•lll:c•¡¡h ,tiC \cdkd 111 "110\L"lillll).', uliiL"I 111.111 
1\kllll \p.,~_~ l\\'11 l)'¡"IC'• 1d 111 .. p J¡,¡¡¡,J,llilLJliiHl"' vv]lll ... h 
(.LJI\lull1 ckilbclulC dblOlll<lll huvc bct.:ll Ué.tlcd lll •,l!ll¡llily 

thc solunon to thts problcm Fur ccrtJ¡¡1 purpo,cs, 
funcllOnal ciistance mcasurcd ;~long cst<~Dll,h.::J routcs, or 
bctwccn know,1 polllts, may be the pr11n,ny cc.nccrn of tbc 
map user. For examplc, a person mtc1cstcd 111 thc time 1t 
would takc to tr;~vel bctwecn two pomts on J standard map 
must fnst calculate the tmleagc and thcn d1v1dc by thc 
c~llmated avcr<~ge ratc of travd. Obvlou>ly th1s 1s m
cffic1cnt, su1ce ll 1s conccptually ;1mplc to rc¡Jlacc phy>1cal 
d¡;t:mce m a netwo1k by funct10nal d1stJncc ><-alcd m terms 
of tune, cffoll, cost, or snmbr umts (F1gurc 35). In fact, an 
mcrc<Js1ng dcmand for thcse non-metnc map sc,dc; 111 ¡cccnt 
ycars ha; posed ncw and d1fficult probkm; for cartog
raphers. Thete are scvcrc constratn ts on dcsncd d1stancc: 
t1ansformat1ons, part1ctllarly when more thJn JUSt topo· 
log¡c::ll rch1 twns must be preservcd Thc most scr.ous 
iumtauon undoubtedly 1s thc l!l.lblilly to map non· 
Eu.:llde<~n spacc by convcnt¡on;~l metl,od; wnhout losmg 

,/valuablc spacc rclat1onsl11p~ For examplc, although topo
logtc.l rebtll)llS a1 e gencrJlly prescrvcd, mm,t umc-d1;tJnce 
maps are only VJlld when "d1stanccs'' JIC rcad out irom onc 
centcr pmnt Although such constrJmts JJC patllcubrly 
annoymg mllght uf dcvclopmg nccds thcy .11c of coursc: 11•Jl 

ncw map prllJ~Cllon p1ob!cms. 

A sccond form of m.1p tr;~míorma t1un wLH.:h 1~ g.Jldl11g 
111 popuiJr1ty l!lvolvc> thc Jc!lbcr;~tc úl,lort1'lll ol arca 
Ag::un thc tcchmquc 1s conceptually :,trnpk Convcnt10nal 
gcogtdplucal (1.c, phys1cal) arcJ 1s s1mply ¡cplaccd by ;omc 
atcdl quallty (phenomcnJ) Thc gwmctry of gcogrJph1cal 
space m;~y be mod11"lcd by cilscrete cc\l<;, as 111 11hlst fJmil1ar 
cartogr;~m> (F1gurc 36) An attcmpt 1s gcncr.llly m.tdc to 
preserve th<: shapt.: and C0!1l1glllty 1 c\allllm o!" :~r..:al u:lltS 
whllc workíl1g w1thll1 thc SlLC Jnd s:1apc tLlii11Jt of thc 
ongll1a1 1mp Evcn w1th thcsc rcsttal11lS thcrc 1~ st!l! an 
mf1111lc numbcr of solut1ons to thc p1uh\cm Thc .l!ln of 
c.li\O~I.ll\\'> 1~ lo PI•lLiuL·~· v¡o;u,dJI.iliUII w:lh 1111p.1U Tl.c 
lec'\i\olqllL' 1' "'lh'li.d\y \l\l'\111 Wilc'IL' ~\1',1( l!lL'l\ll,li!\IL'' 111 thl.! 
d!,(l1blllilli\ cll ,¡ pilc'llclllh'/Hld ~'\l"d IIUi\1 1llll' Ic'~lllol lcl lile 
ncxt Cattogl.ll11S .Irc gcnctJlly coll~l,kJc:d l<l be' "cxpiCS· 
s¡ve,'' but not P<~rllcula1ly <~cadcrmc m,tp tcnJlll011>, due 
l;¡¡gcly to thc uncontrolkd naturc: or thc1r constructllln 

Gcogt::pluc;~l th<.:ory oftcn mcludcs a "ul1lform t'llanc" 
assumpllon, 111 splte of thc f:Jct thJ1 a lwmogcncoc1~ 

d1SIJ1but10n 1s s..:ldo,11. tf evcr, encounlc.t.:d ovcr 1Jrgc 
enough ,lf,':J> m 1CJI1ty to prov1de su1LJblc .:mp,;¡cJl tc~ts clt" 
spalt,d mudc\s Th:> 11\Jblllly oí" testo~¡~ t\;eurcll..:Jl mcldds 
C111pl!IC.Iliy iJJ> kli lO thc 'YSlC'ii1,ll.c. CIC.olilll\ vf lli1ltllll\l 
dcnst:y 1c::;1ons tllrot..g!. '-on:rotkd nuthcn:.:ltc.d úhlllltlon 
of J,-,l.lncc UI1lls ¡¡; .1 cont1nuou:-. f.¡<;!J¡o¡, íl':gu1..: 37) Su.::ll 
IIH)(tlÍ1<..1llllll ¡,\ lh..: gcclli1diy u\ ¡2.éOgL1piiic.d ,pace, 111 
llld~l !11 \lll•llllio lile V.t\¡,\llllll 111 .1 'JlJil.d J¡<,ltobll!lllll. 1' 
¡J.l!ti<.UiJii) .ipp1Up!1Jlc b~C.ll!Sé OIICL l\hlckb 1\.IVL.! bec:ll 
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One Billoon Dollors D, 

f¡gurc 36 C.utogram arcas of el tic~ and statc~ shown 1n 
proporuon to•thcu rct.lll sales (from H.um, 1954) 
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hgurc 37. Conunuou~ awnuthal-logJflthmlc di> tan~.: tramformalwn of Swcdcn (aftcr HJgcr;trand, 1954) 
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C\~lu.JtCJ. Jli 1nv..:.~~ trJ;Jstüllll.ltiOn ~~~lores the ong.n~l 
gco::; .. ,:lll~c.li b.I..:f.gi<lUrHl 

l!nlurtt •• J.i!cly, ..:Jrtngr.Iphers hJvc scnous tcchJliCJI 
prtlbkms lll rc·~.¡Jve bcfore thrs powcrful tcchn¡que 
be-:onws gt:'nt:'r.dly ope1atron.d. And, whatever thc form of 
the lr.lll~:,llm.rtrnn, prnblcrns ansc f1rst 111 spcctf)olng 
•li<\ln,n¡;lu! ,r.lrb:'urll\,lirons Jnd sccondly rn prese¡v¡ng 
<.Jt:q¡eJ prclflCIIIL'i such JS bounda1y, shapc and contmurty 
reiJti<1Il,_ Thl' ~L'.11ch for pcrmrss1blc and ll1CJI11ngful trJns
(ornutr,>ns. rile Jcg¡cc or control .llt.rmablc wrth each, Jnd 
!he ll.:Wl Slb111iy oi' [he (¡ JllSi'OflllJ tiOil processes provrde 
unpnr t.mt tn 1Jr..:s í"m future resea1ch. 

Co,¡L;hlll ~e,¡sc suggcsts that rt rs possrble to rntc1 pret 
gcogi.I[lill..:.:: ¡nfmrnJIIlln rn a hrerarchy of general1zatwn 
/cl'c!s St.li :u,d l.kcr, wcll known lll mJn,¡gement scrcnce, 
ha' u-.,cd lile pirrJ~c "eones uf resolutwn" m rcfcrcncc to 
tlns illelaidl,cJI nutron (Frgure 38). Thc goal 111 map 
genc;allzJt,llll rs ro JChiCve dJta and mcssJge comprcss10n 
whrlc lllJilllJIIililg Jdequatc map quJlrty. In map construc
trun, porn,, J,ne, or arca! symbols are used to reference 

l,u,~hdf>lf" fomurl' 01 ona levo! m.JV 
r••,)IC'>IInt a WIJ,JI!tl of dota•l when 
f'llnnHnod on D liHger sea le 

CJith f~Jlllrcs wl\lch are tnhcr~;H]y zcro, one, two or t:ne~ 
,;:rncnsiOnal. Thc .IcluJl coo.dmat1on rs arb1ir:ny. W!1at 
appears 011 a map JS a pmnt could wcll havc :Jrc.d cxtent 111 
r~.:lity, and wh.:t appca1s a> J !me 011 a map Jt onc sc:.dc Q 
could be dcp1ctcd :JS an Jrca on a map at :J!lothcr scalc. 
Symbol/rcfere11t coordmauuns Jppc.:r function<~lly related 
to the purposc of mapprng ancl thc scalc of cons¡de • ..rtlon. 
TlliS non-theoJctrcJ! bJ~r~ ·for symboluauun surcly nclps 
cxpb1n thc fact that thc actu:Jl gencr:J!rt.ltHJn of ma;J 
symbols co11tlilucs ro rr~scm onc of the nlllst rntngUI11g 
;md emgmat1c cartog1arhrc problcms The rrobkm gocs 
wcll beyond srmple m:.~p cn!Jrgement and rcduclion due to 
thc sc:::le dcpc11dcnc1Cs rn map construct10n l\!ap draftmg 
that "looks good" at onc sc:.llc scldom suffices at othcr 
scalcs, espccrally whcr: thcsc othcr scales dtffcr sJgllltlcantly 
from the ongmal. Tlm pomt ts easrly tllustrJt~d rf dark-
room cqUipmcnt rs avatlu~le. 

The motlvatron unckriy111g map gcnera!It.ar,lln ::md thc 
actual tcchmqucs emplnyed vary to thc cxtent thJt quite 
drfferent cnd products can result usmg the sJmc rmtlal data. 

"Atlas" l, l, 700,000 

"Wenatchee" 1 Z50, 000 "Ceda.r Lakr-' 1 ll5,000 

"Enumclaw" 1 62., SOO 

o 

l1gurc 38 ·1 he "lllil,lfllY bllv.~~n lcvch of lll.ip ¡;encr.JIII.Jlion .ond St.1ffonl Bccr\ "~onc' ol re,oiLltlon" 
(Jltcr Leer, 1968) 
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Pic'vwus rc-,c.I.ch h.1s ¡JIIlllMily licatcd thc Invcrsc rclatiOn
~h.p h.?l\Vc'éll dq:.cc oí gcnc,.¡J¡;,:ti.Jil :JI'cl 111.1p >LJk, Wilh 
tilc go,d ,¡f c~tabli.,Jung guiJciincs wh11JI could be uscd to 
c-;!,Jhlish .In.Ilyt~< .• Ii map gcnciah7Jtion funclillllS or to 
subdlH.' tlJc WJlk vaiÍ.IliO!l !llhl'IL'Ill 111 SUbJCCtÍVC ancJ 
pcrsonJI gcnclJill.ll•Llll styk~. Rc;ca.chcls havc t~ndcd to 
ful.US Oll Oi1C-Jlllléi1Sl011:IJ (linc fcaturc) gcncralit:JtlOilS as 
IC!Jtcd lo co:Jst!IIJCS, nvcrs, tiansport.ItiOn nctworks, con
lours. ct cctci,J, usu1g good :Jnd bJd cxamplcs from cx1stmg 
map~. A scconJ class of rcscarch ~~ JllJiytical map gcncral
¡¡ation Intcmkd to a1d map i.JtcrprctatJOn by rcducmg 
cmn pkx m~r pJ t tcrns to mcJnmgf ul componen! con flgura
tlOll> (e g, trcnJ\ or rcs¡Jual>) Thc bulk of analyucal 
~~cnci.IÍll,:tJOil liJ> ckall witli lile p1ublcm of grJplllcJ! 
piúl.lk JI1d co:Jt,Jllr Slllüllihlllg 

Rcccnl cxpclli~Jcnts 111 ,nap gcncraiilatron havc becn 
fJcllit:Jtcd by clcctromc datJ pwcc~stng (EDP) and l1ave 
oftcn gottcn the1r lll•pctus from thc necJs of automated 
m;:ppmg. The approach hJs sh1ftcd from cincel graph1c !Jne 
gcncrJIIIJlton 1Ll num~rtc.Jl lme gcncrall!JliOil ancl thrrc
J¡mcnslonJi "suri.Ice'" gcncr.Jl!zation (F1gure 39) Augment
lllg gr:.p!Hcal gencralizat!lJll w!tli Jn an;_JiytJcJ! approacl1 
should not only ciJnfy whJt IS mc,Int by srmplrfymg a map 
but should also suggcst valuJblc ncw tc...J¡n¡ques Those 
¡,ll1k1ng f,1r rcsc.nc·h toprc·~ slwulJ 11lltc ih.Jl .Jttcmpb to 
ft,lly JlllLllll,llC .:J: lO!:'I.lplu.: plnc·c~~lllg ll.lVc' .di f.11kd to 
Sl,,;¡c JcgiC<' t'u1 J.¡,.:l-., ot' ubJCdi\C n1.1p gcilL'I.illl.lii<lll 

~Uidl'llJIC~ 

The \\;¡y iO\\ .11 d mJj<ll Jdvaih:t:s 111 cJrtogr:Jphlc :.¡,¡alysJs 
w.ls opcncd r~.:cntly wht:n C.lftographcrs rc:.iJ¡zed ih.it map 
gencrJI!Lallon wJs sun;:¡ly a f01 m of spJtwl frequency 
llltcllng (scc Prcpiocess¡ng ab,wc). J tcchmque wh1ch has 
piOVCil v,¡iuJbk 111 such lrcld~ .1s communlC.Jli<lll thc01y and 
pie lllic' jllLlcc'\\IIlg by cumputcr Thc' Jll<k'C~'> of remov1ng 
p.riii<'ili.II '>llllcillr.r\ dc1.rd' lr<lill lile: d.rt.r ihl•lllgh con
lll'li,·d liltcr,ng "'ll\liit:IL'' .1 ILlllll.d "'lcctrvc··cillJlil.r'I~ 

llll'Lil.illl\111 O( ¡;IC:.&i ¡>I.JI]!I\l' (o¡ lillJllll\'lllg tlVL'I-,ill lll,Jj) 

1ntcrprL'IJliOil Jlld comprchl'nsion R.1thcr t:wn assoc1JlC 
mJp gc:ncrJII7JtiUI1 cxc!L:s:vcly w1th scalc changcs, the 
pnn~1olc~ are cmpluycd to lllkr m~r :nfornut10n 111 
accord..:ncc Wllh map use Thrs nul1011 c.lri:cs IlllliJI 
sclccll<lll from rc.Jhly of pllcnumcnJ lo be mappcd 
(p11111ary gcncralJ/JllUll) througil .1 'iC<.ondary gcncrJiiZJtiOn 
procc's 111 ordcr l<J illu:~llílJtc 'JlCCiflc .rtirrhulc~ ul J 
pllcn.,mcnon In illls -,eme 11 1'> mcrcly .1 l<lgil~¡J é\kn:,:on 
ul e-llilllll,lll Jai~ '-J.r.,.,IIJL.liinn [lllllCliiii..:\ 1,1 .1 levcl whcrc 

'Jl·il 1.íl l1 cqtiL'Il<.Y 1'> e\ piiutly ,., 'lhlikr c:d 
Tl.c Il.rturc <ll jlli!flill/liiiiU! ( ,1//(lg/"fllllc \l'lllhn!l hJ~ 

hccn q¡¡J¡cd lJlillc !lhliULigldy J'l l<l lllllll or gc:omctrv 
pd'>Illo:Lng. '>L~iing. ,JilJ ¡_ci.IJlhlc ,·nh.~r,ccnwnt (,ce L¡.,_m,tn, 
L:ildill.lll, .¡¡¡J Wttlr.rn1-0i\~Oil 1 '!61) ;\lthuugii liilpruvc:
lllé.lb 11. CJe-h ul thcsc J~pc:cis I\ cOilllllli.Iily C(lllglri. 11lc 
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bulk of rescarch cntads thc sc.rr,·h for 11cw ~yn,Lwl' wlrKh 
'-an be morC' cflcctlvcly positioncd, scJied, cnh.rm.cJ, or 
coordmJted wilh thc1r rcfcreills. Currcnt el ¡'octs lo dcvclop 
symbols wluch more cffccllvcly portray c:nvlro11mcnt::l 
pollut¡on fa!! with:n tlus class of rcscarch Smcc a1.tual 
evJ!u.J t1on of most po1n t cm phasii.lllg sy m b ols has be en 
esscnt1ally a m;:¡ttcr of Judgcd cffecllvcncss, further dls
cusswn of tlliS top:c ,s more appropnatcly treated under 
lmagc Processmg bclow. 

Rcsearche1 s ha ve lar gel y neglcctcd prcmap decJSions 
re la t :ng to the se lec t10n of dot map para me ters l t ts 
known, howewr, that the accura..:y Jnd i!llc-.:t,ven<:ss oi· uol 

rr.aps are functJonJlly rel::Jt~d lo spal!Jl d:slri:HiiJon ch.H.lC
tcnslics, do: SIIC, dot ,wmbcr (un1t v.!luc/dot). VISUJ! tone 
dcnsJty, gcomcliY (ó17C, sllJ¡>c, arrangcmcnl) of d"t.: col
lcctlon uni\s, anJ thc plaung of dots (sce Dahlhcrg, 1967 ). 
The fJilu:c lo dewlop Ocx1ble, automated dot mappmg 
ro u tmes test: f1cs m part to the la e k of 11gor m our 
undcrstandtng of the subject of dot mapp1ng In fJct, the 
devclopment ofsuch a :omputcr program would mJkc (1 e, 
rcqu1rc as a bas1s) a s;gnficmt contnbutwn to rescarch 111 
thts arca as well as prov1de a valuablc conl11but1on to 
Juto,n~tcd cartug1cp11y 111 general 

PremJp dects1on~ assocJJlcd wtth thc sonslruclJl]Il o! 
rhrcc-dune!l.\IOIIal maps can be tsoi:Jtcd :r11d ¡_:Iorcpcd IIJio 
(j¡LlSC lllV<li\'llli: ~lillclliiL'd ¡·llilll <lf flll'~l'Ill.lll,lil, \'IL'\Illl).!. 
pll.ill, \'L'IllL'.lÍ L'\,l~~~:<'l,l!iL111, ,[lld ¡~i,ipj¡¡, L.<lll\(¡11, [1,111 
tc.:lullquc~ Thc ~ckcli<lll ol .1 pcr,p,cm"< \L' g. p.lr.rJ¡,·I. 
Jngular, obl1quc) or IIO!l-perspccld'e (e g, I\O!llctr.c) prc~cn
tatlon IS q¡¡¡ based more on convcmcnce th3il on 11gor \Ve 
do have somc useful gu,dclmcs íor estJbl1sh1ng v¡cwing 
po111Is m te1ms of dZimuth and angle abovc the honlon, 
and for dctcr.nlnlng appiOXII11JlC ucgiccs of vt:ItiCJl cx,Jg
gcr.llion nC'cdcd 111 J¡ffGccnt m.~pp1ng 'llll.lll<llh 111 tlltkr lo 
produce' acc<.'pi,¡!JiL' (1 e. rc.di,II<.) tlrrcc-diilll'Il'lllll.Ii Jli<'"Il· 
t.tli<llb ~~Cl' Jcnb .111d SIL'lnJ..c. 1•>71) 1\ut tilL' Pl••¡ll'l 
.;hclllC ui' gl,ljlili<.: lLlll~iilllll,lll tlr SUil.occ' L'Ilii.:licClllCi\1 
tcchmquc hJ~ provt:n d1fficult lo iormaii1c The p10b1c:I~l 

appcJrs lo brcJk down mto onc of wc¡ghmg such faclors ..1S 
case of construdlon (m tc1 ms of Jv ... dJblc fJulrllcs), sc.dc 
.md surf:Jcc ch.nJctcii,llc~. :mcl lile dcgrcc 01- rcJ!bm 
(quJIIly uf thc dcpth iliusiOn) d,',llCci Thc grcJt diVCISll)' 
ol tccill1ll:3l opli,Jil> .dludcci tu Jbuvc no! <ll'.IY c,¡,;hiisltc~ 

thc poten tul of thrcc-d;,ncmJOnal mapp111g but Jiso rJI'>C' a 
L11gc nu,nbcr ol m ter pictat;vc problcllls wi11ch rcm.Illl 
llil\t)JVL'd 

An c\IC!l~Ivc IIt.:I.lllliC h.r-, dc\'ci.Jpcd 'lll l/ll<illlilaln·,· 

url'll! 11/tlf!.\ whr ... ll UL';JICI (jll.illliiiL'~ by lrilC\ ,,¡ cq¡,,¡J v.duc 
c.illcd 1Salllil111S (1 C. I>Oi1léli iC lincs 01 •'>Ll¡li..?liJ') 01 by 
,lVCIJgé V.illlC ¡>Cr lhill JIC.t .!S IiJUSli.llcd by chUILlpktllS 
llsu .md Rob1nstlll ( 1 <)70). JcnJ..s anJ ('.¡-;¡J.tll ( 1971 ). Jnd 
:\lorrls<Jn (1971) ,:•e pJillCU!<.Jrly gouJ ba'l.l :ctc:cnccs lll 
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Figure 39 NllJnCIILli 111.1p gLncr.liiullon ol f¡¡,c .md ,url~~.c fe,¡ttac, (lrom T<lblcr 1 966) 
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tLis .nc.1 Rcs,'.n.:J. h.1~ ¡cvc.llccl .1 complc\. .ntci-ICi.lllonsnlp 
:1ct·.vccn such factors as (a) the staliSllcal n:.Jture oC thc 
dlSliilJUl!OI1 111 JCIJtiOll lO !he gcomct¡y oi Sl,!liSliC:.!l Ullll' 
(111 :he case of c!Jo¡oplcth~) m thc numbcr. spJCmg, ancl 
lo-:;¡¡¡,1!1 of cunl1ol pnmls 111 C\lllJUIICtJon wilh thc llltcr
pül.d.on ''"'ilc:¡:.: Jnd :cfcr.:n.:c arc:1 cmp!uycd ín tilc case oC 
1sa:ahms, (b) the numbcr of date~ cl.lsscs Jl1d the cntc:wn 
!or thc sclcction of cldss lnmts, (e) mJp scak, and (d) the 
out¡-¡ut grJplilc tcch;;¡que_ lllcludlllg thc sclccuon ofscrccn 
t,J,Jc~ ancl r:.tt,•rn Tl,c full comb1ncd !llilucnce of thcse 
fJctor, 011 Cmal map appcJ1ancc 1~ 'till not unclcrstood to 
the pLlillt wlie1 e pi cmap ucci,IDil ma k111g rcl:1 t111g to 

c;u:mti!Jlivc .IJealmapscan be form~l¡¡_ed, however Practica! 
(1 e, operJtional) guidclmes for p.::ametei sclcctllln thJt 
would gu.l:.llltcr mmlmum dJSCICpJncy bctwccn OIJg1nal 
d.1ta and mJp llll.Igc are ne1ther c.xh.w~:¡vc nor dcfmltJve 

The use of coior In cJrtog¡~;phy p10V1des an cxcellcnt 
e:-.a.npic of thc pLl~s:biiJtJcs l"or vai!JllrHI w1th .1 Single rnap 
elcmcnt In a purdy t•~chmcal scnse. thc color on a rnap 
r.:Occts a m1>. of 1 e prod ud ID1l pa1 amctcrs, llh:ludlllg 
pitnll•16 mks. papc:s, .md copy sc1ecns (dol or lule
~cre.:=n,) 1hc Icsult~-color-~¡s al lc.tsl LJI dnncns1onal. 
J'h)'\ICI'h illl',l\llle thc ¡1hy!>IL',IÍ pill¡JCIIIC' of hgitt 111 ICilllS 
111 donllll.lllt w.1wlengtli. pc:LL'llt :,:llc~..t.:llLt' o: b:¡glJlnc\\, 
.liH! '"tu:.llillli (Jlllllly o: chi,>:n.t) TJ,e;.c tli:ce .!tl:ibutc;. ol 
Cl>lor Jc!Jtc, :c;,pe<.:livcly, to wil.it I'Iolcs~m RobJn,un 
(! 9(¡7) hJs ¡cfc¡¡cd to 111 thc ..:.11 tog:.lpiuc hle!JLurc ,1s lwe, 
vJiuc Jnd llliClblty~-thc 'o-,·J!Icd psychulog¡ca! d:mcnsJons 
of Cllllll. Thcs.: VlSUJ! d!lllC!l'.!Oll!'- of LOilJJ 111 llglit or lll:.l¡) 
.lpphé.1tiLlllS lll.l)' be SCillli111/L'd C\L'il fUithel. SlllCC thc 
pClcl'jliliJI ,1\pc..:ts o( cJch .tttiiblllC .lle JdUlllUil,dly 
Jii"c..:tcd hy thc phys¡ulLlgJc.il ch.l:Jclc!ISliL'S oC thc pcr
ceptu .. lmcch.Iili'ill, the Cllllll\Jl:ll!VC and \UbJL'C{IVC bi.!Se~ •lf 
lllíc'ikd. ,lllll c.lll<'~~~.lph,L· (L>IIVl'llll\lll ()J '-)'lllbuh;,m Tlith 
\\'\' l\,i\L' t.ik\'11 wiJ.it llll)'.iJf .lj1(ll ,11 j¡) !Jc ,¡ ',1111\'k \''\'111<'111 tl{ 

111.1(1 !ll.lk1111: .111.i •,i:lll\'11 lh.:i [J¡c 11\l' lil L<dlll ¡, 111 i.1L'i, 
\llhJL'..'l lu ,¡ c\>lllJdiL.Ilc'd 1111\ ul iL'Lhillc.il .:llll Jh'ILL'¡>ill.il 
V.lll.lliU!b, l'JCil u! wl:¡._:l¡ llhlY d:,l\tlL.Iiiy Jlt,•: lll.lp llllél
pictdtl011 Thc growmg use ul colu1 111 map m .. k,ng 
rcpiescnts a pJi ucularly J¡ff¡cult prubkm, bccausc re~carch 

on thc '>UbJcct of culo: applicatiuns IS scarcc 111 sr1tc uf the 
ÍJCt thJt wc scem to h.:vc lcll1g lí.lc:ll:f:cd thc cart,Jg:.iphlc 
parJmclt'lS of co!L1r m .il Jc.l>t J thcorctiLJl semc. 

lL -,lwuld be ... kJ: :n light \):~ p1cv:uu-; diS\Ll'i'>IOii thJt any 
sct ol· ~cug1.1p!lll~l data 1s <;UbJ<:LI 11> m,¡¡¡y g¡.:p!n,,¡J iu:tns 
,Jf p:,·,cnl.ltlc>ll 1 VL'll 11 '-'lll\idc:cd 111 1'-<•i.ll:llil, wl::,h ¡-; 111 
ih) W.l\' J IC,dl\lll- ltlllll Ol él'.dU,Ii\llil, IIOilC o! tiJL.' ,dl\lVe 
uutliih'd deLI,IUll lll.lh.:ng p:<lu:du:c' :c:J.¡f¡¡¡g tn p:ll¡1CI 
LhlllCC 1ll lllo~J1 ¡>.ll,llllCtCI-; IS ;,u ~l.ltll, \!i.JigiJiiL>I\V.iiJ, .iild 

eJe,.¡ th.11 :1 d<l,'\ il\l{ 1\',lff.!lll tlic \LildiilY 1\i llliUie 
!C~L' iiLJ¡ \v'i\\'11 d c<>lllC\ l\l lile lll<lfL' llll;J<>II.ilil '"gC\[,¡Jf'' 
c!iCL.l~ uf illL' \t~1l1Pll'-J Jl'Ll'-JlOJI) ,¡JJ (ll¡l')JdciCd i\)~CilJ~: 111 .. 1 

final map prescntJtiOn, our ¡gnor.~ncc 1s st.Jggcnr.g Before 
mop data, il1d;J clcmcnts (symbols), Jnd map users can be 
funcuonally :1nd most cffcctively mtcgratcd llllü thc 
gcograph1c lllfoimatiOn systcm, 1t will be nccess.Jry to 

s¡,tJsfy thc nccd for ¡cscarch m whtch thc Silnultan.::ou~ 

mteraclloll o!' al! m:lpplltg van.1bll.!~ IS dctcrmincd. Our 
lllllltcd undcrstand111g of" thc conscqucnccs of paramcicr 
changcs 111 assocwtlon wllh prcv10usly discusscd m.lp f01ms 
c.1n be useful 111 prov1dtng b;:ckgrnund lflform:lllon and JS J 
beg:nnmg pomt for futurc rescarchcrs. Thc notable po1nt 1s 
that m thc past a lrcmcndous amount of lime and bb,Jr 
went 111!0 the compilat1011 of a '!nglc lll.!p lrl(Ci prelallOll of 
a diSlllbuuon. The cartogrJphcr's first judgmcnL WJS 
assumed to be sound, s¡n..:e 1t was very unhkcly that he 
would cunc~:n lmmclf w1tiJ comp11Ing .~cldltJOn::d maps ,)f 
tilc samc mlormat10n so that lhe most su!tJlJ!e gupluc 
could IJter be sclcetcd. Exper.rnentatwn mvolvmg thc 
comp!latJon of largc numbers of maps was scvercly l!mJtcd 
for the sa me reason. 

Automat10n Jnd othcr ncw tnnc and labor sa-vmg dcvJcL:S 
are radJcally changing ll1lS siluallll11, smcc 1t takcs l11tlc 
effort to produce almo't any rnJp vcrs1un of d dJstnbulJOil 
w1ii1 cqual faciiity once the dalJ and m.1pp1ng tcchl,HJUc' 
!J,¡vc hecn ~.-ompulcr¡;ecl A ,m,ill 111111\hc: of L...IIIL>gr.:pht·::
alrcady have i".IL.!Ilie~ ,1nd mappmg IoutJnC'> ,lv.nl.ihle wiJIL..il 
pC111lll thcm LO p~oclucc "¡cica!" lllJp:, ,d,,w,¡ efiPlliC%1y 
tlu ough ncrat¡vc, tr:JI and et ror mappmg> Willi computcrs 
Evcntually lhc ca¡ tographcr w!ll be ablc to sil beforc 
Sc~thciland's ( 1970) Jnt.:racl!vc display dév:ce .md mamp
u!Jtc lllJP p.uaml!lCI~ at will 111 ;_¡ ll~Jr lc,ll-llmc cnvuon
mc n t 

Map gu¡dellnc~ can ncvc1 be llllllC than cmplllcal rules 
fo: suggc-;t¡ng what woulcl probably be the best gr:Iphtc::i 
JliC\elll.d!Oll lll ca..:h d:Jieielll "typit:,IJ" lll.i¡1J111lg >illl.illllll. 
111 .111 ,1\ltlllll.illd !l,,ijlJ'IIIg l'll~lllllliiiL'ill, illlW\'Vl'l, tllc'\l" 
¡'llltkillll'\ (\llii.J "'IVL' ll\l[ ,1\ lill.il dl'LI\Itlll liilcll.l llld 
¡,¡{ 11c'l .1> .!Jl{llllJlil,Jlc' \l.illlllg Jllllilh 111 ,111 .!t:i,iliVc' '.l'.IILJ¡ 
illl thc bc~l (,ll JLkal) :,,¡lutlllll tn :-pc:ul"1c :n.lJ1J>Ing 
piohlcms. Onc can :1dually v1sualuc ,¡¡¡ c.:nv.ronmcnt 111 
wh1'-h a display ~uccn serve',¡, 3 dynam¡c wuJkshcct upon 
wllJL.:h plOJCCtlon, scalc, ch01cc of symbLJls, dcgrcc of 
gcn,:::ll!IJlJOn, and othcr nup p.u,¡mcte¡s .di bccomc 
dyn.1m1c vanJbic' to be nun:pu!Jtcd ::md contlllllcd by thc 
L:Jrto¡;rapllll. npc:ator Wi1.:n a su:iJblc m.1p ¡m;¡gc hJs bcen 
dciiVcd, :t lllay be proJc:dcd 1nto a ¡r¡¡..::nl"lim reJJcr/plilllcr 
o: •,¡n:il,lr dL'VILe JS s.·p.!i.lli<lll tm.tgcs lur c,,Jor p;u~-=.;~¡ng. 

Comput.::¡;cd c.tliug:.!phy .:1\o wdl m,,!,c 11 p,>,~ibil to 
ll,IVC lile ~Llli'-ll<.:,¡j cfieL..I\VCliC~~ \lÍ V,IJl,Jll\ JJIJ !ll,llllpU!,¡
IIllll jJIULcduics s::nul,ancuu-,ly avad:ibk .lt c.lch output 
,tep 11 a ~t:liJ~llca: he:.! 11: solut"l:l JS d1e m.l¡Jpmg goal, 
thc'll ,1 '>lil1pk Jtcr,¡uve p:occdUie ,.¡ ,111 lllíL!f.ll.ltve '-Llmpulcr 
uJil'-Llic wdl prudULL' ~llls 1 csul t. 



Clc.n!y. ,he .l!J<WC ~h-:usSl<)ll dnc' not cxhJu:,l .. il 
:"'· .. ·~!'-~~j1c .. >·L ................. s .. 1 \\'hn::¡ 111.: ~1h.1dl'1 T1d~u;.: nf ll1Jp~ 

.:'\: .. L.:l:~:, .. ~:i:.?íS. .· ~ .... "~ ~..· .... ;¡ ... :'~J..:.:<u\,.· Jc'-·¡..;;¡~,.1¡: I:1.1!.d11~ .11,J 

~JL1~.2' .... 1U(':¡L 1llJ:" ~.?i(~('U\~...~n.:!>S. Bt.u. \\l¡;h .. "'~Ut furth\!r 
b.:IJblHli1):; thc p<1iiil, il Sill)<dJ be upp.HCllt t!lJt th~ 

tcmpo;.ll .lllJ s¡1J li.li sea k c.l gcog; aplucal phctHlmcn:l, the 
-:OlllptcXllY uf :,pJlJ,¡} plLli.Co:,CS .Irlll thClf lll[CrJci,lliOil'lllpS, 
.md thc n.llurc <11 thc m:.~ppmg proccss al! mtcr:.~ct to 
rcstnd scvcrcly th.: poss;bht1cs lor con.;;t1uctmg ".1dcqu:.~te" 
c.11 togr.lph;..:.ll mnJds. l\hps .1re only Jpproxlm:.Jllons, Jnd, 
for m.1ny rcscJich pu. poses, lt ts e~senltJ! that they be 
cuns!It~<.:tcd a11d prcscntcd m such :.1 111Jnncr tlwt theH 
vahd;ty nughl be lc\ll:d or thc;; accurJcy and ¡eprc,cnlJ
tlvcnc:,' known. ln Cl11ltr,;:,t, maps aJe trJdll;onJlly 
prcscntcJ 111 J J.::tcllllllll>ll~.- way, as tf they fully rcprc,cnt 

t!;c spalJJ! phc,wmcn .. llcpt..:ll:LÍ w.thout error R:..r.clom 
:1uctl!Jllc"l1\ 11\ ¡l.1ttl'ill ¡,¡,¡:¡Jc-;;,ltl<hlS of ~p.lll.ll piOCC\SC' 
.Lid ¡_¡¡,¡j,,¡¡¡ cll '\:'í<'•;Ull<" ,j,,¡,11(1,11\S ,,¡" thl' d.lU .lll\lll): 

¡¡,r,lugh c.11 tl'¡,;l.l[lt•ll." p1,,,,.,,,ng ,¡¡,· u,u.dl~ •h'í ti,'.Jt.·d 

cxplicaly. It h~.~ J~.-tu.llly b.:.:n -,ugg.:~t.:d t;lat nuny 
"rallOnJl" explanat1ons Jnd p!JIInlng d.:ctsion~ may havl! 
bccn bJscd on map pattnns wluch werc, 111 fact, ~ub
stJntlally "n01~e" cffccb. 

A slochastlc approach to mJpptng 111 wh1ch the nup uscr 
1s prov1ded wtth a slJtcmcnt of the confidcnce kvcl 
assocta"ted Wltll cach map seem~ more ap;Hopnatc. 
In pracuce, 1l 1s probably more rcali~ttc to dcal wtth 
confidcnce levels as~oc1atcd wnh mdtv1dual rnap clcn.cnts. 
Thc cxamplc of COillOUf \mes ha' bcen u~cd oy Profcssor 
T ublcr ( 1970) and ts dlustratJvc. Con>tdcnng t11c nurncrous 
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error~ \\]1\,ll m1ght ac.:umul.ttc 111 th.:: proccss of trans
t0nnmg th.: e kv JI 1011 of 1Jndfo1ms 111 t o J fa.mly of cvntour 
llnc~ ,m a m .• p, th.: chJnccs thJt a S111¡, 1e COI,\OU1 hnc JS 
pct fc.:tly P<lSlt!LHlc'd (pl.ll11lllclr h •• llly) al any pumt on the 
m.1p 1s prob,tbly quite ~mal!. llut sma!l postl:onl11g crrors 
sl~<ndd be nuH e .:ommon th.1n largc crrors. ¡\~summg thc 
po~ltl01llng crrors ;,¡re nmmo~!ly d1stnbutcd abuut thc truc 
contour posJll<)n (1 c., thc1c 1s no uphdl or downh1ll bws), 
F1~UiC 40 provH.ks a graph1c mtcrpr..:latwn of thc bst 
statcnwnt Thc vcrl1cal componen! of thc probabJhty 
dcmtl]' fund 11111 (PDF) ¡mm des a me:.~surc uf the prob
.lb!ltty of <ll>í.ll1l1ng ,1 po\tlJonJng cr1or as l.ngc as "X" m.1p 
ldhl.l•h<') 11111h ,!\\',\\' t1••1n ¡]¡,· lr\Jl' <~lllhl\11 P''~tlton 

Ob\ill\1~]\', tih' tlt\11, "'ltd lttl•'' tll.lt tcptc'~l't\1 <'llllhl\11\ ,,¡¡ 
!lHlS( 111,1[1o .1\(' '\llllCWiUI illl,k,Jlllllg 1 'f,,blc•r Sll¡'.f',l',(S 

C011CC:(IIlg tl:IS by ~!lllW!I1g COillOUrS .!S fUII)I ]¡¡¡e,, [l<lrl!C· 

ularly 111 thnsc ~11U.Itlons whcre thc standard error 1s b1gc 111 
pm¡JOrtion lo tlll: o,calcu Wlulh of thc lmc on thc mJp. But 
wh:.~l Jboul V.trl.lblc lllu[l accuracy'' lf wc also assurnc that 
our contour po:,lt1011111g tc ... hn.c¡•¡c p1oduccs a comtJnt 
vc1 tJcal (clcv;,¡twn) cnor rcgarulcss oC lanuform slopc, wc 
c:m sec fro;n hgurc 40 that the contour lmc w.Jl be more 
;,¡ccuratcly pmillllncd 111 the reg1011 of stecpcst slopc ihJn m 
thc low:,lopc :1rca~. To commuc w1th Toblcr's solut10n, wc 
now h.Jvc a 111.1p wtth thm, sohd ltncs m thc a1cas of stccp 
slorc :~nd fu11y, w1dc !me, m thc rcg1ons of gcntlc :,lo pe. 
An • .li<'lll.lk .. ppiu.h;h l<• tiiC uh•lVc' [llllblí:m !S only lO 

l'uld1.l~ n1 q,¡ 1111 \\ i1h l1 "'i\ ,.klJ li¡¡e• \\1 r'¡tlli~, d¡,• ~~r'~d~'l 11.,.11 
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ti1Clr p!Ob.ibillly dens¡ty funct.ons Thts would mc~n that 
the lcss a.:.:curatc thc llldp, thc smallcr thc ma>..Jmum 
:~llowable sc:dc woulJ be. The mam pu1nt to be madc by 
tlus contour e>..ample JS that a!l map clcments are subJCCt lo 
ccrLun erro1 s wh1ch 1111óht be stuuH.:J usmg a stochasl1c 
approach. We ~hould be partJcubrly mtercstcd m those 
cases whcrc 11 1s poss1blc to compute icv~.:l:, of conf1dcn<.e 
for the mJ p as a und. Thc na tu re of use of graph1cs m 
scl.:ntd!c argument suggcsts that thc dcccptablc level of 
coníldcncc for maps ,¡sed mfctcr.ttally could be somcwhJt 
below thc standard stattstlcal 1 or 5 rcrccnt lcvcis, althougl-. 
m.1ps u:,cd for tcsltng or tlll!strJl1VC [lllfi'JO:,e~ <;hould 
p1ohahly (1dc.dly) 11ll'•'l tllc~c 11\IHC ~cvcrc 'llll,ll.tlllh \Ve 

11111'1 ,.,llll !ud•· th.11 ¡¡¡,. u"· ,,¡ IILI!" ,¡, l•i"dcl ll'!'ll'"'l\1.1 

t1<HI~ <ll IC.d1ly ¡,II'c'' lllldtctllll' quc,ll•lll' ,,¡ Jlllc'll'thl' .llhl 

con troJ wluch W.Ifi :lllt O!S<.:ll'>'>lOil and r.:;,,¡Jut ID !l. 

So far 111 th1~ p<~pcr the m~p cffc..:ttvcncss problcm ho~s 

bccn t reated as onc of mechan tes, and thc rcscarch top1cs 
outlmcd repicscnt J concct•l for cstabltsh1ilg a clo~cr fit, or 
corrclatwn, betwccn ong1nal data ansJ thcn '-artograpl11c 
dcp¡cllon:,. lt secms cctto~m tho~t ¡f tlw. ''6rapL1c moJel" 
trcatmcnt of maps 1:> pursucu v¡goromly by futurc 
rescarchers, tl wJII lead toa wcalth uf mtcrestmg ncw .dcas, 
uscful carwgrapi11.: mcthods, and 1mpo1 tant gencralttJl1lli1S. 
MJp cff~.:ctlvcne:,> cannot be prúpcrly evaluatcd, howcw:, 
wahout cons1dcnng the natur.: of thc uliormat10II rl.!tncval 
1l1V<llvcd 111 map te.1cling. t\t tlm rumt 11 1' appr<)jlJJatc tu 
1 IIILakf lil•'i' ¡l;,ldlllg 111 '' iúllll' c'\¡-,J .. ·¡¡ (.¡·,illllll. 



IV. ifltiAGE PROCESSING 

Th~ obs.:tv.::d vJnall011 p.1ttern 111 spatwl dJta ¡s ofte11 
c;.,.lrc.n..::ly co:npltcatcd Gcograplllcal maps hJve tradl
tlonally s.:1 v~J t.1c nccd flll Vl~U.llitJllOn ll1 attcmpts at 
dc~cllpliol1 and c;..plüt;atlOn ot- spat~al pattcrns_ A Joglcal 
goJl of thc lllformatwn d1sp!ay (mappmg) process 1s to 
produce, a~ .::ffil'lcntly JS possiblc, thc most cffcct1ve 
grJplilc commun1cator of d1stnbut1onalmformat1on./mage 
proccssazg cnt<~tl~ thc assnmlJt1on, mJmpu!Jtlon, Jlld 
analys1s oi lllfo¡mJtion wh1ch 1s giVen m spatial pattcrn 
fo1 rn su eh as ,¡ m:.~ p. 1 have prev10usiy ment10ned how 
mfornul1011 be1ng proccsscd can be d1stortcd by thc tools, 
mJtert.ll~, Jnd tcchtllqucs of thc map comptlcr as 1t 1s 

cotlVcll~d llll<l gr,1ph:c form. lt ~lwuld also b~ .1ppar~11t 

tl~.11, du~ io lllilcr~nt <lr JcqutrcJ html.tllons, lile m.1p mcr 
furthct dt~totls thc lluw ol llllorm,llton 111 tllc ptoc~~s of 
lllilfJ rcad111g. 

Thc L1ch. of cotrelatton bctwccn the 1ntencled mJp 
mcssJt:l' ancl actu;d r~trtcvcd mform3ttol1 comtlllltcs :.111 

unp,líi.ull ~omlolUlltCJtlllns gJ;J A maJOr port10n üf teccnt 
CJl togr J,1!1tc rcscJích ts ¡n;cnckd 10 y¡c)cJ mformat1011 thJt 

nlJy be uscd to mw"mze tlus d1screpancy. Thc rc~carch 
OOjCC!iVC C<:lll be gamed by enhcr lrall11rlg pcoplc Of 

m:J~Innc~ to be more sl..tllful map re3dcrs. 01 by destgmng 
m:J¡1 symbols th.tt can be tntcrprcted more cff ccttvcly. To 
be suc·cc~sful botll ap 11toachc~ rcqutrc dctatb of m.tp 
tC.ldt::¡; (,¡¡ hcyll!ld C'-1~1111); h.nnwlcdg~ nf tlll' i,¡c(OIS 
ul¡¡,.<liimg tilc tntctpt.:t.tltntl Lll tllJP p.ltlcttts. StnL~ 111.1p 
r.::hlil.~~ CJll Jl lcJSt lllVO!v~ VISUal, Stalt~IICJ!, optlC:ll Of 

tactu.ll procedurcs, 1t 1s convcmcnt to d1scuss cJch of thcsc 
mtllln. 

( 1) Visual Analysis 

Mah.¡¡¡g mCormJtton vtstblc by dtsplaymg 1t on maps has 
satt;ficd thc Lum;¡n u~er :n thc cat togt aphtc pl(lCCSstng 
systcm. Even llHH:gh wc suspcct th;;t the rHltStcst tr,¡mfotm 
m thc cartogt.tphtc systcm ts thc map-to-m.tn commumca
tton ltnk, Lttlc tcscarLh h.ts becn done: to :.!llcvt:de thc 
ptobktn C.trtogt.!phet'> know rcl.tttvcly ltttlc .dwut the 
tr.tdtiton,d proLL'•illtc ol ~I'>ILd t11.1p 1L~.1drng heyoml tli1· l,tcl 
til.ll ¡[ l'> '>llh¡clltvc .1nd k.1d~ lo qu.lltt.ltlvc llldjl dL''<LitptHlll 
:JllLl ~.-omp.tii\Oll. Altl\ouglt vague qu.dll.dtvc l<'lrll\ \liCit .1~ 

dense, compk;.,., lull, platn, LOtrcl:Jtcd, dtspcrsccl, ct cctcrJ, 
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are uscful gcneralttat¡ons for mJny put po~cs, they do :1ot 
characteru.e thcu tefcrcnt phenomcna 111 an objcctlve, 
sctcnt1fic manncr. 

The vJsual tcchmquc h.ts long bc.:n crd¡cvcd lor not 
lendmg ttself 10 f>tatcmcnts of confidc;,c.:: :tnl! for m low 
powcrs 111 ¡ephcatmg conclus10ns. R1gotou, ev.duJtton of 
the results of scv.::ra, :ndlvtduJls ts thu~ tcnuous, .f not 
1mposs1ble. lt !S further ass~rtcd that vtSl•J! map readmg 
does not pcrmtl the recogntt.on 01 dtfi-.:rcnttatlO•l oi 
subtlcttes 111 conftgurat1on ancl r;.,p¡cJJy üct~11oratcs ¡¡¡ 

qualtly as con troJ gds spJrse, pal ter,¡ gtow~ compk;.,., Jncl 
th..: number nC van.1bks tncr~J~es. Fot dtcsc ;.,nd oth~r 

tca,ons wc suspect that t!Jc ¡c,ulh nlll.llllL'd f1otn VI\Ual 
111ap IC,IC!Jng :llC unen llll¡Jl~Cl\l', lilUlll\l'.ll'lll, 01 illOll 
app.11~1ll !han te:J! lf thcsc ckllu~nctc\ IVL'tc, 111 l.tci, I~Jl, 
thcy woulcl JtstrJct stgn,fiLantly !rom thc use of .naps 111 

sctcnt1llc cnqu1ry, espcct.dly 1f thcy wem u.n.::cognt~<.:d 
lluman bemgs are cspec;ally wdl dcs¡gnecl tu m.1k.: use 

of graph1c lllfOtmatlOn, tcgatdle~s of th.:: cltawb .. ch.s to 
v1sual map rcacllllg In tcrms ol thc v:Jrtcty ol l11C~~Jges on 

unc;.,.pected to,1tC'i rh:1t tite human nund e .... :ly .mJ r::;1:diy 
tccc¡ves throllgll vtsu;.ltcchmqucs 111 c;..,-,l,)rtng data, th.::rc ts 
sull no substnutc Thc vtsu,¡l p.::r ... cptuJl nw~h;:nt::.m Jppc'Jr' 
pJtllL.ulally wcll cqut 1Jpcd lo pto~.-c::.s ::.p.ltt.d p.llletil~ ~uLlt 

a~ thosc t-ound o.1 t11.l¡1' lt t'i C'>::.cnual tlut L.lil<lgL:phL'I\ 
.lh.lnclun thcu rh.tt.klCihttc.tlly p.l\~o\Vl' l<>k .lthlc·nrllllll'llél' 
,¡ pll~I(IVC SCJILÍl fu, LIIodCI~l.llllJ.Iig whtLh undJ IL·,¡d lll tllc 
lkvclupment .1nd lulkt ullli!.tliOil Lll thc pll\wtlul qu.t!ltlC' 
of vtsual perccpuon 111 the contc;.,.t ol m.ql t.:Jdmg 
lmprovcd map com:nuntca !ton can com,' .1b•JC: l Llll oug;t 
map composttlon w11.ch uk.:s ¡,,lo CL>:lslclct :ltton t L.: 
strcngths and we,tkneo;sc<; of tl1e v:::.u.d pc.:;ccptu: l 
mcchamsm. Thc f¡¡<;t stcp towat d ¡ncrcJsll1g the cf:"c...ttvL
ncs<; of vtsualmap rcadmt; ¡, to unclctstJ,·d JnJ cva]uJk t!ic 

mtctprctattvc ptoccss mvo!vcd. 
The 111hcrent no,¡lmcJtity of lllll;1:11; V\Sl<lil ts pos-,¡~;ly 

thc most bJstc obst:tck to quJiily 111.1 11 tc,tJ:ng. l-.vc,¡ 
rclat¡vcly sunpk sub¡ecttve nu¡1 l!:kr¡ltct.ttton ¡ud~,.¡c:ll~ 

tmy v.1ry stgmllcantly from .tbsolut..: v;,:uc ~ymlhll >l.t:tl:¿, 
(F1gmc 41) 1-'tll CX.Jillpk, wiH'Il' f''"fi(ll/it!lllll \1'1/lhu/, llL' 
'>c.dcd by .IIC.I<ll VPIU111L", tilL' ¡lc'I,L'jlll<>ll PI til<"l! 1\LI:~ .... tldL 
llilL'Il d~Vl.IIC:, ~l¡'.iltilc:lllily ,lhUVL' \ll bL•lt>\1' i!ll;¡¡ ,d)\<l:,:ll' 
valu.: sc:thng (scc l~km:J,l, LtnJmo~ll .mJ Wt:tt.lll•-Ubod:o. 
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l1gur~ 41 Nonhn~.mtJCI 111 nup rcJdmg Jb~olut~ vcr~u' apparent V.1iuc ,cailng 

1%1) Suml:.írly, Jcnks and Knos ( 196 l) and uthcrs ha ve 
d.:nHl:lSllJteJ tLJt thc peJc<:lvcd ar.:a tnh..:d on shadmg 
:>Cféc'll' J ppro \.Jil1J tes e lost:ly a gta V-\calc cw •'e wh tch !S 

q¡¡¡tc J¡¡'¡'cr.:nt fr,,n, ,1n Jctu:Jl Jrca lllkcd functJon Castncr 
:1nd Rllhtnsün ( l 'l69) havc tdcntlftcd J numbcr of dot 
pattcrn ,:!Jaractemttc~ whtch n1üd1fy the vtsualimprcsslon 
,11 .IIC,I Jnt ~Y'Ph,>ls Expcll!llcnb by Rob1mon ( 1070) 111 
~-:.d111(; olO!llllllloClk'.d \illC,If symbnJ~ IIHlic.!tC (\¡,¡¡ llllC 

Wc'\~~~1" ,\lld illlill\ ,\IC lllll jlCILCiVL'd l!l 11\ll' rcJ.¡llVC l,i<;lllllll 
1:1 \llllllll.IIY. \\lillc' l•>llll u:' d,\1,\ JHc'Ul'-ldiiH>Il 1\ nbVi\lll">iy 
ll.'ljllttcd to 11<.1h.c v¡su.tl utstu1 ltnn n.:gltgtblc ¡¡' ;¡ lmc.tl map 
tc,~dtng rc!Jltunslnp ¡-; tu bc d•J,,:Jy .tpplOXlllldiCd (scc 
;\llCkJry, 1 970) A¡,pJrcnt VJ!uc '>C.Iling lt.i\ b,•,:n ~uggcst.:d 

a~ an alicrn.tt!VC to Jb~olutc VJluc ~c:;_¡l,lg, but tlicte ts 
~ub,;,t,1t,,d rcststJncc to th general acccpt<~llC:e. 

Thc htc.::Jtur.: rcbttng :o the c;-,.tenl of concepiuJI Jnd 
pcrccptual error tn thcmattc mJp r.:.tdtng ts substanll,tl and 
¡,:r.1w11>g r.~pwly Cl1tog1aphCís hJvc gtvcn so.1.c wnstdcr
~;,u,, to lilC lcgtbtl.ty nt' lllJp sy,nb,liS 111 vary111g m:~p 

ulJilC\tS. ~) mnul pl.tu:mcnt rcbttvc tu •Hitcr itl.\ 11 ,;icmcnts, 
tlic' -'\.IC!IJ,iJ 11<,1 11 ic',¡J¡¡¡g CllVIIPI:IIlClll, lllJ[l li'>CI b,;.;k
gllllli"! d.-v,J,>p11.21:t.d .;;Ltgc<. 111 111.1p rL".Idtng wdh agc, thc 
lLl.dl'.\: \~ti~· ... t,\..._',h_'l)"' "i dlill'!Li1t tn.:p tvpc ...... :nd .¡ddJI!Olldi 

,¡¡J~,..l ~l;t:.d !y J:J l 1 lr--u111g i ')PIL ') 1 n '-~PI\ L' dl ¡ l d" l'l ~ drl. n1.1ny 
cli ,,~.r llh~r-· "bVII>ll'> tc._Í:lll•:"c' ,¡¡JI J.¡'-h, rc,c?,i!Lh ,upptill 

5-t 

Takc, for one cxJmple, sec/IQncd-pic symbols w!nch :.11 e >~l 
commcmly used on rn.tps to show spdt:al V.t••:.tllo.1 tt< 1:1c 
p10port1on of p;¡rucular gcog.JphicJl phcno•ncnJ (rcLuv.: 
tú sclect othcrs) \VIl:.t do wc l-..now JbULd ¡llc-gr~~;lh 

mtcrprctat10n'l ls shape of symbol ~¡g,1tfJcJ:<t'1 ¡ t p1upor
tton..,\ scctlons or cltffcrcnt s¡;cd symbob :nc comp.tiCU, do 
thcy appcar pro 1JorttonJI, and 10 what dcgtcc c.~n ti~.;¡¡ 

magllltudcs be c~tln>:ltcd Js wc\1'1 !-low J,h;:- th.: ortcnl.illon 
OÍ ,1 ~CCll•lll l!llll!CiKC lh lllll:IJ1lCLillllll ,¡;¡¡j Llllll¡l,¡lhllllq 
Wh.1t .ole doc' V.!lt.ibiL: :n.1p ._,lntc\t (\liiiPl:nd) ¡11.1y'1 hll 
thcs.; ,J11d tn.lll)' clthc, ,JUC\Itllm, WC il.tVL' i CW ,\ll>Wc'l \, 111 
SptlC of tbc tcaJy dV:lliabtltly of dJ1¡HOpli,:lc p,y._ilolugt-::!1 
tc:-tlllg pruccdurc:, whtLh couiJ be '"''¡ lll >t1p;1ly tlt.: 
!lCCuCÓ 1!1{Lllll1~11011. 

Two tmp.Ht:~nt note; of c:;ut:on .trc -;uc:,scd ,:t tln~ 

potnt Ftrst, the mfotmauon llam:mlted b~ cJcl; :,ynllhll ot 
symbül typc 1s sunptcst to cvúlllúlC 111 a ngorou,l;. 
controllcd, contc:...t-rtcc c:wtrotuncltt, but tncsc :,u¡ct 
a,sumpllons must be rcld;-,.Lcl to tncl,tdc lJ¡Jcr:¡¡,unal m.:p 

s:tu.Jt,on> ,ts wcil in clc.,tgntn::; Jnd cvJluJtu:g JllY sy,tc:n oC 
CdrtOglJp.nc.. symbols, ~pcctal cJrc mu>l be :Jkcn to tn,¡;rc; 
th:il lii~IVidU,ti symbols, [C,lcl1 SC 1Xlldlcly lcJr LllilVCJi\~1:,~, 
v.'Jli ~ul f1cc l'un'"'tldiuily v .. ,hcn btOlJg,ht tl'g'--dh~i atl ;¡ ~.v:.:n 

1llJjl ln thc IJttgu:1gc ,,¡ thc ,yst~:tb dc,t¿ll~~. d1c :,y:;;:,,,b 

cJf ,be m.l¡1 mu~t lntcrl.tlc ptllp..:liy, Jnu ttt~ on tlli> .. ·.pcd 



t)i. t!.c probkm tllat wc a1c likely to e>.pend much of Óu~ 
tut UIC cffoil. Sc.:onci!y, o.Jl) 111 thc umntcrest111g case of 
Uillluimly ~pJc.:,J cqual ·•P;lcarmg >ymbols 1s 11 rcasonJblc 
lll suppo~c th.1t .dl map ckmcnts would visually ;¡j¡'ect one 
ano,hcr cqu¡v,dcntly l.1 actual pr.!cl!cc, symb,JI <lt•mity 
v.IIIC~ twcr thc' .n.1p su1 i·a~..:. c:-.posmg thc potent1al for 
dcn~1ty Jcpcndcnt lllformJt.on rctncvJI c¡uJhtJcs Thc eye 
1s .liso vcry selccuvc. lt 1s thcrcforc mtcrcstmg to spccul;¡te 
whcthcr nhJtual v1sual mtcrfc¡encc bctween symbols 
g1oupcd 111 dense Llustcrs IS any grcater or lcss than between 
dtspcrscd symhols. or whether v¡su;¡l we1ghtmg 1s b1ascd m 

favor of Isolatcd or groupcd symbob 
The :J..:tu.d cump.u-hun oi- severa! maps ts a natural 

e>.tcnstun or str.gk map reJdmg Maps to oe compared 
cnmmo.ily c>.1st .1s scpJiJtc 1tems, as supe1lli1poscd patte1ns 
on a >ll•gk mJp, nr ,1, t1ansparcnt ovcrlays The 1elat¡ve 
ct'l.cctlvencss of thcse dtffcrent arrangemcnts has yet to be 
cvaluatcJ. Thc 1ecent htcrJture of p1cture processmg by 
t:L)!llputcr 11as cr~Jted a respcctful Jwarcncss of the 
pow~It.ul quJ!dtc~ of v¡sual pJttern I<!cogmt10n and 
JliJtchmg Cart,JgrJphcrs must lca1n to c>.piolt tllcsc humJn 
altltbutcs furth.:r th1 ough more effcctJVc mJp des1gn m 
ordl!I ti!Jt p.1ttcrns of greJler comple;..¡ty and c:-.hlbltmg 
more subtlc J¡l'fcrcntwtions can be proccsscd vtsually. 
Form:.iltr1ng thc llltUltlVe and quJ!ltatlve rotatwn
tiJn:-latlOn sd1cma uscd by skllled m:.1p re,!dCIS would also 
benc f¡¡ CJ rt ogr .1 phi e 1 r:.11n mg programs, cnhance carto
gr.~pluc Jes1gn, and facli1tate the development of automated 
!ll:lp rcadmg dl!v¡._cs 

Hunu;~;, ap,)c"r to exhiblt much lcss f:~c1hty 111 esu
mJttng thc strcll.'-\th ami !1Jture of the assoclJtlOn between 
mappcd pattern>. Alt110ugh rcscJn.:h m thc arca 1s stlil 
i.I1gdy li.l)::;lllt:nt..:d, 11 IS c:vitlcnt th.il 'il.lti~llcJI modcls can 
h<: 11\•:d I•> ·;tudy 1hc ll.llilfc ol VI~u.d 1111p u>IIIJ>.III\tlll. 
:--he ... 1y .111<1 S.ill,lniiY ( I'Jid ¡ h.1Vt' 11\l'd .1 "'"Pk l'n¡r

\ui/Wii f!Toduct lili'IIIC'tll 1 !1//"cfii//0/1 lll"lkl lo ,·v,dii.IIC 
v¡su.d LOmp.m~un ol ¡;,upleth lllJps, 1\cndu//'s fliiiÁ. curre/a· 
liOII ll1•>dcl ha;, bl!cn uscd by Olson ( 1970) to study the 
d fe e 11vcnc'>;, o! comp:.1nng chorople th rnaps, and a cocj
jicu:nl u) dctciiiii!Wl/011 modcl I!Js bccn uscd to evJ!uate the 
effect¡vcn..:ss of dut. pcrspedlVC, and chlliopleth mappmg 
whcn the go.1l 1s VISUJl map compamon (see Muehrcke, 
1969) The concluswn from thc;,c studtcs 1s that the abil1ty 
to :.mJ!yle mJps v¡;,ually v:.mcs from gr;_¡p}uc to grapluc JS a 
runcuon of t.scr background, thc dala cbss¡fymg mcthod 
uscd, m:Jp ..:ompk>.Ity, mJp :.wtoc,Jirebt.on. anC11Íl~ degrce 
of :JS,OCl.ltion hctwccn m:Jps Our uncicrstJndmg of mJp 
Ctllllp.llhOil l\ \tdl f.¡r Jitllll i)<?lllg Clthcr C>.h.l\1\llVC or 
Llllldll\1\'t:, h111 11 dut'\ .1ppC,II Lt:ILIIII ili,ll Vl\\i,d 111.1p 
lt.:.idlllg l'iliLtl:llLY L.ill ht: lillpillVL'd V,l\ily by \llli¡lJ)' 
S[ll'UI.YIIlg (..Cii~lll lll.lp ¡c,J;¡¡g !.1\b lll CllllJIIIlditlll Willt 
systemat1c sclcctwn ot optllllJI llldp p:.IrJmetcr combina-
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tluns. Put ~nu~hcr way. propcrly dcs1gncC1 maps cJn 
prob,tuly ¡r.crcJse sigllll;utlllly th.: complc:-..:y dr,d amount Q 
of 111formation that thc map readcr can as'iimdate v¡sually 
But there has no¡ yct be en <;u ff¡c¡cnt rcse~11 Ll1 to provtdc 
1allon:ll dccision c1 .tena lor sclccung a particular tcchmquc 
as bettcr than othe.~ 

ln summary, cJrtogtaphc¡s knuw htt!c about how the 
uscr goc~ about readtng aml rcspondmg to :-:1~1ppcd mforma-
twn. The cu1 rent lncraturc of mJp readmg rcpr..:scnts only 
lnllllmal ~xplorat10n of t:1e vJst domJm of cartogr"ph¡c 
psychophystcs. Even the reseJrch f,ndmgs tllJt are avaliable 
reqUire substantl31 ¡cfmcmcnt Jnd extcns10n beforc carto-
graphtc methodology c<.~n rcahze thc maumum pro¡mscJ 
bencfit. Approaches may vary, but therc 1s general agrce-
me.lt that ¡mproved dcfimt10n of thc actu:Jl m;¡p readlllg 
procedure holds conslu.::rablc p1 om1se Thc cxtcns1ve lltcra-
ture on v¡sual se<1rch techmques (Bcllcr, 1 0í0) and eye 
movcment paramcters (Yarbus, 1967) :.¡v.~:lable 111 tl~e 

psych· ·logical JGUrn:Jls anJ thc wcal th of r.:::cJtly Jcces<;lble 
mforn ,\don rclatmg to problems of human factors cngl-
neenn¡, (sec Slllatko, 1961) need only to be llltcrplcted :.md 
apphed m the context of cntography S~vc1al uses Oi the 
above tt: hn1qucs a1e unmcdwtcly arp::~rcnt For e>.amplc, a 
plot of typ1cal m.;p scanmng progrc~s ovcr thc rnap surf:Jcc 
as a funct,on of t1me should mdtcatc tt1e VISUJ] wc1ght 
attached to vanous symbols and c~tabltsh the scque.1cc uf 
attenuon tlow between >ymbols and mJp zoncs The 
resultmg lll~lght mto "pnmc" mJp sp.1ce .llld symbol Q 
mfluenccs n11ght thcn be uscd to dL,lgn map' thJt !og¡cally 
dnect attent1on over thc map f,om clcment to clcmcnt 111 
such a w;¡y th ti VlSUJl we1ghung cuncspunJs w1th JCt\•::11 
scalmg unport<.~ncc I t m ay abo be poss1blc to rcveal the 
cxtcnt to wl11ch ~¡Le, sh.1pc. lucatton, and ,knslty l111picS· 
~1011~ ol l!l.1p \\ 'llillli'> .11,· lllllill'¡k'L'll by ~)'\lL'Ill.llk {idd 
c)jc·,·t\ .111d 11111\ L"lillillllk 111 <HII liiidt·l\i.illdiil¡'. ,¡( 

di\liHIIPII\ ()/ lile Vi,ll.il i<cld (·.c'L i'IIL¡._.,.,.,/1, 1')(>7.1 ,:¡¡¡) 
llJ67b) AJutll<>ll~il ~ippL..:,Illt'll\ rL·adily LOiliC to !11111J bu! 

cannot be pUlsucJ lll'lC 
A f1nal note 1s thJt VlSUJl m.1 1J :.mJlys¡s CJIJnDl be 

disJssoclatccl log1cJliy from sp.IilJI pattern ~cale. By .lltcr
nately blurnng or focusl!lg thc cye, 1t c:.1n be m.1dc tu 
funcuon as a low- or lngh·pdss fllter, tespcct1vcly, but 1l 1s 
doubtful whcthcr th1s Ci;.:;,¡blllty cxtends l.IVJn~,bly over thc 
1angc of unportant sp:.Itiul scalcs lt 1s ccrtam thJt tilc 
human obse1vcr 1s unJble to statc fo¡m .. i!ly thc l~vel o( 
anJiys1~ ,ubsumcd by th1s budt-111 sp.lttJl idtcr aml th.~t 

VISual pJttcrn ,malys¡s may y¡ciJ valtJ llllClp.ctattons :Jt or.c 
sc,ilc leve! but IhJt .lt .llltllhcr Thc tnlpli-.:c~"'>rl 1::. el;:,¡¡ ilut 
t:VCil Ji Vl'>ll:il 1\1.1 1) IC,Idlllg 1<; Ll>~ICLl, ol 1\ lli l!iolo<•-'d 
,lll,dyi;L.ilpt\(éllli:d liilk'\ WC L.lll ,lcil'idllll•" !lit.: 'c.lk dÍ l!.c 
Vbll~~~ ilik:(S) ll 1)~1Jlill!:!, ¡¡¡ t.!.IL[¡ L,l\l' ~ .. olt\liL.d llhhk]-; 
cxplicltly lncorpor:Jtlllg sp • .t1JI ft!tcr mc..:hamsms may 
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o 

o 

p1 ,w,oc .1 w.1y ol spc-:1fy111g thc sea le le\ el m vJst:al mJp 
rc.:d¡¡¡~ .Jiid m1ght f01m the bas1s of much ,,ceded IescJrcll 
lll t!J¡~ .l!C,l, 

]¡; .m .:tTmt lo 11111111111/.C thc p10b!cms as~ocl'ltcd w1lh 
v1su.d m.:p mkrp1<.:l.ltl011, m.1p !CJdc¡s !t:.~vc: JL!optcd quanti
!.111\'C t·mms uf ::.p.nul :.ll1Jly!>1S to suppkmcnl 01 sub::.l1tutc 
l01 VISU3l JI1Jlys1S. 

(2) Quantitative Map Analysi~ 

Th.: b.1::.1s ,1[ obJCCl1VC map rcJJmg ex1sts 111 J vancty of 
Jc:sc!lpt!ve l1U.llllil,Jt1W mcJsures of spat1,il palian devcl
opcJ 111 d1w1sc d1,c1plmes Typ1cal quJnt,t:J.uvcly ollcntcd 
m.1p an.lly~1s piOccduJcs mvolv.: a sc¡,c:, Llf clig1tal cornputer 
!Lllltli1CS \\ h1ch nllght be conce1ved to íunct1oJ1 as mJp 
JC::Jdmg m:Jdunes SL1ce al! quant1tallve m<..p analys1s 
}liOCCULileS rcqUliC 11llll1ClJC3] dJtJ or matl!emallca: 
1ormulJs .1s 111pu1, they a1c most cfficlelll!y Jpplicd d1rectly 
lO Ulll<l.lpp.::J Jat,l. NaturJlly one m.:~y quesllon whether 
nup rcadl!;g 1s .m J¡_1f110j)llatc tc1m to u~c whcn unm.lppcc, 
dat;¡ J~c bcmg pro-:c,scd ,md ¡ntc¡¡JrctcJ Thosc who f1nd 
th1s tcJ,nll1olo¡;y Ct'llÍlli:.lng m,¡sl~t wé'll 1cfcr bacJ.- to eaJ!Ier 
d!SlliSSIOn u;· d¡g¡t,ll ami numcJI<.:al maps. 

lf numcJlc:J.l mJ;¡lccs :>nJ fundiclllal cxprcss10ns are 
3.:ccptcd as kgllilnJte map forms, thcn qllanlltauvc pro
.:c·sslllb uf tl,esc dalJ ::.t. uctu¡es mJy be v¡cwcd as a spec1Jl 
<.:Jsc of lllJP JeJdmg When ong11wl nnp data are nut 
uvJ!IJole In p1uper form, they often mu::.í be cJd1acted f1om 
tth:: mJp :tsclt. pnor to qu,mtltJtlvc procC!>Sll1g SeverJ! 
mcthods JVJ!bblc f01 convert1ng gcumct¡,.;al dat:.1 on 
convcnt1onal maps mto 11Liil1CIICJ! form wc1-:: mcntJOncd 
prcv10usly. Thc Incfl¡ucncy lllhcienl 111 thesc and other 
111ap dlglli/.1•1g mctlwcls suggest:, that ti1e piOi..édurc shollld 
be av,)l(lcJ wn.:nc\CI 11 1s piactJcJl lo oblam thc ong1na! 
data duc.:tly l:arilci dl~cuss1on of !he case JgJinst cJr
to,1J•:t r1cs 1 u rihc r suppo1 ts tlus not1on ScJtcd sy1 nbol 
,·lJJIJCÍCIJ,liCS ,¡¡¡d lhCII plub.JlJi!Jty GCll>Il)' functlllll' 
mu~t Jlso be C:lliiSl!.lcJcJ (séc préVHHIS d1scmswn) Sull~..:c 1t 
tLl s.1y hcrc thJt thc consec¡uenccs of compound1ng 
s..tmpling cr: or JJld ,biJ~ by convert1ng map~ to tllgtb are 
polll !y undcrstuod 

Th.: .d)J!Jiy tu gcncr.lli/C rrom a numcrlcal lllJP USII1g 
m.Itllc¡natlc~l mctlllléls pct,mts U'i to ~ilpp!cmcnt trJditlllilal 
!11.1¡1 dL:'>Cil¡lllllll!> ,¡,¡J c'll111p.lr!';()lb Wllh Objl'LilVC I11CdSUICS 
úl p.ilkll1 C)IJ.illlll,JilYC icLillli•JllC' C'\Jilblilllg a Wi(J(' f,l:l(;e 
o: c.lp.Jbi!li't:'> ll.JVc llilW hcL'II btnrowccl anct ,¡d.q•IL:d, 01 Jrc 
pic''>clltly h-:111).! .~duptcd, ::.pccillcuily illl 111.1p rc,:chng 
.ij1Jlilc,lllillh ()hjt'LIIVc' ¡¡,.,, li¡'i:Vt' llll'.l\IIIC\ o>! '-o)l.lll,li 
¡),¡¡\lill jllllllt!IVl'', .._¡¡~ \¡ ,1\ !1 tlj,IJI, \~1,1 1 1L ,¡¡:l1\"'ll), CAIC1ll, 

)-',l.ll!1 j)ll\il!II!J gJ,llllt'il\ lt¡JI'lll.lliltll, \ {l:lJII~LilV.Iy, t:IL., 

!1.1\'L Jllll!ld L'\\L¡¡\]-..L' 111":) Jt:,ldlll}: ti'l' (Jl•\'hnl\l)', ~lll1iC t1! 

t!JC~C lllé.l'>LllC' diC lllll lildcp-:lldcll! llÍ ud!CI'> .Sp,,{¡,¡j 
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summary stausucs, such as b1vJnate central tcndcr:c)' G.' ~ 

J,<;pcrslon, ~re Slmp:y computcd. The ut!l:ty of a gr:i:l"l 
theorclic approach to clanfy the structural (to¡:¡olog,c .. d) 
and geomclncal prupc1 t1cs of !me network> on mJps !JJ> 
be en Jcmonstra tcd N umencJl class1f1-:a :10n p roccd u re' 
suclt JS g: uurnng or cluster analys1s .. :1~.- appl!cJblc ¡¡¡ 

l"C¡SIOliaJ¡¡,¡¡¡on prOl)iCI11S 
DJvld Harvey l 968 has convcn,cntly groupcd a vJrh;ty 

of add1Lional mathcmallcJl rncthods fo1 de~cnbmg spdi. . .l 
patterns uncier two broad ncadmgs He refers to thosc 
mathcmallcJl <!XpressJOn' wh1ch objcctlve:y dcscnbe or 
gencral,ze about spat1al pJtterns by deconqos1ng ~hem Into 
a l!mHcd numbcr of '1mplcr (local, reg10nal, global, 
random) com ponents a> generalLZed mat!Jcmaítl'al 
tneasw e.1. The mosL 1mpurt:1nt gcnerJJ¡zed mea::,urc::, are 
l1sted m otder uf mcJCJS!ng cornplex,ty ii>' (a) rn¿tf,·~ 

rcprcsen1at1on and spat:JI fiitenng, (b) power senes t.cnc
surfacc an:t1ySIS, (e) doublc Foun<:::r analySJS, and (d) 
two-dnnens1onJl spcctral ;¡nalys¡s Although the thcoJcllcJl 
Jssumpt10ns unclcrlymg the Jbove measurcs of pattern are 
not 1elated cxphc,tly to spJt!al processcs, and the¡cfo.e no 
spcc¡f'¡c pro~ess llltClprcl.ltJon 1s lfliphed by a good "i1~", 
gcophyslcists, 111 part1cubr, have demonsa,1tcd th:1t such 
mterp1 etat10ns ca,¡ he mcalllngf ul whcn soundly bascd 111 
sp3t:al process theory. 

Harvey's seconcl group1ng o! quant:lJllvc pattern 
mc;¡:,urcs, callcd spec¡f¡c palle/11 rcptcsenlatwm, mcludes 
mcthoGs wh1ch e·,pliutly mvolvc thc compa;;:,un oi- :1 rn3p 
pa t te1 n w1th 3 theo1 cuc:.ll pa ttern den ved from ~pcc1f1c 

proccss assumplions The most unportJnt mdhocis 111 tl11s 
group1ng C~rc al! bascd on meaSUICS of cie¡:¡arluic ¡'¡ um 
Po1::,son cxpcctJtlon ,¡ssoc1atcd w1th va110us rJndom p:-o
-:es::.es and mcludc (a) quJdrJt samplmg, (b) conllihllty 
mcasurcs, (e) nearcst nc1ghboi mcasurcs, and (d) lm.::..:r 
sequen! analys1s JnJ occupancy tlH.:ory An 1111p01 iJllt 
qucst10n ames 111 llc:c;dmg to what extcnt the hypothcs1zcd 
lll.Jthcma!H.,¡] piOCCSSCS h~IVC gcogr.lplJic.al piOCl.!SS ¡¡¡[e¡prc
[,ll!OIIS Fuilhcr dJt.ficultmlc.cnt:.d qucstlDll> .u e <..ssuclJtCd 
w::h the scíle p11)blcm wh.;n m.1p pattcrns :ne anJty;cd 
Wllh modcis lllVO]Vlllg ilyputhCSilCd ~toch.lStlC j.llllCC>Sl:!> 

Qual~lltallvt.: m.1p comp~lJlson 1s convcmcntly trcatcj .1s 
two scp,1rate prublcms :,p.Jtlal aulu-covw •. ;ncc 01 c.u/0-
corre/atwn meJ~urcs thc cil!grcc uf ¡,¡t-.;¡ na! organ1La t10n ür 
Jcpc:ndcncc m a pJtlcrn Construcung cuJr,•lu¿;I.!IIZI by 
;¡lotlint, smq>!c llllfcl.ltiOll\ betwccn ub,c:vat:om, at ddfcr
cnt d.Jl.I lntc:lv.th (!ags) ,Jg.tlllSL thc lllll'IV.!ls t:h.m>clvc:-o CJII 
Jdcnury o;c .. dc C.JciUl> m the p.ltieln (1-'lgt:r.:: 42) Coii..:l<l
gramo; nuy be p!,l:tcd ru1 :,p:1t:.d ¡,.¡¡¡s;;ct->, wilich m.:y be 
i{l,ld~. u' ll}l :-.t.ll¡\tH . .:.d ~~~,¡·dLC\ \Vhcn idd .... pc.ld~lh .. c ...1f 
ol>\t.:JV.illllll (1<.!., .llli<'-(<lllc'i.lllllll ¡¡,¡¡ •,Jglllill,llill) !'ll'.llC:l 
lillll /.CIU) \l::dcliiC~. :1 llL.il:ci!l.lliC.Jl C\jlll'\\lllll u! p.:l'<.!lil, 
Lurrc!u::;lJill:, C.JJ: t¡LoJc.l-.ly llldiC.lk whdlit.:: tim fihlJd 



COMPUTING AUTOCORRELAiiON 

/ 1 Lag (A) 

2 Lags (B) 

(A) Each X 15 carrelated with 1ts ¡uxtaposed 
1/ 

neighbor (f1rst arder) to the <'ast (X ). 
1, ¡+1 

(5) Each X 1s carrclated w1th 1ts second arder 
11 

nc1ghbor to the south (X ) . 
1 1 2,1 

TY?ICAL FOR.V. OF THE AUTOCORRELATION 
FUNCTION (CORRELOGRAM) 
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hgurc 42 Currdugr~m .lll.liY~~' ncM thmg~ JfC mure rcl¡¡tcd (dependen!) 111 gcugr~phy 

JSS\Ii11pt1•'11 1s llh.'l Jl thc clc~¡¡cd ~cale (lf Jn.liyst~ ot, 
(<llll'c'l\,'1\'. ~li,C:,_:c·~¡ ,IÍ \\lt.tl \c',lic'(\) ¡l/ ,tn,¡Jy~t\ lite !11.tlil
L'Ill.illc,d \l.tlc'lth'lll 1~ lllc',l/lllt,_:lul In .!ddillllll. lile• hHIIIL'l 
ll.ill\lllllll ul llll' .1\llll-C:!ll'.lll,l/lú' illllcilllll y¡cjd, thc· puwcr 

~pc'Lllll/11 WillCil ldCllllill'~ lile ll'!.ltiVL' COllliibU(/011 (1<!., 
llllp01l.11l<.:c) uf dlilc!Clll ,c.1k (li<:c¡u.:ncy) b.1nd:-. lo tite 
loLtl V.III.Illcc ol l ilc p.lllc'l ,¡ 

In u11111.t'l ¡,, .nllll·C<IIICI.IiiOll. wilcrc .1 p.1t1nn ~~ 

C\\l'lll ~.Iiiy l<llll¡J.lll'J Wlth 11:-.1'!1, sp.ill,¡J C/U.\.\'-COI/'C/U!WIJ 

mvolvcs smwllan<:ous an~lySis of two (or more) d¡ffc¡cnt 

p.ltll'l.b Tite sck..:tlllll ol· .111 a:1Pflli1fl.IIC cross-COIIciJllOil 
tc..:itlllLJUC from tite IJ1gc numbcr .1vadJblc 1s promJnly J 
pioblcm or dcfl!llllg JUSI wit.tl lS to be ClllllpJ!Cd. Fo! 
examplc. L<ll1lp..!11Sun may Involv<: "mplc summ~ry stattslics 
sucll as tltc meJn, v~1 IJncc, c1c lt 1s more common, 
howcwr, to 1cly on s¡¡nplc COIIClJllOil cucl'i~eicllls sucit ::ts 
Pc.nsc)n's r, Spcarm.¡¡¡'s r/10. 01 Kend.J!I's /au. wh1ch plOVIdc 
JYcr:~gc mc:J>UrC\ of cor¡cspo11dcncc hctwccn .tll ICSpcctivc 
dJtJ p~H'i Slitcc ¡¡o,¡c uf t11c~c mcd>ltrC~ tJio.cs tite sp.tllJI 
va11Jbk 1nto J..:uJunt tltc1r utildy 111 ill.ip c:umpJn>on ltJs 
uftcn bccn <..h.tlk.JC\cd 

In ordcr l!l dc.t! cxphc:tly Wlth IC!Jtlvc lo..:at10n, 
mcrcJslllg cmpn.,.,,, '' bcint; p:JLCd Lll1 pJ t !ér11 dccomposl· 
t1on 11110 snnpkr spJllJI LOrnponcnts JIH.I titen compa1tng 

57 

Sllllll.tr componc•nts Suggcstcd mctlwd:. "r cto.l\'·flcnd 

i/llii!J'I/.1 lllLltidC (1) Cll/llf1Uillll; '>lill¡lic l(li/L'i.l¡l<l,l~ 11c'IW!Xl1 

.IJljllll\1/ll.ilL'd lil'lld v.t!Uc''> •ll ll''lld11.1i v,illl<''· (11) ulillpllil.lg 

.111 ,IYl'l.lgC llll'd,llll' ,,¡· IÍil' .lgll'l'lllc'¡l/ ilL'IWl'< 11 litl' dli<'L\lll/1 
allCI v.liuc ol m.l\lllllllll loc.d gl.tdicnt .11 .111 d.li.I·P<Ililh 011 
p;¡¡¡cd \Uff.:cc,, .llld ( 111) <.:lllllpllllilg 'o/llljlic cO/Ic'l.lll0/1\ 01 
l.IX<llHillllC di<.t.lnccs bctwccn tiCihl·,llil.t-·c· cqu.lll<lll ccJ,·i
ficicnts i\ith11Ugh tite IC>Iill' ol CfO'lS-ll<'ild .lll.ily:,l'l .1/C 

j)IOilllSlllg, ~OillC <lbVIOm dlrilllillll':O. Cllllc'c'llll!lg ll'lC <ll lhl' 
tccluuquc nccd furthc1 stmly Ot Imrncdi.llC llll ur<? CllllL'C'Ill 
ts fmm.illl~illon ol g¡Jdlcilt Jn.t!ysis .llld giC.itCr llddc•J
stJndlllg nf thc rcbt1vc .ldv.Int:lgcs .111d Ll.'>.tdvanl.l,_:co, of 
llSlllg 01 tlwgun.tl .md IWIJ.Llrtloo:;!ln.tl polvnoml.tl-;, .1n.l 
subo.;cqucnl scl~dlon .md Jppropll.llC wcig!t,¡ng ofcqualiLl,J 
cocfílucnts, w1th diilcrcnt s,,mpllllgs Jnd :-.u1 fa..:co, 

Sp::t!Ial p:tltcrn cor¡ci:Jllclll lS plllpclly ,llllSiclclcd .11 " 
VJr:cty ol· scalcs 01 f¡cquc'llC:lC~ lntclc>lll::;ly . .: '1111pk 
cxtcnswn of spcctr~tl ._¡n.llysts. known J\ ( tO.I~·.\fJCc nul 

ana/v~1~. pc1nHts ..:ompanson uf p.111S oC Si 1:1oll.t1V '>p.lt .. tl 
scnc> (Flglllc 43) Thc IL'I.IIl•lllsillp bctwccn lh<' l\I'O "~11<'~ 

IS lli<CJSLllCd .1~ a fU;lCllOll L)! (d thc Sl[liJIC ¡ll. ri,e C•lfiLldl.l'll 
(known 3S cohcrc!lcc) bct wecn cor1 c,pono ¡,¡g ~-12lJciC:l'~Y 

co:l1pllncnls, ::tnd (n) the L:g (o: piw~c-d1} fcJ :'11( e) bdwccn 
lLh:n:IcJI f¡cqucncics Plotllng cohc1cncc :~g.dlbt f~c:q::cn..:y 

o 

o 
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1 lielJuc~.;; a coi:,'fc¡:cc-dwgiJ/11 wi1kh IC\'CJi.;; the p;¡ttcrn of 
.;,llrci.l,,,m, b,·,ll'c:cn ulliCSponJ¡llg ..:omponcnts. Plottmg 
p);.¡,c.,\¡¡¡·ciL'i 'L'l' .1g.liolSl 1: cqucncy p1oduccs J ¡Jita.\e

,/w¡,;l<illl wlu,h 1~vc.1b J.¡g lCl.lilllll~il.ps bciwc~n 1dcntlcJI 
c.,·.,uc'llCY p.lliS A l' 1 111C.Ji rc-.,c.~r~.il JrC.I ICI.illng to thc use 
ui <:!ll,,·spcdr.ll ,¡,J.IiysJ::. C'd:-.lo 111 C\plonng thc rc!J.¡h,J¡ty 
el!' ulllc'll'ilc'C L";l.m.ilL'S Wtlh UlliCIC11l SpdltaJ S,lll1pilngs (te., 
;[ltcnng,) ,tnd cli~-tilhllllon lypcs. 

l'rcvi•IU:-. J¡s,u·.:-.1011 of ti1c sea/e prohlcm csl:.~bli\hcd thc 
tl11¡1o,t.mcc clf lile: sc:alc .11 wl11ch d.lla .1rc cullcclcd and 
:-.ymbnlvcd Tlic -;.;,de problcm ~,¡,,1 occuts lil thc mcasurc
mc·nl .tnd cnll1 1l.,llollll o:' >pdtt;¡J p.lttclns DJIJ cxlracted 
fwm m.¡¡h J' tnput lo1 qu.mtJlat¡vc pJltcrn :malyst:-. tnvolvc 
J -.,ccundJi)' ci.IIJ CllilcctH'Il prou.:du1c wh1ch propag.llcs 
.11Hl Cellll 1llllll1ci-, tilc mllucncc' ,l..,~•lCl.!ICd Wtlh prllllJIY datJ 
C:ellkdillll Thc ¡hlilll ¡:, :h.tt J ,;,·g¡ce 111 :-.p.tli.tl ltltcllng IS 

lllllL'lC:nl tP e.h:li :-.tep of c.~rt,lgr.tphtc: ~n.dy:-.~:-. CnmpJtlng 

:-.n1..il scJI.: :n.:¡J> ts cxpcctcd tu pt,lducc ~nmcwhJt dtffcrcnt 
rc\lilts flcltll llicl;;e obta111ed by cntnpJrmg l~1ge scalt! maps 
ni d1c ,,llllé d.,u lt shouiJ ll\lW be tecogm;cJ th.ll a small 
,,,¡k rll.t¡l ni .1 st.lt:~ltc,tl :-.urfJc...: ts 111 i,llgc dcgrcc 
(l>lnp.ii.tlllc tu .1 l1cnd m.1p wher...: .tppropnate ''rcstduJis" 
ll.tw 11,·.:11 lc'llldiCd All) \Cak c:h.lll~C l\ ltkL·Iy !11 lillldtly 
.¡¡,• 111.ilil.'!ll.lllc.il c''\il"'"''lil 111 !ll.lp p.illclll lln:-. l.tLI 1~ 

cllilll\llllliy il\u,ll,iiL'd by <lb.;l'IVIII).! thc WllkiV dili...:l,'!ll 
m,'.l,lllc'\ cll e1L'p.11 tr:¡,• ¡'¡,>¡n l.llllhllll11c's-, th.tt ..:.1!1 be: 

,lb!Jtllc"J b) v.~rytng q'l.tdr:JI stl..: Thc conscqucnc:e of thts 

sc:.1k depcnd:ncc ts th:tt quJ11lltJt,vc gcncr~.tit;atwns Jt~d 

:-.ub:-.equcnt tntcrprct.tltons madc at one 'cale do nu1 
ncccss .. rtiy \¡,¡\d .11 nther sc:aks. allll thc scalc of ,tnalysts 
musr be: st.ttcd .1s P-'11 tlf tilc p.ittctn llh'.rSUIC Rescarc:her, 
luve rc,pe>•1Jcu ¡,1 tlns p1obkm b) ll..:-.,¡~n¡ng .lca/c-jrec 

:-.1.\ltSlt\.,¡J llle.l\lliC:-. nf p.lttelll IH by ll\111~ pattcrn 111CJ:-.llrCS 
\lt-1. ,1\ nc.trc-,t nctglttHll mctlt,Jds w\uch llll11tli11/C tite 
lllilllc'IICe ll! \C.lk 

'fiJe· \L,dc p1<>hlcm. \111111.11 111 thc p.n¡cLitnn ptohkm. ts 
11tll .1:i b.1d. ih>wcvc' In !Jet. J lll.IJOI .1dv.111l.tge of 
q•r.r¡,I,LIItv..: m.q1 .dLdy,¡s " lh.tl ti pcllllll!> d...:tccttll11 of 
:-.c.dc l.h .. i•llS t11 the p.tllcrn whtLh 111JY r~llcd pJrlluiiJr 
proce,-.,.,:.., Suí..~.c·"¡vc .11 c.d ,¡ggreg.llltlll .tnd .tllJiy\tS, 1 1c1 ,¡. 

1tve quaJr •• r .;;.unpltng while v:.11y111g c:cll SI/C. au1o
c.lJVail,JI1Ce .tnJiy,ts. fou11cr Jn,tlyst-; .tnd -;;leC:tiJI .111.tlysts 
:Jre J\1 p.Htt.:Ul.ir\y SCII'>IIIVC lO SCJk laCtO" tll t!Je d.11J 
Qua.1tltattve .tn"lys~:-. ab•l pclllllh 111.11Chll1g 1hc lcvcl nf 
anJJyq' lel p.~illcul..r ~cdks known to c.l1,l!a ... 1Cri/C gtvcn 
~p.Itt.tl p1oce:-.se> ln J ~CiloC we li.tvc m.tdc --rc .. 1tve 11'c nf 
thc fact th.JI ll)t.ll11tl.illv...: p.1tt...:111 mea,ute' .liL' 111l1 111-
dcpcndent ol tlic "ale •ll nle,¡surc¡ncnt "' <lh-,...:1\Jllllll T!ic 
\tl11li.trllY hctwccn lile ,:~.lltvc ll\L' ni· ,c.,ill' l.ILilll\ :.111d 
prCill.t¡l d.tl.l illllcC',\tllg 1\ obVtll\1\ Jlld t~ lllll ptll',llCd 

ObVi<JU•Jy t11C Lllll1111Cill\ ll1.Jllc ~l) 1.11 LllllLl'll1111g Ljll.llllt
L.JllVC 111.1p JI1Ji)'St:, <111\y >C:IV~ !1> tlllllldlicC lile LllllcC¡ll bLH 
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grc~tcr depth ~lih; t:r,dL'!~ta,,dll1jj, thc rc.tdcr ~hould .-c:·er to 

.i gtH1d 5dlliCC l1onk \u.::¡;·> Lcshc: K.tng's Stat,\l/Ca/ .;Jna!ys¡s 

m (;cogwfll•v lJ,;fo: tunJccly, the app1tcatton of most 

stJ1JsltcJI anJiy,cs tn m::1p uncrprctatton rrc'''PiJOSC\ s~tts
fy¡ng onc or m•lrc dtst 1 tbut1onal Js:-.umpi 10ns, su eh as 
uH.lc¡1CtH.lcncc of obscrvatJOn, r.mdom >::J,11pltug, norm,dlly 
of d.llJ. and ltncJrtly 1n rclai!Onshlps ThC\C rc,1t!Cltve 
:.¡.;;~un,rttons dlC scldom achtcv¡;d m spau.tl a¡uly·m. whtdl 
r~llSC:' :!Jc queSII011 of JllSl llOW VJltU thc rc,t.\t<; of 
qu.¡nl!IJlJvc m:.~p pmccssmg Jrc tn spcc:tftc ap¡)l:c:~iltOiiS 

Although we are not ablc to >pcctfy thc: cot~"::quc:ncc:s oi 
unmct a-;sumpt.ons Jt tl1t<; ttmc, tt ts s.1fc to SJY th~t 111 

most cJscs greJlcr conftdencc 1s assocJJtcd w1th thc use of 
quantttattvc proccdurcs 1:1 mJp ccsLí!ptlon ti1a1l iil ¡nfcr
en11Jl wntk. Allothcr llTipOI t:.lll tnp1c for re~~~,rc:h c.mcerns 
thc yet unknown Jc!attvc advJnt.1gcs and dJs:Jdv:Jnt.:g.::~ of 
us1ng one conela11on tc..:1i!Hquc over 1he othc:, 111 c~tft.crc¡;t 

mJp reJdmg sJtuauons Thc csscntt.d po.nt rcg~:rd.ng 

quJnttlat¡vc m~p an:.dy~t~ ¡¡¡ t;cncral 'eem-; 10 be thJt the 
cn1Crtlln of ttgbt or W1011g mctliod C3n oniy be gtven tn 

tcrms of lhe purpose oi 1hc mvcsllgdtton J:1cl, cvcn thcn, 
gtvcn prcscnl knowlcJgc, thc chotee ts f.n fro.n absolute 

c,pc!Jcncc has :-.hm'n th.~t techn¡quc' nf nun•Cllca! 111~]1 

;¡na\y-,¡-, \CidOill IL'VCa\ 111i'<lllll-ill011 ilJ,¡( c.,lllnlll he: .<\I..L'I· 
1.1111Cd thH>ugh ,1\llllc v¡-,u,il nl.t¡l lll>pc'Lillln In i.~c.::. rile 
Vt.lbtlity tli lllllllCI 11-.tl ¡.;._i::llqllc':-. t:-. ._:¡l:ll111UI,Iy CV.Jlll:llc'd, .11 
lcJ:-.1 lllllt~lly .. 1g:11n:-.l tl!Cil lc>ng cst::l111:-.l1cci 1 t"L!Jl ... ,.u;:t.:t· 
ptitts. The unpltcatnm sccms to be th.ll most C\,..;t:,¡g 

numencal methods of mo.~p :lllalys¡s are c,,.::nttally routtn.:
datJ·proccssmg tcc:hmc¡uc<; .md Gu 11Llt funcuon J~ plllvcrt'ul 
new 1CSCa1ch tools Ir 1s poss1blc. howcvcr. ti1at, gtvcn thc 
111hercnt senotltvtty J:tcl ¡cpeJI.lbthty of qu.tntlt.lt:vc .m.ll
ys¡s tt !S Olll lll,lbthty to JSJ.. >(lph"ltC.l:ed lhCL'•CiiC.li 
quc.;;ttons wln..:h a..:C:.ll!n1s ,-,lr thc ::~pp.llcntly lllw .uulyuc.d 
putcntt.tl ul' knnwn ptolcdu,.;s In .my .;J-,.:, rile: nn:1u1 Ll:lcc 
of thc~C 11Uil1Cr!C,¡\ jllllcl'LJi,rc.; tll ,!UlOill.tléd ll1IO:ll1.1lhl!\ 
sy~tcm:-. c.tnnot be dcntc:d. cvcn .11 uu1 rel.ltl\cly 11JJ\'e :-.tJ¡;c 
llf dcvelopmc:ntm dm .t.cJ 

• 1 • 

An tn:pr...:s~tvc \tq ol .1dvant.1gcs nt qu:mt.t . .ttvc m .. p 
Jnaly:-.ts ovcr vt:-.u:,! 111Jp .tn.tly.;;t-., h.l\ .lb•l l)c.:n .h·,:.'l ~~d In 
thc lo.1g !Uil, thc tm1:-.l IJ!uabk Jlt!Jbdte 0f qu.:nttt.ll:v.:: 

techntques ~;1pe.11S 1o be rhett objeL1lVC 1h.1t t.,, r...:pc·Jt.:bl..:. 
na1u1e NumcrtcJl map prtlLC:-.-;tng pc:m::s a 'ys~c:nuuc 

:lnJiys¡~ 0r' sp:ll!J! pJttCld dJlJ :vi..dh..::n.lt.,.ll m,.¡J rL'~Hli:;g 

kchmqul's Jlso deJl 111 Jn e\pli.:tt .1nd "l:ltrc>lt,Jbk w.1: 
Wtlh problcms reiJllng 10 ~pJltJI \LJlc (\cT .1buve) tWel· 
dllncn~tclil,d m,tp pattcr:1 ciJ<;SJfic.ltton ;,nd ;-,,,,n/prou.::-.s 
lei.tllllll~htps. ;¡\J of whtc!l ,¡¡e e>-.11Cil 1Ciy dtiltcllll. tl illll 

unp••s:-..bk. lo Jt-,llllllill.lte :JPd c:Llntrulullt:dlvciy l:ven 1lle 
mo>t :-.upcri't--JJI ct>mtclcrJiln,¡ lll 1lic d.u:. li.lihl1tn:,; -:.1p· 
Jbtli1t.:::-. uf. (()r l11)\~ll1..:c, 1110dcrn jac'lol i//l:l!_l'\1~. "ndfl

drmcnswllili ~ca/urg, lH CGilU/1/Cili lfCIIU i111<1fy.11~ ~UI.ftC:c'S ILl 

o 

o 

e 



o 

o 

o 

,,l,l\'llh..: lllll~t lt.:SCJtchcrs of thc supcn•Hil)' of muli1vanate 
qu.illlll.ltlvc .1n.lly~¡~ ovc1 cq¡¡¡v,¡knl v.su:1 1 .n.1p Jn:llys¡s 
~!.lll:> IC'l',¡¡,J¡;:¡s ,dso .1~!-.Cit til,ll quanlli.lllVC lli,I¡J .lllJiy:,¡s 

r'.iL!I.tJlc'> 1hc tktcct1on uf smalicl cillil:lcncc:-. ami mo1e 
suhtk nt .:nmplc:-.. tcl,ltlllllSlup~ . .1nd prov¡d;::, a mo1e 
llbJCLIIVC h<1\l:, illl ¡udL~111g lile :,¡gnlilC:.lllCC oi' thc'c dli'fel
l'llC:l'\ .llhl lcl.ill•lmillp:,. lh.1n 1s pn>sibk lhrough v¡:,u,¡l 

"'lilll.ilC~ .done 
ln 'pltc ,1r lile ,¡hnvc d.llill:,, 11 '' ,,nly 1':111 lo :,;¡y t!Jdt lile 

IC!.III\'C .idV.illl.!gC'> oi t!Jc y¡;,u,¡j Ji1d ljll.lllill.illVC .:p
pro,lCiJCS Jlld, tlJCiCIOIC, lhe piO¡lel llliX ot t!Jc [WO 
1::chmquc:. 111 J ¡c;,c,Hch dc'>Ign, ":-.1ill puorly undcrstoud. 
An uncllllcJ! Jlii!Udc towJrd thc rok of m.qJs 111 ,ucnt,ilc 
purslllt h.1s cOltlj1l1UIIdcd til.: confU'iiOII Mosl ol thl.' stHmg 
and COIIVlllCIIlg suppo1 t for lhi! pl.icc of map-; 111 gco
~1.1pln.:al SCléllCC l'i bc:st VICWCd ,IS COilJCLillrC lt lS CCil.illl, 
llll\\CI'CI, th,ll both qualllli.lliVC ,llHl \%Ua! ..JII~ly,¡;, ¡1!ay 

lllljhll t,mt lllks 111 thc cych.:al pursu1t of :,clcncc Math
cm.ltlc,d mctlinJ, ¡nnv¡clc ,1 powc1ful lugl~.-JI CiJillcwork 
WII 11 wln'-h lll budJ 1 he m <.:llCJ! '>CH.:IItl(lc mlldcb Yet 111 
>pilC tll. t!JC LiCglt:C of ~opl!i:,IIL:IllOil ,lll.iliH:d 1!1 t!Je 
qu,llllll.I(IVC ull.il)'W,, !ltCIC i:, 11\l \V,Iy Íll ,lVt)ld !he SUbJCCliVC 
cicmc:1t 111 illlcipit:llllg thc cnd ¡nudud Tllc 1C.1dy pci
L·c¡Jtibiiil~ llr ).:l.i¡llllc jliC\l'lll,tlillll i.tLilli,IlCS tilt: illllll.lll 
nccd ,·u, \bll.dli.llitl!l .111d c.m tlftcn c!.llli) lll ~1111plily 

,,b~ti.ILl .111J COlll¡llc\ SjlJliJ! iClalilllblllJl~ J¡¡ l.id, ~llb

~t:quc,l[ "mJ¡lp.ngs" of thc rc~ult~ uf qu.lnlll.ilivc map 
.IIIJiy~¡s Jrc ol'tcn es,enu.il to 1h.::n mlcrpit::lJllon lt 1s 
p1c.:l~cly 111 tlm ¡ntcrpretallve sugc thJt quant,taiiVC map 
.lll.il)'>l'> ¡-; at 11s wc.:kcst lcvd .• 111d only J J,¡¡gc ,lllHlunt of 
ll.'Sl'JICh wd! "~~lHC tliat .:Jrlll[;i.lpily wdl bcncl.ll iuJ!y rllllll 
lile ¡wlcnt¡,¡j dcg1cc of ngu1 mht:IClll 111 qu.lnlllJIIVC 
pillLCduic:.. In tllc llll'.!ntul.c 11 \C1'1m IC.lSllll.lblc tll 
(llllL'!Udt: ihJt 111 wd! Jc:-.lgllt:d !>ClCllliliC: lt.:!>C.liCh. V"ll,¡j 
111.1p ~m.lly!ll:, 1'> p.illillllJily 'llltcd lo¡ lli..; llllllldlVl' hy¡lo
thc,b gLIICI.illllll ,llld llllldCJ ICfiiiCIIICJl( :,i,lgl'\, Wiil'IC,lS 
C¡il.illlil.ilii'C lll.lp .lll.ily:-,¡, lS IIIUIC .lpjlill¡JilJIC l,ll thc 
d..:lluct1vc t..:si:ng pha~c 

(3) Opttc.d Analys1~ 

Opt1cs prov1de.;; .1 vcrsJllic and pnwcrful IDulup.iblc of 
pcrf'OIIlllllg J 11\lillbCr oi" llllt.:ul ll¡'l'idlltlll' llll lWO
dilli.Ci1'>1Ut:.lJ 'Ig:l,Ih ,,,.;]¡ a:-. lllJp:-. P.~:-.,111~ l1ght thr,>ugh .1 
IC,iLICl'd ll:ili~¡J.Ilc'lll')' nf a ill.lp j1ilidllcé\ .1 d:llidLllllll 

p.lllLril (tll 2-- 1) hllillt:l 11 ill'>IOiilll, WiliLli di'Jll.i)'' lile 
Ul\llihllliOil of '>¡J.lll,,¡ .liHl UIIC,!illii.d lil.'Cjllc'lllll'\ .!'.

'><lLl.li,·d Wi{j¡ ,¡jj Cic•ilJC:lil\ lli illL• lll,ljl J·'\llllllli\' 'illl¡li..: 
kihk" lljlliL.:I dc:VkL'\ utdillll¡! llilly ,, dillil\c' l¡¡.;i:l \ílllkl' 
Jlé c.lp.lllk of ¡lCI lllillllll):; .illl!l· .JllU Lfll.,-Ullrci.lllull:, llil 
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map 1n~uts More complcx and v..:r:.at,lc conf¡gur::Jt:rm> 
e.nploymg !emes and cohcrcnt opllcal tcchmqllcs ha ve bccn 
uscd !o pctform spccti.Jl analy"s, vanous f1ltcnng opcrJ
llons, and auto- and cross-correl.Itlon> of rn:1p 1!1;JUI' 

A ldck of Jdcquatc dat.1 ha~ :,cnou~ly lnmtcd mJth
cmatlcJ! lwo-dllncn.,¡onal ~pcct1um analy~1s To a lv,sci 
cxtcnt, thc comput.li:•1i!,d cliffluiltlC> a:,;,oc;,llccl wllh ~.uL-11 

i.lfgc mJtnx man1pul.ilion., l:.1vc l:m¡tccl m.illicm<~iKJ! 

.Jll.ily·m 111 ;,pi! e ol· tlic cffJLICII t f·J;,t hHJilt.:l Tr.Jn\form 
Thcsc problcm;, .trc ovcrco¡nc by opllc:d Ldnf:gur:.n :on, 
wh1ch rcqunc only prcu;,c ,Ii1gnmcnt uf .1 r..:c!u~.-ccl llllJgc 
transparency, lcnsc>, a11d a cohcrcnt ilght sot.rcc (e g, neon 
lasc1) along an opucal bcnch (F1gt.rc 44) Optical clilfr:::c
tlOn thus p1ov1des us wllh a d1rcct and pract:cJI analyt1cJi 
ca;l,Jbiltly 1n :111 areJ of m.tp study wh.'-h 1s la1gdy 

uncxpl01 ed 
Thc SlZC, spJc1ng, .HHl oncni.JilOil of di'.tnbut,onal 

fr:rtu1c' ovcr a W1cle ran~'c of scalcs C.IIl h .. stud:cd by 
anJ!ynng .11Hl comp.mng I!Icil two-dllncnsi(JnJ! difrrJlil•lll 
p:rt tc1 ns Howcvc1, a numbct of dlff¡cult mtcrprctdliv.:: 

problcm' md:c.ttr thal ncw pJtlcl n rccognlllOII tnclnud
o!og¡c' must be dcv¡;,ccJ beCo1 e cl1rrct 'pcct ,lllll an<~ly,¡s of 
map:, ts gcncrJily IIIC.IIllngrul Scanmng and c<lntotiJing uf 
clilil.llll\lll p.ilkrll' .1~ a J'!Clillllll.IIY lO llllllp.il!dg '>ltCI! 
p.iltc1n:-. li.1s bccn :,uggc:.ic:d ]¡ luoks J> d llié old llldp 
llltt.:iprctJlltlll p1ubkm hJs i..:ltllnccl 1 

Spatwl filtCIIng 1s an 1ntcrcst111g aspcct of opt:cJI c1::1p 
proccsslllg. u~ll1g opt¡cs ll ¡:, po~s:blc [() modul.11c thc Input 
nnagc when 1t 1s 1:1 the f1cquency c!omdll1 and tncn 
lccon:f¡ uct the transrormed vcrs1on of ll1e or1gmal lmJgc 
Tlm rcc!Imquc h.1s l1ccn us..:d lo llllpiov.: u11.1gc qu.d:ty by 
s!I:n p.::mng cdgcs, rcducmg l1lll>c. and ¡ncre.hlng .:untra~l 
Thc pos"bilny ol both clllccll•lll:ll all(! '>Jl·tl•.d f¡cqucncy 
filiciiilg lll ''mply ICIIHlVC :-.clcct ckmcnh f¡o¡;J tlic r.:udl
strucléci llll.tgc J¡,~,, bccn clcmon:,IIJtcd Smcc: :,p.iti:d 
smootl11ng Jml liltcltllg :11..: pcrlcLtly genc1.d, thc Ic.llÍCI 
:-.hould 1cfcr h.iLk l\1 ¡m;VItlllo dt'lCII>SIOII DI il!C'.C Cllllc'Cpls 
fu¡ lllC!lllOII ol' f..nown J nd pol~llli:.d .: lt:J\ ut' :1 ¡lphC,lllllll 

Thc future rok uf •lp!lc.li p•oc.:s,lllg 111 c.ni0g1,:;1hy " 
!.ngdy a m,ttlCI of speculdtlllll Dasccl on plc:lim:II.IIY 
cxpCillllcnl:-. In ade!tl1on tu thc :JUVJntagcs .:lrt:.1dy m..:n
ll•lllcd, il lS SI¡Ztlli!C,llll lll..J! optlc:.d lCLlll11CjUCS pc.lllll dliCCl 
an,llY'" ol g¡Jphic 1nput w1til the obvtou ... Jdvani:Jgc lll.d 

sp.ltiJI pJI:t!!lCtcl'> Jrc kCt llllJl t m al! ways Thc ~p.:~d of 
tl¡llll .. ai j)iOCCSSIIlg ,llld ¡¡-; app!tLJli0!1 lll gupillC illJ,Cli.Ii:-. 
\\'IIhuut thc llCl<.'SSlty of ll1•1lk ch.J11gc., (e g. {hglt•tl:ig) 
rCCilllllllt:riU lljlilL,¡j ICclilllt¡ll.:!'> ,1'> J V.lill:ihlc Cll11lJlllilélll lll 
.my llllldun ... p.lliJ! lnlmm.lllllil ;,y-;lL'lll Tlic ¡J.lS,il.lc 
d:,adV,iill.igC 1ll li.ll'lllg lO 1111CI¡JICI a gr.:p!!ll. lillC1¡11CI.illllli 
ol .1 gr.1pii1c L:til be d!\ll,lCll!lg .llld WIIi IL'qUIIC tht.: 
UCVCitljllllCI1t u: ilCW pJtlCill fCL'llglllllllll lllclillldcl!OglC> 
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( 4) Tactual Map Rcading 

Til~ blmd il.1w .llwJys h.1d spc~1almap rcadmg pltlblcms. 
Rd~v.mt ..:a1 togr.1phk activ1ty may be groupcd 1oughly mto 
1h.1t ptll tlLm d~Vtll~d to dctcrminmg thc necds ami cap
.llHlltl~s of thc blmd as map lC.ldcrs. and that portwn wlm;h 
~mplu~11:es thc .1d u al dc~1gn Jnd produ..:11on of t.1d u al 
lllaps. 'AJthough th1s d¡stmct1on helps lo 1dcnt¡fy ¡)llmary 
probkm arcas; m p1 a..:t1ce thc lwo research goab . are 
msep.nablc. 13lmd map readers requnc map forms wl11ch are 
c.l!udy' dd tcfcnt fronv conveniHJnal maps .Sadly. 11 1s o.1ly 
111. rc..:~nt ycJlS- th.1t cartographers h.1vc'hcgun to explore 
systcmJt 1cally thc posslbili ty of using t he skm as a channel 
for p¡ctonal matcnal. 'Alicady severa! qu1tc acceptable 
Visual substitute lechn1qucs employmg embmscd grJph1c 
~ymbols JIC av¡ul.1blc or unde1 dcvelopmcnt (Figurc,45). 

Sm:~lc nnc-of-a-kmd m a ps are commonly produced by 
:-1111ply alla..:lung tactuJlly OI~Cllllllnablc ~ymhob to a 
pl.lllilllCillC'il1ap b.1se_ Multlplc cop1cs of tlus ongm.d can be 
vJ..:uum-t'ormed mto plJstl..: shccts usmg ~pec1.d Thcrmo
¡'orm ~q1npment Maps posscssmg lumted symbol rclicf can 
be prLlduc~d by st.mda~d reproduct10n mcthods anJ Vuko
typ~ pnnt1ng wl11ch emplnys spec1Jl mks th.lt st.~ncl up 
t'ttllll th,~ 111.1p ~ut rae~ 111 r~llcf Spcc1al pl:l~tll' mcd1:i. ll-ave 
b~.:ll Jl'Will!)CJ \\ )llch ICSplllld, hlc:.iliy lO ¡)r~:-Sll!C JlljllH:J 
\\ 1th J pen·hJ...e mst1unÍcnt by lismg up 111 tel1~f Thcse 
ra1sccl LiiJ\VJllgs cm b~ rcad eJsdy by thc bllnd Jnd should 
be partlcuiJriy valuable as teJchmg a1ds At the Uruvemty 

of \Va~hington, we are cxperuncntmg wlth a mcthou for 
ducct converston of graph1c copy (e g., convcntwn.:l maps) 
mto tactual d1splav. A f!lm ncgat1ve of thc map 1s contac,tcJ 
Wllh a speclal plasllc l)llll[ll1g plate. Chemlcal devclopmcnt 

' produces 1/8 mch rcllcf, more than sufficiCnt for dnect use 
as a map by thc bhnd, but also ~atisfactory as an origm,tl 
fo1 a forrmng maí.hme or for a prmtmg plate to be u~cd 
w1lh spcc1al rJ1sed mks. 
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Tactde unagc systems capable of utllll'mg convenuon,¡l 
vi'>ual unagcs are al so promtsmg. One expcruncn tal system 
uses a subjcct controllcu tclcvlslon camera as a senso_ry 
dev1cc (cye) and clcctronlcally transforms the Video nnagc 
m lo a tactdc d1splay wlncl: 1s transm1ttcd lo thc back ¡,¡ the 
subjcct vw a bank of Vlb_rators. Another lnterc~t1ng system 
1s ba~ed on a hand-hcld rc::~dmg mstrumcnt which turns 
o! clmary VIsual 1mages 1nto v1bratwns wl11ch thc blm~ can 
translate through touch. 

Contmu111g rcscarch on ma 1>s for thc bhnd and part1ally 
s1ghtcd, 1s duecteu prun,anly al the iclcntlflcatlon and 
product10n of clcarly d!scnmmable ~ymbols. Thc ll:J(urc of 
tactuJl f¡gurc/ground rclat10nshq:~s ab,, rcmams a cruc1al 
p1 oblem arca. The seJI eh for new l)1Cttl.l 1s unenchng. i\íJJOr 
h1cahthroughs, hJve oftcn come about thro~1gh d1~~o~cty 

(or dcvelopmcnl) of a ncw tlisplay mcdlllm or tcchn¡quc, 
wl11ch fm cvJluatllln rcqlllred ca1 togrJph~rs lo go back .1ntl 
rc~cat.:h u~cr rcquuem~nb and r~spons~~ Pos~1bly J more 
theoreucal app1oJch.would suggcst soluuons to sorne of the 
many challenges wl11ch persist. 
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Til.:mat1..: '--·¡¡ t,J).:i.iphy h.1s now bccn pursucd 'kctdllly 
tlil<lugh a fol,llh• .. [;k .111ay ol Jppll~.-.111011~, IIL'illb, and 
p1ublcm~ Jrc.1s T111~ ila~ty liCJtmcnt of a complcx and 
J.lpldly dcvél,lpln,_., 'iibJc<.:t 1s mcant to be ~uggc.;;1!ve 1Jthe1 
111.11\ ,•\JLH:sttvc 1 illlpc th.1t Jhc nntmn has hccn ._unveyed 

tlut !lic1c ~~ .1 .. onccptu.d and thcnlctil.:al SLhemc of 
~c.n,¡¡ h.ab!l! ¡:.,\1)'111g puwcr ll1Hkrly111g lCIJil<HlShipS bc
(\\'l'Cll ti.c 1\l\11•' 01 k:,s ¡~oiJtcd stcp>. 11\ l-JltogrJphlc 
llllOrlll.lllLlí1 jlll1cC'>ólllg Thc 11ansltl<111 ¡·"1111 m.1 11 mJh.l11g to 
<.:J• togr.1phy \1 il1 ~,.11.1 lllcllllCllllllll ..~~ c,11 togr<~pilcl\ JbanJon 
tilc uut1on ¡¡,.,¡ tnc map 1:, .1 lllliquc .1nd IInJi proJuct .1nd 
cxplkttly trcJt ,,¡¡,og1.q1l11c Jn.liys1~ as ..~n 111kgr.d pa1t of 
thc broJdc1 :;.: •• gupht<.:JI mfllllllJllclll systcm Computcr 
~..:tc>:ltlsts hJvc ck.llly dcmonstiJtcd tl!Jt grapl11cs c.m serve 
to li\ll;11llH co;¡,,J:-:\. lllformJtlün prucc,smg 111 acldit!Oll to 
'Jtlsfy¡n¡; <10<:11 more trJclltiOnJl lll\l,l!.iliVC Jnd ,rorage 
roks 

Thc com¡)kmcnta¡y n.1turc of thc .llt.:rn.lllvc IJnguagcs 
of \\'OIU~. log~c· i:lJthcm~tiCS and grJpll;u, (11lcilldlilg lllJps) 

111 C:lllll lllll•l<.-.: t :ng geug1 aplu..:al 111 t 01 nw t 1011 must con
tmually be h.:iJ 111 pCl'lflC:-..!1\'C Lih.CWl'>C. dJIIL'ICtlt mar 
fo¡m-; till'tm.:lv..;s lllu~t .Jot be 'e..:n ,1, Jlli.l~<llll\llc oevk.:s. 
but ,IIC: béltcr 1<:g.11dc:d .1~ llllltu.J!Iy ulllipkmcnt.lly f)lH
ti.I)'Jh ~ctv¡n¡.: d1: IL'IL'llt n-:..;d, In thl\ v1ew m.1p v,lll.llluiiS 
,lié IJ(l{ c•l,l\lc!t'IL?d ,¡-, LllilljlCIIl!VC Jl!l''C"I\(,¡(¡llll\ hlll JS 

~li)1¡llL¡llc'lll,IIY kLlilii<JII..;o, ,JIIidllgllll\ lo llllilllb.llld \CII"llg 
Thc lc'<:;¡¡._j¡ potcnt¡,¡J ol· a lll:lfl lllf<'lfi!C/,i/!Uillllil!rn .n.1dc 

llp •>l " tll\lllbC'I tlf lllap,, L'JLli lll WiJlL\i \0, llltl>( >CI\,1(1VC (U 
a 11.11 iJ-L,!.JI "'\'L'd 11C tllc· cl.!lJ. 1'> :,u¡.:).;c\tcd 

\llcll',bC\1 c•ltlLL'Ill W.liJ i!JL' \O.:iClllll.1C :1'1JlCL'l of lll,!pS 
\!lllllili lc'o,U\t 11\ liLily '>Cic'llliliL" ¡JlC\l'llt.lli!lll\ ¡\ o,[,!ll'IIICI!l 
ol ,\,c!lo,lLY \l.l!IU.IId\ ,,mJ lllidcliylllg .h~llllljlil<lll\ \\1\l!dd 

bl.!clll,~c' ,1\ Lll.tllllllll ,¡ lll,ljl Llcliil'IJ( ,}\ (\¡._: lliil'. k)',L'1ll\. 1)\ 

luc.l•l":l .. i :..:IL •L•''-1.?' But Willl\lllt \lil¡ectlvc tc:>t111g ,,¡ .. 
C0JiVl:ICI!1g 11Jidl~. lilC pr,):-,jh.~LI'-1 lur ~1 UildlL'd "'LlLlh .. ~ OÍ 

(,¡l(,lgi.IJlhy ':.?CIIl )1001 \Ve \[Ji\ k!lciW f,.r ln•J ;:¡ .:L• .lilOlll 
tLc L'Pilljl.lldtJv~.· ~.:IIil.ll'/ l)l. v.J:lOll~ ~..,utogi.l¡)ilJ~... !1h:llhH.b 

()u¡ plL'\l~nt lllhh'i\L~'hllJlg ul- 1/lll,'J rcaduzg lll pdl tllllLlJ h 

,lhll~ .. i \Ve .11c nut :1blc "1 >.!Y w.tl ... .1y ul:li.J.icn..:c wh.Jt 
ll.Jlll<llg 1'> r.::qu.1cll to fll•ldll,c good ll1Jfl llllc'l plclCI'> 'í he 
1.Jfur,n.ll!Oll ~.-,II!YIIlg ¡lnwcr ,,¡ cvcn our mo:,t ..:nmmon 
IllJfl¡Jillt, mctliulb l'i !1ttk u:¡Jcrstuod .. 111d .1!111•1!-.i no 
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rc:,c<nch has bccn ckvotcd l<l Jsccrt:¡¡n:n; rhc rci~LII'e 

c!Ccc:liVCllC'>S uf variUll'i .;,11lllg1Jphtc tcch,:lqllc'> 1.1 dll.fcrc:nt 

problcm '>1 t u:.d ¡ons Our .::valu.ltlon oC c:Hl '161 .1 phtc CO!~l

mun¡caito,¡ must advan..:c i-.11 Dcyond thc tcw c:-.1.~nt ,tud¡c-; 

concclmng the p:,y ... hopllys¡L,ll rclatwn o! n~a,J ~ymhob In 
gcnei.d. 1f thcorclic:d pnnc1pks to gllluc thc ..:hu.cc 01. 

cartLlt,lJpim: opuons a1c to be dcvclopcd, .1 ,¡¡o¡.:: 1ngcmous 
Jml pcrh..~ps more cxpctlmcntJI appro.1ch towJrd lor.::u
l~ttlng JnJ rcst1ng iliC..ii11ngful hypothc.;;c~ nn . ..;l ~~~JLi~c UL~; 

llltUIIIVC tr •• Liltwn In thb p:lflCl >;OlllC cJI li.C h.lolC ·~~.L:-:s 

b<:fLIIC CJrlügraphy havc bcen p¡c:,c,nccl ,¡-; l:h.c!y sta. tlr~g 
pol!lb fm tlus rc~c:11 .. h M:;ny chJ!icngcs ~¡¡J; rcmJm. 

Sl!lcc autcllll:.il1tll1 of tilc CJI togi.I¡lll!c p1<l._c,sl!lg sy:,tcm 
appc.!f', to prov¡c\c Jl tca>t J p.nll,li soiut¡,)¡, "1 m.1ny ..:rucul 

tllJ¡1¡llllg prnbkms, w<:: shoulci JntlclpJtc J.l cvcr grcJtCI 
rmph:bl> 1n th1s arca Thc pos~1bdny ot· .Jutumat1ng ;~H,st 
aspcctS of C.litography h.lS i<lllg bccn p.c,::c tJblc (re._,,¡) 
TU1111g\ thccHcm). and thus thc C\tcnt ot· dll:cnt ltllllt;Uc 

vmh automallll~ VJII0\1~ ph.tscs of cart••gr.~ph.c .lléJVltj 1s 
somcwhat st1rp11'111g f"1um .111 lntcllc.:tu.il \lce\.':"•dllll ::1 o:1;tc> 
of thc• pi.ldlc:al ;n~plic.lll<l•l> of .n.tLl!1\ .. tk.lily ¡cp: . .:atulg 
m.unul mc:thtllb anu 11ltdtqJiy1n¡.: llw m¡¡,¡bcl cli ¡;,.17, 
fll<ldU<.:Ccl, ll lo (]¡-;(IC\,111); ¡,¡ oéC thL· llldl1:1iiCU [lldllli\C u: 
Clllllpt:lCI 1111\LlV,Illiltl~ ictt l!IIIUiflikd ·¡ i;c ¡;¡.;<;C:l\1 1 •ó~tll.l
lJ,ld fl>J (01l1{1lliL'I\ ~lllt...: ll . .'i.JlCd L'(jUl¡I111L'lll .i"l .!1~ l ¡~~,.¡ 1!1 

t\ic;n:,c\vcs 1' C\j)CLlcd ¡,, ,llh\ldc L'\'L'Illll,lily .111d h,'ul!,\~ 

:,ubLlllli.l.tlc to thc appi!L:Jli<'ll u! tllc"~ dcv~~.-e, tu ,.¡\v,,.g 
mo1e uuly cJ!logrJpil!L !liObic;ns Thc ~.-·.¡p,tbli;l!c"' ll! 
.tuto1nJt.~d devt..:eo; .llld lll<lclCill co:nmun,l.ll:•lll '1 "c .. 1s \\ :ii 
'lllt:\y CllCl)l!¡,\i:'C l íli!Lul CV,i\ll,ltl\111 tlt Cll.,\'L'Ii(llii],J] :llu¡JS 

,llld IC\ll\t 111 lhL' ,Jc\1~11 .lllli 1llli'kl\ll lll.il:!ll: uf lli.o 1l ¡,lf,1l> 
[lc"(¡él >llllL'ci lll lll!liL'l:1illl;,¡¡y ,\11ll ldililé lll'éd~ 

T!1e nH.lltdl\llpll:1.,ty n.ttu:'"~ ~,.¡ '--·¡¡, ¡SJ.i:1! 1y 11. ií~ 

v.ll~l)U~ ~~s¡h~(t~ Ullt.~:~s ~L.1t lulu:~ L\Ll"\~:.1:11:~''~ p~o.)j~l·,~ 

:n-lÍl'fHll 1--.IH.nvl...·dg~ tJT J \'.'!de J: l~lY \1: td;1:....:3 ~utd pto· 

cL'du1c<> Thc: .tccd ¡,) b.: .. Lllc tu lllhi<~l~l.Jllll .111J Jll•pk,nl'l" 
IC,C.Iii.\1 C:ililclll:;1llil~ ,1S WL•[! ,JS iii.!J...c· ~olllilhlll \lllo lll O.:Sl1. 

!C'J~diL.il "'~lillHH be ovcJly Sttt.>I\Cd C~.:..~l,t):1 \Jf J k,li:11!1~ 

C:i1V!IOIIlilC,1l tL.t~ L'.l~..-ihll~lgCS Ihc pltl"-.tlll t)i D.l~~·~ !C~Cdr~..:: 

by llllll~ C.lllllt',•·'Jlhc·:' 1~ .1 lLlp ¡li!LlldY Sh.:\ildl .:!w,._:c 
bc1wccn ~llclilJli\l' ,,,[utHlllS to gtven LJ• l•l¡',l.lpiliC p:c)b-

o 

o 

o 



o 

o 

o 

1..:-nb n~c~~~liJ r~s \VCI¡;h1.1g ~!te r~.!la uve s1n1 p111.:ay, n1cJning

i-t ... l<?~s. Jihl lllt~; 11iCtJlllilly of th~ v.il'OllS pü>SlDilltlCS. 

Thcsc dc..:.swns c;¡n be madc mtcihgcntl) only after the 
J,ve¡s~ uÜO!lll.lllüil from many d!SCiplmcs wh:ch con
tiibl:tcs to cff¡;ctlv~ c.~rtograpluc presenta t.on has becn 
~yntheslí'Cd. MJps JrC importan! to rnany pcoplc
~cophys,.;¡~ts, mctcorohJgi~b. gcolog¡sts, ~cologJsts, ocean-
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ographcrs, gcog,a¡1llCrS, gcornOíplwiog¡s~s, anJ Others C~r

tograpJuc curnculums must bc..:ome more sensll!VC lü ,he 
1ntercsts of thc:.c drsparate f.e!ds ot mtcrest ¡f l-Jrtogíapm-. 
proccssrng 1s to contmue sat1sfymg the1r cilvcrse nced~. T!;..: 
altcrnauvc, of cours~, 1s to rcpbce propcr c:Jnograph:c 
analym oi spat~al distnbuuons w:th a bcttcr mcthod, Jlld 
Jl tlus t1me no suffic1ent substltute 1s known. 
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This report as sumes that this 1s a time otextraordinary change 1 that 
th-15 c'har.ge 15 pervasive'l and that 'to manag~ it will reql!ire us to 
develop new ins'tltut.ions a:nd ne-,,:;: ~r~cesses' -·as well as to mocHfy 
ongoing 1ns t1tut10ns ·• (The pnr.cipal 1nve's tigator' s NSF report 
ACCESS --The Santa Bar-bara Pil~t Pr'ocess contains a d'escriBtlon Óf - . . 
s uch- a new 1ns t1tút10n a'nd ·pro'ces\'i 'to impr01./e reg10nal ·policy-mabng .) 

' ~ .- ¡ .... , t "; 1 :. ' : ' ¡ ) , 

Tt¡is report al so as s·~mes '1i1aT-:·ne~v-~a:ñ~ ly-s7s/s~Y'ñ'fn-es1i:lcm:'im-umcaúoti" 
capacities- are ne'ed'e(l·for thes e i~s-t~t~¿wris • ..,.rhe comp~e;.cÜy a nd 
éorit1nuous interaction· 'oi the ma:ny factors 1nvol.~ed in regional policy-
m.::.king seems to call for data 1 comprehension and commumcation as 
never before. E ven the definition of. poJicy-makers seems t-o be 
changing 1 -to wclude ·~ore than· tnd tradltion'ally r~cogmze.d offlcwls 
of government and -bus1'ness ~ 'Ít Ís .n,6\v bécoirun·a· ev1de~t -thát co~
cemed cit12ens 1 espec1c:rlíy··the leaders~¡P 'ot' cifizens' ¿rganizat10ns 1 

are al so neerJed as 'polÍcy (formula'tors > who take part al~ t~rougi: the 
p;:-ocess 1 from c6ncept1on', defÚÍiÚon ·ccproblem_s 1 the gáthering of 
data 1 thc analys1s of alterna ti ves~- ·:de-ci~ion-makÚlg ~ thro~·gh to 
implementatwn an_d evaluation. . ~ 

For a- democracy to p'erform in: this- te'énnologiC~f era of .g.rea¡: change 
j ~~roba-bi'y- -n,·Ú s t--ree-c1~é'a te -ÍÚ ({1{ to:- th e- tZ1 sk ~ --A"re-~fÚl r-<Jf-'thi's 1i r'le -~--· 
~.- .. ~. ~ ~. 

oí reasór.nig flS';to re'coc;'nrze tháe educador. Ts'-,inulysis 1 synthesis 
and COr.1mumcatwn. To put it yet another way 1 'if education is the 
process of tecchinc; people ho'N to th1nk about things 1 then the 
analys1s/synthesis/com~nurúcaüon process clescribed here is com-
mumty ~cr(~cd~caLion:' ·, · · ' ' ' ·, 

Tms report lc!cntJfics and •c!el 0cs into t:¡c Ci}¡:J~l;ihties OÍ a nu~ber of 
toofs- for a·nalysis/s~!t1u1es-{i:i a·na comm unica.'~iÜC?-, _es pecwlly co:11pucer . 

as srs ted ·graphícs. ··rt' wvúes· c'on-s'idorc cion of \he pote n't1ái-.of ·Lh1s. · 
téchnology· for the ·purpose _of rrian'agi,ng cnange 1 b_úf_che-.principal, 
in ves tigato"r does not' expect' thu t simply by empÍoying su eh new' t~ols 
that the inexact can.'be' made exactl the ü'nquanÚflable quanc1fj~d or 
decision-méiklng automated • 'BÚt ·r be'lieve 'that these new' electronic 

\'-4 toqls can concribute to developTng a capabilüy that we now lack. for 
: manag1ngcha¡¡ge. .. - ___ , ..... 

'In."···"" 

PQrL I GJcl1ncs t::c tcaturcs cf thc :lr.ulysis/synthesis/commumcution 
tools ::ceded te_\ fonn ula'tc bct'ter pohcy to conserve anc develop re.gwns. 
Purt II 1S a prc~ll¡-;¡inary cffort to match that need w1th technology that 
1s alrc¿¡uy e vol vwg. 
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l- GRAPHICS FOR REGIONAL POLICY MAKE'IG 

T:-::s :-e9ort e:nphas1zes t~o us_~ __ Q_f_graplllcs (maps, cha:-ts, diu.grams, 
iX~1C2r:r\g$-¿)"G(l- p:=-.oco_g.ra9-hs )- f?[ _I~_9l.9~-¡:.olJ.Cy form da tion a nd G8ClSl011-
rDi:.d~lr,CJ. Does th1s mean that thc alphabet and r.umerals, graprnc· ·--
,....-..--~ 

sym:)ols m thc;msolves; are to be ldt out? Actually, words ancl numbers 
are not only esse~t1al auxilw.ries to the successful use oi non-verbal 
sy:nbols, they :-:1ay cor;n:-:only prov1de complete co;nmumcat10n v_,ithln 
ar.u.lysls/syr.thesls/comr.1llrucaLion systems v1h1ch offer non-verbal 
graphic capal:nhtws. The 1mportant r1atter here 1s vvhether or not the 
system prov1ées non-veroal graphic capac1~y. 

Vlhy this emphasis on non-verbal graprnc technology? This report 
assumes that non-verbal graph~cs can gmatly a1d anal~.rs1S, synthes1s 
and cor.1mumcation concermng the many vanu:Oles 1nvolved H1 formule; tu:g 
regional pollcy. Al though s uch graphics ha ve bee n us eci in pla ;-;mr.g 
anc pohcy-;¡.ak1r.g in the pase, üus rcport assumes that a vvhole new 
lc.:lCJLlüCJC of v1sual commu:-:lcallc:;. 1s on 1ts way wh1ch holds great 
po:enllül for reg1onal pollcy-ínaklng. 

\'\'e are :novlí:g 1nlo ün ora when color, pattorn, motior., sound, and 
t\'.'0-\'-'.::lY co~:-::nLmcatlOn wJll ;:,e 1ncreasu:;;l¡ a vallable. For pohcy
r:laklns, resc~,rch, céJcu.t.:.on ünd ;-n¿¡nagcn~cnt th1s means a new 
;)oss1mll~Y i'or cor~~prc.~ens1on of co;11plex1ty, w1thou( tne d1stort1ons 
of ovcr·sl:-:';;lj~lcc.t.lon. 

:·.;.:.q>iLlC: co:~':'HlnJCélllon offcrs .:1 !)Olcntl.Jl for clc1nfy1ncJ pcrcc::Jtlon. 
;~--oE::-:-s-c:·..,.:;<:J'./ to 1:npravc our :-nt:.u Clve JtHeiJccm::Yí''C,"6."';-¡JQ¡1LinJC 
cor.1plc:-: systcms. It prov1c!cs a ncw opportumty to perceivc thc 
valucs anc! act1tuclcs behF1d confllctin~í VlG\'.powts. Grapiuc cor.::llU
nlcalion car. con•;cy complexity much more c:u1c~ly, pro•.nde spat1al 
oncntat1o:1 for 1nformc:t1on, u.ncl C'Jt through se::JantlC cL~flcul~lCS 
(hat con~usc o1ffercnt specwllues ancl <"11Uerent polit1cal anc c:..d¡;,_¡ro.l 
VlC\' 1S. The gru.pnic cor:l:I:Uí11Catlors o[ tclcv1S2.or. are ·xhat :-,~ost pcoplc 
"rcu.ci," anc. 1t ofi'crs thc potcnt1é.Jl OÍ lJ21ng o!Jlc to cornr:1ur1Cutc t.1e 
<:.:bslruct.:ons of futL.re co,¡scqucnccs of penc:2.ng ccClSlons 1:1 r:--~ore 

unclcrsLar.c c..~~2 :or-:~~:, ~\l~ 1 1Jíl JJ.nL.~.tcc~ s~Jdns of utt,~r1~1on. F.Jrt;¡oc, 
(_¡c,-¡:-J!J,c.. (_() .· .L:I:~c .¡~··JI: .Ji~~ ¡\'_,I_J-VJa:/ < (¡;¡(-trJJiJl'/ c~\.lri 1h.-. q~:c~- 1 l t: LJ) ~~L·lt 

(!r1cl ('IJii.ll~c e· l .. ~ LJt ll·r·.r~ttll!ltliJ <.. 1 ! !r.t~ t::._.~.~r. ·;·¡:J~~ 1:_; •t!: \~:~.;)!l:tl· r·~.: .. _·:,(~.:~ 
for CtHtl:Jr(.;:\cnsJun r;[ ~.c.:~;Lcndl :Jrc;;,l~r~~s, u·--.s:2.c}-::1n0 r:1cr:L.)l ;._..luc~'-s L.-:c~c 

cu.nnot ofLen 0nouc_;h be ;Jerc:.;l'J2ci ::.y c~:--.cr pcrsons. 

o 

o 

o 
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Regional clec1sion-making, under p~cssure 1 that attempts to take into 
account the complexlty of lnterrelat1onsh1ps among many vanables 1 over 
d1fferent geograph1c scales and at varying increments of :.irne, vvhile 
account1ng for changing tecnnology 1 .and at the same ümE: acknowledging 
thc chang1ng expectations 9f people 1 needs more thun. reports 1 rolls of 
r:~C.;JS or PLJ.bhc heanngs to illuminate projlems 1 choice·s étnd conse
qLcnces!. It see:ns to call for_graphics ,of_,all kinds; inc!uding compu~er 
ass1stcci graph1cs tha~ .are res_pons1ve to the view.er. 

THE REGI0:0JAL POLICY WJAKER 

ThG term, regional policy maker 1 as used here includes those who contri
bute to the formulution of policy as- well as ¡[hose v,ho decide pollcy. 
8oth are cons1dereci part of "policy-ma ki. ng. " Therefore, 1r1tere s te e 
C1t1zens, as lr.ci1vicluals andas organizatwn members 1 are policy-makers 
asure corporatwn d1rectors and government oqicials, clccted or not. That 
1s a substuntial óffcrence from the .more common use of the term a nd con
tnbutes sigmficantly to the deflnit10nof the analysis/synthesis/commu
mcati_or. process_reqUlrecl. 

' A Lsti:-.s 8f assu:-::p~wr.s about the regioral policy maker r.1ay be helpful 
/ 

here:; r.e ¡s: 

(1) 
(2) 
(3) 
( IJ) 
(5) 

(G) 
(7) 
(8) 

(lO) 

(ll) 

(12) 

( 13) 

~n 10tellige0t, _basically .hof!e~t generalls_t; 
under polltlcal.and t1me oressures to mai.::e clecis10ns; 

, '· . ~ . \ ' 

inadcqu,¡tcl.y 1-nlonnccl ancl .full ot h1s owr. questwns; 
lllif)llllCIIl Wllil cid;11l:~, lllll ~l:<!pi.¡C.l] o[ :,lll:l!lli:H)CS; 

ublc Lo CJlVC only !·;cvlJrl~ly rcstncLccl lllll(! for ¿¡nüly:::J:~; 
susp1C1ous of compute es (u'lld tr~e1r programmers); 
UI}Certaw él;boul typlf19 1 mo_ a computer tenni nal; 
unable to co111prchcncl, ur.a1clcd 1 the w~crrelatwnships 
of man'/ vanablcs; 

~ - .. ' 

probabl~/ +1m1Lccl 1n h~s a!.Jlllty to use map$ 1 charts 
or graphs; .. 
slzept1cu1 about thc vallciity of long-rangc projections 

(ancl e:-:;JGrt O)li1Jons); 
, i · 1 e , , ,.. 
lln1ltCC. 111 rus cornprCnCI1Sl011 01 CCIJC10p:n2nt IélC[Ors 

1 
_1mportant to thc t"l"'l::.on: \'v'ruch \·,ork clt ciíicrc.-:.t 
geoe~ra::>hJc sculc~s; 

onl¡ pu.rti:=>:ly. HlfOf!'~cc! rc¡;ardJng technology and 1ts ir.-:--c.ct; 
not rcally convtnccc: t-1.-st mc.jor soc1al ancl ccononuc 
chunc:ws are ur~(!cr--. o.y; 

(14) él bcllcvcr Jn i'b:u:ltCHLOf1 1 not rac:1cul chunCJe; 
(15) sccklnc; ros:~n<tcci c::uth0nty on •.v:-nch co üase ¡--.1s CiCClSlor:. 

1 
1 
1 

-1 



:v:AKl::JG í<EGIONAL POLICY 

To ma.ke ;-egwnal policy seems to involve d1fferent groupings and combl
natlons of people: 

(a) an aggregation of public ofüc1als w1tnout an established 
regwnal poLt1cal constituency; 

(b) buswessmen w1th d1ffenng short-terr:1 concerns 1 some 
cont.-olled irom ou.tswe u-,e regwn; 

(e) citlzen-based groups vv'h1ch mu.y or may not be regional 
1n scope 1 each wlth dlÍferent purposes in m1l.ri; and 

(d) many other competent peopl e 1 includ1ng those 1n 
umvcrslt1cs a.nd 10 the profcss1ons, · .. vho c:lon't yet 
relutc to "rcgwn" u.s importünt to what thcy do and 
how thcy llvc. 

To com::1umcu.tc concc[)ts 1 1ssucs 1 1nfonnut1on1 unulyscs 1 JUdgmcnts 1 

.:.tnc f8cLngs ubout reg1Gnul1ssues lo these regwnu.l pollcy-rnakers in 
:: Llc:~ a '.';ay that bclslc ch01ccs bunccl 1n current cleclSior.s are related 
t0 al-::cmauve :''-.'i:'J;-es, see:-r:s to ca:i1 not only Ínr ''chd ~r:~l:.'s:!.s :::.:;C: cc:::·
r·!uruc¿:¡tlc:-:1 i~ ::-.-.:st c.l.so o.:; accepi:8d as creCl;)le. Whercus u ::lC::jOr Gs¡::,e;ct 
c•f creciL.J1llty of wwrmutlOn 1s 1ts source, pE:r~aps much more Slgmücailt 
thu n t)1e sea nt a tc2n twn • t has be en 91 ven to ca te, 1s how reg1on¿¡ l 
po;lcy-rr.akers :::,crcei\'2 1nfor;-r.at1on. Th1s 1s a matter, not only of how 
tncu ::nncis are a1rc¿¡cly "sct" "":1en t:1ey rcce1ve 1nformut1on, but ho\v 

, ¡r,for:::aLwn 1s prcsenteci to tr:cr.1. Tlw physwlogy und psycholoC]y _r_¿L 

how \\C s ee ¿¡nci rece1vC' 1nformot10n r:~uy :ru'/C un l.~:;Jortuncc to pylicy-
m a L ~ ¡~ 0 l hu t 1 s y e t u r. ~e n el e d • (~ .. \ • 
,. • ,.. L' \" t (; -¡ ,1 H" 

-"' j f , ~V ' 

Pro~u:);y, 1nfor:-r.atwn, even lÍ 1t 1s accurate, 'lullc: uncl rehable, muse 
be u.s~>I:-:~llatcd cc;-:,;ortu.:.:.Jy ~Y u person, to ::he p01m 1t "feels nc;ht", 
beforc 1t 1s c.-eC:l:.:.lc. vVi.c;¡ 1:1:or;-;:ution rc::ac;¡es thélc sc~tc, thut of an 
1r.s:cJr.t te be Lr...:s;_c'--~~ it can uf:cct )JOllcy-r~:uk1ng. It :-:':u'/ be thu.t 
1r.forr.~ut1on ~.1ust .~eco::w so::~cr:11n0 é·.:ln ~o "u~tu1t1on" :Jeforc it leacs 
to c!cciSlOn. Ii F1tt.:ltJCr. 1 1n i:urn, e:_~,¡ :Je r:cf1nec: us u.:-:.conSClOclS 
rcasomng, c;¡en ··"i":utevcr h..::lps thu.t rcasomng ;¡a~, a s1gmf:c¿¡m c~fcc:: 
on credwll1ty. 

Thc J:·n;;orl,:•1l :>oJnt fnr thc :¡o]¡cy-r:· .. :'d·r)r LcsJC!c:::; t!;c ,ILCtlr.:-¡cy, V<1llcl1ty 
~~-,(. rc~]¡¿¡lJliJLy Ol lile lr11Qr;;¡,)[JOI1 1 ,Jllc1lys¡;, c111d S'/l!L!iCSL3 ;)COVH:cci h.ll1 1 

1S \::1ctncr 1L 1s rcuci1l~' üS.SJ:~illcJtcd :Jy l•1:11. 1."\J as3l~:,lll-tt· .. -: ¿1nc: use 
lnlcr:"'tL..LlOn, t~c .:-roUJ.:Jl~.r n.c.2,JS ~o .. ;.:;ct1::c. '' 2~ \' cll J.s f.o raclC 1""2l~/ 

e o 1 e u J J. Le; '! l S c. 2 c.. l S l e:-::; . I ~: ... 1: u i. :-~ ·2 L.ll r 1 L¡ S::, ~.: ~ \... L ' l 7, e ~. ;"" r; i :J. f 0 r-: ~ ', G L: o r-"1 

ur;.c: ci2.to.. ;;:--c~::c.L;·:~ ;;lí~: ·:.11 .. .. 1.-.-.~Js: c.iJ .dy~; ,Je 1nCCJ'~C:J·J~J\,2 1 ii0\\'8\'Cr co;-t

SCl~r:t ... cn:S ti-LI2 C~{rJCL, :._e .:.S '~S:JC!Clc]~)v 1.-;-.·-:-c-.L~,J:r~ ~rJ ít)r·r>r:n,:-"r' rn,-.r 1ttfnr.--•·~~ 
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sor.1ewha t more comfortable v:ith one view tha n with others in order to 
rnake a deciswn at all (except the dec1sion not to dec1de.) 

'Jltimately, the p'olicy-maker must leap from the best that can be 
quantiüed and reasoned, across what cannot be knovvn, to h1s posltion 
or de"ciswn. It's a leap of fa1th 1 or vJhat policy anaJyst Su Geoffrey 
Viékers terr.1s "the passion of judgment." (Beyond reason alone.) 

e 

Tbere are many subjective ·elements in arnving ata decision ora pos1tior1. 
The purpose:for bnng1ng more of tbe capacities of science anci technolo<;y 
to regional deClSfon-makirig lS· to help synthesize complex problems 1 to 
reduce uncertarnty, to qua ntify those · elements v1hich are quantifiable 1 · 

to reduce the .number of subJective"e'lements that are so because of 
ignorance 1 and to convey analys1s and lQ.formatwn with cred1bllity 1 and 
to pro vide the forum 1 the feedback to a ss ure va lid mea ns • 

Recogmzwg that all alternatives for·each issue cannot be explicitly 
statcd and rhcn prcc1sely quantified 1 thcre comes recognitión of the 
nced for un accurutc 1 cmdiblc process' lhut generutes and reinforces 
sound 1ntu1t10ns 1n lhc pohcy-ma·l:cr •. Much ·of·the orocéss we are 
seekwg to evolve may be 1n the pollcy-maker(s) mwci(s). Perhaps we 
should recognize thut what we are atter:tpting 1n 'computer-assisted Imer
a'ctive graph1cs 1s new abilities for feedinq informa non to those mines. 
An example of lhat ''processwg'; may be (¡::J;·.\' v~·e sense:d Spacesh.ip Ea:-th 
from the Moon photographs taken by the astronauts. vV1th that accurate 
graph1c commumcation an ent1rc ·óersoective ~vas· pe'rceived. (H·ow puny 
the words of astronauts coinpared to'tr;eir photógraphs .) ' 

Non-verbal graphic symbols commumcate to many levels s1multaneously. 
Such <Jt'uphlc communJCL.llJons m~1y bc<::omc a "·umvcrsul '' Jungu<l~JC for 
pollcy-makers 1 rnanugcrs; workers 1 lqamers 'ancl cons umcrs alJout thcir 
region. The same wformatwn 1 use¿ c!liferently by researchers, pollcy
makers anci the general publlc-1 may be cornml:lnicated 1n·the same form 1 

through thc sar.~e .te.chn,ology 1 using the same- systems. 

H people do r.ot unc!erstand because they faii to perce1ve tr:.e "whole" of 
complcx sysw::1s 1 beca use they lack a "pers;;ective of reallty;" perhaps 1 

by us 1ng common gra ph1c 'symbols 1 peot)l8 of a región· ca r. perce1ve more 
perspect1ves 1n common 1 1nclud1ng tne· unclerstanding tha·t ó.::ferent 
peoplc 1 \\!th the same infonnatl0n 1 may arnve at dlfferent perceptwns. 
MaylJf.:! the :x~rc.e¡Jtlon úf wholes v-:~·ll be aii1ong the greutest contributions 
<]raph1c non-verbal cornmunlc¿lt1on can m<.lke· to conslruct1ve re<]lOnéll 
dwloguc. 

) ' .'\ 

' 1' ,. 
~ ~. • i 
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: cc:ss 

"·:.e co¡npamoí'. rcport ;'>CC"ESS - The Su.nta ~arb::;re: Rea1one:l ?2.loc ?rc::::,c:s, 
;~;-oposcs a í1C'.'J H1SCli.Gtlon L.í1d ~¡rocess to uld ar.d .m;:>rove re':Jlonal poLcy
;~·.<::.:~ln<;; co¡¡c,-::r:ilr.g thc conservut1on and developmem of the er:vlron;-;,cn¡:, 
:·~~c:.t :-e~ort c2:":wes the l:lusíc charact~nst~cs o: tne analys1s/.::;yr:tn2S1S/ 
co::¡r;-¡...;nicaclorl tcchnclogy tr.a: T,lc_:¡n~ be useci by such an wsLtunon ar.d 
p:ocess. J'dthcugh t...se of such tcchnology neec not be llmlteci to the 
ACCESS ~;rocess, 2.t vvlll be hebLü co summéHlZE: :1ere the natc..re oÍ ACCESS 
V·.lte.-r,atlvc Co;-n~rehons1ve Commumty :C::w1:-onmemal Study ~y.stem) whlCil 
is the cor::cxL fo;: analysls/s:l'nth.esls/commumcation tools proposed nere. 

ACCLSS 1s: 

(¿¡) reg10nal u:. scope (multi-~unsóct:conal); 

(b) oÍ, by', ancl for regior,al ;J0:1cy-makers (¿¡nd open to use 
by in te res ted c1t1zcns and s tucents); 

(e) u pcrmanent, lcgally orgamzed non-oroüt ins~ltution 
(w1th e broc;o base of Íiiiur.cic.l SJppctt anda board 
t:~u~ is rcpresenLauve of the regwn); 

(c.i) a place anda means to store, retrieve, analy:.e, 
synthcs1ze, .Jnci cl1splay rcgw¡-:¿¡l ducél. and H:Ionr:u~l0:-1-
C)Con<J:llJC.., c::-tvHonr•¡cnc.¿¡l, cultur.::l- !Jy rncuns oí :JI! 

lr-:tcrclJsc¡-;lJ¡;,:ry :"Ll.llf, cor.<~uJ~un~::., VCJlur~tce:t·s ur:cl 
CO:l1i11Umt~; c.:12lor;uc: (u~ .. J~ ,,;dk~s .Jppropnulc use of 
compu~crs a:1d availubl.:; ccmmt.:mcutlon tec;lnology); 

(e) wlthout operatH>.g rcspons1b1Lties, (the c;n:ph¿¡s:;.s of 
ACC2SS 1S on assessme:1r of probl.:;;ns, altcrna.Lives 
and long-runge: co:--:sequences, especwlly as cenved 
f:-om ;:¡cno~ng deciswns). 

T:.c Jr.stitutwn und ~;roccss are; cross Ln;..:c¿- ü:dlVisible. Eo-..·; u--.en coulci 
t~.c: volur·;:_• o1 ci.}cu <::nu ¡r,¡or-nutlOii n~~¡ull·c;o :)e .stot·cc~, callcci uo, clt.Sillu~'.cc!? 

.,vV; .e"'.~ so;·~.. oí .J ~Llly ~l. S ,1 s ~/ ::. t ~~.es :...s 1 CGil''t ~i~ U11..1.c:ü LJ ~..-)~-l Lools \'-'o u ld :'-.1 e 111 LLl t~ e o:~1-
;>:~c:.:c;nslor:. o~ t ~o l_r-~\ :JC'~\';C~n currcr'"!~ :·,;:-·lc..J~:l--:1 (lCclslons ancJ luL~J~o con

::.ec:-..:ences? ~_¡8".' co~.JL: ~:;:-a¡)tilC c:ls __ ~.~t:-' e•: lil~, __ ,·::~ullon be u.scc: Lo st1~·1ule:te 

J~tst '~·~-.a.L sort of 
.... - - -·.a 

te e i~. r.ol o el:; a n,. w rlc e s y~ r 12 '11 s '.'JO 'J le: lr:l-=> ¡·ove :·e-010 nul ;:¡ol~ e y !o i rn '-'la u o n 
anJ c.!CCl~:¡nr.-~a~lr10 of L!C Sr)!'~ ~lC::JC:il:._;C'-: :-.c.r-::'7 ,_ 
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STO~I]\¡'G J\?\TD RI:TíUI:VI~G uAT.l1. t,:[\D Il\?OR:"IÍi\T~ON 

T;-ac1 i:lOil.CJ.l hbrury s torage tcchr.wt.:cs, ':)rdererJ te c:-:c spec1cl ¡JLlrpose 
oÍ rcgw::.al pollcy :ormulat·on, are esser.twl as the begHnnr.g. !-dl 
enviro.n;";1ental, econo~n1c anci culcural clcca and wforrnCJ.tlon - espeClülly 
in rnap ano plar, form - anci all operational plünmn.g a:1d legal reports 
for tne entne reg10r. s hould be as semoled ir. one place. Prooaoly the 
llbt-ary should be both w hard copy anc micro-iiche form. 

Do.ta ;-elated to S')2ClÍlC ooer2.t1no fc..r,ct:ons vnthin the reg10n (such as 
p:operty descnpt1ons, plats 1 a.sscssments 1 zorung, pu!Jllc v;orks, 
COíTimerce and wdus try, trafüc, ut1l1t¡cs, housing, water, sewer) migr.t 
oest be rT.al!1tawed by the orgamzat10n that has respons:..bllHy for and 
greatesc use of that data, prov1ded toe data 1s coded, indexed and put 
into co~n;:;atü;le cornp0.te:- format so u-,at 1t can be easlly accessed from 
!-er,wte terr:nnals, élnd céln be spallaJly ósplayed 10 relatwn lo othe.r 
data and 1nformauon. 

P.. s tudy would need to be mélde of ex1s twg sources of data 1 how lt 1s 

,., 

curre nt1y éls sembled, wha t scéllc gnd éln.d/or propcrty :efe ce nce? Whél ¡: sys tcr:,s 
1t could be kcyccl to? Whut éldditionc.d délta and l~,forméltion urc n12cdcd? 
Ilow 1t 1s to !Jc collccte:d c:::ncl mél1ntuwcd? (Jnforrnunon is c.icflnccl herc 
as ordcrco or wlcrprctecl d¿:t;:¡ .) \1Vt1ut bélnf( of solcct rcg1or.éll, st¿;ce 1 r.c.tJO>~c:ll 

¡;_mcl worlc. 1nchcéltors oi part1cular vabE: to regwnal policy-maklng wou~c. be 
ordered ir.to a for:-:1at to be rcrneved through comouter assisted termina ls? 

CO:VIPUTL:R TER;\IIINALS 

-. ' ,,f 
1 • 

' . 
• 1 

'"' t' ¡~ ~ ¡. -Jo\. ( .... , 1 t. 

' Prcsent tccm<Eils 1 a nci t~.c ;xo;:;raíTIS lhey use 1 ha ve be: en devcdoped lurgcly 
,of 1 by 1 uncl for m1ddlc r:l\::lnuc:;cr:,cnt for opcratwnul purposos. If they are 
to lx~ llSl'ci cffccLlVL'lY to1 p~llJC)'-111uki:1(J 1 udupl<.1LJon::; o: cct L.:~in c.;qut;l:l:•'ill 

;::.ncl jJfOCJr-.lms sccms rtccclccl. CompuLcr LcnnH1-.lls ::.houlcl ollcr pollcy-r¡ .lLCt:;. 

(a) 
(b) 

(e) 

(el) 
(e) 
(f) 
{_\ 
1 ':_/) 

(h) 

(i) 

response to unstructllwcl questions; 
VJ.Sual d1splay t~1at 1s capa:Ole of cont1nuous tone color ar.ci 
movcment; 
larger-slzc~ (than ly;ncal now) alphabet letters 1r1 boch 
uy¡)er ancJ io\\er Célse; 
gruphlc as '·"ell as c..dpha-numenc ln¡Juts; 
hard co~y of a:-1y cas::;12y; 
aud1c éls \VelL élS VlSLul r.::.:sponscs; 
aud1o ¿¡s 1v01l as yra¡_J:llc élnC: keyboarc: ln¡Juts; 
lnlcrch.::H;ZJC "'·;,Lr·, olr:ct t.crnu<.als 1:1 élli :nodcs (o.udl0 1 

nr··,·'¡>¡~ l·c·,·l)l)'[li (''C' )· '_J .. ..._,,) 1 V 1 1. ~ 'j ..,1 1 • L • 1 

occcss to d~1~u. 1-or ;¡~.._•t-:;ocL:Jl use at place o{ \Vor;-:, ;.n 
dc::Jl~jr:\_llcct pu:J~lC pl¿:co2 (.such ~s sc:l·:Jols, or ll.JCé..LJCS 
or co:--~líi~l::iJ~~.: ccL~tc;s) ¿¡¡:a a.l. ho1.~c; 

:e~ c~J.:i ~lJ\_-;·~-c ;-)ur~=-·ose.s 1n s pec1e:. :ly
.--:-.,~ :;.r.~r1~L()n flJ011lS •. 



S 

::,c;r¡¡c; o: these ca;:;abllitlCs are avallable now, bt.:t nct all of them! Thsy Ü 
\voulo be necded 1n vary¡ng degrees of completer.ess at vanous locat~ons. 
The most completely eqUlpped would be the reg1onal situatwn room. 

ReGIONAL SI'::.'UiJ.TIOi'J ROOMS 

Each reg10n woulC. need one bas1c center for the hbrary 1 core sta.:f and 

tho cemral regwno.l snuac:lon room. 

The control regwnal sltuu.twn room would provlde a specwlJ.y des1gned 
di¿:do'JUe facillty 1or a¡Jprmamately 15-20 people which woulc.!. í1uve all 
neeacd graphic and analysis support facll1t1es 1 inclucling te1ev1sion 
ec¡uJ )ment for v1deo-tap111g and for conveywg two-way s1gnu.ls to other 

SHUC.:Llon roor.1s wlthw (or outs1de) the region. 

l-1s l'-::' .. SA has found, the cverheac:i pro]ectec shde dehvered ahead of t1me1 
serves vvell as the fccus for s1multaneous con.fer·~nces at separate locations 
i:llerconnectcc ~Y specléll h1gh fldellty celephor.e ~incs. (See puge 16) 
T:~o ;Jf·.)g:-ur.: ¡:;;v:IS/l.RI, wh1ch prov1d0s harci copy primout from u. ::.::;:,board 

ten~:l:-':ul, hc.s 1r.crc;u.seu the efüciency of con~ercnces partially becuJ.se 

~1otion pictL¡·es 1 v1dcocassette ano slide projector faClLLcs v.roLdd be 
;¡art of the eqUl)mer.t o: each s1tuat1on room whcre group cllscuss1ons are 
hc~ld, Except for very lurge "surroun.d" screen proJectwn or whGn highcst 
ro~,CJJuuon 1:~:Liscs are ¡-cquucc! 1 prDJCCLcd or stuncLJrci momtor s:ze telc
Vlo;lon ofL:~r tlh::! prJLc:ntJcll o[ coupllnr¡ Lo Cll<;_íllul compulcrs, und u1ter
¿¡c·LlvC: rc::;ponse iJl1li conlrul 1wlucll su;Jt..~rscdcs oLhcr mouns of provH.Ün') 

grup:.1c d1s;.Jluy for rcgwnal pollcy-mubng purposes. 

The S1tuc1t10:1 room r.;1ght ver; well provide for each purnciputHlg r;;em:Oer 
t::e [ollo\vlr.(j: a tclev1slon lil0!1ltor wlth keyboarcl; a Scn;)tot;raphlc or 

:\;\J\G Tc1olet ior 0rnph1c ir.;Jl.lts. (See ¡=;age ·:S)Thew are ol:hcr pusnol.ntcn 
controls to Z"2<JlSi..Ct op1mon ancí degr~e or co:1cerr., electromcull).'. Thc 

CO~SI:NSO:< 1s a cot~~~nercwl proc:l.lct ava1lar)le for thls ourposeo . .:l.r.och2r 
potenüal p1oduct vanes c.1e s12e r.:Jf lmages on mult1;Jl8 proJect1on scree:1s; 
images are 1ncreasec. or oecreused 1n s¡ze uccorc1ng to oplr:_.o:~s rec:;:;,scereci 
by pressir:g bu ~wns. ( For more on C0:0JSEJ\iS0:\ 1 se e pa0e 65) 

Lurc:;e-scale (lO' te 20' in '.'Ilcitn) projcctwr. of tclevi31or. anc: c!l<;'Hal 
symlJols by :neans oi oe::v1ces such LIS Lhe ~1cophor oc G:C L~;:--1L Valvc 

(See pc.,_:;c Su) \VOL!.lci scer·.1 Lo be cl.:::sudble icr ~ocuswg attcntwn on or.o 
spec.k.er anc ~)ilC: c;~apmc ;)res e ntutH.Jn Sl:~-.'.lli:c-,neoL:sly 1 cspe:cwJ l;¡ li tite 

chuJ.OfdUG 111 [;;e SHUi)lJC"ln fOOíil lS HSC'lf IC C·C' ·e}el/lSGcl. 
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~l~c cc.~~;:¡uter oackup capaclty for the s1tuat10n rooííl could be oy 
i:clc;J::o¡~c hne to cnr.,mercwl t..:mvers1ty tL-r.e/shared fu.cll1t1es orco 
:.-.e l\:\Pi, :\etv;ork (see page 51). S1mple means to make inqunes shoL..ld 
be r.1u.c.:::: ¡)OSSlblc for any user 1 but for calhr.g up certaw inforrnat10n 1t 

1s probable that u~ first a number of díffc:-ent programs and compL.:t.:;;rs 
will be r •. ~eded. Deal1ng with ciúferent cor:1puters and their ófferenc 
:::rograms 1 at t:.clr present stage of develcpr;,ent 1 1s üke dea~wg 'NHh 
Swccics 1 Ch1nr::sc, Itallans, frencr~rnen, i~r.gllshr.1en and Argent1nes 
u.ll at once. They ~' or may not 1 all "understand" the sa:-ne bas1c 
~Ll:',gUé;CJC:; but they are not necessanly wdlvlcL.ally compancle (H1ter
cbangcc.olc). 

Th1s r,~cans havlng ;1ersons present to whom spcc1c.lized ques~icr:s CO"...LG 

be puc.. lhcy vvo'"lld o~eré1te Lhc computer cerrnlí1él~S very much t:-lo sc:rr~e 

as the .:crm1 nals are r.1a nned a t the NASA Co;nma nd·-Coíltrol Cer.cc:; rs 1 

cae;;¡ t.o lts owr. spec1al areas of o¡:Jerauon. In a reg1or.al snuauon roo:-r. 
accurc:;.:c, qua.Lty-conLrolled H1format1on r:nc;ht be div1cieci into ~hree or 
more kr.ow~ecge areas such as env¡ronmenJal, economic, cultural -
each Vv.Lth Hs "s;:¡eClaLst." If questwns requi:-wg especially pov.;e:-fu1 
corr.putatwn ca;Jacltws wer8 asked, che speciallsts concerned could 
turr: ... 0 a spec1al LcrmH~aJ, If need be, such us PlATO nov.; prov1ces. 
PlJú'O pcrmns o;Jen-encied querywg ané ciyrw.mic respons1ve corT.putac:o~-. 
w1th gra¡Jruc cllsplay 1 but it 1s not compat1ble w1th telev1s1on. (See p.:.gc 39) 

AUXILIA:-\Y FACI:.,ITES 

Examplcs of clectromc equ1;xnent to be invesugated thac nave cor.tróut10ns 
lo makc lo the unulys1s und hunclllng of 1nforr.wtion 1nc~ude u l 000-llne 
Cuthodc roy tubc (CH'i') for fast, 1nexpC!l1SlVC: computer-u.sslSLL!cl ur.1m.::1t::.on, 
plotlcrs lo scur. Clnd r:wt:c up maps, clHjlLal storu.gc ur.d mumpulauon 
capaclty to move 1ns~unLly irom one scu.le enlargemem co anol::;er. 

lii 

The ;.:rcvwus sectwr. 1s o:1ly the most <:cntati·ve sort of cieflmt10n of the 
grapmc ¿:n;u.lysls/synthesls/cornmumcatlon tools thu.t scem to o:"fer a 
uscful ;JOLC:ntl(~l co the ;Jroposed rcg:or.al proccss vvonh furt:her wvestiC]a
tlon. Lv::n so, ~~~ta~l\/C us ~h1s rc·Jo~~ ~s .1C r~1uy, so~nl:.-:10\V, ru1se cor .. ccrns 
orbe lr.Lcr;Jrct:cc. to :)rov1c:c ac:. Cr:iphusls olhcr thCln whac th2 p;-1nc1pal 
:nvcs::c:_;ctor 1ncc:1c:s. ·~',¡<:~rcforc, it s22.:1s sens1ole Lo se,~ ce: r.ere tt:.Jt 
prcsont cx.poctut1ons [or ~1s1nc crJr"'pL~t2~-s <J;J.c: ~";.~;O-\·vu~; telcvls ... o~ s~~u .... ~ .... 
not be conluscíl ~ . .11 .. ~~ ~1Clí fL:tdrc c:::..:Jab..Ll~Lics. A~ter.-.sr:s ~:C.'\?8 c.cen ~n3c:G 
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\'/h.:::.t is lr.teílced, 10. ~!art, 1s to bulld on the expenence of c..lready 
develo~ec: co:nputenzed H1formation systems. Thls 1s ta~en to mean, 
25~.-.JCl.Jl~Y for rec;10r.c:.l pohcy-makcrs c.s dcur.eci bere, avo1C:1n.g as "the" 
c.r.swer one l::ng co:-:~prehens1ve reg1onal model, even with a number of 
.su::lrnoC:els 1r. 1t, (Sce page24) 1 excent to 5imulale regional act10n in 
order to prov1de: 

(a.) pcrccpüon5 of other peoples' perspectivos of the 
reg10n, through computer a5sls ted role-playwg 
game5 1 and 

r· ) \;) means to ask better quest10ns and learn more about 
poss1ble consequences of spec1üc cieclSlOns. 

The conccpc that therc 1s one b1g corr.puter program to be dcveloped that 
can auto.-.1C.tlcally arnve at the oest decis1on, g1ven any particular con
.scrvatlon o• develo¡;:¡:ncnt problem, 1s not the use being thcLlght of r!ere. 
Ra~hOr 1 wiwi. 1s proposed 1s to use u vanety of computer programs to 
s loro 1 rctr.:.cvo, compute, élnd c;1spl,1y 1nfor.nat1or. - or to prov1c.lo oLhr;r 
5pcclahzcCl cap.JJ.)llltw.s such u.s gcncru.tHlg compucor cS.Slstcd grapr11c 
presentu.t10ns 1 wcluCing "walks" through ¡xo~osed proJect::;. 

?.:-oC].:-a:n-:-;:;-:c:; :o; 3í->Lí~:c.l cll5play::; respor.s1ve to unstructured query of 
Hl.fOfiT:.Jl::Or: oascs 5CCi".IS qUltC l;-nportunt to atlCr:ipt. t'or lr1StU.nce, 
s;)CC1ÜC H1Ío:·mL!l:lon ll1L1t 15 1nsl<~n~ly convcnoci wto l]ruprHc íorrn .:1mi 
;,:·dJC'CLL;c! Clll]hl 00 .J lonCJ w.Jy tow.:1rli C')CUSltJ(J u.nG dcopcmng cll.Jlocjuc:;, 

3uc ¿dl ci11s noccls t:o be accompllshcd in 5uch a vvay thut the rnurc;1n DI 

error 2nci dcgree of ur.certé:llnty o[ the :u:forn-:u t1on C:1spluyc8, commonly 
u co:-r1::Hr:.C.t1on of dlfferc::t f.Jctors, 1S also clcarly convcyeo, :Jt-eferu.~ly 

Sl:-::ul:;::.ncoL.s2y. It 1.s ulSO truo thot che elcn~cnts oi comput-:;r progt·atr;s 
nocJ ~o ~8 revc::alcd :vr cnt1C1sm 1ncludwg vulues unpllCli:~y Jncor¡Joru¡:.-::d 
1nto ::.ne;n. VvHhout .:;afeguurds llke t':1ese, tr.e power DÍ graph1c pre.sent¿¡
tlor. r;¡a¡· ce cnstorteé ~ro.11 1ts wtenaecl use u.s an onu.lysl.s/¿.ynthesis/ 
co;;,;nur.lcatlor. ::ool to u sales or pro:.;u.g.:H1.c.a dev1ce ... I: 1s, thc!"efoL"e 1 

no exu<JCJCfélClon to clau:1 that a whole conventwn ó-f symbols, color, 
r.wu'on c.;-;d sot~n:::! vvlll need to be dev1sed. Il may also be clear fror:1 
t:us bncÍ dcscn¡::c10n how cr!tlcal \'Jlll be t:--.c ir.tc¡;nty of thc ií1S~ltution 
r:-1ac manages tnese fu.cll1t1es

1 
for lnelr pro¡Jer use ond crec:ilb:dicy. 

1: s~ol:~(~ :Jc cor.s1d2rcd availa01e íor usE: by all :JOl:.C)'-n1ct::ers ano 
t:1i:.lr S[-J~I.S 1 SChool5, :_~'..¡Sln8SSL!5, ClVlC Oí0-JnlZU.tlOr15 1 2:c. 

sc~:-:-.:e be:s1c ~c;c_;:onc:l ~:~te'., ~~~:or¡-:l~~JOíl u:-,C: :..~,tly..J:3 -- 1.1, t~1.::: Si ~uüllor-. 

room ciosi0¡-,cc~ cspec1C1l~y Lc~r tf~:!._s ~·\_¡r~_)()St~ (C!'lC~ l~c:ri'..::!.~~s ~~~:::VlSt.-!'~1-

o 

o 

o 



o 

o 

o 

11 

will !-:elp make many more people avvare of the "different" realicies of t:1e 
region. In turn 1 it is hoped th1s wlll help m ove thern from advocacy of 
hxed positions 1 to d1aloyue about poss1bll1t1es. By reduc1ng 1gnorance 1 

uncertawty and sense of risk 1 people vnth naturally conflicting interests 
may more readlly d1scover what they s ha re 1 a nd work towards consensus 
without domwu.tion by any one group or individual. 

Use of appropnu.te technology is proposed primanly to facilita te analysis 1 

syn~hes1s and commu'nicatwn on 1ssues of mornent to the region. The 
wst1tut10n 1 process and technology CO!}C"e1ved are not believed w be a 
substitGte for political decision-making. Such decis10ns and business 
deciswns vvould be made where they are now. The intended eífect would 
be to alter the agenda of pohcy-makers1 to better illurninate their choi.::es 
and to involve many more people in the total decision-making process. 
Th8 pohcy-maker would hav8 a much better 1nformed constltuency and 
vice-versa. E ven without th8 PO'•\~er of decision 1 a competent 1 credible 1 

non-profit wgwr.al institutwn v0ith continuity a nd its own base of commu
nicalion viould provide the region w1th a significant new means with which 
w derive dec1sions. 

There is no way as yet to estimate the total ccst· of the analysis/synt~.esis/ 
cor.1rn.umcat10n system for regio:1al pohcy-mal:ing under discus sion here. 
The next approach is to analyze for a speciüc mgwnal situation just vd-:u.t 
technolog1cal sys tems are a vallable u. nd feasible now 1 wha t may- be come 
a ~ , ::'¡ ~ 1 :1 'h , r), ~ f""\., v ~ ......... +- ......_ t'"'\ (""1 .: , , ""' , ,. .. +- h 8 • ... .......... ........ t.-. ... 1.-. ....... • ~ ,... - ...J .... t.... - ~ .... 1.- =- .... - ,_ - , ,_ -· - - = ... -

.c.,l..L'-- ... ~,I .... .....,. '"""'"'""'-\..o'.hJ..&.I/\,..,.l.j ""'''
4

:/ UlJ.'j.I.J.L uC U.:lCU 1 VV!LG.L L1J.~ LUl..O..l Ut;;lJC.::J.J.f-~ 

to pol)lcy-maklng are 1 what they rnay help to provide (ch1s mi;¡ht v.;ell 1nclude · 
as sessment of waste 1 construction and social da muge they r.1ight prev~nt) 1 

and \vith \'lnor.'. the use and cost of fac1lities might be shared (such as tele
vls~o:: :)roe. uct1ons 1 governmont 1 research 1 bus1nes ses 1 schools a nd uni
versltleS1 ClVlC groups 1 etc.). 

\ . 
• , .... ~ .. .;'1 • 1 "'' •• .... ! ' ' ...... 

1 . 

' '' 

' ¡' 

'1 1 , 

'_/ 

' : '[. ' 

.1 

. --· 

·' .-··. 
-'• 

.- ,/ 

' ' l '. ' 

i 
• .. \ --· '1 

\ ~ .. } ' 
l.. ... ... • • ...~ 

• .. ' '¡ '~ 1 ... 1 • 

J • ~ ' 

) 

., ' 

' . . ~ 
•'.J_ 

1 

].' .: . \ 
1 

)

·, .: ' 1 ' • ' , .. 

1" ,¡ 

·, 

' 



o 

PART II 

o 

o 



() 

o 

o 

.-::---

13 

'J':us lr.v.-:;s~l'Juto; ~~as attcmpted to analyze the st¿¡te-of-the-art of co~pL.tcr 
ass.~.stGu c:.1U.l)· SlS 1 synthes1s and comiT,umcatwn that has futu;:e practlcr::.l 
a;;;Jli.calwn ;or rec;;wnal pollcy-r;--.a~~crs 1 1r.clud1ng orgamzed 1nterestcc 
cHlzcn-lc,Jccrs. It ap¡Jears today that there 1s wdeed hel;)ÜÜ elcccror.1c 
cup3clty now avallc.:)le foc trus purpose. Tne cilrect1or. 1 at whatevcr püce 
it proccec:s 1 1s tO\';arcs co:-:¡putGr ass1steo wteractlve gr'".q"J~ncs and L\vo-

__ \·;¿¡y tc.J.cv.;.3l0:1. Thc fori:JCr 1S ava1labla now 1n the for.:~- of oné_é_oloi"~--llr . .;:; 1 

cathoU.e ray Luoc (CRT) cüsplay temll>Juls and che electromc plusma panel 
o/ PlATO. Cor.cH-:uous coj or tone telev1s10n 1mage termwals are the 
promise--oi- I1 ur:~2RO 1 s tlll under clevelopme nt ~--- rr1 f -¡-\ ;-:;,.-vf 

To date 1 t\:o-w¡:.;¡ celev1S10n has be en oversold and under-delivered 1 n~i: 

t;1ac clocs ;-¡OL n..:;gc.te lts ;JOcent1al. Th1s year 1 foc lhe ürst ci~:¡e 1 a numcer 

of full-scale co;n,:-hlnlty cemonstracions '•'dll be undervvuy. Three st..ch 
systems üre n::forrec:i to here. They are cor.cernec:i wltn tesung consumer 
intorest 1n us1ílg to<Tninals (of vanous sorts) 1n che hor:1e for ¡Jurposes suc:-, 
as ir..:or:J~at1o:1, lí:S~ructlon, purcr-.as1ng anc:i en:erca1nmen~. For purposes 
of reg.~.o;-,al ¡:;ollcy-n1u~Hlg t~,e 'ccchnology 1s avallable, bu[ H is no[ nehevec.: 

prac~1cul co beg1n VdLh use oi tvvo-way teJ.cv1S10n irorn regwnul sltt..:atwr. 
rootns 1nto ec.ch :10:1!8 cf a connr.UILlLy w1t,1out ilrst tosnng rcg1onal lrtfGr::-.a
tlon conLo¡-4~ ~l1d thc vvay 1t is perce1ve.rl, An app~o~Jr:e.te Csg:~,nl~g cf L~:e 
appl1Cü~lc:1 of t:11s techr:olosy co regwn.al pollcy-:-:1abng -.·,oulc üppear Lo 
be by íí.L.l:1ple S:i.Cuc.~wn rooínS of dli{crer,~: degrees of complex1ty wlthln a 
reg1on, for e1thor separük use or Slmultaneous 1nterucuon. 

\1\Th¿L :oJlc··/s :-!ere .~.so. br1c;f clc;scrl~tJ.Cd! o: eac:--1 of ~t-:2 :cc~lnolGglcs o:
S~/SLC: .. .s .:..~~.\/L..S~ ... t_¡~~L~U .J.n l;JC; COl~.~C.. 01. l;~\:..:1.C lOVCSi:.L()Gllúl6. 

NJ\Sl\'s COi~H:l<:Jnc!-control ccnLcrs, une! 1ts :nucn SHn¡:;lcr bc:L vHul conferor:cc 
room 1ns tollu~10:1s 1 co;~~e thc e loses t Lo provH.:: ng u rog1on~l Sl~Uü tlon roor-:; 
prototy:,Je. In ns ncocl ::or :·.1a nu(]lng cornplox ",-eul tlme" operauons 1 :N,\SA 
hud assc:-:1olcd c:no dcvelopcd techmc:ues 'Nhich sur;gest hov.' "reu1 t1r:1e" 
accoss to co:-:·.plcx cüla c.nd wforr-:1atwn :.::·LJses cun he cevelopoci. Pollcy
makcrs, \'Jho ncvcr havo c:no~..:(JÍ1 t11~1e or total comprchcr.slon of t::ei; sub
;cct motter 1 r.occ: '.'vhclt2'/Cr fücillly tl:c.t cun be prov1clod co reduce the 
prcssuro '::!ncn uftcn forces li!C:Il to rc;sorl. to over-s1:nplL1C:a~.:.on H< orC:ec 
to rcc.c¡¡ any c:cclSlO:-t u t.,_¡}]. Th,:; CLii.lldutlvc nogat.:ve ,:;ffe::.:t of c:ec1sior.s 
so n:uclc 1s cv1cenL ; ¡~ tiJc c~~1v1ron.-:¡c:-1t 3ll c..re>u.nci us. GuL t;Jc~o is a l.:r.-11: 
to Lh8 t1:-:~:2 ·~2c:s:c~-L-.-.--.u:<crs Cdn c~vo~e ce each 1ssuc. J\n.c t:1e:--2 1s a ~l;--¡-..j_: 

to thc ;)ollC/ fG~~~~~iut ... o~l O.t1c; sLaff L!nu.lys1s thaL 1s poss1ble. Sc1ll, t:1c 

n e e e s s H y f o :- e e e " .3 • o ¡¡ p e r .s 1 ::; L s . 

Dur1n9 ~~e ycur r~c;lC""~Jl ~o11cy-:~~J.~:crs \\':..11 De co~:cerncc: \·V:cfl reporcs, 
ÍJ ... ~dC]CtS :.nc p:~OjCC~.S :~.~e :~aj' LGCCJ.J 3JG llC1C!S 1 u'oout \'ltllC~!. oll pOSSJbl~~ 



.;-lfor:J:.:ltlOr. rnust bG at hanc wclud:ng locat10n and t1ming. Any of these 

:-:.attc;-s may be c.-oppGd or p1ckcd up several nmGs dunng tr.e year. 
Tr.ere are c:ontroli.ing q~alitélt1ve aspccts oÍ changc 10 the envHonment 

lo oc c.1.cdy·zec c~;:ci dec1ced u¡Jon, such as pollut10n, i":ous1ng, parking, 
strcct .-.1C.H1.ten¿¡,r.ce, waste cüsposal 1 congest1on, zonc changes, acc1de!lts, 
crimc, code v10lat10ns, 1ncor.:e levels. Future potentlals oÍ che reg10n 
a.nd 1ts r.e1g:-.bor.~oods necd c:eclslons and correlc:.t10ns w1tn t!:e co:nprehen
Slvc plan, '.v:·nch 1tself reqt.ares conunued upcat1ng. For:-:~ulatlOn of Lscal 
strutcc;1cs and c!eclSJons concermng bonds 1 loans and the flow of cas~~ are 
uncer contlílual -:e'llC'-''· Stat1st1cal data concerr.1ng schools 1 hospitals, 
welfarc, t:-J.ns~ortaLwn 1 etc. 1 are frec;_uently caded for. There u:-e also 
the opéra ~ ... onal p;-oblems of the vanous governnental departme nts. 

Perh.:::ps 1Í the él'h.lysls/commt.:.mcat10n institut10n propos • .:;d can develop 
a proccss :hc.t ;_¡ses some of the technology d1sc~ssecl here, 1mportant 
hel:J can be prov1ced to rr.eet current reg1onal probjems and av01d future 
cnsc::;. l\sscssn:g c:-us technology and thesc systerns to learn theu 
con~rl:)clt!on to t::1o rnar.uging of change tn the envuon;:wnt as appropriate 
is t~e pLrpose :-:.cr·3. Lcarmng what the appropnc:tc u~;e 1s wlll come 
abcu.: or:ly 1f [:-:e sitL:c:.non of ::-:e rc<:;1on 1s well understood and a commu
m t~/ dlcdogue 1s cegur. on the Growth a nd Quali ~Y nf üfe des1red the::-c. 

---
RI?ORT CO:v1Pf<.I:I:I::NSIV:::::JESS DISCI.J\IMI:D 

¡It lS 1:.:;~orL:1nt both to thc lnLCIJTlLY oí the 25 r;r<-lnhic-rcJ¿:¡tccl cfforts 
,- dcscrll;c:,: ;;c:rc.: 1 ~:n(! to thc 1ntcr;nty oÍ Lh1s rcporl 1Lsclf 1 lo cllsc]uJI:1 

corn:-'rC.l2ns1vcncss. Th1s 1S a ;)rcll1~11nury survcy 1 thc rnattcr of 25 
· c~,-,-r-r·'r,-l ~an/· -y·s Of \VOrk U~lL .. d .......... L.l..~ .. 1¡,, ·~ L.C1 , • As su eh 1 1t does r:ot cla1m to ha ve 1de n-
,tlflCc all ca~xil:n.ilt~es 1 to have cxam1ned those 1nclucled here 1n de;Jtr1 1 
1 

1 nor cven is :t clc:nrneé they are reponed on wlth great preciswn 1 desp1te 
\ 1 .1- ¡,_ 1 1 ·tnc carc LhuL nas Do8n <;1vcn. 

Tne 25 c:1~fcrcnc efforts are grou;:;cd for convemence 1 a httle arlJ.i.[rc.nly. 
They are cescnbcd 1n vurywg c:cgrees of c:etall, wn1ch u1 ltself is not 
1ntenc~cd to wmcate hmv thcy urc valuccl. Thc ob)ect1ve 1s to iden~1fy 
ce;-taHl anaiysls/synti~csls/co:-;¡¡;¡umcauon tools anci thc1r potcr.t1ul for 
re')lOr:¿: l ~::_::::::::;len-·:~-.::; k. nc:;. 1 ',·:r· ,'.'Ju rc-soflwa re s ys te m s th.J. t for co::i :)le t. e 
unders~unc:n.c:.; roc;c.ll':C ce rn;)]CLc rc;)orls in therr:selvcs ¿¡re "covcrcc:" 1n a 
fe\v pé1fCl,_JlU:JLS, ~:~1c! ti1cn '·co;-¡J:;uruc1··! (f3y con~rus:, I\'Sr 1s unc!crco.::1n~: 

~n e:-:[cr.::;Ivo 2-3 ycur réVlC'-'' J..-Jci co~'.panson oi ~he TICCIT anc ?LcYl'O 
sy.s~e:.1s .:.llor.e. 

n,...').,• .. r..-...~ ;--J""''r-.•·¡ 1 l'•'of'',..-.-•,.,,--¡•..,c:: -, ~'lf',¡ ,r,,;l,..l,.. ......... , .. h ......... ,....~ .. ·· í"f---....-1.-. -. , ~ ,.... 1 
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o 
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.:;.vC.ll;:l:Jlc ar.d evolvHlg. Ti;1s report vvas unc:e;tüken from the perspectiva 
of :he reg1cnal pohcy-r;¡a:.Cer, nót the tec~1nician. It 1s written for _pólicy-

' mukcrs to help orient them to new tools for thcu work o The nsk in sucb 
an attcmpt lS the oppor"tumty for ffilSinterpretatlon. From the detall in 
w,tuch cach partlcular e1fort reportcd on here is known at its source, 
th1s :-:1u.y ha vé varywg de-grees of 1m-porta nce o ·Indulgence in the fonn 
of wntten cntH{UC is 1nv1tec! te correct inacivertent waccuraóes or 
ov~rs1ghts o Cons1der this copy as one for colleague review, not possible 
b~~orc vv1t:1J.n the scope of thé work as·undertaken. 

':!.'o p.-ovide access to all resources referred to, addrcsses anci phone numbers 

:1ave ~cen given. 
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?J.:.c~onu.l .. 12ronautics and Space Admnustration 
"~'l~sr.l•~~,,ot>. 1 :J. c. 20546 
(2~on t:. ;~afl:a, Ch1ei, Skylab PrograE1 ?lanning and Cont;o1) 
(202-755-3144) 
(Jor~n Arslu.man, TV and Visuul Display Manager, Operations Center Branch) 
'2 ("\ '1 _O 0 r) _ h 1 '1 7) 
\, \..1 u .;) Ü ....... V .Jo...J 

Cc;tc:in munugcmcnt, momtonng and mission-conLroJ opcrutions of Nl\SA 
prov1dc r-cacly u.ccess to volu;-nes of data ar.d 1nfor.nat10n for assembled 
worklng groups of people. I'<"JISA's mear.s of handling opcrut1ons for 
thac was exar.nned for whac lt rn1ght have to teach concermng "real tiíne" 
access to volt.~:-:1es of 1nformat1on for rec;1onal pohcy-maklnc;. Two 
Manasc:~,cnt Ir.for:-,:ation Centers in 1\JASi\'s Washington headqLoaners 
v;ere v1s:te:d: SKYL~B and SPACE SHUTTLE, and, 1n acd¡',lon, the Godciard 
S pace ? .:lijht Center 1 Comblned MiSSlOn and r:etwork Opero.tlOOS Cer.ter 1 

( in Marylancl. (DOD "war roo:-ns" prov1de graph1c ana computer ass1stecl 
¡ cllspla;' 1 hu'.: L1csc are clusslfJCd secunty opcru.tions. It 1s assumed that 
\\tnc I'L\Si\ fi1Cl1l~lCS uL Goodard u.r,cll-Jouston rcseml.Jlc cciLLHn u.s;)ecls oí 

DOD ~nsLu.lL:.tuons anu :1avc av¿uJablc to tnem r.1Uch of che samc tcchno
\ log1cul ;~nowlcclgE.) 

Th..s s¡;-;-,;:¡ler of the: twu Lypes oí NASA ÍacÜltles are t~e Manag8ment Ir,for
mc.tlon Ccm12cs. ?err.c:ps ~r.eií SJnCJular chaructensL.lCS ::He rel:ancc otJ. 

r OVCrheao prO) ector 0fo;JhlCS 1 ar.d h1gh flcJellty 4 -WHC cledlCLl ted t Olephone 
llnes 1merconr.s-cunc; cemcrs 1n dl:':ferent locat10ns of L1e country. Fldo-

\..__ü~y JS sa1ci lo con'.:rllJute sigmflcantly w vo1ce rccogn1t10n and euse of 
exchd ngc bc~wccn 1nd1victuuls assc:--nblcd 1n gmups 1n ~\NO or mom centers. 
llcforc Lile con.i.-crc.~cc cull codccl ovcrhcacl prOJC'Ctor s l1clcs <:re dollvcn~d 
to c~1ci~ cc:JLcr w:.J(;;¡ 1s cc;Luppoci v.¡th two overheud prGJCCL1rs 1 s~H~O 

, proJCCL.ors a nc: .novw pro;cctors. In add~~JOn, oock 110 htec! 4' x 6' tra ns
\' L.1ccr.L. plex1glass r.1anagcment charts on sl.~.c:..ng trucks llne or1e wall. 

:'he Sp::!CC S:t..¡ttle l\Ianagement Infonnatwn Ce:-.ter lS 20' oy 25' 1 carpetedl 
w1th a 12' tuslc seat1ng 23 people; the maxJ.nn.:.r.l recommendcd roor.1 ca)a
Clcy 1s 3 S. !3esH_ies the eqUl pmcnt rc:;ferred to aoove 1 thcre 1s a standard 
.speaker phone for back-up, anda Mugmfux transn~ltter/recorder .!.S avall
alJlc ior io.cs1:ru:e tra,;smlss.:.on. ('í'he new mocel can transm1t or rece1ve 
éH ti:e rate of on2 8 l/2 x ll" sheet of copy lrl 3-4 ml!1utes.) 

?\i.D...S/'-. has es tL1 :11:s he el simp:c convent10ns for color, le<;_rloilH~', helc;h t-to
vnc:L:: rutJo, s; .~.!Jols 1 ar:d coc:wg of lts gra:; .. 1cs. It has SLundc.rL.l ro".JtE12S 
íor calllílg cc:·:·2r2nces ar:c..; runr.1ng ~hern, b~c:-:2c by t;,e klnc..; of s~o.fÍ o.r.d 

e u lar. 

o 

o 

o 



o 

o 

o 

r¡ 

~ 1 

:olct-O'u'i. c~[O\vlng a~tu.c11e:c~ sf~cv;s the Goc..0atd Cer~ter. 1~ :s G c~l~: . .~.J' 

t;.rGo-s~o;.::;y roo:~, vntn 3\ co;-:1puter u.sslsL.ec mo:-u~ors <Jncl large gra;¡n.:.c 

\'.'2.11 olsp1~:ys, sor:~c rcar projectcci cilsp~.Jy1ng d1g1t1zed lrrior:-r.atlon, a na 

\'.'_~-~ u~o C.J¡Ju0l~ltj for sLdcs, mOVlCS ar.cl llVG tE.lGVlSlOn. The i~GCG for 

~r.~:._, ~.~::;:J~'-:.y on o:~c w~~-' ~.:. ~o provide a ~1ow of 1:-'1for.nauor. thut i.s u.vull
c.Gk e:.;_ o;¡c L1.~1e ¡or .Jll t:--.e comrollers, r.~anagers anJ cüre:cto:-s u.sscmol_c~ 

~ :-. .::~e :oom, r..cr.Ho:-1ng a el 1'!;\S."'. ;:o n-me. :-:nec s pace fL<;;:-:ts si~n ulc¿¡neous :~,. 
·~·.:8 .;,.-:u1v1duul ósplay tc::rmwa1s, each separc.tc;ly r.télrwc;ci, prov1C:8 acce.;s 
~o s;.:;ocl.._.l¡zec a:-e.:ts of wfor:r.auo:'. as c¿._:_lea ror. :J)oKi;-¡g dovJr1 l:1l.o trus 
roo.~: ~r0;-:1 glass-waüed roo:::s irom the sc::.me persp2ccve as the drawLJ.<;, 

a;e >JAS/, ;::>roJee~ á1;-ec~ors anc upper mu..-.c.ge;Tlent peo;:¡le. 

~3eíu0.d Li-:e lorlg d1s~lay v~,.'éJ.ll 1.3 c .. n area :or rcar ;:,:ojection. equipmen.L t:1c..~ 

.::.c.c.ns LiS ~a.n;c .:,s a the<J.Lor sca.gco T;--,c ._)CJ.sc;-;--,ent 2cvel 1s Jl:"¡eG v;c;.ll-LO-

v;c,:: \\', ~ .. co;11¡:J,~ccr cqc.lp~.-,ont for the d1~pla.y terr..1r1a.ls upsto.1rs. Tr.e 

.~ss~c ce): ~ . .:;~Ju;;r JS IG~J~·s :ursG.:;t, thc 36ú/95. The b¿ck-up corr,putors ara 
¿.;-~ :;::,r;i .... 0G/7S ¿.¡¡o. C::.iJ. ::_):,;: 3oJ/6So 

Ch.:.-.:·uctr 11stics ~:-S ~~:--.~f~cc.:--.c>::! - Gr2o~ ... ccr.nolc;..:..cé . ..~. c:c:.:=taclt...~.¿s VJ~~~e 

c1evclopcci to s u~.J{JOJ.~~ t11c s::..:Jcc proQr.:l1-;-l - ccrLüJ.n~J' ol~1e Oj- ~rlc ~f~·~-:.:c. t s L1C=-:t:.ss 

stc.~1cs 1r~ :..he :11sto:y oi írlu.n. 

;.-:,~..!i.C! to :~1u.a's l1ie Ol'~ [lJ<Tl 1? 
Sur vv~!C:t c:..n tn~s spu.ce tcc~~l-:.ol~.;oy conLrJ.

Survcü~u.:-.ce of tnc eo.nh by sac2lllte -
.;e.-,oré:í.::l•19 ln~on;¡,.J.tlon of cvcr ltJ.C:-2aSli-,g oeta.1l, o.ccu.-c::.cy c.r:et H:l;Jorcu;-.ce

~ ~s 0:10 c;xar:1plc; ¡:¡¡a e cu.-. oe casi~y unécr.:;tood o Nl\SJ\ hus oroc¡rams te 

:ac1:1to.tc· SliC:1 tcchllo]ulJ'/ u-z..r;.s[e¡, Pc::r~-.cJpS sorne aspec¡_s oi t:ie rr.ana~.;::;

That 1s ~N:JL. L \ J,iC:iiL o¡ N.",S;\ hu.vo of ;_[lCr~~sclve:,~ i1 conLnbut1on to ;n2k2 o 

L •. lS Su[\'CY jookeci l:'.tO. Tbcrc c:o ~;ecr.1 to be lí.1portant Sln1ll-::1;'ltl8S octwec.-. 

l~~\J~i' 1ün1 1 .s su e ces ses \ver o (u í .. ci c.. re) , ""l\i\.::~p~ 1 s m1s s1 o r. .:.~; o y o:-e1c.: oi rn u~- :1-
r . ......¡ .-- '~ ? ) "' . )"'" <- - -, .... , 1 ....., r-..;'· -- • ... • • ' -... Uut....:\~. SJ.ffi~lC .. L!.~an .,.u.1u~J. ... g Lnt....: co:1serva.L10n <:.nc C1eve.:.o~-:.:~cn: cr ~\:~~~:..ons~ 

;:..J./\S/\ 1s e,, one a0er;.cy pro\):-G!:t. ?0ASJ~ prograrns d¿;a.l \Vltr. a iu~ed r.'L.!rr:bc:- of 
c.¡u.:::.:n;_lfiaolc vc:r-~able.s. ?\.i:...SA' s cor:f~1ct or trsspass ove:r tern;:or1c.l .:-1g1-";~s 

lS es.:-c;noally cnv1al (althol:c:;,¡ trac~:HiCJ staé1ons worléw:c:e are- vl:uJ). '·-)--SA's 
m1ss;..0n ~S dls¡:_;.cc :':roí.i, c.nd c:2arly noi cor.,petJLJVC: \vEh, o~ncr on-c:;o::-.g 
c~x;:-c;t~or:s. NASA's ;-;tlSSJon V.'U.S la,;nc.'!c;ci v11th tcp nat1onc.l pnonty co "lx;,:[ 

c:12 :~us.s:_zJ.:l.S
11

• ;;;\Sr\ \V3S vvoll :u.rlC:.c:c: L..nder prograrns :.:1a~ v;e:-e r..eccs~-~:--:~y 

cv~1::-~i ... ~~c.~,. LC a lons L8~r11 :Jeio;o c¡c:1:.ev.:.í10 u.lL1;~c:t2 rcsLlLs (0 to ~O ?83~~). 

•-r'--.- ,._-. 
..1. 1 ......... ~ 1... 

_-.;. /-
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p:o:;Jerty ri<;hts. Regional ;=lOlicy-;;¡aklng is related to on.-go1r1g :t)Olicy .::.s 
il ~:.J al:eady bcn:1~ made 1n the region; the business oí rr.ek .. :·lg pohcy for 
an c::tire region IS clearly not d1stinct frcm nor free of confusion with 
e:-: __ s;:. :-:g 1nst1tL.:tlOns. Gowg through the above, 1t IS easy to see why 
~1-• .::::s is no nat10nal 1 state or local conser.sus on regional pnontl8s for 
policy-maklng. Regwnal !JOlicy-mabng IS not well funded. There lS no 
lcn.;-te::-n commltment to 1t. 

Mcl:..:ing policy for regwns IS not exactly h:..:e making dec1sions in YJ/J.SA, out 
a· .. leo.st t;¡ere 1s a s1milanty to be found 1n the need to k:-~ow - a lot -
accuratcly and qUlckly. NASA must have at its d1sposal the capac::.ty to 
s::ore a::ó retneve 1 analyze ulid sy:-,thesize, vast ejuantit:cs of elata anci 
wfo:-.7tütion 1n arder ro manage 1ts space m1ssion. That has to be "real 
ti:nc" wforr:-:at10n for momtoring and management pi.lfposes w the CpewtlO:'"lS 
Ccíl~:ol Centers. Avallablllty and accuracy are essennal. The ¡nforma
uo;¡ nas to be cred1ble and 1t nas to be comprehenslble. V.flth it all, NAS.~ 
hc.s .-ccogruzed and uullzed ways to cils;=>lay 1nforrnat10r. that 1s vital to th0 
wcrk 1n both its Management Informatwn Ccntcl-s and its Operat10ns Comrol 

H.cg ional pohcy-making 1 too 1 requires access to vast quamitles of clatu 1 

i:-:i"ormat1or. 1 analys1s and synthesis wh1ch is credóle - and compr.;::r:ens1ble. 
T.-.Js IS r.ot needec by pohcy-!naker::: ir. "re:::.l tlme" for t~c purpose of 
actuc::lly ¡;,c.:¡;aging r2g1cr.al programs. The "real rime" nar:wr8 oí the infor
r:.G. non nceded is cue to the cons rrawts on the t1me oÍ the policy-mal<er 1 

a;;d those w1th whom he interacts w pol1cy f oiT.l.ulation und maklr.g decis10ns. 
The complex nature of a regwn and lts many variables <J.nd their inter
re;lc.twns h~ps would be bcttcr undcrs toocl, i~ would seem 1 lf thcy cculd be 
ar:()ly¿:ed, synthes1zcd 1 d1splüycd ünci undcrstood ln ~lnuntlClpatecl combl
nc..rwns 1 qu::c~ly. The regional sllu()tlon room 1tself i.1C1:1g cons1dered nere, 
thcre:;forc 1 is "operat1onal"- "rec;.l. tlme". 

'lhe 1:2c:-:nology developed for the Depurtr::cn~. of Defcnsc and NAS.l\ policy 
íomn.tlu.~1on ar:.d decis10n-mabng would see:n· te off.:c:r tücls to f:elp r,1anagc 
cr.ant;e 1n :-egwns tna¡ hüs not yct bee11 thought throc.gh and tcsted - espe
ciu.lly wíth conccrn for graphics·- and witn 1mpllc1t rccogrutior~ of tne actual 
quallty of data a nd complcxuy wvol •1ed. 
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o 

o 
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':he Off1co of Emerge;¡cy Preparedness 
!:xocut1vc Ofüce BU1ld1ng 
\V.::.sr.:n0:or", D. C. 20504 
(.'-: ... e-ay ~' .. uoff- 202·-395-5143) 

;'l~.e Oif1ce of Emergency Prepareéness (02P) has evolvcd EMISA:U, a.n 
Hl.:erac[lvc program ior confernng wnh lts U. S. regJ.onal offlces 1 and 

i vVa.shwg:on headquart2rs 1 Vla terrmnal keytoa.rds thélt pnnt :1a.:-ci copy é..t 

\..._ thc r0.tc of 30 characters per second. The value of t~is r;;et::od of calh.1g 
cor-,Ícrer,ces has prove11 1tselí s~nce Phase I of the Admlmstr._::tlcn's pncc 

cor.t.:ol p.:-ogram. A chart cf :S::V'iiSARI' s e:=hc:.er~cy claims thc.:t 10-20 pGO!"J:e 
at .3épu ... -c..LC:! tcrlT,lnals - ever1 ]Í 1~ the ScJ.:7l8 ~Juild1n9 1 ~i.t:ch l~~ss t:1e dlf~J..

cu:ty and expe:1se of conver..1ng them fro:-n across tbe cou.ntry - a,-e :-nore 
eiflc¡er:.¡: th0n all 10-20 assembled for a typical confercnce w or.e roor.L 

Computer ~asea group commun1cab.on permiLs sEnu.ltaneous "talklng" 
(typlDQ; and "üs temng" (readwg) as corüerees choose. l-.ll .:-er,w;ks, 
adcl:..'.:1o:1s 1 corrGctwns, etc. are stored by tbe compmer and made avail
abk in i1ard copy form as ne-:;deó. 

C2:? uses a u:,:rvP.C 1108 an.d h0s evolveci 1ts r::rvliS.Z\íG prograrr. r.eecs ovcr 
t1rn8 w; .. h its users 1n the fonn o: u. management system lnto whJcn cr.t~~cs 
can ;:;e n:acie at any tli:<e. 1\ny,·me uSJng a connec~ed tc:-,::::.nal cc.n :...:pé::tc 

-- r.::-.1self on 1nfor;;,u.t10n separaLely storeci 1n "areas'' wfo;T::D.l!y 1abeké 

....... 

oulletl ,-, ooarc, no u ces 1 pollcy 1 act1v1t1es 1 news (clipp1ngs) 1 pu:Ollc 
:::--.fon1:ac.wn, specJ.al people üle 1 tables, explanat1on, estimal.es, r..ess.:::gGS 1 

~e;Lwr.s" ;~ü',N .. cJrd scarcncs for L.h.i.s 11.fc¡-;naüon ca;1 oe madc us1ng comp .. ltcr 

Ch.Jrucic'n~.LJc:; of ~;;qn_1f1c~.ncn- Tilc UNIV!.C Jl()(j C~ín l:L1nc:lc t .. p LCJ l](l 

such tc: .. :u:uls v1a normul Lclcphone hncs wltn ;:~i'.11Shl\I. The t:.sc.:r':3 11·.

strL:.ctw::--. "rnD.nuo..l" consists of two d::..agram;¡1at1C pagcs of computcr 
co:nmc..nds. It 1s qmckly :nastered und pollcy-lcvel persons ünd them
selvcs ;,yp:cng u.t temunals. 

:\ bas1c ;JOlnL made oy :V1ucruy Turoff 1 who explélincc this r:1u. r.a<;:¡e:·nent sys ~e m 

, ~o :-nc; J scer:1s 2Sp€ClUlly pertJ ner ... t to t!"'lis ;.nvest1c;s.t1.on: tl-'JG systcrr~ 2volvca 
~ Lnc,•:: .. ,: CÍl:CCt.lon of thG use;s themselves. It wasn ':a r.iaLcer oí a y.=..ar' s 

CG2dy \,iu~e a consdtan.t V<'ent ofi ano developE.cí ü:.e spec::.al hcr8.v;are/ 

so~L\\~c..:-o co:~~~Jlt10t1on needc:;d. ~,ii.~t v .. os scon ~1.s coo checr.:::lc...::.l/ !~oc ·.J~iy 

bccu.us,::; L:a:-,_r,<; 3 year oíf before c:--.1;:::.1oyií:~-; Llns 1:2v1 capClcl·cy fo:- ?hc.sc l 

\VOS not. ~Joss18le, but becuc.se jotr: ~ne spec1ul r1eeds anO 11 CO~~IorTu)lcr:essll 

o:· c¿c~1 Jscr :-.eecicc: to oc cs::.:.'::l:lsr'.cc. ;x;fow L:.c:;e '::J.s a sysL8r.l thac \'.·ow2ci 
\NO[~ U:~.C bo LSCC .. 
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!' :(\ 1\US - :Na.~.;.o1.al :Vhlnu.r¡ Cor..mand Syste;n Informatlcn ?roccss:..ng Syste:n 

\S 

:c:o~ North :<.:ent Street 
•2.:-~:r . .;-;-;:on, V1rgir..1a 22209 
~-.:.nn ~- G2:r1 Manac;or 1 NIPS pro)ects - 703-524-7063) 

?;:;cie:a~ Syste:ns D1vls1on 
..:..:;:oo Frcc:onck P1ke 
Gu it hers bu:g 1 !v:a.r¡ ~éi:-:ci 2 O 7 6 O 
( ... ,riO:d E. Sadger 1 Market:.;.ng Represer.ta t1ve - 30 l-840: 75 20) 

x:_?S :s a :or:natted fEH.g system ;::¡;:-ogram cievelcpcd in :9é8 for L;-¡G Defer.se 
'Co¡,:c-,umcc.: -lons Ac;e ncy and or.ly recently decla sslueC::. It is ü n e: e va r.cec 
cc.~._c. í::éinC.s2:-:1en: s:;ster.1 that works with IBM Sys~eíí1 /350 compute:s and 
:.e, cor:-,pa :_:._::-le w1~r. 1 r.e lJYL l~ lO Forma ttec .?ile Syswrr, t;¡ac preceded 1~. 
:,~~.?S (or :\~?S 360/FFS) prov1des the ablllty to st.ructure files 1 genera¡:e 

,(c.nd Ji~ü::._n-~c..._n flles 1 re-cneve 1nfor:-nat1on 1 ar.d output thu.·: 1ciormat1on irl 
l:~1.11ple or complex arw.ys. Our wterest here is in t.1e ca )abi:ity for 
~~r~tc;:unr.(; f¡.ies Dy geographic cooro.inaces ar.d graph1c ~.patwl display 
cf that 1r,fonnat10n after wnat IBM refers toas "exhausti ;e dic::.gnos.::..cs." 

()uo:-1n0 f.r('~ the I\ie..tic~e.l ~.~ili~a~/ Cc:-'.-,.~c.~~.d S~i~~Gm S:lppvrt Cer.ll.e('S 
,---.0.11""t""' -::.,st-c,..,... :,r:~~ •. ., 1 CS"1 ,--..r, 1 ::;" ,-,--. - - ' lC'7' (";"•11-o-::: "~0/ ..... .t ..,::::) '--"' .. ~¡"'"-"''"t...:"' u 1 \,. .~,,¡ ~~..~.c...I!.....,(A..l.¡ .LV \,_:¡J.....,I J.vn- 1)0 1 l. J.....i.lY ::; l •"' ... L. • .JO .fu 

Secuo:1 B, Ge:1er2l uescript10n 1 ¡_)age 29: 

NIPS c:xen-1pllfws thc heavy-duty üle processor 
\\'::~eh hCJs bC:l:CI~ U1e mainstay of tlw De:x1rtmc::t of 
Dc_•;,.,1:::e co:1n;J.nc ..:.trh• ;::;'-¡;;Uol und lntc;Jll~JC:1..:::c c!aL..:.t 
:--~~_:.:(!~lng. 1n 1Ls currcnc vcrs1on, L!~1s systc1n lncor
~:Jo:·---:-~es u co¡;¡proílor,slve on-llne cupuj; l1~y wruch iLr~iJ.:=;r 

e:::1hances 1ts c.c.aptal:nhty to tociu.y'.; processwg rec::.nre
ments. The evolutwnary approach connnues to be tr.e 
foLnciatwn of the syswm's dcvelop;-;tent. 'i'he vu.hóty 
of Uus c..pproach lS 1ncrc;as1r:.gly apparent as the í,u:nbcr 
of users a:1d appl.:cat10:13 increc:ses. Fc1 c.ppliccElon 
areu.s vnth hJgh-volurne ano large ülc-;;rocessHlg 
reqL:lrc.:::-::c:nls, 1'JIPS prov:c:es a conv8ment, cffic1enL:, 
and flex1ble :nethod of solving the C:ata hanchng ;>ro~Jcr.~s 
1n tne t:¡,;_rci g8nerat,;_on hardware a.-:d sorL:ware env1ro.-::r.enL:. 

~IPS 1s the lu.n;cst, bes[ cstabllshed ¿¡;--,d stu.f::ed datLJ. m¿¡r,o.gerncnt syslcrr:. 

Ccns'..ls ~~C22L! 1 S DI:'v:L g~o-cod1n~ lfLIOrrLU:l0:1 sysLC:-:"'t, :n cor:t;¿~sl, is 3 

.:-c·lU. ... lv~.....ly r~:;cenL cn.try z:..r .. a nL:.s not > .. J.d C·12 s~c...::·i1r10 'Jr C .. c-:)ug~lr .. r:J r:.2cccc 
~Ü 7""':-::::.tf,:-lc', ) l\i ..--..':) ..-., ... ':'.r'O:"i"" ~1'1'1""'""~ (--.,tln...,o:1r,-.,7~ ~r1r::::.r("'•"':\ cf'\1"""'Y"\..-..,t~¡t-·rr_ 15 r,"\-l rt. ..... _ ........ l..~ .... , ... l• ........ ~.J~l--..1\:,.;l!l ...... e,..._/\,.', ... _, ... t. .. ..__. __ ......... - ... ::J ....................... v., ..r.. .. ._.. 

\Vfltir.g ~IPS lnto the cor-rpt!ter lc.ngu3.<;C c.oso~. It ':J:ll !JG ~CJ.df ln ÍOL!!"' 

o 

o 

o 
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years. Undo~.btc:.dly 1 in keeping vvith DOD policy to du.~e 1 th1s v,;ill aga1r. 
be: ar. evolJt.:onary 2cvancemeílt éJ.r1C. \'illl be compa;:wle wnh the totally 
¡:cv: IG~'i: compucer lhi8 that, 1t 1s sa1d 1 w1ll be mu.rketed beg:nning 1n 1976. 

1 
1 N:es \·:u.s ccsigned for tne large fllG capacity r:eeds oí DOD 1 co be able to 

/ cc.ll -..:;:_:¡ .::..:e cilsplay 1n.format10n cooed on a geographic busis ::or any glve;-: 
: é.,r;:;~. ::...-::.:-.e: world. Recorcis oÍ 100-150 1 000 and more are handled. le car, 
\ ... e:-:; ;e~'·-~:' muí:.:..pu.la~c 20 1 000

1 
and wlth 5 1 000 records lts per:om,ance 1s 

1 

L.d..l ~5 ~C..;1L... .... :-.g. 

J.2ce~~~ly, ~¡~e 0e)c:.rtment of 'Ilrünspc~~c.c:.o~'s Oii1ce o~ SysLor:-~s ;J.:-:c.:l:;3l.S & 
:r.::or:-:1Ll'Cc0f¡ :-,as exc.rmned ar.ci lE.StC:d NIPS ror c.ppl:i.cat.ion to li:S trG.r.s;¡crt~

·~.J,..):. ;)lé.in.Dng neods e BoSlC pubhcatwns l~ nas generated i;, dus process 
~;J.Clud8: 

Ir:qu1r1C!S concerning NIPS C1v1l1an applJ.CG.tlor:s r;11g.1r -oe:st 1Jc rc;icrrc:!cl ~o r::1c 
(c;~;::,"-n:~a.;-;. of ¡:;¡e; Fonr,c.Lted Flle Sy·stcm ':rFS), Co;-;:;¡¡ercial Users GroLp: 

/ j~o:-1:-! :3r~~~~~ \"/c:tc~:--: Elcctrlc, P. O. 3o:x 2004h. Greens~oro, I.Jor~:-1 CüLOllr.6., 

\.. 
27L:07- Jl9-GS7-3370. 

C~:e:-ac~c;rst"ics of SFrmflcunce- One doesn't have lo ' - . rc~a r~r 1nto the 
~uDjec:. of geo-cocl'l'; ocfore qucsuor.s ace cncour!i:ered 1 st.:ch as "Should 
:..he:rc be one super-system or should lntcrchar:geaolllty be~\vee:1 a large 
L\:;l¡:,r r ,¡f ¡-,.¡¡J<J:i:ll (J(:n-c:)(lJnq ~:y::.tcin::: be cic:velor)c·c?", "vVr.~n G<:ítu 
:,í¡C,tl~!l :. · ('l)l!~·,. Lt.(! ~liPl ,ti v;l~~~~ 'l('(>~li·l¡)!¡¡c_, :.~...:dlt··.~~~: "ii,>VJ J:.J ~;u1f1CJ.Cr~L 

(:LJLJ1:..- ... L.~Cy ~lC~llCV~!C ;_¡:¡d ~()! V\.1 [1llL U~C[ .~ ';J 
11

• 

:i'\1:-'S p.-o:)o.bly offers Lhe rnost pcrfcclcc bC1s1s to c.:u::c of geo-cochn'] 1 

stonnC) ;:,nc rwmpulaun<; du.tu ior the ;)urpose:s o;, rec}lon<::l po1:cy-m<:.:~:..ng. 
Duce. for spcc;.Lc geoc;;raph:;.c .:;.rcas car. be searct-.ed accorcw.g to che 
c:1ar2cLc¡-.cst1cs o.l: a g:von probler:1. 0:-, accorci1r,.;:; L:O crnerlél, geographlc 
ar2as c:¿L;-,e;:; ced. The O'.ltput can 8e en~er a.lpba-nur..enc oí graphic 
d:..s)lc:.¡. 
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VANCO~JV.LR, B. C. - Regionol Simulat10n Study 

.-\esou.-c,~ Sc1ence Cer.ter 
Tr.c U:--.1vcc.s1ty of B.:-1t1sh Columb1a 
Va ncodver 8 1 Ca nada 
(:=:ojcr~ l-'. Kelly, Pro¡ec~ Coordlr.ator- Gll Evans- 604-22<3-3131) 

T--.-,T~'---~c•-"'''O""l'Do 1 lr''/c:·~ l~hon or-¡T'JC: ir--·,,•oro¡ect ..__¡~ .i,.._.,-J.,.J:,.l~,..U._ 1'U 1. J..._ LJ..I.liLL... .. (._,.., .... ~...r~..;¡_..,L..L_.r~~J_: 

~ ----------------~-------- .- . 
02...~ .. ._,~~~ ... ~_r±t.7rTu .l. ' J l u V .... %~~t, ........ c:G t:..! t C! ... l_j uVG'T7'¡t~fr"-:::- nt-t;_ ~~~ 

Li'IW.L.:.'~-·~v of R:J.~iSí' Cnl.·,.-.-,;:na._li_.?S-:..:::.._;: _;-:·;c-;r·"'ar P'O_j_CCC begun 1n 
Jc~nc lj7Ci ·:~;._t-n ¡-h.-:> Z'"'Sl'~i¡:¡orr- c.f ~, Si.!lü._.OOQ c~wnt Ero:-n 1!1~ Ford 

Fo.Jri_lii:;oc· (De]Jc::•;eci to bro lc:ss than half the total cr;;st -=;-;;::;.L 

llPS' n:)¡cct 1s to gct pco~lE:; worklng together to bmid ü modcl of the 
Gre.:.te:r Vancouver .Keg10;1 usir.g mathematics 1 log1cai concepts 1 the 
Um·;c:::sity's IBM 360/67 computer anda project-purchased $~7 1000 
ar~t:' .• c>g computcr. (T~:c üne.lo0 computer ullows re.searc:1ers ro 
S l. ~..:l:~~e a ¡:otal envlron;-;-,cr.~ una tne d1g1tal computcr co nc.:n.clle che 

1~:-.e Lrst :hree ¡ea.rs vvor;..: :-:as been étn ana.lysis of t~uo- rt:-JlOI"! 1 

cicv;:;:oplng che overall ocogr,::¡:n, and 1ts cen submodels 1 i:lnd che 
g¿:¡c;¡onng ar.d coci1ng of clc::c:a. The fourth a:~ci flfth year v11ll be s;:¡em 
1n tesLnc_:; and reürung the.se mode1s. "By 1975 1t is i·.or;,~d a worklng 
:-:.ccel v·nll be availaole for people to test the poss1jle consequences 
o: c.ltcrnace pollcw.s '.'.hlch would aHect the futurc oí the Var~couver 
~ . .-oa." Thoush stuf:cd !-Xedonunately by umvers1ty rese;o.trchers and 
stllc!cn~s 1 and coordl;'"loJt..:'c w1lh governmencal agency stu.tf 1 1t has 
be.::.:-. ~T;.e hope of II?S fro:"':1 thc outset to provJde a "1ucu:-es" testHlg 
v.:..i-;.cle for c1t1zens 1 poál:lClans a:1d c1vll servants ull~e. 

I~?.3 1s intended asan early warr.ing syste~n fGr the region.- It 1s 
1r:~-i::nded as a way lo ra1se alcernative cho1ces ar.d ;:est for che1r 
consequences. Ba.slcully 1 IIPS 1s a soph1sticatec way ce learn how 
to c.sk better c:ues ts;:-.~~ c:Y:)ut che wor:~u;g 01 t;le vc::st co:-r~pl8~·:l'..y of 
1 n tcrf81.a t1on:;,~-:r:;--s--;. n-a-r~ t~ropo1-rt-aP.-t=8-g.l..O.t'l o 1 o r~--~ ~:.__ 1.1~1r.)n pe o pie. 

It 1s r.ot an auto:nanc ceclSlon-mc.ker. 
,.--- . -·- --- --- ~ -- - ------ . -- - ·--- ----·---' 

"To opcrutc the IIPS modell one m1ght s1t uta kcy~oc.rc und type 1n 
onc' s quesL1ons 1 1deus ancl pet f)Ohcws. The cor.seqLJcnccs 1n the 
Slí.wlatcc v.:or:c: Gf the modcl wo:.dd be SGO\vn or. a screcn 1n the ::or.-:1 
of chc.rcs, ~:-~:::·~sor ;Jnr:[(:.d \',oras. Co:-;-;;mter :cnnH':als C:l'C p!a:-.ned 
c.t severul po.:~LS ::-. ::1e regwn .•• ~IPS screr.g:;~ vJ:ll oc 1n n~low1r.g 

o 

o 

o 
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)COplc to previevv the pos sible outcome if their pe t theories we re 
1r.~;)lc:~wmc:d. Its llmlts are that lt wlll r.ot answer questwns in de
t.:nl ••. IlPS wlll not assume a real plunning funct10n; people in the 
rCCJlOn wlll Jo Lhc pl.::~nning 1 using IIPS to help undcrstand the com
plexit~cs of Lhe whole regwn." · 

IIPS has cievelcped ten submodels that all react with each othec :o 
s1mulatc the functiomng of the reg1cn. The tocal mo(2el is e complex 
S1mphf;,ct10n. Ic ~s not reahty. It is too sir.1ple for r .1at. But lt l..§_ 
co:-.1ple;~, although wtended to be sirnphfled enough [1) be uncier
s~anduole (by exam1natwn) and capable of nandllr.g available data. 

Submodcls of t~e IIPS are: 

;-population and demography 
¡ 
\ economics 

\ 
1 

tra :-~s porta t.ion 
hea lth sy s te m.:; 

\ 

pollutwn 
human ecology 
land clas s1üca tion 

1 

/ data maoagemem 
VP.Sourées and public serv1ces 

The s ubmodels are linked by the flow of 1nforr.1a tion Ícom one to 
another. - "By mabng certain that each of the submodels provides the 
1n:or:naüon r.eeded iJy the other submocel$ 1 we are ensurod that the 
Jr.formatlOn flows w1ll be complete and will closely imitate the real 

. ílows 1n the Vancouver Region." 

Char¿::cterist1cs of SH1nificu.nce- The following is another quote from 
the fl;s t of the four pa pers referred to a t the e nd. 

'-

"The Vancouver Reqwnal Simulation Study is a bundle of paradoxes. 
H seems like an eherc1sé 1n nymbers to produce a model - and yet 
it is not. It seems des1gncd u.s a service~to the bureaucrat and 
techmciu.r. - and yet lt is not. It seems to assume that the quantlfi
able vana.ble is by deflmt10n the important one - buc in fact it does 
not. Rather 1 lts central purpose 1s to provide an envuonmem for 
the institut10ns ur.d Cltlzens of the Vancouver regio-n w develop a 
dlalClJue about the alL:.::rnütc: futures open to the regicn. 

:Cffcc'-lV.J dwlol]Ue, howevcr, can only be clevdopcd 1f there 1s a 
cornrilcm grour.a of substancc c~-.ac cc.n trigger and íocus Lhc dialogue. 
\Ve n.::.ve 1 rhcre:rxc, óeslg!lcc:. a progr·u.rr.me in which rne hrsc sceps 
we.<c 1u:--:;c~y ~cchr-:~cal- bJ.cically ~o c:le,;elop a slmt.llettlon mos:Lel ·:->I 

r---
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r.~a•~/o:.vl:-O.l:Y¡Cntal :r.~érc.clwn 1n the urban regwnal scttwg of the 
Low.::.: :v:c.1::land of Br¡t1sh Columb1a. By wLer-relatwg as muchas 
is ~c:owr. o: che econor;UC 1 socwl 1 phys1cal and envlroilmental pro
ces:..cs 1:-: ene reg1on W1tr:1:1 a mcx:iel 1 Wll::-1 the unkr.own and the 
qualL1ta:1v2 outs1de the model 1 it wa~ ho!)ed ::1at regionaLr.:;roblems 
COü.lG .JO more exollc1:lv 1dent1fléd and :::Jlaccé 1r. an ObjeCtive 

------~-----_---""--- ----~------_ -- -- -----·- - -----·------ -- ' . 
e r~~:Jc-L::c.nL.::or-cor;¡:~:u.nuy c.1s_cu.s..s 10n. In th1s se ns e 1 e nererore , 
:,:c.t ;JurL o~ t:-~e world t;;at can be S1r.1t..:la~ed could become a power
ú.l :nstrl.:-:-:<::.nt to explo.-e the cons8qü.ences ot d1fferent assumptwns 
c.nd ~ollc1es 1 any one of which can generate an alternate Íü.ture. 

1//e know fmm expenence that even modest S1mulat10r. ;nod~lhng 
e:for[s to Hlterrelate pans of a system con~ront the p8rson entering 
:r.o SHnL~¿¡U'd worlci with paradoxical ar.d unexpected resulcs. The 
hu.-,;an reactwn to tne unexpected and to ene paradox 1..; to ask a 
qt..:cstion, iJ.nd if tnere is anyth1ng we r•eed now, it 1s an envlron
mem for asklng betcer questwns. The key o~ our approachl there
for81 h~s not been to des1gn a mocel thé.1c \Vlll produce uruq1e 
so:ulio:1.s anci 1n 1tself speclfic pollc1es 1 but rather to produce a 
p:-=..cess by wh1ch che 1nst1tutions ano c1t1zens of t:1e reg1on coulC 
pose be L ~~r ques t1o:1s. 11 

~=;:>S hc:s óscove:re:d that challeng1ng e:t:.d sig;-uf.i.cant as develop1ng 
c:1o SL:hllatwn model 1s, develop1ng a fr.Jmework for 1ts respons1ble 
L.>c 1s ~nuch t~1ore se). ••rt 1s th1s lattcr c:1ullenge tha[ n1Ltkes the 
p:-oJ~Cl ~J irugllc Cl r.d (]ropJ ng cxpenmc nt. 11 

'0·::8 umvcrslty b3se Íor tho project wé.1s vHéil for tius rnodcl cevelop
¡:-. .:cnt (UCC happcns to oc iJ. un1vers1ty more ble.ssed wHh ¿¡ pce
c..~.:;pos~t.~on to interdlSClplinary worK thc:!n rnost.) But we G.::nllty to 
cc.-:struct rnodels and deal 1n conceptuél.l abstruct.i.on wrnch is 

.'JC.S.:::>lulc :n scch a :J~ace mav oern-.aner:~l·l oc.:.~st:l:J tt12 corr.orehens1on 
a / .. a .o ~ lo 

of c;-~c ult1ma te us er -- tne govem:nE: nt oi'fj C:lc.l c. nd tt:e p íl va te c1~1ze n. 
?'~e\'.'S~c:~-::..- accoL .. nt3 1 wntc-ups tJy Un1vors1ty par.:lCl;JC:.-.Ls c.r:d 
disc.Js.s¡o:ls wlt;-: c~~em 1nciicate t:-.e r:cct::s.s1~y to 1:1vo1vc peoplc ::-.o;c 
efíectlvcly Íroí:! tr.e outset. C1t1zc::1 ·_.r.d~rstané.1ng d¡:c; 1::-:'Jolvei.1enc 

:s only now bclÍlg urgently sought. 

•·sy hé.1ncihr.g the complex techmca~ deco.1l 1 the model can free people 
to cor.centr3te or. thc non-Lcc~1mcal lSSLlCS - qL..est:or.s of goals 1 

v<:OL.l2S and :::;e 1ngrsd1et~ts chat de:u-.c c;uallty of lür; üs e<:l.ch 
1n::::1v:C:ual pcrce1ves 1t. \Vha.t 1s rc~lly u.lponiJ.nt 1 tr.creiorc 1 1s not 
whiJ.t 1.s put l'1LO the modcl 1 but who.t 1s ~~ept out: noc ;:..:st how to 
prov1de a mccnan1sm uke a ~;¡Gc.iel Lo íianolc tt1e quantHaL1ve 1 but 

o 

o 

o 



o 

o 
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e :so how !:o des1g:1 a O.ec1sion-r.13bng fr:.a:.ev.·ork to ha mi le the 
c1Li.Jll[atlve; r,ot ¡ust to devE.lop a use.s.o:e r.1odel 1 but w decemnne 
how 1t is uscd. The greutest challenge to lhe project 1 (herefore, 
:s whetl~cr 1 in cooper-1tion with the cltizens of th1s region, technology 
Ce.--. !.:le hürnessed to man's needs." 

"'J:':",e:-e is also [he ho~e that a wuy Céln be dev1sed ~o aEow the trans
fe;.:o.r.ce of the accivHy to dlfferent 1nst1tutwnal ausp1ces. Vi1~h so 
,r.~~:ty l>"Jstul;cions involved, so rr.any constra1r,ts, ¿¡r.~J such t'Li.S

tc.-lcally H1grc11ned inst1tutior.a1 pélcterns of behav1our, th1s is a non
tflVlF.Ü ¡ob. It 1s 1 1n ;:¡art, what I:PS 1s all aboul. How can lnstu:u
t:ons vv1th suc:1 ófferen~ goals, w1th wCiviC:uals of such different 
m:JLlvcs, corr.e toge~he¡ and 2.ct 1n c. cco;Jeratlve spirit toa 
c;o~ní:l.on purpose when th2y ha ve Íor so long rema.J.ncd separa te? " 

Soc t!1ose pubbcatwns ·wnict-'. a;-e llberéL"Ly quoted Íor th::.s report: 
\lc:r;co<.'/.:.:· Fcc10r.al S1rndat1on Stücl\r...L_lS70- 197], NI •. ?:... Golcccrg, 
C.S. I·ivlllng, anu n.r. Kclly;" ';¿anco;_liJC:r :\cn10rkd Sir.:Lt:otl_on St~..:~v
Sccc)nC, ~· .. c~ur Pc:r:,o;t 1971 - lS72- Sect1o:--~ ··~~~~ Ü'J8:-'"..'.2.E'V.' oi ?rc]ect ;~ 

;~?S Dc~.Jl~eci '0cscr~::tlon of SL:b-0·Iodels ar.d Li>S, Resource Sc1er.ce 
Ccr.:re, l;mvorslty oi Snt1sh Colu;nbia, Vancouver 8, I3. C. 

!:--.'cogro.w:::. Murácipal .Ir.format10n S¡stem 
City Hall 
Dc.:s (víoinos, Iov{a 
(\Vllllam L3ctsl:e- l1éltt8~lc- l\;"orlhwcst, const.:ltiJ.nt 
Ju:nc::; Furst - Clty Plc.nning DHcctor- 515-283-4141) 

T:Jis üftcen rnontr. research ar;d dcvclop:nenl pro9ram, for wlnch the Cit.y 
of Des l'víoincs is tr.e prime conu-actor, 1 s a pro;cct of the Urba n Ir.::"or:r.u
L<m Sys'...e:-n Inter-i\ger~cy Comr:.ltto¿; (lJSAC). Uf;1.G-~-5-CG::l.pD.s..e.:2 o; tsn 
íodcral c.<:;encio.s anci clcJart::-.G:.ts lec: Lv I~D. US.l>.C 1:::> ass1gnec -c:,e 

..._ ' . . -- ~-__.,.._._: ______ ~--,~...,...__. ... 
r.:::spon--.s-.:.-~::J:::-:it7-wr rc::;.mng l;i8 O.üjoct.~ves OL a researcn pro<;ram 1n uman 

performs ;-csec.rcn, O.evelops, t8sts, 
sy .:;te::1s and s ..:.o- system pro·co;:ypes; 

evaluates docur:-1ents 

dcvelops prorotypos wtüch are transferab:c to otr.cr fiiurü

Clpallties; 

1nch..cn0s rea.dil:.: cor.l!Xl.íaDie clen:ems oí ciaLa; coihmonly 
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-
opc;rates at favorcjle cost/nene:::rt rat10s. 

:)es !VÍOH18S pLOjCCC r:v;rs 1 for Integratc;d Municipal Infor:-;!ation 
Syscem, "focuses on the cevelopment of geocod1ng t.::::c:-.mc;ues ar.d 
syster.1 r..ethoci.ology 1n add:ct10n to developrncnt of a sophisUcatGci 
Geograph1cal Infor:-:1atwn, Planmng and A'lc.lys1s System. Us1ng a 
?v:c:s ter Base Map and G c-lG S y s te m 1 Ma¡J M oc el Sys t:em a nd the 
l'ormated File Syster:; 1 che Clty of Des l'vio.~.r.es hopcs to demonstrace 
~.::c-.~ mumc1pal data or ur.oan env1ronment data can be easily aod 
c:J.'cctively integrated vnth specil:lcally des1gned geograpruc structural 

:,:)¿;s ;vioines is a wct:-o:x:.~.~.tan-area -of-aoout-200-rC.OQ_peo?l~_. ?or che 
pü~ses oi th1s der.1ons :ra tion 1 a pllot aréa-of- abouT~2TS"q"uare m des 
Hi t~1e southeast quadrant of the c1ty was selected. A Des .i\iioines~ 
?olk. County Prograrr:/Users Commirtee of 25 plus was escabllsheci for 
<he proJeCt. The lor.g rc..nge o:Jject1ve 1s w provide data/information 
geog.-aph1cally coded for the er.Ure region. 

,'L:nctional areas of clty and cour.ty govemment which showed wterest 
:1:. geograph1c cocilíl9 a:•d ósplay of 1nfo.:-mat10n u-:cluded: - ?lan 
c:.:1d Zomng Co¡-nnnsswn. Traff1c and Transporcauon 1 Commumty 
::Jeveloprn.:::nt, ?t,bl~c i;\/orY:s, Fl:--.c::ncc 1 2uildl¡¡c; Inspec~101. Services 1 

U rba n De·;elopme nc, ~s ses sor 1 Cou<.ty .2,G:~.~. ts a nd Count'/ Treas urer. 
'i'o hm1t tr.e cata/wfor;natwn for the pilo~ area only four agencies 
v:e;w selected: Co;;¡r;-.umty Developnent 1 2lanmng and Zoning 
Commiss10n 1 Public V/orks and che Assessors. 

Dos I\1owes had uiready embarked on a rr.ajo.- daca/informat1on system 
c~co~velop:-:18 :1L :Jroc; rar~-: oeiorc E\l:S. It ha e; acqu¡ reo 1 a r.d ~.as s11.ce 

1 , ~ ' 1 ~) "" • 

u~JcaLcl!, 1r~ co~T.~J~:er capao11:[y, ar.c r10l.v ~as a l1Ur113Gr 01: coniput.erlzec 
mun~c1pal data ü~es. Vlnmutely the vanous subs:rs;:ems could 
co:-r.pnsc a tot<:.l 1megrated system w1th U:e a.b1hty to cross-rc.ferer.ce 
dat.::. between vanous or~.-line fües. ":V:~~:ly Des l\:IoHws age.-:.cies 
need and collect dE.ta 1 but the11· resourccs ;:,nd :-r.echc::is :or gathering 
and rr.u.1ntuimng their data vary. Tt1e s:lsteP1 conccpt developec1 by 

_3_act0l1_e 1 GEOPLi\~-:s is designeo ro recogmze thesc)1lmltatwns. ro 

~· ~I:..~;.~&-;..::-~~~-.:1-CDJ..c.~~--_i_ ""' ... ':.;~ ~.:u~~,.., i)~:l~"'-"1-~1s--~\r~d 1~ Nal~1s1s 
~~,src·¡¡ '---, --- - ..... ~,...~, ,-:--- ,..,--~- ... r~- .-·, · -:: ¡-, ~c--~..r.: .... --...~c-e·":.~ ..... ~- .......... 

.-::~¡ • .--~-,.._..-,...---'--•~~ _ ... -_.-'to ... J "........, ...... .:--!:J""""t.~.::.r..----~J.. ......,L.lLU LV 

googri1ph1c joc~::_jor.s. It pr·:JVlc:cs .~e~lcr ,::¡:·J r.1o:-e t1:-:1cly :nfc.-:11;:\c1on 
for mo:-c c.'1cctl';-¿; ciec:swn-mci:lnCJ." (Cl::OPLi-\N uses t.he NIPS sys~cm 
referrcd Lo 1n SccL10ll II.) 

D8s Moinc=;s 1s cxpenmen~inQ w1th "a ·JC?Oljr?.pl>lc::!l refe:0nce 1d2n~:fl
cat.J.on r:wttwd Íor daca st-ora<J•., ar:c rctrf:'ii'J.l a.nCl for li:.br;g vll:-lous 

o 

o 

o 
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cata s.:Jurc\:; :des. GSOPIJ\I·~s corr.rr.on ic:.~ntlf~e:s are di:ectly a:--p:.c¿;_jlE: 

to th..:: r.10:2cs oÍ spacJ.ally on.::r·.tcc~ p1an:.ln':.J. Tr:1s soaLal, <;eoc;rc::0'1:.c 
, 1 ' ---- ....::::..::::::::-----~--~ 

oncnta:lo:: can be 1rJ1a.yoec,) S tu. te Plane coorc: í:ctcs, leg¿:¡~ .:=;ounce:.nes, 
"t'"C8_(_ 2 ci,-. re e: S" '1 or f r·~ 11cic: i 1y rrec; ¡.-v; .-- r~-+:ro-i-"~_Í·:..¿-;:¡-¡::,;-, -...---
.:Ji.~·-._., ''• ~ ..... ,... ... .... 4 .. _~b J. ..,.. ,_ 1 ¡... • 

The :Ues l\~o1nes pllo~ pro¡ect 1s oe1ng tested t:-ns sumí:1er. ?ubl.i.ca
~.oc.s avél.~cole for rev:.ew of th1s approach 1nclude, ;:;c::oi)]¿::.:-.:~¡(J 

;,,::,searcr. ?:-oo:arr, Svs te:r1 Conce'Jtua.L zc::: twn-' Des MOlr.es 1 Apr:l 1973, 
USAC -DMl3 -,) 00 2, "" ~ LCh 1r.clucles a n excelle nt up;Jenélx paper on 
the slate-of-the-art of c;eccodwg technology ar,d urban da[a sys:e:-ns. 

SGe also GEO?~.i\:\TS _ c.. Geoc¡ru;;n1c ?lcnniQS¡ a!:d ¡:,na>;sls S'!sterr. 
':J~¡ ~3a Ltelle :vle:-:1oc.Lal ~r1s Cl~u~c/?acJ f1c l'Jor~hvves t LabcJro torie s, ?\..L.c¡1lo.nd, 
\Vás:nnswn 99352.. 

C}--;cr::icteps:=~cs e.nd SlC:Ill~icance -A pr1:-nar¡ charac-cerist1c of the 

G:CO?l.J~~,;s écs1gn. 1s cnc:.t wl--.lle 1t lm'o~vss the ap;Jlicu.tlOn of r:1odem 
autoíí:c.í.ic éata process1:Jt;, t.estlng it does ;-,ot require exo·c:ic cor;¡puter 
eq~lprnent or raci1cal c11CJ.r¡ges in cur:-cnt l)rosedures \) Prescnt co¡uput:e: 

ec;:Ulp:-n(!nt, \.Vlt:tl é'.capcéltlo,-¡s 1 wlll éo. Currcnt ager.cy res9ons1bil::.ty 
:or Lpda tl :1g a nci corroe tEHJ el a ca fe:-:: G.Hl s. .D. corn ¡:-:o n geoc;: re. ;:J hic 

The pot0m1al a:J;Jears ro .oe enorrr!OU::> for thJs sysce:T!; muen more so 
t::3.n prev1o~s thougr1Ls of crcaung one :r1assive data oan~: for all 
r-:;quued re():on.:ll in.for:::atwn. i3ut acc:...rate ciata oase rné.l:-'s are 
esser.t1al for ~ne C20P=-.:··:~s system. ~:\ev.; Ycrk C1~y is sa1d to have 

:::. ~_o_g -~;~ff~_rc:~t "w2:i.~~.:~::¿_~.c ~~_? ba~-~. ='FieNé\v\~"oi,~z-c--;.ty~~ 
. _, . .-,1.-liJ Co;-¡¡n:1SSlOí, c.ic;cJclcd ~:1élL Dlc,L:JnCJ ¿¡¡;cj CJ(JltlZl!lJ coordwatcs 
(I~.JI'S-::..L¡lc:) oí Liw vc<r!uU:; polyr¡un:, of Clly !docks, ~-:c;:1J!"!C} 1 ele. 1 

Lx ::;o m<lny cl1ffcrcnl LJl.!:..iC n.c~ps- mo:.:;t of vvi11ch c~rc~ r.ul com¡xlLJhl...; 
W.Lh Ci::Ch othcr- WuS LOO slow 1 COO LCC~OUS to ClCtCr:lpL..,~~ilCS 
lJSOS ¿~c:ti:lll)ilc,Loc.:r;nln2' ior lls :'i"lSC i''l'.'), vv!uch w;:;.s cc:s1l¡ conLrollcci 
c..f:G-c~iC.~c.:: Cl':J;uL.eci rL:DGlly. 1~río:;t. ¡níormalwn reaos vvdl at such 
low éenslty .) 

T~!e N8\\l '.{or>: e----ra----~--,~....__ .:,s ~¡rc),,r...t:r 11 ... , •lr'J""'=) -:-or thc ~) 11 r"')O~e of ,r.tro-
--------·- .1 .... _:.'-:'_::..:::-~~·-· -------..--.:__:_: __ ..:_:.:.:._--__~~ ... --.._ .. 

c~c.cJr-.9 ccrl1lJLlCr c;rG'JllC ~~CéG.:J.li:c;_ ... -¡c: '------ :--nr-:w.~~~..;...:.~J.~:;: ~~;aps 

c:..::.C::::..· • ...::-'~~~, .S-i.~~~~.s...t:::..:::w.s..L~~-~_:~~" v :o~ a n r: 1 il g 

C~c)---'n·l~StQr~ (2 Lc..:~"} 1 C:~~e S:r2eL, ?,e·.\· ~oc~: C1cy, 1\Cll ~!.cuiLon ---·---- -
:::.~~-SC~J-3~82). l~s~Gu.c: e: GCV.iSl~10 u s¡rstem o.t dJ..g1.tlZC:d 

coc:-~l..--.:.· .. cs fo~ Lhe ~l~lllo¡:s of :)o}~;~Jcns tha.L are 1r.vol\'e:C: 1n I'~e\v 

Y0~: ... e:~ ... )' 1 r.~:Ü~)S are; SCG:-'i;!Cd i)y COlnpl .. L(;[ [(JC \"v~lCh :Jroc_;ra:-:1 S co~,;erlng 

d ... scrc.~JG~-.c.:.os ;-~¿¡\;e ~.Jccr, \'-'rllLcn. Jy· t:-ds rnuch ia.st2r rnea.ns, grL!tJr.lC 



rr.~~;; i:.:::c:J-:1at1on can !Je iílpu-~ to comput.2rs .:.n comb_;_nation vvith ha¡¡d 

wc.-~ e o! :c:..cw.ons or, t:1c niE:)S. Tms approach cü. n o e usec.i to provide 
".\~2.1-umc" maps wh1ch 1ntegratc ba s1c data. 

r:· .. ::; :,_¡-:-.port~_I)t_~_<2].r.t _here is to recognize t:~~a·c ¡_;.e "D:-a.cticaLcy of_~-
P -~,; r- ~i;_;~_.siéci.J;¿;-~--¿~--~~ _.tF.a-::·uf-one -m a s-~;-¡~s;;~·~;f-ell---0¿¡ t~ --~ s- not ----
:.L\...-::_C ::..c~-_,-~)~Jt J.~,... L\ r; ~_r.!..-:G ~1 r, r r"-;-c r:..;:-rGe .r-:=:t:-~ ur~ci t=~3.J~l:"~&~"1i_ilJ 

::,-~¡ CC:-r:~-: \....."'.:Sr r 2,'i/ ·nec -¡:~~T!""'0&~-e::.·~-c4-a-fh:---n:-t60.-f'rS-te-i..;li)-'.~t~0Gg-~~y 

D~: c..c.:.:.. 1n-co a CO·:iec: ccr:--.J: . .rcer Íor:~1ato 

I mcgra ccd I\cg1onu: ;_-; nviron;nc ntal M u nuger:-.e nt ProJ ect 
Co'--nty of S,:~! iJlQr,,') 

,~---

I::c:v.~.ror.r·.;cr~tul Cr.:vcloprnc:nt ,\gency 
~ul!O Pc.c1Üc ~;i~;;-¡\\C.Y 
Sur. D1c.;o, Caü;or:::a 92101 
(l... Eciw1r: Coate, :Lí¡rector- larry Taylor- 714-236-2GOS) 

~:1 i97J, Sar~ !Jwgo CGu:-:~y cor.solidutec various env1ronr:-.¿;r,~ally 
ro:ütec funcc1ons, lr,chJÓniJ regwnal pJ¿¡nrung anci cor:-.mun:ty zomng, 
;,,Lo u n.:::w E~nc·r:"~:~ C•c,Jcloprncr.t /:.nency. It reports Lo Lt":e 
cc.u:1ty's Ch1ef }\~!r:-,HilSL:tC:.C.t.'/8 Ofúcct w::o "s r8spo¡;sli.lle .o the 
County Bo:1rd of Superv1sors. "Ruplcl r;;rowth u'ld land use; plunmng 
'-''l~t. insc.:~ÜClGnt atLent1on to HS 11~1pllc-::uons [or é!lf q~:ullc.y ... " 
v;8rc c1teu H\ a rec2nt ceport by u1reccor Coate (see flrst pL.l.<i-
ca t1on. re:cce ncc.) It seems San Dl'é~s.:;o __ ha_s__6 Q:~s__r:_n_O.f..f:_QfJY..S e han 

--·-·~- -- ~-

Los !'.nge!-e-5-' . .-.·nen. we.:.t!--.er concÜtlCli1S could lead toa senous 
-------- ----

Tho rore: Founéé1~1on Jn. ¡\pnl 197] carne 1n to ass1sc t:·ns r:ew efiort, 
to nclp ÓOLG:l'T:::..L~e 'V/h.GL C:--tVlfOn:nc:;.Lal L:1~r12CJ2::¡en~ lS a:1ci r'O\V 

efícct1vcly lL cculc' ~0.. c.cco~1plj_s!~oc on a ~e~1onc.l l2vel b~./ gove:--n-
!YtC'l.C. !"".. t\\0-~'ec~r $725,000 ~:wn~ V'Jas rr:ndR to estobl1:-;:~ t~e Il<E~.1 

prOJeCt stc.ff, loce:.ted in tr1e I:nvHon:-r.cnta.l DeveJopmen: ;\gency. 
H operatcs \'Ht~~ 30 poo¡.:de, consul~Jnts, ~!mvcrSH/ ccn::racL:s, ,=:nc 

other ºovC>cnr~'.cncc-.1 ogcncy swff. Goth EP/1 and ~SF also car.1e :..n 
\'.'lil'¡ a cci l tl o :-:J.l ::; u;,;.:¡ Cl rt Í.l n es . 

"T~.e E\..f.:M ~rOJP.C[ s p~r:Joses were to v\'ork w1tn1n. county c;overnment 
to: 

o 

o 

D 
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2.. mob1hze cowmumt}' resources anc sup¿ort decision-make:-s; 

3. r-::spond to cltizen's concerns as artlCülated by the í3oard 
of Superv1sors; 

tl. er .. hance [he regional irnage, and 

S. :,Jrovide a rational approach to environmer,tal 1ssues." 

The ;::¡rcr;:;r:::.:-:-, d1vided ::_[self in cwo. Or;.§_..5.:''"''on :-rn..'.Z.ldBd r2_9l.'}c.a.L. 
, ' ,.... G ' ,......... ..., -. ·r .,.....,.. - ...-. ._ - ,.., -, ~ • 80~/lí"O:-:r·.~cr..léJJ S2::-v:c2 S'..:cr--~ C~S Q~_c~llrOt1•i!8nLu~' r1· • • ~-z-¡-s-rs-,._ 

C O;il:-:1 :..1 ·~l ~\f l r.. Vol \.7 2 n->~:..J_:_::_r~r, r-r-- ,,..., c...._r:.;_::t.-}...(;..-¿-'2a~-:~ 'r he Ot [~e r DCft of -----·- . 

dE.velo:Jrnent a.nci lecnn.Jcal iTia.~~a<;ernenc o[ rcsea.rc!-: 1 

de~;1-;¡:;-lr-~-:-tc~~~T-~rcYc-rs-.--· 
~ . . 

e horacten S t:ccs of S"Lcniflca nce - To qume fü1Lher from Duector 
Coa[es: 

"Frorn the Ii'\E:Vl case study, 1t cc.:.n be con.c~uCGJ ~:1a~, :o be most 
cffect1vo, n::g1cí.c.l e~;v1rc:~~·.\e;mal mc.na<:;er.1er.~ müsL. relate;; agencies 
1nvolvec in lc.:~c: use and t,c.ns;Jonatwn plai1n1ng ~o those which are 
responsüole for rcgulacory ponuucn mu.n.:;ge,:;ent funcl10r.s •. ~n 
eifcct1ve rec;;1orwl environi.ler.Lal ;-r.anagc;.~cnc <Jgoncy rr.ust ;1ave 
llnkU.<JCcs ~o L1ll the key envnor.t:1encally relatcd lr.S~ltuc~ons 1:1 the 
rcgion. 'i'he ~tE~.l cxpc:.ncncc :~l.s..o_lco to the conclus10n ü1at efíccnvo 
regional erw1ron:ncntcd ::.ar.ac;orr;cnt ili)Ci Lo :Oe carnE-e out wlLh some 
type of éH.:u-,ont~· or ur,cier a ccíin:..te mar.date. Advisory funct:..ons 
und rese¿;rcn ane1 developm2nt funcL1ons were necessr1.ry anC.: lmpo.-taíl:, 
but pm·vecllr,adequate oy the¡-:Jselves. r:<.s:vl, locaLcC: as 1c v.as 1n 
é.1 Coü:tty govern;-;¡.Jnt, coulci not eiiect:vely fulfill u:l of C:1cse 
varivus cr-1t.ena. 

ll"fl' f') -::¡ f rr-,~, ,...., • '- _. ,- '1 ~·¡- t n ~.-~--..-~ ,......._ ,:::1 S-¡-:'::l.;--t- ,1\7 'Jc"·'l~c',• ~n"" flJ~lu •• ul co"ccpc .~.o, <_;n;_,o.1 .. 1c:.dLc ..... ar.c.c:;~ .. .-... L lS noc on_ 1 ... 

;..t 1S csser:L1al. \\ir¿ have f:~:.lly 000\.1n LO QllP.Stlcn Lhr:; eÍí:cacy of 

1:1S~1L'...4~10ns ~;1c.t c:cul v.1Lfi t>iVlro~r:-.C;il~Lll c;ual1~y a~ aJj <}ovc~rn:-nentui 

love}s.. 'T'~.c rc.sL.ltl~lS u ;~l_J :ys1s lc::d::; ~e) L!-:c: coriclus1or-;, L{iat a nevv 

"' jJ l .... 

S ce p~l:)llc¿: ~~o ns: g_~~=-~~-~~_l' r~-~~ c~~-º-~·-~{t-:-.C2_ 0 ~.:~ l J :~ 2~:e ~_; \'o ~~r¡e: 3, 
~~(,'/~c-e)-~·.,:..:~·~ .. I-l~~:r~.J.~ .,' ~~- ~ ____ .,·~~~ ~J=:::~:; \~·,c'í"'·r_"'·:~~w'- CodnC)' o;: 



S~n Diego, I:nvlronrr.cc:nt.Ji Dcvclo;Jrr.ent Agcncy 1 IRE(v'I (.~u<;ust 1972); 
'l::e c:--.Jr_~L:-.! f>~2r:. of S~~~:- ~)It.~no Councv, IL~~r·---:n-,¡ f·J:- t:::n~r~·1 ·\.;n:al 

0~:s1c;:: 1 Cu..üo:-rua Po.iy éecnruc/ Porr,o:Ja/ Eor .:::cuncy oí Sar. D1ego 1 

:::: r:v¡ronrncntal De·Je lc~:-:--,e nt A e:; e ncy IREM (;..L.g us t 19 72); ~Te. o'ucal 
_T;atc:. Hc.ncllno (1/olu~::es l & II) 1 Ec1ted by ?:. F. Tomhnson 1 Symposium 
.t:ci1L.on 1 Internatwna1 Geograprucal Union Co:-:m'.iss:on on Geographical 
::Jata SensHlg ancl ?rocess1ng 1 Secor.c Sym!)OSlu:T. 1 Ottwa 1 ALlgUS[ 1972~~ 
;._ S::l:óv ?rcc:rc.m OrcF\LlZéElon c.rtd Ooeratlon 1 ERYlS, San Diego 
Cour,ty 1 n:SM Prog:-a.-~1 1 Decer.1ber 1971 

The Jl.cademy for Comemporary Problems 
SOS Klr.g Avcr.~e 
Coh:::-.bus 1 Ohio Ll3 201 
( './-·¡.,,,-, \~T.c'n·'- "'c::o-e,-..;y D'.-"'ctor- o"l'4-299-315 ... 1) ¿\O.J.._tJ•• f'\• ,~ ........ J.t:;L 1 r. G.\....1.-iot J."L.: -

y;--;c; ,.'\cu.dc:-::¡· fcr Contempor2ry Prc:blems was es[ablisr,c:d in Fl7l óS a 
jOHJt non-profit venture cf Baltelle i\:le:-:-1or.::.al Ir:.sntJ.te artd Oh10 

StatG Umvcrs"-l'f. EG.ch 1s cornmltLec~ L.o $500 1 000 per ycar for ten 
ycZJ.rs 1 ar:.C: Datcclle 1;1 adcütion has f .. na11ceo the construcLion oÍ 

a $21000 1000 co:-r.piex to house t. he Acade:ny 1 wiuch wlll be; occupwd 
ttus full. 

Onc: of Lhc i\c::ldc:~•y's f1rst urccLs o[ conccrn is un acllVJty to be 
sup;jorLed 1n scveral metrooollt::lil ;::::cus erHltlcli GE:r:CHr.~J\T~K. 
Sl8.11s from::. ~csources .for the Futu::-c comr:nttce pos1tion t:tc.t "too 
oÍtc:: cec;.::;lon-.~~..:::~ers' concc::¡:;uor: of :-:1etropoht2n re.forrn ar;d :he 
¡Jrobl2ms ¡:;..e;rcelvcó :Jy tlw :~wr:ro:)ol.l.tc:n consutue::cy hCJ\'8 ;.:;c;en 

\v1ócly Ól3:-cgcré8ó ••• B:CNCi-I!\·:.~:~?-: 1s c.n arte:~:;:n c_c ::;:·ov1é.:::: con
tiLuing·d;::.~a concermng thc proolc:::-:-:s exlsur.g a:1d emcrgir:g 1n d 

m8tro;¡olnan area 1 to asslst mct_ro~ohtan ciec1sion-:né1kE.rs lt1 

mak1ng more eífect1ve public ;¡ol1cy ••• " The ong1na1 t2st area 
for th1s '.'Jo(< v.¡¡ll oc tne Coh.r:1:.iL.;;; metropolnun ar2a wh1ch ;1as a 
pop .. dú.c1on sllc_;h~ly ln cxcess of one millwn p<:!rsuns. 

·eus :J.Ji;]·:c :;olJcy rcsczlrch cfforL ,nll be Hlcnt1Ücci i:lS thc ColUi:Ü;us 

P.rc¿¡ SocJ.:'.l :~roi1l2, cr C:"\S P. It "·.:;~L be -.:1 socwJ. systc'n -- ¿ :1 

or~J.t)lZL1:~o:' co:·¡'p:1scc o: lssc~;c:-~ psrlorr.1crs, cc:-:-:rnunlt~' l22.ders, 
ne1ghbur~.cou ~co:.;ps, and lll[llviOG.CLi. C:iL::::crl~ •.• CASf> s~c:..:.~ te 

o 

o 

o 
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:3·-- .1:e tr~c :oho:t-tex. wformall0:1 neec:s o: pcol1c e.nc pnve.te orgar.1-
Z.:>t1ons ¿¡¡-¡ci vo~Llr.tacy assoc~2:.t1ons 1n tne Columous arsa by pt·ov:ccüng 
rollablc elata on publlc opinwn, c;ttHudcs and prac.:IC!'S. DéHa on 
!Jasic ~;ocial 1 econom1c and ccological conditions Viill be rclatec.i to 
ti1e r.ecds a :1c asp1ru. twns of people li vwg 10 the Columbus are a •.• 
CASP 1ntencls to service a vanety of corr.mumty needs related to 
selí-knowlcdge and hence to self-goverilment." 

C!',Sí' is clcsic;ned to Jntcc;rute regwnul informGtlOn frorn the wiclc v¿¡nety 
oí sout·cc;, conLJ nu·<:Jlly prov1chnq lt. CliSP vnll actcmpt co p~ovHlc a 
comprct:ons::.vc üamework for bctter unclerstancllng lssucs and r8sourccs. 
To a1d 1r. c:us, CASP 1s a private social profile of instiluuons and 
nelC]hbor:--.oods ·vvithw the reg10n. It is 1ntendeci to prov1de usen; w:;.~h 
a new 1ns~run~cnt to aud,;.t 1 over Lime, trenes, aspirut1or.s c.;1cl sóttsfac~lo.-~s. 

Ti~.:; ¡)rinc.;.pc.l ;-ou.l of C.l>.SP is "to prov1de an 1nfom1ative oase tnat wül 
be r:~a:-:lr:-,ally usefu1 for d1agno::>ing soc1al strengths in the Colurr.bus area." 
1!. has tc:::--.:ei<:lve}y estaollshed goals from wbch more specific ob)ecuves 
v;:ll be c~envcd c.rtd pursued w1th expllcit acnor.s. CAS? 1s prepanng to 
expund Hs proh:111nar; orgamzat1onul form, inventor; 1r¡stnut1on.al and 
H.d:v1clual rcsoúrces 1n thc area of value to u:.s nussion, gather data, 
develo;J ar. c1ccluve, 1dent1fy 1ssues 1 etc. ProJectwos of altcrna~1ve 
futt..:.:-es for Ihe Colur':".DLIS area are to be preparecl 1.:;aclint.:; ro selectwn. of 
;¡ol~c1es. Roth 1ntegration or.d evalucJtlOn 0re lr.t'esral aspR<:ts nf CASP. 

Char.:~-:.;cen:c.tJcs of Si.a:~c:.':c¡:Jnce -In t:;e J1cademy's ":r11ncl" is Earolcl 
Lassv:ell's cor.cept~or. ci a "soc1al plar.ecanum" for graphically con•;c;y¡,r.g 
CAS~::J's sort o: n:for:-nal1on ror the pür¡Jose ooth of explication a11d dnalysis 
fo;· cicc:s10n m.:;.bng. ·¡·af.;,~ng a p3.C3.CJfC..ph from u recen\. Lasswcll pélper 
íor tl:e J\cacic~ny: 

If écc1sjon-:nc::kers are to arnve a~ a cnt~cd assessmer.t 
oi L1e factors chát account ior t:;c s;>reacür.g or the cestncuon 
o: nations, corporat10ns, and cloctnnes 1 chE:y nesd access to 

w:-1atevcr sc1entlÍlC knovvledge t~K:re 1s. Now 1t is no s1m~le 
ma;:tcr lo apply past latora~ory ÍJt.dwc;s to the in.ter:Jrste.uon 
oí :L.tcre devolopme~ts. In thc 2a:xxatory, cor.óuomng iactors 
éHe cor,crolled. In \'Je1g:ung ~he futcre 1 ~~~e tus k 1s :o foresee 
tne clt..:.scc:r of rc.:ctor;:; whosc occurrence wdl J nfluence rile 
o..:tcor:-w. l',n udvsntucJC of thc plar.etanum procedure 1s lhat 
sc1er:tlfJc ~..:nO'-'ilC:~ge cun be exlub1ted and c:¡¡;JlO'/eo cnucally 
1n cst1:i~¿¡~1ng L:10 tJ:ol.Ju.JJle cour.sc oí íutu~\::) cicvclopínt::nts. 

':':~,·:-e~:.: :);_.:·clcuL::~r strcn~;th 1r: t:1e 01llC Statc - Baltel.le:-bused 1\cac:.c:-::y. 

I: l.:i =.-.::.~::.c~:c's c;co-c;cC:lCCj C3¡J28Ülly ti:c.r lS ~Ul]t for u~c Des IviOlnes 
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rc,~~cr; rc}~--);ted c~~e"\vhcre J.n th1s sect1on. Battelle, cr:.e of the 'Norld's 
_,::-.]es·.._ :·::::s-22:-ch :1rms 1 has a wealth of other hardwa:-e/software talem 1 

;::..:é ::-. \'/i.._:r,cr 1 an expenenced reg1onul oevelo;:Hnent executlve •. li.t d:e 
0::10 Stc.zc tr.ere is an array of ta~ent wh1ch inclL:des computer-graph1cs 
s::::.:ls <::.~ready capable of co;nputer ass1sted am::-,aL:wn. 

~.:::3 pu!J~ica;:wn: SENCEi"'íARK/CJI.SP - n. ?c:olic 0o~:cv Research :::ffort 
~e) .-:e~-: -~::-.:Jro~Je t~l3 Govcrnc.r.cc of NietrocollLEtT1 Co~~:--ru111t.:es ].'lirouah 
;·-1:_-,,o~.·c-.:: G"se cf SccEll In.telhcence 1 !vlershon CenLe.r for ?ubl:..c Pollcy1 

Acade¡¡¡y for Con temporary Problcms 1 19 73. 

Rc;g10r:2l P:::-:.1 i\ SSOClC.Lon 
235 l~¿st .:sr~~ Strcet 

X e'" Y o:· k 1 N • Y. lO O 17 
(\VllL.u.m /\. Shore 1 V¡cc 2res1dcnt- 212-632-7750) 

\VH:. ~-:UD 1 fot.:ndatlon ar.d othr;r support wtéllir.g about $1 1 GOO 1 000 1 RPA 
t:Y:::~er~--t~;~;c~r. 1n tf:c Spr:r.q o: 1973 \vlt~, ar.~ or:.0~nc.l Í.il .. -:~ec. ser1cs of one-
f""lr\ur f·ii•\C: 1r.r ,D-Oc\'.1(~-,c_'- '-:-;.l':'l.l'"' ......... On o-.._:....,"") ... r.' 8"""' Cn'J"'{~f-l ..... fJr '7r (""'G'Ona' ••'-' • ·l-.!·~ -e'- l \. ,Q,-,L Lt..:~vYl.:>J. io '-llv e, "·~ •. l --~::0 -~---0, J"\.c•::J"' "' 

?lan Jl.ssocktlOr: Wé.lS stactcd 10 1922 by t:--.e Russell Sc.ge Fo"..:;:;::ution. Ir 
is iJI"cja!):y thc most respected voht:-ttce; c1t1zens 1 non-prof1-c pla.nmng 
¿_s.:,oc.:..:..L10n 10 me UmLed Stutes ancl hc.s ¡Jloneercd Jn rec;ional planmng.) 

Thc .sD-: ~cjcv1s1on progrums coverccl transportat10n 1 envHonmen.: 1 poverty· 1 

hoL,é.>.:.nQ 1 CllH'S 1 iJ.nd governil~enL. I:Clc;¡ program Vv<JS usccl ~:;,rc:;e t1mes 

1r, d soriC;s e)[ .:::-cc-day wecke.nds on c:;ach o: clgtH8en relcvlSJon statwns 
:..:; ?!..ew YoL"k 1 l'-.7ew Jersey and ConnectlCut 1 fro::: Mu:-ci1 17 to ?vi ay 14, 
}S~~. A concerted effort was mado to orc;amze c1t1zens aroü~::: telcv1swn 
se~s 1.r, é.uvc.•,ce LO ¡Jartlc1patc 1n t>.1s nev; form of Tov;n Meer2ng. They 
wc,;-,-:; prov!écd w1Lh ballot.s to "vo.c" o;:: spec1üc 1ssues as posed dunng 
ec.cn program. 

,.-:. p:J.perbac:: jook 1 Eo•,;; to Sc:,ve Ur~c.r, J\:nencu., (Slg:1et) 1 1973 1 was 
;J'-.Di:..s::ec.: ~o coElCldc wllr. an.ci oc c.:s8d by thJ.s senes. I'c was availab::.e 

fro:r. 1~.s Ju:·,c~~ 1973 NcwslC!Li.2r 1 RflA r2r:;orcs: 

"\Vi;c. '::);-:~: r;a¡·t? The partlCl~Clr:ts hacl more ec:ucation ene t':lc;her 1nco:ne 
L:ia.r.. t~1c. f~eg1or.•s avc.rc1<;e, Cesp1tc strong effurt.s to rc.crl1J..: :hose V.'lth 

() 

o 

o 
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2:1 cvo:c.0e o.nci i..Jelo'.v ave:-a.t;c :rlco;-;.e; ar.G eLiucutior:;l 'Those earnir:.g 
$8,500- $13,00J were f<2:Jresentec:i w c.oouc prope: propornon 1 bu~ 

":Jclow were ver; 'J.nc:errepresemed, t.hose above overre;::¡resented. 
;1. ::~i!·ci of the Re':}lOn :'loS e,¡¡ :;.r.corne aoove $13 1 000 vinile t~·NO-iJurcls 
of Üle ::..;c.llots ca:-:1e from sucn people. Acout halí Ihe ballots e ame Íror:-, 

persor.3 w:.;::. coll.:::ge cegrees 1 oui only 0:--'H':: person 1:l e1gm O'Jer 21 
in 1.he 1\e~io:-~ in.s a college clt:gree. Blc:c% anci Puerto R1can votes were 
5% - 2% of the tot:c.l 1 w;-¡::.le tney constHcce nearly 2 o;.; oi the ?.eg10r. • s 
popdc:u::.. . .Jc'i (thoL<gh spec::.al oallcts cllstri;)L<ted by the Co~nmlttee on 
MH:on:y .2'.f::a1rs w.cll ac:c to tnose rece1ved alrec.cly). As w ac;;e, 
30- S'~ yec.r -::JlC:s vier.;; o~;cr;cpresenteo, cver 65 year olds v;ere unC:er
:-e;,reserrccC. I~r.er subur;::,an co:Jc.::ies wc~re overrepreser.ted; cil:y 
c.nci outlyH:g coJnt1es generally underrepresemed. Emvever 1 on 'some 
two-c:r~Hcs of the 1ssues 1 a rr:a1ont:v oí people (or all out a sLatlStlcc.lly 
mir.or c;;::.cgory) voted 1n {avor oÍ pelle¡ cnc;nges :egarciless oÍ the¡r 
agc, ru.ce, :c'!COr:le, educa nona} backg rol! .:ci or county. Those issues 
are s-:..arreci 1r, Lhe vot.c sum;-;-"tcHles (no;: 1r.clué.ed here). 

Pa r\..ici :-Ja tJ on: 

Dous:ng 

:S :w ir o n:T.e r, L 

?oven. y 
C:ties/Suburbs 

'/v' u te hed TV 

2.95 milhor. 
2.0 " 
l. 75 " 
l. S " 

Fetumcd f),'Jllots 

¿:7 1500 

32,200 
22,SOO 
18;500 
121 5 00 

v.:'1c::t D0 thr:: Vetes \l•:Gr·:? \Nr:; cannot suy that t:·,e votes te~l whGre 
tne poo;JL:.; oi t;;,:::; G;.:;g1on no\v stand, but we Cun sa:.' of the sturrcd 
issucs tr~c:tt ;:¡sople v;r.o sLop to con.s1dcr thc;n ;;:re read¡ to sup::Jort 
p:-oposec ren~eé.H::s. Tni s s uggests ¡:ha t e lec ted of[1cwls wllüng w 
exc.rc1se polJL:calleaciers:.l:J ¿roou0ly can ach1ev·:; policy changes. 

\\/nciL 1 S }'"(~":t? r<.ec;tona.l Plan '.'Jl]l rc!~ort res'Jlts 1n ~JL!bl1c :-1~eo~:.ngs and 
v1u :r:.J.ss r:-:ccJ.a. \v-e \Vlll c;e~ .. --csL:lts ~l-o o~fi.c1als a;-~cl canC:da~cs for 
pU}-)JlC ofi1C8 3t1d C:S~: thOlf C0:~1n:.ont. rfhr2e CJf th8 :T.2)Cf CCl:-lClÓd~es 

fo:- :~~1ayur of I'0ev; '!or}-: City hLlvc coJ.4

.-::

411C:1t2d already. See :~c,:.r ~~ork 

'T1m8~ 1 \le. y 12 1 lS73. '·Ne wLi.~ u¡ to jnng to<::,'e:>.ci }CO;Jle •:·;í~o '.Vant co 
t~}:o a.CLlon (or1 c.n~/ of t.-.e 1.ssucs) \':~tJ! o;:;unJ.zcJ~jOllS .... vork.iLg or. rhc:.1r 

sce:-:1 .:-1:;2 Ícr ~osolt:tJ.on, i't t~o sz1r:~c:: L::.~·:""i8, I<cg1or~al Plan \'llll prepare 
L. ~!~c;.:-oLlc;:: C\-'2llJ2t~c)r; o: L.~~ _:rcject :~·e~: 1 to unUcrstar:.c ;.ts ir:1pllcat10n.s 
¿,.r..J .J..:O (!S~)::..s: ¡_'.e :-,~Jny c_:rOU.t:~S \rA Ot;-:cr '.J.:"~:lri ;GglOr13 r..O\N COrl.3J.C.8flr..g 
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C :-.:_;- ¡·é1c1-,- _·l:;t;r:s of SicrniLc8nce - RPA 1s now surveying ;,.;;:; parocipu.nts 
ar;d \\.~.E lx:: .~·;-)Ortina on tr1e cfiect OÍ the Choice::; :or '75 -cekvi:::;wn . - -----
S2Les 1:-: .:!-.e ?all. It is sigmflcu.nt thu.t l. S - 3 m1.E:.on peo¡:;le of tr.e 
Nc\v Yo(: f2'JlOn's 18 :-rulhon :oo~ pc:.n:. Even thougi:. r.ot represe:1ted 
ir: L1e1r -cr-.... c.: proporuons, all groups tabulated v;ere large enouc:;h w 
m..:;¡¡jc: '.:e :~rov1de a sc1enuflc sample for cross ta::;ula ~wn by age, 
~ncome 1 edL.cat1on 1 etc. 

:::~~ <~:;r;c.=.r.s c]ear fro~ e:<orr:.l:-lir:.g ~ri.e ba~lots processcd so Íc::..;, - s8vc.n 
to ~~::.n ;.-:.J.:.c~;-J~e cr.01ce c:t....:::su_ons v;ere askeci wHh e<:c:l program, - t:.ai:. 
a r.1ajc"·~-~Y of v1ewers seek :-najoc developrnent policy cnanges to achieve 
be-.. -~er L v1ng in the regwn. 

o 

o 

o 



o 

o 

Q 

':',; ¿_ J\·~lt r 2 Cor;¡orc. L:lO r. 
~ 8 20 Dolly Maóson 3oulevarci 
V~cLeanr 'JlrgHUC1 22l0l 
(R::.c:r.e:.rci iviorton- :<ennech j. SLe~tll1- 703-89:5-3500) 

T:CCi1 Uor 'I'lí:'.e Sr.arcd, Interact1ve, Co;-;1puter Comrolled Ir.formatlOn 
'lelevis o::c) is ü [VJo-way 1ntere:.ctwe ca:Jle telev1s1or, systern. It has 
):,.3e;-, fL::-.éec b;.r NSF over tne past S years. ;viEi-~E's er:1pllas1s lS on 

, ed ~.::;e: no :1a 1 a nc. o che r non -e o m r;;c; rcwl a ;J :J ~1ca Lions of 1 nte raen ve 

e o:::;::; J ~e r as SlS ~E: e cor:1r:1Umca non.. Ic nas ~w o é~eve lopme nts u nd enNa y 
at t:·¡::.s tlr:;.e, One 1s to be a ho.-:;.e-use éemonstrat1on c;.va1la.ble to 3500, 
utlÜZHlg ToL.ch-tor.e celepr.ones and the cab~e system of Pes ton, V1rgim:s. 1 

besir.r.ing 1n Septe:-n'o3r, 1973. The other 1s a fully operatw:1al der.:onscra
tlon in tvJo co:nr:-:umty colleges bcg1nr:1r:g ,;.r. S8pter.,ber, l'J/4 1 each \lvlth 
128 sLuC:cnc tcrr.-,wals cons1stwg of TV rece1vers, k.eyooc.rcis and hcc:C:sets. 

The s:uc:cnt Lerr.11r.al uses a slu.ndard color TV rsce:lver, h~ad phor.es anc 
a ~ey:::.oarc foC" instn.~c~1ng the Duca Ger,cml ~ova 800 r.um-co.-.-:;Jlli:G:-. 
Tne home subscnhc:r Wjll use a Touch-tor!e tslephone ar.d o. star.ce.rd 
color TV rocelver to oer;w "Nlt:;.. (La~er D twclve Gf SlXteen ;J~Cton 
ke:;board, or él ty;=¡cvvr1ter keyboard w1ll be ofisred.) 

Bcl.h cor:ügurui:lOii.S offer color TV displays uncler cor.,¡Jutor cor.lrol, 
lclccrs anc, n~.u:1:.1crs and ll:1e c;ra9h1cs 1 1n sc,;en colors, and full colGr 
:-r.ov1es. U) to l7 l10cs oí 41 crh:HactGrs each r,12.y oe (ils;Jl.:,ycd, 512 
ÜlSLlnc~ churactccs belnlJ clcf1nua1c o.t any s1ngle t1r.1c. G~rli~h1c c~lsp~Llys 

a;e constructec, .from stra1s~~-llr.e S8<Jr.18LHS drc.'Nn on a c;né of 200 el;:;r~cnts 
1n a vcrt1cal cHect:o:~ by 256 clerr.ents 1n a hon¿ontul órcct:1on. Tne color 
of cach c:Iuraccer ar1c l1ne seg~erlt ;-na.y ~)e lr":(lJviciua:Jy sp2c::1ed. Five 

rn1nutes of Íull color r~1ov1es are uva1.:¿c·:8 ;Je:- ~lo~r. Co~:~JUCGC' gcr.eratG~~ 

graphlCs ure st1il (not mov1119) anc.: [[-·,e~ aud1o responses are cxpec[ed or-.1y 
lO'/:, of che .::¡ne, varywg üom onc to tlO secones. 

A motivatwn oeh.cnd TICCIT 1s Lo c:,:;.¡l~:),-c; r:on-corr.r:1e;·c1al uúullcations 
of COifO:JuLC:f aSSlSteo 1!1[8fdC'llV2 (..,(}~~~~~! :_ . .:;le;VlS10l1 VI::·~.3US l~S cc~¡~,.-:-:erCl6l 

él!;:Jllc::,t,ons. It re[¡cs 0n olr,:-:.:.cy C!llcdl.JblG COT"l•11E'ITLet1 ec~Ulprf,·2nt c.nd 
1s no\·.' :)lC.-lU.ClnJ 1Ls c.c~¡clop:ncn~ LCS[l~{.J ;Jr.asc .. 

.. ~-.-:u;or t1~1I~CC:lr-'1énl for hort12 1:-:~cr.J.CLlVC: Lc:levlSJt)\1 l¡üs"~)oc;n Lne rieec~ i()C 

a 1'refrc.s:;. ;:.cu--.cry'' \Vlth c~c.;.ch cGr.~.1nal. (lhe r8ir·2sh.:::r- rne.-:·.ory 1s thc ~rtca::.s 



whcreby t:~e l/GOth of a secor.d s~1ll1nages ci1rected oy [;;e computer to 
,. , 11 1 , ' &1 ., ~ ' ~ d. , 11 ~ l ¡¡) t q.. t o 1 a ler:-1HlcJ c.rc .:elo oy oeHlg repc~:.Lc •, re::resnen o. L,.c par lCU~ar 

l ~:...- ~--~rr--']1"'"" , ll~ ... ,l r".r:\~~--~--~c· obv ··r.o;~-nr ¡nL"roct·on) '""r.o S le:' c::¡¡a' to be . :;:, (;:;' - '- ... o- o.~'... ..... , : • .:. _ . ..:.. ... "'u.., '-" . c.:. • -' 1 ~ ¡¡o, l L: ~ o + . . . - "'e 
!C0.uccd t.) onG re.fresh ;_¡nit ;¡er 20 subscnbers by assur.:::..ng (hat 1n a 
no:-:·.~c:.i : G nour da y 1 :n::eract1 ve televlslon \vould b,:; l.4sed cy ea eh sub
scn~er oniy 30 nnnutes. (LJ.~.:::r 1 v;hen tne pnce or refreshers drops 
fror:-:S:L,GOO to $200 or $300 1 heavy users m:ght acqUire the1r own re
L-csr:e.· allow1ng them to bypass peak hol4r queues.) 

·~'~CCI'.:' lS a realt1vely low-cost s~1ster:1 --a complete system oÍ 128 
.studerlt te:rr:unals with ínlOl-comp'....l.ter\nll cost $450 1 000 {$250 1 000 in 
n~ocleraLc quant1t1es) -- at student-per-hour con.tact cost of lcss than $1. 
ln L:.e :1ome witr. a Touch-tone telephon.e 1 a suoscnber rate oÍ $14 per 
m o¡-.th ::..s ¡Jtüj ec(eG. 

The TICCIT syste;n i..lSCs two Daca Generé:l NOV_Ll. 80D r.1Hu-compucers .o 
Or:e ~s a Lí::e-shc.n.n<; r.·dnl-cc:-npucer Wlti". storac;e anc other peripheral 
cqt.;1~mcr.t; the o~::er processes COír.:-:-:umcot1ons \Vlth ;:~;e ter::un.::ls. 
TICCIT prov1des 1r.teract1ve ln¡oro·;-.3twn rccneval d1splayed on t~le tele
v.:.slon. screen 1 vvh1cn. 1s au<;::men~ed w1ch certaw computC:.(lOn capacities. 
'::.':-.ere lS a c1stance rescn.ct10n o:: 1500 .fcct bet':.een classroom and 
co--::.puter. :n home caole TV a;::¡pllcéluon 1 c~at dlsta,\CC 1s l.inuted to 
nor;¡·¡al "t:eaá-end" constrawts of 10-lS mlles. 

7,:c school coursc'vare of TICCIT 1.:3 develooecl bv a tec.1m of speciu.lists 1 
' o -

Cor .~·.c::ss c.:srn~u~lon, t:,ough l•1Stn.:ct~on JS self-paced. Tr-.e TICCIT 

i:,:,;=\r()Jch 1S th:-1t o¡ "1r~~)~r~..~Cl1..J:1c..l L~CI1L~oLog)' 11 \\;'¡~eh contcnc~s tnat r::--.lc 
0<,-"cc(_;-~, o~ tcac:1111~; 1s scpa:-'-1u1.:c fron¡ lr·.c conLe:1t. Ir: other ·:,ores 1 

st.:-;ncl~:rd::::cc.l approC!ct:cs to lthcr.:JcLJvo le,1rr.Hl<J can. l)O .::lc\•..:1opcd to 
hc-~,¡c!}c uh:ost óny subv~cc mLittcr. In tl11S 1 the donu:-'.unt role of the 

::-:..:LvHlL:cd teacher 1n. che lc::amw<; process 1s replaced by "packaged" 
se;:::-;JacecllnstructlOn. 

Cnc:ri:_c~cnscics or Slc-n~fJC,'3'lCe - TICCIT is reacy to be e:..:perlmented v;.:.t:1 
r.cw 1 \vhcre therc 1s cable televlSlGn a~d Touch-:o:1e telq.::10í18 se:-vJce. 
(üs r..osL cor.1plcLe de<r.onstwtwn as a syster-:1 woulé be w~1ere two-way 
cable cekv1s1on V\'Oul::i be 1n ;Jlace 1n 1974.) At c:-ns Scagel che $150-200 1 

000 Data Gener.:::.l ?\ova 300 m1m-cor.1puter 1 reíresl-.ers 1 etc. are ;--,eedcd 
for Qach :.oJ su:)sCrl 1')¿rs. 

TICCJ:T's c2;;ucl~~· :8 co:-noutc; 1s not exp.:::ctGo to COL1iJetc with PlP.TO. 
H lS C:csl<;::ec; for thc c;rowin<; cupc::c1ty oi n~~rd-co~:pllters 1 rc:¡·ievHtg 
e;¿[.:::, írorn thc1:· n:e:..::;:;2nSlV2 stor2c;e. TICCI'l' chsJlé'.ys col-..:;r televlSlOn 
lt!'l.)gcs, lJLt ~h~r·c uro bu1JL-1r1 J:~~12.tU.tlC'~ns or: rnot1or. anci color 1n 1t.s 

¡J:esent cor.ügur¿¡cwn. (\1.:l:at ÍC:\'.·cr TICCIT terr.Enals - ror policy-rnukc:;;·s 
-.o.odc: ,::é'lo~(e :Ju.SslL~e r1e:s noc been e:somateo.) Inc "cra·:·;~ngo a:.:nllt1es 

c1i '"flCCil Oo r.o~ e·:-:u3l che "nc.c~rajnCJSS 11 o1 PI-~'fü 1 b~t io~ so:::.c p~:-r:o:.:s 

s ~ lll 0 ;e:: ;) :: 1 es ~:--.a ;.' b ·2 c. r. o u. e; h • 

o 

o 

,Q 
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I;1 ~~CCll'~~o.:-r;~al,. motlOlll3 re.str1ctsd ro tho.'C C:1splaj:c.C v:c.. v ... Cco
c,Jssc.~.:;s \V(ltch ure loade::d Dy hac:d ac the "head-ená" v.rr:el cc;ll.:::c for. 

llO\\'l_'v;:¡·, .:'1 :.;t()p-motion ca.pability is po.ss1ble. P.s to C"br, ~.Jithc;urjh 
scvon Cdr: iJo uscd, thcy ar-e assH.:;neo w1ttun a grid syslc;.- ?.1l:J umts ~Hí;l 

2-y ::_:;.:, Ji1l~S vndc on thc s~uncu.m TV screen. T!'us me¿¡r:s conunuous tDnc 

colo: 0f :crcgular ob)ects 1s not poss1ble, nor can colorea llnes wn_¡_c,1 eros::: 
one ar.oc::cr rna1r1ta1n their smgle color. 

Crban,-::. 1 l1L.no1s 

(::Jonclci L. Bnzer- D. J'llpert- 217-333-6210) 

?LJJ.':'O 1S a co:-nputer buseci teach1!".<; system vvhch hes reac~ed a fourcr1 

gene~cL.1on S[c:ge w lls 13 yeurs of NS? suppcrted cleveJ.opmem. PLJl.TO lV 
cons~sts of a Control Dat0 Corporat10n 6000 cor.:puter des1gned to secve 
.;ooo ~E:r-:~lt-,als cnd a sofcwure system which 1ncludes 1ts o'.vn s1mpllfied 
prograr.,:-::1:10 :anguage, TUTOR. Response tir:-le oÍ ti1e v1s-..:al cisplays 1t 

ei~ner gen2raLl~S (CinÜ they car: bP. an1rr1a.t-ec srrarhlCS) c~n 0 fJ.c.t ple.s::-~a. 
gluss pu.nel 1 c)r .frorr~ rear prcJecteo sl1des 1 1s . 2 secc~!CS. 'I'!-":2 l~Ltor 

a:e p:-o)cc:co from one oÍ che 25 6 coloree 1mages on nucrof1cne ülm . 
. ,.';;e L; "xc;" r..~croflches 2re ore!)ared by Umverslty of Ill1 riols 1 color

coc·c..c¡:..::d ~o:· vwwwg rhrou~;~ ~r.e pluSr:-!2 panel -- wrnc;¡ is shghcly 

(]:-cerA 1n ~:nc.) l\UC.JO c.~ssaqcs, ovcr 4CJOO of .tnern, are aCCt2SSlblc in 
• S sc~co:1c:s :rom 0 rcccrc: '.\'lL!-1 21 man:tos ol sound. (Tl:::: spec1ul ccm-
;JULCr .:::c::.vülcd rccorc plJ.ycr 1::.> ~ lSOG.) 

The pbs:-r.J. ;:;a:-:el c:e:velo::;cC: 1r1 t~~e lusl yeé:r or so lS 8 l/2" squarc and 
üllcci \'_,lt;-. r,eon.. ~e 1.s trans::x:rc.::1t, flat glass w1th 512 trar,spJ.rer:~ 
eJectroces trcH'ersJ CHJ 1t botn :1onzontally and verucally; 262.,144 incü
vldual cil 1~ltally aCCr.:;ssuDle ~oJr..cs arG under cor!"loutcr control -- \\'hlch 
r.1ay be ac..t:lvaLeG by che kc;¡scL. D;t toL:ch1ng e: spe:cwl ovcrl2~: pc:nel, 
2SG po1ncs can be D.C~lvateo. (Th2 e?~tra cost ní thc t~ucr~ )Gr-:ells $600.) 
.t.~~ rnu.nr,c::r of hr~e c:rovdnc;s 1 c;¡arts, graphs 1 E·tc. 1 ci:f;cr::::r:t t:~l:Je s1zes 1 

s~:v·les ce:;;. lJG CJOncraLeG, J.~.c1 Jn .. 110LlOno The ~)las:~ .. a ~JC..:-l.el ;;er¡-:1:Ls 
conncc: ..... -.\..1 :!le cor:1pUL2L to ter:~-~lr:<-113 by rr .. eans of ord1r.ur~/ tclepho:-tc 11nes. 

rl'!··~ SOÍl\\\-.rc t¡;:1L is u.:;cu ,)f0cjr.:t:L 1 S conccpts \",i!'1C:1 C(l\l ~h.: lr'.[Cl-rOc;~-_·LCC 

v.'lL~:l:1 Lí".!.. ll·~~J_Ls o~- Lr~c c.LJC:l : .. )l::-}c Clno vocu:)L~L.;.[-J rclétlcc1 u) ~);JCCl~-Jc 

:)roºra~-~.s .. ?roc;ra11s ccl~l be c:c\!c~u~cci ut c1ny ~Criíllnul b)· ~lny~,.-Jr.2 (1ncl~d1r.g 

~1~-.~~~c~ o:-:.:...s :)~' .::hllc~-c;:¡ ''.l¡~stal~tly 1 '). f¿¡n;llJ.uc:.t;' \\1 1[;1 t.J~: syst2r,1's pru

;~c..~.r~-. .._l!; lC1.-.C.,LU.~~, '"l.'l,.;~·o~~ .L3 ~e:.1d Lo LJ(_; ct Il1dLL~r cf u lt.;\\' hours. 



Sc¡~nc:nr.~ ,;ooo tc•m:.r.als on u tnne-share basis, Vilth computed responses 1 Q 
L;1u use o.i: "Juagmcnt" ¿¡lqontt1rn:;;, r0quues a. pvv.erful cornputer. 

Char;:-:cte:·lstlCS of Slc¡nlflcar:r~c:; - PlATO cc::.n "draw" its ora.r.g2 graph1cs o;--;. 
ns tcr;:-.u-:al punels 1n SLtc:. a "na:1rol hu.-:1<H1" mCJ.nner 1 1n responss to 
ci..;cnc~; !JUt to lt 1 Lhut tne c.lfcc.t 1s ClSurr:-:1ng. Thc out:::.st1oner scems to 
;:.;:=;~ ; ,-1:0 thc meamng of h1s q'Jcstlon purtiy bccausc :1c is e:.;)le to typc 1n 
n:s ov,;n quest1ons ancl panly Lbe way thc gruph1cs ::1re clrav;n. \Vhcn a 
r.:ap oran lllustrat1on stored on the m1croflche 1s wantedl lt "¡n::;tantly" 
appears, rear projectec:i. 1mo tr.e sar:-,e plasma panel and, lf he cr.ooses, 
he ca¡-¡ thcn "draw" on H wrtn h1s flnger, (spec1al panel, see above) or 
~Y r;,¿a,1s oí keyset 1nputs to tr:e co:nputer. 

No clouot mechams;ns to s:ore ünd "mstantly" pro;ect 8 mm movies as 
wcE as sliC:.es codd also be developec 1 out telev1s10n (and Vldeo
casscaes) woula reqmre a se¡:¡acate telev1s::.on screen. (Th1s lS an 
im¡::¡ortar.t cons1dera twn a nc may- call íor o hybnd sys tem 1 once mecha msms 
for computer access1ng v¡cleo-cassettGs a:;.d selectwn from w1th1n the1r pro-

1 - ' grar:1s 1s acmevca.; 

Or.2 cer~wal (S.SSOO) ar.c Hs yc:;arl¡ ope.:-aur.g cos[s of $2200, ph.:.s long 
cüst6ílC'E' l1ne ch.:<r'}·?s, 'T\0'::2s PIP-.TO 6\'-3llé1.-ol~ ~o a p0liC~'-!!'.C!'.:er (lee.sed 
lo:;.g- ·:¡1star1ce charges to ~~roana ~rcr:-1 th8 \~\rest Ccélst, u.r:.lsss prC\lldcd 
or. the Federul Tej¡::¡a~ 2ate o[ 30~/n<íle/month 1 wou.ld be a;J:JfüXlt.lacoly 
:.1.(82 timc:;s thu.t or $l500 per ;;¡omh). Oí cou.:-se, oaca, pcog:-ams 1 mlcro
flcb.cs, etc. 'NOuld he1ve to be developeé. for the partlcular use 1 but as 
t1;;;e gocs or,, u c;rovnng shJ.re of chJc vvoc:lcl De avJ.lluble frol., stt.:c1es 
dono once, nutwnwlC:C. flncl 10 tl1c-:C! a l)L\TO tem11n3l Ll:i.<J Lile ?Li~TO systcm 
could !Je· w.tcrbcec: 1nLo the 1\l:l'i\ nulwork, bnn9111rJ ciovm costs une: 
tu;"Jp1ng e>:pert1sc anc: corn;Juling cu¡J.J.Cllll:S ull over t;1e country. Also 
... .: -¡:~me, the PI..ATO coi.:putcr ~nslu.llatwr. c::c Urbana would be repllcuted 
a t vunous locu twns tr.roug hout thc country. 

?LATO prov1ées a r. ir.tera.ctwn, ¡-Jurticu~.:t:-ly wlth lts res;Jons 1 ve "drawing" 
oí graph1cs ana shde retnevcd 1 wh1ch 1s 1ntended for one user. Its 
e:ffect1ver:css for a large aLtcilCnc8 1 vw a telcv1S1or. car-::era focused on 
thc PL'\':.'0 ;:JlaSI.lu ;)J.nel, muy be df10trl8f ":lClitCr. Alsol [f!(! oulk o[ ec.cn 
t..:r::unC\1, J.ppro:-:l~:u.tely a 30" cLtlx~, bloc::s off one uscr 1n Lhe samc roo:-r1, 

írom anoche:. PU\'t'O 1S .í.kr:r_:c,l [c,r lnc..:.vl·~·uull:J.scrucllon, :Jrovicwg 
c.:nll 1 Sl:: .. ~l.:luon, ~1no mea¡:::, Lo su:,iuJ.:::to cnt1Cul Ltunl:ln<_¡ uno 1t cocs 
that very well. 

Other t::2.:--: t:-:ar,_ PLA'rO 1s ulso o. or::)-to-or.e lec.rmng tccn:-.olos':' \vh1c;¡ 
strcsses sc .. E-pu.c~c: lcu.:-n1.n<J, L~LJJ.!.L-.tnt; C\)l:-'Lput:er c.ssisrc:.~('C anC. grapl11c 
d1splay; 'liCCIT anc PI.'\TO c:ot~k ¡,¿¡rcJy :-:e ~ore-: ~:J¡Ierer.t. 

o 

o 
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?L~TO necds ..;ooo wrrnwals to, beg1n to be cost effective, unlike the 128 
tcr:ninal seli-containcd system of TICCIT. Also ?LATO does noc use a 
standard TV monicor. It has a plusma screen onto 'Nhich stlll or moving 
pictures can be d1splayed (if prev10usly loaded into the indiv1dual PLATO 
terminal). But PLATO does provide moving, line graph1cs on a time-sha.w 
oasis as a response to the user's own queries. Neither of these is ~ossiole 
vdth TICCIT. But ne1thcr are seven colors poss1ble' VJlth the PLATO ~lasma 
par:el, only thc one color, orange.) 

' ' ' 
Conce;JtS ure stored in PLATO and actual computation produces res;J0:1Se, 
not data retriev;¡l. Storcd data ancl pre-programmed quesüons are stored 
in TICCIT, supplemcntcd by a limlted computat10nal ca:JuClty. (It is said 
StOffiQC Of data 15 incxpensive and thac a· great enough experience 'Mill 
anUcipate the. bulk oÍ the quest10ns, so that for certa1n 1nstruct10nal use, 
TJCCIT has acicquate capacity. TICCIT is more rote-like than PI..J..TO. 
rts cor.tent ma Lter may be llmited to certain areas - which T And will 
PL!\TO's son of movemGnt be missed ?) 

PlATO 1s eas1ly "authored" by the u~er. This both púts the indiv1cual 
profcssor üt the center of his own cour~e development and frees n1m 
for v:or1~ with 1ndlviduul studcl].LS. He is not d1splaced ·by c1 "presenter", 
but ¡-:1ay lack thc nnag1naLion and medlél competence tq make full use of 
his PlATO ternunal. (The TICCIT cóunt:er,_to th1s 1s that·l out ·of 4000 
tc.::chers 1s ;JU81lshec and that this is' a fair measure .. of tbose capable 
of deveJor:i,1g t-l;e1r own cóurses.) 

Pli-\TO 1s espec.;.ally surpnsing in tbe easy ·way 1t "accepts" unprógrammed 
quest1ons, "dedu·c1ng" theu sense out oí rmsspellings 1 etc.· ---a's long'as 
the qt..:ery is within the program's vocabulary; and it "1udges" responses. 
Of course, lt cannot anSv'Jer every questwn of every :Jolicy-maker, but 
1t can relate the toral eífect of changing one ora number of variables 1:n 
a programmed "concept". Perha¡:Ís programm1ng is so easily managed 
that PL'1TO can be quickly brought to handle-such a high proportwn ot 
oxplora ~of:v e; u es tions thu.t a pollcy-maker w·ould be' attracred to use it 
and forg1ve the t.1r.1es 1t took a day ora \veek to respond. 

The student-~er-hour contact costar the optlmLtrn loadwg of tbe i,OOO 
terminuls for PL:.TO IV 1s dovvn to 359 per hoúr. Tlus is- sa1d to je. 
comparable to" normal size elementary teacher-led classe·s. ·u indud·es 
the $2.5 mlllion ma1n frarne cost of the comptiter 1 two mllhon ~vord·s oÍ· 
memory ancl othcr input-output cqUlpment cost1ng $2 ;nillion and another,. 
S 1. 5 mlllwn Íor soft\Vure (arnortlZ·2d o•;er S years) 1 plus operatlng co~ts. 
(Sorne hu.vc qucstwned if PU\TO cun hancllc more than -2000 terminals~) 



l¡ 2 

.t: · .. :;~é. r. :\csoL:rces Rcsca:-ch Orgamza:.1on 

:) (; C.S ~\O [ '.. L \ 1V C.. S t~ l -; 0 ._ Cd~ ¿ C ~e e t 
r".lc:xa:.éc;cJ., VHg-H!la 22314 
{0.-. F:.c,1 Swallow- 703-5,;9-3611) 

r:ü:-r;R:\0, estabLsneci 1n 1951 by r:,e George Vvashu:.•;¡-ton lJmvers:ty as a 

r.oc.-prG::" ccr~oratlon, was unéer exclusive Arr:1y spor..so~slup for lts 

fjfS[ ló J'8G.rs ar:d devc~o;JGC tc:.cnnclogy oi ~rci.~J.:L:l'; and edu.ca~1on as 

\·.reE é:S :esearch 1nto rnouvat1on, lec...c:.ersh¡; and persor..nél n • .s.nac;;ement. 

!:1 ~967 th1s compecence v;a.s exter.d,Jci to ocne:- fecera~ ase:1c::..es anc.i w 
sta:e u:1c _;_ocu.l gove;-n:¡¡ent.:;. Tr.e relat::.or.sru~ wlth Tl1e George \Vashwgton 

ur::vt:;:-sdy -.vas rermir:acec 1n l96S, prov1d1ng 1t new flex1b1L.ty asan 
i. :1cie pcrJ.de nt no íJ.- p:-of1 t corpora t1o n. 

=~ ..:::;:-\i\0, ::.L can be seon 1 enccred ÜH:; tcch.r,ology of con:.putcr ass1steci 

1::s:r'...:Ct1or. \v::..th a partlCt..dorly nc:1 co:~cern Ícr pract1ca.l ccucatlonc::J 

ap~.~-cc:~wns. The reason for wclt.;cl1:-:g Eu:-:::<RO herc 1s cr.éH 1t has 

:-eco<;:1:zec: :.:t:: ó::c:-er.t v1rtues oi 'l'ICCIT c:.nd PLATO and has é.eveloped 

>Iur.:Rl\0 syst.:::m uses a standard color ~slev1SlC:-'• mcr:--,1:::x· :.or ClS;)ll::.y 1 

as TICCIT does :na more lum-ceci way, ar.c prov1é.c:~: :or ar.Hr.ated response 

[!·¡¿¡: TICCI:.' canno~ co é:nci exceccs PLATO ;ti. reaL.srn and speed. (The 

CL.E\f\CI: tcr::Lnulls now ocwg bmlL ':'he H'í'¡age gencw.tor 1 wmch rcquues 

¿.uoJL $200 1 000 supporl anci ene yeur's work, hc!s not ;)(!C\1 rundccl.) Tt1e 

)~-oposed c:cs1gn 1s econorn1cul for a. systcr:1 wllh iJ.S iew a.s lOO cer,:nnals 1 

yc;t i:~oC.:'...:::::· Íor 8Xpuns10n bcyoncl 1000 ti::rrmr~als wnhout cL1pllca.twn oÍ 
te;xt s:ora0c-retrJeval su:JSi~;tc;r;¡s. All text rnat8nul lS c<J:;Lrc:llzed vnth 

l1ttle or no nccU. for f1lr~1s, or v~sc.al r~.ater1als at t:-1e tertr11no.~s. :r.e 
power oÍ thG system 's speC1al-purposc Darawac-e proauccs cosL:-periormance 

gulns wrnch are oréers of magmtuc.ie aL!ove t::at ;JOSS1ble ü:rough the use 

o[ a gonoral-purpose compucer anci soÜ\.rc¡re. 

I:ssent1al elemer,ts 1n acn2cvwg t:-üs advanc2d des1gn are sumr:·~anzed ir. 

Eu:::RRO \'JOrK1ng ;Jc)ers as follm·vs: (l) tenr.wal arch1tectur12s ·,xmch 

l:':cor:)Ofutc. r.8W so Le s tate dev1ces 1 1. e::. 1 CE.L.RGE te:-r.-:1r.2:l (~olor 

jJc:dftor:c F<.ea º_r,~:J:uc ~:1v1ron:ne:u); (2/ specwl-purpose h:1rcwar2 to 
~ui:c ovcr '- 2~1 c:cf1:-:Cd 2nd stu:Jlt:~ so;L\V._lrC fJt~ct1on3 J :..e., l.:~C.dJC 
( 1-:'lf).-,r-¡t-r "'l" nr--t ))-,ce- 'r-r""'C¡-)í:t ... :-lr'()''' I-r-. "1--:, ~Lo 2 T) .. tr') r1, ~--l .... ~•ll'r< :JI,.:;"l,lC. '-.),.!.U J•'-': ,). ~.J L ~l.•~l oldl-"l ,;:, lU .. , ,;-¡_J ' -1, \_) GL, ¡,-.JL ,¡'_; 

I/0 bo¡tlcnocks \\~c'::r: t::c c . .::n:ral co::I:Jucc:- s;.rs~-::::m oy u:-:;.:.:;g :-.l0::-speca 

clrur.1 S\\u;) unc."i DUJL.Lng.:: te'.\ spccl.Jllí·tcri:aces where ncc..::ssury; ané 
'/ ) t h "':'! , - ¡,... ....... .-... C..-...-..- ..... ._ .,.., .. ~ ,r--t ü r ~ -, .~ ... ~ :J ''\ ' 'í ro r ,,.... C ,....,_ '""'"'"' r- S ro r !""'"'i , r", ::-. ...._ ~,· '"""~, r, 1 
\ .. ;¡ ¡~V .1. G L l..,... .J 1,. V 11. ¡..J ~ L ........ ~ ....__, .1. l..l ....... ¡ l....... • \.. 1 .4 •'.. ._, ;,_¡' •• G ... L: • 1.... ... ... ~ ............ - u . 4 L~ : .... \....... --

corr1putcrs \'l!"icre ~-;!.ore; proc.uc~1on ccst c::cctlvcncss cae. b·~ real1::::ed. 

o 

o 
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Déscnbed by rneans of x-y-z coorónates>~3-D objecls can be "stor.ed" 
ú1 tr{c computer a nd con verted to 2-D 1 colored _s hadec:l perspectl ves on 
thc Crl:ARGE terrn1nal. The objects can then oe either rotated and rnove 
themselves, orbe moved throuc¡h; b¡ rneans of a keyboard or control 
s t1ck. A new perspecti ve can be calcula ted 1 tra.nsmltted and displaye,d 
in .15 seconds 1 changing perspectives 1 rnoving closer. "All of this 
ct.n be done in viv1d color 1 with curved surfac~s appeanng smoothll. 

Tr.e CH.Z\RGE tenmnal 11 resolution ••. is .of· the order of 2000 honzontally 
and l 000 vertically 1 actüal p1cture quahty being llmlted by the color 
mo:-ntorll capable of altenng the dlsplayec.l picture at real ume rates 1 

raLher than that presented through the momtor ..• without flicker. (18 
bits of color are used and the gray bits are" of the order of a 7-bit log 
scale.) The terminal1s est1mateá to cost $10 1000 or $61000 in quantity. 
Up to 200 term1nals can be supported by an image generator costing around 
$l-J0 1000 1 permlttwg real t1me 1mage generation 1n 5S{, of the temunals. 

Evans and Sutherland 1 and GE have devc:loped graphic termwals that 
gcncrutc color perspcctfves from 3-D ob]ects. Both are llmited to one 
tcrr.unul cost1ng uppro:-:Hn.:llcly S250 1000. (Sce page Stl) 

Thc proposed CHIIRGE tc:r.-ninal systern is sa1d to he., lS times fas ter 
than that devc:loped by Evans_a.ná Sutherland a.nd its output 1s a model 
p1cture (cocled as a .set' of edges) ;_Nhlch reduces tne· req~.:1remem. on a 
term1nal mfres h buffer from 42. lo u blt w only l/Ll1 ob bits. In cor:
trastwg the compkxity of lhe 1mages that can bE g<~nerated ,- CHARCE 
handl.::;s 64 1000 edges, Evans a.nd Sutherland 3000 1 GE-250. 

Chaructcnst1cs of S1crnJfJcunce- HurnRRO's systern corT1bines realism 
ir, COOtHlUOUS tone color, ~-:,crSpCCtlVC ¿¡¡)cJ moverr.cnt with rcspOI1SlVC 
capacll1cs \\lh1ch excced thosc oi PU\TO. 1\ virtuc for the reg10nal 
pollcy-rnaker usu:y C :-:ARGE is to 11 cxperie nc_e 11 proposed dcvelopr.1 ents 
before they are built and to share th1s experience Wl-th interested c1tize:1s. 
How wlll new pP2jects appear? W.hat would it be llke to rnovc: through chem? 
Concepts that reqUlre'color:l perspectivo and motion to help convey theH 
meamng spalially and ovcr tjme could be descnl::ed and graphically d1s- · 
.played. 

l 

funhcr 1 by bc1r1g cornpal1ble Wlth standurd teleV1SÍOt1 1 one central SCOruC]/8 
sysLem for a reg10n could convcy all ma.nner of in:on-:tatlOn to swgle ter
mlnC~lS1 fnr larsc screen :~rOJCCtlon in reg1onal sltuJ.tion rooms orto a 
vv bolo cor-:1:"':1Ut1lLy Lelcv1S1on a.•Jcl1cnce. \Vlth tvw-'.vay cable capai:nht1es 1 

nt.Jtiy tcrminuls co'Jld Vll'V; thc same ir::age at one t1mc a.nc! partic1pate in 
alLcrlnt:; 1L. i\ furthcr ¿¡c..vuntugc of Cl! . .'\RC:C, und TICCIT 1 1s thu.t the 
"rcfrcsh" l1c1rdwarc for a numbcr of ter,<nnuls can be shurCC 1 thercby 
rcéuun:;_; cost, Th1s 1s r.ot ~oss1ble for ?Lt\TO 1r. wlnch the refresh umt 
ha.s to nc: bu1Jt 1nto c¿¡ch tc:rmll1a.l. 



O :2 system co'.JJ.c er.co;-.pass com:;;L:r-ucy crc.p:-:1c reqmrcxer.:s from CCÍl2C.J.~lOr. to 
SL.l!Crc.l co:-::murnty d1a.loc::;ue and pollcy-rr.c:..'~:n0. Th1s one syster.. coulc r.~r.dlc 
,~~ r....:.::d t1me 1mago ;:¡.;;:r:erution, (2) llve :xoadcasts, ar.d (3) v1ceocassetL.:s. 

::.-':-o:-:1 EL::-.-.K.;::.Q reports 1 t~.c followir.g col.l~::.nsor. can be made of its CEA;{GE 
;:o TJ:CCIT LJ.r.d PI..ATO: 

;.-:~:-tlmum number 
o: lcrnu:J.als for 
co¡¡;plete syslcm 

_~:.te rconr,.ect1o:-,. 

ír.Ot1on 

~ " v-U to 2-D 
:1.:. ¡·--:wa re/ s oft.va re 

:cr:-:11 na l J ;11él 0 ·:. res-

o: u t1on CG~-J. ~JJ l:. ~~~ 
e .()1 nls \JlSCL:lTtl Ole'" 
n un z. & vc:·t.) 

:~~1stem co:'-

(.G b1t WOfC:.S) 

S\,.2p & JOD los son 

s1:::e (lo e;_¡: worcs) 

response t:rr: e 

tra nsrrns s.:.on 

u:ne 

OXOC'Jtu~~C~ 1r.st:-uc::-

tlO n::; (u~,u/s ccoad) 

non-ec=:o joLs (peak-

secor.os - l JO!J/use:r) 

CEJ\RGE 

tv monitor 

lOO- 1000 

Lv cable 

computer genera ted 
in full color 1 line 
and area 

y es 

2000 r .. 
1200 V 

1281000 

32,000 

o 15 sec. 

.004 soc. 

10,000 

) 
~ 

pla:3ma pa r.el 

1000-4000 

telepl1one ca ole 

corr.puter generated 
line 1 one color 1 

one gray level 

no 

500 h 

512 V 

256,000 

4,000 

• l S sec. 

o o i - 2.0 sec. 

l 1000 

2 

liCCIT 

tv :-r.omtcr 

lOO -

tv cable 

:-.e: nd acces s 
v:..coocas settc., 
full color 

n.o 

320 ::. 

24 o V 

321000 

81000 

l. O sec. 

o. l sec. 

3,000 

20 

o 

o 

o 
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'7::--:.t::T:'\-COM - Suoscriber Response S:,rstem 

~'hcLo..-Corr. of Cal1f9rn1a 
9320 Li:,coln Bot.:levard 
Los .~ngeles 1 California 90045 
(?via;·shc.ll Carpenter- 213-641-2100) 

_,:_ '7:-:e SRS is a tw'o-v;ay wteractive comp~te'r a:SSlsted television commllni-
"- canon syswm; a commercwl development financed by Hughes. Cor:w¡um

ca~.:.or. take's place betwee.n a computer complex an.d subscnber tenninuls. 
T;1e subscnber terrrnnal cons1sts of a modem 1 wlth no operat1ng controls 1 

a nd a s L:oscriber console, of wruch t[lere are two models. One model 
has a 3··digll board, the other a Oto 9 nu:nenc keyboard anda paper stri~ 

/" pn:·lter. They can be installed on elther swgle or two-way cab1e syscems, 
(. an6 a _microv;avc lí'nk has' been tested. The s·Rs is designed to re~pond 1n 
( a tH:<e-share mocie to heovy serv1ce traffic (SO ,000 subscn.bers) with1n 
(. 2. 4 secor.cls 1 H1cluding the recording of bllli!".; subscribers on m~gnetic 

tü ¡JC • 

This vn ntcr lOCO pr~-procluction models of the SRS will be installecl 1n 
l:l Scg¡_;nJo, Cullfonua homes for a dyniwuc testl,ng of: 

' ' . . " 

premlUm television, res trie red. cha nnels, 
" , " . ~ . ~' ) 

frar11G grabb1ng 1 c~~ar.r.E:~ polling, 0¡.:.irüc.n 
( 
¡ 
1 

l 
f 
i 
¡ 

l 

Ex1s ti nc; serv J ces: 

polling 1 interactiye educat~on 1 and audwnce 
parlicipa tion; 

m.~ ter readwg 1 s hop-a t-home 1 reserva tion 
serv1ces 1 emeroency seflnces (üre 1 

buro1ar 1 poÚce) ánd vario_us derivations 
of thes e serv1ce s. 

' ' 

The modem und console wlll be, prov1ded to_subscribers and actual s8rv1ces 
del1;;.ere::i on a fee oasis. The purpo:se is: ~o t~st t?e r~a~tlOf! o: st.:b
s-:;ol)ers co the serv1ces, determine thefr profitaoilüy and the need for 
chc1r.c;e or rT,oGÜlca.(:~on. 

Thc íol~ow1ng is from u Thetu-Com techmcal paper: 

TLc C/'.TV syslc,n buno Jnslullecl 1;1 f.l Segundo by 'l'ncL\)-CLiblc 1S a tvvo-
1 .• 

cc:!Jle sysr-.::-n, shcwn1r. L gurc 7. • _ The system consists of an "A" cai:JL:; 
s~rstC',~I <.:~el a "3" catlle systc:11. The "N' cable trunk line is 10ter,ded for 
c:o,\·nsLrcur:: truns:~HsS,lOr. oniy 1n the banc! from 54 to 300 MEz. The "i3" 
tr-utd: ~211c~ oper.:Hcs Dl-ducctwnally: clov;r·stream from 174 to 300 ~.Ir1Z 1 
.:1:1,1 u:~-"'.-... :r~l Crom S to 103 i'víli~:::. The ")\"cable cllstnbutwn syscem, 
:-'¡CJ\',C\'2:-, O,J(;fí..tCCS \.)1-<lr;;CélOnC:::.ily '''lth the Upstcearn banciWlGLh 08CV.'8C\1 

') ,-, " ' ., 
V\' ,. • .. l...:.. • 



~hroush a;:<.JLOpl:.a.cc lo\,\} pass ~~~~c.:-3 to Lho 11 0 11 ~rL:-.,-: "-"v~;ere ~~:ey cr-cvel 
u:;¡screa:-11 LO ;:r.e 1eacl er,C.: c.nc ¿re roL:l:ec. <:o ::1e Si\0 1"-:_co.l :'rocess1ng 

Ccnter. T:-~e '',...;~~ t~Lr.k, a~d Cj_SLLl.JLltlon sysc2r:i, :s l~teúded pr1:11ürlly 
.:or home sL>)scn~crs v; ·:1le t~:c "B' trun:~ lS w;:enC:eC.: for ;numcipc.d, 

~usiness 1 2r:.C 1nC.ustn2l u.suq0, v;here the grec..Le~ L.:~strcar:1 Lur:Ov"lCth 
~S-108 l'Li~~~) ca;c ~2 ullllzeci ior accin1or.c.l C.:aca coíf,mumcc.;:wn ar,ci/or 
L:.;JSLrec.rr~ v1Ceo cn¿.nnels. 

T:--:.e "A" c0ble system wlll conca:n 32 trunk ampl1::1ers ar.d 124 line ex

w::clers. Tí:e "B" caole sysc:em v.'lll contaw 32 trdr,:.C,a:-;._;Jllf.:.ers anci only 

4 Lne cxtc:1ders, 1n v1ew of ¡:he smc:.ller ci1scnout1on de:-:1ar.d am1cl;:>uteci 

Üú~ the; ::, 1 r •• ClU~lZGG US8fS, 

T~·.e; 1onc;:;esl cascadc in t:-.e system cons"sLs o: 7 trunk 2:.1pl:::1.:::rs c.nc 2 
l1r1e ext.::;nC.:ers. Total ;JlL'J.t r:uleuc_;e :s c~~;prox:,r:;áL:eiy 30 rr.1les. ?or ti:e 

¡:;Ln;.:., 3/s" foo.m r.üelecLrlc cu.._¡le wlll !::e used c.nci l/2" cable fo:- the 

chs~L~Ul.lO:-'! sys:e:n. 

?or the :Cl Segunco systc·~-., Jerrok S?-l/2/S-2V/ tr:.wk ampl1flers and 
SI.,t:-380-2\V lHw exter.ders are used. 

c:·,¡:·rc.ct2;--ist::cs of SlC:'!~-~cc:-.cc:>- :<cglor,al policy-makers or:. ?CC sta:1dard 

c\'.'<..1-Wéiy l'<'ül18 relev1s1on syscems ('.v:;_t;¡ TV ca~ncras) could use t~:e SRS 
ior ~v.ro-\'.-2~' v1C.:eo C:l:!l'!,'JnicatlOrl i>etvvee:1 s;IC:C1f.i.c subscr:bers. such u.s 

Cj0V8fi1ment u08í.Cl8S anu private CillZ8íl orgU.nlZoLlOi1S. 

'f·,\io-vva~/ use oÍ com;Jlllr2r assisc8C l~slruCLJ.on \v'ollld Oc ;;oss1ble, bu~ 
!~I.Ll ti.] e: co~;~a red Cú ~ L .. ~'l'O. l:o\VG'JC~r 1 s :=>ec~u~ ;e<;_:J or1a l v 1.cleot.~ ~e mov1e 

~,J.-oc.LC:.!t.Jt1!J a~c: sLo~-c ... : lrl1LL~JCS co~ld Le c.cccsscG, u.; (j :or o;)Jr:.;.on :Jolllr¿~ 

O<JCil ;_)CrS'-i''\ polleé could ;_,e; lQCilLlílCCÍ. c;'hc !CS~Oi!SC L1:·;o of 2."i SCCOí:ciS 

i'-)' SO,::JOO subscrwcrs vvould prol)<JiJly bo conswGrcd ~i' pollCj'·-r.¡al~c;rs os 
"~co lor~g". It is SC:Hi thac up to .5 SCCOiúS lt lS d1~flcull ~O c:.stlWjU1Si1 

dl::fcrenccs in C8S)Onse ~1:~-:e. Over . : secor.ds r tne Clfierer:c.:: :;_¡¡ [he lag 

tl-:.o o: :-espor:se 1s noLH ... ea.Jle. h cior:ll:J.dl't propne~ary fe:¿¡ cure clu1r::.ec 

Ol cr.e S:<S O~Jcra:.:.on lS t.ow lL hus cornol.v:;d a il1l:C.l-CO:::p~L2r u.nd SOÍtware 
to cut res;:¡or-:se t1r:1e for lo.rc;:;e nu:·,¡oe:rs o~ sL,oscnbers. 

Ir . .:.ua.l proc:uct10r. cerrm:1a1s vnll cost S3J0-400 each c::nc -.:::.11 be uvailé::.~le 
sturtin0 1rt Lne lc.sc ~uéJ.cter of L111s ~~ledr. 

o 

o 

o 
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Q TOCOM - Total Communicatwn 

J.'CCO!v: I~C. 
P. O. Box -'l '7066 
Dalks, T2xa.s 75247 
(Charles Low, Vice President and Bnan Belcher, Manager, Digital Syste¡ns) 
Zltl-253-3661 

1 TOCOrv1 has cicvcloped an intcructive hornc tenninal system fGr tv.;o-way 
{ cable televlSlOn 1 pr:manly for commercwlappllcatwns. It is to be flrst 
" te.sted at Irv1ng, Texas, near the home plant 1 with 1500 subscribe es. 

This is pnmanly a computer assisted system for c_ommunication, not for 
p!loccsslnCJ or inslructwn. (TOCOM's simple 4-key terrnir-"11 is Súld to 
be mc:.ss producible uL Sl25 pcr termwc:.l versu's $37:, for The~a-Corn or 1 

, as I ha ve be en told 1 $600 for the RCA terminal). The_ TOCO M sys tem 
( can res pone to 60 1 000 remote units every 6 seconds. It can be used 
1 to prov1de burglar, hre and "emergency request". services as well as 
¡ pay-TV 1 meter reading, Hiforrnation retrieval, med1cal momlonng, home 
\._s hopping, k e y board 1nputs, etc. 

1 TOC01v1 1 des1gned for the cable system operator, consists of: (l) the 
Q home, tCf:-:1l:J.als 1 ~N;¡ich opera te through two-way coax1~l cable wlth [he 

. s~a!"loa.:d b.o:::e teH;!'.IiSlOr'l morutor; (2) a 80m[li\Ier controllecl central data 

o 

The horr.e ter:r.1nal 1s a comblnatwn 26-chtlnnel TV converter anda digital 
transn-:1tter-rece1ver wlth ics own umque identificalwn at the central 
computer (for polhng 1 'marketwg, b1lling purposes). The 1nit1al sub-

\. scnbcr cup.~lcity of u system 15 2000 1 expandable to 60,000. 

( 
' C·h~¡"<Jc~cn~~Lics o[ Sic:niÍlCí.1rcc- TOCOM cluirns to be thc s1rnplc~,t (!J.-Ley) 1 

/~ 
1 
1 

L 

leas~ C;::!X:nSlVC two-way eleCtCOnlC system at the protofype Cevelopment 
stage, reaC:y for manufactü~e. I'CC rullngs of March 31 1 -1972 require all 
new caüle 1V systems w the top lOO markets ·to·be bmlt witf-·¡ two-way 
capabllitw~; all the ex;1Sl1ng systems in the lOO top m<Úkets are w be 
convened \'dt~lin S years. 

Besides che pro¡ected home-to-telev1sion studio response, systems li'<.e 
TOCO!ví and Theta-Com could be udupted for use eühcr vv1th1n reg1onal 
situi:ltwn rooms or u:terconncctecl s1Luut10n rooms. Polling of these, 
llm i tcd ..:: ud J 2 ncc s wo u ld s cec1 the m os t s lg¡uflca nt fi r s t use for reg 1onal 
pollc y- :-:1u 1:1 :--.~j p . .: rpose s. 



sc~~?~.,oc:~t-):---¡-,.:cs - Q¿ta ~alJlet 

S el-: ;J toe;:; re: p r.lC S e orpora LlOn 
3G~ :<:..ng's ;-lls:~vvay 

J:-'a~,-:1elG, Cor1r-:ecticut 06430 
'""' ~c., l""~) \¿U,.>-.)u"±- J'-lcl 

4 o 

1-Scrl:;~oc;rc:ph2cs 1s SH:ulé::r to but ófferc;r.t from lts competltor the RAND 
:0j~..:::t. T~.e Scriptog:-uph1cs tublec senses c:-.e pos1t1on oi elther a stylus, 
w:--.. ch can .)C. an 1nkecl pen, ora sensor. This s1gnal is con,;eyed in a 
s~roam or polrlt mode, or ;:,y remote siC]nals, w1th a resolut10n of lOO lincs 
_JC:!" ~nc:1. f.Jc.ta can. be preser.teci 1n 81nary or BCD and ceveloped on a 

¡ cat:1oGe ray tu;Je or tclev1S10n monitor. :'he La0let is 3¡ t3 '' thJ.ck anC 
co:-::es 1n s~zcs ior ll" x J..l" to 36" x 40". Other s1zes are available. 
:e can ::;e t¡-¿,r.spare::.t or not. Fnces are 1n the $2 1 000 range 1 plus or 

(.'·.-11:::...s 1 c:e.oe¡¡dli1g ou quantlty 1 SlZe and optwns selecteci. 

,..,_e ~1.::racrcr2sllcs of Slc'l"lflc¿¡nce - 'fr·.¡.o 1s a simple w:..y to acd motion 
\ !.1no cn::);;¿¡s~s ~o ;;:;rc..pruc prcscnLutlOns LOor by policy-r;,ak.ers. l\~o skill 
¡.s roc;u1rcu. I~ co: .. .lci becorr.e <1 purL1cü::~rly cffect1ve rnear.s to corn:-:~um-
Í-•. , ~. '!'"' -,-r ... ~r T1/ ,,~nlto~ o~ '"r~-" se"'-~ ')~o,~c·eo' "'"'! 1m~"""S On an , \,., '-, ~ l,:; ~U l.,; .:.. l , .._; , ~ ¡ '.....J L L ~u \J ~ - U 1 t.:: } L J t.:::.: l. .1 • l 0 '-_l V • 

:, z;c:-l.Jl p:1',)~0gr.:¡p:! or ch¿rtl for lnstancel white llnes can oe "dc¿:¡wr." 
\')VCr t:-.c l!~12C'·~ ~O ;:¡cic ll1i0['r.1élt10n. ·v'.:lCi1 caoleL:::. in f:-vt-lc vf euC:¡.-, p.J:-ti-
Cl)''.Jnt a: a re:: ~;ion.Jl SltL~ül.lon wor.l 1 c1ny onc: oi r.nem could cH.id to each 
OLL:cr's ur~l'.\'111~7 1 C'C 1 Llu~l0il 1 CLC. 

LIDO?IIOi\ - L.Jrc]e Scrcen Tclcviswn Projector 

D.J te:.: D1 v1s 10n 
Cor::-ac Cor)Oi'u~ion 
~GCG .S. ?vionta1:a Avcnue 
Guar:o, C'c..J1:-::rn1~ 91Jl0 
( 

.. , 1- ., ~ 1 ,. ' ' '![ ?'? .-.-r ~"'"') ;,ennsLr. r\ • .t.;J:.Je~e 1 .vlar.<:eclng ,vlunucjer- -L_,-j)::J-o..;,ol 

:-;...'\;-·¡2 E:::.cio;J::or 5070 acc:epts eiti•er Lhc s~anc.urci rec 1 green or jlue televisi:::.:-, 

:\ s1.:;r:als o:- Cl'jJC:j_zec 1nfor:r.at1on. Ir.lo'Jes can De proJE.:Cted up co 3CJ x 40 
\ :eet oy [i11s h10h lntenslty llg;¡t systcr., r.1anufacturec by Gretag 1n Sw1~zerland. -.. ~ 
\. 

~-.,....-.._,..,. l~~ 1'- ~ ..-;,o\ ,... • " .... -.. -¡-T~QJ-:_TQR T r ~ {..,,......,~ ~ P ,,~ ,......t ... ~-·ln ,......., .. U.·: u18. 100p .. o, .Jr C.lu,e. ln <-í1 n.j Jr -· , ~Cl.<;j~:; ,)'-..cCC •.• r'--JP.'-' Q, _ .. _ 

\ 

"1 ...... ,..... _.., ~ ......... l ('") \. 1 ("" 1 ~~ n-. .1 ~ ~· ...---. -i 1 l t 1 ~ - ,1 [', ......... ,... 1 ., ~ l • lo,. ... l., • ~ ! \ r 1 -"'-'0 .. H!C:, .. L:.'-' ~~-1011 .S.'-,l.ü Lo IT:ul.d1.J. 1._1 ctr. C.c'-..u011 ,)Ce .1. ""JC,, ~•· cU.I. 
\ -,-,~-,...,...,,-, ~ ¡'._, ~ l ...... ,,-.. •- ,...,,...,. 1 () ,,_,,. ·• r~ri~'(, 1 ~-l\'--:"1 ~e:~~ ~ '' • 
\ l.·~.,J¡¡,_::; ~' Ll.l{. Ül lu; cr 0.1 u CU •. <.-..1 ]c.; .:: ... r.o.. J. ·•·-" 01_, le •. c.;( l.J _,l(': oCd_.:J.l 

\_ ~:.,;cc:Jl-(' l--·--~·rlOL o: ~he ~I['O?: lC1? S'1,,.S~Ci'.. ... .. ·~~e Drl;--:('lt~r 2 CCCL~:n s·.Jot o{ 
! - ..../ ~ 

¡ ~¡:.e :JlCt· ... ~-·~ . .3[--.o~..-olci l;c, Ll-:o r:1orc cJ::ctc-2C.:tl ch~Jrges Cire c.c:;t)Sl~.::cl ~Jy :~e 

\. 

,..""), 1 -- ,. .. r r ... ") 1 r . ' -:¡ ~. ,- """"\ - ~ :' ...... ,..._.... ~ .... ......., • ~ """'\ ro. 1 l -~ \ r ") r '"'""f ,...... • .... : -::-:. .- • ......, r: 
Clf.......\.J .... o .. ...)~....,:(lfL _>n u.c.[ ........ JUL ul.u L .. v l.¡o~~.._... ~,..ll_.; ........ .1...1. ·-J l..:. :J'-L::- (t:.J..Or .. lc .• 
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Tne telev1sion s1gnal of a comolete picture ~herefore engraves a raster 
sean relwf 1mage wto the oll flJ.m simlla'r to the flat p1cture on [he 
screen of a home telev1s1on rece1ver. The 011 rellef on the mirror now 
deflects the light of a 2. 5 kW Xenon lamp and using a dark field opücs 
arrange;-:-¡ent cor.ta1mng a m1rror bar system it project:s the telev1s1on 
plC[ure through a lens system onto the large size screen •. The out
standlng advantage of the i::IDOPHOR system is 1n the use of a separate 
l1ght source which makes 1t possible to proJCCt large pictures of 
excellent bnghmess and resolution. The whlte Xenon llght of the 
s1multaneous umt is spht imo lts red, blue and green compor:ents for 
each EIDOPHOR subumt so that each subunit pwjects ils own color 
content onto the large screen. Superpos1tion of the three color images 
produces the true color p1cture. Automat1c elec[romc regis trat10n 
guarantE·es a sharp picture at all tHnes. Automatic color correct10n 
c1rcu1try further ass1sts in pro¡ectlng a perfect picture with regara to 
brightness·, color tone anci color saturat10n. The EIDOPHOR s1multaneous 
color system wh1ch is compunble wlth pubhc color telev1s.:.on, acrneves 
excellent and flickerfree reproducuon of large color areas as well as 
small detulls." 

The sirnultancous color unit, :nodel 5070, has a light output of 3600 
lumens, a m1nn::um of 800 llnes at the cemer. (It is said to ha ve a dcsign 
cap3blhty of 2000 lines .) The system cons1sts of tvvo,umts: the projector 
'.'.'hich :s 1l" ·:adz by 44" C.eep by 7~" l1.i.gh and w.::iyhs 1060 lbs. and tr.e 
elec.trorucs calJH:et 22" w1de by 35'' deep by 53" h1gh, weighlng 465 lbs. 
Tl1e current ca talog price 1s $185, 000; Model ED-8 1 for black and whlte 
televisl0n 1 1s $65,000. 

C:hot-nctn_nstJcs_of S~qnif~_'2_\i_ncº-- NASA uses this system to provide opert::
LJone~J JnfomFlLJnn Lo 1Ls lcH•;c t\l•'mful oi LcchnicJans e~t thc i\·le~nnc~cl Spi1C•::
Ctdfl-CL!t:lcr cll l!ouslon V.!ud·.tl\<. 111 nunn,Ü llC)htln~J condlllOt1:.,. lt lS fHHi!t\CJ 

incrcus1ng use 1n largo s¡JorLs url.!nc:s for scoreboard.s and for speciul eifcccs 
1n televislOn s tucws. In a. rcc;ionul sltuu twn room Íor televiswn brcad
castwg 1 Eidophors can prov1de c. la;<Je, ;J;üliant, clear 1mage. It offers 
the potential for supenmposwc; ógltul graphics anci other data on telev1s1on 
1mages as called for by ti1e v1ewer. A television camera 1n a normally 
lightcd room could p1ck up a lurge Eidophor 1mage \a nd all the people me~twg 
i n....,tha t room • 



V:C:eo D~spl.:::.y ~qu1pne:._;)O;Jera.t10ns 
SL~l~C .. ::c_; 0, R.00r.1 206 
Ge;r:c:-LJ.~ Sloccr ... c Cor:-,pa~y 
L 1~C Lro~1lCS ?e rk 
SJroC'-..:52, Nev.' Yo.:k 13201 
G'c::;rolL: ?. Gur.:::l2rson, Sales rv::a~ag8r- 315-456·-2562) 

-"' - ., • - " 1 
\.,;t_._ ~ ~.~:;c;e scr~en t8~ev1s:or .. vJ.c.eo pi-oJ2::Lor s:~sre.r1 starts rrom :nc sarr:e 

.... 

J.iC;[.:. ·;.:::..v:; p:-:nc:;>c2 ¿::, Lh.!O¡Jhor, Du[ e=: uS0S e: Sl:-.g~e electron gu.n for 
G.ll .r.r.:::e colors vorsu::; ene fe::- each prlí>::=::-y color used by Eido¡Jhor. Its 
;, ... ::•·Jse is tne sa;;.e, out H does n.ot clcL;-.~ ~he bn.c;hu-,ess of E1dophor. 
G2 sugc;~s~s proJect10n oÍ 1r.:ages Írorn 2' :o 20', . he latter-ln a darkenec 
_-oo·;~. G:G's llgnt source .iS 7SC lurnens. 1\K.: honzontal resoJuuon ca()a
'.J:LLy lS GOO TV 11.1es m1m~.:ur.,. D.!.mens10ns for :.-:e: color model PJS:JO 
c...·e 2'-1" \'Jlcie by 23" cieep 0y 60" hlgi1; v;c~.cg.--:t 1s t.60 lts. 'L'he pnce lS 
$(l,SGO anc the monoc~¡¡or·,¡u.uc modcl i')700 lS $30 1 000 • 

Cr:~1ru.cce~sc::..:-:s of SF;r,lflce:-:r¡cc - GI: c:2]~vcrs ono quu.rter tr.e bnghcn.css 1 

s1sr~~ÍlCC!n~ly lc..;s color :orH; C! .... GllL:~/ 1 u.1c: r~1l.lCn loss 1n potent1al resol~:1on 
co:::)c.:.reé '.vlé.--: :::1c.ophc,r- :Jut ic c:Jes so c..L one c;-.:c.rcer the cost 1 anc re:
~L..:..r'2s lc:::5 c::~!~:~~.!.>JX ~"'lCI.llltt-":lrr-1r,ce, Ji c1 J:1rge 1rna~re: :na norrnall/ l1qhteo 
~oor.~ ~s :-.c2ccc:, c;spcc1¿;.ll:/ l.i th.::.t 1rr.o.ge ~1cE.cis t(J ;)t2: p1ckE:!ci ~,p by a Le:L.,
v.~.~Áor. c¿l¡:el.·_s, ~:-:8 GL ~:..e_;,¡~ v~l\lC lS lr~aC3qLaLe. (=(P.S;.'s iJS8 o: [;'"',8 es 
Lg;-¡t Valve u~ ~.:e Go:::c..ard S¡Jace Fhght Cen~er 1s in a large 1 dnnly lH 

' füO.Tt.) 

J.~ u CE: cer.·¡:Jnstralior. 1n :New Yor;::: 10 a c:uri:cnccl room, lt was sur¡Jnshlg 
:·.c_~'.'i sat~sfuctor¡ 0 iO' proJCCLcd 1:-:1agc V.'OS \·v:-_.~n f2u from c. SU.i\~Y vldc:o

CQSSCLtc - sa1o to havc .::1 rcsolut10r. cqLuv._:lc::c t:o u.oout 200 hncs. 

Cor::::;an;--¡g ch2 GE ~~;c:;ht V2lvc ~~u.c~: ar.c vv:-[~=c :ma~:<; w1th a color 1:-:1age 
at NI-\Sl~'s C:~occ:arc: Spuc.J ~ Jl(~~L Ce:nté~r (oo.cL 0' 1r.. \VJ.G.Ln), lL \VCS oasy 

to se:e ho\~,, r: ....... c.-;--.. .:.:~.;.rpc~ ~loe:~ a~~c_i. \'/D1~0 l.;r:C!.ges a.ce. The n·.a;or reasor. 
lS uw :--.,. :~.;cr oi l~r:cs of rc.:>olL.l.lOn (27 2) íor coJ.or vcrsu.s (80J) :-;lac\ ¿_:,-:d 
vv1-.ltC! L~l-=.·vJ.SlOL .J.::iJ.CJ·3S. ;~ut thcrc lS c:~so bour:O to be a Slgn1:1cUllt 

Glfferc"n.co lO tn.c LOí!.:::ll quü.JlLY OÍ cc:c:- l.-:c::c_;lé:S bc,wccn e::=: c:.r:ci [.12 LlC:o

pr-:or s:,rsto;-;:s- c'!C: cleclrcr-: 0Llr1 v2,;:,cs L1:-ee, 700 lur.1cns versus 3200. 
T!!C ~v.o neo~~ c::.,;~:,)c1nso,, 1•-, ~:1L: ClfCLl:-::star.c:c cf a rc;:;1on.~l s1tuc.uon roo:-:1 
tO rcsolvc L:1C l:::.rc:c pncc (I],·C::_··,lLJ:J~. c~cie:v.cslOn coveruc;e, liC)h.Lll!CJ ül 
:he roo.¡~ 1 ..::. l-:c: dctL .. ll Lo lJc 
:or suci1 u test. 

o 

o 
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.~ ARP~. NET'NORK 
~ 

.r\PP . .'\ Network Informa tion Center 
St2;1ford Research Institute 
333 Ravenswood Avenue 
1\~.::;nlo ?urk 1 Callforma 94025 
(415-327-0940) 
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1 The .l'..RPANET is a govern.ment spor.sored· (Defensl:) Advanced Research 

~
: Pro)ects Agency) commumcatwn system 1 1nterconnect1ng a set of co:n

puters across the nation, that prov1des very fast responses. Its wter
active message sw1tching has fostereá the development of techniques 
for computer-to-computer communication • 

• r-, goal of the ARPA Network 1s to provide persor.s and programs at one 
location on the Network access to 1 and interact1ve use of programs 
that exist and can be run on other computers wherever they may be in 

{ the Network. Over the past three years 1t has grown to serve over 
\ ttuny sites 1 m os tly colleges 1 w1th o ver forty independent computer 

systems connected. 

The ARPA l'Jetwork interconnects by means of v.;ide-band lea sed lines. 
Small 1dent1cal processors 1 Interface Message Processors or IMPs <Jre 
placec.i. at zach node of the Netv10rk 'connecting each comp11tP.r center, 
or Host 1 toa system of leased 50-~Jlobar"u commcn-carrier cHcuits. 
Each IMP can support up, to 4 Hosts. A terminal IMP is designated as 
a TI?. Each TIP can support up to 3 Hosts and 64 computers. 

Much tl:nG to date has been takGn to devclop the vanous protocols lo 
allow comrnumcutwn betv;cen thc !11uny types of computers 1 termwals 
unci (li:¡ta íonnuls on thc 1\Jclwork. 

(

ror gov8rnment sponsored users, 1nit1al c~sts ure $78 1 000 for a TIP 
and $S4 1 000 for a 316 I!viP. M<nntcnance costs are $7,000 por yea¡
for TIP ar.d $5,000 per y-ear for IMP. Operating costs are $16,500 per 
year plus 30<:: per k:ilopacket 1n excess of 4500 kp 1n a single month. 
(A kllopuck.et is l 00 O bits.) 

The. Network Control Center a t !3olt Beta nek a nd Newmar., Inc. 1 Cambndge, 
Massachusetts has overall responsünllty for the operation of the comP:"lu
mc.:.twns aspects of the ARPA Nctvvork. The Nelvvork Ccotcr at UCLA 
rcr:Jt.ll.t:·Jy :;¡cr.itcr::; trufflc urJcl c;.~¡¡cnments· lo dclernune perfonnance 
ch<::r;¡clcnstlcs. i\L S1<1nford Hc:-c.::lrch InsliLulcr thc 1\l\Pl1 i\jc!twork Infor
rn<:.llJon Ccntcr 11clp::> /\Hí)i\XLT usc·r'~ f1ncl rcsourccs lor tncJr 1nformut1on -
har:cllJng neecis ane! to hclp gcogrupluc¿¡lly d1sLribu~ecl groups collaborace 
V/1 t", ea e~ other. 
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Cr .. ~r·_::._¡:c•t:.:__ .:cc:o ce S;r::·, :1ce:nco- Xo or.e reg10n r,eed actc.~-.pt te ar:L:ss Q 
~1ll tl.2 C\):~t.c)J~3J.S, pro~JrCll"'tLS <:1nd e>:pcct1s~.:: lt could use :oc reglLJr~al ~o~~c¡·-
:::c..-,::-.•=: ~: Jc lS cor¡:¡ect·3d LO the j\,;~¡;p., ;:c:LViOCK. U\t pressn~ ?Ij\TC lS :-,oc 
L--~:::c~~~/ cv~-:.t.cctec, bu~ J.: 1s cecht-:~c~: ... -~y i2c.ts:..::;l3 Lo C·J so.) .. o .. -:.~' .J3er 
2.c:.~0--~~o:·~:.. .... L.. 1n:o r.>--.c i··.~<? .. :\ ~\IeL\,vcl·k e::.-. e~~~ o~ an.}' ()L.i-:e;.:- ~.:.ero~ ~~18 
1\c~v.or~' Ícr a S;JCC~ü- co::-~;Jc~c:--lce o:- \'' 1 )~-: ... cc.c~ cc:.:JU.Clty .J.. ... c.or:::....:J n.oc 
lts~:..: ~ossess. "Us1.ns the var~cty 01: :.Jcourc.~1-,s and cc·:-~1;Ju.L..cr syste;-:·'ls 

t11C .-',;~?A .l\etwork rna;:es avculo.bk cu:ls i::;; ex;;crt1se. 

o 
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V 

UCSD 

Chemistry Dcpan:ner:t 
Un1versHy o: Co.llforma ac San Diego 
3262 Uroy Hall (F;cvel Ca~1pus) 
San D1ego 1 Callforma 
(Kent Wllson- 7l4-453-0200·xl473) 

'J'!1e interest of Kcnt \Vilson·anci'iiis students ha's led toa number OÍ short 
(ÍO minute) NSF funciecl color mov1es to better commumcace scíentlf1c 
information. Single frame camera photographs are made 1 in black ar.d 
white 1 of the' computer genera ted line graphics on the facE:) of a cathcde 
ray tube. One by one 1 tne 1mages are phocogrc.p.hed and 1 wheJ'Lcun a t 
nonnal'motlOn p1cture speed, provide mono;-¡. Co~or 1s added to cr.e 
resulting black and white fllm by means oÍ hlter~ through "aerial photo
graphy". Three separa te 'fllms ha ve. be en fu nded by N$F for about $2 O, O 00 
each and each has taken an elaosed t1me of 6. -months. H is dHficulc to 
pre-estlmate costs for such wo;k (the subJeCt /E;quimme_~ts can vary so) 1 

but for s·tudents wlt~ this knowledg-e behH:.d then1, -an elaosed .. time úf 
3 t.o 4 m0nths would be adequ~te to -~rod-uce' sinui~r prod~ct.ións now. 

' ! ~ ' • ~ 

~ • (.., • - • .! 

Of the three films produce¿ so :ur 1 ~th'e on~ chat ~hows ~ir pollution 
over Los 1\r:.gelcs most resembles what a policy-ma)::er and his con·sti
tuents would use. That fiÍm 1 bymeans of cont.ourlines _that rise and 
fall ovcr a period of time ·rclated toa s1mpliüed pcrsp~ctive map oi the' 
Los Angeles Basin 1 s h~)'INS' thc status 'of var-lou~. a1r pol~utaDts a t s pec1fic 
locations. The cffcct o(t!lc sun' dü1ly 1s 

1

Clearly sho:Nn, as well as 
wherc in thc Bas1n tl1e po1lution"1s worsc. Thc movie 1s derived frorn 
clatu collcclcd al f1:-:cd m~nltonng p01nts ,1!} the u~ :3usln,. A ·program 

1s wnU:cn''-'illlch conne:cts ?Y c;ontoÚL: lines d1es8 po1pL.s.and d1spla.ys 
iluctuation oí ree:dJr.gs 1n a three-dHpenslOnal perspectíye •.. : 

·' 
Ct1il.Lill.J:.efLc;!ir:=: o" .C:,qr.l•lccnce- The~e fil;":'ls ure an e:>:cellent de;rr.onstra.-

_, ·.>e,,> 

t10n of hovv u1_1derstand1ng can bé qu1ckly ach1eved. Collected G2Lo !S 

interpreted into infot-rr.utlOn gra¡:¡hicc:!lly. i~ long lecture or c:1 thick r2port 
with volumwous tubles, w1 th J.n expen there te reacl them, 1s not the way 
to convey meamng of this sort toa policy-maker--jusE a short ülm. 

Color is u. Slgmflcunt C!ddltion to the bJ¿¡ck and 'white pholography u.r-:.d 
wu.s uddcd to lhc flln: CEed ¿¡!:Jovc for less thun $500. The pohcy use 
of th1.s tcc..hmque woulcl be for specwlly 9re~ared analyt1c mov1c pro·
ciuctrons :r; ·:. ;: c:1 t::c ::uctor of tHEe 1s cyne::miccilly shown wrth motwn 
lf¡ relc.uon toa s¡x~clf¡c gcogruph1c a.rea. 
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<;encrc:twg contl'1uoc.:s tone animation cells for 
ra~e of 100-200 ;;cr nour a.na .::x:.lleve they co-.11C, 
go to 700 per hour. They ;_¡se a Dlg.ital 2qul;:,r.:en.t 

Co:·:¡_o¿.r;,y P:UP-10 COi-:-:putcrl a. 5" caLnode ~ay ;:ube wlth 1,000 hr.es ar.c: a 
:;::; :11r:1 c.;;.::.:-r1at10n ca;.¡eru; a"vVaUc:Lns-3ox' solves the h1dden surface pro-

7!-.e objec"L be1ng arnrnated 1s ürst complc:-2ly desctibE:d by polygons 
:oca~~cd on ns sur:Cacc. (The "pouts" of c~.e :Jc~ygon can be numencall~· 
a.:::.:~nco 1n rclat10n w oach other.) W1th c:-:.e c.ss1stance of special a2co
:-.. <.n..:-:-.s (;:;ror;rums o:- 1nstruct10ns) 1 the orca ooLweo;-: tnc po1r.Ls of each 
;)o}ygon 1s fHsi ::,i·:Cíciccl c:.nd thor·, ·JlC ecJc;e of Lhc í)lunc of aóutt1ng poly
c;ons 1s s:;¡oot!1cd. ;',n .::urplr-:1nc 1 a íu.cc 1 o. bm:cilnr; 1 all son:s of obj.-~cts 
;-,.::;ve bo.::!n so clcscnoecl a.ncl tl!cn cat1sed lo "move", one "cell" ata 
~1::·.e, ty cor.JpuLc:-wstrucclons vihlch chspla.:.' eac:1 c2ll or. t:-12 surface 
oí Lnc cc.l,-.ooe rü.'J tuoe wh::ch 1s photOCJra;J;~ed 1 on2: cell <J.t a t1rr.e 1 ;:;y 
L;W ()m:-:~auon CéJ::-:era. 1\dolt.cor~al u;structwns ca.n work f1lters 1nto 
L:.l::> process wh.:cn chen produces color am:-.1at1on. 

·~·;us v;ork has dcv<:::loped to this p01r~t unc!e:r che auspice;s oÍ the :Jcpart
;r¡ont of :Uoíor,sc ~nrouc;h i\f~Pl\. !twc:lnc_j hc:.s ceon c·ndeC: r,mv SHlce DOD 

' t' t '(' 1 ' - ] l - ' GJ ... ·lrns 1 :lus \v;·¡a 1t ¡¡eeos s1mu ¡_ttcc c:lfc:-ü.tt ca.rner ana1ngs rro:-:1 tr.e 

V1CW;)o1nt of thc pruc~1cing p.:lot 1n wh2.C:1 ci:c sh.c~' movcs and rr.ovc:ment 
of ·c:;e pl.Jn.e lS rc.spons1v8 to actwns tu;(er1 by t;-¡e "pilot"). 

T;~Grc are 70 sludGnts ()t lhe UlVlSlon of Com;,Ju:er Sc1ence, o.bou~ 5 oÍ 
whom are 1n nalítone co~c:c..:ter u!!irnu.cc:d <::ra;:>:-ncs. There 1s sa1d to 
be: more wo:·;( to ::;e cono lo c:cvolop more c.lgonthms and espOCló~ly to 
C.:-:.:v1SC tr.rcc:-c:lr:;er.slonal c.é:~ta mGasunn~r ur:c 1npu;: techniques for :h1s 
pu~·pose. Cc,¡:_:¡_nu1ng func.1ng 1s now DC-HHJ sought frorr. NSF. 

I<cports dcscn:')wg thl-s procockre uro: 

..... i\ ,.......,-¡'(" 
~ : • \. ~_J • ' 

Co:nputcr SclC~LLCl.:. 1 ~.Jmv2r.süy oi. Gtah 1 June l97l 1 TJ'.l'EC-CSc-7l-J l3 

o 

o 

o 



o 

o 

o 

; 
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~~·:o.~2c·~c:-!.s~::.cs cr Sir;nl:lca~cc.- Tt-:1s computer ganero.~od anirnat:lOr. 

c:J.sLcall:,r rccuces the cosl of anir:1at1on. p:-ev1ously done o:.r hand. Eoth 
.cal t.:...:~w ar.d prepared ami7'1C:.tlun can be c;enerawd for wdlvlct.:cd reg10nal 
~,tl.:dy ar:ci cor.ununicat10n purposes tl1at would have taken too long and 
::.;cor: too 8X;J8:1Slve to even cons1der befo:-e such amr:1at::.on • .i\eschetlc 
a¡-:c: :x,:-.::ly COCJ:--¡::..~lve cor.cepts LOo abstrae:: or comple;{ to be visuaüzcd 
o:· cor.v.:::.yc:d ::Jcforc wlll be po.s s1;:;le. 

! ~"1-u:v::\.~0- Color :t.:::c:.lftone ':::'elev1s.:..on An:..:-:12::t1on 

c:1uri1ctcr~:,tics o~ SH;nlÜCc;nce- M UCSD the result lS lHliJted to hne, 
color anHiié:~lOn as ¡;;er.cré:.tccl by compucer LO a stundord cuthode rc.y cube 
(CRT) w:--.e:e n is dlsp1uyed und pholoc;rc:pned one cell ata time. Tnls 
pi'.ctogra;J::y 1s tnen run w notT.1c:d mot~on p1cture seciuence ;:o sirr.ulate 
act1on. 'J.'h,:; v~-:::sD approo.ch 1s excellent and 1nexpens1ve for reprocuc1ng 
~1r:.e gruplucs suc;1 as c.nusro.:ns, chans anc SlmJ,Jllfled line uraw1ngs on 

.=.t the U:Lve;srty of Utah, ::vans ar.ci Sutherla.r:d, w1th ttlelr $2so··, 000 
V>i0tk1:·:s i3ox, P.cc. co.n generate

1 
for fJl:-nJng sr-:o.rieo, comHhJnus tone, 

color anLnatlon of Irregular obJects al costs thaL are a fractwn of ::and 

}i~::~,;~:\O's syste:11, 1t 1s sc:ud, w:il produce color halftone "élmmauo.-:" 
i:o:•: cc:~ipuLC'r scorcd cala careccly to lclcvlS1Gil :11001\:0r é'spj.::>-¡. 1\~--.d 

1L .:.s c.~._J:-::o \V.;.Lll rclJ.t1vcly lnc;.::Jcn.s;.vc tc=;:-n~inul anc 1~nagc g...:;ne:-aLor 

Tr1e e;{Lrc. capd::~J.~ltJ of the l-T\.~~lRf~O systeín 1s thc ~~~ou} t1:~~c" rcs;J0;1S2 l[ 

can prov1ce once oas~c ~magcs or "su:C v;orlds" are describc~l .J.nd stor2d 
1<1 the co;n¡.~ucer systern of v,iuch lt 1s a ;JC::rc. Ths pec:-: ns tne v1cwer ro 
gen.ere[e gra.plnc response ur.c movc.~-,ent at: rus cot-r.:-r.a.1d and H too can 
bo LJ.SE:d ~o gc~Grate gru;;:-:1c cl;.splays oÍ pol1cy analy·sis. Its naturcl 
;-::o:lc for r:::c.:--,.~~=~1r.g \VOLllc~ ~:J2 o:J. vl:iec·:..a.;Je, r .. ot i1lrr:., el1:-:~:nLli1ng pro
coss:t-10, delay, e;:p2nse. I-c c.2.r:noL ~e claJ..rr.ed, ho\vever, :hc.t tele
Vls:..o,-! cc,'-<J:-::.er:t ~o éa¡:e cc:n prod'-lcc c,;e sé!rr.e sharp resclu;:1on as ül;;;, 

- ' - ,. -\. ... !e .... n. cc~-~~.:l~~ cases ~-.,:e Drepor~clrJr~ o: urll:r:a[lOn aneaa or ~ccua1 use 



·"'·:~1s w;Js ~·nc t:-nrd ¿¡;;,nual Fro1.Lers 1n Educ2tl0í. confe:-cnce. 3u: it 
w¿¡s thc fust confcrcnce ::,ponsor2d by boc~1 ~he EéuclltlOr.ul i(csearch 
an.cl :-vlclftocls D1VJS10n of tr:c 1'.;~18ncc.n Soc~c~y of L:lccLncu.l l:ns:cnccrs 
.J..:d tnc L:ciucL.tLwn. Croup oí Lt1c Insu.tutc of I:lcctnctll ar,cl I:lc:::cLromc 
Ensinecrs. \V hile tr:ere were some wcius[;:y and consL.ltc:r.t: rep

rcser.to.tiv..:::s prcscnt 1 Lr.e 500 a.ttc•1dees v;ere mostly engineenng 
pro.:"cssors. The ¡_;r.rphusls oi Lhc confcrcncc :Jlenury und \•/Or:<s~lOP 
:):-OC]ro.ms wc:s to lúGntlÍy and d1scuss 1nnovunons oÍ "trc:ul bluzer 
educa rors". 

Stress \VGS ;Jlc.cocl on iJ:l~.::}..::r;.~~ clo·:;n ch2 Oar11ers uga.1nst assl:--;"'il:G.tlr.g 

new tec .-. 1.o~ogy : c~o che cJ.as sroor:L The ::-ch:c~a ncc 1 e ven feo.r 1 of 
professo:·.s ::o c:--:a::.gc th8lr .::r1proac:. \'.ras scored - ur.d tr··e ::.rr.:)llCJ.l:j,Ons 
of electro<nc meo.ns to fc.c1lHaL.c cc.:ucatwn out::>1Ge c.--:.e classroo;n 1 as 
well as 1:--:. H 1 \vcre repoa~.:;dly broug¡¡t for:h. 

The co:1fc~·er:ce focu.seo :-r.ore effecnvelj' on self-;¡aced lec.r::ir.g thc:n 
class:·oo:.: toa.ct:1nc;. Ir--:.novz..uvc i::nc1ng::; ano cxpenence 1n eo:.:caClonal 
wch:-1ology 1 soc1olo0y 1 ecucc:.uonal psycz~o~og¡r 1 and oU:cr alLed 
:2elcs \vare c:1scusseC: c:s they u;:J!)li2d to c;ngln.e·:::;rwg educ.Jno:-:t. Dút 

(·:e liil.Jllcc:Ll0:1S o¡ t:--:c ncw ccucélllOr.al cochnn~ogy 1 Gf the n.Jture oÍ 
t;1e ~nt-.=:r~ct1ve tcch;¡oloc:;y so oitcl1 .J.t the can[C::f of ul·.ent1on 1 '.va.s 

r;·:uc:-, ..JiOéwcr Lnan cnc;lnccrwl} coucéltl0'1. It seerned co r.1c Lho.t 
e;r;ucüLJon 1n gencrul 1 lnCLJdln<J cducauon of Lhe reg1.:nul pollcy-m.Jl:cr 
o: CQ¡,c.:_;¡;: C.l: ti!lS lnVCStl~!utlOf1 1 CCJUlcJ r:~.'JC bccn li1Cluccj ju:.::t 2S wcll. 

f)otn L.:.e cot-dcr.t of c;r¡0:r.2crJ..ns._~ co:_Lrscs d.-1cl ~:~e c21sy fcl~.:1j..:.~r:t~; CrlCjlneers 
[-l,JV8 '\'.'JL:--¡ ::echno.!.OC]~/ ;-11¿¡;-:_e; ..:.t ~:G.:ur.:..l :or CCJl:C~tJ.On Clr1C~ tCC.-1r.0~00Y 1 G.nd 
prc.CtlCul com:nun~CC.L~on o.:Jphcc:-uons oÍ :::o::-; w soc1cty 1 to C'Jolve :;_n 
c:-.CJl:-;cc:.~-~::g sc!1oo1s •. 2.s :-\ül!Jn SlU Sl.l.lci u·c t:~c 1967 Ar:-:c~lCl..:; hsut•..;te 

G :: "0i-::)r'I''C -~ con·-or""C~ n"':'l .... t-ar·r ~~.... 15 1 ~---. .,, ..... ~""'1------lor'l~~s (r:¡-:::. ~nclt''""r--) - '-~C.¡,., .c.-o . l~ ~'' e; 1 :-'~'" :~'-" lL .. cl'l.: Cl .. -' ~•·"V '.;-::,e ,.!.~ ~ .. 00 •'-'t:: :::, 

:.-l2t \Vll2 le:ad t!~e "~.:c.y to c. r:c"i.v orC.or o~ lcé~t:--,lrlg, to 08vclu~~-:18~""lt of a 
ílG~J.StlC b.d.lrllQrllS:--r; t>'.dL lt1lO~rO.tCS a.rl, S:J::-.._:_, SCl8nC2 ¿¡r¡¿ LCChnolOC]y. 
'f;-:(.:.:-c UCC m~ny' n1o:-c r;(JC!; LOchnCi]CH~,'~.:. .. s t>~c¡r1 .3ClCíltlStS, 2CL:!..SCS or 

~:-J.l.r.:.L._¡~:j lcudcr.:; :u:cl tt;c~Jr c~·o 1s pe;:-;'~_-:.:;~ }c::ss. If r:-!c 2l!C=:l~1·::crs J.c 
1.::1s T)u:-Cllt..! confcrcr:cc ':-'orof1 1

L C)~1cni;- l;:~~::usl..::stlc c.:Jo· ...... t [·"O usE:.: of 

!l2\V CC:~_tC~ltlOnGl tcc:1r.Ol0SY, tncy \VCCC ¿.~ ~2U..3L CUC:OL!S, 2:..~--~ 2~ \VOrSL, 

:~.:~:~~~::. ..... e c:}JOLlL ~·¡e; J.:.c·,;::_Lc.!:·ll~t:/ ,::.~ 1.s :: __ ~)l~cc .... ~lon- o~-:cc. ~~J.C cose/ 
' . . 
!..JL.:~C. ... l~ rc~ .. ..!.OS \\ClC \\/Ol::..GG. OdL. 
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t..sc: o.Z "'~~ce:; ;J'OJ2Cors ío::- somo~ í_)ut use of vweocu.s:::etws 1 ar.c: e::,=; 

l.J.tost 1:1 self-paccd co~1pu~e:· J.SSlSteci. wstruct1or1 'Nas de:~¡or_::.:~ícl:cd 

.::r.d d1scusscd éÚ.so. Scatemerns abou dull ¡:¡rofcssors ~cing replaccC: 
:Oy C:.yr.u:-.uc "prosenters·' on v1deocasser~esl produced w1th the a1d o: 
e:ciL:catlonal psycholoc;1sts, a<.á mecw s,Jecw~_._sts, 'NH;. thc proiosso:-s 

.:;erving as coursc co:-:-::)ilers ar.d consu~;:u.::ts -vvere fl-nl;' scutcci and 
sto~Hil:r rccClved. It a;Jpsars tho e:ng.i.neers are on che bnnk of :-ea1ly 
"'"' --,(, "--~ •• 1_,.,.,_,1_'~ ~.._~ •• 1+-" (r:>~u'""'"' --or) U\......•...,~ ... ~ :.J\JU t.:;.; .... d .• I.':::J c..:..l..tULd .. ....,1,. ..:,.1_~ ~d.L.J.. l • 

?Llb~lshcc1: ?~ .. ~~c::;e~l~gs o~ thG Tnlrl-: 1~.nr .... 1al ?ron~1er;~ in EC:Jcat::..on 
Cor!f2re::ce, J :-:s L.;. ~Ll Le of Electr1cal .~ r:ci ~;lsct ro~1c 

E ¡; o~ n l~ e r .s , 3 4 S E a::; t S 7 t n S te e e t , I\~ e'. v Y C) ': ~ , ~\J o Y .. l O Q l 7 • 
I.SI:E Cc:.L.:üog :0JL¡;;.·:cer 73-·CEO 720·-3S (~:SO p¡).- $lC) 

:G:0JOS':i:'.=\ TISJ.'ICS - V/as hin.:;wn, D. C., July 2 7-29, 19 73 

3c.:c:c:\..'. of Soc;ul SClcnce Rese¿¡rch 1 Inc. 
l9~G ~vi 0Lroet, N .. YV. 
V/c.S:·¡;ngto:J 1 D. C. 20036 
(.'\~.:.3¡-.: D. I3lde¡¡;-:é:ln- Ba::-ry NI. Fc1noe:rg- 202-223-LBOO) 

!;SS?\ 1~ Decc.r!lJGr lS72 ptL"JllS:1ed CJ. S0-~002 booklet .t;l>TOS~J'.TIC:S
Co.0_;11 L1:-:1cc1 t~r_r:: e S:JC"Jr~ .:_ I~20c1rT to t:l~ ~-22 LJ C'\ t:; rcseo.rch G..S SlS tant 
¡l¿¡r-r-¡l~. Fc:.n:)crg. Follo·,·.wq up lhu~ rc::lorc, the Syr::poswm-'vVor;~s;¡op 1 
spor:sorco !':.1:; ESS:<. July 27-29 1 19?3 10 'v'lc::shwgtor.l brought Logcthor u 
rcr:;<~rkabl.:: arru~' of :~:.111 1r1 cJr.:.qJtüc cc-'::1ínur.l<;c,tions to d1scu~-s hcw; ccm
¡)~,L.__.r::., í1:1:. or Lcicvl:.;loi·l .ilHJ.lf ¡,e; L::_,c;d Cor c¡uc11 1 ~JL.lll\!C:. conHnunlc;.,Lton. 

;,;ss:<.'::; ~)urLcuL::r conc:::rn WúS foc,::,ccl o:~ co:~~::-JL·n.!cutHlg "sociallndlCé.
torsn - scütlSClca.l nJeusures t~ut :--ciJE.c~c cruclal statcs d'.ld Lrer.ds of 
c:-:.c cou ncry. Thc; twen ty-· Íl ve p~ru c~;,a :--~ ts HlC~uced t'NO N ew York ülm 
p:oci:.1cers anc.: Canac~lC!i1 :·::;-::,c.:c.:cc.stlng Co:11pany TV procucers 1 in.ter
acL.J.Cn con"l;JLrsr grupn:c G>:~f:.:~~ ~, t,"'¿c~~.ers, a \'.:.ce Pres1cen~ of Cornpu~er 

::1-. .:::c;e Cor~0r2:illOf! \Vhose c..n..:r!C!LlOt~ ~2cr:i1c:ucs :1re us€i li1 Sesa~.2 Strect, 
SQCJ.C..} .SCl8r¡tjSLS 1 sy,-;-~~ol (:c;s ... ~:_ ~.0rS,. U .-''.C.~ l~lÍúrL!2Il·:Jr~. Sp8Clal:!.s:,ar~C: 

co~--.Ju1~<..-:..:1:s. =e :.::~~.llC :~y ~Jc·cz..~:~-.c c~cGr L!.C?.: ~f-.G c:cqJnlC3 lJ21r:q d1.scusseci 
hz-.u. :.~c;;l ... to CLJil\'2~; ~:.c.t-1 ::e: :JL ... -.~=~.J:...:c.s \J ... soc~u..:. ::..r:~....:1CC:c.ors. ~(Jno-

. ' -.. ~ n~r ::.J~::r or cc..s1c c::.....c~~~ons 
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c.:- :\.e generc.J. pu!:J~1c? \\fould 1t be used to teach people, or co:nmun.::.cate 
te r:-. .:;;:r.? ~ovJ :-::uch .s:..r:.pL.¡lcatwn. oe~o1e disro:~10:1? 

~),:);-;1e ::.n.terc:.ct1ve com;:mter gra;Jnlcs mlgnt be JLlSt fe;:- rcsea.fche¡s, but 
~Hwgrc:.ph:..cs oL:er tne ¡Jotent1al of JSl:-:g syr.1bolk lc:ir,g'-.lc.ge that is 
intclllg1bl2 c.t a n;_:mber of 1ntelleClual l2vels te totally é1fferem groups. 
Ti1e élst1n.cuon between teach1nc;; people und com:-:1umcut1.ng wlch therr. 
was chu.llcnged. Ic vvas agreed t::at Sl:npliflcation 1s nccessary, out 
must be rec,po;¡s1bly éone, and ho¡Jefully, wnn 1nterc.ct1VC. r.omputer 
g;-aphlcs, c.: 1east, sub¡cct to testwg at vanous levels of gen.erallza
Lon by gol:-.g to underlying data. '.:'he OlSclnCtlOn was rr:ade oetween 
the pewe.;- ~o ce:nmumcate and the power to mot1vate actwn. 

It wa s agro.:;;d t;-;a t i nforr.1a twn could ha. ve rwo d1s t1nctly differe nt bases 
of rofe:er;c-::: (l) c;eog.-ap~.y o;- place, anc; (2) functwn, as w1th generahzed 
natlOli.::.J. L:fo:mü.tlün. 

The:e se~..: d, __ )c ~8 ~~e ~otal é1CCt2p~2nce of ~:1e r:ec2ss::y :o develop g~ap~~c 
s:~r.-:ools :e- socwl 1ndlcators a:-1d to tes: Li-:ose 111 Sca:e; o: tne ::,;c.:.J.0:-1-:y¡:,e 
foc1era~ ,-,:<_)u.-i.s. Bul. L:-:e t1eeJ íor c:::,l:db:.i.srüllCJ gropi.~c cotJV81lLi.uu::-, ar;u 

seemed w cu.ll for conslÓ8rJ~lon 
o: graphlc sy:nbols 1n ~ne1r total cor~text_,.which wclL:c!G3cnvHot-~mental 
a.1c cultL::·al as well as econor;uc aspects. Establlsh1ng a cleann<; house 
a:.o ¿:¡;-c:~~ve, aíüJwted Vvlth govcrnment but orgam::_:cd asar. wde-
;:¡cr.dcnL ~:o::-;J>OÍlt cr.ucy a;:¡ci not SUOJ2Ct to dw:;c: ¡;ovcrnmental control, 
wc:s p;oposcd. 

Q~cs cl0.1S about the accuracy of v1sual commumcalwns and their potential 
l:~-.:-~-_,ct scer.1ed te call for orgamzw~,; 1n a way that preclucies tne poss1b1-
hty oi chJ.rges of propa¡;anda. 

A demonst:-o.t10n ülm anda report wlll be forthconung from üns workshop. 

o 

o 

o 



o 

o 

o 

¡ 
1 
1 ......,_ 

(T:1c cilscla1mer wh1ch r.as ulreacy been made about the comprehcnslvlty 
oÍ nns report neeC:s to be 11 refrcs hecl 11 for th1s sect10:1 especwlly. Undcr 

thc í:1ü.n/l-:our Lr-.utat:wns oi trus comract, lt 1s no[ poss1jlc to repon on 
al~ .:i:o rcsources for rcgwnc:d graph1cs. ':::'r,is sectwn bnefly commen~s 
e ven ;-¡,on:. b:J.efly and prov1des cont.::cts for several rnore.) 

UCD - Compu ter Dnvcn Regwnal Model 

Se;:.a:-L~l\~nt of Zoology 
Storc::- liu.:!l 
UmvcrsHy oi Cc:~lfo<m.J at DuvLs 
Du v1s, Culliormu 9 S G l S 
(¡(cnncth r::. r. Watt- 916-752-1558) 

Kcn WuL[ :~c_1s bccn fL.<nccd by NSf ancl thc Forcl Foundat10n H1 n1s c:fcrts 
s1ncc 1970 to moc:L:l 11

SüClCty." Iíis tC'lnc, Use z-:n,; F:r::::crw Cc:¡moncnt'> 

SlL.C.V Lo r;~oclcl ;::w Statc of Callíorrua h.Js cvolvcd 1nto a senes OÍ w:cr
acuns :11ocicls tne;t rcpwsent glo!Jal ln;JUts such as weathe:-, r2sou.rce 
c2:-:1ancls, ~ollc.::on, ;JO;x~latlOn, crop fa:h.:rc, etc. Tne s:g:11flcunce of 
~h1s \VOrk 1s a cerronstrrltt=::d capril1l~./ for Slr:'!ulatln'J t~e effects of ct:.~n1es 
1r. vanaolcs upcn a rT.odeled system--sucn as a reg10r:. 

QL:encs ty;JCC ú'.to ::~s San D1t2go rcr]1onal r:~ocGl, through 0 Hazelune 
k::;r,lL::í.l Vlu orón2ry t..el0phono 11:1cs toa GE t1me-sharec compuccr 

.. (CDC GGOO ;Jlus Li '7700 and a S':::'J\1~ UrnT located Hl Ir.mc:.n;:,), werc c~t..:1ckly 

rcs~Jonce:d Loor: thc stunc<Jrd grecn culhoco ray tuoc 1n cap1L0hzcd Síl~üll 

, ~ ~ , , t~ . , J 1- l.. . - " seer;'1eG 11 .. --:-:1~Lec.. .. n. ~~te sort o query lL coulG acce;)L. L scen:.eu progra~~1cc.... 

IO mt...lt1ple-cho1CC quest1ons, vvh1cn, stc;:¡ ;:;y scep, nu.rroweci down toar. 
a f:SVJ8f, 

This c:c::;or.strutcd ubllity to modcl ¿¡ rcg10n, secms to r.ecci iur~~K·r úevelcp-
;~:.::n~ for fr-22 1:-:~..~L.l~)' Clí"lC :1101·c CiynU.¡n:C (_jl'UO~lC ~;pL:tlcJ.l Cl.S~~~:l~~ T:-:c. CQ:l1rT"'L'.J-

.-;lCCiL100 :1n.'~ íro:n Lhc.; r:-,odcl ,o thc :.::.oLcy-r:~c:l.i.:er 1s c,u1tc d1fL::rer.t t:~an fro,¡¡ 
the n1ocicl lO L~"!G rcseurchcr or ptog;a:~:.n12:--. 

The S.l(_j~ .. ~~-~c:Jnce oí t:1o D.J.\.'is v.·or}: sec!J1S to b2 1n thc~ e:-:t2:1t co \vh1ci1 G. 

rcg1on c.::.~~ :J2 r·¡oc:cJ2c4. Unclouc[coly, 1t t):'Ovlcies efíectl'J8 C.2LL1 Gccess :::o 
r~·llcic:lc :r-:.:~r:Cic:c·".c!~:. r.o\ .. 1 , cve;n 1n ~ts ty;-)c Gtdp'...lt. 1~o-.~; r.110:1:. 1t cG que:-: ... --:: 
~1ore ~.__-,_l:c :;.\'ClJ' .)~' ~Jo~ .... c~.r-:-:-J~:.~:c::t~~ '? Is \~~--=~ 1J¡:jc c::.s~.JJ2y 0f ;_Ls OU.lput po~ ... ')~~;lc;, 

1' . ' ~ es lJ8Cld 1~.' G!".. ~-~ ~"' ')\~ .._1,-i l ;_,,-,_S 1 S :' Or J ~-
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.. Ji~:.:~ e: ::<2search anci ~/:o~ltonng 
~- .\·._,_;,-.::c. Eal Stuóes 01VlS.i.On 

·-c..s:,l .. t::;Lo.-1, D.C. 20~6C 

,~'J:. ?c:o.:- I-1o~Jsc, DJrcctor- 202-557-7470) 

':'h~.: :.'~-::.~10:-lal Env;.ro:~r~ei.:ü.l PoL.cyAct: oí ~969 lcd, Hl lS70, to thc organ.:,-
:: ___ ,dc:: cf EPA, t.he Clc::ar, .Iür Act, thG 'vVCJ.::c.r Quaüty Irr.¡::;rov8:-:wni AC[, ar.ci 
::::.=: :ksocrc:.:: Rec,)vc:;ry /-.ce. E?i\'s concept of long-ranc:.,c co:-:1prs;¡ens1ve 

• 1 • h r • l l 
.:.~·,·::;·c.l!~1CnLc.l p a.--,mng 1r1 suc~. resource tern·:s nas s1nc::.. :JC!cn e:xpar:.cea 
~e 1.-:c;:~1dc c~~~e soc1ol, t.::ccnorr.1c ur:ci ~hyslcLJl.fc.ccors lrl\.'Ol\/Cd 1rJ. th3 ter~ 
~·c¿ .... o.~ltJ o; Lfe. ~~ ~r-.·2 ?res1dent•s Cour"'lcll or-. Lr~vlfCl-:l:Lc.;nlal Qual1ty 
.=·.:J'J:·:..l:·~: ~:-:J.s rn¿:nCaL2 ~.:.Leí! 1t sa1c 1n lS70 ''L~-.:ectlve sL.:u.c~g~¡ for natio:--iul 
c..:~\~l~-o~-l~::c.1cc::l qu2l1ty r¿ctul.~.~e_s a four!c~d.tJon oi 1nforr:1at~cn on t;-¡e ct..:rrent 
:;cc:.r:us cf Lhc crJVHonrroc:.t, on cho.ngt::s a:-,c ~renes lO.itS condn1on, on or 
~,· .:.....:L ~:-:eso ch.ar.ge:s L:c:;an ••• 11 

~~~jscc;uc:_r:Lly, :L?;', or\;amzcd 1ts COJT.plcx cor,¡puler uascé Strateg1c EnvHor.
,- .., ~. -- l ', ~e So S S~- .., r:. S'!~- e~ 1S E "e:) 11 "o r ~ ~ ~ "' S ' ~ ~ r - -. 1-'- - ~. • 
1 d ,_. ~ • l. c.. .;.. ~. ~ ..... c..:; 1. 1 t; ¡ ... ... :.:. l. ~ ~ ~ \ HU J.. ...... J. L 6 ~;;::: a S .:. S S fil. e . ~ t o...... o. ..1.. Le r r1C1 L 1 V e 
:-;:-oceouré:s 1n ter.-:1s of theu long-range 1mpacL on [he envircn:nem" v11tn 
l8-20 ytJL.r l.1[~¡8 ¡-,u.:.J.¿on5. 

E::>;\ ;~.:ls sponson::d nul:lonal and rc~·1onal er.v1rcnr-:Lcr.:al research cor.-
:c ·-..~!-~ces, sy:--~1pos:u:-:-1s, c.ncl projccts. Its grounc-brc..;2~.:.2nc; lr:1portar1ce us 
\.'•C. lC.::lO fcdC:lll i:':(;8t1C'f Hl C:íVlfO:".".-tCnLul .C2SO".J.CCCS !':':CJ.[1C!(jO:ner.t tlCS it 

ENVIRO 0: 1\{S 1'\T 
?\atwnal Conrcrcncc on T\.1anu.gu1g the I::nv1rO~lrc~ent 
~Vla.y 14-15, 1973- P.ar;iuda In:1 

Vv'asrnngton, D.C. 

OUJ'--.T~L~''l. ()}"' 1 ~~~ (~"(_)\T(-:f::Yi, - A ?otcn~tJ~ ~\~ C\'.' Too] 1or --------------- ------

c. ]ur:c ~973 

o 

o 

o 
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·0. S. ::Jc;:;c:.:L:-!!ent of the Intenor 
:J. S. G.:::ol001Cül Survcy 

;vi e e-: l o ? c. r :< 1 C a ~ , ::o.- r. :e a 9 4 O 2 5 
(;.ojer<: Bro-..~~m- 415-323-2l45) 

,- ' o l 

'l:::cs stedy, ;c1r.tly fur,ded by HUD's Off:Lce fo:· Resea¡:-ch and Techr.ology 
a:-J<i :l-:.2 U.S. Geoi.og1cal Survoy, began 1n Ja:-tuo.ry, 1970. lt 1s concen:,_c.: 
as a broa:ily baseei approach w relatwg pr.yslC·:i~ er.v1rúr,mem factors 1 

;:ar~icubr~y geologic hazé1ras, to reg10nal .J.nd Llrban plar.mng ar,d dcvelc,:;-

0:1gH1C.: fur:ding was buscd on estl;nates of e: :-cini;:num ef:ort in euch of 
3 O ea1~:-.-sc1e r.ce program ele me nts. tater, othcr elcmcn :s of t;rba n la r:G. 
use )1c.r.r~ng were acdeé. Tne cl1vers1ty oÍ envHor:mental cons1cierauo:~s 

uc~;_ec! 1n the study, 1t wus oeheved 1 should dcvelop many princ1ples 
~P:):~cé1iJlc: ;:o oLher ur:__un reg1o;1s. It 1s cons~c:ere; mghly .:::xpenmentdl 
conc.:::r::l:-:0 trJC t¡pc oÍ ~hys1cal clCJ.~.::l collcctecl 1 Lh:; way thC? c:aca 1s 
syr:t:-12sJ.zccl, t~e forr:1Cl~1on 1n vvt11ch tr:.2 dCJla lS d.:.splu.yed, une the líncs 
o:E co:~.iiLll-:lcatlon tnc:t -.,llll i"lelp sociecy u<:.:.hze 1t. '.Vhllc:: thcrc 1s u 
nat.J.o:-.c:l .:.n:::;rest hcre, 1<: C:eals \'Jltr. the s¡:,ec:Ji.cs oi or.e regwn. 

Scc :J~l.J".:c.:::t.:o:l: p;-:;.QC:P_i\)-í :JESIGN lS7l- Sar¡ F::ancJsco Bc.v =~¿q:on_ 
E:!'.'lfC!'"'·.-!C;'--:~ c-=-.. 1-.C~ ~~SOL..:-C2S Planr:lr:-=; SLL!c:v, u .. s. GeologlCa~ Survey, 

i'·.~~!<.C-'S'\' - ~./~c.:Lr~,.J)ol~~;:.n 1{0CJlGnul Cour.c1l 
SlllLC i.(37 
Cnc 'l'lcr· r!'tc:¿c Ce"""'r~cr 

~·fc;v_, Yo:·:~, :\.Y.. lOOt:~ 

(:\o:..:::-.G.t: ~~C!\~S- 2:2-._166-3050) 

... J ~,. " ...... 
a '-'"':..J.o. ,.,... L¡ • 

- \ 
"1 r:--,')·.-, z:.to¡J t:~2 l ~0-s~cJrcy 'f/o~ld 'I~c~e (::~r:Le:r bu:lC1;-'1~ ~r:. 

\'.';~lCt'". ]\ .. ~~-~; lS :¡C<JC~;L~~.:r:~~r¿:(.~ ~,.() SLu\:l.;..o~ lt:. CélCt! OÍ t~.(! 

' , __ • ~ !-.. 
,, •• .l .... __.,, 

r-..-,~-.-.-',~ .• 
\......Ut--IÜVJ.~~-J 



~ .- ' ' ... ~ ::r..:...:-~cJ.r.g ~ :r-.r..:;e-tJnas~ s:L..cly or t~~:.; sysLem to c.eccr:r.1ne 1ts 
;_'·.::~c.c:.. 1':-:2 c~;2c~ 1s to b:-1:1g ~t..0llc o~flc1~1:s a.nd otner groups together 
v:~ ~cle-con:crenc1ng. Or.e tJlack c..c:.d V·Jh1te ·rv car:1era .l3 1nsta.llcci at 
ea en s t...;c,;_o loca t~v:-.. 

Seo :~)t......~~~ca::::.o~s: Ir..~ercouc:"r:l·CnLul c~:c:---1.-v;_,r::tleS li11~~e :--re··v; '!c:~k-1\!e"t.~! Tce""Sé.\7-

~0:-tr.ecllC1-.l~ ~\'::;trC"JOlitdn 7<_.:=;C:2_()~1, 1972, a.r~G. co....-~rrc.nlCC.:~or.s anct Go~,:c:--:;7-).3·-~:: 

-"'· :~c,-:H::-·:c::.l :~,-::-:-o:-t, :972, av<::.l~::l::.le froí:l tr.c :<J~l\D Corpowclon, Santa ~-ío:nca, 
CJ.üíoc::1.::; 90:.06. See CJ.lso :V:RC's l.nnüogrc.phy on Co;-.r-;-,:..¡r:lcu.c:ons 1 ~2lc

cG-,r:.unlc:::uor.s 2nd 1nnovatlons. 

I)rc~; .. -¿1-~; G~-:. J:JlOr:1 1l.L[l0~: ~L.:CiinCJ]OCJ.:.GS une PuCllC Policy 
2 o (J ,',.~. ::~ n e u: 1 ;;L, LO. tJ 0 11 L_-ll.JOr-l:t t.ory 

C<tr-::J:T1sc, ::vruss~chusr..:LL:., 02138 
(;.:.:::or.y G. Octcln<;er, Ducctor- Gl7-C.95-3946) 

.- L.:.:O'J:-0tory ~(x Co:-:J;Jutu GraphlCs anci Spat1al Ana~ys1 s 
\ 1 .--,c...~l:::"¡-~ QC"00·1· or· '"'s~cn ' , .. ú LC..~L....; .. U<;; l_;• 

: 2G C::.~:-.ci Eall 
•. u ~~~~r:cy Strcel 
,' C J. ; .. :) O G e; 2 , :v1 a S S a C r. Ll ::, sl i: S Ü 2 l 3 8 . ~ 

\ ,.:nc Tcic.1olz, i-1SSOc1a~e D1rec~or- Gl:l-495-2526) 

L 
J:;;cit:~.~lLlon Tccl'noloc¡y JS an Jt1LcniJ';c¡;_¡hnary ~)t'OCJrc¡,·n suppot·Lccl by rhc 

Jo::: & M0.ry R. iVi;:.1r:~lc l'ounc.J¿:¡::wn. lL W;)S l~unc:1e:d 1n 1972 \i\ill:1 two 

:) ~h8 c.~s\:clop:T~cl;.~ of é~ co··12rent undez--s:anc..1ng of ln.:orrno.
tlo:-~. cech,~Dlogle.3 c..r.·--~ ~.i.Glr pGllC)' l::~~llC~J.tlOOS, .J.~,ci 

2) the lllumH:ation o:': publlc pohcy c..ltc:rnatives thíOugh 

t:u.s Llt1de.-stancll:".<;. 

The !)roe:; mm cnt1c1zes ¡::m::,vc:.lLng vlc::•vs of J r.íorrna.LJon functlons as ::rcg

r;1.__;I~~cd :JY :CChllC 1U(lY, lúSLJ.~UtJ.Cr~0.1 ~~1nCt].Or.S, c.;~pllCatll')t1 1 !JOl1C/ :ssues 

uí!C'¡1 CJC ~lCttCL_·:,¡¡c_: (lldC"Jp]lnc;;_;. 1~ ~ ... (•C:~ r") L1!1 ll1tC_-'<jt.JI_ccl VlCY.J of J!~·-(l{;,;t.~.-lOn 

LCCi.C:O]U:jy cíllri !ild\.c:> L\¡(' ',t,·¡LC'.!l:'IL ·L[,":L COill 1'l::,.r .\i'd lc'lc:c.:O;:'!::.ttiiC,¡LJOíl. 

tccnnoloc_;~cs urc ncnv cusLll1.;JUlS l<t'~~lC only by L; en· cl1slHlCL co¡::_:l:llucnt 

c::1bo-:;1r---"cots. l\ 8C:.SlC prc:1~1se ... s ::~~~[ Lhls 1nherenc log1c of ::.n:or:-nu:1on 

n ' e (C,-, t ~ ~-.,,, 1 'r-- O" ~n ('lrr\"T''T":'-2 ,. ~T-J ;)-¡ i ¡..-,:-" lS l CCCLJ.:....ln.._;.:.y LlnlLULy. uv8 1 ::._j e ...... ~).!.l ...... c.J.Ll ~• v Ul!\1 U•J :\! ... J ~ ~.-.d\~o, 

Fe ;)fl:;)fy 19 í' l) . 

o 

o 
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~h2 ~boratory oÍ Corr1ourcr Craph1cs was establls:-~ed 1.r. tr:e Spr1nq or 
lSGS v;i·"h a Forcl ?o:._.nd¿:¡twn g;:-c.nt. ünder the directw:-. or Hov.ard T. r~:r.~r, 

t;w La'.:JOrc:.cory cieveloped programs for h19h-spced 1 eleccromc diC]1tal co:-n-
.. ~,.-,...,r ............ ~,, 1.....,,no ;-;n--l íl8V' ·~c¡.,rlc:; leS +o,. g'"~p·nlC ú,~~-c 1 ~'/ ~1[ COntl''U8S l.- -::>e ¡J~,L<- :.:a1-':--J. .,_, u ,l.,; 1 > Le ''" .l .1. • lO ' ~.:..J.1.9. • '• .. llV..:.._,·-

tiCJ.::l~.:O:l 1nto tne uses of graphic un.::lys1s 1 computer gruph1cs 1n pc.r~~cl.llur. 
(rl~t-:c ;,c.:JorJ.wry 1s best kno-vvn for 1ts Synag.:-aph1c :viapp.cng SyscE.:n 1 o~· S'f?;l/,?.) 
'l·.:,_ .. é..bo.:-.::.~ory 1.s also ¿¡ scrv1ce orgu.nizatwn to rho IIc.!Vc.:rd Gré.:dllute: Scr.col 

'l'hsrc are nu:-r1.:orous laboratory pubhcations ¿¡vailablo é::.nd lt rcports rr.om;-¡ly 

t:·.roi..Jh ii:s :.c;;wsletter CONTEXY. 

B LJD - Pollcy Pl<:: nmng ¿¡r.C: f~cscarch 

•-.)L~.__:c of I)o~jc¡ ?lanning 

Dcp0.rt.,1crü of ~IoL.Slng a!ld Urbun Developrr.ent 
\A/ c'"l S:~.] :1 g to r.. 1 D . e . 2 o~~ lo 
,.., ' - i\' - · · J D ,.,.,,., ~-.- -oss' \.!.-rcc.er.A.c:K JJ..... 1 1lCLUugl!l.i:1 1 r., · lf8C[Or- ¿uL.-/0.:>-!::>..... ; 

Cor::.-:~c~-:.1c:.: ~nv1r0~;.10nL a.~d Dt1lit1es ']."cc~r:olo(;y Divis1on 
(Alju.n R, SJegeJ, D1recwr- 2.02-7S5-S~)6íl) 

1-IlJDas rolG 1.n :-:oLlSli-:(], t.::-betn devslopn18r:~, ar¡c1locaJ plann1ng is 1.vcll 
f(nm·;,--; and traeos ü.s roots back for dccades 1 althc.ug!: the Depc.:n:-;~e.lc 
ltse:.Í was at:Lhonzed or..ly H1 1965. :i:ts role 1n rescarch and pollcy plar1ning 
lS .1cL ~o \ve:l kr~O'.w~r~. 

·~-IJ'"D I-:2s lcd the ten é}genc12S ln.vol,/eci 1~ its Urbur! Irl:orr:1C:tl.on Syst(::ms 
L-:L::;;-;;sor:cy Co.~li:-:l~CC.S us_;\c SlOC2 ~9G8. A í-:!O.]Ot senes OÍ exp-:cn::12íhS 
in t:-'_U::.lClpa.l lr.fol:"nation sy~ccrr.s has bcen. 1nst:tt~tec. t;1rou.sh US!-1C. 
he::s flr~G.rlceci r€sco.rcr. a.;Jpllc~~lon eíf0rts such c.-.; Opc:u.L:on Brea:~:r.ro:..:qn/ 
JJc:;s :vro1~:o's Gco-Coclws ~COJee~, ar-:ci tr1e Reg1v:al Plc,l i'-.ssoc1auon's 

Ccuncü-:T'V (t.r:::.s Socuo~~) ¿¡re ;us: chree of tne res<::c.rc:1 effons 

ce. nce to '!..hls ret; ... onc:l grc.p :12cs s ur-·vc:y tha t are :-. LJD-f~:-:a. r!ced. 

r ¡:._: t ~i' l --. ~ - e r-¡ r~ ,-~ -~ ,..J ~ ~ ~-e J_ ,-- ¡- ~ _....._--. ~ r. .... '.---.1 e ,-.. .,...., ..., .,_ ~ ' - 1 .-, 1...,. 

1 
•• <J,_) _::, S)JOI:~O. "·':J e ~._;2¡¡,Q¡¡~-"----U!l -" 1luc ,Q:: .. CCuCc.:L _Cu .Jf 

. -
OI Sl<;:ll:-1-

i lJr .. ?c~¿r Gold.11c1r:< to shO\\l nU\'i LCl~~co:-:!·T:Llnlca~;.CJn.:.:. c2n provid2 scr'/lCC::S 
¡ ~ ' 
\_ a.!c .:_L~-:.CnlLlCS co rr:c! ~e suc~1 .:~r-cas ccr::.petlLlVC! i."·:l~n CJ ~1.::;s., It 1s ro'.v ül.so 

dcv::.lo~)lng a con:. :·c.::J.<; ~c~c:ccorr:,nl.•íl.iCaLlons c!e:~:c--.s-c:dtlon conc(-;;_;1 :o 

C):ploro t:--,e poc8~'.t:c:l l'~.¡12.CC o: e~·.=.~(; t.:.lcvlsJon or ücoadoc..nd cor~-::-::~..·~;.:.cc.

t:cr.s en ~he ur!:Oé.:~-: r~r:.Vl!.OGf'i"'.C.:r.L. ~-r.:s COn.CC:;JL lS espCCl¿.lly COn:~:;cr~~.:;:..: \"/i~>:. 

~-cs~1·~c__; l-:c c·~cl1v8ry of soc::..=-~.: scJ.-v .... cc..:J VlU t\ .. ·o-v.:O.)' co:-::~:Lunlcutlu.: c...:1.:.! 
·2>: ;):,::: .. r.1 E:~~~ :.1 ¿ 2.:~. 01-a~ trC.. ~1~.): l S. 



T:-:o"-,_; i.3 an interest ;;ere thut has come to saE' .~. .. two-way television com;r.u
r...;.cc..·~:o:-:1 rr.eans: 

l) te r2:1eve soc1éll ar.d f-JOhtlcal al:er;ation of H1dlvldui:lls 
f:-or;. govem;r.ent ano con::':'\umi:y; 

2) to ~rov1de 1:nmeóate res;::.onse to inclivlaual ana 
.1Cl~h~ornooG r.ceds; ano 

3) to :::;duce e os ts for quahty services to the i.nd1 v::.du¿¡J. 
c0ns umer. 

). ;:-0rncular conccpt at work here 1s a Co:~¡;nun::.ty Ir:íormat;.on and Serv1cE: 
Ccr;.ter vvlncn woL:~c provlde ¿¡ centrdl ¡JOlnt to whlch cit1zens cou1d ;:;nng 
qücs tions and p:-oblems re~ü t1ng to a wice variety of mumc1pal services. 

:rJ/l.TIOI~:\L i\CA::J::viY CF SCIENCES - R.ernow Sensing for Policy-Mo.k1n<; 

Ccr-L:".ll.!r20 cr:. R0ITlVlC SenSlrlCJ r:~OC]!""Cl;11 

Íor :L2rtr:. r:esoL.rce Survey (CORS?E;\.S) 
1\:auonal ;:c..c:u.:::::1y of SCJL~nces 
2101 Cor.sc.HuciOr •. ~venue 1 :\'.V/. 
V/as h1ngcon, 0 o e. 20418 
(C:J;Jt. Wn;fr2ci Be.-g 1 Execut1ve Secretary, COr<.SPERS- 202-961-1~131) 

c.-i;lf~1;n ¡;('.e¡;:.:; Slt~Lflfl\} thc Ni\S :·;tllcly on 1\.c:note SensJni] for !lOilcy-m<:.d~Hl~J 
¡or \Vl11Cil :<!.':-:¡\ .::Jnd f:Jn'}\ lil'C ptOVH.i.L!lCJ clcl,1Ql1:>ltélllOn cLJLCI fo, ::,pCCJdJ püHl~S 

1:-1 selcclcc! c.:.;g1onso Among thc 1ssuos 1sol.::Jted lS wi-.o.t cilc:;csi:c;c. c.LJLG. 

(:..nfon-:1atw::) thc:; ~ollcy-mak.c;r s.-:!ould gc:;t 1n wlauor. to f¿:.m1~12:- QuS8S. 
\V~-:at infol-:-:'.2Ll0n 1s to be suppllE:ci? How 1s the base:; to tle: éescnbed? 

.lm N.i\S ra:-.el, reprcsentaUvc:; of vanoes a;J~hcauor.s oÍ re:llotc-sense;c: ::iatc: 
is scekl ng to cletermH1e wh.:1t iníonnaUon 1s neecieci. ¡J,[~er L:lat, ho\'. co 
sense fro:-r: su. telLtcs e¿: n oe resolved. _;:,t prese m t:RTS 1 Sa tollite Se Dso:· 
resolut.i.on 1s acleqL.lace for rec;;1or.u.l pur¡Joses s<.:ch as c:·op cor.c:¡·o: 1 dcal:-:.::JgE: 1 

blight, etc. An obJccl ~:co· o:~ a s1ce car. ~)e; s.::;ns8é L-o::l a sc.telllt.e 40 
rmks U). That H1~orr:iU.Ll0:1 ::; cll~ílelZ8d c':1C rc:.c:iloec to ca:·r::: St2tlOOS \'li-:e::e 
1l1s ccJriV(·rLL!(i 1:-,Lu l-l qr(l:)n.l.C 1 c\Jt1~lrll!S>ltS tone ( 11 ;J~1o~oc;:t=:.:;.i-¡:c-l:;,_;:c" 11:-:c;e;/. 
1J(J1) rcs(_,'lltlC)t! p!-:c1L()(_:r;JD:ty lLL>.\1 ~j;¡Lc-:JllLC._)~ 1r-: V.'t·:~~..~·~: f1l 1 JS <:roppcc ~)/ 

J)2!~1ChULl:, lS Dy ()¡)C rcpol-~ ~GJ(: LC) ldCí!L~~Y ():Jj0CL!) ~)U 1 e·:~ Cl ~2-dc:. lJ]l!-

mu t.e rosLl~s iro:-11 s.::J tcl2lL.Cs el O\'¡ n Lo one ~ocL ·.'nll ~~o pos sóle" Presenl 200 1 

scnsccl fro.-;-i ERTS 1s ü:c:~.'-.2::-:'..lü.te :or r.wst ucl.Jun ;¡l:J.nrunq pu;¡Joses. 

o 

o 

o 
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\ l' V 

This NAS Study d1v1des 'nor~:' inforrnu~Io:l !:.·y r8mote senso!· wto thrE:e 
time catcgones on the basis of the freq:.:e.1cy it is collected for use: 

FREOUENCY 

minutes - hours 

days - months 

year - years 

EXAiviPLL: OF USF. 

hurricanes 1 weathcr, polluaon, 
peak-hour truff1c 

agf:!.culturul crops, commut1ng traffic 

basic earth science maps 1 urban 
devclopme m. 

The NA;:) Study \Vill be pubhshcd L~' Spnng lS74. 

CO~SINSOR - A Conser:s us 1\ecording L.E:•nce 

Appl ied Future;s, Jnc. 
22 Gree11\'/lCh ?lace 
Greem•;ich, Cor.necticut. 06330 
(u; "A! s· 2'"' 7 r61 '71') \ V V • \ V • J r:1 ;;; o ;¡ S - V ~ - o ·~ ~ u 

iho cc?;sr:?~SCR is a dev~ce t:Jcl~ assj,"Ls Hl l.f1(:; :_1ecJ<3iO!!-méli:lng 

process cy fuCÜll.::lt:ng tr~c; detcrr:;l!:!2tl0ll Of COfl58t1.SU::>. I~ j S CU<qned 
for use by tus~~ g:-oups ¡:¡ncl cc·:·r.r~.lt'tc:.}s that rc.eet in confcrence room.s 
to make d•:::cis;ons. Thc r.:c::·.-icc; con.s1sts ._:.f ;-1 temlitl<~l :or each oí 
thc pur"cic~p.::lr.t.s in Lile mec'.ing. Thc terr:nnals are connectec by cobl¿;s 
to thc ivluSUc:r Cor~L(Ol l,nii: c\n,:; l1lSl)la¡· l\::r.C::l. r>.ch terrn.i.:1a 1 1 nci'J~ies 

tv;o SvVltci•c3, onc to fC'_IJ.·::~~:r rc·s:•on.sc•, c,;:c• to r.~g1ster l1ow stror.ql'/ 
thut response 1s felL l. i~c !~ur c;r;Jph D1spla:/ silo·.vs the collecri\..·~.:: 

rcsults. 

The COr~SSl~SOR :s c~esi0r:c..l l.o cleGrly ur:d qmckly indicdte tr12 
ovemJl consc~nsus of th<;:; 9rc~1p. TL assures ch.~ pJ.nlCJ.p:=:>tio!1 of e>ll 
the merr, ber.s oi the Cj ro u;;, \v h Llc <:::.ll.::;wi r .. ;¡ che i nfl¡¡e nce of e~c ti n:c r,DC1r' s 
JUdgment on thc ovcrull cons·Jt·.sus to rave lts e~fcí;t. It -Jlso eno.hll'.::s 
the 1ndiv1¿ua.l p.:::rü:-::¡~é'.11Ls to c;:t~ress ~he1r JUC:q:~,ents üno,¡y;T.01.;.Sl1·, J.11 

that thc !3ar C.c.¡:.:h 0Jspluy or;ly prGscnts rho consensus of the gnup. 

A l'lNAL \/vOF:D 
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(.1'-"\ ',, .. 
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.-\'i tr::J!1'PC>ílal10n planmng and 
1::nd 11'.:: >:~11l1c~ g1e\\ 1:1 Jmronancc, 
,il,_; '"'h)'ll• t 0f d,na gen el atcd ami 
¡;¡: J¡¡;¡cult;. of pit:SentJng 1t 111 
t:~c~l)k fcn ¡¡¡ llh.l<.:d<.cd trcmcnclously 

Th::: Fc,J.:;·,d- ·\¡,¡ 1-J¡ghway Act ni 

!962 alO.ll'. h:J) P• ocJL,c.ccl 233 
... tudJc-., to J,1:c i he) 1angc 111 'il/é 
,,:· flCl~ti!.Ltl\111 :111d :lfL':l C(l\'L'fCd 

lro111 5fJ,O:J(J p:opk 111 a fcw <.qu.11c 
illli,<. ¡,, th,· '\,·w York C1t) mctrn

pc,l:t.lll .ti< .1 uf 1 ¡.; illdlillll P''"I)IL; 
.li1d .th,l\1 1 S,(l(l() 'lJli.IIL' llllk, 

\\hcn ck.:trorJll elata piúCl''>'>lng 
tcclmiqucs first werc appl1cd to thc'c 
~tuc\¡,·~ u;. ,-orn¡)Utcr'i rn tl1c 1950\, 
thc amot111t of tktarlcu 1nlol mc~
ti<Jn lnc:rcc~<.ccl grcatl;. Enormouo; 
JlllOlll1t~ ut numcncal data pou1cd 
11um thc machlllc'i and a grcdl clc,d 
o! t1rrt: WJS 'P''•ll prcpdllllg. by 
ll.I,lU, [',raplii<.: t.tbul.ltillll'> allll d¡-..
pb;.-, r..:c¡lllrcd b) anal)~t~ and 
cl!Ci1c'> 

CompuicJ-.. ~0on wcrc ¡1LJt to \\\JI J.. 
[CI [liOddCL' graphiC tl.ll.t dl'>¡'id),, Of 

piC>t<., 1n ]L-., t1r11,· and \\ 1th g1 ca ter 
,k'Clll.tcy titan b) h.:nd Th,-. rcpo11 
C\pi,)IL'' thC ~ld[L' Of till! .11 t (11 
gr;,pt11C data plO(li116 hy CU111j'llll'¡· 
u1 tr,111~punatJun piannmg 

lt d,<..:;nh.::> iilc co.nputcr m:lp

jllng pr,,cc~~. l)fl·.;s uf h.trdl\diC, 

11 r¡ ": 
•', ..... ~' l .. , ...... 1:r\ ~ .... ~ 
}..; j ¡.,_ ~\ ~ l ~ ~ ;) . 

elata jliUCC~'>lllg tcchí11quc<. ami thc 
clc1 c/,,pmcnt of a gcogrilplm: ba~c 

file lt al~o prc'icnts thc rc~ults of an 
.Ii\ cntor) td\..cn to clctcrm.r1c thc 
u~c ot dat<l plottc:r-; 1n t1 <1n~po1 tatJon 
pl;!lilllng and :.on1c illu~tr,lll011S of 
J.¡td ploh f¡naiiy, thc 1cport 
touchc, 011 sorne new appliuit,on-. 
th;,¡ ha\ e potcnllal fo1 u~c 111 tr.lrl,
poi tatiClll plann1ng. 

Cornputcr rnopp1ng proccss 

lilL' 1)1 \lcL''>'> ul cun1pllll'1 lll,ippin:~ 

1'> J,lihCI '-ll.tlg!JtfOII\,ild !-J~tiiC] 

:.hcl\\-.. ttlc \lcp<. lcad:11g tu Jil auto
rna¡¡cally plottcd dl,pl.ty 1. ardwdiC: 
uo;ccl 111 automat1c plotling arc: thc 
drg1t1tcr aiH.l thc piL1lllng rnac.h1nc. 
·¡he computcr is nccdcd to manlpu
lc~tc d.lld, pcrfo1m calculations <.tnd 
¡,1 de\ dop ncw dat<.t The c0mputcr 
ultt:1; 1~ u'icd on-l1nc lo comm,md 
thc r:uttcr 

T11c dlglti/CI 1'> an clcltronic 
tliclf(!l1g lll<tChlllC \l'ilh a CIO'.~-h;IÍf 

'-CI1'-0I Clli111L'\_tcd to dll .11 n1 fur :al
utl.~r¡,Jg th,· X and Y t.ll•lrd,ll<ltc, o! 
,1 {1íllllt ]t (.,111 be CC>llilCC(L·d lO d 

\..e~ pu11L h, t:t)'<: pumh or 111.1gnclic 
t:lpc· llilll to record thc d.1t.1 0Jgil
Iil:r-.. co't lrom ::>(1,000 lo rno1c than 
S 1 0(¡_000 

DI~'.Jt,;r,¡~ ¡-, thc- .~ ... ~~~11:ng of X 
.111d Y cuoldJn<IIC>. to ;, P''lllt ·¡ hc~c 

2fi ¡:¡ TRAfTIC Er~G!Nt::ERING i:.l 

data are rec¡uircd to ,;,,cct thc plot
tcr m locatlng thc~t po1nt. 

Digit1zing c:111 b.:: a simple process 
Jt uscd to clraw a h1_ghway s;stcrn 
for <1 ~mal! arca. l:1 such case~. tite 
noclc~ of the l1nks of¡c,1 ZlíC cl:gitilcJ 
by h.md ancl a gc0,;: a;1!1ic hase fl!c 
tk:vclopcd th:H can be ap¡)licd to th.:: 
h1ghway nctworJ.. 

On thc othc1 hand, if a study is 
sophl-;ttc<ttcd in ¡;..., anztly~1'> ol !:1,1.:! 
u'c dc~t,¡ .1nd tlt,· ltlll'lit h to Clll.l:ltl! v 
io~lld li\C (l.IILL'h, ~llb\ldlltl:l! ·.jllO·

gl.llli!llÍilg h IL'CJlliiL'd 1\l lll.lllljlll];:tc 

thc data Thc d:git111r;g p:occ:-.~ a!'>o 
bccomes much morc: tl:11c-co.1~ldl1-
111g, gcncrally rcc¡u1rmg thc uJgit•L

tng of points ar,•uiH.l thc pcr :meter 
of each paree! Such a ta~k cannot 
be pcrformcd by hand for a largc 
arca. 

D1gitJ1ing coq, V:ll)' wnh thc 
mctllocl u<.c:d Dlglt171n~ a ]illlnl hy 
hand a nd cod111g an lLlcn t1 fil':l tton 
fo¡ that point cu't' 20 to '~() .:cr¡¡.., 
pcr point Encoding X ailCI Y cu
ozdinatcs on a d.giutcr co<.t~ 011.: 

to íivc ccnh pcr P•'lllt ¡f pcrfoz m:J 
tn-hou~c. not IIh..lud¡ng O\crhc.lci 
COSt'> 

Plülting 1s thc Jr,1wing of a m.1;-¡ 
Oí chart and tht.: dls:)lay of stati ... tJC:, 

Thclc are two l)'¡lC~, c:haídCtcr r:,")t
llllg and J¡nc pl0tt1n;. 

o 

o 

o 



()-- ---l ~;¡-;¡~,~.: ;kl::~- :;~-; ~C~:,~~--~~~;~~--~~ a g~~~;-~~~~~lO!IlCnO:l~~<:y ----~-~:~;~¡g¡ a m~ ;l~Ve- -b-~:.;-~--~~~ 
¡',!eL·;- p<i!liCó Oí OiiJCI p!Ultlnf! ele- lltli'l,>Cf of t11p ende, Of llllmber O[ \Ciupcd todo '>liCh pJO~tln~ c:--,:·r:.c-

o 

o 

\!(C [,1 1':1,1k..? 111,\~~ li'tllg \.lriOLIS C.lh p:11kcd, !S llldlC<ttCU by thc Jn- ter 01 f'rJiltCr plottlflg Í', lii(;XpCil\i\'C; 
ch.;r;,,·¡c.--, Thc trcqucnc) of rccur- tt.:JJ.'ortrc:. oi black pnnt and fast. It work-. wcll for ploil:.1g 

~ 
1 

1 

1 

PLOTTING PROCESS 

l 

Prepare Maps ¡ 
1 

Develop C~ographic 
Base File (Digitizing) 

1 

,----L __ 
Dstsrmine Typs of 

Plot Desired 

/ Transfer Line Data to 
~D'1'aphic Base File 

r 
~~et 
1 P~~~ting 
, Program 

,----
1 

1 Plot 

l_ 

TR;\i f IC ENGINEEF~ING 

lancl use or 11rca '~t:rlÍ'ilÍl:s a.¡d 
graph3 Figure 6 is an c;.Jm¡)l..: o¡ 
jJíÍnter plottlng. 

Lmc plottrng rs an i:1i: clrawin.:; 
on parcr, thc pcn commandcd by 
tllC' plottcr Somc lrnc ¡-¡luttcr... aíc 
vcry ~Oj1hr:-,tr2atcd and h.:\c <h m:111/ 
il'> crgfrt pcn<, SO that Clght U!Í;cr.;;nt 
colors can be mcd \VÍtil vJriou<; 
wtclths of Jincs 1l1is tyrc of plottcr 
comes in two fonm, a flat bed t;lJt 
look<; lrkc a clr<tfting ti.!blc anc.l a 
drum plottcr. 

Planning dala 

Daté, uscu m transpoiidtion :'!an
nrng f<Jll~ tnto l\\0 gcncr;¡] catcg,)
lJC~ <~r.::a data ~uch a<, popu!<Jtion of 
a t¡u_l1_1_c _ _;o_rcc or _gnd,_ <Jnd .linea.--~~ 
dal<t ~uch a~ average cb:ly tr<tfl¡c un 
,¡ hrghway systcm or ndcr,Lrp on J 

bu' S)StCili 
.\1<Jny data sourccs are u~cJ in 

plan,¡rng In thc past fcw ;cars, 
many sourccs ha\'c bCLOillC co:>l¡!ut
cnzcd and can be plottcd. CJUtion 
mu~t be u'cu in thc plott,n~ p.oc.:cs,., 
howcvcr, to ~clcct thc a;> 1lro;-¡ri:J~.; 
ddta for plotting ami to ~p..:c¡fy th..: 
plotti,¡g mcthoJ In thc gr<~¡Jhtc.: rlo~
trng of A\'CJ J&c Daily Tr n!lic 
( /\D-1), fo1 LX<~mplc. .tn .tpprupr:
dtc scotlc lllll'>l be ~cll:-:ted 

V;,rruuo; map' .trc 11~cd 111 d pl:tn
ning stud) Som.: ,:::, ve wcll "' h:J\c 
m:1ps for thc drgrtiLÍI'g p10ccs~, but 
ot)Jcr~ are not <tCUJ! dt-: cnou6h or 
:rt.:: !(lO dcta!lccl. 1wo t;pc' ;:re rc
latcd di rccti) to thc tL\ o 1) pe~ ,1f 

d:1t<1 a\<Jdabic Thc) nrc a1ca map~ 
c.Jclincat;nf; such f,\ctu.d mfOíl11d

tion as trJfTic zonc bOLdlcl::;;.::,, 
hloL:.._,, tracts and b:1cl l•S·..: ¡J.lrL..:is 
and l::¡car map~ shO\\IIli:i ll1111;:nr:cr
ilcd nctw.:ll k.,, dcsir.: lr.lC'-, spldcr 
wl'b 11ctwo:k' a;1d o:hC'r ¡¡¡¡,tl¡cic 
m:ttc¡ 1:11 In choming nu¡h to h.:; 
u-.cd fnr d..:wlop111g" dr:;¡¡:;¡,¡~; .\i1d 
plolitllg b.t-.c, it ~~ unpu; t.m: lll d:;it-
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i\ ··,;¡,n~~ .:r:nrt'- l'<111Cc':,¡,·d 0nly 
\· .. ;1 ": . ..: r•:~._l.ltl1; "'r hi~h\\:t~~ ~)~tl't11'"'1 

i~..'~,, ~ .... : l,l.t: t!h.' llL\ 1 1 ~ \\C. t..' t10l d" 

....... l..~\,: ,¡..._ ~:h" .lt.._',l d~lt~l l\) b..:-

Geos.·e1ph•c ~>asP fll~s 

(,,•,,_:~.:,·:,,,, h-t'-C lile' ,¡re Jll.t¡'' 111 
,,,;;¡•''"''! ;¡¡¡m Ti,l'~ Cclll'•l"t cll IC\.

c'id• ,()¡1 ,lli'ifl7 ]clC.IlkllliiliOillldlillJl 

,.,, .:li ,,.~.n2n!\ \llthlll a mct¡opolr
.. ll1 .t:..:;t ·\ '.C:~llll'olt COI\'>1~[<; of a 
,,,,~,,,,,¡ ,,¡ a '~rcct b.:tl\c'Cil l\\O Jll

,.:.~:-.!,,1é' <lcc:ts Location mforlll:l
t:L•.J c•':':.c:,¡cJ 111 ~q;,mC'Ilt record' 
!e'• an ll1 h;,¡, ICf.lclil Cll¡l\1<;[\ of SlfL'C( 

:J.Li',' 1 an::;c: ot .1dd1 L'''c'. nodc 
""·'¡h,·,' lu1 thc: rntc¡,cdion'- at 
e::,); .::nd ,,f thc 'Lf:llH.'ill, co,,rdi
,,:,;,, illf thc: llllc"r'cctlnn<; ancl coJcs 
lé'I t]l..: :::rc:J<; Clll c'ithcr srdc~ of the 
~.:..:m.: 1t b,c,cl-.~. C\.'11\liS tracb. po
Le:,· Lii'ci :e:-. and ¡Jia,llllll.'; anal~~~~ 

\cl,:i.~c•.l.J\ C:cllk-; C.lll ]1 c' adcicd lo 
·2~:.n~·.¡¡ r..:,,,rd.;; !or i'Oini,, ti1c in
: ..... í-... ........ :,~,.1;¡..., ,,,· r1o(:..:-~. ill1C'-~. rhc ~cg

.,~c·;¡: éll JL:I' 1; .,¡:_: 011 .:tlllCí <;¡Lfc of 

.lL. ~ ... ':2ir2:-:: 

5rn:.? :h: 1ntorm<1tton 011 püilltS, 
1¡)1:-.. J.~~ 2iCll" ¡..., Ill~l1I pc)1atcd In a 

; ... ·~_l;í~ r;: ..... h~l"l' file ~l) tnar Jt ¡, lil

:criC1~ll.C(i. -t r:cograph1c ha.:;C' flle 
r.:~1oll;.;; g,'OcOdrng 0f [)Oillt. ]¡¡¡e and 
:.1:c l)~ <:rcc~ d.tta 011 a cummon mte
¿:: ,::C'c! :1n,l com;11 chcll'l\'<.: b,¡<;¡<; 
\\ l1.:11 a gcc1g¡ .q•h:c bao;e ti k ¡-; 

,,CJ,cci 1.1 ,• computc:r, 1t edil be pto
;;.:,lllil,'ci tcl li',C thL· file 111 thc ~ame 
\' _,~ :h il m;:p, hut at much fa<;tcr 
,,JccJs Ll]llll file, k)r automc~trc: 

;-¡ic)tt•;lg ... c1n be prcparcu cJ~Ii) fr orn 
~cogr.1¡'1,.: ha-.c fiko; 11 he11 a plot at 
thc ~:rc,·t ~cgmc11t l..::\cl-a block 
clUtl:n,:: flld¡->~-1' flCCUCci bccaUSC 
g~O~ía;-;h~~.: lldS~ t.lc ICLOid\ aJICddy 
a r.: at t :11> !el' e! 

Prcparattün of pl()t:C'r 1nput file:-. 
Jt th, ar:crr:d o,tr,·c·t 11ctworh kvcl 
r,·qu.rc' ::,ldlt1011,:1 \\cHh Thi-. lllll
~~'" 1': rJ:ntr!; Ill_!.! thL' nml::: l111111-
b2r' 111 tl¡,· ge,,:;,.q.!Jrc b.:•.c lile 
C(lí,,>¡~c,nd'llg to fllllk-. 111 thc gc11-

g r.t:'h ~e' b:l'l' ti k 1 h ¡, 1111 Oilll.llll 'll 

c":1 :1 ;:,,. ll'<d tu ~clcll lllL)Ililll.tic' 

\ldL~~>- ·\._lí nucL.:~ 1:1 :nc :lilCtl~d ~trcct 
n.:t\\u;-' \\ ;1~n ~h~ drtCiltll ~trcct 

n.:l\\u~\.. c'•'ili.ll"~ .1 rc·lat11 el\ "rnall 
numr,·:· 'Jf lml-.s, Jl rna:- he c·~¡,¡c¡ tcl 

23 rJ Tr-<AFFIC ENGir-.;EERING 

lLt!l\. 

IJ,¡t,¡ :o he plottC'd ,m¡q be unc1ci
q,,,¡d:lhlc lll thc ¡ll,,;,,·: 1lf co¡¡¡pull'r 
,,,::Itc'• .u-,cl ihc· X ;u¡d Y cootJIILilc~ 
lllil,t he' de'\ c:lo¡,:C: \' ,\110'1' C\1c1.dl-

11d;,· ,~,¡~·,¡¡.., "''' ;¡¡J:llic;1hle. Sontc 
':L:cli., dci'L'I<l¡ll'd a Uhill\,;¡;¡tc: ~yo,. 

!L'Ill ,iJ,¡¡ j¡[o, .l\,l¡l,,iJIL_ bd'.C Jll.!Jl<; 

Othc" mc·d 'lc~tc.: pl:1nc diHI othcr 
l [¡¡¡\ ::r,,d Tran~.vcr::.c lvkrcador 
(\).\IT) coo.dlll.ltc: ~y-,lcm~ Onc 

\ludy tll.tt LI'Ccl thc ]11 OCC'' lO p]ot 
:Itdtnc orrgrn and dc'.trnallon data 
tor thc nat1011 h.ts cmploycd a scale 
of llh.hcs to dtgttatL the data wtth 
cnough lccway 111 tht: ~cale to acld 
c.uun:rrc'> oubilk thc Unrtcd Statc~ 

l.1tcr 

In dc\·clup1ng a gcngraphrc ba'.c 
lile, t;. pe of dat;, to bc.: plotrccl ami 

th.ll migllt be plottcd in the futurc 
mu~t b2 (ktcrm111cd bdoreh<~nd 

/\ftL·r a file ha~ !leen clevclo¡wd, 
thc.: dat.l lllll'l he cditcd to mai.c 
SlliC tllat the potlll' h.1vc dlgliltcd 

corrcctl) The mene -rrdightfd: wMd 
mc·thod " t11 plot thc pornt' at thc 
-;ca k at \\ htc:h thl'Y \\'ere d;g¡tttcd 

Sucil a rlot tÍH.:ll Cd·l hl- c)\ '· ::::d 0.1 
rhc b::-t"c: n1~1p and e: 101-') .~~.li.i:lc.:J 

tcadily. 
D.1i.1 to he plottcd, \dic:thc; :hcy 

rco.,ult itom computcr m:,.:,rlltl"tio:l ¡/'\ 
.¡f <;ourcl: dilta or <111.. thc <;oc~rc.c \...__) 
c!<lt.t. Jllil<;t be tcl.til'(l to thl' t'.l:O
gra;1lltc h:"c file ;\ I111L 1111 a higli-
wa~ nctwo: k. for c;;.,¡,11;1ic, u ... ual!y 
i' coded to Icknt¡fy 1t f. 0111 a:1 t\ 
nodc: lo a B nodc: To piot th:'> l1nk, 
thc X ancl Y coorclrn:lll:<, of cac.h 

node must he a'.'>rgnccl l(J that }¡nk. 
Thi., ¡<; ,lonc through (kvclopmcnt 
of a cnrnpatihiltty frk. 

Au~ornctcd geocoding 

Gcog~<1phic ba'c file~ wc1c prc:
patcriin tht'. w.ry for JTHIIC: lll:\11 200 
metropol1t:¡n arca~ by thc U S. Hu
r.:au of thc Cul'>ll'>, in C.c11lJUnction 
wJth thc 1070 Ccn~u~ of Population 
ami Ho1hing, local urbdn tr.Inspor
tatlon ~tudy organtzdt 1011' and <-l~C 
tran"portalio.J or htg•H\ ~'Y dcpart
mcnh. 

Thc t:cogr:iphiC ba .. ..: rr:.:~ Initia!ly 
\\'1:rc preparcd lo fauln;¡;c auto
matcd gcococJ¡¡¡g Su1cc thcy eon
tdll1 coordmatc'> thcy aho m.:~y be 

o 

o 
Ftgure 2 Nctwor k rlot V'lith Traff:c Volumes (Piotted on Drum Plottcr) 
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Figt¡re 3 Grz:phicz:l 1'\ctwork 1\s~IC,rlrnent PlottN 011 rlat Bcd Plolter 
1' 10 000 ;\0 [ (lJc'tort..: rcducLOil) 

,h.:-:1 for ;J• .:-p~1; ¡;¡g mpu: fiJe.;; fL)J 

;JLJ:¡)i;l.,;,c: p!ott1ng of \trc.:-t nct
\1 url..) 

·\ --:~ .::~lh .. Jili1é11rL' \\ .. 1'\ d.:\c1o 1).:d llJ 

l~ ... ·t21l~~~ 1>:."" lhc us2 o: dat.1 plottc,s 
J1l :r.:,1 ... ;h.H~~nion pJ;¡¡~n:ng ·1 Le Lr
~)U.tiii .... J -\:-~..·l1 T:-z~~~~pond~Ion PLl:1-
Illl~¿~ l';o~r~:o;¡~ Dir..:.::tor) J¡,¡, 233 
pt<)~Jrm' .:md thc1r !-..·;. o:11-:,ai~ 

0.1.:- h~:ndr..:cl ;tnd f¡ft;.-ri\..: ofTI
Li<~l-;, >C•m;:: r..:>pD.hible tor more 
t:-:.lil l'i~2 ¡;rL)SJ",tdl. r_-:..:_-i\..:d thc 
qtlé,'J()r¡,1JJfé s_-hJl[) -C'ight \\é[L 

return_.d 

Survey results 

'\u:nb.:-r C'f fo1ms m;.:lecJ J 55 
:\umh:.:.- rt·:urr.L"d 7'0 
'\.'u,nbcr of tran,pui tdtldil 
~t~:d;c., \\ ith dCL<.:'~ l•J plott..:r-

ti.tl h.:J 7 

drum 17 
tn,,d 24 

'\un1hLr u! lr.ilhj1•••l.llrcm '>illd) 

, 11 :'.ti 11/.1 r ,, 1:l" ¡)!, 1¡ 1111 1 ', 

IJ.illic dllci lht\\ill~~ 

l.illd lh.' 

~!r.l:1h::> 
e><¡~ e r ' 

l¡ 

11 
ji 

5 
'l, :t\ ..:1 (.O:Jl¡>díl'-lll~'· lt'Ihlh d.JI.l 

.. dd rl·_::r,:~")i~)n p\tl,..., 

,·Jntl .... r Lh .... ·d Jll p1 C¡ld1 dl1un u>--

;¡¡¡.ti;. '>1~ 
d1spl<~) s 

-¡ 1 anspc)i ldtiOn stucli..:' \\ ilh 

?' _..,. 
¡ 7 

accc,, to cligiti/Cr'> J 5 

Thc rco;ult~ show that aboul 30 
pcr cent ot thc: '>ludy orgc~nJZdtJom 

emplc1) dt~t<l rlollill~ <h élll integral 
p;u t ol lliéll pi.Inn1ng ;)roce~' Drum 
piullél~ Cllé nlOié C\lell'>iVCl) lJ)C'cl 

than tl.tt bcd ;\11 of thc ~tudtt:'> lJ)

ill~! d.tld rlullu-. dnclop fll'l\\ur;., 
¡1lot' L,~nd L•~c plt)<•; an,l clat,l 
gr:1ph~ al'o Ztic ckvdop:u fre
qucntl¡ lt ,., llltcle'>lirig lo note thJt 
thc pnm<11;. me of Jata plots iS for 
<ln<tJ;.~I~. WitiJ UiSplay f'lllfJO'leS 

1 o1nkcd sc..:Orl(.l 

Figures cxpiainccJ 

l'Jglllc'\ 2 iliJUllgh 9 -.ho\\ pluh 
\1111Ji.lf to thl>'>C uo,cd 111 a numbc1 Lll 
tr,llh)'•'ILitiOil pl.Jillliil;~ qudlc>. Al
ilhn:,:ll lhc: fig.rr..:o, :IIL' prinlc'd ill 
!Jj,¡, f., lllilll\ lill¡j,j ih: ll'><'d ¡j !'-'l-
111111' ,¡ ¡,: 1 j¡ <' 1) ,,,. l ,, ,,, <>lll'l ,¡ \' .1 ¡J 
.Jh!,· 

\\ ¡,)¡ thc lk.\lllllity ol plotung 

Iil '-' llur'. ¡·,~:ui t: 2---:\ Ll wo1 ~ plot 
\\'¡,}1 tídf11L \Ullltli~\--C0\!1\.J b.: 
d,,\\\il i>\ ftllllliOJl,d LJ.¡.,.,¡j¡¡;,i[J('•l, 

'-Liéct \\i\11:1, Ul OliJL'I tfc~[,l ill th_
j¡ il ~ f!iL 

Nodc llLIJYd1L1·~, éll.~o coL:ln b~ '""· :
¡;ota:ed The; tr,Jfil,. vo!ui'i'"\c; p:ú:ll..lt 
could l:~tvc: co.11.:: fr01n trJ:i~c d,~

trtbt.tiOil modcl~ 01 fro01, ;¡c;¡¡;;1] tr.li
flc. lOllll[<, J'hi'> flgur.: ~hO\'.;, ],,1k 

¡,;;,jglllllC11l\ pfotlcd Wil!JclU[ nlélllllcd 

cfTnrt. r·urthc;l more, tll<: pl<i:lilC~ 

dltilcl li'>C tlm lliC'lhoc! tu pn'>t ii:;:., 
di'>l;illcc~, ';Jccu'> anc! otilcr Jara. ,\ 
com¡¡utcr progrc~m Cél.l be LIS<.:d to 
~elcct from thc: !Inl... file only t:lnt 
l!lfonna,ion mcet1ng prcJctcn~lir.cd 

pa1 <~mt:tcr<; Thc pwcc,, is m a~:.:: 
111urc ~ophi'>licatccl by piottcJ ovcr
loadcd llnJ...s accorulllg [0 cJcgrec oi 
ovL"rloaLling by using co!or;, on thc 
pi ottu. 

Graphic poi tray:tls of trz.íi:c 
mc~v~·mcnh. F1gu¡c 3-g: a phi-: r:ct
work assigil:l1c.H--arc dralt..:cl e;:,i:y 
Wilh a plottcr. Tlm typ..: is an in:
podant plann1ng too!. 

1\ llllinhcl ol study t..:<~i11'i )Íd\ e 
tal...cn llm typc l1f ¡;lot <Jncl pu:,¡rcJ 
Jil tllc ,l!<.:dS hct\lccn l1n~s for prc<,
ent:!lron <lt puhi;c he.:, 1ng'> l'Ioj,'C
tJClfl~ tu \':JJIOll' t.u:~LI )c·c~,.., can b,· 
"iwwn on lile: '>:illlc cll.tl l ¡¡¡ (!,í\..:rent 
colo1,, llllllcating inuc:t\e, or de
cr..:<J~cs m traf1ic \Ollil:\·~ 111 a cu<ri
doi O\'<.:i <1 pcriod nf t1rnc. 

i\l:Jn) stt1d1c~ h:n e de\ clnpcd a:1c1 

;¡re ll~ing ~p:dcrwcb nct11 o. ks \hO\\ n 
111 FJgttrc 4 to a11alyzc ti ¡,fi~c mu\ e
mc;¡t\ Nct\lurk plots are C\lí2111cly 
valu~1blc 111 thc cc!Jting pmcc~~ Un
nxled 1;nh.~ ancl !in h.~ th:H h;,, e co,!
lllg CílOI\ Cdll be found \I'-u:;lly ;n 
::1rgc nctworb. 1t is ncarl;. l:llJlO>Sl
blc to fine! ]¡¡¡J... crrors, c~pL-cr:dl;. 

erro" ~l~<.:h a~ l1nk d<I~:.d·Jcat:on 
Aftcr pcrfollllll1g comput,·.Jio.J~ 

on thc computcr lor an,d~>IS, it i~ 

po:.<,Ibk to g; aplncall) p~ut the dat:. 
;¡e; ,lwwn In f-¡gurc 5-v,,Jumc<o
caraLJt) ratios. Tlm plut Uílgln~dl;. 
w~~~ 111 color, C)IIC colo• lCpr;::,..:Illing 
a \L1llllllé-[O-Clp.lCity i.ltlll for ;¡ J::¡J..., 

e~: ü 5 lt' O S. O¡) tll 1 () ·¡h.: 1mk 
\\ 1dill cl..:nute' tlic lvw or h1;h cnd 
ut tl.l~ 1 ~ngc 

l igllíé G-SY:v1,\P--li'>L'' thc 
Ul•lljlll[L 1 [lllii[L'I [ll ¡¡jj ill ,ji<',]'> h) 

llJJJJ(Jil)', \';Jii"li~ ( LlilljlJillJ l fl ii,lL 

[l'l'> ·¡ lll' fl''-llli 1'> ,¡ lil.ip \' ¡¡j¡ ;,":IL')"• 

PI \',liiUlh :rll·~ll'>ÍIJ..:' Sul·l: ;; ¡¡¡,;p 

C:tll k· ckwlL·pcd 1 ,tp:dly on a 

pr ;,;¡,, .1nd nhich 1\lor,· C'-Llri0.11.

call] th,¡,¡ bj plc>lle¡ 

Butll tl1hl,~ .tnd d: un1 ~~· 11 .. ~ p!t.~t:cl' 
fulidi thc 11..:c·d fc1ó d: ~\\ ::1:~ !,.;, ,, 



~l~:~ ~~~~.,.· t:,:~C("~th"'~illt\,~. 11 1'1 CO\'Jrl~! ~n 

.~1~... :(1 ~~~ ... :k.H:: 1n:L:-:'-J~\ 

,-l~l~f ... 7--l í2Lt h: ¡L! 11..! u .... c \,.'l.!• '-, 

_,;.,~-h\' .1 loÍ 1 '~ 1 d2 l¡[('lll\..)\,1 (1._\\...'l

\1ji.:.¿ r; ¡! ~1t:~:, tL ;:n 1dr qu:liHd)'

:n· ~ .. ~... ~· ~..~.::.1 ·rh~· d . ._,:d;.cd (!dld i~ 
'.:: ,_.., e: r~l)!,l>~ ... ·,¡'-(1rLtp~t"~lll:! a 

¡,',',._ 1 ~,: 
1
'•,dCL'l "I )1,_- pJo~t~I di~\Y 

• ',.' ,"',·:;,~.._ 1\ dld~J,~,; L'd~,.·}¡ ~U1..'d d1H.l 

Ll" ¡ ... _ .. \,¡l 21~ l\ diC\,' ~h..: ".,lillC lillC' 

,,,·:-: In th1~ ¡lle•:c'' ¡j¡,:: computcr 
i;,-:" .1 u~..·" ... --n;li.J0il of cl1~...~1 arca P1o
~~.;~1~~ \ 1 ·~12 dc\L':\)p.:.·d to ~llocatc 

d.1) l \ :'-' or ar\.':1 d<ltcl lO thc arca 
,; , ~;. _ 1,::: el f'1: \.' Lt.1ei u se e Lw, 1 ficc:tmn 
,:1,)\\¡, m d11 Ílgu1c can be qu~l11li-

1~:::J allll\iTI<iltc::ii) tillO traffic Loncs, 
1: ¡[-.: t1 ,::1ic ;oncs have bccn cllzlt-
1/Cel f.1 <ll1Uil1(1Jl, CCll,ll'> d:lta WJth 
1 ·, . r .1 , :' e' r di t1 .n e r.: ¡ 1 on el i s t n e t' , 
.~:'t-' ,ouLl be c¡LI,I.lt.fiec! b) tldnlc 
;,):t-2' ~~~~~,.! c~o')~-;c~·2rcnccd \vith 
LJ.h.: l.i'l.: ,LH.l 

\ :.~ .. ~11'~' or' ''L'lii,., ¡Jrc\Cilt dat:1 
:'' ¡,'' : eh Zl '.' h::: lll L S 1 ~ a p ltll o f 
.í•'.' '1 ~'.1L:ncL!ill'' ,1, ,1 l':l'i2 map t'il 

\\:1 ..... -, \.~ .. :~~t are d .... ~¡'J... t ... ·d 
F =·~,,. CJ--li:L,!) t~<linc \olumcs--

... }¡~,-, .. ~ ~..: ... 1h tr :tf~·~~ ~._~._)un~s fr~Jn1 a tl)l\ 
~·.: ... • ... \-<~-=-ll ~l-,: Lt \C~r -rhc c~Hil

;·,~ .. ~ ca: .... l1:d:2-.. th ..... '{ \aluc ¡¡~ ;¡ 

í.' • e·: d: .. l:, IOiu•1'.: tO thc peah 
e~ .. ·. 'l'lu.:l::: -¡ lm t~ 1l.:: of plot help> 
¡,,,· "'-r ,.ndc¡,;:¡nd l!aflic va1ia~ 
ti ~.,J ;~' 

"-.', 1· tcch:llljllCS fnr COI1i¡."\ld,'l d,ll:l 
¡';,,; ::1;::: ~¡r,· dc\CI<'¡'Iilg rap1dly 
1 L. \,l,d \ Jli\-'i'll~ ·, i,lbPidl\lr) 1<•1 

"'' ,'•· l: ::1.1¡'1:1,, .lilll '1'·\ll,d .111.1! 
\ ,;, l1'>Í'\ J1\...: \.\lill~llill ¡- lll.l¡)¡)JII!! 

p: l'_;, ... ~~- l\>1 \1-,e 111 {1 ZI'.¡JUI [dlillll 

p:.~·::JJi1; 

~Y\T\P 

['ruJ•:~'C'. map, Oll a !IJlC pnntCI 

t" (;, ,l.C< ,;: .~ti;dly ':trlahlc elata gco
~~ ,:,0 :l.C:'il). Contnur. confor,n,¡n: 
, 11,: ,o.'-' ,:,n:tl .n::¡l> c,ln lK p1uduc.cd 
,, ;::. d '' tde rZinge of opuom 

C.~·;.:: Jcl.'> thre.::-cllll121l'-lC1ii:d J¡,¡c· 

ll[,·\L.,~:-:~" ~._)r LOnt:nl:~)u, "u,L:cL-.. llll 

.1 1 ~--:l ~~re I\ 1 r: .. lt ... .-. ·rhL· 11 1\)~·¡:¡.n 
h L.> •. .'d l() pí"l' 1 )~l:l ¡t ... ,,;)l'Li.i\'l \)l\',\ 

<) ~ "d r f de~-·"' 1 n 1 ¡; > L: t 1 n ,, . .t1 h) ~ 1"' 

¡: ~):-. o! rn,tp' piul:~! .... ~...·d L} tlL.' 

~ }'.\/.-11' jlrD~r.1n1 ( :. 1 J~:bil1 .• :, 111~ 

l:::.:.:- :.:~..l ..... l.:·n l1nc rlnh.ndl dJ,d u-.. ... r 
(: ... ••• --;¡ lt_Jn of lfiLi~~ -..,¡¡""·· \t.:, tl\_ .. d .:nJ 
J.¡>''/ J.ll.d r()[~I[IUil 

::;o 

o 

Ftgure 4 Sp1der-web Networ~ (Piottecl on Drum Plottcr) 

o 

o 
F1gur.:! 5 Volumc lo Capac1ty RaLG (OngmJ! plo,tecl 1n colors o:1 dru:n 
piotter) 
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F•,gure 6 SY,vii1P--Shad1ng rvlap Showrng F1ve income Levels (Piotted 
en pr1nter) 

lJ(;c" a l~r~.:: ;11 :n~.::. lo (;~~~~J) LJd:~~ 

co!lcctcd on thc J.tsi~ o: :1 rcc.t;:~:~~;~;
l;¡¡ coo;clini1tC gr1d /u; ar;Jy u' 
GHI!J valu'"'s :1rc CltL::.,Ofl7.:d, ;:,
SJgnccl grupiuc ~) n1hul, .tnd c!¡::,
pl;¡ycd a-; :1 m::p ·r he: 11rn_:;1 ,:rn ;;c
ccp:s l,llld \l\c, c~.-n'u' o: ot;,,:r ;Lta 
agg1 cgéltcd to a ~~ri,/. 

OiGrHDL 

Produce'> thi~:c-ci.~ncn',;un::l li 1.; 

d1 awmgs of .111 obJcc~. >uch ~' _,,; 
archilCCllll:li \lltlCllilt.:, \'JCWCC; 1rcJ;;l 

any p01nt 111 ~rae;: Tnc p1og··::m 
clocs noi sol\ e ¡;;e hid,kn l:nc: prvo
lc;n but 1t 1:> iao;t ;md highly Ílt.'X:bl,; 
The LoSCI C.tll 1 cpc,¡t :di 01 par~ vf 
thc cl:lla at any 'c:lc c:nd at ::ny 
vcrt1cal 01 hm ¡zontal rt)l3t!Oil fro::1 
thc same input data. 

Ci\i.í•Of\:'.1 

Produce;, .c,hz¡c~ccJ coi:l'cwn:.¡;t 

mar' on a linc plottLr by :I~inz sy.I> 
holl'-lll, usually a<. ~h:.d:11g to rc 11;·..:

~Ci!l d.lla v<.d<~c<. ;;,-;o~·¡;¡tcJ \\ilh ;cc
gr:¡pliic <Ht:d:,, such ;¡, LCnsus t:act,, 
l::u¡¡¡.·¡p~!Jtic" or col'IIti(, ·r ,;..; 
1972 J'\;¡t¡onal T1 ::t.l,¡Xll ,,III(lll Su.JG)' 
makc<. cxtcn<;I\C use e/ a thr..:c:
d,mensional pc1 s;Jc:C:ll\,:: hi>togr<li•l 
plol 111 prcscntiilg il:, •c~Ldt>. 

Prorn1s1ng tcch.11c¡:..;e 

Thc licld of mtcractilc coro1putc. 
g¡ dph1C~ OJ!C:l'-1 .:1 nC\V, prOdl!S!1-:g 

anz.ly~l'> tt.:chiliC]\IC fo, ¡, :lol>po. t:l

litlll ¡Jl:tnllCI> 111\'0hll<L~ god[1iliC Olit

)llil :u,d 1npu~, a' 1\Cll "' diiLd com
munJL,ltion 11ith .111 un,il:¡-.¡" :,y>tcrn. 

Hciidils of th;;, d1r~·ct CLlfl\fllli,;I

catlüol Jllcludc l1o:1~ ';] v¡, 1::;', dn .:l-
0,1Illcnt ,1f bctll'í ,dtcrn.l~Ivc~ :.:~d 

co,t -.;,v¡ngs Tn..: :1.l10loill o:· t:lc 
bL'Ih.IIt<. wiil ''<~1) \\¡,]¡ lile '-ll;'hl-;,
cat¡on ot thc h.trdw:tic L,1d; ,¡p;;:¡
C.Il!Oil\ oi Inki c:dJ\'C ~o .. J¡hlt,;r 
g1 aph1c" wcrc m,Idc \\ ¡¡J¡ a cJrhoclc 
r.•.; tu~1c. :1 l1ght ¡Kil. :: fu,l;:tJo.J con
>olc kl'ybo.trd .:11d .t t.:Oiol~lL:tc< 

fhc fir~l efitlih oc·u:r.c:J ;;¡ tc;;; 

L'clrl~ ó(J\ 1\'lurc: ~o;l:l!o;tiC,:t:d 

(L¡tlipl1lLilt 1:-. ,!\ .. 11L1t)L:: ~u .... Lty but tt~..: 

píÍIIt.:qlk ,·; tilc s.11ll~. fnt~.:,;•c:;\t.' 

gi.lpillt.:~ llavc ;,,.,,,¡ ::,lp],,·J ''" éc,s

lull: lo dcc,¡g¡r prub!cm' llh.:iuc!r,~,; 

h¡gh,\ay dc'J~~n ~l'\!,.'J,t: l~¡) 1 JliL .. !tll)~1.., 

,l/,,l h.Jvc bcc:11 dc\'<.:iu;J,J 111 ¡¡,-~1:\;, 

pl.t ,mr n~; 
Rc~Ldll-h t;,,k,J tu C:I-.ck.~.: CLII-

H\Aí-f- iC L:NGINEERiNG rJ DECC:iv";GEF<. ::. 97J "·' 3:L 



-.'. ~1\-."' \."~ ';· ... ·~~·~.._~¡\.._~ ;_:r~q~:~;~~ lll 

; " ~~..., :: .n.1 ~ ":::\.!: .. ·" f ,- L'C:~'hl¡t,\-

·'-1: ~:..~-~·,_·;'.._ :11;:'11¡J·,~.l~\.'i il.ll::-,r.t·~·" 

\• .... ,_,, ~ .• \ ... :,~~' ... 1!, ( (1]_:. l !ll' Ll-

,1· \\ '' ~~-~ ,1 l. :hl 1\2\(', ::liU'.~

'~ 't\\•."' ~-~ :\.1 :,~, bd!lt ;•J!d 11~l)~[l 

'\,..L .... ~~;, '\", ... .',1,•, ll,j,,:\"l" t)=ll.k,t ... :(' 
\í 1 -¡ ::.~,: 1

,, l ,¡l\c'l'-if~ ~_¡[ J¡\¡t]llh 

,•_ ( h._,,:,l Cr.c:•c: :tl:-u h;:\,' lklr<C 

;. '~ ,·: 1' 1' e " ,11 ~. ¡ 11 i Ir 1 ~ 11 e: cJ :'-.1 o r·c 
• ,·,:.:· ,h ,t,~d rn (1~:r .1111 d'-'c:\op111cnt 
h .. U1liLI¡)d .,:-~,.! 

ConLius10ns 

(',, npcr:c:r e~ \e,\ ¡J!O~ting 1> a¡¡ llliC
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._.¡,_·,..J\2 f·..l~1J1 ... .:-. '-}¡0\\ th;;: f!"Cc.li:2..;;[ 

Jiu> ,,.,,,,r( ""'- ¡n<';>w,d In Cnnl-
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D.-1or,,:m,·n, (¡ 1 c • .1 hudcd h\ Jo/u: /) 
L:f•,arril •19'>'1-1970). Dcnul K 
W¡;/,,·,urd (j(¡/f-1)17}) ond Wolte1 A. 
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Rl CliARD L. l'l-llLLJ l'S 

J.l•.,trac:-·CJH' kc y :olr pia)cd by cn.nputer rr.~,.lllcs ¡n ¡,r(gm, 

ICfH•:J:Il 1 .uld tllVJft•:!l!lCntal 1nfoin1.1.ti(la <...;'StC'ul~. p, ~.urvcycci hy 
n.·fc";""t'l1tl' to~.;'C'CI~~c t ~~.í!.nplc!-. \)lj¡!lc th~ Jntí'L1Ltl'vLl<~tnr,cJe-¡;LJ tu o::: 

tCillll\1 d ,•, f(ll.t:d tn IH' tHC Jl1('~'t V~d\lo~idC l"liC..ld\•••1, Ot',(•r OL11,JLit d<...
VIC(', ~.Ufll n', pnlltt • ...., .~lHl plot~Cl<) nrl' dlSCt¡·,c,cu .\S · .... c/l. I·,icnJt·nL-; 
of c¡,JJ\jllllf'r c. :\n~·, .. ,,;ly nnd dnta b[1'lt.! Ol 1'"':[li11/.\tlr,n ,1re 1lLtlr•duccd, 
fc,\ltJ,','(',J h\ dl'~('l\, IUJ1~ OÍ Ulh'U1 lllfOIIII~llOll .l!ld ÍI:l.IIS

1
1üiUd!Oll 

11C~\.Or\~ dt"·'.'O '·.\~,tt l·l:., n rcf',IOnnl an,dj~t~. sy~.,( l'l, ¡:¡¡l(; a:J ;~nd 

\\l~tt.l f!ll:lldv !Jil<Jli1L\11on 5)·-;tcJno.... ~¡Hul:c rcconlo~JLnJ.d¡on~ ,uc 
(,1\t'.\ fn1 ft:;tJh'I rt ,',cnrclltn Gata ll.í:-oc dc~1:~n n1.1d tJ¡<; 11LrlY h·( Jt.¡·r1tH.:c::;, 

,on,: !o, l"·c.;n;~1n¡~ ncw hardware for use m ¡;cograpli1C.>IIy J,~.tllbutcd 
dal1 :::O) :..lC.Jl"i 

J. J:...THOl!l'CIIO:"i 

-~----,<~01\. :.í.\~'. Al{í.::\5 of 111\('~\Jg.tllr"' ¡,¡;•t r,iy l•íJPil 

( ....,, \(J¡llJHitl, <udcd analys1=-, thc u-...c ()í \(J,tl!J•l~\_'1 ¡:I;tp11Ic.:::. 

..J._ 1'-- f\ lll).ld)---~llti\tli) in til(_-. "'L"'r1'-l' tLdl, \\lu1c 111\rlii.tbly 

\.1:11,1ldr. ¡rJ,l; ),J(-.. :11tnrd~ onh <.:t·cond.li\ CdllflLll~;tlJtlil (J[ Lhv 

\,11\f~,:\ 01 lltl:J,\ ld ~l .... olutltl!l ~l'h1:-- -..¡tu.~ll(l!t ¡ ..... oft('l\ llld:' 111 

tL~· 1 \,u·t "-(i('Lltt'~. '' hcrc, for C',llll¡de, .1n .J)-...uJd ....,oJutluii t(t 

J. d:(;l',C'i1tL?l C'q.l•1llf1n Ct\11 i)C ICJC'C'iCd h\ dp 1¡J\ ,¡]Ír llUI kJlU\\ 1-
C(::,l ol ~ú\ L', 111 n ~ ph\ -..¡cl.1lla \\"-.., or \\he re a¡, o¡1 l ¡ PJZ:.! cng1 ncc r

lllt~ dt'-..Jhd r.1n i1·~ a'"-~o.,u¡ ed lJy thc <1f>fl:lcauon o! i lf_~Hl t111iil:llll\. 

t...t,(dt•(r¡c; C!;:t~)~dC..,, lll 'UCh rat...C'-, -..(.'J\C.., pritddid) (\'-1 (l]¡ 

C1it~C~l\C ¡,l(;:-¡}1-. \tf d 1-..p\;t)Jilg t:H.: It.':--L¡Ji.-.. of a ((J¡1!¡)l!t,,(I(JIJ 1 

l1ut p¡o\1al)l:,' }1~;1~-.. J¡tt!c (•J ¡,o¡ntc-nncd:ZJlc rtdL lJ1tl~~IJlldg 

tl1<: 'Cllt.\Wil n¡,\,,JU'-1), thc >-punnth ;ce,¡¡)¡ \'>Jil ¡,,. Jcco~:nJ;cd 

;l¡; 1ht 111tH~CJll•ll.l\ \\lthtlJc¿tidof~:r,.JdtJc..;;, hu: tlll-..l...,c1\\cak 

·lJ•¡) 1Jtdlll111 t1f" ¡•U\\eríul ¡;il'dllllll. 

in t!,,, p.tjlCI \\e oc..,cniJL· an an·a '' hcrc <Oill)'''trr g¡;,phlC_, 

p 1.1) s ;;n lll•li' 11.tliy 1lllJlOI tant .1ncl liltl gr.tl 1 (Jk 111 .._.,\\ lllí' 

1 1:\dl!t.:n:..., Jnd~cd, ...,otnr \\Jil :-.l\\ g¡;¡p1'1L"' ¡--, rr:;.\rntorl, not Jl.-..l 

h· :;,,,,J, Í<H tht· •IJIIII:on of th¡, 1\ ¡H' <'f J'illlliciiJ liiPiH\h, thl: 

~ l'lJjCCt h ~~('(1°,1, ¡~]¡¡(~¡} l!Jftll ~~~atJtl¡¡ "-.) •,ll IH"', !q¡( "ljl\ ( J!H :di\ 1 

t]to"'...: (,y .... t(·¡~¡ .. tL .. t 1,,., t;un tc1 \Jltld!l .tnd l'il\ JJtlllllltlli.d ¡¡¡,¡J,_ 

l<..n1-.. '(he nH:th~,rJ-, uf o...u~lltlí!J~ ._trc .1nt ¡¡-..~:.1lly l~.~-~~cl t;¡J(lll tlH 

c-..;,C( ~UC'Illc'~ J:~ thL~C "}'\('Jll~ OI1C 11111-t d~ ,j ',' Jli1 clh ¡, lill

j•Oilcl<-ralJit'O> '" '-OLI.d att1l11d<·'· and poliliCa! L'.l~;l'llCJr·, ·¡ ill·J e 

,,la) not be any "ngili" .tll~\\<'1'. or upiÍJnal ~tr.ll<'g•L~ ,\lcHc

(IVCI, the uo.,c·r of thc~·~ ~)~te¡¡¡., 1111: gC'nCrally 1'"1 ¡,e l-.nr•\,1-

crlgcalJie in com~"du- li'agl', l.c 11 ¡JJ be a ~c:Hn•l ~''i'' nnlvn

dcnt, cíty phnnc-1, or nthc1 rmc·:ntncnt ¡,•:i<l;tl l J.,·rc:fo.c·, 

1t h ÍlliJIC'I.iiJ\•' that hl' IH' ¡•rc~,·,:tc·d \\llh .dit'JJI\IIJ\'l •,.J¡¡t:<JJI~ 

toln~ pruJ¡J.:,,, l•l thc 11 lilli\Ch .. ll.:n:•u.q~r·" uf ~·•.lphl<' 

'rhc dilll of t l1h pape•¡ ¡~..¡ I<J utdlr .de l10\\ coltl¡)IJ\, ¡- ¡·tdpltJfo.., 

¡...., \)cing t:t..cd 1:1 u: :),\Jl ,1nd ('!1\ 11 (Jil 1 ~tc:Jt.d -...y...,,\ 11', .11Hi ¡ t i.dcd 

are.¡~ llj· dv~lt.:ll, ti·:~ p:l 1lll 1- illll .1 cr,;nl'' r·iw,, , 1' ··1'1 \ r·:¡ of 

1....Lllh ')"'lC!ll-.. (.(lJlH' ap¡llJC;Iti1 1Ll..., d,(' llU\ di ... ~ l!-Ltl: 1\¡ \111..'Ji~ 

t,o,H:d, "'liliJl!) io~ < .tlt"'e thc11 u-.c u. (~llilptllt 1 ,~r.l 1 JhiC--, dqc.:-, 
JJ()¡, io~ lil'íJ.tll\ cllltt'f fro.H t;;u ..... ~.. l¡¡(• .... t .l~t·<í J,l¡I,•L \¡l~l ~. ........ :¡¡g 

any uf tJ.~._· '" 1 
... :l'lll-., )Hl\,l'\(r, 1 ',(' ..,h,d\ tlt¡JI~' 11 t.llll tit\ICt 

l\.:rJniJHJl<lg)' .Ll:t: j)ll'-..Lilt '·(r•liP funddlll\..lll.:l :.í.llt(Hio.., lll C\lr

togr;, ¡¡J¡y 

\f;¡l1\l"'LI\¡It lt~•l\(r\ 1JICI'll!J•.! i1, }'Jj~ 
'J: < ;-J:tt\¡r,¡ 1' \',:,L ~·¡· Crllll 111ll1 ;¡: ~ •'illl ',U:.\' • 1' •LY o{ ~11l~liL;.J,1, 

/ 1 1111 .\JIJo:-, o,¡i\ll l~íU:í 

/3 C.raf,/mal Dl~f,/ay JJCi'un 

Ou1 Jll Í1n:uy Ír•ctt~ 111 dJ-,l u~""'i: grapluc<.. \'.JI! e~~.~~ c r1. t'tc 

ÍcJ\1<,',, iilh fOUI d( \'llC~. 
1 ) r ~ lll e 1) 1 Jl)l (' r--~ (' \ l' r :.- (_ ( 1 n 1 ) 1\ 1 t (_' r 1 n L.~ d ¡¡ 't t 1 1 1 n }¡ d ~ ( 1 1 ~ ( ' 

pllnler g¡,tphH..., h t:H'H'fcdt ci\ti!ldLh· to rdl I11 ~ 1 n:( <1; li,t 

1 r i.dJ\ f'iy pr¡r¡¡ Jl'~<JitdJOil ¡,f t \,¡• J•lllltr·r, ¡,J"t' l<~ll ),!_" :'rr,r:tJI' r: 

'¡liiCI.Iy ;inrlJill'\jl('lhl\l'h' :,¡<•1<1•\l'r, 1\J'. 1'''"'¡,1, lll ¡.:r.dl.rC 

;, ¡¡,<fui ¡:1:1) 'Util' L) ~elcrtl\( (J\l'IJ•Illll:ll~',;, llcccl:.r: .,.,¡,,, ¡, 

h \,.JuaiJic f<•r tl.c·ma\JC' lll.t¡l,'i.l:.•, Tlw jllllliU ,. ,, l..:tr i,
c.rJc.ttcd dc'\JU·, ;,nd ¡., .L·i.LlJ\C'Iy u,cll~~ 111 .tn llltf'r:.rtl\<: 

~) ~tr·m 

2) Di¡~Jtal plottcr-marJ.('t<·O hy a '. a11l l)' r.: n,,,:1UidC 1111-

.. 1 d1g_1~l.;l ~ll'\)Jif'l n1otor tt) 11\(¡\(: a pr-.1 O\l'r ;'a,.~. .. ·~ .-.nd .. tcd (,,¡ 

(L flc~.,/Jcd or dn1111 r...uífí'H~'. 1·~\.tLPIJlC"IV jJr<.'C¡·(' ;,iil' Clici 1
\; ~~~ 

r.111 he piodt:cf'd h~ d1~1t.1l p.r.ttcr'- .tt rcl.lll\ .:_!) n:;:L '¡l· .:.', 

jn¡ J(',l'Oil;tl,lc Cll~t '-.<llliC p!r,tte:- h.t\C' llllli:l,,!• -¡•'" :•:,,:•' 
ÍLIJ tlte ¡•r•Hiur IJCóll ,,f nll,ltJCLIJLll out¡,tit TJ,¡ .. , '(1(1, 1·, J..,llit

u.Jtlllt'\1 Ol'VI<T, anrJ 1~ u·dul Jll lill<'J,JC\1\l' ~:. ,¡,·¡¡¡, ,,.¡J) !LII

JlrPI:llcllli~ aftl t~Lhl'-fart ot,tplll 

3) ;\i¡uo:Jlm tecurdcJ---I.no\\ ¡, gcn¡>nrall\ ;" a CO\f 
(1 ontplllCr fJUlJllll t11 llliCJni:li;,J, tl.J~ batLh-·•IJc ac·d dc1 Jc<' 

em;ílO)S" cathndc-r,¡y tuh¡· (CI~TJ dhpl._¡y :Jl~ei .. ;11¡,11-~p<·tC; 

<rt.~"lcra to iCCO!d tLe Pd~p11t '1nP c;unC'i':! , .... !~--\ .dl\ (,_··,,,e 

l.i'l•\Cl<....al \drll'l\' 1 1 e, 1t <..1:. IJf' e_r,nli.~UI('d ~ •. :· (IIJ.~ ,Jn( 1~.-~-é 

1111LIU(¡Ci1C Uf 1110\IC f¡jlll oi \ilJIOll., '-\ZC·, \\ 111k ¡.,r; ¡,;'«l 

J•ICIUIC qual:t) ¡, not .1~ ¡•(Jucl ;,~ that p1.1durc·,: l•'. .1 ,;¡¡::~ :1 
pluttcr, tl1e r<'cn:r!Jng ~Jll'<Cl i~ lilllch fll~ttJ, ;,¡¡el 11 ,,,.,\,CC' 

thC' (,lp,lhJiil)! of prPdUI.IIl~ ('OtllpUtL·r-,1¡1J¡,¡d\I..(J ,·!¡-,: .... 'l'!i(' 

r U~t of thC~l' d:•VJ(('~, hr1\\ C\ Cl, h ~l¡'.illllldlil, \\ 1d1 'fl:í1c 

')~tem., co~un~: ll\Cr SOO OUU dull.u~ Srquc ul.l:tul.,ct,;r,·¡

.trt '"ltromiJcrt.:-Dat.l¡:,.:pln,, C.rlclllllJ', and :--.'.n·.~c• 

~l) (:¡~·r d~-..¡,L•\ tll( l'-....-.\'11tl.d de' 1c(· ltl: ~~l~l·:·d, 1:\c 

\\'(ltk ~I'hc Cl~·r 1c llllJ:l •• ; .tl,\-,,\ .... thC' u-..('r 10 ..... e .. n .11 .h (·L.~l~ 

~~J,i1l;l)\_ J(•¡)ft''~tlli,¡¡jtJ]l 1lf l11- })I(;l,lf'lll', ('l¡III'Ll; •!.11,)· ~ lll' 

•eiJr·~l,-t)pe (],:']' l<'JJI,IIl.d pl'11ll:h thc li·C··- \11 ~c.· e'> J. :1111c 

01 11\\ílnllnLd (h:li'Gt', ull thc d'5--J>lav, '' hdL thc .... t():~.~v-t.JlJc 
Cl<.T tc·Jmlnal ICqtnrc'' !otal .,rrecn cra~uJc ;,,.J,qc .\ ¡,p~,¡ 

d1·.pla) can },e ~::cnn.dc·d ·¡he :-lnJagl'-tt: 11(' \C'iillll1"!. 1:'1\\
C\ll, ran dbpl.1y .l lllOíl' C\lll1 1>!c-..:: t;;C~nc, ;tLCl .... f:o:n ~t"~rcc· l· 1 

li\C l1me., k~~ l'-,,lC'n-t'T ti.an thc J,¡\\C~t pn«·d rc-i:c-11 d,-
t•l.t) .· t\ eL ,C\I"Jflll uf thc c1,.11 a e tu i~t:c~ of ¡,,,¡ il ¡·,;.e- c.: 

tern<~nal .~ gJ\l'll ¡,) ~l'\\ Jnan ancl ~proul1 [1]. \\ ¡,,:,, ,:, t: d~ Llll 

CR':~, ... 0nd a....,-.,ncl~ded h.trd\\·;trc are trc.ltcd i>v l) .. , ¡ ... ~2 ¡ ~¡¡Ci 
I'(J;'!'l'ih3uJ'l 13 j 

l1H'L1t.1l J,l!O,Itt.t~lnn ,...., ti1C' dl.~p .\l¡ t.hC' .... } ..... t('J.J-.. 

ri1 --< lllh' \k;d \\'llh ;!tll~'l,l)lhH ... llh dJ-,!,¡].\.~\'(1 (¡ ,¡,: 

u! P,ll' ;,J:¡~..¡ r,r.1nnthc: ¡-.. i:h(· l 11t,-..l ll.ll'•:,JJ , .... L~~:, ;~,, [l•t.'-..l..lll-

1\lg Ctllli¡H lt'l-g< IH'I~-:.t~._d ~dillllCIII'' (Jr 'l~lltLliO,l (''-rt llll L¡·-

lll11IOJ:-.gy frn1n c.trtr•>:r.::•ll\ \'.di, ti.l'l l'illrc·, !"· :•,, ;,¡] 111 t 1:t' 

'-cqur-l. 
~r 1 h' f.un1l .. lr It_)J(~ 1nap 01 t. he l~tdJtJc .. l ~~~a¡J t .1cl1 '¡(·lo.~:· 

tu;' c~.t'-' "f lltllj'" \\ hil'h \\e o., hall r;dl 1 de, l'rh'C ur ¿,nc ""•/-'·' 
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dJICillh ;1 111~1p f1arnc c.tn l;c L'-'!d .t-. i"\' d" .. ' d,].-LI ..... : ,,¡ 

crrt,¡¡¡¡j> \IOiild not C\C'L't·d 10 dull;¡¡,, C!t-.~ri~ tllé-L' ,J.'!h 

a1e uf Li•.!_!l qu;1J1l~ (e\ en pl.1ce n;¡nu·--. art Inc!l,dccl/ (tlll ... ,,,ll

¡:;g th.<t lhl': ,liL' (l)lll]HIIC:r jliOdi!Cl'd 

e lnlcrat/¡¡·r CRT lt'YIIdl<ilfl 

Th<' u· e ot .1 CI~T-ch,pl<ly l<'1 111in.:l, \1 L,·thCI 11 k·,¡,~,- .. _., 
<11 rd1c ,J¡ccJ, L'!l;lhi<•, (JilC t" :ntt'l.tct dl!t'< il;. .:nd 1:.:11 e ti .ll•,·l· 

\\ll]¡ ;•11 II\J(Jiill;!tllll1 ... ~ .... ll'lll 'lLv lt.',ltLlll' 11Í J:liiL.í. ... '••\, 

h1>\IC,r1, pldt'<'' ,•dri.t1on:1l dc.nand- u 1·r,n ti, <1<-I:.,:H 1 ••1 th·· 
"'\ ..... ¡l'111 \\ hil ll do Iitll a. ¡ ..... e· 111 l,;tt( h tJílCI1lf·d '-) ~ tt.~ ... l 11 ]J.JI

tict.l.u, "-lllCC r~qHd n'-...l)(Jil ..... e ¡.., dl'-...JJ;ddl', l•lh.' 11n:- 1 :)Lt.\ ._,Ji( :t.) 

,Jlt('J.!HIIl lP thl' dt· ..... ¡gn ;11Hl (Uilll,,:',Jr.1t1Co.l 1li !' ~~·, L~ ( l~,;, ,r,. 

~l.lJlllll ;-¡JHJ thC' o...t,,t:--,¡c;¡J dat;1 J,, .... l ...... fl ~j 'lt'í 1 !J(':Itlt~! .1:~. 
1 lrt..:_.\¡1¡/.Jli\IJ\ .... , \\ l:ll h < <ln ¡,.._. tolci.•t~,.·~_lill l.,:,\,, ..... ) --le ~~1-- \\\•::ltl 

<..,('\(.'¡l!\ c\~,.·I~I.Hlf' thc Jl('I¡UIJ~\;1!\l't_' ( 1f d!l l:li(J,i¡ tl\L' 
1

1Jt ._:¡,\;~ 1 

\ :-ot'((J¡,{¡ CtlíhHk·,atJdd i~1 de\clop111,~ .!JI J:ltL' 1 ,H.tl\l ..... -..

~c~il ¡.., i lH· dt' ..... JgD uf " '--llll¡)lf\ c.t..,) -lo-L ..... <..' <llll'J \ Lt: -~1.t'.~' 
i-11/1:'1' '-Id JJ jlillí.!,1,lJJ1..._ ¡lfl' ({) l1e l¡-('d i1:, Jll.j'-()¡}-. \', ¡¡; 1..ll\ l -..,l' 

il.tlL.::•¡,,tJltd"', Ji.¡ ... llllj•fJCt,liU to il'lllt'IIJi,t~ t .•. tt til ¡, \1 •. ~ 

Jlt ( ])1• d ]'II);...".J,\Il•l1ll'f '\(¡{](~ [J(¡].tl~\ll'", lllllíltl\~1 ¡)¡,¡l 

,¡(j!;!(I(Jil !(• j,¡•¡¡.~~ l';t"'~ [(, li....,L', lÍJ1 l¡ll('l) i.tll':t!,\',~l l.lt , 1''11 

ti¡• ~tl 1 J(\(dl' lJ td r,¡¡ it'p¡¡'....,(]\{1:1. . .: llll' ~~'-"'l,l)•lll, tJ 
-- !1 1 ' •• 

1, 1 1 : t 1 r , t t \:. 1 , 1 ll { i l 1 ¡¡..... t l 1, r l · ' , 1 1 1 ! 1,' , 1 1 : 1 1 ¡ : , ~ ! . ' , ; , . 
],¡ l\1\'~'tl ll.l· ( ¡I¡J¡ di (j] .... Jl~tl 1 .l.~d ~.h~' t¡ll1' 1,t( ,¡, ¡1' L' .. , 

i t '( l 111 1 ~- { 1 1 ,J¡J 11 """~•) rl.l' 1 ,¡ ¡ lll.' .... \ ..., t l'll ...... t 1, 1 Jl' , l 1 .... l ~. ......... l , l l ~ •• \ e 
liltll tu i~d:d\\ 1;1h,ljlJ!•ll,l{h 

\ 11 111 lL ·, , H 11 1 e' 11 : i > .. 11 Jll .: ¡ • p 111" ') 't e· 111 e li ! c d 1 \ l ' '\ \ 1 \ i ' 
[l/] h.t'"l~\1.'1!{]\ !JttJ,dt'\(')tt¡~·d J¡: ;¡~.-~lllp.l; tL! 'l,\1, •1 :\ 

;¡[ ¡;¡J¡¡....,]l ('llll¡j~ 1 \J],J, \'dl\l,lltJ 1 { r, ( ',¡J¡,jll,l ·¡ J\ ('l.._)¡,\ 1 ,-, 1' 1' 

.u¡ .\I)\(,1: it'lrt-...li-t)¡lt' ('J.(-1' ·. ,, 1
1
dtJt ... tvlt.li,, 1 <t•'.íltl .1< 1 
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Ct.n'-U..:: t1.1Ch 111 \'anroU\cT \\h·~IC .1\.!..'lu;.!t' ,lllllULd 

IH(fhlll l.;:-. gH élh.'l th.lll 10 Ut)Ü r](¡]],tr<; 

tu a ti"H>"-hzaring C()llljHJtcr 'Thc .... t,¡ted ;un1 of the -..:~tc¡n ¡-... 

"1<> ¡>:o1ide a \OI>! 1<> ;¡JI"'' u¡J,,¡¡¡¡e,e,"ci:c·¡, ¡,, \Je,l\C' u~dul 

J:l.l]l' lll ,¡\Id\ th,lt ¡, lo.illlr,d :111d íle\olok' \.(1\IL'\ ', 1 )(o1 

~:\--,:< 1 Cl,ll,l lt)r ill:l'l,l(LI\4...' (jllCl) }.¡¡,~ll.\~l· ..... di(' lliCl'l~ ft:JL:lcd 

h\ tn~~ -.,y .... tt·n~ '1 :n .... \\,l .... accon¡pJ: ..... hl'd IJJ tl "'l'l·t:a.'oll_t¡c 

,·,ppio~nh lll cht,t iL'lrJt'l.ti 11hcrc tLe p1c~cnt 'tat11- oí tllc 

cJ¡-..¡•lay i~ re¡nc·-entcrl ¡,:, t'll' -..~~H'J;: ;¡,a ~11b-ct of lile un1-

\c:r-c nl d.~Lt Tloth '' hc:1 1111110r ch,¡n~c; a1c· tCJ he m.tde to 
thc d1 -¡da), th~ lll'\.t (,el o 1;CI atnr nrcd nr't iH:' a,JplJ~ci tu thc 
Ulli\ cr"'C\ onÍ\ :" t he -..u \J ... l'l 

Thc· q11c1~ L<n:~l···::l' ¡.,, I:'\TLI\\l \P ¡ ... c·.t') w lc.1rn anct 
l1;;;;.C t)l'c C. 11l Clt'.lit' .111 .ul Jtranh J¡¡J¡/.I.:d .... ct, tl~;.....,¡g~l to .t llLl 

~.1tli.l,utc \¡dlll' 11::,1ilull ... l~1p, .1nd dt-.. 1 d~l~ 1t 

o....t,p 1 -~~~ .... l thc u .... cr \\CrC' ¡¡¡tc-rc .... lL'd 111 .... ~ c1ng tl1e 

Lnu-..t:h(~lc~ .... \\ l~C'íl' ;..:¡, rt'pu. tcd ;¡niHJ;-ll lllCClliiC 

JO (¡Q() doll.~r-. Tlw ,,·quc.:ncc 

( 1<:. 11 ¡· ¡;1( 11 

Fo. C\a,npie, 
lurJtJC>i,, uf zdl 

'' grc:ttlJ th,\n 

A~S¡¡;-.; 1\ 1 ,,--p¡;¡¡-¡¡~¡_¡¡ > J ()í)(¡() 1 o RíCl! 

])¡~]'¡_.1\ J:1Cil 

\1 o,Jid rc,dlt 111 t he d1-pl;¡\ c.hm111 111 ¡-,1.!. i' 

1\ ... ~~tcm "ln:Jl;" t" tlll' ]:\ 1'\.J~\l \1' P•''J<TI, hut 11ith 

mr.c!c!ll•l: c;c¡,,¡J.dit\, !J.¡, lct·t·n dt\l'l"J1td ¡,, P''''"iolll'i ;¡( 

lil\l :-,;111 Jo-e l\.¡-t·:u-ch 1 JiJCJr,ltllllt'' 111 c<•ilJIIIoC tJ()Il I'>IIÍ! 

:-,dll\.1 CJ;¡¡,¡ C()l!lll\ ¡ol.tlliH''- jlS). [i'>] '!le: ''-ll'oll, c.<tt•·d 
1 hl· geod.11,1 o~n:d1 .,, o~nd d.-¡,J;,) ') ... ~v.n (( .. \ IJ'->) ',¡¡; fp¡ e-

¡-;¡,¡ ... ¡.,·c,c- tcd ¡>l.lllJ>ICi~ ,11 ;¡¡,gil'·· fn1 tili' u-c1 ·, con-ioltl oili•lll 

'rhl ... l' flliC(.J-...t-.., (JI Ctlllr"-t'. 'trl' n¡~l:. .t-.. [!ood ;¡ .... :l1c :no(L·l111~~ 

p.og:Jnh 11-cd, lotJt l'\l'lliÍ ti!(': e j, d"di>l "' l" ,j¡¡·¡r ;¡¡_¡-¡,r,w~. 

tlcC' Ír¡¡¡·¡;¡,¡, (,tll 11.••111 n:Jt ,Jl\L'IIlllo\l'' 11' the ¡>Í01lllé'l loe 
Jl¡igLL not utJ)c1 \\J ... :• h,l\t' e "n-..i(:• IC'd 

'llll' C:\J)'-, JIIO'.;o.cl:l li'l'' .lll 11\\! nso ll'ill''J¡ l\ JI(' Cl\ r 
tc' n•iP.d Ft 1 ml)dt L11l: Jll" i"''' ... '-:1.1111.1 (':,¡,.: r:olJilll J¡,¡-.. IH'lll 

cltvid, d llllfl .1.>-1 l.<•nt -. 11 h1lh .1rc h.l-l'd up••:: ccn-11· !<.icl' 

/\ \,111('1) c,i~~1tr¡J,utt"ltl•f'd'"''l~nC'd t1'C:1ch ;,,nC',diH; th( ll"'l'l 

c,,n ~~-1. lO lc.:1 l' ,di /.<•1\t'' d1--¡ol.l\ ¡•rl t!t.:l '"'''h ,, li-t 1-

....,Jl~ll;lí'Cl Cfl\!JI,Iil;~t•t,,l t)! ,tttlliltttc·-.. /.t,l¡(•..._ t,¡¡¡ ¡,(• .~::'._'lt'•: lt~·tl 

t \ 1 }¡¡ ~' !1 ( j 1 ~' \ ! •l -. 1 l' \., 0 l 1! t 1 1\ 1) \1} ,' t l 1 ( 1 
t !\., ,\ j} { l \ J 1 11] ~ ( ( ''• '... 1\ f \ ( 1 1 1 ]} 1} \ ( ) (l 

Lii\[JJ(l.llf(''-., L.i\\\('1] /t!llt'- (,![[ IH IIIJlllll.lif'(l \\¡¡¡¡ ¡¡~\¡ ,[ 

\\t ,¡J•J¡ (¡f ,{\ ,¡¡J,¡]¡J, 1!1 ;JI,¡\ ,¡]\( J [J,lii\C ',\]¡e ¡o11!\1 \ [!ll[IJ\ tJ¡¡f 

< ,¡ 11 1 e\ ~~ \'' ,¡ J•l 1 '¡ t l 1 l • 1 ¡•.11 l t 1 11 , ,f 1,1 ¡; • 1 1 i t '. t i • '\'1'1' 111 .t:••l 
C:Uit kJ~ ,¡•..,"'('-..-. ¡{-.. (l¡•-...¡¡.¡!¡¡[¡¡\ .\Il 1\l('Cd\h' dJ-...\1 1 i•l.lllill1 ,¡l,¡J, 

¡,¡ •>c!urcd J,) (, \ l )'-, ¡, -lwl', n 111 1· 11~ () '! 1>•· ,¡,¡-:, lt'lli '' "!l"'l
.... hll\\¡1 (llll('-..jHI,hj 111 \.UI•J\J, llllt'/1,1 IIH]ltl .... lCl i1\ illt' ;<'liT 

1jlJ(.'J;l''"' 1 ,\l 1 JL11 ,111..' ,tlLIJ •,!l()\\11\Jl thl' f:~~lJJt' 

,¡¡,\,)(' ,•cJ L\ ,\ ~~ltlll¡J llc \:11• 1,,;¡;¡'1 c....,\-..ll'tl\'-.. i•:( "'•ltt ll ( l'!lt('\ 

.ll ~ L l l ! ll \ ~ '1 ~ 1 1 ) ( ll \\. ;-¡ ,_ ¡ 1 lit~: t (dí' 1
1 ( l ( l h. 'i 1' V Jll ( ) : 111 ll h 

l 1.1 ,!J;t-..1/l' .. ¡,dddl ,¡]!<~< dliOil .tli.\1) --.¡ .... ,\\In .t dlll' '"('\'¡ ~ 111 li11d 

l'l~OCt 1 :>1"-C·S rn Ild. l 1 1 i, ,\f'X.IL l<j7 i 

ltHCMr t1~111\t3Vl10~ I'TiO íl'\':l~(C7l:.Ol 
t, ·.;- t ..... 

Fq~ 9 

~lll cr,·.cicnt lot.1\10•1id pattctn Íor ,¡ -Cl of ÍJt:L,JC·- 1'11,lh•P< 

thl' pl0\1"-IOil (JÍ íl.;;;Cf\l:_c tCl ~~ .... p.1t1:-tll) t:~-.t~,Ldll'll J'l'jJ,Jl:1tiC•íl 

Fur r-..:amplL·, ClllC 111.:1 l'.t•h ro lii>tl ti><: iJt•l :ucdt.u.t' ¡rJr 

ar:.lbt,l:..nce di ..... Jú-llCll c,··Ht..' :- or !ti l' .... te~ tdJi: ~, .... de h tl1at ... (l!lh.~ 

,¡lca .... ~qe of tot;¡lt:~l\Cl1cqu.rentento.... h 1111.'!;:1,/,'d 

ln ~;..p(lt:;¡] allucat.on pn,;))c¡n..._ thl·~c· ¡ ... c1 --l'L oi (,Lf:Ll'C~ 

rc).Jtl' ... O\ PI \\ l~ícl1 tl1C' -.cr\ ;ce·~ (li Ct..J.~1J.1(,(;1tll'"' c~111: ~·\\ J·!~e 

graphic- rcquircmcnt- íur ~uch a p;ol•icm Jrc ¡,, r;,,¡,¡,J\ rn a 
111tallii1Y,ÍUJ \'.,l} thÍ-. IH'(\\Oík r1Í J1l'l ,,:;..._,¡¡le 1;;¡t; , 'll~l' ;);l{a 

h~1'C (Jl g.tllll.ltJ011 rJJl:-..t he C.!p,lDit..: (!f dl lli]t,IL! t;,,_ (,¡¡¡¡,l~l..ll\ 1::, 

IJIPjJCrtiC" OÍ tiH• ¡)( t\\ (),k, ..._0 ,\ lillE' (.'!,(f!(l1~1·~~ .... ( J1C!I.l' ¡,_q· i.IJ" 

ili:tp cbta mu-..t LC' adn,lt['d !'he [JJ\11~ Íl2] ,,,¡e,;¡', ,:,Jl,,, 
11l<'lrlcnt.lli~, \\OIIid -:1l1,J~ tlJ¡, Jt'C¡illil :nent 

~j he f',fCillp dt t1H· llll\L'f-.,Jl:O. of \\ .. -.h¡Jl'...:ll''' j¡,l-.. \\dih.L•d 

(JI!;¡ \,jrJC'1) o! dj·¡,¡ll',1ll11il' [:!0], 121 ], llllitJ(!IIll; C>rll' thJ: 

111\uhcd a p:t111clil.,,l) :tdiull 1r-ac;c ¡,j /':,.¡>!t.l' [:>1] l Lv 
')'tc·m '' tlw 11rhan li.Jil•JlOr!il\Jo:l o~n;c\:,1- '\ -lt'i'l, < o~i!, d 
l:TJ~.-\ '\::-,, ~tlld ih J!lll i'•'•l' j, lu ,¡,,,.,[ tilt' :>i.illlll: lr: •\lliCI,iJL 

..LiHl ll .... t a \,u .... tr;tn..__;l --.\ .... t~Jn dc~Jf'.l L.l1 .1.1 lt1l•.111 <t•:JJdo. 

lt1 .... iJillltcd to t! 1 c.l .... l' \\ hc1e thl"JC' .trL' 111.tn~ c-~~~',J: .... dnd ,-.n!\ 
01lC l,trgr Cl(•..,lJil;itlU11, (' g, a ~C'llt~(t! l)t, .... IIIC'---- (¡l·lJ:Ct, .1 ~.ll' .. .'l' 

n1a11.d,1ct\IJ!dg pla;1t, Lii¿~C' uni\f'l'--lt\. o:- J.\
1
1.ri-tr-,¡T\"''1 LLli 

"-1.111011 rrhc prot~i~llll 1 tJll'-. 0!1 ;'In 1 ¡~ \l : 1.)0 l'••.lid e_,¡ d t.) .. ln 

.\1\1)~ --.toi~H~l'-tl:hr ll\.'j' tl'! q¡¡n~d l'hL· u--e~- J¡; ... t .... ]'ll~l,'t..'' 

lÍIL' J(,l',ttJun oi ... e, cr~li ¡1:11k-~tJJd-II\l~ IL•i"-, --. 1 1l'1. :::,. 1 · ¡,)~ 

c~1p.1( Jt\ ~tnd p.1rki11~~ L:c- He tht n l,~c.-a~ lll.l ........ ,.¡¡¡--. .•dll -,(•:--.. 

hu .... Í.llC"-, f¡rqULI1C\ c,f -..L'I\tCC", llt!ll¡jJ('l 11' lll,-C .... U'L ~~:rh 

!Citltf\ and otill'r pC'rll,LL'P~ d.ttJ. 'i he cc,,n;H'L.: u~('--. ~~·L-r_· 

ll,tt.t te, jllCl<ltcC'l', 1ll ~]¡e· i{)f 111 t•f ~~a¡)),¡,,¡; ¡,¡rJt. '¡,¡:,l~ .:1 .. ,,],-:\ -, 

¡,·\ditl<d t.H~·~urt'"' t•; I!H Lu ........ \ t~¡¡,--. ¡·trlt.J .. JtlHt 'ltl 

(\,dtltl~' lllt;t:l~llfllll!llll\llJ',' j·t·¡f¡,¡Jl¡,!]lll, ¡]p ,¡,¡l. lll ,.]f¡\1' 

1 !11 J r 11 .. 11 • 11\ 1 d .1 ; 1,1 l J. 111 ~~ :1 .t, 1! 11 1 1 'd 1 t J 1 ¡ ! •1'-. l,¡,' , 1 l' , , 1 l ~ l 
11\IJl))\ td•\.¡¡;• .L lol';\ ~·\ .~)¡¡,¡t\U'l tlf ....,\ -...\\'dl :,( 1 ll • J¡¡,\'hl 

i 1 : 1.. 1 )j (JI l'....... ( 1 ) lll ,¡ ¡ 1 ]í .. ll : l ~ d 'l ...... d \ i .... i. ll l' ! l \ ' ..._' 1 ~ \l l ]{ ,¡ 1 1 .... (1 L
l.llll\ ll L\.ttnp!í.."' (lf tl, t¡,ut lrP, 1l 'l'\t'i",tl .... :,¡·.._:.-.. ,¡i Ll.1-- 1) .. ~1-

'c.• d lll ,ll(' 'l)(i\1 .1 'ol 1 'h Í 11 

/)¡.-,/al l'!o:trr 

\; .oll\ () 1 t ¡ lt. ' ¡ 11 l' j l 1 ( ¡ j \ (' .... \ ~ lt. ¡' ' ' J : J - ¡ t: 1 - ( t' --. l ! 

1) f , ( 1 \ 1 ¡ 1 ,1 ~· Ll: t ' 1,, 1 r 1 ¡ 1 ..._, , 1 1 1. 1 1 1 t 1) 
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F'1g. l2 .SplctfK bu~ blOp locatlons Íoi f:Chool bu~ routtng ~ludy 

''l"•111H~r.t.1llmpad, hoth 111 ;:¡n ac~umecl qcad)· statC' :1nd in 
thc- p1 P-< nrc oí ,¡fl 1¡,¡¡ or antillp.lkd ¡w¡ tu1 b.ltl(•n~ l'utcnu.d 
,, 1.j•l•; .. t,on- :n,l•i!l.- •_-,a!u;:t•ng 1h•.: <:llcr1 .tnd ::n¡,\i( a\11111 (¡f 
..~Ll:l',lt \L' i.t¡~d U .... l..' p.~llL'lil-, '-.!_1\lll'. t'llllt), a¡,¡\ l!otlhj)Ol

¡.-t;:l111 .... , ...... ,c~n .... , ¡¡,,rj ¡~:ca .... urdll; thc Cit\ldJdillcnt._d llll:)~l(t on 

Bd.\..l.,¡,t ~,\ .... tc.r.-.. \\tt[ 1 ¡l1 lh~· rt·~:CJI1 

11llk(' L1 .... u1hL1 n LtJUi~tcr¡1dll, tiH' Il'~lonal planncr n1J.) 

dL;d .~ 1th '-.1-..t ¡¡¡~_\1.·---an c.1U1~· Cüdl.t: nr ~.r·)dp ~.Jf \(Jt:nitc-., 

a 1 ¿\ t·, L.L ... Jn, or ;t n.LliOII ~1 pa1 k. I lh tiri't.' ... c.._¡]e ior pl,11nHng 
Íf¡,l_(;¡.t-.. ~~~d~ ..... lic.'1• h li\C \C(.1r ..... Illtu tLc Ídturc, t)r 1l tna) 

:-¡J:tn dcc,Hk~ C>.d) t\\O nL1JClr '"'>'"'tl 111- v ,]i ~le. cli--.('tl·.-..cd but 
. . r • 1 , ' 1 . lih.' ,v;:Gcr h rc c 'l'{] toan C'-11.'.1\J ..... ll\t' .. o\<'r\IC\\ ¡ .. e) ot a 

'~iJ,ct: of f:_eOf,rd¡Jhic Inlor¡JI,Hlün '·) ..... tcn:c... ()ur ~ltlL'l\tlun \\ tll 
i1e íocu-.:d (1,1 ~\-t<·J<t- tL,lt C'"\<::11]1:11) llll' tiiO!li.lJL>I t;.pc;, of 

el;¡¡.¡ ()I ¡:anl/dlion- ;:11d and linc cncuch.tg. 

Ji . . 1 C:u.l-Ont'!l/, d \'\'\ion 

l;o¡ th(' }.,--..t f,·\\ \Co~r-., .1 L11¡:c ,\nlllilH~t ....... Jll<l,_'ldtll nt\ 

1 ''F,l ( 111.11 l'l\ \ ¡ 1 (J Lll\ ll 111.1 l ' ~ .... tl Jl ¡..., ,¡ 11 1 l \ ¡ .. 11.1 '• 1 'l. l' Ll 1 ll 1 tJtlt• ll ... '• 

1 () 1 l' 1 ' ' 1 • !2- 1 1 ) .. l () ' (lt l1C' ~1~~ \lt 1.\ .... Z'..llfll\dl ,,~1lJtl!,lto!~ 1 j, 1 .... ,'\ 1, ... lh.. 

H1d~L, 'Te11U .\n;~], 1 
.... ¡-.. grol! 1)(.'d lnto '--C\t'1al .tre.~-.., Jlh:luclln~~ 

:::-OCHt~(O!lOI11lC, ]¡¡nd-li"C, l'CUJ(I~~!Ctli, 011d '-0CtnpulltH ,¡J c:llta .\ 
650Ci-lJ11~ rl'glrJil 111 the Fdq Tc:Jill'~-l·.: \-,t:k) ~llll lllllldlng 

1\:nO\.\ ll1c ¡..., hLllH~ u--.cd to tc• .... t thc '->) --.tc111 

For thi~ p.lpC'~ t:tc \lllrk of tl:f' la1.d-u-,~ an .. h-h ~·oup h 

of l•ltCfC'<-.l, .\11 C'.lC'I1,1\L ..._\,lCi11, 1\1~· (J{¡l,. lZ!ti:.,:\.' 11 1•C\t!1:1·~ 

¡r,Íol:ll.lliOil ·.\~ll~l~t. r.lllcd Ol\l~\l]...,, L .. , LLc'll (;l'\(lll)'Cd 

\\ L1ch :- L.t-cd u;>;¡¡¡ thl' gnd or < cll mC'th,ld of d.tl.• ('111 <~•i:ll'.; 

( .... C'L Sv1 IH!ll I-iJ) } \H tLt• .... i\tc·cn-Ctl\1!11\ ...,¡,lfh dtl';t f:f l.lt .... t 

•l\li~ll"'"'~'(' tLt ,e .J.It' l ~; ~ lJ(l() l',l'1H!t I1C (t•iJ--, 3 /.)" lt~lltiHJ(' h\ 
3 7S' J,,l'~iiudr·, ¡¡, th(.· d.tt.t ]¡.~-..,~.; J),¡;.¡ ...,¡,),-, íl I('Pt< .... c,lt .... ,¡.._·h 

\éllitd ldlt•ldJ.t:,()Ll ., .... till' t\pt' (Jj ¡,,,~., ..... oJi, .tllCi \''·'' \..lltUI' 

t)J\1\ \¡l ...... l)::l·t- illl' 11-~1 .l \\lt;t 1 1 11~(._' (tl ,¡,\t.l-\/,l"-1' flll~'l) 

e ·:l<~IJ:I:ilt~ ,11\d ¡¡p,z:, !Jtl...:, ¡n' -.¡[¡.1,\il J ¡¡, tl!l'l, .trl l~ ¡H'"' ol 

~~.- 1 ~:.1\ c.l,·, :~. t· ..... r.t.:.:ill;~ il\1:.1 .1 11~.~- ¡¡1¡,¡1¡·¡ t•) .1:1 111\L'r \lll\ t~ 

l )\ \ t~:r-l'llll.tl ,11' ,t\.111.~..i~:~ i,l tl.~· ti-\'• .\11 t'\..tl:l¡J\L uf 

()!\l<\11~ \)l.tpul, iJi,ltc Il, <;•'¡Jil ¡ ..... tln .1\t{.::.--.JlHllt\ ¡,,d,_·,, .t 

\\ll:~l:t,~d -..¡:rn (,f 1.1' \111..., t1 J .. ~c.d ~() \l'I ·.u1 --lt,l¡(' 1 Jt,(,t! íu.~d-.., 

\.'\.¡11\.'-...,\'d\--., t'l( 1 }111 ;-¡ "ltLdl jHlillttt\ {)j iht• '-..\t 1,h d \,\ 'i'tle 

< 1 1
1 r 11 :, 1 , .._ , l 1 ~~~ , ; , • 1 ..... < ! , .1: 1 ~ .._ ,_ JI t 1l :r, 1 , 1 , • , 1 ll: ~ • t 1.\ : 1. .... .... 111 •• ¡ 1 

¡,,\t,,,l¡d,11'lll 1,¡l,,,í¡•U \1: ,.1 11¡\l;',,, (). 1,,1 dl'--j)ll.) il!l,;).¡\-.1 

}',~OC...l l l>l"GS ll[ .111.,_1 1,, 1 ·;; -, 
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Lru 
F1g 13 E:;..anq,le <,f thcm.atH 111;¡¡)~ io. tlu .-,ame 

gcogJ,1plHc ~~~·" u:,cd 1or o,'(li.~~ proc..\. .... ~'"Jlr;¡~ 

:,11ch a-, tilrce-dlJncn ..... lOd'--tl plfJtl., and con1pUlcr-uí1Íii~:ltlL: :i!.ii'"l, 

dlC abo a,a:lablc te, th~ ORRi\íi::, Lhcr. 

L,' .! J.z'¡,e/Po/yí',Oil-01'iCIIICd c'l'y<lnn 

Thr R;.ythcon Co111pan~ (r\t.tu.nilllC OpL·:~Jli(:,¡) ILC( ,;,l> 
colnr.lelcd a prc,;cc t Ít,, lhc 1:n11Cd ... 1\<1\c-- 1 )c 1 i.~~, ,,,·~· ;¡ 11: 

I 11\CIIUI Íoi thc· de\ ~Jup!~h~·1l of ZJ~ ¡,r,h ~r,·l-01 H'r.lC (1 ,¡¡,(,. J1¡~1-

tHH1 '-.) '"llCra1, t.1e n<ltUI .11 rc-..,ourcc 1.1\urnld.llo~~ "')-...u.,' (:\:~I',) 

[ "" 1 ·r - , , t...:tj llC' pl¿rpo-..e ol tnc .... y .... t.e;uJ u_. t'lC1 ín;li1Zl~~'¡-. l'l IJ¡n'.i .. ~, 

dcn~10n~ COIICCJillllg- thc dhjKhltH,n c,f l:'nd-rl':,,tcd , r· :ni~(, .. 
~...uc..h as 1111neíal~, \\ .. ~ U'i, \ L'gci:at¡nn, and Íurr• .... t .... , .. .., -. .._ L d'"' 

lll1111l(d l L~OLlfC('-, ~l.IC'll é)..., Cíll t~C', prfll('(l,:d \\ Jldii;'l, ulld ; -. 1 

'fl.e d<tl:t h.'l .... e for 1[¡¡ ... "')'·dCll1 i-.. dl'tl' ~..·el f;nn1 ~ \~dil...l\ , • 

~hcllL111C ,11.1p ..... , \\l1ch dlJHCL tCg.n~1-- o! .ullltr;\:\ -..h:t 1 h ~.,,c.·: 

\\ l1ll h gl\ 1.-'n ~~t11 :tnd¡•.., a:c hu1ltc,~~\'ílt O .J...,¡) <!J--tl il!llit '1 ¡':,, 
l,ult•icl~t¡lf'~ ut lllc·~c ;onc ..... <tll cil~lll!t'd, po1nt ¡,) ll(¡jJ' 

tf1c1l thc ... r1.n l·c· clJf,lL:llh ICU)n ..... t·uctrd :t-.1'1 n-~ldcli :'·1 1' ~,11: 

1~cCdll, ho\\C\er, tl1at tl~c hc-..t dj)l'''':t .... }l ~-- 1u l:lg '11~ \.;¡e. 

1i11r onl) nn,c, and ICCOihlrurt pol)gun.:. thi,J~.gh ,,;, .... l·::~...·-.. c.: 
~dc.·nu :ir·r cod c-... 

'1 iH L.11,cl n1Jl1:tg~...·r \\ill \\C1nt tl) t1"'k \\'ltJ 1,o ... ¡·t~ c;d: ..... l.,.,,- ,.; 

hi":o ....,~ ... tl'l1) ·riiC ..... C' <;l1L':.tl011-. ,1l1H•UPt tu d COlllt.. 1 llt,,~) U\1 1L.'. 
of an:. uf thc map- t:.at CC•Il· tJLUtc t i1 d::t.J 1><~-r_ I 11 ¡•, .. 1, 1,,z .. 1 

tcr¡¡¡c... tbh po .... c:-.... --.(lnH LH''• .;-- ..... ong ¡)¡ ot,\;·n ...... , r~~qul; 1::.~ < ;,., v. 

~nd l'i-llclcnl n1l't1Hld-- u[ ;,nl\·~on p.,w~.. .... -J¡¡:z ·r;,lll' 1·. 1 ~ :ll·· 

con ... ¡c1eJal)lc rc .... C'ZtiCh f30jln t!u ... ;¡¡.._',l dli.lr\: ,~, ¡-L¡,,I.¡,,L.., 

C\tC'n..,l\l' Jlillygo;¡ p:(•(t--.-l~H: fo¡ ll1t•<lt' ... t l \¡'t·,,..!dJ,' ~~: 

''·11\¡li.llilg tllllf' Jj¡,. p.(.l,lc 111 h ''\<lll¡l:Jil\ll 1,1 tlll 1":" 
IH11 ¡l..., --. :ll '\\ ll 1 \l j '1 ~~ 1 .; 

lJl\~1~1\lC thLl\ ll'i.l¡)',-!, }), .ti1d (' ll')llt'-..~ ~¡{ ·11Jl 1\ j '-'• ._:1 ':¡ ,¡ 
Cu\tr, and tOd' ..... l C1:1' lotJi:illlt lO\\CI:.-- '}'¡¡(• dtl:,!,Ull'- .·~, ~.·~~ 

.1 lili¡~ht LL•ll>,llll, -~•11C!, g¡,l\<:l, and cl.l) Thc U"l'r L>f t .. c -\-
tCi11 ,,.¡¡ llLtkt' aiC'él-JCLu~d ll'qUL-t' ... l,c-h d ... "¡!ftJCL ll' .~ ¡,;; 1) 

<-.hu\\-lng al! ~11("',\S \' ht i(. L.Jth ~\ (¡dap ~l) .1dd J) ~L1.1,) f;, 

(>C'llll )! l· ... ruin a"'( t-tlHurL'llC cL.ltLt .._. 1í,-1Ctlítl, ..... t;,nn;,~Jo~.l tlJ¡.., 

han lntei ..... cCLJUl\ opc..r;tunn ~\noth~! opcr.:-tt.u.~. Ll1~:~:·LI .. t,\v 

in nz:ture, \\u u id lw tu C.11t1 <~ll I"Jint~ S 11 ili•111 ,¡ "'1¡,¡¡,¡ 

p,<:<í;;raplncal ,u-('.1 

·rhc '\1~1'1 ..... ~ .... t~n• h r'tlp~hlc (lf pltlc~tl(l:~~! l.1ill\ l:~·-~1 

1 ¡t1.1 ]¡¡ \ J¡\,1)1.... ·¡ l\c· c...\ ... te 111 1--. 111,1' ¡ 11 t, 1 .:. tt · , .1, 1 (! .1 , 11 .' 1t., 1 

pJot tCi \'-. d-...c•d lt• d1 ,1.'\ ( Oil1¡J(I:--i\C IH,ql" ... l.(;¡ ,l-. ...,'·111\' 1. 111 

1·'¡~..., l-~-1(> 'll1e /,¡ ..... t l\\11 ilLl'llt~ltlr ,,l,,¡l, -:,~,·.lli llt ,,,,\ ~~~ 

~l' 11:oldt•tl\ 111pul, ~.l.,\ J~'Pll'....,l'lll Jl'-...{J\il(.l' \ .r::n• ;,¡,d \ ¡ .:.~ :

.dnlll\, rí.'-jlL'<'ll\lh !·¡·..:_ 1(1 , ..... 1 d· \¡\l.l ¡·, ,,, \\;,\, ¡, -...)"¡'''"' 

~- \l : 1 ll: ('(111ll i \¡ /1 1 11\'-...,J J t • ¡ ( 1, ,, t :t) J,"' t )¡, 1 t •• ¡ \:- 1 't_ j 1 • \ ¡,' 'l l •\ 

iltl' i1;-:_idl'l-. \\Jli.l\1 3~j li1l!1 t(l pi,'\1..'!¡¡ l!H .. 1~1. --tr,P .. ll•l:l 1: d 

'dllt"l)lc 1 L'--(h,l tC' 

'lLC' :ltllll.' .1n(~ tl1l· ,~,.·t·<tt!llt\ tJf ~~·~l") L .. \t lJll'' ,¡l.~~~..,,-

-..t .. lled Pí1 l('ll 'r..._,: } l l! 1 l, l ¡ l:1-L''- 1 ,1]\~:lll S,! •: 1 1lll (; l ; • l 

l1.ol~tl.' \i,lt:IH.\lll ·-..:¡.¡,,,.11 l', '1· IJ¡ ~ j¡'¡ l ..... ,l{l\ l•J ,):\ \,~ \1 

\'11/~ ~....,¡.¡tvltCtl.dli)o¡,¡J ¡~...,IJUl\\.' ...,lllth 
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i\: l{ .\ ;-.. 1 J \\ t\ 1 j i< ~h ,\ 1 ¡ 1 \ 

;1 (,,·,;eral 

~.y..,tcll•.., !11.11 dt.d \'.'lth .~~¡l('C!.., ,.( ,¡¡¡ ;¡,¡d "·'''' <,u.:i1:) 

;trc IJniqiJ<' tllll<dtg ~:<.ncr.d ''t·u~·'·'Jdl\C' ..... y .... lcJil~ J,~·t,t~l'-l "t~lt 

! ~1. \\ "-. t ¡f f f'll (. \el( l ~( 1 (' 11 { ('..., ( ,¡ :1 j l( ,1 j l ¡,J 1 t ( 1 ( 11 j JI\ 1( ~ l' \ (' \ !11,1 ¡¡ ( 1:1-

;,}J!t '-.fJlullOII"'- to ('¡l\lfPI'lllh'.Jt.d 1•rrJ!¡J' 111-... ln .~d~;:tl•lll, :l1t' 

<LlL\ upc,,¡ \\ll!Cil lht"'' ..,}...,lt'llh ll'i\, ¡¡¡¡j¡~,. ti< rnn','ldilliH .111<1 

!--{¡(j(I('((JI\lHI111..· d,ll.l, .tiC (',1'->1\.'l l" Ld)J,¡JJI ,\iid lll.tlld.lld ILJ\\· 

('\'t'r, f'\' n tiH>.rgh Jdl) ..,IL.d 1,,\\.., e,¡,, lw .l¡•Jlllt d ¡., .:tr11< ~/H 11C 

and h),lrol<lgH p1u(t.•....,...,c .... , tiH.· forllltd.alldll c~f }:o11d ¡uod~._¡ ... , Jnd 

-------------------------------, 
i 
1 

~f'rl(tl¿-=-¡j 1 ~------~ 

1 f<L '•Ol•"LE 1><lufS ~ 
______ _f5~~-c ~ C:~=-~~)---==-~--=: 

1 

1 
¡ ,--------------, 

: FíjnT W't.rtlf - a.n ¡ 
: f L!El ilPt p . ..-ro~mJ- -,,cc,-;c"'l ____ _ 

tllL' ,';>p\!(,l!IU!l tiÍ cl{lfJ¡tlj>fld(t' hot'l~tl.lr) 1 tl!,dll,••l. 

f 1 11 lltlti ·l l l]l' 1 )/ t '! 11 { ¡¡}.... :'\ J t lr<'< )\ ('1 , ( ¡ ll.l l JI\ -(. t 1 ¡ l 1 r 1 1l ! '' 11 • ( , l ........ ,J '...!.-

ht ""~t·d ll\ 4 11\:llH!,'It nr,d ..... ]--.ítlll'-- llLt~ l1~· (\1 .. 11:·. :11 ·.~: ( 
ll•l 1: l l ,~._ 1 •• ll .... ¡ t ,f 1 l• ( •ll t <i i t l 111: l r ,¡( l \\ 1 i lt t, · 1 1 ,, 1 l • r 1, ·,': ,1, ¡,! 

1\~'ll~tll.( '"·l'ttor...., (¡( '-.(¡(Jlt) 'lhu·~, Ll.t .di otln, ~\'"-lCll ..... \\\ 

L l\t.. c!J~tll...,'-~cd, lhl' p.{'diLi.loll~ ,,f .111 .~nd \\.ltt.'• C1t:.tllí.) ¡1\tl

í.~' ¡¡n1..., ~.,,__.r, e olll) ,¡¡¡ .1d\ l'•OI y pur ¡lo-....e 

1> .-1zr l'o!/ulzon .lp¡,f¡ralzoN\ 

'l'iJc Í.lClUJ'-1 tli,¡l ,\Íj('tl thl' dhtl :hUllllll ,,f Jl·dll::,tt.{, 1 1\ L'l 

;-¡ n u !l) , 11 ,HT a :11 e 1 na 11 y .l n d (! i ve r'-.e. I L ""¡..., n 1) t t. , • 11 .... : ! 1 tu 

111!1<'1) :dtntiÍy ..,011rn·-.oí ¡·ullutlull, IJu: ti.t· n;,., 1c .. ! ll•Jl'dlt./1 

o 

o 

o 
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~LJ" 
F~b 1 ú Culll 1h,8lle l'ool ,\ 1Klcll(' lll,lp bhowan¡_; ~ l1 tire control zone.:; 

ui oihltdlltc. into the .Jtmn~;,l:•·:T mu'.l ,dc:o be con,1dC1ed 
[.) 1 ¡ n .• dd1 t 10.1, tht' lt'rr;¡¡n e un l¡¡;tll a tloll, thc dltll nal t., ele, 
..i11d thr \ 31la.)lc· Ji1t:tl'urolnt-:J\il: t·onJ¡t,on..;;, Llll 1)\éi.y an 11npor· 

tant role" lll. d\·tcí1.11.11n~ polltltt!nl rone_<·ntrtdlnílo... ;\ot(lhlt 
prdgrt~..., LJ--. ill en 1~1.1dt: 1n rect~1 1 t) C'J.í!.., 111 accur,-ttr !y tliCJdf'íJnt~ 
tl~t .::e 11rncc..-:.-..e_-; h:, .11nong <Hhc:-~, J. ~toup :Lt thc I H\l 

SciCill•ii\ Ctiltcr !32], Palo .\:¡1,, C.J.lil .J. 'V\t·rc tr~t of tl1~:1r 
..... lrn~d~thll1 r.1,,dcl \' <1 .... lt.•ccn:!y C'-{rnrrl nut tn :\C\\ '. C1rk C1ty 
[33 J ·rhh lrH :-lth)n ¡, 1)art1cul2.l:;. c:1alll nt.:dlt, !)LC.lll't' <Jf lt .... 

unu-,ual inctt.·o¡·c.)lot~lc3l conUJt;c;¡¡.., ¡tnd the co:nplc\r~y of the 

phy .... ¡cal Pít\Jrolln¡c·nt In :!enci,d, g(hJd '--iJ~llio~! éUHI tt:111porai 

.1.~i(t í11l''11l 1\;~...., nht.tlnl'ci lJCl\\CC'll jlít'dittH.!Ih diHi CJb-..CI\Cd 

:lh.¡1 ... ~.Jrc~1~cn~ ... nf ·dlf!dr d1c.-..~dc (<)().:) 

'[he rl'-...ulr ... oi thc· ~rC\\ 'Yo;~ "'tt!lUidtlon \\l'l\' rlJo...p/;t:, L'd 111 

tilc form d jc"rithnliC m:;p~ o.1 ..tn lll\l 22:,0 Ct<.T dhpb\ 
C'úntC>IJr-, c,f :-,o, (()llCenti.Iti"'l \l'cr,· d1-pl.1\•'d fpr ,l'¡('CiL·(: 

,¡¡¡H·.;; of (Lty .;.:HJ Ípr ·•<vrlt'(! p:c·o(.uiJil\! \\IJHl c•,'ldlliull ... -¡;H. 

~.L::--pi<ty \'·,'~ls ..._la tic, ;H)\\C\L'I 1 lJlLlU.._,C tLc lull&..:: f(l;ll;lUI.tl:on 

t11:1~ prLC'",UUL'Cl ll:t..' contlnt:(lu.., ll¡Hlatlilh n: tht· .11.\;1 i~or ~: 

pr()IJ!c1n th¡lt ha..., <.,J~·IlJiic;illt ll'lllpllr.d \,trJ;ltHJ¡h, 1t ¡-.. thtful 
lo q_~c !11r d) n.Jnl.c uní(Jld1ng oí t vent,, 'f he 1.~l of ronlpt!tf'í· 

c.llHn·.l.t(d (,!11~--;, a .._lh¡li.ty dH'dturn not )Cl dl'"tU~ t11, p:11\:d.--· .... 

tha1 capalJ.I•t) ,S, J¡rl'ItJer [3lj l::,cth'(" tlll: \.1lur .,[.-u¡o~¡n:ter 
anJ¡na~lon ~~s :111 ~lid 10 undc~i~ttlridlllh th(' u-..ult-.. c~f e uJ:I¡>II

cated ..,cH·nu:·ll' t'lillJlldatJcJ¡~ .... lll h.:1.., 1)nHil'tt·d ,l t""d1'1, to··lll~ 

thc p<,\lutH>n !nodcl ,,f [33]. tll.ll ,J•ow' tht: (1
,} n.loill\ 2 !-h 

\~[jatiOI• e_¡f ~()! co'''cntJatJrJn 1n ~t LtJllh, ~ .. ~,~ :\~oi\.'~J\Cr, 
li:e filn1 ho ..... thc add,·ll dJnh·nr...¡,,n uf color, 111;1! ... 1!1~ 1t (•;-¡-..y to 

~.ep~.ratc l'.I'l' nl.JJl da:~, trvm c''·''ii:Jttci ¡·,¡r:thn¡·. i1 ·-u;c~, (1( 

fr .... II•e'i (¡o m L !1c !d m ,, .,¡W\\ 11 • n i •¡;¡ ll' l 1 1 

C 1f'ufc¡ ()u,¡/¡¡ V 1 f>f>.1t(a/tnn) 

·rL(· lJ¡¡¡t,\1 ~t .t< ... (q·,,J,¡~·¡,.¡J ~111\t'V .• 11d :ht '' 1 ~ ¡\ 1 ' ( ' 1 

~~~~¡{(''-. J•,,)\ 11\),illi• ,¡¡ ,j !'111lt t lt•Jii i\)'1 i't \ 1J j',\/ 1J,L\t ],¡;!)', 

L~.cn (',¡]J,-ctt:l·~ '.• .~tt 1 .¡tJ.tllt\ ,i .. t.l .1llr1t .~:trJI\, 1 d.•1d,·!H•IJ! tl11 

\Ll'll'(~ :-.t.!:t.'-, l'lo~ ClliJ,•Jtt Ll).\ 11('1\•,flj~ (tJ:Jiíl·l"l'• l,fJI,H' 

150 (ltJf) ,11''"'':" ,1\f; ~.Lt!HHl- \'. ')¡( :1 ;"l'jH• l 1. J~~·.~~ 1 ¡J ,.¡,,~1\ '-!-

at J~,~'"'L 1lltJ1lt lll) --- a,11l, 111 !..,(¡:JI(' ( ,l (..'-., tltllJ \!~. .. L t\l,lil i.'1ll:) 

chcn11{:_d anc.i :,.,.J(J'<1C:ll p ¡,·n'í'o~b·r~. ;,.t r~11.1!n¡:td f,~~ lht--t.' 

'"'t..ltJo.~..,, reprc·...,, dt:.tí~ .llore th.t.1 12 ':.(¡o~ cll.Lr,~< :c.~. tJI l.t.dt

:-·r:~,dCJ:: CU, í1. ntl:· [Jí: l 1l ~J: "-,tClf:-i}~e .fj¡¡-... tl.~(,l •,! ·t', lt ',•,, :1,, 

'\, di1 a-., íClrh'\ ¡t} ....,(,!l.:;¡:-~, J., t ~d;t·~.J () ({J}~ 1 _: 
• 1 ¡ ~ ' 1 \ .~ 1 1 (J tJ .. , 

I'i-:0( c::rJI~c.s ot Jdí: ¡,_¡ -~. t F'R1L. !IJ~ '1 

~ta{e and fedcr(.li J.~C~lCJc.s h~:\C' tl:c a:lility :..'1 J:1LerrOf.1l·~ ::~·, 

data b;t·-.c 0nd retrJC\C 11lfornlclt!Ol1 li'-~Lful frJi" JrJ¡~g-tcri:, '.\é~~r_;

qt.alil)' :no111tunn;:c. Lht.. "''l''':lH:n~ '\.1f h:.d~vlr:~;cal trencJ,, 
and Lhc clc"isn of L''-;Jc~I.decl ·;¡r_iili~OriiJ.g nct\lllrf.~ 

Thc '>heer lJtilk of ~TOIZL T, coup't:d \',llh ;,n ,nco.n en:e:il 
nwdc c1f relrtc•v,JI 1 nearly prol.;h¡h an llllCI<'',lf'cl ;;~cr.cy f¡op-~ 

1nah.ing linlcly and :JlCdnin~~f¡¡J t:~é' of l Ílc' a\'.!iL,I;I.: ,J;tt.l 

\·lore<l\C'r. t:\'en if a faq, e:f•cicnt rctrlc".,¡J pro~r?.m \\l:~<. 

a\'ailah!c, pnnted out¡)t!t J<.... (e't:unl~ no: tl1c ¡,,, __ t \\ít) :o 

p!l''-.CIIt thl· ¡nfuí.narJ(Jil, ~lr,)¡¡g .ltld ""-lgn,f:C~lí!l ge<)¡1 rz.phH.: 1 ! 
rc·laliOihillp~ t'\Ist ht'l\\'CCP the rl;tta, \\ hl( l: c.:nnr•t c;,,¡j~ i)i 

dctt~Cted fJntn a tabular uul~hlt Th;--, ~.,¡·;~gc·-..t--, tl:c ¡_¡,;p;H;~. 

bllity o[ 1nterarti·. t~ cartu~~rrq;h•c d1~pl~~, t(·rf' .. 11(¡lle ... 

r\ 'Y'Lcm c..Jiled Lhc l\.Lu.ICtl\t.: Syqc·•ll fur ],1\'C'clgct.[Jil 

by Graph:c, of H)clrolo;.ocd l'rcncJ, 11:\',!C}:'f), [36], ~37j, 
hd.S IJCCJJ de' elnped to n:ak ... n pc>'"'~,blc fnr J. 11'-er t,1 dJ-..rJ:;L_ .. , 

on a f"drto:;~~í1 1)LJc lJdCl:.<Jou.1d, thc ](Jr·cJ.lJ()n-, of ~~l,·c:et: \\(t:\r 

c1u .. l1ty JnOJdtOíiiJg- sialliJI 1 -. Chcn11cal ,•IHl ;J'•J::)t~·cLd l~~lt.. 

dCr¡UITld at i~lf'•l' t,~,ltlül..., f'rlll lH· cJj.._pj:J)e(l r:r-;t!)ill'_í::JJ:; t""J:"' lll 

t.lbtdar Í<·t n1 Bc:nv, 1ntcío~t tl\ e, ti1~ · ... ~. -.tc:f1 ;:'lCJ'.'.·.., .1 u-.,cr tu 

inve~·dlgatc llundrrcJ•, uf \\Jlcr qu.liJt) 1....1tu~.:tr•,¡..., In thc .... rJ;J\C 

of é\11 hou¡ or t\\ 0 'r'hcn, giJJdr~d l) tLe J¡ ..... ~)lé•\ ,·rlt.dt)fir:J.¡icJ·i, 

Le c,Hl pu~··,u(' :níer\?--.tlng- p.tl~l·r-n .... CJf \\;~ter ~~t,;1l1ty lieg¡;l~L.· 

t10n 1 rcJCCtllJg" ali tl:n ..... c c;t-..c.., íhat '"'ccn1 ~(J };r.: ~ ¡¡¡,::pu:--tc'~r 

Thu~ the u~er ¡.;-.un~ ~,n 11:~1.2.ht \\hich ot!.c:\\I,C' r111¡;ht :.~· 

L1ddcn hy tl1e \nlun1c ~)f 1hL d~d<1 or tt~c l;Jl·ur i'J\Ci\L'd Ll 

JJJtt'l rogaliun !,y I!(JI1grapiuc ,1-:cí""!.n...; 

Fl:'' 17 a.,lcl J~ C\c·n;¡d~ry ttH t\ l'c (': <~I.;I,i:1) tLr_t 
1:\.;..,I<~!rr pro( 1 ucc~ 'rl'c tt.t1f.tlla1 Ll..rd 1n tl¡r· .... : ... rc;n , ....... 

1\·ktrPJll\ ·1010 ... to~ r~ ~~-tu11c C~l~~r, J.¡Jd t.h .-~.:~~~~ .... \c~-c ~·z:L!,..n 
cJ¡rcct!\ from a har•i-copy de-. ICe att,itl·cd l•J tilC '-CrCL'n ,\ 
1\ 1)n .. Zll h.J...,C Illd[) \\!th !n·díolu~~lc;~l ic:lturc-.. 1~ ..._¡,CJ\\11 1n c.~ 

17 ~!he St.ttc ('f \ 1 iChl~:;'.ll :· -..ho\ .. n ,,, j .~~ í,~ ~·-- t \'.c~~~·C: 

dj>JlC..éU olJ-=-cr\t.:\J f1CJil1 ._dH•Ut -J1)\J Ill, Jb(,\t' r,,(' "d~( ,L:C! )¡<,..JL:. 

1ng to\.c.~rci a (lJn1¡~~·-..-.. hcadld.~:: o( lu=> 'fhc_ \(·r~J,:d lJ .. .I.r-.. ;-¡-...:::; 

fn)Jn d!l.' '-outht.t\ .... lí::I n p¡]¡ t o! thc -..¡_ate íl'lJfl' .... f'dt ¡r.I1"di!Hlnl 

rnd\.ll1lL1nl, tlnd d\C'i"a(!l' \altJí..''-. of <J¡...,...,t)hcd n\\r',L'Il niel• .... u.t:

!.H'Ilh mad(' .~t thc ·ckncd -t.Ili)lh ¡it.~iiiV ti <'J. ~~-:J~(;,\,_. 

pcr1üt.J.. ... ~-~f fl"LOid ·rhc d1--p 1 ;-t~ 1ncthod ;·f:,lr\1 .... tl ron)p!ctc 

gt'o['r;t 1Jhil-ctolugiC;ti plCtuJ:.' c~f liH: \'.l,tl'r c1u,lli1) (u.l.ltl,~_)r, ..... 

111 ..... ~_·lcctc<.i ;~; ('({'""' 
I:\" .... JlC~lrr ~"- "-ll~!Jdicant 1 .... 1) it p:·or:,!ct··. ~:(Jnn (;Ll~l:.t:. d~ .... ~ 

¡JJdy"- 011 an lll("\f1t'li"I\C tC'fllllr:d1, 2) .1~ il .. l ... (J'i ~ f1lt.lt!d~C: 

-..y-..tcn1, nnt nn a tlLdlc;Jí.L'd CO!llplltt·r, ¡,¡,~J ....)) lt 1'"· Ll'li10" u ..... c·~ 

ro11tinvl:. ítlld pioflt¡;"'l\\(''Y h) in'í'·ún .... \\l1 o :11L .~<.t cr_ .. L1jJ~¡ttr 

.... ppe_¡aJl-..t-. Col;c·ctl\l'l~·. thl'::--C' 111rcc. po1.1t-.. •'¡)It~ .~1J..L' ¡he 

a1111hurc-.. nf ;¡ ~uccc~-..fulr;t•,,gra¡)IHc 111fo. r~l;-t:JCJ,l")'"'tc·•n. 

V Co'\CL\. 1SIO'\S A~•n Fun'I<E lZr:c.F,\i(C!i 

1 

·' o~~c,t·:,~-.:(.· 

,rhe .~no .... t f~.h-ln!d.lblc <JL-,:,1rlc· ttJ Jn()r.._· cfiC'( ti\C t..-..e ul 

con1putcr-.. 1í1 ..... uJ, .ng u: lJdi: :t11r....~ ~'i1\ ltOilidt :.l. l ¡J ... rJ!lll .. :-:1-.. :-.. 
thc J.¡rh_ ',Jf Clit·Ctl\t' ''¡ntr•, fdlt'-..

11 
{l( t\\1...'l P (,,(' ¡:-.~ f ,tiltl l:il.' 

l)rt ~¡~r "¡¡¡-.. Ll' t,t,~,.·..._ J'lll' J.dl li.l(!._ l';,dd•, .¡¡ 1-- t'•:h·~¡·\1\ lt l·l·· 

J~~~ IIJ'-.(' t/1 1' 1l\('l 1\ no! tOn.¡'Jillr1 ~·:t(lif:lrt':· dil'( l1l ..... o1 .::\ 

¡d dll)(/ 1 ol t¡,l:",d '\""'!1'.1\ (,Jlltl•i, \lr ,¡ ~d,]J(JIII ·\ )11'1lli{'..l:d« :1t 

In lOI\lf:,,t lO r!a ptll\.!_1('"-...::. 1 11 <1L\l:(¡l\ .. ;.: i.l¡ •• ,·u ... ~r.l¡.h:r.·1·:, 
í1 !;-...tJh!·· <i.:t:l 't),\-.f-.. IH( c¡ccJ l,~ t1JlJ,tll .Lll •• : .1111,1tl~.~nl.~! 

· .... : · ..... ! l' • "ll-.. , t l1 "- r l ; ,1 ·- ; 1 t' t 1 1 • ~ : 1 1 1 ~ , ... t 11 <) ¡ J r 1) :~ ,.... L' .... ...., , 1 l r , ~ ; : 1 : ; 1 , L .... l ; l L • 1 1 : ~ 

(lo~ta lll a ÍOriH 1.¡'--Cidl íu: ¡•rl.,):o!t·¡n ~cd\'lfl~~. L)J l•l ;lotl ¡dl,'',', ~Ll' 

1t.dC ¡¡nn ..... lo lh·l~) tra.1-..tOr'll d.l~.l 1.nn 11-..,. ,¡, :,J¡,.,, .n.t~.~ 1' 

~~~·pcn t }~L'I1lt.iln.·-:..., .... :.1l....,t·c.11 ;J.tckd~!~.>, .111d ...... :.:¡1!L l¡,:L'," 

&.....)~ te:11~ rc-¡1r1 ~~··t t1.e ... l .. !(«..: \): tl¡e .. 1:-l 
. , ~, ' 

.1 " l' ., l~ l • l \ •• l 1 \ : (_..... ~ ~ol "-
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rt•~~ Ju•> ¡ .. ¡,l r; o-~1 1 r Trr(r¡ r- ~ 1 1 '' 1 

FJg lo l'~·r•¡•'-r'l\~ lrllJI c•f ¡,.~!llllJ,llr !•!I0\'.111)..:' 

:-,¡,.,.. llriliJr/ ~.j \'..,d\ r qu.1111) ll.d.r 

t.,uall) l•c!t< !.-onentrrJ .tlld ¡,,fl, .. "¡,¡, .. anu rcq11.re pin¡:r.¡m

¡n¡;q~ ... :.,;.¡¡. fur <'fÍ(Cfi\'C :J"<' ,\~ J I(>ldt. II'<''t 'O(Jt't;¡JJ) 

Gí: 1 I¡t('d Clllll:Jlltf'r lJI..,t~ ;lZ!'· '~<Tll rl 1 •'1( J:r .or Cll'lll,d ,q,pJh .. ~l

tiPn~, so Í:•r tr)(, !IttJ,. ~''t' h:-1..., ¡,(t'IJ f(lf p• ... JiJ]('ll1 ~oh1n~ 

()nc tJ,¡r.l~ ~hat ~·~ tl(ar 1::. íh:·t í u.rJ;HllfT gr;~phd.'._, lllU"t 

1-,l.t.y d! 1,: G(.•T• 1 1Il.H1I ru:v Íí1 l: . ...r•tH lil_~ !Le llllfH:d,lrre 111 

lElieiÍ..:tCC Lct\\(.('11 U'¡t.r antl <.L .• t'"l ;\-..¡de fr(Jij¡ tiH· j,\Ct lr1~.i 
the 

,, ,¡¡ 

~)"-tCnh \\t ll.t\e Cf•n~rdtrld nc,d \\:lh ~J·t¡¡..r,,!)lllll,,il\ lll..., 

tnl1uled d.tL.1, :,c....,t <'t i'lCH d o11 d ,11.; 1 ,, 1t 1-.. ,,ll¡lL'r,liJ\ l rL;t 
lliíl.li) ;.!t(rJlo~ll\t''""{);ll(IOJh,líiCi -.¡¡,¡/, '...lt'-.. i_)t' ;·.:,· (llll'd (,Uil/ ])• 

l,l1:,l't'.....,tl r:¡, ... (,lllllt ,\l:\1\'\l() Íllfl ~~·~ll !Id' IJHI....,( pCfC{_¡\,l.!Jr(' 

Jl)l di!l!lJ- 1,1 .. ¡';)!\ .... 

J ,¡ ,,ddltJ•':¡ tu t il1plu~ ,,,,~ ':)], 1l 1 ¡ ( 1 '\ : )1 :) ( ~ l llll d: \ll ..... ' 

lll !¡;¡¡¡ .llll J (_ 11 \ ! 1 í 1 rlltl( 11 { ,•! • ', '-! (" ¡,..., ¡' l iJ <.., 1 ; H: /Y !1/ \' 1 1[ f ( r rO( i ''i. ( 

.\ l1.1tr /t '-:• ')l<_ILl \\tl] !,( (¡J ¡,¡¡)~· \ -~~l:l' lll ¡lrt'•)tlltli.-L', ,¡¡1 ,¡t¡¡l~ 

lJÍ .. ,¡fl 1 liU.l p,,...,._l~JilJII'..'...., lU ¡;ll' 1!"\ í ,¡¡ ~ ll~ h ~¡ \\ .1_1 tlt:Ji. dC' ~ ~\1. 

rcaci io IL·~ll) ¡Jllrll<_(¡ldtll\ ¡'j¡p~, 1n!n,ulr-r ,t;rupl:u _., ~~ l/ 1 ( 

lll(;-.J1~ f()l ¡, rrl~111:: ¡,,¡;Li.::t l ( (, ,jjllJ[{ J-/1 :~t'ti ,j,¡t;, ,, l¡Í 

!•fCJ:'](''d -.,p)\lrl, ,;-..{¡--.. HJ! :t. \tlt" .L prtP'¡,¡P,J.IIJ~).: i>, ,-:,l. l'lll'() 

~ ... '\('r.:-1 :idrt!v:,rl ll! '· L,,rl\\(~Te ;)¡¡),Jit'¡'l r~.[,: l'd' [J¡(',I 

HlcJ.liÍild, \'.l'lt'~l r• L11t to r;¡:· clfu.IJ\( :¡..,f ~~: líiiLI.~r¡¡\. 

-~): 

;ji ~'i/ L l( S ' tl110 wh.c11 WIII lJencfit from ; url hcr re..,eZ'~ re L .• ~Hl 

llC\(Jt>pii\('lo( 

i3 1/u¡u\uarc 

J~cai r1.g in JilJnd ti1a~ COin 1,uter Cc'1rtogr;l~Jhy IS :1t i.!lc. 
h\ Jrt of ,u,y of thc d1~pla) ~ con•,Jdcrcrl, 11 e ~ho,:ld loo k tU\\ ;,·ri 
Ci]lll¡'lli< I'l th~,t will ~'lthf:. the a>.IOolh of th m:tp rnaker. (J,H· 

of tLe-lt~ ... dnccrn':l dct.ld .SJrd .. c dcLJ,) Jr:JJ;:rL..., ti:·:. dr::)play of z... 

J.¡:-~L ~u~ uunt of 1r~Íu1 Jll;llJ(¡n, Ol't.: ~!HJtlld C0r,,inc·r tb~ 11 (''.,' 

l.I.:}:<->'->LII'Cil r;-C'/lCfdtiOn of ~l(1:':1t(C tui;('-, CfLkt!OJ1l~ 40J 1 ~i·~d 

~~O 1 S) fur c:u tugríi.p!lJC ilpp¡JcatJons : t lS not :-casonaulc ¡_r¡ 

C''.!JC\t ;, rdrc::.h-typc Cl<T tcrrmn.d to dJ';_;!,,)- a (Ompl:c,,;, J 
11\Jp w1tlwut cxlnLit•n¡~ iliCt.t:r Evcn th(,ug!J dyn2.r11C 

gr;¡p}uc"' l.:' not po~.s1ldc o.1 .._-, --,tor:-Igc tu!JC: 1 IL ¡:::; s.ttr,1 C~I \e 
l 1 CC.tll~é of 1t-, largc c.lpncay fur Ci.!t:-1 dJ~.pL!y :doren\ cr, ~¡¡e 

.. 1\ LtlOlll\ .. ,()1 .. 1 u!Tcí~ hi~.lH'r rc~uluuonr ·~Ci06 l1;' ·100ó ;--c.: ·t..,, 

tllZLll ¡ ... , (UIJCJltly .1'\,ULilll~ on nlihl oti¡c, CRJ.~·~ stor.1~.._ \_/; 

i<'fiC',h. 

Colo1 Ldc.; d\1 .. 1\~ tlt't'íl ln~:)().1:-,nt 1o thc ltl2> n1.1·:er, .:_ : ..... 

r"10 Jc-,--, 1Il1t1\H:rlJJt jr,r c.;_::¡¡~1;·l~íf :-~Cll.t\\ ,¡ r:·, ·IJ:- .\\;,:¡<:LJie ('(1,(,,~ 

ldS¡):;i)''l ;:_re C\fJCT1"'•\C JI~•J, ¡·¡'-Ut&Cl.ial;j' fu: ttH.: [.:1"-t(;-s, .~·: 

l)'(lf' 1 the i l'"'ltJ~UtJOn 1'1 pocJr \1o:-eo\'('r, t.I,e .lh,tdü\,-n¡a;;;;;.., l. :--1..! 

of <olor ttrtJc u,_,cJ in prc ... -cr1t '-~\~Icn1..., ::h\J)S ·~u!Tcr-; f10n1 CCJr'
\,-rgenlt' pro!,Jcnl-., ,\ TlC\\ t1nd ¡1iu i1J~ll•~ CP~\j¡ tu!J.:: \,;.., .. ~ íL

('.:ntl) ;¡¡¡nounc~:d h) C:!';';, !.1c lt h a .'-I·l~;ie-Lc.¡;n C<•'CI' 

pC'IJetr.lllOil tuhc \\It}, C\tíc~-,1cl:.' 111~~1~ l(' ... lrl¡;¡ior: 'fhC'r..:- 1-1 .L

j ct no cornplctc d1"'pl(ty ~) -~tC'ill whi•.:h ÍIIC<>r;),lf;hes thís tl 1 ;~c, 

lJ.lt \\Jlh lnr¡c·c:.~cd thc J.nd dcrn;tnd for en\'.JOIHncnta; \JL t~ 

,.J.lP!J'T'): 1t c;t:cnl:- :d.rly tll.:tt ~(\nn ~,.¡eh ;1 u:11t \\Jll óppcllr (1J¡ 

o 

l.1t: .na¡l¡et, hoí,cfully dt a znorlr~t pncc. o 
C. Sa.ftware 

FrPJn l1 oscdtw;uc ,¡L,ndp<nnt n1.1íi} of t::e .... ;.~ tr.íi .._ U.-
CI1..,.~ccl h;~\C' r;ot takí"n ~ufnrJCill ; .. c;\'3J,t~ ... ;c ,): ('\b\dlg (1;-...~)~,t) 

h·ciHlu¡ue .... For e\;tlnple, not or·Je nf th'- ..... ..,te;~¡ .... ~llr\~:,c.:l 

Jiidh(~ n-.e uf p¡ojecuun c~J' tottiPil (¡:q~ .;) to j1 pl('~L'~t ~:cí~~-

nl,ll rH'iidl~t.1il(.(' illl'{CJ('•., thC' ,l\~(L'-.,..,J') 1 llt} ¡ 11;.¡) ~ j' J ¡:: 

CII\ l~\ll\ (f'i<~IC l I) 1\11\;ld he· ¡¡,orL ,llc.rlí.tLI-, Il¡•rC,c:I\(vi) 

¡n t;u~. foJill 'l"í1C thl' e,::-:. ¡_;1:!,-..;,r.~n~, .1 n.;q v. 1c,L .. tí~._:' 

J::. pt.!p(l'-,~J)' dJ-..tortt·d (l·1g .~)~ \\Odl<: l~~.·rl ¡ti,¡',' h<: ,,¡ .. ~·L: 

" • .td~· f~~~ a.ruan t\.~d ít.'F'ton.~l an.dy -..; .... :--\ .... :{ ¡n ... ,L· pL1) ~ 

I.1,:¡1ldC., 1ur r....\d111ple, the Jnco,¡¡e-ci;. .... tr.il>ut:o:1 r:,.:-p {J\Jni 

e:.·\!)'-) (F'1g 9) u,-,pl.1ycd a~ a \di tohr~.111, L0\\ . 11.c fl í.-,.._.~u~. ¡,~~

Lrl v.ould be .:-~íetd dJ...,tní!Jon Idthcr t11.:111 tLc tl...,e ~ •• ~ '") n,bo~~ 

.\r ol~1nr u:--eful dr ... ,JJ.ly iccnniuuc ¡-; l!1C t 11i( ... :-t<l~lt~r, ... :u.~.-tl 

t :lor,Jp!<'tL ítldí)iJld'~ ruut1nc n ccntly d...:\ ¡ ... rd ;,\' 'f.._,;)ier ~ • ' 1 t Jl)J 

,lll <..: '"'1, (J V. Il 111 ~- \ i,! ] <} 

,\11 (1f tlH',,c tcchnlr¡l.c"; ('(JlllC' ur •• 1n tlH' l~rJ,llw; of pe•
'--;JiCUud<.. dc~t .. d,~,¡¡ia~0 'T'hc1: rcali/JUüiJ ¡ ... lltlt ,l!\,,l) .... co.npu

t.d,onJ.J!y tn\ 1.1! J·or CX:1lil¡J:c, tor U1r iuoctJon ... i ¡¡-,('~~JC 1!1::Ip 

~,ilc'v. n 111 Fq.~ 1, ~l rnad !lPt\ .. u, k prohlc¡n h~1d tu hí'; ¡~;l.Jy, .. Lci 

to ;1r(:d11Ce l1l(' .lnholi,lp;c ;nc.lsurc-., of t1a\e! ~I:''C' :~o;¡,()

,it~c(' ~~ ¡nopcí c;trl(l~ra¡n, .¡ -ct ni ~~onll'H'J.r p~l d.: rl,'"";(;( :¡¡r,;.¡ 
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ck;.J~ "'~h Ullt-'·ril.neJbiCl.Ld 1Lenh, ,\lnl<' 1•1.1p datJ. are at 
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RESUMEN·.- <· ~\; ':1 '·:' , ; ·' ·:·· , .,, 

se· da una· defütic'ión 'ln.formál de superficie ·e·stadistica y 

las distintas formas de representarlas 'de acuerdo al tipo -
·1 ' 

;-: ·, .. d.e iP,fQrmad,ón .<te entrada: ·Se extiende el concepto introdM_ 
1 

·"o ~-iendo· la· .var:iab1e· tiempo_. •: Se. hace algunos comentarios so

.t>re. el.·11 HARDWARE" .. , necesar.:io ·para·. desplegar, información con 

II.-

.. - .. 

significado espacial. Se describen algunos-programas, con

ceptos y procedimientos relacionados con la producción auto 
.•,'~": '< ' ~ 1 > ~ ' '~ '" '.' '~ l 7. ~~~. 1 ¡~ ' -, ' 1:/ ' ' ' -

mática de mapas temáticos. por l)l~dio· d~ comp,u~ador~s. Se -
' ~ • • ' .. ' ~ ' 1 • ~ -.. ..: ' ' 1 J ' ' \_, ' ' - ' -

discuten los resultados y las dificultades encontradas en 
'¡ ' .. ' ~ ' ' ' - - 'd ~ • - ~ ~ ~ ' ",. '- ; 1 1. ' ~ ;1 - ' ' -

la difusión de éstas técnicas. Se comentan los próximos de 
' ' ' - ) '\. ' ! : ~!:. .L ~ " ~J :. ' " J ' • • • ' • 

sarrollos del laboratorio .. 
• • ' l ' • ~~ ....... • 1 ,., ¡ ' • ' 

INTRODUCCION.-

El presente trabaJo constituye ,.un, esfuerzo dirigido a pre-
/ :.: : • .:. ' ! ~; ' '' . " ~ ' ' • . l ' 

' ~' ' - "- ' '- '' ..,_ • L • 

sentar ante los profesionales de la computación todo un con 
~ .> ..... -: t t • ' 1 • ¡_ 

ju~to de r~~¿l~~do~ e~peiin~n~~l~s y no definitivos·sobre-
' t, ~ 1 ' -' • ,~ ·, ' ~ '¡. ; 1 \ ' 

algunas aplicaciones de la computación gráfica al campo de 
r 

1 ,t .'' 1 , ":.. '- ~ ? ' \ • 

·las ciencias· soCiales obte~ido~ en eJ ~aboratorio de· Compu-
- • 1 • <' .; " ~ t- ' ' • ¡ ! t ) ' > r ; ' 

0 

" 

0 

\ .' ( • • • ( ~ ~;. J- ~ ) 

tación Gráfi~a d~ la U. C.V. Concretamente se· presentan una 
l - ' " 

1
• ~ T> • ) 'f -

serie de. pr~grama~·de c~mputadÓr·orientados a producir auto 
, .· ~ , . ; . , , --- · ~ ·r: ~ ~ 

máiicam~nte d~st~n~os tipos~~ ~ap~s temáticbs'y desplie ~ 
~4 • '. ... .: ~ • ; l' ~'. ! f • ) .i . .-.·· \. ~ ' ''_ 1 .r •• --

gues gráficos de· variables de tipo ·social,. Hsicas, etc. 
1 ' 

(' ,_• ., 

Los programas créados utilizan como'medio'de saiida un Deli 
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neador Digital (PLOTTER) o la impresora de linea del Comput~ 

dorD utilizándose uno u otro dispo~itivo según convenga a 

los objetivos del usuario. 

A nivel mundial p éstas técnicas han sido lo suficientemente 

desarrolladas como para permitir la publicación de Atlas 

Geográficos totalmente editados por computadores en Suiza e 

Inglater-ra. 

El autor expresa su agradecimiento a los organismos de las 

II Jornadas de Computación Técnica por el esfuerzo que sup~ 

ne un evento de esta naturaleza y por haber brindado la o

portunidad de presentar este trabajo ante la comunidad 1nte 

resada en las aplicaciones y usos de los computadores. 

III.- DESARROLLO.-

.. ' .. 

1.- DEFINICION DE ALGUNOS CONCEPTOS 

1.1. La Superficie Estadística: Si se tiene un -

conjunto de valores (digamos población, indi 

ce de natalidad etc.) repartidos sobre un á-

rea geográfica cualquiera, se podría obtener 

una visualización del fenómeno bajo estudio -

asignado a cada punto (definido por sus coor

denadas cartesiands} una altura relativa al -

valor de la variable (Fig. la y lb). 

o 

o 

o 
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·.- ·-+ +s.o +. > 7.5 
2.1. 

•'' 'J .. ' 

7.5 

-> . " ' 'fig. lb. 

Si se:h~ce ~as~r ~or _c~d~· ~~o.de;los puntos~ 

na~superfici~.co~tinua ~~ o~tiene,lo que algH 
.. :_ r ~ 1 -, ':. • r 1 • ~ ! 

nos autQres (1}~1Jaman una superficie estadis 
r ¡ • < f • -,.~ ', ., ' ' ' ~ ~ ' 1 ' ~ -

tica (Fig. 2). Matemáti~amente la ~uperficie 
i' : • ' "' • ,·· • ~ 1 ' ' • • 

p~~d~_~enir r~pre~enta~~-p~r una f~nción 
~ ' ' '. '• ' • ... • ;of 

z = f(~, Y.) o por a~r:e_glo bidimensional de nú 

meros. 
if ,-' 
;, i ' ,_ ' ) ! 

j 



Fig. 2 

En el proceso anterior se distinguen dos ti-

pos de puntos. Primero aquellos que tienen 

información recolectada de alguna forma (DA

TA POINTS) y segundo los puntos sin informa

ción (GRID POINTS). Es precisamente el pro-

ceso de interpolar los valores de la segunda 

clase de puntos a partir de los primeros lo 

que produce la superficie estadística. La 

manera en que se realiza la interpolación es 

referida en el punto 3.3. 

La forma especial que se elija para represe~ 

tar la superficie estadística sobre un plano 

determina el tipo de mapa o vista en perspef 

tiva que se va a producir. Si combinumos lo 

anterior con el hecho de que la superficie -

estadística puede adoptar formas distintas -

·. 

o 

o 

o 
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o 
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/ 

en función de que-la información recolectada 
~ • ¡ 

se re!iera a pun~os geográf~cos precisos, 
'~·!í )-...·~',. ~~';r; • · • ·~~¡:·~ -~., 1 ·:;:.'..,, 

sub-regiones políticas o arbitrariamente de-
• ' 1 ;. :._"; ' -':; :•¡ J • "'~' ' ~ ~ - ,: ; "'~-" 1' ~ 

limitadas (Distritos, Municipios, etc.), se 
~·· ¡.¡,L· ,, \ , ~. ,: '.i,~~~t ":n.:·,~~L.-

comprende que exista~ diversos tipos de re -
.. .' • \ .~ "\ ~ l 't. : ~ ~ 1 ~ L S\ ~ ' ... ~·, < •• ~ L ~ 

presentación. 
' ¡ '·~ 1) • : 1 ' ;_ 1 ,~ J..._r ; ''_; ', ~ ,- ' .. - .,f ~ '. .~' :1 

1.2. Formas de Representar la Superficie Estadis-
... / \ -

. ~ ' ' " 

" a,. Modelos Tridimensionales •. , A partir de 
1 ' • t l L ¡l 1 ' ( L ~ ' .,._O ~ • - '· t •' 

,, ,, ... : )a. m,atriz .numéri,C:~-. P:~ed~~ qbtenerse los 
' ' , 

. perfiles presentados.po~ cada columna 
1 l 1 ' ' ~ ! 1 '. ~ • ' • (, ' \ ;; ' l. 

- del ar:reglo. Jsto. se consigue imprimie.!:!_ 
••. 1. . '· ' ". ' . ' ' 

., . ,'~_'.>,'\-~o. un, ~ector alfa:-numérico cuya longitud 

...... sea·proporciona1 a la magnitud del va1or 
' • ~1 ' 1 - ) • ~' ' ' ' - - • -

r, 

de cada elemento del vecto~ columna de -
~ '~ ~ ·~ '~ 1 • 1' • • - \ '· ' ~ ", • ' ,. • 

' ' ~ 

la matriz. Una vez procesadas todas las 
''. l. ~ ' ' ' '¡, ~' l •" ~J 1 "~ ., 1 

.,files que ordenados adecuadamente produ-
~~·J •• ,¡~~-·.~'·.~·,. 

cen el modelo en tres dimensiones. Este 

método, por lo compli~ado y lento se uti 

liza soln en contadi;imas ocasiones. 

'b. Oibujo·s en Perspectivas.:. En este taso 
; . \ ' -. 

-se trata de obtener una r'ep'resentación 

bidimen~ional de u~ objeto ·tridimensio

nal. Par~·ello deben-desarrollarse alg~ 
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ritmos que permitan resolver problemas -

planteados por la descripción de los dis 

tintos tipos de proyección, rotación de 

objetos, recta tapada, ventana, etc. 

c. Proyecciones Ortogonales. En este caso 

especifico de la producción de mapas te-
? 

máticos en cartografía. 

Si una superficie estadística obtenida -

en la forma descrita en 1.1., es corta-

da por planos equidistantes paralelos a 

la base se obtienen una serie de curvas 

de intersección. La proyección sobre el 

plano base de estas intersecciones son -

las ampliamente conocidas "Curvas de ni-

vel" {ver Fig. 4). A nivel mundial se -
1 

han desarrollado gran cantidad de algo -

ritmos para generar dutom4ticamente los 

mapas de contornos correspondientes. 

Fig. 4 

o 

o 

o 



O· 

o 

o 

Si la informa~ión recogida sobre el terre 

no no tiene un carácter puntual sino está 
' 1 

repartida sobre.un~.área ¡-mliticamente de-

limitada, la superficie estadística adop

ta físicamente el aspecto de un conjunto 
< ; 

de'columnas.cuyas bases están constituí 
'·' 

d~s por las fronteras- d~ una subregión y 

la altura es proporcional a la magnitud -
' ' 

del fenómeno bajo estudio. Si por ejem -

plo se tiene un conju-nto de Distritos o.

Municipios, en los cuales se ha contado -

la densidad- de población .(hab/Km~) se po

dr-ía tener! el, siguiente· diagrama: 

8.1 10.3 

9.3 
'7.5 

' ·' 
4.3 

5.1. 6.o·,~ 

'2.1 1.0 0.9 
,_'' 1•1. 

" ' 
Fig. 5 

' ,, 
~ . ' . 

Realizando el procedimiento anterior de -
' ' ' 

construir columnas proporcionales al fenó 
J ·~;:,'; r,"l :-";;."~' '• t- l\. L ' 

meno medido obtendríamos algo parecido a 
-~ 1 ' ( ,, •: '-

la Fig. 6. 
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Fig. 6 

En este caso la superficie estadística a-

dopta la forma de un histbqrama tridimen-

sional. 

Para visualizar este tipo de representa -

ción mediante una proyección ortogonal se 

adopta el convenio de asignar una grada -

ción de color a cada sub-frontera áe la -

región. El mapa así obtenido se denomina 

de conformidad o de coropletas. 

Una de las formas más inmediatas y eleme~ 

tales que puede adoptar una superficie e~ 

tadística partiendo de información de ti-

po puntual consiste en asignar a cada pu~ 

o 

o 

o 
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.to d~ la re_gi6n_el ._va1or. del punto._de in-
,. ' ... . 

formación más cercano:- El algoritmo con-

siste en analizar cada elemento de lama-
• ' • ' ' 1, 

. t~iz calculando las distancias a cada ,.pun 
( ' . ', " ' ' -~ . ,~ ........ -

" - ' 

to con información. . De_ ~odos . 1 os segmen-
• " " • : ~. "J ' ' ' • ' • 

tos obtenidos se.elije el menor, y el, va-
., • ~ ' ' '1 r 1 ' : ~-~:. ¡ ¡' ' ' ' l ' • ,.., 

1 ,)~r _P:~r el~me~~~---~~rr~sp_ondi_ente se. ~~_lo

ca en el elemento bajo a~álisis. Est~. pr~ 

ceso es. llevado a c&bo en.un~olo barrido 
-,, -- ,, '..--·,. ' ' _-,' --- ---·. ·-

"' de l_a matriz •. siendo p~~ lo. tap_to muy rá-
• .J , ,- _. ..-' r -/ t;,. , , ' ". . • _ 

pido. Los maRas asi.~btenidos.se depomi 
f:~,. ..,·l.:~.-~,} .. . ' . ' . 1 ~ "' ' ·- • 

nan de proximidad (Fig. 7). 
~--\ --_·' .. ; ,~) ,' ',._ ' ' -

; • ;, , , ~: ~:., "•: :'::.m", · ~ ~., !::::::;!:!:::::::::: •: 1 

• •• ~ ' ' ' '"" ol UUUNIOoullon••• , 
•. -- , • ., ... , , ''"'''"'"'''"'"' .r., • .. . . __ .. -- · :-- :::\:¡:>;>~-· ... ::¡¡¡¡¡m~m¡¡:::: .. -::. ::L 

' ' ¡¡¡;:¡¡~¡¡¡¡~¡;~ :;:;: ::: ¡;: '::: ¡:'::! i ¡ ¡ ;: ¡:~::.::~;¡¡;¡¡¡¡~;¡;i:¡¡;::::~::j¡¡j¡¡¡¡:¡¡¡¡¡l!l¡! ' 
....................... ,.)11 1 • • ................................. . 

::.': :·: ::··:::·::"'.:: • .' :: 1 • • • :::::::::: •• :· •• :·"; ··;.:· ::~: :· 

, ~;:;: .. :~:;::::ü~:~=:mr:~i::. ., .-:' .. ~~ ·. .. :!::·.: .. :~ :.:<:_:=~:· ~=:~~, 
: ::.:::;::::: 1 ' ; ,' • : ... ::. • .. ,:":.' .. :::. '!•:-: :: 
:::::::::::" .:· :: ' ' ' : ... : ••• : • o "", • .. ·::::·:.::~ :: :::-..... :·~ ';;-.. : ............. ' ............. ' ............................ . ... .. . .. " ....... "'.'. . . ..................... ·--·" ...... .. 
·_::::~ .. : .: :::: '.'":':::.: ', ; ~: .. ::.:":1 ... ::::::: :: ::::· ,' : .. :: 
:;-.;. • ..: • t\1' ::· .... :: ::·:· ... ::::: ·:: :.:::::::::: :.::· •• ·:.::::: 

:=.:: ,,.' ' •; ;.,;;";•;::,•;;• •,:::::.:::::;;•:;::=.:::u;oo•;;,;,'' ;••:•: 
:.:- .. "':.:. · ........... ·: .. ::: .: ·: :·::::·;::::::::: .... " ... ··"::: ":', :~ ' 

•: ho • :~, :.:::::::::::::::::.: .... ,:.: :::::::::""', 
0 

.:• ,::=.~¡·::: :: 01":: • 
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Fig. 7 

Tal y como se cumple para el caso ante --

rior de. mapas_ de conformidad, para visua

lizar la superficie estadística en proye~ 

ción ortogonal se sombrea r.on una inten-
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sidad proporcional a la magnitud del fenó 

meno estudiado (6). 

1.3. Otras Formas de Representación de Información 

con Contenido Espacial: Otros métodos de es 

tablecer correlaciones espaciil~s de informa-

ción con la Geografía de una región y que pu~ 

den ser automatizados usando un computador -

son: 

a. Mapas de Círculos Tapados. En este caso 

se dibuja un círculo o ~sfera cuya área 

o volumen sea proporcional al valor de la 

variable; el centro del circulo coincide 

con la posición del punto de información 

en el mapa {Fig. 8). Para disminuir la 

confusión causada por la aglomeración de 

círculos, se adopta el convenio de que -

los de menor radio tapan a los de mayor -

radio. 

- _, .... ~ '\ 

: /.......__ ·~-J', 
.. ' 'r--' ' ..__ / ' ,, 

- '-/·. '\,...__.... __ .... 
-- ~ \ - ...__ 1 

~ 

Fig. 8 

o 

o 

o 



o 

r '•• 
'.1' 

' .: 

o 

o 

-~ .. l. 

' ~ \ ; ' 

~ ¡ ' ' "'' .- ' ' 
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b. Mapas de.tub6s. El valor de cada punto 

.. de información se tonía pa-ra construir un 

cubo ·cuyb-'~voÍume.n es ·funciÓn de la magnj_ 

. •¡ 'fud de'l fenómeno 'bajo 'es tu di o. 
' • <f : t ~ ¡" • ~' 

c. Mapas de eunto~ AleatoriJmente Distribui 
• t '. 

tste tip~ de ~écnica ·nos presenta dos. 
• -. i ) ' ~ ~ - ... ' • • 1 "\, ' :: : 

una aplicac1ón interesante del método de 
., ' , r : ¡ .. ' J , • ~ ¡ 

Monte Carla a la· cartcgrafia. Consis~e -
';. ! ' : ' •f ~ ,,~ ~ ' ~ 11 • ~ ~ •-.., .-_ 1 ~,l' r 

en utilizar un generddor de números pse~ 

· doale~tori6s para ¿btener ~as coordena -
~.. ~ .- ' ' 

· das' X e· ·y de tin co.njunto de puntos. El 

n'úmero de puntos a dibujar a 1 ea tori amen-
. ' '.' 

te sobre un área cuyo-centro.de gravedad 

coincide con la~.coprd~nada~ del ,punto-~ 

de información, es propbrcional a .la va-

riable. 
. . . .. 

_,"' ..J 1 ' ' :._' • ~ .. 

1 .4.. ,-Imagen Est4tica y -Dinámica de una .::~PCI~fJcie 

Estadistica: Hasta es~e pun~o hemos visto -

·· .. el F!Sp~cto est.á.tico de._19 super:ficie estadís 

. · .. tica,_ e.? ,deci~ que, c.u.an9o un·. mapa temático -

... prese.nta ,la distr.ibucióft. d.e,_una., variable a 

P.~rtir .de un Censo ~Nacion_a·1-,,. se realiza una 

"fOTOGRAFIA" de una .sit_uaci.éín en un punto dg_ 

finido de .la escale?- del tiempo. · 
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Una extensión iógica del hecho de que muchos 

procesos cartográficos pueden ser automatiza 

dos mediante un computador, consiste en in -

troducir el aspecto dinámico del fenómeno ba 

jo consideración. En efecto, es posible gen~ 

rar una secuencia en el tiempo de cualquiera 

de las representaciones de la superficie es

tadistica tratadas anteriormente. Tal secuen 

cia es susceptible de ser fotografiada cua -

dro a cuadro por una cámara de c1ne; la pe

lícula animada que se obtiene nos ~resenta -

la evolución a lo laryo del tiempo de la va-

, riable (2}. 

2.- EQUIPOS DE SOPORTE.-

2 .l. El equipo minimo -

necesdrio cons~stP ~n un comrut~dor y una i~ 

presora de 132 cJractere~ por linea. Median

te un ndecuado rJi seño del SOFH1ARE, es pos i

bl e produc; r mapas dr~ conformirlad, de conto.!:_ 

no Y de proximidad usando una o más formas -

o páginas de papel. La técnica consiste en 

transformar diferentes rangos de va 1 ot·es de 

la matriz nwnérir.a en sohre impr~sión de ca

racteres de 1 a impresora. Esto produce una 

o 

o 

o 
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variación tonal proporcional a los valores 

del arreglo bidimensional. La ventaja de u

sar una impresora radica principalmente en 

que el mapa se ejecuta en forma inmediata, 

sin ningGn paso posterior. Las desventajas 

son: 

a. Resolución muy pobre. La n~lación tama

Ro del mapa sobre tamafio del car~cter -

es elevada. 

b. El desgaste de la cinta impresora prod~ 

cen mapas de tonalidad variable! dismi

nuyendo así la posibilidad de compard -

O ción entre mapas realizados en tiempos 

diferentes. 

2.2. 

o 

c. Desde el punto de vista del programador, 

el d1se~o de SOFTWARE es mAs dificil. 

d. No QXiste posibilidad dr util:z~r colo-

res. 

La herramienta más 

úti 1 y poderosa de que se pueda c:i SfJOner en 

éste campo lo constituye el Delineador Dig! 

tal o PLOTTER. Las ventaJas son: 

a. Gran resolución (de 0.01 a 0.001 pulga

das). Este produce mapas de gran cali -

dad. 
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b. Posibilidad de utilizar diferentes colores. 

c. Diseño de SOFTWARE con grandes posibilida-

des y programación relativamente fácil. 

La única desventaja del PLOTTER es que general 

mente esta conectado fuera de línea. Por lo 

tanto, existe un pequeño retraso producido por 

el tiempo que se toma un operador en generar -

el mapa. 

Debe mencionarse la existencia del PLOTTER CRT. 

Presenta la ventaja de producir mapas en forma 

instantánea, pudiendo programarse para gEnerar 

secuencias en el tiempo. La desventaja consis

te en el tamaño reducido de la pantalla y el -

tener que fotografiar las imágenes para tener 

registros permanentes. 

2.3. ~os Auxiliares. En primer lugar c1taremos 

la mesa d1gitizadora. necesaria para obtener -

en forma digital las coordenas ~e los puntos -

que constituyen los contornos geográficos de -

las regiones. 

2.4. 

Si se van a producir películas animadas es ne

cesario una cámara de cine con capacidad de to 

mar secuencias cuadro por cuadro. 

Equipo Disponible en el Laboratorio de Computa 

ción Gráfica de la U.C.V.: 

o 

o 

o 
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o 
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a. Computador Burroughs 5500. Posee 5 modu

las de memoria, discos de cabeza fija. 

b. Impresora rápida de 132 caracteres por 11 

nea. Capacidad de sobre-impresión. 

c. Delineador Digital CALCOMP, modelo 536 de 

resolución 0.01 pulgadas y 300 incremen -

tos por segundo. 

d. Cámara de cine CANON 814. 

Debe notarse 1a falta de una mesa digitizado

ra. Esto so1o ha traído como consecuencia, -

que las coordenadas del contorno de los mapas 

y ciudades se recojan usando lámir.as de papel 

milimetrado. El proceso es lento y propenso a 

errores, pero el alto costo del equipo y la -

pocJ frecuencia de uso, no justifican en los 

actu'llr~s momentos <:.ú ad<lui~;ic;ón (7). 

3.- PROGRAMAS DESARROLLADOS POR EL LABORATORIO OE COMPU

TACION GRAFICA DE LA U. C.V.-

3.1. Los programas según el Tipo de Información: 

Siguiendo la misma secuencia presentada en -

los puntos 1.2, 1.3 y 1.4 anteriores, se han 

desarrollado los grupos diferentes de progra

mas en función de que la información hay~ si-
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do recogida en forma puntual o se refiera a 

variables distribuidas en lími~e~ políticos. 

Para el primer caso se ha establecido el uso 

de una malla de 50 por 120 elementos (Fig. 

9). Esto t1ene su justificación en el hecho 

de que se ~pr~xin~ bastante al tama~o de la 

forma continua usada por la Computador 

B-5500, a saber, 57 líneas con 132 caracte -

res. Dado que el ancho de un carácter es me 

nor que la distancia entre líneas, los ele -

mentes de la malla utilizada son rectangul~ 

res. Esto permite conservar sin deformacio

nes cualquier contorno geográfico que se in

tente dibujar mediante la impresora (ver Fig. 

19). 

Para el segundo tipo de program~s. busta dar 

la magnitud de la variable por Estado, Dis -

trito o Municipio. 

3.2. Modelos Tridimensionales Je la Superficie Es 

tadística: El programa TRJOIME/ESTADIS pro

duce a partir de una matriz el 50 por 120 e

lementos, el perfil relativo de cada una de 

las 120 columnas en la impresora. Mediante 

un procedimiento manual bastante lento es PQ 

sible obtener un modelo en tres dimensiones. 

o 

o 

o 



o 

3.3. 

o 

\ 
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Esta t~onica tiene aplicaciones en la repre-

sentacióh de la topografía de regiones. 

Dibujos en Perspectivas: El programa TRIDl 

ME/PERSPEC, genera mediante el D'elin·e.adqr"Di 
.._,' ' .· -

· gital un dibujo~ en proyección axonométrica .. -
' ', l ' .. 

de la superficie- estadística. ·.La· cara"cterí_~ 
1' t ' 1 ' ~ ' 

'!¡•'¡ 

tica'principal.rádica en. la eliminación de-.. 

todos aquellos segmen_tos c:l~ recta que están 

o<;ultos al observ_ador _(hidder, li~e·pro~lem). 
. . -

·Esto proporciona una .buena.per~epc·ión del fe 
1 .f ,J ~· ' t '¡ r -

• 1 ,-~ ' 

nómE:ú1o estudiado.; .'.En)a Fig. 10, puede ob-
_, -: ' . ' ' 

servarse __ u~ _intento-~e. re~resen~ar la pobla

ción d~l ~er~itbrio venezolanc mediante una 
)J 

superficie estadística. El observador está 

colocado en la parte ~~r-~ste de Venezuela. 

Debido a la gran magnitud de la población de 
l ' ' .. ~ • . : ' 

Caracas, la _poblacHin del r~sto de las ciuda 
' ~ ¡ • ' - ' \ _.. 

des apa~ece gran~emente disminuidas. 

'} 

,_ .. 
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o 

Fi g. 10 

En el apartado 1.1. tratado al principio se 

hizo referencia que a partir de los puntos -

de información se obtenian por interpolación 

los valores del resto de los puntos. Existen 

varios algoritmos para obtener esto. El usa-

do en el laboratorio consiste en asignar a -

cada punto de la matriz el promedio de los -

cuatro u ocho puntos circundantes. 

o 



o 
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o 
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U{I-l,J) 
. 1 

~___; 

U(-I ,J-l)t=j-----·S-----0-U(I ,J+) 
't>. 

- , -. . ' 

,_......, 
L. U(I,J) 

Fig. 11 

Oentro,de la literatura especiali•~ada este -

proceso recibe el nombre de "Algorítmo del -

Promedio Móvil". 

Si trabajamos con una matriz de tamaño M por 

N los limites de las var~ables I de fila y J 

de columna serán 2, M-1 y 2, N-1 respectiva-

mente. Efectuando es te "barrido". un número 

suficiente de veces (excluyendo los pu~tos ~ 

con información) se genera la superfi~ie es-

tadís.tica (o ~e potencia·¡). A fi·n de "suavi 
'' . 

zar" un poco el aspectc de la superf>ipie o -

sea, eliminar el "Ruido ele Fondo 11 de 1os da-

tos de entrada, se vuelve a someter e·l arre-

glo a1 algoritmo de1 promedio móvil, pero e~ 

ta vez se incluyen los puntos de información. 

con la Fig. 12 pueoe notarse la diferencia -
obtenida .. 
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3.4. Mapas de Contorno: El programa IMPRE/CONTOR 

genera mediante la impresora de linea mapas -

de contorno usando sobre impresión de caracte 

res ( F i g . 13) . 

·="'--~~-- ~ ~: -_~-~~ ~ .·~~::--e:.:~7~:-:~-~--~::·· 
. ---=-~---~-

- ---- _:_:-__ ...;;-:--- :-_ 

o 

Fig. 13 
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Cada mapa viene impreso sobre cuatro formas 
\ r , • , ~ ·, 

de papel. diferente. q~e-Lluego son uni'das pa-
' "- -. • ' • ·-, \ ' ,_. • - ~ ' J. • J 

ra·formar el mapa definitivo. El "PROMEDIO 
.-~ 1 

~ ¡ t • ' .,. ' , " • ¡ :. .,_ >' .! ¡ J ' ·~ e 

MÓVILí1 es el algoritmo usado para interpo -

, lar 1 os punfos. 
- '"' ',• t• ', 

El laboratorio' no ha desa-
t ·~ • , • ,r • , , _ ' '' :· ..._' :? " ~ . •' 1 ' 

rrollado programas de este tipo con salida 
. ' 

por oe'"1 {neado~- of~it'á1. 
. ' '·' 1' 

3.5. ~as de Proximidad: ·1MPRE/CONTOR genera 

!' ~ ·mapas d.e' proxiÍllidad del( Ti:ú~rl-torio· Venezó1~ 

1 

1 
'-¡ 

1 

n()''lJsando.' cómo':en el caso anferi()i.:, la im-

:_• ' ' ' ~ ' • •, 'f 1 ~ ~ • 1! '·t 1 

.. _ 
... . ..... 

. ··~{C' : ]El' .. 

Fi g. 14 

................... .................. 
• • • • • u ....... uo ............. 

. . ...... . 

.,, 

1 

1 

1 

1 

1 

1 
¡ 
1 

1 

\ 
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Uno de los programas a resolver en este caso 

es como sobre-imponer un contorno geográfico 

en u•ia matriz de manera ta 1 , que 1 os e 1 emen 

tos ~ue no pertenecen al interior queden ex-

cluidos de procesamiento e impresión. Ld ~e 

co1ecci6n de información es efectiva median-

te la rr~ana de la pág. 27 (3). 

Mapa de Circulas Tapados: El problema prin 

cipa1 consiste en dibujar N círculos a par -

tir de N puntos de información. El radio de 

cada círculo es proporcional al valor del 

punto. A fin de evitar la aglomeración de 

simbolos, los c~rculos más pequefios tapan a 

los m&s grandes en caso de solape {Fig. 15). 

El programa VENE/CIRCUM genera mapas a trá -

ve5 del Delineador Digital del Territorio Ve 

nezolano para 617 puertos y ciudades. 

Fi g. 15 

o 

o 

o 
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3.7. Mapas de Cubos: El programa VENE/CUBO gene-
. ' ' ' . ra ·mapas pol.iti~Ó~ a -~iv~{(i~' é~tado. En el 

·'""' - ' ,'-'-;:"-'' . )f\1;' ' -: .. ~. '¡"'"~ .. t': ~"' ,· .. :. 
centro cte cada uno de ellos se dibuja un cubo 

;. r , ·, , ' -.. , • • ' r ' ; ~~ , ~ 

cuyo'volu~er(es proporcionara la variable. 
/ 

' ,. ~ ' 
•'•' ~- .... ~~··~--~ .1 '\~_., ••• •: 

La·salida"es por."PLOTTER 11 '(Fig~' 15). 
\. 
•• 1~..., ..,'{~-, \ ; ... ) ,• 1 '::.:-.~:~ .. ,...r11 .. ~J 

o 

F.ig. 16 

\. 

" . 
' . ' o 

J ~ ..... ~.. • ~ • ' 1 

3.8. -~éis de Conformicíad: r~:-L~·s p;~~g·~~:má~"~.V~NE./ 
• \·.~- ' :_ 'l~.· ;' ·~ ..... f:,.. __ ~. ~-· ..... ·' 

CONFOR y CENTRO/OCCI DEN- prod1Jcen :a- ira vés ·:de T·-, 
• r - -." '- j ,¡.. ' ~ ~ • '• > 'y• 

"PLOTTER 11 mapas de ·~o-nfo~mjdÚrl ~de'l' ler~rit0l:·i.9 .,. 
;"; ~: ... ·.;. _;..,_ • ' ~ ~ ~-' • ,~~ ""i { • ~ :· ' 

venezolano·a niv~l-qe Estado'fde la'z.of1¿VJ.~fC 
' ' ~ ' 

1 ' .• ' 

. tro-Occi'Ciental de. desarro11o ;por Di·str,;t·q~:";:7J"::; 
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(Figuras 17 y 13). La información sum1nistra-

da no tiene carácter puntual, estando ésta r~ 

lacionada con límites políticos. Diez clases 

o intervalos categorizan a los datos de entra 

da. Los limites entre clases los calcula au-

tomáticamente el programa si son constantes, 

o los suministra el usuario si sor variables. 

las coordenadas de los puntos que forman el -

contorno del mapa (compuesto de pequeños tra-

zos de recta) constituyen el llamudo "Banco -

de Coordenadas". A cada punto se le asigna -

un número en orden creciente, de tal manera, 

que para dibujar en el "PLOTTER" cada cantor-

no bas~ü mencionar la sucesión de puntos que 

lo forman (vectores de contornos). 

r! '~ ¡:¡. ,• l. 

Fig. 17 L ___ --- --- - --- ----------... ¡:jj· 

Fig. 18 

o 

o 

o 
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Pel i cul as Animadas Generadas por· Computador: 

El Laboratorio ha realizadÓ algunos experi ~ 

mentos tendientes a producir pelic~las aritma 
1 -

das, en las cu~l~s tada ¿uadro· is g~nerado·-

por la impresora de·•linea('o··póf el 11 PLOTTER 11 ~r. 

La pelicula prqd~~ida muestra N~~ias.~ecuen -

_cias de o~jetos rotando ~~alejándose, el pro

ceso, de som.eter ._una. l'!lat_ri·z ,a1l.r·a 1 gorí tmo: de 1 -. 

prome~io móvil, ~.t;c.,. Todo. el p¡;ocesq.-.de gen~ . 

ración de l.a.p_e15cula.es l~rgo_y: .tedioso pero 

_produc_e resultad~s. _muy i ntere~antes ·a 1 i ntr.Q_ 

ducir la variab:le .ti~f!lpp, .lográn~ose así cap

tar la imagen dinámica. de los fenómenos¡ bajo -
', - "' • ~ ' ·, > f ' 

. . ·' . . ,' .... 

COMENTARIOS 

El pnncip'aL:9bs_táculo encontr~9o. pon ~1 person<ll 

del laboratorio en la dif~¿ión de éstas- técnicas 
' ¡_ • ' ' ' f,.> ' - " " ~ • ' ~ 

side en la aparente falt~ d~. interés,mpstr.a_d?. por 
"' . ~ 

re 

parte de los usuarios potenciales ... pa~te-de .. 1~ actj_ 

vidad del personal se consume en tratar de divulgar 

los logros obtenidos; Por esta razón el grupo dicta 

con frecuencia cursos de extensión, charlas, semina-

rios, etc. 
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5.- FUTUROS DESARROLLOS.-

El Labora torio proyecta perfeccionar 1 os programds g~

neradores de los mdpas temáticos descdtos anterior

mente y crer1r "SOFTWARE" pat~a obtener:. 

a. fl¡apa~~ de contorno con salida ¡::or 11 PLOTTER". 

b. Mapas de conformidad con Sfllida !)Cr "PRINTER 11
• 

c. Mapas de puntos usando m¿todos de Monte Carla. 

d. Programas generales que permitan al usudrio d~ 

finir cualquier contorno geográfico y obtener 

por 11 PLOTTER" o "PRINTER'', mapas de conformi -

dad, de proxi~idad o de contornO$. 

e. Crear los algoritmos necesarios para yenerar -

peliculas animadas por computador que desplie

guen el aspecto dinámico de superficies esta-

d1sticas a través de los distintos tipos de re 

presentación descritos anteriorment~. 

f. Aplicación de éstas técnicas al despliegue de 

información proveniente de Banco de Datos Geo

gráficos (5). 

o 

o 

o 
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Ci\RTOr.Ri\nliiC Di\Ti\ ~;TTUJCTIJRFS* 

BY Thomas 1~. Peucker ar11l iJicholas Chrisman 

L'iTlWDUCTION 

Thi.s paper reports on a series of on-p,oinr. research nroiects which 
are concerned Hith cfficient and flexible d•ft:a structurcs ror reo
.f'raphic and cartop,raphic nnalvsis. Thc main oh,iecti.vc of the reseélrch 
can he sumMarized in three ;¡oints: 

In nost cartor.raphic data hanks, thc arrnnrcncnt nf thc dat;~ i.s 
r,11ideJ hy thc input stare. In othPr Hord:., li.ttlc naninulatinn 
of thc data is usuallv perforMed after thc data hns hecn input 

o 

into the systcr1 froM naps. Scc:onrlly, cnrto.rraphers ;~nd cnnpt1tcr 
scicntists llave nade fcH attcrtnts tn comldnc di.•fcre>nt type<; nf 
cartographic infornation, for exanplc - heifTht with othPr carto
r.raphic fentures. Thereforc, thc differcnt tvpcs of cartorraphic 
entitics are stored in cliffercnt files and it is ll<;tt:tllv cxtrcr:1cly 
tinc-consuninr. to achicvc any cnnhination of theT'l. Thc third point 
1eads into the r.cnera1 prohlcM o-r- cartorrnnhi.c:/~cnrranllic data h;mks, 
Hhich is that thc data structure is ustwllv vcrv sinnlc and lad:s 
especially onc facct Hlnch \1'e considcr very essential fnr rwst ren
~~r:mhic and cartn¡~raphic analyscs. Thj s is an i.ndicatinn of thc reln-
tive location of a pcngraphic entity, i.e. the pnsiti.nn of a .f'cn- Q 
f! r a r h i e en t i t y '" i t h res pe e t t o i t s n e ir. h h o r in r en t i t i es • 

This papcr thercfnre wi11 -:haracterize tvpes of existinr. r.eorraphic 
.md cartor.raphic dnta systcms especially with rcspect tn thc :-thove 
thrce points Hhich He may ahhrcviate \V'ith the tcrMs flexi.ld Jity, 
conparahility :md topnlo(!v. Jt tl1cn ,.,j] 1 clescri.he attcmpt<> Hhich 
havc bcen MaJe by the authors to nroducc data systems which are 
superior to tite cxistinr, oncs. Throu~hout thc pancr the tcrr1 
"nci.rrhhnrhood functinn" will play a majnr role :md i.t thrrc-fore will 
he ex r 1 a i n e< l in Mor e de t a j 1 i n t he f o 11 0\V'Í n r. s e e t ion • 

NEIGIIBORIIOOD PllNCTION 

l'!hcn wc are asked for thc 1ocation of a city, wc wi1J ~i.vc i.t with 
rcspcct to a river, a seacoast, a pass, a nci~hborinr largcr city, 
cte.; rarely will He use ~cographic coordinates as lon,rd tudc or 
latitudc or rwp coonlinates. In fnct, \V'C' are tanp,ht in c1efTlcntary 
r,cnr.raphy that the RCOp,raphic coordinatcs wi11 tel1 us littlc ahnut 
either the lnrge scalc (site) nr smal1 scalc (sitnatinn) charactcr
istics of a place. Sini1arly, if I describe my nosition on n piece 
o f te r r a in , I w i 11 no t u s e m y m a p t o de te rM in e !11 y 1 o e a t i. o n w i t h in 
thc lJTH-grid, rather I will look for nearhy relief featurcs (peaks 
rivcrs, slopcs, roads, etc.) as oricntatinn characteristics. 

Thc research for this paper has hecn supportcd hy mm contract 
N00014-73-C-0109, and the Lahoratnry for Computer r.rarhics and 
Snatial 1\nalysis, llarvarJ lJniversity. 

o 
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In contr0.st, Hhen wc creatc a r:eo¡~raphic data han]- of any J.:ind, wc 
resort to nothinr. else than soMc kind of ahsolute coordinatc systern. 
To c1rr;· thc idiosyncracy even furthcr, the renr:rarhic evaluation 
an<l/or nappinr. systern used with tlH' data verv often does not allow 
us to include cartographic fcatures which HOttltl givc us an indication 
of relntive orientation a~ streets, rivers, etc. (The rrorrnrns nf 
thc Lahoratory for Cornputer Graphics ancl Spatial i\nalysis are sorne 
of the laudable cxcentions.) 

\\~hile ~he human can hclp himsclf in his orientati.on on a rnap through 
ovcrlays or- map cor1parison, the coMputer is in Much r1orc trouhlc to 
de te rm in e re 1 a t i ve 1 o e a t i o n • 1 f t h e re 1 n t i ve 1 o e a t ~- o n o f e a eh o f , 
sny, snon noints ís to he calculatetl, the prorran liternlly has to 
cormute evcry point's distance to every other point to find the 
closest feh'. To r'lake it Horsc, there are pTOf!rams,-nvai lah1c that 
rlo this conputation sevcral tiMes \vithin one rrngram run. 

As was Mentioned l1efore, sorne indication of thc rclative locatinn 
of a geographic featurc, also called its ncir.hhorhood functi.on, is 
very important. This neir.hborhood re1ationship can he exprc..:;sC'd in 
severa] Hnys, ns an irnplicit or explicit function or <'\S n discrcte 
function in the form of a tahJe. The explici.t functjons can he 
polynomicnl or trir,onomctr1c c<¡untions sct f'or n rliscrcte rrú1 of 
surfncc pntches Nhich r.ivc thC' form of thc surface at each roint 
"'i t h in t he p ate h • Typ i e a 1 f o r t h i s a p pro a eh i s t !1 e "'o r 1.: o f .Tu n k in s 
n.o., (107~). i\lso, tHo-dinension spline' functinns fall in this 
catc,rory (llolrovcl and Bhattachnryyn, 1CJ70). !\. r:luch JTinrc frcf]uent Hav 
o f de f i n i n ¡; a n e i r.l1 b n r h o o d i s h y t he ex n 1 i e i t f 1m e t i o n i n t he 1 o r m 
of a sort routinc \vhjch finds thc n closcst ncif'hbors. This is done 
f o r n s e r i e s o f i n t e rp o 1 n t i n n a 1 ro r i t h in s t o pro di; e e n re r 11 1 a r r r 1 el o f 
nnints (Shenard, 1~J(>R; llciskélncn ancl r1r,ritz, 10ü7). The coMput<ltions 
incrensc clase to the sr¡uarc of thP incrcasP. of thc nurnher of pointfi, 
since tJ.1c scarch h;~s to he rcncated for evcrv roint nnd hn~ to ro 
c:vcry tinc throuph all points or nt lcnst a lnrge mmher nf noints. 

T h 1 .s s e a r e: h p ro e e d u re a 1 s o a p n 1 i e :. i n t h e' e a ~ C' o f r 1 n n a r s u r {' n e e <; 

\vhere neiphborin¡; polvgons havc to be found, a rrohleJll Hl1ich occurs 
in the case of contiguity c:onstraints in probleMs of factorial 
ecnlogy <1nd other regional corrclations. llere thc proh1er.J hccoT'les 
to sort throup,h a11 the po1ygnns to fi.n<l points Hhich a 11air of 
poJvr,ons hnvc in comMon. f\.,rrain, tl1e prohlcn increases in conplexity 
clase to the square of the 11\ITTlhcr of units. 

The inplicity neighborhoocl relationshirs ;1re usually a fnnction which 
.lcscrines the clecodinp struct11re o-í- t1¡c rcorranhic cntitics. One very 
,Qood case is ccsribcd in Rosenfcltl (1~69) for uifferent typcs of ' 
nPi~hborhood relntionsh1ps within :1 rC'r:ular grid. Thc pnint P .. has· 
the four ncir:hhors (i+J ,j), (j ~i+l), (i-l,j), (i_ ,j-1) and thc lJ 
cigl1t neir:hl>ors (i+l,j), (i+l,j+l), (i ,j+J), (i"'l ,j+J), Ci-1 ,j), 
(i-1 ,j -1)' (i ,j -1)' (i-1 ,j+1). 

Neir,hborhood re1ationships in the :forM of tablC's nre verv rarcly uscd. 
This tvpc rccords the neir:hhorhood functinn hy nointers to ncighhoring 
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.gcographic entities. For exar'1plc, a structure which is huilt on the Ü 
1~:-tsi.s _of Thiessen polyr,ons could have such n structure hv simply 
having thc lnhcls of the ncighboring poi.nts in thc record of a point. 
Thc rwst farwus of this tvnc of data structure is the DH1E +i le of 
thc lJ.S. Ccnsus which cnc~dcs li.nc segT'1ents and adds to i.t thc nrmes 
0f thc polyr,ons to thc left 111\ll rir.ht of thc line ser,ment, ;md the 
n~mcs of the tHo nades at either cnd. The neigl1horhood relationshin 
uscd in the DH!E clevelopment are derivcd froT'1 a discipline unexplored 
hy nost geographers, which is topolor,v. 

Ncighborhood rc1ationships will he discussed in r.rcater detail 
during the analysis of cl.ifferent existlnr. data structures. T1"o typcs 
o t- .C! e o g r a phi e data has es 'vi 11 he di se u s sed : t h os e de fin in .rr t h re e -
dir1cnsional surfaces and those clcfining planar surfaccs. r:;-or both 
tvpes, a summary of historical cl.evclopMent Hill he presenten ancl. it 
Hill be shmm that altho11gh nrcscnt1y at different sta.r:cs of the 
dcvclonnent, thesc two typcs can he trcate<l as srnci.al casec; of one 
topologica1 data structurc. 

nATA STRUCTURES FOR PLJ\NAR SlmFACES 

Thc typcs of geographic entities on p1anar surfaces are points, lines 
and arca enc1osing lincs or closcd polygnns. The lattcr r1ir,ht be 
thc MOSt frequcntly cncoued feature in gcographi.c data systems. 

Tl1e si.r1plest data base syster1 for p1anar snrfaccs is to encocle entity Ü 
hy entity with little or no rcr.ard for cntity over1aps or adjaccncies. 
In other words, every polyr,on in a polyr:on systeM is encocle<! and stcnred 
Hi thout any rcr,arcl for contiguous polygons, lines are encodcd \d thout 
rcr,ard for thc fact that thcy may intersect or mcrge with othcr lines, 
etc. The results of such an encorlin~ are sliver lincs, vcry confusing 
and unestheti.ca1 graphic rcsu1ts, and espccia11y thc jnpossihility 
oF cloing anythinr. wjth thr data hase slwrt of an extrcme1y coarse 
r.raphic imagc. (Fif~· 1). 

The solution to this is to eithcr ccli.t thc data or makc the encouing 
or r:raphic output scale so cnarsc that the sca1c stcps are within thc 
arca of varjance of thc cncoder. The first alternativc has hcen 
atteMpted in scveral cases, the most famous heinr. the HAP-~tonEL 
systcM (1\rms, 1970). The editing is p,uided hv thc assunntion that 
cvcry sep,mcnt has to he reprcsentecl twice - excert for scgT'1cnts on 
the outer houndary of the sct. The eclitinr prop,ram thcrefore snrts 
throur,h the segmcnts for everv single scrment an<l ta¡~s thnsc for which 
is has not found a cor1plimcnt, so that the user can intervenc, 
1\djaccnt scr.r1ents are first dcfincd hy thc middlc point of thc se~:mcnt 
an<i then - for a hir.her accuracy test ·· by the tW(l) encl poin ts. 

Tn overcomc somc of the limitationc; of indcpcndent location structurcs, 
svstcms wcrc dcve1opc<l hased on a COT'1P10T1 locatinn dictinnarv. This 
di . .:tionary contains the coordinates of cvcry point on the nap. 
Polyr,on boundary lists then consist of thc 1abe1s (locatinn numhers) Q 
o f t h e h o un da r y p o in t s • L i n e a n d p o i. n t i n f o :rm a t ion i e; h a n d 1 e d i n 
thc samc Hay. (Fig. 2). 1\. numher of pror,raT'1s are hased on th_is 
structurc (CAI.FORH, Laboratory of r:omputcl r.raphi..cs and Spatial 
1\nalysis), others havc suhroutincs t0 convcrt tllis type of structurc 
to the simple 1ine 1ist descrihed ahove (e.g. PDJ\TA for SY~t/\.P, 
1 
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Q L,1horatory for Col'lputcr r.raphics and Spatial Ana1ysj s). Programs 
h:1vP hccn devc1oped to simplify data-input through automateJ po1ygon
irlenti:ication. (Dolígl~s, 1~7~ in Peuckcr (cd.) 1973). 

o 

o 

The point clictionary elata hase has thP ~ulvantap.e that sliver lincs 
do not occur. Jlo¡.¡cvcr, tiw prohlen of ncir,hhorhood rclationc;hips 
is .not approachcd any better. r.rantcd, tl1e search for cornmon lines 
is not anyr.wre by thc coorclinatcs of points h11t hy their lahcls, 
h11t this only hrinp.s us closer to a solut)on by a little lcss com
putcr tine. It also crcates clifficultics. A point clirectory can and 
h'ill he ::~.cccssed in a conplctcly arhitrary or<lcr, since thcrc are no 
restrictions rcgarding noint nlaccT'lcnt. The stanclarcl response to 
this proh1cn is to r1ake t}lc dictionarv core resiclent which unfor
tunately will lirlit the conplcxity of. the M:tp that can he handJed 
in this nanner. Thc shortcor1inr, (of shareJ Jata) js augmented hy the 
continucJ inclependencc of thc cntities creatcd bv thc dictionarv. 
I n s te :1 d o f n poi n t s '' i t h t he i r x a n d y e o o r di na tes , t he re are 
still n rcfcrcnccs tu points. 

Sorne of the ohjections can l1c e1iminatccl hy fonm1atinr an inter
rlCdiate object between the entity and the points usc<l as an nddressing 
schcme (Nake and Peucker, 1972, Peuckcr (c,l.) 1~73). A geogrnphic 
cntity c;:-.n he creatcd fror1 a 1ist of "linr sermcnts" h'hich are, in 
turn, creatcd fror1 rcfercnccs to thc point dictionary. This systcm 
nllmvs for easy dcfinition of thc entibes with n rninimur1 of pointers 
h1,t cach entity is sti11 indepcnJent in thc ~cnsc thnt the cntity's 
r1cighhors are not knmm. The direction of access is stil1 from 
cntity to locntion but not thc revcrse. 

i\ 11 o f t he d a t a s t ru e t 11 res de s e r i he d t hu s f 1 r are o f 1 i m i te d f 1 ex í. "' 
hility and utility hccause of thc restriction of not knowing neigh
horhood re la t ionsh ip s. In other 1vords, al though thc ahs oJ u te 1 oca
tion of each geographic cntity is known, its re1ativc 1ocation, 
i.c. witlt respect to neighhorinr r,eopraphic entities, is not known. 
By adding the topological function of each eler1ent to a data structure 9 

large improvcments in f1exihility and scope of applications can he 
rdllizcd. 

I-F one is concerncd ahont the r.Jf'r.wry capacitv \'lhich is needed for 
thc storage of exp1icit neighhorhood relationshjps, one mi.p,ht 
considcr a systePl Hith inp1icit neighhorhood functions by r1odifying 
the form of the entitics in thP encoc]jnp, sta¡re. ~1anv reorraphic 
information systcms are in cxistcncc Hhi.ch storl" land-use data in grids 
of rectanr,u1ar cc11s (lisu, 1'173). llmvcver, a seri.ous prohlem is 
encountered with a re¡~u1ar discretc encodinr. of planar surfaces; 
since accorclinp, to thc sampling theorcm (Tohler, lq69), thf" saMp] ing 
interval has to he half of thc size of thc sr1allest features to he 
cncodcd. Eithcr the size of the cell-unit has to he verv sr1all to 
he ahle to encodc, for cxamplE', urhan land-use, or with a grosser 
ccll si.ze, only very sloH1y chanr.ing land-usc can be stored. In 
the first, a very larp,e vol11mc of rcdundant information HOillcl he 
ere :1 te el in a 1 0\v- den s i t y 1 a n d- use are a a n tl ;na tri x red u e t ion te eh ni Que s 
such as run-lcngth cncocling (/\midan and /\]~in, 1070) wou1d on1y 
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creatc physical rather than lor,icn1 conpaction. In the second, Q 
hir:hly vo.ryinr, land-usc fenturcs had to he aggre~:1tcd to a degrce 

w hich makes thc usefu1ncss of thP Hholc systcm dollhtfu1. 

H'eyond sar.tpling prohlens, n grid structurc inposcs n hins tmvnrds 
snecific oricntations of features, since dingonnls, althour:h physical1y 
1on1~cr are r.iven the imp1icit cell rclntionships of unit uistances 
nlon,~; thc r.wjor axcs. The r.rid structure a1so creatcs thc i11usiC'ln 
o f 'W o r k i n r: '" i t h n d i s ere te ro in t s p a e e , r a t he r t han a re r. u 1 a r are a 1 
nartiti'oning. 

ncccnt studies (S~Vitzer, lfJ7il) have deve1opecl pnramcters Hhich 
determine thc clCJ!rce of innccuracv of a givcn s;mplirfr: mesh. Tn 
cnses whcre sone types of ¡:reogrnnhic features vary ovcr srnall arens 
and others ovcr very 1arge arcas - the typical case for state-Hi<le 
1and-use mapping - thf' (;rror is averar.ccl over all featurcs and 1dll 
effcct featurcs Hith a high-frenucncy variation more th:-m othcrs. 

The variation of thc Mesh size within the inforrnation systen would he 
only little help ltcre. The data manar,ement and the nanipulation and 
display routines would hecomc more conplex, althour,h Most likely less 
than r1any researches seeJll to imagine. Exact figures about thc 
diffcrence cannot be r,iven since no literature ahout such a system 
is knmm. 

EXPLICIT TOPOLOGICAL RELATIONSHIPS 

One of the first knoHn attePlpts to Íllcorporntc explicit topological 
structure into a geographic elata hase is thc nual Indepenclent ~1ap 
[ncoding (DP1E) systcr.1 of the u.s. Bureau of Census. The DH1E files 
Here orir:inally Jevcloped as an autornated topological error dctection 
systePl for thc Addrcss l.oding effort of thc 1070 census. (f.ig. 3). 

The hasic elcnent of thc DHfE file is a line segrnent defined hy two 
en u p o i n t s • I t i s a s suPle el t 1 w t t h e s e 1! m en t i s s t r a i r h t a n el no t 
crossed hy any line of interest. Thc metropolit;¡n files ustwlly 
define this unit as a strcet block face. l.omplcx lincs are reprcsen
tcd hy a series of ser,ments approxirnating the line. The scgment 
has two "node" iclentifiers, along Hith thc coordinntes of its tHo 
end points and codes for the polygon on cach sidc of the sepr1ent. 

1Vh1le nH1E topology r1akes a great deal of information access:ihle to 
ttrhan researchers, funct1onal relationships are not nade explicit. 
8cgrncnts sharing a nocle for example nust be found by laborious scarch 
procedu res. The same i s t rue in order to assemb~e the out 1 i ne o f a 
po 1 yp,on. Hore importan t 1 y thc DH1E s troatu re i s curnhers ome to use 
fnr m;¡ny cartor,raphic applications invo1vinr, a'!"cas macle up of complex 
1 incs. As proc:(~dt1res for a "one-shot" effort chccking as is the case 
of Ad<lrcss-l.odinr. and Address-t1atching in metropolitan <1reas it is 

o 

quite adequntc. llmvevcr, for efficient computcr stóragP anJ retrieval 0 
and for r1any other applications, improvcrncnts must be made. 

¡:;o r ex ar1 r 1 e , t he re 1 i a n e e o n t he in di vi el u ::\1 1 in e se g m en t maRes t he 
reclt1ction of details for display purposes difficult since line 
sep,r1en ts canno t be s iP1pl y del cted \vi thou t correct ing the re fe rene e 
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coJes for the affected nades. 

At the Laboratory for Computer Graphics ~nd .Spatial Analysis, the 
junior author has developed a data structurc designed to contain 
nll the inforr1ation needed to construct any of thP. pre:viously 
cnur.wrated planar structures. The basic ohj ect of the structurc 
c~llecl POLYVRT is the "chain." Like a DH1E segment, a chain has 
nades at its two ends¡ separates two areal ohjects and is assurned 
to he uncrosscd. It differs in that the POLYVRT chain may he rnade 
11p of r1any points whcre the DIME unit has only two points per line 
segment. A boundary hetwccn two polygons can he referenced by a 
single chain no matter how complicatedp hecause linc rletail is 
topologically unimportant. 

The doding of a complicatecl hnundary as a unit is not uniq11e to 
_POLYVRTP as was mcntioned bcfore. Thc projcctp the "lntcractivc Map 
1n llrhan Research" (Nake and Peucl~cr~ 1972; Peucker (cd.) 1973) 
as wcll as the World Data nank T (Schmidt, W. ~ 1969) are composed of 
"lincs" 9 in thc latter case sorne of thcm contain over 4000 points. 
1!0\vevcr, thc chain based systcm of POLYVRT is a neH structure 
hccause of the topological role nssir-ned to the chain and the suh
scquent construction of a list data structurc. nascd upon this 
a<>sir,nment, the topolor,ical inform<ltion ahout a chnin rcscmhlcs 
thc information on a DH1E record however,. the tlistinction hct,vcen 
nades (i.e. points uscd for more than one chain) and thc points 
interna! to a chain allows interna! points to be eli~inated without 
influencing thc neighborltood relationships. The main innovation in 
clcveloping a chain representation is that areas of significamt line 
detail may he efficiently handled. Topological checkin~ is reduced 
from dependency on~the numher of points to the depenrlency on the numher 
of boundaries. j 

In addition to the indication of the relativo location of thc chain 
with respect ~o its neighhoring polygons, information is s~ored in 
scparate lists assemhling the boundinr, chains for every polygon. 
Th11s, searches can take place in two dircctions, from the chain to thc 
polygon and from the polygon to tlw chain. This is very important 
for any type of neir,hhorhood manipulation, since neir,hhoring entities 
can he found through their "hounding" or "houndecl" complemcnts. In 
other words in arder to fcllow along a group of chains one flips through 
chain to polygon to the next chain, etc.v whereas to traverse a series 

o f polygons one tests for adjacent polygons hy going through the chain 
directory for each polygon. 

The POLYVRY program places point information in secondary storagc. 
The three higher level objects (chains, nades and polygnns) are co~e 
resident. Only the chiin refcrs directly to thc point file in the 
sccondary storage" In addition to a pointer to the location 6f -che 
points on the point file. The chnin record. inco!'norates thc namc of 
the chain, thc lahels of thc starting and ending node, t.he left and 
right polygons. Conversely, thc polygon list consists of the bounding 
chains in proper sequence. (Figs. 4 anJ S). 
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DATA STRIJCTtJRES FOR 3 -niMTINS H1NAL SliRFACES 

noehm (1967) describes in a very <letailed analysis the advantages 
and disadvantages of different typcs of cncoding of surfaces. Ile 
cot:w<S to the conclusion that the encoding of surfaces hy contours 
minimizes the stHDragc capacity ncccssary for a surface lvhcrcJ.s a 
regt1lar grid of surface points minirnizes the computing time necessary 
for several types of manipulations. The types of data hanks which 
Boehm stt1died were different contour encodings as well as a regular 
p:rid structure and a grid structure where the mesh could he incrcased 
at placcs. 

Unfor~unately, Boehm did not reflect on the reasons why cnntoured data 
ninimized storage capacity whereas a regular grid rninimized computing 
time. If he had done so it is quite feasihle that thc dcvclopmmnt 
of geographic data bases would have taken different routes. !!owcverD 
it is surprising that this topic has produced little discussion 
despite the fact that extrernely large data ranks of terrain (dip,ital 
tcrrain modcls) have been developed. 

When encodíng stirfaces one has to try to adapt the density of points 
to the variation of the local terrain. The question of how dense the 
points have to he can he answered hy using the philosophy nf the 
sampling theorenD \oJhich says that the sar.tpling mesh has to he half of 
the smallcst variation to he detected. For the terrain of a typical 

o 

map, the srmllest variation can vary considerahle which results in O 
the need of frequent adjustment of the sampling.:interval. 

In a contotir map the density of contour lines changes with the density 
of relief variation. It therefore fulfills the requirements set by 
the sampling theorem for a "non-stationary surface", i.e. a surface 
with changing terrain. For the regulaw grirl on the other hand if 
the smallcst ohject one wishes to detett anywhere within a study area 
i s of si ze ("wave 1 engths") S 9 then the gri d spac in.~ e ve rywhere 
nust he S/2 or less. The regular grirl therefore has a hir.h tendency 
towards redundancy since smoothness of arcas of thc study arca will 
contain far more points than are needed to accurately portliny their 
form. To improve the "resolution" of a grid by a factor f, the grid 
spacing must he decreascd hy this factor and the total numbernof 
pQints is increased hy a factor of f2. 

The question has heen raised many times in photogrammetry whether 
horizonté\l contours are the hest rcpresentativres of topographic 
surfaces. It has heen stated (e.g. Brandstatter, 1957) that con
tour s do not de te e t Many types of the breaks ,.,h i eh a re freq u en t on 
terrain. Therefore the encoding of surfaces hy vertical profiles 
has been attempted several times in photogrammetry in recent years. 
Points are encoded only when the slope of the surface changes. 
In other cases (Sima, 1972) the break lines are encoded in addition 
toa regular grid. Again in othcr approaches (r.ristg 1C)72) only 
the break lines or even only the ridr,es and chnnnel lines nf a o 
surface are cncoded. The detail herc of coursc depcnds very much 
on the scale used. 
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\'l'hcn performing numerical cornputations on the basis of thcse digital 
terrain models, the quanti~y·6f:data involved will be only one deter
r'iining factor for the arnount of programming and computations necded. 
For most ~f the numerical computations on surfaces onc necds sorne 
type of ncighhorhood function cithcr to compute sorne surface hehavior, 
like slope, local variation of rel&ef, etc., or simply to find thc 
next unit for the drawing of a contour, vertical profilc, etc. For 
a set of contours it is relatively easy to crcate a directory which 
indicatcs a sequcnce of contours in a type of tree whcre the sur
roun<ling contour is thc hase and from therc the other contours r.o 
off in hranchcs (Horsc, 1961'1). llowever, i f onc is to find thc 
ncir,hboring points of a point on ailjaccnt contours, onc has to sort 
through all thc points of those two contour ~incs and coMpute thc 
distances between all contour points ancl the point in qucstion to 
find thc shortest distances. This procedure can be quite timc
consumin.g if the contour line is digitizcd very densely. A rer~ular 
grid on the other hand has its neighhorhood function implicit as 
has heen shmvn ahove. Thereforc the finding of a ncip,hhor does 
not involve any search and thus no extra computer time. For a sct 
of irregularly d.istrihuted points as they are rcpresented in vcry 
s i11p 1 e data s t ructures (SYHAP, Labora tory for Compu ter r.raph i es and 
Spatial Analysis) the creation of a neighhorh()od function is usually 
done by finding the closest small numbcr of points where thc 
numbcr varies around 6. 

It has becn noted that although plane surfaces and 3-dimensional 
surfaces look rather differcnt it only takes a few assumptions to 
treat one as the suhsct of thc other. Whereas 3-di~ensional sur
faces alHays are 9 plan'ar surfaces are not always hased on interval o:r 
ratio data but are often used for ordinal and nominal data. l!owcver 9 

as has hccn sltown (Nordheck and Rystedt 9 1072~ Rosenfeld, 1069) one 
can treat ordinal and nominal data as intcrval data. But evcn \vith
Ollt this conversion \ve can combine thc two types mnto one simply 
using different assumptions ahout neighhorhood. 

r.ivcn a set of n "data points", Le. points for Hhich x, y, .. ~· 
z-coor<linatc;; are knoHn, continuously defined surfaces can he created 
using three different p,roups of assumptions about the "surface 
hehavior" (Peucker, 1972). 

The firs~ group of assumptions is that of a discontinuous su·:face 
which uays that thc surface retains the valuc of a data poin·c wi thin 
the neighhorhood of that data pointp where neighhorhood is dcfined 
cither by a given polyron (thc choropleth approach) or by thc fact 
that the arca is closer to one data point tha.1 to any othe:-- one in 
the neighborhood (the proximal approach). Secondly the assum!'tion 
can he that each data point represcnts a samnle of a single value 
of a continuous surface. Neip,hhorhood is then a numher of closest 
ncighboring data points and intervcning valucs are interpola~ed 
Hi th dif(erent types of interpolation procedures. The thh·n ::.ss~:np
tion is that thc data point is a sample of a surface wh1ch can con
tain errors; thus the data point is not necessarily locate(i. on the 
surfacc, hut clase to it. This approach needs a further assumption 
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Hhich usuallv is that thc surface is smoother than a surface would Q 
he which was· constructecl thrOU¡:!h all the d~ta points. 

With these assumptions about suf:liace hehavior one can combine 
planar surfaces and :)-dimensional surfaces and treat thcm as one 
as has been done in sorne pro~rams, thc most noticcnhlc hcing 
S,YHAP (Labora tory for Computer Graph ics and ~pa ti al Ana 1 ys i s) • 
l'lhether one agrees with the continuous trcatment of discontinuous 
surfaces or not is irrelcvant at this point. Tt is important, 
hoHeverp that onc keep in mind thnt many cartographic applications 
havc to treat both types together and thercfore data structures 
have to be developed which can handle hot~ ~ypes of surfaces at 
one time. For nonhelievers such a data structure can onlv serve 
as a basis for display procedures, for the helievers it o~ens up 
vast arcas of applications for the display as well as the analysis 
of geographic data. 

TIIE PROPOSED DATA STRUCTURE 

To implePlent·'t!hc·,ideas presented herc 0 the senior author is developing 
a geographic information system for thrf!e-dimensional surfaces~ and 
the two authors have developed the concept for a systcJTl for planar 
rcgions. 8oth systems are hased on data structures with explicit 
topological neighborhood relationships. 

The basic philosophy of both approaches is to separate the data 
base from the application prograrns. In the early days of computer 
cartography, data were intermittently tied to the application program 
that used it. Now we see that the availahle data hecame so voluminous 
and the application programs so varicd that extra efforts in their 
preparation for more efficient computations seeM to be justified. 
Wc are well in step with modern computer science to separate the 
data base from thc application programs with thc data structure 
bccomíng the link hetwccn thc two. 

o 

The ere' a ti on of a s t rud11t1red da t:~ hase i s noth i ng ncw. Anv in ter
polation to a regular grill huilds onc, any douhlc loon which' com
r~res the segments of a polygon with the segments of all oth0r poly
gons in a set of statístical regions replaces one 9 often at a very 
high cost. Our effort is to spend com~uting time befare any aonlication 
has heen performed in the anticipation of heavy uses of the data 
hase. We claim that an efficient struci~ñre of the rlata hase can 
not only speed up computations consicierahly, hut also símplify the 
production of application programs. 

The first data structure, developed under the working title "\.eo
graphic Data Struc~nre'' (\.DS)l i~ based on irregularly distrihuted 
points which are assumed to he snmple points without sampling erro~s 
from a singlc-valued surface. T\.,ro typcs of structures huild thc 
core of the data-bases. The first creates neighhorhood relation- Q 
ships hy "triangulating" the data set and s~óring for every point 
the lahels of all points which are linked with the point by a 

lnNR Contract # N00014-73-C-0109, Thomas K. Peucker, Principie 
;-rhvcstigator, Simon Fraser tJniversityp Burnahyp Canada 
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trianglc-edgc. The second structure is produced hy selecting 
those points of the surfaces ,.,rhich lie along lines of high 
information content as ri<lr.cs and channcl-lines and defining them 
hy thcir nodes, which are peaks, passes ancl pits. This sccond 
dJ.ta structure serves hro purposcs: first it is a general rcp
resentation of the surface for roup.h conputations on thc surfacc; 
second, it is a "directory" into thc norc <let<tile~ first strocturc. 

The creation of thc neighhorhood relationship is hascd on thc 
assuMption that the najority of data-sets to he handlcd is of one 
of two types: 

(a) Scts of irregularly distributed points which wcrc di~itized 
witi! thc understanding that every part was significant. 

(b) Sets of rcgularly or irregularly distrihuted points Nhcrc 
i t is known that a numher of points are rcdundant and c:m 
he clir'linatcd flL'IDn the set. Tvpical candidates for this 
group are the regular grids of points and cncodecl contours. 

The first type of data set is linked hy some type of triangulation. 
At least tHo approaches exist. The first (Dueppe and r:ottschalk, 
1070) creates all possible links, chooses the shortest and climi
nates all links which intersect with the shortest. This proccourc 
is repcateci 1vith the next shortcst links until no links intcrscct. 
The res'llt is thc set of links with thc rninirmm cumulative distance 
betwcen nei~hhoring points. 

The proceJure has one disadvantage: since (~) links have to he 

creatcd, the nunher of points is therefore lir1ited to only several 
h11nJreds. The first of our approaches thercfore lirlits the links 
t o a n un he r o f "p o ten t i a 1 n e i r h h o r s , " a m o n g ,., h i eh t he s h o r t e s r 
link is choscn anJ intcrsectc<l with thc "seconíl ordcr potential 
ncighbors ," i.c. the potcntial ncir,hhors of thc potcntial nei~!h
hors of a point. This procedure on the o~e hand limits the nurnher 

? 

of tests for intersections of links to less than ~.m~ wherc m is 
4 

the number of potential ncighbors, an arbitrary numher, which will 
he hetwcen 8 and 14 Jcpending on the distrihution of points. 
On the other hand, the procedure does not guarantee that only 
triangles are constructcd. Polygons with more than three sirles can 
rcsult, although they are relativcly rare. ·rhe check for such 
polygons and their elirnination is very ea~y anci fast. 

The second possihility is to create a triangulated structure through 
use of Thiesscn polygons. A puhlisheci solution (Rhynshurge.-, 1973) 
intersects for every point thc links to every other point mici~ay 
and chooses the smallest polygon createci hy the perpenciiculars. 
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E~rery point.H~1ich co~t:ibutes to thc Thic:-;.::en polvgon is a 
Tn1esser. ne1gnhor. rlns procctlurc can again he sir1plificli 
the assur1ption of a limitecl set of "potcnti.al neighhors." 
s ame check inr: ro u ti nes as a hove ha ve to he ar1p 1 ied. Thev 
vcry sinplep howeverp givcn the very e1ep-nnt structure. ' 

hy 
The 

are 

0nothcr app~oach which liMits the numher of necessary tests hut 
1s r1nthemat1cally correct at the same timep has heen deve1nped 
• .,. i t h in t he pro j e e t . 1 Th e pro e e dure i s b as e d o n " f i e 1 d s o f 
potentia1 neighhors" _lvhich converge very rapi<lly. 

The altcrnativc to tr1angulation is three~dimensional generali
zntiont i.c. to select from a set of points those which define the 
structure Hith the lcast deviation from the original surfacc. 
Thc has ic concept2 is to approximate the snrface of a ser-ies of 
trirmp,lcs through a selccted set of pointsp where cach additional 
point included into the set is thc one which cle .. ,-iates thc nost 
from thc approximated trianp,les until the dctriations are hclow 
a givcn valuc (sec Peucker» 1974). 

In hoth casesp the triangulation and r,eneralization of the sutface, 
thc result is a "linked list" of surface points. The tcrm linked 
list rneans that points are linkcd with onc another throup.h 
pointers. In other words ~ a point is not only t<1en~ i fierl hy i ts 
x, v, z coordinatesp hut also hy a list of the lahe1~ of thc points 
Hhich form edges of triangles with the point. 

In our case each record consiSits of the x, yP z coordinatcs of a 
point and a reference to the start of the pointers to the neighhors 
in a pointer-list. The reason for not havinp. the neighhorhood 
pointers ,.,.i th the point record is that the nuMber of points varíes 
considerably U1ark, 1974, inPeucker). Since the record had to 
he long enough to include all possihlc mmhcrs of neighbors large 
part~ of thc pointcr sections would he empty for most: of thc time. 
Thc pointcrs are sortc<l, starting with thc pointer the least 
Last of North (f.'ig. 6) of a point. 

The use of this type of data .. structure is very simple and efficient. 
For evcry scarch (profile, contour, etc.) a criterion for edge
intersection is developcd. For the contouring it is, for cxamplc, 
thc qucstion whcther one point of thc cclge is ahove the contour 
level and the othcr bclow. A. start is found and onc cnd point of 
thc edge considcre(l a reference point and thc other a suhpoint. 
The next suhpoint is· found hy looking up the next neighhor in thc 
pointer list. If the test is positivc, the intcrsection is performed 
and thc process repeated. If the test i~ nep,ative, the reference 
and subpoints are S\vi tched and the proccss rcpeated. 

o 

o 

Othcr proccdures are equally sjmplc~ To finct a trianglc for cxamplc, 
onc only has to havc a rcfcrcncc and a suhpoint. Thc third pein-e 
is thc next lnbcl in the pointcr 1ist of the referencc point-taftcr Q 

1hy 1\urt nrasscl, Jlarvard lJniversity 
? 
wdcveloped by Randolph Pranklinp llarvarcl llniversity and T .K. Pcuckcr. 
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A third cor.~ponent of thc "Get!tgraphic Data Structure" should be 
Jl\entioned since it shows very well our prohlcm finding p,eop,raphically 
Jogical solutions to computer prohlems. The problem at hand i~ thc 
partitioning of the data set. Sincc uith large data sets only por
tions can be kept in fast memoryp thc data base is seRrnentcd into 
"r>ages" which are hrought into memory as units. For the "r.eor,raphic 
Data Structure" thc paging system can salve- several prohlems inherent 
in a complex geographic information system. 

The boundaries of "patchesp" as we call the areal extension of a 
"pagep" are usually chains alrcady defined for the second structure. 
Since detail along the chain is of no topological interest, the 
dcnsity of points along the chain can differ for its two sides. 
In other wordsp the density of tri~ngles can change from patch to 
patcl1. This allows for a verv efficient data encoding even in 
tcr·rain wi th suJ.den chnnges in the "surface hchavior" tPeucke::. 
1972) as a!_ _!_!_l_~ changc ~rom a mnun_taino_us area into a plain. (Fig. 7). 

Another advantage of thc pagin~-§ystem is the e~se of including 
topographic and planar information. Linkinr; point, linc and areal 
elata to thc triangulated points would lead to high nefinitional 
redundancy. Thc secondary structurc could lead to amhiguiti.cs 
where the terrain is very clongated. Since it is attempted to keep 
the ahape of the patches as compact as poss~fuleP the comhination 

O of non-tcrrain data \dth patch-houndaries seems to he most appropriate. 

o 

Since the•1p.átbh- honndaries are again chains, another vi rtue comes 
to li~ht; the patches can he treated as polygons of the POLYVRT 
and GEO\,R.AF programs with little difficulti~a. This link hetween 
the h:o sys tems 1 ets us hope tha t even tually Ne wi 11 he ah 1 e to 
mcrge thc two systems. 

The question is appropriate as to what such a data structurc will 
he ahle to accomplish. We hope thnt it will allow us to pcrform 
all applicationsp most of them not only with lcss prograrnming 
efforts hut also at lowcr computing costs. (Fig. 8). 

l'/c have had practica! support for this statemcnt only in the area 
of surface dísplayst hut since hoth levels of the data structure 
are graph-structures, (Pfaltz, 1972) we will be ahle to rely on 
all the developmcnts connected with graph thcory aJHi nctwork analysis. 

A DATA STRUCTURE FOR PLANAR SURFACES 

Thc need to i:1corporate different typcs of polygons uncovered one 
of the limiting assumptions made in POLYVRT. A chain plays a dual 
role: it is the houndary of two areal entities; and secondly, it 
is the unhrok~n unit of point rctrieval. This distinction is not 
significa~t if onc is interested in only one polygon type. The 
following dcscription of a new proposed system, to hear the name 
GEOGRAF, makes this distinction. 
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Because of the addition of many layers of complexity involving 
polygon types, the chain cannon remain» to thc saMe degree, the 
controlling ohject of the data structltlre. Just as the notion of 
an unhroken linc is important, so is the notion of an unpartitioncd 
space. In a system which must hanrlle overlappinr, polygon nctworks, 
thcrc is a necd to have a root ohject which rlescrihc~ arcas uncut 
hy thc union of all partitionings. This object is termed the Lcast 
Common Geographic llnit (LCGTJ). The relationship of the LCGU's to 
all other polygon types will he hierarchical (sec Fig~ 9). 

In turn, the existcnce of the LCGIJ will allow for the crcation of 
cach polygon system. The LCGU's will he constructed as a POLYVR7 
polygon dircctly from chains. In arder to allow simple codinr, of 
the boundary relationships at each higher level in thc struc~~re, 
the object of thc "Chain C:roup" was invented. This ohject rcpre
sents a set of chains which~ for a given polygonal level, is a 
bou;1dary of tHo areal uni ts. In summary P the higher lcvel polygons 
aTe cc.nstructed of chain grours which 9 in turn, are constructed 
f¡¡¡c.m chains. 

Linc featurcs can be built up of chains in the same manner as 
chain groups. Note that each level of polyr,on~ with its chain 
~roup listing, and each line feature type, references only the 
chains themselvcs. This will allow each system to be considered 
as a separate directory which is core-resident only when that class 
of objects is retrieved. 

The LCGU has other implicat.ions and applications that are uscful 
heaause of the topological data structure. The LCGtJ, with its 
coding for each of the'polygon sets, can he comhined with contiguity 
information of linear feature types to produce an Attrihute Cross 
Rcference (Al.R). The ACR is a tahle in which all ohjects (in poly· 
~on and linear systcms) auc cross-referenccd to cach other to 
determine nesting. By using attrihutes of chains (lenr,ths) r.nd 
LCGU's Careas, population dcnsitics 0 etc.L this cross-rcfcrcncG:np, 
capahility could assign a string of dataD collcctcd by onc polygon 
type, to a string of a second type. 

As has been expressed previously, a data structurc is of lit~le 
use without application procedures. Topological manipt1lation 
routines are therefore central to the success of this struc~ore. 
Scvcral examples should be mentioned here: 

The lntersection of geographic featurcs ,.,.ill rely on topological 
~nowled~e to realize economies of scalc in processing large files. 
All ope~ations with lines will actually work with handsp httilJ with 
endpoints of the line, and the furthest dcviants to hoth sidcs 
( i f thc hands he come too wide thc 1 in es i ar&/ spl i t ~ etc¡) \1/i th 
this approach, the windowin~ process using no11-linear windows 
(\vhich is often thc case wi th geographic coordina tes and map pro
jections) becomes quite elcgant. Similarly, polygon procedures 
(point-in-polygon, line across polygon, polygon-over-polygon) nllow, 
for gainful application of thc topologica1 principie. One constructs 
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c~ain groups which b~sectsthe univcrse into parts and sorts the 
points (or nades of polygons) into thrce groups ·· left p wi thin 
the hand, and right. Only the sccond group needs more cletailcd 
treat:ment. Onc then recursivcly partitions tj1e point set into 
more halves until one has partitioned the set to the level of the 
LCGU's. 

The second iMportant procedure will he a nested chain-intersection 
routine. llere, again 9 the chain-band and its recursive segmentation 
is used. The numher of points which define a chain is constantly 
increascd uh~il the intersection test can be determinerl without 
any douht. Thc search of a line through a set of polygons will 
use a graph-search algorithm developed for thc GDS (r.eographic 
nata Structure) p¡roject. The neighborhos,d search routines create 
records of neighhors for every point or linc or polygon at any . 
specified depth of neighborhood. 

Thc creation of polygons from points is the major link from the 
GDS project ot GEOGRAF. The creation of a set of centroids for 
polygons allows the conversion in the opposite direction. This 
way, surfaces can he treated as polygonal setsp and can he displayed 
and manipulated by the routines of r.EOGRAF. Convcrselyu polygonal 
data can he treated as surfaces for r.ns. The neir.hhorhood routines 
are what make the pr~ject an innovation for quantitative geography 
and planning. Without the topological data structure, neighborhood 
scarches are extreme~y expensive. Hm\'ever, they are at the same 
time a most interesting part of urhan and environmental analyses 
oncd a general overvicw is ohtained.from the data. Without this 
Jata structure, research into detail has to retrcat to qt1alitative 
studics and field analysis, a revealinp, but cumhersome undertaking 
Hhich should he startcd only after full henefit is gained from a 
detailed quantititive micro-analysis of thc data. With the neigh
horhood analysis, in connection with interactive graphics, a 
profound evaluation of the data can be undertaken in a very 
satisfaatory user cnvironment. 

CONCLUSIONS 

It rnight seem as if the proposed systems are presented as the 
definitive geographical information systems. If the paper makes 
this impression, \ve would like to apologize for our excitement 
which has carried us away to st1ch immoderately sounding statements. 
But we hope that our research will bring geographic thinking into 
cartographic data processing and \vill initiate others to try out 
the power of the topological approach for the cartographer's and 
geographer's work. 

o 

o 

h'e firmly believe that hasic research anrl application development O 
are the two sides of a coin anrl have to go together to get lasting 
results. In this paper we have concentrated on the theoretical 
parts of the projects since their development is ahead of the 
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' application routines, a fact which should be expected. 

The qt1intessence of our research so far is the hypothesis that 
topologically structured data bases of three-dimensional and 
nlanar surfaces can result in reduced efforts in the clevelopa:ant 
of application routines and a superior numerical performance. 
We have sorne indication that the hypothese might he correct; 
Hmn~VGt. the real test will come when the hulk of the application 
routines is completed. 
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I. ABSTRACT 

The article descnbes severa! factors that are contributing to the 
explosion of statistical and geographJCal data related to our urban areas ;~nd 
the corresponding wterest in automated procedures for the mput (capture). 
analysis and display of spatial data. 

Basic automated mapping methods and procedures are described 
and illustrated using two interactive mappin~~ systems called INPOM and 
ASPEX, developed at the Laboratory. 

Finally sorne limitations of computer mapping and cost consider
ations are described. 

II. INTRODUC TION 

In a recent issue of the New York Times, an article appeared 
stating that Canada \\:lS "gomg metric" a11d that this eve11t is expected to 
increase pressure 011 the last maJar non-metnc holdout - the Umted States. 

o 

One ramificatiol1 of this convcrstol1 is that large numbers ofc:\.tstin¡:; 0 
manual maps will be come 1 mmedw tely obsolcte. A,11othcr posstble rcsul t ot 
this drift towanls mctric conversion is that the Laborator:v for Conwutct· 
Graphics and Spatial Analysts (thc Laboratory) ts recetvmg numerous rcquc~ts 
primarily from uttlttv campantes ancl plann mg ::tgencies, request tng tl1for'1'cl t 1011 
on how to go ahout dcvcloping automatcd tcchniques for the collectwn (data 
capture), analys1s and dtsplay of spatial data. 

There are other reasons wh.y thcrc is a g-reat dcal of interest 1!1 auto
mating procedurcs relattvc to the analys1s a11d cltsplay of urban informatwn 

· There is a largP mcrease tn both the volume and quality of stattsttcal dat:1 
This IS duc to automatecl techntqucs bcmg u::;ed by tradtt!Onal agcnctcs such as 
the Department of Commcrce (who collect anci dtstnbute Census claL1) :1s \\ell 
as a rcsul{-of a ho:t of other governmental and prívate agenctes usmg 
computers for collect111g statisttcal elata :llong- w1th geograph¡c tclcnttfwrs -
thereby creating- geograph1c cntttles wh¡ch can be uscd tor a variety o! ana 1~ sis 
and display prog-r:1ms. The Central Intclligcnce A gene y. tor e:-...amplc. d 1st ri
butes political bounrlanes for all countries (\Vorld Data Bank I) and \\ dl soon 
release much more detailed breakdo\\'ns (World Data Bank II). The Umtcd 
States Geolog¡cal Survey (USGS) has a multi-nullion dollar comm1tment to 
automate the National Map Series and they cla1m that al! the t:SGS topolo~tcal 
maps will be available in digital form m five to ten years. 
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Along with the mcreasing amount of availablc geographical and 
statistlcal data is a denn11cl for ne\\, more dctailed and more accurate data 
on the part of urban re sea rchers. New intcgratcd hardware anrl software 
cartographic "turnkey'' systems make tllls data more avuilable and cost 
beneficia! than ever before. Commercinl companies such as Computcrvis!On 
(Bedford, Mass.). A ppl icon (Burlington, Mass.), Calcomp (A na he 1m. Ca l.). 
and Calma (Sunnyvale, Cal.) offer such systems. In add1tion, most maJOr 
time sharing compan1es now support remote graphic applicatwns encouraa;ing 
the development and use of interactive mappmg. Finally, dissemmation 
groups such as the Laboratory, thc Census Bureau and the Geography Program 
Exchange (East Lansing, i'Vlichigan) a re distributing low cost graph1c dtspl:ly 
programs. 

III. BACKGROUND 

There are severa! classt>s (types) of maps that are used for thc 
mapping of sp;ltial data. Base maps d1spla.v gcograPhlc ent1t1eS such as 
bounda.ries (Census tracts, Standard lVIctropo litan StatistlCa t A re as. b loe k:.:;\. 
road and river networks or almost any of the twenty-odd cartograph1c fe:lturcs 
that are overlayed to produce a USGS topolO[{lCal mnp. B<1sc maps are normallr 
used to convcy locationa l data but do not convcy other typcs ot statistical 
informa tion. 

Thematic maps display gcographical conccpts such as g-rad1cnb. 
density distnbutions, magmtucles of various attnhutcs or other quantit:1t1·.c or 
qualitatiYe data. To disp[;¡y geog-raphlC~ll concepts, a vanety of techmquL'S .1~~ 
employed such as various types of svmbollsms, ¡_;rey tones and color ~.nntJols 
and tones - all of which can be supenmposcd on a base map. 

Statistical surfaccs can be reprcscnterl using chloropleth 01· is:a nthm1c 
map:-;, Thc former ff!PI'ef>t>l1t st:1t1st¡cal varwhlc•s by confor·mlrH~ to .1 p:lrt¡ctrl:ir 

IHHi!ldoi 1 y 111 ('llliiJII'I';It 11111 dt:.lil<'l. 1111•11( will ('1111'.1;,1 oi p<d\'1'.1•11 ('lll!l'rilll:l(o• cl:ll.l 

and :-.talu-.tics tll:tl rel;l[¡• lo !lll' gl'{l~~r:ll'lll<':ll :ll'l':ls. l~.;¡¡·!lhlllll' rnapp¡n;~ c·¡,,ph:¡
sizes graciicnts such as cuntou¡-s or other 1sa l'lthms to rcprPt>cnt :tre:ts and 
volumes to portray a contmuous real (or assumcd) statistlCa 1 surta ce. 

An additional type of map th.at should be mentwned 1s called a c:trto!!ram 
which deliberately distorts areas or \'Olumes to representan aeria l quality. The 
example bclow, taken from an article by n. L. Phillips m the Apnl l9í4 
Proceedmgs of the IEEE {\'ol. 62, No. 4. p,442) illustratcs a retail market new 
of the United States employmg a program that produces cartogTams. 
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RETAIL SALES 
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One 81llion Dollor$ D 
Figure 1: Cartogram Illustrating Retail Sales in the U. S. for 1948 

IV. lNTERACTIVE MA PPING: The ASPEX and IN POI\1 Programs 

Perhaps interactive computer m::tpping offers one of the most 
powerful tools for urban researchers to date. Onc can perform on-line elata 
editing operations uswg an intermechate cltsplay dcvice ::,uch as a cathocle 1-;1y 

tube (CRT) (either color or black and whlte). ~nd can sclecti\ely retrkve and · 
"massage" data to perform a vanety of statistical operations. A user c~n 
then alter values, class wtervals. symbol and shading types of the output 
display ma p, Ftn<Jlly, a u ser can transform thc data, look at each vww on ~ 
CHT untll the dcstred result is achteved, and then output thc fmal dtsplav file 
toa vancty of cl¡:,;play hard\\arc dcvices such as digital plottct·s. CO;\T 
(computer on nncrofllm) plolters, a color m~ltnx plotter (such as the nc\\ 
Color Jet Plotter from S\\'eden), rhotoplotters or sorne other output ckc>\'ICC. 

In sorne cases the resolutwn oí the cathode ray tube itself nught be satlsfactor:-..:. 
The ASPEX and INPOi\T illustratwns appearing in this article were reproduccd 
from a Tektronix 4610 hard copy output. ' 

At the Laboratory, a variety of ongoing research pro]ects ::t re 
involved in the interactive capture, processmg and display of spatwl data. 

IN POM 

The Jnteractive Polygon Mapping Systcm (lN POI\1) is des1gnecl to 
produce maps üf countncs, statcs. census tract:; and other arb1tranly sl~1pcd 
rcgions dcfmcd w1thm a gcographJc base file (GI3F). rN PO!\I 1s a two-clunen5wn.d 
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O mapping program cap:~blc of producing conform:mt base and thernatic (shaded) 
maps. It has thc capabd1tv of select¡velr retncvin~; arcas to be m:-~pped. of 
controllmg the c!egrce ol Jetad to be d¡splaycd (lor outlmes) ami in thc svmbolism 
used to dcp1ct data values Thc user cnn zoom m on particular arcas ot mtcrcst. 
try dlffcrcnt types of symbolism, ~ct immcd1ate hard copy from the CHT display, 
and va ry the a mount of detall to be displayed. 

o 

o 

The flexibility of wput is achlCved by entenng l<cyword-tvpe comm::mds 
from the d1spl::l.y termin::ll. The program responcls by requestmg- adfht10nal 
information needed to execute the com mZ~nd. Becalise of thc m te rn:ll data 
structure used by thc program. It IS poss1ble to get hstmgs of points coordir.ates. 
chains (thc data structurc used by the program), smgle polygons, or user 
dcfined regwns w1thin the study area. 

At present, there are over 30 mput commancls operating m convcrf:a
tional mode. The commands are cntered as 2, J. or ,l-lett2r nmemomcs and 
the progra m wlll respond accordingly by requestmg numeric data ur a 1 phabctJc 
responses. The numenc responses may be valucs. coordmatcs (\' htch ma} be 
stored internally if desired), wmdow paramcters and thc likc. J\11 data 1s free 
field format so that the user does not ha ve to worry about restncttn• fD;cd f~eld 
formatting requirements. 

Another flexibílity of INPO!\'I is that all commands have def::llllt 
conventions or values \duch the prograrn will preset for thc parameters ot 
a command until the user cmploys that command. Once sct. thc parameters 
of a commancl remam m effcct until thc ct>mmanclls again spec1iled 
Figure 2 bclow shows the current command tile for thc L'lP0l\I program. 
Figure 3 (detall le\·cl -'- 1) ts a base map of Afnca whilc Figure ..J (detall 
level = 5) shows a themat1c map of Africa :,;howing thc gross national prorluct 
on a per cap¡ta basts bascd on 1970 data. Fi6rurc 5 (detall levcl ~ lU¡ sho,~s 
the samc data lllustratmg the zoommg and increascd detall level for a secl10n 
of West A frica. 
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ASPEX 

Thc Automatcd Surf:Jcf' Perspcct\ve Pror;nm (ASPEX) is an inte•·actin?_ 
(a batch version is al.so bemg- clc\Clopcd) pro~ram that d¡splavs thrcc-dimcns¡onal 
reprcsentat¡ons of statJstical suriaccs. Such rcprescntations of three ,·arwhles 
were not very common until tlw advcnt of thc oomputcr lwc:J.usc of the1r díffictdt\" 
in construction. i\lthough most peopll' :11e not particul:1rlv accu~tomcd to rcadin~ 
mformatíon displaycd on surt:1ccs (cspccJ:tlly whcn the mlormatwn IS --~tatistu.;~l 

or matllematica l m naturc). mathcma t1c 1ans, ca rto~raphc rs and plannt• r.s ;11·e 
beginning to acccpt thrce-dunc:nswnal surface rcprcsentatwn as a powcrful 
extenswn of l\\O-dm1cns1onal mappmg. 

The ASPEX program takes a matrix (or array) of data of any s1ze. The 
program incorporales a frC'e field format command languagc that opcratcs on 
nmcmomc keywords for the over 70 commands of the pro~r<•m. Tllc commands 
deal vnth the foliowmg categones: 

-initialization and production (such as display, hclp, defme, 
ex punge, plot, etc.) 

-data input and storage (number of columns. data type, grid 
input, hender information, etc.) ' 

-data value manipulation (mw, m:1x, smoot hmg-. sc¡uare root. etc.) 
-viewing parameters (includmg view tvpe such as isomctric, 
planometric, and perspectn·c) and orientatwn 

-graphic options (includmg data surfacc commands such as draw. 
hcight, intervaL. symbol sizc ami cosmetic fcatures such as base 
informatwn, map scale, titlc, etc.) 

Another important flcx1bil!ty of ASPEX is the ability to alter thc ncw
point so that a user can be located anywhcre bcvond, above, or upon thc surlace. 
Capabd1ties are also IJemg added to dr;1w fcatures d1rcctlv on tl'c surfaC'l'. Tht.• 
scaling of the output plot may be toan~ prccletermined hc1ght, w1dth or '' mdt)\\ 

sizc and is accomplishcd automatiCally by the progi:"am. Thc three J i~urcs 
below rcprcscnt diffe1·ent views of the U. S. bui ~('ncrnted hom thc samt• dat:• b.t',l'. 
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V. CONCLUSION 

The software to rapidly :md economically generate computer m~ps is 
clearly a va ilable. Unfortunately. this docs not necessa rily m~ke automatcd 
mapping a pragmatic unalytic too l. The ~cunomics of computcr ca rtogra P)lY 
must take into consideration the totality of thc proccss. Questions on input 
such as whcre the data is, coming frorn, its rclwbillty, and updatin¡{ proccclures 
must be considercd. One is remindcd ot thc millwns ot dollars that was spcnt 
on data banks in the 1960's that beca me data dumps in the 197 o:s. 

One must also take into account GBF's from non-contig1.1ous sourccs 
that are in different formats. There are al so central processor considcrations 
which must reduce the data to its lowest common denominator, restructure it. 
Process it and finally output a display file for a particular output de vice. 

Output devices range fr.om the ubiquitous line printer which produces 
inexpensive low-resolution rnaps using over-printing techniques to digital lme 
plotters to COM (computer on microfilm) and expensive photoplotters. 

A final word of caution relates to the maps thcmsclvcs. Being able 
to produce maps efficiently and incxpensively is no guarantec that the maps 
will facilitate and improve the decision-making- proczss of urban researchers. 
One must be able to clearly underst8.nd what is bcm~ represented by a mar> 
and the purpose for wh1eh it is intcnded. Only then will the application ot 
computer technology have any meaning. 
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i\L(IORI rili'vlS roR Tl!E RrDUCTION or Tll[ NUivll1ER 
01: POIN !S IU:<)lilRLD ·¡o I!L:l'RLSlNT !\ DIGITIZED 
LJ:--.¡F OR I'IS C/\RICATUI~E 

n,\\'11> 11 lllllJI,I 11" 11;-.ll IIIOJI.I.\.., 1-. 1'11 1( 1-.1 ll 

lltiiiC'I\11\ uf 111/aual\llnon Ita"'' / 1111111\/l\', llllfilil (nillll!htrt 

1\ll'> 1 Ri\í 1 i\11 d!)'ll!lllli: IIIL'lhn<h, ,\', ,, l'en.:r.il ruk, I'L'Cord 1111{'~ with fnr more data than i~ 
IIL'c'l'"·ll_l' lll! .1\liii.!IC ):'·lJ>IIl..: ICJ110dllli111Jl ol fo1 L0111p111Cr ,¡n,dy\Í\ '1 WO ai~OIIIhm~ lO reduce 
lhc lllllllhct of potnl' ''''JIIIIul lo ''P"''cnl 1h..: lmc .1nd. ti dc.,llcLI. produrc CMic:liurcs, are prc
'cnlnl .1nd Lllllll'·" ed ,, 11h lh: lllo\l l''"n'''"'!! lllL'lhml\ \O f.u \ll~~c.,tcd. 1 anc rcduction will 
flllll\,llll,ljlll p.11l of .IIIIPII\,IICd gLIICI,dl/,llHlll 

IIIIC\ rrom 111.'1'' .!lid phntO)!I·lj'h~ .uc rc

Cill dcd lllllllCIIL,ill\' l111 L',ll'l11~.'1¡>hll' 111,1111· 

p11i.illllll l<l I.IL'IIII.dl' '"''" ''!'""'"''"'" ·" 
dllli'IL'IIl \C,Iil'\ .111d ('lllJL'l'liPII\ ,11\d lll 

,¡JJll\l 111.\r ClliiiJ'il.llloll \lllh PlhCI O:Cll~I.I

J'Illl' d,¡t.¡ h,,,,., 1 1.,11,illv hnc' .lll' ·'l'i'' <1\1-

lll.lll'd hy ''"",t:ht I111C ''P'"'"h .111d l'lld 

P''lllh ol 11h1Lh .IIL' IL'Ulldcd h\ ,, 1'·"' 111 
l\1-(11 dlllolll'\ 111 l'll il<'l 1'<'1.11 PI Lll ( j¡p!~OII,.I 

IIW.I\IIIC 1 he otiWI lllllll: IIIIJ'llrl.llll 

llll'lhPd\ h~ \\IIILh lllll'' dll' IL'l'lll<lr,J .IIL' 

l'h.1111 cncod111~ .lllll '1-..:kl<lll 1'1\LPdlll!.! 

( h .. ,n, -~rr'''"lll.lk I111L'' 11\ ,, 'l''l"''lll'l' ,¡ 

cnd In cml \CCI<'"· "hc1c thc k11~th .111d 

diiCLliPil ot thc \l'l l(ll' .1\C 'clc·Lil'd lr••m 

a fi\Cd. ll'll.dlv IPIII oa L't;:ht. 11111nhca oi 
po\\lbililiC'. l ~~L'icl(lll CllCildPI~ l' dlll'L'kd 

ll101C ,¡1 ll'L'llldlll):! Lh"L'd ,IIC,I\ 111 J'•lll_!.!llll\ 

In fdli11¡! lhc .tiL',\ 1111h CIICk' or ahomha 

PI dillcrcnt '"l'' 1 he lanc' i<>IIIIIIIL: thc 

h¡>llnd,llll''i ,1\C ll'l'Pidt:d by 1111J'hl.IIÍPn: 

1 he c,>niCI'I,,n ni .!.!'·'Pille d,¡¡,, In l.lllll

r"IL'' \C.Iddblc 1\llllll'IIL.d l<!rllh ¡e clkl'll'll 

\1 11h ,¡ L'IH11dlll,IIL' dl¡.'lli!CI ,1 h11 pi.111C 

\C,IIIIIl'T (ll .111 :IIII<IIII.IITC hiiC I,,JJll\\L'I :\ 

l'll lll<illldll' di''Jllll'l lllll\'l'lh ·' !''''"'''''' 
l(ll.tllllll (JJI" t.il•k '" \ \' \,dlll'\ 1\IIILh 1.111 

hL 1\IIIIL'II 1111 J'llll\lll·dvl,ll,¡, 1'1 III.I"IIL' 1 11 

dc'\'lll''. 1'<•1.11 Ll' "' dllidll' dl~lll/l'l' \1 h11 h 
L'OII'.I'l 111 .1 \lodL· 111 d 1<11.11111~ ,IIILhPI J¡,•,ld, 

ICL111d ,¡ l.lllllh .111d dll .111L:lc lllllll ,1 1>,1\L' 

IL'Ltor t\llt>lhca dl¡.'lll/111).: dl'l ILL' Ltlll'l'h 

<>f ,, JHlllllcr '"'J'L'Jidcd 110111 " P·"' PI IL'

l!.ILIIII):: \\lit:\ 11l11d1 :il'll\',lll' J'lllCilll!l· 

mete a., C<lllll'l ,¡"11 PI v.dll<'' 111 nnc rc

uHdlll!,! l'LHlllilii.IIC \)'.ll'lll lo .IIHllhl'l C.lll 

he rerformcd \:,1\lly wath ~mnll comrutcr 

pan¡..ao~m~ 

1 )a111n 'c·'""cr' '"rc,,mro'c a vr~~t and 

IL'I 1 fine ¡.o11d <>~ca thc documcnt lo he 

d•¡:1tlll'd 1ccnrdane ,, '\c\-no" or "on-of1" 

'.d11c 1<•1 l'dl h Ll'il lm .illoll, dcpcnlÍlll~ on 

11 hcthCI that Ldl Lll\'c" .1 lanc or nnt ¡\ 

t1.11lc L'll '' llllandmcd IH:IIICl'll thc ftncnc'\ 

ol thc llll''h. IIIIJ11~ an¡: mo1c computcr pro

Cl'\\111):! 1111\C (:1 ll'diiCC thc d.1t.1 lO fPIIll\ 

\IIIILh :11L' l'.l"l\ h.111dlcd, ,llld coar,CilC'' 

111 thL' 1111.1~·c IL'UHdnl On thc othcr h.1n<L 

thl' mc'h <k mal\. hc111g dependen! on h.11 d

" :lll: i~ 11\L'·.l .11 thc 11mc of manuf.1cturc 

.11HI " "'"·dlv 'el In he \OillC\\ bat ~mallcr 

lilo~n thc Tllllllflllllll linc '' ulth In all C,I\C\. 

lill' acd11LIIPII ni " l11t pl.1nc \Can, 1n "IHLh 

IIIIC\ .11c acpac,cntcd h) cloud~ ol ccll~ con

t.llaun~ nllmcanll' d"contlnuillC'-, lo ch.un 

llr \l'LIOr l'IIU)lkd f111t:,, " a C0111picX rl<l· 

CC\' ll'LJIIIrlll;! ['IOLC'"lll¡! IÍilll' allll iC· 

\llliiCC' 11lm.il c<>llld onl1 he dc,cril>cd .1~ 

hCIII¡! lJIIIIC '-llh,t.lllll.d 

\\'llh ,, en c•tdllf,llt' d1;:tlll•'r lanc~ m.1y he 

IL'u>llkd 111 ¡>111111 TllliiJ.-, lllliC 1ll lll(rt:IIIL'Ill 

·'"''''"·'''' ""'d', 1 ''"'' ,,., ordcd 111 1"'"'1 
IIIPlk dll' L'liL'LIIIL'il' l'l'IICT . .JI/L'd hy lhc 

''i''''"h>r "'"' '"h¡cLit't:l\' 't:kch !''""'' 
\\ !11ch bL''I "I'I'''""II.IIC lhc l1nc to thc 
dl'!~I'LC he dC\IIl'\ 'J hl\ ¡>rC\111\lC\, .1111011,!,! 

<>lhL'I 111111!,!'- th.11 he 1\ lu\ 0\\'11 CII\I0111Cr 

1'<11111 til:!lll/111¡.' 1\ C\lrl'lllCil' IL'dlllll~ hO\\

Cil'l, and "un,ull.lhk IL>r .111\ thlll!! h111 thc 

"ml'k't d.11.1 ··el'. 'IILh ,,, thc gcncr.iii/Cd 

l).lvnl 11 ll.lll,i!l.l\ ''" k,tllrcr in (i,·o¡:r.lph) .11 thc llmH'I\11\ of 011.111:1 .1ml 1~ prc,cntly Oil 
"q11d1 k,II'C .11 '-.1111\111 la."c' lilll\11'111 llillll.d•·,, ll111"h ( "111111ho.1 1 hPIII.I\ 1\: l'cud-.cr 1'• 
.111 ,,..,;l, ... l.th. P!Pil ... ..,PI ,1( ~1111011 i l.t"'l'l liiH"ll"lh Bu!ll.d""~\. Blltl' .. illnlllrHhl.l 

1\ , .... '" """"' ,( t 1111\ 1'' 7 1 
'11 llll'll\,111 'll11 ¡1¡,· lnuhllll~ 11[ Aibtll.ll\ (oc<>IIILII l ( Plll1~'111,1lH<II' ·. ill<llllll• uf Uwltr1 
1 "t.:'"('''· ltun,,utlfl/1\ "" tltttlfllllt <·o"'f'"/~'''· Vt'l 1· .. ¡u ¡qr,l.pp ~h-2(~x 
~J R l't.dt1 ·""' ¡\ l~o,u1kld · ( nmp111L'I 1{'1''"''11LIIt "' ol t'l,,lllf Rq:'"'" h Thc1r Shl'k
ton'. (""""'"'"'"'"'"uf 1/11 ,l( I/ \\ol lO."'" ~ t'Lh\11,11\ 1"{•7 PI' 11'1-l:!:! .111d 1:!~ 
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l1llllinc~ of COllllliCS or ccn~m lraCIS. J\-Jmt 
coord111.tle x-y cligllltcr~ 011 !he m.11 J..ct 
po,~c~~ .• 1~ op11o11~. rime or mcrcmcnl aulo
m.lllc 1ccnrdmg mnde~ l'fflnh ;uc 1cconkd 
aulolll.llic.dlv 111 a f!11Cil 1111\C lnlclv,il. or 
.lllcr lhe L'III'-Of h;l\ nJOICd ,1 JliC\Cl d"
l.tllCC .dong lhe X aml/cll y'"" rhc pnme 
llllllllll¡! I.ILlOI 011 the 'PCL'd of ICCOidlll_l! 1~ 

lhc 'pccd ol rhc out pul de1 1cc 1\l.l_l!llCIIc 
1.1pc lf,\11\(1<11 1~ 11 h1dt record 11p lo 100 
cho~ra<.IL'I~ pc1 ~ccond o~re cnmn10nlv av.1d
.Jblc .• ill<llllng up In ~() ''r 10 poml~ to he 
ICCOidcd co~ch 'Lcnnd 1 o rccord co.l\1· 
hnc,, con1<1111 hnc,, or o1hc1 lllll'' of h1gh 
IIL'ljlll'ncy <hcrllo~llon 11 1\ evulcnl lh.11 !he 
lllllllllltlll\ \('CCd ll'ljllin:d. ,l!II'Cil lhe \('CCd 
at 11 luch :111 opera1o1 can fnllow .t l1ne. " 
111 lhe o1dcr of 5 In 10 Jl<'lllh pcr 'ccond. 
11h1ch ellcciii'CII cllllllll.lll.:' po~pc1 1.1pc .111d 
punchcd c.u d, ·" Otllpul mcd1.1 J)l,l!lllllng 
onlo mo~gnet1c l.1pe h.1~ llHlle lh.1n ''' ,h,1rc 

_ nf p1ohJc.:m~. p11111:11ilv hcC.lii\C lhcre are 
no lonlpronl llll'.ill' to cn\IIIC lhL' d.!1.1 .11e 
corrccllv recordcd .11 lhc lllllL' ol d1,t:rl1tin,e. 
.md bcco~uw ol lhc rnordm.llclv lrcqucnl 
C'CL'tlfll'IKl' O( 11011-C\Hllillll.d'J.: dJ_l!lllllll¡! 
crr<lr' \tiLh ,1\ l1nc cml' 11 hrch 'hould. hut 
d,, nol rncct, lrnC\ rccordcd 111 1ce .1ml 
~o lonh 1 he cdlllll,l! proccdurc~ nccc~~.1ry 
are 11rnc C<'ll'•tllllllll! .111d Lilllll\\' The-,c 
pr<'hkm' ho~1c hcc11 mel hv el.d'<'l.lll' on
l111e pn•Ledllll'\ 11 he re .1 1111111-L'Oillptilel 
llllt:rl.iLCd lo lile dl,l!I!JIIIl¡! l.1hlc 0\'l'l\eC\ 
thc 11 holc Pf'l'l.illllll. Lhed.~ o~llll douhk 
chcd-, lile d.11.1 ICuHded. clme-, I,'OJl' .1nd 
\lgn.d\ 11 he11 11 \ell~e\ ,1 ¡_!1 C.ll lll.lll\ l'll 01\, 
~uch .~, cur\OI 1\\0I'emcnl Ion f,,q 10 he 

accur.11e 1 

All dl_l!llilrng mclhnd,, C\LC['I pcrh.q,., lor 

lile l''l'"hle cxcltl\l<lll ul f'llll11 lh,t:JIIIIII.,l! nn 
a (l~-l1Jd111,11e dl_l!III/L'I. ll'li11d . .i\ .1 !,!l'11el.d 
rule. !.11 111\lll' f'<lllll' 111.111 11L'O.:e".ll\ lo 
fl'f'll'dlll'e lhl' llllt' 1111 111<"1 _l!l.ljlhiC dt:l'lll''· 
cvcn .11 rlte ~c.dt: .111d IL''''hiiiPn ol lile 011¡!1-
n.d l111e 1 he ellllllii.IIIPII tll d.11.1 lej'le\l'l11-
111!! tlllllCl'l'\\,11)' jl<llllh, \IILh ,1\ duplil.ill'\, 

Al C.OIIIIIIM~ fOR UNE R[OUCTION 111 

. . . . . . ... ...... . . . . . 

. . .. ..... 

.... . ... 
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------ ---------------------' 
rl¡!llfC 1 Lmc 1Cprc~cnlrd by 140 poinl~ on thc 
pluucr .1nd thc 1111111cr, .tnd thc ~ame linc 
l<'llll''rntcd hy 25 po111t~ 

.IIHI po1nl\ along a ~lr;ught l111e, can he of 
"!-!'llflt:.II\CC. \llllf'l) hcc,tu'c of rhe d•min-
1\hcd 'llli.I¡!C rC<JIIII eme ni~. A~ wcll, the 
Ofll'J,Illllf! 'lll'ed ni 111.111! 'P:It<al analy\i~ 

['1<1¡!1.1111\ .1nd lhc ploltrng 'rccd of m.111y 
!!lo~pluc de11ce' ,trc rcl.11ed in1cr\cly lo the 
111111\hCr of f'llllll\ lO be procc~scd Of piOI!CU 
Rcducllllll ol a lmc by clrmination of un
nctc\\.11 y po1nl\ rcpre,enl1ng 11 :1\\llllle~ a 
lllOIC jlll\IIIIC ,¡dl,llll.l¡!e rf lhc l1ne j~ !O be 
,¡h\li.ICicd 01 C.irÍe.IIIIJCd J'IIIJ'O'.Ci\, 1f the 
\t.dc ni IL'jlltllltilllon 1\ lo he ~rn.dler, or 1f 
lhc oulpul dl'I'JLC, \lldl .~~ \umc Co~lhode 
1{.1\' 'lube piLlllCI \, il.l\ ,¡ Cllldcr I'C\tliU(IOil 
lh.111 rcpre,enlcd hy lhe OIIL!In.d digliÍLcJ 
l1m' l1nc' 11luch h.l\'e ,, lu,l!hcr lrcL¡uency 
PI 0\Ciii.IIIOI\ lh.1n c.ll\ be repr C\e!l!Cd Wlthin 
lhc ,,.,ulul•on c.tp.d'illl\' ol lhe graph1c de
' lll' hecome luuy and 11c.d-.. 1 Fr¡;urc 1 
rilmll.lle\ l111c d,il.l .ti lhc re,oiUIIOil of rc
l'llldlll¡_!, 11\ rcproduLIIl'll on thc computer 
pru11cr .111d lhe l<'j'l<ldllt:IIOI1 of a &rc.lllv 
,t.:L'lll'J,dltcd "-'''lllll ni lhe l111e. Grvcn 1hc 
cr udl'lll'\\ of lhe prmlcr .. , .1 gr.1ph1c dc1 1cc: 
11 " L'\'ldcnl 1i1.11 lhc '"nrld1cd \l'f\1<111 <)f 
lhc l111c "prt:il'l.ihlc In lhe tllt\111\f'llfil·d onc 
111.11111\ hcc.HI\L' ol lhc el

1
111111l.111un ,,r mo~t 

1A 1{ lloylc ('nlllplll\'1 t\l,kd ('tHnpll.tiiLlll, ll)d•og1.1plnc Ct>nfcrcncc, Ollaw;¡, J.1nu;¡ry, 
19711 
1.111\l .trc \lrllli.ll 111 dt.:ll lo lhc d.11.1 rloud' rrLortlcd hy .t Pll pl.111c ~c.1nnrr 
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11 ~ lliiiJOlJ(;LAS Al"ll T 1\ PI un;¡ ll 

nf thc douhk lmc~ óiiHI data cloud~. Sincc 
1111~ linc w.t, hetll'l ¡cprc~enlcd hy 2'í poinh 
th.1n 1l w,1, hv the Ollgma1 140 oln·¡ou,ly 

<,omc computer ¡He·pioLe'>'-lllg w,.., Jll'-fllied 

"llwrc h.1vc hecn .1 ¡.!ll'Oll m.111y .1p¡m1.1chc' 
\li~¡_:C'-ll'd .tlld .li¡:nnlllllh jlrll!!I.IIIIIIICd lO 
reduce !he ll11111he1 ol plií'M' ICljlllied In 
1cprc,ent llliii1L'IIL.dlv 1ec¡udcd IIIIL'' Somc 
ol lhc~c are 111 rcglll.ll u'e"llllh111 pl:lllnlllg 
agcnc1e'> .IIHI l.lrlOf:!1.1pluc 111111~ Not :111 
ol the mcll)()d' h.11e heen c\ll.lmll\ely 
lc,tcd lo Tlll'"''"c 01 ¡udge 1hc11· r;nlo¡:1 .1-
pluc u~clulm''' .111d therc h.I\C -heen ll:w. 
1f any. \IUdiL'~ to comp.trc the mcthod~ 

Wilh c.tch othcr The mcthnd' c.m lw 
cl.t~~cd h1o.1dh 11110 the C.ltcg¡'' ,,., •ol 

clinun.lllllll of P''lllh .fi,,ng the I111C hy·nne 
or more ol ,, multilude of crltell,t; .tp
pro\,fll.IIIOII ol-lhc lmc 111111 ,1 lll.ilhL'Illdll
c.li : llllcllllll .• 111d dl'lctlnll ol 'i'ccliiL c.ulu
gr.'l'hiL lco~llile' :c¡>rC\L'IIIcd hy lile I111C 
Ül lflC\C caiC,l:lliiC~. 1( I>Otlid \Cl'lll lh.tl llll' 
l,¡q OllC \\'OIIId lOTllC L'io'e'l lo dupi1Colllll!; 
thc .. ,,¡._ a' pcrlnrrucd hy .111 c~pc11enced 

c.trto¡,:1 ,¡pflc¡ "'he .gene¡ .dile' 

Thc c.trtog1 .tphcr .tllcmpt' to m.unlam thc 
ch.1r.tdcr :~nd m·c¡.lil 1mprc<>\IOT1 ni .tn 
CfliJ'IIIC,tily ¡f<:j¡¡¡ed, 01 h.111d di.!\11\ llllC h\ 
~Ch:LIIIC dt:fclllll\ ol \OillC ol thc dct,lll\ t\ 
f)lliLJc¡J Cll,l'-1 1\ ll'jll"l'~L'IIICd hy Only ,¡ fl:w 
ol tl.c o~Liu.d ntllllhL·r nf fjlHd\, ,, 1klt.1 hv 
only ,, IL:\\ ol thc o~ctu.tl lllllllht:r ol Lh.lll

nt:l\ .11111 "' ln11h 1 he .lllllllll.illllll ol lhi\ 
.l('jllll.ILIJ \llltild ILi)' thl'lt:illiC (11\ !fte 
ahilil)' lo i"Oi!l.tlll thc cnmputcr to 1ero::· 
111 ZL' 'I'L'LIIic e u tt',L:' .tpl11c IL'.itlll L'' Onc 
,ti!Cflljll 1' h,l\t:d -011 :ti\ llllei.ICIIIC COill· 
pukr p1n¡..:r.tm 11luch h.~'> thc .thílity lo 
"lc.trn" 11o111 thc ,tcllon' of an npc1.ttor ·, 
The npc1.i101 l:'t:lll'f,thtc' .1 l1nc plollcd on 
a ectthodc r.t\' ~LICt:n h) 'l¿_!ll·tlmg thc dele-

t1on or matnlcnancc of pomt~. As thr. com
putcr "lc'trn,'' from wh.11 thc opcr¡¡tor 
~clcct'> it ¡¡ttcmpt~ to rccogni;c similar 
lc.tllliC'> on ih nwn Thi~ ~y~tcm al 11~ 

prc,cnt lc\'l:l of dcvelopmcnl conLcnlralc~ 
on thc angul.1r .11111 lcngth rclo~t1omh1p'- of 
,, 1ery ,m.tll numhc1 of ~c¡,:mcnt,, hut rhc 
lllllllhCI of jH"-'-Ihlc \\',\)'~ lO ICJlfC\Cfll a 
\Ingle '-lmplc d"'' ol fc.ilurc, '-liCh a~ a 
penlll\11(,1, " \lmplv ~1.1ggcring Th" intcr
.lct¡vc ~y~lcm. thcrcfo1c, rcprc~cnt~ but a 
~mall \lt:p toward<, thc solution of a fan
lo~'ollcally complcx prohlcm 

Thc \CLond g1oup ,cd~ 10 ·'Prrox,matc 
the po111h .tlong ;1 lu1c w1th malhcmo~tlcal 
fiiiiCIInn' "llu' c:tn he done for thc 1\holc 

lino.: al once "' 11 c.m he dPnc 111 'omc 
pÍL'CC-11'1\t: t>ldl'r l.t~lng a \mall numhcr 
ol L'Oili1CC!Cd j'OIIll\ .1! ,1 time. l"hn<.: are 
\C\Ci.tl diiiL'IL'Ili mcthod' fillmg 1nln thc 

, I.IIIL'I , C.ltcgn¡ y Onc · devcli'ped hv A R 
ll.,ylc lo1 thc llyd¡og1.tph1c 'Survcy of 
( ,ln.td.t ( l'l72 l c<llllJ'Uic' .1 ¡¡,,¡ order 
lc.l\1 \ljli.IIL'' l111c through a li\ed num

hcr ni JHHIII' and thcn 'ter' lt•rw.:rd 111 
lh.il-·tflrl'CIIOII hy a j'ICdCtL'rlllllll'd dt<,
l.lllLC J 1\ll Olhcr apprtloiChC<, he_!:lll by 

dclinmg thl' cml' l>f 'egml'nl' "' ,1\Cr.t,i.!C\ 
ol ,¡ ll\ed lllllllhe¡ o! pu1nh ;.long the l11;c 
+ ... o..:-nLIIl .tnd \',u¡d.;¡ \\'L'Idcn'; ~u¡,:ge'-1 l.tk-
111" !he IIJC.tll 11 hile J.tnc.illl\ ami Junl-.tn'-7 

-~ 

(.¡J,.c ihl' d"i,IIKL' 1\l'lt'hil'd Lelllitlld \\'hL'Il 
the\1: CL'Il(I,.J r<'illh .IIL' jllllll'd IIH: IC'>iill\ 
\lllllll.ile .1 pieL<'-11 1\l' ,¡pptO\IIlldlll>ll 1\llh 
ltiiiCIIolll'- '(>1 thc 111'1 Oltkr 11 11111<,1 i>c 
mclltloncd. tH>I\el·cr. tho~l thc \l.tlcd pu¡

l"''c ol l.tnc.ulu' and Ju11l.-111'- w,~, to 
'mooth ami no! lll''-C''-·11 dy to reduce thc 
l111c 

1 he lt:'ulllll)-' d.tl,¡ \CI'o10f cxtr.tctcd ft•nc
tlon' o~1c eu>ll<liiiiL'.tl 111 tcrm' of <,lur.tgc 

~ÁIIdiL'\1 11 Ckn~o·nl. "1 he Apphc.ltiPil of lnt<'I.ILII\c (ii.IJ'hiL' .lrHI f'o~l!rrn Rl·co¡:n1111m lo 
thc l~.·duLIII•Il of l\l1p Outhnc,·. ~1.1\ll'i\ 11"'"· tlni\'CI'''I' "' ll111f'h Columh.•. 1'17\ 
'·l' I.OLIII.lll 111d 1 1 V.llhkl \\'cHicll. "1 hl· AppliL,IIII'II ,o! Colilllllll.lllllll ,111d Aulolll.liiC 
lli,l\1111>' l•t,lillllll'llh lo ~liliLilll.d (;lllll.dl/.ilioll", ( """-''''/'¡,,. lutl/111/1, Vol 7, ¡-.;,¡ 1, J1111C 
1'1/(1 1'1' .¡¡ 1•1 

;J.IIIIL'' R J.lll\.1111' and J¡>hn l. Jun~""· ',\!,oltt•lltttltlal T.,'""'!"''' for Cunogl<lf'ill', t"111,d 
Cunll.tLI RCJ'"'l hli l 1 S 1\1 m y l"n¡.:mcc1' 1 "1"').:' ·'i'lill L•h<H.tlory, J·o1l lklv01r, \'1r¡;•n1.1, 
Conl1o~cl No Ut\t\"-tl2-72-C-02~1>, hh1u.u1' 1'17J.pp 15--20 



'!'·Ice requ11ed, hui are relatrvely time 

Clll1\llllllllf! rn !he proce"rng ~ta~c. The 

!:!"'.ller lhe numhcr ol pornl'>, lhc more 

l'<\\lly and Lnrnpln lile oper.Jiton ·¡ hc'>c 

llllllllllll'> rcptuduLe IIIIC'> 11l11ch are 1\'pi· 

c.dl~ lllliLh \l1lll<llh~:r 1h.111 1he hm;<, lhcy 

rcprL'\Cnl In lh..: lll.JIIl th..:v o~r..: proh.~hly 

n111ch h~:tler \tllled l!lr '"lHll'nl'lln,l! lh.Jn 

rcdtlLIIllll .JIHI h.11e In he comtdcred 11! 

JrnliiCd V,Ji\IC flll ,l!ellcr.dlllll,l! f'tlllCIIClll\ 

C\lr.ILICd 111 ,¡ j'ICLC-\1 1\e f.t,hiOil tend lo 

lllldcr-rcpre\l'lll Cri.IIIL Lllr ll''. ami Oler

fCJ'rC\Cill \lllOlllhcr llll \C\ r-.JcliHld\ \\ iliLh 

JnoJ.. i<li ll'llli.Ji ll:lld<'llLIL'\ .JIC r11Ll111Cd lO 

dcpt,'\\ thc ciJcd Ol C\IIL'IllC j'OIIIl\ Lln

fntlllll,ill'f\, lhL'\C ,JIC niiLII lhc \Cf\' !'01111\ 

11h1Lh !:!''e Lh.Ji.JLIL'I 111 1he I111C 

01 lhC ~'ltlll!' ol llll'lhtHI\ 11 htLh l'illlllll.JIC 

Jhlllll\, '<lllll' lllllll'llli.lll' tlll lhl' j'tlllll' 

lliJ~<fl ,Jil' ltl, lll' tkic'l<'d 11iJJil' lllht'l\ .11<' 

dii<'LIL'd IPII,JI<f, \l'lt'< 1111!~ lhll'L' j'tllllh 

llhiLIJ ;¡¡e l\l ht.: 11\.JIIli.IIIICd f he :tf_l:O

fllillll\ d11CL1l'd .11 dl'icling j'l'iill' ;nc 

ll\ll.dh lht.: \llllplc't In lh<' C.l\t.: nf d,tl.t 

iCUlldcd hy lillll'·.Jiillllli.JIIC dt¿!illfill¡.! .1 

'1111pk IC\I l<l d111f1 IIH\\C Llll\CI th.111 <lilC 

'"'"11111<'11 lll111 c.Jn cllllllll.llc ,, l.ngc J'L'I

ll'lll.l).:C PI 1hc i'"lllh IL'u>llkd llu' 

lll<'ihtHf l.lll I>L' 1'\lLIHk.l f11 J'llljl<l\1'1\ 

dCLIL',l'lll!! ifll' llllllll'IIL.Jf rL'\Pillllllll llf h1 

C\l.lhll\hlll_l! .1 IIIIL'\'H'Id dl\l.lllLL' I'PIIIh 

Ll<'\l'l ih.111 lhl\ dl\l.lllll' ltl IIL'l).:hhPIII \ 

.Jrc· drllJ'J'l'd' 1 <ll Lh.Jlll LIIL'Pthn:; ,¡ \lrnpk 

llllllj11L'\\Illl1 llll lhl' b,J\1' ni Lllii'L'Lliii\'L'f\ 

CLJII,d ICLllll\ C.lll ,¡j<,(l rC\lJil 111 'r)-!lliliL.Jrll 

\,JI lllf!\ 1 hl\ l'olll bL' C\lCtHh:d ,1\ IICII for 

nthcr 1ypc' ol L'llC(ldlrlg hv drop¡,rng p<Hnh 

11h..:ncvcr 1he d1rcuror1 (11 lhe l1rH: " r1"1 

Lh.Jngcd thrnugh .1 lhll·,hold .1ngk ll\' the 

~r::rm:nh \llhlcndcd on 11 1 h..: und..:rly111,!! 

J1llrj'li'C ol lhL'\t.: rliL'lhlHI\ 1' ILl Clil1111l.Jil' 

1\.J\lL'd d.JI.l 'I'·IC<.: h111 'iriLL' lhc l111e 

J'IPIIL'lf .JIIL'I 1111\ J..rnd til jll\lLL'\\IIl,l! llt>llid 

h•ol-. v..:ry rllliLh lhc• \.JiliL' ·" 11 IIPllld he-

Al CoOrtl filM~ 1 llll 1 11-lf lll DUL TION 115 

1 't:'"' 2 1 "'' rcdiiLiton by lhc 'clc<.:tton of 
nc1) \1\lh poml 

lt,:c 11 L.tntwl rcpte~cnl a ~tgntticant \lcr 

ltlii.Jid' ,¡lllom.tlcd ~·cncralll.tllon 

1 h1· >~mpk'l allll 1110:1 ollcn 11~cd mcthod 

PI 11111' lt'diiLllllll 1\ lo tfcft-1<' ,¡jf h11l t'Vl'l )' 

11' 1
' J'<lllll .11 .. 11!' lltl' IIIH' lll~t·rt· 11 1' .1 lixtd 

llli'')!L'I h.t•.nl IIJ1llll lhc dt'\IILll dcgtcc ol 

IL'diiLIIOil '' 1 he llll'lhml dUC\ 1101 rC<¡tllrl' 

llliiCh 111 lht.: \\.1)' (lj CPIIIJlllllllg fC\OliiCC\ 

,JJHI il 1111111\hC\ ,tcccpl.thie rC\llll\ jf lhc 

dlf!ili/lllg 1\,J\ CXIICI11t.:iy dcme. -~he rn-

111.11 y d"·""',llli.Jg..: r' 1hc IIL'<JIIL'Ill clllnl

ll.illllll tlf llll\ll'J'Il'\l'lli,IIIOJI Of rlllptlll.llll 

k.lltlll'' al••ll¡! llw l111c '11ch "' pttlill!ln

'"''L''· rndt.:lll.ill<'ll'. ,h.11 p ,111)-!k' .tnd \O 

fp¡¡f¡ ¡\ \C:LOIId.tf) illllll,lllllll 1\ lh.JI 

\[l.llf!hl flllL'' .lrL' \(111 <ll'l'l-ll'J'IC\CIIICd 

f iiL>L' <,j¡p¡lu>llllll_l:' diC lllo!dl' tllll 1\lll\ 111 

1 IC!IIIL' ~ 

1 he .tliL'rnaltve l<l dclcttng po1nt~ ~~ lo 

\ckcl 1h..:m In !he ~pcu.il c;¡<,e ol mono

IPIIIL.IIIV lllctc.t\lng l111c' ( fLll 111\tancc. 

¡mi nnc v.tluc ol "y" t"r c\cry "x"). 

LIL''" .tnd liough' 111.1y he \Ckcrcd 1 he 

tdn """ tf¡,,¡dv.Jnlo~gc hcrc " lhc Ollll\\1011 

ol ¡wtnl> 11I1L·r..: lhcre ".1 ch.tngc ol dllcc

liPII h111 llhiLh ll<IIH:lhcJC\\ .tiC 110( CfC\1\ 

111 (IOII¿!h\ f'or 11 IL'_!!IJi,ll pi.llloll CÚI\'L'\, 

thc ptuhkm ~~ mote' dilliulll J.11 vr\ con-

"\\' 1{ lohlct. "Ntllll<'llc.d 1\lap (;cnct.d!I,IIIOII", ,1/Hill,t:<lll /nrr·r-l!nlll'llll\' L<'llll/11111111' of 

/1111111< """" 11/ ("'''.(lllf'''' 11, IJn, 11111011 i'.Jf'CI Nll X. Dcp.11 lllll'lll of lol'O¡;t.!phy, UntVCI'IIY 
of :\1JLI11¡!.111, Jo~nt!.ll) 11Jó(i. 
:•r,pcllllJ<:nl.d lo~tlo¡;t.lpluc Untl. Ro).ll Colkgc of Art· Auronw11c Carw¡;'arhy aiiCII'Iall-
11111¡;. london. ArrhllcLlllr.d l'ic'>', 1 'J71. 

o 

o 

o 



o 

o 

o 

\o,:¡¡~ liJe C.trlc,i.tn lo pol.tr co-onilnalc' 

.tllll titen 1''"~' for crc'l' .tnd trou¡.:h' 1" 

Th" 1~ u'dtll inr Clll I'C' '' htch c.tn he 
lll.td<.:: llllJIIOIOIIIC b\ tlll\ COII\'Cf\1011, h111. 

"~ lo1 C<t1IC\I.tll llll'.t\lllc. the ~<'lliiH>n 

C,lfi!IO[ he Lllll'ltkl Cd !!CilCI,tl. 

Onc .tllcln.tlt\L' ¡,, linc ¡•cncr.d!/,lll!1n 

\\ hll h 'L'ClliL'd (<1 llllld lllllCCj'ill.tl jlrllllli\L' 

''"' thdl nt<'tltnd p1<'""1cd hv lhc <.iL'I-

111.111 iltm :\ ¡- <.1 11 htLh '"l'jllletl 1h..: 

l \j'l't lllH't:l.d ( ':tllo¡:l.tphlL lln1t 11 tth lh 

(,F¡\(rl{;\i'li itllll\ ld11llc1 .t:td "·" 

d..:'L tihl·d 1>\' 1 1 .111¡.! 111 i ')(,') li 1111, 

IIIL:Iitod \\.1\ IL'j1(q il'll ,1\ p1 lldtiC111:! .IL'

L\:pi.thic ll'\llil\ httl 11.1\ CICil(tl.til\ 1\'· 

jl'Cicd "' .t !'L'IICI.tl P"'l'!l'C lcchntqu..: hv 

lhc 1 'I'L'IIIllt.:nl.d ( ·"'''~'·'1'111..: U111t "" 

lhc _L!IPIIIIli' thdl 11 rcqlltlul l.tr IPO lllliLh 

L'tllllj11ill'l IIIIIC ltll liJe \111-IIIIL' ptPll"lil).! 

'>\ ,¡,·¡n he11t~ "1'''' .tl<·d .ti lln: ltllll' illl· 

nh¡ccllll' 111 lite ptol·ultllt' \\',,, IP <klcic 

jlllllll\ ti llll'l 1\l'll' !otlllli ,,, IIC \\ tlhlll .\ 

!oler :\IICC di>I.IIIU.: ni .1 \ll .11¡_:h1 itnc \C~

fllCill ht'lll_L: lc,tr.:d In ll'j'IC'L'Ill ,¡ jllll 111!11 

Oi thC ltlll' 1'10111 Olll' IL'j'IC\Cill.llll'l' jHlllll 

ti COil\(lliCI\ 'il.ll):!hl illiC\ In 'iill\ClJliCII( 

P•'lllh lllllil ¡lfiC 1'"1111 hci\\Cl'll !In: ICI'Il'

'CIII.IIIIC IWIIIl ,IIHI lile \llh-pn1111 l\ 1111· 

lhl'l ,111.1\' llt>lll lhl' illll' 1111~1111! lhl' lllt> 

tlio~n :t prc 'el lokl.tlllL' v,d11c ,\, "'"" 

ol'o lhi'o Ulllliilll>ll l'o 'o.ill'ill'd, lht• j'PIII( 

hcfPIL' lile 'oith 1'<11111 hl'c!lllle> ,¡ 11l'l\ ICjl

te't'ill.tli\L' !''''"' .t11d lhe j'lllc'l'dllr<.:: " 

lei'L',tlcd 1 he IIIL'Iiit>tl ;.:1\C' .tLLl'l'i.thk 

rt·,ull'o 111 lile L.t'oe ni 'oi1H'Oth cune' lrul 

11 dne' not dctccl lile he't ll'j'le'ol'lll.tlllc 

j'OIIIh llll \h.tlj' CIII\C'i ami !he IL'\IIfh .111.: 

P·" !ICIII.IIi\' 1111'"'"'' 111):! "hcrc ,h,11 p 

,lll):!k'> .11 e lllllllCI Oll'o 

1 he mclhod' j'l"i''"'d 111 thto; P·'PL'I :11c 

h,i\ed 011 ,¡ t011l'L'J'I >1'111l'llh.tl \llllil.ll !!l 

the j'll'-\el tPI•:I.IIIC\.' l•k.l\ dc>ltlhul In 
j dllt hll( COI1ll'll(l,llc, l,lliJCI (lil (j¡,;: \Lkc

llllil ni 1"'111(\ l.tihl'l ti>,lfl 1111 ihL'II liekiiPI1 

o 

(a) 
O• ·O o 

e 

í b) 

A B 

1 t¡<tlll' l Sub¡cllivc \eil'clion of 1 cprc\el11.ti1VC 
poonh 

Apprn.tthe, tn a cnmp111<:111Cd o;olut1011 lo 

111.111\' j1lllhiC111\ bC_L:III \\ilh .111 C\,Jii1111.1-

(ldll ni thc "'"Y om: wouid \OI\c thcm 

'"hJcCII\L'Iy Co11\1dL'1 ll1c ltnc 1Cj'"::'CI11t.:d 

h) 1''''111\ illu\tr.llcd 111 ll_l!llrC J(o~) 01H:: 

1111~11! t'IH>P'ol' lile l'IICIICicd jhllllh '" tilll'•l' 

11h1Lh ll'l'll'\C'IIl lh<: ort_l!lll.d i111c tn ou1 

01111 let¡lllll'lllell('o O! .ll'clll.tl'\ l'c¡h.q1\ 

lile IC.l\1111 \\l! 1\Pitld \l'kl'l tile\C pt>lllh 

.111d 111•1 otilc1' llll)'ill he lilllllllll.tlcd hy 

l'\.llllllllil.l! 1h ... • '""I'IL 1 \ltu.'''''"' 111 r ,~ 
IIIC 1th) .tlld (L) '-rl.tllill):! 1\tlh thc uhl¡-

~·.tlll1il lll hc:clll '' llh lhc c11d p(>l11h, thc 

t¡uc\li!l11 n11gh1 he "\\'hy 1\0ttld thl'rc be 
.1 lllllljllil\ltlll lO 111\CII ,¡ j1011Jl C 111 1 h), 

\\ hcr<: llll 'oltCÍI C0111jllll'ol011 \\ Ollld C\"1 111 

IC) J" 1 he jlCI jlCillillllldJ dt\l.IIKC ol (, 

110111 rhc 'cgmenl A-ll m.1y provtde .1 Lluc 

1 IJI'o \II):!):!C\1\ lh.1t .\11 .llilllf.tf)' 111.1\Jilllllll 

dl'l.IIICt' LOtild he l'>l.thlt,iJCd 11 li!l j'<lllll 

.tlo11g the l111c " llll thL'I th.111 1111, di,l.t11lC 

ltt'lll the ,¡l,tt~~ht l111e -.c~IIICIII C<'tllleclln.~ 

11' e11d i'lltllh 1hcn thc ,,,;,,sht l1tll' ,,·¡;-

11 '(' 1 J,ll\1'. "t\ ~lc-11"'" fp¡ l'ttlllH: I'Piyg<Hl' 10 l't¡,:utc llo¡•nd.uy D.ti.l", Thc lfrnlloloon 
( '""!'"/' r ¡,",,,,¡/_ v,,¡ \ 1 '171. 1'1' ~O ~-1 
11 1 1 .•n;.: l~iilc' fo1 l{llbul l>t.ttr¡·ht,lllL'Il". (,.·ogtllf''"(l¡/ r\fog11~inc. Vol. XLII, No 1, Ocl 
llJil'J.pp 50-~1 



lllC!ll wJii '-liJliLC In IL'IliC''>t:lll thc Orl¡!lll,d 

i111t: il lhl\ LOIHill/!111 1'> 1101 \.ill\ÍÍt:ti. lilCII 

.lllPiht:l illlllll ,¡jpn:" lile llll \Cd illlC 11\11\l 

be \L'kclcd o~ml lile \,lllH' lc\1 \\Otild he 

L.llill:d 0111 \\ilh lilL' llC\\' \e¡!lllCill\ lile 

llC\1 ljlle'\l/!111 1'> "\\'il,ll jlPftff',lillP[: lile 

Llll\t:d llill' \hlliild he \CkLIL'd lll ill'l'Oille 

lhL end 1'"'111 ni lile 1\\ll 11e11 '>ll.ll¡!ill \l'l:

lllL'Ill'> l'IL'.Iicd') J he llh\1!111\ .lll\1\l'l 1\ lile 

l1111hc'l 1'''1111 li<llll the· \li '':"ht \L'¡!IliL'Ill 

;\itill•ll:,:h 11 1\ l'·""'"k lh.ll lill'> j'llllll 111.1\ 

be e111hedtkd 111 .1 itJil!:! \lll!Hllil Clll\e, 11 

1'> IIHliC l1kel1 lil.ll 11 1\ lilL' .lj'C\ ol ,¡ 

ICI.illlt:ll \h.ilj' .lllt:k ¡\, \ILII. lill\ j'OIIll 

il.l\ .dit:.ld~ hce11 lliciiiiiÍed ,1\ .1 IC\llil lll 

lhc dl'l.illeC \l',IILil. lile'le'ltliC. lhe• l'C:IIC· 

lil\ ,1\'>llLI,ill'd \1 llh lh \CkLIIIlll 1,11 Plii-

1\LI"h lliC Jl'"'lhk .illi.lliltlil 11j \L'i\lllll:: 

\IIIIIL' olht 1 IL'I'Il'\l'lll.lll\\' lltlllll J11 lile 

lo1\C 1>1 Lltl\L(J IPtlll\, \\lll'le' llll: IÍi\1 .111d 

thc 1,1\\ po1111 dtl 11<'1 ticlim· ,1 illll' lhcn 

lilL' ll\.1\lllllllll j'Cllll'il\liLlli.ll di\I.IIILe rl(llll 

lile• 'C:C:IIIelll 1\ IL'j'i.lced \\ 1lh thc 111 1\111111111 

tii\I.IIILC 110111 lile i'<llill i llL' \,lllle (lllllC\\ 

1\Plliti he le'j'L'.IIL'd 1111h lile llCI\ \L'¡'Illelll'> 

Clt:.lled llfllil lhe 111.1\llllllill tll\l.lllee ll'

<¡lllll'JllCill 1~ '>,111\Íietl ln1 .di \li.il¡!ill \C~

menl~ 

T\\0 tlllkiclll rrolt:durc~ cmhodylll¡.! lhL'\l' 

I'IIIILIIlk\ il,l\l' hL'l'll l'lll'lHJcd 111 J ( )j{. 

IIC\i'. 1\' .111d lc,le·d l11 .llldil~t'll 1\IL'Iht>d 

2 h,l\ hLL'II L'llelltiL•d .1\ .1 lt:elll\1\'l' lliiiL· 

11on 111 ,\U,()¡ \\' ~~ 

i\lctiwd onc he¡!lll\ hy dcfin1n!,! tilL' lil\1 

po1111 on lile l111e .1\ an .IIILhnl ami lilL' 

J.¡q ,1\ ,¡ illl,lllll/:! j101lll ·¡ hc'>e 1110 J'lllllh 

dl'iÍilC .1 \li;ll,l!ill '>e_l!fl1Cill 1 he llllel\elllll" 

i'<lllll\ ,dPiiO: lile curvcd illiC .IIC C\.lllllliCd 

In liml lhe onc 11 11h lhe ,l!IC.IIt:\1 j'l'l(ll'll

dlclll.li di\l.lllLl' hCI\ICen 11 ·lllli lhc \ll.i•,l!hl 

lilll' del1ncd hl' lhe o~nLiwr .11HI lhe llP.iiL'I 

lí ihl\ dl'L•nee '' Jc,, liL•Il lilc nLI\1111lllll 

lllki.lflle di\I.IIILL' lllL'II lin· \ll,!IC:ill \l'~

IIILIII 1\ <iL\ 111\'ti \llil.d>il' lll IL:illl'\CIII lhl 

111iolc l1ne In lliL' l.I\L' 11IH'IC llll' eOIHil 
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11on " nnl mct, the [1'llnl i;mg rurlhco;t 

,1\1:1) ill'Ullllt:\ lile 11ew lloall11!:_! p0111t A-. 
lhc cyLk " 1epe.ded tlic flo.ltlng po111t 

.ILii.IIILe\ IO\I.iid lile o~IILiWr \Vilcn lhc 

111.1\lllllllll lli'-i.llleé ICIJliiiCillt:llt /1 fllel lhe 

.!llelHll " 111mcd lo thc llo.ttcr .tnd lhc 

1,¡\l pt>llll llll lhe i111e 1\ IC.i<,\I_L!IlCd ;¡<¡ thc 

IIC\\ flo,¡(lll~" 1Hllll( J he ICjledl Ol ihl\ J.¡(-

11:1 ope'l,illllll COlllj'll\e\ lile Oll(t:r eycic 

111 lile· lliOLe'' 1 he p<lllll\ 1\llllh h.1d hccn 

,1\\l).:llt:d .l'i .IIILiiOI j'P•;'I<, COillpr~<,C lhe 

!-'L'I1LI,¡jl/e'd illll' 

;\ii:IIH>d IIH• 1\ C\.ILiil' lile \dfllC ;t<; fllCihod 

''nc L\LL'Jll th.d note "t.•kcn of .lii po1nh 

11 h1Lh h.1\C hccn ""1!-'llcd "" lloatel'i on 

l'lt:\ lllll\ IIIIICI l\'LiC\ J ile\C are \l.iLJ..L•d 

111 .1 \'l'lllll ,•\lll'l lile .lllehlli j'llllll l'i 

111\l\t'd 1<1 lile I1P.d111:~ p~>illl, lile 11e11' llo.ll-

111~' 1'"'"' 1\ <,Ckllui liOill the 1<'1' ol ti11' 

\ldeh, 'i1e1ch\ .1\'tlidill¡.! lhc lleLe\\lly or 

ll'·l'Xdiiiiiiiii:C: ,¡Ji lhc llllllll<, hei\ICell lhc 

llt>,IIL 1 ,111d lhe L'IHI ol the l1ne 1 h" pro

eultlll' ll\11<~111 JL<,IIil\ 111 lile -.eicci!Oil or 

,\ \li_l!illi\ ~le',lll'l lllllllhel oJ f'Ollll\ lh.lll 

i\klhtld 1. hui 1.1J..c\ "1'1'1<1\llll.llclv 5 per 

LCIII PI lhe Cllllljlllllll!-' l1111e .lllli 1\ lllllll_l:hl 

lo j'lildULe' hclle'l C.llll.tlliiC\ 1111'> mcliH>d 

e.tn ,¡J,ll he lhtlii_L:hl ol ·" l.lklll¡.! .1 il'glc· 

,¡Jh iiH:r.IILhll,¡J dllJlill.ILh lO i111C IL'LiiiC· 

llllil 011 lliiC l\Lk C\IIL'illl' j'tlllll\ ,\IC 

'L'lL'LIL'll dlld liiL'\L' IC\IL'\J lO \L'l' ¡j lih'\' 

\lliliLL' JI lite\ dL> 11111, IIIIL'IIIIL\Ii.IIL' j'<lllll\ 

.11..: l.tkcn .11111 lhc \.111\e lJIIe''il<>il ,1\J..,·d 

·""'"' c.1ch ol thc II\O nl'll' 'e!-'mcnl> plo

dllccd. dllli th,·n Cdlh ol lhc lcHII lll'\1' 

\L,l!llll'lll\ diC C\,llllllled. 

11 111 .1 hldlleh111_l: lieC 

;¡nd ~o on "' 

l-aLh h1.111t:h 1\ 

IL'II11111.ilui 11 ht:•l lhc oll.,et tokr.llllt: lrl· 

lelltlil 1\ <,.ill\licd 

i o cn.d>lc \,d1d Lllllll'.ll 1<,011\ ltllll >cp.l

l.llt: \llhlollllll'' lll'IL' llllllell on thc h.t'" 
ni thc l''"u·dtlle dC,LIIhed h1 1 ;111¡_: 011c 

11 ·'' .111 L'\.!LI du¡'ilc.llll•ll u! th.11 f'lllll> 

dllll' \\ hiiL' lile• (lllil'l lllll e \le ll' Llllllillll.l 

''"'" ol 1110 llllllll'"'·'lnl III<HiiiiLdiH>il' 

"'\ndit:\1' 11 ('lcnlL'Ill, "1 he Applie.lllon ol lnlaaclll't: C''"l'h"' ;¡nd I'.IIIL'lll i{cLOf;lllll<>n tn 

lhc Hcduc1n1n of f\.L•r Oulilllc,", i\J.1.,¡er\ 1 hL'"'· LJn¡vcr\lly ol illlll'h Cululllbi.t, 1973. 

o 

o 

o 



o 

o 

o 

1 l K llllllOUiol A~""'" 1~ 1'1 lJ( "' R 

~-
1 

1 he pt<1f!L11ll anf liC\CIIhC~ \1.111\ j,y 

""'gn"'.t! thc IÍI\1 ¡m111l "" thc .111Lhn1 .111d 

ihud .1'> .1 lluo~lt'l 1 ilc ·.ccond '' tco,tcd lo 
\l'C lf Íl ifL'\ \\'llit!IJ illiclolllLC tf¡\f,lllll' ll/ 

tite '''.L:Illt:nl dlllllt'd hv lhc .111Lhn1 o~n.l 

lile llo.llcl 11 11 doc'. tite liHIIIh ,., ·"

",l!llc'd ,1\ lhc llt•.llcr .11111 thc 'L'(tllld ·"'" 

11111 ti .11 e t:\.lllllncd .1ntl ~n nn 1 he 111 '1 

lill.lilll).! j'llllll dcfi11111,!~ .1 'l't_:lllCIII 1\ file il 

dnc\ 11111 .di'"' .111 llll<'flei\Jil,l! j'lllllh ill 

\,lll\11 lile lt>kl.lllll' LIIIC!I,I C,flf'.l'\ lite 

.IIILht>r lo "'"''' In liiL' pn1111 IH:In1c titL' 

fl,,,,llnt: j'llllll \IIILC 'l'kLIIl•n 111 thc I'PIIII 

lllllllCdl.llelv hclote lile tlno~tlll,l! ptnnl 11,1\ 

nu c.lf l"g'"i'IIIL l"'lilic.IIIPil, !he 111<,1 

IIIOlliiJCollllH1 tl! llll; I'"'Ll'tillll' h,l\ l:lL' 

.lllt:hlll 1'''"'' 11111\l' ¡,, lhl' 1''''"' l111lhl ,¡ 

lilllll illl' \CO,:IIIlill 1 hl' ll'oi\PIIIII)-' hcillllti 

'elt'Lilll_l! illl' f¡lf litl'\1 j1UIIll ¡•, lil.11 11 1\ 

lht.: tliiC lllll,j hktil' 111 \lliiiL'Ild .1 'h.11 1' 

.111::k .111d 1\tlldti iill'IL'IPIC l1.11e lile hl''l 

Lh.illll' 01 j111111CIII IL'IIIl'\l'llllll,l! ihL' lllil' 

ii1L' 'L'Ulflti lllo1dii1L.II11111 .ilfL'IIIj1(\ 1<1 Llll 

L'PI'Iflllflll'~ IIIIIL' h\ ,f\tlldlllg llllllCLc'\\ 111 

fCj'L'.IIed l'.tiufi,¡lfllfl\ ni dJ 1.1.111lC 1 llllll 

1 Jgtlle ''· 11 1\ L'iL.il lh.11 111 11111\l L.l't:' 

the ''"n t'l tite dhi.JIIlL'' ,, i- h '- ,., 
¡.!ll'.IIL'f iilo111 lhl' /'ll'.IIL'I dl\i.lflle th,il i' 1 
1', ot 1' 1 iiL'' lllllll lile \l'~:111cnl 1'.,1' 1 111 

oth..:1 "O""· 11 ;¡ i h i e " "''' 11i.111 tiH' 
lolc1 .IIILl' tll\l.lllu' thc·n d ·""' 1\ol!ld lw 

"'" tiJ.IIJ IIIL' lo~l.·l.llll<' ()"" 1111\' dl\l.tll\ •·. 
,,,¡/,,·¡ th.lll . tli "1 ti .. · lllh 1 \l'llllll' '"¡¡ .... 
i '·" 

111 lw l ·"l 111.111 'i Pll l '1( IJ 
\ \ \ "' 1111' 

JIIIICI l \ l k. IIIIL'IItit:d lo '""' lh\' flt.llill 

'Y"'i-! lllilhl'\{ lllll 11 thc \C):!Illlc nt. 1\ 111-

ll,!:<IIL' •l l{lllllllflh IC!~I\IL'I'o Ol ,ICLII!lillf.ollli 

ulhel "''l.•ncc'o 

\'OI-.t:d onlv i1, thc c.I\C'i whcrc thc .tCClfll111-

l.llcd lot.d '' g¡e,tlcr tho~n thc tokr.lncc 

1'<1\llllc .lfld n·.:¡cat1vc accumul.~tion-; c~rc 

J.. epi 111 \Cpo11 .lit: tegl'>lCf\ to ;¡VOid \llh

ll.illlllll'o l1om thc11 ah,olutc 11\.l_l!fllllllk., 

111 thc L:l\e ul do11hk Lllfll'' ·1 he fll,Jfll!C

n.lf1ce 1ll thc·.c llllllllll,l! 1 C,l!i\ICI'o 1\ r.lr

lll'lfl,fli)' '"''1111 11 hcn \CIIc•, of po1nl\ l1c 

.dong '·''·":~hl lme\ 

rln: Íll\1 lllOihfic.lllon \1 h1Lh allcfl111l'i lo 

'il'kll ,¡ j10111( 11 htch 1', lllOIC 1 oiiiOIJoiJI)' dc

flnCd lho111 \llll(liC Ulll\'efllellCC, h.J'i lile 

e\rcLio.:d te,llil of ;¡p¡•rox,m.llo.:l; dnub!,,1g 

thc: numhcr oi po111l'> \CkciL'd a!lll thc 

I'IOCI'''"I~ lflllt' ll'ljll~<cd lo I\Oi.11e thcm 

1 he 'L'llllld lllllditll.IIIOfl dd11llll'l)' tCtlllU'', 

lhl lillll' lújlllll'" 1!1 

e'j'CLI.dh· 11 ,1 ¡.!IC.il 

ktc:d hcL.III\<' they 

\11.11/'IJI 'l'¡.!lliClll\ 

p1o~ce•,, a ¡c11e11 l1nc, 

111.111)' ptllfll\ .!le de

lit: .dong tcl.illlcly 

;\JI j'ltiCCLiliiL''o IICIC [<:'oled ,lfld COillrdll'd, 

ho:il 1,11 tl1c11 o~hillll' ''' fl:flltll'l' llllflL'lC\

,.~, \' j'<'llll'o, th.il " 11 llh llll' illl\l'l lt>kl

dllLe \l'i lo he le\'> lif.111 liJe ll''oOilllltlfl 111 

thc rlolilllt_: dc'II,Ll:: (ll~IIIC ~). ,fiHi lht:ll 

.ii'Jiil\ 111 j'IOtilllC L.ll ll.lilltCd ll'j'IL\Cill.l

lillll'o ( f l,l:IIIC (¡) ¡\JI \\Cie jlld¡_:ed lll f'ltl

dllcL' '"t,,I .. Lilll y tl''lllh '"' '"nrk: l111c 

IL'tl:ilii<IIJ h<llll'ITI IIIL' 1'\'f\1\111', '" ih~ 

(. l''""'"illl' lllllilllfl lilt' fll<idill 

l "'' '" 1· 1 1 "' " 11... 1111 1 ¡,, ·.1 11" 11 ti 11 1>1" ti" . 

k,fl'd .,,. :111t1d d11l 11111 j'llldllll' \,iii,/.Jc

loil' L'.llll.IIIIIC\ ht:L.Jil\l' ni ihc· ll'lltklll\ 

lll llfllll .111d Llll Ltll IICI\ j ht: lllt:ihtHI\ 

j'll''CiliL'd 111 1111\ j'.IJ'CI llt:re lt:\ICd \\iiiJ 

\llh\l.lllfl.¡l d,¡l,¡ 'CI'o .111d loun.l lll 11t: 

"iil'l.<lltlii,dlv 'llll.lhil' ¡,,,¡j¡ iPI \fmpk le

diiLIHlll .111<1 111 lile f'llldllc'fll'll pj \,111\

l.illlll\ .dl'oii.ILIIllfl\ ( 1 liéliiL'\ 'i o111d (¡) 

1 lci.ii!l'd Ctlfllj',lf f'oOfl\ 111 lllflll1llllll/' flfllC 

ll'ljlfllcd -ltll l'.!LI¡ \llh-ldlllllll' 1\c'le IIJ.Itit• 

1111 lhL j,,(\1\ 11f ol ililll' llilh 'oljllolll' olllll ,¡ 

IIIIL'l' llllh dl.llllL'il'l lllck, c',ILh IIJ.I•k "1' 

ni ·illllil 1'•'1111\ l \'t'ld\' t/1\IIIÍIIIIL'd ,<it•ll:' 

llo, 1'<'11 1111, 1\ it \1,1\ 1Lt 1 1/¡,¡¡ lill 'otiii,JIC 

\\o>idd ~1\l' dlllj'k ''1'11ttllllllll\' IP dc'lllo!ll

'11 .IIC tliC j'II\\L'I (11 L',!Ch ltllfllfle 111 ih<: 
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rl.~llll'' Col!l(llil' plt>llcd 111\lll lhc llil~'lll,d dl::lll/td lllldllj'ilt.ilr<l .11 (1()1 ll',OIIIIIOil, 41.311 
flPifll' 1 kll l .. 1nd l1o111 7 ~~~ 1'"1111' 111:·111 1 1• d!llul l•1 ~ltlltod 2111111.1 loll'l.tlltl' 'el lo h.lif lile 
le'Pilllt<lll ol lht' ¡'llliltl 1 lit ltdiltli«n ¡•l«u·dul<' ,,.ldcd f(,' '<U'Illl, 111 1he lol '<'llllllh ll'!Jlllrcd 
lo 1c 111.,11d 11 111c 1111· d.,¡,, tu plnr lile lll.lf' "" rl,, klr ll11· ""·'¡'e' 111.11 ht· cump.•rcd 11111t ,, '"nplc 
~ll r Ctl'U •pl' 

______________________ -..J 

l1¡:tt1c h l111t' 1eduud .<11d t.lllt.lllllcd h ~krl Pd 2 lit<' lokldll<l' 1.d11c cnlplovcd 1'> ,J¡own In 

,,,de ,JI lill~ lt 11 pf '"'" L.IIIL,IIillt llhllll "·" ILtluu·d ll<'lil lite n11¡_:1n.d d.11.1 1eprc'<'lllcd hy lht: 
lop 1111<: 

o 

o 

o 
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TABL[ 1 

P'l."CES<;I'.G TI\!F RLQL IRFD TO RfDl Cf \ 3" CIÚ_LE ,_;._ D \ 3 ' <;f)¡_ \Rl ~1 \Df 1 ,P nr ~Qf<fl P< 11 '- 1 S f \Cil r\ r;-,¡_ 1 ~r \CTD \Lt)'.l, Tll!.' PlRI\IEflR TO THE '-L \!il~R 
-- · ~. t!_r P•.JI~f::, l'-IJil \fiD \\1111 lltl (d\L'~ l)(f')ll ítllfl{\'\.(:1 

'SQc \RE 

-------- --- ·-------~------------
·------~----- ------- -------

001 Ql 
----------- ---------------------

\ r G rr~).._.: .. h'T~ 
\ L G ~:~~'-- \l~...,,J 
-\ E G ;•'u; \I,,J- 2 
-\ E G ;-;u, \IL1LI, 
\lt:•noJ 1 
\1c:l·ud 2 

Cl ~·- l[ 

-1000 ¡:'C'l!lb 

-\EG rnJ.:cdurc 
-\EG rlus '\lod 
-\ FG plu::, \lod 
-\F:G ~! .. 1'1 \!cid<; 

\1..:·-.,l"l..l 1 
\le! •wJ 2 

2. 

.:nJ 2 

and::! 

.. 
- 1;0,nts Tw~~ Pvlnl> ~T11:1.: 

5 ..:"" -1 5: C:X '6 
5 ,,~-s 5 s . ..; :,) 

5 
,, 

6 5 -1-1 5 
5 

.,, 
8 5 ~2.5 

- 5 -; 5 
,_ 

; 1 

5 (, 5:: .5 
'- .. 

,· 

- SS 5·5 40 1!" 1 
:1i1 10 -1 77.: ·e, 20 -1 
" .:!8 -:: 5 . 40- lO' S .. ' 
1 il !() 6 77· ~1 5 
127 - -25 ·1 :· 56 10 4 -129 l 8- 6~ ·- 1 5 

~ -- . -------.----- -----------------------~- --

[\11!1(<; 

5 
5 
5 
5 
5 
5 

~9 

55 
29 
55 
-]9 
33 

.05 .1 
---------------- ----------- ----------
fli11C Pütn~.: f•tnc J\.l'IHS Ti:P.; 

~., 3 5 ~~ ' 5 $6 -1 
,'i>.Ó 5 '~ . ..: 5 ~l) S 
_¡r, o .:; ---15 ~ 5 -1-1 ? ,, 

-1 5 <) 5 
., . 

1 -- __ , 
' S 5 S 5 8 

ó 5 ·5 5 5 

1-1 <) 1-L 32 6 JO 4~ 4 
:8 (i 25 60 -1 !S ~-~ 8 
15 -1 1-1 

,, 
~ 10 .1[ 6 y_ ' 

.:;o o ::!5 60 ') !S 87.8 
7 5 !S _, 7 13 ~.7 

1 2 i7 ') 17 1 o 
----------

.5 

Poi,_!>· Tm;.: 

5 S_6. 9 
5 113.9 
5 .¡..;_ ¡_ 

5 - 31.-1 
5 .7 
S .6 

S 97 1 
5 109.-l 
5 9::!.2 
8 170.2 
6 1.0 
5 .6 

o 

= 
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A.[ G. Mcthod + 1-bJ 

A l G ~lcthoJ • ~1od 
anJ ~loJ 

lr!'IIIO: 7 l'lt>llcd "'''"" 1111 .r '"'le ,111d .r ''l'""''l',Hh nr.rd< "1' 11f ·1.000 f"'llll~ .rro11nd ir~ pcn
lllclcr llll' .¡,,¡, llllllll'I'PIIIld,llll' 111.!1,,1!, lfll' '<il'•l«ll'''"l" 1>1 lile 11rdrc.11l'd llllllCdiiiC' lhc 
1 Pie..' 1 .111\. l' \ ,1\ ill' lll j 11 h .. i 1 1"' ~~ l11 ,¡¡ ,¡( \ d 111 \L ·"l ,¡1 t ill' lt' jl 1.. l 1111 l t d l .11.. il d 1 1r1 ,lll\ 

l'oi\l' \\ hcrt: 111.1111 f'<IILll\ .dlln~· .r lllll' .lll' 

tu ht: dcktcd. ldlt:rc.l'o rh,· urlk \\o11ld 

he more 'l'J'''''el1t.llr\l' 111 'olllll<~'ll\' ol 

dl.l\111 u1 t:m¡>~IIL.dlv ll'UliLkd l111C' ·" 

f.rr ,1\ thl\ llllllllt_: IL''i \\,1\ COI1L'CIIl<'d 

1 .thk 1 [lfl''ol'l11' ll~'olrll' h1 the t:,r':rblr,hul 

Pfhct tnkr.rllll' 111 111rrr1hL'I "' jltlllll\ 'l:kc
kd .llld 111 \L'lPilll\ ll'l\11,¡1 f'lt'lL'"IIl'' \11111 

illllL' IL'<JIIIIl'd (111 lbL' IL'<lriL(I!lll jll!lcLdllfL' 

11 ll 111 17()' 1 ~~ liiHkr (),..., :--1\' 1) 

1 1!-!liiC 7 rllll'o(l.l(L\ plnllcd IL''ollll'o IPI ,l 

1/ lO" oll'olt llllcl.tllLC 11 rlh !he 1'''"11\ 

\L'kLll'll b1 l',ILh lllli(I!1L' 111.111-,L'll 1\lih :1 

¡,,.,,, 1 ""' 1 ¡,,. I.ILI ¡¡,,¡ ¡¡,,. lllliiiiiL'\ 

'ol'kLtcd drikrrnt p<~rnh .lllll driiLILill 

lllll!lhL'I' "' 1'''"'1' 1\ nut llllll'll.d 01 un

l \jll'Licd .111d '"'"l.1r drlk1e11Lt:' <KL'llr 111 

thc l.l'C ni '"'"',u' I111L'' ·1 he 'holtcom-

111~ "' lht: lllllll<HIIIIcd :\ · F (i pwLL'durc 

1' e1 1dL·nr 111 tht: L <l'l' PI po111h 't:kcicd 

(11 lt:[11L''L'Il( ihc 'oljll.liC, 1\ hllh \\l'fC 

Jl"l k" 1h.1n !IIH' l<~ki.II1CC llllll I1Lll11 thc 

"''llL'I' 1<>1 .di b11l lhL fí1'l :1nd l.l'ol pwnt 

1 ,,,¡, ll'lll111L' '<'kL!L'd ¡¡,,. po1r11' to lcprc

'Lill lhL' \ljll.lle ,IIHI l'.l\.h ltlll}., .lj'J'f0\1-

Ill.llL'il' lhL' \olll1C l1111e ll'O:.tldk'o'o 111 thc 

l<~kr.ll1ll', c\u'pl 111tlr tire 'l'l<111d nwdlli

l.ll'<ll1 In lhl\ L',I\L' thc f11'i 'tcp ull tlrt: 

\Ir ·"::hl l1111' L ,¡¡ro,,·d IIH' rr1rll'l L'i Llc l<l he 

1111"~'·d 11 I11Lh l<lllnd llre llC\1 .rrh hor 
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point on thc fi1~t iteration. 1\lore rtcla

tion~ 1\ere ret¡uued for thc othcr tolcrancc 
'lim1ts. 

In thc C,\\C of !he CIICh: ,¡n 111CIC.I\C 111 

tnlcl.tncc h11111 ·co~tl,c'd .1 tkcre,l\c 111 thc 

nt1mhcr of pn1111\ lound lu..r:..:p1c'cnt 11 fnr 

,di· ·mclhodo, ·¡ hn~e mclhodo, 11 hich p1"h 

1hc. l'\.1111111.1llon o,cgmcnt .dJc.td ni• 1hc 

anclwr po1nl\. lh.1t i'_ thc t\ F (i mclhod 

\\ ith none. 011c 01 lwo modillcat1on~. t.JJ..c 

longL'I In pc1IPII\l a' ·thc t•ll'l'l l<•it:J,IIlcc' 

'' llit'ICa,cd 11m lht.:1clo1e cn111p1 ¡,e:, lhl· 

1\J,IItl H',I'PI\ th,ll lhl'\' h,IIC lO 11l' Llli\O,Id

Cil'd llll'-llll.ihlt.: 11\ .111 ¡lpe'la(JOI\,d Clll\ll'\( 

·¡ hl'\C j'IOCL'lhllt'\ .lrC J.¡\l~\( j¡ ih_L'\' .llc' 

un.1hk lo dclc~c :111\ p,;,,¡¡,.' hcco~.IJ\C iq 

· 'IIL'h l'.l'•t.:' lhc\ lllHild IÍo~1c lo l'\,111)1111' 

0111\ ont.: J'llllll tn·L'l'lllC ''' 'rh.lt tkci'l"ll 
o'n 'rhc nthcr ha11d il ;, 'ICit.:.l,l ,·1l1111hc1 ni 

ponll\ .11~ llltll'id lll I>L' tll'iel,ihiL·, IIIL!C.'I'o 

ÍllL:f\ l.llt:l' illlll'l l'\CJco, ~IIL' Íll\<;,h~d 1•.'1 
' .... 1 ~ 1 

cach :1tlvance of the lloating point Thc 

111'0 mcthodo, prc~ented in this papcr work 

111 _cnlucly ·lhc oppoqte \vay allll are fa~t
C\1 in thc ca'c of lillC\ which are fnu11d lo 

hl' 1cp•c,cnt:d1lc Wilh a ~mallcr numh~r 

1•l ptllnl\ I'IC\unwhly thi~ i~ thc oh¡cct 

ni lhc dlPrl In :di co~'e~ 1\felhod 2 i~ \ccn 

In t~1hc• ·" llltle a\ 1 per ccnt of the lime 

IL'llllircd hy·lhe·othcJs. 

·¡he prime piir.pO\C nf !he I'Olll111e~ di~· 
Cll"ed hL'Ie Í\ !O ICdliCC !he 1\llll\h~r Of 

J1<'11ll'o IC<JIIIICd In II:J11l''oCill ;¡ Jinc and lO 

111n¡lih.C ,dl\lr,ILIIOil~. 01 CaiiCdlllrl'\ of thc 

h11C 111 c.I\L'\ 11 he1 e the<,e wlil o,ufl1ce 1 n 

11\dl\,\' C.l'ol'\ lht:\1: LOtl!d he COil\ldl'ICd !O 

, he· jll'llcctll ;¡dc,i¡ll.ll~ gcncrali;ation pro

ccdllll''• \\'hile, thc \Cope ol , gcncr.Jii;,¡. 

IÍ<Hl "1111 dnuht lllliLh hro.1der, ltne rcduc

ti,t>ll ¡,~.': ll~L'.III'o ~lll'h :1\ lhme' dC\CIIhCd 

• hL'I<'. rq•lt:\O:Ilh an importaíll po1 l1on óf 
1 /¡·,¡( ¡', lj11C " 

' . . \ 

R(SU;\J(' Rc·glc génJJ,tlc. Jc, IIH:IIwd,·<o llllllH'IHjllc'' c'llll,!~l\llcnt de' l•gnc,'avec hcauenup plt" 
de donnéc~ qu'il ll'c''l lll'Ll'".IIIC ;, l.t ll'J'It>dilciiPII f!'"l'hllJIIC p1e'cl\l' 011 il lo1 Jcchcrche p.1r llf<h
ll.llc'lll. J ,llllc'lll J'IL''CiliL' <kll\ .tl¡o<'\l·lillllll'\ J'lllll lldillle k llllillhlc' de pllilll\ lll'U'"ollfC'o j1llllf 
ICJ'Il''l'IIICI l.1 ill'lll' l'l j'l<~dlllll' de' t'.IIIL.lillll'' 'l•dc''lle', l'i ¡,., Ll'IIIJ'.IIl' oill\ lllclhtllll"o Jc-, ¡•111' 
J'IPI11VIIl'll"t..'' \lll'•'~ltl''• lll'tjll,l~o.'l .1 ,¡ lt'dlll..iHIIt '"" l.1 ll,l:lll' t..I'IP•Illlll'l,l lllh.' p.HIH." 11111'PII.IIlll dl' 
J 1 ~:l:lll:l .tlt,,Í 110/1 ,ltl IPIII,IIIqlll' 

/[1'-,¡\i\I;\JJ'NJ'i\'s'>IIN(i ¡\Jito'Ik!ll.tli'iclllll•!'illL'ihlldc·n 7e'lllllil'll 111 dl'i Rct<cl IIIIICil 11111 be
dclllend 111L111 'tJ.II\_·¡¡ .111r :d<o lu1 e;11,.- ¡:c'iloillc: ~~l.tphi'che \\ le'dc'•¡.:.tl1c· ode1 ·¡,;, eine ( nnlp111cr
,,n.dl'<' m•.l;<<'11d1~: 'llld .lllc'I•'J'l'llellc l~ecill'llle'il.due·n 1111 Ruiii/IL'IIIII.l' dc'l l:ll;ihll'l,dd. d1e 
/111 1 ),¡¡ ,I,·Jiun:~ l'IIIL'I, 1 lllll' i_'L'II<lil¡!l IIL'I de 11 lllld_ dtt• dile IJ J.¡Jj, l'l \l llil\l J¡¡ \'e¡ /<:llllll¡!Cil J'lll· 
dll/ll'll'll, 1\l'llkll ll•ipll'lll nnd \t'i¡.:l•chc·lllllll del! l'!'llll dlll "'"'ltn,~·ci'Jl"'',l.tt'illkn 'r\tc·ilu•dl'n 
IJ1c liiiiCflle'dll!l•.'lllll¡! \\lid 'l'llle' f!lll\\l' I{¡¡Jk 111' dc'l ,1111\Hil,lli\IL'ilell ltt'IICI,tli\10.:1,1,111¡! ~pi(:len 

1 ' l ~ ' J 1 
- ' • ~ 

RrSUl\IFN lodo' lm mé1od1" d•gil.dc,, cnmo•egl.l gcncr.d, IC¡!i'l,lan línc.l' <¡uc 't_~cncn rnncho 
lli.Í'o dato\ IJlle' loo, 1\l'LC'.lllll\ p.ll,l !.1 ll:fliOdliLLil.lll ¡!l,lllc'.l,tPIICli..l-0 p.1r,1 t•J ,IJl,di\1\ J'Lll lUI\1· 
p!lloidOI.I·~c plt\c'fli.lll do'.·"<~ollllllll' p.11.1 ll'<lillll l'i flliiiH'Ill de· punltl\ llt'lC'~.Ifl(l·, P·!r" repiC· 
'"nlo~; _un;•, línc.! \ "'t; dc'c'.!.·p11Hiu,ll, L'.IIK.IIUI.I',.c,l<"''c ll'lllp.11oill con lo~ méludt" 111.1~ 
p011lt'IO.:<!llfe\ 'II¡!L'IId,tl\ h,i\1.1 .1.~~\11~1 1 ol !Cdllc<.:lllll dL' llllt:,l'o rmlll,lla ¡_:r,Jil p.II(L' de J,¡ ,lll(llll\,IIIZ 1-
l..hJII en ¡:c·ncl.• 1 -, 



Choroplcth IUap::; w·itlwut Class Intervul:s? 

W. R. Tobler 

It is now technolo;.:ically feasiblc to produce virtually continuo~¡:; :;hades of 
grey by using auto:natic map drawinr; cquipmcnt. It is thcrciorc no longcr ncc:cs
sary for the carlo::;raphcr lo ''ql1antizc" data by cor11hining valuc!:' into class 
intcrvals A~ :>. simrlr íllu~tration an autom:1tic Jmc plottcr can be programmcd 
to draw lincs ·,;rlually any cblancc apart (hg. 1). Thu~, onc can obt.u.1 any 
de,¡ r cd Jt>~liny of in kcd ar r~, to wbi tr a1 ca. For e:-.amrle, r i the gcugraphrc1l data, 
symiJo!Jzcd by ::, are IhJrma]¡zcJ lo ]¡e in lhe 1ange from zero lo one, thcn an 
z.ppropriate spJcing of orthogor.al Jinc:; of \\rdth w is gi•cn by 

s = (<v/z"') · [ 1 + ( 1 - z'"P~]. 

Jí rr e an cxronrnt (x = l 4) of ;:; has be en choscn lo approxima le thc non],ncar 
rr::i'rmsc of thc huma:~ cyc [13 J. 1 he l'nits of the spacrng s ;:¡re lhose of w. 
Cump.:~ralJlc erpnt:ons 2rc ea5ily obtained for dashed lincs (,¡· for dolted 111:1 "i. 

Automalic cr¡uiprn.,nt that produces grey are,ts by modubtion of lr¡'ht rntcn::;;tic'i 
c.ut produce cn-n m•lrc tcllnC'd dl~j11ay-;, Thcre thus rcsults a é!Jmo¡dr·th map on 
"hich thc \'Í,ual intcn~ity rs cxactly plr·i'Llllional to tbc data rnll'nsity. ~incc no 
cl.lSS intc1vah ha,·c bccn intJoduccd, thcrc is no quanti1.alir:;r, enor [1, 2, 11]. 
Thc much slt,dird [5, 6, 7, 8, ?, 10, 12] and diflicult problcm of optimum clas:: 
intcrvals is lhu,: ciJCUiltVf'ntcd. 
~omc crtrt'•gr1!'1"'"5 ~\ill stoll "·i~h to ~~:oup thrir d~.t:1 intc cbsscs :u:d ,,¡]] 

;¡r~'lf> IO:lt tl-;py rln thi<; Í'l mrlnr to c:imr·lit~· or I'I'~~!lr~ tl]" ~''"'::' fro~ th~ '.':::--. 

Tbr:;, thcn, is a prc·hlcm of tn::p ;eneralizatinn and not nc·cc:sarily one of chostn~ 
cla~s intcr\'als. I a~sumc lhat, by dcfuutir•n, a gt·ncrJlJzalion <)fa chon_.plet], !tl.ip 
is another choropleth map, nul a smooth suriace ao:; rnight he built up from 
moJcli1n6 cby. 

A choroplrth map can he l!CilCJalrzcrl in at lcast iour \\ays. F11st, hy combining 

JV. R. Toblcr is profcssor of gco~1aphy at tlzc Umvcrszty of Micf:ir,a11. 
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adjaccnl arcal Uillls (unils that bavc similar vaiucs are rnacle into new units 
whosc \,lluc is some combín2..tion of the carlier VC~Iues, or small units are clim
in,ttcd, rcducing the rrsolutJOn of tbe dala); sccondly, by simrhflcation of the 
bouncLnies of ll1e <trni untk<;· lhirdly, by ckmging the value of each unit in some 
m.wncr \\llich dc¡1cnd~ on thc 'values of tbe adjnccr.t units [17]; fourthly, by 
quantizing lhe d .. ta more coarscly, i c., by picking large cla~s intervals, or by 
u:-,ing somc nonliPcar ch::o. inlervals. As an ana1ogy, one ma:y considcr the ways 
of gcncralizing a tnpographic surfC~cc: by varying the spacing of thc sampl1ng 
points, by "mnotl.ing \\itl1 a fdtcr, or by choos111g a l:•rgcr or vatiahle contour 
mtcrv.ll Tlw latt, r melhnd is o[ coursc cnmp;¡rablc lo tLi' lhoosing oi cbss ínter
\,¡], for a choropHh m.tp Enhr~ing or mndifying thc contout interval, \\Ithout 
~impl1f.)nn¡~ thc o nt".UI<;, dne'- noliH·rcs<.,;~r~ly improvr thc m:tr, butm,¡y enbrge 
tlw qu.tiJ!I;,ation t·Jt<n. T.tl;in~ •,¡mplcs all.trger or <ltffeJci1l ~pat¡~¡\ intnvals is 
cqu.v.dcnt to flltcting uqng a dtfictl'nl two-dtmensional Dirac comb [J] and 
thus is a type of .-,moolhing. Tite more ge-neral case is to modlfy thc valucs of 
each unit in a cuntrolled manner that dcpends on ilic values cf adjacP.nt units 
[ 14, 15 J. This i~, casily achieved by pcrforming the choroplethic equivalcnt to 
l.tking a L\\O-dimensional wcighted mo\ ing average, as, for cxample, in binomi;:¡l 
ftltering [ 4, 16, 17]. Eithcr smoothing or cmphasis can be obtainecl in this 
manncr. 

The Illdin argumcnt in favor d U'ill1g cbss intcrvah scr1ns tn be that thrir use 
enhanccs readability This at lc.t~t is !he ;w;crtinn. ll c;ecms LY¡u.dly plau~tblc th.ll 
this is aho lrue oi thc th1ce altcrnalc m;¡p gener:~lizatwn melhocls citcd abovc. 
If the asse1 tinn is in fact valid why then is grouping of grcys in lo classcs not 
also (e g., in nddition to spetlial fdtcring) uscd to enhancc aerial photographs, 
or trlevi5Íon? Fcrmulae for thc optimal quanti?ation of im:~gcs are in fact givcn 
in the litcrature on pictute ptncessin~, \\herc the main clif1iculty stems from the 
conversion of continuous im;¡ges into diSCiete sq::;n;¡J~, or 1elatcs tn transmis~ion 
b:~ncl-\\Ídth ;lllcl noi3e rcduction studics [1, 2, 11]. T}11irally, a Jargc numbcr 
(2'3) of levcls ar,• Icconnncndcd, comp;ued \\Íth the small (2~ to 23 ) numbcr 
li'iCci for choropl··l:t m;q1s, lhou.~h some\\h:-tl fn1er lewls nrc Icquired for cqu:~lly 
s.1ti~faclory ccrlnred picturcs. Jt is thus not clear \lhy the theo1y for pictures 
should clifícr f10m thc lhcmy fm choropleth maps, sincc both ha\'c vi~ual infor
m;~tton JHOCC~'illlf~ a-; thcir ultimatc ol,jecli\'e. I'IeStiinably, both have sorne do
m:~in of validity, !Jllt thc ltmits necd further exploralion. 
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Introduc:ci6n. 

=Y~NU es un pros-rama de representáción gráfica mediante computad~ra, 

:::s::rito con el propósito da generar un dibujo tridimt=msior:::~+ de ~os o3tms. 

El ,prcgre.::B SY!.~/'J puada ser usado- por personas con muy poca experiencia :en 

prccT317'-::~cion.. Sol::un>?.nte son nccesar.ias tres .tarjetas de .control p::~r·a la 

gerzraci6rt ce la gráfica. TreJ.n:ta ·y -d'os -electivas u ·opciones ·es~n cons-

truli:de.s -dentro del prqgrama, :psrmi'tiendo .una considerable flexibilidad en 

ls seneración ·de la ~8stra de los .datos. ·sin .embargo, solamente siete d~ 
1 

estas -opciones son .abso1u.tamen·te necesarias ,para la .producción de una s±m 

ple muestra. 

tivms. -fl diferencia de los ~mapas de contorno 1 .s'OiiVU ilustra 'los valores m~ 

solc.~tos del continuo espacial .de :1~s da'tos. Los mapas .de contor.no ·(¡s ·mapas 
,_. 

de isolíneasJ us'an intervalos redondeados par~ !graficar Ía :111uestra de la 

infonnacion ci.Iantii.tativ5. El ,program~ BYMV'Ü .tieoe tambiér,¡ :la capacidad de 

conformar y rrapear !JSanda ~datos generados ,por el .pr.c:Jgrama SY~~AP,. 

Uno de los hechas distintivos :da este ;programa_, ·85 ·que -complerr.enta" lila 

t~ea de ,decidir ·que partes .del óbjeto.son vlst~s y cuales ¡queda~ ocultas a 
1 

la v'ista .. 

El programa está escrita en FORTRAN IV .Y-·es o'perado en una ·maquina 

IB~50 usando .una memoria ·de .220K. · 

Las corridas han 'Sido .com¡:ilementadas ·exi tosamen:te en tanto -en .un gra

Ficador de í~ pulg9das ~o~o ·en ·uno de 30 .pulgadas, pero debido a .restriccio ·-
nes '(de tamaño en el programa,, un graficador ·de 30 ·pulgadas pres'=lnta' 'una 

peqL:eñ.:i ventaja. 

c.1.1. Principios Básicos. 

El programa utiliza datos 11ue están en forfl'B eJe matriz. Esta rratriz 

informaci6n p~eds ser generada en una o dos formas. 



Le.. primera y rnás c:Jí:'~n de est.as :;¡l ternativ:!3 es utilizar los da. tos 

gen'?rado.=. por el progre!ra SY 1! . .:.P como ur3 8'"-:!fic.:; bidimensional. Cl SYI,i.C\P O· 
ir.tgx·pola datos de locs.li¿:!.ción de á.r-e;;~ • tal qu.e, oroduce superficies 

espaciales continuas organizacas en forrra d'3 rr~triz • .:.::stos datos pueden 

entonces ser utilizados por el progr=~a SY~~U ~ara producir gráficas tri 

dirr:ensionales. 

La segunda al terna.tiv3 es proveer datos directamente en forma rnatri 

ci~l 1 en tarjet3s o en cinta. 

6.1.2. Requerimentos de entrada. 

Para obtener una muestra gráfi=a, el usuario debe proveer tres tar . -
jetas primarias de control y tiene le opsión de proveer otros tres conju~ 

tos de tarjetas de control y usar ur~ subrutina. Las tarjetas del control 

requeridas son: 

i} Tarjeta de·-títulc 1. La t~jeta 1 es la tarjeta de título. Se o 
tiene la flexibilid3d de escribir hasta 72 caracteres describiendo el títu 

lo de la gráfica particular que se está gererando. Es importante que este 

título sea claramente descriptivo·p-:u-3 dife~('lciar el mapa particular que 

es requerido, de todos los otros r.upas de r.::¡tur3.leza similar que han corri 

do previamente o qua pued~n ser ~orridos en el futurq. 

ii) T~rjeta electiv~ 2. ~sta tarjeta tiene las vari~bles primarias :que 

especifican el número de renglones y columras de la matriz y el tipo de 

vista. También tiene un ('1Úmero de otras v~iables concernientes a d~tos de 

entrada, simbolosD escalas, y el áree fu~a del área de estudio. 

Las slectiv5s 2-1, 2-2 0 y 2-4 deb':?f'l de ser esp9~ific-3das para el pr:2_ 

grama que va a correr. 

iii) Tarjeta electiva 3. Esta tarjeta tiene las val~iables prirr.arias 

que controlan el tamaño y los ángulos visuales de una gr5fica. También ti~ o 
ne un número de otras v~i~bles concernientes a lbs vslores ~áximo y mínimo 



o contenidos, d~stanci:~s vi su~ les ~3ra •Jistas no-crtcsor>!!:'3s, t~.-:-.~ñ;::.s 

de paso, tamaño de ~fmbola y tamaño de bloc. Las electiv=s 3-í,3-2, 

3-3 y 3-4 deben ser espgcific~d3s P~5 el prdsr~r.~ ~ue va a correr. 

Cada tarjeta ti1:2ne un forrrato diferente de esp::-ci.ficac:i6r. ~a 

pril1)f:Jr3 ter jeta es co:nolet.:H·r-ent~ tlexibl':! LJS5MO el form3ta "A". L~ 

se!Junda tar jet::~ requiere un forrrato "I" (sin punto c!ecir.al}. La t<::>;:_ 

cera tarjeta re~uiere un forn.::~to "=" (requiere punto de·-.:il"'el). ::J. 

contenido y-especiricaciones para c~da electiv~ están descritos en 

las siguientes páginas. 

Las tarjetas da contr·ol o¡Jcianal son usadas si la ií'atriz de 

datos está en tarjetas o si los símoolos o letreros se desee.n en la 

!,;ráfica. 

La Subrutina Data es usada para rranipular los valores que .sen 

o gr::~ficados o para leer en una matriz dada en tarjetas. 
-...,J 

Si la electiv3. 21 d:::l progr:=r.-a SYI.iAP fu§ useda par3 generar 

un:;¡ cinta conteniendo l:i r.atriz d<:> d3.tos, •::ntonc;::s las electiv=.s 

2-12 y 2-18 deben ser especific:J.das para e.t pro;r::Jrra :=t. correr. 

6.2 Tarjeta electiv3 2 

La tarjeta 2 ti12n9 22 elestiv~s. Toc!f\S les V3ri=.wles sobre esta 

tarjeta son especificadas con un f:Jrr.~a.to "I" (sin punto decimalj y 

deberán ser perforadas justificadas a la derechio 

Las electiva5 2-í, 2-2 y 2-" deben ser especificad~s ~ara e: pr~ 

grarna a correr. 

6.2.1- Electiva 2-1: RoNs. 

Esta electiv3. es usada per3. <::spgcific:ir el nÚ;r-ero de rer.gl::nes 

o (excluyendo el borde) en la r.'dtriz de datos. ~1 número rrá)(irr:o de r~n 

glones es 130e Especificar el número ce rer.glores en las colu~35 í 

a la 4 ajustado a la derecha. ~sta electiva debe ser especificaéa o el 



E.2.2, Electiva 2-2: Colu~ns. 

~sta elect~va es u3ada r~ca especificar el rCnera ce c~lumn~s (exclu-

cificar el número de_ colu~35 En las columras ~ e 1~ 8 aj~s~ado a la derecha. 

E:sta el"ectiva debe -ser especificada a el prc.;rarn:1 ro ft...-ncicr.-:lr~ correctar.ente. 

Si un número- incorrecto de .. renglones y/o c:úurnn'3.s h.:! entrado, puade ocu-

rrir lo siguiente: 

i) Si el número es menor que el núrn-=ro correcto en fila. solamente la 

parte especificada del ~apa podrá ser graficada. 

ii) Si el número es más grande que el correcto, el programa termir:ar~. 

E.2.3. ~lectiva 2-3: View. 

Esta electiva es usada para especificar el tico de proyección qt...e es de 

seada. El prograr.e SYliVU es capaz de dibujar pro,:reccior-es, isor.étricas. pers-

pectiv~s de dos puntos, y proy<.:!cciores pt.anom9t:ricas. 

La proyección isor.étrica es g<.:!neralmente us.3c!a p310. datos ~eo;-ráficos. 
"" 

La perspectiva de dos puntos permite drama.tizar 13 visL-alización, particular-

m~nte para superfiuies topograficas de pais3j9. La vista ptanométrica presar-

va ángu'los derechos ·y a'dem::ls la forCM verdéldera del l"'l3¡:::a. 

Para esp'3cificar una. proyección isorrétrica, se pa,ne un ~ en la columna 

~2. Si se dasea ur~ perspgctiva de das puntos, se pana un 2 en la columr~ 12. 

Si 53 desea una proyección planométric3 se pone u~ 3 en la columna 12. 

Si la especificación no es hecha, el prog~~e sup~~e ~ue se desea un3 

proyección isométrica. 

6o2.4. ~lectiv5 2-4: Line Typ8. 

~sta electiv~ es usada para espgcific~ la dirección da las lír~as para 

ser dibujadas. El prcgr~ma tiene la capacidad de graficar l~s lír.eas a lo 

larJo de tres diferentes ejes: a lo largo de l3s colu~s, a lo larso de 

los renglones, o sobre la diagonal de la watriz. 

o 

o 

o 



() 
mucho r.1ejor si las líne;'\s son dibuj3.d::Js ~ 1.:) l=rgo ce los rerQlcno:?s o de J..:!s 

column::~.s. t-:orrre.lm~nte, cu-:üquier ángulo esc~ido gn~:re 220° y 3C0 o 1::co y 

2~0° d~cerá og ser dibu~=do ~ lo larga se l~ r~nglor~s; s~ando 

das n lo largo de las columr::~s. Todos lo5 otros ángulos de~cán utilizar l~ 

o;:¡ci6n diagone.L 

Si se desea graficar a lo largo de l=ls colur.<nas (el nG~ro a.zir~.J"tr.al 

es 90° o 2'7G 0
} esrecific3r un 1 en la col·ur.;ra '15. ~i l'3.s lineas son desee.r::i::ts 

a lo largo ~e los renglones (el azimuth~l es 0° o ~seo] especificar un 2 e~ 

un 4 {; un 5 en la columna 1E. Esb:t electi·.ta debe ser especific::tda o el pro -

grama no funcionar~ correctamente. 

o 6.2.5. ~l~tiva 2-5: Smooth. 

~sta electiva es usada p~a especifi~ar el nú~ero de suavizaciones bi-

nomi3.1€3s de los datos dg:::eados. ~sta opci.ón es ra:--:;,.-rente l:sa.d3.; es de ~ügu-

na significación para retratar gráfica~en~e una s~perficie topogréfica ea~ 

da en obs':!rvacicnes de puntos discratos, :¡u:: al~una.s veces P.xhiben :;renégs 

variaciones locales. ~s~ecificar el núme~~ ée s~vizacic~es d3seadas en 

las columnas i7 s la 20. Cualquier número dS~ sua'.lizacio~es puede s<:r espe-

cificado, pero eventualmente la supe~icie será como un plano. 

6.2.6. ~lectiva 2-é: Pepsat. 

~st3. electiva es usada para especiricar si los datos de la gr3fica 

previa están retenidos, o si un nuevo c~junto ce datos esta sie~do leido, 

El prograr!\3. pueos usar los mismos ~tos para un núr..ero da g!"árica..s: cc11 

() 
diferentes a~ulos y el~Jeciones~ Pa~ l~r en u11 nuevo conjunto de d~tos, 

especificar un cero en la columna 24: ~_ra usar un co~junto C9 datos ~revi~, 

especificar un 1 en la columna 24. Si la ¡;sy-ecif"i:::Ición no es l-ec~, el 



para coscurecer el área de no-estudio con simbolismo oscuro, especi:icar 3 2n o 
la col~mna 32. Si lG especificación no es hecha, el pr~ra~ süpone qu~ el 

área da no-estudia deberá de ser graficada con líneas cero. 

6.2.9. Electiva 2-9: Sqrtt. 

=:sta electiva es usada para especificar cuales de las reices c~.adrec~s ce 

todas los valores de la matriz de datos deberán de ser calculadas y usadas ce~ 

valar::s para ser graficados. Esto tiene el efecto de reducir la i=lpcrt:.ar>eia re- _-

lativa de valores extremos. Esta electiva es usada para un gran rar~o da da~, 

\ 
donde la suavización es posible no solamente para los valores más a~tos sino 

también para los valores más bajos. (Por ejemplo, si se está estud~do la den 

sidad ca población en una región circundante a la ciudad de NeN y.~, la cu~ 

de la pcblaci.ón en Uanhattan tendrá el efecto da no tomar en cuP-nta cualquier 

detalle ocurrido en las áreas circundantes de la ciudad. Por to~ ~s r~ices 

cuadradas de los datos, las variaciones da las superficies circunaantes pue - Ü 
den aparecer r.as distinguibles). 

~-ra tomar la raiz cuadrada de todos los valores~,especificar ~n 1 en l~ 

colurr4la 36. 

6.2.10. Electiva 2-10: Samen. 

Es~ electiva es usada para especificar e) mismo factor de escela verti-

cal da la gráfica precedente. Muchas veces es mnpleada cuando un nú;-.ero d~ gr§_ 

ficas están siendo hechas por datos en series de ti9mpo y se dese3 tener :.a~35 

co~~a.~tivos en escala vertical. Para especificar que el mismo factor de esca-

la "Z" de la gráfica precedente peberá de ser usado, coloque un 1 en la colum-

ne 40 .. 

6.2.11. Electiva 2-11: Endlin. 

Esta electiva es usada para especificar que los extremos de l=.s líne3s o 
que circunscriben la gráfica son suprimidos. Para suprimir los axtre~~s de l~s 

líneas, especificar 1 an la columna 44. 



,) 

para coseurecer el área de no-estudia con simbolismo oscuro, especificar 3 zn 

Ü la coh.:mn::1 32. Si la especificación no es hecha, el pro¡;rana supone qug el 

área da no-estudio debez~ dé ser graficada con lineas cero. 

6.2.9. Electiva 2-9: Sqrtt. 

~sta el=ctiva es usada para especificar cuales de las reices cuadrec~s ce 

tacos los valores de le matriz de datos deberán de ser calculadas y usad3s coMO 
. 

val~s para ser graficados, Esto tiene el efecto de reducir 13 ~tancia re-

lativa de valores extremos, Esta electiva es usada para un gran ra~o da d5~, 
~~ i' -
1 ' 

donde la suavización es posible no solamente para los valores más altos sino 

también para los valores más bajo_s. (Por ejemplo, si se está estudhnda 1::~. can 

sidad ce pobl:1ción en una región circundante a la ciudad de Ne~ York, la curnare 

de la población en Vanhattan tendrá el efecto de no tomar en cuenta cualquier 

! detalle ocurrido en las áreas circundantes de la ciudad. Por tornar las raiCes 

o cuadradas de los datos, las variaciones de las superficies circundantes pus -

den aparecer mas distinguibles). 

P:lra tornar la raíz cuadrada de todos los valores,, especificar ~,;n 1 en la 

colurr..,a 36.-' 

6.2.10. Electiva 2-10: Samsn. 

Es¡a electiva es usada para especificar el mismo factor de escala verti-

cal de la gráfica precedente. Muchas veces es empleada cuando un nÚP,8rO de grá 

ficas están siendo hechas por datos en series de tiempo y se dese3 tener mapas 

----cow~~tivos en escala vertical. Para especificar qua el mismo factor de ese~-

la "Z" de la gráfica precedente deberá de ser), usado, coloqus un 1 en la colum-

na 40. 

6.2.11. Electiva,2-11: Endlin. 

Esta electiva es usada para especificar que los extremos de l:!s line,;1s 

o que circunscriben la gráfica son suprimidos. Para suprimir los extremos de l~s 

líneas, especiFicar , an la columna 44. 



o 

o 

o 



6.2.12. Electiva 2-12: S~p. 

() Esta electiva es u~~da P3ra especificar el nú~ro ds líneas verticales por 

pulgada contenidas en la r.a triz d9 sntre.d-3. 

Sí la l'i'atríz de datos fué ;:¡rodwcid-3. par al prcgrarra SYirlAP, la salida es 

normalmente hecha en un-3. r.alla 09 6 pcr· 10; hay 8 líneas verticales por pulgad=· 

El módulo del progra~a SYMAP está ~3sado sobra dos dim~nsiones de los caracta -

res simbólicos comunes en más lín~as L"i\.o'"Tesas en el dibujo. SYMvLl ti·3ne la cap~ 

cidad de leer datos que tienen l.ina dí;rensión verti::;al d9 E líneas o :~o líneas 

por pulgada. Esta flaxi.bilidad psrmita tipos de entr-:~.da diferentes al dal pro-

grama SYI..iAP. Si el programa GRID es usado, una celda da igual t:arraño es el 

m6dulo:ds la matriz. En aste caso las escal3s para las dimensionas horizontal 

y vertical da la matriz deberá ser especificada por SYMVU. 

Pa:ca especificar el ~;nero de lireas r:or pulgada, poner un 6 o un 8 o 10 

ajustados a la derecha en las columnas as a la 48~ Si la especificación no es 

hecha el programa supone escalas iguales para la3 dimensiones horizontal y 

vertical de entrada. 

6.2.13. Electiva 2-13: Leg. 

Esta electiva es usada p3re especifica~ la supresión del control de infor-

meción normalmente escrito sobre ur~ gr~ficu S~LNU. Esta información incluye 

los ~ngulos de elevación, el éPgulo azLo.uthal, y la inforr.ación de escala. 

Para borrar esta información d9 la gráfica, especifi~r un 1 en la 

columna 50. 

6.2.14. Electiva 2-14: Nscal. 

Esta e lec ti va es usada para es;¡ecificar C:\..!8 una eSGala de alturas deberá 

ap~ecar a. J a derecha de la gré: fica. f:sta escala "t:iena medidas en pul•Jadas en 

ol lado izquierdo y ol valor "Z" ccrr2spondi~nte en el lado der8cho. En 81 

Q tope de la escala, la altura más granda y el valor "Z" correspondiente sen 

mostrados. Para qua esta escala ce alturas ap~""'Bzca~ especifique un 'i en la 

columna 52. 



é.2.15, Electiva 2-'15; Flp. 

Esta elEctiva es usada para espgcificar que se des-ea L-n plano flotante co::-o 

parte de la gráfica. Para incluir este plano, especificar un 1 en la columna 5=. o 
6.2.16. Electiva 2-16: Basa. 

Esta electiva as usada para especificar si una bas~, sc~9 la qu9 una su~e~ 

ficie to~ográfica puede descansarv. debe sar construida o s~rimica. Cuar~o los 

datos para este tipo de superficie están en una matriz rBctengular (sin perfiles 

irregulares), la linea de fondo de la base es determinaéa pcr el valor ~s bajo 

graficado en la superficie. Cuando un perfil es usado dentro de la r¡atriz (los 

valores cero son graficados), el programa determina las di:nensiones verticales 

a~ropiadas para la basa. Esta base puede ayudar en la ic''3ntificaci6n de las 

relacior~s g?ográficas del área en estudio. 

P::ua suprimir la base 0 especifique un 1 en la colu!'::l'e ED. Para inclL .. ir una 

base completa debajo de un perfil irregular, especificar ~ 2 en la c~lumna 

Para colocar la superficie sobre un bloc, especificar un 3 en la columna SO. o 
Usa la electiva 3-10: Size, para especificar la altura Ga esta bloc. Si la 

especificación no es hecha, el programa supone una base ~gular debajo de un 

perfil :.'.rregular; cuando una rna triz rectangular de valor? S es gra ficada, cons-

tituirá u~ base sobre la cual la superficie total pued~ da~n~r. En este 

caso, la basa está determinada por el valor más bajo graficado. 

6.2.17. Electiva 2-1?: Petdoto 

Esta electiva es usada para especificar el número da si.~los que sarán 

localizados en la gráfica. El prograrra SY~VU tiene la cap.e.cidad de graficar 

ciertos sí;ncolos, geográficamente sobre la superficie; nor,r:e.lrnente e:J.. pro;rarra 

es limitado en vocabulario a 5 tipos de simbolos. (Se pusde 31tarar leVB~ante 

para cambiar o manipular el tamaño y el tipo de símbolo, ~o~~ esta discutido 

en la electiva 3-9). 

Los símbolos san muchas veces usados para localizar ciertos fenómenos, 
o 



tal cor.D, límites políticos, concentraci6nes de población u otros hechos geo-

gráfi.::os. Se usan también, para dibuj3r letreros, tal como, flech.:ts de Norta. 

Esta electiva especifica el número de símbolos o puntos de la gráfica que el 

programa está l8yendo. Las coordenadas o localizaciones aecgráficas por ren-

glón y columna, tal como el sfmbolo actual para cada símbolo, están especi 

ficados para entradas de series ds dat03 en tarjetas, siguiendo a las tres 

tarjetas principales de control. Esto está discutido en la sscci6n sobre las 

tarjetas opc~onales de datoso 

Especificar el número de sfmbolosp para ser usados, en las columnas 61 

a la 64 1 ajus~do a la derecha. 

Si la especificaci6n no es hecra, el programa supone que no hay simbolos 

para ser graficados. 

5.2.18. Electiva 2-18: Fdata. 

Esta electiva es usada para espgcificar el tipo de datos de entrada y 

(~ el nú~~o de fila. ~1- SY~Nu usa datos del SY~~P y otros datosp hasta una 
\.__) 

subrutir~ escrita por el usuario. 

t\or:oalr.-.ente se crea una cinta por la e!ectiva 21 del SYi1lAP que contiene 

la matriz de datos para ser grnficada. Un núMero de ~~trices de datos son 

~chas veces creadas sobre ln misma cinta, con cada matriz Gspecificada sobre 

ur-a fila separada. La electiva 2-18 del prograrra SYf11VU es usada para espec·i -

ficar la fila sobra 1~ cinta que está siendo grafícada. 

Si le r.atriz d9 datos es reemplazada por ur1a subrutina hecha por el 

usuario, especificar un cero ajustado a la derecha en las columnas 65 a la E8. 

Si la rotriz de datos está sobre un.3 unidad de salida del SY~.1AP, especificar 

el núrr€ro de fila ajustado a la derecha en las columnas E5 a la f8. Si la 

espaciTicaci6n r.o es hecha, el programa supone que la matriz de datos será 

usada ~or ura suorutina del usuario. 

o 6.2.19. Electiva 2-19: Narnin. 

Esta electiva es usada para especificar cuales de los valores que caen 



abajo de un mínimo predeterminado, deberán de formar un ccnjunto igual al valor 

nínimo. La electiva 3-5 es usada para colocar el valor mínimo usado por el pro- ~ 

gramct. 

Especificar un 1 en la columna 72 para colocar los valores abajo d~ un 

mínimo prP.determinado en este mínimo. La electiva 3-5, será ignorada si es 

usada sin esta electiva. Si la especificación na es hecha el programa supone 

que los valores actuales deberán de sar graficados. 

6.2.20. Electiva 2-20: Namax. 

Esta electiva es usada para especiricar cuales de los valores que caen 

arriba de un náximo pred8terrninado, deberán de rormar un conjunto igual al 

valor máximo. La electiva 3-6 es usada para colocar el valor máximo usada por 

el prograrra. 

Especiricar un 1 en la columna 76 para colocar los valores arriba de un 

valor máximo predeterminado en este valor. Especiricar un 2 en la columna 75 o 
si los valores arriba de la especiricaci6n máxir.a no son cambiados, pero el 

valor ~áximo especificado en la electiva 3-6 es usado en conj~nci6n con la 

altura en la electiva 3-4. La electiva 3-6 será ignorada si está usada sin esta 

actuales deberán de ser graficados. 

Cuando los valores extremos son tan grandes como para minimizar la varia 

ci6n en el resto de los, las electivas 2-19 y 2-20 se deberán de usar. 

6.2.21. Electiva 2.21: Irorm. 

Esta electiva es usada para especiricar un valor que pu:da estar en la 

subrutina Data, para identificar el conjunto de datos apropiado para ser r.ani-

pulado. Especificar un número entero (de 1 a 99) en las columnas 77 a ld 78. 

Si la especificaci6n no es t--echa, el programa supone que un conjunto de d.qtos 

está siendo manipulado en la Subrutina Data. o 



6.2.22. Elective 2.22: meg. 

o Esta elGctiva es usaea para especificar el núr-ero C::! letreros de texto p;:~ra 

ser graficados en ceda SYL>-JU. El número f"áximo es 50. Lc.s letreros ce texto son 

discutidos en la sección sobre tarj~tas de datos opci~~:as. 

Especificar el núrrero d'3 letreros para ser gn fi·::.sd:s, en las colui"'o''laS 79 

a la 80, ajustado a la daracr.a. Si la especificación r.:J es hecha el progra:na 

supone qua no hay letreros para ser graficados. 

6.3. Tarjeta electiva 3. 

la tarjeta 3 tiane 10 electivas. Todas las variables en esta tarjeta están 

especificadas con un tipo de fornato 11 F'' (requieren un p .. nto decimal en todos 

los carnpos de especificación)" Deberán de ser perfon.cos justificados a la 

derecha; esto no es obli..::¡a'i:ario como lo es con el fc..""!.:i3.tO " I" sobre la tar 

jeta 2. 

o las electivas 3-1, 3-2, 3-3 y 3-4 deberán de sar es;ecificadas para que 

el prograrra corra. 

6.3.1. Electiva 3-1: Altitude. 

Esta electiva es usaéa para especificar la el~N:::~ci6n del punto de vista 

sobre el plano horizontal. Especificar el punto de vista en grados angulares 

en las columnes 1 a la 5. ~sta electiva deberá de sP-r es~ecificada o el pro-

grama no f"uncionará correctamente. 

Para prop6si tos generales, una buena altura para e~ezar la exp:eri;;;en-!:2_ 

ción es 45 grados. Para :.ás casos, esto dá una vista op~~ de la superficie 1 

tal que, se da una buaro r=leci6n en~ra las lineas y el esP3cio en blanco 

quF.l las separa o De cero a circo ~radas la vista de ura superfiGi.e top~. áfica 

del paisaje, nor~alrnente sstá completamente cerrada al nivel visual dal ojo, 

~ientras que uro vista cercar~ a 45 grados ~parece al ctservador ccmo una 
1 

Ü vista de ojo de pájaro. 

Para m3s propositos ce variación visual en la superficie topográfica, es 



pri~3ria~ente una función del espacio en blanco entre las líneas trazadas. Porque 

la sola variación en la dirección de la línea ocurre en l;J dimensión vertical, 

la variación rráxir.~ en una línea ocurra en la altura da cero gradosi ~eneralmente, 

este ángulo esconde mucho el área de estudio por el factor de línea escondida en 

el progra!'m. 

6.3.2. Electiva 3-2: Azimuth. 

Esta electiva es usada para especificar el ángulo horizontal deseado de la 

dirección de la vista. Especificar el ángulo de vista azimuthal en grados en las 

columnas 6 a la 10, ajustado a la derecha. Esta electh·~ debe dP. ser especifi -

cada o el programa no funcionará correctamerte. 

El programa SYI>iñ/U puede girar cualquier matriz de datos 360°, cuando se 

está usando un sistema de orientaci6n azimuthal. Cuando se especifica un azin~th 

cero, se está viendo perpendicularmente al f'ondo del área en estudio. Como se 

o 

gira la posición dg vista hacia la izquierda, se está incrementando hacia 360°. e=) 

A 90° se mirará perpendicularmente al lado izquierdo la rratriz. A 270° se 

mirará el lado derecho de la matriz. 

6.3.3. Electiva 3-3: \'/idth. 

Esta electiva es usada para especificar el ancho, en pulgadas, que la 

matriz ds entrada tendrá en la gráfica. 1-l.:ly dos escalas va:ciables e:; el pro

grama SYi.J/U: el ancho y la altura. El ancho se refiere a la distancia a lo 

largo del fondo de la rratriz (las columnas de la matriz de entraca}. BaJO 

situaciones norrrales, la dimensión del ancho y la dimensión de la altura, 

cuando se combinan, no deberá exceder a 11 pulgadas. 

Especificar el anc~o en pulgadas, en las column~s 11 e le 15, ajustado 

a la derecha. Esta electiva deberá especificarse o el programa no funcionará 

correctar:1ente. 

6.3.4. Electiva 3-4: Height. 

Esta electiva es usada para espacifica:r la altura, en pulgadas, que la 

matriz de entrada tendrá en la gráfica. Especificar la altura en pulgadas, en 

o 



o 

o 

ü 

las colu~~es í~ a lo 25, ajustada a la derec~a. Si 53 especifica 0.0, la a~tu•a 

será colocada a 3.C pulgadas. Cu9lquier altura más grande qua 0,0 puede s~r 

especificada, pero la cc~binaci6n del ancha y la altura no deberá exceder a 1í 

pulgadss. Est.s alsctiva deberá de ser especifiGada o el programa no funcior.e

rá correc~amente. 

6.3.5. Zlectiv3. 3-5: Amin. 

Esta elect~v3 es usada para especific~r el valor minimo que el prcJra~a 

usará para rrreficar. ~ usu3rio normalmente especifica esta electiva, cuando 

un valor mínLrlO extre~ ocurre dentio de la matriz de datos. 

Especificcr el valor mínimo deseado en las column~s 26 a la 35. ajustado 

a la derecha~ Si no es l~cha la especificaciún. el programa su~one que el 

valor mini~~ sc~l será usado para graficar. Esta electiva es ignorada a 

menos qua. la electiva 2-í9 sea también usada. 

6.3.6. ~ctiva 3-6: Amax. 

Esta ela;:;tiva e.? usada para especificar el valor ll'áximo que el proararr.a 

usará para ser s;raficedo. Cuando valores de altura extreli1os ocurren dentro 

de la rratriz de datos, esta electiva es usada para controlar o truncnr estos 

valores. Es~cificar el valor máximo deseado, en las columnas 35 a la 45, 

ajustndo a la éerecra. Si la especificación no es hecha el programa supone 

que el v~lar máÁi~ actual se usará para ser graricado. Esta electiva es 

ignorada, a mer.os que la electiva 2-20 sea también usada. 

En conexión con la electiv5 2-20 y la electiva 3-4, esta electiva puade 

ser usada para ~alocar la altura igual a algunos valores esp~cificados (el 

valor máxi~). ~ero permite que el valor rráximo actual sea usada para ara

ricar. Este es particularmente usado para un,conjunto de gráficas donde se 

desea una escal~ unifwrr.e. 

6.3.7. ~~=tiva 3-7: Vdist. 

Esta electiva es usada para especificar la distancia de vista para les 

dibujos en perspectiva. La opción controla la distancia de ls que se obsen1a 



una persp~~~v~ cada. Como se muave h3cia atrás da la ilu3trJci6n (en otras <=) 

palabr3s, iír-reoAn~ su distancia da vista) los extremos o las esqui~as del 

dibujo son u3ualm~~te extendidos hacia aru~ra, más 18jos relativam9nte dg la 

lineQ del cert.o. Ccn una distancia visual paquaña, el roco 8stá primaria-

mente en al ~antro de la matriz de datos. Esta variación es vista ~~s rápi-

dam~nte c~r.do el §ngulo de altitud es muy bajo, tal que, cuando la altitud 

es CP.rcana el nivel visual dgl ojo, sobre un dibuJO da paisaje natural. 

Cuando la al~itud es muy alta, tal como 45° o 50°, la variación cauóada por 

la distancia de vista es relativamente peqyeña. 

Especificar la distancia de vista, en pulgadas, en las columnas 46 a 

la 50, aJustada a la derecha. Si la especificación no es hecha el programa 

supone una distancia de vista de 10.0 pulgadas; esta opción es usada sola-

mente en vistas de perspectiva. o 5.3.a. Electiva 3-8: St~p. 

Esta electiva es usada para especificar el tamaño de paso no-estandar-

del grafi~3cor~ Esta electiva es raramente usada, pero puade ser empleada 

para reducir el tie~o calculado, con una pérdida proporcio~al en detallar 

y suavizar los seumentos de linea. Especificar el t~maño del paso, en 

pulgadas, en las columnas 51 a la S5, ajustado a la d8recn3. Si la especi-

ficaci6n no es hecha, el programa supon8 un tamaño de paso estendar da 0.05 

pulgadas o 

6.3.9. Electiva 3-9: Sepsm. 

Esta electiva es usada para especificar el ta~año no-estandar de los 

sfmbolos (p~tos gráfica o letreros) usados en el dibujo. Especificar- el 

tamaño ectual, en pulgadas, ajustado a la derecha, en las columnas 56 a la 

60. Para propósitos normalesp el ractor de escala estandar es adecu3do. Con e=) 
excepci6n del sí~olo número 14, que es el más largo, el tamaño estanda~ da 

sÍmbolo es 0.25 pulgadas. Ocacionalmente, para propósitos especializados, 



el usua~io puede encontrar una ventaja al variar el tJma~o de Simbolo con el 

~ que está trabajando. Si la especificación no es hecha, el prograr.a supone un 

tama~o estandar para los símbolos. 

6.3.10. Electiva 3-10: Size. 
/ 

Esta electiva et:> usada para especificar la altura de un bloc colocado 

bajo el área de estudio. Es,ta electiva es usadd junto con la electiva 2-1!:· 

(Base) cuando BASE=3. Especificar, en las columna~ 76 a la 80, ajustado a la 

derecra, la altura que se quiera del bloc, en pulgadas, hasta un r.~ximo de 

01?5 pulgadas. Si la especificación no es hecha, el programa supone una al-

tura estandar de 0.5 pulgadas, cuando 8.'\SE=3 en la electiva 2-16. 

6a4e Tarjetas opcionales de datos. 

~ay un número de tarjetas opcionales de datos, quB pueden ser especi 

ficadas para el programa SY~NU: 

i) Si la matriz de datos esta leyendose en tarjetas en vez de cinta. 

o ~ , 

se necesitan, pal'a cada renglón de la rr.a triz, una o más tarjetas con te - -

niendo los valores para las columnas en el renglón: 

ii) Para que cada símbolo sea graficado, se necesita una tarjeta con-

teniendo la localización y el tipo de símbolo; 

iii) Para que cadd letrero sea graficado, ~8 necesitd una tarj9tu con-

Leniendo la localizaci6n y el texto del letrero. 

Estas tarjetas siguen directamente después de la tarj0ta electiva 3 y 

deben estar en el orden ar•tes dicho. 

6.4.1. ~atriz de datos en tarjeta5. 

Si le matriz de datos es suministrada a la computadora, en tarjet3s en 

vez da cinta, la tarjeta disponible para la matriz de enteros sigue inmedi;:_ 

taments después da la tercera tarjeta de control. Norrr1almente, el p•o-Jrarr-a 

Ü usa entradas en cinta. 

Las tarjetas san leidas bajo el formato especificado en la Subrutina 



Data. ~.atrá un rag is tro - en unct o más tarJetas - pac-3 cada renglón, 5HCU[.:;)n- o 
cial~nte, ez la cir.a al fondo de la matriz; cada registro contendrá un vct 

lar para caea col~r.na, secuencialmente, de la izquiRrda o la derecha de la 
1 

rr.a triz. 

6.~.2. Puntos Simbolos. 

Para cada sfr~olo qua va a ser graficado, el renglón obligarotio, la 

columna ob:i;atoria y el símbolo 'type' deue ser especificado en una tarJeta. 

Las coordir~das ~oli~atorias deben estar en términos de la reticula de en-

trada de SY~U. 5i el SY~~ es usado para crear la cinta de entrada del 

SYMVU, estcs renglones y columnas obligatorias, deberán de ser copiados de la 

tablo. inffi?di ... :üamePte precedente al mapa producido por SYMAP, para graficar 

las puntos dato. 

Especificar el renglón obligatorio, ajustado a la derecha, en las colum-

nas 1 a la íO, usando un formato "I" (sin punto decimal) • y las colu~nas obli Ü 
,,-

gatorias, en las colurr.nas 1 i a la 20, también ajustado a la derecha, usando 

un formato "I". el tipo de símbolo deberá especificarse en las columnas 29 a 

la 30, ajustado a la derecha, usando un formato I. Si las columnas 29 o la 30 

son dejadas en blanco, el símbolo omiso será el 14. 

El nú~ro total de puntos de la gráfica debe sAr especificado en la elec-

tiva 2-17. 

6.4.3. Letreros. 

Para que cada letrero sea graficado, el renglón obligatorio, la columna 

obligatori; y el texto del letrero actual, daban de ser especificados en un~ 

tarjeta. Las cocrd~r~das obligatorias deben estar en términos de la retícula 

de entrad3. d::!l SY1.-.VU. Si el SYMAP es usado para crear la cintiJ. da entrad::¡ 

del SY~W~, est05 renglones y columnas obltaatorias. deben de ser torrados direc e=) 

tarr.ente del r.apa producido por SYMAP. 

Es~c,ifi.car al renglón obligatorio, ajustado a la den::!cha, en las colum-



na~ 1 a ld 10, usando un forr.ato ":~(sin punto decimal), y la columna obligato-

0 ría en las columnas :11 a lo 20, t3mbién ajustac:o a la cerecha 1 usando un forrrato 

u¡n. Las colur.~n~s 30 a la 54 son usaL!as para el text~ Gel letrero; sin embargo, 

este deber5 esta• aJustado a la iz~uiarda, tal que, el prim8r caracter del le-

trero estará en la columna es~ecificada en las colu~~s 1i a la 20. 

El número total de letreros C¿oa estar especificado en la el~ctiva 2-22. 

6.5. Subrutina Datao 

Esta Subrutina Fortran p~~de ser usada para mani~u~ los valores Z y 

regresar los datos al programa, en la forma en que ~VG los aceptará. La Sub-

rutina Data es también usada para leer datos de una matriz de datos en tarjetas. 

SUcROUTINE OATA (X, IR, ~. L-""1.l1M) 

DII.ENSION X ( 130) 

READ (5,1000) (x (I), I=~, 130) 

o 1000 FO~~~T (40F2. 0/40F2.0/4CF2.0/10F2.0) 

DO 101 = 1, 130 

10 X (I) ~ X (I)* 2-1 

ftETL.RN 

Ei\D 

Para el ejemplo mostrado: 

X ( 130) regresa los valores pard un rergl6n de la r.atriz, a un tiempo, al 

;:lrograr.a. 

IR es el nú~ra de renglones para ser leidos y re~esados. 

IC es el número de colu~as (o valores Z) por renglon, leidos por la 

,_, "-. t:...._ec ... ~va 2-2 

IFCFU.4 es el valor su;Jl::i.C:o por el usuaria c;ue ic!entifica el conjunto da 

o datos, para ser ~.~anipulodos ;::¡or un conjunto particular- de proposiciones en 

1~ Subrutina DATA. (En asta caso, solar.~nte un conjunto da datos es r.ani-

pulado y IFCRi.i no es uSQdo) .. L~i.! e5 leida por la electiva 2-21. 



E.6. h'• ... :estra de Sumisiones. 

roy pocas cosas que ousrdar en mente cuando se producen más de un SYi•,VU en 

una SLTiple c~~ida. 

i) Cual~uier vista de la misma superficie~ después de la prir.€ra vista, 

pwade ser rec:¡uericia meramente por incluir las tres tarjetas de control in.n8 

diatarrBnts después de las tarjetas d9 control ( y después c•..~alquier tarjeta 

opcional de datos ) para la vista previa. 

ii) Cuando se requiere un~ vista de una superficie, si es la prir.€ra, 

segunda, etc, superficie en sumisi6n, todas las tarJetas opcionales de ·control 

ceben ser re especificadas con la excepci6n de la matriz de datos. En otras 

palabras, el punto símbolo y los letreros no son llevados ea una superficie a 

la otra, son llevados de una vista de una superficie a la pr6xima vista de 

la misma superficie. 

iiii) En suma, para las electivas requeridas, otras dos electiva5 general

r.;ents cambian de vista a vista y de superficie a superficie y deberán de ser 

revisadas cuidadosamente la Electiva 2-6:- Repeat y la-Electiva 2-18: Fdata~

La electiva 2-í2: SYMAP y la Electiva 2-21: IFORM especifizan si la entrada 

está en tarjetas, cinta o disco- usualmentEl sobre una fila producida por 

SYMAPo Fln¿¡lmente la EltJctiva 2-17: Pltdot y la Eloctiva 2-22 : Nloa, son 

~~sadas cuando los puntos símbolos y los letreros son comprendidos. 

iv) Estos principios son resumidos por una sumisi6n hipotética donde: 

La prLT.era superficie está en disco, dog vistas ~on deseadas, y no 

hay símbolos o letreros. 

La segunda superficiA está en tarjetas (la subrutir~ Data deberá 

usarse P5ra leer los datos), se dgsean dos vistas, y hay letrercs 

pero no rey símbolos. 

La tercera superficie esta también en disco (deberá estar en una 

fila que ocurra después de la fila que contiena la primara supe~fi

cie, re~anejado en la mitad de la corrida no es p~sible aquí), se 

o 

o 

o 



desean tras vistas, los ~isrros letreros son usados y los punt~s sii~bolo son 

~ añaoidos. 

6.7. Inforrración tácnica. 

Esta sección tiene la intención de provet~r la inforr.'.ación técnica a casos 

particulares que desean .:;er ir..plementados por eJ. prcgrarra SYr.;vu - I y su instn 

lación computacional. Tal que, esta sección supone un conocimiento da los sis-

terras da procesamiento ¡;g su centro computacional~> 

Los ejemplos del len~uaje de trabajo de control fué programado para una 

IBM 360/65 OS i\iVT liberando 18 sisterras. SYr~NU será computado sucesiva1o1~:mta en 

FORTRAN W G y H. 

o 
6.7.1. Descripción de la cinta fuente del SYMVU. 

La cinta del SY~~JU es una cinta da nueve canales escritos en 80~ BPI 

con paridad non. 

La prirrera fila está escrita en el modo E8CDIC con 80 registros de 

caracteres bloqueado 5000 caracteres por bloc, esto es 100 registros Pdra un 

bloc, y conti;=men aproximadamente 16 bloquBs. R<?.aistros del 0000100 hasta 

00130JOO, son corr.prendidos en el programe. fuente del SYr::VU FORTRP..N N. Los 

registros siguientes al p~ograma fuente, son nuestros datos, qu~ pu3den ser 

usados para producir ona gT3fica. Estos reg.istros, 00i3990 hasta ODí~, 

deberán ser metidos en tarj::ltas y leidos como datos de entrada al SY;...íVu, a 

ejecutar en un tiempo • ,.. . 
......... no se esta usando los valores so~re la se~u~da 

fila que fué generada ;:JOr el SYIAAP, ss n2cesi tará la StJbrutina Ca t3, para 

leer en la rratriz de v:üores en tar j~tas¡ estas tar ~stas deb:;rán estar co-

(_) locadas despu8s de la tarjeta Electiva 3. 

La segund~ fila de la cin~~ es un conjunto binario de valores, que e~ 

1 
1 
¡, 
r· 
¡' 

¡, 

J 
~ 1 ,, 
f,: 

¡' 



la s.3liC:a de SY~.IAP. La forma da registro en un bloc \1'3riable, con un rP:;i.stro 

ca lor~i~ua 524 y un ta~d~O de bloc ds í5724. [sta fi¡a es usada con la mues

tra de datos da la pri~r~ fila. 

6.7.2. ConfiJuración Mfnimd de nBquina. 

La r..:íquina. requerida para el SYr.;\/U es: 

una computadora Ia:,l 3EO. 

220 K bytes, centro de almacenamiento (superposición SYf,:VU con un 

nivel de co~~ilador FORTRAN iv), o 200 K bytes (supgrposici6n con 

un compilador de nivel H) 

un disco de manejo o tres cintas de manejo. 

una cinta de siete canales para un graficador Cal Comp 

un tambor graficador de 11 pulgadas. 

6.?.3. Descripción de unidades. 

El programa SYI,WU tiene afirmaciones con referencia u las unidades 

lógicas del FORTRN-.¡ .. iv 1 ,2,3,5,6 y 8. Estas unidades ·están referenciad~s en 

cuatro clases de afirmaci~es FORTR~N. 

R:::AOj;',fUTE ( *) X, Y ,Z, for binary reads and writes 

R~AOf.'rRITE ( *), 1CFO) for EECDIC read and writes; 

RE"iL\0 * 

E1\i0 FILE * 

(el asterisco *• refierB el número ds unidad). 

Las unidades son usadas como sigue: 

i} unidades 1,2 y 3 son usadas solamente por intermedio del alr.-acen, y 

son escritas al final de la fila, requeridas y 18idas¡ la unidad 1 es usada 

para al~acenar los datos de entrada (valores Z), la unidad 2, los puntos 

símbolos y la unidad 3, los letreros. 

ii) la unidad 5 es usada para la tarjeta de entrada. 

iii) la unid~d 6 es usada para imprimir la salida, describiendo la gráfica. 

o 

o 

o 



o 

o 

o 

iv) la unidad 8 es usada por la cinta binaria de entrada generada por el 

SY~~P¡ esta es la cinta je los valores Z que son producidos cuando se usa 

la alee ti va 21. 

Las rutinas del Cal Comp sa referen~iarán en otra cinta da siete canales, 

Fl.OTTAPE.:. El programa esta colocado para el graficacJor de 11 pulgadas. Por in

sertar CALL Fi\CTGR (FACT) como afirmación número OCD29250, se pued~ increm,:¡ntar 

el ~>r.año de la oráfica de salida, con un factor especificado. 

6.7.4. Entrada. 

La cinta binaria creada por el SY:11AP contiene una descripci6n de la re -

tícula como primer registro. El primer registro consiste en un número entero 

de renglones en la reticula, el número entero de columnas, el número real de 

rengloPes por unidad de coordenadas, el número real de colurnnas por unidad de 

coordenadas, el valor minimo real, el valor máximo real. El resto de la cinta 

contiene 1 rengl6n de datos por registro. Por ejemplo, si la retícula es de 

í30 x 118, ; ~brá í30 registros de 118 cuatro bytes-real por registro. 

El usuario deberá usar la Subrutina Data si sus datos no están en esta 

forma. Una Subrutina Data si sus datos no están en esta forma. Una Subrutina 

Data mactiva, está incluida en la cinta fuente, pero el usuario puede proveer 

su propia subrutina si el formato de sus datos no es comparable a la cinta de 

salida SY:.:AP. 

6.7.5. Rutinas del graficador Cal Comp usado para SYMVU. 

PLOTS (BUFFER; 1024). 

BUFFER es un trabajo pulidor para las rutinas del graficador 

1024 es la longitud da BUFFER en palabras. 

la pluma original está colocada en el fondo real del papel. 

combruebe con su propia instalaciÓn, para determinar, si es 

necesario. 



L:l:P.IIT ( 3CCO, 2EG) 

3000 esta colocado como el ~~~r~ ée registros de cinta del sr~ficador e=) 
para na excederse. 

250 es la pr oposici6n FCRTR.;..•¡; r...::.."'F.ro dE: ra..-es, p.:r si la rut!r~ d? 

la grafica intenta escribir :es :::;:1~ J.OCX:l registros. 

el usuario puede cambiar 3CX:::O o :xJrrar la llaiTada a esta ru~iro3., 

dependiendo enterarrente de sus ¡:;ropbs necesidades (esta rutir.;,. 

actua como una protección en caso de que el prcgral"'¿i intenta !;!"a-

ficar punta m~la). 

PLOT (X, Y, ~ IPEN) 

- (X, Y) san las coordenadas, en pu:gadas, da la posición en que la 

'pluiT'a es movida de un punta de referencia corri:;mta. 

- IPEN = 2 mantiene la plu~a aba~o, durante el ~imienta. 

'IPEN o 
-2 o -3 un-nueva origen es c!efi.ni.do en la posición terminal, c.gs;:H;ss 

del movimiento es completado, da otra ~ne~a, es e~ si ~N fu~ra 

'positivo. 

-·Si IPEN c9S9 los efectos son los r.:is-';'t()S a las de I?c.N =-3, excepto que 

un registro busca la direcci6n ?99 3S escrito y el dispositiva de 

salida es cerrada. 
/ 

SY~iBOL (X 1 Y 1 1-iE IGHT 1 IBCD, N.GL~, ~ J'.Cri:..R) 

- (x,Y) son las coordenadas, en ~~lgadas, de la esquina izquierea más 

baja, del primer caracter, · p.3.ra ser producido j 1-'EIG-lT, en pulG::.das, 

del caracter para ser grafi::.acio; í:LJ es el texto; M.¡G_E es el 

ánaulo en grados, ~8dido del e~~ ce las X; NCr;R es el número ce 

caracteres para ser araficado ée IO:J. 

NU!,if3ER (X, Y 1 1-iF:IGHT, FPN, Ai\Gt-=:, ::. ~0::.-:). o 
X,Y, HEIGhT y ,.;.\lGLE :3on lo r:ri.s:::o que en SYi.sECL. 

FPN es un número de punto flo:a.:-:te e; ¡,.:e es ccnvertido y orafi::::.a::JO; 



o 

o 

o 

si ~OEC~o, la ·porción entara del número y el ~unto eecimal son gra

ficados; si NDEC=-1, sol3rren~ la porción entera es graficaca, 

t-.:DEC -1 , NDEC digitos son truncados da la pcsicián entera, 

despuas redondeado. 

OFFSET ( XOFF, XFAC, YOrr:, y¡: ;e). 

- - Los factores enteros son usados po.r 13 rutina Ft.OT cuando l?::.N as 2 

o 3 •. Ver la discusión de F;.cTrn bajo la descripción da unidades. 

;, 
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o 
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1 -
- g ."'.- crJTL IN'E: Este. subpaquete es opcion<ll y se usa para C:SfJE_ 

cific~r €1 contorno del área en estudio, en m~p~s d8 ~scli 

neJ.s o de prox:..midad, cuando dicha área de estudio no 

por ccmpleto el espacio de los bordes del papel donde está 

dibujado el mapa fuente. 

P:i{Dit:Rr\ T,\RJETA: A- OGTLINE en las columnas l-9, y la let:::-a X en 

la columna 23 4 si no se desea l~ impr0si6n de los datos de entra 

Ja. Si se est& utilizando el tipa de madicion por re:-~glón y 

~alumna p~rforar en esta mis~a tarjeta ''8~ en columnas 31 y 32,y 

"lO". en las coln:.nas 41-43e 

ur..·:.:n:..· .. '.Zf>.?.JETJI.: ')9999 en colur.ma.s 1-5. 

L~s tdr~etas que se colocan entre la primera 1 
, ..... y a U J.,_ ::.m u. 

las cao~dcnadas de los v~rtices del contorno, utili~ando un~ t~r-

, ' ' 1 ' Ja~a por vel~~ce. E prtmer que se pcrf.:n·a es e 1 GUE: .. está 

p0.c .:d.:..:- j 't.J. de tocos y m¿:s a la izqn ierda. Se procede An sec;;_; ]_c"lr~ ·-

e.r. sc;.'ltido de L1s tT • .::uJ.ecilJ.a.n del reloj hasta inclt~ir de m:cvr_~ ,- , 
.... :._. 

v~rL~ce inicial. La coordcnad.J. vertlc.J.l se perfora como un ~~~ero 

decimal en las columnas 11-20. La coordEnad~ Ho:::-izontal en l~s co 

lu:m· .. ~ s 21-30, turr.bié.r. corr.o número de~ ima1. -sl formato Fe>R'rr.~ .. ~J es 

(10;..:, 21-'10,0). !-luchas v.:ces el área en e.studio no está defir.:_c:c.. e:·, 

~~ solo conto=no, en ~al caso deben ~sarse uno 

ner rnenc.;s ce tú.! S V·~rt_ ices ni m!ls de lOO. SÍ u11 co nto.r:K~ pol j <;o na l 



2 o- A-CONFüRiv!O:L, L.~ ES ( CON'FOPJ1A .. l\IT OUTLINES) 

Este subpaquete se usa para escpecificar el contorno de cada 

una de las zonas que perte~ecen al ~rea de estudio y a las 

cuales se les asoci~n los valores que vienen registrados en 

el subpaquete E-VAUJESo s~:o se puede asociar un valor a 

cada zona en cuestión y por lo común solo se requiere de un 

contorno para delinear la zona. 

El contorno de cualquier área se determina del map~ fuente y 

se especifica en tar~etas, mediante un procedimiento similar 

al empleado en el sub.:.•aquc~e A-OiJTLINE o Generalmente es buena 

costumbre nu~er~~ cada una de los zonas en el mapa fuente em-

pezandn con el n6mero l y siguiendo bajo rjguroso orden pr.2_ 

Los V~rtices de los con~u~~os de zona deben numerarse en el 

map:J. fusnte: ,·:Jc la mism¿-¡ manera que los v~rtices del cont.'Jrno 

del Se zona N2 l y así se si 

gue secuancialmen~c: 

TAI\JET.Z\.S DF.L SUBP.'\QUETE: 
PI'<.IMi;i·~\ ~AR,Tl:":':'J',: ~ol. 1-lS ,"'-.-~<iNPOF.HOLINES 

? J X ( e ~ "' -1 - -o ' 1 - J.• -,.- -- ·- ~ - i '- ""~ t-- - h, • · ...... .A ,_ ~ .~.lo ·-.t.=.....l .... _ ...... ~:..~... l .• .,;,....JJ..t::o.)-.'.J ..... ..... <!• ...... .Lar 
Jc los dat'JS de entrQda) 

26-27 PU(Si se dGse¡l que los 2ent.r•:Js de 
l~s zon~s ~e co~foc~aci5n a~are~ 
can ;)erforadas) 

29-30 P;\ (si se desee. :¡uc ::.()S cer:.t~.:-~s ue 
las zoncts se~ula~as se imprimctn 
en el mapa resultado. 

31-1~ 8.(si se usan mediciones por co
lutnn::>. y rensl.Sn) 

o 

o 

o 



r:J, f, 

~ 

o 

41-43 10. (por la razón unterior) 

63 X (si los datos de entra~Q 
están registrados en ci~ 
ta.) 

ULTIM~ T~RJETA: 99999 en columnas 1-5 

T;:.H.JET.n..S DE DATOS: 

?arforar los datos pertinentes a los contornos zonales, sin p~ 

sarse a un nuevo contorno antes de completar el iniciado. 

EN LA PRIMERA TARJETA DE CADA CONTORNO DE CONFORMACI~l: 

cols. 1-5 Perforar o dej~r en bl3nco el nú
mero de referenci~ asociado al da 
to, cargado a la derecha 

10 

11-20 y 21- 30 

",-..." o ••L 11 o ~'P" para indic,:;.r s::. el 
contorno de la z~nu v~ a reprcsc~

t~rse corno una &rea., una 1rnc~ o 
un p;.mto. 

Coordenad~s del primer v~rtice del 
contorno de la zona manejada. 

L.:1s coordcnandas de los v.2rtices que rest:c.n ~n.1 v~¡_::. 
lice por tarjetn, 2erforadas como la primer~ t~~Je
ta). En un contorno de !rea debe repetirse el ?ri~cr 
v~rtice f"é1ra cerrur el contorno. 



3.- B- DATA POI~TS 

Zste subpaquete se us~ i~ra especificar las coordenandas de 

los puntos a los cuales se asocian datos: cada punto de ~s-

tos debe numerarse en el mapa fuente empezado as!: el primf_ 

ro l y continuando sin interrupci6n. Puntos especificas pu~ 

de ser loculizudos fuera del área en estudio y asl por fuera 

de la hoja donde est~ dibujado el mupa fuente. 

Ho se precisu ninsun<J. secuencia espec1.al de posición para los~ 

puntos. 

PR IM.ER."\ ·rARJET.Z\.: 

Cols. 1-13 B-DATA POINTS 

23 

31-32 

41-43 

X (si no se desea la impresi6n 
de los datos de entrad~) 

8. (si las coordenan~as se p~e
sentari en mcdicion de c0lum-
na rengl6n) 

10. (por la raz6n anterior) 

ULTIM."\ TT~EJETA: ')')999 cols. 1-5 

TARJET~I.s F.EST!-.::-TTES: s~ p2rfor3n L.1s coord.:"!nandas de lo::; .t.Jü.ü-

tos, cadu uno en una tarjeta separada (no u~ilizar más de 

1000 puntos de referencia en un mapa). Proceder estricLamcn-

te en el arde~ num~rico de los nümeros de referencia establ~ 

cidos en el m~pa (~ente. 

CaJs. ll-~0 coordenada horizontal 

21-30 coo~~~nada vertical 

o 

o 



r:: ~·te subpaqu8 L~ se us.1 p&ri:l especificar la ¡:;os ic ión rc.lz¡-

:...::..o de los bordes c1e lü hoja en c1uc está clibuj.3C:o e: rrd.¡-..;a. 

s~ por igual a todas los mapas de una serie, t~l ser!a;~l 

~~tulo ycneral &plicQble al ~rea de e~tudio, ori0ntacio-

•~~.::J, zonas de importl..1.;:1ciu, ríos, vía3 de COíi'1Un:tca e ..LÓn, C1-C_. 

~~s mapas pueden correrce en diferentes escalas. Es rr~o-

r.:-:::-.dablc que la escala sea presentada en un.:. sr·t..ficu sin 

refer~ncia a puls~~3S u otr~s un~~~des. 

o existente entre el borde del ma?~ 

1 el contorno del <{rea de esí:udio, puede ser utilizado p2 

r;;:. leyend.J.s • 

. , . 
L:..l.Jn. Este sui:-paquete hab1lita i1l usu<1r io pi1ra e::>pr::cJ..flc~::.: 

lcyend~s, Lalcs corno, hiler~G de caracteres, y s~~1olos cu~ 

ej2s ver~ical y horizontal del rnapa fuant~. Las loc~l12ac_~ 

C· 



c~ls. 1-12 C-OTOLEGE~DS 

23 X 

31-32 8. 

~1-43 

cols. 1-5 99999 

(si no se desea un~ impresi6n ::e 
datos de entruda) 

(si las coordenadas se presen~~n 
en mediación por columna renglÓn) 

(por la razón anterior) 

Pc~íora~ las especificaciones de la leyenda, como se estab:e 8n 

lz.. ta~la. Las tarjetas requeridas para cada leyenda deben ser -

coloc~das en la cuencia correcta. 

Lo::;; C!\R.;CTERES son des ign¿c1os como sigue: 

1 12 1 3, 4, 5, 6, 7, 8 19, NLH-!BR IC ~S 

A•BICIDIEIF•G•H•I,J,~,L'M'N,Q,p,Q,R,S,T,U,V,W,X,Y,Z AL2;~B 
rrcos 

+ 1 • 1 (1)1 -, = ,~ * 1 , , 
:;. 1 1 1 ES I'EC Il\LB S 

U:1 SHi .. ~:)LO (pura los pr6positos del progra.met) se compnne de 

cuatro caracteres, impresos uno sohre otro, cualesquiera de ellos 

e todos pueden ser bl~nco. Este proceso es denominAdo "so~roimpr~ 

sión". 

'C:-1;;1. h:i l'~ra "strin::;" es un conjunto ordenado de i.HlO o más cc:.racte 

·..-es· "~"" "'l.C"S" o "*/*/?.:" .... .. • ... ... 1 J."\..... l"\.... o 

Existen tres QrRn~cs tipos de leyendas que pueden se~ espe2~llC~ 

'O 

o 



r~ uG ti~~ distin~o de €iguera en el mapa fuante, como sigue~ 
\, / 

Las leyendas que pueden ser asociadas con este punto son de 

tres tipos: 1) una hilera horizontal de caracteres. 2) un~ 

hllcr~ vertical de caracteres (una hilera de caracteres ?U~ 

ce no incluir sobrei:nprcsiones) o 3) un símbolo sim~.:..e (co,.~-

pue5~o de cuatro caracteres sobreimpr~sos}. 

L~s lcyend~s horizontal y vertical requieren dos tarjetas pa 

re. caJa leyenda. 

'~ARJET'A: 

cols. l ~n bl.;.nco si el "String" es horizontal, y un si-

() gno "-" si el Str ing" es vertical. 

(J' 

2-3 son hl~ncos 

4-5 ~ , . d' 1 , d pcrzorar un m1~ero que ~n ~ca e numero e cd::ac-

teres del "string". Este nt'5.mcro no debe exceder 

a 50. 

6-9 son blancos 

asocl.::,da es -.:n 
el r.o~p..:t fuente 
f L:;.:.l('lo por l.:::s 
'j,' 2:.-30 

punto. La localizaci6n del pur::t'> en 
asr~ciado al "st.rino", 8St.á cspc,:-i
perforaciones en l~s co!~~nas 11-20 

11-20 perforar la coorde~ada vertical (mc~ida co~ rcfc
renc~a 21 hnr~c izquierdo ) 

( : ~ r 1 ... ~ ·-·l '"\~n1e:-:~ r l":rcSlJ0!1·Ji:!i.l~ .. ~ :.~ r~'·;1·.;·""I:') ll J 

. ;11f1l~ ;r,::.3 0 lA(::~t;:,_(1os. ~]r::.~ <:~0::11)~_(, :t~J:1jr). 

,_ •:.J • 



'· s t:.:: ing" ser.). impreso (en el mapa resultado) en el punto de lo 

calizaci5n ~socia~o al ma?a fuente. 

En la se.Junclw. tarjeta el "strino;r" es perforado, iniciando en la 

columna l. La perforaci6n no debe extenderse más allá de lu co 

lumn~ 50, y debe termin~r en lu colum~a cuyo n6mero aparece en 

las cols. 4 y 5 de la primera tarjeta. 

EJEI'-iJ?LO: 

Un.:.. lcycnc'l.~~ r.e un solo s1m:)oJ.o n~quiere solamer.te una tarjet-J. y 

es especificada como sigue: 

cols. l-5 blanc-J. 

6-9 ?erforar l·:JS caracteres de im~)resitSn y/ó so:Jreim 
~)resY)n _t;<lra e::. símbolo deseado 

lO perforar la :etra "P" 

11-20 perforar la coorjenada vertical 

:1-30 perforar la coordenada horizontal 

Si el usuario no desea que ·aparezca el s!mbolo exactamente al to 

pe del punto asociado, es decir, se desea desfasar un n6mcro de 

termir.u.:lo de ren~1l·:mes o clumnas, se debe especificar, como se 

indica anteriormente, en las columnas 31-40 y 41-50 respectiva-

rnent:e. 

Sste ci ..... o de leyend.1 se aser:w ja a la leyenda puntual para s irnbo-

largo do la l!ne~ espccificudo en lugar del punto simple. 

Las leyendu.s ele lÍneas requieren dos o m,~s t.arj.~t;¡s y sor. ~spcci_ 

ficad~s como Slgue: 

o 

o 

o 



() 
cols 1-5 blancos 

6-9 lJerforar los caracteres de impresión y/ó sg_ 
bre impresión para el símbolo deseado 

10 perforar "L" para denotar linea 

Perforar las coordenadas del primer punto de linea en las colu~-

11-20 la coordenada vertical 

21-30 la coordenada horizontal 

No hay capacidad de desplazamiento con las leyendas linc~les y de 

~rea. Los v6rtices subsecuentes en la linea (puntos) en los cuales 

l~ línea Ca~bia de ~irección) son perforados en una traje~a p~ru 

caJa lo~alizaci6n, en las columnas 11-20 y 21-30 como para el pri-

mer punto. 

Con esta leyenda se determina una área, la cual es llen~dQ CCQ al 

Ü símbolo especificado. El m~todo para "'JUTLINES" trat.udo anterior-

m~nLe es usado para determinar el contorno de 1~ leyenda ~P ~re~. 

como sigue: 

cols. 1-5 
6-9 

hlance>s 
perforar los caractAres de i~prcsiSn 7/6 sobre 
impresión para el s!mbolo deseado 

10 perf8rar la letra "A" para denotar ~rea. 

11-20 ?2rforJr lu coordenada vertic~l del pri~cr v5~ 
tice en el contorno del ~re~. 

21-30 perfor~r la coordenada horizontal del pri~er -
v~rtice 

l) LC'::'r:7'~:).'. PU>1T"C¡\~: SJ!v!:\:V.J SE:)!CILLO- Si se desea sobreimpr~sj_6n u 
nLi L:::.~je'.:Li 



Cols. 6-9 

10 

ll-20 

21-30 

31-40 

41-50 

perforar los caracteres d~ i~presi6n y sobre 
impresi6n para el s!mbo1o deseado. 

pcrforllr ld letru "P" 

perforar la coordenada vertical 

perforar el desplazamiento horizn~tal 

perforar el desplazamiento verticlll deseado, 
expresado ~o~ el n6mero de renglonc3 recorri 

'dos hc..l·::!Ll .t:::r ii:·A (precidióo por "-") o hacia 
ubajo, rcf~1i~ndose, par~ la medlci6n,al pua 
to asociado en el mapa fuente. 

perforar el clesplazamiento horizontal, expr~ 
sado por el nómero de columnas recorridas h~ 
cia lFl izqtderda (precicido por 11

-") 1 o 'ha -
cia la derecha. 

2) :...::.T.St\D~::. 27,_~~;'¡Uf>.L, CARACTER HULTIPLE (Vertical u horizontal) 
No sobreimp~esi6n- 2 tarjetas. 

cols. 1 

4-5 

10 

11-20 
21-30 
31-40 

41-50 

cols. 1-50 

SECU~D.'\ :·.;.RJ.C TI\: 

colso 1-50 

purc1 lcyer:da horizontCJ1 dejar bl.::..nco y "-" 
p~~a leyenda vertical 

perforar el n6rnero correspondiente a la can 
tiuc..l.-'1 c1s célracteres (que no exceda a "50") 
perforar la letra "l?" 

perfor~r la coordenuda vertical 
perforar 1~ coordenada ~orizontal 
perforur el desplazamiento verti~a~ como se 
explic6 en el caso anterior. 

perforar el despl~znmiento horizont~l 

~erforar la leyenda deseada iniciando en la 
col 1 '.1 terminando en la columna cuyo nfi.mero 
fue perforado en las columnas 4-5 de la pri
mera tarjeta. 

i_.)e:-for.::t;,. .. l.l le~-endcl desecdu in iciandc) en le! 

col 1 y terminando en l~ column~ cuyo n6me
ro fue perfJrado en las columnas 4-5 Je la 
primera tarjeta. 

.o 

o 

o 



o 

o 

SEG'üND.~. T.M.RJETA: 

cols. 1-50 perforar la leyenda dese~da iniciando en la col 1 
y terminando en la columna cuyo n6mero fue perforar en las 
columnas 4-5 de la primera tarjeta. 

3 )LEYEN'DA DE LA LINEA, sr;.moLO SL'\iPLE-REPETIDO - 2 o m~s tarjetas: 

Cols. 6-') 

10 
11-20 

21-30 

perforur lo5 caracteres de impresión y/6 sobre 
impresión (cualq~iera, pueden ser blancos) pura 
el símoolo deseado. 

perforar la letra "L" 
Gerforar la co6rdenada vertical del primer punto 
de line.:. 

pcrfor~r 1~ coordenada horizontal del primer pun 
to de la lÍne2, o 

perfcrar l~s localizaciones de los v~rtices sub
secuentes de la l!nea, una tarjeta para cada lo
c~li2ución, utiliz~ndose, como se explicó, l~s 
cols. ll-20 y 21-30. Las cols 1-10 son dejadas en 
bl.:lnco • 

.~ ) ..,. '"C'\'"f:''\1'"" ~ J....¡..., ~~l ..J.' !l. m: .1\T''.EA-S n-moLo S IMPLE-Area del conto:cno llena 2 o m!.s tar 
jetas: 

~uls. G-9 

10 

11-20 

21-JO 

pcr for2..::..· los caracteres de imprcr.:; ión y/6 sobre im
presión 

perfordr la letra "A" 

parfor~r la coordenada vertical del primer vrrtice 
(correspondiente al punto más alto en el contorno, 
en el c0ntorno, en caso de no exictir n5s a 1~ iz
qu..i.er<lu) 
perfor~r la coordenad~ h~rizonlal del primAr v~rticc. 

2erEorar l3s la~alizaciones de los v6=ticcs =~~se
cue~tes en el contorno usando u:J.r:~ tct.i:-~(;.-,-~ _¡Y-: .~c. cad.:: 
loc~liz~ci~n, utilizunjo las cols. Jl-2~ ! ~1-30 
,......,_(n· r::c /l.::.t~r·~-~-,-,-j ¿J T7'r ... "': ·") ~~1 T"' !,.,,-, ..J- -,-.:, ,t- r':">-.... --••• • .¡- ... 
\.. .. !.__) l, J ~..J , __ .... _..., .J.. .......... v. ,,.J. .J..'"" ~.-...... ~o.o.J..ui•-.A. ·-·.l~ Jt- - .... 1 .:J'::: _ ~-.:~l-t .. 

v ... coorcl:?nJ.d--: (l(-: luc::lliz.--¡ci6n uel ,t;:li..:n,::; vt'rt:; :·e~ -
~.1c..:r~ -:-:c;r:: .. ll- ~~ c:_:,:-:;~-or .. no. En estas tar~oj..::.a.s, lc-1s cols. 
l-10 .c-ct1 ·:"';2~:·-Jrl:-tS cr1 i:Jlclnco. 



Si se dese~ u~a ~rea en blanco en el D~na de con .. -
~orno, una leyen~a de &rea pu~de se~ uLilizada. 
~n e~te caso, las columnas 6-9 scr~n dejadas en 
~lan~o. El r~sto del ~~occdimi~nto ser! similar 

't 1_ e;:¡_:-:'-~;;_¡_:-]:> i1rr:.criormer:te. De esta r;·~e:n·a olYt.en
c'!remos un ma"1a resultado con :'.rea en blcu-1c0, pero 
se present~r~ una interpolaci6n en el 5rea. Para 
preve~ir esto, se requerir! hacer uso del subpa
quete! 

"D-T3A!<RIERS". 

o 

o 



o Este subpaquete se us~ par~ especificar la localizaci6n y car~c-

ter1 st :i..cas de cualquier ba:crara requerida 1 para int8rpo LJ.c i.Sn 

eü tl·a puntos datos. Por e jcrr.plo, en un m.:.J.pa de dens ida el do ~O~)l~ 

ci5n de l~ ciudad de Caracas, el valor calculado en un punto ce~ 

Cd del r!o Guaira, deber!a, en condicioces nor~ales, depender Jc 

lo3 da~os dados ~ amhos lados del r!o. Pero el r1o proh3ble~c~te 

iorma u~a barrera fisica 1 psicol6gica o pol!tica en la dis~rib~-

., • ' ., ., ' . d ~ 
CJ.ún ce ..:..a. pon ... a.c~on, y e.~. usuarlo po- ::=u e~{presar este 

Jia~~e el uso de una barrer~. Existen barreras "impermcables",las 

cuales no permiten que ocurra la interpolaci6n a trav6s de la ba-

rrera; y "per.-:leables" que restringen lu. interpolación a través de la 

barrer~. pero no la detienen. 

Q Esta bz..::rc::.:-i1 c1 i viJe el área Cie estudio en regiones completa;-;,cnte Sé? 

pctrd~as. Dos tipos de est~ b3rrcr~ son posibles: 

1.- LII.~EI·. DrJISORIA: Una barrera de lÍnea divisoria se inicia en el 

borde del mapa, pudiendo tener carubios en direcci6n, y, tcrmin~ 2n 

el borde del mapil (pnede t.r-.nnin<~r en el mismo o e:& difArcnte borde) 

2.- CIRCUITO: Cuando se resuiere ~ue una regi6n sea sepa::.:-ada de o -
~:ca que: lu. :;:-odea complcta¡n,-::nte 1 ento•1ces deb·~ "colocctrese" u~··a bi!, 

rrara de circuito al~ededor de 1~ ragi6n anterior.· 
('• 

t.ar la ir.íluencia ani-:.rui li:.dor.t Jel [eüoméno en estudio, dt: bahias, 

pu2rtos, la0os, u otros obstnculos. 

P':·.-~ SPZCTOS DE 1\.EL ISVE: Una bah!al l.JU ert.o o boca de rl.o 

o pucde.n se.c pasados com:> un "relieve" en ,~1 ~~e.:;. de estudio. 



Los puntos sobre el relieve deben llevar una re1 aci6n de resi.§. O 
tenc~a a la influencia, dependiendo del segmento forrna~o con 

el punto anterior (esta resistencia no depende de la distancia 

re;'ll). 

b) OT .. '-.=l.S C0!.\.1FIGUR1\.CIONES: En general, la resistencia en cualquier 

v~rLicc terminal con el &rea de estudio deber{a ser cero. 

Un lago de gran extensi6n necesitar& una barrera que se extiende 

~ lo ld~go de su eje mayor, con cero en ambos extremos y con un 

incre~ento en la resistencia hacia el centro, donde u~ v~~tice -

adic~onal debe colocarse. La resistencia en este vértice deberá 

ser igual a la longitud del lagoo 

cols· 1-10 

23 

perforar D-BARRIERS 

perforur la let rc1 "X" si no ae desea la impr~ 
si6~ tabular de los d~L0~ de entradao 

Si el ;n~-coco de mef.!ición usacio es por ren9l6n y columna, perfore 

el número "8". en l.:.s c.Jls. 31-32 y el "lú". en l.:.s cols. 41-43. 

cols 1-5 

~erfo~a¡ las coordenadas de localizaci6n de los v~rtices de la ba 

rrer~, segu~do por la resistenci~ asignada. 

una barrera tiene un exLremo en el mapa y el otro en el bo=de, 

el primer v~rt..ice ser~ el extl-emo interior o 

Para otro tipo de barre~as, inicie ~on el v~rticc terminctl mS~ al-

to, si umbos se encut.:ntr·an a igual altura, inicie con el si t u.::tdo 

~5s ~ la izqulerd<:l. Perforar los v6rtices en orden de aparScl~n~ 

usando una tarJetQ p.::1r~ cada v~rtlce; si la barrera es ccrra~a 

o 

o 



o 

o 

o 

p~occda en el scntiao de las manecillas del reloj. Siempre debe 

repe~irse el ~ltirno v~rtice de la barrera. Esta repetici6n indi 

ca ul computador que la barrera hu sido completada. 

cols. 11-20 

21- 30 

31- 40 

perforar la coordenada vertjcal del vértice co 

mo un n6mero decimal (mqdida del borde superior 

haci;;. abajo) 

oerforai la coordenada horizontal del v~rtice -.. 
(medida a partir del borde izquierdo) 
perforar el dato de resistencia como un nGmero 
aecimal) 

Si la b~rrer~ es impermeable, se debe ~erforar "-1" en las cols 

38-40e Si se desea, pueden emplearse mSs de dos barrer~s. Cada -

barrel·c:. act6.a en forma independiente, sin importar si e:>:iste coi_!l 
cidencia en alguna porci6n de su longitud. 



6 E - v.:~LUES 

Esce ~ubpaquete es usado para especificar los valores corres-

ponJientes a cada punto de los datos (para un ~apa de isoli-

neas o de proximidad) o a cada zona de los datos (para un ma-

p.:. coropleta). 

PRI.H.EH.L,. TARJETA: 

cols 1-G perforar E-VALUES 

23 perforar la letra "X" si no se;:: desea la impr§;_ 
si6n tabular de los datos de entradas. 

UL'l' lilA T..:..RJETA: 

cols. 1-5 perforar 99999 

TARJE'l'AS REST.~'1TES: 

Perfor·2,r los valores que se desean aplicar a los puntos de los -

datos d.J.dos en el subpaque'.:.e "A-CONFORNILTI,iES". Cada valor debe 

ser perfor~do en una tarjeta. Si el valor es negativo, perforar 

un signo menos antes. El orden de las tarjetas perforadas debe 

sujeta1se estrictamente al orden num~rico referido al mapa fue~ 

t.e, y estar acorde a los punto~ del subpaquete "B-DATA POINTS 11
• Los 

valol·es deben perfor(arse en las cols. 11-20 como un nómero dec i-

mal. 

E 1 - V'\ n:.W S' n n1'SX 

Este subpaquetc se utiliza para cambiar el orden de referencia 

del valor de los datos en el subpaquete "E-VALUES" descrito en 

el punto ariterior. 

PD.IHEF.A T1\RJSTA: 

cols. 1-5 pcrfo.car El -VALUBS TI~DEX 

o 

o 

o 



() 

o 

o 

ULTII-1.!\. TARJETA: 

cols. 1-5 

cols. 1-5 

6-10 

pe::forar 999999 

perf0rar el n6mcro correspondiente al orden 
no~~~l del valor del punto. 
2crforar el número correspondiente al nuevo 
orden deseauo. 

P~r~ tener una referencia entre los dos valores, deber~n pQr~~ 

rarse un "i" en la columna S y "2" en la columna 10. Si l~s e~ 

lumaas 6-10 son blancas, el ndmcro • • ~ p • ~ 

s1gu~en~e sera as~gnaao co~ 

el orden no~mal. 



:::s·.:e subpaquete da l~s instrucciones al comput~dor para hacer el 

en la informaci6n suministrada en los snb;;;aquetes 

r~~tilntes. En este subpaquete se especifica el ma~a de acuerdo -

c~l~'-, o ..L -5 

23 pcrfor<:tr "X" si no se desea 1.. .• imprcsi6n de le>s 
datos de entrada. 

ULT I!"' .. .l\ TARJETA: 

cols.l-5 perforur 99999 

r-:c.Gm~Di\, TEr~CEH\ Y CUAi\1'2\ Tl\RJET.=>..S: 

o 

Perforar el 'C.Ítule> que se élesee que apctrezcct en la parte L"•fc:rior Q 
del r.LI.p-l. Y.:s impnrtant.e que esta descripci,Sn se.:t clara y se jife-

rene le :1e ·l ')S otros map::'\s corriclos o por correr. Una o m,~s .~e es 

t~1 s tar jet-1s pueLlen ser bluncas si se desea, pero las 3 tc~.r j . .;t .1 s 

~¿ben ser colocadas entre 1~ cuarta y 1& nltima y pcrfor~r las op-

cion~s ~eseadas. Estas opciones controlan el formato del ma~a de 

salida. 

l-0 p.J.ra te:.:rr,inJ.r el pr:Jqram.:~. Ct1:~n0o se corren "mu.pas múltiples" 

est~ ~~l~CtQ se necenilu. sol~~cnte despu~s de terminar el Ólti~o 

subpc.,1uete "F-~·'!AP" • o 



o 
El ~~bpa~uete F-MAP permite al usuario variar el mapct de sali~a, 

de ~cuerdo con las necesid~des o requisitos particulares que se 

teng~n. Esto se l~gra mediante el uso de varias opciones dic¿o-

ni:)l~s. No es n.~cesólr io invo•:::dr una cualquiera o t:>das opciones 

~aro. producir un mapa, porque en t.odos los casos existen opciones 

&3tandar que el program~ mism~ genera. Sin embargo, por rcgl~ 9e-

neral, el usuario probablemente se dcciJa por alguna ~e tales op-

ciones, en partlcularr por nleuna de las diez primeras. 

Para especificar el tam~~o del mapa de sali~a, perfor~r el n6~ero 

1 (identificación de la opción 1) en la column~ 5. 

Colvm~as !1-20; di~cnsi5n vertic~l de handa a banda del cuaJro del 

m.::..;.p<:.l, en ,¡?ulg.:ldas y como n6mero de punto flotante. 

Ü Col1-""'~1il::>.S 2l-30: dimensión horizontal del cuadro del map.:;., en pul-

gadas y como n6mero decimal. 

No existe uri limite establecido para las dimens1ones del mRQ~,pero 

el progr~ma 'tiene una medida de seguridad que consiste en '1\.:C t:n,:¡ 

dirnensi6n m~yor de 72" es reducida a 13'', y lcts restantes dimen-

cioncs son reducidas proporci0nalmente. 

P<.1r~ anul~r esta medida de seguridad del programa se utiliza la 

. , , .... 
opc:.on ... .:.. 

Si ~o se incluye la O?ci6n 1, esto es, no se especifica dimensi6n, 

el progran~ calcul~ las dimensiones vertical y horizontal en ~ase 

~ las posiciones puntuales extremas (ver opción) 

u 



~l) y asignará 13" a 1.:1 mayor dimensi5n. o 
O?CIGN NTJHEH.O 2; Pm11'0S EX'rREf.10S DEL Ml\P.\ DE El'JTR.~D!\ 

Esta opci6n se utiliza ?ara especificar las coordenadas de los pun-

tos extremos que determinan el contenido del 11apa que debe produci_!: 

se. ~~te conlenido puede incluir todo, o cuul~uicr porci6n, del á-

reu que se muestra en el.mapa fuente. 

De es~a ~anera se pue~e obtener, ya sean peque~as porciones d0l ~rea 

en estudio o proporcion~r un margen alrededor del mapa fuente com-

pleto, meJiantc unR juiciosa selecci6n de los puntos extremos. 

Si no se especifican estos puntos extremos el progra11a los genera se 

leccionandolos de las coordenadas máximas. y mfnimas que o'btjene de 

u.:1 subpaquet~ previo-1\-Conf:>rmolines, A-outline o B-Data Poinls. 
C/ 

P~ra establecer los dos puntos extremos que se van a espccifi~ur,pri () 

ffier~ ~cs!gnese el ~rea que se va a graficar, por medio de un rect5n 

gulo dibujado en el mapa fuente. Las coordenadds de 1~ esquina supe-

rior derecha son, respcctivumente, los puntos extremos m1nimo y m!-

x.L:no que determinan el com:.enido ele 1 mapa . que se va a procl'.lc ir. 

LdS co~rJcnadas de estos puntos dehe¿ medirse desde los bordes SU?~ 

ri:)J: e izquierd0. estahlecidos originalmente en el map;:;., fue::1tc y esf.::_ 

ci~ic~rlas en las uniJades utilizadas en todas las dem~s coor~enad0s. 

Exccoci6n: Aun~ue las coordenadas se hayan calculado en el tipo ren 

gl0n-colu.ll::l~, esp..::c .i.f h uensl'":' en pulc:a.:1as las coorden·.liJ~·~ ~).:tra 
- ~ - 4 

esta 

• # 

Oi?~.:.. J~~ • 

iden~- _; f .Lsucse E·l n(¡;r¡o:,~ro de: opc:i,(>t1: "2", 

en 1;;. colua:na 5. 

o 



o 

o 

o 

...:olu;.1<l..J..s 41-50: L.:1 coordenoda horizontal m~xima 

:::stf.:;car; El progr<1ma selecciona los puntos extre:n:::.s que dctcrminu.n 

~1 contenido del m~pa. El uso de esta opci6n se recomienda junto c~n 

l~ opci6n l,la 13 (escala) y la 14 (avance) • 

.:-ci:.:a especificar el r.iJme:::o de niveles o intervalos ce cl\::.se, (de 2 h~~ 

ta 10, inclusive), se divi~c el valor del ranso toL~l de v~10=cs ccn 

Perforase el n~~~-

~-u- .-le op·'"''.6"'.·.·. 11 3" en la columna 5, S"'au~r,o ·-or e~ nu'mero de ·~.~.·vel--- 1.1 _.. .:.:;, ........ s:.J J.. • ' ~ u - ~~-.. 

J~Ceá.do, ::_·x:r forD.dos como n6mero de punto flotante en las colu:Tin<iS 11. -· 

20. 

El n6mero de niveles est~ndar es 5. 

rari:l especificar ~n valor que sea usado como el valor m!nirno del rad 

IJO -;:OL.J.l r]e V3.lores, pcrforu.r el número de opci6n: "4" en 1.:;. coll::-:l:--. .J. 

5, s~guia~ por el valor ~!nimo deseado, perforado como n6mer~ do 

to flotante en las columnas 11-20. 

el va:or. tn!nir:no de los 
( 

dc.t-:>s. 

?dra. espccif icdr un valor q_U8 sea ~1S2'•d0 como el v¿¡lor 

so to-;:<-~1 de vo.lores, perforar el n{¡nero de opción: "5" en l·:.:. c.:>1t:rr.r:o. 

flo~unLe e~ 122 colu~n~s 11-20. 

Si el ~ubpaquetc E-Vo.lues co~ticne valores m~s grctndes que el esp~ci 



E~~~ opciSn nos permite especificar el rango de los valores :Jara c21 .. -
Ü'-1 nivel o intervalo en los que se va a dividir el rango total de 

Vdl0rcs, asociados a las zonas o puntos que son dados. 

~SL~n~2r: A cada nivel o intervalo se le asigna igual rango. 

Est~ opción nos permite especificar simbología diferentes de 1~ es 

t~n~ar. 

TAR.TSTi\ 1: "7" en la columna S 

'1 • -. columnas 1-10: SÍmbolos para c~Ga nivel(caracteres bási-

cos) Columna 1, símbolo para el primer nivel, Columna 2, s!mbolo p~ 

~a el segundo nivel, etc. 

o 

Columnu.s 11-20: para espec~ficar los símr-?olos de los punt.os dii.to. 

(Columna 11; perforar el s!mbolo que corresponde a los puntos dato Ü 
del primer nivel: Columna 12: perforar el símbolo que corresponde a 

los puntos dato del primar nivel. Columna 12: parforar el s!mbolo 

--1ue co1.·rcsponda al segundo nivel, etc. 

l'.'.i•JE'l';'.S 3, y 5: Pora perforar cualquier carácten: de sobreirn¡_Jresi6n. 

S .5.m:..1olc)(~ ~-L' est.3ndCJ.r: Varía de acuerdo con el número de niveles, en 

la opciSn " nu:nerc 3. 

La t.éibla muestre: el número a e niveles '-lUC van a ser mapeados,la sim 

bologí.a en seneral que aparecerá en c<lda uno de estos rdvelcs y los 

sím~olos c~rrespondientes a los puntos datos. 

Unu. s ir::t:)los f .J. a.c1ic¡_on~ll eJe identi f ic'1c i6n puede especificarse e:1 

lcts colt::r.nas : l-2 9; :..a simbolog ia estándar que se prescnt ::tr!:'.. incluye~ 

11 
1 

o 



o 

o 

o 

COLUl·~j~ 21: Simboloql.a general bajcJ.. "L" y 3 columnas en blél."l.CO 

") .., . 
~ ... S ii"nbolog fu. d0 punto c:1 t.o, baja "L", 2 en blanco. 

23: Simboloc¡fa general, alta "Hu y 3 en blrJnco. 

24: e. "~-- , ' 
.;;~l.ffi;.;O.J..OS..La de ¿unto C<l"tO, alta "ii", "hu, "I-I" y "/ ... 

25: Simbolosía de fondo Cnás .:>..115. del corJtorr.o del !.re~1 
de estuJ~o). Todas las columnas en blanco. 

2G; 

27; 

Si.nbología de isol!nc:.::. o frc.mtera de confo.::-m<Aci6: •• 
To~~s l3s column¿¡s en blanco. 

(""' k l !· t- ! 'l" .. (:::;. ... c .. - # • -..... t ·--.· .... n r.a~oa •~·- ,,.;o:.~ unl.~..c.:nen e pa.:..,-1 
de lw especificación de bdrreras) 

problem~s surgidos 
"N11 y 3 bl~ncos. 

28; Puntos d11ti superpucst.osa "S 11 y 3 bl<:1ncos. 

29; r·u ntos datos con valores inv:ilidos, lla:nando "dutos 
ldl1:untcs"."H" y 3 en blancoa 

El sigulcncc ejemplo muestra 1~ correcta perforaci6n de las ciGco 

-c.::..CJeL&s requeridas para la opció.-. "7", si se especifican 6 ~ive-

1.::~~-: l?n la opcic4)n 3, y se dese-a el orden jnvcr::;o ele 1:1 simho1oc:Ío~ 



:::olt.::nna. 
1 1 1 1 1 1 l 1 1 1 2 2 2 2 2 2 2 

l 2 3 4 5 6 7 8 9 o 1 2 3 4 5 6 7 8 9 o 1 2 3 4 5 6 

-------------------------------------------------------~------------
'l' r-1:: j e te1 l 7 

'Zarjet~ 2 OOOX+. ' 1 2 3 4 5 6 

Ta.;:jeta 3 X X -

r,,a.r jeta 4 A 

t;u· jet. a 5 V 

i lnstrac i·5n muestra la correcta perforac i6n de las 

S ·tarjetas para la opci6n 7 si se desea: supr iluir toda la s imbol2 

nl.a 
-' 

general, hacer negras lciS isolineas y tener un fondo (del m a 

pa) con diagon.lles; al mismo tiempo que se deja est6ndar todo lo 

que resta. 

1 l 1 1 1 1 1 1 1 1 2 2 2 2 2 2 
.., ') 2 "-

~olu;nna. 1 2 3 4 5 6 7 8 9 o 1 2 3 4 5 6 7 8 9 o 1 2 3 4 5 
,.. 

7 8 Q 

Tu.rjeta l 7 

'Ia:rjet.:t ") 1 2 3 4 S - o -
To.rjcta 3 X 

'Tur jeta 4 A 

T.J.rje-c.a 5 V 

La siguiente ilustraci6n muestra la correcta perforaci6n de las 5 

tarjetas requeridas en la opci6n 7, si se desea correr un map~ de 

pro:ximiddd, .en el cual se usen los simbolos A,B,C,D,y E para lus 

clases de uatos. 

o 

o 

o 



.. 

o 
'I\_¡ ~ j e 1: 3. 1 

~l·~.r j ~ta 2 A 

7.::.:cje;:.::l 3 

'~'.-1.:.- j ~t.-.: -~ 

',;.'.:::..:eje t.:1 5 

1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 
¡1 2 3 4 5 6 7 8 9 o 1 2 3 4 5 6 7 8 9 o 1 2 3 4 5 6 

7 

B e D E A B C D E 

11/11 

1 ~arjeta perforando en la columna 5: "8" 

1 ta.:-Jet:l p.;rfcr.:.:1do en lu. columna 5: "9" 

Est~ opci5n permite dGr, bajo el mapa, informaci6n suplementaria, ade 

Q :d.s de le.. co.TLc¡Üda en las leyendas y el titulo del mapa. 

rarJeta 61tima.: Columnas 1-5: "99999" 

Zn no de 30 tarjetas: Columnas 1-72: Informu.c ión sup1eme:-. 'lar i:} 

,t)UCcJi..t ser de tul idac1 p.:1ra referencias fa1 tantes, tales como f'n.::nto rJe 

da.. tos, [ cci1a, nombres de las personas que intervienen, etc. 

tener ninsún letrero. 

Una t.arj±.:;. para hacer que los va1on~s de 1•::>s datos 11p.:¡rezct.1n en la .:.-•O¿_ 

ci~n Jcl pu~to de refarcnci~ correspondiente. 

(: ~") ll:. ~-~j l:l L!- 5 : 11 11 11 

=~t~nd~r~: El valor del punto de referencia no aparece. 

o 



o 
lo~ s~9Ulentes su~p~que~es, de una serie de mapas sorn~tido a ~roe~ 

~~~~0~~o, las opciones no cstandarJ que se usaron en el ma?~ ~rece-

d~~tc, s~ deben rcspet~r. 

- .., . , l . 
~-"- ~)UCC:0.1 agr3.g,:u.· t.ai.IDlen il SUDO.S mJCVdS OpC10nes 1 o moclif ic.:~r l.::. S 

a •• .:.<~l-ic.::·.:.:s. Sin embargo, esta opción no debe utilizarse si c:,r.lc_.'.!ic::-

opci·5n ;,o estanJa:.:-d se habrá de su:)r imir. 

-.) ..... ::.:¿;;. :t"E.S,t;etar ·to-:'las las opciones no estaddard que se usaron e:. u:1 

D~p~ 2rcccdente, perfÓrese la misma identificaci6n de la opco~n (el 

columnas 4-5. 

Proporcional las tarjetas requ~ridas para cada opci6n no 

2~~andard que se use en c~da mapa. 

OJ:·C: ~"CtJ NTT·íERO 13: ESCALA DEL l'L~PA o 
?~ra 2srecificar la escala del map~ de salida, perfoTar en lJs cclu~ 

~~s 4-5 el n6mero 13. 

ColumnQS 11-20: Escala, n6mero de pulgadas que se utilizan corno uni 

~aj de mc~ida en el mapa fuente. 

S.L :;,d cscc:la del mapa se especifica como "1" .O" cada puls<J.d<J. en el 

mop~ de salida, representar~ una unidad de ~adida en el map~ fuent~. 

Si no se es~eci~ica la eacala, ~sta se c~lcula~& del tama~o del m~-

~~ y de los puntos extremos. 

"S~~t .. tnr:::::::-c.:: La escaLo• se e.st.a.hlece autom~ticu.mcnte de otras opcior:es. 

Es~~ o~ci6n se usa para ob~ener un márgcn (no ncccs~riamcnte e~ bl::::2 

co: e:-:tre los pnntos ex-:...rem:Js del 5:::-eu. en est:..1dio y los bordes co-

rrespondicntes de la hoja donde está dibujudo el map~. o 
Puede tambi~n usarse p~r3 cstrecltae ei contenido del ~apa resultado. 



El p=os~a~~ SY~~P. normalmente encuadra el contenido del mapa {de-

tE..c.lur.ado por los puntos extre;nos) del 1~al m;:;.nera qt..;.e a·justc c:xas 

O ·can~ente d~ntro de los bordes del papel. Si se 11 recorre" (avanza) el 

ü 

Út.).:::..:c del p.:lpel en una distanci.:J. positiva, el progruma supone (.i_Ue 

el bo~dc est5 m~s cercano al centro del papel en la cantidad especi 

flca~a. En consecuencia aparece el m~rgen debido a la diferenc~a en 

t~e el borde supuesto y el re&lD 

Por ctro lado3 una espccificaci6n negativa, hace suponer al progra-

me. -:l~e e:O. ::,ordo est!i m~s allá del centro que el borde re'-ll, pc¡r to.n 

to trunc~ el conLe~iJo del m~p~. 

P~ra obtener un m~rge~ de media pulgada entre el ~re~ de estudi6 ' -'1 ..• 
\'- .. ~ 

por los pun~os extremos) y todos los bordes del m~p.::., es-

pec.;...Eicar "0.511 en cada campo de columnas. 

Cul t;mn-:' ~ .. - "14" ' : 

11 ll-20: Lo que se VQ. d recorrer el borde t· u .i.· .:..e J...:>.L.-

" 21-30: Idem. el borde izr1uierdo 

11 :n-4c: T•iem. ("'\, llu.::· <:1 ~' infel-l.;)r - l 

11 Jl-5C: raem. C'l borde derecho. 

:cJ l t:.r ... :.~B 11-20; ~6m~~~ ~~ l!ncas por pulga~~ (v~rtjc~lment~). 



0!?2IO~T ~·JUYER:i 16: HAP"\S EC GRl\~ T~t;'b --- - ---
Si se desea que h~ya dimcnsi~nes mayores de 72~, perforar en las co 

lu¡-¡mas 4-5: "16". 

Cstct opción se usa para suprimir una medida de seguriada del progr~-

md, la cual impide la impresión de un mc1pa mayor de 72" en cuu.l1u.icr 

d~recci6n. 

Est::l:i..J.::u.·c'J :La impresión de un mapa con ninguna dimensión mayor de 11 72 

pulgu·:1uG". 

Pcrfo:t·ar en las columnas 4-5, "17" 

Estandard: Una impresión tabular de los datos de dal~a, inmediata-

mente ~nt8s del mnpa. 

OPC I::>:·; ~;un:::rt:) 18: ~~\ t1ACER. I'f\.""VI\LIDOS LOS VALORES DE HENOS CP.!\0 
V~Ll~ES QUE NO SE SSPSCI2ICA~. 

?erforár en l~s columnas 4-5: "18" 

Sn cualquier punto bajo an~lisis, cuyo valor asignado se considere 

. '1' ~ p ~nva luo, parecer~ el s!mholo ti" en lugar del símbolo mmérico 

normalmente indic~r~ el nivel asignado al: punto. 

,, 
.!. 

En l.:::t opción 7 se puede espcc~f.icar si'Tibolísmos diferentes de los es 

t~ncb.rd, 'flia datos inválidos. 

Estanrl~r: Todos los v~lores se consideran v~lidos y se utiliz~ ~aru. 

los c~lculos, incluyendo valores que nc se especifican (a los que se 

les asign~ el valor -0.00) 

OP~IG~ N"JI'o1é:HD 10: Vl~LOR t-IIl'~IiiO D8 ~!\1'08 JNVALIDOS 
' 

Lo.¡> 'httos :1wné1·icos que ¿1p ... 1recen en el subpaqucte E-V'"\LUES y aue sean 

inv5lidos y no se usan para los c~lculos. 

Perforar c~1 l~s columnas 4-S: "19" y en lan columnas 11-20; el valor 

o 

o 

o 



Q E!=T..J.n::":al.-::;: Todos los (~a tos m.1m~r icos se cqnsideran válidos D 

Los d~tos nurn~ricos iguales o menores que el valor m&xi~o consid2 

=ado se consideran inv!lidos y no se utilizan en los c~lculos. 

P~rforar en las column~s 4-5: "20" y en las columnas 11-20; el va 

l:Jr máximo dese21do. 

S:. s~ es~ccifica el mismo valor en las opciones 19 y 20, sol~mc~ 

t.¡_; ese v,:;.lor no se uc;;u-~ en los c."J¡nputos. 

Si o2l vJ.l.or invtlido mínimo especificado es men.::>r que el valor m~ 

xil.n e~~ccificatlo, s0l:> los valores comprendidos en el interv:1lo 

i-1Il\J Y !':.--1..X no se utilizan en los c!.tlculos 

Si el valor inv5lido ~1ni~o entre l:Js dos valores se usaran en los 

o cáL::ulos. 

Con pr0p6cito de uso con otros proqramas, se pueden grdbar los va-

• 11 '"' , pos1c1on ne~ mapn. 

Colu~nn~s ~-5; "21" 

Cclu.r:~!clS 19-20:''1" p<:tru. obtener 12. im~)resi6n ele lo.3 valo}.:"CS. 

C.:u~c,2.J ~l mapu. se e.st~ IJenerilndo, el programa. calculi':. un vulor p~ 

ra co.¿;~ 
. . , 

J?OS:.c~on, utilizada paca def1nir el ~apa. Esta opci6~ sr~ 

b~ en cin~~ estos v~iorcs, p~ra uso posterior como d~tos de entr~ 

da en otros programas. 

o 



t . .:;¡s :i zoru.s baJO a.r..ál~s.is, sea inadecuado para que aparezcan tanto laQ 

l~s ~sol!neas com~ la simbolog!a. 

!?cr..C,:¡r;:;¡,r en la3 columnas 4-5: "22" 

~-•--,.,-·¡' -·el· c,,-r·i,..,-~r 1 "S -isol~nC"'"' :~l'-d.:.J.o...-JJ •• vu;..J ••lt~ .... w _.. ..l -u.:> 1 cuando por su inclusi6n, resulta 

en~ 26~Jid~ en la simbologfa descriptiva. 

'-~PCI~J¡_~ ''JT}l:J.::~O 2 3: STJPf..ES IO~ DEL S It1BOLO DE PUNTOS CON v:r~!_/)l~S.S' IN'Ul\ 
,!-JlD0.3 

Per.:;:ordr en las columnas 4-5 "23 1
' 

v~lor inválido asociado • 

.i:>ara supromir la interpretación m1m~rica Clue aparece en 1.:::. lÍnea 

C"1ue rez.a: 11 .'\~SOLUTE Vl\LUE RANGE 'I'O ECH LEvEL" PERCENTAG'E :F TOTAL 

.\3 S::..LU il::: V_'\LUf_; :~'\:\CE !-1.l:'l?'!ING 'I'·'J ECH LEVEL" 

Periorar en las columnas 4-5 11 24 11 

C·~'CIO:'J iWi·l•~l\.C 25: SUPkE.SIO~T DE ST.r.moLO.S DF: PUi~TOS DE AN!:..rJSIS 

Perforar en las columnós 4-5: 11 25" 

r~t~nJLr~~ Los puntos objetivos ap~recer~n en el mapa de con..Corm~_ 
. , 

cJ.or:. 

Esta opci6n se utiliza ~nicamentc para ciertas co~puta~oras (IRM 

70-14.) cuya l.Ír.e;:¡ c'!e svbreimpr- esi6n apu.rec~~ c'iesfasu.da de lw. 11nea 

·Je ir:-1p:::-esión origianal. 

P~rforar en las column~s 4-5: "26 11 

O::::st _:u.~ .. ü-C:: L.:::. impresión y la sobndm;?resl6n son automáticas en las 

computadoras IEM JGO o IDM 370 

(!P2Im~ ~:-l't·m~W 27: 9I3'::"'INGUIENDO EL, TIPO: DE !·L\PA 

co:-no un ma-

o 

o 



pa de is~l!neas, cuando se ~an datos ~antos p~ra m~2as de isalf 

O· .1eas como de conforruución, Perfor~,r en las columnas 4-5: "27". 

o 

o 

r:st.c:r,du:::--:1: Se prooocc u:1 m-lPa de conformaci6r. si se ha incluido 

El flrogramw. SYHAP ve..-si~n V, pu.~-~ obtener mapas de isol!new.s, -!:.i.s:_ 

ne la capaciJad de extrapolar mSs all5 del valor ~~s alto d~do 

para una colina (cerro) o m~s bajo del minimo valor dado p-1r~ un 

valle (c~uce). L~s siguicn~es tres opciones controlan esta cues-

O:?'C re::: ~1UI-:.:..:;~o 31: F.XTET\POIAC !O'N' F HAC I JN.\L REL.~. TIVA 

:8:rfo.&.-.:.l· en las colt::mn·~s 4-5: "Jl", y en las column<ls 4-5: ''lli-2J; 

que se desea extrapolar.Pe~~or~r 

cc~o n~~ero ~ecimal ~enor que l. 

fraccional de 0.1. 

~, 
..... l ' ~ 



:~rrvr~= en l~s col~mn~s 4-5: "34", y en las columnas 11-20: 

r:::stu. O.:_)c;.:.,sn noriT,c:llrr.~nte se ns01.r~! :~ara J.?recisar el r:::tdio de "bós-

~~~dil i~~cial de un mapa ?revio, despu~s de modificar el n~~ec~ 

d8 puntos o la ?Osici6n de los puntos cerca de la frontera ~el 

.ire:.:t de est ud ic.'. 

ini~ial" se bas~ en el 

de los puntos, de tdt man¿ra ~1e, como promedi~. ~e l0calizu.n 7 

l:':..:~~to:::o e:'l el rudio St~leccionado. 

Perforar en Ll.s columnas t,-3: "35", y en lu.s colt1Tic1.J.S 11--~0; 

EJ. cidio ~ . ;na:o.mo 

ce ;-J~Sg_UN]a. 

Cle bÚsqueda, pe1 f ..):::-3.•40 como n6;nero dcc irr.u.l. 

de b~o1ueda no debe ~er menor que el radio inicial 

~La ... ..:;arcJ: l'-1-o se tiene un 11mite p"3.r.::l el radio de bfisqueda, pero 

eJ !."J.C'>~.:t··::una no husc<lr!;, m~s allá c1e ciertos rangos. 

Si se dcseil especificar el n6mero m5ximo y mpini~o de ptlntos en 

los cu.::lles debe busc.::lrsc la interpolaci6n. 

Perforar en las colo~nas 4-5: "36 1
', y en l~s column~s 11-20: El 

(no ~ayor de 10) cargado a la cterecha del c0mpo. 

o 

o 

o 



o ¡.-f.::rfol.·LJ.r en las columnas 4-5: "37 11 

:::.s ca o pe ión sirve pu.ra es~'Jec if ica.r en forma independ ientP. e 1 va-

lo~ asoci~jo a cuda ~osición. Impide la süavización 3 tYav2s de 

lL•ec1~ z.::::...-t;:::.:d..is .JOr "b.::..rrcrr::.s o po:r: usos especi~les Je las opcio-

nes 35 y 36. Generalmente esta opción es inneces~ria. 

rst~~d~r~: Calcula los v~lo~cs en forma independiente, 6nica -

n:e . .-.t.¿; _;_)-ira 1/6 de los cara.cteres. 

La ctxnbinaci6n de las opciones 31, 36 y 37 se usa para especifi-

cu~ al mapa de proximidad. 

::1 r.l...4J..).:~o ele proximiclac1 se ·b . ..lsa en el concep·::.o de "el vecino más 

cercan~··, ~or medio ~el cu~l la simbologia para cada car~cter 

-::e po.:; .Lc~é.n se dctermit'la p0r la s imbolog fa aplic.1ble al punto 

La informaci6n 11 puntu3.l 11 se usa tanto para map.:.1s de IS:JLI'-1'Si'-.S 

corno para í.lupas de PHOXll-1ID.:.n, sin embargo, los niveles qu.:: 

distinque en un mapa de ISOLINE\S no ap~recen en un m3pa. 

r:l tll0.1-)o ele ::':"";•JYE1ID.~:J es espcc:)::llmcnte útil, petra rcprcsent~.::· · 

ck i...::>s cu.::.l i t :1 ::.l. vos, l.Jarticulurmente cuando lu def inic i6n prc::: i-

sa de ld f=ontora zonal no es de primordial importancia. 

:::ormato; 

Las O[..iCiones 31, 36 y 37, perforadas en las C"Jh:n-:n .• s ·~-5-

o Sli';-)32CUCntes 1 hasta que se modifique¡; 'ilP.di~ntE> 121 incl.usi6n ele 



s;¡b?a,lL:~t.cs ·::lel m.i.s:r.o tipo (con d;:,.tos diferentes), o husta que o 
S~dn s~primijos medi~ntc la inclusi6n de subpaquctes (sin d~tos) 

que cont~ngan ~nicamen~e las tarjet~s primera y 6lti~a, reque-. 

l. idas. 

zl siguiente es un ejemplo de un procedimiento para correr va-

rios m~p~s en un s~lo proceso; 

i:'!A:? l .. 1: L1c: lt.:_¡'e los subpaquetes A-OU'TLI.NE ( 1 L B-OA T.; I"OINTS 

( l), C-OTOLEGENDS ( 1), E -VALUES ( 1) y F-!·11\.f? ( 1). 

Par¿¡ un l'L":.f'A 2.; Pn mupa similar con diferentes valorE:'s, puede 

producirse agreg~nJo solumenle los subpaquetes E-VALUES (2) y 

F-~iliP (2). El subpaquele F-MAP (2) contendr~ ajustes en los 

t1tulos, y ~u0Cc v~ri~r en alsunas O?cioncs. 

:.·cu·u el i'l..:.,.PA .J c1c la ser ic el tlsario _!?odr~ dese::1r introdllcir unc.t 

0.:trrel.·.::. o. ld .lnterpolución, par"- representC~.r el posible efecto de Ü 
und carrera que pasor~ por el Srea. Solamente scr!a necesario a-

sre!Jar los subpaque Les !J-BhiU~IEHS ( 1) y F-M,¡\.P ( 3). 

En el M.:\.C'.:.. 4 se pvdr!L"'} clesc,u· usa:c- un tercer conjunt.o de datos y 

suprimir la barrera que se int~oduciera en el mdpd 3. Para lo-

con s6lo do.s torjet.:.s. (21-B:\....T7..I-<IERS y C::9999). 

coropletas. ~si-~is~o el procedimian~o es válido pQra casos que in-

cluye tant.o ~u.p¿¡s de ISOLIS'E.\S como coropletas. 

Existen ciertas e ircunstancias espe:c iales bajo las cuales el ~:n:o-

se desea ccropletd e ignor~rá los subpa-

?·JHTTS. o 



o el prosr~~~ supone ~ue se desea un mdpa de ISOLINZAS, y en tal 

CdS0 hur~ uso de todos los subpaquateso 

Para p=occ~~r m3pas nc rclJcionados en una misma corridn, dch~ 

~grcgarsc una tarjct~ ~ntes de los subpaquctes de datos de cua~ 

~uier mapa sue no ezt~ relacionado con el precedente. 

Al prcp~1~r el subpa~uete F-MnP aebe record~rse que las opciones 

. t . .. .¡. • t ... . se repJ_ en an~oma .... lC.::lr¡¡en e oel. m¿¡pa p:r.eceden-ce. 

r~~~ lograr "t.al resultado debe incluirse en el nuevo subpaque~e 

F-H.:\l? unél tar j 8t-a por e o:. da opción que se desea repetir. 

Forma.t:o: 

Colurcnas 4-5: número qu~ :i detYL ificLJ. L.1 opci6n 

o 
Si se dese~ rep~tjr TOD~S l~s ~pcioncs n~ estLJ.ndard usadas 20 ol 

"12" er~ l;-.1.s columnas 4-5. Rl1 el nt1evo subpaqlJCt~ F-Ml~P se pued(' 1) 

gregar y m~~ifi~ar opciones no est~nd~rd. 

o 



,-

o 

o 

o 



o 
GPID c~s un rroc:1 c•I'Tl:l pa? a c.or:-,;-:¡ulc.dor'l que ha sido r~cHc:~Jo con el ol.Jjf:to dn 

pro~'orc i onar un medi..o dt:' r.JPin f:fir:icnL.id para la r 8[)resentac...il'in gr -~fü .:1 dt:'l 

infrJrrna'-· ión recoJ ce Ln da uJ._wdo corno 1Ja~'3 una malla de coor cJenadat> re e tan!] u-

la:Ci:~s. :1 Pl DQr ;'lnl"J c:r·ID esh) rJlt>'}rÍado rara qu~ pueda utilizal SF~ ror· purso-

n.Js con muy pocct 8>-[IBric..n'-'L:i en proc-r::>:naci6n. Sin embargo, con frecur~n •. ia 

·~s n.;cPsorio qllr: .:::} usuario r-!~:,pGc::iflqur-: sus prüp:ios rormatos rrediantr:> la 

Jus valolRS de lGs dntos S8an rro~esado3 an ~l orden corrcLto, 8n virtud 

o 
ck: l r;ol!·l y pr rx.es~1 lus da tos r:m- izontalm..;nt~:o 

j ¿: opL iúr1 1. 

~8n~ralizon on orupGS. , ' unll .. o. Los 

o 



ll.:cl-::..Ón ce escalu esbn t::J.mllién disponibles en Gf\IO. o 

f\J.cu ol.Jten·~r una n:p:n:sentación gr~fica. (6 un mapa), el usuario rJebe pro-

¡¡o..:Ll.::inar tres cOnJuntos ue instr·ucciones y tiene la opci6n de proporcionar 

un c..uc,¡·to conjunto. 

Las int:> Ll'ULLioncs se PlTparan en los siguientes PRquetes: 

f~quole de D~TQS (usualm8nte una c..inta por separado), paqu~te del ~~PA, 

paquute dt~ c:~f\,TíJP,¡\:[1 IF.t.C:.GUU\R (opcional) y la subr utl.rta rLE>rn •• 

i~ ~1 paquete dP UATGS Lonti8ne los datos 6 informaci6n num~ZiL~ 

n.alla 1 pelo la opción "conjunto dr~ d¿d .. os mCl tirlss" permit"> 

manr~Jé:.r L,n ntJmern ilimitado rle tAlulos je d·'1LC1s. 
o 

ii; :1 paqur->te d~':!l ¡,:n.P;1 rlf'r mi te f-3Speci ficm la forma precisa del 

mctpa de salida un t~rminos da las diversas opciones. 

clo un .5nk"l que no LnnLL:nc: contornos irrc!c;ul·:!ít~s. 

. ' r "i v; La sul.J. ut.inn r-T:::. \I~; r_·s unc'l :.uurutina ·~n F:::r:T :N'.J qut~ sir ve fJ'o!l t1 

f-lSflOl..:ifiC..c-U ~l f;:¡rrr,'9tO de los natos. 

o 



o La CíiL.iÜn !\ usa al G~.::r:, corno un proJcarna inúepundi::mte, un t:l cual; lu 

.::.ubrutina f=t:XD.: sv utilj za par a: 

i; L 'er los datos dG un Drchivo. 

ii) !::jc;.,utor LC:lculos .~s!:.scHsti•.-os scncilJos on los datos piJra acnc~a; f!l 

valor quE: ::.e vá Fl 1"71C:PI'EU. 

~n 8ste casa, los datos so procesan c~lula por c~lula. :sta orción ~drmit8 

~lilicsn osta opción. 

fer idas Cl cad-::1 l-i~lu1a rJ¡_; lCl mal L:. Cuando no oxiste suficif;nt8 rnc~r.lO.( lét dh.-

puniLl~ P3.l'a aln.acrmc:u cada v::n i~Jult-", ser á neu~sar io lo:?er E.'l archivo oe 

dcJt.rJs bási•-os Lada vez qu~3 se hn!JB un mapa, C:uando el númrJto de datos ,!S 

o 

.e · t ~, 1 r·r 1- 1 ' t ~ t' t ' · ~· c..~n u. ;_.._,proorarra ,,. L} re D8ld au orna 2.carw;n e un arc.uvo qc..._; Se lt;L' 

en la unic.Jnd 12 ele: pntrau.:~/.salida en tGRTf Af\ lG¡;ico cmtre mapa y rns.pa. 

:sta íJflC.iÓn se P.lCliva al >-:specificflr un n:jn,er o mayor que cero en ,ü LDiT.flO 

1 dr.3 la o~ci6n ~' 

La opL~it'in J utiliz.:; ;:-•1 C:=-'I~ como la "ntar¿¡ de trabaJO fin:ll" 8n ur.a é.-E:l i·; 

o 



un v..:;."lo;-- n:cl en nl erreclo r.:..ar~ CAdD c6lulo en un rengl~n. o 
·::sta npLiÚn SB util i.za '~n forma autorndtica si no se P.spec.ifica ln opci6n 2, 

TcHnbir)n es ~...:tiv.=tria si armrece un cer-o en el camfJo 1 oe la opci6n 2. 

2 •. J. -'\CIG~·. ·,;:l[Jr: o: CATr1:.3 /\ LOS ~IIJ:L~S DCL 1·.APA. 

Int!:'rn.-wnmte, el pr-ogrnm~ r,F.ID esign5 e] valor asociado a cada L(~] ula de 

}a m::~llL-1 él un r_;ierto nivel ó orupn. El ntÍrr¡r:;ro m;.j>~imo de niveles es 1C: 1 

nun~lGdO~ d~l O al 9, 

es 20, num~rados del O al 15, 

:n su fmrr.a t>5'ranrlnr, est.l? prOC)Yumü 8slá limitado a procesar 10 C:JG c~J.L,lé.ls 

C::::li..D, Un programador· 8><¡Jerimenlado rucd9 ajustar c;ste limite cor.·.ain:HJc el 

to.m3ñu de "t.::CJi.'i,:or\ p ( 10 oooJ ... Un e ir cui to intF:I'IlO L.Onstruido U<?ni.r o OF:l o 
prnc;rema ¡J.:>rmi.te fjldfiLar al usuurio tantas células dato como sec...r. nou.:sc-

rias ;c.s.l"a un mapa, F\1ra logr al' cal objat:ivo 1 se PLJF~den d~vidir lo5 :u chi-

vos qLJc S'3 saloan dtJl limite en L..onjuntos r.uo no tengan má~ de 10 COJ 

:...cn_;.mto ~8 pr-oct?sa por bl?fléuado • .:1 nÚrnPl o de conjuntos se esp'.:L-ifir·a -"n 

su~Jnr icr d81 rn,Jn:1 y c:l último ci 1'1 SC?Lc..~Ón inferior 1 as-·!Jun~ntJosf3 de qu::: 

C.hLi<:~ c..onjunto ;::~uai'qu8 tot.ulm;nl•= el oncho r:lel mara • o 



o 

o 

o 

~ ' . 
.:_._,T,c p,¡r¡cJi•'Lt' ~r::-,truye Fl ]a cor.lf~Utétdurfl pm·.:c qut~ dibuje L.r• rn;¡~Jé\ LJ'l ... ::~r:lu c.;n 

i'i) L<:=~ orc..ione~ 1 y 7 deb>.:!n incluirse en el prin'ler rn,;p<:l eJe un~ .;;2r :ie, 

e~ est::..s o[):.,iones. 

En la E8Q~ndo 1 tercera y cuarta terjstos, perforar el tftulo quo ~eses 

c.parczca e.:.l pie uel mapa. 

U~D 6 W~S d8 ~Stas tarj8tas pUP~en dCjArS9 en bl~nco S~ 58 deseo, p~rO 85 

~n l~s tarjetas rsstantas p8rforar las opciones deSPddns. 

i; :::::1 númcrr:J dc'l la onci0n S8 perfore corno un cnter·o on las columras 

4 1 5 (u-1rgado a la d8rschc,J. 

iiJ CoJurnnt1S f--10 en blAnco • 

. '. 1 ) ) ~. 



carnpo col.s. o 
11-;!<] 

r, 
;~ ~-3CJ e: 

J J1-C.G 
¡j C¡ 1-~,CJ 
r. Sí-fü ~' 

fi 61-7J 

3.2. ~~PCIOi. 1. 

l~r c:uc: t:ntrará en el mapa, 

c .. rr.1=:.; nL;rncro de columnas d8 u51ulas de malla. 

camp:-,:, J L2,_: el tamaño de Céld3 ~~~lula d8 malla en térrninos del nl:m·2ro 

di' cal-actr:::res en 1·3. dirección vertical (campo .3) y horizonlal 

(c~mpo 4), (~ecorrlendo s1smprc que un ~aracter mid8 1/8 
o 

"vcrtic:alml:'nte 1/10" hor izontalrncmt8, 

Lo~ n~m~ros q~e van en los cuatro campos descritos deLen llr:::var punto 

J 1 ·r .-, 
' . 

.:::st¿J op._,iór. controla la.o, formas altor11a"Livas (lal"a ló ctll.r,entación cJ<] los 

elatos. 

o 

í ( 

' J 



' ·-

o 

o 

o 

~ '¡ 
.._'). 1 • • 

fer·::..;..:, '1 Ja subrutina FLC:Xl¡\1 corno el vo.lor de IFDF"W. Cl u~,o de IFu:l.: C"1 . -~ 
u~o ti;:• IFJR~: "'s di'.;c.utido en la secci6n sourP lél subrutina FLF.XIN. 

OP~I8N J. 

r•JÚr.lcru de niveles (, t21r'jeta). 

Para ~sr~cificar el n~mero de nivel~s 6 intervalos de clase en lo~ ~ua se 

dividl? el v¿¡Jor del n:;n¡:¡o t.ot .. ü (desde 2 hasta 10 ) , pc:rfore r:1 núr.1::::ro 

ci'3S8 :~do d13 niveles medi..,nte un núrn8ro decimal en el campo 1. ::1 p~. ;·r;r.ri'3f' 

e::~ 10 niv':?lc?s. 

3.5. CPCION 4. 

'Jalar rr.S:nimo dPl r.::.nuo ( ~ torJGtu). 

e:~ use1· eJ vrüor ~inii7:o Ul? los ricüos. Para regn"!sar al estnndar ppr <:'or;.; 

1.0 en el campo 2. 

3.6. 

del ntnc;o tut~l, perfor~]lo como un número decimal P.n el campo 1. :-:. , __ ,t.--;r-1-



d8 lo~, o~.:io'le<' a y 5) ser.; dividido nntnJ el núr.w~(O d2 nivRles r).c-,pucifi
.IJ 

í:hra e::.,pé~c..ifiL.ar ol ri'.lngo deseado para CFI.da nivel, se usan valores pro-

prJrcicn=il~s ¿Jl tamañ..J dt:J los ré,ngos dese3cios. i::stos, doben perfon3l'S8 como 

rú,r,,·,rus dP.cin.alos en ~l compo 1 para al nivel 1, etc. (Ver ejc~nmlo 2). 

~ol0~~nle si existen n~s de seis niveles, continua con unR segunda tarjeta, 

¡:-.-;rfrJrúndo Ql número para el s(.ptimo nivel •~n el campo 1, el del or;t.3.vo l?n 

~1 campo 2, ~te. (V8r eJemplo 3). 

l.xis t;.:; un nv.íxirno de 1C) niveles onra el simbolismo de la escala en gr·is y 

2C niveles para el sirni.Jolismo de mapas puntuales. 

• . J o r .• .... o t , 
:.. J rnbo J..sn.o ~ .J L.ur ~a as J 

:::std c;:¡:..:iór. c•.:.pecificn el s}fT,bolismo c;e ln escala ·m gris que; ser.~ inlf"JI'esu 

en el rnspn. Y~~ q¡_;e r.o F>::.tá ctlrnacen.:J.do ,-.insún ~-.imbolisrno estand.:1r E::n ol pr~ 

los 5 tarjetas ~~b0n ser incluidas cada vez quo sea usada. 

h wf"JLión. 

Cn Jt=t :-.;;.-.:;L:ncl~:¡ tctr ;·,ta perrore en las columnas dadEJs a cont:1nuClción lu.s 

car.3cterPs b~siLos dEseaclo!:.. PuerJn usArse cualquier caracter· dP irnp:n::sión. 

c.ontinlJ·.JLién Jos t.arnctr-on~s u9SE'ados jlara la t.>obceposición. f=:i no SF; ciesea 

sun us~.~da~.; pót'FI os;:¡eLificHr E;~). simbolismo ocmt.ral para CéH .. kt 

1 raru el 5imbolo del primt3r 1"11ivcl 1 8tc. 

o 

o 

o 



son usadas pera especificur el simbolismo especi~l PüZrl 

o les ~Juntos ser,.;::l respt?ctivos, l columna 11 para el simbo lo de los puntos 

se~dl en sl primer nivel, etc.) ~1 runto be~al es el caracter centr~l de 

e, u e , 'l n • .fni111Cl r;spccific.ar.Ju en la opci6n 4. 

~iJlu.r'''(' ::·? e;,:, IJSadt~ pe:1rc1 especificar ol simbolismo par·a Al punLo :::.eñc:1l 

dr:; un ~¡.:;¡lr,r bajo. 

quo el n~ximo esp~cifiGad~ en la 

e;, usc:rla para especificc~l" el sirr.t:Jolisrr.o para el pur.to soñal 

~e un valor alto. 

o ::o] uí"'''' :::"'. es usnrl".! p::;rn 'Jsrecifiun· el sirnbolj smo dl! base; Pl sim~:;c.lisrr.u 

qLB urRrecu fuara del contorno del arca de estudio. 

(Ver CJl'n·.;:::.lo 4 pera simbolismo cic EJscala en gri5 para 10 niveles). 

UP .... lor .. o. 

cifiqut" 1.0 en el car:,oo 1. :Ji se: do=:!s~a restablP.c.Pr el punto f',,.;;\1: en r:D-

1 vc.1TC-u:.:t8C, 
, 

C:l pL1nto 
.. , 

s:-.;1 ,_,.l. e~ 

o 



J.1J. CP:.IG; ~. 

::::::.te o¡::-;ción contcolct lA irn¡¡rosiGn al pio del rn.:::~pa. 

¡:S¡Jt)Clfique 1. 8 en el c;;~rnpo 1 pc;ra oen<=:'nil' un histogrc•ne al pie del m<;[Jé1, 

Rl cual muEstra 1a frecuGnc.io de células de la malla en cada nivel. 

=:sp¡:;cifl~ut"') 1.0 Rn 81 campO 2 pora suprimir Ja inforrraciÓn numsr jc¡:¡ cp:.; 

b,or-v--,_ ·• L: inLlusif"¡ ce infonn3c.i6r. nuw:;rica. Pc:!a regresar al sstandar, 

especifique 0.0 en el campo relevante. 

3.11. CPCJ:Gf\; 10. 

Toxto (3-32 tarjetas). 

~;i s•:: dRsr~a inforn.eci6n explicativo adicional a aqu12llt.~ contenicJu en E:l 

titulo del m~pa, esta opción pueda usarse hasta 30 líneas de texto dobajo 

del maoc1. 

Fn Ja rr:i.r;;r:r·" t.:u-~ perfore el n0rnero de identificaci6n de la opción 10 

en las Lolumna~ a y S. 

trn lo ['lri ~ere y J.n Ú] tirna 1 fJr4rfore Rn J.as COlumrll~i:' 1--?2 Cufllquier :\ nfor

maciÓn suplerr.cntaria útil f'Jal'é1 1 r;:>ferencias futuras. 

tn la •.::ltlrro 'c.nrjeta, pP.rfor~ [i\DTEXT en la.s .:;alumnas 1-?. 

3.12. OPCIOI\ 11a 

Si so clC>~,c·t1 un :Listado d>~ lo~, valores dato, antr·s dr~ escalarlos, oerfore 

~.O en el camro 1. '3i sP desee un paquete de tar jc.:tas perfor3c1a~' dP :!.os 

o 

o 

o 



o valore~ dato, ~urfoce 1.0 en el c~mpo 2. Si se dgsea un paquete de tar-

j8tas p¡_:rforadas d,~ lo:;s números dB los niveles a los cuales han sido asi 

H::>i~r.rldos los datos, perfore 1.0 en el campo 3. 

C:l es tandm· E' S no irnprcs:'..ór, ni perforación. Para regre~ar· al estandar, 

especifique 0.0 en el campo relevante. 

C:Jí110 una alt·~rn:.tiv:1 111 sirnbolisrno nonrlél1 1 se puede rroduc:ir un rr.r:;oa 

puntu.O'l usando células de malla de; a. X 5 y el Slrnbolo ~. El :ran~<l d¡:; los 

datos pwc:de uividirsP P.n 20 nivalc:s ( 1
6 

o si se fJspecificó un ve.lor m.r.><i;nü 

, . ' ~ ~ E1 ~ cJ t . 1 "'1 1 . ~ en ¿cl opc1on ~Jo ·¿ numero e car8c eres Jmpresos en A ce u a es 1cua¿ 

Bl n~mero del nivel: si el valor cae sn 81 nivel 1, solo se impri~~ 1 d2 

o los 28 caracteres, pero si CQ8 en ol vig~simo nivel, so imrrimen to~os 

los 28 cnr3cteres. 

- 'ó r-_st:a opc~ n s"'p.rim-:? las especiflC<iCionE•s del tamaño d9 les ¡_,¡.!lulas rJc: la. 

rr.J.ll<'..t t:n la opci6n 1 y el n~mRro de nivel8s an la opci6n ~. 

:stR opci~n genrr~ n~n~.ros du renslonus y columnas sotrP los cuRtra ]~do~ 

o 



la L~al provee las coorden~d~s 3PBrtir de las cualns o 
son nuir;Bl'ádos tc.dos los rengloneE y columnas. 

S:. lcts co:::Jrdcn:1das de la CRf.J no son espacific:adas, eJ. programa supcr.c~ 

columna = 1 

renolón N 

don~~ N es cll n~mero de renglonPs especificado an la opción 1. 

í: :'.p8ci fique '¡. CJ en el c.=¡mpo 1 para la numeración de la malla. !::n el 

,,c~rr,po ::2 espuc ifir¡lA? el numsro de columna de la CRM y en el cam¡:::o .3 SL ... 

cubsiguientcs, especifique CJ.D en el campo 1. 

Far,'i. :;;lsunos usos csp8cializados 1 la rr>J.lla básica puede ser subclivic:L:J=¡ o 
r:>n par lF,=.,, té1les como medios á tercios y usarse un sisteiTk'\ de nurreración 

no-continuo. El número de subdivisionAs es especificado on el curnpo l. 

Est(l orción no torra t:n cuPnta la rutina que n~ionG lo.s valores dcttü a los 

nivelr:::'>. Pan:.i Gctivar Bstn opciÓnp especifique 1.0 en P.l c¿nn;¡o í. =~•td 

opc:i6r1 t,urrimir,) nutorrlé.Íticamente la infornación numérica debajo dE'l !Ticlí="do 

Pare: n~str~blF.oLel al procesamiento norrral en mapns suiJsecuentes e~pcc.ifique 

o 



:1.1G. Llf~ILiN í5, 

o 
F~;te opción orj_ainEI la ej8cuc.:i6n de tiempos paro las diferentes etapas del 

proornrn..:1 qw-~ sen1n in1pn- so.s junto cun la informac.i6n del paquP.te d8l mapu. 

F'r_.ra activar es'co opci6n ~specifiqut~ 1.0 en Al cornpo 1. El estanuar· es no 

t¿n~r los tiempos impr8sos. 

La úl Lin¡;:¡ tar jot,J del Paqt.Jete d;:Ü fv'~tJpa deLo tensr 99999 perforado en l.Js 

c. olurnnd s 1-5. 

P.unqu•~ lo::> dBtus ho.y.:1n sido n.>col(JCtf.J_dos soure lé:i base du ur.a rr.allc~ rc--1, ... !:ar~ -
gulu~, • el L.DPtorno del ÓnD de estudio puede no ser rectanuul.-,r. 

Existen lm CrüD dos m8todos para nanflJGt' es te problorna: 

El ;:JY'O[¡ram-3 espera lHer un valor elato por cada célula. Cuando exisl•J ur. 

contorno icn-::c;ular 1 el usuario ruede completar el rsct ángulo ~~--=n r~'gi~- t.-t'Q~, 

de c:.J.tos (gsnGr-aln;cnte un reg:istro de datu p.::tnl. una c,Hula cit." rnall...t pur· 

impr8sa con el simboli~mo dd 

bcsn. Al l~srso los v~lores An lA subrutin:> Fl.i:XlN, l~c• ocurn;)ncie 
, . . 

cc~~..t2.as 

blanc.a~. ó de-! lJo.se debo:~ ser in~pcccionada. Cu¡:¡ndo ocurn~ una CL~luL"t d,_; ::nse 

se lL~ d<::JbP. asignar un valor da-Lo do - :199~~9.0. [ste valor activa lt- cut::.na 

e! o ~. imt.Jol ismo de Ud 50 y hélC8 c¡uG la u~ lula sr>a irnpresa e! e esta m.'> nr-:rL~. 

~l indic.ador de b~s8 n~s f~cil de CGdificar es un cezo 6 blanco a ~~n~s qu8 

t:;.l. l.c•ro S('),:J ur. volar vJl1do. Por .sitr.plicidad, purJdn codificor!::.to: direcLan;on-

te ol vnlol ric - 0S9J99.0. 

o 
P0.cc. .sir;¡::¡llf icor ~::1 rrane,;o rJe contorno::, irr<2gularcs se ha constcu:.uo ur.n 



pc:quei'íu rutinu. dentro d(Ü progrc.~rn.."'l., de tal forrcd que el usue~rio puede espe-

c:Jic...ar lo. forma del con torno sin tentJr· que llenar el rectanaulo con reg is-
o 

tros de da tos. [1 cor.torno ÍlTRQular es especifico do en términos d8l número 

rJe células a par t. ir de los BJDS verticales de la malla-límites izquierdo y 

derecho-- que-'! van a ser dejados en blanco en cada renglón. El sirnoolisrno 

de oase será dSignado automéiticalll8nte a esas c~lulas. 

Esta información es dada a la computadora en un paquete separado llamado 

Paquete cJ8 Contorno Irreaular, y se especifica como sigue: 

[r. la pr:i;'lf.Jra t:.tr 1eta se perfora IRREGULAR OUTLif\:E E:o', las columnas 1-17. 

En L1 úl tirrn t·:~r j8ia se perfora 999~9 en las columnas 1-5 

Enb'·e b. prim..'nt y 1>=~ ú1 tif'!".a htr jsta se perfora una serie de tar jBtas con 

el siouiPnto formato: 

!::n las colurnnBs 1-5 el numero de r·enolon8s sucesivos 

para los cue\ les se re pi te el f onna to partic.ul'O'r. o 
En las colurr.nas E-10 el ntjmoro de células blancas al 

comienzo del renalón; y, 

En las columnas 11-15 el n~nero de c~lulas blancds 

al firool clel ronglón. 

ft>to::-.. ~on nún.o:!•·o.s unLcros; dL~bun 11~tnr justif'icnrJu~ ¡-¡_ la dRn5cha y no lfJ-

ner puntos decimnles. Corno 81 programa proc.;e!:.a las tar·jotas en arder~, lG 

p:rimB:t'o tc1rj~Jta ::m refiere al rengl6n (6 renglones espet...ificudos en las 

colurnnns 1-S) SUfJG!'ior, la ss~unda tarjeta al secundo renglón f ~ 
~o prirnt..I' 

c.,=:Gbio de forrnc:to). 

o 
ploz<,c!G por un nu2vo pc1qul:!te 6 !Juprimido rmr lJn poquetf3 en blanco, que con-



o 
Csia .cutina ~stá limit.Jdu .:1 man'?jar .=,olamente irn::cular·idades contiauas a 

ur. c..;l! vu··tic.:cü de la m:üla. 

FL::::~<IN es unt1 subrutina en FOi=lTRAN rJ que es usada para especificar ins -

t:r-ucc icnes acere<;. d!:l los valures dEl to a ser ma¡Jcados para cada c8lula du 

la malla" [~t._oé> instru¡_;t.ion8s puednn Bf-~pecifica:c: 

i) o Si. el vslor o EJE:r r.¿¡p¡;¿1do r_:st.; localizado en unn tar Jc~ ta cJ~ d<::it>J~'· 

6 en un Etrr:hivo de:; dato~ en cinta 6 disco¡ ó, 

iiJ o Los dn.~lisis estadü,tico~ que van e realizsn.;e sobre une vari.-1t:.lc, 

o L::st':'l suur·utino es llam,o¡(l,:¡ ¡;or· el prog1 arra principal un=¡ '"-"Z flili'.':l CAd:J c. 7!_,.J:!.a 

ó archivo q'..JC se nofit::re a Ja u!lula dato. 

(Vur ajcnplos 7 y O). 

·u' r·t • l' r:- r IF·-,il'l T , , u ' ,_ .¿¡ ~ ur ,,. , 1 

cos:u-rclJar BnSlibis rr.ás sofistir;udos y rutinas ostadl.st.icas para apJ i;-:¿1¡ é': 

sus ciatüs. 

o 

\ 



~~s lurJ~tas de control C-
Da tos sobre los cuales vá a operar Etl programa. 

Los de: tos sobl'í:J 1 os quu oporu el programa cons~sten en: 

F<:ll;¡u,?t8 de Contorno irregular 1 paquL'te de rrlflpa y los dn tos ds entrad.:1. 

:stos Pclquetes clebun estar· en el orden correcto: 

t· .. aPA al qk~ se refif:!rü. Una vez qua un paquetF.: de Contorno i.rn)-

gular h.1 ~ido 03f'JBLificarJo, S8rá usado parn todo paquetE' de rr~~:tpa 

hJ.sta qu•1 st.:a suprimido. 

,.... ' 
l¡f¡(i[] vuz qUtJ el [1!'DQrurna l8e un paquete do fviapa intenta h."JLC1' un 

un.~ soL1 corrido.. 

:iiiJ :3i los De tos cJr; entrada est5n en tarjetas, estos dC'ber. 

o 

/, 


