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~hcpter 1 

lntroduction 

Th~ chapter describes the Cen$uS Bureau's development o! a comput
eriz.ed geographic ~stem for use in conducting the 1970 census. 

This report has been prepared to introduce and 
explain the DIME syst~m to a three-part audience: 
(1) lndividuals interest~d in techni~al developments 
In geographic coding, (2) organizations within stand
ard metropolitan statis~ical areas (SMSA's) partici
pating in or eligible to u~ the products ~f the Census 
Bureau's address coding guide/Duall ndependent Map 
Encoding (ACG/DIMEJ program, and ~3) organiu
tions interested in cre~ting their own DI M E file. 

For individuals interested in téchnical develop. 
ments in geographic coding, this report describes the 
experiences of the Census Bureau in developing a 
computer file for rclªting <:ddrcs:;c:; on cenSl;s 
questionnaires to census geographic c1reas'for tabu
lating the 1970 census .. 1 t describes early efforts to 
create such a file-the address coding guide (ACG) 
and the development of the Dual lndependent l\1ap 
Encoding (DIME) technique for creating geographic 
base files. lt also describes the census geographic base 
file (G6F).1 in whi_ch the ACG and DIME conct?pts 
are ·combined. The repo_rt also describes uses of a 
DIME file, creation o.f a DIME file, and the 
conceptual basis of the DIME system. 

For those organizatigns within SMSA's which 
currently possess orare in the initial stages of creatmg 
a GBF, or those that wil! be able to obtain an 
already created GBF for their own use, this re~"rt 
describes the uses of the file in computer mapping. 

- 1The DIME f1le descr•bed in this report is essential!v tl'l.t 

same as the Census Bureau's GBF. Minor differences oc~'.1r '" 
formats e~d in lengths of partocular f1elds. but the theor.,t ..:&J 

frameiNOI'k is identiCal. 

1 

·address and area coding, network and ncxle analysis, 
adjacency analysis, nnd other uses. lt al~ discusses 
the question of file mair1tenance an~ uxpansicm. 

For those organlzations contemplating the crea
tion of a DIME file, this report provides an overview 
of the system. 1 n conjunction wi~h a clerical pro
cedures manual, a computer proc~dures manual, ánd 
various computar programs, this- report prpvides the 
complete documentation needed to .creat.e a DIME 
geographic base file,l 

1970 Census Procedures 

In 1970 the Burcau of the Gensus ccnd_ucted the 
Ninetee11th Decennial CenSus of Popula~ion and 
Housing by a comhination of two methods: a mail 
canvass in the large urban areas of ihe cou~try anda 
house-to-house enumeration in the remainder of the 
country. 

In 145 of the 233 SMSA's and in certain adjoining 
areas the mail canvass procedure w~s used to enu: 
merate approximJtr.ly 60 perccnt of the Nation's 
population. lnstea<l of a visit to each household by an 
enumer_ator, census questionnaires were mai,!ed to all 
residents. These qu··~tionnaires were addressed usirog a 
compu!erized mailmg li:.:t cerived trom ccm:nercial 

2This report, tho two procedures manL!als. 11nd tl'.e 
.::omputer programs ~onstitute the 1\.ew Ha-.:on Censu~ Use 
Study computer pro¡¡o.am package t1tled DIMt:: A 0eC';¡rapn'c 

flare File Svstem. 



S<.liJrces and ,_ 
nrrected and updated by the Post Office 

Oepartment. 

Before tt · · · 
P 

. 1
" census, addresses were checked by the 

ost Off•ce 1' . rpartment. Addresses on cards were 
g111en to u . ., st 1 . . 
1 

• po a carners on each route w1th 
mtructrons ., add d 1 . ' • e ete, or correct the addresses as 

requ•red. 0 '·•·n co t d th . ed . f . rrec e . e computenz llst o 
eddresses w q~ d . . . use to generate ma•llng labels for the 
mari-out qu~o.~ 1 • 

. onnarres. A second check was made at 
the t1me of ~ ... 1. . h -h . . 

. . •very, w1t t e necessary correctrons rn 
the hstrngs ár 1 ...~ .1. · . 

u ma1 rng p1eces made manually. 

For thoSá r . f h .1 . ortrons o t e ma1 canvass areas wh•ch 
were not cí.. red b . . . . \e y c1ty dehvery postal serv1ce 
address ll:>ts ' 

\Vere prepared by Census Bureau field 
penonnel. T 1 

IP.se addresses were also corrected and 

d
upda,. ted by 11•e Post Office Department at the time of 

e rvery. Tlq ,.1 f d . • 
. ' 1 e o ad resses was not computerrzed 

and the mall1 . 
. 119 p1eces were addressed manually prior 

to the ma1l·c.\.1l 

lmmediat.,-~ . . 
197

o-th V prror to census . day-Aprrl 1, 
e q 1 .~tionnaires were delivered to all house· 

holds. Hou · 1 . . ..,.,,o ders were asked to complete the 
quest1onna1r.,. a d .1 . 1 1 ff' n ma1 rt to a oca o 1ce. F.or those 
householder ~ J1. b k . . not ma1 mg ac the quest1onnarre or 
erroneously . . 

. . completmg any of the 1tems on the 
quest1onnarr.,... . a followup was conducted by tele-
phone or by ..... 

1 
. . 

,.ersona v1s1t by an enumerator. 

The rema., d f h . . ., er o t e country was enumerated by 
the tradltl01~. 1 h h . · ouse-to· ouse canvassmg procedure. 
In the urba., "ed . f h 88 . . '' port1on o t e nonma1l SMSA's 
and In thOS<) ~ ll . . h' h -na er cltles w 1c have contracted with 
the Census !:l. . . . 

"reau for block stat1St1cs, each questlon
naire will t...., 

coded to its census block. 1 n the 
remalnder "' . 
d

. . (ED the nonma1l areas, the enumeration 
IStfiCt ~ · 

. · \li1ll be the smallest geographic area to 
whrch a qu~:"'tionnaire is codee!. 

Geo9l,·aphic Coding for the Census 

As in pre,.;, - h" 
' us censuses, geograp 1c codes for each 

household ••• .... . 
d 

"•C 1970 nonma1l enumerat1on are as 
were eterm : , 
h h 

'J and toded by the enumerator during 
t e ouse-h ... ., . 
scheduled 

1
,. ouse enumerat1on process. In areas 

red h 
.. block tabulations, the enumerator 

ente t e ~.. bl k b 
h 

nsus oc num er from a census map 
on eac q •.. , r· d h 

F 's •onna~re unng t e enumeration 
process. or th b 1 f . e a ance o the nonma•l areas, the 

2 

enumerator identified the EO of each household and 
coded the ED number on the household's question
naire. From a combination of codes for these "Jowest 
common denommator" areas (EO's and/or blocks), 
codes for larger areas such as census tracts. townships, 
counties, and S tates were developed. 

For the 145 mail census SMSA's, a method was. 
needed to code individual addresses on the mailing 
list to specitic geographic areas for tabulation pur
poses. A master coding file has been developed to 
code approximately 40 million mail addresses by 
computer to the appropriate geographic areas. The 
coding file developed is called the address coding 
guide (ACG). 

The Bureau decided thát thd best way to create 
this massive file (or series of 145 files) was to-

1. Prepare a preliminary file in a standard format 
foreach mail SMSA. 

2. Send the individual SMSA files on standard 
coding forms to a local agency in the SMSA for 
review and correction, or review the file at the 
Census Bureau using available reference 
sources. 

3. Edit the files by computer to obtain the most 
accurate files possible. 

To create the preliminary files, the Bureau con
tracted with commercial firms for mailing lists and 
city directorias. From these lists and directories and 
Bureau source files, computer records conta~ning 

street names, address ranges for each block side, 
intersecting street names. and various geographic 
codes (such as State, county, congressional district, 
municipality, ZIP cede, and census tract) were 
created. 

To prepare the files for review and correction by 
either local cooperatmg agencies or by a centralized 
Census Bureau coding staff this information was 
computer·printed on FOSDIC worksheets. 3 Once 
prepared, the FOSDlC worksheets were sent to the 

3FOSD•C (Film Opt1cal Sens•ng Oevtce far Input to 
Camputers) rs a cad•ng method whereoy prearranged sma11 
corcles or spaces on a ~orm ar worksheet are caoed us1ng a 
.. fill·in" cod•ng methaa. F OSDIC won;sheets. once coded. 
are m1crafllmed and the warksheet C.Jdes canverteO a.rectly 
to ::ades on com;:¡uter tape. In a loase sense the f1il.:d-rn 
spaces on the worksheet serve the same purpose as puncned 
hales in a punchcard. 



} 

eooperafing agencies for review, correction, updating, 
snd coding. The Oepartment of Housin!J and Urban 
Oe'lltlopment provided "701" funds to qualified local 
agencies to defray up to two·thirds c.f the local costs 
¡,f thi$ operation. iHighway planning and research 
fumis, administered by the- U.S. Department of 
'fransportation, were also available for this purpose. 

FOil" each block .side within the coding area, the 
following ~Odes were reviewed, and corrected or 
updntl?d: Census tract, census block, beginning and 
ending add<ess nurribers,4 area cede (a municipality 
cede), congr~:ssional district, voting wards (optionall, 
and an optional or local cocie fieid. When review was 
compl~gted, the worksheets were clerically edited by 
the local agency and ;: sample of the wcrk was 
independentiy verified as a quality control measure. 
Uniu of work not passing qualit~/ control were 
I'II'Viewed and corrected. The completad worksheets 

• .oe then returned to tt}e Bureau t?r processing. 

At. the Bureau, the worksheets were microfilmed 
and íhe information on the worksheets was trans
fcrred to magnetic tape by the FOSDIC equipment. 
Using the information from the FOSDIC worksheets, 
the original file was updated. Comp1Jter edit routines 
were applied to the file and clerical corrections were 
inserted, as necessary. Coding errors were corrected 
by the Bureau staff when adequate reference docu· 
nents were ovailable. Other error:; were referred tc. 

the local cooperating agency for correction. A fter 
edit and co·rrection routines were completed for an 
SMSA, the file was made available to non·Bureau 
users at reproduction cost. lmmedi~tely prior to the 
census, the ACG files were updated from infor· 
mation supplied by the Post OHice 0-epartment ·and 
by the commercial mailing list sources. The ACG 
,. ~ were then considered final and were used to code 
\ue census questionnaires geographically. They will 
also be availablc at the cost of reproducti<;m to non· 
Bureau users. Figure 1 illustrates the basic steps 
necessary to create an ACG. 

ACG files consist of block side records for a!l 
str~ts .within the coded area. Non!ltreet features, 
such as municipal boundaries, rivers, and railroad 
tracks an! not included in the file. A block side'is one 

4 FOt the purposes of this report, beginning and cnding 
01 lowest and l'l•ghest adcreu numburs refer to tne lowt!>t or 
highen po:ssible adcress numbers. rather than actual addreu 
numbers, for each block s1de or street segment. 

3 

side of a street between two intersections on that side 
of the nreet. A block side for a dcád-end stret:! í~ one 
side of the street · from its beginning intersection to 
tt:e dead end. Figure 2 illu~trates ¡¡ome typ1cal block 
sides. 

COMBINE O 
Commercial meiling lius 

Commercial street d•r~!oro.,, 
C0nsus Bureau l)<!ogt&¡;¡r.lc: ccd~ 

1 .. ~---0-ri-gi_n_ar_oo_d_n,:u:""'"codong g.Jidot 

1 loclll codin9- _j' 
L odlt ¡¡nd quality control 

-~--~-~ f 

[ 
, Census Bureau computer .1 

edit and correction 
'• ' 

Preliminary addre">S cod.ng !?J•de 
(AIIailable to nonbureau users) 

Preccnsus updato:ag 

Final addreu codong gu1de 
(For use in geographoc codong of 

thfl 1970 Census and nonbureau use) 

Figure 1. ACG creation proccss 
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..___ .... 
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Id 
MAl N ST. 

BS· block ~da 
Figure 2. Typici!l block s•dcs 

Fach ACG block sidc record contains the fol· 
lowing codes: State, county, minor civil division (or 
census county divis;on), place, ZIP codc, lSt"/0 ccnsus 
tract. street (includes srreet direct1or., name of street, 



pu~ ty-fi@r !!J.ld -il str~t serial number),low and l1igh 
address numbers, census block number, S~1SA, 

district office (Bure&J administrative code), area' .•,1e 
(a code used in p!ace ,of the minar civil division ::.nd 
pllilCe codes, abovEd ;· optional code (local cod11 or 
census serial number). ward (election district), an.,ex 
(area annexed between the 1960 and 1970 censu•esl. 
congre-ssional district, Post Office administrcative 
eodes, and serial number (unique number for etach 
block &lde). 

~elopment of O 1M E by the 
Census Use Study 

· 1h: fii"i~ ACG reviewed locally was the one for the 
N.5w HEiVen, Conn. SMSA. This ACG was requirth• to 
~ the spedaJ censu11 which was conduct~t in 
April 1967 to test the mail-out/mail-back procech•res 
fcw the 1970 census. Local review and coding ot the 
FOSOIC wo:ksheets was completed in the fall of 

1966. 

The special census also provlded a current data file 
fa;; uss in the research and development activitie. .:>f 
ttts Cenru:; Use Study.5 One of the primary rese.;t:·ch 
llt.tivities of the Use Study involved computer "'::.p. 
ping.6 A prerequisite for such research was t'"ae 
<ñ!a!lability of a geographic base file with coordin~ft>s 
to permit the assigning of coordinates to data files ~,, 
mapping. Since this type ot file did not exist for 1\ P\v 
Haven, the Census Use Study attempted to cre.ilte 
from the ACG a geographic file with coordinates. 

Three alternativa approaches wcre available "or 
asslgning coordinates to the ACG: ( 1) Assign co01 ,'f¡. 
nates for the approximate center point (centroid) ~· f a 
block, {2) assign coordinares for the centroid .:.•• a 
block side, and (a) assign coordinates for both e.·.~s 
of each block side. The. th ird alternative was se lec~-~ 
because it provided the capability of plotting a str'N>t 
or network map that could be used for displav vr 
edltlng purposes. 1 t al so provided the ability to n•.140 

by shading data values within the actual conflgurat ..,,,., 
of a block. The other two alternativas did not pro\ .. ~e 
the$9 capabilitles. However, the selection of the ti" , ·,j 
alternativa made it possible to compute coordinJ-.·.--s 
for ths other two approaches, i.e., block centrO Id ,, "d 

block side centroid. 

ll5a ~~ Uao Sludy roport, Gensr~l Oescrlptlon. 
6sea Censva UM Sludy ieport, CDmputlf MBpplng. 
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Portions of the New Haven ACG were tested using 
the third alternative. Coordinates for the beginning 
and ending of each ACG block side as shown on the 
Census Bureau's single·line metropolitan maps were 
measured and recorded using a semiautomatic device 
called éi "Coordinate Locator" builr by the Bureau. 

. This process is calleo "digitizing." Coordinates dig
ltized for each ACG block side were converted to 

state plane grid coordinates and added to the ACG 
file as part of each ACG block side record. 

Substantial problems were encountered during the 
testing of the digitizing process. Since the ACG is a 
file of streets only, nonstreet features existing in the 
coded area such as railroad tracks, rivers, lake shores. 
and municipal boundaries were not included in the 
file and therefore could not be digitized. The absence 
of nonstreet features which formed block boundaries 
made it impossible to accurately plot block maps or 
calculate the area of blocks. This absence also limited 
the usefulness of a plotted map fOT display or ~ 

analysis. 

Another problem was that the digitizing process 
itself was inefficient: for the typical inter~tion 
(two streets crossing), eight read ings had to be made 
on the coordinate locator, one for each of the block 
side ends forming the intersect1on. · When su eh an 
intersection was plottecl, the plot usually showed 
moro th;m one of tht: piotted points at th~ inter
section in slightly differing locations. This discrep
ancy was due to variability introduced manually in 
digitizing the point eight times and also to error 
introduced by mechanical slippage in the digitizer. 

Still another problem was the inability to dig¡tize 
curved streets accurately. In the ACG, each olock side 
is coded from intersection to intersection without 
regard to curves that may occur along the block side. 
As a result, when a curved block side was d igitized 
and plotted, it plotted out as a straight fine. This 
occasionally led to plotted curvecl streets crossi09 
other plotted strects mcorrectly ar.d the depict1ng of 
nonex istent intersect ions. 

A substantial number of cod ing errors and omis
sions were detected throu¡¡h the New haven ACG test 
as lt was usad by the Census Use St~dy. The 
dlscovery of these errors, not aetected by thl:l ex isting 
ACG clerical and computer edits, and the coordinate 
asslgnment problems discussed above, led to the 



condusion that alternativa '~nproaches mould ba 
explored. Although the AC•: was sufficiently accu
rate for ti"te geographic coo'"u of cen:;us question
naires, the Cen~:JS UseStudy L .. ,,dudcd that improving 
it tor other purposes, such As computer mapping, 
wou!d not be proctical. 

Ths prob!em of develor•h•q a new system was 
referred to thc Tedmical St"'~>ring Group (TSG) of 
the C.ensus Bureau Advisar v Committee on S mal! 
Area Dat<i, th~ bodv over~uing- Census Use Study 
sctivities. A sub;:ommittee w .. ~ enablished to explore 
cther methods of sutomated I""Ographic coding orto 
conduct original resear~h, it '1t!Cessary, to develop a 
geosraphic base file which c,.,,ld be used efficiently 

.for computer mapping and 9"•'~¡raphic analysis. 

The subcommittee·first c''"~idered·extant methods 
of creating geographic b¡¡se t•r.,s. Then it developed a 
ptCiposal for constructing a ~-·,-graphic base file using 
gaph theory as the conce¡.,¡, <ll tramework. Since a 
linear graph can be describ~·d as a series of straight 
line segments in a plane co""E'<:ted at vertices, it is 
readily apparent that a sin¡¡J,, l•ne map is a form of 
linear graph. Figure 3 illustrál.,.,s this point. 

1 ci a: MIL TON 

)o. ...., 
OYRONCT. .,j 

.,j .... 
::t 
&1) 

JONSON ST. 

1 
Figure 3. Graph elements of a Sl"~'e line map 

Each street, river, railroa... track, municipal bound· 
ary, or other map feature c .... • t'e c.J'nsidered as one or 
more Slraight fine segmen~' Curved lines can be 
oivided into a series ot str .• ·"t fine segments. When , 
feátures intersect or wh~: • ,:raight line segme7'ltS 
change direction, vertices ar .. · -,,, med. Using a concept 
derived from graph theory, .o: method was devised for 
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creating a geographic base file where each vertex. 
intersection, or node, 7 áS wo::ll as eaC'h linc St:gment 
and intervening enclosed area. could be un1quely 

· . identified. Abo eacn could be 1dent1f1ed in terms of 
1~ its place within the entire region encomoassed by the 

file and in relation to ad¡accnt nodc~. line segmen'ts, 
a~ enclosed areas. The ent~re reg1on cncompass<:d ov 
the geographic base file could be v•e-.v~ as a senesof. 
interrelated nooes, lines, and enclo5<?d areas. Ea:.!11me 
segment is identified by its name as takcn from r.he 

source map, e.g., Main Street or Green F:iver, or by 
th~ nade numbers at each end of the' line segmen!. 
Nodes are numbered ~quentially and uniquely. 
Enclosed areas are numbered using é. systernatic ser1es 
of block numbers or other areal idcntifiers. or they 

can be described by the nodes or linc' segments v.•hich 
bound them. 

The creation of such a file of line segments, r.odes, 
and enclosed areas allows for tr.e editing of the file oy 
computer using án algorithm denved from graph 
theory. When coded, the three elements-segments. 
nodes, and enclosed areas-can ~e formed into sepa· 
rate incidence m¡¡trices, e.g., line segment·node, line 
segment-enclosed area, and enclosed area-noce, by 
computer. The relationship estab;ishe~ within the~ 
incidence matrices provided for the developfTlent of 

the computer editing system. 

Such a file, as a re~!'ese~t~!:cn o~ z: ~:;~, c::1 be 
digitized ano plotrcd by computer to produce a 
complete replica of the source map·. Often •t is 
impr13ctii:al or unnecessary to correct every ed•t re1ect 
or to reproduce faithfully all curved fe:ntm~:.. How
ever, a perfect file can be produced at a reasonable 
additional cost. 

The system that developed from this research 
activity was named Dual 17'ldepe'iaent .'Jlap Encoding 
(DI M E) be cause thc: basic t de •s cre.;red by cod •ng 
two independent incidencP. m.;rrices ~rom the source 

m a p. 

From this theore"Lical base. the Cenws Use Study 
staff developcd procedtJres ¡¡r.d cré'.;ted a D!rv1E file 
for 1\!:!w Haven. The ~ame ty;:-e ot rdcrence :>ources 
used to create ene ACG-Cer:su~ =...;rt:'au metropoi•can 

'Tne terms vertex, or.tersectoon. and roodc are cc.nsooerl!d 
to be essent 1.¡fly the s;;me for tt·.e ~u•po>es ot ~!'los paper. 
no::íe 15 the ce·~1 u~d because ct •ts woae u~ on transoor
t<ltlon plann&r.g ana otner geo!Oraphoc dp¡:¡ioc,:;,ons. 
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moars <!lid local a<ldress maps or listings-was 
cmployed. Only one no::.jor change was made to the 
rr.etropolit~ maps pn.r to DIME coding-each n~ 

"'" v.e ma;: •· .;~ a~~'uned a unique identification 
t'I.Umber. Thc: ccding form u:sed was a standard 
punchC<srd transcript¡o,, worksheet. A replica of the 
final ooding form devct.1ped for the system is shown 
as fig;J~(j 4. 

Whíl~ an ACG is cot~~tructed on a block-side basis, 
a DIME file ís construo·!ed on ¡:¡ weet·sagment basis. 
Each ACG record com::~,ns the appropriate codes for 
one $ide of a street between two intersections on thllt 
side of the street. rach DIME segmsnt record 
contains the appropn~te cedes for both sidas of a 
street betwoon tvJO OC)(.les. 

~-.sentially the san1e information is contained in 
botb systems-street ~~~me, address number r:ar:ges, 
cenliUs block numbeh. censt.:s tract numbers, and 
ot."'ei:. geographic coa.,,. The DIME system has two 

additional codes: nodo r1umbers and leftlright orienta· 
tion.

11 
The DI M E systorn also contains a!l meaningful 

nonstreet fcatures su. h as rivers, municipal bound
aries, shorelines, and • ailroad tracks shown on the 
netropol itan m a os. T he se are not contained in the 
ACG system. Nades ;¡re placed at sharp curves in 
stret:ts or other featuo Ps so that su eh curves can be 
ódequately describeci uy a series of straight line 
segments when ploneu uy computer. 

Worksheets were CO.ied and keypuncl)ed; the data 
--·ere put on magnetic \a pe. The ·file was computer 
~ited and edit rejech were corrected. Aftcr two or 
three edit cycles, ~he r de was considered sufficic::ntly 
accurate. The metrop.•lrtan maps used to code the 
DIME file were then ¡o ,Jotized and the node numbers 
and coordina~es were .•,erged into the DIME file. The 
file was then rt:ady f,•r use in computer mapping. 9 

The file \vas also useCl t,,, address and area coding, JS 

di:>cu!.S<d in chapter 11. 

4
The left/right oroent,or,on codo separatas the codes for 

orae lide of a Ion.: sc;rr.ent •com the other. 
9The computer ma,•.•,ng expenments conducted liT& ' 

~rabed fully on the C.:. ,sus Use Study repon, Computer 
~ppin!J 
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Further Experiments 

To ,xamine the applicability of DI ME to ongo1ng 
prograrhs of the Bureau, and to cevelop standard 
coding procedures and Bureau capabilities m the use 
of the system, funher research was initiated. 

A coding manual, forn;s, and pro<:eduw; based ~n. 
tha N~ Haven exper¡ence wer~ ccveloped; anc 
Roanoke, Va. was chosen as a test site for turther 
DIME deveíopment activities. The Roanoke City 
Planning Commission agreed to supply coding clerks. 
The Use Study staff trainec the clef'.<;S and supervised 
the coding operation, 

After the local coding operation was _completed, 
, fh.: coding worksheets were keypunched and the 
pun::h~;ards were converted to magnetic tape. The file 
was edited using DIME edit techniqL,es. ReJects were 
corrected and inserted in the file. The codmg maps 
were digitized with the Bureau's digitizing equipment. 
Nades and coordinates from this prvcer..s were 
insened into the DIME file. Test maps were prepared 
on the Bureau's Calcomp ploner. Coordinate errors 
detected on the maps were corrected and the file 
updated. The file was then cons'dereci complete. 

Further testing of ccding procedures was con· 
ducted at Bmghamron, N. Y .• by the Broome Countv 
Planning Board.· Areal coverage for this test was 
extended beyond the central city te the county 
boundary. 

After trammg by Census Use Study staff. local 
personnel completed the coding operation with or.ly 
nominal monitoring by Census Use S~udy staff. The 
Census Bureau's metropolitan maps were us¿d for the 

urbanized portian of the county. County h1gtw;ay 
maps were used for the remainder. Thc:: manuals ano 
worksheets used at Roanoke were revised and a 
codiog manual was introduced for this test. 

When coding and quality control operations were 
eompleted, the worksheets were kt:ypunched and 
computer edited. The maps used for codir.g were 
digitized. When completed, the cooroinate mforma· 

tion was merged into the DIME file at the Ccnsus 
Bureau. Test maps were plolted and the frlt! w¡¡s 
corrected to complete the Broome County test. 



Th¡, final test leading to the development of the 
CenS!¡~¡ Usa Study's computer program package, 
DIME. A Geof.•raphic Bas.! File System, was con

ductt¡¡l in the _Greenville, S.C. SMSA by the Green· 

ville f·ounty fllanning Comm•ssion. Pnor to the test, 
the '-i·ding and superv1sors manuals and the coding 
a~ éo!lministrative forms were refined according to 
fm~•r•us of the previous tests. However, this test was 
des191ted not only to evaluate the DIME computer 

progr"'" package but also to develop materials which 
coul() be uscd to create geographic base files for the 

nonrnllil census SMSA's. 1 0 As a result materials 
whicl, L-ould be adaptco to both uses were,developed. 

Ge:>a• llphic cov.:rage was limited to the city postal 
delrv"' y portian of the urbanized area of the SMSA 
as in ihe ACG prO<Jram. ' 

A~ in Bir.gnamton, supervisory tra1ning was con
~:::té:,¡ by Co::n:-'.15 Use s.<<sh members. The supervisor, 

": _'lA 11\. train.:J the cO.:Jii'l'::J stJff. Biweekly monitoring 
Vl!olt!. \\ ·-r~ 1T • . - ' C . tf U . ;:; .. 1oCc oy en~us sta . pon complet1on of 
cod¡o\,1 and local quality control measures, the work· 
shC:titl!. \'V(;{'e n:•urned to the Census Bureau. Key· 
r.-.ancl,lng, editiólg, <md corrections wr:re completed, 

-"'u \r\t: iil:.: b<::c3m<: the prototype for the nonmail 
,:_,nsuo. t..CG/OIME g¿ograph•c base file program. , 

C4..,.::..urent witn the Greenville test, an experiment 
wa:. ~,~nducted to C:x¡;rr,ine the feasibil1ty of merging 

'"''
1 ~~~depcnder;tly cre<;ted DIME file ..v;thOút 

.. adrv ~-;e~ tor M.adison, Wis. with the ACG for 
M<>di.._ Th '-'X1. oe DI M E file Wi:JS created and edited by 
,_ .... \•~ Stuoy statf; tne ACG file was coded by a 

lo.:_l ''·0Cncy <Jnd procc~U:d c.ot the Burcau as p¡¡rt of 

t.-.rl 1.\.~r.dc•d ACG progrdm The metropol,tan maps 
'J~'4!(~ - J - . f . 
• ,.. \J~~ .ú tne t;.,~e or creatmg both files. 
· nee>·\~t.,;¡¡Jiy iL ~houid i':..;v~ been poss1ble to merge 

'Ch<:x \\·~o file::; 1nto i.n ACG/DIME file. However, a 
:;;,b··· 1 "'~H·.a numb..:r of n::cords could not be merged. 

For ~-\amplt::, or ~he 2,345 b;ock recorcs wh1ch could 
!)¿ m.,... sf:d, 1. 104 r¿cord:; n.Jd at le¡¡sr one d 1ffer¿nce 

f~om ~ne file te the otht::r file. An an<:!lys1s of the 
dlfftty.nces r<:vealed Tt1at 19 ¡¡t:rcent w.::re street name 
spoll11• J f1 . -g 1 ~rences, ..} puct:nt were Dli\1E errors, 47 
perco.J••t wer.::: ACG errc.rs. 9 percent \\n;:!ff: errcrs in 

botn ·:le:., and 2:1 pe:rcc:'•' were amt.J,gultlcs in the 
metr~· 1' . r ¡· "'-=> nan maps r\,:conc, mg the various dif· 
feren.,..,,s took a $ub~t.mt1:.1 amount of t1me. In fact, 
moru · · · t1me wa~ spent on <hiS process than would be 
requi'"'-"' t ...,,.,,- fl h . ''-' o creal~ a lJ 1v e 1 e w1t addresses ror 
I\;¡QO¡~VI:1 using the Gret:nville approach. As a result, 

10 . . 
"i.'órun¡,il cc:nsus g¿o!}· .. pruc bo~se f1les woll be d1scu$sed in 

\)lUlo;. ddtail in tht1 nl!l-" t ~e..:toon of thiS chapter. 

8 

the merg1119 of separa te ACG cnd DI ME files by 
computtr was ciscarded. 

Howtver, th<l desirability of in~rttng DIME fea· 
tures into the ACG's incre;;:sed as it became apparent 
that the ACG's could contain a conS:oen.t:le number 
of errors that were not detectao!c: by ex;strng ACG 
edits. The benefits of the Dt/I.·IE adits <~nd the 

potential uses of DIME files for computer mapping 
and other uses were also becoming wid.:ly known. 

lnquiries as to the avaii.Jbility of DIME files in the 

mail census SMSA's were received by ·ü1e Bureau 

from local, State, and Federal c2gencies. 

After the clase of the ACG/DINiE merging 
expuriment, further research into add ing DI M E fea

tu res to the ACG's by computer was undertaken by 
both the Census Use Study and the Bureau's Geog
raphy Div1sion. The Geography Division experi· 
mented with inserting un1que, computer-generated 

nade numbers into a specially prepared ACG. The~ 
attempt w¡;¡s only partially successful and was 
abandoned. 

At approximately the same time, the Census Use 
Study investigated the possibility of adding DIME 

features, i.e., node numb-.!r and left/right parity 
status, to a $pccially prepared ACG block side file by 

clerical procedures. The following 9fOCedure was 

deve!o¡:..:;d for adding th.:!Si: features: 

1. Metropolitan maps would be node numbered as 
in Di M E; i.e., all in tersections and points along 

OJrved features would be nurnoered uniquely. 

2. A specially formatted worksheet printout ver: 

sion of th.:: ACG allow1ng for the clerical , 
in:;zrtion of nade numbers ilnd leftlright parity 

~"t<itus for ea.ch block sida 10 tl1e file wou Id be 

prep<;red. 

3. Nades and parity st3tu s would be cojed on the 
worksheet. Additior.al rt:cords wouia Le codea 
for nonstreet f.:;;~urcs :roonscre-=t f~~w:es v;.::rc 
not coded in the ACG) .:;nd for block sices 
wh;.:n had -to b..: s;JI1: 1nto two or :nore pi~ces 

because of curv~s or other reasons. 

4. After coding w<>s completed, th¿ wded codes 
(and unique ider.tlfication numoers tor each 
record) would be keypunched and merged into 
the original ACG filE:. The reSJiting ":;egment 
side" rt.::ords wouid then be meryed to form 
scgmcnt records. 



5. The rt!sultr,,g file would be edited using the 
DIME edib 

S. Edit reject~ would be corrected. 

7. The metrc't•olitan maps used in coding would 
be digitiz<="~ to create a file of node records

each nodto record would contain the noda 
number ¡¡¡n~ its coordinates. 

8. ThP. r.cde ·~corn me wou!d be merged with the 
DIME file :o:1d would thiJS be in final form for 
rele;.se to '-•·propriate agencies. 

A gencr.,,;z<?.d fl~,..w chart of this operation is shown in 
figure 5. 
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Figure 5. ACG/L•. !ME crear.on process 
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This techn"~:re was tested usmg the ACG fcr a 
srnull numbcr of census tracts in Madison, Wis. 
Testing sho .. , .... ,. rhe svstem was workable ilnd suffi· 
ciently econo;,, ·c-al to warrant 1ts use in a r.¡¡tionwide 

program. Th..: ''ureau accepted it for the proorarn for 
in:Krting Dlr.·k features into the ACG's. ~ 
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When the techniquc was accepteo, á tas~ fo~ce wa:> 

created to conduct a larg¿-scaie test anc ¡.>repare 
necessary clerical manuals and computcr ::;rograms. 
This test was conducted successfully in Moo1son, Wis. 
undzr field conditions us1ng draft manuals. The file 
was processed using the steps outk·,ed abovt!. Th~ 
ACG/DIME program Wá$ ttlen turned over to the 
B'Jreau's operating divisioM for im~lementztion. 

The ACG/DIME Geographic g~c;e Fi!e 
Ptogram 

As discussed earlier in this chapter. the 1970 
census is being conducted using two different enu· 
meration methods. In the majar urban areas of the 
country (approximately 60 percent of the popula
tion), the census will be conducted using the 
mail-out/mail-back technique. The remaindE'r of the 
country will be enumcrafed by tradit1onal house-to· 

house canvassing methods. The Bureau. has estab· 
iished one geographic base file program for the 145 
mail census· SMSA's and a se par ate program fcr the 
88 nonmai! census SMSA's. Different rr.ethods ara 
being used to créate ACG/DIME yeographic base fi!es 
in each program, although the completed files are 
essentially identical. 1 n the maii census areas, the 
ACG's :Jrc being "improved" by <!ddins DIME fea
tures. In the nonmail census areas, ACG/OIME files 
a.-s being dcvelo¡:¡ed "frcm ~rat.::h." A !··::in¡; ci the 
mail and nonmail census SMSA's and th1. avd.I.Jbility 
of ACG and ACG/DIME files ;s provided in 

appendix A. 

Mail Census Geographic Bese File Program 

For tl:le SMSA's included in the mail census, 
ACG's have been prepared for the central city (or 
cities) of the srv:SA und the surrounding urbanized 
area, generally for the port10n of the SMSA ;n which 
mc:.il is delivered toa street .;¡dcrO!ss (~uch as 115 Mam 

S t.). The Bureau has requ ired this are al covcragc 
because eé!ch census ouest10nnau:e m u st b.: ceded to 
its proper geograph1c area fc.r tabulation purposes. 
Geographic coci,rg cf the ~;uestion.,a~res •:> accom· 
pl•shed by computer maéch1i1<:; t:-Jc adcres; to wh:ch a 
que::tionnaire is meiled ( 1 ~5 :\1ain St.l to 1ts matchmg 
address range in the ACG :101·iS9 .'.-1dln St.l. Once 
this match is accompl ished, the re e¡ u 1;ite seographic 
codes in the ACG are a::>pended to the computer· 
generated record for the questionnaire. 



The ACG/DIME geographic base file program in 
the mail census SMSA's (called the ACG lmorove
ment Program) origmated when it became obvious to 
the Burew, and other Federal, State, and local 
agencies, that it would be desirable to add DIME 
fea tu res to the already ex isting ACG's. Federal 
~ncies, including the Department of Housing and 
Urban Development and the Department of Transpor
to.nion, became interested in supporting the program .. 
They provided financia! support when the Bureau 
decided to proceed with the program. 

Time requirements for creating th~ machinery to 
condwct the 1970 census will not allov1 the use of the 
imrroved ACG's. The ACG/DIM E files will, however, 
be used in future censuses and surveys, and will be 
periodically updated.l 1 The files are being developed 
primarily for local and State agencies concerned with 
small area data analysis and planning. They will also 
be useful for a variety of planning and analytical 
:.tudies in the prívate as well as the publlc sector. Uses 
are discusscd in chapter 11. 

Tht! local coding phase of the program is scheduled 
to conclude m late 1970. 1 n the majority of SMSA'~· 
coding should take from 3 to 6 weeks. How.ever, the 
lét~r SMSA's may take from 3 to 4 months. · 
Computer editing will begin when the coding work· 
st.eets are returnrd to the Bureau. The processed 
g¿:ographic base ti les (without coordmatesl are 
scheduled to begin bccoming available 6 to 9 months 
after the coding worksheets are returned to th~ 

Bureau. They should be avallable for use soon after 
tíle census summary computer tapes bf9in to become 
<tV;.il;.¡ble. Although the census will be conducted 
using the presently ex1sting ACG's, the geographic 
.;.n~a codes-ccnsus tracts. census blocks. street names, 
<.ddress ranges, etc.-will be essentially the same in 
both the ACG and the improved ACG/DI M E files. 
Therefore data from the 1970 census will be usable 
with either file. 

Coordinates for the ACG/DIME geographic base 
files are schedu led to be d tgi tized from the no de-

11 The Southern Cal•forn¡a R eg•onal lnformat1on Studv 
ISCRIS), a ;omt reseJrch s:udv sponsored by the Bureau and 
tha Southern Californ•a Assoc.a:•on of Governments, of 
wtuch the Census Use Study torms th~ Bure;¡u 's cont•ngent, 
h;¡s been charged w•th develop1ng a mamtenance and 
updat1n9 system for tr.c ACG/01:\~E Geograph•c Basó! File 
Pro¡yam. Development of the system 1s schedulea to be 
completcd dunng 1971. 
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numbered coding maps beginning in calendar 1971. 
The coordinates are schedu lec! to b~ addcd to the 
geographic base files, and tested for accuracy. 1 2 ihe 
files will be available on a flow basts beginning in late 
1971 and continuing through 1972. 

Nonmail Census Geographic Base File Program 

In nonmail C!!nsus ateas, place-of-work addresses 
reportad on the samplecensus questionnaires will be 
ceded to census tracts for tabulation purposes. Todo -
this, an address coding quide that relates addresses to 
the census tract level is required. The Bureau 
intended to create only census tract address coding 
guides for this purpose. Since such guides would be 
of little use to local users or to the Bureau in future 
censuses because census tract boundaries often 
change between censuses, the Bureau decided to 
develop DIME-type geographic base files for the ~ 
nonmail SMSA's when the Department of Housing 
and Urban Development and the Department of 
Transportation agreed to support a program to create 
such files. 1 3 Nearly all of the SMSA's eligible for the 
program have participated {s<:e appendix A). Census 
tract coding guides will be prepared for those SMSA's 
not participating. 

The process for creating an ACG/DIME geographic 
base file in this program is essentially the same as the 
method developed in New Haven and refined in 
subsequent tests. The local cooing phase of the 
program was completed in earty 1970. Computer 
processtng and editing of the files is scheduled to be 
completed by mid-1970. Files without coordinates 
will become avatlable for local use at that time. The 
coding maps are scheduled to be digitized dunng 
1971 and files with coordmates will be released on a 
flow basis to local agenctes startmg in spring 1971 
and continuing into 1972. 

12 Coordinates m the ACG/DIME fi!es w1ll be expresscd as 

geograph1c coord.nates (expres.seo on degrees of lat1tud.:l and 
longltuoe camed to tour d~lmJI placesl. state olane 
coord:na~e~ and "ma;:¡ m.les'" ircm a 1 ,¡ro•trOJrv oomt, 

13 Funds havc be en ma<.J~ avadablc for loco¡l a<Jt!ncy cooing 
VIIOrk under the "701" ;:¡rogr¡¡m ot the Department ot 
Hous1n9 and Urban Develoorr.ent and through SratP. ho~>hw¡¡y 
planmng programs whose funds are administered by tlle 
Oepartment of Transportation. 



Chopier ll 

This chapter describes the U$8 ol ~"t'nsus and local data with the DiME file 
for p!anning and analysis in bot11 the public and private secto:s. 

There are many potential uses for a DIME geo· 
craphic base file or other geographic files incorpo
rating DIME features. Severa! were explored by the 
Census Use Study and othe;s await exploration. The 
description that follows is intended to provide a 
preliminary look at these uses.· 

Considerable research into uses of DIME files i§' 
being undertaken at the Southern California Regional 
lnformation Study (SCRIS), a joint project of the 
Cer.sus Bureau and the SouthHn California Associa· 
tion of Governments. 1 

Computer Mapping 

Comp~,;ter mapping using a DIME file can only be 
accomplished af the file contains coordinates. 2 

Node coord in ates alone allow only one basic type 
of map to be produced-a network or outline map. 
These coordinates are u sed to plot street network~. to 
thade within the areas described by the nades, or to 
print characters or symbols wathin the same area. 
Figure 6 illustrates an outline map with shaded 
node-ddined areas. 

1 Thi~~o re~~arch will be dc.cumented and reports released 
on a periodic basis. 

1The Census Bureau pre:;ently plans to provid~ 
coordin;:,te rei!dongs for all ncdes on the gcoc¡raphoc oase fol~~ 
completed as part of the ACG/DIME Geoyr.:~phoc 6a:;.e Fil..: 
Pro¡¡rotm. 

To allow for fui! use of a DIME file for computer 
mapping, area centroid (center point) cc•lrciinates can 
be calcúlated and added to the DI \t1E file. For 
example, block centroids are necessary to plot block 
data to a grid, as in figure 7; to a contour interval, as 
in figure 8; or to proximal or incidence map. 
Centroids are also r.ecesSilry for mapping data to 
other c.reas, such as police precincts, ésnsus tracts, 
and transportation zones. 

'íhe Census Use Study tested several mapoing 
techr.iques and systems using the DIME, file, such as 
MAP 01, SYMAP, pen plotters, cathode ray tubes, 
and the Geospace plotter.:l 

1 n general there are six steps in computer 
mapping: Selecting and specifying the data to be 
mapped, selecting the mapping system to be used, 
anaching coordinates to the data by m~tching the 
data records to a DI M E-type geogr;;phic base file with 
coordinates,4 manipulating ¡¡nd orraani:.:ing the data 
for input into the computer mapping systern, selcct· 
ing the appropriate cartographic feat~,;res and data 
catagories of the map to emphasize the salient 
characteristics of tre data, anr:l .producing the map. 
Figure 9 illustrates this process. 

3 For a fui! ciescri¡:>:ion of computer mapoing rese.ll'ch 
carried out at the Ccnsus Use Stuov. se!! Cemus US4 Studv 
report. Compuccr .'.1.;;.-¡;mg. , . 

~Th 1s can t;e norm;¡i¡y o-:>nc ov ws•ng :!n ;,coress matcn1ng 
:¡ystem such a~ ADI\1ATCH, r..~~.-.t.:~o on ;:>a~ iS. 
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i=igure 7. G~id Map Cathode ray tuba mJp sr,owing grid cel~s 
(.;;dJu~·L¡;d hour:; SP-J1• "\ by visiting nurres) 
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FiG-Jrlll 9. Cúr.o¡AJtc; rn.Jpping !jroc~ 

hdding Local Area Cedes to the 
DiME File 

Tht! , . .Jc. ~ion of local arca codes allows use of the 

Dlf.~E file- in th,· .. n .. ly~is of-!o..:;:;l and cen·;us data as 

th....-:.y r_,¡ -'" to loc¡_l ;o.rtu~. fxamples of local areas for 
.,..,.hi.:h ..:od¿:; c.:.n Di: <...:.dt:J to geographic bE>se files 

inciuc.: t•~tfic Lunt:s·, piJnninc; dismcts. s,chool dis

trict~. ¡:clict: prtcmcrs. p0ve•:y n.:•Qílborhoods, and 
l•t:; .. .!th di~u;cts. LOCJI i.Jrt::. codc:. 111 a D!I\1E file 

f.;cilitatt: thE: mt<:rrc!iat•ny ot census and local data 

either tor ii" . .: Jrca~ origindlly coJE:d 1n ¡he DIME file, 

:...JCt\ ..~. c ...... ,~us tracts, blc.Ck$, municipal! ti es. and Zl P 

ccJ.: :::r.:..:s, or for local are;¡~ ~uch os l¡,r.d use files or 

i:l~t:·;sor rt:cords. 

Loe:.! ;,.;e¡,s a: e usualiy define j as agglomcrations 

of city block>, parct:ls, or oth~r smull are.J~. rlowevcr, 

11 local áfc!J rr1éJy <Jiso be cef:ned in a linear sense, i.e .. 

il se-ries of str~ct or oth¿¡ segments: or it may oe 

id.:ntif i ... 'd by J ~ries of po111ts ~u eh as stret:t 

imersectiom. T 1"1e 1!) 70 cl:n~s dJt .. will be avélilablt: 

only ior art:al ur,,¡s. 1"he censu~ ~lock will gcnerally 

... 
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be the srn;¡llest unit .. 5 However, local data may be 

available for any of the three types of local areas. 

• 
:, upcai code~ m ay be added to a O 1M E file by 

meahs of a dictionary or correspondence table of 

local codes for each census area. There ar;; two 

re!atively simple methods whict. can be emp~OY~
The primary method is to plot the local ar(~s on .\"1 

Ccnsus Bureau metropolitdn map and tl1en rn~ntialiv 

prepare a corresponding list of local area codes for 

each individua! or series of census zrea codes com¡.¡a· 

rabie to th~ iocal areas. The census codes nec<:$'iii<Y 

ior area! units are censw. rrac:t and b;cd;, as idus-· 

trated in figure 1 O. For linear cocing ot one segroent 

at a time (stre,~ts or ocher segmemsi the cer.SJ..1S codes 

necessary are a combination of the census t~act 

number and the nade numbers at each end of tha 
segment, as illustrated in figure 11 .. For lin2<Jr codíng 

of several continuous segments along a stret:t, the 
n!?cessary codes are the segmen! name and cens;,¡s 

tract and node numbers for the beginning émd ending 

pcints of the (..'Ontiguous segmerns, ¡¡~ ilh. .. strated in 

figute 12. For nade or intersect:cm coding, the 

necessary codes are census tract and node number, as 
i!lustrated in figure 13. Once a dictior.ary or .:crre

sp~i1dence tab!e is preoared, it is keypunched and the 

file processed to add the local coces to the DiME 

records. 

The variant method of creating an <;rea dictionar; 
utilizes the DI ME file as the source for ~he d1ctionary 

r.xords. A computer program is written to process 

the DIME file and punch a card for each unique 

occurrence of the basic compont:nt of the dictiona~y: 

node, segment, block, trae!, etc. For example, if 

traffic zones are the local areal units to be included in 
the area dictionary, the tape file is proc.¿ss;:d and a 

cará punched for each unioue trar:t./olc.·:k number 

combination. Th0 cards are processed automatically 

in a Ciird interpreter macnine which ir~prints the 
card:; w1th thP. coded demcnts so thcy can be read by 

clerks. These cards a~e manual! y divided !mo tr atfic 
zones, using a metropolrtan rr~ap markt-d with tr;lffi;:: 

:zoac boundaries as d <]urde. Th~ traH1c zon~ idffiti

fiers art: "oang·p•Jnchcd" 1nto bl<1:1k iit:ic.s in th..: cards 

5 Block dat;, will onlv ~~ .N:l.iab•r: fe< Ce'lSUS 
Burea.u·aef•ned urba~ize•-. 3n:a~ ard oc-..:í ur:..2n Jtt::as wn•cn 
contract wnh the Ce"''-·' ol.J~:iu ro: blc,;J, ,-;¡¡¡.~;;,cs. An 
urb¡u11~cd area cont;:,::"\. 3 '':;• •::>r ;,"1/;n .:oHe~: e~ 50.000 cr 
more p::>pula:!Ct'\ ;:>iu$ rt)~ s~,rro~.,-~ .. -; ..:.~s...·.v s¿t~lfd 

ir:.;c.rpar~ted and u naneo• ::>Orated :.r~as \'\lh1C:\ r;,~~~:t certa•11 

cr,to:roa of pepulation ~·:e or ccn':IV B:~c:~ ;;,'do! cata w•ll be 
&va•i ... ble for the urbar.1~rd orea of md" c~n:._.¡, SMSA's on ;; 

con ttu::t bas•s on ly. 
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4¡~,q, ~~ llj' 
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Loc..J <~f~d t,...,..Jndary

Loc¡J ar.;:::: c..:..::-::. e 

¡....: 
V) 

Q:l 

fnLtrc! n;.;p "' cc.:mu~ tro.ct 21.01 • 

3 

1 Local ;:.--J.: j C "llSUS tract 

14 21.01 

1.;. 21.01 

)~ 
1 :21.01 

1-+ 21.01 

14 21.01 

9 10 
¡..; 
V) 

~ 101 
"' 513 ¡..; 

V) 

C) 

1ST AVE. 

·:22 

515 

Ctn•ws block 

101 

102 

105 

10C 

107 

r· <gurc 1 ú. Ar.:~l un11 cod.ng · local are a 14 ou 11111ed en map 
cw.:J to co:n>u~ tr ...c:t ano block. 

~dn~ ,, ,;:,,-.¡ r.:,,rc.ducer machine. The c<:rd filt: is then 

o.J~..J:J,I/' CütoiiUi.:J 10 ¡:¡ tJpe filr:. Dep<..:ndmg on the use 
\vhic;, wall L~ oliJdt: of the ide, it móy or may not be 
... oi.ü,iol.:u wiu. ltlf.: ong•n ... l DIME file. When it is 
nt:.:c:~ ... <y 10 ,, .. ,.¡_,.1 the lc.cai coue; to the DIME file, 
thl: ,'~e:tion •. ry ¡,nd tflt~ OI:V.é íile should be sorted by 
trac:L ;:.,.;:¡ b.c.: .. ,, <.ond a progrcJm wntten to ¡;ccomplish 
tr.~ .:oá...: ~-:.,J.,Jn~.-,~nt 

More :>ophisticatcd methods exist for adding local 
geogra¡.¡hic cudes to a geo~raph1c base file such as 
DIME. One c:xamp1e i$ thL' Jf\.'J bounding method, 
whicil dc~nbb tll<" locol geographic area by means ot 
.coordinut.Js. i=cr this method, a c:omputer program 

could b..: wrinen to det~rmine tho: specific locdl area 
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Lc.cal l111:or cooa • 37 
Cc.ding :._.,y • V 

102 

Entire ITl.:lP in census t~ 11 

Loc;¡lcod.3 From node 

37 14 

37 13 

37 9 

37 12 

8 
¡..; 
V) 

Q:l 

S 10 

101 
513 

¡..; 
&1.1 

Q 

514 

1ST AVE. 

:22 

515 

To nade Cansus tract 

13 1L 

12 11 

12 11 

19 11 

Figure 11. Linear cading by scgmt!nt · local linear code Q1_ 
marked on th~ appropnata straet scgmants oi lhe IT\6lJ as 
CQdl.'d to cansus tract, from nade, an'd to nade. 

cede for each record in the DIME file and insert the 

cod~ into the record. 

Using the dictionary method, the Census Use 
Study added local geographic are.a codes to th~ New 
Haven DI M E iile. These incluct::C coat:s tor 1960 
ce:m:us enumeration districts, CommL!nity Action 
ProgrJm (CAP) areas ar.d sub-CAP areus, elementary 
and s...GCond;:¡r•¡ school d istr1cts, traffic zones. and 

telephono:: company central office <Jnd market areas. 

Ag;:ncit:!s requlring speci;:;l local area tabulations 

were req-.~ested to provide a punchcard file consisting 
of one card per census block. The card contained the 
census tract and block and its corresponding local 



.. 
(: 

1 

1'10 

..oc..l linear cau.,. 25 
Cuding kt:y • \,...- . 

102 

Ent¡re m~p tn '"'•ru, tr¿.ct 101 

8 

1C8 

:,, IFr<Jm·¡ 
r ... ~:t n.:x:jt: 

t-----ii--

7' 
513 ¡...; 1 . ~1 

1 

2C'~v~2 
í 515 

To 
node 

iL ~f '"T f i7 1 12 701 
i------~- -~--~'------~----~i-------4 

Censu!~J 
tract • 

11 101 .,_._·_..:5_~_'·'·\ ·v s-r 1 14 1 
Se \~i----~--~~---2-1---+---1-0-1--4 

!1------l-- ~;-~--~ 
. fi~f~ 1;;:'. Lln"-•, C<.•Gin9 by Strect · IO..:al lme.or code {2~ 

rf\ó.ó.:ed on thu '''·"'-'Pn.JLa street :.<:gm~nt> oi the map •s 
~cd by ~rre~¡ ·-.. --,,e, lrorn nace! lor th<! lor~t SP.gm;nt ;)&Ong 
u.,. strC\!~. 10 n,.·d.:: tor tr.&: t;;st ~e:,mt:nl. ano c"nsus trae\. 

·ea code. lf " blo.::k was partially in one local area 
ar.d pJr(lally .; ' ;>noth~r. tnc: ;,gency a~stgr.e-.:1 th'" 

block to ü:"'ly "'~e :c..-: JI art:J. Thi~ situatton occurred 
Í!'íirt:qut.:ntl•,t L. ···..Ju~t: Tht: loe¡¡¡ .;reas tended to be 

r: .... H.:t. l.:.rgc:r t; ~ ·111 th&;l c:11er .:J<)t: city block and to be 

t.ound~d ¡;,y > ·· (·ds or otht:r teatures us¡_'<l by ~he 
Cen:;u:.; 8urc;,L.. h) ddine blocks. For the telept-one 
cornpzny Ct:l•'- ·:¡¡ ohcc and market area code:>, 

how"vu, a lur't'" number of ürbttrary dc.--cistons had to 
be made bec"~ .. ,, u·,t: ;:¡r~as were lmcar in natwre, i.e., 

they werc dL', '' -ccl as bemg both s•des of a street, 
ro~ther th<lll o:> .. -,;erie:. ot block~. 

When the ~-'~ .,,LhC~rd file containiny the iocal' area 
COdtJ diction<J; \· \\as receiv¡:d by the Ce.1:.us U:>r: 
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7 

!..oca1 node c:ode in itslics • a•rowed to nodll 
éntiro map in cer.su¡ trae: 25 

Locu.l coda ~n:;us tract T 
e 25 

D 25 

F 25 

F 25 

D 25 

10 

513 ..... 

"' Q 

NOde numb!lr l 
15 

16 

n 

13 

14 ] 
F•gure 13. Node or inte~section cl'ld•ng- local nooe cedes ltn 
tral..:sl entered on rhe map and arroweo to tne noat!S tl'ley 
repr~-sent arl! ceded by c~nsus traer and nade numoer. 

Study, it was computer edited to ascenain that each 
bloc!~ was assigned to only one locaí orea. Aftcr all 
local area block dictionaries were submitted and 
checked, one master computer tape containing ail 
local area code~ for each tr¡¡ct./b!ock combination was 

created. 

As in any large-scale data processing operation. 
certain problems were encountered ·due to derical 

errors and omissions. The census data t¡¡::-e for New 
Havcn city contained 993 unique city block codes. 

The DIME file and the Census Bureau rn~tropotitan 
maps showed 1,117 blocks in the ci~y. Tne difference 

between these nurr.bers typicaHy indicaras the 
number ot blocks with no po;::¡ui<.tion. Howcver. it 



was discovered tl •. ,,· 12 blocks appeared on the data 

ta¡:;e with populót L·n fioures· this error was due to - . 
clerical or proct>S~··•u errors in the construction of the 
original <>ddrt$S o .. ling g~ide ior New Haven. These 

blocks d:d not "''!Jear in the local area block 
dictionaries. To a'l' these blocks to the ciictionaries it 

was necessary to rur,.r to the address coding guide for 

:rtreet names ;;nd "·'.lress ranges and then relate this 
l,¡formation to th6 "laps containing the local areas. 

The most widll~•·read use of local area codes was 
for creating tabul .. ''•ms of basic census data for the 

local area:;. All •• ..... cial tabulatic.ns were checked 
bdore release tú •·e sure of adherence to Census 
Bureau confiaentlulity rules. Special tabulations for 
r,¡ny local area ..VIII, f<=wer than fave households were 
su p prcssed. b 

Adding DIME t:¡¡e Codes to Loc¿¡l Records 

Anoth...~ v;olu;:,bl., t..::ature of a DIME-type file is its 
c;.;.>ability for i:!(ht. Pss matching, the matching of 
rc:cofds in two fila. ,,n the basis of address numbers. 

~·Vnt:n u:;ing a Dll\r [ filE:, address matching is the 

rntltching of loc¡¡l ·~--cord files with address numbers ' ' 

to ¡¡DIME iile wi11. c.ddress number ranges to assign 
::.~o~raphic codts h· ,he local record files. · 

Addre~s maiCIII••q has many uses. For example, 

·íiles com~inir.g ru, ,-~~:; cf bui:di1.9 and dt:ro1olition 
permits c<:.n b.:: ü~ha, ·~ss m<JtchL'li to ins.ert census tract 
,·,~.~mbers ~ rhat t .. t."lations oi nt:w construction and 
..;,~rr,.;¡lii:iun~ cun t..u .·.re¡):Jred by census tract. These 
C..l(l c.:.: u:...:d '11th U•.y,;nnldl censu~ population data in 
..::>tiro1é.oting CLo"otcll( oüpL:I.:;t 1on by tract. Address 
m;;.tching Ut.\.i: ¡,,, ... ence n:corJ~ to census tracts or 

block i:JfCüps ('ür· ·.•. l,s.;;d to ind1catc pos,ible correla

tJC.•1:> L:t\·"c :n .:: ''" ;,r,<.J c:.::n:it.o$ sociueconcmic data. 
.. ;cjrc;~~ r¡,,,c,:: •. n.¡ .. · • .- ssor ;.::cords contJin•ng land-use 

déita to p!,,-,~,;,,'.1 lJ, •· ·•ct cedes contair.ed in the DIME 

fii_, w:Juid .... u.'. '·'"··"·u:.e pcJtt2rns w1chin the planning 
¡;¡;_.tnc-c~. lJSIOoJ :hu ,,·,me ass<:~~or records matched to 

!., ... u!jr.,¡:¡hic co,:;,·dalo .. ·es in OIME file, computer maps 

el 1i1a l,~rd·U:.d PJllv-rns can ut.: prepared. 

To f<:h.ilitatc:: ""'~ress m<.~rcnmg, the Census Use 
Study hJ5 di!v,eiOp ,. an aodre~s matching computer 

~:ckagt: n..Jmt.'Cl Al'·''•ATCH.' The ADMATCH system 

6 
For llet"ob, ""~ Census use Study repon, Data 

T.~iui;Jtion Acriv.r,es. 
7

Sec Ct:nsu~ u-.... Study CO":"(lu!er program package, 
ADMATCH: A,, Aliw.""<S Miltchmg System. 
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can be used with DIME files, address coding guides, 

ACG/DIME geographic base files. census tract street 

indexes, or any similar computer file containing 

addresses or address ranges and geographic are¡¡ cedes. 

The ADMATCH syst~m requires that data and 
reference riles (DIME, ACG, etc.) o.:: process...~ in a 
three-phare operation: 

1. Preprocessing-The ADMA TCH Preprocessor 

program deciphers the addres:s and creates a 75-
character match key. Special features of the Pre
processor include the ability to create city and State 

codes, standardize stn!et types (e.g. ST, AVE), correct 
misspelled sueet names on data records, and add 
records to the reference file to compensate for street 

names that are misspelled or truncated. 

2. Sorting-The data and reference files must be 
sorted on certain items in the match key, including 
ZIP code or State and place (ciry) codes, ~treet name, 
and house number or address range. 

3. Matching-The ADMATCH Matcher program 

compares items in the match keys of the data file and 
reference file. When a match occurs, user-specified 

geographic codes from the reference file are attached 
to the data records. Since the quality of data files 

varies, the Matcher program has an option to accept 

mismatches on the street type and direction to 
improve tne chances for mat:hing. For example, the 

Matcher can be instructed to accept a record such as 
151 Elm St. when matched to 151 Elm, or 76 W . 
Washington St. N.W. when matchc-d to 76 Washington 
St. N.W. Individual street addresses can be matched 
against street addresses as well as address ranges. 

The concept of the matching proce$5 is illustrated 

in figu~e 14 . 

In New Haven, severa! locál tiles were matched to 
the DIME file to produce tabuiJtions and input to 

computer mapping programs. Local files matched 

include:d birth records, police o.:omplaints, police 
arrests, bui!dmg cede vio!;:;tions, tires, s.::hool am:r.d
ance records, school cenSI.Js recoros, visiung' nurs.es 
h~urs, and health records. The rna~ch rat~ aver;;:¡¿-d 

85·to 90 percent for a perfcct match (all items match 
perfectly) and it approached 1 0-.J percent for le~ than 

a perfect match (so me items ailowed to rnisma!ch). 

In one experiment, data on visitin·g time spent by 
nurses at various locations throughout New Haven 

1 



were provided by the Visíting Nurs.cs .Association of 
N~ Haven. This file, consisting of 29,000 records, 
was matched to census tract and block and coordi
n.>t;s in the New Haven DIME file. A 98.6 percent 
rroi:tch rate res·Jited. Once matcht>d, the local data 
re.:ord file witt: coord mates bec¡¡me input to a 
computer mapping program. Maps displaying the visit 
locations were prepared. Tabulations of the data were 
¡¡l$0 prepared ter cen!>Us tracts and blocks. 

S~rt-ttt name anu number 

157 Or .. ~more St. 

-------------------------~ 
~ Fil11s miltched in compurer 

/~ Street name and r Cod,_e_t_o_b_e.., 
( Refenmcu addr~~ range 1 appended 

Fgq ----¡-e_ L 151-199 Or¡¡emore St. 60 

CoCit: app;Jnded ro loe<>! file Á 

Streot namll 
and m .. mb~r 

157 Bratlmore St. 

fi¡¡..ar<J 14. Mo~tct11n9 process. 

Appended 
code 

60 

ADMATCH was also u~ed extens!velv in matching 
local records for input to thc H ea!th 1 nformation 
System.:; ,.\mong the items matched were birth 
records, inf;:mt and feral death records, and hospital 
c.bstetrical recorus. These local recora files were 
m.:;tchoo to the D 11\1 f: í ilc, and census tract ánd blocK 
group codes appt:ndE."Cl. Once matched. the local 
·ocortls w.:re tabuiJtt:d, anaivzed, and Input into the 
Health lnformation System. 

Network and Node Analysi$ 

Nodes or link-nade combinations are used in node 
analyses; calculation of ¡¡re a, dcnsity, and network 
iini3lyscs; nnd c.:Jiculatlon of centroids tor blocks, 
:..:ament~. or block siaes. 

Node Analysis 

A DIME tiic or other geographic ba~ file with 
node coordinatt::s can be used to c:;eographically arder 

11 For a tull explanat10n, see Ccnsus Use Study repon, 
11-:&llh lnturm.JC/Dn S¡:;c~m 
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data by street intersections, such as data on traffic 
accidents at intersections. These data cJn then be 
compared to information on traffic flow a11d the 

existence of traHic signals and signs and pede~•rian 
crosswalks at intt!rsections with high acciaent rates. 
Analyses can be made concerning chJnges neé'ded in 
speed limits, the timing of traffic lishts, the r.e.:.-'d for 
warning signs, additional pedesuiar. cross-w<.~!Ks, stcp 

signs, etc. 

Processing is accompiished in a number of ways. 
Local data can be coded directly to node nurnbers in 
a DIME file by clerical transcription and keypunching 
methods. Or a separate intersection file can be 

created by sorting the DIME file on node number and 
creating separate records for cach intersection 
(containing geographic identifíers, node numbers, and 
intersecting street name~-1isted once for each node). 
This fila can be sorted on intersecting pairs of streets 
in standard alphabetic arder and local data records 
·tor intersections can be add~;d. 

A special matching progr·am ·ch<:t can corre:t and 
match on misspt.lled street names or add supplemen· 
tary records could also be created to match local 
intersection data to the DIME intersect1on file and 
transcribe geographic or other codes from pnc file to 
the other. Figure 15 i:lustrates the concept of 
matching a DIME interser-tion file and a local 
intersection file and appending acode from the DIME 
file to the local file. 

1 ntersectong streeu 

Atlas Rd. · Maywood PI. 

l 

' 
Files m,Jtched in computer 

lo.~•oco;og j Coóooo b' l 
..... 
~----~1..---n-re_e_ts _______ . ¡•PP~3~N Atlas 11d. · , , 

Maywood PI. 

i 
4 Codl' ;;;:¡pended ro local Tile 

lntcrst-etong 
streets 

Mavwood PI. 

Figure 15. Matchong onter~ectoon f1l~ 

Appcnáed 
code 

"!31 



Area Calculations and Arr4y9 

Polygonal areas can be con.¡oloted given coordinate 
information describing the 1 n .¡ \ •lOO. Polygons can 
represent agglomerations of l•lncks, census tracts, 
police precincts,· or arbitrary ar~><>o; (centered on a set 
of nodes or one nade) of fixecl • ,, variable width. For 
example, an area calculation n~<av. be required for a 
strip 100 feet wid~ on both Si• luq of a series of street 
segments, as one of the data "'"ments needed in a 
study of land requirements for '''•J"way c~nstruction. 
Figure 16 illustrates this. Or an :area calculation may 
be :equired for an area, radiau.,,, out % mile from a 

- sat of nades, describing a partu,otar set of conditions 
S'.JCh as a parcel of land propo~'"' for rezoning (figure 
17). Or again, area calculation~ •nay be required for 
rlr.gs and sectors at fixed dista11ces from a central 
business district. 

Aiso, given data by polygons ''"scribed in terms of 
coordinares, it is possible to d~'"•mine by· "point-in· 
polygon" or "polygon-in-polyq,.,, .. methods which 
polygon a given data item bcll•n\ls to. This permits 
zrraying data by irregular polygu~1s. 

Similar but simpler methods •·ermit arraying data 

by re~ul.¡¡r polygons such as u• "' squares, tria':lgles, 
circl.::s, rings, or sectors. 

Ne~ork Analysis. 

A DIME file forms a sut• .. tantially complete 
link-nade system or network. N.,tworks are used in 
transportation planning and 'T"source allocation 
studies in which movements t.,~\e place from one 
point to ¡;,nother over a network. 

Transportation Studie~-An ' "oortant device in 
transportation. studics is the siml•: .·t ion of traffic flow 
uver a nt!twork using mínimum 1• ''h algorithms. This 
device c¡;,n be u sed for processes '· . h as assignment of 
delivery trucks and postmen t~' P3St time/distance 
¡Mths to make routing more effi,· .· ·t: assignment on a 
real-time basis of police cars, an•:,. ol.mces. tire trucks, 
etc., from one point in a netv.:<' ' to another over a 
lc::st tim.::/d1stance path; est1ma1 ·', of the effects on 
tr¡¡ffic patterns when elemcnh of the network 
change; analys1s of effects or . hanges in traffic 
gcncrators, etc. 

Planncrs have u~ networ "- files representing 
major traffic aneries for many '''ars in conducting 
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Fi~re 16. Area calculetion fOf' a strip centered on a senes of 
linear segments. 

Figure 17. Area calculation for an area radiattng OYt a cenein 
distance from a set of nodes. 

transportation studies. A DIME file contains ~11 

streets and many nonstreet features and boundanes 
for an are a. 1 n so me cases, it m ay contain too many 
records to be handled by computer prcgrams cur
rently used in transportation planning. A DIME ~ile 

may also lack data important to transportatton 
system simulations, such as direction for one·way 
streets, number of vehicle lanes in a street, :>peeds, 

and ~ravel t1me. 

A DIME file can be readily adiusted for transpor· 
tation applications. Data needed can be selected by 
developing a dict1onary of requir~:d streets, compan~g 
this to the o¡ M E file, and creating a new network f 1le 



for only the required streets. it is ¡¡lso po:;.;,mle to add 
data on dirt!ction, c<.pxrty, t:tc .. to ;, · DI~.~E file. 
c-:qure \8 illustr;,,.;:> this pro.:..::.S. 

\' 
'i 

Oi.::t.cn~ry 

o/ n::Qu.rL-d 

y 

J 
Add:tocn,;l d.n..r 
:.trt:<:t Olf~t:on. 

•;.¡.:.;d;, c;:p.;c.oty, 

no. vi l¡¡ne,, etc. 
J 

Tr<t•"~l.POf\"trvr. ¡ : 
plaronong ....._~..Í Tr;;r~;>Ortút.on 

L-------~~~·~-~-~-~------~~~ ~--------·u-"~-·t_a _____ ___j 

,,~;~ 
1 

IF~re Id. AuJ¡){ •. ~ .. J tne Ol.v . .:: ;,1¡; for v~r.,pe.nation 

¡)ÍOM.ing. 

"';r ~r ::.: llA ,ution lh:i\h·Í" U.J(cl cuHc:l\ tly ot::nq u!>G<i 
vary cor.s. : . ~.1ly :n fcrrr~,:;,:, cor.Lt:~H, ccve:;.e¡.~. ;.n,j 

level .or d : :' lrorn on.:: ar~J 10 ¡¡nol:;-.=.-. StJ•Idurc' 

DIME file~ cu.;lo·. t1:! us:d ;,s t.l ... b¿¡~i~ ror c~:veicp:nent 
of s-w:-.d .Jru tr ..,n:;,-,u· . :,r: n~'CWO• i; CJ<.:l.J througncut 
the COO..Jnti v. ~ió:~dürcJ cor~~~p~.J-~¿¡ pr..::~r/~.-tiJ, lt~r.r.acal 

sp,;cif icc:tio;,, ~.na ún :.-,<::;_,í rio.:;. r,~, _ _.,-, rs >•'O' r!d rc:sult 
in ...:cns!c_~·c...~ul..: s._::vq·Hj; ~.-• .j :r,cre .. ..:~a ;:iLc,ency. 

:ld~rd 01 ~.1 ,: 1 de:~. 1ur ;,¡¡ rn;;.jo:il' r.l..:.ro;.n)IÍI<:II c::re;,s 
wou!d n.o: . ..! 1l •••jr.!-,;.,o~L.: 1-2, .L.:\~·.·.J¡; ~LmG.:rd 

ccm~ter ¡.¡.-L.gr ... n.s t01 ~.J:.-:,~.lJ ;..;l~;;~''')'l pi.::,l..d<:rns 

i~.v0lving ck.>Jt.::v tr-.:1.>. r,,: •1 ·-· tr¡_¡-;,, ,·c. •hJV:JI ro u tes, 
~;; .-outt:s, c.::.m¡:-,u·:.cJ :ou1.r.·, cf v~.;~.;.:l2s. "-J .. :I·'J·hu~" 

~Y~lC:01S, ~Hi~lY~lS of (_~OfL:r:~i~.l ÍO~(!Jt.JS 0¡1 ,_.:.,:¡~ti.i9 ót"K1 

~;if.A:JIJOft (¡¡ .~ .• :.),;{(..:;.; !'<.1 r..JCJ!iut.·~-l¡'j,T/) 'lh•i: 

v]\/L.i( (;f .~ ... Cil.':L. Id\,!, li¡t; OtltL:~ oi (;¡,¡~ c-~irrt~e 

'~"''li!ll ti:.,¡ ,,t;:.: .• n:,J: n •. n.:Íil$ cé)uou uc 9d1ned 
'•Om :>\;,n:.:::.:rcii~I:.·:.J trw Con>:-:-,unllv .:_n,·i·u·r l}lannJn(] 
\C);>¡ prc ... ..:~c :.-.r.:.u·.l•uU\ ::•:.: ccunrrv -,~r¡, ..... ~n:>:J:; 
U:...:: S [uüy 1:.. a ... -... ~:ll. •_j .JIII~. c:.:'o~...:.J~j~nu l4 L·c~1 .;Julc,·•zl,."'')' 

tti(!GCi tNCI11~;¡ 'i.,ll ul:()(":j~.; p .. :OfJ;, {U COmC,h.in,t\' 

( ... cul ~h.:1\ .; . .~. 

i fl the p;:¡st, thc CSP process rel;f:~ on 1:...·'.:<:1 
infm,, .. -,tior. Jnd manu<.: ma¡:>-or1.:nr::d OJt:. •11:J:l.f)uiil· 
tior. 1() locate shelter~. 1d~::miiy po¡:-,:JI:..uon ~~.,~rJDLJ· 
'Cion+ hy ~mal! oreas and e y t:r:IL: of d.:.y. ~,n;,¡ . ~s.gn 
p~.:or.l, to sheltcrs to minim:zt: the dis~.:.r.ce ~:·_,·,.dc.-<.:.1 

<ond 4~e available shelter sp.::'Ces m.:.~ effic:!emlv. 

TI.~ 1970 census block data wi!l m1n1mi;:¡; the 
ne.:a t()r detailed local data. Uniform Ol~.:iE fi ~5 for 
al! tr1" links in the total transportation syster ·, oi ¡¡ 

merr'-t•olitan area will mar:e it feas1bl~ to a~;gn 
p<..-"'¡:.I~o to shelters by computer. To modc:rnize tr,e 
CSP ¡.., ocess, two object1vc::; are being pursu~ in l.be 
Censqo; Use Study pro¡ect: 

l. beve!opment of a com~uterized ~ rr,cdel to 

automa<ica!ly a~ign people to f¡,llout sn..::lters 
'along a DIME ne·L>·;ork, c..nd 

2. t>reparation of a dat;;¡ manogement sy~v:m 
'capable oi a:>sembling ard crs:;:~i:.:i,1g ccn~L!S 

1.\nd local data in~o tr.e form ro:.:¡u~roo by the 

mod.:i. 

A. preliminary compute:r rnodtl has b¡:¿-n 
dc~,;,a:.._ • .,., coA,._. ,,.... ___ ·•-- .-.. -- -~- .. t·.- --· --·PCu- 1\ IV'' \~UIII ..... ~'-t;;l 1\C,::,VUII ... C r'\I.....JI,.cniL'Ii 

Mod~,, lt reorzsems tn.: ksr use: e: thc: 01~.~E ide .:.s . . 
3 nt:~'\'ork. The sp;nial re1Jtic.n$hi¡::.:-. uC:tWt::~l'l shi:lwr 
t:::CJI.\ •es and pcople us.ng tt·,e sr.ei-¡e.-s (popui:nion 
da·w hy cen::.us block si ¿¡>¿ d.::tcrrrrin ... 'Cl e:~. vu·~h rh:: 

US<i ~' the OIME file. Tr.e rnc.jel e::,,, ¡:.i.:rTúrm ¡;n 
al lo~.:. 110n based on pc.-Je~tri¡,n anc/or vcni:::ular 
mou .... o:; of ~rJvel. F ig~re i S iduSl.ratcs l•IC Cf\AM 
moo..,,

1
_ 



, Although the moor:l has bec,, riP.Veloped to assign 
people to shelteis, it can be u'.coi ¡,,r .1 wide range of 
allocatíon problems-for ex<sm!Jlu to allocate children 
to schools, determine log1cal ~"' \ 1ce area:> for com
munity ht!alth facilities. evalu~''' •lto:>rnative sites for 
n<:w pl<ar.t:;, evalu<~te exisring la~ llities, and plan more 

6:ffE-ctive utilization of ex1stinu f-1cilities. Since the 
mod~l allocates resources to ta, il1ties along a trans

pvrtJtion netwc.rk, it m ay be dl•1 •li~ to any situation 
which embodies thesa three com1"->nl!nts. 

hdjacency Anqtysis 

The ability to group conti<Jlt.•us blocks (or other 
S~nall geograpnic áreas) by ' <>nain homogeneous 
cn;m¡cteristics of the blocks t•r~s interested urban 
pbnners .1nd analysts for sorne li•ne. A DIME file and 
úppropri.;te sofrw.;re make tr11~ nrocess faster and 

more efticient by relating all "•'<.ies, segments, and 
o.ocl<s to each other. Just Js 11->t\vork analysis uses 
<Le iink·nodu rt:lational charact.,, ·~tics contJined in a 

D .. vlE file, adj¡,c'"ncy analvsis ''!>eS block-nade rela
L.onal characteristics. 

Asgregation of Areas 

Contiguous arec.s su eh as bl1.., "s. tr;:cts, and poli ce 
t.i:ot::i can be comt,,n,d to c'"'-<tt: 3 .1 area ot pre

c!t:termi:wd siz.: jn terms of '···1d area, number of 
t.ou~hokls, num..: ... r of Slreet ,,.,1mcnts. etc. lf the 

'" "":; ilf.! to be d.:rinw in lt!rrr~> ,, •eh as square reet or 
;;eres, a ;JI ME file w1th coGrci•n.:,,,~ would be the only 
lcquirej Ítlput to [;¡(; CUiolDUlt- 1 pr•JCE::.:. for aggrega

tion. li' the <Jft.<:~ ~~" c.::f•r~.:<J 111 '•""rns ot orher data, a 
.:ht;, file conraini;,,j th" nec,;s:;.;¡, v d<lt..J elements must 
JI.> o b..: u :<d. 

Cornpu(er programs for ~~~regation can be 
dr::.Í·fed 10 provid¡, compact .>,:gregations so that 
fir,~;:;r:;, hole~. or ~:q;<:ntinc at;.. ''l~tlons are avoided. 

This C:Jn be don.:: by Jpec11\ '<l in the computer 
~'":J' ,ull thot e;:.:h StJccessJv<: xea added to the 
.,~;Jrt.C~<,tic.n ~l10uiJ be the "r~: .• , ;,,sest to the initial , 
.. re <o. Diveruer.ci<::. from rh1s n .. ' ,· Jn be allowed. For 
c:x ... nple, a 4C·percent d1vd•·· .. ,. would Jllow one 
c;,,,,e1')sion of th~ Jygre¡J<~tlon tv ;," 40 percent grearer 

tl1;:.11 rhe othe~. OthH constr.J•P., ~uch as a fcature to 
:.l.J.Y witi1in blc..-:k aroupinus or ··•'flsus tracts as mvch 
._._. po!>Sible o,· l·::> ~tay w1thin "'unic1pal boundaries, 
~n t>¿ ;:~ddeo. 
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A prime use for <aggregation techniques would be 
the delineation of legislative districts, bas..>d on the 
one man-,one vote ruling of the Supreme Court. 
Although the results of an aggregation program may 
not be completely acceptable to lawmakers respon
sible for drawing such districts, they would pro'lide a 
solid base or startmg point from which equal popula
tion districts could be delineated. Other us.es would 
be the devising of police patrol beats based on the 
accumulated length of the segments within a compact 
aggregated area, or the determination of school or 
t~olth districts based on existing and/or propasad 
~hools or clinics.. 

Clustering of Similar Areas 

Contiguous areas, all within the same range of data 
values, can be accumulated into Jarger areas of 
undetermined size using a DIME file, data files, and 
appropriate computer software. Data values are the 
basis for the clustering. 

The computer software may be designed so data 
value ranges can be stipulated prior to operating the 
computer program or so that they can be determined 
mathematically during computer processing in terms 
of quartiles, quintiles, etc. Al so, the software rnay _________ _ 
provide for stipulating size criteria for clusters (e.g., 
maximum or m;nimum r.urr.:Jc¡ of arags) as vveU os 

criteria on data value discominuities. 

The ccncept of clustering allows for the deter
mination of homogeneous ar'""s for community 
acuon programs, model cities d<.velopment, poverty 
areas, high health risk ¡¡ceas, ethnic enclaves, areas 
where the t:lderly predomin:lte, or other types of 
homogent:ous areas. 

Other U$t:S 

Other potential uses for a DIME file include-

Monitoring of Programs by Geographic Areas 

A DIME file framework ca1. be used for rt:porting 
the detailed analysis cata on the progrcss of a 
program for a spcc1fic g<)ogr,aphic area, r<~ngmg from 
the block levei upwards. The Model C.itic:s Admin· 
istration of the Dep:.rtrnern o.f _housing and Urban 
Oevelopment :s currt:ntly explor1ng tht: possibility of 

using DIME files for this purpose. 



Oevelop¡nent of Parcei Files 

The D¡~\E techniqucs for r.reating a geographic 
'oo~ file L.,n be used to create a paree! file. Coding 
and procL.~~ing would probably be expensive. The 
limited íir..r·unt OY :e>earch carricd out by the Census 
tJ,¡e Stud¡ to date ind1cates that a DIME-type parcel 
file woulo rost at least 20 tirnes more than a typical 
DIME fi! .. at the bloc!< ievel. The methodology is 
~d<mtic.¡¡¡i: IHocks become paree!:;; nades are placed at 
parcel ce, ners; ar.d each lot or pare el receives a 
unique !"'ll,,,ber, like a blcck number. Address ranges 
are code4 for ea::h paree!, if available. Since a 
geogr.r;pro~'" hase file must cor. tain records for all tht> 
gc:;c9:~;_)hy within an area, sidf.:!walks. streets, ínter· 
~t.ons, .. ;,d other e!ements such as traffic islands, 
cui-de-s;;.::. bodies of water, and bridges, :should be 
oonsidere1.1 as parce:s and so ceded. 

Fcr 501 ~'e applications, it would not be nece:isarv 
to create « parcel filz in the deta:! outlim.-d above. For 
each ~9° 1 'rnt record in a regular DiME file, subs1diary 
reccrds f._.~ each parcel along t(le segment could be 
created. l '~ing this method, paree: data couid be 
:il:>Si~ned n~rough the s.egment record to tne parcei • 
:;ubsídiary )·ecofd. Parcel data could then be retrieved. 
at th~ ¡:._. 'Cf.!l, segment, block, or any highcr geo
sraph•c Ir:, "E'I. 

Develop"."lent of Larger-Gr<iined Files 

Ju:;t 01 ~ it is possible to create DI ME files for 
parcels, Íl is LJ!so possible to create files for areas 
larger th¡,, ~ blocks such as block groups (or enumera
tior1 distri._ ts)." census tracts. planning districts, police 
C\"!Jt$, mu 'l¡cip.;litles, and count1es. For exzmple, a 
r<:s.:.:~ícn~o:J ronc~:rned w1tn rurJI problems mignt wish 
to c.·eote ·• OIME lile tora large depressed rur:.l .¡rea. 
5uch <1 f¡l,,._ could be ba~ en enumeration distriéts, 
thc~ b~i'"r¡ thc small~st tabui¡Jtion un1ts available 
from a · '•'cennial census for rural arcas. The 
rt..-:;..:archeJ would then be able to manipuldte census 
d ... ta, and l•x:<.l data coded to the ED, u$ing the 
te-::hniqu~"" outlincd previously in thi$ c11apter. 

9 
Tnú "1 '' ~~ u,it called the block yroup correspo,ds to the 

t.numero~tlu. · dostnct m prev10u~ ceo1suses. There are 
apooo><im.l'. ·v 10 hl('lrl<~ p~r block g-oup. The numoer of 
l:..oock gro .... 

' per census tr,¡ct var1e~ from one to eoght; the 
WO:rQ9e IS h ·or Tne block group 1s a1ways a subd¡vo:;oon of a 
c.;.1,;;.,s tr ¡¡e t. 

Voting ward or precinct DIME files could be used 
by political scientists in analyzing t:lectiort returns or 
by politicians designing new !egisiat'ive district bound
aries. County DIME files could be used by economic 
planners at the State or Federal !evel to study and 
¡¡nalyze economic trends and projections. 

lnformation Systems 

The DiME file can be r~ódily used as t.l)e geo
graphic base for information svsteons. For example, in 
the Health lnformation System1 0 developed in N~.v 
Havt:~ by the Census Use Study for the State of 
Connecticut, block groups duriv~ from the DHv1E 
file were the basic geographic units used in the 
system. Local da"ta files were matched to biock 
groups by means of the AOMATCH system. Local 
and census data were cornbin'ed <tt the block group 
level and various statistical analyses werc performoo 
to gener3te socioecommlic and health indicat.:1rs. 

1 nformation systems for municipalities and other 
political or planning juri~ictions should bd b<ISed on 
a geographic framework such as DIME. By using a 
DI ME file, the data elements in an information 
system could be manipulatE:d, analyzed, and dis· 
playcd using netwark' and nade analysis, adjacency 
analysis, comp;ter mapp1ng techniques, etc. 

.· Area Sampling 
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Random or stratified geographic sampling on a 
segment side, segment, block. or higher geographic 
level could be accomplished using a standard DIME 
file. Sampling at :he parcel or large-grained level 
could aiso be done if such files were created. 

Geogra:Jhic Grouping of Census Summary 
Tape Data 

The use and manipulation of data provided on a 
block and olock grouping basis by tlle Census Bureau 
after thP.' 1970 census will be greatly faciliLatcd by the 

u~ oi DIME files. 

1 o) For fc.rther onformativn see c~r."-'> i..i!>t! 5tvdy report. 
Health 1nformat10n Svsrem. Wholc th:s reoo·t d<!tJií~ a system 
primarily concer;¡cd wotl'l r.~a 1 th, :t~ metnooology is widr~ly 
epphcab!e to other funct;o,<~l area:;. 



Time Series Sr',di~s . 

With a ~ogrii,,tdc o ... ~ ttle such as DIME data c;:;n·, 

ba codcd . to ~h(¡ IJio.:k, !kgm.:nt, or othe~ level to 
reflect ht~tonc •. ¡ oc:vcio;.rntots for time series 
.mal y ses. 

Spatial Compollsons 

. -~esearch.ers r.,~Y wish to compare and study 
dlí>t:rt:nce:.-s 111 lh .. rharacteristics of certain areas from 
orre city 1_0 an.-¡¡ 1,<?r. Using some of the techniques 
ti,:;~;bt.:d 10 tht~ ~hapt<:r, such study areas could be 
.:;_:;mittXJ and Vutt.,us data items retrieved and studted 
•JC u;.: .::r..:as. A~ .,n examplc, socioeconomic charac· 
i.t..:.,·i:;tic:. could b ... ,,bt.:;med for a serie:. of hard-core 
~.>r.employment <>• .. ;-¡s in various cítie~ throughout the 
countr'l trom l n 70 c .. -r.rus summary tia pes and 

1 

' 

24 

analyzed ustng the é.ppropriate DI M E fi!es and 
analytical techniques. 

Market Analysis and Other Business Uses 

Many of the tcchniques des.:ribed above have 
application~ in market analy:.is. For example, market 
analysis areas can be inserted in a DIME file, resulting 
in tne ability to retrievi! census or company data by 

market areas. N..:twork and node analysis has value in 
the determina:ion of delivery routes. Use of a DIME 
file with liSLs of prospect;ve cuS"tomers gives a firm -
the ability to map out a ratwnal scheme for following 
up on such prospects. Placement of nf:W facilities or 
relocation of extsting facilities bec<Juse of changes in 
the nature of ousiness or cuSLomer characteristics can 
be planned by using the appropriate software, data, 
and DJ,'.IIE files. 



Chopter 111 

Technic·al Description of the DifflE Systent 
This r:hapter describes rhe conceptual origins and rechnical aspects of the 
DI.'AE :¡ystem. 

Conceptual Origins 

The most sl•mificant technical contribution of the 
DIME geocodi11g .systcm is the topological edit. lt 
provides for ac.-urate computer E:diting and correcting 
t.! L'1e nruCtlH al elem~::r,[; of the coded geographic 
til~; i.e., :;treeh and other lin·ear elé:ments, points 
1.-.·r.ere the !inqr clements intersect, and area iden· 
t1icrs. i'ht! ectot can th¿oretically be done manually, ' 
~ithcugh pract•cally it is only done by computer, 

cxcept in a demonstration or test situation. 
Oepending on \he number of times the file is cycled 
lhr-.Jwgh the ed 't pro ce$~. it i~ pc~:blc to co:-:--~t t~c 
cier ically codt'\1 1tle so that it beco mes a perkct 

r;;plio of the dements on tlie map ceded. However, 
in ¡Jl.:c;_;.;e, co~t limitations usually do not permit a 
rufficil;nt number of edit cycles to correct the file 
comp!etely. A residue ot uncorrected errors may 
r.:~ng~ from les..., than 1 ~rcent to 4 or 5 percent. At 

k'Jst two cr tht.:-e edit cycles should be complo::tr;d to 
assure surkit:&\f accur;,cy in the file. 

As statcd ~~.rlier, the f.:dit system is based on 
concept~ derivc--.1 from graph theory. Since <Jny street 
rnap is llas:c..1lly a type of linear graph, concepts 
dcrived from \:' .1ph theory can be useo as a mean!> Ter 

cre¡,tmg, corr,·,t¡r.g, and maintammg a high qu<:Lt'{ 

!JVu~rJphic b;".~ file. Single-line maps can be cate· 
~or;z<:d <~S sim;·!!' geometnc figures conSISting of thrt:e 
bósic uniqu<:h identif iJble clemcnts. Po1n ts or 
\lcn.ict:s, lin.::s ,-onnect&ng these po&nts, and arcas 
t:r.clos.ed with•., a :.erics of line$ torminr; an enclos~ 
S pace. F igun~ ~ J dlustr ¿¡tes th.:se elemcnts of a typici.ii 
single-line map., 
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LINES ENCLOSED AR:::AS VERT!CES 

F1gure 20. L•near grapl'l e:ements of a map. 

The Ccnsus Bureau's series of metropolitan maps is 
ideaiiy suited for this purpose b€:cause all three 
elements can be identified untq'..lely. Two of these 
e:lernems are identified on thé rnaps when produced: 
lim . ..,; élre ident1fizd as Gram St., Muddy River, etc., 
¿r,d .. rc~s are id~:ntified by block numbers, census 
\r..ct numbers, etc. Th.:: third element con be iden· 
tlfit:-d by uniquely numbering all vertict::s or points 
where lines b.:gin or end. Curvtd streets or othf.'f 
linear t~ature:; on the rnap, such as rivers. r.ltlroad 
uaci<s. or bounaari~>. eón be reprcsented ;¡s a series of 
~-.raight·lir.e scg.-:1cm::; bv dcfining a sufficicnt n~mber 

of vert1ces .-,long the curve<! line. 

Composition of DHw1E File 

A DIME file i:. cornp:>sE:d or sE-cunent records. A 

segment i:. defined as a length of ¡;, street or other 
feature betwc:t.n two cistinct vertices or no,j.:s. Other 



features are imaginary lines dt:fining political or other 

boundaries; topological featwres such as rivers, shore

lines, and canals; ocher m;;p features :.uch as railroéld 

tracks, airport runways, and piers; and any other 

ftlirture ddining .:. olock bounoáry. Nades dre points 

WhE::re fea1ure~ be<J•n. end, inter-sect, or curv~: sharply. 

Unnamt:-d featur~. wh~:n codE-d, are described 
uniqucly. 

Each St:gment is ceded separately with the three 

basic cedes needcd to cdit the file-5e')ment name 

d.;!~ribing the linear element, "trom" and "to" nade 

rii.Jrnbers oescribing the nades at either end of the 
:;egment, and lett and right block numbers describing 

the areal identifiers on elther s•de of the sec;ment. 1 f 

the segment is a street, élddress ranges for both sides 

of thc segment are u5.ually coded. Address ranges are 

CO<lt:d b.:c<.~use DIME filt:S will frequently be used to 

iJS.'";ign !J<::Ogr::phic cedes to local data files containing 

si:le,:t <ld_dr~;;:;.:s ¡,s the oniy location~l cede. There is 

d-;;o a se¡:;ar¡,w coding field which t.:an be used to 

de!.er;be nonsveet 1eatures and Olhcr unique seg

ments s.Jch as propcsed streets, pedestrian walkways, 

¡.;.;,.; !.horc:s, rivers, ar.a oowr.daries. 

Ad.;;t;on.:-..1 code fields which are u$...'<1 for ·a series· 

o'i ~r;.Tl(:nts ;:;re ZIP codc, drea codc (a mun•c•pality ' 

cueL), ekct1on ward numbt:rs. and <.ensus trae t. 1 t is 

u:..u,.!;y not n...:ces~•v to coue ZIP codes or .:li.:ction 

w¡,ra num!Jo.:rs if tt"lc-•¡ wlll not be uS<:d. 1 f mort: than 

.:;n.: mun•..:,p;.~lity is cod.:d, areJ cod.:s should idenufy 

..-._·:.11 ~·;g,T . .:Ilt to its proper rnunil.ipality. 1 f the area 

h;:;s c .. :,1s~~- tr._c,~. 1hey should be codeo. li census 

tra~t:. .::o not exi~t ter un :.r.::J Jnd ti"..:: SilJ of th.: area 

;s s:.1Jil t:;'.C•'-''.Jh ~o th:...t <:<Jch olu..:r. within rhe ;:;rea c3n 
lJJ un;ql .. :l'f ¡,,._.-.~,¡¡, J with a thrt:~u;un code, tnen 

cen;u~ u<.ct C(.<lc~ nt:t.d nor be u:;."'i. ··t=>~c:uJo cc:nsus 

·•r..-.c~" ar..:;:;~ c"n b:.: creatt.:d and numbert:d for 

r.o:Hiil.::t are:.~ whu~ ¡;¡n· .:;re<d id..:ntifier Jarger tnc>n a 

btc.::k but ;.n,..,l:..:r tllon a municipJlity 1s nt:cded_l 

lll wmm<..ry_ me t:tement~ in the DllvlE file are: 

t.Lnd.JtcJry c!ernt:rlt; 

S~-gr:'h;:)( nolflé and/c..r li.OSC:flption 

NoJ.~ nwm:.;.::rs (two ter cdCh segment) 

Biu·..:<- ..:oot:s (tvvo tor eJch scgment) 

1 
A full -:.·q::.lo,Jol.;.uon or thc ·:Od!ng rnl!thods, superv1S10n, 

¡.)lV •. Jil rn.) • ...,, .J ,,1 toe:t "'\,;~l1V~~ 1~ ~fdVIdc:d tn thL CICI u ... ..,l 111Sl.ruC· 

t":., ... ¡n_nu..:l ot tr.l.! C~,;nsu'i u~'- Study c:ompuH;I ¡:,. o~r~m 
~ ......... ,..~JJ, ~~1'~1-i: ...., Gt:u.¡ruptuc tf.J:,e FJitJ Sysrt.'ln. 
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El~m.:11ts mand¡¡tory undE:r certain conditions 
Address ranrJu<; 

Are.72 cedes (•nunicip.ality cede) 
C.:-.-,:.Us tr:Jct t:odes 

Ü¡.>t•.:.r.;.: d~mcnts 

Cc-:sc: for non'<treet features 
Zlí-' c.:.de 

W<ord or other election district codes 

Figures 21 and 22 illustrate a listing of a typical 
DIME file. 

DIME Topological Edits 

There are two typcs of DIME edits. One "chains" 

the string oi segmenb that bound a block and is there

iore known as the block chaining edit. The other 

"chain~" the blocks :111rroundmg a node and is known 

as tne nade chaining .~:t. T .• e block chair.ing e-dit is 

p~rformea first and 1s the most important edit as ¡( 
derects the great ma¡0rity ot structural defects in the 

coded fi!e:. Because ot this, the nade chaining edit is 
fr¡;quently omine-d. 

Block Chaining Edit 

The block chainio~ cdit operates on the three 

mandatcry coded elt!:•·em:. for each segment record: 

Segment n¡.me or dc~nprion, nade numbers, and 

block cocws. lt also serves as a check on the accuracy 

ot the c.:n~us tract co.. :e as the records are sorted by 

tract ¡.lrior to the computer proce-ssing. As a 

byproduct of the to,,)fO':)ICal edits, erroneous tract 

codes ..,re detected. J\,, elt:m.:ntary illustration of the 

metMll "~">d in tht: block chaining ed it is shown 

below. Eiock 105, th..-.· t:lock t.:. be editcd, is shown in 

fisure 13. The basic e ement::. necded for tne edit of 
blc..ck lu:) ,_,r..-: $hown io, Tigure 24. 

"(1~.: Lo.J>l.: ~te¡:.~ folimh"\:l t.,·¡ the computer are: 

· ·1. ."-:' :.cc;r .. ·.ilí$ c,".''-1 to block 105 (either block· 

Id\ 0r ~10ell.-r' · ·-"t) tor ·rhe census tract being 

~;-dit.:d <&re ~.olec:;.'\:1 from the file. 

2. f-.~ ··-·j¡ ~c·:;m,-.~t f\..'COrd fa~ b!cck 105 is 

:><::kc"o:d, t.1e c~'-·-:x.ter checks the position of 
l¡¡(; blc;,d oumt:v·, of the block being edited. 



. • - ...... """"'"'G' W;..;j Census tr&et Header No. 

Luft R1ght Left R1ght Le te R1ght 1 

11001 35 35 1 1 l 14 15 1 :l0151 
1 1 

Cigure 21. Header items (COdt~s for a ~r•es of ~gments) 

. e ! Sclgment name o From To Block No. Leh Addr,es~~s R ig!H .A.ddress.?S 
H~!l(lél' 

d 
OC' d#$Croption e no de no de Leh 

ANDERSON RO. 75 76 111 
ANOEf'fSON RO. 76 77 112 
ANOERSON RO. 71 78 113 
ANDERSON RD. 78 79 114 
ARGONIVE ST: 34 36 271 
ARGONI\'E S T. 30 35 270 
ARGON:JE S T. 35 39 270 
BADGER RIVER 2 107 100 137 
BADG[R R/VER 2 ,08 112 137 
BA.DGER RIVER ·• 2 112 113 13él 

FllJUr'l ::r.2. &lgment items (codes for euch ws~nt) 

101 

:JI 

...: 
106 ltl 

"" 
34 

107 

J .\ 
\ 

Oic..:k n.Jmo.:r 

f :.gure T.J. 

1 
Se-.JnlC•1t i Frcm 

"b~ 1 nOOt; 

7 

l ¡ 1.-1 Se 31 
. 

~ 2ndS¡. 1 34 

~A Se. ~ 

l-üSr. 1 33 

f 1(/l.lfO 24. 

.1 
102 103 

1st ST. 32 

...: 
105 "> 104 

Q) 

2ndST. 33 

~ 
108 109 

1 

N0011r numwr 

To S loe k Block 

nodol t;,ft r~snt 

32 102 105 

33 105 108 

31 1(;6 105 

32 105 to.: 

1 

1 

1 

27 

R1giH 

í20 
119 
118 
117 
279 
283 
282 
137 
137 
137 

1 

1 

-- 1 
Low Hogh Low Hogll No. 1 

. 

1 

~ 

900 SISa 901 99S 30151 ' 
1000 1098 100~ 1099 30151 1 
1100 1198 1 1 Qj 1199 30151 1 

1200 1248 1201 1 1249 30151 1 400 488 401 449 30151 ! 
450 498 451 499 30lS1 
500 sg8 501 599 ¡ 30l51 

3015'i 
30151 
30151 

a. li the block numbcr is in the blod:-le~ 
position, it i:; transferred to the block-ri~-t 
position and the other block number is 
transferred to tha biock-left position. T~e 
node numbers are abo exchanged; the "fro,..." 
node replaces tne "to" nade and vice veroa . 

b. 1 f the block number is in the block-ris!'lt 

position, no changes are made. 

3. When all the block numbcrs for the block be:~g 
edited are in the block-right position, &e 
computer attempts to link or chain the noc;!S 

from one record to another, rearran9ing ~e 
sequence of segments as necessary. Notice ~~a¡ 
it was necessary to move the last segrr.ent 
r~ord ln figur¿ 25 to a pos¡tion between tt"·~ 

first and second re:-c:ords. Figure 26 •iluS"",ra~=-s 

th~ final arrangement of the scgments ano <!":e 
dotted lines indicate liow the computer cha•ns 
the scgment records. 

1 f the nodcs ch<oin and the first "from" nc.de is t.~; 
same as the last "to" norJe the block is consicer~ 
topologically correct. Note the par;;,lld of the 
computer opcration in the hv¡:.oth<:ticcl chainin:; e~ 
block 105 in figure 2'1. 



Segrrwnr From To ' -Diock 1 
~~-

na me nade node lefl ' 

1rt Se. 31 32 102 

2nd Sr. 3J 34 108 

ASe. 34 .31 106 

S Sr. 32 33 104 
r 

. 
Figurv 25. 

¡o---

1 1 
So:¡menr From To Block ' n¡¡me nOdo node 1eft 1 

1 
Trt St. (' 31 --¿- 32 102 

' 8St. 
1 32 K~33 104 ! 1 , 
1 , 

2nd St. 1 :o41'--34 108 
1 1 ~ , 

ASt. 
1 

34 .t(.~ 31 H 1 

' , ... ______ 

Figure 25. 

tST ST. l. •.,'" ••o ............ , 32 

t131 ' ' e 
d G 
• 1 

• 105 ' 
• a 
: o 

2ND ST. •. 34 ~ 
~·----------~~------------------y~---

~-a········-----

F.gur.: 27. 

'•)5 

lf any segments remain, or if the block ca: •. ..,ot be 
cl".;,ined, the block records are rejected as a Pv ·(''ltial 
~rrcr. For inst..J.-.ce, if any of the records in th~ :--bove 
example were missing (i.e., not coded) tn~.. block 
would not chain and would therefore be reject'-'0. 

lf the node numbers or block number , were 
rt'llersed, the block would not cnain proper ·, and 
would be reJected. Asan example. d the leit ,:,. , right 
block numbers for 1st Street m figure 2~. . .... ere 
codcd 105 to the left rJther than to the rrgnt _,. ,~ 102 
to the right rather than the left~ the block .,.ould 
contain a "reversal" and would be reiected. F ic, .. ·re 28 
illustrates this point. 

28 

Segm.:nt From To 

1 
Srock Block 

na me nodo node lt:lt rigrH 

BSt. 32 ----? 33 104 105 , 
2ndSt. 33 Y...-:7 34 108 105 , 
A St. 34 ;:(~31 106 105 

1st St. 32 J1 102 105 

Figure 28 • 

Sf9ment records for the blocks reiected are 
printed out on a reject listing for review. When 
reviewed, and corrected or recoded, the segment 
records are keypunched, inserted in the computer 
file, and 'reedited. 

Node Chaining Edit 

The node chaining edit operates with the same 
elements, and chains blocks around a node rather 
than nodes around a block. An elementary example 
of the method used is illustrated below. Node 29. the 
node to be edited. is shown m the center of figure 29. 
The basic coded elemenl:s needed for the edit of node 
29 are shown in fi!:jure 30. 

23 ARMOR RO. 
' 24 

406 
el 

307 ...: 
Q; 

30 GANT AVE. VI 
28 

.... :t9 .... l.u 
cr:: Vl <: 

405 '{ 309 Vl 308 Ci: Q e 
-.J 

37 ELM o 38 S T. 39 

404 310 311 

Figure 29. 

Sógme'lt From To Block Block 
n1sms nodo nOde iclh ros;ht 

GantAve. i 30 29 307 309 
1 

Gant Ave. 29 28 307 308 

Olds St. 38 29 309 308 

Figure 30. 



!:ssentialíy the ~ame ~~roces.~ is used in the node 

chaining editas is u~ u, the block chaining ed1t. The 
basic steps are: 

'i. All segments cod .. .¡ to node 29 (either in the 
.. from .. or "to" r .... ,'! position) for census tract 

beíng edited i!~e !>i:lt'Cted from the coded file. 

2. As ~h re<.~ord is •nlected the node number for 
the nodc being '-•llted is automatically t:ans· 
feucd (if nec~ssot d to the "to" node position 
es lllustrated ir. fiu•ue 31. lf the ncde number·is 
uansferred tha block numben are aíso 
exc:hanged. 

ro---·-~ -~---~ r-- -· Se-gment F(Or\1 ro Block Block 
na me noda nade Ioft nght 

~ 
,cAvo. 30 .29 .JO'J 309 

Gortt Ave, 23 29 JOB 307 

OI~Sc. 38 
~ 309 308 

f--~ 
1 

Figura 31. 

3. When the segmel,t records are structured so 
that the node bt:L,q edited is in the "to" nade 
position, an att ... ,,pt is made to chain the 

blocks around lhe node, rearranging the 
sequence of segm .. ,,ts as necessary. Notice that 
1t was necessar) to move the last segment 
record in figure ·1 1 to a position between the 

first and seconu "':ords. Figure 32 dlustrates 
the final c;rran(•. ''Cnt a~d the dotted lines 
indicate the cha1r1 .1round the node. 

Se<¡¡ment 
r..ame 

GantAO'e. 

From 
d no e 

30 
' 

1o Block 

J 
Block 

'\)da left roght 

~Q ,_ 1f307 -- -'!:'309 
- ~. .lld!" ... 

~ 
:'9 1 309--~308 

1 , 
~9 1 308 J<.-+ 307 

'~-----J 
i 

Otcts Se. 38 

Gant AO'e. 28 

1 

f'9Ure 32. 

lf the blocks chain ,.,o the first lf!ft block io; the 
same as the last right b .,.,,.~.,. the nade is considerad to 
be topologically correct 
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lf any segments remain, or if the the nade cannot 
be chained, the nade records are re¡tcted a~ a 
potential error. For exampie, if any of the records in 
the above example were missing, ;.&., not ceded, the 
node·· Wfuld not chain and wouid, therefore, be 

rejected. lf the node numbcrs or block numbers wer~ 
erroneously revers-ed, the 11ode vJouid alw be 

rejected. 

All segment recorci:o 'for the nodes rejectd are 
printed out on a standard reject listing tor r'·vie-N. 
When reviewed, and corrected or recoded, the seg
ment records ara keyounct::od, insertro in the 
computer file and reedited. 

Thus, two basic structural elemeo1ts in the file can 
be made 1 00-percent accurate by prcces~ing the file 
until all rejects are corrected. The other structural 
element-SfQment name (and address numbers)·-is 
cdited during the address edit, discussed below 

Interior Segment Edit 

There is a limitation te the topological edit~. 

Segments interior to a block such as dead-end streets 
cannot be edited. For example, figure 33 illustrates a 

dead-end street--Pine Place, which does not form part 
of the boundary of block 305. When ed1ted, th~ 

segment for Pine Place would be rejectcd as a 
potentiai error oecause it ooes not torm part ot the 
chain around block 305. When investigated, it wourd 
be found that Pi.ne Place is a legitirnate s.::gment 
record and as a result would be retained in the tile as 
correct. However, if Pine P!ace were rr11ssed in cod ing, 
it would not have been detectcd by the topological 
edit because the block would nave been chamed and 
tound acceptable. 

·-
301 302 

SALE.v! RD. 
·' 

75 

ci 
o 18 p 

<>-

305 ~ 305 
p¡ 

...,¡ 
\¿; 

ltl 
TAUNUSAVE. 80 

79 
307 308 309 

Figure 33. 



Blr.~ 

let; 

30o 

JO:JJ. 

" 
-

.. 

-

S loe k 
ngnt 

1 305 

305 
-f.-

305 

305 

305 

305 

There is a relatively ~imple method •·t assuring the 
:nchJs¡on in the file of ail interior •···:ments. The 
mi!thod entails matching node numt.,., \ in the file 
auainst a iisting of nodes developed C l>'rtCally when 
the c.xling maps are node numbere.a. The devel· 
a¡¡ment .of this listing on a nade c •.. ,trol form is 
t.iis.."tl:;.sed further in the clerical manual 0 t the 01 M E 
computer program package. The nodo ,·,)ntrol listrng 
indu·1es inclusive rang•:s of all node n •. ·•bers used in 

the area coded. Therefore, each of thc ''•'de numbers · 
!bted on the node control form shoukt "atch at Jeast 
or.tc to the nade numbers in the DIME ~de. 

Matching can be done either m,. 'ually or by 
computer. To accomplrsh a manual m"'-.·"t. each node 
in the DIME file st;ould be computer : 'teti once···in 
map number, census tract number. -,,de number 
o;der. The restaltrng listing should therl .. " matched to 
tth.J nade control list, whrch is prepar-..,'i 1n the snme 
arder. All unmatched node numo~·-. should be 
investigated for possrble errors. ·¡ ··e cornputer 
matching proccss requ ir es the devei,,,-,111ent of a 
cornputer progrant to compare the h.~, lists in the 
Oídcr indicated abo ve and print OlJt .:,. • •. unmatched 
cases. The nade control form should t·~· '-eypunched 
f0r insertion into thc program. Un·:~~.:ched case!. 
should be investigated for possrble erro;, 

DIME Address Edit 

• 
The DIME address ed•t was develoo~'-· orimarilv to 

check the completeness and consrstt.!: .,. \ of add ress 
ranges and. street names •n a DIME ·"e. The edit 
checks ane entire )!r t:d- at a time e y suinging 
together all segments for the street h·. t:.,k 1ny node 
numbers: Once lrnked, the address rang ....... on each srde 
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of the street m:.ast be in asccn!::ling arder without 
o·o~erlaps. One !.rde of the stre.:t m~st. have even 
address numbers and the other. odd address ;1umoers. 
lf él street rs broken into pieces or ¡:¡asses from ene 
juri5diction to another, appropriate exceptions are 
allowed. Nor.street records are not edited. 

Coordina tes 

The node numbered maps used in coding can be 
digitized; i.e., coordinates can be determined tor each 
nade, at any time after coding has been completed. 
However, the insertion of digitized coordinates into a 
DI M E file is not usual! y pertormed until the file is 
computer edited as it is desirable to have a "ciean" 
file for coordinate insertion. 

The primary reason for adding coordinates to a 
DIME file is to prepare the file for computer 
mapping. distance calculations, and oth,er applications 
involving spatial relationshrps. 

There are a number of different coordinate 
systems and each has its own strengths and weak· 
nesses. The Census Use Study used · only the state 
p!ane coordinate system. As mentioned aarlier in this 
report, the Census Bureau plans to make the 
ACG/DI ME geographic base files available with geo
graphic coordina~es (latitude-longi!ude). in s\.J¡tc 

plane coordinates and also w1th "map mrles" north 
and east fram an arbitrary pornt. 

Severa! methods can be used to digitize a map and 
insertcoordinates in a DIME file. The methoo used by 
the Census Bureau entarls the use af a semiautomatic 
coordinate locator built by Bureau technicians. Gen-_ 
erally there are five steps in the process. The first step 
is to set up the map on the coordinate locator 
(digitizer) table and prepare the map for digitii.ing. 
The second step is to read or digitize the map 

coord rnates for each no de. The th ird step is te 
convert the map coordinates, which are read in 
hundredths of an inch by the digit¡zer, to actual 

~ground coordrnates-state plane. geograp .. 1c 
(latitude-longitude) coordinates, etc. Som~ r!i:;i~i?;ng 
equiprr.enr combrr,.:s steps two and three. The fourth 
step is to Jttach t,-,e coordrnate recoros to the O! ME 
file records to wh1ch they apply. The fifth step is re 
plot the DI 0.1 E file with coord1nates at the same se ate 
as the original map, compare IIH) tiNo map~. and 
correct any obvious errors. "fhese five steps are 
explained ir. more detall below. 



MaP Setup 

The rnap !>heet to be digitized is piaced on the 

' d• itizer table and positioned so that the state plane 

,!rdinate registration marks are parallel to the table 

lt(!ges.. The registration marks, located on the edges of 

Úle maps, are .iligned parallel to the table ed1e 

beea05e in soma cases map edges may not be parallel 

r;o tha coordinate system mdicated along those edges. 

Aft.e each map is set up, an ong1n point is 

determined. n·,;:; point should be to the left (west) of 

and lower than (south of) the most southwesternJy 

node to be digitized. This point should be located in 

the borde/' region cf the map and clearly marked and 

ide:ntified on the map. The o~igin point can be anv 

. r.rbitrary point me-eting the above requirements. The 

digitizer should then be adjusted to measure from the 

origin point. 

locations of at least tV'lO registration marks on 

eac,l-¡ bordcr are read and the ccordmates and digitizer 

readings for these reg1strat10n marks recorded for 

later ure by the conversion programs. 

DigitiZÍ•19 

Digitizing is the process of reading map coor

dinates for each node trom the node-numbered 

oojing map. In usmg the Census Bureau's semi· 

cutOm<itic coord mate locator. the operator of the 

machine places a cursor over each numoered node 

and presS<::~ o button whi..:h recorcis or reads the 

location of the noc!e:. The node is read in hundredths 

ot an incr. up and to the right of an ~;.ri<J'n point 

ocated in the lower left cerner· of the diCJiti;:ing 

m~hire. E<~ch tirne "nade ~~ read, th¿ operator must 

.-:zo keypunch thc mar, sneet number, census tract 

r.umber, and node numbcr on a punchcard, thus 

cre¡¡ting a complete record for ea eh d igit1zed node. 

Sorne digitizing eqUipmt:nt have the ability to 

automatically mulriply each coordmate reading (m 

hundredths of an inch) by the appropnate scaie 

ra;tor and add rhe resuJ¡,ny reaclmg to the geograpnic 

i::Hilude-long1tudel or state plane coora11\ate readmg 

of the origin point. 

For sm:~ll a~cas it is often pr<>cticai to J1<¡1t1le the 

rr..;p manually on a draft1ng rabie. Tnis 1s done by 

sel.:cting an origm point on the map to the ldt and 
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below the l<..west left node to be diqitized, and then 

measuring Ciuufuliy :he loc.;tion of .:::.c11 node ~elative 
to the oríg111 ¡'qint. As each nod~ is r<J::~. a record of 

its X and Y location, nade nurnber, and any otner 

necessary m.,p code should be prepared for ;.;ey· 

punching. A' 'lriant on this method >·.o~,;ld be to LiS.: a 

light·table, .>rod place ~r.1ph paper ur.der the map to be 

diyitized. n . ., gnd lines or. ~he graon pa;:¡er ~hould be 

:systematicatlv numb<:rtd acc;ord 1ng to w:-.1e ¡;te·. 

dc~ined S'.:nl :11\1 methOd. Tt·,e m a¡:. ¡~ ¡:.lac.:--d 01, <:; thf. 

graph paper '"'d the nodcs reatl by felati'1g lM nooe 
to a ¡:.air ot IJr•d lines, ~anning the grid lmes ;;¡nd 

record ing th., éippropr iate X· Y re"d !ng:... Anoth~r 
method wout,¡ be to transcribe the ma;:¡ onto gr¿¡ph 

paper and P"·~eed as cutlined above. 

Howeller thc digitizing is done, certain quality 

control meas~···es should be followed. !t is less costly 

to catch erro.' at the initial digitil1ng stage than atter 

"-oordinate5 a1 e inserted in the DIME file. A suggested 
procedure is "\ t.:>llows: 

1. A fter atl no de$ on a mdp have been read in the 
normal rnanncr by ont- operator. a second 

operato1- rereads ¿very 25th nade starting ;j¡ a 
randomtv selected node in the first 25. The 

rereadir~ must be ir.dependent. without rt-fer· 

ence or \.'\:lmparison to the original readings. 

2. A third pcrsnn compares the readir.g~ of th~ 
original "~perator to thé readings of the second 

operato~ and notes all difft:rences. Odferences 

ot less than .05 inch~s can be ignored. Each 

differerh,•e is checked ro a~ertam which opera

ter m&!~ tl1e error. lf tt"r"' orig1n¡,l a·perator hc.d 
more th . .rm a cert<Jin pre~pec;f,ed percentoge of 
nod!! r..--.adings in error (5 to 10 perccnt, 

depencJ,, 'il en accuracy de si red). che original 

digitizin~· is rejected. The mJp is rr.c:n com

¡::lc::dy 1"<'digitized. Ther •. a new qu.:.lity control 

sample ·S u sed. 1 f less tha:1 tr,e pr;,:opeclfied 

pe:-cent.~e of nade r~ad1r.gs ¡:;re rn error, the 

wcrk is ~ceptE.J and tl1e nod.:: read ing~ m error 
are c.on~o~ted. 

After a!l •ncorrect readings ar<: rnrrf:Cti'-:1, the 
dig1tizing prv,·css is complete Otmng i.!ranizj¡,g ¡¡nd 

qua!ócy cont··.~;. the map should r1<n be aemounted 

from thc dig• -:er be-cause reading errors may result of 
tht: mJ;J 1$ r:.··"Vunted and d1git1zt.~ l2'.J..iii'.Y .:onrrot 

procedure~ ''""'"id alwav-:; be u><:-cl, í<:q...ro!ts:> of the 

r::putJ!ion 01 ·"le operator or the oraan1zation. 



'For digirizing <~t the C"n<us Bureau, thc node 

number;. r.o be o:iiCJ!tÍ?ea on n·•d¡ map are tlrst selected 

1rom the ACG/C;r,t¡r:; fde '""' nunched out on cards. 
This is done to eltminata •nanual entry of nade 

l'lumbers and is made DO~~''•Ie by the fact that the 
C:en~s 8'-lreau Coord•n<H., Locator can display 
fJ{apunch~d informatton ft 11 m the cards on the 
operator's console. 

Conversion 

Tllis is the proccss of 1t Rnsforming the original 
digitizer readings {in hunut.,dths of an inch) to a 

~"'rdinate system. Conver~'·•n is usually done by 
tr.ultiplying eacn node reatli"ll in hundredths of an 

in:.:h by the appropnate nto¡ • sea le and adding the 
rr:sult to the coordtnate re.:Hit .. ,1 of the origin po1nt. A 
$Ímple computer program ca,, be written to perform 
this conversion. 

Scale factors and the state 1•tane coordi~ate reading 
ofthe origin point are deterr .... ,ed as follows: 

1, Divide the difference l·•·tween all pairs of state 

plane coordinare read'''·:~ along each border of 
the map by the same ll"ference in inches. The 
~cJies snould be nearlv .. ,entical for all borders. 
Significant dtfferences ~r-.1uld be checked, small 
differences ignored. P ... 'Pr maps tend to have 
~reater dtiferer.ce, th ... , more stable matenal 
such as My!er .. 

2. Record in · inches U~o.p read ings of the 

r.:gistration mar k s are•\ ,d the rnap border. 
f_,1ultiply each regtstrat.,., mark rcading by the 

~e¡, le f<>ctor ¡,nd subtr d, t the product from the 

::tate ;.IJne coordtnate • .'.1Lling for the reg1stra· 
ti.Jn ;nuk. The ave. ·"·e . of the numbers 
r.;:;ulcinJ frcm this suut ,,:t 1on y1etds the state 

pl¡,ne coordinate read111,_; for the origin point. 

Similar proces)mg IS appl··'i to convert digitizer 
readtngs to other coordinare S\ •tems. 

Cocrdinate l nsertion 

Coord in ate insemon requ" '"• that another com
puter prosram be written. T:-. .• , program reads and 
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stores the coordinaré file tn a directly acce~tble 
medium, elther in its entirety or in pürtS such as in 
map sheet or tract number pans. The DI;\1E ftle 
(eith,;r in its enrirety or in map sheet or tract numoer 
parts) is then processed, one segment reccrd at a 
time. The coordinare file 1s searcr.ed for the coor
dinate reading for each end (nade) of the DIME 

segment record. Nade coordinates are then appendá:f 
to each DIME record. 

This program can also be written to perform a 
rudimentary edit by printing out a listing of all 
segment records· for which coordmates are not avail
able and all coordinate records. which were not 
appanded to a DIME record at least once. The 

program can also check segment records wh1ch seem 

to be excessively long for the nature of the area being 
digitized. 

A subsequent program may be used to perform 
certain mathematical check s for errors of closure and 
the extstence of intersections between segments 

which do not share a node. Such intersections would 
be ev1dence of digitizing errors since all IC9itimace 
intersections should be nodes. 

Plotting Test Map 

Once the final DIME file with coordinates is 
prep.Jred, it is plotted with lme plotter equipm(;nt at 

th<: same scale as the original map. The resulting mao 
shculd be carefully compared to the original map and 

any serious divergencies noted. lf there are ~ufficier.t 
numbers of serious reading errors to warrant cor· 
rection, an tntcrpreted punchcard file ot the segment 

records containing coordinares is prepared. Each 
reading error is corrected by measuring the X and V 

distances between the incorrect read ing and írs 
correct location, converting the distances to rnap 
:!.Cale, and entering the correct readings on t~e 
appropriate punchcards. These punchcards are then 

repunched and merged wHh the original file to create 
a final corrected DIME file w1th coordmates. 



Choptcr IV 

This chapter describes in gener.,, terms the process of creating a DIME 
file from cleric31 coding throu[Jt· computer processing. lt also describes 
coordinate insertion. and updati11t and maintenancc r~search. 

DIME or ACG/DIME g1."0graphic oase files will bs 
.!IVailabl~ beginning in 197 O for the urbanized are as in 

most of the 233 standard metrcpolitan st¡;tistic<.l 
¡¡reat of thc: country. Reg,onat planning agencies or 

councils of government w.il often be the a92ncu:~ 

rcsponsible for development of the file. In othi:t 
¿,;·,;;.s, coun::y piJnning agencies or transport¡¡tion 

:.tudies may have this responsibilit','. 

For the remaining urban areas of the country. 
rnclvd;n~ tho~e 3iv'ISA's •'Jt1iCtl did not Cpt .for thb 
Census Burea~·s A.CG/DIME program ;:;nd :>maller 
c•ties not elil)ible for the prog(am. local úger;:J~~. VJith 

oo¡;quate t .. ~.: .. r .. c;¡J ~•aH. c::m create a Dl.vlt: file 
Oth<!r..v:se, a comput~r cuns...;ltant or software firrn 

e<:n be hire-ct to .:!SSISt :n crf:o!:mg a DIME fil.e us1ng m~ 
rfc:r;c¡;l ir·str,.lctions and computer. procedurrs and 

o.;::;)ms in ~;-, .. 2tnsus Use !::~:.dy computt:;r program 

r:~~ .... ege, Di:·-~ i: ~ Ceo;;r¿¡phic d~:;e Fila Syscem. 

Othcr r.::;..~;:rch ¡¡nd ~l,;:·J,i(liJ organiz.:;tJons who 
wisr. tO cr<!at¡; & DiM:': lii.; ter e:..pt:rJ:ner,r:Hion m<JV 
al~.:> CDt.Jin co¡.;;..:; uf che co:·r,put<:r program pack¡;¡ge. 

F 1surc~ :>5, 35, 37, ;;r.d 23 outline the preparatior. 
of ,r._p~ for cod.~t;¡, e•~· :cal coding, cornputer 
prc.~.:,.;:;~,.-.g, .,nd ir.~rt":;,r, ot coordin;w:s. 

Prcr~quisites 

Creation of a Ol:'· .. ~E t;!c, r~uir;)s considt:r¡;tion ot 

co~z. technical ónd cojing ~tafi, c:omputer requlfe· 
rr.t:rns, coding m~ps. and addre:.s reference materials. 
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Costs 

Preparation of a DIME file withcut coordim .. ces by 

local agency personnel a:one should cost approxi· 

ma\ely $2.00 to $2.50 per biock for clerical coding 

and computer processing, assumm;,¡ accurate and 

suitable scale coding maps, acidrcss reterence 
materials, and the proper computer equipment are 
available. The digitiLing and insenicn of coordmates 

into the file should add S.50 to S 1.00 oer block. 
making a total of $2.50 to $3.50 per t.lock. 

Technical and Coding Staff 

For most coding operations five coders and onc 

supervisor will prob;,bly be sufficient. Wi!h five 

codcrs a 1,000 block area would tal-..2 <Jpproximately 

1 momh to complete-1 to 2 davs tra1ning, 1 to 2 
days nade numbt:ring, 5 to 7 days coding, 1 to 2 days 

clerical edit ar.d quai1ty comrol, and 3 to 4 day~ each 
for cierical correction of the topologic<Ji and address 
edit rt:jects. 1 f tr.e cod ing area 1$ cor.:;iderably l3rger 
than 1,000 block~. 1t might be des1racle to increa:;e 
the coding staft ro 10 or i5, keep1ng constant the 
1 to 5 supervi!;Or .. coder r<ltio. 

One proféssional should be rcsponsi!Jie for the 
entire operation and the per:;on ,;houla be tamíliar 
with the geogr.:¡phy of the area and ..v1th computer 
processing capabilities and techniques. Specit1c sug
yestions concerning the codmg stal f ére contamed in 

the clerical instructJons Ol' !he D 1M E computer 
package. 
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~"•gure 37. Computer processrng of a DIME file. 

Computer Requirements 

... 

DIME computer progr¡¡ms were written to run on 
IBM System 350/40 disk opcr;,,,r.s. sy~um with core 
capacity of 6SK. The follow•ng devices are al:;o 
requirw · A standard keypuncn machtne for kcy· 

Punching the coding worksheets. a card reader for 
transmitt1ng punched card di:lta mput, and a tape 
drive for the DIME master file. The DIME file may t>¿ 

held on direct·access (drsk) storarje, in which cas.e

su1fjcient ~~ilc:e must be ó.vadat:.lt:. Direct-acce~ 
stqrage, prefer<:~bly on disk. is olso needed to hold 

intermediate files. AJI programs are written in G-level 

FORTRAN IV. 
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figure 38. Coordina te dlgttization and in5ertion process. 

The O 1M E cvmou ter packag¿ tapes are available in 
'"'du¡try compi:ltible seven- and nine-channel tape 

... rmat. Documentation and ~echn1cal soec1f1cations 

fcr the DrME computer edns ana processmg can be 
fc.und in the computer manual of the DIME 
computer package. 

Coding Maps 

The requirements for coding maps are discussed 
fully in the clerical instructions of the DI ME corn· 
Puter package. 

Generally the scale ot the coding maps should be 
within the range of 1 inch = 400 feet to 1 mch = 
\,000 feet. Single-line maps are S1rongly recom
rtlénded. They snould conta.n all existmg strcets and 
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street names, municipal boundaries. railroad tracks, 
and drainage features such as lakes and river:o. 

Addr,ss Reference Materíals 

The address reference matenals used in coding 
must con1ain the following information: S treet 
names, intersecting streets (and, if possible, other 
íntersecting fea tu res). and addre$S numbers or range$ 
between intersects. The even-oda address number 
dicho!omy should be apparent. Usually oodress 
reference materials wifl be maps, but they may also 
be street address listing.,;, ~·ueet or citv <1irectories, cr 
sorne other type of inde)(. All ?ddfess reference 
material should be field che(:koo for accufacy before 
using. lf no accurate refemnce materi.JI can b~ 

located, · the field listi!lg form and in::tructions 
provided in the .c!erical inS"i::ructio:'ls should be 

followed. 

Clerical Coding 

The clerical instruction manual temtained in ~he 
DIME package describes the •Jarious steps and 
processes necessary to complete the coding phase of 
DIME file creation. it contains chapters on per$0nnel 
and space requirements, materials to be used in 
coding, address reference matcrials, coding maps, the 
preparation of coding rr.aps for coaing, the orep;:lfa
tion of special instrliCtions for loca! prob!ems, ::~~i-;:"1-

ment preparation, training, and supervision of coding 
and postcoding operations. lt also contains appen
dixes with sample forms. field listing instructions, and 
a coder's manual containing complete cod ing 

instructior,s. 

The chapter on supervision of coding operations 
contains sections dealing with makíng assignments, 

controlling the operational flow. check 1ng coders' 
work, and recordkeeping. lt a!sc proviaes tech

nical procedures for coding regular and irregulor 
or arbitrary address ranges ar.d systems; problerns 
such as unnamcd streets, unKnown street names, 

proposcd streets, nonvehiculdr ~treets, addressable 
features other than stre~ts. and the ooáina and 
deleting of node numbers. 

Computer Processing 

The computer procedure~ mónua! of tMe DI M E 
package describes the com~.uter cmcessing 5teps 
required in a DIME o¡::eration. lt a!5o ae;cnbes the 

overall system design and •he hardware and software 
environment. 



fa¡.h cf the four computer programs comprising 

the 5'/~rem are: dexribed in full. These four programs 
are lit the master flle creation program, (2) the 
topolc.olcal edit program, (3) the address edit 
progr;,,n. and (4) the correction/u¡.¡date program. The 
sectia¡, on master file creation discusses input requ ir e· 

menh program operation diagnostics, and output. 
The 10:..rological edit section includes a description of 
~ ir't'ut, editing procedures. output, and recOding. 
Th_e. ;;..¡rlress edit se<:tion includes input requirements, 
oonm14 procedures. and output. The correction/ 
l!~il!¡, PfO':Jram section includes input requirements, 
:Ó!~gn'-~tics, and output. 

Al~11 lncluded are descriptions of the sort/merge 
progr;,\n, job controllanguage, and sample listings. 

Coordinate lnsertion 

Cila\rlinates can be measured and recorded from 
....... nc. 
-....,.; rfe·numbered codir.g maps by using a digitizer 
N oo ... r coordina!e reader and they can then be 
co!Wet L~J to geographic coordinates and inserted into 
~he DI~ 1.E file. 

For ~hose areas of the country in the Census 
Bureau· c. ACG/DIME program, coordinates will be 

<:dde-d \Y'\ tht: file by thc 8ureau as ai1 int.:gral part of 
the pr.,... . e d" . h" .,, qram. oor mates '" t •s program w1 be 
latitud ... 1 . .ed . · 

ong1tude carn to tour dec1ma1 pfaces for 
a!l no,i.,... . h f"l T s •n t e 1 e. here are also pfans to convert 
''"e ¡-. 
· · "l·tude-longitude coordinates to state plane 
ce. ora 111 :'ltes <~san option. 

Aguto,. · h h . · . . c1es t at want to create t etr own DIME file 
w:fl ha,~ t f . . . . . . 1 f . . " o contract or Olgttlllng serv1ces. n arma· 
1100 c..' th h . 1 f . . . • e tec n1ca aspects o coordmates ts 
pcov•d~ in chapter 111. 

36 

The Census Use Study has had limited experience 
with organizations that perform this service. rfow· 

ever, it is estimated that the cost oi d•gitizing wifl run 

from 10 to 15 cents per nade; or for an area of 1,000 
blocks at 2.5 nades per block, $250 to S375. These 
costs do not include conversion of the coordinates or 

insertion of the coordinates into the DIME file, a cost 
which could equal the digitizing cost. 

File Maintenance 

The Bureau plans to maintain the ACG/01 ME 
geographic base files, probably updating them yearly. 
However, no operating system for updating and 
maintaining the files has yet been devised. One of the 
primary responsibilities of the Southern California 
Regional lnformation Study (SCRJS} is research into 
and development of operational methods for the 
periodic updating and maintenance of the interrelated 
ACG/DIME geographic base files and metropolitan 
mapping series. 

1 f the Census Bureau receives approval from the 
Congress for a quinquennial census in 1975, updating 
of the geographic base files and the maps must begin 
in 1972 or 1973. Greater mail coverage in the census 
wfll require expansion of the coverage of the files and 
maps. 1 f the ACG/DIME geographic base files are 
used for area sampling after 1970, it will perhaps be 
necessary for tha Burt:au to update thu fiies on a 
more frequent basis. In any case, a technique and 
procedural requirements will be developed not only 

for use by the Bureau but also for use by local 
agencies who desire to update th¿ filas and maps 
periodically. The Bureau may provide a complete 
package for updating, maintenance, and expansion of 

the files. As research at SCRIS and the Census Uureau · 
progresses, reports will be prepared describing the 

techniques and systems for file maintenance and 
updating. 



Appendix A 

Availab.ility of Cansus Bureau G eograph ic filas 

Ttw alphabetical listing bc:iow includes al! 233 
standard meuo¡:.-::,ii~Jn st.Jtistical areas. Listíng anom
dies are explainc:d in the footnotes. There may be 
future additi.:.ns to or d~letions from this listmg. 

Address coeing guid<:s {ACG's) are now available, 
lit least in ¡:¡rel;,ninary form, tor all mad census 
~;\~SA's. fi,¡al 1-\CG's for ali SMSA's will become 
,.,ailsble during ~he t;rst quartcr of 1970. 'ihcy will 

av;:ilable on tjlher ~t:n· or nine-uack magnetic. 
tclp¿ ()f on h:.;."'I·S~t"~d ~,rinr;:r ourput . .Asan example 
!.): <.'05ts, the p·..¡imi,,..,r, f·.CG for th~ Fort Wayne, 
lnd. SMS,;, · with an e:;urr:.,":d 1965 populat¡;)n of 
: A.C.DO, co::.:.; :;;-:ir:.: f.:::r J ~·.:v~:n-track and S42 for a 
u;:·.c·u~.;:k I~¡J~ ..:.:.o:her -~:.:Jrnpi.:, ti".~ .\1:!wdukee, 
L; :. ~::.',SA. v.-ith ,:,n t~:.•ir,¡~,¡,·.-d '¡ 9C6 ¡;opu lat:on of 

Abilen~:, Te• .. 
AJ..ron, Oniv 
~.~'.:.¡;ny, Ga. 
;.lb.:.nv·Schf:nt,"tacJy-Trcrf, N \''. 
Alouc;uc:quc, N. ~.~e~-

.. ~Jtovna. Po 
~rnetr:10, 1"..:· .... 
.K: . .J-,,·i.r.-Sant.J l\n;;,- .::~.-.,,n Grove, Calíf. 

t .. _l¡r, .... .l • ..:. r .. · 

-:.~~ . ..:.,::.: c.c·/. H .. l. 

.-:'.~I~JSt '· ~:.'"' :.• 1 

r.ó.J~l¡r, T L.:;.¡ 

;;:.t'..i-:1 '•': .l. ~...: ""''' 
~; .;l ll r¡ .' ,. L:. t.~ l• 

u ó r un 1 ~ •• \ •• t e 
J~y C' .. ly, rw:.cr. 

El-~.:\ir.oOnt-l'•::.rt ..:-rtt.ur-CJ, ;,nsc. Te:o:. 
billlngs, l.ilc.n1. · ' 

i:liloxi-G,;IfP')n. Mi,s_ 
Oingh¡¡mton. r~. v P.J. 
Birmingham, AI.J 
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1,335,000, costs S52 for a ,;even-track tJnd S74 for ::. 
nine-track tape. Further information and arder fon-ns 

can be obtained from Central Users Service, Bureau of 
the Census, Washington, D.C. 20233. 

The ACG/DIME or ACG lrnprovement Program 
geographic base files for mail cf:nsu5 SMSA's will not 
ba~in to become available until laü: 197J. Tne 
SMSA's listed below are participating in the ¡:rogrmn 
or have expressed their intent lo parti,~ipa!e in the 
program. 

ACG/o; ME files for nonmai! census SMSA's will 
begin to become av.:i,able in mid-1970. Fu:-ther 

information can be obta¡ned from the Central Usrrs 
Service, Bureau of the Census. 

Mail census Mail c:ens1.1s 
Nor..T.¡tif 
.:ens~!. 

ACG ACG/OIME 
ACG/~lMc 

X 
)( X 

X. 
.X (1) . 

X 

X X 
X )( 

X 
)( X 
X (IJ 

X " .... 
X 

X X 
X (l) 

X 

X 
X 

X X 
)( 

X X 

,_~ X 
X 

(l 1 
~ 

X 



Nonmail 
SMSA Mail census A,1ail census census 

ACG ACG/DIME ACG/DIME 

81oomin¡¡ton-Norm¡:¡J, 111. X ( 1) 
Boise City, lcaho 

X 
Bo~ton, MlW. X X 
6ridg.epon, Conn. X f 1 , 
Srockton, Mass. X X 

BtOwnsville-Harlingen.San Benito, Tex. X Butfalo, N.Y. X X 
Cantan, Ohio X X Cedar Rapids, lowa 

X 
Cl\ampaign-Urbana, 111. X ,. ) 
Chetleston, S.C. X Chah:$tOn, W. Va. 

X C:har1one, N.C. X X 
Ch<ittanooga, Tenn.-Ga. 

X Chicsgo, 111. X X 

.Cir;.cinflati, Ohio-Ky.·lnd. X X Ck-.r .. .l¡¡nd. Ohio X X 
Colvrado Spnn!J$, Colo. 

X Colutnbir., S.C. 
X 

Colurr.bus, Ga.-Aia. 
X 

Cclumbus, Ollío X X 
blrpu:; Chríst1, Tex. 

¡( 
Dalias, Tex X X 
Dill!tmport-Rock lsland-Moline, IOW&-111. X X 
Davton, On•o X X 

Dxatur, 111. X ,., 
Denver, Colo. .x X 
Ces Moines, lowa 

X Detroit, MICh. X X 
Dubuque. lowa 

X 

Ouluth.Superior, Minn.·Wis. 
X Ourham, N.C. ·x X 

El Paso. Tex.l X X 
Erie, Pa. 

X ;;:ugirlle, Or~. X X 

Evmsv.lle, lnd.-Ky. 
X Fall River, 1\.loss.-R.I. X X 

Fargo-Mocrr,c·.ld, N. Dak.·Minn. X 
\ 

fayette-ville, ;-.;.c. 
X Fitchburg-Leominster, Mass. X X 

Fllnt, M:ch. X X 
Fort L.;;uderdale-Hollywood, Fla. )( X 
Fon Smath, Ark .·Okla. 

X Fon Wayne, lnd. X X 
fon Wonh, T ex. X X 

Fresno, Calif. 
;( 

Goosden, Ala. 
X Golveston-Texas City, Tel<. X X 

Gory-Hammond-East Ch1cago, lnd. X X Grand Rapids, Mich. X (1) 

Great Falls, Mont. 
X Green Bay, Wis. X X 

C.rcensboro-Winston.Salem·High Point, N.C. X (1) Grec:nville, S C. 
X H;smilton·M•ddletown, Ohio X X 

~ footnotnat end of líst. 
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Mail cen$4~ Mail census Nonmail 
SMSA ACG ACG/DIME consus 

ACG/DIME 

Hartisburg, P::;. X (1) 
H!lrtford, Conn. X X 
Honolulu, Hawaii X 
HÓYstl)fl, T ex. X X 
Huntington-A5hland, W. Va.-Ky • .Ohio )( 

Hur.'l:sville, Aia. X 
lndi:mapolil. ind. X X 
J~kson, Mich. X (. ~ 
Jl1iCkson, Miss. X 
J~!uon.,;uc, Fis. X X 

Jenev Ciw, N.J. X )( 
John:town, Pa. X X 
K:ilsmnzoc-. M;ct't. X X 
Kans.r..s C•t.v, i'.~::~.·l<a•1s. X X 
Y..enoUls. VV~s.' X )( 

DCnoxville, Ten!'!. X 
L:~f8'¡ette, La. ( 2, 

f;:;yette-West Lafayette. lnd. (2) 
· _. -,oB Charles, l..a. (2) 
Lan.caster, Ps.. X (1) 

\ 
La:lsbg. Mich. X X 
laredo. Tu. }( 
La<; Ve~. N~N. X 
l.Qv.'l'ence-Havurhill, Mass.-N.H. X X 
Lavvlof\ Ckla. ~ 

lt:wb-:on·Auburn, Maine X-
L"J<.ington, Ky. X 
Luna. Ohio X X 
lincoln, Nebr. X 
Little Rock-North Linle Rock, Ark. X 

Lorain-Eiyria, Ohio X X 
Los Angei~~·Long Beach. Calif. X X 
Lovisviilc. r.:v.·lnd. X . ,X 
Lowefl, Mass X X 
Lubbock, Tex. X 

Lynchburg, Va. X 
Macon. Ga. X 
••~orson, Vli; X X 

1Chc:."1er .<.H. X 
1\.oanr.fre:d, Ohoo X X 

Moy<.onuez. P.R. ,., ) 
1\kf.dl.:n·Pharr-Edinburg, TeJ<.. )( 
Mamph". Tenn.-Ark. X X 
Merid~n. Conn. X (1) 
Mi11m .• rla. X X 

Midland, Tex. X 
Mi(¡,..,.¡¡..¡k,;c, \Nos. X X 
Minne~pot.:;.St. Paul, Minn. X X 
Mobilc, Ald. X X 
Monroe, La. X 

Mont¡¡omery, Ala. X Muncie, lnd. X Pl 
Muske;cn·M.Jskegon Hcll\lhts. Mich. X i 1 l Nsshvil1e, Tenn. X (1¡ 
NLw Bedford, Mass. )( X 

See. footnotes at end of list. 
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Mail censua Mail census Nonl'illlll 
SMSA 

ACG ACG/DIME cen¡us 
ACG/OIME 

New Britain. Conn. X X 
New Haven, Conn. X X 
New London-Groton-Norwich, Conn. -X '1 1 
New Orleans,· La. X X 
New York, N. Y. X .. , 
Newurk, N.J. X ,., 
Newport News-Hampton, Va. X X 
Norfolk-Portsmouth, Va. X X 
Norwalk, Conn. X (1) 
Ode:>sa, Tex. 

Ogden, Utah X X 
Oklahoma City, Okla. X X 
Omaha, Nebr_·lowa X. X 
Üf'li!lldO, Fla. X 

,., 
Oxnard-Ventura, Calif. X X 

P<!tllrson-Ciifton·Passa•c. N.J. X 1 fl J 
Pensacola, Fla. X '~ ) 
Pcor¡a. Jli. X X 
Philc;a."r>hra, PaAJ.J. X X 
?t:.o.er.•x. Ariz. X ,., 
Pio\6 Blutf, Ark. X 
PÍ!t$burr;:.. Pa. X l( 

Pittt1:e:.;, Ma:;.s. X X 
Panel!, P.R. (4) 

Portland, Maine X 

f'onland, Oreg.·Wash. X X 
Providencc-Pa.-Jtucket·Warwick. R.I.·Mass. X X 
Prcvo·O•em, Utah K 
Pueblo, Colo. X 
A.>cine, Wis. X X 

Releigh, N.C. X X 
Readino;. Pa. X X 
Reno, Nev. . )t 

R~ehmond, Va. X X 
Aoanoke, Va. X 

Rocr.c,ter. N. Y. X X 
R.:~c .... :ürO. 111. X X 
S.!!...:r.Jn,l·11to. Cal1f. X X 
SJ)•r..~.,..,, r.-1 • ..::'1. X X 
:.:cl-r,J, O(eg. X 

Salinas-Montt'rl!y, Calif. X 
St. Joseph, 11.10. X 
St. Lours, Mo ·111. X X 
Salt Lake Caty, Utah X X 
&ln Angelo, Tex. X 

S<.r~ Antonio, Tex. X X 
San Bcrnarorno·R•verside-Ontario, Calif. X (6) 
San Doego, C<>lif. X X 
San Francosco-Oakl¡¡nd, Calif. X X 
San Jase, Callf. X X 

S.on Juan, P.R. (41 ) 

Sama Bari.Jara. Calif. X 
S;;vannoh, Ga. 3 X X 
Scranlon. Pa. X X 
Seanle·E11ere11, Wash. X X 

See footnotes at end of list. 
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Sherman-Oen~on, Tex. 
Sl'lreveport, La. 
Siou)( City, lowa-Nebr. 
Sioux Falls. S. Oak. 
South Bend, rnd. 

SDOkane, Wash. 
~ingf.el,, n;_ 
Spring1ielc..1, !,le. 
Sprii'lgfield, Ohio 

SMSA 

Sp:rlngfi eld-C h1co pee-Holyoke, Mass.-Conn. 

Stamford, Conn. 
Si~rut.enviile-'t.'eirton, Ohio-W. Va. 
stockton, Calif. 
5-¡ra.-:use, :>!.Y. 
Tecoma, \'-.io:'t<i·:. 

'Tallahassee, Fla. 
Tamp.~t. Petersburg, Fla.. 
Tono Haute, lnd. 
Texukena. Tex.-Ark. 
Toledo, Ohio·Mich. 

Tcpeka, Kans. 
Tronton, N.J. 
Tucson, Ariz. 
Tul~. Okla. 
1'uscaiOO$i!, Ala. 

Tyl..,., Tex. 
Utice-Rome. N.Y. 
V.,llejo-NiiPd. Callf. 
Vineland-Millvlile-Bridgeton, N.J. 
Waco, Te.x. 

Washington, O.C.-Md.·Va. 
W:~terbury, Conn. 
Waterloo. lowa 
West Palm Beach, Fla. 
Wht:eling, W. Va.-Oh10 

W~hita, Kans. 
W..:hi:o ¡:_,,rs. Te>C. 
\'-iilk..l:rL~ro e-H a!leton, Pa. 
'Nilonington. Del -N.J.·Md. 
··•ílrr.ington, N.C. 

Wor.;;ester. Mass. 
Yo11<, Pe. 
Youngstown-Warren, Ohio 

. . 

Moll censua 
ACG 

X 

X 

X 
X 

X 
X 
X 
X 
X 

X 
X 
X 

X 

X 
X 

X 

X 
X 
X 

X 
X 

X 
X 

X 

X 
X 

X 
X 
X 

11n ACG program, oeclined part1cipat1on in ACG/OIME progra~. 

Mail censui 
ACG/OIME 

X 

(l) 

X 
X 

( 1 ) 

X 
X 
X 
X 

X 
X 
X 

X 

X 
X 

X 

X 
X 

(1) 

X ,., 
X 
X 

X 

X 
X 

X 
X 
X 

"'t.mma .. 
ceng.JS 

ACG/OIME 

X 
X 
X 
X 

X 

X 

X 

X 

X 

20eclined part1copat1on on nonmaol program. Census tract cod1ng guide to be pre~red. 
31n maol census ACG and ACG/OIME program alttlou!jll a nonma1l census area. 
-'Tne three Puerto Rican SMSA's are scheduled eventually to be in tlle norh-.ai! pro9fam. HOI.'JC\Ief, vt th¡¡ 

tio'fle only the Santurce and O id San Juan ponions of the San Juan SMSA aro 1n the ~" ·.'Oram. 
5Nau..;u and S.;ffolk countics are on the ACG/DIME program, remaonder of SMSA ·s not. 
6 San Bernardino County portoon os 1n the ACG/DIME program, Rovers1de County .-...,rtion IS not ill tha program. 

41 



Appendi.x B 

M~tropolitan Mapping Series 

Traditionally the Census Bureau has re!ied on 
maps rupplied by local goi.ternments to conduct cen
suses. letters were sent to'county and municipal gov· 
crnments ¡¡¡ year or tv..·o prior to a census, asking for 
street maps that could be used as enumeration maps. 
Municipal boundaries, en6meration oistrict bound· 
~~ríes, and other census administrative and statistical 
z-rea boundaries are added to the maps by the Bureau. 
Tney were then reproduéed for enumeration and 
su~isory purposes for the census. This procedure, 
although cumbersome, oid allow the census to be 
•aken more _or less efficiéntly, at least in the less 
_ .msely papulated areas ofthe Nation. For the 1970 
census. this procedure will be used in those portions 
of the country outside the urbanized araas covered by . 
the Metropolitan Mapping Series (MMS) program. 

However, the Census Bureau found while conduct· 
ing the 1960 cemus that it was becoming ditficult 
to éidminister the census because of the great number 
and differing scales of maps received from the 
communities in these urban centers. Problerns of 
overlapping maps_ and control of enumeration 
dis-tricts were endemic. As soon as the census was 
concluded, proposals were developed to create series 
of street maps at a standard scale for use .n censt..:ses 
and surveys. These proposals developed into the 
metropolitan mapping series program. 

For this program two basic inputs were needed: 
·.s. Geological Survey topographic maps for control 

tXJrposes znd m<Jps províded by local planning 
agencies or mu.'IIC!pal governments for defining 
current street panerns, street names, and other 
pertinent feJtures. 

The early maps produced in the MMS program 
were created from these two sources by Bureau 
Cdrtographers at a scal~ of 1 inch = 880 feet This 
w.ss later chani;Cd to 1 inch = 800 feet. The m<1ps 
.:re intended for statistical purposes and therefore are 
not of engineerin9 quality, although they are gen· 
\:r;,lly sufficiently rel1able for most pl.:mniniJ and 
administrativ~: pur;:>o::.es. The maps were des1gned to 
contain all existmg vehicular thoroughfares and their 
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natnes, railroad tracks, major drainagc features. shore
lin ... \, lakes, and · prominent landrnark~ that occ.upy 
lart¡e areas, and have clearly defined bou~1danes. Thcy 
also con~in State, cour.ty, congressional district, 
mlnor civil division or census county division, 
mtmicipal, and census trcct boundaries. Block 
r.umbers, census tract numbers, State an.d county 
'niJrnes, and place names and codes are also contain~KJ 
on the maps. Maps have presently been drafted for 
thtt urbanized portions of all 233 SMSA's. Figure 39 
illuMrates a portion of an MMS map at half scale (i.e., 
, •• =1600'). 

Once the maps were developed it became impera
tiv~ to develop · an updating procedure so that the 
maps would be reasonably accurate at c.ensus time. 
Th112 dccision was made to involve county and :egior.a! 
plat,ning agencies in this program because of their 
cb~·rous interest and expertise in the field and their 
metropolitan·wide coverage. The Department of 
Hou~ing and Urban Development recognized the 
uselulness of these maps te planners and rnade 
ava•lable "701" grant funds for local review. The 
app,opriate agencies were contacted, and all coop
eraled in the local review process. 

The MMS maps will be used for adrninistrative 
pur~\O~s in the 1970 census and basic referenc.;e 
SOUt-ces for the local coding phase of both the ACG 
and ACG/DIME geographic base iile programs. A 
redl•<cd scale version ( 1" = 2000') of the rr.aps will be 
put>i,shed for use with the 1970 census results. 
Prel, "runary maps at both s.::al.::s are avail¿:¡ble at a 
no m rnal . cost. Fin al maps will begin to beco me 
ava;lab:e in !ate 1970 or eady 1971. A catalog lis~ing 
available Census Bureau maps, includmg 1v1i\11S maps, 
will be issued during 1970. lnquir1cs CQncerni;"lg the 
Mr,,~ and other Bureau ma¡:¡ping programs should be 
dirtxtt•d to Central Usen; Servir.¡;, 8ureau of the 

Ce:h:us, Washington, D.C. 20233. 

T he MMS will be updatcd after thE' 1970 census 
for f\¡tur~ censuscs a.1d surveys. Co•.'erage of the series 
ma..,. he extended so that they wil! be of \;reater LISe, 
not ''nly to t:,e Censu~ Bu~eau but also to rnZJp users 
aroL• ."Id the country. 
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Appendix C 

Data Availahle · from the 1970 Census 

A varietv of data products and services will be 
avc.ilable from the 1970 Census of Population and 
Housiog data baS-9. A set of standard tabulations will 
be available in a variety of media including micro
film. punched cards, printed reports, and computer 
tapes. Public use samples containing data for samples 
of individuals from the basic record tapes, but 
without identifying information, will also be avaii-

Jn addition, other services may be obtained at 
user, request and expense. including. special tabula· 
tionS of the basic record tapes, and computer·gener· 
atéd ~lytical reports. 

k \n ear!ier censuses, printed reports will be the 
end prQduct of the 1970 census and will be available 
for pur¿hase and in libraries. Printed reports otfer the 
two main benefi!s of low cost and easy accessibility. 
On the other hand, printed reports will not be 
available until s¿;veral months after the tabulations 
have been completed; and they will contain restricted 

ographic and subject matter detail. 

A majar e1emerit of the 1970 data delivery system 
will providc , 1 ~gnctic tapes of summary census data. 
These will have e~ntially the .same subject matter 
scope as the printed reports, but with greater detail. 
-r• .. summary télpes will begin to l;:lecome available in 
• -. summer of 1970. 

The first ~ummary tapes available will be tn~ First 
Count Summary Tapes, containing final con¡:¡lete· 
count popul.:~tion and housing data for States, 
c.ounties, congressional districts. minar Clvtl divis10ns. 
p:.:ces. and ~numerat1on districts or bloCK groups. 
Th<! subjects tJbulated w•ll include age. sex. color. 
marital status, relat1onshop to he,:¡d of ho.Jsehold, 
~pulat1on under 18 and over 65 vears o~ ar,¡; by 
hous.cho1d relat,onsh!p, tamdy type. crcwdmg. :enure 
ot occupied r1ousing ontts, vacancy s~atus. ur:ots tn 

¡truclurt:. rooms. plumbing fJcilltiCS. bdsemenr. tele
phone:, and value or rent 1n addJtJon. many :aould

tion¡ are cro~·cla~•fied· by race. 
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Second Count Summary Tapes, containing 
complete-count population m1d housing dilta at t.l-te 
leve! of census tracts, minar civil divisions, and larger 
census areas, are expected to begin becoming avail
able in late 197~. There tapes will include the Sdmc 
subjacts as the first count tapes, but ir. much greater 
detail. 

Third Courít (Block) Summary Tapes, containing 
complete-count population and housing data for city 
blocks, are expected to begin becoming availélble in 
the spring of 1971. These tapes will contain fewer 
data than the tapes for the first or sacond counts; 
however, substantially more data will b'a carned en 
the block tapes than was avallable in 1960 or is 
expected to be printed in 1970. 

Fourth Count Summary Tapes, including data 
down to the census tract or Minor civil d I'Ji5ion !~ve!, 
are expected to be available in mid to late 1971. 
They· will contain 20·, 15·, and 5·percer•t sampte 
population and housing charactcristics such as occu· 
pation, income, education, and household equipment 
and facilities. 

Fifth Ccunt Summary Tapes. which contain pop
ulation and housing sample data summaries for Zl P 

1 code areas. are expected to be available in late 1971 
or early 1972. 

Since summary tapes must be created by the 

Bureau of the Cemus in orc~r to process the cen$Us. 
the tapo:s ior all five .:-o•Jnts wul be av3ilatJ1e te users 
.:Jt :he co~t of about $62 ¡.,t:r re<!. Sets ui summJry 
tapes may be ordereo for each count by State. lne 
number of reels varics by State a'1..; by coum. The 
Tnird Count for Ca!.fornia. for example, w111 be 

about 30 ícels in al l. 



\ 

Microfilm wíll "''<o be a generally available medium 
fcr obtain1ng 'Jto'"'ai census tabulations. Printed 
ff:ports issued fro," the 1970 census will be available 
on microfilm. Th~:~, ontents of the summary tape files 
will also be avdilald., in this manner. 

An extended ar r a'l of sample data on ma~netic 
tape for public u,.., 1s planned for the H/70 u;n~u:.. 
Thase tapes will Lto rnade available to us.ers .>t the ~ost 
o1 reproduction, lugether with appropriate docu
ment~tion. Althouut, public use samples are lrmiteu in 
9<'Cgraphic detail. lhey are most useful to researchers 
!nter.:::.1ed in tha r >'lationships of demographic viiri
:...::,:~s fo( individual. rather than aggregates. 

Spr..-cial tab•Jial ;,..., s of cen>o.t:s b<tsi¡; r :;cor c1 t~q.:>es 
wíH a!:>O bt rn:::ci<' ''· -•!l,mle. For lhrs s-arvoc'!, e~' ,.,¡jOJter 
progr;,;~)S u: e .:re"''"'' w meet tht! specífic nc.."'€Co ~f ttlé 

t:é'"'"$" in obt.nnon:.~ ,;,ta so"tnméldéS for gt.ogr;,ph:c z,reas 
t~~H I(;(X.•J::o:.::J •r! '.!' ne(,.: i<lfJUI,HÍvi~~ :.r-.c. A Ír··~iudÍtly 
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subject breakdowns or cross·c.lossifications not 
appeanng in general tabulat1ons. Us,er; élrt: charged for 
planning, programing, clerical, maclline, or ott1~r 

costs necc~ary to provide this sei"'ÍCt::. 

Another type of special service is m,.nchinq sttJdies. 
M&tch.ng ;,.,(!l,;i tckt: " s-=fh1> r.A inJ,,..idu,;l r.,cords 

furnístoed Ly a usN, link tliern lO tr.o::ír respectiv~ . 
census questionnaíres. and pre¡: 1re St.unmófíes of the 
cen!il.ls characteristic~ of the ir.J•vidu<~ls. lndivtdual 
data are ncver released. 

Other s¡:;¡;cial setvices tor rne 1970 census mav 
include conoputrr-produced jjfliJiytic repons, com .. 
puter r.Jra¡.hics, ¡;n.j S0~tvvare package~ t.;r c:ensus data 
analvsis Furc•,er .. 1torrnatíor on 1~.170 cer"'lsus data 
pfoducts and services can be obtained from the 
Cemral Users Servíce, Bureau ot the Cen.rus, 

'WaShlr.gron D.C. 20233. 
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CENSUS USE STUDY 

Tha Census lJ..r. Swdy. a small-area data research 
study sponsorc•, 1 by the Bureau of the Census. was 
es~:ablishE-d in NPw Haven, Conn., in September 
1966. lt was u·,1.1blished to explore the current uses 
and future "''"ds of small art!a data and data 
~and!ing arod clc·.¡¡iay techniques in iocal, State, and 
Federal ~genclu~. 

Tha study Wcn chaq¡ed with the following 
objectives: 

.~h~ de~elt1 111nent of a sy5tem that would allow 
eff1c1ent lnlc'ccelating of Census Bureau data with 
other local ulld S tate data to meet soecific neecis. 

To investi\l;lle the benefits of cooperative data 
collection twh\cen the Cemus Bweau and other 
local, Stato, •llld Federal agencies.. 

To invest1\::1te the levr.i of detail and th.; fo;m 
in which COI\\11s data shouid be made avai!abl~ to 
local users. 

To devel~'ll tomputer programs for use by 
local commuc•cti::s to a!low rar,id convcrsian of 
census dilt•• lnto information useful fcr loca! 
analysis. 

To _analv:P the results of the studv for 
potentcal. ~'"'•edures to be incorporated in local 
communlt\ i': .:ograms to take advantage of census 
and other llll,•r rnation: 

To publi~·r:,? the results so that other areas 
around tht-• ~··'untry may benefit from the efforts · 
of thc stucl\ 

A special Ct' 11 '1 ·' o f New Haven, conducted in April 
1967 by ti~<· ,;, :\'Ju of thc Census to test proposed 
1970 ccnsus •' •'ú'dures, providcd a b;;sic source of 
data. LocJI .• . ..,..:,cres also mace available ce:"tain 
d.ata irom .tll.· . •'wn recoras to enao1e testrng or 
data handl111\: ~t'\:hr.iques devcloped by thc stud•¡. 
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In response to the estab!ished goals of the study, 
exhaustive research was carried out in the 
foliowing areas: 

Geographic base systems 
Record matching 
Computer mapping 
Specia! tabulations of dat3 
Special sample surveys of family health F.lnd 

area travel patterns 
Local data user interests and needs 

The study was supportcd iinancially by the 
fo!lowing Federal agencies: Deoartment of 
Commerce; Office of Civil Defense o; rhe 
Departmcnt of the Army; De.oartmem of Health. 
Education. and Welfare; Department of Housing 
Bnd Urban Develo,nmefl(' ~nrl thl!' fJ.<?['ilrtrnent of 
Transportat;'on. 

The cily of New Haven provided substantial 
facility and pcrsonnel support, and 30 local 
agencies coélperé.'lted in the study. 

The results of the study, including documentation 
of the computer programs and other pror.ed:Jra! 
guidance, are presented tn a series of repcrts and 
cornputer packages listed inside the IJack cover o' 
this report. 

In July 1969, the Southern California RegiOflal 
lnformation Study (SCRIS) was established in 
Los Angeles, Calif. The study is jointl'l spomorec 
by the Bureau of the Cen5us and the Southerr. 
California Association of Gov.::rn:.1ents, an 
association of loc;::l and county gc·Jer~mer.t5 1n thc:: 
Los Angeles area. SCRIS, ot whccn the Census us:o 
Study forms the Bureau's cont.ngent. wili attcmp¡ 
to transfer cxperience gained in ~Jew Hav¿n ro a 
larger urban area, with a view tC! ;;:;si;tíng cens¡_,; 
data users 111 all large urban areas 11"1 pr¡;pe>nng ror 
and using 1970 census data a5 it becomcs avn1iable. 



Reports 

1. General Description. An overview of the tlp.. 
velopment and operations of the New Hav~~ 
Census Use Study. -

2. e omputer Mapping. A report on the mapr'"'g 
of census and local data usihg severa! c1, 111_ 

puter mapping techniques. 

3.> Data Tabulation Activities. A report on 11 1e 
contents and uses of spec1al tabulations 1••\)· 
vided to local agencies from the 1967 spt.1 1" 1 
census of New Haven, Conn. 

4. The DIME Geocoding System. ·A report on ,~\e 
devclopment of the DIME geographic basu L,e 

including a description of tne file and the '·•"!t 
systcm, uses of the file, and methods lor 
c;-a~tiíig ü Dt~.~~ fi!e. 

5. Data lnterests of Local Agencies. A dese•, 
tion of a series of surveys undertaken to ~ .. ~: 
~~~~~ the needs of local agencies for small ,., -ea 

6. Family Health Survev. A report on a san .... e 
sun:ey taken to augment data from the sp.·, al 
census of New Haven with informat1on 

. . 0n 
vanous.elements or family heaith. 

7. Health lnformatio'1 System. This report el,., "U· 

me_nts the development of a maternal .• 'd 
ch1ld health infcrmation system utili~. 1 
census and local data. 9 

8. Dat3 Uk:s in h'e31th Planning. This report c. • 
fines the use:s of dJta in t)galth plannmg b ..•. ~ 
on the general research conducted at .. 'C 

Census Use Study. 

9. Data Use:; in Urban Planning. A dcscriptio•• ~t 
the general findmgs of the Census Use Sr \ 
as they apply to the field of urban plannin.¡, 

CENSUS USE STUOY OOCUMENTATION 

10. Data Uses in School Administration. A report 
describing the uses of data in school admin
istration based upon activities conducted at 
the Census Use Study with local school admin
istrators. 

11. Area Travel Survey. A description of a sample 
survey conducted to augment the New Haven 
special census data with basic data for use in 
transportation planning. 

12. Health lnformation System- 11. A supple
mentary report on the development and imp!e
mentation of a computer·based health m forma· 
tion system including introductory rnaterials, 
documentation, methodology, and analysis. 

13. Community Shelter Pianning Projecr. A report 
describing thc development of a computerizcd 
system for allocating people to fallout sh<:!lters 
using census data and Ccnsus Use Study toois. 

Computer Program Packages 

ADMA TCH: An Address Matching Svstem. A 
computer program package designcd ior use in 
assigning geographic codes to lccal records usmg a 
DI M E or similar geographic base file. 1 ndudes a 
users manual and computer programs. 

DIME: A Geographic Base File Svstem. A com
puter program p3ckage for cre2ting a 011-:1[ geo
graphic base file. lncludes clencai instruction, a 
comput~r manual, and programs. 

GRIDS: A Computer Mapping System. A com
puter prograrn p::d.:Jge for use on small·scale 
computcrs wl1ich provides thrcc mapping options 
within a grid ¡.¡;lttern: dcnsity, shading, and value 
maps. 1 ncludc:: uscrs manual ar.d cornputcr pro· 
grams. 

All reports and rrograms described above are ... . · . · · •· · 
write to Publications o· t 'b t' Se t' 8 . "'cculed for relcase m 1970. For 1nforrna!r.:>n on spec1nc tit!es. 

. 15 n u Ion e 100• u. "•au of the Census, Washington, D.C. 20233. 
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J. ABSTRACT 

The articlc describes several factors that are contributing to the 
explosion of statistical and geographical data related to our urban areas ::md 
the corresponding interest in automated procedures for the input (capture). 
analysis and display of spatial data. 

Basic automated mapping methods and procedures are described 
and illustrated using two interactive mapping syste:ms called INPOM and 
ASPEX, developed at the Laboratory. 

Finally sorne limitations of computer mapping and cost consider
ations are described. 

II. INTRODUCTION 

In a rccent issue of the New York Times, an articlc appeared 
stating that Canada was "going metric" and that this event is expected to 
increase pressure on the last m~jor non -metric holdout - the United Sta tes. 

One ramification of this conversion is that la rge numbers of existing 
manual rnaps will become irnmediarely obsolcte. Another possible result of 
this drift towards metric convcrsion is that the Laboratory for Computer 
Graphics and Spatia 1 A na lys¡s (the Laboratory) is receiving numerous requcsts. 
prirnarily frorn utility co.mpanies and planning agencies, requesting informat¡on 
on how to go about developing automated techniques for the coilection (data 
capture), a>i)alysis and display of spatial data. 

There are other reasons \vhy thcre is a ¡rreat denl of interest in auto
mating proccdures relative to the a na lysis and display of urban information. 

· There is a large increase in both the volume and quality of ~tntisticn: data 
This is duc to automated techniqucs being u::-.ed by traditional ag·cncies such as 
the Department .of Comrnerce (who.collect and distributc Ccnsus data) as ''ell 
as a rcsult of a ho~t of other governmental and pri\'atc agencies usmg 
computers for collcctin,; st..1.tistical data along \\'lth geograph1c idcntlfiers -
thereby crcating geographic cntities which can be uscd for a vaner~· of anal~·s¡:,;: 
and display progr:-tms. The Central Intellig;,~nce r\gcncv. for ex:1nwlt'. ciisrri
butes political boundaries foral! countries (\\"orld D:Ha Bank J) and \\ill soon 
release much more det:liled breakcio\\"nS (World Data Bank Il). The Cnited 
Statcs Gcqlogical Suney (L'SGS) has a mult1-million dollar commümerH to 
automate the National l\Tap Series ~.nd they claim th.at al! the USGS topological 
rnaps \vill b.e available in digital form m five to ten years. 

' 
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A long with the incrcasing amount of ::t\'ailablc ~('ographical and 
statistical data is a demand for new. more dctalied and more accurate data 
on the part of urban researchers. t\t!W integratcd hardware and software 
cartographic ''turnkcy'' systems makc this data more available 3nd cost 
beneficia! than ever befare. Commercial companies such as Computervision 
(Bedford, Mass.). Applicon (Burlinf.~On, Mass.). Calcomp (...\naheim. Cal.\. 
and Calma (Sunnyvale, Cal.) offer suc:h systems. In addition. most major 
time sharing companies now support re mote graphic appl icat10ns encourag-ing 
the development and use of interactivc mapping. Tinally, dissemination 
groups such as the Laboratory. the Census Bun:au and the Geogra phy Program 
Exchange (East Lansing, l\-Iichigan) are distributing low cost graphic display 
programs. 

III. BACKGROUND 

There are severa! classes (types) of maps that are used for the 
mapping of spatial d:lta. Base maps disnlay gcogTaPhic cntities such as . 
boundaries (Census tracts. Standard Metro poi it<.tn Statistica 1 A reas. hlocksL 
road and river networks or almost nny of the twenty-odd carto!}.'raphic featurcs 
t.hat are overlayed to produce a USGS topological map. Base maps :1re normally 
used to convey locational data but do not convey other types of statistical 
information. 

Thematic maps display geographical concepts such as gradients. 
density distributions. magnitudes of various attnbutes or other quantitatin: or 
qualitative data. To display geographical concems, a variety of te.chniqu€:s :t!:'e 
employed such as various types of s.vmbolisms, g-rey tones and color symbols 
and tones - all of which can be supcrimposed on a base map, 

Statistical surfaces can be representen using chloropleth or isarithmic 
maps. The former reprcsent statistical variables by conforming toa pa rticul:.l r 
boundary or· enumerat10n district. Input will consist of polygon coordinare data 
and statistics that relate to the geographical arcas. Isarithmic mapping empha
sizes gradicnts such as contours or other isarithms to represcnt areas and 
volumes to portray a continuous real (or assumed) statistical surface. 

An additional t.vnc of map th.1t should be mcntioned is called a c:ntozr:uu 
which delibcrately clistorts areas or voiumes to rl•present ~•n aeri:.ll qu:J.liry. Th~? 
examplc bclow. taken from nn article by n. L. Phillips m tlw .-\pl"ii 1974 
Proceedin~s of thc· IEEE (\'ol. 62, !\:o . ..:. P.·H2) illustratl'S a rct:til market new 
of the United States employing a progTam that produces cartogr.1ms. 

-?.-
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1948 

Cne Bllliol'l Oollon O 
Figure i: Carlogram Illustrating Retail Sales in the U. S. for 1948 

IV. INTERACTlVE MAPPING: The ASPEX and INP0!\1 Programs 

Perhaps int2ractive computer mapping offers one of the most 
powerful tools for urh:in researchers to date. Onc can perform on-line data 
editing opcrations using an intermecliate display device such ns a cathode r,•y 
tube (CRT) (either col•)r or black an·d white). Dnd can selectin:ly retrieve and 
"massage" data to perform a wriet:v of statistical operation5. A user can 
then alter valucs, cla~s interV3ls. symbol and shnding types of the output 
display map. Finally. a user can transform thc data, Look at each view on a 
CRT until the desired rcsult is achit·ved. ancl then output thc final display file 
toa variety of display hard\\"::tre devices such as digjtal plottet·s. CO:\T 
(computer on microfilm) plotters, a color nntnx plotter (such as the new 
Color Jet Plottcr from Sweden), photoplotters or sorne other output de vice. 
In some cases the resolution of thc cathode ray tubc itsclf mi~ht be satisLlctory. 
The ASPEX and r:NPO:\I illustrations :_¡ppcaring m this article were reproduced 
from a TektronLx 4610 hard copy output. 

At thc Laboratory, a vari<:ty of ongomg- research proJC•crs ar<? 
involved in the intcractive capture, processing and display of spatinl d::tt.::t •. 

INPOM 

Thc Int¡•r:1ctive Polyg;on \f:lpping· S\,·stvm (L\P\.1:'11) is des¡¡;ncd te 
produce m a ps oT-c()uriL ries' st~l tc~--c:t:r1sl.1s-t~-;-(. ¡.S ~i-nd othe r :l ""hltr:l ri ly S ll;l pcd 
rcgions defincd w1thin a gcogr~phü.: !Jase file (GBF). E\ PO:-.:í ,s" two-dimensionul 
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mapping program capablc of producing conforman! base and tlwmatic (~hacled} 
maps, It has the capability of selcctivcly retricving arcas to bc m:..~pped. of 
controlling the de¡;rec of detail to be displayed (for outlincs) ancl in the svmbolism 
u sed to depict data va lues. The u ser can zoom in on pa rticu lar a re as of in te re st. 
try different types of symbolism, get immediate hard copy from the CRT display. 
and vary the amount of detail to be displayed. 

The flexibility of input is :J.chievcd by entering keyword-t~·pe comm:mds 
from the display terminal. The program responds by requesting additional 
iniormation needed to execute the com mand. Beca use of the interna! data 
structure used by thc program, it is possible to get listings of points coordinates. 
chains (the data structurc used by the program), single polygons, or 'user 
defined regions within t~e study area. 

At present. there are over 30 input commands operating- in conversa
tional mode. The commancis are ente red as 2, :l. or 4-letter nmemonics and 
the program will respond accordingly by requesting numeric data or alphabetic 
responses. The numeric responses may be values, coordina tes (which may be 
stored internally if desired), window parameters and the like. All data is free 
field format so that the user does not ha ve to worry about restríctive fixed field 
formatting requiremcnts. · 

Another flexibility of INP0!\'1 is that all com·mands have default 
conventions or valucs which the program will preset for thc paran1eters of 
a command until the uscr emnloys that command. Once set. thc parameters 
of a command remain in cffcct until thc command is agaii;l spccificd. 
Figure 2 bclow shows the current command file for the INPOl\I program. 
Figure 3 (detail leve\ = l) is a hase map of Africa while Figure .:J (detail 
level = 5) shows a thematic map of Africa showmg the gross nationnl prociuct 
on a per capita basis hascd on 1970 dat:1. Fib'Ure 5 (detnillevel = 10) shO\vs 
the· same data illustr3ting the zooming and increased detail level for a section 
of West Africa. 
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~, ASPEX 

Thc·Automatcd Surface Per·spcctíve Prog-r:-.m (ASPEX\ is :-tn !nter:!Ct!•:e 
(a batch version is aiso beingdevelo¡)eci) pro~ram that ctispb.vs three-dimt'n:sto!::ti 
representations of statistical surfaces. Such rcpresent:Hions of Lhree \J.n •• ~Jles 
wcre not very common until the advent of rhc computer because of their dGJicult\' 
in·construction. Although most peoplc are not p:nticubrly accustomed ro rP:-,din:.! 
iiúormation displayed on surfaces (especially whcn the information is srr~tistical 
or mathematical in naturc), mathematJCians, ca rto~raphers and pl::!nne rs n re 
beginning to accept three-dimcnsional surface representation as a pu·,verful 
extensíon of two-dimensional mapping. 

The ASPEX program takcs a matrLx (or arrn\') of data of any size. The 
program incorporates a free field format commnnd lan!:'_uag-e that operares on 
nmemonic keywords for the over 70 commands of the program. The comrnands 
deal with the following categorics: 

-initializntion and production (sucr. as display. h<>lP. define, 
ex punge, plo!. etc.) 

-data i.np'ut and storage (number of columns. data cype. grid 
input, header informn.tion,, etc.) 

-data V'J luc manipu lation (m in, m:lx, smoothing. squn re roo t. de.) 
-viewing pn.rameters (including \·iew. type such as isometric, 
planometric, :md perspcctive) and orientation 

-graphic options (including data Sllrfacc commands such as draw. 
height, interval, symbol size and cosmetic features such as oase 
information, map scale, title, etc.) 

Anothcr important flexibility of ASPEX is the Dbility to alter the viC'w
point SO that a USer can IJc locatcd :mywhere bevond, :l.bO\'e, or-upon lhe Surface. 
Capabilities are also being added to dr;lw fpatures directl.v on thc sud~ct-. The 
scaling- of thc output plot may be to any predcterminccl hl'il:rht. '' tdr.h or -.~·indo'' 
size and is accompl isht>d automatically by the prol{ram. The thn'e fi~·ures 
below represcnt different views of the U. S. but genc.ra'ted from the same data bast'. 
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V. CONCLUSION 

The software to rapidly and economically generate computer maps is 
clearly a vaila.ble. Unfortunately, this does not necessúrily make automated 
mapping a pragmatic analytic too!. The economics of computer cartography 
must take ·into consideration the totality of the process. Questions on input 
such as where the data is coming fro'm, its reliability, and updating pro.-;edures 
must be considered. One is reminded of the millions of dollars tha·~ was spent 
on data banks in the 1960's that became data dumps in the 1970's. 

One must also take into account GBF's from non-contiguous sources 
that are in different formats. There are al so central processor consid~rations 
which must reduce the data to its lowest common denom inator, restructure it, 
process it and finally output a display file for a particular output device. 

Output devices range from the ubiquitous line printer which produces 
inexpensive low-resolution rnaps using over-printing techniques to digital line 
plott¿rs to COM (coÍnputer on microfilm) a,nd expensive photoplotters. 

A finaL word of caution relates to the maps thernselves. Beil•g able 
to produce maps efficiently and inexpensively is no guarantee that the maps 
will faciLitate and improve the decision-making process of urban researchers. 
Oüe must be able to ciearly underst'and what is being represented by a map 
and the purpose for which it is intended. Only then will the application of 
computer technology have any meaning. 
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CO!-!PUTE R APPLI CATIO~;s IN LA!;ous E ~-L-\PPI NG 
ANti THE MINNESOTA LAND ll~~AGEMENT INFOR~~TION SYSTEM 

Mei-Ling Hsu, Kenneth Kozar, George W. Orning, and Pamela G. Strced 

The concept of. rational use of land resources is not new,. 

but the general public's awar~ness of the lirnited nature of our 

land resources and the urgent need for optimal utilization of theu 

are phenomena of chis decade. Today, oos't planners, officials, 

and the public share this awareness. In arder to manage land 

re~ources effectively and plan for the future, ii is esnential 
< 
1 

that we begin to comprehen~ the land utilization of the past and 
,. 

present. To ach.ieye this, we are in need of a vast am_ount of 

information on land resources and related socio-economic variables. 

Wh en one is deali ng wi th a ~~rge a rea;-: su eh as a maj or region or 

country, automation becomes necessary for carrying out the tasks 
¡ 

of information collection, analysis, ~nd updating. Accordingly, 

the S tate of Minnesota has established· an auto~ated land infor-

matiorr system to facilitate ihe work of resource management and 

planning. 

The Minnesota Land Managernent "Information Syst~m Siudy, 

MLl1IS-, is being developed under the auspices of the Ufnncsota 

State Pl~nning Agency and t~~ University of Minnesóta Center for 

Urban and Reg~onal-Affairs. The system is pri~arily a result of 

the four earlier studies which began in 1966: (1) a study on 

lakeshore develop~ent of a srnall area in ~entral Minnesota, the 

Brainerd area in Crow Wing County (Orning~ 1967);. (2) an expansion 
1 

of the Brainerd study, the Minnesota La~e Shore Uevelopment Study 

(Borchert~ et al., 1970a and l970b); (3) a report on st~te land 
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holdings (Hinnesotn State Plnnning Agency, 1968); and (4) the 

state land use mapping project (~LMIS, 1971). During 

the undertaking of these studies, it became apparent that a 

statewide data system was essential to these types of investiga-

tions and a rational use of la~d resources. Therefore, the 

M~HIS aims at providing extensive information to officials, 

planners, and researchers in decision-making a~d policy formula-

tion concerning Minnesota land and water. The study vorks toward 

establishing a ~tatewide data base foi land related information,· 
1 

~ ~· 

i.e., landuse, land ownership, land value, land characteristics, . 
and government landuse'conttols. 

\ 
In the f ollot-1ing, this· pa p er t-1ill discuss the sys te."m- design 

~nd current developments of MLMIS. 
' 

T~ese include the tapies of 

basic data uriit, the geocoding system, majar information sources, 

data s t me tu re, pro ce_dures of data input, pro cedure o f data 

retrieval, display and analysis of land informatión, and finally 

data updating and potential in"formation source. It should be 

noted at this point that the NLUIS does not claim superiority in 

hardware or software design. The systen has been ·funded modestly 

by the state, and thus far has only e~ployed a handful of person-

nel trained in systens managemeat. But it is progressing rapidly 

and, more importantly, it has b~en producing valuable results 

such as landuse maps and research repo!ts on land resources and 

utilization. In addition it has provided data and consultation 

to a number of.state agencie~ and prívate firms. 

The Basic Data.Unit 

The choice o f a b as ic data col lec tion u ni t isj e rucial to .an 
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information system. In Minnesota, it was determined as a result 

of much use a~d examination of land records that the basic unic 

for a statewide coverage should be the forty-acre paicel, th~ 

smallest consistent unit in the U. S. land survey systcm. This 

system was ernployed to survey most lands in. the cent~al and 

western United States. The first order reference axes in the 

system are the 32 pairs ~f locally defined prin~ipal meridians 

and base lines (parallels). The second order references are 

tiers of townsh~~s a~~ rari~es (Figs. 1 & 2). A township, which 

is defined by a pair ... of tow'nship lines and ranges, is a '36-mile 

square~-Within a township, there are 36 s~ctions (one~mile 

s qua re) , and in ea eh se e t ion,, 16 f or ty-acre p a r~e ls. 

There are nearly 1.4 million of these forty-acre parcels 

or data-cells in Minnesota. Most blocks of land, whéther in 

. 
publ~c or prívate ownership, have the edges of.f~rty-acre parc~ls 

as boundary lines. Ttie parcel divisions are reflected in agri-

cultural areas as field l~nes, in fores~ed area~ as timber cutting 

boundaries, and in cities as oajor screets. In fact, in cities~ 

major commercial developments often occur on section corners·of · 

the U. S. land survey. These lines and cells desc=ibe the manner 

in which people have divided and shaped the landscape of Minnesota. 

The pattern is quite evident ~:hen the state is viewed· frcm the 

air {Fig. 3). The fort~-acre parcel is important in other ways. 

This paree! is rccorded on many governmental recorde for Minnesota 

at the county, regional, state, and federal levels. Thc ccll 

structure also lends itself to computer mapping ~•hi·ch is necessary 

in ~nalyzing large volume!: of data oYer ext'.~.nsive nreas · 
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It cay be argued that the forty-acre paree! is not a good o-' 

choice for the basic data unit. The U. S. land survey system is 

based on locally defined refercnce axes, and therefore does not 

have global applications~ Hith this rcspect, a bettcr choice 

would be the Universal Trans~erse Mercator Syste~ (UTM). The 

UTM is uell defined on large scale topographic maps. From the 

geographic point of view, however, the forty-acre parcel is an 

excellent 6hoice because it is closely associated with the land 

utilization and settl~men~ ~atterns of Minnesota. However, the 

UTM system has been used to record the southwes-t corner of every 

~ownship in the state. 

The HUHS fs designed to serve mainly planning and studies 

' -at the state, regional, and county levels. It.is not intended 

to be a~unicipal or urban information system, and it is not 

effective in small-scale investigations, such as those needing 

information on sewer lines and city streets. Special care, how-

ever, is being taken to assure that data collected below the 

level of forty-acre units can be aggregated and incorporated into 

MLHIS. Generally, these data are maintained for municipal or 

county subdivisions. One such example is an urban study employ-

ing lO-acre dnta cells (Robinette, 1971). 

The Geocoding System 

The locational content of ¿ata in Minnesota consists of the 

following hierarchies: the state, county, tounship, section, and 

paree!. The geocoding systém in MLMIS contains the identification 

codes for all these elements. In addition, .it enc~des the minar 

civil divisions (MCD) which are the administiative subdivisions 
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comprised of townships, incorporated places, and other areas. 

The MCD and the county identification are adopted from tl1e U. S. 

Bureau of the Ccnsus; thcrefore, the l1LHIS is linl~cd to tite coding 

system of the U. S. censuses. The centroids of the MCD are recordcd 

in·lntitudes and longitudes, correct to the n~arest 10 Geconds. 

The ability to locate a forty-acre parcel by a point reference to 

spherical coo~dinatcs, however, has yet to be perfected. In the 

future~ one point of each parcel may be identified in latitude and 

longitude. At presenr. e~.-ch forty-acre paree! is uniquely. defined 

by a serial number o,.f fourteen characters, and paree! data may be 

displayed on township maps to be discussed later (Fig.-2 and Table 

1) . 

In the U. S. land survey system, some townships are not pre-

cisely Ehirty-six square miles. In th~se irregularly shaped town-

ships, some sections contain more than sixteen pa~iels per sect~on, 

and the se 11 ex t ra 11 par cels are . id en tifi ed by a sp ecial .code. App-

roximately ten percent of the- tounships needed some adjustl!lents. 

Najo'r Information Sources 

There are four majar data sources for MLMIS: (1) variQus 

levels of governments, county, state, and federal; (2) the U. S. 

Bureau of the Census; (3) the University of Hinnesota excluding 

HLl-liS; and (4) the HLUIS itself. The .Bureau of the Census is 

listed independently because of its obvious ioportanc~. the 

census data may be used directly by the HLlHS • sincc the .systera 

has adop ted the cens us· area'l e oC. es, as in di ca t ed previo us ly •. In 

contrast, data and records provided by othe~ gover~mental agencies 

may ~e used only after some--reorganization of data elements. 



Nevertheless, a majar purpose of the l!Ll·IIS is to make optical 

use of land information concerning the Státe of Minnesota. By 

building an automatic geocoding and transferring syste~, the MLMIS 

attempts to systematize a bread range of data now collected 

routinely and m~intained separately by various government agenc~es 

in their licensing and managing functions. Currently, these data 

can be. used only by their collectors, and are not readily avail-

able for general use. Most of these data have not been ~ollected 

or encoded in any compatible manner. In the future. MLMIS may 

also develop standardized methods of data collection to improve 

the quality and to facilit~te data input to MLMIS. 

Various departments of the University of Minnesot~ have con--- ~. 

tributed information and their resea"Tch.findings to HLMIS. For 

example, the Department of So~ls has ·provided information on soil 

types. Finally, the MLMIS through the Center for Urban and 

Regional Affairs has collected the bulk of the data now co~tained 

in the system. 

At present, the ma~n.body of data content of the MLMIS is 

the complete coverage (of 1.4 oilli~n cells) of staie landuse 

types and w~ter orientation. In the United States» other data 

systems comparable to the MLMIS are :described by Swanson and 

Denenberg (Swanson, 1969, ~enenberg, et al.}. However, neither 

has this large a number ~f data cells. Information on water 

orientation was obtained from aeria1 photographs and the county 

hiBhway maps issued by the state Highway Department. It contains 

seven types of orlentations denoting wherever a forty-acre_parcel 

adjoined a·lake, stream, or ditch. Information on landuse was 

interpreted from aerial photographs. A nine-ca~egory classifica-
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tion w3s establislted so that the interpreters could determine the 

landuse types f~om the photographs with a ~ini~um consultation of 

other data sources (Orning and Maki~ 1972, Appendix C). Thc nine 

categories are: forested, water, marsh, cultivated, pas~ur8 n~d 

open, urban residential, urban non-residentiaL or mixed r~sidential, 

extractive, and lastly, trans?ortation. The dominant landuse was 

identified for each forty-acre parcel from the photog~aphs which 

were r.ead stereoscopically by a three-man team, two interpreters 

and one map recorder. Double interpretation facilitated accuracy. 

The basic· unit of interpr~~ation was a township within which 
.. '1 

section lines were followed. Each regular section was divided 

into sixteen forty-acre parcels based on field lines, ti~ber cut 

edges, as well as a transpare~t reference grid. It uas a.ssumed 
. . 

that these parcels cover all surface area, including uater bodies. 

Despite the clearly defined landuse c~tegories there were many .. 

cases in which it was difficult to determine from the photograp~s 

the dorninant landuse. These problems were resolved by field \ 

checking. 

MLMIS Data Structure 

The data are presentl~ oaintained on twelve machine reada~le 

magnetic tapes; with o~e exception» each tape contains one develop-

rnent region defined by the State of Ninnesota. Devel~pment Region 

3 is on two tapes. A developcent ~egion contains one to eleven 

· · All · i d t·.Il~-' ~.:nc b- 600 cont1guous count1es. tapes are ma1nta ne on - --

computer system under the 7000 NODIFY/S.COP::: OPL fo.rmat Hith 556 

BPI. Each of the eighty-seven countie3 in the statc is contuined. 

in a·separate file on the tape corresponding to its development 
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region. The county field consists of records for each forty-acre 

paree! or government lot. 

Each unique record of a paree! has the following four coc-

ponents: a 14-character identification key, minor civil division 

(MCD) number, longitude and latitude of the MC~ centroid, and 

seven types of data. These data types are landuse, water orien-

tation, federal land ownership, relative ow~ership (full or 

partial of the paree!, federal ownership only), geomorphic region, 

state land class, and soils. The last three types are completed 

íor only a small numbe;.r of<. counties·. 

A bri e f des crip b-ion on · th e hardware si tuat ion of the HLMIS 

is in 6rder, since the hardware affects the designs of ~ata 

structure and input/output procedures· •.. The NLl·liS has been a very 

economical system Yith respect to equipment purchasing (Table 2). 

Except for the last item, these machines are the property of the 

~ University Conputer Center. 

severa! sources . 
.J 

The Procedures of Data Input 

The Image' Analyzer was funded by 

The procedure of data input to MLMIS employed befare 1973 

was a traditional one. It contains the follawing steps. For 

each forty-acre paree!, la~d information was coded on naps (scale 

1:24,000), locatianal and land information was record~d on nark 

s~nse cards, the card informacio~ was r~ad, checked, and fin~lly 

transferred onto tapes. This procedure is cumbersome. 

Lately, a new method of data input has been developed call.ed 

the tRT data entry systeo, ~hich would event~ally improve and 

expa~d the MLMIS operations. The CRT (cathode ray·tube) is con-
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nected to th~ University 1 s main computcr cpc 6600 via a CDC 3200 

(Ftg. 4) • At the CDC 3200, programs and data are stcrcd on disk 

p a e k a n d are a va i 1 a b 1 e f o r t he ~JO r k o n C RT . At this experimental 

stage, only one county, Itasca, is programmed into the CRT d~ta 

entry system. This system c~nsists of two files, locational 

directory and data files. Data of forty-acre parcels may be 

called to be shown on CRT for an area one-half of a townsh!p at 

a time (Fig. 5). This areal coverage ou screen is limit~d by 

the CRT (CDC 211) capacity which allows 50 characters horizontally 

and 20 vertically. However, it does provide a comfortable view 

on the CRT screen. 
~ 

Each paree! is designated by a two-digit code, 

thus spatiall~ it forms a small square, resembling r:he 11 C!a? ;.mage" 

of a paree! on a township map. Subroutines are available for 

displaying either the data as stored on the computer tapes or a 

map witt coded symbols for one-half of a township. Entering new 

data, correcti~g, a~d. updating iuformation can be perforoed easily; 

and the results of these operations are viewed immediately on thc 

screen. Hard copies of the final records are p~oduced by the line 

printer through an instruction from the CRT. 

The CRT input procedure is most cffective with graphic cource 

materials such as maps and:~hotographs» but it is by no means 

limited to such usage. In many ways it is superior ta the pre-

viously employed input method. If the source matc~ials ara of 

compirable scales to thc Dcreen i6agery,-they may be used ~ir~ctly 

for data input. The results of data entry may be checked i::nl:!.edi-

ately by viewing the spatial patterns on the o~iginal matcrials 

and that on the screen. If only one class of data ~xists within 

a township, such as forested land, the data entry may be completed 
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by ~ sinr,lc request call on CRT. If it has a predoni!lant cL!:;s, 

this may be entered fi~st for the entirc township. Then other 

classes may be input in areas where the data fall under these 

classes. No punch cards or transient tapes are necessary in thi~ 

system, for input goes directly to the CDC 3200 disk pack. Lastly, 

the ~ntire operation is much less dreary, and therefore it moves 

along faster and vith fewer chances for error. Currently, the CRT 

data entry system is being ioplemented, and for Itasca County, a 

dozen ne~,¡ types of data such as county zoning~m:('school districts 

are entered for each ~orty-acre p~rcel. 

,. 
Procedure of Data Retrieval 

At preaent MLMIS does not have a user oriented program for 

expedient retrieval of data frow the system. This recrains to be 

a weak goint in the system. Data are stored on tapes by state 

development regions and by counties. ·In arder to obtain data on 

f~rty-acre parcels of: several-townships in different counties, 

for example, a special program would have to be written to search 

for, first the reques~ed counties, and then the townships, etc. 

A simple request of data would cost approximately $8.20 at the 

Minnesota computer sy~tem, _not including the time for program 

writing and submission. However, the situation will be imprcved 

greatly in the near future. The University Conputer Cent~r hes 

pur~hased a data retrieval package, System 2000. In -the future, 

MLMIS will .attempt to ernploy this system for its data retrieval. 

Display and·Analysis of Land Information 

Computer mapping is the primary mode of data display íor 
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for cartographic work. These devices. are particularly useful for 

the large amounts of data analyzed and for dis~laying land lnfor~ 

mation in a spatial contcxt. Needless to say, statistical pro-

grams are also availablc for data analysis and tahulation. 

A MINNMAP program produces caps based on data of forty-~cre 

parcels (~ig. 6). The most substantial contribution of tte MLMIS 

to date in data analysis and napping is the stateuide landuse map 

at 1:500,000. It is a multi-colored mnp, thus it cannat be repro-

duced for this rubl~~atio,n. Based on its dominant landuse, each 

forty-acre paree! is clas~ified into one of the nine categories: 
• " ' 1 

foreste~~ cultivated, water, marsh, pasture and open, urban resi-

dential, urban non-residential or mixed residential» eJctractivet 

and lastly, transportation. 
•, 

Th~ cap ~s a product of sequentisl 

use of a-computer printer and photographic pr~cess. ny employing 

the program MINNMAP, the line printer· produced a grey-tone town-

ship map for each of ¡the primary colors (red, yello\~, and blue) ~ 

The township maps were then pasted into blocks of six townships, 

and these blocks Here aligned and ~hotographically reduced (Fig. 

7). A plate was made for each of the colors requ~red for print-

ing the resultant map. This map, which contains 1.4 cilli.~n data 

cells, ~ould have been a difficult task if conventional carto-

graphic procedures wcre used. But the reproduction ~ethod just 

described was also tedious. As a result other reapping methc~s 

are being developed. 

Recently, experimentation has moved into the applicaticn cf 

the Calcomp plotter to data display. With the plotter n large 

a r e.a s u eh as a e o un t y , re g i o n , o r e ven t h e en t ir e s t a t e e <J. n b e 
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mapped in a single computer subnission. This eliminates the need 

fo~ pasting printer outputs of srnall arcas (Figs. 8 & 9). On a statc 

county cap, each plotted symbol represents one forty-acre cell. 

Different numerals, symbols, and/or colors are employed in dif-

ferentiating symbol classes. 

Data Updating and Potential Information Source 

The CRT data entry system provides.a means of data editing 

and updating, as discussed éarlier •. Since land utilization changes 
. \ 

through time, information sources and methods for data updating , 
are of utmost importance to a data system like the HLHIS. One 

potential information source which is being investigated is satel-

lite imagery. Via a grant to the S tat-e Planning Agency from NASA,.. 

the HLHI.§ is examining the applications of satellite imagery to 

Minnesota landuse mapping (Brown, et a¡., 1973). Earth Resources 

Technolo~y Satellite (ERT-1) p~ovides the imagery in the form of 

bulk MSS 70 mm positive t~ansparencies, projected for interpreta-

tion of individual bands or color combined. Slides are made of 

these color combined scenes and projected for interpretation at 

scales ranging from 1:30,000 to 1:250,000. Nine-inch bulk posi-

tive and negative transparencies are being analyzed by density 

level slicing with an Interpretation Sy~tem VP-8 image analyzer. 
IÍ 

Imagery is evaluat~d as a potential source for supplying 

up-to-date information on landuse. 
• ; r ' 

It is hoped that.the resolu-
~· . 

tion will enable the expansion of the classification scheoe cur-

rently in use. Thus f~r, research has shown good results with 
/ 

re,ard to ·urban and extractive land uses. In urban places with 

populations of 7~000 or more~ for exam~le, areas of different 
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urban functions c•n be detected. making possible a refinement of 

the two-class urban landuse types now eoployed. In mining areas, 

a great deal of aren ~easurecent and extractive feature classi-

fication can be car.ried out with sufficient accu-racy. Reseo.rc.h on 

these and other lepduse types ara still iu prtigress. In add.ttion~ 

pr~liminary studie~ on density of artificial surfaces in the Twin 

Cities indicate that with some ground truth it will be posaible 

to collect data on ~mpermeability by one~mile cells, aud to ~ap 
, . 

the-degree of i~perae~billtY in the urban area. Moreover, a model 
\ . 

for urban run off ~ay be d~veloped based on the data on imparme-. , ' 

~bility __ a_nd storm ~euer networks (Bro~<~n, et al. p 1973). 

MLMIS is an dngoing study; thus far most efforts bave been 

placed in areas of data collection, improvements of ::f.nput: aud 

output procedures. ~apping programs, etc. Some progress, however, 

has.been ~ade in d~ta analysis, model ·formulation, and prediction. 
J 

Indeed, cu~h of the v~lue of MLMIS has been in the accomplishment 

of research which ~eets curterii needs in land ~anagement and plan-

ning. A list of cajor publications is included in this paper. 

More recent studies include land for developoént ir. northern 

Minneso~a (Rusch, e~ al., 1972), recreational resciurce study.on 

lakes in the St. Pau1 area (Wietacki and Orning, 1?73), legal con-

tro1s in re1ation to lunduse (Gilbert$ 1973) • and the Rapid Analy-

sis F.iscal Tool or RAFT (NLltiS and CURA, 1972). Thc poten~ia'l 

impact of RAF.T should be noted. It is a group of computer p~o-

gra~s designed to create and oanipulate a data. base whlch is to 

serve as a means of analyzing current laws and prop~sed nlterna

tive policies on state taxation. t.Jhen it is. compl~ted, it ~dll 

contain a data base relevant-to the formulation of fiscal laws 
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and policies, and uill be equipped with a p~ckage oE fiscal nodels 

capable of evaluating present and proposed changes to tax laws. 

In conclusion, the creation of the MLliiS has been gadc pos-

sible by the promotion of long-term cooperation and coordination 

among researchers, planners, and public officials. It has been as 

rnuch a política! exercise as it has been an inforoation system 

study. Active interdisciplinary cooperation in data collection 

and utilization within the University community' has taken place. 

MLMIS staff has worked closely with go~ernment agencies to stQn-

dardize data collection ~d storage techniques. There has been 

a sharing of personnel beiween the University and.governmental 
- " 1 o 

agencies. Many tices this Tesulted in permanent ·stat~ employment. 

In addition, there are regular meetings between University faculty 

and users (or potential users} from Stftte agencies. Working with 

these ~ficials has proved to be a fruitful experience. Now the 

MLMIS personnel is more knowledgeabl~ in the types of infornation 

needed a~d the types 'of questions asked of the inforruation. ~here

fore the contents of-~~e ·MLMIS and computer access systems can be 

better designed tQ meet specific user requests. The ultimate goal 

of the MLMIS, of course, is not simply one of data accuruulation. 

Rather, its goal is to provide pertinent information. and~ in turn, 

to improve the quality of public and.private decisions affecting 

the environment. 
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TABLE 1--CHARACTERS OF PARCEL IDENTIFICATIOU 

Type of Location 

, Coun ty 

To\mship 
·Range 

Section 

Quarter-Quarter Section 
(forty-acre paree!) 

Government Lot* 

Nuobe~ of Characters 

2 

3 
3 

·2 

2. 

Example 

31 

055 
262 

36 

31 

09 

* All parcels which ~re ~ot exactly forty acres were originally 
surveyed in size by the government and called government lota. 
Owneiship is not implied. 

+ The last charact~r in range· serÚ.l is a directianal .::ocle. 



TABLE 2--A LIST OF HARDWARE EMPLOYED IN THE ~LMIS 

ene 6600 COMPUTER 

65 k words, extended core storage, 841 disk drives, eight 
seven track tape drives 

ene 3200 COMPUTER 

32 k '"ords, 854 disk drives, "three seven track 
tape dri~es, CRT controller 

CDC 211, eRT (CATHODE RAY TUBE) 

Alpha-numerical model with 50 characters horizontally 
and 20 verticaliy 

CALeO}!P PLOTTER 5 63 

Drum ·with ll"·al}d 32" paper 

INTERPRETATION SYSTEMS VP-8 IMAGE ANALYZER 

(for analyzi~~ ERtS-1 imagery) 

' . / 

--~ 



centro de educación continua 
división de estudios superiores 

facultad de ingenlerra, unam 

SISTEMAS AVANZADOS DE GEO-INFORMATICA EN PLANFACION 

Palacio de Mlnerfa 

COMPUTACION GRAFICA 
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RASTER SCAN APPROACHES TO COMPUTER GRAPHICS 

NICHOLAS NEGROPONTE 

.Architecture M achine Group, Massachusctts lnstitute ofTechnology, Cambridge, MA 02139, U.S.A. 

(Rectived 22 January 1976) 

Abstract-This tcxt reports on conclusions derived from the builuing and use of thc 85t, an elaborate raster sean 
display S"~lem fcr computer graphics applications. The titled plun .. lity is justified by z generality and by a superset of 
deg~~es ,f. freedom in the spccific devicc, all of which no one apj)!ication warrants ;¡¡nd a!! uf which ha ve immeme 
programr.-ing implications. The underlying and now generally accepted assumption is that the future of computer 
graphics i~ in raster sean tcchnologies. This paper concludes that future implementarwns oughtto be primarily mass 
memori::s, rare!y sr.an conver~ion techniques, and never run-length lists. 

INTRODUCTION 

History 
The origins ,,f co111puter graphics are in line-drawing 

machines. A ¡..:~ture was an assemblnge of contiguous 
Jines, compost'd of endpoints connected in sequence by 
visible or invisible lines structured in a display lisl. The 
display li~t (s.;e Fig. 1), with or without subroutines, 
served lhe duai purpose of being both whatlhe computer 
program messag..:d and what the display processor 
followed. Tht.s the inception of computer graphics 
followed a ran·Jom access paradigm. 

Xl Y! 1 

X2 '2 1 
X3 Y3 O 

X!a Y:. l 

X5 YS ? 

Fig.l. 

X2, Y2 

X3, Y3 

In:eractivc computer graphics w::s hatchcd with 
S!<ETCHPAD[ 1], a well-studied and less well-copied system 
of the earlier sixties (see Fig. 2). lt launched a series oí 
commerical efforts lo embody a congenia! man-machine 
interaction[2], particularly for applications to computcr
aided design [3], to the extreme that computer graphics 
and computer-aidcd design became unintentianally 
synonymous. These enterprises had two both..:rsome 
characteristi:s in common: the hardware was expensive 
and tl.e software usurped great amounts of computer time 
(incompatible with the then emcrging notions of time· 
sharing). 

· tThe SS was de~igned and built chietly betwcen Mar eh 1973 and 
Decembcr 1974. d•Jrrng which time thc work '\\as spon>oreJ in part 
b) the Oíiice uf Nav:ti R~~~a•~h. grant i\u. :.;uwi4-ói·A-02Q.l. 
0074, and m parl t•y th~ lB~! Corporation. Curr.~ntly, applicauons 
are bcing supponed ::.y the Division of Computer Research of the 
Na1ional Sc11 ~~e 1-.Jundalion and the Undergraduate Rc\ear~h 
Opportunit. ·~ Prug• 1m of the Massachusetts lnstill•tc of 
TeFhnology. 
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In the late sixties the storage tube emerged as a 
reconciliation[4], not requiring a display list, eiTectively a 
volatile plotter. The programming consequences wrre 
large, given that thc p.icture dcscription could be kept or 
forgotlt:n in-line and the program was not at the merey of 
bandwidth and buffer size (see Fig. 3). The drawbJcks 
included slow drav.ir,g spceds and inability to erase 
locally, which precluded dynamic graphics (for which 
cost-efTectivcness had yet to be pro·•cn}. Shortccmings 
and advances aside, l.he storage tube still maintained a 
line-oriented, random-acC'ess genre o! picture making It 
was fo!lowed by the i.."lte!ligent ter:nin:~! ::pp~o::ch cf the 
same principie (see Fig . .jJ[5, 6]. 

By thc early seventies, there were two hardware 
developments, leading to a varictr of actual imph:menta
tions and an assonment of wild predictions: thc mini
computer and mass n"h!mories. Bolh continue to v;1Edate 
the predictions of ever-increasing spccd ami ever-

DISPLAY r.AIN FlW\E 

1 \ ,..-----1 

} ! __ ) l 
1 

Fig.J. 
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decreasing costs. One thing tthat did not share these 
orders-of-magnitude cost droj)JS is the underpopulated, 
high-voltage, random-access display dcvice. Conse
qu.:n:ly, the computer graphi.rs community is turning 
cautiously toward the ubiquitc\Us television set. 

Alphanumeric terminal buJders were the first to 
appreciate the advantages o! raster sean technologies. 
However, their application did not bear the anomalies of 
full graphics. Jnstead, devele;·•ments al Adage[7], Xerox 
Corporation [8], and MIT [9] l .JUnched sorne of the first 
e1Torts to understand and O\''-.rcome the peculiarities of 

· pieture making and picture tl.escription in a raster sean 
dcviee. · 

Three approaches , 
Three approachcs lo ra:;.;¡er sean have ~merged: 

on-the-fty sean eonversion, ruzr.length lists, and n-bit-pe.r
point vaidical memories. Eac~ has programming implica
tions and cost ramificatio¡;:s; this paper wili dwell 
pnmarily on veridieal memo~.ies. 

On-the-fty sean eonversion is in the spirit of 't uisplay 
list and accordingly alfords ·dynamic displays. Picture 
elements are ordered, depending on the algorithm, from 
top to bottom, in such m way that hardware or 
micro-coded routines can dclermine, on a pe.-sean-line 
basis, where and when elenaenrs intersect a particular 
horizontalline through the pi.:.ture. Early exalfl¡:·e~ of this 
technique can be found in ~erox equipment and most 
dramatically in the Navy's s~ification and final contrae! 
for PROTEUS, whieh scan-comverts and merges on-the
fty: straight lines, eonics, an.il alphanumerics 

Proponents of this appro:a.ch argue that ~~e logic is 
cheap enough, that m~ss memory is un ¡._ .... ssarily 
expensive (and will not drop .in cost very fa~t), and that 
the dynamics are suited to. -their applicatio;¡. Without 
contesting these positions, ome might point out that the 
sean conversion approach dcces sulfer from a limitation in 
picture complexity, frequen¡fly determined r\ :he max
imum number of interseetioms with any given sean line. 
Also. proponents of this met.'bod disqualify t: e amenities 
of pie toral complexity in gr.ey tone and colJ .. 

Run-length lists (Fig. 5) a:1re an encoding t' r:hnique for 
describing an arca without naving to stor~ n-bits-per
point[IO]. The assumption ~s that the picture will be 
composed of enough are as off .constan! tonality so that the 
encoding overhead and pet..Jine description require far 
less computer memory thaw o:would be necessary to store 
every point. While this app1l<llach is far more sympathetic 

1 WHITE 32 BLACK 67 WHITE 

60 BLACK 40 1·/HI TE 

4 WHITE 64 BLACK 32 WHITE 

b WHITE 

8 WH !TE 
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to areas and tone, it appears to be (to this author) the 
unhappy medium between the firs~ and third approach 
and, of course, unamenable to pi.:ture processing. It 
affords neither the dynamics of scar conversion nor the 
complexities of mass-memory techr•iques. 

The third approach is that of a mass memory, where, 
for every dot on the screen, there are sorne number of bits 
of memory (including zero). In the simples! sense, one can 
consider a 525-line television screen as a two-dimensionaJ 
array of single bits 700 wide, because of the aspect ratio, 
and 525 high, so that, say, 1 is on/white and O is olf/black 
[see Fig. 6). 

Given that both the computer and the video display 
processor can provide access to this arra y, we elfectively 
have a storage tube with local erase. Elaborating slightly, 
we can provide more than one bit per point to achieve 
gray tone or color. Ultimately, we can make the mappings 
of arcas and tones programmable and incredibly variable. 

This method was first implemented cost-elfectively 
with disks and shift registers. However, this paper 
eoncentrates on its embodiment in random access 
memory, in fact shared with the.computer. Critics of this 
method argue against it on the basis of cost and of the 
difficulties of handling dynamic images. The hardship of 
dynamics is treated later in this paper; costwise, consider 
that toda y, at $.001 per bit, 16 bits-per-point (64 k tones) on 
standard tel'evision represent approx. $5,000. Can't we 
assume, however, that this will drop at least an order of 
magnitude? 



Ras!cr sean approaches lo computer graphics. 

OllllllllllllllllllllllllllllllllOOüOOOOOOOOOOOOOOOOOO~~OOOOOOOOOOOOODO•fOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
lllll!Jllllllllllllllllllllllllllll~llllllllllllllllllllllllOOOOOOOOOOQ~OOOOQOOOOOOOOOOOOOOOOOOOOOOO 
OOOOlllllllllllllllllllllllllllllllllllllllllllllllll!llllllllllllllOOQ.JOOOOOOOOOOOOOOOOOOOOOCOODCOO 
oooooo!lllllllll!!llllllllllllllllllllllllllllllllllllll\lllllllllllll:coooooooooooooooooooooooooo?o 
OOOOOOOOllllllllllllllllllll!lllllllllllllllllllllllllllllllll\lll!llli~llOOOOOOOOOOOOOOOOOOOOOOOOOO 
OOOOOOQOOOllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllltllllOOOOOOOOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOllllllllllllllllllllllllllllllllllllllllllll!llllllllllllllL~lllll!OOOOOOOOOOOOOOOOOOOCOO 
OOOOOOOOOOOlllllllllllllllllllllllllllllllllllllll~•'ll •llllllllllllllL,llllllOOOOOOOOOOOOOOOOOOOOOO 
OOOOOCOOOOOO!ll!llllllllllll!llllllllllllllllllllllllllllllllllllllllll<llllllllOOOOOOOOCOOOOOOOOOOO 
OOOOUOOOOOOOllllllllllllllllllllllllllllllllOOOOOOOOO~l:llllllllllllllll!lllllllllOOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOlllllllll!lllllllllllllllll00000000000~0'~00vlllllllllllllcllllllllllllOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOllllllllllllllllllllllllllOOOOOOOOOOOOO'O~OOOOlllllllllllt~cllllllllllllOOOOOOOOOOOOOOO 
OOOQPOQOOOOOOlllllllllllllllllllll~lllOOOOOOOOOOOOOOOOOGOOOOlllll"lllll~llllllllllllllOCOOOOOOOcOOOO 
OOOOOOOOOOOOOOlllllll!lllllllllllllllOOOOOOOOOOOOOOOOOOOOOOOOOllllllllt~ ~llllllllllllllOOOOOOOOOOOOO 
OOOO·lvOOOOOOOOlllllllllllllllllllllllOOOOOOOUOOOOOOC JOoOOOOOOOOlllllll: .lllllllllllllll000000000000 
OOOOOOOOOOOOOOlllllllllllllllllllliiOOOOOOOOOOOOOOOOOuOvOOOOOOOOOOlllll!lllllllllllllllllOOOOOOOCOOO 
OOOOOOOOOOOOOOOll!llllllllllllllllllOOOOOOOOOOOOOOOOOJOOOOOOOOOOOOOOlll_lllllllllllllllllOOOOu000000 
OOOOOOOOOOOOOOOlllllllllll!llllllliiOOOOOOOOOOOOOOOO:OJ100COOOOOOOOOlll:llllllllllllllllllOOC0000000 
OOOO~JOOOOOOOOOllllllllllllllllllliiOOOOOOOOCC"OOO "IOOJOOOOOOOOOOOOOll~!illlllllllllll!ll!OUOO~OOOO 
OOOOOOOOOOOOOOOllllllllllllllllllll!OOOOOOOOOOOOOOOOé00000000000000000l~lllllllllllllllllll0uCOOOcOO 
OOOOCuOOOOOOOOOOllllllll!lllllllllll0000000000000000010000000000000000t ,!lllllllllllllll!lllOOOOCOOO 
OOOOOOOOOOOOOOOOlllllllllllllllllliiOOOOOOOOOOOOOCOOQOOvOOOOOOOOOOOOOOO~lllllllllllllllllllllOlOOOOO 
OOOO~uOOOOOOOOOOllllllllllllllllllllOOOOOOOOOOOOOOUOOOOJOOOOOOOOOOOOOOO>llllllllllllllllllllllOOOOOO 
OOOOOOOOOOOOOOOOllllllllllllllllllllOOOOOOOOOOOOOOCOOOOvOOOOOOOOOOOOOOO~:lllllllll!lllllllll!lOOQOOO 
OOOOOOOOOOOOOOOOlllllllllltlllllllllOOOOOOOOOCOOOOOOOOGOOOOOOOOOOOOOOOC.OllllllllllllllllllllllOOOOO 
OOOJDOOOOOOOOOOOllllllllllllllllllllOOOOOOOOOOOOOOC:JOO'OOOOOOOOOOOOOO~ '0llllllllll!lllllllll!lOOOOO 
00001 00000000000lllllllllllllllllll10000000000000000'10JOOOOOOOOOOOOOO~:Jillllllllllllllllllllll00UO 
OOOOOOOOOOOOOOOOllllllllllllllllllllOOOOOOOOOOOOOOOOOrOOOOOOOOOOOOOOOOO ·;oJlllllllllllllllllllllOOOO 
OOOOOPOOOOOOOOOOlllllllllllllllllll!OOOOOOOOOOOOOO~JrJQOOOOOOOOOOOOOOOO"'OlllllllllllllllllllllllOOO 
OOCOOOOOOOOOOOOOllllllllllllllllllllOOOOOOOOOOOOOOuOOJOOOOOOOOOOOOOOOOC ,;QlllllllllllllllllllllllOOO 
OOOOOOOOOOOOOOOOlllllllll!ltllllllllOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOry 10lllllllllllllllllllllll000 
OOOOOOOOOOOOOOOOlllllll!;ltllllllll!OOOOOGOOOOOOOOOOJJOOOOOOOOOOOOOOOOo :~OOlllllllllllllllllllllliCO 
OOOOOOOOOOOOOOOOI!lllllllll!llllllllOOOOOOOOOOOOODOOO•ClOOOOOOOOOOOOOOO~;oo¡¡¡¡¡¡¡llllllllllllllllOG 

OOOOOOOOOOOOOOOOllllllllllllllllllltOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO•:JOOlllllllllllllllllll!;lcOO 
OOOOOOOOOOOOOOOOllllllllllllllllllllOOOOOOOOOOOOOOOOJOOOOOOOOOOOOOOOOOO ,QQOllill!llllllllllllllllOO 
OOOOOOOOOOOOOOOOllllllllllllllllllllOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO:JOOOllll!llllllllllltllllllO 
OOOOOOOOOOOOOOOOllllllllllllllllli!IOOOOOOOOOOOOOOOOOOOOOOCJOOOOOJOOOOC "JOUllllllllllllllll~llllllO 
OOOOOOOOOOOOOOOO!lllllllllllllllllliJCOOOOOOOOGOODOOOOOOOOOJOOOOOOOOOGC •0000llllllllllllllllll 111110 
OOOOOOOOOOOOOOOOllllllllllllllllllllOOOOOOOOOOOOOOOOun·ooOOOQOOOOOOOOOó ,JOOO!llllllllllllllllll llllJ 
OOOOOOOOOOOOOOOOllllllllllllllllllllOUOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOC.~000llllllllllllllll\lllllll 
OOOOOOOOOOOOOOOOllllllllllllllllllliOOOQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO~:JOOvOlllllllllllllllllllllll 
OOOOOOOOOOOOOOOOllllllllllllllllllllOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOC •COOOOlllllllllllllllllllllll 
OOOOOOOOOOOOOOOOllllllllll!lllllllllOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO( JOOOOO!lltlllllllllllllllllll 

Fig.6. 

181 

Specific origins of the 85 
Given that the following sections generalize from 

experiments with a specific piece of hardware. the 85 
(whose name is culled from its Interdata processor), this 
section shares the evolution of this project. Whilc 
apparently circumstantial, the original neeos for, and 
side-stepping into, raster sean techniques are indicative oi 
future programmicg implications. The curren! machine 
epitomizes a transition from sequential to positional 
representations. in this case, in recognition and mantpula
tion of hand-drawn sketches. 

interest was in exp·!oiting the freewheeling langua¡;e of 
drawing, forcing thl: machine to make inferc:nces auout 
what tlte designer meant as opposcd to rt:quiring thc 
designer to stylize- his representation. In the crudest 
sense, the problem is one of data comprcssion: givcn 
-.00.\-)'-Z coordin .... ¡csis, map thcm intu a simple 
representation. 

Since 1970 the Architecture Machine Uroup at Mrt has 
been concerr¡ed with on-line recognitíon of hand 
drawings[ll .21. which would enabl!! a designer to 
imerac1 wit1 ,.,,mpuler aids al the t:arly ~l.tges of Je>ign, 
when hi~ equ.\'ocalions have the graphic rnanift:,tarions 
to which W( .ue accustomed in sketchtng. In contras! to 
the rub'Jr--b~:-td line vernacular of SKE"ICHPAD, úV 

CAG Vol 2. t>o l-ó 

Observe that both. bdore and aftcr the compression, the 
data is purely s~:qucntial (see Fig. 7). Only once 
intersections and •!Jtching are resolved, do !h\! dara 
assume !he two d imcnsions of a planar grapla. Let's 
consider only inter~ections (as la:ching is a much h1~der 
problcm) wherc w;: would like to resolvc hunurd> of 
lir.·~s that intersect. wi¡h no reason to belicve th-. the 
actual poin.ts of ,r,t .. rscction me sampled da<.1. The 
l :.>r:·binatorial probl ~rn is imrnense (¡!reate• th::~n e X')t ncn
·.:;1! and iess than !. ctorial). Howcver, ¡f we s•• .. uli.!OC
ou~ly stored a fin•: bit map on a fixed head di-;'.-. f(Ji 
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example. we could interpolate and:Jleposit contiguous biís 
as wc draw our lines oras our algoniitl¡ms find them: In this 
fashion, 1f we bump upon a bit a!rready on, we know we 
are intersecting (see Fig. 8), amd the coordinates (at 
leas!) are obtained, in sorne sens.l!, for nothing. 

Such a mechanism was addedl to the mini-cor.puter 
used for our experiments in ske!LCb recognition, and all 
5orts of w:ndowing and zoomimg facilities were de
veloped for this bit map represenl!ation (Fig. 9). Only after 
completing this disk system (in fa!.U 1972), was it conceived 
that the positional representaticm could reside in the 
computer's memory and, at tllie same time, dn· .... a 
bi:-per-point display. Hence aun· beginnings with raster 
sean were in a position-orienta:d representation of a 
~ketch and its mappings. The di:s,play and data stru..:ture 
were to be synonymous. 

11111 1 1 lJ_I~ 
1111 1 1 I_LL 
1 11 11 1 1 I_Li 
1 1 1111 1 1 _j_j_ 
1 1 1111 1 1 1 1 

.J... 

1 1 1 11 11 '1 1 1 1 
1 1 1 1 11 :ill 1 1 1 
1 1 1 1 1 ]_ 11 1 1 1 
1 1 1 1 1 1 1 11 ~ 1 1 1 
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Sllaring mass memory 
While we can argue that mass memories will become 

cheaper and cheaper, it is hard to pursue the line that they 
should be unequivocally devoted to the display and 
treated simply as a buffer into which one writes, or out of 
which one reads (a position one is locked into with shift 
registers). A natural tendency is to want to share the 
memory and, for example, in the extreme case when the 
display is off, to ha ve the mcmory avail<>.ble for program 
execution (Fig. 13). In our previous example of 16 bits
per-point on standard American television, such a mass 
memory is a formidable 700 k bytes. 

HA!W DRAWN SKETCH 

DISK 

RAW DATA 

STRAIGHTE~ED DATA 

LATCHED DATA 

Fig.9. 
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Fig. 10. The Architecture Machine, 1976. 
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But 525 lines is not enough. One immediately finds 
reason to consider 1000 lines (and hope for more), which 
rr,ultiplies aU our previous figures by 4. Conrac fortunately 
m~kes a variable~Iine television (the RQF4), which 
e~rminates the neerl to commit oneself to a specific 
n.•olution and m~;:•mory consumption (Fig. 14). By 
synching oq the p.rogrammable signa!, the display can 
vary its resoluiio~:~. In the simples! case of single 
bit-per-point applic :~tions, this allows for a free-moving 
boundary between display space and program execuÚon, 
t. y virtue of a vario. tJle (programmable) resolution. 

For example, a lf ORTRAN programmer may choose to 
u.-e a two-dimensii.•nal array for his picture data in a 
manner that allow;, him to make that chuck of core his 
r:.isplay space al wb,.tever resolution that fills the screen. 
But, during editin~'. compiling, and loading, he may 
rhoose to tradc off resolution for speed (through 
corc-residency of ,·Jne thing or another) and then seek 
high-resolution pictures only during the execution. of his 
program. 

Tlle same kind of ·;haring can be achieved by trading oiT 
t:.c number of bits- ;¡a-point. However, unlike variable
[ re television, this [ JS a crucial and immutable impact on 
memory organizatio :1. This is because adding or subtract
in·~ bits of gray k q:) pre-supposes that they are not 
contiguous in core, • xcept in the crude implementation of 
committing to 4-, 8-. Jnd 16-bit modes. If the user wants 5 
bits of gray for a pf .·Jtograph in one application and 6 in 
a'nother, we presum·. that the system should, once again, 
have the opportuni't ~· to move bÓundarics between data 
and program execL'.on. But this desire commits the 
hardware to a schcr;.~ of planning. 

Planes and prioritie..> 
The memory is or .... mized in planes, in the literal sense 

of animation cells. P ;:.mes can be assembled into multiple 
bits of gray or color • rig. 15). Although a single point on 
the screen might ha· . .: thrce bits of gray, those three bits 
are no/ contiguous !V;ts of memory. 

Al first this may se ,-m unduly confusing for the systems 
programmer. At seo.~nd glance, its advantages oulwcigh 
the overhead. The last section of this paper covers 
applications whcre ~ulor separations, for example, rely 
upon and justify thi•. fcature. Here we will consider only 
the picture-making properties which come from the 
adctitional elaboratil )ns aiTorded by not requiring ·t.at 
planes be of the sarr-:e size, proportion, or positio". The 
curren! mat;hine allu · ,·s for twelve planes, eight of l':i·i~h 
hrve been implemcnred. 

Thc planes are uscJ as single-bit windows or grOLIJ-r.li t0 
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fcnr. :::-ay tones orto matrix color. Consequently, eight 
planes might be arranged so that pbmes one, six, and eight 
are three bils of gray for the background; two, threc, four, 
and ti·•t are four bits of gray for the foreground; and seven 
is a single bit of backline drawing in the middl<! ground (Fig. 
16,. Obviously, these need to be :arranged according to 
pro l!':!"•mable priorities (Fig. 17). In the event that the 
fo, .!ground is a photograph of an oak tree, the back and 
m:,~ jJe grounds appí!ar only betv•een the lea ves, twigs 
and branches. lf the oak tree for some reason is translated 
across the screen, the background scenes automatically 
apoe~~ and disappear thr'ough the foliage. In anothcr 
e .• :..mple, the foreground might be a line drawing, so that 
sk~tches or computed vectors override and overlay a 
p:1· •tl1gr;,phic background. 

iu add confusion to complexity, planes need not be of 
thc same size, proportion, (Fig. 18), or overlap, and the 
priorities may be setas a function of a gray value, not just 
fully on or fully off. The latter feature has no video, 
pl¡otographic, or visual countcrp:u1; the effects ::.re unique 
lo the,notion of gray-tone prioriües. 
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An almos! degenera te application of planes would be lo 
consider each of the eight planes as single-bit linc 
drawings. 1 mention this because early attempts at using 
raster sean techniques for comput.:r graphics :mmediatcly 
stumbled on lhe problem of erasure in dynamics and in 
line subtraction (Fig. 19). With only a single ,plane, a 
moving spot would entail a process of bit writing, 
substracting, otrsetting, rewriting, etc., leaving a 
wake of whiteness. Cautious but tedious inspection 
of the neighborhood could allow for re~toring the 
picture in sorne applications. A .., ar!able · siz.: plan e 
achieves the desired result most easily. That· which is to 
be translatcd is moved into an auxiliary plane and 
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has 1 emedied this with their 7/32 and 8/32 mini-compt.ters. 
Regrettably, it was developed too late for this proicct. 

A second characteristic is control store. The mini
computer we actually u sed, the Interdata 85, has 4 k bytes 
of .,.,ritable control store (90-ns bi-polar memory). \l'hile 
experimentation has not explored this pt Jrfem 
thoroughly, it is obvious that certain functions require 
extreme speeds, in o;der to be executed like other 
instructions. 

Consider, for exampfe, the drawing of a horizontalline. 
On a 1024-by-1024-blt plane, this means writing 64 
contiguous words with ~,exadecimal FFFF. In contras!, to 
draw a verticalline, ouc mus! write a single bit into 1024 
non-contiguous words : see Fig. 20). A sloping liue makes 
the contiguity problcm worse. While it is not difficult to 
write a program to cor,Jpute the locations, it is slow in 
execution and hence more appropriatcly miciO-coded. 

Additioríally, micro-code has proven fast enough todo 
Fig. 18. limited sean conversion in any one of the planes, making 

the advantages of that approach compatible v,.ith this 
mass memory method. 

translated either by moving the plane as a whole or the 
object within it, while Jetting the priority scheme manage 
the background (now Jeft intact). SOFTWARE 

Coordinare systems 
Coordinate systems in computer graphic's are carica-

Processor characteristics tures of variety. Each device has its own protocol, having, 
The most obvious processor characteristic is addressa-

bility. Mini-computers have bccn inherently 16-bit 
mechanisms liinited to 64 k direct address spaces, unable 
to capitalize upnt mass memory for program execution. 
While indirect.1dd1essing can achieve data manipulation 
in mass,mcoJOr:• 'as thc 85 has done), it makes program 
execution prol''ait'vely cumbersome. Currently, Interdata 

00000000 00000000 00000000 00000000 00000000 00000000 
OOOG:ooo 00000000 OOOC•!OOO 00000000 00000000 00000000 
11111111 11111111 11111111 11111111 11111111 11111111 
000u1••CO 00010000 0000:000 00000000 00010000 00000000 
00~0 J lOO 00010000 oooccooo 00000000 00010000 oooooooc 
OONO ICO 00010000 000'' J000 00000000 ~CC10üüu üuüOüOOO 
Ooo,or.~o 00010000 OOOCuOOO 00000000 00010000 0000000) 

Fig.20. 
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íor. :xample, its original the centcr o~ low left. Thc ;p;,tial 
ir,·c.emcnts vary ami are hy ddi.1itron a function ol the 
resolution of the dcvice. The systems progmn1mer 
wúrrie~ about rt:e tran~formations necessary to make 
each mechanism appcar the samc. for the sake of c~vice 
independ•:!ncc at the appiication~ prograrnming leve! (a 
perpetua! but vacuous aspiration of the computer graphics 
community\. Most frequcntly the 'imilarity criterion is to 
make a fui! screen imagc on onc Jevi..:c a full screeil orl 
another, within the tolerance of ditfcrent aspect ratios. 

Al¡¡s, raster sean technologies have a 'natural' crigin in 
the upper left-hand comer. The~ add further coniusion 
and, in fact, qucstion the ::imibrity criteria of device 
indepcnd·!nce. 7his is because uf variable resolution, 
whclher contiguous as prcviotJ,)y dcscribed, or in 
píOgrammabJe incrcrnents of 5~5. 625, 875, iOOO, etc. 
Presumably, in the event of ch:m·:mg resolution, the user 
does not expect to see the size or :1is picture ch:mge (Fig. 
21). In terms of bit maps, this r~·,:uire~ a carefu! shuffiing 
of bits, in the case of going to lov.w resolutions, anden tire 
picture re-creation when going h:$het. 

What enters into the question is the base roo:dinate 
sys:.:rn into which the data ar.: stored and from which 
they are taken. At first r;lanc.~. this is simpiy a matter of 
using lar¡;e enough numbcrs, like -~ and -15 million, tÓ be 
gu .• ranteed that, first, you will m;,p into cven the higl}est 
resoluticn devicc, and, sccond, you can encompr.ss a 
pro '•le m of ju~t about any physic al scale. This approach 
ha~ 'Jeen significan! in the use of CRTs because one i~ not 
u su: ::y concerned with the size of lhe picture, in the sense 

Fig.21. 

of having to mcasure it. This is not tru~ wi• ,¡ most plottc!r 
applications, where the scale is often •:1!tical. 

With the (elusive) advcnl of large, R:Jt-s~.reen displays, 
the distinction between plotter and C..RT will fade. 
Projection television begins this convergencc. The consc
quence in terms of coordinC!te systcms will be the 
additional problcm of display sea/e, previous!y :: :esult of 
cirrumstancc. Data will be mo~t wise!y stor(.d in units 
relt~ting to physical size, mappcd onto the screen al a 
specific scale. 

Shape orientation 
Befare raster sean di~plays, !ines had a length and, on 

sorne displays, bore an intensity l)f color. Now, they 
additionally have an inherent widih (Fig. 22) (without the 
disadvantage of juxtaposing parallel lines). In !he most 
general sense, a fine is now a specia! inst<m\:e of an 
arbitrary blob, i.e. a rertangle (Figs. 23 and 24). The resuit 
is that traditional programming strategics and hi~her-level 
graphics languages losé much of their usefulness. It is 
more a problem of cellular automata than a problem of 
vectors. 

When we limit ourselves to two dimensions. the 
descriptive problem is two-fold: that uf boumlary 
description and that of containment. Picture processing 
techniques offer sorne clue for the form~r. ancl scene 
analysis has worried with the latt~r. In computer graphics 
it remains a virgin problem, with the exception of a few 
animation excrcíses where image clippi.1g is applied lo 
planes. 



Raster sean approaches to cornputer graphics 189 

-- -· 
~-- .. •-"'• _..__.....,_._ .. --~----

,. 

~ 
¡: 
!· ~ ... r r¡ f' f ro......l f. 

~ 
,, 
r· . 

e t 

q 
í 

Figs. 23 and 24. 

In describing the boundary of a figure one has the 
choice of defining its contour as a path or its shape as a 
filled-in arca. The contour approach (Fig. 25) appcars 
more appropriate for cxtremcly complex figures. typical, 
for example, of medica! and biological applications. Use 
of filled-in arcas (Fig. 26) tends lo lend itself to regular 
gcometries with few concavities, more typical of en
gineering application~. In thc one case the boundary is 
described andan algonthm fills it with a tone or color. In 
the other case that algorithm is the description. 

Containment is the shape counterpart of .linkage 
structures in line drawing. Just as Iine A and line B can 
share an endpoint a or be: cdges of a rectangle R, or part 
of a camshaft e, blob'A may be within B, part of B, a hole 
for a rod, (Fig. 27) etc. Note that this association is in the 
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problem description and not the picture description. 
Arcas A and B n ·.y simply overlap and not h:lVe 
structural associatio;-¡. 

These problems ar..: new and unresolved. This repo~t is 
about their discovery, not about their solution (yet). They 
are further aggrav:J:.::d with the addition of picrure 
processing. 

Picture processing 
Picture enhancemc:--t and analysis have developed into 

a discipline quite -~para!e from computer graphics. 
Graphics enthusia~ts ).Jve accepted and taken for granted 
the barren backgroun ~ of a (usually) dark green phosphor 
or the whiteness of :.1 sheet of paper or television. Few 
applications have s0 .;;ht to mix drawings with photo
graphs, whether to crc.:te richer backgrounds, orto make 
them manipulable by _ud meaningful to the machine. This 
is in contras! to rea:· projection techniques or so-called 
pcek-a-boo tubes th::·. can superimpose a slide, f:lm, or 
vict.eo signa!, picw· ~~que but unattainablc for thc 
computer. 

A raster sean appr.nch to computcr graphics provides 
the new oppor!unity t·' mix, manipulare, and superimpose 
photographs and Jr,· ·'· ings (Fig. 28). A photograph is 
disti1~11ished from a, ,:.pe only inasmuch as the 'filling i~ 

nc lan~er a single 10, :, ... olor, ur constant gradation, but 
an ~r·parently ranJ. :.1 assortment of gray tones ar. 1 
pos! iule hues. The . :e of photographs eliminate~ 'ihe 
r-re•. iously acceptabk ..:cscriptive procedure of a•s, ribri1g 
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a boundary and fil!ing it. The figure must be described in a 
bit-by-bit fa~hion, faithful to th~~: original input. We 
assume that the eomplexity of the photograph-a tree, a 
faee, or a country setting- is so varied that there i• no 
merit in encoding it fine by fine. 

The programming eonsequence iis that we now have 
entities which are difficult to sea!<?; and rota!e. Notw.ith
standing this diffieulty, the poterti,'\il .of picture making and 
editing is enormous. 

Color 
Computer graphics has worried m'bout the eftectiven,.ss 

and cost benefits of color to an exuent proportional to its 
previous cost, but out of proportion with curren! 
techniques. In raster sean, we ca111 presume color tó br. 
almust free. 

1 he programming implications :are not as simple. A 
serious gap exists between the co!.:'l.r photograph applica-

~PJ 
~=:7 

·p--"""'""-L 

Fig.29. 

:ions and the representation of the m.1ny "l'L limited 
colurs of a sketch or schematic. A popul<~r implementa
tion for the !atter is to matriK the color so tnat n bits per 
point are not commillcd to a <;pecific comb1r.ation of red, 
green, and blüe. With eight planes. c;ne has the 
opportunity of attaining 256 color~. which, mth a matri.< 
~cheme, may be 256 shades o( pink or a c.ourse section 
through the entire spectruJTJ (see Fig. 29). 

Pi~ture processing arplication~ (for example, LAND
SAT data) tend to require m0re colors, w~ich, in the 
implementation described, mean more planes anda larger 
mat!ix box. Ultimately, the notion of vlan~· makes less 
sen se, and the programmer would Lle much ¡,¡.ppler to see, 
say, his five bits cach of red, ~reen, ~.1J J!ue as conliguous 
in a half work (see Fig. 30). This is a fundamental 
incompatibility with the pbning approacl! for which we 
have lobbied and which can be resolved Ol'ly with the 
specifics of an appiication. For example, problems of 
color sep;,ration would profit from the ¡Jiar.inp, ieature. 

SOME APPLICATIONS 

Grapliic desig11 
The coneems of a graphics designer include the 

ty:Jography of books, the layout of journals, direetional 
sigPs for cities, and the fabrication of advertisement and 
symbolism. This is what we will mean by graphics in this 
section. lt has been ch')sen as a sample :lp!)lieation 
b.:eause of the inherent need lo mix high-quality 

Fig.30. 

Fig.31. 
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characters, drawings, and photographs (Fig. 31). Cur
rently, in pagc layout, gallerys, artwork, and photographs 
are pasted up in a most laborious, time-consuming 
manner. Efforts at automation[IJ-15) are still in their 
infancy, predominantly off-line procedures. Raster sean 
techniques offer the opportunity to assemble camera copy 
on-line. 

The use of raster sean displays for high-quality text was 
first illustrated at Xerox Corp. (Figs. 32-34, by eourtesy of 
Xerox Corp.), using on-the-tly sean conversion teehniques 
on an 875-line television display. Since, othe:~ have 
improved and impl.:mented these teehniques so r,¡at the 
typefaee on a CRT can approximate and e ven (mula te 
those lo which we are accustomed in typeset print. The 
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TlfE STUDIO 

~' Q! kfo" '~' m;no, of !h< <=od-floo< bol<oom 
~'.ótc'1ing his lr.an chcr.ks with thr.ir high borac ridges, thc 
:!;.!\ l:rod forehead, anrl cars loo far bar.k on thc he~d, thc 
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!..:.:n. S.""''onr ,···o•1IJ havc uc.cd a plumL hnc. 

1 ol: !ti hic wiry botly lighLiy ¡¡o as not to walen 
. . 

~ ~-..sF::ee N"'r =w-varr F1' 

Fig. 33. 

'(j¡( • .{;: 
OliÓ~ . 

6vlrril.. 

J!c .~al 6t /N< t:. 
si:.1t!Jilfg Iris 1: 
flat ó:.ud j:•r,:. 
¡f¡;¡J: fít:ir ,·k,-¡¡, . 
t~·rs ¡¡iJ.:-- sd t.. 

. "lr.t;, 
, lllrlmt- 'tar-: 
r:1~ uf 'fÍ(. ;,:r i. 
.ltrn. ~.,h: .. ~~ :r ~ 

¡ }lo/.'.; 

~-----

j 

' j 

. '/ 
:.:.ít.Aev 

.. ,./ 

.1 
" / ., 

. Ol )UCJié.C..f,N(jEJ:O 

·· ,-r(/tDlO 

1 

1 

~ 
! 
1 

·j 
l 
i 

·-.w <'/ !/"' SCMtó-jftVf ÓtJf"-'lff l 
.:J:s m/1: t!:ár /ti;!: b.wt' ridi;>. tl1t 1 
r.,J mrs tcv fnr bad M tltt hd. tlrt ! 
. uní iu tí:arritL"S. llit a¡.,Jtr r,"!,ml 
. !1-frif¡/úf . 
;f:'s¡ ;ud." t /m¡ ;Jtt t l1r 
': $:"rtiJ!I.'' f•'HttJtfrafi{)Jf. "Y y fll't.ui is • 
:.o::/:rad n·,rut·,~¡ítilt!J r.t!J ¡;;v¡¡//t,J/11 ¡· 
! /tm·r 11s.-d 11 p/Jw:ó liltr.'' 
. :.u.'iry l·~oJvligltll¡ !O as t:if /,• "J¡;¡¡ 

~---------·-
Fig 34. 

. . . 



... ' .. 

N. '11:. :> ROPON"fE 

( .-¡1' .nal Xerox work presumed th·.u the resolutior. of the 
j.~tJiuy was high enough (and th.-! screen ~mall enoJgt,) 
nt•t to warrant rcmovmg the 'J;,.:~Ies' m the character 
d.:: cnption. It is true that abo ve a artain number of .ines
per-inch of video (m.:>rc than 100) ¡he scnse of horizontal 
fine iuJi>#..:nou~ to íelévi~ion gue~ ~•way (l~.:uviug a ':.mooli,' 
background) and that with it gc,cs rnuch of the annoyance 
of jaggi~s in character;;. Our v.mk at MiT presumed, 
however. that muen of thc s::.tisfr·Ition resulted from thl! 
'squiggfy' natüre of characters. b=:cause evcn al ext~emt: 
resolut;c:n~ (JOO p0inl$·JJCr·inc:J) ::¡ long, straight, sloping 
line (for ex<tmple, in a 15 poi:Jt Ti~ncs Roman M) exhib;ts 
annoying steps. 

The solution is to digitize char:t.cters on a Jarge gric.;. If 
our Times R0man M is r~ad i111 with a vidicon on a 
300-by-300 single-bit m:.p (F1g. 3 5). it can iJc reduced to any 
size, gl!nerating gruy-tonc~ at the ::-.r1ge~ (!he percentage of 
'h1ts' percal! in the redudion). :h·.:t-; removing jaggics. The 
optical elfcct is one of ~mooth s!c)ping edges and curves 
(Fig. 36). 

Line drawings and shapes aF"e more cumbersome, 
particufarly when ovcrlayed on b:::ckgrounds of varying 
colors. The problem of jaggy re mova! is wmpfe.( and 
rriust be done in fine with the cre::.ttion cf the im<.ge. The 
problems is surely the mosi studi.ed aspect of rast.:r sean 
display techniques[l6]. 

In graphic dcsign application~:, photogrr.¡.hs :.~su~e 
incredible importance as ~oon as L."ley can be cropped 'lnJ 
sized on-line. Currently, we ~>~Dstulate a lwo-s< reen 
sys~em where the photograph :s :ead and presented :::n 
one screen for cropping and then s.caled for placemen~ in 
th~ text on the othcr. 

In graphics application the output medium remains at 
roadblock. Only the most expensive dcv1ces can fay ... ~1 
photographs, text, and fine worl: on the same ph"to
graphic or xcrographic medium. Ciurrently, vid~o (at 1~00 
lin.:-s) just misses the requisite res¡¡~·futions. Twc. thousand 
lines of video over a 10-in. are.:a woulú sati~fy .'10st 

prir.ting needs, but requires thc fol.!II-fold increase of mass 
mcmory, probably excecding evea our enthusiasm a~.c~t 
cost drops over the next two yea!'S. 

frhis ¡~xr \\ilS digiril~ o\-~· ~ ~1 
hu L "'' , ·. lL.-o v~ .:.o ;.¡rr::.t ¿¡ ( ·nc r.:: ,,,,- : 
poínt. Sub,cuur:mi~ 1r \~:J~ · .• JkJ 
du\Hi ro 3~ b\ 32 '-\lfh k1ur bit~ 
'of ur·'\ Wh·a· i('li ····' r··:~din(] ¡•: ! ,"": H. • o''' , ' U1 \. • \. t:: 

j rhorogr:·ril !:lkl (l[{ ;.¡ 

~ranJarJ ~2~ ~in:: tá\ hil'l., 
:monirc.r. Thc: dKtfJLI::: j !tne w. 
b~en cJir~.'ti ir. rhc ,l!íl)¿ of 
hunuallj. r~mo' ir.g gross .P~ú~ 

!'ig. 36. 

Animation 
All dynamic graphics is animation in :he sP.nse oi 

creating fram~s of differing content to support tre illusion 
of movement. This section is limited to animatic.1 m the 
cntcrtainment and art sense of animated films. lts 
distinguishing feature (which scts it apart fron;, for 
example, Computer Output Microfilm) is t.hat it is on-line. 

There are two conse.:ulive consequences to thc 
real-time aspcrt d the 85 a~ an ar.imation machine. The 
first is thc medium of inpu1, l'lhich can te in itself graphic. 
in p¡_¡rt or El ,vhole. This permits the fommtion of key 
frames, diagrammatic description of m;)vements, and 
editmg of backgrounds and 'characte>s'. As an artistic 
n1cdium, it affords the opportunity to 'paint' in time and 
play with effects of transparency and transfigun:tion. 

In turn, thc: u ser can now be a different pe(SC.n frorn the 
one we }lave previously witnessed csing computer 
animation techniques. He is much more an ~r.imator and 
much less a comput<'r enthusiast. In fact, he could he a 
child literally fingerpainting. 

Scene processi11g 
The future television studio wi:t t.e pre-dominantly, if 

not complete! y, digital. Currently, the editir.g of vid
eo tapes is cumbersome, to say the le1st. "!.'~.:: machine 

Fig.35. 
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described here, and its predecessors and successors. are 
the .beginnings of digital appro;Jches to video. 

Aside from the straightforw;Jrd editing of video or 
photographtc information, scene processing features in 
raster sean teclu,;ques are most valuable in their overlay 
upon and mixir.g with alphanumerics and graphics. 
Consider the tin !t: following sorts of examples. 

An architect is mterested in sketching a perspective or 
having the corr.¡:uter generate one of a proposed design. • 
He not only Y.<~nts to see the three-dimensional construct 
of his design, bt•t he would like to put it in its setting, 
currently achieved by using abbreviated line work to 
depict neighbori tb structures and vegetation. In contras!, 
this brand of corrputer graphics would allow him to place 
his design i11 .. r tl•Jtograph (someday a videotape) of the 
environment, prrsuming that he or the computer has 
worried about compatiable vantage points and focal 
lengths. lt is not hard lo imagine automated or interactive 
removal of the hidden scenery and replicating the 
foreground. 

A second .-:·.ar.tple might be a weather forecasting 
system, where s..ttellite photographs reveal cloud forma
tions that (let\ assume) the computer can recognize, 
illustrate, and !abd, and to _ which it can add arrows to 
show their dir~ction of movement. This kind of scenario 
can be postulattd in any application where the photograph 
(or X-ray) i •o be diagrammed through the results of 
picture-processing techniques or human intervention. This 
has been sug¡; ... sted for the on-line diagramming of football 
plays. 

As a final ;:,,ample, imagine painting a photograph. At 
the time of W!" ing, the notion is total! y speculative and 
results from v'Jserving continued efforts to achieve a 
realism in drawing that may well be feasible with a 
'knowledgeable' stylus. If you wanted to draw a trce and 
there was a photogr:.tphic tree at hand, it could be simply 
placed in the schemc at thc correct size and position. More 
exciting would re a 'ltkeness' of tree that could yield a 
variety of foliages in the same species with procedural 
knowledge of how to move randomly around the greens, 
fallen but not elongate, and so on. Or fmally. imagine a 
brush stroke of 'brickness' that can be assembled, com
puting the proper perspective. perhaps with an under
standing of the role and neeJ of expans10n joints! 

COSC!.LSIO'Io:S 

It would be foolhardy to replt1..ate thc parttcular machine 
we have built. lts mainframe ts outdated. its display 
processor needs redesigning and simplification, and the 
software bears the marb of circumstance and adhocism. 
However, as a superset of features. it continues to 
support a broad range of applicalions. exercising many 
approaches to raster sean. We cannot conclude wilh a 
spccific recommendation for one technique vs another. 
!ns!e:Jd, we conclude wi!h ¡¡ eenrral cnthusiasm for raster 
sean teehnologies in computer graphies. based on a host 

· of experimen!~ 
One aspect of ihis enthusiasm ha~ not been stressed 

enough. Thar:., the potcntial of tclevision compatibility, 
underntining :n ,'lart the vanable-line frecdom of the 
existing pa ·.tphernalia. Howcver, variable-ltnc features 
are an eAcu;~iun away from standard televi~ion which 

may not be worth the (()<)S in compatibility. This concerns 
us because of the simple observation that therc ·are 
121,000,000 television sets in use in the U .S.A., and 
57,000,000 of them are color[l7]. 

Computers in the lwme, as a ubiquitous consumer 
product, are no longer complete fantasy. Most of us ha ve 
a beginning componen! for the graphics appendage to this 
home computer. More modestly, we can view it as an 
'intelligent terminal' to the (temporary) amenities of 
time-sharing services. 

Bars, airports, student unions, and many public places 
already host eructe television-based games that are 
(though modest) raster sean approaches to computcr 
graphics. These will be extrapolated orders of magnitude 
in areas of computer-aided instruction, office automatioa, 
and, perhaps most important, the manufacturing of toys. 
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SISTEMA DE II\IFORMACIOI~ GE.rJr~R!!FICA 

VISION GENERAL.-

El nrop6sito rle estB articulo es el de seAPlar la finalide~ rle los -

sistRmes de informaci6n geogr~fic~, establecer un mArco de referen-

cia para clasificarlos y describir algunos·si~~emas t{pi~os. 
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DEFINICION 

Un sistema de informAciÓn geogr2fic~~ o sistP.ITIEi de Q8oprCicesr:,rní_entJ 

es todo Aquel sisteme de computación donde le infarm8ci~n quG se r.,.::.:_ 

nej~ tiene el atributo de posición geogr~ficA de le Bntida~ gener2-

dorc de la informac16n, haciendo uso de ella de forma eficiPnte,ra-

re relacionAr la información entre s!. 

Algunos ejemplos de las operaciones que se pueden realizar san: 

b).-

la correlación de información, dnnde el sistema nos pu~ 

de proporcionar autam9ticamente los dotas de lAs entida-

des vecinAs, o de las que est~n comunicadAs entre s{, -

par carretera, telefono u otra medio. 

la generalización, mediante la cuAl podemos 8Qr~gRr la 

informaciÓn para que estR, A un nivel menor de detalle, 

nos refleje las condiciones de ~reas ced8 vez m~s ex~en 

SEIS o 

El objetivo de FÜmAcenar la informaciÓn cnn su pnsición gengrÁfi ::r' P.S 

Pl de establecerlA coma marco de ref~rencie, que resultA universPl. 

fitrn marco de referencia es el del momento e.-, Pl f"!UB se G"lptF lr1 in-

forrnnción. IdentificándolE' can estos dos w~rámetros tenrir8Mns un --

tr!fm ti ficador r;uA no puede ser duplicPdo, v~ ~U<=! en ur, '''n't'P.nto dPtE'l' 

n1inpdn y en un lugar detRrminAdo soln pue~P rxistir unA snl~ Antirl~d. 

l r1 i~entifica~i6n precisa del lugRr y la fpcha per~iten 8Rt~hlP.cRr un 

c))digo r:ue !JUede servir de maner0 un{vi'Jr.::, fJ::"ir<~ 1.;.:. identifir.r;¡_:iÓ!i rln -



, 

rr-r.ursos ll<lturples, rlF?. infraestrur::tur:=¡ y hum<-·nos. El cor,m irilirnto rlP. 

ell'lh efl emmr.inl Em lRs lPbores ,.rlministrr>tiv;-os y de pl:-->r-,P.='.:'it'íi-1 [1p

aren rarte de lAS labores institucion~lns CUVA pctividPrl tener LJn~ -

¡Jis;JP.rsi6n geogr8ficao 

IOMA DE DECISIONES 

Lns CRUSRS fundament~les por las cueles se 8St~ r~cnrrisndo ~~da voz 

en m~"\'Dr medidB R los sistemas de infnrm;:dÓn IJ8r>.rJr~ficc son IJ~sir~~l 

r:1r -rr tP. r:fos: 

~1 crecimiento en lA demandA de tn~n tip'l dP SP.rvirior. 

lR CPdR vez mayor compleja intP.rpcci~n entre las factores ~u~ 

conforman A una saciedad. 

i~l rlesarrollo demogr~fico, econ6mico y soci~l de nuestros tiempos -

est~ creando por un lado nuevas neresid~dPs, pero t?mbi~n est~ pumen 

tanda lB demanda de las ya atendidas snteriormentR. 

_n esto se suma lA reducci6n proporcion81 de los presupuestos, pues si 

hien ~stos crecen, no lo hacen en 12 mism8 rrororci6n de la dPmFnd~. 

[:-; interesr:•nte señalar []UB pF.lra Pl nñO :2, n00 G8 ttnrlr~ r¡ua r~onstruir 

un nGmero de viviendas y servicios equivalente Pl construido hasta la 

fecha, dado ~ue pera el fin de siglo la pobleci6n Ber~ El doble rle la 

poblaci6n actual. 

Por otra parte, todos los factores ~ue conforman 2 una sociPrlad inte~ 

Rctupn entre s{ y lee decisiones de cualquier sector y e ctJAl~uier ni 

• 

• 

• 
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NUEVAS 

DEMANDAS 

DESARROLLO 

DEMOGRAFICO 

SOCIAL 

ECONOMICO 

ECOLOGICO 

AUMENTO 

EN LAS 

EXISTENTES 

INSTITUCIONES 

PRESUPUESTOS 



INICIATIVA 
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SERVIcios 

SOCIALES 

SERVICIOS 
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1 

vol ~fectan a todos los restantes. 

AA! por ejemplo, si se construye una industria en uné-' pobl::-:cinn Bsta 

tenrlera R Atr8er a le poblar.i6n lo que har8 nue se requierHn servi--

r.ios p~blicos, sociales, viviendns, etc. 

fin ejemplo reciente de 12 complejidad ~P estA interPcci6n RE rl vivi 

do recientemente con le construcci6n de 18 sider~gics L~z~ro C~rde--

nas Las Truch~s, donde al principio no se pudo prever con exActitud 

ni qp pudo coordinar lA interRcci6n do las rlivPrsas depBndcnci~s ~ue 

proporcionaron los s~rvicios re~ueridos pnr la 8fluenciP de h~bit=,n-

tes, present~ndose fen6men6s de ecce~ez, r.?rPstla y especulnci6n. 

Es por estas causas que se re~ueriP de sistem~s 1ue permitPn la 
, 

rn~s 

efectiva y ágil planeeci6n. Pera efectuAr un~ buen~ plr•nerciñn SR -

re~uiere de informsc16n y esta debe inteQrP~SR rlp maner? c~herentP. 

INTEGRACION' DE INFORMACION 

L~ mejor formA de lograr esto es a trev~s dR unR hAse dP rlPtos gPn-

gr8fica que permit8, a trav~s de un lenguajP. ne lnterfAse, lP recup~ 

r?ci6n y ~1 an~lisis de lP informaci6n. 

8~·8icamente lfls decisiones r¡ue reBflPlde r1icho slctFJnHJ son con rm_;pe.s_ 

to ~1 uso del suelo y en decisinnes administr~tiv ?S de 185 institu-

r.iones que tengAn sus actividades dispers2s ge~g~2FicamPnte. 

!In concepto fundamental oue debe resretBr esta interfase entre las -



P O B L A C I O N 

BASES DE DATOS OPERACIONALES Y ESTADISTICAS 

USO DEL SUELO 

BASE DE 

D A T O S 

GEOGRAFICA 

INTERFESE 

DE 

ARCHIVOS 

ADMINISTRACION . 

INTEBRACION DE INFORMACION CON BASE GEOGRAFICA 

• 

• 

• 
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1 

bases de d<Jtos RS d8 que se deben de podRr 0f1r11VPsh ~r 1 ns ;Jase E e~ e 

rl?.tns operntivas de las instituciones con rnr.n o ntngunn nP.cRsicivcl 

dP. intervención manu8l. 

NIVELES DE INFOBMACION 
Par otre par~e, el sistema de información geogr~fica debe RdEpt2rse 

~ los diferentes tipos de decisiones a,ue se f1Uecien presentar: ~sto -

es, decisiones operativas, administrativas, tPctic8s, estratégicas y 

políticas. Para esta debe padr~r agregar lf:, inform i!_CiÓn desde los 

niveles m~s detallados a los niveles m~s generGles de m8nera autom~ 

tic a. 

El objetivo de esto ea el de que la información con la que se toman 

las decisiones pol{ticas sea la misma que con la que se toman las de 

cisiones t~cnicas y administrativas. 

En ocasiones hay una interrupción en el flujo de informaciÓn·y l~s d~ 

cisiones no SOn consistenteS porque 1;- informRciñn no lo eso fin P.j8~ 

rlo de agregación ser{a en relaciÓn a un marco de rRfarenci;' d.;. .. :mdP. -

se tuviera, le división de pa{s en estsdos, rnunir:~_pios, lor.<·lirlr:des 

y predios. Esta servir!a para torna de decisiom~s pol!ticf'ls, estr•1té 

gir.<1s, tacticas, administrativas y operativPs p~rn todo el nals. 

PerR un ~rea urbana se podr{an tener los nivRles de ~reas metropoli-

tann, delegaci6n, sección, .Predio y facilirlades. 

< ;"· 

~o hay que olvidar que las divisiones s ~ivel nacional Bfectan a las 

regiones y que en general no existen a la fecha mec~nismos adecuados 



N I V E L E S 

• AGREGACION DE INFORMACION 

PAIS O AREA METROPOLITANA 

ESTADO O DELEGACION 

MUNICIPIO O SECCION 

LOCALIDAD O MANZANA 

PREDIO 

TOMA DE DECISIONES • 
POLITICAS 

ESTRATEGICAS 

TACTICAS 

ADMINISTRATIVAS 

OPERATIVAS 

• 
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1 

pArP determinar el impacto de una de~isi~n 8 nivel nocional en el ~M 

bita regional. 

Lns sistemas geográficos pueden obviar este rroblr!mP, yp que se rue

rlP.n tener sistemas de cubrimiento region8l.o nacional 

Las clases de informaci6n donde la informaci6n re~uiere de la iden

tificBci6n geocráfica son muchas y muy variadas. A efecto ilustrati 

vn mencionare~os las siguientes: 

Recursos F{sicos 

Recursos humanos 

Dbros de Infraes

trurtur;::~ 

rrorlucci6n 

Todo tiro de recursos n~turales 

bosques 

- lagoE 

- tierrPs de cultivo 

población 

- mtídicos 

- maestros 

- puentes 

- lfneBs telefÓnicas 

- c¡:orninos 

- distritos de riAG~ 

- rnzns 



- forRst::l 

- de r;erv ir~ios 

~n fin, se puede r~oncluir r¡ue toclr1 8r:ttvidmi htJr,):·•nR se r!P.sr-'rrolh·

r1r-"·n f rD dP un ~ontexto geográf ir: o, si bien h¡_ y i=ilcunos en los crJ~les 

8StQ contexto no es significPtivo. 

ETAPAS DEL CEO PROCESAMIENTO 

Ahor~ bien, dentro dRl procBso de uttliz8cj_JÍn rle in~orrn·_,ciÓ.l 

fic~ tenemos tres etapas biBn dRfinidas ~us Eon: 

AnAlizAr las relFcion~s f{sic~s entre los -

factores del merlio ~mbiPnte. 

- uso r1Pl suelo 

c~racter{sticas f{sic~s 

- obrss de infrAestructura 

Se complementa con inFormaci6n estR~!etirP 

y sociDBCfJ·ltrüca dP. ':lr:~ses de rlatos instj_ tu-

cionales. 

- pobl2r:i6n 

- valor r!e lv propir!dncl 

L Tr-Pf.\ III.- SE' anr.l:i.za el Afecto rlR 1_;-·[:~ rwl Í tlc.,s IJ Cr:<ir, 

bias~ prnpuest8s en: 

• 

• 

1 



- ~>erv ic irJ" 

lliV['lf!s con respecto n la 

. . , - A61gnac1on dP recursos 

- rleterminAci~n del usn rnten~i~l del sun~r 

DESARROLLO DE UN PROYECTO 

t-: n -, , r , r--: '~ X • ,.,_ -. n - -, .J.L.fl, ¡·,.-, 

, 1 . . , J. t , :ur,p 1. ;=¡n r-'s prem1sas r¡ue se mene J_IJnr¡r¡:-:11 ;1os c•:>r lr'r-nF?n .F • 

• l ;~s ir,plic;-~cinnes son: 

el gRoprncesnmientn jurir:r:i_r· 

r:irmales. 

teo. 

r;).- los usos puerlen ser multiples. 

el).-

ponible. 

e).- i 
. . , • 

se r8r¡u. ere dP. aSl.QnF'ClPn rle rpr·tn:•¡ ._,:-¡ fin;,nr: ... P · 'l'-", ,.,. tr:>-

riRles y hurnanos. 



' (-').-

c,ue Getermine tEmto l;:s nP.cosioP.rfPf, r~u,· 'r~L~ ·:u .. :;lli.· ,, :.~ -.-

tcPll.l cor.m 1<'~ información oue el sis l.Ci.·í ;Juer1e <~bsn:::1w~ r'].J'.=>·· 

t:=.~msnte. 

,, ) .-

IJf'!cto. 

• 
1 :r 3~·Loi<~nto f1Uer1e clasi ficr:JrSe r.Cl'o~l] informe l~5..ln: 

resul t¡· r;ue los prncesor. 1iel sistP.III" so,-,: 

• 



• 

• 

• 

CONSTRUCCION y 

M.QNTENIMIENTO 

MAPAS 

BASE 

INSTITUCIONALE.S 

o 
IMPRESORA TERMINAL GRAFICADOR 



• t ió i . f . , , ] . 1 
F.!X racc n re 111 orrn::w1nn, :,r-e;un P _ rr.·o"LP.\'1:::>. 

resolvRr y pror~so de 1~ inform~ci6n. 

Los resultBdos nueden dArse en forme dP list2dos de impresora o m~-

fJRS re el izados por impresora, resultados por pantalla-, de cPrc:rcteres 

alfanum~ricos o de vectores y graficAdores. 

~YELES DE RET8LWE 
E lOA diferentes niveles de detf:Jlle de .le- inforr.Jr;ciÓn ~e pUF? dE' P. S tr. 

bler~F'J' un:=- c:lRsifir.Ación de sisterr,?s riP. oenproces~:m:i ento. 

Los Histemr~s f1UP.den ser 8 nivel rPginni:'l n urbr'nil riE'mtro riP r~::·cl;:; unr1 

~:inr· ,, Rl oeoestad{stico. 

• 
. . , 

; 10 ~.J. C.lOil 

i , 1# 1' t . . rl .::r'"""~f' y"~r ejnnt;¡lo, ubir::¡:¡c on de J_ne¡:¡s P. er. .rJ r:r.s, F' 

¡;"-, drRn'-" jP. rlentro rJe un2 ciuri<'1rJ. 

lnrlir:an lr-· utJic;:~ciÓn dP. sus frtcilir>:cJes. "?.l rJIJjet.n r:e ~enc·•rHfic:::r-

• 



• 

INGENIERIA LIMITES LOCALIZACION ESTADISTICO 

NIVEL REGIONAL 

• NIVEL URBANO 

• 



r,,c,ci_Ón de c!Pm2ndn r1B SP.rvicio cnn L·· de f;•cilid~deF,, cr,n ,,~-•jetCl rl~~ 

:lléinDRr rnejor el mpntenimiento y exhmsliÍn ~~e 1 ;:-,s f::::r:llir:;:"c'es er1 run ., 

r.inn del crecimiento rlP. lñ rJemc-,nrl;:;. 

~IVEL DE LI~ITES URBA~OS.-

~stR nivAl rs el resultado de un c~t~strn urbPno '' el obJ"CtQ dP QP.O . ~ -
cocij fir.r:trlo ruede ser por ejemrün, l~ r'Pter:,Jinc cinn de los prPnir•> y 

el V8lor de lns mismos,>r;ue se ver~n ufP.r:t;-;\ns por la C'nr!strurr::ión de 

un:-> nuevfl AvenidP. TambiPn puPr~~~ f::nr11ir ~~!:C,rr:· rfR tP.rmirt2r ; cu2l:or--

fJ re rl i os fl A 1 FlS p u e d P. re val u R r • n f 1 lfl e i Ó n el P e J rn P. jo r sEr v j r. in r~ u o s r~ 

les proporciona con esa AVenidA, Rte • 

. 
;: I'.Jt~l. DE UJCALJZACIOr~-URBANDo-

puedP servir pF-lrR dRtermin:::Jr e) m~rcr;do potfmci;:>l de un nuE"vQ con--

vnt8ntes, etc. 

::IV~L GEOESTADISTICD.-

En este nivel yr~ se tiene lñ inforlil8cj_Ón í=11JregAd<, ;:, nivel r:e secciÓn 

o r:uartel y su uso puede enfocR.r :. "' la comp8rl"lción reL:t5vr> rle eH-

versas se~ciones en cuanto a nivAl de pehl~ci6n .V de fRrj_lirlRd8s y 

servicios, etc. 

• 

•• 
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A niv~"'l T'B!]inn:•l se puoden tm1e1' los !nisr,,n!. ·lÍVBlt:s c:ir-' r:rtDll Ir· rJr: in 

forr:-,¡:-;ción:el nivel de ingenierL1, P.l r1e lÍnli t.ns, rle lr.r:c.l i z:·r.jJ''l ~~ el 1 
r_:s t:·cl{sti_,:o. 

prpr.isión, lo qur-~ har!a r:¡ue r"fto AE! pwiiE!bP.n r:l:·~~ifj_car P.il ?Sta r.:=Ji~8 

'":n ;1lgunos p;:¡{ses en 
, 

.:¡:¡rtf'~r;:: firr,c, G r:sr·.;--1~-,' 

~:Zlnn, pRro son reAlmente escRSRS. 

1 

1:?G oon. 

lPs IJ su utillzr:ción puede flGr [.~r.mr-;jan tE: ~-1 r:orrF·['ponr:i r::nt•· ur 1:.::r11J, 

;.: 1\li:~L LDCALIZI\i~IDI\i-REGIDrH,L.-

Fn lr-- ;:¡ctualic:nd, se est~n des<'rroll;:Jndo b;:>flcr~.c: rJr-' c~·c.t:r-J:i r1• rf-:t..UJ fJOS 

r:UP BGtan 8 J.;=¡ 8SC8l2 1:25 nnll 8 1: c..~f1 ilrJrl el~·'f¡r¡:~dr:JS ~ ~:J' •Vé: r.'t> - • 



• 

1 

• 

r-I ti;~;:. efe s8tr.li tP.s • 

rlt"-1 ¡-:uP.lo, la determinAción drJJ 8rea cultiv· . ..:.d~¡, p,:~r; • 

. · rv .. l GEOE.ST !-\DJSTICD-REGIDrJAL.-

infnr;.lación; tcnto rle recursos romo socioer:i.inÓ¡,,i en. L::>::. ::>.ctivicl¡:¡[!,cor, 

nar? l:::s r:1Je puede usarce P.ste tipo de er::nr.:1J rh" i~;:;tns Bnn sr'nt1rlc:·c·. 

:~:-:: c.:pr·. ir, podemos seleccionar entirlcrlec r;ue cu¡;,;:lfm una f'nr-i E r!e r~-

~ui~itos, por ejemplo, todos a~uellos cuyA pobla~ión see m2yor dR --

100000 habitante5 y que sdlo se tengBn 10 hospit8lP.a, etc. 

En general, el costo del desarrollo de los sistemas varfa geometric~ 

mente según el nivel en el que se trabaje. P.s~, si un sistema geoe_!! 

tadlstico para todo el pa!s cuesta 1, el nivel siguiente costerá 2, 

el siguiente 4 y el siguiente 8~ 

E~ general los geostRdfsticos m~nejan soln jnfnrma6ión nomfn~l y lns 

otros ~•anrj8n información ordinPl con cadA vnz mRy8r grndo de rlet~llR. 

L¡:s vent8jAS de los niveles 
, 

mns 

8QJ'P.gAr in formc:-ci6n par8 alimentAr P.l siguj pr·;te niVf-"!1, IPÍ8ntras r!ur 

ln ~ontrario es imposible • 



1'-lu!, ~;i s~~ des~-Jrrolln' un f'·iStE!mr- c!e lf1ni tRs rtJl'< l, con cnf' 

;JOd:rP.mos tener tcmbién sir>temns (e localia~ -::ir'in ~~ Pst;::rl{r: t ir ,:¡e;, r:ur-: • 
sin rlispon~r d8l nivel de l{mitPs rur~l. 

CL.l}SIFICACION 

1 

; 1).- G~nco rle Dntos !leof]rhficn ele Cf-:Fí'.'PL 

y usn potenciPl. 

¡:-1 fnrr.JéltO dr. lB informucinn 8lftlrJCP.IlN!n fJBTiilÍ t~~ tene:r un::; nr·r>t~isi8n v;-. 
' -

rl~blR de n~uerdo a lns necesidAdes d~ det~lle rle 1~ ZOil' 

el (iseño del fcrrn:::¡to---y el usu::rio puede el;:-horrr ··:u"l~uj r.r tipo riE -- • 



~rpgunta r!U8 se puedc:=m desr.ompnner c-m un,1 cnllbin~·:i_CÍn hool? .: ,~. rJp 

precuntas o predicados elementaleso Su nivel es de lacRliz~~i6n -

rng 1_r:mal. 

Cnr:-n ejemrlo de les preguntAs r:uo P.l Disternr-~ pup,c\p rREi!liJnrier tenP-

i,HJS: 

qtdi pueblos tienen 
, 

fnRS de mil h.;hi t.:.ntes 'J nn t :i_Rnrn me rl j_;; S re 1~ r> 

ruun ir: ación? o 

, 
.. .-¡u e 

vi~r ~n una ciPrta zonai, Rte. 

rl l . ·d·' ·-s d 't r-.: r znn;--, se r: 1v1 10 en ¿_ r-ua rns y es os ; su vez se divi~ieron Rn 

:; u ;1 P. -ro f i r. i nl e !:_; • - Son todPS P~uellrs deflntrin~ 

gul~'I' COIIIO C'lr!'P.ter8S 1 l{nE'OS de t.FÜPfOil[l.-, 1 1:: ¡,c. 



rí'·1r;.- lA consulté_-. se tieeen funcinnm-> rP-1. ~innür'~"S y rutln::s, ¡:¡rfprn2~ 

. f . 1, . 
(•r> ·unr.~_Ofll:-'8 Dglr.RG. 

Deter\ÜnF zonrs, cundros fJ 

e.ntrt.. 
:.iue ¡:;J. IJclor de la propior!c:H1 se PflcuentrP."2 v;··lflrr:?s r u8 

88 inr!ir~~,;n a continur:d.8n. 

T! a.JP.L ,•- ;~uf:'. el valor seP iQUéll. 

Lc1 funr.iÓn BUSCA nos inciiL:c, Ir funr:iÓn c1e bÚ·~r!ue::: y el 

nivel al cuBl se hRr.e lA consultr. 

~lgun~s de I~s funciones lÓgir.as S8n: 

PRO ( n1,A2,A3).- BÚsquedn de prnpied;:des. 

dondP: 



A1.- f\rúmero de lA pro;Jied?r! bmicm1R. 

n·-, 
¡\e:... o- Función relacional. 

f\3.- Valor dado. 

EVALlll-1.- Sirve para hacer una evalu~ción de l~s propiedane~ de un 

lugar. 

CERCA (A1, A2,A3,A4).- Permite relacionar propiedades de diferentes -

lugares y consta de 4 argumentos 

Primer arregloa 

A2.- Segundo arreglo. 

Distancia deseada. 

A4.,- Nivel dA b~squeda.· 

PUEBLO.- (t'l1) Sirve para encontrF.rr los pueblos pnr medin de un nÚm8 

ro previamente asignado. 

Hf\YVIA (A1,P2).- Determina ~ue tipo de caminos n cnmunicacinnes ~UP 
f 

llegan a un publa~ 

A1.- Es el tipo de comunicación. 

Es el número del pueblo. 

SERPUG.- (NUM, ~, b, e, d, e, f, g) Indica lo~ s~rvicins con ruP cuen 

ta una población, de ocuerdn a 18 clnsific8ción de lA cGrta 

de Uso del Suelo de DETt:i'.:P.L,. 



booln~nos como el A~D, OR, y ~OT. Furliendns~ cnnstruir rro~unt~s -

co;nrlej• s. 

[1).- SistemA GBomunir.:ip;:-1 ,-IR 1nfo-rl:laci6n.-

t:str, sistP.Lln er: del tipo geoestc'l:i!sticn-rPg 1onal y lE unidr-•r' b~:::·ir:::~ 

rlr j_nform::·ci~n eG el municipio, por lo tanto, cu::;lnuier lnfrJrr.Jr:ciÓn 

~ue sP rleseP aliment2r a lA b~sP debe cumpli~ ~on lP restrirci~rl dR 

Rsb'·-.:- levr ntGdF' a nivel municipPl (1970). 

!,r:;r rnRdio r'A este shltem8 se puf'r-IF!Il conocRr Jél inform;:H:;i.¡jn de muni

ci;ü~Js o est:::~r::ltJs, construir conjuntos. dP munici!lios :;ue sumplE,n ~~,-,n 

ci8rtas condiciones especific~des por el usu~rin, obtener re9ortes -

cnn lnformí"'r:ión y formatos seleccionados, cr-r•a:':' for'''Ul<-1 :> e Índices v 

;-::11 i.r:r-:rl2s B los municipios. TEHnblén se punre ,-.nC~lizsr lof3 mu:-ür.i-

;!inn cnn rnsperto a sus vecinos inmedintos. 

:::1 nistemp ti.ene las siguientes ftJnciones: 

r::rii'·13!1LTA.- Se tAcha Rl número del munii:ird.o y" cClntinu;:>r.:ihJJ ~r;-;rr!

cBn lon dAtos del mismo. 

T2mbi~n se puede consultEr por Lstndo. 

VEC~~OS.- Nos da el nombre y cil~ve rlB municirins vecinos. 



MUNICIPIO 

NIVELES DE 
INFORMACION GEOESTADISTICA 

ESTADO 

PAIS 

MUNDIAL 

___ __j 



cc;·J.lllíHO 1.-

¡,tU;:~; TRA. -

CmjJlJI\JTO 

DEFif\'E .-

..., .::...-

DESPLIEGA.-

FORMATO.-

dflo 

1\Jos da les clrJves eJe los rnunic_i_¡l"i.os incluirlos P.n un 

conjunto. 

Sirve para unir, intersectar u obtener Pl complemR~ 

to de dos conjuntos existantps. 

Permite definir un conjunto arbitrArio. 

Permite construir Rxpresiones algebraicas utilizanrlG 

Lualquier tipo de lndice o variable definida anterior 

mente o 

~1uestra los conjuntos, entid=3des, formRtns, r:srnpci"s o 

Indicas que est~n en los dirnctorins. 

P5re definir el fnrmato de impresi6n y l~s v~ri~tles 

r¡ue se imprimirÉm. 

IMPRIME.- Imprimir un conjunto con un form8to definirlo. 

cnRACTERIZA.- . Se puede obtener rara un8 v2riBbl~ o {ndice Al valor 

t L 1 , • ll • d" o~e P max1mo, m1n1mo y promr 10. 



r.;d1LJZA.-

ción nel municipio en relm-::iÓn él sus sP-rvicios cnn _ 

respecto 8 un o m~s v2ria~l8s. 

E.::JTR!\TIFICA.- :5epcr2 en diverson estractoF, un cnnjunto util5.z:::¡n¡j¡¡ 

algunas vAriables o {nni~e cnmn critRrin de estrat~-

ficer:ión. 

~8tiv~. Se le h~ estado agregandn otrn ti~o de infnrm8ci~n ~nmn pnr 

~~jeu~:lJ.n le del Elanco ne Credi to flur::'Jl, etr.. 

~jstemR ds Informaci6n de uso del suelo y rB~istr~ de 1~ propiPrlarl 

nG l~s ErovinciRs marltimas de ~Rnad~.-

Lc'S provincias ln:=Jritimas de Canpd~ se uniero1~ pr:-T;::: lfJgrr:·r lns siouie!2. 

tP.s Dbjet].vns: 

RP.;-::lizar la geoclesiíJ y ll18fJE'.O int.<~grc·clrJ como base fl'JI'<j -
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ficas, usando 18 información de los predios, obtenidas en 
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RESUMEN 

Se presenta un sistema de información urbana con geocodificación que 

permite la integración de información de diversas fuentes, facilita~ 

do su agregación y presentación, especialmente en función de la dis

tribución geográfica. Realizar este tipo de operaciones por medios 

manuales o sin un marco de referencia adecuado, consumiría cientos de 

horas hombre. 

El sistema puede ser una herramienta muy útil tanto en la toma de 

decisiones administrativas como en la planeación. 

····~ 
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CAPITULO I.-

INTRODUCCION 

El medio ambiente ecológico, social y económico actual, está plan
teando demandas nuevas e imprecedentes, en las posibilidades admi
nistrativas y de planeación. 

La explosión demográfica está provocando esfuerzos en nuestro medio 
ambiente. Durante los últi'mos 50 años se han producido más bienes, 
que durante todos los años anteriores registrados en la historia. 
los vehículos están saturando las vías de comunicación. El aumento 
de fraccionamientos está inundando los sistemas de alcantarillado. 
El gran consumo de energéticos está contaminando el medio ambiente. 

la efectividad de los gobiernos locales, se deteriora constantemente 
mientras las demandas siguen en aumento. Por ejemplo, la cantidad de 
basura por persona está aumentando constantemente. Al mismo tiempo, 
el tamaño y densidad del área metropolitana aumenta el problema de 
los basureros. En algunos casos se debe transportar la basura largas 
distancias para llegar a las áreas apropiadas. A esto se une el au
mento de crímenes, necesidades de más escuelas, agua potable, alcan
tarillado, etc. 

Todos estos problemas recaen en los administradores. Tienen que r~
solver los problemas duales del deterioramiento de la productividad 
y el incremento de demandas de nuevos servicios.- todo esto con pre
supuestos reducidos. 

De acuerdo con estos problemas, se plantean interrogantes cada vez 
más complejas. Muchas de estas preguntas requieren datos de múlti
ples áreas geográficas y funcionales. Por ejemplo: 

¿qué impacto tendrá un nuevo fraccionamiento, sobre las 
escuelas, transportes, protección policiaca, drenaje, 
agua y alcantarillado?. 

¿cuál sería el impacto probable de una orden de reorde
namiento urbano?. 

¿cómo se puede incrementar la productividad de los siste
mas de protección contra incendios, con objeto de satis
facer las nuevas demandas?. 



¿cómo se deben desplegar los recursos actuales de 
patrullas policiacas para cubrir los cambiantes 
patrones sociales y criminales, sin sacrificar la 
seguridad pública? 

Estos complejos problemas a nivel político no se pueden decidir con 
sistemas de información que únicamente proporcionan una orientación 
fucional. Se deben recolectar datos a través de fronteras funcionales 
y geográficas. Si no se tienen las respuestas adecuadas, es imposi
ble la administración y planeación del medio ambiente ecológio, so
cial y económico, actualmente complejo. 

---------------- --- --~---- --- -------- ---- ------- ------
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CAPITULO I I . -

GEOCODIFICACION URBANA 

La Geocodificación Urbana es una técnica reciente de procesamiento 
de datos, que se ha desarrollado para satisfacer los requerimientos 
de información de las agencias gubernamentales estatales y locales. 
Básicamente, relaciona la localización geográfica con las bases de 
datos e><;.istentes (por ejempló, la localización geográfica se puede 
relacionar con los archivos de incidencias de policía, archivos de 
población escolar, etc.); la geografía es el común denominador que 
puede ligar virtualmente todos los datos. Los archivos del depar
tamento de policía contienen información acerca de dónde y cuándo 
ocurren los casos. Los archivos de propiedad, así como los de per
misos de construcción, contienen datos acerca de dónde se localizan 
las cosas. Los archivos de salud contienen información acerca de -
quién y dónde, etc., y se podría continuar la lista indefinidamente. 

El problema es cómo relacionar estos datos salvando el obstáculo que 
representa la diversidad de límites administrativos. Todas las agen
cias tienen sus propios métodos particulares para registrar su infor 
mación. La solución sería relacionar de alguna manera esta informa-
ción, con un común denominador (esto es, una localización geográfica). 
De esta manera, se podría recuperar toda la información pertenecien
te a esa localización, sin importar en qué base de datos se tenga. 
Esto es, en esencia, la geocodificación. La geocodificación urbana 
puede integrar y correlacionar los datos a través de los límites -
administrativos de diversas dependencias, añadiendo de esta manera, 
toda una nueva dimensión al procesamiento de datos. Con la geoco
dificación, muchas dependencias pueden estudiar las bases de datos 
extremadamente diversificadas de otras, relacionando los datos en 
una base de datos geográficos común obteniendo respuestas a preguntas 
específicas. Anteriormente, bajo condiciones manuales, los complejos 
proyectos relacionados con el intercambio de datos entre diversas 
dependencias, hubiera sido prohibitivamente costoso en términos de 
hora-hombre; inclusive imposibles. 

GEOCODIFICACION URBANA.-

La Geocodificación urbana puede ser vista como un proceso en tres 
pasos: 

1) Utilizando mapas se analizan las relaciones físicas o geográficas 
entre las diferentes características relativamente estables del 
medio ambiente. ¿cuáles son los usos básicos del suelo (por ejem
plo, granjas, minería, residencial)? ¿cuáles son las caracterís
ticas físicas del área (Terreno, cuerpos de agua, tipo de suelo)? 
¿cuáles son algunos de los rasgos de infraestructura (presas, ca
minos)? 



2) De nuevo, usando mapas, junto con datos estadísticos de varias 
bases de datos, se determinan los patrones de actividad genera
dos por los diferentes usos del suelo. Cuáles son las rutas de 
tránsito colectivo, las poblaciones escolares, los valores de 
propiedad individual? 

3) Se analizan los cambios propuestos para uso del suelo, facili
dades o servicios que afectarán a estos patrones de actividad. 
Por ejemplo, ¿cómo se pueden redistribuir las estaciones de 
bomberos para dar protección a nuevos edificios actualmente en 
construcción? ¿cuál sería el efecto de un nuevo puente o carre
tera?. 

Estos tres pasos podrán consumir incontables horas hombre si se hacen 
manualmente; se tendría que investigar en archivos enteros de diferen 
tes departamentos. Con el geoprocesamiento de la información, una com 
putadora podría hacer toda la búsqueda y correlación de los datos. -

VENTAJAS DE LA GEOCODIFICACION 

La ventaja más grande de la geocodificación es su potencial habilidad 
para incrementar la productividad; supera la suma de la utilidad de 
las aplicaciones individuales. Puede coadyuvar a mejorar la produc
tfvidád operacional-y de plc1néaci(fn de- dependenc-1as- -fuñcionalm-enfe
independientes, y a la eficiencia de todo el gobierno. A través de 
la mejor información, se podra~aumentar la eficiencia e inclusive, 
se podrán reasignar recursos. Esta posibilidad de reasignación es una 
de las ventajas principales del uso de estos sistemas. 

Ya que la Geocodificación Urbana utiliza-las bases de datos existen
tes, se podría perfeccionar la calidad total de las bases de datos 
individuales, de las siguientes maneras: 

Se podría eliminar la duplicación de una gran cantidad de datos, 
porque todos los identificadores geográficos serían mantenidos 
en la base de datos geográficos y no en los archivos de datos -
operacionales. 

Se podrían estandarizar los identificadores geográficos usados 
por todos los archivos de datos. 

Se podría checar la calidad e integridad de los datos almacena
dos. 

Se podría reducir el trabajo tedioso de codificación de identi
ficadores particulares en las transaccione~. 

Cuando los funcionarios puedan evaluar exactamente las facilidades 
y servicios públicos requeridos por el desarrollo y puedan comparar 
estas demandas con los servicios y facilidades disponibles, entonces 
existirá una base válida para tomar decisiones. Se podrían consolidar • 
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fácilmente los datos de diferentes dependencias para formar una 
base general para toma de decisiones. Por ejemplo, la mayoría de los 
estados requieren de un informe del impacto del medio ambiente para 
un mejor desarrollo. Esto puede ser un requisito complejo que involu
cra datos de muchas dependencias independientes entre sí. ¿cómo se
afectará el medio ambiente? ¿Las facilidades existentes (escuelas, 
agua, etc.) serán capaces de soportar la carga adicional, o se ten
drán que aumentar?. Las respuestas a estas preguntas requieren de la 
interrelación de una gran variedad de datos locales y ésta es otra 
ventaja del procesamiento geográfico - la de ser capaz de integrar 
datos a través de limites jurisdiccionales y funcionales. 

La integración y correlación de la información a través de líneas 
funcionales, puede mejorar las siguientes áreas de política guberna
mental y toma de decisiones: 

Asignación de recursos 
Ubicación de facilidades 
Uso del suelo 
Análisis dé mercados 
Trabajos de ingeniería relacionados con los puntos anteriores. 

Todas estas actividades son esenciales para la planeación de un mejor 
desarrollo. Todas las fases del desarrollo podrían ser cuidadosamente 
estudiadas por los planificadores, utilizando un sistema de procesa
miento geográfico. Por tanto, se podrían trazar vastas redes de cami
nos, cañerías y líneas de energía para las nécesidades óptimas presen
tes y futuras. Se podrían localizar eficientemente las estaciones de 
policía y bomberos, así como otras oficinas municipales. Se podrían 
localizar hidrantes para casos de incendio con objeto de dar la mejor 
protección posible a casas y oficinas. Se localizarían convenientemente 
escuelas y tiendas. Las líneas de transporte colectivo prodrían ser -
construidas donde más se necesitaran. Si se hiciera manualmente, cada 
proyecto representaría un enorme trabajo en términos de tiempo, dinero 
y recursos humanos. Sin embargo, un sistema de información urbano, po
dría correlacionar todos los datos necesarios para apoyar decisiones y 
políticas de importancia. 



CAPITULO I I I.-

PRESENTACION GENERAL DEL SISTEMA 

Un sistema de información urbana con geocodificación puede pensarse 
como una herramienta cuyo valor depende completamente de la habilidad 
y experiencia del usuario. El sistema capacita al usuario para agre
gar y desplegar rápidamente datos geográficos. Proporciona informa
ción para ayudar a los directivos y administradores a tomar decisio
nes efectivas. El sistema no toma las decisiones por sí mismo. 

Los conceptos básicos de la geocodificación pueden ilustrarse mejor a 
través de un ejemplo: Evaluar el impacto de aplazar la construcción de 
un sistema de alcantarillado, en.un área donde el crecimiento excede a 
los servicios; en otras palabras, las facilidades de alcantarillado -
actuales no pueden satisfacer un crecimiento adicional. Un retraso -
sería una de las posibles opciones para enfrentarse al problema, hasta 
que se pudieran construir facilidades adicionales que abarataran el 
costo total del proyecto. 

La geografía del área se representa como una serie de mapas sobrepues
tos. 

1.- El primero (Figura 1) muestra la geografía física relacionada de 
un área hipotética de planeación; el río, los arroyos, y sus cuencas 
de drenaje asociadas. Las líneas punteadas representan los límites de 
las cuencas. El significado de las cuencas de drenaje es que cada una 
está servida por una sola red de alcantarillado, con una capacidad -
dada. · 

2.- La segunda sobrepuesta (Figura 2) muestra las facilidades físicas 
o de infraestructura. En este ejemplo, se muestra la red de carreteras, 
Otras sobrepuestas podrían mostrar escuelas, tiendas, áreas recreati
vas, etc. 

3.- La tercera sobrepuesta (Figura 3) muestra los límites póliticos 
del área. En este ejemplo, zonificación de distritos (comercial rodea
da por residencias, rodeada por agricultura). Otras sobrepuestas po
drían involucrar red de caminos, límites de parcelas, etc. 

4.- La siguiente sobrepuesta (Figura 4) muestra los límites adminis
trativos. En este ejemplo, se muestran las zonas escolares, pero tam
bién se podrían usar distritos de bomberos, distritos electorales, etc. 
En esta etapa, el mapa muestra la fisonomía física, facilidades de -
infraestructura, límites políticos y límites administrativos. Con esta 
descripción básica de las relaciones físicas y geográficas, se podría 
hacer manualmente un análisis elemental. 
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Llevando el problema un paso más adelante, esta geografía puede rela
cionarse con otros archivos de datos, como archiv0s de permisos de 
construcción, archivos de casos de incendio, policiacos, etc., para 
lograr un análisis más preciso de la situación. Para este problema en 
particular, se saca del archivo de predios, una lista de predios va
cantes. Los predios vacantes se relacionan con las cuencas de drenaje 
y límites de zona y se hace un proyecto del potencial de construcción. 
El número y tipo de construcciones propuestas llevan a un proyecto 
preciso de la capacidad potencial de alcantarillado requerida para 
cada cuenca de drenaje. El impacto del retraso del alcantarillado se 
podrá calcular con precisión. 

(Un análisis diferente podría ser el impacto sobre la inscripción es
colar proyectada, utilizando límites de zonas escolares en lugar de 
los límites de cuencas de drenaje). 

Manualmente esta aplicación, podría consumir varios cientos de horas
hombre. Muchas dependiencias hacen análisis de este tipo, únicamente 
para problemas de rutina, y no están relacionados con proyectos esp~
ciales. Este procedimiento completo, y muchos otros semejantes, pueden 
automatizarse utilizando un sistema de información geográfica urbana. 

La figura 5 muestra un modelo simple de un sistema de procesamiento 
geográfico. L0s mapas alimentados al sistema son los sobrepuestos ya 
mencionados. Las características físicas, obras de infraestructura, 
límites políticos y áreas administrativas. El procesador geográfico 
combina estas entradas para producir reportes o mapas que apoyen al 
proceso de toma de decisiones. 
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CAPITULO IV.-

DESCRIPCION DEL SISTEMA 

Un sistema de geoprocesamiento se puede dividir en tres fases distin
tas: Construcción/Mantenimiento, Selección y Proceso (ver figura 6}. 

CONSTRUCCION/MANTENIMIENTO.-

La construcción/mantenimiento, tiene la función de construir, editar 
y actualizar el archivo geográfico urbano(AGU). Este AGUes una des
cripción digitalizada de la geografía de un área especifica, junto 
con sus índices asociados (incluyendo el nGmero de calle y/o parcela). 
El AGU fS un modelo de computación de un área geográfica, casi del 
mismo modo que un mapa es un modelo gráfico. 

DIGITALIZAR un mapa es poner los datos en una forma legible de máquina, 
con lo cual se crea un archivo de procesamiento de datos del mapa. Es
to se logra asignando coordenadas X, Y, a los puntos predeterminados 
en el mapa. Por ejemplo, se .les pondrían coordenadas X, Y a las inter
secciones de calles, así como a otros rasgos, como localizaciones de 
hidrantes para incendios, cementerios, puentes y carreteras. Entonces 
se le da un nombre a cada uno de estos puntos. Esta lista de nombres 
forma el índice de calles que se asocia a el AGU y se puede considerar 
como un Hdiccionario de datos••. Cada nombre muestra la información -
disponible para cada punto y dónde se puede encontrar esa información 
en la base de datos. 

SELECCION, la Selección busca datos apropiados en el archivo geográfico 
urbano, y los correlaciona con los archivos de datos existentes (depar
tamento de policía, consejo de planeación, asesoría, etc.) Por ejemplo, 
en el AGU se puede correlacionar un inventario de carreteras, un archi
vo de escuelas primarias, y una base de datos de parcelas, para analizar 
los sitios adecuados para construir una nueva escuela. La correlación se 
realiza haciendo coincidir los identificadores de localización que apare 
cen en el AGU y en las bases de datos operacionales. -

PROCES~, el Proceso organiza los datos en el formato deseado y despliega 
el resultado. La produccción puede ser gráfica (mapas), alfanumérica (t~ 
bulación estadística o de terminal interactiva). Esta producción se pue-
de hacer en impresoras, graficadores, terminales remotas, o terminales 
gráficas de vectores. El modelo se puede manejar en tiempo real. 

Los mapas se pueden productr en una impresora de líneas, un graficador o 
un tubo de rayos catódicos (pantalla de video). 

Para el público se pueden hacer mapas con graficadores de alta calidad, 
mientras que para otros mapas que no necesitan ser tan refinados se -
puede usar impresoras electrostáticas. 

El proceso puede contener un modelo para preguntas: de ligué pasaría si ••. 
Por ejemplo: 
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El modelo de análisis de tráfico evalúa el nivel adicional de 
tráfico resultante de un nuevo conjunto comercial en el lugar. 
Se usa un mod•:·lo interactivo por medio de una terminal, donde 
se pued~n fácilmente añadir, suprimir o cambiar datos. (¿Qué 
pasaría si se construyeran 13 tiendas en lugar de 8? ¿cuál se
ría el impacto?). 

El modelo de contaminación del aire computa las concentraciones 
de contaminantes gaseosos (hidrocarbonos, monóxidos de carbono,. 
etc.), que resultan de los equipos móviles y estacionarios que 
contaminan el ambiente. (¿Qué pasaría si hubiera 400 automóvi
les en lugar de 50? ¿cuáles serían los niveles de contamina-

. ~ ? ) ClOn .. 

El modelo de ordenamiento territorial mide el impacto de nuevos 
fraccionamientos sobre los servicios públicos, escuelas, faci
lidades recreativas, de salubridad y facilidades de proyección 
contra incendios, etc. (¿Qué pasaría si se constuyeran habita
ciones para 15 familias adicionales? ¿cuál sería el impacto?). 

Estos tres modelos utilizan un archivo geográfico urbano que se corre 
lacionan con las bases de datos para un sistema interactivo que po- -
sibilita a los administradores y planificadores resolver los proble
mas actuales y asegurar las necesidades futuras. Se puede añadir, cam 
biar o suprimir cualquiera de las partes de la información por medio
de una terminal, y el programa se puede volver a correr para las 
determinaciones del último minuto. 



CAPITULO V.-

MANEJO DE LA BASE DE DATOS 

El Sistema de Información Geográfica Urbana correlaciona los datos 
de las bases institucionales, con el archivo geográfico urbano (_fi
gura 7). 

Los archivos geográficos urbanos se pueden construir en cuatro ni
veles de complejidad; explícito, estadístico, de límites, y de in
geniería. A medida que se procede desde el básico hasta el más com 
plejo, se pueden manejar una variedad mayor de aplicaciones; tam-
bién se incrementa el costo y los requerimientos de mantenimiento 
del sistema. 

El nivel de complejidad explícito, es el acceso básico al procesa
miento geográfico (figura 8). En este nivel, cada registro de datos 
contiene el geocódigo. Por ejemplo, el distrito de bomberos está 
contenido en cada reporte de incidencia de incendios; o la cuenca 
de drenaje está contenida en cada registro de predio. Con este ni
vel, se puede hacer un procesamiento geográfico simple, sin el au
xilio de un sistema de computación especial. Empero, existen los 
siguientes inconvenientes: 

1.- No es posible cruzar la información de diferentes límites fun
cionales, a menos que todas las bases de datos estén geocodi
ficadas. 

2.- Es virtualmente imposible actualizar los archivos geográficos 
cuando se cambian los límites administrativos por una nueva -
zonificación, división, etc. 

3.- Las preguntas de 11 qué pasaría si", no pueden ser econom1cas 
porque las fronteras geográficas propuestas no están en el 
archivo. Por estas razones, el nivel de complejidad explíci
to no se utiliza tan ampliamente en los sistemas de procesa
miento geográfico. 

ENFOQUE MULTIDISCIPLINARIO 

A las tres distintas fases de un sistema determinado de información 
urbana (Construcción/Mantenimiento, Selección y Proceso) se les pue
de denominar el enfoque multidisciplinario. Existen tres niveles de 
complejidad, (en realidad existen cuatro, pero no se incluye el nivel 
explícito por su simplicidad) por localización (direcciones y geo
codificación simple), por límites (administrativos, políticos o de
bidos a la malla urbana) y el de facilidades, que defieren entre sí, 
principalmente en el nivel de detalles geográficos en los archivos 
geográficos urbanos. 
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1.- El nivel de localización simple resuelve la ubicación de 
acontecimientos en áreas geográficas (por ejemplo, en el 
distrito de bomberos 14 ocurrió un incendio en Ave. Taxque 
ña 181, o en el área de planeaci6n 5 ocurrió una subdivi-
sión del predio 10-1-24).. Responde a la cuestión básica: 
"¿En qué áreas geográficas ocurrieron los hechos?. 
Tiene la posibilidad de producir reportes estadísticos que 
sirven para el análisis o respuestas interactivas para una 
acción inmediata. Este nivel también puede apoyar la pro
ducción de mapas de incidencia o de densidad. 

2.- El de límites resuelve la geometría de los acontecimientos, 
en otras palabras, las intersecciones actuales de los polí
gonos. (Por ejemplo, en la figura 9. lQué porción de qué 
predio cruzará exactamente el trazo propuesto para una nueva 
calle o carretera?.) El nivel estadístico listaría solamente 
los predios afectados. E1 sistema de límites da una respues
ta geométrica más que un sumario estadístico. Este nivel se
ría útil para el valuador catastral; por ejemplo, podría 
pedirse contribución especial a todos los predios a 50 metros 
de una nueva avenida?. Se podrían preparar planos catastrales, 
para aquellos predios que estén incluidos, aunque sea par
cialmente. 

3.- El nivel de facilidades (o Ingeniería) resuelve los detalles 
a nivel de. ingeniería (por ejemplo, porporciona trazos de 
ingeniería sin requerir de un levantamiento preliminar). 
Ver figura 10. 

Todos estos niveles se pueden usar en el Enfoque MultidiscipÍinario, 
y son compatibles en nivel ascendente. Cada nivel más alto permite 
una mejor visión, pero es más complejo, y por consiguiente más cos
toso en su construcción y mantenimiento. Generalmente es más prác
tico empezar con el nivel de direcciones (localización) y más tarde 
extenderse hacia arriba de acuerdo con las demandas que se presenten. 
El Enfoque Multidisciplinario apoya las aplicaciones en tiempo real, 
como los despachos de emergencia, así como las aplicaciones de pla
neación. 



ARCHIVO GEOGRAFICO URBANO/CODIFICACION DUAL INDEPENDIENTE PARA MAPAS 
URBANOS.-

Ya son varios los países que han implementado un sistema de informa
ción para áreas urbanas cuyas características principales son: 

Una retícula de canevá en proyección cónica de Lambert para 
el caso de Suecia, sirve de base a la incorporación de in
formación en la base de datos (FRIS). 

En Canadá la Unidad Básica de Información está constituida 
por elementos lineales representado un costo del bloque de 
manzana (G.R.D.S.R.) y en el caso de los países escandina
vos (NIMS) E.U.A. (DIME) y Francia (R.G.U.) la Unidad Básica 
es el segmento vial limitado por dos nodos o cruceros. 

La Oficina de Levantamiento Censal de E.U.A. ha creado un archivo geo
gráfico urbano para las áreas metropolitanas más grandes del país. 
Estos archivos se utilizarán para el Censo de 1980 y algunos del Censo 
de 1970, ya están disponibles. Ver figura 11. Sin embargo, algo más 
importante es que estos archivos (AGU/CDIMU) tienen los datos básicos 
para apoyar un sistema de procesamiento geográfico en el nivel de lo
calización. La existencia de un archÁVO AGU/CDIMU para un área en par
ticular, puede reducir bastante el tiempo y gastos necesarios para 
construir un sist~ma de procesamiento geográfico. 

Los usuarios de estos sistemas serán incontables y ayudarán a enrique
cer las bases de información de datos urbanos multidisciplinarios que 
existan. 



CAPITULO VI.-

DESARROLLO DEL SISTEMA 

El desarrollo de un sistema de información urqana es una empresa com
pleja. Es absolutamente ese~cial un apoyo a nivel directivo. Ya que 
el procesamiento geográfico· cruza los límites funcionales, debe exis
tir un apoyo a alto nivel, para cuando las decisiones crucen estos lí
mites. 

Se debe organizar un grupo·con representantes de las dependencias que 
vayan a usar el sistema. Estos representantes participarían en la pla
neación de todo el sistema, con objeto de asegurar la satisfacción 
expedita de las necesidades y requerimientos de todas ellas. Se debe 
consultar a los usuarios potenciales durante el diseño del sistema, 
con el fin de conocer si aceptarán el producto terminado. 

Este grupo de representantes de cada área debe llevar a cabo un es
tudio de lo siguiente: · 

Aplicaciones específicas deseadas para cada dependencia (in
cluyendo los beneficios potenciales). 

Bases de datos disponibles y las que se tendrán que construir 
para apoyar las aplicaciones de cada unidad. 

La investigación y la transferencia de códigos o técnicas de 
potencial aplicación al sistema. 

Los recursos disponibles tanto locales, estatales o federales. 

Entonces se procede a la elaboración de un plan de implementación 
basado en las aplicaciones requeridas por cada área y los recursos 
disponibles. Se podrían añadir al sistema las capacidades y apli
caciones, de manera modular, estableciendo un programa de imple
mentación. 



CAPITULO VII.-

JUSTIFICACION ECONOMICA 

El valor real de un sistema de información urbana, se debe medir en 
términos del aumento de productividad en todas sus aplicaciones. 

Se puede analizar la productividad desde tres puntos de vista: 

1.- Reducción de costos.- Eliminación de algún desembolso de capi
tal en el futuro. (Por ejemplo, evitar la construcción de una 
nueva estación de bomberos, porque el equipo actual y los re
cursos humanos se aprovechen más eficientemente). 

2.- Redistribución de costos, recursos humanos, o equipo.- A través 
de una asignación más eficiente. 

3.- Valor agregado.- Resultado de las posibilidades adicionales -
que antes eran muy costosas o muy d.ifíciles de realizar. La po
sibilidad de establecer una regionalización nueva cae en esta 
categoría; frecuentemente, los requerimientos federales y esta
tales demandan informes sobre el impacto en el medio ambiente 
para nuevos proyectos, y éstos pueden ser muy complejos. Las 
horas-hombre empleadas en la investigación manual, podría ser 
astronómicas. 

APLICACIONES POTENCIALES DEL PROCESAMIENTO GEOGRAFICO 

En toda administración municipal existen aplicaciones del procesamiento 
geográfico. Continuamente se hacen algunas aplicaciones (como despachos 
de emergencia de bomberos o policía). Otras, como la regionalización se 
hacen sólo ocasiona1mente como una función de la planeación. Todavía -
otras, como las inspecciones y permisos de construcción, se hacen ruti
nariamente. A continuación se presenta una lista de las aplicaciones 
potenciales del sistema de información urbana para poblaciones de 
100,000 habitantes en adelante. No pretende ser completa, únicamente 
indicativa. 

1.- Despacho de policía.- Despacho de recursos policiacos basados en 
la asignación geográfica y la historia local. 

2.- Despacho de bomberos.- Despacho de recursos de protección contra 
incendios, basado en la localización geográfica, condiciones lo
cales, y la historia del caso. 

3.- Zonificación escolar.- Planeación de la utilización óptima de las 
facilidades educacionales, basada en la geografía de la población 
escolar. 

4.- Transporte escolar.- Planeación de las rutas de autobuses más efi
cientes, basada en la población escolar y la localización. 



5.- Planeación urbana.- Análisis del impacto de las decisiones urba
nas sobre todas las dependencias del gobierno local. 

6.- Planeación de transporte.- Planeación del transporte colectivo 
más eficiente, modificando las rutas y destinos de los transpor
res alimentadores. 

7.- Recreación.- Localización de las mejores áreas recreativas, basa
da en la _localización geogr~fica de los sitios y usuarios. 

8.- Análisis de delincuencia.- Asistencia en la delimitación de áreas 
de alta incidencia .de delitos para optimizar la protección poli
cíaca. 

9.- Cuidado de parques públicos.- Planeación del cuidado de zonas -
verdes dentro de la ciudad, basada en la localización de estas 
zonas. 

10.- Colecta de basura.- Pl~neación de rutas, basada en la geografia 
del uso del suelo. 

11.- Impacto en el medio ambiente.- Análisis del impacto de las urba
nizaciones propuestas, sobre la ecología y las dependencias mu
nicipales. 

. 
12.- Listas de empadronamiento.- Producción de listas de electores por 

área geográfica. 

13.- Localización de servicios públicos.- Planeación de reparaciones 
y nuevas construcciones de lineas eléctricas, telefónicas, de 
agua potable, alcantarillado, etc; 

14.- Uso del Suelo.- Mantenimiento de archivos exactos de uso del suelo. 

15.- Monitores del crecimiento.- Análisis contínuo de los cambios de 
localidad, basado en los análisis geográficos de licencias y per
misos de construcción. 

16.- Inspecciones de construcción.-.Planeación de programas de inspec
ción, basada en la distribución geográfica de permisos y licencias. 

17.- Mapas base para Catastro Urbano.- Determinación de los impuestos 
predi a les. 

18.- Valuaciones especiales.- Asistencia en el trazo de áreas candi
datas a impuestos especiales. 

19.- Mapa base (Ingeniería).-·Mantenimiento de mapas de ingenieria 
exactos para eliminar la necesidad de estudios preliminares. 



No todas las aplicaciones se usarán en todas las organizaciones; de 
cualquier modo cada aplicación sirve para, por lo menos, dos depen
dencias. Cada aplicación tiene un cierto potencial de productividad. 
La suma total de la productividad justificará un sistema de informa
ción geográfica urbana como el que se plantea. 



CAPITULO VIII.-

CONCLUSION 

La implementación de un sistema de información geográfica urbana 
puede dar muy buenos resultados para los gobiernos estatales y -
locales. Como con la implementación de cualquier sistema compu
tarizado sofisticado, se necesita un apoyo completo y una gran 
confianza por parte de los altos niveles gubernamentales. La 
geocodificación integra información a través de límites funcionales 
(dependencias) y jurisdiccionales (políticos); el procesamiento 
geográfico no puede justificarse en. base a una sola dependencia. 
Por tanto, la construcción, mantenimiento y uso del sistema, re
quieren de la completa cooperación y compromiso de todos los fun
cionarios, además del coordinador del proyecto. Sólo entonces se 
pueden obtener los recursos necesarios para tener éxito, facilida
des, dinero y personal. Se debe consultar al funcionario de nivel 
m~s alto durante todas las fases de la planeación e instalación de 
la base de datos del sistema geográfico urbano. 

'pg 
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I 

PHEl-~-,ACIO 

El ob,ietivo principal del Banco de Datos CETENAL (BDC), es re-

solver en forma rápida y confiable, gran cantidad y variedad de pro-

blemas sobre el mejor aprovechami~nto de los recursos del país, que 

requieren el manejo de información abundante y compleja. 

Actualmente, con la ayuda del BDC, se han localizado cuenc-as le 

1 
chcras en el 5.rea de ÜJO Cabentc, Zac. y en las áreas de Celaya, 

GJuerétaro, Cortázar, Apaseo el Alto y en el Estado de -AguoscaJien-

Les se han scfialado rutas par·a carreteras, se han loc3lizado lug:Jxcs 

aptos para desarrollar ciertos cultivos específicos, y se han propw~,'-l 

lo lugares apropiados para una aplicación dada, con base en solucio-

nes anteriores. Sin embargo, la solución ele es los problemas apenas 

indica el inicio de una serie de aplicaciones en planificación regional, 

es ludios económicos y olros as pcctos. 

Este manual hace posible el :1cceso del usuar·io al BDC, (;on un 

lenguaje de fácil aprendiza.1e y comprensión, que no n~quicn~ conoci-

rni_enlos previos en ciencias de la comruLaCJÓn. 2 

1 
Véose r~eferencia 2 p:1g. 180 

¿ 
Véase referencia 1 pag. 180 
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V 

RESlJMEN 

Este manual explica el lenguaJe de acceso al Banco de Datos 

CETENAL (BDC) cuyos programas están escritos en el lenguaje FOR 

TRANIV. 

Una característica de este lenguaje es que dentro de las restric-

ciones que otorga, es ilimitado en su con.s trucci ón de predicados o 

preguntas. Se le facilita a1 usuario su rápLclo aprendizaje, sin tener 

conocimientos previos de programación o de comput-ación. 

El objetivo del BDC es poder conl~slar preguntas en forma rá¡;i-

da, tales como: 0 En qué lugares de la Hepúbüca Mexicana .se cose-

e hará mejor e] maJz?, ¿Qué partes de la Hepúb1 ic;-1 Mexicana es 1 án 

a m5s de .)0 k1n eh; Jas redes (]<? carninos y cart·eter<:Js existentes?, 

6 Cuán! as carrete r·as nué~vas se deben disei1ar y por dónde van a pa-

' 

sar?, '¿~ué Jugares son apropiados para el turismo?, ¿En qué lu~~a 

de 1000 h3hiLJnlc~--; y no tienen Jnc:dws de corr1UJUc<'ClÓn?, ele. Con-



VI 

Lut·!uso e: i rnplicaría pérdtda de tll!r;;¡Ju. :) 

En es te manual se dese riben L~:; :\;: 1l·1o:ll'.-; , 1uc cons ti luyen el len-

r;ua¡c del usuario; se incluyen e_jem~Jl-1.--; ~- :-;·,:_-;"'~Ilirias gráficas. 

T~u:1bién en eslc rnanu.J.l, como •J~!-~t ;·:tS•' del eDC, se describen: 

,, . 
qul' px-oc csan y 1ne1non-

z;_.¡~¡" l.J.~-; ~···:periencias de.->3.!'rolbd~t:-; ··n l:l _-;ultwión ele problemas muy 

:·:.,¡,-~()r·e;; con:uncs que existen en es 

¡·¡··:t•.·t.t:-:> 'Hl.,• i:i .:<!!'.!.·, .¡.- Í""''iJlt~ ,j,_.,.;:,¡-¡-,¡llo ur·lxll1ll. 

pt'opte<!.J.de::; C:..1n1unes CXL':i tente::> v m.J.s precisa la ubicación ele zonas 

de posiblt..! dc.,;.u:-rollo urh:1:1o. 

;.; \'é.J.se referencias 5, 10 pags. 180, 181 



7 

INTRODOCCION 

El Banco de Datos CETENAL (BDC) es una herramienta para ma-

nejo masivo de la información (producida por CETENAL y contenida 

en las div;;J,}.~;;as cartas), que describe el ~1e_gi~~eográfico y socioeco 

nómico. 4 

La información que contiene el BDC es la que un usuario oblen,.. 

J rfa de las siguientes cartas: 

Geológica 

Topográfica 

L'so del Suelo 

· Edafológica 

Uso Potencial 

Se podrían vaciar al BDC otras cartas tales como ]a Carta Urb:J.-

na, la de Climas y la Turística, ya que la estructura del mismo <KC_E 

ta gran varieuad de información. 

El BDC está diseñado para proporcion;:¡_r varios n.lvcles rle con .. r..,11l 

la. Esto significa que se puede consultar a diferentes tamañoí3 ele 

·~ Véase referencias G, 8 pags. 180, 181 
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á t'l'~l, lo cu~1 acliva el acceso a la informac LÓn. 

La infonnación de las cartas se clasifica en tres tipos: 

1) Propiedades superficiales.- Co rnprenden todas las propiedades 

que esl<Ín definida::-; por áreas, por ejemplo: el área que com-

prende el suelo aluvial, el área urbana, el área de nopalera, 

etc, están en el BDC como propiedades de~ este tipo. 

2) Propiedades hneales.- Comprenden todas las propiedades que 

implican uniones entre determinados puntos o comunicación en 

t~"C eHos, ejemplo: u!i.:l ,. ... """',...,. Y.r'o.{- .............. "" 
......... C,..l..L.L.,,....L\.._...l.ct~ 

te lcgd.fica: telefónica, etc. 

"v.,.la5 energía t:.lée:Lri.cd, 

3) Pro piedades puntuales.- Estas propiedades están definidas por 

su loc;:tlización, eJemplo: mi nas, pozos, puntos de verificación, 

cte. 

Las propiedades superficiales están definidas por su clave y por 

su cantidad, dada como un porcentaje del área clel nivel al que perte-

m~cen. Las propiedades lineales y puntuales, están definidas por el 

número de ellas dentro del nivel al que pertenecen y también por su 

clave. Hay otras propiedades puntu~les, como los servicios dL: l3. r2_ 

h1aci6n y los servicios propuestos para la población en un pueblo, 

que tambión están en el BDC. 

Corno se puede observar, tolla 1a información, ya sea geográfica 

o ::-;ocioeconómica, puede ser e lasificada dentro de los tres ti[X)s de 

propiedades anteriores. 

l 
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El vaciado de la información al I3DC se realiza en la Oficina de 

Bases de Datos del Departamento de Informática de CETENAL con 

una metodología bien definida. 

Las formas de salida son de dos tipos: men.sajes escritos por im 

presora de la computadora, y mensajes por medio de pantallas de 

CRT. o sea por una terminal remota; esto permitirá tener acceso al 

BDC, aún estando distante de él. En este manual se describen ambas 

formas de salida. 

Después de definir las funciones del lenguaje de usuario, se des-

e ribe la forma de combinarlas. 

• 
En la parte última del manual se describen los programas de 

"aprendizaje" del BDC, con una serie de ejemplos para su análisis y 

conclusiones. 

Un asp~cto irnportante del método de "aprendizaje", es el de po-

der mejorar las experiencias anterjores y agregar nuevos paráme-

tras y factores al BDC. 

1:' 1 . l d 11 d. " t b . ' d 11 , 1.:..n os CJernp os e apren lZd.Je , ·an1· 1en se esarro o un pro--

grama que verifica ]a confjaLJiliuad del "apr·endiz<:l.Je". 
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CAPITULO I 

DEFII\J1CION DE LOS NIVELES DE CONSULTA 

Para establecer los distintos niveles de consulta, se comienza por· 

dcfini r el njvel de regi onP.s. Una región comprende el área dada por 

un rectángulo de G0 de longitud x 4° de laUtud. El territorio naciona.l 

está cubierto por 20 regiones aproximadamente. Los siguientes ni ve-

l·~s se establecen por subdivisiones sucesivas del rectángulo de mE:-

nor tamaño que se tenga definido. Así, el nivel de subregioncs se ior . -

ma al subdividir cada región en 12 subregiones que son los elementos 

de un arreglo matricial de 3 x 4. 

Las microregiones constituyen un arreglo matricial de 6 x 4 so-

1'r'C un:1 subccgión. Cada microregión constituye una cada 1:50 000 ele 

las pcoducjci~.ls actu.almentc por CETENA.G. La República Mexicanz.. e:;s 

t.5. cublCrl<:i por 2336 de estas cartas, aproximadamente. La informa-

ción vaciada al BDC es extraída actualmente de estas cartas, aunque 

se vació también una carta urbana escab 1:5 000 y se ha proyectado va 

('j;_¡x las cartas de clim?-s escala 1:500 000. Las microregiones se sub-

cllviden. en 5 x 5 localidades o grupos y éstos en -1 x 3 sublocalidades o 
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celdas. La figura l. 1 aclara los niveles est.ablecid06 y ia tabléJ. l. 1 r·~ 

sume estos niveles y sus características. 
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/ / 
/ / 

/ / 
/ / 

/ / 
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' \ \ \ 
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' \ \ \ 

/ / 
./ / 1 

/ 1 
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1 
Eif·' 

/ / 
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1 ,. 1 1/ 
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tnbla 1 1 NIVELES DE CONSULTA (ZO vflr3kin) 
1 

TAc.IAÑO 
AREA APRC'< NIVEL r-------.---- CONTIENE EQUIVALE A 

LONG LAT KM2 

REGIONES 60 40 2a8000.0 3 X 4 SUBHEGIONES 12 CARTAS 1:250GOO 

-

SUSFTEGIOtJE.S zo ¡o 240000 6X4~S 1 CARTA 1·z.:nooo 

MICROflfGIONE.S 20
1 15' lOCO O 5 X5 GRUPOS 1 CARTA 1' 50000 

GRUPOS o 4' 3' 34:r 4X 3 CROAS 
lOCALIDADES 

t--· 
ct:LDAS o r' 1' 2.9 
SU LOCALIDADES 

Est~t estructura de V;J.rws niveles agiliza las consultas y además 

l·ada subdivlstém aurnenL;:¡ la precJsiónS. 

l.Jno. versión rná.s antigua del BDC y que aún se aplica a las zonas 

• 
de C:ela,;.'a, Quer·élan>, Cor-Lázat', _!\pase<! el A1t() y O.tn Cal1ente, uli·-

bl 1 2 ·1 l 1 ¡·. 1 2 G .li;;.a lu~, nl\·ch··~ cbclos en JaLa a . e 1 ustt'acos en a 1g. • . 

tabla l.2 NIVELES DE CCNSULTA (lO vllrNon) 

NIVEL NOMBRE AREA APROXIMADA CORRESPONDE A 

4 SUBCUAOROS 6.25 km2 

3 CUADROS 25 km2 4 ~UBCUADROS 

ZONA 1000 km2 
1 
~ CUA.CROS o, 

2 
192 SlJBCUADROS 

REGIONES 72000 km2 
72 ZON~S 0

1
3456 CU~DROS 

1 o, 13.324 suacUAcROS 

REPUBLICA 32 R'E:GlONES O, 233>5 ZONAS 
o MEXICANA 

2 500000 ltm2 O, 11212(t CUADROS 0 1 
4"'..;;512 suacu~DROS 

5 Véase n:Tct'l?ll<'la 7 
G \'P.asc n~J'€'J'f'tll't<lS n, ] 1 

-1 
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NIVEL 1 REGIONES 
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""-
NIVEL 3

1 
OJADROS NIVCL 4 SUBCUAOROS 

" -¡--

+--

\ 1--- --- - 1---t-- r-- 1 

--- - ·- --- --- t--- -- r-- -_j __ ! 

- --f- t----1- --- -- e-- \\ ~Ai !=1-1 H- + -H-

ftgura 1.2 NIVELES DE CONSULTA ( 1° ver5i0n) 
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Dentro del BDC a una carta se le lla1nú zona. Una zona twne una 

2 
área aproxirnada de 1 000 krn ; un nivel superior a éste, en área, es 

Jo que en el HDC se llamó región y es el área comprendida por 72 zo- · 

nas en un an·eglo matricial de 9 x 8 zonas; esta división también apa-

rc:cc en las cartas de avance de CETENAL; cada región tiene una área 

oproxim;:;_cla de 72 000 km2 y corresponde a 2° de latitud y a 3° de longl 

twJ. La República: Mexicana queda contenida en un arreglo matricial 

clC' 12 :.: 10 regiones. Una zona se dividió en 48 cuadros, y un cuadro 

LiCll.\ce <;na arca aproxisnada de 25 kn1
2

; C"ada cuadro se dividió en 4 sub 

cuJcJt~•-)S y cada subcuadro tiene una área aproximada de 6.25 km 2. 
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CAPITULO Il 

FORMAS DE SALIDA DE LOS RESULTADOS 

Para explicar la forma de salida de los resultados por impresora, 

se hace n~ferencia a resultados obtenidos con la prin1era vers1ón del 

l~DC que 1lti.hza los niveles de zonas, cuadros y subcuadros. El signi 

fi cado de estas explicaciones puede hacerse extensivo a la:::; Ímpres Jo 

nes de resultados obtenidos con la seg{mda versión del BDC aplicable 

al Estado de Aguascalientes, y que utiliza los niveles de microregJÓn, 

] ocalidad y s ublocalidad. La única diferencia es (á en que los dis timos 

arreg]os matriciales de cuadros tienen distintas dimer.siones. 

Como respuesta a la búsqueda a un nivel determinado, la m3quina 

¡Jroduce en la impresora. arreglos matriciales de cuadros de dos tipos: 

unos de cuadros claros y oscuros, y otros de diferentes tonos de r,;r-i:c; 

(lG en total). Con el primer tipo de arreglos se puede disl:i~s-uir en 

qué cuadros bs preguntas son verdaderas y en qué cuadros son fal

sas .S • 

:, Véase figuras 2.1, 2.2, 2. 3 pagso 18. 20 
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!. 
lG 

i 

Los cúadros oscuros indican en ese lugar la pregunta se hizo ve.E. 

dac.lera, y los cuadros claros indican que en ese lugar la pregunta se 

hLZO falsa. 

Por ejemplo, con un predicado llamado "F RlJOL" se pregunta al 

BDC en qué zonas hay FRIJOL. Para esto se define la siguiente ins-

lrucción: 

CALL, BUSCA (FRIJOL, 2, 79) 

Y como respuesta se-obtiene el resultado que muestra la figura 

2. 1 en la cual se ve un ar-reglo de matriz de 2 x 2 zonas. El área de 

una zona es igual al área de una carta CETENAL escala 1:50 000; las 

zonas corre.::; ponden a la región # 79. 

La;j zonas oscuras 1narcan los lugares en donde hay F RJ,JOL; l' n 

estos casos el predicado FHIJOL se cumple. L:cs zonas claras indi-

can que en esas zonas no hubo FRIJOL, por lo t~nto, el predicado 

l.mscado no se curnplió en esos casos; o lo que es lo mismo, que el 

.._'ODJUnlo de propicdacle::; definido por el predicado FRTJOL no se en-

e u en l ca en lugares donde aparecen zonas e lar a-=>, (eles pués se Vé dt e~ 

mo definir al predicado FillJOL). Resumiendo: zona oscura significa 

que sí hay Jo que se busca y zona clara signii.íca que no hay lo busca-

do. 

J\l busc;::;.r el predicado FRiJOL a nive·l 3 (cuadros), se obtienen 

J.os resu11:tclo::; que muestra la figura 2.2. Esto permi.te tener una in-_ 
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L 1 rrnaci6n má~:> precisa que la del nivel 2, y:1 que dentro de esle ni-

·.-el, CJljf' en este _caso es la carta de Celaya, se ve con más exactilud 

,-"~!e::; 5011 los cuadros de esta zona que cun1plen con el predicado 

Fn.:..,:rOL; así se puede seguir haciendo a un nivel más pequeño, como 

~e muestra en la figura 2. 3, que corresponde al nivel 4 (subcuadros). 

En síntesis, se resume que el predicado FRIJOL se hace verdad~ 

ro en la zona 1, correspondiente a Ce laya, de la región 79. A nivel 

de cuadro la función F R.IJOL se hace verdadera en los cuadros: 5, 6, 

13, 14, 17, 21, 22, 25, 26, 27, 28, 29, 30, 33, 36, 37, 40, 41, 42 y 

--:1~; eslo permite lcner más información que en el rúvel antenor. Si 

se desea ampliar esta información se busca a nivel de subcuadro )" s<:: 

ve en qué subcuadro de cada cuadro se hace verdadero el predicado 

:VRJJOL. Lo~ .suucuaclros que cumplen la función FRIJOL son: los :c:ub 

cuadros e y d del cuadro 5, los subcuadros b , e y d del cuad r·o 6, el 

subc:uadro a del cuadro 13, los subcuadros b y d del cuadro 14, los 

s ubcuo.dros e y d del cuadro 17, los subcuad ros e y d del cuadro 21, 

los subcuadros a, b y e del cuadro 22,- Jos subcuadros a, b y e del 

cuadro 25, los subclladros a,c yd del cuadro 2G, los subcuadros e 

:>' d de] cuadro 27, los subcuaclros e y d del cuadro 28, los subcua-

dro:~ a, b, e y d del cuadro 20, el subcuadro a del cuadro 30, Jos 

subcuadrosa .)'e dc1 cu;1dro :n, los snbcu~lclros a y b clt::l ClJad:ro :-;r), 

1 
los subeuo.dr·os a, e y d del cuacli'O 37, le~;; subcuadL·os a y b del c11a- • 

1 

1 

_j 
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d1·c· 40, ]r,:_; ~;u]JcU~tdJ·os ~1 y e clel cuu.clro 41, el subc·n:trlro e del r:u:¡--

dr·o 1:¿ y el .subcuaJco a del cuo.dro 45. La tabla 2.1 explica detalla.-

da rncntc la norllenclalura usada 6. 

Es preciso hacer notar la importancia que tienen los niveles de 

ron.-:;t!1la en la estructura del Banco de Dato:--; CETENAL. 

Esto es, en el eJemplo de la función FHIJOL se buscó a nivel1, 

r1 ué S ubcuadros cumplieron con esta función. 

S1 no existieran los diferentes niveles de consulta, se tendría que 

bu~;car· la función FIUJOL en aproximadamente 448 512 suhcuadros, 

lo ct1al no sería efjcienle rü práctico, aún desde el punto de vlst.J. del 

proccsanücnLo por con1putq.dora. En cambio, usando los niveles de 

('Otl':)UJta, se pueden delectar rápiclarnente los subcuadros que cum-

pJen la función 1" GI.JOL en la forrna siguiente: 

G 

7 

1. ~e bu:._.; ca a nivt:l 1 regiones 7 de tod~ la República. !Vlexir,·;~rta .Y 

los resultados .s~ presentar;S:n en un arr·cglo de mat'r:-.iz de 

1;¿ x lO; sup6l1gase que solamente en la región 79 se cumplió 

la función. 

2. Se busca a nivel 2 (zonas en la región 79) y e:~ e obtiene la flgu-

rn 2. 1, que rnuestra la zona 1 oscur-a; por lo t~nlo, la funció;; 

Véase tabJa 2.1 pag. 24 

Es Le ruvcl a e tnal m<:-~nte no se ha es tablee ido debido a que el BDC to-
davía no cuenta con m5.s ele 72 cadas v~ciadas para formar una re
gión. 
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es verdadera en ese lugar. 

3• Se busca en la zona 1 a nivel de subcuadro y se obtiene la figu-

ra 2. 3. 

Como se puede observar, con los pasos anteriores se obL~vieron 

en forma rápida los subcuadros que poseen ]a función F RlJOL, ya 

que cada nivel está consbtuido por su descriptor, 8 y no es necesar·io 

buscar en lugares donde no existe 1-.-'IUJOL. 

L.a figura 2. 4 muestra una impresión de resultados para el nivel 

de sublocalidades de una micro región de Aguascahentes. 

EJ segundo tipo de arreglos, formados por cun_dros de diferentes 

Lonos de gris, se describe en el capít1,1lo VI. 

8 
Descriptor es el con.JU/ÜO eJe infoúnación '111C cxisLe en el BDC ¡x-I-
ra co.da n:ivcl, v{::ase referencia l. 
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TA13LA~.l 

NOMENC.LATUHA DE ZONAS, ClJADI\.OS Y SUBCUJ\DHOS 

ZONAS 

1 2 l. Ce laya 2 . C~uerétaro 
:1 4 3. Cortázar 4. Apas eo el /U l () 

CLJADROS 

1 2 3 4 5 G 7 o 
u 

D JO 11 12 1:3 '14 1;1 1G 
17 18 19 20 21 22 23 :~ . ~ 
') ~ 
~;) 26 27 28 29 30 31 'J.) 

,) 4-4 

:-: :) 34 35 3G 37 38 30 40 
41 42 43 44 45 4G 47 ·W 

SOBCUADH.OS 

él J¡ ab ab ab ah ab ab :J.b 
e el cd cd cd cd cd cd cd 
ab ab ab ab ab ab ab ab 
cd cd cd cd cd cd cd cd 
ab ab ab ab ab ab ab ab 
cd e el cd cd é:d cd cd cd 
ab ab ab ab ab ab ab ab 
cd e el cd cd cd ce! cd cd 
ab ab ab ah ab ab ab ah 
ce! cd cd cd e el cd cd cd 
~~ h ab ah :lb ab alJ ab a!J 
ccl e el cd cd cd e el cd crl 
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En las siguientes secciones se describe el rnodo de con;-:;ulLj al 

BDC por medio de una terminal con pantalla de C H.T. 

Se cuenta con las siguientes funciones aclapladas a teleproce:so. 

PRO (CCCC, (MN, l\.lY, lG), N) 

PROP(CCCC, EN, N, M) 

UNADE (CCCC, CCCC, (MN, l\1Y, lG), N) 

HAYVIA (CCCC, CCCC) 

SERPRO (CCCC, N) 

PUEBLO (CCCC) 

SEH.POB (N, (Y, 0), S) 

IIABIT (N, N) 

donde: 

CCCC indica ]a clave ltldizada según la labJa apropiada. 

(lVlN, MY, IG) sigmfica a1guna de las funciones rc1acJ0:1a]c·--;. 

M N= l\'1 E NO RQ 

J\1 Y= J\1 A Y O !-lQ 

IG =-[GlJALQ 

Se uliliza sólo una de ellas. 

N es un número que va ría de O a ~ 0900, sc~{i n la rn·en11 nL:1. 

EN-"ENrJ'RE 

(Y, 0) SL¡:rufjca aJ.L;unu de Jos opct·;_tclot·cs l<'J.sjc·u~. 

1 
Y AND 



26 

0-0f\, 

Se utibzc-t súJo uno de ellos. 

S lnc_ljc:a Jas subdivisiones de los servicios de la población y ser~ 

ll'l número que incluya a los dígitos 1, 2, 3, 4, 5, G, 7 sin repetir 

ni n~~uno según la equivalencia: 

a 1 

b 2 

e = 3 

el - 4 

e 5 

f 6 

g = 7 

Creación de una pregunta con base en las funciones anteriores. 

- Cada función se construye con base en las especificaciones an

teriores, sin incluir es paeios intermedios. 

PRO (6001, MY, O) correcto 

Pi\.0 (G001, lVlY, O) Jncocrecto. 

- L(l posición de cada función no tiene n~slricción. 

Los cspaC'.i.os en blanco entre funciones no ticm:n ningún e[ccfn. 

-Se utilizan los operadores lógicos Y, O, NO que son equivalen 

tes a: 
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Y - AND 

o = on 

NO= NOT 

- Pueden usarse libremente Jos jJarénLesis. 

- El número máximo de funciones es de 60, J nclu.slVe. 

- El tamaño máximo de la pregunta es de 10 renglones en L"J ¡x1 n-

tallo. 

Por n1edjo de las teclas éldecuadas se transnnle la in.s1.1 uc¡·i(Jn ~' L 

nivel clcsc;:¡,do, y se obtiene como resultado una llldlt'i:;, de ( __ ~¡r-~lcl_c,·• .. -, 

donde ':' = cuadro oscuro y -

cados antcrjorrnente. 



28 

CAPITULO III 

EJEMPLOS INTRODUCTORIOS 

En el reslo de este rnanual se usa la la. versión del BDC para 
1 ' 

1 

describir y eJemplificar el lenguaje de usuario, y los programas de 

arrendizaje. En general, la 2a. versión funciona de igual manera, 

\ 
salvo pequeñas diferencias que ,se señalan cuando es necesario. Se 

uli 1i zaron los cinco tipos de cartas (Edafológica, Topográfica, Geol~ 

g1 Cé.l_, Uso del Suelo y Uso Potencial), de cada una de las siguientes 

zonas; Cclaya, Querétaro, Cortázar y Apaseo el Alto. La informa-

ción que de estas cartas fue vaciada al BDC está descrita en las la-

blas dd apéndice, 9 y corresponde aproximadamente a la información 

que un usu;:¡_rio extraería guiándose por las leyendas y explicaciones 

que aparecen en los márgenes de ellas. 

Las funci_ones que dan acceso al BDC permiten describir los si-

lws (zon;:¡_s, cuadros o subcuadros), que poseen determinada pro pie-

dad o cumplen con cierto predicado. 

() ' ' 4 
e Vease apendice pag. 14 
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Se procede a dar algunos ejemplos sencillos, con el fir.. de ~1lOS-

:.rar la simplicidad de su uso. Cualquiera de las dudas que suqan en 

estos e.¡cmplos, serán aclaradas en secciones posteriores. Pol· c.1c•::::_ 

plo,· Sl se desea encontrar, a nivel 3, los cuadros en Celaya qnc po-

seen una superficie cultivada mayor del 40%, se clefinc el predicado 

CUL'n 10 mediante el postulado que define a CULTI como todo aquel 

lugar donde la propiedad 6104 sea mayor de 40, o sea, mayor del 

4.0%. L:1 tabla 1 del apéndice indica que la propiedad 6104 cqui,_;alc! :1 

cultivos. 

{ 1na vez hecha esta definición, se procede a buscar CTJLTJ ;: ~.J-

vel de cuadro en Celaya, como sigue: 

C1JLTI = PRO (G 104, M AYOJ-:Q, 4 O) 

CALL BUSCA (CTJLTI, 3, 1) 

En la segunda versión, la segunda instrucClÓn es como sig·ue: 

CALL BUSCAS (CULTI, 1, MTCROHEG, 2, 3) 

Las dos instrucciones anLerio1:es, nccesHan de <:icdé.l~~ dcc]or·a-

~:iones e instrucciones adicionales. Los pr·ogt':Jn1o:-j C()Jripki.u~; ~.;un: 

reograma que define e] prccJjcado CULTl. 

LOGICAL F UNCTION CULTl (N) 

LOGICAL PHO, }\;1AYORQ 

10 r:1 norn!Jn.! dado no Lienc importancia pero no dchl~ pos(lr (k r; lc
tJ.·as. Es conveniente usar nombres mnenlÓf!icns. 
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EXTEf~NAL lVJAYORQ 

CULTI '- PRO (G104, MAYORQ, 40) 

RETURN 

END 

y programa principal que busca c·uLTI a nivel 3 en la zona 1, esto 

es, cuadros en Ce laya, como se mues t.ra en el listado 3. l. 

LOGICAL CULTI 

EXTERNAL CULTI 

CALL BUSCA {CULTI, 3, 1) 

STOP 

END 

El resultado se muestra en la figura 3.1 en la cual, se observan 

cuadt·os oscuros que son los que tienen más del 40% de su superficie 

cubierta por cultivos. 

Observaciones.- Las declaraciones LOGICAL en los programas de

finen a CULTI, MAYORQ y PRO, como funciones. que adquieren va

lores lógicos que pueden ser verdaderos o falsos. La (N) de CU LTI 

(N) es una variable muda; las declaraciones EXTERNAL definen a 

CULTI y MAYORQ corno nombres de funciones; lCJ.s RETURN y END 

en el predicado, y STOP y END en el programa principal, terminCJ.n 

correctatnente los programas. El usuario no necesita entender todo 

esto; sin embargo, es conveniente apuntarlo. 
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Para buscar e] rnismo predicado CULTI a nivel de sulJcuaclro, .se 

die(: la s iguienLe instrucción en el programa principal: 

CALL BUSCA (CULTI, 4:, 1) 

Si hay 1 nterés por zonas en ]as que más del GQCf,J de su super:·icie 

esLá cultivada o sean pastizales, propiedades G104 y 6201, respecti-

vamenLe, se dice: 

ZONA= PRO (6104, MAYORQ, 60) .OR. PRO (6201, lvlAYOH,Q, GO) 

Si se quiere hallar zonas que no tengan chaparrales, propiedad 

fiS09, seclice: 

NOCHAP= .NOT.PRO(G509, MAYOHQ, O) 

Es decir, PRO (6509, MAYOH.Q, 0) 4 define lugares donde sí ex1s-

len chap:1rrales, y con un . NOT. anterior a Ja expresicSn, se niega 

es LJ. pr-opiedad. 

El hDC, puede contestar también preguntas como ]as siguientes: 

¿Qué lugares tienen pocos álamos y muchos pirulcs? Si se cu.0. 

viene en que poco signifique menos del 15o/o, y muchos s1gnifi-

que Í11á.s del 70%, la función es: 

.-\ L/\PJ H.= PRO (G312, MENO f{C~, 15) . ANO. P HO ( G 319, lVl A YORQ, 'iO) 

(,Qué Jugares están comunicados por cualquier tJ ro de carrete-

Ta '?Si se usa la tabla 1 delapéndice, 11 se observa que l;,s ¡;t·~ 

1 1 \' ' ' d . 11111
1 
1 C3se apen 1ce pag. ~J.' 
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1. ~J -r P. o n IJ/ e T 

The digit,-J! rept·e~;entation of three-dimer:~ÍOil.Jl <;urf.-;ces _p'!z1y~~ Íl'·~,,-q--;·an~

r•:.ll:-·:-; in photogr.::;nrrl•~try and cartography (dr<1in.Jge p-1tter·n:;, contour !\;:~~-~ iS/, 
'.!..J l í ~ys form:ü ion, stereoscc1py fl¡j, d irneris ions of thc- hu:,;an bcd·y}; ~cene 
,¡;1dly·:-ís (ociusion of bodies, cxplanarion of reqions [6] tlfid objcct:., rongl~ 
finJing, sh;1pe fro;:1 shading [7]); co:r.puter s¡raphi-c.:; lhidd~n lir.é~,; sh.:::dc•:IS, 
cc•loring, specular reflexions); ima'Je procc~;sing; relli')LL" sensin~¡ (thickncsé; of 
ICI':: [3}, L!nderground geology), anC: other disciplinr::s. 

The surfaces to be considered are of th~ following types: 

z = f(x,y) 

g{x,y,z) :e= O 

( l ) 

( 11) 

Surf¿¡c.~s of type (1) giv·~ a single z value ("height") at caen pair of 
c•.Jordínates x,y; surfac.es of type (11) c.:_:¡n ¡-epresent r:~,1r·e 9enrc:rc1l ::;urFac~~s ¡.-, 
lht· sp<Jf:e, for instr.mce the skin of o hand (Figure 1 'Typ<::!s of Surfec·~s'). T!-c 
r::~.11:1¡11e~ ol' the paper r·ef(~r only to surfaces of type ( ¡). b11t the model he!-c'-;·¡ 

o,-opu::;ed can be u~;ed for both types. 

Our mod~i for a ::;urface cons_ists of ;:, mini1nun: ccmplete CO'!er of triangl~''; 
t~1at is, a mutually exc-lusive, c:ollectively exhaustive finite set of tria:¡gJ.-,c, 
<:tich th;¡t (1) e.Jch point in the surf¡¡::;e is repn~,·.r:nter.! by exeKtly en-:: tri..-}nq\e 
[!?] ~tnd (2) .every trí<:>ngle r-(,presents a-t lea·:t one point of t.hc~ surfa·.:c. ·ro 
thi:> .,,e; .:•de! thl'; ir••portant rc~~trictinrí: (3) th12 díffen:nu.• betw:e11 tnr:>. coot·.:!i-.f-.:-:l __ 
¡-:,y,7. of a point ¡n thc; surLKe i:lnd tl::>:.'~ x',·f',z~ of it.s rcp•escnl;.:;::ivE- (,,s 
'.J¡'-'"'1• or computt::d frufil the modcl) í::. less :-.han 0 pr·e-spt-~c.iri~::d en·or or tol•.Jél~lCt' 
---. T[HJ'), for t\.-10 to 1 eranct::s. c

1 
> t:2: the sd;n': ~;u r fa ce ~.; i ll be r~prcsen ::ed b'f t·.,--> 

ll•Odels t-1 1 and Nz, ~--~here M¿ rs a refrnement of M¡. 

For surfaces of type (!), we make x'=x. y'=y and the distance bet~een the 
~edi pofnt and the mode1 point is jusL the differe~cc in he¡ghts. 

1.1 Non uniqueness of the model 

Scv~ral COrilplc~te Ct)Vers. fc.:,r a surf'¡:\ce cxist; ~n ~-Jrrier t'J :;.3'/e rr.2:!rcty, :t 
,_, ,':-t;!'cr;:rble u~ us•.:..;:; cover vlith f·.:~he,.- tr(Dn::¡l::·~; (h··:r:ce, ,,-~.i1 tri,_lr,gl~ cc;·y··_:---
~n t~1e r.ive.r;J•Je ~:1 l¡1rge.r arr~a), as lünCj -~':> the¡ o:.H_~y ~ .. cstrSc~i~:;~~ (_-)) G~J·.J•¡ J., ·¡-:-,=-: 
ili·,:<; is: '(!¡) not to sutdivide a tria'lglc L:nle·_,~, it f.1iís to r-~pr·~,"~::i:: !-;;;,( i~;~ 
1,/l:.i.i;~ thc· 2 toh':r-~¡nce. 

Even so, <J 3--d sur·l'a·:e C<Jn be r pprcst>n t·~d by ~,c'V'~~~~ l rr:cJde 1 s C0 1·-:) 1 y in~: c-1 i th 
·. 11) é!tl'J'Ie. Then~ i·; no uniquc mu.Jcl; by cl~-:~1qin~~ u-~--~ po·:,ition of tht:: or·i:_¡!t-,,¡ 
r,·.c_[.-Hl9UL'lr fr·:1a1e ;¡ 1~cw r•~prr:::~¡c-nr..<~(ion i·; obldÍn~'d. /\ di:fc.n:-nt ~>t<Jrl:in'_j 

rc•.:téJPqlc in r:he-. pr·ucec.!ure c.r ;¡ difft~rer;t_ cricnt.lti,);¡ of thc ~;r-id \Ji 11 prod~Jc•: 

' : d ¡ f r ·~ n: n t: e o'/<.:' ¡ o f t.T ¡ ·?. n Sfl ·~ ~; -

'Thi._, 1:, n;¡¡ ~J prcbl,.rn íor 3·-r! ··,u;-f.:-~ce rcpr-c~;, _ _-.-;t_,;!.iur, ,-,:, ILJ•d ¡,-.,... ,¡,:.t.>:.r:-_ 

~r; oppl ÍCd1 ;OtlS 1J; C,Z¡¡-¡·_·J•.Jr-..-lp'-~'/ tJ!1.~:: (.(:r:¡;J~lt':"?r (__lr-),jh;· .. :.',~ :-(· 1- c_,u~frJCl! C::(;··· ,;_~11•·.~,:; , •. 
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Computer Se ience 0-=;pt., 111''~;\S 

N3tional Univcrsity of M~x¡Go 

.4. tree of plcm¿¡1· or spherical t>iangh~·; is u:.t:c; to rern~~ser.t ¡¡ 3-ri c~urfucc..; 
ratht..~r flat reqions v.:íll be re¡-•resent·:-d by léir~~W tri¿¡ngl·~s, 1..¡hile s1fnu;¡~ zc:l~'=> 

v1i!l re1:..~irc further subdivision of the model ir:to '>n•:!lier trÍ<Jit~:¡1f~5- T:J<:::r 
Vt:~rticcc; are '1ot pldccd on a reg~Jl..Jr grid; they .Jrr:: ~l!owed ·la fJ11 dt (c:r r-,:~._:.r-~ 
plac . .:ó:; such a', rid9es and peaks, ~..¡here t:x~ ch~::nse in ~;\o¡Je is ~:-ic¡n;Ficant. 

SLarting from a collection, not nccessarily sood or comple~~. of 
"~.i~¡nifícant" points, the rqodel selects f¡,""- of th·:'rí1 to forl'l ¡·our Lri<~n0~·~s. 
F<.\r:h trí.:mgle cither mdtc.hes the :,u¡·f.~c'"' •,,¡;thin ,;¡ t1í~Spc·!ci fied •ó:' ro1· to>.:::··_:_,:¡.-__ ', 
<Jr el:_:,~ is. further subdívidecl, by seiec.ri'l~ ,"J¡;¡:.H·o~jri.~1L~ "significtmt" r;oir.;:-.. 
Ítlto frJur· triflr'I<Jt.!lar sons. v!hích l:hz--:n r.::c,_--:,ve. in tui"n the ~3me tr·:.Jli<·;"-'nt. -¡¡-;,. 

tl-eC stops growing v:rk":r\ a\1 th8 St.:!·fal.·.e is repr·¿;ser:tcd \J~!.hín tl>c ·;pc:c!f¡(~Ó 

to1crance. The mod0l ~cnsists of the vcrtex point~ arr~nged intn ~ tablc 
suitobl~ ror quick retricvdl and interpolation. 

Pn.J·s, the ,.-.od,;,] guitk:·; it':> o~1r1 ccinstnJctio,~; its CG:t<iJ<::ment~. (p·)ÍIIts} <~re, 
(",".;;ere frol"'l u·,e :,et .:¡f "sí~njf;Cc1 (\t 11 poir.t··,, not in an .=;rbil~¡·,::r·¡ f;·;~liio:¡ b•.;t ~~:!y 
>·1)-wre and wilcn needcd. S!.oce:; thc r-:occl ~~-cpo~-e:' Hie ¿,pproximale h•c,;ti~JI o\ ti,r:
llt:,,~t point to be ínclude(i in it, thc ~e:: of "si01;ii-ic;;:nt." poinL; :<:ay be sm<1il 
or non-~xistont. 

;\ constant ~ígn3.1 to nois8 ,·atio .•nd..: r·e¡:íesenlat;o:~ r:ht·i fty Jn sto•asc 
.:11c achieved in this r:v:mner. 

The model is bein~¡ test~J for U",e ir. digiL_il reprcsentation of tcrrain 
elcvation. Lat·~e s¿¡vin~JS in r1emory élre expect•;;:d, >o!h<:-.n ccrnpa;·ed t.o cc:ntc•li"' l íne'; 
-.; to rz~s~, fo r i ns t .. mce. 

The paper CC·lH.:ludcs l.lith SC.Iil8 CO"'iPCnL~; lrl r.-;'!01" ,)¡ th.:.~ u:;e of ihis ¡;•.>d,~l 

t<.l d.~sr.ribe g:-ay 1evel pictu.·es. 

K e !j !'}()t:.cb: t h :C::e- di :-r;en e-, í on al sur f c:.::es; rnoc!c l ; ;·r-:11 :-r.: :;•:·n to t ¡ üil; 

terrdÍn; uiqita\~ picture; qr¿y i,·;V·>.l; ~JltÍtllCC:'; C·.).'I:)Ul.CI'":;. 

. . . 
cjo.::;·;c~~: ~1 t 1 C1 í1; 

/',dtdfo ~~u;·:::,n tc;.)che:, Cor:1;~utcr· Scif~nce; Dt. thc: i·L:;Li,::·:.~l Univc:r·,í::y 0¡ 

/1.:·:.-:ico, o:~.c~ .-.-. .:Jr;~ Íc<; out tl!'pl ied rt":Scarcl1 in di·li ¡·;)\ pictc:r~..: ;:_¡¡-.Jr:L"SS in,~. r··•c ;¡.:_,· 

r~¡::, H. S. f:··-~:.-: lhe f'olit··~cn;r:o d·· ,'¡,<:x.ico <3nd l•i:. Ph. u. !'":):n r',.i.T. :·, . .- .. L:.:.: 
(_,,:·;·~.-· is J ~-e:~ .. l:Jr-cb .::~':'>iSi.~·l.iÍ at l!r~~ ::;:~;¡¡e f)l.J!_'_~. s·-~~ c,J:udiCd t.G b¿· .:~-: .\-',_ ·· 
,\¡- tll(-! ~L~ti·-J/1."31 l.'lli'>.rl~!·-llty. h ... ~~- :n·~er .. ~~t~~~ ,·):·-:·:: ¡r. l-'·l_.¡,¡~.__"n ~_~Olvinq .. :r.,·: ~~-· .c. 
r:!·.-,r:(~ s·,: n-~ ~ 
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l\tLl p1·o¡nncr lns n1irn~; q11C se rntedcn cxplut:n·, se ncccsltan ('Xpc-

ri cnc.i as ante rion~s. Los progr.::unas pueden adquirir estas experien-

ci as de minas ya exis lentes en cualquiera de las cuatro zonas. 

Se construye 1~ función que busca minas, propiedad 2 605, de la 

siguiente forma: 

MINA= PRO (2G0.5, MAYORQ, 0) 

T b .' t 1 f . ' d " d' . " 1 1 . am 1en se cons ruye a unc1on e apren lZaJe , en a cua In-

cluye una variable de tolerancia; en este caso del 20o/o. Puede suce-

der que los programas de "aprendizaJe'' no encuentren nada debido a 

que la variable de tolerancia es muy severa, entonces se puede hacer 

mayor la tolerancia y así er¡.contrar algunos lugares de los que se bus 

can. 

Para buscar minas en CORTAZAR, se da Ja siguiente instrucción: 

CALL BUSCA (MIN!I.S, 3, 3) 

A continuación, el aprendizaje de minas se lleva a cabo con la si-

guiente instrucción: 

CALL LEARN (3, 2605) 

Con las nmes tras (de nrinas) obtenidas en Cortázar se p1.1eden pro-

poner minas en Celaya como se describLÓ anteriormente. 

Según lo que se ha visto, lambién se puede "aprender" de otras zo 

nas, y así tener mayor confiabilidad en los resultados. 

Tambi6n se puede determjnar la confiahilidad con que se está tra-
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pieclacks el(~ la 001 a la 810 se refieren a diferentes hpos de ca

rretera:.;. Con una de ellas es suficiente para comunicar el lu

gar por donde pasa:n. La función es: 

COMUN = UNADE (801, 810, MAYORQ, O) 

Esta función se interpreta de la siguiente forma: al me'nos una de 

las propiedades 801 a la 810 debe ser n1ayor que cero, es decir, de

be existir. Si se quieren conocer todos los lugares que están comuni 

cados y que tienen agua almacenada, en presa o bordo, se dice: 

- COMAGU = UNADE (801, 810, MAYORQ, O) .AND. 

UNADE (401, 408, MAYO_RQ, O) 

Otras de las pregunta~ son: 

¿Qué zonas se encuentran entre 1600 y 1800 metros sobre el ni

vel del mar? 

RESOL= PROP (101, ENTHE, 1600, 1800) 

- ¿En qué lugares hay palmares que ocupan el 25% de la superfi

cie, y están a más de mil metros sobre el nivel del mar? 

PALMAR= PRO (6501, MAYORQ, 25) .AND. PRO (106, MAYORQ, 1000) 

- ¿Crecerán los nopales sobre sue1os de tipo Gléyico? 

S-e define en que: "crecen los nopales" significa que más del 30% 

del suelo está cubierto de no palera, propiedad 65 07, y que un suelo 

es de tipo 11 Gléyico", cuando la superficie ocupada por la propiedad 

3319, suelo Gléyico, es mayor de 70%. Entonces: 



.., ,
,),) 

NOPG =PRO (G507, MAYORQ, 30) .AND.PHO (3319, MAYOHQ, '70) 

Se pueden hacer preguntas arbitrariamente largas. En el ejeruplo 

que está a continu;:¡_ción, se buscan lugares de atractivo turístico; (:'s--

tus pueden ser lugares donde hélya cataratas, propiedad 601, o bus-

ques, propiedades 6301 y 6302, o ríos, propiedad 503 y que est8n en 

lugares no muy altos, esto es, a menos de 2 500 m snm; o bien élque-

llos lugares altos y con volcanes propiedad 2553 o lugares en donde 

haya más de 4 manantiales termales propiedad 2 604, que estén bien 

comunicados por algún tipo de camino o carreter::1, propiedades >;O 1 

Lt 810 y que se halJ en en terrenos no monLaño:;os, prorj edades 5 :;r)2 

5 303. 

Se pu~de pi·oceder por partes y definir: 
;-~ 

CNO =PRO (601, MAYORQ, 0) .OIL UNADE (6301, G302, MAYOI~P, O) 

• OR. PRO (503, MAYORQ, 0) • AND. PHO (105 _. l\/lENOHQ, 2SOO 1 

DO~? ~¡lP~O (106, lVIAYORQ, 2500) .AND.PRO (2553, MAYOH.Q, 0) 

TRES= PRO (2604, MAYOHQ, 4) .AND. UNADE (801, 810, 1\'lAYOJlC~, 0) 

.1\ND .. NOT. UNADE (5802, 5803, MAYOHQ, O) 

Fi nal.mente se dice: 

TURIS =UNO. OR. DOS. OF:_. TH.ES 

Otro ejemplo es el siguiente: 

- ¿En qué lugares de Cc:L-c,ya se pue:dr,~r~ cxpJot3t' mina::-;'? 
1 

En este ejen1plo, se uséln L.1s fmll:iones ';y rutjnas de ''apr(:tJrl!/,,:¡c''. 
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'TYPfS OF SURFACES' 

The r¡,,-J,-.;,c-1 d~<;.:rib·:::d in Lhis pé!;Jer· ir, .-Jble to rcpn~scnt t~ithcr 

(!) <:.i11yfe hr-:.Íghr surfdCCS, or (11) rr:c-):c~ g•..:fier-Jl c,u~-f;-,c,~s. 
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t ~- rnuc ¡ 1 b~~ t ter· to hvv•.~ il 

n0··~~~ iz3tion proccdure. 
un i Gu~~ • < (car.on i o 1) 

¡ ' 
rd>or; i, p~rh~ps through n 

Tn,~ ~.r~t of siqnific:Hlt points. IJ·~ing a •nethod ·~xtern,¡] to the fllodel, for 
·;-;·.·,t:;-,¡z,:;- :>ter~-o-sc:op-¡7¡:¡;:--gr~-die!lt extrar:tion [10], r·iver follow:ng, or 
others, an initial seto!' ''signific<~nt" points is cho~;.:.n or. th-.= 3-d 5urfa(::.:: 
that \•re v;an.t . · rep;·cscnt. A point is c.::d lcd l!significant'' if in its neighhor
huud th8 chan0e in slope is large. 

The model bcyin~~ by using so;ne of thesc points; if it later finds nec::::ssd.-'! 
to grow, it indicates the approximate place (x,y coordin~tes) where a new 
"signíficant" point should be éldded to the model. 

The model ti1us consists of a subset of ''si9nifíu1nt" points, definir:(< a 
trid•l:-Jular irre(jular mesh; if the original set of "significant" poír:ts i·:; r:.c·, 
~ll¡élll, the mo¿eJ vJill suqnest where to adtl one; if too rnany, most of thc:'"! ·,-~¡¡¡ 

be ignored (not includecl. ·¡n the rr.odel); if the proct:dun~ that impler:1ents 
''·.~itJrdficance." i~~ noisy or unreli~'lble. tht-:! rnod(~¡ slill guarantees the E 

tolcrJncc, but storage economy suffers. 

Theref6re, in a computer irnplr::me.ntatior., it h not ne;:.cssary ~o obt:~i¡-, 

fir·st the set of significant: points and then to pick thc modcl fro:n th·c~~~ 
in~teJd, thc ~~del can hegin to grow as socn as fiv~ or six are found, aGd t~e 
pruceriure that ~~xtracts significant points is cal led by the model as· it d~-:>::iis 

' - '· úbt(~nt ion ( .. ¡: 
,J' the. t h r f" •! - d i m e n 5 ¡ o :1 ii l 

tt h'.-;c,siliTir::'d th.::t thc sutf.acr~ to b•.:: rr:o:.>ll<!d ,}];·e-?dy \rtas obt:<<ined anc: 
exists av~ilable in some suitable represcntatjon, v.gr .• a 2-d miltrix 
cc..;¡::LJining lw.i9h::. valucs. fhis dat.:> cou1d have. beer1 ottaineJ by sterescorr-cL.:t::.:,"Jn 
/•¡,' of <J paír <A picttwe~, by interpol.:Jtion of digitizcd contoul" lincs /1/ or· 
by othe¡· means. 

V -
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its cor.-,tiru,:.nt parts. fn thí:-. c¡¡se, they ""'(~ verti...:.::~; (''-~isn[fic.)nt" 
f¡·nr;-, the 3-c surf¿tc:e to be reprcscntcd) th.1~ form pL'Jnar, fJut tilt.c-.l, 
triangles.. 

how the rr.oJe.i is stored; the data ~.tru•.:ture u~-~d to ke•.:=p th·~ n~oJel rn 

mem-.iry (primary or sccondary storoge;). {\ tree or triangles, e::Jc:~ ·.·Jitr·, 
or four- se>ns. 1~; u:,ed. 

poi n: s 
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{3) tbe USE' of the 111odel: the pro<:edL::-e to foi lo~~o1 for· reconstructio~ 0' :_:~:! 
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FIGURE 3 'MODEL BUILGlNG' 

(a) the surface. (b} the "~;isnificant" points. 
(e} thL" fcJur iníti.J1 triangl<:·s. 
( d ) t he f i n ,J 1 t r i ;¡ n g 1 e:> . 
(e) th~ puints: of t.he J<K)c!el, us<.!.1lly a S<Jl1S\;t of (b). 

Tr·i.1nsle·; (d)_ .Jr'C 

s i mi i u r 1 y, poi n t· ::-. 
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-) •.i ·,\Jr f.~ ... ~~ fr·,:¡,, tJl,: rnc·di:!1 ~ t:Íl·· \t.lV t· .. , (,~-:.l.~~n L,··.~-· Luul'\¡¡,~.lt~:·_, "'! ;, ,:;. •, 
i !,_~ ~.ul {·,Jce 1 r .. ;>~l' t~1C covr·r~ of !...ri .. 1n,1lc·~. Herf:.. ... ~. ,¡_~¡ •::'L...t .. ~·cl ¿~,-_cr.~-J·~ i:: ~!·:-:_ .¡ ~-

. ,. { ")) . - ' 
~h~. Cl :·r~..:·:r_ : ~-1._¡:-tr:f·~-~ ~;t.1r t:n~¡ f:-\).ii ~:1f~ tcp c-,c- ti···-~ tr•.·l~ ':'•) \/ , -3nu r-1· · ~-:·· 

C~·J\":·~ the ·.lf"P'"O¡JI"Í,ltC cf"¡;¡in of tri."lfl]l(' :O.O>I"i, u.:;i!ló¡ litt"lt~ '-.c.:;:·dt ;1r¡rJ ¡;•: 

bz: e k. t ;· ,J c. k í r19. 

\4) ::1":.:>. con"tnJcticn of the rnodtd. i .c., the obtf.:nt i•">:l nf i ts p¡·or-~ 1'· f: ,_,r-· ¡ ¡,,. 
3-·d -;ur-f,:¡c,,•; 1\ n~t.ur~.ive procedure t-¡¡JJ be pre5~7!1l!:ccl, •-:hi.>.rr:' tli': r;-:udr::l J.'·Jll!·.:. 
it<; own con-,Lruction, by sus¡9estin9 pL•er~s (x,y coc,rdinDte~.,) \·:r.·~re to 
incorporate into itself points from the 3-d surf~c~ that nre ~~~o 

1 'signifi..:-.1;1t'' 1r1ith re~;pect to changes in slnpr,_ 

The parts of the model 

1"o représent a 5u:-f¿¡ce z"' f(x,y), the model üS(-!', •l collectiorí of pLJ:'I.~r 
riltr~ci t.t·ianglt~s; cc1ch of them is de.fim:::d by tts three verticcst thósen to ltc 
on th~ surf~cd z ; f(x,y) to be repres0nted. 

1\ll the points inside t.he trí.angle are intt:~rpcl!a~ed íne2rly: r.he surf.:,::.-~ 
;n~;lUr:: Lht: ¡_,·icol~;1e .i~ Lortr;;ider~~tl fi.:1L (fJur not horitnnt.3l, Íi: 0ener.-11). s;,,.._e: 
t~·c rr~31 ~urfl~:.:.e z --= f(x,y) i~-. not fi;Jt, on t.~r .. rr:q- ts introduccd by t::is 
.::·.'.·'.F!!:i~ ion. lf ev~ry~.JÍk"l·e in thc trianglc:.~ thi:; crrr.),- (height· differP.nc.e) ::'.r-·t:..". 
,·,(,~ c;--.c:c,ud a role:r¿;nce r::, thc planar triansle is consitkred to be.:-¡ good (<:J,:ci 
fíP<'I or "ter·P!Ín.'d") reprec:e01t2tive for. tlnt region of thF~ surfar;~, and it 1'> 

''"''.:.: .. i(·~J ir; lh•~ íí:ud::'~!. lf tlle error ·is j¿¡rs¡E::--, the tr::.F:rJl•:.: i~ d¡~c¿¡rde·:o L'Y 
,-1;-•. ;,;;,,~~ it intc: four :.m"lller tri . .:.ngles, t'·)Ch of which in tu:-n undc:rs¡o..:::s the 
:. :1~0!·~ l 1"(:2 Üle.fl t. 

lniti.:.lly the ~;urfuce is divided i.lt•:.. .:: s,·.,=,ll !.>Ct of ar·bit•·•ni-ly e;,,_"··-. 
L r g~~ H i ano 1..::-;;; í f 
c0~.c:. in rn01p:;} , fou r 
Bu i Id i0g. 1 

th::~ surf<:ce j~ bound by e! rcct.~inyi;~ (;l::. 
trian0les are chosen as shm·rn in parte oí 

I·~L j~C t=rec '~"'ll•-1,, r:,r_• 
! • 1'1'" ... ) . 

Figut·e 3 '~lo·J,...:l 

The fin.:d n~odel C<:"Hltains tri.-:lllgl·~s (of áifferent ::.iz~-:.) th.-Jt repr.::s~nt: d~,; 
sUI·f;:,¡_~e z ~~ f(x.y) with a tolerance 10. Eac.!~ of the v-::rt:.ic':!s of t.hec;,.:: triangL:·~ 
was ;nopcse(J by the moJel by dividing a tri¿¡OJqle in four- thr<::ugh ir.•:1usion <Jr 

n~w verticcs ne~r the middle points of thf sides (Figure 2 'Triangle 
Rer in~::•n¡ent. 1

). 

(n:r.~~! r:vi~:ry tr,c-~··,~r1t:: i:: ·r,_:f¡~(¡(:d, t:he verLic.e~; ((;:.) tn fi~t- 3 :HC·tJ~t 
'::l•il·:.r::.:¡') a1c scorcd in~en ¿¡ppropr¡ate '.:Jay, suitob:c fGr q•Jic!z eL:::.,} r·c::t:r·lc""·.:; 

·.c •• • <:.;r ~;~sr:· rccon:.truction. 

/', t r í <• n ~¡1 e ~.u eh ,, :. ( f\ '1- i n f i Ci u r (: 2 ' T r i 2.:: q i , ~ ~ · ;: f i '1 e •'H:: :1 t ' r ~> r .:' í i r. -.-; c1 fu r ~ 1 · ~ r , 
un J t · ... ~ (; 

1) t.i1;: ti :f e:-·t:.;H·,~ l·"·t•·J(":·.::<~ r·::..~ r,~.,) Le ic¡t•\· z '"" f(:.y) .:>rl'i t:~.~ C.d,;,-.,Jl·::~ 
hciqf•l di: t!1e c,:ril·•:·r (J( r.~:\·~:... (;;,y.;d of J:h~ ! ri;.~nql·::: Í', '..'!!¿¡: i~-r t.~•- ·, 

"} 
J 
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....,, t.~\lc~r·¡, !JCJfi~L_ ¡:1 ~) r:(~cj (.)f p!..):¡;;_-s ~:p~J~Cc!. ;1t ~lJl·'·.~ 

~-., ~.t·1ith¡n e\);: th:·! rr .. ul po~nt úíl t_:~~3 St~rf . .,r..:(· .~ 

T·=st (1) :s ;J quick test; tt=;c,t (2¡ ,~; i'lf'¡:..liccJ C>n!y !;' (~j ·.1c2, r-e:: 
,J!fF~~rcrl•..:e -:!XCe(:diH:J L .. 

\ /. ' 

j ~ . l. ! .. \ 

K, th~ distc1nce bet>."een t'"'J pnint·J !)1 t_;;t; grtd ()~ (2) 1 ts a fu:~'ctf".-~' ,_,;- ~~J 
J·o--·1]ly v-M ... ( ·¡ .... ~.<-) "· ..... ·e th':\ , ... u, l, .. "' ..... -'r· ~-:¡¡·~ ,.r~ , .• _,. ~~ 

1 '~l.· (·' r ... --= ntJCI \: ¡d, •'-o' \1-J,.er.:: ¡., ,_) !;-_. H.<:"•.lt· :..t.pc (,} ~-··- ::; ..... ,,-=J~.t- P~- ~::..·.: 

tri.=mgi:~ {.:\), .:Jild Ko IS th•'! di<Jrr.et:-~¡- of the srl',:,lk·:;~ topt_)graphir: r?. . .:;~u;-,; (,.¡¡; 
. \ t . t . ~ . . . . . (' . 1 " • 

~~.-~vtr:e; n:1 ~~- t~') n·~cessdry tl) rl::píesent Jr. Lílt:. 1::•)0-;.;t ..... cner·::;t,y ''() 1·.:; cj··.r_~n 

b~t the t::o.er of th~ a•odel: "he sun~ to ch~ck t:1e r;;oJ,.~! 12">'en¡ 500 i-Jo;-i_·,::,;·'=•! 
-:lP trc.rs for· accu rae y"; then K

0 
== 500. 

d i: 

DCGLN 

let 't be the sc:!t of triangte:; tf-!nt are '::é'lndidi1t<:'S- to be· incl:J._Jr::d ;:: ·-i;':! 

mo{;cl. lniti2l iz:e T ,,1ith the fcur tri<Jngle::-. cf (C). Fi9. 3 '1·h.>c!.?.1 
Bu i l d ¡ ~!9. 1 

+-~ ....... .., .. ~J ... ~,.c T -~·· fi.:- .... L~-~~---·1'' :e 
Ll IClll~jr...:; \_;¡ 1 -.::;:-:~~ \.C:Ii~!~!:•·tl ~~ ~· t fJ2. :-, :; e. S t ~~ ~-. t ... \ 

Sc.c t i ori í ! . 2 'wht:n to stop re f ¡ni n~. ' 
mark it "non-t~rrrrín;:d", c!ividc: it ir.to 
Refinem~nt') ~nd add th~m t0 •· 

: f t ~~ t:: S<: t t:. ··~ t S fe ; Í l 

~ 

! t \ 
\ 1 ; 

., .. __ r 
'-···-·-" 

./' .~. •, 

' ·- ~ 

f o 1" ... !: . : ~-::-;' ~~ ; : 

Exit ,,¡hcn all tri;:.:.-,~IIes of T (includirtr_:: ;,¡¡ th::- ,,ddit!o1-1:: ::o-¡¡ <'re 
markt~d (cither ''tcrrnina1u or 1'nan-termin.Jl ~:')· l'hen T j~:; th~ r::r.;~;·..:·:. 

T ;the. {¡ou/L ~út.c~t{al?.. ;t;r.f.ilng-?-c!-':. oS 6-é.c¡. 3C; 

fotr. eve.:r.y ;f_r,_ú:~;q.te. .{.n T . . -
~-<1- .{;t_ pa-~-6 e.:~. te.-5-t~ ( i l a.ncí ( 2) o S Se.c:. 1 I. Z 
.thc:· H ma_/c.h. .i.-t 1 .tcJv'YI..{na..t 1 

·e_¿--¿-¡ maJá~ ¿t nort te.liJ~1,~Hcd. cud 
--- a.dt;( . .{;t_~ SouJL ,sen-~ to T; 

TAiHC 1 1 F-l O(v OIAGI~A:'.l íOi·~ .~.:ovCi_ LíUII.!)UJC' 

Tiú .\ -~.;m¡: f rz. ph. <• g •u u;, e o :1 /_, -{:!:_u_ e t ~, ¿u t:_ / cc ··- r.__ ¡¡¡ 'J (;'¡:f. s 
,!J U. C t L U. .!:, .t fL ,<..t ,:, h 1 • ( ~' 1/_ / ¡-¡ b _.{__ :J • Ó 1 

,'. Í (! •_lt' ( i.- v. :-:_ li l ~_; f_ \: • 
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f 
f•\ Tr():·:··l·, ..... r.,;n,,J t~ ... i::nr1l.: :e; r~(~~ r.~'t-_·d·.~d f~i 1!~'- r~_.Jci~ ~ince 

s t s tJ c..· e t! r .. l' . y í s lvo r ~~ t-~ e h =~ n e , ~-~ n. J 
· .. er:·~~ U r t l :; ';(':~,·.:_.~:lld unte:, ti r ~·· (t ~ l' ':.t; ~: 'L ;~ 'C\..' rrn i i: Zl J 

Th¡s is advi~:able viht::n the CO'Jer is rr.dcle of ~imii.1!" u·iongle~; (e¡.·,:.}. ,.,¡-.,:re~ 
it. 1:· .... ~asy to pickup the correct tri¿¡n<JI·~ for ~,,,rf~we ¡··:constructi:)tl. !f r>::: 
n·ii1n~les .::re not simildr, it. is pr.-:fc:ab1e to r·t~t.JÍ;1 the r:cn·¡-ter~T::;)¿Ji \.r : .. 'r·.·_;lr~·.; 

¡nto the model. Thi:; f~tci 1 it.ates the <:~ddressinq of ::he correc.l ter;ninal t. i.:>l•j:·_· 
that giv~s th('! heíght z of a point (x.,y) (i .e.: the point {x,y,7.) :.:·:;:-.~ ,·e::·.-.,,,.> 
th,; point tx,y,L) of the 3-d sud.:Jc~;. t-'.o:-e of this ¡n the :;t:cticr. l\1 'i··,)·, .. 
Retrieval for Surface Reconstruction.' 

1 l. 3 C ove ¡- o f s i :11 i i a ,. t r i a n g 1 ·~ s 

Two polygo:o5 •:1re similar if th?. correspondi;q anq!~:s 2!·e cquc;i, t~~~ ~-.;-:·~:::; 

p;:trdll~?l .-md thci¡- lcngt.i", p:oportior;¿¡]. 

lf ir: figur~ 2 'Triangle Refim::m·..:.nt• v.;e stop thc r.~finen;ent <Jt (C), e::._·,,-.,·-.. 
the midpoints as n~w vert.ic.cs to include in the moder. the final covt:r cf :·lh' 

¡.;;)'Cft:.·-!G:;-r.·;;-r;;·¡1(,:~·~n of t\<oJO f;~rri.ilíe::; of ~;irnilar tri.-~n~lles, hcc..):ISi'! ..'1 lii'<' joi;.ir.:; 
i:he n¡ddlr. poir.t'> of tv1o sides ¡s p~r .. ;iie! to the: th!rd side. 

A v-:()rd l)f caut¡on: t:n:~ triangles ¿¡:·.:.: r.ot ::.t.nil:::.r ~L·· tl·:o:::) i Í•c: 1n r::··~- _;-::; 
:i.f•:Jce. Their pn._iections :)n the- pla~w x.y do f(lrm ~ fap;iiy of ~,i~)il.Jr· J-.i 
t·r·i.:mg!e~~ {for t:"i<.<nc¡Jec. a b e. anG (~ d L. .')T--fiq. l4 'i·:odr-d Vi:-;:_¡::;] i¿:;:¡t ¡¡y,' .. ,j 

•~lll thei; df::scendants) another fa;r,ily of sinJiLJr Z-d tri:"H-:gles f:Jr !.r i~.;~~.i :_--~ 

d Q e and be e, ~nd ~¡¡ their desccnda~ts. 

The 2dvan:ages of the cover of ~imi1ar tria~gles ~re: 

(h) recor:",tnJCtion o:= the surface frorr: U1c rnoclel bc.cc11nes simpl ifie¿. 

(d) Tnz mo.-1el rnight c.o:-.t.~d;) rr'or·~ poi;•t.s, sin~::.:. t·!·;c·¡ ,.u; ~<o:: s¡:.'":ci.:;i coi 

·.-,ignificant~ ti'11.'!Y .Jre not t:l•! be-:;t tv :,;;;oo~~e fo¡· Ílltt:ó)CJ~oJtÍvP (:Jf ~JJ<·¡¡·,·_ .. 
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(C) 

d~s~~ription for 
r~ct2n~le a~).:d 

FIGURE 5 

(R) 

'DATA STRUCTURE' 

(A} 

{A) Stor~ge conv~ntions for the initial rectangle. 

,, 

(B) Storage conventions fo:· ,) Pon-t<:!·r,¡inal l.íi.:Jnqlc 2 3. 
1 t s son s a re :\i, N, O, P. 

(C) Exa¡r,ple of .=t model and iLs d<1ta ~u·¡,cturc. Or•ly a tl'_)n--tc.-r-~Í•',~: 
triansle u-:;<:::. up a frcu.H?. l"hc 2 O 3 O 1n.:-trk<; of fré!r:''"' 1 :-:-.. ::- ., 
that son/'-'.--- is r;on·-tcn~l!n¿¡(;¡¡;d !t ;~; cc.scrihed ir. fr.:1::-:é~ ;:, 
S0•1 tJ Í:; ten.JÍna] 1 5(H1 Ü is nO!l U~:-rr;ina] ;.:r;d j¡ ÍS d·.~~Cf"ÍL><'c' l'l 

fr2me 3 ;:;r,d son P ís ter-:-1i·~al (r,•-Jrk ==O r.K:ans ter-rnin,ll). rh-
mode-1 ¡s stored in a ;r.att·i:-.. (C) ,.,¡,¡,_:h is d co1lcction or fr.__,,;•,·::.. 

·- 8 -



l 1 1 • DAT t\ STl\UCTURE t10!J[L 

Thi<; secttO:l describe!> the \·;ay to or~j.:mize t.he s::orage of the. rno...!c-•1 
EssenLially, the storage con~ists of a col lectíon of lriangles. EJch tr¡~~~:~ 
1:. stored in a "frame"; each of ther.1 c.ontains 

- three internal vertices 

-a 11 t<:!rminaJI' or r.on-terrHinCJl m.Jrk for e;~ch s011. 

The tf:rminal tT1<1rk (zero) indic.Jt.:!s th.Jt a trhngle son already f1t 1 fi: .·; 
th2 e accuracy, hence it (thc son) has no sons o1· it~ own --need not L~ ~~~~~~-· 

subdivid~d.-- The non-term¡nal mark, an intcg8r diffcr~nt frum zero, 
inJicates thc Jocation (fralilt~) in thr:~ model ~natrix occupit:!d hy thi~ tri,··r·.¡!c 

~-::-•n. TiHr<;-, when <1 nade is marked as· non-tt.;rm¡nal, the f'l.:-;d-: i tsclf 31:J-:, S·:')' 

..,,r.:~rr! (i:-: what fr.-1me} th,~t son ís ston::d. See fi']. 5 'C.Jt.o Stn.ctur,:;' a~.-.:: 
Tabl·~ 2 1 !'--I.Jmir.g Conventions. 1 Sl ightly diffcn::nt co••v'-:nriow.:. lJCre used :.-. 
11 !·1AS-UN/IJ1 /5/.. 

The ¡¡~ode'l is stored in J;¡ rf!Zltf'ix {C, Fig. 5 'D.::tt·:• Str•.1c.tur~'/ 1·1hich i:. ::< 
co11ection of fram~s. A non-terr.lin.Jl tri<1itglc~ o.ccu,)ies ,., fr<Hne; it sto•··.:·., 
clocb-Jisely (B, Fís. 5) its thr~e centrol verticc~ and ::1 :¡¡,o,rk S;.J··~cifyi'''l t·_··-¡ 
e3ch ~.;on •.r<hr~Lhe.- it i~; ten;,:n.·d or 11c.~.' l\ t~rmirtc;! tri.;;n0l•:- dccs w:r U~··'-.-, 
f:.Jn;c·, since it h.:1s no ::,Otls. But '' no:-.-·ten>JÍn;~l tr·iar:~¡!,~ cr1uld very •,;.:l i l-¡-1'í·:> 

fou•· te.n·.1in,.d so:1s. Thc:;t is thc cdsc of fr.:_¡¡·¡¡es L¡-r:) ~) c.f fis. G '~1od¿i ;:,.:.:.·,:-:c. 

The initial frame, fran~e 1, i:; sto:-ed in a si ightly differe:n:: m.:::r.nr.:r 
(p¿n·t A of fig. 5 'Data Structure 1

) because it describes¿: rect.1n91e. 

A mo:-e C0111pi icatetl exarnple is giv~n in fig .. {) 1 Model Exa.nple. 1 

:~í:oraqe of vertic.t;s. \,.jhen de~;c:-ibir'lq a non-ter-minal triangle (v.gr., tri.::-n,::;1e 
·r·r i_o_f_B~FI'U~- S 1 0·3ta Structure;), only ver·tic·O!S 1;,, 5 .Jnd f, :J:::: ~té'Jr·2-1 ic1 :.:-e 
~rri~e b81ongrng to that tri~ngle ¡ 2 5, since vert;c~s 1. 2 dGJ 3 w~r~ 
l2ndO~J.btel·/ stored •n the ances1.~)rS ;:;f t;';-.J:l~~ie J /. ). r!"\~~.; ~:,¡ol<:!·_~ ,::Jt L:;;~.:-
~)tC'rdge of V~:;rticcs, and exploit:s rhe f"dCt !:h,~t ~:1 o~~J .. :r -~u ~~x.:·~fí¡f¡-¡,.= '.t!··"::',,
fJI)i!lt (x,y) falls insídc the 2--J [l3] u ia:1g1e 1 '2 ·: ''r not, \.·.<? ~-l]:·e~-:/ .:::' :.:~J 
:1 ::..i:nilar yue~;tiC'\n to thc .Jr:c.esto:-s or 1 2 :í. in ti-··i~: \-/.'1'-; !:he co•.::rdi.-,;,;.~··. -~;

vertic.e::; l, Z ;¡nd 3 <'sn:: a1n:~ldy kno~m \-ih~~n tri.JnrJlC l ~: 3 is dC,:ess-::·<. (.-_í. 
Section lV 'Dat<.J Retricv;Jl for Surf;-¡ce P.econstrucL;un 1

). 

f, vcrtex ¡., ·~tol'ed by ::.toring its thrce c:)Gr<iin,·;tcs x, y, z. ~;e~n"! 

du;1l ication (not tr·ipl icz~tíon or ro~l!:tipl icotir.n) (;CCtJI·s .,.,~;.:::n d Vt~;-c·.::.x se;·.~· ;JS 
5, 2C o;- ·í5 in í-iq. G 'i·1od,"1 [Á.:;nmi<::' w·t.; ~,torP:-: [,·,- t,,..,c n•):l-l.'.::r•lÍ'lJ; ¡_;¡-,-.:-;;¡· 

tri~.1n:J!e·l. Fo1 ... in;itdnce., ve.rtcx 5 ~~~ st,_ir~-:d c.:: í ,-,:::1, ~ lt t!·lc·l~~ d:_-.,-.cr !L~t:-S t r; -,,-•·-; 1.~ 
3 l 9, ,J!"1(i ..-ilso ilt fr\·Jnle .. ) J.l1at. dP._-}crlbc-:5 tr~L1n~1l:~ ~53 9 .. Th.~ tr~·t{.)i '"- ·-~: · 
be tu k~~~p .:1 t ... 11JJ,·: of verticl~s, .~~r~.~ tr ... .._--,rurc in :i-;._ ir~:.-~._· ;:.-~:·i:-,to:-(:. te· í.: ·- · -_._ -, 
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V ¡; R T E X /}. '• L ·'l 1- '·' 
1 

framé 
a b e d e M t ~ o p 

1-- 1 22 zr.: :.;¡ 1 7 Z2• 25 3 
,, o 2 3 4 \.~1 ,J 1 

V r: f( T E Y. .... 
1~ 5 6 

lf> 7.2 25 9) 2 2.:/ 1 i- 1i' e o o 6 ,) ·' 
( ¡' 25 3 9) 3 11 5 15 ·r & 9 i] 

, -~ 1 

(ó 3 1 9) 4 r¡ {; 5 o o o o .. 
(ú r¡ '! 

~'- 24 Tí') 5 ?.5 '20 r1 o o o o 
(¡j. 24 15 11} 6 19 16 2.0 () o o ,., 

V 

(t Z5 11 1 5) 7 14 15 18 o a o o 
([\ 3 5 Jj) 8 26 4 7 o o o o 
{t. 9 15 5) 9 g 12 10 o o a o 

FlGURE 6 'MODEL E~AMPLE' 

Thi~ cx~vo.plc 'A'i'IS con:;t.ruct·.::d u~.ins the ruh:•, (•\) :Jr·c! (8) cf :-·ir;.) 'l'.;c.-, 
Sti'!Jct.ur,~' dr.rl Tc>bl·.~ Z 'Naming Conv·~;Jti'YtS.' 

Eac.h fra::;,: COf'l:>i::.ts of .. ,,~t-ti::.es ¿¡,-;j p•:>intP.í~~ to ctl-1•::r f:·,':rl.<~~- O.-r!y n·;¡,-
tenninal tr;ansle~. occupy e frame 0f th·:~ ,,,¿¡trix. 1hi::. rn.~tri'~ J'J tht'; r··,.:,d<~:. 

-------



\ 

(1) if hoth a p\·Jint:er .:;nd ;:1 ver::ex coordi1h1te oc.cupy ,, 1.,¡,.,-d o': l11l,;'\!:Fy. Liv:n t(_~ 

us<: the tab!e r~qui,·es 2 p•.)Ínters + 3 coordinate'; = ':;. \J •. >r-ds; nct to uso;:: :_i¡<· 
Ld>!e rcquirt~5 3 coordin:lt•.;s + tne '5·:1me 3 C()Ordi:l:.lte·; ,, 6 viDrus; 

('?.) if for some ¡·eason triangle 25 3 9 ~'.eL·ct~ vertf":¡.; ':i ¿;s the l'sisr.¡fic:;;;.-.," 
point near the mid-point of side 3-9 (f).efc¡· to Fi•:J 6), but tr:anqle 3 7 Cj 

~elects verrex 5' (a different vertcx, near v~rt~x 5 but 110t th·~ s.:JrnE:) as 
the "si~¡nificant" point n~ar the mi::i-point of siC.e 9-3, then the t;.¡ble 
\...JoS. te·-; rolemory. 

11 .1 Sirnplificd ;,toruge for cover of simil.::!r triangle~ 

if we a5SlHre tilat the rect.v191e a. b c. d (Fig. 5 'D¿¡t.; St1·uc-ture) is 2 
SC]'J.'ire and th.lt the 11 siqnifjc¿~nt" poinrs arr-: ex2ci.ly at the i11id-points nf th~ 

':;i<.!cs .:;f the tri3r.g18s, lr:5t::! ... ~d of ne,::r th~m, tht=~n 2l l th~ l~"-'o .. ·rlirnensiond1 
t;·_i.:)t~gles. [13] <lre ~;imllar (in fact, they are isoscel.c-~; r·ig!1t anoled t:-ia:~gL::s\ 
an·J the (;{,y) coordin<lte:, of r~ny vcr·tex n<::eu not be ston~d, s¡ncc- they are- :.ns 
;;¡vcr·age of the"(x,y) coordinares of the vertices of ar. ~ppropriate s¡de. 

The ne1r1 representátion For ~;quare:. '- h c. d of ¡:ig. S i~~: 

¡ .t!L-ÚlYL,q.f.e. ({ b c.} 

( .tr.AiU'l. g .f. C. e_ d e) 

( ;C/:_.{ ;u-: g .t r¿ a. g 6) 

Frc~me vertex verte;~ V<:"rtex vert~x vertex 
11 a b e d e 

la Lb. 

vertex 
4 

r¡ 7 
L .(.9 

3 Zu. 

4 z . .r 
J 

-, 
"-e_ 

vertex 
5 

zh 

z 
.6 

Zf!_ 

zci 

vertex 
6 

Zfi 
7 
'--'-

.{_ 

z 
·'· 

z c. 

t_ {\ l1 L\ 
M N O P 

2 o 3 o 

4 o o o 

O O G O 

o e o o 

Lf U··.e originc-~l ared is notan sqL;arc but ·1 rcctan9le., L·.~ •,.¡¡¡¡ h.:~vc- t1.-1;J ¡=,Y·1Í~ re·~ 

o~ ~imilar two-d¡me.nsionai iríangles._ 

lf wc denote thc sons M. N. o ind p by oa, 01, 10 and l 1, then ~e C00!d 

iGrm from figure 5 the fol lowing tree: 

1 1 



V/ 

C·QOOOO 

Fir::,t generc;tion 

¿ (l b c. = 00 

!~bc.e"'01 
¿\ c. d e. = T O 

000011 

origina;;~ 

/ 10 
01 

1000 1001 1010 1 o 1 1 

Scccnd generatio" Third gencrat¡on 

6. a g ¿ = 00 CO t. a j ,¿ = 00 e o 00 
Ll. g !?. J = 00 00 01 
1:. 1 

~~ f¿ ,. 00 (¡o- ¡o 
~ 

6. j Í?. 1 ... - 00 00 11 
t.. b h g = 00 01 
b e 6 h = 00 10 
h 9 h 1 

ÍJ = 00 11 

b. c. u .t ;1 10 00 
ú d. -6 <1 = 10 01 
f, t; t .6 -:: 10 1 o ·-
L .. ~ 

.¡. :; ¡o 11 >.( -~ 



lfu . .!<;C: Cl:,.Jc\_" CO!' i C~ bt! Cu:;-;~." ¡ lh.:.cJ ~·,:! ~-~-1 th~;:: :;: \·01'J~·L.·f tU (t:;~,--!,~t ~l C·."·IP~:l_·C t :··'uJ':::" e ·~-·v 

·::~, ¡·· !: puíSti(! t.f·,;.:, fu:---th.~r. tn .-, .~irni ltti- ~-,~cJni':~?:.l~ o t cq? (..,.r S(~'..J.Jrcs c.:1n fJ,_ .. 
,-,: íH :~"-,¡~¡-¡ lt-~d {9}-

1 V • Dll. TA RE TI\ 1 E VAL FOR SUR PACE R E C O ~~ S T R. U C T t C N 

In o:-der to recover the 3-·d surface, it is c.ufficí<"nt: to ask the moclel >·1hat i~. 

the z value for any pair x,y. This is real ized by the functi0n ALTITUDE. 

ALfiTUDE (x, y) 

(t • ·· UODfL [ 1 ~ 1J ; 
b ... ,1 l0D~L~Z, 1] ; 
~ ... MODEL 3, 1J ; 
d . -- :".)ODCL 1, U. ; 
:> ~:on¡~lf> 7'. • . 1'. ./ ·-- - - ,. ~ ? 

m - - t- 10DEL _ú 7 1 Ji 
p MOOEL [9,1 J; 
<>_::t"1.UfL .- -1; 

~ -'7. ·~-tu/ut-~ .-tJte. hr_/._gíJ,t ;,: o~ -thc.· ¡~o-Ld~ { x, yl ctó ob-tc-ú-:.ed 6:u;:n 
~ the. r.10de..t. 1-t .(!> de.,~úu~d a.)= 

!~ 6 i.l'v~t vc.'tte.x ti{¡ 6Jr.(G1Js l. F.'Uu:aL 1 .{.~ .th2.. tU' .. ·' .. :ú:t.I'U_f[r>... 
~ ;'.!QVEL [*, L] -l6 .ti-11?.. {'loJne L, Ci. ¡;on-.teJon-<".nd .. .tn ... iaJl:~C.c .. 
o "fl[J:C L 1!: 'jo i . t·¡ ' -1-. • • • • "" • ' • . 1 1 ' . 1' .. {1 • • .. .J" ' 
a r-1~· -L. 1 ~ {.6 L h~ >r>:l-vUJL c.ur,.uLlrlA .. H~¡ -L•H-' ohtJ-LI.:'. "·'''-"'-'(. 

y¡ :o: I~!OOEL [7, 1] ; o : '" 
~-'l.C.tJu~c_v.{.Hg tite. po.ÓLU!/l---~ 

]~/.' (;~-: t.c. 1·_ '"¡ o; •1• 1 . 
-- ~''• .J ~ 

~tu {!u:·_ 0 O~~~.) ... 

.{.,{ .i.n-~./dc (o .. , b, é., x, if) 

J)um -<' 6 m = o {:he Jl lu:.;_[\h.r í (1_ 7 b' !::'.., \ r ~~) 
e/.~t>. ZCTA (a;ú,t~,x,y,)n) 

<:.LH' ... q -tH:\.úit:. (b,f',e.,x,~(' 
thc.n .(¡~ n =O . .the_;¡ {¡.-;_(.:;H: (L,c,e,:\..,1;) 

et~e ZETA !b,c,~.~.y,m) 
e/.:,í! i6 . .óJ~-Ldc. (c.,d,i".,Y,'f) · 

é-6 o= O ;t&io1 íu~./gftt k,ci_,~,;(,~Jl 
eu e ·ZETA k, ci, e .• x:, y, m) 

eV.. e .<.. -6 -i..n-~ ,.;_¿e ( d, a., c., x , t.f ) 
:tÍ'LCJ1 . [ o .J... l ' 1 ;t ( d J -tu p ::: -dLí?.H rtC..<..gti'_ , a, C., X., :j 

eue. ZETA (d,a,e_, •:,0f,H1) 
C. f....~ (!_ P./UlO Jt; 

é.l.f!) ALTITUOE. 

Fw:ction l1·lSID[ (a,b,c,>~,y) i:; true ¡f th~ p·>lf<t (>:,:t,C) l':. ;nc,;r¡r.~ ;_:l-~ t.:·i._·.~:';:,~ 
f-, ..... O) (i)x •l,. 0 1

1 ('· e o·) 1 .,,~~-h si.a'•-"·.,,·;:1,•·.·.-.. r.\<'.',~. •.::·¡r·¡. ~~ '(:-~,:-Jl: .. ·i--,r •' "' ;r. > -< •,i > > > ' f ' > ~X > 'y' • ·. •' - • • i' -· .. 'r' 

S i ClCi.-J.?ll! k S • 1 

1\ point r . .! i:; tnsÍdt.! t.~-i;tr.~Jll~ (~ b C. i( p 2nd C~ f~f; ~'")i1 t~·¡·.--.? :-;.:;r~~~ ~id·_;~=--·, rl !_~ 
21~1d p 0nrl b l ie 001 thc :~-:11ne side of a e, and p ¿¡nr\ a. res·.:- on rh'~ "·J~r.e si:·~ or 
b t:. A t he'> í s IV COl• C<J i ns l i s 1· i ;,~~ ~, .F:,J í•-·su 1 ::·: •. 

1 ., -
.1 
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, F 1 G U P. E T . . ' C O P L 1\ N A H S 1 D E \·1 A L K. S 1 

Compare wit!-1, ~rgu¡::-e 4 'Mod~d Visu.Jlization.' lf_point r""' {rx,ry·~) ~?r:~;. 
not fall- on l't·rie (cx,cy,O) --;t(Jx,dy,O). an hur1zont<Jl arP.a c. d 11. ""''1_ De 
withotJt coverage by the trianql~~·;; a cor·.r.csponding p.:¡n:. of t:he 3-d sul'"f-:.cc 
~-tíll.fa.il to b~ reprcsenteci. Tlle c.ure for this is to give "fltlpS 11 to ttv: 
triangle~ •• so th.lt triangle te d .. \ (une its othcr ti1ree br·other:;) :Jre 
e~l.:a~ged by a coplanar· sidc~~<Jlk t;1<1t covers up to tr. [12]. 



!':!('<..'l'_cft¡:,l· :u r,\ {;,;). \'>', \'.\ .\., l._j. rnl 
. 1 

~~:, 1--,~ ~_. ~ J 'i f,/ l! . í \ 

,_~; :-:¡;;od ... ·c [7,tYtl; 
'1 r; : .= 1 , ... r '., r> ~-., ,. T · , _ f, .l.t { ¡,•· ,.u¡ ~~ 

,.6 :-= ·¡,,·f¡.P [:: nr'' · J 1 ,...., '-- ...... ~. ..., 1 j ) 

rmr : ,. nrod<-:.t (-J 1 ::rl ; 
H ; :: lliOdc .. f.. [5, l;!l j 

e : '~ m::dd: [ 6, ~~~1 .. 
p : = rnodet [l 1 m] ; 

ZeTA.-· -t.6 .úz_~-i..cle ¡,JJ,v4,v6,x.Lf) 
.tlu:n {.¡) mn =o o .th~Ul {¡e,_(_gh;t (t;1,v4,vólx.,yl 

cU..e. ZETA (v1,v4,v6,x:,!J,nl-~:) }M~c Trli:•fc? 'r'J.1nt(!tJ CorzveJ,·. 1 .r:: 
eL..'!~ -d .<.n6.éde (v2 1 vt;,v.J,x,u) 
.then. -1...6 n =o .the_¡·¡ he..i.ght {t•2,v5,v.1,x,r;l 

ef.-.H'. ZETA { •JZ, v S, v-1, x., lf, ;e) 
eL) e. .<.f1 .r:i'L~-i.de. ( •: 3, v 6, v 5, x, u) · 
.thur .{·.6 o"' O -t/:('.J: f:eA.:gh,.t (v3,,;ó,v!i,:.:,y) 

c.t..'l~~ ZF7;\ (v3,vó,v5,x,u,o1 
el{; e. {. ó p ::: o 
:tfien. 
q_L~.e. 

"dvJt 7. ETA . 

h.e.<.gh;t {vl, v:;, v6,x_.y) 
~r f,.,. (vl ,.J ,,;: x rr p·¡ · 
"- ............... -- • '.) . 1 ·~', ._' - , ,_. ~ 

The é,earch for tht! co1rect tri,1nu!e th,~t rc¡gcsents a püint gc:nerate·,. :·_-, 
L:iC!<tr-ac.kír.g . .l\t e,1ch Jcvel or the tr•~c·cf lri,Jn<Jie·:;, \·i~~ sinrply CJO d~y .. ,n co :.h<.' 
:¡,,;;:.·~ leve! t:Ji"C:H!9:-, tl'h-: 2ppropriate ~,;Jn (rh.:::t: o_.o:; u_,n~:ai;l¡il::J t~H~ point), o..rol.; ~ 
h~ hit <l terminal trié:ln9Je, VJhÓí8 \.\IC Cül~j)L!i:.C ti~e heishl lJ'_I a plc:r,¿¡r inter[•.:'l~:_::J",. 

V. CONCLUDING 

Since a gr~y level picture can be 
z b~inq the gr~y leve! value. ir is in 
described here to repr~scnt then. This· 

REMi-\f\KS 

seer: ¡.¡::;a surface in three dimensi'..J"'5, 
principie possible to use the rncd~ls 
c:Ju l d huve lb..: Fr)¡· s!t.ape CO'I:pa í i ·,c:.r: e-:~ 

th;.~S(~ Surft~C1¿::S, b~t th,: 2iUthor:. ha'/C not exp.~ri:l~ent~2d 'f.ich tiJ:s. T~~t~ 

.:Jnyv:.:v~·· is t.o use modl'!ls. \·Ji lh l.>rr¡·~ :: ( I¿¡;·G·~ c;·•or tolo:r;¡r~ce, coa:·s..:. 
re;Jr"esentation) te, COíl1pJre ~· .... ,o su~fCJC(~3; if r_hr; Lnodr;l5 3r~"? ec:uai _(;:~ 
.~;;.~~rcprf<ltf-: SC!n'5C, fo( in:.,t::_~r~Cl!., the qu;J:1tÍ¿~~J Z \Jr_!lu.~S ~:lr'?~~) i:~L':"": '.:.-... r .. ~;·J~r~ 
ó:'i-o:·d ClJfilpaíÍSOn ~·iÍth.) <:.rna'lle¡- f (rno;-e ;~c:CL:COJ:E' rc[)¡·,~:;ent<')l;e;.-;). !r'] ¡:~j~· L-.:~; 
th(: ·.--;hc1rJe 5ÍIT'~l<.JI .. ity bet'/Jt"~~n .;'.n'/ t\·JC) ~)-di~·neflc:)ion:J1 sur!·~-.~:..~!·-, (cJ;- ~":.:r-¡ c .. -.u :.i~'".:JY 
lc-.tel picture~) C.dn be ascert;:¡ined. p, ro.'!i<Jtr~d p.:1per ()_J dt:vel._,~~.;. ¡:;,¡._,_ i('c.:J 

full'f for tl-·m--d ir.r'~n·:;íon,ll flat reqions (bínory pict·t;;·.~::;). T:1.::: !.~.r·.;<·st ~JI"•)!JÍ'é'r<l 
~-:!l.h thi~. ,·,pp:-o.Jch ís 1·0 fi~1ri a n~nm.::l i:~;:tion pro<>:clur•: (thl! b:~:,.;c: i(~Ci.<H~nL: 

• "3]') 1 . 1 1 ' . . 1 - . ' J - • t r¡, .r.. t ;:¡t wt, prr:;ouc<" ,J unrqu•~ r.~·~·,_;,; l::>r (i:c _¡-t! ce~.:·: ; !:. t.s. -:·,,~,ll'r _e, 

CO.!lpa rP. canon i ·.:.31 mo(lt.:! i s. 

Th·~ r:l·~thcd de-~cribcd lfl 1..1:;~ r:q¡J~r- 15 CiJíí~:~lí.lv [";C_;r,:~J i·~:plcm,;iltL~d ¿.ncl tc:-'i::-:'t' 

fo:-· r'::prr_:.~>::;r,t...tti,:>n c;f tO~':J~Jr.:!ph;r~ :·,urf .. :cl;:; fr)~;":""it~:-1·,' (:\:::t ,-¡bcd ~)V th'-~¡¡- c·,:,!,)·~r 

1; 1 lf!">. 



'··.- ~. 1 :n r .. \f ti,:d:·!·, ~~~i:-..: ¡·3,t1~:-~ f.;'--,d _.1. 
----· ·-. -·· ·----·-------·- -··-------·--· ..... o---··r--·-··· --

C\' 

. . ~,.n ''>t.1 rf,:L":; h¡ !i:(JI~t.l'-, 11; ~' .. t., ~t, tr~t: ( • 1, ' 
\ '· '~ - l. ;- - • \ 

' . . -~- - - ·-¡- ,.. (' 
.·,-\ .··.:f IJ:· t.'' i~.J 1 ''J .·; 'ft··., • r .""':n:~· .. ~e\. ·. ,. 

''(···i J. j I~IJI• "\1 '(' fl 11 '-1 • ··-,! '1 
.. •1·: ·'· .- . -'· , ~·'· •-¡, ''('• '-'"- 1 I'' üÍ í . ' 

, . 

~:,··lif.it..lt·~t po.-r~v. ·:s. corrt'ldti(•il poínt· •. ·p· ... ; ·:-i9niíí.-_;-Hlt n-~,í;;i:-. (.-~)·,:_)e·¡;]. 
-~·;,;;--(.;~:~:-.:-::-;-:;;·~-z-¡--¡:·y;~::;c)¡-,;;~:--zre-T-i:!r(::-tf;C,~_;~;--:;oi,,.·o n! r.i1c rcn.:;ín -.,.;,,_~re ·:1·-:,.: ·· 
,., .1n Íl";i<>rr_:'lnt \>','Y· Thf' point<; ihdt ¿; .._-~,·n.::L->tíon roul•~w finds in ->~l :.:~·,., . 
; ... --·-·-1 fu• in::;t·.)r.;:,, in th~ tv;o pictures cf ;1 ·.:.te,·<t~o p~~ir, .i!'(· c:;i\l..:~·J ''C:);-t··; .. 

¡:-<int:.:" t.!wy ,-¡r·.;· p..:.)iiit'; lhdt ;:¡re e.::lsy v, curr::f.J;:e in tt·: . .> p!ct•jr·.::J., b,,c.c•cJ·-·~ 

~-:~· ·~··-''! l··:v<:>ls í1; tl11~ir neí~¡hb0r·hood ,:l.n: C:Liit<.-; c!ifh~¡-,_~nt: frcrr: l)l.'h<~;·s. í;,~·-.v 

,,,,.·: ,_.;n U.· id<":1Lifi;;;d rc)~)idly and unn¡Í~.t<l~ ... ably. 8ui thev vill ¡ n,-,t ner:::~·~:;:,· 1 ·~· 

:.1 t..li1 tl)i-' uf rr5~~;:1tif¡(_3nt 11 p\"1if1tS .. 

il•l .:Jccuracy c::-it(~d<1, which tell~ \-.~h.:·t·he;· ;:-- ~,0ly•.jon .-:;f th·~- r..:.;cJ:_•1 nt~.-~.--ic. 1:_ 

r~f'lnr~~n~::nt (¡,, our CilSe, con'í)-:tt-¡s0r: o! :: .. )d.=:ll.-_:j -.r. ~·-.:cd h0:i;_;:O•·~. (.':.--- --,. 
•_: 2 1 \Ji-1·~"~ tG ~; tor r,:·f • n í nq') ; 

;:; procedur(~ tn ref·irú:! t·h<! rrodei '(;n GLd ,;¡()(~el. ~;elle;_,) <_,i:;::if-,,:<"l:_ot ;<>.i·:t :,
e~'~'~ middlt' ¡Jo.>ÍOit r:·f ;) ,; ide); 

f~ ..., .. ·'Y ~(¡ ¿1(:CP:;~ lhc: fHCH.1e1 \t-~~ ~-C(!n in :,, __ ·.:.ti~._-,n J\/ lfl.-J; ~~ ·~,-:-:t:· ¡;·_,.¡~-~1 )-('!" <";;·.-, ;:;.:.·_· 

:;.-> .. on :. ~ ruc t ion'} ; 

.1 Hn.:-thod te rt..~ct.)nstruct the ~'lífa~-_(; fr~Jil1 lhc ::1e:d0l (:~-:i·; .:; •.;1v~:r"; ~)·,- ~~-,.

proccdure it,'-t:íi!.t (tz,b,c.,x,y) evaluated .;n r:--.e ~lpprllp!Ídt:-O tridr.~~¡ •. , :; L: -~ 
1.vhich contCJins t.he point (x,y,O); the c;¡J;noprít't"P J-~fir1ition of con<. <if'·~:r-~n~ 
i~ ernbodied in procedure Úl~i-cÍt: (a,[,,,~,X,t;'). tvh;,~h t:1~~s int<) acc:o•Jill, ¡.:·; 

in:~tance, the "flaps 11 of Fi::;. 7· 1 Cc.pl¿¡n,":r5ide\~alk·;. 1 ). 

V. Suggestions for further work 

¡. Pefer to Fig. 7 'CopL1na,-_ SZdc~Jalk:,. f.k_, P0l 11~',:-~ :..1 "" 1C-:; ~'·:jr u-, .. 
tht~ ':·.ide\.'-ld!~s .. C'.)i!:putc inslcaJ thr-:- r·¡:·;;<:.;~.í·drn dí~.r,n¡¡r;r:: t::.~~t (1~v., .... , 

~':--1.·1r: r'' i·..)r tlio:: e:niar~Jcd triar.-_:¡lc- c. d . .:. t.o:; ¡¡~~~~·r :.~. i il u-.,; ;;r:·-_-,;
Thi~ has toda wilh average s!upe~ of th~ trijn0¡~~-

'Ir j t.:','; ¡ .. , ,. 

r.' ... ' 

:' \ •, ~ ' ' 1 

:?. ¡~~~f~r to" 111.1 'Sirnplifi~d sto:·;·t:l:- f•l: covf•:· e·: ·.,i:·,,;;~H tri.-::n·:~'· .:- .. :._~ 
rJ.~v~:-lop th2 flh.ld•:'\ th.-.lt LJSC-:S t:lt_:: r(~prL''S·~·~nt.JtiC'P (ti" <;.~,,_·[¡ ~.r Í~L1 '::J!<~ '· ·• ' ... •·: 
c\f p¡1ir', (>f L>inary diqit~;,. v~(Jt .. , tr·i._Ji~9te ~~ f: J -=- 00 Q(! 01 ~.t.~~~~:· ·~·:;:: ¡¡ '·'~· t~ .. :· 
son ~~ of ti>e so•·· r; of the rcc.l-."lll~lr:). 

_¡ . O o r~ n t. r ': t ¡· i ~~ '-' --:'· t· he t r i ;! .-; :-; L-; ; f ,- n r ~ t ¡ l ~ ' r 
\ ' .. 1 • 

:. 

i""'".'trtev.:;l :=~.~¡· ·)u,-f,Jce rt~c~:~,struc~·.i(,:1 1 J l'"t ..¡r: ·. ·· 

·.¡..:.. r ~· i e e '.; /; r / . 

1 (, 
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C:.h~ d re ~, '_, d :.i r- t.-1 r t ~ p r t.: ~en t ¡1 t í o r: .:r ,. '"~- r C. í t r ~ r ~:; t1 e C.l 1 r ,~ ..... :: y 1 e\; ~ · 1 ~~ ¡ • 1 u~ u ':-:. ;_: t ! • ·.: .- 1 ~ \ : • 
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1 f 110 S j Cjfl i C i Cdn t poi tri: r Í "i fo:Jncl n,•.--u· cnGU~Jh r 1 1 
',(; ¿¡:, 1·•.) _I:H~r~ ¡_ th: 1 ·;~ 

rcq!lin:r:lcr~t, th<: ;¡¡ockl ocders to find (to f..:1bricatc) -l nc·.N si~;nific;.nt.. pC•ÍI:r 

1--:ith COül·din:Jt•~'~ x,y closer to rx"• rv'': ,t:te mr:.;Liel on!y accerr~. ::;ic,:;n;fic.:lqi· 
poir1l::. clo:.e ~~raou~Jh to r" (r" t~j the·r.1idpoint uf (c~~·cy,O)-'~(dx,dy,OJ) t~o 
en•;ure that the r·~sul t:mt fiAps wi\ l nct l;e wider thdn k1. An optim-:~1 vi<'!';' 

{~l~0~-¡estion l) is n~~eded to compute kt· 

Tlu'~ sidel..,tnlks slightly contl-adict the. assumption (1), uniqué'.r~t:'!ss of 
r~~:Jl·,~;:.f;oti:ltior'l for <l point, c•f t:H~ i:~t:od1JC!:io;1. fhí:. is of no ir.1purt,_;nc.t~. 

13. kefer to (B) of Fig. 5 'Dato Strur:ture.' Tri<Jnglc 2 3 is a triar~gle in 
space, A )-dimensional triAny1e, since e~ch vertex ha~ three courctin~:c~. 
E3t!t we could project ts-iangle 1 2 3 into the x-y plane. by 5etting Z·"-0 dt 

c.:;ch of its ver-tices. In thís manner· ""e obtain ¿¡ tr·.ián~.¡le in the x-y plat1o:-, 
1-1hich "'"e call the ''t:•IO-dirnensional" tri.:1n9h:·1·2 3. 
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S 11/\ P [ O l S C H l P T I O N A N D S H J\ P E S I M: I L A R 1 TI M E A S U R E f'l E N T 

FOR TWO-DIMENSIONAL REGIONS 

Ernesto Oribiesca 
Depto. Investigación 
CETENAL (Mexico) 

1\bstra.ct 

and A do 1 fo GuzmtÍ n 
ComputE• r Sci en ce Dept. , '! I i~J\S 
Notionill University of t·lexico 

l~e analyze the forms or shapes of flot regic1ns linríted .by simply 

connec ted curves. A procedure i s gi ven tha t deduces from every reg1 on 

a unique number (its shape number) independent o~' translation, rotation 

and scalin!J. 

The pn:cisiún in the n:presentation of the :.hupe of a reg1ur1 by on~ 

of i ts shape numbers i s i ndi cated by the arder o·,' that shape number; hi gh 

ordcrs are more accurate for shape description. : nformally~ the 'nwrber of 

ternary digits of a shape n'umber ~Jill tell its arder. The paper contains 

tab 1 es of a ll the shape numbers of order k, for !.e vera l k. Neverthe les s, 

these tubles are not necessary fot· cornputing the shape number of a n~gion. 

The shape number of any arder can be deduced solE·ly from the region; no 

shape r1atching~ comparison or table lookup is necessary. 

We then introduce the degree of similarity t'et\veen the shapes of two 

regions and give an algorithm for computing it ft'Om the corresponding shape 

numbers. Two regions with shapes that look alike will have a high degree of 

similurity. No string matching or gramrnatical pat·sing is necessary to find 

out how close in shape.;two regions are. Informal\y speaking, the degree of 

similarity between the shapes of two regions is l.he highest optical 

r{:solutioll (power of the.magnifying len:;) that' st.i11 confuses tiiem. l·ie th~n 

define the distance between two shapes ahd find it to be an u1tradistance. 
Ih this way~ á quantitntiv~ study of shape 1s possible. 

Finally, a related Theory "13" of shapes is ~·resented that disregards 
1 

the excentricity of a region and offers addition¿l advantages for shape 

compari son. 
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Key VIOrdc;: chain encoclin9~ shar2 nurnbet·s; fi011re clescription; 

discrete shapes; shape reprPsentation; siniil~rity of 

forn1; shape comparison; distunce between forms. 
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I N T l\ O D U C T I O N 

Scene Analysis seeks to understand a scene, for instance by assiuning 

ni.IIPes to its different parts and con:ponents as \~ell as by explaining 

their relations and structures. 
Local and global information [3] , that is, shape and context, 

play an important and mutually supporting role in Scene Analysis. If 
we look ot scenes found in coloring books for cl·ildren (Fig. 1, 

'STREET SCENE' }, the explanation (na~e, -purpose, role} of each part is 

derived both from its shape and from the context, that is to say, from 

the names of the parts clase to it. 

The role of shape in Scene Analysis 

Take Fig. 1 'STREET SCENE' which lacks colcr, texture, gray 1evels, 
and only has shapes, sizes and structure. One can still make a gor1 

"expl anati on" and unders tan di ng of i t. Con seque ntly, one of the authors 

has proposed (31 to represent explicitlv these 1hree components, for 

instance by a graph where the nades contain share and size information 

about each regían, and the ares represent di ffer·ent rel a ti ons ( "above," 

"between," "surrounded by"} among the nades. 

It is therefore necessary to be ·able to cescribe the shape of an 

object (part; region); to compare shapes; to decide how close two given 

shapes are, or .,.1hat is their resemblance or dissimilarity. A numerical 

reliable measure for these concepts will ~ive rise to a quantitative 

study of shape. 

Defi ni ti óns , 

Regían. A simply connected portien of a plane limited by a curve 

boundary. That is, no hales, no self-intersecting boundary. Closed 

boundary. The regían is uniquely define.d by.the 1curve it has as boundary. 

This paper deals with shapes of regions, bLt the shape numbers 

used here can also be applied to open curves. 

Freeman chain in four directions. Far· a given region and a given square 

grid of fixed orientation and size, the Freemar. chain in four directions 
i5 the curve obta i ned by \vñ 1 k i ng el ockwí se on the g ri d ( a·n the 11 \·li :--es" 
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of the grid) oround and outside the squpres tlnt contcJin n:ore thiln 
1 

50 X of thP. region (Fig. 2). 

The chain number (Fig. 2d) is obtained bJ clockwisely replacing 

each step along. the curve by the number 1, 2, J or 4, according to 

Fig. 2e. See suggestions 1 and 2 at the end of the paper. 

Sometimes this procedure will break thin portions of regions 

and one will e~d up with two non-connected chains. These are degenerate 

regions for that grid, which have no shape numbers (q. v.) (Fig. 8.II). 

Derivative of Freeman chains. It is the chain number (Fig. 2f) obtained 

by clockwise replacing each salient (convex) C•)rner of the Freeman chain 

(Fig. 2c) by a 1, each straight corner by a 2, and each concave cerner 

by a 3, as figure 3g suggests. 

The number obtained (Fig. 2f) will be di =ferent if we change the 

size or orientation of the grid. 

Major axis of a ·region. The straight 1ine conn•~cting the two perimeter 

points furthest away from each other ·(Fig. 3b). 
Ocassionally, there will be more than one majar axis in a regían. 

In that cose, select that \'Jhich gives the shor·:est minor axis. 

~~inor axis of a region. A segment perpendiculat· to the n1ajor axis, and 

of length and position such that the box formed by these two axis just 

en~loses the region {Fig.· 3a). 
Dther axis for similar purposes are given in ( 3], pp 338-342, and 

in (2]. 

Basic rectangle of a region. It is the rectangle having its sides 

parallel to and of sizes equal to the majar and minar axis, such that 

it just encloses the region (fig. 3d). 

Excontricity of a ~éctarigla. It is the ratiO ol· the iorig to tha short 
~ide; e ~ 1. 

txcentr1t1t,Y of a reg1on. It is the excentricHy of 1ts basic r-ectangle. 

·Jt is the ratio of i~s majar to minor axis. This definition coincides 
with that for an ellipse. · · 
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FIGURE 2 1 C 1-i A I N S 1 

a: the region. · b: the grid. e: the Freerr:an chain in four directions. 

d: its chain number. e: the four d_irections of (b} used to code (e) 

into (d). f: the derivative of (e). g: the three types of corners 

u~ed to code (e) into (f). 

fiGURE 3 1 DEFINITIONS 1 

a: minar axis of. (e).· b: major axis o:: (e). 

e: region. d: basic rectangle of (e).· 
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THE SHAPE NUMBER OF lA REG.:ON 

If a notdtion is going to be used to re¡wesent the shape of a 

region, it has to be independent of the posit"ion, orienti:.ltion and size 

of such region. It should be reproducible: a region, when translated, 

li1a9ni fi ed ancl rotated shoul d s ti ll gi ve the sana~ descri pti on as ~ú1en 

un trans forrned. Two regi ons wi th di fferent sllapes shoul d produce 

different descriptions. Finally, the shape number should be unique 

for a given region; for instance, it shou1d not depend or. a~ arbitrary 

starting point or a particular coordinate system. 

If the notation can be deduced exclusively from the region,. 

without comparison with a table of canonical snapes or shape descriptors, 

for instance, then we can expect savings in mel!lory and computer time 

for the procedure that finds out the shape des:ription. 

In this section, we first produce finite ~amili~s ~f s~ape 

descri p tors ( every men1bel" of a fami ly has t11e ·;amé ordér) • ~e then 
cxhibit a \vay to find out, for ¿¡n arbitrary re~Jion, Hs shape descriptor 

of any arder. This descriptor indeed qualifie:; as a r~t~ti~!1 to 

reprcsent shape. 

In the next section we will see that th·j~. descriptor also permits 

to measure the similarity or analogy between tl!e shapes of two regions. 

Oiscrete shapes 

Regions of special inte1·est are cr1ated when it is required to forma 

closed curve using o sticks of the same leng1h, bu~ joining_ them end 

to end either coli~early o~ fo~ming 90 o corners. lt is clea~ that o 

must bé even for the curve to close. 
ror instahce, with 8 s~icks you could fónn on1y t~e folltJwing 

~eg~ons: th~ square (of s1ze 2 by 2, Fig. 4a), the triangle (fig. 4b) 
and the rectangle (Fig. 4c). 

The shapes of these regions are called dis,crete shapes. 

The shape number·of a discrete region (that is, of u region having a 

discrete shape) is obtained from that regían by clockwisely replacing 

each salient cerner by a 1, each stra~ght corner by a 2, .and each 
concave corner by. a 3 (See Fig. 2g). ~oreover, in order to obtain a 
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1 ' 
unic¡ue shape number, w-: start the proceUure in the corner that produces 

a string (of 1, 2 and 3's) of 111inimum value. 

For instance, the shape number of fi9ure 4J is 11212113, v1hich 

w~s obt~1ned by starting in the upper central s1lient corner and 

trnvelli:1g clockwise (first rightand then dm·m). Had v1e started ~n 

the lower left corner, we would have obtained 11311212 which is 

rcjectecl because its ·value (as a ternary number) is larger than 11212113. 

The shape number of a discrete shape does 1ot depend on a grid of 

fixed orientation or size; it can be defived di ~ectly from the ·region. 

It differs in this manner from "derivative of F~eeman chain." 

The shape number of a discrete shape is unique. It does not depend 

on its position, size or orientation. 

The arder of a shape number is the number of ternary digits it has. It 

i s therefor·e equal to the nurnber of corners (of types 1, 2 and 3 in 

Fig. 2g) that the discrete shape has~ 

It is also the number of stick~ (segments of equal length) present 
¡• 

in the discretc shape. It is alv1ays even. It is equal to the perimet~r 

of the regi on. 

1\11 the di serete shapes of order 4 

Tllere i s on ly one di serete shape of arder Four, the square. I ts 
shape number i s 1111 . 

This is the most primitive or fundamental ·;hape. Imagine you are 

looking at things very far a\vay; you can not re.illy differentiate much. 

All objects would look round (square, in this paper) and equal. 

All the discrete shapes of ordef 6, 8~ 10 ánd 12 

Tliere i s on1y one di scrate ·shape of -arder li a tfle rcctángl~ wi ~~, 

shape nun:ber 112112. 

The three di serete shapes of order 8 are g· ven in Fig. 4. 'Here the 

trianale uppears for the first till\e. 

Theninediscrete shdpes of order 10 are gi11en in Fig .. 5; those of 

order twelve are in Fig. 6. They are 36. 



- ~o -

DU,==JCJOcO 
~LLJ¿Jt)¿j 

Uü~008 

dil1dJ 
, 

1 : 1 u u· c::CJ o 
¿?CSLl~c~O 

a o o .. s~ 
'---___...) GlJ 

f l G U RE 6 ' Al- L ' T HE D !'S C RETE S HA PE: S (1 F ORO E R 12 ' 

The order of ~ sh~pe i~dicates the number of stic~s that 

are used_ to form it. 
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The discrctc sh~pe of a reg1on 

In arder to find out the shape number of ot·der o Tor an 

arbitrary region (and not just for the regions raving discrete shapes), 

it is now only necessary to associate in sorne ménner to that region. a 

discrete shape, and then to give the shape nuw.bEr of that discrete shape 

to the r~gion itself. 

One way to proceed would be to compare (for ir.stance, the are..1s 

in the least squares sense) that regían with evEry discrete shape of 

arder o (retrieved from a table such as Fig. 5) (6), and to select 

the discrete shape having the best fit (smallest error> best correlation). 

Other way is given below, preferred becausE H does not use table 

1 ookup, back-tracki.ng, error corr.putati on or patt ern· illatchi ng in the 

CONVERT [41 sense: we do not need te find out wtat is the distance or 

error bet\~Jeen 11212113 and 12121212, for irstance. 

To find the shape number óf arder o of a regic~: 
' l. Find out the basic rect~ngle and the excentricity of th~ region. 

2. Select the rectangle with shape number o ard e·xcentricity closest 

to e. Align and center this rectangle over t~e basic rectangle Lf 

the regían, thus C:efining a grid over t'he re~ion. 

The orientation of the grid follows the basic rectangle, and 

the size o-f the grid is such that (a) every cell of the grid is a 

square·, and (b) the basic rectangle has a shape number of arder o 

for such grid. Already po~itioned, the rectangle selected 1n .this 

step closely coincides with the basic rectangle. 

In practi~e, we have found better not to approximate the 

excentricity, but th~ sides of the rectangle instead. That is, 
selecta rectangla with long side closest to y=(ó/2}(~/l+e). 

3. Mark with a 1 each ce11 of the grid of step 2 .that is n~re than 50% 
contained in the reg1ort. 

The collection of grid squares containning a 1 forms a discrete 
shape. 

4. Find the shape number of the di serete shape óf step 3, ·and give that 

as answer (but see discussion below). 

An example is given in Fig. 7 'FINDING THE SHAPE NUMBER .' 
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1 
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/s"TEP 2. . .SEI.ECT RECTAt.JG-LE bx 3 

r:/ ~~· 3bis . 

.~ a '2. 311.. 2131 2r 2 2 2. 2 L3 

FIGURE 7 'FINDING THE SHAPE NUMBE:~· 

The shape number of order 18 of region A is deiired. 

Thto <mswer is 112312213121222213. The main pnc.edure is 

through steps 1,2,3,4. Step 3bis is a (long) step that can 
be taken instead of step 3. See text. 

Ea eh figure carri es it:; own shaoP. n11mhPr· ''wi t:,; n ; t " 
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Is thc sh¿!pt~ nu111\x~r found 1n step 4 indeE'd of orct::r o·? The crucic!l 

st:.<>p is 3 Clbove. The a~swer is discussec aher an alternative step 3. 

Jhis (vdriant). On the perin~rt.er of the squure selected in step 2, 

p1ace o sticks 011 the "v1ires" of the 9rid. Look·ing at each co~·:-:er 

(of type 1 in Fig. 2g) of these sticks, push it and make it become 

a corner of type 3 if it surrounds a cell of the grill filled less 'than 

50% with the region. Keep pushing corners (see Fig. 7, steps 3bis) 

until no further progress is possible. (Then go to step 4 above). 

This step 3b could be tuken instead of step 3. 

It is clear that this step does not alter the crder of the shape 

nun,t.Jer, since the number of sticks does not chanse. 

~,Jhat cou.ld increase the nurr;ber of sticks (the length of the 

p':rimeter) is a depression in the boundary, becaLse (Fig. 8) in arder 

to sink stick a to position b we need two extra sticks. In this case 

we end up w"ith a s!1ape numbe1 of arder o+2, or ir general of order 

(, +· 2d, \'lhere d is the depth of the depression. 

The way to correct this anomaly is to begin step 2 by selecting a 

rcctangle not of arder o (b~cause we have just 1~und that o produces 

a shape number of arder o+ 2d) but of arder o - 2d, and then the 

qepression Nill add 2d stü*s to it, obtaining a shap~ number af ttle 

correct arder. 

Since a depression changes ~epth a~ the size· ot the grid varies, 

we [11ay nave ta try step 2 with rectangles of ordt r o-2d, o-2d+2, ... ' 

(l-2. un ti 1 w·e fi nd the shape number of arder o. 

Informally speaking, the order of the shape number is the degree 

of resolution being used to encode the shape. 

The excentricity of the shape is important. It is a shape parameter 

coarser th~n the shape number. Tvw shapes of ordE'r o wi th basic rectangles 

of different excentricit'ií~s can not bó'! equa1. The basic ?ectar1g1e ,~nd 

the excentr·i ci ty can be di rectly computed from the shape nurnbers · 

(suggestio'n 6). 

Degenerate regions. lf the grid size is too lar!¡e for sorne parts of a 

rcgi on, the re \>Ji 11 be tata 11 y ~ 1 ank squa ~es th~t break the di serete 

shope into two or more pieces. Then the shape n11mber of that region 

does not exist for thaf arder. This is notan anomaly, but it is giving 

information regarding tlie min·imum size grid for \/hich a shape nurrber 

mdkes sense {Fig. B-11). 
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1·1eanin~ful_ :~h~~-c o_Id2r. A rc~yion v/i th a vcry r.:1:l'!Cd and twisted perin:eter 

\1/ill 11 cemancl"· a higher ord·?l" for ¿¡ properÍdescri:)tion than a region with 

smooth boL,ndJry; it expects more t.tccuracy, becau;e of i ts higher 

information contcnt. [11 met~sures this appropria~eness, also rclated to 

de9enerate r~gions. 

THE DEGREE OF SIMILP,RITY BETHEE_N THE SHAPE~ OF T\~0 REGIONS 

The 'shape number of a reg1on enables us to find out instances of a 

given shape, even when distorted by enlargement 0r rotation. It answers 

the question "llave thes.'? two regior.s the same sh :~pt:>?": up to an order o. 

In practico., however, a shape rare1y repeat; itself, dueto noise 

and the allowable variations (for instance) ten ;illouettes of apples 

have similar but not identical shapes·). The rel·~vant questions to 

ansv.,rer are 11 How much different are these t\'lo forms?", "How much do these 

two shapes resemble each other?", "ls ¡·egion A ·:loser in shape to B, 

orto C?". This section gives a proccdure to qu.1ntitatively answer 

these questions. 

~lhen the shapes of two regions A and B _are .:ompared, v.1e can notice 

that the shape of arder 4 of A, s4(a), is equal to 1111 (the only shape 

of arder 4), nnd is therefore equal to s 4 (b). 

Also s6(a) ~- s 6(b); probably s 8(a)·= s8(b). It is likely that their 

first few shape numbers be identical. The reason is that the di~crete 

shapes are coarse Jnd not varied at. low orders, \~her'e the •iresólution" 

is lm·L 

Nevertheless, rnost. likely s 100 (a) -¡. s 100 (b). al so s 98 (a) f. s 98 (b), 

etc. This is ~xpected, because, due to the finer precision at higher 

orders, there exists a large variety of shapes, -:hus the discrimination 

between A and B i s more dem2ndi ng. 

Of course, if A and [3 were very simi"lar-(bul; not _identical), one 
_l 

cou1d need to go up to say 170 to find that s 1701a) f s 170 (b). On the 

other hand, if they are visibly different (nota- ike at ull), already 

at order 10 we wil 1 be having s 10 (a) f s 10 (b). 
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I. I I. 

FJGURE 8 HOLES· ANO DEGlNERATE SHAPES' 
J: A depressi~n of depth d i~creases the shaJe number bj 2d.· 

II: Pegenerate regions split the discrete sh3pe but do not have 
a shape number at this arder. 
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Tllu"., clS \·JC incre.1•;e the or·Jer CJ of. tlle tv10 shape nur~;bers s (a) 
. . l l 1 o 

<111d s
0

(l>), tld·:/ begrn IH.>.ln9 ec¡ua Hrt at son~e or·der they become 

di fferent fron1 tllc\t point on. Hov1 deeply they t'!•main equal gives us 

i.1n idea of thc similarity between the shapes of 11 and b. 

_Deg_ree of similc1rity k bet\veen the shapes of ti-JO regions a and b: It is 

the lar·gt:st order for which their shape numbers !.till coincide. 

That is, it is the laruest m for which sm(a: = sm(b), but 

s .(u) í s .(b) for all i greater than O. 
m+l m+l 

That is, \•le have s
4

(a)=s 4 (b), s
6

(a)=s
6

(b), !.
8

(a)=s
8

(b), ... , 

5 t~ ( a ) =- S k ( b ) , S k+ z ( a ) J S k t ~ ~ :? ~ , S k 1- q ( a ) f S ~ t 4 ( ~) , . ~ . . 
· ·lf ~ a~d h are regions with degree k of sim·larity, we write 

a~kb. 

Ex3n:ple. For the figures of Fig. 9 'DEGREE OF SHIILARITY• v1e have for 

f'i gures {1, b and e: 

s
4

(a)= 1 1 1 1 s4 (b)= 1 1 1 1 s¿{c)= 1 1 1 1 

s6(a)= 1 1 2 1 1 2 s6 (b)= 1 1 2 1 1 2 sf,(c)= 1 1 2 1 1 2 
s

8
(a)= 11221122 s8{b)= 12121212 s~.(c)= 12121212 

s
10

(a)= 1122211222 s 10 (b)= 1131212122 s
10

(c)== 1212212122 

s
12

(a)= 112221131213 s
1
i(b)= 121221221213 s 12 (c)= 121222121222 

sl 4 (_a~~ll22221123ll32 .s¡4(tl)=l2l21312212t23 s 14 (c}=ll4l2?l22lg21~ 
T!H?rcfore 1 a and P llé1VC a degrpa of ~inlilarity U!lhll to 6: ~~ 6b.· 
i'.l ande j¡.:~ve a clegr·ee of sjplilarity equal to 6_, 1·ritten a;::::6c, 

p an¡j e have a degree of sipJilarity equal to 8, 1'r1tten b~8c. 
This is represented both as a sirniladty tree (1-ig. 9b) andas a 

simi larity matrix (Fig. 9c) where other regions ~ere al so included. 

The similarity matrix is syn11netnca1; in fact, it is easi1y proved 

that, for arbitrary regions a and b, 

(1) (Thrn.) The re1at1on "a and h have ct~~¡ree k o1 similarit.Y" (for a 

fixt;!d k) is not an equívalence relation, but 

(2) (TIIm.) 1'hc relution "a and b have degree of simi1adty of at 

least k" (for a fixed k) i~ .an eq.uivalence relation. 

In fact, tlle equivalence classes of (2) for k=lO are nine,and a 

cano11ical shap-e for each of thern is given in figure 5. 

lnformally speaking, the size (power} of trie magnifying lens that 

barely confuses two regions gives _the degree of similarity between such 

regi ons. 
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FiGURE 9 'DEGREE OF SIMILARITY' 
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00 6 6 6 6 6 
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6 8 C'O 8 8 12 
6 8 8 ~ 8 8 
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6 8 12 8 '8 bo 

( e ) 

(A) regions to be analyzed. {B) Similarity tree for (A). 
(C) Si~ilarity matrix for regions (A). · 
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We could see the ~<~hole pr·ocedure as follo·.r~s: A number is associated 

to each one of two regions. lf the nurr:be¡rs are e~ual, the regions have 

iJ~nth:a1 shape. lf not, another poir of numbers is deduced, and so on 

until we find that the two numbers coincide. Th~ number of stages needed 

is un ir.dication o-f the dissemblance of the two shapes. 

Remarks on the degree of si~ilarity 

No parsing is necessary. To find the degree of s1milarity beb1een a and 

b, shape numbers are comp<n·ed for e qua 1 i ty. T·wo shape numbers of di fferent 
. orders are inconmensurable (can not be compared, should not, need not). 

Two shape numbers of the same arder are either equal or different. 

If different. there is no need to compare 11 how close they are ... 

To find out the degree of sim·i larity. a binary search is used: Is 
s

8
(a) equal to s

8
(b)7 Then compare at·order 100 (the highest). Then at 

th~ middle. Th~n at the middle of the rema·ining valid half. And so on. 

A r.;odified binary search [5) is better. 

Wheatstone Bridge. In this old instrument to measure the value of 
resistances, an amperimete~ says \vhether a curre1t is zero or not. But 

th1s amperimeter ~oes not me~sure the resistance itself; it only says: 

"current is zero. Stop! 11 'Then the value of the resistance is cbtained 

by a formula that does not involve the current (Jecause it is zero!). 

Naturally~ it does not need to be a high precission amperimeter. 

In our case; the degree of similarity is no~ given by the shape 
numbers comparison test. It is given by a proces; that uses the 

compa ri son test. 

Terrperature readings. If the degree of similarit.t between a and b is 14, 

and that between e and d is 28, you can conclude thdt e and d are·closer 

to each othe~ than a and b. But we can not concl Jde t~at e and d are 
.. tw1ce as clase in shape•· as a a.nd b. This 1s li.<e the temper3tur-e: a 

body at 80°C js not tw1ce as hot as ene at 40°C :if you do not believe 
~ . 

it D convert tl-@rn to 0 f. or to °K). But see sugg.~stion 9. 

Ul t radi s tan ce. 1 f we define the distan e€' between two s hapes a and b to 

be the inverse of their degree of similarity, th•?n \IJe could easily prove 
. . 

that this ·is not only a distance, - but it is aJs•) an ultradistance: it 

obeys d(a.c) f sup ( d(a,b)u d(b,c)) in addition to the less demanding 

condition d(a,c) ~ d{a,b) + d(b 9 c). 
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Comment~ on this fheory of shapes 

i 
Slwpe nun~uers 0~·e not invariant under (1~ reflections (mirror i1nages); 

(2) skewing, vJhere the f·igure is distorted by changing the angle bet•,.¡een 

x and y; (3) unequal expansion, that is X'=~ 1 x, Y'=~2y, with ~~ # ~ 2 . 

This· tt~Jnsforms a circle into an ell"ipse. 

These transforrnations (1)-(3) Jlter \vhat could be considered the 

(intuitive) shape of a figure. At the end of thf· papera "Theory B" of 

shapes is presented, where condition (3) is vio1ated, and therefore all 

circles and ellipses, disn~garding size, excentricity, orientation, have 

the same Bshape numbers. 

Problems with this theory of shapes 

l. Ocassional loop in the similarity tree. Dueto noise or the 5001 

,-eqtdrement fo;~ quaíitization, and at lm·i o;-der-s: soii1etimes it is obser·.¡ed 

,, tronsi tory di vergence and th~n convergence in the shapes of two 

¡·égio(1s, v. gr .• s
8

(a)=s
8

(b). s 10 (a)ls 10 (b), s
1
{(a)=s 12 (b), s 14 (a)!s 14 (b), 

.
16

(a)¡o!s
16

(b), .. . I.e., they werc already different at arder 10, but 

-----l~hey-a-~e-aga.i.n_equaJ_a_t order 12 ( hov1ever, onl y to sepa rate soon forever). 

rhi s s ti ll gi ves a unique shape number for a re~ ion, but makes the

definition of the degref] of simil(lt'ity lt">~:; attr.lc.tive, and the rrorprl11re 

to find it, unreliable. 

Only loops of size 2 (such as the example ~iven) have been found, 

i nfrequen tly. 

A way to make these loops disappear is to ignore half of the orders, 

for instance those not divisible by four. Orde'rs .4~ 8, 12, 16, ... remain. 

All the loops of size 2 have vanished (suggestion Bb). 
2. Non existent shape numbers. Shape number of arder o ma.Y ocossion<il ly 

not exist for ~ given figure, due for instance to symmetrkal holes of 

the type of figure 8. I. ' Th·t s does not bother th~ si mil ari ty procedure, 

but it is a nuisance not to have that shape numq~r. See af~· suggestion Sil. 

3. Quantizati on of the excentri ci ty. For an object of excentri city l. 6 

(Fig. 7), v1hat rectangle v1ill be used as the basis for computing its shape 

nu¡rber o-f arder 12? ~Ji ll we use the 3 by 3 squa r¡?- (e= 1)- or the 4 by 2 

rectangie (e:-::2)? An e~ror will be COJninited in an.v case. You have to take 

O 'le or the other·. There seems to be no way out o f thi s. See s-uggesti on 5. 

~le now present a theory that has none of th•?Se problems. 
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THEOf<Y "W' FOR SHAPE DESCRIPTION 1Atm Sl-L~;JE_ COMPARISON 

To obtJ.in this new theory,. \'le \'lill rnake some changes to the old one: 

1. Force the excentricity of any region to be e~ual to one, by 

performing an anisotropic dilation of its axis, X' = ~ 1 x, Y' = ~zY~ Now 

a circle andan ellipse will have the same Bshape; the Bshape of a 

rectongle wi11 coincide with thut of an square. As far as the discrete 

shapes, the.only discrete Bshapes that now exist afe those obtained 

·from squares. 

2. Do not go into depressions (fig. 8.1) with width smaller than the 

size of the cell of the grid. This avoids degenerate shapes (cf. also 

'Reasonable shape numbers' above). That is, if il region is "scratched" 

by thin lines (thi~~~ than the size of the grid) that belong to the 

background, either ignore them (actas if they v.ere not there) or else, 

if they can not be ignored, this Theory "B" says that the size of this 

grid is inappropriate to ~escribe such region, and that its Bshape 

number at this arder does not exist. 

3. Let these depressions (Fig. 8.1) generate Bshape numbers having a 

nur11ber of ternary di gits l arger than the expected arder. That i s, do 

not correct the anornaly that these depressions cause. The pet'irneter of 

the Bshape. does not te11 anymore its arder. 

4. Elliminate the orders that are not powers of two. The only valid 
·-

orders for Bshape numbers are 4, 8, 16, ... These numbers still indicate 

the number of sticks to place'around the basic square (remember, now a 

rectangle is converted first into a square) of the r'~gion (refer to step 
3b of F'ig. 7). 

Tllé procedure .is the fül10\-1ing: 

To find the Bshape number of orc:e¡- o = 2" of a r?gion: 

l. Find out the basic rectangle of the region onj convert it into a 

srp.ra• <~. 

Declare that· the Bshape rnu;1ber does not exi ;t if the region has 

parts (necks, strai~hts) or depressirins (channel;) narrower than 22-n 
or 4/o. 
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2. ~~dke a grid by ct·ividing the side of¡ the basic square into o/4 parts. 

3. tlark with a 1 eoch ce11 of the grid of step 2 that is more than 5071, 

contained in the region (step 3bis given above could also have been used 

instead of this step 3). The collection of grid !qudres containning a 1 

forms a discrete Bshape. 

4. Fi nd the shape numbe r of the di so-e te Bshape C•f s tep 3, and gi ve th 21 t 

as answer, even if it has more than o ternary di~:its. 

The arder of a Bshape number is four times the number of parts into ~,o¡hich 

the side of the basic square \vas divide·d. It is also the perimeter 

(measured by the number of sti cks) of the basi e !.qua re. 

It is no longer the number of ternary digit~. of the Bshape number, 

nor the perimeter of the discrete Bshape. 

The degree of similarity between the Bshapes of two regions is obtained 

.as befür~. Defin)tian ur.cfiangeá. 

Downwards constructability. Given the Bshape nu~1er of order o of a 

region • the Bshape number of order o/2 can be deduced from i t, by 
' o 

regroupping appropriate sets of four neighboring cells into a cell for 

the lower order. Therefore, if two regions have i:he same Bshape number 

of arder o~ they will continue to have equal numhers of smaller order, 

unti1 they cease to exist. This gets rid of prob· em 1 'ocassional loops 

in the simi1arity tree' of the former theory. 

Upwards existence. If the Bshape number of arder o of a region exists, 

the existence of numbers for higher orders is guilranteed: (1) the 

inexistence of channels or isthmus of the region thiner than 4/o implies 

the inexistance of those ·narrower than· 4/{o+i), .oor ·; >0; and (2) wider 

depressions (wider than fig. 8.I) Will produce Vitlid parts of the Bshape 

m1mber~ although 1ts nunlbar of di1]1ts may increa!;e. This defeats problem 

2 of the fta'mer theor.A "non .e:o<istcnt shape nufllbf:rs . 11 

t· 

F'ina1l.y,'prob1em 3 of the former theory 11 qu¡mtization of the 

excentricity" is not present in Theory "B" becaw.e all excentricities 

' are now equal to l. 

Nevertheless, we 1 i ke more the former theor~'-

pisadvantage of Theory "B". Squeezing along one !txis is now a valid 

( 13shape preservi ng) trans formation. Thus, either ~~our app 1 i ca tion does 
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not care f0r the excentricity or aspect ratio, or you carry itas another 

parameter,in addition to the Gshape number. I su;:¡pose you are going to 

be carrying other paralr.€ters of the regipn (lengt1, orientation) anyway. 

Also, more care needs to be exercised now \'ih~n selecting the major 

and minor axis, to avoid noise perturbations (cf. suggestion 7). 

Suggestions ant.l recommendations for furth2r work 

1. Use other tessellations (triangles, hexagons) instead of the square 

grid. I would like to see the triangle and circle as primitive shapes 

at l ow or¡:lers • · 

2. Use eight directions for the sticks, not four. Th~s will produce more 

shape numbers 'of a given order 7 thus making the·~ables of figures 4-6 

larger. But this is safe because the deduction of the shape number does 

not involve table lookup or compariso~ with these ca~onical shapes. 

3. Apply these theor1~s to Scene Analysis of coloring books [3}; 

chronX>somes; silouettes of industrial parts on a conveyor belt; hand 

pri nted di gits and zi p codes; automat·i e taxonomy :>f shapes of shoes ~ 
1 

airplanes, insects (their outline); texture description where the 

p-ictures are binary. 

4. Extend these theories to shapes with holes inside them. 

q·,· .(R~fer to pro_~.li=lll ~ of ,t.h~. -first theory ancl to st~P 2 of t~e pro~ed~r~ 
tó find the shape number) a) Distort slightly the basic rectangle'of the 

region, together with the region, so as to have it coincide exactly with 

the rectangle chosen in step 2: the grid is now of rectangles that are 

almost squares. b)_ Selec.t in step 2 the rectangl~ of order o that 

minimizes the discrepancy between the areas of th~ region ánd of the 

t"aCtongie. 

6. Wr1to a pméi.Jdute to fino the excentricity fro11 the ~hapt:t nuniler. 

~lint: find the basic rectdngle. 

7. A better method to er,case the region into abo( is needed. Noise could 

introduce errors in _1ength and position. Use the r.ethods in tl-3). 

8. (R_efer to problems l and 2 of f"irst theory): _a) Of course, given an 

order (30, say) ·H is ·possible to find the bes't s:1ape number of order 30 

that fits the region, by comparing ("in the 1east :;quares sense) the region 

with all the shapes of order 30. In this way the ·~xistence of a shape 
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number for any or·der und any re9ion could be guaranteed [1). I suggest 

to look for a procedure that avoids rna¡y compari :;ons but still gives l:Jck 

the shape nun'ber of order 30. This undiscovered nethod could be slo'tier, 

since it will be used only wilen the normal procejure fails [.6]. 

b) In order to make the loops vanish, do not use all orders. Even oote, 

space them non linearly: use only orders .4. 6, 10, 16, 24, 

9. Apply these theories to clustering. Do you wa1t to group 200 figures 

into 24 classes according to their shapes? Construct ·their similarity 

trce, and cut it at a level such that .the number of nades at that level 

is approx. 24. You could answer relative likenes> questions such as: 

"Is the difference between a and d larger than t1e difference between 

e ilnd f?". The answer coul d be! "Ves, becaus·e a ~lOd and e ~4 f ... 
e and f went together longer. They.needed a stro1ger lens, of arder 16, 

to separate them. 
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GEOGRAPHV PROGR~~ EXCHANGE 

The Geography Program Exchange (GPE) has been e·.stabllshed to assf~t 
IJnlversltles and other non-profit organlzattons·wlth the~ lnterchaMge of 
c~mputer software whfch re!ate·s to prob1ems of. a. geogr_aphíc nature. · The 
GPE operates on a self-sustainlng·bash~-: lts.servlces·arf! made avalsable 
to user!> sr.ywhere 1~ the world. -,.·· · 

The G?E mainta\ns G centra! ,file cf speciaitzed computer programs 
.. :ah ~.;~oclater.! document'-tior~ a¡1d te.st data sets, ~nd makes copies ef aH 
or part of thls materia! avai1ab1e to users at cost. The programs held 
by the GPE represent speclalized matertals developed for use tn geographlc 
research and teaching; no attempt ls made to dupllcate standard statlstlca~ 
programs. Distrlbution of avallable programs ls In the 'form of llstlngs, 
punched cards, or magnetic tapes. 

' . 

. Program holdings consist of ~tems from the speciailzed program libra
rles of a large number of geography departments In North America as well 
as programs submitted by geographers from other countrles. The GPE ac:tlve~''if 
sol le 1 ts programs from an sources. ·-lf the program submltted appears to be· 
of enough general interest, lt ts added to those avallable for dtstribution~ 
A11 software handled by the GPE is obtalned and dhtrlbuted on a non .. roy?Jlty 
bas ts. · 

Although the GPE operates wlth limited re_sources, lt does attempt to 
provlde addltional asslstance to those departments .a~d.lndlvlduals who are 
just starting to make use of the digital computer as a:research and teach~ 
ing tool. 

Overali management of the GPE is provlded by a boar~- conslst~ng of 
Professors Duane F. Marble (Suny/Buffalo), Wa1do_ R. Tobler (Unlverstty ~f 

·California-Santa Barbara), and Robert l. Wlttlck (Hichlgan State Unlversity). 
Dro Wl~tick ts In charge of operattons and a11 inqulries re~atlng to 
actlv-itles of the GPE should be directed to hlm at the followlng address: 

Dr. Robert J. Wlttick 
Computer lnstltute for Social Sclence Research 
Hlchlgan State Unlverslty 
East lansing, Hichl;an 48824 
U.S.A. 

'Telephone:' ._.517/353-2040 _-

·A European outlet.for the GPE prograrns-has b_een·_-estab1Ish~J tn:Ue~t 
Gérmany. For.further lnformation on the üvai1abntty_of progiatns_:.fro •. • 
West Germany,' wrlte tó: · 

Dr. An~e Kilcnenmann 
· Geographlsches"lnstitut 
_·Un lvers t tat Karl sruhe (TH) 
-75 ~rlsruhe 1-, 1<3 k;erstrasse 12 

._- Ger'*-ny; BRD 



ACCESS: 

Computer: 
Comp 1 Ter: 

Date Recelved: 
Contri~utor: 

ADJUST: 
1' 

Cornputer: 
Compller: 

Date: rtecelved: 
Similar Programs: · 

Contr 1 butor: 

ALLOC: 
~~ 

Computer: 
Compller: 

Date Received: 
CÓnt.~ 1 butor: 

I~DE~ OF PROGRAMS CURRENTLY AVAILABL~ 

June .1977 

Ta~~. Llbrary Ut!flty Program 
. . -
• 1 

A utillty progrc:~rn wnlch is used to r:reace. a¡ . .:! edft a 
tape 1 ibrary of computer programs. Pro~rams on tape 
may be l isted, ~unched, stored on another. tape, or 
complled. · 

CDC 6400 
6000 RUN FORTRAN 
December, 1971 
Department of Geography 
·~rthwestern Unlversity 

.Ma~rlx Adjustm~nt 

A program designed to perform lt~·ratlve multlpllcatfve · 
adjustment. of matrices to desired marginal totals. The 
program can also be used In the analysls of transa~~lon 
flows. 

~oc 6soo 
6000 FORTRAN EXTENDED 
July, 1972 
INDIFF 
Department of Geography 
Mlchlgan State Universlty 

Heuristic SoJutlons to Multi-Facll~ty Locatlon ProbJcm~~ 
on a· g~aph 

Progran: ;.o compute optim<d locat•ons for ... facllldes based 
on mlnimi~~d aggregate distance usJng Hara~ana~ and Ttetz 
and Bart Algoríthms. 

. ' 

!IJM 3.69/65. 
f'QRTRAN, G 
January, 1974 
Department of Geogr~phy 
Unlversity of !owa · 



ALTERN: 

Comput.::r: 
Comp i 1 er: 

Date R~.;ceived: 
Similar Programs: 

Contrlbutor: 

Computer: 
Comp i 1 er: 

Date Recelved: 
Contributor: 

Page 2 

Multi-Source Location-Allocation Algorithm (Heurístic) 

This program alter:nately loe-ates sources 'a·t the m'fnlmun 
point of their.assigned sinks and a11ocates ~ínks to thei1

:" 

. ¡::l.oscst squr¡~e.s .. to. approximate ·the ~)pt!in\al locatfon for 1-\ 
'so~Jrces t.Q .-ser•;e ~ s inks in a Eucl tdean plane • 

. ··l 
IBtl 360/65 
FORTRAN G 
January, 1974 
LAP, MATRAN, TORN 
Department of Geography 
University of lowa 

Azimuthal Map Transformation 

The prograrn calcu1ate!. and produces az.imu'thal ma¡> 
t~~n~formatlons ,on the ~eh-and-i·nk plotter, as a 
mei;lns of disptla¡ring geograohic data. 

IBM 360/50 
FORTRAN G 
May, 1971 
Oepartment of Geography 
University of Rhode lsland 

Other Verslons: (AZMAP) 

Computer: 
ComP,,I.l er,1• 

Date Recelved 
Contributor: 

BASICS: 

Computer: 
Compiler: 

Date Received: 
Contributor: 

CDC 6500 
6000 FOR:TRAN E~JHJDED 
January,, 1972 
Computer lnstitute for Social Science Re~~arch 

' Michlgan Stat~.Unlver~ity 

Calcu1atior. of Basic Statisticai Series 

Program to calculate a~d piot (on pen-~nd-in~ piotLcr} 
ene or ali of thc foliowfng~ Hhich are COmmonly used· 

' ( ' in basic analyses of statistical··series: 1')· a hiHogram, 
(:?)a data array, and (3) a cumulativ\!-frequency grapñ. 

CDC 6600 
6000 FORTRAN EXTENDED 
11a rch, 1 972 
Department of Geography 
Unlversity of ~innesota 



B IVAR :. 

Computer: 
Comp 11 er: 

Date Rcceived: 
Cont r í butor: 

BLC K: 

Comruter· 
Compiler: 

Date Rccelved: 
Similar ?rograms: 

Cúntrlbutor: 

Page 3 

Biv~(iate H~ans and Medlans 

Comput~s blvariate mea~s and approximates bivariatd 
•ncdi<Jns by iterative meuns.'to a·spectfied ~ccuracy 
ora prcscribed .number of lteratlons. Also computes 
geometric coordlnates, and total travet to the means 
<md m,~d 1 ans. 

PDP-10 
FOil.TRAN IV 
ll,a rch, 1.972 
Dcparlment of Geography 
W~~tern Michlgan Universlty 

Block Diagram Plotting 

The_program is used for rapld pen-and-ink plottlng ~f 
is0metric proflles from a rectangular ~~trlx of data 

1 Bl1 360/67 
FORTRAN G 
Augus t, 1970 
-ISOt1ET; t·1AP 3D; PERS; SURGE; TRIO 
Department of Geography 
Universlty of Mlchlgan 

Other Versions: ( BLC K) 

Comruter: 
CoiTipller: 

Date Rccelved: 
Contrlbutor: 

CANON: 

Computer: 
Compller: 

Date Recelved: 
Contrlbutor: 

CDC 6500 
~000 FORrRAN EXTENDED 
Dt:cembe r, 1 971 
':omputer lnstitute for Social Science Resean.' 
~irhigan State Unlversl~y 

Canonical Correlation 

The prugrr::m calculates the Tnterrelatlonsh-ips betweén' 1 

two se:s o( measurements made on the same observatlons. 
1 : ,, 

IBM 360/65 
FORTRAN G 
Hay, 1970 
Deparcment of Geograph) 
Unive~sity of lowa 

. -~ 



CANTRN: 

co.nput~r: 

Compi 1 er: 
Date Received: 

Similar Programs: 
Contributor: 

Computer: 
Comp i 1 er: 

Date Reccived: 
S iml lar Programs: 

Contrlbutor: 

CART2: 
~L..&tf' .. ~ 

Computer. 
Compi1er: 

Date Received: 
Similar Programs: 

Contributor: 

CENDA: 

• Computer: 
Compi 1er: 

Date Received: 
Similar Programs: 

Contrlbutor: 

Page lj 

Canon 1 ca 1 Trend.,;,SÚ~~ace''Ana 1 ys 1 s 

Thi~ ·p~é:>gram· d'l!rerñfirH~s geographfc patterns of severa! 
· vJ,é'iate!s··~·~rm;J!\i.,; .. vusly, thereby producing a multlvariatc 

1 · .• f (11 r • ..... 1 \ · 

~rer.d •. surfp'ct:.· ,Thc: purpose i~ to determine 1 inear c.om-
binations for both gcographic coordinates .:~nd the variat"es, 
Z (J), sn as to maximize corre1atlon bet\'Jeen the two 
1 i n¡_:a r express i ons. 

UNIVAC i 108 
FORTRAN IV 
11arch, 1973 
OVAD, MPLSQ: POLYFIT, TRENO, TRENDC 
Department of Geography 
State University of New York. Albany 

• f 
• 1 rregular Cartograms 

' , ! •• ,, . " •. 

' Computes cartograms from areas defined by irregular 
polygons: 

IBH 360/67 
FORTRAN G 
October, 1971 
CART2 
Depar-tment of Geo'graphy 
Universiti of Michlg~n 

Regular Cartograms 

"amputes regular cartogram~ fr.om areas def ined ~-by a 
dcographic~l matr:~ 

18M 360/67 
FORTRAIJ G 
October, 1971 
~!\~1} :. . . 
pepar~~ent of ~e;gra~h~ 
University 6~ Hlchfgin · 

Distance-to-Centroid Discrimina~i·Analysis 

Classifles subj~cts on i~e basls of distance to 
group centroids. 

IBM 360/67 
FORTRAN G 
rJovember' 1972 
COSINE, DISITR, ITERIM, HDISC, NEARNBR 0 NOLIOA 
Department of GeagrQphy 
University of U&terloo 



CENTRO: 
----~ 

Computer: 
Comp 11 er: 

Date Received: 
Similar Programs: 

Contributor: 

Page S 

Centrographlc Heasures 

The progrqm computes ~escrlptlve m~a~ures of spatial 
distributio~s 'from coordinate dafa~ Welghted or non
weiyhted polnt''sets are allowab1e. Outp·.:~; fncludes mean 
center, standard radius, coefflcteRt.of circular{ty, and 
qngle of orientation of the dlstrlb~tlon. 

f 81·\ 360/65 
FORTRAN G 
/la y, 1970 
ELIPS 
Department of Geography 
University of lowa 

Other Vers ions: (CENTRO) 

Computer: 
Compller: 

Date Received: 
Contributor: 

C' u ' ' NT;: 

Computer: 
Compiler: 

Date Recelved: 
Contributor: 

Computer: 
Compller: 

!)ate Received: 
Contr l butor: 

CDC 6500 
6000 FORTRAN EXTENDED 
August, 1971 
Compucer lnstitute for Social Sclence Research 
~ichigan State Un~verslty 

: ~i. J 1 • • 1' ' f 
lncer~rttpns -or Chl-Square 

To compute tnteractions for chi-squaFe 

CDC 6400 
6000 RUI~ FORTRAN 
June, 1970 
Department o~ Geography 
tJorth\·Jestern Univers i ty 

Appl ication of ~i~~~r Nelghbornood Ope~~tors· to 
Choropleath Map~. 

r b 1 r' : .. ·, .J • • - • • 

Program to ápply linear neighoorhood operators to 
choropleath maps by using the reaggregatlon method 
devised by Tobler. 

1 Bt~ 360/67 
FORTRAN G . 

Oc cobÚ, ... 1, ~72 
Department of Geography 
University of Michigan 



CLCOUNT: 

Ccmputer: 
Comp i 1 er: 

Date Rcceived: 
Contributor: 

Page 6 

i'oínt Counting Wlthin ~e.ctc;~ng~:~lar,_C~,li:o.,o.f a 
Rectangular Region. 

, . 
ro· .Cúuí•.L.~Ile .n.L:n¡b.tlr- .. 9f points wlthin r:ec.tangular 
ce:l:l s: of .?.í .rect·a·r¡gu.J.F\r reg ion,·. 

CDC "6400 
6000 R~N FORTRAN 
June, 1970 

Departm~nt of Geography 
Ncrchw~stern University 

Other Vers ion:>: (CLCOUI'JT) 

Computer: 
Compiler: 

Da t.e Rece 1 ved: 
Contributor: 

/, 

CL 1 t1AT: 

Computer: 
Compiler: 

Date Received: 
Contrihutor: 

CLUSTEI\~ 

Computer: 
Compll er: 

Date Received: 
Similar Programs: 

Contributor: 

IBM 360/91 
FORTRAN G 
December, 1971 

, 
~ : 1 

Department of Geography :t"•.:'. 
Unlverslty of California, Los. Angeles,. 

Recognition and Classificatlon of C~ imate Type~ 

A set of CAl programs for analyzfng, catalogulng, and 
class i fying raw cl,lmate data us ing a 19gical' unif?r~'· 
éind open ended system which .fs easfly capabJe of belng 
p 1 ott!od. a·nd ma pped •.. · . · 

GE~635 
G E BAS 1 C 
March, 1972 
Department of Geography 
Dr1rtmouth College . 

·e l·us t"er€d. 'Pa-t•tet:n Recogn í t i-on 

The program establ ishes the locatiúu and areal extent of 
'oolnt .c 1 usters·-in a spatial nls.~r~:b4t.J.~n .. 

Ut~IVAC 1108 
FORTRAN IV 
Harch, 1973 
l frJEAR, REGLAR 
Department of Geography 
State Unive~sfty of New York, Albany 



CLUSTR: 

Compu ter: 
Comp i J er: 

Date Received: 
Similar Programs: 

Contrlbutor: 

CI1AP: 

Computer: 
Compller: 

Date Recelved: 
Similar Programs: 

Co~trlbutor: 

C.. O BI1AP! 

Computer: 
Compiler: 

Date Received: 
Similar Programs: 

Contrlbutor: 

Page 7 

Cluster Analysls 

Provides a mean~ of grouping variables on a set of· 
observatlo1s using cluster analysls. The clusterlng 
of variables begins ·with ·the palr of varl~bles hav!ng 
~he highest correlatlon and then proceeds by add!ng 

, t he _va,r._i aJb 1 es .. ~ciiV l_ng_ .th~ 1 ~ j g_hes.~ e;or re 7 a t l on w 1 th the 
elements of the cluster. 

CDC 6500 
6000 FORTRAN EXTENDED 
January, 1972 
DON : ~ '\., 
Compute~- lnstltute for Social ~clence Research 
Michigan State Unlverslty 

Choropl eth Mapp i 119 

' 
Des igned to produce chorop1eth _maps ut i l Jzlng 5'11'11) 
computers. 

1 B.'-1 3 60/ l¡ O 
FORTRAN E 
December, 1971 
CPLETH, XMAPP, COBHAP. INTRMAP 
Department of Geography 
Universitv of ldaho 

Choropleth MappTng tn COBOL. 
.··.,. . ., 

Thls program is a COBOL version-of CMAf~; 1 The prog~am 
will "produce one map for each submlssiol')_.,f. 

lflM 360/tJ~ 
At~S COBOL 
l·la rch 1976 
Ct1AP, C PL ETH • XHAPP, 1 NTRMAP 
Department of Geog~~phy 
Universlty of Tennessee 

,,. 



CI-!GRP: 

Cornpu ter: 
Comp 11 er: 

Date Reccived: 
Similar Programs: 

Contrlbutor: 

Page 8 

Contiguity Grouping 

The program groups observations using the criterion ._.: 
eucl ldca~ prox;mity' In a p-dimens~onal vector space 
if. the áa't~:· 'are· givcrf in·t.he form o·f geographlcal 

_ma't'r'i :.:.5\ -t'Ke pr'ogra.rri' cá·n ·a·utomat fea 11 r iinpose a 
geo~:¡'raph' i(: :;')'· c'on ti 9_U,i t y' ··c;o·ns t ra i nt On the group 1 ng. 

1811 360/67 
FORTRAN G 
August, 1970 
COI-JGRP, üiSGRP . 
Department of Geoqrapt1y 
Uni~,ers ity of ~1ichlgan 

Other Version~: (CNGRP) 

,.omp•Jter: 
Comp 11 er: 

Date ~~celved: 
Contributor: 

CNTOUR: 

Computer: 
Compl..l er .. : 

Date Recelved: 
Siml lar Programs: 

Contributor: 

V1LMOG: 

Computer: 
.Cornpller: 

Date Received: 
Contributor: 

CDC 6500 . 
.§OQO. FOR!~~N EX~ENDED 

r'"'AugúJt', t971· , . 
Computer lnstltute for Social Scle~ce Research 
Hlc~lgan State Unlverslty 

Con tour f ng a Gr i 9 

A package of FO~TRAN subroütines to produce a contour.map 
(pen-and-ink plot) of a"'s~Ú of·data points which forma'·· 
grid. The grld does not necessar!iy have to be regula~ •. 

18M 360/65 
F'ORTRAN G 
Jamiary,-.1972 
cot·..rr'R'/ CONTUR·:·., 
Computlng Centre 
University of British Columbia 

D-Statistic fo·r·Kgl~dpgorov-Smirnov Test· 

The program computes the d-:statistlc for the Kolmogor9v
Smlrnov T.;st for eq.ulvalent roo,.¡s or columr'l~ of the two

1
: 

matrices output from CONOIST. 

coc 6soo 
6000 FORTRAN.EXTENDEO 
June, 197l 
Computer lnst1tutc for Social Science Research 
Michigan State University 



CONDIST: 

Computer: 
Compiler: 

Date Recelved: 
Contributor: 

CONGRP: 

Computer: 
Comp 11 er: 

Date Received: 
Similar ProgrJms: 

Contributor: 

Page 9 

Relationship of a Population to Dlstrlbuted Facil itles 

7he program c6~putes the spatial ~el~tTonship between a 
s~mple of poi~ti ~nd a dlst~ibution of dlfferent sizcd 
f~cil ities. The program computes the number of polnts 
withln specified sizes. Also computed are the dlstances 
separating successive percent!l~ groups'of the pofnts 
from their nearest facility'lar'ger tha·n a speclfied siz~~ 

CDC 6500 
6000 FORTRAN EXTENDED 
June, 1 971 
Computer lnstitute for Social Science Research 
~lchigan State University 

Contiguity Grouping 
'.'·· 

Stepwise multiv~riate grouplng 
of 'seve'ré:IJ''distance criteria. 
be imposed upon the grouplngs. 

CDC 6400 
6000 RUN FORTRAN 
June, 1970 
.CfllGRP, !) 1 SGRP 
Department of ~eography 
Northwestern Universlty 

of'ob~e~vatrons uslng 
Cohifgulty restralnts 

onc 
may 

·other Vers ions: (CO~JGRP) 

IBM 360/65' 
FORTRAN G 

Cqmp\.lter: 
')'' ' ' . Comp 11 er: 

Date Received: 
Contrlbutor: 

- CONRAT: 

Computer: 
Comp i 1 er: 

Date Recelved: 
Similar Programs: 

Contrlbutor: 

. OS/360 As'sc.mhl er·:.:F 
l~ay, 1970 
Department of Geography 
University of lowa 

Contiguity Raiios 
., . 

Computation of statistics for contigulty measures t~ 
provlde an evaluatlon of the hypothesrs of randomness 
in the areal ·arrangernent of the values of a speclfled 
property. The program 1 s used for a two·category 
nomrnal, or binary, scaling of values. 

CDC 6400 
6000 RUtJ FORTRAN 
June, 1970 
KCOLOR, VALRAT, VALRATl 
Department of Geography 
Northwestern Un!versity 



cot~ rouR: 

Computer: 
Com!) i 1 er: 

-Date Rcceived: 
Simiiar Programs: 

Contributor: 

CONTR: 

Computer= 
Comp 11 er: 

Date Received: 
Similar Programs: 

Contributor: 

CONTUR: 

Computer: 
Comp i 1 er: 

Date Receivcd: 
Similar Programs: 

Contributor: 

1 • 

,•age 10 

Con tour -11app: :19 

Construct~on of a concour map on the 1 fne printcr from 
a :se'riE>s of data points whose __ locatio.ns .:1rc dcfincd In 
t erms· .o(: .o r! d squa res . 

:<:oa.6lwQ-,,, .,-_ 
6000 R.Uil· FORT,~AN 
June, l970 · 
LATI-lAP, RGRID 
Department of Gcography 
North1vestern Unlver~ity 

Autom~Lfc Contour Mapping 

The prog ram produce5 con tour '!laps e i ther on a pE ;,-dnd- i nk · 
plott_er, or on a cathode ray tube. The program wl l J: .. ,,.J 

·áccep~~dLther a rectangular or an irregular shaped (not 
spQced):data set wit~ln a re~tángviar area: 

1,1:: . 

16M 360/65 
·FORTRM! C 
Hay, 1970 
CNTOUR, CONTUR ' 
Department of Geography 
Universlty of lowa 

Contour /lapping 

• IJ 

The program us~~ .:1 pen-and-lnk· pl~tter to dr~w contour 
maps frorn data glven ln the form of'geographical matrices. 
Stereograms and pe.rspectlvc contours can also be obtained. 
An option al lows conversion of the contours toa map p~o
jcction befare plotting. 

1 BH )60/67 
FOR.TRAI~ G 
Augus t, 1970 
CNTOUn, CONTR 
Oepartrnent of G¿;og raphy 
ll r!i •: e r s 1 t y o f ~ ic h i g a n 



COINGT: 

Computer: 
Compl1 er: 

!late !1ecelved: 
Contrlbutor: 

COORD: 

Computer: 
Comp 11 er: 

Date Received: 
Contributor:' 

COKD: 

Computer: 
Comp i 1 er: 

~ate Received: 
Contrlbutor: 

COSINEi 

Computer: 
Comp i 1 er: 

O ate Rece i ved : 
Similar Programs: 

Contrlbutor: 

Page ll 

0ntiguity-Struttured C1ass Llmits 

The ;>i·ogram weighs.data valu.::!: at each -t.:numeratfon area 
b'y considcrlng. the spatlal i'll·rang~ment·and slmilarlty oL 
the data' un i ts; 

UNIVAC 1108 
FORTRAN IV 
1·1a rch, 1973 
Department of Geography 
State University of New York, AJbany 

Coordinate Converslon 

Program to Gonvert sectlon, township, and· range notatfcin ' . . to Cartesian coordlnates •. , 

1 BM 36Q/9l'r 
~ORTRAt~ G 
IJecember, 1971 
Department of Geograph~ 
University of ~al ifornia, Los Angeles 

··Generatlon of Cooróinate lnformatlon for MappJng Routrn~;. 
.~ ... 

Coordinate systems are made readily availabie for use In 
the SYMAP,.GIPSY, and Trend. Surface~mapplng routlnes. 

!'~IIVAC 1108 
~="ORTRAN IV 
March, 1973 
.•epartment of Geography 
State University of New York, Albany 

Correlation Discriminant Analysfs 

Discriminant analysi~ based on·angula~ proximlty 
to group centroids. 

IBM 360/67 
FORTRAN G 
November, 1972 
CENOS, DISITR, ITERih, MDISC, NEARNBR, NOLIOA · 
Department of Geogr_aphy 
Unlversity of Waterloo 



.· 

COVAR: 

CO!"flputer: 
Comp i 1 er: 

Date Reccived: 
Contributor: 

Page 12 

Perfqr~~ a cov~ri~nce 9nal.ysls on a set of multip1~ 
1 ... ,,~ 1 '· • o • ' ' 

:~gr~.~.~.r.on,r¡.,.J\rr'unequal .N size ls allowed for ·the 
regressions. lncludcs tests for homosccdastlcity, 
ec¡ua'l ity of regrcssions, and equal ity of origins. 

IB~t 360/65 
FORTRAN G 
r·lay, 19/f'l 
Oeportru<:nLQf G~qgraphy·~:-' 
Un i V(! r ~ Í 't y O f ·¡ Ówa '' . 

Other Vers ions: (COVAR) 

Computer: 
Compiler: 

Date Received: 
Contributor: 

CPLETH: 

Computer: 
Comp i 1 er: 

Date Received: 
Similar Programs: 

Contrib:.Jtor: 

CURVES: 

Computer: 
Compiler: 

Date Received: 
Contributor: 

s!6'{' 6'5oo 
6000 FORTRAN EXlENdtÓ 
August, 1971 .. · 
Computer lnsti\ute for Soclal Sclehce Research 
Michlgan State Unlversity 

: • • i '1/ ; .... 
Choropleth Aapping 

Produces mé;!ps on the c.omputer, 1 1 ne pr J n ter us l ng .,. .. 
\/ojrying ·shades .. of darkrie'ss to' irÍdt'ca'te·'the intens·n:~ 
pf phenornerya_ in differentr. ~~ographic:"''-~ areas. 
1'. • 

18M 360'!67 
FOf{TRI\N G . 
Octob...:r; 1971 
Cr~AP, X11APP, COBMAP, 1 NTRMAP 
Departmen('of Geograp~y .. 
~nlversity.of Michigan 

Plott irtg Se~les.,of .?up~rimposed Curves 

Progriiii1J,.for plottlng a series of up.to four superimposed 
curv~s~····The pctl-and-ink'pt'ot:is'inte~ded to permit 
V J sua 1 ana-l ys i S of the COVa'r Jat Íon' or''p'rogreSS icn of 
severa! dlfferent statistlcal series. 

CDC 6600 . 
6000 FORTRA~ EXTENDED 
March, 1972 
Department of Geogr~~hy 
Universi~y of Minne~ota 



¡, ENDRO: 

Computer: 
Compiler: 

tJ.:~te Recelved: 
Contributor: 

DISAGG: 

Computer: 
Compi 1 er: 

Date Received: 
Contributor: 

Page 13 

.. ..:ndrograph ?lotter Progran. 

The program produces a two dimensional plotter diagram 
for depiction of the mutual relationships among a group 
of objects whose pair-wise similarities are given. Dfs
p1ays both within-group and between-group sindlarities 
mcasured as correlation coefficients .or d!stancc functioni. 

UNIVAC 1108 
FORTRAN IV 
Harch, 1973 
Department of Geography 
State University of New York, Albany 

Geographical Hatrix Disa~greg~tion 

To.¡pr,epar.e data.from pairs .o~l\!)~ographical·.matrices 
·fon,lnput toa mu1~1ple regreislon program. 

•l."') eJ ·~ J' '' :' 1 1¡, 

1 811 360/67 
FORTRAN G 
/\ugust, 1970 
Department of Geography 
University of Hichigan 

Other Versions:. · (DISAGG) 

.. ..:mputer: 
Comp i 1 er:· 

.. te Received: 
Contributor: 

DISGRP: 

Computer: 
Compiler: 

Date Received: 
Similar Programs: 

Contributor: 

CDC 6500 
6000 FORTRAN EXTtNDED 
December,· 1971. . .. . 
~omputer lnstitute for',~$oc;¡~1.Science 
Mlchiga~'State un:versity 

Distance Grouping 

1' 

Research 

Performs a el us ter a na 1 ys i s ~a sed Ool .Jaro 's . 
technlque of 'mínimum group distance (wlthln 
group sum of squares) ipcrease at each, step. 

1811 360/67 
FORTRAN G 
November, J 97 2 
CNGRP, CONGRP 
Department of w~ography 
University of Waterloo 



DISITR: 

Computer·: 
Comp1 1 er: 

O ate: ~ecc'iVed: 
Si1ni!ar Programs: 

Contrlbutor: 

JISTORT: 

Computer: 
Compiler: 

Date Received: 
Contributor: 

DON: 

Computer: 
Comp 11 er: 

Da te·· Rece i ved: 
Similar Programs: 

Contri butor: 

Page lit 

Di~criminant lterations 

Performs an iterativ~ multiple discrim•na~t analysi~ 
pc;i,g orthogon~.l data. 

·¡ BM 36'o/65 
FORTRAN G' 
l~ay, ·. 1970 
CENDA, COSINE, ITERIM, MOISC, 
Depar t•Hcnt of Geogrophy 
Univers ity of lowa 

NE'iR.NBR . ' 

Distort ion of Geographical Maps , 

NOLIOA 

Calculates the distQ~tion on geographical maps via 
the theorem of Tis"sdt. Ttle'·prógran1•1s·'for dlstortion 
on projections given as a flve degree ta~le and uses 
·a :·.f 1 n j te di f fe rene.? a p"prox i ma ti ori" tb :thé" :der! va t l ves 
{i\'c program ~an read punched out ¡::out" fr·6m CART2). 

18M 360/67 
fORTRAN G . 
October, 1971 
Department of Geography 
University of Michigan ' 

Optimal Clusterlng Routine 

Part it ions objects: i~t·o optim~Jly hbm?~eneous ':::lroups 
on the basís ot crnpirical mép,~ures of s'imllaríty 
am9ng those ob_iects. h1o methods are used to form 
el Gs ter~. 

IBM 360/91 
FORTRAN G 
Dccember, 1971 
CLUSTR . 
r{' ., ll 1. . 

,Lff(P~r tment 
11 l., 1 " 

'!'~ '.Y~[:7 1 ty 

óf Geogra'phy 
of!'ca 1 i forn.i a, tos Anyé 1 (:5

1 

'\·~· ., .•·: ' 1 • • ·'. 



DOUBLE: 

Computer: 
Comp i 1 er: 

Date Received: 
Similar Programs: 

Contributor: 

DSTAZ: 

o •• 

Lomputer: 
Compiler: 

Date Reéeived: 
Similar Programs: 

r.-.~ .. ri~·utor: 

Page 15 

• ' '"'' • • • ·"' ~ 1 • l r · · • 
•:omputes a double·fo'l/rle~.s~rie~ for lrregularly 
~·oac'éa'data. •'The seri¿s':ti'as'beeii Jsed'a~ an alternatfve 
m0del to the polynomial for trend surfa¿ci ~nalysis. 

1 B!-1 360/91 
FORTRAN G 
December, 1971 
S IIJGLE ........ 
Department of Geographi¡ ··. 
University of California·;· Los AngeleS' 

Computation o~'oist~nc~s· ~h~~. ~~here 

Ra,P,/.? .c.?91J:u:~t~ti.o~. of }~e g.r?a.t .. <i.r.~:!e:~.!.stanc'e and 
·;:rmuth. between any two 'pplnts on erther the lunar 

1 t , ..... ,. • • • ' ·• • • . • 1 • • 

,ir terrestrral sphere. o ... 

. n. ~· ·. · · ·r.1 1 , • • 

· ;s61
( 6~'o'ti' 

6000 RUN FORTRAN 
June, 1970 
GEODIS, SOIS, SPHERE 
. .P~par.~rnen .. ~.f( p¡eqgraph~ 
Nor thwest~rn Unfverslty 

Other Versions: (DSTAZ) 

(C.c~m!~u~~r 
~pfrlpiler:

Date Rece i.yed 
Contri!:lutor 

OVAD: 

Computer: 
Compiler: 

Date Received: 
Similar Programs: 

Contrlbutor: 

• o 

1 BM 360/91 
.:FORTRÁt-j "G 
)Jecember, .1:971 
Departm~ntJior·G·eography · ;, .. 
}niverslty of Cal iforni~;\os Angeles 

Trend Surfaces by Elgenvector Dyads 

The program pr6düce~ a serie; ~f 'trend 'su'rfaces · ~ach 
consecutive member'~f -~hich ~~ttdt·~p~~okimates,lin 
original inpur. dfstribution ••. , ·! : ..... · •···· 

1 BM 360/67. 
FORTRAN G 
August, 1970 
MPLSQ, POLVFIT, TRENO, TRENDC 
Department of Geography 
Un.iver~;ity .. of Michigan 

- • -) • • • 1 • • • ' ! 1 - ' 



ELI PS: 

Curnputer: 
Comp 11 er: 

Date R<?celved: 
qrnflar Progran,s: 

Contributor: 

ENTROPV: 

Comput.er: 
Comp 11 er: 

Date Recelved: 
Contrlbutor: 

EQUAL: 

Computer: 
Comprter: 

Date Received: 
-tm11ar Pr-ograms: 

Contr 1 butor: 
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Plott!ng of Bl~arlate Standard Oevlatlons 
' ) ' . 

. Th~_p;-ogram m~y be: used to provlde some summary mcasures 
. - • ' .. ...J .• 1 ~ 

of_ga~griphical dtitr,butions. ln¿J~de~ ~en-and-fnk plot 
output. 

IHM 3S0/67 
FORTRAtJ G 
Aug11~ t, 1970 . 
CENTR-J 
Departrnent of G~ogr.'lphy 
Unlver~lty of Michi~~~ 

ntropy Maxlmtzing TechnT~ues 
,. . ¡ 1 

A s2t of flve progfams wrJtten as subroutfnes ~n FORTRA~ 
or:~~·~pb·h~ln9 tr.J a famÍ1y'of 1'grav'lty models uslng ent--ropy 

lla~r'ri:lzing tcchr¡fc¡ues~ Thes·~"spatlai ·rhteractton m~els 
correspond In ordel" to: (1) unconstrafned, (2) orlgln 
constralned, and (3) tot~l costs constralned flows. 

not ~ ta tcd 
FORIRAN 
July, 1972 
Centre for Land Use a~d· Btii1t~ Form· Studles 
Universlty of Cambrldg~ 

Llnes of Equll lbrlum 

The ;:>rogram uses .thc pen·and·lnk plotter to depfct 1 rnes 
of equll lbrfum about multl·centers of ~f~raction. Such 
eenters could Jnelude cltfes~ lndlvfdual flrms~'pubtlc 
J n S t' r t Ll t' i O r," 5 , ·e t C • 

IBM 360/65 
FORTRAN G . 
Hay, 1970 
CEtJEB, NAYBOR 
Department of Gt.:oyraphy 
"',.: t'V'ersl ty of low~ 

Other Vers ions: (EQUAL) 

Compucer: 
Con1pller: 

Date R~celved: 
Contrl~utor: 

CDC 650ú 
G080 FORT~ANl~XTENOEO 
Dect!rr.bcr, 1971 
Co:nputcr lnstitute for Social Sc."fer.ct: Re~carc.n 
Mkhlgan Statc. Uni'VersJty 



EUCL 1 O:. 

Computer: 
Cornp i 1 er: 

Date Received: 
Contributor: 

Page 17 
' . ,¡ • 

. ~eographlcal DJstributions Correspondence In Euclid~an 
. Space 

; . . .. 
::ompu.tes the spa~.i~l.J~orr.~J.adcm··~nd .1 tnear regress ion 
~e~wee~: ~WQ. a~sq~i~~~d~~~,~ributionsi9f N points each. 
The dependent set is in (U,V) space and the i~dependent 
set is in (.X,Y) space. 

IBM 360/67 
FORTRAN G 
October, 1971 ·" 
Department of Geography 
University of Michigan 

Other Versions: (EUCLJ O) 

CompiJ t:.~.r · 
Comp_U ~r 

Date Rec;:eiv~ 
Contributor· 

EXTRAP: 

Cv•l•puter: 
Comp i 1 er: · 

Daté' Rec.:ej.Med.:, :-. 
Contrlbutor:! 

CDC. (>SOO,J , 
.. §.900. FOR:T~f..N EXTENDED 

• .J.;¡Jnuary, 1972 .... 
Computer lnstit~te f9r Soci.a.l !.lcte!•ce Kc::s.~arch 
Michigan State Unlversity 

Univariate Geog.raphical Forecasting 

Extrapolation of geogr.aphlcal,.matr .. ices. in the ti•."c 
domain using a positionally Jnvar'ant, tlme várying; 
1 inear, local operator. ·· 

IBM 360/67 
FORTRAN G 
Augl.ls.t, 1970., 
.D~partment of Geograp~y 
Un!v~~si~y. of Mlchigan · 

Other Versions: (EX TRAP) 

Compu ter: 
•
1 
Comp i 1 er: 

;)a te Rece i ved: 
Contrlbutor: 

CDC 6500 
6000 FORTRAN EXTENDED 
December, 1971 
Computer lnstitute for Social .. ~Gi~nce Research 
Michlgan State UniversJty 



. ~='L TREC: 

Com·p~te•·: 
Comp i l er: 

Date Received: 
Contrlbutor: 

FORFIT: 

Computer: 
Comp 11 er: 

Date Received: 
Similar Programs: 

Contrlbutor: 

GENES: 

f..;, pu ter: 
Comp 11 cr: 

Da te. Rece 1 ved : 
S im i 1 ar' Prog rams: 

Contribucor: 

.Page l8 

Flow-Linkage Trend Rccognltlo~ 
.... 

Polnts or· af~as are 1 lnked to simil~r nefgh~org-~f~hfn·a 
search region a'nd these llnk.ages are used to. lndicate sim
llaritles or depcndcncles. Resultlng planar graphs rnay be 
i.J.~eful in !ndld't'tn.g the spatial pattern of ... a process. 

Üt·liVAC 1 :·oB' 
FORTRAN IV 
March, 1973 
Department of Geography 
Statl! Ur.ive1·!:.íty of l~t:w York, Albany 

A double Fourit:r Surf<:~ce-Fitt'fiig Program for lrre~ular·ty 
Spaced O~ta Pofnts · 

The doubl~ fourfer serl~s of' 1'trfgonometrlc. fÚnctions can 
be used as an alternative ~odel to power-serfes polynomlat 
trend-surface a na 1 ys i S.. f t prOV id es· a means for J nter-. 
polatlon and J lmited ex~rapblatlo~'of dáta that ar~· su~Q 
pected to be per~odic. 

UN 1 VAC 1 108 
FORTRAN IV 
/~a rch, 19,73 · 
DOU!jLE ,· S·l NGtE 
Departm~nt of Ge9graphy 
S tate' Uhi\/ers l·t~/'6f· r~ew York, A.l bany· 

Geographical Nclghbor~ 

Given NC points ideniif!~d b~ rectangular coordinates 
X ( 1), Y ( 1) ; 1 = 1 , •• .' Nc',' ··the program prod'ÍJces tHe·· 
adjacency mat.-lx of_ neighb.ors of ~rder .NN: less thanJ·.o·r · · 
equal to 9. These can'the'n be used to find the ncfghhof!> 
to polnts of a regular lattfce. 

18M 3ó0/67 
FORTRMJ G 
Augu::. t:, 19/0 
EQUAL, NAYl!OR · 
Department of Geography 
Unlversity of'Hlthi~ari 



Page.19 
Other Vers iCtns: .. {GJ.N.EB)¡. ~. 

Computer. 
Comp 1 1 er: 

Date Recefved: 
Contributor: 

GEODiS: 

Computer: 
Comp 11 er: 

Date Received: 
Similar Programs: 

Contributor: 

Cbmputer: 
Compiler: 

Date Received: 
Contrlbutor:.· 

GEOPAK: 

Comput:er: 
,J •t Comp1 er: 

Date Rece'ived: 
Similar Programs: 

Contributor: 

c_oc·. 65.00 .. . 
6000 FORTRAN EXTENDED 
Augus t, l 971 
:omputer lnstitute for Social Science Rese~rch 
~ichigan State Unlversity 

Distances from Coqrdlnac~~ 

The program reads a vector of geographlcal coordinates. 
and then punches the scalar .~rp,duct ma~ri,x pf all palrs 
of great circle dlstances, In degrees. 

IBM 360/67 
t='ORTRAN G 
/;1.ar~h, .1972 :. ¡ :·'·' 
DSTAZ, SOIS, SPHE~~ 

Department of Ge~graphy 
University of Michigan 

:. 

' ' ' 
The program e~~Jmat~~ ~e~~ uf so~rce ~oordinates trom 
emplrical geographical distributlon~~, 

IBM 36Q/67 
FORTRAN G 
Augus t, · 1970 : '· 
Department of Géography, 
Univ~rsity of Michlgan · 

A p¡ckage of FOKTRAN ·IV programs for' the spatla1 
f:iJ,teri'1" r.f' rliaital··~eological maps. 

IBM 36ú 
FORTRAN ~ 
June, 197.4 
S~\OOTH, MÁVE 
Gcosystems dlvisi9n ~~.Lt~ A~~oci~~e~. Llmited 



GIPSY: 

c.:m:¡.;u ter : 
Comp i 1 er: 

Date Received: 
~i~!!ar Programs: 

Contribut.or: 

Page 20 

Geographical Incremental Plottlng System 

A computer mapping program for producing point and 
1 ine symbol~ cm th~ diCJital increment plotter. 

IC."·I .)60/50 
FOR 'fRA!J G . 
J_U'l2 1 J '371 
MAP1T, POPMAP, SVM30LS 
Oep·,rtlllent of G~c,r¡raphy 
Univcrsity of RhuJ~ lsland 

() 1 • .... , V e r s ;:o r , :;; : (C!PSV), 

Computer: 
Compll cr: 

fiate fkcc i ved: 
Con t r i bu to r: 

GRAVITV: 

Computer: 
Comp 11 er. 

Date Rec~ive::a: 

Contrib,.Jtvr: 

GRAVTY: 

Computer: 
Comp i 1 er: 

Date f<P.ceived: 
Similar'Proyrams: 

Contributor: 

CDC 6500 
6000 FORTRAN EXT ENOED 
July, 1972 
Com¡.HJter instiitutt:: ror Social Science Research 
1·1 i cl1 i gan S tate Un i vers i ty · 

lt~rative Fitting of Gra~ity Model 

Used to fit the social gravlty model to data descrlblng 
sp<~tial interaction {either inflow or outflow) bé'::t\veen 
¿¡'set of areas and a·u~~r selected focal area. 

CDC 6500 
6000 FORTRAN EXTENDED 
July, 1972 · 
D<;partr¡oent of Gt:ography 
Michigan State University 

Gravity Hod~l Fitting Program 

F'rogram, in\•olves a data n1atrix that:m~a:.ur-es the inftows 
or ~~tfl~ws from one point to other points (observations). 
For 2Hch observation, distance, mas~·and index of lnter
action are calculated. Additlonal lnformation is provi~cd 
by subjcctlng a data matrlx to simple regresslon.using inJex 
of interaction as dependent varlable'·and mass and distance 
·a·s; ·'i ndepe.nd<.:nt(' va r i ab 1 es. 

UNIVAC 1108 
F O r\ 1 n.A N l V 
r~arch, l Y73 
GRAVITY 
Departm~nt of Geography 
S tate Un lvers i ty of New York, A 1 bany 



GRIO: 

Computer: 
Comp i 1 er: 

Date Received: 
Similar Pro9rams: 

Contributor: 

Page 21 

Geog raph i ca 1 ·t nterpo j at ion 

lnte'rpolation toa 'square 'Jattice'.from measures given 
H ~ca,ttered ge~ogiaphjccaJ (X,Y) posi'tions. 

1 B/1 360/67 
FORTRAN G 
Augus t, 1970 
INTRPOL 
Department of Geography· 
University of Michigan ·' 

Other Verslons: (GR 1 O) 

Computer: 
Comp i 1 er: 

Date Received: 
Contributor: 

GV.AR: 

Computer: 
Compi l'er:: 

lJat~:: Received: 
Similar Programs: 

Contri butor:· 

HAAAG :· 

Computer: 
Compiler: 

Date Received: 
Similar Programs: 

Contributor: 

·coc ·6soo 
6'óod FORTRAN EXTEN'DtD 
August, 1971· 
Computer lnstitute for Social Science Research 
Michigan State University 

Scale-Variance Detector with Ev~n Hierarchy 
' : 

The program uses a niddrfied flxed effé'cts'''analysis uf 
variunce proceduré to detect variation at different 
nested scale levels from rectangularly qrldded data. 

1 B/1 360/67. · 
FO.RTRAN .G _· 

·1. • 
March J J 972 
HVAR 

·o epa r tmen ~ of l...!og riP.h~: 
Un ivers i ty of M ich i'gari 

Diffusion on a Regular Lattice 

This ~rogram is based on the spatiaf diffusion model 
of Hagerstrand.~nd si~ulates the ·t~tation and numU~r· 
of knowers after each g~ne~ation·fór ·e~ch simulation. 

CDC 6400 
6000 RUN FORTRAN 
June, 1970 
IWNCEL, NOtJCELO 
Department of Geography 
!Jorthwestern Unlversity 



HI\GMEVA: 

Com¡:>uter: 
Compi ler: 

Date Received: 
Similar Programs: 

Contrlbutor: 

HAGPLOT: 

Computer: 
Compiler: 

Date Received: 
Similar Programs: 

Contributor: 

HENTRC. 

Computer; 
Comp i l er: 

Date Recei,vqd,: 
Contributor; 

. Page 22 
' ,¡ ' 

Spatial Series Su.mmary of HAI\AG Output 

To p(9vide ~u~mary informat~on on the spatlal'series 
gene~~ted b~ the tap~ outpy~ ~ersion of HAAAG. 

CDC 6400 
6000 RUN FORTRAN 
June, 1970 
SAN DI'\ 
Dep~rtm~nt of Geography 
Northwestern Universit~ 

Te•nporul Series Summary of 1-!~AG~.Output 

To provide $Ummary informatlon on the temporal 
generated by thc tape output,.~ers.lon of HAAAG. 
eludes pt::n-and-ink olot outoü't .. :.- ·· 

crfé'.'6J~oo 
6000 RUN FORTRAN 
Jun~, 1970 
NONPI...OT. 1 

oe'p'a.r1t~e·n t c;·t= Geog raphy 
Northwestern University 

1 •• ' • ! 

'1 

• • ;" ., • o , \• ' 1 ; 

lnform~tion Theory Entropy Heasures 

ser.i,es 
In-. 

.. . . ....... ,. 
The program· computes measures of ·informat ion theory · 
entro~y for bivariate dlstributions. The ~ollowlng 
neasu~es are calculated: information content, row 
ntropy, co1umn entrQPY:·"~xpected joint informatlon, 
nformation gain, maxim!JJTL.entrople.s, and certain 

. IJ: ''··'· ·' :1easurcs of redundancy. 

•BM 370/135 
·JOS Full FORTRAN 

Oc tober, 1974 
Dep~i~~ent of Geography 

• 1 -
Univcrsity of lta~dn, Nigeri: 

1 ,) • 



HEXAGON: 

Computer: 
Compiler: 

Date Reccived: 
Contributor: 

HVAR: ... 

.e ...... ~.,J ter: 
Co10p i 1 er: 

Date Receivcd: 
Similar Programs: 

Contri buto·r: 

\ 

Computer: 
Compi1er:. 

O;:~te Received: 
S im i 1 ar''p·rograms :· 

Contributor: 

INPOUT: 

Computer: 
Compi 1 er: 

Date Received: 
Contributor: 

Page 23 

texásun Plotting and Transformation 

Progr~m to ~raw _(uslng the pen-and-ink.plotter) ~nd 
transform hcxagons. 

1 Bl~ 360/67 
FORTR/'IN G 
l~arch, 1972 
Department of Geography ... 
University:of. Michigan 

Scale-\Íariance. Detector with Uneven 1 Hiera_rchy 
llt,l' ' 

The program uses a modified fixed ~ffects analysls 
of variance:to d~tect scale variatJon In an uneven 
f.u11y ·.nested.Jder¡'!rchy. 

1 BM 360/67 . 
FORTRAN C. 
l·la rch, 1972 
GVAR 
Department of Geography 
University of Michigan 

Transaction F1ows Ana1ysis 
"' ,, .. ·' ' 

A gene~al lze~ program for the analysis'¿f_ transactfon 
flows .·, 

1 BM 360/91, 
, . FORTRAN ·(l. 

December, 1971 
ADJUST 
Department of Geography 
University. of California, Los Angele~ 

Simpl ified !nput-Ol;ltput Mode\.,fqr lnterindustry 
and lnterregional ,Trar.sactiOJ':\,.Flows 

For each run, the program outputs final demand and pro
ductlon vectors for a two or three region interregional 
flow model bas~d on user specified input-output coeffl
cients and final demands for each sector. 

UNIVAC 1108 
FORTRAN IV 
11a re h , 1 9 7 3 
Department of Geography 
State University of New York, Albany 



1 Ui CYL: 

Computer: 
Compl ler: 

Date Received: 
Si mi 1 a r P rog rams: 

Contributor: 

1 NTPMEO: 

Computer: 
Compller: 

Date Rcceivcd: 
Contributor: 

INTRMAP: 

Computer: 
Compiler: 

Date R.ecclved: 
Similar Programs~~. 

e o n t ¡- i IJ u t o:- ; 

Pag~ 24 

lnterrupted CyJJndrica1 Map Projection 

Program to,print QUt the earth's graticute according lO' 

tne ¿~¡ ind~¡¿~j ~~oject!6n sp~cified. 

UIJ 1 VAC 1 1 08 
FORTP,AN 1 V 
11arch, 1973 
LAHIAP, Pl.OHIAP 
Dcpartment of G~ography 

,· ·. ' . 

State University of New York, A1bany 

on a Nctwork 
. ·-' :J: t:: 

••. : :.. 1 ;" 1 ••• , • • • •• :. •• ., • 

"(he prógrarn uses the ·spat l'al 'ass t'gnmen't s~ct ion of pro-
V'' .. ·-.t t 11 gram Al.LOC to partltion the demand potnts' among the cer:tters 

choscn by the st~dcnts. lhe optimum. so1ution ls instructor 
input and thc studcnt's solutlon· i's.''~'O~pa'red to ·¡ti, grvTng 
a ranking of the co~fficient of ef!fii~n~y and ~ r~latlve 
frequency distribution. · · '·· 

1 BH 360/65 
FORTRAN G 
January, i 97l1 
Department of Ge~graphy 
University of lowa · 

lnteractive ChoropLcth Mapplng 

. . , .. . • \ ' ... , < •• ~: • ., ,. r. '' ,. 
This ·proyram is .1n interacti.ve ver'slon of CMAP; l~ ts 
desig!1ed to be used on stan~~rd character: catho~éd~ay 
tubes with 78 d.aracter 1 ines or less. , ' · 

1 BM 36Q 
FORTRA'N· G 
Novembe r, 1 '37 5 

, 1 ~11AP,.~O!:lHI\P, ~PLETH, XMAPP 
·!:lepartmt:nt of Gr.;ogr¿¡phy .~,' ., 
Virginia Comrnonwea l ti• Un iver's lty 



1 NTRPOL: 

Computer: 
Comp i 1 er: 

Date Received: 
Similar Programs: 

Contrib¡Jtor: 

INVERSE: 

Computeric.. , 
Comp i 1 erh 

Date Recei~eC!~ 
Contributor: 

1 0\.JAP: 

Cc.-mputer: 
Comp i 1 er: 

Date Received: 
co.,tributor: 

i PC 1 D/'.; 
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Crid :¡'~'terpolation 

lrregularly spaced data'are rendered regular by luc~l 
i n t e r po 1 a t i o n o n f o a e a r t es i a n g r i d • . . 

1811 360/65 
FORTRAN G 
Hay, 1970 
GRID 
Departm~n~ of Geography 
University of lowa 

lnver~e Bivariate lnterpolation 

A program to perforrn inverse bivarlate _1nterpoi<:J,t.ion 
~n a given set of tables of latit~de a~d longitude 

·coordinates for a map projectlon. A drawlng of the 
resultant inver~e tables is made via a pen-and-fnk 
plotter. 

IBM 360/67 
F.ORTRAN G 
Oc tober, 1971 
Department of Geography 
Univ~rsity of Michigan 

1 • 

r:,e program·graphs the cumulative percentlle_dl~,t_ances 
on a pen-and-ink plotter using as input the riiatri.x. 
de ser i bed. in ° out: ::'l"t on CONO 1ST. 

CDC 3600 
3600 FORTRAN 
June, 1971. · 
Computer lnstitute ;for Social Sci~nce Researc'' 
Mic~igan State Universlty 

Su;;lJ.larized Areal Cl_assifi.cat'ions 
1 •· 

This program ;s dc~191ed ro summarize areal classiflca-
tions based on point saf'!lpJes •.. lt is an aid to charac
terizlng po.lygon-shape;d ar:eas, defined -in a 1ar-ger 
realm, un the basis o~ th,~number of point-occurences 
of sorne dlscrete phenomeno~ found to be contalned in 
each of these areas. The total weighted va1ucs of the 
data points found In each area are summed and output. 



l."omputer: 
Compller: 

Date Recerved: 
Cont r l bu'tor: 

ISODEN: 

IB/1 370 
FORTRAN G 
l1ay 1976 
'Dt!partmcnt of CeÓgra:phy 
Universlty· of Denver 

Digital lsodensttometry 

Page. 26 

;: 1 ,·.• 
Thc pn.~gr.:,m uses lh~ i.sodens i t racer ~te~h.n,l queA fa.r the 
automatic mapping o<f ·rsoP.~eth$. 1

'l.-· 
: ,u• ·1 1 f. 

Computer: CDC 6000 series (model not specificd) 
Compiler: FORTRAN .. ., 

Date ~eceived: Janu.:~ry, 1976 · .. · · . 
Contri b~t.o,r_: .... : .. , ,D.epa ~tment of Geography_ 

'-'· ·L.'··· ·l •· ··te 1-Avlv''urdvers i t: • : 
l·u • • ·¡r;. 1 .. · u 1, · Y. '. .. • . • •' •, ' r. 1 

•.. : ·•. (!l'. 

(!f, . ' ;~~. ~ •. ,. •' 

ISOMET: l"sornetri'c o·lagram Plottlng 

The program acts a~ a d~iver program ~hat can access .. , 
any one or all of .the (130) thrce dlmensi)>nal isometrlc 
drafting subroutlncs. Thcse sul>routines:,provtd~~:an ' 
efflcient and fast. metho~ of displaying' ~· surface-~-. 
a single v~l~ed fu~ction o~ two variable~--in isom~iiic' 
or similar pictori)l representation. 

1 

Computer: CDC 6400 
Compller: 6000 RUN FORTRAN 

Date Received:.. .December, 1971 
S T mi 1 a r Pr~~~(¡~-.~ .. :., ~:,."·.~:.)Le K,, /-\AP~;tf,, · P,ER S;·~, ~~R~.E, TR 1 o 

Contrtbutor:· "'Departrnent o.f, ,Geog~·aphy 

ITERIH: : 

Northvu.:scer'n Unlverslty · 

1 terat lve lmprOVCrDe~t~ Program for Ev. ¡ u~t ion and 
1 ':')P.!·oveme~t of C 1 ~ s s. i.fi ca ti ons 

1

" 

. .. ' . 
•• '1 •• •• • J 1 1 of r.- ¡ ¡1 •, i 1 

The program ts de~igned ~rim~rlly ~6-~ss~ss. and 
improve classifications, although Tt ~an be used 
al so for P.~fnclpal c~mponen~s. analy,s.Ts, d.Tscrlml~1fl1t, 
analysis, and one-~ay multlvariate analysis of varlance. 
Three criteria, poul~d within groups. sums of squares; 

. Hílksi Lambas, ant;i -t~é sum of the elgenvalues assoc
, ia·ted with disc.r.'im::narit fun~tions, are ·computed to 

<.ts.sess and -:o,o¡:¡á~'é 'i:Xa.ssific'a't:ions. 
. . !1 . . 



Computer: 
Compiler: 

Date Rcceived: 
S i m i 1 a r P rog r_ams : 

Contrlbutor: 

KCOLOR: 

Computer: 
Comp i 1 er: 

Date Received: 
Similar Programs: 

Contributor: 

KOPpEN: 

Computer: 
Comp i 1 er: 

Date Receive.d:'· 
Similar Programs: 

Contributor: 

LANOUSE: 

ere 6lfoo 
60v0 RUN FORTRAN 
Decl~mber, 1971 
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CENDA, COSINE,'DISITR, MDISC, NEARNBR, N~LiUA 
Department of Geography 
IJorthwestern Univers i ty 

Contiguity Measures for K-Color Hap~ 

~omputation 9f .statfstics for contiguity measures 
te;> yrov id~ .• ~~ .. ~va .t.~at Ion ~~f the hypothes :i, s of random
ness. !~ t~F:,!~~~~il .. ~~ran~ement of the v~l,l!eS of a · 
spec1f1~~ ·property • . ·, r. 1 1 . . •. 

CDC 6400 
6000 RUN FORTRAN 
June, 1970 
COI~RA1 •.. V~LRAT • ... VALRATI.!. 
Department of Ceography, 
Northwestern Unlversity 

-:Kopp~n ,C 1 imc;~_t l,c; ~ l_~_ss i_f1 !:~at ion 

Classified climatlc stations fnto major climatic 
types ~ccording to standard Koppen crlterla. 

• • • 1 : .' (· 1 ••• ' J • • ' • • 

·,á~ j6o/9i 
FOR'(RAf.i ·a 
December.; i'97l 
CLIMAT 
Department of Geography· . · .· . . ~. 

'unlversity.of California, Los Angelés 
• 1 • . ' 

1 •• 

. r,;~-~-~~~ ':J.~.~· ~nd Market Area Model 

Development of land use.and market area patterns 
according to the baste Thunen model. 

Computer: ·. CDC 6lfOO 
Compll,er:. 6000 RUN FORTRAN 

Date Rec.ehÍed;.:, . ·,oece.mber, 1971 · 
Similar Ps9:gr~.rns;,_ ·. ~~ ,SOLUP, SIRE-S 

Contrlbutor: . Department of Geography 
Northwestern Universlty 
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Other Ver~ions~' (LANDUSE) 

Computer: 
Ccmp i 1 er: 

Date Rece:ivcd: 
Contributor: 

LAP: 

Compucer:. 
Comp i 1 er: 

Date Received: 
Similar Programs: 

Contrlbutor: 

LATMA P: 

Computer: 
Compller: 

Date Recelved: 
Similar Progr~ms: 

Contribut:.or: 

LINEAR: 

IBM 360/67 
::ORTRAI~ G 
Oc tobe:r, 19]2 

-Dt:partment Of Geography · 
Un i v e r s i t y o f t~ ! e h i g e: r. ' · 

loration Allocatlon P~ckag~ 

'he program solvcs constrained and unconstrai~cd continuous 
·space location-al lo~~tion problems b~ vaii~tlons of the 
a1tern,.H!io·n h'euristf"c (.:Jlgorithm).; lfans'pon:lltiori and 

·" .wcbc.:.r' n:-obi1ems':-cjn·bé soh'~·J ':;y reque;tlng zern lterariol':: 

!BM 36~/65 
FORT~AN G 
J.:;nuary, 197~ 

• e \ • 

ALTERN, MAPTRAN5, 1 TORN, WEBE~ 1 WEBER! 
Dep3rtmcnt of Geo~ra~hy 
University of lowa 

Mapping Latltu~¿/Longitude Coordlnates 'on Polyconic 
?rojectiorr · · 

Convert s · 1 a t i·tude/1 on'g i tJd"e ·poi n ts' 'tb :CarYhs 1 an 
c'oord iMtes·r:bascd' dn"n' póTycon.fC:.,'ph>jeé't'ioh, ·and 
as options: (1) ir.terpol.:itcs the coordinates te
a lai:tice, and (2) construé's o>n ;'sarhhm;',:::. lTn•: 
printer mup of the dnta. 

CDC 6500 
6000 FORTRAN EXTENDED 
December!, 1971 
GRID, ,ltHRPüL, RGR!D 
Computer lnstitute for S6cial Sc;encc qes~arch 
Michi9:=m St.:;t'e Univt.:r~:iity· 

Linc.:ar Pat'teni Retognití'on 

Local 1 ineations within a scatcer of poi~ts ar6 dctected' 
b~sed on the elcngatfon ratic for"a sta~~&~d de~1ation 
ell ipsc rotated so th~t its maj6r a~is tr~nds a1ung !~e 
1 ineat Ion. 



Computer: 
Compiler: 

Date Received: 
Simil~r Programs: 

Contributor: 

LISTER: 

Cc·.,puter: 
CL''lpiler: 

Date Received: 
Contributor: 

LOCA TE:-

Comouter: 
Comp_i J er: 

Date Received: 
Contributor: 

UN!VAC 1108 
FOR iRA N 1 V 
March, 1973 
CLUSTER, REGLAR 
Department of Geography 
State Universlty of New York, Albany 

lis t:er/Reproduc ing Punchv· 

Page 29 

Emulates a 1 lster/reproducing punch comblnation with 
greater flexibiJ i~v.and mu~~- less user effort. The 
available options lnclude: (1) reordering of the· 

. sequence. of variables, (2) . i nteger to dec ima 1, and 
decimal to.lnteger.converslon, (3) serial numberlng 
of card output, and (4) mu1tip1e copies of listed and 

. punched. output. 

CDC 6400 
6000 ·Ru N FORTRAN, . 
December, 1971 
Oepartment of Geography 
Northwestern University 

Ring and Sector Coun~lng 

Rapid ·counting on a .rin5, ¿¡nd ,sector basls, about ane 
or mo.r~ base polnts, of ~ ;Ser.ies of polnts whose 
locatio~s are defined 1~ t~rms of Carteslan Coordinates . . . 
CDC 6400 
6000 RUN FORTRAN 
June, 1970 
Department of Geography 
Northwestern Únfverslty 

Other Versi~ns: 

Computer. 
Comp i 1 e.r 

Date Received: 
Contributor: 

.. 1 BM. -360/65 
FORTRAN G 
May, · 1970 · 
Department of Geography 
University of lowa 



LOCPOT: 

Computer: 
. Colilp 11 er: 

Date Receivcd: 
Contrlbutor: 

LUAM: 

Comput~r; 
Compll·..:r: 

Date Rec.eived: 
Contri butor: 

MAPDATA: 

Computer: 
Compiler: 

Oate Received: 
Contr 1 butor: 

HAPIT: 

Computer: 
Comp i 1 er: 

Date Rece ived: 
Similar Programs: 

Contri butor: 
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An input-output gravity model si~ulatlr¡g Industrial 
attract ion 

IBH 360/65 
FORTRAN' G ' 
Harch, 197~ 
Department of Gt..-<)qraphy 
Un Í V e r S i t y ·.) f G .;c.),.<] i .3 

l..::.nd U·;e Allocation :·lodcl (Vcrs'fon 1) 
1 ••• 1 

Dcvelopment of lanci use allociltions ·according to the 
Walsh and Grava·L~rd Use i:i11ocatfon'mode1. 

. . ~ . 
1 BM 70"!0, ·. 
FORTRAN IV 
June, 1973. 
Department of Town and Countr~ ~fannin~ 
University of ,Sydncy 

Descriptive Statistics of Map Data 

The Tnput is a recta~g~la~ array of data, and the· 
program computes t~e frequency dlstrlbution, the 
mean~ var·Tanc~i and crude moment's. The program then_ 
aggregaties the array to two by two blocko:>. Prope,..ties 
of tnese aggregdred data may then be'computed. 

CDC 6400. 
6000 RUN FORTRAN 
June, 1970 
Department of Geogrvphy 
IJor th\-Jestcrn Un i vcrs i ty 

Map Drawlng on ~ Pan-and-lrik Plott~r 

The prog rum pcr t onns map-drawl ng ·o·n a per\-and • i nk 
plottl.'r. r.,put ¡~ :n the form of ·a:two-dimt:,nsional 
X-. Y-coordínntc system. 

' 

coc 3600 
3600 FORTRAN 
J une, 1 ')Jl 
GIPSY, POPMA~~ ~~Mt8LS 
Computcr ln~titu~c for Social Sclence Research 
t~ichlgan St.::te: Univer~lty 



' 

MAP3D: 

Computer: 
Comp 11 er: 

Date Rcceived: 
Similar Progr.:~ms: 

Contributor: 

MAPLOT: 

Computer: 
Comp i 1 er: 

Date Rece.ived: 
Contributor: 

t1APTRAN: 

Co11•pu e er: 
C:;,111pller: 

Date R.ecelved: 
Similar Programs: 

Contributor: 

HARKOVl: 

1 t .. l 

Computer: 
Comp i 1 er·: 

Dat~.Receivel: 
$imitar Programs: 

Contributor: 

1"híee Dimensional (3:-D) btock Oiagram 

A FORTRAN program for plottfng three~dimensional 
surfaces (topographic as we11 as statistical) as 
block diagr.1ms. 

CDC 6600 
6000 FORTRAN EXTENDED 
llarch, 1972 
BLCK, ISOt-iET, PERS, SURGE, .TRIO 
DcpafJ~~nt of Geography 

·universfty of ~lnn~~ota 

A Hap Plottini Program 

io draw 1 ines (s'treets, boundaries. ero •• ) and tu la!Jcl 
them and to pl~t dfitingulshing ~a~~¿.~~ coordlnat~ 
locat ions. 

IBM 360/67 
FORTRAN G 
Oc tober, 197! 
Oepartment of Geography 
University of Michfgan 

Multiplc F~cil lty Location 'for a Continuous Oemand Surfdcc 

Map transformatfon algorithm for locatlng a set of points 
in· a.non-homogeneous populatlo.n derÍsfty area such that 
appr,ox imate.l y. ~qua 1 popu1at ions. ~r~. ir, the d 1 r lch l~.·t 
regions d~'atl points. 

IBM,.360/65 ; 
FORTRAtJ G 
January, 1974' 
AL~ERN, LAP, TORN 
Depa r tment of Geography 
Universlty of lowa 

Regular Markov Chalns 

Analysls of. ¡·egular mark.ov chatn·s • . . 
CDC 6~00 

. 6000 RUN ¡FORTRAN . 
June 1970 
/~ARKOV2 

. r,. 

Department of Ceography 
Northwestern Unrversity 
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Ott.er Vers ions: (MARKOVI) 

Computer: 
Comp i 1 er: 

Date Receive:d: 
Contributor: 

HARKOV2: 

Computer: 
Compiler: 

Date Rccelved: 
Similar Programs: 

C.ontr i !:>utor! 

1 Ot~ .360/65 
FL)RTRAN G 
t1ay, 1970 
Dcpartm~nt ot Geograph) 
Univ~rsity of lowJ 

Simple Absorbiry Harkuv Chains , . .. 
Analysis of simple absorbing marl(ov chaf'ns·. 

CDC 6ltOO 
6000 RU~ FORTRAN 
'un·~. 1970 

,-.ARKOV i 
Departmcnt of Geography 
tJonhwc's'tefn· un:i.Jers'l ty 

Other Versions: (MARKOV2) 

Computer: 
Comp J 1 er: 

03te Reccived: 
Contrlbutor: 

MAVE: 

Computer: 
Compi 1 er: 

Date Reccived: 
Similar Programs: 

Cont'"ibutor: 

MOISC: 

1 Bt1 3~0/65 
F'Of{TRAN G 
May, 1970 
D~partrnent of teogrélphy 
University of lowa 

···. 

Bfho~ta1fy Weignf~d Smoothlng' 

The program removes hlgh frequc'ncy's.pat'la1 components 
from a matrix of geographica1 ~ata b~· Jse·~f a nlne 
poi nt b inom 1 a 11 y wc i ghtE::d 1 oca 1 smooth 1 ng 'opera ti on. 

' \ . . . 
1 BM 360/67 
FORTRAI~ G 
Augus t •. 1970 
SHOCTH, SI-\OTHR 
Departm~nt oi Ceogrnphy 
University of Hlchig~n 

Lin~~r Discriminant An~lysls with Classiffcation 

A 1 íncar discrlmin.'lnt ana1y~is with classiffccltion 
of subject~., b.1.sed on l. ikel ihood ,.atíos.· assuming · 
norm,¡J distrbJtivn and cqua1 vai-rances~covariances. 



Computer: 
Con1p i 1 er: 

Date !h·c~ived: 
Simi-lar Programs: 

Contributor: 

1·1 1 !l 1 MA P : 

Computer :· 
Compi l er: 

Date Rcceived: 
Similar Pró-~rams: 

Contributor: 

Mlt~PATH: 

~c,mput~r·: 

r 'Jmp i ., er: 
t:,,;ne Rece i ved: 

Si r'n i 1 a r P r-og r ams: 
Contributor: 

1-lLNEG~I: 

Compute . 
Compiler: 

Date Received: 
Simi l_ar Programs: 

Contributor· 

1 DM )60/67 
FORTRAN G 
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l~ovember, 19/.!· · ,,. 
CEr-IDA, ÓO.SINE, DISITR, ITERIM,. NEARI~I3R, NOLIDA 
Department of Geography 
University of \.Jaterloo 

Choropleth Mapping 

Designed to produce cnoropleth maps from map and data 
file input utilizing sma11 computers . 

. t.BM 36o 
FORTRAN 1 V 
_June,. 19.73 

· ·cr~AP; CPLEJ"H . 
Depariment of.Geography and Env•r~nme~t~l P1anning 
Towson State tollege ··· 

Mínimum Path N~tworks 
• l '1 0

1 ; , 1 lo o 

Computat ion of minimu~ pat~, íletworks from each of 
up to 1000 nodes to a11 other nodes in a glven tran~
portat ipn ,SY~.h~m:•n;The max imum number. pf: edgcs f s· 
2000, but multiple ]obs may be processed. 

CDC 6400 
6000 RUN FORTRAN 
June, -1970 
SPA, SPAN 
0epartment of Geography 
Northwestern University 

t\aximum Lllcel i.hood Parameters of tJegatlve Binomial 
,D;str;bution 

-' 1' 

This program ~alculat~~ the maximum lik~• ihood par~-
meters P and K_of the negative btnomia1~~!stribution, 
from the observed freq1.-1ency distribution~, 1 Using P 
ar,~d K it then fits the negatlve b_lnomial .to the data 
and comput~s· the chi--~quare valu~s:.• · . :, 

CDC 6400 
6000 RUN FORTRAN 
June, 1970 
NEGB 1 N =JI'i •. 
Department of Geography 
Northwestern University 



t10CON: 

Computer: 
Comp 11 er: 

Date Recelved: 
Contrlbutor:. 

HOMWS: 

Page 34 
: ~ (, .. , 

Central Momcnts,. Skcwness and Kurtos ls from Crudc · 
Moments 

To.compute central moments, skewness," ünd k~rtosi~ 
f 1 • d ·'.i . . . ro,m .. cur e mom·t.nts. 

CDC 6400 
6000 RUN FORTRAN 
June, i 970 
Dcprtrnent. of Ge.:·:¡,·aphy 
tJortlnvestcí•1 Un¡v~-:--~ ity 

Com:>utat ion and t'l,'lpping of Areal Moment Surfaces 
. ' . 

The.progr~m calculates first, second-or ln~erse first a~~al 
_ moml.!nt s abou t popu 1 at ion· mass~s a~d opt iorli:I'IJ y prcducés :., 

1 ine printe~ ~9nto~r ~~qt 0f_resultf~g surface. · 
. .· 1. 1 , ,,:;r: ., . • .. ·,tJ l,n" ' . 

. ,¡, ···~¡ .. ; 1 1 ' 1 
•• • • 

Computer: IBM 7040 
Compller: FORTRAN IV 

Date Recelved: June, 1973 
Contrlbutor: Department of Town and Coúñ'try P1anning 

University of Syd~~Y 

MONA: 

,Computer: 
Compller: 

Date Received: 
Cont r 1 butor: 

MPLSQ: 

Co,;~put er: 
Ccmp i 1 er: 

Date Rece 1 ved: 
Similar Programs: 

C~ntributor: 

/~.1¡:¡ping of Nomina.flyrtiasslfie'd Actl.vitlt. 
• '1 ~ • f 

Produ~e~·ch~ropleth-type maps of activity patterns 
from. n·omínaJ,Iy el as:; ifi-z:d .:JCtivitfes. 

IBM:3b0/65 
FORTRAN. G; .. -.:. , 
Oc tober, 1971 
D~partm~nt of Geography 
University'of lowa 

t,', 

Surface-Fittinq Progfam Jor Areally-Oi~t~lbuted 
Data from the Earrh ~c.ie:nces and Remotc Scns lng 

• . 1 

1 ••• 
. :• • . . • 1 • 

Provides a mcthod of reducing data recorded··f.:>r a 
largc number,0 f are31ly-distrlbuted sample sites t~ 
~he form·of .s-imple l~bplcth maps uslng varlous tech-
niqucs of ti-cnd ·surface analysis. 

CDC 6400 
6000 HUN FORTRAN 
Dec~mber, 1971 
DYAO, POLYfiT, TRENO, TRENCC. 
Dcpdrtmcnt of Gcogrnphy 
Northwe~tcrn~nlv~rsity 



r1UL T 1 : 

Cornputer: 
Comp 11 er: 

Date Recclved: 
Similar Programs: 

Contri butor,: 

I~UIJKRE: 

Computer: 
Compi ter: 

Date Received: 
. Similar Programs: 

Contri butor_; 

NAVBOR: 

Computer: 
Comp i 1 er: 

Date Received: 
Similar Programs: 

Contrlbutor; 

NEA~r~BR: 
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Hulti-Source Locatio~-AIIocation Algorithm (Exact) 

7his program uses a minimum-storage (Backtrack) branch 
~nd bound tcchnique to optimally locaL~ M sources to 
serve N dcstlnations in a Fucl idean plane. 

IBM 360/65 
FORTRAN G 
Junuary, 1974. 
THA 1 N, \~EBER, WEBER 1 
D~pa r,tmcnt of Geog,·aphy 
U n-1 v Ú s 1 t y o f 1 owa . ,.. . 

Transportation Problem 

Uses Munkree's /dgorithm to solve the transportaL !on 
problem of 1 inear programming. 

CDC 6500 
CDC FORTRAN EXTENDED 
November, 1971 
TRANS . 
Computer .l'lstitut~. for Social Science Rese3r-ch 
Michigan S~ate Unlver~ity 

Nearest Neighbor Statistic' 

Calculation of the nearest lle·rghbor:sta.tistic for 
a set of points dlstribut~d, In~ define~_area on 
a plane. The program may also be ~~ed to identify 
ncarest neigr~ors of each point. 

. . . 

IBM 360/67 
FORTRAN G 
r~a rch •. 1972 
EQUAL,. .. GENEO 
Dep~~tment of G~ogrdphy 

· Un-iversity of Mfchtgan 

Neare~t-Neighbor Discriminant AnJi¡sl$. 

Program 1 ~o ¿1assify subjects on the basis of 
dlstance to nearest-neighbor )~divid~al 



Computer:. 
Compi ler: 

Date Rece lved:. 
S imi·lar Programs: 

Contributor: 

NEGBIN: 

Cornputer: 
Cornpiler: 

Date Rccl!lved: 
Similar Progrdms: 

Contributor: 

f'.IODAC: 

Computer: 
Compller: 

Date Received: 
Contributor: 

NOLIDA: 

Computer: · 
Compiler: 

Date Received: 
S i.ni lar Pr'ograms: 

Contributor: 

1 Bd -360/67-
FORTRAN G 
Hovember. 1972 ·· ·,"· . : 
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CENDA, COSIIJE, DISITR~ JIJTERIH. hOISC,' r!O .. IOA 
Departmcnt of GcourQphy· 
'Jn i·,crsi ty of \.'at~.;rloo 

r~egative Binomial Probabll ity L<l~J 

The progr.Jm comput~s. t1ie tndividua·l t:'errn·s of the 
negnt ive b í ncm i a 1 ::>robab 11 1 ty ·1 aw. · 1 

,._oc 6~oo 
JOCO RUN FORTRAN 
June. 1970 
"L..NEGBir: 
")epa~tment of Geogra~hy 
'Jor.tbwcs ter:n .run i vefs 1 ty 

·Jode Accessibllity lndlces 

~omputat1on of nade acces~ibitlt~ i~dt~~s (hs deftried 
JY Shimbel an9 l<atz) for trJnsport hetworks. 

:oc 64oo 
6000 RUN FORTRAN 
June, 1970 
Department of Geography 

. _rJq.rt,b,\-.~c•;tern Llnive.rsity 

Genera1 lzed Non-Ji~ear Discrlminant Ana1ysf~ wlth 
C 1 as::; i f ; e .1 t ion · 

Compute;s non-! inear discrlmlnant ·fun~o.lt..;ns•·v.,,ich 
ca11 th~n b-:: u~ed to class.ify unknown indiv+éiua1s 
or to rcc·:.Jssify those: individuals' from' wh"ich the 
iscrlm1~ant functions were·~rtg(nally derived. 

1 BM 160/57 
FGRTRM4 G 
November, 1972 
CErJDA, .COS·IriE, ['liSITR;· ITERIH. HDI'SC, IJEARr~OR 
Dcparrment of· Gt:ography .. ' ''' 
u,;¡ ver-:; i t:y 'ot ~-í-Jrer i 00 



• 

NONCEL: 

Computer: 
Comp 1 1 er: 

D:ttc Rcceived:' 
"imilar P.ro~rams: 

Co~Úib~¡~~or· 

Page 37 

Simulatlon of Diffusion throush Area of Non-GrfJJ..;_ 
Units 

A program for simulatlon of diffusion thruugh ~n 
area of non-grid units, such as poi itical a~ea$ 
and/or other minar civil divlslons. 

CDC 6llOO 
SOOO RUN FORTRAN 
~ecember, .1971 
'l\AAG, I~OIKELO 

epar~ment of G~ography 
orthwestern University 

!ther Vers lons: (NONCEL} 

Computer: 
Compllcr: 

[)ate R(!ce i ved: 
Contributor: 

NONCELO: 

Computer_: 
·compiler: 

He Received: 
Jr Progr·ams: 
Contributor: 

NONPL'·, : 

IBM 360/91 
FORTRAN G 
December, 1971 
~epartm~~t,pf Geography 
University of California, L(....:. A.,geles_ 

... ' .. ~ 

Simulation of Diffusto~ thro~gh an Area on Non-Grid 
Un i ts 

Th(. ov~r•.aY:uf programs permits the slmulation of 
di_ffu~.IP,~-~~cording .to standard Hagerstrand rutes over 
a~. irregular lattlce (non-grid unJts). ~he over-lay 
(1) simulates the location and number of knowers after 
each generatlon for each slmulatlon .~2) provld~s sum~.· 
mary information on the spatlat seri.~~- generated and., 
~3) provides summary lnformation on the temporal s~ri~s 
generated (which includes P~n:and~lnk plot output}. 

CDC 6500 
6000 FORTRAN EXTENúlO 
July, 1972 
HAAAG, NONCEL. 
Department of Geography 
Michigan State Universitv· 

,-.:~::111 ::~•r:,·· .• ·.: r,; 
Temporal Series Su~mary of. NONCEL O~tput 

To provide su~mary -lnfor~ation of the temporal s~rles 
generated on tape output ~y NONCEL. lncludes pen-and· 
ink plot output. 



.. 

Comp~ter: 

Comp i 1 er: 
'• 

Date Received: 
SJmil~r Programs: 

Contributor: 

NORLOC: 

Computar: 
Comp JI er; 

Date Recelv.:!d: 
Similar Programs: 

Cqntrlbutor: 

NORH: 

11. 

Comput~.r: 
Comp JI er: 

Date Recelve~: 
Contrlbutor: 

CDC 6t,oo 
6000 RUN · rORTRI;N 
Dccembcr, 1971 
HAGPLIJ"i 

.. Dcpartrnent of Gtl·ograph'y 
. No r.t h'\ves.t c. rn Un i ve r,s 1 t y' 
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Hultlple Locatlon Analysls Prog~a~ 
,. . 

Thc p•o!Jram salves problcm of 1oc~t~ng. a. r::ml~er of)acll
lties to ~ervc a dlspt:rsed populatlon. The routlne.finds"· 
1) coordl~ates.for po~fti~ns of facilities, 2) servicc ~~~~ 
of CuCh faciJ lty and 3) capaclty Of ·each facfllty from 
basic input informatlon. 

UNIVAC 1108 
FORTRAN IV 
March, 1973 
STDROP . 
Department of Geography 
State Unl'vcrsity of tlé\t'V.ork~ .Albany 

IJorma 1 J ty Check 

The program tests data set) for normal ity uslng the 
Kolmogorov-Smirnov test. lf t~~ d,~ta .. ~re not normal 
In their or·iginal ·fórm, tht: ·r~P9-~h•9.··tran~formations 

·can.be a·ppl led:·: ·J') 'Log. 2) L·og~L~g, .3)· Square Root. '1 ., . o. 
The·!level of slgniffcance ls chosen by .the user. . ' . . . . 

.1 BH JG0/65· ·. 
FORTR.AN· G· 
May,. 1970 : 
Oepartmcnt' of· Ceo( · fmi 
Unlverslty of lowa 

Other \iersfons: (NORH) 

CompL ter: 
Comp ll.:!r: 

Date Recelved: 
Contrib~o:tor: . 

CDC 6500 
6000 FORTRAN EXTENDED 
August, 1971 
Computu lnS'tll.:ute for Social Scie.n~e ke:s<:~rch 
,.-:,:rligan ·State· Un'ivcfsi"ty· · · . 



riSCAl ; 

Computer: 
Compf 1 er: 

Date Recelved: 
~fmflar Programs: 

Contributor: 

OPTREG: 

Compu.ter: 
Compf 1 er: 

'ate Recelved: 
Contri búfor :' 

PCPA: 

Con;puter: 
Compf ler: 

Date Recefved: 
Similar Programs: 

Jntr lbuto'r: 

PELTO: 

Computer: 
Compller: 

Date Recelved: 
Contrfbutor: 

Page 39 ¡ .. • 

• 1 

Rap·d Data Plottfng 

Rapid data scree'nrng. The program'produces the N*(N-1)/2 
prlnter plóts~ linear regressfons, ~nd sfmpl~ correlat!ons 
for all palrwfse combfnatl~ns of N varia~les. 

1 BN 360/67 
FORTRAN G 
(Requlres RUMPLOT sLtroutines from _SHARE 1 lbrary) 

'Augus t 1 1970 
REGRESS 
Department of Geography 
Unlverslty of Mtchlgan. 

Optlmal Regresslon Anafysfs 
. . 

An opt ima 1 régf.essto·n prÓgram to ·ea~ cut ·te rcgress·lon 
equatlons on ~ de~endent varlable~~~ch·that the re' 
fdual sum of sqüares· fs a mlnlmurri~. 

IBM 360/91 
FORTRAN G 
December 1 1971 
~·ll!partment of Geograpt.y 
: niversity of Cafifornla, los Angeles 

., ' ' ) . 
A program .to.'p.erform paJred compHisons analysls·.on· 
preferentlal pdata. 

IBM 360/75 
FORTRAN G 
Mar eh, 1972 
REVPREF 
Depa'r'tmenf' bf Geography 
HcG111 University 

Pelta 0-Function and Relatlve Entropy . 
The program ca1cu1ates two measures of the degre~ 
of mlxing·' :i!n muH:1component· systems·. 

1811 )60/67 
FORTRAN G 
Augus t. 1970 
Department of Geography 
Unlverslty of Mfchfgan 



Othcr Vers ion·s: {PEL TO) 

Computcr: 
Comp i 1 el": 

o¡¡ce n(.:ce'ivcd: 
Contri !.iu tor·: 

PF.RS: 

Ccmput.er: 
Cornp 11 er: 

Date Rccelved: 
S lmf lar Pródrams': 

Contrl':1utor: 

PLOTMAP: 

Computer: 
Comp 11 er: 

Date Rece'ived: 
Contrlbutor: 

PLOTHP: 

Computer: 
Comp 1 1 er: 

Date Recelvcd: 
Contrlhutot'f 

CDC 6500 0 
')O FORTI{Al~ EXTENDED 
cembcr, 1971 

0mputt!r J·nstiCúte for •Social Sc..ence Kescarct, 
.. ichi9an Statc Univcnity .. , 

'luttinv r..:rsí·•:Ctiv.: 11lc•ws nf Su'n:acc~ 

A :)d 0t rut(íTv".~! 

sp.~ct iv .... vl~t·l of 
a re1ular gria. 
hidden from the 

:.~.~~JI·ouclnes that wlli plot a Ref'· 
a sur fa ce wh i eh ¡:s· represented ·;by 
Portlons of thii! ·~frld··~oihich ar~'; 

vlew~r ar~ nbt p1otted. 

iBH 360/65 
'='OR-rltl'tl~ G 
Ja.nu.:. ry, 1972 1 . 

flLC K,'· ·1 SC~IET·,· HAP3D, ' JRGE·, TR 1'0 · 
·tomÍJuting·ce'ntre • ··.r ·· ,- ·• : 
University 'af ·srtti'sh Columbt'a 

'lap Plott lng from Tape. 
. ' . 

To uraw outl1nc mup's•ron·'various pfoj~ction~ to scaic 
.:rom data·stóred on ma'gricflc tape.;:·:·I,.Jr'H draw carto~ 
··rams using doubl..! blvarlate fnterpolation.; 

1 B~I···J60/67 
r.oRTRAN G 
kTot>Jil ~··~19 11 
)epartment of Gcogrgr y 
Universlty ~f Hlchlgan 

P.rintcr Grld Happlng Progr ..... 

The pro~ram J,Jiots:numedcal'val··-'6' ancl draws ar, -..Jt.!ine 
around th~ ~rcu of intere~i 

J:ll VAC 1108 
F'ORTRAI'I' 'IV 
'1arch, 1973 
:)cpart:ntlnt· of Gc•ogr;,p .. , 
~tate ... Uillvc,.slty· of Ncw York 8 Al·l>art'{ 



PLUTS; 

Co111puter: 
Compiler: 

:late Received: 
Contributor: 

PO 1 NT: 

Compute. : 
Comp i 1 er: 

Date Received: 
Contributor: 

PO 1 NTS: 

Computer: 
Compll er: 

~ate Recelved· 
ContrTbutor: 

PO 1 SSN:· 

Computer: 
. Comp 11 er: 

Date ·R.eceived: 
Contri butor: 

Page 41 

~peci~1 Subroutine for Curve Plottlng 

A subroutfne for tlme-scrles plotting on a computcr 
1 lne prCFnter, 

1 BH 360/91 
FORTRAN G 
De e ember. 1971 
Ocpartn•ent of Geography 
Universlty of California, Los An~eie~ 

Point-ln-Polygon Testlng 

·Used:for··testlng.whether a·polnt· •. ·def!ned by Carteslan 
grJd coordinates~ 1~ located insldé, outside, or on an 
cdge of a polygon'defined .by•a set of coordlnates In· 
dicating the ·pplygtin vertlces.· 

CDC 6500 
6000 FORTRAN EXTENDED 
December, 1971 
Computer 1 ns ti tute for Soct a 1 ·Se 1 ene e Res ea rch 
MLchigan State Unlverst~y 

Polnt Set Happed on a Plane or Torus 
. . 

·Computes '·descr f pt lve mea sures for. a po 1 nt set rnapped 
onto either a plane or torus.~ Th¡·method. of order 
dlstance ¡5 used to summarlze the point patter~. 

CDC 6400 
6000 RUN FORTRAN 
r.Jovember, 1971 
Department of.Geography 
Northwestern Unlversity 

Poisson Probab~lJty Law 

The program com~utes individuai terms·of.,oi~son 
Probabllity Law and, asan optlon. individual terms 
of the disp·ersed Poisson Probabt.1 ity Law .. · 

coc 6400 
'6000 RUN FORTRAN 
June, 1970 
Department of Geography· 
Northwestern Unlv~rsity 



Computen 
Comp i 1 er: 

D.:.;tc Received: 
Similar Programs: 

Contributor: 

POPMAP: 

Con1pu'te'r·:· 
Co1r:p i 1 er: 

Date Received: 
Similar Programs: 

Contributor: 

POPPYR: 

Compt1 ter: 
Comp 11 er ': · 

Oa~e Rece:i11cd: 
Contrlbutor: 

PREDEN: 

Computer: 
Compiler: 

Date Re:ceived: 
Contr ibutor: 

Trend Surfac.,; ktal tsis for Dcgrecs Oné Through F'lve 

Flts algebra 
five to gcogr 

olyn6mials of degree one thro~gh.· 
1ic nata:· 

·¡ BN 360/67 
FORTRAN G 
August, 1970 
DYAO, MPLSQ, lREND, TRENDC 
Department of Geography 
Univcrsfty cf M;c~i.ga~ 

Populat ion !'i.)pS 

• . '\··,; ~,.,'. ; . jl1 1 .l.. ! l:'"' 
The program rcads rectang~lai coordlnates (X,Y) and 
populiltions, and then draws populatlon.,maps on the 

··.pe'n'.;iir:~,-litk plott~r. wlth ~·l~.fc.s repre~ented as clrctes. 
·. lJ . . 4:. 1 • • • 

.-., BM 360/67 
FORTRA,N G 
August, 1970 
GIPSY, 1·1APIT, SYMBOLS 
Department of Geography 
tl"iverslty of Michlgan 

Population Pyramids 

~rogram to .. plot 'populatlo~¡pyra~ids ano compute 
'Jasic demographic me.asurc~. 

J'' 

•3M 370/158 
'ORTRAN G 
u 1 y. 1975 

. cpartment of Geograpl1y 
\ írglnia Polytechnlc lnstl~•Jté 

Dendrograph Input Gcneratlon 
.· 

The p10gr1m converts r~w data lnto one ~fa v&rfety of sim-
ilarlty me~~ur~nerits and.off~rs ~pt.lon of punchlng thcs~ ~s 
a lol'l~r triangular matrlx for dfrec~ Input to thc d·~ndro-
g ,·a ph 'p'rob :·a m (D E1JDRO) . 

VNIVAC 1106 ... 
FORTRAN IV 

·M~rch, 1973 
Department of Gcogr~ph~ 
State Univcr~ity of New York, A1bany 



PRESLOC: 

Computer: 
Comp 1 i er: 

Date Recei~ed: 
Contributor: 

PROLO: 

Computer: 
Comp i 1 er: 

Jate Receivcd: 
.ont r lbutor:. 

fRÁMID: 

Computer: 
Compller: 

Date ~ecelved: 
ContribÚtor: 

RAI~KD: 

Evaluar ion of Total Costs of a System of ,.;resenl \.Jarehouscs, 

The program ca1cuta·tes the costs of the present 'warehous.¡:·. 
locatlonal 'conf~guratio~ for any co~figuratlon input by 
the user. The progrum may be used In conjunctlon with 
¡:,rogram \~ARELOC. 

!BM 360/65 
FORTRAN 1.1 

Janua ry 1 197~ 
Oepártment of Geography 
University of lowa 

CDC .-6LtOO 
6000··RUN FORTRAN 
Dece~ber, 1971 
Oepartmerit of Geography 
t~orthwestern Unlverslty 

Population Pyramld Subroutln~ 
'1 . 

A program deslgned tC? produce.age/sex pop~l~ti·.,:,.,· 
pyramJds 6n the com~uter 1 ine~~ririte~; ·· 

IBM 360/67 
,F9RTRAN WATF IV 

·· Apr i 1 1 1972 
Oepartment of Geography 

.P.ennsylvanla State University 

Rank¡ng;o~ta_ an~ ln5pectln~ f~r~Natural Breaks In the 
Dlstribut Ion· 

'. 
The program rank o.·der!? .. ftn91.na1 d~t~ ~~~.calculates· 
dJfferences between thé··~a~ked riumbers ~nd output~ t~~~ 
on a scaled bar graph. ·, .,, 



Cornputer: 
Cornp i 1 er: 

Daté Received: 
Contribu!:or:. 

RE:GLAR: 

Computer :. 
Comp l 1 er: 

Date Recelved: 
~fmi1ar ProgramS:k 

Cont r '~utor;: 

REGRESS: 

Computer: 
Comp 11 er: 

Date Receivcd: 
STmilar Programs: 

Contrlbutor: 

REVPREF: 

Cc.mputer: .· 
C~!llpller: 

Date Received: 
Similar Programs: 

Contributor: 

IVA..; 1108 
JRTRAN 1 V 

1arch. 1973 
Jepartment of_, .Géography •.. 
• i.ate Univcrsl.ty of N'~w York'; ·At:banv 

0 ~gular Pattern Recognltion 

Page 44 

IIH! progu.~m det\.r·mlné:~~ the JocattOn·ahO ctreal f:A~o.;n"t of 
re~rons In a point array ~xhtbrting regular, rathcr th~~ 
random, distrit.utions. Regularity-.·Js.assessed in termi 
of a ncarest 'nci~JI,bor test. 

UNIVAC 1.108 . 
FORTRAN' IV . 
:1arch; 1973 ·. 
C4US.T ER; L 1 NEAR 
Departm~nt· of,~eography 
S tate. Un.i vers 1 ty o f. l~ew Yurk, .IÜ ba117' 

Linear Regre~sion Calculatr~~ and Plot 
.. 

A FORTRA~ program that. calculates ánd p16ts (usfng·· · 
pen-and-lnk plotter) for any t"wo data series, a 
scatter dlagram, thc 1 ine of rcgress ion, and del imits 
the zone for the standard error of estlmate on the 
scatter diagram. 

r:oc 66oo 
'·.QOO FORTRAN EXT EHD EO 
·~a rch, 1972 · 
q~CAT .. 
Jepartine.nt ,of Geography 
University of Minnesota 

Pe~i.-t::d Comparisons Analysis from Revealed S~atlal· 
Prefer~:nce Data 

Appl ies the mct:hod uf pal-red corn~ ... artsons to dJ.t.J 
describlng ~patial choices of lndivfdua1s.. lt c.le-
velops a.proxi4nity matri.x whlch. describes the <lggre-·IJ 
gate per~eived slmllarlty betw~en locatlonal tvrics. 

:oc 6soo 
·)000 fOP.TRAiJ E.XTENDfD 
Jw,e, 1971 
PCPA 
Computer ln~rituce for Soci~l Sctence R~search 
Michfgan Stat~ Univcrstty 



Page 45 

Othér Vers io·.s: (REVPREF) 

Computer :.' 
Compiler: 

Date-~eceived: 

Contributor: 

RGRJO: 

... omputer: 
Comp i 1 er: 

Date Received: 
.nllar Programs: 

Contributor: 

•BM ~50/ÓS 
FORTrt?.N. G 
Octobe:.~, 1971 
Oepart~ent of Geography 
University of Jowa 

Hap Plotting and Contour:t"ng ·· 
1 .. 

The program produces isamithmlc maps on the 1 ine 
printer fro.~ .scatt_ered"~t~se~vatlon~ by first Jnter-: 
polating to' a lattlce'-a"nd then_ con~o.uring these reg
ular values. A locatlon'map of ttle.observatlons, a 
1 l_s t of the va 1 u es at toe grld i nt~rsect lons, and 
~he coun_tou'red map ar~ returned. . ·: .. 

; (¡-

.,, BM )60/67 

. 'FORTRAN G 

. Augus t, 1 970 
LATMAP, RGRID2 
Department of Geography 

· Úniversity of Michlgan 

Other Versions: (RGRID) 

~omputer: 

Com¡;li. I_.P r.: · 
• ,l' 1 ,.,., 

Date Received: 
Contributor: 

RGRID2: 

Cpmputer :
1 

_ Comp 11 er: 
Date Rece ived: 

Similar Programs: 
ContrTbutor: 

CDC 6500 
,FORTRAN EXTENDED 
'Jün'e.,'"'!'~]l . 
Comput~r lnstitute. for So~•i::tl Science Research 
Mlchigan State University 

Map P]otting and Centaurina 

Similar 'to RGRID; however, thls pro
1
gram allows up 

to eiQ~t v~rTables to be m~pped. 

1 BM 360/67 -
FO~T~,W l9t. 
·r-tar~h, 1972 
LATMAP,. ·G'R 1 O 
Department of ·Geography 
University of Michigan 



R 1 úGREG.¡. 

Computer: 
Compi 1 er: 

Date Receivcd: 
Con.t r i bu tor: 

. \ 

Computer: 
Compll er: 

Date Received: 
Con tr i bu to r: 

.. SAMPLE: 

Computer: 
Compiler: 

Date Recelved: 
Contri butor: 

ljU 

SANDM: 

Computer: 
Comp 11 er: 

Date Received: 
Similar Programs: 

Contrlbutor: 

Page lt6 

Ridge Regression 

The program perforn•s r1age regro..:_.ion ana1ysis for a 
dependerít varlablt and up to 100 lndependcnt varT"ables;' 
th\: data input must be norma 1 i,z.cd. 

'IBM 360/75, 370/16~ 
FORTRM~ G 
March, 1973 
~ep.::l•· tmcnt of Geol]raphy 

:· • 1 • '. Un i vt.:rs i ty of Nor ti. C.aro 1 ll"la 

11c .;~suf'e Dbgr'ee of A:.5oCl at Ion Bctween ·S'pa't·fa 11 y 
r ~ ú i'~á' ''obsúvat lor'ls 

'Thls progran. ls des ign.ed to tneasure eH:'hcT the degree 
:to wh!ch one'1rct.1i1 functlon (a't'trib1at'e)·~~ls' spatfa1ty 
assoc i ated w·i th Jny c1thcr or the degr:ee to whlc:h one 
shopplng 'centert (observatiol'l) ts rt~e· any other.. . 

IBM 370 
FORTRAN G 
May, 1976 
Oep~rtm~nc of Geography 
University of Denver 

~lmulation of R.::Jndo~ Samp 1 

~ !mu1ation of random sam~dri.g ~1ith l:iliióm1iit dfsll'toutton 
,nd ñorma) di~tributfon probab.¡'J(ty_'tests 1 

• 
. :,¡ •,' .... 1 

JNIVAC 1108 
FO~TRAN IV 
Mar eh. 1973 

1eparcrnent of G'é'ogrclphy 
5rate Un¡versitv oF·New York, Albany 

Spat ia1 s,~r-·i~s · ·,unH".-tt·y of NONCEL Output 

Th 1 s program reads thc output tape\1p.rod'uc,~d by the: 
spatial simulation p(agram NONCEL and·produces cell 
means .::lr\c! va r i anc es for ea eh ge-~era ti on of .each · ·• · 
s .i m u 1 a t 1 en • · · : 

CDC 6/¡QQ 
6000 RUN rORTRAI~ 
December, 1971 
HA•:;f'IEVA 
Dc:par tmer.t of i~;,;ogr <~phy 

Northwestern Unlver~lty 



" ' 
... CALE: 

Computer: 
Cornp ¡ 1 er: 

Oate Reccived: 
Contri!:>utor: 

SOIS: 

Computer: 
Comp i 1 er: 

uate Reccived: 
Similar Programs: 

Contrib~tor: 

. SINGLE: 

Computer: 
Compiler: 

Date Received: 
.. imi lar .Prograrns: 

Contributor: 

Page 47 
_ • 1 , . : ~ r .. , 

Sol:Jtion of the law of Categorical Judgement 
.. 

Transforms.or.igina.t,.data from the psychological scat ing 
technique known as the method of successive categorles 
to inter~~~ scale va1ues. 

6000 RUN FORTRAN 
Deccmber, 1971 
O epa rtm'ent of Geography . 
Northwestern University 

.Spherical Distances 

. Computes a matrix of distances from a ~~~ of poCnts 
~rlefined by th~lr latfl~de/longltude coordlnates. 

1 BM 360/67 
FORTRAN G 
August, 1970 
OSTAZ, GEODIS, SPHERE 
Department of Geography 
University of Hichfgan 

. ~ingle Fo~rie~ Serie~ 

Analyzes data that may be repres~nted by curves. The 
following expresslqn is used fór the single fouri.er 
infinite; 

'::: ... (~ t9)/ZL.~ .SIGMA(N) fA(N) COS(N~~I*X)/L. + B(N) 
jiK(N*PI*X)/L] . 

. ·.there N= 1.2, ••• , infinity. 

IBM 360/91 
FORTRAN G 
December, 1971 
DOUBLE 
Department of Geography 
Universlty of California, Los Angeles 



'.JIRES: 

Computer: 
Compi1er: 

Date 1\cceived~ 
1nflar Progrdms: 

Contributor: 

Page '•8 
':llmu1Jtion of ·urba., ~es:~-d.cn.tiaf Segregation 

Thf~ progr-.:.m us~~ Hontc Car_1~ slmu1atlon procedures 
cd ·ex~lbrc·the ph~nomenom of urban residentlal 
5egr-•~9.:it"ion:~· :rr,e program · fs des igned ·asi a teachlng 
devic.! in that thc.studcnt •can vary alrtiumb'er of 
pJr<Jm.~ters such as initiaf segr.:!gatlon pattern, sfze 
and nurnb0r of n-:·i9hudr!,oods to he .i'na'lyl'éc!, white' 
ilnd bloc!-. discrrminal!on cri.to.!r'i.:J for rnov'tng lnto or· 
out uf,) n~igl.i,ortwod, etc. Thc; coc··vers·fon is strictiy 
a batch c.H·ientt:tl prog·r¡¡m, but 'thc lOM vcrs!on f~ dcslgned 
fc.r ;~,,tr:'l or intc:•-ac·rfvc us'e: 

coc c,r;oo 
fORTíl.AN E.XTEI:lJEU 
Ju1y, 1975 
UÚ·IDUSE;· SOLlJf' 
Dep,í'F'frn.;r)t 1Óf·~'r..:ugr.).pH')I '· i 
Michig~n ~tat~ Universlty 

Other Verslons: (51 RES) 

Computer: 
Comp i 1 er: 

Date Rcceived: 
Cl.1ntrib1..1tor: 

SLOP~:·•· 

Computer: 
Compller: 

Date Received: 
Contributor: 

BM 370/155 
ORTRAN G 

Janua ry, i 976 
nepan:rne:nt of Gc.cgraphv 

irglnia Polyt~~hnic Instiiuf~!~nd~St,te:Universltf 1 

,pati~i D~ri~a~ivc Program 

he orogram calculatcs thc absolute ~alue of the 
:¡rad.ient: {slopc)' f~lr' data.'grven' as'¡¡¡: geographTcal 
roarrix. 

1811 JÍl0/67 
Fornr...:'\1. G 
Au9u5t, 197-1 
De pa rt m.~n t () f ~ .,;og r ~ phy 
Univcr~ity of HrchigJn 

r • . •. ¡ . 

Other Vers lons: <{51QPf) 

Computer: 
Corr:p i 1 er: 

Date P.r.· e e i ved : 
Contributor: 

r.oc 6soo 
6000 FQ~)RAN EXfENOfD 
Dc·c:.'ITibt:r, 1~171 
(c.roputc::- ln::.titdt(: ~or Social Scfencc Research 
Mic.hi~¡;:.,, :r.:,cc 'lnh.'•!rsity 



SMOOTH: 

Computer: 
Comp ll er: 

Date Received: 
Similar Programs: 

Contributor: 

SMOTHR ~ 

Computer: 
Comp f l er: 

Date Receivcd: 
Similar Programs: 

Contributor: 

SMRATE: 

Computer :· 
Compi l er: · 

Date.,:Recelved: 
Contri butor.~~~ 
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B i noai a J·J y I.Je i ghted 'Jnioo t h ... g 

~emov~s high.,r~~~en¿y spati~l components from a 
mat,rix of 9e~gr:a.phical data by use óf a nine point 
binomlally.,w.~~.ghi~d loca.!' smoothin9 .. C?Peration. 

CDC 6LJOO 
6000 RUtJ FORTRAN 
Dccember. 1971 
t1AVE • St·IOTHR 
Departmcnt of Geography 
tlorthloJestern U:-~lverslty .· 

' 'a tri x Smoo~.h i ng 

T~ i s a.~semb.~ Y. 1 a11guage subrou51 ne smoo.ths an ar ray 
of'..valyes 1 (a~sumed .to bcr spa.tt.al. data) ustng ·thp 

~~~~;~c;)d ,descri.b~d: by Holloway • .'. lt ts'design,ed to 
be called as a subroutine in a FORTRAN program. 

• 1 • : • ' ~· 

IBM 360/370 
18M Assembler 
r: ebruary, 1977 
I-1AV E. SI100TH 
Oepartment of .Geography 
Unlversity of Cal iforni~, Santa Barbara 

Standard Mortal lt;·Rates .. 
The program computes standardized mortal ity or , 
mo;bidity ratio and rate for ar¿al-ad~inlstraii~~· 
units. The computational.method ~mploycd adjus,t.~ 
crude death rates' for variatlons rn·_,age,d.lstributfon. 
SI1RATE produces re! at !ve morta 1 i ty .,rat lo. as a per-. 
centag~ of the nati9nal rate. Standard mortaJity 

'•' 
·ate ls sca1ed by user. 

--~IVAC 1108 
•JRTRAN IV 
·arch. 1973 
epartment 9f Geography 
~t~~f_.ynivefs'ity of New 

1 

York. Albany 

" 



.. .r~ORT: 
' 

Compute;·: 
Comp i 1 er: 

Date Receivcd: 
Similar Pro9rams: 

Contributor: 

SOLUP: 

Computer: 
Comp 1 1 er: 

Date Rec~ived: 
Similar Programs: 

Contributor: 
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Sc:.mp'le •~urmal ity Testlng 
,, ' 

The program tests for normallty or lognormal •ty through 
. comparlson of.the samp1e, frequency ~Jstribution and 
the norma 1 ~req·~,ency d i.str_IJ?ut,i,9n t;>f. :th,e, same mean anci 
· t¡:¡n~ard .. dcy_~~J)o.'l. ~~; ~~e .sampl e. 

UIJIVAC 1108 
FORTRAN IV 
'~arch, 1973 
NORI~ 

Dcpartment of Geogr~phy 
Stdte Unlverslty of tJew ·vo~~, _Aibany 

Simulation of land Use Patt~~~s~,. 

T~. ~o.ns.truc:t. ~ m~p o~ .. th~ pri.n,t~r. Ofl wh,l.cft. the land 
. ~~e P.ct ivi~~Y. wh.ich, ~ould e9rn. _the hJgh_es:~ ec:onomic 
rent l~ compubed.ard fdentified.f9r .each pofnt l~aat.ion. 
Economic rent i's computed .fr~m ,i:h~ .f.~rmuJa: 

R = E(P-A) -'E*F*K .. 

CDC 6500 
6000 FORTRAN EXTENDED 
June, 1971 
LANDp~E .• , .. ~ 1 ~~~t. , 
Computer lnstitute for Social Science Research 
Michlgan State Universlty 

Other V~rs.ions:~ (SOLUP) 

Computer: . 
Comp 1 1 

1
er': ,· · 

Date Received: 
Contri butor: 

SPA: 

• • 1 • ~ . . • 

1 ~M,,3.qq(65 . ·; , 
FORTRAN G . . .. , 
Oct~ber, 19711 .:,... . 

Departm~nt-of .Geography 
·univér-~ity of lowa · 

Shortest .Path Algorithm 

A program to determloe .the sho~[est p~~ns through.~ 
network (1) between: a 1 J · pa.'irs. o f. nc;>des •. ;or · (2) be
tween a specified subset of nodes and all other nod~s 
for specified route nodes. 



• 
.::omputer: 
Comp·Ll er: 

Date Rece ived :. 
~imilar Programs: 

Contributor: 

SPAC E: 

Computer: 
Comp i 1 er: 

Date Received: 
Contributor: 

SPAN: 

Computer: 
Cornpiler: 

.Oatt! Received: 
Similar Programs: 

Contributor: 

~r!ECTR: 

Comput er: 
Compiler: 

Date Received: 
Contributor: 

1 BM 360/65 . 
FORTRAN G. 
January. 1972 
111 NPATH • SPAN 
Oepartment of Geography 
University of lowa 

Pa~e 51 

... 1 

.;;...-nputes descript,ive :.tatistics. tor an areal distriljut io1) 
wi.th optional normal probabl(ity and/or normal corr•~lati.,n 
surface tests. 

t BM 7040 
FORTRAN IV 
June, 1973 .. . ·' . • . 
Department .of.:T?~~·\ an'd.Col.lntry P1anning 
Universitv q~ ~ydney · 

Shortest Path Ana1ysis of Networks 

Given a network of points interco;n.~ected by 1 ine.s of 
specified lengths, the.program·.f.inds the shortest paths 
between sp.eci!t;:ie~:Pq·ir:s.of poln't:S.•. · 

CDC 6500. 
6000 FORTRAN EXTENDED 
6000 C011PASS 
June. 1971 
·IINPATH, SPA 
Computer lns.~·i,tu.t~.for Social Sclenct: Resc:.jrch 
Hlchigan State Úniversit~ 

~umpu~dtion of Two-o•~ensiona1 ~ower ~pecera 

Computes autocorrelat io~.J':'nct ions ..• ~nQ two~d imens i.on¡p t 
power spectra for the inv~stigatioo.of,the frequ~ncy 
components or_wave forms present. In ~n undu1ati~g surfac~. 

1 BM 360/91 
FORTRAN G 

· · December ·, 1'971 · 
Oepartment of Geography 
University of fa' lfórnia, Lo~ Angeles 



SPHERE,: 

Computer: 
Compiler: 

Date Received: 
Similar Programs: 

Contrih11tor! 

S;9ROP: 

Computer: 
Comp i 1 e,c, 

D<.~te Rcceivéd: 
Contributor: 

SURGE: 

Compurer: 
Comp 11 er: 

Date Received: 
Similar Programs: 

Cont'rJbutor: 
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Sph~rical Distances 

R~ads a vector of latitude/longitude coordinates. 
and produces the complete distance_métriy for all 
points. 

CDC 6500 
6000 FORTRAN EXTENDED 
August, 1971 
OSTAZ, GEODIS, SOIS 
Computer lnstitute for Social Science Research 
::e 1-¡j gan Sta t'e Un i.ver s l.t;y;,.: 

Algorithm for Dropping Retai1 Estab1 ishments fdi 1 ;,y 
to meet threshold crlterlon. 

' . .. ,· ... .. " : 
Program allocates populatlon to centers, cdlcula~cs 
the ·.Saies of··cente'rs,_ ancl .. discovers wt)~tf:\er or no'(· .. 
the Sedes meet the g.iV~r:t.;_~hreshoJd crlterfon. lf 
not, the center ls either dropped or transformed t0 
a 1 ower cent r.a 1- -e 1 as:.. 

:oneywell 
-ORl'RAN V 
Augus t, 1972 
Center for Url?,an dnu Kegioua1_A~udi~s 
~elsinki University of Technology 

Surfaces from Geographic Grld Data 

The program pl ots three-d lmens iona 1 surfact:s f 1 v::. 
~Pngr~phlc·g~id~~~t~ uslng the ~en-and-lnk plottcr. 

IBM 360/50 
FORTRAN G 
June, 197! ' .-
BLCK, ISOMET, MAPJO, PERS, TRIU 
Depar:tment of.- Geograptw.·.- :' 
Un ivers i ty of Rhode _1 s-1 and 

Other Versions: (SURGE} 

Computer: 
Compller: 

Date Recelved: 
~ontrlbutor: 

CDC 6500 
6000 FORTRAN EXTENPED 
December., '·1 97l . - -
Computer lnstitute for 5ocial Sclence Resedrch 
Michigan State Unlverslty 



SV.f.IBOLS': 

Computer: 
Comp i 1 er: . 

Date Rcceived~ 
Similar Programs: 

Contributor: 

TAXON: 

Computer: 
Compiler: 

O.lte r<~ceivcd: 
Similar Programs: 

Contributor: 

THIESEN: 

Computer: 
Compl!er: 

Jate Received: 
Contributor: 

TOI{G: 
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Plot of Graduated SymLols Map 

A FORTRAU pro9r<Jm for pen-and-ink plottfng of graduat~d 
symbols maps where the area of cach symbol fs pro-
portional to the data va1ue lt represcnts. ' 

CDC 6600 
6000 FOR'fRAN EXTENDED 
/·la rch; l 972 
G 1 PSY ,. /1;\P 1 T 1 POPI-1/\P 
D~pc:rtnwnt of Gcogrwplw 
'.!niversity o.f -Mi-nrwc;olr~. 

oups Pairs of Simil<lr Operationai"Taxono•nic ttoit~ (CTU~ 
o Form Cluiters.~r Nested Hlerarchles 

Value : h:S ¡,r, deterulining thc dlstances, in N-Otmot1~ion.:;l 
space. betw"een one ,(OTU) and its .. -rwxt most stmi1,1r (Ol'.i). 
Optlon_. t9,!gro.up on1y those .(OTU).'s which c1re sp.Jti-tl iy · 
cont iguou$¡. t- , 

UN IVAC 1108 
FORTRAN IV 
1·1arch, 1973 
CIJGRP 1 COIJGRP·, O ISGRP 
Departmcnt"of Geography 
St<lte Unlverslty of .New York, AILoiin)l 

Thlesscn Polygons 

ralcula:es vertlces.o~_Thlesse~ polyg~ns.for u sct 
of points In two-space.and then plots the· po1ygorts 
JSÍn9 a pen~and··lnk pl~tt~r. 

1OM 360/b/ 
FORTKM! G 
November, 1972 
Oepartm~nt of' Geog raphy 
University of Michig~n 

Coordlnatps from Distance~ 

The program reads a rnatr ix of di s tancí. ·• a nd t hcr. 
prod~c~s a vector of plane coordfnates. 



•.omputc. ; 
Compi ler: 

Jate Received: 
S i rr : 1 a r .. P rog r ams : . 

·contri butor: 

IBM 360/67 
FORTRAN G 
1\ugust, 1970 
TORG2 
~cpartment of Geography 

·U1iverslty of MichlgJn 
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Other Versions: (TORG) 

Computer: 
Comp i 1 er: 

Date Received: 
Contrlbutor: 

TORG2: -

Computer~ 
Comp i 1 er: 

Date Received: 
Similar Programs: 

Contributor: 

TQRN. 

Cornputer: 
Comp 11 er: 

1ate Received: 
Si~ilar Piograms: 

Contributor: 

CDC 6500 
6000 FORTRAN EXTENOE~ 
August, 1971 ,, 
Computer lnstitute for Social Scienc~ ~esearch 
Michlgan State University 

Cc~rdinates from Distances 

Tne -~rogram reads· a mat~.l~,of distance~, and then 
produceS:·.a .vector: of. :p.Jane. coordinates -assuming the 
distances relate N points Jn .a t~o ~~111~nsional Eucl i
dean s pace. 

1 BM 360/67 
FORTRAN G 
March, 1972 
TORG 
Oepc¡r·trnent of Geogr ~1phy. 1 ¡ 
Univ~rsltv of Mlchig~n · 

for~qvist:~uJtjpJe Localion~Algorithm. 
: ~ J • ; 

The pr-..gram det¡;rrr.i,ne!> the. CJ,Jt L11um .. locpt ions for il 

number of centers Cl, C2, C3,.~. ,Cm wlth respect to 
the transportation cost of ser\ ~ng· N d~stinatlons. 

IBM 360/65 
FORTRAN G 
January, 197~ 
ALTERN, LAP, MAPT~AN 
Oepartment of Geography 
University of Jowa 



Computer: 
Comp i 1 er: 

Date Received: 
Similar ProQrams: 

Contributor: 

Page .55 

Solution or \. •. e.Tr.ansportatlo~ Probleín 

The. transportation problem .. is vsed to:determine the 
mi.n.im.wn .total distance (or 'cos.t) and the individual 
f1ows invo.Jved in moving commoditfes b'etwcen 1-1. numbcr 
of supply points and N number of demand pofnts given 
the distance between all pairs of. supply anJ .:emand 
points. 

1 811 360/65 
FORTRAN G 
360/t-IPS. 
Hay, 1970 
1·1UNKRE . 
Department of Geography 
University of lowa 

utller Ver .. lons: (TRArJ6): ... 

Computer: 
Compiler: 

Date Recelved: 
Contributor: ,· 

TRENO: 

Computer: 
. ;;omp i 1 er: 

Date Received: 
i mi 1 a r P rog r ams: 
' Con~,..i~utor: 

.coc 6500 
CDC FORTRAN EXTENDED 
CDC APEX 
December, 19_71' . . , 
Computer l~stltute for Social S~ience r.~search 
Mlchfgan State·Un:brersfty .. - . 

.Trend Su.,-.faces for .. Degrees One. tflrough .~ix 

This program determines any.or all trend surf.:lces 
from first through sixth degree. Line P.~.inter maps 
may be prqduced depicting th~ original d~ta, the 
contoured surfaces, and the residuals from the ~urface~. 

1 BM 360/65 
FORTRAtJ G 
Hay. 1970 
OVAD, MPLSQ, POLYFIT, TRE~DC 

Department of Geography 
University of 1owa 

~thel" Verslons: (TRENO) 

Compu.1.er: 
Comp i 1 er: 

Oate Received: 
Contributor: 

CDC: 6500 
6000 FORTRAN EXTENDED 
August, 1971 
Computer lnstitute for Social ScJence R~search 
Michigan State Universfty 



' , 
Compu ter': 
Compilcr: 

Date Received: 
Simil~r Programs: 

Contri bu tor: 

TRIO: 

Computer: 
Compiler: 

Date Received: 
Similar Programs: 

Contributor: 

TWAIN: 

Ccmputer: 
Compiler: 

0.1te Received: 
Sin1llar Programs: 

Contributor: 

USOATA: 

Page 56 
•. 

IJentific~tion of ~patlal Patterns of DJsJance·~~cay. 
Type' ... 

A, pr9gra~ desi~ncid t~ isolate.succe~~ive dlstance· 
dec'ay pa'ttern·s. (der iyéd in a st~P\'>'ÍSe fashion) .arounc:í 
~·enfra'l r;o.ints .:-nd the r"C~sidu~J.s 'from these patt.erns. 

1 tlM 360/91 
FORH;AN G · 
D~ce;;¡bcr, 19ll 
DYAD, MPLSQ, PDLYFIT, TRENO 
D~p.~rtmt:nt of Geogrdphy 
Univcrsit)' of C.1l líornia, los .Angele~ 

A program for pen-and-ink plotting of three-dtmension~f 
surfaces as blbck diagramsi Pq~tions~R~¡th~ grfd hidde~ 
from the viewer are not plotted. ·-

CDC 6~00 
6000 FORTRAN EXTENDED 
July, 1972 . 
BL e K 1 J t.~~~F,: MAP}D ,. ~~R~! SU~G.~ l 
Computer lnst1tutc for SocJal Sc1ence • : .v: · 1 , ,. • .•: • 

1ichigan State University · 

· J ' rl ., "t Í , ' · ' ' ' • · . 1 • • • ·~ 1 '• •' : ; 

_Th1s P~9gram·ge~erate~ aJl 'g~ometr1cal~y possf~te two-
'group J?artltlon~ ~f N points i~;:l.Piane •. lt optimall~· 

( H 1 f • 1 1 o • , , • l , e , 

so 1 ves, th~. t\-Jo·- sou re e 1 ocat 1 on-a 1 J oca t 1 on prob 1 em. 
' ' ' : l 1 1 ~ : • • 

1 BM 360/65 
FORTRAIJ G 
Janua ry, 1974 
MULTI 1 WEOER, VEBERI 
Department of Géogr~phy 
lJ n í V 2 r S ¡ t y 0 f 1 OWñ 

Proccdu!"e ~c.r Generating a!Data file 

36 ~ociCJ-econotRit.: variables have be_~n,.t<~~.J41ated t.r ~t<Ht; 
cr1d c,tclrt.:.::l internally. uy ~a~a stateinen~~·- The uscr Cill~. 
Ci.JI) vari<.tbl:~S) make computationaJ alternations <lid c~ciL1' 
up ~o 50 n~wly g~rwraté:d va~iablcs. OpC:ion -Js ;,v,dl<!!.ll~ 
to have 50 original variablt!.s,_p~nched o~ printcd Gut. · ,,,, 



Computer': 
Compiler: 

Jate Reccived: 
Contributor: 

VALRAT: 

Computer: 
Compiler: 

Date Received: 
Similar Programs~ 

Contriburor:-

VALRAT1: 

Computer: 
Compi 1 er: 

Date'Recclved: 
Similar~Programs: 

Contribútor: 

U'd VAC 1108 
F0RTRAI~ 1 V 
t·1cJ rch ," 1973' 
D¿partment of Geography 
St . .lte Un:versity of Ne\-1 York, A,\ba~y 

Con t i g u i t y M ea S u re S 

Pagt- 57 

Computation of statistics for contigu;Ly mcasure~ o 
provide an eva1uation of the hypothesis of randomness 
in the areal arrangement of the valucs of a spcclflcd 
property. 

CDC 6400 
)000 RUN FORTRAN 
June, .1970 . , . 
coNRA;r•, J 'K"coLoR ,· vA.LRATl · 
Depa i- tment'";) otf Geography 
Nortl~vJe:;tern University 

Contigui~y Measures 

.. 

Similar to VALRAT; ~owever this verslon incl~d~s 
a test _for norma Ji ty·: ·· ' '· 
IBM 360/65 
FORTRAN G 
October. 1971 
COIJRAT, KCOLOR, ·vALRAT 

. Department of qeography 
""U;, ivers i ty of" lowa · 

raer Vers ions: (VALRATI) 

,Computer: 
Compiler: 

Date Received: 
Contributor: 

CDC 6500 
6000 FORTRAN EXTENDED 
December, 1971 · ·:·~ 
Computer lnstitute fói':Soctal 
Michigan State Universi~~ 

: fh.t .• 
Se 1 ~~c~.,Re~~arch 



HARELOC~ 

Ccmpucer: 
Co:npiler: 

Date Rec.:: i'Jed: 
Contr ibutór~· 

'i~J 1 . 1 

HEBER: 

Computer: 
Compiler: 

Oate Recelved: 
Similar Programs 

Contributor 

\JEBER 1: 

Computer: 
Comp 1 1 er: 

Date Received: 
Si~ilar Programs: 

Contrlbutor: 
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A HelH~·istic Program for l.ocating \-larehouses \-IIth 
Facil ity Costs 

A ~euristic algo'rHhm to solve..for the.:'optima1 1 num~er. 
slzes, and locations of \·Jarehouses at pres'peclfied 110df:'< 

in a network, where ther~ ar~ fixed tosts·~ssociaied wit 
tite fac·il it'i·es.! 1'T.hc prog'ram! há~ its own shortcst pdth 
routine (shimbel method). 

1 011 3t.0/65 
FORTf<r'\1~ G · 
J~nuc..ry·, 1 971, 
O epa rtmf n. t 'of 
tJni'versit'y' of 

Ge0grbph'y 
towa 

He!"Jian Height Table 

The program .:ttt.ernpts to find the upti •um lc..:ation, fGr 
a facll ity 50 éH to maximize.:a'cc'essibll (ty'to or 'from ~··· 
number of points, accord ing 'to 1 a vector' cq'ull Tbrfurn'niÓ~ct'' 
t~at assumes a unlf0rm tran~p¿rt~surf~~~: · 

UtJIVAC 1108 
FORTRA:J 1 V 
Harch, 1973 
j,P,ntlUUI, HIA.tN~ ~IE:BERI· 
9epartmcnt of Geography! · · 
State University of N~w York, Albany 

Q,,~-Sourco.:.! Location Algorithm 

This _program use~ a s~co~d'order .t~r•tfve technlijue to 
solve for the point of min'imum 'aggregate travel of a ! ... : 

of weighted ooints In a plane. 

1 B."\ 360/6.) 
FORTRAN G 
January, 1974 . . ,· __ 
LAP; MULT 1 , T\fA 1 N, \o.'ErltR:.to~ 
Oepartmc:nt of (.;(.;Ot](aphy 
Un lver's'l'ty of. 1ow.~· 



xcur-' 

Computer: 
Compller: 

Dlilte Rcccived: 
Contributor: 

Xi·\APP: 

Computer: 
Compiler: 

Date Reccived: 
Similar Programs: 

Contributor: 

ZSCORE: 

Computer: 
Compi ler:. 

Date Received: 
Similar Program~· 

Contr lbutor · 

Page 59 

To provlde rapid, approximate solutions to the'multi
suurce i/cber prob 1 cm. 

·, 

CDC 6400 
6000 RUN FORTRAN 
Oc tober, 1971, 
Departm~nt of Geography 
Statc U11iverslty of IJew York, Buffalo 

ChC.Jrupl..::th ,.,,."'pping Using the Une Printer 

The program genera tes character symbol chorop1 cttt map5 
for, terminal or 1 ine printcr output.' Data fl lt:s may 
be ~ntered by the user. reside rn storage, or be 5yste~ 
gen~rJted when testing map outl lnes; Severaf m~ps of 
one a·r m,) re rJg ion may be prod11-:ed in a single run. 

CDC Cyber 72 
FORTRAN EXTENDED 
February, 1977 
CI·IAP, CPLETH, COBMAP, INT~MAP 

Dcp3rtment of Geograph~ 
r,.:tern 111 fr¡o.is Universlty 

ldt~ StdnJardizatlon 

The pr'ogran; first cotnputcs n;~~iis .:uíd'·standard de11i.Jrion:.. 
of variables and then deteimfnes"z-scores. Output ~~
eludes a runched deck:of the Z-s~ore matrlx. 

UNIVAC 1108 
FORTRAN IV 
11arch, 1973 
t!ORH 
Department of Geography· 
S tate lJ n i " ~ r:: i t y e f N cr: V o r k , A 1 ba, ·: '. 



PROGRAM ORDERS 
(revised June, 1977) 

The Geography Program Exchange makes avallable all of its computer 

p~ogram holdings according to ány of .the following options for program 

o~ders: 

(1) OPTION 1: · Listing of Program Oocumentation and Listing of Program 

Source Code {Prices for option 1 orders reflect charges for paper 

stock, compu1.er time, postage, and hand1 ing). 

ltems included in an option 1 order: 

(a) Llsting of Program Documentation 
. --Statement of purpose 
--Input requirements and deck make-up 
--Descrlption of output 
--References 
--Program source 

(b). Listing of Source Code 
--Main program 
--Interna! functions and subroutines 
--Test data set (if available) 

(2) OPTION 2: Listing of Program Documentation, Listing of Program 

Source Code on Punched Cards (Prlces for optlon 2 reflect charges 

for paper and card stock, computer time, postage, and handling). 

l~ems included in ~ option 2 order: 

(a) Llstlng of Program Documentatlon (lncludes the same features as 
those 1 lsted under ítem 1-a). 

(b) Listing of Sourc~ Code (includes the same features as those 1Jsted 
under item 1-b). 

(e) Program Source Code on Punched Cards.* 
--Main program 
--Interna! functions and subroutines 
--Test data sei (if avallable) 

(d) Sample Program Output-~if sample output ls available for a 
given program, an asterisk (*) wlll follow the option 2 price 
for that program on the prlce 1 ist. 
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(3) OPTION 3: Program Documentation and Program Source Code on Hagnetic 

Tape (Prices for option 3 orders reflect the charges for computer 

time and handl ing.:'r* Charges for paper stock and computer time are 

· added if sémpl~ output is avaifabJe). 

(a) Program Documentation (lncluding the same features as those ltstcd 
under i tem 1-a) recorded in card- Jmage form on magnet ic tape. · 

(b) Program Source Code (lncluding the same features as thosc llsted 
under· ltem 1-b) record~d in card-lmage form on magnetlc tape~~ 

(e) Sample Program Output--lf sample output ls avaJJable for a given 
program, an asterisk (*) will follow the optlon. 3 prf~e for that 
program on the price 1 ist. 

*AII program souree code ,is made available by the GPE In elther BCD or 

EBCDIC coding. BCD coding contains the baslc character s~t of the tBM-0!6 

keypunch, whlle EBCDIC contalns th~ expanded character set of the IBH-029 

keypunch. All orders shouid specify whlch type of codlng ls desfred. lf 

none is specifJed, the order wlll be fJIIed uslng BCD coding. 

In addition, the reader will notice in the followlng "lndex of Programs 

Currently Avallable11 that the GPE usually maintafns programs in either CDC 
.. '. . . 

cr IBM FORTRAN. Severa! of the programs, however, are made availabte in 

both versions of FORTRAN. lt is important, therefore, t~at all or:ders 

indicate which version of FORTRAN is desired for each program requested. 
. . . ' 

In t.he case where the type of FORTRAN is not speclfied for a ·program 

avaiiable .in either version,· th~ CDC FORTRAN version will default. 

**A base tape charge of $20.00 i s: i ncurred wi th ea eh order of one or ~re 

programs recorded on magnetic tape (order Option 3). Thfs prfcj includes 
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the cost of a new m~gnetic tape (2400 feet at $15.50), lnsurance and 

postage ($3.00), and handling ($1 .SO). All magnetlc tapes are insured 

for $50.00 and mailed by paree! post. 

The facilities of the Computer Laboratory at Michigan State University 

·permit the GPE to crcate either seven-track or nine-track magnetic tapes 

at densities of' 200, 556 (7 track only), 800, or 1600 (9 track only) bit~ 

per inch. 

PAYMENT POLICY 

When ordering program materials from the GPE, please send a check, money 

order, or purchase order for the total amount of the order. Checks and 

money orders should be made payable to MICHIGAN STATE UNIVERSITY and 

forwarded to: 

Geography Program Exchange 
Computer lnstitute for Social Science 'Research 
510 Computer Center 
Michigan State University 
East Lansing, MI 48824 

IMPORTANT: Payment must a~company an order totalling Jess than $20.00. 

The po,licy of prepayment is also in effect for-al! orders, regardless of 

the total dollar value of the order, originating outside the U.S.A. In 

addition, al! foreign orders must be paid in either U.S. currency (example: 

bank draft on U.S. bank) or by lnternational money order. Al! -prices 

noted on the price 1 ist of programs currently available from the GPE ar~ 

subject to change without further notice. 
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SH 1 PHENT POLI CY 

DOMESTIC ORDERS (U.S.A. and Canada): All prlnted matter will be forwarded 

to the customer•s address throl•.gh third class mail. A11 parcels (i.e-. 

magnetic tapes and packages of punched cards) will be shipped vla parce1 

post. lf shipment by air express is desired, the GPE wi11 provide a quotatlon 

for the air express charge upon special request. 

INTERNATIONAL ORDERS: AlJ parcels will be forwarded to the shfppi"g ~ddress 

via internationa1 parcel post. lf a less time-consuming mode of shipment ls 

desired, the GPE wlll provide a quotation for that shipment charge (e.g •• 

via air express) upon special request. In the case of internatlonal orders. 
1 

any special shipment charge-must be prepaid. 
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/ 
Program Prices and Option Avai1ability 

IBM CDC 
Acronym Opt ion 1 Opt ion 2 ·opt ion -3 Option 1 O.e_tion 2 Optic:)-n 3 

ACCESS N.A. N.A. N.A. $12.40 $22.70 $1J.IO 
ADJUST N.A. N.A. N.A. 9.40 16.80~ 10.00* 
ALLOC $ 8.80 # $13.70 # $ 7.30 # N.A. N.A. N .• A. 
ALTERN 8.20 # 12.50 # 6.80. # N.A. N.A. N.A. 
AZMAP 8.50 12.30 6.80 8.80 15. 30" 8.90·' 
BASICS N.A. N.A. N.A. 8.70 12.80 6.80 
BIVAR(POP) 8.50 15. ]01: 9. oo~'r N.A. N.A. N.A. 
BLCK 8.20 1 1 • 80 6.80 8.50 16.30* 9.)0* 
CANON 8.70 13.80 6.80 N .A. N.A. N.A. 
CANTRN(UVAC) 9.50 1 5. 40 8.00 N.A. N.A. N.A. 
CART1 1 o. 30 17. Bo 8.50 N .A. N.A. N.A. 
CART2 9.60 15.20 8.00 N.A. N.A. N.A. 
CENDA 8. 1 o 11.00 6.80 N.A. N.A. N.A. 
CENTRO 8.80 . 13.80 7.30 9.00 19.20" 1 i . 1 O* 
CHIINT N.A. N.A. N.A. 7.80 10.60 6.80 
CHOROS 9.80 1 5. 30 8.00 N.A. N.A. N.A. 
CLCOUNT a. 1 o 11 .00 6.80 8. 1 o 1 J. 1 o ~.80 
CLIMAT(GE) 5.50 ;¡ 9.60 # 5.50 # N.A. N.A. N.A. 
CLUSTER(UVAC) 8.20 11 . 40 6.80 N.A. N.A. N.A. 
CLUSTR N.A. N.A. N.A. 8.50 13 ."50,'r 7.6Q* 
CMAP 8.00 10.70 6.80 N .A. N.A. N.A. 
CNGRP 8.90 13.70 7.30 9. 1 o 24. 20a'r 1". 6Q;'; 
CNTOUR 9.10 13.30 7.30 N.A. N.A. N.A. 
COBMAP 9. 1 o 13.90 7.30 N.A. N.A. N.A. 
COLHOG N.A. N .A. N.A. 8. 1 o 11. 1 o 6.80 

: 

8.70 CONDIST - N.A. N.A. N.A. 12.90 7~30 
CONGRP 8.90 14. 1 o 7.30 9.00 13.90 7.30 
CONRAT N.~. N .A. N.A. 8.20 1 1. 20 6.80 
CONTOUR N.A. N.A. N.A. 8.80 13.30 7.30 
CONTR 8.30 12.00 6.80 N.A. N.A. N .. A. 
CONTUR ' 9.80 16.80 8.50 N.A. N.A. N.A. 
CON\.JGT (UVAC) 8.90 13.70 7.30 N.A. N.A. N.A. 
COORD 8.70 '1 3.30 7.30 N.A. N.A. N.A. 
CORD(UVAC) 8.70 13.30 7.30 N .A. N.A. N.A. 
COSINE 8.20 1 1 . 1 o 6.80 N.A. N.A. N.A. 
COVAR 9.50 16.00 8.00 9.50 19.10* 10.00:'1 
CPLETH a.]o 12.30 6.80 N.A. N.A. N.A. 
CURVES N~~· N.A. N.A. 8.70 12.50 6.80 
OENDRO(UVAC) 9.QO 13.70 7.30 N.A. N.A. N.A. 
DISAGG B. l'o 11 . 00 6.80 8.1 o 11 • 00 6.80 
DISGRP 9.40 13.50 7.30 N.A. N.A. N.A. 
D 1 S ITR 8.80 )3.50 7.30 N.A. N.A. fi.A. 
DISTORT 8.20 11 .40 6.80 N.A. N.A. N.A. 
DON 9.50 1-5.30 8.00 N.A. N.A. N.A. 
DOUBLE 8.90 12.60 7.30 N.A. N.A. N.A. 

..... 
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1 BM CDC 

Acronym Opt Ion Optlon 2 Option 3' . Opt ion Opt ion 2 Opt fon } 

DSTAZ $ .8. 20 $11 .80 $ 6.80. $ 8.20 $11.60 $ 6.80 
DYAD 8.70 13. lo .6.80 N.A. N.A. N.AQ 
ELIPS 8.20 1l. 60 6.80 N.A. N.A. N.A. 
ENTROPV . 8.10 # 14. 70,~11 8.70*# N.A. N.A. N.A. 
EQUAL 8. 50 ' 12.30 6.80 8.50 14.30 8.20 
EUCLI D 8. lo 11.20 6.80 a. 1 o 12. 1 O* 7.1to~ 
EXTRAP 8. 1 o 1.1 • 20 6.80 a. 1 o 10.00 6.80 

. ' FL TREC (UVAC) . 1 o. 60 1 J. ·¡o 9.20 N.A. N.A. N.A • 
FORFil(UVAC) 8 .. 80 12.90 7.30 N.A. N.A. N.A. 
·GENEB 8.50 12.60 6.80 8. 50 20.80* u.6o:) 
G ·::)O 1 S 8.00 1'. 1 o 6.80 N.A. N.A. N.A. 
GEOFIT 9-50 16.20 8.00 N .A. N.A. · NíA. 

· GEOPAK 9- 50# 16.00 # 8.00# N.A. N.A. N.A. 
GIPSY 9. 1 o 13.90 7.30 9.40 17.90 10.70 
GRAV ITY N.A. N.A. N.A. 8.1 o 12.60 • 7. 61)'c 
GRAVTY(UVAC) 8.30 12.00 6.80 N.A. N.A. · N.A. 
GRIO 8.30 12. Jo .6,80 8.30 13. 30* 7.1Qo• 
GVAR 8.20 11 . 80 6.80 N.A. N.A. N.A. 

.HAAAG N.A. N.A. N.A. 8.70 12.50 6.80 
HAGMEVA N.A. N.A. N.A. 7.80 10.60 6.80 
HAGPLOT N.A. N.A. N.A. 7.80 .1 o. 70 6.80 
HENTRO 6.80 N.A. N.A. N.A. · N.A. N .A. 
HEXAGON 8.50 12.90 6.80 N.A. N.A. N.A. 

. HVAR 8.20 11.60 6.80 N.A • N.A • N.A.· 
. '- ·J NO 1 FF 8.90 13.50 7.30 N .A. N.A. N,A, 

·1 NPOUT (UVAC) 8.20 . 11.20 6.80 N.A. N.A • N.A. 
1 NTCYL (UVA~)· 9.60 15.80 8.00 N.A. N.A. N.A. 

··.¡ NTPMEO 8.30 # 13.10 # 6.80 # N.A. · N.A. N.A." 
INTRMAP 7.80 10.60 6.80 N.A. N.A. N.A.· 
1 NTRPOL 8.20 11.80 6.80 N.A • N.A. . N.A. 

. ¡' NVERSE 8.70 13.50 6.80 N.A. N.A. - N.A. 
·1p~iAP N.A. N.A. N.A. 8.00 10.70 6.80 
rPC·I DA 8.20 11 . 1 o ].00 ·N.A. N.A. · N.A.-· 
ISODEN N.A. . N.A. N.A. 6.80 N.A. N.A • 
1 S9MET N.A. N.A.· N.A. 13.50 --: 24.50 12.30 
ITERIM N.A. ~! :\. N.A. .13. 50 21.60 12.30 
KCOLOR N.A. N.A. _N.A. 8.30 11.80 6.80 
KOPPEN 8.80 12.60 7.30 N .A. N.A. N.A ... 
LANDUSE 10.10 _16.00 '8.50 )0.00 16.00 8.50 
LAP 9.10 # 16.20 11 :7.30 H N.A. N.A. rt.A. 
LATMAP N .A. N.A. N.A. 9.60 23. JO* 13, 70* 
U NEAR (UVAC )· . 8. 20 11.40 6.80 N.A. N.A. N .. A. 
Ll STER N.A. N .A. N.A. 8.30 1.1 • 60 6.80. 
LOCA TE 8.50 .12. 50 -6:Bo 8.50 '12. 60 . 6.80'· 
LOCPOT 9. 40 18. 70'~ 1 o .4o··· N .A. N.A. N.A. 
LUAM 3.20 .. N.A. N.A. N.A. N.A. N.A.· 
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!BM CDC 

·Acronym Option 1 Option 2 Option 3 Option Option 2 Opt ion 3 

1·1APDATA tl.A. N .A. N~·A. $ 8. 1 o '$11. 00 ·s 6.80 
I~APIT N.A. N.A. rJ.A. 10.30 17.50* 9. 60 l't 
MAP3D N.A. N.A. N.A. 8.20 1 1. 80 6.80 
MAPLOT $ 8.80 $12.60 $ 7.30 N.A. ¡~.A. N.A. 
MAPTRAN 8.80 # 14.60 # 7.30 # N.A. N.A. N.A. 
MARKOV 1 8.70 13.30 6.80 8.50 12.60 6.80 
t1ARKOV2 13.20 12.00 6.80 8.20 11.80 6.80 
MAVE 8.00 11.00 6.80 N.A. N.A. N.A. 

· MD r se '9. 50 15.30 8.50 N.A. N.A. N.A. 
· IH NIMAP 8.80 # 12. i o # 7.30 # N.A. ¡J .A • N.A. 

MINPATH N.A. N.A. N.A. 8.30 12.00 6.80 
MLNEGBI N.A. N.A. N.A. 8.1 o 11.10 6.80 
MOCO N N.A. ¡.¡.A. N.A. 7.80 10.40 6.80 
MOMENS 3.20 N.A. N.A. N.A, N.A. N.A. 
MONA 8.30 11.80 6.80 N.A. N.A. N.A. 
11PL SQ N.A. N .A. N.A. 13.60 22.20 12.30 

·.MULTI 9.40 # 16.80 # 8.00 # N.A. N.A. N.A. 
MUNKRE N.A. N.A. N.A. 8.30 12.80* 7. 10* 
NAYBOR 8. 1 o 11.20 6.80 N.A. N.A. N.A. 
NEARNBR 8.00 1 1. 00 6.80 N.A. N.A. N.A. 
NEGBIN N.A. N .A. N.A. 7.80 10.60 6.80 
NODAC N.A. N.A. N.A. 8.70 12.60 6.80 
NOLIDA 8.70 12.50 6.80 N.A. N.A. N.A. 
NONCEL 8.70 12.50 6.80 . 8.80 12.50 7.30 
NONCELO N.A. N.A. N.A. 9.70 25.30* 15.301• 
NONPLOT N.A. N.A. N.A. 7.80 # 11.20 # 6.80 # 
NORLOC(UVAC) 8.80 12.90 7.30 N.A. N.A. N.A. 
NORM 8.30 12.00 6.80 8.50 15.30* 8. 50,': 
NSCAT 8.30 12. 1 o 6.80 N.A. N.A. N.A. 
OPTREG 15.60 21.70 14. 1 o N.A. N.A. N.A. 
PCPA 11.30 # 23.60*# 9.80*# N.A. N.A. N.A. 
PELTO 8. 1 o 1 1. 40 6.80 ].80 11.40 6.80 
PERS 9.00 13.1 o 7.30 N.A. N.A. N.A. 
PLOTMAP 10.20 17.00 8.50 , N.A. N.A. N.A. 
PLOTMP(UVAC) 8.20 12.00 6.80 N.A. N.A. N.A. 
PLOTS 8.00 12.30 7 .. 40 N.A. N.A. N.A. 

. PO 1 NT N.A. N.A. N.A. 8. 1 o 12.30* 7 .40* 
POINTS N.A. N.A. N.A. 8.70 12.00 6.80 
POISSN N.A. N.A. N.A. ].80 1 o. 40 6.80 

· POLYFIT 10.30 19.1 o 8.50 N.A. N.A. : N·.A, 
POPMAP 8.30 10.60 6.80 N.A. N.A. N.A. 
POPPYR 7.80 10.60 6.80 N.A. N.A. N.A. 
PREDEN(UVAC) 8.90 13.80 7.30 N.A. N.A. N.A. 

· PRESLOC 8.1 o # 12.00·# 6.80 # N.A. N.A. N.A. 
PRO LO N.A. N.A. N.A. 1 1 . 30 20.60 9.80 
PYRAMID 8. 1 o 11 12.00 # 6.80 # N.A. N.A. N.A. 
RANKD {UVAC) 8.00 10.70 6.80 N.A. N,A. N.A. 

....... 



Page 4 
1 13;1 CDC 

Acronym oet ion 1 Opt ion 2 Opt ion 3 Optlon Option l Optfon 3 

REGLAR(UVAC) $. 8. 1 o $ J 1 . 00 $ 6 . .So N.A. N.A. N.A. 
REGRESS N.A. N .A. N.A. $ 8.30 $11 • So $ 6.80 
REVPREF 1 o. 30 # 20. lO # 8.50 # 11. JO 23060* 13.40* 
RGRID 9.00 14.30 7.30 9.00 16.30* 9.00* 
RGRID2 9. i o 14.70 7.30 "'.A. N.A. N.A. 
RIDGERE 3.40 N .A. N.A. N.A. N.A. N.A. 
RSTAR 8.80 12.6J 7.30 N .A. N.A. N.A. 
SAMPLE (UVAC) 9.20 12.50 5.80 N.A. N.A. N.A. 
SANO M ·N.A. N.A. N.A. 8.00 # Ji • 60 # 6.80 11. 
S CALE N.A. N.A. N.A. 1 o. 30 16.00 8.50 
SOIS 8.00 11,00 6.80 N.A. N.A. N.A. 
S 1 NGLE 8.80 12..80 7, 30 N.A. N.A. N.A, 
SI RES 9.40 20.60 11.40 9.00 22.50* 12.70* 
SLCPE a. 1 o ~ 1 • 1 o 6.ao 8.30 13.30* 7.60* 
SHOOTH N.A. N.A. N.A. 8.00 10.70 6.80 
SMOTHR 7.60 10.60 6.80 N.A. N.A. N.A. 
SMRATE(UVAC) 8. 1 o l J. 1 o 6.80 N.A. N .A, N.A. 
SNORT(UVAC) 9.00 JI.¡. 1 o 7.30 N.A. N.A. N.A. 
SCLUP 8.80 12.90 7.30 8.90 14. 1 O* 8.30* 
SPA 9.40 # 16.40 u 8.00 # N.A. N.A. N.A. 
S PACE 3.50 N.A. N.A. N.A. N.A. N.A. 
SPAN N.A. N.A. N.A. 8.90 20.60* 12.20* 
SPECTR 8.80 12.80 7.30 N.A. N.A. N.A. 
SPHERE N.A. N.A. N.A. 8.30 13. 1 o 7.30 
STDROP(HNYWL) 11.50 21. Jo 9.80 N.A. N.A. N.A. 
SURGE 8.80 13.1 o 7.30 8.70 17.00* 9.8011 
SYMBOLS N.A. N.A. N.A. 8.20 11 • 1 o 6.80 
TAXON{UVAC) 8.20 1 J. 20 6.80 N.A. N.A. N.A. 
THIESEN 8.70 12.50 6.80 N.A. N.A. N.A. 
TORG a.ao 14.10 ].30 8.90 14.30 7.30 
TORG2 8.80 14. 1 o 7.30 ~1. A. N.A. tl.A. 
TORN 8.20 # 12.50 u 6.80 # N.A. N.A. N.A. 
TRANS 8. 1 o 11 .20 6.80 8.1 o 17.70* 11 .40* 
TRENO 11.30 22.00 9.80 11.50 26.80* JI • 1 O* 
TRENDC 10.60 20.20 9.20 N.A. N.A. N.A. 
TRIO N.A. N.A. N.A. 9.00 13.90 7.30 
TWAIN 8.20 # 12.60 # 6.80 # N.A. N.A. N.A. 
USOATA(UVAC) 9.40 15.30 8.00 N.A. N.A. N.A. 
VALRAT N.A. N.A. N.A. 8.00 1 o. 70 6.80 
VAI.RATJ 8. 50 12.30 6.80 8.70 13.80* 7.60* 
WARELOC 8.30 # 13.10# 6.80 # N.A. N.A. N.A. 
\~EBER (UVAC) 8.10 11.00 6.80 N.A. N.A. N.A. 
WEBERI 8.10 # 12.00 # 6.80 # N.A. N.A. N.A. 
XCUT N.A. N.A .. N.A. 8.80 13.00 ].)O 
XMAPP 8.00 J 1.1 o 7.30 8.00 11 . Jo 7.30 
ZSCORE(UVAC) 8.00 J 1. 00 6.30 N.A. N.A. N .A. 



_>. 

DIRECTORIO DE ALUMNOS DEL CURSO: 11SISTEMAS AVANZADOS DE GEO-INFORMATICA 
EN PLANEACION 11

, DEL 24 DE JULIO AL 4 DE AGOSTO 1978. 

1. SR. JULIO ARGUELLES ROMO 
ZAMORA Y DUQUE No. 8 
COL. TACUBAYA 
MEX 1 CO 1 8, D. F. 

2. SR. EDUARDO BECERRIL MALDONAOO 
PLUTARCO GONZALEZ No. 411 
TOLUCA, MEX. 
TEL. 450-07 

3. SR. ALEJANDRO BUSTOS ARCINIEGA 
SN. JUAN DE ARAGON No. 269-3 
COL. GRANJAS MODERNAS 
ME X 1 C O 1 4 , D • F • 
TEL. 781-76-68 

4. SR. BULMARO CABRERA RU 1 Z 
JURISTAS'6A. - C 
CD. SATELI TE 

·TEL. 519-79-39 

5. ARQ. ENRIQUE CAMPOS VEGA 
MORELOS No. 707 - 13 
TOLUCA,, MEX. 
TEL. 536-74 

6. SR. SERGIO CONSTANTINO PEREZ 
VALLE SAN JUAN DEL RIO No. 10·2 
COL. VALLE DE ARAGON 
EDO. DE MEXICO 

7. SR. FELIPE DE JESUS CHIU MARTIN~Z 
ANTILLAS No. 308 -18 
COL. PORTALES 
MEX 1 CO 1 3, D. F. 
TEL. 672-33-28 

8. SR. SERGIO DEL VILLAR MARTINEZ 
AV. UNIVERSIDAD 1953 EDIF.34-304 
COL. COPILCO 
MEXICO 20, D. F. 
TE L . 5 5'0- 3 2 - 1 6 

PE MEX 
ANALISTA 
MARINA NACIONAL No. 329 
MEXICO 17,. D. F. 
TEL. 515-02-85 EXT. 2488 
11 PARQUE SIERRA MORELOS 11 

ESTUDIOS GEOLOGICOS (CONSERVA 
CION DE SUELOS) -
CAMARA DE DIPUTADOS OOM. CONOCIDO 
TOLUCA, MEX. 
TEL. 574-15 y 593-20 

ESCUELA DE INGENIERIA DE LA 
UNIVERSIDAD AUTONOMA DE GRO. 
CATEDRATICO 
AV. DE LA JUVENTUD S/N. 
CHILPANCINGO, GRO. 
TEL. 2-27-41 

S.A.H.O.P. 
JEFE DE LA OFICINA DE FOTOGRAMETRIA 
AV. XOLA Y UNIVERSIDAD 
COL. NARVARTE 
MEXICO 12, D. F. 
TEL. 519-79-39 
11 PARQUE S 1 ERRA MORELOS 11 

JEFE DEL TALLER DE PROYECTOS 
CAMPAMENTO No. 1 PONTEZUELO 
TOLUCA, MEX. 

DIRECC. DE PLANEACION TERRIT. 
DE ASENT. HUMANOS. S.A.H.O.P. 
ESPECIAliSTA URBANO o 

1 NSURGENTES SUR No. 1443- 2.::P1 SQ, 
COL. SAN JOSE INSURGENTES 
ME X 1 C O 1 9 D • F . 
TEL. 563-B0-76 - 598-0023-

COMISION DEL PLAN NACIONAL
HIDRAULICO 
ANALISTA o 

TEPIC No. 40-3- PISO 
COL. ROMA SUR 
MEX 1 CO 7, D. F. 
TEL. 574-10-73 

FACULTAD DE MEDICINA, UNAM 
ANALISTA DE SISTEMAS 

,CIUDAD UNIVERSITARIA 
MEXICO 20, D. F' 
TEL. 548-99-48 
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9. SR. AGUSTIN FERNANOEZ EGUIARTE 
SIEMPREVIVA No. 17 
COL. XOTEPINGO. 
ME X 1 CO 21 , D. F. 
TEL. 549-08-99 

10. SR. JAIME FCO. GO MEZ VEGA 
XOLA No. 1 3 
COL. DEL VALE 
MEX 1 CO 1 2,. D. F. 
TEL. 590-64-82 

11. SR. ALFONSO GOVELA THOMAE 
SOLEDAD No. 28-A 
COL. FLORIDA 
MEX 1 CO 20, D. F. 

12. SR. JAIME ANDRES HERNANDEZ M. 
PITAGORAS No. 763 INT. 3 
COL. NARVARTE 
MEX 1 CO 1 2, D. F. 
TEL. 523-34-07 

13. SR. FRANCISCO INDALECIO SAÑUDO 
NACIONAL No. 3008 
COL. 5 DE MAYO 
PUEBLA, PUE. 

14. ING. DAVID LUJAN JOPEZ 
EDIF. 82-B-201 
COL. COSMOPOLITA 
MEXICO 16, D. F. 
TEL. 355-16-04 

15. SR. LUIS EDGARDO LLANES ARENAS 
ENRIQUE REBSAMEN No. 27 

1EDUCADORES, SATELITE 
TEL. 562-60-12 

---------~-------

CENTRO DE CIENCIAS DEL MAR Y 
LIMNOLOGIA, UNAM. 
TECNICO ACADEMICO 
CIUDAD UNIVERSITARIA 

. TEL. 550-52-15 EXT. 4861-4862 

S.A.H.O.P. SECC. DE ASENT. 
HUMANOS Y OBRAS PUBLICAS 
ANALISTA , 

' / 

AV. UNIVERSIDAD S/N FRENTE A MITLA 
COL. NARVARTE 
ME X 1 C O 1 2 , D • F • 
TEL. 590-64-82 

UNIVERSIDAD AUTONOMA METRO
POLITANA, XOCH 
PROFESOR ASOCIADO 
CALZ. DEL HUESO S/N 
ME X 1 CO, O. F. 

AEROPLANIMETRIA VALCA, S. A. 
JEFE DEPTO. DE CATASTRO 
BLVD. M. A. CAMACHO No. 40 DESP. 208 
NAUCALPAN, EDO. DE MEXI CO 
TEL. 557-65-52 

IMPULSORA MEXICANA DE TELCOMUNI
CACIONES, S. A. 
SUPERVISOR EN ESTUDIO DEL MERCADO 
Y PLANEACION 
AV. JUARES No. 2318-101 
COL. LA PAZ 
PUEBLA, PUE. 
TEL. 48-54-07 - 48-55-33 

PETROLEOS MEXICANOS 
ANALISTA PROGRAMADOR 
MARINA NACIONAL No. 329 
COL. ANAHUAC 
TEL. 250-36-22 

. ' 

CONSULTORES EN PROBLEMAS DEL 
DEL COMPORTAMIENT0 1 S. A. 
TECNICO EN PROCESAMIENTO DE 
INFORMACION 
HERIBERTO FRIAS No. 1222 
COL. DEL VALLE 
ME X 1 CO 1 2, D. F. 
TEL. 559-22-22 



1 7. 

19. 

20. 

21 -· 

22~ 

23. 

SR. DAVID MATA DORANTES 
ORIENTE 166 No. 1160-3 
COL. SECTOR POPULAR 
ME X 1 C O 1 3 , D • F • 
TEL. 582-46-96 

- 3 

SR. ALFONSO NIETO ZERME~O 
PERIFERICO SUR No. 4421 -104 
COL. B. DEL PEDREGAL 
ME X 1 CO 21 , D. F. 
TEL. 568-44-03 

ANA MARIA OJEDA MU~OZ 
SANCHEZ AZI:ONA No. 1557-304 
COL. DEL VJ\LLE 
MEXICO 12, D. F. 
TEL. 575-78-94 

SR. LUIS JOAQUIN POOT AVALA 
DR. VERTIZ No. 757 - 27 
COL. NARVARTE. 
ME X 1 C O 1 2 , D • F • 

SR. JOSE RAMOS VALLADOLID 
GABRIEL MANCERA No. 322-2 
COL. DEL VALLE 
ME X 1 C O 1 2 , D • F • 
TEL. 536-64-95 

SR. OSCAR SOLIS CABALISCO 
NUEVA YORK No. 69 - 401 
COL. NAPOLES 
ME X 1 C O 1 8 , D • F • 
TEL. 543-98-64 

SR. CARLOS GUILLERMO SUAREZ CASTA
~EDA 
~5a. PRIVADA DEL CHICLE No. 37 
COL. GRANJAS MEXICO 
ME X 1 C Ó 8 , D • F • 
TEL. 657-13-95 

MA. ELENA VERDE REDARTE 
PLAYA OLA VERDE No. 347 
COL. R. IXTLACIHUATL 
ME X 1 C O 1 3., D • F • 
TEL. 5 79-16-6 7 

BANCO DE MEXICO, S. A. F.l .R.A. 
AUXILIAR ANALISTA-AREA DE RIEGO 
POR BOMBEO i 

INSURGENTES SUR No. 2375 
ME X 1 C O , D • F • 
TEL. 550-70-11 

FERTI MEX. 
INVESTIGADOR 
P!TAGORAS·~ MORENA 

D.E.T.E.N,A.L. 
JEFE DE SECCI ON DE . PROYECTOS 
SN. ANTONIO ABAD No. 124 . 
COL. TRANSITO 
MEX 1 CO 8, D. F. 
TEL. 578-62-00 - 158 

D!RECC. GRAL. DE PLANEACION TE~RIT. 
DE ASENTAMIENTOS HUMANOS 
ESPECIAL 1 STA 
1 NSURGENTES ·SUR No. 1443 
COL. SN. JOSE INSURGENTES 
MEXI CO 19, D. F. 
TEL. 598-00-23 

SUBDIRECCION DE PROG. AGROP. 
Y FORESTAL 
JEFE DE INFORMACION Y ESTADISTJCAo 
FRAY SERVANDO T. DE MIER No. 71-5~PSO 
MEXICO 1, D. F. . ' 
TEL. 761-24-85 

S.A.H.O.P. 
JEFE DE OFiCINA 
TEL. 598-00-23 

CIA. MINERA AUTLAN, S.A. DE C. V. 
ANALISTA . 

o 

MARIANO ESCOBEDO No. 510 - 4~ PISO 
COL. POLANCO - .. 
MEXICO 5, D. F. 
TEL. 250-19-77 EXT. 185 

COMISION DEL PLAN NAL. HIDRAULI.CO 
ANALISTA 
TEPI C No. 40 
COL. R0~1A 

MEX i CO 7, O. F. 
TEL. 584-72-54 



~--

- 4 -

l4. SR. JOSE ;GUI.LLERMO YAÑEZ HEREOIA 
AMBA TO No. 92-4-3 
COL. LI·NDAV·I STA 
ME X 1 C O 1 4 , O • F • 
TE L. 586-90-34 

1mg. 

' 

COMISION DEL PLAN ~A~) HIDRAU~f, 
ANALISIS DE S!TEMA ' 
TEPI C No. 40 . 
COL. ROMA 
ME X 1 CD 7 , D • F • 
TEL. 584-72-54 

1 .~· 


