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A LOS ASISTENTES A LOS CURSOS DEL CENTRO DE EDUCACION· 
CONTINUA 

Las ~utoridades de la Facultad de Ingeniería~ por conducto del Jefe del 
Centro de Educación Continua, Dr. Pedro Martínez Pereda, otorg~n una 
cons~&ncia de asistencia a quienes cumplan con los requisitos estableci 
dos par~ cada curso. Las personas que deseen que aparezca su ·cítulo 
profesional precediendo a su nombre en la constancia, deberán entTegar 
ccpia del mismo o de su cédula a más tardar el SEGUNDO DIA de clases, 
en las oficinas del Centro con la señorita Barraza, encargada de ins-
cripciones. 

El control de asistencia se llevará a cabo a través de la perso~& enea~ 
gada de entregar las notas del curso. Las inasistencias serán cnmput~ 
das por las autoridades del Centro, con el fin de entregarle constancia 
solamente a los alumnos que tengan un mínimo del 80% de asistencia. 

Se recomienda a los asistentes participar activamente con sus ideas y 
experiencias, pues los cursos que ofrece el Centro están planeados para 
que los profesores expongan una tesis, pero sobre todo, para que coordi 
nen las opiniones de todos los interesados constituyendo verdaderos se 
minarios. 

Es muy importante que todos los asistentes llenen y entregue~ su hoja -
de inscripción al inicio del curso. Las personas cc~nisionadas pcr algu 
na institución deberán pasar a inscribirse en las of:i_cinas del CeE'cro -
en la misma forma que los demás asistentes entregando el oficio respect! 
vo. 

Con objeto de mejorar los se1;vicios que el Centro de Educación Continua 
ofrece, al final del curso se hará una evaluación a través de un cues-
tionario diseñado para emiti·r juicios anónimos por parte de los asisten 
tes . 
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UNIVERSIDAD NACIONAL AUTO NOMA DE MEXICO 
FACULTAD DE INGENIERIA 

DIVISION DE ESTUDIOS SUPERIORES 
CENTRO DE EDUCACION CONTINUA 

DIRECTORIO GENERAL 

REGISTRO DE ASISTENTES Y PROFESORES. 

NOMBRE DEL CURSO...,;_:--------- F O L 1 O [_IJ 1 1 j CLAVE AsocCD 
1 5 6 7 
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FECHA · 

24 de julio 

25 de julio 

26 de julio 

'1 
t .. 

27 de julio 

SISTEMAS AVANZADOS DE GEO-INFORMATICA EN PLANEACION 
(del 24 de julio al 4 de agosto, 1978) 

DURACION TEMA PROFESOR 

18:00h Recepción y entrega de material 

18:15 h Inauguración e Introducción al curso. 

19 a 21 h Bancos de Datos Geográficos. Dr. Adolfo Guzmán Arenas 

18 a 19:50 Producción de mapas por computadora. Arq. Alejandro Villanueva Egan 

20 a 21 h la. práctica. Arq. Alejandro Villanueva Egan 
Producción de mapas con el programa Mario Rodríguez Green 
SYMAP. Odette Barrón 

Roberto Carrasco 
Martín Rivera 

18 a 21 h Sistemas de Computación Gráfica lng. Oouglas Thorson 
Sesión Teórica-práctica en Ing. Carlos Triay 
American Trade Center 
Liperpool No. 31 

18 a 19 h Geo -estadística Arq. Alejandro Villanueva Egan 

19· a 21 h 3a. práctica 
Construcción de Superficies Estadísticas Laboratoristas de la Sección de 
con el programa SYMAP. Planeación 



28:dé julio 18 a 19:50 h 

20 a 21 h, 

31 de julio 18 a 19:30 h 

19:40 a 21 h 

1~ de agosto 18 a 21 h 

2 de agosto 18 a 21 h 

3 de agosto 18 a 21 h. 

4 de agosto 18. a _19:50 

20 a 20:40 

20:40 

. - ' 
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Ceo-informática y Planeación. 
Desarrollo para los Censos de 19 80. 

4a. práctica 
Sistema GEo-municipal de información. 
Secretaría de Programación y Presupuesto 

Dr. Enrique Calderón Alzati 

Recnmocimiento de formas por. computadora Dr. Adolfo Guimán Arenas 

Modelos digitales de terrenos 

Sistema IMGRID 
Análisis de uso del suelo y su impacto 
ambiental ··· 
5a. práctica 
Arq. A~e 

Sistemas DETENAL 
San Antonio Abad No. 124· 

Sistemas de Percepción Remota 
6a. práctica 
Sistema PR,. TIMAS, UNAM 

Geo-Procesamiento en los siatemas de 
información urbanos y regionales 

Conclusiones y revisión de prácticas 

Clausura y entrega de cer · · 

Mat. Dora Gómez 

' 1 1 ·, • ' 
1 ; ' 1 :, 1 ,, 

1 1 l ' 1 1 

Arq: Alejandrb! Villanueva Egan . 
y, Laboratoristas de la Secci6h de 
Plare ación, D. E . s:. F . l. 

¡ : ' 

1 1 

Ing. ~anuel González 
~g. Ramiro Bermudez 
Arq. Rafael Morarichell 

l . . 1 : '! 
1 

M. en C. Armando Jinich . 
Mat. Rosa M. Seco 

: 
' ' 

Ing. Alberto Torfer Martell 



SISTEMAS AVANZADOS DE GEO-INFORMATICA·EN PLANEACION. 

PRACTICA No. 1 PAQUETE SYMAP 

OBJETIVO.-

Preparar la entrada necesaria para realizar un 

mapa isopleta con el programa SYMAP, utilizando 

los paquetes: A- DELINEAMIENTO, B-PUNTOS DATO, 

C- LETREROS, E- VALORES, F- MAPA. 

(opciones 1-10) • 

MATERIAL.-

Mapa fuente del contorno de la República 'Mexica. 

na definido por los vértices señalados, y con 

la localizaci6n territorial apro~imada de las 15-

ciudades marcadas por un asterisco y un número·· 

adjunto. 

Lista con los 15 números de referencia, los 
' 

noinbres- de --las ciudades-·y la- poblaci6n estimada 

para 19~5 por la Direcci6n General de Estadística 

en base a proyecciones del· X Censo General de 

Poblaci6n 19 70. 

PROCEDIMIENTO.-

1.- Geocodificar los vértices' del contorno de la 

República y preparar un p'aquete A- DELINEAMIENTO. 

2.- Geocodificar los puntos que representan a las 

ciudades, y con esto preparar un paquete B- PUNTOS 

DATO. 

3.- Digitalizar los letreros que aparecen en el mapa 

(1 letrero de punto vertical; 1 letrero de punto 

horizontal; 1 letrero de línea; y un letrero de 

.área, y con estos preparar un sub-paquete C- LE 

TREROS. 



4.- Con los valores proporcionados en la lista de la 

poblaci6n considerada para cada una de las 15 lo 

calidades mencionadas desarrollar un paquete E

.VALORES. Recuerde que el orden en el que fueron 

proporcionadas las coordenadas de los puntt)s 

·debe ser el mismo orden en el que se proporcionen 

los valores asignados a. cada punto. 

5.- Construír el pa9uete F-MAPA perforando en las 

tres primeras tarjetas (en formato alfanumérico 

y hasta la columna 72 lo siguiente:· 

Tarjeta 1: Centro de Educaci6n Continua DESFI-. 

UNAM. 

Tarjeta 2: SISTEMAS AVANZADOS DE GEO-INFORMATICA 

EN PLANEACION. 

Tarjeta 3: Nombre 'del usuario, número cie práctica, 

fecha. 

Tarjeta 4: Opci6n 1 para el manejo del tamaño del 

mapa de salida. 

Tarjeta 5: En adelante opci6n 10, diseñe para 

esta opci6n forma de-arreglar la lista proporcio 

nada en el material de la práctica, con los núme 

ros de referencia¡ (orden en el que, fueron propor 

cionadas las ciudades) sus nombres y los valor~s 

de poblaci6n·asociados a cada una. 

6.- Conjunte los paquetes realizados y proceda ~ 

efectuar última revisi6n de la codificaci6n, tenga 

presente que un buen chequeo en el escritorio 

ayuda a evitar corridas infructuosas. 

Perfore las tarjetas de control y entregue su 
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paquete para ser leído y ejecutado por la 

computadora. 

Obtenga su listado, investigue las causas de 

errores, corrijalos y vuelva a procesar sus 

~arjetas h~sta obtener un mapa satisfactorio. 
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MJ\TERIAL Pl\RA LA PRACTICA 

No. NOMBRE DE LA CIUDAD ENDIDAD FEDERATIVA POBLACION ESTIMADA PARA 
1975 

01 MEXICO DISTRITQ FEDERAL 11 339 774 HABITANTES 

02 · GUADALAJARA -- JALISCO 1 963 277 11 

03 MONTERREY NUEVO LEON .. .. 1 631 681 11 

- ~ :. ~- -~~- ._.:_:¿~ ~~:-~~:.~;~ --~-~;~~-~=_;-~~~:~: _;_~:~:~=--.- =:-: :.·:-~:-~- -- .; ~ 
04 CD. JUAREZ CHIHUAHUA 520 539 11 

_, ....... J -. ~ - -- - •• ---··- _ _..;- ---..:....-"---..:~---- .. ---~ ... ....._ __ 

05·--:..=..· LEON-= .. · ·--· 
. - .. -

06 PUEBLA 

-·. ~- -~:_--~~G_u-~:~~~TQ~~~~~;~:~~~:~-4~J!~,5.~.~-~~-~~i--~~-~~~::, 
- -=--=-· · •'" - · • · --, .· ~: ~=: 7-::: :----:::---:-. ::;-·:--: r-=-:.·.==-~-~:..;.: • .,., : .:..:_-:·::-· -- ~:.=- -· 

..:,_ ---- -·-:· ____ -===-:---~------.:- -

... .. PUEBLA
7 

__ - ~-~--=-:: ---~~-:-~'-=-==~4~-2~) 5~-:-~~-~}~~~~: ~f -~ ~-~- ~~ -~~ 

• 
07 TI JUANA B.C.N. 386 852 " 

08 TORREON COAHUILA 364 469 11 

----- -:.....--~-=-~---- !'-=----- -~- "-::-.: .;-::..::"-::. ----- -- -- - -
- -----·.:_· __ ·--:...._¡=--- ---

. ----. ---
09 ACAPULCO . -GUE.RRERo-- .--·----- --~3.52=-673--·--,..-- --

---- -.:.... 

10 CHIHUAHUA '· , _:_ CHIHUAJ:illA. _----' ~~---~;:.=~~- ·. 346 003- -· ----.!'---- _ 
- - ___ ..r-..--..___,~-~-:::..~--:::--.:=--=-::-:=----- -- - - ----=-. ----..= -_.:..:. _:.~=--:__:.=.=--=-=-----. ---·-

"11 TAMPICO TAMAULIPAS 343 384 n 

12 MEXICALI B.C.N. 331 059 11 

13 SN. LUIS POTOSI S.L.P. 281 534 11 

14 CUERNA VACA MOREWS 273 986 11 

15 VERA CRUZ VERACRUZ 266 2·55 11 
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PRF.FACE 

----·-
CROPP, or Confor~al Rcprcsentation ~f the Prairie Prov~nces, 

1 was dcvcloped as one of the tools to meet the specific needs of t~o 

1 projects: the review of branch line abandonmcnt 3pplications by the 

/ Canadian Transport Conunission, and the ~~11itcmud River \\'atersi.cd Resource 

, Study_ undertaken in 
-~ 

part by the Lands Directoraie, Department of the 
··,)• 

i En vi ronmcnt. 
1 

These projects related agricul tural statistics _to individ-

~}1 ; · ~c~ls of farrnland in the Prairie Provinces in arder that they 

could be r.1appcd en overlays for conforma! rnaps and for calculation of 

distances by compute~. --
The acronym CROPP 1\':lS chosen to stress one of the application~ 

-;,f the file rather than to describe the file. CROPP cont.ains. la ti tude 
-----. 

and longitllde ~ocrdinates of thc centroids of quarter sections of land 

described by the Dominion Land Survey. The use of latitude and longl-

~ude coordinates enaoles each paree! of land to be expressed on any 

'..proj ection systeil1. 
-~----· .. 

CROPP reprcsents the cooperativc efforts of many persons fro::. 

various govcrnmcnt organi:ations. We wish to take this opportunity to 

express to all of them our sincere thanks. We are particularly grateful 

to !'>Ir. ~taurice Head, General Directot" of ~lanagement and Informa tion 

Scrvices, Canadi:ln hn~at Board; ~lessrs. G. l'>loppet t and P. llibert. Cornputer 

Science Centre; ~Ir. C.E. lloganson and ~fiss ~1. Brennan, Geodetic Surve~· 

Branch, Department of Encr.gy, ~lines and Re~ources; 1·1essrs. B. Gil! and 

\~. Bel., Economics Br:wch of the Canadian Transport Com.rnission; and 
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. INTRODLICf I 0:'1 

Tho purpose of CROPP ~has to increase the usefulness of data 

banks that a r(' bascd on 1 and 'descripticns using the Dominion Land 

Survey (OLSj, CROPP, a ·file of coordinate points of t:he centroids of 

sections aratl quarter sections in the DLS, \ias developed to spatially 

relate pare •• ls of la~d in the Prairie Provinces and to permit. among 

_other thing·:, computer mapping. In designing the system, rnaximum 

flexibility was accomplished by ·assigning unique, universally recog

nized coordlnatcs, that is, latitude and ·longitude correct to S decimal 
.. 

places, te thc appropriate centroids. Because these coordinatcs can be 

readily transformed into any coordinate system, CROPP can be uscd with 

any comput(•¡· mapping technique as well as mergcd into any data b;mk 

based on thu DLS system. 

An und~rstand~ng of the DLS s~stem is essential in order to 

comprehend t:ROPP. Iri brief, the DLS system is based on a township 6 

miles squat'l', which is divided into 36 sections· (Figure 1) of 1 square 

mile or 640 acres each. The section is legally subdivided into four 

quarter scct ions of 160 acres each. Each paree! of land has its unique 

legal desct·lption. The sections are numbered 1 to 36 within a township 

according tn the arrangement in Figure 1. Even if the entire section 

is not pre··\'1\t, the numbering system remains constant for those scctions 

that are Pl'l'Sent. Townships are numbercd consecutively, northward from 

the 49th ·P·H':tllel of latitude and the ranges are numberc_d sequentially 

east and ~""t of the prl.ncipal meridian, 97°27'28' 1 \vest longitude, and 

west from tl\c other five meridians. Meridians are separated by 
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approximateiy 4° of longitude. Thus, parcels of land are officially 

designated by quarter section compass location, that is, NE, NW, SE, 

SW, section, township, range and meridian numbers. 

The townships were laid out along a base line, two townships 

-on each s_ide. The base lines were used as ccntrols wi th correction 

lines inserted every fourth tqwnship to allow for the convergence of 

the lines of longitudc. Thus, in-a north-south direction, a jog occurs 

at every fourth township and some ranges completely disappear as they 

merge toward meridian lines. For example, the townships within Range 

30 become progessively smaller and at Township 14, Range 30 completely 

disappears (Figure 2). 

There are five different surv~ys, three of which incorporate 

the Prairie Provinces. Where the surveys meet, irregularly shaped town

ships can occur. For example, Township 18A, which contains less than 36 

sections, occurs where the second and third surveys meet. Townships 

lying adjacent to a meridian may also contain less than 36 sections, for 

example, townships in Range 30 south.of Township 14. 

However, in spite of the variation in the number of sections 

within a ·township, the numbering system was consistent with that in 

Figure l .. This consistency was critica! to the developmcnt of CROPP 

because i t enabled the creat ion of hypothetical, regular-sized towns_hips 

for those·that contained less than 36 sections and it assigned coordin-

- ates· to the existing sections wi thout inodifying the program. 

1 

1 

1 
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METUODOLOGY 

Devclopment of CROPP 
i 

In the spring of 1971, a search was made to determine if a 

computer program existcd that would assign coordinates to the legal 

land descriptions found in various data banks. As far as was determined, 

such a system had not been devised. During thc surnmer, CROPP was 

developed in three steps: coding township corners, editing the coded 

~ata, and calculating the toordinates for the quarter section centroids • 

. 
The Geodetic Su,vcy Branch, Department of Energy, Mines and 

Resources, provided a liS\ of corrected latitude and longitude coordin-

ates expressed in degrees, minutes, seconds and hundreclths of seconds 

(a hundredth of a second ls approxi~atcly 1 foot on the ground) for 

one corner, usually the n,'rtheast, of each township. This infonnation 

was coded onto punched ca\\ls by first lo·cating the approximately 12,.000 

corners on 1:250,000-sca\~ national topographic series (NTS) maps. 

Assuming the coordinátes ~f one township represented a corner of the 

adjacent to~~ship, the 1:\titude and longitude coordinates were coded 

first and then the come,~ that had been recorded by the Geodetic Survey 

Branch and the adjacent ~,~rners on the topographic maps. For example, 

the coordinates for the \E corner of Tow~ship 3, Range 10 are al so the 

coordinates for the SE ~''rncr, Township 4, Range 10; SW corner, Township 

4, Range 9; and NW cornc·-,., Township 3, Range 9. Normally, the· coordinate:; 

r~presented four comer::,, but in the case of jogs at correction lines 

thcy represented only t~,~ (Figure 4). The township corner ide~tification 

for cach sct of coordin.!tcs were codcd in a clockwise direction, that is 

NE, SE, SW, 1-.'W. 
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By this process, all known corners f' 1 r each tO\oo"TlShip were 

identified. In order to generate coordinates i 0 r thc quarter sections, 

at least two corners for cach township had to Le known. In cases wher~ 

only one township corner could be located a sc~ond hypothetical corner 

was created. 

To check this coded data, an edit pr~gram was written to locate 

keypunch errors ~ incorrec't record length', inco¡, rect corner identifica

tion, and incorrect township indentification. The latitude and longitude 

coordinates were checked by generating theoretlcal coordinates correct 

to S decimal places and comparing these with tl~e originally coded ones. 

If there was a discrepancy of more than 20 sec~nds •· approxi~ tely 1/3 of 

a mi le. an error was recorded and the record \oo''"'\s checked manually. 

When the coordinate data cards had b~en checked and corrected, 

their data were put onto tape and sorted by me~idian, range, township, 

and corner. From this inform<1:tion, a program ~•as written to assign 

la ti tude and longi tude coordina tes to the cent 1·oid of each section and 

quarter section by using three basic data mani~,ulations: the identifica

tion of the sections and part sections by numb ~r and part, that is NE, 

NW, SE, ~W; the calculation of the centroid of each section and quarter 

section from the township corners; and the crc.~tion of CROPP by combining 

the cal~ulated coordinates with the appropriat..e section or quarter sec ::ion 

identification. 

• 
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The calculations.for lhc ccntroid of each section were made 

by di viding the sides of eac:h ll,wnship into 12 equ.;::d parts ~mé. nun:be:dng 

them sequentially. In the cas~ of the quarter scctions, thc township 

sides were divided into 24 equ.,l parts (see Figure S). The intersection. 

of the odd-numbered lines form1·J the desired centroids. 

The calculations of \he centroid· coordinates were done w1thin 

a single township. Therefore. errors that rnay. arise were contained with-

. in the township and are not Cll•·\ulative. The coordina te file, CROPP, 

contains centroids of quarter <ections, but by a simple modification of 

the program the centro id of an,. desired si ze of uni t wi thin a township 

can be calculated. 

In summary, CROPP Cl'\~\tains approxima tely 1,900, 000 rccords 

sorted in order of meridian, 1·:1nge, township, section, and part-sect.ion. 

Each of these records contain~ the latitude and longitude coordinates 

~rrcct toS decimal places. 

Development of Data Eanks 

The purpose of CROP:-'- "as tó increase the usefulness of existing 

data banks bascd on the DLS l.., ;J descriptions. To date, CROPP has been 

successfully incorporatcd int,, .:opics of the Canadian \'iheat Board records, 

the 1-fanitoba Municipal Assess .... <."nt Rolls, and the ~fanitoba Crop Insurance 

Corporation files. These. recY"·rJs were sortcd into the samc arder as. CROPP 

and put through a match prog': ... m that assigned latitude and longitude 

coordinates to the legal lanJ t!cscriptions in the data bank. 1\'hcn the 
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two rccords did n •. l match, zcro la ti tude and longi tude coordina tes were 

assigned to the d•·scription to allow for later updating and the record 

was written in a ''u-match file for checking and correction. However, all 

of- thc records ad .. ,¡uately described by the DLS system matched. 

Not all üf the parcels of la.nd are describcd by quarter scctions 

or sections, which were the only units for which centroid coordinates were 

calculated. Two •\lternative measures were used to overcome this problem; 

any description f,,r a parcel greater than a quarter section was assigned 

to coordinates of the section,· or all units greater than a quarter sec

tion were broken \nto quarter sections. For example, if the northern 

half of a section "'·as describcd it was divided into the NE a.nd NW 
' 

quarter sections. The particular method used depended upon the type of 

output th~t was d~sired. 

Once da\a banks with coordinates exist various manipulations, 

such as calculati 1 ~g distances ·and mapping, can be carried out. 

1 

• 



• APPLICATIONS 

N~n-nupping .~opl ications 

The CROPP coonlinates enable easy .,nd accurate calculation of 

dis tances, ~or .example, from the Canadian h"·,ca t Board file containing 

the legal land description of individual paa~cls of land, the distan~e 

from a g~ven paree! of land to a delivery Pl•int can be calculated. To 

compute the road distance, it was ass~~ed th~t this distance approximates 

~e distance east-west and north-south to tt,~ delivery point. That is, 

the distance traveled 'by a farmer on prairi.v roads that are laid out on a 

grid would be the distance along two sides ''f a right angle rather than 

the stra.ight-line distance. The formula us ... ·.J. to calculate t.his road 

1 distance in nautical miles is: 

distance :.: Jlat1 lat 2 + llong1 

whcre latitutde and longitude are in minute~ and the argument of the 

cosine is. in degrees. 

Road distances were also calculat~'d by using the Lambert Conic 

Conforma! projection. The latitude and lon~.itude coordinates were converted 

into X, Y coordinares mcasured in fce~ for ~his projection. Using the same 

assumption, that road distance is the right ~ngle distance, the distance 

was calculated as: road distance = 

~upping Applications 

' 
In addition to the c~iculation of distanccs, the crcated data 

banks cnablcd the production of accurate ma;,. 5 on an off-line plotter. The 

process uscd to produce the maps is dcscrib~·-d schcmatically in Figure 7 · ·, 
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Haps werc produced ú1, hoth flatbcd and drum plotters by various plotter soft

\o'are packagcs. Whcn "" i.ng the flatbed plot ter 
1 

actual parcels of land were 

plotted on an UTM (U,, 1 versal Transverse ~lcrcator) P!Oj ce ti on so that they 

could be ovcrlain· on NTS maps. 

As previou~ly noted two methods were used to ovcrcome the prob-
/ . 1 

lem of having only th\? centroids of sections and quarter sections on the 

coordinate·file. Fo¡. the grain hinterland maps (Figure 8)
1 

each quarte~ 

section was plotteda ~hereas on the other maps this accuracy was n6t required. ~ 

To produce the grain hinterland maps, each parcel of land des

cribed on the legal \and description file of the Canadian hneat Board was 

broken into quarter ~cctions and coordinates assigned to each quarter sec-· 

tion. Each parcel or land was then assigned a symbol corresponding to 

the delivery point t,, which grain from that parcel was delivered. These 

records were then so,·ted by coordinate to make the plotting more efficient. 

The main n .. ,pping program, wri tten in FORTRAN, handled the ti tles, 

border, and grid sys~cms needed to produce the final plot. It read the data, 

converted the coordl·~~tes to UTM, checked for coordinates outside the rnap 

boundary, scaled th~ coordinates to plotter inches, allocated the correct 

symbols to coordinal,.s. The program included a subroutine that created 

plotter instruction-. to. handle all ti tles 
1 

character strings, .and punct~:a tio.n. 

As many as 26 alpha~~tics and 14 special characters in strings of up to SO 

characters can be d1 ·:;wn to any size. 

The output· of this program wa.s a· set of instructions for the flat

bed plotter' ~·hich ""1·cw the maps on shcets of crónaflcx. These, in turn, 

•• 

• 

., 
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were ovcrlain in ~TS maps. Tl, .. c;c ovcrlays confi nncd thc accuracy of 

CROPP. Haps" of publication G''"' tity wcre then produced either photographi

cally or cartographically. 

Less detailed maps I'YI•re produced to show se1ected farm character-

istics •. For example, maps we1·'-' produced to show farm sizes in six categories: 

Oto 160 acres, 161 to 320 acl-~s. 321 to 480 acres, 481 to 640 ~cr~s, 641 

, · · 800 acres, and over 801 acr\'s, (Figure 9). For these maps, the farm size 

was read on the legal land des,~ription fi1e"and the first parcel of land 

described for an individual f~\~ ass~gned to the appropriate category. If 

the description was for a unil larger than a quarter section, the coordinate 

for the appropriate sect ion w., q; assigned to i t. Thus each farm was assigned J 

' 
the coordinate location of th~, first parcel of land listed on the legal land 

description file. 

This new record was then put through the same mapping _prog~am as 

the grain hinterland records. Instead of plotting the map on a sheet of 

'-.:\::ar cronaflex, the plot was made on a cronaflex base map. This was accom-

plished by lining up the coor~~ i.nate points of the rnap border with the 

corresponding points on the b., se map. 

In addition to the >lotting programs for the flatbed plotter, con

tour maps were produced on t!"l.' drum plo.tter by GPCP (General ~urpose Contour

ing Program) developed by Cal, 0mp. These m~ps al so used the UTt-~ grid, 

enabling overlays on t-<TS l!laps :tt a scale of 1:250,000., InfoiT&lation.obtained 

from all of the developed dat...~ banks provided input· for this program. 
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GPCP required X, Y and Z coordinates as \nputs. The X and Y 

coordinates were the latitude and longitude locat lnns, which had been 

·transformed in~o UTM coordinates. The Z value wa~ the value to be mapped 

according to calculations based on the data banks, For example, cropping 

iodexes were derived from the Canadian \\'heat Boar,t records and mapped by 

this program. The cropping index was used as a "'\'asure of the intensi ty 

of land use for crops a_nd is defined by the follr•l-ing fonnula: 

acreage in crops/farm 
total farm acreage X 1000 

The_processing of this map occurred in a number or distinct stages 

(Figure 7). First, the prime number on the legal land position fil~ was 

matched with the prime number on the detailed acr,'age summary file to 

produce a tape containing coordina tes and the acr'-'age summary. Second, 

the latitude and longitude coordinates were conv~~·ted to northing and easting 

values and put _en tape in a format acceptable.to ~PCP. Finally, the Z 

value was co~puted and put en the same tape in ar~ acceptable format. 

This output tape could then be used as input te C.:"f'CP. 

The GPCP program calcula tes the contou1:- lines by genera ting 

values for the mesh points of a regular grid. Th,ese values are estimated 

from a tangent plane approximated at each data P~~\nt from the weighted 

values of a number of neighboring data points. 

The overlays produced by GPCP were com~·ined photÓgraphically w•th 

a base map by lining up the border points en the GPCP output with the cor

responding locations on the base map (Figure 10) .. 

. j 

1 

• 
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Thc ~lanitoba Municipal Assessmcnt Rolls wcre abo put through 

this procedurc. The only calculation n~cded on these dato was to com-

bine the parccls of la.nd that \'l'ere small~r than quarter suctions intc 

quarter sections. The assessed value listed for eadt quarter scction 

was used as th~ Z value for GPCP. 

The assessment rolls contained approximately 12,000 points, 
1 

Q,hich could not be handled by GPCP in onc computer ron. To overcome 

this problem, five overlapping overlays "·ere made and joinc"\ manually 

(Figure 11) • 
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CONCLW:loN 

In sumrnary, it has been sho\;" that CROPP, a coordinate file 

based on the DLS system, ·was successf•q ly addcd to the Canadian h1lcat 

Board records, the ~tanitoba Crop InSUi:mce Corporation filcs •. and the 

1-tani toba Municipa 1 Assessment Rolls. :\11 of these files contain the 

legal land descriptions of individual parcels of land, and any data 

banks that contain these descriptions ~an be merged with CROPP.· 

There are s·everal uses for n data bank containing CROPP. Dis

tances can be calculated~ individual \'arcels of land can be plotted~ and 

isolines can be drawn. La ti tude and \(, ngi tude coordina tes wcrc used 

since these are universal and can be \·eadily convcrted to any type of 

coordinates desired by the user. In 'he appli~ations, both the Universal 

Transverse ~tercator and the Lambert C ,m formal proj ections have been used; 

The maps, which were done t•y several differcnt programs, were 

produced both on a flatbed and a dru!J~ plotter. They were then reproduced 

photographically with good results. Thus, the user can obtain satis

factory resul ts using whatever equip:.ox'nt or software that is available. 

CROPP is not restricted to m..1.pping applications, or to one map

ping system. Although the applicati,~ns listed in this report are social 

scienc.e oriented, the system is also a potential tool for thc physical 

scientist . 

,, 
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SECTION PLAN OF A TOWNSHIP 
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' 
Figure 1 



- DO M 1 tJ ON LAN D -VEY SYSTóM 

SOURCE~ 
BOND,COURTNEY C. J. SURVE:YORS OF CANADA 1867 TO 1967 

OTTAWA, CAtJADIAN INSTJTUTE OF SURVEYOR-S, 1966. P. 21. 
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Figure 2 



STEPS IN THE DEVEUJFi'..'IENT OF CROPP 

GEODETIC 
SURVEY 

RECORDS 

TOWNSHIP 

CORNERS 

IDENT1FY SECTIONS a 

QUARTER SECTIONS 
CALCULATE CENTRO
lOS SECTIONS a 

QUARTER SECTas 

Figure 3. 
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. TOVvNSHIP LAYOUT 

-

TOWNSHIP 5 TOW~SHIP 5 
RANGE 10 RAN\;E 9 

S. E. s.w. 
N.E. N.W. 

TOWNSHI? 4 TOWf\SHIP 4 
RANGE 10 RAN1.:E 9 

1 S.E. s.w. 
N.E. N.W. 

TOWNSHIP 3 TOWt..; SHIP 3 
RANGE 10 RANG<: 9 

-

' 
Figure 4. 



LOCATION OF CENTROIDS OF A TOWNSHIP 

3 - 5 7 9 11 
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Figure 5 . 
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STOP 

1 

' 

DLS--CROPP IV1ATCH: PROGR:4r·v1 
FLO\V CHART 

LESS THAN LLO 

J 

Fl gure 6 

NO 



ANYPLOT 

COOROINATE CONVERSION 
SUBROUTINE 

ASSIGN SYMBOL TO DATA 

·STOP . OFF LINE PL;.)TTER 

2 

YES 

COORDINATE CONVE RSION 
SU3ROUTI~.E 

CALCULATE Z VALUE 

·Figure 7 
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GRAIN H~i\iTERLAf·JDS -----



~ r ~·, ¡;: r0 
fuli~U..Il:l 

FARMS LESS THAN 160 ACRES IN SIZE 
Each Symbol Represents A Farm Of less ~han 160 Acres 

Scale 1:725.000 
Produced By lands Directorate.lands. Forests And Wildlife Service 

Oepartment Of The Envircnment 
For Whitemud River Watershed ResourceStudy, 

Manitoba Oepartment Of Mines. Resources And Environmental Management 

October 1971 
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J•.bs t r2.ct . . 
The followihg papcr_ dcscr~L:cs thc ;>roposcd C!)YSSEY mapoinq 

1
: 

systcin to be implemcntcd on thc ~ckt~onix 4081 Intpractivr G~Aphic_ 

Sysicm. ODYSSE~ is de~igned to ~cncratc thcmatic (social and en

vironmcntal) maps fror:t a varicty of. input data for CRT 1 s and pcn-· 

plotter output devices. 

·· ·. It is anticipated that the ODYSSEY mapping syst~m ·.~iil· salve, 

in a ~cneral fashion, many o~ the ·existinq creation, maintenancc, . . . .. . . . 
. . . . . 

· proccssing a·nd display· rcquirements of ·a large number of federal, 
. . . . 

urban, state and regional information pl~nni~g.agencies as well as 

sati~fy· land use and'thernatic ~apping needs. 

Thc- rclationship between. thcrñatic an_d· ot!1er tyof!s of .r.taps 
.. 

· in tcrms of mapping._-char~ctez:istics is .. il~ustr'ated by thc chart 

below. The largcr thc nuJnber., thc grcater the attribute i~ · qucs-

ti~n •. 

, . 
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•. 
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._;r •. lfltroducti~ . ! 1 

\ 

\ . . 
The. concept'of·a~tomatcd -~artogra!Jhy has bccn prcscnt for 

only a dozen ycars. Within this timc.span several .diffcrent ap

proachcs to autom~t?d ~apping havc bcen developed by the federal 

government, statc agencies, urtivcrsi~ics, utilitics·and industry. 

Thc mapping market has gro~'I:l wi thin this time frar:1~. In. 19 72, 

for ri~n~plc, thc U.S. go~crnmcnt spent over ·113 million dollars 

on map rnaking .- most of it by conventional means • 
. . 

Sorne ~utomatcd ~apping (prim~rily display) systcm~·havc ·. 
. . . . 

received widc distribution a?d acccptanc~ by the rnappinq commun

ity. Prograrns distributed by ~he Census.Bureau to ~~ppo~t thcir 

data.bas~s w~uld be includcd i~ this category. At thc Laboratory 
. . 

·for.Computc:r Graphi!':S and Spa~ial Ana.lysis.· at Harvar.d University; 

fo~r such ~apping ~isplay programs and a geographíc "prcprq~e~sQr" a. callcd POLYVRT are supportcd ·and currE,ritly· have a worid-Widc 

following of over 700·fcderal and statc.ag0ncics~ uniyersities 

and cornmcrc.ial companies. using this sof:tware·. Ne\o?Slt:~ttcrs, tech

n~cal. 1i teratu.re ·and program s~pport ma tcrial are distributcd to 

over 5,000· individuals annually. 

·It has bcen de~onstratcd that thc concept of automatcd 

cartography is nO\-l a fcasiblc and cost-beneficial application of 

·c~rnputqr graphics 'for a variety ·of app'lic~t.ions. Thc 'display' . . 
. ·. 

part of map production h~s bccn well worked out. The.incorpor-

ation of.display te~hnology and software ~nto larger 9encral 

purpose spatial capture and an~lysis sys~cms is clcarly a mor~ 

cornolcx problcm and onc that the Laboratory ha~ bcch adarrssina . .. . . . 
. ':· 

.for scvcral ycars. Scvcral considcrations'must·be cvaluatcd 

whcn onc attcmpts to dcvclop a s~ngle. compre~cnsivc intcractive 



«;1}:"aph~c m.:1pping cystcm that·is to be uscd by a varicty of groups 
1 

that have diffcrent'nceds, differ~nt rnanagcrn~nt structurcs and 

diffe.::-cnt~ policics. 

The Laboratory has been dcsigning ~uch ~ mapping systcm 
.· 

1 

using Tektronix 4014 displays interfaccd to a remete host comp~ter • 
. 

Becausc of reccnt· discussions with Tcktronix, design has been 

takin_g place. around the ne·..,r Tektronix 4081 l;nteractive Gra~hic 

Systern.. The ne•..,r. system .is to be c.?lled ·ooYSSEY • 

. ·II •. The ODYSSEY ·Happinq System 

The objective of ODYSSEY is to proyide managers and ur~an 
. 

researc~ers with the ~apability of manipulating a~d analyzin~. 
. . 

~nrge. vol~~e~ of rnap data to assist them in their plan~inq and 
. . 

~ana_gement functio!ls; As far as we know, the ODYSS~Y syst~m is 

un ique in i t S i15ili ty to Ca i:a 1 ogue, i nven tory, corre 1 ate , .· eQ~ t . ' 1 
and.analyze a variety of dat~ sources ·i~ ~-consistent and un1forn . 

\-·· 

r manner •. . . 
~ . 

The ODYSSEY po1ygon niappinq syst;:>m ~s .··a f\odu~ar" · systes~. of.l 
computer softwar~ that is designed to create, convert, corr~ct and . . 
finally c~art gcographic ~asa fiies (GBF's)~. The en~ire map~in~ 

.syst.em is cor.trolled by a ~Qrr~and lcmguage· \>lhich uses a sy~tax 

common to all of the modules bu-t a spe~ific vocabulary desioned 

.arounrl ea~h module and appropriate to thé task perforrned wi~hin 

that module. Appropriate data is .. cor:unun~catcd f.rom rr.odule to 

module in files rnatiaged in a dircctory·systcm. 

IIi. Data Structure 

_) 

1 

, 

•rherc arC' prcscntly a varicty of dZlta_ ~.~.ructurcs bcino a 
uscd for cartographic applications. They basi~ally can be dividcd . 

into cell and polygon ~tructurcs. 
.• 

-C:.-
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a·. 

' 
\ 
' Thc ccll or.gr~d structurc involv~s a uniformly structured 

. . 
s~atial srimpling filter to be superimpo~ed on th0 source granhics 

and the "tagging": of ea eh cell ·11i th thc particu~ar attributc in 

question that falls within t~e grid location - sometimes callcd a 

pixel. · This is a simple but laborious approach·. It has both ad-

vantages and disadvantagcs· -. the advantagcs being that i t is ea~ y 

to creatc, it is easy to· do overlay ~peration~ and.di9itizing 

errors (i .e •. i.ncorrect attributcs .assig:ned td a particular cell) 

usually ha'vc· little impact on the- overall logical record. Finally, 

since i t uses a grid .or raster sean format, i t .is usually directly 

compatible with remete process~ng data coming frorn aerial ph6to

graphy or satelli te data (LA:~DSAT for example) ;.;hich. has been put 
1 .. 

. into á raster format us·ing a variety o~ elcctronic/optical sean-

.ning dcviccs. 

Polygon structures (the ·data structurc uscd by ODYSSEY) 
. . . 

. have rnany advantages ove·r grid or cc11 structures and ·have ~orne 
. . 

· disadvantages but, .in ~~neral, are ·vastly superior for both accurate 

data rcprescntation and ease of data base crcation. The data struc

ture, upon· which the ODYSSEY.rnodules oper~te and from which the 

( externa! files are created, cmbodies a topological relationship 

of th~ geographical space rep~escnted~ That is, in addition to 
. . 

. cÓntaining· information about the narnes and numerical oronerties 

(attributes) of the poly9ons in the sysfern and coordinate defi-

nitions of the boundaries, explicit information is created ñnd 

rnaintaincd about thc nciohborhood relationshi~s. This allows for 

vcrification of the p~irnary adjacency infoirna~lon about a space. -1 Since data creatiori and cdit o;:>ci:"atio· ,. on · thc sourcc data is 

such a significant problcm at prcscrit, thc ~nYSSEY data structurc 

-6-



u J. J. e .L. ;j J~yn~ 1.1.can t atlvanta<ics ovcr pJ:cv_ious sys tcms. .. 
1 

The grnphic d~tail is dircctly-rccord~d thcreby or~s~rving 

boundary detail as rtiquired. H·;,:.,_ importantly,. the dat~··structure 1 
acco~~odatcs all.of thc. dcsircd p~oc~ssing options whilc insuring 

minim~~ digitizing cdit ·corrections. 

Speci fically, ODYSSEY úses what. wc call a "chain ••. form of 

polyg_on structure which consists of an unl.trqi ted. nurnber' of. y.;_y .. . . ... . 
. . 

· coordinates recorded from one· intersection (c~lled a ~ode) ·to 
.· 

·another \olhic]'l- describes 1 in t~rn, a bOÚ~dary -b~t\o~een t':IO. polygO~S 

and their associated attributesa All graphic detail.is captu~ed 
. . 

(and ~an later be gcneralizcd or filtered as resolution r~qu~re-. .. 

ments require) • Lines are dig-i ti :red only on~e an·d in any desired 

sequence. The ~ha~n structur~. thus captur~s· rna-r.irnu.~ de'·tai~ · and 
. . 

allows for a sirnplified software· approach to data.capture ·aQd. 

subsequcnt analysis capabilities. Th~s. ~tructure··i~ illu~tratcd 

below: 11 

·-· . 
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~s the diag~am abovc illustrates, chains of x,y coordinatcs 

al~ow thc structuring of data a~ indcpefident li~e segments. For a 

~· low computcr ovcrhcad, the segments árc combined to form polygons 

which determine' boundcd rcgions and allows tho complex processing 

1 

1 

requiremcnts, to be met with a'simplified directory soft~are ap-

proac.h. 

For purposcs of reference, se~eral othcr types of geoqraphic 

base files are lis ted belOvl. Sorr.e. file. types·• are the resul t of 

digitizing' processes and becorne input files to the ODYSSEY system. 

Other file types are ~pecially suited to certa~n kinds of display. 

processes. 

Files having coordinatc information only: 
.. 

POINT - a·series of point coordinate pairs, with an 
ide~tificr (ahd attributc) for cach point 

LINE 

REGION 

- grouns of ?Oint coordinares rcorescntina 
continuou5 liries, with an idcntifier (and 
attribut~) for each line 

groups of point coordinatcs reorcsenting 
thc complete outlincs of rc~ions in thc 
network, wi~h ~n idcntificr (and attribute) 
for each .region . -

Fil~s having adjacency (ncighborhood) inform~tion onli: 

NAP listi'ng of the idcntificrs of thc points arcund 
each rcgion (Nodcs Around Polygon) 

CAN - listing of the identifiers of the Chains Around 
Nodes 

CAP. - listing of thc 'identifiers ·of the Chains Around 
Polygons 

Files having both coordinatcs and ·adjaccncy inforr:lation: 

Clll\I~l - a sP-t of lir.~s \áth th~ li:--.e iccn-:.ific:- (uiid 
attribut0), terninal nodcs, and·adjacent poly
gons for each line 

LINK special case o:· a CW\E1 file .,.1!~·~rc <111 chains 
ha9c only two points (thasc are alsp knc~n as 
DIHE files) . 
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Special files: 
' .. 

GRID/RASTER -

)._..) ' ~-

•• < .... ~--...-....... ~~--.-'-

spccial case of n point file where thc 
coordinates are irr.olicit in thc creer 
of_thc points and th~ dara consis~s of 
thc value (or attributc) for each grid 
point or cell. 

.--
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........ _, ... ~' 

Thc modules of ODYSSEY are describcd as folloHs: 

Zcus· 

Cyclone 

Cyclops 

Homer 

·· Polyps 

Past.a 

Scull . 

-Supervises the-usc of the othcr modules 
and the file system. · 

Aggreqates chains from. smaller chains, 
including two ~oint chains .(links). 
Verifics that each nodc in thc network 
is consistcnt with all its neightors 
by checkinq the polyaons and chains 
which cycle around it. 

- Assc~~les all chains around a oolygon. 
Verifies that cach nolyaon is cbniis
tent with its nei~hbors by checking 
the chains which cyc¡e around it. 
Dcletes irrele.vant aaos, "sliver er
rors", in the nct\-1ork. 

. 
- Pcrforms ·editing of the coordinate 

description of the file. Inserts, 
replaccs, delet~s nodes, chains, 
polygons. 

- ofsplays a ceoara~hic f{le after 
being processed bv Cyclone, Cyclops, 

· and Hompr if ncc~ssary. Uses selection, 
shading, .and windowing features. 

- Re~tifies linc digitizcd inout into 
chains, corrects crrors in the topo
logy. 

-·Converts re9ion descriotions into links,· 
deleting duplicate boundarics. 

l-Jhirlpool· - Inteqratcs t\-ro chain file descriotions 
by intcrsccting the ~ctwor~s and oro
ducing thc. rr.ini~u~ cha~n ccscription 
for the resulting file. 

. Cellmap - Spreads polyqon values onto a grid or 
raster format data base usina chain or 
region files • 

.: 

. The heart of. the ÓDYS.SEY systcrn c·onsists of two. programs, 

CYCLONE and CYCLOPS, which construct and ·vcrify th~ topoloqical 

consistcncy of the geographic files. 

~-CYCLONE assures that the lin~.s or chain·s incidcnt at __ ª-
•' ~ 

11 nodc"· rcfercncc a consistcnt ·-s-ci:ic~ of· polyaons. The CYCLO~:L 

p~ocessor first vcrifics thc first ordcr· intcgrity of a . . 

-11- . 

• 

1 



• 
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-
tbpologically structured file. That is to say that it assurcs that ·. . . 
the lines or chaini incident at ·Q nodQ rcfcrcnce a consistent series 

of polygons. In a sensc, each nod~ i~ "cycled" (hcnce thc name 

CYCLOt~E)" 

If the program finds that two chains with the same polygon 

reference meet at the same nodc, that node is unnecessary and thc· 

two éhains are automatically joincd into onc. This process allcws 

files, such as the Ccnsus Bureau's DIME fiie which is. based on a 

• 
single linc scgment, to be convertcd to a similar chairi structure. 

This vastly reduces storage and.proccssi~g requircrnents. Joining 
-

also occurs when a se~ of lnrger polygons are created as aggrcqatcs 

of the origi~al file units such as would be the case in overlay 

operations. 

CYCLOME is a local processor which passes chains, as soon 

as they are completed, out of its stor~ge as soon.as it cyclcs thc . . . . 

twó nades at either end. If- the ir.?ut is to9ologically· correct. 

thcn thcrc ~ill be no data lcft after t~e last input.rccord is 

proccssed. If there are, an error in data crcation has· takcn . . 

. . 
place and. thc relevant inform~ tion is passcd to the user for cor-· 

rection. 'l'hus CYCLO~m is constructcd to take thc "rcsiduc" and 

to perform error corrcction processes in which "left over" nod.es 

are ~ade équivalcnt if they lie within a tolerancc distance of. 

one another. Other left over chains, as was noted, that are not 

within the given tolcrance, indicate the likclihood of thrir 
~ . 

being l.ncorrect. 

CYCLOPS thcn asscmblcs cac.h poly~on from i ts const:i tucnt: 

chains. As a chain is receivcd by CYCLOPS from thc CYCLONE file 

(or fro:n any o thcr in'!?ut so urce:~) , i t .is placc•d in to th~ 1 inked 

lists rcprcsenting thc cycle of cha~n5. for ~ach of thc two polygor:s 

. -12-



it divides.· When the. links.have b~en comolrt~d for a polygo~, 0 ~0 ~

cyclcd list of chains and the li~t of bounding coordinates are 

written out and rcferences to the polygons are imm~diately_ de

letcd from internal storage. ~vhcn the poly9ons on each sice of 

a ~hain have be~~ cycled, then the chain is removed frorn interna! 

storage~ 

· After all chains have been receivcd, any polyqor.~ remaining 

with gaps in their boundaries are duly notcd. Statistics are also 

computcd rneasuring the lengths of chains and areas of p~lygons (in 

the coordinate systern used). 

Both CYCLO}:E. and CYCLOPS have error corrcction fcaturcs 

which allow them to attempt to correct many of thc toooloqical 

inconsister.cies ~n tbc file. For correcting crrors in the naming 

of polygons, nodes, ot chains or ~orrectinq coordinate positions 

• 

of any_ of thcse, thcre is an interactive .cdi ting preces sor called 1 
H0!1ER. Thc ll0t1ER edftor makes ·corrections and also handlcs re-

. . 
placcrnents, ~nsertions and deletions ~roviding annotated displays. 

For drawing shaced maos ·of the corrected, completed polyaon 

systern, the display processor POLYPS has an efficicnt, ra?id al-

gorithrn relying u~on· the cycled polyqon inforrnation frorn CYCLOPS. 

Using a varicty of shading types and a file of the numcric attri-

butes. of polygons, POLYPS produces choropleth maps with headin~s, 

keys and labcls for display on CR';T.''s or hardcopy produced on pcr. 

plotters. 

V.· The Edit Module 

The file corrcction and cditina module of ODYSSLY is call0d 

·HOi-lER. \~}lile thc CYCLONE and · CYCLors· modules 'genera te their o"'n 

file prep.:1ration modules, !!m!l~R ·acts as· an interface bct• ... •ccn thc 

user and his own file~. The edit oprir~t~on~ relate t6 two 

-13-
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'6a~cg~rics involvi~g thc data structurc: topology and coordinatcs. 

Thc topologic data consists of ~he· linkages betwecn nodes, chains 

1 and polygons. Co.rrecticn of this .. data· rcquircs a knm.,lcdq~ of 

the idcntifier s~hcmes used for spccific files. The proccss is 

1 

1 

facilitated using intcractive techniques such as pointing. Coor-

~ina~~ input and correction is also accom~lishcd with gran~ic 

editing techniques. 

: HOMER,.like other critica! élcments of.ODYSSEY; utilizes 

the l.ocal·~dit capabilities of the 40Bl .. such as scquential file 
. . 

·handling to minimiza. storage space in coi~ mernory. Ata given ·. 

poiJÍt in an edit session, for examplc, HO:-tFR will hav~ an input file 

partially read& an output file partially written and a nurnbP-r of 

cha.r"ns in active stora<¡e. Active storage consists of t\ofO sets 

of chains - thc activa buffer and the reserved chains. Rescrvcd 

chains are removed from and reinserted ih the active buffer by 
... 

cxplici t commands from the user~ It.·is not ~ecessary :.to ha ve a 
. . 

large n~~bcr of chains in core just as it is not necessary to 

have a large amount of text irr·a.text editor because both edito~s . . . 
can rcly on thc seq~cntial nature of a file to structure thc edit 

cycle. 

Thc command dialect of H0!1ER is"defined in a general·manner 

using the techniques of formal language rcpresentation and modular 
. .·: 

· ·table-driven implementation~ General features of these dialects 

in.cl ude recogni tion of short forros of commands, abi li ty to handle 

cxpressions with arithMctic and loaical oncrations, nnd consistcnt 

·formats and definitions from program to progr~rn. 

VI. Disolav Module -----.:·--··-----·-
Thc final output cispluy gencr'atc.d frorn POL'iPS \l:.ill resul t .. . 

in shadcd choroplcth {cont'ormant) mapso The command lanquagc is 

-14-
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extrcrecly well designed from a human engincering point of vicw and 

allo~s a uscr to: 
1 • 

·:·. ,-

1. Input create, edit or query files 
2. Selcct, window, scale and position oolygons 
3. Define syr.bolisn, keys ~ shadina. de:nsi ti es and 

typcs ·ar.d othcr • cos~etic • opcrations 
4. Determine CP.T or plotter display parametcr 

instructio!"ls. 

Other types of displays will cventually be added to the 

ODYSSEY mapping system. · These include line printer maps of con~ 

tours and conformant typcs, p~rsp~ctive maps, dot maps and thrce- • 

"dimensional surface maps. All the display modules wil1 be based 

on cxisting Laboratory display pa~kages •. 

1he ODYSSEY file display network is illustratcd below: 

·' 

.· 

• 

1 
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NII. i!aró·1are <•nd Syst0r.1 Considcraticns 

For any geogra!)hically b'crsed mapping ar inforrnation systcm, • 

sorne input dcvicc (a digitizcr) ~ ~torage device_ [disk, tkpe, etc.), 
. 

processing capability (a rnini-co~puter with a :CO~~unications ínter-

face), ~nd output dcvicc (ha~dcopy frorn a CRT ~nd/or a plottcr) 

rnust.be present. 

Each of the cornponents can b~ great ar small depending upon 
. . 

the capabili~i"es of the host procc.ssar. He c~rrentl~ belicve that . .. 
most af thc ODYSSEY aperations can be pcrforrned locally using a 

m{nimal configuration consisting af a 4b~l proGessor, a large·data 

tablct,. ~ plotter, and rninirnal_ flop~y disk storage. ODYSSEY ~·.'ould 

makc maximurn use of the current EDITOR and BRm'ISER caoabili ti es as 

well as the iinked list data structurc. A 64K mini '1.-.'0i..tld be re-.. 
quircd ta perforrn "the local OpYSSEY apcrations. 

Doth CYCLO~E and CYCLOPS are, as·was mentioncd, local pro

cessors in the sense that thcy opcrc;:.te ~n· anly a part:ion of thc 
. . 

geographic spacc at any anc time, thc portian including a par-

ticular nade ar polygan and i ts ncighbors. Th,is allm-1s extreme! y 

large files to be p:raccssed in vcry modest arr.o.unts qf storagc, 

sincc the input i~ spatially contiguous. Bccause of·the use of 

linkcd list storage structures,· there is a low degree of compu-

.tational complcxity. Processing_ time is merely a linear function 

of the bulk of the data. 

~inally, th~ following chart represents the currcnt st~tus 

of thc rnajor·modules that rnake uo ODYSSEY rna~oina systcm. ~!odulrs 

that already cxist: (CYC!..O::E, ?i\S'l'.l\ 1 SCULL. a~d,: CÉLU·it\i>) \.;auld ha ve 

to be canverted ta ODYSSEY. Othcrs wóuld be dircctly programrr.cd 

on thc 4081. 

1 
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HODULE DESIGN PROGP.N··; 

•• CYCLO:.:E lOOt 90% 

CYCLOPS 90% lOll: 

HOHER 40't QS; 

POLYPS 20% 20% 

PASTA so% 10% 

SCULL 90% SO% 

WHIRLPOOL· 10% Ot 

CELLHl\P 'lOO% 80% 

ZEUS (File 1-tanager 20% Ot 
& Corr.mand Language) 
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INTRODUCT~ON 

Whsc is GRDSR? 
A unique and flexible system now makes it possible, for 
the first time, to provide information by user-specified 
areas in Cánada"s larger urban ceo tres. Fully computct
i.z.ed, the GRDSR (Geographically Reference.d Data 
Storage and Retrieval) system is rhe outcome ·of five 
years' research by Statistics Canada into solving the 
many problems associated with the storage and retrieval 
of statistics about small areas. 

Through GRDSR, statistical information can now 
be quickly and inexpensively obtained about retrieval 
arcas that rangc in size from a fcw city bloclcs to an 
entire urban centre. 

Retrieval is made possible through a technique 
callt:d geocoding. whcreby urban areas are divided into 
many small building blocks or micro-areas. The blocks 
must be small enough that they can be assemblcd to 
approximate most retrieval areas required by users. 
Each building block is assigncd a unique identifying 
coordi:.ate number which, in turn, allows files of house
holds, p.::rsons, or events to be coded to appropriate 
buiiding blocks in the ciry area. The appropriate build
ing block is usually the place of residence or location 
where the event occurred. At this point, ¡he files are said 
to be geocoded. When an interestcd user needs informa
tion from a geocoded file, he outlines his area 'of interest 
(or "query area") on a map and makes a request. 
G RDSR then identities all the building blocks con
tained within his query arca and, using the correspond
ing cooráinates, automatically retrieves all data belong
ing to the blocks. Thc !>tat1~1ics are then tabulated in a 
convenienl report. 

Background lo GRDSR dct·clopment 
The nced for concise, limely statistics is constantly 
pressing in many sector:. of the economy. Diverse plan
ning arrd decision-making etforts are often frustrated 
by a Jack of relevant and timely data; the socio-eco
nomic bencfits of more fully informed decisions may, as 
a resuh, b<! diluted or lost. Today, it is obvious that the 
pre~sure for diverse and specialized statistical informa
tion cannot hclp but increase. The comprehensive and 
thorough use of data already collccted is now, therefore, 
more relcvant than ever. 

At Statistics Canada, this pressure is evident not 
only 10 the mounting volumc of special data requests 
but by their changing natun:. The trend consistc!"ltiy 
points 10 thc need for flexible information systems fully 
capable of retrieving data on a specialized, often one
time b.1sis. The basic requirement is, essentially, f;)r an 
integrated information service - not just a dala collec
tion facility. 

The development of vRDSR thus focuses upon an 
important trend, and the nature of this trend is cle.Jr: 
user. requirements will increase, in icrms of the amount 
of data required, types of aggregation and manipula
tjon available, ease of retrieval, the iormat of ahe final 
statistical prcdact and, of course, the response iíme. The 
evolution of the GRDSR system is now at the point 
where each of these requiremcnts is subsrantially met. 

Nalure of the Problem 
The gathering of small-a;ea data has present~d a dif
ficult problem for sorne time. Urban planners, munici
pal agencies, school administrations .:md govc.rnments 
each impose ditferent z.oning pallerns or jurisdictions 
over settled areas of Jand. Many agencies maimain 
records and use their own jurisdictions to collect and 
identify statistical information. At sorne point these 
records m;;.y attract general interest. But ¡:;.ro!:>lems arise 
when outside groups try Lo use iilis inf0rm3üon, 
becau.>e their requirement is for facts rdated to diífer
ent area breakdowns. 

Today, special-interest areas such as marketing 
zones, census tracts, school districts aná land-use areas 
are in everyday use in major citics. Howevcr, the~e areas 
usually overlap and have little in common but the land 
area they reference. Thus, it is d1fficult lo relate infor
mation from one source 10 ou1sicie areas oi interest (see 
Figure 1, page 2.) 

In the past, when the sole means of dissem1nating 
statistics from the census was through published vol· 
umes, the· statistics had to be summarizc:d in terms of 
enumeíation arcas, census tracts or other standard ar
eas. The stand:ud census areas did not, howev.:r, coin
cide WJth many guery arcas for wh!CI1 data wcr.: re
quired. Conscquently, the requHcments of many ccnsus 
data users couid cither not be met, or met only wirh 
great d!lliculty, at considerable s:ost and wirh considera· 
ble dday. 

Wta:rc c<.~n GRDSR be Appli,•J"! 
Given that the fund.1menul purpose of GRDSR ;s to 
allow users more lkxibdity ir. ubljJnJng information 
about special-purpos.e are<'.s, it is ~~gnificant :hat the iirst 
major appiicalion of GROS K has been the 197! Census 
of Can:.~da. 

Origmally conceiv.:d 1n anticipJtion of spc-cial cen
sus rcquests, the systcm h.:~s since been developed for 
gen..:ral-purposc applications. Muni~.:ip ... d c.~:sessment 
tiks, fire <Jnd ::.t·c¡cknt reports, marketing surveys and 
hospital r.:cords ;,re among severa! applications dis
cu~scd m the r.ext ~cction. 
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APPLICATIONS ANO 
POTENTIAL OF GRDSR 

While Staaistics Canada expects to serve many requests 
for statistical information from geocoded 1971 Census 
data, G RDSR is designed to handle the majority of 
address-bearing files and survey data which originate in 
larger urban centres in Canada (see Figure 11, page 5.) 
Extensive gcocoding applications are now possible in 
both the public and prívate sectors. Potential users in
elude municipalities, planning and research groups, 
industrial and commercial firrns, public utilities, social 
agencies, universities and governments - in short, any 
group using geographically-based information for re
search, planning or decision-making. 

Noteworthy featurcs of the Census application are 
outlined in part (i). Next, in part (ii), a number of other 
spccitic GRDSR applications are discussed. Finally, 
sorne aspects of a .possible geocoding application, health 
services planning, are dcscribed in part (iii). 

The Gcocoded Census 

GRDSR will provide a new dimension in census re
trieval st:rvices: the facility to provide statistical data 
for u~::Hpecified arcas anywhere in Canada. 

Confidcntililily 

While Statistics Canada auaches great importance to 
meeting the need for custom-made, user-oriented data 
on a uniform, national basis, it can only do so within 
the confidcntiality-constraints imposed by the Statistics 
Act ( 1971 ). As a result, no information can be dissemi
nated in ~uch a way asto identify an individual respon
dcnt. Automatu; routines within the system ensure that 
nu ~uch di~clo~ure CJf information is pos~ible. 

Qucry Arca~ 
In 14 larger urban centres (sce Figure JI, page 5), users 
may rcquesl data for areas as small as a few cily blocks. 
Users should not, howc:ver, expect to receive represcnta
tive data for smaller areas, such as one side of a block. 
There are two important rcasons: 

First, the results would be subject to high response 
and sampling errors, due to the ~mall number of cases 
on which the statistics would be ba!>ed. The usual 
process of compensating crrors for larger samples could 
only take place toa limited extcnt. 

Second, a carefully-controllcd <.imount of statistical 
error is purposely introduced to all retrieved data so 
that no cc:mus rcspondcnt can be idc:ntitied from the 
final tabulations. This random error, while of little or 
no significance to normal tabulations, would further 
ob!'.cure any informauon obtaincp about very small 
<ireas. 

Outside the majar urban centres, statÍ!.tical infor
mation will be available at a coarser kvel of geographi
cal detail. Here, query areas will be assc:mbled using 
traditional cc:nsus enumeration arcas (EA's), which con
tain approximately 150-200 households each. As a re
sult, extensive census Jata will be available for more 
than 27,000 EA's- either 1ndividually, or in any aggre
gation of interest to the user. 

In eithcr case, the desired arcas are simply outlined 
on a sullable map. named clearly and submiued to 
Statisücs Canada along with the tabulatioll request. 

Request LangLage 

Users may rcquest census tabubtions using an English
iike !anguage called TARELA (Tabulation Request 
Language), which can be learned in a few hours with
out previous programmmg knowledge. TARELA allows 
subject-matter specialists to write requests in terms fa
miliar to their work. W11h this language u!>ers can create 
cross-tabulatiom of any combination of 1971 Census 
variables (which number more than 120) and generaic 
tables hav1ng up lO 10 dimensions. U~ers· who are not 
familiar with T ARELA can, of course. submü their 
request in precise narrative form or in the form of 
"dummy" tables. The rcquired TARELA coding w.iil 
then be generated by Statis:ics CanJda. 

Data Mapping 

In add1tion to supplying census data in tabular form, 
GRDSR a!so includes a f:.~ciliry for data mapping. 
MAPPAK. which incorporales 1he Harvard mJpping 
pac·kagc SYMAP, is a runarkahk featurt: in that 1t can 
accur:llcly <.kp1ct the d1stribut10n of data values over 
any :arc:a in gr.aph1c;,d i'<)rm. Tlw. typc of map i~ particu
larly useful m lo.:atmg arc.:a~ wherc.: ~:>.tr::mc v;.¡lues of 
sorne factor occur, and Ci..ln he used to revcal problcm 
areas ata ghmce. 

Both TARELA and MAPPAK are g.c:neral-purpose 
fea tu re~ of G RDSR, by no IneJns llrniicd to census 
appl,cations. TARELA. .. 111<1 :-.·1APPAK ,!fe further de
scnbed 111 Fcatt..res .tnd Comj)onc:nts, p<.age 10. 

General Appiic~ilions 

Geocoding applicatiCJns can be scrvcd hy mi..lny data 
base~ in addJlion 10 thc C'ensu~. The ~ystt'rr. is designcd 
10 geocodc.: many types of address-identiíied files, pro
v¡ded rhcy origin:1te in one of .the larger Canadian 
urban centres (Sce hgure 11, page 5.) The GRDSR 
progr:.~ms will be .,v.,il..1bie to muniCij)al us..:rs wishing 
lo geocode Joc~11 datél ba;,es. Ex..imples of \UÍtablc data 
bases 1ncludc ..~~,~~~mcnt rolis. tr.lffic ~urv.:ys, ho!>pital 
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and welfare records, marketing surveys, school census 
data and certain accident, fire and police records. 

Municipal Admini'ilration and GO\·ernmenl 
Public Services: Research studies are being conducted, 
using geocoding, to determine the frequency of acci
dent, fire and police reports originating from various 
sections of largc cities. Such statistics would clearly be a 
s1gnificant aid in planning or re-allocating municipal, 
r~sourcl!~ and services; the use of GRDSR is possible 
whenevcr records of such, inc_idents are address
id~:ntified. 

Education: A new method for planning the location of 
new schools and school districts is now possible through 
geocoding Facts related to this application may include 
the concentrations and age distribution and projected 
growth rates of school-agcd children within the 
communuy. 

The routing of school buses is another application 
where geocoding offers considerable promise. GRDSR 
is ideally suJ.cd to providc statistics such as the geo
graphic distribution of school-aged children. 

Otht:r ~pplicatiom. include analysis of districts by 
such ~ocio-~conomic factOíS as country of origin, lan
guage, rehgion, occupation and income as an input to 
plJnnmg of day-school curriculums and adult-educa
tion ¡-.. vgrams. 

Urbau Planning 
lntercsb 10 the urban planning arca include study and 
ai1 .. dysi~ of planning wncs, optimiLing the location of 
cuy ~crvices and facilities, planning of mas~ transit and 
;,¡naly~i~ of potential urban renewal arcas, land values 
and housing data. 

In pbnning thc route of a new city transit system, 
for · instance, the startJng points and destinations of 
potcntial u~ers form a dchnue network or pauern. Sub
JCCL 10 further analy~is, !>uch as transponation model
llng. th1s network can havl! dec1sive impact on the final 
route cho~en. 

Further po!>sibilities include planning of municipal 
!>t:f\'Íces <lccording 10 socw-economtc factors such as 
po?ui;Jt.on d~:nsity, language. and income within se
lected urhan wnes. New approachcs 10 planning the 
r.ature and location of wclfare !>ervices may also become 
pos~ible. 

Mt!dical Scn·icc'i 
Typical probbns include planning thc location of hos
pitals, out-paticnt clinics and medic:ll centres, and the 
establishment of a gcogr:.~phically-rcferenced inventory 
of nurses. 
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Jnduslry, Commercc :.llld Utilitil-s 

Geocoding has played a part in the allocation of facili
ties and services such as telephonc exchanges and bank.s. 
Other applications include population and demographic 
studies of city areas, the planning of marketing rones 
and radio and ·television coverages, the opt.imizaüon of 
retail store location in terms of customer proximity and 
resource allocation problems faced by oii, hydro and 
gas utilities. 

A number of simulation and modelling techniques 
exist for solving network problcms in the commercial 
transportation/dJstribution arca. Typically, data related 
to sorne grid pattcrn conslitute an essential requirement 
for this approach. G RDSR is an ideal research too! to 
help meet this need. 

Universitics 

lnterests include cconomic, polilical and social studies 
of neighbourhoods, electoral districts and socio-eco
nomic research into city arcas defined by such factors as 
country of origin, language or income. 

Health Scrvices Planning: A Potemial GRDSR 
Application 

A numb..:r of factors influence the choice of location for 
a new hospital or h.:alth s.:rv1ces clinic m a major city, 
such as accessibllity through maJar traflic arteries, avail
ability of prof essional staff, ar.:a~ most m nt:ed of 
SCfVICCS. 

GRDSR can he panicul...rly hdpful in deciding 
which city areas are most in nt:cd of proximal medica! 
facilities. One approach is to find out where past pa
tients have iivcd and what medica) services and equip
mem they rcquired, using city hospital records. 

Hospital visitation records bear, in addition to 
rnedical cor.tcnt, an addn:~s idcntilier for every patient. 
Tht.:refore g~:ocoding operatiom can, in most cases, be 
c .. rried out on thc v:~itation records. Through GRDSR, 
con~1daabk st.llistical infornutwn c;,n th~:n be gener
atc:d (for ;r.~t:.nce, the incJd..:r~t.c: of hospttJI visits ong
inating from t.:ach and every ponion of tht.! city). The 
retrieved ;ni,)rmation can b~: cross-tabulat~:d by the ty¡x: 
of medica! ~crvices requircd or hy any other ítem of 
informatior: contained in thL" orig,1nal records. For ex
ample, the .n~·Jtknce of var;ous dise3sc:s, Jllncs~cs, or 
!>pecial hcalth problem5 10 certain city arcas can be 
a!>certaint.:d. Such St3llst ... .:~ c:.tn prove to be an invalu
able aid m dc:termimng which cuy arcas would best be 
scrvcd by ncighbourhood medJcal services or a ncw 
hospital. 
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CONCEPTS ·ANO METHODS 

Review of ~mall-area problcms 
An urban planner, faced wilh comparing the expropria
lion co51S. of severa! expressway routes., might attempt to 
use mun1cipal assessmcnt files and find that records 
wac identifi.:d by addrc~s.. city wards or in sorne other 
way. To obtdin statistics ahoul land values and dwelling 
types, 1he file must be inspecled one record ata time 10 
determine which data lo include in estimates for the 
propost:d expropriation area. The expense of lhis ap
proach has been prohibilive but, until recently, few 
alrerna1ives were available. 

Another type of requirement, now directed to the 
census, might be phrased as follows: 

"A tabulatiun of the number of people residen/ 
in the Toronto area bordered by Summerhi/1 
Avenue, Yonge Stree/, Mount Pleasant Ceme
tery. and the boundary for East York is re
quired. Break this tabulation down by age, sex, 
incomc, cuuntry oj origin and occupation." 

Altern:ttive:y, another request migh1 read: 

"J>rowde the same statistics for the area named 
Ward Five, as outlined on the auached city · 
map." 

Such requcsts have been ddlicult 10 service, since census 
d.:ita have been summarized by census tracts and enu
mero.itJOn arc:as, which may no1 coincide with the re
quirc:d boundaries. 

To solvc ~mall-art:a data rcquests economically, 
St..1tistics Can:.~da required an dfic1cnt system to repeat
c:Jly assemble and tabulale information according 10 
arb11rary special-interest arcas. Before describing 1he 
conceptual aspects in d..:tail, let us expand upon the 
operational stc:ps in GRDSR. 

Bc:fun: a data ba.~e can be geocoded, each record 
mu~t be <.~~signed sorne rcference code which identifics 
the record to m proper gcographical source. In 
GRDSR, tht: source of cach n:wrd or data observation 
~~ prc:ctsdy located using a comprchensive geographical 
coord1n<.~le sy'>tc:m. Each record IS a~signed a coordinate 
vaiUt:, or "key", which actually becomes part of thc 
rrcord dunng thc gcoc.;oding opcr..stion. The geocodcd 
file 1S then ston:d for latcr use Ultimately, at retrieval 
t1me, G RDSR aulomatically idcnttfles each query arca 
wilh a list of cüordinatc value~ and, using the coordi
nate v.tlues as keys, rctnevcs the precise set of data 
records rc:ljulrcd. The n.:trieved information is then 
summ.Jrized Jccording 10 the tabulation request; the 
user rcccJ\:es ~tati~tics 1n 1he form of a convenient 
re port. 
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The UTM System 
The coordinate system chosen for G RDSR is known as 
the UTM (Universal Transvc::rse Merc<.~lor) System. 
UTM is an established internat.ional convt:nt.ion for 
specifying point-localions on thc:: globe, and is shown on 
the popular Nalional Topographical Map Series pro
duced by lhe Depanmem of Energy, Mines and Re
sources. This system divides the globe into 60 vert~cal 
zones. Altogether, 16 zones cover the land mass of 
Canada. Each zone has a width of 6 degrees longitude 
and a central meridian which becomes the vertical axis 
for the zone. The horizonal axis is formed by the earth's 
equator. 

• 

In un.t, poínl-locations within a z.one are based 
on two distances in metres (one eas1ing, one northing) 
from the z.one axes. The central meridian is assigned an 
artificial value of 500,000 metres eas1ing; the equator is 
assigned the value O. Distances are measured on a plane 
rectangular grid onto which the zone's surface features 
have been projected. The two values are combined with 1 
a zone number to arrive at a unique coordinate value ·. 
for every point on the land mass of Ca nada. 

For example, the UTM coordina tes of the Peace Tower, 
Ottawa, are: 

Zone X Y 
18 445177 5030250 

In this way, the UTM coordinates seem 10 define a 
point-location 10 the nearest m~:trc, although the projec
tion of the earth's surface onto a plane grid introduces 
minar distonions. 

Basic definitions 
Points at which strects inter~ect or curve sharply in lhe 
city pallern are referred 10 as nudes. Every street is 
represemed by a scries of nodes connected by stratght
line segmenls. 

A h/ockjace 1!> defincd as ont: side of a city street 
between comccuuve intcr~ect1on~ with other streets. 
Thus, up 10 two blo..:k-fan:~ \.·,,n bc forml:'d by a pair of 
adJacent nodc:-., cach locat;;d at " f,¡ur-w..ty stn:et intt:r
section. Howt:ver, a block-facc:: c .. n abo l.!ncornpass sev
era! nodcs. For cxamplc, a hlod-facc may contain one 
intermediatc nodc mdfking a ch.wge 111 direction and 
ano1her node 1epresenting an llliCf!>c<.:tJon on the oppo-

site side of the strcct only (sce F1gure lll, page 7 ). ' 
Whtncvcr J block-face is w be fl)rmed by a pair of 

nodes, lhese nodes must constitule 1he bcginning and 
end of a valid civ1c addre~s range. 

In this wJ.y, bíock-Ltces kcome the basic building 
blocks u~cd in the G RDSR Systcm. 
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VVhy addresses are nccessary 
The GRDSR System is partly based on the premise that 
most agency records and survey responses are identi
fied, geographically. by the addresses of respondents. 
An addrc!SS is the starting point in coordinate assign
ment, bt:CílUSe every street address in an urban centre 
can be identified as belonging to sorne block-face. 

How addresses are converted into coordinates 
In GRDSR, all street addresses along a block-face are 
assigned, and share, the coordinates of the block-face 
centroid, which is simply a reference point offset from 
the street midway between the two nodes forming the 
block-face. During the conversion operation, the ad
dress of each- record or data observation is matched toa 
blod-face. (using a list of valid street names and ad
dress ranges). From there, the correct centroid is known 
and its coordinates can be added to the record. 

The Aren Master File 
The ~ctuál ~..:ocoding operation (or assignment of coor
dmates to Jata) is carried out using GRDSR compo
nc:nts kil1'wn as Area Master Files (AMF), which will be 
de3cribeJ in detail in Features and Components, page 
10. 

Area Master Files contain a logical representation 
of a!l city strcets, plus sorne other features, in computer
re:.dable form. An AMF refercnces every street, address 
range, block-face and ccntroid coordinate in the cov
ered are~. Abo itemizcd are other features (such as 
railroad trach, rivers, and municipal boundaries), 
which help users 10 choose query areas. During the 
geocoding operation, centroids are obtained by match
ing addresse:. against street names and address rangelo 
wuhin the Area Master File. (In this way, address 
Tdnges can be tllought of as reprcsenting the actual 
building blocks, rather than block-faces.) 

Area Master Files have becn created for major 
portions of 14 Canadian urhan centres, wh1ch include a 
101~1 of 16 cities (~ee Figure 11, page 5). These files 
lc!fc:rencc! more than 225,000 block-faces, correspond
mg to a population figure of approximately seven 
mdlion. 

Rural Gl~ocoding Coverage (1971 Ccnsus) 
The 14 Area Ma~ter Filc:s have alrc:ady served to geo
code certain urban portJOns in the 1971 Census. For the 
remainder of Canada not covered al the block-face level 
(urban dnd rural), census geocoding, as already noted, 
has been carried out using standard enumeration areas, 
w11h one centrmd a~~ign..:d to the approximate popula
tion n:ntn; of each. Er.umc:ration Areas outside Area 

8 

Master File coverage number more than 27,000. Tab
ulation requests for query zones in .rural areas or in lhe 
urban shadow of devcloping urban areas are easily (and 
automatically) handled using centroids at the EA level, 
the block-face leve), or both. During retrieval, inaccu
racy in data selection at the EA leve) is minimized by 
the choice of centroids near the population centre and 
by a process of compensation, whereby errors from 
including or missing centroids in a query area are self
cancelling. 

1 

1 
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ADVANTAGES, LIMiTATIONS 
Of CONCEPTS 

Choice of block-faces 

Block··faces bec.ome 1he linest leve! of resolution possi
ble when each cluster of data observations or survey 
records be!onging to one block-face share the same 
centroid coordinare. This is a logical outoome of the 
building block principie adopted by GRDSR. 

As onP. alternative, geocoding lo the land parcel or 
household leve! achieves higher resolution which may 
be desirable for sorne purposes. This approach rc::quires 
extensive local research. Sim:e block-face resolution is 
expected to satisfy the vast majority of geocoding re
quests, Jand-parcel geocoding could not be justitied for 
a Canada-widc system such as GRDSR. 

A second alternative was lo identify data by city 
block, a poorer resolulion. However, this approach 
would not have allowed uscrs enough ftexibility, since 
the intcgrity of city blocks would have to be respected in 
specifying qucry arcas. For instance, it would not be 
possible lO obtain tabulations for one side (or both 
sidcs) of a city streel. 

The choire of block-faces as basic geocoding build
ing blocks has severa! implications. All observations 
originating from one block-face bear the coordinate of 
iLs declarcd centroid. As a result, the integrity of block
faces should preferably be respected in specifying-query 
arcas for retrieval. They should not be split: obser
vations referenccd to a split block-face will appear in 
thc rcsults only if rhe query area includes the block-face 
centroid. If not, the obl>ervations are missed c:ntirely. 
Another implication is that geocoding to the household 
or land pared Jevel (each individual propeny bears a 
ccnlroid) is not possible using this sy!.tem. This may 
pose dcfinite restrictions on municipal services, engi
neering and land-banking applications where higher 
rcsolution is required. 

ldentification by street :address 
Statistics Canada recognizes that a majority of statisti
cal survf!ys and agency records are address-idcntified 
and providcs for this with a System component kT10wn 
a!. thc Postal Address Analysis Sy!.tcm (PAAS). 

In gcocodwg a lile, addrc!.!>cs are analy:t.ed and 
convcrica to ccntroid co-ordinatcs. Bccau!-:e the conver
!>ion is done by computcr, complete addresses must t:e 
decomposed into scparate, clearly identified compo
nents (such as street name, type, house nurnber and 
municipaliry namc). Because PAAS achieves a high 
efficicncy and success ra te, add re:.s ~pecifications of rela
tively poor quality can still be geocoded. This feature 

clearly extends the scope of GRDSR applications. ~íMc 
information about PAAS is pro..-ided in Fe;¡tures and 
Componenrs, page 10. 

However, GRDSR cannot perform the geocoding 
operation on records which, by their nature, an: no! 
identified to street address.es. Certain c:ty facilities. such 
as sewers, gas and hydro lines, traffi(: signals and over
head structures may be of intere!.; from a geocoding 
standpoint. In this case, the user must geocode the file 
befare submitting it to G RDSR. 

Choice of coordinare system 
While UTM is ideally suited to geocodíng at the block
face leve! it has sorne limitations in bnd survey and 
civil engineenng operations where the 3 Transversl! 
Mercator System is more accurate, and thus a frequem 
choice. However, programs are available to convert files 
geocoded with the UTM system to 3 TM and vice-versa. 



FEA TU RES 
ANO COMPONENTS 

The Arca Master File 

How an AMF is crealed 

Geocoding starts with an accurate street map. A large
scale, curren! map showing block-face address ranges is 
required, together with an up-to-date street index. After 
the map is divided into sections a node is assigned to 
each street intersection. Nodes are also assigned to 
points where streets begin, end or curve sharply. A non
distorting overlay is prepared for each map section and 
the position of each node is marked on the overlay. · 

Once serial numbers have been assigned to the 
nodes, descriptive codes for every street segment are 
transcribed onto a specially-prepared form. The codes 
include feature names, types, directions, nade numbers, 
and addresses at the intersections. Then the overlay is 
placed on a digitiz.ing table. The digitiz.ing equipment 
measures nade positions relative to control points on 
the overlay. and generales one horizontal and vertical 
"table" coordinate for each nade. Since the UTM coor
dina te~ llf the control points are known in advance, the 
UTM ~.:oordinates for the nodes can then be calculated 
from the table coordinates. During subsequent com
puter proccssing, centroid coordinates are calculated for 
each blnck-face using the coordinates of the two nodes 
b<Hclc:ttng the block-face. Finally all items are merged 
to c.-~ate an Area Master File for the city (see Figure 
lV<t, page 11 ). 

How the AMF is used 
Three operations, each related to address conversion, 
requtre files of information contained in the Area Mas
ter Ftle. To eliminate the maintenance and. updating of 
three 5eparate files, each is duived from a clean, up-to
date AMF as required. · 
(1) Street name lists are used by PAAS to verify input 

addresses prior to the assignment stage. 

(11) The Address Conversion File (ACF) is used to 
obtain centroid coordmates for input addresses 
once the PAAS stage is complete. Addresses are 
matched against block-face address ranges and 
the corresponding centroid coordinates are se
lected from the ACF. Geocoding is complete once 
centroid coordinates rcplace addresses in the orig
inal file. 

(iit) The Block-Face File was created specifically to 
geocode the 1971 Census. This file makes it possi
ble to link parcels of census data, which are not 
othcrwise addn:ss-identtlied, to block-faces and 
centr01ds. 

As a geographic base file, the Area Master File design is 

JO 

unique. The central concept is to provide a geographicaJ 
framework that is as practica! as possible for a variety 
of potential users, but efficient from a file creation/ 
update standpoint. 

A series of error-handling and correction proce
dures comes into play whenever Area Master Files are 
being buih or updated. Extensive computer check.ing is 
done to ensure that each node is linked to the correct 
street segments, and vice-versa. This process locales the 
majority of clerical errors. When each section file is 
complete, it is plotted at the same scale as the original 
map. The two maps are then compared to verify nade 
locations. Usually, further plotting followed by two to 
three update cycles, will produce a clean Area Master 
File. 

Local area breakdowns, such as census tracts, elec
toral wards, city wards, and other extra codes were 
purposely excluded from the AMF. Its design is such 
that th~se jurisdictions are easily constructed indepen
denrly of the AMF, but using the identical building
block technique. Because areal boundaries are con
stantly changing, their inclusion would have seriously 
prolonged the operation needed to build and maintain 
an accurate, up-to-date base file. 

Urban Street Maps 
Computer-plotted street maps are an important by-pro
duct of building an Area Master File. Because the AMF 
is a logical representation of city features, its contents 
can be used, in reverse, to create facsímile maps at any 
sea le. Plotting is accomplished using the G RDSR com
ponent, MAPMAKR (see Figure V, page 15 ). 

These maps have severa) purposes: 

- The best way to edit or validate an Arca Master 
File is to recreate the original map, using the plot
ter. Errors and inconsistencies are clearly 
highlighted. 

- They provide a return service to municipalities 
who in turn are aware of what updates are 
required. 

- The maps are supplied to users for outlining 
query areas and depict city features as seen by the 
AMF. 

Using MAPMAKR, maps can be produced to suit a 
variety of purposes. It is possible to pre-specify the area 
to be plotted and the scale required. Parameters are 
used to determine whether various options, such as 
nodes, feature names, centroids, address ranges and 
control points, will appear on the final plot. 
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Postal Address Analysis Syslcm 
Addressing conventions vary according to Jocality, lan
guage and post office regulations, but few comprehen
sive systems are available to digest and organize a file of 
slreet addresses. The PAAS system is a flexible and 
inexpensive device for accomplishing this job. For geoc
Dding applications, addresses can originate from any 
city having an Area Master File al Statistics Canada 
(see Figure 11, page 5 ). Otherwise, P AAS can re-struc
ture and Drganize virtually any address file in use tDday. 

While the number of addressing conventions 
across Canada is considerable and many conventions 
often appear in one file, PAAS consistently demon
strates a high success rate at exceptionally low cost. In 
its current version, it accepts street addresses (including 
municipality names) in completely free formal and de
compases each address into severa! elements such as 
street name, street type and direction. The addresses are 
thcn matched against a subset of the Area Master File 
(the Address Conversion File) and, if the match is 
;uccessful, a centroid cDordinate is assigned tD each 
record in the original file (see Figure fVb, page 13 ). 

Thc tlcxibility of PAAS is enhanced through pa
rameter!> which are passed to the program when geoc
oJ¡ng starts. These parameters improve PAAS efficiency 
by inJicating the nature and characteristics of the in
co'r, "n g a d d resses. 

Significantly, the entire conversion process is ac
comphshed al an average cosl of less than one cent per 
address. 

Thc Query Area Library 
M..~ny users are expected 10 submit special-purpose ar
ca!. for Jata retrieval and refer ID them repeatedly in 
malmg requests. Statistics Canada also expects continu
ing requests for census stalistics arranged by the tradi
tional standard areas - provim:es, counties, census 
iracts and enumeralion areas. (Aitogether, there are 13 
distincl set~ Df standard census arcas, each set covering 
rr:Dst of the seuled area of Canada. The 13 sets com-

'_ pri~c more than 53,000 separa te areal units.) 
Befare informalion ahout any query area can be 

retricveJ, GRDSR must ddine the query area in terms 
of the geocoded data base. Definition is accomplished 
by dSSOCl:Hing thc area namc with "pointers", which 
ind1c.t1e preci~cly where the desired elements can be 
faund. Po1n1cr ~cts for ealh <;t:.¡ndard census area and 
for special-purposc areas .lfl: J..ept in a systcm compo
nen! calkd the Query Are<~ Library. A QAL i~ opcned 
~recific .. dly for each new ddt~ file stored in GRDSR. 

In normal practtce, u:-.crs outline the houndary of a 
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special query area on a map. Verlices along lhe bound
ary are located using a digitizer so that their positions 
can be converted to UTM coordinales. A computer
programmed algorithm is used to lest whether each 
successive centroid coordinate in rhe data base belongs 
in the query area. Finally. the coordinates selected are 
converted to pointers, which serve to locate the corre
sponding data elements required. 

To avoid repeating this process, frequenrly-used 
area names are stored in the Query Area Library. Each 
area name is associated with a sel of pointers. Areas 
that will be requested often and by different users are 
stored in a portian of the QAL reserved for permanenl 
areas. Other area definitions will be stored for a limited 
time in the temporary QAL. Severa! other methods for 
designating query areas are described in Operations. 
page 18. 

STATPAK 
STATPAK was developed for GRDSR as a generalized 
program to retrieve statistics efficicntly by arbitrary 
areas. Users communicate with STATPAK through the 
problem-oriented Janguage TARELA and receive statis
tics in the form of convenient, easy-to-read tables. 

How n file is stored 
STATPAK's efficiency is made possible by changing the 
structure of an incoming file after it has been geocoded. 
lnstead of keeping all data characteristics for a respon
dent together in one record, each data characteristic is 
handled separately. The entire sel of responses for one 
data characteristic are assembled and stored as a contin
uous string. Because more than one record is usually 
auached to each centroid coordina te, an index is built to 
locate precisely where the responses for each distinct 
coordinate value are found. The indcx is then used lo 
provide pointers for new query arr:as befare they enter 
the QAL. 

Complete strings of data charactenstics are finally 
stored on din."Ct-access devices ano a Query Arca Li
brary is eslablished for thc file. 

To visualize the final geocoded data b¡Ise, imagine 
a huge malrix. Using the 1971 Census as an example, 
21.6 million people counted in the census are arranged 
vertically in order of thcir ccntroid coordinare~ along 
the left sidc. Approximatcly 120 data charaw:ri~tics 
form vertical parallel strings suspended from the top of 
the matrix. Instead of storing all rharacteristics for a 
person in a self-contained record, one ~tring is crcated 
for each characteristic (such as age, sex, marital status, 
income or occupation). Thi!> mcthod allows each stnng 
tD be compressed lo occupy the Jeast possible spdce for 
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the information wntained. As a result, the use of costly 
direct-access storage space is minimized. 

During the storage operation a name for each data 
characteristic is retained along with code names for the 
values the characteristic can assume. The names appear 
in a document called the Data Dictionary which is used, 
in turn, to code TARELA requests. The problem-ori
ented nature of TARELA rests on these names, because 
they are chosen by subject-maller specialists when files 
are ~ubmilted to GRDSR for geocoding. 

How information is retrieved 

After STATPAK accepts and analyzes a TARELA re
quest, it generates a tailor-made program to retrieve the 
data. Th.e program is then executed. 

The operating advantage rests on large files where 
only a small portian is accessed at one time, that is, 
whenever tabulations are requested for small areas or 
relatively few data characteristics. Because data are re
tneved m d;rect-access mode, the actual execution cost 
JS stnctly dcpendent on the cxtent of the query area and 
on the nature of the tabulatJOns required, not on the size 
of the whole file. In a file of 1.5 million records, the 
costs of a tabulation vary from $30 to over $100, 
depend1ng on the number of rccords lo be retrieved. 

Any file which has tixed or variable-length records 
wllL geugraph1c identilicauon (ideally UTM coordi
n;.des) n¡ay be reorganizcd into a form acceptable to 
STATPAK. Written in PL/1, STATPAK ts a set of 
modules a~~..:mbled into a tailor-made source program 
for cach new TARELA request. The tailor-made pro
g¡am i!. exceptionally efficicnt because it immedtately 
Jo¡;atel> thc requircd data string and accesses only those 
portions bclonging 10 thc user-defined query area. lt is 
erased when the final tabuldtion is complete. 

STATPAK is implemented at Statistics Canada on 
the System/360-65, under OS/MVT and HASP, and 
occupie!. roughly 150 K bytes of core storage. 

TARELA 
Tabulation requests are coded in a highly user-oricnted 
language l·alled TARELA, requests in which are sub
mttted Jtrectly to the !>)'Stem and will normally be re
turned within ont: or two days, depending on the com
puta worl...Joad and thc ~11.e of whulatiom requested. 

AS a data rctr¡eval bnguage TARELA offer!. stg
ndkJnt advantagc!. It sp.trc~ non-programming users 
the twuhlc of wnung rctneval reque~ls for subscquenl 
ctnaly!>iS and programming. and tt frces progrJmmers 
and Jnalysts for more (Ornplex work, such as retining 
thc GRDSR System. ProgrJmming. debugging and 
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testing delays are bypassed. Finally. potential communi
cations problems inherent in dealing with diffcrent pro
fessional groups are avoided because thc ultimate user 
can himself communicate directly with the data base. 

To write a TARELA request, users must have ac
cess to the appropriate Data Dictionary created when 
their data base was geocoded. A standard data dictio
nary for the census files will be available to mterested 
users. Using the dictionary, each response characteristic 
(i.e. age, sex, occupation) is selected by name and code 
words representing numerical values appearing in the 
data base. The user can also spec¡fy appropriate func
tions (such as· a COUNT of persons satisfymg sorne 
criteria, or SUM and AVERAGE of a set of retrieved 
data values). As the request is formulated, cnded infor
mation is simply written after cach TARELA keyword 
as shown in Figure VI, page 17. 

Data Mapping by Computer 
MAPPAK is a facility to display spaual distributions of 
a stallstic in the form of a mJp. MAPPAK operates as 
an interface between STATPAK and SYMAP, a map
ping program devéloped at the Laboratory for Com-
puter Graphics, Harvard University. 1 

Reading statistical data from a map often has com
pelling advantages over having thc ~:.Jme Jnformatwn 
tabulated in report form. lnspection of the map can 
instantly show where extreme values of sorne function 
occur. A map can highlight problem areas al a glance. 

MAPPAK can be used 10 stratify data v;,¡Jues into 
severa] classes or to fillt:r a data ch:traueristtc. Thc 
results are shown as numhers oras shadcd arcas on tht: 
paper surface. 

For instance, if a MAPPAK uscr is interested m 
census data, the distribution of average im:ome can he 
depicted in many levels of shading over a l'ity area. Or, 
a user can specify that an area be subdiviued into 400 
by 800 foot rectangular cells, wuf the average nurnbcr 
of children per family shown as;.; number wnhin each 
cell. To illu~trate the liltering charactenstic, MAPPAK 
can be requestcd to shade uty areas wherc h;,¡lf thc 
population JS of foreign origm, or where a ma.1ority of 
families renl rathcr than own homcs. 

The umform data areas gencrilted by MAPPAK 
can t¡¡J..e m.tny form:. llsers can requc<;t d;tta n:L1ttvc to 
any gnd lcll p.dtern, hy rel'l:tnrlt:s of dll)' StLC, or ln 
terms of c.:oncentric cirde~ At one extreme, a detta value 
can be mapped for cvery centro¡J point m the Clt)' are:~ 1 
(subJCCt to confidenttality constrJint~). Al the othcr ex-
treme, a single data value for somc arbl!rary area 
~ketched on a strcet map can be obL11ned. 
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MAPPAK incorporales all SYMAP facilities in
duding contour mapping of surface data, classification 
of data values within arbitrary, pre-defined areas and 
summing the distribution of a set of data values. lt has 
the. ftexibility to display detail down to the finest leve! 
on the data base (the block-face) and can generate maps 
19 any desired scale (see Figure VII, page 19 ). 

Again, it must be pointed out that the routines for 
confidentiality checking will be applied when MAPPAK 
is used to retrieve data from the geocoded census files. 
The routines will operate in the same manner as for 
regular statistical tabulations. 
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OPERATIONS 

Handling u~er Surveys . . . 
Many gem:oding applications are of mterest to mumcl-

al :.~dministrations. GRDSR can be used lo access 
fnrormation of significan! importance to urban plan
ning and admini~trative processes. Severa! possible ap
plu.:ations were described on page 4. 

l.cocoding and Oara Slurage 
Thc:: geocoding operation can now be carried out in 14 
J..rger Canad1an urban centres having Area Master 
FJic:s .JI Statistics Canada (see Figure 11, page 5). Since 
G RDSR is fully computerized, input files can be in 
ma,:h1ne-readable form (such as punched cards or mag
netic tape).' Any unusual address structures in the input 
file may reyuire definiuon prior ro submission. Once the 
user has provided a description of the file (including 
record length, variable names and values, address loca
llon, etc.) geocoding can begin. This can happen in one 
of two ways. Users in the pubhc sector (municipal, 
provinc1::~l, and federal governments) who have suitable 
c.tlillpilting fdcilitte~ may obtain the GRDSR System for 
the1r o-... n use. In other cases this operation as well as 
suh~e•:u,·nt data retrievals mdy be carried out by Statis
uo Caruda under (;Ontract. 

In either case the acwal processing phases are 
;,s (dllows: 

- To geocode the input file, address identifiers are 
removed, analyzed and used to assign a centroid 
'onrd1nate 10 edch n.Tord. 

- D;11a l'harJcteristll'\ are ¡:athered togcther and 
arranged Jn stnngs. The re-organized file, together 
w1th control 1nformJt1on descnbmg the strings, is 
.;¡ored on direct-acce~~ dcvH.:es, ready for data 
IC:IfiCVaJ. 

-A Query Art!a Library is opened for the file. 

Ftn.tlly, a Data Dictionary for preparing 
TAld-.:LA requests is created. 

D.II.J Rctrieval 
-\n) numher of retrievals c'an be carried out once the 
qur.agc upt."ration JS complete Definition of query areas 
(or the retrieval phase can also be done in severa! ways. 
fnili..a!ly, 11 will be necessary ll1 outlme the desired query 
¡¡rcas. on a city rnap, ni:lme them clearly, and submtt 
the~e ~pecifications along w11h the tabulation request. 
For m~tance, yuery are.J~ for a municipal· retrieval 
rntl!ht be defincd as "Piannmg Zones l. II, III, and IV". 
:'-.1:~pped query arca bounddf~s are then digitized and 
c"n\erted to UTM. At thís point, the arca definitions 
ttrc: storeJ in the Query Arca L1brary C'pened specifically 
for thts lile:. SubseqiJent tahul.ilion Iequest!. for these 
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areas can then be referred to the QAL for definition 
rather than repeating the UTM conversion operation. 

From this point onwards, ir is possible to obtain 
data tabulations through the GRDSR System. 
TARELA is used as a vehicle for the tabulation request, 
which is coded using the Data Dictionary. For instance, 
if the input data base was an assessment file, a tabula
tion of assessed value for various dwelling types could 
be specified using convenient characteristic na mes (such 
as "VALUE". "DWELL TYPE"), area names (such a~ 
"PLANNINGZONE4"), file names (such as 
"ASSMFIL6") and parameters indicating the formal of 
tabulations desired. 

Requests for further tabulations can be handled in 
a similar manner. Tabulation requests can be processed 
with exceptionally quick turnaround once files have 
been geocoded. 

How users can specify areas 
An importan! feature of GRDSR is that it accepts area 
descriptions in severa! convenient ways. 

Outlines on maps 
Users will probably find it most convenient to outline 
q uery are as on a map. In most cases any convcnient 
map can be chosen. Statistics Canada is producing cop
ies of computer-plotted city maps, which are parucu
larly appropriate for graphically displaying block-faces 
in each city area. Outside the urban areas of block-face 
geocoding coverage, users will be advised to use the 
National Topographic Series (NT3) maps prl)duccd by 
the Department of Energy, Mines and Resources. The 
importantthing is that users choose an appropriate map 
scale, then mark out and name query arcas as clearly 
and as accurately as the problem demands. 

Defined by features 
lt will be possible to specify a qucry area in terms of 
known features (rivers, ~ueets, raiJro¡¡d tracks). For 
instance, an Ottawa user could describe in writing that 
Research District No. 5 consists of an area bounded on 
the north by St. Patrick Street, on the t.:i:ISt by Chape! 
Street, on the south by Templeton Street ¡¡nd on the 
west by Nelson Street. lt i5. possible to reque~t data for 
street-oriented query areas in the same manncr. For 
example, a w¡er could request stattstics for one side of 
R1deau Street, in the muntcipality of Ouawa; from 

.Sussex Orive to King Edward Avenue (odd-numbered 
!.tde, even-numbered side, or both). 

Rather than submit a list of feature n¡¡mes, users 
can define arcas by a set of node numbers copied from 
the computer-plotted city maps. Nodes are chosen at 

• 

• 
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MALE/FEMALE RATIO FOR THE CITY OF SARNIA 
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. points wherc thc boundary features intersect. Thus, the 
area pcnmeter is def1ncd by the nodes, which are 
m a H.:hcd to thl" A reil M aster File befare storing the area 
in the QAL 

Using ¡:rid coordinates 

UTM coorJinates can be used lo specify query arcas in 
two way":>. Data can be retrieved according to a lisl of 
indi,·idual ccntroids chosen from the Area Master File. 
Or, a set uf coordinates along a boundary can be used 
oy the systcm 10 calcula te an enclosed area. 

u ... ing arca names 
Once an area has been submitted using one of the above 
methods, its náme and description are entered and 
~tored, temporarily, in the Query Area Library. For 
subsequent references the QAL description will be ref
crenced directly by area name, bypassing the map con
ver~ion operation. 

Of course, all rcquests for census data by tradi
tional 5.tandard arcas will also be serviced through the 
Qucry Area Library. The QAL contains a pointer set 
ror ::ach province, county, municipality, census tract, 
en u mera tion area, and all other standard geostatistical 
;,rt~J~ u":>ed in the 1971 census. 

u ... lllg orher areas 
·;-~1e ~y~tcm permits addition and suhtraction of query 
.• re;¡s 10 forma new query area. For instJnce, a user can 
du:l1ne .1nd request statistics for six areas on a map, 
nan11nb these areas Area 1, Area 2, ... Area 6. He can 
;líen rn.¡uest further data for a ncw zone, defined as 
t'oll;~ws: 

QZON F 1 = Area 1 + Arca 2 + Area 3 
Ir Arca 5 is cont.nned w11hin Area 6, the following 
speu tic.II!On would result in a doughnut-shaped qucry 
Lone 
QZ0!\11:2 = Ar~:a 6- Area 5 20 

FURTHER INFORMATION 

Users who are primarily interested in census statistics 
using GRDSR may obtain further information by 

contacting: 

User Inquiry Service 

Census Division 

Statistics Canada 

Ottawa, K 1 A OT6 
Stalistics Canada is prepared lo provide assistance and 
further information to users who wish to geocode their 

• 

' 

own data files. Detailed system documentation will be 
available in response to technical requests. This infor- 1 
malion will be provided by a manual entitled A Techni· 
cal Description of the GRDSR System, followed by U ser 
Manuals for certain components. For further informa-
tion of a specialized or technical nature, please contact: 
General Survey Systems 
Methodology and Sys1ems Branch 
Statistics Canad¡¡, 
Ottawa, K 1 A OT6 21 
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A GENERAL DIGITAL TERRAIN MODEL 

Theory and Applications 

by K. Kraus, Stuttgart 

l. Introduction 

The term "Digital Terrain Model (DTM_l", previously used principally in 

connection with specialised problema in road construction, is applied 

in this paper as a generic term for all problems involved in digital 

height measurement. In accordance with K. Linkwitz and f. Silar (1], 

the DTM comprises not only a large number of terrain points whose X, Y 

and Z coordinates are stored on a digital data carrier and can be read 

by a computer, but also the computation for processing these recordad 

data. The theory of this computation is the main subject in the first 

part of this paper, while the second part deals with the application of 

this theoretical knowledge and presenta an overall concept of how the 

conventional contour plot can be replaced by a DTM. 

2. Theory 

2.1 Requirements 

The theory must ensure complete freedom in the data acguisition, i.e. 

provision must be made for the following data-acquisition instruments:-

photogrammetric plotters 

self-recording electronic tacheometers 

As regards point distribution, it must be possible to record data 

along profiles, with regular and irregular intervals between points 

along topographically significant structure-lines 

at randomly distributed, topographically significant points 

along contours 

• 
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ln addition to theae va~ioue point diatributiona~ which may also occur 

in combinationa, proviaion muat be mede for a ~ide range of Roifl! 

densities. 

Befare and/or during the proceasing, the measuring errors contained in 

the data ecquired must be eliminated. The main auch errara ar~ 

the scenning error, in the case of data acquisition in pr~filcs 

irregular measuring errara at the individual terrain points 

the terrain roughnees 

The demanda made on the theory by the terrain form can be ~ummarised as 

foll~wss 

continuous terrain with varying "wave" structure 

terrein break-linea 

displacements et man-made objects such as bridges etc. 

Great demanda ~re made on the theory by the different forme of ~ 

output. The main forma of output - independent of the data input - are 

as follows: 

contours from the original measuremente 

generalised cont~ure_~t various scales 

profilee along random planimetric lines 

marking of cut and fi11 surfaces as the besie for volume computa

tiene 

specialised ~aps (slope mapa etc.) 

2.2 Short discussion of various theoretical formulations 

The central problem of the DTM is one of interpalntion. far sorne points 

(referenca points), both position and height (reference values) are 

known, while for other points of either known olanimctr~ (interpolatian 

or prediction pointa) or height, the heisht and planimetric CC8rdinates 

reepectiv~ly must be found. 

In the first methods published (list in 111, 121 and 131 ), the conven

tianal gr.aphicel plotting procedures were transferred more or less un

changed to the comput~rs. The reference ~oints nearest to the prediction 
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point were found, and the contour points then interpolated linearly 

along triangle or other linea. This procedure was particularly we11 

adaptad to computerisation in (41, where the breaking-down of the 

triangles is eubject to the two conditions that the sum of the sides 

becomes a minimum, and that there ara no intersections of the sides 

of the triangles. Although satisfactory for specific purposes, these 

methods do not meet the requirements for an overall system, as laid 

down in Section 2.1. In particular, no measuring errors can be cor

rected, continuous terrain cannot be adequately approximated, and 

there is no provision for the various forms of data output. 

Other procedures are basad on the weighted mean of the heights of the 

adjacent reference points. The weights can be inversely proportional 

to the distances or to other parameters. The progress here, ~ompared 

with linear interpolation, was that the problem was now regarded as 

one of areas, and not of linea. Apart from that, however, these 

methods still do not meet the requi~ements. 

This consideration of the problem by area is aleo the basis of the. so

callad polynomial approximations. A least-squares adjustment is used 

to determine the coefficients of a polynomial in such a way that the 

nquare sum of the.residual height difference~ h, relativa to the poly

nomial surface, · become-s· a minimum. A -case of -this type is -illustrated--~- .. 

in fig. l. Let us take a 2nd-degree polynomial surface: 

2 + a . aY ( 1) 

• 
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H 

Z· 1 

r-------~----~-----r----+---~----~--------X 

y 

Fig.1 

Approximation by polynomial surface 

If there are n reference pointap there are n "error equations" in the 

1east-squares adjustment: 

H 
:1 ~ll 1 

2 2 
.1 ~1 ~1 ~1 ~1 ~¡Y¡ 

• + .. + 

H z ~nJ 1 
.2 .2 

X yn X yn .. 
,-.Yn n n n n 

or, in matrix notation: 

H=Z+h ..., Bx + h 

h 
n 

( 2) 

(3) 

If we introduce the relationships H "' L, 8 = A and h e -V~ the classic 

problem of least~squares adju~tment becomes particularly evident. In a 

least-squares adjustment, the "corrections 11 h must be assumed to be 

irregular measuring errors. In the polynomial appraximation illustrated 

above, the eize of the height difference h depende mainly on tne ocgree of 

the polynomial - and therein lies the difficulty with this method. If the 

degree is too 1ow, the polynomial surface is not flexible enough for 

apprcximation to the surface of tha terrain¡ if, on th~ other nsnd, the 

degree is too high, the polynomial surface 'more or less gets out af 
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control in ereas with few reference points. 

In 1911, at the Photogrammetric Weeks in Kerlsruhe, an interesting develop

ment of the polynomial approximation was presentad by representatives of 

the Rijkswaterstaat, Delft {5). Instead of ene polynomial of higher 

degree, the idea is to introduce severa! partial.polynomials of 1ower 

dsgree, which merge continuously with each other at the limita. This gives 

better approxim~tion to the terrain and avoids the dangerous oscillations 

which are a particular feature of high-degree polynomials. Another 

essential improvement is the propasad extension of the minimum condition: 

in addition to the square sum of the height differences h, sorne other 

parameters (e.g. the tilts) of the polynomial surfaces are also minimised. 

This means that, in areas with few reference points, the polynomial sur

faca tends towards the horizontal plane. By choosing suitable weights, the 

two components of the minimum condition can be given varying significance, 

i.e. it might be possible, in this way, to control the weights of the 

reference-point heights relativa to the size of the measuring errara in 

such a way that it is mainly the measuring errors which are left over. I t, 

is, however, precisely this determination of the weighting which corstitutes 

the problem with this method • 

• ~ 1 1 

Since the choice of correct polynomial involves certain diff¿culties, new 
1 

ways of solving the problem had to be found. In I6J, the writer discovered 

a statistical method which was proposed by Morltz in 171 for the inter-
' ' ' 

1 

1 

. polation of gravity values •.. In the meantime, K9ch J3f!.d_Lauer f 8 J, of th~~-- ___ _ 

Institute for Theoretica1 Geodesy at the University of Bonn, and other 

institutes in the United States have proposed that the same theory should 

be used in other program concepts - sorne .of th~m very different - for 

digital contour plotting. 

2.3 Deriyation of the basic equation for least-squares interpolation 

Previously, this basic equation was derived fr9m the minimum variance of 

the estimation error (see [9) inter alia). Be~ause of this condition, the 

method was known as "least-squares interpolati~n ". In [lO J, however, 

Mari tz récently propasad a new derivatio~ based on the familia.r mínimum 

1 
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principle of the conventional adjustment computation, i.e. v'Pv~ minimum. 

In this way, he devaloped the least-squarea ~djustment in a "general 

laaat-squeres model 11 • This givEs a generic model which connects the 

least-squares interpolation, which had previously been somewhat :.salated 9 

with the conventionel adjustment computation, while at the Game time 

clearly showing the mutual relationships. from now on, the Moritz de

rivetion (lOJ will be tgken es e starting point, and the theory will be 

applied to DTM requirements, 

The referencc points ~ i.e. the terrain heights - are divideo into three 

components (fig. 2): 

a) The t+end or determinant component, In geomorphological terms, this 

is th~ char~cteristic form of the ~err~i~. The trend is determined 

funct~onall~P e.g. in the form of a strongly over-determine~ poly

nomiaJ (eq~ation (l)). 

1· ' 1 
b) The correlated component. In geomorpholo~ical terms, this is the 

terrain detail. 
. i 

Beceuse of their ~ariety, these details cannot be 
1 . 

determinad functionally. In this sector, statistics are employed, 

based chiefly on variances and covariances. The variance is a 
, 1 •1 r 

measure of the size of the differences relative to thc trend 5ur-

face, while' the covariance is an indication of how closely adjacent 

points are correlated. The claser together the points, the gra~ter 

the cbvaria~ce. 

e)· The i~regul,r component or noisc. In .~rms of our probl~~, these 

are the measuring errors and terrain roughness, or elsa inEigni-

In con-ficant details which must be aliminated in generalisations. 
1 ' 

' trast to the correlated ccmponent, ther~ is generally no correlation 

between adjacent points. 
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Measunng error 

Correlated 

Fig.2 

Ground 
Trend 

How can these t~ree componente be related and determinad on the basis of 

the measured terrain heights? ConventJonal :adjustment computation can 
1 • 

only relate the trend to the height differerites h - also known as the 

centered reference values- (equation (3)), so that this formulation has 

to be developed twice (fig. 3): 

a) At each of the n r~ference points, the centerad reference value h. 
l. 

b) 

must be divided into the correlated component s. and the irregular 
l. ' 

component 

-------

r.: 
l. 

To define the surface of the-ferrain, the corúlla-ted- comp-orfeiit_s_. or 
l. 

sk must be found for each of a large number N of points. lf the 

trend~is known, it is thus possible to find the terrain surface at 

N poiAts and the irregular componeÁtS r.•at the n reference points. 
l. 

The N•correlated componente are combined into the vector 

6 
.1 

S, 

S 
.l. .. . 

1 

1 

1 
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'! 

Ground 

Fig.3 

By employing the trick of introducing a null~matrix O , ,, the equation (3) 
, n 1\: 

of the conventional adjustment computation can first of all be extended -

purely formally - to include the correlated components S: 

( 4) 

With the help of the vector 

and the matrix 

~here I is the unit matrix, equation (4) is changed to 

H = Bx +Av ( 5) 

lf ~e no~ change the term H = W, ~e can recognise the standard probl~m in 

adjustment computation, "condition equations with ~nknowns", which can be 

solved with the minimum condition V1 PV- minimum. To do this, P mus~ be r~-

placed by the following variance/covariance matrix in accordance with the 

two "corrcction groups" s and h: 



- 9 -

-1 

P= 

If we apply the formal equationa pertaining to "condition equations 

with unknowns", we obtain the result: 

X 

S 

= [ B'C - 1 8]-1 
hh 

-1 . 
B' C hh H 

( 6) 

(7) 

( 8) 

This means that we have a two-stage solution. Equation (7), the first 

stage, gives the coefficienta X of' the polynomial or trend function. It is 

important to note here that only the variance/covariance matrix chh and the 

original reference values H are introduced, whereas the correlated components 

S and their related variance/covariance matrices need not be known at thia 

stage. In the second step - equation (B) - we need the centered reference 

va1ues h, which can be computad as deviations from the polynomial values, 

and their·variance/covaTiance matrix Chh" The correlation matrix C of the 
sh 

correlated componente S is a1so introduced together with the centered 

reference values h. Since the correlated componente S must be determinad at 

A large number of points (N .... oo) in arder to assess the surface of the ter

rain, it is of particular advantage that equation (8) can be evaluated 

separately for each point to be predicted. If the point to be predicted is 

included with thereference points, the irregular components (measuring errors 

etc.) become evident as differences between the centered reference values h. 
l. 

and the correlated componente 

least-squares filtering. 

S. • 
l. 

This particular procedure is known as 

2.4 Additions to the theory of least-squares interpolati9n 

Up till now, there hRve been no stipulations as to how the necessary varianc~/ 

covariance matrices were obtained when applying least-squares interpolation 

and filtering to compute a general DTM. In the first stage, equation (7), 

the variances and covariances have the same~ significance as in least-squares 

adjustment. They play a subordinate role ~n comparison to the second stage, 

equation (B), which would break down witho&Jt a know1edge of the correlations. 

1 

1 

1 
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It is interesting to note that even correlations of the result S with the 

centred reference values h must be known. 

n.e computation of the variance/covariance matrix C¡,h and the covax:iance. 

vector e h for equation (8) from the centred reference values h has al-5 . 

ready beenidescribed in [61 and (9]: Empirical covaria~ccs are compu~ed 
as a function of the distar.ce, and these values are approximated as a 

covariance function by a bell-curve. The variance V generally appears as 

a point above the coveriance func~ion (fig. 4 in the following paper by 

Stenger). In sorne cases which will not be discussed further h~re. a 

straight line is suitable as a covariance function. 

This still does not answer thc question of how te obtain, in the first 

stage (equation (7)), the variance/covariance matrix eh of the centered 
h 

reference values-h, since these latter cannot be computed until this 

equation has been solved. In this case,, we can make use of one of the 

findings in conventional adjustment computation - that errors in the 

correlatione and weightings have only a slight effect on the accuracy of 

the result. In equation (7), we can thus replace Chh with the unit matrix: 

X e [ 8 1 8] -l 8' H ( 9) 

The resultnnt slight errara in the centered reference vnlues h are subse-

quently corrected' in the empiricul determination of t.he cov•lri,wce function 

und the evaluation of equation ( 8), Ar, i terative é1pproxima tion could ulso 

be applied: evaluation of equation (9) followed by empirical determination 

of the veriance and covariance function of the provisionally Centcred 

reference values h, and then computation of a provisional variance/cc

variance matri)( e which can be processed in a second step in P.c;uation (7). 
hh 

In least-squares interpolation, the choic~ of degree of polyncmial is again 

of interest. Compared with polynom1al a~proximation, howcver, the m~tter 

is considerably simpler. 

Extensive experience has shown that, once ~he map sheet has been sub-di-

vided into a number of overlapping computing units, ~ first or second-

degree polynomial is sufficient. Hw decisions can k,e mace as a function 

of the recording density and the co~rse of the covari~ncH func~ion, In [U], 
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Grafarend shows this subject, which will only be touched upon here, in 

an interesting light. for a 

also be expressed as the sum 

correlated component s., equatiori (8) can 
J. 

of the centered reference values h. and the 
l. 

coefficients 
-1 

a.' 
l. 

the latter being obtained by multiplying e• with 
s.h 

e hh: 
l. 

(lO) 

The correlated component s. is related linearlv (linear prediction) to the 
l. 

centered reference values h .• 
l. 

The particular fe~ture of linear predic~ion 

is that correlations between two points are introduced. These are known 

as two-point correlations. The change-over from linear to non-linear pre

diction. e.g. in the form 

S a•h + h' R h (11) 

leads, among other things, to three-point correlations, i.e. reciproca! 

correlations between three points. Jt is immediately evident that non-

linear prediction makes lower demands on the quality of the trend function 

than linear prediction. In many cases, it might even be possible to dis-

pense with equation (7) completely. Since non-linear prediction involves 

considerably more computation than linear prediction - and this latter is 

~lready very computation-intensive in comparison to other methods - linear 

prediction will probably be retained for a long time to come. The criterion 

of the three-point ~orrelations can, however, be used to achieve optimum 

separation of the trend. This is done by increasing the degree of poly

nomial until there are no more three-point correlations between the 

centered reference values •. 

2.5 Different interpretations of the basic equation for least-squares 

interpolation 

In view of the demande laid down at the beginning of this paper for compu

tation equations in a DTM, the basic equations for least-squares inter-

polation must be interpretad under severa! aspects. It is sufficient to 

deal only with equation (B), as the coverage of large-scale geomorpholo

gical features wi·th equation (9) does not pose any problems. 

1 

• 

• 
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Error-free t.erra.i n heights ano continuous terrain 
) 

In the case of error-free reference values or terrain heights, ~he 

v~riance V coincides with the peak velue C(O) of the covariance function. 

This means that the basic equation (B) contains these peak valuc3 C(O) 

along the principal diagonal of the matrix e . 
hh 

In this way, the terrain 

surface to be interpolated is forced to pass through all the reference. 

points. The numarical problems which may crop up in the process will not 

be dealt with here. 

Le¿st-squares interpolation adapta itself automatically to the shape of 

t~e terrain, which at this stage should not contain any break-lin~s or 

discontinuities. If the centered heights still contain large correlated 

componente, the empirical determination of the covariance function from 

th~ centered heights gives a very flat covariance function. lf the details 

of the terrain are more varied, the covar~ance function is steeper. This 

automatic adaptation to the shape of the terrain is possiblo only if the 

map sheet is sub-divided into relatively small computing units and the co-

variance function is determined for each unit. 

2.5.2 Terrain heights containing errors 

If the reference values contain irregular measuring errors, or if the 

irregularities in the terrain are of importance - ~.g. for mapping at very 

large scales - provision must be m2de for the variance to exceec the pe~k 

value of the covariance function, and the variance V must be introduced in 

equation (8) along the principel di.:gonal of matrix chh" In this way, the 

terrain surface to be interpolated no longer passes exactly through the 

measured terrain heights. The measuring errors are filtered out at the 

reft!rence points. The more the variance V deviates from the pe<Jk vnlue 

C(o) of the covariance function, the greater the v~lue filt~r~d ou~. 

In addition to these irregular measuring errors, the ~o-ca1led "scanning 

error" plays an important part when the data are acqui.ced in profiles. 

Adjacent profiles scanned in opposite directi•Jns tend to be slightly ciis

placed relative to cach other, particularly a~ high scann1ng Gp~eds and 

in the presence of sharp changes o~ slape. This camponent of the scanning 

error can ~'so be el~minated through least-sqiJares inter~olation, ~y com-

bin~ng all the profiles running in one direct~on into one group of reference 
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points, and the profi1es running in the other direction into a second 

group of points. Statistica11y, the two groups differ from each other in 

that the (auto-) correlation within each group is greater than the (croas-) 

correlation between the two groups of reference points. These auto- and 

cross-correlations can be arranged in equation (8) in such a way that the 

terrain surface to be interpolated is free of that component of the 

scanning error [12). 

2.5.3 Generalisation 

filtering can also be used for generalisation of the surface of the ter

rain, the degree of generalisation being contro11ed by the difference 

between the.variance and C(o). The following forms of generalisation can 

be app1ied: 

Uniform generalisation independent of the shape of the terrain. With 

a as the mean generalisation va1ue, the distance between the peak 
k 

value C(o) and the variance V is obtained ·from 
2 

C(o) e V - ak 

Re1ative generalisation as a function of the shape of the terrain. The 

variances of the centered terrain heights - assuming that the poly-

nomial degree of the trend function is the same in each case - ara an 

indication of the size of the d~t~ila in tl1e individuAl computing units, 

i.e. the variance in irregular terrain which has to be strong1y 

genera1ised is greater than in&mpler terrain. A fixed relationship 

between the variance and the peak va1ue of the covariance function thus 

causes the degree of generalisation to increase together with the 

degree of difficulty of the terrain. 

Accentuation of geomorphologically significant points and structure

lines. The first two forma of generalisation simplify the terrain 

within ea~h computing unit according to the same law of formation. In 

terms of equation (8), this is expressed by a uniform variance V along 

the principal diagonal of matrix Chh• At such points, and along those 

structure-1ines which are contained in the generalised picture and 

which must be accentuated to a greater or lesser degree in comparison 

to their surroundings, the distance between the variance and the peak 

1 

1 

1 
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value of the covaria:1te function mubt be reduced. This is an 

imitation of the cartographer's manual generalisation. 

In practicep all three forms of generalisation will be applied simul

taneously. Th~y are intended primarily for generali~ation of the 

terrain surface and only secondarily for all the val~ea derived from 

this. This surface generalisation was recently described by Gottschalk 

[131 as possesaing many advantages. It should be pointed out, in thiG 

connection, that we ha~e been carrying out surface gcneralisations of 

th~s type for about six months now. 

2.5.4 Terrain break-linea 

The statistical definition of,a terrain break-line is that there sre no

or only low - correlations across these linea. lf this criterion is 

applied to the basic equation (8), the covariance between those points 

joined by linee intersecting a break-line must be set to zero or 

suitably reduced. Reference points m~rking the break-line are correleted 

with points on both sides. In this way, it is possible to obtain the 

characteristic sharp bends in the terrain at erosion .furrows and man-made 

obje~ts. 

2.5.5 Discontinuities 

~iscontinuities in the terrain can be taken into account in the same way 

as break-linee. In this case, however, reference points along the line of 

discontinuity may be correlated with points on either ene~ the other 

side of the line, depending on whether they are on the upper or lower Sllr

face. Discontinuities of tnis type occur at retaining walls and brid~es, 

as well as along lines of dislocation in the case of geological d~posits. 

3. Applic~tions 

Data acquisition 

The theory presented here places no rest~ictions on the method of data 

acquisition or on the point distributi~n. Thc only req~irement is that 

the terrain ~nformation must be cont~ined in the referer1ce points. The 



- 15 -

data acquisition instrumen~ can be either a self-recording tacheometer or 

a photogrammetric plotter - or else both of these combinad. 

Self-recording tacheometers are preferred for small areas in particular, 

but they also play a certain role in the mapping of foresta at large 

scales- e.g. for the 1:5000- Germen Standard Map. A description of how 

these instrumenta can best be employed for data acquisition is given in 

!14 ). 

Photogrammetric plotters have more universal applications, ene of the main 

fields being that of data acquisi tion during orthophoto pr.oduction. In 

this case, the data for the DTM ere obtained more or less as a by-procuct. 

To improve the quality, the terrain points in the profiles are supple

mented by measurements along geomorphological structure-lines and by 

individual terrain heights at topographically significent points. 

Quite apart from the field of orthophoto procuction, however, measurement 

of the stereomodel in profiles, instead of plotting the contours, is 

gaining increasing importance. A model can be scanned in profiles in 

about half the time it takes to plot the contours, and this ratio in 

favour of profile-scanning can be considerably improved if the scanning 

speed is increased and ene delib~rately accepis a larger scanning error 

which is subsequently eliminated by means of the filtering technique 

mentioned above. Even in the long term, profile-scanning has the ad

vantage that it is much easier to automate completely than direct scanning 

of the contours. 

In addition, least-squares interpolation is also suitable for using digi

tised contours as initial data for computation of grid heights, profiles 

etc. This results in a general system in which, depending on the cir~um

stances, either contour or profile points can be stored, and the one then 

derivad from the other as required. 

In flat terrain, point-by-point scanning of the terrain in a more or less 

regular grid has been the preferred methoc in photogrammetry for sorne 

time now. Even in wooded areas, this point-by-point registration can often 

be applied when direct plotting of the contours fails. In such difficult 

1 
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conditions 9 it is easier to measure individual points stereoscopically 

than to follow contours in the stereomodel. The conditions when recording 

heights in densely populated ereas are often similar. 

This general data acquisition concept also takes account of the photo

grammetric plotters of the future. Of particular interest in this respect 

is the Epipolar Scanner [15] developed by Bendix. This instrument produces, 

inter alia, en irregular collection of points with X, Y and Z coordinates. 

3.2 A DTM as a substitut~ for a conventional contour map 

The benefits of electronic computation can be used to particular advantege 

if, instead of just proc~ssing' the data for the one special purpose in mind 

when the data were being acquired 9 the original data or the final results -

or even intermediate resulta containing the entire information - are stored 

en a peripheral data cerrier where they are later available in digital form 

as initial data for other problems. This is the idea behind the so-called 

"data banks". 

The many and varied purposes cf a topographical contour map, for instance, 

can, in principle, be transferred to a data bank of this type. Some of the 

most important ~urposes were given at the end of Section 2.1, although this 

list is not c)Rimed to oe complete. lt iG not nn economicbl propositon to 

develop different programs for each form of dat~ input end output. lt is 

better to set up a high-performance central program system which responds to 

all forms of data acquisition and in which the first step edit6 the data in 

such a way that it is a simple matter to obtain th2 verious forms of output. 

Because of its independence of the point distribution and facilities for 

filtering, least-squeres interpolation can be adopted as the basic theory 

for this central· program system. The contours favoured as basic information 

in our topographical maps, however, are not suitable as an output from the 

central program system. The main disadventages of contours are the sharp 

variation in informdtion conter.t as a function of the terrain slope and the 

over-accentuation of the information along the conto~rs. 

The heights of a very close-meshed squarE grid are much better suited for 

automation than contours, and are much more suitable fcr ~epresenting the 
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shape of the terrein. Independent of the form of date input and output, 

the central program system has thus been deeigned in such a way that the 

heights of a very close-meshed equare grid are first of all interpolated 

by least-squares interpolation and stored digitally en a peripheral data 

carrier. To essume the functions of the standard topographical map, a 

grid mesh of about 10 m must be chosen, this being equivalent to two milli

metres at the map scale of 1:5000. A magnetic tape with the recorded grid 

hsights is extremely eaey to handle as a digital terrain model for a wide 

variety of purposes. Eecause of the high information deneity, it is suf

ficient to operate with linear interpolation. If, in the rest of this 
1 

paper and in Stanger's paper, the abbreviation DTM is used, it often refers 

to the grid points and the relatively simple computation. The computation 

time involved in interpolating this grid - including filtering the initial 

data - ~ccounts for approximately 4/5 of the computation time for the total 

process. from this point of view as well, it is thus advisable to compute 

the square grid once only, to atore it, and then to use it in solving the 

various problems. 

lf the grid heights, as a DTM, are to take over the functions of the con-

ventiona1 contour map, suitable data organisation systems and archives must 

be available. As Stanger describes in his paper, this grid is obtained in 

the form of oriented map sheets in the ground coordinate system. The 

relationship to the previous line and orthophoto maps would be particularly 

well ensured if a magnetic tape were preparad and filed for each map sheet. 

In the case of Eaden-Wurttemberg this would amount te 9000 magnetic tapes. 

Although the storage of the 40 000 grid heights in a Standard Map Sheet of 

2 km x 2 km takes up only a fraction of the capacity of a magnetic tape, it 

is better to be over-generous in this reepect. These grid heights must 

always be supplemented by the geomorpholagical structure-lines and the spot 

heights at topographically significant paints. Those contours which are 

likely te be recalled most frequently fram the DTM can also be stored. In 

addition, space must be reserved for the planimetric information. Similar 

concepts have recently been developed by Erindopke !!6). 

finally, an illustration of how this square grid can be utilised as a DTM 

for various purposes: 

1 
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3.3 Contours for the ~tandard topographical mep 

The problem of how te measure and sort the contour points in this square 

grid in such a way that the contcur lines can be plotted autamatically on 

en automatic plotting table and provided with the familiar cartographic 

additions is dealt with in Stanger's paper, which elso containfl an example. 

It is merely poi~ted out here that, depending on the purpose involved, the 

contour plot can be produced at different scales, with different contour 

intervals end in different map segmenta - even in segmenta mad~ up of 

several "map sheets". 1~ this, our program system is supplemcnted by the 

software of the automatic plotting table used. 

3.4 Generelised contours 

Generalisñtion of the contour plot is necessary for reproduction at smaller 

scales. As already explr.ined, a DTM of the gene~alised terr~in surface is 

first of all produced, and the contour linea contained in this fi~ed. 

Appendix 1 shows the generalisation of a contour plot for the scale l:50GO. 

The segment marked is reproduced ata scele of 1:2500 in Stanger's paper. 

An even stronger generalisation for the scale 1:10 000 is ehown in Appendix 

2. Since the programa for the 3rd generalisation principle given in Section 

2.5.3 have not yet been developed, the spot heights at the various scales 

d~viate from each other by the ''generAlisation amounts". 

3.5 Profiling 

As will be explained in the following paper, it is relatively easy, in this 

DTM, to compute the required profile heights for random planimetric lines 

and to plot them on the autcmatic plotting table. The importance of such 

profiles in civil engineering need not be emphasised here, but it is 

interesting te point out some special applications. 

for the investigation of radio-telephone links, for instance, all the line

of-sight profiles cen be plotted automatically. 

Cf particular i.mportance for orthophotc production ~s the fact that the 

contours CEn be digitised, and th~t ~~e~~ datñ can then be introduced into 

the program ar1d used to compute the profiles for a digitslly-controlled 
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orthoprojector (l7) • 

for revision of orthophoto meps, there is the possibility of computing the 

DTM from the registrations for the older profile-by-profile orthophoto plot, 

and of then storing the DTM. This can subsequently be used to compute the 

new profiles in the orientation of the new photo combination. This means 

that revision of the orthophoto maps is fully automated. The flight 

planning for the repeat flight is independent of the first photo-flight. 

Here, too, a digitally-controlled orthoprojector is essential. 

As the last application in conjunctio~ with a digitally-controlled orthopro

jector, it should be mentioned that the profile-scanning can be speeded up 

considerably if the profiles are first of all recorded, and the scanning 

error is then eliminated with the h~lp of this program 112) • The improved 

profiles can then be used to control the orthoprojector. 

3.6 Cut-and-fill traces and volumes - DTM revision 

After changes in the surface of the terrain - particularly those resulting 

from engineering projects - a new grid can be used to produce a DTM in the 

same wDy. The grid interval should be the same, so that the height of both 

the old and the new DTM is obtained for each grid point. Befare replacing 

the old DTM by the new one on the magnetic tape, one first of all plots the 

intersection lines of the two terrain surfaces - traces of cut and fill -

and computes the changes in volume. Similar problems occur in studies of 

geological deposits and in open-cast mining. 

This method also salves the problem of revising the DTM and the forms of 

representation derived from it. After revising the DTM, for instance, the 

contour sheet for the whole map sheet can be re-scribed, so th~t the contour 

manuscript for a new edition of the topographic 

;¡u tom •• t ictlll y. 

J. 7 Slope map 

map is obtained fully 

Stanger•s paper describes how the DTM can be modified so that it produces, 

at the grid points, the slopes of the terrain surface instead of the terrain 

heights. from these values, it is possible to derive the lines of equal 
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slope, and these can then be plotted graphicslly by the automatic plotting 

table, This "slope map~ is of great importance in land redistribution, 

In addition, ita value in other fields must also be emphasised, In civil 

engineering, for instance, it can be used as an additional output to the 

contour map to •void the tirne-consuming task of manual derivation of slopes 

from contours. Slope maps may also be of use to geographers and geologists 

for terrain studies, 

3,8 further applications 

The list of possible applications for such a DTM can be extended almost ~t 

will. In conclus1on 1 it should be pointed out that many progrnm devP.lcp

menta in civil engineering (e,g. (181 ) are bnsed on R square grid of this 

type, and thus fit in closely with this overall concept. Some of the main 

applications should be mentioned: 

Perspectiva and axonometric representations of the terrñin, 

Output of two contour plots with artificial parallaxes for stereoscopic 

viewing. If this pai= of contour plots is superimposed on stereo-ozthc

photos, stereo-orthophoto maps are obt~ined. 

4, Summary and Prospects 

With the demands made on a general digital terrain model as a b~sis, a 

theory hes been developed which imposes no restrictions on the mode of data 

acquisition, and of which· the principal intermediate results are the heights 

of a square grid. In the subsequent processes, this Epeciol DTM tRkes the 

~lace of the earlier standard topographic map. It is the inform~tion 

carrier for fully automatic derivot.ion of contours at various sc~l~s, for 

the derivation of profiles end earth-movement volumes, as well as for 

various other forms of representation. In view of the high cepabilities of 

computers and automatic platting tables, future contour maps of an orea will 

be accompanied by various speci<tlised maps. Revision of these m~ps po~es no 

problems - the old DTM is replaced by a new one, ~nd the various maps in each 

sheet are then derived from the new DTM by computation, 

The combina~ion of digital contour plo~ting with digit~l plotting of the 



planimetry will give a decisive impulse to the further development of the 

program system. The planimetry also contains information which is of 

interest for height representation. The breaking-offof contours at building& 

or bridges, for instance, can then be teken into account autometica11y in the 

contour plot. In eddition, it will be possible to improve the eutomatic 

geomorphological editing at the edges of roads and waterways. 
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Appendix 1 

Automal íc generalisation 

1:5000 

. . the box is shown 
The area. e~close~ t ~~cale ot 1: 2500 m 
. the ongmal p,o by Stanger m . 1 ot the paper Append1x 



Appendix 2 

Automatic general isation 

1:10 000 
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THE STUTTGART CONTOUR PROGRAM - DESCRIPTlON AND RESULTS 

by w. Stenger, Stuttgart . 

l. Introduction 

In hi~ paper, "A general digital terrain model", Kraus illustrates 

varioua ways of processing digital height information. Of ~he greatest 

importance in actual practice is the computation of contours from 

randomly diatributed terrain points. 

In practica! photogremmetry, the data can be obtained as a by-product 

during the profile scanning of a model to produce an orthophoto. This 

scanning in profiles is approximately twice as fast as direct ~canning of 

the· contours in the model [ 1 ]. Apart from this, profiles in flat country 

or in foresta have a higher accuracy than contours obtained directly, and 

to some extent they can nowadays be scanned completely automatically with 

the help of correlators. In principle, it is already possible to find e 

flexible software solution to the problem of computing contours from 

randomly distributed terrain points, now that very fast and large computers 

are availeble as well as high-performance data rccorders and automatic 

plotting tables. 

This was the background lo the cooperation with Wild He~rbrugg, in 

Heerbrugg, and Contraves in Zürich. A combined system was oeveloped, in 

which the data are collected by the Wild EKB and processed by the Stu~tgart 

Contour Program, while the contour map is plotted on the Coragraph DC2. 

This ensures that the systems are adapted to one another at the interfaces. 

In its method and concept, however, the Stuttgart Contour Progra1n ha& been 

kept general, so that it is not restricted to ene particular configuration. 

2. Program Description 

Purpose of program system: 

Computation of contours from randomly distributed terrain point5. 
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2.1 Flowchart of the program 

( Map scale etc. 
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Part 111 

lnterpolation of the heighls of a 
e lose- meshed rectangular grid 

Part IV 

lnterpolation and aortlng of the oonto~o~r 
.041\tl 

Part V 

Editing of the contour· sheet for the 
automatic plotting table 

Digital 
con tour 

map 

1 

1 

1 
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2.2 INPUT of Program System 

The input is by models. In the overlap areas of the models? terrain 

points of all the modela involved are included in the computation to pre-

vent jumps at the edges of the models. In the same wayp ~ame terrain 

points lying outside the edge of the map sheet are included in the com

putaticn to avoid izregularities at the edge of the sheet. The input is 

divided into model data and map-sheet data. The mocel data - basically . 

the terrain points with X, Y and Z coordinates - are recorded on magnetic 

tape (e.g. ~ith the Wild EKB). There are no restrictions on point density 

or choice of points. The program will accept; (fig. l) 

Regularly and irregularly spaced profile points 

points selected by the operator along geomorphological structure-lines 

spot height& of particular topographical importance. 
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>< Spot heigt 

The mnp-sheet datR, which are fec in on punched cards, comprise: 

map-sheet number and coordin~tes of border lincs 

map scale 

contour interval and interval between index contours 

control-point coordinates in ground system. 



2.3 Part 1 

Purpose: filtering of the systematic scanning error in the case of pro
file-data compilation. Absoluta orientation of the models. 
Selection of the terrain points lying within the map sheet. 

Input: 

or: 

Terrain points recorded in profile&, with additional structure
line points, spot heights and map-sheet data. 

Individual points which need not be filtered (e.g. individual, 
photogrammetrically measured points in flat terrain). 

One by one, those modela are located which cover the map sheet and which 

may be on different magnetic tapes. Systematic height errors caused by 

reversals of scanning direction in profiling can be eliminated in this 

part of the program. 

The profile data are sorted into "computing units" (CU) (see Section 2.4), 

separated into forward and reverse profiles. A statistical analysis of 

both groups of profile points provides information on whether or not such 

a scanning error is present and, if present, its magnitude. If a 

scanning error is detectad all points in the gross CU (see Section 2.4) 

are used in the method of filtering by least squares [ 2] to clear the 

error from both groups of profile points within the nett CU (see Section 

2.4). 

fh~re follows the lr;maforrnnlion of the model coordin<~les into lhe ground 

coordinate system. A two-dimensional, planimetric transformation is per

formed, followed by a scaling and mean shift of all height control points. 

finally, the model is tilted in both coordinate directions so as to make 

the sum of the squares of the residuals on the height control points a 

mínimum. It is assumed that an absoluta ori~ntation has been performed 

(spot heights in topographically important points can only be placad 

properly in a levelled model) so that this final correction is limited 

to small "line<~r" rot~tions. 

If the models contñin data to be filtered and/or transformad, the 

filtered and/or transformad data are written out in Part 1 onto magnetic 

tape. This tape can then be used as an input to Part 1 if, for example, 

some of the data are to be used in neighbouring map sheets. 

1 

1 
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Part 1 of the program select& from all modela those points lying within 

the specified map sheet. In arder te ensure that there are no jumps at 

the edges of the sheet points lying in zones outside the edgea of the 

sheet are also $elected. 

lf the terrain points have been observed individually rather than in 

profiles, (e.g. in forest areas), the filtering is bypassed. The coordi• 

nates are merely transformad and stored by map sheets. 

Output (disc); 

(tape) 

2.4 Part ? 

Filtered profile points, or unfiltered individual 
points, structure linee and epot h~ight~, in the 
ground coordinate system •• 

lf filtering and/or a transformation has buen Re~
formed, the filtered and/or transformed coordinates 
on magnetic tape. 

Purpose: Sorting of terrain points into computing units 

Input: Output from Part l. 

Since there may be several thousand reference points (i.e. recorded 

points), in ene map sheet, and only reference point& in the immediate 

vicinity c~n usefully be employed te predict a desirEd height, the mop 

sheet is sub-divided into smaller parts - so-called computing units (CU). 

Each of th~se contains ~n average of 70 reference point5t a~d it is only 

when the number is reduced to this extent that the subsequent computation 

becomes feasible.. The CU's are mutually overlapping. so es to ensure the 

connection te neighbouring CU's (fig. 2). 



~ ~ ~.¡:... .¡:... c.n 
e:¡ co en o CD en 
c e ce e e 

Fig 2 

Subdavasion of map sheet into 
overlapp.ng computing units 

The CU's will henceforth be referred to as "nett" (exc;uding overlap), 

and "gross" (including overlap). 

The ~ize of a CU is a function of the profile width and the mean point 

density in the profiles. It remains the same for the whole map sheet. 

The size of the 11rrays for these CU's is such that a wide range of 

rPcording densities and a large number of structure-lines can be processed. 

If, in spite of this, the point density should ever rise too sharply, the 

program automatically effects a data reduction by interpolating means. 

This ensures tha~ when the profiles are being scanne~ the operator can 

vary the scanning speed to suit the terrain as well as possible. 
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The me .• sured terrain points are s;;ored in tha arrays oi tou: .. ~ .. ~::....,;;.~-

computir.g uni ts as refer.t;nce points, while Gtrip15 oi the Cu ·...; éo:C...: ce .. ,. 

bined into blocks and proces&ed jointly. This means that tn¿ map sh~L~ 

can contain any number of cu•s. The individual CU-blocks ór~ ~h~n 

filed un disc. 

Output (disc): Reference points combined into blocks of overla~~ing 
CU's. 

'2 0 5 ? al.·t 3 

Purpose: Interpolation, over the en;;ire map sheet, of the heicn~s of a 
regular, close-meshed grid. 

Input: Output from Part 2 

The grid heights are computed by CU 1 sp i.e. only the reference points 

for on~ CU must be in the core storage of the computer. first of dll ~ 

u ni form trend (e en tering) ü:; de termined for ~a eh CU, wi thout checki11g 

the quality of the centering by a three-point correlation. The cente~ins 

is effecte¿ with a polynomial surface of degree O, 1 or 2. The desitad 

degree of polynomial is controlled through input paramater~; if the c~

v~riance function computed with these does not satisfy certain criteria, 

the program reduces the degree of the polynomial and repeats this s~ction. 

The polynomiHl is fitled to ~11 reference points by a least-squares 

~djustment. Reduction oi ~11 refercnce-point heights in th~ compuLing 

unit by this polynomi~l give~ the centered reference-point heights h 



Ground surface 

Polynomial surface 

Profile 

Fig.3 

o Profile point 

O Structure-line point 

X Spot height 

h Centered reference height 

Determining a polynomial-surfa~ce-through-----------
the reference points in the CU 

The next step is the empirical determination of a covariance function as 

a bell-shaped curve for each CU from the centered reference-point heights. 

This is done by computing the variance and the covariences for a few 

distance intervals (Fig. 4). 

e ( P¡ Pnlí 
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Empirical determination ot the covariance 

tunction 
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In the case af a CU with law reference-point density, the cavariance 

functian is taken ta b~ a straight line. This step is followed by the 

part invalving the largest amount af computatian - least-squares interpo

lation, in the CU, of the heights of a regular grid. The grid runa 

parallel to the edges of the map sheet. It there are n randomly dis-

tributed reference points P. with reference values h., ~e obtain an 
l. l. 

interpolated value of h' for e randam paint P fram equatian (l) (equatian 

(8) in the preceding paper, but with s. designated h')s 
l. 

-l 

'""'ll 
V C(P1P

2
) ••• C(P

1
Pn) 

hi "' [C(PP1 ) ••• C(PP n)j C(~/2} V C(~/n) ~2 .. C·C-1 h 

C(P1Pn) C(Pln)ou V J hnJ 

The row vector C'contains the covariences C (PP.) between the inter
l. 

_polation point P and the n reference points P., while the ~matri~ con-
l. 

tains all covarisncee C (PiPk) between the reference points and, along 

the principal diagonal, the variance V. The covariances in C and C are 

computed with the help of the distances PiPk, which are entered into the 

covariance function. The column vector h contains the centered reference-

point heights. 

Once the centered height has been computed for eech grid point by tialving 

this oasic equation, and the polynomial value has been added to it, the 

heights Óf the CU edge lines (Easting constant) are meáned with the 

heights of the identical edge line in the following CU (fig, 5) • 

(l) 
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Meaning the grid heights at the edge 
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Once a ~omplete CU strip has been computed, the grid heights ari stored 

in profiles on discs as a digital terrain model. The upper edge profile 

of a CU strip is not stored, however, until it has been meaned with the 

lower edge profile of the following CU strip. 

finally, and in apite'of the fact that their higher accuracy has been 

taken into account in the program, the spot heights are filtered, so that 

their height agrees with the terrain model - and hence with the contours. · 

Output (magnetic tape): Grid heighta in profiles (digital terrain model) 

filtered spot heights 

2.6 Part 4 

Purposea Interpolation of contour points in the regular grio and 
aorting of these points to form plausible contour elements 
in the CU. 

Input: 

or: 

Output from Part 3. 

Terrain points recorded directly in a sufficiently close
meshed g'rid. 

1 
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1 
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All the profiles needed for a CU strip are reed-in, and from these 

profiles are derived the grid heights forming the CU to be processed. 

Because of the high density of the grid heights, the interpolation of 

all contour points in the CU-grid can be linear (fi~. 6). 

Fig.6 

lnterpolation ot d iscrete con tour points 

in the grid 

In principle, the interpolation in the grid takes place in the direction 

of greatest height difference - ~hich is more ar less equivalent to inter

polation along the fall-line. If~ however, ~he height differences to the 

east And north agree to within a certain fixed percentage~ the inter

polation is in both grid direction5, so as to increaGe the information 

density along the contour line. 

The following criteria could be apolied to join these contou: points into 

contour elements: 

starting from one point, the point the shortest distance away 

starting from two points, the point with the smallest change in 

direction and a short distance away. 



In certain cases, neither criterion on ita own gives a plausible 

solution (fig. 7). 

(al 
Direction criterion 

--- Real contour 

Contour according to criterion 

X Spot heighl 

Fig.? 

.)-- :::=. - .._ --e 
~ ~ 
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(b) 

Distance criterion 

Jo1n1ng the contour points to form 

plausible contour elements 

To keep the computing time as short as possible, the program is based 

essentially on the distance criterion, but with an upper limiting distance 

between neighbouring points which is related to the mesh of the grid and 

which may not be exceeded. In addition to this, the program caters for 

intpor l11fl t Gp~c:.i..ol Ciolll!&. If Lhv di6cr~L~ points CAnnot be joined lo 

form pl~uD1bl~ conlour elemenls in Lhe CU, the informBtion dnnsily in the 

CU must be increased by halving the grid mesh. After renewed linear inter-

polation in the halved grid, ther~ =.I ~ correspondingly more discrete 

contour points (fig. 8) 0 
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Fig.8 

lncrease in information density by halving the 

gnd mterval 

This makes it possible to adapt the amount of computation to the dif

ficulty of the terrain. If necessary, the grid can be halved yet again, 

so th~t the ~mount of height information in the grid is increased 16-

fold. 

It is also necessary to consider two types of contour within a CU - open 

and closed contours. An open contour begins with an intersection with a 

CU edge-line and also ends with such an intersection. When all the apen 

contours have been assembled, the remaining points must all belong to 

closed contours. These !·P~i~ at some unspecified point within the CU and 

return to this starting point. 

If nn open contour does not end ata CU edge-line, or if, in a closed 

contaur, the distance between the first ~nd the lost points is greater 

than the limit mention~d above, no plausible contour segments can be 

found, ano the grid mesh is halved as shown in fig. 6 and the prograrn 

section repeated. 
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When the cont~ur elements are being stored on disc, they are sorted 

according to the height of the element, so that elements of the same 

height are stored together. 

Output (disc): Contour elements sorted according to height. 

2.7 Part 5 

Purpose: Connection of the contour elements in the CU's te form con
tinuous contours in the map sheet. 
Editing-of the contour plot for the automatic plotting table. 

Output from Parts 3 and 4. 

The contour elements pre-sorted in Part 4 are assembled in ascending 

arder of height, beginning with the lowest contour in the map sheet. 

All initial and term~nal points of the elements are situated on CU edge

lines, with the exception of the closed contours in a CU. The division 

of the contours into open and closed, referred now to the map sheet, 

corresponda to the division in the CU. This means that the· criteria for 

successful connecticn are similar. 

The heights of the index contours can be printed at the intervals pro-

grammed or fed-in oh punched cards. The curvature of the contour at the 

intended point is first checked by the program. If it exceeds a pre-

determinad limit, a new point is chasen clase by and a new check is 

carried out. Four such displacements are incorporated in the program. 

To ensure the topographically correct direction of prin~ing, there is a 

cast-back to the digital terrain' model, with its grid of heights. The 

heights themselves are printed in circular ares corresponding to the 

curvature of the curves. Contours and index-cantour heights are given 

control signals for the automatic plotting table and recorded on magnetic 

tape. The automatic plotting table joins the contour points according to 

the control signals, e.g. by'a 3rd arder curve through adjacent points. 

By modifying the input parameters, it is possible to have the index con

tours plotted thicker than the others •. 
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Once the highest contour in tha map sheet has been processed, the spot 

heights are edited. They &re checked for their poaition relativa to one 

another a~d to th~ edge of the ~ap sheetp so as to avoid superimposition. 

If th~re are t~o spot height~ clase to esch o~her 0 one height is printod 

to the left of the point, and the other height to the right. 

lf the contour plot ia intended to supplement Em orthophoto, the control 

points are edited and re-corded on the ma·gneiic tape. The final st1:1p is 

the proceseing and output of the map frame, containing the following 

elements: ' 

computation of the·co~rdinate grid in the sheet 
\ 

grid marks at edge of sheet 9 with printed coordinates, and grid crosses. 

sheet border 

1 ti tle, scale aod Sheet number, 

1 

2.8 OUTPUT of Program 'System 

The end-product of the computations is a magnetic tape edited for the 

automatic plotting tabla and_containing the entire pldt for the map sheet. 

At present, this output is Adapted for ihe Coragraph DC2 automatic 

plotting table made by Cohtraves AG, Z~rich. 



J. [xPmp1~!! 

---- -
Map-sheet r.o. 121/12211 

2107/2106 6631667 4547 

Diapositive se ele 1:7500 1132 000 1:30 000 1:60 000 

Mode1 sca1e 1:3750 ' 1:13 333 1:15 000 1:40 000 

P1ot sc:a1e 1:2500 1:10 000 1:10 000 1:24 000 -

Con tour interva1 2 DI 10 DI S m 200 ft 

Reg1stration: 

Sc:an direc:tion X '1 '1 '1 

Sean ... idth 15 m 50 m 50 m 120 m 

Registration i.,:erval Constant time Conatant tim~ Constant till'e Conatant time 
1 se e (; 15 m) 1 se e (~53 m) 1 se e ( ~ 75 m) (1 se e: ~ 160 m 

1 
o.6 se e ~ 96 ,¡ 

No. of referec.c:li' points 6 600 6 400 3600 6500 10 000 

No. of moc:els l- rr.ap 
sheet 1 1 1 2 

Grid intervel S m 20 m 20 DI 120 ft • 36.6 m 

No. of inte::-::-o::ted grid 
points 44 so o 39 040 -43 300 142 300 

Size of net t C'-! 50 )( 50 2 200 200 2 m " m 280 )( 300 m 2 500 500 )( 
2 1660 2400 ft 2 m )( 

Overlap of 
gross e u 30 m 75 m 60/105 m 105 m 552 ft 

No. of CU in > Part 3 

map sheet 16x27 • 432 14x27 e 376 10x20 "' 200 7><15 " 105 25 )( 20 • 500 

Average no. of 
referenc:e points 
per gross Ct: ca. 70 ca. 50 ca. 56 ca. 101 ca. 70 

Computing tir:oe e ere 6600) 

Part 1 -- -- 94 BB 224 

Part 2 69 SS (System sec:onds) 72 SS 22 15 99 

Part J 401 230 141 229 552 

Part 4 103 71 111 116 144 

Part S 67 46 Sl 57 72 

Total: 640 SS 421 419 507 1091 

11
Appli'ndix 1 sho~s an exc:erpt from this m~del 

- -
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In model 121/122, the over1ap of the gross CU's - two profile widths -

is very larga. This leads to a high average number of reference points 

in the gross CU and a coiresponding sharp rise in the computing time for 

Part 3. If this overlap is reduced and the tim~ needed for tha ex~ensive 

print-out required in thia cese is eubtracted, the cprnputing time wou1d 

be about 400 system seconds and would correspond approximately tu the 

time for one sheet of the Germen Standard Map (1:5000), with abcut 6000 

reference points. 

4. Program features 

4.1 Freedom in data acquisition 

According to the quality required in the end procuct, the op~rator can 

select the profile width freely and choose either constant intervals cf 

time or constant intervals of distance for the registrations. In 

addition, he can measure as many g•omorphological structure-lines and 

spot heights as h~ feels may be necessary to ensure the desired quality. 

The position of the model is independent of the map sheet, but the map 

sheet itself mus~ be completely covered by modela. 

4.2 Adaptat1on of the computing end plotting effort to thc extent ano 

choice of ddta 

Since not only the quality, but also the amount of computation, rises 

with the increase in reference-point density, the economic factor muut 

be weighed against the required quality of the end product in each 

individual case. The following,feetures may improve the Eccnomy: 

registration of the model coordinates in the national system 

direct registration of thc terrain points in a rectangular grid 

increesing the grid interval 

In addition to reducing the computing time - particul~rly the casa with 

the second suggestion - the third suggestion also leads to a reduction 

in plotting time. 
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4.3 further processing 

As a cy-product, the program system provides the heights of a regular, 

close-meshed grid, which can be transferred to magnetic tape and usad, 

among other things, for volume computations and highway profiles. 

The contours are also available in digital form, and can easily be com

binad - in both computation and plotting - with a digitised plot of 

ground details. 

4.4 Continuous adaptation to terrain 

Of great influence on the quality of the contour plot are the various 

ways of adapting the program system to the type of terrain involved: 

the coding of the type of terrain by the aparatar fixes the grid 

interval in the map sheet and hence determines the quality of the 

approximation.of the grid to the surface of the terrain 

the covariance function is determined separately for each CU 

the grid interval is automatically halved in any CU in which no 

plausible contours can be found 

It should be emphasised that, in this way, it is only at geomorpho-

1ogica11y difficult points that the amount of computing is increased to 

ensure uniform quality over the entire map sheet. 

S. Computer 

5.1 Program language 

The program is written in standard FORTRAN IV. It is, however, possible 

to incorporate Assembler sub-routines, which are generelly available, so 

as to save as much computing time as possible. 

5.2 Configuration 

Core storage about 56 K words of 60 bits or 

about 256 K bytes of 8 bits (in adcition to operating 
system) 

1 

1 

1 
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2 ~agnetic-tape units 

1 disc or drum memory 

Tho time fcr floating-pcint multiplication ehould be leGs th.:m l0
1

uscc. 

Examples: IBM 360/65 upwards 

IBM 370/!55 11 

CDC 6400 " 

6. Accuracy of Contours 

6.1 Geometric accuracy 

Only initial resulta will be given, as the studies have not yet bden 

completed. 

6.1.1 Moce1 121/122 

Conventional p1ots of this mode1, produced by two operators, were 

avai1ab1e. 

For a topographic msp at sca1e 1:2500, Imhof gives the meen square error 

of the contours as 

( 2) 

and Finsterwa1der-Hofmann quotes the error in a photogrammetric contour 

plo't as 

mh = ± (0.2 + 0.4 • tana) 

where a is the s1ope. 

[ m ] ( 3) 

To determine the re1ative accuracy of a conventional p1ot, ~he p1ani

metric disp1acements of identical points were found by supcrimposir.y the 

two conventiona1 p1ots, and the mean square error of the contoürfi was 

found to be 

mh = .! (0.18 + o. 7 • tan¡¡} r m l ( 4) 

which is of the same arder as the sccuracy g~ven in (J). 
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lhe automatic plot was superimposed on one of the conventiona1 plots, 

and the mean square difference between conventiona1 and automatic plots 

was found to be 

m "'.± (0.23 + 1.4 • tana) 
h r m J ( 5) 

On the baais of (4) and (5), the mean equare error of the contours in 

en automatic plot ie found to be 

mh ~ .± (0.14 + 1.2 • tana) [ m J ( 6) 

Comparison of (4) and (6) shows that the automatica11y plotted contours 

are slightly more accurate in flat terrain, and s1ight1y leas accurate 

in steep terrain, than the contours plotted in the conventiona1 way. 

The error 1imit for the mean square contour error in the German Standard 

Map 1:5000 is 

mh e .± (0.4 + 5 • tena) [m J ( 7) 

6.1.2 Mode1 2107/2106 

for the scale of 1:10 000 involved in this cese, Imhof quotes a mean 

square contour error of 

m "'.± (0.6 + 1 • tana) 
n 

while finsterwalder-Hofmann gives 

mh .. .± (0.4 + 2.0 • tann) 

[ m J ( 8) 

r m J ( 9) 

Since a conventiona1 plot was a1so avai1ab1e in thia·case, it was 

possible to make a direct comparison. From the differences between the 

conventiona1 and automatic plata, the mean square difference was found 

to·be 

mh = Z ( 1.1 + l. 6 • tan rt) [ m ] (10) 

lf the mean square error given in (8) or (9) for a conventiona1 plot is 

subtracted from the error given in (10), the mean square error for the 

automatically p1otted contours is found to be 

mh_ .. z (1.0 + 0.6 • tena) [ m] (11) 

1 
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6.2 Assessment af cartographic quality 

Of decisiva importance for the quality of the reproduced terrain forms 

is the density of the reference pcints. 

In extremely flat terrain, conventionally plotted contours sometim~s 

oscillate about the automatically plotted contours. This is due to the 

fact that the planimetric uncertainty in conventional plotting increaEes 

as the slope of the terrain decreaaes. Under such conditions, the auto

matic plot is more accurate, since the profiles cen be measured fairly 

accurately in flat te~rain. 

In ateeper terrain, there are somo planimetric displacements, between the 

conventional and automatic plots, of characteristic terrain forms such as 

mountain ridges, gullies and cuttings. In such cases, a good aperator 

~ill always supplement his conventional plot ~~th a characteristic inter

pretation, e.g. by marking an erosion trough with hairpin contours, by 

making a sharp turn at embankments or by crossing roads more or 1css per

pendicularly. The automatic plot, on the other hand, depends particularly 

on structure lines with additional points being recordad in sufficiently 

clase Gucce5sion not only in the case of break-lines (e.g. the edges of 

embankments), but also in the case of all other characteriGtic terrain 

forms such as mountain ridges. This additional information requires 

interpretation on the part of the operator during the data acquisition. 

The cartographic benefits of automatic plotting are particularly evidnnt 

on steep mountainsides, ~here the e~cellent plastic repre&~ntation gives 

a much better impression of height than the convention5l plot with its 

differential uncertainty in the course of the 1ines. 

Whereas a conventional plot is usually subjected_ to cartographic eoiting 

to smooth out these uncertainties, the scribed automatic plct is 

genera11y the end-product. 

To sum up, it can be Gaid that the recording deneity used in those 

examples -· 3 to 4 mm profile interval in the model and an average re

cording interval of 3 to 4 mm in the profile - is sufficient to attain 

the accu1:acy 'of a conventional plot. Apart f~om this, the ~ontour plot 
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can be uaed as the end-product for most purpos~s, e.g. for engineering 

or planning, without any further cartographic revision 

In a few cases which require still higher cartographic quality, this 

can be achieved by higher point density, a smaller grid interval or by 

introducing small corrections to the data on the magnetic tape for the 

automatic plotting table - e.g. recording mo~ificatione to the contours 

on the magnetic tape by meane of a digitieing tabla or a light pen on 

a computer-fed storage tube. 

7. Program Extensions 

1.1 Program vereion for plotting tacheometric surveys 

In this case, the initial data may come, for instance, from a recording 

tacheometer. The reference points are generally distributed irregularly 

over the terrain, so that the point density can vary greatly. Because 

of this variation in point density, a streight lina has mostly been used 

es a covariance function. 

An important difference with respect to the normal version is that the 

map sheet borders are irregular. Within the map sheet, there may also 

be areas without reference points. 

Break-linea are of supreme importance in tacheometric survey. For this 

reason, the program caters for densification of the reference points along 

the marked break-lines. In addition, covariances between reference points 

on different sides of a break-1ine are set at zero in the interpolation 

equation (1). 

7.2 Program version for elope maps 

For land valuation and allocation of new plots of land in areas with 

broken terrain, the land Redistribution Dffice needs maps in which areas 

of differ~nt ground slope are delimitad •. In Baden-WUrttemt•erg, for 

instance, land with a slope of O to 6 per cent is regarded as level,_ so 

that no reduction is applied to the valuation, whereas land of more then 

6 per cent. slope may be given a lower valuation. 

.. 

1 

1 

1 
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If, for instance, the O to 6 pex cent slope is to be delimitad from tho 

fallowing 6 to ~O per cent slope, the problem is to locate a larga number 

of closely-speced edjacent points with a slopa of 6 per cento Here too~ 

it is linea which are required, so that the problem corresponde to the 

contour interpolation described in Section 2, except that the digital 

terrain modal has to be replaced by e grid in which the terrain slope i& 

stored instead of the terrein heights. In the &ame way as linea of con

stant height, lines of .constant slope are then interpolated in thie grid 

of slope values. 

The slope at a grid point is computed from the height information in the 

digital terrain model. To do this, the angle of inclination nE of a 

plane must first be determinedo In our particular case, involving two 

grid directions perpendicular to each other end with inclinations a
2 

and 

a_, the equations (23) and (22) in [3 1 (page 163) give us the following: 
,J. 

tan<l( • (12) 

With the symbols in fig. 9, and with slopes expressed as percentages, we 

have' 

( (H(I+l,K)-H(I,K)} • 100)
2 

RE 
+ ((H(I.K+l)-H(I,tq) • l.QQ) 

2 

RN 
(13} 

RE H(I.K+1l 

IJ~~ 
a3 ·n _é=-

"EP ~~~ / 
L::::::-

112 ~ 
H 1-1. K H(lt1.K) 

"JU~ ... :::.:-:::::? 

~-==? 
H (l. K) Grid height at point 
RE Grid interval. easting 

(/,K) 

4~1-t i --=7 RN Grid interval, northing 

~~~ .==7 
-=7 Fig. 9 

H(U~-11 
Slope of aplane 



Fig.10 

Vectorial addition of 

the slopes of 4 planes 

The slope at grid point (I,K) is computad as the mean of the slopes of 

the 4 planes shaded in fig. 9, the known percent~ge grades of these 4 

planes being,addeo vectorially (fig. 10). The value of the resultant 

vector R is divided by 4 to. obt<tin the slope G ( 1, K). This is the slope 

of the tanqent~al plana to the digital terrain model at grid point (I,K). 

G(I,K) = ((H(l+l,K)-H(I-l,KV(l00/RE)) 2+((H(I,K+l)-H(I,K-l))(l00/RN)) 2 

4 

The desireo limita of slope are read-in on punched cards. 

2) 
In the case of model l?l/122 used as an example, the computation of 

the slopes from the digital terrain model on the ene 6600 required 78 SS 

extra time in Part 4, and 56 SS in Part 5 - a total additional computing 

~ime of 134 SS, although here again extensive print-outs are included. 

No accuracy studies have yet been made, but the slope map and th~ con

tour plan were superimposed and comparad. Particularly striking is the 

variety of detail in the slope map. These details are contained in the 

digital terrain model but no longer evident from the centaura. Apart 

from ascertaining that the slopes appear plausible, it can already be 

said that the slopes derived directly from the digital terrain model will 

be generally superior, in both accuracy and completeness, to those de-

rived from the contours. 

2) 
Append~x 2 shows an excerpt from the slope map corresponding te the 
contour plan in Appendix l. The digital terrain model used in 
obtaining the slope map is slightly more strongly filtered than that 
used for the contours. 

1 

(14) 1 

1 
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a. Further development~ 

Now that work on the ba~ic version of the ccntour program, as dcscriucd 

in Secticn 2, has been ccmpleted, a start will be made en the following 

versicns' 

B.l Generaliaaticn prcgram 

Selective filtering cf the height data in the reference points will make 

it pcssible to compute a generalised terrain mcdel in ,which generalised 

contours can subsequently be interpolated. first, enccuraging resulta 

ara shown in the paper "A general digital terrain model" by Kra~s. 

6.2 Prcgram version for geomorphological editing 

In this case, the influence of terrain braax-lines on the digital terrain 

model, as described in Section 1.1, is taken into account to ensure opti

mum reproduction of geomorphological details in the contcur plot. 

6.3 Program version for Glopes 

This version must be tested still further and accuracy studies made. 

8.4 Program version for profiles from the digital teirain model 

first resulta have been obtained. Within certain limits, profiles can be 

computed from digitised contour line~ by the contour program described ir. 

Secticn 2. The variation of density of the reference points within the 

map sheet must not exceed the ratio 1&5. further work is necessary to 

raise this limit. 

Possible further developments ere cut-and-fill map~ for eert~ movement 

and volume computetion, and derivation of fall-lines from the digital 

terrain model. 
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1. lntroduction 

coverage, and line structures, is described. The There are numcrous scientific applications for which 
representation, which has practica! storage requirements, it would be desirable to represent certain two-dirnen-
provides a rapid means of searching large files for data sional data in computer-scarchable foriil\ An import<J.nt 
associated with geometric position as well as with :;) ~f;~ss of such data can be characterize~tJith:11 as picce
attribute value. An application of this representation to{-_~~ ~ise-continuous single-valued functions, ol-)tep func
handling terrain information illustrates its utility. The l .. ·-. flons of two independent continuous variables. These 
algebraic properties of the rl:tla !)tructure make it \~ 1 : ~-ll'_c-dre cornmonly treated either in the form of <"Ontour 
computationally easy to dl'trrmine whether a point lies2'-IJ maps, or sets of labeled rcgion boundaries. 
within a closcd boundary; compute the area hb. Applications using these difTcrent kinds of data are 
contained by a closed boundary; gcnerate.the · numerous. For example, in modeling terrain for auto-
closed boundary reprE>senting the un ion or intersection matic intcrpretation of remote sensor signals [ 1, 2!, or 
of two closed boundaries; and determine the radar simulation [3, 41, it is desirable to portray ground 
neighborirrg boundaries toa point and the mínimum cover, topological features, elevations, and slopes. Thc 
distances bet11een thcm and the point. data necessary to represent this information can be 

Kcy Words and Phrases: con tour map representa- characterized in the form of sets of con tour lines and 
tion, region boundary rcpresentation, computer-search- region boundaries. In implementing the terrain m0del, 
able structurc, graphic data retrieval, graphic language, thj§_data_m!Jst be struCfliréd Íl! S~Q.Utge.so.lhiii..thc CQ!ll:.__ 

two-dimensional patterns, computer graphics, graphic puter can search it--eñ1Ciently~f.9_r:_~~rfªf.e _pr_op~_rt!(!_s_ ;:tt 
displa:r 'aJiieoiñi'in the iwo-~díiñeñsianal geogr.ap.hic..sJ:Líl~ b.cing_ 

CR Categories: 3.21, 3.23, 3.79, 6.35 ~-~\ -h.:- modeled. The representations of imcrest must depict 
_ tl-iesc propertics with rcsolutions on the order of tens of 

~ ¿~~ feet over sp,Jce covcring hundreds, possibiy thousands, 
:;-b~~'lti'"-· of square miles. Thus it is import<tnt to ha ve ah ef1kient 

-.\ means ofhandling thi<> spatíal datu. 

Cop)-nght (f;- JlJ7J, As~ociation for Cornpu!lng M~chll!c.:ry, lnc. 
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Numerous techniqucs for handling this and othcr 
typcs of multivariate data have bcen rerortecl [5, 6j. 
Notable rcsuits by Freeman and Morsc [7, Sj havc pro
vided a means of represcnting contour maps in com
puter-scarchable form. Thcir schcme uses the gridjnter
scc_t. _mstJlpd af cbai'l:&f1<;.04úJg fine drawin.¡:;s [<JjfSA 
graph form is uscd to rcprcsent thc rei:Jtionships be
tween line scgmcnts making up a co11tour map. 

Pfaltz's geographic map analysis system [ IOJ rcpre
scnts surfacc p1opcrties by binary urrays or "PAX 

planes" [Ilj rather than locus structur1:s. Rcgion amJ 
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ar•a Jat.r are r..:pre\entcJ in a similar manncr in thc 
Automatrc Cartographic Sy~tcm, which is a large in
fo_rmation handling systcm for thc manipulation, re
trre\·~rf. anJ display of topographic data [121. 

Thc data rcprcsentation presentcd in this paper was 
first disclosed by thc author in a paper on the correla
tion of re mote sensor signals with ground truth informa
tion!l JI. Since thcn it has also bcen applied to the repre
scntation of regional fcature:; in an interactive system 
f?r analysis ofrcmote sensor data [141 and the manipula
tron of digitized biomcdical pictures [ 151. 

A descripti?n of the data structure and its properties, 
and thc techniques of using the structure to represent 
region boundaries a~d contour maps in computer
searchable forro is given. An operational systei'fl~to 

handle terrain information, which incorporates these 
techniques, is described along with its application to the 
problems of representing surface coverage and eleva
tion contours which are derived from aerial photographs 

topographic maps for the purpose of predictino 
o o o o 

m1crowave radratron from extended regions. 

2. Data Reprcsentation 

This section presents a novel technique for struc
turing closed lines and shows how they can be organized 
to unambiguously represent region boundaries and con
tour maps. The algebraic properties of these representa
tions are discussed, and methods are given for computing 
area, point-boundary distances, and boundary intersec
tio~s and unions, as well as stratcgies for searching the 
regwn boundary map and contour map representations. 

Tablc l. lisis of Pornt Coordinates for Fi¡¡ure 1 

Original Boundary 
( 4, 26), ( 5, 26), ( 6, 25), ( 5, 24), ( 4, 23), ( 4, 22), ( 4, 21 ), 
( 4, 20), ( 5, 21), ( 6, 21), ( 7, 21), ( 8, 21), ( 9, 21), (10, 22), 
(11, 23), (12, 23), (1.1 , 24), (14, 24),,(15, 24), (16, 23), (17, 24), 
(18, 23), o ' o o 

Augmented Boundary 
( 4, 26), ( 5, 26), ( 6, 25), ( 5, 24), ( 4, 23), ( 4, 22), ( 4. 21), 
( 4, 20), ( 4, 20), ( 5, 21), ( 6, 21), ( 7, 21), ( 8, 21), ( 9, 21), 

(10, 22), (1~). (12, 23), (12, 23), (13, 24). (14, 24), (15, 24), 
(15, 14), (16, 23), (17, 24), (Íl, Ú), (18, 23),- o o o 

~~-~r~-~ne intersects t~e bound
,Jl.rY tangent1al.cy_. This is done by constraining the 

test line passing through (x,y) to be horizontal and 
augmenting every local maximum and mínimum 
in the boundary (e.g. <D and ® in Figure 1) so that a 
tangential horizontalline always passes through an even 
number of boundary points at each extremum. This is 
accomplished during the boundary scanning process by 
repeating one of the boundary extremum points if an 

. even number of points does not exist. Similarly, where 
this line passes through an inflection on the boundary 
(0 and @ in Figure 1) and does not pass through an 
odd number of points, it is necessary to repeat one of the 
inflection points. This computational procedure is illus
trated in Table I for the first few points of the Figure 1 
boundary where added points are underlined. 

2.1. Basic Data Structure _A third restriction based on topological properties 
The basic data structure developed to represent a .is_ that -tilecf<f~ed:.boÜ-ñdary ciññótloop back ·on itselr:-

closed line is illustrated with a simple exall)ple. Consider There are certainé()ñ(!itíonSiñ-which· an overlaid loop-
, •. ~ boundary of a region shown in Figure 1 defined by a leads to an arnbiguous representation. 
, .nt locus in a rectangular or quadruled grid.' This A boundary which has been closed so that contiguous 
locus can be structured so that it is very simple to points in the locus are connected in the grid and which 
determine if a point (x,y) is in the region. The tech- has been augmented at extrema and inflections, in the 
ni4ue uses a discrete data forro of the well-k.nown topo- manner dcscribed above, is called a tightly closed bound-
logical property of a closed boundary· that is if a ary (TCB). This data structure can define an arbitrarily-

~-te~t-~i!l_g_ is dra_2"_!0"~~m a point outside the,~eg!Oñb~;;d-" . · shttped simple or compound region with the resolution 
lL. ''!L to. (x~~l~ ~~.:_~ _(t:,y)_ •.un..Jb~-!'..~g!q~_!_f_@jiri{y_:i[ determined by the resolution of the quadruled grid 
l ~~~--~our~dary is_ crossed an_gM_~!l_m~_~r_ oCün~eili_!~ usecl. 
~...".'0hrs property holds for finite point toci representa- To facilitate thc search of a TCD given (x,y), its 

trlms of boundarics defining arbitrary regions provided coordinates are sorted and partitioned into sets so that 
thn:e r..:strictions are met. each set contains only points which have the same 

Qne rcstriction _is that the boundary must be con- y-coordinate. The associated x-coordinates of each set 
tirul0us allLI closed._i_n_ thc scnsc that the absolutc dis- -- are ordercd monotonically increasing. Each of thcsc 
_lanc~ bt.:L wc::en succcssi ve points in the locus cannot. be 'Thi~ discus~ion u~cs a recrangular grrd tor dr~play purposes: 

gr..:·rtcr tl.an the -.-d · ,--- --t-d"· ----
1 

lf. . howevcr, the theory holds equally well for the hexagonal grid rep-
. ~. -- .. ~· -- ... _ .8~!_ -~~_m_e_~, __ ~ªgQ_~....:.. m scanmng rescntation. 

tite bounJary locus it is found that this restriction does • This is a polygonal version of the Jordan-Brouwer separation 
not hold, the "mis!>ing" coordinate pairs are lincarly theo;em 1161. . . . 
intcrpolateu and inserted in the locus. This was done Proofs for thls and followmg theorem> are contained in (19j. 

betwccn thc E and S points of the CX:ample. 
T.h.e.. .second.....r:esloction _js_ that..- p;o-visions_IJ1__1:1St be 
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partition is d,k, which can be used to quickly find the ith 
partition without having to sean through thc entirc 
structure, as must be done in the eq. (2) structure. 
Morcover, it eliminates the need for the r, 4 sincc the 
numbcr of x-coordinatcs in the ith panition can be.! 
quickly calculated as r,K = d;tl,t - d,k because therc 
are n:. + 1 displacements. 

\ 10 
J 1 1 

1 

Another approach to reprcsenting rcgion covcragc 
approximates a boundary with a polygon [ 171. Each 
polygon side is expressed in terms of its end points ami 
straight-line equation. To detcrtninc if a point is in the 
rcgion, this structure is scarched by counting odd-cven 
side crossings of a line connecting the point to a po~i
tion known to be outside the boundary. Possible side 
crossings are deterrnined by a set of interval tests much 
iike those used in searching the TCD y-partition structure. 
However, the search can be considerably longer than 
that for Teas since each possible side crossing requires 
three subtractions, a multiplication, and a division. An
other disadvantage is that representing an irregular
shaped boundary can require a polygon with a very 
1arge number of si des. An earlier approach [ 18) used a 
similar technique to represent boundaries; however, 
inclusion was determined by partitioning the enclosure 
into rectangular regions. 
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ordered scts is called a y-parlition of the TCB. Sym-\ 
bolically, thc data structurc can be exprcssed in thc 1 

following way. The region R4 has a TCB, Pk, defined \ 
as follows: 

k k le le k 1 P4 = IYmon, Ymox, Y1 , Yz 1 • • • 1 Y "4 ( 1 ) 

where lnin is the smallest y-coordinate in the boundary, 
}'~ 1u is the largest, and the number of y-partítions 

. n~c = Y~~•x - y~"" + l. The y-partition of P. for y, is: 

Y k ( ole ok , = rik 1 X¡ 1 X2 1 

'k 
... ' x;.") (2) 

2.2. Properties of the Data Structure 
Given that a region A is defined by a TCB structured 

into y-partitions, it is possible to vrry simply anJ rapidiy 
answer questions about the two-dimcnsional propertit:s 
of A. Questions of particular interest are:: 

Is point p = (x,y) within or on the boundary of A: 

pE A? 
What is the area of A; a (A)? 
What is the mínimum distance between p and the 
boundary of A; min lo(p, A)l? 
What is the boundary of the area common to areas A 
and B; A n JJ? 

where r,4 is the number of y,-coordinates in the TCB of What is the boundary ofthe area which includes either 
R. and is always an eveh number. The x; 4 

are the points arca A or B or both areas A and B; A U 8? 
cin.the~CB havingy,-coordinates. TCH processing usually j 
involves computations made on the pairs of these xs . D~t~rmining Contai_m~ent. B~cause of the s~ructural 
with "odd-even" subscripts. Using the eq. (2) form, /. S1m~ltc1ty of the TCO, _1t IS poss1ble. to. d~term1ne v~ry 
the y-partitions for Yl = 4 and Y13 = 16 in the Figure 1 rapldly whethe¡ a pomt on the gr¡d IS In the regiOn 

b d Y a defined by the TCR. The result of this search is always 
oun ar re: . . 

unambiguous, as shown 1n the followmg thcorem. 
Y1 = (6. 13, 13, 16, 16, 17,. 18),--. 

-....y13 = (8, -1,0,0, 19,20,21,22,23). 

Also to facilitate the searching proccss, the extreme co-
ordinate values x .. ,n, x .. ,,. of the TCH are determined 
during the y-partitioning. These, together with y .. .¡", 
y,,.,_ define a rectanglc bounding the TCB calted the 
gcometric index. 

There is an alternate structure which preserves the 
integrity ofthe TCH propcrties and has ccrtain advantages 
o ver the eq. (2) form. A list 1 d,4j, 1 ::; i ::; nk + 1 is 
placed at the beginning of the array containing the TCB. 

The displacement of the first x-coordinate in tbe ith 

71 

THEOREM [. A point (i ,[j) is within or 011 th~· boundary 
of region Rk defmed by P4 if and c111/y !f there exists a 
Y k • 1 .., . / /d , ik lk 

; 
1 

l = , ~, , .. 1 llk 1 11'1( 1 Gf/ OC -CVC/1 poiiT X 1 1 X¡+l 

h 1 - d 1k ~ - <' il. .1 
SI/C, (f/Gt y, = y Q/1 X 1 ~ X _ X 1 1-¡ • 

The search strategy to determine whethcr a point 
(x,y) is on or within a closed boundary is as follows. 

St{~P l. 
Test the geometric index; if (i 1?i) is outside this 
bounding r~ctangíe, H is also ot.:tsidc thc Tea. 

Step 2. 
Rctrieve the y-partition for the Ten if (i,y) is on or 
within the bounding rect:mg!c. 
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Sr.cr 3. 
Test thc oJLI-cvcn pairs of xs in thc y-partition; if 
thcre cxists a pair (xn ,x,) such the Xn ~ i ~ x., 
thcn (i,fi) is on or within the TCU. 

The program for this algorithm makes at most four 
comparisons in step ·¡; one mass-storagt! access in step 
2 if the y-partition is not already in main memory; and 
at most r,k comparisons in step J. No arilhmetic opera
tions are ncedcd, asidc from addrcss-indexing functions. 
Thus it is simple and can be executed very rapidly. 

Thc y-parti~ioncd Ten representation can also apply 
to Ak, the set of all points in the digitizing mesh outside 
the boundary of AL . The following corollary to Theorem 
1 formally states this concept of an area inverse. 

CoROLLAR Y l. A point (i,fj) is in A~~: if and ;'ni y if 
there exists no Y/, i = 1, 2, ... n~~:, of A k witlz odd-even 

. ,¡, it . 1 J 1 h , t -pGin X1 , X¡ +1 ,} = , 1 ••• 1 r,k - suc trza y = y, 
d aL < - < ik an X 1 _ X _ X 1 +1 • 

Computing Area. The area defined by a sampled 
. _,undary is interpreted on the basis of the number of 
grid points on and within the TCB representation. This 
assumes each point represents a unit area which is a 
square centered on thc point.~ The area of A can be 
computed directty from the y-partitions as follows: 

THEOREM 2. 
n 

a(A) = L (L; + r,/2) 
•-1 

11'/zere 

, t /'l 

L, = L (x;i - x~;-1) 
J-1 . 

x;,_1 + 
¡ 

= X2j- 1 otherwise 

11 is the number of y-coordina/es i11 the TCB for A, and 
r, is tlze number of x-coordina/es associated with the 
y.-coordi11a1e. 

The L, computes the sum of odd-even x interval 
lengths in the y-partition, and the r,/2 term accou_~ts 
for the end etfects of each odd-even interval. The x:,-1 
adjustment is required because the TCB form for an 
inftection which originally had an even number of X·CO· 

ordinates with the same y,-coordinate contains a re
peat.cd value for either the first or last x-coordinate. 
1 n instances where these repeated values occur as an 
evcn-odd sequence in the y,-partition 1 it is necessary 
to augment the odd member so that the repeated co
ordinatc is not counted twice. It will be noticed that 
whcrc thcy occur as an odd-cven sequence, the point is 
automati¡;ally cot.inted only once, and therefore the sc
quence test is requircd to distinguish the two cases. 

1\linimum Distance from. Boundary to a Point. The 
mínimum distance between a point and boundary can 
be computed severa! ways. One method which is rapidly 
exccutcd and is valid for all boundary configurations 
first finds the y-coordinate of the area boundary closest 
to thc point, then finds the x value in the associated 

y-partition closc~t to thc point. Fincling this x b_oundary, 
value within a r-rartition is accomplished wíth a bináry 
scarch. All subscquent searches of y-partition~ are 
limited to a y-value neighborhood about thc point 
which is lcss than thc Iast computccJ mínimum Euclidian 
distancc between the y-partitions and the point. The 
scatch is complete where the distance is less than or 
cqual to the neighborhood radius in which all y-parti
tions have been searchcd. 

Region Intersections. The area common to two 
boundaries At and A, is enclosed by the boundary 
AL n A 1· Thus p = (x,y) is in both A~ and A 1 ilf" p is 
in AL n A 1· By Theorem 1, A k contains p if there exists 

Fig. 2. lntersecting boundaries and their associated "odd-even" 
coordinates. 

bl•llntla .·y f 
1 
1 

Y¡ coorrllnnle 

\ 

\ 

1 
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a _p-partition of Pk with an odd-even pair of xs which 
defines a range containing x. Consequently, p is in both 
At and A 1 if there exists such a y-partition range in 
both Pt and P1 • lt follows that Pm, the TCB defining 
A~~: n A 1 , is the set of y-partitions detcrmined by form
ing the intersection of respective y-partitions fro:n Pt 
and P1 • Theorem J states this result conciscly. 

THEOREM J. P.,, the TCB defining At nA,, is the 
set of y-partitions 

Y m . = 

where 

.. 1 k 1 1 Ynu.. max Ymü•, y"'"' 

and 

m • { k 1 1 
Yma< = lntn Ymaz 1 Ymaz . 

In the method for creating the intersection of two 
y-partitions, each odd-even pair of x-coordinates in 
one of the partitions are successfully examineu. The 
interval defined by a given pair in this kth partition will 

• In practtce, a boundary will bt! samplcd either man.ually with 
an x-y digttizer, or automatically with a film rcadcr. In ctthcr ca~e. 
thc accuracy with which the boundary is repre~cntcd m tht.: grid 
coordinate system will nominally approach the ltncar dimensions 
of the grid point spacing. 
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1 Table 11. Odd-Even lntersccllon As~ignments 

Odd-Evcn x Coordmate lntcrscction 
Relation~hips Assignments 
------------- -· ---------------

Cases xo• x,• X o,. X,'" 

¿xo' <x,' XoL ,. l ... 
2 <xo 1 ~x.' Xo 1 x,' 
3 <xo 1 <xo1 Xo 1 x,• 
4 ~Xo 1 ?:x,' xn• x,'. 
5 :-:x,' don 't e are xo• x,l' 
6 -don't care =Xu 1 x/ ~-

7 >xo 1 don't carc no action 
8 don't can! <xo 1 no action 

Fig. 3. Terrain map of regional features. 

0 (x,y} 

L.., .. 
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exhibit one of eight possible states with ea...:h pair in 
the other or ith partition. An enumeration of these rela
tionships and the interscction assignments in each case 
is tabu!ated in Table H. The example in Figure 2 íllus
trates the Case 1 relationshíp. 

Another important problem is Ak n A1 given that 
,4,, the inverse of A,, is the boundary containing al! 
points in thc digitizing mesh not in A 1 as in Corollary l. 

COROLLAR Y 2. P,., , the TC B defining A k n ii 1 , is the 
set of y partitions 

... k n -, Y, =Y, Y,, k 
}'ma.z J' 

where Y/ defines the points 011 the fine y = y, which are 
either between even-odd x pairs of Y/, /ess than xi 1

, 

or greater than x; ~ 1 • Taking these three exceptions into 
accounl for the Theorem 3 combining method, complete/y· 
enumera/e the possible conditions that can arise. 

Region Unions. The un ion of A k and A 1 , Ak U A 1 , 

is the boundary containing all points in dther Ak orA, • 
THEOREM 4. P,., the TCB defining Ak lJ A1 , is tlze 

ut of y-partitions 

'" k '1 "' < < "' Y, = Y, U Y, , y,.;,. __ y, _ y,.""' 

wh~rP 

m , 1 A: 1 l ym.,. - mtn y,.,,. , y,..,. 

and 

The computational procedure for creating the union 
ofthe two y-partitions treats the eight states enumeratcd 
in Table JI in a manner analogous to that shown for 
intersections. However, in the result of. forming the 
union of two partitions, certain redundancies can occur 
in the intervals covered by two adjacent odd-even pairs: 
one pair may be contained by the other, or both pairs 
may include a common interval. In the first instance, the 
contained pair is eliminated; in the second instance, 
both are integrated to forma single odd-even pair cover
ing the combined interval. 

2.3. Representing Regional Information 
Many terrain properties can be represented as sets 

o~ regions, each defining the surfacc: coverage of a par
ticular property va!ue. To select tlw rcgi0n boundaries, 
a straightforward procedure can be used which (acilitates 
the manually controlled process ofconverting the bound
aries into computer form, and ~lso providcs an un
ambiguous presentation of the scene. In the Figure 3 
example of scene material cov;::rage, six region bound
aries are selected: one each for thc ground, lake, island, 
wharf, road, and car. Notice that thc "gíound" bound
ary (the map border) includes all the other features; 
similarly, the lake boundary inclucles thc island and part 
of the wharf, and the· road boundary includes the car. 
These obvious overlaps are taken into account by the 
arder used in encoding the boundaries . 

. The person e!1tering the data with an x-y digitizer 
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tra.c\:S thc boundaric> for fhis cxamplc using the follow
ing s.:qucncc: C '" 1 g, 1, ¡, 11', r, el. TI]~ hq!Jnpar!~s '.:all 
be rcprc<;cntcd for computcr ~\:arch cither in TCII form, 
or rolygon form [ 17j It i'i ca~ily wrificd that in either 
c.tsc thc rcsulting sct of clo~cd boundaries unambig
uously defines the sccne if the boundarics are searched 
in an orclcr revcrse to the encoded scquence. The search 
stratcgy is simple in thts rcversc order: test each TCB to 
ddcrminc if thc spccifi.ed point (x,y) is contained on or 
within its bounclary. The value of the first boundary 
containing (x,y) is assigneJ to the point. In Figure 3, 
thc TCBs for the car, road, and wharf were searchcd and 
found not to contain (x,y). The island TCB .is the first 
founJ to contain this point; therefore, it can be con
ctudeJ that the point is on the island even though~Ob
sequently searched TCBs might also be found to con
tain (x,y). 

Note that in the encoding procedure the operator 
began by selecting and encoding a boundary for the 

'on which extended over thc largest portian of the 
scenc. This was done even though the boundary included 
arcas of other features. He then selected and encoded 
the boundary of the next most expansive featurc. In 
this way he was not required to retrace a common 
boundary dividing dissimilar materials. In repeating this 
process for successively smaller, less extensive features, 
the operator had only to concentrate on selecting the 
boundary which most expeditwusly defined the feature 
region being considered. Thc:: operator has much latitude 
in sclecting these boundaries and the arder in which they 
are encoded, although the two operations are not mu-

- tually exclusive. 
The filing sy~tem for sets of TCBS representing a 

scene has been designed to minimize the number of 
d irect access storage (DAS) de vice read operations re
quired during the search operation. Two file cntries are 
crcated for each set of TCBs representing a surface prop
erty: a search list and a master file record. The first 

.atns one element for each TCB of the set represent
ing an attribute or property. It is placed in the scene 
directory. The master file record includes the TCB struc
tured in the eq. ( 1) form. An element of the search list 
contains six fields: 

l. Boundary attribute value or the surface property 
code. 
2. Geometric index (x, .. , , Xmax , )'ulin , y .... x) .. 

3. An address pointing to the TCB unit record in the 
master file. 
4. Ten record length. 
5. Adclress of the scarch list element for the boundary 
to be sc.:arched next if thc point being examincd is not 
contained by' the boundary just searched (called the 
no-tra11sitio11). 
6. Address of the search list element for the boundary 
which is to be searchcd next if the point is contained by 
the boundary (called the yes-tra11sitio11 ). For region 
boundary maps, this is the address of the search list 
clcment itself. 
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Fig. 4 Search graph for the Ftgure 3 example. 

No No No 

Y es Y es Y es 

F1g 5. Bridgmg in contour map~. 

1 a - e 1 :S .1. and 

ib-el ::s.!l 

(a) (b) 

Y es 

p~', .,i ·;_1~ ..... ;. 

No No 

Yes Yes 

(e) 

Fig. 6. Contour map with search graph. (a) Contour Map. (b) 
Search Graph. 
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:fl1e sear.ch. list for Figure .J is illtt:'Jtrntcd in Figure 4 
which shows the no- and yes-transitions in directcd 
graph form. 

The algorithm which implernents the search stratcgy 
is a simple one. lt starts at the bcginning of this list and 
perforrns a scarch of each successive boundary as cli
rected by the no-transitions. The fiíst boundary found 
to contain thc point being considaed rcprcsents the 
propcrty characterizing the point. 

Each search list is identified with its associated at
tribute, a symbolic code designating the type of surface 
property represented. Thus, for example, a particular 
terrai n sccnc m ay be represented in its scene directory 
by four scarch lists: one for the TCB set representing 
surface materia! compositions; one ior S"u~rface rough
nesses; one for ioad-bearing strengths; and one for 
ctJitural features such as houses, roads, towers, towns, 
bndges, and power/te!ephone lines. Usually each search 
list is associated with one set of master file records; 
howcver, TCB records m;;y be referenced by element.s 
from more than one search list. 

2.4. Represcnting Contour Map lnformation 
Tcrrain elevations are customarily reprcsented by 

contour maps as are other similar piecewise continuous 
single-valued functions of two variables. This subsec
tion presents a computer-based technique for handling 
contour map information so that the value of the func
tion atan arbitrary point can be efficiently derived from 
the contours. Others havt: also considered this problem 
17, 8]. Their approaches were to treat the contours as 
line segments and define the relationships between these 
segrnents in graph form. In this development, each con
tour line of a map is treated as a closed curve, and the 
relation~hips between adjacent contours are explicitly 
defined by the search list. The closed contours are struc
tured as Tcns for ease of search. Just as in thc rcgiun 
boundary case, these could also be represented in poly
gon form [ 17]. Therc are two con tour line configurations 
which require special consideration during the map en
coding. 

l. A contour line that intersects the map borcler 
must be closed. This is done by splicing its ends together 
with a line segment lying outside the border. Sometimes 
there will be more than one such contour Jine with the 
same elevation value. These ofteiJ represent one contour 
which has been bisected by the map border and can he 
joined using two border line segments to produce clos
urc. Other similar situations can arise which wi!l re
quire a ·~splicc-and-try" procedure to arrive at the best 
configuration for encoding. In all cases, the splicing 
should be done outside the border where the induccd 
elcvation distortions are negligible in the vicinity of the 
border. 

2. Two contours that are connectcd by a "bridge" 
lineas shown in Figure 5 (a) are separated and encoded 
inJividually. Thc separation procedurc depends on the 
clcvation valucs of thc contours adjacent to the bridge. 
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lf, as in Figure 5 (b ), 1 a - h 1 ~ <1, thc con tour map 
clevation incrc.nent, then tht: bridge is treatcd as a con
tinuum of one of the contours as shown dashed. The 
lcft contour was bisectcd and thc bridge spliccd on <Jnd 
enéodcd as a loop enclosing zero arca. Wherc ! a - h 1 

> <1, the two britlged contours are bisected at the 
bridge junctions and the bridge is uscd twicc as shown 
in Figure 5 (e) to produce a legitimate encoding con
figuration. 

Thc procedure for encoding a map and representing 
the contour line rei~tionships is i!lustrated •.vith Figure 
6. First the contours are checb:d for closure. Line@ is 
not closed, for example, so four artificial segments wert! 
created (shown as dashed lines) and spliced on to @. 
Next, the encoder looked for extrema: regions on the 
map where the contour values are maximum or míni
mum. The concentríc contours encircling these extrema 
were organized into sets: IQ), @, 01, /0, @, ®1, 
1®, 0), ®1. 1®, ®. ®, @, @1. These -:ontours 
were then encoded by entering their t>levation values 
and point loci in the following arder 

e= (0, 1, 2, J, 0, 4, J. 5, Qf, 6, 1, ~. 0. 8, 9, .2.. 
10, 11, U) 

(3) 

The symbols 0 and U are used as delimiters: f2f, cal!ed 
the null contour, designates that the conccntric set 
begins at an elevation extremum; and U, called the 
universal con tour, designa tes that the last con tour of a 
concentric set is not contained by any other contour. 
Thc undcrlined elements in the sequence designate that 
the associated contour has been prcviously entered, 
hence it is only necessary to reference that entry. 

The formal procedure for deriving the encoding 
seq uence is as follows: 

Step l. 
Select an arbitrary extremum. 

Step 2. 
En ter 0 and select the first con tour of thc extremum. 

Step 3. 
Trace the contour line. 

Step 4. 
Check within the contour that was last traced. 

Step 5. 
lf the last traced contour contains an extremum 
which has not been entered, perform step 2; other
wise, perform step 6. 

Step 6. 
lf a concentric conlour does cr..ist, rerform stcp 
3; otherwise, perform s~ep 7. 

Step 7. 
Enter U and look for an cxtrcmum which Ílas not 
bcen entered. 

Slep 8. 
lf an extremum exists wh:ch has not been cntered, 
perform step 2; ,otherwise, tcrminate the pro
ccdure. 

A contour mnp configurcd for cncoding has the 
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following prop:.:rty: each con tour is closnl, and no two 
·contou1 s cross or u re connccted (except under the path
ological cunditions whid1 can arise outside the border 
whcrc clcvation is not dcfincd-note that ovcrhanging 
cllll conditions are not treatcd here). Therefort:, only 
one of thrce conditions can exist between each pair of 
adjacent contours A and B: A contains B; B contains 
A; or ncither contains the other and both are contained 
by a third contour C. Note that the encoding procedure· 
takes care of each of thesc conditions as it arises so that 
all adjacencies are correctly represented at the comple
tion of thc encoding procedure. 

Thc contour map search Jist is derived from the 
encoded sequence so that, given an arbitrary sample 
point in the planc, it will be possible to deteril'l.iJ1e. the 
contours which border the region containing the point. 
The list represents the contour adjacencies and con
tainment relationships which are required by the search
ing process to determine the bordering conditions. For 
t:xample, in Figure 6 (a) con tour 5 surrounds contours 

, 7, and 9. The search list, shown in Figure 6 (b) as a 
directed graph, is set up so that contour 3 is searched 
first if the sample point is contained by con tour 5; 
next, contour 7 is searched if 3 does not contain the 
point; and finally, contour 9 is searched if 7 does not 
contain it. (Note that the arder 7, 9, 3 or 9, 7, 3 or any 
of the other possible combinations could al so be used.) 
The contour map search list has elements with the same 
fields as the search list for region boundary maps. The 
yes- and no-transitions are derived for each contour 
in the encoding sequence C = 1 C1, Ct, ... , Cml as 
follows. 6 A search list element is created for each con
tour in e which is not a reference to a previously en
coded contour, or not the null 0 contour. The search 
list S = (S1 , S1, · · · , Sn) where S.c;> is the unique 
search list element for C;. lf C, is a reference to a 
previously entered contour, then it is said to be equiva
len! to that entry, and it is represented by the same list 
·~ment. 

The search list construction procedure is as follows: 

Step l. 
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Examine the first (next) pair of contours C¡, C;+l 
to determine their search list element transitions: 
(a) If C; = 0, then assign the yes-transition for 
s.(.+ll as itself. This is written s.<•+ll -Y·· s.(,+ll. 
Flag C.1-1 as ha ving been processed and go to step 2. 
(b) If C,+l = 0, thcn go to step 2. 
(e) If C., C.t1 have both been flagged, go to step 2; 
otherwise, step 1 (d). 
(d) Sean C,+1 , C.+~, ... , C,. for the set of en tries 
which is equivalen! to C,+1 • Let this set be 1 Ct, , 
Ct,, ... , C1). Form the sequence r; = u(/; - 1), 
1 ~ i ~ p. Then assign the transitions as follows: 

S Yc, S No S -.No No S No 
•<•Hl --+ rp --+ rp-l '' • - ''---. 

No S s.c., - •<i+ll· 

Flag C,+•, C1, , C12 , ••• , Ctp as having been 
processed, and go to step 2. 

Stcp 2. 
If thcre is anothcr me m bcr of e which has not be en 
examined, go to step 1, otherwise assign the no
transition for thc U St;arch list clcmcnt as itsclf. 
The scarch list construction procedurc is complete. 

To illustrate the construction proccdure, consider 
Figure 6. In its encoded scquence C, eq. (3), note that 
the J and 2 elements are equivalen! to the 3 and 5 con
tour Jabels appearing earlier in the sequence. The scarch 
Iist elements (whose índices are also their associated 
con tour la beis) were generated as follows: 

e,, c,tl : Transition assignment Rule applied 
---- -S Yo. S Step (1) (a) 0. l 1- 1 
l, 2 Sz -Y·· SI -No s2 (l) (d) 

2, 3 Sa-Yc, sj -No s2 -No s3 (l) (d) 

3, 0 Skipped because Ci+l = sz5 (1) (b) 

0, 4 .. s4 -Y·· sj- (l) (a) 

4, 3 Skipped because both were (l) (e) 

previously flagged 

J. 5 S:. - v •• Sg -No s7 -No SJ (l) (d) 
-.No S, 

5, 0 Skipped because C,+l =0 ( 1 ) (b) 

0. 6 Se -.Y•• Ss (l) (a) 

6, 7 s1 - Yrs Se -No s7 (1) (d) 

7, ~ Skipped because both were (l) (e) 
previously flagged 

~. 0 Skipped because C,+J =0 ( l) (b) 

0. 8 Ss _v ... Ss (l) (a) 

8, 9 Sg -.Y"" Ss -.No Su ( 1) (d) 

9, 2 Skipped because both were (1) (e) 
previously tlagged 

2.. 10 S1o---. Ye• S:. -.No S¡o (l) (d) 

10, ll Su ---. Ye• S1o -.No Su (1) (d) 

11, u S Yes S No S u-. 11---. u (1) (d) 

u Su -.No Su (2) 

The result of this procedure is given in Figure 6 {b ). 
It can be shown that the union of alf transitions 

forms a complete transition assignment for S. This list 
defines the relationships between contours so that the 
elevation value at any point in the map can be deter
mined in a simple efficient manner .. This process in
volvcs two operations. 

Operation l. Retrieve the set of contours bordering 
the region containing the point. 

Operation 2. Measure the distance between the pvint 
and these contours. These distances, together with the 

• In the algorithm to determme wh1ch contours border th~ 
region containing a sample point, the address of the ne¡¡t contour 
to be searched is given by the yes- or no-transition of the contour 
just searched, do:pending upon wht:ther the point was, or was not, 
contained by the contour just searched. 
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scarch graph. Thus, thc scarch stratcgy sccks out thc 
correct loop by selecting thc first ono found with only 
one node having a contour containing the give:-~ point. 

' F[ig. 7~ Tcrrain inforruation handling sys1cm. 

PDP..T Wltll CRT 
L.l;¡ld-I'Meoa.de 

A simple. first-order linear interpolation formula is 
used herc to estímate the elevation value of a given 
point. Other more sophisticated methods could be irn
plementcd, however. For n contours bordedng the 
region containing thc point with elevation valucs a,, 
a1 , ••• , a" and mínimum point-to-contour distances 
31 , Ot , .•• , o" , then 
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contour elevations, can be used in an appropriate inter
polation formula to estímate elevution at the point. 

The search strategy to find the bordering contours is: 

Step l. 
Begin at Su. Select the yes-transition if the point is 
within the map and perform step 2. 

... + !~) 
lJ" 

(4) 

2.5. H.epresenting Line Structures 
Line structures are handled as a special case of 

region boundary data which are not closed. The "tightly 
closed line" x- and y-partitions which form an orthogo
nal set can be utilized with the line structure search list 
to facilitate the integration of sets of line scgments 
making up a coherent structure. There is an eleme.1t for 
each Iine segment which contains the segment's prop
erty description, master file TCL address and length, nnd 
geometric index; and associated with each end-point 
coordinate pair, there is a set of scarch list elernent 
addresses, one for each TCL sharing that end poir.l. With 
this reprcsentation, it can be shown that it is relatively 
simple to extract features from distorted iine st>gments: 
e.g. "to the right of," "to the left of," abo ve, bclow, 
concave and convex forms, as well as their sizcs, 
~hapes, and opening directions. 

3. A Terrain Information Handling Application 

Step 2. . . . ~-~ -Ari-exper'imental- system employing the Tea data 
Search the new contour .. l.f the pomt p 1s 1n the con- representation techniques has been programed and 
tour, sele~t th~ yes-trans1t10n and repeat ~tep 2. A~so applicd to the problems of handling surface coverage 
save t.he ldenhfy. of the. last contour searched whtch and elevation data. It integrates thc thret key functiom: 
cont~I~S p. lf p IS not m the contour, select the no- converting the spatial structures into compuler form; 
transtllon and perform step 3. filing the searchable representations for these struc-

Step 3. tures; and retrieving and analyz.ing data from the file 
If the new contour is not the Iast contour searched storage. 
which contains p, perform step 2. If it is the same, 
then the scarch is complete. The set of contours bor
dering the rcgion containing p is defined by the no
transitions forming the loop which threads through 
the contours just searched. 

Every region surrounded by contours is dcfinccl by a 
loop in the search graph. Since this regían is containcd 
by one of these contours, thcre will always be il yes
transition in the loop. Thus, it can be shown that this 
strategy always results in finding the set of comours 
bordering ~he region containing the point. For example, 
p in Figure 6 is in the rcgion bordcred by contours 2, 3, 
and 4. Note that this region is dcfincd by a loop in the 
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3.1. The Jnforrnatior. Handling Systcm 
The system cornpriscs three stlftware p:tckages: 

COPJER ( Computer On-line Picture lilput Encodcr and 
Recorder ), STOR {STored-graphics Organized for Rc
trieval), and POL (Picturc-retrieva! Output Language) 
as dcpicted in Figure 7. COP:ER runs on a PDP-7 with 
graphics terminal. STOR and POL are programed in 
FORTRAN IV and vcrsicns run on both the UNIVAC 1108 
and IBM 360/40 WJth mass direct acct:ss storage (DAS). 

The coPIER data conversion faciliLy is used to extract 
suurce data depictíng features from pictures such as 
topographic maps, contour maps, acrial photographs, 
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a11d 1 .tda_r im•'g~s. Pictur¡; data !>lructurcs fou11d in 
tcirain imag.:ry a1c gc11crally quite dctailcd, and the 
s~tl1.:r1t ~.:liar a~.:~..:ri:>tics of thesc struc.:turt:s are clillicult to 
idcntify a11u define precisely. Bccausc automatic en
t:oding is not within thc prescnt state of thc art, it was 
m:cess,try to use manual selcl:lion anu encoding. The 
convcrsion proccss using an off-linc cligitiLer was fuund 
lo be tcJious, :.tllll thc rcsulting encodings usually had 
nurnerous crrors and omissions. In an attempt to ovcr
comc th..:se dttliculti.:s, an interactive graphi~.:s facilrty 
was aJaptcd as a digitizer and found to provide con
siderable improvcmcnt. This facility is a cornputer
drivcn graphics t..:rminal with 15 in. CRT and lightpen, 
\\ hit:h is controlled by the COPIER software. A simple 
prujector with ovcrhcad mirror puts an image 9.[).he 
picture to be encoded onto the screen, which is the CRT 

phosphor underface. 6 Points and lines encoded with the 
lightpen and labels entered on the keyboard or control 
console by thc operator are displayed on the CRT by 
the cornputer. The points and lines appear in registra-

,n with the projected image as they are encoded. This 
1s the rnost important feature of the data conversion 
facility since thc opcrator can immediately judge the 
ac.:curacy with which he hn.s traced the image structures 
and make corrcctions if necessary, releasing the results 
to bulk storage only after he is satisfied. 

A calibration procedure is used so that the optical 
and elec.:tronic Jistortions can be rectified. This is ac
complished by encoding the intersections of an- eqúally
spac.:ed precision 5 X 5 reseau projected through the 
optics onto the CRT at the beginning of each digitizing 
schedule after setting up the optical equipment, posi
tJOning and scaling the CRT digitizing grid, and allowing 
the clectronics to stabllize. 

The STOR software processcs and organizes the en
coded data in DAS rctrieval files. First, the reseau data 
is used to rectify the spatial distortions in the encoded 
point coordinatcs. Tests of rcpresentative COPIER setup 

'lditions havc verified that the rectification procedure 
1 .. ovides 1000: 1 spatial resolution for this equipment. 
Each boundary is then converted to a Tea, sorted into 
y-partitions, organized by search lists to define the in
tended pictorial structure, and stored in DAS files as 
described earlier in the paper. 

The POL retrieval software answers questions about 
the properties and relationships of features depicted in 
thc STOR files. Procedures have been programed to 
compute area, mínimum distances between points and 
boundarics, boundary intersections, and boundary 
unions, and to rctrievc the attributc values of points 
from rcgion bounclary and contour map represcntations. 

• 1 he1 e are at leas! tlm::c otlu:r ways of ach1evmg a functiOili:.lly 
equivalen! interact¡ve digllizcr capabihty: using a CRT with a trans
parcnl port suitable for rear projection; using half-silvered m1rrors 
10 mix the projected and CRT images on a rear projection scrcen or 
m1croscope eye picce; and usmg high resolution TY cameras or film 
scanners wh1ch can produce a video version of the projected picture 
on th~ CRT. 
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Tablc 111. Radiometcr Material Code Array for Samphng Grid 
in F1gure 8(b) 

5555522222552222225555555555 
5555522222552222222555555555 
5555552222222222222255555555 
5555552222222222222255555555 
5555522222222222222222255555 
5555521222222222222222555555 
5555522222222222222222555555 
5555222222222222122222555555 
5552222222222222222222555555 
5522222555522222222222555555 
2222255555555522222225555555 
2222555555555555555555777555 
5555555555555555555555777755 
5555555555555555555577777755 
5555557777755755577777777777 
5555577777777777777777777777 
5555557777777777777777777777 
5555552222557777777777777777 
5552282222225777777777777777 
5522882222222577777777777777 
5228822222555577667777777777 
2288222222222577777777777777 
2288222222225777777777777777 
2282222222257777777777777777 
2282222222577777777777777777 
2822222257777777777777777777 

' 

2222777777677777777775555777 
2222257777777777777777577777 -, 

3;2. Constructing Synthetic Microwave Images 
In aircraft guidance [20] and Earth resources remote 

sensing [21], there is an interest in the analysis of im
agery obtained with scanning microwave radiometers. 
Jn support of these investigations, it has been necessary 
Lo devise a practica[ method for predicting the radio
metric imagery which would be obtained from an 
actual sensor over extended terrain rcgions. Thc infor
mation system of Figure 7 was applied to this problem. 

A microwave radiometer measures the emitted and 
reflected energy from various materials in a ground 
scene. These measurements are essentially independent 
of terrain contours. The instantaneous output signal is 
a measure of the energy collected by the antenna . .The 
example in Figure 8 illustrates how the information 
system was used to predict the radiometer measure
mcnts. The aerial photograph in Figure 8 (a) is the 
source from which the region boundary map of material 
coverage shown in Figure 8 (b) was produced using 
COPIER and STOR. Not all radiometric material regions 
were encoded for this example, so that it woulcl be 
more casily understood by the reader. Figure 8 (b) is 1· 
composed of a general background of soil ®. two lakes 
0, one lake island ®. golf coursc fairways and greens 
0, sand traps 0, a vegetable patch 0, and an asphalt 
highway @, encodcd in that order. 
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The synthctic microwavc raJiornctcr imagc is con
strut:tcd with POL by sampllng lhc terrain matt:nal 
coveragc reprt:sentation at rt:gular intcrvals in twn di
mensions to retricvc the rcquircu array of rnat..:rial 
codcs. In another step not covn::d in this papcr, tlt:: 
materials array is translateu into a digiL.d raúiometer 
image, or array of microwavc si~nals, by first convcrl
ing the material codes into signa! arnrlítudL:s accordíng 
to the appropriatc ground truth signatures, titen 
smoothing the results with a 2-D filtcr rcprcscnting thc 
radiometer ar.tcnna response pattcrn [IJj.¡ Thc ma
terials array of Table 111 is the sampled resu!t fur the 
28 X 28 grid shown in Figure S (b). 

The terrain information handling systcm has been 
used to encode over 60 scenes and construct apprm.i
ately 500 microwave imagcs with sampling grids 
ranging in size from 12 X 12 to 120 X 120. lt has bcen 
found that with C'OPIER, an operator can cncodt: a 
typical scene possessir1g 60 boundaries cxhibiting a 
normai TCB boundary length distribut10n having a 
400-point mean and 150-point standurd dcviation in 
approximately one hour. Or equivaicntly, thc opcrator 
can digitize approximately 110 points pcr minute. tn 
tightly closing the boundaries, about four points are 
added for every one digitized. This ratio 1s primarily 
due to the operator's liberal ust: of sll aight scgmer:ts 
which are defined only by cnd points. 

On the UNIVAC 1108, the s roR software rcctifie~. 

structurcs, sorts, and files thcsc data al thc rate of l 00 
to 500 points per second for scenes having distributions 
such as thc above scene. This rate dcpends on boundary 
length since one of the STOR processing operations 5orts 
the coordinates. The number of ~toragc- cells required 
for the y-partitions of a TC'H range from 100 rcrccnt lo 
150 percent of the numbtr of points in the TCR. The 
number of bits required in each cell dt:pends on thc 
digitizing grid size. This application nccdcd 10 bits. 

For typical scenes, material codes were retrieved at 
random from TC'B files by POL at thc ratc of 400 to 1000 
sample points per second. Since thc search algorithm 
üSes the geometric index to isolate the candidate bound
aries for thorough search. the retrieval rate tended to 
b,: higher for boundary sh:.pes which approach that of 
the boundary rectangks. This search rate was consist
ently high evcn for sa.nplir.g gricls that extend ovcr 
largc spans of the sccne because roL uses a last-in 
first-out paging strategy to mi 1imize t:1c number of 
times a TCR must be trc:nsfcrr,~d from o¡1~ ro main 
memory for .>earch. For this ap 11ilcation, the n.ain mem
ory hufTcr was siLeu to holu 20 average~_:.'ilgth TCI.IS. 

7 A POL proccuurc for concatenating a ~e4u~nce of ovcrlappin¡_.: 
acrial photos to con;truct a map 1s dcscriced m 113! Th1~ method 
include~ an automatic tcchnic¡uc for handling obhqu;:: expo;urc~. 
uncqual exposurc time inh:rvals, a1rcr:lf1 dnft, a11d ~11craft velocity/ 
hc1ght ratio change~ 

POLcan a !so be u~cd to relate tnc actual ruc!Jomcter signals to 
¡:roun<.l truth information visible ir, thc grounu \Ct:nc photograph~. 
Two method> have beer. <.levelope<.l fur doing thi .• · one for hanuhn¡; 
~y,tcmatic linear radiometer sean patt~rns [13:; and one for han
dling random radiometcr >can patterns ! l9J. 
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Table.IV. Array of Elt'vati~n Values for Sampling Grid 1n Figure 9. 

:wo 2CO 200 195 186 181 170 164 169 166 
2lXJ 2lX) 194 190 188 183 172 159 158 158 
196 194 187 180 184 182 173 163 154 152 
190 185 179 174 177 178 171 160 149 147 
187 17\} 174 167 164 165 165 161 140 143 
189 183 178 168 158 156 156 154 142 139 
193 188 181 170 160 155 144 H16 141 135 
196 188 183 173 165 154 139 138 136 .-IJ8 
192 182 177 169 159 151 143 137 131 126 
ISS 180 174 167 162 159 !50 141 136 135 
IRQ 178 174 169 165 161 154 144 143 143 
176 173 171 . 168 164 162 !57 149 147 145 
168 1-69 169 166 162 158 )55 151 149 144 
162 165 165 164 161 157 ·154 152 148 144 

161 162 162 159 156 154 150 148 145 
.¡ 156 158 160 157 154 151 148 146 143 

149 152 154 !55 154 151 148 146 143 141 
147 ISO ISO 150 ISO 148 145 143 141 135 
146 147 146 146 147 146 142 138 134 129 
14~ 1 ,,5 143 141 143 143 140 134 128 1 121 
140 142 142 13~ 139 140 136 130 123 119 
136 138 138 137 13S 134 131 126 119 116 
130 132 13-1 133 130 129 128 122 117 113 
125 128 131 DO 127 125 122 120 116 111 
122 126 128 128 126 122 117 115 112 108 

- --- - --rn---¡:! s---n5--12-1-- -123-121- 115 110 108 10-1 
120 122 122 121 119 116 111 105 103 99 
111 117 118 115 114 110 105 100 96 92 
103 109 110 108 107 10-1 99 96 92 87 
98 102 102 101 101 99 95 91 88 87 
95 95 95 95 95 94 90 85 81 81 
9-l 89 89 91 91 89 84 80 80 79 
97 82 85 87 87 84 80 80 79 79 
9-l 80 80 80 80 . 80 80 79 80 80 
91 80 80 80 80 79 79 80 80 89 
86 80 80 80 80 80 80 80 89 100 
80 80 80 80 80 84 86 90 95 104 
80 80 so 80 87 89 91 94 101 107 
80 84 89 89 91 93 94 97 104 114 

9J 98 97 95 97 97 lOO 109 117 
,-J 101 103 102 98 102 101 104 113 123 

100 104 107 107 10-1 102 107 109 115 122 
100 105 110 111 110 111 112 116 118 122 
103 107 112 116 118 121 118 123 127 130 
10-l 107 113 119 123 127 126 130 137 142 
99 105 113 121 124 131 136 137 143 151 
99 106 109 117 122 126 137 143 149 159 
97 99 100 109 115 121 134 142 151 160 
97 101 104 110 121 127 136 141 146 156 
9fi 1 () 1 103 108 115 118 123 132 139 ISO 

&O 

162 
158 
155 
150 
146 
142 
135 
125 
119 
128 
137 
140 
140 
140 
142 
142 
137 
130 
124 
120 
115 
113 
109 
108 
104 
99 
95 
88 
80 
80 
80 
79 
80 
83 
91 

101 
110 
117 
122 
124 
130 
132 
134 
136 
141 
153 
163 
166 
165 
163 

166 166 165 165 165 164 163 163 162 
162 162 162 163 163 162 162 163 161 
158 158 158 159 160 159 161 162 162 
152 151 152 154 154 155 159 161 161 
146 145 146 147 148 149 152 158 158 
141 139 141 141 142 143 145 146 148 
134 134 135 134 135 135 136 138 14-1 
125 128 127 127 129 128 130 137 143 
120 122 120 120 123 121 126 133 140 
120 118 117 117 118 117 120 128 135 
125 118 115 114 114 116 120 125 130 
127 119 115 113 110 113 117 123 127 
129 120 118 113 108 110 117 123 125 
135 129 121 114 104 107 114 120 122 
141 133 124 113 102 100 108 114 117 
139 131 123 112 102 100 105 110 112 
131 126 118 110 102 98 101 106 109 
124 118 113 106 100 98 102 106 108 
119 114 110 104 97 97 102 104 lOS 
116 111 107 102 96 94 98 101 103 
111 107 103 101 94 89 92 99 100 
108 103 100 95 89 80 86 93 95 
lOS 101 97 93 88 80 85 90 90 
104 101 96-92-87~-80-83-88-87 

102 99 95 
97 94 91 
91 90 84 
84 83 80 
80 79 79 
79 79 79 
79 80 R4 
80 80 91 
82 89 98 
95 101 lOS 

103 109 115 
103 118 121 
113 123 127 
120 123 130 
125 128 135 
131 135 142 
137 138. 144 
141 145 148 
144 149 154 
146 153 159 
149 158 164 
156 164 168 
164 168 172 
169 174 179 
170 178 181 
170 176 182 
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121 
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135 
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145 
149 
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164 
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136 
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153 
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164 
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81 81 
80 79 
78 78 
80 79 
8S 85 
90 92 
95 98 

101 JOS 
109 111 
116 118 
122 121 
127 127 
134 135 
139 141 
143 145 
148 148 
154 152 
160 157 
164 161 
166 162 
166 161 
165 156 
159 157 
168 166 
178 176 
183 181 
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111 111 
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• l1g. 9. Contour rnnp nnd Sl.arch grnph (Lcxinr;tcn Rc1.::;voir, 
S:.nta Cl:u"o.~ County, Cal•forn•a). (<!) Con<our map showin¡; a .Jü X 
20 sampling gml. Not1.:. thc dig1tal rcpr.:scntntion of each contour 
1s l:!heled a~ O ¡¡•120, !or examp!t:, Y.ht:rt: th1.: first symhci cnc;rclc~ 
a point on thc contour, thc ~cconú i~ thc s~qucn•;c numocr or thc 
contour¡ ami the thirJ ~ymbol is tht: contour's elt:vation. (l.>) S~.:arch 
gro.~ph showmg thc contour SL:4lU:nce numbers as nodcs, and Y 
(ycs)- ami N (no)-transl!ions as links 
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3.3. Conslructing Synthetic nadar Images 
Unlikc ~ignals measured by the microwavc scanning 

ra~liom~ter, signa!~ 111,::asured by radar are dependcnt 
on elevation and slope as wdl as t11c materials on the 
tcrrain surfacc. Hcnce, to construct a synthctic digital 
rada¡- ima~e, it is nccessary lO hav.:: l! computcr search
able rt:presentation for both the te; rain elevation con
tours and the surface materials, roughness, and spccular 
propertícs. Because such surface obj.:cts a:; the opposíte 
banks of rivers and communication or power 1ine 
towcrs are prominent It:fic<.:tors, it is aiso neccss<~ry to 
represent certain fine structures to oblai 11 a more com
plete terrain model. 

Thc capability of the terrain information systcm to 
handle terrain clevation contour data is illustrated by 
the example in Figure 9. Elevatior. contours were en
codeú with COPIER such that thé systerns of concentric 
contours (21, 20, 19, 18, 17, 16), (15, 14), (13, 12, 11, 
10, 9 ), (8, 7, 6 ), (5, 6, 4, 3, 2) were represented. 

The Figu1 e 9 (b) search graph was 11roduced from 
this con tour encoding sequenc~ by STOE. Recause of 
the simplicity of this rcpresentation, it is very e&sy to 
find thc set of contours passing near a particular poínt 
on the terrain. A1so it is easy te determine the minim'Jm 
distances between the point ar.d tnc;;se contours so that 
an accurate estímate of the points e1evation c<:.'l !J~ 

mad::. To illustrate this, POL was used te der:ve the 
1000 elevations for the 50 X 20 sample grid show:1 ir! 
Figure 9 (a). The e1evation at eac:1 poi nt was corr.
puted using eq. (4 ). The resu\ts are tabu1ateci in Tab!c 
IV. POL performance was analyzed and it was found 
that e!evations can be derived on the UNIVAC 1108 at 
the effcctive ratc of 50 to 100 samp1e points per second 
for scenes comparable to this exampk. It can be shown 
that this rate does not change substantially ev<!n for 
signitlcantly larger numbers of contours. 

4. Summary 

The paper describes a novel cornputer-seárchabíe 
representation for ea eh of the ba:;ic pictorial features: 
region or area coverage, contour maps, and lme struc
tures. lt is shown that these representations providt.: a 
very rapid means of searching large files, which have 
practica! storage requiremertts, on g-:ornetric :;oordi
nates a o; well as on attribulo;! v..:!lo~:~ A r> ~q>plication of 
this rcpresentation to han.:!lt!l~ tr:rrain inforn~ation is 
describcJ. The computer-8·t<:v:1 :rr.p:ementL!tioa used 
compriscs a protclype ~y:>tt.:m wliich ir.;.egrDtes th:: 
three Ice y pictoria1 data handling f uncti<' •1S: con verting 
pictorial structures to digit;¡.l fvrm; filing Lhe search
able rcpresentation for these &lructurcs; aud retricving 
and analyzing se!ected data from lile files. 

The computer-St'<' f·~hahie d::t<.:. stn:c:turt~ is shown 
to possess very usefuí a1gcbraic anJ geom,~tri~.: proper
tics which lerd to eflicient means o~ represcnting the 
rclationships and attribute -.,a(,¡;;s of pictorial featun:s. 
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.:'~c·c•_,l,!trcs havc becn dcvelopecl ancl programmcd 
which u~c thcsc propcrtics: to determine whether a 
point !tes witllin a clo~cJ bound:.uy; to compute thc 
<lrca contained by a closed buun~ary; to generatc thc 
cl.1~cd boundary rcprcscnting thl! union or interscction 
of t\\U clu~ed bLlundanes; and to determine the neigh
boring boundaries to a point, and the mínimum dis
tanccs betwcen them and the point. 

The computeri¿ed data handling system was applied 
to the construction uf synthetic microwave radiometer 
anJ radar images of terrain scencs from acrial photo
graphs and ekvation contour maps of these sccnes. 
The convcrsion procedure for radiometer data has been 
evaluated by two Air Force photointerpreters; the 
images constructed from their convcrsion resuk:5' were 
cornpan:d to the actual imagcs and found to fall wdl 
within acceptable limits. Thc system has been used suc
ccssf ully to construct o ver 500 digital radiometer imagcs 
ranging in size from 12 X 12 to 120 X 120 samplcs. It 
has been proven that the system is far more economical 
than the usual manual methods, provides for quicker 
turn-aruund time, and produces accurate images more 
rcliably. 
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,r,, ~., ...... 0 1-..·c.. CONTOURING 

T. K. Peucker 
Department of Geography 
Simon Frase~ University 
Burnaby, 13. C. , Canada 

Since man first atternpted to represent parts of the Earch's surface 

in reduced form, the problern of represer.ting the third dimension~ 

height, on a two-dimensional plane has occupied him. In the early 

times of cartÓgraphy, mountains and hills were portrayed merely as 

.landrnarks and little care was taken to represent their true absolute 

or relative heights. \iith the increasing availability of accurate 

surveys and a growing dernand for precise surface information, measur-

able representations of three-dirnensional surfaces in two-dimensional 

planes became more and more frequent. 

Different methods exist to accomplish this (Peucker, 1972¡f). We 

will restrict ourselves to the group of planimetrically correct repre-

sentations. Since relief-shading and hachuring do not allow for precise 

measurements on the map, the production of "isograrns" or horizontal 

contours is the most frequently used alternative. However, contour 

maps demand considerable time by the user for analysis since the 

intersection of the surface with horizontal planes does not reveal 

the surface's macro-features. The increasing availability of.programs 
' 

for perspective views (Douglas, 1972) and different types of relief 
-;.r~.,... ·(\r·. n.,-. 1 .lc,r 1 

shadings (Peucker,'1972~) suggests the addition of these representations 

for a quicker understanding of the surface. 

The types of surfaces '~hich have been mapped by isograms are . 
{ 1,.. '1 1 1' ' 1 ...... l ~¡ ( 

nwnerous. Thrower (1972) sununarizes and catalogs many types of \::ontour _,¡ 

lines for which 11 isogram" is the general term. They are all lines of 



consta~t value following the surface, i.e., traces of the intersection 

of horizontal planes with the surface. The planes may be equispaced 

but this is not a requirement. Indeed, many studies (Warntz, 1966) 

have shown that unevenly spaced, surface specific cohtours give better 

understanding. 

The conceptual frámework of automatic contouring is poorly defined, 

with the effect that the user may be unclear about underlying ideas and 

does not know the specific assumptions implicit in the type of contour-

ing he is using. Often added to this air of uncertainty is the fog of 

implicit interpolations which in some cases are so badly documentad 

that they can only be called the "secret" of the dis-tributors of the 

program. The result is a pagan confidence in the reliability of inter
!~') 

polation and contour~programs which should worry the conscientious 

programmer and induce him to document his procedure better than is 

usually done. 

It is a general belief that contour line programs can only handle 

single-valued surfaces; that_is, surfaces without vertical or overhang-

ing cliffs. This is true only because the usual data structures for 

surfaces do not allow for more than one z-value for any point in x-y 

space. Programs exist, however, which all~w for discontinuities in 

the first derixative. For example, the barrier package in SYMAP 

' 

1 

--------------------------
interrupts the interpolation process along specified lines and thus 

builds cliffs. As in traditional cartography, contour lines stop at. 

one end of cliffs and continue at the. other end. 

Two· types of-'\·contouring are usuall)' distinguished; point contour

ing and line contouring. In the first, a regular raster of points 

fills out the map area and the entirety of a point is either part of 

a contour or between two contours. The points have no spatial extension 

1 
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in thc second case and ar~as between three or more points are considered 

subsurfaces along which lines of constant z-value are constructed. 

Although the two types of contouring appear different, their 

solutions show many similarities and they can be treated together. A 

much more important distincution is in the different methods for data 

storage during processing. Since the loading of information from 

auxiliary storage such as tape or disc is time-consuming compared to 
.. "..\.('"._.A n 1 •r-

~~processing time, loading operations should be kept toa mínimum. 

This means that a single data-record should never be loaded twice in 

one rtm. 

This results in two processing types for contouring a surfa.ce. 

The first group of procedures loads and processes the entire data set 

at once. The second loads sections of the data and prccesses them 

individually and sequentially, since the whole data set may be too 

la~ge to be kept in core at one time. 

THE IRREGULAR GRID 

t.lost contour proccJurcs are bascJ on a regular urray of hcights 

or a regular raster of points. However, contouring of an irregular 

mesh of data points without first interpolating to a regular grid 

can be advantageous, especially in small computers where the smaller 

number of data points can make contouring feasible, and in output 

systems which have to economize on the number of lines drawTI. 

The first step in contouring an irregular mesh of points is to 

di vide the map into a set of polygons. Al though t:.éiangles are most 

frequently used (ARCON, 1968; IBM, 1965), quadrilaterals also have 

been used (Kaplan and Papetti, 1971). 
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ARCON (1968) gives a detailed description for~"triangu1ation" of . 

points. The procedure first creates a starting boundary on the 1eft 

margin of the map, using the 1eft-most points. This boundary is used 

as the initia1 triangu1ation front which is then advanced to the right 

by incorporating succe~sive points. As soon as a poin~ is processed, 

it can be discarded since it is not used in any further computations. 

The program can therefore process a re1~tive1y 1arge number of points 

even on small computers since on1y a small proportion of the data must 

be kept in core at any one time. 

Since the contouring is done at the same time as the triangu1ation, 

transfer of data from s1ow to fast storage devices is kept at the míni-

mum possible level. The program also allows for smoothing of contour 111 
lines. 

Since a po1ynomia1 surface of the first order (a p1ane) has three 

terms (ax +by+ e), three data points are necessary and sufficient to 

define the p1ane. If a contour crosses such a plane, it must intersect 

two of the sides of the triangle. It is therefore necessary only to 
• 

find these two intersecting points and link them by a line. If the map 

is fi11ed exhaustive1y by the set of triang1es, the lines wi11 join 

automatica11y since one side wi11 a1ways be shared by two triangles 

(except at the rim of the map)~ 

If the po~ygon has four or more sides the assumption that the 

r.P'•:,corner points lie in aplane is somewhat risky. _Kap1an and Papetti 
r..~¡--l¡t 

, '· ,rt~· , 1)~11 (1971) therefore propose a method which allows construction of smooth 
:JII- "'"'' 1 . • ('¡:/"• ~ . 

¡~:J r ~¡)t. sur faces wi th convex quadrilaterals. They interpola te a long a family 

of line segments connecting opposite sides of the quadri1ateral, 

where the two end points for each 1ine segment of the fami1y 1ie 

1 
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the same fractional distance along the two opposite edges. These line 

segments then can be used as intcrmediary intersects for contours. 

The last procedurc shows that the qucstion of interpolatíon must 

often be consídered in contouríng problems. It is therefore under-

standable that many people believe they are discussing contouring whcn 

they describe interpolation algorithms. The concepts of contouring and 

interpolation will be kept strictly apart in this section. It will be 

ass~~ed that the s~rface is either sampled on a regular grid or has 

b~en interpolated to a regular grid in a separate process. 

THE REGULAR GRID 

It has been said that only the triangle defines a plane unequívo-

cally. Severa! attempts have been made to create regular triangular 

grids for contouring (Bengtsson and Nordbeck, 1964). This approach 

has been largely abandoned because it is believed that an array in 

triangular form is difficult to store in systems which are implicitly 

based on a rectangular storage array. This is incorrect, because any 

map can be rotated 60°, interpolated in normal (rectangular) fashion 

and rotated back for plotting of contours. This approach will not be 

discussed further as it has not been applied, and we will consider 

only rectangular grids. ' f./: Tt?..E.4 T t-7 E N -r "·- Ot'f r e .f ,. / ·, T. 

The specific t~s!Ci~ ~";~'.,:fi~J 1 

points along a linc and to decide 

whether a point is part of a contour or not (that is, whether the point 

should be come f black c-ont-otn- or remain whi te). The procedure can be 

considered as a series of switching decisions which can be exprcssed 

in one bit per point. The resulting contour map is thereforc often 

represented in the form of a bit-plane. 



Since the construction of a contour line can be based on a variet~ 
ol)or.+l.. ~s 

of repeated point or cell operations, thesc operatiens \~ill be discussed 

with a single unit before "strings" of units are con'sidered. For the 
po¡'._ !- -
~er typ~method two different approaches are known. The first is 

to switch a point-bit to positive if the point's height is within a 

margin above or below the contour value. This is done by adding the 

margin to the height, dividing the result by the contour interval and 
:-; 

testing whether the remainder is less than Ol' equal to the doubled 

margin, or dividing the height by the doubled margin (which must be an 

integer portion of the contour interval) and rounding the result up or 

down to the closest integer. Those points whose values are multiples 

of the quotient of the contour interval over the doubled margin are 

contour points. 

This approach, which is called quantization in the field of pie-

ture processing (Rosenfeld, 1969), yields contours of varying width, 

depending on the slope of the surface. Although this might not be 
fe .. 

desirable for a cartographi~~resentation, it corr~sponds to the 

reliability margins of surface sampling and corresponds to the type 

of isarithms proposed by Tobler (1970). Picture processing provides 

algorithms to thin these lines. 

The second method of findi~g contour points in a point raster is to 

test each point to determine if one of its neighbors is "on the other 

side" of a contour leve!. That is, to determine.whether a contour 

pass es b'etween the point ·and any one of i ts neighbors. The fas test 

algorithm is to divide every value by the contour interval and delete 

the part to the right of the decimal point. Contour points· can then 
t-'• r•,···~ 1.)'"'··~~- i{J:. 

be found by testing'whether any of~ neighbors has a value different 

""' 
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from the value of that point. This procedure, usually referred to as 

edge detection in picture_proces_sing (Rosenfeld, 1969), will yield 

contour lines two pojuts thick which can again be reduced by line-

thinning procedures. 

When contouring a rectangular grid 

, Ir. , 
• ~ ~ \. ¡'.,.( - ·-· .!:,!:::.::.--

' ~ "" -- k : -· ·-· ---

··----1 
of heights the task is to test 

/'-

one cell bounded by four data points and determine if a contour touches 

or crosses (í.e., whether it intersects at least two lines either 

between the two end points or at one of them) and then to find the 

crossing and touching points. The number of crossíng points can be 

one or three if the contour passes through one or more of thc corner 

points, two in the normal case of interseétion of the contour wíth a 

cell on a slope, or four if a saddle-point lies within the cell. 

The third case has caused geographers considerable constern3tion 

because severa! solutions exist (Mackay, 1953; Morrison~ 1968). Mathe-

maticians willingly accept that a contour line can cross at a saddle-

point, but this provokes horror and mistrust.in one's own faith for 

geographers. Most contour programs have special procedures to handle 

the saddle-point problem an~ avoid crossing. 

Severa! contouring algorithms are well described and widely imple-

mented. Murray (1968) subtracts values of the cerner points from the 

contour level and first works only with the signs of the differences. 

With a series of conditional branches (a tree of approximately two 

dozen arithmetic .IF-statements) the algorithm decides whether the 

contour líes outside the cell, on one or more of the corner points 

or crosse's any of the sides. 'fhe result is one of 41 possible situa-

tions. For 12 of these, one cros~ing of a side must be computed, for 

10 two crossings must be computed, and for one, four crossings must be 



found. In the last case, Murray always connects opposite sides so 

the contour lines cro~s (Murray is a mathematician) and leaves it to 

the user to "correct" the lines manually if he wishes. 

Thirty-two of Murray's 41 situations have at least one comer 

point on the contour, a.l thqugh such cases occur infrequently in 
1 

practice. It has therefore been suggested (Coulthardt, 1969; Walton, 

1969) that such values be changed sligh~ly by switching the least 

significant bit. 

Murray (1968) ignores the fact that a plane is overdefined with 

four points and sirnply constructs straight lines between intersection 

points. This is usually satisfactory if the mesh width of the grid 
' is dense enough. Although the results are cruder, the computation is 

faster by an order of magnitude as compared to the other éxtreme 

of a contouring algorithm, CALCOMP's General Purpose Contouring Pro-

gram (CALCOMP, 1968). The GPCP adds the'eight next neighbors to the 

four comer points and fits a second-order least-square polynomial to 

the.l2 points. The resultant contours are smooth th~ugh not necessarily .. 
nccurate. 

Hebin (1969) dissects the cell into four triangles by computing the 

midpoint as the mean of the four comer points. If higher resolution 

is desired, an ~ption dissects the cell into four rectangles and creates 

four triangles in every rectangle. 

SEARCHING THE ARRAY 

Dayhoff (1968) uses two triangles per cell but the algorithm is 

flexible with respect to which of the possible triangles it uses. 

Coulthard (1969), in a development based on Dayhoff (1968), uses 

.. 
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four triangles in the cell. It will be described here in more detail 

because it searches through a set of cells. 
· o.. f-J'ni-

O.lce/~ contour intersect has been found along a side of a cell, the 

highcr cerner point on the side is called the reference point (rtP) 

.and the lower point the sub-point (SB). The contour line is then 

traced by rotating clochrise around RP from SP where the midpoint of the 

cell is one of the points which can be reached during the, rotation. If 

the next point reached is 10\';er than the contour, the point becomes a 

new SP, the contour intersect is calculated and the rotation is con-

tinued. If the new point is higher than the contour, the point becomes 

the new RP and the rotation starts from the last line with ru1 inter-

section. Every RP is flagged so it cannot be used again, and the con-

touring stops when the rim of the map or a flagged RP is reached. 

This immediately presents the problem of how to efficiently handle 

an array of points or cells. The choice is not simple; not only must 

thc nvailablc ~ mclllory sizc be considcrcd, but also thc case anJ 

necessity of smoothing, labeling, and providing similar f_acilitics. 

In general, however, the higher the requirements for these additional 

facilities, the higher the proportion of the array which must 'be kept 

in main storage at one time. 

There are two ways to treat point rasters. The first is by pro-

cessing row-by-row or column-by-column. This procedure is efficient 

as it uses the inherent storage structure of the compllter and can be 

used on small systems because three rows or colwru1s kept in main 

memory at one time are usually sufficient. 

The alternative procedure is "parallel processing," often USf.!d 

in its simulated form in picture proce5siríg (johnston, 1970) and an 

area of active hardware development. Parallel processing is a very 



elegant and efficient way to perform local operations such as ·quanti-

zation and edge detection. The approach divides a procedure into a 

number of very simple steps and performs them simultaneously on a 

series of points. Parallel processing has a methodological appeal 

to geographic studies because it allows a conceptual treatment of 

surfaces which is fundamentally different from the sequential approach. 
l.'~o.('-

The contouring of an array of cells can also be performed in two 
i\ 

ways. The first is sequential, either row-by-row or column-by-column. 

For every cell all possible contour lines are computed and drawn at a 

time so that the cell never has to be loaded again for computation. 

Thus, only two rows or columns must be kept in core at any one time. 

This approach, however, gives little flexibility for s~oothing or 

labeling of contours. Smoothing can be dorie by making the cells very 

small and the steps very short but this is c~mputationally extravagent. 

The approach is also very wasteful in plotting time in those systems 

which do not allow for the pen to skip to the new location when the 

pen is up. 

An altcrnativc mcthod of contouring a regular array of cclls is 

by searching through the array moving from one cell to the next as the 

intersections guide the procedure. The algorithm first searches along 
(1 \ \ .. 1 '• '\ .... ·~ • 

the borders· for a (usually down-hill) intersection of a cell side with 
·\ 

the contour leve!. As soon as a point on a contour line is reached, 

the con tour is followed until it reaches the map border again .. When 

the search along the border is completed, the rest of the array has 

to be. scanned for possible inside contour loops. 

It is clear that with this approach the whole array, or at least 

• 
large rectangular sections, must be kept in core. The approach is not 

,, 
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fast in co~pi!rison to the first since the .::.rray has to be scanned for 

every contour level. The great advantage of this method is that i~ 

does not create individual contour li.ne segments but strings of seg-

ments which can be plotted as they are produced, with concurrent 

smoothing and labeling of the lines. 

CONTOUR SMOOTIHNG 

It is a requirement for all but the most superficial uses of contour 

maps that the contours be smooth. We know that surfaces are smo;)th 

and round and therefore will not accept contour lines with sharp 

corners; in fact, we often even believe that the ac~uracy of the map 

increases with its smoothness. This is sometimes true in the m~nual 

production of contour maps when an experienced cartographer, surveyor: 

or meteorologist adds his knowledge of the surface behavior which is 

not implicit in the x, y, and z coordinates of the available points. 

The same cannot be said about automatic contouring where all that is 

known is contained in the original sampling points. The more inter-

polation ano smoothing, tite grcatcr thc possiblc dcviations üom tho 

original surface. The only accu¡·ate representation of a surface is 

the display of the sample points themselves, save for measurement errors» 

of course. 

One could argue that the demand for accuracy is an inh0ritanc~ 

from the surveyor, which makes sense at a scale of 1:1000 or more bt:!t 

might be questioned at small scales fcr non-topographic maps, In 

short, smoothing is recommended bccause it picases the eye, but its 

results must be interpreted with caution. 

Smoothed curves may or may not pass through the original data 
• 

points. This can be regarded as a basic distinction. Since the 



requirements are the. possibility of overriding ccrtain values by chosen 

values, blanking whole are~s, and specifying contour spacing. Another 

group of desirable features is the handling of grids with varying grid 

. spacing, the automatic blanking of areas where data are too sparse, 

and the automatic indication of areas where data are unusually dense 

and/or varied. 

The last group of features are useful for the evaluation of the ' 
. 
contoured surface and give sorne safety checks for doubtful data. The 

second helps in understanding the rnap, and suggests the possibility of 

'. ' 
' 

sorne interactive procedures which are largely ignored in the literature. 

Blanking effects the "artistic" quality of the contour map. 

It is the intent of many contour prograrns to produce maps which 

can be presented or published as they come off the plotter. This is 

not always wise since computation costs increase disproportionately 
' .. ' ''. 

with quality. There is a point where a corrective touch from a drafts-
' 

man can accomplish irnprovernents which can only be achieved by very large 

and expensive programs. We should keep in mind that the cartographer 

will always be ahcad in esthctics. Lct the computcr do thc numbcr-

crunching and rough work and let the cartographer do the thinking and 

supply the fine touch. 

1 
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I.l INTRODUCCION 

Actualmente las universidades y algunas oficinas de gobierno -
han encontrado que los mapas desarrollados por medio de compu
tadoras tienen grandes ventajas sobre aquellos que se producen 
con papel, lápiz y escuadras •. Los mapas resultan valiosos pa
ra planificadores, geógrafos y cartógrafos en el análisis, re
gistro y comunicación de información eficientemente. En forma 
paralela a este desarrollo, aumenta la disponibilidad de dife
rentes tipos de identiflcadores geográficos y la demanda de ma 
pas automatizados que muestren densidad de población, distribu 
ción de grupos sociales en las ciudades, mapas de uso del sue= 
lo, posibilidades de empleo, de la lluvia y aspectos simila--
res. También está teniendo lugar una mayor utilización de las 
computadoras y la cartografía automatizada en la mayoría de -
las áre~s de la vida humana. El desarrollo de la cartografía
automatizada inicialmente se vió obstaculizada por la falta de 
una instrumentación gráfica satisfactoria y por el hecho de -
que las comunidades académicas y profesionales creían, inco--
rrectamente que resultaría muy difícil manejar aspectos no nu
méricos mediante computación. Los equipos de computación grá
fica pueden manejar los tres tipos de características de los -
mapas: puntos, líneas y superficies. Los tres son símbolos -
especiales de diferentes dimensiones. Un mapa contiene diver-

·sos tipos de símbolos como signos o caracteres sin dimensiones 
específicas, pero generalmente con localizaciones precisas. 
Los dispositivos para la graficación de mapas más frecuentemen 
te utilizados, son las impresoras de línea, los graficadores = 
digitales y los tubos de rayos catódicos. Las impresoras de -
línea, son realmente los dispositivos mas comunmente disponi-
bles; estas pueden producir dibujos como una máquina de escri
bir, sacando ventaja de los di~erentes tonos de gris de los ca 
ractéres, de manera que éstas, pueden -producir mapas a la velo 
cidad de 2000 líneas por minuto por lo.cual constituyen instrü 
mentos sumamente rápidos. Los inconvenientes de la impresora= 
de línea son su relativa baja resolución de 10 caracteres por
pulgada horizontalmente y ocho caracteres verticalmente y la -
relativa rápidez con que cambian de intensidad las impresiones, 
lo cual da por resultado variaciones notables de una hoja a -
otra. Los graficadores digitales trazan los mapas definiendo-· 
y conectando una secuencia de coordenadas; mientras un tambor
gir~ sobre el eje de las yes, el brazo.que lleva la pluma se
desliza sobre el eje de las equis. Los graficadores planos -
operan una pluma que se mueve tanto en dirección del eje de -
las equis como de las yes sobre una mesa. Puede.disponerse de 
graficadores digitales con una gran gama de resolución, desde
lOO hasta ;o,ooo caracteres por pulgada, una rápidez baja ó al 
ta, de un~ a cuarenta pulgadas por segundo Y. una plumilla in-= 
tercambiable ó una cinta con una cabeza de mayor -:.precisión, de 
pendiendo del precio que se pueda pagar. El tubo de rayos ca= 
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t6dicos es familiar para todo mundo, ya que se utiliza en las
pantallas de los aparatos de T.V.; son sumamente rápidos y con 
frecuencia interactivos, pero todavía demasiado caros para la
producción de mapas finales. Sin embargo corno un dispositivo
inicial, los tubos de rayos catódicos pueden ser hoy de enorme 
utilidad porque permiten trabajar con el mapa antes de ser ela 
horado con un graficador digital. 

Desde que se desarrollaron los diverpos programas para la pro
ducci6n de mapas, pocos de ellos son los que pueden utilizar -
otras personas aparte de quienes los han desarrollado; SYMAP -
es uno de estos programas. En la actualidad existen mas de --
500 usuarios de este programa en todo el mundo. El programa -
se desarrolló originalmente y actualmente es financiado por el 
Laboratorio de Cornputaci6n gráfica y Análisis Espacial, en la
Escuela S~periór de Disefio de la Universidad de Harvard. La -
posibilidad de utilización de SYMAP se basa en el hecho de que 
todos los centros de computación tienen los dos ingredientes -
necesarios para elaborar mapas con este programa: una computa
dora y una impresora de línea estándar. La impresora de línea, 
del mismo rnodo4ue la máquina de escribir que mencionarnos, pro 
duce dibujos sacando ventaja de los diferentes tonos de gris = 
de las letras y de la sobreirnpresi6n de diferentes caracteres
alfanuméricos, pero a la velocidad de entre 600 a 1200 líneas
por minuto y son generalmente 132 símbolos por línea. La an-
chura del mapa de salida (132 símbo.los) no es una restricci6n
ya que se pueden imprimir mapas en tiras y después ensamblar-
las. Otras importantes características son su flexibilidad de 
entrada y la gran variedad de satida. La forma mas empleada -
de entrada es con tarjetas perforadas, pero toda o parte de la 
inforrnaci6n puede ser leída~a partir de cintas o discos magné
ticos. Este proceso normalmente sería el resultado de alguna
cornputaci6n previa, tal corno la utilizaci6n de datos estandari 
zados, análisis de regresión, análisis factorial y otros simi
lares. Hay un formato estándar para las tarjetas de SYMAP que 
le proporciona a la computadora lo que ella necesita sobre --
ciertos datos, campos o grupos de columnas pero todo esto pue
de cambiarse bajo el control del programa. SYMAP está escri·to 
en FORTRAN IV nivel G y consta aproximadamente de 6000 instru~ 
cienes, contenidas en un programa principal y 49 subrutinas. -
Para producir un mapa deben de conjuntarse diversos paquetes y 
opciones que se describen en los capítulos siguientes . 
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I.2 MAPAS QUE SE PRODUCEN EN SYMAP 

1.- MAPAS COROPLETAS. 

Representan informaci6n cuantitativa 6 cualitativa referi 
da a zonas 6 regiones con fronteras definidas en las que~ 
se divide el área de .estudio (paises en el mundo, estados 
6 regiones en un pais, municipios en un estado, etc.). El 
valor de cada variable es uniforme en cada una de las zo
nas 6 regiones. Se presentan discontinuidades en los lí
mites 6 fronteras. 

Paquetes necesarios: 

A-COHTORNOS, E-VALORES y F-MAPA. 

Paquetes opcionales: 

e-LETREROS y E-INDICE. 

2.- MAPAS ISOPLETAS. 

Representan líneas que conectan todos los puntos con la -
misma altura 6 valor numérico, esto es, se mantiene un va 
lor uniforme en toda su longitud. Estas lineas aparecen~ 
cuando la superficie c~ada a partir del algoritmo de in
terpolaci6n es intersectada por planos horizontales a di
ferentes niveles que son determinados por la escala del -
mapa y el rango de los datos. Sirven para mapear informa 
ci6n espacialmente continua. Deben definirse los limites 
del área de estudio y los puntos donde se realizaran las
observaciones. El programa utiliza los valores dados en
los puntos de observaci6n para interpolar basándose en -
los valores y las distancias·a los puntos. 

Pueden utilizarse diferentes opciones en los paquetes o-
BARRERAS y F-MAPA para modificar el algoritmo de interpo
lación creando modelos espaciales más precisos. 

Paquetes necesarios: 

A-DELINEAMIENTO, B-PUNTOS DATO, E-VALORES y F-MAPA. 

Paquetes opcionales: 



e-LETREROS, O-BARRERAS y E-INDICE. 

3.- MAPAS DE PROXIMIDAD 

A cada localizaci6n de impresi6n en el mapa se le asigna
el valor correspondiente ·al punto dato mas cercano .. Es -
útil para representar valores cualitativos en los que una 
superficie continua (isopleta) sería inadecuada. Ejem--
plos áreas de mercado, tipos de suelo, etc. 

Paquetes necesarios: 

A-DELINEAMIENTO, B-PUNTO DATO, E-VALORES y F-MAPA. 

Opciones 31, 36, 37. 

Paquetes opcionales: 

e-LETREROS, O-BARRERAS y E-INDICE. 

4.- MAPAS BASE 

Se representan zonas, contornos, puntos-dato y leyendas -
sin que se grafique ningún valor. Se realizan antes de -
la producción de mapas temáticos con el objeto de corre-
gir errores en la geo-copificación. Son menos costosos,
y significan ahorro. Púeden ser de cualquera de los 3 ti 
pos mencionados. 

Paquetes necesarios: 

A-DELINEAMIENTO ó .A-CONTORNOS y F-MAPA. 

Paquetes opcionales: 

C-LETREROS 
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fig. 5 Mapa Coropleta. 

Area retropoli·tana de la Ciudad de ~xico 
Divisi6n por delegacior~s y mun1cip1os 1970 
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Fig. 6 Indice de productividad agrícola potencial basado en la precipitaci6n y 
terrperatura prorra:hos, torradas en las estaciones metereol6gicas existen 
tes. M:ipa isopleta. 



I.2 PAQUETES DE SYMAP 

Cada uno de los siguientes paquetes permite al usuario 
dar al programa un conjunto modular de datos e instruccio 
nes. 

A-CONTORNOS: Especifica los límites de cada una de las 
zonas (áreas, puntos ó líneas) en las que está dividida -
el área de estudio. Se utiliza en mapas coropletas. 

A-DELINEAMIENTO: Especifica el controno exterior del á-
rea de estudio, se utiliza en mapas isopletas y de proxi
midad. 

B-PUNTOS DATO: Especifica las localizaciones de los pun-
tos en donde se realizaron las observaciones. Se utiliza 
en mapas isopletas y de proximidad. 

e-LETREROS: Especifica el simboli·smo y la localización de 
cualquier informaci6n complementaria que se desea aparez
ca en el mapa, (lagos, ríos, carreteras, orientaciones, -
nombres, etc.). La localización relativa de los letreros 
es ajustada automáticamente al variar la escala 'yjó el ta 
maño del mapa. 

O-BARRERAS: Especifica la localización y resistencia de -
barreras a la interpolación en vértices determinados. Las 
barreras pueden ser impermeables y no permitir la interpo 
!ación ó barreras con diferentes grades de permeabilidad= 
y que permiten la interpolación dependiendo de la resis-
tencia especificada. 

E-VALORES: Define los valores que se van a mapear. Estos 
deben estar en el mismo orden que sus puntos-dato ó zonas 
correspondientes. Es necesario para todos los mapas ex-
cepto los mapas base. 

E-INDICE: Da un nuevo orden a los valores cuando estos no 
están dados en la misma secuencia ·.gue sus puntos-dato ó -
zonas correspondientes. .. ' 

F-MAPA: Se requiere en todos los mapas. Su-· inclusión ha
ce que se produzca un mapa con la información contenida -
en paquetes précedentes. Especifica el t~tulo y define -
prácticamente todos los aspectos que debe tener el mapa.
También se utiliza para ejercer cierto control sobre el -
proceso de interpolación. 



II. PREPARACION DE PAQUETES. 

II.l A-CONTORNOS 

Este paquete sirve para especificar el contorno de cada una 
de las zonas que pertenecen al área de estudio en los mapas 
coropletas. Los contornos deben ordenarse secuencialmente 
de acuerdo a su número correspondiente en el mapa fuente. 
En caso necesario, una zona puede estar compuesta de varios 
contornos (islas}. Se prepara de la manera siguiente: 

la. tarjeta: 

Col. 1-11 
23 

Col. 29-30 

Col. 31-32 

Col. 41-43 

Col. 6 3 

Ultima tarjeta: 

A-CONTORNOS 
X Si no desea la impresión tabular de las 
coordenadas. 
PR Si se desea que los centroides de las 
zonas se impriman en el mapa. 
a. Si las coordenadas verticales-fueron medi 
das en octavos de pulgada. 
10. Si las coordenadas horizontales fueron 
medidas en décimos de pulgada. 
X Si los datos están en cinta. 

Col. 1-5 99999 para terminar el paquete. 

Tarjetas intermedias: 

Perforar las coordenadas de los vértices de los contornos zo 
nales. Para cada contorno deben perforarse las siguientes 
tarjetas: 

la. Tarjeta: 

Col. 1-5 ------
Col. 10 

Col. 11-20 

Col. 21-30 

Número de la zona, perforado como número en 
tero y justificado a la derecha. 
A, L ó P para indicar que el contorno de la 
zona ·vá a representarse como un área, una 
línea ó un punto. 
Coordenada vertical del primer vértice, per 
forada como número decimal. -
Coordenada horizontal del primer vértice, 
perforada como número decimal. 

Las coordenadas de los vértices restantes deben ser perfora
das en los campos 11-20 y 21-30 de manera similar a la tarje 
ta anterior, utilizando una tarjeta.por cada vértice. En ca= 
da uno de los contornos zonales debe repetirs~el primer vér 
tice para indicar que ha terminado un contorno y poder pasar 
a la siguiente ó cerrar el paquete. 



II.2 A-DELINEAMIENTO 

Este paquete sirve para especificar el contorno del área de 
estudio en los mapas isopletas y de proximidad. Se prepara 
de la manera siguiente: 

la. tarjeta: 

Col~ 1-15 
Col. ~ 

Col. 31-32 

Col. 41-43 

Col~ 63 

Ultima tarjeta: 

Col. 1-5 

A-DELINEAMIENTO. 
X Si se desea suprimir la impresi6n de las 
coordenadas. 
a.si las coordenadas en sentido vertical 
fueron medidas en octavos de pulgada. 
10.Si las coordenadas en sent~do horizontal 
fueron medidas en d~cirnos de pulgada. 
X Si los datos estan en cinta. 

99999 para terminar el paquete. 

Tarjetas intermedias: 

Las tarjetas que se colocan entre la primera y la última re
gistran las coordenadas de los vértices del contorno, utili
zando una tarjeta por vértice. El primer v~rtice que se pre 
fora es el que está por arriba de todos y más a la izquierda. 
Se procede en seguida en sentido de las manecillas del reloj 
hasta incluir de nuevo el vértice inicial. Muchas veces el 
área de estudio no está definida en un solo contorno, por 
ejemplo el mapa de Italia requerirá tres contornos, uno para 
la Península principal, otro para Sicilia y otro para Cerde
ña. En tal caso deben usarse uno o más contornos, presenta
dos en cualquier secuencia. Ningún delineamiento debe tener 
menos de tres v~rtices ni más de 100, si requiries~ más debe 
ser .subdividido. 

Las tarjetas con las coordenadas de cada vértice deben perf~ 
rarse de la siguiente manera: · .. 

Cal. 11-20· 

Col. 21-30 

Col. 73-80 

Coordenada vertical, perforada como número 
decimal. 
Coordenada horizontal, perforada corno núme
ro decimal. 
Para uso del usuario: Se sug,ere que los 
vértices sean numerados ó tengan.alguna re 
ferencia. 



!!.3 B-PUNTOS DATO 

Este. paquete sirve para especificar las coordenadas de los 
puntos donde se realizaron las observaciones en los mapas 
isopletas y de proximidad. 

Se prepara de la manera siguiente: 

la. tarjeta: 

Col. 1-13 
Col. ~ 

Col. 31-32 

Col. 41-4 3 

Col. 6 3 

Ultima tarjeta: 

Col. 1-5 

B-PUNTOS DATO 
X Si se desea suprimir la impresión de,las 
coordenadas. 
B.Si las coordenadas en sentido vertical 
fueran medidas en octavos de pulgada 
10.Si las coordenadas en sentido horizontal 
fueron medidas en décimos de pulgada. 
X Si los datos están en cinta 

99999 para indicar que termina el paquete 

Tarjetas intermedias: 

Llevan las coordenadas de los puntos, cada uno en una tarjeta 
por separado. No deben utilizarse más de 1000 puntos en un 
mapa. Cada tarjeta ~ebe perforarse con el formato siguiente: 

Col. 11-20 

Col. 21-30 

Coordenada en sentido vertical, perforada 
como número decimal. 
CQordenada en sentido horizontal, perforada 
como número decimal. 

Las tarjetas deben ser ordenadas en. orden creciente de acuer 
do al número de referencia de cada punto dato en el mapa fuen 
te. 

.,. f 

•.. 

• 



II. 4 e-LETREROS 

Este paquete sirve para especificar la posición y contenido 
de letreros, numeraciones y simbolismos dentro del rectángu 
lo en el que está dibujado el mapa, as! como la informaci6n 
que deben contener por igual· todos los mapas de una serie, 
(titulo general, nombre del área de estudio, orientación, -
escala, zonas de importancia, ríos, vías de comunicación, 
etc.). El programa permite cuatro tipos de letreros: 

Area: 

L.ínea: 

·Punto: 

Hilera de ca
racteres: 

Se determina un ~rea o región la cual es. lle 
nada con un sfmbolo que especifica el usua-
rio. El contorno es determinado con el méto 
do del paquete A-DELINEAMIENTO. 

Imprime un símbolo especificado por el usua 
rio a lo largo de una línea determinada. 

Imprime un símbolo especifi.cado.por el usua 
rio en una localización determinada. 

Imprime una hilera de caracteres horizontal 
6 verticalmente con relación a un punto de
terminado. 

Los cuatro tipos de letreros vienen ilustrados en la figura. 
El paquete se prepara de la manera siguiente: 

la. tarjeta: 

Col. 1-10 
Col.~ 

Col. 31-32 

Col. 41-43 

Tarjetas si
guientes: 

Ultima tarjeta: 

Col. 1-5 

e-LETREROS 
X Si se desea suprimir la impresi6n ·de las 
coordenadas. 
a.si las coordenadas verticales fueron medi 
das en octavos de pulgada. 
lO.Si las coordenadas horizontales fueron 
medidas en décimos·qe pulgada. 

Letreros deseados. 

99999 para terminar el paqu~te · 



Letreros de área 

la. tarjeta: 

Col. 6-9 

Col. 10 
Col. IT-20 

Col. 21-30 

Tarjetas 
siguientes: 

Col. 11-20 

Col. 21-30 

Caracteres que se van a sobre-imprimir para 
_formar el símbolo deseado. 
A para indicar que es letrero de área. 
Coordenada vertical del primer vértice del 
contorno, perforada como número decimal. 
Coordenada horizontal del primer vértice 
del contorno, perforada como número deci
mal. 

Coordenadas de los vértices del contorno. 
En. la última tarjeta se repiten las coorde
nadas del primer punto para indicar que ha 
terminado el contorno. Debe tenerse una 
tarjeta por cada vértice. El órden en que 
se dan los vértices es de acuerdo a las ma 
necillas del reloj. 
Coordenada vertical perforada como número 
decimal 
Coordenada horizontal, perforada como núme 
ro decimal. 

.. ' .. 



Letreros de l!nea: 

la. tarjeta: 

Col. 6-9 

Col. 10 
Col. IT-20 

Col. 21-30 

Tarjetas si-. 
guientes: 

Col. 11-20 

Col. 21-30 

Caracteres que se van a sobre-imprimir para 
formar el símbolo deseado. (Algunos pueden 
dejarse en blanco) . 
L para indicar que es letrero de línea. 
Coordenada vertical del primer vértice de 
la línea, perforada como número decimal. 
Coordenada horizontal del primer vértice 
de la l!nea, perforada como número decimal. 

Coordenadas de los vértices de la línea, 
dados secuencialmente. Debe tenerse una 
tarjeta para cada vértice. 
Coordenada vertical, perforada como número 
decimal. 
Coordenada horizontal, perforada como núme 
ro decimal. 

.. f 

.. 
~ ... .. 



Letreros de punto: 
(1 tarjeta} 

Col. 6-9 

Col. 10 
Col. IT-20 

Col. 21-30 

Col. 31-40 

Col. 41-50 

Caracteres que se van a sobre-imprimir para 
formar el s1mbolo deseado; algunos pueden 
ser blancos. 

P Para indicar que es letrero de punto. 
Coordenada vertical del punto donde se de
sea localizar el s1mbolo, perforada como 
número decimal. 
Coordenada horizontal del punto donde se 
desea localizar el s1mbolo, perforada como 
número decimal. 
Si se desea desplazar verticalmente el stm 
bolo con respecto al punto dado, deber per 
forarse el número de renglones que se desea 
recorrer, dado como número decimal. Si el 
desplazamiento es hacia arriba del punto·, 
el número de renglones debe ir precedido 
por el signo menos. 
Desplazamiento horizontal, expresado como 
el número de columnas recorrido, perforado 
como número decimal. Si el desplazamiento 
es a la izquierda, debe ir precedido por 
el signo menos. 

Si las columnas 31-50 son dejadas en blanco 
el s1mbolo aparecerá exactamente en el pun
to especificado. 

•• f 
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Letreros de hilera de caracteres: 

la. tarjeta: 

Col. 1 ---
Col. 4-5 

Col. 10 

Col. 11-20 

Col. 21-30 

Col. 31-40 

2a. tarjeta: 

Col. 1-50 

En blanco si la hilera de caracteres es ho 
rizontal;-si la hilera de caracteres es 
vertical. 
Número de caracteres de que se compone el 
letrero {incluyendo los blancos.). Este 
número no debe exceder de 50 y debe perfo 
rarse como número entero y justif-icado a
la derecha. 

P Para indicar que la hilera de car~cteres 
está localizada con respecto a un punto de 
referencia. 
Coordenada vertical del punto ·de referen
cia, perforada como número decimal. 
Coordenada horizontal del punto de referen 
cia, perforada como número decimal -
Desplazamiento del letrero con respecto al 
punto de referencia. Número de renglones 
ó columnas que se desean recorrer, perfora 
do como número decimal. Si el desplazamiento 
es hacia arriba ó hacia la izquierda, debe ir 
precedido por el signo menos. Si estas co
lumnas son dejadas en blanco, el letrero, 
comenzará a imprimirse exactamente en el 
punto de referencia. 

Perforar el letrero deseado. 
Debe ocuparse solamente el mismo número de 
columnas que fue especificado en la la. 
tarjeta en las columnas 4-5. 

1. : • 



I I. 5 O-BARRERAS 

Este paquete sirve para especificar la localizaci6n y las 
características de barreras (ríos, carreteras, límites po 
líticos, etc.) que modifican la interpolaci6n entre los~ 
puntos dato en los mapas isopletas y de proximidad. 

Se tienen dos tipos de barreras: 

- Impermeables: 
- Permeables: 

no permiten interpolaci6n. 
restringen la interpolaci6n pero no la de 
tienen, dependiendo de la resistencia que 
tengan a lo largo de su camino. Pueden -
ser una línea divisoria 6 de relieves (ca 
da vértice con una resistencia'diferente). 

1. Efecto de las barreras sobre la interpolaci6n. 

El paquete O-BARRERAS hace que en el proceso de inter
polaci6n se determine el número de barreras que atra-
viesa la línea (vector de búsqueda) que conecta un pun 
to dato con una localizaci6n de impresi6n (carácter en 
el mapa). Si se atraviesa una barrera, se calcula el
punto. Esta resistencia es sumada a la distancia real 
entre el punto dato y la localizaci6n de impresi6n don 
de ~e desea interpolar. 

Si la distancia total está dentro del radio de búsque
da, el algoritmo de interpolaci6n utiliza la distancia 
incrementada para calcular la proporci6n de los valo-
res asociados a los puntos dato que recibe la localiza 
ci6n de impresi6n para tomar su valor. Esta propor--~ 
ci6n es inversamente proporcional al cuadrado de la -
distancia entre los puntos dato y la localizaci6n de -
impresi6n. 

En el caso de que la distancia total exceda el radio -
de búsqueda (como pasa siempre en las barreras imper-
meables, ya que la distancia añadida es muy grande) no 
se lleva a cabo la interpolaci6n. 

El efecto de una barrera es afi·adir una 'cierta distan-
cia, igual a la resistencia local de la batrera a cada 
vector de búsqueda que la atrav~ese . . 

2. Especificaci6n de las resistencias en las barreras. 

En las barreras permeables, las resistencias deben es~ 



pecificarse ~n las mismas unidades en que se midieron
las coordenadas del mapa base. La resistencia en los
v~rtices terminales debe ser 0.0. La resistencia en -
cada vértice de una barrera de relieves es el doble de 
su distancia al primer vértice. 

En otras configuraciones se pueden·tener ca!:'os en los
extremos e ir aumentando la resistencia al ace:r;carse -
al centro. · 

En las barreras impermeables, la resistencia en todos
los v~rtices debe ser codificada como -1.0. 

Se recomienda usar la opción 37 del paquete F-~~A que 
instruye al programa para interpolar en cada una de -
las localizaciones de impresión y evitar así el proce
dimiento estándar de interpolar a cada dos localizacio 
nes horizontalmente y a cada tres verticalmente, prodÜ 
ciend~ así una superficie con menos discontinuidades.-

El paquete se prepara de 1~ manera siguiente: 

la. tarjeta: 

Col. 1-10 
Col. ~ 

Col. 31-32 

Col. 41-43 

Col. 73-80 

2a. tarjeta: 

Col. 11-20 

Col. 21-30 

Col. 31-40 

Col. 73-80 

O-BARRERAS 
X Si se desea suprimir la impresión de las 
coordenadas de los vértices de las barre
ras. 
8oSi las coordenadas verticales fueron me 
didas en octavos de pulgada. 
lO.si las coordenadas horizontales fueron 
medidas en.décimos de pulgada. 
Cualquier información que desee el usua-
rio. 

Coordenada vertical del primer vértice de 
la barrera, perforada como número decimal. 
Coordenada horizontal del primer vértice
de la barrera, perforada como número dec~ 
mal. 
Resj.stencia de. la barrera en ese vértice. 
Para barreras impermeables sj_empre debe -
perforarse -1.0; ·para barieras permeables 
cualquier número mayor qué cE'ro, perfora-
do como número decimal. · 
cualquier· información· que .desee el usua--
rio. · ··· ' 



Tarjetas 
siguientes: 

Ultima tarjeta: 

Todos los v~rtices sucesivos de la barre
ra deben ser perforados de la misma mane
ra que la tarjeta 2. 

Si una barrera tiene un extremo en el ma
pa y el otro en el borde, el primer v~rti 
ce debe ser el que este en el mapa. 

Para otro tipo de barreras, se debe comen 
zar con el vértice extremo que esté más = 
arriba y si los dos están a la misma altu 
ra, el vértice inicial será el que este -
situado mas a la izquierda. Los v~rtices 
restantes deben ser perforados en 6rden -
de aparici6n. Si la barrera es cerrada -
debe procederse en el sentido de las mane 
cillas del reloj. 

Para indicar la terminaci6n de una barre
ra se debe repetir el último vértice. Se 
pueden especificar hasta 20 barreras dife 
rentes pero el número total de vértices = 
no debe ser mayor que 50. Estos no inclu 
yen la repetici6n de los últimos vértices, 
pero si aquellos que forman parte de dos
o más barreras distintas. 

Col. 1-5 99999 para indicar que termina el paquete • 

• 



II .6 E-VALORES 

Este paquete sirve para especificar los valores asociados a 
cada uno de los puntos dato contenidos en el paquete B-PUN-· 
TOS DATO ó a cada una de las zonas contenidas en el paquete 
A-CONTORNOS. Debe darse un~ lista de valores, uno para ca
da punto 6 zona, perforando un valor por tarjeta. Los valo 
res deben estar en el mismo orden en que están dados los 
puntos dato 6. las zonas, de otra forma hay que usar el pa
quete B-INDICE para reordenarlos. Si hay mas valores que 
zonas 6 puntos, los valores sobrantes son ignorados .. Si 
hay mas zonas 6 puntos que valores, se asigna un valor de 
0.0 a las zonas 6 puntos extra. 

El paquete se prepara de la manera si tuiente :. 

la. tarjeta: 

Col. 1-9 
Col. '2"r' 

Col. · 73-80 

2a. tarjeta: 

Col. 11-20 

Col. 73-80 

Tarjetas 
siguientes: 

Ultima tarjeta_: 

Col. 1-5 

E-VALORES 
X Si se desea suprimir la impresi6n de la 
lista de valores 
Para uso del usuario. 

Valor asociado al primer punto 6 zona. oer 
forado como número decimal. 
Cualquier informaci6n que desee el usuario. 

Igual que la 2a. tarjeta. Deben tenerse.tan 
tas tarjetas como valores haya en la lista. 

99999 para indicar que termina el paquete. 



II.7 E-INDICE 

Este paquete sirve para cambiar el 6rden de referencia en el 
paquete E-VALORES en el caso de que estos no esten dados en 
la misma secuencia que los puntos dato en el paquete B-PUNTOS 
DATO 6 las zonas en el paquéte A-CONTORNOS. 

El paquete se prepara de la manera siguiente: 

la. tarjeta: 

Col. 1-8 
Col. 23" 

Col. 73-80 

2a. tarjeta: 

Col. 1-5 

Col. 6-10 

Tarjetas 
siguientes: 

Ultima tarjeta: 

Col. 1-5 

E-INDICE 
X Si se desea suprimir la impresi6n de los 
valores 
Cualquier informaci6n que desee el usuario 

1 Indicando que se trata de ·la primera zona 
6 punto dato, perforado como entero justifi 
cado a la derecha. -
Número de referencia del valor que va a ser 
asignado al primer punto dato o zona, perfo 
rado como número entero justificado a la de 
recha. 

Para cada punto dato o zona a la que se de
sea asignar un valor con un número de refe
rencia distinto, debe perforarse una tarje
ta similar a la segunda. Si las columnas -
6-10 son dejadas en blanco, se asigna el nú 
mero siguiente al especificado en la tarje~ 
ta anterior. 

99999 para indicar que termina el paquete. 

• 



II. 8 F-MAPA 

Para cada mapa que se desee producir, es necesario tener un pa 
quete F-MAPA después de los paquetes donde se tiene la informa 
ci6n que se desea mapear; especifica la forma precisa del mapa 
mediante la utilizaci6n de Ópciones del programa que controlan 
aspectos tales como el tamaño, escala, simbolismo, análisis de 
frecuencias, interpolación, etc .• No es obligatorio usar es~ 
tas opciones ya que se tienen valores estándar para cada una, 
los cuales son utilizados si no se especifica una opci6n. 

El.paquete se prepara de la manera siguiente: 

la. tarjeta: 

Col. 1-6 
Col. ~ 

Tarjetas 2-4 · 

Col. 1-72 

. Tarjetas 
siguientes: 

Ultima tarjeta: 

Col. 1-5 

Tarjeta de 
terminaci6n 

Col·. 1-6 

F-MAPA 
X Si se desea supr~m1r la impresi6n del con 
tenido del paquete. 

Perforar la información que se desea aparezca 
al pie del mapa, pudiéndose dejar en blanco. 
No obstante deben ser incluidas las tres tar 
jetas . 

Opciones deseadas. (Ver capítulo III) .-

99999 para indicar que termina eJ. paquete. 

999999 Debe ir despu~s del último F-MAPA de 
todos los mapas que se vayan a correr . 

... 
Para tener mapas diferentes de la misma información pero va
riando las opciones, basta con colocar paquetes F-MAPA, en for 
ma sucesiva. 

. .. 



,. ~ J > •• 

III. OPCIONES CARTOGRAFICAS DEL PAQUETE !-MAPA 

Opción 1.
(1 tarjeta) 

Col. 5 
Col. 11-20 

Col. 21-30 

Dimensiones del mapa 

1 Para identificar la opción 
Dimensión vertical del mapa, dada en pulga
das y como número decimal. 
Dimensión horizontal del mapa dada en pulga 
das y como número decimal. 

Si no se incluye esta opción, el programa determina las dimen 
sienes del mapa asignando 13 pulgadas a la dimensión mayor, 
siempre y cuando no se utilice la opción 13, sola ó en combi 
nación con las opciones 12 y 14. Si la dimensión horizontal 
excede de 13 pulgadas (ancho del papel de la computadora), 
el mapa es impreso en secciones que deberán ensamblarse. El 
tamaño del mapa está limitado a 72 pulgadas en cualquier di
rección. Para lograr map~s mayores, debe especificarse la 
opción 16. 

Opción 2. 
(1 tarjeta) 

Col. 5 
Col. 11-20 

y 21-30 
Col. 31-40 

y 41-50 

Ventana del mapa 

2 Para identificar la opción. 
Coordenadas vertical y horizontal del punto 
superior izquierdo de la ventana del mapa 
Coordenadas vertical y horizontal del punto 
inferior derecho de la ventana del mapa 

La ventana del mapa es una región rectangular que el usuario 
desea observar dentro del área de estudio. Esta es especifi 
cada mediante los puntos extremos del rectángulo, el cuál de 
berá tener los lados paralelos a los márgenes del mapa. Si
no se especifica esta opción, puede lograrse el mismo efecto 
mediante la opción 14. 

Opción 3. 
(1 tarjeta) 

Col. 5 
Col. ll-20 

Número de niveles;Ó intervalos de clase. 

3 Para identificar la opción 
Número deseado de niveles, desde 1 hasta 10, 
perforado como número decimal. 

Esta opción sirve para especificar el número 'de' niveles ó in 
tervalos de clase en que se desea ,divi9ir el rango total de
los valores contenidos en los datos,· con el propósito de asi_g: 
nar un simbolismo particular a todos' los datm( contenidos en 
el mismo interval9. Si no se especifica est~ opción, el pro 



grama divide el rango total de valores en cinco intervalos 
iguales. Puede usarse en combinación con las opciones 4, 5 
y· 6. 

Opci6n 4. 
(1 tarjeta) 

Col. S 
Col. 11-20 

Valor mínimo del rango 

4 Para identificar la opción 
El valor mínimo deseado, perforado .~omo un 
número decimal. 

Todos los valores menores que este aparecerán con un simbo 
lismo de 'L', que puede ser modificado mediante la opción-7. 
Si no se especifica esta opción, el programa toma como valor 
mínimo al menor de los valores contenidos en el paquete - -
E-VALORES y que no esté inválido por las opciones 18, 19 y/6 
20. 

Opción S. 
( 1 tarjeta) 

Col. S 
Col. 11-20 

Valor máximo del ran~ 

5 Para identificar la opción 
El valor máximo deseado, perforado como un 
número decimal. 

Todos los valores·mayores que este aparecerán con un siwbolis 
mo especial de 'H', que puede modificarse mediante la opci6n-
7. Si no se especifica esta opción, el programa toma como va 
lor máximo al mayor de los valores contenidos en el paquete -
E-VALORES y que no está declarado inválido por las opciones 
18, 19 y/6 20. 

Opción 6. Rangos de los niveles ó intervalos de clase. 
(1 a 3 tarjetas) 

Col. S 6 Para identificar la opción. 

Especificando solo este número, el programa distribuirá equi 
tativamente los valores de manera que haya aproximadamente Ia 
misma frecuencia en cada nivel. Si se desea- especificar dif.e 
'rentes rangos para cada uno de los niveles, el tamaño de estos 
deberá estar indicado en la misma tarjeta dé la siguiente ma
nera: 

Col. 11-20 

Col. 21-30 

•• j 

Tamaño del primer intervalo, perforado como 
un número decimal. . 
Tamaño del segundó intervalo, .perforado como 
un número decimal. 



Así se continüa en campos de 10 columnas hasta la columna 70. 
En caso de más de 6 niveles, se usa otra tarjeta. Esta op
ci6n puede usarse en combinaci6n con las opciones 3, 4 y 5. 
El tamaño de los intervalos puede especificarse de diferentes 
maneras: 

Ejemplo 1: Si existen 5 niveles y'el tamaño de cada nivel es 
el doble del tamaño del nivel previo, se deben per 
forar los siguientes nümeros: · 

Columna 5 11 - 20 21 - 30 31 - 40 41 - 50 51 - 60 

6. l. 2. 4. 8. 16. 

Ejemplo 2: Si se desea dividir los datos en cuatro grupos el 
menor 10%, el siguiente 25%, el siguiente 35% y 
30% el restante, se deben perforar los siguientes 
nümeros: 

Columna 5 11 - 20 21 - 30 31 - 40 41 - 50 

6 10. 25. 35. 30. 

Ejemplo 3: Para especificar los siguientes intervalos 

o 150 200 271.5 500 750 889 1000 

Se deben perforar los nümeros siguientes: 

Columna 5 11 - 20 21 - 30 

50. 

31 - 40 41 - 50 51 - 60 61 - 70 

139. Tarjeta 1 
Tarjeta 2 

Opci6n 7. 
{5 tarjetas} 

6 150. 
111. 

71.5 228.5 250. 

Cualquier valor que caé en el límite entre dos in 
tervalos, es asignado al nivel mayor, con la ex
cepci6n de valores que caigan en el límite del ül 
timo intervalo. 

Simbolismo 

En esta opci6n se especifican los caracteres que se desean im 
pr1m1r y sobre-imprimir para formar los símbolos representati 
vos de cada uno de los niveles. Cada stmbolo puede estar com 
puesto hasta de cuatro caracteres, perforados en la columna 
correspondiente al nivel, en estas tarjetas. ~-·. ~ 

.'' 



Tarjeta 1: 

Col. S 

Tarjeta 2-S 

Col. 1-10 

Col. 11-20 

Col. 21 

Col. 22 

Col. 23 

Col. 24 

Col. 2S 

Col. 26 

Col. 27 

Col. 28 

coro 29 

7 Para identificar la opción 

Símbolos para cada uno de los intervalos ·da 
dos en orden ascendente. Se debe utilizar
solo las columnas necesarias, para los nive 
les especificados. -
Simbolismo para los puntos señal de los in 
tervalos 1-10 en ese orden. Solo deben usar 
se las columnas necesarias para el ·número de 
intervalos especificado, dejando las demás 
en blanco. 
Símbolo para aquellas áreas del mapa cuyo 
valor interpolado es menor que el especifi 
cado en la opción 4. -
Símbolo para las posiciones de los puntos da 
to cuyos valores son menores que el mínimo 
establecido en la opción 4. 
Símbolo para aquellas áreas del mapa cuyo va 
lor interpolado es mayor que el especificado 
en la opción S. 
Símbolo para las posiciones de los puntos 
dato cuyos valores son mayores que el máximo 
establecido en la opción S. 
Símbolo para el fondo, el cual aparece entre 
el área de estudio y los bordes del mapa, 
así como en las zonas declaradas inválidas 
por las opciones 18, 19 y/ó 20. 
Símbolo para las isolíneas y contornos de 
las zonas 
Símbolo para aquellas áreas del mapa ·donde 
no hay interpolación, debido al uso de la 
opción 3S y/ó barreras impermeables. 
Símbolo para indicar la presencia de dos o 
más punto~ datos en la misma localización 
de la impresora. 
Símbolo para indicar las posiciones de los 
puntos dato declarados inválidos en las op 
ciones 18, 19 y/ó 20. 

Cuando no se especifica esta opci.ón el pz::ograma tiene un con 
junto de simbolismos estándar que se ~uestran a continuación; 
para 10 niveles se tiene: .. ' 



Columna 
Tarjeta 1 
Tarjeta 2 
Tarjeta 3 
Tarjeta 4 
Tarjeta 5 

11111111112222222222 
12345678901234567890123456789 

7 
.'-=+X0000123456789*LLHH NSM 

-XX . H 
A H 
V / 

En caso que se especifiquen menos de 10 niveles los simbolis 
mos son los siguientes: 

Número de 
niveles 

especificado Simbolismo estándar 
1 2 3 4 5 6 7 8 9 10 

10 = + X o e e e 
9 = + X o e e e 
8 1 + X o 9 e a 
7 1 + X e e e 
6~ . + X o e e 
5 . + o e & 
4 . + o 9 
3 . o ~ 
2 . & 
1 (OXAV=D) 

A continuaci6n se muestran algunos ejemplos de simbolismos 
no-estándar: 

Ejemplo 1: 

Columna 
Tarjeta 1 
Tarjeta 2 
Tarjeta 3 
Tarjeta 4 
Tarjeta 5 

Ejemplo .2: 

Se tienen 6 niveles especificados y se de 
sea invertir el orden del simbolismo estan 
dar: 

·1 11 1 1 1 1 1 1 1 2 2 2 2 2 2 2_ 
1 2 3 4 5 6 7 8 9 o 1 2 3 4 5 6 7 8 9 o 1 2 3 4 5 6 

7 
O O O X + . 1 2 3 4 5 6 
xx-
A 
V 

Se desea suprimir· todo el simbolismo, de 
jandb las isol~neas 6 los'~6ntornos de 
las zonas en negr~ y con un fondo de guio 
nes: 



Columna 
Tarjeta 1 
Tarjeta 2 
Tarjeta 3 
Tarjeta 4 
Tarjeta 5 

Ejemplo 3: 

1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 
1 2 3 4 5 6 7 8 9 o 1 2 3 4 5 6 7 8 9 o 1 2 3 4 5 6 

7 
1 2 3 4 5 - o 

X 
A· 
V 

Se desea usar los s1rr~olos A, B, e, D y E 
para las clases de datos en un mapa de pro 
ximidad. 

1 1 1 i 1 1 1 1 1 1 2 2 2 2 2 2 2 
Columna 
Tarjeta 
Tarjeta 
Tarjeta 
Tarjeta 
Tarjeta 

1 2 3 4 5 6 7 8 9 o 1 2 3 4 5 6 7 8 9 o 1 2 3 4 5 6 
1 7 

Opción 8. 
(1 tarjeta) 

Col. 5 

2 ABCDE 
3 

,A BCD E 
11111 

4 
5 

Eliminacidn de las ·líneas de los contornos 
6 las isolíneas -

8 Para identificar la opción 

Estas líneas generalmente aparecen como blancas, a menos que 
sea especificado otro simbolismo para ellas en la opción 7. 
Si no se especifica esta opción, estas líneas aparecerán en· 
el mapa. 

Opción ~
(1 tarjeta) 

Col. 5 

Eliminación del histograma 

9 Para identificar la opción 

Si no se especifica esta opción, aparecerá impreso debajo del 
mapa un histograma que muestra la distribuci6n de frecuencias 
de los datos en los intervalos de clase. 

Opción 10. 
(2 a 32 tarjetas) 

Tarjeta 1: 

Col. 4 y 5 

Tarjetas 2-31 

Col. 1-72 

Texto explica·tivo 

, •. r 

10 Para identificar la opción 

El texto explicativo deseado, puedeh in
cluirse hasta 30 tarjetas. El texto apar~ 



Ultima tarjeta 

Col. 1-4 

Opción 11 
(1 tarjeta) 

Col. 4-5 

cerá debajo del mapa. 

9999 para terminar el texto. 

Impresión del valor de los datos en sus 
localizaciones correspondientes 

11 Para identificar la opción. 

Si no se especifica, esta opción aparecerá impreso el número 
del nivel ó intervalo en el que se encuentre el valor del pu~ 
to dato. 

Opción 12. 
( 1 tarjeta) 

Col. 4-5 

Repetición múltiple de opciones. 

12 Para identificar la opción. 

Esta opción permite repetir todas las opciones usadas en el 
mapa previo. 

Opción 13 
(1 tarjeta) 

Col. 4-5 
Col. IT="20 

Escala del mapa 

13 Para identificar la opción 
La escala deseada, dada corno número deci 
mal 

Si el mapa está medido en cualquier sistema de medida, la es
cala especifica el número de pulgadas que representarán a ca 
da unidad de medida del mapa base. Por ejemplo, 2.0 produci 
rá un mapa-en donde cada unidad del mapa base está represent~ 
da por 2 pulgadas. 

Si el mapa está medido en octavos y .décimos de pulgada, la e~ 
cala especifica que tantas veces se desea aumentar o disminuir
el mapa. Por ejemplo, 1.0 producirá un mapa a la misma escala 
del mapa base, 2.0 uno al doble, etc •. Si no se especifica es 
ta opción, la escala quedará determinada por las opciones 1,-
2 y/ó 4. 

opción !! 
11· tarjeta) 

Col. 4-5 
col. II="2o -
Col. 21-30 

Márgenes del mapa 
.'. 

" r 

14 Para identificar la ·opción 
Número de pulgadas .. de.seadas corno márgen a 
partir del límite superio~ ~el mapa 
Número de pulgadas deseaqas como márgen a 
partir del límite izquierdo del mapa 



Col. 31-40 

Col. 41-50 

Nú:nero 
partir 
Número 
partir 

de pulgadas deseadas corno rnárgen a 
del límite inferior del mapa 
de pulgadas deseadas corno rnárgen a 
del límite der~cho del mapa 

Todos los márgenes deben perforarse como 
número tlecimales 

Se pueden especifi6ar valores positivos y negativos para los 
.márgenes. Los valores positivos añaden área a la ventana del 
mapa, mientras que los negativos le restan. Los márgenes pu~ 
den ser sombreados mediante la opción 7. 

Opción 15. 
(1 tarjeta) 

Col. 4-5 
Col. Tl-20 

Col. 21-30 

Número de caracteres por pulgada 

15 Para identificar la opción 
Número de renglones por pulgada en los que 
la computadora ha sido ajustada para irnpr! 
mir, dado como ndmero decimal. 
Número de columnas por pulgada 

En muchas computadoras la impresora de línea ha sido ajustada 
para imprimir 6 renglones y 10 columnas de caracteres por pul 
gada. SYMAP supone que los result~dos estarán dados en 8 ren= 
glones y 10 columnas de caracteres por pulgada y así es como 
produce mejores resultados. Si la impresora no está ajustada 
de esta manera, se deberá usar esta opci6n para evitar defor 
rnaciones en el mapa. 

1 

Opción 16. 
( 1 tarjeta) 

Col. 4-5 

Mapas grandes 

16 Para identificar la opción. 

Esta opción permite al usuario producir mapas mayores de 72 
pulgadas (183 cm) en cualquier sentido. Si el mapa pasa de es 
ta medida y esta opción no es usada, el programa reducirá la
dimensión mayor a 13 pulgadas. 

Opción 17. 
(1 tarjeta) 

Col. 4-5 

'·· 

Eliminación de los resultados tabulares 

17 Para identificar la opción. 

Median te esta opción se eliminan los:. resultados tabulares que 
aparecen antes del mapa y que contienen informa~i6n sobre la 
localización, valor y nivel asigna~o a.cada zona 6 punto dato . 

Opción 18. 
(1 tarjeta) 

.. -'" " 
Invalidación de valores faltantes 



Col. 4-5 18 Para identificar la opción 

Con esta opción se hacen inválidos los valores de -0.0 y en 
blanco. El símbolo 'M' aparecerá en su localización. Si no se 
especifica, todos los valores serán considerados válidos. 

Opción _!!. 
(1 tarjeta) 

Col. 4-5 
Col. II="20 

Valor máximo para datos válidos 

19 Para identificar la opción 
El valor que se declara inválido, perfor~ 
do corno número decimal. 

Este y todos los valores mayores serán de 
clarados inválidos. 

Puede usarse en combinación con la opción 20. 

Opción ~ 
(1 tarjeta) 

Col. 4-5 
Col. II="20 

Opción 21 
(1 tarjeta) 

Col. 4-5 
Col. 19="20 

Valor mínimo para datos válidos 

20 Para identificar la opción 
El valor que se declara inválido, perfora 
do corno número decimal. 

Este y todos los valores menores quedarán 
declarados inválidos. 

Grabación del mapa en cínta 

21 Para identificar la opción. 
1.0 Para obtener un listado de estos va 
iores 

Al producirse un mapa, el programa calcula un valor para cada 
localización impresa en el mapa (en el caso de mapas isople
tas y de proximidad lo hace mediante interpolación) . Esta op 
ción almacena estos valores en cinta para su utilización pos 
terior por otros programas (SYMVU, por ejemplo). -

Opción 22 
(1 tarjeta) 

Col. 4-5 

Contornos continuos · 

22 Para identificar la opción. 

Esta opción asegura la aparición de l!neas de .contorno que po 
dr1an ser suprimidas para permitir la representación de simbo 
lisrno descriptivo cuando el espaci.o entre. puntos dato 6 zonas 
es inadecuado para representar sirnb.Ü.lisrno y 'lineas de contor 
no a la vez. 



Opci6n 23. 
(1 tarjeta) 

Col. 4-5 

Eliminación del simbolismo de punto inváli
do. 

23 Para identificar la opcidn. 

Elimina el símbolo que aparece en cualquier punto dato cuyo 
valor asociado estA declar~do inv~lido por las opciones 18, 
19 y/ó 20. 

Opción ~· 
(1 tarjeta} 

Col. 4-5 

Eliminación de interpretación numérica 

24 Para identificar la opción 

Después del mapa y el texto explicativo, el programa imprime 
información sobre los valores extremos, valores inv&lidos, 
los rangos de los valores de los intervalos de clase y el por 
centaje que representan en el rango total de valores. Si no
se desea esta información, debe especificarse esta opción. 

Opción ~-
. { 1 tarjeta} 

Col. 4-5 

Eliminación de los símbolos de los puntos 
dato. · 

25 Para identificar la opción. 

Elimina la aparici6n del simbolismo de los puntos dato, po
niendo en su lugar el simbolismo del valor interpolado en 
esa localización. 

Opci6n ~
(1 tarjeta) 

Col. 4-5 

Alineamiento de sobre-impresión 

26 Para identificar la opción. 

La sobre-impresión es realizada con sisternas diferentes en 
diversas computadoras, que no siempre coinciden con el de 
SYMAP. Esta opción susti.tuye este método en el caso de que 
~1 alineamiento sea incorrecto. 

·Opción 27. 
.,(1 tarjeta) 

Col. 4-5 

Tipo de mapa 

27 Para identificar la opc~ón. 

Esta opción permite identificar al programa el mapa como ino 
pleta, cuando se incluyen datos de i·solineas y de conforma-
ción en la misma corrida. - · · ' 

. t 



Opción 31. 
(1 tarjeta) 

Col. 4-5 
Col. 11=-20 

Extrapolación fracciona! relativa 
(Necesaria para mapas de proximidad). 

31 Para identificar la opción. 
Límite deseado para la extrapolación, expre 
sado como una fracción del rango total de 
valores y perforado como número decimal. 

El programa extrapola esta fracción del rango total de valo 
res arriba ó abajo de un extremo local. Si no se especifica 
esta opción, el programa supone una extrapolación fracciona! 
de 0.1. Para mapas de proximidad, dejar en blanco las colum
nas 11-20. 

Opción 31. 
(1 tarjeta) 

Col. 4-5 
Col. II="20 

Mínimo absoluto en la extrapolación 

32 Para identificar la opción. 
Valor deseado, perforado como número decimal 

Esta opción fija un valor máximo arriba del cual la computado 
ra no extrapolará. Se recomienda su uso cuando el usuario co
noce un máximo lógico para sus datos (110.0 para datos porcen 
tuales, por ejemplo). Si no se especifica, el prpgrama tendrá 
un máximo de extrapolación igual al valor máximo de los datos 
válidos. 

Opción ~
(1 tarjeta) 

Col. 4-5 
Col. Ir=20 

Radio inicial de búsqueda 

34 Para identificar la opción 
Radio inicial de búsqueda deseado, perforado 
como un número decimal. 

El radio de búsqueda es la distancia sobre la cual el progra 
ma busca·puntos dato para usarlos como base en la interpola
ci6n. Esta opción preserva el radio inicial de búsqueda de-un 
mapa previo después de alterar el número ó localizaciones de 
los puntos dato dentro del área de estudio. Si no se especi
fica, el radio de búsqueda está basado en el número y disper 
sión de los puntos dato. En promedio se utilizan 7 puntos. -

Opción ~· 
(1 tarjeta) 

Col. 4-.5 
Col. 11-20 

Radio máximo de· búsqueda 

35 Para identifica:r la opcioh. 
Radio máximo de búsqueda perforado como un 
número decimal, 

La computadora buscará, sí es necesario, puntos•dato con los 
cuáles interpolar. a una distancia no mayor qe este radio. Es 
te no deberá ser menor que el inicial. 



Opción 36. 
(1 tarjeta) 

Col. 4-5 
Col. IT="20 

Número de puntos dato para la interpolación 
(_necesaria para mapas de proximidad). 

36 Para identificar la opción 
Número deseado de puntos (no más de 10}, pe~ 
forado corno número decimal. 

Si no se especifica esta opción, se tiene un mínimo de 4 y un 
máximo de 10, teniendo como promedio 7 puntos para la interpo 
laci6n. Para mapas de proximidad dejar en blanco las columnas 
11-20. 

~pción 37. 
1 tarjeta) 

Col. 4-5 

~ndependencia 
(necesaria para mapas de proximidad) 

37 Para identificar la opción. 

Esta opción previene el suavizamiento de las líneas creadas 
por las barreras ó mediante la utilización de las opciones 
35 y 36. Si no se especifica esta opción, el programa calcu 
la valores & cada 2 caracteres en sentido vertical y a cada-3 
en sentido horizontal. 



IV. EL ALGORITMO DE INTERPOLACION DE SYMAP. 

l. Introducción. 

Su objetivo es crear una sup~rficie que cumpla ciertas propie 
dades para poder representar espacialmente un fenómeno a par
tir de la información proporcionada, en un cierto número de 
puntos dato. Puede aplicarse a diferentes campos tales como 
demografía, meteorología, planeación urbana, contaminación am 
biental, etc. 

El programa toma las coordenadas de los puntos dato y sus va
lores asociados para construir una superficie diferenciable 
en forma continua, que pasa por los puntos dato y representa 
las tendencias que estos muestran. 

El método consiste en obtener para cada localización de impre 
sión en el mapa, un promedio ponderado de las pendientes y 
los valores de· los puntos dato cercanos, calculado mediante 
un modelo de tipo gravitacional. 

El valor para cada localización se estima a partir de la fór 
mula: 

donde: 

z = p 

w. = 
l. 

Z! = 
l. 

E W. z~ 
i l. l. 

( 1) 
E X. 
i l. 

la ponderación del punto dato i 

el valor en el punto dato, modificado por la 
pendiente en i y su desplazamiento con res 
pecto al punto P. 

2. Modelo básico 

De acuerdo al modelo básico, el valor en el punto P debe ser 
el promedio ponderado de los valores en los puntos-dato 
1, 2, ... , n, considerando la pondera6ión como el inverso de 
la distancia al cuadrado. .. ' 

Sea: Pl = distancia del punto p· al puntG'. dato 1 

P2 = distancia del punto P al punto dato 2 



Z1 = valor en el punto dato 1 

Z2 = valor en el punto dato 2 
' Zp =valor que se·va a calcular para el punto P 

1 z1 + 1 z2 + 1 z3 + + 1 z 
(P 1)2 (P2 )2 (P 3 )2 (Pn)2 n 

z = p + 1 
+ 

1 + + 1 
( P1) 2 (P2) 2 (P 3 )2 (Pn)2 

o bien: 

n 1 ¿ TP:)2 zi 
z i=1 1 = p n 1 

i: ~ i=1 1 

Si e!_?unto P está muy cerca del punto 1, por ejemplo, ento~ 
ces P1 es pequeña comparada con P2 y P3, etc., por lo t~nto el 
peso 1 es grande comparado con 1 . y 1 etc. 

(P1) 2 (P2) 2 (P3) 2 

3. Modificaciones. 

se deben hacer las siguientes modificaciones al método para ha 
cerlo más eficiente: 

a. Radio de búsqueda 

Por razones prácticas, tiene que limi t?.rse el número de puntos
dato que se consideren para interpolar el valor en una locali 
zaci6n dada. Tornando en cuenta el número de puntos dato y el 
á:r;-ea sobre la que se extienden, el algoritmo determina un ra
dio inicial de búsqueda R, en tal forma· que un círculo con 
ese radio generalmente tendrá el número promedio de puntos en 
los que se basará la interpolaci6n. · 

Para cualquier localización P, se eligen aq.u·ellos puntos d~ 
to cuya distancia efectivo a P sea menor que R. Si dentro 
del cl':rculo hay mas puntos que el número máximo especifi.cado, 
se contrae el radio de búsqueda hasta.· que queden •solamente el 
número de puntos dato permitidos. Si dentro del radio inicial . . 



quedan menos puntos que el número mínimo permitido, el radio 
es expandido hasta que se encuentren todos los puntos requeri 
dos, se llegue al máximo radio de búsqueda especificado por -
el usuario 6 hasta que sean usados todos los puntos que no es 
t~n bloqueados por una barrera impermeable. 

Las ponderaciones consistentes en la inversa de la distancia 
al cuadrado, se usan para puntos dato cercanos a P. Cuando 
la distancia a un punto-dato se aproxima al radio final de 
búsqueda R', la ponderaci6n en ese punto tiende a cero. 

b. Direcci6n. 

Para que las localizaciones relativas de los puntos dato en
tren en el cálculo, debe encontrarse el "aislamiento direccio 
nal" del punto dato i mediante la f6rmula: 

si·los otros puntos dato 1, 2, 3, ... están en la misma direc 
ci6n que i con respecto a P, entonces los ángulos i P1, 
i P2, i P3, son pequeños; las cantidades 1-cos(i P1) son tam 
bién pequeñas y la suma Qi es cercana a cero. Dado que i -no 
es el único punto en una direcci6n particular, se le da una 
ponderaci6n reducida definida de la siguiente manera: 

Si p. es la distancia de p al punto dato j ' la distancia 
J ponderada es 

1 
{F:"") para o < P. .S R'/3 

J J 

S·. = 
~ 

f (P.) para R'/3 < -_::; R' p .. 
J J 

Sea H = r S. y sea 
j J 

~-cos (i p.j )] ' 
. 

:T. = r S. X donde ...... • 
l. jli J 



los puntos j, son puntos datos vecinos dentro del radio de 
búsqueda R'. La ponderación total en el punto dato i para 
la localizaci6n P es: 

= (S. )2 
l. 

X (H+T~) 
l. 

Entre mayor sea el aislamiento direccional de un punto dato y 
menor su distancia al punto considerado mayor es su pondera
ción y por tanto su influencia en la determinaci6n del valor 
interpolado. 

c. Pendientes. 

Para evitar que la superficie presente niveles en los .puntos 
dato, se calcula un gradiente bi-dimensional (pendiente) 
az ,.. az ,.. ax i ay j en_cada punto dato, tomando un promedio ponderado 

de las pendientes de varios planos secantes. Cada plano con 
tiene al punto P y a uno de sus puntos dato vecinos i; el 
plano es tan horizontal como sea posible; la línea que va de 
P al punto dato debe ser la línea de pendient e más pronun
ciada en ese plano. El valor de la superficie en el punto 
P se aproxima a: 

z. = z. + /). z. 
l. l. l. 

donde 

f:l z. = {~ f:l + az 
f:l y }x K1 l. ax X ay 

i ly 

'·· 

f:l y f:l son las distancias X y y tomadas a .partir de i. 
X y 

El factor Ki = a 

a+ P. 
se introduce en tal forma, que el. efec 

l. 

to de considerar la perndiente es pequefio a g~andes distancias. 
El parámetro a se escoge en tal forma que aunque i fuera 
el punto dato con la pendiente mas pr.ontmciada~ flZ se1=1 menor 
en magnitud que una fracci6n especificada del ~ango t.otal de 
z . 



Si el valor en un punto dato i es mayor que los valores de 
los puntos dato circundantes, la pendiente en ese punto no 
sera cero a menos que las pendientes ponderadas de los planos 
secantes se cancelen a si mismas. Así, la superficie conti
nuará creciendo en alguna dirección y por tanto, los máximos 
y mínimos relativos no ocurren con frecuencia en los puntos 
dato. 

d. Barreras. 

El algoritmo se medica si se incluyen barreras a la interpola 
ci6n. Las distancias usadas en los cálculos son "distancias
efectivas". El cuadrado de la distancia efectiva es igual al 
cuadrado de la distancia real mas la suma de los cuadrados de 
las resistencias de todas las barreras atravesadas un número 
non de veces. A las barreras impermeables se les asigna una 
resistencia tan grande que la distancia efectiva resultante 
hace que no sea considerado un punto corno punto dato cercado, 
y por tanto se elimine del proceso de interpolaci6n. 

4 . Ejemplo de interpolación 

punto 
Densidad de poblaci6n 

200 
Punto 1 

punto 

2 unidades 

i S. H 
]. 

1 .5 1.5 

2 1.0 1.5 

az 
li i z. ax 

]. 

1 200 66.7 

2 400 66.7 

usado el algoritmo 

1 = 200 hab/km2 

2 = 400 hab/krn2 

p 

1 unidad 

T. w. 
]. ]. 

2.0 .875 

l .. o 2.5 

8Z. 
k'-.i, 

,. 
=].· 

. 
.261 17.4 .. 

-.231 -15.4. 

Ew. = 3.375 
1 

. 

de SYMAP: 

1 

400 
Punto 2 

z. 
=l. 

• 217.4 

324.6 



El valor en el punto P, es: 

z 
p 

sustituyendo: 

= (217.4) (8.75) + (384.6) (2.5) 
zP 3.375 = 341 

Densidad de población en el punto P = 341 hab/km2 

> .• 
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TOWARD CREATION OF A DIGITAL TERRAIN DATA BASE* 

Arthur A. Noma 
Defense Mapping Agency Topographic Center 

Washington, D.C. 

ABSTRACT 

A number of digital terrain data colleccion systems have come into operation at che 
Dcfense Mapping Agency Topographic Ccnter during the past decade; the oldest being 
che Digital Topographic Data Collection System (DTOCS), most current being the 
Scmi-Automated Cartographic System (SACARTS). This paper describes the digital 
contents of terrain daca collected by these systems and its ava.llability for computer 
appbcations. lt also discusses the use of the collected digital terrain data for 
establishing a digital data base for areas of Department of Defense interese. The paper 
concludes with sorne recent applications of the digital terrain data. 

• Prcscntcd to thc Annu .. l Convcnuon of the Amcncan Congrcss ~n Surveyiog and Mappmg-Amcnc~n Soc11:ty 

of Photo¡;nmmctry (ACSM ASI'), St. Louts, Missouri, 10-IS March r•974. 
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TOWARD CREATJON OF A DIGITALTERRAIN DATA BASE 

Arthur A. Noma 

INTRODUCflON 

The effort toward exploiting digírized tcrrain data for mapping and charting bezan 
in the late 1950's, only a few yec1rs after the advem: of the fmt commercial electroni: 
compucers. At che Dcfense Mapping Agency Topographic Cente& (DMATC), then the 
Army Map Service (AMS), the efforc in utilizing the digital technology for cartographic 
work began shortly after the installation of the flrst commercially available computer, 
thc UNIVAC I, • in 1952. Three systems began in the era and their successors continue 
in operation túday at DMATC. Th~se syscems are: · 

!lo The Integraccd Mapping System. 
• The Automatic Modcl Carving System. 
• The Symbols and Names Placement System. 

Thcsc systems in onc form or another ur.ilizc digüal media for collecting, proccssing, 
and controlling che graphic product oucput. The systems diagram, Figure 1, from rhc 
publication cutitlcd "Let's Go Gver che H1ll - Potencial Benefits of Profile Scannir.g 

·the Stereo-Model" by Messrs. Spooner, Dossi, and Misulia in 1957, 1 shows the 
creacion of a by produce labeled "Topo Tape Library ." 

During thc carly and middlc sixties, tcchniques and ideas pioncercd by thcsc systcms 
w~:rc refincd and mcorporated into a number of cartographic sysccms. Thc activitics of 
che late SlXties showcd the rapid swing in mapmaking toward exploitacion of digital 
rcchniqucs. Today, perhaps more importantly, cartographic technology is or. thc 
thrcshuld of making available map inforwation in digit .. l form for more comprchcusivc 
planning. Thc furrc.l!>t by Willia111 C. Aumcn in che midsixtics of a "A Ncw Map - Thc 
Numcrical M..1p" l may have arrivcd. This papcr will describe chrcc sysH·ms now 
O?Cracional J.t DMATC for thc collcctJOn, processing, and scorage of digitizcd cerrain 
and othcr copograpluc daca. Thesc systcms are: 

• Th.: Di~ical Topographic Daca Collcction Systcril (DTDCS). 
lil Thc Un1vcrsal Automaric Map Compllarion Equipmenc (UNAMACE) Sysccm. 
• Thc Scrm-Aucomatcd Cartographic System (SACARTS). 

SACARTS cr11..:ompa.s5cs a much largcr scope than DTDCS and che UNAMACE Sy.stcm. 
lu addaion -to cullccnng, processing, and storing digital data, SACARTS considcrs thc 
total carcographic 5tt:ps needed for the produccion of topographic maps. Hence, chis 

• Any ml·nuon hcrcon oí·', '"""'crc1al product docs nnt constitutc etH1ors~nocnt by thc Unucd St~tl'S C.m·~rnm~nt. 
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papcr addrcsses only that portian of SACARTS currendy operat10nal for che creation 
of digital data. Subscquent papers are forthcoming on full exposition of SACARTS. 

DIGITAL TOPOGRAPHIC DATA COLLECflON SYSTEM (DTOCS) 

A dccade ago, DMATC (then AMS) bcgan collecting digital tcr~ain data on a 
production basis. As originally conceived and elaborated in che publicacion entitled 
"Programming Topographic Maps for Automatic Terrain Model Conscruccion" by 
Mcssrs. Noma and Misulia in 1959, 3 the syscem aucomaced che éarving of 
chrcl!-dimcnsional ccrrain or rclicf maps. 

During 1961--62, thc inicial approaches were modified and a ncw digicizing 

ccchniquc and processing mcthods wcre tmplemenccd. The cquipmcnt conscrucccd, and 

conccpc still in use, was the Digital Graphics Recorder (DGR), sometimes called the 

Floaring Arm Graphics. Recorder (FAGR), Figure 2. The April 1963 issuc of the 
Communications of che ACM, Vol 6, No. 4, the journal of che Associacion for 

Compucing Machincry, prescnted a descripcion of a "protocype" system. 4 The system 
consistcd of a digitizing cable which collected the incremental mocion of traced 
conrour lines on a m:.~gnccic tape. This was followed by a seguencc of compuccr 
prot~í.llllS to vcrify che data by producing plots, filling g:.~ps bctwcen contours by 
inu:.-pol.1ciou, anJ ourpuwng a cape fur dJrccting a capc-concrolled millmg or carving 
m:~chmc, Figure 3. 

Befare che fully aucomatic modcling capabilicy was put into use, che syscem 's abilicy 

to produce digital tcrrain data triggered production programs to providc data for a 
nu mbcr of Department of Defensc (DoD) agencies. 

Thc rcquirement to provide elevacion data ccmporarily shclved che complction of a 

mJlhng device until 1967-68, and che syscem was successfully put mw operacton in 

1969. Thc pu~hcacion "Automaced Terrain Modcling" by Messrs. Mays and Noma in 
197() 5 descnbed che systcm, Figure 4. Figure S illuscrates che. surface appcarance 
dcp1ctable using che system. Onc of reccnr cxpcriments carncd ouc is che digital 
cnL-.1 gcmcnt of che honzontal and vertical scale. That is, daca collectcd and scored from 
1:250,000 scalc have been carved ac 1:125,009 and cven 1:62,500. Thc shrinkagc of 
sc;.lc is also possiblc. 

Thc increascd production requiremcnt by che DoD communicy for Jigital clevation 
dat.~ acceleraced che acquisition of more rapid and cfficicnt collection equipmcnt, 
culmmat1ng in che Digital Topograph1c Data Collcction Syscem (DTDCS) dcvelopcd in 

1966-67, Fi_gure 6. The DTDCS is dcsigncd to handlc fivc DGR cables (maximum) via 
daca flqw traffic control by computcr. Thc system collects "on-rhc-fly" craccd data to 
a core buffer arca and thence co assigned cracks on a 1.5 million word capability D1sk 

2 
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Pack. Thc sysccm will, on the average, hold at leasc one shift's.worth of traced daca for 

cach r.able. Befare che data on che Disk Pack are cransferred co tape, they are plotted 
for validation and nccessary corrections are made on che disk. · 

The producuon raccs are for che syscem ro handle 200 to .300 digital te.rrain shects 

per-year, or from 4 ro 6 shects per week, or at least one a day. This leve! ofproduction 

would rcquire two full DTOCS systems, with 10 DGR's in operation. 

Thc processing software has similacly cvolved from original concepls and was 

mod1ficd as produccion rates increased. The procedure for processing was frrst 
published in che papcr entitlcd "Digitizing Graphic Data at che Army Map Service" by 
Mcssrs. Mays, Noma, and Aumen. 6 Figure 7 illustrates. the curren e process used. 

Prescut digitizing practice calls for idcntification of two cvpcs of daca: . . 
• Concour lincs and ~por elcvacions. 
• Stream .md ridgc··lmcs. 

On che inicial sort/mcrge scep, che digiuzed dat<t are sortcd into profiles and che two 
ty pes oÍ daca are s~.:paraced. The sorted con tour .ind spot eleva e ion file· is used as a 
control file for che subscquenc sceps chac follow. 

The sorced scrcam and ridgc line file is matched to che control file co obcain che 
elcv.aion valucs. Thc data are reordered bac:k into strcam and ridge lines and all 
c.lcv.ltion values for thc~c lines are obtaincd by ordinary linear interpolarían from che 

intc.:rscccion pomrs. Thesc data are again sorccd back into profiles and mcrgcd wich thc 

control fde. 

Ncxt che shl'et ncatlinc ¡nformarion J!> derived. This proccss uses coordinares 

pruv1dcd as input and f~rsc f!;Cncraccs· x·~ and Y's dcfining che ncachnc. Uslllg thcsc 
p01nts, a m.ach 1s m;tdc witi1 tlac control file to obcain hc1ghc inform.H1on for 
llll..!rpobcion in dcfining al! n~adinc clcvat10ns. Hcrc, cwu crpcs of inccrpolaoon havc 
bcL·n u~ed; a moving cubJc spli11e flt andan ordinary poinc-to-pomt linear interpolation. 
Expcnc.:nce indlc.Hcs that che spline produces more racional values if atccntion lS paid 
co colll'ctmg suff1cJcnt control points at max-min and inflection points; howcvcr, chis 
cypc o[ preclsJon normally requircs mccractivc processing· which adJs co time and · 
l'ff,;rt nc~ded ro cumplccc thc JOb. Thus, che currcnt praccicc has curned more and 
more toward cl1~.: use oí thc.: simpler but sufficicntly accuratt.! linear mechad. 

A rcpc.:cicivl' uncrpobtiüli schemc, callcd planar intcrpolation, is u!:>ed co determine 
... il undcíincd surfacl.' po1nb \VIdnn che shl'ct rcgion. Thc dcnvacwn of th~ mcclwd has 
b'-'Cil dc~cnbcd 111 ,t 11umbcr ,¡í ~arlicr woil-.s .wd a dctailcd cxposition wdlnoc De g1v..:n 

J 
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here. As shown in Figure 8, che approach is to obtain surface values point by point by 
passing planes through three known points. The algorithm operares within an ordered 
array and, hence, at completion of che calculation all points within che sheet are 
defined. 

The process at DMA TC is specifically tied toche recording density of che collection 
system which is 0.01 inch in X and Y for the DGR. Thus, che digital array produccd 
reflects che unit of the digitizer and is independent of source material scale. 

As stated earlier, che digitizing and collection of elevation data bcgan ovcr 1 O ycars 
ago at DMATC. Within chis timespan, che completion of digital elevarion covcrage of 
che continental United States, Figure 9, is a major accomplishmcnt. This index shows 
che latest inventory check made of the agency holdings of available digital daca. Gaps 
in che coverage are sheets being verified and inventory checks sti.ll taking place. The 
bulk of che data has bcen collected and processed from che standard topographic 
1:250,000 scale series ~ap and retained on magnetic tape reels by map sheet number. 
Copies of the data are available in DMATC standard compacred elcvations on 
indusrry-standard magnctic tapes. The procedure for handling requisition and 

d1smbucion are dcscnbed m the currenr military map supply catalogs. 

Tl1c current s1ze of library holdings at DMATC is about 1,600 reels. The majar 
coverage is of che Unacd States and plans call for collection in other world arcas. The 
pnmary source is che 1:250,000 scale topographic map; however, 1:50,000 scale 
topograpluc maps will be digitized and processed for arcas of specific interese based 
upon current available coverage. · 

UNAMACE 

Figure 10 illusrr;¡rcs thc data flow and processing of che UNAMACE Sysrcm. Thc 

use oÍ cLgirized da{a from che UNAMACE Sysrcm has bccn dc:scribcd in "Autom.1ric 
Conwunng ar che Army M.1p Scrv1ce" by Mcssrs. V!ticllo, iliggm, and Middkron iu 
1968. 7 Acidl[)onally, a more recen e publication by lliggin, cntitled "Computcr 
Gencr.ncd Conrours from Numcncal Daca," m 1971, 8 describes current work at 
DMATC. The sy:.rem produces digitized elevations dircctly from rectified sccreo 
una~l'f:-'. As dcscnbed 1n che c~tcd papen.. tht! primary effort is direcced roward 
rcchrllques for processmg rhe collectcd digital data for che automatic plocting of 

concour lines. 

F1gun: 11 shows che current UNAMACE dJta flow .. ·First, che daca from eacb modd 

are collccced by an upd.ate pro¡;ram and stackcd onto a mJster. Afcer all modcls havc 
been collected for che mappmg area, che data are processed through a contour 
program. Thc program is provided with oricntation paramecers and a smoothing 
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l. 

----------------

'• 
cntcrion. Propcr scalin¡.: ;o¡¡j smoorlung is performed on the d,J.ta followcd by a proccss 

to digit.11ly "dr.1w" Jm,;<; it...r thc n~nruur elevatious specificd. Thc rcsulring ourput of 

che proccss are ( ~) cm·tour pluc upc for dra·.viug labcled con tour lincs and (2) 
smoothcd elev.uion dat.t in prufilc to drivc an orthophoto device, such as thc 

Gigas-Zciss, for prod11CJ ng orthophotograph y. 

Two major operat:onal problcms in the processing of UNA.i\1ACE dat.1 w r,roduce 
usablc tcrrain data are the inabilay w detect areas of inconsiscencies on d1e digiral data 

and the inal>ilay to panel or mo:;aic digital data to construct consistenc terra:n data for 

Jn cncirc map rcgion. Arcas of incons1stencíes occur bccause of cquipment l.uni~arions 

whcrc correlation is lo.~c. Locating thcse arcas and corrccting che errors are necessary 

Íor effectivc use of che digid data. Tcchniques for digital mosaicking are now beíng 

dcwlcped anrt plrms cd! fo; th<:il ~ucorporation as a subsidiary step prior to che 
concuur progcam. 

In z.ddlcion to ene two poirm di!>CUS~cJ, rhe qucstion comes up asto what smoothing 

docs tu che raw dara. Is smoothmg done to produce cartographic.ally acccptable 

contour lincs or to hcttcr rcprcscnt thc rrue ground configuration? Are thc two che 
~;une? The pomt of immcdiate conccrn rclated to che UNAMACE d:na is whcchcr the 

master or thc smoothed be reramcd. ~-'crhaps ccrt.lin cartograph1c digital dcfmaion 1-nay 

be needed to make this Jerermination. · 

There are apprnxim;.cdy 400 UNAMACE master tapes at DMATC. Huwever, tht:lr 

currcnt ucihry is lunitcd smce thc data are strictly discretc individual digit<~.l models. 

Thc cffcctivcncss of u:>:ng che 'UNAMACE tcrram daca will dcpend upon che succcssful 

1111pkmcntacion of a sysccn1 ro collcLt ao1d combine data to covcr cncirc map :.hcc~ 
arca::.. 

S;\CARTS 

Thc ITllCI'-\l phasq ot' tllL' St:mJ-.iuromatcd Curtographic Sysccrn (SACARTS) llave 

JU~t bccn put 111to produo~Uúll use a e DMATC. Thc systcm is lhc colllOIIl.HÍull of boch 

h.uJwarc .111d computcr ~oftwJrc fur ,IJJJng thc canographcr 111 tLe proJuct10n of rcpro 
t¡u.dtcy m,¡tenals, f¡:~ur~ 12. lnpucs to thc sptcm are! both hypsography, fmm 

pnKL'Sscd UNAMACt. tv¡w clcv.ctt•.)l, d.1t.1. and p!arurnctnc d,1ta, frorn vector or !me 

J¡¡:HJ:tTr~ .\uch .1~ dtt' CALMA :.z11.1 t.H.:NJ)iX untrs. Thc pro~:c!>~lllb uf dH.: J;¡,r;¡ wdi be 
doHI<' on .1 l.1rgc central l'Oillpurcr ~¡¡,j¡ .ts thc liNlV.A.C ll08. Prc--·i.._}~he cable 

tll~JriLcr 1~ u~cd ft,r ~crvJuJt¡.;, u •rrL't :111~ .. lll,i ,Hidm¡.; fc.Jtur\!s; tl0\\"0:0.<'-~P'~- s cal! for 

lli:l rt.oUilb che /)¡¡;lo,¡: ÍII:)IJÍ Ouipti¡ JJ¡spi.ly L'c¡<.:i[>lii..:JI( sy~rcm (DlOD:.:S) for r.tpld 
¡;,¡..:r.t~.:tlve t:J,ung. 1 i11S ~cdhf~l<:;;, L<~ci:>l3t~. of l'..!thodo.: ray tubes a1:d di¡;1tiz1n 0 t.1bk t"or 

dJ!>¡.>Iaying .tnd L<HT<.i.. ¡¡n0 tL<.ll•/t'J d.Jcol. r'llr prudunion of re pro qu.t!Jty nc:!Ccrial. ·a 
1 '¡ i . ' . ¡ i r ' 1 1 e ,; '¡ d llb l·prCCISlon tl¡Jt.llty .:-tJIOlldllt't < r:ti\lll~. ollacnme su·~tl as tll..: OolCOfu? ottcr lS U!.l' • 



For more rapid output of high-content data, a raster-typc plottcr will be used. The 
raster unit can also be used for rapid scanning of manuscript as input to the processing 
steps. 

SACARTS consists of a number of different computer-controlled subsystcms; 
howcvcr, central to the conccpt is data proccssing on a large-scale computcr. Thc inicial 
vcrsion of proccssing software has been developed and tcsted, callcd Graphic 
/mprovcment Software Transformation Systcm 1 (GISTS 1). Dctails of GISTS data 
bases havc becn publishcd in the papcr "A Systcm for Automatcd Cartographic 
Analysis and Map Production" by Mcssrs. Burdette, Dario, and Spencer, presented at 
che October 197 3 Regional Cartographic Conference for Asia and thc Far East in 
Tokyo, Japan. 9 Figure 13 shows the general schematic data flow and logical 
proccssing of GISTS. Additional dctails on thc system are given in two ocher p~pers to 
be prcscnted at chis 1974 Spring ACSM-ASP Convcntion, "Improved Cartographic 
Copy from Oigitized Map Compilation" by Henry R. Cook 10 and "Color Separation 
Symbolization in Scmia'utomated Map Production" by Williarh Burdette. 11 The 

· former papcr providcs additional details on systems design and data structure while thc 
latter discusses the software techniques used to produce control tapes for outputting 
re pro qua.l1ty, colur-scparatcd, symbolizcd plots. 

Th1s systcm, as prcscntly cunstitutcd, is dcsigncd for cfficicnt production of 
grJ.ph1cs; however, clements for che construction of a planimetric digital data file are 
mere. Data ficlds are cxpandable to handle a wide variety of coded line and point 
features. In anticipation of a raster scanner/plotter, software for determining the inside 
and oucside of regions, which can be highly relevant to an effective digital data base, 
can be incorporated into che GISTS file structure. 

Thc prcsent digital holding from this system is small and for actual use available only 
for graphic manipulauon; howcvcr, as the system is put into production, auxiliary 
proccsscs will be dcsigncd to mana~c thc planimetric.data files. 

Currcnt production plans call for the system to be phascd in, bcginning with ratcs up 
to 50 map shccts per ycar to a capacity of 500 map shcets per year in a 3- to 4-ycar 
span. W1ch acquisition of additional and new equipment as wcll as improved software, 
che systcm can be pushed upwards toward a 1000-maps-pcr-year rate. These 
production rates will obviously creare an cxplosion of digital tape data. Hencc, in a fcw 
years th1s system should be a significant generator of digital data, espccially plan1merric 
information. 

FILE AITRIBUTES 

Thc thrce majar digital daca coilcctJ<HI ... ystcms can be interfaced Íor thc crcation uf 
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a common digital terrain, or more gcnera.lly cal.lcd topogr,¡ph1c, data bas.e. ThJ base 

should consi~t of po~sibJ~, twu distinct, however, interrelated files; namely, clcvation 

and planimctric dara. 

Thc elevarían data should be in tht> form of c!evation arrays organized into uni!ocm 

lo¡;ical rcgions, for instance, 1 o by 1 o blocks. The pianimetric daca ..:an b..: bwl~cn isHo 

two catcgories- ·linc and powt mformation. Lin~ data such a.:. draínage, ro;;ds, 

railroads, and ochcr communtcations networks, should be stored using sorne form of 

chain encoding. Point illformation such as buildings, mine locations, wclls, etc., c..n che 
other hand, should be ·stored in position !ists by inforrnation category for a sp:::cified 

reg1on. 

A point for consiócration is how arca data should be retaincd. The classification of 

arca delta c,tvcrs suc.h tl11n¡;s as lakcs. :;wamps, forcsts, rice paddic-s. urban outhncs, 

cte.- in ~cneral, c.utographic "0pcn wlildows." Thcse typcs of data can be rccaincd in 

two forms: first, as a d1rection-coded line to indicQlt.: thc insidc :and CJUtsldc of che 
region outlin~d by the linc, or, sccond, like elevation data, carried in arra.y iorm. Thc 
choice of che structurc nuy d!.'pt:nd 011 response rc(¡uircmcncs needed co mcet user 

necds. Array form ~hould be rnu.:h ;norc effective in rcsponding tu inquiry of whether 

a point is i11s1dt. oc uutside of a region, since, if data are in hnc form, either a s~an:h for 

line m use be m a de or thc li11c data cxpanucd to a1 .-ay to respond. 

In order co cstabhsh a rcsponsive system, effictcnt file maintcnancc and di!>tribution -

will be nece:.sary. Howcver, beforc such a system is put into opcrationJ.l use, che 

prescnt file, as wcll .. s fiics to be ~enerared, muse be struccured for universal covcragc. 

Thc current Ji¡;i~w:d data are bciug rctamed in somc arbltrary local form; in most 

cases, che insrrumt·tH sysrcm. Thesc files shc>uid be organizcd into a universal, 

contiguous syscem; tor cxamplc, uno latitudc bands. 

Tw" 111ajur prc.Lit·~al~ 11!11'-.t Lv -;c¡l·vc·d lwforc ;, univcrs:~l di~Hai rcrr.on d.¡¡,, h;c'>t: or 

fdc c...cll bl· d In liVI'l y lll~llllcll"d: 

• SclccCion of a un1vcr~al c.unrdi,l.tte sy!>tcm lor orgauizing rhc fll);lt.d data. 

• Dt.:vclop1ng a malchlllg ¡lroc<·ss tu cumbmc digital daca such rhac mform;u:1on 1s 

con t~guous. 

Aumen ha~ ~ugge-;rcd u·;,ng gyusraphic coordmacc::; as th-: uni~\.'rs.1J rcfc¡cnc::. Thc 
use of che laucudc-loclt,HuJc sysrclll n,·s -:Cícccively to che 1dca uf malntolill!ig d.ua 111 

lann.dl' b;tiHb. A t".t~rly t.rl.furtll ~)·<;t,'lll can be dcve!opcd ¡f th•' lont,irl:,!,: mcava: 

lllCrc,¡:.c:. as 1.,taudc ¡¡;,·re,¡·,·~. fl,m•~.:.,.,·,, thc ::.clccch•n oí .1 ttl\lflli.,.c¡c ~/~c~.·~n ts Lr 

truill ..:uJ¡aplccc ;ua! tuni,,·¡ :.wJJcS ~hu•dd h,· lli.Jdc.! 111 d:. h¡,;ln ul. ~he 1' !Jo.Tds ;.tc.:i 

requ1rcmcut:.. 

.. 
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As regards the matching of data to make adjoining data contiguous, differcnt 
techniques have been studied by a number of groups. One method which has been tried 
is smoothing by spreading the difference over an arbitrary band adjoining a junction 
line. Other techniques used have involved mathematical surface fitting. The issue, 
however, is that a technique should be selected to operate effectjvely on a universal 
data base. 

Another majar point of consideration on data base creation is data compaction. 
Sorne studies have been made in chis area. However, che current and near-future 
requircments indicate that use of current computer technology should more than keep 
up with present flles and those being created. Such items as efficient data compaction 
by chain encod~g and use of high-den.sity storage media can comfortably keep pace 
with che collectibn rates. Asan example, over 6,000,000 elevation points can be stored 
on a reel of tape using the present DTDCS procedures. By installation of available 
high-density tape units, the capacity can be doubled. In fact, there are available 
systcms for a four-fold increase if needed. The compaction problem should certainly be 
studied to be ready to handle che long-range needs, although it is not paramount to the 
present establishment of a universal digital terrain data base. 

SUMMARY 

Once the system is escablished, a positive invescmenc of resources will be needed to 
maintain the file and hancÍle ics distribution. As new data are collected, information 
shou\d be processcd to be incorporated into the data base. This will require a 
substancial allocation of computer resources, and manpower for reviewing and editing 
to recain data fidelity. , 

The discribution of che data will also require che developmenc of software and 
commitment of computer rcsourccs. Thc copying of digital data for discribut10n will be 
onc of che simplcr functions; buc, for cffectiw response, che discribucion systcm slwuld 
ha ve che capabibcy to sclcctivcl y recrie ve daca from only thc spccified rcg10ns as w..::ll as 
cxtract thc fcawrc rcqucstcd. le should also havc che abilicy for sorne amounc of 
formac chan 6'1ng of che daca co fic che user's need. Addicionally, fu cure nccds may 
d.iccatc che dcs1g·n of logical synthesizing software to extract for the user implied 
topograpl-.1C mformation for mo;e effective decision making. 

Thc foundatlon for che creacion of a universal digital terrain or topograpluc dat;¡_ 
hase is available today. 
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Incrcasingly, grographl'rs are encoding data for m:-tchin~ proccssing, yet 
replic:1ting comrlex ;cographk~attems in m-~chine-rc:-!cl.lblc fonn for pro
ccssing is pooíly <i;-¡d.:r:;.t~od. Thts pper ~ .. :ts fnrth a\' ··rnJtiYe mcthods for 

•.· -encodii1fg~).';t ::p~1ic-p.:üteriii..L+ · 
-- Gcographi~ info,.,•:ltion systcms difTcr froz.1 'Jther i::formation systcms in 

the e:. pl1cation of loc..~tion:1l idcntificrs, and thc impe>1 t::mce o! tl:l! loc:ttiOI1al 
. 1 'r; • . 1 . d l . 1' ¡· , ' 1) t' y .. ·:;:::.:crsm ma::1p~: ~·t::1; :.~ta . .T~~s p3~c.r,accomp ~::-,les t\\o t.Js¡.;:;: ne 

· d~:, c~opmcnt of a e...," ·t:ptu:]l .. frame\\;:,-rT-: for encodi ng ~p:-~ti,1l data for in
co:pcration int•"' rr•'n:;-.·:1;·11::: ;::form1tion sy.stems, and 2) thc prc::entation of 
:~ not~ition fe•:- int<:q_· .. ,: ,,¡_; tl:c frJ.;"ie,lork. The choice :-tmong altcrn?.i.Í\'e 

¿ \\'<l)S of encodin::; spJ..i?.~ cbt1 is dt?tem:;;:.:d fcr:. : -·~ci:ul:u- ~!¡Jplic;:lt:,1•1 h:' 
COnsidering the !JUrpvse as c::m::traine·i by tlJe a•:2:!..:b!c rdr:::h·.!r¿_:~._.íL·.· -!f.: 

enviror.ment, quality control nccds, and the ma¿nitude of dat 1 to be en-
coded. ' 

LOC.\TION'AL IOE::NTI FICA TION 

Spatial data ue conveniently stored in machine-readable forro, notas the 
image itself, but in sorne abstract form, such as intensity values for small 
grid units or a t tributes of areal units. 

The sub~ets of spatial data that are addressed here are those phenomena, 
such as land u~e. o·.1 nership patterns, and vegetation coverage, that can be 
c.xhaustiw:ly partitioncd by type or class into r~gions described as polygons. 

For example, ;:¡~sume that an aerial photograph has been exhaustively 
partitior:ed into a c:et of polygons that identify homogencous lar.d regions. 
i.e., resident:al, r.o:1-re~idential, agriculture, \\·ooc! .. d areas, etc. Rt:'plication 
of the3e various sizc·d region!> in digital form u::;ually is done as a sequence 
of coordinate values or equi\·alents describing the perimeter of each area. 
Problc-ms and potcntials of this rnode of operation are described in more de
tail in the next scction. 

ENCODJNG DATA 

Tcchnical prrJb!t ms in the de\(:lopment of a geographic information sys-

"This •tutiy "'3~ '''PPOrt~.:d by thc Gcorraphic Applications Pro¡;ram, L'nitcd States 
Cco!o;.:ical Survty undcr Contract 14-D8-()(JI.J2SOS. Thr author ~ri.ltcfully :!Cknowlcd¡;rs 
thr commtut~ o~nd ~ur:;l·,tiuns oC Samucl Arms, Frank Ilorton, Hohrrt Sha~, and Hobcrt 
Wittick. 

./(cll-·'h ]. Dtul.-er is nssociate professor of urbm: n11d rrgio11a1 plmmil" 
011(/ Ct nphy al tf1e Unh•ersity of lowa. 

Nt'Sctlrcll Xolcs anJ 11ts / !>S 

t;·u in ti~e ~e:neric ~c:n::e can be~t be appro~ched b¡· dr;\':loping a conccptua 
fnme\\ork for cncoding geogr;tphic data, 1.e., pomt~. IJnes, and _are;Js, anc 
thn c.:\·aluJ~ing alttrnali\·c ways in which thc cncodut gcog~aplu~ data car 
b,• irF!'Jt. qorcd, rctrkved, and output. Clcarly, the major 1s~ue 1? the cffi· 
cicnt ·rnanipulation of gcogr:1phic c);-¡ta. Once that hsue is detcrmt~cd, an) 

nurnlxr of data item'> rchtcd toa ~pccific point, line or arca can be wclude< 
pro,·iding adcJitional data storage is m:1rle ~vaila?le .. 

:\li elernr.· ~' of the information systcm mcludmg mput and output ~us1 
be vie\\d in th·.! context of handling gcographic data en_coded as. pomts 
lir.cs, or areas. F•·: e'\:lmplc, d:dJ rnight beabstractcd from 1magcry m term: 
of coordin.1tes for points, and arcas cncodcrf as a ~cquence of pomts. Daté 
mivht thn be stcncd :1:. coordina te values for puints m:1king up arcas, :1nd th' 
data might be dispL1yed ·as line segments mald~g up the syst_cm o~ areas 
Ckzrly, the input, storage, and output encodmgs are n~t wdcp, ndcnt 
Translation from one stage to another must be thought out m ~dvan~ 

Figure 1 illustrates alternative ways of encoding geograph1c d?.ta. De 
pc:•1ding upon ultimate nccds, and the storage media ~~d file structure en· 
vironment, not a11 possiblc encoding schemes nced be ut1lt_zcd. How~v.er, more 
than one is usually necdcd to provide a rcdundant codmg for edttmg I;Jut· 
po.::cs to detect errors for qua!ity cont~ol and c?mpletcncss. Sorne c~codmgl 
can also be ¡;t>neratcd from others, wh1ch pro\·Jde~ the mea~s for cd1t. Eacl 
of the proccdurcs listed has a \·ariety of ad\'ant::!g~ and d1s~dvantag~ as· 
sodatcd with it when vic\\'ed in light of the storage, compam.on, retneval 
and outout elements of the geographic information system. 

The choice of an encoding method from the alternati\'CS listcd in Figure 1 
mu:>t be m2dc considering: (1) usefulncss in tem1s oC purpose, _(2) case o: 
data capturing or encoding, (3) ability to gcnerat~ othc_r enc~1n~s for ei 
ror detection, (4) ambiguities, causes by non-umque Idcnt¡(ic;c¡twn, (5) 
ease of synchronizing graphic data to descripti\·e data a~ input, an~ (~~ 
storar-e media and file structure available. When companng thc~ cnten~ 
with ""thc possiblc encodings, sorne encodings are more appropnatc thar 
others for typical uses of image data in machine-readab~e form. For cx~mple 
areas eT~co(kd a~ polygons (cncodcd method :;; 1) are h1ghly u:cful as ts, car 
be u~cd to gcnerate other cncodinf,"S, ~nd ca11 be encodcd \\'rth ~ase. Con 
verscly, arras cncoded as bcing contiguous to othcr arras (#2)· lS lcss use 
fui and may not uniqucly idcntify an arca when two- s-epara te. arc~s an 
wholly containcd within the same large: arca. :\lw, method # .: l5 d1fficult 
to encode dircctly, although the encod1ng can h<' ~cncratcd from mc.thoc 
=:3. For error dctcction it is im¡wrtant to h:-t\ e l\\o inckpcndcnt cncodmgs 
une of which can grnrratc thc othcr for compari::on. . 

Thc input prohkm can be con~ickrl'd a prohk_m o( digitizing ;-tnd c~:ne 
a ~cqucncc or points that mah up an arca, ora lme ::cgml'nt. :\ltc_rnah'>ely 
thc ima¡;c could be ::cannrd and l'IH:Odl'd as ::-rll.lll ·'Y ~dls wh1ch, .m~. oran 
nota p:-trt of a line :-:cgrnrnt. Thc data ~to~:tl!l' pwbkm 15 onc of &:lcctl_ng thc 
:-tppropri;ttc (·rKO<Ii ng mdhod tn mc1:t rd rlt\ a.IIH'1:d:- :tnd ; IC ~~une ~1m e be 
(ütnp¿¡t tblc \\ ith the file ::trudurc and rncdnun lt¡x1n wlud1 the ,bta are 

__j 



,\) 1 Gcogrc ·wz Auulysis 

.r·:vd. Pattern rccognition type cr.:cri1~5 may rcquire conti~uity cil.mtct~ris
l:;. ::l)•)Ut small grid units be ~torcd in a direct access mc.de so 0s to Jssemble 
:)mo¡;c·nrous rcgions for ccmpaci~::;n toa mask. Other qucrics r.:i¡;ht nx;ui:-: 
11n;);1ri~.on of t\YO poln;on sets, such v.s dc-krmining arcas of \'é1cant ~ard 
~ 'rith arcas cf bnd suitJbk f·x :nd;¡s~ry. ln this case tl:e cx~stir•g lan.J 
'<-' dat3 ~;:t ,,·ou1d be com¡xm:-D to th.: b:d \2.:l;Xtbility <ht:1 sct. Tnus data 
1u'~ be cnccded to mc.ke a:ca d~scriptio:~ an.J area char3cte< istic:; accc:s-
1•\· ·1nd C0Ji!~Jrab1e. 

Co--;•;c'\T!:\G GSOGit-\?T!iC DATA TO l\LKHI:'\E-RE.\D.\DLc FOi<M 

~ .. ,,·~r: · ,~!1:·. t1-:rec di!'fer.:nt i1;p.1t JDP~hods for converting gwgraphic data 
) .,,:,.:h!ne-reacb.l)1c !orm J.¡(: :;~.i!i;;ed. Thc a::.stLU1ption r.::.: ís l~:at gw-

A, A2 A3 

,As x,y A4 

-~-----A7 A& As 

IG. 1. Altlmative ~íethods .:JÍ C:ncOlling Crograpl1ic Data. 
Po;sible Encodings ' 

l. AreJ; encoded as poly¡;ons mJdt: up as a scquence of points: 
E 1 ':) :A ( 6, 5, 11! 10, 7, 6,) tRead as tr.e entity is area a and altributes are a 

SLQU0ncc of pomt numbeis 6, 5-, 11, 10, 7, and 6.] 
E~b) .t\íl, 2, 6, 7, 8, 1) 

2 ,\H·Js enlodrd as bcing cor.tiguous to othu areJs (\\here q, is the arca outside the 
arc·a ~ystcm): 

J-~(b) :A (c. a1 d, ~) 
f.(b) :A(t; a, b) 

3. Line sc¡;mc:nts encodcd in relationship to their t:nd-points and their conti¡:uity to 
are as 

ECJ,2): A(b~) 
ECI.S): A(9,b) 
EC2,3}: A(c,.¡.) 

E { 2,6) : AC b,c l } rever~ mcoding !or rcdundancy edit 
EC6,2): A(c,b) 

4. Point~ c:nc(J<kd as bcing conncctcd to othcr pointa 
Ell): A (2,8) 
E(2): A(l,.3,6) 

5. Point~ tnc,,.l, das b< iní: rclatl-d to areas 
f.'(l):.( b) 
/:'(2): A, •.. c.b) 
1-·111 • A 1 _. 1.\ 

; . ·phi e }J<ll ~er ns <\re manualjy idcntificd as line ~t;;mtnts that exh~u~th1Cly 
partitirm thc ro:;ap or im::~gc into arcas. Thc thrE"c \\ays of making thc rc.su]f. 
;,nt polygoils machinc readahlc are: 

1. point digitizing p0lygon vcrtice:s, 
2. poly~on tr:-~cc with Jine follower digitizer, and 
3. :Gn:ning for thc prescr.cc ~.nd absenc~ uf !! il(:S maldr~g up polygor 

fL'~Í011.'>. 

In ali three ca~c:s the image must be partitioned into arcJ_s rcprc&:Jtting phe· 
nomena, such as land use, land caoability or iurisdictional areas. The prob
lem is to describ~ these areas in rn"achine readab:e fonn for interna! ccmpu· 
tation of intcrsections betm~cn phenomena or dat..1 5-eis and mapping of tlu 
original data or some deriv:.~~ive therefrom. 

Point digitizing is the mo~t direct way of maldng area data macf!inc read 
:1hl~ and rí'(]Uires the least hard1vare and soft1\·are capability. Opl·raling ir 
this mode all polygon;-:.1 vertices are digitized a:1d in a ser.:uate operat:on al 
the polygon Yertice numbers are coded, and SDmetimes for cdit check th1 
line scgment, i.e., connectivity between verticéS are code<1. The resultan 
entities for this encodlng process are: 

E (vertice number) :A (x,y); 
E (polygon) : A (an ordered sequence of vertice numbers bow1Jing th 

polygon); 

----- ---------------------
6. Small grid units cncodcd -as whethcr p:u1: of line se>;!nt:nts or not E(x,y) ;A(O o 

1) abscnce or prcscnce cf being on a line segmcnt. 

7. Small I'Tid units cnc0d~.:d ns \\hether they are ~:r.e as conti¡:uous gri.i unit.l 
(E(x.}:): (A,; A,, A,,!'-,.., A., A,, A,, A,)"' (0, O, O, 1, O, O, O, 1) 

8. Point Connectivity Matri.x 

1 2 3 4 5 6 7 8 9 10 11 12 

1 o 1 o o o o o 1 o o o o 
2 1 o 1 o o 1 o o o o o o 
3 o 1 o 1 o o o o o o o o 
4 o o 1 o 1 o o o o o o 1 
5 o o o 1 o 1 o o o o 1 o 
6 o 1 o o 1 o 1 o o o o o 
7 o o o o o 1 o 1 o 1 o o 
8 1 o o o o o 1 o 1 o o o 
9 o o o o o o o 1 o o o 1 

10 o o o o o o 1 o o o 1 O· 
11 o o o o 1 o o o o 1 o o 
12 o o ·o 1 o o o o 1 o o o 

9. Arca Connl'ctivity l'>btrix 
a b e d --·------

ll o 1 1 1 
b 1 o 1 1 
e 1 1 o l 
d 1 1 1 o 

10. en¡ ··n~le drfinitinn or: 
Jlnll 

b. arra bound; 
c. ar¡·a ccntroi~!l 



1 G.-ogrnpllical Aualysis 

,linc segmcnt: vcrtice i, verticc j) : A (polybon codc ror ldt adjacent 
, a~ca, polygon codc for right adjacent area). · 

1e DÚlE Gcoc9ding Systen, (3) and :\L\P¡~100EL (1) both use 
ttions·or this encoding schcme. Initially, only thc line scgmcnts are en
d in·the Dli\IE mode. Polygons are in eticct creatcd JS thc DIME al
hm links line scgments b:~~ on polygon (block) codcs and redun
ly chccks by matching-up the block numbers, as illustratcd in Figure 2. 
1e Primal cdit sorts boundary segments in arder by matching node mun-
Thc cdit tr:J...-cr~ the boundary of the block by linking the segments 

:hcr in orc~er by matching node nwnbers. 
1e redli'~'~.'.nt t:clit also traYerses the boundary, with the block left and 
.,. right iiL·:ds be:ing switchcd if the nodes ha\·e to be rcordcred to see if 
))ock nw:~be~ ap.i)ears entir::ly in the block right field. 
:1e :\lA:·, :.!ODEL Syst~;n e:1co¡_:l:s the points of infk-ction and junc
i of polygons. The resultant entity is an ordered set of vertices for each 
~on: 

E (polygon cede) : A (x,y coordina tes of points of polygon inflection 
and junction). 

he cdit procedure used in r-.1.-\P/\lODEL utiliie:; the characteristic of 
:neLl,od tl1at encodes each line segment twice (because it is part of two 

e 

' 2 

b a d 

3 4 

e 

2. DIME Edita. 

f.\-1 E Cod_i~g [E(i node, j node)): A (left block; right block)) 

Nade i Nade i Block ujt Block Right 
1 2 e: a 
1 3 a b 
3 4 • • 
4 2 a d 

•imal Edit (travcrscs boundary) Rrdundanl Edil (block encoding) 

Nade 1 Nodt i Block újt Block Ríght 
1 2 e a 
2 4 d a 
4 3 e a 
3·, 1 b 8 
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polygons}. Thc ~cparatcly_ cnéQ9cd line scgmcnts are comparcd and if thcy 
fall within a ~ivcn tolcrance are acccptcd; if not thc rccords are rcjccte:d and 
a corrcction must be made. 

I np11t from imagcry vi a a polygon trace with a linc followcr digitize:r 'is 
somctimcs uscd to digitize a coastline, contour lincs or irr<:gular polygons. 
This ca~cs the input problcm significantly with rc~ultant case of in~trñt
tions to the digitizing personncl. The only instruction ncccssary is that the 
digitizer stylus trace around each polygon. The resultant cntity: 

E (polygon code) : A (x,y coordinatcs scqucntially orderc-d and at 
regular interval~) 

In sorne instaoces, a computer algorithm must then be dcveloped to idcntify 
junctions and points of inflection to create a polygonal file changing the al
tribute structure of a scquence of x,y coordinates to a scquence of line seg
ments, thus simplifying the polygonal description similar to one dcvcloped 
by the point digitizer and manual coding. The edit employed by this mcthod 
utilizes the characteristic of the method that encocles each line segment 
twice. The separately encoded line segments are compared and if they 
fall \vithin a given tolerance are accepted. The resultant record for storage 
and retrieval is the same as the resultant records from point digitizing. 

A drum scanner as used by the Canadian Land Inn:ntory (2) creates 
machine-readable records for each rcsolution ccll of the image, consisting of 
whether a line is present or absent for that cell:1 

E (x,y) : A (presence or absence of a line segment for x,y) 

An algorthm is necessary to cormect contiguous cells having lines present 
to form.line segments in order to proceed as above. For idcntification of poly
gons, a separately encodcd polygon number and coordinate value falling 
within the polygon region must be digitizcd separately: 

E (point within polygon) : A (x,y). 

Again the resultant data for storage and retrieval con$ists of a polygon de
scription andjor line scgment description with derin'd coordinatcs for the 
vertices of the polygon regions. 

The choice of encoding methods for ima{;cry data is depcndcnt upon a 
variety of factors, thnt are largely rclated to the m:tgnitude of the data be
ing cncodcd which in turn is a function of the size of the arca and the dcgrce 
to which it is bcing partitioned into sub.1rcas, and thc availability of hard
ware and softw:ue. For cxample, thc Canadi:tn L:md Invcntory proccdure 
rcquircs rcdrawing maps to be scanncd to l'liminate all dctail but the bound
arics of arcas. 

Qp,·rating in U1e point digitizing modc thc co!'t~ for digitizing and polygon 
cncouing are high whcrcas col'ts for computcr procr~:-ing are low bl"'\::1\1~ tht 

. cncodl'd d:tta are dircctcd to storagc without int<'rwning procc5sing. 'Tht 
'As the "linc's" thickncss cxCl'Cds thc ccll \\ iJth thc rJ~r rnu~t fu<• t,c dch:rmirrd bciort 

1 he "line" is usdul 



~ foliowt:r mode !1as a íligher computer processing co~t rr.:r.rctir.g proces
g to :icte:-minc points of in!lection :md junc¡ion. Oprrat.i:1g in the SCéinner 
d!! airo im·oh·cs c:.:tcnsh·e computer protcssing to dckrmitic cml p;Jints 
iin~ !>egments. There üre higi~ co::ts im·olYed in suitJc!e p~rtitioning o[ 
a, topological comprehension, Jnd nmbiguities of inngcry t-uch ~s rela~ 
e position_al errors. 
fhc sc:.:mning mode and the line fo!lcwer mode h::l.Yc> highcr i:1itial costs 
·cnns of the d~\·e!opm~_-nt of algorithms to com-ert the d:1ta for storage and 
~ie,·al, but operate more efficiently at higher \·olumcs of data from imag-
. Figure 3 repr~enls a conceptu~l cost comparisor. of thíce mo:!,:s. Sup- · 

Cost 

Volume of Dato· 
3 H).oolh.,tlcal C<Jst CompJiis.on ícr Altermtive :\1eth:xis cf Ir:put Prc.::e::.sing of 
)[;r up~:!cal Data. · 

irg cost comparison data is not reachly available though it nf.Cds to be 
·ed_ 

1e volwne of data is a function of the size of the area being digitired. 
of n~e image, the resolution being used, the den~ity of phenomena be
igJtizc-d, and encoding method: 

Volume ~ 1 (size, scale, resolution, density, encoding mcthod). 

hen the gcographic data are denscly distribul{-d on imagcry and there 
largc number of images to be processcd thc ccanning mode bccomes 

¡mic1lly fcasible. Whe:n gross or less dense paltt·rn:; occur on images, 
tncorJing of area ddiuitions and point digitizinó appcars mo:-;t fcasible. 

CLOSI:\'G NOTR 

·s p;-¡pcr attc:rnpts to t·:-.plicitly tr~:at a·,pC"C!c; ,,f n.::hii•I: ( ..:raphic data 
( 

> -
Rrscarclz Nolcs uml r menls 1 \05 

-· 
mochir.e·r':;¡cbbk lh<:t ar<: •_¡· u:;,!Jy implicitly con~iderc-d. lt stcms fwm the 
:n:tho1·'s \'icw that i ndc·p~ndL-, ~ dr:cisions rcgardin¡; onc ckmcnt of an infor
m1tion :;ystl·m. ~;;.~y input ur ~tor;-~gc, íorcc dccbion~ ptrtaining to Llnothcr 
ckment, s.1y rctrie,·a1 ur output, that n:ay be contrary to the purpo:;c of the 
s;stfm, 

\'ici\ i11¡; \\':.l)'S in \·, hich sp<'itial data can be rncodcd providr-; thc r.onncc
th·e ti~sue by \\'hich intcgrc;tcd gco¡;raphic informat ion systems can be dt
signcd. s:mibrly, thc cncoding conc~pts providc a mcans by which syslt:ms 
can be comp:.trcd. 
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The Tt·auc Arca of a Displaced Ilc:xagoual Laltil:e Puint 

M. F. Goodchild 

Consider the classic central place sy:;tem of uruform dcmand du:c:ily on 
an infinite plain. Let us suppose that a single entrcpreneur is, for ~me unde
fined rcason, unable to loca te at his optimal hexagonal lattice point. 1 le i> 
forced instead to locate at a distance r away in a line bi:3ecting the angle be
twc-en l\\'o of his ne3rest ncighbours (Figure 1). We adopt a coordinate 
gcomctry in which the distance scp3rating adjaccnt lattice points is 1, the 
optimal point (0, 0,) and the six ncigl1bours are locatrd at (:!:: v 3,'2 ± 1¡2) 
and (0± 1). Our unfortunate fricnd has bccn forccd to lcx:ate at (r,O). 

The uppcr hJlf of the modificd trade area oC point O i~ found by connecí
ing the pcrpcndicu13r biscctors oC OA, OB and OC to form KLHN. The low
er half is ~ymmetrical. Dy a littlc application of the principie$ of coordinafe 
gcomc·tr)', wc linu that thc trade area is 

9v3 (1-r1)' 

2(3-r:) l3-4r'f 

M. F. CM/ '•ilt! is tm nssncialc profcssor of J:rograpliy ( '•r flllil'crsily 
of Jl"r.~tnn O,rario, l.cmdMI, Ca11ada. 
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Introduction 

Tha pro[;r:un 11st1ngs and documantation presentad hera have been 

assembled froru among those in use at the Gaography Department at the 

University of Michigan. They are obviously the result of the efforts 

of many 1nd1viduals, foremost · ot wh0111 is Frank Rens 1 for several years 

one of my ~raduato assistants. · l'Iore recently H. Moellering and D. Rhyns-

burger undertook the documentation task and preparad the programs for 

publication. Nona of this work,would have been possible without the 

splendid cooperation from many individuals connected ~dth the University 

Comput1ng Canter. A1though the programs have been testad extensively (sorne 

for eight yuars) 1t is necassary·to make tha usual disclaimer. 

1'he programs are 1n FORTRAN (IV 1 G level) and nonnally are usad 

under control of the Michigan Tennina.l System on the IBM J6o/6?, a 

very larga sys te1n by current standards. Several programs make use of 

the 763 Calcomp plotter via the *PLOTSYS program as described iil the 

plottine manual¡ sorne have also been usad with the SC 4020 CRT display 

atter relatively minor changas. 

Not all of the programs available to the Geography Departroent are 

included here. Specifically, the multivariate analysis programs from 

the BiiD system are available for call b-om teletype terminals.: many 

of the programs listad 1n the Kansas Gaological Survay series, the 

Northwud,orn Univorsity series. the Michie;an S tate series, et cetera 1 

havo baon converted for use on the MTS system. The Institute for Social 

Research and the Computing Cantar also maintain larga files of programs. 

Persons interested in these programs should consider,btaining th\ 

appropriate references from those listad on the precading paga. 

1il 

Waldo R. Tobler 
Professor of Geography 
June 1970 
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Methods, Geograp."'lia Polonioa Nr. 15, Warsznva, 1968. 
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Program Availability 

Card decks _o~ magnetic tape copies of the pro~raAs listed in this 

doc\llllent (and others)are now available fro:n the Geography Progrw,, 

l:':xchance, Computar Institute foY' Social Research, l·'ichigan State 

t:nivarsity, ¡;;ast Lansing, Nichiean, 48823, U.S.A, a talephone, 

517-353-2042, attn. Prof, Ro Wittick, 

tisclaimer 

Although the progran:s contained herein have been tested extensively 

.,o warranty, expressed or illlpli'ld, is made by the tiniversity of J..ichigan 
1 

or individuals as to the accuracy and functionine of the program and 

the related program descriptions. 

vi 



DETERMINATION Or GEOGRAPHICAL ORIGINS 

Purposea The program estimates sets ot source coord1nates from emp1r-

ical geographical distributions. 

Descriptiona The program is a simple modification ot an earlier program 

by Casetti and Semple. The modification consists of (a) 

generalization ot the types ot trends which can be estim

ated. (b) addition ot a contouring subroutine for auto

aatic plotting, and ·(e) minor illlprovements the program 

tlov and output tormats. A complete description is given 

in th~ paper by Caaetti ard Semple, vbich is available. 

In brief, the procedure m&y be conaidered to be an inverse 

diffusion operator in two dimensions.· The contouring. sub-

routine is_general and can be used vith other programs. 

Deck Make upa 1) Title Card 

2) Format Card 

3) Control Card 

4) F1rst Contouring Controls (optional) 

5) Second Contouring Controls (optional) . 
6) Third Contouring Controls (optional) 

7) Data Cards 

Cards (1) through (7) may be repeated aa many times as 

des1red. A1l are read f'rom unit .5, printing is on unit 6, 

and pu.nching ot output on unit ?o 

Card Formata 1) Title Card 

Any title in col\lllllls 1 through 72, 

1 



. : 

2 

Tha format tor one observation consisti~ ot a 4 char

acter nQIIIe, x coordina te, y coordina te o and weight z • 

in tbat order. The name sbould be specitied as &n 

A4 tield o the re!U.irdng variables as 6 or F fields. 

Tbe fo!'lllat ia punched in columns 1 througb 72. 

)) Control Ca~d (6I)) 

column 

1-) 

4-6 

1-9 

lo-12 

1)-15 

16-18 

N the number ot observations. 

J;KOT a Slfitch' to define the indepen-

dent variable,. 

1 1.0/distance 

2 Log0 (distance) 

) axp (distance) 

4 distmce 

S distance squared~ 

1 impllas take natural log of dapen-

dent variable Zo 

O def'ault, no transformation oí Zo 

KOPT printing sw1 tcb 

1 print all correlation matrices 

2 print correlation map 

) p~lnt both map and matrix. 

IPUH.GT.O to puncb results 

Nl¡ 'l'he si:!.e. of the correlatiol'l 111atrix. 

D.ataul.t = U 



) 

4) First Contour Control Car~ 

Uso only 1f KOPT.GT~i.· 

Blank card yields default casos. 

oolUIII1\ 
~·. l ' 

1-2 CON number or contour intérvals 

Dofault = lO 

J TOUR 'l'ype of contour 1ntorval 

O = values calculated (Default casft) 

1 = values specitied 

2 a variable 1nterval spocitied 

J = standard dev1at1on units. 

4 LINES type of contour map 

O oontinuous bands 

1 alternate bands 

2 linos 

5-9 INCHES (F5.2) 

vidt.h of contour map, up to 12.7 in-

obes. 

5) Second Contour Control Card 

Oso onl,y if XOPT.GT.1 and TOUR = 1 

column 

1-10 

11-20 

Lowest contour value (Flo.o) 

Higbest contour value (F10.0) 

6) Ttdrd Contour Control Card 

Ose only 1f KOPT .GT .1 and TOUR = 2 

Up to 15 variable contour levels punched as (15~.0}. 

7) Data Cards 

neme, x, y, & puncbed as desoribed on tbe Format Cardo 



4 

References 1 E o Casetti, '")(! Ro K o Semple, A Method foT the Stepwi.se 

Separation ot Spatial Trends, MICMOO paper #11, 1968. 

Available !Tom Un1vers1ty Microfilms in OP - )306?. 
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PRCG~A/o! "GEOFIT" 

THt nRCC.~AM ESTIMATE'S SOURCE COORDINATES FO~ SPATIAL TRF.NDS 
RASE~ ~N ~IC~OG PAPER N 1111Qb~~ RY CASETTI ANn SE~PLE 

RFVISICN BY L• T~EVILLI4N A~C.hROlNG TQ INST~UCTIO~S FROM 
W. TCALE~. GEOGRAPHY DEPARTMFNT 1 UNIVFRSITY OF MICHIGA~ 
PEAOS s. wRllFS b,.PUNCHES'7' 

1 N T E G E R C: O N , T O 1 JR , A. X 1 R Y o G X • G Y • H X 1 H V 
REAL INCHS. I'IJC:ON 
R~Al*n ZVA,ZAV,XAVIXVAoYAV.VVAoUAVIDVAoZBoRAVoRVAilOI 
OI~E"lSION INCONI1'51,0RANG(]'51,FCNI61,TITLI1RIIEXVTI101 
C 1 "f >.;S 1 O 1\: x 1 S ) •) 1 , Y 1 '5O O 1 , l ( <;O O 1 , N A "1 E 1 '5O O 1 , S LO P E 1 1 ~ 1 1 A 1 '50 O 1 , O 1 ':i O O 1 o 

1 ZZI'500J,ZII'50JJ:xn~Gili)I,YORGilOI,kl'50o501oHI50,501 
7 • G 1 50 • '5O 1 , S AV 1 T 1 S O O 1 , C F. P T 1 1 O 1 , T 1 T 1 1 A 1 o F M T 1 l 81 

CATA TITL/'MAP OF CORRELATTON COEFFICIENTS'~lO*' 1/ 
S U B R CU T 1 N E S 

CCRR COMPUTES THE CORRELATION COEFFICIENTS ANO FINOS 
Tnt "'AXIMU~ COEFFICIENlS, 
STATS FlNr.S ~EAN, "'AXo MINo VARIANCE O~ AN ARRAV 
CCNFCN FINOS ANO TRANSFOk~S OISTANCES 
SCON PR(NTS CONTOUR MAP OF CORRELATIONS 

INPUT VARIARLES 
0.: IS THE NIJM'!-ER OF DATA POINTS 
IKOT DEfiNES THE INCEPENOANT VARIABLE 
IF IKOT=l, 1.0/DISTANCE 
IF IKOT=2, LOGIDISTANCEI 
IF IKCT=3, EXPICISTANCEI 
IF IKOT=4, CISTANeF. 
IF IKCT=S, OISTANCE SOUARED 

NON-ZE~O ILOG YlELOS LOG TRANSFORM OF DEPENDANT VARIABLE 
I.E., lLOG=lo IKOT=4 VIELOS EXPONENTIAL DECAV 
l.E •• ILOG= 1. IKOT=5 Y lELOS GAUSSI AN CURVE 
KCPT, A SWITCH 

IF KOPT~t. PRINT ALL COPRFLATION MATRICES 
IF KOPT=2~ A CONTOUR MAP WILL BE PRINTED 
1 F KOPT = 3, '!OTH THE MATR 1 X· ANU THf: ,..AP Wl Ll BE PRI NTED 

IPUN .GT. O TO PUNCH R~SULTS 
NN IS THE SIZE Of THE CORR~LATION MATRIX. 

READ(S,S07,EN0=9Q91 ITIH J.I.I=l~lAI 
REAfll'5o'>071 (FMTIIJ.I:l.lAI 
FORMATil8A41 
REAI'JI5,10001 No IKOTo ILOG.KOPh IPUN.NN 
FO~MAT(6131 

WRITE(6,1~001 IKQT,ILOGoKOPT.IPUNoNN,N 

IF A CONTOUR MAP IS OESIREDo READ PARAMETERS NECESSARY FOR 
CALL ON SCON. BLANK CARO YIELDS VAllO DEFAULT OPTIONS. 

IFIKCPT.LE.ll GO TO 30 
REAOI5,10101 CON,TOUR,LI~ESoiNCHES 
IFITOUR.GT.3 .o~. TOUR .LE. 01 GO TO 30 
GO TO 110.20,30I,TOUR 
REAOI5.10201 VL,VU 
GO TO 30 

1 
2 
3 
4 
'5 
b 
7 
8 
9 

10 
11 
12 
1 3 
14 
1S 
lb 
17 
lA 
19 
20 
21 
22 
23 
24 
2S 
26 
21 
28 
29 
30 
31 
)2 

H 
34 
35 
36 
37 
)8 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
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c. 
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4) 

60 

70 
RO 
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6 

IHA()I'>.I0301 IIIICOfll 
~ t. 1 

JJJ=CD,+I 
K f 11 O 1 5 , 1 NC UN 1 1 CR AN G 1 U o 1 = 

1
1.., J,J J 1 

NA~[.X,Y, A~C l ARE THE NAMF~ X ANO Y COOROINATES, ANO HEIGHT 
OF THf POINTS TO RE FIT. 

lll A n 1 S, F 1'1 T 1 11'4 AM E 1 1 1 , lt 1 1 1 o Y ( 1 1 ol l 1 1 d = 1 , N) 
1 F 1 1 L OC. E O. •1 1 GO TO 35 
W R IT f. 1 b , 1 O '50 ) 1 N A~ E 1 1 1 , X l &' 1,,. Y ( 1 1 o l 1 1 t o 1 = 1 o N) 
no 3'• l=l.N 
PA=1.'l 
1 F IZ 1 1 1. L T .O. l R A=- l. O 
llli=ZIIl•RA 
IF tllll.EO.O.OI GO TO 999 
l 1 11 =AL OG C l 1 ! 11 
C Ot\T 1 NUE. 
WRITE(6.5121 
Fr~MATI' LOG TRANSFORM AP¡JI.If.D TO THESE ·06TA 1 1 
ITER=') 
RA=N 
EXVC=O 
1 l = 1 
lfiNN.lE.Ol Nf\1=11 

CL~PUTE MEAN A~D VARIANCE Óf X,Y,AND Z 
fi~O THF ~AXIMUM RANGE OF X ANO Of Y FOR USE IN OETERMINI~G 
Tt-'F GAin SllE 

CALL SlAJSINoll.ZolAVoZVA,7~AX,ZMINo500,ll 
00 40 l=t.N 
ZIIII=ZII) 
S AV 1 TI l l = 7 AV 
Zl 11 = ll 1 1 -z AV 
ZR=ZVA 
CALL STATSINoiZ,X,XAV,XVA,RIGXoSMAX,500oll 
CALL STATSIN.IZoYoYAV,YVA,RIGV,S~AYo500,11 

W R l T E 1 6 • 1 O <;Q 1 1 N AH E 1 1 1 , X 1 1 1 , Y 1 1 1 o Z 1 1 1 1 , 1 = lo N 1 
WRITfl6.10601 XAV,YAV,ZAV,XVA,YVA,ZVA 
l V A= C SOR T 1 Z \1 A 1 
7AV = O. 
O X= B 1 G X- SM .AX 
OY=P.IGY-SMAY 
IFIOX-OYI 60.60,70 
VA=OY/INN-1.1 
GO TO BO 
VA=OX/CNN-1.1 
ITEP: 1 TER+ 1 

FIRST ITERATION. GRID Sl7E VA 

56 
S7 
SR 
59 
f.O 

~1 
62 
h3 
64 
65 
66 
67 
68 
~9 
70 
7l 
72 
73 
74 
75 
76 
"11 
78 
79 
80 
61 
62 
83 
84 
~') 

86 
87 
88 
89 
90 
91 
92 
93 
94 
.95 
9ó 
97 
98 
99 

lOO 
101 
t02 
103 
104 
105 

CALL CORRIN.Z,ZAV.l\IA,NN,VA,R,RBIG,RX,RY,X,SMAX,V,S~AY,IKOT~ lOó 
l(l('(:SMAX+IRX-Z.l*\IA t07 
YYY=SMAY+(NN-RY-l.OI$VA 108 
1 F 1 R X • lE. 11 X X X= SM A X 1 O 9 
IFIRX.GE.NNI XXX=SMAX+lNN-~.I•VA llO 
JFIRY.LE.11 YYY=BIGY-VA*2.0 lll 
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lfi~Y.GE.NNI YYY=SMAY 
HA=IZ.•VAI/INN-1.1 

SECflND ITERATIIlN. GRIO SllE HA 

1 

CALL CORRIN,Z,ZAV,ZV4,NN,~A,H,HB~G,HX,HY,X,XXX,Y,YYY,IKOTI 
XXXX= XXXtiHX-Z.I*~A 

YYYY=YYYtiNN-HY-l.OI*HA 
IFIHX.LE.llXXXX=XXX 
IFIHX.CE.NNIXXXX=XXX+CNN-3.)*HA 
IFIHY.LE.ll YYYY=YYY+CNN-J.OI*HA 
IFIHY.GE.NNI YYYY=YYY 
GA=I2.*HAI/INN-1.1 

THIRp ITERATION. GRIO SI!F GA 

CALL eORRIN,Z,ZAV,ZVA,NN,GA,G,GBIG,GX,GY,X,XXXX,Y,YYYY,IKOTI 

FINC THE MAP COORCINATES OF HAXIHUM CORRELATION ANO RECQHPUTE THE 
FUII:CT ION 

X ORG 1 IT E R 1 =X X X X+'( 1 GX-1·. I.G.A) 
YORGIITERI=YYYY+INN-~VI~GA 

CALl COMFCNIXoYoNoCoXORGI ITER loYORG.C ITERI ,IKllTI 
BABA=O. 
SLCPE IIHR 1=0. 
CALL STATSIN.IZ,Q,OAV,~VA,OMAX,OHIN,~00,11 
0090 1=1,N · .. ',: ' 1 

Cl 11 =011 1-0AV 
BAAII=BAAA+CI llllrZI 11 
SLOPEI ITER l=SLOPEI ITER 1+01 1 I•DI 11 
SLIJPE IITER l=IUBA/SLOPEI ITI;R 1 
CEPT 1 ITER l=ZAV-SLOPEI ITER I*OAV 

FINC THE EXPLAINEO. VARJ~~~~.A~D,CALCULATE THE RESIDUALS 

OC lOO 1=1.N /:-''.,, .. ,._ 
1)( ll=SLOPEIITERIIIrOIII 
S AV 1 T ( 1 l =S AV 1 T 1 I l +O 1 1 1 
z l 1 1 1 = l" 1-0 (1 1 
eONTINUE 
CALL STATS IN.Il.ZZ~RAVoRVAIITERI,RMAX,RMIN,SQI),11 
eALL STATSIN,JZ.O.CAV,OVA,OMAX,OMIN,S00,11 

, EXVAR=OVA 
'UNEXP=RVA( ITERI 

EXVT 1 ITER I=OVA/ZB*100. 
EXVC =F.XVC+EXVT( !TER 1 

1.; ) 

SECTlCN TO PRINT OUT CATA ANO RESULTS 

ZVA=ZVUZVA 
W~ITEI6.5011 ITER 

o • ~ 1 j 

WRITEI6o".i001 INAMEIJI,XII).Yil),Z(I),OIIItZZIII,I=l,NI 
W R (TE 16, 6 20 1 X AV, Y AV, Z AV, OA \', R AV, X VA ,·YVA', l VA , ()VA , R VA (1 TER 1 
WRITEI6.Z0301 ITER 
K= 1 

112 
113 
114 
115 
11~ 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
1?8 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
14'· 
145 
146 
147 
148 
149 
1 '>O 
151 
1 52 
1 ".i3 
154 
155 
156 
157 
1513 
159 
160 
161 
162 
163 
1 b4 
l6".i 
166 
167 
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RV=~N-RY+l 168 
W~ITf(6.~qo¡ K,RX,RY,RRJG 1 VA 169 
JF ll<.liPT-?1 0,20,<;30,520 170 

~?~ W~ITEI6,f,Qll 171 
nn 521 I=!,NN 172 

~?1 w~ITEib,bOOI IRCI,JI,J=1 0 NII!I 173 
5H' K=? iH 

~Y=~N-HY+1 175 
WRITEib,<;90l K,HX,~Y,HBtCoHA 176 
!FI~CPT-2) 54'),550,1)4() 177 

S4~ WRlTflho6011 17R 
00 <;4¡ l=J,NN 179 

r,41 WRITflb.bOOl IHIIoJivJ=l,NNI lRO 
""0 K=) 161 

GY~NN-GY+l 162 
WRITEib.~qQ) K.CXoGY,GBIG,r.A 183 
!F IKOPT-21 5bfJ,Sl0o560 184 

"E> O W R 1 T F 11> , b O 1 l 1 8 5 
110 <;r,} l=l,NN 186 

""1 wRJTEib,6001 JGIIoJI,J=l,NN) 187 
'-70 WRIHI6.6101 XORGIITERI,YORGliTERI,EXVAR,UNEXP lAS 

WRITE1t>,70201 l'XVTIITERJ ,EXVC 189 
IFIKOPT.EO.ll GO TO 2SC 1~0 

e ¡q¡ 
r CALL SCCN WITH ARGUMENT R 192 
( 193 

CALL SCONIR,NN.NN.TITL~CON~TOUR,LINES,INCHES,ORANC,VloVU, 194 
t S~AX,SMAY,VAI 195 

?50 CONT1NUE l9b 
I=ITER-1 197 
IF 11 .Lf.OI GO. TO 2C9 198 
JFII'XVTIITERI.GT.EXVTC IJ 1 llER=I 199 
JF lllfR.EO,JI GO TO 210 200 

209 CC~TINUE 201 
IFIJ['(VTI1TERI.LE.·l.I.OR.IITER.GE.511 GO TO 210 202 
CALL STATS 1"1, Jl,ZZolAV,ZVA.ZMAXoZMIN,SOO,l) 2C'3 
on zoo l=l.N 204 

?'JC• Ztii=ZZIII-ZAV zrs 
ZAV=O. 206 
lVA=L:SCRTIZVAI 207 
GO lO 80 208 

?10 CuNTINUE 209 
~VrC=Q,Q 210 
WRITE16.20001 211 
1=0 212 
HAEIA=IOO.~RVAI11/1100.-ElCVTllll 213 
WRITEit>,19991 I,BABA,EVECoFVEC ?14 
DO 220 l=l,JTER 215 
EHC.=EVEC+EXVTIJI 216 

770 WRJTFI6,20101 I,XORGIJ).YORGI!I,RVA(IJ,EXVTCIJ,EVEC,CEPT(ll, 217 
C SLOPEill ' 218 

WRIT[Ih,b301 219 
IF IILUG."'E.OI WRlTEI6c6401 220 
GO TO lb31.b32.633.634ob351.II<OT 221 

bll WRITE16,64ll 222 
GO TO 650 223 



637 

634 

::'9<J' 

l'h, 

<;!)(· 

'iOI 
S1t-
')o) A 
590 

hOC' 
1:·11 
h10 

67:' 
t>'\0 

óltO 
h41 
n4? 
f>4"1 
h44 
h4C:. 
1 J 1') 
l O?ol 
l 0<':.'. 
tnc,n 

20tn 

2 ,) ? () 

t 

1 
2 

WRITEC6,6421 
GO TC 650 
wq(TECh.6431 
GU re 650 
wRITEih,64<.¡ 
GO TO 6SO 
WRITEI6,64'51 
CONT INUE 
WQITEI6.'5081 ITlTill.l=l,lAl 
WRITEiho'iO'il ITER 

9 

FORMAl(' T~E FINAL RESULTS OF THf '12,' lTERATlCNS hRE:'/1 
no 3oo t=t.N 
IF 1 ILQG.E0.11 GO TO 299 
Zllll=EXPillllll 
Sfoi/ITCII=FlfPIShVlTilll 
lllll=ll 111:-SAVITI JI 
IF llPUN.GT,Ol WRITEI7,?061 NAMF.III,XIJJ,Y(Il,lllll,SAVITill, 
l z ( ( 1 
CC:t\TINUf 
W ~ 1 T F 1 t-, 'i ) 1) 1 1 N AA.\ E 1 ( l, X 1 1 l , V 1 ll, l 11 1 l , SA V l T 1 1 l , l ll 1 1 , ( = 1 , 1\ 1 
F O k·"' h T 1 1 n 1 , t. A X , ' fl A T /1. ' 1 1 ON A M F. ' , 1 S X , 1 X ' 1 1 e; X 1 ' V 1 , 1 'i X , 1 l 1 

, 1 1 X , 
1 A P P K!) X 1 , '> X, ' R F S 1 CUAL S 1 // ( 1 . ' 1 A 4, 1 O X 1 51 F 1 J. 4 , e; X 1 1 1 
F0.J.U~ATI 1 1THE RESULTS OF PASS NUMBER 1 ,12,' ARE AS FOLLO~S:'I 
Frfii-IATI' 1 ,A4.SIF10.4.1Xll 
FuRHATI' 1 1 ,1AA4,//I 
FORHATI'OMAXI~UM CORRELAT(ON UN ITERATION 1 ,(1, 
' CCCUkRFO AT 1 ,(2, 1 1 1 .12/' THE VALUF OF THE CORRELATION 1

1 

1CilF.FFICIF.I\JT wAS ·,Fe.S/ 1 THE GRID SllE WAS 1 1F10.SI 
F (J kM A 1 U') 1 1 1 , F 6, 4 ) ) 
FORMATI 1QMATRIX OF CORRELATION COEFFICIFNTS'//1 
FORMATI// 10THE MAP COORriiNAt~S OF HIGH CORRELATIGN ARE 1 

.21Fll),'i,2XI/' THE EXPLAINFD VARIANCE IS 1 oE11.4/ 
'THE IJ,...EXPLAINEC VAR.IANCE (S 1 ,Ell,41 
F (l R M h T 1 ' 0'1 E AN ' , 1 O X, 5 ( E 1 1 , 4 • 4 X I/' VA P 1 A NC E ' , 6 X , 5 1 F. 1 1 , 4 , 4 X 1 1 
FOR'IATI///' THE FUNCTlDN lS 1 //1 
FORMI\l 1' R hS F E LOGAR lTHM flF ' 1 
FURMATI' l= A+ R•l1.1)/0lSTANCEI '1 
FrJP'IATI' 7 = 4 + d*L·OGEIDic;TANCEI •l 
Fr.R~ATI' l A+ P.*FXPIOISTANCEI 'l 
FOWMATI' l 4 + R*DISTANCF ' 1 
F.J!IMAII' 1 4 + B*l UISTANCE**2l 1 1 
F C)llM A T 1 1 2, 2 1 l, F 0:, 'll 
Fr.W:-<AT 1 2F 1'1,0 1 
FOW"Afll'l44) 
FURMATI'1',24X,'O~IGINAL DATA'//' ~AME 1 ,17Xo 1 X 1 r16X,'Y',16X,'l'/ 

f./11 1 1 ,A 1o,5X,3(5X,F12,4111 
FORI'IAT( 1 0MEAN 1 ,5XI31 <;X,E12.'5l/ 1 VARIANCF. 1 ,315X,El2.511 
FI)RMAT(5X,J1, 36X,E12,5,5X,7(F7,3o8Xl 1 
F 0 R M A T 1 ' l S lJ/•1 M A R. V 1 // 7 1 X 1 t (. l., M lJ l A T 1 V E 1 1 1 1 TE~ A T 1 O N 1 , 1 3 X , 1 n R 1 G 1 N 1 

, 

t 1 '5 X, 'R. E S IIJUAL 1 , 6X, ' E X PL A 1 NF 1) 1 , ')X, 1 f X 1" LA 1 NEO' 1 e; X, 1 CCJ N STA t-; T S 1 1 
r. 1 NlJMl\ E R' , 11 X, 1 X' , 12 X, 1 Y' • 11 X, 1 V t.. R. 1 ANC E 1 , 'i X 1 1 V AR 1 A NC E ( 'J:I 1 

1 

t 3 ll , 1 V A P 1 AN C E ( 'l: 1 1 1 1 1 
FORMA T 1 5 X , 1 1 , 7 X, F 1 ('. 4 1 5 X , F 1 1') • 4 , 4 X , E 1 2, !'; • 5 X 1 2 1 ¡: 7, 3 1 B X 1 1 E 1 2 , 5 , 

1: 2X,F.I2.51 
FO~HATI 1 0THE PERCENTAGE OF THE TOTAL VAR(ANCE EXPLAINED ON THIS' 

& , 1 ITERATION IS 1 ,Fb.3, 1 )', 1 / 1 THE ClJio!LLATIVE EXPLAINEO VAJ.t(ANCE' 

224 
225 
226 
227 
228 
229 
2 30 
231 
2 32 
233 
2 34 
2 35 
2 36 
237 
23A 
2 39 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
2 52 
253 
2 54 
2 55 
25b 
257 
2.,8 
259 
260 
261 
ZhZ, 
263 
7.t>4 
265 
2ó6 
2"1 
2lJ8 
2fl9 
270 
271 
2 7 2 
213 
2 74 
275 
276 
277 
2713 
279 



lO 

c. .• IS •.Ft..3,•t. 1 1 280 
l"3~ FORMATC•lT~E R~SULTS .Of TH~ CURRlLATIO~ SU~PROGRAM FOR PASS '• 261 

t 1 NUMAER ',¡z,• A~E AS FOLLOWS: 'i 2A2 
Q~Q CnNTINUf 283 

n. 

lJ 

( 

( 

(. 

e 

10 

3') 

40 

o; o 

51 

'55 
C:.b 
bO 

W ~ 1 T E 1 b o S') 8 l 1 T 1 T 1 J l o 1 el , 1 A 1 2 A '• 
Gl1 Hl 1 
r"lo 
surRr.UIINE STATSIIROWS,ICOLS,ZvZRAR~ZSIGoZ~AX,ZMJN,NDl~X,ND,HVI 
Rf~LoB ZAARoZSTG,TOT 
REAL 21NCIMX,NOJMYJ 
l"'AX=lllo1l 
lMIN=Zlloll 
00 20 1= lo IROWS 
00 2 O J= 1 , 1 COL S 
ZMAX=AMAXliZioiAXoZ lloJ 1) 
l M l N= A M! N 1 ( Z M 1 N, l. ( 1 , J 1 1 
/Ri\R;J. 
ZSlG.,.O. 
OC \0 1= lo IROWS 
. OC 10 J==1o!Cr)LS 
ZI\AR=ZAARtZI leJI 
ZSIG=ZSIG+lii.J~*Zfi,J) 

JCT=IfiOWS•ICOLS 
l BAR= ZRAR/ TOT 
lSIG=ZSTG/JOT-ZeAR•ZBAR 
Rf.TURN 
E "lO 
SURROUTINf COMFCNIX,Y,N,A~XX,YV,JKOTI 

THI~ SURROUTINE CALCULATES DISTANCES , 
A~C APPLIES TRA~Sf-QRMATIONS TO THESE DISTANCES 
COMPUTATJO~ Of DIRECTION AT THIS POINT WOULO 
AlLrw CONSIOERATION OF·ANISOTROPIC TRENOS 

OI~ENSIUN X!500),VI500I,AC~00) 

DATA EPS /0.1/ 
00 lO 1= leN 

1 •,: 

AIII=IX1li-XXIU2 t(Y(I).ly~)U2 
JF 1 IKOT.F.O.SI GO TO 60 
GO TO 120,40,~1.55.6CJ~IKOT 
CCNTJNUE : . 
00 3() l=loN 
IF IAI!I.LE.EPSl Alll=l.O 
A 1 11 = 1 .O 1 S (JIH l A 1 1 1.1 
GO TO bO 
CCNTINUE 
OC 50 1=1.N 
1 F 1 A ( 1 1 • l f , E P S ) A 1 1' l = l , O 
A 1 1 1 = AUl G l SORT 1 A ( 1 1 t 1 
GO TC 60 
CCNTINUE 
DO 57. 1 = 1. N 
Alll= 1.0 ~EXPIAIIJ) 
GO TO 60 
DO 5b 1= lo N 
A 1 11 =SOR TC A 1 1 1 t 
CONTiNUE 
RETLJRI\I 

ZAS 
2flb 
?fl7 
2!.l8 
289 
290 
291 
2Q2 
293 
294 
295 
2Q6 
297 
298 
299 
300 
301 
302 
303 
304 
305 
3C'6 
30 7 
308 
309 
~lO 

311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
32 .. 
34!5 
326 
32í 
328 
329 
330 
331 
332 
333 
334 
335 



f 
( 

(. 

f 
e 
e 
( 

e 
r. 

e 
r 
r 
e 
e 
e 
(. 

(. 

e 
( 

r 
r. 
e 

e 
e 
r 
e 
( 

e 

f-1:1 
e 
e 
e 

e 
e 
e 

70 

11 

ENO 
SIIP.ROUTINf CU~RINoloZAV,ZVAoNN,VA,R,RRIG,RX,RY,X, 

f. XMI'\I,Y,Y~IN.IJ<OTI 

DIMtN<;IOI'\I AllOO,liJOJ,AC500to7C5001,X(50(}1,YI5001 
INlfGf:R RX,RY 
OOU~LE PKECISION ZVA,ZAV,AVA,AAV 

1' ·. 

CORR CCMPUTES A HAT~IX OF CORRILATION COEFFICIENTS ANO FINOS THE 
MAXIMUM OF TH[ COEFFJCIENTS 

A F~~CTION OF THE OISTANCES RETWEEN POINTS ON A GRID IDEFI~EO 
BY X~IN,YMJN, ANO VAl A~D THF COORDINATES OF THE l VECTOR 
15 COMPUTEO ANO CORRELATED WITH THE ACTUAL VALUES OF z. 

XX=XM[N 
YV=YMIN 

1!' 

N 15 THE NUMOER QF DATA POINTS IN THE VECTOR,Zo WHICH IS TO BE 
COR~ELATED WITH THE VECTOR A. ZAV ANO ZVA ARE THE MEAN ANO 
STANCARD DEVIATION Of Z. 
NN IS THE NUMRER OF ROWSIOR COLUMNSI OF THE COEFFICIENT MATRIX,R. 
RRIG IS THE LARGESf CO~RELATION COEFFICIENT, THE COORDINATES 
Of RAIG ARE RX ANO RY. ' .. 
X ANC Y ARE THE COOROINATES OF THE POI~TS IN THE l V~CTOR, 
XMIN ANO YMIN A~E THE NJNIMUM VALUES OF THESE COORDINATES. 
I~CT DEFINES THE FUNCTION TO BE USED IN THE FIT. 
SCALE IS A CONSfANT SCALE FACTOR. 
VA IS THE GAlO SIZE. 

RA-=N 
DO c¡Q ll=l,NN 
l=IIIN-ll+l 
00 80 M=l.NN 

COMPUTE THE DISTANCES BETWE~N T~E Z COORniNATES ANO CXX,YYI 

COMPUTE THE FUNCTION OF THE niSTANCES AS SPECIFIED BY IKOT 

CALL COMFCNIX.Y.N.A,XX,VYoiKOTI 
1 AV= 1 

FINO THE MEAN ANO VAR1ANCE OF THE FUNCTIONAL POINTS 

CALL STATSIN.IAV.A.AAV.AVA.AMAX~Z~IN,500,ll 
DO 6 5 1 =l. N 
¡. 1 II=AI 1 1-AAV 
AAV= O. 
AVA=OSORT 1 /.VAl 
IUL.MI=O. 

336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
381 
382 
383 
384 
385 
386 
387 

FINO THE CORRELATION BETWEEN THE FUNCTIONAL ANO THE OBSERVED 

DO 70 l=l.N 
RCL.MI=RIL.MI+AIIIJOollll 

VALUES388 
389 
390 
391 

., 



12 

RIL.MI=RIL.MI/IAA•AVAOZVAI 392 

e 393 
C INC.RlMENT THf G~IC VALUES 394 
r 395 
~O XX=X~IN•~•VA 396 

XX=X~IN ~97 
QQ VV=YMIN+ll*VA 399 

( 399 
C fiNO THE MAXIMUM COEfFICifNT ANO ITS COOROINAHS 400 
r 401 

RBIG=ABSIRII.lll 402 
RX=] 403 
RV=l 404 
DO 110 1=1.NN 405 
DO 110 J~l.NN 4Gb 
IFIARSIRIJ,JII-IO~IGI 110.110.100 407 

10~ RDIG=A~SIR11oJII 408 
RX=J 409 
RY=I 410 

110 CP.II.TINUE 411 
R81G=RIRY.RXJ 412 
RETURN 413 
ENO 414 
SUBROUTINE SCON(Z,ROWS,COLSoTIYL,CON,TOUR,L~NESoiNCHES.DRANC, 415 

t ZMIIII.ZMAX,XMI~.VMIN,VAI 416 

Ol~ENSJON FOR,..IlOioTITlllBI ~SYMTABI2li,P_SYMI13U,ZI1I)O,lOOI,' 417 
1 JNeONI151.DRANCC25t,TARF.I2'ii 1 ZPREVI1311,SVMI13ll 418 

DIMfNSJON euMHI271 ' 419 
REAL*A ZBAR,ZSIG 420 

INTEGER ROWS.COLS,CON,TOUR,r.OLMAX,COL,PSYM,PS,GRID 1 TOUT,TLOW 1 421 
1 SY~oBLANK,PLUS,MINUS,STAR,SVMTAB 422 

JNTEGER XSTQP,YSTOP 423 
REAL MJNZ,•Uxl.INCHESoiNCON 424 

DATA SYMTAú/'1','2','3 1 , 1 4 1 o 1 5 1 , 1 6 1 o 1 7' ,'8','9° ,•A•,•A•,•e•, 475 
:1 'D','E','F'.'G 1 ,'H','I','J 1 , 1 K 1 /,RLANK,PLUS,"11NUS,STAR/ 1 '• 42b 

2 '•'·'-'•'"''' 4?7 e •••o~00000*0000000000.00000000$000$00*$* 428 
e 1 [RC COUNTERS ANO ARRAYS USED IN FRfOUENCY TABLE 429 

r ••••*"'•••••=••.••••••••••••••••••*******"'*"'* 430 
W R IT E C t>. le? Qfl 1 4 31 

1200 FQ~MATI• lTHE eoNTOUR MAP WTLL BE DEVF.LOPEO FROM THE '• 432 
C. 'FCLLI1WING DATA'///) ' 433 

00 4 l=l,ROWS 434 
4 WR1Tflt>.1~QOI IZII,Jl,J=l.C:OLSI 435 
1300 FORMIITC151' •,F7.411 436 

WRITE:Ib.l2411 XMIN,YMIN,VA 437 
1241 FORMATI//1' THE RfLATIVE ORIGIN IS 0 ,fl0.4,• , •,Fl0.4, 1 .'/ 438 

C. 'TI-E GRir. SlZf IS •,F10.4, 0 o 1 1 439 
JJ=O 440 
MM=O 441 
SU~=O.O 442 

Tl OW= O 443 
fOUT=O 444 
oc 5 1=1.25 445 

5 TAREIII=O.O 446 
N=ROWS•eOLS 447 
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h 

1 
El 
q 

o 
l 
z 

·~ ,t. 

·" •,t 
'• 1 

e 
e 
e 

\)'30 

e 
e 
e 
( 

40 
1080 

'iO 

b(\ 

1 101) 

70 
1110 

( 

r 
e 

e 
e 
e 
e 

1) 

N = NUMHfR OF DATA POINTS 
•••••••••••••••••••••••••••••••••••••••• 

wH 1 TI: lh,\Olü 1 T 1 Tl ,N,COLS,ROWS 

448 
449 
450 
451 

F11R""ATI\H1.t8114/l' MAP IS OEVELOPED FROM'ol5o' GRIDOEO 
• fllNSISTING llf '•13•' COLIIMNS BY 1 ol3, 1 ROWS.'//1 
CALL STATSIROWS,COLSoZoZBARoZSIGoHAXI,Ml~Z.lOQ,lOOI 

ZSIC=DSORTIZSIGI 

VALUES', 452 
453 
454 
455 
456 
457 
458 
459 
460 
461 
462 
463 
464 
465 
466 
467 
468 
469 
470 
471 
472 
473 
474 
475 
476 
477 
478 
479 
480 

•••••••••••••••••••••••••••••••••••••••• 
DETEQ~(~E CONTOUR LINE ELEYATIONS 
TOUR VALUt DETER~lNES METHOD USED IN DEFINING CONTOURS 
•••••••••••••••••••••••••••••••••••••••• 

IF ITCUR .GT. ~ .OR • .TOUR .tE. 01 GO TO 60 
GO TO 130.40.5QI,TOUR 
WR (TE (t,, 1060) 
FORMAT 125H CONTOUR LEVELS SPECIFIEDI 
ce ro 10 

WRITEI6.10801 
FORMAT 137H VA~IABLE CONTOUR INTERVALS SPECIFIEDI 
Z"IN'=ORANGill 
l"AX=CRANGieONI 
GC TO 70 
l "'1 N"= lB A R- 3. O• l S 1 G 
l"'AX=lRAR+3,QoZSIG 
CCN=l3 
WRITE l6.10qQ) 

FORMAl 130H CONTOUR INTERVAI = 0.5 SIGMA 
~C TO 10 
W R 1 TE 1 6, 1 100 1 
FOR"Af 126H CONTOUR LEVELS rALCULATEDI 

Zlo4AX=MAXZ 
l 1' 1 t-.= M 1 N l 
WRITE 16.11101 ROWS,COLSoZBAR,ZSIG,MAXZ,MINZ 
FORMAl 113H GRIDOED OATA/o4~H LINEAR INTERPOLATION WlTHIN GRIO 

lARfS /.l7H OBSERVEC VALUES /, AH ROWS = ol3olOH COLS =, 
?13,/,AH ZBAR = ,Fl0.3010H ZSIG = ofl0.3olOH MAXZ = ,Fl0.3ol0H 

SOU48l 
482 
48 3 
484 
485 
486 
487 
488 
489 
490 
491 

3 MINI = ,Fl0.31 

······~································· CALCULATE MAP WlDTH IN CHARACTERS ICOLI 

·····~~································· IF IINCHrS.Lf,O,QI COL=lOO 
1F liNCHES .GT. 12.71 COL=l27 
IF 1 INCHfS.GT.O.O.AND.INCHES.LE.l2.71 COL=INCHES*lO.O 
P S= 1 C C L- COL S 1 /1 COL S- 1 1 

•••••••••••••••••••••••••••••••••••••••• 
TEST GPIO SIZE--ÍF GRIO SMALLFR THAN 2 CHARACTERS BETWEEN COLUMNS, 
AN ERROR STATEMENT IS PRINTED ANO PLOT ABORTEO 
•••••••••••••••••••••••••••••••••••••••• 

IF IPS,GT.ll GO TO 80 

492 
493 
494 

1120 
WRITE (6,1120) 
FORMAT 125H TOO MANY COLUMNS IN GRIDI 
GO TO qqq 

495 
496 
497 
498 
499 
500 
50 l 
502 
5()3 

e 
r 
e CaLCULATE REOUIRED CONSTANTS 
RQ 

CCL"AX=PS•ICOLS-li+COLS 
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14 

' j V ' 

VIP..'C=l.O/IIPS+l.OJ*0.6~ 504 
G R I O= P S+ 1 · . " · 5O 5 
Xi~C=l.OIGRID S06 

RANGZ=ZMAX-ZMIN 507 
~HIGH=ZMA~+RANGl 508 
RlOW=lMIN-K~NGl 509 
IF ICrJN.F.C.Q .• QI{.C0t..i.GT.l91 C.ON=5 510 
FCCN=CON 511 

CI=RANGZ/FCON 512 
IF ITOUR.f0.21 CO TO 100 513 
JJJ=CCN+1 '· · 514 
oc 90 l=1.JJJ .. ' 515 

qo ORAIIIGI 1 J:ZMIN+((-l)o(J 516 
J~O CONTJNUF 517 

w lll T f 16. 1 1 30 1 , , 51 B 
11'30 FCR~~o!AT llH /.l6H VALUES EMPIO\"EDI Sl9 

WRITE 16.11401 ZMINoZHAX,CI.GRJO,XINt,YINC,CON,PS,COLMAX 520 
1140 FOR,..AT IBH lMJN = ,Ft0.3,10H. ZHAX = ,FI0.3,8H Cl = ,Fl0.3/,8H 521 

IGRir. = o15oi0H XINC = ,fl0.'3,10H YINC = ,Fl0.3,/,7H CCN = 15, 522 
2 RH PS = ,)5,!2H COLMAX e ol51 523 

e ••••••••••q••••••••••••••~•••••••••••••• 524 
C WKITE OUT CONTOUR SVMBOL TABLF 525 
e •••••••••••••••••••*•••••*•$•••••••••••• 526 

W R 1 T f C 6 • 1 l 50 1 5 2 7 
1150 FCRMAT 135H4CONTOUR SYHBOL TABLE IS AS FOllOWSI 528 

IF ILINfS.EC.ll WRITE léoll60J 529 
11f.O fllR,..AT 143HOIONLY EVEN SVMROLS PRINTED IN BODY OF MAPI 1 530 

W R 1 T f 1 6 • 11 70 1 5 3l 
1170 FCRI-!AT 17HOSVMRDlolUr5t-!VAli1E) 53¿ 

IF ILINfS.NE.OI GO TO 110 533 
WRITE (6,111!01 534 

1180 FORMAT I~HO Q.6X.7HNO OATA,/,5H -,4Xol0HRELOW LOWI 535 
WRITE lh.11 1WI ISYMTABIII,DRANCIIIol=l,CONI S3l. 

1 i 90 F C R 1-! A T 1 4 X • a 1 , 2lC, F 12 • 4 1 . · , S 3 7 
WRITE 16.12001 538 

1200 FCR,..AT I4XelH+.'IXelCHAROVE HIGHI 530 
GC Tn 120 540 

11{'1 WRI TF 11.12101 541 
1210 rnR,..ATI~HO o,25X,7HNQ DATAo/o5H -,23XolOHBELOW LOWl 54t 

WRJTt= 16.12201 ISVMTABilt,ORANGIJJ,ORANCII+li,J=l,CONI 54; 
1220 FORtotAT I4X.Al.2X,Fl2.4,t>H Tn ,Fl2.4l 54" 

WRITI: 16.12301 CRA~GICON+lJ' 54': 
1230 FCR,..AT 14Xo1H+.2X.Fl2.4.10H OR OVERJ 54h 
120 WRITFI6.10301 TJTL,I\I,COLS,ROWS 54. 

XSTOP = GRIC 541. 
GRIO=COLS-1 54'· 
CCL=3 5St, 
00 140 J=1.GRID S'' 
O O 1 3 O 1 = 2 , X S T O¡:> S ~. : 
SVMICOLI=ALANK S~;. 

130 CCL=CCL+1 55• 
SVMICCLl=PLUS SS! 

140 CCL=COL+l SSt 
N=CCl "4AX+2 SS i 
SYMI21=PLUS 55! 
SYM( li=BLANK r;<;c 



124') 
e 
r 
e 
e 
r. 

145 

1 ')(' 

( 

r 
'( 

1Q(' 

; '3 

S Y M 1 N l =Al ANK 
WR!ff 16.12401 ISY'41IIol=1oNI 
FCRI"AT 11Hq.l29A11 

15 

fSTiuATE VALUE OF ALL PRINTIN~ POSITIONS ON MAP 

LOOP THROUGH MAP LENGTH, ROW BY ROW 

ITOP=l 
IROW = ROwS + 1 
OC 34~ MM= 2.1ROW 
YSTCP = 1./YJNC + .5 
IF (14N.EO.I~OWI YSTOP=1 
"'="1fo'-1 
YP=O.O 
PSYYIII = PLUS 
PSVY( N 1 = PLUS 
OC 340 KJ=l.YSTOP 
e r>l" 1 
ll = VP•(l(MM,li-ZI~olii+Z(M.ll 

LCOP THROUGH ~AP WIOTH.COLU~N SY COLUMN 

II=COLS-1 
JLFT=-2 
OCHC'J=l.-11 
JJ=J•l 
l?=YP$ 1 ZIM"',JJ 1-Z JM,JJ II+ZIM.JJ 1 
lDELT=l?-Zl 
XP=I).I) 
OC 4AJ KK = l.XSTOP 
JLFT=JLFT-1 
C:CL=CCL+l 
l!:ST=xo•/DEL T+ll 
JFIZEST.Gf.Z~IN.A~C.ZEST.LE.ZMAXI GU TO 325 
!FIZEST.GT.lo.IAXI GO TO 203 
!F IZt'ir.u:.RLOwl cr ro 2oe: 
IFJ rrr:P.E'C.l.Oq.M'1.1:::1J.IRm •• m~.JLFT.EO.ll GO T0201 
PSY~ICOLI=BLANK 

r.o rn 2n2 
PSYf<! 1 COL 1 =M IN US 
TL OW= TUJW + 1 
lPRE'VICOLI=ZEST 
lLAST::/FST 
,,r. rn 124 
!FilfST.GE.RHIGHI GO TU 206 
!FIITr~P.I:::fJ.l.OR.M"l.FQ.JRr~-J.nR.JLFT.fO.ll GO T0204 
PSY"'(('1LI=ALANK 
en ro 20'> 
PSYfo' 1 ClJL 1 =PLUS 
T A fl E 1 CON+ 1 1 = T A A E 1 CUN + l 1 + 1 • O 
ZPREVICOLI=ZEST 
lLAST=ZEST 
GC TO 124 
IFI ITCP.EC.l.O~.M~.!:Q.IR[lw.flR.JLFT.EO.ll t;lJ T0207 
PSY141CnLI=RLAPIIK 

560 
561 
562 
563 
564 
565 
5h6 
567 
568 
569 
570 
571 
572 
573 
574 
575 
576 
577 
57c3 
579 
580 
5Rl 
582 
583 
5e4 
585 
586 
'58 7 
'588 
5A9 
590 
'591 
592 
'5Q3 
5Q4 
595 
596 
597 
598 
599 
600 
601 
602 
603 
b04 

605 
606 
607 
608 
609 
6!0 
6 11 
612 
613 
614 
615 



31 1 
'\12 
H3 

317 

124 
460 

33(1 

335 

GO lO 108 
P'\Y,...ICOLI=STAR 
1 ülJT= TOUT+l 
ZFREVICI"ll=lEST 
llAST=ZEST 
GO TO 480 

CO"TINUf 
lfiTCUP.NE.ZI GO TO 312 
00 3ll LJoiN=2,JJJ 
I=LMN-1 
1FilEST.LT.OR4NGILHNtl GO TO 313 
CGNT INUE 
1= 1 C ZEST-lMIN 1/Cil+l. 
TABEf li=TA8EII 1+1. 

l.VAL=LINES+1 

16 

IFI ITCP.EC.l.OR.MM,FO.IROW.nR.JLFT .EO.ltLVAl=3 
~OTO 132~.327,3281 ,LVAL 
DO 309 l=l.CON 
ZSTEP=DRANGIII 
SWl=l. 
SW2=1. 
S\o/3=1. 
SW4=1. 
IF IZSTEP.GE.lLAST.OR.ZSTFP.GF..ZPREVCCOLl) SWl=O 
IF IZSTEP.LE.ZESTI SW2=0. 
IF IZSTfP.LT.ZLAST.nR.ZSTEP.li.ZPREVICOLIJ SW3=0. 
IF llSTfP.GE.ZESTI SW4=0. 
1 FIISWl.I:O.O •• ANO.SW2.EO.O.I.OR .1 SW3.FQ.O •• ANO. SW4.EO.O.IIGO 
CCNT 1 NUE 
PSV~ICOLI=fiLANK 
GO TO 320 
PSYMICOL I=SYMTABIII 
ZlAST=ZEST 
l PR fV ICOL 1= ZES T 
GO TO 124 
K=J/2 
IFI IK•2l.Nf.ll PSYMICOLI=SYMTABIJ J 
IFIIK*21.EO.II PSYMICOll=fiLANK 
GO TO lÍ4 
PSY"'ICOLI=SYMT .48111 
ZPREVICOLI=lEST 
SU"'=SlJ'-4+1.0 
XP=XP+XlNC 
Zl= Z2 
J L F T= O 
CCL = COL + l 
lFIZIM,COLSI.GE.ZMIN.AND.ZiM,COLSI.LE.lMAXJ GO TO 333 
1FIZIM,COLSI.GT.lMAXI GO TO 335 
IFIZI~.COLSl.LE.RLOWI GO !O 336 
PSYMICOLI-=MINUS 
TLOW= TLOW+l 
GC TO 334 
IFIZIH.COLSI.GE.RHIGHI GO Tn 336 
PSYMICOLI=PLUS 
TABFICON+l)=TABEICON+ll+l.O 
GC TO 331t 

616 
617 
61R 
/))q 

6?.0 
, 2 l 
h22 
621 
6 24 
ó15 
t.2b 
627 
b2R 
629 
"'30 
1, 31 
6 32 
633 
634 
6 35 
6 36 
637 
638 
639 
640 
641 
642 

T03l0643 
644 
645 
646 
647 
ó48 
t, 4 q 

to5n 
[, 5 1 
652 
653 
654 
655 
6 56 
6S 7 
&58 
(,59 

660 
661 
662 
663 
664 
6t) 5 
6(,6 
667 
668 
669 
t;, 10 
671 



> . 

'l~ PSY~ICOLI=STA~ 

rouT=TOIJT+l 
GC ro H2 

H ::1 COIIIT 1 NIIF 
IFITOUR.NE.21 GO ro 33R 
00 337 l~N:2.JJJ 
J:LMN-1 

1? 

lFIZC~.COLSI.LT.CRANG(LMNJl GO TO 339 
1 H CONT INUE" , 
"'38 l=l llii".COLSI-lMIN 1/CII+l. 
no rA~F.IIl=TAREIIJ+t. 

PSV"'ICOli=SYMTAillll 
334 SU~=SU~+l.O 

n? WRITf 16.12401 IPSYMlllol=1.NI 
v P= v P + v·r N e 
PSY~Ill-= RLANK 
PSVMIIIJI=BLA"'K 

~40 ITOP='1 
WRIH u •. l24'JI ISY"llllol=l,NI 

r ••••6••c•••••••••••*****•*************** 
f.ALC:lJLA TE ANO PR INT FREOUENC Y TABLE 

r ••••$••*•**••••••••••••••••••••••••••••• 
W R 1 TE ! 6. 1 2 'iO 1 TOU T 

l?'i0 F0RMAT llbH1FREOUE~CY TABLE./,l?X.~HINlERVAL ,tbXo5HUNITS 
ltRCE"'TAGE .ltX.lOHCUf'ILATIVE o/.l6)(,7HNO OAU .11X.I81 

PTAR=ITLOW/SU~I*l00.0 

efAH=PTAB 

&72 
b13 
674 
67') 
b7b 
&77 
678 
679 
&80 
681 
682 
&83 
&84 
&85 
&86 
687 
688 
689 
&90 
691 
692 
{)Q3 

&94 
,6X,11)HP69'5 

696 
697 
698 

WRITE (6.12601 TLnw.PTAB.CTAf\ 699 
!.:-'t-0 f-1H(I"AT ll4X,9HBElOW lOW,llX,(R,2(3X,F12.411 700 

00 ~<;i) 1=\,CO"J 701 
VALUI:=ORANGII 1 702 
VALI-=CRANGII+ll 703 
VAll=CRANGII+11 704 
PTAP.= ITAREI 11/SU"~I*lOO.C 705 
eTA~=(TAB+PTAA 706 

~'iC WRITE (6,12701 VALUE,VAll,TABEIIl,PTA~,CTAB' 707 
! 27) hl R ,.. t. T ( 1 ~ , F 1 2 • 4 , 6 H T n , F 1 2 • 4 .3 )1' , F E' • O , 2 ('3 X, F 12 • 4 11 7 O 8 

l=CCN•1 7Qq 
PTAPo:: (TABFI 11/SU~I*IOO.('I 710 
e T 1\"= PT AAt-(. TI\~ 711 
loiRITf (h,l?.AOI VALl,TAHEI fi,PTAA.CTAB,SU",CTAB,CTAil 712 

1 ;J P ') F O 1{ ~ dT 1 1 '( , F 1 2 • 4 .1 1 H ll f.l O V E R .l 1 X , F 8. 0 , 2 13 X , F 1 2 • 4 1 , 1 , 1 A X , 5 H ro T A L1 1 ~ 
1 , 1 1 ( , F '! • l~ , 2 llX , F 1 2 • 4 1 1 7 14 

qqo er:NTINltf 715 
QFTliRII: 716 
E'-10 717 



PLOTTillG OF BIV.AiUATe srANDARD DEVIATION5 

Purposea This program may be used to provide somo summary measures 

or geographical d1str1bu~1ons. 

Descr1pt1ona The program t1rst calculates ~e veighted mean center or 

the input point d1str1but1ona 

e Olllllle n ts 1 

and 

uhere Zw1 is the sum or veights (all veights may be one) 

a.nd ~ and Y1 are the coordinates or tbe respectivo points. 

The variance. standard .deviation, and standard distance ara 

then caloulated in the nonnal statistical unner. 'l'he eig-

envalues or the covariance matrix are the squares or the 

semi-major and sem1-minor a.xes or the standard deviational 

ellipse. The counterclockwise angle or inclination or the 

major axis from East-West is given. as vell as the total 

area of the ellipse. The coefficient' or circularity (the 

ratio of the minar axis to the majar axis) is also calcu- · 

lated. The ellip.se 15 then plotted 1 dots are used tor the 

center and end points or the principle axes. The data are 

plotted as circles,With radii given by r = awb, where r 

is the radius o! the circle 1 W is the veight vhile a and 

b are empirically defined coefficients. For the United 

States if W represents population then a e 0.0219 and b = 
0.44, and these are the values used in the programo 

The program is currently dimensione<! to plot up to 2000 ob

servations per run. Tbis ~y be changed by altering the 

value of X in the dimension statement. Hultiple data se.ts 

19 



Data Decka 

Data Card 

20 

may be run by repeating the data deck., Tbe program reads 

the observation deck from unit 4, reads controls from S, 

vrites onto 6, and plots on 9o Output is plarmed tor 30" 

CALCOHP plotter am sta.nda,rd C.ALCOMP plotting llbrary is 

assUIIIede The origin for the X,Y coordinatea is, as usUAl, 

defi.Ded to be the Southwest (lower left) ot the study area. 

Thia program ,is designed so th.at 1t may be easil,y used at 

a remote term.inal which has access to shared fileso 

1) Control Card 

2) Title Card 

J} Variable Format Card 

4) Observation Deck 

Compositiona 1) f:ontrol Card 

column 

1-4 NO Number o! observation ( ~ 2000) !4 

5-ll XMIN Min1mum X vo.lue (F?.2) 

12-18 XMAI MaximUJII X value (7/.2) 

19-25 YMIN !ün1.mum Y va1ue (F7.2) 

26-)2 YMAX Marlm1.1111 Y value (F7.2) 

:n-J9 SCAL Denominator of the representativa fraction 

of the mnp scale (F12.0) 

2) Title Card 

Alv title (!: 72 characters) 

J) Variable Format Card 

E or F type Ft~TRAN format for one observation. 

4) Observation Deck 

Observations as described by tbe variable format cardo 

1 
1 1 



L_ -

21 

Tbe input dat.a must be1 X coordinate, Y coordinat.e, 

Weight. 

Programmer 1 Wo.ldo Ro- 'l'obler 

Ref'erences 1 Letevoar 0 Do Welt.z, 11M~asuring Geographic Concentration by 

Means or the Standard Deviational Elllpse," .American Jour

nal oC Sociolog;y, Vol. J2, 11, July 1926, PP• 88-9'+o 

Lee, Douglass B., Jreo Ana¡ysis of' Residential Segregation. 

Division ot Urban Studies, Center tor HousirJ8 and Environ;

montal Studies, Cornell University, Ithaca, Mew York, 1966. 



r STAr-111~0 DEVIIIT l'lNAL HL IPSES 
C f~~C4TfNATE WITH •PLOTSYS 
C TO SKIP PLOITING SET 9=00UMMY• 

22 

1 1 1 M l N ~ 1 DN X 1 3 , 21') O O 1 , F M T 1 1 R 1 • T 1 T L 1 l 8 ) , S 1 31 , 13 1 3 1 , O E V 1 3 1 , S X 1 3 1 , 
1 SX1131,S~I3J 

1000 fCR~AT(IB~41 
1001 fJ'l04AT(• 1 1 , 1R,A41 

1n02 Fr;R~IITI1fU41 

10(13 F0R"'ATI2X,l8A41 
1004 FCR~~TI2X,J4,3IFI0.3,Z~II 

J')l"l<; FCR"'ATI'l SU"'S, "'EANS, SU~S OF SQUARFS 1 1 
IO()t. I-Qt{~JITI2X, (4.3(2X,Fl0.311 
\007 FCR~ATI2X, 1 VIIRIANCES~ STANDARD OEVIATIONS 1 1 
1108 ~O~~AT12X,l4,2X,Fl0.2,2X,F10.41 
1)09 FQRMI\T(2X, 1 STANDARD OISTANCF = '• f10.41 
1010 IOR"ATI2X, 1 NO OF OASHVATIONS, THEN EIGENVALUES'I 
1011 f0~PATIZX, 1 NO •JBSNS. 'ANGU-, AREA 1 1 

1012 tCRUATI I4,4F7,2,F1l.OI 
1 O 1 3 F Cll MA T 1 'NO= 1 

, 1 4, 'X "1 1 N= 1 , F- 7. '}, 1 X MA X=' , F 7. 2, 'YM 1 N= • , F 7. 2 o 1 Y JIIA X= o 1 

l F 7 • 2 • ' S e AL = ' , F 12 • O 1 

1 
2 
3 
4 

~ 
b 
7 
B 
q 

10 
11 
12 
1 3 
14 
1 5 
16 
1 7 
18 
19 
20 

1014 r:JR"ATI lHl'OASERVATIONS'/1 21 
IOlb fOk"All' NOeS, ENO f-'OINTS IJF PRINCIPAL AXES'I 22 

10!7 FCR ... ATI•eOEFFICIFNT OF CIRCIILARITY = 1 ,Fl5.8 1 '11.E. 1 1 ECCENTRICIT 23 
l y )1) 

e ~rCfSSARY CONSTANTS 
qAD=17453292<;(-10 
F1=3.1415926· 
F12=FI/2,1) 
SI/E=O.l 

? 

THO=O.O 
THF= 360, 

DL=O.O 
SC=l.O 

PY=l.O 
ALPH=0.0?19 
r~ETA=0.'•4 

t.l.tAO 15,10121 NO,XMIN,XMAX,YMJN,YMAX 1 SCAL 
'..JRITE lt-.,1013) NO,XMIN,XMAX.YM1N 1 YMAX,SCAt 

oc 2 1=1.3 
Slll-=0.0 
'\111=0.0 
S2!ll=O.O 
SXIII=O.O 
SX211 1=0.0 
CON r 1 mJE 
PX = 1. O 
RHC=0.1')1«SCAL 
~FAC 15,10001 TITL 
o.!RITEI6,10011 TITL 
READ ('), 100?1 FMT 
WRITF 16,10031 FMT 
F t-.·O=NO• l. O 
WRITE lt>, 10141 

?4 
zs 
26 
21 
?8 
zq 
10 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
')0 

51 
52 
53 
54 
55 

.. 



DO 3 i=l,NO 
REAO&<o,FHTt XllolloXI1oii,XI3,1t 
1FilCI1.111 5,5,6 
X(J,(t-:1.0 
o; 1 t 1,.. s t 11 +X 1 1. 1 1 ~x 1 3, 1 1 
S 1 ,' 1 = S 1 2 1 +X ( 2 , 1 1 o X 1 3 , 1 1 
SI31=Sill+XI3oll 

2) 

WldTF!b.lOD41 loXllolleXI2.1loXC3,1) 
CONTINUF ' • 1 

" 7 

11) 

lO 
12 

)) 

81li=Sili/SI31 
8121=SI2l/SI31 
IH J 1= S 131/FNO 
SXY=O.O 
OC 1 1 =lo NO 
W=lCI3.J 1 
DO 8 J=loZ 
OEVIJI=XCJoii-BCJI 
SXIJI=SXIJI+OEVIJJOW 
SX21JI=SX21JI+OEVIJI~OEVIJI•W 

SXY=SXY+OEV1li•DEVI21*W 
SX2131=SXV 
WRITE (h,100'51 
DO q 1-=lol 
WRITE 16.10061 I.SCIJo81lloSX2CII 
W R 1T E 1 6, 1 00 7 1 
oc 10 1=1.3 
SZI li=SX1llliS131 
Slli=SORT IAI!SIS21 1111 
WRITE!b,\0081 I.SZIII.S'Itl 
88=S21li+S2121 
SDIS=SORTIBet 
W R 1 TE 1 6 , 1 01) 9 1 S O 1 S 
C=-IS21li*S2121-S213l*S21311 
ROOT=SORTIABSIB8•BB+C04,0tl 
El=O.'i•IBB+ROOTI 
E 2=0. 'i• ( BB-ROO T 1 
WRITE 16,10101 
WRITE 16.10081 NO,El.E2 
El=SORTIEll 
E2=SORTIE21 
WRITE (6,10081 NO, EloE2 
AREA= E l*E l*F 1 
DEN=SXllli-SXZI21 
ANG=0.5*ATANI2.0•SX2131/0ENI 
1 F 1 DE N 1 30 • 30. 3 2 
ANC=ANG+FI2 
WRIHI6,10l61 
IFI~NG-FII 34,34,33 
ANG=ANG-FI 

14 ANG2=ANG+FI2 
C ULCULATE ENO POINTS 

XA=Bil)+El•COSIANGI 
YA=BI21+ElOSINIANGI 
WRITEI6,10081 NOoXA,YA 
XB=A! li+E2*COSIANG21 
Y8•BI21+E2•SINIANG21 

..... _ 

• 

56 
57 
58 
59 
60 
61 
62 
63 

"'• 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
~5 
El6 
87 
88 
89 
90 
91 
92 
93 
94 
95 
<;6 
CJ7 
98 
99 

lOO 
101 
102 
103 
104 
105 
l06 
107 
108 
Í09. 
110 
111 



WRITFih.IO'liU NO,Xt\,'(1\ 
A 11: G ., A N r. 1 R A O 
WR1Hib,IOL11 
W R 1 T F 1 t., 100 Al NO, ANG, Al{ [A 
LKCt.N = tt/El 
WR1HI"-.L017l EXCEN 
w Q 1 lf 1 6, 1 00 1 1 NO, 1 T 1 Tl 1 1 t, 1 =1, 1 71 

C PUlf SThNCARO Ot:VUT!O~JAL ELLIPSFS 
(All PLTXMX 130.01 

24 

CALL PLTOFSIXMIN.SCAL,YMIN,SCAL,L.0,3.01 
Chll PELIPSIBI J1.~121,E1,EZ.ANG,THO,THF,SCI 
CAL L P S YM 6 1 fll 1 1 , B 1 2 l , 1). 1 .J. A I\IG, -1 , SC 1 
CALL PCJRCLIXA , YA·, TI-O,THF,RHO,R.HO,OL,SCl 

.CALL PCIRCL IXA,YH, TI-O,TI-'F,RHQ,RHO,OL,SCl 
C.ALL PCI'~Cl IXMJN.YMAl,, THO.THF,RHO,RHO,OL,SCI 
C:ALL PC:!RCL IXMAX,YMAX, THO.THF,RHO,RHO,OL,SCJ 
CALL PCIRCL IX~AX,Y~IN 1 THO.THF,RHO,RHO,OL,SCI 
CALL PCIRCL IXMIN,Y~JN, THO.THF,RHO,RHO,QL,SCl 

C PLOT CAS[RVATIONS 
OC 20 1=1.NO 
X1=XIl.ll 
Yl=XIZ.Jl 
R H O= J\ L P H* 1 X 1 3 o 1 ) U fl ET A 1 
lF IIQHO/SCALl.LT.0.01l RHO=O.Ol*SeAL 

2 O C AL L Pe 1 R C L 1 X 1 , Y 1 , T t-.b , T 1-'F , R. HO, R HO, O L , Se 1 
C Pl flT 1 1 Tl t S 

CÁLL PSYMAIPX,PY,SIZE,'GEOGRAPHY OEPARTMENT u-.¡JVERSITY CF 
l 1966 •,TH0,5')1 

PX=PXf-6.0 
CALL PSYMAIPX,P't',SIZE,TITL,TH0,32l 
CAL l PL TFNO 
GC TO 1 
t ,._.D 

20 ~.o 4ZO.o o.o zao.o 
120 CFNTRCIO OETROIT 1837 
.I47X, F~.'), IX, F~.O. T70, FI.O, T7ll 
1 A37 
1 1:137 
1 837 
1 >l3 7 

1 lj 3 7 
1 >3 3 7 
1 q37 
1 83 7 
1837 
P:l37 
1837 
1837 
Jll37 
1837 
1837 
ltl37 
1 837 
1830 
1 8 30 
1 8 30 

40.0 

. 2 25 1 55 
22 5 145 
215 l 55 
235 145 
235 135 
235 12':1 
235 1 1 5 
245 165 
245 L'i5 
245 145 
245 135 
245 125 
245 l l 5 
245 105 
2'55 1 35 
255 125 
265 125 
2'i5 l 15 
255 1 05 
26':1 115 

L 1 2 
1 1 3 
1 1 ~ . 
11 ~ 
L 1 b 
117 
1 1 R 
11 q 
120 
1 21 
12 2 
1 ?3 
l 2~ 
1 2 'i 
1 26 
1?7 
12R 
1 29 
1 3(J 
131 
1 32 
1 3 3 
1 34 
1 35 
1 36 
l 3 7 

1"1CHL~AN138 
l )q 

140 
14 1 
142 
143 
144 

., 



PELTO'S D-RJH:TION .AND Rl::LATIVE &tiTROPl 

Purposea Thts program calculates tvo measures or the degree ot 

m1x1ng in Multieomponent,systems. 

DescJ"ipUona It one assUIIIes that each observaUon consista or V var

iables, then the procedure 1s :restrict.ed to those situa-

e 01111118 n ts 1 

Uons in vbich 1 t 1s meani.ngtul to malee the assumpUon 

that the totallty ot variables, for each observation, oum 

to lOO percent. 

The D-tunction measures the strengtb ot doudnance ot var

iables ot 00111ponents t tho lover the D value (and close:r 

to t.he theoret.ical mi'ftimum ) , tbe stronger the dominance-.. 

'l'he 1111..n.imum ot tbe D- tunction is lOO x (1 - (1/CWS)). 

The relativa entropy· maasure may be takon to bo an i.ndi-

cator ot lllix1ng of the components ancl would be 100 vben 

&11 c0111ponents appear in equal ¡:roportions. Since entropy 

III&Y be takan as a maasure ot m1xing (unoert.ainty)
1 

zones 

ot bigh entrop,y should form boundaries between regions, 

vharaas zones ot lo;~ entropy should to:nD regional areas. 

Relativa entropy (K¡.) is calculated b7 tha foll~ tor-

mula and expressad as a percanta 

-100 Pi log Pi 
lDO Hr ,.. ------· 

Hm 

vhare P1 &re the 1ncliv1dua.l proportions and S. 1s the 

theoreUcal ma.xillllllll tor the entropy. Tbis ot e curse 

assi.DIIes th&t tbe probabll1t7 ct ocourance is the same tor 

all components. 
1 

The program v11l ~le up to 999 observatio~ for eaoh 

Z5 



Data Deck1 

Data Carel 

set of data. Since aach observation is processed indivi-

dual.l,y 1 data sots largar than 999 may be processed by split-

t1ng the set and run sep~~rately. Haey sets of data may be 

rW1 by repeating the data deck. As written the program 

will process observations of up to 20 companents. This 

may be expanded by increasing the size of the arrays of 

D, P, MEHBER, RD, and PD. Their sizes should always be 

the nUlllber of components + 5, The components need not be 

in proportions¡ these ~be calculated by the program. 

The results for each observation may be pW1Ched out if 

desired. Input data may include X,Y coordinates for sub-

sequent map plotting. The order of input da t.& is X coor

dina te, Y coordinate (if coordinates are speci1'1ed) 0 then 

the c0111ponents 1 Uu-ough NCOMP. 

l) Control Card 

2) Variable fonnat card 

3) Observation Deck 

Campositiona 1) Control Card 

column 

1-.3 NOBS Number of observations 

4-5 NCOMP NUJnber of components (up to 20) 

6 PRO 

7 PUN 

One (1) 1f proportions have not yet 

been calculated, zero (O) otherwise (if 

in doubt set equal to one). 

One (1) if results are to be punchad, 

zero (O) otherwise. 

8-9 CÜ9RD If X~Y coordinates are to be read and 

punchad for output.in other programs 



they aust. be scaled t.o tit cm output 

tormat or ~.2. i?nter potte!" ot ten 

to scale cOordlnates appropr!ately1 

(-9 to +9) otborvise leave bbnk (llo 

coordinates reacl). 

·~ Utle 

2) Varioble Format Card, 

E or F ~ :roPTRAN for eacb observation ( ~ 80 characters) 

)) Obsarvatlon Deck 

The obsarvat1ons as described in ~ to~t. 

1'htJ progrUI 1s a verbat.h! transbt1on ot1 c.R. Pelto, 

11Happblg of Hul.Ucomponent Syste~U ,• Journal ot GeoloQ• 

62 _(l9S4), PP• .501-511¡ Bobbs Merdll Geograph¡ reprint 
1 
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C PROGRAM TU CALCULATE PELT0 1 S D-FUNCTION ANO RELATIVE ENTROPY 1 
INTEGER PRO,RD,CLASS,PIIN,GROUP,COORO ? 
D 1 M E N S. ION O .A T A 1 2 O 1 , C 1 2 5 1 , P 1 ] ~ J , ME M ~.E R 1 2 '> 1 , RO 1 2 5 1 , D P 1 2 5 1 , T IT Ll l 7 1 3 
DATA OUT / 1 '1 4 

9d FCRII.ATI/////20X,•OBSERVATION # 1 ,I':j/11X,8E15.Bil 5 
Q9 FOQII.ATI 1 0PELTU 11 $ 0-FUNCTION ANO RELATIVE ENTROPY 1 //'CLASS INDICAT 6 

lES NO. OF COMPONENTS WHICH DOMINATE 1 // 1 MEHBER GIVES COMPONENTS INV 7 
20LVEO IN ORDER OF IMPORtANCE 1 // 1 DF MFASURES STRENGTH CF DCMINANCE 8 
3 IHIGH DF IMPLIES WEAKER DOMINANCEI 1 // 1 MINIMUM DF 15 100.*11-11 9 
4/CLASSII 1 // 1 RELATIVE ENTROPV MEASURES OEGREE OF MIXING IHIGH EN 10 
5TROPY IMPLIES CONSIDERABLE MIXINGI ILOW ENTROPY IMPLIES UTTLE 11 
6t·11XINGl 1 //l 12 

lOO FCRt.4AT II3,{2,211,12,Tfl,A2,17A41 13 
101 FCRMATI///// 1 CONTROL CARO IS •,45X, 0 TITLE IS 1 //5X. 1 NOBS= 1 ,J3,3Xv 14 

l 1 Nf.OMP=',(2,3Xo 1 PR0= 1 ,l2,3X,•PlJN= 1
1 12,3X 1 1 COORD= 1 ,I2v 5X,l7A41 15 

102 F0~~1ATI 0 0 1 ,2l101 16 
103 FCkMAT l'l'.l7A41. 17 
104 FCR~ATI/1///'VARIABLE FORMAl FOR ONE OBSERVATION IS 1 ,5X,20A4/ 18 

1 'lGROUP ISA BINARV CODF. FnR CLASS MEMBERS 1 //llXo'l 1 o7Xo 1 GROUP'I 19 
105 FORMATI '0N0= 1 .I5o5X, 1 ENTROP= 1 ,Fl5.·8,5X, 1 D-FUNCTION= 0 ,Fl5.8o 20 

1 5X, 1 CLASS= 0 ,I5,5X, 1 GRO~P= 1 .1101 21 
10~ FORMATI 1 0MEMBER MATRJX 1 //20151 22 
107 FCR~ATI'OPROPORTIONS ARE 0 //IlX 9 8El5.811 23 
108 FORI~ATI'0 1 o 1 ~= 0 oEl'5.8,lOX, 0 V= 0 ,El5.8olOX,•SCALE= 0 wE15.81 24 
109 FOR,..ATI1X".I3o2F6a2,2El4.7,14.19.115El5.8)) 25 
110 FOR~ATilX.I3o2El4.7ol4,·19,/15E15.011 26 
111 ~OR~ATI 1 0+++++++++++++++++++++++++++++++++++++~+++++++++++++++ 0 1 27 
112 FORMATI20A41 28 
113 FOR~AT l/l//1 1 CONTRDL CARO 15 •,45X, 1 TITLE IS 0 //3X,•NOBS='oi3,3Xe 29 

1 1 NCOMP=',t2,3X,'PH.0= 1 ,12,3X, 0 Pl.N= 1 oi2,3X,•COORD IS BLANI< 1 o5Xv 30 
2 17A4) 31 

loiRITE (6,991 32 
5 RfAD 15,100l NOeS.NCOMP,PRQ.PUN,COORD,CRDOUT,TITl 33 

IFICROOUT.NE.OUTI WRITEI6 9 1011 NOBS,NCOMP,PRO.PUN,COORO,TITL 34 
IFICRCOUT.EC.OUTI WRITEI6,1131 NOBS,NCOMP,PRQ,PUN,TITL 35 
REAO 15.1121 DATA 36 

C FORMAT APPLIES TO ONE OBSERVATION OF NCOMP CCMPONENTS 37 
WRITEI6.1041 DATA 38 
NC rr4P2 = NCOMP +2 39 
DU 10 1=1,NCOMP 40 
J=l-1 41 
lf IJ.EO.OI GROUP =1 42 
IF iJ .NE.OI GROUP -=2**J 43 

10 WRITE 16.1021 J,GROUP 44 
W~ITE (6, 1031 TITL 45 
NO=O 46 
DENOM=ALOG!l.O/NCOMPI 47 

15 1\:C=NO+l 48 
IFICROOUT.EO.OUTI GO TO 20 49 
READ 15vDATAI X,Y.IP( Il.t=l·NCOMPI 50 
SCALE = lO.O**CDORO 51 
X = X*SCALE 52 
Y = Y* S CAL E 53 
GO TO 25 54 

20 REAO 15,DATAI IPIII.I=l,NCOMPI 55 

., 



2"' .. 1\lft C6e'I8J Nfl.CPtiJ.I:t,~C:IlfAI'J 
( fAlf'llAit PROPQIHI 1JN~ 

IF Clqt:.NC.ll GU TO 40 
-;uM = ·>. 
~lf t'l 1:: lo N (l)MI' 

\1' 'tiiM :. SIJ" t Plll 
11(' l" l,.l,N(I)MI, 

l" "e 1 1 • Pe 1 '' suv 
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C RA~~ P~CPO~li~~S FKUH ~REATEST TO'lfASI 
40 OC ~S 1=1,NCOMPZ 
4r, llCI 1 s-l,J 

.o4E~AtR IU=l 
PI"'I(.O .. P.ZJ :r),') 
tf.CI( = NCCl"'P +1 
I"'C bO 1 = l.LUf11( 
OC ')". K::ltf 
1• r e P e 1 1 .t F • e e 1( 1 1 Go ro e;.., 
t • 1-K +l 
I)C 'i!'J Jl• l t l 
J•I-JL+l 
••J •l 
OfMI=OCJI 

'il"' 114f.M~[IJ fMI:f4fMP.EP(Jt 
llfKI.,. PCII 
"4cMP.EIUK 1 = 1 
~': TU 6'> 

r,c¡ tC~'IIIIUF. 

6CI C r.N 1 1 N1JE 
f' C•LC•JLIITt- CIFFER[NC~S 

n~ ~¡e; 1 = J,l\jr:n~o 
L • 1 •l 

6<; 'lPC 11 aAtt~IPI,..E1'4Hf:t( III-PP1f14BFIHL JI 1 
r wa~~ rtFFf~FNf(S 

,)r: lO l=l.NrOMPZ 
7" ~~~ 1::-1,11 

~0111=1 
~·J,.,.:I).'l 

C (4LtlllAT~ "tLAT IVf f~JTI{GPV 
I')C q<; 1 = 1 • t: C:ClMI> 
IF ,,, III.Gt ,Q,.'lOII SUM=SUf:A+PC 11•1\LUGIPII 11 
'1C A> 1(:1.1 
¡r IUI'III.l~.r.IKII Gl1 TO AO 
l.' 1 - 11 • 1 
I)C 7c; .IL= lel 
J.• 1 -.1 L • l 
"•J •• n e ,..,.,.,ll J 1 

H loli)II"I=ROfJI 
UIICI=UPIII 
-DCKI=I 
COC TO tJ'i 

81\ C~NTINIJF 
fl'i CU114r 1 ~UE 

(~T~CP " 110.~•~U~/OENCM 
OF = lllO.n•(l.I')-ICPIROIIII-UP(R.OI/11~1 
CLA~S = ROC 11 

'ib 
Cj7 

':iA 
r..•l 
6~ 

bl 
h? 
fJ3 
b4 
hS 
66 
67 
~(t 
,.,9 
10 
71 
77 
1'\ 
14 
7'i 
1b 
77 
7a 
!'l 
~o 
P1 
1:12 
83 
A4 
A'j 

Rh 
fl7 
tlli 
R9 

90 
91 
o~ 

9J 
94 
9'i 
9b 
97 
98 
•:Jq 

1 !JI) 

l ~ l 
1 (12 
lOJ 
IC4 
1':'5 
lr:' b 
lo 1 
tuR 
1 .) '} 
l 10 
1 1 l 



t~RI)UP =0 
'1C 'hl 1=-l,CLASS. 
J="(MR(LIII 1-1 
JF IJ.ICIJ.~I M=l 
(C IJ.Nf.')) H=20•J 

'h; I.~OUP = f;POUP +M 

)O 

W~ITfl~.lOSI ~O.E~TROP,CF.eLASS,GROUP 

,¡ R l T F 1 ~, 1 ~ ~ 1 1"' E 1-19 ER 1 1 1 , 1 = 1 , e L. A S S 1 
.. ~ITF. 16,1071 IPIII.l=1,Ne0.'-1PI 
IF!eROOUT.~E.nUTI ~RI~F l~.lCRI X,Y,SCALE 
I~IPUN.~~.11 GO TO q') 

1 t' 1 (.!l C U•.JT • N F • n U T 1 R R 1 re 1 1 • 1 O<; 1 NO • X , Y , E N T ~O P , O F , eL A S S , G P OU P , 
1 IPIJI,I=l,NCOHPI 

IFICROOUT.FQ,QUTI WRITF (7.1101 NO,ENTRQP,OF,CLASS,GROUP. 
l !PI llvl=loNCO~PI 

')l'i WRITF.(h,ll11 
IF INC.LT.NOt'SI Gil TO 15 
~~e ro s 
E "n 

\. 

1 1 2 
1 1 3 
114 
1 1 S 
1 11:1 
1 1 7 
1 1 R 
11 q 
1 7.0 
1:>1 
122 
l? 3 
1 24 
125 
126 
127 
128 
129 
130 

., 



POPl'LATION t:APS 

Purposea The progra= reads rectangular coordinates (x,y) and 

populations, and then ¿raws populat1on naps. with cities 

representad as circles. 

Oescr1pt1ona For cities it has,been shown t.hat the built up area b 

C OIIIIDents 1 

Data Decka 

O.ta Card 

extremely well approximated by a circl, of radlus r = 

aPb, For the Uni~d St~tes a= 0,0219, b ~ 0.44 vhen 

the radius is in miles. These values are usod as the 

default options in the progrAMo Il the population is zero, 

or if the radius is less than o.ot 1nch at the plotting 

scale, the program produces a dot. Up to 9999 c1rcles 

may be plotted·on a single map. 

Input/output--reads from unit 61 vrites on 7, plots on 

9. Output 1s plaMed !or )011 C.ALCOY.P plotter and the 

standard CALCOY.P plotting l1brary 1s assumed. X, Y, 

XMIN, D:IN, DV are assUIIIed to be in miles 1 if in iJlches 

set SCAL = 6JJ6o. If ALPilA and BETA (see below) are de-

faulted 1 both must be defaulted1 conversely if one is 

supplied both must bé supplied. 

1) Control carel 

2) Title card 

J) Variable tormat ca~ 

4) Observation deck 

Compositiona 1) Control card 

31 



columns 

1-4 

.5-9 

NOBS 

XI".IN 

10-14 . YMIN 

1.5-24 SCAL 

32 

Number of observations {~9999) (!4) 

¡:".i.nimlllll value of the x coordinate 

. (F.5.0) 

Miniroum value of.the y co~rdinate 

( F.5.0) 

Denominator of the representative frac

tion (FlO.O) 

2.5-27 

28-33 

DV Spacing of tick marks. (F).O) 

ALPHA Coefficient of proportionality, a 

{F6.o) Default = 0.0219. 

34-39 BETA Sxponent, b (F6.0) Default = 0.44 

2) T1tle card 

Any title (< ~2 characters) 

3) Variable formst card 

E or F FORTRAN type forroat for one observation. 

4) Observation deck 

Observstions as described by the variable forroat card. 

Programmer1 Waldo R. Tobler 

Referencea W.R. Tobler, 11 Satell1te Confirmation of Settlernent Size 

Coefficients," A!:!!• Vol. 1, No. 3 (1969), PP• 30-)4. 

" 
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C P~CGMA114 TU r.IUW POPUtATION MAPS 1 
lNTfGEM T 2 
O 1 "4f N~ 1 UN T IT 1 !JI , f"1 TI 18 1 3 

\.) FCR,.AT II4,2F,,C.fiO.O,f-3,1J,2F6.01 4 
ll FCR,.AT IRA41 5 
lJ FlM~AT 11~1TIT e ,eA41 6 
14 FllW,.Af I8H'lALPH = ,F6.0/8H RETA= off>.OI 7 
ll fQ;.,"'AT 118441 . ll 
15 FC~"'AT llOHOSUMPOP = ofl5.~) q 

MILE = 63360. lO 
T=Q 11 

7 RElC l6ol01 NOBS,XMINoVMIN,~CALoOVoAlPHoBETA 12 
IFIALPH.GJ,O,OI GO TO 3 ll 
ALPH = 0.021q 14 
SETA = 0.44 15 

3 REAO (6.111 TIT 16 
WRlTE 17.121 TU i7 
·w~ITE C7ol41 AlPHoBETA 18 

PlC = 1.0 19 
py = l. o 20 
SIZE = 0.1 21 
THC = o. 22 
CALl PSYMBCPX,PY,SIZEo 1 GEOGAAPHV OEPARTMENT UNIVERSITY Qf ~ICHIGAN 23 

1 1~68 •.T~O.SOI €4 
PX = PlC+6,0 25 
CAll P~YMOIPX,PY,SIZE,TIToTH0,321 lb 
SCAL = SCAL/"11LE 27 
SUMPOP = Q,Q 28 
CAll PLTOFSIXMIN.SCAL,YMIN,SCALtl.0,3,0) 29 
XHAX = XHIN 30 
RE A C ( 6, 1 3) FM T 31 
THF = 360, 32 
K .. o 33 
Ol = O. 34 
se = 1 o. 3 s 
K=K+1 36 
REAO (6,FMTI x,Y.POP 37 
RHO = ALPH*IPOP••BETAP 38 
XMAX = AMAXliX,XMAXI 39 
IF IIRHO/SCALI.L T .0 .• 011 RHO = O.Ol*SCAL 40 
CALL PCIRCLIX,Y,THO.Tt'F 0R~Q.RHO,Ol,SCI 41 
SUMPUP = SUMPOP+POP 42 
IFIK.LT,NüBSI GO TO 4 43 
DV = DV/SCAL 44 
AXLT~ ~ -(XMAX-XMINI/SCAL 45 
CALL PAXISI1.0,2.0.T,-O,AliLTH,THO,XMIN,SCAL,OVJ 46 
WAITE 17,151 SUMPOP 47 
CALL PLTENO 4a 
GO TO 2 49 
ENO 50 



., 
SPHEitiCAL Dl:)TANCES 

Purpose1 To compute distnnces in kilometers assuming one degree 

equals 69.1?2 miles. 

Description• The program reads a vector ot latitude/longitude coor-

dinatos and produces the complete distance matrix1 i.e., 

the distance beh-reen all pairs o! points specif1ed in the 

coordinate vector. Latitudes and longitudes are assumed 

givon in degrees mnd minutes, uith ·t.he usual convention 

that South latitudes and West longitudes.are negativa. 

Dock HBke-up• 1) Control and Forrn.at Card 

Raferences 1 

2) Observations deck 

columns 

1-.3 NUIIIber of observations ! 100 

Fortran format for one observation 

Observations ~ (all E or F f'ields) 

lctitude in trhole degrees 

m.1.nutes or l.!!. ti tude 

longitud!! in uhole degrees 

r.dnutes of longi tude 

W.R. Tobler, nA Comparison of Spherical and Ellipsoidul 
Measures11 

0 Pl'ofession~l Gaographer, XVI, 4(1964), PP• 9-12. 

·W.R. Tobler, Geogrephical Coordinate Comput.ations", 
University of Michigan, Contract Nonr 1224 (48)~ Task 389-
1.371 UM 05824-2,)-T, December, 1964. lO? pagas. 

J5 

,, 
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C FOPT~Ah PRnGRA~ TO COMPUT~ SPHEPICAL OISTANCES 
f. Pfi\C MISS + FO~I-IAT, TH[N CATA 
f. REAOS 'i, Wl.llTf:S 6, PUNCHES 7 

7J7 
7~Q 

71(' 
111 

701 
.4"1 

so 

DIII.F.~$[011, A(lO'Jol:JOI,C:I lOC.,IOOI,fMTI161 
~AD=17453292SE-10 
éARTH=fl9o 1'17~l.M~c;:¡5/RAO 
Q E A O 1 S, 1 O 1 NO , 1 FM T 1 1 1 , l = 1 , l ñ 1 
FORfiAT 1 13 1 lf.IA4l 
wRrTF.I6,4RI 
FORIII\T 1' lLAT ITUCES ANO LO~G IJUDlS' 1 
110 701 I=l,NO 
AII.II=O.a 
~FADI5,FMTI FLTC,FLTM,FLGn,FLGM 
1 F 1 F LTO 1 70h.7C 1, 707 
F1 1 = 1-l T 1)- H T M 1 é O. 
lir. Tri 708 

Fl T=FL Jr)+H T"'/t:C>. 708 IF (FLGD) 709,710,710 
FLG=FLGC-FL G"1/~0. +-
GC TO 711 
FL(:FLGO+FLG~/!0~ 
e ll,li=FL T91:UO 
C: II,?.I=~LG•RAO 
WRITEI6c491 J,FLT,FLG 

· FORMAT lfX, 13 0 21 lX 1 FII.1J 3 
WR!TFI6,50) .. 
fORMATI 1 1SP~FRieAL ClSTANCE~'I 
OC 75 :l 1 = lo NU 
1(:1+1 
IF INU-KI 780,140,740 

74~ no 749 J=K,NU 
CAl l S PHE RE (e 1 f, 1 1 , ([ 1 , 21 , C 1 J, 1 1, C.l J • ll , RHO ,G 1 
AIJ,J I=RHC*FAATH 

14q AIJ.II=AII,JI 
7~(' CClNTINUf 
7A" CONTINUE 

') e 1,., 1 r = 1 • NO 
7 6 'l w R 11 [ 1 7," 3 ) 1 , 1 A 1 1 , J 1 , J = 1 , "lfl 1 
4" FfJR~ATI1W',Il 1 l'Hl2.5/llt' ,,X,1~F1?.<;/JI 

~ IJ 1 rE 1 r., ~ :> 1 1 r ·1 r 1 1 1 , 1 ~ 1 , 1 l 1 
C,;J Ft:~1.1liTIIH1,lhh'·l 

Gr' rn 1 
[~("1 

1 
2 
3 
4 

5 
(, 

7 
R 
9 

lO 
11 
lZ 
1 3 
\4 
1 5 
lt> 
1 7 
1 ~ 
19 
7.1) r 

?l 
2Z 
23 
7.4 
25 
26 
27 
?l:l 
29 
'31) 
~ l 
32 
33 
34 
v; 
:'>6 
37 
31\ 
~'] 

4('\ 

4 j 

42 
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l'i 

lh 

'7 

J? 

SURROUTI~~ SPHFRE I~LToFLC.FLAToFLON,RHOoGAI 
CC~STANTS 

f 1-=3l4l'iQló'if-!l 
TPI-=n2R11B'i3lf-~ 

FIOVQl;l57Q~qnlJE-8 

QL~=l74~12925E-1C 

tPS=lE-& 
Ct>.LT=COSIFLTI 
S~LT=Sir.IFLTI 
f1JI==FLON-FLG 
COIF=COSIOIFI 
S JJ ( f, S 1 N 1 O 1 F 1 
Cli;CCSIFLAT l 
SLY=SINIFLATI 
U=SLTcSNLT+CLTO(NlTOCUIF 
1 F 1 C·- l 1 l h, 1 S, 1 'i 
RHO=O.O 
r;c ro ¡q 
I" i C+ \ 1 1 7, 1 7. l 3 
Rl-fJ:f! 
GC Tfl ¡q 
~HO<=ii!'ICOS 101 
FU~=-C l T• SO 1 F 
DEN=CNLT*SLT-SNLlOCLT*CDfF · 
IF!ABSIOENl-EPSl 2),2lo21 
iFIA~SIFU~l-EPSI 22.23,23 
GA::Q.O 
Gl1 TO 30 
GA=F!OVU2 
1 F 1 FU~ 1 2'•, 30 • 3 O 
GA=-GA 
GO TO 30 
IFIA~SIFUHI-EPSI 25o2Bo28 
GA=O.O 
1 F 1 OE N 1 26, 27 o 2 7 
GA=FI 
GO TO 30 
f. A= AT AN21 fUMo DE"J 1 
(f lf[-GAI ¡H~,)0.30 

GA=GA-TPI 
CONTINUF. 
RETURf\ 
ENO 

1 
2 
3 
4 
5 
b 
1 
8 
9 

10 
11 
12 
13 

. 14 
1'> 
16 
11 
18 
19 
20 
21 
22 
13 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
351 
36 
37 
38 
39 
40 
41 
42 
43 

., 



Purposea 

COORDDIATES Ff!OH ritiTÜ:ES 

Tbe program reads 8 matrix or distances, and then produces 

a vector ot plane coordinntes, 

DQck Maktj-upa 1) Title Card 

2) Control Carel 

3) Distnnco Y.a.trix 

DatA Cnrds 1 · TI.Y:!S~ (18A4) 

Referencea 

f.:rty Utle 

Control Card (212, 11, 11, 16A4) 

column 

1-2 NRANDC 

)-4 NREIGN. 

.5 IFPLOT 

7-70 00 

Dis tance Ma trix 

Number ot rows 4nd columns in ~he dis

tanctl matrL~. 

Numbor ot eigenvectors desirad 

zero to plot the solutions. 

Format for one rov of tha distance 

matrix. 

The distance matrix as described by the fomAto Only the 

lowar balf 1s read. 

W.s. Torgorson, Theor;y and Methods of Scaling, New York, 

J, Wiley, 1958, PP• 254-2.59o 

J. Lingoos, 11 A."1 IBM 7090 Prograll'l for Guttman- Lingoes 

Smallast SpAce An!il,ysis" 1 Behavioral Science, 10(1965), 

pp. 18}-184. 

W. Tob1er, H. Hielke ~ T. Detwyler, 11Geobot.anical D1s t.8 neo 

Between New Zealand and Neighbor~ Islands 11
1 Bio~_l .. n~, 

May 1970. 
39 



r 
r 
r 
( 

~ A p C O O P n 1 N A T ~ S F R O M e· E n - O 1 S T ~ N C E S 

C PROGqAP lO CUMPUT[ EUCLIDEAN COORUINATES FRO~ GIVE~ 
( ''11 l OC P. T O AL l: A l 'H• i . 
e rFPA~TMfNT OF GFOG~APHV UNIVERSJTV OF MICHIGAN 
f. l·nlt~EHOl')tA t.t-.:0 YOUNG THEORfjol- TOitGEP.SONS "4ETHOO 
r f.O~ ~~TQIC ~UlTI-DI~fNSIONAL SCALING 
f. 

11\PUT 

UJ S lANCES 

e 
e 
e 
r. 
e 
( 

PEAOS 1 WRITES 5 A~O 6 
~EACS TITLE, CP.NTROLS + 

CARCl TJTLE 11-771 
FORMAl, THEN LOWER-HALF DJSTANCE MATRIX 

e 
(" 

e 
e 

·C 

( 

e 

r 

1 

C llRC 1J 2 

~RA~DC 11-21 ROWS A~O COLUMNS 
N~EIGN 13-41 (OLS Of EIGEN 1<111 
lfPLOT 151 =O FOA PLOT 
f.Oii""AT 17-721 
CAJ.IC 11 3 ANO ON = LOidER. HALF OF DJSTANCE MATRIX 
O 1 fol E N S 1 ON A 17 O , 7 O 1 o ti ( io ~ 7 O 1 , C ( 1 0 , 1 O 1 , O 1 7 C , 7 0 1 • f l-1 Tl lfd o 

-lJ, OU,..VAI701o EVALUI71J) 0 lCll70,21 1 RSUMI701, CSUf't701 
fOlliV~L[N(f IDIJt-~V~.EVALUl, INR,II.tUNOC:Io IIIIC,NREIGNl 
rr:t.:IVAI ENCE IA.BI 
"O= 70 
READ TillE 
QEAD 17,371 IJITLIIJ.J=l.l81 

· R E: A i: 1 7 • 3 R 1 N R A N OC , N R E 1 GN o 1 F P lO T , 1 F M Tl 1 i v 1 = 1 , l 6 ) 
IFSPM=O 
OUTPUT Of INPUT 
WRITf (6,3Q) ITITLiii.I=ldAivlfHTIIJ,l=ltl6) 
~ollnTE ló.4CI 
RFAC ANO PRINT MATRJX 
IF lllfSPM)) 2,3,2 
o,jQJTF. (b.loll 
CO TQ 4 

'"· -," 

' WRITE (fo,t,2) 

4 DC 7 l=loNRANCC 
lf 11-NRANOCI 5,6,6 

e; ¡ p l = 1 +1 
REAO 17,FHTI IAIIoJI,J=1oii·IOU~VAIJ),J=IPl,NRANOC) 
GC TO '7 

h RrAC 17,FMTI IAiloJlrJ=l,NRANDC) 
7 WRITE15,431 loiACI,JioJ=l.It 

r>o'a f=2.NRIINCC 
IMl=l-1 
00 fl J=l._IMl 

!1 A 1 J ,· 1 } = 11 1 1 • J 1 
e C~ANGFS TO OISTANCE MATRIX C.AN BE PEAFORMED HERE 

TITLI18 

C II.E •• GET GFDROTANICAL OISTANCES FRO~ SPECIES SIMILARITIESo ETC.I 
lf IIFSPMI 9.11.9 

q DO 10 I=l.NR 
IJO 11) J=l.NR 

JO Cll.JI=AII,JI 

1 
2 
3 

" ') 

6 
7 
8 
9 

10 
11 
12 
13 
llt 
15 

.16 
11 
18 
19 
20 
11 
12 
23 
lit 
15 
16 
27 
28 
29 
30 
31 
3Z 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
41t 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 



r. 
1 1 

12 

11 

14 

JI) 
16 
17 
( 

1 R 

¡q 

e 

e 

e 

Z1 
n 
r 

r.o ro 16 
r.ET SPM F~O~ OISTANCE MATAIX 
00 17. l==luNRANCC 
OC 17. J=l,NRANCC 
CII.J 1=81 J,JJo.o;rz 
OC lJ J=l,NRANCC 
RSU,..IJI=O. 
CSU.V(Jl,l1. 
DO n l=l,NRANCC 
~SU,..IJI=CIIoJI+RSU~!JI 

CSU~!JI=CIJoll+CSUMIJI 
· fi\PCeNRANnf. 
CSU~=O . 
l")r, 14 l=l,NRANCC 
CSU~=~SUMII)+GSUM 

P.SU"'I ll=RSUMI 11/FNRt 
CSUI"I 1 i"'C5UMI I 1/FN~( 
CSU~=GSUM/IFNRC•FNRCI 
·no 15 l,.l,NQANOC 
l)c 15 J=l.NQ.AIIJCC 

·' .. 

41 

• 1. 

t C 1 , J 1 = n. 'i• 1 R S UM 1 1 1 +C SUM 1 J 1-G SUM..;C 11 , J 1 1 
1 F C N RE 1 CN l 1 7 , 1 7, l P 
NRE IGN=N~ ANCC 
TRACf QF MATRIX "C" 
TRACE::I) 
DO lQ l=l,NRANCC 
TRACF=TRACE tCI 1.11 

·W R 1 H 1 ,e, • 3'H 1 T 1 T L 11 1 .1 = 1 tl R 1 
CET E IGfN M(SliLTS . : 
CALL E1GFNIC.O.NRANCC,EVALU.~REICN,MDI 
PRINT E1Gr~V~LUES 
WRITE(I),4q) 
W R 1 H 1 h • r; O l T tUi C f, N RE 1 GN 
WRITI216,5ll 

, CET ANO PR INT PERCENT ANO. Clll4. PERCENT t: IGENV4LUES 
,. PE RCVU=O 

OC Z'l 1=1.NREIGN 
IF ITRACEI ~0.21.21 . 
PEPCVU=PtRCVU+EVALUI 11/TRACE 
WV.IH 1~.44) I.EVALUIII,PFA.C:VU 
~C TO 22 
WR(T( lb,4t.l I,EVALUIII • J 

CONTINlJE 
• 

APPLV "'EAt-.; SCALE 
F:Q,I) 

Slli"=O.O 

FACTOR Tt' FIRST ·rwo EIGF.N \IECTCMS 
' ~ j 

()C z,., (:I,'IIR 

1"' 1 = 1 
or zr; J=l.tMl 
(loi2=J 
·IF ll~l-IM21 21.26,¡13 
CII,JI=AII,JI 
a e 1 • J 1 = soP r e 1 o e 1 • 1 ,_o e J. 1 1 1 "t~ 2 +e o' r , 2 ,_ Q e J, 21 1 uz 1 
IF ICif,JII 24.75.24 
SU,.=SU"4+1RIJ,J 1/CI !.JI 1 
F:zf+1.0 

56 
')7 
58 
59 
60 
61 
bl 
63 
64 
65 
66 
67 
68 
69 
70 
11 
72 
7-3 
74 
75 
1b 
77 
713 
19 
80 
81 
82 
83 
Sto 
A'i 
86 
87 
88 
8'1 
90 
•H 
qz 
Q] 
Q4 
q; 
'16 

'HI 
~q 

100 
10 1 
102 
103 
104 
1(1') 
1~6 

101 
108 
10q 
tlO 
1 11 



e 

e 

ze 
e 

30 
ll 

r 

37 

33 
34 

'\b 
( 

"\7 
lR 
l9 
40 
4 l 
42 
43 
44 
45 
4b 
47 
4(1 

4q 
50 
51 

., .,_::' 

~·\.lli\TIMJE 
Cr.NTINUE 
J.;YIJlf,f/SU'-1 

4? 

1. 

PUCGRAM N~W SCALfS FIRST T~O ~IGENV~CTORS FOR GEO-MAPS 
()Q 77 l=l,NR 
ll[ Z7 J=lol 
U 1 1 , J 1 =O 1 T , J 1 o tl ~UL 1 
WWITF lé,4~1 RMULT 
P~INT OUT EIGE~VFCTORS 

'.' 1 ' 

WJRJTF lt:.39t ITITLIII.I=l.lAI 
wRilF IE>,4'>1 NRhNCC,NHEIGN 
00 zq l=l.NRANr.C .. 
WHIH' lb,471 J.Cr.lt,JI,J=l,·N'REIGNI 
PUINT RESULTJNG riSTANCES, IISIIIfG FJRST rwo l:JGENVECTORS 
WRITf 11',.3')1 ITITLIIIol=lolRI 
WI.IITE 16,48) 
nc 11 l=l.NR 
1,.. \ = 1 
o r. 30 J = 1 • 1 ""1 
1 >'(!-:J 

.Jf 41Ml-IM2) 31),2'lo30 
1\ 1 1 • J 1 ::o o 'l 
GC TO 31 
~ 1 1 , J 1 = S O R T 1 1 O 1 1 , 1 1- () 1 J • 1 ) 1 .:> ,¡. 2, C O 1 1 , 2 l -.D 1 J • 2 1 1 ~ ó 2 1 
wRITF1">,43l l,lfllloJD,J=loiMll 
NOH~Alllf ~OH PLOTS 
lf IIFPLOTJ Ho31.36 
\=0 
D C 34 K= 1 , N C 
OC 34 1 =lo NR 
IF IS-hBS IC(J,IOI.t 3:!,34~l4 
s~ABS IOIJ,Kll 
CONTI,UE 
00 15 K=l,NC 
DO 35 l=l,NR 
DI J,KI=DII,KI/S 
PLOT OUT THE VECTORS Of O 
CALL PLOT IO,Kll loUoXlllw21.NRoNCd40) 
GC TO 1 . 

FCRI-IAT 118A41 
FCRfJilTI2J2, Il,lX.lbA41 
FOR~All'lElGENVALUE ANO ElGFNVECTOR PROGRAM 1 u/lH .18A415X.lBA41 
FCk~ATI'LUWfR HALf OF DATA ~ATRIK'I 
FORI-'ATI 1 0ATA IS SCIILER PROOIICT HATRIX'l 
FORMATI'DATA IS RAW DISTANCf HATRIX 0 ) 

H1RfJAT llHO,l~.lOE12.5/IlH o3Xol0El2o5111 
FORMAl ll~O.lZoF17.7,2Pf24.11 

FCRto~Al(''"1MULTIPLIER IS 0 , F11 .. 5) 
fORMAl 1 • ElGENVECTORS 0 / 1 ROWS= 0 ,JlO,lOX,•COLUMNS= 0 ollO) 
FOR,.AT llHO.l2.ZX.lOFll.)l 
F CR t-IA T 1 'R tS UL T 1 NG O 1 S TANC E S' 1 
F URI-'A T 1 '- E 1 G E N V A L U E S 1 /1 
FORMATI 0 TRACE= •,El2.5, lOXv'N= 'ollOv /) 
FORMAl!' ROWS•,IOX, 0 VALUE 1 ,10Xv•CUM., PERCENT OF iOTAL 1 •/lHO l 
ENO . 

112 
1n 
114 
115 
llb 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
121 
128 
¡zq 
no 
lll 
1 3z 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
l4b. 

14"r 
148 
149 
150 
151 
152" 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
lb3 
164 
165 
166 
167 

.. 



e 
e 
e 
( 

e 

e 

e 

e 
e 
r. 

e 

l 
) 

e 
e 

6 

e 

e 

7 

8 

4) 

ElGEN~4LUES ANO NO~MALIZEO fiGENVECtORS Of A REAL SYM~ETRIC HATRIX168 
EIGENVALUES ARE RETURNEO IN VALU ANU NOR~ALIZEU EIGfNVECTORS ARE 169 
STCPEO IN 8, NSUe IS ORDER Of MATRICES A ANO 8 4~0 MSUB IS THE 170 
NUHFIEil OF ROOTS ANO VECTORS O(SIREO.. 171 

.... '. .,, . 172 

SIJR~OUfiNE EIGEN IA,B,NSUB,VAlUvMSUR,,..DI 173 
174 

íJU4lNSION AIM0,'1Cio BPtD,P<IOto Vt\lUCMQJ, TC70o3l, DIACl701o SUPERD(l7S 
1701. WVECI70l, PVECI70I,OVEC:(701e VALLCiOI, 01701, UC701o INOEilC70116 
2 1 , V ( 70 1 1 71 

' . . . " 178 
EOUIV4Li'NCE tWVEC,VAlloUI. (P\IECoOVEC,O,V1. 111vTllo 119 

11!2.T21, ITEMP,TO), ISIIM,MA.TCHio (J,PI, IDIV,SCALARoTAUI, UN180 
2f:l{fi!2,ANO~MI, IVTEI'IP,VNORM2~V"'IOIÜO 181 

lfo, 1 T 1 AL 1 l AT li1N 
N= N SUR 
"~="4SUf1 

1\Pl'-'1\1+1 
Nl'il"-N-1 

U-=1.F-8 
CENfRAH IOENT ITV 

.DO 3 1=1oN 
OC 3 J-=l,N 
IF !1-Jt 2.1.2 
!\C!.JI=l. 
GO TO l 
BII,JI=O. 
CONfiNUE 

MATRIX 

; '', ~ 

HOUSEHOLDER SIMILARIJY TRANSFOR~ATION 
~EDUCE COLU~N OF MATRIX 
OC 14 I=l,NM1 
IF II-NM11 4ol3o4 
11= 1 + 1 
1 2= 11 + 1 
SU"4=0. 
OC S J=I2.N 
SUM=SUM+AIJ,II••2 
IF ISUMI 6,13,6 
J= 1 1 
T E M P= A 1 J , 1 1 

SU M= S CRT ( SUM+TEMP .. 21 
AIJ,II=-SIGN ISUM,TEMPI 

WVECIJI;SORTll.+ABS CTEMPI/SUMt 
lliV=SIGN IWVECIJI•SUM,TEMPI 
OC 1 J=I2,N 
WVEelJl=A(J,II/OIV 
SeALAR=O. 
00 q J=ll,N 
PVEClJI=O. 
DO 8 K=ll,N 
P V E e 1 J 1 = P V E e C J 1 + A 1 K , J 1 • W V E C,C K ) 
StA LAR= Se AlAR +PVEC ( J 1 *WVEC 1 .n·· 

TOCO-DIAGONAL FORM 

182 
183 
184 
185 
186 
187 
l88 
189 
190 
191 
192 
193 
194 
195 
l9ó 
197 
198 
199 
200 
201 
202 
203 
l04 
zos 
206 
207 
208 
209 

TERHINAL-f FlAG210 
211 
212 

TERMINAL-F flAGll3 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 



!O 
e 

1 1 

1 2 
r. 
1 3 

e 
e 

1') 
e 

1 6 

r. 
17 

1 8 

20 
r 
21 

22 
?3 

44 
'' 1~ ~~ ~ 
L·· f 
. '(CONTINUE 

SCALAR=SCALAR/2o 
• OC 10 J= 11, N 

OVECl J 1= PVECi J)-SCALARCIWVECI J J. .'. 
DO 10 K=ll,J 
A' K. J 1 =A IK. J·l- 1 wvec 1 K í •ove e (J, •wvec 1 J 1 oovec oo 1 
AIJ,Kl=AIK,Jl . , . 
CrNTINUE 
SAVE ROTATION FOR LATER APPIIC:ATION TO C:O-OIAGONAL ,VECTORS 
DO 11 K=.?,N 
TE ~P= O o 

DO 11 J=ll,N 
HrtP=TEMP+WVECCJI*61J,KI 1

• ·-<': 
OC 12 J=II,N 
AfJ.Kl=PIJ,KI-WVFCIJl*TlMP 
CONl(NUE 
MCVE CO-OIAGONAL FORH ELEMEI'IlfS FOR ITERATJVE PROCEDUR.E 
J=l 
OIAG( J I=AIJoll 
SUPERDIII=AI.l+l.Jl 
CCNTINUE 
OIAGI N)=AIN,Nl 
DETERMINE EIGfNVAlUES fllOM 1!';\'URM CHAIN OF CQ-DlAGONAl MINOPS 
CdlCULATE NORM Of MATRU~ ANO INITIALIZE EIGENVALUE BOUNOS 
ANOR~l=OIAGill~•z 

no 15 L=2.N 
Oll-li=~UPERO(L-11*02 
ANOMM2=DIAGILI**2+01l-li+QIL-l)+ANORM2 
CONTINUE 

ANORM=SCRTIANORM21 
DO ló L=l,M 
VALUill=ANOkM 
VALLill=-ANI)RM 
CONTINUE 
EPSl=ANORMiliEl 
Jf IEPSll J7,7'!ol7 

TERMINAL-F 

CHOOSE NEW TR16L VALUf WH!lf TESTING BOUNDS FOil CCNVERGENCE 
OC 35 L=l,M 
1 TER= O 
VTE,.P=EPSl 
TI\U=I VALll(L l+VALLIL 1112. 
IF IITER-101 20,19,20 
VTEMP=VT EMP •t<lO o 

IT E R= O 
IF (l'.OITAU-VALLilll-VTEMPl 35d5o21 
DETERMINE SIGNS OF PRI~CIPAl MINORS 
1'4ATCH=O 
ITFR=.IfER+l 
T 7.=0. 
T1=J. 
00 30 L1=l,N 
P=DIAGIL 1 1-TAU 

22~o 
22'i 
226 
22l 
228 
229 
230 
2 31 
232 
233 
23t, 
2 35 
236 
237 
2 38 
239 
240 
241 
242 
7.43 
244 
245 
246 
247 
248 
249 

,. 250 
251 
252 

flAGl53 
25t. 
2S'.i 

·7.56 
257 
2SEl 

·_· zsq 
260 
261 
26Z 

'263 
2h4 
2ó'5 
266 
267 
Zb8 
26q 
2 70 
271 
272 
21'3 
2 74 

. ~7'i 
·2·76 

IF ITl'l :?3,22,23 
T 1 =S 1 GN 1 1 • , T 1 l 
JF (Tll 25,24,25 

,~;·'.'·tT'277 

273 

11J •· 



14 

e 
lb 
11 

18 
H 
1') 

e 

ll 
)2 

H 
l4 

1') 

e 
( 

l1 
38 
e 

YO=-SIGN ll.,T2l 
T2=0. 
J F 1 O IL 1- 1 l l 2 6, 22, 26 
T ll = P- C ll l -1 l * T U T 1 
r 2-= 1. 
CC'U :1 AGIHE""ENTS IN SICN ·IZ.FRO. CONSIDEREO POSaTtVEI 
11· CTO 1 7.Q, 27,28 
íZ=H 
IF IT21 2Q,?Ao28 
MATCH= 1-1 A T C H + l 
Tt=TO 
CONTINUE 
ESiAf>liSH TXGHTE~ BOUNDS ON EIGENVALUES 
1)0 V• ll = L, M 
1 F ( 1 •• l-~4 A T Oll 3 31, 33 • 31 
I F \V Al ü ll \ í- T A U 1 1 t • i 8, 3 2 
VAL.Uflll=TAU 
Gl1 TO 34 
\'Allllll=VAU 
CONTINUF 
GC TO 113 
CONTINlJE 

.. 

E ICFNVECTORS OF CO-OUGONAL. 1SVHME.TRIC, MATRIX -- lNVERSE UERATION 
C1-4fCI< FO~ RF.PEATED VALUE , . ; , •. :' 
DI¡ 6R 1=1.~ 

!r 11-21 37,36,16 
lf !VALUII-ll-·VALUIII-l.E-11 38,37,37 

i 1-=-l 
11=11+1 
TRIANGULARIZE CO-OIAGONAL FORH AFTER EIGENVALUE SUBTRACTIGN 
00 4 3 l = 1, N 
Vlll=fPSl 
T ll, 2 l=OI AG lll-Vt.LUIII 
IF IL-"0 40,3q,40 
TIL.3l=O. 
GC TO 43 
TIL,3l=SUPEROIL l 
IF ITIL,3ll 42,41,42 
TIL,Jl::EPSl 
TIL+l,lJ=TIL.31 
CONTINUf 
I)C o;o J= 1 .N 
TIJ,li=TIJ,21 
TIJ,?.l=TIJ,Jl 
TIJ,31=0. 
IJTEMP=AAS ITIJ.lll 
IF IJ-NI 46,44,46 
1 F 1 V TE M P 1 50, 4 5, S O 
T(J.li=EPSl 
co ro so 
INOEXIJI=O 
lF IABS ITIJ+1,UI-VTEHP) ·4q.4q,47 
INOEXIJl=l 
DO 48 K=1,3 
VTE,..P=TIJ,Kl 
T(J,I< l=TIJ+l,K l 

2 80 
281 
282 
283 
284 

·285 
28b 
2fH 
288 
289 
2qo 
2'<1 
21:11 
293 
294 
2qs 
zq6 
297 
2qa 
299 
300 
301 
302 
303 
304 
305 
30b 
307 
308 
309 
310 
lll 
.312 
313 
314 
315 
3lá 
H7 
3l8 
319 
320 
321 
3l2 
3 2 ~~ 
324 
325 
326 
327 
328 
329 
330 
3:11 
33?. 
3)] 

3Jit 
335 



4R 
4Q 

e 
''>l 

(. 

'53 
54 

55 

hO 

t-.1 
62 
e 
t-3 

bb 
e 

b1 
t. a 
r. 

: '' ': T 1 J • ) , 1<. 1 = V 1 E M P 
CONTINUf 
1/JEMP=T IJ• 1.1 1/TIJ.ll 
UIJI,VTfHP 
T 1 J + 1 , Z 1 = T 1.~ t 1 , Z 1- V TE HP 1) TI J. 2 J 
T 1 J tl, 3 1 = T 1 J +1, 3 1 -VT EMP •TC Jo 31 
CONTINUF. 
1 TER= 1 
JF 1111 sa.c:¡,se 
BACK SUBSTJTUTE TO OBTAIN EIGENVECTOR 
00 52 ll=l,N 
l=NPl-Ll . 
Vlll=IVILI-TILo21*VIL•li-TCLo3JOV(Lt211/Tiloll 
C CNT í NUE 
GO TO 153,SPI, ITER 
PERFORM SfCOND ITERATION 
1 TER= 2 
llG 57 L=2oN 
IF liNUfXIL-11155o56,55 
VTEMP=Vll-11 
V l l-li=Vil) 
1/ll.=VTfMP 
VILI=Vlli-Uil-li*VIl-11 
l.llNTlNUE 
GO TO 51 

\ . 

l1RTHOGClNAlJZF. VECTOR TO OTHERS ASSOCIATEO WITI-t HEPEATED ROOT 
!F 1! l! 5Q,67,59 
no 61 Ll=l.Il 
K= J -l 1 
VTE"'P=O. 
("1 e ~>o J = 1. N 
VTEHP=VTEMPtAIJvKI*VIJI 
DO bl J=1,N 
VIJI=VCJI-AIJ,KIOVTEMP 
GO 10 154,&31, ITER 
NORMALIZE VfCTOR TO UNJT LENGTH 
VNORM2=0. 
SUM=O. 
DO 65 l=l.N 
IF ISU,.,-ABS !VIL))) 64,65,6o; 
SUM=ABS IV!LII 
CONTTNUE 
n e 66 L = 1 , N • 1 
V 1 L 1 = V ll 1 1 S UM 
V~CRM2=1/NORM2tV(l)**2 

VNORH=SQRTIVNORM2J 
00 67 J=lvN 
AIJ,II=VIJI/VNORH 
C:ONTlNUE 

TERMINAL-F 

ROTATION OF CO-CIAGONAL V~CTORS INTO MATRIX EIGE~VECTORS 
00 70 l=l,M 
00 69 K=2,N 
UIKI=O. 
00 b9 J=2,1\l 
UIKl=UIKitRIJ,Kl~A(J 9 II 

33t, 
337 
HR 
B9 
340 
34¡ 
342 
H3 
144 
14S 
34b 
347 
348 
349 
3~0 

3~1 

3 '>2 
353 
354 
3'>5 
356 
3 57 
3 58 
359 
3b0 
361 
3h2 
J63 
364 
365 
3M 
3b7 
368 
369 
3 70 
Hl 
372 
373 
374 
375 
3 76 
377 
378 
379 
380 

FLAG3A 1 
3 6~ 
383 
384 
"3A5 
3 86 
387 
3AB 
389 
HO 
391 

.. 



1il 
C' 

e 
71 

72 
H 

r. 
e 

r. 
C'. 

2 

) 

4 

5 

, 
l 
8 

e¡ 

11) 

lt 

or. 10 J=7.N 
1\IJ, 1 1-=UIJ 1 

4? 

' 1 

Nr~~Alll~ LfNGTH OF VEtTORS TO EIGENVALU~S ANO STUR[ !N blloJI 
DC 11 J:::l,~ 

lf- 1 V Al U 1 J l ) 73 0 73 1 11 

VTE~P~SO~liVALUIJII 
oh ?7 l=l,N 
'\ lloJ I=AI 1, J)>liVTEMP 
~E TU~ N 
ENO 
PLOT 

,, 
'' 

SURIIUUTINE PLOT(A, IX, IV 9 NVri\!VaC,HIJI 

HU.MI NAL-F 

D 1 MEN S 1 Oll A 1 "1 O, MOl , ! X 1 MOl o 1 V ( MO lo 1 W( 5 i) 9 Ll ( 2 O 1 1 L2 1 501 , FM f 1581 
11'4TEG(R RLAfi!K 
DATA RLANI</4H /,WOR.Ol/ltH A2o/ 1 WOR.D2/4H '12d 
OATA F~T(ll/4H(lH /,FMTl2)/4H,~X,/,FMll31/4HI5,2/ 
OATA F~TI~l/4hXl~~I.FMT(5)/~H, /,fMTC31J/4HlH•,/ 
O A T A F '1 T 1 57 l 1 4 H H-" , 1 , F H TI 58 1 IItH 1 4 i 1 

TAPE ASSIGIIlMENT 
JTAPE.:o6 
on 1 l=t.to 
J=lt~( 

LliJI=-I*lJ 
K=l•lO 
L l 1 :< l = l * 1 C• 
Dr. z I=t.zs 
J-=2h-l 
L11JI=I*4 
K= 2 5+ l 
L21t<l-=-1*4 
NFC-=NVAC-1 
DO lll 1 = 1, N FC: 
IPl=l+l 
DO 3 K=l,NV 
lVIKI=IIIFIXIAIKollolOO.)+lO~I/41 
00 lA J=IPl,NVAC 
DO 4 K=l,NV 
l~IKl=SO-IIIFlXIA(K,J)OlOC.I~lOCI/41 
WRITF IJTAPE.l9l J,(,J,(Ll(I()~K=le20) 

DO 17 K X= 1, SO 
DO S M=l,50 
IWI MI=RLANK 
OC 11 L=l,NV 
1 F 1 1 X ( L 1-t< X 1 11, 6 o 11 
lf IIY IL )-SOl 1, 1, 8 
lf IIYILI-ll 9.1C.l0 
1 V 1 Ll = 'iO 
r.c rn 10 
IYILI-=1 
III=IYILI 
IWINI=l 
CllNT 1 NUE 
:)(' ll K=l ,2') 

' 
392 
3Q3 
394 
~qs 

396 
FI..AGl97 

)QU 
~99 

400 
401 
402 
403 
404 
405 
41)6 
407 
408 
4~9 

410 
411 
412 
4l1 
414 
4i5 
416 
417 
411) 

419 
420 
4Zl 
'•2 2 
413 
4Z4 
415 
416 
427 
428 
4Z9 
430 
431 
431 
433 
434 
,, J5 
436 
'• 37 
438 
439 
l>40 

4t.l 
442 
.:.4) 
r,s.:. 
t,4 5 
:,46 

'•4 7 



46 

L~K•~ ~~~ i 
IF IIWIKI.EC.I'L-'NKI GÜ'TO 17 449

1 
F~l(li=WOR02 4S~: 

liC ro 13 4<;¡' 
12 J-VTILI=WOROl 4Sz 
ll <.UNT 1 NU~ 453 

DO 15 K=2b,50 4~4 
L=~+& 4Ss 
lf- IIWIKI.EC.I'LiaNKI GO TO 14 4S¡¡ 
fMTILI=WOROJ ,,' 457 
GO TO 15 4'8 

14 FMTfll=WOROl 4Sq 
1 '5 (IJNT 1 NUE 46J 

lF (Kl!-26) 17.tt.l7 4til 
16 wRITf IJT4PE,Z11 1 462 
17 WR\TF IJTAPEof"4l) L2tKXJ,(IW(lD,L.,.lt501,LltKXÍ 4b3 
PI Wl{iTF IJTAPEoZll ILliiOoK=~··ZOI 464 

P.fTUKN • 46~ 
C *** FO~MAT STATEMENTS oe..¡¡o,:.: 4f>t> 
( 4h7 
lq FnR~Al llHl,lZHVECTOR PLUfS/1~ ,hHVECTOR,IS,LX22HPLOTT~D AGA~hST V4hA 

I~C~CR,I5oZlXbHVFCTOR/lH tbOX14/1Hn,llXlQIS,ZXlH*rl4,915/lH vl3X~OI4~9 

?ZH'' l.lH~I 47J 
11 FCRMAT 11~ .&bVECTOR 9 l1o4X~0(2H9 lrlH6) ~71 

?! fORfo'AT llH tl3li5012t~" l.lH*IlK .11Xl01'5,2XlH*ol4,9151 472 
ENO 473 

,!-

' . 

' ' 
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Descriptiona The pr~am F~uces 'ths' N°(N - i)/2 printer plots, linear 

Commentsa 

Data decka 

Data Card 

regressiom • and simpls correl.at.ions f'or all pairwise c0111- · 

binations ot N variables. ~l cperations are dono accordine 

to single precisiQn Qtandalrd st4tiatical procedures. 

Current d1man3ioning.allovs 2000 o~servations for each ar 

JO variables. l/0 a"e<;ds cont.rols and tormat tl-om unit 11 

.; ' ; ,, • \¡ ' 

reads observ&Uons f~ 46 ud vrites onto 6. Multiple 
',, '' , 

cbservation decks·may,be run by repeating the data deck. 

The UHPLOT subroutines a:-o available through SliJ.RE. The 

ond points o! t.he lln'ear regression are i.ndicated by dots 

1n tbe margin or the plots. 

1) Title card 

2) Control eard 

3) Format card 

4) Observation Dock 

5) End of observations card(s) 

CQIIIpositiona 1) Title Card 

J.ny title ( ~ ?2 ohar.<!.Ctell's) 

2) Control Card 

oolumn 

1-2 Tha number or variables ( ~ 15) 12 

49 



Progra.mmer a 

References 1 

3-4 IND&P ' lndependent variable indicatór 

5-6 IDEP 
' 

3) Format Card 

(1.e. 0 5 yields 5th variable on x 

aiis). Default = last variable. 

Dependent variable indicator (y axis). 

Default = 1 

E or F type FORTRAN format for one observation of the 

N variables o ( ~ 72 characters) 

4) Observation Deck 

Observations as described by tbe FORMAT 

5) 11 End of observations11 card(s) 

Put 9999 in col~ns 1-41 this avoids having to knaw the 

exact number of observations. lf the observations are 

on M cards, fo~low this last card by M-1 blank ~ards. 

Program originally written by Krumbein and Benson of 

Northwestern Universi~. Revisad by Tobler of the Uni

versi~ of Michigan, 1962. 

Co~parable programs ara nov available in th~ BI}%0 system. 
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( PIHlC.fuw TI) PLOT ~CATTE~ OIACMAH~ 

:ll"'f~S!n>..~·fiU.Nt,I)OI. VMINUO . .J. llt,t~)\Cl()t, RAfoiGit.OJ 
1li"EIIlSICN IJI11J.?t:\0Jio • . XC20001,YI20001 
C l.,f'JS ICJII¡ T 1 fL 1 ~O 1, F~TI,2l.b) GRAP~! 1 11001, OH IC( 301, DELY C JO 1 • OELX 

1'(1\01, llHYVI:\.)1, Sl.MXI)OI; SUNlXOilOI, SUMCOV00o30io SIGXi301 
Lll"tNSICN l(AAW 1301. CiSlli'Jt1.1;,, ;t( ::l~h)OJ 1 'Hl0 1 30J, Al30,301o RSQUO, 

1 S O 1 

O 1 ., E N S 1 llN W 1 30 1 
lll\Tt\ F14T/'IA4,Tio •,lRO<I '•' J, •/,t4AL.T/'99qqt¡ 

r oe<ou:)fT UP TARLE IJF RANGfS,:j' 
TRAM:Iti=•J.fll 

; 

., 
e 

nr: t 1 = 7.. 1 o 
L = 1 -1 
T ~ h 1\!1", 1 1 1 = 1 O • il o T R AN G 1 L 1 
NSCAL f::rO 
NHL='> 
'li'i9K= a. 
"'IV l "H 

•••••IHII:· 11111 •, -\"ill MASI·EK.¡¡ :·, 
~t~r. 11.1'1 ll!ll.ill,(·,lol81 

.. Q 1 r r (¡,. ~ ·• " , 1 11 u 1 " .. h.·l a t_, 
lOAr''·-'"¡ ~~,-.,,,>l.INUfP.;Inev 
,.1{ 1 H 1 1., " l 1 r, V:. '1 , 1 r•t: ~ P o,l Q~f~ 
llfJ\C (/,JI) tf .. IIJI,J=lo7.01. 
w P 1 r !· 1 t-, 1 1 1 1 ~ .,. r ¡ 1 ¡ • 1 • .3. ;.gJ .. 
IIIV 111< l ' N '1 11~. • 

IF llf:EPI 4<;A,'tq9,t,<;9 :¡¡J,.~o.(Iol ,.,:,,,_.,. 
ll)t:P = -IC!'P 
NV~Rl : ~VIIR + NVAR 
'* lt~O OIJT ~lJM~ 
·) r. 1 1 = 1 , N VA R 1 
SU"'I(Ill=fl,O 
S l! "' x 1J 11 1 •"> • O 
'H' ''\ J ... 1 , N V A R 1 
')lJI-IffiV 1 ¡, J 1 :1), O 
í.C•I";T::O,O 
•o••!~fAn AlllO STn~E UAT~ MA.I~.f~ 

'·:"' 
\¡w 1\ t l 
~ ~ 1\ IJ 1 4 , r,.. T 1 E 1<4. r, 1 V 1 1 , N t , 1 w 1, N VA R 1 
IF INVAR-NVi\R 11 lifll.o'iC'j,5C'~. 
0() 'i0') t<o:l,NVI\~ 
J J • lf 

J " NVI\R + JJ 
VIJ,~I:::VIJJ,II¡IU? 
1 F 1 E N n , E(). H AL T 1 G•1 TU 11 
IF lfNPI:PI 7.7.~ 
OliM\=VINVAR,NI 
VINVAR,~I=IJIINOtP,Nl 
V 1 1 "'0 E P • N 1~: OUM 1 
IF I(CfPI q,q.P. 
nu~l=VIloNI 
Vll,NI=VIIOEP,NI 

· V 1 l DE P, N 1 = QUM l 

1 
2 
3 
t., 

~ 
6 
7 
a 
q 

10 
11 
l.! 
¡; 
14 
1'> 
~~ 

17 
lA 
19 
20 
21 
22 
23 
24 
2'> 
2ó 
21 
28 
29 
30 
31 
32 
33 
34 
35 
36 
3-, 
38 
39 
40 
41 
4?. 
43 
44 
4'i 
.. 6 
47 
48 
49 
50 
51 
~2 

.":13 
'i4 
'!15 



q 
e 

10 

e 
1 1 

e 

1.1 

13 
e 

14 

e 

1 5 

16 
1 7 
18 

e 
e 

19 
?O 
21 

C ílN T 1 NU E 
o<t> M.CUH SUMS 
OC lO 1 =l,NVARl 
')u¡.oxc li=:>U'1XIli+VC loNI 
5UI<IXCIJI=SUMXOI II+VII,NI**2 
OC lO J =l,NVAAl 

' 52 

SUMCnV IJ, J 1 =SUHCOV 11, J I+VII.N 1•\11 J ,NI 
CCUNT.,COUNT+l.O , .. '·· 
GO TO 4 
~*"' ENO OF OATA 
N=N-1 
NVAR=NVAAl 
•• GET SAHPLE STATISTICS 
OC 12 l=l,NVAR 
XBARIII=SUMX!li/COUNT , , 
S!\XII I=SU~<'XOC 11-XeARIII•SUHX( 11 
VA~ X" SSX 1 11/COUNl 
S IGX lll=SOA T IVARXI 
DO 13 l=l,NVAR 
00 ll J=loNVAA . 
CCVXX':SUMCOVII ,JI-XBAR( li*SUMXIJI 
R 1 i • J 1 = 1 COV XX /1 S 1 G X 1 1 1 tt S 1 G X 1 J 1 1 tiC O UN T 
81J,J I=COVXX/SSXIJI 
A(J,J I=XP~R 111-AI 1 .J I*XBAR(.I) 
RSOIJ,JJ:Rit,JI•Cr2Crl00.0 
~c••~PRJNT OUT CATA 
WRIH 16,351 ITITUU.J=lolAI 
WR !TE 16, 361 NVAR 
DO 14 M=l.N 
WRITE (6,371 
WRITE 16,381 

M , 1 V 1 1 • M '1 • I = 1 , NVAR 1 

WRIH (6,371 N •. IXBARCIIoi=l.NVARI 
W~ITE (6,371 N.CSIGX(IJ,(::sl•NVARI 
****flNO HIN ANO HAX VALUES EACH VECTOR 
DO 24 l=l.NVAR 
VHAXIII=VIloll 
VH1NIII=V((,l) 
DO 18 M=2oN 
1 F 1 V ( 1 , H 1 - VM A X 1 1 ) 1 16 • l 8, 1 '5 
VMAXI ll=VII,~O 
GC TO 18 
lF IVII,Ml-VMINIIII 17,18t,l.A 
VMINIII=\111 ,M) 
CONT!NUE 
RANGIIl=VMAXIIl-VMINCI) 
•~•**SfLECT FROH TABLE A RANGE SLIGHTlY LARCER THAN ACTUAL RANG~. 
**•**FOR EACH VECTOR. 
DO 19 K=3,10 
M= K -z 
IF (RANGIII-TRANGIKII 20.l~ol<; 
CONTINUE : 1 
DO 21 K=loN 
V 1 1 • K l =V 1 l, K 11 T R AN G 04 8 
VloiAXt 1 ):VMAXI I 1/TRANGIHI 
VMINIII=VMINI 11/TRANGlM)-
RANGI 1 I=RANGI 1 1/TR.ANGIMÍ 

S() 
')J 
se 
S9 
60 
6¡ 
62 
63 
6t, 
óS 
66 
61 
68 
ó<:¡ 
70 
71 
72 
73 
74 
7S 
76 
71 
7B 
79 
so 
81 
82 
83 
l:\4 
85 
8b 
87 
88 
89 
90 
91 
92 
93 
9t, 
95 
96 
97 
98 
99 

100 
101 
102 
10'3 
10 1

• 
105 
106 
107 
lOll 
109 
llú 
ll) ' 

.. 



u 
( 

l3 

r 

( 

e 
lb 
n 

l 

e 

ltl 
r 

lO 

Wl 1 l.,TRA(\j(j(MI 
no n K= 1.1 'l 
V"'ARG=Fl!JAT IK 1 
V~ARG=V~A~G~lO.O 

X"'l"-~ tl~\'Gili-V"'ARG 

1~ IXMINI 2~.12.22. 

~ ' ¡ . 1 ' l J 

SJ 

112 
t13 
114 
ll5 
116 
tl7 

Cr.NTINUF . ' .(,. ~ ' . . "" "'\ . 
·' · ·· l lB 
ox'FFERENc'É:t ra·'~ir ~Ew Rlüú:;E -shi:2áo n9 •~oooSPDtAD ~AX + M!~ISPliT 

V"'ARí,=-XMIN/2,1') 
V"'IP..III=VMIN( 11-VMARG 
V"'lf>:C! ).:HfiX(VIoliNI.lll 
V"'IIX( 1 I=VMUIJJ +V"'ARG~O.'). 
V"' 11 X 1 1 1 = Hf 1 X 1 V "1 A X 1 1 l ) 
IUNC.Ili=VMAXIII-VM IN(() 
~*•*~C.ALC INCRF.MENTS ~ACH SPACE ALONG ~ANO V AXIS 
nFL::III:d<ANGII 1/77.0 

· 11 t L Y 1 1 1 = R AN G 1 ! 1 1 4 ';i • C 
Dl:LXX 1 II=RMJC.I 1117.C 
OH VV 1 II=RA~GI i 1/5.0 

1 1 1 ~ ,. 

•••SE f liP í,~I\Pt-S tAO· PAIR nF VECTORS 
OC: 3,) J:(,NVAI{ 1 •,!. ;.-

o u 1T H V 1: el UR El E eoM E S ·VVEC JOA , 
no 2'> M= 1 .N 
VI,..)=VI!oMI 
YMit-;=VI-IINIII 
VMhX=V"''•HIII 
llC l2 J= 1 ,NVAK 
IF 11-JI 2b,12,l~ 

~~<HJTH VECTOP efCO"!ES 
0(1 'l'l M= 1 ,"J 
lC 1 MI= V (J ,M 1 

X VECTOR 

lC~I~=VMI(\jiJI :' 
)(JihX-=VMAX(J) 1:.! 

**•SEr lJP GRIO W[TH AXE·S ANfl VALUES EACH 
C:~LL PLOT1 INSCALE.NHL,NSBH.~VloNS8V) 
C.\LL PL!lT? IGRIIP ... ,XMAX,X~IN.n•AX,V"111-.l 
•o•9ELfTE CRIO LINES F.ROM Rnov Of GRAPH 
t< '(=t. 

OC 2'3 K=1,'<X 
YVAL=VMJN+FLOAT III.Jo:GELVV( j 1 
nr. lA L = l, 7h , 

XDIV + VOIV 

C <'1 l l P U' q 1 1 H , X " l ~; • F L CA TI 1 I*DELJCIJI ,VVAL,l ,41 

Of ;o t<.=l,KX 
XV .. l=X"!IN+FlOIIfiKJor.ELU(JI, 
!) r. ;!e¡ L = l , 4 1• 1 

CALL PLCJT'l !Ht ,XV~L,YMIN+FIOAY·ILJ00f.LY!II.lo41 

ouPLCT t:t>.tD Plllt:TS OF REGJ;fSSIOII. LINf IN MARGIN 
VVI\l=IA([,JI•BII.JI'-WIJioX"'INI/Io.lll , 
f.All PLOT'l llH,,X ... IN,YVALol.4) 
V V Al= 1 1\ ( 1 , J 1 + ~ ( 1 , J 1 111 W ( J ) ol< )CM A X 1/\od 1 ) 
e A L L P l n T J 1 1 H • , X ·-t !a X , V VAl .1 • 4 1 
ft.AIJ= .,esl t>< t,J 11 
1 F 1 A fl 1 J- () • 00 (lf) u 1 t · 3 1 ,) l .3 0 
X V Al= 1 Y MI N• ..1 ( 1 1- ~ ( J , J 1 1/ ( S 1 I, J 1 o W 1 J 1 ) 
CALL PI.OT3 (lH .. X'I.!L,VMINol.41 

LW 
121 
). ?.2 
123 
124 
\?.S 
126 
:..n 
12a 
Í29 
! 30 
131 
137 
133 
134 
135 
136 
137 
u a 
l 39 
140 
l4l 
142 
1.43 
144 
145 
146 
147 
141:1 
149 
l'iO 
1 '5 1 
152 
1 ~ 3 
l'i4 
1'55 
l'i() 
1 S 7 
l.~[l 

lS9 
!. t, (l 

161 
1&2 
1~:<··, 

l ,.., '· 
¡ i:· S 
l.fló 
1.::. "1 



- l• • 

)(V Al= 1 Y M A X o W 1 1 1- A 1 1, J 1 1/l f\1 1 o J 1 *W ( J 1J 11l8 
C:All., PLOT3 llH.,XVAL,YHA~ol.41 1t-.9 

r o u .. PlOT ALL CATII PO l"'TS •. HH ANO JTH VFC TCRS 170 
31 CALL PLCT3 '1H•,XIlloYilloN•41 . 171 
C Qo • o 1.111 1 TE Oll T GR AP:Ii .: , . . .. l 7 2 

'.oii<ITE lt-.391 J,J,AIJ,J),·B-II~Jl,RII,JI,P.SOIJ,JI,N 173 
CALL PLOT4 12'5,25H ITH VHTORI 174-
wlliH lb.40l 175 

~~ CQNTJ~UE 176 
r.c rn z 117 

C W,P .• TOPLER 1 UNIVERSITY OF HICHIGAI\J GEOGA.APHY 1 1962 178 
e 179 
)'l f-ORMAl llllA4) 180 

34 fCR,.,ATI3121 ... 181 
3'5 FOQIAAT 11H1,18A41 182 
~6 f'O~ .. IIT 1110X.J2ol6H VEC.TORS,OF DATA/lOX,1.8H------------------I 183 
~7 FCRI"AT (')'(, 14,8Fl4.2/(9X,8FI4.211 184 
3H FfJI'lioiAT l//lOX,44HN,,._~EANS,,ANO STANOARl) OI:VIATIOI'.S ARE ••••• 11 195 
3'4 h!R"AT llH1,2Hl=.l2o3X 1 2HJ=ei2 0 5X 1 5H( 1 =,F10.4,)H + ef10.4,6H * Jlk6_ 

l l , 5 x , 7 H R 1 1 , J 1 = , F 1 O • 4_ • 5 X , 1 C tt PC 1 S SR 1: O-= , F 1 O. 4 , 1 H , , "> X , l h , l X • h H PO l NT S 1 8 7 
21111 lRR 

4) FC:K,..AT I/30X.l')HJJH VECTORl 189 
4! f.Ctl.r.tATI' I\JVAR-::',13,4liv'INOEP='.I3,4X,'l0EP= 1 ,J31 ~90 

tND 191 
;.. 1: 11 T n,' ') CA T A F O R l T AL V , _ . ~ 

7 3 e; 
(ff'1.ll -- . 
14,9 J'11.014'5,'114l.Ol'57,014l.Oi47.2 
,A 1-,2,2 38.7 41.7 ~5.4 .. 34.6 32.fl 
A • j '10 • 1 b O. 7 4 7 • 7 4 '2. 5 4 4. 6 3 q. "i 
Q.1 AR.b óQ.5 5b.8 41.7 39.8.39.1l 
3 1 • O l e; •) • >31 4 l' • O 1 3 l • O 1 ~ ' • O 13 O • IH 3 '1. 2 
'2.6 41.1 44.ó 25.7 2~.3 28.7 25.7 
;;1.4 l04.Qflfl.O 79,0 7'5.0.81.7 78.5 
1.9 74.7 54ol 44.2 38ol 34A3,33.7 
C."i 77.R 4ó.l 41.1 41.7 44.6 35.4 
7.0 51.2 47.? 35.R 2~.~ 21.9 28.R 
17.J 9R.O 93.0 98.3 7G.5 83.G 81.1 
14.8 7?.s ó4.~ 58.9 4e.7 51.9 so.A 
10.9 74.3 t,Q.2 39.8 42.2 39.4.37.~ 
7.2 '33.1 4?.5 40.3 H.3 :34.0.33.? 
0.~ "ib.O 61.0 67.5 51.6 4~.t 47.1 
q • i 1 7 ¿ • R 1 2 O • O 1 1 6 • O 1 7.3. 1J 1 4·4 • 6 1 ·3 2 • 6 
fl.;l 9J.7-h0.7 47.7 44.1 44.6 3'1.'; 
16.3 111 .e77,4 t>o.s 5ó.e 50.9 54.0 
15.7 Q0.8 69.0 '53.5 49.2 44.1 40.0 
~.2 81.8 53.0 41.9 ~8.8 38.8 35.4 
4.9 109.368.~ 49.9 44.4 43.1 41~6 
11.0 64.7 50.1 41.0 37.3 34,4 34.4 
~.1 lló.J ó4.R 54.3 ~7.5 42.2 34.7 



GEOORAPiiiCA.L INTERPOLATlON 
' 1 ' ' 

;,, . 
Purposet Interpolation t.o'·e ·aq\l&l'e lattice frOIIl measures given o.t 

. ' . ' ' . ' ~ ' 

scattered geograpb1cal (xDJ) positi~ns. 
: < 'u 1 j o ' 

Descriptiona 'llle ass'UIIption 1s !Hde that. the data are a &8111ple taken 

trOlll a contiuuow.; se alar tield, ar.d tbnt values nt unol:>-
. ' ' '.· •''1 . ' 

servcd locetions can be estimated trcm the observed val-

ues. The second &9SUMption clearly requires 1nformat1on 

concerning tbe.shape: ot the tve-dimensional autocorrela-
. ~ . . 

tion 1\lnction; ras"is discussed by Heiskanen and MoritzJ 
! l 1 :: • • ~ 

equivalent]Jr,'.tbe appllcabUity of the sampling theore~~~ 

in tvo-dimensions should be recognized. 
: 

More specitioally, the program establishes a lattice and 

estimates a value at each matrix point by using a veighted 

average ot tbe cix nearest data points. The veights are 
' 

the inversos of the squares ot the distances of the data 

points trom the latti~e point (i.e~, linear 1nterpolat1on). 

Tbis veigbted average is then averaged vith tbe vo.lue at 

the nearest observation point (implying an autocorrelation 

vhich has a largo negativa slope 1n the vicinity ot the 

origin) to give tbe tinal estimate. Alternate procedures 

are al terna te hn>otheses about r1a ture. 

Deck Hako upa 1) First Cont_rol Card 

2) Second Contrul Cal"d 

J) Title Card 

4) Obsorvations 

S) Boundary Card ( optional) 

Data Cal"ds 1 First Control Card 

SS 



column 

1-3 . N 

4-?1 FMT 

Second Control Card 

1-) ROWS 

4-6 COLS 

?-10 GSIZE 

11 BND 

'. l 

12 LIST 

1) IPUN 

14-15 NMAP 

Number of ob~ervations 

Format for the observations 

Number of rows in the output lllAtrix 

(13) 

Number of columns 1n the output matrix 

(I)) 

siza of lattice 1n coordinate units 

(F4.o) 

1 toread specific boundaries¡ default 

uses the observations to calculate the 

boundaries. 

1 to list original observations 

2 to list estimated values 

) to do both of the above. 

1 to punch matrix of resulting values 

on unit ?. 

Numbér of maps requested, This option 

requires that subroutine SCON (see 

progra.m GEOFIT) be called at l.ine 

149 of the programo The current 

listing does not include this option. 

Comment a . GSlZE: '· C,OJ..S, ROWS ( 1n tha t precedence order) 

establish the size of.the matrix. All may be ,. 

left bla~ and the program will use a value 

which yields approximately as manY lattice 

points as there are data points. 
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Title Card 

Any title 1n oolWRnS 1-?2. 

0)-~scrva tions 
,,., 

X, Y, Z 1n that order puncb~l as described in tho tormat 
J .• 

in t.he tirst Ciontrol card~· 
' •: t ,, J j 

Bow'tdaq Cal!'d 

Used i!! BND u 1 on tht~ oecond control carda Reads XMAX, 

XMIN, YMAX, 'XMitl as 4F10o0 titllds. Theso dei'ine a sub-

region of tbe data tor vbich the 1nterpolat1on 1s desired • 
• 1 • ~ ·-

PJ"OgrUU~~era W.R. Tobler 

Reterences 1 J .w. Goodman, Introduct1on t.o Fourier Opt1cs, Nev York, 

HcGrav-!1111, 19680 PP• 21-2,5, 
' 

~o He1:Jk.anen 0 IUld H. Moritz~ P}!ysical Geodesz, San ~an

cisco, Freeman,. 1967 (~hapter ?). 

H. Freeman, D1s'cretc:l Time S;ystelllS, Nev York, J. W:Ue,y, 

1965, PP• ?3-9~. ' 

B. 01lchrist, G, Cressznanu 11An Exporiment in Objeotivs 

Anal.ysis11 , Te'Uus, 6, 4 (19,54). 

O, Shepard, ·n Á' '1\,o Dimensional Interpoht.ion .Fnnet.ion for 

Irregul.arl,y-Sp&ced Data", Proceedings, 1968 ACM Nation.a.l 

Conferenoe, pp~ . .517-524. 

Po Svitzer, 11Reconstruot1ng Patterns trom S.11mple Data", 

1 

N. Wiener, Extrnpolation, Interpolation, and Smoothing of 

Sta tionar,y 'l'i.me ·Series 9 MIT Press, 1949. 



r PIUILRAM JO INHKPULATf FROM SCATJLRE:D VALUES JO A lATTitl: 
C P[I\OS NlJ13Stf-OR"'AT 1 CUNTROLSo lJTLb UATA (X, Y, 11 
C CONTROLS: 1713.F4.J 1 311,121 ARE IAOWS,COLS,GSilf,BNO,LIST,IPU~.~~API 
r 
e 

r. 

P~I\IJS s,wruH:; f>o PUNCHES 7 
Dl'ifNSION XllOl!)l, Vl10001 1 WllOOOI,-li100,lOOI, 01201, FC 

1~141101. TITLI121o Al61o 8161, Cl6l 
OIMENSION FMT417),NII20l 
KfAL MI\XX,MINX,MAXY,MJNV,MAXW,MINW,MAY.Z,MINl 
JNTEGER TAPE,VES.aNC,ROWSoCOLS 
TAPE= 7 

lOS CONTINUE 

qq 
~EADIS,99l N,(f,14TIIIel=lo17L 
FORMATII3ol7A41 -
KEAUIS,llOI ROWS,COLS,GSilEo~NO,LJST,JPUN,NMAP 

RfADIStllSI ITITL(J)ol=ltl2l 
DO 1 1 = 1, N 
RFAO (S,FMTI Xlll 1 V!J),WIJ) 
IF ILI<;T.LT.l.OR.LIST.GT.:H GO TO 5 
IFILJST.Nf.2l WQJTEI6.1201 ITTTLI11.1=1,12l 

S IF IIPUN.EO.ÍI WRITE 17.1251 ITJTL(ll,l=1.121 
DO 10 1=1,N 

10 IF ll!ST.EO.J.OR.LJST.E0.3l 1111tlTEI6.130l I,XIIloYIIl,WIJI 
C AL l q A r S 1 N .1 , 10 O O .1 , X, X A A~ , O UM , X S 1 G , M A X X , MI N X 1 
CA ll '> T A T S 1 N , 1 , 1 O O O, 1 , Y, Y a A R , D UM , Y S 1 G , ""~A X Y , "1 I N Y l 
C Al L S T A T S 1 N , l , 1 O') O, 1 , W t 1.' 8 A R , O U"' , -1 S 1 G • M r. x ¡., , '11 N W 1 
IIRITf- 16,13'11 (JITllllvl=l.lllrN 
lf- !~1\JO.Nf.ll GO TO'lS 
WRITF (f>.l401 '· ·l 

~fAD ('>, 1451 XMAX,)(MI~o'(MA~.YMIN 
GO TO 20 

15 WRITF 16,1501 
XMAlC=I-IhXX 
X'-'lk=MI"JX 
Y 1' A X= !4 h X Y 

Y"'IN=~INY 
70 Ffi:="'AXW-MIN'rl 

,.¡~fiX=FNH-1¡\X'rl 

W f'l 1 N= ~11 N W- F N 

MAXl=I-'AXW 
MINZ=M!Nw 
WKI TE (f>,1551 NIIIAP,UST,RNO.TAPE 
M=') 
FI\=FLUAJINI 
OX-=X"'hX-XMJN 
O Y = Y 1-' A X -- Y M 1 N 

1 
2 
3 

" S 
b 
l 
8 
e¡ 

IQ 
11 
12 
13 
l'o 
l':i 
lb 
17 
18 
l'l 
2,1 
21 
n 
23 
24 
25 
26 
17 
2R 
2q 
30 
ll 
32 
33 
34 
35 
lb 
37 
311 

40 
41 
42 
4) 
44 
4'> 
46 
47 

AREA=OX•DY ~·. ,! 1 48 
R(ST=SQ~TIAREA/FNI. 49 
AVFrJS=AEST*l.07346 50 
WRITE l6,lf>Cll Xf\AR,XSIG,MAXX,"'INX,YBAR,YSIG,MAXY,MlNYrloo!3AR r..IS !G,MA 51 
lXW.MINW,ARE~oAVEDIS,BEST,GSTZE,ROWS,COLS 

IF lf.SilE.LE.OJ GO TO 25 
COLS=I?.O+DX/GSIZEI 
ROWS= 12.0+DY/GSIZEt 

S2 
53 
~4 

55 



e 

e 
]'; 

e 

e 

t 
6Q 

M= 1 
co ro 4S 

2S JF ICOLS.LE.ll COTO 35 
lO CSilF=DX/FLOATICOLS-11 

ROW~=Cl.O+DV/GSIZEJ 
H: l 
GO TO 45 

IF CROWS.Lf.ll CO TO 40 
GSllE=DV/FLOATIROWS-11 
COLS=f2.0+0X/CSIZEI 
lo4=1 
GO TO 45 

40 GSIZE=BEST 
C.OLS= 12.0+0X/GSIZEI 
ROWS=I2.0+0Y/GSIZEJ 

45 CONTINUE 
1 F 1 COL S .LE • 10 I>J GO 1;0 50 
COLS=liJO 
GO TO lO 

50 W R 1 TE 16 , 16 51 

. . . . :. ,.l~ ·. 1 

59 

1 F 1M. E O. lt WR 1 TE C 6, 1701 . 
IF IH.NE.ll WRITE l6d751 
WRITE 16,1801 XMAX,XHIN,'O-tAXoYMIN,GSIZE,ROI-IS,COLS 
IF CLIST.E0.7.0R.LIST.EO.:U WRITE 16.1851 CTifl(Jt,l=l,lZI 
OY=IDY-IROWS-l.JOGSilEI/2.0 
O X= 1 OX- C COL S- 1 • 1 o G S IZ E ) /2. O 
YMAX= VMAX-OY 
XMJ f.o= XMJ N+OX 
HGRID=CSJZE/25.0 
FN=CWHAX-HAXWI/2.0 
MAXX=HAXW+FN 
141NX=HINW-FN 

WRITEI6,1991 
DO 95· M= 1, ROWS 

YP=YHAX-CFLOATIH-liiOGSilE 
DO 90 J.z 1, COL S 

XP=XMIN+IFLOATIJ-li1•GSIZE 
00 55 1= l. 9 

55 011 l=l.ElO 
Nllll=l 
NlCZI=l 
DO 7 5 1= 1 r N 

Ko: I 

DIST-=C IXP-Xf I IIU2h( (VP-YIIIIU21 
IF (OIST.CE.HCRIOI r.o TO 60 
liMoJI=WII) 
GO TO 85 

IFIK-81 61,61 1 62 
YES=K 
ca ro 63 
YfS=a 

S6 
57 
58 
'59 
bO 
6! 
62 
63 
64 
65 
66, 
67 
68 
69 
70 
71 
12 
73 
14 
75 
76 
77 
78 
79 
RO 
81 
82 
8) 
84 
85 
86 
87 
8tl 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

lOO 
101 
102 
103 
104 
105 
!06 
lO 7 
10e 
10<} 
110 
111 



h} 

e 

e 

llr. 7:> ll.=loYES 
1 F 
no 

IOIST.Gf.DIKII 
6~ JJ=KoYFS 
KK=VfSo-K-JJ 
"4M=KK+l 
Ol'l"li=DIKK) 

llll l "'M l =N 11 KK) 
OIK 1-=0IST 
Nl(t<)"'l 

7íl r..nrn 1 NUE 
JS CO"'T 1 N'JE 

')UMl-=:J.O 
PSUI-I=;=').') 

GO TO 75 

o e f.! O 1 = t, t. 
YF.S=N1111 
MA )(W= 1. 0/1 ~OR T ( C ( 11 l) 
P<;lJ"'=PSUMt~IAXW 

AC UUMl=OUMl+WCVESI•MAXW 
UU~<'ó=DU"~l/PSUM 

l'l<ll=Nll11 
OUM2=WINlll 
OU"4= 1 Dll~2+0U~161/'2 .~ 

60 

GO TO 70 

1 F 1 OtJ "~ • G T • M A X X • OR • DUM .L T .14 11\J X 1 l 1 '", J 1 =O UM 2 
!f IDUM.LE."'AXX.ANO.OUM.G[.MINXI ZIM 9 JI-=OU"1 

H'i CONT INIJE' 
Qf' COIIIT!NUE 

IF ILIST.E0.2.0R.LIST.EQ.31 WRITEI6.190l IZIMvll,l=loCOLSI 
lf IIPUN.FO.ll WR1Tfl7.1'151 IZIM,ll, I=l,COLS) 

95 CONTINUf 
NEWTnT=ROWS~COLS _ 
CALL STATS IRnwS,COLS,lOO,lOQ,Z,ZBAR,XP,ZSIG,ZMAX,ZMINI 
YM 1 N= YP 
W~ITF 16.2~01 NEWlOT,XMIN,YMIN.ZMAX,ZMIN,ZBAR,ZSIG 
WRIH (6,2051 
IF INMAP.LT.ll GO TO 105 

1 12 
1 1 3 
1 14 
1 1 ') 
116 
1 1 7 
1 113 
119 
1 21) 
1 21 
122 
123 
1 24 
l 2 'i 
1 26 
127 
128 
129 
1 30 
1 ll 
l 32 
133 
1 34 
L 35 
U6 
137 
1 31:! 
L39 
140 
141 
142 
143 
144 
14 5 
14(: 
147 
148 
l4q 

110 FOR~A'f 12I3,F4.0,311.12l 1'50 
ll'i FCRMATtlV41 1'51 

120 F0R"ATill-1l,J2A4,//,3Xo24H CnORDINATI: OBSERVATIONS 152 
12<; FORMIIT(6X,l2A41 153 

130 FUfi,..AT ISX,4H 1 =,I3,7H XIII =,Fl0.3,7H VIII =,Fl0.3,7H \nll =,Fl01~4 
1.3) t55 

l 15 
14(' 
14 '5 
1 o:; o 

FOR"'ATilHlo 12A4,//,3Xol5,l~H OBSERVATIONS ,//1 156. 
FORI-IfiT 13X,?'iH BOUNDARIES PREOETERMINEOI 157 
FOR"AT l'•flO.O) .¡! 158 
FQRWAT 13X,32H Pnur~CARIES CALCULATEO FROM,DATAt 159¡ 

l~S FQP.MAT (~)(,6HN:-111P -=,13.nt LIST =ol3,6H 13NO =,I2,7H TAPE =d3l 1601 
lt.O FOCI."AT 13X.l'iHfiASER'JEO VALUFS,//,3X,6HX6AR =1 F10.3,6HXSIG =,Fl0.3,161 

l6H~AXX =,Fl0.3i~HMINX =rFl0.3,//3X,6HYAA~ =,F10.3,6HYSIG =,FtO.l,6162 
2HMAXY =,F10.3,6HMINV =,F10.~,//3X,6HWBA~--=,Fl0.3,~HhSIG =,Fl0.3,6Hl63 
3MAXW =,F10.3,6HMINIJ =0 F10.3.//3X,6HAREA =9 Fl0.3,8HAVEiHS: ::,Ft0.3ré>l64 

16') 
170 

41-fREST =oF10.3,//1X,7HGSIZE =,F!0.3,6HROWS =,14,6HC,OLS =,.14,1! 16~ 
FORMATI3Xv 1 ROWS,CCllUMNS, 'oR GRID SIZE ' ) 166 
FORMATI3Xo 1 SPECIFIED A PRinRI 1 ) t67 

1, 

, 1 
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170, FCR~AJ()X. 'CALCilLATHl FRI)M THt: DATA '• 1 168 

( 

r 
e 

e 
e 
r 
e 
e 
e 
e 
r 
( 

e 
r. 
r 
t: 
r. 
r. 
r. 
e 
r: 
( 

l~" FCR~IITI3X.lM1 VAlUES E~PL'lYFJ,/,)ll,m X"'AX :,flú,),]X,7H Xt41'11 =,F L6Cl 
ltry,),3X,7H Y~A( :,Fl0.),7H V~l~ :,f10.3./,)X,~H G~llE :,fl~.],]X,7170 
ltl fH1WS=.I4,8X, 7H COLS =.141 171 
FC~"'A T llH 1, l?ll~t,//,3X,ZOH 11-.JTEí<POI.ATEtl VALUFS 112 
F- • J q rw ~ f 1 l Hl), 1 l 0 F 1 J • l) 1 1 7 3 
fC~~AT(RF1~.31 !74 
FCq~A T 1' lRE SliL T ING VAL Uf S 0 1 1 7':1 
FC~~ATIIHJ,)X,]~N =1 13,hHlMIN =,rtry.),)X 1 6HYMIN s,fl1.J 0 //,4~,6HZW1~~ 
lA~ =ofl0.1o3~,6Hl"41N =,FlC.l,)X,~HzqAR =,F1J.1,3X,6HlSir. =,FlO.J 1117 

70~ FOR"'ATI13 ... 1 EN!l OF CATAI ·17f.\ 
E~O l7Q 
SIJIHIOIIT(IIil: STATSIRJL\S,eOLS,JJ,JJ 1 X,XPAR,XV\k 0 l(Sir.,'IC,.AX 1 XMINI l~J 

SUBHnCTINE ST~TS l~l 

--------------------------··---------------------------------------l~l 
PU~PUSF 1A3 
TC CALCULATF STATISTICIIL ~[A§UqfS nr O~E O~ TwO Ol"'E~SIONAL U~T~ 154 
IIAR"VS. ~I:ASUJ..FS OFTEiU41NI:-O A~E li"41:AN,Zt\llll(lANC.EdiSTI\~OARI} nEVI11l85 
-TION,4JIII\X[~II'I VALIJE.'il~lNTMU" VALIIE. lAb 
------------------------------------------------------------------1R7 
usAra - lbq 

1!-19 
r.All STATS(IHI_,S,COLSoli.JJ,X,KBAP,XVA,l,l(51G 1 l(/t4Al( 0 XMII\) L90 

POwS- NU~PEP. f)F ~OWS (N ARIUY C\EING AIIJALYlEO. l'H 
COLS- ·'llJMtHA UF COLU"'NS (N AQRAY RI;IN<~ AIIJALVZEIJ. 1'<2 

11 - "'Al<PW"4 f\lii,..,A(~ nF ~UhS AllOWf') FOI( AP.RAV ~flt.¡G llii.ALYZF.ll. 14) 
JJ- l'll:tiY.UA1 NIJ"4l'F.~ OF COlU~lNS 1\llOWHl fi)Q ARRI\V 6EI'-'G ANAl\'lEl). 144 
X - DATA ARRAY AEING ANAI.Yl";>. l<lS 
XUtP - ~EA~ O~ ARMAY ~9A 

KVAR- VA~IAN(f OF ftRAAV lQ7 
XSIG - STANC..-.~•1 OEVIIITIIJN OF Aql(.n, l9A 
~"'"W - MAX!MUM VI\LUF OF ARRI\Y, tqq 

k~l~ - "4JNJ"4U~ VALUE OF APRAV. 700 

------------------------------------------------------~-----------'~1 

I~TEG~~ kQ~~.rnL~ 
•l 1 /olE 1\l S 1 01\ l( 1 l 1 , J .J 1 
¡: ~II=PilwS•CnL ~ 

~S'JII= J .0 
k Sil~= J. ':1 
~"4AX=X(J,ll 

X ~~ 1 ~; = X ( 1 , 1 l 
nr., l=t,Rn~s 

•>r. '\ J:J,(IILS 
!F IXI!,Jl.GT.X'1AXI XMAX=XIl.JI 

IF IVIJ,JI.lT.XMINl l(lo41N=XIr,JI 
XSI.I'I.::l(SIJMtX(I,JI 

X~iJP=lCSQR+XIl,.JIUII,JI 
X 81\P= X S•JM/fNO 
x Vf¡R= 1 x SOR- 2. o•xBAt~o x SIJM +flm•x 1"\AII*XRAR 1 /FNO 
XSlt;=SQRT(XVARI 
RETURN 
ENn 

zr. ¿ 
-?'• ~ 
.") \ '• 
;') '5 
?r",6 

?'"!"f 
¿rij 

"''~ 
'l J 
7. 1 1 
(12 
! l 1 
214 
:~ l 'i 

2lfl 
?. 1 7 
?.Pl 
219 
7.:'0 
?.21 



MAP PLOT'UNli AlilJ CON'l'OUHilli 

The program produces 1sar1thm1c maps on the lino printer 

from scatterod observations.by first interpolating toa 

lnttice and then contouring these regular values. A 

locat.ion map of thll observations, a list of the valuos at 

the grid intersections, and tho contoured map are returnod. 

Dcscription1 For e:~.ch lattice point the program exa.mines every observa

tion, deleting from consideration all but the nearest NIPT 

(~10), regardloss of direction from the grid point. The 

only excaotion to this search ~ro~edure occurs when ~n 

observation within IMUl (real) ot the point is encoWJtered, 

at which time its value is accepted as the lattice value 

and no further observations nre testad. In the general 

case the value ·aqsigned to the lattice ooint is 

vbere z
0 

is the value of the nearest observation, d is 

distance, and the sums are cnrried !rom the nearest to the 

NIPTth nearest observation. The lattice valu~s are then 

printed row by row in n tabla, atter which it is possible 

to tarminate the programo 

The location lllll.p and contour map are constructed silnultan-

eouslyo Values appropriate t.o the latter are stored in a 

scratch file for later printin~, wh\le the contents of tho 

fonner are printod as the contouring algorithm is executed o 

This routlno determines values along horizontal lines by 

6) 

., 

( 
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linear interpol~tion or the values at the bounding inter-

soctionso The values or the printer elements within P.ach 

row oí cells are 1nterpo1Ated linearly from the appropriate 

elements ot th~ two bouñding horizontal lineso 

The location map shows grid int~rscctions by ticks nnd the 

observations by asterisks !~llowed by the Z values. The 

contour •'-<lP prints a different symbol for e3ch contour 

interval nnd denotes obssrvation locations by asterisks 

alone. Bo~ have X and Y scales printed in the roargins. 

Within the restrictions that the observations be given tn 

rectangular coo:rdinates and that the 1114p produced be isar-

ithmic the usar has great Oexibility. The spacing of ticks 

on the map is fixed both horizon~lly and vertically at 

one inch 1 with the result that a larga map 1s produced 

in sections of twelve :l.nch w:l.dth and unliJIIited lengtho 

The size oí tha 111ap is determ:l.ned by the user through the 

varicble SCALE. This is the interval along both the X and 

Y axes which will correspond to one inch on the map. This 

value should be chosen vith care 1 as it is in the inter-

polation of grid values that much time is consumad. The 

program examines each o! the N observations, rega~less 

o! tho section of the map into which it falls, to find the 

NIPT nearest observations t~ each grid poi.nt. SCALE may 

be chosen as zero 0 the dafault valuo, in which case the 

program nssigns .to it the value of 

[<~- ~) •(Yma.x- ymin) /N]~ 
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3 roügh Áppro~t1ori of tne riUmber ot map cells to the 

nümher of óbservótioHsó 

THa üSer may read in tke a~Xifua snd mínima or the X, Y, 

ana Z Villiés over whioh the map is to range, or he may 

ae!aült· t6 the sxtréma ói the observations. He may 

reqüast á é:éftalri cohtoúi- intorvliis default is one tenth 

the rD.nge o! í o iil'lethet- read in or detennineél by the 

programo If the liitervii.l ~liasen ,Yields ~ore than 37 con

toürii tiré ·z. incre'níeñt is <ioübled. 'i'he user m.s.y state the 

~íG:imum '<:listahce i'rom a grl'd ihtersection at Wb.ieh an 

(Jtls6rv4Ü'ónis z ·vaiü~ i!l ac·cspt:abio f'or the gri:d value. 

Yt is a'dif!:sábh t.o 'ii!A.ké this aistanc'G OON S:maH rela

Üva 't'ó ·sit'iili~r the dete.ül't is stA1'EÍ2:5. He may also Cle~ 

fi¡:íe mi' 'fi.'s th'i! 'nil!ñbéi- c;·r i'l'earest nel-g'bbor-ing observa·~ 

H'Ons i'rom whié'h 'úíe ·grla vi.iiues ·a·r•e 'tó ·be -in'ter.pola Uid. 

:Miü:!i:rtiUih i:s hl_'né-, cféfáÚÜ ·h 51x. The're -11.1-e ·ál:so opt:irons

t:o 'iiüppi-e's's ;pr'i't.ting o'f eé\-t.ain ·oü'tpu.t :Céatures 'llnd 'to 

;punc'h 'iba ·val:üee 'a t 'the .-l:iitü.e'e ;petnts. 

'Ji'tie -'i:siír'f'-t:tuJi'rc rmap ··com&s ;fñ 'Cine 'oÍ 'tru•e'e 'stylre's.. ~The 

use'i- 1may <e'hoose 'til ihl¡vo 'tt6 'tiiÍtlYe :fi:el'd :'fi:li"ed ·lfi~th rsym~ 

iooTs'• "a 'compto't-e·ry •coiltoüroa r¡,¡alp 'Wí-th ··lfi!f.i'érerít :syuibo:ts 

"re'pr'Eiiíoht':tng 1úÍf-fe"ro:iht :z -rn'tel;,a1srr •'contoifrs 'áre rCfenote<:i 

15jr 111. (C:'li.ange 'o'! 'syuiboi'. ror 'e.itürt'na'l-6 •c·ontotir ~t-a·¡.,.áh 

ri:ílly iba 'süpprocsséd, ~Yéarlng !~ltiáe ¡baltas lbe'twe-en {the lpiúi'teti 

?flitJirvús. ·:rti:rs 1th1i tusüa~i<Iy :1mprove \f.h·a -Vi:'sua!J. !hnpac"t-. 

':'tl:ie ~'iRJ ,.~hbfce ~is cáh :s.-étua~l :rs-arftMli·c ··map, r!Vltthough 

~th~e fpFoífr!Üil ~"dbe~s 'nÓt •ca.lci.üJit.e ~po'.Híts rál."ong tihe :,J.'tne lbút 
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uses inste~d the lowest rin~ of characters in each 1nter

val as an approxiluation to the contour. All roaps have 

tha locating nsteris~s for the obssrvations. 

I/0 units 8 añd 9 aro used for storage during execution 

ond should be set to t~rnporary files. Unit 'l 1s used 

fOl' puf'l-:h out.put¡ if no cards are desired set this to ll 

ttemporary file. The first control card reads the units 

to be used fol' input and output. These are usually 5 and 

6. 500 observations c&n be handled by current version of 

the programo 

Ueck Make-up~ The main prog~am reads two control cards and then the 

observationza 

1) I/0 Card 

2) Vari&ble Fo~at Card 

3) Observations 

The subroutine Grid reads three mora c~rds, Grid Cards 

! 0 Il, anti lli. 

Card Fonnats 1 JJJ!. C8l'd 

1-4 

8 

12 

N 

INPUT 

OUl'PUT 

Variable FormAt Card 

Number· of observAtions 

!/O unit to b~ us~d for input (reading) 

I/0 unit to be usad for output (writ

i.ng) 

Tnis describes the N F.roups of X, Y, and Z values. As 

many of these triples may be placed on the same observation 

card as desired 1 the format card will include between Pú.r

enth~se9 8 description of the arrangemant. 
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Ob~ervction decka X, Y9 Z values 

Grid Card I• This reads an alphanu=eric title of fewer 

than 81 spaces. 

Grid Card II 1 

1-10 SCALE 

u-22 mars 

Data units par lattice cell (fioating 

point)¡ defaulta leave blank 

As mRny as-12 characters describing 

the units of the observation measure-

ment. e.,g., as 111nches.11 

The following eight-options are availableJ a 1 selects the 

option and a O or blank suppresses ita 

23 PIN. 

-24 PMXMN 

25 FGRID 

26 PHGRID 

2:1 PLMAP 

28 PCMAP 

29 MTYPI!: 

30 PCtHRL 

Print e table of input values 

Do not print input extrema 

Do not print the gridded values 

Punch gridded values (O is recomrnended) 

Do not print the location map 

Do not print the contour map 

Map stylea O is alternate bands, 

1 is contour lines, and 2 is all con

. tour bands • 

Print control values 

The following four values are tloating pointJ default is 

blanksa 

:U-40 }'.AXJ{ Right margin value 

41-.50 MINX Lert margin value 

51-6o MAXY Top margin value 

61-70 KINY Bottam margin val u e 

72 UUH If the margin values havo been read 

in, aet to 11 1f' blank and de!aulted 
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to extrema ot the cbnervatio~s, sat 

t.o O 

Grid Ccrd lllt Tho first four values are noating point, 

while the lnst t~o are integero 

1-10 

11-20 

21-JO' 

31-40 

42 

44 

MAXZ Higheot contour ultitude 

~NZ Lowost.contour altitude 

Z ,NC Contour interval r defoult les ve 

bl.ank 

OON 

NIPT 

lFZLI.M 

Maximum acceptancü distanc~ for grid 

point¡ default leave blAnk 

NUI!Iber o! interpol.ation points J de!oul t 

leave blank 

It the Z e.xtre111a have been recd in, 

~et to 1t it not and the default is 

chosen, set to O 

Original program (GRID, SCON, STATS, in Mad) by Waldo R. 

Tobler 0 The University of Jolichigan, 1965. Modifications 

and transution to FORTRAN rl by D. Gill 0 Tbe U ni ver si ty 

of l-'..ichigan 0 }l.ay 196?o Further modifications by D. Bow

ra.an and D. Rhynsburger 1 1969. 
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r. ISARITHMIC MAPPING··:.. 1 
OIMfNSION XI5001,YI5001,ZI500I,FHTC181 2 
INfEGfR OUTPUT 3 

101 F¡n'"'ATI' NUMBER OF DATA POINTS INL= •,13 1
1 INPUT UNIT = "'•11•'" 4 

1 OU T PU T UN 1 T = " 1 , 1 1 , 0 " ' 1 5 
102 FORMAl Cl8A4l 6 
103 FDRJI'Al llX, 'DATA IS IN: SUBROUTINE Wlll NOW SE CALLED'l 7 
104 FORMATllX.l012X,El2.41l 8 
105 FOR/o'ATI'l'l 9 
106 FORMATI' DATA FORMAl (S: 1

1 18A41 10 
107 FCRMAT 120141 11 

l READ 15.107,EN0=31 N, INPUT, OUTPUT 12 
WRITEI6,l0ll N.INPUl 1 0UlPU1 13 
IF (NI 3,3,4 14 

4 ~fA O 1 1 N PLJ l • 1 O 2) 1 F M T 1 1 l , I = l , 1 8 1 1 5 
WRITE16,106tiFHTIII,f=lol8l 16 
IF CBNPUll 10.10.11 17 

IIJ INPUT='i 18 
OUTPUT=6 19 

11 RE A O 1 5, FM T l 1 X 1 1 l • Y 1 1 ) ,z C 1 1 , 1 = 1 , N l 20 
WR!TE(6,l04liXIIleYilloZI llol=l,NJ 21 
WRITEI6.l0"\l 22 
CAll GAID IN,XIll.Yill.ZflloiNPUToOUlPUTl 23 
GO lO 2 24 

3 WRITE (6,1051 25 
CALL SYSTEM 26 
END 27 
SUI3ROUT1NE GRIDIN,X,Y,Z.INPUT,OUTPUTI 28 
IMPLICIT RE~LII-Nl 29 
DIMENSION OELVI451, DUMMYI21 1 INOEXIlOOOl, INEXTI1301, JPREVI130l 30 
DIMENSION PSYMI13llo PSYHAI13ll, TITLEI201, UNITS(31, VNOWI45l 31 
OIMENSION X(ll, Ylll, lfll, ZROI.lll31 32 
DATA CUMMY/'A','f\1/, ASTRK/ 1 fl 1 / 1 BLANK/ 0 1 / 9 MINUS/ 1

-
1

/ 33 
DATA NINE/'9'/, PLUS/ 1 + 1 /, VBAR/ 1 1 1 / 34 
INTEGER COL, COLS. COLSHl, C:ONo (, INDEX, INEXT, INPUT, IPREV 35 
PHEGEQ J, K, M, N, NCOL, NIPT, NSECT, NSECTC, NU/4, Nlo SCRCH 36 
INlEGER OUTPUT, ROWSo ROWSMlo TPS, NIP, Il'LIM, IFZLDf 37 
REAL SYMTABI3bl/ 1 0' o'l' o 1 2 1 o 0 3 1 , 1 4 1 o '5 1 o 1 6 1 o 1 7 1 ,

1 8 1 o 1 9 1 o 1 A 1 ,'6', 38 
l °C•,•o•,•e•,•F•,•G 1 , 1 H', 1 1 1 , 0 J 1 , 1 K'o'l 1 v1 /4 1 o'N 1 o 1 0 1 , 1 P 1 , 0 0 1 v 1 R 1

, 39 
t •s•.•r•.•u•.•v•.•w•,•x•,ov•,•z•/ 40 

101 FOR~AT IEl0.0,3A4,8Fl.0,4ElO.O.I21 41 
102 FORMATIIH-54X.'INPUT CHARACTERISTICS 1 olX/lH033X, 1 COORDINATE 0 olqx, 42 

l'MAlCI~UM',lBX. 'MINIMUH 1 ,1X/1H038X,'X' ,F3Q.3,F25.3/1H038X, 'Y',F3Q,3 43 
2,F25.3/lH038x,•z•,F30.3,F25.3l 44 

103 FOAMAT lllX,31F20.3o2Fl0.31ll 45 
lOS FQRMAT 120b41 46 
106 FORMAT IE1'5.3,2f51 47 
107 FORMATI 1 0 1 ,60X, 1 ROW 1 ,(5/lX/16(17,El4.51ll 48 
108 FORMATI1H045X, 1 CONTOUR SYMBOL TABLE'olX/lH042X,•SYMBOL 0 ol5X,•VALUE 49 

l' l 50 
109 FORMAl 18Fl0.31 51 
110 FORMAr (4Et0.0,2121 52 
111 FCRI'IATI' Cm-HOUR INCREMEN,l OF •,El0.2o 1 IS TOO SMALL. IT Wlll BE 53 

1 OOUBLF.O' l 54 
11? FORMAT ll32All 55 



?O 

113 FCR~AT llH1,25Xo20A41 
1 14 F 0 R MA T 1 1 O ' , t, 5X , 1 - 1 , l 7 X 0 

1 IH l fl W' , 6 X, f 1 2. 4 1 
115 FORI"AT(4hX,IIl,l0XoFl2.4 0 3l!, 0 lU 1 ,Fl3.41 
1 1 h F O R f"/1 T 1 4 6\ o A 1 , 1 O X o F 1 2', 4 1 
1 1 7 f O R ~A T 1 4 6 IC • 0 + ' , 1 7X • 1 ABO VE 1 o ¡-.X, f- 12. 4 1 
118 FORMAT 11H0,59X.l2HINPUT VAlUES 1 
119 f-CRMAT llHO, 3115Xoli-'X,9Xo lHYo 9X o 1HZ,4X)) 
120 fCRMAT IIHO,ói3X 1 COL"i'X'VALIIE':'\XJI 
111 FORMAli'0',25X, 1 LOCATION MAP,.SCAlE IS•,El.?..4oZX,3A4o 1 PER INCH'I 
122 FüRMATI 1 0 1 o25X,'CONTOUR MAP •••• SCALE JS•,El2.4o2X,3A4o'PER INCH'I 
123 FORMATI'OHAXX = •,E12,5 0 4X, 1 M!NX-= 1 ot12.5 1 4X.'MAXY = 1 El2.5,4X, 1 M! 

lNY = '• ElZ,5.4X, 0 ~AXl = 1 tfl2,5,4X,'MINZ = 8 oE12.51 
124 FOR,..ATI'OSCALE IS •,E1?.5,lX,3A4, 1 PER INCH. ALTITUDE INCROIENT IS 

1 1 oEl2.5, 1 • MAXIMUM ArCfPTANCE D!STANCE IS 1 oEl2.51 
125 FCIH~ATI 1 00PTIONS AR[: PRJNT INPUT VALUES I 1 ,F2.0o'l SUPPRESS CHA 

IRACTER15TICS TAALE I 1 ,F2.0o'l SUPPRESS PRfNTING OF GRIDDEO VALUES 
2 l 1 of2.0o'l"l 

126' FCR~ATI 1 0PUNCH GRIOOEO VALUFS 1 •,FZ.0, 1 1 SUPPRESS LOC:ATJCN ,.,AP 
l',F2.0,'1 SUPPf.IESS CONlOUR MAP (',F2,0, 1 1 CONTCUR MAP !YPE (•, 
2F2.0.'1'1 

127 I-OR,..ATI 1 0NUMBEA OF INTERPOLATIC1N Pn!NTS ( 1 ,FZ.O,') PRINT CCNTROL 
l VALUES l'of2.0, 1 1 NUMBEA OF DATA POINTS ( 1 .[), 1 1 1 1 

17R FORI"ATI'0',25X,'SECTION ',)~,• .OF 'tl3l 
1.?9 FOR"'ATI•O•,S7X. 1 JNITlAl CONTROL INPUT') 
130 FOR,..ATI'0'.•57X,'FINAL CflNT~fll VALUES'I 
111 FORI"ATI'ONUMBE:~ OF: INTERPfllATION PUNTS l'ollo'l VERTICAL MAP 

1 CELLS 1'.12, 1 1 -'HORIZONTAL MAt> CElLS I',IZo'J MAP VE~TICAL S 
7ECTIONS (',12,'1 1 1 ' 

133 FOR,..AT llH ,I2,'1NTERPOLATION POINTS IS TOO MANY, NJNE Wlll BE liSE 
1 o. 1 

134 FOR,..ATI' •,n,• DATA POINTS ARE TOO FEW. RETURN FRCM GRIO.'I 
REAO IINPUT,IOC:I TlTLE 
READ ll~PUT,l~ll SCALE,UNITS,P[N,PMX,..N,PGRIDoPHGRIO.PLMAP,PCMAP, 

1 MTYPF,PCNTRL,MAXX,MJNX,HAXY,MINY, IFLIM 
READ IINPUT.11DI MAXl, MINZaZINC,IMIN.NJPToiFZLIM 
J F 1 P C N T R L • E O • O • 1 GO T O 7 6 
WAIT!: IOUTPUT.ll:U TITLE 
WRilE IOUTPUT,)291 
WRlTE IOUTPUT,l23l ~AXX,MINX,MAXY,MINY 1 MAXZ,MINZ 
lo/RITE IOUTPUT.\241 SCALE,UNITS.ZINC,IMIN 
WRITE IOUTPUT,J251 PIN,PMX~N,PGRID 
I-IRITE IOUTPUT.l261 PHGRJO,PI ~AP,PC"'AP,MTYPE 
WII1TE IOUTPUT.l271 NJPT.PCNTRL,N 

76 IF IPJN,E-0.0.1 GO TO 4 
WRITE IOUTPUT.tl31 TITLE 
W R 1 TE 1 OUT PUf , 1 1 8 1 
WRlTE IOUTPUT.ll91 
WRITE IClUTPUT.t031 IXI[I,YIII,ZIIIol-=loNl 

C FINO MAXlHA ANO MINIMA 
4 lf IIFLIM .EO. 11 GO TO ~01 

X"'AX=XIll 
XMIN=X,..AX 
Y"AX=.YI11 
Y"'IN=YMAX 
DO 3 1=2,N 
IF IXMAX,LT.XIIIJ XMA.X=XIIl 

5ó 
57 
'iR 
59 
bO 
61' 
b2 
63 
t>C, 
65 
t-6 
6 7. 
68 
69 
70 
il 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
R5 
86 
87 
AR 
89 
90 
91 
92 
93 
94 
')5 
'-16 
97 
QA 
99 

}(\f) 

1 (l} 

102 
101 
104 
1 o 5 
106 
lO 7 
lOS ' 1 

109 
11 Q 
1 1 l 
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iF (VI'IAX.LT.YIIll YI-IAX=YIII 
¡¡.: !X ... IN.GT.XIIll XMIN=XIII 
!F IYMIN.í.T.VIIII YMIN=Yill 
cn-'HI '1111[ 

C.C Y(l ~O? 

<,Ql )t1~4X "4AXX 

X~>'IN 14INlC 
Vi"AX :: I'IAXV 
VMP< MINY 

'5J7 JF (IFZLIM .EO. lt GO TO 504 
l~>'AX.-~llll 

l"'ir..=ZMAX 
oo "i03 r = z.N 
IF ll~AX.lT.ZIIll ZMAX=Z!II 
IF !li~IN.GT.ZI(ll ZMIN=ZIII 

503 ((JII!TINUE' 
GC HJ 'iOS 

SO 4 l to' A X = J.4 Á)( 7 
l'"'IN ~ W.P.U 

50" lF IP"'XMI.J .r~E. "JI GIJ TO 7 
W~li~ IOUTPUT.1131 TilLE 

?1 

Wl11 Tf IOUTPUT ,1021 XMAX,XI'(N,YMAX.VMINrZ~AX,ZMIN 

CA LC IJLA TE eONTfllJR 1 NTERV4L S 
1 DL= l'<t.·t-ZMIN 

¡r UINC.•u.O.I. ZINC=OZ/10. 
30 CCN=Olllli\JC 

lf ICUN.If.3td GD TO 29 
;.¡ R 1 T (· 1 OU 1 V lJ 1 , 1 1 1 1 l 1 N e 
ZINC=?.oz¡~e 

Gr. ro 30 
CALCIJLATF (ONSTRUeTION PARA~ETERS 
~COL IS TOTAL ~U~RER OF HrRIZONTAL CELLS 
NSfCT IS fOTAL NU~~ER OF VE~TICAL ~A~ 

SEí.TIONS PROOUC~O 
NSECTC OETERMINFS WHICH SECTIUN Wf'RE IN 
RO~S JS VERT!f.AL NUMP.ER OF CELL BCU~OARIES 
QQWSM1 IS VERTICAL ~U~~ER OF tELLS 

Z o 1 F 1 S e Al E • E u. Cl • l S CAL F = Su P TI 1 X M A X- !0.4 1 N l ~ 1 Y "lA X- V ,..l r. l 1 N 1 
NCOL:fX~hX-lCMINl/SCALE+.q~ 

~SFCT=INCCL-11/17+1 

'11 S E CT (.: 1J 
RCW~z!Y~4X-Y~INI/S(ALE +I.QQ 
~(IW S~ 1 = Ri)W$ -1 
14AXX;Xi>IJ\; 
!F II,..IN.E').O.J 1'"111\i=SCALF/'5· 
l~iN ~ IMIN o 1'"11~ 

lF (NIPf.EQ.OI NIPTi::6 
1 F 1 N t P T • L l • 1 O l r,l) T O 1 1 
W 4 1 T F 1 OU J P U T • 1 1 3 1 N t P T 
NI PT= 9 

1 2 l F 1 N • G E • N 1 P T l GO T O ll C 
WRITE IOUTPUT,1J41 N 
RETURN 

CVCL IC SFTUP 
INOEX IS AN APRAV Wlii~H CORRESPONCS TO 
TH( INPUT OATh ARRAV. VALUr:S '~E4N: 

1 1 2 
1 1 3 
l 14 
1 1 ') 
116 
11 7 
l 1 P. 
119 
120 
121 
122 
121 
124 
125 
126 
1Z7 
128 
1zq 
110 
l 31 
l32 
133 
134 
135 
136 
137 
L38 
139 
140 
141 
147. 
143 
144 
14'> 
146 
147 
11• 8 
149 
l ')1) 

1 ') l 
1'>7 
1 <j 3 
1 ., .. 
1 'j'J 

1Sl> 
15 7 
15H 
L5Q 
lóO 
1 f.ll 
lh2 
Ud 
164 
¡¡,') 

lhl> 
lt>T 



72 

( 1- llAlA PUINT IS IN CURRENT SfCTIC~ lbS 
(' O- IIArF\ POINT JS IN A fUTURl: !.ECTION lt,~ 

e -1- !lATA POINT !S IN A P~EVIOUS SECTION l:•o 
dn or. 77 1~1.N 111 
77 1 :IIDO'II l=O l?;;> 

'<INC=1. 173 
VII..C=5. 174 
PS=30. 175 
!F CPeNTRL.EO.~.I GO TO 7q 17 6 
w ll 1 H 10\J T P UT , 11 3) 1 l HE 1 17 
..'llllf (f'!UTPUTol301 178 
W"liH: IOU'fPUTol?31 XMAX.XY.IN,Vto.IAX 0 YMJN,lMAX,lMlN lH 
w~:H IOUTPUT,1241 SCALE,UNITS,ZINC,IMIN 180 
WRITE IC11JTPlJlol3ll NlPT,ROW91!,NCOL 1 NSF.CY 181 

C I~RE ~EGINS THE CVCLIC P~OCEDURE WHICH 182 
C: PROOllCES VERTICAL MAP SECTICNS 1t13 

79 CALl REWINDC81 184 
CALL REWI~OI91 185 

C Df.CIOE MAP WIOTH 1R6 
C COLS IS THE HCRIZONTAL NU~BER OF CELL lA7 
(' BOUNOARIE'S IN THÉ CUP.~ENT SECTION 188 
f COLSMl IS THE HORIZCNTAL ~UMBER Of CELLS 189 
C IN THF. CURPENT SECTION 190 
e NUM IS ~:HERE MARG!N VALUE PrtiNTlNG STARi'"S 191 

IF INCOL.GT.l2l GO TO 13 192 
C:OLS=NCI"IL+l 193 
"'COL='l 194 
GC JO 14 195 

13COLS=13 196 
NCOL="JCOL-12 197 

14 CCLSMl=COLS-1 lQB 
~UM=lO~COLSM1+4 l9q 
IF IPHGRJO.EO.O.I GO TO 1 20C 
WRITE17.105t TITLE 201 
W~lTEI7,10bl SCALE,ROWS,COLS 202 

e FINO HORIZO~TAL MAX ANO MIN FOR 20! 
C 1HIS SECTION 20~ 

MINX=MAXX 20~ 

~AXX=~INX+ICOLS-1l*SCALE 20l 
C ELIMJNATE OUT-OF-SEC TION POINTS 201 

DC 24 l=loN Z'.lf 
IF IINDEXI!l.LT.Ol GO TO 2'• 20~ 
IF 1XIIloLE.MAXX.AN0.1CIII.GF-,MINX.ANO.VIIl.LE.YMAX.ANO.VIII.GE. 21C 

l yp.oiN) INDEXIIl=l , 211 
24 CONTJNUE 2lé 

IF IPGRID.NE.O.I GO TO 78 21: 
WRITE IOUTPUT.ll31 TilLE 2l• 
WRITE IOUTPUTol201 21~ 

C SET llP ITERATION WHICH OClES GRIODING. 211 
C FOR FACH GRID RQW: 21: 

e 
e 

78 YP=YMAX 211 
~IP = NIPT + 1 21 1 

00 15 M=l,ROWS 22! 

XP=MINX 

'o 

FOR FACH GRID COLUMN WITHIN YHE noH 
XP ANO YP ARE COORDINATES OF GRIO POINT 

'22 
?2 
n 

··~ 
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16 
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e 
e 
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OC lb J=l.COLS 
OJC"l = 1.F11l 
OYM ,. l.ElO 
DO }0 1 = 1 ,N 1 P 

zn flrt;;ll =- l.Etn 

73 

FINO 1 NIPr• DATA POINTS NEAREST CRIO POINT 
OC 19· l=loN 
TE M P= X P -X 11 ) 
TE!o4Pl=VP-Yill 
IF ITEMP ,GT, OXM ,ANO, TEMPl .GT. OYMI GO TO 19 
DIST=TEMP*TEMP+TEMPl•TEMPl 
1( = NIP 
lF IOIST .GE. !MINI GO TO 71 
ZROWliJI=llll 
GO TO 25 

Z3 K=K-1 
OELVfK+li=DELVIKl 
1 P~EV IK+ll= IPP.EV IK l 

21 IF IK.EO;ll GO TO 22 
1 F 1 O lS T .LT • O El V 1 K- l l 1 GO TO 2 3 
! F 1 K • NE , N 1 P T 1 GO TD 2 2 
DXM :: TEMP 
OY~ a:: TEMPl 

22 OELVIKI=OISJ 
!PREVIKI=I 
CONTINUE 

H"'P=O.O 
TE~Pl=O.O 

00 17 1 = 1 • N 1 P T 
TEMPZ-=1./SORTIDELVIIIl 
TEMPl=TEMPl+TF~PZ 

INTERPOLArE wiTH 'NIPT' NEAREST POJNTS 

17 TE1>4P=TEMP+lllPRfVIIli*TEMP2 
ZROWliJI=-(llfPIHVI lii+TEMP/TEMPll/2. 

2') xP=XPtSCALE 
CCNTINUE 
YP=-VP-SCALE 
lf· IPHGR!D ,EO. ll WRITE 17.1091 IZROI.llllvl=1,COLSI 
JF IPGRID .EO. 01 wRlTE IOUTPUT,l071 Mt llv ZROWllll.l=loCOLSI 
IF IPLMAP.NE.O •• AND.PCMAP.NF.O.I GO TO 1') 
WlllfF.I8.10qJ llROW1111.I=l,C:OLSl 
Cr.NTINUE 

DONE WITH GRIODING 
IF (PIJ:AP.rS .O .. AI!U,PCUP.i~.O.O) GO TO 72. 
NSFeTC=NSECTC+l 
1 F 1 P L M A P • N E. O • 1 GO TO 74 
WRITF IOUTPtJT,llJJ TillE 
WRI fE IOUTPUT.I2l 1 SCALF,UNITS 
WRITE IOUTPUT.1281 NSECTC,NSECT 

H. (F IPCMAP.NE.O.I GO TO 75 
wRITEI9.1131 TlTLE 
WPI TE IQ.l22 l SCALE. UNITS 
WRITE 19.1281 NSfeTC. NSF.C T 

SET IJP THE TOP ROW OF NUMBERS 
H DO ~2 1=1.131 

224 
Z25 
226 
227 
22A 
2?9 
230 
2 31 
232 
233 
234 
235 
236 
237 
238 
2 39 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
2'52 
253 
2 54 
2 55 
256 
257 
258 
259 
260 
261 
262 
263 
2b4 
2&5 
266 
267 
268 
269 
270 
27l 
272 
273 
274 
275 
27b 
271 
278 
279 

1 • 
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e 

e 
e 
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PSYr-11 11= Bl ANK 
17 P)YUfl( 1 I=P.LANK 

T::"'P=MI~IlC 

t l C ~ l 1 " 1 , COL S 
o( = 1 ;'o .1 1 - ll .¡. ¡ 
CAiL RNRCCITEMP,PSY~!KI 

'H íEMP=TEMP+Si.6LE 

?4 

IF IPLw4p .EO. O) 
JF IPC"'AP ,(-!). O) 

wAIH !OIITPUT.l121 MINUS, PSY~ 
W~ITE 1~.1121 MJNtiSr PSVM 

?SVI"Il I=BLANK 
011 ':\8 l=l,"'U"4.10 
?SY~II+ti=VilAR 

DO 3A J=?.olO 
311 PSY~!I+Ji-=P.LANK 

SE T 11? THE TOP MAA.G 111. 

IF 1Pllo4AP .EO. Ol 
JF IPCMAP .EO. 01 

wiU TE 1 O 11 T ? U T t1 1 2 1 N 1 N E o P S V 11. 
wRITE 19.1121 NINFo PSVM 

SET IJP THE FIPST ROW 
Cllll REWINDI!l) 
REACI9.10q! IZROW11lld=l,COLSI 
CCL = 1 
!)C 3h J=l,COL$Ml 
OELH=lROWllJtll-ZROWlfJI 
V Nf)W! J 1 =- ,1 ROl.! 1 ! J 1 
X P= -X 1 NC 

37 XP=XP+lCINC 
l F 1 X P • G E • P 5 l GO TO 3 6 
C.fl =COL+ 1 
INEXTICOLI = IZROWliJI + liP r;. DELH 1 PS- ZMINl 1 ZINC + 1. 
PSVMICOLl=BLANK 
PSY,.AICCLI~E'LANK 

GO TO 37 
CCNTINUE 
C Cl=C: OL + 1 
VNCW 1 COL S l= ZROW l! COLS 1 
Jll:txTICCLI = IZROWliCOLSI- ZMINI 1 ZINC+ l. 
PSVMICOll=ALANK 
PSV'"A ICOLI=RLANK 
YVAL=YMAX 

DETERMINATION OF Z VALUES FOR INTERIOR 
OC 42 M=loROWSMl" 
REACIS,lQql IZRf1w11li.I=l,COLSl 

OC 40 1 = 1, COL S 

CALCIILAH ALTITUDE DJFFERENCES 
6ETWFEN ROWS 

40 O[LV! Jl=ZROWliJ)-VNOWI 11 
PSY,..Ill=MINUS 
PSY,.Aili:.MINUS 
K:: lloUM-1 
DO <)7 1=2,K.l0 

57 PSYMAIII=PLUS 
PSY~AtNUM-ll=MlNUS 
PSV~(NU~-li=MlNUS 
CALL BN~CCIVVAL.PSYMINUMl l 
CALL BN~CCIYVAL.PSYMA!NUMJ 

SF.T IJP INTERMEOIATE ROW INCREI-IE 1,JIS 

280 
2'11 
?8.~ 
283 
2 84 
2tl'i 
?.Al.! 
287 
2113 
289 
290 
291 
2 92 
293 
294 
295 
296 
297 
zqa 
299 
31)'.) 
301 
302 
303 
3(\4 

305 
306 
31')7 
306 
309 
310 
3 1 1 
312 
3! 3 
314 
31') 
316 
317 
318 
319 
320 
)[l 

;zz 
-i 2 3 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 
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e 

e 

')¡ 

VP=-VINC 
41 YP=VPt-YINC 

1 F 1 Y P • G E • P S 1 GO TU 4 2 
C CL = 1 
\I"'•Jw! ll=VINC•OELVIli/PSt-VNpWI 11 

75 

FOP FACH GRIO COLUMN 
OC 43 J=l.COLSMl 
VNO~IJ+li:YJNC*OELVIJ+li/PS+VNUW(J+ll· 
DEL 1-1= VNOW 1 J + 11-VNOW 1 J 1 

XP=·-XINC 
45 l(P:XP+XINC 

tF (lCP.GE.PSI GO ro 43 
IP~EVICOLI=I 
CCL:.:COL+i 
l=INEXTICOLI 

SET UP INrERMEDIATE COLU~N INCREMENTS 

lNF.XfCCOL i = IVNOWIJI + )(p c. DELH 1 PS- ZMINI 1 ZINC+ l. 

IF ll.Gf.ll GO ro 46 
P~Y~ICOLI =M!NUS 
GO TO 45 

iob rr 1r.u=.cn11.1J coro 47 
PSYM!COLI==PLUS 
GC TO 45 

47 PSVI~ICOLJ::SYMT.ABI 11 · 

CHOOSE rHE PRINT SV~AOL 

JF li"4.EO.l.ANC.YP.EO.O.t.OR.COL.E0.21 GO TO 4<; 
lF (MTVPE-1.1 t,q,4B,45 

4':; p: llll•Z.EO.II PSYMICOLI=6L6.NK 
GO TO 45 

~A lf ll.r.T.IPRtVICOLI.OR.l.GT.IPREVICOL-11,QR.I.GT.INfXTICOL+li.OR. 
1 I.GT.INFXTICOLII GO ro 45 

PSVMIC.OLI-=BL.ANK 
GC TO 4':1 
CONf 1 NUf 
1 PREV ICOL l= 1 
CCL=CC:L+l 
1 = 1 NE X T 1 COL 1 
INEXTICOLI = IVNOWICOLSI- ZMINI 1 ZINC+ 1. 
IF 11 .GE.ll GO ro 60 
PSVMICnLI=MINUS 
GO TO 61 

1)0 IF II.LE.CONI GO TO 50 
PSVIoiiCOLI-=PLUS 
GO ro 61 

SO PSVt'ICOL I=SYMT.Oelll 
61 CCL=l 
67. OC 51 l=l.N 

ff (JNOEXIII.LE.OI GO TO 51 
lf IAASIVIII-YVALI.GT.SCALE/12.1 GO TO 51 
INOfXIII=-1 
J = 1 O. • 1 X C l t -M 1 N X J 1 S CAL E+ 2. 5 
P.SVMI J I=ASTRK 
PSVMA(J) ; ASTRK 
CALL BNACOIZCII.PSVMAIJ+liJ 
CONTINUE 
VV.Al=VVAL-SCALE/6. 

336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
3'58 
359 
360 
36! 
362 
363 
364 
36':1 
366 
367 
368 
369 
370 
371 
312 
373 
374 
375 
376 
377 
378 
379 
HO 
381 
382 
383 
Jec. 
385 
38b 
:'\87 
388 
;¡aq 
390 
Hl 
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e 

e 

e 

76 

IF iPl~AP .EO. QJ 
IF 1 PCMAP .1:0. 01 
00 52 l=lol~l 
PSYI-'1 II=BL .. NK 

WRITE IOIITPUYoll21 NINE, PSY~A 
WRITE 19.1121 NINfo PSY~ 

J] PSYI"AtJI=BlANK 
GO TO 14lo5AI.COL 
CONTINUE 

K-= NUM-2 
OC SS eol=Z,I< 
I=I"EXTfCOLI 
IF 1! .GE.ll GO TO 54 
PSYI-11COLJ=H!NUS 
GO TO 55 

54 ! F 1 I .LE. CON 1 GO TO S6 
t>SVMICIJLI=PLUS 
GG 'fO 55 

56 PSYMICOLI=SYMTA~III 
C ONTf WE 

ENO INTERIOR tO~PUTATIONS 

FVAL = YMA~ - SeALE * fLOATIROkSMll 
PSVI" ( 11 =M INUS 
PSYfoiAill='I!NUS 
PSV~(NU~-li=~I~US 

PSV~AINUM-li=MINUS 

CALL BNRf.OifVAL.PSVMINUMII 
eALL RNBCOIFVALoPSYMAINUMII 
DO B 1=2,Kd0 

73 PSVMAIII=PlUS 
er.L=2 
GC TO 62 

58 DO 59 I=2,Kol0 
S9 PSY~III=VP.AR 

JF IPLMAP .fD. Ol 
IF !PC~AP .EO. 01 
lF IPeMAP.NE.O.I 

CALL RE"WINDI91 

WRITE IOIITPUT.l121 NINE, PSY~ 

W'UTE !9.1121 NINE. PSYH 
GO TO 7 2 

NOW PRINT OUT THE C~NTOUR "'AP 

WRITE IOUTPUT.l131 TITLE 
WRITE lOUTPUTtlOBl 
W R 1 TE 1 OUT P U T , 1 1 4 ) l M 1 N 
Te"' P= [M 1 N 
IF lMTYPF .EO.l.l GO TO 34 
DC 35 l=l,CON 
TEMPl=TEMP+llNC 
W R 1 TE 1 llll T P U T , 1 1 5 1 S V M T A t! 1 1 1 , TE ,.. P , TE fol P 1 

3 ') TE~ P= TE M P 1 
GC TO q 

34 OC 8 1 = 1. CON 
WRITF. IOUTPUT.llél SYMT~BIIIolEMP 

~ TEMP=TEMP+ZlNC 
9 WRITE (0UTPUT,ll71 THiP 

63 REAOI9oll2,fND=72• IE~P,PSY~ 

WRITE IOUTPUT.l121 TEMP,PSYM 
GO TO 63 

SE'1 IIP FOR THE NEXT MAP SECTION 
72 IF INCOL.EQ.OI RETURN 

3<¡ 

)~ 

3<; 
3<; 
3<; 
3) 
3<; 
3<; 
4C 
4C 
4(' 

4C 
40 
40 
4C 
40 
4C 
4C 
41 
4) 

'• 1 
41 
41 
4 l 
41 
41 
4 l 
41 
42 
42 
4? 
42 
4? 
42 
42 

4? 
42 
43 
43 
43 
43 
43 
43 
43 
43 
43 
43 
44 
44 
44 
44 
44 
44 
44 
4'-



e 

e 

GO TO 79 
t::ND 
SU~KOUTINE ~NBCCIVAloSTI 

O 1 "'E'. S 1 l1N S T 1 1 1 • J S 1 81 

?7 

Rf4l X/'X 1 /o POINJ/ 1 • 1 /1 BLANK/ 1 '/, QHINU/ 1 - 1 / 

~E AL S VM 1 10 1/ 1 O 1 o 1 1 1 o 1 2 • 1 ° 3 1 o 1 4 1 1 1 5 1 , 1 6 1 , 1 7 1 , 1 8 1 
, 1 9 1 1 

HAX = 5 
l = 1 
IF 1 V Al • GE • O. 1 GO JO 1 
S T 1 l 1 = QH 1 NU 
l = 2 
V=A6SIVAL) 
l = /'IAX 
5 T 1 U = S V~ lll 
IF (V .LT. 10.HHAXl GO JO 3 
00 2 l = L,MAX 

2 STill = x 
RfTURN 

INTEGRAL PART 
3 1 F 1 V .LT. l. 1 GO TO 7 
4 1 F 1 V o L T • 1 • 1 GO T O 5 

TSIII = SVHIV- 10. • AINTIII 1 10.1 + 1.1 
V = V 1 10. 
1 = 1 - 1 
1 F ( 1 o G J • OÍ GO TO 4 

~ 1 = I + l 
DO 6 1 " 1 1 flotA X 
STILI = JSIII 

f>L=L+l 
l = L - l 
IF IL ,GF. HAXI REJURN 

FRACJ ION AL PAR J 
7L=L+l 

V= ABSIVAL- AINJIVALII 
Sflll .,. POINT 
IF IV .EO. 0.1 RETURN 
l = l + 1 

8 V = 10. • V 
SJILI = SV.I.I(V + 1.1 
l = l + 1 
1 F 1 l • G T • HA X l R fT UR N 
V = V - AINTIVl 
1 F 1 V • NE • O. 1 GO TO 8 
AETURN 
EP-10 

44e 
449 
450 
451 
452 
453 
454 
455 
456 
457 
458 
459 
460 
461 
462 
463 
464 
465 
466 
467 
468 
469 
470 
471 
472 
473 
4 74 
475 
476 
477 
4 78 
479 
480 
481 
482 
483 
484 
485 
486 
487 
41!6 
489 
490 
491 
492 



Purpose1 

GEOGRAPHICAL NElGHBOOS 

Given NC po1nts 1dentif1ed by rectangular coordinates 

Xi• Y1o 1"' 1 ••• NC the P.rogram p..-od~ees the s.djacenr::y 

matrix o! ndghbors of order NN~ 9. Thesa can then be 

used to find the neighbors to points of a ~<!lgular lat.-

tic e, 

Description• Subroutine THIE8S calculates the· adjacency matrix. Neigh-

bors are detlned on the basis ot adjacent Thiessen poly-

gons 1 Let Ai be~ th.:~ are a closer to point 1 than to any 

other point, and similarl.y for Aj with respect to point 

j. If ~ and Aj touch (contact> 1) then 1 and j are 

tirst order neighbors. Higher arder neighbors to a point 

are definad b:lf deleting neighbors or one loW'ar order. 

The search algorithm is !roro n program by Gambin1 0 and re

quires examination of the lines of.equilibrium between 

all pairs of observations. Specifically, the search pro-

ceeds by incrementing along the perpendicular bisector of 

the line connacting each pair until a position is reached 

for which the 11 a.ttra.ction11 is' greatest. If the equili-

brium point is not attained by the time the search 

reaches the boundary, another p.a.ir is considerad. 'l'he 

algoritiun is slow and tedious, but. no better procedure is 

known. 

A rectan~ar lattice can now be superimposed on the 

o.riginal point dis tribution, a.nd the points of the ori-

79 



g1nal set which are the neighbors to the lattice points 

are oalculatedo The variable SCALE determines the number 

ot coordinate units bet1o1een the lattice points. 1f the 

adjacency matrix.of the original set of points is known 

in advance, this may be entered as data. 

Deck !l.ake-upa 1) Control Card 

2) Limits 1~ard 

3) Fonnat Card 

4) Observations 

5) Adjacency Matrix (optional) 

Data Cardsa Control Card (215, 4X, 11, 4X, 11) 

columns 

1-5 NC 

6-10 NN 

15 INNBR 

20 IFPCI:f 

Limits Card 

1-10 xo 

11-20 X1 

21-30 YO 

31-40 Y1 

41-.50 DMAX 

number ot observations 

maximum number of neighbors des1red. 

O if neighbors are to be computad 

1 if adjacency matrix is to be read 

as data 

1 it adjacency matrix is to be punchad. 

miniMum X coordinate 

maxiJnum X coordina te 

minimum Y coord1nate 

maximum Y coordinate 

The above 11mits all apply to the l.at

tice region. 

Search incrementa blank yields valid 

default of SCALE/100. Srnall value of 

DMAX resulta in excessive coroputation 



Progr&~~~:~~er 1 

References 

81 

51-6o RLD( 

61-70 SCALE 

time; large va~ue. increases the 

probab111ty of missing a short bo~ 

dary betw~en adjacent polygons (i.e., 

~issing a neighbor). 

maximum search radiusr bl&nk yiGlds 

valid default. 

unit lettico sizer blank yoilds de-
J. 

tault of ~I.MAX - .l01IN)•(Yl"'.AX - YMIN)/N] ~ 

Format for the X0 Y coordinates of the observations, 

Observations 

X, Y coordinates punchad as described on the fomat card, 

Adjacency Matrix 

Read iff INNBK = 1. Punchad as 80 I 1J the number is the 

order of the adjacency 0 zero or blank implies non-adjacent. 

Dierk ~burger, University of Michigan. 

R. Gambini, "A Computar Progr8.111 for Calculating Lines of 

EquilibriUDI between Jo!ultiple Center of Attraction 1
11 Center 

for Regional Studiss, University of Kansas, Lavrence, no 

date. 



82 

r THIESSfN POLYGONS OF GRH> INTERSFCTIONS 1 
OIMfNSION XCIICC),.YCU.OQ)¡ IICC10QI, VCIIOO), lZI100o100l, IFMTIZI)I z 
CCMMON XC, VC, NC 3 
C C 1' ~O N 1 L 1M 1 X 0, X 1 , Y C t Y 1 ~ 
CCM,..ON /MGT/NNo llo DMo\)(, RIIH 5 

10 FCAMAT 11615) 6 
11 F CRMAT 18011) 7 
12 F0qi'4T 11H1,~5HLIMITS OF DATA:/1H0,10X,6HXI'AX =,Fl0.3,10Xo6HYMAX = B 

& F 1 :> • 3/ 1 H O .l ') lC, 6 H X IÜ N "' , F 1 O, 3 , 1 O X , 6H Y M 1 N = , F 1 O, 3 1 9 
1l FORMAT llH-,aHSCALE 1Sef8,3o25H DATA UNITS PER GHID CELLI lO 
14 FQRI.4AT 18E10.3) 11 
15 FCR,..AT 12044) 12 
16 FOR"'AT 11H-,23HINCR~MENT fOR SEARCH IS,Ela.61 13 
17 t=QR,..AT Cl~-.16HSEARCH RAOIUS IS,EI13.6) 14 
lB fORMAT llH-,39~NEIG~80RS OF OBSERVATIONS REAO AS INPUT) 1~ 

REAO lOo NC, NN. INNBR, JrPC:H 16 
REAC 14, XO, Xlo YO, Yle DMAX, RLIM, SCALE 17 
REI\0 15, IIFMTIII.J=lo20) la 
AEAD IS.IFMTI IXCII), VCI 1), 1-=l,NCt 19 
IF IKLIM ·'=O·. 0.1 RLIM = SORTICXl- XO)U2 + IYl- YOIU2) 20 
IF ISCALE' .EO. 0,) SCALE = SORTIIXl- XOI • IYl- VOl 1 I';(J 21 
1 F 1 O M A X • E O • O, ) OH 4 X = SC. 4 L E 1 1 O O, 2 2 
PRINT 12, X1o Y,lo XO, YO 23 
PRIIIIT 13, SCALE 24 
PRII'\T 16, OMAX 25 
PiliNT 17, RLIH 26 
IF IINNA~ .EO. Ot GO TO 98 27 
REAO 11, IIIZ(J,Jl,J=l,NCI.I=l,NCI 28 
PRINT lB 29 
ce ro q9 30 

98 CALL THifCiSCIFPCH) 31 
99 Nl3 = IXl- XO) 1 SCALE + 1,99 32 

No\ = IVL - YO) 1 SCALE + 1,99 33 
YP = Yl + SCALE 34 
OC lOO 1 = loNA 35 
YP::: VP- SCALE 36 
XP = XO - SCALE 37 
00 lOO J = loNB 38 
XP = XP + SCALE 39 

lOO CALL GNBRIXPoVP) 40 
CALL EXIT 41 
ENO 42 
5UB~nUTINE THIESSIIFP) 43 
DIMfNSION XCI50QJ, VCI500t, IXI500t, ISI500J, IVI500ol5t 44 
OIMENSION IZI50v50), IR('iOOt, INI500,10t 45 
CO~MON xc, VC, NC 46 
CQM"'ON /LIM/ XOo Xl, YO, Yl 47 
COioC"10N /14GT/NN, IZo DMA)(, RliH 48 

25 FORMAT llHU 49 
2b FORMAT (lH ,5012) 50 
27 FORMAl 11Hl,35HflRST NEIG~BORS OF THE OBSERVATIONSt 51 
ZB FCR~4T 11Hl,9HNEICH80RS,I4l 52 
29 FORMAl llHO,llXolHX,9lC,lHYJ 53 
30 FORMAl llH-,f4,2Fl0.2,[8 9 4Xo2014t 54 
31 FORMAr (1H-,J4,2Fl0.2) 55 



8) 

l 

32 FORMAl (lHOo!8,19H NElGHBORS10F:OROER.I2elH:o?OI4) 
ll FeR~AT (lH-,l6HHIGHfR NEUGHAORSI 
Sl FORMAT llH o65lrl 
52 Fcr.1"IIT 180111 

NS = NC - 1 
'Nl a ~N - 1 
OC 95 l = leNC 
00 93 J = l.NC 

93 ! z ~ 1 • J 1 =. o 
95 1 S ( 1! = O 

105 

~00 

lOO 

QQo 
910 

tooo 

toos 

DO \000 I=l,NS 
NFC:::I+l 
11 .. o 
OC 900 J;NFC,NC 
OX"" l<Cfll- XCIJI 
o v = ve 1·1 1 - ve 1 J; 
AX"' IXCII)+XCIJI!/2; 
AY= (Y((lt+VCIJ)i/2,. 
CALL L~TIOX,DV.~X,A~oDMAX~U.NSTEPJ 
ITEST : 2 
DO 600 K = l,NSlEP 
U = U + DMAX 
l( = AX + U e. OV 
V = AV - U 41 OX 
IP = ITEST 
ITEST = JFUNIX,Y,I,Jl 
l f' 1 l TE S T. N E • 1 P 1 GO TO 700 
CONTINUE 
CO TO 900 
11=11+1 
IXIIII=J 
ISIJI = ISIJI + 1 
IYIJ,ISIJII 
CON T-I NUF. 
IT = .lSIJ) 
IF (ITI lOOo,<;¡a,cn2 

DO 914 J = l.IT 
ll(I,IYII,JII = 1 
IN(I,JI = lYII.JI 
DO 920 J = 1, 1 1 
llii.JXIJII: 1 
INII,J+IT~ IXIJl 
IR(II"' 11 + IT 
CONTINUE 
IT = ISINCI 
l R 1 P\C 1 = l T 
DO 1005 J "' 1, 1 T 
1 N ( NC , J 1 = 1 Y 1 N e , J 1 
l z 1 ~e , 1 v 1 N e , J 1 1 = 1 
11<. = 1 
PRINT 27 
P~li\'T 29 
DO 10091 = 1.Ne 
JI<.= IRIII 
P R 1 t.T 3 O • • 1 , X C 1 1 1 , Y C 1 I 1 o .1 K , (1 N (1 • K ) o K= 1 • J K ) 
PRlNT 2R. IK 

56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
7! 
72 
73 
74 
75 
76 
77 
7B 
79 
80 
81 
82 
8j 
84 
85 
8ó 
81 
86 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
10\ 
102 
103 
104 
1.05 
106 
107 
108 
109 
110 
Ul 



DO 1010 ·¡ = 1,NC 
1010 PRJNT ?f,, IIZCJ,J),Ja:1,NC) 

1 F 1 N N • e C. 1 1 R ET UR N 
OC 2000 1 = 1eNL 
OC 2~0~ J = loNS 
JJ = J + 1 
DO 1995 K = JJ,NC 
lf llliJ,Kl .NE. J) COTO 1995 
00 1990 l = 1,NC 
1~ IIZIK,LI .NE. 1) COTO 19'i0 
lf IIZIJ,LI .~E. 01 GO TO 1990 
1F rJ .fo. u ca ro 1990 
lliJ,LI z: 1 + 1 
11H.JI = 1 + 1 

1990 CONrJNUE 
1995 CONTINUE 
2000 CCNTIP..:UE 

PRINT 33 
DO 7.0 50 1 · = 1, NC 

2(150 PR INT 51, 11 Z ( I,J loJ"l ,NC 1 
PRINT 25 . 

84 

IF IIFP .EO. 11 WRITE 17,5.71 IIIZII,JI,J=l,Nelol=loNel 
DO 2100 1 a leNC 
P R 1 "r 3 1, r , x e 1 11 • ve 1 1 , 
DO 2100 J = 1,NN 
IW = O 
00 209~ K = leNC 
IF UZII,.KI .NE. JI GO TO ?090 
IW = IW +1 
ISIIWI =K 

2090 CONTINUE 
IF IIW .EO. 01 GO TO 2100 
P R 1 t\T 3 2 , 1 W, J , .. 1 1 S 1 K 1 , K= 1 • Ult 

210C' CONTINUE 
PP 1 NT 25 

qqqq HETURN 
E "'D 
SU~ROUTINF GNBRCUt,vel 
DI"'ENSION XCI500), YCI5001o AAI500), RRI5001 
Dl)o!ENSION ltl50,501o iRilOCI, IXI201, IYI201 
cc~~oN xe, ve. NC 
CQM,..ON /ll"1/ XOo Xl, YOo Vl 
CC"'MON /MGT/NNo IZ, DMAX, RLIM 

12 FOR~AT llH1,12~NElGHBORS TQ.F9.2,JH,,F7.21 
13 FORI-IAT llH-,9HNElCHBORS,J4,1151 
14 FCR"'AT 11H ol5Xoi4,2F8.21 
23 FDR"'AT llH e21HRLIM HAS ~EEN OOUBLED) 
24 FOPMAT 11H-,30~RLIM DOUBLEO: CHANCE CRID SIZEI 

J l = o 
ID = 1 
1 RL = 1 
PRINT 12, UC, Ve 
00 lOO J = 1,Ne 
A = UC - XC IJ 1 

. a = ve - ve IJ 1 
IF lA .EO. O •• ANO. 8 .EQ. 0.1 GO TO 920 

112 
113 
114 
11 ') . 
116 
1l7 
118 
119 
120 
121 
1?2 
1 2 3 
1 24 
12') 
12é 
12 7 
128 
129 
1 30 
lJl 
132 
13 3 
134 
1 3'5 
1'36 
l 3 ;· 
l3tl 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
l 50 
1 51 
152 
153 
1'l4 
155 
156 
1'57 
158 
159 
lbO 
16 ¡ 
162 
ló3 
161. 
l6S 
166 
167 



At 1 J 1 :: A 
100 R R ( J 1 = f\ 
~~~ O~ Q00 J = t.NC 

Dlt :: AAIJI 
nv = ~B 1 J 1 
DEN= SC~T iOX il CX + OY é DV' 
IF IDtN .r;r. RL IMl GO TO c;QQ 
1 Rl :: ') 
Alt = (Uí. ~ xe!Jil 1 2. 
Av = 1 ve + ve 'J 3 1 1 2. 
r4LI L~TIDX,QY,AX,AY,CMAX,U.NSiEPJ 

ITFST " l 
OC M)O K = loNSTEP 
U : 11 ~ ()>1AX 

lC = Al( • U 9 CY 
Y = AV - lJ "' 01t 
IP = lTEST 
ITrST = IFUNIX,Y,UC,ve,JI 
1 F 1 1 TE S T • "-1 f. • 1 P 1 GU ! O 70•) 

t.Jt'l CCNTitmF 
r,( ro qno 

70:. ( 1 = f 1 + 1 
IX!III=J 

ClOO CO~.TINUE 

IF 1 IIIL .fO. 01 GO YO 94(1 
PAJI\T (>3, UC. VC 
RLIV = Pll'~ +_ RLIM 
11- !I~L .ro. ~; r.a ro 9'198 
J ~~ = l RL + l 
en rn 10"> 

Cll(• 1 1 :: 1 
I x 1 11 = J 

Cl4(1 PR INT 11, lOo 11 
PQ(II;T (4, 1 lXIII, Xí.( lXIII J .• VC!IX(I)), I=l.III 
1" (flll\ .í:-C. 11 RETURN 
1 r = r 1 
D r ¡,) ~ ) 1 " 1 • 1 1 
1 y" 1 = 1 '( ( 1 1 

1,. e; o 1 Q ¡ 1 1 = : x 1 1 1 
('10 l'i')O 1 :: 2o'IN 
11.: = ') 
0(1 l'J7) J = i.ll 

1 n 1 r: 1· • 1 .1 1 = 1 v 1 J 1 
l)() 13)0 J = 1.11 
00 l2Q,') '- = l ,N( p. 

lf !ll!ll(IJI,KI .NF.. 11 GO TO 1201) 
DO 110() L = l,JT 
IF ll~Cll .EO. 1<1 GO TO 1200 

110;1 C:ON 11 NUE 
IC = IO + 1 
1T = IT + 1 
1 V 1 101 = K 
IR!ITI=K 

12JO COr-.T INUE 
lJO('l CONTI'I:Uf 

1 F ( 1 ;..; • E C • • O 1 RE T UR N 

168 
169 
170 
171 
172 
173 
174 
l7S 
176 
177 
178 
17q 
180 
181 
182 
183 
184 
lBS 
186 
1~7 

188 
189 
1qo 
191 
1~2 

193 
194 
195 
l 96 
197 
198 
199 
200 
201 
?02 
203 
21)4 
20'> 
206 
207 
208 
lQ9 
211) 
2ll 
ll2 
Zl 3 
214 
21 S 
21~ 
2 1 7 
218 
219 
u o 
l21 
221 
?C3 



86 

1 1 "' 1 o 
P R 1 NT. 1 3, 1 , 1 1 

1~00 PRINT 14, IIVIJJ, XCIIYIJJD. YCIIYIJIJ, J=l,JJ) 
RETIJRN 

9C)98 PRII\!T ~4 

99~9 RE: TURN ; 
1 

E:NO ''' .·; . ,. , 
511'3ROUTINE U1TICXvOV~AX;AV,lJS1EP,U,NSTFPJ 
CQ'1"40N /L 111/ X_,, X le YO, Vl 
IF IOVI 111,112o1ll 

lll lf IOXI ll4,115oll6 
112 IF IOXI 117,9999,118 
113 1 f 1 O X 1 1 19 .1 20 ol 21 
114 lJ = -AMINliCAX- Xll 1 QV, IYC- AYI 1 OXI 

UL -= Alollt.J11CXO- AXI 1 OV_, CAY- VlJ 1 OXI 
GO TO 124 

1 J 5 IJ z: 1 X 1 - 4 X 1 1 CY 
UL = llCO - AX) 1 OV 
GO TO 124 

llb U .:: -AMINliiA?'- Xl) 1 OY, IYl - AYI 1 OXI 
Ul = A"'IN11 IXO- AXI 1 QV, CAY- VOl 1 OXI 
GO TO 124 

117 U= (AV- YOI 1 OX 
UL = 14V - Y11 1 OX 
GC TO 124 

118 U :: 1 AY - V 11 1 OX 
Ul = IAY -VOl 1 OX 
Go ro 124 

119 U = -AMIN11IAX - XOI 1 OVo IYO AYI 1 OXI 
lJ L = A ~ 1 N 1 C 1 X 1 - A X 1 1 O,Y, 1 A Y - Y 1 1 1 l) X 1 
GO 10 124 

120 U = IXO- AXI 1 OY 
Ul = IX1 - AXI 1 OY 
GC! TO 124 

1 21 U = - MH N ll 1 A X - x·o 1 1 O Y, 1 Y 1 - A Y) 1 O X 1 
Ul -= A"'INliiXl - AXI /.QY, IAY- YO) 1 OXI 

124 NSTEP = IUL - Ul 1 USTEP + 1. 
U = U + US TEP 

9999 RETURN 
E !'dO 
FUNCTION IFUNIX,Y,UC,VC,J) 
OIMENSIDN XC15001, YCI5001 
CC"'MON XC, YC, NC 
COM"~ON /LIM/ XO, X1, YO, Vl 
1 FUN = 2 
ATT =l. 1 SORTliX- UCI*"'2 +IV- VCJU21 
DO lOO l = l,NC 
IF (J .fO. ll GO TO 100 
IF IX .EO. XC(L) oANO. Y .EO. YCCUI RETURN 
AT:: l. 1 SORTICX- XCIL)IU2 +IV- YCILJIU21 
1 F 1 A TT • l 1 • A T 1 RE 1 UR N 

lOO CONT 1 NUE 
1 FUN = 3 
~ETURN 
ENO 
FUNCTION JfUNIXoYoloJI 

2 24 
ns 
226 
227 
ZZR 
2 29 
2 30 
231 
2 32 
233 
2 34 
235 
236 
237 
2 38 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
2 ">O 
2Sl 
252 
253 
2 54 
255 
2 56 
257 
258 
259 
260 
261 
~62 

263 
264 
2é'i 
266 
26T 
268 
269 
2 70 
271 
272 
273 
274 
275 
27ó 
217 
278 
2 79 



OIMENSION XCI500), VCC50C&~ IH50ClJo ATTR'(5001 
COMMON XC, YC. NC 
CO~~ON /LIM/ XO, Xlo VO."Vl 1 ~-~~)~ _,., 

JFUN = 2 
OC 10..; L=l.NC 
XF ex GFo. xccLl .ANO. v ~eo~ vcu.n RfWRN 
4TTRIU"' l. 1 SORTIIlt-XCIUI•92 (> IY-VCCli)U2l 

lOO CONTINUE · ·'· ,--, .; ' 
DO lOO M=l,NC 
IF((H.fQ .• ti.OR.IM.f:O.JH CO iQ 200 
IF IATTRiii .LT. ATTR!M)) REVURH. 

100 COPIIT [ NUE 
JFU!'J = 3 

40(' RETURN 
ENO 

. ' ' 

' ' 

28C 
281 
282 
283 
284 
lfiS 
286 
207 
288 
289 
290 
zq l 
2n 
293 
294 



Purposea 

CONTOuk'PLOTTING 

l ·- ~· 

The program uses the )O inch Calcomp plotter to draw con

tour maps tl-0111 data given in t.he torm ot geógraphical mat-
• .. .... l ' . 

rices. Stereograms and perspectiva contours can also be 

obta1ned, 
, :-
~ option allovs convarsion ot the contours to 

a map projection betore plotting. 
1 •• 

Descriptiona The contouring algorithm is that described by Dayboff. 

Tha perspectiva· plotting is based on that ot Puckett. 

CCXC~~~ents 1 File 2 111ust be used as a scratch tape. Input is f'rom 

unit ?, ocmmants are written onto unit 6, plotting is 

done via unit 9, and execution requires concatenation 

Deck make-upr Tbe controls are specitied by an integer coda punchad 

1n columns 1 and 2. Tbe code also specifies whether 

turthar data are required on tbe sama card, or vhether 

additional cards are to be read. Reading ot controls 

continuas until plot coda (20) is read. Tbe number ot 

control cards may vary trom run to run. A basic se-

quence has been indicated by astarisks. The plot control 

card may be callad repeated,l,y. 

Map Projection Control Carda 
1 

Punch 0.5 in columns .1-2. Tbis calls a map projection 

subroutine PROJ (X 1 Y 1 XMAX; nwt, SCALE) whioh ll1aY read 

additional parameterso In the present instance the first 

call on PROJ 1s activated immediately tolloving tbe fir.st 

plot (code 20) which tollows ano; coda, and the program 

89 



thun exrects ,t.o. read ona card u follaws i 
•• .¡ ' '\ • '~· ... ¡;i.,t J 

Center l&~Útild-¿' (decimal degrees) of the map in col

Uilli'ls. 1.;.'7~ '' ·' · ·' · .. ~ · ' 

Cent.eJr lo~itud~ o! tbe :nap in 8-14. 

Sizé' oiquadrilat.:eraJ. it different !rom one degrP.e 

. in' cel~~ i5-21. ' 
',·)· ,; ' ' . 

CentQ·r 1nt1tude o! an ob11que stereogrsphic projection 

in ~;:olwr.ns 22-28. 
'' l',·'r 

Center,. l~mgitude ot th~ oblique stereographic projec-

tion in col\W\S 29-)5. 

Subsequal'ít'. plotr.~ must 'repeat the 0.5 ·code if cÓnversion 

to map projection coordinates is desired, ando as cur

rentl;y 'lll'ltten~ must use the s8Ille projection parMietors. 

'!'he widtb of the rnap using the 0.5 code is defined to be 

the width to seale.at tho center latitude on the square 

pr~jeetion. : Other map proj~ctions roay be used by chan

gir¡g the .su~routine PROJ •. 

•Title Contro~ 

Punc:h _1Z 1n columns 1-2. 

Follov t.iis vi.th any single card title (which will be 

plottod 4t the .top ot the drawing). Repeat as desired 

for all runso 

•Format Control Card 

Punch 19 :in,columns 1-2. 

Foll~ this vith a single cord (18A4) describin~ the . " .~ 

E or F Fo~~ran format for one rov of tha observation 
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. . .. ..., ' . ' 
-<:onstant Contour Interval Card 

. ' 
Punch 1.S ·1n "col\DIIls 1-2 

Puncb l011est;. ~o~tour (vith decimal point) 1n )-12 

Punch conto\U"
1
'1ncreaent.1n 1)-22 

Puncb high~st contour in 2)-)2. 

·2!~':.J!~~1~1lio..!!.· t:arc! 
.. ' 

Punch 01 in coliu1ms 1-2 

Puneh numbor ot rows (lE.lOO) 1n data llllltrix as an E or 

F number 1ft colUIIIIIS J-12. 

Puncb number ot columns (LE.100) in dat.a matrix 1n col-

umns 13-22. · 

Punch c!esired vidth (1nches LE.28) of conto,~r map in 

columns 2~)2. 

Punch donominator ot vertical scale transtormation.in 

col\.DIIlls · :})-42. • 

Follow this card by the dat.a matrix as described by the 

earller .tona~t: cóntrol cardo 
.. 

•Plot Control c~rd 

Punch 20 in c~lUMns 1-2 

Plotting with the current controls is initiated. The 
< 

re~aini~ control cards (below) could also havo b~en 

read betore the Plot Control Card, ~th obvious ex~ep-

tions. í. •• d 

Widt~ Ch&nge <;.!rd 

Punch 21 in col~& 1-2 
. ' 

Punch desired width in col~ J-12 • 
. · .. t 
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· .• r 4, 
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ChAngo Cons ~nt. Con~~J.!!.!:~:rva'Lf..~rd 

Punch 16 1n col~ 1-2 
1 -

ColWMS )-12, t)-22 0 2)-)2 are punched rus !or tbe Con

st.3nt Cont<l:Ull" lntev-val C11rdo 

P\:.noh 11 1f c?l~ l-2. 

Punch t,.he r.wbor of contour intarvals desired in r;al-

Follcw tJ:dl by one card vh1cb gives the tormat for tbe 

variabla contours. . . 
F~llcu this by tho d~finition ot the variable contourip 

f\*c= lw11st to bighest 0 on the a.ppropris.t..o nUIIIber ot 

ot eard~ (as specified by the format). 

Chan..zto Variablo .9_on!Q_ur Intenal Card . . . 

Punob 18 in colwmB ~-2 
' ' 

Column~ )-~2 and r~maining cards punched as described 

under the Variable Contour Interval Card. 
•J f: 

Non--Standard Pl.ot Ji'ile Cerd 

Punob 11 in columna 1-2w 

Puoab tho file wút onto whicb plots are to be written 

'in colUMIJ )-12. 

Extr11 Labels Card 

Pwlch 14 in col'WIInS 1-2. 

Punch startir.g x-coordina-te of the label in colun:ns )-12. 

Punch ste.rti11g y-ooordinate of t.h~ lt:.~el ",;¡ colm:ms i)-2?.. 

Punch starting z.-coordinate f)Í t.he lll:d !Y, col=r..s 2}-)2. 
:. ·'·. 

Height ot the; 1ott~ril'l!J in incbs::: goes into columns J)-42. 
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Follow this by ona card containing any label in columns 

~-)6. 
. .1 ; j,.. . ) '. 

Repoat the entire sequence up to 10 tiMes • 
. . ' ' .~ ,,\:. / . 

Translation Card -----·-·-.. ···o ... 1 • ' , 
Punch 10 in oolUMnS 1-2. 

Punch Dl (inches)in columns ).12. 

Punch DY in cól'umns 1>-22. 

Punch DZ in columns·2)-)2. 

f.~~~c~i.!~U!.!.t.<! " , , .. 

Punch 08 tn· columns 1-2 

·Punch distance to vieving plane in columns )-12. This 

should be ·largar than max (2). 

Punch distane·e to the object in columns 13-22. 

X-Rota tion Card · · · · · ' 

Punch 02 in col~s 1-2 

Punch degrees rotation relativa to tho X-axis 1n columns 

)-12. '• •, .. . . '' 

Y-Ro~~.uo~_q·· · 

Puneh O) tn colnmns 1-2 

Punch d~grees ro~tion relative to the Y-axis in columns 

)-12o. ; l .-!! 

Z-Rotation· Caí-d · 1 
• 

Punch degrees ~otation relative to the Z-axis in columns 

)-12. ·"::r:.· · 

•terminaÜon -c&rd 
¡ 

P·unch 1) in''col,umns l-2. 
1 

Tbis terminates the entire program. 
1 
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M.O. Dayhott 0 
11A Contoar-l".r.p Pros;re.m for X-re.y Crystal-

; \' t'J .. ): •• ' .. , • 

logru¡::¡hy 0
01 f_OODW"'.iCAtiOi"'.:S 1 .ACM, 6~ 10 (O:::tobí~l.'"o 196:3), 

PP• 620-622. !..·" . 

H.R. Pucko~~IÍ ,_11CCl!lpuUI:: Method !or Perspectiva Drawing ~" 

Jo•trnal of'~_::ecr&ft and Rockets • 1 cHJanua.ry 1964) ~ 

PP• 44-48. ~: --' ' -

R. Osbo·rn, 11 An Autom&lted P"t-ocadura for Pró~ucing Contou-;-

Cha.r+..s", Il'l .. Noo. 67-4, Ocea.::ographic Office, ·,..rashington D.C, 

. B. Kubert, 11 'Z'\Jo Computar Progra\ll.S ror Contour Plottil'lg1!. 

Aerospa.ce Corp,, 1969. !.D ó82)07. 

G. HcCue,, Ho DuPri111, 1', Improved Fortran r-J Funct.ior. Contouri~ 

ProgriiJII11 , Nor~ Am. Aviation, SID-65-6?2, 196.5. 

D.L. Light,. 11Ranger 1-:apping by AMlyt1cs11 , Photogrrumnetric 

Engineering, l,XXII, (1966), P!>• 792-800, 

R. F, Wal te.rs 1 
11C ontouring by l-!achine11 , Bullotin ..w. 

Assn, Petroleum Geolobists, V. 53, llo. ll (1969) PP• 2)43-2)40 

B. Bengt.,;,son, s •. ~ordbeck, 11Coñstruction of Isarithms and 

Isarith:aio M&ps by Computers11 , BIT, 4 (1964), pp. 87-105, 

D. Mcintyre, D. Pollard. R. Smith, 11Co~puter Programs 

for Automatic Cont.ouring11 , Kansas Geological Survsy 

Computar Contribution 1?22 • 1968. 

w. Tobler, 11 l'automation dans la prépa.ration des ca-rtas 

th'ématiq\~es 11 ~ International Ye:1rbook of Cnrtograpb:[. 1966, pp 

A. Noll. · 11Ste1•ogr,sph1c Projection!l by C=puter', Ccrnpders 

and Autom&tion 9 May 1965~ pp. 32-34. 
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f CCNTOIIR-PFR!>PECTIVE t»LOTTit~r. 1 fRANK J RtNS 1 GEOG.,COMP.CI\ITR. 1 l 1 
r ? IS U<;EO ~S A SCRATCH FIU 2 
r 3 

e 
' 

C• 

e 

e 

q 

lO 
1 1 

C: C,.. ~~' ~ M T , 1\1 T , N l , 1 X , 1 Y, 1 O X , 1 O Y, 1 S S, 1 T , 1 V, NP , N, J T , P Y , 1{ E e , C V , X , V , l P T , 
1 1 ·' lo. , 1 r..; Y , 1) l , 11 "1 , 1 O P , O P , 00 , 11 :\ R ~ X l , Y l. , Z L , L A A , O lC , O V , 1') l , X o>J A X , H T , S e AL E , V 
? MA X, f. 1 t-F T 1\, S T H [ 1 A, F M2; FNN, NN, ~; C l, l.), t.¡L 1 NE S , NC liP. V ,z -

[r),..MUN T 1 T,IZX 
f11MI;NSir.N AMI10n,1')ú);·.RECIRI')O), Xll!IOOI, Yll51)0), 1Pf13,31, INXI8 

11. 11\:VIt!l, IOPI131, XlllO), YLilOI, ZlllOit L4Bill),nl, l)XI7.1, :JVI2 
2 1, n l 1 ? 1 , H TI 1 Q 1 , C T ~E TA 1 4 J o S THE TA 1 41 
lii"'E~SIOI\I TF"1PI61, FMTilR> 
f)J"'tNSION Zl15001 ,. •,· 
·li~Cfi.SION TITilBI '··-··· 
OI'I!:N'ilON CFMTI11ll, VC:ONI201 
CI\LL TI"'Einl 
CALL PLTXMXI30.01 
NPLCT=1 
!STIIP="' 
ICPfli=O 
ICPI?ii=O 
0=1), 
1 LA P.= O 
f:ALL fi¡;WJNOI21 
or. ? 1=7., ZJ 
IOPIII=(l 

j \. 

4 
'l 
6 
7 
8 
9 

10 
1 1 
12 
13 
14 
1') 
16 
1 7 
18 
19 
20 
21 
27 
23 
24 
2'l 

~BrUNC=O 26 
REIIL CO~ITROL I'JSTRUCTIONS Ar.CnROII'IG TO ftRITE UP 27 
~H A D 1 7 , 7 R 1 N CON .C T E M P 1 JI ti :: 1 .td 2 tl 
w~IH ln,HI ~ICOIII.,(TEMPIU.t=1,bl 29 
IFIII:CON~E~.ll NLI"JI::S=O 31) 

IFI~CCN.GT.14.ANC.NCON.LT,¡q) NLINES=O 31 
e A l L C P E R 1 N en N 1 3 2 

IF INCONI 74.74,4 33 
IF INCON-2"\1 5,5,74 34 
GO TO 16,21,21,21.22o7.3,24,?5,2'l,28,29,30,3lo32,36,37,38,3q,4Q,41, 35 

16l,6?,n3), NCON . 36 
~cn~=1 37 
CONTINUE 38 
CALL TIMEI3.ll 39 

1>4= 11 OF ROWS NN-= ti OF CnL S 40 
~=TEMPI1l 41 
NN=TEMPI21 42 
TEMPI<'I=TEMPI21-1. 43 
SCALE=TEMPI21/TEMPI31 
IF ITEMPI41 1 8,7,8 
TEI-IPI41=l. 
ZSCALE=TE"'PI41 
FM2=1=LOAT (MI/2. 
FI\I':=FLQAT I"JNI/2. 
x~AX=IFNN/SCALEI+2.5 

Y~AX=IFM2/SeALE1+2.~ 

IF IXMAX-14.1 c;.9,70 
IF IY~AX-14.1 10,70.70 
IF IIOPilll 11.12.11 
IOP1151=l 

44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 

,, 



rcrll9J=l 56 
12 ICP(lt=l 57 

!F U OP ( 191) 13o71.!3 58 
C REAO MATRJX 59 
: PROGRAM REAOS ALONC ROWS CORRECTLY. ~O 
13 READ 179FMTJ IIAM(J,J),J•!,NN),Ial,Mt 61 

WRITEI6v961 62 
96 FOIH4AT C 1 1' • 50X. '~*DATA .MATIUX41111'/21Xe •-------------------------- 63 

1------------------------~---------------------------------------- 6~ 1----------· 1 ; : 
1 65 

00 14 l=loH 66 
14 WRJTEihtl002J ~A~(J,l),JDlvNNt 67 

1002 FORMATI'0°.10CIXoEl2o4J/«lOillC,El2.4tH 68 
JZX=l 69 . 

. JF CIOPll511 1'5o72ol5 70 
IS IF IIOPVJ l6.18ol6. 71 
e VARIABLE CONTOURS ;z 
16 00 17 !=1,NVCON 73 

CL=VCONCI) 74 
cv .. ct · 1s 

17 CAll SeAN 76 
GC TO 20 77 

C LOOP THROUGH CONTOURING ROUTINES 7S 
18 CV=CBGN 79 
19 Cl=CV 80 

CALL SCAN 81 
CV=CV+CINC 82 
lf fCV-CENDJ 19,19,20 83 

20 ENO FILE 2 8~ 
CAll REWJNOI21 SS 
CAll TIMEI3ol) 86 
GO TO 3 87 

C NCON=2,3,4 SS 
C DEFINE THET A FOR ROUT¡ON 89 
21 IOPINCONJ=l 90 

NBOUNO=l q1 
THETA=-TEMPill/57.295795 92 
STHETAfNCONl=SJNCTHETAJ 93 
CTHETACNCONJ=COSCT~EfA8 94 
GO TO 3 95 

C NCON:= 5 96 
12 JOPCNCONJ=l 97 

ca ro 3 98 
C . NC0~=6 99 
C SLCW OOWN THE PfN lOO 
23 CCNTINUE 101 

GO TO 3 Ld2 
C NCON= 7 103 
C SP~ED UP THf PEN 104 
24 CONTJNUE 105 

GO TO 3 lOó 
e NC O N: 8, 9 1 O 7 
C DEFINE PERSPECTJVE CONSTANTS 108 
25 IOPINCONJ=l 109 

IF CNCON-81 27,26.27 110 
·26 NBOUNO=l 111 



?7 

e 
r 
?ri 

Q7 

r 
r 
Jl 

e 
e 
~? 

34 
3'i 

e 
e 
36 

e 
l7 

e 
18 

CC,.TII\lJ!: 
DP= Tf,..Pil 1 
CC=Tf'4PI21 
GC rn l 
·.:e~~~ 10 
OEF INt TkA"lSL AT ION 
l)lllli=TEMP(l) 
[)Y( l):Tf~P( 21 
O Z 1 1 1 = TE ~oC P 1 3 1 
ICPINCONI=1 
ce ro 3 
NCCf\=11 
PAUSF 1 
ISTAP=TE,..PI11 
GC TO 3 
NCOI\= 1? 
!CPI121=1 
R[AC 17,811 !TITIIJ,J=lol21 
liRITf.16,q71 ITITII1ol=l.l21 
Fr.~lo'4TI7ú'<,'TITL6: '.12Aitl 
r.c rn 1 
NCOII.• 1l 
El\0 PLOT TAPE: 
CAll PLTTRM 101 
CI\LL SYSTEI-1 101 
N(r)f\~ 14 

9'1 

~EAr LI\BELS ANC THEIR CORRESPONDING COORDINI\TF.S 
(0j:.o(j1.):¡ 

ILAR=Ili\R+1 
XLIILABI=TE"'Pill 
YLIILABI=TE"'PI21 
lf IZSCALEl 34.:!3.34 
Z L ( 1 L A B l = T EMP 1 3 1 
GC TO 35 
ZLIJI=HMPI31/ZSCALE 
HTIILARI=TEMPI4l 
READ (7,831 ILARII.II,.ABI.I=Id:l 
\oiRITE 16.861 ILAClii.ILA81.1=1,61 
GO TO 3 
NCOI\=15 
n!:FINE CONTOUR INCREMENTS 
CRGt~•fE~P(ll 

C 1 NC= T EMP 17.1 
CF~O=-lE"'P131 
10PI15l=1 
IOPV=O 

GO TO 3 
NCON=16 
CBGII:=TEMP(11 
CINC=TEMPf21 
CENO=TE"'P131 
IOPV=O 
GO TO lB 
NCON=l7 
NVCON= TEMP 1 11 
10P(15,1=1 

112 
113 
114 
1 1 5 
116 
117 
118 
119 
lll) 
121 
122 
12' 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
lH. 

135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
l'iO 
1 '5 l 
152 
153 
154 
155 
l56 
157 
156 
159 
160 
161 
162 
163 
164 
165 
166 
16 7 
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98 

1 CPV= 1 
~[~f 17,851 CFMT 
l(t-AC 17,CFMTI IVCIJNIII.J:l,NVCONI 
w tU T F 1 h, 1\ lo) 1 C FM TC 1 1 d = 1 olA 1 , 1 VCON 1 J l .1 = 1 , NVC ON 1 
GO YO J 

C 1\COI\= 18 
1Q 1\VCCN=TE~Pill 

1 nPV=! 
REAC 17,851 CFMT 
~EAO 17,CI'MTI I"CONIIIol"'loNIJCONI 
WRlrt (6,841 ICFMTIIId=ltlAI,I.VCON(I).f=l,NVCONI 
GC Tn 16 

r. "':COI\=lQ 
r ~CAC F8RMAT FO~ MATRJX 
4"1 REAC 17,851 FIIIT 

loiHITE: 16.861 FMT 
1 CP 1 1 q 1 = 1, 
C,C TO 3 

r h;C or-.= 20 
C ~EGIN PLOTTJNC 

41 Cni.;TJ ti.Uf 
CALL TI~E(3,1l 

IF IIOPI2111 64o42o64 
47 C: CNT 1 fi:IJ[ 
41 IF IICPIBll 4~,44,45 

44 IOPIQI=1 
4 S 1 F 11 D P 11 l l q 5, 73 ~ 95 
Q '> C: ')N T 1 N ti F. · ·. J '. "' 

(' SAFETV VJILVE 
ASSJr.N 4h TO NNL 
Gfl TO NNL, 153,461 

4h ASSIGN 51 TO NNL 
r• C.All SETEFL INNL) 
C. (4LL URAFT TO PLOT PERSHC.TIVELY 

CI'IGN=-51139.El5 
NCUIIV=') 
II.COU"JT=O 
1\.(~AX=IJ 

IF INLINFSI 52,52,47 
47 kEAC12.10001 N,CV 
1000 FCR~ATI!S,El2,4J 

IF ICBGN+53139.El51 49 9 48,4Q 
48 CBGI\:CV 
4Q KEACI 1,100111 XI Il~YIJiol:l,NI 
1001 ro~~ATihE12.4l 

"J(URV=NC:URV+l 
1\.C[Ut..lT=I'-.JCOUNT+N 
IF IN-NC"lAX) '51,50,50 

1\0 t\(MAX=N 
CL~AX=CV 

e 1 C V= C V /Z S CAl_ E 
CALL CIU.FT 
IF INCURV-NLINESJ 47~53,53 

52 CI'\GP\=0. 
53 WRITE !b,R8l NPLOT,NllNES,NtOUNT,NCMAX,Cl~AX.tBtN 
(' MCOIFV ROUNOARV FOR MAQ PROJECTiON 

lbS 
lh9 
l 70 
171 
172 
l"TJ 
1 r"' 
1 ·r s 
176 

,177 
178 
179 
lAO 
1 81 
182 
183 
184 
185 
lAó 
187 
1 88 
189 
190 
191 
\92 
193 
194 
l9S 
196 
197 
1 Q8 
199 
200 
201 
202 
203 
204 
205. 
206 
207 
208 
209 
210 
2 1 1 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
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'SQ 

60 
e 
e 

61 

e 
e 
#.2 

IF 11 OP 1511 SI), 'JQ, 54 
LV=CI\GN 
"1=1 
l( 1 1 1 - - f NN + 1 • 
((11- --1'-.-.~+1. 

llC .,., 1"7.NN 
l(III=XII-11+1. 
YI'II=Yill 
N=N+I 
CALL CRAFT 
X 1 l 1-=- F NN + l • 
Ylli=FH2 
DC '.i!, 1=2,"1N 
XIII=XII-11+1. 
ve 1 1= Y e 11 
CAU r.RAFT 
"4= 1 
Xlli=FNN 
Ylli=F"12 
'lC 'i7 1=2,H 
lC 1 1 1 =X 1 11 
Ylli=YII-11-1. 
Ñ= N+ 1 
CALL CRAFT 
'<111=-FNN+l. 
Ylli=FM2 
r)r "iA 1=2,M 
X 1 1 1 =X 1 11 
Ylll=Yil-11-1. 
(All CRAFT 
GC TO 60 
"1=5 
CV=CoGN 
X 1 1 ) = FNN 
'((;>J=-XI11+1. 
X 1 3 1 =X ( 7. 1 
XI41=XIll 
X 1 '> 1 =-X ( 11 
'f'(11~FM2 

YI71-=YI11 
YI31"-YI21+1. 
Yl4l..,Y()I 
y' 51= y 111 
CALL OAAF T 
IF IIOPI'-'311 67,62,67 
NCOr\= Z 1 
OIANGE SCALE 
SCALf=IFLOATINNI-1~1/TEM~Cit 
GC TO 3 ' 1 

• 

NC O N = 2 2 l' 
1 

t 

ENO THE PLOT 
CALL PL TEND 
IOPC2li=O 
WRITE (6,891 

99 

FORMAl(' PLOTTING SYSTEM LINE FILE GfNERATJON HAS TERMINATED'I 
NPLCT:)NPLOT+l ... ! 

224 
:>Z'i 
27'> 
?.71 
ZZH 
l)Q 
230 
231 
2 32 
233 
2 34 
23'.i 
2 }6 
?37 
238 
239 
240 
241 
242 
243 
244 
24S 
246 
247 
24fl 
249 
2'50 
251 
2'52 
2'53 
2 54 
255 
256 
257 
258 
2'59 
260 
261 
262 
263 
264 
265 
266 
267 
269 
269 
270 
271 
272 
273 
274 
275 
276 
277 
2 78 
279 



(. 

r 
!d 

r ,. 
r. 
r: 
f 

f-9 
70 

71 

72 

14 
7t; 
71) 
'77 

r 
1~ 

Ph 
'lA 

1)1) 
o¡ 
~z 

o:-
()4 

e 

100 

C.All Tl~fl3.ll 2t!O 
!,C TD 1 2fll 
NCu~ = Z' 2a2 
~tC ANO GREEN ~USINfSS 2fl3 
C.C~TI~UF 284 
fLA!%T=PSV"''l"li.2.'-P1l 2íl5 
~TS SYSTEM UnES NUT INCOPPORAlt COLOR~O PE"lS AT THfS TIME - SUM~tR286 
CALL PSYI-IR 1.2,hABC..T+2.,-.1,<;9t1PlEASf INSERT REO PEN. NOW- Al NEX287 

lf qqo STOP INSFRT T~E GRE(N PEN- AT 3PD qqq STOP INSERT 8P8LK .288 
?7.70 •• ~Q) 289· 

CALL PLTSTP 290 
CALL PLT(NO 291 
lr. 0 12~1=3 ?92 
6C TO 3 2Q3 
¡r 111) 0 1211-31 1'5,óf:ohb 294 

¡(.!JI'IIT 1 NUF 295 
ICPI2JI=IOP12~1-l 2Q6 
t.C T('l 43 297 
lf IIOP(231-ll tCj,bf'e69 2Q8 
CCN1INUE 29~ 
~r. ro 6? 300 
r.r rr. 1 301 
XWAX=XMAX02, 302 
'V"fiY.=Y"'AXOl', 303 
"'~IH lh,GOI Y~AX,XMAX 304 
GC TO 75 305 
·,¡o¡ TE lf>, 911 
(,f. TQ 75 
Wfl)T( 16,921 
GC rr. 75 
;.;k!H lt-,931 
GC TU 75 
1oo ~ 1 TE 1 ~;¡, 9 4 1 '11 CUN 
IF' !I'-IPL(IT-11 7(;,76,77 
CAl l PL 1'T R~ l'Jl 
(All t'R~O~ 101 

30ó 
31')7 
308 
"\')9 

31') 
3 l 1 
312 
313 
314 

.31'5 
316 

tr~•'fll ll?.t>FJ"l,Ol 317 
7<; fU""'fll(IH0,J2,fF1·.),j!) 318 

~QP,..fll (!HC'.!l"Fl2oldl 119 
~ 1 r r ~ ~ fl T 1 1 2 ~ '• l l 7 o 
... ·.¡ ~CW~fll(QA41 3?1 
Rt, h)kiVfllllHI),l'lA4//( lCX,lOE 12.ó) 1 3<2 
'!') <"(~"'liT( lf\A4l 3.?3 

r.r~"'fll 17QX, 'lhE HJR~AT FOR THF OAT4 ~ATRIX IS : 'oloA41 3?4 
HW,..All' PLOT 'lU""PER 'ol3o' ~U"lr:HR fiF LINES = '.ló, 1 ,1\IJ"'BER Cf P0~75 

111\TS = •,!10/' I"AXIMUH iiiU~'RFI{ CF Puli\TS = 1 ,11'), 1 'tiHJ(H 1-fP,..ED A C3?b 
2llRVE WJTH CIINTOUR l(VFL OF •,FlC.z,•,· l-'OUI\li)fiii.Y t.T •,FlC'.21 327 

1-fi-l"'AT ll4H4~UoA !11AP OF or10.1,4H RY ,FlO.lol4H hfiS KECUESTEOI 3.?8 
FCQ"¡'If 13?t~4~oui-OR"'AT NUT llE:F-!NEf. f-()11. Ot.TAI 32~ 

rC'<IVfiT 131H4UHC:O~TOUR ltVFLS NOT Offiii!EOl 13) 
L(~"'IIT 112H4~000N0 CATAI 131 
fCR"'fll 17.7H4'-*"HNCON fo,¡QT LE(';AL, "JCIJN =.15) 312 
[NO . 333 
Cr:f\tCUR-PF:RSPfCTlVE 'p(QTTJNG 1 -=RANK .J RENS 1 'jEQG. tCC:MP,.CNTR. 1 1J34 
SUfiiWUTINf. SCAN 



101 

C ACAPTEr. FOR U nF "1 SVSrEH B'Y t-RAI\IK ,·J RENS 336 

3 

4 
'5 

6 

COH~O~ MT,I\IT,NioiX,IYoiDXoiOYoiSS,IToJV,NP,NO,JT,PY,REC,CV,X,V,IPT337 
1, 1 t-.'<, 1 NY, Ol , AM , 1 OP, OP , 00, ILA A, X lo Yl, l l.ol AO, OX, OY, Dl , X '1AX , HT , S C 1\l E, 3 '\ 8 
'lY~"~'•'<,(THETA,STHF.TA,f'1Z,FN,.,,NN,'4,CloDo~liNESoNCURV,l 339 
Cl~t~n,._ TJT,IlX 34~ 

· OI~E~SI~N TITI1el 341 
1JI"~E"'SI~N AMil:>O,l:JOI, RECIAOO), XCl!IOO), YC15001, IPT(3,31o INXIB342 

JI, INYIP.I, JOPI211, ÚllOI, VlllOio Zlll:JI, LAIH10o6lo OXI21, 0"((2341 
21, Oll21, HTI1:>1, CTHETAI4), STHETA141 344 

OIHENSION Zll~OOI • 34~ 
1\¡P=O ' ' 346 
DL=-0 347 

IIIT::.II.N 

IF CllXI 2,2.1 
JPTIIo1l=8 
IPT1lo21=1 
IPT(l,l1=7 
IPT(2,11=7 
IPT(2,31=3 
IPTil.tl=6 
IPTI3.21=S 
IPTI3,31=4 
INXI11=-1 
II'\XI21=-1 
fii¡X 131 =O 
1 'IIX 141 = 1 
11'\X (S 1 = 1 
1 "-X 16 1::.1 
1NX(71=0 
INX(81=-1 
lt\Y(l):{) 
1 "'Y ( 2) = 1 
1 NY D 1: + 1 
INYI41=+l 
INYISI=O 
I"'Y(61=-1 
I"-YI71=-1 
I"Y(81=-1 
IZX=O 
X T =liT 
OC 3 J=1,8'l0 
RECIJI=O. 
ISS=O 
HT1= .. T-1 
1>0 6 l=l,MTl 
IF fAMI!,li-CVI 4,6,6 
IF (AMil+l.II-CVI 6,5,5 
IX=I+1 
1 Y= 1 
IDX=-1 
IOY:O 
CALL TRACE 
CON TI NUE 
fiiTl:NT-1 
DO 9 1=1,NT1 

1. 

34fl 
349 
3 so 
351 
352 
1'>3 
354 
355 
356 
3<;7 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
376 
377 
3 78 
379 
381) 
381 
3 82 
31!3 
384 
385 
386 
387 
388 
389 
390 
3'91 



7 
A 

10 
1 l 

12 

11 
14 

Jllj 

16 
17 

18 

21 

e 

e 

!F (AM(MT,J)-CV) lo9t9 
IF IA~IMT,J4l)-CVI ~oSoS 
1 X=~T 
IY,.I+l 
i OX::O 
iOY=-1 
CAl!.. TRI\CE 
CONTINUE 
UO 12 1= l.MTl 
MT2cMT+l-l 
lf (A~I~J2.NTt-CVJ JO~l~oRi 
lF (A~IMTZ-1.NTJ-CVJ l2.1lo1l 
1 X=HT 2-1 
! 't= NT 
IOX=l 
!OV=O 
CALL TRACE 
CCNTINUE 
DO 15 1= loNH 
NTZ=NT+l-1 . 
lf lAMCl.NTZl-CYJ l3el5e15 
IF lh~ll.NT2-lt-CYJ l5,14el4 
IX=l 
1 Y= NT ?-1 
IOX=O 
IOY=l 
CUl TRACE' 
CONTINUE 
ISS=l 
NTl=NT-1 
Mfl=..,T-1 
DO 21 J=2,NT1 
DO 21 I=1.~Tl 
JF IAHIJ,JI-CV) 16,21,21 
lf IAHII+l,J)-CVI 21 1 17;17' 
COt4=lOO•II+1l+J 
1 F 1 N P ) 1 8, 20 , 1 8 
DO 19 1 O= 1, NP 
lf IRECIIC)-CQH) l9o2lol9 
CONTINUE 

102 

392 
- 393 

3?i, 
395 
3% 
397 
J9U 
::S9~ 

400 
401 
402 
403 
'•0(, 
Í.05 
406 
407 
408 
409 
410 
41:!. 
412 
.r. 13 
1d4 
4iS 
4lb 
417 
"-18 
419 
420 
42\ 
422 
4:?3 
4'2'· 
425 
426 
427 
428 
429 
430 
431 

IX=J+l 432 
IY=J 433 
IOX=-1 434 
IDY=O 43S 
CALL TRACE 436 
CONTINUE 437 
RETURN 438 
ENO 43q 
CONTOUP.-PERSPECTIVE PLOTT!NG 1 FRANK J RENS 1 GEOG.,COMP.CNTR, 1 1440 
SIJBROUTINE TRACE 441 
ACAPTED FCR U OF M SYSTE~ 6Y FRANK J RENS 442 
CCM~ON MT,NT,NioiX.IY,IOXoiOY,!SSoiToiV,NP 0 N,JT,PY,REC.CV,X,Y,IPT,443 
11~X.I~Y,OL,AM,IOP,QP,OOoiLAR,XLoYLo~l,LAB,OX,OYoOZ,XMAXoHT,SCALEoY444 
2MAX,CTHETA,STHETA,FM2,FNNoNN~~.CL,D,NliNES,NCURV.Z 445 
CC"',..ON TI T 446 
OIMENSION TJTI18) 447 



10) 

DI"'~EI'.SICJN AMII:JO.IJOI, t{f:(IR~OI, Xll'SOO), Yll'Sl.IOI, IPTl3e31, INXI>\441:1 
11. INYIHI, fOPI?31, lCL(lOio Vlflul, llllOI, LABitO,t-1, OXI2lo IJYI24 1•9 
2 1 , f1l 1 11 , H T 1 !111 , C T HE T A 1 4 1 • S Hil T4 1 4 1 4 '>•J 

O¡MENSIIJN Zll'lOOI 4')1 
PY=~.a 45l 
JT=O 4'53 
N=O 4'54 
IX~=IX 4'55 
IYO=IY 456 
ISX=Jr:X+7 4'17 
ISY=!CV+Z 4~R 
IS=IPTIISX,ISYI 4':i~ 
JTB=~ 4h0 
ISO=!S 4ól 
IF CIC.tl-81 Zolol 4t-c! 
ISO=IS0-B 4b3 

J JT:O 4b4 
' (ALL 'CALC 4t>'S 

~l=~ 466 
~~NI 4ó7 
lf IIT+JT-11 5,':,4 '•tll 

4 XS::li(N-11 4f:CJ 
V~;V(I'I!-Jl 47L' 
XIN-JJ:XINI 471 
V(O,:-JI=Y(>,¡I 472 
lCi\:I=X'\ 473 
V(~I=VS 474 

~ IC.=IS+l 47'> 
JT~IT 476 

"' IF IIS-QI 8,7,7 47T 
7 1 C:. = 1 S - R 4 7 t• 
a IOX=INlCIISI tt7o 

1 \) 
11 
1.? 
1 ~ 
1 4 

15 
~ , 
1 7 
lA 
1 Q 

i''l 
n 

IOY==I~Vf!Sl 4H~ 
lli):[X+IDlC 4AI 
IV?=IY+!f'")Y 
.JT 8:J T~• 1 
IF IJT~-151~1 IO,JO,Q 
wtliTF rt-..~41 r.v.xlt'lll,VINI 
1-1'7 TIJRN 
IF IIC:.SI lS.tS.Il 
IF IIV-IXOI 19.12.1~ 

IF IIY-lYiJI 19,13ol~ 
IF liS-IS~! 1Q,l4.l~ 

(o\LL CAL( 

GL: rn 3:J 
IF IIX?I l~.?H.l6 

IF llX2-"'·TI' 17.17o2P 
IF IIY21 1~.?~.1~ 
1 F 1 1 Y? -r¡ T 1 1 q, 1 ~, 2 P. 
IF ((V-AM I!X.?,IV211 20,20, 3 
IF IIClCCoO~+IOY••?-11 21.2",71 
OC P = 1 A~ 1 1 X, 1 Y 1 +11M 1 1 X 2, 1 V 1 +A loA ( 1 X, 1 Y 2 1 +Al' ( 1 )( 2 t 1 Y 2 1 1/4. 11 

IF COCP-CVl 3.22,2? 
IF (I~YIJS-111 23.24,:!3 
1 )(: 1 )( + 1 ox 
lnx::-JOll 

4 ~2 
4í13 
41:14 
4Q') 

4'l6 
4Hl 

401 

404 

'• C) '> 
406 

497 
49'l 
499 
') (1 1) 

S01 
502 
')(J} 



PY::2,0 
C.All (ALC 
l X-= 1 X +1 OX 
r.c ro 25 

104 

'} lt l Y: 1 Y+ J OY 
IDV:::-JI)Y 
rv = í?. •J 

504 
sos 
'>C6 
507 
508 
509 
511) 
5 11 
512 
513 
514 
r¡~s 

516 
517 
518 
519 
520 
521 
522 
523 
'524 
525 
526 
527, 
52/:l 
529 
530 
5 31 
532 
533 
534 
5 35 
5 36 
537 

r "ll e Al e 
1 Y= l Y t 1 DY 

75 iF fAMilll-l,IYI-CVI 2f;,27,Z7 
'lh NP=NPtl 

~[(INPI=lOO•IX+JV 

,7 1<>=1S+5 
IX=!lC2 
IV=JY2 
en ro 6 

'18 lCT:aMT 
IF 'IAMITX-l,IYI-CVI 29,30,3C: 

.?9 NP=NP+l 
RECINPI=1000IX+IY 

3') NLINES:NLINES+l 
IJ O '31 K= 1, N 
XIKI=XIKI-FNN 
Y(I(.):Y(K)-FM2 

31 CONTINUE . 
C STORE CURVE ON TAPE Z IR2J 

IF IN) 33,33,32 
37 WQITFI2,10001 N,CL 
1 000 F O R"' A T 1 15, E 12. 4) 

loiRIH 12, 100111X(JI,Y( ll,l=J,N) 
1001 FORMATI6E12.1tl 
33 "1= -1 

WETURN 
r. 

V. rO~ MA T 1 1 O ACUN TOUR A Tl E V El' , E 1 1. 5, 1 WA S T ERM 1 NA TE O A T X= 1 ,F 5. 1 u ~Y=' ,F 5. 1 5 311. 
1, 1 OlCAUSE ITCONTAINECMURET~AN150CPLOTPOINTS 1 ) 539 

END 540 
C CONTOUR-PERSPECTIVE PLOTTING 1 FRANK J RENS 1 GEOG.,COMP.CNTR, 1 1541 

SUAROUTINE CALC 542 
C: ACAPTEO FOR U OF M SYSTEM BY FRANK J RENS 543 

C CM I"QN M T, N T, N 1 , IX, 1 Y, IDX, JnY, 1 S S, 1 T, 1 V, NP , N, J T, P Y, REC, C V ,X , Y , l PT , 54 4 
liNX,I~Y,Ql,AM,IOP,QP,DO,ILAR,XluYL,ZL,LABoDX,OY,OZ,X~AX,HT,SCALE,Y545 
?)-11\X,CTHETA,STHETA,FMZuFNN,NN,M,CL,O,NllNES,NCURVoZ 546 

C n :-1 MO N T 1 T 54 7 
DI~ENSfON TITI181 548 
Ol."~ENSin"' AMilOO.lOOI, RECIHOOio Xll500t, Yll500lo IPTI3,3J, INXI8'i49 

1), INY{81, IOPI23), XlllQI, YlllO), llllO), L~BflQ,b), DX,21. DYI25SO 
2 ) , O l 1 2 l , H T 1 1 O 1 , C T HE T A 1 4 1 • S T He TA ( 4 l 5 5 1 

DIMENSION 1(15001 55? 
IT=O 553 
N=~+l 554 
lF ll0X**2+1DV**2-ll 4,1,4 ,555 
IF IICXI· 3.2,3 'i'56 

1 XINI:IX 557 
ZINI=IY 55G 
IY2=1Y+IDY 559 



10.5 

OYI21=10Y 560 
Y 1 N 1 = 1 1 A M 1 1 X , 1 Y 1- e V 1 /1 /to M 1 1 X • 1 Y 1 -A M 1 1 X , 1 Y ll 1 1 •o Y 1 2 1 + l 1 N 1 'J 6 1 
RETURN 562 

3 YINFIY 563 
~~rx 564 
OXI21=10X 565 
IX2:1X+IDX 566 
X 1 N 1 = 1 1 A 1'4 1 1 X , 1 Y 1-e V 1/ 1 A 11 ( 1 X • 1 'f 1- A M ( 1 X 2 v 1 Y 1 1 1 ~fl X 1 2 1 + W 56 7 
RETURN 568 

4 IX2=1X+IOX ~b9 
IY?=IY+IOY 570 
w=IX 571 
lii\1-=IV 572 
1) X 1 2 1 = 1 O X 5 7 3 
UVI21=10Y 574 
DC P = 1 l!M! 1 lC o 1 V 1 + AA4 1 1 X 2, 1 Y 1 +AM 1 1 X, 1 Y 21 + AM ( 1 X2, (V 21 l/4. f) 57 5 
IF IPY-2.~1 ~.~,5 576 

'> IF IOCP-CVI 6.6.1 ">77 
ñ Al:fi&.IIIX.IYl-OCP 578 

V=.5*!AL+OCP-CVI/AL 579 
XINI=V•1XI21+W 58) 
YINI=V00Yill+11~l 5R1 
PY=O.~ 582 
RETURN ">83 

7 IT=I 584 
AL=AHIIX2.IY21-CCP 5~5 
V=.">oiALtDCP-eVI/AL 586 
XINI=-V~OXI21+~+r.XIll 587 
YI~I=-V•OYI21+liNI+OYI21 ">~8 
R(TURN 5~9 

[1\0 590 
C C8NTOUR-PEPSPECTIVE PLOTTING 1 FRANk J RENS 1 GEOG •• eOMP.ChYR. 1 1591 

SURROUTINE C~AFT 502 
[ WRITTt:N RY FRA·~K J II(N~/ f,EOí.RAPHV 1 l9ñ6 ">93 

C O M ,..n N M T , N T , N 1 , 1 X , 1 Y , 1 O X , 1 n Y, 1 S S, 1 T, 1 V, t..: P, N, J T o P Y, RE e , C V , X , Y • 1 P T , '> 9 4 
1 1 " X , 1 N Y , O l , A M , 1 O P , C P ; 00 , ll A R , X l , V l , 1 L , L A 1\ , 0 '1 , O V , 0 1 , X ~ .\ X , H T , 5 C Al F • Y "> 9 ') 
2M.\ lC, C T HF T A, S T H F. 1 A, F fol 2, F"'N , NN, ~1, C: l , O, l'.ll NI:' S .~C: UR V, l 59 t. 

(.0'4MilNTIT ')CJ7 
~luE"'SION TITil~l 50~ 
I)J~E'<Sir'll At-11JJt),¡)r.), PfCIAOI')I, Xll'>O(II, YllSlHJio IPTUo31, lii.X(fl')U<J 

1 1 , 1 N Y 1 1\ 1 , 1 O f' 1 2 3 1 , X ll l (' l , V ll 11) 1 , l Ll 1 '1 1 , lA í3 1 1: 0 , t 1 , O X 1 2 1 , 1) Y U '• r 0 
21, Ol121o HTI1~~1. CTHETI\141. STHEUI41 óLll 

OIMENSION l11SOOI ó12 
Ol~E~SICh IRESI31 603 
KTYPf=) ~04 

or. n 1=7.14 bC'> 
IF IIOPIIII 2J,71,2 6'ló 

'l GC TO n.3,4,5.;?l,?l.21,n,8.JQ,21,21,2lol41, 607 
r HrTATION AAOUT X 60~ 
3 nt=1. 6:19 

02=0. 61" 
0~=0. ~11 
04=0. 612 
D~=CTHETAI21 ól3 
08=STHETAIZI 614 
1)7=0. ól~ 



106 

C6=-•>B ól6 
n9=D~ &17 
GC TO 6 618 

C RCT~T IC~ ABOUT V 619 
lo Ol=CTt<f1A131 ó]O 

02=0. 621 
~3=STHETAI3) 622 
04 ... 1)~ 623 
r>S=l. 62~ 
~h=O~ 62~ 
07=-P3 b1b 
0-l=O. 627 
oq= c·l 6?8 
r.o rn 6 629 

C ~CTATir.N AROUT 1 630 
!' Ol=Clt-4ETAI41 631 

04~StHETAI41 632 
0"\=0. 633 
o2~-o4 634 

'OS=Dl 635 
06=0. ~36 
07;0. ~37 
oa~o. 63B 
09=1. 639 

e ROTATE f40 
1> CVD3=CV*D3 641 

CV06=CV*D6 642 
cvoq=cv•oq 643 
DO 7 J;l.N 644 
XX=Ol*XIJI+020YIJI+CVD3 645 
YY=04•XIJI+C5*YIJI+CVD6 646 
liJI=D7•XIJl+OR*YIJI+CV09 647 
XIJI=XX 648 

7 V(JI=YY 649 
GO TO 21 6S,O 

e P~I~T ~EACING INFORMATION .651 
~ CONTINUE 652 

TITCOC=.9 653 
IF tl-81 9.9.10 654 
NN1=2 655 
WRlTE 16.301 DPoCO 656 
GO TO 11 657 

10 NNl=l 65.8 
11 CAll PSYMB 1.2.1 •• -.l,63HUNIVERSITY OF MICHIGAN COMPUTING CENTER/C659 

lEPARTMENT OF GEOCRAPHV,90.,h31 660 
CALL TIMEIS.-l.IRESI 661 
CAll PSYM81.4,3 ••• t.IRES,90 •• 121 662 
CALL PSYMB t.6.2 •• -.1,28HSCALE, COORDINATE UNITS/INCH,90.,281 663 
CALL PFNMI3RI.6o4.7 •• l,SCALE.90., 1 Wf6.2*'1 664 
JF IIOPI1211 12.13.12 665 

12 C~ll PSYMB ITITCODo3.,.14,TITI11,90.,481 666 
13 IOPIBI=O 667 

ICPI91=0 668 
ce ro 21 669 

C PLOT LAREL ON CRAPH 670 
14 DO 18 J=l,ILAB 671 
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GO TO 116.151, NN1 672 
1 o¡ E= 1 DO -ll 1 J 1 1/ DP o S C 4L E 6 73 

f=IDO/OPI•SC"Alf 674 
C!~IXLIJI-FNNI/E+XMAX 675 
Cl=!YLIJI-FM21/E+Y~AX 676 
GO ro 11 · 611 

16 Cl=;(l CJI/SCALE+XHAX 678 
(2; Yl (J 1/SCAL E+Y"4AX 679 
f=SCALE 680 

17 HTIJI=HTIJI/F 681 
1~ CALL PSYMa IC2oC1,HTIJI,LABfl,JI,90.0o361 682 

10Pll41=0 683 
GO TO 21 684 

e TR ANSL ATE DATA 685 
IQ DO 20 J=l.N 686 

KIJI=X(JI+OXIll 687 
VIJI=IfiJI+OYill 688 

70 liJI=lC.JI•Dllll 689 
C PLOT Pl~NE OR PERSPECTIVE VIEW OF SURFACE '690 
11 CCIIIT 1 NUE 691 

ICPC=IOP121+10PI3I+IOPI41 6q2 
oc 2q J=I.N ~93 

IF 1 IOPC 1 22. 22. Z3 694 
12 IIJI=CV . 695 
?l GO TO 124,251. NNl 696 
Z4 Cl=XIJI/SCALE+XM~X 697 

C2=-YIJI/SCALE+YMAX 698 
GO TO lb 699 

'1'i E=IOO-ZIJII/DP*SCALE 700 
C1=XIJI/EtX~AX 701 
C2=YIJI/E+YMAX 702 

76 IF IIOPI511 28.28.27 703 
77 CI\Ll PROJ IC1,C2,XMAX,YMAX 1 SCALEI 704 
78 CAll PLOTCC IC2.C1,KTYPEI 705 

KTYPE=l 706 
'}q CONTINUE 707 

RETURN 708 
30 FCRMI\TI'O CISTANCE TO PLANE =',F9.2, 1 , DISTANCE TO OBJECT = 1 709 

l.Fq,zt 110 
END 711 
SUBROUTINE PROJ (X,Y,XMAX,YMAX,SCALEI 712 
DATA K/'1'/ 713 

f MAP PROJECTION SUBRDUTINE 714 
C OBLIOUE STEREOGRAPHIC PROJEr.TION 715 
e lNSfRT CARO CONTAINING PROJFCTlON CONSTANTS IMMEDIATELY AFTER ' 716 
e ~20" CARO WHICH FOLLOWS THE FIRST USE OF A "05" CARO. ~·:~17 
e PROJECTION CONSTANTS MUST INCLUOE THE LAT/LONG OF THE CENTER OF:' 718 
e T~E MATRIX TD BE CÓNTOURED ANO THE GRID SIZE IF DIFFERENT FROM 719 
e 1 OEGREE. OTHER PROJECTION f.ONTRDLS OEPENO ON THE SPECIFIC 720 
C PROJECTIDN SlJBRDUTINE. ALL nATA USING "05" IN ONE RUN SHOULO 121 
C HAVE THE SAME CENTER lAT/LON ANO GRID SlZE, ANO WILL PLOT ON THE 722 
C $AME PRflJECTION. . ~, •,. (.,.>.IA-1'1'¿'-: .. U:r23 
e WIOTH OF MAP WHEN USING ·"05" SHOULO REFER TO THE WID'TH5 -AT 'y.¡i(É.>: _;J"fZ4 
e CENTEH LATITUOE ON THE SOUARE PROJECTION (ASSUMES NORTH .. .: ~~n _:_1 '7Zs 
C ORIENTATIONI. - ;, ¡·;n¡ 726 

IF IKI lo4ol ' JJi7'l7 
' ~ ~ .~' 

. '<?1 Q'1, 

' ' ' 



e 

1 
3 

4 

(.(¡,.._T!NUf 
r<AD=l.0/57,2q58 

108 

l<fAD CtNTfR OF HAP, INCRlfo4F.NY. ANO I'ROJfCTION CONSTo<\NTS 
QE¿O 17,~1 C~LT.C~LC.F,CPli·CPLG 

IF lfl 3.2,3 
F=l.O 
CONTINUt 
WRI!F. 16,61 CMLT,CI1LGvfoCPLToCPLG 
FSCAl =SCAL Ellif 
TSCAL=FSC/IL/2.0 
C'~L1R=CMLT+RAC 

C MLGR=CMLC+ FIAD 
C Pl G=CPLG>~<R All 
CPL i=CPL ToRAC 
SNLT=S!NICPLTI 
CSIIILT::COSCCPLTI 
OLG=CMLC.R-CPLG 
SLT-=SII~ICfoil TRI 
CLT=Cr.S.IC"'LTR.I 
t:DLG=COSIDLGI 
UEN=l.O~SLT~SNLT+CLT+CSNlT~f.OLG 
SXR=CLT*SINIOLGI/DEN 
SYR=ISLT*CSNLT-SNLT•CLT*COL~l/OEN 
Cfo4LGR=SXR/RAO 
C~LTR=SYR/R.AO 

K=O 
FlT=CMLT-IV-YMAX)OfSCAl 
FLG=IIX-XMAXI*FSCALJ+CMLG 
FLT=FLT*RAO 
FLG=FLG>11'RAO 
DLG=FLG-CPLG 
SLT=SINIFLTI 
C.L T=f.OS 1 FL T 1 
CDLG= CO~ 1 DL Gl 
OEN=l.O+SLT*SNLT+CLT•CSNLT*f.OLG 
SXR=CLT*SINIDlGl/OéN 
SYK=ISLT>11'CSNLT-SNLT*CLT*COLr.l/OéN 
SX=SXIl/RAO 
SY=SYQ/RAO 
X=X~AX+ISX-(MLGRI/TSCAL 

Y=YM~X•tCHL T~-SYI/TSCAL 

I<.ETURN 

1'2P. 
729 
730 
n¡ 
"132 
733 
7 34 
'735 
736 
737 
738 
739 
740 
741 
742 
143 
744 
745 
746 
747 
741:1 
749 
750 
7Sl 
752 
753 
1 ")1, 

7':)5 
i'S6 
7S7 
758 
759 
760 
761 
762 
763 
764 
76') 
766 
767 
76A 
769 

r. 770 
5 FORM~T 15F7.0l 771 

05 
15 
)Q 

b F Qll ,..A T 1 • 01-! A PC EN TER lA T /L ON • , .71 F 1 O. 4 , llO , 1 1 NC REMEN T 1 
• F 1 O. 41 '0 PR OJ E C T n 2 

liONCE~TERLAT/LON 1 o2!Fl0.4olXll 773 
END 7?~ 

2.0 1.0 

1 1 8F 4 • l/ 2 F 4 • l 1 
01 8. 20. ~.32712 
OR.308.608.40Q.l07.007.308.407.107.508.207.206.603.704.L02.304.~J6.8l~.l 
11.613.1 
o~.4oq.1o9.209.All.2t2.612.llO.alr..4ll.ill.00~.207.703.904.704,408.213.4 
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l'i.ll5.1 
1 7. O 1 1 • t. 1 1. q 1 l. 1 1 4.? 14 • 7 1 ~. R 1 3. 3 ll. 4 1 3. 7 1 3. 1 1 1 • 'H C. 31 O. 80R • 80 8 • 2 11). 2 1 5 • 9 
JC,.717 • .:' 
1"\.71~.1 1~.814.8l4.91S.616.516.~1~.413.q15.6ll.5l4.714.216.113.211.814.2 
¡n.7tl.f 
1~.41~.4lS.917.61S.717.217.917.717.~lb.817.114.316.814.613.914.216.4l6.3 
11.'H6.R 
1~.?17.117.q17.416.ql6.719.318.01~.416.814.616.417.417.717.115.409.4l6.9 
1~.013.7 

I~.Al8.717.818.217.5J8.419.018.41A.617.917.818.118.718.418.917.817.318.3 
17.1118.4 
18.7l8.?l8.018.017.11R.3lf.21E.C1A.418.117.917.ql8.018.217.617.617.81R.2 
18.?18.1 
12 
Tt~P ~T 200H~SAHE/FOLI02/PLATE2/MP6 
}1) 

+40.0 -54.0 
1 3 

t.a +54.C -38.0 



Purposea 

OLOCK DIAGRAM PLOT'rlNG 

This ~rcgram is usAd for ra~id plotUng of j sorne trie pro.fila:; 

fi-om a rect&ngular 111a trix of data. 

Descriptiona The block diagrkl!1s are dra'llll frolll a RO'NS x COLS mat:!'ix 

C01ru:1ents a 

Data Decka 

ot floating point Z values. Data is read in row by row 

from the top d~Jn (1.~·· the origin is (1,1) in the uppe~ 

left, or Northuest). ay simply changing the ROl-5 pa~Sllloter 

to ;¡ mil'lus nWI!ber, the block diagram will ba .drawn As 

viewed from the North. Controls ~nd format are read from 

unit 5: the title and observation deck from unit 4 0 anrl 

plotting is done via unit 9. Th~ program is easy to u~e 

since it has many d~fault options 1 the only essential 

control variables being ROw~ and COLS. This version of 

the program does not delete hidden lines. 

The program is desiened for use with )O inch CALCOMP 

plotter. Current dimensioning allows an input matrix 

of lOO x lOO; this may be adjusted by changing thü dimen

sioning of X, Y, XL, ~nd YL. Multiple sets of data may 

be run using the same vertical exaggeration by settir~ 

SA}~ parameter. Plotting calls are from the standard 

CALCOMP library • 

1) Control card 

2) Variable Forma t c.;¡rd 

J) Title card 

4) Observation deck 

111 
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Data Card 
Compositiont 1) Control cRrd 

co1UIIIns 

1-3 ROWS 

4-6 C013 

7-9 RINC 

10-12 CINC 

13-15 SAME 

16-20 Jd.AXHGT 

21-25 MAX 

26-30 

)1-35 

)6-40 

WID'lll 

FRONT 

NUIIIber ot rovs in input matrix 

(lOO or less). If negative, 

-ROWS is the number of rows, and 

a view from the North is p1otted. 

(1)) 

Number of columns in input matrix 

(lOO or 1ess) (13) 

Spacing increment of row profiles 

Default = lo (13) 

Spacing increment of column pro-

files. Default = Co1s -1. i.e., 

only the edges are drawn -(13) 

Number ot matrices of input to 

be run w1 th same controls and 

tormat, and same vertical exag-

geration. Default = O (IJ) 

floating point height of diagram 

in inches. Default = 0.5 incbes 

(F5.0) 

Control vertical exaggeration. in 

fioating point (Default = M.AX and 

HIN of data) (FS.O) 

Specify horizontal .size of dia

gram in fioating point. Default 

Uses EPS to calculate these val-



Ref'erences 1 

113 

41-45 EPS 

ALF 

2) Variabl~ format card 

ues. (FS.O) 

·Inches between columns o! dicgram. 

fioating point. Default = 0.1 in

ches. (FS.O) 

lsometric viewing angle in degrees 

noating point. Deft.ult = )5. 

(F.5.0) 

E or F t.ype FORTRAN t'ormat for one row of' data 

J) Title card 

l.ny title ( ~ 72 charaeters) 

4) ~vation Deck 

Observations by rows as described by variable !ormat 

cerd. 

B. Kubert, J. Szabo, and s. Giulier1 1 "The Perspectiva 

Representation ot Functions of '!'wo Variables", Journa1 0 

AC~! 1 15,2 (April 1968), PP• 19)-204. 

R.L. l'd.tchell, 11A Computerized 3-D Plottine; Program", 

Los Angeles, 1967, AD 65885?· 
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C .PlllCK O IAGRAH PLOTT ING PI{O(jRAM 1 
C r. ~URTRAN T~A~S~ATJON OF A 1Qb5 ~AO PROGRAM RY ~.R. TOnLéR 2 

DIHF.NSION FMTI181oTITLIIRI,XI lOO.lOOI,YiliJU,liJOI,XLI50')1JI,Yl •3 
1 15 )00 1 t, 

INTFGER ROWS,COLS,RJNC,CI~C.SAME S 
INl(Gf.R ROwSl 6 
REAL MAXHGT,~AX,~I~ 7 

~99 FURMAT 1':113, 7F5,01 8 
1000 FnR~ATI1RA4) 9 
1001 FORMAT 12X,l8A4J lO 
1003 FORMAT 12X,514 9 2X 1 6Ifl0.3,2XII 11 
1004 FCR.,..AT12X,Fl0.31 12 
101)5 FOR,..ATilH ,15) 13 

RAO:l74532q2SE-10 lt, 
5 READI5,9991 ROWS,COLS,R.JNC,C.INC,SAME,~~XHGT,HAX,MIN,WIOTH,F~ONT, 15 

IEPS,ALF 16 
C R[AOS FORMAl FOR O~E ROW Of DATA MAT~IX 17 

REo\CI5, 101)01 FMT lA 
WR1TEI6.10'J11 IFHTIII,1=1.1AI 19 
IVU =O 20 
IF IROWSI 500,500,501 21 

S(l0 1 VU= 1 22 
Rl1'<1 S= -ROW S 2 3 
IC:OLS=COL S+ 1 24. 

SOl GRID=ROWS•COLS 2S 
IFI~INCI 50,.50,52 26 

'>!> IFIC!NO 51 .. 51,52 77 
51 RINC=l 2R 
52 KK= O 29 

IF IALFJ 56 1 55,56 31) 
55 ALF=35.0 31 
5~ lfiALF-901 57,57,55 12 
'57 ALF = Alf*RAO 33 

SALF = SINIAlFJ 34 
CALF = COSIALFJ 35 

10 CONTINUE . 36 
REACI4,1000IITITLIIJ.J=l.lel 37 
WRITEI6.100ll ITITLIIlol=lolRI 38 
WRITE{ó.l'J'J51SAHE 39 
CALL ,PLTXMXI30.01 40 
RCWSl = ROWS+l 41 
DO 60 Jl=l,ROWS 42 
I = ROWSl-11 43 

C REAOS CATA HATRlX ~~ 
IF IIVU 1 502,502,503 45 

502 READ (4,FMTI IXII 1 JI,J=loCOIS) 4~ 
GO TO 505 ~7 

503 READI4 1 FMTJ IVIII 1 JI,J:l,COLS) 46 
DO 504 J=l,COLS 49 
JJ=ICOLS-J 50 

504 Xlli,JJ)=YIIl,J) 51 
5C5 lf 11-LJ 3001,3000,3001 52 

3000 WRITE(6,1003lROWS,I,II,ROWSI,SAME,XIl,li,XIJ,2J, 53 
1XII,31,XI I,4),XII, 5),XI I,6J ?4 

3001 lFCI-ROWSI3003,3002 1 3003 55 
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3007. wql';f::in.l00311HIWS, !.U.RiiWSl,SliM!:oXI I.II,Xtl 1 21, 56 
1XIlo1l,Xtl,:.J,XIl,5l,XIlo61 57 

'0('11 CCNTINUF 58 
t.'J CUNTINIJF 59 

[ F , R l N C 1 61 o 6 1, 6 2 60 
~~ RiNC = P.OWS-l 61 
~2 IFICINCi 61 9 63,~4 62 
~1 CINC = COLS-1 63 
64 IFISMlEI 67 1 67,65 6'• 
65 lFIKI<i 66 0 66,20 65 
6~ KK = KK+l 66 
67 GALl STATS(ROWS,COLS.X,ZGAR,lVARoZSIG,ZMAX,lMINtROWSll 67 

If!"'/I>:··MINl 68,69v68 68 
~8 Z~AX = MAX 69 

ZMIN = ~IN 70 
C HORIZONTAL SC:Al.ES H 
6q IFIWIOl'Hl 70,71,?0 72 
10 EPS = C\-IJDTH-11/ICDLS-l+!ROWS-U*CA!...fl 73 

GO TO 75 74 
71 lf (t:PS) 75, 72, 75 75 
72 IFIFQONTI 73.74.73 76 
H E P S = F. RON T /1 COL S- 11 71 

GO TO 75 lS 
74. EPS = 0.1 79 
7~ WlnTH = EPS*I !COLS-1l+lROWS-ll*CALFl+l.O 80 

FRONT = EPS*lCnLS-ll 81 
C VERTICAL SCALES 62 

RANGF = Zr·IAX-UqN 83 
JFiMAXHGTl 76,76 7 77 84 

1h MAXHGT=O.S 85 
77 Dl = HAXHCT/R~NGE .86 

XCON=0.5 87 
VCON=l.5 88 
SUH=YCON-0.1 R9 
Sf = SALF>~~EPS 90 

70 CONTINUE ql 
WRITE (6,10031 ROWS,COLS,RINC,CINC,SAME,FRONT,EPS,SALF,MAXHGT, 92 

1 ZMAX.ZMIN 93 
CALLPSYMBI0.5,0.l,.l. 1 GEOGRAPHY OEPA~TMENT, UNIVERSITY OF MICHIGA 94 

IN ',0.0,45) qc¡ 
CALL PSYHR(Q.S,0.5,.1 1 TITL,0.,72) 96 

C BfG IN PLOTT ING 97 
( COMPUTE THE DIAGRAM LATfiCE POINT CUORDINATES 98 

00 30 I=l,RO~S 99 
M = I-1 lOO 
RC 1 = SF*M tYCO~ 10 l 
RCZ = H>~~CALF· 102 
r)Q 30 J=l,COLS 103 
Y ( [ , J ) = ( X ( f , J l -z M 1 N 1 toO l +R C 1 1 O t, 
X(l,JI = EPS"'((J-ll+RC21+XCDN 105 

30 CONTINUE 106 
BOT=O.O 107 

W R 1 TE ( 6 , 1 00 4 1 BO T lO 8 
(, DRAW PROFILES ACRDSS THE ROWS 109 

DO 40 l=l 1 ROWS,RINC 110 
DO 2000 J = l, COL S ll l 

....... 



XLIJI=K(I,JI 
2~00 VLIJI~Y(J,JI 

116 

C4ll PLINE IXLili,Yllll,C:OLS.I,O,O,OI 
41" CO~TINUE 

ACT=loO 
WQITE 16,10041 BOT 

C DR4W P~OFILES OOW~ THE COL~MNS 
~O 42 J=l,CQLS,eJNC 
00 4 l 1-= 1 , ROW S 
XLIII = XIJ,JI 
Vlflt ~ Y(l,J) 

41 CONT 1 NUE 
C4LI. PL INE 1 XL 1 li,YL 111 ,RQWS.l,Ori>tOI 

42 CONTINUE 
ROT=BOT+Z.O 

WPITE (6.10041 BOT 
e PIIT IHlTTO~ ON THE OIAGRAM 

XLill=XCON 
Yllll=VIl.ll 
Xll2l=Xf.ON 
Vll2l=SUM 
XL 1 31 =X 1 1 , COL S 1 
Yl13l=SUM 
XLI4l=XLC31 
Y L 1 4 1 =V 1.1 • f. Ol S 1 
CALL PLINE IXLili,YlllJ ,4,l.Q,O,Ol 
XL 1 11 =X 1 1 • COL S l 
XLI2l=XIAOWS,C~LSI 

YLI31=YIROWS,COLSI 
Y L 1 l 1 = SUM 

YLIZI=RCl-0.1 
XLI31=XLI21 
t:t.LL PLINEIXL(l),Yl(lldtloO,Q,Q) 
BCT=ROT+4.0 

WRITE li>v10041 BOT 
SA~E = SAME-1 
eALL PLTENO 
WRITEI6.ll411TITLIII.I=l.l81 

114 rORMATilH1,18A4J 
IFISAMEI 5,5,10 
ENO 
SU~~OUTINESTATSINR,NC,X,XBAR,XVAR,XSIG,XMAX,XMIN,PRINTI 

DI~ENSION XI100,lOOI 
INTEGER PRINT 

?00 FORMAT(lH ,ZIIS.lXI,5(Fl0.3olXII 
FN=NR*NC 
X M A X= X 1 l, 1 1 
XMI N=XMAX 
XSUM-:0. 
XSQR= O. 
DC101=1,NR 
00 lOJ = 1 ,N e 
XlC=XII,JI 
XMAX=AMAX11XMAX 1 XXI 
XMIN=A~INliXMIN,XXI 
X S U 1+-: X S lJM +X X 

112 
1 13 
114 
11 ') 
116 
1 17 
1!8 
119 
120 
121 
122 
12] 
1 24 
125 
1?6 
127 
128 
129 
1 ]1) 

1 31 
1 32 
133 
134 
135 
136 
131 
138 
1 39 
140 
L 41 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
1 'i4 

155 
1 56 
157 
158 
1 59 
160 
lól 
162 
163 
164 
165 
lbb 
167 



1~ (SC~=xsv~•xx•xx 

'C ~A lb lC S U14/ F N 

ll? 

'CV4R= IXSOK-2.•1CB4RUSUM+FI\40X8AIUXIUR 1/FI\4 
XSII..::SCIHIXVARI 
IF!P~INTI30,1~.20 

7n WRfH !6.21)Q)r.,¡q,NC,XBAR,XVAR.l(SIC.,XA4AX,X14IN 
)0 QE TUHN 

I:NO 

lbA 
lbq 
170 
1 71 
1.72 
173 
174 
175 



Purposea 

SPATIAL DEIUVATIVe Plto:iRAl: 

This program calculates the absoluta value of the grad

. ient (11slope") for data giverl as a geographical ma.trix. 

Descriptiona The spatial derivativa is calculated by the equation 

Commentsa 

Data Decka 

'V (x,y) =- (:QL);l + (~ 
ox ' 0'1 

Where ~(x,y) is the magnitude of the gradient obtained 

from a pair of orthogonal partial derivativas or z. approx

iMated by !inite dl!ferences. That is, ~ij is calculated 

!rom its tour neighbors (Zi*l, J~l)• Edge effects appear 

·at the boundaries, where the three neighboring points are 

used, and in the co~ners where the two neighboring points 

are used in the calculations. The program will calculate 

as high as nine derivativas. The results may also be 

punchad out. 

Currently the program will accomodate an input matrix of 

Z values of lOO· x 100. This may be adjusted by changing 

the dimens1oning of values l and W, This program may be 

used at a remota terminal whlch has access to shared files 

with no difficulty. Punched output may be used directly 

(with proper control cards) in the block profile and con-

tour mapping programs. 

l) Control Card 

2) Title Card 

J) Variable Format Card 

4) Observation Deck 

119 



120 

Data Card 
C0111posit1ona l) Control Card 

Referencea 

colUnllls 

RO'I4S 

COI.S 

1 G 

8 PUN 

Number ot raws ot input !D!ttr1x 

Number of columna or input matr1x 

One tor t1rst derivativo, two tor 

second derivativa, etc. 

One it a~ derivatives are to be 

punched out, zero otherwise 

9-14 SCALE Distance between matrix points (F6.0) 

15 SPUil Ir zoro punches o-ut all derivativos 

(pur¡ =1), 1t 1-9 v111 only punch out 

derivativo number indicated (conven-

iant for remote terminal usage). 

2) Title Card 

Any title (~80 characters) 

3) Variable Format Card 

E or F type FORTRAN tomat ror one ro~1 or data ( ~ 80 

characters) 

Observations by rows as described by variable format 

cardo 

C.M. Llavis, 11A Study of the Land Type11
1 Univcrsity of 

Hichigan, Contract lJA-31-124-ARQ-D-456, UM 080.5.5-2-F, 

March 1969, PP• 59-8.5. 
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r PHOGKA,.. 1'0 COMPUTI: THf K'l~IMAX 91 OfRIVATIVI ··AT GIUU POIN~S 1 
( W.R·. TOALfH 1 UNIVI-HSITY UF MICHIGAN 1 GEllGRAPHY 2 
C. ACAPHD Tll FOIHRAN PY H. MOELLERING 3 

INTtGf~ ROWS.CDLS.G,PUN,SPUN 4 
O 1 M t N S 1 ON T 1 TL 1 20 1 , F M T 1 2 O 1 , 7 l 1 OC, 100 1 , lol l l J C ,1 O O 1 , O l V 1 9 1 5 
DATA DIV/ 1 lST 1 , 1 2ND 1 , 1 3RD 1 o 1 4TH'·•'5TH 1 , 1 6TH',•7TH 1 o 1 8TH 1

,
1 9TH 1

/ 6 
100. FU~I"ATI213,L'Il.F6.0olll 7 
101. FO~MATI20A41 8 
102 FCHI"ATI1H1,20A41 9 · 
1 O 3 F O R ~A T 1 1 u 1 , 1 N'= 1 , 15 , 5 X 1 1 RO W S= 1 , 1 3, 5 X, 'COL S=' , 1 3 , 5 X, 1 K= 1 

, I 2 , 5 X , 1 O 
· 1 ' S CAL E = ' i F 6 • O , 5 X, ' G= • 1 1 2, 7 X • 1 S P UN= 1 1 1 2///5 5 X , 1 T HE 1 

, 1 X , A 3 , l X , 1 1 
2'0ERlVATIVE IS 1 1 12 

104 FORI"ATI8Fl0.31 13 
lO<; FORMAl 1 10X, 'ENO Of DATA SET 1 1 14 
\06 FCRI"AT11HO,' ENC Of OERIVATIVES 1 1 15 
10fl FORI"AT 1 1 0 1 , l2F 10.311' 1 .12F10.311 16 
109 FORMATI 1 l 1 o20A41 17 
110 FORMAT 1 1 0 PROGRAM 1~ PUNCHING OUT RESULTS Of ALL DERIVATIVES REO 18 

1UESTE0 1 1 19 
111 f0q"'ATI'0 PROGRAM IS PUNCHING OUT RESULTS OF ONLY OERIVATIVE l#'o 20 

11 2 1 21 
5 REAC(5,1001 ROWS,COLS,G,PUN.SCALE,SPUN 22 

REAOI5.1011 TITL 23 
WRITEI6,1091 . TITL 24 
REACI5,1011 FMT 25 
WRITE 16.1011 FMT 26 
IFISCAU.LE'.O.OI XH2=2.0 27 
IFISCALE.GT.O.QI XH2=SCALE*~.O 28 
IFIG.LE,OI G=1 29 
DO 70 l~l,ROWS 30 

70 Rt:AC (5,fMTI IZ([,KioK=leCnLSI 31 
00 60 l=l.ROWS 32 

60 W R 1 TE 1 b, 1 O 8 1 1 Z 1 1 , K 1 , K= 1, COl S 1 3 3 
CALL STATSIROWS.COLS,Z,ZBAR.OUM,ZSIG,ZMAX,ZMlN,Kl 34 
IFIPUN.GE.1 .ANO. SPUN.EO.OI WRITEI6.ll01 35 
IFIPUN.GE.1 .A~O. SPUN.GT.OI wRITfl6tllll SPUN 36 
00 50 K=loG 37 
N=ROWS•COLS 38 
WRITEI6,l021 TITL 39 
WR 1 TE ló, 1031 N ,RQWS .COL S,K, SCALE ,G ,SPUN,OI Vl Kl 40 
OC 30 M=l,ROWS 41 
Ml"=l"-1 42 
111=11+1 43 
OC 20 J=1.COLS 44 
JJ=J-1 45 
J1=J+l 46 
IFIJJ.LT.ll OX=Ifl(M,J11-ZIM 1 JII*2•01/XH2 47 
IFIJl.GT.COLS) OX=IIZIH,JI-Z(M,JJil*Z.OI/XH2 48 
lfiJJ.GE.l .ANO. Jl.LE.COLSI OX=IZIM,Jll-ZC M,JJII/XH2 49 
lfl¡o¡M.LT.ll OY=liZIM,JI-ZIM1,JII*2•01/XH2 50 
lFlfoll.GT.ROWSI OY=llZIMM,JI-ZIM,Jil*2•01/XH2 51 
IFIM"4.GE.l .ANO. Hl.LE.ROWSI DY=IZIMM,JI-ZIMl,Jli/XH2 52 
WIM,JI=SORTIOX*OX+DY•OYI 53 

ZO CONTINUE 54 
IFIPUN.GE.l .ANO. SPU~.EQ.OI WRITEI7.104J (W(M,Jt,J=l,COLSI 55 
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IFIPUN.GE.l.liNO.SPUN.EO.I<I \IRITEI7,104l IWCM,J),J=l,COLSI 
30 CONTINIJE 

Sb 
S7 
58 
59 
t. O 
61 
b2 
63 
64 
6!1 
bb 
67 
68 
69 

OC 32 1=1 ,RQWS 
32 WRITEI6,1081 IWCI,JI,J=loCOI.S) 

CALL STATSIROWS,COLS.~oWBA~.OUM,WSIG,~HAX,WMJN,I<) 
IFIG.LE.l) GO TO 42 
OC 40 M=l,ROWS 
OC 40 J=1,COLS 
ZOI,J)=WIM,JI 

40 CONTJNUf 
42 IFIPUN.GE.l .ANO. SPUN.EO.OI WRifE 17.105) 
o;o CONTINUE 

WIIITEI6ol061 
GC TO 5 
o. o 
SUR ROUT 1 N E S TAl S ! NR , NC, X, XRAR, X VAR, X S 1 G, XMA.X, XH J N, PR 1 NT) 
DI~ENSION Xl100.100) 

70 
71 
72 

1 NTEGE R PR INT 
1 o; F C 11 MA T 1 1 O' , '1'\1 R = 1 , J 3, 1 X, 'NC = 1 , 1 3, 1 X, ' X P. A R = 1 , E 1 ~ , 8 , 

1 'XSIG=',El5.8, 'XMAX~ 1 .E15.8t 1 XMJN='ofl~.8) 
FN=l'\AIOoNC 
X~AX=XIloU 

X~>'Jl'\=XMAX 

XSUfoi=O. 
XSOA=O. 
DClOJ=loNR 
OC10J=l,NC 
XX=XIJ,JI 
X~AX=A~IiX11XMAX,XXI 
X~Jl'\=AMINl(XMIN,XX) 

XSUfoi=XSUM+XX 
10 XSO~=XSOR+XX*XX 

X~AA= XSUM/FN 
XVAR=IXSOR-Z,*XR~R*X~UM+FN*XBAK•XAARI/FN 

XSIG=SCRT IXVARI 

73 
1 X~AM:•,E15.8, 74 

1~ 
76 
17 
78 
H 
AQ 
!11 
82 
A3 
84 
85 
A6 
87 
íl8 
A9 
Ql) 

IFIPPINToGT.OI WRITE 16,151 NR,NC,XBAR,XVAR,XSJG,X~AX,X~I~ 
RfTURN 

91 
92 
93 E NO 

., ¡.o 31 1 o 2 
"'nfllE~ING'S FOLL Y 
1 1 OF ') o 1 1 

1.0 1. o 1 .o "!.4 o. o 4.7 4.2 4.2 o.o o. o 
1.(' 1. o loO 2o0 4. 2 3.1 4o2 CoO c. o o. o 
O.ú o.o 3.0 4.0 "·q o.o 4o2 o. o (loO o. o 
(1,('1 o.o OoO o.o 3. 2 1.6 4o2 3. 1 o. o 1.2 
o.o o.o lo2 3.9 1,.2 1.0 t.o 2. 1 1. z lo 2 



Purposea 

TRENO SURFAC&S BY EIG~NVhl:TOR DYADS 

This program produces a .seri•s of trend surfaces each con

secutiva member of which better approximates an original 

input distribution. 

Descriptiona It is assU!IIed that the geographical data are given in tbe 

form of an m by n geographical matrix Z = (Zij>• This 

matrix is dec0111posed by tho program into the sum of k ma-

Data Deckr 

trices of arder m by n. Each of these trend matrices is in 

turn separated into the product ot an m by one vector fk 

multiplied by a one by n vector gk• i.e., the model is 

where x can be interpreted as the column coordinate j, 

and y tbe row coordinate. The column vector fk is the 
.. t 

kth eigenvector of ZZ , and the row vector gk is obtained 

as gk = ztrk/f~rk. l'he program orders the dyads (f., g) 

from the largest eigenvnlue to the smallest, each dyad 

accounting for the maximum amount of variance which can 

be extractad by any product of the form f(x)g(y}. The 

number of eigenvector dyads required for a complete rep-

resentation of Z is at most the lesser of m,n. The current 

dimensioning allows up to m = n = 70. The program reads 

troru 7, writes on 6, and punches on 5. 

1) Control Card. 

2) Format. Card. 

J) Observation deck. 

123 



Repeat 1 throut:h ) as uny timos as des1red. 

Data Card 
Compositiono 1) Control Card 

eolumn 

1-2 NR number ot rcvs 

)-4 NC nillllber ot colUilUlS 

5-6 MAXE Haximum number 9! dyads to ~ extractad 

? IFPCH 2 1t ior eacb dyad the X matrix and tho 

2) Fomat Card 

cuaaul.ativa Y matriz are to be punchad. 

1 if for each dyad onl7 the cumulative 

Y !llatrix is to be punchad. O 1t no 

punchi.ng. 

The vuiable format, including le1't SJ'Id right parenthe-

se:s o is punchad in the tirst 72 -:olUIIU\S or this card in,. 

E o~ F type FORTRAN notationo 

Reterencas1 Waldo R. Tobler, 11Geographical Filters and their Inverses, 11 

Gaographical AnAlysis, Vol 10 (1969), PP• 243-253. 

Peter R. Gou1d, 110n the Geographical Int..erpretation ot 

Eieenvalues ,u Transactions • Institute ot British Geographers, 

(196?). PP• 53-86. 
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e TRE~n SURFACES VIA EIGENVECTOR OYAOS 1 
Ul,..t:NSION 1170.701. ZTI70.70J, ZlT170,701, FHTll8J, EVALI70lo Al70 2 

11. P170io EVECI10.7CI 3 
31 FCRMAT 1312.111 4 
17 fCK~AT 118441 5 
H FQMJoiAT llOHlCONTROLS ,4(2lc,l2tllH"l8A4) 6 
14 FCR~AT I 1 0RIGINAL :14ATR IX' 1 7 
3"\ fCRI"AT llH lOF 10.211 8 
36 fORMAl ( 1 -EIGENVALUES'/ 1 TRACE= 1 ,ElS.6,10Xo 1 N= 1 ,15/ 1 VECTOR 1 o10Xo 9 

l'VALUf',lOX,'CUMULATIVF PERCENT 1 /1HOI 10 
H FCRI"AT 11HOoi2.E1S.6,2Pf24.71 11 
314 FCRI"AT 1 1 1 CYAO NUMBER'ol51 12 

39 FCR,..AT 11HO,'EIGfNVECTOR TRANSPOSE0 1 1 13 
40 FORMAl llHO,'THE OTHER'VECTOR'I 14 
41 FORMAl llHO,•THE PROOUCT HATRIX'I 15 

41 fURJoiAT 1'1· CUMULATIVE EXPANSJON, THRU OYAD',I51 16 
43 FOR,.AT 11H-,'EXPA"JSION COMPLETED'I 17 
44 FORMAl llH0,34HMATKlX OlMENSIONS EXCEED ALLOTHENTI 18 

RE:AO 17,311 NR.NCo"'AXE.IFPC~ 19 
RE4C 17,371 IFMTIJioJ=Iol~l 20 
WRITE lbo331 NR,NC,MAXE,IFPCH,IFMTIKI,K=lo181 21 
WRITE (6, 341 22 
IF (MAXO.INR,NCI .GT. 701 Gn TO 51 23 

C READ ANO PRINT DATA MATRIX 24 
DO 2 l=l.NR 25 
RE A D 17 , F M T 1 1 l 1 1 , J 1 , J = l , NC 1 2 6 

7 wRITE 16.351 IZII.JI,J=l,NCJ 27 
C FCIIM· TAANSPOSE 28 

OC 3 l=l.NR 29 
DC 1 J=l.NC 30 

'1 ZTIJ,II=ZiloJI 31 
DO 4 l=l.NR 32 
DO 4 J=l.NR 33 
ZlT(f,JI=O.O 34 

4 EVECII.JI=O.O 35 
C FORM PROOUCT 36 

O~ 5 K~l.NC 37 
OC 5 l=loNR 38 
OC 5 J=loNR 39 

S ZZTII.JI=ZZTII.JI+ZII,KI•ZTIK,JI 40 
MAXE = MINOINR,NCI 41 

11 TRACE=O,O . 42 
DO 12 K=loNR 43 

12 TRACE=TRACE+ZZTIKoKI 44 
C PRINT EIGENVALUES 45 

WRITE 16.361 TRACEoMAXE 46 
PERC=O 47 
CAll EIGEN IZZT.EVEC,NR,EVAI 9 MAXE,701 48 
DO 1'.) K=l.M.,XE 49 
IF (TRACEI 13.14,13 50 

13 PERC=PERC+EVALIKI/TRACE 51 
WRHE 16.371 KoEVALIKI,PERC 52 
Gc ro 15 53 

14 WRITE (6,371 KoEVALIKI 54 
15 CO~TINUE 55 



oc n. 1-=l.~JR 

nc !6 J=l.NC 
16 ZIJ,JI=O.O 
C G~TAIN CYAOS 

OC 29 ,_¡=loHAXE 
WRlTf 16,381 H 
OC 17 I =lo N C 

17 . 811)~0.0 
ENOf;lf!I=IJ.O 
DO 18 l=!.NR 
All)= EVfC IJ ,H 1 

18 ENOPM~fNORM+AIJtoo2 

lf IENOHHI l9ol0ol9 
ICJ loiAITE 16, 39) 

wRITF. 16.35) IAIKiol<=loNRI 
00 20 K=loNR 
OC 20 l=loNC 

10 IHIJ=fiiii+ZTIJ,KIUIK) 
OC 21 l=loNC 

21 1\ C 1 1-= B 1 1 1 1 ENO R ~ 
WRITE Ct.,ltOI 
;.¡ R 1 TE 1 6, 3 5 1 1 8 11< 1 , k= 1 , NC 1 

C (RJAIN P~OOUCT 
DIJ 2l l=l.NR 
OC 11 J=loi\IC • 

12 ZlTIJ,JI=O.O 
OC 2) l=loi\IR 
DO 23 J=l.NC 

73 ZZTII,JI=ZZTII.JhAIII*I\IJI 
wRITf lt>,411 
OC 25 K=l,NR 
wRITE 16.351 UZTIK.JI,J=l,NCI 
lf IIFPCH- 11 25.?5,24 

74 ~RIT~ 15,FNTI IZ/TCK,JI,J=l.~CI 

7c; CCf..;TJNUE 
r P~I~T CUMULATJVE PR~DUCTS 

WRITE 16,421 M 
DC ZR J=l.NR 
JC 26 J=l.NC 

7h Z((,JI=ZIIoJI+ZlTI I,JI 
W R 1 T 1:- ( 6 • 3 5 1 1 l 1 l , K 1 , K= 1 , t-IC 1 
IF IIFPCHI 2R,28.27 

n W R 1 T 1- 1 5 , f- M T 1 1 l 1 1 , K 1 o K = 1 , Nr. 1 
78 CONTINUE 
?9 CCNTJNUE 
'\(1 WRITE' (6,431 

GC TO 1 
Sl PR l NT 44 

t:NO 
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5b 
57 
58 
59 
60 
t.:! 
62 
63 
bit 
c. o; 
bb 
67 
68 
b9 
70 
71 
72 
73 
74 
75 
76 
71 
71:1 
79 
8f) 

e1 
1¡} 

fl3 
1!4 
H5 
Hb 
li7 
El A· 
R~· 

90 
91 
Qz 
93 
94 
q~ 

9b 
97 
':18 
qq 

lOO 
101 
lC'Z 
10~ 
104 

e EIGEt-;VALUES ANO N!liHIALIHC 
t:IGENVALUES ARE R~TURNfD 1~ 
SJOREO IN B. NSIJA IS ORDfR 
NUMBER OF ROOTS ANO VECTOkS 

FIGENVECTORS OF A REAL SYMMETRIC MAí~IXlOS 

e 
e 
e 
e 

e 

VALU ANO NORMALilfD EIG~~VEClORS ARE 106 
OF MAT~JCES A ANO B A~O M$~9 IS THE 107 
DESIREO. 108 

SUBROUTJNE EIGf~ (4,6,NSUA,VALU,~SUR,MDI 

109 
11 o 
1 1 l 



1 ;''/ 

lli,.,FN~IllN AI'40,"4CI, RIMD,~UI, VI\LUI~OI, TIIOdl, UIAGI701. SUPf:krll11? 
1701, hVFCI7'lJ, PVl-CI701,0Vtrl701, VAll(7rl), 01'101, 111701, lfi.Df'((1J113 
2 1 o V 1 7 'J 1 1 l 4 

r 1 1 5 

r 
( 

( 

f 

l 

r. 
[ 

4 

e, 

( 

f 

Q 

FCIJIVAL.f-N(f llo.'Vf(,VALL,lJI, 
11 1?, T l 1, 1 T fMP, TOlo ( 511'1 ,MA T(H 1, 
2fR"'(',AI'.,j0RMI, IVTf"''r',VI~(JRM2,V 1mi<l'l • 

111: 1 T 1 fll 1 lA T ION 
N=NSUP 
"'="SlJH 
1\Pl=N+l 
f\¡.ll=N-1 
El=!.!'-!l 
GENE~ATE IDf~TITY ~ATRIX 

OC 1 J=1oN 
on l J, 1 • N 
IF 11-JI ?.1,2 
kii.JI=I. 
c;o ro 1 

r'\II,JJ:Q, 
CI~NT 1 NUF 

(PVt:\.,(JVF:C,Q,VI, ((1,T11, iló 
1 1 , P 1 , 1 1) 1 ·.¡, SC Al A R, T All 1 , 1 AN 1 l 7 

118 
119 
120 
121 
122 
123 
124 
125 
ll6 
1 2 1 
12A 
lt9 
1 "iO 
l :, 1 
1 32 
1H 
1 }4 

Hf;u<;t-hrtf?ER Sl"~lll\rUTY TRANSFriR~ATIOr-. Tll Cf1-0J,\Gf!NAL Ff~~ 

~[rliJCE Clllll"'¡ lF. "'AT~IX 
1 3 '; 
1 l. t> 

137 
1111 
H'l 
140 
141 
142 
14 .\ 
144 
14"> 
14t 

ur: 14 r=1.V·'l 
lf II-N"'11 4,1~,4 

r 1 = r + 1 
L~=11.+1 

SIJ "'1= "l. 

r) e <; J = 1 2'"' 
SII~=StJM+I\IJ,(I*~2 

1 F IStJr~ 1 óo 1 ~.f> 
J = 1 1 
TF"'P=AIJ,fl 

S 1 J" =-S ·~ ~ T 1 S U'}+ T é "'P * ~ ? 1 
AIJ,II=-)I~N 1)1Jo.!,Tf'1PI 

.. v[C.IJI=St;RTI1,+A'''i ITEMPI/SUMI 
o!IV=Sif,N n.VfOCIJI•'>II"',Tf.'4PJ 
~JC: 1 J= llo"< 
,.VfLIJI=AI loll/f:IV 
::.·e" LA;:.=:--. 
DC 9 J = 1 1, r-. 
PVF.CIJJ:(I, 
llO 9 1\=II,"J 
PV f f. 1 J 1 do' V f C 1 J 1 +A 1 K , J 1 * W V f C 1 K 1 
SC ALA~= SCAL Al< +PVEC 1 J 1 "wVfC 1.11 
CONTINUF 
SCALAih$ffiLMU2. 
nr to J=J1,N 
t~V f C 1 J 1 = P V F. e 1 J 1- S C <\ l AR * W V E e 1 J 1 
Ol' 1"1 K=J1,J 
AIK,Jl=AIK,JI-I~VfCIKI*OVfCIJ)+hVECIJI*OVECIKI 1 
AIJ~K l=AIK,JI 

TfqMJ~AL-F FLAG14/ 
14~ 

149 
TEKMINAL-~ FLAGi5J 

1 'll 
152 
1 ') 3 
1 54 
1 'i'i 
1'Jt. 
157 

.1 'iíl 
l'i9 
1 oo 
1 h 1 
lo.! 
lól 
1h4 
1t>5 
lt-6 
167 



1 1 

1 2 
e 
1 3 

1 4 

e 
e 

J'j 
e 

e 
11 

IR 

'o 
r 
;n 

25 

e 
16 

121:) 

CllNTINUE 
~AVf ROTAl lnt~ FOR LA TER APPI ICATION 10 CO·DIAGIJNAL VI·CTilHS 
lll~ l Z 1<.::: 7. , N 
1 l' ~p .. o. 

·OO 11 J=Jl,N 
·IL~P=TEMP+WVEriJI•eiJoK) 

I)C 12 J=J1,N 
.BIJ,KI=PIJ,KI-~VFCIJJOTEHP 

CUNTINUE 
MCVE CO-UIAGONAL FORM tlEMENTS fOR ITERATIVE PROCEUURE 
J=l 
CJAGin=AIJ.ll 
')LJPEkUI li=A(J+ loll 
CO....,TINUE 
OlAGIIO=AINoNI 
DETEU~J~E EIGt~VALUES FROM STURM CHAIN OF CO-OIAGONAL MINO~S 
CALCIILATE NOR~ OF -4ATRIX ANO INITIALIZE EIGENVALUE BOUNOS 
ANO~M2=0IAG11I0*2 

OC 1'j l=-2.N 
· OIL-11=SUPEROIL-11**2 

A 1\0kl-l ?=O l AG 1 l 1* * ?+'l ll- l 1 +O 1 l-l 1 +ANORM2 
·.cn1'4TINUE 

AI\:OR!o!=~CI<T 1 ~NO.RM21 
OC lb l=1,M 
VALUI L 1 = ANORM 

• VALULI=-ANORM 
CONTINUE 
E PS l"' ANOIH4* E 1 
IF ltP'ill 17.73,17 

TE~MlNAL-F 

CHOOSE NEW TRIAL VALUE W~llf TESTING ROUNDS FOR CCNVERGENCE 
OC 35 l=1oM 
1 Jf P=t'l 
V Hf'P= E PS 1 
T AU = 1 V ALU ll 1 +VALLI L 11/2 • 
IF IITER-101 21),19.20 
VTE,..P=VTt"4P*10. 
1 TER= O 
IF 12.•1TAU-VALLIUI-VTEMPI 35,35,21 
DtTER"'INE SIGNS OF PRINCIPAl MINORS. 
t.~ATCH=O 

1 1 E R= 1 TER·+ 1 
T2=0. 
T 1 =l. 
o e .3o L 1 ::r 1 • N 
P=OJAGIL11-TAU 
IF IT2l 23,22.23 
Tl=SIGN 11.,Tll 
lf llll 25.24.25 
TO=-SlGN (l •• T21 
1 2=0. 
IF IOILl-111 2&.22.26 
TO= P-Cill-li•T21Tl 
T 2= l. 
COUNT AGREEMENTS IN SIGN IZFRO CONSIDERED POSITIVE) 
IF CTOI 29,27,28 

l b8 
Jbq 
170 
l 71 
1 72 
l 7 3 
l 74 
l7S 
1 lb 
177 
171:1 
1H 
180 
lAl 
182 
1fl3 
184 
185 
18b 
lA7 
188 
189 

FLAG190 
191 
192 
¡en 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
.?lO 
211 
212 
21'3 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
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-'rl .. , 
h.l 
r 

q 
1? 

-:q 

lt. 

l') 

( 

e 

}t> 

... ' 
"iR 

r. 

4 7 

129 

r 1.-= T 1 
1 F e 1 1 1 7 'l , l El , 1 R 
M fo T (1 t "1 lo T l H • 1 
T 1 T v 
CUNllf\llt 
fSTAIILISH TIGHTFR •Hllll\r:S ()~ t:.I.GINVAllii'S 
llC 34 Ll=L,M 

77t. 
ll5 
?26 
l?l 

llH,~ j 
219 ·. 
2 30 . 

IF CL 1-t.lATCt-<1 ~3. 33,31 
1 F e V 41_ U el l 1- T AU 1 1 e, 1 R, 31 
VAlllllli=TAU 
ce rn 14 
VALLII li=TAU 
CCNTINlJE 
GC TI! 1" 
CONTINUE 
FIGFNV~fTORS U~ f~-DIAGCNAL 

C~ECK ~OM H~P[~TEC VALU~ 

O(l 6R 1=-1,1'. 
IF 11-?l 37,lh,36 

Bl 
2 32 
2B 
.? 34 
2 3':i 
?36 
?H 
? HJ 

5'~MfTRif MATP(X -- INV~RSE 1 TF~ATIQN ~lQ 
24~ 

241 
?42 

IF IV4LUll-li-VALIJIII-l.l::-ll 38,37,37 
1 1 = -1 

.243 
. 2 1·4 
24') 11=11+1 

TRIANGULAAI/L CO-CIAGnNAL FO~M AFTEM EI~ENVALUE SUBTRACTION 246 
247 
24A 
249 
2 Sll 
251 
2'>2 
?'J3 
:? ~4 
255 
?Sb 
?')7 
2':'-A 
zc,q 

or.4lL=1,N 
VILI=-t:P~l 

T 1 L , 21 =u 1 AG ll 1 -V AL lJ 1 1 1 
lf IL-'n t.:J,3<;,4C 
TIL,ll-=0. 
UC TU 4 ..l 
T 1L , 3 l =SUPER O 1 l 1 
1~ ITIL,311 '-.?,41,4¡ 
Tlloll=FP~l 

T IL+l.li=Til ,ll 
e e .\jr 1 t~u~ 
nr. 5.1 J--=l.N 
TIJ.ll=T(J,2} 
TIJ,?I--=T(J,31 
l(J,~I=f'l, 

Vlt"''-'oflf~) IT(J,III 
'~ (J-f\1 ~~.44,4f, 

1~ lvlf.,.,PI 58.'•'>,'iu 
TIJ.It=fP!;,l 
l.C TIJ 'íf' 
1"-0~K(JJ=r) 

IF (Af-IS (T(J'lolii-VTfMPI 4<;,4<;,47 
1.\01-XIJI=l 
nc 4A 11.--=1.1 
VJ~p;P=TIJ,KI 

TIJ,KI=T(J+l,KI 
T 1 J + 1 , K 1 = VT t-'1 ~ 
lC~Ti'"WF 

VTE:I-lP=TIJ+l,li/TIJoll 
UIJI"=VT[MP 
TIJ+1.?1=TIJ+l,/I-VTFI-1P*TIJ.ll 
J. 1 J + 1 , -, 1 = T 1 J + 1 , 1 1- V H M P * T 1 J. 3 1 
CCNTIIJUE 

. ~ ' .... ; .... .,,..., . 

2b0 
;_>t, 1 
ll>2 
¿6 3 
2h4 
2ft S 
?oto 
lb 7 
268 
26q 

170 
:n l 
272 
.? 7 3 

., .. . . ... " . - 2 74 
•. . . - • ; ·: r ··. J l .::: t ' '> 

1 ! 'l 1 -·" j ' • ' • ,) ¡ l.. ·- • 7 b 
<" • r i ) .:'" 

' , '. . '.? 7 7 
•·.~·' (!~-~~ÍJCI 

,l.)" 2 ·¡q 
~ ~-~ 1 - • 



r .,, 

70 
r. 

e 
71 

l)U 

ll r ~<= 1 
1 f- 1 1 l 1 ., 8. o; l • ": ~ 
' 1 AO ~1JHS 1 1 TUTE: TU OkTIIIN 1: IGlNvr(. TIJ~ 
:> r. ':> 7. L l = l o N 
l="-Pl-Ll 
V 1 l 1 = 1 V ll 1- TI L , 2 1 "'V ll + 11- T 11 ,";!) tV ll + 211/ Tll r 11 
CCNTINUf 
o.. r•· T f' 1 5 '1 , 'i ~ 1 o 1 T E R 
PtRfPI<~ S~tONC ITEq~TION 

1 T 1' R=? 
'lC ')7 l=2,N 
lf- IINOEXIL:-111'5'.),'5t:,55 
Vl(/oiP=VIl-11 
VIL-li=VIll 
VILI=VTfMP 
V 1 l l =V ILJ -11 1 l- l ) *V (l-1) 
(I."NT·INUE 
¡_;[ TO 51 
l:kTf-liiGCNALilE VF(TQ~ TU OTHFRS ASSIJC.IATED J.! TH REP(ATEO ROOT 
U' 1111 ~9.67,,o;q 

r)(' hl ll=l.ll 
"= 1 -L 1 
VH ~P=), 
iJl:. t." J = l , N 
VTF~P=VTEMPtAIJ,KI*VIJt 

nc t,l J=l.N 
V 1 J 1 ~ V 1 J 1 -A 1 J , K 1 o V TE ~p 
~~r TO 1'>4,hll, !TER 
'C~~ALIZE VECTOK TO UNJT LENGTH 
V IIH)IH42=0. 

~UI"='1 • 
.í'lr oS L=l.N 
IF I~UM-AAS IVILIII 64,65,6'5 
~Uio'=llñS IVILII 
CCNliNUE 
1)( 66 L-= l ,1\1 
V 1 l l = V ll 1 1 S UM 
V"01JM2=VIIIlJj:¡M2+VIl lUZ 

v'rN~=SCRTlVNOHM21 
11( tf J=l,N 
liJ .1 I=VIJ 1/VNJRM 
¡· LH: 1 1 N 1 J E 

TERMINAL-F 

! 
~.I·TAT 10'1 OF CO-OIAGONAL V~C.TORS INTO MATRIX, EIGEIWEC.TORS 
1 )\~ 70 1=1,1>' 
'JC b9 '<=7.,1\J 
:.JI K!='), 
•>r (,Q J=?.N 1 

UIK l=UIKI tAIJ,K l*AIJoll 
OC 70 J=2,N ! 
AIJoli=UIJl 
NCRio'ALIZE LfiiiGTH OF VECTORS TO EIGENVALUES 
no 17 J-= 1. M · ¡' 
IF IVALUIJll 73,73,71 

VTE~P=SORTIVftLUIJll 

STORE INBII,Jt 

TERMINAL-f 

2flv 
2fll 
:? 82 
2 A) 

2114 
2 HS 
2% 
287 
2nR 
289 
290 
291 
2<;12 
293 
294 
zq5 
2Cib 
297 
298 
¿qq 
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301 
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304 
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30b 
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309 
HO 
311 
312 
313 
H4 
31 5 
316 
317. 

fLAG\lR 
319 
\20 
3L'l 
372 
323 
324 
~25 

Hb 
327 
328 
Jzq 
330 
331 
332 
333 

fLAG334 
335 
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oc 72 1=1,111 
7?. ~(J,JI=A(I,.JI*VTE"'? 
7 3 Rt TURtJ 

ENn 
4 4 4·) 

(4F4.0l 
1 '3 A •) - 1 O - 81.) 
1'56 -<; -16 -99 
117 -13 -27-101 
102 -16 -16-110 
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Purposea 

Ge:CXIrtAPIIICAL GROUPING 

The program groups observations using the criterion of 
1 

Euclidean proximity in a p diMensional vector space¡ if 

the data are glvJn in the form of geographical matrices 

Z = (Zij) the prog~am can automatically impose a geograph

ical contiguUy coristraint on the groupir.g. 

Oescr1ptiona The prograM 1s bás1cally a moditication of an earlier 

program by Neely ~nd l".azukelli (see references below). 
1 

The major modification consists of (1) an option to read 

data in the form of geographical matrices, and (2) res-

triction to only one of the possible grouping algorithms. 

The use of data not iO geographic matrix form 1s still 

Permitted, and cóntiguity matrices can be prespecified in 

these cases. Each ot the n observations consists of p 

variables. 

The original n observations are 1n1tially considerad to 

consist of n p-dln~n~ional groups each containing one ole-

ment. The groupinf procvdure examines all of the n (n - 1) / 2 

squared distances amone these n observations and joins the 

two groups separated by the minimum distance. Each step 

of the grouping_procedure decreases by one the number of 

groups still to be consolidated. EacH grouping replaces 

two joined groups by 8 new group located at the center of 
1 

wass of the pair, and this group then contains all the ele-

ments of the poir. Bef6re a new step is 1n1t1ated the dis-

\ 
tances from ~ach of the remaining groups to the new group ,, 

1)) 
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are calculated1 theso repleco tho distances to both ot 

the component groups, vith a consequent reduction by one 

ot the d1stances to be examined at the next step. This ag-

gregation requ1relt n - 1 steps, after whicb all observations 

are in the final group. The min1JIII.Uil distance 1s added to 

tbe value of SUM at each step, thus provi.ding a measure 

of the efticacy o! each grouping.· It the contiguity op-

tion is spec1f1ed only distancea between contiguous groups 

will be considered in the miralmum pro:xizn1ty c0111parisono 

Tbe current version of the program will accept as many 

as 400 observations !or each of the p variables, vbere 

p is defined by 

Jn x p ~ 80,200 

Althougb subroutino GRPING is called onl.y once, it is 

here that, for largor problema, the computar time is usedo 

The program soarcbes through the upper balt ot the dis-

tanca squared triangle at eacb stop ot tbe g;roupi.ng al-

gorithm, &n operation which requires examination ot & 

number ot distances var;ying trCD one to tbe triangle o!" no 

'l'he number of searchos tor tho entire probl011a ot n obse:r-

vations is given by 

N = (n '- 1) n (n +1) / 6 
1 • 

Tbe trivial case o! t'WO observations produces one searcb, 
1 

while 85 observationsj require over lOO ,000, and 18J re-

quire more than one a:.l:1lllon. The marlmum requires 10,666-

1 60o searches to produce tho J99 groupi.ngs • 
/ 

Althougb 400 
1 ' 

observ11tions may seem a reasonably largo 

1 . 
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number, it unf'ortunately yield~ geographlcal 111atrices of 

only 20 raws. by 20 colllllllls, a ra ther tri vially small size. 

A nine inch by nine inch aerial photog~aph r.ould be di/,i-

t.al.ized to a resolution ot onl,y circa one hal.f inch • ar.d 

a 20 inch topographical map to only a one 1nc:h resoluUono 

It appears that other algoz-ithms vill be requir'!ld for geo-

graphical gr~uping; 1.e., capable of o~rating on the 

circa 1 1000 1000 observations contained in K single still 

coarsely digitalizad geographical map or aerial photo-

graph. The severity o! the problem does not grow as rap-

idly with increases in p, the number o! variables ('!l.g., 

for multispectral imagery or map overlays) and the con-

· tiguity constraint, ~ssentially a local neighborhood op

erator, should alloV greater ti!t1c1encies than are given 

Deck Make-Upa 

in the present program. 

There is an option not to print (IDSP = 1) tha original 

distance matrix¡ 1t requires n/10 pages to print thls. 

Forty pages 1 each containing up to five hundred E-!ormat 

nlllllbers, are best lef't in memory 1 although smaller problems 

and illustrative examples may utilize this !orm ot output. 

Option KODE 1s also best lef't nt O¡ the dislance matrice1.1 

at the subsequent steps have sird.lar paper requi:rem~nts. 

1) Problem cara 

2) Fonnat card(s) 

J) Data cards 

4) Contiguity cards (opUonal) 

5) F!nish card, 



1)6 

As 1oany sets of cards 1 througb 4 as dt!sired 1118Y be placed 

beforo tbe F1nish card. lf rus (dof1~od below) is 2, repe

ti tion ot cards 2 and 3 is required for each of the varia

bles specified on the Problem card. 

Card Formats Proble111 Card 1 

ColUI!U'Is 

1-6 Pf,QBLM 

8-10 NOOB Number of observations 

11-14 MVAR Number of variables 

18 NFY.T Nwnber of format cards 

22 IDS Input code1 

24-26 NR 

28-30 oc 

2 if the variables are in geograpb

ical matrix form. In this case 

each of the p matrices, of n ob

servations each, is read separ

ately, always preceeded b,y a for

lll&t card. This option may also 

be used to read one variable at 

a timo. 

1 To read the upper triangular ma

trix pf distances squared, rather 

than raw data. 

O To read one observation of p var-

iables. 

Number of rows (required only if both IDS 

and NCLUS are 2) 

Number of columns (required only if both IDS 

and NCLUS are 2) 



38 IDSP 

42 KODE 

48IP 

49-80 TITLE 

Format Cards 1 

1J'l 

Contiguities request&d• 

2 to be computed from matrix data, 

1 to be read in from data cards (see 

below) 

O to be ignored 

lnitial printing of the distances squared 

(upper triangular matrix) 

1 to be suppressed 

O to be et'fecte<l 

Stepw~se printing of the distances squared. 

1 to be effected 

O to be suppressed 

Pa~e controlr set equal to one for best 

resul.ts. ' 

An alphanUilleric tiUo of !ewer than 33 cha~ 

' ac1torso 

There may be as many as nine E or F format cards, includ-

1ng initial and final parentheses. These will describe 

one complete obsorvation of p variables or n obser7ations 

on one variable. The word FORMAT must be punche<! 1n the 

t1rst s1x col'Ulllll5 ot each cardo It IDS 1s 2 tbere mll-3t be 

an idontical number (NFMT) ot !ormat cards plnced beforo 

the data for each ot the p variableiJ, although the data 

noe<l,not be punched 1n ~serete riJ\ls 1! in matriJC form 

and the content o! the fonnat cards may vary Íl'OiJl va.ri-

ablo to variable. 
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Conligu1ty Cardsa 

The contiguity mat.rix 1s s)'lllllletric, having n rows and n 

cohunns. This optiona~ input requlres the contiguity ma

tri.x in its entirety, except tor the last rov, althougb 

the contiguity states are read only trom tbe upper triangle. 

Cards are punched according to format 80!1 for Aach row, 

with each rov boginni:ng on a new card. There will be an 

integral mult1ple ot (n - 1) cards in the seto A 1 denotes 

contiguous observations, a blank tho converse. 

It cont1gu1t1es are requested tor data in geographical 

matrix form, the neighbors to an observation are detined 

u those ob::erv~tions which have a s1de in 001111110n vith the 

cell in question• dia~onally adjacent cells are not con

siderad neighborso 

In addition to the optional distances, at each step ot 

the algor1thM the program provides a statement of which 

groups were joined and the increment to the sum ot squa.red 

distances. At each step the groups are labelled by the 

sumller idontification number of the two in the pairo A 

dendrogram of the grouping is provided, and th1s depicts 

the groups present at a particular step by printing a 

plus sign. Each Une of this graph includes one plus 

s1gn which is approximately halfWay botween two plus s1gns 

of the previous line, and this representa the two groups 

· whlch have been joined at this step. The two groups vill 

always be adjacent on the grapho This output permits div-
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ision or t.he observations into any number of exclusive 

groups (~titions), although it is impossibl~ to specify 

· the total n'UIIIber ot observations contained 1n· any ~roup 

at any step other than the tirst and last., 

Dierk Rhynsburger1 subroutines TRI, ERROR, FORHAT, and PAGE 

adapkd trM. a simil.ar program at the Untvorsity ot Chica

go by Neoly and ~•zukelli, 

D.F. Marble 1 Somo C0111puter Programs tor Geographic Resoarch, 

Department ot Geograph,y, Nortbwestern University, EvanstoD, 

196? 1 program Congroup, PP• 2)-)4. 
l 



Ol,..fNSION lllfiJ/·101, t~¡(l(4f'(), fMlfll>?l, TITL(Idl, lf1-.Til62l 
DIMENSJIJN JRI?.I, IP417Jo IPilft,), IPCCflo JPl'lól 2 
CeMMON A 3 
I~TEGtR WO~C. TITL~ 4 
1 OUIVAL[NCE IFMT,IFMTl "> 
UATA IB/'PQOR', 1 flt-dl'/, lfi\/ 1 ~AIN 1 /o lf~/ 1 I'!*P 1 / t., 

DATA IPA/ 1 STAR 1 ,1T (.f•,• tJR0 1 , 1 l'l[lll 1 o 1 - G 1 , 1 ROUP 1 ,1JI\;r. 1 / 7 
DATA JPP../ 1 fi!RM 1 , 1 AT F 1 , 1 CII< l'o 1 ~PUT 1 o 1 DAT 1 , 1 A 1 / b 
DATA IPC/ 1 DIST 1 , 1 1\N(E 1 o 1 SQIJt,•Aitf0'• 1 MAT 1 , 1 ~lX '1 9 
OA T A 1 PE / 1 1 NPU 1 , 'l r lJ 1 , 1 P.~~ Al' , 1 , IIA 1 , 1 K 1 AR 1 , ll E '1 1:; 

1001 ~CQMAT IA4,2X,914,5X,Il,AA41 11 
2001 t-QRMATI2JHG NU-4A[k (,f VAIUA11LFS :a 19, 7CX,l7HSIJf\QLlJli~!E' I'IIIN 1 12 

1 26HO NlJ:~eFR OF OOSIRVIITI(l'IIS,. )6,70X.l9HOATI:O 30 JUNE 1'>bQ 1111 1? 
7.002 FCRMIIT 1 JHO, 3HT'Hf.,J6 ,40H El U:Ef.4TS liF THE O 5•)UIIR.H> ~A TRI X t1IIVF , 14 

l 17HBFEN ~EAC A~ CATIII 15 
2003 FO~~AT 11~0,3HThEol3o40H MATRICES n~ VARIARLES HIIIIE aE~~ WFAD A~, 1~ 

1 5H DATA) 17 
2004 FOrlMAT I1110,"3HTI-foi3.37H I~ATRIX OF VIIRIAi\lf~ HIIS JEI:~ ~FAD AS, 1f' 

1 5H OATAI 19 
2005 FCWMATI1Hu/1H0 20X A61 2') 

NPAGE ,. 1 ;?! 

NSV l = RO?OO ·e 2 
1 READ 1001, wo~o. NOOR, MVAR, NF"'T, IDS, NR, NC, NC.LUS, IDSP, ?.3 

1 KDUco JP, ITITLEIJI,J:zl,RI 24 
1 F 1 w C R O • f C • 1 e 1 1 1 1 GO T O 4 2 o:; 
1 ¡:. 1 W O~ O • E O. ltH 2 1 1 GO T O 3 2 b 

2 CALL ERRURIJfA,?,WORO! 27 
3 WRJTF 1~.20051 WO~O 2d 

GC TO 101 29 
4 J F 1 M V A R o NO O B 1 6 , 6 , 5 ::10 
5 NTR = NOOB ~ 1~008 + 11 1 2 31 

IF INTR - NSVZI 7,7,6 :,2 
6 (All ERRORIIEA,6.IEP.I ~3 

7 CALL PACE INPhGE,JP,lJTLE, 7, IPA 1 34 
WRITE 16. ?.001 1 MVAR, NOOB :;5 
DO 8 1 = 1.NOOB l6, 

8 NO 1 11 = 1 3 7 
C THRE:F WAV BRANCH FOR INPUT 3R 

Jf IIDS- 11 9,25,11 39 
9 11 NSYZ- NOOB o MVAR + 1- MVAR 40 

1 2 = 1 1 + M VAR - 1 4l 
C A ll F O R M A T 1 N F M T , 1 F M T , 16 2 , 6 • 1 P R , O 1 '• 2 
00 JO 1 1,NOOA 43 
11 = 11 + MVAR 44 
12 = 12 + MVAR 45 

10 READ 15,JFMTI IAIJI,J=Il,J21 46 
GD TO 15 47 

11 DO 12 1 = l.MVAR 48 
11 = 1 4~ 

CALL 1-0F.MAT INFMT, rFMT.162, 6,'JPEol 11 50 
K = NSYZ - NOOB * ~VAR + 1 51 

1 2 RE A O 1 5 , 1 F M T 1 1 A ll 1 ,L =K , N S V 7 , M V AR ) 52 
IF (HVAR- 11 15.13,14 53 

13 PR[NT 2004. MVAR 54 
ca ro 15 55 
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14 PR1NT 2f1~3. MVhR ')b 

1'>K=O 57 
11 = r..:sv z - N(lltB "' t4VI\!t + 1 .!)¡:¡ 
OC! ?4 1 1,N(JI)f\ .<,Q 

J 1 ::- 1 1 ,i.J o 
L)Cl 2? .1 I.NOill1 !>1 
K = K + 62 
AIKI = D.· ~3 

: 1 2 = I 1 64 
Jl = JI .:,s 
DO ?O l = 1.~V~R 66 
AIKI-= t(lll + IAI1?1- IIIJ?II **2 67 
ll 1> + 1 ~8 

10 J? = J~ t 1 óQ 
Z7 Jl = Jl t MVAk 70 
24 11 = 11 • MVA~ 71 

ce 1 o 76 n 
2'> CAL L FClRMfiT INf'H .I HH ol 1'12 .l:ol P.JI, JI "!3 

KEI\0 (<;,JF:HI (.'\([l.l=l,NTRI 74 
PRINT 2•JO:?, Nl'~ 75 

26 CCNTINlJ[ ~6 

e fNO OF INPUT ANO CISTANfE' CALCIJLATJONS 77 
IF INCLU~I 101,29,?~ 7n 

2A CALL CNl'GTYII\IO•lP,'IJClUS,NR ,Nf 1 79 
2CJ lf IIDSP .F.U. ·1') CAll THJ(A,ND.~!VIlB,NPAGE.fP,6.1PC,'),TITlfl flu 
f:,f) Cllll GRPINGINO:Jil,~lf{I~,KOilf,NCLUS,I\iPAG(,TfTLEl Rl 

ce ro 1 ' A2 
1 (} 1 STOP ñl 

ENO R4 
SURf!OUTIN!: GRPI'IJG(NIHlFI,MVAR,I((JilF,f\'(LUS,NPI\CF.,TITLJ;l 85 
O PI E N!. 1 011. T 1 TL H R 1 , [ 8 ( 4 1 , 1 A 1 21 , 1 P C. 1 6 l , 1 PO 1 4 l , 1 P F 1 6 l ti b 
01"1~N~f('l~¡ I\(8J2!l0), ISI4~lQ,:)I, NZI79<;), NX(79')), AJP.(4~1/j) <;,7 
OIMENSION NYI'dl)), NCI400), Nl1(4·')QI, wGI41Hl), TR(40f·), PCTI4·)01 oR 
COM~UN A 89 
INTEG~R OLANK,CATA, TITLE QO 
DAlA lfl/ 1 •, 1 +', 1 1 1 , 1 - 1 /, 1Ft:/'CKUP 1 /, IE0/ 1 K00['/ 91 
DATA JPC/'OIST','A:'o,ff.E',' SCJIJI.'AI'HD'•' MAT 1 , 1 RIX '/ ~.2 
DATA l1'0/ 1 1.iiHlU','fllNG 1 , 1 SlJM 1 , 1 MAilY 1 / q3 
DAlA' IPF/'ST(.I'',' GRII','PH n•,•F GR'•'OlJP(•,•NG 1 / q4 

?ü0C' FLJRMAli?JHlllllJMAEI{ rJf OHSERVATIONS [R,50X,39HSURROUTINE GRPING 95 
1 CA T f 1 l ? 1 .J UN~ 6 9 //1 ° ó 

2001 FL..I{MAT ( 11..4HSTEP,I4o3X,'iHSIIM =,El5.6.l3H MlN O!Sl =oEl5.6v 97 
1 111'1 FOk ITPIS 15,5H ANO l5,6H WITt; z¡<;,fiH MEMRERSI 9.8 

20f)t. F (; RMA 1 ( 1110 1 '\" 
?OOA FU~~"Til9tll) JTHIS GP.OUPFO '>Xol21AI lúC 
2009 FQ~MAT(lXol4,?15ot14.5,2H lolOlAl) 101 
2010 FOR,..AT llH ,;?QX,lH-,lJI'I\11 102 
2012 FCRMAT llH o25X,Illnl 1-.:H 
2014 FCRMAT IIH ,zqx,!Zllll 104 
2015 FORMAT(25H SEP 1 J VALIJE 3Xol2!AI lr'l'i 
':iOOt> FORMAT 11Hl,37HSTEI-' 1 J 2: WITHIN 1)5C,7X, lJb 

1 I!HHETW OSO/lH ,3)(.1HI),l6X,4HO.OO,.t,X,JlH0.00000E OO,El5.SI 1('17 

')(·07 FORMAl I!H .l4o215,f-10.2o2[1<;,5) l'l13 
501() FO~MAT IIH ,3X,li-0,13X,l3H').00000f OC 1.\0lAll 1<).9 

AVDG:: 6.0?2<;7 *lO."'* 23 tl·:'l 
NBB = NOClf' - 1 ¡¡:¡ 



un 502 1 = 1o"lOllB 
Nl ( 11 = 0 
NC 1 1 1 = 1 

r..o¿ NOI 1) = 1 
IC = O 
TRACf : O. 
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JF INOOB .GT. 16 ,ht10. IWOE •• F'J. 1) 10"= l 
IF IKOOFI 15,17.17 

15 CALL C:RRU~IIfC,J5.Jt:OI 
17 WRITf lb,?Q901 ~OOB 

CAll PAGEI'.IPAGE,O,TITLE,4oii'OI 
WRITE (f-,2')061 
OC 550 ~lYC = 1 ,NAij 
AMJN = A\IQG 
~ = NOOB - NCYC + 
NB = N - 1 
NT R = ~ • (N + 1 1 1 2 

C SFA~Ct"' WITH CIAGIJNAL OE:I ETION · 
K = O 
1>0 514 1 = 1,NB 
K = K + 1 
1 1 = 1 + 1 
OC 514 J = JI,N 
K = K + 1 
11' IAIKII· 'l14,516,512 

SI.? IF IA(Kl .GE. A"'INl GU JO S14 
AMIN AIKI 
MR = 1 
M( = J 

514 ClJNTINUE 
GC TO SU! 

5 16 ,..,R = 1 
I-IC = J 
AMIN = O. 

( THE SEARCH HA\IUIG AI::I:N C:U~PLETF.D WITH THf LGe~TIIJF>..¡ OF AMIN, 
e KE:EPING PROCElDS 

SIR IR = NeiMRl 
IC = NCI!o!Cl 
1 S 1 1\e Y e, 1 l 1 R 
1 s r NC Y e.? 1 = 1 e 
W G 11\'C Y e 1 = .A M 1 N 
T~ACF = TRACE + A~IN 
T~I~(YCl = TRACE 
W R = Nl) 1 1 R 1 
we = NOIICl 
PRI~T ?001, 10. NCY(, TRACF.. A11IN, 11\, le, "'CII,Rl, NrJ( l[l 
IF IKOOF .EO. 11 CALL TRI(A,NC:,N,NJ>t,;;F.,C,6,1PC.l.fiTI_I:l 
IF IAMIN .FO. 0.1, GO TO 1'J1 

[ eCMPINE Fl EMrNTS OF THE CLOSEST PAIR 
MR R MR - l 
MPR = MR + 1 
Mee = :-tC + 1 
IF IMR .EO. ll GO TO 703 
DO 702 1 = 1,MRR 
11 11 - 11 * 1? ._N- 11 1? + "'1{ 
JJ = 11- 11 * (2 *N- ll 1? + MC 

1 1 ¿ 
l 1 ~ 
¡)4 

1 1 5 
1 lf, 
1 l 7 
l 1 <i 
119 
¡¿q 

l ~ l 
p¿ 
¡;¿l 
1 ,,, 
l ; ... 
1 L 6 
1%7 
1.?>:3 
1.'') 
l Sr) 
¡·q 
1 -~ 2 
tn 
1 ~ ¿ 

1 : r, 
1 .>6 
l"l7 

'1 ~'i 
1~1 

1'-0 
1t.l 
14 2 
14 3 
14,4 
1'-5 

11C146 
1.:07 
143 
149 
¡c;'l 

l ';J 
1'>2 
1'>3 
l'i4 

l"o'> 
1"'> 
l ') 7 
1~8 

1'>~ 

1 ,_ r:· 
1 (, 1 
1~2 

1n3 
11-4 
l'·5 
1 t .... 
lo 1 



1•)7 CAll AAI"JCLU'i.JI,J.J,'IIRoWfoV:INI 
703 ACM~ + MRR ~ N - M~ ~ MrP 1 21 = ~. 

OC 704 1 : MP~.~C 

11 = t-'RR ~ 12 ~ N - 11ft 1 1 2 + i 
JJ:: 11- il * 17'~ N- lt 1? + IIC 

7 rl 4 C All A A 1 N C l 11 S , I 1 ~ J J , W ~ , W f. , 11 14 1 ~~ 1 
lf IMC .F.u. NI GO 10 7.'J7 
OC 70b 1 = 11CC.~ 

11 ·• M~P * (2 *N- 01,:) 1 2 + 1 
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J J = 1 "1( - 1 1 • ( 2 (' f\ - Af, .: 1 1 ? + 1 
10b CAll A.\INC:LIJS,If,.U,'."~.wC,f\Y,fiJI 

707 DO 70~ 1 = MC,~P 
70A NC 1 1 1 = N(' 1 1 + 1 l 

NC 1 1 ~ 1 = WR + Wt: 
NC (NI = O 
NOI JC 1 = O 

(. COIIICCNSC THI: VH.TóiP. 
710 KK = MC - 1 

K = KK 
00 714 1 " l,KI( 
Nf-4 = ~~ - 1 - 1 
JF (NN ,¡:;r., 01 Gfl TO 55(1 
DO 71 i! J = lo NN 

712 A(J + Kl = 411 + J + Kl 
714 K = K + NN 

K = K + 1 
J J = N 9 1'~ - 1 ! 1 7 
oc 716 1 = I(,J.I 

7ln Alll = All + 1111 
5'>0 CC"'T!NUF 

C Pr<Jr~T THf. r;¡¡OIJPING GRAPH 
Nllll = l~INRf\,11 
Nll71 = [c:;IN~P.2l 
00 566 K 2,NI1fl 
KK = N~n - K + 1 
DO 5ñ 4 1 = 1, K 
lf f!SIKI-':,11 •• H. "J/1111 lifl T!l 51:4 
Il = l + 1 
oc 51>2 J fl,l( 
JJ =K- J +JI 

5b2 NZIJ~+ll NZIJJI 
NZIIII = JSIKK,?I 
GO TQ 5fo6 

l)h4 Cr.I\TI!'JUI-
5h6 CGNTIN•J[ 

JX 1~111 

JY = ltil41 
1'> = o 
LIM = NnUA 1 4q + 
OC 5R7 L = 1,Lf14 
11=1'5+1 
12 :: 15 + z 
13==1'>+3 
14 :: 1'> + '• 
1 15 = 1 5 + 4H 
l ') = M 1 ~¡O 1 1 1 '), 'l'lCI fll 

Lf,l 
1' r¡ 
l 1 (1 

171 
l"/2 
1 -n 
l'/4 
1 7'> 
i. 7f.o 
1?7 
l 1 el 
1 7'• 
l p ) 

1 ,¡ 1 
l~l 
1k3 
¡F·4 

11'1 .. 
L"o:. 
i 37 
1~s:; 

1 H'-1 
1 <;•l 
1 c. 1 
1C¡~ 
19 ., 
l04 

1~5 

l"ii:> 
l::l7 
19~ 

lG9 
2 r, (\ 
~rq 

:?::02 
¿ •• ~ 

~··4 
~r. 5 
.? , ... 
21•? 
ZI•H 
2'·'-~ 

.21 ~· n1 
;>¡¿ 

~) ·" 
214 
2!5 
~lb 

n1 
Z!R 
~¡-;¡ 

V•) 
~;¡ 

,í'? 
2'2> 



t-.1:2011-1 
1'1:5 = l. o 15 
1 F 1 1 5 • H.•, N .lO P 1 
11' 115 .IC, .'J[)OHI 
I'I:CR = 2 o ~OOB - 1 
no ., 1 z 1 = 1. NU e 
NV(II=2*1-1 
I:X(II = 1ril2) 
DU ':J74 1 = 2.NuP.,2 

5 74 NX ( 1 1 = 1 P. ( 11 

1\¡ 5 = :'1. e; - 1 
jX ¡rq ">.1 

CALL p.'\(..[(NPAG(, ¡,TITL[,t-,li>fl 
P K 1 N 1 ;.> 0 V A , ( t~ l ( 1 1 , 1 = 1 1 , 1 ~ , 4 1 
PRINT :>012. 1Nll11.1=12.1'>,41 
P K 1 N T 2 O 1 5 , (N l ( 1 1 , 1 = 1 :l, 1 e¡ , 4 l. 
PK 1 NT 201 4, 1 N l 1 1 1 , 1 = 14, 1 e;, 4 1 
PRINT '>070, INXIIIo1=tOJ,II¡~). Jlf 
llC 5H6 11. 1.Nl1R 
nc <:>H4 J = 1.2 
nO SR? 1 '"'),1\J),lR 
1 F 1 N l 1 1 1 • 1\J E , 1 S 1 o< , J 1 1 GO 1 11 ':> H 2 
IF IJ .Fw. 11 IX= 1 
11 = NY ( 1 1 
NX 1 1 1 ) = 1 H 1 1 1 
1 h 1 J 1 = 1 1 
GO TO SA4 

':JH? CCNTINllf 
':Jtl4 CCNTINUE 

11 = IIAill + IAI~II 1 2 
I'I:Y 1 1 X 1 = 1 1 
NXII11 = 1HI21 

144 

PRINT 20Q9, K, ISIK.ll, IS(K,21, Hite.), INXIII.I=:<t,l';5), JX 
!l8t> CONTPWE 

P~INT 201(1, (JV.I='II!,N51 
~¡q (UII;T 1 NUE 

i ?lo 

~~ i o 

??."/ 
!;?~ 

17" 
2:l~ 

2 "l, 1 
¿ -~ 2 
1) 3 
?.::: 4 
::>:·') 
z_u 
~;¡7 

2 ..1~ 
2:'-1 
?lov 

241 
?t.?. 

l.''d 
;.u ... 
2<.') 

2.:.o 
247 
2 4 H 

2.,9 
; '·-' 
2 ~ 1 
?'>Z 
2')3 
? ~.4 
;>':,') 

2 "á 
2')7 

0 0 ') !1 ~ K = 1 , N í! R 2 ~ R 
P C T ( K ) = 1 k ~ K t 1 T K ( N r. ~ ) e: 1 n ,. • 2 el í 

~ 8 ~ A T ¡.; 1 K 1 = T 1< ( ~ 8 l' 1 - T R ( ¡.; 1 :? t (• 
PPI~T 5001>, TRI~Rel 2~1 
Pl.:tNT 5007. 11, l'ill,11, 1511,.?1, VCTIJ), T~lll 1 liTkiJI, l=l,Ml'~l 2r-2 
K[lURN 
ll\0 
SUfii<LlllT JI,[ fiAI"JCLlJS,J,J,\-.1< ,l.( oLll 
OIMC:NSI!JN flltlO::-,~nl 

CíMMON A 
WS = WR ., W( 
w P = WR O w ( 
lF INCLUS- 11 IJ,1'l,1Q 

1 C' 1 F 1 S 1 Gt. 1 1 • , A 1 1 1 1 + S 1 GN 1 1 , • 4 1 J 1 1 1 1 _;, 1 2 , 11 
11 Alll = IWS *('.IR o 1\111 + wr. * AIJII- h·p·.;. IH 1 ~o~S 1 '.otS 

RfTURN 
¡¿ Alll = lwS * AI~SIWK * 1\111- hC.;. fi(JII- wr *DI 1 WS 1 hS 

fi[TUKN 
1 3 A ( 1 1 = ( w S ~ ( W~ ~ 1\ 1 1 1 + wc "' h 1 J 1 1 + 'wP * O 1 1 h S 1 .. s 
20 kETURN 

Et-.0 
SURROUTINE CNTGTYINP~A,N(LU~.~R.~C 1 

-;> 1 3 
2 e,.:. 
2 ( ') 
? {"1 ~ 

7 6 ~, 

:'1.<1 
?h9 
2 l ) 
¿¡¡ 
? 7 2 
!.'13 
2 7 1., 

?.7'> 
2 1 f.. 

277 
21cl 
?FI 



O 1M[ NS lll~J 1\ Clh)l-"'l~l, ~;( 4\)C\ le JC: I4C\fll 
C (M/"nN A 

lC\01 FCft."'Al· IAJill 
K " O 
N~ = ~:JOH -

145 

C TWU W/\Y 3R""J('H fl! 0 (PNTIGUITY OPTIIINS 
IF lll.lí.LIJS- 11 Sl.ll • .?l 

ll oc 14 1 = l.~~~~ 

Il = 1 + 1 
K = K + l 
R E A O 1 'lO 1 o 1 1 C 1 J 1 , J = l , 1\:110 fJ ) 
L>O 14 J• = II,N'lOP. 
K = K +" 1 
CIJI = 2 * ICIJ) -·¡ 
IF IA(K·II 51,1.?,11 

12 AIKI = SIG~lll.E-?O,((JII 
GO TO 14 

1 3 A (K 1 = S 1 G~ (A (K 1, C ( J tl 
1 4 C 0 N T 1 NU E . 

RETU~N 

?1 N~ = NOOe - II.IC 
NP' = ~'11· + l 
OC ?7 1 = l , N"! 
11 = 1 + l 
K = K + 1 
DO ll J = 1 ,\IUil~ 

2~ tei.JI = O 
let 1 + NCI = l 
IF IMUOIJ,Nell 23,74.23 

23 1 e t 1 + 11 = 1 
24 OC ?7 J = 1 I,Nr!Of\ 

K=K+l 
CIJl = 2 o letJI-
lf IAIKII 51,,5,<!6 

2~ AIKI = SIG~tl.E-2~.í.IJII 
GC TU 2 7 

2~ AIKl = Slf.'IIIAI~t.eiJI) 

27 CONTINUE 
DO 31 1 = ~"'.~l'\ 
11 = [ + l 
K·= K + 1 
OC 28 J = loNOOP 

2R letJl = O 
Iell+ll=l 
DO 31 J = li,N'1!1R 
1(:1<+1 

t(JI = 2 * ICIJI-
IF IAIKII 51,29,3·1 

zq A 1 K 1 = S ll.iN 1 1 , 1:- 2), e ( J 1 1 
GO TO 31 

30 A (K 1 = S 1 GN 1 A (K 1, e ( J 1 1 
31 CONTINUE 
51 RETURN 

END 
SUHtJCUTtrJE· T~I(A,II.I(,NIJQR,NPAGE,JP,Ii:,(R,JS,TITLEI 
DI"~[N51CJN A1802JOI, NA(41'('11, NA(40'1J, ~:el4')0), NLH4':'·11, ~(4'1)) 

?'1n 
~111 

/'12 
~;p 

,?'j4 

,?~:> 

¿;<¡, 

2t..7 
i''l.-1 

2119 
lG': 
;~q \ 
~Q2 

.?'B 
zqt. 
'05 
?_'.,{;_ 

7.~7 
:?·~~ 

2'~9 

)()() 

'F'l 
}'t2 

3:· 3 
3'14 

3-~5 

~1·6 
3(:7 
V'H 
'1.:9 
HU 
'\ 1 1 
H2 
.U1 
314 
HC., 
Ht> 
;. l 7 
HA 
119 
'32v 
~71 

3.!2 
12.3 
174 
·~') 

3?1l 
377 
i?.H 
329-
'3•) 
~ :11 
332 
333 
3:14 
< 3) 



2007 
2001t 

e 

OIMlNSION TITUIBio IRI1~"1 
INTfGER 11Tlf 
fOR14AT 1 IH'l,8~0BS. NO •• JIJ,911ll 
FORMAl 11H .14.4X,l0El2.41 

PHINTS A TRIANGLE Of A V~LUFS 
DO 9 1 = 1.N00f! 
ll = NOOB - 1 + 
tv81lll = NCI11 

9 NA(lll = 1 
00 10 1 = 1,NOOR 

1 O NO 1 1 1 = N B 1 1) 
N~ = 1 e NOO A - 1 1 1 1 O 1 • 1 O + 1 
OC lb 1 = 1.NN.l0 
LL = MINOII + 9.NOORI 
M~ = NOOB - 1 + l 
DO 1S M = 1 ,MM 
IF liS .FO. 11 GO TO 12 
1 F IMOOIH - h 'iO 11 13.11.1 ~ 

11 CALL PAGfiNPAGf,l,TITLE.JO,IRI 
PRINT ?002, INCIKI,K=I,Ll) 
GO TO 13 

12 IF IM .fO, 11 PRINT 2007, INOIK),K=I,lll 
13 ll = MINOINOOB-~+1,Ll) 

L = N A e 1 1 + 1 1 2 • NOOB - M 1 • 1M - 1 1 1 1 2 
00 14 K = 1 , L L 
BIKI = Alll 

14 L = l - 1 
1 S PRINT ?004, NC(M), IRlK),K=J.Lll 
lb CONTINUE 

1001 
2001 
2002 

RETURN 
END 
SUAROUTINE FOR"'ATIN,F,L,M,w.llt 
DIMENSION Fl1t.2), H(b), W(f>l, IF\121 
INT fGER F, H, \11, W~RD 
DATA IB/ 1 '•'.FORM•/, IEF/ 1 LIM'/ 
fCRMAT IA4,2X.18A4) 
f- O R HA T 1 1 HO, b A 4, 31 X, 1 8 A 4 1 ( 4 h X, 1 eA 4 11 
F U R 1" A T ( 1 ~O , b A 4 , 1 4 , 2 7 X , 1 8 A 4 /1 4 6 X , 1 8 A 4 1 1 
lf INI 11.11.1 

1 DO 2 1 = 1 • L 
2 Flll = 18111 

12 = o 
IF 19 -NI 3,4,4 

3 CALL ERRORIIBI21.3.1Efl 
4 DO 6 J = l,N 

11=12+1 
12 = 12 + 18 
READ 1001, WORC, Cflll.I=I1.J21 
1 F 1 W ORO • E O , 1 B 1 2 11 GO T O 6 

S CALL ERRORIIBI21,S,Io/ORDI 
6 CONTINUE 

DO 7 1 = 1,6 
7 Hlll IBlll' 

D.O 8 = l. M 
8 H(J) Wlll 

K = lB.;. N 

3 ·~() 
~ 3 7 
BP 
~ v, 
]4(.) 

141 
342 
3 4 3 
3'• 4 
34S 
34h 
3 1• 7 
V·'! 
34-:1 

3 '> l' 
j')l 

p,¡> 
1')3 
1C.4 
3"><; 
3 ..,,, 

3'>7 
)~rl 

3')4 

'lt-.'J 
3bl 
3h? 
'lt.J3 

364 
'll.S 
;\1 t• 
3h 7 
31,8 
3 /¡ '} 

3 7(: 

3 7 1 
H2 
':P3 
374 
37'> 
376 
377 
3 1 h 
17'1 

3 8 ~~ 
3 tl 1 
3H2 
1!1'1 
~R4 

)H'i 

)Ph 

~87 

·n ti 
1R9 
3'?0 
3'>1 



147 

1 F 1 1• 11 Q. q .JO 
Q PHIIIIT 70f!l, (HII•.I=l,h), CFCIIel=l,K) 

G l T ll 1 1 
lO P~lt.T Z•lll?, CH((I,I-=l.td. IJ, IFCII.I=l,KI 
ll M[ T URN 

Bol' 
SURROUrt~E PAGFINP,IP,('I,Nk.WDI 
DPHNS II'JN HE1101 lfll, WOilOJ, (11 Al 
'INTflit~ HtAO,(I.~IC 

DATA IR/ 1 1 / 

2001 f('RMAT IJ1,8A4,1SX oll'li\4,~2X.4t"P.!I('.f, !41 
oc 1 1 = 1.10 

·1 H~ AC'I 1 1 :. 1 1' 
IF INWI 5,5,3 

3 00 4 1 : 1, NW 
4 HEAOIII = WOIIJ 
S PRIP..T 2001. ¡P, 11. HEI\0, NP 

NP : NP + 1 
RETURN 
E ~~;o 
SU~kOUTIN~ lR~O~IWO~D.NUMB~R,WOI 
lf'.:TEGFR wORC,WC 

2001 FOR,..I\T IIHQ,?)H[kRJQ STOP, ROUTINf ,A4ol5H 
1 l8X,lOHTROliALr ISolOX,A'tl 

WRITE lbo2·J011 I!IIII<Co NUI':BfR, ~n 

CALL EXIT 
Ef'.:O 

3C2 
j<)3 

)94 
3'J ') 
39h 
Vl1 
.i98 
'}'1q 
40() 
4C:l 
407 
403 
4v4 
1+05 
4 ')6 
407 
'+C 8 
4Gc; 
lo1') 

•Id 1 
4l.i: 
413 

~T STATEMENT,(6, ~14 

4IS 
416 
417 
4i.8 



Pu..-poset 

GECGRAPHICAL MATRIX DISAGGRffiATION 

To prepAre data from pa1rs of geographlcal 111Atr1ces for 

input to a mult1ple regression programo 

Descr1pt1ont Given two geographical matrices A = (aij} and B = (bij) 

both n x m, the assumpt1on h made that B = f(A) o Thls· 

program disaggregates A and B so that bij• and ai+p, j+q 

are repunched onto the same card. ready to be insertad into 

a multiple regression program (e.g., BMD 02R} with bijas 

the dependent variable. This provides a quick procedure 

f~r emp1r1cally estimating two dimensional weighting tune

tions. If b1j = O = •ij• the observation is skipped. 

The program reads data from unit, punches on 7, and 

writes on 6, read from unit 5. 

Deek Make-upa 1) Control Card 

2) Fonnat Card 

3) Title Card 

4) .A matri.x 

5) Title Card 

6) B matrix 

Card Formata 1) Control Card 

columns 

l-2 

3-4 

S 

6 

149 

Number ot rows in the matrices 

Number ot columns in the matrices 

Number o! rows in the tp neighborhood 

Number of eol\llllll~ in the tq ne1ghbor-

bood. The result 1s (2p + 1)·(2q + 1) 

independent variables. 



• 

Referencea 

2) Format Card 

1-80 FOOTRAH forma t tor one rov ot the 

input matrices 

)) Title Card 

1-80 title ot the A matrix 

4) A 111atrh 

Data Cards 

5) Title Cud 

1-60 title ot the a matrix 

6) S IIIAtrix 

Data Cards 

Repeat1ng of cards (5) and (6) causes the S matrix to 

replace the A matrix, ancl " nev 11.8'' matri.x is read in, 

ad 1nfin1 tUIIl, 

W,R, Tobler, 11Geographical Filters ancl their Inverses," 

Gcographical Analysis, Vol. I, No. ) (1969), PP• 2)4-2531 

and the references therein. Also see program EXTRAP. 

150 



I'KI:CHAM PI<H'AHINí. IJATA FRUM GUH;HAPHif.lll MATRICES 
ftlh' 1 NPlJI J 11 A ~•J' r 1 PI E Nf l.l\1 S S ION PoOH~R fl'1 

f 111 t'\11"'1\ll NI-ICHHilflHIJilO Wf(f,tlTINI, IUNfllll,._,S 
C (IMI'(K(fo\l Twll-CIM~NSIIJNAI CllillVIIIlJTIIIN Wlll.HTSI 
r I'II.JI ~ H AII+P,J+UI 1 
C lo:HftU THE INPUT MATRICES A Aillll 1\ APl OF 
C Sllf NI<OWS AY NCllLS, ANO Tt-1[ MATRIX OF NEIGHBORS IS 
( ~H~ 0 Y Nt. 
r RfAr. Fw(M UNIT FIVE. 
r H~AO~: CONT~OLS:Fuq~AT OF THE MATRICES; THfN 
C h'S TITLE, A MATRIX, 8 1 S TITLE, B MATR(X, 
C OIJIS COMPUTATIONS liNO PUNCHINf., TH[N 
[ ~tPLf[S A BV B. RE40S C'S TITLE• ANO LOAOS B ~ITH C ~ATNIX, ETC. 
r 
r 
r 
r 
r 

( 

r 
r 
,-
r 
( 

r 

( 

WRITt ON UNIT SIX. 
PIJI'\Ct• ¡lf\J U~IIT SFVEcN. 
(ll'¡lf ¡.¡ t:í llliT PUT FR(''1 UN 1 T SE VEN, 

111 THt f~¡f:fX N'J"'fH.R Of HH- POII\IT, 
1?1 ¡-.,t<H¡(-11 'IIEIGt·ROHS FRnlol Tl1[ A MAT~IX REGINNING 

Al T11t PO<;JTI•JIIl CORPESi'tJNhiNG Tri 11.11 IN THE MATRIX 
CF t~¡~JGHR·l~S Ar-.0 SI(JPPINI; THf CEI\TRAL POINT. 

111 Tlif CfNTIL\L Pni'IIT FRUM THE 4 MIITRIX. 
1~1 TH[ CENTRAL POINT FROM THE R ~IITRIX. 

¡;lJII-';IT FLJk.'1AT F''tOM Ul'ilf SFVEN 15 19F4.C 
(,llli'-'';~ 71-ii:l HjVf AHN Lfff ALANI( FíJR PURPOStS OF t-;UMEIERII\G, 

l11 ,.. 1 1\ S lliN A 1 1 ·1 O, 11) O 1 , 8 1 1 OC. lO O 1 , F M T 1 1 R 1 , J ( 1 8 1 , W 1 1 00 1 

llf Ail ( '), 10.1.) 1 ~ ... LJ ... S,f\ICOL S,NR ,N( 
~¡:.Anr'>.l'11"1 IF~TJII,I-=l.lAI 

~[A['I'i,l'liOI ITIII.I=l.tfll 
w ¡;¡ 1 T 1- 1 t-. , 1 '1 20 1 1 F'1 T 1 1 1 , 1 = .1 , 1 8 1 , 1 T ( J 1 , J = l , l 8 1 
fJU 11 1=1,1\lR(}.;S 

1' RF-t.nt'i,F"1TIIAII,JI,J=1,NCOI SI 
'' ~f-ADl'>.l·liO,f-\10~1001 ITIII.(=1,1AI 

w R 1 T í 1 h • 1 O iO 1 1 T 1 1 1 , 1 = 1 , 1 R 1 
''u-~; r=1.NRn-..s 

'tl ~EIID(<;,H!Tl 1211.JI.J=l,NCfiLSI 
"1 11.:< ~ N•l 1 -:'+ 1 
"'l~C=fo<CI? +1 
"ft ~ '< -. -.,"' (1" S -M 1 '11 R + 1 
~1\\( ='~(111 <;-'"'"( •1 
1( = l 
"~~~· ... r 
"=,.. 1 
f)() A) t~~lfi;R,'1·HR 

0(} A-1 J="1INC:,'1AX( 
1 F 1 1 A 1 1 • .1 1 , l T •• O!),) O l 1 • A N O • 1 A 1 1 , J 1 • l l' •• l'l nO O 1 1 1 G O T O A 0 
1( = 1(. 1 
I(K:(l 

Dr. 6~~ 1 P-= 1 ,NR 
IPI=l•IP-'11N~ 

nr 'i1 JO=l.NC 
J·)J~ J +J·~-~ IN( 
!F 11 1 P • F\l .•11\IR 1 .ANO. 1 JO ,Ft) ,M lf\IC IIC.U TO'iO 

1 
7 
-~ 

4 
') 

6 
7 
8 
9 

10 
l 1 
12 
l 3 
14 
15 
16 
1 7 
18 
1 9 
20 
2 1 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
37. 
33 
34 
3'i 
36 
?<7 
31:1 
39 
4) 

41 
42 
43 
44 
45 
46 
47 
4tl 
49 
50 
51 
52 
53 
54 
5S 

.. 



" 

r,o 
b) 

70 

~o 

QO 

1 \lO 
e 
e 
( 

10(•(\ 
l'll"l 
112n 
lO~O 

1:l4'l 
1) '>0 
lObO 

KK=I<.K+l 
W 1 KK ¡_.A 11 P 1, JOJ 1 
lf(K.~E.ll GO TO 50 
W~llEI6ol0401 I.JP,J,JO 
e!'NTINIIE 
C Ot\T 1 'IIUE 
IFIK.NE.ll GO TO 70 
1 P:=('\ 
J 0:1). 

w ~ 1 T e e 6. 1 o ~o o 1 1 • 1 P • J. Jo 
WOO=AIIoJI 
WINI=BIIoJI 
FC :1( 

152 

wRJTEI7olO'>'ll FCdWCLI,L=l·~loleJ 
f.CNT 1 NUE 
WAITEibol0601 I(,M,N 
WRITEib, 103')11T'(J),J::rlol81 
DO 91) I=I.'JROwS 
DO QO J=I.Nf.OLS 
A(f,JI::rBII.JI 
GO TO 20 
CC~TINUE 

1/C FORMATS 

fQR14AT 1212.2111 
FQR!o~ATI1AA41 

FQR"'AT l'l'1ATRIX ESTI'4ATOPS 1 /IC 1 0 1 ol8A4) 1 
FORMATI'O' ,}AA41 
F 0 RM A T 1 1 0 ' , 4 ( 1 4, 1 1 ) 1 
FGRI'IAT ll9f4,0/l9F4.0/l3F4,0,21 1 1 ol21 1 
f.(JRMATI/31 1 •,141/ 1 2NEW PAIR'I 
E 'liD 

.,b 
'} 1' 
'.ib 
59 
60 
bl 
62 
63 
64 
65 
66 
67 
ód 
69 
70 
7l 
72 
13 
74 
75 
76' 
77 
70 
79 
a o 
8~ 

82 
H3 
84 
85 
86 
87 
88 

l 



UNIV ARIA TE GE<XiRAPHICAL FOREX;ASTitll 

Purposea Extrapolation of geographical matrices in the time domain 

using a positionally invariant, time varying, linear, local 

operator. 

Descriptiona Data from an observation matrix, D, and matrices of weights 

are used to extrapolate the data vith respect to time. 

Three options are availablea 

Option Is One weight matrix is used, and the resu1ts 

are time invariant. 

r= 

and 

s= 

i+r, j+s 

p-fu!l. 1f k is odd. 
2 

p-(k+2) if k is even. 
2 

q-(1+1) if 1 is odd. 

q-(1+2) if 1 is even. 
2 

Option IIs Two weight matrices are used, and a time 

variant linear equation is employed. 

zlt:1t= ~ ~ (Ap,q + Bp,qdt)Di+r, j+s 
,, 1 ,~1 

Option IIIa Three weight matrices are used, and a 

time variant quadratic equation is employed. 

15J 

., 



• 

It there are an even nUMber or rows or columns in the weight 

matrices, an asymmetrical calculation will rosult. Calcu-

lAtion ot the weight matrices may be performed using the 

UECOHP programo Predicted negativa valuas are set to zero • 

. Deck makeup1 1) eard 1, FOHTRAN tormat (213 1 212, Il) 

col\llllns 

1-) The number ot rows 1n the observation matrix. (<lOO) 

4-,;6 The number ot columns 1n the obsenat1on rnatrix. 

(<lOO) 
• 

7-8 The number ot rows 1n the weight matrices. (!15) 

9-10 The number ot columns 1n the weight matriees. (íl5) 

11 HUM. an integer which denotes the option desired. 

. · .. 

It NUK = 1 ~ only the A weight matrix is read 

and opt1on I is chosen. 

Ir NUM = 2, the A and B matrices are read, and 

the linear option is chosen. 

Ir NUM = ), the A, B, and e utrices are read, 

and option III is chosen. 

It NUM =·4, the A, B, ande matrices are read, 

and results ara printed for both option II and 

and option m. 
It 1s assUMed that all ot the weight matrices are 

ot the sama si~ee Neitber the veight Mtrices nor 

the observation matrix noed be square arrays • 

2) Card 2, FORTRAN !ormat (4F8.)) 



Output: 

Progra.mmer: 

References: 

155 

columns 

1-8 The earl1o$t tiMe tor vhich the results are 

desired. 

9-16 The time assigned to the observation matrix, 

1?-24 The final time tor vhich the results are desired, 

2$-32 The time 1ncrG~a~Dat, 

AI1y un1 t of time may be uaGd, as lon¡ as all times are 

exprused ir. a COIIII!lon \lnit, 

3) The we1ght aatrices,FORTRAN tormat (5F8,6) 

If NUM = 1, one wei&ht utrix must be provided, 

If NUM = 2, two mat~ic .. sust be provided and the A 

~~~&trix should precede the B matr1x, 

If NUM = J, or NUH = 4, three weigh~ matrices must be 

provided, A first, B aecond, and C thirdo 

4) Tbe observation matrix, r1>R~I !ormat· (20F4,0) 

1) The weights used, five numbers per line, 

2) The time and the corresponding results for that time, 

f1fteen numbers per 11ne, 

Read1ng and printing are done on logical devices 5 and 6, 

respectively, Writing on tape or on files 1s accomplished 

through 1og1cal device ?o 

L. Trevillyan 

R,G, Brown, Smoothing, Forecasting and Prediction of 
Discreta Time Series, Prontice Hall, 1962, 

W. Tob1er, 11Spectral AruLlysis of Spatial Series", Proceedings, 
Fourth Annua1 Conference on Urban Planning Information 
Systems 1 University of California, Berke1ey! 196.6, PP• 179-186. 

W, Tob1er, 11A Computar !-lovie S1mulat.1ng Urban Growth 
in the Detroit Reg1on11 , Econornic Geograoi'\Y, ·IGU Proceedings, 
June 1970, 

fl 



C: PROG~4114 FQR TI-E TIME COMAIN I:XT~APOLATIUN 
e (.f- C.fOr.~APHICAL MATRICES, ZCI,JI = F 1 OII,JI, T 
(. WALOO R, TCRlER, GEOC~APHY, U, nF MICHIGAN, 1969 
r. 
C ~EACS FROM S, WRITES ON 6 ANO 7 
e t\:ROwS, 1\:COLS = 1 OF ROWS, enLUMNS 1<1011 
C 1~ TH~ COSERVATIO~ MATRIX O ANO THE PREOieTED ~ATRIX l 
C: IROwS, ICOLS"' ti OF ROWS, COLU!-INS !<H·I 
e lt.i THE WE IGHTI.,_C MATRICES A, a, C. 
e Ttff EXTAAPOLATION tOliATIUN IS 
r 11foJI = THE SU.,-OVER PANO O OF WIP,OI•OIJ+P,J+OI 
e WITH W-CP,CI = AtP,QI + BCP,QI•T + CIP,OI*T*T 
e INPUT: 
f CARC 1. NROWS.NeOLS,IROWS,J(OLSoNUM, F0RHAT213o212,11 
e MJ"' OC:NOTFS THE EOUAT ION TO RE USEO, 
e CARO 2, TOoTI,TF,OT , FORMAl 4F8,3 
e TO IS THE EARLIST TIME FOR WHICH EXTRAPOLATION IS OESIREO 
C TI IS THE TP4E I=OR WHICH DATA IS PROVIOFO 
r TF IS THE LATEST fi~F FOR WHieH EXTRAPOLATION IS OESIREO 
e OT 1 S THE T 1 HE JNeREMENT 
e 1 T !~"ES MAY RE GIVEN IN ANY CONSI STENT l'NI TSI 
e 
C THE A WEIGHT MATRJX, FOR~ATTFD 5F8,6 
e THE 8 WEIGHT MATRJX, SFA,6 
r. THE C WEIGHT MATRJX, FORMATTFD 5F8.6 
C THE O MATRIXo FORMAl 20F4,0 
e A,~.C ARE WEIGHT MATRICES OF SIZE 1 IROwS,ICOLSI 
f O IS THE OSSERVATION HATRI~ • SIZE NRC~S X NeOLS 
e 

OI,.EII:SION Z1100o100loDI10ColOOI,AI15o15) o!H15,151 ,AZI100ol00), 
1 l\lll00.100I.ell5,15loCZflOOolOCI 

1 MEACI~.lO,END=2001 NROwS,NeOLS,!ROWSoiCOLS,NUM 
1~ FOAMATI213o212elll 

AEA0(5,201 TO,TI,TF,OT 
l~ FOR~AT14F8,31 

KEAnl5,401 IIAfl,JI,J=1,J(0LSlol=1oiROWSI 
W R 1T E f ó, 55 1 1 1 A 1 1 , J 1 , J= 1 , 1 e OL S 1 , 1 = 1, 1 R OWS 1 
IF 11\:UM,EO.ll GO TO 30 
REAOI5o401 (IBIIoJI,J=1oi(OLSI,I=1,1ROkSI 
W R 1 TE 1 ó, 56 1 1 1 B 1 t, J 1 , J= 1 , 1 e OL S 1 o T = 1·, 1 ROW S 1 
IF INUM.E0.21 GO TO 30 
~EADI5.401 11 ecr,JI,J=lolf.OLSI,I=1,1ROWSI 
WAITEió,571 11Cfi,JI,J=1,1COLSI,I=1,1ROWSI 

30 READI5.501 ICCIJoJI,J=1,Nf.OlSI,I~1,NROhSI 

40 FORMATI5F8,6l 
~O FORMATII20F4,011 
':'5 FORMATI'1 THE A WEIGHT HATRIX' //5( 1 1 of8.6o3XII 
'56 FORHATI'O THE B WEIGHT HATRIX'//51' •.-Fa.6,3XII 
57 FOR,..ATI'O THE C WEIGHT MATRIX 1 //51 1 •,F8.6,3XII 

JR CW= 1 ROWS/2 
JCCL::JeOLS/2 
LRCW::NROWS-2•JROW 
LeOL=NeOLS-2•JCOL 
DO· 60 1= 1oNROWS 
DO 6Q J=l.NCOLS 

1 
2 
3 
4 
5 
b 

7 
8 
9 

10 
1 1 
12 
13 
14 
15 
ló 
17 
1 8 
19 
20 
21 
22 
23 
24 
75 
26 
n 
28 
i?9 
30 
31 
32 
33 
34 
35 
3ó 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
40 
49 
50 
51 
52 
53 
54 
55 



lii,JI=O. 
6' 6lii,JI=u. 

lf IIIIUI-I,E\:.11 GO TU 6'l 
nu 61 l= 1, ~IROWS 
')t_: 1>1 J=1,111(0LS 

"' qzlt.JI='1. 
JF(I\¡U"',E~.21 GU TO 6'> 
OC t>Z l=1,NROoiS 
no n2 J=1.~CClLS 

,, 7 e z 1 t • J 1 = o • 
f.<i CCI\TINUf-
f 
f C Al C lll A T 1 0'11 O F "l , Al , el 
r 

or. 73 l=l,LRilW 
IR=I+JRnw 
Or:' n J=t.LeliL 
JQ=J+Jem 
00 7' K=l,IRflriS 
~ll 7~ L=l,leflLS 
M-= IQ+I(-JilflW-1 
1\=.IR+L-JCo.ll-1 
G ll Hl 1 7 3, 7;), 6 <; 1 , NUA.I 

15? 

t--Q Cl 1 !II,.JW I=Cli!R,JQ.I+CIK,LI~~<I')IM,NI 
7' l!liiW,JP-1="\lii~.J~I+R(I(,li*IJ(M,NI 

P 1\lll~.JI<I=AZII~.JRI+AIK,LI*Lll~."ll 

r 
r 1f-GII\ tXTRI\~nLATIO~ 
r 

IFI ... UM,IIIE.11 Gll Tri 72 
nc 71 1=1,NROriS 
11!"1 7~ J=1,NeOLS 
1 f- 1 AZII. J 1 .L T. 'J •• OR .01 l.J I.F\J.O. 1 AZII .JI =1), 

71 llf,JI=AZII,J 1 
l~f' Tr. 700 

7-' T=Til-TI 
[~P 1'\1) Jl<l=1,'5J0l 
lC"=f+IJI<L-lJOGT 
fl(:fi+X" 
IF 1ft<, ,r;r. TF 1 Gll TO '13'; 
ll r• 1 ) ) 1 = 1 , L R f1" 
1 ¡¡ = 1 +JHr.·,.¡ 

r;~ l Fl J=l,LCOL 
JW=J+J(CL 
!F ICII~<,JRII 9Q,c;(l,Rf'J 

¡:¡·¡ (ri\TINIJF 

1 F 1 "<U '1 • E r~. ~ 1 GO TU fl1 
l 1 1 R, J R 1 =A Zl 1 R, J ~_) +'<~o R l 1 1 R, JR 1 
r.o ro A? 

111 l 1 1 R, J W 1 = Al 1 1 Q, J ~ 1 +X"' *Ul ( 1 R , JR 1 +X "4* X M O( l ( 1 k' J R 1 
~~~ ert..~TI~UF 

IFilllP,JRII 9Q,1\lC.liJC 
0"1 /IIR,JRI:(), 
\)(\ eOII.TINUF 

I<IRifEif...lll)l TK 

1 1( fORlo!ATI'lH·E CU,..PUTEO VALUfS IN •,F8,31 

.-' ·;: 
'' ;:·• 

56 
57 
58 
59 
óJ 
61 
62 
63 
64 
65 
66 
67 
bB 
69 

ro 
" 1 
n 
73 
74 
7') 
76. 
77 
B 
79 
AQ 
81 
A2 
83 
64 
B'l 
q6 
87 
A8 
tH 
90 
Ql 
Q2 
9 3-
Q4 
9') 
96 
'11 
OJ3 
Q9 

l('() 
10 l 
1:'7 
1 ("\ -~ 

lC:'-
1 es 
10h 
1 (\ 7 
108 
1('9 
1 1 <) 

1 1 l 



110 

1.?1) 
1 30 
115 

100 
e 
e 
e 

158 

w~llflft.llOI lllii,Jt,J•l,NCIIl Slel=l,NROWSJ 
f O R"' A T 1 1 'j 1 1 1 , F 4 ollo 310 J 
WRITEI71 .NROWS.NeOLSoTK 
on 125 l=l.~ROWS 
w R 1T E 111 1 Zl 1 • J 1 , J"' 1 o NeOL S 1 
COII:T INUE 
C ['1\iT 11'4UE 
IF INU~ .NE.41 GO TO 1 
NU,.,=3 
W R 1 TE 16, 140 J 
fllR"'ATI 1 0 REeALCUlATION USING THE QUADRATJe EUUATION 1 J 
GO TO 72 
C~NT JNUE 

SfT NROWS ANO NeOLS EOUAl TO NEGATIVE NUH8ERS AS A SWITCH FOR 

NRCWS=-3 
~C'.Cl S:o-3 
WRITEI71 NROWS,NCOLSoTK 
ENO 

l 1 2 
11) 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 

•PJ812ó 
. 127 

128 
129 
130 
131 



BIHe»o:Al.LY WEIGHTED 11100THIM:i 

Purposea 'nle pro¡¡ram r0111oves hi¡h t'l-eqU.nc7 apatial components tr0111 

a matrix of geographical data by use of a nine point bi-

nomially weighted local smoothing operation, 

Descriptiona The local smoothing operator 1s passed over each A value 

(input) to produce a matrtK ot B values (output). This 

operat1on may be repeated IIUI¡1 times. The fundamental 

equati.on is 1 

i i 
~j '"' 11 = -1 n • ~+m j+n wmn 

where W is a sot of weights () x )) and A1j is the original 

data. Boundar,y effects aro notad as ed¡es and corne~s are 

reached, The weight fielda aro as tollawsa 

in interior_ , •• bo ....... ¡•• corner 

o.o6 0,125 0,06 0,167 o.os 0.22 0.11 

0,125 0,25 0,125 r·J) 0,167 10.44 0.22 

0,06 0.125 0,06 0,167 0,06 

Al though there is no mathematical limit to the number of 

times t.he observations may be smoothed 1 edge etfects will 

creep inward towards the centor of the matrix with each 

consecutiva smootbing operation (i,e,, observations smoothed 

J times 1 boundary eftects folt three rovs in) o Currentl,y 

t.he program Vill ba.ndle an input matrix ot 48 x 48, 'nús 

ru.,y be adjust.ed by changing tbe dimensioning ot A and B 

to (Ra.a + 2 by COLS + 2) • In the current version ot the 

1.59 



Data Decka 

Data Card 
C0111positiona 

160 

program t.he results will be punched out aftar all 

1 
smoothir~s. The observation deck is raad by raws beginning 

1n t.he NW (uppor lert.). 

1) Control .Card 

2) Title Card 

3) Variable Format Card 

4) Observation Deck 

. 1) Control Card 

columns 

1-2 MB Nurnber o! Rows 

)-4 NB Nurnber o! Columns 

5-6 NO Number of smoothings requested 

2) Title Card 

Any title (::!:- ?2 characters) 

3) Variable Format Card 

A:ny E or F type FORTRAN type fonnat for one J'CI\i of 

data (~ 72 characters) 

4) Observation Deck 

Observations as described by the format card 

Programmera Do .Rhynsburger and H. Moellering. a!ter a more general 

~~ program by W,R. Tobler 

Referencesa W,R. Tobler 0 
11 NU!IIerical Map Gcneralir.ation 1

11 MIC!-100 

Paper No, ?, University Jl.dcrofilms. OP - 3306?. 

W. · Tobler, 110f Y.aps am Hatricos 11 , Journal o! Rogiond 

Science, ? (196?) 1 PP• 2?5-280, 
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C PINOMIALLY WEIGHTEO SMUOTHING PMOGRAM 
C REAC=S WRITE~b PUNeH=7 
C ~RITTfN RY O. RHYN5BURGER, MOOIFitO BY H. MOELLERING 

fiM[NSilJN Al50,"i0lo 8150 0 5011 Cl181 1 01181 
81 FC~I'I\T 11AA4) 
87 rOHI'AT (40121 

100 fUK~t\TI1Xo 1 INPUT OATA 1 l 
101 FO~.WATI'lOUTPUT SMIJOTI-lEO 1

1 12, 1 TIMES 1 1 
102 FORiiATI 1 0 1 ol)Fl0.4/ 1 1 13F10~41 

104 FORMATIBF10.21 
lOS F CRMAT 1' 1ROWS= 1 .15, •COL S= •, 15, 'ftl TH • 1 15 1

1 1 TERA TIONS ') 
REAC 151821 HB, NB, NO 
W R 1 TE 1 b , 1 O S 1 M 1! , N 8 , NO 
MEAC (5,tlll O 
WRITE 16,811 O 
REAO(S,Bll C 
,..A M8 + 2 
,.e Mij • 1 

.MD MR - 1 
NA NR + 2 
1';( N8 + 1 
NO = N 8 - 1 
OC 4 1 = 2,MC 

4 REAO 15,CI IAII,JI.J=2oNCI 
W R 1 TE 16, 100 1 
DO 3 l=2,MC 

3 WRITE (6,1021 IAIIoJioJ=2~NCI 

DO 15 K = l,NO 
e EVALUATION OF THE INTERIOR 

DO 11 l = 31M 8 
DO 11 J = 3, N 8 . 

11 Rlf,JI = CAIJ-1,J-l) + AII-1,J+11 + ACI+l1J+ll + A(1+l,J-UIIl6. 
1 + IA[(,J-11 + A(1,J+ll + AII-1,JI + ACI+loJII/8. + A(I,JI/4. 

e EVALUATION OF THE HORIZONTAL EOGES 
00 12 J = 31 N8 
BI2.JI = IAI2.J-ll + A12.J+I) + AI3 1 J)I/6, + 

1 IA13,J-ll + A13,J+IJI/12. + AI21Jl/3. 
12 BIMC,JI = (AIMC.J-1) + AI,..C.J+lt + AIM81JII/6. + 

1 IAIMB,J-11 + ACMB,J+ltl/12, + AIHC,JI/3. 
C EVALUATION OF T~E VERTI~Al EOGES 

DO 13 1 = ),M8 · . 
811.;?1 = IAII-1,21 + All+lo'l + All,3))/6. + 

1 IAIJ-1,31 + All+1,31 1112. + Allo21/3. 
13 BII.NCI = IAII-l,NCI + AI1+1,NCI + ACI,NBII/6. + 

l 1 A 1 l-1 ol'l B 1 + A 1 1 + l 1 NB 1111 2. + A 1 1 , NC 1 13. 
C EVALUATION OF THE CORNERS 

812.21 = Cl1o • Al1,21 + 2. • IAl21JJ + Al3,21t + A(3,31t 1 q, 
8I21NCI = 14. * Al2oNCI + 2. • (AI2,NBI +: A(3,NCJJ + A(),N8Jl 1 
8 1 M e, 11 = 1 4. * A 1M C 1 11 + 2. * (A 1 MC, 3 J + A 1 H8 , 2 J 1 + A 1 ~ 8 , 3 1 1 1 
BIMC,NCI = 14. * AIHC,NCI + 2. * IAIHB,NCI + AIMC,NBII + 

1 AIMB,NBII 1 9, 
WRI TE 16,1011 K 
WRITE (6,811 O 
DO 15 1=2,MC 
DC 14 J = 2oNC 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
lS 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
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36 
37 
38 
H 
40 
41 
42 
43 
44 
45 
46 
47 

9. 48 
9. 49 

50 
51 
52 
53-
'54 
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14t AlleJ 1 " 81 le JI 'ib 
l ~ W M 1 T E 1 b • l O 2 J 1 R 1 1 • J 1 ' J = 1 , f.4C J ~ 1 

UC ~ 1 = Z • MC ~ IJ 
5 'wii1Tfl7ol04 1 Cf:lii.JJ,J=2,NCI ~9 

SIOP 60 
F~O bl 

820 " 
PINTH~~·S_RATHVT~EPM~L CATA 
11 Rflt .1/2F4.l 1 
OR.308~60B.409.107.007.30R.4C7.1C7.~CP.207.206.603.704.102.304.80b.&)J.l 
IJ.613.1 
oq. t.Cl 9 .• ooq. zoq. at 1. 2 1 1. 6 12. 1 1 o. a1 e. 411. 111. oo9. 201. 103. 904.104.40 a .n 3. 4 
1'>.11<;.1 
1 1. O 1 t.. b 1 1. <)! 3. 11 lt • 2 14 • 7 l 3. tU ;-. 3 1 "\ • 4 1 3. 2 13 •. 11 1 • ~ 1 O. 3 1 '). RO 8 • 81 fl • ? 11). 2 1 'i. 9 
JS. 717.2 , 
13.71~.11~.Rl4.Rl4.915.61f.~16.~1h.413.91S.hl3.S14.714.21b.ll3.211.8l4.2 
11).711.7 . 
l'i.4lb.415.Q17.6l'i.7.17.717.917.717.9lf.817.114.316.814.bl3.914.ll6.416.3 
17.916.8 
I~.ZJ7.ll7.917.4lt.91f.J1q.31A.OI~.4lh.814.6l~.t.l7.417.717.115.409.41h.9 

1').013.7 
lq.dlR.117.AlR.?l7.518.419.~lP.4lP.t17.917.8le~tlf.718.4l8.Q17.817.1lH.1 
17.Blt1.4 
IP.71P.71P.Ol8.017.11A.3lf.21P..Ol~.418.117.9J7.ql8.01R.Zl7.617.h17.81R.2 

IH.21~.l 



Michigan Geogrupl•iLul Publicutiom 

University of Michigon 
Deportment of Geogrophy 

Ann Arbor, tv',ichigon 48104 

•. 

Popers ore issued severol times o yeor. Priced voriously; standing 
subscriptions gronted twenty per cent reduction (poyment must occompony 
single title orders). 

l. Tobler; Waldo R., editor, Selected Computer Programs, 1970, 162 pp., 
$5. 50. Second printing ~ 

2. Yuill, Robert S., General Model for Urban Growth: A Spotial Simulotion, 
1970, 221pp., $4.00. 

3. Shonnon, Gory W ., Spotiol Diffusion of on lnnovotive Heolth (ore Plan, 
l970,166pp.,$4.0. 

4. Tiimann, Sisrer jeon Paul, O-.P., An Appmisal of the Geogrcphica! Works 
~~lbertus Mognus, 1971, 190 pp., $4.00. 

5. Deskins, Dona Id R., Jr ., Residentiol Mobility of Negrees in Detroit, 1837-
~~, 1972, 298 pp. 1 $4. 

6. Mo, Laurence J. C., Commercial Development ond Urbon Chonge in Sung 
China (960-1279), 1971, 196 pp., $4.0 . 

7. Joco~y, Louis R., Perception of Noise, Air, and Water Pollution in Detroit, 
1972,286 pp., $4. 

8. Tobler, Waldo R., Lambert's Not'es on Maps (1772), a translation with 
introduction of J. H. lamberfrs=NOtes and Comments on the Composi
tion of Terrestrial and Celestio'l Mops," 1972, 125. pp~, $4.00. 

Í': 

. Maouscripts to be considered by the Deportment for publication ~ay 
be submittcd to Professor Thomos R. Detwyler or Professor John F. Kolarsj ·'edrtors. 
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INTRODUCTION 
1 Brief Hislory of the Laboralory 

RESEARCH DIRECTIONS 
2 Display of Spatial Data, Underslanding Spalial Struclure, 
3 Tools for the Profession 

·~---------------------------------------------------------------------------------------------------------
OPERATING POLICIES 
4 Program Dislribulion, Support Services, Computar Hardware, Standards, Research Grants and Contracts, Harvard Mapping Serví ce, Pricing 

PROGRAM DESCRIPTIONS 
6 SYMAP A general purpose llne printer mapping program 

a GRtD A speclal purpose line printer mapping program for gridded dala bases 

9 CALFOAM A pen-ptotter conforman! mapping program 

10 SYMVU A pen-plotter surlace perspectiva mapping program 

12 POLYVAT A carlographic data base manipulatlon program 

NEW PROGRAMS 
14 INPOM A cathode-ray tube conforman! mapping program 

16 ASPEX A cathode-ray tube surlace perspectiva mapplng program 

CARTOGRAPHIC DATA BASES 
18 X-Y coordinate data bases for use with computar mapplng programs 

PUBLICATIONS 
:.:u AED BOOK Descriptions ol selected projects undertaken by the Labor<>lory 

20 THEORETICAL CARTOGAAPHY PAPERS Jss~es in thematic map design 

20 AUTO MATEO CAATOGAAPHY PAPEAS Data slructures and relaied issues 

21 THEOAETICAL GEOGAAPHY PAPEAS Geography and the properties. of surlaces 

22 OTHEA PAPEAS and EOUCATIONAL A lOS 

ORDERING INFORMATION 

23 Computer Programs and Retated Materlats 

27 Publications 

Copyright~ ,.,u. '-·• lhe lab.:~ratory for Computer Graphics and Spalial Analysis • Gra .... .r · C)chool of Oesign o Harvard University 

Brial History of the Laboratory 

The Laboratory for Computer Graphocs 
and Spahal Ar:c..ys.s was es:atLs~ed w¡lh•n 
the Graduate School of Des-gn al Harvard 
Univers1ty 1n the Spnng of 19~5 In 
December of thal year 11 rece•ved a major 
gran! from the Foro Foundahon. 

The original and contmuing goals of the 
Laboratory are: 

1. To des•gn and develop compuler 
software for the analysis and graphic 
d1splay of spatial data. 

2. To distribute lhe resulling software lo 
governmenlal agenc•es. educational 
orgamzations and interesled 
profess•onals. 

3. To conduct research concerning the 
definotion and analysis ot spalial 
structure and process. 

The Laboratory was founded by Howard 
T. Fisher, who served as •ts Director until 
June 1968 During this lime the SYMAP. 
SYMVU, and GRID programs were 
devefoped and made available lo practocing 
professionals. In addti!On, severa! short 
courses and conferences were sponsored. 
Succeeding Fosher, W1lliam Warntz was 
Director o! the Laboratory until June 1970. 
Under his direction, the Laboratory stafl 
locused on research in spatial struclure, 
and began lo publish their ftndongs •n a 

newly mil•ated series of Theoretical 
Geography Papers. 

In 1970 Allan Schm1dt assumed 
responsibiloty for the Laboratory Under h1s 
direclton severa! additional software 
packages oncluding CALFORM and 
POLYVRT were ontroduced. Extensove work 
was also begun on ossues concern•ng 
cartographic data structures (POLYVRT and .. 
ODYSSEY) a11d onteractove graphocs 
(INPOM and ASPEX). In July 1976 Bnan Berry 
beca me Oorector olthe Laboratory A substantial 
increase in em·phasis on research retaling lo 
spaltal process and geographoc informa toan 
systems is planned. 



RESEAR , DIRECTIONS 

Research wilhin !he Laboratory cavar& a 
wrde range of acllvities related lo the 
analysis and display of spatially variable 
phenomena 01 particular interesl are: 

1. Theorres and technrques applicable to the 
display of spatial data. 

2. Theones intended to provida a better 
understandrng of spatial structure and 
process, and 

.! The drstribution of resulting materials to 
members ol planning and design prolessions 
as well as cartographers and geographers. 

Dl~play ol Spatlal Data (CtJmputer 
Graphics) 

AA initial goal of the Laboratory was te 
develop low cost cap<~brhties for producing 
cemputer maps. This is still an objective of 
the Labo~tory, both in terms of updating 
earher ~~·stems and developrng new ones. 

The original produc.t, SYMAP, has 
continuad and developed. lis system of 
display on 8 line pr;nter led to 8 second 
generation of line plotter programs (SYMVU 
and CALFORM). Recently, a third 
generation (ASPEX and INPOM) has 
evolvad towards an interactiva cathode·ray 
tuba environm~nt. In the ·future, graphic 
software developed by the Laboratory will 
be increasingly rnteractive and intended for 
use wilh small to medium slze computers. 

Unde:slandlng Spr~lcl S1ru~\ur~ 
(Spallai Analysl.J) 

Recen! progr~ss if' the display 01 s¡:.~··,, 

data has depended increasingly en an 
understandir.g ot spatial models and thelr 
impact upon the storage, manipulation and 

dtsplay of x·y coordinate cartographic data 
bases. TI1ese files contain the basic 
locatronal information required _lo produce a 
map. H a map ls lo represenl a spatial 
concept, locaticnal attrrbutes of that 
concept mus! first be transmitled to !he 
display program by means of a cartographic 
data base. 

lnitial efforts in cartographlc data base 
research resultad in design and 
development o! !he POLYVRT program. 
This program has the abrlity lo translate 
files from ona data structure and formal to 
another - preserving !he inherent 
topology of each file yet eliminatrng errors 
and redundan! detail. 

Worl< on thts projecl is currently being 
funded under e 3-year gran! from the 
National Science Foundation. The tille of the 
project is Topo!ogical Jnformat1on Syslems 
for Urban and Environmental Research. 

OJETRRT ENERGT SUPPLT1 t97q 
NU"BER OF DAILT PER CAPJTA CALO~JE,, 
BT 2~ JNTERNATJO~AL RECJONS 

1!IU11Cl1 U7i .. CftLO I"O''-'\UIO• CPU S"[Cfe 
1tlf .,QI"IA.AIIOIII 1\fFfii(NCI IIJI'CAU. U~C. 

P.3cent Lalior.:tc y resea:c!"> o; 
ca.lograpl 1 1~ o:;ta stn.~turr:!, h:l~ fccu~ec 011 

t;Jpol:;g,cal c;f'al¡~is of spat:al entH,es wh• r·; 

basi,· relations"'·ps or conr:ec:edne::;<; 
prov•de !he or;ar .. za!ion for a ~a!a 
structure Such a data structur~ prov•cr:s 
efficlent da!a storage, flexible da:a ~ehe.,a: 
and extensive error checkir"'g ca;:;abili')r. 

A topological data structt.re also ellows 
for the creation of leas! common 
geographic units (lCGUs} which result from 
lhe superimposrtion of two or more parti
tipnings of a region. As a result, direct 
overlay ol arbitrar¡ data zones in a reglon 
be comes feasible. This altows immediate 
comparison ol difterent data bases without 
the complications of more tradrtional 
procedures for unrlorm gridding of a reg_ior; 
Curren! activtties include ut !·zation of this 
approach in !he fields el la,.,d use and 
environmental planning ano themalic · 
mapprng. 

The Laboratory has acquired expertise in 
!he manipulatíon of global cartographic files 
{WDB·I), U.S. Census DIME fries for 
metropolitan area~ and counties, U.S 
Census Urban Atlas files of census tracts, 
and a number of localty generated fries. 
This research embodies both !hematíe 
mapping concerns of display research and 
other issues related to automaled 
cartography and geographic inlormation 
systems. 

While each program can be characterized 
In terms of hardware requirements, these 
technological factors are :ess rmportant 
lhan the conceptual model of spal•al 
structure which :nlluences its design. The 
design of a program is largely a functior. o1 
how one descrrbes and classifres 
measurable entitres on the eart:,'s surface. 
As a resull, each program embodies a 
model of spat•al struc!ure which is reflectad 
in the requrrements and capa'::lrlities of thal 
program. 

The development and dissemination el 
cartographr.c data bases by !he Laooratory 
ls intended1o fac•~tate the preparat•on of 
maps by users of IM Laboratory's. compute~ 
mapping programs. 
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Tools for lhe Prolesslon 

The Laboratory distnbutes the results ol 
its research lo academoc, governmental, 
and commercoal organizations interested in 
!he application of spatiaf analytic techniques 
to planning and design. Available programs 
and publicalions are described in this 
catalog. Recen! activities and developments 
are reported in the Laboralory's newsletter, 
CONTEXT, whoch·is doslributed free of 
charge. Summarys ol research projecls • 
with appropriate illuslrations are published 
in the Laboratory's "Red Book," a 
cumula!ive report of selected projects. 

The laboratory's applied research efforts 
focus upon selected projects that allow lor 
!he immedoale applicahon ol new theories 
and lechniques in a workong environment. 
Such projects províde opportunities for 
evaluating and refining Laboratory products 
In realisloc test solualoons. As a result, user 
requirements are directly reflected in !he 
design of a spatial model as soon as 
possoble. Feedback from our software user 
community also provides a sognificant 
contribution to our on·going program 
development efforts. 

Though the Laboratory's programs are 
designed for use by individuals wilhoul 
prior training or experience in computer 
science. the software allows increasing 
soo_hi~tit;:;..:: .... ::···• .::.;_.,._,;;c.al;0ar Uy tho~o with 
d computer scoence background or 
automated cartography experience. The 
programs are user oriented with 
consoderable flexobolity and numerous 
optiol')s within each program There is also 
a delault procedure lo satisíy most common 
requirements ol a user's data base and also 
to monomize diffocully ol obtaining an inirial 
computer output for whoch sample test dala 
is provided with tne programs 

A recen! addo!lon lo !he lost of materials 
nvailabie from the laboratory¡are a relatovely 
complete set ol Cartographic Data Bases 
for use w1th a conforman! mappong program 
hke SYMAP. CALFORM or INPOM Such 
dala bases are curren!ly avaolatle for a \'.•id'd 
variety ol geographic !Ot"aloons 

Selec!ed voews of the Unoled States 

.... "T- - ·:- ...... -

DOT-MAP 

CALFORM 



OPERA"IING POLICIES 

TI-e Lahorp.tory's r<:!lationship with its user 
community t-. as resultP.d in the establishment 
of operating pohcies concerning software 
ótstribution: support services. compu:er 
:"lard~are, standards, research granls and 
.;ontracts. the Harvard Mapping Servsce. ar.d 
pricing. 

Software Oistribution 

The Laboratory distr.::J~.~es a se: of 
computer programs des~r:Oe1 la•e• m this 
publ;cation. In the future. new programs will 
be added lo this list as a result of research 
eHorts outlined above Oistnbutton of these 
;:¡rograms is subje_ct ~o the follow.ng 
agreemer.t betweer. the Labora:or¡ and 
users of i~s software: 

1. Neither this software, its doct•mentation, 
nor adaptahons thereof shall, except with 
prior written consent of the Laboratory, 
be sold,leased or otherwise d•stributed in 
any form to any individual, busmess 
entity. academic institution or 
governmental body whatsoever. 

2. This software is not to be insta"ed al a 
commercial computing installation 
(service bureau) in a rnanner wh·:h would 
allow for its use by individuals other than 
employees of the purchas•ng 
organization without prior written 
consent oi· the Laboratory. 

3. Upon acceptance of these terms and 
conciitions, as indicatad by signature of 
an officer having autt1ority to enter into 
such agreements, the Laboratory grants 
~he rectptent a royalty free, non-exclusive 
license to use the subJect material at a 
single computer faci:ity. 

\ 
\ 

Bostor. 1970 Censvs Tracls 

Sup~orl Servio::e5 

With the sale o! a program, ~he Laboratory 
undertakes to provide ass•stance anc; 
support for the program's instal•ation ano 
use. Througt1 increasmg aooption o! 
software standards and asststance of 
software conversion centers (see below), 
installation eflort •s minimizad. 

Ouestions concerning use of a program, 
however, will always exist. The utility of 
programs for a large user community 
depends on early identification and 
diagnosis of problems and a corresponding 
development of corrections and/or 
modificalions. Such a process benefits the 
entire user community by eli¡ninating errors 
and extending the capabilities of a total 
program package Support provided free of 
charge by the laboratory for its programs 
consists of: 

1. Responses lo written or telephone 
~ommunicattons concerning installatton 
or operation of Laboratory software. 

2. Modifications to the program, printed and 
distributed to all users. Provision for a 
complete program replacement tape ls 
made at a charge equal to 10% of a 

· program's curren! purchase price. This 
option is frequently desirable when 
modifications to an existing program 
involve severa! hundred changes within 
the original source coda. 

Computer Hardv:a:e 

All ot the labora!ory s program:; are 
di:;lnbuled fe.~ use on 19M t::~•d'IJ<HC :•1 
FORTRAN soc:rce cede. Hovwever, mc·~l e: 
lhe Labo;ato•(s pro~;rams also have C€er. 

convJrted by certai'l other users t.J o¡::era;e 
on a wide variety ol non-18M hardv•are. Fm 
most non-:BM hard,yare tt.e Lato•1'.ory has 
aveilable na~es and aodresses of us~;rs who 
already have periormed conversions a'ld 
have agreed lo make available a copy of their 
ver:.1ons ol tne laboratory's programs to 
authorized users. 

The L;:.~boratOry is interested in 
establishing formal relationshtps w1th 
organizc:tions willing to act as conversion 
centers for the Laboratory's software with 
respect toa specilic hardware manufac.turer. 
Two such conversion centers have recently 
been establishcd, the University of 
Massachusetts for all COC users and the 
Universtty ol Delaware for all Burroughs 
users. Each designa•ed conversion center 
recé•ves a free cop·y of all Laboratory 
software. These centers prepare copies of 
the Laboratory's software lor thelf respective 
hardware and will be able to respond to u ser 
questions concorning its inslillliltion on 
these machines. As outlined above, however, 
the Laboratory retams sote right t'J control 
program distribut:on by these converston 
centers. 

-----../·./ --.. 

------
A llanta 1970 Census Tracts 
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Standards 

The posihon ot !he l.aboralory in the 
protession ot automaled cartography is 
unique in lerms of standards. Decrsrons 
concernrng software conventions aftect a 
larga number ot users and have · ma.ximum 
utihly only if applicable to a large segmenl 
of !he user communily. 

Specific areas which the L.aboralory has 
selecled for eslablishing convenlions for. ils 
software include· 

1. Glossary of lerms related to automated 
cartography 

2. Standardized subsel ol transferrable 
FORTRAN and recommended 
procedures for localrzed grouprngs of 
non-standard features. For example. 
machine specific conslructs lo be 
avoided or input/oulpul unrls lo be 
assigned al a specific inslaltation. 

3. User command language for flexible and 
consisten! naming of program control 
parameters. 

\- --·-.-

\ 
\ 

1 

\ 
...., 

1 "1 
1 

_.., 

Research Grants and Contracls 

Support lor the Laboratory's activi!ies rs 
derrved solely from research grants a.-::! 
'tontracts plus program and publical•on 
sales. nlE~ Laboratory active!y solicits 
support lor its various research interests, 
described above. Organrzations which have 
sponsored work of the ·l.aboratory include: 

1. The Ford Foundatron 
2. The Office ot Naval Research 
3. The National Science Foundation 
4. The U.S. Departments of Housing and 

Urban Oevelopment, Health, Education 
and Welfare, Commerce, Interior, and 
Detense. 

Research whrch ls funded by outside 
organrzations must satisfy crrteria 
adminrslered by Harvard Univ.ersrly's Office 
lor Research Contracts These crileria 
include the freedom to publish research 
findings subject only to established 
safeguards for protection of privacy or 
confidentiality of personal data. 

Harvard Mapping Servic3 

Occasionaity <r•al.abC>i'atúry has p1e¡:¡arc< 
maps, eilher by hand or by c:>rr.puter, te 

meel the needs of Harvard and MIT facuity 
and gtaduate sludents. Wt>en the drversity 
of experience thus gained can contrrbute lo 
lhe general objectives ol the Laboratory, 
mapping work may be undertaken for 
others as welt Assrgnments o! this K.ind 
have been carrred out for such publications 
as LJfe Magazme, Scientlfic ArrericM, The 
New. York Times. National Geographic, and 
for rndividual authors o! vanous books and 
articles. 

lnterested organizalrons are encouraged 
to contact the Laboralory descri.brng in as 
much detail as possrble the nature of their 
needs and any applicable deadlirres. 
Enclose if practrcable, copies of data 
tabulatrons. base maps, or any other 
material that could aid rn lhe understandin¡:¡ 
of what is required. 

Chicago 1970 Census Tracts 

-~- Los Angeles 1970 Census Tracts 

Prlcing 

P;vgrar •• •)IOducts of tha Laooratory are 
OISIIIC>ule<1 al PIICCS descrrbed 1n thiS 
catalog. l:iubs!ant1al discounts are avarlable 
to governmental agencies and educalional 
instrtutions. F-rices are subject to.change 
without notice. PI.Jrchase of a l.aboratory 
program ~nti!les a user lo a copy of lhe 
curren! vcrsion of !he program. sample 
daia for t;;st purposes, a user's reference 
manual, furure updates and wntten 
instructions concerning the 1nstallation and 
use of lhe software. Software pnces are 
establrshed lo cover prt>gram development, 
documenlallon, future enhancement, user 
assislance plus distnbulion. 



PROGFIAM Dt:;:;CRIPTIONS 

Pro<;ram Name ..... SYMAP, vers1un 5.20 

Comouter Language .....•. ." FOF1TRN~ 1\1 
Computer Requirements 

!.'achine . . . . . . . . . . ....... ~BM 370 
lhmory . . . . . . . ......... 128K bytes 
Múde . . . . . . . . . . . . . . Batch p1 oces5ing 

--'?•·!.·h~ral Oevices 
:.. :,;r tem;>orary da!a 5els 

S!"'"dard lir.e prinler 

Oestrlptlon 

SYMAP (SYnagraphic MAPping system) 
1s a geneccJ our:>ese ;;ra::Jhic d1splay 
¡;;rogram lor t~ 'Tl<'ppong ot spatialíy 
Otsposed ouantilative and c:¡ual·tahve data. lt 
is lhe most widely d•stribu\ed pro(¡ram of Hs 
kind and is used by city planr.::.rs, 
econom•st:~, ¡¡eographers. and _olhers 

SYMAP produces maps on a standard 
'!"e p~inter. Varying shadfos 0! gray repre
~e')tong value class tnlervals .1re crealed t.y 
overprinting 

SYMAF creates live basic types of maps: 
1. Conformant - Maps·that display data by 

predefined zones, e.g., counti~s orcen· 
sus tracts Input re«uired conslsls of a set 

of x·y coordinates defiriing the o_utline of 
each zone and a data value for each 
zone. 

2. Contour- Maps :hat graphically repre· 
sen! a continuous surface whlch has 
been compuled by interpolalion from 
data values al specified data poinls The 
value computed for each poinl on the 
surface is influenced by the values al 
the neares! da~a polnts and !he weights 
ass'gneo to thesc points These weights 
a:-e based on 1/d' where d is lhe 
distance from a data point lo the point 
for whict. a \lalue is being inlerpolated 
The weighls are mod1fied as a funclion 
of !he spatial distribution ol !he data 
points around !he interpolation point. 
Input required consisls of an x-y 
coordinate and a dala value lar e11ch 
data poirot Papers describ1ng the con· 
tauring algorithm 1n greater deta•l are 
a11ailable from lhe Labaratory. 

3. TrandSurface -- Maps that graph1cally 
óepict a polynomial surface ol a specified 
order litted toa set al data points and 
their data values A surface 1s constructed 
by mm1mi¡;ing the sum oi the souares of 
lhe dil!erences belween the known dala 
valw>.s and the compuled value oi lhe 
suriace al ac.ch data painl. Surfaces 
:rom a first arder {z=ax+by+c) to á s1xlh 
oroer (z=é>J¡ 0 ;l-bx'y+cx'y'+ • • • 

· +íy'+gx+l'y ti) ¡:_,•:)'yr.om.ai can be 
cz'cu~n~c~.~ !nput rPqtPred is the S.3me as 
~..:.: r:;J,...':)~~r rnc.r~:~ 

4. Residual- Maps thal describe a surfaca 

created by subiracting a treno s.uria:::e 
from an inlerpolated contour surfaca 
where both surtaces were dE::rived fram 
the saMa sel of da.ta values. Input 
reQUired is the same a~ for c.onlour 
maps. 

5. Proximal (or Thlessen polygon)- Maps 
that ·depict zones which are created from 
data poinls by the nParest ne1ghbor 
method, i e., the value of an~· po•n! on 
!he surface is the same as the data 
value of the closesl.data po1nt. Input 
required is !he same as for contour 
maps. 

In addilion to the required input, SYMAP 
lncludes options for crealing map 
cosmetics (legends) such as: graphic scale, 
place names, rivers, bodies of water, 
transport routes, city localions, and other 
point. line or area symbols. There is also an 
oplion lor specifica!lon ol a stud:y area 
outline which deltneates a geogr;,ph1c 
boundary and displays interpalated data 
ónly within lhal a"utline. 

In SYMAP, numerous electives provide 
COntrol over Virlually every VISUal aspect Of 
!he oulput map. For example, elect1ves are 
used to specify the physical size ot the 
map to be produced, coordinales of the 
display window (which allow ctose·ups or 
inset maps of sub-areas), the number, 
range, and symbolism al value class 
intervals, and olher features. 

Etechves also are used lo influence the 
computatian of the map by controlhng the 
interpo1at:on or calculatoon methads that 
produce proximal. contour, trend surface, 
residual or conforman! map outpul. Other 
electives modify the contour interpolation 
process by determining the number of da!a 
points which the program should search for 
w1thin the v1cinity of each inlerpc,lai10n 
po1nt, !he ma;..imum ct:stance lo search lor 
data points, and the an1ount of extrapolatoon 
lo allow ii the spatial d1stnbution seems to 
warrant it. 

SYMAP reads lhe x-y coordinate and 
value data in a standard !1xed forma. bu! il 
is possible lo suppfy a subrou!lne f-LEXIN 
(I=LEX,bie INpul) al program load ! :· !;:, 

ellow for reaoirog dal;., ,,., no11·s!and¡¡rd 
lorrna1s, E!x!rachng data lrom n ·jalé! bank. 
or mani¡:~Utatior: of data 1f des1red 

l 

SYMAP c.a!"l a'so prod.~ce a b1nal)' l.i2 c.! 

!he data ;:one cu!line::; of conforma·.: r;·;:.. :
'" ma!rix to;ma!. Each ret:-:.rd cun<, ·.">al 
the zone numbN a! eJC11 line pm·te· c~ar· 
act~r loc::;t•on lo; a g1ven row o•, !'1& ovtpu! 
m:1p · SYMAP can i~'C' read !!"le~.·: f1lt:~> as 
input, aliowinf¡ tor the crc-alion of 
;nexpensive confor'Tlal'l maps by omilli11g 
processing requ1red for the initial oefinot1on 
of 1one boundaries. 

In addilion to line printer output maps, 
SYMAP can also produce bmary files in a 
malnx formal The resulting files may be 
used as input lo lhe Laboratory·s SYMVU 
and ASPEX ptograms These files have one 
record for ear:h row ol symbols on the line 
printer output map Each record consists of 
the 1nterpolated values at each line printer 
locHtion (column). 

Appiication Notes 

The most common apphcat1on o! SYMAP 
involves the displar of selected data frorn 
!he U.S. Census of Population and 
Housing. Typical subjects mapped include 
med1an lamily incame. popula:1on dens1ty, 
populallon change, and hous1ng quality 
More complex application5 1nctude use of 
the program for analyt1c, as well as 
descnplive purposes. For examole. one 
may wish to invesligate the nature ol tt"oe 
relatlonship between a number ol variables 
using statist•cal methods The more highly 
related variables could then be mapped in 
an altempl lo id~ntify spatial trends or 
documenl a spatial process 

SYMAP has been used in a wide ~anety 
of applications includ1ng: 

1. Markel Research - To deloneate 
patterns ol e!hntclty and socoo-economoc 
characler 1n determtntng th':! mcst cost· 
elfec!lve approach for product test1ng 
and pote~hal market penetration. 

2. C1ty Planning - To highlighl urban 
social an~ economic problems 

3. Coronary Care - To idenlify if)adequate 
hospo!al coronary care lacili!Jes and 
lo determ1ne 1f hospital~ w1th coronary 



Program !~:ame . . . . . . . . GRID, Version 3.0 

Compuler language . . . . . . . . FORTRAN IV 
Computer Requ;rements 
~achine ......•.•...•...... IBM 370 
Memory . . . . . . . • • . . . . . . • . 150K bytes 
Mode . . . • . • . . . • • . . . Batch processrng 

Penpheral Devices .... Standard line printer 

Oes.:riptlon 

GRID rs ¡¡ speci<>l purpo!.e program 
tJesigned \O display dal<t values whrch have 
been collected on the basrs ol gnddcd data 
cottectron zones s;nce it was desrgncd 
specrlrcally lar use with gr.dded data bases. 
the program is ab!e lo drsplay such d<Jta 
more etricrently than would be possible with 
a gent:ral purpo~e program lrke SYMAP 
The program rs freoucntly used lo map 
natural rcsource d<~la denved from aenal 
photos using a grrd overlay lo define data 
collection zones 

like SYMJ\P, varrous options may be 
uscd lo control !he scale. symbolism. and 
value range Other optrons allow the user to 
define grid cell srze and share. prescale 
the data. obtarn grid n~:~mbenng or perf9rm 
dot mapprng Use • ., prt:;~·p th<:>rr '>Yo, d¡¡t" 
input subroutrne (FLEXIN¡ for sel,·cting 
specilrc subject items from a dala-hank. 
FLEXtN m<IY also be used lo define a 
mathematrcal expression involving lwo or 
more vanables The resulting values are 
then drsplayed by use al shading 
symbohsm. The result is a graptuc matrix 
composed ol one or more print symbols lar 
each cell or the data grid. The density of a 
print symbol indicates the data value or 
category assigned lo a given cell. 

Al!hough GRID normally is used with data 
based upon rectangular gnds, there is also 
a method lor specrfyrng rrregular outlrnes In 
the program as distnbuted tr,e c:la!a grid rs 
restncted to 10,p00 ce'ts bu: mrnor modr· 
fica!r;,ns to a OIMENSION statei'Tlent can 
greatly rncrease the ¡:.rogram·s rntcrna! 
storage capabr!rty Larger data matnces also 
may be processed as a senes or ad1acenl 
pane!s whrch the program can produce 

automatically. 

Applic3tion Notes 
Th~ ·";PIQ rJrf')';f~f'T) it; r.r-,mmnnly U~r"rl :\~ 

•• '·. 'tt ·1· 

necessary lo recor:.! d<:ta lar a re~1on 
wrtl.out rcference 10 pm·exrsting data 
zor.es or other boundariPs Ex,.rnptes ot 
such.data lllCiut1~ ta:->d use, soit type, 
ground water. veget¡¡tron type, zonrng con· 
stri\tnts Hnd topography Since features of 
thrs type rarely exrst neatly wr!htn pre· 
defined geographic zones. such as census 
tracts, rl rnay be nP.cessary lo c;t;o;tiish e 
gf'ographtc data collectron unit such as a 
gnd over a study area and lhen record one 
or more data valucs for each grrd cell. Dala 
obtained by remole sens1ng teclln1ques 
such as LANDSAT satelhte imag~ry 1s 
recorded drrectly tn a gridded !raster) formal 

In addrloon lo beró1g able lo displily data 
from a strogle matr.x. rt is atso pcssrble to 
read data lrom two or more matrrces usrng 
:;.ubroutrne FLEXIN and perlorm user 
delrned arilhmetic or log,cal o;:¡erations 
upo~ the values within cach grid cell Tne 
resulting values may lhen be displayed as a 
new matrix of ,¡alucs. Thts techruque is par· 
hcularly helpful wnen evaluatirtg a variety of 

altcrnalrvc combon<~lrons or wc··~~~., , , . • 
data matnc.cs lor !;ever.JI drtlcr.'nt s ... ~. ·. 
Suc!1 :J.tr opcra:.oo h¡¡s bel'n useo to 
identrfy !hose lcca':ons (g11d Cl.!ll~l hav•n;; a 
maxmrum (or mrnunurn) allfaCirve:ress tor 
future developmcnl. ccnservatron or o:her 
use GRID a!so n:l.:>ws for !he evatuatron 
of alternat1ve srtes by dr 1ferent anatysts 
Each ol their pro:cssrcna! preterE'nces may 
be expressed in terms d :a.>!ected sub¡ecls 
and thetr werghtings. The 1 esultrng maps 
may lhen be 1nterpreted a!; alternaltve 

solutions which reliect the judgment or 
preferences of each analy:;t in response lo 
a giver. set of or echves. 

Materlais Availabla 

1. GRID Versoor 3 CompL.Ier Mapptng 
P~ogram 

2 GRtD User's Relerence M a.·· •al . 

Copres ol !he FORTRA:'-I·IV SOtorce 
program lor an 15M 370 cJmputer are 
available on nev... unl:tbelej. 200 loot reels 
al 9 track tape written at 81)0 BPI 

----. ¡,_,. • • • 
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0 •o.:;¡r;¡,., N<)me ... C:O.i..FORM, Version 1.2 Descript:cn On:e the user ¡,¿;;:, d•·:·ned an anal:al .~ap 

Computer La'1guage ... 
Co'11puter Requirenaents 

FORTRAi-.; IV 

M achine ..................•.. .18M 37u 
Memory .................... 150K bytes 
Moae ............... Batch processing 

Per.¡1~; :·ól C:e,ice~ 
-:-:-,.e.:: :e'11po•ary data sets 
re'l plotter o• cnr p.,ol!f"r 

CAL FORIV: íCALcomp F::lRMS)IS a 
c:.;mpL'ier ¡:-rc~"21T: 't1h1':h use~ a hne plotter 
to !AOC1.ace a snecfod m .e¡.; t>~ ~-'~ u pon o ata 
zo,..es ThP prograr-r: 15 t:1par.:·:, used to 
d•~pl~y dala by adminístraliv~ zones which 
have been defin<:d as irregularty-shaped 
polygono; The resu:ting conforman! maps 
~r .:.pn.cai1y depict data va!~e> for data zones 
sucl¡ a5 c~::nsus t~a::!s, ~THrn•c•palit1es and 
counlaes Th15 oro;·<~m ma}' be used to 
prü(luce ;JrJph•cs coi h1gh quality. suilable for 
publicat.on 
CALFOR:v~ p:oduces two bar.ic types of 

confo, mant maps. ou:line maps and shaded 
thematic maps. A map may contain as many 
as 500 dala zones. each o! which can be 
described as a polygon composed of up to 
600 hne segments ReqUired mpuldata is m a 
point dictionary formal. which ensures that 
each point is ur.ique'y dehned thereby 
ehm1natmg graph1c "sliver errors." point 

Slle ar.d ty~e. data z::,ne o:J!I.roes. r.w nurl •er 
;:;nd r<::n;¡e cf data cal~g~r·es andtl-)e shacan:; 
"~mt::ohsm assoc.a•ec' w1th !hese c::;t.:.gones. 
numerous maps c<>n be producecl b; 
prov1ding a new set ol data value:. andior 
output specifiCiltlons fcr e;::ch aad.:•c.nal 
map. 

Application Notes 

CALFORM 1s used lo produce conforman! 
map!> of a study ar&a wh•ch is d1vided :nlo a 
number of data zones Each ;:one may ha ve 
associated w1th it a value to be mapped. By 
grouping the values into a number of value 
class intervals and selecting a line or 
characler symbol for each mterval, one or 
more maps may then be produced depictmg 
the spal1al pattern of the dala. 

manually oy the user or produced by the ~ 
c!ictionary_ lcormatted f1les may be prepared ~~ 

POL YVRT program from cartographic data , , '1 

r-~ ~R ~:'\ ~ "~-=.:''"";' ·':·: ;::'':'~ ... ·~~-_<=¡=-~fói1(~1~~ 
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¡¡,,.:· ~~ ~--~;·, .:~ -G~~·~· ;i.~~:~~=~>~k"~~-c~~--~~ ~:· ~ -~~~·~~- ,""'!...~,__,_. 
·~v" -~···p-f. :_:··- ~-- ¡·-,_,.~ r !--.: """L -

tr.-l~t; .··· vt · ~l;ft:LW_ :.: ~YA~·-; · Br 
MM•. To"'::::~,~~s~b~:f~=:l~l::,;•, ~CA:.~~~{\f 1 ~ 

aSIC Uf1CliOnS lflrough ~reparation of one ~-' -~ ~-:: .. /~ r)~~~ 
or more d;;ta packaggs (t.c sets of punch _- :j ..,\.r=-). ... ~ ;...-- ___ : (\ 
~r~s Cú'1ta,nmg codea mst~ucl•ons). These -";,~J. -;Q¡~-~ ' < ¡ ~ Y' 
pacKages ar~ ... ~ed lo des<.:noe· - L.--\ :A'" -- / ~ 
•. The uutlone c.f each data zone - '_"\ Y:..s LJJ~-f•r/' 
2 lhe j;>til VdiUE:S te be <ISSOCiated •.vith -~ 1 !\,~,'b <'\ 

ea::h ~~ th::: da:: zones \~~\)i ...,. 
3. Sper•a! symbols and lat>els lo appear on .e-~ 

thz map . ~e-.5 _ , 
4. Tbe tvpe ol map .:md shadmg !::ymbol•sm 4- . ;! --: .' ·. ~ 

!o reoreseni ?. !Jiven seto! da!a. ~.e,· 

Tn;s prc·g~;,rrl .~ ~,;esagned to bP •JSC:C1 on a 
devace hav1nc¡ h19'1 rf'~Cnutaon sud• e,;.:; 11;'1€ 
olottcr lt h2s a numtJer ol features 1c · lr:w. 
tcgencis. keys and írtle~ to be mclunF"• •r. l' .~ 
ma¡J Herrc. a can bL· usfd for m~: • ~.: 

pu'Jlar:JtiC'1 quallty. 
Thrcugh ~ho:> u5e o' !he F\ E' J'l"l c¡:,¡,r ~ 

data vt:ues fot e(1..:~ ~e~ t.. e, .... ru~ 

manipt~::>ted !=>'•<" tu thz,r dl,í>l". Fcr 
ell':t,·~;;:?, :-LEXI~J rrr- _¡ b~ u~c-~ ~·· c·1rc.l .. ¡1,¿ "'tt 

m;-~y sm?l: ZO;"les lo a r•umber o! !"!r::¡er 
zo:-.e.,-. Th"! v;¡l .. ~s :or a11 roew•y aggr"gat<:.:: 
zones cr,..¡jd be deflved by v.el:;hl!ng the 
contribut1on of each constitu~nf zone a~ a 
funct.on el 1ts c:>nlnbution to the n(;w zo.,e 
aggregate vaiue. 

For identifymg zo'1es which are shaded 
according lo lheir dala value, a smaller insel 
ouliine map of edch zone with its na me can 
be included and posalioned m an appropnale 
part ol the larger map. · 

P.lthou;h !he program's algonthm for 
creat1ng data value intervals •s destgned for 
cata meas~JTE'd on an interval or rallo sea le. 
data wh•ch has an inherenlly ord1nal or even 
npminal measurement sea le rnay be mapped 
as well For example. symbols could be 
eh osen to re¡Jresent severa! differenl types of 
agr1cua:ural :..;rodu:t10n The counties of a 
state could tneri bf: mapped by the 
predominan! type o! agnculture in eac.h 
county. 

Other applacation~ of CALFORM rnvolve 
mappmg of Oata values rela!ed to po>nl or 
lme locali0'1S rather than ereal zones By 
coo1ng the poa'1\s as compact areas (e g , 
squares) of small size. or hnes as l:near strips 
o! lirnated wadth, shad1ng m a¡ ~e emoloyed lo 
•llu51rale values pertaanrng to the f...Oir'\15 or 
hnes. 

Materials Available 

1. CALFORM Mappang Program 
2. CALFORM User's Relerence Manual 

Cop1es of !he FORTRAN-IV source 
program for an IBM 370 cor.1puter are 
available 011 ne..v. unlabeled. 200 :oot reels of 
9 track tape wntten at 800 BPI. A sample se! 
of mput data •s furnished as a second f•le 



Provr ·"" P1.11nu SYMVU, Verslon 1.2 

Comput.,r L•.ngu.tge ........ FORTRAN IV 

Cumpull•l n.,QUIICmenls 
M .. ch.nu · ...••....••••..... 18M 370 
Mcmoty ................ -220K bytes 

Moóu . . . . . . . . . . . Batch process•ng 

P\,rophc•r,¡l 0tlVIC8S 

Four Jcmporary data sets including plol tape 

Pl!n ploncr 

. : ..... '_. : :·-:·:: -:= :: ~ ::· :. ~: ... : ... 

-· 

Oescrlptlon 

The SYMVU computer mapping program 
uses a hne plotter lo represen! gridded 

spahal data as a three·dtmenstonal surface. 

t;urface localtons hidden from vtew are not 
drawn. SYMVU representations have been 

used lo portray such variables as 
topography, income, population, air 

pollutton and bathorhythms Users have a 

great deal of flextbtltly ih specifying how the 
surface is to be drawn including: -rotalton, 
ttlt. elevalion, verttcal scale, base and back· 
ground symbols as well as locational 
symbols, tilles and lext. 

SYMVU accepts a matrix of data values 
containing up to 130 x 130 elements. The 
data may be generated in either of two 

ways. lf the data values are irregular1y 

spaced, SYMAP can interpolate between 
the data potnls lo produce a 'con tour rpap 

and al !he same time gencrate a matnx 

formatted tape lile spectftcally designed lo 

be processed by SYMVU 11 users furntsh 
thetr own input subroultne to SYMVU 

(Subroutine DATA) SYMVU m ay be used to 
read a user provtded matrix of data values 
in a non-standard input fo(mat or manipulare 

values according lo user specifications. 
SYMVU contains severa! user aids such as 
the automahc compulation of minimum and 

maximum data values. lt also has a data 
smoothing routine to reduce minar 
fluctuations and dimtnish extreme varialions 
w,tt,in lhe data 

Applicalloll Notes 

Although SYIIIVl1 can r<:>:JPs::nt an¡· d;.ta 
provided "'a matnx !orm:>t !:•JJ lo;;.:; 
dtmensionai :;apactly of 130 · 130 data 
untts}, il is most elfecltve for displaying date 
which can be reprt:!sented as a conhnuous 
surface. Such surlaces are commonly 

representad on a standard two-dimensional 

map as a series of contours. When viewed 
as a SYMVU perspectiva drawing, a three 

dtmensional surlace yields substantially 
greater detail and vtsual impact. 

In addition to dtsplaying values which 
represen! a cont,nuous surface, SYMVU 
may also be used lo deptcl a ma!rix ol 
values representing a discontinuous data 
surface. Such surfaces correspond lo 
conforman! map data for data zones such 

as census trac~s. towns. states or 
countnes. In such cases !he data zones 

appear as ratsed plaleaus whose eleva!ton 
corresponds lo !he data value of each 

zone The outline of each plateau retatns 

the general shape of the data zone. 
SYM.t.P may be used IC' generate a matr 
formalted tapE' file of a conforman! map lvr 
input to SYMVlJ. 

SYMVU surfaces have been eflectively 
used lo present data relahng lo such 
subjects as landforms (terratn etevation), 
population densthes. atr pollution 
concentrations. income dts!ribution and 
related social sta!tstics Other applications 
of SYMVU have included 

SYMVU Contour Map -t 

+- SYMAP Ce·, ~uur Map 

1. Animated Trme-Senes Frlms - Spa,.a!ly 

distributed data showtng changes tn 
populalton gro ..... th or atr quality 

2. Stere-or;.-ams - lrnages achtevecf by 

plottíng two views of !he same surface 
and changing the viewing azimuth by a 
few degrees. 

3. Cartograms - Represe~tations o! 
geographic regions deptc!ed as 
volumetnc prisms. Hetght ts proporttonal 
to one vanable (e g., copulation size) 
and !he area of each data zone ls 
deftned ¡lfoportional to a second variable 
(e.g • per captta tncome). The volume 

becomas proporttonal to the product of 
!he two variables (total income, in lhts 
case) 

4. Two·Color Overlays - Combination data 

display in whtch one surface, sucn ~s 
topographic reltel, is plotted with 

reference to a related data grid 

indicating forested areas Wtth sltght 

program modtftcatton. !he ltnes over the 
forested portian of the gnd are drawn as 
a separate plot The two plots are then 
registered and pnnted together in two 
colors using standard printing 
techniques 

Malerlals Avallable 

1. SYMVU Program wtlh sample data 

2. SYMVU User's Reference Manual 

Copies of !he FORTRAN-IV source 
program for an IBM 370 computer are 

available on new, unlabeled. 200 loo! reels 

of 9 !rack tape written al 800 BPI. 

HANlEGNA BAr · CON10UR 

IIZI"UlH = 231 
•¡;(QlH • !i-00 

ALlllUOE • 45 
•HEIGHl • 2.00 
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SYMVU Conforman! Me? -o 

,._ 31 MAP Ccnlormant \1ap 
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Program Name ..... POLYVRT, Verslon 1.1 

Computer Language ......... FORTRAN IV 
Computer Requirements 

M achine ...................... .18M 370 
Memory ...... : .............. 160K bytes 
Mode ........................... Batch 

Per!pheral Devices 
Two temporary data sets 
Pen plotter 

Oescriptlon 

POL YVRT is a general purpose utility 
program desogned for use vd~ polygon 
O'nented cartographoc data bases (CDB's). 
Coordonate data describong polygons may be 
onput and output on a varoety of data 
structures and formats. Such foles are 
normally requored for us.e woth conforman! 
r.1appong programs. 

POL YVRT's capabilities include: 
1. Convers1on of a CDB File - Translalion 

from one data structure or formal to 
another. 

2. Interna/ Topolog1cal Data Structure¡
Automatoc detectoon of er~ors in polxgon 
defonotoon 

3. Retneval of Selected Polygons -
Retroeval from a CDB file usong 
FORTRAN-Ioke logical expressions. 

4. Update and Correction of Coordmates
Revision of coordinates and topoldgical 
attributes of chains and polygons.¡ 

S. Map Projections - Creation of specific 
projections, rotations and scalings! 

6. Assígnment of Levels of Line Deta(l
Representation based on an automated 
line generalization technique. 1 

7. Simple Une Plotting- Visual verification 

of a filo. 1 

POL YVRT relies on its topological data 
structure - the chain file- to provide the 
capabili!les outlined above. A "'chaon[· 
consisls of a series of points whoch lprm a 
boundary between the polygons on its left 
and nght. The first and last points of al chain 

1 
are referred to as nodes. Together t~ese 
three elements (nades, points. and left'right 
polygon identifiers) define the netwdrk of a 
cartographic data base. The chain file 

• 1 

concept has a generality and effocoen
1

cy that 
offers many advanlages lor !he creation and 

. b' maontenancP. of cartographoc data ases 

/J..ny of the lollowing file s!rucÍures lay be 
accepted as input and ~onverted to /an 
interna! chain file data structure. In addotoon. 
!he following file structures may be /oulput 
from the interna! chain file of POL YrRT. 
1. DIME (Duallndependeat Map Encoding) 

Fóle. 7 CDB'• wheco e"h line "reo! " 

identifoed by its nades, (en1 poor.ts) a"'d 
the polygon names on each side of the 
fine. DIME files which descnbe the census 
blocks a~c tracts for mosi U.S 
metropolitan areas plus a lde of county 
outhnes are available from the Census 
Bureau. A county outlone file for !he U.S. in 
DIME formal os provoded wilh !he 
POL YVRT program. 

2. Wor/d D.ata Bank 1 -A file contaonmg 
120,000 points whoch describe the 
outlines of !he countries of the world. The 
Laboratory has enhanced !he basic WDB-1 
file avaolable from !he U.S. National 
Technical lnformation S.ervice by adding 
the lopological information requored by a 
POL YVRT chaon fole This modofied WDB-1 
chain file is provoded along w1th the 
POL YVRT program. 

3. CALFORM F1le -A cartographic data 
base structure based on a common point 
dictionary with which polygons are 
descnbed. The CALFORM program for 
conforman! mapping is distributed 
separately by the Laboratory. 

4. SYMAP File -A very simple file in which 
each polygon ls individually defined as a 
string of coordinates is avaolable as output 
from POL YVRT. At a future date 
POL YVRT will be modofied to atso accept 
a SYMAP file as input. 

5. LUDA (Land Use Data and Analysis) -
Files generated by the U.S. Geological 
Survey. These files share the "chain" 
concept woth POL YVRT although they use 
the term 'are." Conversion of these files 
will be a new feature of POL YVRT once 
formats for disseminaloon of LUDA files 
have been established. 

6. Other file structures will be handled in 
response to u ser requests and included in 
futura updates of the program. 

POL YVRT provides capabilities lo perform 
a vanety of operations upon a cartographic 
data base by use of optoonal input packages. 
A specific subset ot an input CDB may be 
requested through English-like IF 
statements. Topological error detection may 
be u sed lo identify and al soto corree! certain 
Id e errors. Correction of errors and addit1ons 

a file also may be effected by use of the 
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program's comprehensive update package. 
Chaons. parts of chains and their topological 
characteristocs may be added: deleted or 
replaced. A coordonate translormatoon 
package includong ten standard map 
projections (with prov;sion for a 
user-supplied routine to define non-standard 
projection types) os also provoded. 

The program oncludes an efficoent 
recurs¡vealgonthm that measures the detail 
leve! (geometnc signoficance) of each poont 
m each chaon By specdying a set of cntenon 
bands, the user may create a line detall 
measure for each point and thos informalion 
can be stored wolh the file. Files may be 
outpul woth any deg·ee of line generalization 
making it possoble to produce the smallesl 
CDB compatoblc Y..oth the purpose for whlch 
it will be used.lssues relevan! to the selection 
of an appropriate leve! of line generalization 
include map size and scale plus the line 
drawing precision of output devoces such as 
printers. CRT's and lme plotters. 

Outpul may be dosplayed on a fine ploller. 
A chain structured output file can be 
produced for input lo IN POM and CELLMAP. 
The topological chain will be the basic data 
structure for m u eh of the Laboratory's fulure 
mapping software. 

The distributoon tape includes source 
code, !he counly DIME file, and !he 
Laboratory revision of WDB-1. The POL YVRT 
Users Manual includes program 
documentation along with control card 
examples and instructions. IBM versions 
include a separate file containing !he Job 
Control Language lo compile. overlay, and 
execute the program from the tape provoded. 

Application Notes 

Before usmg a conforman! mapping 
program (such as SYMAP. CALFORM, 
INPOM, CELLMAP), a user must create a 
cartographic data base file which describes 
the dala collection zones. Generally, this 
descnption consosts of x-y coordinate 
outlines of polygons, but lhere are significan! 
differences in the "record and file formal 
requirements for various mapping programs. 
Creating a new CDB onvolves the expendilure 
of significan! amounts of torr 1d em!rgy. 
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One goal of POL YVRT IS lo prOVIde a 
umversal. arch1val d"!:;~nphon ol da~a zones 
bi:l~()::l uoon a topolcg•cal data r.tructure. 
POL YVRT can the'l u~ e: th:5 dala structure to 
generate any one of tt'e record and file 
form.:ts re_qu1red by a spec1fic mapping 
program. As a result. POL YVRT prov:des a
great deal of f!exob:lity lo :he individual who 
wisfJes to crea!e only one CDB wh:ch can be 
u sed lo produce onputto a variety ol difieren! 
o'nilpping programs. 

A m;;jor obsta e lo:: 10 the w1despread use of 
CO":'lputar mappmg ~oHware IS !he onitlal cost 
o: r.·eraring a CDB for a given study area 
-~,s process ca11 be avo1ded ·m many 
2pphcations by using existing, publicly 
.•vailable fiies. However, the cor.flictong 
l:,rmals and structures o! these files rellect 
t<"~e lack o! standa~ds in the design ot 
computer mapping syslems. Without 
FOL YVRT a user is requored to write a 
Ol'ferent program to extrae! useful 
m!ormalion from a vanety of sourc.es The 
.:l:!ftcL<ities oft¡¡n outweigh the benef1!5 

The growing library of ava1lable CDB's 
describe geographic un1ts lrom the city block 
!evel in Metropolilan GBF·DIME files te tr.e 
C'>L'ntry level in WDB·I. W1th POL YVRT, a 
u ser can generate a CDB sol:'dfocally ta1lored 
!rom any one ol these sources. As a r<:::;ult. 
the effort required to produce a CDB and 
re':::Jted thematic fl'ldps of an area can be 

_sign;ricanlly reduced 
When an available file does not provide the 

informalion required. POL YVRT can a1d m 
!he process of constructing a CDB. The chain 
file formal olfers the following advantages in 
the digi!1zing process: 

• Allows u!>e of stream input mc;des 
• Avoids amb1guily and sliver errors 
• Reduces !he r..;mb::r of keystrokes 

required ·,o -ident1fy polyg-ons. - · 

Furthermore. POL YVRT's topological 
error checking capab1:i\y serves an 
importi'l'll functio;, in detecting erwrs. The 
prograrn's updaling facility allov.s 
corrections to be made ;·¡i;l>out redíg;1o;6ng. 
By creating a COB throu'Jh POL YVRT, !he 
quality of the mÍormat1on 1s hl~ely to be qwte 
hogh and the user acquires a_gre2t dPa! or 
flexJbtlily in lhe subserwe'~í t:ses of the file 

Materlals Ava1lable 

1. POL YVRT program with sample data 

2. POL YVRT User'~ Reference Manual 

i!. U.S. County DIME F1le {as cro::ated by and 
avalfable from thr: U S Cemus Bureau) 

4. World Data 6ant: 1 File (as credtec Ly the 
U.S Government _and modified by !he 
Laboratory) 

Copies of the FORTRAN-IV source 
program for ¡on IBM 370 compl•ter are 
avalfable on new, unlabeled. 200 foot reels of 
9-track tape wn:ten at 800 BPI. 

AU.- POINTS 

fresno s:·!ISA 1970 Census Tracis 

---------~-----... --~·~ ---------------------, 

33 PEJ'U:NT 0: POINTS 

2S ~T cJ: PJlNTS 

/ 
' / 

-
__ / .......... 

-....... 

OUT~' 1 
.=-_:__r:~·· 

' ... ....... _ ' . 



NEW PROGRAMS 

Program Name . . . . . INPOM, Version 1.0 

Computer Language . . .... FORTRAN IV 
Compuler Reqwrements. 

Machtne ....... POP-10, IBM 370 

Memory . . . . . 20Kwords, TSOK bytes 

Mode .......... lnteractive or Batch 

Per~pheral Devtces 

Seven da:a sets p!us plot tape lor olfline 

plo!s (Opttonal) 

Te~-trontx 4000 senes cathode ray tube 

Pen plotter 

*NOTE* 
INPOM will be 

available in 1977 

Oescriptlon 

INPOM (IN!eracltve POiygon Mapptng) tS a 
corrtoul.;r maop•ng program which orod~ces 
~onformnnl ou:!tne or shaded maps on k 
calhode.ray lube A study area 1s 

part•!toned tnto data zones such as 
conttnents, countnes. states, counltes, 
census tracts, Ctly blocks or any user

deftned areal units. The- user provtdes a 
cartographic data base (CDB) which 1 

conlatns x-y coorotnates descnbtng the 

data zones of interesl 1 

Dala va!ues are asstgned lo each data 
zone by !he user Many vana!:!e!' can b1e 

1 

mapped tn succe5sion us:ng lhe same CDB 
ror a g:ven study area INPOM mail be Gsed 

\o extrae! da:a values from a ftle or the~ 
may be entered from the user's lermtn~l 
and saved as a ftle for laler use l 

• 1 

Ten categones of graphtc symbotism 
1
may 

oe used to graphtcally represen! the values 

Graph•c symbols are co'1slrltcled ustngl 
paraltel (hatched) ltnes. •nlersecltng (cross-
hatched) ltnes. or regularly spaced 1 

character symbols Angles and denstties of 
lines. p'us seleclton and spacing of 1 

characters are deftned wtlhtn the progr~m 
However, they may be redefined by the 

user lor any parltcular map. 1 

A user interacts wtlh INPOM by use ol an 
English-like command language whtch 1 

consists of verbs and dtrect ob¡ects rre 
language may be entered in a free lield 

formal usu-,g terms which are complet~ly 
1 

spelled-out or by ustng any unambtguo
1
us 

abbrevtaltons. The user also may specily 
parameters alfecting the stze. scale. ahd 
geograph.cal ltmtls of a map to be 1 

produce..:! 11 rs atso p.:_¡sstble to enler '710 a 
dtalogue wtlh the program when a morf 
como!tcated sefieS ol spec•ltcat·on~ ar

1
e 

reqUJred, such as deftntlrons ol shadtng, 

•1alue ranges, and ltt!es Map out¡:-ut •S so::nl 
dtrectly :o !he user's CRT ternltno• tn 

response lo a 'MAP' cown.and or lo a pen 

plotter !ollowing a 'PLOT' command 

, ... tv'>,, .... ,.. ••• "" •. ,¡-. ' ... •' '1 " \'' ,, '-''(' ··,·~ .,._ '\. \..;:) , .... '\\ '\:''" ... '"\•• ...... ·,.; ,,, -.J 

a ~:!udv area as ltsts of ~-y coordinares 

ca!t"d ' .. -::hair.s" Each chain serves th~ 
topotogical luncttons -;.f connect•ng lw;o end 

po r.ls •.ncd~s) and boundtng two ad¡arenl 

data zones. C~·é:t:lS usually conla•n cther 
potnls betweer: their !wo en<J po:n!s Thil 
actual number ol PlJtnls rn a chain :s a 

lunctron ol !he length and complextly or !he 
boundary representad by !he chain Any 
cartographtc dala base composed of dat;; 
zones can be converted by lhe POLYVRT 
program to a chatn file formal lor input lo 
INPOM. POLYVRT can ac.cepl as input 

DIME ftles. CALFORM ftles or chatn lites 
(such as th.e World Data Bank i file supplted 
wtlh POLYVRT) and produce a chatn file for 
subsequent tnput to INPOM CDB 
coordtnate data may also be entered 
dtrectly tnlo lhe program 'rGm the keyboard 
of a graphrc termtnal, or reccrded ustng a 
dtgtltztng tablet or olher graphtc i~put 
devtce. 

Once structured asan INPOM chain ltle, 
the cartographic dala base mus! be stored 
on dtsk Ustng such a workmg ftle allows 
the program lo be smaller and achteves 
llextbtltty tn dehning and displaying a map 
tmage í-iandom access readtng of !he disk 
ftle also al\ows for user selection ot sub
regions. tegends and titles from a large data 
base plus a htgh degree ol efltctency tn 
plotting of maps 

Other features ol INPOM include· 

1. Lrne Generaltzation - Selecltvely 
reduces the number of points used lo 

describe data zone outlines. When 
displaying a map a user may select any 
one ol 10 detall levels whtch have been 

delined for each potnl on the chatn ltle 

al !he same time il was crealed by 
POLYVRT, or INPOM wtll creale (or re

define) delail tevets according to the 

user's spectficaltcns 

2. Polygon Seleclton and Windowing -
Enables a subregton of a CDB to be 
tsolaled and rnapped The area of 
interest may be spectfied by namtng the 
polygons !o be included or by provtdtng 

a set ol coordtnates whtch essenttally 

descr,be a wtndow overlayed on the 
base map 

3 -:",: ~\; C._w..;::,.::)t- :.:.·~0v..-s 3ny nurr.~r 
ol tínes each havtnc¡ up to 5 fines ol 
text to be de!tned a~tl postt:oned 

nthtn a user-del:ned space on the 
output map T<lk:s can be stored as files 
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and a:1y combina!ton of lttles from a 

v·vert ltle can be retr:eved tor display on 
2. given map 

4. Cartor;¡;,.ph;c Data Base and Data Values 

Edr/Jrtg Capabilrty - Allows potnts on a 

chatn to be modifted or new chatns a:1d 

polygons to be created Data values can 
be tnput from the termtnat or from a disk 

f1ie and tndivtdu<JIIy mod•:•ed by the user 
Edtted data values and CDB's can be 
saved of~ltne. Terrrina!s euJ•PDt,d for 

graphtc .nput t·nclu::!tng tablets) may be 
used ter recordtng cha:n !ormatted 
coordtnates dtrectly from a base map 

5 Ltnes - Makes use of cha1ns :o deftne 
lines as well as potygon bourdanes 

Lines (e.g. roads. nvers) may be m'!pped 
in combination wtlh polygon oullines or 
displayed tndependently ol polygon 

outltnes 

6. Legends - Deftnes and posttions 
· stnngs ol characters as legends (e.g., 

place names) on the maps. 

7 Graphic Symbol Key - Relates graphic 
symbois to each value class intervat and 
may be displayed a~one or inserted 
wtlhtn a-map Each element ol the key __ 
may be posr!toned indivrdually, tf 
desired 

INPOM ts wntten in machtne·tndependent 
FORTRAN IV for PDP-10 or IBM-370 

computers. When used al other tnstallaltons 
it may require alteration of certain of t!S 

modules which handle random access ftles 

or address graphtc termtna~s and plotters 

Graphic subroul•ne calls are compaltble 

with Tektronix PLOT-10 svfl\vare 

Appllcallon Notes 

INPOM's ab•lily lo display a map on a 

Catr.oce Ray Tube or pen ploti~r- provtde ti 
with a degree of flextbtltty unequalled by 

batch mode graphrc programs. A user may 

very qwckly exam:ne a large number of 

alternaltve maps, varytng e.ther tn terms ol 
sub¡ect matter. study area or graphic 

syr:.:>.:. sm Tr.i! . .:ea e: ~s :--.;¡ computer 

generated maps ¡¡s analy!tc as well as 

descriptive tools :assumes ne· 'antng 
when it becomes poss.ble to . .uce maps 
wrthin mtnutes ralher than ho: ¡r days. 
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Malerlals Avallable 

1. INPOM Vcrs10n 1.0 computer 
mapoing progrart1 

2. !NPOM Ustr"s Re~erencc Man\.!al 
3. World Da:a Ba"í--- 1 l;le (~s crea:ed by 

the I.J.S Government and mcdrfted by :he 
Laboratory) 

C'opics of the FORTRAN-IV SQ~rc.:e 
¡:ro:;}rc,r,, for an ;s:~1 370 cor .. p;IN 2•e 
a•.;;riat;ie on nev.-. :..nla!::eled. :::otJ :oc: retls 
of 9 trae!-: tape wr.tten at 800 BPI. 

Copies of the FORTRft.N-IV source 
¡..rogram tora DEC PDP-10 comp:;ter are 
é.'lailable on a DEC tape in compressed 
;ormal with DEC s¡::ecriic com111and files 
<.'1d '!./I.CR0-10 files rnc:uded 

------------·& 

!coNTERMINous UNr TEO "slATEs 
• l O .... JTL IN::: S ~R I VEO ~ U .. S. COJ"--JTY O I 1-'E F I LE 

' ,OCTAIL LEVE... = 7 
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-----

'. 

ST .AJ-CN:U 9-IAJ I ~>-G 
rH!S K'-o"" 9-Q..<; TK: 10 L2>aS 
C: Sl.a;·~:U 9-:"!.::-:J rrf.·"i. L'\ :-:-.... ' ... 
!:"Y.ll. ~,:¡;~;:; LE:!>.ü ;r.f cw;.\.--<:·. x 
!'!':1:' \P L"'-:..U 1 "J-~"}, ::.. C'U .;¡.. 
.... ~'Oí $1' .- .:. lf.Jt~ l !'""':~ ·~ ~) ;:¡ .;--:-_; 
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Program Name . . . . .. ASPEX, Version 1.0 

Compuler Language ....... FORTRAN IV 
Computer Requirements 

Machrne ....... POP-10, 18M 370 

Memory • o . . . . . 20Kwords, 1 SOK bytes 
Mode . . . ........ lnteraclive or batch 

Perrpheral Devices 

Three cata sets 
·Tektronrx 4000 senes cathode ray tube 

Pen plotter 

Description 

ASPEX (Automated Surtace Perspectrves) 

rs a computer program for producrng 1 

ob!ique perspectrve vrews of three · 
drme[lsional surtaces on a cathode ray tube 

(CRT). The progra~ is an outgro"'!'·th of t~e 
SYMVU program described elsewhere rn 

!hrs publrcation. ASPEX, howevero is a 1 

~rgnrficantly more powerful loo! for 
arsplayrng surfaces because rt operares in· 

teractrvely and rs ab~e lo accept much / 
iarger fries o! ;nput cata wf]i!e requrrrng less 

core memory 1 

:~out data fcr ASPEX consrsts of a 
matrrx of values rdentrcal to that used by 

S~YVU ASPEX also uses the same / 

method of relief representatrono r.e eleva· 
!ron lrnes drawn along rows columns ot 

o • 1 

dragonals includrng an algorithm lor deletrng 
hrdden lrne segments. 1 

ASPEX can be run eilher in an inleractive 
or batch mode. lnteractrve mode accept~ 
rnput o! control commands lrom a CRT / 
keyboard wrth oulput lo the CRT or lo a

1 

p!otter. Batch mode rnvolves control rnfor· 
mation being read from cards with outpÓt 
being produced on a Jine plo!ler. 

APEXos user language involves com

mands composed of verbs and ObJecls. A 
verb describes an action to be taken, ahd 
an.object rdentifies !he entity or value lb be 

acted u pon. An ObJeCI may be a single 1 

word, ora word set equal lo a value. 

Furthermore, a value may be a number, a 
se! of numbers, a string of cl-iaracters. 'o~ a 

symbol for whrch a value has been 1 

previously defrned In interactive mode, 
'HELP', OSHOWO, and 'LIST' commands 1are 

avaríable to assist the user rn selectrng/de· 
srred verbs and objects ASPEX currently 

can· accept a data matrrx containing up/ !o 
500x500 cells (i.e , any number o( rows 
and co!umns whose product is less thJn 

250,000). Input data is proces~ed by / 
ASPEX and output onto a random access 

disk frie with only a small portron al thJ dala 

in core memory at any time As a result lhe 

program is able lo run in a smaller am6unt 

of core memory thon SYMVU while 1 
c:Hsnlayrng i:?.rger seis o! data . 

. ASPEX eUow' the "'" to detone r 

azimuth, allitude and viewing angle relahve 
lo !he data surface The program alsc h<:s 
an alternatrve mode tor definrng a viow oí 
the sur1ace A user may specrfy fv..oo po.nts 
rn three·dimensrona! carlesran space. !he 
eye-point of !he observer and the center 
point of !he area being vrewed. These 
pornts may be defrned to be al any position 
rn lhree-space, rncludrng posrlrons on !he 
surface 

A flexible method lor scalrng and 
selectrng a "w.ndow" ol !he matrrx is also 
provrded. In acc:t•on, effects srmrlar to a 
varrable focal length (zoom) lens can be 
achreved by sp.ecrfying 1) a ''con e ol 

vrsron" whrct"l ce!ermrnes how much of !he 
matrix around the cemer o! vrsion will be 
included, and 2) !he "focal ratro" which 
determines where !he prcture plane (!he 
projected image of !he sur1ace) is placed 
between the two vrewing points (eyepoint 
and centerpoint) 

Other features include. 

A $ub7outme FLEXIN -- To manipulate 
!he data values of the input matrrx prror 

to therr display 
2. A1l Opt1on lo Generalizo Relief Unes -

To reduce the number of points thereby 

allowing reduction of the time and co:;t 
required lo produce a plot 

3 A Vanety of Graph1c Cosmetics - Te 
creale endhnes at !he matrix edges, 
blocks of varyrng sizes al the matrrx 
base, graphrc scales for data 

interprelatron and special background 

shad•ng for regrons withrn the square 

matnx bu! ou!side !he study area 

4. The Atllity ro Produce Three 01fferent 

Surface Pro1ections - To achieve 
isometrrc, planometric, and perspectrve 
variatrons 

Applic<~licn Notes 

ASPEX is able lo efiectively display dala 
sur1aces of al! krnds Thrs includes data 
derrved from drgrtal terrarn models as w€:11 

as contour, cor.lormant, pr'oxrmal and trend 
surface maps oroduced by SYMAP. The 

resul!ing gra;:;~.cs provide a great deat . 

of visual rmpact TI1e user has a bread 

range oí control over how a data sur1ace is 
e voewed. For e)(8mple, one may move 
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across the sur1ace by producrng a series of 

graphrc displays. Such a technrque would 
be parlicularly useful for purposes ol film 

animat.on where each successrve plol 
could be used lo produce severa! seconds 
of viewrng time on film 

lndividuals involved in the preparatron of 

data sur1aces frequently express a desrre 
lo select a view.ng angle whrch provrdes 

rnaximum visibrlity of the suríace Thrs 

concern reflec!s the fac! lhat sorne portron 
el a surtace is usually hrdden by "peaks" 

whrch rrse up and block from v'ew areas 
behind them The rnteractrve capabrirtres o! 
ASPEX mrnrmrze th•s problem by allowrng 

the user to freely expenment wrth varrous 

viewrng angles, dostances. wrndows, and 
vertical scahngs. 

A sur1ace drawrng program such as 

ASPEX allews thematrc map data lo be 
displayed wrthout the necessily for data 
value classification inherent rn tradrtronal 
thematrc map symbohsm Srnce each value 
on the sur!ilce is shown raised lo a herght 
wh1ch rs continuously proportronal to the 

va,lue scale, a user rs free of the necessrty 
to establish value class intervals and then 
select corresponding symbolism A three 
dimensional sur1ace is lrterally classless 

thereby allowing minar as well as maJOr 
tluctuations within the dala lo be shown on 
the same drawrng. There rs a need to 
establish a vertrcal scale for a data surtace 

but associated limrtatrons are lar less 

signrficant !han !hose which result from 

havrng to clas~ify and symbolize data on a 

traditronal two drmensional shaded map. 

Materlals Available 

1. ASPEX program with sample data 

2. ASPEX User's Reference Manual 

Copies of the FORTRAN IV source pro· 
gram !or an 18M 370 computer are avarl· 

able on new, unlabeled 200 loo! reels of 9 
track tape wntten al 800 BPI. 

For rnstallation of !he program on a DEC 
POPo10 computer a user allernatrvely may 

~equesl a DEC tape in compressed formar 
with DEC specifrc command frie~ ,,-d 

MACR0·10 files included 
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Selecled Maps ol U.S. Populalion Dem;:ty frorn "Manifeste-:1 Destin{' 



CARTOGRAPHIC DATA BASES 

lntroduction 

A cartographtc data base (CDB) tS a . 
necessary part of trte tnput data requtred·by 
!he Laboratory's conforman! mappmg 
programs. These data bases defme the x-y 
coordinate locattons tor each data zone 
whtch tS lo appear on a computer generated 
map. A CDB m ay be dtgtttzed !ocally but tt is 
usually more economtcal to obtam a copy of 
an exts!tng CDB ti one already has been 
prepared for the area of interest. 

Standard Economtc Areas (SEAS) 

CDBs Available 

The Laboratory has avatlable a selected 
set ot CDBs and wtll constder requests to 
prl'!pare others to a user"s spectfications 
CDBs dtsfributed by the Laboratory are 
available m many dtfferent record and file 
formats, includtng !hose required by the 
SYMAP, CALFORM and INPOM computer 
mapptng programs. Alternaltvely, an 
tndtvtdual may prefer lo acqutre a CDB in a 
topologtca! chatn formal and use the 
Laboratory's POL YVRT software toe reate a 
vartety of CDBs for use wt!h one or more 
mapptng programs. 

Original Data Sources 

CDBs oflered by the Laboratory 
frequently ha ve be en de ro wed :ro m o:her 
ftles such as !he CIA's World Data Bank-1 
and the Census Bureau's County DIME, 
Metropolitan DIME. and Urban Atlas ftles.ln 
most instances the canten! and/or structure 
of these files ha ve be en mcdt rted by the 
Laboratory. Silver error, overlapptng 
polygons and Stmilar dtfftcult:es tnherent m 
the onginal data have been corrected by the 
Laboratory 

Y!l 

Centrold (Data Polnt) File:; 

For users of SYMAP or other programs 
which utt!.ze x-y coordtna:e data for point 
locattons, files of centrotas (central pomts 
representative of aiven areal unttsl are 
avatlab!e. Files cu~rently being·d;stnbuted 
include: 
1. Centroids of U.S. counttes 
2. Centrotds of U.S. Sta!es 
3 Centroids of Massachusetts ctties and 

towns. 

Countries of the World 
Study areas and their geographic subdivision (data zones) for which CDBs are available include the following: 

1 

Recommended Maximum Maximum Ground Resolution par 

~udy _Area Geographic Units Standard Formal Original Source Coordinate System Mapping Scale 0.1" 1mm on map 

Planet Earth C:::untrit:s Chain WDB-1 Radians, lat. & long 1:10,000,000 16 mi. 10 km 
-

United States Sta tes " County DIME Ftle " 1:5,000,000 B.O mi. S km 

United States SMSAs í " u . n " n 

1 

' 

United States SEAs " " .. .. " .. 
• 

United States Counties l " " .. " .. .. 
Any S tate 1 Counties 1 " " u u " .. 
Any SMSA Census tracts, 1970 u 

Urban Atlas Files Degrees, lat. & long 1:15,000 125 ft. 15m 
1 

Any SMSA Census blocks, 1970 Metro-DIME Metro-DIME Radians, lat. & long 1:5,000 40ft. 5m 

Massachusetts Cities & Towns ¡ Chain 
F;l" '"''"' prewod 1 1 nches, Carresian 1:250,000 2,100 ft. 250m 

1 
! : 

1 1 
-

-
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Une Generalization (Deta•l) 

The amour.t o! :··w t.:e\c..: (nu.,ber el ro1"is1 
conlained w1lt•1n a í1ie may be spec1: ed ?• 

the l1fT'Ie that aro arder is plac.:d Allerr.<:h9y 

lhP Laboralc--ry w1il prov•dE: .l de;;ree. e' Ene 

~!:'la1l approp11ate to 

Th,i' ma~p'''G p¡¡chage w•th .... r.,ch t~.e 

CC9 •s !e t-e used, 
2 T~e max1mL:rn s1ze at y.,h1•.:1l all or s0me 

par! of trie !,le: IS 10 be d1spla¡ed a~o 

:? The hne resolution of t>-,e cev1ce 0'1 

·,o;hicn the cL.tput is to a~oe"Jr 

;:1 ot the latora:ory's CDB f•!cs con:a.n a 
¡;~lic amo,ml of dstail. Hcwever. when 

prepar·:.g a CDB lor mapping pu:poses. 't 
; i ~, 1S deslfabie 10 generatize each hne i'1 
u·.:er lo retaon onty !hose poinls which c:n 

<' seen Oil the lona: graphoc ou¡p~t The 
· _,~,;;;: numoer ol vselul (vi:,.b!e) po•r.!•, 
:.e;Jencs upon lhe sc;;le e~ the f1ncll m2p 
.:J:;J,.! p'us tile grap~·uc resoldon of t:.e 

';,: 5p:ay har:: ... are Cl_ear!y, a 1ine prinlcr m;;p 

c;;;n po• Ira y iess oetail lhan a ca!hode ray 
: .. :.:; whoch on turn t'laz le$~. revciv1nc_¡ pov. er 

:"a" illOSt ¡)e~ ploners :,, ;; rr;.:.r a; a g·ven 
.o:a!e. C!her IS.SLes lo be con:;;oered w"en 
s<otPcting a detail levPI onclude the rr:axirnum 

~u<'lbcr ol points which can be proce~sed 

by a given display program plus the relative 
:ost o! processing large foles. 

Tne star.dard version ol each CDB whose 
standard formal is "chain"" .r.cludes w:th eac~. 

x.y coord•nale pair a third number wh1ch is 
!he measure of that poinl's deviat•on lrom 
lhe trend hne. As a result. ea::h poinl may 
be eilher included or exclur:ied from a given 
plot depending upon lhe amcunl ot :ine 
resolut1on desired in a g1ven sot..Jation. Tt'lis 

capab1iily provides a greal deal of f'ex1b:lity 

lo the user and <.ll!ows for a variety ot 
difieren! CDB's, v~ryong in l;ne detaol. to be· 
oroduced from lhe ong1n¡;! file. For a 
descnplion of lhe algor•th.n wh:ch 
determones de·11ations ar;d a rl1scus:;•:n of 
their ;_¡se in "dct~,¡ f,ltcnnr¡" r.ce Oougtas. 

David and Thomas Pe~.:cO<.::or. "A!gonthms lo• 
lne Red•Jchon 0: lhl' Nu'llber or Point~ 

Rec¡u,.ed lo Represen! a D•git;zed Una or 
ils Cancature·· m lhe Canadtan 

Cartographer. Vol iO, N~ 2, Dec 73, pp 
112·122 

Rocord Formats 

C08's dostr1b•Jieo by tt'e L;hora!ory are 

ava•'able 1n any ore of tou· s\and;.,rC: 

forrrats or 1n a !ormat defone.:J by the user. 
Star11:.ara formal!i .r.c;udé files orep~;red 

specohcally for ono'JI lo !he S iMAP, 
CALFOR~.!I or ¡NP(•M com~·uter r.Ja;:¡pong 
r,rograms F1les aíso ¡;¡ay be ·oot3:r.ed •n a 

to;:>oiogocai cha1n file formal ror mpul lo :he 
POLYVRT program ano otner maop•ng 
software to be d1Siflb~ted by :he 

Laboratory. 

Record Conien: 

CDB's prepared for input to a compuler 
mapping pro<:;¡ram include x-y coordinales 
plus a g;;>ographic •dent1f1Cai10n code for 
each polygon. Codes used are Federal 
ln'crmai!On Pro::es~.ing S!andards (FIPS) or 
Censu<. 8ure2u geograohic ident.t•ers 
INPOM and POLYVRT files also :nclude a 

co:a·l '"\si r.ode for each po•nt coord!~3te 
!n ;t'le ,¡.,. For CDB's o!"er than those 

-~es.::,·:;:¡.;d whocr. ae preoared !o a user"s 

::oe.-::~~~caoons. geoJ'~:pnt~ codes 
¡¡oprop11ale !o lhe ioca~,o~s of mterest can 
;:;iE.:> be provided 

POLY~-~T Software 

All CDB's offered by !he Laboratory are 

direclly compatible wolh !he computer 
1narping soflw<:.re for wh•ch they ¡¡re 
intendea However, for those •nd1v1duals 
wisl•ing lo acquire a hogh degree of 

llex.bohly on wcrking w:th CDB's lor one or 
more stuoy are:as. it may be advisable to 
reauest a CDB in a POLYVRT chain file 
(ormat plus a copy of lhe POLYVRT 

software. By do•ng so one acquires lhe 

ca¡:¡at •. ,,t;es to: 

1 Generate CDB':; 1r a variety of lormats 

(e.¡:¡ .• CALFORM, SYMAP. INPOM. elc.l 
2. Selecl only !hose geographic regions ol 

imn1ediate inlercs: from a larger tole 

3 Specify any one el severa! map 
pr<.:e:-ct;ons 

4 SrF<"i!y any leve! nf lir.e gener;,l1zation 

desireo 

5 Ed•t or mod.fy the content of a CDB l•le 

in oder lo salisfy the users' ~pecific 
rr-r;uir~ment. 

Map Proj\!c!ions 

WDtH I11E' Cour.ty DIME. METt-10-DIME 
a'1G :~~:~. Urbar Alias fii2s t:~í1t31'1 

ccord11";;!es e:xpres!'eá ,,., lcr•ns of !i!t.lc:Cc 

and lcn~.tude Trese coordinates usud:ly 

are pro¡ected to a cartes.an coord•~a:e 

syslem befcre be1ng used w::h a C0:1'Pt<ler 

mappmg package. Foles descrobing a reg•on 
no larger thar a Standard Melropoli\;,n 
Stali:>l•ca! Jl.rea (SMSAi ere normally 
created us1ng a s1andard eq~..:o-rect2r1gular 
pro¡echon For lcrger regio'ls w1tn1n th;; 

U S. (e g one or more sta!es) a use; :nay 
w•sh te request a d1fferent projection. CDB 

f1tes for regions as iarge as the enlire 
Unoled S!ales wi!l ncrmalíy requ:re 
pro¡ec!ion Projec:ions av<>ila~le includé 
Alters, Lamcert conforma!. Mercalor. 
M1iler, EqUI·Rectangular. S1nusoodal and 
CrlhogrJ;:JhiC. Ot~er types can be furnished 
:..c<Jn spec1al re:;uest cor.·s prPpared f.-cm 
lh": DiME and Wvr!d Dzla 8<Jnk files w:l! be 
prov1ded w1!h con;c ('-'sually A!be:s) or 
S1nusoodal p:o¡ect•ons, unle~s spec•f·c· 

pr~¡ect1Cr'l 1nstruct•ons are prov1ded Such 
1nstruct1ons sl'.culd 1n;;!.;de neccssM'i 
pro¡echon para11eters . 

Documenlalion 

Each CDB mcludes documentation 
descnb•ng lhe followong. 

1. Nuf)lber ot polygons and number of poinls 

2 Number o: poinls per polygon 

3. Number of chains (for cha1n files) 

4. ldento:1catoon codes for each geograph1c 
un1t (FIPS code and name) 

5. M1n1mum and max1mum x-y coordinale 
values lar lt'le CDB 

6 Map pro¡ectoon parameters (whe:, known) 

7. Test plot of polygo'1 outlines 

8 RE:ccro and t.le descnptions 

File Characteristics 

F1les woll normally be furn1shed on new. 

unlabelec! 9-track tape. wri!!o,n "' EBCDIC 
mcde al 800 8PI, u:;.r.g a biockz:z:? o! 
4000 bytes or less 11 lhis 's not su1!2ble, 
specify the characler set, dl?ns.ty, p?.flly 
and blocking factor appropnate· ív yoc;r 

•n s talla !ion 

C.ni 

Tfle cost ot 2 COB 1s a hJnct•c..r~ o: :r ~ 
e'lort .ro, .1· ... 02..; :r nrr-·oanr.g 1! to a l!Sf:;··. 

spec·~::<!: cns A CD9 w~·c:h can be 
prep~-rea fror" ¡,Jg.¡ or tt.e Coun:)· Q,c/f 
tdps J5 :,f..¿ty te t.e .ess costiy ~er p~:r,n· ·:-.... ·¡ 

are 5·r~:l¿~ t11e~ de-;:"~ec frc'~: ur0J:11 Ah.'"\~ .. 

:-.l.etro U!~ .. ~E ftl~ s The reac;o11 fn, i~1S ·s ·:-. 

:hP i:!!~~· L:t:s f~e .~.re-:-tly 111C 1:.;Ce Error-=. 

·.\ln1ch r.'L·c-;t ~¿ 1út?" ~ f•ed ~,-~~j SO'r¿ct~d 

pflor lo 1~.!:'" convus•on :o a CC•B hie 
Ho......,e:ver, 1f th.a fue for a regtcn h::.t"3 3!rearl 

~eer. cc.rrected tn:; .,.,.,:¡be r~flc::;ed " 1ts 

cos!. 6ecaus~ ot the m;;.'y c.~·erenl 
v~riz.b''="S ::; 1C ~..ASé; spEc,l:ca!ions v_.r.:c.-~ 

r.il!st oe t~\.._c.~ .. ~,!o accoun• U'ose 

1roterer.ted 'n ac::¡.;•:;ng a spec:l:c CDB 
sr.ould r<:;:¡uesl J :ncE QL;Oiat1or. 
1¡\h~n reque~l 1"\) a CDB pnce quotal•on. 

!ha folle·.·. · g ,r.!or"":"'é.~·on -nus.~ be pr~v,deo 

Geo\;r~oh'c rP\;''~n of 1n!eresl 

2. Gec¡;ra~ 'l.c c2'~ zo.,es des.·ed (typE:, 
r.urnber and na.,1es as apcropr:a<e) 

3. Co:noul":r rr.a;.;¡."lg ~o!tware p~ckage lo 
be uSEd lf o;hf'r ~nJr ?. :...abo:a!ory 

oac~a·;e. <spE:coiy 'l.e cat3 torm~.l 
requ"f'd. res:r.c 10'1~ c0nccrr"19 
max . .nur.' n~.;n.oer of po1nts cr poly~;or< 

and the dev•ce on wh:ch graph•c outpui 

•s to be d1s¡_¡layed. 

4. Map projeclion des.red (1! any) 

5. L:ne -;¡er:era:•zation required in terms of· 
Smailesl scaíe oulput map 
PoSI!oona! accuracy 
Prec1S10n of oulput display devoce 

6. Fole characleflsl•cs (if othL:r lhar. as 

descnbed abo ve) 

Pnce eslomates •a"ge lrom a m"·1101um cf 

$75 for a copy of an ex.~t1ng f :e toS lOO+ 

for a f•le denved !ro m WC'9 ·1. u·. e Urban 
Atlas. Counly DIME or METFIO·DI~.IE lo!oc:; 

Deiovery T1me 

CDB's der:ved from WDB·I or the Counly 
DIME liie can no<mally be sh•ppe:d w·•h.n 14 

rtays lrom rece.pt of an order Urban Alias 

and Metro-DIME fries may rec¡ulfe some'Nh;~! 

longer due to add•toonal process:ng onvolved. 
However all orders are normally shopped 

w1th:n 2-4 weeks 



PUBLICATIONS 

REO BOOK 

Thos os an íllustrated synopsis of pro1ects 

undertaken sonce t~e Lao s orga<'•Zat•On on 1965 

The "Red Book'' descnbt.s the Laboratory's 

apphcahons of computer graphocs and spatoal 

aM'ys.s to sÚc'> !oelds as archotecture. city 

plar.n·"';g, !ancscace archilecture and theoret•cal 

geogra;:.hy Descr~otJons cf how o!her research 

communoloes have ao~!·ec •he L~b·s programs are 

also oncluded "Red Book'' os on e o;, x t 1 loo se· 

leal formal. chrono1ogocal!y organozed for easy 

rt"t?'ence and corweroent updat·ng Research 

¡,ntnes for successove years are separated by 

ca\ed d·v•ders. 

THEORETICAL CARTOGRAPHY PAPERS 

"lssues in Thematic Map Oesogn" Series 

In 1976 the Harvard Laboratory lar Computer 

Graph•cs and Spatoal Analysos began pubhcatoon 

of a senes of doscussoon papers oeahng with new 
concepfs and problems •n themat e mapp1ng 

Consoderatoon •s goven to maps made by hand as 

well as by computer Based on extcns·ve Ford 

Foundatoon supporled rcsearch begun in 1969 by 

Howard T. Fisher and vanous assocoates, these 

papers are of three pnncipal types 

1 Papers deating w•lh fcondame.,tal cartographoc 

pnncoples w1thout relerence to specohc 

mappong sotuatoons 

2 Papers ollustra'ong and doscussong a vanety al 

alterna!ove sotutoons to representatove 

mappong problems. and 

3 Papers analyzong 1n detaol al!ernatove 

approaches to tnemat.c cartography as 

presented by tead•ng cartographoc texts in 

English, Frene~. are Ger.,-an 

The caoers of the seconc tyPe. whoch assume no 

prév·OtJS ii.no\lw'e~::c O! C2r!C\:r3pny, 1nCiude 

numero~..-~ s,oec a 'y pre:.:ari!!C ;"i2:lS desu;;;ned to 
show the re!at·ve ac·,ar·a~""' of C•fferef'lt des1gn 

approaches The f.rst of r~ese '!t..s•ratrvc si'.Jd1es 

ores,en:s mor~ than 50 IT'.J:!:S srcw"w·nc soml:! 14 

doller~rt bdS e types o' s~rntc S"" as apoloed to 

the probtem under cons•cerat·cn 

As w1!h past Har.ard Papers. these are oi an 

informal anCI exp1orato.-y nature wolh a v1ew of 

ehc<tor~ reader comments 1t IS beEeved th~! ihos 

sertes oflers ,,r.ponant new tns .• ;hts and 

ln1orma:.on caoab'e of contr·b ... ~·n~ to both ~t~-:. 

theore:tiC<J' and prr-~· --ai adval"'ce of ~hemahc 

cartogr;,phy To t uo·da!ej onformatoon 

regardong specof1c papers as 1ssued, onterested 

persons should request placement on our maohng 
lis! Arrangements can be niade for the papers in 

thos senes lo !:le sen! automatocally as they 

become avat:at1e Tr.ose request1ng fh1S se'"'w''Ce 

woll lle sen! wothout charge a peroodoc abstrae! of 

SUCh Comment as may be receoved tPgardo.ng !he 
papers 

8e!::>w os a tentatove los! of tilles. pursuant to 

!he forst two categoroes menhoned 

Fundamental Carto;;raphoc Princ1ples 

1. Thematic Maps· What They Are and Who 

:-lee~s Them? 

2. Wanted: An tmproved Theorelic¡¡l Construct 

lo Aod on lhe Oes1gn ol Thematic Maps 

3. Hypotheses lar the Mapping al Qual1tat1ve 

and Ouar.tatove lnf<Ymation 

4. Thematic Map Tilles - What Should They 

Canta in? 

5. Types ol S!udy Spaces in Thematlc Mapping 

- Oistinctions wilh a Olflerence 

6. Types of Locat1ons In Themalic Mapping -

Olstinct1ons 'with a Diftorence 

1. Types of Valu"s In Thematic Mapping -

Distinclions with a Diflerence 

B. Value Keys In Thematlc Mapplng - What 
Should They Contaln? 

9. A Manual al Value Symbollsm - Spot Type 

10. A Manual ol Value Symbollsm - Band Typa 

11. A Manual of Value Symbollsm - Fleld Type 

12. A Manual of Value Symbolism - Cyclical 

Type 

13. Multi-Sub]ecl Mapplng - Wlth lnterlocklng 

Subjects 

14. Multi·Subjecl Mapping - Wilh D1verse 
S~;b¡ects 

15. The Use of Color as a Ouantltatlve 
Anatogua In Thematlr. Mapplng 

16. A Glossary ol Terms Used In Thematic 
Mapp;ng 

1. Foursquare 1 - An tntroductory Probtem In 

Slngle·l~yer Thamatic Mapping 

2. Foursqu.re il - (;tusiratlng Baste 

Symoolisms lar lhe Rcpresentalion ol Values 

3. Foursqcare 111 - Value Curves and Classing 
frocedur~s 

4. Spersely Pcpula!ed Franco - .lln l!lusiratlv~ 

Problem wllh Alternativa Solutlons 

5. Oensoly Populalad Franco - An llluslratlvc 

Problem wlth Allernalive Solutlons 

6. All Franca 1 - An lllustrative Problam with 

Allernatlve Solullons 

7. Al! Franca 11 - An lllustrat1ve Problem with 

Alternativa Solutlons 

8. The Washington-Bastan Corrldor - An 

!Ilustrativa Problem wllh Alternativo Solutlons 

9. U.S. Standard Metropolitan Statlst,cal Areas 

(SMSAs) With Over One Million lnhabilants -

An lllustraHve P[oblem witt: AJternat1Ye 

Solutoons 

10. Tho Whlte Housa Area, Washington, O.C. -

An lllustra!ive Prcblem wilh Alternativa 

Solutions 

11. Twelvasquaro 1 _:_ An lntroduclory Problem 

In Multi-Layer Thematlc Mapplng 

12. Twelvesquare 11 - Tho Thematlc Mapplng 

of Non-Layered Space 

AUTOMATED CARTOGRAPHY PAPERS 

NOTE: The first 12 papers report on a Laboratory 

study that demonslrates the rote of computer 

graphics in presenting data related to the source. 

diSiribulton. and effect of a1r pollul10n. 

1. SUMMARY REPORT 150 pp, $9 00 There 

are 3 sechons 1) a summary of !he entire 

pro1ect. 2) a doscussoon of each 1ndovodual study 

area, 3) a techn1cat report and a doscussoon of 

compuler graph1c outputs. 

2. SUMMARY GRAPHICS 162 pp. $9 75 Th1s 

IS a complete set of graphocs for al! llldovodual 

case studies 

3. COMPUTER E'lUIPMENT ANO PROGRAMS 

83 pp • $5 00 Thos report d•scusses computong 

machon.ery (hardware). computar programs fsoft· 

ware). plus types ol maps and data for graphoc 

d1splay Afso. the 1ntroductoon consoders comcuter 

mappong entena. operating princoples. and curren! 

and future applical•ons 

SYMAP INTERPOLATION CHARACTERISTICS 

70 pp., SA 20 There are tour sectoons 1) the 

SYMAP interpolat1on algonihm, 2) sensihvoty and 

accuracy of interpolahon. 3) use of etechves to 

sffecl onterpoiM:on and 4) use of barroers to ~Hect 

~nterpolalion A companson of SYMAP's ~lgonthm 
woth olher met110ds of 1nterpolatoan os also 

nctuded 

20 

CASE STUOY REPORTS These are deta::e:l 

dascnpuons ot :nd1viduat case study plus 

techn1cal reports relating to other research under· 

laken. Re:evant graphics are included woth each 

report. 

5. ST. LOUIS REGtON CASE STUDY 3 ve! 326 

pp. $19.75 Th1s 1ncludes compar:so"s toé:ween 

aor quallly and socoo·economoc data exa-,..•ncllon 

of d1urnal vanations m atr quahty. rnooe 11ng e' atr 

quatoty !ron' power plan! ernossoons and s•at:stocal 

exam1natoon o! the data. 

6. KAN SAS CITY REGION CASE STUDY t 12 

DP • $6.75 Aor qualo!y o ata IS manopu!atéC anc 

mapped w•tl"'1 pdr1:cu:ai ernoha51S 01'1 tac-<~rownd 

values al the oer:¡:.hery of the stucy 2.re-2 ~~t:se 

oncluée defon•ng coherent areas lor rr.aco•ng 

hme·aYerag.ng of data and cornpar,son w1'h a1r 
quahty standards Also emtss,on oens1tres are 

mapped and aor qualoty os compared woth socoo· 

economic data 

7. MONTREAL REGION CASE STUDY 59 pp., 

$3 75 An lndex of Almosphenc Punty (1 A.P) is 

determoned and mapped on th1s study The cover· 

age and exlent of varoous llchens and mosses are 

stalostocally e,xamoned and mapped to ach•e•e !he 

llest 1nterpretatoon for the llmoted amount al cata 
gathenng In addotoon, the t A P was compared to 

measured alf quahty 

6. CONNECTICUT STUOY 44 pp. $3 00 Alr 

qualily mapped and compared at vanous hme 

peroods Comparosons are then made usong 

mathematocal models 

9. SOUTHERN NEW ENGLAND 55 pp. $3 50 
Measured alf quality supplemented woth estomated 

background values is compared lo soc10· 

economoc surfaces 

10. PUGET SOUNO REGION 32 pp, $2 00 Air 

pollutoon emossoons lrom future transportatoon and 

urban development options are mapped 

Transportat.on·related alf Quahtoes reflect the 

influence of mountaon barroers to poltutJnt 

d1spers1on 

11. CALIFORNIA REGION 49 pp, $3.00 

lnvestogat:ons were made of carbon monoxode 

concentrahons. the total annual suspended dust 

concentrations and Blf quahty relalive lo statew1de 

Bir quality standards. 

12. BOSTON REG!ON 51 pp, $3 25 This report 

nlustrates dofferences in stat•stocaf surfaces based 

on da,ty, mcnthly, seasonat and ~ 



13 ·rhe Use of Co•npuler G•aphics on Pl;;nning, 

hy Howard F·5her, prescnlcd al lhe 1970 N~l.onal 
ConiPrf'nce ol thc /,mer,can Suc,cty o~ Pk:'"':nmg 
Olhc·~l~. Apql 6. 1970 9 pp. $1 00 

.. ,: .o5e m volved ,r;· Urban nianrurog a·e 1·or ''"-ety 
lú be· ;:hle lo c0me lo ~.c,.,d co·•clus•o.-,; and be 
able to r-:¡;,ke SGL:ild ~cco-nrr'enoot,or.s untess the 
lacl~ ocga•d•'}Q tt;<: hvn::,n con1'Toli'Hiy under 
stud; are rcadoly avaol;-.ble rn casrly unaersl.cod 
form •· 

1~. IVaps ala Compu1ers, rtpronl ola March 11. 
~970 a'l.clc frcrn t.-.e Cru1slrt3n Sc•rnce Mon!IOr 

$1 ro 
"11 s na•d lo Know where le he;¡on solvong such 

.,-no. r ~)ous chal'':'nges as crune anc a1r polluhon 
•n coltb A g•oup al Ha•\iHd. wotll !he t•elp ol a 
~c.mp...:er. IS mapp•ng cor.ccrtrat.o'1S cf t~ese 
¡..~tot•ems ;hesc cor"put~r map: ler.d a clan1~·rng 
VISL~I t·efspectrve •· 

15 C.or.1puter Carlu¡¡raphy, by Thomas K Peucker, 

Ce>m'T't~:.o•on on College Gc:ography Resource 
Paper No 17 f..!,~OC•t\tron ot /Vne:•can 
G~o~·,phc" 1912 75 op S3 00 

A valuñble tulo"al covertng such lop•cs &s 
theory of oa1a surt?ce proc ec;st.,CJ Gfld rep· 
resen!at•on of !'urfaces ThE: t,kJt.Jhcc-alron ?lso con

"t"l.S nurrerous :::u~tra!lons tnvoh·tn~ over twer.ty 
r:.nt~.;lnr T.ví1fW'1~ proa~ ams 

1S.lt>err.a:.c (;arloJ uphy, ~y Pntl!t¡:: lv'u<'hrc~l' 

Comrrus~·o,... o., C:oPer¡, G~:c g•a¡Jt'1y, Re!;ourc~ 
Paper "Jo 19. A5s'.:'c·~tt(...n of An•C''tLon 
G{'c~rapht!rs 1972 66 pp. :;.:; 00 

Th·s. 'E"L)Cr\ de~cnbes t••e ..,,~~luoJ~ .:;teps t:-..... v~ved 
tn n,err.al•C mr,uptng ~.;.~a CO:Ie~ltJn mar~.U't;;' anr' 
anal-ys•s S¡:f'r:tiiC ~- .. :t"jf'Ch; ;j.s:-.._·s.sc r_; .nclud€ 
spaltal samf;h~g rnt.a~l•rcrnt·'1t ~yr-·t>oll~ rcp-

•P::: ~rl~lt0'1. Vl.:;ual ~flalysts rtno Ql•c:r litta~•vt. t11dP 
aq=-íyStS 

17. Man~gc·nenl by Con: pule: G'•;>hic-s. hy 
Kt-•1ne\b Sllo~tack ;¡nd Ch?.rlt--s t-d1~·. H;uvnrd 
9._u:;¡npss R~~o·-ew t.Jc)VE'rrl~r-[lf~cerr,tJet 197;¿, 12 

p;-t $100 
- ihc :r...::rc.cnGot.& outpu! e~ lhf.. t,~h-.s¡ aed 

ce. np.¡•er '"•.JS lar ou'Sir!p~PO '11f- r.cdern 
\?')."Lll:nr~-~ ñ~lhty t0 €XafTunE at')!::";..•.-t_, é11"1•-; J:.E' ~i"' 

.r.c. ,r,:L.Plrl •. ~n (.JCh~·c,lea n l·,¡s Crl'r·to-eó,. 
Cm .. s C'• n·,ak1 '9 Out t~t" ,;:-.t ... .: ..... ~. ~~.:o,.lt{- lit:. 
rr.--:'",nl ;-;,~ ,:.p , .. 1 'i1~.- ~~ r,.)\'• be.··:-. cv·.-:-c:ct 
\ ..• o 11 .. :~1 :11~ :....~vc.k.~;-.'TL'•lt o; ::r-"i-;: .~e:"; , .... r'\..:~ ··~ 

c.-·:·_ .. l'( • .. ;_·. • '"~· •• :-c:.J,- ·~~·.-.,t: ,.)'1,\(:'.,.': 

--~ 13c.r~ ~~1oc. 

. :.. ...... ~>-.:::~; :.11 .. ,;,uoucl.or, ~o c~~o· <:;nO~.:..:·~ 

.•- :.~'f ~.~~~ntrcl frcm lhe ::.r..·ec.il1 ".- .. ,c~w: o: 
,- :;n') \..UII(.CI olt. j Wltl-¡ ~11{.• L.:~C 0; C010r l'l ar~ e "Ir 
.:~ .... gn wor: .. t:ast:d u;Jon ii ziuC/ !::.••9 'lo!:y uno~r
lr ~t!n ~ .. , ... spec•l!c ref~ren~f' lo ~he us~ ni cok ... 
¡r, P1rmahc m?.n Gcs·:n In::::. lude$ among rls m;._ ..,y 
t: .,ck :l:""'l ·.hnr• an,.... '("{)1':1r tllu5:·r.l•c,...o:.. t~oi"Tl<"!r •r_. 

cha'"IS ann ..: <=.J:--zms o~ wt-nch four of Oa:'"\.Cular 

'CÍl•E"'C"C • .-!vt: are tn ¡;olor 

19. r,•antlesled C.es!iny. A Gróphic Ac~ounl ollhe 

Sell•emlnl and Gro ... th of Arncr~ca 1790-1970, 
b¡ Gcdlre) l.iui!O,, (.;.bur~lory róf CL:T:puler 
Gr.:;r es a~c Sp.al.d: A1~3'! $~:.. G'~r:hJate School 
o• Dt>,.;n 1-ia•,arc Un•v•:•s•ly. 1975. 30 pp, 
$2 ('() 

S...~rf=-tces of popt..'at•~n. d1s1r :bul•on for the 
C~"'i'Prt'r .n;JuS \Jf1 11 €Q S: ates are dtS;'Iaycd (UStOQ 

tr.e :..sPEX p•og•o:-r.)lo: .. ach c~r su5 dalE hom 
1/>':J lhroug~• 1970 Total pc¡:>.,~alton by county 
~ ~·r.. usrC as trl3ui Cala ñi•JC.a!ed l~ a grrd for 
e;~ a¡ T: ,f ~¡:re c..:: r.g or !>E11:(·rT'!'fl1 a·1d !he 
G'C···tr. ct c•l•es a'e C'amol•:.ally tii:.Jslraled by the 
cr.~.,;;,.,g :JC•p,rla~ C"" surtace 

20 f>rogrammtr.g lor Transpc:;rlabiltly. A GUtde lo 
Mech;ne lndepcnder.l FORTRAN, by Ntcholas 
ero.~ r .a, ac-.c C,·r.:5 \•,'ht~E" L~bcralory tor Com
pu'e' Gra~h,cs and Sp31te:! Anaty.s.ts Graduale 
Scrtoc• of Dcs•gn Harvard Umvers:ly, March 
197(> 4J pp. 52 50 

1 nt!:. ¡Ja;>er ad.::trt:::,Sts the problerr. of crE:al1ng a 

· 1• ~r,sno•:able" sub5el ot FORTRAN Four 
e'recls ol the prob:em are deall w•lh. 

1 Synlacltc hr•laltons 
2 ~<'...,a'~I•C problems 
3 t.,t .:-lssary ev.ts 

Su~ge~l:r.•n!> .::~~out good pr?citce 
i:l•S. r:..Jhcah:_¡r, ·~ t.ased on eKperrence wrlh 

IStJ. Cé'C POP u:"\'AC Honeywell and 
Bu• ro•1gh !'- o~erat•ng syslems. 

;,:t C'oiT'pultr Carlogr.phy World·W;delechnology 

e~·1 Ma:kPis, h) Ertc T.eocholz """ Jultus 
Do~tn.an. !nto•"1t:t: onal TE-:.hno1ogy Marketing. 
IICY.ton ~·assac>,Lsetts lv'ay 1976. 427 pp. 
-~37S O::l 

1'lc ~tudy co,·e·s ;;11 aspects ol au1oma1ed 
La·log•aphy mcluá•ng !he aulomaled carlography 
I''OCess. users and sources o! aulomated 
t.artograp>,y m tt-te Un ltoO Si<! les. Ganada. 
rl!'O;JC, ~ah" f\fT'lf>l,:..2 anC J2pan. lhc s:olus and 
fo;!.!~r~:;l o! autc.-.é:ed c..ár!'Jgraphy tcchnology 
er-é a mackel surve>y and for PCast 

l :--ié.ORE1 1CAL GEOGRA?HY PAPE'RS 

1 Car.o::ep.s an:J /,polio:..::~lwns-Sp.:&tlal Order, 

in• v.,,\ ,,... ...... 'y\a1r .. ,., ~.,~ ;..., ct-.~e: '.Voidc'lberg. 16 

!\\ay 1:•S7. ~Y~: .J;J ~l2 00 

t t. ,.,.o-n,,:··.:-~ ':•e: ;;q_..r~c.entñtio:'l of lhe Gec,o, 

~~ ·:.·¡:·:~· ~,/¡r~~cher. :'8 : .. ugusi 19G7. 13 pp . 

$1 75 

:l :rr~lidi ,/,z~ P~o¡C'cl•ons • ., Cor-.puter Prtn1~ 

Ou!s. by \'~';l'•a n \'.'cuntz. 15 St:;ltembel 106i. 24 

pp . ~' 25 

~ O•:t cf f'r'•, 

5. Superc~ded b~ (Hp~:. H!> 1\. 

6 Su?erceded by ¡::a¡:~. ll:o. n. 
7_ Tl~e Geometr~ ct "!·~e~ Hct;~g·.~naf Híerlr· 
chies in lhe Co:1text ol Central Place T~~c·•y. b~· 

e Er·>c,IO S Ltrág•er ~2 C·,cerr~r· 1:?67. ~4 

pp S3 00 

8 Energy rlow and Spat·al Orcer, w•l'1 Special 

References lo P..~ixE'd Hoagon¡;l Cenlral Place 

H•cra1Ch1es. by Mtrha~' J \".-:rcenb~rg 3 

January 1968 4E. PI=' ~:~ 25 

9. The Cc.ntonent Problem - Geog;~phy and 

Spa1oal Vzriance, b¡• Ct:rts•opt.er W V.a•nlz, 32 

DP. S2 ~5 

1C Dtstances a'ld L 1nc Vale es as úal& for lr,

truducing Ptoblems l.ssociated w•:h Sp•lially 

Conlinuous f',elos of t:"onel:1!ior Cocf!:c•er!s. 

by \1\':luarr. W~rnlz. :'!? ,lar .... dry ~968, Hl pp. 

$1 50 

í 1. Space Stra;gt,!,.n;n~ ""d Flatlor.ing, by C 
Ernesto S Und;;rcn ¿ r(:·ruary ,sus (J pp. 

$1 50 

12. Out of Prinl. 

13_ Spatt"l_oco"'r in Fi.·vi~! Systems Horton's 

Laws Oeíived from M,¡.,ed HCJ.2gor.a' 

H1erar..:htes. o1 ["'rair.~oe- Ot~stn Area:;. by 

Mtchael J Wo1:l('r.ber¡; 14 F€bruary 1968. 37 
pp. $3 60 

14. A Nomogra'Jhic Rep:•s<crlalior of 

Tra¡e=lor~es, by Walte• ~E'SSC'>(•; e Match 1~68 

11 pp. $1 50 

15. A Two·Dimensionzllnlerpolalton Funct1on 

lor Comp~ler Mapping of lrrc:;u!arly SpactC: 

Dala, by Donaid Shepard. 20 MarCh 1968. <:O 

pp SI 50 

16. ~-Damen.::.10nai Spót,al J-.¡,2\) o;.~ ~~~d :orr.

pul~r Graph;cs: PartA, bt C Erncslo S 

L•nd9rer •. 14 Arrr• 1968. 6() P' . $4 20 

17. Jiyper-sudóces end GPodesic tme~ in 4·0 

Eucltde;:n Sp.,r.e, b1• C Er:1esto S L•nágr.-r. 17 

Ma~ 'Cti8. 1~ pp. $>.50 

18. A '"'ole ~ro Sheal"'l Orde:&r:'J and Contour 

fl,~p¡~m~. t"'y ",.,:;.?m ,";:,~'liZ 1 J".J•;· 1':!0C 30 p;::t 

S:? 00 

i9. Hi(;oré!rcr.; ...... :;~ S~ ::.ter.-'~-~·! c.;o!' :.,;~crs. Alp1ne 

Glaciers. Bo":ne L·•ers .vnó T.ee~. t·; f):chael .J 

"./'J:C'ot·nbcr¡; e ,lu'r 19EC! '<,0 pp. S10 'Y.l 

¡o A St:Jdy e~ ~i~::.rs an~ Other 8r2nc.hrng 

Sy~tcms. by Gorcor> i"c,,.,~ 3; July 1968. 19 

OrJ, :-:: 1 ..)._ 

2'l. Gec';'raphy and' ~n E).•:ite;-•ce TheorE"m- A 

c~rtcg. tp'Ht r .... m,Juter So'ultv'1 to the t.ocah~ 

zr it:;." O:l ., 3ptlélt o! Se-1s u1 LC¡ua!-Va:uEG 
Ar.!IO!Ki.td Pu.1t- íor Ty,o r:on\ .~1LdJUS. o,s:·lbi.l-

1¡ons Yt'l:h Pí.JCt::o: Ap,1.tc.a:1('P: lo 1ht Real 

Earih, by Sit.P 1en é: St:"o•··•tz. 5 AugL."st 1968. 
(4 PP, $4 50 

22 A Malhem2t•~a' RFn·esentalion ol lhe 

Al:;t.;dc Relat.CJ'ISh.ps on lhe Surlace of the 

Farlh, l.iStn(; Spherrr:zl Funcl;o:~s lo 1he 16th 

C'rdc-r, by ,<,;tJ, r: Ptcy lr?n~ialed by Bonn:e 

G.ncer. tugus: 1!:156 62 pp. $4 50 

23. Plane Globe Fro:ecl'on - A l•nnean 
Syslem ol Map l'ro¡eclron, Transl<slton o' Mtrt 

Ral ~coL Or 1--!..J:--.::¡ r ... ~a~rer's 'Ebene Kug~I~IIO€r
lorv.orded ano t:áoleú lJ)· VioH,arr. Warntz. 19 

August 1il68. 337 p;:¡. $18 00 

2~- The Dcscr~plivP. Geomclry (or Represenlo

t«e) o! a Gollcciton of Pcinls Fixed by N Co
o,ó•nate NutnlJers or of N-Oirnen~•.Jns, t.y 

Ff'r P'-·~ do::: Santos Re1s. h ansl.::.led .,y C Er;-~:-: ~: 

S lt'10IJI!'n. 30 September 1968, 31 pp. 52 25 

2:; The Law of Trz>'-1 and lis Appltcalion lo 

Rer; T:afhc, by Enua• o L•l' translated and 

lc•,,aroed Oy Tt'.c.r 1as K Pel'C.'-"' 1(1 Janu;,r 

:~69 123 p.J, $7 ~5 

2() Minimum T1me Paths and 1h! i\\t~·ai•C' 1 t:. 

lhe Arcltc Tern, b\ Rot>e•l C Ec~"a•cl 7 

~e"'ruary 1969. 26 pp . S2 00 

2? Nou~s on the ,..,!etnoc_iotogy !or Gcr:ec,at1or, e 

the R~prese11ta1tve o! a S<!l, by C Ernesto~ 

L•ndgren. 14 February 1959. 39 pp. S2 75 

2€ /J t~rr"·f'1um P,¡:¡th Pr("'bten1 Recon!=ldered. b" 

C E•nest:l S Lrnc;¡ren. 21 Feb1ua•y 1969. :1 

¡.)¡!. $1 50 

2~. The Use o! !he Gecdesk Cu•va•urt: in 11;.: 

Cclermlncli ... H' of Gcocipsic !.i.,~s. t'lr e ErrE~:c 

S L•n~;ren. 2ó FvlYJ~ry 19G::. 13 p~, ~1 f'J 

::&C. NtJm~r,co.~•~Gt:omeu'cal Tet.hn,...:tues lor k· 
!t•rma'IOt\ St<Jtage anC 'l~E"lr;r:oval. Lt e E·•·E-.3:0 

S ~•~'dyrcn 1 Octoae. 1969 8 pp. $1 ~ 

3 1 • Scrre r.efleoc' 1L>ns (J~1 Concept~ B~ .. P.~ on 

Three -Dimer .)tor.al Gco"Tletry, Or C [rjat:slC' 5 

~'"uyrP.n, 8 Gcto~;cr 1C·59. ~,3 ¡),J. $1 5(• 

::? Algorltt- T S l fld r.~ ... -dtl::. ecsE:é ... - :- .c,r::l"tr 

T•o:~rsion"í1a!rC'n"i ,,. ~pol1al Lf'l~é.\1(.~. H.e~iona: 

r ,¡"~nn -:g, anrt Centri1 Pi a ce Tt -ec.r) l·r C 

Ernestv 5 Ltndgren. 17 Octt.-t.er 1SC.~ 1( rP 
SI 50 

33 Graphtcal Rcprc~en~atto:1 c.l a Matru. "'oih 

, Appltcal.c:;ns in S;>altal Lo::~:;c.n. by C Erresoo 

S -lrnág,en a'10 Carl Sletnrlz 30 Oclcber 19'3S 

S3 pp 53 75 



34 Sorne Thought on Oplimal Mapping and 

Coding of Surfaces, by Thom¡¡s K Peucker. 
Ph D. 3 November 1969 14 pp. $1 SO 

35. Homological Transformalrons in Four· 

D•mensional Space, by e ErnE'sto S L•ndgren. 
25 No • .;rr,t;,;r '969 20 pp . S 1 SO 

36 A Study of !he Mo,·ement of a Point on a 
Planc and •n Sl>ace, by e Ernesto S L•ndgrer. 

7 Decerr,!Jer 1~69. 16 pp. $1 50 

37 Se! of Equai-Value Anlipodal Points for Two 

Contrnuous Distrrbutions, by e Ernesto S 

L•ndgren 12 Decemb€r 1969. 11 pp. $1 50 

38 An Outline for lhe Theory ol Man-Made 

Space - Essays in Urbanology, Number One, 

by Ko1mas Balkus. 26 February 1970 SS pp . 

S4 00 
39 A Structural Taxonomy of Spatial 

Hrerarchres, t-y Mtchael J Woldenberg. 24 

Ma•ch 1970, 53 PP-. $4 00. 

40. The Determinalion of Flxed-Points in Finite 

Ormensional Spaces, by e Ernesto S Lrndgren. 

3 June 1970. 17 pp. $1 SO. 

41. Lorw and Order in !he Human Lung, by 

M.c~.ael J Woldenberg. Gordon eummrng. Kerth 
Hardtng. Ketlh Horsfteld. Kerth Prowse ana Shtam 

s.nghal 29 July 1970. 58 pp. $4 00 

42. The Hexagon as a Spalial Average, by 

Mtchael J Woldenberg. 15 Oclob€r 1970. 26 pp 

S2 00 

43. The Two Drmenslonal Spalial Organizallon 

ol Clear Creek and Old Man Creek, lowa, by 
Mochael J Woldenberg. 23 June 1971. 34 pp . 

S2 50 

44. The Sanowich Theorem - A Basrc One for 

Geography, by Wdltarn Warntz. e Erneslo S 

Lmc¡;ren. Katnarene K1ernan. Lou•s2 Bonf¡g\iol!, 

Eduardo Lozano. 30 June 1971. 8_8 pp. S~ 25 

45. Relations Between Horton's Laws and 

Hydraulic Geometry as Applied lo Tidal 

Nelworks, by Mrchael J Woroenbe,g. 10 June 

1972. 40 pp, $3 00 

46. The Two·Dimensional Spallal Analysls of 

the Pecatonic.!' River in WrscOnsin, by Mrchael 
J Woldentlerg a·nd Larry Oneslr, 1 July 1972. 57 

pp. $4 00 

47. A Computer Program for Mixed Hexagonal 

H•erarch·es, by Pachel Thurston, Mrchael 

\'/olcenberg and Davrd Barer. 15 June 1975, 2\4 

;:>P. $13 00 

(8. Frell K. Schaefer and lhe Sclence ol 

Geog,aphy, by Wtlltam Bun9e. Detroil 
Gt-o:Jraphtcal IOxped•ltOn. l. Oetro~. Mtchigan, 1 

Nov<:mb!!r 19G6. 26 pp. $1 50. 

~9 Sparking Potentia!, Persor.al lnletaclron and 
Soc•al Orsla~ce· Oireclions for a Theory, by 

G~o!'rey D-"on. G'ad~ate Student. Deparlmen! 
cf Cr1y af')C F~g1ona' Plan,mg, Harvard Un•versrty. 

eamb~toge. ~·,ssacnusetts 1 August 1969, 1 t 
pp $1 50 

50. f.'acroscopic Aspects of Metropolrtan 

Evolutron, b) Geoffrey H Dutton. 11 March 1970. 
116pp_ $725 

51. N e: es on !he Frie! ion of Distance rn !he U.S. 

Teiephone t>óelwork, 1935·1995, by Geoffr¡;y H 

Oullor. N;:>-c:--ber 1971. 11 pp. S1 50 

52 Tabulat•ons of Data on Area, Population, 

lncome and Certarn Derrved Ouanltlres lor !he 

3070 Counloes of the ~8 Conterminous States 

of the Unrted Stales, 1967, by Geollrey Dullon 

V.alhc"'"e K·ernan. Douglas t-:.ng~l>ury and W•lltam 
Warntz 19 May 1971, 32~ pp. $19 25 

53. The Geographica! Orslrrbutron of lncome in 

the Conterm•nous Unr1ed States, 1967-68, and 

the lncome Fronts by Stales, by Wtlltam Warntz. 
24 t..~ay 1971. 20 pp $1 SO 

54. A Description of the 1967-68 United States 

lncome Potentral Surface, by Douglas Krngsbury. 

20 .'une 1971. 13 pp. $1 50 

55. National and Regional Paramelers ol 
Grow!h and Oistrrbulion of Urban Population In 
the Unrled Stales, 1790·1970, by Geolfrey H 

Oullon. 9 Ju!y 1971. 30 pp. $2 25 

56.AIIomelric Growlh in Social Systems, by 

M•crael J v.cc denber¡; 15 pp . $1 50 

57 Allometry in Mtcro-Environmenl Morphology, 

by R<"•kc Bon Grajua:e S:udent. Department ol 

Ctly and Re;;•orar Pla~n•ng. Har.ard Unrversrty, 

June 1972 32 pp . $2 50 

OTHER PAPEAS 

1. Th~ Polenlial oi Video Tape Recorders for lh" 

Design Pmfessions, Eric Teicho\z., l.aborarory lor 

Co'Tlputer Graphics and Spattal Ana!ysis, 

Grilduate School od Design, Harvard Untverst!y, 
Juiy 1972:-:s pp., S1.50. 

Vodeo la;><' rr:-corder tec:-rnotogy is one ol lhe 
r.-,ost rap.d:y developrng r.ommunication 

lr:-cllnolog•es Thts pa;.e· IC>OI\s al aspe-::ts of new 

technology, talks a:>out the d•!fe·errces t>e!ween 

frlm and v1deo la;:>e, d·sc:.:sses lhe re•a:ronshtp 

between VTR a'ld compu:er le-c"lnoiQ\;y and 

suggests sorne poten!•a' <y¡:J'•catrons ro the 
desrgn profess•ons. 

2. CPED Compuler Programs tn En,ironrPental 

Design, Karman Lee Cer.ter for Env.ronmenta! 

Research, Boston, r.•assa-:huse!ts 1974. 13(X) 
pp, $210 OO. 

CPED rs a 5 volumE: set of refe•e,.,ce ma'luais 

cun~a.r~~ng ducumenled a1d t 1 !l.!SHa~ed computer 

prugram abstra:IS A rE'·a~•e dcs·gn a"ld 

plarrnrng da;a source for arcnr:ects, res.::<l!chers, 

arrd olhers concerned wrth computer tec~nology. 

Contents rnclude le'as·!:J.'·ty s:ucres ó:Ch•:ectural 

programmrng. sote pla"lntng, reia:•ona' planntng, 

two and three otmer.s•co..,a· (;'a:::h•cs. cost 

control, env1ror'lmenta: contra~. c•rcv:a:ton 
analysis, text manrpulal•on, pro¡ect control, olfrce 
management añd evaluatron. 

3. Compulcr Arded Space Planning by Erre 

Te•cholz. a paper presented at the Frrsl Br· 

NatronaJ (U.S./Auslraltan) Urban Systems 

Sympos•um. Septenrber 197( 23 pp. $1 50 
Thts paper d•scusses genera' approaches to 

usrng a computer for spa;:e plannrng a•d rn an 

archrtectural, urtan and regional conte>ct 
Programs are ctassrf.eé and 'aroous techn•ques 
for space p:annrng 2-!e descnb€d and tllustraled 

4.1nleraclrve Mapping of Urban 0¡;1a 0) Erre 

Te•cholz a reprrnl o: a paper Jnal <o;J;)earec tn !he 
Proceedrngs ol lhe Sccond General Assembly o~ 

the World Future Soc1ety, June 1975, 12 pp., 

$1.50 
The pa;¡cr describes severa: fa~tors 

conlrrbutrng to the e>plosron of Slat:strca! a'ld 

geographrcal data related 10 urban areas. lt also 

deals w•lh correspor.dtOig rn\eresr rn automaled 

procedures lor the input, analysis and drsplay of 

spatral data INPOM ano ASPEX, the 

l.aboratory's lwo and three-drmens;ona! 

imeracttve mapping programs, are bnefly 

described 

5 lnteraclive Graphlcs Comes of Age by Erre 

Teicholz. a reprrnt of t!'e Oa:a.-nat/Or: a.1rcle 

appearrng rn Decemt>er 1975, 4 pp .. $1.50. 

The paper rs a !Jrief hrstory of rnteractrve 

compuler graphrcs that shows technica! trends 

in industrres Mrd unrvcrsottes There is a 
companson ol the tumkey tnlegrated intera:t•ve 
graphrcs systems along wilh mari<el lrgures Md 
appircalron areas for this newfy emerging freid. 

6. Compurer G'aphics. A Per speclrve _tly Ertc 

Tercholz, a rf:print of a pape; appearrng in 

B'osciences Communtcattons. S. Karger AG, 
Base!, Swrtzerland, January 1976, 17 pp, $1 50. 

The paper surveys basic tdeas and approaches 
lo co'nputer Q'aphrcs rn general anOto 

rnteract•ve CO'npuler graphrcs rn parlrcular ¡¡ rs 

an h'siOr•cal overvtE'w ¡ncludtng speculat.ons on 

the future o1 tnteró..:t•ve gré.;)h•cs w•tt"• Ct:;Jor.s on 

•arrouS hard"are SySI!:mS and lherr programmlflg 
•mplrcattons. 

7. How lo Tal k lo e CofTiputer Applic•liú1S 

Consultan! by Er•c T~tcholz. a p~¡¡er preser.te:l 
al the Nat.ona• Computer C'-c .... 'PrPnre ,.,.¡:;¡,..., Yrrt 

erty, June 1976. 8 p'o . $1 00 A J•scuss.~n o: 
lhe frrsl (and last?) ten years o' compu:er a.c~c 

a~ch•tec!ura! des•gn 1n re:a!·on to evol.·•nQ 

lechnologtes and archrlectu,al pracl•ces 

8. Graphlc Technology and the Display ni 

Spatial Dala by Ene Tetcholz. a paper presentec 

at the Wescon eonterence. Los Angeles, Calrl , 
November 1976, 10 pp $1 00 Descrrbes rhe 

untque characterrstrcs of spalral data as a subset 

ol graphrcs Hardwartl and software 
constderatrons related to the dtsplay ol spatral are 

also dtSCUSSed 

EOUCATIONAL AIDS 

Seii·Siudy 

Self·study.nstruct.or.a; mater•dis óí€ ava·l2t>le 

concerntn¡¡ use of lile SYMAP program The)' a•e 
oes,gned for studen:s he:v1ng ne1ther k.no"led~E e~ 

geography nor e•¡¡enence wrlh stalrsl•ca' and 
quantrtatrve ma¡:¡p.ng Tne materra!s rnclude ltvE 

lessons lo acquarnt !he u~er wrlh the vanous 

capabrlrtres of SYMAP Each lesson success•ve;)' 

reqUtres ¡¡rearer use of varrous rnpul packages and 

mapprng eleclrves plus sample problems lO be 

compleled by !he reaaer 

Video Tape6 

Through a gran! from lhe Allred P Sloa., 

Foundalron. lhe Laboralory d•slrrbutes half-rnch 
BAJ·slandard v•deo tapes of the SYMAP. SYMVU, 

and GRID programs wh•ch rntroduce !he 
prospechve user lo specrf•c compult• mapprng 

programs Each rape p•estnts me va••ous output 

d~vrces used to produce computar maps, and 
shows !he step·by·slcp preparatron o\ a compliter 
map usrng the program Beca use of lhE\r general 

r¡ature, the tapes are rntended only a.s s~ppte· 
ments lo the user reference manuals wh~h are 

avarlable for each program. 



Order Form ' .. .-
Program Dlstrlbullon- Gcnerill lnformallon ·---------------------------------------------------------------------------------J 

ssomlnelfon ol Compulet Programa 
An o•uani1;¡tion whoch reque>IS ól program 

lr0m lhc L¡¡boratory must a'.Jrt:c 1n wrding that 
tho; pru<Jrarn cmly wrtl be u:,cd for rl> own mlurnal 
OJ.H.:Itlllun::¡ and w.ll nol b(• llhuJu av~.Hiat.Jlt.! to 
otht:r:. woth:;·.Jl ~:r:or wlllte<n conscnt of the 
L?.ucra!l''Y· A Urli•urs•ty compulong inst;¡llalton 
and ¡¡11 it~ use:-~ i,jte dllf,ru.:d ¡jS a ~1ngle u~l.:'r, a 
comrnercioi tl:i'VICe burt1au ur tune ~haflng 

company ofltring u~u of the l_ai.Joratory's 
p•ogt ;~mstsnot consrdured lo !:le a :.ttHJII! U$ttr. A 
cornrroarcial 'endor such as" :.~:rv1ce burcau or 
t11ne snanng com¡.¡any wo:.htng lo pro•ide 
accass lo lhe Laboratory's programs lo• •ls 
<:".JSiomers should COIIIacl l~.e; Laboratort for 
·u .;1rg Jrrangen•ents 

;>.;.:¡!:<ge en~ Handling 
Cmn¡.HJilH progr a m~ and olhet tlt:ms recordad 

on r<~"gnetic tape or punchad cards are shtpped 
lo local•ons w:thrn the U.S. t;y lorst cl<>s:. matl, 
pcstJge ?.nd r.andling prepa:d DaciJmenlutlon 
rr..,lenal;; norma:ly provtdcd w•lh a programare 
•m·ludl.ld as parl or !he shtpment. ''" olher 
¡;c;bizc.alton~ are senl as ttmd e:.,,~ rnail, pr~nled 
<'natter. 

Comp¡¡ler program:; and pub!tcallons sen! 
r,u:s•r:le lhe U.S. are_shtppetJ ••a surf;;cc maol 
vnwss other arrangernent:. ha•e t.el.ln made in 
ael•ance. Price estimJies lor a•r m''" :;hoprnenl o l. 
:;ouct!zc nem~ to anot:...,r counlry woll be st:nt 
IJ¡Jon requ~sl Alle:rnatovt:ly, addoloOnul funcls to 
covc1 llre co~t of '"' llhlll shipnocnl "'.JY be 
uncluscd w1th an arder. Any lunch on c•ce>s ol 
lho ;¡mounl ruqurrt:d woll be zcfundcd 

Telephone OrdtHB 
Telt:phone orders wtll be accep1ed from . 

"!Jilllt:at•ons witlun the U S. A purcha>l! order 
.oumbcr 15 r~:quirl.ld Oodl.)rS may bt: pldCI.ld 
durzngthe hours of 9.30AM lo 4 30 PM by calling 
area cede (617) 495-2526. 

Payrnent 
P<>ymt:nl should accompant an order unless a 

purctoast! arder nurnber has been included. 
P.tymenl must accompany all orders of less than 
S!i 00 O•ders lo be shzped oulsrde lhe U S. must 
onctud<i ad•ance paymentrn thc form of a bank 
llralt payable rn U S dollars. 

Pr1cea 
P11ces marked wtlh an as:er~sk rJ apply 10 

llducaltonal msttlulu.ms and governmental 
agunc•e:. only. 

Computer Program 

SYMAP 
1. Mapping Program mcl olcms 

2 lhrough 6 bolow 
2. User'~ F'l~:fcrcnce Manual 
3 Scll Study C'.>urse (5 lessons) 
4. tnle•¡.¡olatton Charaflt:r:st•cs 

Report 
5. Grzd Sh~:et 
6. SYMAP Aulor 
7. SYMAP Rcplac'.lment Tape 
ll. SYMAP Vtc<·a Tape 

SYMVU 
1. M apping Progr ern in e: User's 

Rel~rence Manual 
2 User's Refcrencc Manual 
3 Sr MVU Replace111ent Tape 
4. SYMVU Vtdeo Tape 

GRIO 
Mappong Program incl. User's 
Refcrcncc Manual 

2. U~tr's Relerence Manual 
3 GRIO Repla~emb,t Tape 
4. CAlO V•deo Tape 

CALFCR.'JI 
1. Mappong Progrdm incl. Us<Jr'S 

Rel~rence Manual 
2. Usez's Relerence Manual 
3. CALFORM Rcplaccment Tape 

POLYVRT 
1. C¡,rtographic Data Base (CDB) Ulllity 

Proyrdm incl. User's Rclerence Manual 
plus CDB's for U S. Counltes and 
nal•ons of the world 

2. User's Aclerence Manual 
3. POL YVAT Replacemenl Tape 

ASPEX 

1. ASPEX lnleracttve mappmg program 
mcl. User's Aeference Manual 

2. U~er's Reference Manual 
3. ASPEX Replacemt~nl Tape 

INPOM TO BE AVAILABLE IN 1977 
1. IN POM In ter dLlove mappmg program 

mcl U>ar ~ Hcler<Jncc Mdnual and a 
COB lor fodhvn:. of lhtl world 

2 User's A"lertJnce Manual 

Ouantlty Cost (US$) 

$1,000.00 

10.00 
25 00 

5 00 

1 00 
.50 

100.00 
40 00 

715 00 

5 00 
71.50 

575.00 

4.UO 
57.50 
40.00 

715.00 

5.00 
71 50 

1,100.00 

6 00 
110 00 

$1,200.00 

5.00 
120 00 

$1 ,2(Y_I 00 

$665.00" 

$475 oo· 

40.00· 

~380.00" 

$475.00' 

$735.00' 

saoo oo· 

$800.00" 

Amounl 

----

1 

_j 
1 

. 1 --¡ 

1 

1 -¡ 
¡ 
1 

--- 1 
3. INPOM Replaccnoer.t Tape 

~.00 

120.00 ---=--=----J 

Computer programs and data_ bases for use on !BM computers are d1stributed on unlabeled 9-track magnetic tape record¿u m 
EBCDIC modc (odd panty) al 800 BPI. Logtcal recorq length is 80 and physical record len¡,¡th is 8.000 . . 
lf a non-18M computerhas been listed on side two, the program to be sent will be, 

{1) a verston which has been converted by o!hers for use on the computer spec1f1ed, or 
(2) a standard 18M version plus a list of users with simtlar hardware who have expressed a 

, wil!tngness to assist others tn conversion. 

For further informat1on concerning the curren! availabil1iy of pt"ograms for specific non-18M hardware, contact the Laborawry. 



Order Form for Computcr Programs & Rel¡ t¡,d Matcrlals/Side 2 

Those requesllng a program mus! complelt the followlng: 

CONTACT PERSON lo recetve future progra·.t changes and announcements (sent free of ctlarge): 

N ame Tille 

Organization Phone 

Address 

HARDWARE INFORMATION 

Computur to be used: ___ Manufacturer _____ . __ _ ____ Modal _________ _ 

íEAMS OF AGREEMENT 

1! i:; H1e policy of the Laboratory for Computar Graphics and Spatial Analysis, Graduate School of Design, Harvard Universily, lo make its 
programming systems available only under the following conditions. 

1. Neither lhts software, its documentalton, nor adaptations thereof shall, except with prior written consent of !he Laboratory, be sold,leased or 
otherwtse dtstributed in any form to a'ny individual, business entity, academic institution or governmental body whatsoever. 

2. Upcn acceptance of these terms and conditions, as indicated by signatura of an officer having authonty lo enter into such agreements, the 
Laboratory grants the recipient a royaity free, non-exclusive license to use the sut:iject material ata single computar facility. 

1, an authorized offtctal, understand and accept the stated condttiens for use of the matenal to be provided by the Laboratory. 

(Signlllure) ----------------------------------(Date)--------

(Name, printed) ____________ ~-------------------------

(Tille)----------

(Organization) _______________________________ ~----------------------------------

(Address)'------------------------------~-------------------------

(Telephone) 

PAYMENT 

Checks should be made payable to Harvard Universtty, Lab for Computar Graphics. 

To1al Amount: $ ________ Check Enclosed: -------- Purchase Order #: Date: 

Orders should be sent to: The Lab lor Computar Graphics, 520 Gund Hall, Harvard University, Cambridge, Mass. 02136. 

SHIP TO: BILL TO: 

N ame -------------------------- N ame ____________________________ _ 

Organization Organizatton 

Address Address 

----------------------------------.---------------------- -----
CUT ON DOTTED LINE 



Order Forn1 

Publlcullon Olslrlbutlon- Generallnlormatlon 

Pnst11ge und Handling 
•blocal•ons are ~enl us thnd class mail, 

...... oltld m.Jtler via !>urfacc maol untes~ othur 
a"anguments havtt bct:n noadc on advanco. Prictt 
t:>llfnatc~ lor air maol :.11•¡HnLnt ol ~pccitoc ilcrns 
to ¡¡no!l-.er country wdl bo ~cnt on n:quesl. 
1\lturnallvcfy, ilddllion;;l 'und~ lO COVIJI lhc COSI 
ot ;ur :nao! ~hopnount ru.Jy be enclu~..:d Wllll an 
,Jod.::r. A••Y luntls 1n e"'ccss ot lhe :.mount 
•eQu•red will be relund.;d. 

Yclephoroe Orden; 
T elcphone orders wtll be acceplcd lrom 

organizalions withon the U.S. A purchase order 
numoe. •S requued Ordcrs may be pt .. ced 
óuring lhe hours of 9 30 AM to ~ 30 Pl..l by calling 
,.•._ J c. e de (617) 495-2:.26. 

~.::/n,er,¡ 

Payr:lt:nl shout::l accumpany an order unless d 
'''-'rcha~e o•der number has been inctuded. 
P¡_,~ment musl accompany all order!>cl lEs> than 
S5 OO. Ordcrstu te shoppcd ousid•~ !ne U.S. must 
oro~lude advance pay1ncnt '" tne tor111 of a t.ank 
d•afi payable in U.S .. dolllrs .. 

. AUTOMATEO CARTOGRAPIIY PAPEAS 

1. Summary Heport 

2. Sutnmary Graphlcs 

3. Computar Equipmenl and Programs 

4. Symap tnterpolation Charactenstics 

5. SI louls Acgion Case Study 

6 Kansas City Region Case Sludy 

7. Montreal Aegion Case Study 

8. Connei:tlcut Case Study 

9. Southern New Engtand Case Study 

10. Pugcl Sound Aeg1on Case Study 

11. California Reg•on Case Study 

12. 8oslon Aegion Ca5o;1 Study 

13. The Use of Compuler Graphics in Planning 

14. Maps a la Computers 

15. Computer Cartogr:.phy 

16. Thematrc Cartography 

17 .. Management by Computer Graphics 

18. Color In Art 

19 .. Manilestcd Dest.ny: A Graph.ic Account ol the Settlement, etc. 

20 Programming for Transportabillly, etc. 

' 21. Computar Co.rtography: Wortd-Wide ole. 

THEORETICAL GEOGRAPHY PAPEAS 

1. Concepts and Appticat1ons-Spatial Order 

2. A Nomagraphic Representa !ion of !he Geold 

3. lmpticit Map Projllctions tn Computer Printouts 

7. The Geometry ot Mixed Hexagonal Hierarchies, etc. 

8. Encrgy Flow and Spahal Order, etc. 

9. The Continenl Probtem. etc. 

10. Oostances and land Values, etc. 

11. Spacu Stra1ghtening and Flattenmg 

13. Spallal Order in Fluv1al Systems, ele. 

14. A Nomographic A,;presentalion ol Trajectorios 

1 S. A Two-D•mens10nal lnlerpolat1on Function, etc. 

16. N-D•mens1unal Spahal Analys1s, etc. 

17. Hyper-sur1aces dnd Geodes1c Unes, etc. 

18. A Note on Strc:..m Ordering and Contour Mapping 

19 H•crarchlcal Sy!>lums. C1!1es. A1vcrs. etc. 

20. A Sludy ol Ri..-t:rs and Other B•anching Syslems 

21. Geo¡¡raphy andan Ex•stence Theorem, etc. 

22. A Malhemahcal !'\epresental10n, etc. 

23 .. Plana Globe Pro¡ocllon, etc. 

24. ThEI Dt:scri¡;livc Gcumetry ot a Colll.'clion, etc. 

25. The Law of Travel ar.d lis Appllcahon to Ra1l Tralfic 

26. Mmin;um T1me Paths and the Migralion of Arcllc Tem 

27. No:&s on the Methooology. etc. 

28. A Minimum Path Problcm Reconsiderad 

29 The Use ol the Gcodcsic Cutvaluru, u1c. 

(over) 

Quanllty 

Quantlty 

-----

------

------
-----

----

Prlce Amo un! 

S 9.00 ------
$ 9.75 ------
$ 500 ------
S 4.20 

$ 19.75 ·------
$ 6.75 ----
$ 3 .. 75 --·-··--
$ 3.00 

$ 3 50 ------~ 

S 2 00 -------
S 3.00 -----
S :1.25 -----
$ 1.00 -----
s· 1.00 -----
$ 3.00 ----
S 3,00 -----
$ 1.00 -----
$ 11.00 -----·---
$ 200 ------
$ 2 50 --------
$:375.00 ------

Pricéi An.ount 

$12 00 ------
¡ 1 75 

$ 2 25 ----,--
$ 3.00 ------
$ 3.25 

$ 2.25 -------·-
$ 1.50 -----~-

$ 1 50 ------
$ 3.60 -------
$ ,.50 

___ j __ .. 

.. 1.50 ----·--.. 
$ 4.20 --~---

S 1 S<l --------
$ ;¿,QO ---------
$10.00 --------
:¡; 1 t.ú --------
$. ~.50 --------
$ 4 50 ----------
$11l.OO --------
S 2.2S --------
$ 7.75 -------
S 2.00 

_______ ..... ___ 

$ 2..15 -----
$ 1.50 ------
$ 1.5() ------
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PAVMENT 

30. Numericai-Gcometncal Tcchnoques, etc. 

31. Sorne Rellections on Thrcc·Domensoono~l Ct:.,metr 1 Concepts 

32 Algorithms and Modcts Basecl on Pr 01 ectov<.: Tr~n5krmatoons, cte. 

33 Graphical Representat10n of a Matnx •mtto Apphc~uons, cte. 

34 Sorne Thought on Opt•mal Mappong antl Codon!J of Surfaces 

35 Homofog•cal Transformatoon~ on Four·Ounun~•ondl Space 

36. A Study ol the Movcmcnt ot a Poinl on a Plane, etc. 

37 Set of Equai·Value Anllpodul Poonts, tltC 

38. An Outline lor the Theory of Man-Matlu Space, etc. 

39 A Slructural Taxonomy ol Spallal Howarct11es 

40. The Determmation ol Foxed-Pomts, etc 

41. Law and Order in the Human Lung 

42. The Hexagon as a Spaloal Average 

43. The Two Dimensional Spat•al Organ•zatoon, etc 

44. The Sandwoch Theorem - A Basoc On" lor Geography 

45 Rclations Between Horton's L<Jws ancl l~ydraul•c Geometry, etc. 

46 The Two-Dimens.onal Spallal An<Jiys•~. etc. 

47. A Computar Program for Moxed Hexagonal Hoerarchies 

48. Fred K. Schaeler and the Science of Geography . 

49 Sparking PotentJal, Personal lnteractoon and Socoal Oistance, etc 
1 

50 Macroscopic Aspccts of Metropolitan Evotut•on 

51 Notes on the Fr~cllon of Dostance 

52 Tabulations ot Dala on Area, Populatoon, lncome, etc. 

53. The Geographical Dostnbut•on ol lnconne, etc. 

54. A Description ol !fe 1967·68 United States lncome, etc. 

55 National and Reg•onal Parameters ol Growth and Dostr~bution, etc. -----

56 Allometr1c Growth m Soc•al Systcms 

57. Allometry 1n Mocro-Env~ronmcnt Morphology 

OTHER PAPERS O•;antlty 

-1. The Potential ol V1deo Tape Aecorders, etc. 

2. CPED: Computer Programs m Environmantal Design 

3. Computar Atded Space Planning 

4. Interactiva Mappmg of Urban Data 

5. lnteracttve Graphtcs Comes of Age 

6 Computar Graphics. A Perspecttve 

7. How lo Talk toa Cornputer Consultan! 

B Graphtc T~chnology and the Dtsplay ele. -----

Checks should be made I'Jilyable to Harvard University, Lab for Compuler Graphics. 

Total Amount: $ ___ _ ----Check Enclosed: ______ Purchase Orde:r #· -----Date: ____ _ 

Orders ~hould be sent to The Lab lor Computar Graphtcs. 520 Gund Hall, Harvard Untverstly, Cambridge, Mass. 021:38. 

S 1 50 

S 1.50 

S 1 50 

S 3 75 ---'----
S 1.50 

S 1 50 

$ 1 50 

$ 1 50 

$ 4.00 

$ 4 00 

$ 1 50 

$ 4 00 

$ 2 00 

$ 2 50 

$ 5 25 

t 3.00 

$ 4.00 

$13.00 

$ 1.50 

$ 1 50 

$ 7 25 

$ 1 50 

$19 25 

$ 1 50 

$ 1 50 

$ 2 25 

$ 150 

$ 2 50 

Prlce Amo u. 

$ 1 50 

$210.00 

$ 1.50 

$ 1.50 

$ , .50 

$ 1.50 

$ 1 00 ----·-·-
$ 1 00 -----' 

------------------------------------------~--~--------~ 
SHIP TO: BILL TO: 

N ame _e_ ______ _ N ame 

-·· ganization 
Organizalt~~-----------------------· 

Address Address 

-----------------------------------------------· 
CUT ON DOTTED .LINE 
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!LLUSTRATION CREDITS 

!Where there are two or mo•e illustr'ltrons, trtles read upper to lower, left to rightl 

l ' 
·- ·¡ 

¡ . 
1 1 

1 F¡¡ge So!l;ect Dat~ Sourct! Computer Program 1 r'rep~reJ B¡· 
- --~ 

l Front Cover Per Capit<~ Rate of G.NP Growth: 1965-1972 WDB·I CALFORM ! Cavid Sheehal"' ' ! 1974 World Bank Atlas Ge~!frey Dutton 

' Peter Corbin ¡ 1 ¡-

1 
1 J 

' 2 Dietery Energt Suppiy: 1974 • 1975 World Population Data Sheet CALFORM ! Geoffrey Dunon 1 

' 
3 Upper Left: 1970 U.!:. Population Oensity U.S. Census OOT-MAP" Geoffrey Dutton 

' 
! Mid:lle Li'ft: U .S. Land Elevations Standa~d Topographic Map OOT-MAP" Geoffrev Dutton 

Lo..,cr Left · Li . .S. ~ta•e Cutlrnes Countv DIME Fue POLYVRT Nichclas Chrisman 

1 
Upper Rrght: '97:: SMSA Outiines County DIME Frie POLYVRT 1 Dennrs Whrte and 

1 

1 
N;cholas Chrisma~ 

' 1 

~ M,dd:e Rrght: 1950 U.S. Po;Julation Potential U.S. Census C,OT-MAP• 
1 

Geoffrey Dutton 
' 

1 
-

l Low11r Right. 7~ 'ic;mes With 0!1 Heat Arthur D. Lrttle, 1nc. CALFORM 1 Nichola> Chri~msn 
: -----1 ¡ 

i 4 Boston 1970 Cr·nsus Tracts Urban Atlas Fries 

1 

CALFORM Denis Whit~ 
1 ¡ 

Atlsnta 1970 Cerrsus Tracts Urban Atlas Files CALFORM Denis White 
1 l 

i 1 

5 Los Angeles~ 970 Census Tracts Urban Atlas Files POLYVRT Denis White 

1 
1 Chicago 1970 Census Tracts Urban Atlas Fries POLYVAT Denrs White 

7 Lo::a!ly prepvred SYMAPS Bcston Local Maps SYMAP David Sheehan 

1 8 Locelly prepared GqiQ Boston Local Maps GRID David Sinton 

1 9 Massachuseus To•;rrsm Attraction by Towns M3ss. Dept. of Commerce CALFORM Davod Sheehan 

1 
10 Montegna Bay SYMAP';;nd SYMVU Syrnap Self Study Course SYMAP and SYMVU David Sheehan 

Contour m:~ps 

11 1970 Populat;on by< Natrons (topl Unrted Nat•ons Yearbook SYMVU Davrd Sheehan 

Montegna Bey S';map SyMvu Symap Self Study Course Geoffrey Dutton 

Conforman! maps SYMAP and SYMVU 

. Progr¡¡m under develoon:cnt, for further ¡nformatlon con:oct the L¡;oo•znory . 



ILLUSTRATI0:-.1 CREDITS 

IWhere there are two cr more i!!ustrations, t•tles réad upper to lower, lcft to righti 

1 
; Page Subjact r·--------- -- Data SourC9 

l 13 Diagram of POL YVRT Com¡:;onent~> POL YVRT Manual 

l 
Fresno SI\'SA 1970 Census Tracts Urban Atlas 

l 

l 15 

r-- 1 
Contermino:Js Un•ted States County DIME File 

17 Selected U .S. Population Densities U.S. Census of Population 1790-1970 
1 

1 
from "Manifested Destiny" 

---
' ' 18 Left: Standard Economic Area (SEA) County DII\.1E File 

Centcr: Standard ~etropolitdn Statistical County DIME F1le 
: Areas ',SMSA! 
; -R:ght: Countrio .;f the Wor!d WD8-I 

-- ------------- ----
t:-.sode Fror.t Covcr U.S. 1970 Population Density U.S. 1970 Populat'on Census 

j 

i -.a---
. 

-

Staff Members of the Laboratory for Computer Graphics & Spatial Analysis 

Brian J.l. Berry, Director 

Afian H. Schmidt, Assoc. Director 
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Richard Carling, Computer Programmer 

N:cholas Chrisman, Sr. Rese3rch Analyst 

James Dougenik, Re~earch Analyst 

Geoffrey Dutton, Research Analyst 

Randolph Frankiin, Research Assistant 

Denis White, Research Analyst 
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----
1 

¡ Computer Program i'repared By 
¡ 
¡ 

POLYVRT Nicholas Chr~sm2n 

1 
POLYVRT 0\!nis White 

INPOM Geof1rey Dutton 1 
1 

1 

ASPEX Geoffrey Dutton 

POL YVRT/INPOM Nicholas Chr-isman 1 
1 

POLYVRT Nicholas Chnsman 

1 1 POLYVRT 
í 

Nocholc:s Chri;:nan 

! ., 

SYMVL; Gcoffrey Dutton 

James Little 

Janice Kostka, Admin. Asst. 

Barbara Petersen, Program Distribution 
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Donald F. Cooke, staff 
~·lilliara li. :-1<lxfield, st.aff 
New uaven Ce::sus Use Study 

THE VEVELOPMENT OF A GEOGRAPHIC BASE FILE ANV 
ITS USES TOR. ~.IAPPING 

ABSTRACT ~ 'rhe l\ddress Coding Guide (ACG) of 
t.he Census Bureau was first used as the gec
graphic base file. But, weaknesses in the 
ACG systern Iead to an exoerimental mapping ea
ta base, Dual Independent ~ap Encoding jDIME), 
which employs re¿undant encoding of map fea
tures which allows ~achine detection of errors. 

Details of codinq an¿ diagrams make both the 
theory, file preparation, file editing and 
actual use in mapping very explicit. 

::i:NTRODUCTION 

One of the objectives of the New Haven Census Use Study 
is to evaluatA methods of co~~ut~r mappi~g of small area da
ta. The Study beg3n exoArimenting with computer-produc8d 
maps in Fcbruarv of l9ó7. Several rncthods of linking geo
graphic coordinates to data identified by Census block or 
by address were studied. 

The Census nureau Address cc¿ing Guide (ACG) was fi~st 
uscd for t.llc gco~;ra'?ilic llusc> file, with the 1\CG's "block
faces" as rcfcrcncc units for data aggregation and display. 
Howcv~r, several ·.Jcaknl..!:-:;ses in the .t~.CG-based system led to 
the pl:oposal of an experimental rnapoing data base, (c"alled 
"D!HE" for Dual Ir.de9endant z.tap Lncoding) emnloying redun
dant encoding of ma~ featuras which allows nachine detection 
of crrors. The mappinq file thus created has been successfully 
edi ted, has pro ven use fu 1 and accura te for Mapping, and sh::>".vS 
prornise for use in many areas of city planning. 

The follmving scctions outl ine the reasons for the choice 
of redundant encoding, ~1e system's theory, the techniques 
for developing and cditing the file, discu~sions of the fila's 
use, its ccst, and recommendations for its use in other citi~s. 
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Bi\CKGROUND 

The 'census Bureau's AJdress Coding Guide - part of the 
mechani~n of the mail-out/mall-back Census proposed for 1970 
appeared to be the ~ost logical starting ooint for preparing 
a gcographic base file for computcr mapping. The address 
coding guide ia a listing of block faces, which are, as the 
name suggests, sides or "faces" of blocks. A block face 
record in the ACG contains the follm.¡ing information: 

Statt'e---.~.l6 l .. O T County. 

Place--------------~ 

06510 Andrews St. 

Zip Cede---------------~ 

S tree t N ame----------------_.. 

2'"" 1 )3 

Cens us Tract--------------------' 

Cens us D loe k-----------------------' 

2-48 

Addres s Rangc- ------------------------' 

In exploring the possibilities of a base file using the 
coding--gui-de-,~ b-lock--face--tcrminals .,..ere digi tized - that is; 
coordinat~s of the endpoints of cach block face were measured· 
clnd rccordcd, us ing a scr.ti -a u torna tic "C.oordi na te Loca tor" 
bu i 1 t lJy thc Ccns us nurc.:tu. ~Vi th thc addi tion of the block .. 
facc tcrmin.:ll coot·dinutl':;, tllC' formut of thc qcographic: lJclSO· 
file bcc.1mc: 

State-16 099 1 O 065 O Andrew 

County__j 

Place-------~ 

Zip Code-------~ 

Street Name-------------J 

St. 2 

Cens us Trae 1:----------------' 

1 3 2- 8 (x,y) (x', ') 

Cens us B loe k.---------------~ 

Addre s s Rang e_ __________________ ____. 

Coordinate pair for one block face termina~------~ 

coordinate pair for other block face terminal~--------~ 
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However, several di ff.~ cul ti es aopeared in the use of this 
file: 

1) Digitizing was inefficient, becausc each cross
street intersection was rciad eight tines. 

2) Non-street block boundaries such as shorelines. 
railroads, and rivers were not included {since 
there are no acdresses on them). 

3) Areas of blocks could not be calculated. 

4) Winding roads and circular streets could not be 
described. 

5) Clerical ~rrors were present, and could not ~e 
detected by ¡,\acl1ine edi ts. 

Editing the file preved very difficult and time con
suming. As t!lese probler.1s cor.1pounó.ed, i t becaJne ap?arent 
that the A~dress Codinq Guide, though ideal for a rnail-o~t/ 
rnail-back Census, could not easily be a~apted to computerized 
rnapping. 

Therc fore, an al t.erna ti ve l'-la~oing i)ata Base ·~·as ~"'rc
posed ~y Ja~es Corbett of the B~reau's 0perations Pcsearch 
Division and c:eor'le Fcrnsv:orth, a Census Statistical lntern. 
The rn~thocJ \vns tes tcd 'in :~ev1 i-iaven and has yielded a qeo
graphic base file \vhich is useful for ~•ao;.>ins;, and, ir . .:td
dition, ~ay havc far widcr a~plicability in traffic analysis, 

.routing of city serviccs, creation of soccial urban districts, 
and in thc p 1 ace1:1~n t o f fu t urc ci ty faci li ti es. The sys-
tem is based on gra~h thcory - a branch of mathenatics with 
direct applicabili ty to r.1.:t~ping. 

THEORY 

The approach suggested by Corbett and Fa=nsworth is 
derived from the fact the Metropolitan Maps of the Census 

Edgc --....[ 
------------~------ ~----

~Nades~ ___ __....,._'-......~ 
. .. ......... _ 

' 1 1 ,,I/ / 
1 ·· .• \-........ Face 

-----~¡~--------r---~-. ~---

-------, 

...... 

-~2CS-

Nade - Intersection 
Edge = Strect Seg~cnt 
Face = Block 



Bureau can be considcred mathematically to be linear gra9hs. 

A linear gra9h is a set of nodcs, edges, and faces on 
a plane, which form a network - such as a street pattern. 

Such a nctwork can be described by any of three "inci
dence matrixes" \·;hich define thc relationships bet•.vecn the 
edges and nodes, or nodes and faces, or faces and edges. 
Whereas only one of the matrixes·is sufficient to describe 
the neth·ork, a redundant encoding of the incidence l"!la trixes 
allows error detection routines to be run on computers un
ti! the street net\·:ork is described perfectly. The network 
described by one matrix is compared to the supposedly iden
tical netHork described by another matrix. Differences in 
the network descriotions can be detected bv machine and cor
rected by hand. ;;ot only the primal net•.;ork, but also its 
dual can be cdited in this fashion. 

1 

Primal Network (sclid lines) 
and its duel {dotted lines) 

-
PREPARATIO~ OF THE FILE 

The l"!laterials used to create a g~oqra~hic _mapping base 
file may vary. In New Haven, the materials used were a Met
rcpoli tan ilap set (which has street names and bl-ock numbers 
labeled) and a city directory to supply address· range infor
rnation for each block. l\11 eler.icnts not specifically named 
on the maps were labeled in a straight forward manner. Nodcs 
were given .nuJTierical identifiers and nanes such as "shoreline" 
or "Connecticut Turnpike P..cu:1r" or '·',lill River C~nterline" 
were assigned to thcir corresponding line segments. 

Node nuniliering was done sequentially and systematically 
to faci.litate digitizinq. Nodes \vhich were numbered included: 
street intcrscctions, ends of dead-end streets, and places 
where rai lroads, shore U ncs cr ri vers · cons ti tuted Ccns us block · 



boundarics and cross~d str~ets or each other. Places where 
lines on thc ma~ curvecl apprcciably were assigned nodo idcn
tificrs .also. The criter1.on for ·"a~preciable" bending of a 
street l.!c~ends on thc nceds of the user, that is, whether 
he necd~ very accuratc a~ca calculations or wants to repro
duce th~ street network extremely accurately. 

Once all nodes were numbered 1 encodinrJ of thr..: inG.idence 
rclationsl)ios were done in the following fixe~ length for
ma t 1 ea9h record l.n the file de ser ibing a line segmen r.: - or 
section of a line between two nodes. 

Street-Andrews St. 

Node { 1) 

Node { 2) .. 

Tract ( L) 

7? 129 1102 

~-1¡1 
1 101 

1 

06510 

i 
1 

1-25 
! 

Block (L)----- \ 

1 

Tract (R)---

Block (R 
1 

Zip Code- -----
_____ _j 

Address Range-----------------------------------------------

t 
1 

/ ¡ 
1 
1 

1 Address Code (1 means odd left)------------------------------~ 

Scgmcnt Codc (O mcans strcct scgMent)-
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Church ---- 4r 
1 

1 110 
1 

102 ~; :: 
101 U) a- E1n St. :11 Tract 1 

t: 
.,...¡ 28 ro 
:z 

2 High St. 197 (Address num---- - 103 bers at end of 
17 segrnent under1ined) 

-

106 
11 

¡3 6 12 
Chape! St. ,12 ----

9 10 

105 104 

14 5 Gro ve St. :13 ---- --'- --- -
1 '2 

Strect Tract Block Lmv Add High Add ---
M a in St. 1 102 30 42 
t-1a in S t. 1 103 12 28 
M u in S t. 1 104 2 10 
Main S t. 1 105 1 9 
Ha in St. 1 106 11 17 
t-1ain St. 1 101 19 41 

DJ.:·u::: Street Sec;ment P..ccords for Iloin Street -
Street No de Node· Tract Block Tract Block LO\v Add High i\dd -

'1ain St. 5 6 ] 105 1 104 1 10 * 
t1ain Se. 6 7 1 106 1 103 11 18 * 
:'>1ain St. 7 8 1 101 1 103 19 29 * 
Ha in St. 8 9 1 101 1 102 30 42 * 

,, * ;-¡ = Odd 1eft 
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202 
1 

M a in S t._ 1 

- - - -1 1 !5----2 
11:'1 

'~ 301 
...... 
3 10.1 104 
U'l (;') 
rt rt . 

3 High S t. 4 
----

102 

Primal edit sorts for boundary segments of block (101) 

Street 

Main St. 
Elrn S t. 
High St. 
North St. 

Nodel 

1 
1 
3 
4 

Node2 

2 
3 
4 
2 

202 
101 
101 
101 

BlockR 

101 
301 
102 
104 

The edit attempts to traverse the bouncary by placing 
the segments in order by matching on Node numbers. 

Street 

Main St. 
North St. 
High St. 
E1m St. 

Node1 

1 
2 
4 
3 

2 
4 
3 
l 

202 
104 
102 
.30 l 

10¡ 
101 
101 
101 

Block L and Block R have been s'·litche·d if 'the nodes had 
to be reordered to effect a trave~se. (This occurs for al1 
streets except Main) 

In this examole, the traverse is successful, and the 
block nurr.bers have been encoded correctly. ~ote the r.cla
tionship of the node numbers and block numbers. 

Nodc 1 and tJodc 2 ore thc node nuMbers dcfining thc 
li ne segmen t. 'i'hcir arder is s uch tha t ¡-.;o<lc l is .:: L thc lm..¡ 
address end of the segment. Tract L and Block L .J.rc the Census 
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trae~ and block numucrs to the left of thc segment as se~~ 
by an c~server s tar~di 1:g at Node 1 and looking tO\vards Ncd<:: ::! • 
Thc address ran<Je is cicri ved from the ci ty directory and -:.:.e 
Address Cod8 indicates odd numbered left side of the stree~ 
or odd numbered ri9ht sicle of the strect. Note that this .::.s 
~n ~nclusive ad~ress range for both sides of the strect w~~:e 
each record in the Census AJdress Coding Guide gives address 
range information for one side of the street. Segment cc¿e 
is a number assigncd to indicate whether the record is a 
street, railroad, shorclinc, or other type of segment. I~ 
was also used to indicate problems encountered by the encc~ing 
clerks. Coordinates of thc nodes defining the segrnent may 
be incorporated into the record, or reay be carried separately 
in a list which can be indexed by node number. 

ZDITING THE FILE 

Street segncnt records were keypunched, and the first 
of several corn~uter 2dits was run. This edit sorts out for 
eaci1 b loe k all se<Jmen t records associa ted Hi th the block, 
then furthcr sorts out all boundary segMents. Note that a 
boundary segmcnt can be identified as having different blo~~ 
numbers in th0 3lock L and Block n fieltis. 

An interior street such as a dead end uill have the · 
sa:ne block nwnber on each side. The edit program attempts 
to "traverse" the boundary of the block by linking the _seg
rnents togethcr in arder by matching node nurnbers. Success 
or fai lure r.1cssages are \Hi. tten out, and are used to guide 
clcrks in corrccting whatcvcr crrors or o~issions are ore
scnt. Thc cd1t program is run and corrcctions and additicns 
ar.-::! maJe until no traverse L1ilures are renorted. 

The second edit is a test of the accuracy of the encoding 
of the 131 od~ L - B loe k R in forra tion. Agai n a traverse of 
the boundary is r.1aüc, this tirr.e wi th the Block L and Block R. 
fields teing swi tci1ccl if th12 nades had to be reordered to 
effect a traverse. The program then checks to see if the 
bJock nurnber of thc block being checkcd appears entirely in 
the Block R or cntirely in the Block L fields. If this cor~
dition fails, thcre is an error in encoding the block pair. 
It may be of interest to note that if the coordinates of the 
nodes are d!~itized and inserted into the segment records by 
matching on the node nwnbers, then the areas of the blocks 
can be calculated as soon as a block can be traversed. The 
sign of the calculated arca will indicate the direction of 
the travcrse. :~nm,·i ng thc direction of the traverse enables 
one to know which of thc Block L or Block R fields should con-
tain the block nu~ber of the block beinq edited. · 
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The im:.>lication of this is that .the clerks who. pcrform 
the encoding ~roccss nced not even be able to tell their 
right hand fr-or.1 l.heir left. Ilo\·IE:Ver, in Ne\v liaven we nau 
excellent clerical hel?r and vcrv few errors in the Bloc~ L -
Block R encodinq were encountered. 

A final machine edit sorts out all segments records 
associatcd ·~:ith 2aci1 intersection. The module two sum of 
the block nu~bers associated with anv nade should be zero. 
If this is not the case, an error me~sage is written .• 

Another useful edit 1s a visual check of the street 
network as reconstructed from the segMent file using digitized 
coordinates. An almost equivalent edit is to plot rnechanically 
the node numbers on an overlay to the source map. Hmvever, 
the former techniq~e exploits the pattern reccgnition abil
ities of the human eye, and erroneous digitizing is easily 
discovered. 

Edits which we hope to run as soon as possible wi!! 
check the adaress range inforMal.ion for internal consistency. 
Any gaps or overlaps of address ranges will be detected a~d 
corrected by hand. When the address range checks have be~n 
cornpleted, the data base file will be comDlete for New Haven 
and ~·:es t Ha ven, Connecticut. i\'e hope sometine to exoand the 
directory to include the rest of the s.:LS.P .. The final 
rnapping file will include calculated block centers and areas~ 

USE OF THE FILE IN ::lEW HAVEN r-"..APPING 

The file without coordinutes is u;,uble for address codinq, 
and for rn.:.u.y fllnction~:; whi.d1 r··q11irc• t:nrJ,.Jl,-.cJr¡,-· of t!1(• con.ti
(jUity rl1lüli(Jn:;llip!i ul" JJLoclc;. flr.. l·'.¡rn:;wot·t~ll !l!(~fltiorw<l .;oml~ 
of thcse las t nigh t: s tudy i ng tlle '' r.c ilj:1borhoud" <..:ollcc•¡; t, 
moving or rnosaic averaging, asgr~J~tion 0f statistics o: any 
area by specifying the boundary of t~e arca, districting, and 
avoiding di se los ure of con f id en ti al in forr.a tion. \ve ha ve 
coordinate information in New !laven, which allows the further 
ability of graphic display, arca and dcnsity calculation, 
calculation of distances along 3treets, and aggregation of 
statistics for districts specificd by coordinatcs, for in
stance, a count of all people livinCJ ·.vitllin onc mile of City 
Hall. 

Our prir.,ary interest lies in qrz¡p!1ic Jis~¡ay, hc• .. ¡ever, 
and exoerir.:cnts indicat.c tha.t ~·le ilil'l~ i.l vcry flc:-:11.JJ_0 tool 
for this pur!'Ose. ln tc:>tincJ ti\C ·~r_>nllcoLi.ll.ty o.t th? !T'.:tpping 
file, we havc oroduccd !"1,:w.; uf l:(;U; 1 ::e: ur~ l t:~ ;1·.:1.· ,1-;rQ i:t'Ci:\ 

block stati.stics using SY'i.i\P, ~ nr1n~'..!r t;\,lop.Lncr nrograí:1 Je.-
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103 

Ha in 5 St. 41 

203 105 

8 

Dual edit sorts for all segment records -:.: ·; "3 -:>cía ted 'vlÍ th 
intersection (5) 

Street Nodel Node2 BlockL B 1 -:.. '; :-: .?. 

Ha in St. 6 5 202 ¿.; ~ 

Maln St. 5 4 103 . , -... .... .. '"'· 

Elm St. 8 5 203 , ,. "':' 
.J..,J 

Elm St. 5 2 202 1r -; 
' J 

If the intersection being edit8d (5) ao~~~:s in the 
Node field, rr.ultip1y Block L by -l. OthcrÑisc...:, ."":'i • .ütiply 
Block R by -1. 

Street Nodel Node2 BlockL B,,__·,...?. 
J..- •• 

Ha in S t. 6 S 202 -2(,;, 
~:.J. in St. S 4 -10 3 1 r :' 

F.lm S t. 13 5 203 -1 r.: 
Elrn St. 5 2 -202 1·:: 

Next, all the block ntlfl'.b e r s are added: 

202 
-103 

20 3 ~·- j 

-202 ·-,,() 

-203 
105. 

-105 
+ 10 3 

o 

If all segments are encoded correctly, the S u:-· ,: :.. 11 be zero. 
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veloped by IIov;arcl Fisher of the Harvard Laboratory for Com
puter Graphics. The SY~~P oot~ons we have tested require 
that the boundary of the mao section to be plottcd be de
scribcd by coordinatc pairs of vertices in order around the 
boundary. netricving t!liS information from the Geograo~ic 
Base File was easily donG and can be clone by machin12. ·alock 
center coordinates, and the area of the blocks (needed for 
the density calculation) were calculated directlv trom the 
segment file. -

We are testing another printer mapning package - ~~P 
01, for use with the m3pping file to rnap Census data. We 
are also writing a mapping program to plot data maps on CRT, 
pen plotter, or Geospace plotter output devices. The figure 
of merit of any maps produccd by the Censu~ Use Study will 
be the usefulQess ,. if any, to local planners v.·ho use Census 
data. Hopef~lly sorne of the techniques we develop in New 
Havcn will be significant enough and cheap enough to be 
adoptad by the Census Bureau for their publication probla.11s 
sometime in the future. 

EXTEKSION OF TI!E SYSTEH TO OTHER CITI"CS 

In recommendi::1g adoption of this system in other cities, 
we would nodify the foregoing procedure as follows: we would 
stress the importance of accurate source materials. ~luch 
time was lost trying to read detailed information off r..aps 
wh~re the scale ( 1" = 800 1

) mude the features ambiguous. \·le 
would sugges t using 1" = 400 1 or even larqer se ale r.1aps, !'re
fcrably onGs wi th ac:!dn:ss number~ on the 1.1aps. ~ve \vould fur
thcr sugges t tlw t t'.vO aclc.lress rangcs be carr ied for cach scg
mcn t recoru - or••' for ea eh s id e of the s trcc t. ~·Jork i nCJ in 
this manner from m¿ms such as tlle Sn.nborn series would en
hance the addrcss coding accuracy of the file (which we con
sider to be the weakest part of the New Haven file). 

Once the source maps are encoded, machine plotting of 
the streGt segmcnts, block nw~bers, and street lables allows 
rapid, accurate and inexpensive production of work maps at 
any desired scale. Aside from the size of the file, there 
is no technical reason why thc system of netHor}~ encoJing 
cannot be extended to the parcel level, where parccl Loundary 
segments, · ra tller than s trect segments, are the uni ts of the 
directory. An experimcnt to test this is being run o~ a four 
tract scction of Ne\v !laven, primarily to produce a highly ac
curate address file to test the address coding capability of 
the New llavcn r.1apning file. r::xter..sion of the sysr.cm to t:he 
parcel level is strai.gh tfon1ard, and not as timc·-consumins 
as might be cxpected. A file such as this, matched to tax 
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rccords, could yiéld extremely accurate, detailed, land use 
i~fornation. rri'addition, the file could yield the percent
age of land th~t is residential, commercial, street and even 
th~ area of t!1e sidewalks. 

FILE DEVELOP!·1ENT COSTS 

One final note on the New Haven street segrnent base file -
the cost. Even using very generous pay scales, and overes
timating computer and digitization usage, we found it dif
ficult to pusl1 the cost estimate for the New Ilaven file over 
$3,000.00, including writing of the edit prograrns. · This 
figure works out t_o about 2 cents per person, or $3.00 per 
block. We cannot extr~oolate the cost to other cities at 
the present time, but we do fcel th~t this method yields an 
inexpensive and accurate geographic base file with bread 
üpplication as a tool for urban analysis. 
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E X PE R Hl [:N T S I N ,q A r P 1 N G W I T H A G E O S PACE P L () T TE R.· 

ÁBSTRACT: 'I'he Geo S pace P lot te:r is a computcr 
mapping system using wet photographic process. It 
is versatile in that images are stored on disk. trans
ferred to tape ior reading and restored on disk for 
updating or overlay with additional image components 
to produce a photographic image of a special purpos~ 
map. 

Using the New Haven Census Use Study data, it 
provcd-to be capable of plotting block numbers in 
irregular blocks and base maps depicting streets, 
tract boundaric:s 'and railroads. Experir:·1ents in block 
shadirrg for densi t:'/ ·studies were less promising. 

Future experiments in equipment and prograw~ing 
includc use cf a "Fast ALPACA" s:¡stem allowing con
struction of entire im~ge before plotting computer 
storage is used, and the development of a faster dry 
photographic process•. 

HJTRODUCTION 

Within the preceding year the IBM New York Scientific Con
ter initiated a study to investigate advanced computer applica
tions in the area of urban affairs. At a very early state of 
this study it became quite clear that one of the distinguishing 
characteristics of many urban planning and op0rational activ
ities is their significant dependence on spatially organized 
data - a fact \vhich r8quires no further substantiation for 
those presen t a t this meeting. As a consequence, i t \vas de
cided to undertake exploratory studies directed to what were 
judged to be three major aspects of cornputer processing of spa
tial data; namely 

1) techniques for storing and manipulating spatial 
data within a computer, 

2) systems which would permit planners and other users 
to directly interact with such data by means of on
line graphic terminals, 

3) methods for providinq hard copy graphical represent-
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/\LGORITIIMS roR TIIE REDUCTION OF THE NUMBER 
OF POIN rs RE()UIRED TO I{EPRESENT A DlGlTIZED 
UNE OR lTS CARIC/\TURE 
DAVID JI DOlHil A~ 1\Nil TIIO~I/\0. K l'EIICKFR 

llnii'C'f.IÍI)' of (JlluH'ul.\imon Fm11'1 l'nit'l'l 1111'. fl¡ifis/¡ Columhio 

t\BSTRAC'f. t\11 digili7tng mclhod,, :1': a general rule, record lines wilh far more data th:m is 
nccc,,ary for an:i!J.tlc gi.tphk ICjll<>cluctinn or for c.:ompu!a analysi~. Two algorithms I<J reduce 
!he numhcr of point' rcqlllrL·d to 1crr·:,cn1 thc l111c ami. if dc~irctl, produce caric:alurcs, are pre
'cntcJ and· ~:omp:a~t·d "ith thc 111mt l''"'ni,ing mcthoJ~ ~o far suggc~tcd. l.inc rcduction will 
follll a majo¡ p.i! t uf ;¡¡¡1olll:ltcd j.:L'Ilt'l alit:t!inn 

l incs from 111ap~ :111d photo,er:1ph~ are rc
cordcd 1111111CI ic:ally lor cartof!f:T¡ihic mani
pulatinn In l.t•:dal,d¡; 1hL·ir IL'j110dtiL'Iion al 
dil!'erl'nl ,c,dL·~ :111d p1 L>jcc!it•ll\, and !o 
a!IL>W 111:1p l'llllljld.l!Íllll 11 i!h o!!1n ¡:et't!' a
phic dala h.hL''i. l l,ually linc<; :1rc ;¡pp1n\i
m.alcd hy \tl.li~ht li1a.: 'l't!llll'llh, .111ll cnd 
pninls ol 11hich :1rL' rccnnkd hy .1 p.1ir oJ' 
CO·Ordill<!ll'•, 111 CitllL'I" rlll.ii 1'[ 01 (!HJ~lltl:d 
mca<,urc. 1 he othcr tlll>tc IIIIJlllrtanl 
mclhodo, h\ 11luch lim·, :til' IL'Coldcd al'l' 
chain cm:odin~ :1nd ~!..L'klon L'llCilding 
C'haim appwximak• linc' h) a 'Clllll'lll'l' of 
cnd lo cml vccttll'\. 11 hcrc lhc kn¡.:th ami 
dircction of thc \'l'cfor' .liC \Ck\:tcd J'rom 
a fi,t:d, u,u,dlv ll'llr or l'i;:hl, numhcr ol 
pn,~ihditll'\. 1 ~~l·kton l'lll.'Odillt! i' dlll'l'lCd 
lllOil' .11 ll'UliLiillg cJ\l~Cd ,\ll'ol\ l'l l'ill\'~011\ 
h) fill:ng thc ;¡¡ca 11 ith t·irck' or rhomhi 
ol dillcrL·nt ,itL'~ 1 h..: llill'' tPIIllill,l! tlil' 
hllundar iL'' o~rt: ll'l'l'rdcd by implil·:11ion ~ 
Tlll' l'!\llVL'I "'"¡ of gr.~phic d:11.1 lo l'Oill
putn 1cad::hlc llllllll'l ic.d lilrlll~ ¡, clll'l'lcd 
with .1 C<Hlldin:tlc di¡.:ititcr. a hit plan..: 
SC.illlll'r or a11 aultllll.lti..: linc l<tllnwt:r. ¡\ 

Cll·Oidlll,llC d1gititl'l COI1\'Cil'i .1 pointt:r'~ 

loc:1tion 1111 :1 tahlc In :o.-v \;dUL'' 11hich co~n 
he '' 1 ittcn nn punchl·d calll' ot :nagnl'!1..: 
dt:vicc\ l'tll.tr cn-orduJate digitizc¡ ~. which 
con'1'1 ol :1 'lidl' in .1 1 •ll:lling anci11•1 head. 
rCl'L'I d a r.1di1h and an ~1nglc 11om a b:t'l' 
VL'clor t\nnthcr d:,eititin).! dc1ic<: cnn-.io;h 
of a jlllinlcr \11.\flCIIdcd lrom a p:1i1 ol IC· 
traclrng 11 ltc' "h1ch actil'ate Jh>lt:nlil'· 
meter'>. Con ve: ,ju11 l11 v:dtll'' in nnl' rc
cordtng co-otdinatc ')''ten¡ lo anotlll'r can 

be pt:rformcd ca~ily wilh small computcr 
prot!ram~. 

I>rum \Canners 'IIPC1 imposc a vas! and 
'~.:r) fine ,erid ovcr thc documcnt to he 
digititcd ri=cording a "yc~-no" or "on-ofT'' 
1 ,duc lnr l'adl cl'll local ion, ·dcpcnding on 
v.·hl'lhcr lhat ccll covcrs a line or nol. 1\ 

11 ad•:·L'Il' i' inl:mluct:d hetwccn thc fincnc~s 
of thc llll'\h, implying rnorc computcr r~o
CC\'oÍII¡.! time to reduce the data to formo; 
11 htch :u e ca,ily h:tndled, and coarsenc~s 
nf thl' imagc rcconkd On the other hand, 
thl' mc'h dcn\lt)·. hl'ing dependen! on hard
~~~uc. i~ fi\~.:d al thc time of manufacture 
and "' ll'ollall~, sct tn he somewhat smaller 
th:1n thl' minimum line widlh. In all ca~c~. 
thc 1cducl1on of a hit pl:lni.! sean, in which 
l111c' :ul' rcprco;t:nlcd hy cloud~ of cclls con
l:1111in~ numcrou-; di,continuitie~. to chain 
or wl'lor cncl',dnl linc~. io; a complcx pm
n·" IL'L(llirin~ fHOCt:<;,ing tirnl.! anú IC· 
,oun:c' 11 hich l't'add only he úc~crihcd as 
hcing t¡uitt: o,uh,t.anti.d. 

With a co·ordinalc digitilcr line~ may he 
rl·~·t,rdcd 111 ¡wint moúc, lime or increrncnt 
automatil' llllldco;. l.int:<; r ccorded in point 
1m,dc :uc t:lfccti\cl)' gcncrali7L'd hy the 
opcro~lor who ~uhjt:clivc!y <;clcct<; point~ 

whi.:h hl''l arrroxima1c lhe line 10 lhc 
dc~rcc he de,irc\. Thio; pre~ume~. among 
tllhcr thin¡.:-;. that he ¡, hi~ own cu~tomcr. 
l'o1nl di,:::itiLing ¡, cxlrcrncly tedious how
l'I'L·r, ami '' un,uitahlt: lor anylhing hut thc 
~impk'l d.11.1 scl<;, 'uch as thc gcncralitcd 

D:tvid 11 1 )1111).!1.<' 1\ a kcturcr in (ico).!raphy al thc Univcrsity of Ottawa :mJ i~ prcscntly on 
a ,¡lid\' k. 1 v~.: .11 S11non ha'Cr llntvcl,l1\'. llu:nah·. lliil:'h CPhnnhi,l. 'llwmas K. l'..:ucl.cr is 
an A,;,·,,·¡,,¡,· 1'1ol,·"o1 al ~imon l1 a'L'I lini\'L"r•.itl·.'lllll'll,lh.l·. l1111i'h Columbia 
!\J.., \ilhlllliiL'd Ji\11\' 1'17,1 
111 lll'l.:lll.\ll, "(lll lll<: l'lllllllin¡: or t\ibitl:ll}' (Íl'OIIII.:trk Conli).!ur.ltion,". /¡JII;/111(' of U~~tlio 
l·ll,l.;l/11'1'1\: ·¡'""''"rio111 011 1·./nliolll(' ('OIIIf 011l<'l,\, Vnl. 1 ('-10. l')f,l.pp. 2h-:!hX. 
~J R l'l.dtt .. nd t\ l{n,c·ntL·ld. "( ·ni!IJ'IIICJ Rqll<:\l'lltalion uf f'J.¡¡¡,¡r Rq:l<'ll<; hy Thcir Sl.:ck
l<Hl\", Collillllllll<"'¡,,¡, of t/11' ,-IC ,1/, v,,¡ 10. No ~. ll'lllll:tl)' 1'1(17, pp. 119-12:! anJ 12.~. 

'lllL Ci\Ni\Dii\N ( ¡\1{ IO<.I{i\1'111 R Vol lO No:! lkl·cmh.:r 1'173 pp 11:!-1:!2 



outlines of countics or censu~ tracts. Mo\t 
cooruinate x-y digitizers on the marJ..et 
possess. as options, time or increment auto
matic rccording modes. Ptri'nh are rccorckd 
autom;1tically in a givcn time interval, or 
atli:r the cur~or ha~ moved a pre~et di~

tance along the x and/or y axi~. The prime 
limiting factor on the speed of recording i~ 

the spc~:d of the output lli:vice. 1\lagnetic 
tape tran,pott~ \\ hich .n:wrd up to ~00 

charactcl\ pcr sccond an: commonly av;¡iJ
ahlc, ;iiiO\\ ing up to 20 or 10 point~ to he 
rccordcd each sccond. To record coa~l

linc~. contour line~. or other lin~:-; of high 
frcl¡ucncy oscillation it i~ evHknt that thc 
mintmum spccd rcL¡uircd. givcn thc spccd 
al \\ hich an opcrator can follow a line, i-; 
in thc onlcr of 5 to 10 Pl'lllt' pcr -;econd, 
which clkctiv~:ly eliminatc' po~pL't tape ·and 
pun~:hcd card-; ;¡-; oulput media Digiti7ing 
onto magnctic t.1pe h.!'i nH>n: than it-; sharc 
of prohlcm-;, pnmat il.v hec.III\C thcrc are 
no loolpronf mc;ln'i to cn"1rc thc data are 
corrcL·tlv rccordcd al thc time 01 di¡!iti7ing, 
ami hecall\l' of the inonl111atelv trcqucnt 
OCCUrtem:e Clf nClll-COJlfÍIOI:Ihlc digiti7ing 
error\, ~uch a~ line cm!~ wh1ch o,hould. hut 
un no1 meet, ... 1 i nes rccQnlcu t wice ami 
so forth. 1 he editing procedurc~ ncces~ary 
are time cc,muming ami dum,y. The'ic 
pr0hlems have hcen mi.:t by ..:lahoratc on
linc pwci.:dute~ \\herc a mÍIIi-computi.:r 
interfaccd to thc digititing tahii.: ovi.:r~cc-; 

thc wholc operation, chi.!ck' ami douhle 
checJ.., thc data recOJlkd. clo'c' loups ami 
'ignal\ whc:n il 'en'.:'¡¡ gteal many CITOI\, 
such a~ cur'ior movc:ment too f:1~t to hc 
accur;¡te.:' 

AJI digititing method,, e\~:c:pt pc:1 hap~ for 
the pll\'ilhk L'XCIU\Íúll llf (1lllllt d1gititing 011 

a cn-orllinatc: di,J!IIIIC:I, Jc:cuJ d. a' a gL·ncral 
ruk. lar llllliL' f'l'llll\ th.11l nc.:c:".l')' to 
rcp1oducc: tliL' linc l'll IIH"I !!'·'Phi~: dcvicL·~. 
even ;11 thc ~c:alc and rL·,olutJnn of th..: origi
nal fine '1 he c:liminallllll uf dat.1 rcple\ent
ing liiJncc<.:~'i.ll y p\lÍilh, \lll'h a' duplic:;Ite\, 

Al (;OJUTIIMS I'OR UNE REOUCTJON ll.l 

. . .. 
• 1 ........ . ..... 
. ... . . .. ..... 

.... 
• • • • 1 . . . . . . . . . .. . .. . .. 

---------------------' 
Fi¡:urc l. l.inc rcprcscntcd by 140 poinls on lhe 
plultcr ami thc printcr, ancl lhc samc line 
!cplc,cntcd by 25 points. 

.11HI point~ along a ~traight fine, can he of 
~i~nifil·ancc. ~irnply hccau'e of thc dimin
i-.hcd 'toragc requirL·ment~. As wcll, th: 
opl'l ating ~PL'Cd of many sp:llial analysi' 
l'''~'gro~m' and the plotting !op<.:cd of many 
rr.1phic dCVÍL'CS are refated Ínversefy lO !he 
numhcr nf points to he processed or plotted. 
Rcduc¡ion ol a linc hy elimination of un
nccc:'o\ary points rcpresenting it assumes a 
more pu,itiv..: advantagc if thc linc is to be 
ah'olracted or c;1ricatured purposcly, if the 
~cale of rcproduc:tion is to be smallcr, or if 
thc output device, such as sorne C"athodc 
Ray Tuhe plollers, ha~ a cruder re~olution 
than reprc'><.:tJted by thc origin:1l digitizcJ 
line l.inc:'o \\hich have a hi¡;hcr fre4ucncy 
ol mciii.Ition than can he rcprcscnted within 
th..: rc,olutJOn eapahility of thc graphic d..:
VIcc hc:come funy and \lcal--. 1 Figure 1 
ill11'ilrate'i l111e dat.1 al thc rc,olution of rc
L'unling. il'i rcproduction on the computcr 
p1intc:J. and thc IL'IHoduction of a grcatly 
!..!L'Ili.'J.dÍIL'd vcr,ion of the line. Givi.:n thc 
~llldL'IlL'~s of thc printer a'i a gr;1phic devicc 
il i' cvidcnt th'at the simplifkd ver.,ion of 
t he !in..: Í!o prcfcrahk to lhe un~implified one 

· mainly hc:cau~e of the elimination of most 

:1A. R. Uoylc: Computcr Aidcd Compilation, Hp.lrographic Confercncc, Ottawa, January, 
1970. 
4¡¡nJ are \Ímilar in cll'cct lo thc data clouLh rccordcd hy a bit planc scanner. • 
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of thc douhlc lincs ami data clouds. Sincc 
this fine was hcttcr rcpr·~scntcd hy 25 points 
!han it was by thc original !40 obviously 
somc computcr pre-proc..:s-;ing wa~ jtl';tificd. 

Thcrc havc bccn a grcat m;:ny approachcs 
sugg.c~tcd .tnd algori:hm' progr;nnmcd to 
reduce thc numhcr ol p"1flilf, rcr.;uircd to 
rcprc<;ent n:rmcrkaily rccmdcd lim:s. So!lh! 
of thcse are in rcgul;¡r u~c within planning 
agencies and car:ographi<.: units. Not a!l 
oi thc mcthod~ have hccn exh;lllstiveiy 
tcsted to mc;¡o;ure 'or judge thcir cartogra
phic uscfulnco;s and tiH:re havc bcen few. 
if any, studic' lo compare the mcthod<; 
with cach othcr. Thc, rm:thod.;; can he 
cla<;scd broadly i•1to thc c;Jtcgoric' o!: 
climination of pllÍnto; a!nng thc linc hy one 
or more of a multitudc lll critl.'ria: ap
pro,.imation of t!w lim: with a rnathL·mati
c:~l lun<:tron: allll dclction ol ~rccilk: carto
graphic tcalltrc•; rc¡lrc,·:n;:.:d hy thc linc 
Of thc'~.: l'atcguril:<;, ir would <ccm that th..: 
la<;t onc would t·ome clo'c't to dupl,catÍ11g 
thc ta,J... ao; pcrfnrrm:d hy an cxpcrielll.:cd 
cartogr;1phcr a<; he g.encr.drlcs. 

Thc cartographcr attL·mpto; to maintain thc 
chara<:tcr and ovcrail impn.:~'ion uf an 
cn•piric,JIIy dt:!incd, or haml drawn linc hy 
sclc~:tivc uclctlon of somc of thc dt.:tail' A 
fjordcd coa't io; rcprcscntcd hy only a fcw 
of thc actual numbcr of fjord'>, a delta by 
only a f..:w ot thc actu.JI riurnber of chan
nel., and so forth. Thc automation of thi~ 
arrroach wouid rcly thcrctorc on the 
ahility to program the computcr to rccog
nizc spccilic cartographic fcaiurco; One 
attcmpt i~ ha~ed on an intcractivc com
puter prowam whid1 hao; thc ahility to 
"lcarn" frorn thc a<:tions ol an opcr;Jtor.'' 
Thc opcrator gcncrali1co; a lim: plnttcd on 
a cathodc ra\' ~LTCl'll l>y ~i~naling thc dele-

tion or maintcnance of points. As the com
putcr "lcarn~" from what the opcrator 
sclccls il attcmpls to rccognize ~imilar 

· fcaturcs on its own. This systcm ;;t its 
prc~cnt fevcJ Of ucvcfopmcr.t CO:lCCntratC5 
011 thc ;¡ngular anu lcnglh rclationships of 
a v~ry ~mal! numhcr of scgmcnts, hut the 
numbcr of poo;siblc ways lo represen~ a 
~in¡_!IC ~:mplc class of fcature, such as ;: 
pcniu~t:la, i<> simrly ~laggcring. This inlcr
,Jctiyc systcrn, thercforc, n:prcscnls but a 
sm;-¡1! stcp .towarus thc solution oi a fan
tastically complcx problem. 

Thc seconu group sccks 10 approximate 
thc points ;don¡; a linc with mathem:ltical 
fttrlt:tion ... This can be done for thc wholc 
linc al once or it can he U(lnC in ~omc 
pi,·cc-II'Í\C ordcr ta'-ing a ~mall numhcr 
of CIHHH:ctcd points at a time. Thcrc a~c 
\t:Vt:!al d:ll't:rcnt mcthouo; fitting into thc 
lattcr catcgory. Onc dcvclop..:d hy A. R. 
lloylt: for ¡he llydrogr.1phic Survcy of 
C.1nada ( I'J72l computes a first ordcr 
lc.J\1 ~4uarco; linc through ::1. fixcd num
hcr of point\ allll thcn stt:p~ forward in 
th<Jt dirl·ction hy a predctcrmin.:d dis
t;:nce. ·r wo othcr npproachcs hegm by 
dcfining thc endo; of ~cgmcnts as avcragcs 
of a lixcd numhcr of points along thc linc. 
Kocman and \';¡ndcr WciJen'; sug.ge~t tak
inn thc lliC<lll whilc Jancaitis anu Junkin~7 

"' takc thc di~tance wcighted ccntroid. Whcn 
th('se ccntr;JI pl,int~ are joinc.-d thc rc,.ults 
~imulatc a piccc-wio;c approximation wilh 
functions of thc lir~t ordcr. lt must he 
mentinnc.-d, ho\levcr, that !he stated. pur
po~e of Jancaituo; and Junkins wa<; to 
~mooth anJ not ncccs~arily lo reduce thc 
fine. 

Thc rc,ulting data scts of cxtractcd func
t ion~ are cL·onomical in tcrm~ of ~toragc 

r.Andrt:w 11 C'knlt'lll. "'1 he Applic.Jtinn of lnlcra~:tivc Graphie-; ami P;1!tcrn Rccognit:on 10 
rhe R,·dut:liun of 1\Lq> Outl!nc,". 1\la,kr \ l'hc,i-;, l.lruvcr~rry of Br iti'h Columbia, ¡ 97:1. 
"C'. h.m·nl.tn and 1'. 1.. V,llhil'l \\'cHkn. "1 he AppliL·ati<>n of Computation and ,\utom:1tic 
Dr .t\'111~ llhflllflll'llh 10 Sllut:tu: al t;l'lll'J.ditall\111 .. , Cullogror¡•hic lc!llma/, Vol. 7, No. 1, Junc 
1970, PI; 47 l'l. 
<Jamc~ R J.Jnl'aiti' ami John 1 .. Junkin'. !lluthctlltllll'!ll T,•¡ lull<flll'.\' fnr Carto¡;raphy, Fmal 
Contra<.:! Rcp<HI (Llr U .S. Arrny Fngir.c·.:r' 'f upo¡.!J ;tphit: Labur.1tury, Fort lklvoir, Virginia, 
Contrae! No lJA/\K02-72-C'-025(,, h:hru,uy !'17~. pp. 15-20. 



space requin:d, hui are n:lalivcly time 
con~uming in the pnKe~\ing \lage. The 
gre;tler lhc 1111111her of p01n1~. the moJe 
co~lly ami complex lhe ope1alion ·1 hc~e 
funcl1on~ JCjlJOduce linc\ wlm:h are typi
cally lllllt:h ~moothcr lhan lhe lincs they 
rcpre~cnt In lhc main lhcy are prohahly 
much hclter \Uiled for ~nwtnning lhan 
reduclion ;¡nd have to he con,idc!cd ol 
limiled value fo1 gencrali7in¡.:. lunclion~ 

cxtraclcd in a picce-wise fa~hion tcnd to 
under-rcprc\cnl c1 ralic CLIJ"\T\ ami ovcr
rcprC\cnl ~rnoolher nuvc.., l\k1hod~ wluch 
looJ.,. lo1 n:n11.d h:ndencic.., .ue inclined lo 
ueprl''~ the clk.:l ol c·xlrcmc poinl'. Un
forlun.ttcl\, thc'e :u e ollcn lhc vcry poi ni' 
wh1.:h .[!Ívc ch.tracln ll' lhc lme. 

Of 1he group of mcthod~ which climin:~tc 
pninr..., \llllle conccniJah: on lhe poinl' 
whid1 .uc lo he dck'ted 11htle olhcr.., a1e 
dJrcclcd l1>11 a ni~ \Cil't:ling tl11"e )'OIIlh 
wluch are lo he nwinlaim:d. 1 he algo
ntlun' duccled al dcleling ¡winh are 
U'ill.dl) lhc ..,impJc,l. In the CI\C of dala 
reco11h:d hv llllll'-aulolllatic dJglllling a 

s•mple le't lo dwp thme ch>~er than one 
rc...ol11tion unit can elim1natc a large per
ccnt.t¡.:e of 1he pn1111.., rccorded. Thio; 
mclhod can he exll:nded hv purpmcl~ 

uenc"'"l!-! lhc ntlllll'l ical rc,ulution or hy 
c~tahli ... hing a lhre..,hold di..,lancc. l'oinlo; 
cJo,cr than lhi' di·.,lance lo nc•ghh0111.., 
are d1 oppcd.x 1 or cha111 cnc·oding a ~implc 
comp1 c,,;on on lhc ¡,,,...;..., ni cnn...cculively 
c¡¡ual vccllH'i can al..,o rC\ull 111 ... ignilicanl 
s;~1ingo;. 1 hi.., t:an he cxlcnlh:d a.., wdl for 

Olhcr 1ypc' of l'llL"Olhng hy ""'PP•ng poinlo; 
whl!ncver the dill!L"IJon ol lhe l1nl! i~ m>l 
chan¡.:cd lhrou):!h a thll''hold :tll):!le h~· lhl! 
~cgml!nlo; 'uhlended un it ·¡he Ulllkrlying 
plliJ'O'e ol lhl!'e mcthud~ i' lll climinall' 
wa ... ll'd d.tl:t 'P:tt:l! hui \llll'e lhc linc 
plottcd allc1 thi' KIIHI ol J'I<K'l:''ing \\Otlld 
1ook vcry much lhl! ~:uue a.., il 1\0Uid hl!-

AI.GORITIIMS FOR UNE RF.DUCTION liS 

hl!lll e 2 l.inc rcduclion by thc sclcction of 
Cl~''} ... i,th point. 

lo:..: 11 cannol rcprc~cnt a significan! stcp 
hlll'an!... .llllomat..:d g..:neralilalion. 

·¡he ~impl..:~t ami most oflcn uscu mcthod 
ol 1111..: 1t:duclion is tu dclete all but cvcry 
11 11 ' r~lÍill ;dong lhc lme whcrc n is a fixcd 
lllll',l!l.!l hascd upon lhe dc~i1eu' dcgrcc of 
1cdm:1ion" 'l he mcthod docs not rcquire 
mut:h in lhe way of compuling rcsourccs 
a111l il llllni ... he~ at·t·eplahlc tesult~ if thc 
d1~1liling wa~ exlremely dense. Thc pri
ma• y di,advanlagc i~ thc frClJUCnl climi
natinn or mi~rcprcscnt;~tion of importan! 
kalures along thc linc such as promon
ll>l i..:~. imll!nlalil'll'. ~harp angles and so 
lo11h. A 'econdary limilation is th;tt 
~11 .tight linc' are still ovcr-reprcsentl!d. 
·¡he-....: ,JHHicomings are made olwious in 

l'iglll e ::!. 

The allcrnalivc to ucleling points is lo 
sl!lcct lhem. In lhc spccial case of mono
lonit·ally ilKICa,ing linc~ ( for instancc. 
ju..,l one value ol "y" lor cvcry "x"), 
Cl'l''l' ami lwughs may he sclcc1cd. The 
olwinus di..,advanlagc here i~ thc omi~sion 
ol point.., where lh..:re i~ a changc of dircc
l~<>n hui 11 hich nonelhele<;~ are not crc~ts 
"' 1rough~. For i1 regular planar curves, 
lhc prohlcm i~ more diflicult. Jarvis con-

"W. R. '1 ohlcr, '"Nunwrícal 1\l:lp C.cncralilation", /llirhiga11 lntrr-llnii'C'I'.I'ÍIV Commtmiry of 
Mathcnll/111 al (it·o¡.;~ct¡•ill'' ,., ViH'II.\ 11011 l'apt:l No. H. lkpaltmcnt of ()l·ography, Univcrsity 
of 1\lichigan, January 1%6. 
i'Expcrimcntal Cartographic Unit, Royal Collcgc of Art: A utnmatic Carto¡;rarlry uncl Plan
nin¡;. London, Architl.'l:lural Prcs~. 1971. 
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vcrts thc Cartcsian lo. polar co-ordina te~ 
antl then looks for crc\ts and trough~.1" 

This is 11\cful for curves whtch can be . 
matle monutonic by th~ cunver ... ion, but. 

, as for Carle\ian mea\Itre, the solution 
cannot he con~idcred general. 

One altcrnative 1<> lin.: gencrali7ation 
whi(:h ~ccmed to :,,,Jd conceptual promi'l' 
wa~ thal mcthod pnwided by the Ger
man firm. /\. F. G. which \upplied the 
Expcrirm.:nt:d Carto!,!raphi.: Unit with ih 
GEAURAI'II 4000 plotter. ami. w:t\ 
de,cnhed by T. l.:tnj! in I'J(¡'J. 11 Thi' 
method wa~ rcpo:-ted a~ p.-oducing :n.:
ccptahle rc~ull~ hu! wa~ cvcntuali~· IC

jccted a\ a gener:d 1''" f''"e technil¡ue h_v 
the J:,p~·riment:ll ( arlllgraphic Untl <'n 
thc gwuml~ thal it fl''IIIÍil:d far too llli•Ch 
computcr time f1H tln: ''n-line proceo;-.ing 
sptcm heing ope1 :1kd al lile time ·¡ hc 
ohjccti1e ol thc pro~·':-',lute "'·'" lo dclcte 
poinl~ if thcy \I'~'IC Jound to Jie within a 
tolcrancc di\t:mcc ol a st1 :ll_l!hl hne o;eg
ment hcing lc,tcd lo rl·pre .. ent a portiun 
of the hnc. F10111 olll: te¡ll'c,en!:tlive point 
il con~lruct~ 'lraighl line' tó ~uho;e,¡ucnl 
poinh until one point hctween the reprc
~entative point and !he 'llh-point ¡, tur
ther away ftom the line l111king lhe lwD 
!han a pn.:- .. et lokrance v:i111e. A~ soon 
as thi-; condition ¡., .. ati,licd, lhe poinl 
hcfore the ~uh-point hecomc~ a 11C\v n.:p
Je,ent.ltive point and the proccdure i~ 

rcpeated The mcthod ¡,!i\'c' ;u.:~.:cptahle 

rl·~ulto; in thc case ot smooth curve\ hui 
it doeo; nol dclcct lhe he .. t tcpreo;cntal:l·e 
poinh on shatp curve<; ami lhc t<:sult .. are 
pat ticul.trly ttmati .. trint: whcre ~h.trp 

angle .. are numct o u ... 

Th..: mcthod .. pro¡Hl'iL'd in thi<; papl'r ;11c 
ha,ed nn a l'OIII."<"jll \lllllnvh::l ,jmi1.1r to 
tln.: pt~·-,ct tokr.tnn· j,k.l'i de,cnh~:d. h\ 
1 .111!; h_ul con..:~·ntt.th.:, 1 ather llll 1111.: 'L·k..:
llllll of pntnh r.tlhcl th.111 011 their Lil·lctll'll 

.o 

(o) 
(¡)• o 

e 

(b) 

A B 
/ 

1 

(e) 
Ao-= ~~8 

Figure ~- Sunjcctivc ~cl('ction of rcprc~cntativc 
¡)()iJll\. 

t\pproachc~ to a computcrizcd solution to 
m.my ptohlcms hcgin wilh an examina-. 
lhlJI of thc way onc would solve lhcm 
~uh¡cctivdy. Considcr the linc n:prc,cntcd 
hy P''inh illustralcd in Figure 3(a). One' 
might chlHl\C thc cncirclcd poinh ;p; thcse 
which tcprc~cnt thc origina! linc lo our 
011·n rcl¡uiremcnls · of :tccuracy. Pcrhaps 
th..: rc:J'on 11·e would sclcct thc<;c points 
:111d not othcrs might be illuminatcd hy 
cxamining thl! simpler situations in Fig
ure 3(h) and (e). Starting wilh the obli
g.ation to hegin with thc cnd points. thc 
Llllc~lion mighl he: "Why would therc he 
;¡ compul .. ion to in~erl a point e in (b). 

11 he re Jlo sw.:h compul~1011 would cxist in 
1 el'!" ·¡he pcrpcmlicular di~tance of (' 
t'wm thl' o;cgnt~·nt A-11 may providc a c:luc. 
1 hi~ \uggc'h that an arhitrary maximum 
di .. tancL· L'ould he l'\tahlt.,hed. ll JIO point 
:tlong th..: line Í\ llll thcr !han thi-; di,tancl! 
lilllll thc \lt.Iight linc o;egmenl CL'IliiCcling 
j¡, l'IHI p,11nh. thcn the slraight linc scg-

'"C 1.. J.trv1~. "A ~ktlwd for ,-=Ittin~ l'olygon<; to Figure !lounJary Data", The A11.1tralian 
C"lllfilllcr Jounwf. Vn! 3, llJ71. pp. S0-54. 
'· 1' 1 ang. "l{ulc' for l{obot' Drau¡;.hto;ntcn", Gcograf'himl Maga;:.in(', Vol. XLII, No. 1, Oct. 
1 %9, pp. 50-51. 



ment will !.Uilice lo represen! the original 
line. lt thi' condition ¡, not ~ati~fied, then 
another poinl along the curvcd line lllll\1 

he wlcl.:ted ami the ~ame 1 te\l \\Ollld he 
can ied 0111 with the new scgmcnts Thc 
nc\t lllle'>t.ion i~: "What po1trt-along the 
cut ved line 'hould he 'elected lo hecome 
the end p01nl ol the two new \lraight ~l',l:

rnent.., crcated'!" ·1 he ohviou.., an..,wer i\ thc 
flllthe..,t po111t lrom thc ~tr:1ight ~cgmcnt 

AltiH>ugh it i~ po-...ihlc that thi' pomt may 
he emhedded in a long ~rnooth cur\'e, 11 
¡, 111ore lil-.cl) that it · i~ thL' apcx ol a 
telativcl\' \harp angle. A~ 11l'il. thi~ po1nt 
ha ... ahL·adv hcen idcntllicd .~~ .1 IC\lllt l>l 
the Ji,lo~ncc '>eatch. lhctell>re. lhe henc
fil\ ii\SOCialed \\ ith ih \elcL'IIl>ll lar Olll
\\eigh thc po-...thlc allractton of ~elccting 
some othet reprc\cnlative pnint. In lhc 
ca~c ol clo,cd loop~. whctc thc lir'l ;ulll 
thc l,t\1 p01111 do tHII dclinc a ltnc q,en 
lhc m.l\tllllllll pcrpcndicular dt,tance frotn 
the ..,c~ment i~ n·placcd '' ith lhe' m:1\imum 
di'>lam.:e lrom the ¡mint. ·1 he 'ame proce.,... 
would he rcpc.11ed with lhe ncw \C~menl.., 
crealed until the maximum di..,tam:e rc
'luircmcnl i~ ~alt\lied for :di \lraighl seg
mcnl~. 

Two difTercnt procedurc~ cmhodying .thcsc 
rrinciplc' have hccn cncodl·d in f'OR
·¡ RAN IV and teslcd. In addtlion 1\lethod 
:: ha, hecn cncmil•d as a rccur~ivc func
tion 111 1\L(j()l. \\'. 1J 

Mcthod onc hc~lll~ hy delining the fir,t 
point on the ltiiC a~ an anchor ami the 
la'>! a~ a tloating point. ·¡ he~e lwo poinh 
dclinc a ~traight ~L·gment. ·¡he intcrvening 
pnint' along the curved l111c are e.\amined 
to lind the nne 11 ith the grealest perpen
dicular di,tance helween it ami the straight 
l111e defincd hy thc anchor ami the th>alcr. 
lf thi~ Ut\tance i~ le\\ than the maximum 
tolcrance di,tancc. then lhc ~traight ~eg

mcnt is ueemcu suilahlc lo n:prc~ent thc 
wholc linc. In the case whcre thc condi-
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tion is not mct, the point lying furthest 
away hccome~ the new floating point. As 
llu: cycil' i~ repeatcd the floating point 
adl'ances towa1d ·the anchor. Whcn the 
ma\imum di~tance requircmcnt iJ met thc 
:wdHit i.., nHI\'Cd lo thc floatcr and the 
i.!'t point on lhc line i~ rea\\igned a~ the 
ncv. tloating poinl. '1 he repcat of this lat
tcr op~:ration compri~es the outcr cycle 
ol the proc'c-.... '1 he point~ which had heen 
a"igncd a~ anchor point~ compri~e the 
gl'll~.?ralilcd line. 

1\h::thod 1\~o i~ cxactly the samc ac; method 
otH.: cxcepl that note is taken of all pointo; 
"htdl ha ve heen a~~igncd as lloaters on 
pteviou~ inncr cyclc~. ·¡ he~e ¡¡re staeked 
in a vector. Alter the anchor point is 
tllo\·cd to the tloating point, thc new lloat
ing [ll>int i\ 'eli:ctcd lrom the top of thi~ 
,l,tck. the1eh) avoiding thc nece~sity of 
Jc-cxaminin¡! ;di thc poinls hctwcen thc 
llo.lll'r ami the cnd of thc line. '1 his pro
.:cdure li\U:dlv rc~ulh in thc !telection of 
a sli~htl) grl'atcr numhcr of points than 
1\lcthod 1, hnl lake~ approximately 5 pcr 
~.:enl of lhe computing time ami is thought 
lo produCl' hcttcr caricature~. This mcthod 
can al'o he lhought of a~ taking a logic
ally hicrarchi.:al ;tpproach to line rcduc
tion. On une cycle extreme point~ are 
~l'icl:led ;md thc\c tc~ted to scc if they 
sullice 11 they dü not, intermediatc point~ 
are ta"-en and thc same quc~tion a\kcd 
ahout each ol the two new segmente; pro
duccd. ami then cach of thc four new 
~ct!mcnh are cxamined .... ;tml so on as 
11 in a htanching tree. Ei'tch hranch is 
lnmin.lll'd \\ hcn thc oll'sel tolcrance cri
h.:rton i~ ~ati ... licd 

ro cnahle va lid compar isons four scpa
ratc ~ubroutine~ wcre written on the ha~ic; 

ol thc pwcl·dwc dc,crihcd hy Lang. One 
wa~ an c\acl duplication of thOII proce
durc \\hile thc other three were comhina
tion~ of 1110 incorpor;1tcd modifications. 

'~Anurcw H. Clemcnt, "Thc Application of lntcractivc Graphicc; and Pattcrn Rccognition to 
the Rcuuction of Map Outlincs", 1\la~tcr's Thc~i~. Univcr~ity of Urithh Columbi01, 1973. 
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·¡he rrogram I.ang de<;crihe~ sl;u !s hy 
a\\ign1ng the fir\1 po1nt a<; lhe :mchor and 
third a\ a ilo.tt;;r. ·¡he second is le,ted lo 
'll! jf it J¡e~ witflin toJc¡ ;am:c di'>l:llll"e nf 
tlae 'cgrm:nl ddim:d hy lho.: .andao1 .tiHI 
!he flua!cr. lf 11 doe,, lho.: lollllh ¡, ;¡,. 

"!!llL'd a~ thL' tlo.aler ami thc 'ccoml ;!illl 

lh11d a•c cxamim:d .tnd'"'lo-on. ·¡h.: fj¡,¡ 

lloating poinl dcfi11ing a 'cpmcnt whidt 
dL'e' nol allow ;di iniL'I vo.:nmg poi ni'> hl 
s:ali,Jv the folel.lllce l:lltcri:~ ~:au>c<; lh..: 

:1111:hur ''' mov.: lo lhl' 1)(11111 hci<H<: thL· 
iloating poinl Sino.:c 'L'il'L'Iilln ol tho.: ('tlllll 
imm.:di.ttclv hclo1~: the tlo.tt1ng po111t '"" 
no e:utl•_:!iaphH: ¡aa,li'tic.~tion. lho.: fia'>l 
modirio.:alitlll of th.: paPn:dure h.t'> 1hc 

andHII f'''int nww lo IÍH: pninl fualhL''' 
frnm the '>C~men!. l he ¡.:;a,uning hdtond 
~t.!lcL·ting the furlhe'l puinl ¡, ih:tl 11 i' 
lhe 0111.: Jl\0,1 hkclv lo ,uht.:;¡d a '>h:tl r 
angle and would lheal'lt'l..: h:~1e !he hL''I 
ch.lllL'e ol prtlf'L:I lv I<=JliL:'>l'lll111,l! !he lin.: 
·¡h.: '>I:L'Illtd nHHiili..:alion aiiL:IllJll'> lo L'llt 
COillJlllllll,!,! 1111\e hy ;¡l'llldlll),! 111\llL'O.:C"dl )' 
n:pl':ilcd e.dud_alit!ll'> __ oL_dL\Iancc 1 10m 

---------,--:e 

l"igtlle 4, il i' ck.a1 1h.1! 111 IIHh! c,,,e,, 

the '>11111 ol lhc d!'>lan..:c' a + h + ..: '' 
gn::ater rh.m thc ¡_!ll'.lfc,t di,1:1ncc th.11 1' 1. 
1':. or 1'-1 lie<; IIOII\ thc '>L'¡!Illcnl 1'.,1' 1 In 
olh.:r 11ord,, il a 1 h 1 L' " IL:~~ !han thc 
tokl.ano.:c d!'>lanco.: rhen d :d'o 11ould he 
le\\ th:111 lhe tokrancc. Onlv om: dJ,!anc.:. 
rathn rhan .di ol rhc iniL:n'L'Illll):.! OllL''· 
h,J, ''' he c.ilctii.IIL'd on l'dL'h ~:ycic. 1 he 
1111\L'I CYL'k, 11\kndcd lo lilld lhc r<lllli 
lying lu¡lhe'l IIPII\ lhc 'L'~tm'ill, " 111-

~?~ . -~~ ~ ~ p ' • . 
1~ •• "d •• • 

~ "' .... .... .. .... 
.. · .... .. .... 

Figure 4. Running rcgi~lt:r~ of at.:L'lllllt.i,lll'l~ 
olf,ct J¡qan<.:c~. 

vol..ed only in thc cases whcrc the accumu
lated total is grealer than thc tolcrant.:c 
l'm\tivc ami iH:gativc accumularions are 
J..ept in ~cpar;tlc rcgistcrs to avoid su~-· 

lr.aclilli~'> !Jom thc1r ahsolutc magnitud¡~; 

in thc GJ\C ol d,Hlhlc curve,, Thc: maint..:
n.tnce ()[ rhe~c rtllllling rcgi~ters i'i rar
(ll:lllaily ¡¡o;clul 1\hcn series of poinl!. iic 
along ~l1.ai~hl linc\. 

·1 he fil'>t nwddic.1tion which a!Ecmpt~ lo 
~..:kcl ,, poinr which i~ more ration:tlly d.;!· 
fined !han 'implc convenicncc, h:.s rhc 
e\pcctcd rc,ult of approximatcJy doub!ing 
thc numhcr of point.~ sclectcd and thc 
p1 oL·c,;;ing tim.: rcL¡ui¡ed to isolatc thcm. 
1 he 'econd modilication detini1cly reduces 
lhc tilllL' '''LjiiiJcd lo proccs'i a given iinc. 
L''p..:~:la!ly it a gre;,t many poinl~ are de
kted hecau'c thcy lic along rd;Jtivcly 

'' ro~i!!hl wgmcnt' 

;\11 p1on·dtiiL'~ 11crc Lc'>lcd and compa;cd, 
holh f<ll' th1:i1 ahiill)' (O JCilllll'e 111\lll'CC;;. 
~.11 y JH•IIll'>. lh:tl i' 11 ilh the olf...ct toler
an, e 'L'I l•> h.: le" th.1n the re,olulion of · 
the plolllll,l.! dcvicc ( l'ig11r.:: 5), :11Hf lhcir 

:d,ilily ''' (1lllllt1~·o.: Cal j,·;!lur..:d rcprc,cnt:l· 
llllll\ ( 1 1!!1111: h). 1\11 1\t:rc judgcd Ir, pro
duL·e \ati,r.a,·fol y rc,ults for simple line 
¡edllclilln. ho11evcr thc vcr~iom of thc 
1\. ¡:, ti. P'''cedurc withoul tho.: nwdifi
c;d¡un lll piL-J.. the furlht:\1 roinl frorn thc 
IL',fL·d ~·:¡;niL'III Llid nol pro,!uc.: ~.ati,fac· 

Ion· L',lfleallllc~ hceau.,L: llf lh..: tcndency 
''' (>1\lil .utd L'lll L'lllilCI '· The ntclhud~ 
J'IC't:nlcd in lhi~ papcr werc tC'>ICd Wilh 
'uh,LIIHi;d dala 'e" ami fouml 1\J he 
('j1l'f,llion:dl_v 'uitahlc huth lor simple rc
duclalit ami in tht: pioduc;i,>n ot \aiÍ\· 
! actor~ ah,II ::ction' ( Fi:;ure~ .'i and 6), 

l>ctaikd Ctlmpari,on~ ¡n computing time 
JL'lluirl'LI IPr L'.ach 'uh-ro:Jtinc \,,.,,.: n1ad.: 
on 1 he h.hl~ ol a tlu ce 1nt.h Sljll;" e and a 
lhiL't.: inch d~:11ncll'r l'lrck. cach rn:ulc up 
ni ..Jtllill f'<llllh cwnly d"trihuf~·,l .t!ong 
ih l''.'iiphL'iY l! 11:1~ lcli thal lhe '>ljll.lfC 
''"laid ~:11C .tnq,le opp<•rlunity lo Lknwn
~II.Jic ¡!,e I'"IICr ol L'aeh routinc in thc 
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Figure~ Conl<llll' plollcd fro111 lile Oll.t'rn.d dr,t.:rll/l'll, unduplrcllcd al .001 n:,ohrtion, 41,311 
pornt' lkll ). ;rnd lroru 7.7~~ !'"'"" l11;clr1) ,,·du<e·d hy 1\ktlrod 2 1111h .1 lokr.rnc·c 'el lo h:df thc 
rc,olutron ol !he· plollc'l lile lldllc'll<>ll jliOc'l'dlll<' .odokd J(, 'i 'ú01hh lol thc· (,4 '>CllliHh fl'<Jllirctl 
to rcad :ond 1111lc lirl' d.d.o luplol lhc rn.rp Pllllre kll Jire· rnr.q.!c' 111.>} he comparcd 11ith a ~implc 
~te reo'"' pL' . 

Figure h l.inc rcdun·d a11<l c.rllc:rlirr<'d hv /\lctl·od ~ 1 he· lokranc:c· \'ahiL' cmploycd is shown to 
~cale,¡ thc kfl of c·adl L:,lfrc·;rturc 11 lrrd1 w." rc·duel'd frnm tho: Pri¡:inal data rcprc,cnted by thc 
top l111c 



TABL[ 1 

Pr\OCP;SI'G Tf\fr P.I"')LJRED TO R[Dl C[ -\ 3" CIRClf -' '-D -\ 3.' SOL' .>.P. l. \f ~DE l'P or .1Q('I() POI'- 1 Sr \CII f\ f'-l Y ~nCJ:D \LO',(i THE PERI\IEHR. TO THE '-l:\WER 

ur PUI'T~ I'-IW~·\flO \\lfll Tlil GI\L'- oliL>IT lt:lrJt\-..;C'I:. 

=--=-==----=-=:o--·-.:_-::-.-=.-..:c=·:-=::o-=----=~=--=-..,. _- ----=-----==-- =--=--=-------- - --·-----=-=-=-:-.c.-=:-=c=:-= .lt::f==-== 
O!l,.:t TL•kr:¡ncc 1:nchcs) 

SOL .\RE .001 .005 .01 .05 
--------------------------------------. 

4000 poims 1'0i !liS Ti m l.! P01n1;; TH:l.: P0in1' Time roint.;; 
--------------------------------------------------------------------
.\.[ G. prü.:cdurc 
:\ E G r!u< \h•d 
\ E G ~,!us \ll•d 2 
-\.E.G rlu~ \l0tk 1 .1nJ 2 
\IC!IwJ 1 
\lc1hod 2 

CIR( LE 

4000 points 

A.E.G. prL•(:cdurc 
A.E G. plus \1od. 
. .\.E.G plus \!otl. 2 
:\.E.G. p:us \lods 1 and 2 
,\lcthod 1 
¡,i.:thod :! 

5 
5 
5 
5 
5 
5 

88 
171 
88 

1 il 
127 
129 

~S ~ 5 
SI ~ 5 
22.6 5 
~:!.8 5 

.7 5 
.,(i 5 

5.5 40 
10.4 77 
5.4 40 

10.6 77 
::!5.1 56 

1.8 65 

s~.6 5 ~..,. " 
t.: J • • l 5 

s:~ .lJ 5 :''-'.G ) 

.:-L5 5 ~r •. o ' 
22.5 5 :2.~ 5 

o' 5 .S 5 
.6 .6 5 

11.1 29 14.9 14 
20.4 55 :s.6 25 
10.8 29 15.-t 14 
21.5 55 .30.0 25 
10.4 39 7.5 18 
l. 5 33 1.2 17 

.1 

Tl!llC Pomts T1T.-: Pmr:ts 

SS.J 5 ~f' 4 5 
¡;:;-:,~ 5 1\'i.S 5 
..J5.$ 5 -t-+.5 5 
::.9 5 ~3 .1 S 

.S 5 .8 5 
o 5 5 .5 5 

32.6 10 .e.4 5 
60.4 18 34.8 < 

J 

32.7 JO 41.6 5 
60.9 18 87.8 8 
3.7 13 2.7 6 

.9 !7 1.0 S 

.5 

T1me 

S6.9 
1 i3.9 
4-L i 
31 .4 

o 7 
.6 

97.1 
109.4 
92.2 

170.2 
1.0 
.6 

1-.J 
o 

::: 
= 

> 
:n 
> z 

;;: 



A.E.G. ~lethoJ 

A.E.G. McthoJ •'1bd 2 

/ 
\ll'thod 1 

• 
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A.E.G. M~thod + Mod 

A LG. ~lethoJ • ~bd l 
and ~loJ 2 

rigurc 7 l'lollc·d IT,ull~ for a ri1rk· anda "III,IIC cach m:uh: up of 4,000 point~ nrounJ it~ pcri
rncll:r. 1 he d1ll' 1111 tln: hound.11 ¡,, ind~~:.dc· lhc ,ckc·icd p1>inh b) thc indicatcd p10ccJures. The 
tukl.lllcC \',du..: ol 1 im:h '' ilhhil.dnl to ,..:.d.: .11 lh<' l<'P l'c'lllll' of C.!l'h diag1 a m. 

ca~e \\ he1e 111any p1>i11h :don~ a l111c ale 
to he d..:lctt·d. 11he1e:" thc l'llclc \\ould 
he more lt·prc,clllalii"C i11 -.inuo-.ity ,,¡ 
dr.I\VIl or cmpi1 ically ICl'orJcd linc-. a-. 
lar ;¡-, lhi-. liming lc-.1 "·" com:cllll'd 
l"ahle 1 pn''l'llh ¡c-.ull-. h1 1hc c'labli,hcd 
ofl,cl lOil:i:IIICC in lllllllhCI ¡)( poinl~ 'cl~l·· 

lcd ami in 'l'L'<>Jnl., Ct'lill :d P' <>L'l'"in!:! un1t 
llllll' JCljlliled lo1 llll' Jt'dlltll<'ll pllll'l'durc 
f l. ll. f\1. )70/l)'\ undt'J 0/~ 1\1\' 1). 

IJgtlll' '7 illu,lratt·, plollt·d rc,ulh for a 
1/lfl" oll.,l'l lllk'J.IIllT 1111h lhc ¡)()inh 
~..:lec:ll'd bv cac:h J<Hllinc IIJ.Jrh·d "ilh ;¡ 

hea1·y d<>l ·¡he laL'I lh.11 1hc JOlllillc'' 
~l'i<.:t:lcd Jilfcrent l">int., ami ddlc'Jcnl 

lllllnh~:l' of p<>illl~ ¡, not unmual or un
L \jll'L'Il'll ami ''mil.1r dJifeJ<.:nl'e~ oc<.:ur in 
lhc: t:.l'l' ol ,¡llllol" lin..:~. Thc ~hortcom
¡,,1::! <>f 1he lllllllodili<:d A. E. G. pwl<.:durc 
" e1 id.:nl in !he ct'e of point~ ~elcctcd 
lo ll'pre,l'llt !he· ~t¡u.tr<.: .... 11hich 11crc 
ju't le" than 011..: tolerancc llllll from lhc 
c'<llne~o, l<>r all hui lh..: fir,t nnd b~l puinl. 

1 :1l·h routin..: 'l'l.:ciL'd fi,·e poinl~ lo rcprc
'<.:nt lhL• "lli.Jre ami each look <~ppro\i

lll.JIL'lv lhL' 'ame lime lcgardl..:c;c; ol !he 
lokr.Jlll'C, .:xn·pl wrlh !he 'econd moJili
l'allon In lh" ca'l' the lir-.t slcp olf thc 
'tr.u!:!hl lin.: l'.Jll,cd thc inner cyclc to he 
"'''l>~cd ,\l11ch lound thc ncw am:hor 
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¡mini on lhc tirsl iteration. More itcra
tions were rc¡¡ui1cd for thc llthcr tolcrance 
limits. 

In the ca\C of the circlc an incrca~c in 
lolcrancc limit Clll~ed a decrca'e in thc 
numhcr of point~ lound tu.u:prc-,cnt it for 
all mcthmJ,. ·r hchc mctltmh 11hich pu-.h 
thc cxamin;•tioll 'e~mcnl ahead of thc 
anchor poinh. th.1t i~ tlll' 1\. r. U. method 
with non~. onc or two muditication~. t.1l..c · 
lon!!n lo pcrlorm a~ thc t>lfwt tolt:r.lll~'L' 

is im.Tca-.l'd ·r hi~ tlten:ln1~ CP111pri'c' thL· 
main rca,on th.1t thev .lt;,,·c to he t:<lll\Íd
crnl 1111'-llitahh: in ;111 ''P•'r atiunal t:•lllh'\1. 
·1 hc\C p~<•n·d•llc·, are Ja,!C\1 il thL')' arL' 
unahlc to dl'!l'te anv pPilll'-. hc~:;III\C in 
'lldl ca~cs thc1 110111d ha1c ro cxaminc 
onlv onc point lo l'(l!llc ''' that dL'l'i,¡,,, .. 
On thc othcr hand il a ~rc.11 lllilllhcr of 
poinl\ are lound ¡,, he Lkkt.1hh.:, incrca'
ingll l;u·~l' iniiL'I l'~ek~ a1c imnl..cd f,,,. 

cach :Hivance of lhe noating point. Thc 
1\I'O mcthod~ prcscnted in this paper work 
in entircly .fhc oppositc way am.l :1rc fasl
c't in thc ca'c of line~ which are found to 
he rcprc~cntahlc with a smaller number 
,,¡ point~. l'rc~umahly this ¡, lhe ohjcct 
of 1 he clf,•rt. 1 n :111 ca~es Mcthod 2 is se en 
lo ta"c "' littlc a~ 1 pcr ccnt of thc time 
rc,¡uircd by thc othcrs. 

·¡he priml! purpo~c of thc routines dic;
Clh'>ed hae ¡, ll_l reduce thc numhcr of 
point~ rcquircd to rcpn:~cnt a linc and 10 

p• oduL·c ah~t raction,, or caricatures of thc 
Ji m: 111 'ca,L'' 11 her e thc~c will ~uflicc. In 
manv c:I~L'' thc'c C<>uld he con~idl·rcd to 
hL' Jll'l'lcl'tl\' adc,¡uate gcncralization pro
~.:ed liiL''- \\'hile thc ~cope of gcncraliza
ti<•n i~ 110 douht mud1 hroadcr, linc rcduc
ri,•u hl' lllL'an' ~uch a• tho~c tJc,crihl:'d 
he¡,•, rcprc~L'III~ an importan! portion of 

. that topic. 

R(SUI\If'. Rl:glc ~~n~ralc. J..:., métho<k~ numl-liquc' cnrq!i,IICilt dl's lignc~ :JVl'C bcaucoup plus 
de d<llllll'C~ lJII'il n\·,¡ nl'(C.,..,dle ;'1 f.¡ ll'J'I<I<IIIllll>ll glaphi<JIIC J'll:d,l' 011 i1 la rcchcn;hc par Or<.Ji
ll.IIL'Lir. 1 .'au1..:111 p•<·,cnl<.: dl'll\ al gol itl11n,·~ pour ll;.luiiL' 1..: nomh1 c de point~ n.:ce...,;lirc~ pour' 
repll:wntcr la li¡.:n..: el p~<>d111re de~ c11 ÍI:.IIIIIL''>, 'i dé'i' é. ct Jc, l'l•mparc aux m.:th¡>dc~ le~ plus 
pronH:Itcuw' ~u.~¡:é• éc' l""l''·"·i La 1 édu,·tion de la lit:nc n•n,titUL·ra une partie importante de 
la générali,,llion ;¡utonl.ll ilJII<.:. 

ZUS/\:\11\IFNF,\SSlfN(i. /\lle Di~itali,icnlllí!'llldlwden 7ridHI<'Il in dcr Rcccl 1 inicn mil be
lll'llll'nd ml'ln IJo~kn ;111f ;d~ lur L'ino.: ¡!L'n,,u,.' ,:r·'i'h¡,,.,,,. \\ i,·dcl ,:.dJe odcr fllr cinc Compulcr
anal)"' llllrl\l'lldi¡.: 'ind. !11,:i 'f'l'tielk R,·.:t .. ·n'L'IIahr,·n 1111 R,·duti.:lllng dcr l'unldclahl. ~.Jic 
;ur J),,,.,¡,·lltnl¡! ,·ine• 1 1111<: b,·n•>li¡:t wcllkn und d,,. o~ll<'h J.dl' l'l" un ... ·ht \'crzcrrun¡:.:n pro
dlltÍL'Il'll, 11 l'l<kn '"' !!'leflt und 1.:1 ¡:lidl<'n mit den bi,hcl .1111 mei,t,·n 1'<.:1 'l''''<:henden 1\h:thodcn. 
Die l.mi.:m.:duti•:1ung ll'lld l'irH: gll"\l' RoiiL' in <kl .llll<llll.lll'iL'IIl'n liL·n.:lalhierung ~p1clcn. 

RFSUI\II'N rudo~ lm método' digit.d,·~. ,·omo 1cgla g.:m•r;d, rc_!!i~rran linea~ que tirncn mucho 
m;í~ d.~to' '1'''' '"' nú'l''alill'> pa1a !.1 IL'J''''dll,.,i,··n ¡:1.ili,·,~ L'"''c~ta o para l'l an;ili'i' por .:om
putadoi;L :-,,. P'<'Wnl:lll du, ;d;:olllln•" 1'·"·' ¡,·du<il ,.¡ nÚJIIl'lll <k punto' rll'L·c~ario~ para n:prc
'<'rll.lr un.1 IÍII<'·' 1 ""' "''"'"· l"'"''"'it c.u~e·.llul"': <'''"' "' LL>Illp.l!;ln con Ju, métoLk>~ rn;i~ 
p<HIIL'll'lllllL''> '>llf'l'lidu'> IJo~,l.l ,¡JI\11.1 J.;, l<'<illl'-llill <k JillL',l\ follll,ll;i ¡_:ran p.IIIL' dl! J,1 allllllll,lliz~l
~;it.,JI l"ll gl'lll'l 11 



Choróplcth 1\laps '\Vithout Class IntcrvaJs? 

W. R. Tobler 

It is now technologically feasible to produce virtually continuo:..~s shades of 
grey by using automatic map C:rawing equipmcnt. It is thcrdorc no longer neces
sary for the carlo6raphcr to ''quantize" rlata by combining valucs into class 
intervals. As a simple illustralion an automatic linc plottcr can be programmcd 
to draw lines virtua!ly any distancc apart ·(Fig. 1). Thus, one can obtain any 
desired d:~stiny of inkcd arca to '.Yhite arca. For example, if the ¡;cographic:tl data, 
symbolized by z, are normalizcd to lie in thc range from zcro to one, then an 
appropriate spacing of orlhogor::al lines of width w is given by 

s = (wjz"') · [1 + (1- z''V"]. 

Hcre an expnncnt (x = 1.4) of z has been choscn to approximate the nonlincar 
respo:1se of thc huinan eyc [13]. Thc t!nits of thc spacing s me those of w. 
Comparable cquat;ons are easily obtaincd for dashed lincs ür for dotted m:~: .s. 
Automatic equipm~nt that produces grey arcas by modulation of light intcnsities 
can produce C\':'11 marc refinerl displays. Thcrc thus results a c!10roplcth map on 
which the \'Ísual intcnsity is exactly proportional to thc data. inlcnsity. Since no 
clélss intcrvals have bccn introduccd, iliere ís no quimtizaticn error f J, 2, 11]. 
Thc much sl•idied [5, 6, 7, 8, 9, 10, 12] and diflicult problcm of optimum clas~ 
intervals is thus ci 1 c.umvcnted. .. · 
~ome carlr_ogr~r'b':~s ~rill st!H 'vish to g~oup tl•~!r d~Ja intc r!asses :u~d '\ill 

;:;r['UP ~.h:~t H:ry rln this in orrlfr to ~im['lify or .:'!!1-J~.!lr::f t!u~ !:~?~ f~ ... t~e '.:5e~. 

Thi;;, thcn, is a prühll'm of m::p geueralizatinn and not nccc.ssarily one of chosin~ 
dass inter.,.;,ls. 1 a:-,umc that, by <ldmiiion, a gencralization of a choropleth map 
is another choropleth map, not a smooth surface as might be built up from 
modeliin6 da)'. 

A choroplt'lh m:~p can he gcncralizcd in at lcast four w;,ys. First, hy comhining 

JV. R. Toblc~ is profcssor of gc.ograplzy at lhc Univcrsily of Jllicl:iKall. 
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adjacent an•al units (units that bave similar values are made into new units 
whose value is some combination of the earlier values, or small units are elim
inated, reducing the resolution of the data); secondly, by simplification of the 
boundaries of thc aroi uni~;- tbirdly, by changing tbe value of each unit in sorne 
manner which dcpcnds on thc v:~lues of the actjacer.t units [17]; fourtbly, by 
quantizing the data more coarsely, i.e., by picking large class intervals, or by 
using sorne nonliPcar cl<lss intervals. As an ana1ogy, one may consider the ways 
of generalizing a topographic surface: by varying the spacing of the sampling 
points, by smoot!Jn6 with a filler, or by choosing a lc!rger or variable contour 
interval. Thc lath:r niethod is of course comparable to the choosing of class ínter
vals for a choroplt>th map. Enlarging or rnodif:ring the contour interval, without 
simplifying the cr·ntfJurs, docs not necessarily improve the rnap, but rnay enlarge 
the quantization error. Taking samplcs at larger or different spatial intervals is 
equivalent lo filtcring using a differ"ent two-dimensional Dirac comb [J) and 
thus is a type of smoothing. Thc more general case is to modify the values of 
each unit in a controlled manner that depends on the values of adjacent units 
[ 14, 15]. This ir. easily achievcd by performing the choroplethic equivalent to 
taking a two-dimensional weightcd mo\ing average, as, for example, in binomial 
filtering [ 4, 16, 17]. Eitbcr smoothing or emphasis can be obtained in this 
manner. 

The main argumcnt in favor cf using class intervals scems to be that their use 
enhances readability. This at lcast is the assertion. It scems equally plausible that 
this is also truc of the three altcrnate rnap gcneralization rnethods cited above. 
If the assertion is in fact valid why then is grouping of greys into classes not 
also (c.g., in addition to spatial f¡Jt.cring) used to enhance aerial photographs, 
or tclevision? Fcrmulae for thc optirnal quantization of imagcs are in fact given 
in the Jiterature on picture processing, where the main diff¡culty stems from the 
conversion of continuous images into discrete signals, or relates to transmission 
bar~d-"Y;¡dth and noise rcduction studics [í, 2, 11]. -Typically, a Jarge number 
(2°) of lcvels art! recommendcd, comparcd \\ith the small (2 2 to 23 ) number -
used for choropleth maps, though somcwhal fcwer levels are requircd for cqually 
satisfactory colorcd pictures. lt is thus not clear why the theory for piciures 
should differ from the theory for chorop1eth maps, sincc both have visual infor
mation proccssing a~ -the:í uhimate objcctive. Presumably, both ha ve sorne do
~ain of '.'~Hdity,-but the Jirnits need further cxploration. 
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Cartographic Data Structures 
Thom;1s K. Peucker and Nicholas Chrisma::t 

:\nsTn,\CT. Eiticicnt a:1d flexible data structures are imponant to the devclopment of 
computa mapping. lviost current data banks are charactcrized by 1) structures which 
are convcnicnt at <he input su.ge rathcr than at thc stagcs of use within computcr 
program~. 2) Sl'par:Hc ;,.nd uncoordinated files íor diffcrent typcs of geographic fca
tm.::', and 3) a lack of ir. formation about nci¡;-hboring entities. The ter m "nei¡;hbor
hood iunction" may be uscd to indicate the rclative location of a geographic cntity 
aml is a conccpt whi~:h i~ involvcd in all thrce of thcse characteristics. Ongoir.g rc
s.:arch or. data structur;:s had led to work on thc GEOGRAF system íor enc:oc!:ng
planar data and the GDS (''Gcographic Data Structure") ior encoding thrce-dimenb 
~ion:d :mri:lccs. Both invo!vc data manipulation betwecn the digitizing stage and the 
actual use oi the data with:n computcr mapping programs. 

INTRODUCTION 

• \ series of ongoing research projects 
are conccrne<.l with efficient and flexible 
data structurcs for geographic and carto
graphic analysis. The three mair: points 
of conccrn in the research can be sum
marized as follows: 

1) In most cartographic data b.l.nks, the 
arrangement of the data is guided by the 
input stagc. In other words, little ma
nipulation oi the data is performed after 
thc elata havc heen input into the system 
from maps. 

2) Cartographas and computer scien
tists ha ve m acle {cw attcmpts to combine 
¡Jjffcrcnt ty¡w!> (Jf cartograpllic iuf,muation, 
ior cxan1ple, lwi.:.:ht with othcr cartographic 
f,·aturcs. Therdon:, tllc tiiffercnt typcs of 
cartograpl1ic t'lll it ic-:- ar,· storcd in cliffcrcnt 
f¡J,., aud it is usually l'Xtrruwly time-con
Stlllling w conihine thclll. 

3) Thc elata st ructurc is usually very 
simple ami lach., one facct in particuhl.r 
wbich is essential ior nmch gcographic and 

Thomas K. Peucker is associate professcr, 
Simon Fra~cr Univcr~ity, Burnaby, Canada. 
~ichola~ Chrisman is senior programmcr, Lab
eoratory for Computcr Graphic::i and Spati:~l An.1!
ysis, Ilarvard Uuivcrsity, Cambrid.:c, Massachu
~cll~. Thc rcscarch for this p;¡pcr has bccn 
~lll'l"'rt.-d by 0::--TR cr.ulrart NOU014-7:l-C-ül09 
;,uol 111" l.:du•r:llnry í .. r C.unp11ll'f Crapl1ics anrl 
Spati:ll Aualy~is, l Iarvanl Uniwrsity. 

car~ographic analysis-an 1ndication oí the 
:relative location oí a geographíc emity, 
i.e., the position of a geographic cntity wit'h 
respect to its neighboring entide::;. 

These three points may be abbreviated 
with the terms f!exibility, comparability, 
and topology. This pz.per will characterize 
types of existing geographic and carto
graphic data systems for planar and three
dimensional surfaces, especially with re
spcct to thcse thrce points. The paper will 
also describe artempts wh:ch have bcen 
made by the authors to produce data sys
tems which eliminate some of the probl.'!ms 
of existing ones. The tcrm "ncighborhoo<l 
function" will play a majar role throughout 
thc papcr and will thcrcforc he cxpbincd in 
more <k-tail in tite iollowing- scction. 

NEIGHBORHOOD FUNCTION 

\Vhen asked for the location- of a city, we 
will give the location with respect to a 
river, a seacoast, a pass, 3. neighbor:ng
largcr ciry, or othcr fcature. Rarely will 
wc use the geographic coordinatcs oi Iongi
tudc or latitude, nor will we use map co
ordinates. \Ve are :aught in elementary 
g-cügraphy that thc g-eographic coordinates 
1\ ill tcll us littlc about cithcr the larg-c-scale 
( ~itc) or :-m;dl-sc-alc (si t uation) char
aderisti,·s of a pl.Lrc. Similarly, if 1 de-
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~,·nJ¡~ 111)" pn~ition on a picce of ll.:rr;tin, I 
will uot use my map to detcrn;ine my lo
cation within the UTM-grid; rather I will 
look for nearhy relief featurcs (peaks, 
ri\'crs, slopes, roads) as oricntation char
actcrist ics. 

In contrast, when a g-eographic data hank 
nf any kincl is created, it utili;res some kin•l 
of absolute coordinate system. Usually 
neither the g-cog-raphic evaluation at the 
time of digitizing- nor the mapping system 
uscd with the elata allow the inclusion of 
snd1 cartogr:-~phic features :-~s strects, rivers, 
all(] roacls which would g-ive us an indica
! ion of rclative Jocation. 

\\'hile the human user can he aided in 
his orientation on a map throuRh overlays 
or map comparison, the computer has dif
ticulty in determining relat ive location. If 
the relative location in terms of the closest 
points for each of, say, 5,000 points is to 
he c..'\lculated, the prog-ram literally has to 
compute every point's distance to every 
other point. Indeecl, some widely-used 
progr:-~ms do this computation severa! times 
within one program run. ' 

Some indication of the rclative location 
of a geographic feature can be very useful. 
This neighborhood relationship. will be re
ferred to as a "neig-hborhood function." 
It can he expressed in di fferent ways: as 
an e:rplicit or hnplicit fuuction, or as a dis
crete function in the form of a table. 

The c:rf'licit functiou can he a polynomial 
or trigonometric ec¡uation sct for a discrcte 
grid of surface patchcs which give the form 
of the surface at each pnint within the 
patch. Typical for this approach is the 
work of J unkins, ct al. ( 1973). Two
dimension:-~1 spline functions also fall into 
this categ-ory (T-Tolroyc] and Rhattacharyya. 
1970). A much more frec¡uent way of de
fining a neighhorhood is by the explicit 
iunction in the form of a sort routine which 
finds the closest neighhors. This is clone 
in various interpolation algorithms to pro
duce a regular grid of points ( Shepard, 
1968; Heiskanen ancl :.\foritz, 1967). The 
computations increase close to the sc¡uare 
of the increase in the number of points, 

" since the search has to he repeatecl for 
cvery point ami all points, or at lcast a 

sr, 

lar¡.:~.: &auiiiJcr of thcm, lllliSt be J'r<.'..:.·~-.• ,, 

cach time. 
This search proceclure also r.¡.¡ •. ih ·'· 

the case of pJanar suriaccs whcre nci:~"
horing polygons must he foun¡J. FM ,·x
ample, when contiguity constraints are im
poscd in problems of factorial ccolo;..'Y a;¡.~ 
other regional correlations, all po1y;.:• .. : 
points must he searched to find thosc v:hic:i 
are in common for a pair of y•ol_v~cJ,h. 
Again, the problem increases in compkxit:. 
according to the square of the numbc~r ',¡ 
the itcms heing searched. 

Thc implicit functiol! cxprc,;sin.~ ;h·i:.;l&
borhoocl rclationships is usually a iunctir,u 
that clescrihes the coding structure r,f the 
geographic entities. One very g-ood case 
is descrihed in Rosenfeld (1969) for clif
ferent types of ne1ghborhoocl relationships 
within a regular grid in which ~he point 
P,i has the four neighbors ( i + 1, j). ( i, j + 
1), (i -!, j), ( i, j -l) ancl it has thc ci~lll 
neighhors (i+l. j), (i+1, j+l), (i. j+l). 
(i-1. i+l), (i-1, j), (i-1, j-1), (i, j
I), (i+l, j-1). 

N eig-hborhood relationships in the fon11 
of tables are very rarely used. Tl1i~ type 
rccords the neighborhoocl function hy 
"pointers" indicating neighboring- gcr•
graphi~ entities. For example, a structttrc 
which is built on the basis of Thic;;scn 
polygons could have such a strncturc ~~-~· 
simply having the Jabels of the ndghLr-.rir.;~ 
points accompany the record of each point. 
The most widelv-known structure oi this 
type is the DIME file of the U.S. Ccns¡¡s 
which encocles line se¡::ments, the 11:111ll',; ni 
the polygons to the lcft and right of l·ach 
linc scgmcnt, and the names of thc twn 
nodcs at eithcr end. The nl'i~hJ,orl.ood 
rdationships usecl in the DB-TE dl'wlop
mcnt are derived írom the clisciplin•· oi 
topology (Cooke and Maxfielcl, 1967). 

Neighhorhood relationships will he: ciis
cussed in greater detail in the analysis of 
various existí ng data strnctures. Two 
types of geographic data hases will lJl' ,li:;
c-ussecl: those defining planar surf;-,cc" ~.ncl 
those defining three-dimensional surf:.(d. 
For both types, a summary of thcir h;,;
torical clcvelopment will be prcscntc•i, .. 1~<1 
it will he silown that, although pr.-·s,·;.t]~· 
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d;; ll'l"l'lll sta¡,:cs of t!t·\·eln¡nnc-nt, thesc 
; ",1 ty¡lC's l':<n he trl!atcd a~ spccial cases 
di. •lllC topul•1gical data stmcture. 

DATA STRUCTURES FOR 
PLANAR SURFACES 

Typ.:!s of Structures 

Thc typcs ot gcog-r:tphic c~1titics on 
;':,;n~.r suri;1ccs are points, lines, and arca
,·:t(!,,:;in;.:- !inc-s nr polygons. The latter are 
¡.,·rlwps t!1c mo~t frcquently encoded íea
turc in g.?og-raphic d:,ta systems. 
· Thc .si111plcst elata hase sy.stem for p1anar 
~uriaces is th:tt oi encoding enlity by eutity 
wi1:1 littlt! or no rcg:-.rd for entity overlaps 
or adjaccllci,•s ( Fig. 1). In othcr words, 
C\'(·ry poiyg-nn in .-.. polygon system is en
,·n,!cd a1lll sttlre(l withont any regard for 
,·ontig-uous polygons, and lines are encoded 
,-,·it!luut rc~ard ior the fac! that they may 
i:a.?rscct or m<.'rgc with other lines. The 
1"•':-'U!ts o( such- an cncüding are "sliver 
};,¡.:::;;" (c!up:icariou of lines in slightly clif
i,·ré'nt positions). These sliver lines are 
coniusing and unaesü1ctic. ancl, hcnce, it is 
~-inually impossiblc to do anything directly 
\\'Íth .;;uch a elata h:1~e cxccpt an extremcly 
Ci'l:1r~c grapi1ic image. . 

To go hcyond the u.:;e of such data for 
thc proch:ction of coarse images, editing 
must be pcri(,rmcd. This alternativc has 
h<·cn at ti:mptcd in several cases, onc heing 
;}¡e ?vf:\P-:\10DEL system (Arms, 1970). 
The cditin¡.:- in this system i.s guicled by the 
n;:;~llmptim~ that every scgment has to he 
rcp:-.::s(·mccl t wice except for se~nents on 
ilw .. ,u('r hounclary. For each segmcnt, 
,¡,.. •·di1Í11g' J'f"gr:Llll sorts thrm1~l1 al! .re
, .... :llill•: ..,,.;_:1111'111~ 1!1 find Íl:-' Cclltqcll'llll'lll 
1 ¡1,,. ;,},·11ti,·,¡] }Íih' of llw ll('iglducrillg ]'"I.V
··•11.1.· '¡'(¡,,~<: ~~·¡~nH·nh for wl1icl: it has 

,,.,¡ i(cll!ld :t ('c,mplcmct¡t are tagg-cc! to in
.::,·: .. ,' J•C•tl'lltial error~ to the user. 

'¡'" ••\'<'J'C'cclllc somc of thc limit:1.lÍons nf 
... J,·;·~·I:d .. ntl:> cncoded cntltlcs, sy~tcms 
: ... ,.,. ¡,,.¡·n de,·clopcd ha sed on a common 
.'. ,,·,¡¡ ib n rlictioum··v. This Jictionary con
::,it\.~ thc. coonlin"ates of evcry boundary 
: .. -,:m on :he map. Polygon hnnndary lists 
.. :-e t:~.:-n compilcd _\\'hich cnn~i~t oi thc 
: .. ,,·15 (lc.c::ttion numher.~) oi thesc i.Jound-

:: point.~ (Fig-. 2). LinC" ini'ormation ran 

•. 1 !. ,\T n. l. Atril JCj7:: 

1,19 

LOCATION LIST 

POLYGON 1 x,: Y1, 1 

).l,:to "~vJ 

jll,'··' Y·,n 

POLYGON 2 •,,. Y,,, 

Fig. l. The simplest cncoding is itr.:;d l'll

tity by arcal cntity. In this systl!m, most 
points ar.: recordcd twice and somc ( .::.g., 
P 1.•; P2,~; ? 3 ,7 ) three times. A po¡nt docs 
not ncccs~arily have idcntical cooruinatcs in 
ali record ings. · 

he hamlh·d in the same way. Pr<•;:;rams 
l•a:-c·,J 1111 this struclur•· j¡¡,·j¡1,¡,. l'.-\1.
l•'Ul\ i\1 fnu11 the J .aboral"r.\' 11l ( 'oll•l'tllt·r 
Gr:1pliil'~ alttl S¡,atial .1\n~dy~is. Ulll('r 
pro;;ra111s have subroutin~s to C(•:!\'o.:rt th:s 
point dictionary structurc ·to tllc simple 
entity-hy-rntity linc: list dcscr:ué:d :.~.bovc. 
Thc data can then be uscd iu prog:-:,ms 
!>Uch as SY:-.IAP (Laborator/ ior Com
putcr Graphics and Spati;..l .Allaiys:s) 
\\'hich are compatible with the .... ur:ty-by 
c·ntity structure. Pro;;rams ha\'\! :J~o hccn 
d~veloped to simplify data inr,m •h;·ou6h 
automated polygor. idcntificatiot~ (Dvugia~. 
1973). 

57 



11 

POINT DICTIONARV 
POINT 

1 
2 
3 

48 

• y 
• y 
• y 

• y 

POLVGON 

J 1, 25. 24. 23. 22. 21, 43, 
44. 45. 46.4 7. 48, JO, 
29, 28. 27, 26, 1 

5 44 43 42, 41, 40, 39. 
38, 37, 36. 35. 44 

Fig-. 2. In the second type o f polygon sys
lcm, the individual points are encoded only 
once and are stored in the Point Dictionary. 
For c\·cry polygon, a Polygon Iloundary List 
is thcn cstaulishcd. 

'l'hc pCiint dictionary data hase has thc 
;,,{\ antag-c tl1at :-Ji,·er lilll'S do nol occur. 
1 {u\\ e ver, thc prob)cm of ncigiJJJOI"hOocl 
n·lationships is not handlcd any bctter than 
wi1:1 thc cntity-by-entity approach. The 
starch ior common lines is no longcr ac
cording to the coordinates of points but by 
thcir labels; this brings us closer to a 
,.,o]ution on1y by a littlc lcss computcr time. 
It al.so crcates difficultics. A point rliction
ary can and will be accesscd in an arbitrary 
(,rcJcr, sincc thcrc are no re:-.trictions rc
garcling point placemcnt. Thc stallflard 

SS 

r~.:sponse to this prohlem is tn make : !·,<! 
clictionary corc re:.icl<:nt. L'n ¡, 1rtunat<'ly. 
this will limit thc complcxity oi thc lll:.p 
that can he handled in this manner, sincc 
all points must be storcd throughout the 
operation of the program. This short
coming of such sharing of data is aug-
mented by thc continucd inclependencc of 
thc entities created hy the dictionary; in
stead of n points with thcir x and y co
ordinates, thcrc are simply n referenccs 
to points. 

Somc of thc ohjections to thc ordinary 
point dictionary approach can he eliminatl'd 
by formulating- an intennccliatc ohj('Ct J¡c
twecn the entity ami Lhc points used as an 
addressing scheme (Nakc all() Peucl.;cr, 
1972; Peucker (cd.) 1973). A geographic 
entity can be created from a lis/ of li11e s~g
mcnts; these scgments are, in turn, crc<.k<i 
irom refercnccs to thc point diction~.ry. 
This system allows for casy delinilion c•i 
the entitics with a mínimum of poim<'r:.. 
hut cach cntity is still inclcpcndent in ti1..: 
sense that its neighbors are not known. 
The direction of access is still from entity 
to location but not the rcverse. 

AJI of the data structures _descrihed thus 
far. are of limited flexibility and utility 
because neighborhood rclationships are not 
known. By adding thc topological nci~h
borhood function of cach elemcnt to a data 
structure, largc improvcments in flcxiJ,jlity 
and scope of applications can be rcalizcd. 

Ii one is conccrned ahout thc mcm0ry 
capacity which is necded for the storage of 
cxplicit ncighborhood rclation::.hips, onc 
might considcr a systcm. with implicit 
ncighhorhood functions hy luocl i fyin!f 1 /¡¡• 
l"nlity for·m in the cncocling :-lag-c. Ma::y 
existing g-cographic informal iou syst('n,, 
storc land-usc data in griJs oi rcctan~u!ar 
cclls (Hsu, 1975). Ho\\'C\'Cr, a seriuu:; 
problem is encountercd with such a regt:l:,r 
cliscrcte encoding of planar surfaces. Ac-, 
cording to the sampling theorem, the 
sampling interval has to be half the sizc of 
thc smallest featurcs to be cncoclcd ( c.g., 
Tobler, 1969). Hcncc, either the size of 
the cells has to be very small to cnahlc en
coding of dctailed . ''ariations ( c.g., urhan 
land uses) or a g-rosscr ccll sizc can he 
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::,..t'l! i11r ~·ncodin¡; unly the vcry siO\vly 
d:a;l~Íllg \·anatlOns (gcncralized land 
¡¡,..v). l11 thc case oi thc ~mall units, a very 
i..rg..: \'uhunc of rcdundant inforumtion is 
.-r~:<t<'ll ia an ar~:a of uniform lanrluse and 
m:urix rcduction technic¡ues such as run
!t•J:~t h I'IICod ing- (record i ng- í n each row 
.. n!y th ... ~(· .:clls diifering- irom an immcdi
:-,a·ly ¡.rc\'ious ccll) e reate only physical 
:11111 11\Jl lug-ical cou1paction (Amidon and 
.\l,in, !•JiO ¡. In the case of the grosser 
ú'll :-Íi't', highly yarying bnd use features 
are a¡;gr•·g-at('d to a dcgree which reduces 
thl.' u:-.viulness of thc whole system. 

Bt•yond s:unpling problcms, a grid struc
turc in;poscs a bias toward sp~cific oricnta
tions o( featu;·es. Diagonal.s, although 
physically long-er, are gi,vcn the apparent 
cdl rr!:.tionsl1ips oi unit distances along 
thc major axes. The grid structure also 
crcatcs the illusic,n oí working with a dis
crl.'tC point space, rather than a regular 
an•al partitioning. 

Rcceut studics have developed param
l!tcrs which determine the degree of in
;~..:curacy of a givcn sampling mesh 
(Switzcr 1975). In cases where some 
types of geographic features vary over 
:-111all arcas and others ovcr very large 
arcas, such as the case of statewide land
use patterns, the error is avcraged over all 
íeaturcs ami will affcct íeatur.es with a 
high-ircc¡uency variation more than others. 

The \·ariation of the mesh size within the 
inic.rmation systcm would be of only little 
hclp. The data managem~nt and the ma

·nipulation anr! display routines would be
, •• '"''' 1111•1'1' l'lllll}'il':o., althoug-h prnhahly !t.·ss 
:1!:111 111:!11_1' n·s¡·;¡r,·ll~·rs ÍJII;IgÍIIl'. l•:xact 
li,::III'<'S a!utlll llil' ¡jjjfl'l'l'llCl'S faiiiiOt ),e 
:.:"·,·n :-.ÍIIt'l' 1111 lit.-r;¡turc ahout surh n sys
¡,·nl i::. 1-llu\\'1, tu tllc authors. 

St:ucturcs U~ing Exp!icit 
Topoiogical Relationships 

l)nc oi' thc íi1 :-.t known a.ttcmpts to in
.-.-,;·poratc cxplicit l<~pological structure into 
;, :-·:•···,.;raphi.: dat;l La~e is the Dual Incle
:"·¡,c:.::ut ).fa¡. E11t:ndin~ (DB1E) systcm 
•.• ¡· ¡\w l'.S. lhm·au uf the Census (l•'ig. 3). 
Ti11: DD[E lilcs Wl're orig-inally developed 
as an amomated topological error detection 

: · .. ¡. ' .v.. l . . /J•• il /117.'i 

CENSUS ADORESS CODING GUIOE RECORDS 

STRUT TRACT BLOCII LOW ADOA.ESS HICrl A.00AtS5 

M.lrn 102 30 ·~ 
MAHl 103 12 20 
Mur"'\ 10<0- 2 10 
Mo)rn 10~ 9 
Muon IOU 11 H 
Morn 101 18 41 

DIME STREET SEGMENT RECORDS 

STREET NOOi NODE T,.ACT B~OC( TAACT &LOCIC LOW tdGH 
START ENO UFT LtFT fii(;HT R.CHT AOOA AODR 

Morn & 6 10!1 104 10 
Mt~•n 6 7 106 10:-t 11 17 
Mau' 7 8 101 lV:J 19 2a 
Ma•n 8 9 101 102 30 ,..2 

Fig. 3. The DIME-lile base. r.:cpresentcd 
is a pqrtion of Tract 1 in a hypci.h.L!~ical city 
(Cookc and :\1axficld,. 1967). Th<! small 
numbers at thc strcet intcrsections are thc 
liOllcs, the largcr numbcrs on !\hin Stret•t 
are thc addresscs. Two typrs oi rccords are 
crcatcd as illustratcd in t:1c. tables. 

sysh·m for thc .-\1l<ln~ss Codiug- dlllrt raf 
l)¡,• J 1 #]() l'I'IISIIS. 

'1'11.· la:1si.: cl,·uwul oi ti&<• 1 )) i\1 E ¡;¡,. is a 
linc :.q.:nll'ut ddiucd Ly twu nl<l poiul:.. 
I t is assmncd tha.t the scgment is straight· 
and not crossed by any othcr iinc. The 
metropolitan files. usually define this unit 
as a street !Jlock face. Co:nplcx lines are· 
represcntcd by a series ot sc;rmcnt:s :ip· 
proximating- the line. Thc sq~mcnt has 
two "nodc" identificrs, along-. ·,\·ith thc co
ordinates pÍ its two· end points and co<h:s 
for thc polygon on each side of. the sc~
menr. 

\Vhilc· DI:\íE topolo~y makt:s r.mch in-· 



j, .;·u:at iron acccssihle to urLan researchers, 
u,'i>!U •ürhou<l ::clationships are not made 
,·xplicit. SC'~mcnts sharing a node, for 
('Xamplc. must be íound by laborious scarch 
proccdurcs. Search is also rer¡uired to 
:¡:;~cmble thc outline of a polygon. More 
iu1porrantly the DIME structure is cum
J.cr:-.ome to use for many cartographic ap
plications inmh·ing areas made up of com
¡.kx lincs. For procedures in a one-time 
dil"rl,ing- l"li"ort, as is the case of Addrcss 
Coding aJI() Address l\htching in mctro
politan arcas. it is quite adcquate. For 
l'flici,·nt computer storage and retricval 
ami ior many applications, however, im
pro\'cmcnts are desirable. For example, 
:he rdiancc on the individual line segmcnt 
makcs thc reduclion of detail for display 
purposcs difficult since line segmcnts can
not he simply dclcted without correcting 
thc rcfcrence codes for the affectcd nodes. 

At thc T .ahoratory for Computcr Graph
il·s and Spatial Analysis, the junior author 
has developed a. data structurc, POL Y
VRT, that is dcsigned to contain all' the 
iniorma.tion necded to construct any of thc 
pn·viously cnumerated planar structures. 
The basic object of POLYVRT is the 
'\:hain." Like a DIME scgn-ient, a chain 
has noclcs at its two ends, separatcs two 
arC'as, ami is assumed to he uncrossed. It 
cliffl·rs in that the POLYVRT chain mav 
be macle up of ma.ny points whercas th.e 
ha~ic DD1E unit has only two points. A 
houndary bctwcen two polygons can he 
rdcrcncNI hy a single chain no ma.ttcr 
how complicatcd, hecause line detaii is 
!npolo~ically unimporta.nt (Lahoratory for 
Computer Graphics ancl Spatial Analysis. 
197-t). 

Thc coding of a complicatcd honndary 
as a unit is not unique to POL YVRT. 
The data hank used in the project "The 
Intcracti\'e l\fap in Urban Research" 
(X ake and Pencker, 1972: Pencker ( ecl.) 
1973) as wcll as the \Vorid Data Bank I 
(Schmiclt,_ 1969) are composecl of "lines." 
T n the la.tter case sorne of them contain 
o,·er 4,000 points. The chain hased svstem 
of POI .YVRT, · however, is a clirferent 
type of structure hecause of thc topological 
rolr assignNI to the chain anci the suhse-

(,0 

•tucnt cons.rm:tion of a list data stn;cu.;·.·. 
B;.scd npún this assignment, the topoi •. ..;i
cal in~onnation ahout a chain rese1~1blcs .i1c 

iniormation on a DIME rccorcl cxn·pt 
t hat the distinction between nodcs ( i.e., 
points u sed for more than one chain) awl 
1 he points interna! to a chain allows in
terna! points to he eliminated withOl&t in
fluencing thc neighborhood relationsl~ips. 
The main innovation in developing a chain 
rcpresenbtion is that areas of sig-nificant 
line dctail may be cfficiently hanclled. 
Topologit:al checking is reduced from dc
pendency on the number of points to dc·
pendency on the number of boundaries. 

In addition to the inclication of the .::cla
tive location of the chain with resprct to 
its neighboring polygc,s, POL YVRT in
fonnation is storecl in separate lists assem
hling the bounding chains for every poly
gon. Thus, searchcs can take place in two 
directions, from the chain to thc polyg-on 
and from the polygon to the. chain. This 
is very important for any type of ncighhor
hood manipulation, since neighhoring- enti
ties can be found through their "honncling" 
or "bounded" complements. In othcr 
words, to follow along a group of chains 
one flips th~ough chain to polygon to the 
n<>xt chain, etc., whercas to traverse a 
series of polygons one test:> for adjaccnt 
polygons by going through the chain di
rectory for each polygon. 

The POL YVRT program places point 
information in secondary sltoragc. The 
three hig~er leve) ohjects ( chains, nocics, 
ami polygons) are core resi(lent. Onh· 
thc chain refers directly to the point file 
in the secondary storage. In ad(lition to 
indicating the loca.tions of the points in thc 
point file, the chain record incorporatcs thc 
name of the chain, the lahels of the starting 
and ending nodes, and the left and rig-ht 
pol.nrons. Conversely, the poh·gon list 
consists of the hounding chains in proper 
sequence (F:igs. 4 and 5). A list linking
noclcs to chains could easily he constructecl. 

DATASTRUCTURESFOR 
THREE-DIMENSIONAL SURFACES 

Roehm ( 1967') describes in a vcrv de
tailecl analysis f:he advantagcs and disacl-

Tfle Amrrirn11 Cnrln_qrn/'lll'r\ 
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Fig-. 4. Thc externa! rcprcscntatíon oi the 
1 '0LYVRT chain-filc. Evcry chaín has a 
"¡;ame," thc numbcr of inncr poínts (lcngth), 
thc two limilíng nades, thc two uoundary 
polyg-ons, ;uul a series of coordinatcs ior thc 
points. 

vantagc:. oi clifCcrcnt ways of cncoding sur
fal·<·s. 1 Ic ccouws to thc conclusion tllat thc 
··n-:ndin.:.:· ,,¡ sttrfaces hy contours minímiz,·.~ · 
¡j¡,• st11rag.· l'apadty, wlwr<"a:> a rcgttlar 
.:.::<d .. ¡ :-.ttriacc points minimizcs thc C'OIIl

l·••:in;_:" tina· lll'Cl'S~ary for severa! typl'S ui 
·•: ... ,i:•••!:.tion:.. 13oclun did not includc in 
::·- .-::•.i:· a dat:J. systcm with ::m irregular 
.!i:,:.-;:,ution oi point:. but only COJiton:- cn
~···di:.g;; ancl regttlar grid structurcs oi con
~¡;,¡;t :md Yariahlc mesh willth. Ilc did 
.... : r.:·•1cct · on thc rc:1.sons why conwmcd 
,!;,¡,-, ::1inimizc ~tora~.:: c:1.p:1.city "hcreas a 
r.·g¡:Jar :.,:;-;,¡ lilÍI:imizc:; cnll·,¡¡utin.c: time. li 
l.,· :.:.d ,¡u:.l' :-11 i: i.~ c;uitc po:;~i!J)c that thc 
dn·l.;l'lJlllJ~·¡¡t oi g~·ü~:·~.phic tb.:a Lases 
".,¡,i.J J,a,.,. tal\l'n <liífl•rent rnutc-; Sur-

1 .. /. , ,v .•. l. l¡•,il /11,-,, 

prisingly tbis topic has procl~.:cc<.i littlc di::.· 
cussion dcspitc thc fact that cxtrcn;cly 
largc data Lanks of tt:rrain (digital tcnaiu 
modcls) ha ve Leen de,·clopcd. 

\Vheu ci1cocling surfaccs, it is ncccss:'lry 
to adapt thc dcnsity oí points to the v::.ria
tion in th~: local tcrl'ain. Thc c¡ucslioD 1.1Í 
how dense thc points have to he can uc 
answcrcd by again using thc philosophy oí 
thc sampling thcorem. For the tcrrain 
within a typical map, thc variation can 
changc c~nsidcrably, resulting in a nccd 
for frcqucnt adjustments of the samp!ing 
intcrval. 

In a contour map the density of contour 
lincs changcs with the density oi reliei 
vanauon. Thereíore, it íulñlls the re
'luircments sct by the sampling theorem 
ior a "non-stütionary surface," i.e., a sur
iuce with changing tcrrain. · For thc rcJ.!u· 
lar grid, un thc other hand, if the smallc~t 
objcct onc wishcs to dctcct anywhcrc 
within a study arca· is of size ("wave 
length") S, then thc grid spacing cYery
whcre must be S/2 or less {note, for ex
ample, l\Iarl~, 1974). The regular grid 
again tcnds toward rcdumlancy since 
smooth arcas within the study area will 
contain Íar more points than are ncedcd to 
accuratcly portr<>y their form. To impro\'c 
the "rcsolution" of a. grid by a factor oi 
f, thc grid spacing must be decrcascd Ly 
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Fi¡:. 5. Th.:: interna! r.::prrs.:::HatiGn e i ,¡¡,. 
POLYVRT ch~dn-filc. R..:il.:rc::~c~ ro pol)·
g-•m chains are positivc or negative r,ccor:l
i••l! leo th..: •hrection oi th.:: ~·h;,in uscd. 



¡j¡~ rcciprnc:-~1 oi this f:-~ctor anJ the total 
:¡;::l,hl'i" 11l ;1uÍnt::> is incrl!ascd by f. 

Thc •ptr~ti"n has hccn raisecl many tintes 
. 11 ¡•lh•t .. gr:uiiiiH'try whl'tlwr ..::ontours are 
¡)¡,· hc:-.l l'l'Jll'l':-.l'lllativcs uf topographic 
':-11riaú's. lt has lll'l'll slated that contours 
.¡ .. IILll <kll'l'l 111any lypcs oí hrL·ak::. which 
.1rc frúJlll'lll 1111 ll'rrain (c.g., Brambtattcr, 
; IJ,:;¡). Tl1ndore, thc encoding of sur
laces by \'l'l'tical profilcs has ]¡ecn 
alll'lllpkd lll:tlly tintes in photo~rannnetry 
i11 ret:l'lll ycars. Points are encoded only 
\\'ilL·n thc !:>lope of the suria..:e changes· 
l \',~ .. Krans, 1 ~7.)). In another ca:-;e thc 
l11·cak line~ are encodcd in aduition to a 
rcgnlar grid (Sinm, 1972), ami in anothcr 
appruach nnly the break lincs or only the 
ridgcs and channcl lines of a surface are 
,·ncockd ( ( ;ri,.,t, 1972). Thc amount of 
det.1il with the:-.e approaches dcpcnds on 
tlw s..:alc uscd. 

\ \'lll'n ¡)l'rforming numcrical computa
ti.,ns 011 thc kL!:>Ís of these digital terrain 
tlludcls, thc c¡ualltity of data involvcd will 
L•c only 011c dctermining factor for · the 
;unount oi programming and computations 
tJct·dcd. :\lost of thc numerical computa
:iuns un ::.urface::. rcquirc some type of 
neighLorhood iunctiun, cithcr to compute 
"omc ::.uriacc hchavior, such as slope or 
lucal \'ariatiun oi rclicf, or to find the ncxt 
unit fur thc drawing of a contour or a 
,·enical profilc. For a sct of contours it 
i, rl'lativl'ly casy to creatc a dircctory 
\\'hich indicates a sec¡m·ncc of contours in 
a type oi trcc in which thc surrounding
l'lllllllltr i,., thl' i>a'iC' and thc other CCllltours 
are tll<' J,l;llll'il<'~ ( !\l11r:-.e, i')I,S). Te• !i1cd 
1111' III'Í;:Iduol icq: j>IIÍII!" 1111 1111' (\\'11 ;¡t). 

j.11·c·11l l'lllll•Hir~ fur ;, giveu poi11t 1111 au 
llltc'l'lllcdiate conlcntr, llowcvcr, onc tnust 
::.1·arch thrc.ugll all thc puints on !he t wo 
acljacl'lll conlours ancl compute the di!:>
tanc<·s lo tite point in r¡ucstion. This pro
ccclmc is timc-cotbuming- if thc contour 
linc" are rcprcscntecl by vcry many points. 
:\ regular. grid 011 the othcr hand has an 
implicit neigilburhuod function anu finding 
a ncighbor dol's nut involvc search nur 
c·xtra l'I•IIIJHIL(·r tin1c. For a sct ui irrcg·u
larly-cli~tril.ttlnl puint-; as tllcy are rcprc
'<'lllc·cl in v<"ry !:>Íiltplc elata ::.lruclurcs (c.g., 

r..! 

S\').[,\P) th,· crcation oí a neighLorllr.<,ri 
iunction is u:-.ually pl'riormed by findut;.:
the doscst ~mall nutnber oi points \\'lll·n· 
tl1e nunJber \ arics arouud six . 

THE GENERAL CASE 

I t has heen noted that although ¡ ,J:.: ·r· 
!:1111' iaccs aml thrcc-di mcnsiunal ~~~ rc a e• ·, 
look rathcr di!Terent it takes only a i•·. 
a~stunptions to treal onc a:-; thc ~uln<·: . · 
thc othcr. \V hile thrcc-tlimeu~iou;d · .. · 
faces are always bascd on intcrval or rau•, 
elata, planar suriaccs often involvc onli11;d 
aud nominal data. J-lowcvcr, it ha:-. l>cCtl 
:-.huwn that ordinal an<i 110111Ínal data may 
Le tn·atcd as intcrval data ( .:\ ordbeck an<! 
H.ystedt, 1970; H.oscnfdd, 1969) and C\'':·. 

\vithout this conver::.ic>n we ·can coml,i:.·: 
thc two typcs into one general ca,e i-:· 
simply using di!Tercnt as::.umptions aiJ,,;n 
ncighborhood. 

Givcn a set of 11 data points ior \\'bic:. 
x, _y; and z coordinates are known, cun
tinuously defined surfaces (i.e., surface,:; 
for which one and only one value exisb 
at every point) can be created, using any 
of thrcc different assumptions aLout thc 
surfacc behavior (Pcucker, 1972). Thc 
first assumption is that of a stcppcd sur
face, which says that the suriace retains 
the valuc of a data point within the neig-h
borhood of that data point, whcre. nei¡.:h
borhood is definccl either by a givcn pol.\·
gon ( the choropleth approach) or by the 
fact that the area is closcr to one data 
point than to any other one in thc neighl>ur
h .. Cl(l (the proximal approadt). Th~ s~·,·

ollcl :1~:-.IIIIIJ>lillll is th:1l c·aclc d:11a ¡u>Íill 
l'l'J•I •·:,c·11h a :-.:IIIIJ>II' oi ;¡ :-.Í11¡:h· vailw 1111 ;L 

ro11~.tantl,v rhat1gin¡; :-;uriace. Neigld"'r
hood is then a numbcr oí clo,est ncig!JJ,ur
ing dal;t points, and intcrvcnin¡; valuc:-. ar\: 
intcrpnlatcd with di!Tcrcnt typcs oí in
tcrpnlation proccdures. Tite thircl assum¡,
tion i, that thc data· puint is a samplc irot<l 
a con:-.tantly changin¡; suriacc that lllay 
rontain crrors; thus the data point i::. uu~ 
ncccssarily located on the surface, lmt 
clo~c:: to it. This approach implic, tl1l' 
furth~:r as!>lllll)•lion that the actual ,¡¡rÍ:Il'•· 
j~ "IIIOIII)ll'r ti1:111 thc ,:--llrÍaCe CUIIS( rul'll'cl 
t l1 rough the sample data points. 

Th.: Amaica" Car/oyratl•,·• 



\\' .;]; 1h.::...: ass\Jtllption:. alHnlt !>urfacc 
;,1'¡¡,¡, io~r, atty point ur ar~.·al di~trilnllion 
,,;· ;¡ ,·;u·iahk .::m be trl':-~t~.·d as a cut1tinuous 
,¡;,11·;;,,¡,: J (.1". y), :111<1 pl.tnar .111d lliiT,'
,ittll<'ll~hlll.ll ,.,¡¡¡-¡";¡,·,·:. r:ttl ia· rPtllhilwd Íttln 

~>ih' '·' ¡•··· 'fj¡j,., il:t,., alrl'.td1· hcc11 'h)IJl' in 
.... t~ch· ~_·,q¡JptlllT ¡;~·,,~raul:-:, ll~ .. : !tl0!'--1 lallahlc 
h,·in.~· ~\'.\l.\1' . .\lany c:u·1_..1~Tapl:ií.: o.p
pii,·atiii:J.·. tlllh!. trcat iKHh t; ¡>l'::. o( sur· 
i:t,·l'~ athl, th~.TdOrl', data structun:s nmst 
iw tlcn-l .. ¡ll'd ll'hich .:an handic uoth typcs 
al Ulle illtll.!. 

THE PROPOSED DATA STRUCTURES 

.Planar Surf.h:c~ 

TIJ,~ lll'l'd l•l Íl!curporate diffcrc.:at typcs, 
,,¡- hivrar,·hic·:., ni pnl:g-on,; llllCill"t•n•d OIIC 

.,¡ lhc· lllllilll:~ ;¡,.,,.,lllilJ'li.,u:. llladc iu 
i'Ul.\'\"KI' .. \ cbiu plays :. tlt1al roh.:: 
lir:.t, il i::. tite il<•lllHlary oi two an·al cmi
tiv,;, ami ~.·~.·•111d1y, it is tite unurukcn unit 
.,¡ JI~>Íiil 1\'lri.·,·al. Thís is nul a problc:tn 
ii 111H' ¡,., lituit('d w a :.ingk llü!lú\'crbppin~ 
:.l'l of p<>lygun~. Thc io11owin~ 1n·opu~l·d 
llt.:W S) :-.1~'111, to l>e:tr 1h~ nanH· GEOGlo{AF, 
i:-. :u1 alil"lllj•l :tl grcatl.'r !lcxil;ility. 

l.k.:au:-.e .,¡ lln: itdditio¡¡ ui many iaycrs 
,,¡ t:Oinpk.,ity inl'uh·i¡¡g- lllllltipk polygon 
:-.t'b, lile l"hain ~:annot n:main, to tlle samc 
llq;r~c. thc c.:ontrulling object oí the data 
:-.truc.:turc. ] u,.l as thc notion of an un
brokcn 1inc ¡, itnportant, so is thc notion 
ui an unpart i ti .. ncd spacc. In a system 
whid1 llill:,t ltaHcllc ovcrlapping pu1yg-on 
IH.'l \\'Orks, tl:cr..: is a nced ior a root ob
jt•c.:t whic:1 is d .. Jined as an arca uncut hy 
all)' iurtill'r p:trtitittnin¡.:·. This ol•jl'l·l i:-. 
ll'I"IIH'd tlll' l.,·a~t l"ollllllllll Gc·,)g-raphic 
linil (l.l'LU). Tltl' I.Ct;u·~ are rolt
~lnll·¡ .. d :1-. a 1'< li.YV Wl' l"'ly.~on clir,·ctl_,. 
11".,111 d,;¡¡¡¡-.,, TlH: rl'i:tlÍ<>tl:.11il' ,,¡ till' 
t.u_; V:-. to all CJ~hcr po!ygon types is hi
l'rarc.:hical ( Fig-. G). 

]¡¡ turn, thc exi::.tence: oi the LCGü 
allmr,. Í<•r tllc' crcation of each rhtss oÍ 
ptt1_, ¡.:ootl. Tn ord,·r to alJJw sin·.p!t: cnclin~ 
.,,· t1w 1u.unc!arv rdatio'nships al thc,;e 
l . . 1 ¡ .. 1 1 1 ' 1 . 1:;..:: ... r n ,. " 111 11.: ,trutture, 1 :e 'l" ¡;¡¡¡¡ 

.:.:1:.,,,1' .. 11·a-. de,·i,t·d. .\(rllaill gruup i:. a 

.,,.¡ .,¡ ,·J,;¡j¡¡,. "llich i .. nn !1 ¡ .. ,undarv nf 1110 
• 1 • 

;,;-,·;.! ¡¡¡,j¡, l••r a ;.:11Til pc,J~g<m cb:iS. 
TI ... ,,. !'"1.';.!""" are c .. n,.lírtll"i•·tÍ ui ch:,in 

j ,./ . .: • .\" ••. 1' . : /'1 il ¡y;5 

¡.: l"llll[':. whic.:h, iu turu, an· con:.trllckd 
Íl"lJlll l'liains. 

Linc fcawres can Le lmilt up of chain~ 
iu ~he ::.alllc manncr as cltain gr0up~. 
:\otc that thc chain g-roup listing ior cach 
le\·cl oi polygun and cac.:h listín¡,:- iur a linc 
icaturc rcicrcn.:c only the chains thcnt
sclvc~. This alluws cach systcm to Le 
con::.idcn:d as a scparatc dirccwry whicll 
is ~:un.:-rc::.idcut only whcn that class of 
ub j cc1s is rctricved. 

The LCGU has o~hcr implicatious and 
applications that are useful bccausc of thc 
topolugical data Mructurc. Thc LCGU, 
with it:. coding ior each of the polygun 
,cr:-., can be comuincd with contiguity in
iormaiion of linear fcature typcs to prodt;cc 
an .\ttrilmte Cross Rcfcrcnce (.c\Cl{). 
Thc :\CR is a taulc iu whi .. :h all .,J,jl'Cb 
( Í11 ]'<•lyguu :tll(l linear .... y:.ll'llt::•) are .:ro,;,;
rc·i,·r,·¡¡,·l·<l liJ ca,·lt otlt<'l" tu dctl'l"lliÍilc 

,,,.,,¡in.~·. J:y u~illg" allril.ut(·,; o[ d1aÍ11S 
(1c·¡¡gtli,; i and I.CGU'::. (arl·a,., l'"]'llbtiut, 
den::.itics, etc.) this cross-reicrencin~ cap· 
:tiJi!iLy can a~sign a string of dat:o., colkcted 
iur eme polygon typc, to a string of a 
secund typc. 

Topolugical lliani¡mlat:on rvutincs ::-.re 
cc>ntral to tite success o[ this !>tructurc. 
Thc int~.·r:.n:tiou of gcogr~q>hic.: fco.tllr..:S 
\1·ill rdy u11 l"!"·1ugi~.·;,¡ ktJO\\ leugc to rc
ali;:c ('CotH•i•IÍl', ,,¡ scale in pruccssin;;- l.1r¡,;t: 
!i h-s. ;\ 11 up.·r;,¡ iu1:~ wi'h littt::i \\'Íll ací<l

ally 1\·.,rk ._, ¡¡]¡ l1:1nds, iJuilt ,,·ith .:llclj"'¡¡¡:_, 



!ll ¡he li1iC, a11d thc iurtllest Jeviaut:; LO 

h11t h :.idl's ( i i the k111d~ bccomc too widc 
tlle li11cs are ~plit, etc.). \Vith this 
appruad1, thc windo11·i11~ proccs:. uses non
h11c;¡r '' induw:. ( \\'hil·h is oftcn thc case 
wit!J g'l'llg"l"ap!Jic CIIOI'dinates anJ lila¡> j)I"O

jl'l:tillllS) and lh'Cil1JJCS quite ckgant. Sim
ilarly, intcrsl·ction procedurcs such as 
poi nt -i n-pnl_q;on. 1 i nc-across-polygon, and 
polygon-orcr-pulygou dctennination allow 
iur gainiul application of tllc topological 
principie. l.'or point-in-polygon scarchcs, 
chain groups are constructcd which biscct 
thc unircrse into parts to sort thc points 
(or noul'S of polygon::.) into thrcc groups: 
lcit, witlnn tl1c hand, and right. Only thc 
sccoud group needs more detailed trcat
ment. The point sct is then rccursivcly 
partitioncd u1Jtil it reaches the leve! of the 
LCGU's. For line-oriented problems, the 
topological connections of the two sets com
pared would allow interscctions to be 
limited to immediate neighbors. 

Another important proccdure will be a 
ncsted chain-intersection routine. Here, 
again, the chain band and its recursive 
segmentation is used. The number of 
points which define a chain is constantly 
incrcased until the intersection test can be 
dctennined. Thc search of a line through 
a sct of polygons will use a gra.ph-search 
algorithm devcloped for the GDS (Geo
graphic Data Structure) project discussed 
in the next section. Thc neighborhood 
search ruutines create records of neighbors 
ior every point or line or polygon at any 
spccilil"d dl'pth of neighborhood. 

Thrcc-Dimcnsional Surfaccs 

Tt• Í11tplt·1tH"1tl the ic!l-;¡s prl':-.c1ttcd h~·n·, 

thc :-ol'l11ur author is dl.!\'elopin¡; a gco
¡.:-raphie iniormation systcm ior three
dilllcnsiunal surfaces. Doth systcms, the 
thn:c-di1n~n!->iomd and thc planar, are 
ba!->('cl 011 data structures with cxplicit 
topolog-ical neig-hborhood rclationships. 

Thc IJasic philosophy oi hoth approaches 
is to .scparate thc elata base from the appli
cation prugrams. l n tite early days of 
com¡.uter cartography, a data set was 
generally tied to the application program 
that' used it. Xow the available data have 

bcconJc ~o volllluinrn¡s aml tlJe a;J:J!ic;uion 
programs so w.ricd th;,t extr:.. cli.orts ::1 
thc preparation of data ior 111ore cflici..::tt 
computallons scc1n to be j u::.ti!ietl. \V e are 
wcll in :-.tcp with modcm cOilllHJll:r ~cicnce 
to sq•arate the data base from thc applira
tion programs with the data ::.tructurl.! be
coming the link betwcen the two. 

The crcatiou of a structurcd data La::.e 
is nothing new. Thc intcrpolation of an 
irregular grid to a regular grid oi l1..:igl1t
poims provides a data structurc throug-h 
the implicit ucighborhood function oí thc 
grid. 1\ntl in thc case where polygons are 
indcpendently dcfined by a series of points, 
the neighborhood relationship is rcplaccd 
by a search algorithm which finds tllc 
neighbors for cvery polygon by searching 
ior matching segments in thc.: bou:1c..!ary 
files of th~ other polygons. The idea is ~o 
spend C0\11puting time before any ap¡Jlica
tion has been periormed in thc.: anticipa
don of hcavy uses of the data base. An 
efficicnt structure of the data base should 
not only speed up computations consider
ably, but should also simpliiy the produ..:
tion oi application programs. 

The data structure dl:velvpcJ unc.lc:· the 
working title "Geographic Data Structurc ·• 
( GDS) is based on irregularly distributcd 
points which are assumed to be samplc 
points without sampling errors from a 
single-ralued surface. Two types of struc
tures iorm the core of the data bases. Tllt: 
first crcates neighborhood relationships by 
"triangulating" the data set and storiug for 
cvery ¡mint thc labl.!ls oi all l'oints wl.i.-11 
are linknl with tlll.! ¡>•>Ílll hy a tria1•;..:k 
cdgt· ( Fig. 7). Tl!e se<.:u11d :.trlll'lllre is 
prculut:nl l•y :.electing- tllo::.e puints oí tlll: 
surfaces . which Ji e aloug !in es oí high in
iormation content, such as ridges and 
channel lincs, and defining them by thcir 
nodes, which are peaks, passcs, and pits 
( Fig. 8). Th is second data structure 
serves two purposes: First, it is a gener<tl 
representation of the surfacc ior rough 
computations; s.econd, it is a "directory'' 
into the more d~1tailed first structure. 

In the first strbcture, the creation of tbc 
neighi.Jorhood reÜ.uionship is baseJ on thc 
assumption that 'data-sets are usually oí 

1 
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Fig. 7. Thc CDS-Iir~t data structurc. Thc 
illustrat10n shows thc points on thc surfacc 
with thcir links to ncighbors ( cdgcs). Thc 
externa! rcprcscntation is shown Ly thc 
ncighborho,¡d rclationships. Thc interna! 
rcprcscntati•>n is composcd of t!tc. point-fllc 
and thc puintcr-tilc. 

two types: (a) scts oí irrcgubrly-di:.t:·i
in:tcd points whkh were cligitized with the 
undcrst:1nJing- that evcry pointl is signif
ican!, :md (b) scts of rcgularly(or irrC'¡;u
larlv-di:.tr:but~:d points wh~:re it is J..:no\\'n 
tha; a munh.::r oi points are rcd¿ndant and 
~:m be ,·Jiminatcd from thc sct, e:;;., regular 
g-ricls o: ·:1oints aml cncodcd codtours. 

Tllc :ir!'-r typ.~ oi dat:t sct is 1,Jinkcd In· 
,.,)ll)l! t)':'•C Ot trian;.;nbtion. :\t; lca,t t\\'O 

ap¡ .roac: .e:; ..:xist. Thc fir~t ( D)~<·ppc and 
1 

7',.¡ ::!. No. ! . :l,hril JCJ75 

Gotlschalk, 1~70) crcatcs all possiL!c I:nks, 
choo,,·s thc shoncst, anJ climinatc:-: all 
links which intcrscct the shorteH. Thi, 
]JWccdur~: is repcatccl with the next siH •rt
c::;t link, until no links inter,cct. Thr. l'C

Mtlt is thc sct oi liuk, with thc minín;,_,m 
~umul:J.tivc t!istauce betwccn neighbo:; 11g 
points. 

Thc procct!ure has one disadv~ntn¡;e: 

::.iuce ( ·~) links ha\'C ío be crcatcd. thc num

ber oi · points is thcrcfore limitcd to 
only scvc~al hundred. The íir;)t srcp in 
our approach thereforc limits the links lO 

a number of "potential ncighbors," amon:; 
which tht: shortcst link is chosen aml in
tcrsected with all other links originating 

· in thcse poteutial neighbors. This pro
ccdure limits the number of tests for iu-

. . ¡· 1 1 " • f¡¡: tcrsectwns ot mks to ess t.1an 4 -
where m is the number of potential neigh
bors, an arbitrary number between 8 and 
14 depending on the density ·variation oí 
these points. The proccdure <loes not 
guarantce, however, that only triangles are 
constructcd; polygons with more than 
thrcc siJcs can result, altilough thq are 
rcbti\·cly rarc. Thc check ior such poly
gons and thcir climination is vcry casy and 
fas t. 

Thc second possibility is to create a 
triangulated structurc through use oÍ 
Thiessen polygons. A puLlished solution 
( Rhynsburg-cr, 1973) intersccts for every 
point thc links to evcry othcr point midway 
ant! choo,cs thc smallcst poi ygon created 

~- -~ ··--·--;o~l-1---------- --------cH-..-I;s---~ 

~"·~ 

-1 1 IITII-OT 1 TJ~ 
t 

P01Mf6 POIHTEh:i CIUIII f'OUHt.RS 

¡-··1-·D n-: 
LJ' 1 

, FlHST DATA SlAUCTUA( ' 
'--- -- --·- ·-------' 
F1g-. S. Thc G DS-sccon.:i d~t:t st ruclu re. 
Hu:h tho:: nodc-tilc and tho:: ..:hain-!ile haw 
.t.:..:css to thc tirst d:1ta struclllrc, thc nmk
lilc dircctly :md thc ch:,in·ti!c thrm1gh a 
r h:t i u-poi:Jtcr-filc. 
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i •Y thl' pl:rJ•l'IIJiculars. Evl:ry point which 
l'<llllributes tu the Thies:::.en polygun is a 
Thics,en ncighhor. This proccdurc can 
again be si111plitied by the a~~un1ption of a 
limitcd set oi "putl'lltial ncighbors." The 
:,;ame c!Jl'Cking routincs as above have tu 
he applicd. 

. \uutha appruach whkh lin1its the lll\111-
her oi m·ccs>.ary tests, IHJt is mathemat
ically correct at the sa111c time, has bcen 
dcvclopetl within the project by Kurt 
Hra:::.scl at liarvard Uuiversity. The pro
cedure is based on .. til'lds oí potential 
m·ighhors'' which COII\'erge \'Cry rapidly. 

The altcrnative to triaugulation is threc
climcnsional generalization, i.e., to sekct 
irom a sct of points thosc which define the 
structure with the least deviation fro111 the 
original surface. Thc Lasic conccpt, de
nlupcd by 1{andolph Franklin oi Harvard 
Univei·sity and T. K. Pcucker, is to ap
proximate the surfacc of a series of tri
angles through a sclccted sct of points, 
whcre cach additional poiut included iuto 
the sct is thc onc \\ hich dcviates the JJIOst 
iron1 thc approxin1ated triaugles until thc 
dcviations are hclow a given valuc (~ce 
J 'cuckcr, 1974). 

In uoth cases, thc triangulatiun ami gcn
eralization of the surfacc, the rcsult is a 
''linkcd list" of suriacc points. The tenu 
liuketl li:::.t means that points are linked with 
onc another through pointcr:::.. In other 
words, a point is not ouly idcutilil:d Ly its 
x, )', = coordinatcs, Lut also IJy a list of thc 
lahcls oi thc points which ionn cdgcs of 
triaugh·s with thc point. In our case cach 
record cunsists <•i thc .r, y.= coordinalC'" u[ 

a point aud a reiC'rCIIl'<' te• thl: :-.tart oí ll1l: 
]>llilltl'rs to tlll' n('ighlo11r,.. i11 a p11i11tl'l' li,t. 
Tlle rrasun lor not )¡avin;..: tlll' lll'ighluor
lhulll pninter:::. with tht· puint n·cord ¡, tllat 
the uunlhrr of point.s \·ariC's Cllnsidt•rably 
(~lark, 19i4). Since thc record has tn be 
long enough to include all po:-.:>ible num
ber.s of neighbors, largc parts oi thC' poinfer 
sections would be empty tnost of the tin1e. 
The pointcrs are sortee!, starting with the 
pointer the least E;.,,¡ oí l'\orth ui a puint 
(Fig.7). 

The ttsc of thi:-. typc <•f data-.~tructun: i,.. 
vcry sin1ple ;uull'l'licielll. ¡;,r <'\'l'f)' scard1 

(protilt·, contour, c:c.) a criterion lu:· c:d;.:.c
intersection is Ul:vdupl:d. Fur contuu:i:1~, 
for cxample, thc critica! c¡ue,tiur. :,; 
ll'hethcr one point ui the e<lgc i:::. alJo\·c thc 
wntour Jeycl and thc other Lclow. .r\ :-.tart 
is iouncl and one point of the cdg-c is con
sidl·rcd a refcrence point and thc other a 
~uhpoint. The ncxt subpoint is found ];y 

louking up thc next ncighbor in the pointcr 
list. If thc test is positive, the inter:::.ection 
is perfonned an<l the ilrocess rcpeatcd. 1 i 
the test is negati ve, thc rcfercnce and sul;
points are switched and the proccss re
peatc<l. 

Other procedures are equally si m; ,)c. 
To find a trianglc, for exalllplc, onc has 
only to have a reference and a sul;púint. 
Thc thinl point is the next lahcl in the 
pointer list of the reíercncc point ait<'r the 
subpoint. To lind all trianglcs une g .. e., 
through the total pointcr list kaving out 
al! those edgcs connecting rcfcrcncc poillt, 
with Mtbpoints with a smaller lalH:l siucc 
thcy would create trianglcs · which hacl 
hccn trcatecl when t he subpoim w;., a 
reí ercnce pe )in t. 

i\lthough the lirst. elata ,¡ructurl·, a:-. 
prcsentetl ahovc, sec111s to be d'ficil'nt i11 
tenns oi :>turage capacity, it <loe::. tl<lt ¡•ro
,·idc casy access to the data base which is 
oitl:n very large. It is for this rcasun 
that we are dcvcloping the seconc\ Jata 
:-.tructurc to represent the general structure 
oi the surfÓJ\Ce and to serve as a di rc:clnry 
to reach imto the first data base ( Píaltz, 
1975) (Fig. 8). 

Thc lirst !-.lcp in the crcation ui t ll" 
sccon<l data structurc is to f'uul tlh: riel;.:,·. 
channd, awl break lines 011 tllc surian·. 1 i 
une lahds the lligJw,t point iur l'\ l'I'Y i 1 i
;¡¡¡gle, th{; uulahl'h·<l points are llll'llllll'r" 
oi thc ~!Jauucl lim·, at lea.st 011 :::.lllüutla 
suriaccs. .\ subsequcnt search routinl: 
deals witLI the irregularitics. Points along 
ridges are' found by eliminati11g the Jm,·e.,t 
point uf every triangle, usi11g a ruuti1:l· 
devcloped for a regular grid hy D. ~l. 
Douglas. ¡The dctection of brC'ak liiH'" ¡, 
somewhat :more difficult. 

So111e tl
1
Jl·urdical studies of surf:tl'<'S l.\· 1 • 

\Varntz ( H~6b) ~how that riclgc lilll':-. :u t.! 
ckuu1cl Jj<¡t·s crn~s ;¡l pa:::.scs, a u::.dul ¡•<•Ítll 
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''' llll<ll":•l<LlÍ••II rc·btivc to thc <lcvc·lupl;ll'llt 
lll tl!c· "l'Cullll c.bia ':itructurc. l;ractic<.~l 
l·,m::.iJaations suggc:..t that in tcrraiu and 
••th.:r :.urian:;;, this rcgularity i.; nut akays 
pr,·::.•:nt. 

Un..:c ¡¡¡,. tupvlogical ~tructurc i::- ~t hanJ, 
it ,·an lw 11,.., . .¡ as a dircctory into thc lir,..t 
,..tn1ctur.:. 'file linl! i:; thcrciore trcatcc.l 
as a ,·hai11 ,..¡¡nilar to the cilain of thl! 
l'OLY\"1\.T !>}"Stl!m. Thc nodes of t!1c 
chain are thl:' pcaks, passes, pits, and ot:1er 
~·ndpoints oi dmins 011 thc suriac.:s. Thcse 
point::. are :-.h•rcJ with thcir coordinatcs 
:.mcl tlic llallJl'S oi thc chuins which tcrmi
uatc at thc nodcs. Thc chains are stor"d 
with thc labcls oi the nodcs and poimers 
into thc ..:hain lists which consist of laLcls 
oí poim~ in thc lir~t data strm:ture (uote 
th:.t lwrc thc chain structure diiiers from 
that of l'OLYVRT). 

.-\ third compone11t oí the "Geographic 
l>at:a. Stru..:ture" shoulc.l be lllClltiuucd since 
it ilh.:stratcs vcry well thc logical adapta
tion uf a computer proukm solution to 
~l· .. g-raphical data. The proulcm at !Úmd 
is 1hc partitioning of the data sct. Siucc 
\\'Ílh largc data scts only portions can he 
l.;qn in iast IIH'IIJory, the data hase is sc¡;
mcntcd into "pagcs'' which are l.Jrought 
into memory as units. For the "Geo
g-raphic Data Structure" thc pa¡;ing sy:;
tcm can solve severa! proLlems inhercnt 
in a complcx gcographic inforlllation sys-
tcm. · 

Thc uoundarics uf "patchcs," as wc call 
thc arca! cxtt>nsiun of a "pagc," are chain:. 
alrcadv dcfined for the sccond structurc. 
~incc ·dctail along thc rhain is o! no topo
log-ical intcrest, 1hc dcusity oi· p.,ints ;dong
thc chain can dil"f<'r fut' its twu .;idcs. )¡¡ 

nthcr words, thc d<'nsity ni triang-les ca11 
~hangc from patch to patch. This allows 
ior vcry efiicient Jata enc(Jding even in 
tl·rrain with !>uclden changes in the suí"
iac\! bchavior as at the changc from a 
nwuntainous arca into a plain (Peud;er, 
19i2) . 

.-\nothcr ad\'antage of tbc paging-sy:.tclll 
i::. 1 he c:-a:-c oi including- lopo;;raphie anJ 
¡.bnar infum.ati(,ll. l.inking puiut, linc, 
ancl arca! data to thc tri~ngulau·d ¡.(,inh 
would 1<-ad to hi¡;h c..leli11itional rcdunda11cy. 

¡·,,¡, :!, Nv. 1, /l{'ril 1'.17.1 

'J'hc :-.ccondary !>tructurc could lcad LO :..·~¡
lJiguities whcre tlle terrain is very c;on
gatcd. Sincc un attcmpt has ueen made tv 
kccp the sha!JC of the patchc:; as cun•¡ .. ~ct 
as pü:;siule, the co1uLination oi nun-te1; .;,.in 
data with patch uounuaries secms tv be 
111ust appropriate. 

Since thc patch l.Joundarics are ;¡g~iill 
l"J¡;,¡ÍIIs, anothcr virtuc comes tu light: The 
patchcs can be treated as polygons of the 
I'OLYVRT system with !inle Jifficuity. 
This link bctweeu the two systcms lcnds 
hope that' cvcntually they may be mc:gcu. 

lt is an apprupriate question to ask what 
:.uch a data ::.tructure as the GDS wíll be 
aloJe to accomplish. A numbcr of display 
routincs have alrcady bccn dcvelopcd 
( Cochr:mc, 1974) am1 a series oi procc
dures for snrface analysis based on heuris
tic scarches are underway (Fig. 9). Since 
1Jotl1 lcvels of data structure are graphs, 
we will Le al.Jie to rely on many of the de· 
vt:lopments connected .with operations re- " 
search, specifically network analy:.is, fur 
the mauipulativc treatmem of the data. 

As buth systems, GDS anu GEOGRAF, 
llave topological structures, ir is possiulc: 
lo mcrgc tbc two. The crcation oí poly
gons irom points is the major link from 
thc GDS project to GEOGRAF. The 
creation of a· set of ccntroids for poiygons 
allows the convcrsion in the opposite dircc
tion. This way, surfa.ces can be trcated as 
polygonal scts ami can be displayecl and 
mauipulated by the routines of GEO
GH.AF. Conversely, polygonal data can 
be trcated as surfaccs for GDS. The 
JI('Íghburhoncl routincs are what make the 
projl"Lt u:-.cful in ((li:J.lllitalÍve geog-raphy 
a:1d planuiu¡.:-. J\'cig-hhorhood searchcs :u·e 
vxtrt"llll"iy ,·xpt'll,..i\'c witl1011t the tnpologi
cal Jata structure, but they are usually a. 
mo:.t important part of nrban and environ
mrntal analyscs once a. general overvicw is 
olJtained from the data. 

...\ lthough l.J~sic rescarch and :1pplication 
clevdopment are two sides of 01:e coi;¡ a11d 
lllllst go togcther to obtain lasting- rcsults, 
this p:qwr l1as concentratecl on the theo
rctil·al parts ui tl;e projt·ct sincc their dc
vdol'IIICllt is alw;,d of th;: applic.J.tion rou
tim.:s, a iact which should Le expcctcc.l. 
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REGULAR 
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GENERALIZATION 

\ 

TRIANGULATEO 
IRREGULAR GRIO 

Firat 0•ta Structur• 

¡ 
NETWORK PROCEOURES 

Contouring 
Block Oiagram 
Sha<led Contoura 
lncilnttd Contours 
VO>oboloty Test 
H•<lat lm•a• 

IRREGULAR 

! 
TRIANGULATION 

THEORY OF 
SURFACE SPECIFIC 
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SURFACE SPECIFIC 
POINT& ANO LINES 

Second Data Structure 

HEURISTIC SEARCH 

J 
SEARCH 

ProliJo Search 
Goographic Oosorientation 
Optomum Search 
Nttoghborhood Analy~oa• 

Fi¡~. '). Tilo" ¡orulolo·ua ll .. w r .. r ( ;, lS fllllll the d:ola lo.OM', via lho· 
l'laaius lor lhc· lll'o ly¡oc·~ coi dala :,lruclurcs, to 1l11·ir ;cp¡olkalion. 

The quintcsscncc oi thc rcscarch so far is tiou routincs. \\'e havc somc indi.:ation 
the hypothcsis that topologically-structurcd that the hypothcsis ¡5 corn·ct; thc real t<:st 
data bases of thrcc-dimcnsional ami planar 
surfaccs can result in rcrluced efTorts in will come whcn thc I.mlk oi thc application 
thc devclopment and exccution of applica- routines is complcted. 
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l Self Tnstructional PackagP: 

Ho~ to Digitize a Topographic Map 

by 

David M. Mark 

l: :-.:TIWDU CT I O~ 

.Digitization ~..:an be defined as the process by which "analog measures"-

such as- length or location on a map, are converted into "digital computer-

usablf: forrn" (Peucker, 1972, p. 72), in other words, into numbers. When a 

. 
topographic surface is digitized using. surface-specific points, knowledge 

oi the form of the surface being sampled (usually obtained by a visual 

inspection of a contour map o~ the land surface itself) is· used to sel~ct 

points or lines "-'laich contain a maximum amount of "information." The digit-

ization process invo1ves 3 relativP.ly independPnt phases: 

1) The selection oi ~he points "'hich are- to be used to represent theo 

surfac~>; 

2) tlH· dl·tt·nuinnttOI• uf ttH• 1·lrvations (-l- co-oráinatPs) of e>ach of thr• 

St.•lt.Cll'd points: ano 

J) th1· dc·termination 'uf the planimetric locations (X ·and Y co-orciinateos) of 

cach of the> S(>lecteG puints. 

Tht.· pres.:·: ... ;1.1.Ci<1¡..;e is Jt·si.gned co in.:;t:n .. .::c ch.co re.1oer in how co perforr.• 

part1cu!arly pl•ase 1) <11111 Lo sonie extent phase :?.) of cn1s j)ru.::ess. 

Wlwn reading a con tour map, OllL' should 

first: dl·tel·mi<~:· r•;e c.,·,;vur interv.:.tl, the difference in eievatioos bctween 
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adjacent contours. This will usually be the same throughout a map, and 

is often printed in the margin of the map. If not, it can be determined, 

simply: Find two nearby contours on a slope which both have their elevations 

indicated; count the nurnber of spaces between these two labelled contours 

and divide this number into the elevation difference between the two contours. 

If one wishes to know the P.levation of a point ~ on a contour, one must 

use interpolation, generally linear interpolation. First, imagine a straight 

or curved line perpendicular to both of the neighbouring contours and passing 

through the póint. Next imagine that this line is divided into a number 

'(2, 3, 4, S, ... ) of equal divisions in such a way that one of the divisions 

falls on the point. Each of the n equal division represent~ (contour interval 

1 n) units of elevation, and thus' the required elevation can be determined. 

See diagram below. 

' 
---..c:~----to o 

~·ISO 
• 

G 

CD 

'1 
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D~termine the elevations of the eight points on the contour map below. 

\o'hac is the contour interval of che map'? 

if' 
If you got ~ point \o•rong, comparP the corrt~cc ::>.nswers wich ChE' map 

and if necessary, rP-rt•ad sectíon A. If you scil! do not und~rscand, ch~ck 

vich che instructor. 

B: PF.AKS A;-m p IT~ 

points are pec~Ks an;; ~. which are l0cal maxírr.d aiid mi:ün.a -:- .... ::.;>e .. ·tivt>ly on 

away frorn a ¡:>~: •• .; 1, ...• Clft.. ... Cl..:>ns. A peak is b1a0wr, .Jn .1 con~u ... r o~¡np as a 
--- ---·------ ------·---

J . ;. 

......... ~ ... , ~·.,' t, 
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closed contour loop .,.,hich is higher Lha.n the surrounding territory. t.lhen 

there is no evidPnct> to the conttary, the peak should bP. located at the 

centrP of tht> closP.d contour (sPe diagram 3). 

In sorne cases, hovever, the surrounding slopes can be used to determine more 

precisely where the highest point {peak) is located. 

lit-re in diagram 4, ¡_;;.., SLOpes clearly lnd~cat~· tn.:.t th~ p~ak is most likely 

'to be tO\o>ard the lt>ft (,l(j of the clOJ~e..:J contOUl', A peok n~ed noé: bP the 

highPst point on a m.1p, ~nd indt=>Pd most ro¡:>ograp;lic maps show.·many '~Paks; 

• - ~ ~ 1 • 

Píts are tli¡• , .c .. , '·•v<>rs,· 0. ,., ..... , .. ..,; LÍlt:>y a.: .. • ,., ..... .-.i.s Wld.cil are lo\o>rr 

than the surroullu ... _. ... :._. an..: ·". _. ... ..; .-. ...... w.-. cy .• ~-~,e~ c.;,;~..:.:>ur, tn t11is 

case lower than "" ::. ... . vuno._:·,_, '"·. ··"· > ~:--...::-__:...:...:.\;;.,.¡_.·.ve .i~l..<&y:.l conc:our 
•, .¡ 
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maps ílistinguish pits from peaks by placing small "hachures" along the 

closed depression contours. These lines point downhill and turn into the 

pi~ (see diagram 5). 

® 

Once again. thP r"nrm of the surrounding slopes should bf' usf'd to 

determine ·the exact location of the pit. Except in special cypes of arPas 

(limestone areas or "karsts" and certain types of glacial topography arP 

examples), pits are rather rare in ternperate ¡andscapes. 

On the following map, determine which of the lettered points arP 

ideal locations of peaks and of pits, and distinguish between pea~s and pits. 

D(•press ion con tour s are not hachured in this 'example. 

! 
1 

1 (;~¡o~ 
1 • ) b \_/;+. 

~o; 
80 

/ . ......-.\ 
,....,. 

1 . 
: ri . . 
: 1 • ,1 1 \0J!j/ 



A 

B 

e 

D 

E 

G 

I 

J 

K 

L 

•• 

o 

l' 

Q 

Answers 

Peak Pit Neither 

X 

X 

X 

X 

X 

X 

C: PASS ES: 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Check you,· answers against tne correct answers 

on tlw left. If you did not make anv mistakes, 

go to part C. 

If you thou~1t that G ~as a pit, or that D or I 

was a peak, you have mis-read the contours. 

Consider point l: The area outside the closed 

50 contour is between 50 anJ 60 (the point P is 

on the 60 contour); chus the area inside the 

closed 50 contour must be belo~· 50 and I must 

ther~fore be a pit. The same argument holds for 

point D, while the revPrSP argun1ent Cd:l bP applied 

to sho,., that 6 must be a pe-ak. If you made any 

other mistakes, pleasP re-read section B, and 

if you ar~ scill unsure, consult the instructor. 

line in one d1., ::_ •. :,: .. nc é.t: .:·:e 3<1Hit' time r.un1rr.um .:;long a l1ne at l"ight. 

angles. On a c .... .-... , ... 11,.,::, it ~..:;_, .•.. ., .. -:,J;:>..: .. u·s ... s fol.~.ows: 
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Tht-: pcint P is a pass: It is a maximwn along line A-B and a minimwn 

along e-u. Its P.levation is about 85 units. Of course the profile linea 

A-B and e-o can both be curved, or one set of contours less curved than 
p .. o4uc.iru~ 

the other 1 A similar but not idPntical apprearancPS on the contour map: 

G 

J ~1 
1 • ft 

1 1 (Q) 
B Al 

® 
'J) 

All of these passes have one feature in comrnon: As one boes in a circle 

around the poin t, the laud sur face is, in turn, higher - lower - higher 

lower, thanthe pass itself. The elevation of the pass can be estimated 

from the relativt distances from the pass to the neighbourl.ng higher and 

lower con tours. 

Turn back to Lhe map on page 5 (diagram 6). Which of ~he lettered 

points on that diagram is a pass? 

Anser: e, H, and ~: only. \olhilt> F and Q may look like passt>s, f•xamine 

the SPquPnce of elPvations as one goes around che point; you should see 

tha t thesP do not shm.• the "hip,her - lol-•er - higher - lo.,.•er" sP.quence 

charactPristic of a pass. If you are unsure of tllis, see che instructor. 

C:ourse Linr·s and i{l,l-.,•· Lin~'s: , ___ _ 
So far, "'t> havf· t•xamiue>d Lin·e., types of su.·fac~·-specli.ll: points. 

This sc·ction looks :il suJ'tilcP·Spt>clilc iines wi n.·o sort.':i: Cou¡·s•.> lin('S. 
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A course line will be failiar to most as the centre-line oi a"valley." 

These va lleys ha ve si des higher than the centre-line, and in hu:nid areas, 

these centre-lines are generally occupied by streams or "water-courses" 

(hence the name "course-line"). Even where streams are lacking, course-

lines can be recognized by "V-shaped" contours in which the points of the 

"V"s point uphill. 

A 

~~ ~~o-
8 

In the above diagram, A-B is a course-line. There are certain points along 

course-lines "'hich are rela·tively more significant and which should bP 

specified , ... hen a map is digi tized. These include course- junctions, i. e., 

points where two course-lines merge or divide, points where a course-line 

bends, points where a course-line starts or ends, and points where a course-

l1 n.- •·11 tf·rs or 1 e.íVí'b ;, uiap sht• .. t o¡· :; rudy arf-él. 

IUdge lines are tht .exact invcrst: o[ courst• lincs, hut .Jre n.:>t .-1s 

obvious since they art• ;¡ot marked 11y onvious t.:.iLures (as are ~.>iten coursc 

linea by streams). Once aga1.n, "V-shc.ped" contours mark a ririge, but in 

this case the "V"s point downhill. 

In the above di<>;.!,rm .. A-;1 1s a ri..Jgt> iitd'. As .... c.i·,.,. ...:ast:o .:>f sc¡·.=·arus, f'nds, 
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junctions and bends form important points alóng a ridge as well as points 

whet·e ridges enter or leave the map. On the map l?el0\1, sketch in the ridge 

lines and course lines using the indicated symbols, indicate which of the 

lettered points are ridge lines, course lines or neither. 

@ 

A 

B 

e 

D 

E 

F 

G 

H 

r 

J 

Ridge Course Neither 
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Answers 

Ridge Course Neither If you got any "'rong, re-check the map. 

A X If you really "'ant to argue, point H 

B X mighL be considered to be on a ridge, / 

e X although this ridge, if it is a ridge, 

o X is 1\ot very well marked. If you are 

E X unsure of w~y the points are as they are, 

F X re-read section D and, if necessary, 

ron~o•l) 1 wj th the intJtrurtor. 

H X 
1 

I X 

J X 

O 1: Relationships bet\o'eE-ri ridgPs and course lines, and peaks, pits and passes· 

CoursP lines, vhen tracP.d do,~hill, usually lead to either the ocean 

ora pit (often thPy siwply lPad off thP map at hand). They may, l~sprcially 

in arid ar(•as, simply ··••d in an arl';, ni" flal ground oran .1lluvial fan. 

Similarly, \o•hen ridgP lines are follow·d uphill thPy oft.:>n reach a peak, 

although sometimes they end on a slopP or at a flac p~~teau. Ridges and 

course lines often b~ar a spFcial relacionship ~e pass~bi 1'i1e cwo topographic 

"lows" encountet·ed as une goes arounJ the ¡:Jass ,¡,·,! oftb-. ,;,e oegi.nnings· of 

course lines, whJ.!.P Lne interv~ning ,;¡¡;hs are u!:i .. l.::id.y .:. .. .._, srarc1n¡; points 

of ridges leading up -~' :leaks. 

continuous ridges ?as~~ng between two ?eaks. Rcfec bac~ ~0 uiagrams 7, S and 9. 
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TI. e linPs C-P-D form ridges on all three diagrams. PA and PB ir. 7 form 

well marked courses, vhilr PB in 9 is a lees vell developed course line. 

E: Br~ak~ of slop~s: 

Another type of surface spec!fic line is the line marking a break of 

s ~e, 1.•her~ the angle of slope of the land chanees suddenly. This is re• 

ilected in a sharp cha_n~.:! in the spacing of che contours. Examples are 

tne l ines lolhere the :. teep slopes of a ~.lle~ meet a broad, flat valley 

floor or ~ently sbptng plateau e 

' 1 1 1 • 

~~1>~ 
11 i ¡\ @ 

Here, C ls a course line, while A, B, and D are important heaks of slope. 

On ·thc· foi :o·.•ing attached se>ction of a topographic map, do che 

follo\o·ing: 

a) Plac.e dots (o) :11 a11 tlw pPaks, pits, and pass es. 

b) Skccch in tl•e .in,~··s, coursP lhes and breaks of slope (if any). 

e) Place dols .at .:.:~.2~_lf_ican~ points along the couL·se línes and ri.dg .. s. 

d) If ther(· ::.f'P élll)' ~:;q.~;· ArP::l;:; uf the map \o'lth ~ points, adc..l one or 
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points at corners or bends in the map boundary. 

e) Number the points beginning in one corner and going back and forth 

in strips (see sketch below). 

f) Make a list of the numbers and determine the elevations of t.ach point 

by interpolation. 

g) Hand in the map and a list of points to ~he instructor. 

l .. r~e~ 1\UM¡,(.r 

<•·•f ,., .. ·n 
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An Int0r;r~to(l 3yst'·::rr¡ of Dir;itiz.:~.tion of Cnrt:;r~~· .... h::.c lJ1.t"' 

(1) Intr~duction 

This r0port d.~scribes the work carried out at the Univ~r~it~· 

of So.skutche·.-:o.n on c'l.isitizo.tion of r.1ap c1ata anu thc conclusir,.r!~ 
it h:J.s .. r.::ach:;;c at this ti::1c. 

At first nll cffort was put intu rnuking di~itiz~tion by ~anu~l 

tracing ~s ~usy and reliable ~s possible and n sophisticat~d on

lin~ (PDF8) cligi tiz9.tion pro~am VI él. S developcd which gave thn oy>cr:J.

tor consit;terable confidence in the rcsults of hiswork. 

HO\·!~ve=-, ':lhcn vr:Jry l~ge o.rnounts of digitization ~·mre involv.)c 

the sp~ed li::litaticns of ~he m~thod (about 0.01 · ínches/sec on r.. 
. - ' 

do.ily o.varo.ge basis) •::ere too ~rcat and although the possibilities 

of ~tchGd-line' sheets were axamined, great~r attention was naic 
to autono.tic -line-following. 

- Auto:Jatic lin~-f~llo\'ling could only be n-oplied · onc·~ the 

'follm·:er' had be en posi tioncd on the line- o.nd e are had. to be tal: en . . 
to .s·~·:: that co!:lpl~x situations ...:~re nvoicled ·.-:hich mit;ht co~1fu~c 

th~ syste::1. Th:l proc~ss a<lopted ther~forc \·IO.s to utilize the r.1:muo.l 

digitization s;7stcm to ind.icc.t~ stnrts and ends of lines as \iell 
,. . . 

as 'lenGths of confusion~' In the dcsignated lengths o.uto~ntic 

follO\'ling coul<.l be usod .and a nethod Nas devcloped \'lhich adequ:J.t'.ÜY 

hnndlcd the most irr·~f;Ular -line forms .. 

The produ9tion of the 1 dir~ctor' inforrantion on the man\letl . 

digitizar was-now much si~plified, merely requiring the digitization 

of points (usua~ly two at the start of a line to indicata th~ 

direction v~ctor) and one nt thc ondo No pnrticularly grcat QCCurnc~ 

was dcmanded as tha linc follo._;IC~r (ALF) itself searchcd for ::md -

loco.ted the cxuc·t position ( oi coursc, the error rnust not b·~ so 

gr0at as to ho..v0 c"tubiety about \•Ihich line..) a.nd any miss:irg ~"lointn 

ar major crrors could be 'Picked up in th~ ALF process nnd th0 
- . 

probl:::!T:l r2port~d to the. opcrator. 'I·h~ 1:1:1.nual digitiz~~r could r.o•:f 

bccome a ni~piified·point digitizer, and nocd not be on-lina as 

no grcat ndvantc.ge •,¡ould resulto Evan a systo::; \·!ith punchcd t:-n~ 

Otltput \·JOUld b~ satisfactol'Jo 

No gr.~:J.t o.dv:mtagcs result fro:n on-line O?eratio~ of o ~:2.:m:-tl 

cHr;i ti_..z~r if onl;y n~1ints .:trC' bL'inG out!'lut •. ~·/ith th:) Canadi:Ul 
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Hydrocra~hic Service ~ no.rticular problem arosc bccauf.l·~ of th.:: 
larg0 nu:::bc·r of pronounced dopth soundint;n lr!hich ho.d to b:) dir;:

tiz0d 'without error.' TestE shqwed that pointing toa positi~~ 
and l::-.)yint; in th<J valuc reEultad in o.n error rato of 2 - 5;5 -
:'luch too cr~at. Attcntion \·Tas then focussr~d on the use of 0'!1ti
cal cho.ractcr rclcognition (O.C.R.) in a.n ~ntirely autonatic o::v::-· _ 
tion. Proviclin¡; thc numcrics •::crG \·1·~11-formed and there \·Jer~ n-: 

intcrfacing lincE or other data, v0ry hieh relio.bility reEult: 
could be obto.ined. Various techniques \·loro uoed 1r1hich will h~ 
described later. 

In both caE~s, ALF and OCR, the incr~asn in speed. was ot 
least·10:1 and ~ainly because,no operator was present the cost 

!'er hour \·:as rcduccd ·abÓut 2-~ 1. Thus a reduction in cost pcr inc:1 

of line or per soundin.s; is aBout 20:1 and ~·Jh:;m a large amount \') :· 

da~a is_p~esont this io a very large saving. Added to this an - . 
automatic equipwent op0rates -24 hrs/day instead of a more·· nor:-:~l 
8 hour shift (w~tb breaks) for a manual unit. 

In fact .. it apRears that ,the time and cost of this autor.:~t¡:: 

ALF and OCR po..rt of the \·rork is so relatively 10\.,r, tha.t it ir.: 

possible to do tbe entira work t\oJice and comput.er compare tht! 

· results, t-lithout cxcessive cost resulting. 

Sorne of the numer,ics on survey shects \oJerc so coalescP.ñ :!r. • 

difficul t to clarify., t4~t_. ~JC?rk has be en startod on Audio C:!.:u··\; ~ :

Recoe;nition. Instead C?f kqying in the nu:neric value, which :: · :·-.:~ 

to be prone to error, the digits are spolmn, the computar recc.·
nizes them and ansHers back the same digits as a check to th•! 

operator. Tlie nrocess is of course relatively slO\·.r, and a:; it 

must be on-line, is relati~9ly axpensive. 
' Ond of th:;} cxpcnsi ve and tedious pro e as ses in .my for:-t ':· 

digitization is the adding of 'descriptors' to line · dat:l. :.::·: ·:"' 

few inches of line r.tay raquirc a ne1r1 vari.ation - as for cx.:t·-:;--l · 
on coastline. In on-lin~ manual digitizaticn this cr~at~z r~-~
for thc operator and even \·rhen producing thc 'dir3ctor' info.:.·:· .. · '=.:. · ~: 
for .ALF,co.n divert the thinking of the operator •. Since th~ 
developrnont of the Corr.puter Aic'ted Hap Compilati,on syoter.t uzi·:·~ 
intdractivt3 displo.J'S it ~rroulcl seern advis:lbl~ to cnly add ti:.:: 

c-~scriptors after thé lines ha.v·.J becn digitiz:•d. Thc or•'!r~t-·~· 



seos th.:! lincs on the dis:olc.y, points to. thcr.t and adds th~ ,1e~cri -,·t:Jr • 

. :i:'hc possibili ty of ~asily uñ.din~ d.Jscriptorc to lincs nm.¡ r ~i l'.'V .. J:: 

on.J of tll>:! prJbl~.Jr.!:; of u::inc; sca.nners, and t•Jsts on :;c~n ~n.ta :.1re 

-noH proc·~ ~dinr;. ,·111c!'2 thoru ur~3 ar~ . .J.s •.-:ith r.mn::r sr.:;.i.ll la.~'::w 'Jr 

islando th~ production of a director 1 tape' nanuully becooes tc~io~n. 
~'/hile i t i.1it;ht b~ poGsibl~ to <Je!JiCil<Jto:~ such a zonc and g.~t th..: 

ALF to loo:-:: f :::r islands, a sca.n input l·Jith u ncnn to lire cnnv.~rsü~:-. 

routine !'light \·1.;)11 be preíerable. 

It ~·:ould thus appea.r that a fully intcgro.too syote:a of 

digitizati~n nicht consist of: 
1) A n~~ber of off-line manual dicitiz~rs 

a) to pr.:Jd}lce·~· direétor tapes' for an AlJP Wlit 
b) to digitize nam~s and s~~bol data 
e) to digitiz~'uroan line data (many straight lines 

and matheinatical curvesJas a series-o.! pointe) 

d) tv aigitiza other man-made featurcs e.g. railroads 
as a- series .of ~~ints 

2) One ·on:.line-·manual C!.i~itizcr 
a.) to digitize lines too difficult für the .ALF 
b) to diGitize. num3rics too d~fficult for thc CCR.'by 

' 
_audio charactcr r?.cognition 

3) One co:nbined ~' and OCR unit on-linc 
4) On~ or r.~or..) interactiv.i disr>lo.y s,j·r.t~Jtil -- on-line 
5) On8· scanning 'digitizar 

(2j Econo~ics of Use 

The econo;,lics of the syf:?tem do not at pres·Jnt inclucle the __ _..-
use of scanner digitizers and the conts-giv~n belo~t o.rc only thc 

hourly cost of equi'!);:tdnt anr1 labour \·Jh~r~ a~-rlic.'.lblo ·o.t $5 por h.our. 

Off-lino manu:~.l diFit'J.zn.tion 10 socs/pt. C..VI3I'~F;o, _i .. e .. 360 pts/hr. 
Ecbuin:!!.:mt cost $20,000 includinr; l.::~.inton<:>nc·~ 

Cost/hr $2n50 at 1 shift, 2000 hrn/yr 9 L¡. yrs. life. 
Labour 

Jo:::t/hr. say ~)5~ 

Total Cost l~ for 360 pts. or 2. e pclr poipt. 



4 

0n-lin.: ;.::.n• .. ni dic;it;iz·J.tion - tra.cing S'!J~:~d 0.03"/sec for hir,:: 'lccut·.~c:· 

uork (0.01"/~cc on a. d~ily av~::_,.::lG~). 

EGuin:!cnt cost $40,000 includinc; mnint~nancc 
Cost/hr .. $5 .. a.t 1 shift, · 2000 hrs/yr., L¡.. yrs life. 

Labour 
Cost/hr. say $5. 

Total Co:::t/hr is $10. for 36 11 line or 30c per inch of line .. 

On-lino ALF - tracing speed 0.5"/sec. 
Ecuinncnt•cost $40,000 including maintenance 

Cost/hr $~ at 24 hrs/day_, 4 yr. life for 1800" 
line or .O?c per inch of lina. , 

On-line O~R raading speeñ _1~sec. 

Eaui":1nent: cost,.. $40,0~0 including rnaintenanc~J 
Cost/hr $~ at 24 hrs/day, 4 jT. lif~ for 3600 . ' 
soundings-or-.04-c per sounding. 

·On-line intaractive diRnlav oneration 
Ecuinnent. co_st $40, 00~ inciuding maintenancc 

Cost/hr $5. at 1 shift 2000 hrs/yr., 4 yr. lifc. 
Labour 

Cost/hr say $5 
Total co~t/hr is. $10. 

The usagc time is discussed-more fully latcr but might be sevoral 
hours p~r chart or map. 

On-line scanning digitization 
No detailed costs availnble at prescnt. 

Over~ll cost of irrccular line digitiz~tion 
> 

_ In a complctely manu~l on-lina digitization o~eration the 
cost for 1000" of line \·1\'lUld be about $30 and this Hould include 
the addition of simple descriptors • .. 

In a manual 'director' \'IÍ th .AI;F onera.tion· the cost~ for a 
similar 1000 11 _vf linv might be the surn ·or: -

a) 'Director' specification of end points (say 100 noints) 
- is $2.00 

b) ALF opara.tion is .?O 
e) Disulay ad.dition of descriotors . 

and· joining lines etc. 1 hr~ is ., 10.00 
112.70. 

•s ame equiprncnt will do OCR and ALF \orork. 
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To this r>.:::-e adt~.itiQnal miscollaneous chargcs for program runnim:: 

bet~·T-~o2n .star;es und noo~ibly no!':lc mc.nuo.l dir;itization of ver~· 

difficult lin'J 11/0I'ko 

note a) the extro. cost of repeating the ~ as a ch¡;~ck is 

negligible. 

b) rerrular line work as in urban plans is best dono 

by si.::1plc off-line point digitization foJ lowed by computer gcn~:~:·u

tion of straight lines and mathematical fit curves. 

Overall cost of soundinr;_ digitization (spccial to hydrographic ~·:ori:). 

In a cor:rpletely manual operation, sounding digitization co·st~ 

'2 e per pointo For 1000 soundings the cost is therefore $20o 
Using an OCR oystcm· in f!Í-eas \'lhere suitabl(! (s~o lator 

d~scription) the cost is 40c fpr 1000 soundingse 

Again it sho~ld bé notcd'that the OCR ooeration can be 

repeated ·ru-rd- the results computer cm:po..red \·lith neglie;ible··cóst o 

It should ba noted that some arcas may not be amenable to 

OCR o.nc"'! also it is añvisable to 'duff oute sorne linc \'.'Ork adjnccnt .· . 
to soundings to· ·be rend. This \·rork might involve 1 hour of i·:ork 

(labour only, no equipment). 

(') Off-lina nanual di5itization 

Many diffJrcnt types of digitizers may be used for this ~ur-. ·- . 
!)OSe. ·~he coots are re'latively similar for bigh o.ccuracy units .. 

The norr.1o.lly obtained resolution is .:t. Oo002" to +O .. OOLJ.." but -som3 

na.."lufacturers are clairling .:!:. 0.001 11
• 

Th~ digitizcrs m1y. be o"f.. the 1
.
1free-pencil 11 type or ones 

·.:hich use a cursor nountcd on a • floating• or X-Y ncchani::;¡:¡ a.rm. 

Output in rclatively slou ~nd muy be on punch~~d· cCJ.rd.n, punch:"!c 

tapa or mugnctic t~pa. Somo opcro.tor chec~ bnck syot~n ~o ~dvis~blJ. 
If l:1b~l::. h::.vo to "!):; o.ttachcd to cach f>Oint _ diGiti::.::O., t:,h<1 sp!3·~d 

of o~""~e:!.'nti·;n on o.v·Jrngc r.1ay fall to one in 10 nccs. but \·!h~n onl:-· 

o s ... :ri~::: of :points, as in urb.:111 line "di~iti~ation~ in rcquircd 

r:..1t ... ·,:; u~ to ont..! -osr scCL'nd, r:Jily· be obtuina.bL.' o 

·I'h~ dosie;n oi th~ cursor is ·of iwp9rto.nce.. For m~ny Jl'..ll'

pos~s cr-.:·ss lincs scribed on a r>lnstic vic\'.'~r are c.ds:ntiute, but 
1 
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care !'1U::>t b8 tJ.~\:en to sc'J tha.t those are. pro!"lcrly centcrad o.nd tho.t 

0xcessiv-.! !)<:1::-.J.llax docD nct occur. \•/hile the mattcr of cent~rin?; 

may be prop:1.:.·ly dco.l t \!Í th \'lhen received from the manufnctur~r, 

fr:.:quant ChJClc:J r.mst be naintainud as it is él frequerit SOUrC·~ O:f 

error, pé!rticulc.rly in ti;.·~ 1 rotato.blc 1 frcc-pcncil units. I-b.ny 

mJ.nufacturcrs e.lro do not nrovi<.le a s ufficicnt fineness of r\JO.dübili t:.

of lines or nointcr f~r the onerator. - -
~/hcn dit;itizing points it is imnortont to lmm·r \·:hich ones 

have becn ncasurado Thcre are a number of possible aids and if 

possiblc all should be used. 

A nethod. frec:uently uscd, but \'/o.steful in time, is to ticl: 
r 

.:ach point \·:i th a penc.il.,:;~ A pettar. ::tathod is to h:1ve a sr:mll inl:. 

ejector a.ttach.)d to thc point ,\ uhich opar¡::.tes \oJhen dieitization 
is cG.llcd. Both of th~sc shouid b3 used \'lith a transparant overl2:v 
sheet ov.::::r· tb.) nap as it may be necessary to re!Je3.t •.-.'ork. 

A..."l. ov .)rl2y shc-3t Hi th colourcd strips o.bout 1" ·.ddc or 

colourad sc:u:ó!res 1 111 X 1" ca.""l. al so be ve~y. helpful, as -th~ mind 1 s 

clYQ can gomcrally renenbcr \·:ith:in such a· zone. 

A si!llple r>rogran can be \·rri ttcn to check for duplicated point s 

qutmissing ones are ~vre difficult to lo~ate. 

\'/hcn labcls hav-3 to be attached to points the. use of t\·To 

operators, v.rith voice co6munication, oay. be very helpfulo Such 

ruethods G.?r>l~r to sounding ," synboi · and · namc digitization. An cil ter

nativJ is to voic3 record the labels on ~~ audio t~nc recordcr ~nd 

~ey thesa in aft~rwards to ·~erge' with the digitizad r>oints. A 

r.tor.::! sophisticat3d method is to use audio character rccoVlition 

by the cc~r;mtor but this involves on-li;11e •.-JOrk and is realiy onl:-' 

a.pplicable to nun:.~rics as iif/depth soundings. 

Th0 pro01~~ of d~scriptor addition, other than ·3.G a label, 

is not so cri tical ::!G '.TÍ th line digitization and this n.attur i::; 

1-Jft t.o th~~ no::-::t s~ctiono . 
For r.mn-:l~.J.<'le line \·Jork such as in urb::m Dtreat networ1:s, 

building:., roa<ls and ro.il• .. ¡ays, tha method of digitizing ap:propri::lt8 

point::; along th3 lines appearsto be o.d~quat~ and in fact prcferabl8 

to continuous .lin..) \·:or1-.:. Tha actual points are lcft t'J the dis

creti~n of tha o?eratori at the strnigh6 line scctions h~.will only · 
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indicat.J each cnd, at smooth curves a .i:cw points on thc é.!rc a.n~~ 

o.t irr~gulo.r situations a high dcnsity of pointso Adcc:_u:.lt-J line.J 

can be rcc~neratcd by I:~ather;.atical s:pline-fit routineso 

The uso of a displo.y syste!J on \·Jhich data can be vic\·¡~~éi 

after o~riods of digitization is good o.nd provideG confid0nc~ to 
thc cpera~or. This is particularly so in th~ last example of lino · 
l·:orl;: dicitizaticn by point specifico.tion as thc full lin·~s co.n be 

gcnerated. \·Jhcn b·Ji:r.g displayed. A continuous on-line display 

t-1oulCI. not saem to be a.dvantagaous cost-Hise • 

. (4) en-lino monual diEtization 

.This -.process is mil.inly,.éoncerned \'lith manual ·traci..-lg die;i

tization of co~plex l~c dat~ ege rivers and coastlincso A mor~ 
sophisticated die;it'ü:er than for point work in requircd.. :It. must 
not put r·¿-straint on the ca.re:.ful tracing operation of the. operato:x.~ 

•. 

and th~refore mus't be of the • free-pencil' type. The 'penci.l' 

point must be aC.equately fine, .corr.ectly.. ccntcred to al lo\·:- for 

rotation·and oa very-convcnient' for the operator to holdo 

Some nethod of ch8cking the lin~s traccd and th~ quality of 

tracing should be upplicd, .and this appe~s bcst not at tha present . '. 

by the use of a 'Sr:10k<3d,', ovorlay she'Yii upon ~·;b.ich th·~ 'pcncil' or / 

fine scriber lcav~s a thin lineo Unfortunat~ly the ~atcrial ~t 

one tii..:e availublc ' 1 r·lascmscribc ''no lon(5cr appeo.rs to b0 on the 

mark~t. 

A nwnb.ar of uscrs aavc·proposed mo.king 0tched lin~~ by ~~intinB 

onto appropri::..tc~ ~tc!1 sh0cts o This provid0s n gully n.lon.r; \·:hich 

thc tracer can nov·.:: nt o. much higher syeed tha.n \·:h.:m only tracing .. 
--

3. black lin.a. :io•:!~~Y8r, ctching do0s ha ve its -probl·?ms and n~-:ds 

som5 vorv co.r~ful control. On~ us8r uo0d .::;tchf~d m8tal plat~..~s .:.md .. 
filled thc ·::tch lin<;s Hith Hax \·Jhich \-:n.s l;'<.?r.:ovcd by the scrib¿r 

point ~ In e.:;n~ral th¿,~ .]t9hed methoñ app~a.rs a.blo- to e;ive hi¡:;her 

sp:::cd but is li'..::.:;ly to r~ducc a.ccuracyo 

The \·!Ork is v:~ry tcdious a."ld th•J digitizer rt~~ds to be on-line. 

to a srJ.all con!"utor :::;o that th~ output can b 3 exanined con·l;inuously. 

This is ir.rportant for :rroduction \·/Ork -to- prevez¡t' tim':) b·~ing: 'o'!a~Jted 
und gJn~r~lly 3~nea.rs to eivc b~tter rcsults ~~ th0.cbnfid0nce 
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ano thcrefc:::e o.pplica.tion of thr~ op.:!rator is incr8ase<l c ... !'lél con

c·::ntro.ted on t}'L: lin<:: \:ork in hn.ncl. If all i::; u-:11 c"l. :3nooth 

'beeping' ton9 in provi~~d by tha computer. 

A ::;ophistica.t.~c. prograi!"l for this work •.-:o.s ':lri tt~n so!Ji.) 7fi;O.r8 

ngo by th: Univ:'!rsity of Sas1mtchr·H:m and is nm·! in uso: in t!l · 

Canadi<...m Hydrographic 8-.:rvicc. B·~for,: drJscribin~ this in 8o~·J.~ 

d~t:lil on.] o t~Lr ~.1.:..-~ttcr of prir.1:; i!71port:;.nc ~ chould b·-~ :1ent ion.~n. 

The out~ut fro~ n linc digitizntion operntion ::;houlo be 1 Cl~~n. 1 

A nur:lbl.)r of us·:rs ho.v·J mct this probl0m a11d no~: nppr\,)ciate th·.J 

cor.rpUt"':r uro"ol-.~r.ts in vol ved 'in trying to corr;.;ct ta.p~s \!hich includ·.: 

errors. This has bccn considercd in much dctail in tb~ U. of S. 

~n-line progran. ~ \ 

The first aspect is tha~ all possible checks are made in thé 

logical quality of the~rccording and only if this is satisfactory, 

docrs th.~-·-be-eping 1 continuc. This covers parity errors etc .. 

Th":! .sccond a::;n:::ct is based on thc propcrty of a line.. For careful 

line tracing it is not C),.rpected that o. certain speed c.:m be e:-::ceed.~d -

fo:r standard- \·Jórk this is o.bout 1/30th of an inch :per s ::-cond. At 

250 incrcm2nts/inch this r.tcans an nvero.g·:~ of 8 incr:~r:wnts/s-::cond 

in thc pres~nt vcrsion, anq. as sar:1:pling is cc.rriod out ·'JV~ry 1/100th 
... . 
of a sccond, it ·.;ould not. be cxpected thnt there should be nore tha!'I 

one incr.Jment b0t~·/{:·.m each 1/100th s .. ;cond :md the next. 

'..rh.: progri..!EI ÍG set .. -tÍp to 'check this ancl, if r.tOl"'C than onc 

incre~0nt do~s occur, the 1 beeping 1 ceases and a routin~ cc.llod 

ba.ch.""tracl;: is c.utor.mtically calleO.. (Actually the proGram cnn be 

set to o.ny vnlu::; b.:::tw~cn 1 and 9 incre:n-:mts to alloi: for nccurate 

to ine.ccuro.te \:orle). The opcra.tor · stops ñic;itiz::>..t:..on, r~leases 
. ,-

his button or footm-Titch und- gor:.:s back c.oout onc c:uo.rtcr to on·::! 

half an . inch alonG th.:; lino and r.]starts dü_;itiz.:1.tion. A:J soon 

as on.:: of th~s .: n,·~~~ coordina tes coincides üi th on:.: of thc old enes 

in this backtrc.cl-:: ar.::a, no;c-mal 1 beeping 1 r.:;sumcs und the. \·ro::-1-:: 

go3s on, th~ um:antcd lin-~ 1 tails 1 b:.:ing autortaticnlly r:-noved and 

a 1 clcélll 1 lin,-~ output obtc.in:.::d. 

The sam0 process can be uscd \·:hen th:.; op.-rc.:tcr ~'iish~s to 

eh~¡;~ his h:t.L1c;l ro si tion wi thout starting a n~'\"' line. In thnt ct1se 

hu cnll!1 b:..tcktr:1ck by pr.~.ssine :1. specinl button. A ~i:~il:"'r pro-

C•~u~; ~;; ust•d in 1 ü~l.:-..nd closur,: 1 but th:J.t. L~ .-1n. ·.'V•:n mor,' c,,ílplic:lt '<-1 



:-outin . .) :J.~ it is n•_·r,.··~s•:.ry fnr the co:'lúuter to remernber not only 

th··: l: ... ~t half inch of lin:: but :J.l.!.~O th~. fir:.:¡t ho.lf inch.. Acain 
-.!. 

1 Clen.n 1 i:1l:J.nd l·inJ \·lithout g:1ps or t.J.ilG rc.sult:::; .. 

Th·: 1 b~•cl·:tr~c:c' routin~~ not only picks u:p opcri..l.tor faults 

of goine; too f:.~~t, joe;cin~ hi:; .:1rm ~d so on, but also deteotr; 

digitiz~:c ,::GUÍ:!1í¡J,~nt faults. For rJxar•lplc if tho cncod.:;r is f:.•.u1t;y, ,, 
th..:.: 'b~cktrac!-: 1 l-rill u~;ually b!·; r ::p·J:'lt-2dly call.::d each tir.:: th:J.t 
ponition is r2ech0d., 

A ·final z.sp·.3ct of \"orlt done in the digi ti:zati.on !)rogro.rn in 
to .Jliminat:.; s-pil~:-.s.. These can occur in thJ most careful ,.tork 

dueto the rmcoding systcm e.nd may be ~t.right anglos to the line 

or forward or bac!~a:rd along its length.. As an addition the nro-
.. . , 

sram. rernoves sr:tall lU.?PS~·fro!~, tbo sid<:1 of an irregular line if 

thsno ~r0 only of thc size of\th3 lin0 width itself. All thcse 

'clcaninB' subroutin~s.ñako tho later handling of the data·much 
mor~ sctinfactory~ 

ThH addition of d•~script·or inforr.!.ation is a s:)riou.n r>roblem. 
It has b...;0n f.:>und tb.a.t th~ probl·:-ns of'-o.llocating a full ~nd ~xt'..ct 

descriptor t~nd to u!lke tht.! opérator conc·:mtrG.t~ ll'.)GS on hi:; line 

·,·10rk or .v:ic.; v.:::rsn.. In fact thc jobs \'lould b~..: better S•'puruted; 

thi~ idea is one b.:-i11g ii.:lplGmtmted using .thc interactiv.e display 

syste~ (see latcr). In ~omc lines such as coastline, tbe descriptor 

may havc to be modified evcry few inches, e.g. rocky to sandy ~te. 

While keyboard entry of descriptors can be made,it is usually 

pref0rablc to use a thumbvlhe(ü arranger:lent in \·rhich th~~ data can 

be preset and output by pr~ssing a single button. The proponents 
of kzyboard input have gone to the length of fitting a cornplex 

kcyboar.d to th,~ scriber unit ~tsclf, makL1g it into a two handc~ 

df!vic·c. ~"/hil.-; therr: is li ttlo doubt that output frof!! a thumbHheel 

unit is logically correct, th.~ U. of S. prograr:1 chccks o.ny l~cy

board cntry for validity before acccpting it. It ulso chacks that 

proper .;nd cedes arü appli~d and that a descriptor is present .. 

·The on-line progr3.I!I allO\'IS f .r the entry of point data él.s 

well un linL; datG and this can be \·:ith no labels, short l:..tbcls or 

long lab·2ls. - \ 

Anoth~r uscful fcatur0 of thc progrrun is a posi:t:..on check 

\·Jhich e en b·..: uscd p,;)riodically to see if th~· r:1.a:o sh·.}::!t ·has -be en 



moved or !1:1s ·xp<.:m· 1 ·:d or contrae ted. Thc locations are ust~d 

call.:u 'e~· :e:: e-:) .:ruin:1 t.-.: s. ' :.;.•lJ.,:sr: ar ·. usuully thr:: orir;in o..nd 

X und Y li:üts. ·r:1-~!k cé\n b'.' digitized at any ti:-:1~ é!.t ·th· ... _nd 

of <i feo.ture <lit,;itizo.tion -.1.n<l th-~ olcl and lW\1 valu·JS ·.-Jill b.: outymt 

for vi.su:::.l colp~rison Etnd ::.tction C'-ln thua be t~kcn. 

(5), Di¡:itizition of Reference Position.s 

.Ocfore procee<ling further in the description it is advisable 

to say a few \·JOrds o.bout the refcrence positioning of digitized d:!t~. o 

It should not be necessary to place a sheet down in an ex~ct 

position on a digitizing tablé; it is preferable to read off 

réference ·positions and correct the data by u program operation. .,. 
¡;- ' .1 ·~·;' 

It is normal t:J digitizP. g;r.iñ crossing points in sone defined ·• 

order and us<:: th·~se f_or ca).culat~on either to corrected ma~hine 
coordinates or to a reference such as lat-longo Thc simpler ~ethod -- - ·- . . .. 
is to assum.; that the sheet is non distorted and use the grid. 

crossovers tó calculate an average correction. For distorted 
' . 
sheets i t is p:c·?:fe:rable __ to use cach e;rid crof:sovers ind:Jpench•ntly 

an<l intljrpolat,~ b2t\'12E·n cac!l pair 'ror a diffcr~nt correction. 

It is also normal in the U .of So system to digitizl: som0 sp-..;ci

fi~d lat - long positions -:md also thc ch·.'Ck coordino.tes ~s 

d~scribt::d in th..; last secti'pn. 

~vh.:;n ALF is to be used .cor.rf~ctions have to be made b~t\'leen 

th. manual di~itizing table and.th0 ALF tsble,~s the map sheets 

are unlibüy to b; put dO\·m on each in a similar position. 

(6) Data B3nk Incorporation 

~/ork is nm·J proc~ ;ding ir(, addinB digi~ized data. into a full 

do.tubcnk and carrying out th.:; lh:-c,;sso.ry cooput.:].tions o.s ·well ;.'l.s 

join and n.:rgc op_r.:J.tionso This Hill be dsscrib,!d in u scp<.i.rat .. ~ 

rl:port. 

(7) AutoJi1.:J.tic Line Follmling (ALF) 

'l'h.; device c,1ns:i :::;ts of ~m xy· mcch:mima· d.rivt.•n 'by the on-lint! 

cowputer unli \·;hich carri·.'S a Vidicon c::..m,ú·3> to any rcquired position!' 
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The vidicon i.:: r..~d\:: to rnov0. in stcp.s dm·m dlCh línc designat(~c. 

by th~ 'di.L·~ctor' tupe (oroduc .;u on an ofi'-lin.:~ nélnuu.l diGi ti:;er.) 

The vim.¡ ar.:-a of thc vidicon camera is approxirnatf:'ly 1/2" 
x 1/2" o.nó. the imag3 is passod to th·~· on-line computor via a lo\·.' 

spc~d sean unit. '.vithin the 1/2 11 x 1/2" urea thc line is trac~-::~d 

in core and. un 'cm;.;rgent' position found. Thc vidicoil is th2n 

movc.d autom:J.tically until this position becor.J..!S o. n:!':/ 1 entry' 

position.usually arranged to be at the centcr of onu or oth~r side~ 
of the smo.ll square. 

Each sc¿uarc op.Jration takes about 1/2 one second and G.noth· r 

1/2 seccnd for mov~~cnt resulting in an overall specd of ~pproxi
rnat'2ly 1 inch in 2 seconds. , 

· The rcsolut~i_on of :.the 'System is :!:. 0.004" and it is only 

neccssary to r~aintain ;;ca.sona'ble stability on thc vidicon .. imagc 

and orthogono.lity 2.nd pr<-!cisio~ to this extcnt on th~ XY mechc.nim:: • 
. - - . 

It i·Jill be no i;::;d that actual line rec.ding is undor stutfc 

condi tions and thus the normal dym:mic follo\-ring I?robloms o_f .ALF 
units do not npply. Thvre are ~o problems of soall rad~i of curv~
tur..: or of lin.; thic1:ness. Tht! only rr.C}uir<'r¡t0nt is tha.t s0nnrate 

lin. ·s o.r:-; nt L::a.st O. 001~" apo.rt. 

'rh~ output in provided in thc samc · formo.t o.s from o. m:muc.l 

digitiz.:r :md includes the ·rcference data from the 'di~·ector tape' 

input. 

Thc lin:; data is no'" c_omplGt~, except for som•-:: missing parts 

.:; .g. v;her.~ a nBJ:1._; cross~d a lina, él!ld at complex junctions. The.s.~ 

can b;; udd~d by passinf5 th0 output tn.p~ to the on-line interactive 

display .systcm (see l~tcr). 

Some cartographic compl~xitics are: nO\·r bcL1g dcalt ~·lith by 

the addition of logic~l routin2s. A perticularly inportant one 
of thi:!!3e is conc('rned \·lith 'sand' syrnbols touching th,J coastline 

and this e~ L;od to som<3 ind~~cision on the part of thc follouc:r. 

The ALF 2:ppears to Hork v.:ry \!Oll :1nd _is equally good en 

black lin,:s on. tr:-msr>;::-.r.'"'nt ov~rlays, transparcnt lincs or.. negativas 

or the ~dge~ of colour ill~sk sheets. 

It \!ill b..! notcd tho.t the ALF is physically· the same :1s the 

OCR unit to th! cL-ncrib~.~d n~xt - th~~ difference is cnly ,ene of pro

graJa él!ld IiPtho(: uf us.:. 
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Tb:' speed of op.:;ration of the ALF unit is cuch tho.t it i~ 

feasible'.to r-.~position the sheet and carry out o. socond co:.!pl-::tc 

op2rntion, co~po.rinB thc two results aftcrwards as a vcry stronc 

check of r~lio.bility. 

The op~r~tor need only be prescnt for thc tracking of tapes 

and fitting th.:~ oa:p shcr.t to the ALF unit. If the ALF opcrction 

dctccts en unspccified condition, e.g. a nnmc across a lin~ or o. 

junctio~ it ·,:ill report this to the opero.tor at the end of its \lork 

(it leaves the unspecified condition and goes to the next spc_c·ified 

line start). The opcrato_r d-?als ~lith this in the best mariner, 

probably by cddin~ a ne·.-~ start coordinate aftcr the proble!l situaticn. 

Prior to commcnc~mcnt,'Of the ALF operation thc operator r.l')V'::S . ( . 

the vidicon to ccrto.ih ref.:-i¡-encc locations (as usGd \·rhen rno.king 
\ 

thc dir·::ctor tape) arui whcn ·thc vidicon is contered (as seen on 

tpe monitqr) he cntors thcse ·,values \·rhich are used to reoricntr~te · 

th8 'director' loco.tions to thc enes on tho ALF. 

ProgrB.lll!'linc; ';lork is nO'.·r bcing C~E_rü;n out for a'!J,tor:mtic 1 in e 

foll.O\.·inG of o. coi:~plex polygon. structurc \'lithout th--· necccsity of 

redefining each line separately. 

(8) Optical Cho.ractJr Recognition (OCR) 

This '.-iOr:c can, b~~q_no i__ery compiox but i t is not so if ·li:::ited 

to only te-n digits and !)crticularly ;r thssc are \·T:::ll formr.:;d as in 

numorical dcpth soundings on charts. No attcmpt is being mad~ to 

read alphabetic charactors. 

The syster:1 hard· .. :o.re is · the same as that for the ALF wo!'1~ c~n

sisting of an XY mechanism a,nd Vidicon canera, both on lino to t!1~ 
/ 

computer. No director ta~e is necessary in this case if all li~e 

work has been re~:1oved. In that case the vidicon is· mecho.nic:~.ll:: 

traversed backuards and for\·rards across the sheet, stopping t0 i~:'lnt 

the data each tine a black mark is-encountered. 

Recognition is carried out in core, digit by digit, by ~ 

cornplex fitting of smnll rectangular patterns. - The pror;ro.rr1 i:,; r-~ll-·

tively sophisticated und works on a·proportiono.l b~sis, not reruiri:l~ 

an exact muslcing fit. tfuil~ the recognition is aimed o.t 100~ 
roliabili ty 'it is nevertheless allot'I'D.blc for the syst·'3I:1 to report 
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,,~eco~iz~d' in doubtful situationso ~ese are reported ta the 
operator at the cnd of the op~ration and he can add these ~anually. 
Aga.in the op~.Jro.tor is only concerncd \'lith fitting co.gnetic t3.nec, 
the map Ghoet to tho ~cchani~m, and adding in certain referencc 
locations (in thic cane they are usually outside the normal mup 
aren. .. ) 

Tbe system is ca.pable of reading vrell formed h:md-\;Titten 
characters and v1o.rk is nm'l being extended to field survey sheets., 
In this case it is usotul to speci~y so~c 'director' infornation 
on a manual. digitizer. This de*'incs recta,ngular areas and. indi· .. 

cates the process on eacho These :night be "do not attempt n.s too 
complex~ 11 "simple to r~ad, 11 '"\·tith suffix dic;its, 11 etc o The dcf,ined 
rectanBUlar areas remo~~.mu~~ of the necd for 'duffing out' lines 
and control the rnechanical sean limits of the mechanism. · 

The.-accuracy 'of positioning can be as good as .:!:. 0.004"_ for 
soundings, but as this depends on calculation of the 'v1eighted 
centre' the true accuracy may be sor1eHhat less o 

(9) Interactive Display Syste~ 

A report is available on the sophisticated interactivo rnani• 
pulation of cartographic data developed at the Uo of S. (Conputer 
Aided f-lap Compilation) o: 

As far a~ digitiza~ion is concerned, sections of lines can 
be added, 4e1eted or modifiedo As line addition is not to nn exnct 
truth, but merely 'eye-balling' it should not be used for more thru: 
about 1/L¡." of line at normal scale, e.go the r:ri.ssing section \·Jhere 
a name crosseñ a line. The line addition is carried out at magnifi
cation on the screen \·Jhich gives good smoothing and ~nd joininG 

propertics. 
It is also possible to point to any line or location and 

modify the doscriptor or label associated \·!ith it.. This method 
appears increa·singly attractive as an aid to manual line digitizat.ion 
( instead of adding at the ·time) and is very valuable t·;hen sca:n.nj.ng 

disitization is uoed. 
The ~ystein unes an on-line Tektronix 611 storo.ga dis:<!.::.y 

\'lith int0r~ction by 'write thru' Gpot o.nd :ilO\l:Ct'~ 1 man.u~l c\mtr:'ll. 
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It is a most valuable adjunct to digitization. In nanual 
•ligitization periodic visual checks on the data should be made as 
well as after ALF or OCR work. It is rarely useful to build up 
the data on the display as the work is digitized, it is preferable 
to do this on an internal disc store so that the data can be dis
played on request at any magnification and can be modified at the 
time if desired to do so. 

The resolution of the display is 0.008 11 and the s.ize of the 
screen is 6 1/411 x 8 1/4". 

(10) Scannins Digitizers . 
r 

Work in this area ha~ ~Y recently been commenced at the 
U. of S. A digitizer is 'now ayailable in the department and some 

. 6 ' \ 

tests are being made using the.Visicon equipment and programa. 
-----. 1 

The procesa was not considered advisable earlier on two 
1.;ounts a) the difficulty and expense of changing sean to line 
data format and b) the addition of des~riptors. 

The second problem has now been removed by the easy use of 
the interactive display program and ne\·1 ideas and new methods may 
make the first quite acceptable. 

A particular appli~ation is being examinad at present to 
digitize areas conta~ing· multiple lakes and multiple islandso 



15 

· (11) Eouiprnent used for work in fully integ:'ated systel':l 
(not including scanner). 

1 

1 

1 

·1 

1 

1 

1 

1 

1 

1 

PDP8/E-CA r.!inicoonuter 
with extra ~K core ~emory and 
positive I/0 bus interface 

Teleprinter L'r33-DC 
Taktronix 611 ntorage display 

Anproximate U~So Prices 

8,890 
1,500 
3,500 

Uo of S. designed interactive interface 
with 'o.ouse' 

RK8 disk sy~tem control 
RK05 disk drive 
TM8-EA DEC r.!élGlletJ.c "tío..ne unit" . - . 
Nanual digitizer,d.-IJac, Gradicon, 

Bendix or Forranti 
Vidicon c·a.IT!cro. uni t and- control 
for ALF and OCR 

XY mechanism to carry vidicon 
for ALF o.nd OCR 

2,500 
2,800 
5,100 
9,950 

20,000 

5,000 

1 
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CJ\MS : Computcr Augmcntcd r•appinq ~y~tcm 

Richard w. Hcssdorfer 

Bundcsforschungsanstalt fHr 
La.ndcskundc und Paumordnung 

Bonn - Dad Godcsberg 

Abstr.üct: 

An intcractive cornputer system to increase the ability 

of geographers to visualizc and manipulate geographical 

and statisticül data in the form of thematic rnaps is 

currently being dev~lope1 in the "Dundesforsc~ungsan~talt} 

für Landcskund~ und Raumordnung" in Bonn. This systcra, 

named Ch!·1S. f~r Comptlter .l\~gn¡e.nted Mapping System, is not 

only based on the need for thc map dcsigncr to choosc 

representation techniques and to place lcgends, ·symbols · 

and text, but also on the need for the researchcr to be 

able to explore a variety of data combination ·and gro'...lping 

techniques to clari.fy J;j ~ underst<mding of t~C? data. 

CA!-tS is being implemented on a Digital Equipr.1Emt Corpora

tion PDP 11/20 wi¿h 32 k-words, including both fixed-hend 

and intcrchan~c~ble disk storage, connected to a Tektr.onix 

4002 A Graphic Computer Terminal with a joy-stick input 

device and keyboard, and a Calcomp 738 flatbed plottcr. 

Geometric base dala in the forro of line scgments and 

coordinates is suppli~d by a sister system, CAOS (Computer 

Aided Digitizing System), also working online with th~ 

PDP 11/20 and a o-~~C-Digitizer. 

In short CAMS enables the user to input a master spatial 

data set and then operate upon this data to create sub:napSj 

or to associate the geogra~hical nreas with dcmo~rnphic 

or s~atistical data. Thc rcsults of thcse manipulations, 

executcd in dialog with in a user-fricndly commnnd environ

ment, can be prcvie\1ed and altered on thc graphical display, 

and then output to the plotter as hard copy in various 

colors, shadings, or line dra'Vrings. CA!·iS processcs all 

1 2 



2 

syst~m elements as liDts or string~: a map is a li~t bf 

figures (geogr~0h~cal arcns), a figure is a list of 

contiguous or non-contiguous line segmcnts, a line scgment 

is a list of X and Y coordinates. System data maps (data 

sets nssociatcd with a particular geographical map) are 

considcrcd as lists of data valucs, symbol or shading 

designations, or alphanumcric information, each clement 

corresponding to a figure in the 'mother• map. Special 

figures (legends, s~~bols, partinl drawings) can be created 

and stored either as grarhical macros, or as subrautine 

calls in map lists. CAf.1S allm1s the user to crea te and • 
store up to 35 sub,maps derivcd ~rom the bane gcographical 

data set in a syste.rn majntained map library. These maps . 
can be then accessed at an~ time, edited, delcted, or 

outp·ut to externa! bulk r.torage. Data maps 'can bet op.erated 

upon mathematically (+, -, *, /)·by constants or other 

data maps, logically (unior., iñtersection, GT, LT, En), 
' 

or statistically by grou~ing (eventually by standard 

statistical analysis functions).· Provision is being made 

for the convenient addition of'user models and data 

manipulation subroutincs. 

Ari important factor in the dcsign of the entire system 

has been the desirc to make the co~and language and 

interaction procedure simple and self-explanatory so that 

non-programmers could effectively use CM'So All user repllc; 

are in free-format natural language using kcy \·:ord command 

cues. The systcm Hill allm·1 the advanced uscr to writ-é 

lis ts of complete cornr:1ands v1i thout interrupting Hhen they 
1 

are error free;the beginner.can -requcst an input explana-

tion at each command point by simply typing a blank lineo 

Command rncnus are displaycd at strategic points in the 

dialog_~nd the user is givcn the option of rnenu-picking 

\-11th the joy-stiék cursor or typing a complete text com:nand. 

·----
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A. I~TRODUCCION 

El sistema IMGRID es un conjunto de programas de computadora -
para manejar y transformar mal,l.as de información geográfica de 
acuerdo a especificaciones precisas basadas en el juicio y ex
periencia de grupos interdiscipli~arios de expertos. 

En t~rminos generales, el sistema IMGRID agiliza el an&lisis -
referente a la utili2aci6n del suele y los recursos nat~rales
disponibles y 9ermite el estudio de los efectos que d~terentas 
políticas ~Pueden producir en el medio ambiente. 

El sistema está diseñado para ser utilizado por pers0nas sin -
conocimientos en programaci6n, dado que se controla mediante -
instrucciones sencillas que realizan operaciones específicas. -
Una vez que el usuario entiende la naturale2a de las instruc-
ciones, está en posibilidad de n1anejar el sistema sin ~ayer co 
nacimiento del mismo. HiGF.ID puede funcionar como un sub·-sis= 
tema dentro de un siatema de recopilaci6n, almacenamiento, aná 
lisis y recuperaci6n de informaci6n geog~áfica mas amplio. 

Componentes del sistema: 

1. BANCO DE DA'rOS. 

Almacen de la informaci6n relevante al sis-tema bajo estudio. 

2. MAPEO. 

Con auxilio de la impresora de líDeas de la computadora; prod~ 
ce representaciones gráficas (mapas) de la información conteni 
da en el banco de datos y de la generada por los difere~tes mo 
deles del sistema. 

3 • MODELOS PARlo. LA LOC?.LIZACION DE AC'riVIDADES. 

Permiten analizar la factibilidad de usos específicos del sue
lo en cada una de las zonas del área bajo estudi~. Es posible 
incluir 20 diferentes usos del suelo en una sola corrida. 

4. MODELOS PAF_.l\ EL ES'l'UDIO DEI, H1PAC'I'O DEL USO DEL SUE 
LO SOBRE LOS SISTEHAS AMBIENTALES. 

Estos modelos permiten analiza:::- los efect.os pr•.::;.l:::ables sobre --

.1 



los sistemas ffsicos y biol6gicos, que ocasionarfan diferentes 
usos del suelo. Se dispone de suficiente capacidad para anali 
zar el impacto producido hasta en 30 componentes del sistema -
ambiental, en una sola corrida de los modelos. 

5 . MODELOS PARA LA EVALUACION DE PLANES DE UTILIZACION 
DEL SUELO. 

Estos modelos permiten la evaluaci6n de los diferentes planes
de utilizaci6n del suelo entre sf, de acuerdo con el impacto -
o efectos que se inducen en cada componente del medio ambiente 
bajo estudio. 

Aplicaciones: 

Planeaci6n del uso del suelo en nuevos polos de desarrollo in
dustriales y turfsticos. 

Dictamen de impacto ambiental para los planes de desarrollo ur 
bano y regional. 

Estudios para la conservaci6n de recursos naturales en parques 
nacionales y reservas territoriales. 

Planeaci6n de cuencas. 

Capacitaci6n profesional en planeaci6n y administraci6n del 
uso del suelo y los recursos naturales. 

2 



3 
I. B&~CO DE DATOS. 

Para la elaboraci6n del banco de datos se siguen los siguien-
tes pasos: 

2. 

1.1oelimitar el áre~de estudio{ 
' . 

3. TEnlistar En listar los usos del los 
suelo propuestos y a na lbienta1.es que -
liza~ sus factores de medir y anali 
localización. riables que p 

j represen ta.t i v . 

4. loete~~inar las variables que 
. ¡estarán contenidas en el banco. -
5. ~ec~lecci6n' de' informaci6n. 

6. Determinar el 'tamaño de la 
unidad básica de registro de 
informaci6n (celdilla de la 
retícula) • 

REVISION 

7. Geo-codificaci6n. ~]_ 

8 • Creación de archivos 
Programa AP.CHIVOS/Il'1GRID. 

9. Mapeo del 
1 

banco. de datos. 
Programa MAPAS/IMGRID. 

(. \ 
1 

impactos am
se deseen 

zar las va
ueden se:t" 1 
as . 
--'---

Modelo de 

\ 
atractividad -4 f'-1odel 

¡vulne 
o de 
rabilidad-

\ 



Paso 1.- Delimitaci6n del área de estudio. 

El contorno del área bajo estudio debe ser delimitado 
mediante un rectángulo (contorno regular) 6 conjunto
de rectángulos (contorno irregular), dependiendo de -
las condiciones geográficas, jurisdicciones político
administrativas o algún otro criterio. 

Paso 2.- Especificaci6n de los usos del suelo. 

Debe hacerse una lista de los usos del suelo que se -
desean localizar en el área de estudio, analizando al 
mismo tiempo sus factores de localizaci6n. 

Paso-~-- Identificaci6n de los impactos ambientales que se de
sean medir. 

Debe hacerse una li~ta de los impactos ~mbientales -
(erosi6n, contaminaci6n del suelo, agua, aire, cam--
bios en ei paisaje, etc.) que son de interés, asi co
mo un análisis de la mejor forma de describirlos. 

Paso 4.- Determinaci6n del contenido del banco de datos. 

Basándose e~ los análisis de los pasos 3 y 4 y la dis 
ponibilidad de informaci6n y recursos, se deben selec 
cionar las variables que estarán contenidas en el bañ 
co de datos, así como las categorías en que se subdi~ 
vide cada una de ellas. 

Paso 5.- Determinaci6n del tamaño de las celdillas de la retí
cula. 

El tamaño de la unidad básica de análisis (celdillas
de la retícula) depende de los siguientes factores: 

- Exactitud y tipo de los datos disponibles 
- Tamaño del· menor rasgo que se desee registrar 
- Prop6sito para el cual vah a usarse los datos 
- Tamaño del área de estudio 
- Limitaciones en los recursos para geo-codificar la-

informaci6n. 

El tamaño de las celdillas debe permanecer constante
en toda el área de estudio. 

•, 
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Paso 6.- Geo-codificaci6n del contorno. 

Contorno regular: 

la. tarjeta: 

Col .• 1-5 

Col. 19 
Col. 15 

2a. tarjeta: 

Col. 1-5 

Número ·de celdillas de la retfcula en -
sentido vertical. Perforado como un nú 
mero entero, justificado a la derecha.
' o 1 

1 o 1 

'99999 1 

Contorno irregular: 

la. tarjeta: 

Col. 1-5 

Col. 5-10 

Col. 10-15 

Número de hileras de la retfcula en el
sentido vertical que tienen el.misrno -
desplazamiento hacia la derecha y la iz 
quierda. Perforado como un número ente 
ro y ju~tificado a la derecha. 
Número de celdillas que se desplazan a
la derecha del m~rgen del contorno regu 
lar. Perforado corno número entero y -
justificado a la derecha. 
Número de celdillas que se desplazan a
la izquierda del contorno regular. Per 
forado como número entero y justificado 
a la derecha. 

Debe repetirse este procedimiento en tantas tarjetas
como sea necesario para especificar toda el ~re~ de -
estudio y sus fronteras. 

Ultima tarjeta: 

Col. 1-5 '99999' 

Paso 7.- Geo-codificaci6n de las variables. 

La geo-codificaci6n se hace superponiendo la retfcula 
al ~rea de estudio y registrando el valor 6 categoría 
que torna la variable en cada una de las celdillas, -
anotando el número correspondiente de acuerdo a la -
sub-divisi6n especificada. 

Los datos· pueden ser registrados como: 



a) Datos de punto tvgr. una cascada, un pozo, etc.). 
b) Porcentaje de la· celdilla con una activjdad deter-

minada. 
e) Tipo predominante de uso del suelo. 
d) Datos de línea (vgr. una carretera, un río, etc.). 

Cada columna en una tarjeta representa una celdilla -
de la retícula. Cada tarjeta representa una hilera -
de celdillas. Si se tienen más de 80 celdillas en -
una hilera se deberá usar dos o más tarjetas. 

la. tarjeta: 

Col. 1-2 Número de la variable, perforado como -
número entero justificado a 1~ derecha. 

Tarjetas siguientes: 

Col. 1-80 Valor o categoría que toma la variable
en cada una de las celdillas. Deben -
perforarse como números enteros de una
cifra (0-9) en las columnas correspon-
dientes. Se debe utilizar solamente el 
número de columnas necesarias. Para re 
gistrar todas las celdillas de una hile 
ra de la retícula. Se deben perforar ~ 
tantas tarjetas como sea necesario para 
registrar todas las hileras de la retí
cula. 

El programa limita el número de variables a 50 y el -
de niveles 6 categorias para cada variables a 10, nu
merándolos del O al 9. 

Paso 8.- Creaci6n de archivos en la computadora. 

Para almacenar las variables en el banco de datos, se 
alimenta el programa ARCHIVOS/IMGRID con las tarjetas 
perforadas en el paso 6 y 7 para crear archivos en -
disco magnético que serán utilizados por los modelos
de localizaci6n y de impacto ambiental. 

Paso 9.- Mapeo del banco de datos. 

Debe producirse un mapa para cada una de las varia--
bles incluidas en el banco de datos utilizando el pro 
grama MAPAS/IMGRID, cuya descripci6n es proporcionada 
en el capítulo V. Una vez impresos, revisados y co-
rregidos los mapas es posible pasar a la siguiente -
etapa en el proceso de IMGRID. 

6 
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II. MODELOS DE A'l'RACTIVIDAD. 

Para analizar cuáles son los sitios mas adecuados para locali
zar cada uno de los usos del sue~o, deben seguirse los siguie~ 
tes pasos: 

1. Enlistar las variables contenidas 1 "<)lr 
ep el banco de datos que represe~ J 
tan los factores de localizaci6n ~ ¡• 

del uso del suelo considerado. - 1 
Pueden consi4erarsa hasta 10 va- , 
riables. ' 1 

2.
1
Diferenciar la importancia de los 1 

factores de localizaci6n, asignándo --+ 
le a cada variable un peso de acue~·<€\"1-a __ ·-
do a la siguiente escala: ·--~~ l 

1 = menos importante. ¡ 
2 = importante. ! 

-3 = muy'importante. l 

3. Asignar preferencias para cada uno 
de los niveles 6 categorías en que 
se sub-dividen las variables, con 
una escala del O al 9, donde 11 

1 

t-

_______ o __ -_-__ n_a_d_a __ d~e--s~e-a_b_l_f_~_. ______________ l_ 9 = lo más deseable. .. 

4. Codificaci6n del modela. 

7. Analizar los resultados y 
modificar los modelos. 

, 

' 1 t 1 

11 



III. MODELOS DE ATRACTIVIDAD 

Estos modelos calculan un índice que representa la atrae 
tividad de cada una de las celdillas de la retícula para alo= 
jar un uso del suelo determinado. Este índice toma valores 
del O al 9, e indica que tanto se satisfacen los requerimien
tos de localización del uso considerado en una celdilla espe
cifica. 

Paso 1.- Escoger las variables relevantes 

Deben identificarse las variables del banco de da
tos que sean mas representativas de los factores 
de localización del uso del suelo considerado. Pue 
de incluirse un máximo de diez variables en un mode 
lo. 

Paso 2.- Ponderar las variables 

En la mayoría de los casos, no todas las variables 
incluidas en el modelo tienen la misma importancia 
en la localización del uso del suelo considerado. 

Puede darse prioridad a más variables (factores de 
localización) sobre otras ponderándolas de acuerdo 
a la siguiente escala: 

1 = menos importante 
2 = importante 
3 = muy importante 

Paso 3.- Asignar preferencias a los niveles ó categorias de 
cada variable 

Se debe asignar un número del O al 9 a cada uno de 
los niveles ó categorías de las variables, indican 
do así una mayor ó menor preferencia de acuerdo a
los requerimientos específicos del uso del suelo -

.considerado. 'O' significa nada deseable, '9' sig
nifica lo mas deseable. Ver figura 

Paso 4.- Codificación del modelo 

Para cada modelo de atractividad se debe perforar 
las siguientes tarjetas: 

la. tarjeta: 
Col. 1-2 

2a .. tarjeta: 
Col. 1-2 

Número del modelo 

Número de variables que in 
tervienen en el modelo.* 



3a. tarjeta 
Col. 1-2 

Col. 10 - 12 - 14 
16 - 18 - 20 
22 - 24 - 26 
28 

Tarjetas siguientes: 

Número de la primera varia 
ble * 
Preferencias asignadas a 
los niveles o catego~ias. 
(Paso 3) • Dado en orden 
ascendente * 

Lo mismo que la 3a. tarjeta. 
Una tarjeta por cada variable incluido en el 
modelo 

Paso 5.- Correr los modelos 

La forma de preparar el paquete para alimenta:r el 
programa ATRACTIVO/IMGRID esta ilustrado en lq fi
gura. 

El ~rograma analiza cada una de las celdillas y le 
asigna un fndice ~e atractividad en función d~ la 
importancia y de las preferencias asignadas. ESLuS 
fndices son alrnacen&dos en archivos de disco magn~ 
tico, los cuales serán utilizados para su mapeo y
en la evaluación de planes de uso del suelo. 

Una vez ejecutado, el programa manda un mensaje co 
mo el de .la figur~. 

Paso 6.- Mapear los resultados 

Debe producirse un mapa para cada modelo medi~nte 
el programa ~APAS/IMGRID. 

La atractividad de cada celdilla se representa con 
una gama de diez tonos de gris lograda mediante so 
bre-1mpresión de carácteres, en la que el tono mas 
obscuro significa una mayor atractividad. 

La forma de especificar los mapas se explica en el 
capítulo VI. La manera de alimentar el programa 
se ilustra en la figura. 

En las figuras se ejemplifica el mapeo de los mode 
los de atractividad. 

* Los numeras en estas tarjetas detK2n ser perforados camo enteros ~usti 
tuidos a la derecha. -
La figura muestra un ejemplo pa2·a forma de codificación ne los rnodelos 
de·atractividad. 

i 
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IV. MODELOS DE IMPACTO. 

Mediante estos modelos es posible analizar los efectos pro 
bables que tendrán los usos del suelo propuestos sobre di= 
ferentes sistemas biológicos y físicos existentes en el -
área. Estos efectos se miden de acuerdo al grado de impac 
to negativo, jerarquizándolos en compatible, moderado, se= 
vero y terminal. El método consiste principalmente en la
asignaci6n y combinación de sensitividades de las varia--
bles que intervienen en el modelo mediante el uso de matri 
ces. 

Paso 1.- Analizar detalladamente las compoentes del sistema y 
el impacto que se desea medir. 

Una descripción detallada del sistema sobre el que se 
desea evaluar el impacto de los usos del suelo pea--
puestos, ayuda a el~gir las variables que mejor lo re 
presentan. 

Paso.2.- Elegir las variables que intervienen en el modelo 

Por razones prácticas, sólo deben considerarse tres -
variables para describir un sistema. Estas deben ser 
enlistadas en orden de imprtancia decreciente: más im 
portante, importante y menos importante. 

Paso 3.- Diferenciar la sensitividad de los niveles o catego
rÍas de las variables. 

Deben agruparse los niveles o categorías de cada va-
riable que interviene en el modelo de acuerdo al gra
do de sensitividad al impacto considerado. Los gra-
dos de sensitividad en el modelo se especifican de la 
siguiente manera: 

1 = Alta sensitividad 
2 = Media 
3 = Baja 
4 = Nula 

En las hojas para .codificar los modelos debe escribir 
se el número de cada ·nivel 6 categoría en la casilla= 
correspondiente a su.gr~do.de sensitividad. A conti
nuación, debe anotarse el grado de sensitivad de cada 
nivel o categoría dibajq _de·la cQlumna correspondien-
te · 



Paso 4.- Combinar las sensitividades de las variables importan 
te y menos importantes. 

Se debe asignar un grado de sensitividad conjunta a -
cada una de las combinaciones posibles de sens.i ti vida 
des de los niveles ó categorías de estas dos varia--~ 
bles. La estimaci6n de estos grados de sensitividad
"combinada" se hace con la jerarquía: 

1 = Alta sensitividad 
2 = Media 
3 Baja 
O = Nula 

Paso 5.- Agrupar los usos del suelo 

Los uso$ del suelo considerados deben agruparse de -
acuerdo al grado de impacto potencial ocasionado por
su construcción, mantenimiento y actividades de los -
usuarios. Estos impactos se clasifican corno: 

1 = bajo 
2 = medio 
3 == alto 

Paso 6.- Determinar la Vulnerabilidad del sistema con respecto 
a los tres grupos de usos del suelo. 

Debe asignarse un índice de vulnerabilidad {grado de
impacto negativo) del sistema para todas las combina
ciones posibles de los grados de la sensitividad obte 
nidos en el paso 4 con los grados de sensitividad de~ 
la variable m~s importante. Los indices de vulnerabi 
lidad corresponden a las siguientes categorías: 

1 = compatible 
2 = moderado 
3 = severo 
4 = terminal 

Debe hacerse un an~lisis por separado para cada u~o -
de los grupos de u~os del suelo. 

.. 

3? 



Paso 7.- Codificación del modelo 

Para cada modelo se debe perforar las siguientes tar 
jetas: 

la. tarjeta: 

Col. 1-2 

2a. tarjeta: 

Col. 1-9 

Col. 10-11 

Col. 12 

3a. tarjeta: 

Col. 1-3 
Col. 4-6 
Col. 7-9 

4a. tarjeta: 

Número del modelo.· Perforado como entero justi 
ficado a la derecha~ 

LAEP/IMPT para indicar que se crea un archivo -
de impactos. 
Número del modelo. Perforado como entero justi 
ficado a la derecha. 
1 para indicar que termina el nombre del archi
vo. 

1 

Número de la variable más importante. 
Número de la variable importante. 
Número de la variable menos importante. Perfo
rados como enteros y justificados a la derecha. 

Col. 2, 4, 6, Valores de sensitivdad de los niveles o categ~ 
8, 10, 12, rías, asignados en el paso 3. 
14, 16, 18, 
20 

Sa. tarjeta: 

6a. tarjeta: 

7a. tarjeta: 

Lo mismo que la 4a. tarjeta para la variable 
importante. 

Lo mismo que la 4a. tarjeta para la variable -
menos importante. 

Col. 2, 4, 6, Grados de sensitividad conjunta de las varia--
8, 10, 12, bles importante y menos importante. {matriz 
14, 16, 18,del paso 4)*. 

8a. tarjeta: 

Col. 2, 4, 6 Grados de impacto negativo {vulnerabilidad) pa 
8, 10, 12, ra el primer grupo de usos del suelo. {la. ma-
14, 16, 18 tríz del paso 6)*. 

*Las 'matrices deben ser codificadas empezando por la primera co 
lumna y de arriba hacia abajo, continuando hasta registrar las 
nueve casillas. 



9a. tarjeta: 

lOa •.. tarjeta: 

· lla. tarjeta: 

Col. 2, 4, 6 
8, 10, 121 
•••••• , 4 o 

Lo mismo que la 8a. tarjeta para el segundo -
grupo de usos del suelo •. (2a. matr!z del paso 
6) *. 
Lo mismo que la Sa. tarjeta para el tercer gru 
po de usos del suelo. (3a. matrí~ del paso 6)*. 

N~mero de gr~po de· usos del suelo al que per-
tenece cada tino de los usos considerados en el 
estudio. (paso 5) Se deben utilizar solamente
el número de 'columnas necesario para r~gistrar 
la clasificaci6n de todos los usos. El ~rogra 
ma permite como máximo 20 usos diferentes. -

*Las natrices deben ser codificadas. empezando por la prinera colUI'IU'la y de 
arriba hacia abajo, oontinuando ~ta registrar las nueve casill~. 
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Paso 8.- Correr los modelos 

La forma de preparar ~n paquete para 
grama IMPACTO/IMGRID es ilustrada en 
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~ !·- Mapear los resultados 

Mediante el programa "MAPAS/IMGRID se debe producir un 
mapa para cada modelo de impactos. La forma de espe
cificar los mapas se explica en el capítulo VI. 

'· 
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V. EVALUACION DE PLANES DE USO DEL SU~LO 

El obj~.tivo de los planes es localiza:: ~os usos de~ sue:lc:> pro
puestos en los sitios de mayor atract1v1dad y al m1smo t1empo
minimizar el impacto ambiental en el área. 

El resultado de la evaluaci6n se expresa en dos tablas sumario. 
Una con la atractividad total del plan y la otra con los impac 
tos producidos en los sistemas considerados. Además, .se obtie 
nen un mapa de atractividad del plan y uno para .cada 1mpacto. 

Paso 1.- Localizaci6n de los usos del suelo 

Mediante una inspecci6n visual de los mapas de atrac
tividad y de impacto se pueden diseñar planes, indi-
cando el uso del suelo que ha sido puesto en cada una 
de las celdillas de la retícula. S6lo se permite un
tipo de uso del suelo en cada celdilla. 

Se debe verificar que los usos del suelo esten locali 
zados en el número de celdillas necesario para alojar 
todo el área propuesta en el estudio. 

Paso 2.- Codificaci6n de los planes 

El procedimiento es bastante similar al utilizado en 
la preparaci6n del banco de datos. Se debe comenzar 
por la orilla superior izquierda del área de estudio 
y recorrer horizontalmente, celdilla por celdilla e
hilera por hilera. El número del uso del suelo debe· 
perforarse en la columna correspondiente, dejando en 
blanco aquellas en donde no se localice ningún uso. 
Las hileras de la retícula se registran mediante una 
o más tarjetas, dejando 2 columnas por cada celdilla 
ya que algunps números de usos del suelo necesitan -
dos cifras. 

Para cada uno de los planes que se deseen evaluar de 
be preparars~ un paquete 

Paso 3.- Revisi6n de la codificaci6n y perforaci6n d~ los pla
nes. 

r-1ediante el programa REVISA/IMGRID se obtiene un lis
tado de los planes de uso del suelo para su revisi6n. 

Paso 4.- Almacenar los planes en la computadora. 

Cada uno de los planes es almacenado en un archivo de 
disco magnético mediante el programa PLANES/IMGRID. -
Estos archivos serán utilizados posteriormente en la
evaluaci6n de los planes. 
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~ ~-- Evaluación de los planes en la computadora. 

Durante la fase de evaluación, la ~omputadora suma to 
dos los atractivos que corresponden a las celdillas .. , 
designadas para localizar un uso del suelo particular 
La suma total se divide entre el número total de cel
dillas distribuidas para ese uso del suelo. El ~esul 
tado es un indicador de atractividad promedio. Este= 
es multiplicado por 10 para ponerlo en una escala de
l a 100. 

Un marcador final alto indica que el uso del suelo 
fue puesto en áreas que cumplen muchos de los crite-
rios deseados para ese uso del suelo. Un marcador ba 
jo indica una pobre selección en la localización de = 
los usos del sulo con respecto a la tractividad de -
las celdillas. 

Todos los usos del suelo que se van a incl.uir en el -
área de estudio son ,evaluados en forma similar y reei 
ben un marcador final de atractividad promedio. 

La segunda parte en la evaluación de un plan consiste 
en dar una estimación del grado de impacto negativo -
creado por el plan de uso del suelo en su totalidad -
sobre cada uno de los sistemas previamente definidos
por los modelos de impacto. 

Cuando la computadora encuentra una celdilla a la que 
se ha asignado un uso del suelo, determina el grado -
de impacto que tendrá ese uso del suelo sobre el sis
tema que está .siendo analizado. El grado de impácto
dependerá de la combinación de niveles y categori':as· = 
encontrada en la celdilla y del grupo· de usos de.i sue 
lo al que pertenezca. 

El marcador final de cada modelo indica el grado de -
impacto promedio creado· por la totalidad del plan so-· 
bre el sistema considerado en toda el área de estudio. 
La media numérica e.s una rned.ia ponderada. El número
de celdillas que reciben un indicador de· impacto 1-, -
se multiplica por 1. El número de celdillas que reci 
ben un indicarod de impacto 2 (impacto moderado) se =
multiplica por 2, etc. El total final de loa cu~tro
impactos se divide entre el número total de celdi.llas 
donde se localizan los nuevos usos del suelo. La me
dia resultante estará entre un máximo de 4 y un m-íni
mo de l. Un marcador cercano a 4 indican que lo~ usos 
del su.elo han sido puestos donde crean una gran canti 
dad de impacto negativc:.. Un marcador cercado a 1~ in= 
dica poco impacto en el sistema. 
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Para la evaluaci6n de los planes deben perforarse las siguien
tes ~arjetas: 

lá.. tarjeta: 

Col. 1-5 
Col. 6-10 

2a. tarjeta: 

Col. 4-5 

Col. 9-10 

Col. 14-15 

3a. tarjeta: 

Col. 2, 4, 6 
8, 10, 12 
14, 16 

Tarjetas 
siguientes: 

Núme~o de hiler~s de la retícula. * 
Número de columnas de la retícula.* 

Número de modelos de atractividad realizados en 
el estudio.* .~ -. 
Número de modelos de impacto realizados en el -
estudio.* 
Número del plan que se desea evaluar.* 

Agrupación de los usos del suelo en el primer -
modelo de impacto (paso 5) . Debe anotarse el -
número de grupo al que pertenece cada uno de 
los usos considerados en el estudio dados en -
orden.* 

Lo mismo que_ la 3a. tarjeta. 
Una para cada modelo de impacto realizado en el 
estudio. 
Deben darse en el mismo orden en que se corrie
ron los modelos. 

La forma de alimentar el programa EVALUA/IMGRID se ilustra en
la. figura. 

* Deben perforarse corro núneros enteros justificados a la derecha. 
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. Paso 5.- Mapear los resultados rle la evaluaci6n. ---
Se debe .producir un ma;pa de la atractividad del plan
y uno de cada impacto· (considerado. 

~1 mapa de atractividad indica el grado de atractivi
·dad logrado al haber localizado los usos del suelo an 
los s"i ti·os que se pensaron convenientes. 

La impresión del mapa •estará basada en un rango numé
rico de -1 -a 4. .El número 1 indica que el uso del .sue 
lo ·es ·compatible; un níúmero 4 indica que el uso del -
-·suelo t'iene un ·impacto terminal sobre el área. · 

Se ·obtendrá un mapa impreso para cada sistema descri
to por un modelo de il\lpacto.. Cada mapa repre.selita un 
sistema diferente e indica cuantas celdillas del to-
tal distribuido tienen impacto compatible, rnodetado,
severo ·6 terminal. 

' La forma de especificar los mapas con el programa 
MAPAS/IMGRID se explica en el cap~tulo VI. 

Para producir los mapa's de evaluaci6n debe prepararse 
un paquete como el de da figura. 



Paso 7.- Análisis de resultados y generación de nuevos planes 

Con ·esta ihfoimaci6n a mano y las áreas problema loca 
!izadas, se puede preparar un segundo plan. 

La preparación de este segundo plan implica la reloca 
lización de los usos del suelo que crean impactos ma
yores o que reciben bajos indicadores de atractividad. 

El objetivo final es elevar la atractividad y dismi-
nuir los impactos. Se debe lograr un equilibrio en -
la atractividad total no puede ser elevada sin elevar 
también los impactos. 

Con este punto se supone que los usos del suelo han -
sido puestos en las mejores localizaciones dadas las
condiciones naturales existentes, hasta que se presen 
te nueva información disponible. -

Una vez realizada la evaluación debe ser examinada, -
identificando las á~eas problema cuyos indicadores de · 
atractividad son mas bajos que los esperados 6 sus in 
dicadores de impacto son mayores que los deseables. -

o 
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VI. PRODUCCION DE MAPAS 

El mapeo de la información generada en cada una de las etapas
del proceso (banco de datos 1 modelos y evaluaci6n) se: ren.liza
mediante el programa Y~PAS/IMGRID, el cual es alimentado con ~ 
uno ó varios sub-paquetes MAP, siendo antecedidos estos por un 
sub-paquete de contorno irregular en caso de ser necesario (p~ 
so 6 del banco de datos) . 

El sub-paquete MAP maneja una variedad de opciones que contro
lan el tamaño, el simbolismo y los textos del mapa. 

Toda opción una vez, especificada seguirá siendo válida en los 
mapas subsecuentes a menos que sea cambiada. 

Las opciones 1-7 deben ser siempre especificadas ya que el pro 
grama no tiene condiciones estándar en caso de no activarlaso-

Un sub-paquete MAP consta de las siguientes tarjetas: 

Tarjeta !_: 

Col. 1-3 

Tarjetas 2-4: 

Col. 1-72 

Tarjetas 
sigúientes: 

Penúltima 
tarjeta: 

Ultima 
tarjeta: 

Col. 12 

Tarjeta de 
terminaci6n: 

Col. 1-3 

'MAP' para identificar el sub-paquete. 

Información que se desea al pie del mapa. Pue-
den dejarse en blanco, pero deben incluirse las 
tres. 

Opciones deseadas. 

'99999' para indicar que termina el sub-paquete 

Número de la variable 6 archivo que s~ va a rna
pear. Perforado como entero justificaco a la -
derecha. 

'END' Debe colocarse después del Gltimo sub~pa
quete MAP·de la corrida. 

.. 
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Opci6n 1.
(1 tarjeta) 

Col. 5 
Col. ll-20 

Col. 21-30 

Col~ 31-40 

Col. 41-50 

Tamaño de la reticula. 

1 1 1 para identificar la opci6n. 
Número de celdillas que contiene la retícula en 
sentido vertical. 
Número de celdillas que contiene la retícula en 
sentido horizontal. 
Número de caracteres con que se desea imprimir
cada celdilla en el sentido verticla. 
Número de caracteres con que se desea imprimir
cada celdilla en el sentido horizontal. 

Los números en los campos 2, 3, 4, 5, se perforan como números 
decimales 6 como enteros justificados a la derecha. 

Opci6n ~-- Número de niveles 6 intervalos de clase. 
(1 tarjeta) 

Col. 5 '3' para identificar la opci6n. 
Col. ll-20 Número de niv~les 6 intervalos de clase en que

se.subdivide la variable. Perforado como núme
ro decimal 6 entero justificado a la derecha. 

Opci6n 4.-

0pci6n 5.-

0pci6n 6.-

0pci6n 7.
(5 tarjetas) 

la. tarjeta: 

Col. 5 

2a. tarjeta: 

Col. 1-10 

Col. 11-20 

Col. 2 5 

Opci6n 8.
(1 tarjeta) 

Col. 5 

(no se utiliza en esta versi6n del programa) . 

(no se utiliza en esta versi6n -del programa) . 

(no se utiliza en esta versi6n del programa) . 

Simbolismo. 

'7' para identificar la opci6n. 

Caracteres que se desea imprimir 6 sobre-impri
mir para representar a cada nivel o categoría -
de la variable, dados en orden y perforados en
la columna correspondiente. S6lo debe usarse -
el número de columnas necesario. 
Caracteres para especificar el simbolismo de -
los puntos señal que aparecen al centro de cada 
celdilla y en la clave del histograma correspon 
diente a cada uno de los niveles o categorías.
Caracter para especificar el simbolismo que apa 
rece fuera del área de estudio. -

Punto señal. 

•a• para identificar-la opci6n. 
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Col. 20 '1' si se desea suprimir la impresión del punto 
señal. 
'O' si se desea restablecer la impresi6n. 

Cuando se hace un mapa en el que un caracter representa una 
celdilla, se suprime automáticamente el punto señal y debe re~ 
tablecerse para mapas subsecuentes. Para otros casos, si no -
se especifica nada, el punto señal aparecerá impreso en el ma~ 
pa. 

Opción 9.
( 1 tarj.eta) 

Col. 5 
Col. 20 

Col. 30 

Histograma 

'9' para identificar la opción. 
'1' para generar un histograma al pie del mapa, 
el cual muestra las frecuencias de celdillas de 
la retícula en cada nivel 6 categoria. 
'1' para suprimir la información numéri.ca que -
se imprime junto al simbolismo de los nive-;Le-s -
o categorías. 

1 

Si no se especifica esta opción, no se imprime el histograma y 
se incluye la información numéri.ca correspondiente. Para re-·
gresar al estándar debe perforarse '0' en los campos 2 y 3. 

Opción 10.- Texto explicativo. 
( 3 a 32 
tarjetas) 

la. tarjeta: 

Col. 4-5 

Tarjetas 
restantes: 
(no más de 
treinta) 

Col. 1-12 

Ultima 
~arjeta: 

Col. 1-7 

'10' para identificar la opción. 

Cualquier información adicional que se des~a 
aparezca al pie del mapa. 

'ENDTEXT' para indicar que termina el texto. 

Si no se especifica esta opci6n no aparece ningún texto. :Si -
se desea eliminar el texto.en mapas subsecuentes, deben alimen 
tarse solo la primera y la última de las tarjetas. 
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Opción 11.- (No se usa en esta versi6n de GRID) 

Opci6n 12.
(1 tarjeta) 

Col. 4-5 
Col. '20 

Mapa puntual. 

'12' para identificar la opción. 
'1' para especificar simbolismo puntual. 
'10' para restablecer simbolismo gris. 

Como una alternativa al simbolismo normal, de la opci6n se pue
de producir un mapa puntual representando cada celdilla median
te 4 caracteres en sentido vertical, 5 en el horizontal y utili 
zando el simbolo ~-

Se pueden tener hasta 20 niveles 6 categorías. El número de ca 
racteres impresos en la celdilla es igual al número del nivel--
6 categoría. 

Opción 13.
(1 tarjeta) 

Col. 4-5 
Col. 2() 

Col. 21-30 

Col. 31-40 

Numeración de la retícula. 

'13' para identificar la opci6n. 
'1' para numerar la mall~. 
'10' para regresar al estándar. 
Número de columna de la celdilla de referencia. 
Perforado como número decimal 6 entero justifi
cado a la derecha. 
Número de hilera de la celdilla de referencia.
Perforado como número decimal 6 entero justifi
cado a la derecha. 

Esta opción imprime núm~ro para las hileras y las columnas en
los cuatro lados de la retícula p'ara ayudar al usuario a loca
lizar celdillas individuales sobre el mapa. 

La celdilla superior izquierda es denominada celdilla de refe
rencia de la retícula y sus coordenadas sirven de orígen para
numerar hileras y columnas. Si estas coordenadas no son espe
cificadas el programa supone que son: columna = 1, hilera = n, 
donde n es el número de hileras especificado en la opci6n 1. 

Si no se especifica no se numera la retícula. 

Opción 14.
Titarjeta) 

Col. 4-5 
Col. 20 

Datos escalados 

'14' para identificar la opci6n. 
'1_' -para indicar que los datos estan escalados. 

Esta opción siempre debe activarse en esta versión del progra
ma. 
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PAQUETE 1MGR1V 

P~ag~ama IMPACTOITMGRIV 

HOJA DE CODIFICACION PARA LOS .MODELOS DE IMPACTOS 

Nombre del modelo: 
----------~----------------------

Tarjeta 1.- Número -del modelo formato (!2): 

Tarjeta 2.~ Nombre del modelo: .LkEP/fMPTO~ , •.•• , LAEP/TMPT3~ 

Tarjeta 3.- Ndmero de las variables dato (3!3): 
cols.3 6 9 

EneontJta.Jt lo-ó vaioJte.~ de. .6VH-i:ti..v.<.dad, pa.Jta. ea.da una. de. ia..6 .61.tbva.Jt.iab-ie.6 

de. ia-6 3 va.'Jt-i.abl .. e-6 que. .in:te.Jtv..ie.nen e.11 e.f. modelo, de a..:!ue.ttdo a la .6-igu.ie!:!_ 

:te e-6c.a.ta.: 

Subva.Jti..a.bte mdJ .6en.6-i.:ti..va = = A 
SubvaJtia.bte. mode.Jta.da = 2 = B 

Subva.~ia.bte. me.no6 .6e.n.6it.iva.=3 = C Subvariables 

.. mas 
importan-te 

1 ,..... 
menos 
importante 

cols.-
Tarjeta 4.-

Tarjeta 5.-

· Tarjeta 6.-

- ·-no. de 
variable 

-t 
2 4 6 8 10 

---
-- --
-- --

más t Variable sensitiva 

1 

• 

1 
A B 

12 14 16 18 20 
Va.Jt.ia.bte ---
Va.Jr..ia.bte. 2 --
Va.Jt.iabte 3 ---

menos 
sensit"iva 

' 
1 

e 

Re.dueiJt ia.6 va.Jti..a.bie.-6 2 y 3 eompa!La.ndo en:t.Jte. 6.i .6u.6 g~ado6 de. 6e.n.6itivi

da.d pa.~a. ob:te.ne.~ ta ma.:t.Jti..z (3,3) de. .6e.n.6.i:t.iui..dade..6 eombinada.J. 

Variable 2 

A B e 
A V al o lt e. .6 d e. : 

X= M66 .6en4it.ivo =1 
Variable 3 B 

Y= Mode!tc1do =2 

e 

Tarjeta 7.- Valores de la matriz d~ ser.1sitividades combinadas (9 I 2). 



Encont~a~ la matniz de impacto~ pa~a cada g~upo de u~o~ del ~[Lelo, 

el:d.o~ valo~e-6 de -Lmpac.to~ -6 e obti:cne..n a. pa.~-ti:~ de. la c.ombinac.i6n -

de .6 en-~-<. t.{_ v-<.da.d e~ de la ma.t~iz de. ~ en~it-t·v-<.da.de.~ combútada~ de la.~ 

va~iable-6 2 y 3 c.on la.-6 ~en~ltividade..~ de. la va~ia.ble l. 

Variable 1 Variabi.:: 1 \ta :;___· ia bl (: 1 

A B e A B e A B e 

X X X 

y y y 

z z z 

- -
.Uso _del suelo Uso del suelo Uso del suelo 

Grupo I Grupo II Grupo III 

A-6-i.gnac-i.Cn de. g~upo-6 de U-60.6 del ~uelo 

' 'i 

lU1o rlc.l ~ue.to 1, 2, 3, 4, 5, 6, 7, 8, 9,10,11,12,13,i4,15,16,17,18,19,2 

G:wpo 
1 

·La. mat~.{_z de. impacto~ :t.{.e..ne. :t~e.-6 ¡'L(ve.te.-6 de i.mpac:to po~ g11.upo de._ tu,o-~ 

del ~.>ue.lo. 

1\.6 -i.g nai1do valo~e.-6 de. C- Impac.:to Compat-ible. 

~~- Impac.to HodeJtado 

S-:- Impac.to ,Se..ve~o 

T- Impacto T e.Jwti. nal 

Tarjeta 8.- Valores de la matriz oe impactos U.S. gru~o I (9 I 2) 

Tarjeta 9.- Valores de la matriz de impactos U.S. grupo!! (9 I 2) 

Tarjeta10.- Valores de la matriz de inpactos U.S. prupoiii(9 I 2) 

Figu~a 7,.,.. ffoja-6 de c.odiói.cac..{.6n pa~a el p~ognama Impa.c.to/UIGRIV. 



PAQUETE ZMGRIV 

P~og~ama ATRACTIVO/IMGRIV 

HOJA DE CODIFICACION PARA LOS MODELOS DE ATRACTIVIDAD 

•; 

Nombre de la actividad .Luse-s--~el suelo) 
:"\- _ . ...---...-"'~--- _...,........_ .. ·- ... __ ,... 

para fa que se construy5 el modelo: -
Nombre del (os) usuario(s}: 

NÚmero del modelo (formato I2); 

Número de variables que intervienen en el modelo (formato I2); 

,_ 

Columna.& 1 y 2 Cual e6 la. ~-
Cua.!e.& ~on .f.a11 

v a.lt.i.a.bl e.6 

~eleva.nte-6 n.O. 

Cual ~6 la p~eóe~err.e,¿a. de la.6 .6ubvart,¿able.6 (del O al 9} 

Col.-10 Col-12 Cof..-14 Col-16 Col-181Col-20 Col-22 Col-24 

' 

. 
. -

.. 

P±qura 4.- Roj~ de codificaciSn p~r~ los ~QVELOS VE ATRACTIVIVAV, 

Cot-26 'r:o.t··-28 

. 

poiC.tane,¿a. de !e 

va!U.able ( 1 a.!3: 

Col-34 

-
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