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A LOS ASISTENTES A LOS CURSOS DEL CENTRO DE EDUCACION 
CONTINUA 

~a& autoridades de la Facultad de Ingeniería, por conducto del J8ie del 
Centro de Educación Continua, otorgan una constancia de asistencia a -
qu:i.enes cumplan con los r,equisi tos estableci.dos para cada curso. Las 
personas que deseen que aparezca su título profesional precedjendo a -
su nombre en la constancia, deberán entregar copia del mismo o de su ·­
cédula a más.tardar el SEGUNDO DIA de clases, en las oficinas del Centro 
con la señorita encargada de inscripciones .. 

El control de asistencia se llevará a cabo a través· de ~a persona encar 
gada de entregar las notas del. curso. Las inasistencias serán computa= 

~ das por las autoridades del Centro, con el fin de entregarle constancia 
solamente a los alumnos que tengan un mfnimo del 80% de asistencia. 

Se recomienda a los asistentes participar activamente con sus- ideas y 
experiencias, pues los cursos que ofrece el Centro est~n planeados par3 
que los profesores expongan una tesis, pero sobre todo, para que coord.!, 
nen las opiniones de todos los interesados constituyendo verdaderos se·­
minarios. 

Es muy importante que todos los asistentes llenen y entregen su hoja -
de inscripci6n al inicio del curso. Las personas comisionadas por al­
guna insti tuci6n del:>erán pasar a inscribirse: en las oficinas del Centro 
en la misma forma que los dem~s asistentes, entregando el oficto respef 
tivo. 

Con objeto de mejorar los se:r.vicios que el Centro de Educación Continua 
ofrecef al final del curso se hará una evaluación a tráves de un cues-~ 
tionario diseñado para emi.t.l.r juicios anÓr.j_mos por parte de los asisten 
tes. 



UNiVERSIDAD NACí üNAL AUTO NOMA DE MEXICO 
FACULTAD DE INGENIERIA 

DI VI Si ON DE ESTUDIOS SUPERiORES 
CH· 1TRO DE EDUCACION CONTINUA 
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MANEJO DE SISTEMAS DE INFOru~CION GEOGRAFICA. 

Programa .de. la .se.gunda semana 21-~5 noviembre 197l 

Luñes 21--

18:00-18:30 

19:0'0_;20:00 

20:00-21:00 

Ma-rtes -z2 ... -'-

18 ·:·o e~ 1-9::.-3 o~~ 

19 : 3 o -=-•19 : 4 o 
19: 4 o=-21·: o o·~ -· 

Miércoles 23 .. 

Entrega-de -las prácticas de-laborator~o. -
.Explicaci6n de.la.práctica con el sistema IMGRID 
para el.manejo.de. informaci6n de _millas. 

Demostraci6n del equipo bási.co_;de graficaci6n 
de la firma Tektronix. 
American Trade Center 

.-: Liverpool 31 tel. 591-01-55 
Dr_;._- Dougl-as-A. -Thorson •. --

Codificaci6n d~ la práctica con IMGRID. 

Procesamiento=:de':'"'~informaci6n:0geográfica.,. .. 
In-terpoi.ac.f6n:-'-Métoaos--"-de'=SYMA:P-.-:-- _ 
Equipos.de computaci6n gr~fica. 

Descanso. Cafeteria~-­
Prácticas.- ~ 

. Utilizaci6n .. de_barr.eras_c_on_S.YMAP ~ _ 
- Modelos--ae:-z.-IMGRID ,.:..:-utilizando-in-formaci6n.-geográfica. 

18::00,;..;19: 00 · .. -· Descripci6no-.del:::sistmeat-de,,peJ::oepci6n -remota.·_-o:· 
del IMAS-;·· UNAM •. 

19:.0.0-20:00 Prácticas del laboratorio PR.:- Grupo 1 __ . 
. Prácticas de laboratorio .S.YMAll# .. ;IMGRID-.:· .Grupa 2 

20:00-21:00 · ·- · '··>:Prácticas· de laboratorio PR. Grupo 2 
Prácticas SYMAP, IMGRID. Grupo l. 

· ·- ... _·Jueves .2 4 

18:00-10:00 

Dr. Armando-Jinich, y Dra. Rosa Ma. S co 
Ciudad Universitaria, IMAS. 

Bancos de Datos geográfiéos. 
El sistema CETENAL. -
Interconexi6n de sistem~s de información geográ-
fica .. con. sistemas. de.:..percepci6n remota. 



20:00-20:10 
20:10-21:00 

Viernes 25 

18:00-19;30 

19:30-20:00 
20:00-20:30 
20:30-21:30:/ . · . 

Descanso. Cafetería. 
Entrega de .resultados y correcci6n de prácticas. 

Mesa redonda y conclusion·es -

Entrega de resultados de las prácticas. 
Entrega de .. constancias_ y clausura_ del _curso 
Convivio • 

-; 

. . .., .. 

--:. ' 
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DIRECTORIO DEL CURSO MENEJO DE SISTEMAS DE ll'-iFORMACION 
GEOGRAFICA EN PLANEACION 

ARQ. BRAULIO HORNEDO ROCHA 
INVESTIGADOR 
DESFI 
SECC. DE PLANEACION 
UNAM 
TEL.: 550.52.15 E.4492 

MAT. MARIO RODRIGUEZ GREEN 
INVESTIGADOR 
SECC. DE PLANEACION 
DESFI 
UNAM 
TEL.: 550.52.15 E. 4492 

ING. ALBERTO TORFER MARTELL 
INGENIERO DE SISTEMAS 
I B M DE MEXICO, S. A. 
MARIANO ESCOBEOO 595 
MEXICO, D.F. 
TEL.: 250.90.11 

ARQ. ALEJANDRO VILLANUEVA EGAN 
INVESTIGADOR 
SECCION DE PLANEACION 
DESFI 
UNAM 
TEL.: 550.52.15 E. 4492 

'edcs. 24, XI, 77. 
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SISTEMA DE INFORMACION GfOGRAFICA 

[] nrop6sito ~e este articulo eo el rie B8"Dlar le finalida~ de lus -

slstemes de informaci6n gGogr~fica 0 eotablacor tln marco de referen-­

cia para clasificarlos y deecrih\r Blounos sistemas tlpicosa 



) 
\ 
i 
L 

I N D I C E 

DEFINICION 

TOMA DE DECISIONES 

I~TEGRACION DE LA INFORMACION 

NIVELES DE INFORMACION 

ETAPAS DEL GEOPROCESAMIENTO 

DESARROLLO DE UN PROVECTO 

TIPO DE INFORMACION 

NIVELES DE DETALLE 

CLASIFICACION 

EJEMPLOS 



DEPINICIQ!:J 

Un sistema de informaci6n aeogr~fica o Bistum~ da gooprocosamiento 

88 toda Bquel sistema rJe co1nputac.:itSn donde le información que ae m~ 

neja tiene el atritlu to de poaición qeográn ca de la entidad genera­

doro de la informaci6n, hacie~do uso de ella de forme eficientaapa-

r~ relacionar la iGformaci5n antre slo 

Algunos ejemplos de lec uperaciane9 que se pueden· realizar son: 

a) .. - la correlac1 ón dB :lr.forrnaci6n, ctonde el sistalile nos pu~ 

de proporcionar outam~ticamente las datos de las entida-

des vecin8B 1 o de las que eat~n comunicadas entre ai, -

por carretera, telefono u otro mediDo 

la generalizaci6n» median~e la cual podemos agregar la 

informaci6n para que esta» a un nivel menor de detalle, 

nos refleje les condiciones de ~reas cada vez m~s exten 

68Bo 

El objetivo de almacenar la infurmaci6n con su posici6n geogr~fica e8 

el de establecerla co~o marco de referencia, ·qua resulta universald 

Otro mai·ca de referencia as el del rno1nento en el que se capta la in-

farmaci6no Identific~ndola con estos dos par~m~tras tendremos un --

identificador que no puede ser duplicBdo, ya que en un momento dater 

minedo y en un lugar determinado solo puede existir una sola entidad~ 

La id~ntlficsci6n precisa del luyar y la fecha permiten establecR~ un 

c6digo que puede servir de manera univoca para -la identificaci6n de -



recursos naturales, je infraestructura y humanos. E.l conocimiento de 

ellos es esencial en las labores administrativas y de planeaci6n de -

gran parte de las labores institucionales cuya actividad tenga una --

dispersión geográfica. 

TOMA DE DECISIONES 

Las causas fundamentales por las cuales ~~ est~ recorriendo cada vez 

en rnayor merlidR A los sistemas de información geogr~fica son b~sica 

mente dos: 

El crecimiento en la demanda dP. todo tipo de servicios. 

la cada vez mayor compleja interacción entre loe factores que 

conforman a una sociedad. 

El desarrollo demográfico, econ6mir.o y social de nuestros tiempos -

t
, , , 

es a creandG por un lado n~evas necesidades, pero tambien esta sumen 

tanda la demanda de las ya atendicas anteriormente. 

A esto se suma la reducci6n proporcional de los presupuestos, pues si 

bien ~stos crecen, no lo-hacen en le misma proporción de la demanda. 

Es interesante señalar que para el año 2,000 se tendrá que construir 

un ,número de viviendas y servicios equivalente al construido hasta la 

fecha, dado que pare el fin de siglo la población ser~ el doble de la 

población actual. 

Por _otra parte, todos los factores que conformen e una sociedad inter 

actuan entra sí y las decisiones de cualquier sector y a cualquier ni 



NUEVAS 

DEMANDAS 

DEMOGRAFICO 

SOClli.L 

ECONmuco 

BC:OI.OGICO 

PRESUPUESTOS 

AUMEN'l'O 

EN LAS 

EXISTENTES 



POBLACION 

EDUCAC!ON 

INICIATIVA 

PRIVADA 

TRA..~SPORTE 

SERVICIOS 

SOCIALES 

POLICIA 

SERVICIOS DRENAJE 

PUBLICOS 

IMPUESTOS 

INTERACCION DE LAS ACTIVIDADES 



val afectan a todas las restantes. 

As! por ejemplo 8 si se const~uye una industria en una pablaci6n esta 

tendera a atraer a la pablaci6n lo que har~ oue se requieran 88rvi--

cios p6blicos, sociales, viviendas 0 etc. 

lln ejsmplo reciente de lB complejidad de esta interacci6n es el vivi 

do recientemente con la construcci6n de la siderGgica L~zara C~rde--

nas Las Truchas, donde al principio no se pudo prever con exactitud 

ni se pudo coordin8r la intara~ci6n de las diversas dependencias ~ue 

propcrcionaron los servicios requeridos por la afluencia de habitsn­

tes, present~ndose fen6meno8 de eocacez, carestla y espec~1Aci6n~ 

Es por estas causas 4u~ se requeria de sistemas que permitan la 

efectiva y ágil planeaci6n~ Para efectuar unA buena planeactón se = 

requiere de infor~nación v esta deba integrarse de manera coherer.teq 

INTEGRACION DE INFORMAC10N 

LB mejor formo de lograr esto es a trav~s de una base de datos geo-

gr~fica que permita, a trev~~ de un lenguaje da interfesep la recup~ 

raci6n y el an~lisis de la informaciÓno 

B~sic~mente las decisiones que ~espalde dicho sistema son con rospeE 

to al uso del suelo y en decisiones administrativ as de lao institu~ 

clanes que tengan sus actividades dispersas geográficamente. 

Un concepto fundamental que debo respetar esta interfase sntre los -
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bases de datas as de que se deben de podar aprovechar l~s b3BBB de 

datos operativas de las institucia~es con pu~o· o ninguna nscaaidad 

ds intervenciG~ manualn 

NIVELES _ DE INF"GB}j/\~lQ.li 
Por otra parte, el sistema de informaci6n Sb~grfificu deba adapt~rse 

a lus diferentes tipos de decisiones que se puedan presentar~ Esto -

es, decisiones operativ~sv administrativas, tacticas 9 estrat,gica8 v 

poll.ticas. Para estu dalle poder agregar la inform ~cién de!:!dt! loa 

niveles más detalladcs e1 los nivel2a m~s generales de mBnBl'a autom~ 

ti.::ao 

El objetivo de esto es el de que la 1nformaci6n con la qu~ se toman 

las decisiones políticas sea la misma que can la que es toman lAs da 

cisiones t~cnicae y administrativas. 

En ocasiones hay una interrupci6n en el flujo de informaci6n y lao r~ 

cisiones no son consieten~es porque la 1nformaci6n no lo ano Un e J'em 
~ ~~ 

plo de agregaci6n ser! a en releci6n a un marco de referencia t:J.;..,o.ld~ -

se tuviera, 1~ divi~i6n de pala en astadas, municipios~ localidades 

y p:redioso t:sto servir!e pé!ra torna .de decisiones pol!ticas, estrFJtr.¡ 

gicas, tacticas, administrativas y operativas para todo B} pafs. 

Para un ~rea urbana se padr{an te~er los niveles de ~reas metropnli~ 

tana, delegaci6n: sacci~n, predlo y ~ecil1dades~ 

No hay que olvidar que le~ divisiones a niv8l naGi011al afect~n n l~s 

reoianes y c:ue en Ql''1l1El·n1. I'"J ex:i aten a la fech<:~ mec~mismon udGc~adnE• 
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para determ1ner el impacto de una dec1s16n a nivel nacional en el /3!!2. 

b_i_to_ regionaL _ 

Los sistemas geogr¡ficas pueden obviar este problema. ya que se pue­

den tener sistemas de cubrimiento regional.o nacional 

Las clases da infor'meción donde la informaci6n requiere de le idén­

tificaci6n geaar~fica son muchas y muy variadas. A efecto ilustrati 

vo mencionaremos las siguientes: 

Recursos Físicas 

Recurso5 humanos 

Obras de lnfrees­

tructurr:: 

Produccitlr: 

- Todo tipo de recursos naturales 

- bosques 

- lagoE 

- tierres·de cultiva 

- población 

- m~dicos 

~ maestros 

- puentes 

- lÍneas telef6nicas 

- caminos 

- distritos de riego 

- pozos 

- agrícola 

- ganadero 



- forestal 

- de servicios 

En fin, se puede concluir que toda actividad humana se desarrollB -. 

dentro de un contexto geogr~fico, si bien hay algunos en los cuales 

este contexto no es significAtivo. 

ETAPAS DEL GEOPROCESAMIENTO 

AhorA bien, dentro del proceso de utilización de· información geográ 

fica tenemos tres etapas bien definidas que son: 

ETAPA L.- Analizar las relPciones fÍsicas entra los -
,, ',,•_ 

factores del medio ambiente. 

- uso del suelo 

- características f{sicas 

- obras de infraestructura 

ETAPA II.- Se complementa con información estadística 

v socioecon~mica de bases de datos institu-

cionales. 

población 

- valor de la propiedad 

ETAPA III.- Se an~liza el efecto de las pol!ticai v d~m 

bias~ propuestas en: 



~ el uso del suelo 

facilidades 

~ servicios 

Todo con objeto de coadyuvar a la toma de decisiones a difersnteti -

niveles con res~ecto a la 

- asignación de recursos 

ubicaci6n de facilidades 

- determinación del uso potencial del suelo 

- B~álisis de la demanda de servicios 

DESARROLLO DE UN PROYECTO 

De lo anteriormente expuesto puedan verse ~lgunas de las implicaci~ 

nes del geoprocesamiento quo hArÁn que para n,ue éste tenga éxito, se 

cumplan las premisas que se mencionarán posteriormente. 

Las implicaciones son: 

a) .. - el geoprocesflmiento cruza lfrúi tes funcionales lj juri sdic 

cionales. 

b).- la info~nación puede provenir oe una gran variedad de fuen 

tes. 

e).- los usos pueden ser multiples. 

dL- puede requerirse de m~s i~formación de la actualmente dis-

ponible. 

eL- se requiere de asignación de recursos financieros, mate-

riAles y humanos. 



De esta resultan los siguientes re~uisitas para la aplicaci6n exito­

sa del geoproce86~iento: 

b) .. -

se debe formar un grupo representonte de les ~raes usuarias 

~ue determine tanto las necesidades que debe cumplir el Ais­

tema como la información aue el sistema puede absorver direc 

tarnente .. 

apoyo a un .alto nivel directivo que coordine a los usuarios 

y que puede decidir sobre la asignación de recursos al pro­

yecto .. 

TIPOS DE INFORMACION.,-

B~sicamente, la información que puede utilizar un sistema da geopro­

cesamiento puede clasificarse como información: 

Nominal 

Drd~nal 

- que es aquella que esta localizada par nom­

bres geogr~ficas y cuyo ejemplo más relevan 

te es el de la información censal .. 

-. que es la información localizada por caord~ 

nadas, coma la representada en mapas. 

De aqu{ resulta que las procesos del sistema san: 

- construcción y mantenimiento de lo base de 
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dat;¡s geográfica 

ex:racción de información, según el problema a 

reH,_Jlver y proceso de la informaciÓno 

Los resultados pueden da~se en forma de listados de impresora o ma-

pas realizados por impresora, resultados por pantalla, de caracteres 

alfanum~ricos o de vectores y graficadores. 

~IYELES DE DETA4L~ e los diferentes niveles de detalle de la información se puede esta 

blecer una clasificación de sistemas de geoprocesamiento. 

Los sistemas pueden ser a nivel regional o urbano dentro de cada uno 

se pueden tener los niveles de ingeniarla, de l!mites, de localiza-­

ción o el geoestad!sticoo 

• Para entender mejor esta Última d~visión hablaremos de los diferentes 

niveles: 

NIVEL DE INGENIERIA URBANDo-

Este nivel esta constituido por la información acerca de la posiciÓn 

de obrBs de infraestructura para p~oporcionar los servicios urbanos 

como por ejemplo, ubicación de lineas eléctricas, de egua potable y 

de drenaje dentro da una ciudad. 

Generalmente las compañ!As de servicios pÚblicos cuentan con mapas que 

indican la ubicación de sus facilidadeso El objeto de geocodificar -

esta información puede ser por ejemplo, el de correlacionar la infor-
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mbci6n de demanda de servicio con la de facilidades, con objeto de 

pl8near mejor el mantenimiento v extensi6n de las facilidades en fun 

ción del crecimiento de la demandao · 

NIVEL DE LIMITES URBANOSo-

Este nivel es el resultado de un catastro urbHno y el obj~to de ge~ 

codificArlo puede ser por ejemplo, la det~rminRci6n de los predio~ y 

el VBlor de los mismos?que se ver'n afectados por la construcci6n de 

unA nueva evenidao También puede servir pera determiner a cuelen 

predios se les puede revaluar en funci6n de el mejor servicio que se 

les proporciona con esa avenida, etco 

NIVEL DE LOCALIZACION-URBANOo-

Es un nivel donde la informaci6n está agregada a'nivel de manzana y 

puede servir parA determinar el merc~do potencial de un nuevo con--

junto de comercios o de agencias gubennamentaleso Puede aervir para 

efectuAr una regionolizaciÓQ para efectos censales o de padr6n de -

votantes, etco 

NIV~L GEOESTADISTICD~-

En este nivel ya se tiene la información agregada a nivel de secci6n 

o cuartel v su uso puede enfocarse: a la comparacii6n relativa de di­

versas secciones .en cuanto a nivel de poblaci6n y de facilidades y 

servicios, etc. 
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A nivel r~gion;ll se pueden tena~ los mismos niveles de detall!e de in 

formación:al n~vel de ingeniarla, el de limites, de loc~lización y el 

estadlstico. 

NIVEL DE INGE~IERIA RURAL.-

Este nivel puede considerarse constituido por modelos digitales del 

terreno. Se pueden tener MOT ~ue cubren áreas muy extensas con poca 

precisión, lo que hen!a que r~o se pudiesen clasificar en esta cate 

1 gor1a. 

En algunos paises se tienen bases de datos cartográficos a escalas 

1:2000, pero son realmente escasas. 

~!VEL LIMITE-REGIONAL.-

En e5te sistema el nivel de información es el proporcionado por un 

catastro rural, oue puede efectuarse a una escala entre 1:10 000 y-

1:20 ooo. Aqul se tiene la delimitación de todos los predios rura-

les y su utilización puede ser semejante al correspondiente urbano, 

se puede utilizar para la determinación de los predios afectados por 

una presa o uria carretera. Eventualmente, a trav~s de le información 

recopilada a este nivel se podrlan tener mapas de uso del suelo. 

NIVEL LOCALIZACION-REGIONAL.-

En la actualidad, se están desarrollAndo bancos de datos de recursos 

~ue están a la escale 1:25 000 a 1: 250 000 elaborados a través de-

' 
• 1 • . l ~ 



fotograu.etr!a y fotointBl'pretsción o por medio de clasificación auto 

mática de sátelites. 

Este tipo de Banco de DRtoo pueden servir per¡1 ls planaaci6n del u~~ 

del suelo, la determinaci5n del área cultivada, etco 

fJIVEL GEOESTADISIICD~REGIONALc-

En este nivol, se empieza a usar una div1si6n polltica para agregar lo 

in~ormaci6n, tanto de recursos como socioecon6micoo Las sctividades -

pare las que puede usarse este tipo de Banco de Datos son genéricaoo 

Es decir, podemos seleccionar entidades que cumplan una serie de re-
-- ~- -- -- ------- -- -- ------

quisitos, por ejemplo, todos a~uello8 cuya poblaci6n sea mayor de --
.. 

1DQOOO habitantes y que sdlo se tengan 10 hospitales, etc. 

En general, el costo del desarrollo de los sistemas varia geometrico 

mente seg6':J el nivel en el que ee trabajee As!, si un sistema geoe~ 

ta'd{stico para todo el pa!s cuesta 1s el nivel siguiente costará 2, 

el siguiente 4 y el siguiente a .. 

En general los gaostadlaticos manejan solo informaci6n nominal y lo3 

otros n1anejBn informaci6n ordinal con cada vez mayor grado de detolle. 

Las ventajas de los niveles 
, 

m¡:.s detallados es ~ue siempre podemos -

agregnr informaci6n para eliment~r el siguiente nivel, mientras ~ue 

lo contraria es imposibleQ 



' 1 
As!, Bl se desarrollo un sistema de lÍmites rural, con costo de 4 -

podremos tener ta~bi~n sistemas de localiaaci6n y estadísticos, que 

si se hubieren re8lizqdo independientemente nos costar!~n 3 unid8des 

oin disponer del nivel de l!mites rural. 

Es por lo tanto muy importante psra un pa!s determinar la convenien 

cia de empezar un sistema a nivel limites-rural o una de localizaci6n, 

decisión nBda fÓcil de tomar y que hasta ahora no se hab!a planteado 

dedo que el desarrollo de los sistemas geográficos de informaci6n ~ue 

permiten la generalización automática se han desarrollPda muy reciente 

mente y no hay conciencia clara de esta alternativ6 ni se han estudia-

do cuidadosamente sus factores e implicacioneso 

CL8$IFICACION 

los sistemas también pueden clasificarse en subsistemas de construcci6n 

y mantenimiento, ne extracción y procesoo 

A continusción se describen algunos sistemas t!picos de algnas niveles: 

a).- Banco de Datos Geográfico de CETENAl 

la información que contiene este banco es la de las mapas elabora-

dos poT DETENAl sob~e totpograf!a, geología, edofolog!a, uso del suelo 

y uso potencialo 

El formato de lo informaci6n almacenada permite tener una precisión v~ 

riable de acuerdo a las necesidades de detalle de la zona geográfica -

correspondientea la actualización de estas propiedades se facilita por 

el diseAo del formato y el usuaria puede elaborar cualquier tipo de --



pregunta que se puedan descomponer en una combinación booleuna de 

P!'~gun~ªs. o predicados elementales .. - -Su ·nivel ·ea de l~calTiacfÓn .:. -- ·- ------­

regional o 

Como ejemplo de las preguntas que ol sistema puede responder tene-

mas: , 
•} 

-> 

¿ qu~ pueblas tienen " mas de mil habitantes y no tienen medios de ca 
1 

mUJ)icación'? .. 
; -' 

¿ cu~les son loa mejores lugareo para carretera, ¿ ; 
pasar una que 

pueblos es tan a menos de diez kilométros de una aeropista, ¿ cuántos 
. . . 

kilom6troa cuadrados de pa1:1tizal inducido hay sobre terrenos de alu-

vión en una cierta zona7, etco 

Le Rep~biica r•IGxicane se di vició en 2400 zonas cada· una de 1000 krn2 .. , 

cada zona se dividiÓ en 25 cuadros y éstos a au vez se dividieron en 
.. 

12 subcuRdros de 1 1 x 1 1 , equivalentes 1e8 km., aproximndsmenteo 

-
Para cada cu8dro y de cada materia se codifican las siguientes tipos 

... 

de propiedades: 

Superficialeso- Son todas aquellPs definidas por un §rea, como el t1 

po de~ suelo, ls cl~sificoci6n geolÓgica o el uso del suelo~ 

-
Linealese"' Definidas por una lÍnea que puede ser recte, curvo o ir:1·8·· 

guiAr como ~Arreieras, lfneB~ de telefonoa, etc. 



Particul~resor Son E1uellas definidas por un punto, como por ejem-

p!o, pueblos, deposit~s de agua, minas, etco 

Para la consulta se tiesen funciones relccionadas y rutinas, además 

de funciones lÓgicaso Algunas de las funciones relacionadas son: 

f'1AVORA.- Determina zonAs, cuadros o subcuactros donde el porcentaje 

de una propiedad sea mayor que una cierta entidado 

f·iENDRQ .. - Que se amenor 

e.nht.-
Eri!TRE .. - Que el valor de la propiedad-se encuentreV2 valores que 

se indican a continuación. 

DEFIREo- ~ue el valor sea diferente .. 

IGUALC¿.- ;1ue el valor sea igual .. 

BUSCI\.- La funciÓn BUSCA nos indica la funciÓn de bÚsqueda y el 

nivel al cual se hace la consulta. 

Algunas de las funciones lÓgicas son: 

PRO ( A1,A2,A3).- BÚsqueda de propiedades. 

donde: 



A1.,- NÚmero de la propiedad buscadao 

A2~- Función relacional~ 
-------~ 

----~-~----

Valor dado. 

F.:VALUA.- Sirve para hacer un~ uvaluaci6n de las propiedades de un 

luger .. 

CERCA (A1, A2,A3~A4)~- Po1~ite relecioncr propiedades de diferentes -

lugares y consta r:!e h E~rgUinentos 

A1,.- Primer arri:!glo.-. 

A2.- Segundo arreglo., 

A3.- Distancia deseadae 

A4 .... Nivel de bÚsquedao 

PUEBLO.- (A1) Sirve para encontrar los pueblos por medio de un r¡Úm~ 

ro previamente asignadou 

HAYVIP (A1 1 A2)o- Determ1na que tipo de 6aminas o comunicaciones que 

llegan A un publoo 

Es el tipo de comunicEJción .. 

A2 .. ~ Es el número del puebloG 

SERPOB.,- (NUM, a, b, e, d, e, f» g) Indica los servicias con que cue2 

ta una poblaci6n, de acuerdo a la clasificaci6n de la certo 

de Usa del Suelo de DETE~Alo 



Todas estas funciones se pueden combinar por medio da par§metros -

booleanos co~o el ANO, 01~, y NOT. Pu~iendnse construir preguntas -

complej íJS. 

b) .- Sistema Geomunicipal de Información.-

Este sistema es del tipo geoestad!stico-regional y la unidad básica 

de información es el municipio, por lo tanto, cualquier información 

que se desee alimentar a la b2se debe cumplir con la restricción de 

estar levantada a nivel municipal (1970). 

Por medio de este sistema se pueden conocer la informaciÓn de muni­

cipios o estados, construir conjuntos de municipios r¡ue cumplan con 

ciertas condiciones especificadas por el usuario, obtener reportes -

con información y formatos seleccionados, crear formulas e !ndices y 

oplicarl8s a los municipios. Tambi~n se puede analizar los munici-­

pios con respecto a sus vecinos inmedintos. 

El sistema tiene las siguientes funciones: 

CGNSULTA.- Se tacha ol nGmero del municipio y o continuación apare­

cen los datos del mismo. 

También se puede consult2r por Estado. 

VECINOS.- Nos d::t al nombre y clave de municipios vecinos .. 



NIVELES DE GEOESTADISTICA INF'O.RMACI ON 

MUNDIAL 

MUNICIPIO 

ESTADO 

PAIS 



------- ---------,---·---·--·---------------=--------- -

CDf'~JUI\! TO 1.-

f-iUES TRA o-

CDfiiJU~HO 

CONJUNTO 

f>.lANUAL.-

DESPLIEGA.-

FORMATO.-

Il'-'lPR II·1E.-

CARACTERIZA.-

AgrBga municipios que cumplan con una condici6r de-

da. 
• 

Nos da les cl8ves de los municipios incluidos en un 

conjunto. 

Sirve para unir, intersectar u obtener el compleme~ 

to de dos conjuntos existentes. 

Permite definir un conjunto arbitrario. 

Permite construir expresiones algebraicas utilizandu 

r·ualquier tipo de Índice o variable definida anterior. 

mente. 

Muestra los conjuntos, entidades, formatos, camoos o 

Índices que están en los directorios. 

Para definir el formato de impresi6n y las variables 

que se imprimlr~n. 

Imprimir un conjunto con un formato definido. 

Se puede obtener para una variable o !ndice el valor 

total, m~ximop m!nimo y promedio. 

. ' ' 



w • . ._ 

ANALIZA.- Sirve para obtener un diagrama que indica la eltua~ 

ci6n del municipio en relac16n a sus servicias con -

respecto s un u más variables. 

SRp8rs en diversos estr8ctos un conjunto utilizanrlo 

alguna3 VAriHbles o !ndice como criterio de estrati-

flcaciÓne 

El sistemP actualmente (al Sistema Geomunicipa~tiene informaci6n 

de los consos ~e poblaci6n 1 3grlcolas y ganaderas y do pl~nesci6n ed~ 

cativ8o Se le ha estado agragnndo otro tipo de informaci6n como por 

ejemplo la del Banco de Cr,dito Rural, etc. 

SistemA de Inforrnaci6n de usa riel suelo v registro de la propiedorl 

de las provincias ~ar{timas de Canad~o-

L8s provincias tnar{ timas de· Cai1éldá se unieron parE:! loarar los sigui e!:!, 

tes objativos: 

a).,- Realizar la gecdesin y mapea integrado ciliTin base parD •• 

todo 18 1nforroaci6n ra~uerida par~ todo el desa~ral)o 11-

gndo el t:.uelo .. 

b) .. - Reemplazar sus si8tcmm:; de re gis tras ·manuales de lv propig~ 

dad con un si.a tem<:l en l!neao 





/ 
, < ' .., 

e).- Examlnar l2 viabilidad de un Bilnco de Datos del uso del 

suelo., 

P~ra lograr lo 2nterior LRIS ( Land Ragistration and InfarmstioG 

Service) se cstableci6 en 4 etBpas : 

ETAPA 1w- Establecer les puntos ~v centros secund~rios con may9r -

densificaci6n que la proporcionada por la Red Gcod,siGn 

fJacional .. 

ETAPA 2o- Producir J.o~; mapa3 planirnétricos~ topogr8ficoo IJ da pru= 

piedodes a las e~calas requeridas para cumplir con las d8 

mDndas generales por la administraci6n de recursos, dos­

rrollo urbano e idsntificaci6n de propiedadeso 

ETAPA 3o- Ree111plazar el sistema de registro da la propiedad con un 

nuevo sistema que aprovecha la tecnología moderna y la in-

formación de lns faseA anterioreso 

ETAPA 4 .. - Establecer un banc~ de datan para las eatod!stlcas oeagr5 _, ·~ 

ficss, usando la infarmaci6n de las predio:J 1 obtenideG en 

las fase8 onteriorsGu 



... ' 
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RESUMEN 

Se presenta un sistema de información urbana con geocodificacion que' 
permite Ta integración de información de diversas fuente-:.$ facilita!!. 

do su agregación y prt~sentaciórs. espec:ial1oe'nte en función de la dis·· 

tribuci6n geográfica. Realizar este tipo de operaciones por media~ 
manuales- o sin un marco de referencia adecuado, consumiría cientos de 
horas hombre. 

El sistema puede ser una herramienta muy út i1 ta11to en 1 a toma de 

decisiones administrativas como en la planeac)ón. 
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CAP !TULO l.-

INTQODUCCION 

E1 medio ambiente ecológico) social y económ·ico actual, está plan­
teando demandas nuevas e impt·ecedentes, en 1 as pc~1 bi l·idades admi · 
nistrativas y de planeaci6n. 

La explosión demográfica está p¡•ovocando esfuerzos en nuestro medio 
ambiente. Durante los1 últimos 50 años se han producido más bienes. 
que durante todos los años anteriores regist~ados en la historia. 
Los vehículos están saturando ~as vías de comunicación. El aumento 
de fraccionamientos está inundando ·1 os sistemas de a·lcantarillado. 
El gran consumo de energéticos está contaminando el medio ambiente. 

La efectividad de los gobiernos locales. se deteriora constantemente 
mientras las demandas siguen f.m aumento. Por ejemplo. la cantidéld de 
basura por per·sona está aumentando constantemente. Al mismo tiempo9 
el tamaño y densidad del área metropolitana aumenta el problema de 
los basureros. En algunos casos se debe transportar ·la basura largas 
distancias para llegar a las áreas apropiadas. A esto se une el au­
mento de trímenesi necesidades de más escuelas, agua potable, alcan­
tarillado, etc. 

'Todos estos problemas recaen en los administradores. Tienen que re­
so 1 ver 1 os prob 1 emas dua 1 es de 1 deteri orami ente de 1 a p14 oduct i vi dad 
y el incremento de demandas de nuevos servicios.- todo esto con pre­
supuestos reducidos. 

De acuerdo con estos problemas, se plantean inter·rogantes cada vez 
más complejas. Muchas de estas preguntas requie¡"en datos de múl ti­
ples !reas geagráficas y funcion? 1 es. Por ejemplo: 

¿qu~ impacto tendrá un nuevo fraccionamiento, sobre las 
escuelas, transportes, protección policiaca, drenaje, 
agua y alcantarillado?. 

¿Cuál ser'i a e 1 impacto p t"obab 1 e de una orden de reorde­
namiento urbano?. 

¿cómo se puede inerementat la productividad de los siste­
Jnas de protección contra incendios, con objeto de satis­
facer las nuevas demandas?. 



lCómo se deben desplegar los recursos actuales de 
patrullas policiacas para cubrir los cambiantes 
patrones sociales y criminales, sin sacrificar la 
seguridad pública? 

Estos complejos problemas a nivel político no se pueden decidir ~on 
sistemas de información que Qnicamente proporcionan una orientación 
fucional. Se deben recolectar datos a través de fronteras funcionales 
y geográficas. Si no se tienen las respuestas adecuadas, es imposi­
ble la administración y planeación del medio ambiente ecológio, so-
cial y económico, actualmente complejo. · 



. 
CAPITULO II.-

GEOCODIFICACION URBANA 

La Geocodificación Urbana es una técnica reciente de procesamiento 
de datos, que se ha desarrollado para satisfacer los requerimientos 
de info¡~mación de las agencias gubernamentales estatales .Y locales. 
Básicamente, relaciona la localización geográfica·con las bases de 
datos existentes {por ejemplo, la localización geográfica. se puede 
relacionar co~ los archivos de incidencias de polit1a, archives de 
población escolar, etc.); la geografía es el común denominador que 
puede ligar virtualmente todos los datos. Los archivos del depar­
tamento de policía contienen información acerca de dónde y cuándo 
ocurren los casos. Los archivos de propiedad, asi. como los de per'­
misos de construcción, contienen datos acerca de d6nde se localizan 
las cosas. Los archivos de salud contienen información acerca de -
quién y dónde, etc., y se podría continuar la lista indefinidamente. 

El problema es cómo rela.cionar estos datos salvando el obstáculo que 
representa la diversidad de límites administrativos. Todas las agen­
cias tienen sus propios métodos particulares para registrar su infor 
mación. La solución ~ería relacionar de alguna manera esta informa-­
ción, con un común denominador (esto es, una localización geográfica). 
De esta manera, se podría recuperar toda la información pertenecien­
te a esa localización, sin importar en qué base. de datos se tenga. 
Esto es, en esencia, la geocodifitación. La geocodificación urbana 
puede integrar y correlacionar los datos a través de los límites -
administrativos de diversas dependencias, añadiendo de esta manera, 
toda una nueva dimensión al procesamien~o de datos. Con la geoco­
dificación, muthas dependencias pueden estudiar las bases de datos 
extremadamente diversificadas de otras·, relacionando los datos en 
una base de datos geográficos común obteniendo respuestas a preguntas 
específicas. Anteriormente, bajo condiciones manuales, los complejos 
proyectos relacionados con el intercambio de datos entre diversas 
dependencias, hubiera sido prohibitivamente costoso en términos de 
hora·hombre; inclusive imposibles. 

GEOCODIFICACION URBANA.· 

La Geocodificación urbana puede ser vista como un proceso en tres 
pasos: 

1} Utilizando mapas se analizan las re1aciones físicas o geográficas 
entre las diferentes características relativamente estables del 
me~io ambiente. lCuáles son los usos básicos del suelo {por ejem­
plo, granjas, minerfa, residencial)? lCuáles son las caracterís­
ticas físicas del área (Terreno, cuerpos de agua, tipo de suelo)? 
lCuáles son algunos de los rasgos de infraestructura {presas, ca­
minos)? 



-· ---------~-

2) ~e nuevo, usando mapas, junto con datos estadístic~s de varias 
bases de dato~, se determinan los patrones de activicl~d genera­
dos por los diferentes usos del suelo. Cuáles son las rutas de 
tránsito colectivo, las poblaciones escolares, los valores de 
propiedad individ~al? 

3l Se analizan los cambios propuestos para uso del suelo, facili­
dades o servicios que afectarán a estos patrones de actividad. 
0or ejemplo, lEómo se pueden redistribuir las estaciones de 
bomberos para dar protección a nuevos edificios actualmente en 
construcción? lCuál sería el efecto de un nuevo puente o carre­
tera?. 

Estos tres pasos podrán consumir incontables horas hombre si se hacen 
manualmente; se tendría que investigar en archivos enteros de difere~ 
tes departamentos. Con el geoprocesamiento de la información, una com 
putadora podría hacer toda la búsqueda y correlación de los datos. 

VENTAJAS DE LA GEOCODIFICACION 

La ventaja más grande de la geocodificación es su potencial habilidad 
para incrementar la productividad; supera la suma de la utilidad de 
las aplicaciones individuales. Puede coadyuvar a mej~rar la produc­
tividad operacional.y de planeación de dependencias funcionalmente 
independientes, y a la eficiencia de todo el gobierno. A través de 
la mejor información, se podra~aumentar la eficiencia e ;-nclusive, 
se podrán reasignar recursos. Esta posibilidad de reasignación es una 
de las ventajas principales del uso de estos sistemas. 

Ya que la Geocodificación Urbana utiliza las bases de datos existen­
tes, se podría perfeccionar la calidad total de las óases de datos 
individuales, de las siguientes maneras: 

Se podría eliminar la duplicación de una gran cantidad de datos, 
porque todos los identificadores geográficos serían mantenidos 
en la base de datos geográficos y no en los archivos de datos -
operacionales. 

Se podrían estandarizar los identificadores geográficos usados 
por todos los archivos de datos. 

Se podría checar la calidad e integridad de los datos almacena­
dos. 

Se podría reducir el trabajo tedioso de codificación de identi­
ficadores par~iculares en las transacciones. 

Cuando los funcionarios puedan evaluar exactamente las facilidades 
y servicios públicos requeridos por el desarrollo y puedan comparar 
estas demandas con los servicios y facilidades disponibles, entonc~s 
existirá una base válida para tomar decisiones. Se podrían consolidar 



fácilmente los datos de diferentes dependencias para formar una 
base general para torna de decisiones. Por ejemplo, la mayorta de los 
estados requieren de un informe del impacto del medio ambiente para 
un mejor desarrollo. Esto puede ser un requisito complejo que involu­
cra datos de ~uchas dependencias independientes entre sf~ ¿c6rno se -
afectará el medio ambiente? ¿Las facilidades existentes (~ts!!uelas, 
agua, etc.) serán capaces de soportar la carga adicional, o se ten­
drán que a~mentar?. Las respuestas a estas preguntas requieren de la 
interrelaci6n de una gran variedad de datos locales y ésta es otra -
ventaja del procesamiento geográfico - la de ser capaz de integrar 
datos a través de límites jurisdiccionales y funcionales. 

La integración y correlación de la información a través de líneas· 
funciona 1 es, puede mejorar 1 a:, s·i guientes áreas de política gubet·na­
mental y toma de derisiones: 

Asignaci6n de recursos 
Ubicación de facilidades 
Liso de·l suelo 
Análisis de mercados 
Trabajos de ingeniería relacionados con los puntos anteriores. 

Todas estas actividades son esenciales para la planeaci6n de un mejor 
desarrollo. Todas las fases del de~arrollo podrían ser cuidadosamente 
estudiadas por los planificadores, utilizando un sistema de procesa­
miento geográfico. Por tanto, se podrían trazar vastas redes de cami­
nos, cañerías y líneas de energ1a para las necesidades 6ptimas presen­
tes y futuras. Se podrfan localizar eficientem~nte las estaciones de 
policía y bomberos, así como otras oficinas municipales~ Se podrían 
localizar hidrantes para casos de_ incendio con objeto de dar la mejor 
protección posible a casas y oficinas. Se localizarían convenientemente 
escuelas y tiendas. Las líneas de transporte colectivo prodrfan ser -
construidas .donde más se necesitaran. Si se hiciera manua·lmente, cada 
proyecto representaría un enorme trabajo- en términos de tiempo, dinero 
y recursos humanos. Sin embargo, un sistema de información urbano, po­
dría correlacionar todos los datos necesarios para apoyar decisiones y 
políticas de importancia. 



,, 
CAPITULO II I.-

PRESENTACION 'GENERAL rnEL SISTEMA 

Un sistema de información urbana con geocodificación puede p~nsar~e 
como una herramienta cuyo valor depende completamente de la habilidad 
y experiencia del usuario. El sistema capacita al usuario para agre­
gar y desplegar rápidamente datos geográficos. Proporciona informa~ 
ción para ayudar a los directivos y administradores a tomar decisio­
nes efectivas. El sistema no toma las decisiones por sí mismo. 

Los conceptos básicos de la geocodificaci6n pueden ilustrarse mejor a 
través de un ejemplo: Evaluar el impacto de aplazar la construcción de 
un sistema de alcantarillado, en un área donde el crecimiento excede a 
los servicios; en otras palabras, las facilidades de alcantarillado -
áctuales no pueden satisfacer un crecimiento adicional. Un retraso -
sería una de las posibles opciones para enfrentarse al problema, hasta 
que se pudieran construir facilidades adicionales que abarataran el 
costo total del proyecto. 

La geografía del área se representa como una serie de mapas sobrepues­
tos. 

1.- El primero (Figura 1) muestra la geografía física relacionada_de ______ _ 
un área hipotética de planeación; el río, los arroyos, y sus cuencas 
de drenaje asociadas. Las líneas punteadas representan los limites de 
las cuencas. El significado de las cuencas de drenaje es que cada una 
está servida por una sola red de alca~tarillado, con una capacidad -
dada. 

2.- La segunda sobrepuesta (figura 2} muestra las facilidades físicas 
o de infraestructura. En este ejemplo, se muestra la red de carreteras, 
Otras sobrepuestas podrían mostrar escuelas, tiendas, áreas recreati­
vas, etc. 

3.~ La tercera sobrepuesta (Figura 3} muestra les límites p6liticos 
del área. En este ejemplo, zonificación de distritos (comercial rodea­
da por residencias, rodeada por agricultura). Otras sobrepuestas po­
drían involucrar red de caminos, límites de parcelas, etc. 

4.- La siguiente sobrepuesta (figura 4) muestra los limites adminis­
trativos. En este ejemplo, se muestran las zonas escolares, pero tam­
bién se podrían usar distritos de bomberos, distritos electorales, etc. 
En esta etapa, el mapa muestra la fisonomía física, facilidades de -
infraestructura, límites políticos y límites administrativos. Con esta 
descripción básica de las relaciones físicas y geográficas, se podría 
hacer manualmente un análisis elemental. 
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L)evanqo el problema un paso más adelante, esta aeogr&f1'a puede. rela­
cióhars·e con otros archivos de datos,·como archivos de permfsas (je''-.l 

ce/nstruéción, archivos de cases de.incendio~ paliciaeos,·etc:·~·para 
·iográr-u~- anállsfs· m§s pr·eciso de· la situación.· Para este: f>re.bJeinii"en 
particular:; se saca del archivo de predios; una 1 ista ·de predios;··va .. 
cantés; .Los predios vacantes se relacionan con· las cuencas· de· drenaje 
y·J·imit~s· de zona y se hace un proyécto del potencial de cGns~ruccf6n. 
E1=número y tipo de construcciones propuestas llevan a un preyécto·· 
~recisó de· la capacidad potencial de alcantarillado requerida ~~r~ 
'cádá'cüe'nca de drenaje, El impacto del retraso del alcantarfllado.se 
_P~~~f,caJ cul ar con precisión. .. · · · ·· 
<.,._...._ .~ ' .. ~ 

(Un an~lisis diferente podría ser el 
colar'í'proyectada·, utilizando límites 
Jij~~1f~ites de cuencas de drenaje):· 
~ i~ '~ j -, ; -., • '.: ~¿ - - . 

impacto sobre la inscripcipn es­
de· zonas esco 1 a res en 1 uga V'"· de'· -

• J- - ¡• 

Manualmente esta aplicación, podría consumir varios cientGs de horas­
hoiñllre-> Muchas dependiencias hacen análisis de este tipo,, únicamente 
pará" problemas de rutina, y no-están r·elácionados con proyectos<''espe­
cjáles:<-·Este,· procedimiento completo, y muchos· otros semejantes·, píJedím 
au~?,~~i~~r~e ·ut11 izando un sistema de información geo~ráfic~ ~~~~~a~" 

La fjgura 5 muestra un modelo simple de un sistema de prqcesamiento 
geográfico~ Los mapas al'imentados al sistema son los sobrepuestos:ya 
mencionados. Las características físicas, obras de infraestructura, 
Jjmites~políticos y áreas administrativas. El procesador geogr~fico 
combina estas entradas para producir reportes o mapas que·ápoyen'al 
preces~ de toma de decisiones. · · 

> '.- ;; :--
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CAPITULO l V.-

DESCRIPCION DEL SISTEMA 

Un sistema de geoprocesamiento se puede dividir en' tres fases distino 
tas: Construcción/Mantenimiento, Selección y Proceso (ver figura 6}. 

CONSTRUCCION/tJ'IANTENIMIENTO.-

La construcción/mantenimiento~ tiene la función de construir, editar 
y actualizar el archivo geográfico urbano(AGU}. Este AGUes una des­
cripción digital 'izada de la geografía de u-n área específica: junto 
con sus índices asociados (incluyendo el número de calle yLo parcela}. 
El AGU f.S un modelo de computación de un área geográfica, casi del 
mismo modo que un mapa es un modelo gráfico. 

DIGITALIZAR un mapa es poner los datos en una forma legible -de máquina, 
con lo cual se crea un archivo de procesamiento de datos del mapa. Es­
to se logra asignando coordenadas X, Y, a los puntos predeterminados 
en el mapa. Por ejemplo, se les pondrían coordenadas X, Y a las inter­
secciones de calles~ así como a otros rasgos, como loealizaciones de 
hidrantes para incendios, cementerios, puentes y carreteras. tntonces 
se le da un nombre a cada uno de estos puntos. Esta lista de nombres 
forma el índice de calles que se asocia a el AGU y se puede considerar 
como un "diccionario de datos". Cada nombre muestra la información ~ 
disponible para cada punto y dónde se puede encontrar esa información 
en la base de datos. 

SELECCION, la Selección busca datos apropiados en el archivo geográfico 
urbano, y los correl~ciona con los archivos de datos existentes (depar­
tamento de policía, consejo de planeación, asesoría, etc.) Por ejemplo~ 
en el AGU se puede correlacionar un inventario de carretet•as, un archi­
vo de escuelas primarias, y una base de datos de parcelas, para analizar 
los sitios adecuados para construir una nueva escue'la. La corre1ación se 
realiza haciendo coincidir los identificadores de localización que apar~ 
cen en el AGU y en las bases de datos operacionales. 

PROCESO, el Proceso organiza los datos en el formato deseado y despliega 
el resultado. La produccción puede ser gráfica (mapas}, alfanumérica (t~ 
bulación estadística o de terminal interactiva}. Esta producción se pue­
de hacer en impresoras, graficadores, terminales remotas, o terminales 
gráficas de vectores. El modelo se puede manejar en tiempo rea1. 

1 

Los mapas se pueden productr en una impresora de líneas, un graficad~r o 
un tubo de rayos catódicos (pantalla de video). 

Para el público se pueden hacer mapas con graficadores de alta calidad, 
mientras que para otros mapas que no necesitan ser tan refinados se -
puede usar impresoras electrostáticas. 

El proceso puede contener un modelo para preguntas: de "qué pasada si 11
• 

Por ejemplo: 
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El modelo de análisis de tráfico evalúa el nivel adicional de 
tráfico resultante de un nuevo conjunto comercial en e1 lugar. 
Se usa un modt:·lo interactivo por medio de una terminals donde 
se pueden fácilmente añadir, suprimir o cambiar datos. (¿Qué 
pasa~ía si se construyeran 13 tiendas en lugar de 8? ¿cuál se­
ría el impacto?). 

·El modelo de contaminación del aire computa las concentraciones 
de contaminantes gaseosos (hidrocarbonos, monóxidos de carbono, 
étc.), que resultan de los equipos móviles y estacionarios que 
contaminan el ambiente. (¿Que pasaría si hubiera 400 automóvi­
les en lugar de 50? lCuáles serían los niveles de contamina-· 
ción?}. 

El modelo de ordenamiento te\1 ritorial mide el impacto de nuevos 
~raccionamientos sobre los servicios públicos, escuelas, faci­
~idades recreativass de salubridad y facilidades de proyección 
~entra incendios, etc. (lQué. pasaría si se constuyeran habita­
ciones para 15 familias adicionales? ¿cuál sería el impacto?). 

Estos tres modelos utilizan un archivo geográfico urbano que se corr~ 
lacionan con las bases de datos para un sistema interactivo que po~ · 
sibilita" a los administradores y planificadores resolver los proble­
mas actuales y asegurar las necesidades futuras. Se puede añadir, ca~ 
biar o suprimir cualquiera de las partes de la información por medio 
de una terminal, y el programa se,puede volver a correr para las 
determinaciones del último minuto. 



CAPITULO V.-

MANEJO DE LA BASE DE DATOS 

El Sistema de Información Geográfica Urbana correlaciona los datos 
de las bases institucionales, con el archivo geográfico urbano (fi­
,_ "Jra 7) . 

Los archivos geográficos urbanos se pueden construir en cuatro ni­
veles de complejidad; explícito, estadístico, de límites, y de in­
geniería. A medida que se procede desde el básico hasta el más com 
plejo, se pueden manejar una variedad mayor de aplicaciones; tam­
bién se incrementa el costo y los requerimientos de mantenimtenta 
del sistema. 

El nivel de complejidad explícito, es el acceso básico al procesa­
miento geográfico (figura 8}. En este nivel, cada registro de datos 
contiene el geocódigo. Por ejemplo, el distrito de bomberos está 
contenido en cada reporte de incidencia de incendios; o la cuenca 
de drenaje está contenida en cada registro de predio. Con este ni­
vel, se puede hacer un procesamiento geográfico simple, sin el au­
xjlio de un sistema de computación especial. "Empero, existen los 
siguientes inconvenientes: 

1.- No es posible cruzar la información de diferentes limitas fun­
cionales, a menos que todas las base~ de datos estén geocodi­
ficadas. 

2.- Es virtualmente imposible actualizar los archivos geográficos 
cuando se cambian los límites administrativos por una nueva -
zonificación, división, etc. 

3.- Las preguntas de "qué pasaría si", no pueden ser económicas 
porque las fronteras geográficas propuestas no están en el 
archivo. Por estas razones, el nivel de complejidad explíci­
to no se utiliza tan ampliamente en los sistemas de procesa­
miento geográfico. 

ENFOQUE MULTIDISCIPLINARIO 

A las tres distintas fases de un sistema determinado de información 
urbana (_Construcción/Mantenimiento~ Selección y Proceso)_ se les pue­
de denominar el enfoque multidisciplinario. Existen tres niveles de 
complejidad, (en realidad existen cuatro, pero no se incluye el nivel 
explícito por su simplicidad} por localización (direcciones y geo­
codificaci6n simple), por límites (~dministrativos, políticos o de­
bidos a la malla urbana) y el de facilidades, que defieren entre sí, 
principalmente en el nivel de detalles geográficos en los archivos 
geográficos urbanos. 
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Fu~uro 11 EJEMPLO DE UN MAPA AGU / CDMU 



1.- El nivel de localización simple resuelve la ubicación de 
acontecimientos en áreas geográficas (por ejemplo, en e1 
distrito de bomberos 14 ocurrió un incendio en Ave. Taxqu~ 
Ra 181, o en el área de planeaci6n 5 ocurrió una subdivi~ 
sión del predio 10-l-24l. Responde a la cuestión básica: 
11 lEn qué áreas geográficas ocurrieron los hechos?. 
Tiene la posibilidad de producir reportes estadísticos que 
sirven para el análisis o respuestas interactivas para una 
acción inmediata. Este nivel también puede apoyar la pro­
ducción de mapas de incidencia o de densidad. 

2.- El de límites resuelve la geometría de los acontecimientos, 
en otras palabras, las intersecciones actuales de los polí­
gonos. (Por ejemplo, en la figura 9. lQué porción de qué 
predio cruzará_exactamente el trazo propuesto para una nueva 
calle o carretera?.} El nivel estadístico listaría solamente 
los predios afectados. El sistema de límites da una respues­
ta geométrica más que un sumario estadístico. Este nivel se­
ría útil para el valuador catastral; por ejemplo, podría 
pedirse contribución especial a todos los predios a 50 metros 
de una nueva avenida?. Se podrían preparar planos catastrales, 
para aquellos predios que estén incluidos, aunque sea par­
cialmente. 

3.- El nivel de facilidades (o Ingeniería) resuelve los detalles 
a nivel de ingeniería (por ejemplo, porporciona trazos de 
ingeniería sin requerir de un levantamiento preliminar}. 
Ver figura 10. 

Todos estos niveles se pueden usar en el Enfoque Multidiscipfinario, 
y son compatibles en nivel ascendente. Cada nivel más alto permite 
una mejor visión, pero es más complejo, y por consiguiente más cos­
toso en su construcción y mantenimiento. Generalmente es más prác­
tico empezar con el nivel de direcciones (localizaci6n} y más tarde 
extenderse hacia arriba de acuerdo con 1 as demandas que -se presenten. 
El Enfoque Multidisciplinario apoya las aplicaciones en tiempo real, 
como los despachos de emergencia, así como las aplicaciones de pla~ 
neaci6r. 



ARCHIVO GEOGRAF'T~O URBANO/CODIFICACION DUAL INDEPENDIENTE PARA MAPAS 
URBANOS.-

Ya son varios los países que han implementado un sistema de in·forma­
ción para áreas urbanas cuyas características principales son: 

Una retícula de canevá en proyección cónica de Lambert pat·a 
P 1 caso de Suecia, sirve de base a la incorporación de in­
formación en la base de datos tFRIS). 

fn Canadá la Unidad Básica de Información está constituida 
~or elementos lineales representado un costo del bloque de 
~anzana (G.R.D.S.R.) y en el caso de los países escandina­
vos (NIMS) E.U.A. (PIME} y Francia (R.G.U.} la· Unidad Básica 
es el segmento vial limitado por dos nodos o cruceros. 

La Oficina de Levantamiento Censal de E.U.A. ha creado un archive geo­
gráfico urbano para las áreas metropolitanas más grandes del país. 
Estos archivos se utilizarán para el Censo de 1980 y algunos del Censo 
de 1970, ya están disponibles. Ver figura 11. Sin embargo, algo más 
importante es que estos archivos (AGU/CDIMU} tienen los datos bá~icos 
para apoyar un sistema. de procesamiento geográfico en el nivel de lo­
calización. La existeneia de un archivo AGU/CDIMU para un área en par­
ticular, puede reducir bastante el tiempo y gastos necesarios para 
construir un sistema de procesamiento geográfico. 

Los usuarios de estos sistemas serán incontables y ayudarán a enrique­
cer las bases de información de datos urbanos multidisciplinarios que 
existan. 



CAPITULO VI.-

DESARROLLO DEL SlSTEMA 

El desarrolle de un sistema de· información urbana es' L:na empresa com­
pleja. Es absolutamente esencial un apoyo a nivel directivo. Ya que 
el procesamiento geográfico cruza los límites funcionales, debe exis­
tir un apoyo a alto nivel, para cuando las decisiones crucen estos lí­
mites. 

Se debe organizar un grupo con representantes de las dependencias que 
vayan a usar el sistema. Estos representantes participarían en la pla­
neación de todo el sistema, con objeto de asegurar la satisfacción 
expedita de las necesidades y requerimientos de todas ellas. Se debe 
consultar a los usuarios potenciales durante el dise~o del sistema, 
con el fin de conocer si aceptarán el producto terminado. 

Este grupo de representantes de cada área debe llevar a cabo un es­
tudio de lo sigu~erte: 

Aplicaciones específicas deseadas para cada dependencia (in­
cluyendo los beneficios potenciales}. 

Bases de datos dispenibles y la~ que se tendrán que construir 
para apoyar las aplicaciones de cada unidad. 

La investigación y la transferencia de códigos o técnicas de 
potencial aplicación al sistema. 

Los recursos disponibles tanto locales, estatales o federales. 

Entonces se procede a la elaboración de un plan de implementación 
basado en las aplicaciones requeridas por cada área y los recursos 
dispontbles. Se podrían añadir al sistema las capacidades y apli­
caciones, de manera modular, estableciendo un programa de imple-· 
mentación. 
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CAPITULO VIL-

-, 

Ek'válor real de ·un sistema 'de -información· urbana, se debe medir en 
términos- del aumento de productividad en todas sus aplicaciones. 
:S1-..... ;. Jit 1_·t. ~ .. :r r• - ·,, : 1 f 1' .... ' ~ 1 .. ~ •• 

~e puede analizar la productividad desde tres puntos de vista: 
_ ' ¡ -~e 1 

• ..,: .• 

1.- Rsducción de costos.- l!.liminación de·,algún desembolso de ·capi­
tal en el ·futuro, (Por· ejemplo·, -evitar la construcción de una 

2.-

3.-

. nue~a estación de bomberos, porque el equipo actual y los re-
~~ur~os hti~anos se aprovechen más eficientemente}. . 

:~ ~\s··. -- "'"./ . -~ , · . . ~ ., ~ ~: ;- l).t::\ 

Redistribución de costos, ·recursos humanos, o equipo.- A través 
de una asignación más eficiente. 
,""',.,_: t•"~, r ~~.,.·IJII 1- •',• ~~~- ,: O • ~ ,_. •: ',• 

Valór-~-a~regado.- 'Res-ül tado de- 1 as posibilidad es, a di éi·ona 1 es :;;;.:_ .. -, 
que antes eran muy costosas O·muy difíciles de realizar; larpo­
sibild·dad :de establecer una regi'onal ización nueva .. cae -en estéC · 
é'áte·goria"; ·'frecuentem.ente; los ·-r-eqúérim:i·entos federales- y~esta­
tales -demandan informes sebre el -·impacto en el· medio ·ambiente 
para nuevos proyectos, y éstes pueden.ser muy complejos. Las 
-hor~s~hombre empleadas en la investigación manual. oodría ser 
astronómicas.· · 

- '. • ,. ' ~ ,r • ~J '\ -

APLICACIONES POTENCIALES DEL PROCESAMIENTO GEOGRAFICO 
. :\ .. 

. ¡ l 

En~tod~ administración m~nicipal existen ·aplicaciones:del~procesamiento 
g'eogr.áfico. Continuamente se hacen algunas ·aplicaciones (c:omo despachos 
de·-emergencia·de 1 bomb'éros a· policía). Otras-, ,como·la regionalización se?;t 
hacen só·lo··ocasiomllm~nte·-)éomo una fundón de·la'planeación. Todavía·-­
otras;·-'-cqmo las- inspecciones ·y permisos 'de construcción,~- se. hacen.-,ruti­
nar.,;·amente·.· A-continuación se presenta una· lista de las aplicaciones 
pót~nc'i'al'es del -s·iste-ma-·'de ·ifl'ferrna·ci'ón ·urbana para ·poblaciónescde-',J.:. ;;~ 
lOO;QOO-habitantes en adelante. No pretende ser completa, únicamente 
indicativa. - ,,. ·· .~i.t 
; ,- i:-<';,_, ~ ·.,~ 

1 
, ~ ¿. •! ! ,, ~~~,·-= • • · l' ~\ "".,"t : ". :~, ,1' • 1 J':~,'"I .- .. ~> ""_ 

1.- Despacho de -pol icfa . .:. Despacho de recursos-·pol iciacos. basados en 
_ 1~ asignación geográfica y la historia local. 

"r ~, :.,.~ .. ~ ;~:·'~\ •¡: .\ .. t~ ":: .... ~.~· ""-H~,, ! ', 'r• • • 
1
,_1 -~ 

1
'.,f 

2.-:.r ·Óéspacho ·de 'bómoerós.-'·Desp·acho -de -recursos de protecci6n contra' J 

incendios, ·basado ·en la ·localización geográfica, condiciones lo­
·1cal~~' y la historia del caso. 

3.-

,, 
¿ • • _ ....... ,·.·. 

Zonificación escolar.- Planeación de la utilización óptima de--lás 
fáC:i·lidades educacionales, basada en la geografía de la poblac1óry~ 
escolar. 

4.- Trarisporte~escolar . .:·Planéación de'·las rutas de autobuses· más. efi-:r 
cientes, basada en la población escolar y la localización. 



6.-

7.-

Planeaci6n urb~na.- An~lisis del impacto de las decisiones urba­
nas sobre toda~ las dependencias del gobierno local. 

Planeación de transporte.- Planeación del transporte colectivo 
más eficiente, modificando las rutas y destinos de los transpor­
res alimentadores. 

Recreación.- Localización de las mejores áreas recreativas, basa­
da en la localiz~c~ón geogr~fica de los sitios y usuarios. 

8.- An~lisis de delincuencia.- Asistencia en la· delimitación de áreas 
de alta incidencia de delitos para optimizar la protección ppli­
ciaca. 

9.- Cuidado ·de parques públicos.- Planeación del cuidado de zonas -
verdes dentro de la ciudad, basada en la localización de estas 
zonas. 

10.- Colecta de basura.- Planeación de rutas, basada en la geograffa 
del uso del suelo. 

11.- Impacto en el medio ambiente.- Análisis del impacto de las urba­
nizaciones propuestas, sobre la ecología y las dependencias mu­
nicipales. 

12.- Listas de empadronamiento.- Producción de listas de electores por 
~rea geogr~fica. 

13.- Localización de servicios públicos.- Planeación de reparaciones 
y nuevas construcciones de líneas eléctricas, telefónicas, de 
agua potable, alcantarillado, etc. ' 

14.- Uso del Suelo.- Manteni~iento de archivos exactos de uso del suelo. 

15.- Monitores del crecimiento.- An~lisis continuo de los cambios de 
localidad, basado en los análisis'geográficos de licencias y per­
misos de construcción. 

16.- Inspecciones de construcción.- Planeación de programas de inspec­
ción, basada en la distribución geográfica de permisos y licencias. 

17.- Mapas base para Catastro Urbano.- Determinación de ,los impuestos 
predi a les. 

18.- Valuaciones especiales.- Asistencia en el trazo de áreas candi­
datas a impuestos especiales. 

19.- Mapa base (Ingeniería).- Mantenimiento de mapas de ingeniería 
exactos para eliminar-la necesidad de estudios preliminares. 



' -

\\' 

·No todas las aplicaciones se usarSn en todas·las 0rganizacton~s; de 
cualquier modo cada aplicación sirve pa1~a, por lo menos, dos depen­
dencias. Cada aplicación tiene un cierto potencial de productiviaad. 
La suma total de la productivi.dad justificará un ststema de informa­
ción geográfica urbana como el que se p1antea. 



CAPITULO VIII. -

CONCLUSION 

La implementación de un sistema de información geográfica urbana 
puede dar muy buenos resultados para los gobiernes estatales y -
locales. Como con la implementación de cualquier sistema compu­
tarizado sofisticado, se necesita un apoyo completo y una gran 
confianza por parte de los altos niveles gubernamentales. La 
geocodificación integra información a través de límites funcimnaTes 
(dependencias) y jurisdiccionales ~olíticos); el pr0cesamiento 
geográfica no puede justificarse en base a una .sol a dependencia. 
Por tanto, la construcción, mantenimiento y uso del sistema, re­
quieren de la completa cooperación y compromiso de todos los fun­
cionarios, además del coordinador del proyecto. Sólo entonces se 
pueden obtener los recursos necesarios para tener éxito, fac1lida­
des, dinero y personal. Se debe cons~ltar al funcionario de nivel 
más alto durante todas las fases de la planeación e instalación de 
la base de datos del sistema geogr~fico urbano. 

'P:-J 
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PROGRAM ORDERS 
{revised June, 1977) 

The Geography Program Exchange makes avallable atl of lts ~omRuter 

~rogram holdings accordin? to any of the followlng ootions for progra~ 

ordor~: 

(~) OPTION t: Listlng of Program Oocumentation and Llsting of Program 

Source Code (Prices for option 1 orders reflect charges for paper 

stqck, computer time, pQ$tage, and handling). 

lt~ms.. incl,uded In an optlon 1 order: 

(a) Llsting of Program Documentation 
·-Statement of purpose 
••Input requirements and deck make-up 
-~Description of 9utput 
·-References 
··Program source 

~b) listlng of Source Code 
--Main program 
--Interna! functlons and subroutines 
--Test data set (lf available) 

(2) OPTtON 2: Llsting of Program Documentatfon, llstfng of Program 

Source Code on Punched Cards (Prlces for optfon 2 reflect cherges 

for paper and card stock, computer time, postage, and handlin,). 

ltems included in a option 2 order: 

(a) llstfng of Program Documentation (includes the same feat~res as 
those llsted under ltem l·a). 

(b) Listing of Source Code (includes the same features as those lfsted 
under item 1-b). 

(e) Program Source Code on Punched Cards.* 
--Ma in program 
·-Interna! functions and subroutlnes 
--Test -data set (lf avallable)-

(d) Sample Program Output·-if sample output ls avai-hble for a . 
given program, an asterisk (*) wf11 fo1fow the o~tion 2 pri~ 
for that program on the prlce 1 ist. 
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( 3 ) O PT 1 O N 3 : Progra~ Documentation and Program Source Cede on Magnetic 

Tape ~Prices for ~~tion 3 orders ref1ect the charges for computer 

time and hand 1 i ng. :'t.~ Charges for paper s toe k and computer time a re 

added if samp1e output is availab1e). 

(a) Program Documentation (including_the same features as those 1 isted 
un~er item 1-a)recorded in card-image form on magnetic tape. 

(b) Program Source- Code (inc1uding the same features as those 1 isted 
under item 1-b) recorded_ in card-image form on magnetic tape.''' 

(e) Samp1e Program Output--lf samp1e output is avai1ab1e far a·given 
pragram, an asterisk (*) wi11 fo11ow the optian 3 price far that 
programan the price 1 ist. 

*A11 program source code is made availab1e by the GPE in either BCD ar 

EBCDIC cading. BCD cading contains the baslc character set af the IBM-026 

keypunch, whi1e EBCDIC cantains the expanded character s'et af the IBM-029 

keypunch. All orders shou1d specify which type af co,dlng is desired. lf' 

nane is specified, the arder wi1 1 be fl1led using BCD coding. 

In addition, the reader will natice in the following 11 1ndex of Programs 

Current1y AvallabJe•• that the GPE usually maintalns programs in either CDC 

or IBM FORTRAN. Severa! af the pragrams, hawever, are made avallable in 

bath versians of FORTRAN. lt is important, therefare, that a11 arders 

indicate which versian of FORTRAN is desired for each pragram requested. 

In the case where the ~ype af FORTRAN is not specified for a pragram 

available ln éither version, the CDC FORTRAN version wi11 default. 

**A base tape charge of $20.00 is in~urred .with each arder af ene ar more 

pragrams recarded an magnetic tape (arder nptiari 3). This prfce inc1udes 

J' 



Pa~e 3 

the cost of a new magnetic tape (2400 feet at $15.50), lnsurance and 

postage ($3.00), an~ handling ($1.50). All magnetfc tapes are insured 
'!; 1 '1 "J--1. :·\~ .... :..·t-·~:- •1.~ 

for $50.00 and mailed by paree! post. 

The faé: il i ti es of the Computer Laboratory,:at ''M-i eh i gan S tate <Un iver.s IJy, 

permlt 'the GPE to ·create ei·ther seven-'track or ~ine-track magnetlc ,tap~s 

at densltfes of 200, 556 (7 track only},- 800, or .1600 (9 track onty) bits. 
l 

per . i nch. 
~ ' 1 • ' ~ 

\ ~ ' 

PAYMENT POLICY 
\,.' ' ' ~ ' r • ( • ' ~ ' 

When orderlng program materials from the GPE, please send a check, money 
• ~ 1 l -., e 

order, or purchase order for the total amount of the order. 
1 - • j '- •• •• - • < •• ' 

Checks and 

money orders should be made payable to MICHIGAN STATE UNIVERSITY and 
• l . ,· . 

forwarded to: 

Geography Program Exchange 
Computer lnstitute for Social Science Research 
510 Computer Center 
Michigan State University 
East Lansing, MI 48824 

IMPORTANT: Payment must_ accompany an order total! ing less than $20.00. 

The policy of prepayment is also in effect for all orders, regardless of 

the totat dollar value of the order, originating outside the U.S.A. In 

additlon, all foreign orders must be pald In elther U.S. currency (example; 

bank draft on U.S. bank) or by lnternational money order. Alt prlces 

noted~on the price list of programs currently avallable from the GPE ar~ 

tubject to change without further notice. 

. o· 
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SH 1 PMHIT POL ICY 

DOMESTIC ORDERS (U.S.A. and Canada): All printed matter will be forwarded 

to the customer•s address th~ough third class mail. All parcels (l.e., 

magnet¡c tapes and packag~s of punched cards) will be shipped via parcel 

post. lf shlpment by air express is desired, the GPE will provide a quotation 

for the air express cha~ge upon special request. 

INTERNATIONAL ORD€RS: All parcels will be forwarded to the shipping address 

via international parcel post .. lf a less time-consuming mode of shipment is 

desired, the GPE will provide a quotation for that shipment charge (e.g., 

via air express) upon spedal request• In the case of internatlonal orders, 

any special shipment charge must ·be ~repaid. 

<'' 



Acronym 

ACCESS :. 
ADJUST , 
ALLOC ,. 
ALTERN 
AÚ1AP -· 
BAS ICS . 
O I.VAR ( p'oP) 
BLCK 
CANON '1 

~~NTRN(UVAC) 
CART1 
CART2 , . 

C~NDA. -~ 
CENTRO: 
CHIHJT 
C!iOROS·­
CLCOUNT 
C L 1 MJÜ ( G E ) 
CLUSTER(UVAC) 
~ . -' 

~LUSTR 
CMAP 
CNGRP 
~NTOUR 
COBMAP, 
COLMOG· 
COtJDIST 

J 

CONGRP 
CONRAT 
CONTOlJR 
CONTR 
CONTUR 
CON\.JG\ (UVAC) 
COORD 
CORO(UVAC) 
COSINE 
COVAR 
CPLETH 
CURVES 
DENDRO (UVAC). 
O 1 SAG-G 
DISGRP 
DISITR 
DISTORT 
OON 
DOUBLE 

Program Prices and Option Avai1abi1 ity 

N.A. 
N.A. 

S 8.80, # 
8.20 H 
8.50 
N.A. 
8.50 
13.20 
8.70 
9.50 

1 o. 30 
9.60 

.8.10 
'8. 80 

... N.A. 
''9.'86 

8 . .1 o 
. 5'. 50 # 
_ s·. 20 

N.A. 
S.'OO 
8 •. 90 
'.9. 1 o 
9 •. 1 o 
~l.A. 
~¡~-A. 

.8 .. 90 
N.A. 

.N .A. 
8.30 
9.80 
·a .. 90 
.'8,. 70 
8.70 
8.20 

- 9'. 50 

~.70 
N.A. 
9.00 
8.1 o 
9.40 
8.80 
8.20 
9.50 
8.90 

N.A. 
N.A·. 

$13.}0 # 
12.50 H 

'12.30 
N.A. 

.. 15. 70'': 
. l'l .'80 
·\3. 80 
-í~s.4o 
'17. 80 
1 5':zo 

'1 1:00 
'

11 J;80 
-~-.·A. 
' .. , 5,; 30 

11.00 
~. -

' 9.60 # 
' ·1 r. 40 
' ' -'N.A. 

~-1 o. 70 
1 3. 70 
13'.30 

--1"3. 90 
-N.A. 
N ~A. 
14. 1 o 
'N.-A. 
N .'A. 
12.00 
16.80 

' 1).70 
'" ·'1j. 30 
~:. 1 '3. 30 
< ·1-1 1.10 

16.00 
12.30 

¡,·l -,.A 
~ N. , 

13.70 
·n.oo 
13.50 
13.50 

,' ... ¡'¡ .40 
15.30 
1 2. 60 

N.A.:· 
N.A.' 

$· 7. 30 # 
6.80 # 
6.80 
Ñ ~·A. 

9.00* 
6:8o 
6.80 
a-;oo 
a·: 5o 

~ 8200 
6'. a o 
]'. 30 
'N·, A:; 
'8:. 00 
'6(.80 
5·. 5o u 
6.80 
N~A• 
6-.80 

-7.30 
t.30 

·'7. 30 
.-N .A·. 
·-N .A. 

7.30 
·JN .A. 
~N.A. 

:6.80 
. 8. :so 
:::7.30 
-}.-30 
7.30 
6.80 
8.00 

·.6.80 
..• N .·A. 

.-,~7. 30 
:6 ;--80 

~: 7 .=Jo 
7:30 

·.,~:6. 80 
·:: -~8~·00 

7:.30 

$J 2.40 
'9 .4 o 
N.A. 
N.A. 
8.80 

-- 8. 70 
_ ._N~A. 
l::B.5o 
· .. -.N .A. 
·) -N:A. 
··'..N·. A. 

$22.70 $1 1. 1 o \ 
1 6. 80* 1 o. 06*' 
.N.A. N .• A:. 
N.A. N.A. 

1 5 .,30* 8. 9.b* : 
12:so ~.8o: 

' 1 • 1 

N.A. ,. : •• A. 
-1·6.30*. ' ''9.3ó* 
"N.A. N.,~~.:, 
., ~ •. A. N.A. _-

')\.,-. 

.N.A. N~~~-
. ~· ( N • A • ,N. ~t.: 

~··; N~A. N-.A. N.A. 
• l 

~9.00 ,,.20* 11.Jp* 
.-'.7,80 .10.60 .. , 6.80 

') ~ • • ... ' ·' '- • t \' 1 

:N.A. N.A. N •. Ji'. 
, . 8. ,1 o 1 L: 1 o 6. 8o 

,, '1\ 
-.N~A. N.A. N.A'. 

' ' 1 

· N • A • ~. A. N. 'A • 
.. 8 . 50 13 . 50* ., ~ ~-0* 

, , N .• A. . N.A. N~-A-. 
:.:9._10 '24.20* 14~l;o;~ 
, . N,.,A. N.A. 'N':A,·.~ 
.. N.A. 1- .~ .• A. _N:~,· 
l,:-8.10 q_.10 .. 

0 
.... 6;.~,0 

,_8._70 1'2.90. 7.3'0 
( ¡ 9 . 00 1 3 • 90 ', ·, i 

1 7 . '3 o 
:- ... ª;20 

1 

'.'-11'.20 6'.80 
!.: . 8;80 13.30 7."30' 

N.A. .. ·ij.A. _; ·N~·A:· 
_N.A. N.A. -N.A~ 

,1 ' N • A • . . N • A • N·:·~. ' 
,. N.A. -. ,N.A. .·-·N~A. 

- . ' !li ; (. ( ' 
; , :N. A. . 'N. A. , 1-J. A. 
'·N.A. ··-·N.A. 'tek~ 
/ ... 9. 50 "·· 19.1 O* ·¡o·: oo* 

.,.-, ~ .• A. .-, ~~~A. .. N~lA. 
1' -,8. 70 -.- 12.50 .' 6~~89 

' ',,, 
':1 :,-. _',N.A. N.A. N:A • 

,8.10 "11.00 6~80 
t•) ,N.A.-< N.A. N}A. 
. N • A • N • A •· ' ,. ·· ' 

1 
___ N.A. N.A. 

:.¡ \ :-N .A. ~-N .A. 

~ N.A. ~N.A. 

1' N!IA. 

'N.·A. 
. :N)A. 
: '·N::A. 

'\ 
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Acron~m Option 1 Ootion 2 Optlon 3 Option 1 Optlon 2 oetion 3 
1 

DSTAZ $ 8.20 
) 
i$11.80 $ 6.80 $ 8.20 $11. 60 $ 6.80 

OVAD 8.70 1 13.10 6.80 N .A. N.A. N.A. 
ELIPS 8.20 11 . 60 6.80 N.A. N. A,. N.A. 
ENTROPY 8. 1 o 11 14.70*# 8.70*# N.A. N.A. N.A. 
EQUAL 8.50 12.30 6.80 8.50 14.30 8.20 
EUCL 1 D 8. 1 o 11.20 6.80 8. 1 o 12.1 O* 7.40* 
EX TRAP 8.10 11.20 6.80 8.1 o 10.00 6.80 
FLTREC(UVAC) 10.60 1). 70 9.20 N.A. N.A. N.A. 
FORFIT(UVAC) 8.80 12.90 7.30 N.A. N.A. N.A. 
GENES 8.50 12.60 6.80 8. so 20.80* 12.60* 
G ·:~o 1 S 8.00 11. 1 o 6.80 N.A. N.A. . N.A. 
GEOFIT 9.50 16.20 8.00 N.A. N.A. N.A. 
GEOPAK 9. 50# 16.0011 8.00# N.A. N.A. N.A. 
GIPSY 9.10 13.90 7.30 9.40 17.90 10.70 
GRAVITY N.A. N .A. N.A. 8. 1 o 12.60 * 7. 60* 
GRAVTY(UVAC) 8.30 12.00 6.80 N.A. N.A. N.A. 
GRID 8.30 12. 1 o 6.80 8.30 13.30* 7.40* 
GVAR 8.20 11.80 6.80 N.A. N.A. N.A. 
HAAAG N.A. N.A. N.A. 8.70 12.50 6.80 
HAGMEVA N.A. N.A. N.A. 7.80 1 o. 60 6.80 
HAGPLOT N.A. N.A. N.A. 7.80 10.70 6.80 
HENTRO 6.80 N .A. N.A. N.A. N.A. N:A. 
HEXAGON 8.50 12.90 6.80 N.A. N.A. N.A. 
HVAR 8.20 11 . 60 6.80 N .A. N.A. N.A. 
INDIFF 8.90 13.50 7.30 N.A. N.A. N.A. 
INPOUT(UVAC) 8.20 11 . 20 6.80 N.A. N.A. N.A. 
INTCYL(UVAC) 9.60 15.80 8.00 N .A. N.A. N.A. 
1 NTPMED 8.30 H 13.10# 6.80 # N.A. N.A. N.A. 
INTRMAP 7.80 10.60 6.80 N.A. N.A. N.A. 
INTRPOL 8.20 11.80 6.80 N.A. N.A. N.A. 
INVERSE 8.70 13.50 6.80 N.A. N.A. N.A. 
1 O~JAP N.A. N.A~ N.A. ' 8.00 10.70 6.80 
IPCIDA 8.20 11 . 1 o 7.00 N.A. N.A. N.A. 
ISODEN N.A. N.A. N.A. 6.80 N.A. N.A. 
1 SOMET N.A. N.A. N.A. 13.50 24.50 '12. 30 
ITERIM N.A. -~! '\ • N.A. 13.50 21.60 1'2. 30 
KCOLOR N.A. N.A. N.A. 8.30 11.80 6.80 
KOPPEN 8.80 12.60 7.30 N.A. N .A, N.A. 
LANDUSE 1 o. 1 o 16.00 8. 50 10.00 16.00 8.50 
LAP 9.10 H 16. 20 il 7.30 H N.A. N.A. N.A. 
LATMAP N.A. N.A. N.A. 9.60 23. 1 O* 13.70* 
LINEAR(UVAC) 8.20 11.40 6.80 N.A. N.A. N.A. 
L 1 STER N.A. ·N.A. N.A. 8.30 11. 6'0 6.·80 
LOCA TE 8.50 12.50 6.80 8.50 12.60 6.8o 
LOCPOT 9.40 18. 70* 1 o .40* N.A. N.A. , N.A. 
LUAM 3.20 N .A. N.A. N.A. N.A. N.A. 1 

J 



Acronym __ 

/·IAPDATA 
/~APIT 

MAP3D 
~1APLOT 

1APTRAN 
MARKOV 1 
I-1ARKOV2 
/1AVE 
r-10 1 se 
/41 N IMAP 
M 1 I~PATH 
MLNEGB 1 i 
MOCO N 
MOMENS 
MONA 
MPLSQ 
MUL TI ' 
MUNKRE 
NAYBOR 

· NEARNBR 
NEGB 1 N 
NOOAC 
NOLIOA 
NONCEL 
NONCELO 

- NONPLOT 
NORLOC(UVAC) 
NORM 
NSCAT 
OPTREG 
PCPA 
PELTO 
PERS 
PLOTMAP 
PLOTMP(UVAC) 
PLOTS 
POINT 
PO 1 NTS 
PO 1 SSN: 
POLVFIT 
POPMAP 
POPPYR 
PREOEN(UVAC) 
PRESLOC 

· PROLO 
PYRAMID 
RANKD(UVAC) 

1 BM 
Option 1 Option 2 _ Option 3 Option 

(~ • < 

N.A. 
N.A. 

N.A. 
· . N.A. 

N.A. 
$ 8.80 

8.80 # 
8.70 
8.20 
8.00 
9. 50 , .. 
8.80 #· t 

N.A. 
N.A. 
N.A. 
3. 20 l' 

8.30 
N.A. ~ .. 

N.A. 
$12.60 

14. 60 #;. 
13. 30 
12.00 
11.00 
15.30 ' 
12.10 # 1 

N.A. 
N.A. 
N.A. • ·~ 
N.A. 

11.80 
N.A. 

16.80 # 9.40 # 
N.A. 
8.1 o 
8.00 '•' 
N.A. 

N.A. 
,, 11.20 

N.A. 
8.70 
8.70 
N.A. 
N. A. ~ ,r 

8.80 
8. 30 ,. 
8.30 ... 

;-

15.60 ' 
11.30 # .. , 
8. 1 o 
9.00 

1 o. 20 ., 
8. 20. -
8.00 
N.A ..... 
N.A. 
N.A. 

1 o. 30 "'. '< 
8. 30 ':' 
7.80 
8. 90 ,.. 
8.1 o # 
N.A. 1

' 

8. 1 o '#' 
8.00 

11.00 
N.A. 
N.A. 

12.50 
12. so 

N.A. 
N.A. 

12.90 
12.00 
12. 10 
21.70 
23.60*#. 
11.40 
13. 10 
17.00 
12.00 
12.30 
~~.A. 

N.A; 
~!.A. 

19.10 
1 o. 60 -. 
1 o. 60, \·--· 
13.80 
12. 00_ #· 
N.A. 

12.00 #. 
1 o. 70 

N.A. $ 8.10 
N.A. 10.30 
N.A. 8.20 

$ 7.30 N.A. 
7.30 # l, ·• :J.A. 
6.80 \• '. 8.50 
6.80 8.20 
6.80 N.A. 
8. 50 1 ~ N .A. 
7.30 # N.A. 
N.A. 8.30 
N.A. '· 8.10 
N.A. 7.80 
N.A. N.A. 
6.80 N.A. 
N .A. ', . 13,60 
8.00 #. 1 ,:, •• N.A. 
N.A. 8.30 
6.80 . , N.A. 
6.80 N.A. 
N.A. f' 7.80 
N.A. 8.70 
6.80 N.A. 
6.80 8.80 
N.A. 9. 70 
N. A. _., . , 7. 80 # 
7.30 N.A •. : 
6.80 8.50 ' 
6.80 ,, N.A. 

-. 14.1 O , .. N.A. 
9.80,~/1.,· N.A. 
6.80 7.80. 

'1 ' 

7.30 N.A. 
8.50 N.A. 
6.80 ,·.,.. N.A. 
7.40 ·;,· ... ~. N.A. 
N.A. 8.10 
N.A; ... 8.70 
N.A. 7.80 
8. 50 N .A. 
6.80 .. N.A. 

'\ 

6.80 . . N.A. 
7. 30 , N .Á·. 
6.8q #_. N.A. 
N.A. 11.30 
6.80 #: N.A.· 
6.80 N.A. 

Page 3 
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Option 2 Option 3 

$11.00 
17. 50* 
11 . 80 

N.A. 
N.A. 

12.60 
11 • 80 

N.A. 
N.A.-

'., 
$ -6. 80 

9.60* 
·6.80 
N.A. 
N.A. 
6.80 

' 6. 80 
N.A. 

. 1\1. A. 
N.A. : N.·A. 

12.00 6.80 
11 . lo '6 ó 80 
10.40 6.60 

N,. A. N~ A. 
N.A. ·N.A. 

22.20 12.30 
N.A. ,, ,N.A. 

12.80* 7. 10* 
N.A~ . N.A. 
N.A. N.A. 

10.60 6.80 
12.60 ~.80 
N.A. N.A. 

12.50 7.30 
25.30* 15.30* 

. 11 • 2 o 11 
1 

6. ·a o 1! 
N~ A .' . ' ·1 ~ N • A • 

15. 30* <,:); ~·50* 
N.A.. ,1-. ... N.A. 
N.A~.'~~ .. , N.A. 
N.A. 

11 .40 
N. J.l,. 
N.A. 
N.A. 
N.A. 

12.30* 
12.00 
10.40 
N.A.':}I· 

¡ 1 ~ • 

-N. A. 
6.'ao 
N.A. 

.·N.A. 
'N.A. 
N.A. 

' }.40* 
'6. 180 
6.80 
N.A. 

'N.A. 
' ·' 1 N A, ... 

N.A. 
N.A. 
N.J\. 
N.A.' 

.. , N.A. 
, .. -' N.A. 

20.60 
N.A. 
N.A. 

9.80· 
·N:A. 
N.A. 
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IBM COC 

Acronym Optlon 1 Opt ion 2 Opt ion 3 Opt Ion 1 .Opt ion 2 Opt ion 3 

REGLAR(UVAC) $ 8.1 o $11 . 00 $ 6.80 N.A. N.A. N.A. 
REGRESS N.A. N .A. N.A. $ 8.30 $11 . 80 $ 6.80 
REVPREF 1 o. 30 # 20. 1 o # 8.50 # 11.70 23.60* 13. 40* 
RGRID 9.00 14.30 7.30 9.00 16.30* 9.00* 
RGRID2 9.10 14.70 7.30 N.A. N.A. N.A. 
RIDGERE 3.40 N .A. N.A. N.A. N.A. N.A. 
RSTAR 8.80 12.60 7.30 N.A. N.A. N.A. 
SAMPLE(UVAC) 8.20 12.60 6.80 N.A. N.A. N.A. 
SANDM N.A. N .A. N .A. 8.00 # 11 . 60 # 6.80 # 
S CALE N.A. N.A. N.A. 1 o. 30 16.00 .8. 50 
SOIS 8.00 11.00 6.80 N.A. N.A. N.A. 
S 1 NGLE 8.80 12.80 7.30 N.A. N.A. N.A. 
SIRES 9.40 20.60 11 .40 9.00 22.50* 12.70* 
S LO PE 8.10 11 • 1 o 6.80 8.30 13. 30* 7.60* 

. SMOOTH N .A. N.A. N.A. 8.00 1 o. 70 6.80 
SMOTHR 7.80 10.60 6.80 N.A. N.A. N.A. 
SMRATE(UVAC) a .. 1 o 11. 1 o 6.80 N.A. N.A. N.A. 
SNORT(UVAC) 9.00 14. 1 o 7.30 N.A. N.A. N.A. 
SOLUP 8.80 12.90 7.30 8.90 14. 1 O* 8.30* 

· SPA 9.40 # 16.40 # 8.00 # N.A. N.A. N.A. 
S PACE 3.50 N.A. N.A. N.A. N.A. N.A. 
SPAN N.A. · N .A. N.A. 8.90 20.60* 12.20* 
SPECTR 8.80 12.80 7.30 N.A. N.A. N.A. 
SPHERE N.A. N.A. N.A. 8.30 13. 1 o 7.30 
STDROP(HNVWL) 11.50 21 • 1 o 9.80 N.A. N.A. N.A. 
SURGE 8.80 13. 1 ó 7.30 8.70 17.00* 9.80* 
SVMBOLS N.A. N.A. N.A. 8.20 11. 1 o 6.80 
TAXON(UVAC) 8.20 11.20 6.80 N.A. N.A. N.A. 
THIES~N 8.70 12.50 6.80 N.A. N.A. N.A. 
TORG 8.80 14.10 7.30 8.90 14.30 7.30 
TORG2 8.80 14. 1 o 7.30 N.A. N.A. N.A. 
TORN 8.20 # 12.50 # 6.80 # N.A. N.A. N.A. 
TRANS 8. 1 o 11.20 6.80 8. 1 o 17.70* 11 .40* 
TRENO '1. 30 22.00 9.80 11.50 26.80* 11 . 1 O* 
TRENDC 10.60 20.20 9.20 N .A. N.A. N.A. 
TRIO N.A. N.A. N.A. 9.00 13.90 7.30 
TWAIN 8.20 # 12.60 # 6.80 # N.A. N.A. N.A. 
USOATA(UVAC} 9.40 15.30 8.00 N.A. N.A. N.A. 
VALRAT N.A. N.A. N.A. 8.00 1 o. 70 6.80 
VALRATI . 8.50 12.30 6.80 8.70 13. 80* 7.60* 
WARELOC 8.30 # 13.1 o # 6.80 # N.A. N .A. N.A. 
\~EBER (UVAC) 8. 1 o 11.00 6.80 N.A. N.A. N.A. 
WEBER! 8.1 o # 1~.00 # 6.80 # N.A. N.A. N.A. 
XCUT N.A. N.A. N.A. 8.80 13.80 7.30 
XMAPP 8.00 11. 1 o 7.30 8.00 11. 1 o 7.30 
ZSCORE(UVAC) 8.00 11.00 6.80 N.A. N.A. N.A. f 



* 
íl 
N.A. 
UVAC 
HNY\~L 

lndicates test output is included 
Documentation not available from GPE 
Not Available 
UN IVAC 
HONEV\>JELL 

• 
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GEOGRAPHY ?ROGRAM EXCHANGE 

1 1 '~ ~ 

' - ' 

The Geography Program Exchange· (GPE). has been establ Tshed to ass1st 
untversltTes and other non-prof~t organlzatlons wlth the interchange of 
cornputer software \-lhlr.h relates to probiems of a geographlc nature. The 
GPE operates on a self-sustainlng bas_is.,: l.ts ser:vtces are made.aval1able 
to users _anywhere 1 n the worl d. - .. ' ' - - r -'. 

,J '. '. . , 
·r~e GPE mainta)ns a central ·file.of s~~~iatized.computer programs 

~ ... ith as'¿ociated docíJfnentatl•on-and tes.t. datf!.-,sets, ana:~akes copies cf a11 
or part of thls material available to users at C!)St~. ,,The programs held 
by the GPE represent special ized material~ developed for use In geographfc 
rcsearch and teaching; no attempt ls made to dupl Tc.at~ .. standard statlstlcal 
programs. Distrlbution of avallable progr_ams ls. LQ. ~~~'~ form ~f:)-':f-~-~~gs! 
punched cards, or magnet i e tapes. : , , , ..... ,-~.' ,, . 

~~·;\,¡-~::::'1 ,._..,,~:'~1 

Program holdings consist of ítem~,. f·r~m1 th~--s~-~.é~¡'~-1 Jzed pr"o·g-ra~ l't_b'r;a.;. 
rles of a large number of geography departments In ~orth Amert~a~s well. · , 
as programs submitted by geographers from other countrfes. The GPE actfve1y 
sollcl ts programs' from all sources. '¡f. .the prografll submfÜed appears to' be 
of enoug,h general tnterest, lt i!) add'e'd to those available fo'r' dfs··ti·Jbutlon. 

-:- j l l ~ " ' • • r : _.. 

Al,l: software handled by' t'he· GPE .is obtaf~ed and dl~trtbuted on a 'non-royalty 
ba S 1 ,S:· , , '' · '.1 ·, • ' ' ' 1 ' 'e , , , ' 
,, , j' ~ Jl ' ... t 

~ ~ " . 
A1though the GPE operatcs wlth 1 imited resourc~e-~-, .it ~oes 'attempt. to 

provtde addltlonal asslstance to those departments and indlvldua1s who are 
~ust starting to make use of the digital comput~r· .~s-,a .. resea~~h,_a1 _nd .~each-
1 ng tool · · • - · -' · · ··· • , .. , • ' , ' u . ¡'' r ¡. . 

• ' ' 1 • 4 • ft ;\ J f ( '.j 

• l l • J 
1 

••• 1 1 •• ~ ·~- 6 ' ' '- •• • _ • ..., 1 ' ' 

Overalt management of the GPE is provided by:,a,board cóns'lsftng of·l··,r 
Professors Duane F. Marble (Suny/Buf.falo), \o/aldo R •. _Tobler. (úrJve.~·sr'fv··?f':rr.¡ 
~'al ifornta-Santa Barbara), and Robert· 1.· Wfttick (MlchJgan-Státe'Un.tversttyL 
:u. Wittick ls in charge of opératlrin's and all inqut'rJes relatrng 'to . 
.JCtlvitles of the _GPE should be directed to him at the following addres:.: 

' ) 

Dr. Robert 1. Wittick 
Computer' lnstitute for' Social 

· Mt'chlgan State Unlver:slty . · 
:~a·s·t: Lansing~· Michfgan. l¡8824,. 
U.S.A. 

Telephone: 517/353-2040 

,¡' 

: :~_t· .. ·~·¡rr .. ~ 
• 1 :·. /{ " :. ' 1 

A European outlet for the GPE programs .has,be~n.establi~'hed''ln'-West 
Germany. For further Tnformat Jqn on ·t-he ay.~i labl.l lty of prog'i-'ams'--fr'orn~·".i 
West Germany, write to: ·l · • ~-;:::: 1 \l, .~: 

Dr. And·re 1<11 chenmann 
Geographfsches lnstitut 
Unlversitat Kar15ruhe (TH) 
75 Karlsruhe 1, Kaiserstrasse 12 
e e rrtS ny, BRD ... 



ACGESS: 

Computer: 
Compiler: 

Date Recelved: 
Contrí~utor: 

AOJUST: 
¡• 

Cornputer: 
Comp l 1 er: 

Date Recelved: 
Similar Programs: 

Contrlbutor: 

ALLOC: 

Computer: 
Compller: 

Date Received: 
eón ir! ,butor: 

\ 
! 

INDEX OF PROGRAMS CURRENTLY AVAILABLE 
\ 

'· 
' 1 

June .1977 

Tap~. Llbrary Utlfity ~rogram 
' ' 

' 1 ' 

A uti1 lty progrdrr. .vnlch is used to c:reate. an.:! edlt a 
tape 1 ibrary of computer programs. Programs on tape 
may be 1 lsted, punched, stored on another. tape, or 
comp 11 ed. 

CDC 6400 
6000 RUN FORTRAN 
Oecember, 1971 
Department of Geography 
•:orthwestern Univers itv 

~a~rix Adjustment 

A program designed to perform ltératlve multlpl lc:atlve 
adjustment' of matrices to desired ·marginal tota1s. The 
program can also be used In the analysls of transa~~lon 
f1ows. 

::oc 6500 
6000 FORTRAN EXTENDED 
Ju 1 y, 1972 
INDIFF 
Oepartment of Geography 
Mlchlgan State Universlty 

Heuristlc Solutlons to Multi-F~cll~ty Locatlon Prob,em~~ 
on_ a graph 

' ' ' 

Progra~ to compute optimal _lo~atio~s- f~r ... facll r'tfes based 
on minimi~~d aggregate distance uslng Marazana, and Tfetz 
and Bart Algorithms. . ' 

1OM 360/65 
~ ORTRM~, G 
.January, 1974 
Departm~nt of Geogr~phy 
Unlversity of lowa · 



ALTERN: 
~ 

., :· 
'L 

Computer: 
Comp i 1 er: 

Date R~ceived: 
Similar Programs: 

Contr:ibutor: 

AZMAP: 

Comp'uter: 
Compi 1 er: 

Date Received: 
Contributor: 

Page 2 

Multi-Source Location-Allocation ~lgorithm (Heuristic) 

This program a'ltÚnalety t'ocates -soúrces ·a·t the ·~.fnimum 
D9·int of thei.r assigned sinks and a11ocates sinks to their 
F:J.?~cst ?q~.r:~es,. t'? approx imate the ~)pt:ima J loca t ion for M 

: sources tp. rser.•;e N si nks in a Euc J idean pl ane. 

~ ' ~ 1 1 '· 

1 8~1 360/65 
FORTRAN G 
Janua ry, 1974 
LAP, MATRAN, TORN 
Department of Geography 
University of lowa 

1 '• 
1 '¡" ; ':: 

Az imutha J Map Transformat ion · '1' 

The prograrn calculates and ·prod.u'ces ~z.imuth~'t'.~ma'p. 
tr.~.n.~fQr.mation.s :pn the .pen-and--ink plotter, as a · 
me~ns_ ... of .di spl ayi ng geograph ic data. 

" 't • ~ ~ .r • 1 -

1 BM 360/50 
FORTRAN G 
Hay, 1971 
Depart~cnt of Geography 
University of Rhode !stand 

.') 

- ~~ 

-) 

'J 

Other Vers lons: (AZMAP) 

Computer: 
ComP. 1 l e.r: ,, . , ... , 

Date Recelved 
Contributor: 

BASICS: 

\, 

Computer: 
Comp i l er: 

Date Received: 
Contributor: 

CDC 6500 
~000 FORTRAN ~~JENDEO 
January, 1972 . 
Computer lnstitute for Social 

.... -- -~---

Se ¡·~"ce·- Researct/· -.. ~~, · 
1 -

: .. H i ~h.i.g_~n :Sta t1?<. Un 1 ver,s i_~y ~.>.,.~.J-..._,) =-l!ir: 

Calculation of Basic Statistical Series 

Program to calculate and plot (on pen-and-inR,_plotter) 
._'•On.e, or aJJ of the foJlowing, Which are commonJy U~ed· 

r¡ 

_ JQ.··QaS[C analyses of statistical ·Serie~: (1') a histogram, 
(2) a data· array, and (3) ·a c'umulat·i-ve-frequency graph. 

CDC 6600 
6000 FORTRAN EXTENDED 
March, 1972 
Department of Geogr~phy 
University of Minnesota 

• 1 ~ .. ~ •• ' -_ 1 

.~.~. ~·--· .,·.·:) 



BIVAR:. 

Computer: 
Comp 1 J er: 

Date Rcceived: 
Cont r 1 butor: 

BLCK: 

C~mputer: 

Comp i 1 er: 
Date Recelved: 

Similar Programs: 
Contributor: 

1 

\ 
' 

Page 3 

Bivaciate Means and Medlans 
' . 

Computes blvariate means and approximates bivariate 
medians by iterative means.'to a specffled accuracy 
or a prescribed number of lteratlons. AlsÓ computes 
geometrfc coordlnates, and total traveJ to the means 
and medians. 

PDP-10 
FORTRAN IV 
March, 1.972. 
Oepartment of Geography 
Western Michlgan University 

Block Diagram Plotting 

The,p~ogram is used for rapid pen-and-in~ plottlng ~f 
isometric profl!es'from a rectangulaf ~~trlx of data 

1 BI-t 360/67 
FORTRAN G 
Augus t, 1970 
ISOMET; MAP 3D~ PERS; SURGE; TRIO 
Department of Geography 
University of Mfchlgan 

Other Vers ions: ' (BLCK) 

Computer! 
Compfler: 

Date Received: 
Contributor: 

CANON: 

Computer: 
Comp i J er: 

Date Recelved: 
Contrlbutor: 

CDC 6500 · 
600Ó FORrRAN EXTENDED 
December, 1 971 · 
Computer lnstirute for Social Science Research 
Michigan State Universl~y 

Canonical Correlation 
- • 1 ~ ••• 

¡. 

The program calcufat~s the fnterrelation~hips betwé~~~· 
· two se~s of measurements made on the same observatfons. 

'~ f"l. 
IBM 360/65 
FORTRAN G 
May, 1970 
Department of :..:t:.(•graph'f 
U~ive;s ity of k .. ,a 



CANTRN: 

tomputer: 
~ompi 1 er: 

Date Received: 
Similar Programs: 

Contri butor: 

Computer: 
Compiler: 

Date Received: 
Similar Programs: 

Contrlbutor:. 

CART2: 
~s.:::aí1'!~ 

Computer: 
Compiler: 

O~te Receivedi 
Similar Programs: 

Contributor: 

CENDA: 

Computer: 
Compi 1 er: 

Date Received: 
Similar Programs: 

Contributor: 

Page 4 

Canontca1 'rrend-Sú~·face''Analysls 

Thi~ ·p~Ó'gram' d'€J\:Len1tinés geo~fraphic patterns of severa) 
V~ r'i a te's'.!.5 Í mu i\a.;·O:::.JuS 1 y~ thereby produc i ng a muJ ti varfate 

' ,., ( J 1 '. - ....... 

~rep,d,.surfp'ce: .The purpose i~ to determine 1 inear com-,. 
binatíons for both gcographic coordinates and the varlates 
Z (J), so·as to maximize correlation bet\·,een the two 
1 inear express ions. 

UNIVAC 1108 
FORTRAN 1 V 
Harch, 1973 . . 
OVAD, MPLSQ, POLVF)T, TRENO,·TRENDC 
Department of Geography 
Sta te Un ivers i ty of New York. 'A 1 bany 

·_]rregular Cartb~rams 
! , • • • 1 ~ .. • \ 

Computes cartograms from areas defined by irregular 
po 1 ygons •· 

IBM 360/67 
FORTRAN G 
Oc tober, 1971 
CART2 
Department of Geography 
Universiti of Michfgan 

Regular Cartograms-

~amputes regular cartograms from areas detined•~y a 
deographical matf;> 

IBM 360/67 
FORTRAIJ G 
October, 1971 
-~A~1). . ·- . 
pepar~~ent of Geography 
·Un ivers i ty of Mi eh í gan 

.) 

Distance-to-Centroid Discrimina~i·Analysis 

Classifies subjects on ihe basis of dist~nce to 
group centroids. 

IBM 360/67 
fORTRAN G 
!Jovember, 1972 
COSINE, DISITR, ITERIM, MDISC, NEARNBR, NOLIDA 
Department of Geography 
University of Waterloo 



CENTRO: 
_.,, 'l3 

Computer: 
Comp i 1 er: 

Date Received:· 
Similar Programs: 

Contributor: 

' \ 
\ ¡ 

Page 5 

Centrographlc Measures 

The program computes descriptive m~~sures of spatial 
distributioi"is 'from coordinate data, Helghted or non­
weighted polnf'~ets are allowable. Outp·;t lncludes mean 
center, standard radius, coefflcteAt of clrcularlty, and 
angle of orlentation of the distrlb~tion. 

18M 360/65 
FORTRAN G 
/1ay, 1970 
ELIPS 
Department of Geography 
University of lowa 

Other Versions: (CENTRO) 

Computer: 
Compiler: 

Date Received: 
Contributor: 

(!--'! 'NT:: 

Computer: 
Compi1er: 

Date Rece1ved: 
Contributor: 

Computer: 
Comp 11 er: 

Date Received: 
Contrlbutor: 

CDC 6500 
6000 FORTRAN EXTENDED 
Augus t, 1971 
Computer lnstitute for Social Sclence Research 
~ichigan State Universlty 

¡ r 1 1 , • "! ' 
Intera~ttons for Chi-Square 
'' '·: ¡-

To compute lnteractions for chi·square 

CDC 6400 
6000 RUN FORTRAN 
J une, 1970 . . . 
Dep~ttment of Ge¿graphy 
~orthwestern U~iversity 

• 1 J .-

Appl ication of Linear Netghborhood Operators to 
Choropleath Map~ 

1 b 1 r ' . • • · ·, ·,' : · · ~ • -. 
Program to apply linear neighoorhood operators to 
choropleath maps by using the reaggregatlon method 
devised by Tobler. 

IBM 360/67 
FORTRAN G 
October, .1}72 
Department of Geography 
University of Michigan 

' 1 



CLCOUNT :· 

tomputer: 
Compiler: 

Date Rcccived: 
Contributor: 

Page 6 
'· 

Po!nt Counting Within ~ectangular .. ~~ll~.of a 
Rectangular Region. 

,· ·¡ L ' ' '· ~ . · ~· . , 

. ro· count.;t.he nui'!Jb.er· .9f points w!thin r~ctahgular 
ce;U s o f ·a¡ ,.,-ec ta·ngu J R r ,reg ion. 

: t, 1 o 

CDC 6400 . , 
6000 RUN FOkl~PN 

.!une, 1970 
Department of Geography 
Northwestern University 

Other· Vers ions: (CLCOUNT) 

Computer: 
Compiler: 

Date Received: 
Contributor: 

CLIHAT: 

Computer: 
Comp i 1 er: 

Date Received: 
Contrihutor: 

CLUSTER:-

Computer: 
Comp i 1 er: 

Date Received: 
Similar Programs: 

·Contributor: 

/. 

IBM 360/91 
FORTRAN G 
Decernber, 1971 

' • ;1 

Department of Geography 
University of California, 

:r•.:. 
!..os. Ange 1 es ,. 

Recognition and Cl6ssification of C) imate Type~ 

A set of CAl programs for analyzing, catalogulng, and 
classifying raw cl,imate data using a l?g'ical, unif!lr'r, 
and open ended system which .is easily capabl~ of being 
plott:ed.and rnapped .. 

GE-635 
G E. BAS 1 C 
March, 1972 
Department of Geography 
Dartmouth Col lege 

·cl·ustered 'Pa·t'ter'n Recogníti-on 

'· 

The program establ ishes the locat ícm and areal extent of 
"point cluste('s· in a spatial dls;,~r,tbl!t..i.on. 

UNIVAC 1108 
FORTRAN IV 
!1a rch, 1 973 
LINEAR, REGLAR 
Department of Geography 
State University of New York, Albany 



CLUSTR: 

Computer: 
Compiler: 

Date Recelved: 
Similar Programs: 

Contrlbutor: 

CMAP: 

Computer: 
Comp i 1 er: 

Date Recelved: 
Similar Programs: 

Contrlbutor: 

lO B/~AP: 

Computer: 
Comp i 1 er: 

Date Received: 
Similar Programs: 

Contrlbutor: 

Page 7 

Cluster Analysls • 1 '(1,. 

' Provides a means of grouping variables on a set of' 
observatlo~s using cluster analys1s. The clusterlng 

.of variables begins with the palr of variables having 
~he highest correlatlon and then proceeds by addlng 

.the_va,r._iajbles .~~vi_ng_ thl¡! 1 ~ighes,~ ~orrelatlon wlth the 
elements of the cluster. 

CDC 6500 
6000 FORTRAN EXTENDED 
January, 1972 
DON '""1\.¡ 

Computer lnstltute for Social ~cience Research 
Michigan State Unlversity 

Choropl eth Mapp i 119 . 

Des i gned to produce choropl eth .maps ut i 1 i z 1 ñg-sm9l,l 
computers. 

18M 360/40 
FORTRAN E 
December, 1971 
CPLETH, X~APP, COBMAP, INTRMAP 
Department of Geography 
Universitv of ldaho 

Choropleth Mapplng Tn COBOL 

'. 

'· 

Thls program is a COBOL ve~si~n- of C~Af;~~:-1 The pr6'gram 
wil J 'produce one map for each submission:.L 

1 BM 360/Lj 
ANS. COBOL 
/·la rch 1976 
Ct1AP, CPLETH, XMAPP, INTRMAP 
Department of Geog~aphy 
Universlty of Tennessee 

,), 

'r 



Cl~GRP: 

' .... ' r' ' ~ 

Computer: 
Cornp i 1 er: 

Date Received: 
Simi1~r Programs: 

Contributor: 
'¡_• ;',..'.,' 

Page 8 

Contiguíty.Grouping 

• ' - ~ f ' 1 ¡ ' ~ 1 l l ' ~} <1
.1 ' ' \ 

1 

The program groups ·o'bserV'afions ·us ing. the cr·i t~r~io•• .._: 
-.".;~~el idean,.,prox_i_~íty ·in a p-d imens ional vector space 
- i_f the dá•ra::·áre"give~·-··rn~··fhe' form o·f geographlcal 

"¡ .·.ma.trice's', t'Me 1 program'd'n'auto.,atically impose a 
'·geograoh.id't·,.cohtigu'ity····constraint on'¡the grouping. 

• •• ... ¡ t. 21 . '- ; !. :· 

'j Bt1, 360J6i 
''· 
F OR Ti{A~~ G .-. '1 - ' ~ 

August, 197n 
COI~GRP, D 1 SGRP 
Departrnent of Geo'grá·p.hy ·' 
Un i~.er.s~i t.y pf Mi eh i gan · ·, 

.1, ~t·... L', ,_Jl•!' ~ ~ ¡ .... 'JJ: t ~ .. , • 2· 

~· ~ ;) :-, , ' 1 :.1 '~-; t ( ·, 

r 'j 

• 1- j ' 

~ ' : r lo(,~ J 

Other·Versions: (CNGRP) r. 

.... omputer: 
Comp 11 er:: 

Date -Received:. 
Contributor: 

CNTOUR: 

Computer: 
Comp 1 J er .. : 

Date Recelved: 
Similar Programs: 

Contri butor: 

-t 

COLMOG: 

Compyter :·. ,• 
Comp i 1 er: 

Date Received: 
Contributor: 

CD(, 6500 . , . ._. · .. ,··.··: .. 
· . 60QO ,F.ORTRAN EXTENDED 
r:~: Áug_~.ft 't'§il ... '.... ' " . .:! -l ' •1 

' -'. l } l • - -1 

Computer lns'tltut'e-'for S'oólal Soiericé Research 
M icl) lgan ·stá t'b ::Unlvers rty · .;,, ; 

' '~~ ' 
'1lJ .. • 

Contouring a Gri~ 
-, ,. ' 

.-... • ( o • <l.; l t ~ :i -~ ,·. 

'~'f.! • ' •", ' ~ ::•-., •r -,f.!,- ,· r •\ 

~' < i ~ \ 

A package of FORTRAN sub~o~tines,to· produce~~-cbh~6ur ~'p . 
{pen-and-ink p1otY'of i!"'se't .. of·data 'points:~h¡'cf1~·f6rm'_a' 1 ;: • 

--. .. ' • • • l'-.. 11 , \ ¡ { ¡' 1 

grid. · The grid"dóes nót necessarily:·have to be re·gular. 
' ' 

IBM 360/65 
~='ORTRAN G 
Jan·ua(y, ')972, 
CONTR . CONTUR ., • 

. ~ ' -
•• - t t ~ ,: ~· 

-¡· 

~:..._ ... ,: ... 
Comput i ng Centre .. , ... 
University of British--Co·1umbla · ·, 

\..- ,-

\¡.·:·.~,~~·:~~.;, :e ·,,, ... ,,,-.;~. :· 
0-Statistic for Ko'l~logon~v-Sniirnov,Test· 

The program computes the d-statistic for the Kolmogorov­
Smirnov Test for _equh/álent ·rm~s.or ... column!¡_.,9~~ .. ~he two 
matriées output from CONDIST. - ·' 

.. ,_., 1\J : •• :~ ~'J:ij.;i_~:~.; ~r.,~ ··~·, 

1 1 ' 1 -' ' '~ ~ \• ' • "") ~ t . CDC.65'óo·2_J ·',,;···!~'.L.<;·;~:'> _·,::.•·.·· 

6oó6- :FORTRAN·. E:xTENDEo·: s .. · -
"' '- • ' 1 •• : -, t • 1 r·r ' -· 

' ¡t 

June. 1971 ' · · ;.::r:,~; '.n: 
, . C~~,p~t~·¡:._:.¡·hs~{h:~tt':'fdri(Soc·ial -~c:ience Rese.urch 

Hichigan State University 

., 
·-1 

. " .·. 

• 1 _, ~- •• •• 

; f... J' 

- .. :, 1 

. - -·-·-·....._._ ---··-· ....... ~· .... -



CONDIST: 

Computer: 
Comp i 1 er: 

Date Recelved: 
Contri butor: 

CONGRP: 

Computer: 
Compller: 

Date Received: 
Similar Pro·grams: 

Contributor: 

Page 9 

Relationship of a Population to Dlstributed Facil itles 

The program computes the spatial r'elatlonship between a 
sample of poin~i anda dlst~ibution of different sized 
faci1 ities. The program computes the number of points 
within specified sizes. A1so computed are the dlstances 
separating successive percentl1~ groups of the po1nts , 
from their nearest facilit{larger than a speclfied' size, 

CDC 6500 
6000 FORTRAN EXTENDED : . ' ¡ . 

June, 1q71 ,.,. ·' 
Computer lnstitute for Social Science Research 
Michigan State University 

Contiguity Grouping .... 
........ 

• 1 . . . . 

• ' 1 • ~ , 

• 1 (. ., 1 •• ' ' ~ i, .. , 

Stepwise multivariate grouplng of'ob.servatlons·us'tng one 
of ·seve'ra'l 'distance criteria, Cont'lgulty restratnts may 
be imposed upon the grouptngs. 

CDC 6400 
6000 RUN FORTRAN 
June, 1970 
CfiiGRP, DISGRP 
Department of Geography 
Northwestern Universlty 

• •¡ 

1 .. ; .. 

·' 

Other Versions: (COtJGRP):' 
, :r .• 1 

·' C¿mp'J'ter :· ·,; · 
fy ' .. 

Compller: 
.. ···¡ 

Date Received: 
Contrlbutor: 

CONRAT: 

Computer: 
Comp i 1 er: 

Date Recelved: 
Similar Programs: 

Contributor: 

,,, J: 1 •• ¡, 

1 BM 36d/65 ·.• '. ·· 
FORTRAN G .,· 

· OS/360 As'sE.rnbl er-F 
l-1ay, 1970 
Department of Geography 
University of lowa 

Contiguity Ra~ios 

'l 

'., 1 1 ., ¡1 

.. 1 •• ~ 1 ' ... 

• • 1 ~ 

Computation of statistics for contTguJty measures to 
provide an evaluation of the hypothesfs of randomness 
in the areal arrangement of the values of a speclfled 
property. The pro~ram ls used for a two·category 
nominal, or blnary, ~cal ing of values. 

CDC 6400 
6000 RUtl FORTRAN 
June, 1970 
KCOLOR, VALRAT, VALRATl 
Department of Geography 
Northwestern University 



l __ 

cor~ rouR: 

Computcr: 
C0mp i 1 er: 

Date Received: 
Similar Programs: 

Contributor: 

CONTR: 

Computer: 
Comp 11 er: 

Date Recelved: 
Similar Programs: 

Contributor: 

CONTUR: 

Computer: 
Comp i 1 er: 

Date Rece ived: 
Similar Programs: 

Contrt butor: 

1'.Jge 1 O 

Contou r. ·Ha pp i ng 

Constr~tion of a contour map on'the 1 ine printer from 
a !sdries of data points whose 16~ations are 'defined In 
terms· .o(:,orid squares. · · ··: ·. 

,, :- ·• ;,. f'l" . ; 

:eoa. 640Q ,., :, · ... 
6000 RUN· FORl$AW ' 
June, 1970 ( .,, e 

LATI1AP, RGR 1 O 

í J .) •• ~ 

,. \-' : 

.Department of Geography 
Northwestern University 

' ... 
AJtom~tic Co~to~r· Mappi~g 

- -. • .\ 1 ,, -, .-...' 

•'t \ 

The· p.rogram produces contour· maps either on a pt·:·~-and·ink 
plotter. or on a cathode ray tube. The program wll-1: .,_._, 

... .,-acceptl;-aJ,ther a ··rect.ingular or an i rregu1 ar ·shaped (not 
speced):data set wit~tn'a rectangular arca: 

, , r ¡ ,~ a r . 

1 BM 360/65 . . " .·· ', 
FORTRAN G 
May, 1970 
CNTOUR, CONTUR 
Department of Geography: 
Unlv~rslty of lowa· 

'' 

Conto,llr Mapp in~ . ~ ~-) 

1' 
·, 1 

J • , r: ld 
1. 

The-program us~s a pen-and-ink plotter to dr~w-~óntour 
m~ps 'from" data~gtven' tn-th'é·form of.'geographical matrlcés. 
Stere6g'rams and :.perspect tve contours can a 1 so~_be·· obta i ned. 
An option allows conversion of the contours to a'map pro-
jection befare plotting. ,.,. · 

1 _¡ 
IBM 360/67 
FORTRAN G 
Augu.st ;"19io ' 
CNTOUR, CONT~ 

r: ¡ 1 ~. ! ' l ' 

Depar.tmen.t. of _Geography' 
. . - . '" '1 ' . " 
llrdvers't ty o'f tfi'chigán' ~ ' ... 

•• - - ~' 1 
• r ' -

.': ,' ¡, ::. ":-·; 1 

\.~! ( .J ~\"":.¡~'):~ 'l.,-

r· \ 1 ~ 1 .. • J 1 , ', r 

' - ' 

... 

--· -----------· . ____________ ........ ____ ·--------



CONI1GT: 

Computer: 
Comp 1 l er: 

Date Received: 
Contributor: 

'.~ ~ ·,. . :_ . :· ' ~ 

C.OORD.:·· : 

Computer: · 
Comp 11 er: 

Date Received· 
Contributor: 

CORO: 
• .. ' ~· ' ' ' 

'"-" ........... 

''Page 11 

:"Jntiguity-S'tructured Class Limits · ·. · , .. 
'il 

The program ~eighs.data valucs dt each enumeratlon area 
b'y considerrng. the spatlal c1rrangement and slmilarlty of 
the data' units. 

UNIVAC 1108 
FORTRAN IV 
t1a rch, l 973 
Department of .Geography 
State University of 1/ew York, Albany 

Coo~~inate Conv~rsion 

'. 

'-. (, f 1 C 1•> r _."_ •e 

Prog'ram to ~-onv~rt sec'tion,"'townstíi'p, and· range notatlon 
to Cartesian coordinates •.• 

1 BM 369/91'< 
~='ORTRAN G 
December, 1971 
Department of Geography 
University of California, Los Angeles. 

•Generatlon of Cooráinate lnformatlo.n for Mapplng RoutYnes 

·' 
;.,_.;,: · .. ¡ .. ,-. .. :. -.Coordinate systems· are made readily available for 'use in 

:;¡,' ->-.';:. : ·. the-SYMAP., ·GI_PSY, and Trend Surf~ce"•mapplng routlnes. · 

Computer: 
Comp i 1 er: 

Date Received: 
Contrlbutor: 

COSINE: 

Computer: 
Comp i 1 er: 

Date Received: 
Similar Programs: 

Contributor: 

' . 
!'~J IVAC 1108 
coRTRAN IV 
1-larch, 1973 
~~epartment of Géography 
State University of New 

\. J • 

• 1 ,1 

Discriminant analysis ba~ed on·~ngu1ar proximlty 
to group centroids. 

1 BM 360/67 
FORTRAN G 
November, 1972 
CENOS, DISITR, ITERIM, MDISC, NEARNBR, NOLIDA 
Department of Geography 
Unlversity of Waterloo 

. ' 



' • • !, ' ¡ '1 1 :) ¡ j ( . 1 -: ···! 
Page 12 

1.: , ,COVAR: · .- ¡ 1_Coya ~ i ~n~~' ;~~a.l Y,~~.~ 
1 

__ 

~, t:J ·- j-, ,J~.' ~~· IT·~· ,, ., • -. 
1 ";J 1 \ 

'"_:¡Perf9~~~;·~~-.c?v~(J.~n~~~'?ñal,Y~!s:on a set of multip1t: 
. -· 1 .regr~SS)O~~¡-.,·,A~ une~~a·~,_N'SIZe ts altowed for the 

reg rés si ohs. 1 rk'l udc's l tes•t s for homoscedas ti e i ty, 
equal ity'of·r'e'g~éss:ion's-, and:-equa.l ity of orlgins. 

' r '• '• 

• J 

• ' ; 1 ~ ' '
1 

1 1 

J ,!, 1 ' r 

Computer: IBM 360/65 l 
1)..._, ¡' 

,,\1 

,, ¡"' ' 

Compiler: FORTRAN G · 
Date Received: 

Contributor: 

1 ~ {. 1 : _1 t ¡ ~ }""". ', • '. 1 ,' - ' ! 

Other Verslons: · · ·(cOVA:R) ., ;,__·, ·· , .. 
'. 

1 1 1 0 1 'J'"' , O ~ V 

Computer_.: : cb'C6~0'o' . -'.¡ •"l.~ .. ,· ;~ :: 
. Comp i 1 er: '·.' ' ' ]Gób((F'o'RTRAN E~TENo'Eii ·. . 1 "~: 1:' ,, ,, 

Date Received: August, 1971 
Contributor: 

CPLETH: 

Computer: 
Comp i 1 er: 

Date Received: 
Similar Programs: 

Contributor: 

CURVES:. 

' t-:.. 

Compu ter: 
Comp i 1 er: 

Date Received: 
Contr,ibutor: 

Compu ter 1 ns ti tu te fo r Soc J a 1: Sci ene e 
Michlgan State Unlversi~y • v. :· '·'' · 

! ...-.l {q ~ l' ' 

' '' '.( J 1 ' M~ 0 ; 0 ¡ 

Resea.rch , 
• • ' ,} ~· 1 1 .. t ¡ '-' 

. •!)! i t./(·-·,_' 

: u ·, ,' ~ ~ 1 _) .. i t ~ ) ' 1 ' t • 

-¡e;:~ f ; J, :, - __. 

Produces maps on the computer line prJnter uslng 
varying ·sh~des of dár·kne1ss 'to~ .irÍCl~·ca\~''t9~j:i1 ntensYt1¡ 
,of phenornerya_ in differentr ~eo_grap~i';~1., areas. 
JI• • 

11 ' 1 '~· ~ ·,·~ .,.:· •• -¡¡!,'(~!Lll!,_ 
1 BM 360/67 i:·¡:_~_,._ : ,<_: •·, 11· •· 1' , .. 1 '~''' 

\, ., .FORT8AN, ,G -~. !•,l,'í ~~,;;~,_: __ ., 
- '_ • • • r t ~· , , ... ~, J -. ( \. , ~ J. , 

De tober,' 1 9]J .J' : • 1 • • 1 '·' '\ • : l" · :1:· • 

CMAP' XHAP'f>'; tOBMAP:, ':<f NTRMAP ~~ ¡ '
1 1': 

Depar·t'rnent ··of Geography _. 
:Jnlversity~~.'of MichiQa~ · 

,· ¡·.:. 
~tnJ!• Ji'• ·.~\·~ , , 

\.! l i J {,11: (.. ir J ) "J 1 \: , , , \! 

,, ,. P~~·¿-t i ng ·se·; n!s' df :íSuper imposed Curves 
:, , .. ,i~; .'~ 1 .:_,. :~~~':\!' ,•:,:r•' :i'~ ::1 :i·~~ : 'T; ,·,·:-:, . . . 

~rogf~0;~for" plótt J·hg'-"a !s~r.f,!!S ;of .u~. ~C? f~ur super imposed 
curves. The pen-and-ink plot is intended to permit 
visual anatysis of the cova"r-iation or''p(Ógresslon of 

~ • ' '¡ '1 'rJ Í!l• 

severa 1 di ff crent 5 ta ti s tJ ca.l. ,, se~ i es. . .1 ,_~. ¡ :.:
1
,,",:¡ 

~-' 
-' " l. J ~ ~' ; 1 !.. : { ; - ,• ,1 t 

CDC 6600 '< ':.'.1·1'\ : ¡¡: ,1:': ~· 

6000 FORTRA'NhE·}(TtE-NOED~.) ; ;¡ ·,¡,¡ · ·: · .. ·, 

March, 1972 •..Y)h:>;;.'.J :.,,-, '-l , .. 
1
':··, 

Oepartment of Geogr~P,hY 
University of Minnesota 

- ~' "; .¡ : ; • _,-- 1 ;-: 

' : •'j: 

. J 
' 1 ,, .. •1 

... 



[,EN ORO: 

Computer: 
Comp i 1 er: 

Udte Recelved: 
Contributor: 

DISAGG: 

Computer: 
Comp i 1 er: 

Date Received: 
Contributor: 

Page 13 

, . ..;ndrograph Plotter Progran, 

.The program produces a t\·IO dimensional plotter diagram 
for depiction of the mutual relationships among a group 
of objects whose pair-wise similarities are given, Dis­
plays both within-group and between-group similaritles 
measured as correlation coefficients or distance functions. 

UNIVAC 1108 
FORTRAN IV 
l~arch, 1973 
Department of Geography 
State University of New York, Albany 

Gcographlcal Matrix Disangreg~tion 

Te) Jpt,epare d_a~a ,from pa i r:s .o~1 \g~graph ica 1 ~matrices 
·fort,input toa mult,l,ple regres'slon program. 

~rf1'"1 ~~ J , .' • r ¡. 

1 BM 360/67 
FORTRAN G 
/\ugust, 1970 
Department of Geography 
University of Michigan 

Other Vers ions :'. · (O 1 SAGG) · 

~..:mputer: 

Compiler: 
... te Received: 
Contributor: 

DISGRP: 

Computer: 
Compiler: 

Date Received: 
Similar Programs: 

Contrlbutor: 

CDC. 6500 
.6000 ,.FORTRAI'I EXT tNDED 
December,· 19]1. . . .. · . •. · . . ,- . 
.omputer:, J.nstitu~e for::so~lal,Sclence ·_Reseai-éh' · 
Mlchigan. State Un've,.slty. · 

Dlstance Grouping 

Performs a el us ter a na 1 ys i s based on ..Ja rd 's 
technique of mínimum group distance (wl_thln · 
group sum of -squares) increase at each. step. 

1811 360/67 
FORTRAN G 
November, 1971 
CNGRP, CONGRP 
Department of ~~ography 
University of Waterloo 



DISITR: 

. ' 

-' -
Computer·: .--
Compiler: 

Date Rece"ived: 
.Similar Programs: 

Contributor: 

DISTORT: 

Computer: 
Compiler: 

Date Received: 
Contributor: 

DON: 

' 
Computer: 

, Comp i J er: 

Page J4 

Discriminant lterations 
"(;_ ~ \ ', 1 ~ ::_. • •• 1 • 

'} 1 '_ :-· 

Performs an iterative multfple 
·uc;ihg orthogó~aL>data.~ , __ . 

di ser im • n~'n'i· · anci 1 ys i!. 

! -, • í J .( ~· ...: t • ¡ . l 

•• : 1 ..._ 1
' IBM 360/65:,:. ;n•:' 

FORTRAN. G' 
Hay·,· 1970 ; ,. 

',' i 

CENDA, COSINE, ITERIM, MDJ~C, 
Department of Geography. · 
University of lowa 

' ..... ~ l ; j 

NE.I\RNB.R_',' NOL I'DA 
. ' ' 

' .. ¡· 

·' -

r~ ......... ') : ' r ;.., .. ~1 l (_:. 
1 

'\ ; 

Distortion of Geographical _Maps 

''• 

·-·Caléu'l~tes··thé d';:s_.tqr.tion on geographical maps vt~ 
the theorem of Tissdt.- The''·program;ts;fÓr dlstortion 
dn p~ojections~given 1 as a.~ive degree table and uses 
a :·.frnite· diff.erence'',approximatioñ tb 'thé.-'derlvatives 
(fn'e -pr:-ogram··ca~ r~ag _ pun.~h~d outpvt: fr'6m CART2). 

lBM 360/67 
FORTRAN G . .,·;. ''1'. 

October, 1971 ~· 
Departmenf bf 'lleography 
Un i versri ty~ o_LM:i chJ gan, .,,'. 

' . . ' ~ . 
,__,.'( l) 

Optirnal Clust~r!nq Routi~~ · 

\ :- • • 'L CJ l 

i '¡. ' . -, • ~ i .l. 

_.' ;."' ¡ 1 L ~ 

Partitions obj~ct<'·f~t'o 'opt_ima11y hbm?~eneous g1·oups 
on the basis of ~mpiric~) md~~yreJ of slmJJarity 
am<?ng those obJ ects , J::V'?. methods are) us·ed to form 
c1UsteP§·· ,·::-¡ ... -,. 

1 
~ ·,_Jl ·:,~~ 

' ','-· · e: L~ • ;_~ -,_, ~., 
1 ~} ' •• t.,...¡ j: ~ 

I'BM J60/91; , ' - .1 ' •• ·• ., 
l,-

FORTRAI~ G 
Date·- Rece i ved:. _ .. , December, 197l 

"éLu'STR' '~; · ,í ':'· ~,_:,, r.·,, .... ,. Similar Programs: 
Contributor: , -.~f~f\~r'tment ó'f, Geogra:phy · 

, · .. ·y~ !,y~ [.7 !. ~:v· ~-o'f'_~-.;·.~: ~. ~:~~ r_11J ~ ~ ,.Los 
'~: Í >.' J ¡ -,'3 r .; ;_: •U·'• '1'· • :•e· ·:::·,-

~;:. "! : ~.-:..: .... ' ~ ~ f - ' 

'·~-¡·1\ -:~: .~ ~.· ~' 

2 :""; •1,~. ... 

¡ :1-¡ "· .. ~ .. ~:- J "¡ 1, 

' ' 
,r ,~.- ~ ~ tj; 1 , "j) 

\1 • 1 r '\'• 
... ;:- . ' 

Angeles' 

~ •:j·=-fj( ,, .... : 

: • ::. r ¡ ~-~Ji!:}.: 

.. : ~ - • •• : ~; .,~ -~; J 



DOUBLE: 

. . . . . . ;, ' 
Computer: 
Comp i 1 er: 

Date Received: 
Similar Programs: 

Contributor: 

DSTAZ: 

Lomputer: 
Compiler: 

Date Reéeived: 
Similar Programs: 

r:.'"'~ .. ri~.~utor: 

.-----··--
' 

Page 15 

, ' 

~.' 1 • '.. .... • 1 ( • • 

(omp~tes a double fo~rler series for irregularly 
~oac'ed ·data. The seriés''()as beeri Jsed' as an al ternative 
mcdel to the polynomial for trend surfac~ ~nalysis. 

18M 360/91 
FORTRAN G 
December, 1971 
S II·IGLE 
Department of Geography·::: 
Un i vers i ty of Ca 1 i forn i a·, Los Ange 1 es 

Computa.tion of'oistances oh··~ Sphere 

Ra P,.i..? .c?\TifU.~~ ti.~n of .t~e g.r~a t .. c_i r~·l e: ~_i_s tanc'e and 
·~1muth bet~een any two bPIDtS o~ ~ith~r the lunar 
Jr

1 terrr~~t'ria1 sphere. ' ' 1 

.n . .... '. . ·r, ~ 1 •. ; 

·e bt' 6~'0'éi' 
6000 RUN FORTRAN 
June, 1970 
GEODIS, SOIS, SPHERE 
_.P,f':~a r.tmef1.~, f( p

1
eqg ra phy 

'No1 thweste·rn 'University 

'. 

,• 

Other Versions: (DSTAZ} 

(CPfl!Ru~e,r 
CPrrP 1 1 e~ 

Date Receiyed 
Contri~utor 

DYAD: 

Computer: 
Comp i 1 er: 

Date Received: 
Similar Programs: 

Contributor: 

' 
.1 BM. ,3.60/91 
}ORTRAN 'G 
)JeceflJber, ·1971 
Departmentl lof Geography ·" 
Jniverslty of Cal iforni~;~os Angeles 

Trend Surfaces by Elgenvector Dyads 

The program produce~ a serie~ of 'tr~nd 'st:~'rfaces each 
consecutive member'of which bett~r approXimates~an 
original input distribution." :, .... · ... •: 

IBM 360/67 
FORTRAN G 
August, 1970 
MPLSQ, POLYFIT, TRENO, 
Department of Geography 

ri '"'f"l,ln.iver:-;;ity.of Michigan 
J 1 c..:"} • • • .1 • J •• .. • f J • 

., ~· . 

1 ~ • • 1 . '' 

TRENDC 
•¡. 

j \ • 

1 1: 

. ·. 

'J 



. ' 

'•>-~-El1PS: ,,.,,r 

• ~ ' J 

Computer: 
Comp t 1 er: 

Date Recelved: 
Similar Programs: 

C9ntributor: 

ENTROPY: 

Computer: 
Comp 11 er: 

Date Recelved: 
Contrfbutor: 

EQUAI.: 

Computer: 
Compl1 er: 

Date Received: 
-Tmllar Programs: 

Con t r 1 bu to r : 

Page 16 
,, 

Plotting.o( s'tvar.late Standard Devta.tions 
l ~ 

1

,-!l"~•l,~t' _.,·! ·., 0 r,:•,: (~~ 

The_program may be used to provfde·some summary mcasvres 
· of geographical 'q(~tributions. lnCludes' 'pen-and-Tnk plot 
.· output'. ' :. •,:··:· ,··''·~e·¡ ' ·._,-- ··' 

.... • • ...: • • r_ .. 1 :_'•':.. , • , , 

• 

... ¡ 1 

1 BM 360/67 ,, . 
FORTRAN G 
August, 1970. 
CENTRO 

,:. .... 

. '' J ... t 

Department of Geography . 
Unlver5lty 9f Hichigan .· 

. ...~ ,., , ." ·¡' , t.._ ,11 .: 1 r ,: .'' ' • 

Entropr Haximtzing_!~chplq~es 

; ' 

.':· 1• 

A s~t of ft~e.progr~~~ w~liten as subroutfnes In roRTRAh 
:o~~r,~}p6"hl:l1n9. toa ·fami1y'of''gr~vlty mode!-s using entropy 
rnaxtmhing technfques. Thes~"spat'i'al lhteract,~on mo.de1s 
correspond Tn arder to: ''(1) unconstrafned, (2) .<;>rtgln 
_co~str,a!~·ed·,_ and_ (3) total •costs ·constralne~ flows • 

.. ,, ~~ ~..,_, ~t. .. ~~- -~JI -?~~., ; , 

not stated 
FORTRAN 

\ . ' - : ~, 

JuJy, J 972 . -
C~ntré~i~r-laAd:use~ihd 

.un ivers i ty of Cambr Tdge 
J' ~ .~ ~.; " ' .~.. ~ ( J 1 

.- t )
1 ·r .. 

. ~ 

Bui\ t Formr Stud les ... 

llnes of Equt116r1urif· ·c.:-· 

,,. 
J 

The program.~ses the pen·a~d-1~k )lotter ~o depfct 1 tnes 
of equll lbrt~~ a6out multl,~enters.of ~tira~~1o~.~ Such 
centers eoutd tríclude cl't'les. lnd.tvfdual .f.trms, . .'publ te 
lnstftutinn's,~:étcu · .. ,,, ·, -· ·· ' ·, · .. - • .· ., 

IBM 360/65 
FORTRAN G . 

J ::· .' • 1 l < 

Hay, 1970 .. \ t :: 

GENES, NAVBOR 
Departmént of ·Geography 
1)'r. iv'ers lty 0f ro~~'-';·~,.,',"!:' 

1 \ ¡ 1' 

' ... ¡ • ~-" • t • • > .. , T ( O 

( ~ 1 ·, • ' t.,:·,' .. l 

.... 1~ • • 

\ -- 1 ' -' 

' ' ~ t 

. ) 

Other Versions: (EQUAt:) 

Computer: 
Comp ll er: 

_Date Recelved: 
Contrl~utor: 

coc 6500 ' 
6000 FORTRAN)'EXiENOED 

· December, 1971 
Computcr lnstitute for Social S~l~nce Research 
Michlgan State Unl~erslty 

, e 



EUCLID:· 

Computer: 
Comp i 1 er: 

Date Received: 
Contributor: 

1 
1 

1 

Page 17 
,¡ 

~eographical Dlstributions Correspondence Tn Euc1 idean 
S pace 

' . 
.. Compu.tes the spatial.~orr~~Y.atior, ~n<;l.l{near regression 

,,betweel) .twc;>. a~s~~i~.~~d,,pi~tributions,9f N points each. 
The dependent set is in (U,V) space and the independent 
set is in (X,Y) space. · 

IBM 360/67 
FORTRAN G 
Oc tober, 1971 
Department of 
University of 

,\ 

Geography 
Michigan 

Other Versions: (EUCLID) 

Com.pu -=~' · 
Compj,l er 

Date Rec;:eive.d 
Contributor 

EXTRAP: 

C01)1puter: 
Comp i 1 er: · 

Oaté'ReceiMed :,:-, . . 
Contdbuton! 

. ., 

CDC, 6500 .. J 

. ·. 9-900. FOR!f~f.N EXTENDED' 
.J.?nuary, 1972 "· :· . . . 1 .... . , 
Computer lnstitute for Socia.l S.ciepce Research 
Michigan State Unlversity 

'· 

Univariate Geographica1 'Forecast.Tng 

Ex-trapo.1ation of geogr<:~phical~.matr,.i~.es in.the ti,,.:; 
domain using a positiona11y' iiwa'r1.;¡nt, tlme varying, 
1 i near, 1 oca 1 opera to'r.; · ·· .. 

IBM 360/67 
FORTRAN G .· ·. 
Augl.IS t, .1 970 ., , . 
DepRrtment of Geography ' .: 
Univ~~sity. of Mlchigan 

. o 

. Other Vers ions: (EXTRAP) 

Computer: 
Comp i 1 er: 

•1 
Date Received: 

Contr 1 butor: 

CDC 6500 
6000 FORTRAN EXTENDED 
December, 1971 
Computer lnstitute for Social.,?c,jence Research 
Mlchlgan State Universlty . ,¡J 



1" .. 
. f 

¡ 
1 
1 
! 
' 1 

1 

rL TREC: 

Confputer: 
Comp i 1 er: 

Date Received: 
Contributor: 

FORF IT: 

Computer: 
Compll er: 

Date Received: 
S imllar Progrpm!): . 

Contrlbutor: 

GENEB: 

Cc1· Puter: 
Compiler: 

Date Received: 
Similar' Programs: 

Contribu~or: 

.Page 18 

Flow-Lirtkage Trend Reco.gnltlon 
- · ~ ;¡ ~:;_ •'l ~~ :1 } • .. ~, ! .. .. .... • e~ "": ·~ ir-~ r: 

Points or aieas are 1 inked to similar neighbo'rs wltl,fn a 
search region a:~d these Jink.ages are'used.to indicate s_lm-! 
llaritles or d~pendencies. ·:k~suliin~ planaf~~raphs may be 
Useful in 1 nd i d:t:·i ng/ th'(P~p~'t ¡ a'J pat tern oft,a-l·prócess. 

\ . ' , i . ~ ,1 'l. i - .) -1 ' 

UN lvt~c T lOSi ¡;-.. l i 

FORTRAN IV ' .' -· '·· '' f"!. '-
- .J ~ -

,, 

March, 1973 
Department of Geography 
State Univer'srti:y·o'f.rJew York,·'Albany 

r:~.~; -., lt!: .. \' ;¡'ti..'~"~ l-···:~41~. ,,·· 

' ¡.-. 't ,J 

', 
•' 

~',l~~·~i;:j.J"'-1> ,..~.,.~,,, 1 

A double Four'ie'r'Surfac'e'-Fltting Program ror lrregularly 
··sp'·~c'ed'bat:a-¡'fó'ihts¡' ,;;,/,, J 't:-') .• 

The doub1e fourler serte5'·of·,:trl'gonometrfc-,frunc.tlons can 
be used asan alternative mode1.-,to~power'-s·~hfes_:po1ynomla1 
trend- SU rface a na 1 y-s_i S, ~ ··tlt prov i des·· a means; Jor() i nt'er-. 
polatTon and l tmilca_ e){tH:ip61a't·fon-~of data,<·th~t'.are sus· 
pected to be.;pe.r.'i'6dic.';" :-~ · ··1 · ·:·,;~l¡,·lf ... ) 

_,-, • • ' •• • ' '¡( 1l b't' :, .: .. ;-.; ; .,.. í \ 

' Geographical Nelghbcirs · ··· · 1.,1 ,,;r.,,, 
- -~ ,~~·~:.:f ~,_ __ !.{-! ~ kl· ... :>v~:J .. ,.~)f¡ 

G iven NC po ¡"·;Ús·;·-¡r~~Ht<i.·~:t ed .b'/'-r'ectangul ar1·coorcH n'afe~ 
X(l), V{l); !:-~··=¡ ,·'::·~·r·fc:; ''th'e pro'gram prodi.ú:es the· ";'! 

adjacency matrix of ·neighbors of order NN less than"or· t .. 

equal to 9. These ian' then be used to find the nelg~hors 
to ·p'~r'rif~ ·afna :-~lig'ul'ar ·rattJce.' :'.•,,·,:¡J:J 

jO .'' 1 1;~..,)~~~- itM·~\~ ~:~~ 0 \-) -~ 0 ···:1 

IBM 360/67 
FORTRAN G 1:- · - . ..... ! .,.: J 1 ,. ~u le, 
August, 1970 ~J :· "-: - i.:; f '¡' ',,t,, ............ 

EQUAL, NAVBOR · ~· ·~·-· ·' . - · · 
Depar:tm.ent pf. Geograyhy~\::• · ... :·:·:'\·· 

· 'un r'v'er~ ¡ f:.v' af· 'M i't:h i'gah r. ·.· . .,;_.,- '.:-,.~ .. 
fT 

; ; :; ,_, ,J ! J 'J ; 
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Other Versions: 1. 

Computer. 
Comp i 1 er: 

Date Recelved: 
Contributor: 

GEODIS: 

Computer: 
Comp 11 er: 

Date Received: 
Similar Programs: 

Contributor: 

c_oc·: 65.00 .. 
·'1. :. 

6000 FORTRAN EXTENDED 
August, 1971 
:omputer lnstitute for Social Science Research 
Michigan State Unlversity 

• 1 ' 

Oist~nces from Coordinac~~ 
',·, 

The program reads a vector of geographica1 coordinates, 
and then punches the sea 1 ar ,prRduct ma tr i,x of a 11 pa i rs 
of great circle dlstances, In degrees. 

IBM 360/67 
FORTRAN G 

:!_.-, ,(llar-:eh, 1972 .. ¡ :·' 
DSTAZ, SOIS, SPHER~ 
Department of Geography 
University of Michigan 

2Determination of Geogr~phicaJ Origlri~· 
' ' ,.pEOiiH:~ .1 

rl~ .• ;1 ~el . . ' . .~ 

r------------------------------T~h~e program e~~imat~? ~e~? uf source ~oordinates from 
emp rri ca 1 geog rapn-r-c·a1- -d-i-s tri but-f ons.~; 

Computer: 
Comp i 1 er: 

Date Received: 
Contrlbutor: 

GEOPAK: . 

Computer: 
·compiler: 

Date Received: 
Similar Progr'ams: 

Contri butor: 

IBM 369/67 
FORTRAN G . 
August ,.' .. 1970 . : r_ • 

Departrríent of Géograpny: < ·- _. - . 

University of rúchi9an"·: ... 
1 

A package of F·~·R1TRAN IV ·pro~ra~s fo-/ the spdt 1~( 
,f,jJ,teril1~ ~f o¡oi,tal ·~eological maps. 

IBM 36ú 
FORTRAN q 
June, 197.4 
S~100TH, MÁVE _, :1 ,;· 

Geosystems division pf).ea_ A_ssociate~ Limited 

' . 

'1¡. 
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1 
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Page 20 
'1 

GIPSY: · · Geographi~al-, lncr~~ental_ Plottlng System 
~ ·-·~-.:~.¡ tl-_,..,', ·_·, :{ )i;,. 

Computer: 
Comp 1 1 er: 

Date Received: 
Slrnildr Progra~s: 

Contributor: 

A c_ompuJer~,mf!pp_ing prograf!l_ for producing point and 
l rne sy,mbo)s- .. on.-}/;1~--~-\'g~i~t:.~tJnc'rement plotter. 

IBH 360/50 
FORT-RAN ·G· 
June, 197-.1 

< ~: l 't ' 

11A~IT 1 POPI~/~P 1 SYí480l.S 
Depa rtment of, Ge99 rapi1y. 

" .. . . \ ' ..... ' ' ' ~ 
Un1vers1ty .of·.~bpde; Js)and .·· 

~- i .f 1 ,_) T •< ' =:; ~ ~ > 

r •' r 

-' 1 1,' 
·1 

Ü\.'.~.ot Vers;·or.s: · {G!PS'i/ 1 
·,·

111 
·.:,··, 

Computer: 
l· Comp 11 er: 

Date Received: 
Contrioutor:· 

GRAVITY:· 

•' ( ~- ¡ • 

Computer: 
Comp! 1 er: 

Date Received: 
Contributor: 

GRAVTY: 

( ' ' 

'1 '. 

Computer: 
Comp i 1 er = 

Date Received: 
Similar Programs: 

Contributor: 

CDC 6500 
\, 

6000 FORTRAN EXTENDED""' ·'' ·-·'·.-··,, 
July, 1972 

. ,,1, \ ,_, , • .:,,,_,,::· ;·· .. · •. 
- - : J : .. _, ¡ .. ''' ¡• _) ·: 

Cómputer -..1 nst i,tute for Socia 1 •'séTence Re~earch·"'' ~. 
tHchigan. St:ate_uñ.(v.~~Hrv ,_.._ · · ·: :-,,_¡_: ,, , 

' ' ~ ~ t 1 ~ ,, \ • ' 

Jterative FittJng,of Gravity Model 
\ -· ,1 ,:, • \ --•• ", •• ' ) •• 

-L <'! \\.-t / 

Us·edito;Jit,_tl,\f:! ~oci.~,l ,grayity model to data describing 
s·pat-iaJ.,interact.ion <C~It'her~ inflow or outflow) between 

· ·' aJrset·of.:ar:ea.s,._a-n((·a'·-;~"e·r selected focal area. 
., • • .., ~l ;~ 1 ' ',::1 : ' '" ¡ ;- ,' 'J ' JI ~ r .-' 

CDC 6500 y_, . :. j: . 
6000 FORTRAN EXTENDED 

,' :, 
July, 1972 . ~~, :1·· ··· 
Departnient of Geoyraphy ··' -':_·: ·· 

, ' 

• • ', 1 .. : '~- • 

' f}.-' / :,:: ..... ~, r ( • 1 

Mi eh i gan S ~a.tp.-.~_n) ~1er;~,i W, .·. ,_, :,:.~ ~- _ 
r, ¡-, J-¡ ~ t.._' .f 1 f ~ () ' , ~ ¡ • , 

1 

' \ ... l <. 1 .) 1 '' t 

, .. ~~r·~J .... :..~ ·· ·1 , , , ¡' 

Gravity Model Fitting Program 
r.~~ i., .J 1tlf,::, .... ~:; .,. 1" ...,; , , .' :/ 

Program, involve~ a·dat~ M~t~ix'that·m~a~Gres the inflows 
·Or:,OUJ,·flOI')/.5 {.~91)1,:0ne ,POÍnt tO Other pointS (observations). 
· Forj ea eh~, o,b~~rv~(ior .• '·_d_,í's'tance, mass · and i ndex of i nter~ 
·:act~ion-.:ar!e,~c.?J~,üqs·~~:~ ·.'.A~-~-I't-lon·<':lt information is provi_ded 

by subjccting a data ma'ti-·i·x 'to si"mple regression usin9 ir.dex 
of interaction as depend~n.t yariab1e:·a,-¡d mass and distanco , 
'á's'-indepindervi1 var)abJ.es.'··· "·"· -~·· ,·•.-: 

1(, ·~. ¡i ; ¡; '_,1 • 1 j • • 1 ,' 1' • • -

UNIVAC 1108 

Department of Geography 
State Unl~ersity of New York, Aibany 



GRID: 

Computer: 
Comp i 1 er: 

Date Received: 
Similar Programs: 

Contributor: 

Page 21 

~eographical lnterpoiation 

lnte'rpolation toa 'square lattice''from measures given 
.3t sca

1
ttered ge'ógraphj,cal (X,Y) positions. 

1 811 360/67 
FORTRAN G 
August, 1970 
INTRPOL 
Department of Geography 
University of Michigan' 

' . 

Dther Verslons: (GR ID) 

Computer: 
Compi 1 er': 

Date Received: 
Contributor: 

GV.AR: 

Computer: 
Compil'er:: 

lJatc Received: 
Similar Programs~ 

Contri bu Lo r :· 

HAAAG: 

Computer: 
Compiler: 

Date Received: 
Similar Programs: 

Contributor: 

-coc 6soo 
b'óod FORTRAN EXTEN'DtD 
August, 1971· 
Computer lnstitute for Social Science Research 
Michigan State University 

Sca1e-Variance Detector with Ev~n Hierarchy 

The program uses a mddlfied fixed effé'cts''·analysis of 
variunce procedure to detect variation at different 
nested scale 1~yels from rectangularly gridded data. 

\'r'(.)"l J n .. 1!"1 f, f 

1 BM 360/67 · 
FORTRAN G .'· 
Mar

1

ch, 1971' 
HVAR 
'o epa r tmen t of G ~og ra'r%\' 
University of Mfchi~~n 

Diffusion on a Regular Lattice 

This program is based on the spatial diffusion model 
of Hagerstrand_and simulates the l~t~tion and num~~~· 
of knowers after each generation·for each simulation. 

CDC 6400 
6000 RUN FORTRAN 
June, 1970 
tJONCEL, NOfJCELO 
Department of Geography 
Northwestern Unlversity 

. 1 

' 1 . ' 1 (. 

' 1 

·1 

"' 



T 
1 

• 

1 

! 

1 

J 

H/\GMEVA: 

Computer: 
Compi 1 er: 

Date Received: 
Similar Programs: 

Contributor: 

• - : • 1 1 

Computer: 
Compiler: 

Date Received: 
Similar Programs: 

Contri bu to r: 

HEtHRC. 

• ) ' t.. ' ~ 

Computer. 
Compi 1 er: 

Date Rece i
1
V€fd: 

Contri butor .: 

. Page 22 

'··· 

.r Tq pr~¡>V.!,~e_,,~~rT]~~~y_ ·J~,fc;>~~.ation on.t~e sp~tial series 
gener~te~ ~y ~he tape·outpyt vers1bn of HAAAG. 

, .1l _,"'it.,~-~.- /-~~•': ', 

coc 6~00 
6000 RUN FORTRAN 
June, 1 970 
SAN0h1 
Department of·ci~b~raphy 
Northwestern U~i~e~si~y 

'T·~~pb'~:~ 1 ¡SÚ iers' s·u~híary· of HAAAG, _Output ··-

T~ :p1-Óy-i de'' ku~'mary:. i;nformat.ibn on the tempora 1 
g'en'e1rat'ed' by "the · tap·e output; ~ers.l on of HAAAG. 
cludes_pen-and.:.·í·nk;o~lht out~Üt .. :- ·- · 

•'\\ 

CDC 6400 
( ' 

6000 RUN FORTRAN 

. ·: 
¡ 

' '¡ ',' 

June, 1970 
NONPI.OT, . -

! t •• t ' ' '-· '1 • ._ ( ,e_., : • 

Department of''Geog raphy 
Northw,e,ste_rn Üh·irvei--s i ty' ' 

... '-. 1 1 • 

J 
•• - ... l ( ; •• 1 1- .1 \•.' 1 j 

1 nformat i dn T•hedry .-Eht ropy' Measures; 

seri.es 
In-

• ... ·- ' • • • ~. 4 
1 'l 

The · 1prÓ~rram' corHpu'tes1 ' meas u res of ·¡ nformat ion theory · 
entropy for bivariate dlstribÜtionS'. The following 
,neasures are ·calcu1.JLed: information content, row 
. ntropy, 'c9lu!lln. entropy.,,~xpected.~joint i_nf.ormatJon, 
information gai~. maxi~~~-~ntropi~~' and :certai~ 
neasures of redundanc'y., ~·: · ·,-.'. · ".· .. , , .. 

'BM 370/135 \''':¡::-·~;: .... ' ,., 
,' • ~ ' ¡ ' • f ~ 1 1 "; _,. .- :,:;.1 ' t' r 

JOS F'ull FORTR'Atf' 1 :,, -' ,,., 

October', 197~ 
•• 1 

,Depar,~ment of Geog raphy , 
• ¡ 1 ' • • { 1111 .... ~ • ~ ., ' ! ~ • ' 

Uni~irsit~'of"ltiá1ari1~Nigerlé 
, • • ) 1 1 ! : {! • J ~ :-; !...' ¡ r: ... , ~ 1 ·.: :; z , ~ t~ _) , , 

' ·-
' ·~ 1 , i ~ . : t' : ; \_-: e · .~ .: ~ . :1 ~. ~\ , . _... , 

~ >; .... ) ·,, \ . -\ :. . ' 1, ,,_... ' ,-
- L ., .' ... ~.' 

·.--f. 
'•· ¡ '' • 1 -; : ~ 1 ;_ i 

~i 
•' 
1 . 

'' 

, .. 

. '-.' 

'1,•. 
' 1 '. 

r' 

• 1 



----- ------------

HEXAGON: 

Computer: 
Compi ler: 

Date Received: , 
Contributor: 

HVAR:, o 

Page 23 
'' o 

Pexagon Plotting and Transformation 
• o 

Program to draw (uslng the pen-and-ink ~1otter)oand 
transform hexagons. 

IBM 360/67 
FORTRAN G 
11a rch, 1972 
Department of Geography. 
University ofo Michigan 

Scale-Variance Detector with Uneven 1 Hierarchy 
11 ! 

The program uses a modified fixed effects analysis 
o 1 o of var:iance :to detect sca1e variation In an uneven 

· fu11y nested ;hierprchy. 

.Computer: 
Cornpi 1 er: 

Date Received: 
Similar Pro~rams: 

Contri butor: 

INDIFF: 

Computer~ ·, · .: ' 
Comp i 1 er ;,· · o 

Daté Received: 
S imi lar·'porograms: 

Contributor: 

INPOUT: 

o~ 

Computer: 
Comp i 1 er: 

Date Received~ 
Contributor: 

1 BM 360/6]'0 . ¡o~<' ,o 
FORTRAN íi, t ;;o 1 ¡ ., o. 
l·la rch, 1972 
GVAR 
Department of Geography 
University of Michigan 

Transaction Flo~i Analysi¿ 
o o -

' ~ 

A ge~era'tÍ~·ed program for the ana_lysiso:~o(transactlon 
flows~·,~ ·_o ·1rx:;1o¡.q,. · : 0

1 -,r-, ·,. o. 

1 BM 360/91~ 00 

FORTAAN -¡G. 
December, 1971 
ADJUST ':!· 

~ • • .. 'J 
1 .l 1 • ' ~¡ ~. !' 

Department of Geography 
University of California, 

~. '' 

.•,, 

. ;~ ~ . 
1 
'' o 

o, ... 
o • 

Los Ange 1 es o ··¡• 1 
• :1 

;,' \ \ o or 

, \ • ¿ • Ci '\. , , , '.- _ ... 

Simpl ified lnput-Ol;Jtpu't Mode\_,fqor lnterindustry 
and lnterregional .Transactioq,OFlows 

., l 

For each run, the program outputs final demand and pro­
ductlon vectors for a two or three region interregional 
flow mode1 based on user specified input-output coeffl­
cients and final d~~ands for each sector. 

UNIVAC 1108 
FORTRAN IV ·'-",." 
March, 1973 
Department of Geography 
State University of New York, Albany 

1 :o 

' l 



1 

. •' 

INTCYL~ 

'', 

Computer: 
Compller: 

Date Received: 
Similar Programs: 

Contributor: 

INTPMEO: 

Computer: 
Comp 11 er: 

Date Receivcd: 
Contri butor: 

1 NTRMAP:· 

Computer: 
Compi 1 er:·· 

Date Received: 
Similar Programs;~ 

Contributor. 

. ' 

' 1 

Page 24 
,. 

1 nterrupt~d C~l ~nd·r1~a·l. ··Map:: Project ion 

Program·,to'pr·int~;oi.Jt:,the ea·r-th'.s graticule according to'· 
the ~y·l indrit¡,ll p'roject·ioh•specified. 

' ' 'o ' \ 

UNIVAC 1108 
FORTRAN IV 

1 - ~ ' 

t~a rch, · 1 973 ·11 ' 

LATl1AP, PLO·:·I·IAP 
Departrnent of · G'e.og raphy' ·' 
State University of N~w York;·Albany 

,1 • 

• • • ~ - • ' 1 ~. • "1 

Eva 1 u'a·t ion •of; ·:st;¡;,den;ti ~So1 u i: i"ons ·to ·Loe~ t 1'6n "'P.rob 1 ems 
on a Network · 

_.,~ ':i J) ~\ • ' Í ,,/l.. lo!• ·~~~.•1' 1 1
'• 

.·- ' .. ':''·': ·-:,· ,·'1:'. :1: ;··: •'":'>,')':: ::· •• )·.o •. -'.·_ : • .' •.•. . 

ilíe· ·prógram us·es: 'the' spat'l'a:l .. ass ignment sect ion of pro~ 
.. \lt' ' -.1 1,, 

grarn · AloLOC to cparti t-•i on ~tne demand po 1 nts · among the centers 
· chósén 'by t'he ·s~t:i.Jderit's·;· 1 ·The··optimum, solution is instructor 

input and the student 1 s solution 'is''i:hmpa'red to it', glving 
a ranking of the coefficient cf efft'ci'ency and a' re1atlve 
frequency distribution. · '•' 

1 
· •• • • '··. • .. 

IBM 360/65 
• 'te;. 1 •.'' 

1 ·'· 

FORTRAN G \ ¡ '·¡ h 
._ •• _¡,• 

•-'('; 
i . ~ 1 

' -

. .. t. 1 

., 

January, 19]l¡ '. ; ' } ' :·) ' -' '• ... 
Department of Geo.g raphy 
University of lowa 

. : i :~ '< 1 :;r>- ~~ 1 ! • ¡ 1 

•-"' i>''...,Lj '--;.s~:\a•Y,; , ...... ~~~::"":~)~~- ~_,.-! '"'-,,,,,. ,,,: 

Th i s ·prbgram·;:¡ s··-an~·i:nteract i·ve". ·vers ton of 
deslgned to be ~sed on stand,rd charac~e~ 
tubes with 78 character 1 ines~or less. 

1 BM 36Q· . · 
FORTRA'N G,í-.c: 1., ._,·:,·:l',;;·. 
November, 197) 1 ,. __ .. ,.·¡¡¡~ -''' 

11 p)AP, ~OBHAP, CPLETH, XHAPP. 
Department of. G~o9raphy .. , . 
Vi rg i n'i a; Cómmoñwea 1 t h! Un i.ve·r·s i ty 

: ' 1 

" (. 

; 

; 1 : l,; -t,~:~:)lP:'r .. -:-~, -...:_,~ .. 

! : ¡· ._' '-· 1: 

l· í 1' 

, '.' 

CMAP .. "l'·l't'1'f S 

cathotfé1 ;~áy 
·' ' ·:· j• .. \ 

.. :::·~/ . ., 
: ~. .... / t V 

' ' ,·'. 



INTRPOL: 

Computer: 
Comp i 1 er: 

Date Received: 
Similar Programs: 

Contributor: 

INVERSE: 

Computer á:, ,,b 
Camp i 1 er:, r r. 

D R • d_.,., ate ece1ve : 
Contri butor:. 

. ! 

10\JAP: 

Cc;rnputer: 
Comp i l er: 

Page 25 
1 ·.• 

Grid r'r{terpolation 

lrregularly spaced data are rendered regular by local 
interpolation onto a cartesian grid. 

IBM 360/65 
FORTRAN G 
11ay, 1970 
GRID 
Departm~nt of Geography 
University of lowa 

lnverse Bivariate lnterpolation 
1 1 :· .. ~. 

A program to perform inverse bivariate _interpola1tion 
on a given set of tables of latitude and longitude 
coordinates for a map projection. A drawlng of the 
resultant inverse tables is made via a pe~-and-lnk 
plotter. , ~-

IBM 360/67 
FORTRAN G 
Oc tober, 1971 
Department of Geography 
University of Michlgan 

. -. 

.o·¡"'\1 "f • ' ,1 -, 

; . 

The ~~o~ram~graphs the cumulative 
on a· pen.-and~ink plotter using as 
described. in-out::J••t on CONDIST, 

• • \! ;··~~··, . 1 • 

percent-fl e d J ~.t,ances 
input the'mátri,x 1 . ' 

•• 1 ' • ~. -· •i' • \ :, 

CDC 3600 . 
3600 FORTRAN 

Date Received: 
Co~tr ibutor: 

.. , June, ·1971. • .,,'-·. '1·,:.:.1 .~- ·r.IJ...J 

Computer lnstitute ,for Social Science Research 
Michigan State University_ 

l 1 PC 1 DA: 

. ' . : . .· : ' 

•'. , .. 
!' 

Summarized Areal Classifications ... 
1, ·!' 1' 1' 1 ¡ ... : 

This program is designe<;!. to summarize areal classifica­
tions based on point samp,]es ... lt is an aid to charac­
terizjng polygon-shaped ar:eas, defined -in a larger 
realm, on the basi.s·'of. th~.,numbe.r of point-occurences 
of sorne discrete phenomenon found to be contained in 
each of these areas. ·Th'~ total weighted values of the 
data points found in each area are summed and output. 

... _ .. 

••• 

.-

/. 

't.' 



T 
1 ¡ 

•Computer: 
:comp i 1 er: 

Date Received: 
Contri bu'tor: 

ISODEN~ 

1 BM 370 
FORTRAN G 

·l~av 1976 
'Oepartment 
University 

of Geography 
of Denver 

Digital lsodensitometry 

Pa'ge 26 

•• 1 t! 1 

The program uses the i.sodens itracer 1te~h~n,lque~ far: the 
au'tomat ic mapping o<t=. rs8~).~thr,. 

11
,
1 

;·· ' ,. 

Computer: CDC 6000 series (model not specified) 
Comp i 1 er: FORTRAN 

Date Received: January, 1976 . 
Contributor_:. _ D_epartment of Geography 

'-'· • .._.: .. 1 l:'y~·~-A~i'i'v''~niversity_., 
.l':u•··Jr.'l _ .. u.l ... , 1'.· ._ 

., 

·~. ,.,f 

ISOMET: ,..,., lsometr'¡'·é ot·lagra~ Plcítting 

The program acts as a 
any one or a11 of the 

driver program ,that can access ··' 
(130) three dimensi.onal lsometric 

1 j 11 

drafting subroutines. Thcse subroutines ,provid.e,an 
efficient and fast method of displaying' 9· surface-~-
a single valued function oi two variable~--in isom~i~¡¿ 
or similar pictorial representation. 

Computer: CDC 6400 
Comp 11 er: 6000 RUN FORTRAN , .. 

Date Received:. December, 1971 . . .... 
Similar Pro!i'!1'.(1ÍS_: 1 ,.: 1 ~ ·:_)LCK,,,~P~D·,, ·P.ERS,·,.~,UR~.E, TRIO 

Contributor: · · ·"Department o.f ,Geography 
Northwestern· __ Un ivers lty-

ITERIM: 

1' 

') 

1 terat lve·,_lm~rovernents Program fo'r Ev_a\~~t ion and 
lmprovement of Classifications 
•. · ' : ,_: &.'"':•fh.· .' 

The program is dcsigned p~imirit'y ·~~J:~~s~ss and 
improve classificatlons, although lt ~an be used 
also for p~.inclpal components analv,s.ls, d_!scrimi~wr.t. 
analysis, and one-way multTvariate analys1s of varrance. 
Three criteria, pool~d within groups sums of squares, 

·\nlks 1 Lambas, and tlie sum of the eigenvalues assoc-
~~ : ' • 1 ' • • 

iated with discrJminant functions, are computed to 
· f!s'sess and <:ompáre ciassifica'tions. . :1 . 

,_1 1 

. ' 
'' 

.. : 



1 

1 ., 
1 
1 

Computer: 
Compiler: 

Date Received: 
Similar Programs: 

Contributor: 

KCOLOR: 

'' ! ... ,\ ·; 

1~1 

Computer: 
Comp i 1 er: 

Date Received: 
Similar Programs: 

Contributor: 

KOPPEN: 
• • .) \' 1 

Computer :· ~ 
Compiler:· 

Da te Rece i ved:' 
Similar Programs: 

Contributor: 

LANDUSE: 

Computer: 
Comp i l.er: 

\ . \ 

ce·~ 64oo 
6000 RUN FORTRAN 
Dec,•mber, 1971 

, Page 27 

CENCA, COSINE, DISITR, MDISC, NEARNBR, N~LiUA 

Depértment of Geography 
IJort'lwestern Un ivers i ty 

Contiguity Measures for K-Color Map~ 

Computa ti on of s ta-tl st fes for- coh fi gu-i t-y-m~a5ures _____ ----------:---- --- · 
to provide a~ ~valúatlon,of the hypothesis of random-

:· ness !n t~~~~real _arrangement of the v~~J~s of a · 
· s pec i f i ~d _p'r'óperty. · 

. JI 1 1 

CDC 6400 
6000 RUN FORTRAN 
June, 1970 
CONRAT, VALRAT, VALRATI, 
Deparfm~nt of ~~ography. 
Northwestern University 

' '-
•• 1 

Classified el imatic stations into major el imatic 
types qCCording to standard Koppen crlteria. 

• • • • ' (· 1 • • • J 1 .. 

1 ' ' J • 1 1 1 
1 

' ~ ¡ ' 

1 BM 360/91 . . 
FORTRAN. 'G \ 
December, 1971 · · 

1 

CLIMAT . . 

' '' 
,. ' ' . 

•' 

' . 

Department of Geography' : . , ,, . .e~: 
···university'o(Californi

1
a,., ~9~ Angeles 

·' 

- ' ' 

.;~~-~'~ U.~.~- and Market Area Model 

Development of land use ~nd mar~et a~ea p~tterns 
according to the basic Thunen model. 

CDC 6400 
6000 RUN FORTRAN 

1 .. 
' ' 

-, 

,. 
" 

J 

Date Rec_e.ived: 
Similar Pr6grami; 

J 1- 1' 1 

'oecember, 1971 
.. ~; '.soL U P, S 1 RES , , 

Department of Geography 
Northwestern University 

Contributor: 



T 

1 

L 
,. 
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Other Versions~: (LANOUSE) 

Computer: 
Comp i 1 er: 

Date Rece:ived: 
Contributor: 

LAP: 

16M 360/67 
FORTRAN G 
Oc tober, 1972 

•Departfllent Of Geograph\~ · 
University of t~lchiganril: 

,,11 

Location Allocation Package 
~ 

! 1 • J • ~ \ 

,, 

. 1 : :t . Jl. .: 

' ': 

The program solvcs constrained and unconstrained continuous 
··· · .. '· ·Space lor.ation-allocation problems by· va'rfations of the 

. -.- • iC' al ternát!i·c-'n heurist re (algo.rithm).' Tr.tms'portat iori and-
·· •r· ;\J.febe.r· pr'obllems'r'cáo1 b'e sol•:c·j ':Jy reque:;ting zero iteratioos 

Computer:, 
Comp i 1 er: 

Date Received: 
Similar Programs: · 

Contributor: 

LATMAP: 

16M 360/65 
FORTRAN G 
January, 197~ :,, .. ; ·tJ¡· 

ALTERN, MAPTRANS, TORN~ W~BER, WEBERI 
Department of Geo.graphy·· ·. :.\~ .. ::.· ~ 
Un iversi ty of lowa · .,,¡, ·' ' ··· 

: ; .. , . t..¡! ,., '1 o , ) : '• 

Mapping Latitude/Longitude Coord.inates on Polyconic 
Project ion • 1 : ;· • : 1 •!: ,:),, ·' 

• · .: '.- tonvert s -1 at i·tude/·1 ong 1 ~-Jd~ ·poi nts' ·.d:i'-ca-rt"es l an 
.. 'coordina tes ·'based' ·drf"a' pórycón rc-'proj eéf•ibi1, , and 

as-optlons: (l) lnterpol~tes the coord~~ates to 
a 1attice, and (2) corist~u¿ls 3n i~arlthmi~ ]1·ne 
prlnte~ map of the data. 

Computer :· 
Comp t 1 er :··, · 

Date Received: 
Similar Programs: 

Contri butor: 

1 ,·· 

- . ' 

coc 6500 . . . 
6000 FORTRAN EXTENDED!: 

'1 

Decemb'er', 1971 · ··''' · l- ·; · • · 

GRID,,INTRPOL,RGRID .:-.,~,·: .. ·: :-·· 
Computer lnstitute for Social Sciencc qesearth 
Mi eh igan'' S tate Un ivers i t'Y · ,- · 

' ~ ,~ t:.' J J ,., .. : 

LINEAR: Linear Pat'terr1 Ret6gnití'on ' 

Local 1 ineations within a scatter of points ar·e d.etec.t-ed' 
based on the elongation ratio for .. a stanCJa.j-d devia.t:ion 
e11 ipse rotated so that lts major axi-s t-rends a-long the 
lineation. 

• 1} ~ ' . . ,, \ . 
' 1 .. ,1 

'' ,, 

·. 



1 1 . 

Computer: 
Comp i 1 er: 

Date Received: 
Similar Programs: 

Contributor: 

LISTER: 

Computer: 
Compiler: 

Date Received: 
Contri!Jutor: 

Page 29 

' UN ¡,yAC 1108 
FORT:RAN IV i ¡. 1 1 f ' 

March, 1973 
CLUSTER, REGLAR 
Depa·rtmerít of Geography 
State Universlty of New York, Albany, 

~ , r · ¡ ~ ~ ~ 

lister/Reproducing Pun~h 1 r 
• 'j 

Emu1ates a 1 ister/reproducing punch combination with 
greater f1exibil i~y and much 1ess user effort. The 
available options inc1ude: (1) reordering of the· 
sequence.of variables, (2) integer to decimal and 
decimal to integer conversion, (3) serial numbering 
of card output, and (4} multiple copies of 1 isted and 
punched_, output. ,, .. 

CDC '6400 
6000 RUN FORTRAN 1 

December, 1971 
Department of Geography 
Northwestern University 

LOCATE:: • .. Ring and Sector Cou·n~_ing 

Rapid counting on a. ring.and ,sector basls,.about one 
or m~re base points, of a series of polnts wnose 

.locations are defined Í_f"l terms .of Carteslan Coordinates. 

Coniputer: 
Comp i 1 er: 

Date Reée.ived:' 
Contri b'u-_tor: 

CDC 6400 
6000 RUN FORTRAN 
June, 1970 
Department of Geography 
Northwestern Ú~lversfty 

Other Vers ions: . , (L,QCÁTE) ., 

Computer: . :, .. 1 BM 360/65 
Oompi1e,r:; ... FORTRAN G 

Date Received: May, 1970 
Contributor: Department of Geography 

University of lowa 

,· l 

'{ 

_j 1 



1 

! 
1 
¡ 
¡ 

1 
1 
1 
1 

LOCPOT: 

Computer: 
Comp i 1 cr: 

Da te Rece ived: 
Con.trlbutor: 

LUM~: 

,. 

. ,;-¡ • 

Computer: 
Co:np i 1 '.!r: 

Date Rcceived: 
Contri butor: 

MAPDATA: 

Page 30 

An input-output gravity model sirnulati'lg industrial 
attraction 

1 BM 360/65 1 
,.· ···' 

FORTRAN' G · ¡ · 

1·1a rch 1 1975 
Department of Geography 
University of Georgia 

''• ' 

Lar,d :Jse .1\J tocat ion ."'odel (Vers'ion J) 

1 1 

Deve1opment of la~d use allocations according to the 
Waish and Grava·Land Use a11ocation'mode1. 

• 1 1 .· 

1 :. 

1 BM 7040. '. 
FORTRAN IV . 
Ju.,e, 1973 
Department 
University 

of Town and Country Planning 
of Sydne~ •l; 

~ ' i 

Descriptive Statistics of Map Data 

The input is a rectangular array of data, and the · · 1 

program computes the frequency distribution, the 
mean~ ~s~rance; and crude momenis. The program then 

' · aggregates the array to two by two blocks. Propertie;s 
.?~ • of th~~~ aggregated data may then be'computed. 

Computer: 
cor{¡p i 1 er: 

Date Received: 
Contri butor: 

MAP IT: 

•¡ 

Computer: · 
Compi 1 er: 

Date Received: 
Similar rrograms: 

Contri butor: 

CDC 6400 
6000 RUN FORTRAN 
June, 1970 
Department of Geography 
Northwestern Univcrsity 

Map Dr~wing on a Pen-and-lrik Plotter 

The program performs map-drawing on a pe~-and-ink 
plotter. Input is in the form of a:two-dimensional 
X- 1 V-c9ord inate system. · · 

CDC 3600 . ·,·: 
3600 FORTRAN 
June, 197; 
GIPSV, POPMAP, SYMBOLS 
Computer lnstitute for Social Sclence Research 
Michigan State University 

, 

;) 



MAP3D:. 

Computer: 
Compiler: 

Date Received: 
Similar Progrurns: 

Contributor: 

MAPLOT: 

Computer:' 
Compiler: 

Date Received: 
Contributor: 

MAPTRAN: 

Computer: 
Cc.n1p i 1 er: 

Date Received: 
Similar Programs: 

Contributor: 

'· 
' 
t1ARKOV1: 

l(; i . 

Page 31 
' ,. ' ' ' 
• l/ 1 ; 1 

Three Dimensional (3-D) Block Diagram 
·,. 

A FORTRAN program for plotting three-dimensional 
surfaces (topographic as wel 1 as statistical) as 
block diagr._:¡ms. 

CDC 6600 
6000 FORTRAN EXTENDED 
tlarch, 1972 
BLCK, ISO~íET, PERS, SURGE, TRIO 
Dcpa.fJil(~nt of Geography 
Un i ve-rs i ty of M.i nnesota 

A Map Plotting Program 

To draw 1 ines (streets, bou~daries etc.) and to label 
them and to plot distingulshing ~ar~¿_at coordinat~ · 
locat ions. 

IBM 360/67 
FORTRAN G 
October, 1971 
Oepartment of Geography 
University of Michigan 

'1' i 1 (l 

Multiplc Faci1 ity Location for a Continuous Demand Surface 

Map transfo~mation, a1gorithm for_1~cating a set of points 
in a.non-homogerieous population density area such that 
appr,aximately_,equal populations ~re. in the ·dlrlchlet 
regions o(all. ooints. , :. , 

1' . l 

IBM 360/65 
FORTRAN G 
January, 1974. 
ALTERN, LAP, TORN 
Department of Geography 
Un i vers'ity of lowa 1 , , , , -

Regular Markov Chalns 
1 

! '. 

Analysls of regular markov chains. 

' ''' 

'1(J!)r;:r • 

Computer.~, llí''. CDC 6l¡QQ . . 
Comp i 1 er: _ .. 6000 RUN FORTRAN 

1/ t ~ 1 

Date Received: June 1970 
Similar Programs: t1ARKOV2 

Contributor: Department of Geography 
Northwestern University 

•• 1 



; ......... 
' 

f 

! 
1 
' 

' • 1 

' . Page 32 
'r! ·' í . 

Other Versions: 

Computer: 
'C'oinp-i ¡·er-: 

Da te ffed~ i ved: 
Con'rr'ibutor: 

f1Jl. R KO V 2 : 

Computer: 
Comp i 1 er-:: 

Date :·ReC-e-i"ved': 
Sirr.i-!'a·r -~·ro·gram·s: 

Gon't r i-bu-fo'r·: 

1 BH 360/65 
FORTRAN G' 
't-1ay', 1970 
Depart~ent of Geography 
Univers·_ity of ·fowa · 

Simple Absorbing Markov Chains 

' ' ( 

1 .¡ 

.~' . i 1; ' 

Analysis of simple absorbing marl<ov cha!ns·. ·· _. ' 

tDC G400 
60b0 RUN FORTRAN 
fune, 1970·.,. ·- . 
1·\ARKOVl 
Oc.partment of Geography 
North~ve's'tern Urí;i\ÍersTty · · 

~J 1 

Other Versions: (MARKOV2) 

IBM 360/65 Computer: 
Comprl eY: 

Date Reccived: 
Con t r i b u't o r : 

'• •' 

MAVE: 

Computer: 
'comp i 1 er: 

Date 'Rece iv.ed·: 
Slm-i-l'a:r Programs: 

Cónt'r- i butor: 

r1o 1 se: 

FORTRAI~ G · 
11ay, 1970 
Department of Geography 
University of lowa 

. ' 

,,- : J 1... 1. 

BinomiaHy Height'ed Smoothing·· 
",1 1 1 : 1'. ' _, ,. ' 1 • 

l, • f 

Tlie' program removes hlglt freque'ncy'spat'ia'1 components 
from a matrix of 'geogr.JphTi:al/da-ta -by· use Óf- a.·nlne ·-:, 
point binomially wei:ghted ·'locav·s·moothl·ng ·operat'ibn. 

1 BM 360/67 
FORTRAN G 
Aug~s t ,_._1970 
$MOOTH·,. SMOTHR .. : 

• ~- \ ""' : • ·'. \ ,' ~: .......... ~ • .1 • 

Department of Geography ··· 
University of Michigan' 

Linear Discriminant Analysls with Classification 
' 1 f : • :·~ • • ,.,._ • ~ .. ~ ' ~ -o' 

A 1 inear discriminant analysis vdth élassification 
of subjects, based on 1 ikel ihood · .. at-ios';·-·a·ss'üm·ing··. 
·normal distril::>ution.-and e'q'ual -varTánces-co'var'-i~H'lces . 

. ·~- -- '¡'. ' ,; .,i :· ' ~~ ~ l.. ., ~- • 

\, .. ,· 
• '1 



• ! 

Computer: 
Co111p i 1 er :_ 

Date Rí::ceived: 
Similar Programs: 

Contri uutor: 

111tJ IMAP: 

Computer :· 
Comp i 1 er: 

Date Rece.ived: 
Similar Pr6~r~ms: 

Contributor: 

~11 NPATH: 

Computer: 
'::Jmpiler: 

Date f{eceived: 
Similar P~agrams: 

Contri~utor:· 

NLNEGRI: 

Computer: 
Comp i 1 er: 

Date Received: 
Similar Programs: 

Contributor: 

Page 33 
't 

1OM J 60/67 
. FORTRMJ G 
:~ovember, 1972 . , . 
CEI·JDA, DO,SINE, DIS1TR, 1TER1M, NEARI~BR, NOLIDA 
Department of Geography 
UnJversity of Waterloo 

Choropleth Mapping 
~/ . i ' ' . . ' 

Designed to produce choropleth maps from map and data 
file input util izing small computers. 

1 sr~ 36o 
FORTRAN IV 
June,. 19,73 
Ct1AP, CPLETH ,. 

·,' 

Department of.Geography 
Towson State College 

~1inimum Path N.~tworks 
1 1 ·' • 

., 

and Environme~tal Planning 
!,·, 

; -

1 ' 

{ . ') . ' 

Computation of mínimum path networks from each of 
up to 1000 nodes to all other nodes in a glven trans­
portation,syS,~fO!ffi··;·;.The maximum number.of edges is· .. ·, 
2000, but multiple ]0bs may be processed. 

·! ' 
CDC 6400 

l ' 1 l¡ ' 

6000 RUN FORTRAN 
June, 1970 ' { 

SPA, SPAN . 
Department of Geography 
Northwestern University 

'f 1 ) ' 

f ,. • ; ·¡ 

t1aximum Like1 ihood Parameters of Negative Binomial 
.D~stributiQn 

'-fh.is progra;n··~alculat~'s the maximum,lik'~hhood para­
meters P and K of the negative binomiaJ .. qistribution, 
from the observed frequency distribution~,· ,Using P 
aQd K it then fits the_ negative binomial to the data 
and computes the chi-square valuE_:s~.· .; 

CDC 6400 
6000 RUN FORTRAN 
June, 1970 
NEG B 1 N 

1 Jt'i 
Department of Geography 
Northwestern University 

-, 



MOCO N: 

Computer: 
Comp i 1 er: 

Date Recelved: 
Contributor: 

HOI~WS: 

Page 34 
~:!' ~, 

Central Moments,. Skcwness and Kurtosis from Crude 
Moments 

To compute central moments, ske\·mess, and kurtosis •·· 
fro.m'.C:urde momh'nts. , . 

CDC 6400 
6000 RUN FORTRAN 
June, 1970 

. L • ' ' 

De~artment of Geography 
Northwcstern University 

· .... • ~. , 1 1 • r • 
(t'JI'I ;'11, 1! ' J 

; t ' ...... r r \ :t I ~ ~ ·' ~. 

Computation and Mapping of Areal Momeht Surf~ces 
• ! ' 

, .. 

. ~ ', . ' ';. ; ~ ; 
The program calculates first, second ."or inverse 'fi:rst~'preal. 
moments about population masses and o~tici~ally produce~~ 
1 ine printer o;;mtour ~~~qt 9f _resul ting surface, · 

•• 1 •• ,·.r·, ··¡] bn,_x-
.1 ¡1 \ j, r¡ t, t 1 , t, J 1 11• ~ 

Computer: IBM 7040 
Compiler: FORTRAN IV 

Date Received: June, 1973 
Contributor: Department of Town and Coún'try Planning 

MONA: 

Computer: 
Comp i1 er: 

Date·Received: 
Cont r T butor: 

MPLSQ: 

)· 

:computer: 
l(ompiler: 

Date ·Rece i ve:d: 
Similar Programs: 

Contributor: 

1 • 

Un i vers i ty of_, ~Y.d~1t .oil· ¡ . 1 

' ,, ,,r'; e : r 

Mapping of Nomin~~~f~tlassifie~ Activities 
• \' ~ f 

' ' 
Produ~es choropleth-type maps of activity patterns 
from nominal iy classified activitles. 

l·BM 360/65 
FORTRAN G ,',. 
October, 1971 
Department of Geogr'aphy 
University'of lowa 

f' 1 ~ 

Surface-Fltting Program for Areal]y-Distribut~d 
Data from the Earth Sciences and Remete Senslng 

. J J -, . 

Provides a meihod of ~educing data ~ecorded•for a 
·;.large number of areaily-distrlbuted sample sites to' 

_,the form of simple 'lsopleth maps uslng varlous tech­
niques of trend ·surface anaYysis. 

CDC 6400 
6000 RUN FORTRAN 
Oecember, ! 971 
DYAD, POLYFIT, TRENO, TRENOC 
Department of Geography . , 
Northwestern University 

; ' 



rlUL TI: 

Cornputer: 
Cornp i 1 er: 

Date Reccived: 
Similar Programs: 

Contri butor,: 

HUNKRE: 

Computer: 
Comp i 1 er: 

Date Received: 
Similar Programs: 

Contributor_; ,-

NAYBOR: 

Computer: 
Cornpiler: 

Date Received: 
Similar Programs: 

Contributor: 
ti 

NEARr~BR: 

1 

' 
\ 

\, 
\ 

Page 35 

~ulti-Source Location-Allocation Algorithm (Exact) '1 

~his program uses a minimum-storage (Backtrack) branch 
¿nd bound tcchnique to ortimal !y locale M sources to 
serve N destinations in a Eucl idean plane. 

IBM 360/65 
FORTRAN G 
Janua ry, 1974 
T\/AIN, \1EBER, WEBERI 
Depar,tmen~ of Geograohy 
Un i vers i_tY._ of lowa 

Transportation Problem 

,'' 

Us~s Munkree's Algorithm to solve the transportation 
prob 1 em of 1 i nea r prog ramm i ng. . .• 

CDC 6500 
CDC FORTRAN EXTENDED 
November, 1971 
TRANS 

l, 

1 Com~uter ~~~ti~ut~ for Social Science Rese3rch 
Michigan State University 

Nearest Neighbor Statistic ·. 

Calculation of the nearest ne1~hbo~ statistic for 
a set of points distribut~d.in.a~def,ined.'area on 
a plane. The program may also be ~sed to identify 
neare~c neighbors of each point. 

IBM 360/67 
FORTRAN G 
l~a rch, ,1972 
EQUAL ~."GENES 
Depar:tment of 
University of 

1 •• 

G~ography 

MÍchigan 

l 

Nearest-Neighbor-Discriminant ~n~lysi$ 

Program
1
to classify subjects on the basis of 

di~tance to nearest-neighbor indi~idual. 

•'' 

1 ( ' 

'• 



,--
: t .. 

1 

Computer: 
C~mp i ,1 'e·'r: 

Da te R'ece i v'ec(: 
Si m.i,i ~ r P'rog r aiiis; 

'· · ·cbn t~r i butor·: 
: ' ,' 1", ' =,. r- • 

NEGBIN: 

Computer: 
·c¿;n:,·p:.l :n~·~: 

Date R~c·e l v·~d: 
S i m·.¡;j ~ 'r Pro~ ~-á.~~ : 
- :

1 "Con t:·r. i'b'~ to·r =· 
• ' ~ .. 1 

....... '' > 

NODAC: 
''.:. 

Computer: 
'Comp í'ré·r: 

pate Received: 
Contri buto'r: 

D 
.S im'.i 

f •" f' ~ ' •• ~ 

NOLIDA: < , t ~ 

Computer: 
Com·pj )'e'r: 

te .Re.ce '¡ved 
~ r 'pr'og r'am's 
·c6n t r ,i bu·F~r . - ' ... ' ' ' .. ~ ': ::" ', 

IBM -360/67 
FORTRA'N G' 
Hovember: 1972 ... , 

Page 36 

ÚN-QA·,- CQSI.f~É~ D'I?IJR, INTERII4, 
Department of Geogrophy· 
Universi~~ ol WatcrJó~· 

MD I.SC, .t!OL I.DA 
~. ' .. ' • ' • !,._ l ~' 

1 

Negative Binomial Probabil ity Law 
., 1 ~ 1 • f 1 ' 

. The program computes ·ttle individual 
n'e:gat'ive b)f!omial pro~;abi.l'i,ty law: 

• ' ! "\ ' 

r OC 64.00 
)000 RUN FORTRAN 
Ju~e, J97o · .. 
'íl..NEGB J,.·. 
·)~pa;trnent o.f ,Geography· 
:Jprthv1estern Urfiver~ i'ty 

'Jode Access i b i 1 i ty 1 nd ices . ' ~ :--

.t.ern:'~ of the 
'- • J ': 1, ~ • : ~ ·,' .. • 

~9\TlPutation of noqe ac~essib.ility iñdtces .{as deflried 
'Jy Shimbel and ·l<a'tz) 'for·· ti-ansport ~hetwotkk> __ -.:.· ;,, · .. 

: ," • ~ .~ ~ ... ', • .:_·.__ _. l :~ .. ;' 

CDC 6400 
6000 RUN FORTRAN 
June, 1970 
Department of Geography 
!~9rt,b~.¡estern Un,iver·s i'ty · 

' . - . - ' .... ;; _..._ .... 

General ized Non-1 inear Discriminant Analysis vdth 
_Clas'~ification' · · ~- .· .·· 5 - .,:,·:.-,. · .·: '"- · ··.' ' ·:., 

-' ' 

Computes non-J inea'r disc~Jmina,nt fun~o.Ltu.(lS'w••i~h 
can thef1'be used-to cl~ssify'-ur1.kno'\.;ñ--·¡n'di~+8'ua'ls 
or to r ec 1 as si fy t ho·s~ '·· i .~.~ i y_i_dÍJ~ 1 ~ · .f r~~· W1~·k,n- t't1~ 
liscriminant function·s were origiñalJV de'dved. ·· 

) ':..' • -:· .-;." l~~ ~~~;~ ', t ~ • .-:_.;~ '~~-~!. 

18M 360(67 
FORTRAN' G 
November ~ 1972 
cE.No.n., cos·lrlE, DI.SITR;· IJERJH, ~or:s,c·, NEAR~BR 
Departm'e.rít o'f. Geogra·phy' '·' :'"-·· ,· .. r.:- · ·:,. ·,-' .. ;,:;_, 
Univ~rs.ity of \-Ji~-~i~-~~ 



NONCEL: 

Computer: 
Comp i 1 er: 

Da t < R. e e e i ved : 
~imilar Pr6~~ams: 

e o ~ ·¡: 'r i ¡;y~ o r . 

Page 37 

Simulation of Diffusion through Area of Non-GridJ~J 
Units 

A program for simulation of diffusion through-an 
area of non-.grid units, such as political areas 
and/or other minar civil divisions. 

CDC 6400 
SOOO RUN FORTRAN 
'ecember, 1971 
'!\AAG, r~Ot~CELO 

epartment of Geography 
orthwestern University 

lther Versions: (NONC EL) 

IBM 360/91 
FORTRAN G 

.Computer: 
Compller: 

Oate Received: 
Contributor: 

NONC ELO: 

Computer: 
Comp i 1 er: 

1te Received: 
ar Programs: 
Contributor: 

NONPl '·· l : 

December, 1971 ' , 
Clepartm~nt,9f. Geograrhy , 
University of California, Los Angeles 

¡ ' ' > ¡ ~ T , '~ 

Simulatio~ of Diffusion through an Area on Non-Grid 
1 ' 

.·: .-' 1 

The overl,ay:of programs permits the slmulation of 
diffu~f8~-~ccording to standard Hag~rstrand rules over 
an.i(~egular lattice (non-grid units). "the over-lay 
(1) simulates the location and number of knowers after 

~.each generation for each simulation ._{2) provid~s sum-.· 
mary information on the spatial seri~:; generated and., 
(3) provides summary information on the temporal series 
generated (which includes pen7and-ink plot output). 

CDC 6500 
6000 FORTRAN EXTENDéD 
July, 1972 
HAAAG, NONCEL 
Department of Geography 
Michigan State University 

,• :.:111, . · :• r.. 1 : 1 

Temporal Series Su~mary of NONCEL O~tput 

To,provide summary information of the temporal series 
generated on tape output by NONCEL. 1 nc 1 u des pen-and­
ink plot output. · 



Computer: 
Com;J i 1 er.: 

Date íl.ecelved: 
Similar Programs: 

Contri hut or: 

NORLOC: 

Computer: 
Comp i 1 er: 

Date Reccived: 
Similar Programs: 

Con.tr ibutor: 

NORt~: 

t 
Comput~r: 

Compiler: 
Date Receive9: 

Coñtr i butor: 

~ . •' 

CDC 6400 
6000 RUN FORTRAN 
Dco:ember, 19/l 
HAGPLOT 
Dcp!3 rtr~ent of Geog raphy · 
North\vcs.tern Un ivers l ty 

Multiple Location Analysis Prog~am 

Page 38 

" 
The program salves problcm of locating a. num~er of lac.id:-
ities to serve a dispersed population. The routine,fi~ds 
1) coordinates for po~itions of facilities, 2) servicG area 
of each facil·ity and 3) capacity of each facil ity from 
bas ic input informat ion. 

UNIVAC 1108 
FORTRAN IV 
!·lar eh, 1373 
STDROP 
Department of Geography 
S tate Un iver!:i i ty of tH~'v.i''York~ .A 1 bany 

\ ' ·'· "', ¡ f -, 1 ' 

rJorma 1 i ty Check 

The program tests data set~ for ~ormal ity using the 
Kolmogorov-Smirnov test. lf the data are not normal 
in their ori9inal •f6rm, the f?,l.'t~~i'ng' 'transformations 
can.be a.pplied:" 1) ·Lag, 2) ~og-~o.g, ,3)· Square Root. 
The·.level of significance is 'chosen by the user. 

1 BM 3'60/65· 
FORTR}\N G 
r1ay,.l970 · 
DepartmeFYt' of· 
Un i vers 1 ty of 

Gt::Ct_.; r ".;Ji o y' 

lowa 

1 • 1 o;--

Other Versions: {NOIU1) 

t.omputer: 
Compiler: 

Date Reccived: 
Contributor: 

CDC 6500 ~· 
6000 FORTRAN EXTENDED 
August, 1971 
Computer lnstitute for Social 
M:chigan 5tat~ U~1versity 

Se i ence Re.s~arch ., 

l' 



NSCA"J ; 

Computer: 
Compiler: 

·Date Received: 
Similar Programs: 

Contributor: 

OPTREG: 

Computer: 
Comp i 1 er: 

J"te Received: 
Contri butor :' 

PCPA: 

Computer: 
Cornpiler: 

Date Rece ived':­
Similar Programs:­

, .mtrib~tor:--

PELTO: 

Computer: 
Comp i 1 er: 

Date Received: 
Contributor: 

Page 39 
1 

Rap'd Data Plotti~g 

Rapid data screening. The program produces the N*(N-~)/2 
printer plóts, 1 inear regressions, and simple correlations 
for all pairwise combinations of N variables. 

1 BN 360/67 
FORTRAN G ' · 
(Requires RUI~PLOT subroutines from SHARE library) 

1August, 1970, 
REGRESS 
Department of Geography 
University of Michigan 

Optimal Regression Analysis 

An optimal rég~ession program to c'alcurJte regression 
equations on a dependent variable• such that the rer 
idual sum of squafes is a mínimum:·. 

IBM 360/91 
FORTRAN G 
December, 1971 

1. 

~~partment of Geó~raphy' ' 1 

r:niversity of California, Los Angeles ., . 

Analy_sis.of Palred Comparison Preference'Data 
•• ', 6 ' 

A program to····p·e.rform'pair.ed com'p¿.risons analysis·_on 
preferentia1 -data. 

IBM 360/75 -·. 
FORTRAN G .. · 
March, 1972 
REVPREF 
Depar~ment'6f G~bgraphy 
McGi11 University 

Pelta D-Function and Relative ~~tropy 

The program calculates two measures of the degree · 
of mixing::i'n muldcomponent systems. 

1 BM 360/67 
FORTRAN G 
August, 1970 
Department of Geography 
University of Michigan 

r. 
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¡. 
¡ 

1 
1 

l 
' 

Other V~rjrs ion's: (PELTO) 

Comruter: 
Comp í 1 er: 

Date Re e' e ived: 
Contri butor: 

'PERS: 

Comput_er_: 
Comp i 1 er.: 

Date 'Rcc_eived:: 
Si m i.l a r 'P·rÓg:ram.s::' ' 

Cont·r i butor_:'· · 

PLOTMAP: 

. Computer:: 
.Comp·iJ er·: 

Date ·Rece'Lve_d: 
Contr ibut_or: 

Computer:: 
-·comp i 1 er.: 

·oate Recéived: 
Contr ib_utor.':'" 

CDC 6SOO 
·•)O FORTRA!~ EXTEI~DED 

cembcr, 1971 ·; 1
'

1

' ' ' 

umputcr lnstitut~ f9r \Soci~l Scien~~ Research 
.• ichigan Slate Universi~y 

~lotting Perspectiva Vicws 9f Surface~ 
-: 1 ' • ~ ! 1 • 1 ' ' • •'• • j. 

A s,et of FORTRAN subroutines .th~~ .wil,l p1.9,~ ,~ P?F=­
:.')pect ive v·i~\-J of ,a surface whi.cf¡ 1i·_s ,r.~pr_e_~~.l")t~~ •.by 
!3 regular .gri_d. Pprt_ions óf ~.h~ ·.srid ,Y;/_t·d,!=~ are·; 
hidc;len fr9m the vi_e~-Jer ar~ .no,t pl~qe~. 

1 BH 360/_65 
'='ORTRAt~ G •' 
.J.anuary, 1972 
B(CK, ·!S0~1ET',' ~1AP3D, ' IR._9._E,. TRIO·· 

·tomputing'Centr_e · ··' 
Univers·i'ty 'of _Britis·h Colum_pia 

i1ap Plotting F,rom Tape 
' ..¡:! . - . \ 

To dravJ outl ine map's·ron·'var-ious .pfoject·ions to sc·a·.i.e 
from dat.a 'stóred on ma·gn'et.lc .t_a,pe'i- ~ W'i.:H ~r_a·w-·_c_~;r~to:-
~·rams us·ing double .biv~ria,t~ i,nter:,pp.l.a,_t;t,on. 

1 B~\ ·-J&0/,67 •· •· .- · 
r-_ORTRAN G 
.Jc'tot5¿r.~·'JI·971 · 
)epartrn_ent of G_eograt ·1 

Universi.ty.,9f Mi.C'hlgan 

.Printer Grid Mapping Pr9gr_ ..... : ' 

~ 1' 1 ' ~ 

The prpgram plots :numerJ~~l ·.)(_alxe~· pflP .~r:a_\"1~5 .·~n :9.~t:J.l:i.~e 
around theareaof int.eres-t,·'·:;l' ,l:¡'··. 

UIJIVA_C 1108 
FORTRAH '_'IV 
;1 a r: eh , 1 9 7 3 

' ' ' 

_D_epart-nlént~ of ,Gepgrap1~y -. 
5 t_a_te-'Ut11ver:s l_ty· .of r~ew .Y_or;,k, .-~l)?~·'W 

• r 

':l.. 



¡ 
1 ' 

1 
1 

PLUT~. 

Computer: 
Comp i 1 er: 

J ate Re e e i ved : 
Contributor: 

PO !NT: 

Computer: 
Comp i 1 er: 

Date Received: 
Contributor: 

PO 1 NTS: 

Computer: 
Comp i 1 er · 

Date Received 
Contributor· 

POISSN: 

Computer: 
Compiler: 

Date Rece ived: 
Contributor: 

\ 
\ 
\ 
\ 
" \ 

Page 41 
~ 1 • 

::>peci'al 
~ 

Subroutine for Curve Plotting 
: n ; . 

A sub~outine for time-series plotting on a computer 
\ 

1 ine printer. 

1 B/1 360/91 . 
FORTRAN G 
December, 1971 · t· 

De:partment of Geography , : 
University of California, Los Angeie~ 

Point-in-Polygon Testing 

•Used.fó~ testin~.~hether a point~ defined by Cartesian 
grJd coordinates~ i~ located insi~e. outside, or on an 
edge of a polygon 'defined by•a set of coordlnates in­
dicating the polygon vertices. 

CDC 6500 
6000 FORTRAN EXTENDED 
December, 1971 
Cornputer lnstitute for Social ·Science Research 
Michigan State Unlversity 

Point Set Mapped on a Plane or Torus 

'' Computes'descrlptive measures for·a point set mapped 
·onto either aplane or torus.•.·. The'method of order 
distance is used to summariz~·the ~oint pattern. 

CDC 6400 
6000 RUN FORTRAN 
November, 1971 · · 
Department of·Geography 
Northwestern Unlversity 

Poisson Probab:1 ity Law 

Tl,e -program computes· individual terms of. r·oisson 
Probabllity Law and, asan option, individual terms 
of the dispersed Poisson Probabil ity Law. · 

CDC 6400 
6000 RUN FORTRAN 
June, 1970 
Department of Geography 
Northwestern University 

r, 



!' 

Computer~ 

Compiler: 
Date Received: 

Similar Progréms: 
Contributor: 

POPMAP: 

Ct~mpú't:e'r.: · · 
CofTip l l.er: 

Date Received: 
Similar Programs: 

Contributor: 

POPPYR: 

ComptJter: 
Compller·: 

Date Received: 
Contri butor: 

PREDEN: 

Computer: 
Compiler: 

Date Received: 
Contributor: 

'· ~2 

Trend Surfac..: ¡,:1al¡sis for Degrees On~::' Through Five 

Fits alg~bra ; 
five to geog' 

o1ynomials of degree one through. 
,¡¿elata: 

1 8~1 360/67 
·FORTRAN G 
Augusr, 1970 
DYAD, MPLSQ, TRENO, TRENDC 
Department of Geography 
University of Mlc~lgan 

Popu1ation Mésps 
• - ' ~ • : ' ' ' • ~ ' ~ • ·"" 1 ( .... 

The program reads rectang~l~r coordtnates (X.V) a~d 
populatlvns, and then draws populatlon. maps on the 

··~~n~~~~-l~k plotter, with ct~ies repr~~ented as clr~les • 

. 1 BM 360/67 
FORTRAtl G 
Augus t, 1970 
G 1 P S Y , t1A P 1 T , 
Department of 
Un ivers i ty of 

1 ' 

SYMBOLS 
Geography 
Michigan 

Population Pyramids 
. ~ i -. 1. ~ 1 1 

rrogram to plot populatio~~pyra~lds ~nd compute 
~asic demographic measure~. 

•3M 370/158 
~ ORTRAN G 
iul y, 1975 
.epartment of Geography 
\ irginia Polytechnic lnstitute 

Dend rog raph 1 nput Generat ion'' 

The program converts raw dat~ i~to one ~fa v~rlety of sim­
ilarlty measurements and offers option of punching these a~ 
a lower triangular matrix for direct input to the dendro­
grapti 'program (DENDRO). 

UN 1\/AC 1108 
FORTRAN IV 
~\arch, 1973 
Department of Geography 
State University of l~ew York, Albany 



PRESLOC: 

Computer: 
Co~p l 1 er: 

Date Received: 
Contributor: 

PROLO: 

Computer: 
Comp i 1 er: 

Jate Received: 
.ont r i butor: 

fRAHID: 

Computer: 
Comp 11 er: 

Date R.ecelved: 
Contr ibu'tor: 

RANKD: ,, 

1 
\ 
1 
i 
1 
l 

\ 
i 
l 

1 
1 

Evaluation of Total Costs of a System of fresent l~arehouses 
1 

. ·;, . ' ( ' 
The program calculates the costs of the present warehouse· ' 
locational'conf.iguratiorÍ for any corifiguration input by 
the user. The program may be used in conjunction with 
program I~ARELOC. 

1 BH 360/65 
FORTRAN G 
January, 1974 

·· · · Depa rtment of Geog raphy 
University of lowa 

Probit and Logit Analysis 

Permits pr:obit or. logit analys.is (or bo~h·i, to be 
carried out_o~ a data set coni~ining·a·ma~imum of 
55 varTá.b!'es. The program i~ 'basicall'y"designed 
to handle cross-sectional data on whlch severa! 
years of observations may be handl~d for ~ach member 
of the· ~ross-sect,Ón.' r···· ... -,, 

CDC 6400 
6ood--RUN FORTRAN 
Dece~ber, 1971 
·oepartment of Geography 
Northweste~n University 

~ '1\ 1 

Population Pyramid Suhroutine. 
; f f "· o L· . 

~..... ... ' -·, -
• • ' -. 1 • 

A program designed to produée,oage/sex populati·.:tl1'-
pyramids on the computer 1 i~e~~rinte~~ ! 

1 BH 360/67 
FORTRAN WATF 1 V 

·.q? A p r i 1 , 1 9 72 
Department of Geography 
Pennsylvania State University 

' Ranking;Oata an~ lnspecting for Natural Breaks In the 
Distribution ·' 

The program 
differences 
on a scaled 

rank arder~ original dat~ 'and,calcul~tes 
'1'- ' . . - ' . between tne 'ranked numbers and outputs t,c~ 

bar graph. 

1. . ' 
:\ 

::t 
! . ··~ 
•( 

1 ' 1. 

' ~· f . ' 

, 
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l •• , 

' 1 

1 

·¡ 
1 
f 
\ 

1 
1 
1 

1 
¡ 
1 

1 
1 

1 

1 

1 
i ¡ 
1 

1 
i 

1 
1 

Computer: 
. Cornp i l er: 

:)ate Received: 
e o n t ·r i bu t o r : 

REGU\R: 

•' l.' 

·.·: · r v J.-H.; 1 1 o a 
'JRTR/\N IV 

:arch, 1973 
Jepartment of_. Geography ···~':.·.c ... 1 ·, 

Page ~4 

- (~ l ::1 

~~a te Un.ivers i.ty of Ne\-1 Yoék',-.·A l-banv 
' ... 1 '' ~ • ! ¡ ..... , 

r r .... 1 
1 \ .... 

0 ~gular Pattern Recógnit:·iom ·,.· 
'}'. 

' : 

1he program determines the locat1on·and areal e .... ~~nt of 
regions iii ·a'''po-'iiü: array·exh·ib·iqng reguJar~.·1 r:at'her than 

.ra!1dorp,,distr)buticns. Regularity. is assessed in' terrns 
f d. -''''·'···'t··.h li>.""b. o a ·n·ea:'cs · e··":J'' or.1<te'st¡•,";t· .. -.-:• 

! ' . . -) l - 1- ··\ -~ :__ ..... ~ .. ~· _' .. .:.) -t,_~! J ~~ ~)._'! Í.l'\ ... :1 !~}.:·. ; :' 
¡> •,' ! '•; 1 - - --

. Cofl'\put~r: . '-'u'rHVAC'-'( l 08 :_, :.· •. ; t ~ ~~: ri. '··' t;': ¡ , -.: .x; 

!':..' 1 

"';Compile·~-;-· ·· FORTRAN'iv ··:J:', __ .. : 11 -" e: •• ; 

Da te :f\~·c,d ~e·d.':: · ·· · r:la'rthl; · 1 97Y · '- ; ~ ·. · ,_ . , "'.) . ~ ,· ¡ 
S im na r .P rog ra:ns ir: ClUS'l'EFf~'-· L 1 f·JEAR'· q_::; b·-, Wt: .• ... () ., ")0 

• ' 

Contrl~utorJ Departm~nt of Geography 

-·- .... ¡ .. 1• 

REGRESS: 

Compu';er: 
Cornp 1 1 er:. 

Date Rece i véd': 
Similar Programs: 

Contributor: 

r! !.J ..:!. ·~ 'r; ~ ~ . ' 1-

.REVPREF: 

Computer: 
Co!f1p i 1 er: 

Date Reccived: 
Similar Programs: 

·Cont r i·bu ter: 

S late Un .ivers i ty of, f~ew Yc>rw.:~,A i ba.-i-,.· 

.::\. ; ' , ' 
¡ ; ·-- , J L . , -~ . ; J • ~ 3 ,- ~ ...... , --; •• (, ... ¡ . : , 

Linear Regr~-~:~/"~J~' C'al-c~u~_rat1on;_and·. ~lot : ,: .. ,í ·;t:·n, ·; 1,_:,, 

A FORTRAt~ pró'g·r:ai~~ t·f·lhti·.ca leula~~~~ ·~nd· pl.6t~'''(u:s'(ng). · 
pen-and-i~k plotter) for any fwo data series, a 
scattcr diagram, the 1 ine of regression, and del imits 
the zone for the stalnda'r!d error,.ofc ~s,.t i.fl:la:~EO on the 
~catter diagram. 

r:oc 66oo ·,~-~·.j::~,-. '~-_,,-, .. : 
··.000 FORTRAN EXTENDED .\.·· •·. ,¡ 

· -· ·~~,:·¿h;;·,gJ2 ,,.-; ::.ld_ i ;2!:; ·l·::-.. ~.;: ... >) 
'l S e A T' ' ,,. .. ; ' ~ -' _:; 11 i 'l ' ' :) :! L 1 ;_· n ; . ' .- .:-· 1 '· ' 

Jepart~a~e.nt ·cf Geography 
Un i vers i ty of Mi nnesota · 

.-'1 ¡ ' ·~ ll (..1 : ,·:e:) t: (f of • t-': 1 ~ j j (J } 1 i U : "H 

.. ·¡ ;.--- : ~ \ ¡ ;)j ( .. J 
~ ~),;!',;.J \: ¡ ~~ ... 1 :.,_¡ 

· ·L''"'p~irk1~ 1 coihp~:-¡;.'·¡rs'bnsCÁA~Hy-s.is·;fr~m Bev~aled Spatial·--
Prelb't~WteJ'Da~11 .::: f -~ .. ~ · · ,· Jr~p . .. :·: 

Appl ies the met:hod vf pa\i-r'ed'~ompartsons,.to. data 
1 1 ' • i .· ...., ~ .. 1 \ ~-f ~~ 

j - ¡' 

descr i b i ng spat ¡a 1 che ices ro,f:¡ •lhd iv idua~.s, r 1 ,,~ .. de-
ve1ops a proximity matr:-Tx'\oJh)·c_h .... 9·escr1be¡~.,Jhe)l,gg.re-"1 

9a te perce ¡ved si mil a r:·PtV' b,et·v1ee·n: 1 oca t '¡ 9,~a'f.'(xpes .~ ' 
·,/,:qrl .. fOf'•J;) '·1t.") _':::±;;1 rrt •'i ·.~~~-~~:·) ~ ¡ 'j!~t 

\...!-~l.. • ~•.YJ illr • e¡.~,. • 
~oc 6soo flL·.'í,~.-.¡·· :-,,. · - · - . - - ~ 'f j { .- RO:: V i ¡"¡!} 

6000 FORTRAN EXTENDED 
Jul"'e, 1971 
PCPA 
Computer lnstitute for Social Science Research 
Michigan State University 
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O t h é r V e r s i o·.-. s : (REVPREF) 

Computer:' 
Compiler: 

Date Received: 
Contributor: 

RGRID: 

:..omputer: 
Comp i l er: 

Date Received: 
:ni 1 ar Prog rams: 

Contri butor: 

' 
rBM ;50/65 
FORTfhN G 
Octobe:::-, 1971 
Depart~ent of Geography 
UniveriTty of lowa 

.. ,. 
~1ap Plotting and Contour:ing 

1 ' 

The program produces isamithmic maps on the 1 ine 
printer fro~ ~catter~d,.?-,bservation~ by first lnter-: 
polating to' a 1attice'-á'nd then conto,uring these reg­
ular va1ues. A 1ocation'map of the observations, a 
1 i st of the va 1 ues at t,he gr id rntersect loros, ánd 

1¡ ' ·-
the countou'red map ar~ returned. . . 

; r; 
) BM 360/67 
. FORTRAN G 
Augus t, 1 970 
LATMAP, RGRID2 
Department of Geography 
University of Michigan 

Other Versions: (RGRID) 

Computer: 
COTT)R,iiliEf,r: 

Date Received: 
Contributor 

RGRID2: 

Co'mputer:
1

-' • 

Compiler:--­
Date Rece ived: · 

Similar Prograins: 
Contri butor: 

CDC 6500 
.FORTRAN EXTENDED 
'Jün'e ;•r·¡'~-71 

) L-t 1 Computer lnstitute for So~odl Science Research 
Michigan State Uni~ersity 

Map P1otting and Contourln~ 
. . . ; \ i ' -
Similar to RGRID; however, thls program allows up 
to eig~t v~riables to be mapped. 

1 BM- 360/67_ 
FORT~~oGc. _ -. 
r1a'rch ~· 19'72 
LATMAP., 'G'R 1 D 

' •' 

) 

1 ¡ ~ 1 

Department of Geography 
University of Michigan 

,. 

'1 

,,\ 



' 

R.J DGREG ¡ 

Computer: 
Compi·ler: 

Date Received: 
Contribut:.or: 

' '' 

Computer: 
Comp l 1 er: 

Date Rece ived: 
Cont·r i butor: 

SAMPLE: 

Computer: 
Compiler: 

Date Received: 
Contributor: 

r¡u 

SAI~OM: 

Computer: 
Comp i 1 er: 

Date Received: 
Similar Programs: 

Contrlbutor: 

Page 46 

Ridge Regr~ssion 

The prog~am perforrns ridge regr~--ion analysis for a 
dependent variable and up to lOO independent variables: 
the data input must be normal ized. 

18M 360/75, 370/16~ 
FORTRA~! G 
March, 1973 
')eparto.ent of Geography 

' ' • ¡' l.lniversity of tlorth Carolina 

i1·-·3súr"e Dégr'ee of Association Between ·S'pa'tially 
r;stf~ci'b~serv~tions . 1 

'Th}s program ls designed to measure either .the degree 
to which one. 1rétai1 function (a,ttrib'u't?e)~'is· spatially 
associated with any other or the degree to which one 
shopping center {observation) is l'ík'~ any other.· 

1 61~ 370 
FORTRAN G 
f1ay, 1976 
Department of Geography 
University of Denver 

Simulation of Random Sampl 
1 

Slmulation of random sam~l'l·~g-wlth tHfiÓmial disü1bution 
Jnd normal di~tributTon probab.t'l ity·.~ests 1• 

' ' ' ~ , 1 .. J 1 

JNIVAC 1108 
FORTRAN IV 
March, 1973 

r 1epartment o~ Géography 
State Universitv of New York, Albany 

Soatial Sel'"·i~c;·S,Jmmary of NONCEL Output 

Th is program reads the output tap·e·.;~;rod'uced by the· 
spatial simulation program NONCEL and produces cell 
means and vari~nces for each generation of each 
simulation. · 

CDC 6400 
6000 RUN FOKTRAN 
Decernber; 1971 
HAGMEIJA 
Department of Geography 
Northwestern Unlverslty 



1 

_,CALE: 

Computer: 
Co,npiler: 

Date Reccived: 
Contri!Jutor: 

SOIS: 

Computer: 
Compiler: 

uate Received: 
Similar Programs: 

Contributor: 

Computer: 
Compiler: 

Date Received: 
:.; imi 1 ar ,Programs: 

Contributor: 

Page 47 
,, ' ·' ' 

Sol0tion -of the Law of Categorica1 Judgement 

Transforms originaL,data from the psycho1ogical scal ing 
tec~nique known as the method of successive catego~ies 
to ,interv:al scale values. 

r - .. '-

6000 RUN FORTRAN 
December, 1971 
Departm'ent of Geography 
Northwestern University 

Spherica1 Dista~ces 

Computes a matri~ of distances from a ~e~ of points 
rlefined b~ their-~ati~ude/1ongitude coordlnates. 

IBM 360/67 
FORTRAN G 
August, 1970 
DSTAZ, GEODIS, SPHERE 
Department of Geography 
University of Michigan 

Analyzes data that may be represented by curves. The 
fo11owing expression is used for the single fourie~ 
infinite; 

' 1 • \' ~ J l. : . ~· 

-'f, (f, (Q) /2) ·,t .S 1 GMA (N) fA (N) COS {N:fP.l *X) /L + B(N) 
S 1 N (N:~P 1 *X) /L] 

·.:he re N = 1 • 2 , ... , i n f i n í t y • 

1 BM 360/91 
FORTRAN G 
December. 1971 
DOUBLE 
Department of Geography 
University of Cal ifornla, Los Angeles 

.-

t' 
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¡ 

1 
.¡ 
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1 
1 ¡-

~tRES: 

CompL1ter: 
Comp i 1 er: 

Date Rcceived: 
s mil~~ Prográmst 

Contributor: 

Page 48 

Sim~lation of Urban ResiJential Segregation 

This program use~ Honte Car1o simulation .procedures 
td ·ex¡Hore't'ht:: ph-enornenom of urban residenti.al 
segrégilt'ion·~- 'The program is des igned ·as) a tea~h-ing 
dev ice in that the s tudent ·can vary a· 'h'umber of ·: 
parameters such as initial segregation paftern, slze 
and number of ne i 9hborhoods to be a"na'l yzéd' wh i te' 
and black discrimination criter'ia for mov'tng into or 
out of a ne i 9 hborhood, etc. T h~ CDC vcr·s fon 1 s s tri q·l y 
a batch orientcd prog'ram, but 'the l13M vers.ion is de'si.gned 
for batch or interac~ive uie: ·' 

CDC 6500 
FORTRAN EXTENDED 
July, 1975, 
u.~:NOUSE,'SOLUP·· · · . 
Depá'f't'ment 'Óf''-GeograpMy '· 1 
Michigan State University 

Other Versions: (S 1 RES) 

'Bt1 370/155 ·computer: 
Comp i 1 er: 

Date Received: 
Contributor: 

Computer: 
Compiler: 

Date Received: 
Contributor: 

-' 

. ORTRAN G 
January, 1976 
n.~partr1ent of Geography . . , 
\'irglnia Polytechnic lnstitufe.ánd·1 stat~:University' ·J 

~patidl Deri~a~ive Program 

'he program'calcu1ates the absolute value of the 
gradient' (slope) 1 for' data···given' as 1 ~-. geog'i-aphica·l 
ma t r i x • ' :- · ' 

1 BM 360/67 
FORTRAN G 
August, 1970 
Department of Geography 
University of Michigan 

O ther Vers i ons~- <{S'Lo-PE) 

Computer: 
Comp i 1 er: 

Date Received: 
Contributor: 

CDC 6500 
6000 FORTRAN EXTENDED 
December, 1971 
Computer lnstitute for Social Science Research 
Michigan State University 



SMOOTH: 

Computer: 
Comp i 1 er: 

Date Received: 
Similar Programs: 

Contributor: 

SMOTHR: 

Computer: 
Compiler: 

Date Received: 
Similar Programs: 

Contributor: 

SMRATE: 

Computer :· 
Compiler: 

Date~Received: 
Contri bu tor.:., 

i 
\ 

\ 
1 
\ 

Binonially Heighted Smoothing 

Page 49 

··' 1 

1. •• .. 1 'i 1 • 

Rem6yes high ~r~q~e~cy spatial c6mp~nents from a 
matríx of ge~gr.a.phical data' by use of a nine point 
binomiallv.,w.~ightEfd local smoothing. operation. •. 

CDC 6l¡OO 
6000 RUtJ FORTRAN 
December, 1971 
NAVE, SHOTHR 
Department of Geography 
Northwestern U~iversity. 

''atrix Smoothing 

This a,!?semblY, language subrou~ine .smoo.ths an array 
o(vall:Jes ,(a~sumed to bE7 spatia1. data} using the· 
,~~S~6d _descr ibed: by Hol1oway .. ·. 1 t is 'des igned to 
be-~alled as a subroutine in a FORTRAN program. 

' 1' 1 

IBM 360/370 
IBM Assemb1er 

¡: ebruary, 1977 
I~AV E, SMOOTH 
Oepartment of .Geography 
University of California, Santa Barbara 

. 
Standard Mortal ity Rates 

T~~ · program computes standard i z~d mor~a 1 i ty or,. ,, .. 
m~rbidity ratio and rate for area1-administrative 
units. The computational method employed adjusts 
cru'de death rates for variations ¡'n age distributión. 

' • .. t ' 1 ~ ' 

SMRATE produces relative mortal ity ratro as a per-
centage of the national rate. Stan'dard 'mortcl ity'.' 
r ate !s scaled by u~er. ·. · 

! .\1 1 VAC 11 08 
t ·JRTRAN IV 
'>arch, 1973 
·epartment 9~ Geography 
'..ita~~ l,Jniversity of New YorK, Albany 

' . ' 

• 

, 



' 

_,¡~QRT: 

Compu t.:::,.: 
Comp i 1 er: 

Date Received: 
Similar Programs: 

Contributor: 

SOLUP: 

Computer: 
Comp i 1 er: 

Date Received: 
Similar Programs: 

Contributor: 

. Page 50 

$.:mp'le l~ormal ity Testing 

• • l-: 1'',, 1 ?1 ¡1 ' 

The program tests for normal ity or lognormal ity through 
1

, cornparison of the sample, frequency ,d.istribution and 
the norma 1 frequency d i.s tri l;lut,i,9n of .th,e. same mean and 
·- t~npard,dey.ipJ_ion_ a:;, ~~e',sa-mpl e. , . , .. , .•.· 

U r~ 1 V AC 1 1 08 
FORTRAN IV 
r~a rch, 1 973 
NORt1 
Dcpartment of Geogr~phy. 
State University of tJew Yor\,'.Albany 

Simulation of Land Use Pattern~,1 , 

T~. ,:.onstruc·t, a map on .tt'l~ prin.t~r. Or) wh,i:ch the ·lañd 
, u'se ¡ac,tivi:~Y. which,.'!'JOUld ec;~rn._the_ high_es~ economic 

' ' 

:¡, 

rent is cpmputed anp identified for each polnt location. 
Econpmi~ rent is computed .fr6m 1 th~ f~rmu,a: 

R = E(P-A) - E*F*K. 

CDC 6500 
6000 FORTRAN EXTENDED 
June, 1971 ":' .,_,, .. 
LAND~~~r.,.-~I~E~ 2 _.,··~ ,.,.; .. 
Computer lnstitute for Social Science Research 
Michlgan State University 

. :1 1 

Other Vcrsions~. (SOLUP) 

Computer: 
Comp i l,er': ,'.' 

Date Received:, 
Contributor: : 

SPA: 

• 1 ' l ' 

1 ~M,,3pq(65 .. 
FORT,R,AN G 
October, 1971, 
De~irtment of.G~ography 
·univer~ity of lowa · 

Shortest Path Algorithm 

., 

1 ~ -¡ 

A program to determi~e the .. ~hor'tes't pa~hs t~rough ~ ... , 
net\-Jork (1) between a 11 pa,i,rs of, nodes '· pr (2) be­
tween a specified subset of nodes and all other nodes 
for specified route nodes. 

\¡ 



¡ 
¡ 

l 
1 

1 

1 

1 

1 

1 

, 
Computer: 
Comp i 1 er: 

Date Received: 
~imilar Programs: 

Contributor: 

SPAC E: 

Computer: 
Compiler: 

Date Received: 
Contributor.: 

SPAN: 

Computer: 
Compiler: 

, . Oa~e Received: 
Similar Programs: 

Co!ntr ibutor: 

~r>ECTR: 

Computer: 
Compiler: 

Date Received: 
Contributor: 

1 BM 360/65 
FORTRAN G. 
January, 1972 
1~ 1 NPATH, S PAN 
Department of Geography 
University of lowa 

Pane 51 

'· 

-: ., l-

·~Gíilputes descript_ive statistics'.for an areal distribution 
with optional normal probabil ity and/or normal correlation . 
surface tests. 

18M 70~0 
FORTRAN IV 
June, 1973 ,·- 1 t"· 
Department .of To'wn and Country Pla,n ing 

•\' 1'' • 

Universitv ~~ Sydney 
,. ' 

. 
Shortest Path Analysis of Networks 

. ' 

Given a network of poin~s interconñected by 1 ine~ of 
specified lengths, the program.finds the shortest paths 
between sp.ecirf,Jed: pa·i~s of poin't.s., 

CDC 6500 
6000 FORTRAN EXTENDED 
6000 COI1PASS 
June, 1971 
'·11 NPATH, SPA , 
Computer lnsJ•i,tu,t~ for Social Science· Resedrch 
Michigan State University 

Cumpucdtion of Two-dJmensional Powe~· Spectra 
. . 

Computes autocorrel at ion, funct ions.,pn~ two-d imens l,ona 1 
power spectra for the inv~stigatioQ of the frequency 
components or wave forms present. in an undulating surface. 

1 BM 360/91 
FORTRAN G 
December, 1 971 
Department of Geography , 
University of California, Los Angeles 



' 

SPHERE,: 

Computer: 
Compiler: 

Date Received: 
Similar Programs: 

Contri hrrtor: 

STDROP: 

Computer: 
Compil ene.' ' 

Date Received: 
Contributor: 

SURGE: 

Computer: 
Comp i 1 er: 

Date Received: 
Similar Programs: 

Con t'r" rbutor: 

Page 52 

Sph~rica1 Distances 

Rcads a vector of 1atitude/1ongitude coordinates .. 
and produces the complete distance matriy for all 
points. · 

CDC 6500 
6000 FORTRAN EXTEI~DED 

August, 1971 
DSTAZ, GEODIS, SOIS 
Computer lnstitute for Social Science Research 
·;¡cl·dgan State UniversLt;y_,.: 

: 1. 

A1gorithm for Dropping Retail Establ i'shments Fail ing 
to meet thresho1d criterion. !' 

.. ·. . ,, . ' ' 

Program allocates population to centers, calculates 
'the'-sales of ~ente'rs, and .. discovers wl)etl)er or n~·t,, · 

the sales meet the giv~n.:..~hreshold criterion. lf ''.· 
not, the center is either -dropped or eransfor~ed to 
a lower central clas~. 

' ¡ 

-:oneywell 
'-'0 RrRAN V .. J .... , 

August, 1972- ... ·,: t:• .• , .,.,i 1. · 

Center for Urban and RegionaLS,~udi~::; 
~elsinki University of Technology 

Surfaces from Geographic Grid Data 

, \ .· 

The-pro~ra~ plo~s three-dimensional surfaces from 
~t>og ra ph-i e· gr. i cL,da t~ us l ng t he ·pen-a nd- i nk p 1 ot ter • 

IBM 360/50 
FORTRAN G 

. _,_¡ 

·¡ June, 197! · ···· 
BLCK, ISOMET, MAP3D, PERS~ TRID 

- Depar:tment of Geograptw-.. -' 
University of Rhode lsland 

Other Versions: (SURGE) 

Computer: 
Compller: 

Date Received: 
Contrlbutor: 

CDC 6500 
6000 FORTRAN EXTEN~ED 
December .• '1971 . ·. -
Computer lnstitute for 5ocia1 Science Research 
Michigan State University 

.'· 



1 
--~" , SYI·IBO~S .: . 

• ¡ ·' 

Computer: 
Compiler: 

Page 53 
, 2:J: ~~ .. _¡!._ ~L 

P!ot ~f.Gra~uated Symbols Map 
..., • ... \ ' ' r .,.) C· ~ ~V 1 C· t ... -;::'\ t ~ ( ~ • • 

':, ~ ~ ~ "> .-\ ., :), : /"'; 1/1' 1 "'l, -J f ~ - .,_ ? " r 

A FORTRAW p'r·bgraln 'fórJ pen-and- i nk p 1 ott i ng 
symbols maps where the area of each symbol 
portiona1 to the data vaiue it represents. 

' -·· 
CDC 6600 t:.::o• ·¡_.¡~i· ·: - · .-

of gradua ted 
i s pr.?-

' l 1' ., 

Date· Rece i ved: . · 
Similar Programs: 

6000 FORTR~Ji ,JXT~;ióEp '.1 

1·\a.r-ch. 1972· · " ' · · ·. L) • ' • 

c'fpsv, MAPIT',. POPrWP ··- J' , .•. _, 1 

oepartmen't'\)f ·Ge8g.ráphyQi .!.- · · 

'Jn ivers i ty of Mí nnesota 

' ' n: 
~ ..... '/ ~ 1 'í.' ¡ ~¡ . ' ,·_ -, 

Contributor: 

• : j t_- : ,: :¡ j ~ 1 ,, 
· · -. ~;n 1 .-:::q~· · 'J ~. ,)·~ i~ ¡;. ; ·¡~·~ ... : ,·.. "c. r·,n i ~ 

n • '1 ,._ ., 
1 

.... • 't. ~ , ' '"'J ... ' ( 7i ..... J ( , 

~ ·oups'"Pairs· óf;1S'i>m·ilar- ·Operational Taxonomic Units (OTU) TAXON: 
- .:~ "'!' ' : :' . _,·o Form Cl~iiers or Nested Hierarchies 

; 1_.:;:: 2 ~/;:· ;_ ~-•.·o·~''\ :.:Y~·:,:-:;;,(. ·:·" ,)d-:'' - l ' ~ 

¡. 
'1 ... f "1 -.:- ; ;, ... ;,,Vc;¡iue ·¡ ;¡;.'s ,_i~·-dete'í'mi'ning .the dlstances. In N-Dimensional 

'·"·Lc¡~p:ac~; b:e~tween o'ne'·.(OTU}·and; its .. ·n,ext most similar (OTU). 1 •'' 
• J : 'i t... ' ! 

· Option_~ :t;);>;',group'o'n'ly ·those; ~OTU) 's which are spatially. 
• • ,· ::: .j 1 • • 1 -. ..., , .... - • • 

cont 1guou-?Jo ~ ,·. 'J• • -~··'' 1 ' ,__, 

Computer: UNIVAC 1108 '" •V' ,.-

Compiler: FORTRAN IV '::;':·.·--;~ 
~ ,. ,. ¡ 

Date Rt;ceived:~ ·· 1 ·Mar:oh 1973' ,,., • '-u:;,¡.. 
'.)\~l ~j),:j ~~''! .,,~¡ ... •"--' "! .... 

Si mi 1 a r Prog rams: . ::'- 1, ~.~.~~~~ r• ,,cp~~~ P ,--~ 1_-S~.R~ . :.' · -~~ -

.. "'• 

"~:=- ¡ ; í1~['t,:,•:t 

:b~l\f i -} .. /~j ~ 

,·~:.1~'~-··Ji \~f.:· 
Contri butor: Depa rtment ·of G'eógr·aph'y :· . . , :t 1 

Sta t e Un i ver s ¡' t y o f . N ew. Y o r k , Al b;¡~ny: 

:: f,_ ;, 

THIESEN: 
J ¡ ', o:;: 

' 1_ ·:,' i ~ :;~·~~~ ~~p t'J~ ver ~<ic~s·:"~f:;·yh-i es sen 
·' • 0 ~~· f:. ¡ f• ~~ T•., "'~ J: • ~ 1 IJ 1 

of potnts· 1n two-~spa'c'e'.ardc,.~hen 
•JS i ng a pen~and- i nk p t.<;>'h·e'r. · 

{1~ \·~ 4::1 

l :~i; 

', ,., • ¡ ', 

Computer: 1 BM 360(67 ;,) • : ~ ',.l, ·} ~ 1, ! J .¡ 

Compiler: 
Jate Received: 

Contributor: 

TORG: 

'"1 :: • ' • , ,, !~ ) J : 

po 1 ygons . for a ~et 
p1ot~ 'th~ poÍ~gons 

': 

: •~>;uqn.,J:.; 
: ..,-3!; qrr:o:~' 

',:,..'' 

: ¡';¡ :J V Í :; -:-:> 5: ·:; ., , ; :_, 

- l 

c 1 Í / 

') 



Comput: e,_,. 
Comp·i 1 er: 

Date Received:. 
Similar. Programs: 

Contri bu.tor: 

\ 

\ 
\ 

1 BM 360/67 
FORTRAN G '. 

1\ u g u S t '' 1 9 7 O. 
·TORG2. · · 
~)epartmenr- of' Geography., 
U~iversity·of Michig~n' 

Page 54 

Other Vers io.ns .: (TORG) 

Computer: 
Comp n er:. 

Date Received:. 
Conn·i bu tor·: 

TORG2 :· 

Computer: 
Comp i 1 er: 

Date Receíved:­
S imi lar Programs: 

Contributor: 

TORN: 

Computer: 
Compll·er: 

Date Received: 
Similar Programs: 

Contributor: 

CDC 6500 
6000 FORT·RAN' EXTENDE~ ·:, 
August,_ 1.971 . ,,, .. r " 

Computer· lnstitute for Social 
Michlgan State UniversJty 

) ' 
Coordinates, from Distances 

. 
Sciencc Research 

...J 1- 1 1 • 

The.pro~ram ~eads:a mat~l~,of distance~, and then 
produceS:·;:¡ vector; o( ·plane. coordinates assuming the 
distances relate N.points: in .a two ~-~l"[l~nsional Eucli­
dean s pace. 

1 BM 360/67' 
FORTRAN G 
Ma rch, 1'972 , )l •. 

TORG 
Department of Geography-~ 1, 

Universi!:y of M·lchigan· 

1, 

fornqvist .Multlple Location\Algorithm-_ 
; 1 ' ':1 ;~ J 'b (. ( . " ~- - - - '1 1 1 • 

'' 

The 'pr:og_ram-' det~rmines the. optimum _Joc~tions for a 
number of centers Cl, C2,, CJ, ••• ,Cm with respect to 
the transportation cost of sen·ing N d~stination.!?,. 

1 BM 360/65 
FORTRAN G r·:· 
January, 1974· •': 
ALTERN, LAP~ MAPTRAN 
Depar~ment of Geography 
University of Jpwa 

',, 



,. 

TRANS~ 

Computer: 
Compiler: 

Date Received: 
Similar Programs: 

Contributor: 

Page 55 

Solution of th~·Tr~~~~ortation Problem 

Th~ transportation pfoblem,Js vsed to determine the 
min.im'um ,total distance (or 'cos.t) and the individual 
f1ows involved in moving commodities between M number 
of supply points and N number of demand points. given 
the distance between a11 pairs o~ supply and demand 
points. 

1 BM 360/65 
FORTRAN G 
360/t~PS. 
l~ay, 1970 
r~UNKRE 

Department of Geography · . 
University of lowa 

. 1 

uther Ver·~. ions: (TRAtJS) .-

Computer: 
Compi 1 er: 

Date Received: 
Contributor: 

TRENO: 

Computer: 
'comp i 1 er: 

Date Received: 
.imilar Programs: 

Contri!"lutor: 

CDC 6500 
CDC FORTRAN EXTENDED 
CDC APEX 
December, 197r . . , :· 
Computer l~stitute for Social Science ~esearch 

' Michigan State University .. 

Trend ~urfaces for Degrees One t~rough _Six 

This program determines any or atl trend surfaces 
from fi rst through s ixth degree. Line. pr.inter maps .,. 
may be pr~duced depicting the original d~ta, the 
contoured surfaces, and the residuals from the surfaces. 

1 BM 360/65 
FORTRAN G 
May, 1970 
OVAD, MPLSQ, POLYFIT, TRE~DC 
Department of Geography 
University of lowa 

1 ' 

Other Versions: (TREND) 
. ( 

1 • 

Cornput.er: 
Comp i 1-er: 

Date Received: 
Contributor: 

' 
CDC 6500 
6000 FORTRAN EXTENDED 
August, 1971 
Computer lnstitute for Social 
Michigan State University 

~ Science Research 
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! 
1 

1 

1 1 

1 

1 

r 
1 

l q_END~: 

·,.,, 
Computer·: 
Cornp i 1 er: 

Date Received: 
Similar Programs: 

Contributor: 

TRIO: 

Computer: 
Compi 1 er: 

Date Received: 
Similar Programs: 

Contributor: 

TWAIN: 

Computer: 
Compi ler: 

Date Received: 
Similar Progra~s: 

Contributor: 

USDATA: 

Page 56 

ldentlfi~a~ion of ~patial Patterns of Di~tance-O~cay. 
Type' · 

1 1_ - 1, - .~-- • • .. 

A program designe9 to isolate succe~~íve dlstance~ 
decay pa~t~r~s fderiv~d in a st~pwise fashion) around 
c'enfra'l poTnts ~nd t~1e r-P.siduf!ls ".from these paÜ .. erns. 

,. 1 1 

, s~1 3·6o19r 
FORTRAN G · 
December, 1971 
DYAD, MPLSQ, POLYFIT, TRENO 
Department of Geography 
University of California, los Ange~es 

o¡ ,-t, J • LJ j .- • ,, ,• 

Three-D i mens i o na l 1 somet r i ~ 
1 

Di ~gram~ 

A program for:pen-and-ink plotting of three-dimerisional 
surfaces as block diagrams. Pqrtions::R~ 1 th~ grl.c!.hldde~ 
from the vievJer are not plotted. 

CDC 6500. 
6000 FORTRAN EXTENDED 
July, 1972 

;·; .. BLC K, J~9.~~T.! HAP~D •. ~~R~ ~. SURG~ l 
1 

Computer lnst1tute for Soc,1al Sc•ence 
_ · , . V . ' , , • , . , 

lichigan State Un1versity 

• • .,..,.., t 1 o-, - ' • • ., ' 't ' -

.Thts ~fqgr~m geA~rate~ a)l ~g~o~~trical~y possfble two-
'$foup,p~rt!~lo~~ of N ~9ihts .in.~ plane. lt bptimally 
solves,'th~ two-source location-aflocation problem. 

': '} 1 • ,. : 

1 BH 360/65. 
FORTRAN G 
January, 1974 
MULTI, WEBER. ~EBER! 

Depart~ent of ~~ogr~RhY 
University of lowa 

Procedure for Generating a.Data fiJe 

., 
' 

36 Socio-economic variables have be~o,tab4iated ~Y ~tat~ 
and stored internally by 9a~a statemen~~· The user can: 
call variables, make computationaJ alternations and add:: . :, 
up ~o 50. n~wly generated variables. Option is availabl~ ~; 

•• • 1 l • • 1 1 1 r.c. 
to have 50 original variables,punched or printed o~t. 

·~ o • • • 1 



Computer':­
Comp i 1 er: 

~ate Receivcd: 
Contributor: 

VALRAT: 

Computer: 
Comp i 1 er: 

Date Received: 
Similar Programs~ 

Contriburor: 
' ' 

VALRATl: 

Computer: 
..• Comp i 1 e r: 

Date Received: 
t.-

Similar Programs: 
Contribútor: 

U·~~ VAC 11 08 
F(·RTRAN 1 V 
t·I.Jrch; 1973' 
Qepartment of Geography 
State University of New Y6rk, A~ba~~ 

Contiguity Measures . ',, 

Pagt- 57 

' ' 

Computation of statistics for contiguity measures to 
provide an evaluation of the hypothesis of randomness 
in the areal arrangement of the values of a specified 
property. 

CDC 6400 
~000 RUN FORTRAN 
June, 1970 .. 
CO~~AT/'K~.~LOR ,' VÁLRATl 
Departrnent of Geography 
No r t 11'wes ter n Un i vei-s i t y 

Contiguity Measures 

'' 

,¡ ., ' 

Similar to VALRAT; however tbis version includes 
1 ¡\' .J .; • 1 :- 1 1¡ 

a test for norma 1 i ty'. ,~. · 

18M 360/65 
FORTRAN G 
October, 1971 
CONRAT, KCOLOR, 'vALRÁT 
Department of Geography 

. Un Í V e r S Í t y O ( j owa . 

. '.her Vers ions: (VALRATI) 

Computer: 
Compiler: 

Date Received: 
Contributor: 

CDC 6500 
6000 FORTRAN EXTENDED 
December~ 1971 . 
Computer 1 nst i tute fói~:Soc r a 1 
Michigan State University 

,. 

' ' 



,.., .. 
·'· 

HARELOC: 

Computer: 
Comp i 1 er: 

Date Received: 
Cóntr ibutor:•, 

H.EBER: 

Computer: 
Compi1er: 

Date Recelved: 
Similar Programs 

Contributor 

\JEBER 1 : 

Computer: 
Comp i 1 er: 

Date Received: 
Simi1a! Pr6~r~ms: 

Contributor: 

Page sa 

·A Heur.lstic Program for Locating Harehouses \.Jith 
Facil ity Costs 

• 1 

A heuristic a1g¿rithm to solve for the .,.o.ptimal' num!Jer, 
sizes, and 1ocations of warehouses at pre¿pecified nodes 
in a network, where ther~ ar~ fixed cost~associa~ed with' 
the fac·i 1 it'ies· •. ' 1The pro~:iram' ha~ its' owh' ~hortest path 
routine (shimbel method). 

IBM.360/65 
FORTf{AI~ G 
.:lanuary·,· 19711 

· Oepartment~of 
·un i'vers i ty of 

' 1 
,· 1 ' ... 

Geo'grapny 
lowa · ' 

Weberian Weight Table 

:· . 
• ·l 

' . . . 
The program attempts to find the opthum. lc·..:ation, fbr 
a facility so asto ~axirrlize~:a'ccessibi1·ity 1 tO or ;froín~.a~·, 
number of points, according "to'a vector eq'uilibriüm'mode!l" 
t~at assumes a unfform transp6rt'surf~~~. -

UfJIVAC 1108 
FORTRA!~ 1 V 
r~arch, 1973 
_!,P,0 t-1Uf.ll, T\o/Á.IN~· ~IEB€RI· ;·., 
9epartment of Geography! '' : · 
State University of New York, Albany 

One-Source Location Algorithm_:: 

_,: 

This program uses a second 'order oLerative technique to ,¡ 

solve for the point of mínimum aggregate trave1 of a c~t 
of weighted ooints In a plane. 

IBM 360/65 
FORTRAN G · 
January, 1974 . 
LAP, MlJLTI, T\-/A,IN, \~EBER'.'.: 
Department of Geography 
Unlver·s-ny of lowa": 1

' 



XCUT .' 

Computer: 
Comp i 1 er :­

Date Received: 
Contributor: 

XI1APP: 

Computer: 
Comp i 1 er: 

Date Received: 
Similar Programs: 

Contributor: 

ZSCORE: 

Computer: 
Comp i 1 er: 

Date Received: 
Similar Program~: 

Contributor: 

Page 59 

To provide rapid, approximate solutions to the·muiti­
source \/eber problem. 

CDC 6400 
6000 RUN FORTRAN 
Oc tober, 1974 
Department of Geography 
State University of f~ew York,· Buffalo 

Choropleth Mapping Using the Line Printer 

The program generates character symbol choropleth maps 
for, terminal or line printer output. Data files may 
~~ ~ntered by the user, reside in storage, or be system 
generated when testing map outl ines. Several maps of 
one or more region may be prodlJt:ed in a single run. 

CDC Cyber 72 
FORTRAN EXTENDED 
February, 1977 
CMAP, CPLETH, COBMAP, INTRMAP 
Department of Geography 
r:.stern 111inois University 

Jata Standardization 
• 1. ' 

The pr'ogram f i rst computes ~~áris. a~ci standard dev i Jr ions 
of variáb1es and then dete~m~~~i'z-scores. Output !n­
eludes a punched ~eck.of the-Z~~2ore matrix. 

UNIVAC 1108 
FORTRAN IV 
t~arch, 1973 
tWR11 
Department of Geography 
State University of New York, Albary 



ft Self Jnstructional Package: 

Ho~ to Digitize a Topographic Map 

by 

David M. Mark 

INTRODUCTION 

Digitization can be defined as the process by lVhich "analog measures" 

such as length or locat1on on a map, are converted into "digital computer-

usable form" (Peucker, 1972, p.72), in other \Vords, into numbers. When a 

. 
topographic surface is digitized using surface-specific points, kno\Vledge 

of the fonn of the surface being sampled (usually obtained by a visual 

inspection of a contour map o~ the land surface itself) is used to select 

points or lines "'lüch contain a maximum amount of "informatíon." The digit-

ization process involves 3 relativPly independ,.nt phases: 

l} The selection of the points which are to be used to represent the 

surfacf!; 

2) tltf• dc·tronninatiOil of thr· drvations (l - co-ordínatrs) o[ Nlch oí thr-

sPlected points; ano 

3) th(· determination of the planimetríc locations (X and Y co-ordinates) of 

each of thc selected points. 

The present package ís designed to instruct the reader in ho\V to perform 

particularly phase 1) <1nd to sorne extent phase 2) of tlns process. 

A: l{e;Jding Contours nnd fiitcrpol.:lttng: Whcn reading a contour mnp, onc should 

first determine the contour interval, the difference in elevations bctween 



, 

- 2 -

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, 

sirnply: Find two nearby contours on a slope which both have their elevations 

indicated; count the number 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 elevation of a point ~ on a contour, one rnust 

use interpolation, generally linear interpolation. First, imagine a straight 

or curved line perpendicular to both of the neighbouring contours and passing 

through the point. Next imagine that this line is divided into a number 

(2, 3, 4, 5, ... ) of equal divisions in such a way that one of the divisions 

falls on the point. Each of the n equal division representa (contour interval 

/ n) units of elevation, and thus the required elevation can be deterrnined. 

See diagrarn below. 

--.c:"'T----to o 

O· ISO . 
1 

q 

CD 

__ / 
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DPtermine the elevations of the eight points on the contour map below. 

~~at is the contour interval of the map? 
..,. 

If you got ~ point \o•rong, compare the corrt:>ct :>nswers with the map 

and if necessary, rP-read section A. If you still do not understand, check 

vith the instructor. 

B: PEAKS Al-JO p ITS 

Perhaps the most .Lr.iportrmd dnd mosr. easily recogr.u.aiJle sur!'a.ce-s?c>ctflc 

points are peaks and ~. wh1ch are local rnaxima and mínima respect1vely on 

surrounuing polnL..;; Lo pul 1t .¡noti~t•r wny, the lanu surfncc ~lopt•s dow11hill 

away from a peak n «ll directions. A peak is snown on a con tour map as a 
-------------- ---------

A: '3oo e .. soo 



- '+ -

closed contour loop \o•hich is higher than the surrounding territory. tJhen 

there is no evidPnce to the contLary, the peak should b~ located at the 

centrP of the closed contour (sPe diagram 3). 

In sorne cases, however, the surroundíng slopes can be used to determine more 

precisely where the highest point (peak) is located. 

li<>re in diagram 4, thP slopes clearly tndicatP that the peak is most likely 

to bp toward the left end of the closed contour. A peak need not b~ the 

highPst point on a map, and indPPd most topographic maps show many peaks; 

a peak need only be highcr than the immediately surrounding land. 

Pits are the C'xact tnvers,, of pPaks; they are po:..nts v.•hich a1·e lo\on•r 

than the surround111g L~nd and Jrc ,.llso Sli.:JWTI by a closed contour, 1n this 

case lower than th.~ surrounding tt=rr ... to¡·y. U::.ua;lv (out not ahvays) contour 

'.._/ 
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maps distinguish pits from peaks by placing small "hachures" along the 

closed depression contours. These lines point downhill and turn into the 

pit (see diagram 5). 

"p : pit 

Once again, thP. form of the surrounding slopes should be used to 

determine the exact location of the pit. Except in special types of areas 

(limP.stone areas· or "karsts" and certain types of glacial topography arP 

examples), pits are rather rare in temperate ~andscapes. 

On the following map, determine which of the lettered points arP 

ideal locations of peaks and of píts, and dístínguish between peaks and pits. 

Depression contours are not hachured in this example. 

··' ''· 

'. ' . 
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Answers 
·---

Peak Pit Neither Check your answers agains t the corree t answers 

A X on the 1 e ft. If you did not make any mistakes, 

B X go to part C. 

e X If you thought tha t G- "'as a pit, or that D or I 

D X was a peak, you have mis-read the contours. 

E X Consider point r: The are a outside the closed 

F X 50 con tour is between 50 anJ óO (the point p is 

G X on the 60 contour); thus the area inside the 
.._-

11 X closed 50 con tour must be beloY.J 50 and I must 

I X ther ef ore be a pi t. The same argumen t holds for 

J X point D. while the rev~rsP argumen t can bP applied 

K X to sho"' that 6 must be a peak. If you made any 

L X other mic;takes, pleasP re-read section B, and '--' 

1-~ X if yo u are still unsure, consult the instructor. 

~ X 

o X X 

p X 

Q )( ·--· 

C: PASSES: A pass can be deftned as a point which 1s a maximum along a 

line in one direction and at the samc time mintmum along a line at right 

angles. On a contour map, it usud1lv appears dS follows: 
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The point P is a pass: It is a maximum along line A-B and a mínimum 

along C-D. Its elevation is about 85 units. Of course the profile lines 

A-B and C-D can both be curvPd, or one set of contours less curved than 
pt"o4ut.i"l) 

the other,~ similar but not idPntical apprearancPs on the contour map: 

c. 

J~ 
1 • , 

1 ((i\'¡ 
B A 

6o 
\ 

A 

:P 
All of these passes have one feature in common: As one goes in a circle 

around the point, the land surface is, in turn, higher - lower - higher 

lower, than the pass itself. The elevation of the pass can be est1mated 

from the relative distances from the pass to the neighbouring higher and 

lower con tours. 

Turn back to lhe map on page 5 (diagram 6). Which of the lettered 

points on that diagram is a pass? 

Ans.er: C, H, and~1 only. While F and Qmay look like passes, f•xamine 

the Sf'quence of elPvations as one goes around the point; you should see 

that thesf' do not shm.• the "higher - lo"•er - higher - ·lo\<•er" sequence 

charactAristic of a pass. If you are unsure of this, see the instructor. 

D: Course LinPs and Riuw· LinPs :· 

So far, v•e have examin!?d LhreP types of surfacP-speciflc points. 

This Sr'Ction looks at surfac(•-specific lines of t"·o sorts: Course linC's 

and ridg(• linl'S. 
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A course line will be failiar to most as the centre-line of a"valley." 

These valleys have sides higher than the centre-line, and in h~~id 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 

~Á~ 
~~o-

& 
In the above diagram, A-B is a course-line. There are certain points along 

course-lines \olhich are relatively more significant and which should be 

specified ~hen a map is digitized. Th~se 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-

l1ne r·n tf'rs or 1 ea ves a map sheet or s cudy area. 

!Udge lines are the exact inverse of course lines, but dre nut .:1'> 

obvious since they are not marked by obvious features (as are often course 

linea by streams). Once again, "V-shc-1ped" contours mark a r1dge, but tn 

this case the "V"s point downhill. 

In the above diagramA-Bis a ridge linp. As in t:he case of strPanls, 0nds, 

·'-.. : 
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junctions and bends forro 1mportant points along a ridge as well as points 

where ridges enter or leave the map. On the map q~low, sketch in the ridge 

lines and course lincs 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 

I 

J 

Ridge Course Neither 
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Answers -
Ridge Course Neither If you got any \o·rong, re-check the map. 

A X If yo u really \o'ant to argue, poin t H 

B X might be considered to be on a ridge, 

e X although this ridge, if it is a ridge, 

o X is not very we11 marked. If you are 

E X unsure of why the points are as they are, 

F X re-read section o and, if necessary, 

G X consu1 t with the instructor. 
'~ 

H X 
~ ricl'le -----I X 

J X 
Cov,.se 

_, 

O 1: Re1ationships bet\o•een ridgPs and course 1ines, and peaks, pits and passes 

Course lines, vhen traced do\onhill, usually lead to either the ocean 

ora pit (often they simply l(•ad off the map at hand). They may, f'S¡wcially 

in arid areas, simply t'IHl in an arf'cl of flat ground oran alluvtal fa11. 

Similarly, vhen ridgr lines are followPd uphill they often reach a peak, 

a1though sometimes they end on a slope or at a flat plateau. Ridges and 

course lines often bear a spE:'cial relationship to passes: The two topographic 

"1ows" encountered as one goes around the pass dre often the beginnings of 

course lines, wh1le the intervening h1ghs are usually tne starting po1nts 

of ridges leading up to peaks. In fact, passes often iorm mínima on 

continuous ridges passing between two peaks. Refer back to diagrams 7, 8 and 9. 



- 11 -

Tt.e linPs C-P-D form ridges on all three diagrams. PA and PB ir. 7 form 

\o•ell marked courses, \o•hilP PB in 9 is a less "'ell developed course line. 

E: areaks of slopes: 

Another type of surface specific line is the line marking a break of 

s b;>e, \o•here the angle of slope of the land chanees suddenly. This is re-

flected in a sharp change in the spacing of the contours. Examples are 

the lines where the steep slopes of a Y'olle~ meet a broad, flat valley 

floor or gently shp1ng plateau e B 

@ 
Here, C is a course line, while A, B, and D are important bEaks of slope. 

r : Di lj i. t i z in g a 1'1 a p : 

On thP folla~,•ing attached sPction of a topographic map, do che 

follm.-'ing: 

a) Place dots (") at all tlw pr>aks, pits, and passes. 

b) Sk('tch in tl1e l"idg,•s, coursP lines and breaks of slope (if any). 

e) Place dots at 2~gn1f1can~ points along the course lines ánd ridges. 

d) If therc are any l<irg.· areas uf the map l>•ith no points, add 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 1ach point 

by interpolation. 

g) Hand in the map and a list of points to the instructor. 

(F.,,+ ,.,,.t) 
1 

1 Q.r~es+ "u""4J~,... 
( IAJt ,.,¡..1) 
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I.- RESUMEN 

Se justifica la aplicación de técnicas de Computación Gráfica al 

despliegue de variablés con significado espacial, se comentan­

varios aspectos relacionados con el "HARDWARE" y el .. SOFTWARE" -

necesarios. Algunas definiciones básicas sobre va1·iables espa 

ciales y su representación por medio de superficies son dadas y 

comentadas. 

En la sección correspondiente a algoritmos y programas se comien 

za por dar dos implementaciones para el análisis y representa 

ción gráfica de variables unidimensionales como base para el tra 

tamiento de variables multidimensionales. 

Se introduce el concepto de matriz de superficie y algunos proc~ 

dimientos oara obtenerla oor interpolación. Se establece que es 

necesario encontrar métodos más eficientes. 

En el apartado 2.5 se comienza a ~eseñar las diversas formas de 

representación de ld superficie. Se discuten las proyecciones -

ortogonaleso oblfcuas~ en perspectivae estereográficas y modelos 

tridimensionales. Los respectivos programas para computador son 

presentados. 

En 2.6 se muestran algunas técnicas para la codificación y pro­

cesamiento de lfneas y elementos de superficie junto con alqunos 



comentarios v descripciones ~·eferentes il los oroblemas de 1a rec 

ta y la superficie tapada. 

El método de Monte Carlo es utilizado para la genera~ión aleato­

ria de N caracteres en un área dada, siendo N proporcional a una 

variable bajo estudio. 

Se discuten algunos intentos de generar secuencias animadas por 

computador para estudíar el aspecto dinámico de fenómenos. 

En las conclusiones se comentan la utilidad de los desarrollos. 
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11.- INTRODUCCION 

EL_f:in ae éste trabaJO es presentar Wl conJUnto de métcao!', a1gQ_ 

--donos _y sus implementaciones aesarro11,"tdcs por el dll"-'''~ :' que 

·estan ae~tinados a la recolecc16n, procesamiento y representa 

ci6n gráfica de informac1ón con s1gn1ficado espac1al! ~s aec1r-

1nfonmaci6n de tipo socialu geográfico, tísico, etc. Inme~1ata-

mente se desprende ael planteamiento ancer1or que, daao er vo1u-

men dltamente elevado de·datos a procesar con los correspondlen­

tes cálculos laoor1osos y repetitivos, es indispensable 1a utill 

1. zacion ae un Computador D1gital. í ' 

'1 
,,, 
•, 

-, )1' 

\•', 

Un Lomputador nonmalmente cuenta con medios ae saliaa gráfica 

muy rápidos y exactos, tales como la impresora de 1 inca u la pan­

ta•la ae rayos cataa1cos y el delineauor dig1ta1. Par lo tanto, 

es obv10 que gran parte del esfuerzo de programa~· unu máquina -

este· dirig1do a procesar 1 nfonnac-ión para 1 uego re¡;r·esentar r el en 

lo pos1bie en tonma de gráticosl) aiaqramas, imágenes~ :napas, etc. 

la razón de esto es inmed1ata; la espec1al1dad llamaa2 romputa-

ción Gráfica (1..omunicac1ón entre hombre-mácJi,;a en forma qráf1ca) 

Uti11Za el cana 1 de entrada de may,.)r capacidad de rt-'<:::.1ecc1ón de 

lnformación del hombre Oa v1sión) :il;f'l'lo a la exce1ent·: hatq ~ -

aad ae cerebro numano para el reconLlcinnellto de formas""". or-eve-

mente se puede aec1r que una imagen producida por un Lomputador 

* Traducc16n de lOS terminas en Ingles 11 Patten¡ Recognitio;1 11
, 

,, 

j -:;: 

,¡•'.:::; '•, 
''1' 

'• , ... •• ¡ '111 

'1 
·'• 

' ·~: 1 ' ' .. , 
" 



maximlZa 1a transmisión de infonnac1ón a un humano. 

Toma nao en cuenta 1 o anterior, se ha ti' ato o e crear un cuerpo CQ 

heren~e de métodos de despliegue gráfico, a tin ae poder manejar 

y representar conjuntos de datos aparenremente inronmes, sa1idos 

o recolectaaos ael med1o ambiente, para asignarles su veraadero 

conteniao espacial. 

Desde un punto de vista mas tormal, la Teoria de Autómata esta -

olece que cualquier problema que sea ··compu"Lable" pueoe ser re­

suelto mediante una Máquina de Turing. La condic1ón de compu~a­

oilldaa queda oef1niaa por e! llamaao Teorema ae Turing y que al 

ce, que si un proceso puede ser reauc1do a una secuencia finita 

de pasos perfectamente aef1niaos, poará ser automatizado. 

La mayor1a de los procesos ae representación espacial de 1nforma 

_ c;_1ón pueden ser reauc1dos -a un -c.onJunto f--lll-1-to-ae--operaciones---~ 

simples y son por 10 tanto, potencialr.~f.:n~e susceptinles de ser -

11evaaos a caoo en forma autoreJtica. 

Principalmen~e se tratará en este t.ratJajs e1 proo1e,na de la gen~ 

raci6n automát1ca ae imágenes de conjuntos de resultados prove -

nientes del procesamiento ae datos recolectados en e1 mundo real. 

tstas imágenes vendrán en 1a rorma de gráflcc5, de verdaaeros mo 

delos tr1dimensiona1es, proyeccfones en éos d1mensiones del tipo 

ortogonal, oblicua, axonométr1ca, etc. F1na1mente se introduci­

rá el aspecto ainámico de1 problema con Id incorporac16n de la -
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var1ab1e tiempo, es aec1r, la producc1ón de secuencias conecta-

aas temporalmente de un fenómeno. 

DESARROLLO 

1. Aspectos Básicos.-

,' 

1.1. Equipo Necesario (Hardware) 

tl eJe de los equipos necesar1os 10 constituye el -

~omputador. Este es un disposit1vo capaz de acep -

tar 1nformación, procesarla baJO e1 comando de una 

secuencia ae instrucciones \Programa) almacenadas -

en la memoria~ y aevolver los resu1taaos a través -

ae un meaio oe saliaa. Cualquier computador de los 

que ex1sten actualmente en el mercado es capaz de -

producir 1mágenes elementales de conjuntos de aatos 

que representen distr1buciones espaciales. El 1íni-

co requer1miento es que se d1sponga de una memoria 

lo suf1cientemente grande como para poder almacenar 

la gran cant1daa de Información necesar1a o en su -

defecto un s1stema operat1vo que utilice técnicas­

ae memoria virtual {suponiendo la existencia de al-

macenamien·:o secundario). 

como mectio ae salioa elemental debe nisponerse de u 

na impreso1·a nonna 1 de 132 caracteres por 1 íned, 



aunque si se est~ dispuesto a aceptar 1as lógicas 

1im1taciones ae t1empo y espacio, se puede nasta -

utilizar la salida de un teletipo. 

E1 disposit1vo ae saliaa más exacto y versát1l que 

exis~e actualmente lo constituye el uel1neador Di­

gital ~2), las carac~er1sticas, ventajas y desven­

tajas ae cada uno ae los d1spositivo~ anteriormen~ 

te mencionados estan reseñaaos por el autor en la 

Ref. l. 

1.2. LenguaJes ae Programación Sortware) 

Induaablemente que se necesita un lenguaJe algorí! 

mico de alto nivel tipo Fortran o Algol. La inmen 

sa mayoría ae los desarrollos a n1ve1 mundial han 

sido hecho_s __ l!~a11d9 __ e_ggs_ _go~ __ ,_eoguaJ_es_. __ ExJ s te __ en __ _ 

la l1teratura intentos exper1menta1es de crear le~ 

guajes orientaaos al problema (POL) (3) pura el 

tratamiento particularizado ae líneas, superf1cies. 

contornos, etc. pero nasta la fecha no hay nada -­

concluyente. 

tl lenguaje usado por el autor es el Fortran Iv i~ 

plementando med1ante un compilador bastante pooerQ 

so y versátil por 1a Compañía Burrougns en un Com­

putador B-~sou. Un conjunto ae seis ~6) rut1nas -



.. ---

o 

básicas de computac16n gráf1cas creadas por el grupo 

ele Software ele la Compafli'a Calcomp, permiten coman -

dar adecuaaamente el uel1neador Digital anexado al -

ts-5500 

Existe en la U.C.V. o~ro poderoso computaaor, ub1ca­

~o en la Facultad ae C1encias, pero por carecer de -

Delineador 01gital no ha sido posible utilizar esta 

lnstalación en el d1seño de técn1cas de Computación 

Gráfica. 

i.3. Variables Espac1almente D1stribuidas. Superf1cies 

S1 se tiene una d1stribuci6n espac1al ae valores so­

ore una reg1ón, cada punto puede ser ident1ficado 

por sus cooraenadas X e Y, relativos a un origen ar-

b1trario. A cada punto se le puede nacer correspon­

aer el valor de 1a variable de torma tal que le sea 

as1gnado una "altura 11 proporc10nal. Los ~res conju!!_ 

tos {x} ' {v"l ' {z} definidos en esta forma 

constituyen un conJunto {o} ae datos que poste 

riormente ditin1rán una superf1cie {s} 

txisten varias formas de recolecta¡~ la lnformdción -

para constr·uir la superf1cie {s) . La primera CO!!_ 

siste en utilizar un reticulo elementos cuaaraaos o 

rectangulares. LOS datos se recoJen por lo tanto a 



intervalos regulares. El segundo m~toao s1gue los 

cambios de dirección de una línP.a de altura constan 

te para producir una curva oe n1vet. Usualmente la 

intormac1ón es recolectaaa en puntos de caordenadas 

a1eator1amente distr1bu1dos; esto pueae producir 

que se 11 escapen" puntos singulares. En cuarto lu--

gar, se recolecta solo los puntos de mayor conteni-

do 1nformativo, tales como picos, val 1es, pasajes, 

puntos singulares, etc. 

El métoao más usado en este trabaJO cons1ste en re-

colectar la intormac1ón en forma aleatoria; even 

tualmente en el caso ae estuoios de pob1ac1ón - se 

usa el método de 1os puntos con máximo contenido de 

1nfonnaci6n. 

que defi -

nen a {o} regular o irregulannente distnbu1dos , 

se requiere procesar aaecuadamcnte a {o} para pr.Q_ 

duci r a {s) , ae tal foa~a que sea contínua y 

func1onal, es decir que para cada par (X, Y) exista 

un solo valor de (Z3 

Para manejar matemáticamente 1a superfici9 se pue -

den util1zar dos tipos aiferentes de expres1ones. 

La primera consiste en usar una matr1z cuadrada o -



rec~angular en donde cada elemento es asignado al e 

lemento corresponaiente ael retículo ut1lizado. El 

or1gen de coordenadas se toma en el ángulo superior 

izquierdo del retículo (ver tig. ). 

El segunao t1po ae representación v1ene daao por e~ 

pres1ones analít1cas de tipo tr1gonométrico o poll­

nómico. La ut1lizac16n de cada técn1ca en particu­

lar ~ependerá ae las prem1sas 'hechas in1cialmente! 

cerca del comportamiento de los puntos sin lnforma­

ClÓn o puntos del retículo {R} 

una primera hip6tes1s es establecer que los puntos 
' 

con información son representativos ae los puntos -

en su cercania, implicanao esto que 1a superficie 

es~á formaaa por un conjunto ae superficies más pe-

queñas horizontales a aiferentes alturas. Si un 

punto cualquiera ~ama el valor det punto con 1nfor­

mac16n más cercano la representacion se 1 1ama de 

proximidad. ~i los puntos toman su valor de acuer-

do a suolím1tes previamente estableciaos, la repre­

sentaclón es llamada de conformidad o coropletas. 

tn ambos casos estamos asumiendo que la superf1cie 

es aiscont1nua. 

S1 se establece que la superficie es cont1nua es~o 

1 



1mp1ica que la primera derivada ae la función es ta~ 

bién continua y los puntos de retículo {R) toman -

su va1or por interpolación lineal a part1r de los -

puntos ~on inform3ción {o) 

Una tercera posiuilidaa es suponer que los valo1·es -

~e los puntos ae información t1enen errores ae meai-

ción y que por 10 tanto la superf1cie no necesaria -

mente pasa por ellos. Por mé~odos de mínimos cuaara 

dos se pueae aJUStar pol1nomios en X e Y de pr1mero, 

segundo o mdS grados. 

La cas1 total1daa de aos experimentos hechos por e1 

autor, ut1lizan el método matricial para representar 

la superf1cie. Esto se debe a que es sumamente cómQ 

ao la manipulación de arreglos usando el leng_u~Ue ___ :_ 
-. ~ - - -- - -- . ~ - -- - -- - - - - - - - - -- - - - - -- -- --

Fortran IV, junto a la elaooracion ae los métodos nu 

méricos necesar1os. Se na seleccionaao una matr1z -

tipica ae 50 f1las por 120 columnas. Esto se debe -

al hecho de que los 6.000 elementos resultantes lle-

nan cas1 completamente una hoja ae saliaa de impres~ 

ra (57 líneas de 132 caracteres) perm1tiendo así ha-

cer aaecuadas representaciones ae la supertic1e uti­

lizando la capaciaad ae sobreimpresión de caracteres 

para este disposit1vo ae sali~a. 
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2. Algoritmos y Programas.-

2.1. Representaci6n Gr~fica de Vaiiables Unidimensionales 

y sus Análisis Estadísticos 

Aunque este traoajo hace h1ncapiª en el anál1sis y -

representaci6n de variaoles en aos y tres d1mensio -

nes, a manera de paso introauctorlo se reseñarán al-

gunos desarrollos para el caso unid1mensionat. Se­

ha creido conveniente nacerlo así mot1vaao a que una 

ouena parte de Jos algoritmos empleados en estos ca-

sos elementales son tamb1én util1zaaos en los casos 

mas avanzados. 

2.1.1. Una Variaole Simple 

~e t1ene una función y= f(x), y se desea 

representar su gráfico meaiante 1a impreso­

ra de línea del Computador. La idea cons1s 

te en convertir el rango de va1ores de f(x) 

en un vector alfanumérico de longitud var1a 

ble proporc1onal. ~i los valores de f(x) 

es tan en 1 os 1 nterva 1 os [ ~ a, ~ b] ' 

b a, para et caso general, f(x}- Min (f 

(x)) representa una translac1ón del origen 

de manera que los nuevos valores f1(x) va­

rlaran entre O y el valor del rango r que 

9 
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posea f(x). uiv1diendo tooos 10s valores 

de fi(x) pur e1 máximo valor de f1(x) se 

ob~iene una nueva funci6n f2(x) normaliz~ 

aa a& im:ervalor [o, 1] Basta enton-

ces mult1pl1car los valores de f2(x) por 

el máximo valor aeseado de! vector alfanu 

mérico (generalmente 120) para que se ob-

~enga un conjunto ae valores enteros que 

varían proporc1onalmente a la función 

f(x) original. 

El programa mostraao en la página 12 ju!! 

to con sus resultados implementa algunas 

de estas iaeas. E1 eje x vá a lo largo -

de &a forma continua y el eje y perpendi-
------------- ------ -- ----- --~--- -- - ------- - ~-- ------- -------- - ---------------------- ---------------------------------~-

cular a ella. 

E1 programa tunciona así: se leen los da 

tos de entraua {o} a partir de los cua 

les se calcula el promeaio S 1 a va-

rianza SO y la aesviación típica OS. 

Se 1mprimen estos resultados y se calcula 

el máximo del conjunto. Las instrucc1ones: 

DllJ 11 1 = l,N 

11 B(I) = A(I)/MAX*114+1 



transforman el conjunto A(IJ en otro B(I) 

que varfa entre 1 y 115 en forma propor -

cionaa y en correspondencia biun1voca. 

O' 13 J = 1, B(I) 

13 OIB(J) = "X· 

toman el valor actual de B(I) como valor 

variable del lfm1te superior del rango de 

de la instrucción omp haciendo que el vec 

tor alfanumérico DIB(J) sea llenado ae -

oos caracteres Xp H~ O, I etc. para ser -

sobreimpresos baJO la dirección del lazo 

más exter1or 00 12 I = lD N. E1 grático 

' resultante puede verse en la pág. 

la primera columna de cifras representa -

el número ae secuenc1a en que vinieron o-

rlginalmente los datos. El vasor ael aa-

to prop1amente viene en la segunaa colum-

na a cuyo caso aparece una h1lera de pe-­

queños rectangulos ennegrec1dos cuya lon­

gitud es proporciona¡ ~ la variable. 
\ 
' 

11 
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S CAhD LIST HOL SINGLE LIHIT 10 
SJNt.LE ILLE\IAL 

J•OUT,UNIT•PRl~llR 
l~ALF~12 ,u~IT•R~AOEk 

COhSTRUCT O~ UDLLAN CARO XXXX 
R OOOl 

R 000( 
R 000( 
R OOOl 

rlLE 
r1LE 
e 
C PR~GhAHA PARA OESPLE~AR ~hAflCAHE~TE UNA VARIARLE UNl01MlH5IONALo R 

R 
000( 
OOU( e 

~IHENSION A(500) R OvOl 
~EAOCl1l)N R OUO( 

1 tURMATCil) R 001( 
klAO (1,2) (A(I)•l•l•N) R 001( 

e tUHHAT ClO F8el) R OU21 
~HlTECJ,9) A R 0021 

~ fURMAT ClOX1"TEMPERATURA MEDIA"/1//~(lOrlO,J)J R OOJt 
~·O R OOJf 
uO 3 l•l'N R OOJt 
~~S+A(I) R Ov4' 

3 LO~TINUE R 0041 
~ROM~S/N R 0U47 
~o=o R oo4f 
~U 4 I~l,N R Ou4~ 

~ SOzSO+CA(J)oPROH)**2 R 005~ 
uS•SQRT(SQ/(N•l)) R 005t 
~klTE (),8) S,PRUH1S01D& R OObl 

~ FOHHAl("l"•9X••S~HA uL LOS OA10S3"Fl0o~¿/10X•"PROHE0103"F10o2//10X R Ou77 
*'"SUMA DE LAS OlS~JA,10hES•"F10 8 l//lOX,wOE~VIACION TlPicAaA,FlOol) R 0077 

kEAL MAX R 0077 
HAX• A(l) R OJ71 
úO 5 1•2,N R Ov7t 
lf(ACI>,LT,kAX) GO YO 5 R ooa; 
MAX: ACI) R OG8t 

~ LO~TI~UE R 008~ 
hRlTECJ,lO) MAX R OOB~ 

lU ~UHMAT ("0",9X,"lLEMlATU MAXIk0a~,r10e3) R OlOC 
hHlTE(J,l8) R OlOC 

1 b F URHA T ( "1" • 2X' "~", 4X, "VAR 1 ABL[ '"g 30l(.ooeGRAf 1 CO"' /JX1 ""'" 1 4X 1 ________ -~R --0~1~0" -------
_J_ ______________ ---! "_·:··:.:':'"!-_._:' "~ ~}~0-~~!.. ~~ "'":-~'!'.o_aft_ 1-l/ ):=:..-=-:=:::.....---=---_:-_-~---:..:_-::.=-=_==-===~-:-::-_-_-.::::-~----------- -R-- ·o l C 4--------
-¡ ~- - -- - - - - - - - -- - - ·¡,¡¡ M E N 5 I O N 8 ( 5 O O ) , D 1 8 ( l1 ~ ) R O 1 O ' 

1 1,0 11 l=l•N R 010~ 
·, 11 b(J):A(J)/MAX •114+~ R OllC 

IJO 12 Icl,N R 0114 
~O 7 ~rt,115 R 011\ 

7 ~~~(K):" " H C12t 
~U 13 Jet,BCI) R 013' 

ll IJI~(J):"X" R 0137 
hkiTE<J.t4) DIB R 0141 

l~ ~UHMAT (17X,115Al) R 01~< 
IJU 15 Jcl,B(J) R 015< 

1~ IJlbCJ)•"H" R 01~) 
~HITE <3•16) OIS R 016J 

lb fUkMATC"+"•l6A,ll~A!l R 017~ 
IJU 19 J=l•Btl) H 0174 

1~ vlb(J)c"O" R 0181 
hklTE Cl•l~) DIS R 0185 
IJO 20 Jat,BCJ) R 019! 

20 IJIH (J) a"J" R Ol04 
~klTE (3•16) 018 H Q¿Jt 
hklTEC3,17)l•AC1) R 02lt 

17 fúHMAT("+ 10 ,13"a 10 1fl0e~» R 023( 
1~ CO~TINU[ 

STOP 
LND SEGMENT 

SEGMEhT 

R 02J( 
R 0234 

1 IS 
2 lS 



11 VARIABLE ··-····· 
t• J.to 
2'" • .10 
J• 38.70 •• 14,50 
5• e.1o 
6• 10.30 
7• 9,41 
e• 3,10 
9• 40.10 

tO• ~.lO 

u· •e.oo 
12• 2~.30 
tl• 28.60 
14• 31 .!lo 
15"' 41.60 
16• ll .Jo ,, .. 31.60 
18• lt,JO 
19• 71,30 
;,.o- 21,)0 
;rt• 80,30 -2· 9.10 
j¡J• •e.5o ., ... 58,1!0 
:&5• ll,JO 
il:6• 1G0,30 
~7· 99,50 
ii:B• 27.~0 

-~ .. 11!,40 
lO• 3t • lO 
ll• 3t ,50 
32• 10,30 
JJ• 71,40 
]11• 59.90 
.t~· 38,1 o 
.16" 6.10 
l1"'" e 1,1 o 
J&w 26.40 
!9• 95,50 
6C• a a .l n .,. &'6,60 
112• 1;>,20 

·~- 7:<. 1 o 
~~- 60,90 

--~- J9.4Q 
06° 44, JO 
47• 92,30 
•&· í:9. 1 o 
&"• 91,~n 

~o· 79,00 
)!• 21,10 
)2• 44.10 
)l• 7), )0 
)4• 7t,90 
)~- ~0,60 
)6• llo40 
~7· 8~,40 
)8• 70,60 
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--------- - - -- - -- --

2.1.2 Análisis Estaaíst1co ae una Variable Sim-

El siguiente programa reallla un anál1sis 

estadístico de un vec~or ae datos y gene­

ra un conjunto de tablas y gráticos que a 

yudan a la 1ntcrpretaci6n rápida y _ efi-

ciente de 1os resultados, 

Una vez que se introaucen 1a cantiaad n -

de da~os a procesar y tres parámetros que 

aef1nen un histograma. se ootendrá como -

salida la siguiente intormac16n: 

a. Conjunto de aatos originales 

b, El mismo conJunto de da1:os a.r.ig1nales 
-- --~-- ~-- ----- ------- ------- -- ---- --------------

--~--- --~ -_ -pero~-c),=-iena-dos- eñ -rorma- ascend~~fe-s- --

(con tincs de cornprobilci6n) 

c. Promeaio 

d. Desviación típica 

e. Suma total del conjunto· de datos 

f. Números n de datos 

A cont1nuación vendrá una taola a 6 colum 

nas con lo siguiente: 

g. Clase 

h. l ímhe superior ae cada e'! use 



i. Frecuenc1a de11tro de la clase, es ae­

cir, cuantos elementos o aatos caen 

dentro de ella. 

j. PorcentaJe individual 

k. PorcentaJe acumula~ivo 

1 • Res 1:0 acumu 1 a T.i vo 

m. Dibujo de 1 ln s tograma. Giranao 90° a -

la izqu1erda e1 papel ael Computador .. 

se puede aprec1ar que nac1a la derecha 

ael usuario progresan posit1vamente 

las c1ases especif1cadas, y hacia arr1 

ba está la frecuencia. la altura de -

caaa barra de1 histograma es igual o 

proporcional al número de rectángulos 

negros. 

n. F1nalmente se diouja el gr5tico de 1a 

d1stribuci6n acumu1at1va relativa en -

el rango 0-100. Este gráf1co permite 

(dentro de cierLa precisión) e1 cálcu­

ao de la mediana, percentiles, cuartl­

les, etc. 

Si ~enemos un conJunto de datos siguiendo 

cierta ais~riouc16n probaoilística, pode­

mos en este caso representarlos por la cur 

15 
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o 1 2 

va continua de aicna d1stribuci6n~,a.saoer: 

3 4 

NUMEROS 
5 6 7 8 

Poaemos ahora defin1r los tres parámetros 

generales que caracterizan un histograma. 

A =Límite super1or ae la clase más infe 

nor 

8 = Ancho de la clase 

e = Número ae clases 

Si para la di s tn buci ón prooab1l ística de 

la figura def1nimos: 

A = 1.5 

B = 0.5 

e = 14 

-
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Lo que graf1camente será: 

CLASE 13 

l 

1 2 3u 5 6 7 

LIMITE SUPERIOR 
DE LA CLASE 
MAS INFERIOR 

ANCHO 
DF. LA 
CLASE 

Con esta general1zación, cua1qu1er aato que 

se encuentre en la recta será catalogado en 

una clase, independientemente de como hayan 

siao definidos los tres parámetros ae1 aná­

lisls; este caso puede presentarse cuando -

el usuar1o intenta hacer un anJlisis esta-

distico de un conjunto ae datos que no con~ 

ce bien. en esta situac1ón poará hacer un -

tanteo preliminar. usando 1a d1stribuci6n 

CLASE 14 

j 

8 
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o 1 

anter1or podría especif1car: 

A= 3. 

B = l. 
e = 7. 

con Jo que la situación sería: 

CLASE 1 

2 3 4 5 6 7 

Al correr el programa con estos parámetros 

vemos que el histograma ob~:;enHh tenor:i la 

clase 1 un tanto recargada~ mientras que -

la clase 7 tenará cero elementos. Un se--

gundo exper1mento 1e perm1tirá co1ocar me-

jor la 11 trampu ae números", 1ogranao, por 

ejemplo, a1go pareciao a la fig. 

CLASE 7 

8 



Como ejemplo se oesea anal1zar un conJunto 

de 536 datos donde el mayor vale 135 y el 

menor -8. 

~e han seleccionaao los s1guienr.es grupos 

ae parámetros: 

a) A = 43. 

B = 42. 

e = 10. 

b) A = -10. 

lj = 8. 

e = 25. 

e) A = 15. 

B = 7.5 

e - 3o. 

Puede observarse en 1 a pág. 32 que prime­

ro aparece el vector orig1n~1 de aatos. 

Para la pág.33 corresponae presentar e1 

vector oroenado ae menor a mayor; por pro­

olcmas ae espacio no se han mos1:raao tudos 

los datos (solo has1:a el valor 41.). En la 

página siguiente se encuentran el anál1sis 

para e1 grupo ae parámetros a) como pueae 
deducirsew es muy poca ld intormac1ón que 

19 
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puede conseguirse. dado que el ancho de la 

clase es excesivamente Cllto y el limite su 

perior de la claJc más inferior también. 

Incidentalmente se notar§ que el eje de -

frecuencias del histograma fué graduado au 

temáticamente entre O y 480 unidades. Es 

.to se debe a que el programa detectó que ~ 

na de las clases era m~yor qup 120, escala 

normal del eje de frecuencias. 

Para los casos b) y e) puede notarse que -

la distribución tiende a ser normal; para 

el caso de b) la clase 8 es la de mayor -

frecuencia y está comprendida entre 38. y 

46.: Las clases 16 y 17 están desiertas; -

el gráfico de la distribución acumulativa 

(al cual se le hu dibujado p~.-:..terionnente 

una curva para facilitar la interpretación) 

muestra por ejemplo que el primer cuartil 

cae aproximadamente en la clase 6 \22. - -

30.) cte.* 

Queda al usuario estudi:lr deterlidamente el 

ejemplo y sacar sus rropias conclusiones. 

* Si se desea r¡¡ayor prec. isi6n en el cálcu 

1 o de perc(·nti 1 e~ debe decl u.rarse un an 

cho de clase n~s pequcno. 



Finalmente el 1istado Je1 programa aparece 

de las págin¿ ?.7 ~ ia 31 

2.1.2.1. Con1entarios Genera·¡ E.!S 

El programa t.icne una· capacidad 

máxima d~ 960 datos y puede de­

finir hasta 240 clases diferen­

tes~ sirl embargo estas capacid~ 

des pueden Vutiarse cambiando­

el dimensionamiento de las va-­

dables. El programa explora -

e1 vector de frecuencia de lar­

go e para detectar el punto a -

partir del cua1 todas las fre -

cuencias valen cero. De esta -

fon;~.1 e vi L0¡;;:;s im¡:;r in;i r 1 as po.!:_ 

ciones ue lus ¡,)blas y gráficos 

que vaiuuncero, esto viene in­

dicado ¿¡ la salida por un títu­

lo qut: d:ce "el rcsLo de las 

frecuencias vJ1cn cero". 

La grad~ación 1e los ejes de 

frc~uencia para e1 histograma -

es variable y autoruitica. Se -

21 
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2.1.2,2. 

dispone de cuatro escalas: 120, 

240, 480 y 960; sin embargo el 

usuario no interviene para nada 

en estas asignaciones. 

Los cálculos del promedio, des-

viaci6n típica, suma de los da-

tos etc., se imprimen una sola 

vez, de forma tal que no apare­

cerán a partir·de la segunda ta 

bla. 

Existe una segunda versión del 

programa que elimina la necesi-

dad de declarar los tres parám~ 

tros A, B y CD y por lo tanto -

el análisis previo del conjunto 

de dato:; para ohLcncr dichos P.! 

rárnetros. En este caso bastará 

con declarar el ancho de la cla 
', 

se, o sea el valor de B. 

Funcionamiento del Programa 

(Versión II) 

Después de leer los datos y el 

ancho de la clase B~ se llama -



la rutina Sort que ordena el -

conjunto X(I) de nGmeros y los 

iillprime en su nuevo·· orden. ' Se 

c&lctula e1 promedio y la des -

vi ación t'ípica •. El rango se -

cálcula mediante la operaci6n 

AN = X(N) - X(l) del vector or 

denado. El número de clases -

viene definido por la expre 

si6n C ~ AN/B·+ 3, es decir,­

e1 rango dividido por el ancho 

de clase más un margen de tres. 

Una prueba lógica comprueba 

que 3 ~ C ~ 240. Si no se -

cumple la c:oncición el progra­

mn autom~ticrunente desiste del 

c51culo. El líuite superior­

de la clase mi:ls inferior que -

comprende todos los valores en 

-oo y c::l comienzlJ de la 

''tr·arr.p.:t de númer·os" se cál cul a 

por 1a ex¡.¡resión A = X(l) - B* 

l.úl, es de· ... ir el priu1cr ele­

mente ordenado menos el ancho 

23 
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' 1 

' ¡ 

' de clase. El cálculo del núme 

ro de elementos que cae en ca-

da clase se hace mediante las 

i ns trucci ones: 

D~ 4 J = lpN 

D~ 5 I = lp C - 1 

IF {X (J). GT. (A+ B * (I-1})} G0 T0 5 

II = II(I) + 1 

G0 T0 4 

5 CONTINUE 

IF(I.EQ.C-1) II(C} = II (C) + 1 

4 CONTINUE 

el diagrama de flujo es: 

do 
--------------------------~·~------------------~ 

U (I) =II(!)?I X(J) >A+ B (I-1) 

Ic Itl 

I=l 

XI(C)a:¡, , ~)ti 

< 



En líneas generales la lógica 

del algoritmo establece si el 

elemento X(J), J = 1, N cae 

o no dentro de cada intervalo 

en particular. La expresión 

A+ B (I-1), 1 = 1, e- 1 va 

seleccionando cada intervalo 

en particular. El vector 

II(I) a través de la instruc­

ción II(I) = II(I) + 1 va a­

cumulando uno a uno, la canti 

dad de elementos que pertene­

cen a cada clase. Siendo es­

ta parte del programa la más 

importante, lo que queda es Q 

perar con el vector II(I) 

(que representa la distribu -

ción probabilística) para prQ 

ducir la distribución acumula 

tiva, etc. El resto del pro­

grama se dedica a llamar u~ -

conjunto de subrutinas que g~ 

neran los gráficos y las ta-­

blas. La primera es CUMUL -

25 
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que genera los gráficos de la 

distribución probabilística. 

Nótese que el aspecto de cada 

histograma varía d~ acuerdo -

al ancho de clase escogido B. 
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ll.oo 2o00 loOO 6oOO a.oo 9oOO 6oOO loOO u,oo 12.00 SloOO 10,00 43.00 135oOO 99o00 124.00 aooo 2o00 45.00 S6.00 42.00 5l.oo 86 .o o 23.00 ot.oo 52.00 96.00 23.00 62.00 69o00 43oOO ra.oo 1 taooo G7o00 ~~~..oo 32.00 :u.oo 98o00 ~6.00 43,00 

1 
u.oo 12.00 SloOO 10.00 43.00 llSoOO t.~r.oo 56.00 o.oo 2,00 45.00 56.00 49.00 SloOO 86o00 2lo00 

1 0 1 oOO .. 2.00 0 3o00 "'3oOO 0 ~o00 0 8o00 "'loDO .. 5.00 
1 ss.oo 'j6 o 00 45.00 S3o00 132o00 65oOO 66o00 52,00 1 R2l o 00 125o00 126.00 127 .o o K25 o 00 UloOO l29oOO l26o00 . ! u. 00 l2o00 SJ.OO 10.00 l1lo00 ll2o00 ll 1 .o o 56.00 • 1 65oOO 86o00 6lo00 52.00 S2o00 l.lloOO 5loOO 6loOO ,- ' 

2'5.00 96.00 6lo00 20.00 ls.on 68,00 96 .o o S4o00 &2.00 12,00 •n.oo to,oo 43.00 135.00 99.00 1.40 l?oOO 12.00 SloOO toooo lll,OO 135. o o 99,00 lo40 1.17.00 6!1.00 35 .o o 25o00 25.00 90,00 sa,oo 35,00 .. 
99.00 6J.OO 52o00 63,00 65,00 75o00 86oOO 96,00 18,00 36.00 56o00 35.00 69.00 25o00 86.00 35,00 66.00 96,00 83.00 42,00 9.0.,00 6lo00 Jo.oo 42,00 7'5,00 6lo00 42.00 5lo00 15,00 69.00 ~e.oo 38,()0 t~7.oo 69,00 l&oOO 69,oo 11.oo 28oOO 27eOO l8 .or 1.11 oOO 1.12,00 43,00 44,00 45,00 46o00 42,00 111,0(.¡ 



VEC .. ~ DE DATOS ORDE~ADOS 
•••••v••aPD••••-••• 

•8,00000 •5,ooooo •4,00000 •3,00000 •3,00000 •2,00000 •1,00000 •1,00000 0,00000 o.ooooo o.ooooo 1,00000 1,40000 1,40000 2. ocor.o :?,00000 
~.ooooo 2.ooooo 2·00000 'lolOOOO l.ooouo l.ooooo 4.ooooo 6o00000 6,00000 6,00000 1\,00000 8.ooooo 9,0000Cl 9,00000 10.00(,00 10,00000 10,00000 10,00000 10,00000 10,00000 10,00000 10,00000 1(),0000 1 10,u00CO 

10,00000 10,00000 11,00000 12,00000 t2,ooooo 12,00000 12.oococ l~.OOOvO 12,00000 12,00000 12,00000 12,00000 12,00000 12,00000 12,00000 1?,00000 1:?,00000 12.00000 12.00000 12.00000 12,00000 12.00000 t3,ooooo 14,00000 
14,00000 111,00000 14,00000 111,00000 t/1,00000 1!>,0000C 17,00000 17.00COO 17.00000 17,00000 17,00000 17,00000 17,00000 18,00000 20,00000 ?o.oooco 
<'0,00000 20,00000 20,00000 20,00000 20,00000 20,01)000 ?0,00000 20.000~0 'lO,OOOOO 20.0(1000 2o.ooooo 20.00000 20.00000 20.00000 2o.ooooo 21.00000 ?1,00000 21,00000 21,00000 23,00000 23,00000 23,00000 23,ocuoo 23,00000 
23.ocooo 23.ooooo 23.ooooo 23,ooooo 23,ooooo 2). IJOO 00 23,o;:Joo 2o.o::coo 25,00000 25,00000 25,00000 2'l,OOOOO <'5,00000 25,00000 2'i, e· o iJ r· ,1 25,00.)00 25,00000 25,00000 25,00000 25,00000 27,00000 27,00000 2r:I,OC'JCC 28,0000C 
28,00000 29,00000 30,00000 30,00000 30,00000 30.0(.;000 ~0.00001) 30,00COO 30,00000 30,00000 31,00000 32,00000 32,00000 32,00000 32,00~J0G 3?,00000 32,00000 32.00000 32,00000 32,00000 32,00000 32,00000 JI¡. ocooo 35,000CO 35,00000 Js.ooooo 35,00000 35,00000 35,()()000 35.00000 36,00Jfl0 36.00000 36,00000 36,00000 36,00000 36,00000 37. oocoo 38,00000 38,00000 38,00000 
:18.00000 38.00000 38.00000 38,00000 38,00000 39. t10000 39,00000 40,00000 40,00000 41oOOOOO 111.00000 u.ooooo 41,00000 41,00000 4lo00000 41,00000 41,00000 41.00000 41,00000 111,00000 llt.ooooo 4l,COOOO 111,00000 41,00000 111,00000 41,00000 41,00000 llloOOOOO 41.00000 lll,OOOJO 111,ooooc Gl,OOOOO 
41,00000 112.00000 42,00000 42,00000 42,00000 42,000<.:0 o2,0000G 1!2.COCOC 42,00000 112,00000 42,00000 42,00000 42,00000 112,00000 42,00000 42,CCOCO 42,00000 42,00000 42,00000 42,00000 42,00000 42,00000 42oCfCOO 42,00000 112,00000 42,00000 il2,00000 4?.00000 42,00000 42,00000 112. or.~voo 4),00000 43.00000 43.ooooo 43,00000 43.00000 43,00000 43,00000 43,0:!000 43,00000 43,00000 43,00000 43,00000 43,00000 43,00000 43,00000 u.or. co 45,00000 05,00000 4S,ooooo 45,00000 45,00000 45,00000 45,00000 IIS,OC"J~ 45,00000 45,00000 os,ooooo 45,00000 45,00000 45,ooooo 45,00000 45.oo,.::ao 45,00000 46,00000 46,00000 46oOOOOO 46.80000 47.ooooo 47.00000 ¡¡7,ooo.:'l 47.cocoo 117,00000 47,000~0 117.00000 47,00000 48,00000 49,00000 49,00000 ~9.0000) 49,50000 50,00000 So,ooooo 50,00000 50.00000 52,000()0 52,00000 52,00000 52,1)0~00 52,00000 52,00000 52.00000 52,00000 52,00000 52.0Cl~O(I ~2.00000 52,00000 52,00000 52,00000 52.00000 52,00000 52,00000 52,00000 52,00000 52,00000 52,00000 52.00000 52.00000 53,00000 53,00000 53,0000J ~3.00000 53,00000 53,00000 53,00000 53,00000 53,00000 53,00000 53,00000 53,Cl00CO 53,00000 SJ,ooooo .,3,00000 53,00000 53,00000 53,00000 53,00000 .,~.00000 53,00000 53,00000 53.00000 53,00000 53.00000 53,00000 53,00000 '33.00000 

- 53,00000 54,00000 54.00000 511,00000 54,00000 54.00000 55.ooooo 56,00000 56,00000 56,0uOIJO 56,00000 56,00000 56,00000 56.00000 5e.,ooooo 56,00000 !>6,00000 'i6,ooooo 56.00000 56,00000 56,00000 56.00000 '36,couoo 56,00000 57,00000 57,ouooo 57,00000 57,00000 57,00000 57,00000 se,coooo 513,00CJO 58,00000 !>8,()0000 56,00000 58,00000 60,00000 61,00000 62,00000 6?,0COCO 63,00000 63.00000 63.00000 63,0COOO 63,00000 63,00000 63,vouoo 6J,OCOOJ 63,00000 ol,ooooo 63,00000 63.00000 6),00000 63,00000 63,000('0 63,000CO oJ.oocoo óJ,ooooo 64,00000 65,00000 65,00000 65,00000 65,GCOOO 65,00\JCO 65,00000 65,00000 65,00000 65.00000 68,00000 68,00000 68,00000 68,0CCCC 66,00000 63,000;)0 68.00000 68,00000 69,00000 69,00000 69.00000 69,0CCOO 6?,00000 69,00000 o9,00000 69,00000 6Q.OOOOO 69,00000 7Q,OCOOQ 7 3, OOJS·:: ¡· ... ooouo (q,ooooo 14.00000 74,00000 75.ooooo 75,oüouo T<:J,ooooo 75.00'.JCO . 5. o 0111) o 15,00000 75,00000 7'5,00000 75.00000 77.00000 78,00000 1'6,000 - c. 
" 



ESTAOISTICAS CALCULADAS 

PI\OHEDIO OE LOS DATOS 49,825 OESVIACION TIPICA 28,888 SUMA o E LOS DATOS 26706, hU~ERO DE DATOS 536 

CLASE: LH4l TE FRECUENCIA 
SUPERIOR OBSERVADA 

l l.lloO 246 
2 as.o 216 
l 127 .o 68 
4 169.0 6 
5 999999,0 o 

n RESTO DE LAS fhECUENCIAS IIALF.N CERO 

PORCENTAJE 
INDIIIIOUAl 

- 45,90 
40,10 
12.69 
le t2 
OoOO 

ocooeaoo•• 

PORCENTAJE 
ACUMULATIVO 

•s,9o 
16,19 
9&,88 

100,00 
100,00 

RrSTO 
ACUMULATIVO 

54 ,lo 
lle&l 
lol2 
o.oo 
o.oo 

FRECUENCIA 
CLASl 40 80 120 160 200 240 280 3~0 l~O- 400 440 480 

o•o•o•a·~~··•••ooOo+o•aaoooa•+ 0 o•ooooo•~oooo•••o•t•oooea•-•••~••••Doo~ooaooao•o~ooaa•oO•a+•ooo~o•••~•••oooo 0 o~ooo•Ooooot 
i xsoasm~gs§;gRBsnu~~gsssmBzsses~mgg~~ss~~as!e~auesmamaasBmmsama 

'(lo 

2 1BB!mE6WiU80090SD06BS8B8S8B@OBeammBB8BUBBOU91S&~ISD!D80 
<> 

l !Boenosemagssoosso 
<> 

4 Hl 
~ 

5 X 

oooooeoo~~ODDCDaooo+aooooooa•+oocooooooqgaooooooa9oaooo000o~oaooooooo+o•o•ooaoo+o•oa••o•e~oaQODo••••• 00000000•••aem•oDD+ 
ao so 12o t6o 200 240 2ao l20 l60 •oo 440 480 

, 

FRt:CUENCIA 

DISTRIBUCION ACUMULATIVA 

PORCENUJE 
10 20 lo 40 50 60 70 80 

... 
2 I06125q~'eaaat¡~ees~5~SU3~2ssaee=asml~e~as~e=~~!mssmestsut~saoutsB~5~D9§&gaws6S55aESimC 

~ 

90 

3 Ie&a~~J!Pemomcu3a5&a~ssa~3!B!esueszmsEecaeos~aaetm~mas~~;u~amu~c3s~~'~~smcaoocesezms~~~EBgoeoaseoac 
+ 

lOO 

a xo~os~~~Bs~eoas~~EbUBB:uJ~ea~amaua5tasgasuc~;s~D~~~~~B~aEDS~'~ucase~seti&iOII;;Et;~tiOij;ausasasame~FDDD 
9 

~ x:Bo»a~u;tuou~~~B$&m~,~~staee~J=~&s~D~~;szcms&Dmaotsaomm~B~E~sea·sasmsa~~amemGS~§t&aD~EaDm~ta~LB~GP&so 
• 

lO 20 lO 40 50 
ENTAJ[ 

60 70 80 90 



)TAOlST!CAS CALCULADAS(!) 
------------------·~ 

ClASE llM[T( fRECUENCIA PORC'ENT~Jf PORCENT r.JE Rí:STO SUPERIOH Ol:lS(RVAOA INDIVIDUAL ACUMULATIVO AC\HWLAT I 'w'(j 1 •1o.o o o.oo o.oo too.oo 2 ·2.0 6 t,t? 1o12 9/1,88 3 6.0 20 3.73 4,85 95,15 4 14. o- 43 8,02 12.87 87 .t 3 5 22.0 JO 5,60 18.47 81, S 3 6 Jo,o 39 1,?8 25,75 74,25 7 38.0 35 6,53 32.28 67.7?. 8 o 46.0 94 17.54 49,81 50.19 9 54.0 75 13.99 63,81 36. 19 to 62•0 34 Óo)ol 70o15 29.8') 11 70,0 47 8,77"' 7e,92 21.011 12 78.0 24 4,48 83.~0 t6,6C 13 86,0 31 5,78 89 .t8 1 o ,li;? 14 94,0 l t 2,05 91,23 8,7'T 15 102.0 30 5.60 96,33 3ol7 16 1to.o o 0,00 96,83 3,17 17 118 .o o o.oo 96,83 3.17 lB 126o0 10 l. 8 7 98,69 t. 31 19 134.0 2 0.37 9it07 Oo93 20 142.0 5 0.93 too.oo -o.oo 21 999999oO o o.oo 100o00 ·o.oo 
[L RESTO DE U.S F"kECUENCIAS VALEN CE~O 



HISTOGRAMA 

:- -----··-·· 
FRECUf '!CU 

CLASL lO 20 lO 40 50 60 70 e o 90 ~ 00 ti O 120 
a••••••••+•D••••••o+•o••o••••+oaaooooo•+•ooa••••a•oo••••••ot••••••o•••••-••••oot•••••••••+Do•o•••~ .••••••••••••D•O••••+ 

( 1 
• 

2 UIBBIIU 
• 

l li~BISB¡J~IIIIIDUaDzm 

• 
~ l~G8DB8SmEB§Bi8U8911UgoB9GBDi6HB88SWgg@BDa9C 

~ 

S ICOD8UIDBDBB6B8DO&b8DBSDOGBDOBO 
+ 

6 196BDUOEDB6Doi81BD~U88513Sti2o~BDOB9DOHOD 
• 7 ¡g6s&uss;asa;uaaam~e¡zsgocaausssg~ao 
~ 

• 

S IODU0&8B6oDBSS6BDSb~Z~5DSG~915998SC~BGSBOB08B088~6GmGimEB&i8183g;Bi§i81BUID08BIBm085~a~~fOiUi~l 
• 

9 xaooogg~eomouaoea~n2gs~sm~o8B~BDGüSH~soao~m~ommuti~ugs~wmuom&mDDBSD~96Baamama 
• 

10 18DDBmrnmmD~GS~SG~e618!SB6MftBSDD8Um~ 
~ 

11 xaas!3WIEHieJEB§e&giaa¡aeas~s~~~uam~au~ggaa&ogmo 
~ 

&2 IOOBWBgBEDGmoeoame&aD&BDQ 
• 

13 ISDBEUBG9GU&9~GD9i&5~BIBU80S0886 
+ 

!ll IIHIUIUIHll\lliJH 
• 
+ 

u 1 

HX 
+ 

AS lrliH!I'HllU!iliHI 
+ 

19 HlD 
~ 

ao uuu 
:u 1 

o 
' 

00-QoOD•O•oD•a•-DOQ+O--oa••••t••oDDG~D·+••••OOOGO •• OD········-----·-··--MD•••••to••••••• ~·-··••a~ ••··--·-o····-·--··UO+ 
10 20 lo 40 50 60 10 a o 110 .~o 110 120 

FREC .. · 'IC lA 



Dl:.THIIJUC IUN ACUHULATI,' 

PORCENTAJE 
10 20 30 40 50 60 70 80 90 lOO 

CLASE-~--D··-·+··-------·---------·---------+~~-------·------~--·-~-------··--------·------·--·--·-······ ., 
+ 1 

:;~ 
4 ;cae~Eaa~s~s~ 
s !c•eB;acE&mJE~~&~ 
6 lSla~e;uE:Emt~e;sm,e••&ua~ 

7 !K5S:Eafi~!;~os~ssaL~v~~sm&ZB~§~-----------
8 IltiiS~~s~~~tm&u&~~•cz~~33m;a~;sa~~~E~e~aae~~~~3DGS 

+ ------9 I!D~~es;~rc~a=zsm~!t3;~s~~smst~s=~~:;De~~~a~zmeas~~~t;omasaes-E~s 
+ 

¡o l&'i~D~3,~;c;sc~30itE~~nseaw~s~a~:¡msG~sJ~~Q~v~¡;s~s~wD&g~~BtG~~gs~~-~u 
+ 

11 Iilt2c~~~t~ts,~rg~~;~~E~z~,~~mm~~s~~~tJ~~~ú~~~:fi~~~E~av;d~Gt~S5~a~~~~;ae~~,~~~~ 
~ 

12 ltEt=&De~~Bt~L6G~~L::t~~85S2~~58~eC~83~~5~~;~3~Sb~~~~~5d;tg~:tCScijBó~eGt6~b~C~3ijE~~g 
~ 

13 l~fim¡uu~~:ts:ucsan~~3gss~~EB~aem~~a~e~sc~u~m~GasD~~~~~;t~m~o~Ltn~m~~s~g&Eü;;4~e~~~~~~1v~5~ 

• 
14 l~D~J~~~~atc3~~~¡~~Vt6&e~e~a:~aE~telo~a~~~l~~~~~~ao=sm;5~css~~~~tt~~~~~s~•t¡:~~~~;sort~~~Deu 

~ 

~ 15 If&~Fr.;t~E~$~~e~~~~~~sg;~aE6~Dvao;ag~~~~~aü~~fs~~~~g~~~~~e;~~s:~~~sseav~~~~~~E~~r~s~~~E~et~ü2s ~e 
~ 

16 lt5G;t~~~E~~E~~~,~~~~i~a~~~~a~~e~~~b~u~~a~os~accúocs~re~m~3~ofa;~~Dns~~s6a~g§a~~~~tn;s~ss~a~~&~~, 

11 !6~~~s~GP~se~v~ttef~GoRD~~¡~~~esm~J~~~~a~a~~~3¡;cEut~~~~~m;t~~3~~~vEt~6~g!~~~~t&~~E~~sr.~~~i~a~3~ti\ 
18 I~!~r2~~~E~Da~to~~~~a~sets~sscs~s~~s~ce~sv~~e~e~caDe~~~~~~eBD~C~6:s~ew!taec~~~¡~~~~~~'~~~!~~a~~i~e\ . . 
19 IrateJ~~~;~t~~sas:&t3~~~;~e&Qa~~a8s~o~s~5~~3~w~~d&~e~a~~~~:or~so~¡o~~e~'~Ez~;t~5E&~~at~5<í·'~=~~~u;o 

20 ;c~gJ~B~rEe¡rge~~~rt&tn~~~~eeemes6E~~t=~~~•es~cc~~tBa~~~m~E~Et~t~5[~~oasG&e~u:e!ttt~~~atnutia3t~~~=~¡ . . 
~~ IS2StmaeeD559E~St~3S~~&E~~B;~~~sa;~t~aos;tcttS~aSt9G~~~E;Ee~~~~~6DB~;tt~n~~~~¡~g~;t~i~~:S~3¡~~JJ~FE~~ 

• 
10 20 JO 40 50 

PORCENTAJE 
60 70 80 90 loo 

J 



PI\O~E.OIO DE LOS DATOS 49. : ~5 

CLASE LIMITE 
SUPERIOR 

1 -s~.D 
2 .. 7.5 
l o.o 
4 7.5 
5 15·0 
6 ?2.5 
7 3o.o 
8 37 o5 
9 45o0 

lO 52 oS 
11 60.0 
t2 67o5 
13 75.0 
14 tl2o5 
15 90o0 
16 97.5 

-11 105.0 
18 1l2o5 
t9 120o0 
20 127o5 
21 135.0 
22 9CJ9999o0 

EL RESTO DE: LAS tkECUENClAS 

' 

ESTAOISTICAS CALCULADAS 
•••••••••-•••••••a-•--• 

DESYIACION TIPICA 28,&88 SUMA DE 

fRECUENCIA POkCENlAJE 
OBSERVADA INDIVIDUAL 

o o.oo 
l o. 19 

10 lo87 
t5 2o60 
44 8o2l 
29 5.41 
39 7.28 
27 5,04 
99 18,47 
44 8.21 
45 12.13 
31 5.78 
33 6.16 
18 3.36 
32 5,97 
18 lo36 
14 2.61 
o o.oo 
o OoOD 

11 2,05 
6 1.12 
o o,oo 

VALEN CERO 

LOS DATOS 26706, 

PORCENT.\JE 
ACUMULATIVO 

o.oo 
o.u 
2.05 
4o8S 

13o06 
18.47 
25,7~ 
30,78 
4~.?~ 

57.46 
69,59 
'15,37 
8lo53 
84o89 
90.86 
94o22 
96.83 
96.83 
96.83 
98.88 

too.oo 
100,00 

NUMERO DE 

ArSTO 
ACU¡.¡ULATIVO 

ton.oo 
99o81 
97.9~ 

95 ·'e; 
86o94 
8"1 , S 3 
74o2S 
69.22 
sn,rs 
42.54 
30,41 
24o63 
18.47 
15 •11 
9oU 
5o78 
lol7 
lol7 
]ol7 
1,12 
OoOO 
o.oo 

DATOS 

w 
CD 

S36 



HISTOGHAMA 

-------·--
FRECUENCIA 

CLASE. lO 20 lO 40 50 60 70 e o 90 lOO l t o 
·-------~.---------·---------·-------~-·---------·---------·---------·------·--·--·------·----·--·-·-···-··-···---·--··· l 1 

+ 
2 u 

+ 
3 liiSUU:iiUS 

+ 
4 l&lGB;tiZ~~aa~E~8 

• 
5 l~GGtg~~ct;za~g¡~;L;nBtE;~S3ES51CS§E!~aa!e~~ 

+ 
6 IE~~;ca9~&g3&~EC~5t4S~~S~~!e9~ 

• 
7 1Ei~~t8dE5ESGi~Zt~l2~~l~~SE~~SSBEB;;su'¡ 

+ 
s IE5DC;i~E5a~csec;~~;~~o;~esa 

+ 

• 
10 Ila&zs¡~rttc~~iee~~~:~~~~~~~atma~~ac=:g~m~ema 

• 
lt lS~6~5E!~S~ElE~2;Dc~JEg§SB~J5~BS~&E~35mtaea~~iO~D~~U~E:&aSg3USDaDti 

• 
12 liCGmES6EitiB~~~~e'm~~t6~B3;!eiO 

• 
13 lDfiV~GSe~G~t~ettSESBt~~~,~~E~;m&m& 

+ 
14 lDttc;teezosttJüSE' 

• 
15 I5ni~5SEtl~ZJ~~~DE~~t&a~gE¡~S~OSm 

• 
16 1D5E~C,~Ettt~<5C~GI 

• 
17 zecm~¡casz,co~a 

• 
18 

• 
19 1 

• 
40 H!UiiEI:DIIHil 

• 
21 uuae 
ít2 1 

oo•••••••+•••••••••+•••••••••••••••••••+•••••••••+•••••••••+•••••••••+•••••••••t•••••••••••••••••••••••••••••••••••••••~ 

10 20 Jo 40 50 60 -- 70 80 90 100 110 1 ; 
. FRECUENCIA 



l 

2 

3 

' 
5 

6 

7 

a 

9 

10 
'. 

1l 

12 

13 

14 

!5 

16 

17 

18 

19 

20 

21 

:t2 

.-. 

OISTRIBUCION ACUMULATIVA 

JO 20 / 30 

1 
• 

• 
+ 
J&IEID&aBBIDEK~BB6~EBii 
+ 
JD!BOmiSimle9&BUGB!B§CB~SKBU~D8 

40 
PORCENTAJE 

50 

• 
lEIIDI8BtSDa~;2BSJ&KSB!I~C6~=~~D~SSBI,~Ii51~2~~~ . ~ 

60 70 a o 90 

!E.DEBUZt~ES&i~B~S~~B5BSim9211U688CC&IBSE~~;~&~G~BBD~~~C3S---------

!gBB6~BmBD8EBeDBSDLBI&!~3S8tO~B;~3t~mc=~~SI0S~DD¡s~maa~~;saeo&m5~6DtV~~ 

!uaees~lmeeueamcs~&so~ss~meesm~smeem;o~:~g~~m;aaescoum~f3'~~e~amsG&~zaeeesiá~ 

xae~'raztEt~;t~BEEaES~uas~6&eE&~I6~ezeee~G~teeig~smm~s~e~m~;~sEm~~mm~¡ccs;smeca~s;~ 

!I~SI,BE¡SBEGa~~5gialas;eiBBimB&5~BCIEB§m;emiB6~1B8EE~5e;s;wc;E~BBIEBDBI5m8DiB~B~ii~B ~ 
IUISiet:~umE~ve;oa~s~EBG;E~gsesee&oeesmees~saamosem~s~~smemEm&mouuole&aosEs;aamae¡s;sae~;e~ 

!@IB=~G29D~HBSS~C$bE5BOSemG~~&SS;E&VG~3~35~~~at25S~OS5~Een~m~¡!EECBUU~Eae;as~m~e~t~~it~~;a~Jg~~ -· 

lDSBB~tD~Dg62~3:at&E25GiBmOESIO~~e~c;B~SBI3eB~;9~~S~~U~~Gt~~DDO~$~Dt~a'S5~iESJ6S~SSi~~~¡eg~;BE!3 

J8SBU52~~~~~~lla~~étZ3BEta~&I6BD~S66~Em;58!SSWBUg~Et6!1S~~EIEt!Sm&C'~gsES6SDEUCSSOS&a¡s;e~B9!5&~0 
6 

J8D2StSBS86~66DIBB~SECaRE~88~0SSSU~BS~~~~~~~S~DS~~iftGim~msm;mE&E~eE~Siigmm~GCt6G~ma&21a633S5~J~VO 

lOO 

JDüs&r1~~a~~Esaam~ieE~~~e~a3~eea;~e;a~=J~;~~s&e~§m~~atmss~~~GgBsD»~m3~ms~~ete~ea~mssi~B~~mam~srcgoo 

• 
¡eas¡EGtS~2~~E~G6~~~S~~3~~!5BGESS~~bee~~CC~~~O~t~~C~SI~2~DgG~VI~~;e~G!~5~EG9e~05EDGSi5S~G5~Em~DSDSiD 
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2.2. Generación de la Matriz de Superficie 

Como se planteó anteriormente, se desea obtener (S} 

a partir de {R} y {D)" interpolando y extrapo­

lando los valores de {R} a partir de 1os de {O} . 

Para esto se utilizará un caso particular de la -

.llamada Ecuación del Calor en dos dimensiones: 

K 
cp [ 

¿?u + 
Óx2 

(2.1} 

Donde (2.1) describe la rata de cambio promedio de 

temperatura en un elemento diferencial de una lámi 

na delgada de calor específico e y peso espec1fl 

co p. Resulta curioso que una formulación matemá-

tica desarrollada para estudiar el flujo dinámico 

del calor, sirva también para estudiar variables -

de tipo social, Como estamos interesados en condi 

cienes de estado estacionario (es decir, que aspe~ 

to tendrá la superficie de potencial de poblac1ón 

en un momento determinado de una región dada) ten-

dremos: 

o y (2.1) queda reducida a: 

= o (2.2} 
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Ui,j = 

y que recibe el nombre de Ecuación de Laplace. El 

desarrollo de la solución numérica de esta ecuación 

ha sido tratado numerosas veces en la literatura es 

pecializada y no se dará aquí (4). Si suponemos u­

na región o una lámina de material delgado dividida 

en pequeños elementos finitos ocupando las inter 

secciones de un retículo cuadrado como se ilustra -

en la figura. 

M 

l 

Un elemento cualquiera (i,j) está rodeado por cua­

tro elementos de coordenadas (i+l,j), (i-l,j), 

(i,j+l) y (i.j-1). La solución de la ecuación (2.2) 

es: 

u. 1 . +u. 1 . +u .. 1 +u .. 1 1+ ,J 1- ,J l,J+ l,J-
4 

1 < i <M 
1( j <N 

( 2. 3) 

Este resultado pone de manifiesto un hecho bastante 

intuitivo que establece que el potencial de un pun-



o cualquiera dentro de la lámina es igual al prome 

dio de los cuatro puntos circundantes. Normalmen­

te se establecen unas condiciones de borde: si el 

fenómeno que intentamos visualizar es un flujo de 

calor o un campo eléctrico los bordes de la lámina 

pueden tomar valores fijos y los límites del proc~ 

so serán: 

I = 1s M-1 

J = 2s N-1 

I = Subíndice de fila 

J = Subíndice de columna 
(2.4) 

Como estamos interesados en generar la superficie 

de potencial producida por variables de tipo so-­

cial, se deberá tomar en cuenta el caso en que los 

bordes de una región geográfica esten en contacto 

con un mar o un lago donde la población vale nece­

sariamente cero. Para el resto de fronteras o lí­

mites la superficie de potencial debe "flotar'' li­

bremente; esta condición se denomina "bordes aisla 

dos". En las dos figuras siguientes se ilustran­

ambas situaciones: 
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Bordes con límites variables 

Bordes con limites fijos 
J.b ,J... -, , .... 

¡---1'-- L 11 ---'--'+- '+' ""-" ,_, 
1 1 ' 

1 1 
.J ' 

..,; - -- h' ~-+t-t--+I-1----T--;--- J 'r' ,_.,/ 

1 

-E0--
1 

1 

Caso A Caso B 

En el caso a) los bordes siempre permaneceran en un 

valor constante. Para el caso b) supondremos que ~ 

xisten los elementos ficticios indicados por las li 

neas punteadas. Estos van a tomar siempre el valor 

más nuevo calculado para el elemento simétrico res-

pecto al borde. 

Para implementar estas ideas en un programa de Com-

putador se asigna a cada elemento finito de un re-­

tículo de tamaño M x N e·l,elemento respectivo de u­

na matriz numérica de M x N filas y columnas. Apli 

cando la ecuación (2.3) a cada uno de los elementos 

{R\ interiores entre los límites establecidos 

por las relaciones {2.4) (se excluye {D} ) se ob­

tiene finalmente la expresión matricial {_S} 



El autor ha encontrado que el número de iteraccio-

nes necesarias para generar una superficie que co-

munique un mínimo de información es por lo general 

menor que las indispensables para la solución numi 

. rica .. exacta" de la ecuación de Laplace. De todas 

formas, como estamos en presencia de un algoritmo 

infinito, éste solo produce una respuesta aproxim~ 

da, habiendo un acercamiento de tipo asintótico. 

Normalmente, para alcanzar una respuesta bastante 

exacta se requieren de 400 a 500 11 barridos 11 de la 

matriz. Para el caso geográfico bastan lOO iterac 

cienes. 

2.3, Procesamiento de la Superficie 

Una vez obtenida la matriz, debe ésta ser sometida 

a varios procesos algorítmicos crin el fin de elimi 

nar o aumentar ciertos detallesp desaparecer pequ! 

ñas variaciones producidas por incertidumbre en 

los datos de entrada, etc. 

Como ejemplo solo se expondrá aquí el llamado 11 e--

fecto de suavizamiento". Este consiste en elimi -

nar las pequeñas variaciones o fluctuaciones de la 

superficie; sería equivalente a multiplicar por e~ 

ro ,las componentes de alta frecuencia en un desa -
¡ 
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rrollo de la superficie en series dobles de Fourier. 

El proceso numérico consiste en aplicar nuevamente 

la ecuación {2.3) a la unión de R y o un -

número muy reducido de veces. Obviamente el proce-

so destruirá la información original O si no se 

. " toma prev1amente la precaución de almacenarlo en o-

tros arreglos. 

2.4. Implementación 

1 
f' :\ 

E siguiente programa lee los datos de entrada lo; , 

genera [s] a partir de \R} y {o} obteniéndo-

se una nueva superficie suavizada: 

~lMENSION UC50•1~0),¡1(100l•IJCtOOl,V(l00) 
e PkO~HAMA PARA GE~EkAk U~A MATRIZ O( SUP~RF¡CI~ A PARTIR DE TR[5 
e VlCTGHES QUE CúNTINl~EN Ll INOlCl DE FlLA•DE COLvMNA Y lL VALOR DEL PU~TOo 
e LlCluRA Dt DATOS 

hlADCI•l ) ~ 
1 FORMAT<IJ) 

1,0 2 Jz:j,~ 

2 klt.OC!dl llClldJ(I)•VUl 
J f0HMATC2J3,4X,F10o0) 

e l~ILlú DEL BARRJUO (100 lTLRACIO~ESo 
vü 5 1<=1•100 
vo 5 Ja::?,49 
úU 5 J=5dl9 

e A~Iú~ACION DE 0 A LA MAl~lL S, 
vD 6 L=I•N 

ó vCllCL),!J(L))4 v<Ll 
~ vCI•J)~ ,25•(U(l+1•J)+U\lcl•J)+U(l•J+1)+U(T,J~l)) 

e MATkl~ S GE~EHAUA 
e Sl INICIA PROClSU Ol SUAvltAHIENTO, 

[10 7 Ks:¡,J 
liD 7 Jc;?,49 
uo 7 JZ:2dl9 

7 v(J,J)c o25~(U(J+l,J)9U\lat,J)+U(J,J+ll+UCT,Jcl)) 

e MATkll LlSU, 
STOPJE~D 

El diagrama de flujo correspondiente es: 



K=l 

I = 1 

J=l 
L=l 

o LECTURA DE {o} 

47 

U(II(L),IJ(L)) = V(L) o RESTITUCION DE {o} SOBRE {R} 

< 

U (I,J) =(U ( I+ I,J) +U ( I- 1 ,J )+U ( I ,J + 1) +U ( I ,J-I))/ 4 • ACC:ION SOBRE 

{o}u{R} 
< 

< 

< 

8~ 
o LA SUPERFICIE ESTA GENERADA 

------------------~ 
U ( I ,J) = (U ( I + I,J) +U ( I-I,J) +U ( I ,J +1) +U ( I,J-1) /4 o 

SUAYIZAi.-i,E~TO -

DE {s J 

< 

< 

< SUPERFICIE SUAY:ZADA 
ETAPA DE REPRf.SENTACION 
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Los detalles de funcionami.ento deben estar suficien 

temente cl~ros del diagrama de flujo anterior. Bas 

ta solo decir que cada vez que se va a procesar ur. 

elemento cualquiera de la matriz, todos los valores 

de {D} -representados por los vectores II de fi 

la, IJ de columna y V de valores- restituidos a 

sus posiciones y valores originales. La razón es -

que a objeto de no alterar los valores originales -

de {D) sobre {R1 durante e 1 proceso de i te­

ración habría que poner una serie de condiciones -

lógicas (usando instrucciones IF) para detectar 

cuando estamos sobre un elemento que no debe ser 

procesado, Esta acción es mucho más lenta que asi~ 

nar de nuevo los valores de {D1 

Para tener una idea de la cantidad de operaciones -

aritméticas, lógicas, de almacenamiento y de recupe 

ración de información analizaremós nuevamente el 

diagrama de flujo. La operdción definida por la ~­

cuación (2.3) tiene 4 sumas y una división por cada 

elemento interno de la matriz, o sea 24.000 sumas -

y 6.000 divisiones en una iteración. Como tenemos 

lOO iteraciones el número total de operaciones arit 

méticas son 2.400.000 y 600.000 que totalizan 

3.000.000. Siguiendo igual razonamiento, el número 



de recuperaciones aleatorias totalizan -supoiendo 

que el conjunto 1D) tiene en promedio 10 ele-

mentas - 9.000.000. Es comprensible que la gene 

ración de una matriz de superficie de 50 x 120 e 

lementos tome entre 12 y 15 minutos de ejecución 

en un computador B-5500 sin contar el tiempo nec~ 

sario para generar la cinta magnética para el De­

lineador Digital que contiene la imagen de la su­

perficie o la generación de la misma por la impr~ 

sora de línea. 

ES imprescindible por lo tanto buscar nuevos alg~ 

ritmos de búsqueda, asignación e interpolación de 

valores para tratar de reducir drasticamente el -

tiempo de generación. 

Para la búsqueda y asignación es evidente que hay 

que cambiar de una forma matricial de representa­

ción a una forma vectorial. Esto se justifica -

porque a nivel interno del Computador es más efi­

ciente el manejo de arreglos unidimensionales que 

multidimensionales. 

En cuanto a los algoritmos de interpolación se e~ 

tan probando algunos que barren la matriz una so­

la vez. Los resultados será reportados en un fu-

49 



50 

tu ro trabajo. 

2.5. Representación de la Superficie 

Una vez que se obtiene {S) en forma de L:s] 

por el método (u otro cualquiera) descrito en 2.2 

se entra en la etapa de producir distintos tipos -

de imágenes que dén al observador toda la informa­

ción necesaria para interpretar el significado de 

los 18.000 valores numéricos que conforman a S 

Los métodos y algoritmos desarrollados hasta ahora 

por el autor, están en etapa experimental de desa­

rrollo y por lo tanto no constituyen nada definiti 

vo. 

2.5.1. Despliegue Numérico de la Matriz 

Este método se basa en la transformación 

del rango de los valores numéricos de la 

matriz en otro rango normalizado (0. A 1., 

A 10.0 etc.). El procedimiento, que ya 

fué explicado en el punto 2.1.1., consis­

te en encontrar los elementos de valores 

máximo y mínimo para efectuar los cambios 

de escala correspondientes al intervalo -

escogido. A continuación se transforma -



la matriz real normalizada en otra entera. 

Al imprimir por la impresora de linea el -

resultadop cada uno de los valores origin~ 

les que ocupaban 10 espacios de impresión 

pasa a ocupar uno o cuando más, dos espa -

cios; esto permite obtener una representa­

ción (para el caso del rango 1 a 10) numé­

rica,en la cual los elementos originales -

de la matriz quedan categorizados o asign~ 

dos a clases» cada una abarcando un subran 

go de valores. En la hoja resultante se -

puede por lo tanto trazar a mano rápidame~ 

te curvas de nivel que informan sobre las 

características de la superficie. Para 

los números enteros con dos cifras (10, 11, 

12 ...... ) se puede utilizar la convención 

de asignarlos a los caracteres alfanuméri­

cos A, B ..... Z = , ., +,- etc. o sobre 

impresión de ellos. A continuación se 

muestra un programa que efectua dicho pro­

ceso sobre una matriz T de 50 x 50 ele -

mentas utilizando un método ligeramente di 

ferente y menos general que el descrito an 

teriormente: 

51 
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R 5 7 O O C O M P l l A T l O N XITI, n. 

fll[ l=O~TA, IJ"JIT=RF"AllE.k 
riLE 3o:ourP. IJNTTsPqi,.,HR 

!NT[~[R TnRAf(~O),C0~A(11) 
~~~f~SION ~(?6,26)•Tl~0,50, 

i,ATA t:(I0~/"1"•"2"•"3"•"4"•"5"•"6"•"7"•"1i"•"9"•,.A"•"R•/ 
LO 1 f:t,'lO 
1(1J():1•? 
1(50ol) =10:'•1•2 
I,Q 710 J=7•1A 

7tv lCJ•'"'>=?'> 
"'" 111 I:?o.~s 

711 ICI.t>=1nn 
l•!l 71? T=l"•?J 

7tí: Tcf•c¡n>=tnn 
1(3'>•40).:'i"J 
TCA•I\):100 
1(20.?0>=100 
¡,Cl 3 t<= 1, ¡;n 

¡;o 2 r=?•'19 
~n ? J=?,/JQ 
lfCI.EQ.15.ANQ.J,EQ.~Ul n" TU 2 
lfCT.f0oM •• H~.J.E.Qo8) RU T~ ? 
lrCT.f0.20 .A~O. J ,LQ, 2" ) r,n T~? 
T C 1 • J >:: C Tr I + 1 , J > + Tl 1 o l, J l + T< T, J + 1 ) + H 1, Jm 1 > ) /4 

~ l. 01< T T Nllf 
J CONTTNUf 

1.10 Q T=l•'>O 
un l'J=l·S~ 

ll lGRAf{J): ronACTCl•J)/9.9+1) 
v h~ITEC3•10) TRRAf 

tu tOR~ATCIOx,~OA2) 
I.All PART[fi(T) 
~lOPIF.:NO 

START I''Jf" ~ 

El programa comienza estableciendo los vec 

tores TGRAF (50) y CODA(ll). El primero -

para copiar los elementos de cada fila pa-

ra poder procesarlos sin destruirlos; 

CODA(11) establece los caracteres que defi 

nen cada subrango a ser asignados a la ma-

triz T original. El lazo DO 1 I = 1,50 

establece dos distribuciones lineales de -
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valores para la primera y última columna 

de la matriz que van en el rango 1 a 100 

directa e inversa respectivamente. 

Los lazos 00 710, 00 711, 00·712 definen 

asignaciones de valores a sub-columnas. 

En los puntos {35, 40}, {8p 8} y (20, 20} 

se colocan los valores 95, 100 y 100. A 

continuación se inicia el proceso de it~ 

ración aplicando 60 veces el algoritmo­

del promedio móvil (00 3 K = 1,60} sobre 

la matriz T. Nótese que para no alterar 

los valores del conjunto {o) se em--

plea una secuencia de IF lógicos para d~ 

tectar en que momento se llega a estos e 

lementos y evitar procesarlos. El nido 

de lazos 00 9 I = 1p50 y 00 12 J = 1,50 

junto a la instrucción TGRAF{J} = CODA -

{T {I,J}/9.9 + 1} divide Cada elemento, 

de T(I, J) entre 9.9 produciendo nuevos 

elementos en el r.ango 0.0 a 10,1, que al 

ser sumados con 1 caen entre 1 y 11. E~ 

te rango de valores enteros constituyen 

un subíndice variable para el vector 

CODA(11) que contiene los caracteres al-
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fanuméricos que van a ser asignados al vec 

tor de impresión TGRAF(50) por direcciona-

miento indirecto. TGRAF es impreso 50 ve­

ces para desplegar 1 a matriz •. Nótese que 

esta permanece inalterada durante el proc~ 

so. El resultado puede observarse en la -

pág.ss y al cual se le ha trazado a mano 

algunas curvas de nivel. 

Se puede observar que la matriz T(50, 50) 

tenía como máximo valor numérico 100, de -

tal forma que el programa anterior no era 

general. un subprograma más versátil se de-

fine a continuación: 
~U8ROUTINE ALFANU(l) 
ktAL ~1lN1MAX 

OIMENSION T<~0,120),TGkAf(t20),COnEc10) 
~ATA COnE/"1"'"~"'"3"'"4"'"5"'"6","7"•"8"'"9"'"H"/ 

e PkO~HANA PARA COhV[kliR UNA MATRIZ EN UN DESPLIE~UE OE CARACTERES Alf~NUHE 
e •RlCúS POR NORMALllAClON Al HANGO (1,10)

0 
C 8UsQUEOA DEL ELLME~TO HI~lHOo 

11lh 10 T<td) 
LIO 1 I•q,so 
00 1 ..1=1,120 
lf(T(l,J>,LToHih> GO 10 1 
111h=T<l,J) 

1 CONTINU( 
e BÚSOUEDA DEL ELLMEhTO MAXlMO 

lo\AX:. T<t,l) 
~O 2 Io::bSO 
110 2 .J:q, 120 
lf(T(l,J),GToMAX) GO lO 2 
f>IAX.:l(l,J) 

2 (.ONTJNU[ 
C CuN~LkSlON AL RANGO (lPlU) 

OT&:MAX•MIN 
110 3 1 .. 1,50 

liO 3 J 11 1•120 
TGRAf(J)z eooEC<TC!,J)oHJN)/(QT)~l) 

3 hHlTEC3,4) TGHAf 
~ fUHHAl(l0X•50A1) 

kETURt.IEND 
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Esta subrutina acepta una matriz de 50 x 

120 elementos y la convierte en el tipo -

de representación ya discutido. La única 

diferencia con el programa anterior es 

que se busca el máximo y el mínimo de la 

matriz para reducirla al rango (1, 10) 

sin destruir la información original. 

2.5.2. Despliegue Simbólico de la Matriz 

Usando una técnica basada en la anterior, 

se puede representar una matriz de super­

ficie [s] mediante la sobreimpresión 

de caracteres alfabéticos que sean simé -

trices respecto al eje longitudinal. Si 

se combinan los caracteres: 

.,-,=,I,O,Z,O,H,X,O,X 

OS = Blanco) 

De tal forma que se sobreimpriman aquello 

que ocupan una misma columna, se produci-

rá una variación tonal que irá desde el -

punto(.) hasta un pequeño cuadro negro­

(O). Una subrutina adecuadamente dise­

ñada puede implementar esta idea para pr~ 

, __ . 
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~ 1 1 

ducir un despliegue de , [s] mediante u 

na variación gradual de claroscuro como 

una función aproximadamente líneal de la 

categorización dada a los valores de la -

matriz, 

La característica funcional que permite -

tal posibilidad es el comando de impreso-

ra "+" en la primera columna de cada lí -

nea a imprimir, es decir, impedir el sal-

to de línea. La subrutina mostrada segui 

damente produce una verdadera imagen de i 

solíneas a partir de [~ 
--~ubitOUll ~lf. -! ~~ Rl f,t CE.iMAI.t--------- -----------------------
--1\E.AL f•AX ------------------------------------- -------------
--- LJ 1 ME ti SI ON- E C ~O'¡~¿ l); ¡¡!Be 12?) , 1.11 BU C-t 2?. )1 C lJ 01=' C 1 v), C O U E. 2 ( 1 O)' C UDE )( t O --.,-------- -------------------------- ----------- ----- ------------
----uiM[NSION-CU[ll\Clo->---------------- --------------------- ---------
---\1 Al A- ( C OD E: 1 l I ) • l : 1 , 1 U ) - 1"1 ", .,_ ", "+ "• "l ", "0 ", "L ", "l ", "H", "X" 1 "H "1 
---(¡AlA CCOOl?CI),¡:r;,lú) -¡"-"•"-",-tt-•-,"-""•" ","l","Q","'O","l"•"X"r--
-- L..AlA CCOOllll ),!:.J,-Ui) ¡,_.,,.,_ .. ,_., __ .,;.,-"," ",-" _.,,,_"•"+"•"•"•"0"'/--
---hHIHC 311,---- ------------ --------- - ----------
-rtuiH:I\TC .. l")--- -------------- ------------
-----r_¡ O 8 - I : 1 i S o- -- -- - --- - ---------
--uo 2 J=n-122_______ -------
-;e-u¡ h( J) =EC 1' J1/MAA-.9-+r- ---~-------

--uu -3 t=t-·-t2z---- ----------------
-~- l•IIlli(l )= cnoE ICUHHLII-- ---------------------------
-- \.Atv n ~llTF: -e ul t.iu) ----
----- ~~~llf(3,4)1J!UlJ- ------------------------------------
-4-t-UHI'AT { 1 ' -tt ,-tx, 1~~A-ll -----------------------
-----viJ 5 L'-'1 • 1 ;>;t------- --------------------------------------
---!1-LJlt<LJCU=- cnor::=curt:J-c¡:_-n·---------------------------
-- \.'ALL- l 1 MtT(-- (U! tH, t ------- -------
---llklT[(J,9>-LJitlU-------------
--- ull 7 -L=l .-1?2 ----
-t-uiHLIC l >=COOL 3Ullli--(t. ¡-r------------------ -------------
----(.ALL--Llt-'1 TE-( lit tHr) - ------------
---,.te 1 TEC .h9-)--{)I bU-- ---------- ---
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La subrutina comienza por a~eptar la ma-

triz E(50, 122) y el valor máximo MAX. 

Mediante la instrucción DIB(J) - E(I, J)/ 

MAX*9+1 en un lazo iterativo se toma la 

fila i-esima de la matriz para transfor 

marla en un conjunto cuyos límites son 1 

y 10. Es conjunto se copia en el vector 

DIB(J). 

Aplicando tres veces la técnica descrita 

en 2.5.1 se sobreimprimen una secuencia 

particular de caracteres de acuerdo a los 

vectores CODE1(10), CODE2(10), CODE3(10). 

El vector DIBU(I) podría tener sucesiva 

mente tres secuencias del tipo: 

xxxxxxxx ....... HHHHHHH--------ooooooooo 
00000000 XXXXXXIIIIIIIII+++++++++ 
HHHHHHHH IIIIIIIOOOOOOOOOIIIIIIII 

La subrutina límite (DIBU) procesa el vec 

tor DIBU y mediante la instrucción 

IF(DIBU(' ).EQ.DIBU(K-1)) G0 T0 10 detec-

ta cuando hay un cambio de carácter. Si 

existe un cambio de carácter entre el K y 

el K-1, este es eliminado y sustituido 

por un blanco. El resultado es que las -
; 

diferentes regiones del plano constituí 
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das por un tipo especial de sobreimpresión 

de caracteres, estan separadas por una lí­

nea blanca que demarca perfectamente los -

límites. En la página s.e puede obser 

var la imagen producida . 

. 2.5.3. Modelos Tridimensionales 

La forma más exacta de refroducir el conte 

nido espacial de [s] es construir un mod~ 

lo sólido en tres dimensiones. Tal técni-

ca requiere el procesamiento adecuado de -

los 18.000 números que constituyan los 

6.000 punto de [s] para producir una -

serie de instrucciones que comandan una 

fresadora a control numérico. La fresa de 

tal máquina herramienta talla sobre un blo 

que de material blando una superficie, 

fiel reflejo del fenómeno que se intenta -

estudiar. 

Esta forma de representar la superficie es 

poco conveniente en la mayoria de los ca -

sos por lo incómodo de manejar el sólido -

resultante, además de que se necesita una 

máquina economicamente poco atractiva. 



1 

~ 

Sin embargo existen algunos casos en que 

se justifica tal procedimiento como por~ 

jemplo, por motivos docentes, académicos, 

de demostración, etc, 

El autor ha ideado un método mediante el 

cual 0 y con la ayuda de la impresora de-

línea. se puede construir el modelo tridi 

mensional en cuestión. El procedimiento 

consiste en producir un despliegue alfan~ 

mérico de cada columna de la matriz [s] 

y cortar la figura obtenida en láminas de 

algun material blando. El procedimiento 

es largo y tedioso pero es la única forma 

económica de producir en nuestro medio un 

modelo de tal naturaleza. 

La parte principal del programa posee las 

siguientes instrucciones: 

.· 
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00 1 J=1,120 
00 2 1=1.50 
LIMIT=A(I,J)/MAX*99+1 
00 3 K=1 ,LIMIT 
PERFIL(K}= 1H1 

WRITE(3,6) PERFIL 
O~ 4 K=1.100 
PERFIL(K)= 1 1 

CONTINUE 
WRITE(3,5) 
CONTINUE 1 

F~RMAT( 1 1 1 ) 

F0RMAT(2X,lOOA1) 

El programa comienza explorando cada ele­

mento de la matriz a lo largo de cada co-

lumna para obtener un valor proporcional 

en el rango [1, 100] Este valor, al-

macenado en la variable entera LIMIT, sir 



ve como límite superior de un lazo itera­

tivo que se encarga de colocar el carác -

ter H en el vector PERFIL(!), 1=1, 100. 

Este es impreso a razón de 50 .veces por -

página para producir la silueta del vec -

tor columna. Las 120 páginas producidas 

en la impresora pueden ser procesadas por 

un dibujante que construirá el modelo. 

2.5.4. Proyecciones Oblicuas 

Trataremos el problema de la proyección -

de [s] (que puede considerarse como Q 

na forma perteneciente al espacio tridi -

mensional) eh un espacio bidimensional de 

tal manera que la imagen producida propor 

cione la sensaeión de relieve y profundi­

dad a un observador. 

la primera consideración consiste en 

transformar los tres conjuntos {X) 
, en dos conjuntos {X~ , 

~Y~ que definen puntos en un plano. De 

la figura anexa puede notarse lo siguien­

te: 
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i 
1 

z z• 

p 

/ 

~.::-:_1~ ·--------

---~~---_·--0 __ v- y y' .... 

Z' = Z - X.Cos~ 

Y' = Y -· X.Senoc 

Es decir que la coordenada X de profundi­

dad resta sus componentes proyectadas de 

la Z e Y correspondientes. 

Para producir una proyecci6n oblicua de u 

na superficie partiendo de la matriz co-­

rrespondiente [s] se deberá procesar 

adecuadamente 1 os tres conjuntos ti1 (J{, {A 

(I o J )} para proyectar1 os en dos nuevos -

conjuntos {YP} y {z~ . Para ello 

se procede de la siguiente fonna (ver fi­

gura): 



Z ZP 

• 
5(1,4) 

y 
y 

Suponiendo la matriz [s] en el plano 

xv puede notarse que existe la siguien-

te correspondencia entre la matriz, los -

índices I,J y las coordenadas X, Y, Z: 

X = INDICE DE FILA 1 

Y = INDICE DE COLUMNA J 

Z = VALORES DE LA MATRIZ S (i.,J) 

de tal manera que se puede deducir inme -

diatamente: 

Y · = J - I *COSO( 
z = A(I, J) - I*SENO( 
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las siguientes instrucciones realizan la 

transfonnaci6n: 

00 1 1=1,M 

IXJ 1 J=l,N 

YP(J+(I-l}*M}~ J-I*COS(ALFA} 

ZP(J+(I-1)*M)a A(I,J)-I*SIN(ALFA} 

es decir, los 3M x N números de la matriz 

A(M, N) quedan convertidos en dos vecto -

res de M x N elementos cada uno, Como -

subfndice de los vectores YPo ZP produce 

el orden exacto de secuencia lfneal de un 

elemento de la matriz. En general: 

(J +(Iol)*M) • l,MxN I ::¡¡ l,M 
J a 11N 

Colateralmente habri que procesar los vef 

tares YP.Y ZP para ajustarlos a las dimen 

sienes del papel del Delineador. A cont! 

'-· 



nuaci6n podrá' examinarse las ubrutina 

0302(A) destinada a generar un dibujo en 

proyección oblicua de una matriz de su -

perficies: 
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El subprograma comienza por aceptar la m~ 

triz A(50, 120), establecer un nuevo ori­

gen según las coorqenadas del. "PLOTIER". y 

transofrmar el ángulo ALFA dé grados a r~ 

dianes. A fin de salvar la información -

de A(I,J), esta es copiada en el arreglo 

B(I,J), el cual es convertido en una ma--

triz proporcional a A{I,J) en el rango -
[0,100] Fila a fila B ( I ,J) es ex-

plorada para convertir cada elemento ma -

tricial en dos elementos vectoriales 

YP(I) y ZP(I), tal como fué definido ante 

riormente, Los valores máximos y mínimos 

de estos vectores: MINZ, MAXZ, MINY, MAXY 

son calculados para reducir estos conju~ 

tos al rango [0,1] Una multiplica -

ción por los factores FACY, FACZ ajustan 

el tamaño del dibujo en pulgadas. El ni­

do de lazos iterativos 00 10 I=1,N y 

00 9 J=2,M funcionan en tal forma que el 

Delineador comienza a dibujar empezando­

por la primera fila de la matriz tomando 

los primeros 120 elementos de cada vector 

YP y ZP, los segundos 120 elementos, etc. 
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Este tratamiento global del problema per 

mitirá como un futuro desarrollo, incor­

porar el problema de la recta tapada. 

Para tal efecto se comienza a dibujar 

primero por la última fila de la matriz. 

La curva plateada establece un "horizon­

te". La segunda curva, que corresponde­

ría a la penultima fila, es a su vez di­

bujada pero cuando trata de penetrar el 

"horizonte" establecida por la primera, 

la plumilla del Delineador es automática 

mente levantada hasta emerger (en caso -

de que lo haga) de la zona prohibida. 

Cada nueva curva va estableciendo un nue 

va "horizonte" hasta finalizar el dibujo. 

En las superficies que siguen a continu~ 

ción se presentó una matriz 5(50,120) 

con cuatro puntos de información. El án 

,gula ALFA se hizo variar entre 10 y 170 

grados. 

Nótese que el efecto es equivalente a u­

na translación dei observador alrededor 

de la superficie: 
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2.5.5. Proyección Persr·ec::i __ ~.§.. (Un ~unto ae Fuga; 

o~ las figuras ar.:n iores poará notarse 

que no existe uh verdadero efecto de pro -

fundidadf es decir, la imagen es contempl! 

da por e1 observador desde un punto en el 

~~finito del tal forma que los rayos o vi­

suales llegan paralelamente. 

Un algoritmo que vale la pena implementar 

en un Computador es aquel que produce las 

transformaciones necesarias sobre tres con 

juntos {v) • que des-

criben un sólido en el espacio para produ-

cir una imagen bidimensional en per5pecti-

va. Graficamente: 

1~ 
- C±J---, ' 

' 

1 

\L-\.1! 
--------~z~_.. i 

' 1 1 

""~o~~ 
~ "4 
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ts aecir, se ha escogido como punto de ori 

gen del sistema, e1 ,.;arato visual de un 

ob~ervador. Del objeto parten rayos que -

se proyectan en el plano de proyección si-

tuado d una distancia D del observador y 

parulelo al plano XY. Obviamente que cuan 

do aumenta la profundidad (coordenada Z) -

las dimensiones X e Y correspondientes di~ 

minuyen tal y como ocurre en el mundo real. 

Las transformaciunes respectivas, aun-

que muy sencillas no se darán en este tra-

bajo. Uno de los experimentos realizados 

muestran como luciran dos cubos colocados 

a cierta altura sobre la zona positiva del 

~lana ZX: 

,p 

!\ 
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IJ 



¡ 

1 

! 
i 
1 
1 

l, : 
1' 

i 

1 

1 

1 

i.5.6. 

El plano de proyecri6~. inicialmente muy 

cerca del observad2··, va alejándose de -

~ste para produc:r interspcciones a1fe -

rentes del cono de rayos, El efecto pu~ 

de verse en la página 83 . El dibujo 

fué producido en el Delineador Digital. 

Si el plano de proyección P forma un án 

gula diferente a cero con el plano XY la 

perspectiva tiene dos puntos de fuga y -

las transformaciones correspondientes 

son más complicadas. 

Todas las consideraciones anteriores es-

tan siendo utilizadas por el autor al 

despliegue de matrices de superficie a-

plicando los mismos lineamientos seguí -

dos en el caso de la proyección oblicua. 

froyección Estereográfica 

Este tipo de proyección se basa en lo g~ 

neración de dos 1mágenes similares pero 

poniendo el observador en otro punto de~ 

plazado respecto al primero. Se trata -

en este caso, de producir una imagen pa-

Ul 
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ra cada ojo de manera que el cerebro las 

interprete como una ~isión del mundo 

real, El par resultante se observa con 

un estereógrafo. 

Para generar con un Computador Digital 

estos tipos de imágenes se hace uso de 

la proyección en perspectiva descrita an 

teriormente en 2.5.5, Bastará para e-

llo dibujar la superficie en cuestión p~ 

ra formar la primera imagen. La segunda 

imagen se obtiene a partir de las coorde 

nadas de la primera mediante la transfor 

mación: 

1 o o X' ~X 

= o 1 o Y' + o 
o o 1 Z' o 

Donde el efecto neto consiste en despla­

zar una pequeña distancia ax el objeto 

en dirección perpendicular al observador. 
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2.5.7. Proyección Ortogona ·¡ 

Una de tales proyecl iones ya fué analiza­

da en las páginas 56 a 59 en la forma de 

una imagen de isolíneas obtenida en la im 

presora. Existen programas para ~lcanzar 

el mismo objetivo que utilizan como me-­

dio de salida al Delineador Digital. 

Construir una imagen de contorno a partir 

de un retículo rect~ngular involucra tres 

aspectos: maneJO de un elemento del re­

tículo, creación de una hilera de líneas 

y el suavizamiento de las mismas. 

Un elemento queda definido por las cuatro 

esquinas del rectángulo formado por cua -

tro posiciones de la matriz. Una de las 

ideas básicas consiste en detectar si uno 

cualquiera de los lados del rectángulo 1n 

tercepta o toca una curva de nivel. En 

caso afinnativo se dibuja una línea a tra 

v~s del rectángulo. Otra forma consiste 

en divjdir el elemento con una o dos dia­

gonales para formar dos o cuatro triángu­

los en cuyos lados se interpolan los valo 
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res de la curva de ni~el, 

Si se requiere muc~a precisión se puede~ 

justar una superficie polinómica de 2do. 

y 3er. grddo de los tipos: 

z = A + B.x + Cy + ox2 + Exy + Fy2 

z = A + Bx + Cy + ox2 + Exy + Fy2 + Gx3 + Hx2y + Ixy2 + Jx3 

A partir de los valores de las cuatro es-

quinas y otros puntos circundantes por mé 

todos de mínimos'cuadrados. 

El primer método introducido, por lo sen-

cillo, es el más rápido. El último es 

más lento como puede verse por las ecua -

ciones que repetidas veces tiene que man~ 

jar. 

A nivel de programación, la forma más fá-

cil de tratar la matriz [s] consiste 

en generar las curvas de nivel explorando 

columna a columna o fila a fila. Este en 

foque utiliza la menor cantidad de memo -

ría pero hace el proceso de suav1zamiento 

muy difícil. Otra técnica de procesamie~ 
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to verifica el borde de la matriz y busca 

a lo largo de cada c0lumna el comienzo de 

la c~rva de nivel. Bajo escrut1nio para 

seguirla dentro de la matriz hasta que se 

cierre como un lazo, o salga por un bdrde 

de [s] Este algorítmo necesita un -

Co~putador de acceso aleatorio muy rápido, 

ya que se tener toda la matriz -

en memoria principal durante la corrida 

del programa (ver figura~ aunque el proce 

so de suavizamiento es ahora más sencillo. 

- 1 
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Adicionalmente, el 0P.1ineador Digital ej~ 

cutará más rápido el dibujo debido al he-

cho de que una vez que se ha seleccionado 

una curva en partícularD esta es trazada 

en forma total. 

[n generalo la experiencia demuestra que 

en la generación de imágenes de curvas de 

nivel en forma automatizada no vale la p~ 

na refinar demasiado los algoritmos debi­

do al hecho de que la información adicio­

nal obtenida no justifica el costo en 

tiempo de máquina necesario. 

Una forma de generar a {s1 consiste -

en asignar a cada punto de {R~ el va-

lor del elemento de {D1 mas cercano. 

Obviamente que ya no se dispone de una su 

perficie continua sino de una serie de -

subsuperficies horizontales escalonadas, 

en cuyo centro geométrico se encuentra el 

punto de información respectivo. 

Esta constituye una forma rápida dP. gene-

rar una imagen de Obviamente, 

al sacrificar la continuidad de la super-
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ficie ya no es posible estudiar las ten­

dencias y gradientes del fenómeno. 

Un programa que implementa la técnica an 

terior para producir imáqenes: de proximi 

dad se d~ a continuación: 
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Los vectores que se leen al principio del 

programa, VX(I), V~(I) y V(I), contienen 

respectivamente el índice de fila, el de 

columna y un valor numérico.: Las tres 

cantidades definen un punto del conjunto 

{D) Este conjunto es ~nido con el -

conjunto {R"\ del retículo para produ-

cir la matriz U(I,J) a través del lazo -

00 6 K = 1, N. Los lazos 00 9 I = 1,50; 

00 9 J = 1,50; 00 8 K= 1, N y 00 10 

K = 1, N exploran cada elemento de la m~ 

triz U(I,J) para calcular la distancia -

a cada uno de los puntos de [D1 Las 

instrucciones siguientes calculan el mini 

mo del conjunto {D~ .Y lo identifican -

plenamente mediante el subíndice MINK. 

El algoritmo termina asionando al elemen­

to bajo análisis de la matriz U(I.J). el 

valor de su ounto de información mas cer­

cano V(MINK). 

Una vez obtenida la matriz, esta pasa a -

ser procesada por la subrutina PROXIM, 

que utilizando algunos de los métodos de o 

despliegue gráfico ya descrito, genera 
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N 
1 
2 
3 
4 
5 
6 
7 

b 
9 

10 
l1 
12 
1 3 
1 4 
!5 
1 6 
1 7 
11'• 
l 9 
.:O 
.. 1 
.:2 
.. 3 
,¡¡ ,., 
~o 

,7 
,a 
"9 
JO 
J 1 
.12 
.13 
J/¡ 

J5 
.16 
J7 
.18 

por la impresora de línea la proyección 

ortogonal correspon~iente (ver fiqura -

página No. 91). En la siguiente tabla 

se muestran los puntos de información -

usados. N es número de secuencia; F Fi 

la. C Columna; V Valor del Punto y CL 

Clase Estadística. Al fondo de la oági 

na aoarece la escala de ennearecimien -

to junto con la correspondencia de el~-

ses. 
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Existe otro tipo de representación para 

[s] de tipo discont1nuo que implica 

la descripción cu1dadosa de una serie -

de subcontornos de [s] , ~ a los cua 

les se les ha asignado un valor numéri­

co representativo del fenómeno bajo es­

tudio. En efecto, las divisiones exis­

tentes en una región geográfica general 

mente son de tipo político (países, es­

tados, distritos, etc.) o administrati­

vo (zona de desarrollo). Interesa en-­

tonces poder visualizar el estado ac­

tual de una variable en cada subdivi -

si6n del área. 

Se puede implementar la producción autQ 

mática de este tipo de imagen a través 

de la impresora y el delineador digital. 

Para el primer caso los algoritmos son 

bastantes complicados y no se discutí -

rán aquí. Para el segundo caso el pri~ 

cipal problema consiste describir ade 

cuadamente el contorno de cada subcon 

junto [s] usando los vértices que lo 

componen. 
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Los algoritmos que si¡·ven para la descriE_ 

ción y procesamiento de vértices, líneas 

y superficies serán definidos en las págl 

nas siguientes. 

Una vez que se tiene cada contorno, este 

debe ser rayado en una o dos direcciones 

a fin de producir una graduación de tonos 

que van desde el blanco hasta el negro, -

proporcional al valor de la variable. La 

subrutina básica de dibujo consiste en u-
' 

na serie de instrucciones que ejecuta 10 

tipos de rayado diferentes sobre un con -

torno. Cada tipo de rayado es asignado -

por un número en el rango [1, 10] y -

que corresponde a la categorización atar-

gada a la información de entrada, es de-

cir, a cada subcontorno se le dá uno cla-

se. Los límites entre clases pueden ser 

constantes (se obtienen de acuerdo a lo -

descrito en la páqina 24) o variables (el 

usuario los proporciona de acuerdo a su -

criterio). 

En la figura de la página 94 puede verse 

el dibujo hecho por el 11 PLOTTER 11 de una -

'¡ 
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Se hace evidente de que se tr~ 

ta de un mapa de conformidad -

del Estado Zulia y que los con 

tornos corresponde~ a los 10 -

Distritos que lo componen. 

2.6. ·Codificación y Procesamiento de Líneas y Elementos 

de Superficies 

Se presentará brevemente en esta secc·ión la forma 

de almacenar en la memoria del Computador las lí-

neas y elementos de superficie que constituyen los 

diversos tipos de imágenes discutidos en las sec -

cienes anteriores. Las técnicas variarán grande--

mente según se trate de una impresora de línea, de 

una proyección ortogonal~ perspectiva, etc. 

2.6.1. Construcción de un Contorno sobre la Ma­

triz [s] 

El problema consiste en sobreimponer en u-

na matriz un contorno o poligonal que deli 

mite un área geográfica predetenninada. 

Todos los elementos que caen fuera de 1 con 

torno son excluidos de procesamiento e im-

presión. 
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Como un contorno puede estar compuesto de 

centenares de elementos S(IoJ)~ se necesl 

ta un método para recolectar solo los vér­

tices de la poligonal para que un proceso 

automático· interpole los puntos interme 

dios. La unión del conjunto {y) de 

vértices y ti1 de puntos interpolados 

produce el conjunto {P) o poligonal en 

la forma de dos vectores o arreglos PI(I), 

PJ(I), I = l,N con N-1 puntos diferentes-

(PI(l) = Pl(N); PJ(l) = PJ(N)). 

Un primer método implementado por el autor 

consiste en explorar los ocho puntos cir -

cundantes de un punto Pl y averiguar cual 

de ellos está mas cerca al punto P2 como -

lo indica la figura: 

P2 
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El punto más cercano pasa a ser ahora el 

nuevo P1 y se vuelve a re~etir ~1 proceso 

de cálculo de los ocho puntos circundan -

tes hasta que P1 J P2~ 
) 

El procedimiento 

se ejecuta hasta que se cumpla P1 = P(~). 

en cu.vo caso ya se ha recorrido todos los 

puntos del contorno. 

Al implementarse este algoritmo se pudo -

comprobar con sorpresa que los puntos se-

leccionados siguen trayectorias de o~, 

452, 902, 1352, 1802, 2252, 2702 y 3152 o 

sea que dos puntos Pl, P2 dentro de la ma 

triz auedan unidos oor una secuencia de -

segmentos siauiendo las direcciones arri-

ba descritas. Obviamente el orocedimien-

to no es apto oara los fines oersequidos. 

Un sequndo método, que representa una a--

pl icación curiosa del· Método de Monte Car 

lo a la Computación Gráfica, se describe 

a continuación: dos puntos P1 y P2 defi -

nen un vector cuya dirección puede ubicar 

se en 16 zonas notables de la circunferen 

cia: 
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P2 

Ocho de ellos siguen las direcciones fijas 

02, 452, 902, 1352, 1802, 2252, 2702 y 

3152. Los ocho restantes son variables 

dentro de los límites impuestos por los fi 

jos. El alqorítmo comienza por consiquien 

te. identificando la dirección en oartícu­

lar aue siaue el vector aue une dos elemen 

tos oartículares P1. P2 de un contorno. 

partiendo de los índices de fila v columna. 

Los elementos de la matriz que unen en 11-
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nea recta a Pl y P2 de coordenadas Fl. Cl 

y F2, C2 respectivamente tienen la parti­

cularidad de que sus índices de fila y CQ 

lumna siguen una distribución probabilís~ 

tica uniforme. Es inmediato que utiliza~ 

do un generador de números pseudoaleato -

rios se puede obtener el conjunto de indi 

ces necesarios para cada par sucesivo de 

puntos de una poligonal, 

El programa mostrado en la p~gina 1~1 co-

mienza por leer las coordenadas del con -

junto de puntos (P) La subrutina 

CLAVE(Fl, Cl, F2, C2, L) es llamada para 

identificar a través del parámetro de re-

torno L = 1 hasta 16, que dirección sigue 

el vector Pl, P2. El G~ T0 computado si 

guiente envia el control a la sección co-

rrespondiente encargada de calcular ade--

cuadamente los limites LF y LC que van a 

ser utilizados por el generador de núme -

ros aleatorios FUNTION RANDOM(A,B,O) para 

calcular los índices necesarios. Como 

los índices son generados uniformemente 
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distribuidos pero en forma desordenada, e~ 

tos son ordenados de menor a mayor a través 

de la subrutina SORT1. El lazo iterativo 

~ 96 M = 1, N - 1 asegura de ~ue el proce 

so se lleve a cabo para los N puntos del 

contorno. 

En la oágina105 puede observarse el resulta 

do obtenido para una matriz MATRIX(50,122) 

a la cual se le ha asignado 23 puntos de u­

na poligonal. Esta ha sido dibujada por la 

impresora con el caracter X y el resto de -

la matriz por signos.-. 

En la página 106 aparece el diagrama de fl~ 

jo de la subrutina CLAVE, la cual analiza -

el signo y mag~itud de los vectores 01 = F2 

- Fl y 02 = C2 - Cl para decidir la direc -

ción del vector Pl, P2. 
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2.6.2. Diferenciación entre Puntos Externos e In-

ternos en un Contorno 

Una vez obtenidos los elementos del contar 

no debe buscarse alguna forma de poder de­

tectar que objeto de poder eliminar todos 

los puntos externos a la poligonal. La i­

dea básica a implementar consiste en la a­

plicaci6n de un conocido teorema topológi­

co y que dice que un punto se encuentra 

encerrado en un contorno si. una recta tra 

z&da a él desde otro punto cualquiera ext! 

rior corta el contorno un número impar de 

veces: 



·--

Para detectar si un elemento de una matriz 

cae en un contorno previamente definido -

bastará con analizar la fila correspondien 

te del elemento. Se considera!que se tra­

za una linea imaginaria desde el margen iz 

quierdo del papel al elemento en cuestión 

ubicado en la fila H y columna Q. Explo -

rando ahora los vectores que contienen la 

descripción del contorno se calcula cuan -

tos elementos pertenecientes a la fila H 

tienen un índice de columna menor que Q. 

Si el número obtenido es impar, el punto ~ 

se encuentra dentro del contorno, 

2.6.3. Codificación de Líneas 

La exposición presentada en este punto se 

aplicará principalmente al delineador digi 

tal. es decir ya no se considera el proce­

samiento de elementos finitos en una ma -­

triz sino el tratamiento de puntos v lí­

neas a través de funciones continuas. 

Un orimer método oara codificar una oolig~ 

nal consiste en describir la secuencia de 



j j j j j j j j j j j j j j j j 

j j j j ,J j j j 

j j j j j j j j j j 
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puntos que la compqnen: para el caso de con 

tornos no conectados se debe crear 0tro corr 

junto que describa la conectividad. Para -. 
implementar esta sencilla idea simplemente 

se hace uso de tres arreglos unidimensiona­

les, uno para la coordenada X, otro para la 

coordenada Y, y otro para describir la co-

nectividad. Por ejemplo los contornos: 

Compuestos por 14 puntos de coordenadas: 

XlD X2 ... X14; Yl, Y2, .. ,Vl4 y el vector-

de conectividad l,O,O,O,O,O,O,O,l,O,O,O,O, 

O pueden ser procesado5 (Cálculo de Areas 9 





nu 

. ' 

Centro de Gravedad, Dibujoo etc.) mediante 

las siguientes instrucciones: 

DIMENSION X(lOOO), Y(lOOO)q K(lOOO) 

READ(l,l) N 

D~ 2 1 = l,N 

2 READ(l 0 2} X(I)p Y(I}, K(l) 

00 4 1 = l,N 

4 CALL PL~T(x(I)» Y(I), K(I} 

Un segundo mitodo más efi~iente consis 

te en utilizar direccionamiento indi -

recto. Para basta marc~r cuidadosampn 

te cada vertice de la poligonal con un 

número de secuencia. Este número indi 

ca la posición del punto en dos vecto­

res X(l) e Y(I) que contienen las coor 

denadas. Los vertices de las figuras 





vendrán descritas por un vector que conti~ 

ne una secuencia de números enteros indica 

dores de los puntos particulares que com­

ponen la poligonal. Para referirse a una 

figura se escribe X(P(I))p Y{P{I))o donde 

P(I) es el vector de contorno. 

Un ejemplo del primer método lo constituye 

la subrutina VENEZUE(I) que sirve para di­

bujar un contorno' de ·Venezuela. El parám~ 

tro I de entrada sirve oara oroducir ~n di 

bujo simple sin divi·si6n politica interna 

(I = 1). Si I = 2 el mapa se qenera con-
1 

la división entre Estados. En las páqinas 

112 v 113 aparece el 1 istado. Los di bu -

jos producidos en las páqinas 114 v 115 • 

El subprograma comienza por leer las se 

cuencias de coordenadas A(I) y B(I). El 

vector L(I) de conectividad se construye -

a cont1nuaci6n asignando el valor 3 a cier 

tas posiciones previamente predeterminadas. 

Una serie de llamadas a la subrutina PLOT 

construYen el contorno pedido. 

l 
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2.6.4. Codificación de Superficies 

De la misma forma que un conjunto de seg­

mentos de recta conectados por sus extre­

mos componen un contorno, un conjunto de 

superficies unidas por los bordes consti­

tuyen un poliedro. En el caso bidimensio 

nal una curva continua se aproxima media.!!_ 

te segmentos. Para el caso tridimensio -

nal una superficie se aproxima mediante -

planos. 

Para describir y manejar adecuadamente só 

lidos por intermedio de un Computador se 

reducen estos a un conjunto de planos el~ 

mentdles. Cada plano es entonces descri­

to por un vector de contorno que contiene 

el nGmero asiqnad~ a cada virtice. Las 

coordenadas rectangulares de cada punto -

se describen a travis de tres vectores 

X(J), Y(I), Z(l). Nuevamente se usa el -

direccionamiento indirecto para procesar 

cada elemento de superficie. 

Para el dibujo de un poliedro habrá que -

transformar las coordenadas tridimensiona 
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~ OBSERVADOR 
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les a coordenadas bidimensionales por me-

dio de proyecciones oblicuas, perspectiva, 

axonométricas, etc. 

Con respecto al problema de la visibilidad. 

es decir. la elimación de todas aquellas 

líneas que estan ocultas por el poliedro a 

un ob5ervador, se puede decir que es una -

cuestión compleja de resolver en general. 

Una solución particular, para el caso de -

un poliedro~se dá a continuación: como ca 

da elemento de superficie viene descrito 

por los puntos que lo forman, se pueden 

calcular fácilmente el vector unitario nor 

mal que apunta hacía el exterior del sóli-

do. Si el ángulo que forma la dirección 

en que mira el observador y la normal al -

plano es menor o inual a noventa qrados. 

la superficie no es visible v no se dibuja: 

*Convexo 
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La implementación de esta idea usando cálc~ 

lo vectorial y direccionamiento indirecto -

no presenta ninguna dificultad. 

2.7. Otras Formas de Representación 

·Otra manera de visualizar el tipo de variable analiza 

do hasta ahora consiste en asignar un símbolo o figu­

ra geométrica de área o volumen proyectado, proporcio 

nal al valor medido, Sobre el contorno geográfico en 

particular, El algoritmo ubicará los puntos donde e­

xiste información y generará los comandos necesarios 

para dibujar el símbolo. 

El di bu.io de 1 a páqi na 119 representa un mapa de Ven~ 

zuela de la población de 617 pueblos y ciudades para 

1.971. En este caso el programa dibujó el contorno -

del país y luego trazó 617 círculos cuya área era prQ 

porcional a la variable, Conceptualmente no existe 

dificultad en la implementación del procedimiento, 

pues se trata de hacer una subrutina que dibuje 

círculos de diámetros variables dadas las coordenadas 

de los mismos. 
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2.7.1. El Método de Monte Carlo 

Se puede utilizar esta técnica para imple-

mentar algunos procedimientos en el campo 

de la Computación Gráfica. Un primer eje~ 

plo fué dado en la página 97 donde el au--

tor lo utilizó para construir un contorno 

a partir de sus vértices, usando un gener! 

dor de números aleatorios. 

El método puede ser utilizado por consi 

guiente en el despliegue gráfico de varia­

bles espacialmente distribuidas. Para e-

llo debe idearse alquna forma de aqlomerar 

algun tipo de símbolo proporcionalmente al 

valor bajo estudio. Se puede producir por 

ejemplo, 1as coordenadas X e Y de N pun­

tos utilizando para ello una subrutina de 

números aleatorios como la mostrada en la 

página 104. Se puede utilizar una distri­

bución probabilística uniforme o de tipo -

normal. Obviamente que para el segundo e~ 

so los puntos tenderán a concentrarse ha­

cia el centro del círculo que contenqa el 

conjunto de caracteres empleados. 

• ¡ •• -~-p ...... , .......... , ........ c. ............ .-••••• -·---·--·-~····-- .. 
· r ,. -.. ; · .. :. r •-~ .-. ,. ' -

.• 





y 

--~ '1 

1 

R 

J_ 
1 
1 

1 
1 
1 

B 

l o 

Graficamente se tiene: 

LAS 

En donde A y B son las coordenadas del oun 

to con información alrededor del cual se -

van a dibujar al azar N caracteres. 

En la página 123 puede examinarse el prQ 

grama principal y la subrutina ALEATO(A, B, 

N, INC). Se comienza el proceso por leer 

las coordenadas de los puntos respecto a -

un origen en centímetros junto al valor nu 

mérico del fenómeno, Para nuestro caso se 

seleccionó ficticiamente la poblaciód de 

varias ciudades y se tomó la relación de -

i21 
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un caracter por cada 1000 habitantes. A 

continuación se preparan adecuadamente -

los parámetros A, B, M e INC dentro del -

lazo DO 5 I = 1, N; A y B son ,as coorde­

nadas del circulo de contención; M es el 

número de caracteres de posición aleato -

ria a generar; INC es un incremento de 

dos unidades asignado a la semilla del g~ 

nerador de números al azar FUNCTI0N RAN­

DOM. Una vez que el control del programa 

ha sido transferido a la subrutina ALEATO 

se calculan los limites superiores e infe 

riores de las coordenadas X e Y a generar. 

Cada vez que .se crea un nuevo punto, se -

chequea que esté dentro de un circulo de 

radio una pulgada. Si cae fuera se recha 

za. Si cae dentro se acepta, incrementá.!!. 

dose el contador I y verificando si se 

han generado los M valores necesarios. 

En la página 125 puede examinarse el di­

bujo resultante ejecutado por el delinea­

dor. 
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2.7.2. Secuencias Animadas 

Una de las extensiones lógicas que se pue-

den hacer de la automatización del proceso . . ' 

de representar variables espaciales, con-• 

si ste en generar una secue'nci a de imágenes 

de un fenómeno en función del tiempo o la 

posición. Si el conjunto de dibujos obte-

nidos es fotografiado cuadro a cuadro por 

una cámara de cine, la película resultante 

presenta la evolución dinámica de la varia 

ble. 

La secuencia de dibujos que van de las pá­

ginas 70 a la 78 muestran una superficie -

con cuatro puntos de información en proyef 

ción oblicua y que dá la impresión de es--

tar rotando con respecto a un observador. 

La secuencia completa filmada por el autor 

abarcó un giro completo de 3602 en incre-

mentos de 102. El total de 36 imágenes -

fueron generadas en un tiempo de una hora 

con cuarenta minutos. El proceso de filma 

ción en si tomó una hora. 

Pueden combinarse variaciones de posición 



--------------------------------------------------------------------------------------



como la descrita anteriormente con varia­

ciones en el tiempo para imprimir una ma­

yor sensación de realismo. En tal taso­

la programación se complica p~es además -

de intervenir matrices de rotación de 

coordenadas, hay que 1ntroducir ecuacio -

nes dependientes del tiempo. 

o 
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3. Conclusiones y Comentarios.-

No hay duda de que a escala mundial se han realizado nume­

rosos trabajos relacionados con la aplicación de los comp~ 

tadores diqitales al manejo y representación de variables 

espacialmente distribuidas. Alqunas razones que motivan -

esta t~ndencia son: 

a. Proliferación de Centr-os de Computación Académicos. 

Durante los últimos catorces años, los Centros de -

Computación han pasado a formar una parte indispen-

sable de toda Universidad, La disponibilidad y al-

ta accesibilidad por parte del investigador al com-

putador. ha qenerado una presión que obliga al desa 

rrollo de nuevos métodos automáticos para resolver 

problemas en todos los campos de la Ciencia y la 

Técnica. 

b. Creación de una nueva tecnología en dispositivos de 

salida. Desde la aparición del primer Delineador -

Digital en 1.957 hasta nuestro días, se han creado 

una serie de dispositivos de representación gráfica 

altamente sofisticados. Entre ellos podemos menciQ 

nar el Delineador Digital de 1·1esa ("FLATBEB"), la-
,, 

Pantalla de Rayos Catódicos ("CRT") (que permite el 

desarrollo de la Computación Gráfica Interactiva), 



-----------------------------------
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la Pantalla de Televisióno etc. Unido a lo anterior 

se encuentran los costos cada vez menores. 

c. Precisión, rápidez y economía en la elaboración auto 

mática de imágenes. Un computador adecoadamente prQ 

gramado puede producir grandes cantidades de gráfi -

~oso mapaso dibujos, e te. en un corto intervalo de 

tiempo. Si además se toma en cuenta la circunstan -

cia de que el manejo~ procesamiento y representación 

de millones de números es imposible de realizar por 

un dibujanteo se puede concluir que eventualmente s~ 

rán los computadores los encargados de efectuar los 

procesos de representación, sustituyendo o colocando 

en otro nivel al personal especializado. 

d. Tendencia a la digitalización en la ~ecolección de -

información. El gran avance tecnológico alcanzado -

en el campo de los sensores remotos y locales junto 

al perfeccionamiento y abaratamiento de los circui -

tos digitales, causan un incremento en la recolec 

ción de información capaz de ser leída directamente 

por un computador para su procesamiento e interpret~ 

ción (tarjetas y cintas perforadaso cintas magnéti -

cas). 
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e. Grandes avances logrados en los campos del procesa­

miento de imágenes y reconocimiento de formas. C~ 

mo parte de una disciplina mas amplia llamada Inte­

ligencia Artificial, se han logrado ava~ces en el -

campo de la construcc16n automática de mapas ffsi -

cos a partir del examen directo de aerofotos. Es 

posible anticipar que eventualmente serán los compM 

tadores los encargados de elaborar mapas topográfi­

cos usando lectoras ópticas coma canales de entrada. 

En el ámbito nacionalD es aún muy poco lo logrado­

en esta área. Existen desarrollos en estado experi 

mental como los parcialmente presentados en este -

trabajo. Para pasa~ a la implementación de la fase 

operativa se debe obtener la colaboración en act'ivi 

dades de experimentaciórD por parte de personas del 

campo académico y de investigación. Solo un conti­

nuo proceso cfclico de utilización - evaluación - -
! 

crftica -~corrección podrá crear el cuerpo coheren-

te d~cono~1mientos necesarios para poder usar con 

efectividad y con una v1s16n realista el Software & 

ser creado y el H&rdware ~~ disponible. 

" 
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lntroduction 

This chapter describes the Census Bureau's development of a comput· 
erized geographic sys~m for use in conducting the 1970 census. 

This report has been prepared to introduce and 
explain the DIME system to a three-part audience: 
(1) lndividuals interested in technrcal developments 
In geographic coding, (2) organizations wrthin stand­
ard metropolitan statistical area~ (SMSA's) part•ci­
pating in or eligible to use the products of the Census 
Bureau's address coding guide/Duallndependent Mao 
Encoding (ACG/DIME) program, and (3) organiza­
tions interested in creating their own DIME file. 

For individuals interested in tt.'chnical develop­
ments in geographic coding, this report describes the 
experiences of the Census Bureau 1n developmg a 

· computer file for rclating .:edres:;~ on cenSt;s 
questionnaires to census geographrc areas for tabu­
lating the 1970 census. 1 t descnbes early efforts to 
create such a file-the address coding gurde (ACG) 

. and the development of the Dual lndependent l\1ap 
Encoding (DIME) technique for creating geographic 
base files. 1t also describes the census geographic base 
file (GBF),1 in which the ACG and DIME conct.!pts 
are ·combined. The report also describes uses of a 
DIME file, creation of a DIME file, and the 
conceptual basis of the DIME system. 

For those organizations within SMSA's which 
currently possess orare in the inrtral stages of cre::ttrng 
a GBF, or those that wil! be able to obtain an 
already created GBF for therr own use, th1s rt';.Xlrt 
describes the uses of the file in computer mappi,g. 

1The DIME f1le descnbed m th1s report ¡sessent•all" t~ 
same as the Census Bureau's GBF. M,,or d1fferences oc~'..Jr '" 
formats and in lengtns of part•cular f1elds, but the theortttocal 
framework is identical. 

1 

address and area coding, network and node analysis, 
adjacency analysis, nnd other uses. lt also discusses 
the question of file maintenance and expansion. 

For those organlzations contemplating the crea­
tion of a DIME file, this report provides an overview· 
of the system. 1 n conjunction with a clerical pro­
cedures manual, a computer procedures manual,--and 
various computer programs, this report pr.ovides.the 
complete documentation needed to create a DIME. 
geographic base file. 1 

1970 Census Procedures 

In 1970 the Burcau of the Census conducted the 
Nineteenth Oecennral Census of Population and 
Housing by a comiJmation of two methods:. ~ mail 
canvass in the large urban areas of the country ~nd a 
house-to-house enurneratron in the remainder of the 
country. 

In 145 of the 233 SMSA's and in certain adjoining 
areas the mail canvass procedure was used to enu· 
merate approx•m.Jtrly 60 percent of the Nation's 
populatron. lnsteék:l of a visit to each household by an 
enumerator, census questionnaires were mailed to all 
residents. These qu.·\tronnaires were addressed using a 
compu!erized ma1lrng li~t cerived from commerc!al 

2This report, tha two ¡:¡rocedures manuals. and tl':e 
computer programs ~onst1tute the New Haven Census Use 
Study comp.• ter pro¡¡1,am package t1tled DIME: A úeograpn1c 

Sa$l! File Svstem. 





sources and 1-orrected and updated by the Post Office 
Department. · , . 

Befare ttu. ' . census, addresses were checked by the 
~ P~ Offtce "'epartment. Addresses 'on cards were 

gNen '? tt.;. postal carriers on each route w1th 
~~~ct.tons 1¡., add, delete/Ór correct the addresses as 
reqUJred. Or••·; corrected, the computerized list of 
acfdresses Wq~ se' d t · .1. 1 • • u o generate ma1 mg abels for the 
matl-out qué·tl . . · onnatres. A second check was made at 
the ttme of u 1. . . . 
the 

. . " •very, w1th the necessary correcttons 1n 
hstmgs a1 1d .1. . ma1 tng p1eces made manually. 

For thosa .. rt" f h .1 • l-'o •ons o t e ma1 canvass areas whtch 
weacfdre "01~ CL.\ered by city delivery postal service, 

ress 1sts \ · . vere prepared by Census Bureau f1eld 
personnel. 1 1 1~>se addresses were al so corrected and 
u~ted by 11 \e Post Office Department at the time of 
dehvery. Tt.l f"l f add . . ~ 1 e o resses was not computenzed 
and the ma1111 • . 

• 1g pteces were addressed manually pnor 
to the mad·a\lt.. • 

lmmediat"'' . . V prror to census day-Apnl 1 
197G-the q1• 1. . d 1. · ' 

~ 1onna1res were e JVered to all house· 
holds. Hou · 1 Id . . ...,.. lo ers were asked to complete the 
quest1onna1r,.. a d .J' • 1 1 ff" F n mat 11 to a oca o 1ce. or those 
householder~ n t .'1• b k h . . o ma1 tng ac t e questlonnatre or 
erroneously . . . . mmplet1ng any of the 1tems on the 
quest1onna1rr,-. f . a ollowup was conducted by tele-
phone or by . '1'\ersonal v1s1t by an enumerator. 

The rema,, d f h '' er o t e country was enumerated by 
the traditiOil 1 h . ., ouse-to-house canvassmg procedure. 
In the urba:, ·ed . f 

• 1, port1on o the 88 nonmatl SMSA's 
and tn thosc 11 . . . h .. ,a er c1t1es wh1c have contracted wtth 
the Census b.- f bl k . . . . ureau or oc statJstJcs, each questlon-
natre w1ll • . 

"""~> ceded to 1ts census block. 1 n the 
remalnder v.· h . . 
d

• . ( t e nonma1l areas, the enumerat1on 
1str1ct ED\ . . 

. Wlll be the smallest geograph1c area to 
whtch a que"-cionnaire is coded. 

Geo94,·aphic Coding for the Census 

As in pre,.:,._us censuses, geographic codes for each 
household •:• "h 1970 · " e nonmail enumeratton areas 
were determ : 

•'d and coded by the enumerator dunng 
the house-tu ., . ouse enumerat10n process. 1 n are as 
scheduled i, .. bl k ' oc tabulat1ons, the enumerator 
entered the "' bl k · •·nsus oc number from a census map 
en each Q, • 1. d. . h 

•'s 10nna~re unng t e enumerat1on 
process. F or the balance of the nonma1l areas, the 

2 

'i~ ~1 ' '. J ·'-" 
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enumerator identified the ED of each household-and 
coded the ED number on the household's questlon­
naire. From a combination of codes for these "lowest 
common denomínator" areas (ED's and/or bl,ocks)., 
codes fc;>r larger areas such as census tracts. townships.;_ 
counti~. and S tates were developed. 

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

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

1. Prepare a preliminary file in a standard format 
for each mail SMSA. 

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

3. Edit the files by computer to obtain the most 
accurate files poss•ble. 

To create the preliminary files, the Bureau con­
tracted with commercial firms for mailing lists and 
city directories. From these lists and directories and 
Bureau source files, computer records containing 
street names, address ranges for each block side, 
intersecting street names. and various geographic 
codes (such as State, county, congressional district, 
municipal1ty, ZIP code, and census tract) were 
created. 

To prepare the files for review and correction by 
either local cooperatmg agenc1es or by a centralizad 
Census Bureau coding staff th1s information was 
computer-printea on FOSDIC worksheets. 3 Once 
preparad, the FOSDIC worksheets were sent to the 

3 FOS;)IC (Film Opt.cal Sens1ng Dev1ce for Input to 
Computers) •s a cod•ng method whereby prearranged sma11 
c1rcles or spaces on a form or worksheet are ceded ustng a 
"fill-1n" cod1ng method FOS:::>IC worksheets. once ceded. 
are m1crofdmed and the worksheet codes converted d1rectly 
to cedes 0'1 ccmputer tape 1 n a lo ose sen se the f1ll~d-•n 
spaces on t~e worl<sheet serve the same purpose as puncned 
hales in a punchcard. 





~perating agencies for review, correction, updating, 
and coding'. The Oepartment of Housing and Urban 
Oevelopment provided "701" funds to qualified local e 

'qgenc:ies to defray up to two·thirds of the local costs 
f this operation. Highway, planning and research 

funds, administered by the · U.S. Department of 
Transportation, were also available for this purpose. . . . 

For each block side within the coding area, the 
following codes' were reviewed, and corrected or 
updated: Census tract, census block, beginning and 
ending address numbers,4 area cede (a municipality 
code), congressional d istrict, voting wards ( optional), 
and an optional or local cede field. When review was 
completed, the worksheets were clerically edited by 
the local agency and a sample of the work was 
independently verified as a quality r;ontrol measure. 
Units of work not passing qualit'¡ control were 
rPViewed and corrected. The compl~ted worksheets 
_ te then returned to tt}e Bureau for processing. 

At the Bureau, the worksheets were microfilmed 
and the information on the worksheets was t•ans­
ferred to magnetic tape by the FOSDIC equiprr.ent. 
Using the information from the FOSDIC worksheets, 
the original file was updated. Computer edrt routines 
were applied to the file and clerical corrections were 
inserted, as necessary. Coding errors were corrected 
by the Bureau staff when adequate reference docu· 

Jenu were avallable. Othcr errors vvere rcferred to 
the local cooperating agency for correction. A fter 
edit and correction routines were completed for an 
SMSA, the file was made avarlable to non-Bureau 
users at reproduction cost. lmmedrately prior to the 
census, the ACG files were updated from rnfor· 
mation supplied by the Post Offrce Department and 
by the commercial mailing list sources. The ACG 
,. "i were then considered final and were u sed to cede 
11.e census questionnaires geographrcally. They wrll 
also be available at the cost of' reproduction to non­
Bureau users. Figure 1 illustrates the 6asrc steps 
necessary to create an ACG. 

ACG files consist of block side records for all 
streets within the coded area. Non~treet features, 
such as municipal boundaries, rivers, and railroad 
tracks am not included in.the file. A block srde 1s one 

4FOt the purposes of this report, beg•nn•ng and ending 
or lowest and h•ghest address numbers refer 10 the lowe~t or 
highest po~sible address numbers, rather than actual address 
numbers, for each block s•de or street segment. 

3 

side of a street between two intersections on that side · 
of the street. A block side for a dead-end street is one 
side of the street from its beginning intersection to 
the dead end. Figure 2 illustrates sorne typical block 
si des. 

COMBINE O 
Commercial mailing lists 

Commarciel street d~rectones 
Census Buresu gaographJC codEB 

í¡ 

Original eddress cod•ng guide 

V 
Local codmg-

edit ¡¡nd queilty control 

V 
Census Bureau computer 

odit and correct1on 

V 
Prehmmary address codmg gu •de 
(Available to nonbureau users) 

V 
Preccnsus updatmg 

y 
Final address coding guide 

(For use •n geographJc cod•ng of 
the 1970 Census and nonbureau use) 

Figure 1. ACG creat10n process 
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F•gure 2. Typ1cal block s1des 

Each ACG block side record contains the fol­
lowing codes: State, county, minar civrl division (or 
census county division). place, Zl P code, 1970 census 
tract, street ( includes Úreet d 1rection, na me of street, 
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;,ut:et type, and a street serial numberl, !ow and l~tgh 
address numbers, census block number, Sl\lSA, 
district office (Bureau administrativecode). area' ··de 
(a code used ';n p!ace of the minar civil division ~nd 
place cocles, above), op'tional code (local coch> or 
census serial number). ward (election district), .3••·•e'< 
Carea annexed between the 1960 and 1970 cens\h"sl, 
congressional district, Post Office administrat1ve 
codes, and seria~ number (unique number for t-ach 
block side). · 

Development of O 1 ME by the 
Census Use Study 

The first ACG reviewed locally was the one for 'he 
New Haven, Conn. SMSA. This ACG was requ~re,4 to 
proc:ess the special census which was conducte•l 10 
April 1967 to test the mail·out/mail·back proceo,'res 
for the 1970 census. Local review and coding ot the 
FOSOIC worksheets was completed in the fall of 
1966. 

The special census also provided a current data f•le 
for use in the research and development activit1e, vf 
the Census Use Study.5 One of the primary rese.:.-ch 
activities of the Use Study involved computer r"-'~o­
ping.6 A prerequisite for such research was ~';e 
availability of a geograph1c base file with coordin.:-:-es 
to permit the assigning of coordinates to data files. '\)r 
mapping. Since ttlis type ot file dtd not ex1st for 1\ ;;w 

Haven, the Census Use Study attempted to cre,.te 
from the ACG a geographic file w1th coordinates. 

Three alternative approaches wcre available ""or 
assigning coordinates to the ACG: (1) Assign coc-o ,11. 
nates for the approximate center pomt (centrotd) ,, ~a 
block, (2) assign coordina tes for the centro id 0 • a 
block side, and (8) assign coordtnates for both -e '·~S 

of each block side. The th1rd alternattve was se lec '':>d 

because it provided the capabtlity of plottmg a st'";""of>t 

or network map that could be used for dtsplav vr 
editing purposes. lt also orov1ded the abtlity to n•.%\o 
by shading data values w1th1n the actual configurar''"' 
of a block. The other tvo.o alternat1ves did not pro\ '·"E' 

these capabilities. However, the selectton of the tr-, .-'l 

alternative made tt posstble to compute coord.nJ:·."S 
for the other two approaches, 1.e .. block centrotd J, "\(j 

block side centroid. 

5see Census Use Study re port. General Descriptton. 
6See Censvs Use Study report. Compucer Mappmg. 
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Portions of the New Haven ACG were tested using 
the third alternat1ve. Coordinates for the beginning 
and ending of each ACG block side as shown on the 
Census Bureau's smgle·line metropolitan maps were 
measured and recorded using a semiautomatic device 
callee! a "Coordinate Locator" built by the Bureau. 
This process is called "digttizing." Coordtnates dig­
itized for each ACG block s1de were converted to 

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

Substantial problems were encountered during the 
testing of the digitizing process. Since the ACG is a 
file of streets only, nonstreet features ex isting in the 
coded area such as railroad tracks, rivers, lake shores. 
and municipal boundaries were no~ mcluded in the 
f1le and therefore could not be dtgtttzed. The absence 
of nonstreet features wh1ch formed block boundaries 
made it impossible to accurately plot block maps or 
calculate the area of blocks. Thts absence also lim1ted 
the usefulness of a plotted map for display or ~ 

analysis. 

Another problem was that the d igitizing process 
itself was inefficient: for the typical intersection 
(two streets crossing), eight read ings ha::! to be made 
on the coordmate loc37.ar, one for each of the block 
side ends forming the intersect1on. When such an 
intersection was olotted. the plot uc;ually s¡,owed 
more th;::n one of ::bt: oiot<ed pomts at th<: tnter· 
section i:1 slightly d1fferin;:¡ loca~1ons. This dtsciep· 
ancy was due to vartab!lity introduced manua!ly in 
digitizing the potnt e:;;ht 'limes and also to error 
introduced by mecf:ánJcal sllppage 1n the digitizer. 

Still another problem was tne tnabifity to digitize 
curved streets accurate.ly. in !he ACG, each block side 
is coded from intersectton to m-.:ersection without 
regard to curves that may occur along the block side. 
As a result, when a curved block side was digitized 
and plotted, it plotted out as a straight ltne. This 
occasionally !ed to plo~ted curved streets crossmg 
other plotted st-ee~s 111co.-rectlv ar.c the depictmg of 
nonex1stent mtersect;on~ 

A suostant:al ·~urr.ber ::;7 cod mg errors and o mis· 
s1ons were detectsd :.~rou~¡;, :.--:e N e,,: ·...,::ven ACG test 
as it was used oy 7'1& Cens..:~ use Study. The 
OÍSCOVery Of t~·e~ s-rors, no¡ GE:tected bv the eXtStiOg 
ACG c!er1cal a'ld ::oMputer ed ·::s, and t~.e coordinate 
assignment proble!T!s discussed above, !ed to the 

... 
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conclusion that alternativa "nproaches should- be 
explored. Although the AC• • was suff1c1ently accu­
rate for the geographic coftr,.,l of census question­
naires. the Census Use Study e ·• •dudcd that improving 
it for other purposes, such fls computer mapping, 
would not be practica!. 

The problem of developl.,q a new system was 
referred to the Technical St.,~>ring Group (TSG) of 
the Census Bureau Advisorv Committee on Small 
Area Data, the body overSouing Census Use Study 
activities. A subcommittee w .. ~ establistied to explore 

. other methods of automated t:~>ographic coding orto 
conduct original research, 1f '1ecessary, to develop a 
geographic base file which c:,. 11 1d be used efficiently 
for computer mapping and 9"1'!Jraphic analysis. 

The subcommittee first co··~•dered extant methods 
of creating geographic base tlt.,s. Then 1t developed a 
proposal for constructing a \.h:-graph1c base f&le using 
graph theory as the conceph·~l framework. Since a 
linear graph can be descnbt:.l as a series of straight 
line segments in a plane co""e<:ted at vertices, 1t is 
readi!y apparent that a smgk, lme map is a form of 
linear graph. Figure 3 illustrál\-~5 this point. 

eS 
ct MIL TON 

).. 

"" BYRONCT. .., .., 
~ 
11) 

Figure 3. Graph elements of a s" .. ~·e hne map · 

Each street, river. railroat.• <rack, municipal bound­
ary. or other map feature c~J. • h~ cv'ns1dered as one or 
more straight line segmen, · Curved lmes can be 
divided into a series of str' '·t hne segments. When 
features intersect or wht>·· ,:raight line segments 
change direction, vertices ar.: •,,r med. Using a concept 
derived from graph theory. -1: rnethod was devised for 
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creating a geographic base f1le where each vertex, 
intersection, or node, 7 as well as each l~ne segment 
and intervening enclosed area. could be uniquely 

. identified. Also each could be •dent1f1ed in terms of 
1~ its place within the ent~re region encompassed by the 

file and in relation to adjacent nodes, line segments, ' 
and enclosed areas. The ent~re reg1on encompassed by 
the geographic base file could be viewed as a series of 
interrelated nodes, lines, and enclosed areas. Each fine 
segment is identified by its name as taken from the 
source map, e.g., Main Street or Green River, or by 
the node numbers at each end of the fine segment. 
Nodes are numbered sequentially and uniquely . 
Enclosed areas are numbered using a systematic series 
of block numbers or other areal identifiers, or they 
can be described by the nodes or fine segments which 
bound them. 

The creation of such a file of fine segments, nades, 
and enclosed areas allows for tr.e editmg of the file by 
computer using an algornhm denved from graph 
theory. When ceded, the three elements-segments, 
nodes and enclosed areas-can be formed into sepa­
rate i~cidence matrices, e.g., fine segment-node, line 
segment-enclosed area, and enclosed area-node, by 
computer. The relationsh1p establ1shed within these 
incidence matnces provided for the development of 
the computer editing system. 

Such a fif~, as a re~re~r:t~!:on of a m:;p, c=n bt 
digitized ana plotted by computer to produce a 
complete replica of the source map. Often 1t is 
impracti'cal or unnecessary to correct every ed1t re¡ect 
or to reproduce faithfully e:ll curved features. How­
ever, a perfect f1le can be produced at a reasonable 
additional cost. 

The system that developed from this research 
activity was named Dual 1 :-.cecc'laent Map Encod ing 
(DIME) because the :,asic ~:f~ 1s created by coding 
two independer.t \ncider.c?. ,--;;;:.,nces from the source 
map. 

From this t'leore<•cal base, the Census Use Study 
staff developca .xoceduíes aí.d created a DIME file 
for New Haven. ::re same ty;ce of reference sources 
used to crea¡e _;-,¿ ACG-Ce.-sus 3:..oreau metropol1tan 

7Tne terms v<":tex, mterscct1on, and node are constdered 
to be essent•al!y .~.e sa"7le fo• the purposes of tiHs papee-, 
node 15 the !<- ·.·.-, u~d because ci 1ts w:de use 10 transoor­
tat1on plann1r.~ a ;d o~:.e: geograph1c appi1car1ons. 
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t!Hif'S and local ad:tress ¡;¡aps or listings-was 
employed. Only one rh::~jor char.ge was made to the 
metropolit¿n maps pr1 .. , to DIME coding-each nade 

4._,.6n tht! m3•: ··:::s asso!.lned a unique identification 
•numbilr. Tha ccding form usad was a standard 

punchcaró transcript¡o,, wor~sheet. A replica of the 
final coding form develo>ped for the system is shown 
as figure 4. 

While an ACG is cot,~tructed on a block-side basis, 
a DIME file is construqed on a street-segment basis. 
Each ACG record cont~ms the appropriate codes fo;· 
one side of a street between two intersections on that 
side of the street. l~ach DIME segment record 
contains the approprt:>te codes for both sides of a 
street between two no'-les. ., 

t.-/· 
\ -"' .. >~J 

-lnt;ally the same ;nfmmat;on ;, ~onta;nod ;n 
both systems-street ~~~me, address number ranges, 
censi.Js block numbeh. census tract numbers, and 
other1 geographic cede~ The DIME system has two 

a:Jditional codes: nade r1umbers and leftlright orienta­
tion.0 The DIME systcrn also contains all meaningful 
nonstreet fcatures SU<h as rivers, munictpal bound­
aries, shorelines. and • a•lroad tracks shown on the 

JI ~etropolitan maos. These are not contamed m the 
•·ACG system. Nades ~re placed at sharp curves in 

streets or other featu1ps so that such curves can be 
adequately de ser ibed by a· series of straight line 
egments when plotteu by computer. 

Worksheets were COded and keypunched; the data 
"•ere put on magnetic tape. The file was computar 
---Jited and edit rejech were corrected. After two or 
three edit cycles. the r de was considered sufficiently 
accurate. The metrop.'l•tan maps used to cede the 
DIME file were then ,. u•t•zed and the nade numbers 
and coordinates were '''erged into the DIME file. The 
file was then ready h•r use in computer mapping.9 

The file was also used t..:Jr address and area coding, as 
discussed in chapter 11 

l 0
The left/right orienl,.toon cocte separates the codes for 

1 
one side of a line scgment •rom the other. 

9The computer ma.-.•,ng e~penments conducted are 
i des:ribed fully in the C.:.~sus use Study report, Compurer 

Mspping. 
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further Experiments 

To examine the applicability of DIME to ongoing 
prograrhs of the Bureau. and to develop standard 
coding procedures and Bureau capabilities in the use 
of the system, further research was initiated. 

A coding manual, forms, and procedures based on 
the New Haven experience were developed; and 
Roanoke, Va. was chosen as a test site for further 
DIME development activities. The Roanoke City 
Planning Commission agreed to supply coding clerks. 
The Use Study staff tramed the clerks and supervised 
the coding operation. 

After the local coding operation was completed, 
the coding worksheets were keypunched and the 
punchcards were converted to magnetic tape. The file 
was edited using DIME edit techniques. Rejectswere 
corrected and inserted in the file. The coding maps 
were digitized with the Bureau's dig1t1zing equipment. 
Nodes and coordinates from this process were 
insertad into the DIME file. Test maps were prepared 
on the Bureau's Calcomp plotter. Coordinate errors 
detected on the maps were corrected and the file 
updated. The file was then cor>s'dered complete. 

Further testing of coding procedures was con­
ducted at E!inghamton, N. Y .• by the Broome County 
Plannmg Board.· Areal coverage for this test was 
extended beyond the central city to the county 
boundary. 

After tra•nmg by Census Use Study staff, local 
personnel completad the coding operation with only 
nominal monitoring by Census Use Study staff. The 
Census Bureau's metropolttan maps were used for the 
urbanized portian of the county. County highway 
maps were used for the rematnder. The manuals and 
worksheets used at Roanoke were revised and a 
coding manual was introduced for this test. 

When coding and quality control operations were 
completed, the worksheets were keypunched and 
computer ed•ted. The maps used for coding were 
digitized. When comoleted, the coordinate intorma­
tion was merged into the DIME file at the CenSlJS 
Bureau. Test maps were plotted and the file w¡~s 

corrected to complete the Broome County test. 
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Tht~ qinal test leading to the development of the 
Censu¡¡ Use Study's computer progr am package, 
DIME- A Geo~aphic Base File System, was con­
ducta¡! In the Greenville, S.C. SMSA by the Green­
\fille (·0 unty Planning Commission. Pnor to the test, 
~ C'.t•ding and supervisors manuals and the coding 
sl'td é:11ministrative forms were refined according to 
9indir•l1s of the previous tests. However, this test was 
desigh~(l not only to evaluate the DIME computer 
progrcm packaga but also to develop materials which 
coulc! be u~d to create geographic base files for the 
nonm¡:¡n census SMSA's. 1 0 As a result, matenals 
whict, could be adapted to both uses were developed. 
Geog1 ~phic coverage was limited to the city postal 
delivr.. y portian of the urbanized area of the SMSA, 
215 in \he ACG program. 

AG ~ro Binghamton, supervisory tra1ning was con­
~~9 bv Cen21.1s Use statf membars. The supervisor, 
m iUJ''· b-ained the coding staff. Biweekly monitoring 
uisits \\'ere mode by Census staff. U pon completion of 
cocfin~ and local quality control measures, the work­
sheet& were returned to the Census Bureau. Key­
punct,lng, editing, and corrections were completed, 
.end \t,e iile became the prototype for the nonmail 
cenrul!. ACG/DIME geographic base file program. 

~current with the Greenv11le test. an experiment 
Wéllll f~nducted to examine the feasib•l•ty of mergmg 
an ~~,dependently created DIME file .v;thout 
~dr~'!;ses for Madison, Wis. with the ACG for 
Madi~too. The DIME file was created and edited by 
llh2 ~~se Study staff; the ACG file was ceded by a 
Bocal ,~ncy and processed at the Bureau as part of 
~ fa\,qndard ACG program The metropolnan maps 
wera \Jsed as the base for creatmg both files. 
Theo•~ticaliy it should have been poss1ble to merge 
these Jtwo files into an ACG/DIME file However, a 
subst<,~>.,tial number of records could not be merged. 
for l,}'smple, of the 2,345 biock records which could 
be my.~ged, 1,104 records had at least one d 1fference 
1rom ~ne file to the other file. An analysis of the 
differ \f>nces revealed that 19 percent wcre street name 
spellu'-9 differences. 3 percentwere DIME errors, 47 
perce••t were ACG errors. 9 percent \'vere errors in 
both "!les, and 22 percent were amb•gu1t1es in the 
metro,,'Ulitan maps. Reconcilmg the vanous dif­
feren~o~s took a substant1al amount ot t1me. In fact, 
more time was spent on this process than would be 
requirv-d to create a DIME file w1th addresses for 
Madis'ón using the Greenv•lle approach. As a result, 

n °1\i.-onmail con sus geographoc base f1les w1ll be d1scussed in 
eroot~¡o, datsil in the next sect•on of th•s chapter. 

8 

the merging of separate ACG and DIME files by 
computer was discarded. 

However, the desirability of inserting DIME fea­
tures into the ACG's increased as it became apparent 
that the ACG's could contain a considerable number 
of errors that were not detectable by ~Gsting ACG 
edits. The banefits of the DiME edits and the 
potential uses of DIME files for compurer mapping 
and other uses were also becommg widely known. 
lnquiries as to the availabllity of DIME files in the 
mail census SMSA's were received by the Bureau. 
from local, State, and Federal agencies. 

After the close of the ACG/DIME merging 
experiment, further research into adding DIME fea­
tures to the ACG's by computar was undertal<en by 
both the Census Use Study and the Bureau's Geo~ 
raphy Division. The Geography Division experi· 
mented with inserting unique, computer-generated r-­
node numbers into a specially prepared ACG. The 
attempt was only partially successful and was 
abandoned. 

At approximately the same time, the Census Use 
Study investigated the possibility of adding DIME 
features, i.e., nade numbar and leftlright parity 
status, to a specially preparad ACG block side file by 
clerical procedures. The following orocedure was 
developed for adding th~se features: 

1. Metropolitan maps would be node numbered as 
in DIME; i.e., all intersections and points along 
curved features would be numbered uniquely. 

2. A specially formatted worksheet printout ver: 
sion of the ACG allowing for the 'clerical 
insertion of nade numbers and leftlright parity 
status for each block side in the file wou Id be 
prepared. 

J. Nodes and parity status would be coded on the 
worksheet. Additional records woulo be coded 
for nonstreet fea~ures (nonstreet featu;-es v.:zre 
not coded m the ACG) and for b!ocl< sides 
whi.:h had to be split into two or more p¡eces 
bacause of curves or other reasons. 

4. After coding was completed, the added codehs 
(and unique identificat1on numbers for ~ac 
record) would be keypunched and merged mto 
the original ACG f1le. The resulting "segment 
side" records would then be merged to form 
segmcnt records. 





\ 

5. The resultr,,g file would be edited using the 
DIME edih 

6. Edit reject~ would be corrected. 

1. The metrú;•olitan maps used in coding would 
be digitizE:-.l to create a file of node records­
each nodf. record would contain the node 
number an~ its coordinates. 

8. The node 'ttord file would be merged with the 
DIME file :ond would thus be in final form for 
release to "~propriate agencies. 

A generalized fh...w chart of this operation is shown in 
mgure 5. 

J 
Nodsnumbe' 

motropollrdl 
mop11 :] 

AddrBS$ 
coding guida 

(ACG) 

V 
Worksheea 

printed from 
ACG 

f¡ 

·91 coding of worksheea 

OJded 
metro poli! ... 

mops 

Merropoll r ..... 
mDPJ 

digitized 

~ 
J 

' Worksheets 
keypunched 

\f 
Ftleedtred 

and 
correcred 

f¡ 

ACG/DIME ftle 
wtrhout 

coordmares 

v-
t.CG/DIME file w1th coordmares 

figuro 5. ACG/l"lME ereation process 

This techn 1 l~~,e was tested using the ACG for a 
snall number of census tracts rn Madrson, Wrs. 

-Testing show<:, .. the system was workable and suffi· 
ciently econon. •cal to warrant rts use rn a natronwrde 
program. The :'ureau accepted rt for the program for 
lnserting DIMe_ teatures into the ACG's. 
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When the technique was accepted, a task force was 
created to conduct a large-scale test and prepare 
necessary clerical manuals and computer programs. 
This test was conducted successtully rn Madison, Wis. 
undar field conditions using draft manuals. The file 
was processed using the steps outlined above. The 
ACG/DIME program was then turned over to the 
Bureau's operating divisions for implementation. 

The ACG/DIME Geographic Base File 
Pll'ogram 

As discussed earlier in this chapter, the 1970 
census is being conducted using two different enu· 
meration methods. In the majar urban areas of the 
country (approximately 60 percent of the popula­
tion), the census will be conducted using the 
mail-outlmail-back technique. The remainder of the 
country will be enumerated by traditional house-to­
house canvassing methods. The Bureau has estab­
lished one geographic base file program for the 145 
mail census SMSA's and a separate program for the 
88 nonmail census SMSA's. Different methods are 
being used to create ACG/DIME geograph•c base files 
in each program, although the completed files are 
essentially identical. 1 n the mail census are as, the 
ACG's are being "improved" by adding DIME fea­
tures. In the nonmail census areas, ACG/DIME files 
ars being dcveloped "frcm ::cratch.'~ A !·~ting cf the 
mail and nonmail census SMSA's and th1: ava1lability 
of ACG and ACG/DIME files is provided in 
appendix A. 

Mail Census Geographic Base File Program 

For the Sl'v1SA 's included in the mail census, 
ACG's have been prepared for the central city (or 
cities) of the SMSA and the surrcundrng urbanized 
area, generally for the portton of the S:viSA in which 
mail is delivered toa stree: address (such as 115 Main 
St.). The Bureau has requrred th;s areal coveragc 
because each census ouestronnatre must be coded to 
its proper geographrc area for tabulation ¡Jurposes. 
Geographic coc'ir-g c·f the c;uestttJnn.atres os accom­
plrshed by compt.:ter :-:'1atcr.t.-.~ t:1e address to whrch a 
que~tionnaire ts ;-;¡z¡ied ( i i5 \'.arn St.) to tts :11atchrng 
address range in t~e ACG ( ~ Oi- i 99 .'.1am SU. Once 
this match is accompilshed, :t"".e rec;utsite ~eographrc 
codes in the ACG a~e appended to the computer­
generated record for the questionnaire. 
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The ACG/OIME geographic base file program in 
the mail census SMSA's (cailed the ACG lmorove­
ment Program) origmated when 1t became obv1ous to 
the Bureau, and other Federal, State. and local 
agencies, that it would be des1rable to add DIME 
features to the already existing ACG's. Federal 
egencies, including the Oepartment of Housing and 
Urban Development and the Department of Transpor­
tation, became interested in supporting the program. 
Tiley provided financia! support when the Bureau 
dec:ided to p~oceed with the program. 

Time requirements for creating the machinery to 
conduct the 1970 census will not allov1 the use of the 
improved ACG's. The ACG/DIME files w1ll, however, 
be used in future censuses and surveys, and will be 
periodically updated.1 1 The files are being developed 
primarily for local and State agencies concerned with 
smaJI area data analysis and planning. They will also 
b2 useful for a variety of planning and analytical 
saJdies in the prívate as well as the public sector. Uses 
are discussed in chapter 11. 

The local coding phase of the program is scheduled 
to conclude in late 1970. 1 n the majority of SMSA's, 
coding should take from 3 to 6 weeks. However, the 
larger SMSA's may take from 3 to 4 months. 
Computer editing will begin when the coding work­
sheets are returned to the Bureau. The processed 
gaographic base files (wlthout coordmates) are 
scheduled to begin becom1'19 available 6 to 9 months 
after the coding worksheets are returned to the 
Bureau. They should be avallable for use soon after 
the census summary computer tapes begm to become 
available. Although the census will be conducted 
using the presently ex1sting ACG's, the geograph1c 
area codes-census tracts, census blocks, street names, 
address ranges, etc.-wlll be essentially the same m 
both the ACG and the improved ACG/DIME files. 
Therefore data from the 1970 census will be usable 
with either file. 

Coordinates for the ACG/DIME geographic base 
files are scheduled to be digit1zed from the node-

11 The Southern Caltforn•a Reg•onal lnformat•on Studv 
(SCRIS), a ¡omt research study sponsored by the Bureau and 
the Southern Callforn•a Assoc.a:·on of Governments, of 
which the Census Use Study forms the Bureau's cont.ngent, 
has been charged w•th develop.ng a ma•ntenance and 
updatrng system lor thc ACG/DiME Geogr~ph•.: BaS<! File 
Program. Oevelopment of the system rs scheduled to be 

completed durrng 1971. 

10 

numbered coding maps begmning in calendar 1971. 
The coordinates are scheduled to be addcd to the 
geographic base files, and tested for accuracy. 1 2 ihe 
files will be ava1lable on a flow basis begmning in late 
1971_and continuing through 1972. 

Nonmail Census Geographic Base File Program 

In nonmail c~nsus areas, place-of-work addresses 
reported on the samplecensus questionnaires will be 
coded to census tracts for tabulation purposes. Todo 
this, an address coding quide that relates addresses to 
the census tract level is required. The Bureau 
intended to create only census tract address coding 
guides for this purpose. Since such guides would be 
of little use to local users or to the Bureau in future 
censuses because census tract boundaries often 
change between censuses, the Bureau decided to 
develop DIME-type geograph1c base files for the .,.­
nonmail SMSA's when the Department of Housing 
and Urban Development and the Oepartment of 
Transportation agreed to support a program to create 
such files. 1 3 Nearly all of the SMSA's elig1ble for the 
program have partic1pated (see appendix A). Census 
tract coding guides will be prepared for those SMSA's 
not part1cipating. 

The process for creating an ACG/DIME geographic 
base file in this program is essentially the same as the 
method developed in New Haven and refined in 
subsequent tests. The local coding phase of the 
program was completed in early 1970. Computer 
processmg and ed1tmg of the files 1s scheduled to be 
completed by mid-1970. Files without coordmates 
will become avallable for local use at that t1me. The 
coding maps are scheduled to be digitized dunng 
1971 and files with coordmates w1ll be released on a 
flow basis to local agencies starting in spring 1971 
and continuing into 1972. 

12 Coordinates m the ACG/OIME fileswrll beexpressedas 
geograplorc coordrnates (expresseo m degrees of lat•tudc and 
longrtuoe camed to four d~rmat place.sl. state ptane 
coorc.r.a:es and "ma;:> m.les" frc~ an arb•tr<Jry po.nt 

13 Funcs havc been nad~ avanable for locol agencv codrng 
work ¡;nder the "701" program of the Oepartment of 
Hous1r.g ano Urban Oeveiooment and through StatP hu~hway 
ptannrng programs whose funds are admrmstered by the 
Oepartment of Transportatron. 





\ Chapter 11 

This chapter describes the use of ~"Msus and local data -with the DIME file 
far p/anning and analysis in both the public and privare sectors. 

There are many potential uses for a DIME geo­
¡raphic base file or other geographic files incorpo­
rrating DIME features. Severa! were explored by the 
Census Use Study and others await exploration. The 
description that follows is intended to provide a 
¡preliminary look at these ~ses. 

Considerable research into uses of DIME files is 
~ing undertaken at the Southern Califom1a Regional 
Onformation Stl.ldy (SCRIS). a joint project of the 
Cer.sus Bureau and the Southérn California Associa­
iion of Governments. 1 

Computer Mapping 

Computer mapping using a DIME file can only be 
eccomplished if the file contains coordinates.2 

Nade coordinates alone allow only one basic type 
of map to be produced-a network or outline map. 
These coordinates are u sed to plot street networks, to 
!hade within the areas described by the nades, or to 

- print characters or symbols within the same area. 
, Figure 6 illustrates an outline map with shaded 
node-defined areas. 

1This research will be documented and reports released 
on o periodic basis. 

2The Census Bureau presently plans to provide 
coordinate readmgs for all ncdes on the gcographoc base file:> 
completed as part of the ACG/OIME Geoyraphoc Base Fol.: 
Program. 

·11 

To allow for full use of a DIME file for computer 
mapping, area centro id (center point) cc•>rdinates can 
be calculated and added to the DnnE file. For 
example, block centroids are necessary to plot block 
data to a grid, as in figure 7; toa contour interval, as 
in figure 8; or to proximal or incidence map. 
Centroids are also necessary for mapping data to 
other areas, such as police precincts, census tracts, 

and transJ?Ortation zones. 

The Census Use Study tested severa! mapoing 
techniques and systems using the DIME file, such as 
MAP 01, SYMAP, pen plotters, cathode ray tubes, 

and the Geospace plotter.3 

1 n general there are six steps in computer 
mapping: Selecting and specifying the data to be 
mapped, selecting the mapping system to be used, 
attaching coordinates to the data by matching the 
data records toa DIME-type geographic base file with -
coordinates,4 manipulating and organizing the data 
for input into the computer mapping systern, select· 
ing the appropriate cartographic features and data 
categories of the map to emphasize the salient 
characteristics of the data, and .producmg the map. 
Figure 9 illustrates this process. 

3 For a full aescri::-toon of computer maoping research 
carried out at the Census Use Studv. see Census Use Studv 
re;>ert, Compurer M.:Jppmg. 

4 Th1s can be no~maioy aone by usorg an aocress matching 
system such as AD11.1ATCH. descrobed on page 18. 
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fFogure 7. Gll'id Map- Cathode ray tuba map showing grid cells 
«adjusted hours spen'\ by visiting nur~s) 
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IF~ 9. Computer mepping process 

Adding local Area Codes to the 
!DAME File 

~ 

~ 

.. 

The addition of local area codes allows use of the 
DIME file in the analysis of-local and census data as 
~Y relate to local areas. Examples of local areas for 
which codes can be added to geographic base files 
im:iude traffic zones. planning districts, o;chool dis-

- tricts, police precincts, poverty netghborhoods, and 
health districts. Local area codes tn a DIME file 
~ocilitate the interrelattng of census and local data 
either for the areas originally coded in the DIME file, 
ruch as census tracts, blocks, municipaltties, and Zl P 
code areas, or for local areas such as land use foles or 
as:sessor records. 

local sreas are usually definej as agglomer<~tions 
of city blocks, parcels, or other sinall areas. However, 
a local area may also be ,defined in a ltnear sense, i.e., 
o series of street or other segments. or tt may oe 
identified by a series of points such as street 
intersections. The 1970 census dÁta wtll be available 
only for areal units. The census block wtll generally 
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-ba the smallest unit. 5 However, local data may be 
available for any of the three types of local areas. 

·. l!i>cal codes may be added to a DIME file by 
meahs of a dictionary or correspondence table of 
local codes for each census area There are t\'110 

relatively simple methods which can be empfoyed. 
The primary method is to plot the local areas on a 
Census Bureau metropolitan map and then manually 
prepare a corresponding list of local area codes for 
each individual or series of census area codes compa­
rable to the local areas. The census codes necessary 
for areal units are census tract and block, as illus­
trated in figure 10. For linear coding of one segment 
ata time {streets or other segments) the census codes 
necessary are a combination of the census tract 
number and the node numbers at each end of the 
segment, as illustrated in figure 11. For linear coding 
of several continuous segments along a street. the 
necessary codes are the segment name and census 
tract and node numbers for the beginning and ending 
points of the contiguous segments, as illustrated in 
figure 12. For node or intersection coding, the 
nacessary codes are census tract and node number, as 
illustrated in figure 13. Once a dictionary or corre­
spondence table is prepared, it is keypunched and the -
iile processed to add the local codes to the DIME 
rrecords. 

The "ariant method of creating af1 a•ea dictionarv 
utilizes the DIME file as the source for the dictionary 
records. A computer program is written to process 
the DIME file and punch a card for each unique 
occurrence of the basic component of the dictionary: 
node, segment, block, tract, etc. F or example, if 
traffic zones are the local areal units to be included in 
the area dictionary, the tape ftle is proc~ssed and a 
card punched for each untque trar.t/blo:k number 
combination. The cards are processed automatically 

' in a card interpreter machín~ which imprints the 
cards with the coded elements so they can be read by 
clerks These cards are manually dtvided tnto traffic 
zones, using a metropolitan map marked with traffic 
zone boundaries as a guide. The traffic zone identi· 
fiers are "gang·punched" into bla:1k fieles in the cards 

s S loe k dato will e~ ·v ::,e avaíiaboe fo· Census 
Bureau·defoned \:rba- ~e-:; are as a-::: o~;ec •Jr:;an a· e as whocn 
contract w1th the Ce.-s~~ Bc.ceJ'" ro· ~::::.:'-1 s:at•s<~cs. An 
urban1zed area con~a .-: a c1tv ror ,.,,r, .:.:oes: o: 50,000 cr 
more pQ:)ulatron ;:~:u~ r"'e so..:rrot:'"'::. -; ..:~.:~.y scttled 
incorporated and umncor;¡orated areas ..... ~,.e~ meet certaon 
entena of populat10n s1:e nr .::en~:rv 3!::::~ ;1d<: cata w1il be 
ava•lable for the urbant:ed area of rr.a11 cens..ss SMSA's on a 
conuact bas•s only. 
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513 ....: 
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Q 

1ST AVE. 

22 

515 

Loccl crea boundary=-= 

Laccl ~ c003. @ 
EntiTe map in census tr¡¡ct 21.01 

LOCDicode Census tract Census block 

14 21.01 101 

14 21.01 102 

~4 21.01 105 

14 21.01 10S 

14 21 01 107 

figure 10. Areal un•t codmg ·local area 14 outhned on map 
coded to census trl!Ct and block. 

using a card reproducer machine. The card file is then 
usually converted to a tape file Depending on the use 
which will be made of the f1le, it mayor may not be 
combined with the onginal DIME file. When it is 
necessary to assign the local codes to the DI ME file, 
the dictionary and the DIME file should be sorted by 
tract and block, and a program wntten to accomplish 
the code assignment. 

More sophisticated methods exist for adding local 
geographic codes to a geograph•c base file such as 
DIME. One example is the area bounding method, 
which describes the local geographic area by means of 
coordinates. For this method, a computer program 
could be written to determine the specific local area 
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Figuro 11. Linear codtng by segment . loc¡¡¡l linear code QL 
marlted on the appropnate street segments of tha map •s 
ceded to census trl!Ct, from node, and to node. 

code for each record in the DIME file and insert the 
code into the record. 

Using the dictionary method, the Census Use 
Study added local geographic area codes to the New 
Haven DIME f1le. These included codes for 1960 
census enumeration districts, Community Action 
Program (CAP) areas and sub-CAP areas, elementary 
and s..aé:ondary school districts, traffic zones, and 
telephone company central off ice and market. areas. 

Agencies requiring special lc;~cal area tabulations 
wete requested to provide a pu~chcard file consisting 
of one card per census block. The card contained the 
census tract and block and its correspo~~Hf\9 local 
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Figure 12. Linc .... , ccding by street · local lonear code @__ 
msked en the "'npropriate street segments of the map is 
c:ocf~ bv street •:ome, from node for the forst SP.gment along 
th3 ntreet, t.o """de for the last segment, and census tract. 

-ea Code. lf a. block was partially in ene local area 
-and partially •:.., another, the agency assigned the 
block to only '-":1e local area. Thi!> situation occurred 
inirequently l:..~ause the local areas tended to be 
much larger u._,n the average city block and to be 
bounded by !>L:-eets or other features usea by the 
Census Bureau tv define blocks. For the telep¡-.one 
companv cen~ ·al office and market area cedes, 
however, a lar'1'" number of arbitrary dectsions had to 
be made becau ··-:- the areas were lmear in nature, i.e., 
they were dci•.,cd as being both stdes of a street, 
rather than as ~ series of blocks. 

When the ~ ... ·:xhcard file containing the 1ocal area 
code dictiona: \· "'·as received by the Census Use 
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7 8 

Loan node code in italics- arrowed to node 
Entire map in census tract 25 

Local coda Census tract 

e 25 

D 25 

F 25 

F 25 

D 25 

9 10 

Nodenumbar 

15 

16 

17 

18 

14 

Fogure 13 Node or mte~section cod1ng- iocal node codes (in 
nahcsl entered on the map and arrowed to the nodes they 
represent are coded by census tract and node number. 

Study, it was computer adited to ascertain that each 
block was assigned to only one local area After all 
local area block dictionaries were submitted and 
checked, one master computer tape containing ail 
local area cedes for each tract/block combination was 
created. 

As in any large-scale data procPSsing operation, 
certain problems were encountered due to clerical 
errors and omissions The ce:1sus data tape for New 
Haven city contatrec 993 C~nique c1ty block codes. 
The DIME file and éh!:O Census Bureau tl"etropolitan 
maps showed 1,117 b!ocks in ~he citv. The difference 
between these nurr.bers rypically tndicates the 
number of blocks with no populat10n. Howcver, it 
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was discovered th.,t t2 blocks appeared on the data 
iape with populé:lt: .. ., figures; this error was due to 
clerical or process;.,ll errors in the construction of the 
original address cc •. l¡ng guide for New Haven. These 
blocks did not Q••near in the local area block 
dictionaries. To art" ~hese blocks to the r1ictionaries it 
was nec~rv to '"'er to the address coding guide for 
street names and "·'dress ranges and then relate this 
t:n~ormation to 'the "1aps containing the local areas. 

Tha most wide~•·read use of local area codes was 
m creating tabulau 00s of basic census data for the 
!~i areas. All b¡...,cial tabulations were checked 
b21ore release to l·e sure of adherence to Census 

..Buu-eau confidentlality rules. Special tabulations for 
MV local area witl, fewer than five households were 
suppressed.6 

Addlall'!lg IDO ME b::i!e Codes to local Records 
. 

Anntlter valuahl .. feature of a DIME-type file is its 
~ility for ad11•-ess matching, the matching of 
feCQTds in two fiiE:l> \)n the basis of address numbers. 
When using a Dll\t E file, address matching is the 
nwtching of local '""Cord files with address numbers 
iO a DIME file wiu~ address number ranges to assign 
gaographic codes th the local record files. · 

Address match11~9 has many uses. For example, 
files containi:-:g ro,~~ds of bu¡:ding and demolition 
JPSTnits can be aOll• ·ess matched to insert census tract 
numbars so that t..t '-llations of new construction and 
demolitións can bu nrepared by census tract. These 
can ba used with (k-.::ennial census population data in 
estimating currenl population by tract. Address 
matching crime inl .. ,~ence records to census tracts or 
block groups can t..,.. u sed to indicate possible correla· 
iions between crin • .,., and census socioeconcmic data. 
Address matching u· ~essor records containing land-use 
data to planning cll, .. rict codes contained in the DIME 
me would show lal .,.,~-use patterns within the planning 
dlstricts. Using thEl <-ame assessor records matched to 
gsographic coordio., ~es in DIME file, computer maps 
o~ the land-use paltv-rns can be prepared. 

To gacilitate a~;'"'ress matching, the Census Use 
Study has deveiop ,_ an address matching computer 
~age named Al~.\r1ATCH. 7 The ADMATCH system 

_GFor details, S.:q Census use Studv report, Data 
Yciwlation Activ1ties. 

7
See Census lJ'od Study cor'!"aurer program pJCkage, 

ADMA TCH: An Ado1~"'<S Matchmg System. 
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can be used with DIME files. address coding guides, 
ACG/DIME geograph1c base files. census tract street 
indexes, or any similar computer file containing 
addresses or address ranges and geographic area codes. 
The ADMATCH system requires that data and 
reference files (DIME, ACG, etc.) he prot:eSSed in a 
three-phase operation: 

1. Preprocessing-The ADMATCH Preprocessor 
program deciphers the address and creates a 75-
character match key. Special features of the Pre­
processor include the ability to create city and State 
codes, standardize street types (e.g. ST, AVE), correct 
misspelled street names on data records, and add 
records to the reference file to compensate for street 
names that are misspelled or truncated. 

2. Sorting-The data and reference files must be 
sorted on certain items in the match key, including 
ZIP code or State and place (city) codes, street name, 

- ---._ :.-~ 

and house number or address range. rr 

3. Matching-The ADMATCH Matcher program 
compares items in the match keys of the data file and 
reference file. When a match occurs, user-specified 
geographic codes from the reference file are attached 
to the data records. Since the quality of data files 
varíes, the Matcher program has an option to accept 
mismatches on the street type and direction to 
improve the chances for matcl'!!ng. For example, the 
Matcher can be instructed to accept a record such as 
151 Elm St. when matched to 151 Elm. or 76 W. 
Washington St. N.W. when matched to 76 Washington 
S t. N .W. 1 ndividual street addresses can be matched 
against street addresses as well as address ranges. 

The concept of the matching process is illustrated 
in figure 14. 

In New Haven, severa! local files were matched to 
the DIME file to produce tabulations and input to 
computer mapping programs. local files matched 
included birth records, police complaints, police 
arrests, building code vio~~tions, t:res, s.:hool attcr.d­
ance records, school census records, visiting nur2S 
hours, and health records. The rr.a:ch rate averaqed 
85 to 90 percent for a perfect match (all items match 
perfectly) and it approached 1 o.;, percent for less than 
a perfect match (sorne items allowed to mismatch). 

In one experiment, data on visiting time spent by 
nurses at various locations throughout New Haven 
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,----
·were provided by the Visiting Nurses Association of 
N~ Haven. This file, consisting of 29.000 records, 
was matched to census tract and block and coordi­
nares in the Nevv Haven DIME file. A 98.6 percent 
match rate resulted. Once matched, the local data 
record file with coordinates became input to a 
computer mapping program. Maps displaying the visit 
~ocations were prepared. T abulations of the data were 
Dfso prepared for census tracts and blocks. 

Street name and number 

157 Braemore St. 

Files matched in computer 

Street name and 
address range 

151·199 Braemore St. 

Code to be 
appended 

60 

Cotk appended (o local file 

Street name 
and number 

157 Braemore St. 

Figura14. Matching process. 

Appended 
cacle 

60 

ADMATCH was a!so u~d extens!vely in matching 
Uocal records for input to the Health lnformation 
System.6 Among the items matched were birth 
records, infant and fetal death records, and hospital 
ob5tetrical records. These local record files were 
matched to the DIME file, and census tract and blocK 
group codes appended. Once matched, the local 
·ecords were tabulated, analyzed, and input into the 
IHealth 1 nformation System. 

h\l~work and Node Analysis 

Nodes or link·node combinations are u sed in node 
analyses; calculation of area. dcns1ty. and network 
analyses; and calcu lation of centro1ds for blocks, 
segments, or block sides. 

Node Analysis 

data by street intersections. such as data on traffic 
accidents at intersections. These data can tt>en be 
compared to information on traffic flow and the 
existence of traffic signals and signs and pedestrian 
crosswalk:. at intersections with high accident rates. 
Analyses can be made concerning changes needed in 
speed limits, the timing of traffic lights. the need for 
warning signs, additional pedestrian cros:swalks, stop 
signs, etc. 

Processing is accomplished in a number of ways. 
Local data can be coded directly to node numbers in 
a DIME file by clerical transcription and keypunching 
methods. Or a separate intersection file can be 
created by sorting the DIME file on node number and 
creating separate records for each intersection 
(containing geographic identifiers. node numbers, and 
intersecting street names-listed once for each node). 
This file can be sorted on intersecting pairs of streets 
in standard alphabetic arder and local data records 
for intersections can be added. 

A special matching program that can correct and 
match on misspEIIed street names or add supplemen· 
tary records could also be created to match local 
intersection data to the DIME intersection file and 
transcribe geographic or bther cedes from one file to 
the other. Figure 15 illustrates the concept of 
matching a DIME intersection file and a local 
intersection file and appending a cede from the DIME 
file to the local file. 

1 ntersecting streets 

Atlas Rd · Maywood PI. 

~ Files matched in computer 

1 ntersecung 
streets 

Atlas Rd. · 
Maywood PI 

Code to be 
appended 

131 

Code appended ro local f1le t 
l nter>ect '"9 

Maywood PI 

Appended 
COde 

131 

11 For o full explanation, see Census Use Study report, 
HeDith lnformation System. Figure 15. Matchang antersectaon tales. 
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Area Calculations and Arr"V! 

Polygonal areas can be corn,,,,ted given coordinate 

information describing the 1 ~ o1, •Jon. Polygons can 
represent agglomerations of t,¡,,cks, census tracts, 
police precincts, or arbitrary ar .. ao; (centered on a set 

of nodes or one node) of fixe<l • •• variable width. For 
example, an area calculation flt!ly. be required for a 
strip 100 feet wide on both si<tuq of a series of street 
segments, as one of the data "'l<>ments needed in a 
study of land requirements for III,Jhway construction. 
Figure 16 illustrates this. Or an :orea calculation may 
b9 required for an area, radiau,,,l out % mile from a 

-- set of nodes, describing a part11 • tl;:¡r set of conditions 
Nch as a parcel of land propo~u.t for rezoning (figure 
17). Or again, area calculationb •nay be required for 
rings and sectors at fixed dista,,ces from a central 
business district. 

Also, given data by polygons ilc>scribed in terms of 
coordinates, it is possible to dt!l"rmine by "point-in­
polygon" or "polygon-in-polyq,." .. methods which 

polygon a given data item bcl\' 1•..¡s to. This permits 
arraying data by irregular polyg1•11 5• 

Similar but simpler methods 1•ermit arraying data 

by regular polygons such as !l' '-.1 squares, tria~gles, 
circles, rings, or sectors. 

Network Analysis 

A DIME file forms a sut',tantially complete 
link-node system or network. N.-tworks are used in 
transportation planning and ·~source allocation 
studies in which movements t.1\e place from one 
point to another over a network. 

Transportation Studies-An 1 "oortant device in 
transportation studies is the siml·: ·t:on of traftic flow 

over a network using mínimum \'·''" algorithms This 
device can be u sed for processes '· . ·h as assignment of 
delivery trucks and postmen h' •~>ast time/distance 
paths to make routing more efftc .··t. assignment on a 
real-time basis of police cars. an•:" dances. tire trucks, 
etc., from one point in a new.·~· \ to another over a 
least time/distance path; esttmdt ·'·' of the eftects on 
traffic patterns when elemen" of the network 
change; analysts of effects or . ·hanges in traffic 
generators, etc. 

Planners have u sed networ "- f1les representing 
major traffic arteries for many \ ~·ars in conducting 
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Fi!J.Ir8 16. Area c:alc:ulation for a strip c:entered on o senes of 
hnear segments. 

Figure 17. Area calculat10n for an area rad1atmg out a cenam 
drstance from a set of nades. 

transportation studies. A DIME file contains all 
streets and many nonstreet features and boundanes 
tor an area. In some cases, it may contain too many 
records to be hand!ed by computer programs cur­
rently used in transportation planntng. A DIME :ile 
may also Jack data important to transportatton 
system simuiations, such as direction for one·way 
streets, number of vehicle lanes in a street, speeds, 
and travel ttme. 

A DIME ftle can be readily adiusted for transpor­
tation applicattons. Data needed ce:n be selected by 
developing a die t1onary of reqUtred streets, comparing 
this to the DiME file, a:-:d creatmg a new network file 
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for only the required streets. lt is also possible to add 
data on direction, capacity, etc .• to a DIME file. 
-•'1\Jre lB illustrates this process. 

-:Standm:l Dictionary 

DIME file of required 
streets 

-:¡ V 
Collate files. create file of 

recorcls for dictionary streets 

\¡ 

Abridged DIME Add•tional data-
file for 

~ 
street d•rect•on, 

trar'sponation speeds, capac•tv. 
planning no. of lanes, etc. 

V 
Transportation 

~ planning Trat'SpDrtat•on 
computer k;?= 

data 
programs 

'f{ 

Data 
cnalysis 

Figure 1& Adapting the DIME file for transportation 
pfenni~ 

Transportéition nt:twuril. uatd curnmtly b~ing useci 
vary considerably in format, content, coverage, and 
level of detail from one area to another. Standard 
DIME files could be used as the basis for development 
of standard transportation network data throughcut 
the country. Standard computer programs, technical 
speclfications. and analytical documents would result 
¡,. con-siderable savings and increased efficiency. 

ndard DIME files for all major metropolitan areas 
would make it worthwhile to develop standard 
computer programs for solving allocation problems 
involving delivery truck routes, trash removal routes, 
bus routes, computer routing of vehicles. "dial-a-bus" 
11\'stems, analysis of potential loading on existing and 
proposed mass transportation routes, etc. 

Allocation of Resources to Facilities-With the 
sdvent of thc DIME fil~. the Office of C•vil Defense 
realized that substantial benefits could be gained 
from standardizing the Community Shelter Planning 
(CSP) process throughout the country. The Census 
Use Study is designing and developing a computerized 
rnodel which will allocate people to community 
iallout shelters. 
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lo the past, the CSP process relied on local 
infOI '•~;~tion and manual map-oriented data lllanipula­
tion ~o locate shelters, identify population distribu· 
tion$ hv small areas and by time of day, and assign 
peof.l., to shelters to minimize the distance travcled 
and 4.e available shelter sp~es most efficiently. 

TI.¡. 1970 census block data will mmtmtze the 
need for detailed local data. Uniform DIME fii·:!S for 
all th~o links in the total transportation syster.:·, of a 
metrL>holitan area will make it feasible to assign 
peopl¡., to shelters by com~Jter. To modernize the 
CSP H ocess, two objectives are being pursued in the 
CenSl!"' Use Study project: 

1. bevelopment of a computerized model to 
liutomatically assign people to fallout shelters 
~long a DIME network, and 

2. ~reparation of a data management system 

tapable of assembling and organizing census 
Qnd local data into the form required by the 
~el 

A. preliminary computer model has been 
de-,;;;:__ ~ CRA"" ,,.. ___ -·-- n.-- ·--- ""o·-·=-n · •01;0U- 1 IWI \\JVIIIlJYLCI UC.':IIVUI\.oC 1"'\11 \.ot.;.JUU 

Mod'"''L lt repr~sents the first use of thc DIME file as 
a ne,,\'ork. The spatial relationships between shelter 
facu., 'es and people using the shelters (population 
data hy census blocks) are determined through the 
use "'• the DIME file. The model can perform an 
alloc.~tlon based on pedestrian and/or venicular 
moo ... o; of travel. Figure 19 illustrates the CRAM 
moo.._l. 

OUTPUT 

1 Computer 
allocat•on of 
populat1on 
to shelters 

F •gure 19 Network allocat•on of populat•on to shelters 
ICAA.\ •¡ model. 
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Although the mooel has bee,, developed to assign 
paople to shelters, it can be u Sed for a wide range of 
allocation problems-for examplo, to allocate children 
m !ehools, determine logical s.,, vtce areas for com· 
munity health facilities, evaluatu .•lternative sites for 
~ plants, evaluate existing fm llities, and plan more 
effective utilization of existing f:1cilities. Since the 
l'l'tOOOI allocates resources to fá, llities along a trans­
portation network, it mav be aJ•I•Iied to any situation 
whil::h embodies these three comlounents. 

Adljacency Am'*tvsus 

The sbility to group contiglh•us blocks (or other 
anall geographic areas) by Lottain homogeneous 
characteristics of the blocks ''"S interested urban 
pianners and analysts for sorne tlt.,e. A DIME file and 
sppropriate software make thlq process faster and 
more effi.cient by relating all •••'<ies, segments, and 
blocks to each other. Just as n.,twork analysis uses 
1!ha link·node relational charact.,. ·~tics contained in a 
DJIVlE file, adjaccncy anali¡sis '''SieS block·node rela­
wnai charc:cteristics. 

Aggregation of Areas 

Contiguous areas such as blo,·\s, tracts, and police 
~ can be combined to Cle?te an area of pre­
d~mined size en terms of '-'·'Id area, number of 
lhousehoids, number of street '<+'Qments, etc. 1 f the 
sreas are to be defined in term:> ••1ch as square feet or 
St:res, a DIME file with coordin"'·"'s would be the only 
ITequired input to the comput"' process for aggrega­
'ltUon. lf the areas are defined in l•'frns of other data, a 
data file containing the necessa. v data elements must 
~!so be u sed. 

Computer programs for ,,~regation can be 
designed to provide compact >-:gregations so that 
~ingers, hales, or serpentine a~ •\]ations are avoided. 
This can be done by speciT\ ~9 in the computer 
¡program that each successtw ~rea added to the 
eggregation should be the are,, , ¡0 sest to the initial 
~a. Oivergencies from this n. -' ..:an be allowed. For 
e:~tample, a 40-percent d1ver0-.-. ·, ,. would allow one 
dimer:tsion of the aggregat10n t,• '~' 40 percent greater 
~an the other. Other constrJ•P." su eh as a feature to 
SU¡y within block group1ngs or .. ,...,sus tracts as much 
as possible or to stay w1thin '"tiOicipal boundaries, 
can b2 added. 
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A prime use for aggregation techniques would be 
the delineation of legislattve distncts, based on the 
one man-one vote ruling of the Supreme Court. 
Although the re~lts of an aggregation program may . 
not be· completely acceptable to lawmakers respon· 
sible for drawing such districts, they wou!rl provtdea 
solid base or starting point from which equaJ popula-· 
tion districts could be delineated. Ottrer uses would 
be the devising of police patrol beats based on the 
accumulated length of the ·segments within a compact 
aggregated area, or the determination of school or 
~alth districts based on existing and/or proposed 
a:hools or clinics. 

Clustering of Similar Areas 

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

The computer software may be designed so data 
vaiue ranges can be stipulated prior to operating the 
mmputer program or so that they can be determined 
mathematically during computer processing in terms 
al quartiles, quintiles, etc. Also, the software may 
provide for stipulating size criteria for clusters (e.g., 
maximum or minimum r.umber of araa;;) ¡¡¡¡ well as 
criteria on data value discontinuities. 

The concept of clustering allows for the deter· 
mination of homogeneous areas for community 
action programs, model cities development, poverty 
areas, high health risk areas, ethnic enclaves, areas 
where the elderly predominate, or other types of 
homogeneous areas. 

Otherr Uses 

Other potential uses for a DIME file include-

Monitoring of Programs by Geographic Areas 

A DIME file framework ca1· be used for reporting 
the detailed analysis data on the progress of a 
program for a spec1fic geographic area, ranging from 
the block !evei L.pwards. The Model G¡ties Admin· 
istratior. of the Dep<>rtment o:t Housing and Urban 
Development 1s cum:ntly explonng the poss1bility of 
using DIME files for this purpose. 
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. IOevelopJttent of Parcel Files 

The Dl~tE techniques for creating a geographic 
'base file L,n be used to create a parcel file. Coding 
· snd proc¡.~~ing would probably be expensive. The 

Oimited ar •. ~'unt of research carricd out by the Census 
I!Jee S~udy to date indicates that a DIME-type parcel 

· i1ile would r.ost at least 20 times more than a typical 
DOME fiJ¡; at the block level. The methodology is 
edentical: ~\locks become parcels; nades are placed at 
¡parcel calt1ers; and each lot or parcel receives a 
unique n1.1,,,ber, like a block number. Address ranges 

ca:re c:od~ for each parcel. if available. Since a 
geographi... base file must contain records for all the 
~raphy within an area, sidewalks, streets, ínter· 
ooctions, '"\nd other elements such as traffic islands, 
G:UI-de-sac:. bodies of water, and bridges, should be 
considere+! as parcels and so ceded. 

for 501 \\e applications, it would not' be necessary 
~ create <a paree! file in the detail outlined above. For 
each segm.,_nt record in a regular DIME file, subsidiary 
records fú~ each parcel along the segment could be 
c:reated. ~ \~ing this method, parcel data could be 
assigned u,rough the segment record to the parcel 
eubsidiary 'record. Parcel data could then be retrieved . 
a1t ihe P<>·,-cel, segment block, or any higher geo­
graphic 1~ 'el. 

[)evelopr •. ~ent of Larger-Grained Files 

Ju~ a~ it is possible to create DIME files for 
parcels, it is also possible to create files for areas 
Darger tha,~ blocks such as block groups (or enumera· 
~ion distnL ts). 9 census tracts, plannmg districts, police 

!lea~. mu·.'licipalities, and counties. For example, a 
vesearcher concerned with rural problems might wish 
to create ·"; DIME file for a large depressed rural area. 
Such a fi 1•r could be based on enumeration districts, 

these bei1"g the smallest tabulation units available 
from 8 \-4ccennial census for rural areas. The 
researcher would then be able to manipulate census 
data, _ and local data coded to the ED, using the 

techmque.._ outlined previously in this chapter. 

9 
The .81 '-'11 unit calied the block group corresponds to the 

cnumer.atlo: ·. district in prevtous censuses There are 
opproxtmat. 
block rou ·'y 10 blor.k~ p<!r block g'"Oup The 'lum:;¡er of 

9 ¡: '' per census tract varres from ene to etght, the 
average IS \ ur The block group ts always a subdtviston of a 
CEnSUS tr ec t~ 

Voting ward or precinct DIME files could be used 
by political scientists in analyzing election returns or 
by politicians designing ne-.v legislativa district bound­
aries. County DIME files could be used by economic 
planners at the State or Federal level to study and 
analyze economic trends and projections. 

lnformation Systems 

The DIME file can be readily used as the geo­
graphic base for information systems. For example, in 
the Health lnformation System1 0 developed in Ne-.v 
Haven by the Census Use Study for the State of 
Connecticut, block groups derived from the DIME 
file were the basic geographic units used in the 
system. Local data files were matched to block 
groups by means of the ADMATCH system. Local 
and census data were cotnbin'ed at the block group 
level and various statistical analyses were performed 
to generate socioeconomic and health indicators. 

1 nformation systems for municipalities and other · 
political or planning ¡urisdictions should be based on : 
a geographic framework such as DIME. By using a 
DIME file, the data elements in an information 
system could be manipulated, analyzed, and dis­
played using network' and node analysis, adjacency 

analysis, computer mapping techniques, etc. 

.. Area Sampling 

23 

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

Geographic Grouping of Census Summary 
Tape Data 

The use and manipulation of data provided on a 
block and block grouping basis by the Census Bureau 
after the 1970 census wili be greatly facilitated by the: 

use of DIME files. 

1 ° For f<~rther .nformation see Ctmsus use Stuoy report, 
Health /nformat1on System. Wh:le thts reoor: d~tatls a system 
primanly concerncd w1th nealth, 1ts methodo!ogy is widely 
appltcable to o:her funct.onal areas. 
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Time Series St'•dies 

With a geogral•hlc base file such as DIME. data can·· 
be coded to tht; block, segment, or other level to 
reflect historicéll . d~elopments for time series 
anafyses. 

Spatial Compar lsons 

Resean:hers '"=~v wish to compare and study 
differences in thto r:haracteristics of certain areas from 
ene city to anoq,~r. Using sorne of the techniques 
described in this rhapter. such study areas could be 
delimited and van.,.us data items retrieved and studied 
for the areas. A'~. ·m example, socioeconomic charac­
teristics could be obtained for a series of hard-core 
unemployment a. ,..as in various cities throughout the 
country from hno census summary tapes and 

-----' ..... -- ---- ______ ..,.. __ 
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analyzed using the appropriate DIME . files· and 
analytical techniques. 

Market -Analysis and Other Business Uses - . 

IVIanv of the- techniques described above have 
spplications in market analysis. For exampfe. market 
analysis areas can be inserted in a DIME file. resulting 
in the ability to retrieve census or company data by 

· market areas. Network and node analysis has value in 
the determination of delivery route~ Use of a DIME 
file with lists of prospective customers gives a firm 
the ability to map out a rational scheme for following 
up on such prospects. Placement of new facilities or 
relocation of existing facilities because of changes in 
the nature of business or customer characteristics can 
be planned by using the appropriate software, data, 
and DIME files. 
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This chapter describes the conceptual origins and technical aspects of the 
DIME system. 

~nceptual Origins 

The most shmificant technical contribution of the 
DIME geocodi11g :system is the topological edit. lt 
provides for ac,·urate computer editing and correcting 
of the structu• al elements of the coded geographic 
file; la .• streets and other linear elements. points 
'Cllhere the lin~ar elements intersect, and area iden­
tifiers. The echt can theoretically be done manually, 
although pracl1cally it is only done by computer, 
elecept in a demonstration or test situation. 
Oepending on the number of times the file is cycled 
through the edit pmcess, it i:: pc::sible to corree: th~ 
clerically codt>d file so that it becomes a perfect 
replica of the rlements on the map coded. However, 
in practice, cost limitations usually do not permit a 
sufficient number of edit cycles to correct the file 
completely. A residue of uncorrected errors may 
range from les.,.¡, than 1 percent to 4 or 5 percent. At 
least two or thtee edit cycles should be completed to 
assure suffic_ier\t accuracy in the file. 

As stated ~arlier, the edit system is based on 
c:oncepts deriv<'\i from graph theory. Since any street 
map is basically a type of linear graph, concepts 
derived from gt <~ph theory can be u seo as a means for 
creatlng, corre\·ting, and maintammg a high quality 
geographic ba,., file. Single-line maps can be cate­
gorizecf as sim;•!(' geometric figures cons1st1ng of three 
basic unique" ident1fiable elements. Pomts or 
vertices, 'lines connecting these pomts, and areas 
enclosed withit, a series of lines forming an enclosed 
space. Figure 2\)'illustrates these elements of a typical 
single-line map., 
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UNES ENCLOSED AREAS VERTICES 

F1gure 20. Linear graph elements of a map. 

The Census Bureau's series of metropolitan maps is 
ideally suited for this purpose because all three 
elements can be identified umquely. Two of these 
elements are identified on the maps when produced: 
lines are identified as Grant St .• Muddy River, etc .. 
and areas are identified by block numbers, census 
tract numbers, etc. The third element can be iden-
tified by uniquely numbering all vertices or points 
where lines begin or end. Curved streets or othcr 
linear features on the map, such as rivers, railroad 

'·' ,, . ' 

tracks, or boundanes, can be represented as a series of 1
' 

straight lir.e seg::1cnts by defining a sufficient nu,mber '· .. ,. ' ", 
of verttces along the curved line. 

Composition of DIME File 

A DIME file is composed of s~ment records. A 
segment is defined as a length of a street or other 
feature between two distinct vertices or nades. Other 
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features are imaginary lines defining political or other 
boundaries; topological features such as rivers, shore­
lines. and canals; other map features such as railroad 
tracks. airport runways, and piers; and any other 
feature defining a block boundary. Nades are points 
where features begin, end, intersect, or curve sharply. 
Unnamed features, when ceded, are described 
uniquely. 

Ezch segment is ceded separately with the three 
basic cedes needed to edit the file-segment name 
describing the linear element, "from" and "to" nade 
lltUmbers describing the nodes at either end of the 
segment, and left and right block numbers describing 
the areal identifiers on either si de of the segment. 1 f 
the segment is a street, address ranges for both sides 
of the segment are usually coded. Address ranges are 
coded because DIME files will frequently be used to 
assign geographic codes to local data files containing 
street ad_dresses as the only locational code. There is 
afso a separate coding field which can be used to 
describe nonstreet featLJres and other unique seg­
~nts such as proposed streets, pedestrian walkways, 
lake shores, rivers, and boundaries. 

Additional code fields which are used for ·a series 
of segments are ZIP code, area code (a munic1pality 
code). election ward numbers, and census tract. lt is 
usually not necessary- to code ZIP codes or election 
ward numbers if they will not be used. lf more than 
one municipality is coded, area codes should idenufy 
each segment to its proper municipality. 1 f the area 
has census tracts, they should be coded. lf census 
tracts do not exist for an area and the size of the area 
is small enough so that each block within the area can 
be uniquely identified with a three-dig1t code, then 
census tract codes need not be used. "Pseudo census 
tract" areas can be created and numbered for 
oontract areas where an areal identifier larger than a 
bloclt but smaller than a municipality is needed. 1 

In summarv. the elements in the DIME file are: 

IV!andatory elements 
Segment name and/or description 
Node numbers (two for each segment) 
Block codes (two for each segment) 

u A full e"ptanat10n of the coding methods, superv1sion, 
~oblems, and alter.,at•ves 1s prov•ded m the clencal rnstruc­
tions manual of the Census Use Study computer program 
psckage, DIME: A Geographtc Base Ftle Sysrem. 

·-
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IElements ma¡;-.1latory under cenain conditions 
Address ranqns 
Area codes lrnunicipality code) 
Census tract ~odes 

OptñonaJI ellement;¡ 
Cede 1or nont;treet features 
ZOPcode 
Ward or othar election distr&d codes 

,-

Figures 21 étnd 2~ illustrate a Bist1ing of a typical 
DIME file. 

D~i\llE 'fopoiogical IEc!lñts 

There are two tvPI:!s of DIME edits. One "chains" 
the string of segmentll that bound a block and is there­
fore known as the block chaining edit. The other 
"chains" the blocks ~llrrounding ill nade and is known 
as the node chaining I?(:Ft. T) 1e block chaining edit is 
performed first and is the most important edit as ¡{ 
detects the great malürity of structural defects in the 
ceded file. Because Of this, the node chaining edit is 
frequentlv omitted. 

Block Chaining Edit 

The block chainin~ eclit operates on the three 
mandatory coded ele:.,ents for each segment record: 
Segment name or dr~ription, node numbers, and 
block codes. 1 t al so setves as a check on the accuracy 
of the cemus tract co....~e as the records are sorted by 
tract prior to the computer processing. As a 
byproduct of the to~~logical edits, erroneous tract 
codes are detected. A., elementary illustration of the 
method used in the 'block chaining edit is shown 
below. Block 105, th~ block to be edited, is shown in 
figure 23. The basic ~-ements needed for the edit of 
block 105 are shown ir~ figure 24. 

The basic steps follow<M by the computer are: 

._ 

· 1. All segments cc-,.·ro to block 105 (either block­
left or block-r. ··-t) for the census tract being 
eclited are selec~;,'\:J froM the file. 

2. As e.:Y.:h ~gm~"~t record for b!cck 105 is 
selected, the C\'·-outer checks the position of 
the block numo.:., of the block being edited. 

,, 
1 

',, 





' ,.....-ccJ""uue ~ W;Jrd~ Census tract HeaderNo. .-
Left R•ght Left R•ght Left R•ght 

1 
~-

15 - 30151 
\ 11001 35 - 35 1 7 14 

~igure 21. Header items Ccodn for a senn of~segmentsl -,' 

e Block No. Left Addre~s Right Addresses ! 
Segrnent name o .From To Header ' d 
CQ' description e node node Left 

ANDERSON RO. 75 76 111 
ANDERSON RO. 76 77 112 
ANDERSON RD. 77 78 113 
ANDERSON RD. 78 79 114 
ARGONNE ST: 34 36 271 
ARGONNE ST. 36 35 270 
ARGONNE ST. 35 39 270 
BADGER RIVER 2 107 108 137 
BADGER · RIVER 2 108 112 137 
BA.DGER RIVER - 2 112 113 138 

Fcg..ro 72. Seement items (codes for esch segment) 

101 

31 

e-: 
106 ~ 

< r 
1 34 

107 

\ 
' Blcelt number 

Figuren. 

Segment From 
na me node 

11rt St. 31 
... 

2nd Sr. 34 

ASt. 34 

BSt. 33 

figuro 24. 

102 103 

1stST. 32 

e-: 
105 Cl) 104 

Q) 

2ndST. 33 

~ 
108 109 

J 
Nodanumbar 

To Block Block 
nada left nght 

32 102 105 

33 ~• 105 108 

31 106 105 

32 105 104 

27 

R1ght 

120 
119 
118 
117 
279 
283 
282 
137 
137 
137 

1 
Low H1gh Low H1gh No ! 

900 ~98 901 999 30151 j 

1000 1098 1001 1099 30151 1 
1100 1198 1101 1199 30151 1 
1200 1248 1201 1249 30151 1 400 488 401 449 30151 ! 
450 498 451 499 30151 
500 ~8 501 599 30151 

30151 
30151 
30151 

a. lf the block number is in the block-,le'"t 
position, it is transferred to the block-ri~-t 
position and the other block number is · 
transferred to the block-left position. T:-:e 
node numbers are al so exchanged; the "fror-.. 
node replaces the .. to .. node and vice ver!a. 

b. lf the block number is in the block-r~!'lt 
position, no changes are made. 

3. When all the block nu~bers for the block be;ng 
edited are in the block-right position, &.e 
computer attempts to link or chain the noé~ 
from one record to another, rearranging 't"'e 
sequence of segments as necessary. Notice t~at 
it was necessary to mové the Jast segrr.ent 
record in figure 25 to a position between t~ 
rirst and second records. Figure 26 rllustra<es 
the final arrangement of the segments and t~e 
dotted lines indicate how the computer chams 
the segment records. 

lf the nodes chain and the first "frorh" node is t."!e 
same as the last "to" node the block is consicerec 
topologically correct. Note the parallel of th~ 

computer opcration in the hypothetical chaining e~ 
block 105 in figure 27. 
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Segment From T~ 
1 olock -

'''•"'~ck. 
na me no de node left 1 • ,, 

1stSt. 31 32 -102 ·us 
2nd Sr. 33 34 108 -

; •os 
--

ASt. 34 .31 106 ·.~s 

BSt. 32 33 -
104 'os - --. 

Figuro 25. 

Segment From 

l 
To Block Ll 

nama node node left ,, 
tnSt. r31--7 32 102 L· 
BSt. 

1 !;:" . 
104 1 32 --~33 . , 

1 , 
2ndSt. 1 33if-~34 108 ' o ., 

~ 

ASt. : 34 t!:.. -{.> 31 106 • ' 1 
.. ____ -0 

1 

figure 26. 

tST ST. 00 ooooccoccoaco0~ 32 

~ 31 .. --ll 
o o o o o a 105 o o o o o o 
# 2ND ST. 0

0 34 
~aoooaoaoccoooc~P 33 -

~ ¡....: 
Cl) 11) 
q: 121 

-figure 27. 

lf any segments remain, or if the block car,, ""'Ot be 
chained, the block records are rejected as a Pv ·e.,tial 
error. For instance, if any of the records in th_ =-'bove 
example were missing (i.e., not coded) th~ b!ock 
would not chain and would therefore be reject~'O. 

if the node numbers or block number, were 
reversed, the block would not cr.ain prope• ·, and 
would be rejected. Asan example, rf the left a .. , right 
block numbers for 1st Street rn figure 24, .... ere 
ceded 105 te the left rather than to the ngnt ~· •j 102 
to the right rather than the left, the block ._.ould 
contain a "reversa!" and would be re¡ected. F !e¡ .. ·re 28 
illustrates this point. 

28 

Segment From To E:tock Block 
na me no de node left r•ght 

8St. 32- ---? 33 104 105 , 
2ndSt. 33 1!':.-y 34 108 105 , 
A St. 34 ~~31 106 105 

YnSt. 32 31 102 105 

Figure 28 . 

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

Nade Chaining Edit 

The node chaining edit operates with the same 
elements, and chains blocks around a node ratner .r 

than nodes around a block. An elementary example 
of the method used is illustrated below. Node 29. the 
node to be edited, is shown in the center of figure 29. 
The basic coded elemen"Ls needed for the edit of node 
29 are shown in fi!jure 30. 

23 ARMOR RD. 24 

400 
c:i 

307 ¡...,: 
Q: 

30 GANT AVE. 11) 
28 

¡..,: 29 ¡..., "" Q: 11) <: 
405 ~ 309 11) 308 Q: 

Cl ..... 
37 ELM o 38 S T. 39 

404 310 311 

Figure 29. 

Segment From To Block Block 
na m a no de node left rtgh~ 

GantAve 30 29 307 3()9 

GantAve. 29 28 307 308 

OldsSt. 38 29 309 308 

1 
Ftgure 30. 
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~ssentially the same t•rocess is used in the nade 
chaining editas is used u, the block chaining ed1t. The 
basic: steps are: 

~. All segments coda.~ to node 29 (either in the 
••t ,. ''t .. rom or o 1"·rl~ position) for census tract 
being edited are Sélt'Cted from the coded file. 

2. As each record is ~nlected the node number for 
the node being .. ·tlted is automatically t:ans­
ferred (if nec~SSál v) to the "to" nade position 
as illustrated in f1wue 31. lf the ncde number'is 
~ansferred the block numbers are also 
exchanged. 

Segment From to Block Block 
na me node 1'1ode left rtght 

lo-
''Alfe. 30 29 307 309 

Gcnt A ~~e. 28 29 306 307 1 

OldfSr. 38 
29 309 308 

\ 
1 

figuro31. 
\ 

3. When the segme1,t records are structured so 
that the nade be 111 q edited is in the "to" nade 
position, an att ... ,,pt is made to chain the 
blccks around 11\e node, rearranging the 
sequence of segm,..,,ts as necessary. Not1ce that 
1t was necessarv to move the last segment 
rQ!Cord in figure -1 1 to a position between the 
first- and second 'f"COrds. Figure 32 illustrates 
the final arran~~ ·11ent a~d the dotted lines 
indicate the chain tlround the nade. 

Segmei-n From 
na me node 

To Block Block 
''"de left rtght 

GantAve. 30 ~a -¡t307 --~309 ·- , -OldsSt. 38 :9 
1 ,t;t!" 
1 309--~308 

GantAYe. 28 
1 , -

29 t JoBK-+307 
\ ·-----.1 -

Figuro 32. 

li the blocks chain .,.,d the first fpft block is the 
same as the last right b'y,\·k. the nade is considered to 
be topologically correct. 
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lf any segments remain, or if the the nade cannot 
be chained, the nade records are rejected as a 
potential error. For example, if any of the records in 
the above example were missing, i.e., not coded, the 

• 1 
node' Wfuld not cl:lain and would, therefore, be 
rejected. lf the nade numbers or block numbers were 
erroneously reversed, the node would also be 
rejected. 

All segment records for the nodes rejected are 
printed out on a standard reject listing for rc·view. 
When reviewed, and corrected or recoded, the seg­
ment records are keypunched, inserted in the 
computer file and reedited. 

Thus, two basic structural elements in the file can 
be made 1 00-percent accurate by processing the file 
until all rejects are corrected. The other s1ructural 
element-se:¡ment name (and address numbers)-is 
edited during the address edit, discussed below 

Bnterior Segment Edit 

There is a limitation to the topological edits. 
Segments interior to a block such as dead-end streets 
cannot be edited. For example, figure 33 illustrates a 
dead-end street--Pine Place, which does not form part 
of the boundary of block 305. When edited, the 
segment for Pine Place would be rejected as a 
potentiai error oecause it does not form part ot the 
chain around block 305. When investigated, 1t would 
be found that Pine Place is a leg1timate segment 
record and as a result would be retamed m the file as 
correct. However, if Pine Place were missed in coding, 
it would not have been detected by the topological 
edit because the block would have been chained and 
found acceptable. 

301 302 3(Kj 
SALEMRD. 76 

75 

a: ¡...: 
c., 

Q 78 PI NE 
77 

305 ¡... 305 PLACE 
:E 304 

..J ..J 
~ ~ CQ 

TAUNUSAVE. 80 
79 

307 308 309 

Figure 33. 
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Segment From To 8~t .• 
nama node node lefl 

le. Block 
nght 

Salem Rd. ("75 ---;r76 JO e 
1----

ElmSt. ' 16¿--971 30-t 
1 "' 

nK7so 
- f---

ElmSt. 
1 

Jú-1 1 

305 
--

305 
-- -· 

305 

' / 
,___ 

T11unus A ve. 1 80----.79 30 
~ 

1 / f---.-
8t1/t Dr. 1 79-- -+75 3 , __ - ___ , 

305 

305 Oo 

Pine PIIICe 71 78 30 305 
-

Figure 34. 

There is a relatively simple method •·f assuring the 
inclusion in the file of all interior ~-·,1 ments. The 
method entails matching node numt.,., ~ in the file 
against a listing of nodes developed r •"rtcally when 
the coding maps are node numbere11 The devel· 
opment of this listing on a node c •.• ,trol form is 
discussed further in the clerical manual 0 t the DIME 
computer program package. The nada ··ontrol listing 
includes inclusive ranges of all node n •• "'bers used in 

! 
the area coded. Therefore, each of thf: '~•)de numbers 
listed on the node control form shoulcl ·~atch at least 
once to the node numbers in the DIME !,fe. 

IVIatching can be done either m" •ually or by 
computer. To accomplish a manual ma•.,·"t. each node 
in the DIME file should be computer : ~ted once-in 
map number, census tract number. ''-'de number 
order. The resulting listing should then ·'j> matched to 
the node control list, which 1s prepar .. ,1 m the same 
order. All unmatched nade numbL. " should be 
investigated for poss1ble errors. 1 '•e computer 
matching process requires the devel~~•'ment of a 
computer program to compare the ti..~, lists in the 
order indicated above and print out "· ·-.. unmatched 
cases. The node control form should t·-· l.;eypunched 
for insertion into the program. ·Un···.:=tched cases 
should be investigated for poss1ble errot '· 

DIME Address Edit 

t 

The DIME address ed•t was develoo-..... orimarily to 
check the completeness and con~1st~: ·•· ~ of add ress 
ranges and street names in a DIME "e The edit 
checks one en tire st• tt:t dt a time by Stringmg 
together all segments for the street t-·. !·.,king node 
numbers. Once linked, the address rang ..... on each side 
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of the street m~st be in ascending order without 
overlaps. One s1de of the street must have even 
address numbers and the other, odd address numbers. 
lf a street is brokén into pieces or passes from one 
jurisdiction to another, appropriate exceptions are 
allowed. Nor.street records are not edited. 

Coordinates 

The node numbered maps used in coding can be 
digitized; i.e., coordinates can be determined for each 
node, at any time after coding has been completed. 
However, the insertion of dig•tized coordinates into a 
DIME file is not usually performed until the file is 
computer edited as it is desirable to have a "clean" 
file for coordinate insertion. 

The primary reason for adding coordinates to a 
DIME file is to prepare the file for computer 
mapping, distance calculations, and other applications 
involving spatial relationships. ..-

There are a number of different coordinate 
systems and each has its own strengths and weak· 
nesses. The Census Use Study used only the state 
plane coordinate system. As mentioned earlier in this 
report, the Census Bureau plans to make the 
ACG/DIME geographic base files ava•lable with geo­
graphic coordina~es (latitude-!or>gitude', in sUte 
plane coordinates and also w1th "map m•les" north 
and east from an arbitrary point. 

Severa! methods can be u sed to digitize a map and 
insert coordinates in a DIME file. The method used by 
the Census Bureau entalls the use of a sem•automatic 
coordinate locator built by Bureau technic1ans. Gen·. 
erally there are five steps in the process. The first stE'p 
is to set up the map on the coordinate locator 
(digitizer) table and prepare the map for digitizmg. 
The second step is to read or digitize the map 
coordinates for each node. The third step is to 
convert the map coordinates, which are read in 
hundredths of an inch by the digitizer, to actual 
ground coordinates-state plane, geographic 
(latitude-fongitudei coord íP"Jates, etc. So m'! riigitizing 
equipr.~ent com!::J:~.es steps two and three. The fourth 
step is ~o attach ::-,e coord1nate íecoros to the DIME 
file records to wh¡c;-, they aopiv. T he fifth step is to 
plot the 01 ME file with coordmates at ti-¡e same scaie 
as the origmal map, compare the two maps, and 
correct any obv1o~.:s errors. These five steps are 
explaineo lli more cetail below. 





\ 

MaP Setup 

The map sheet to be digitized is placea on the 
' . •t·zer table and positioned so that the state piane 

d•911 
rdinate registration marks are parallel to the table :es. The registration marks, locatéd on the edges of 

me maps, are aligned parallel to the table ed'Je 
tJeeaU5e in some cases map edges may not be parallel 
&O the coordinate system md.icated along those edges. 

After each map is set up, an origin point is 
determined. This point should be to the left (west) of 
tnd lower than (south of) the most southwesterniy 
nade to be digitized. This point should be located in 
the borde!' region of the map and clearly marked and 
ü:SEntified on the map. The origin point can be any 
arbitrary point meeting the above requirements. The 
digitizer should then be adjusted to measure from the 
origin point. 

L.ocations of at least two registration marks on 
eacf¡ border are read and the coordmates and digitizer 
readings for these registration marks recorded for 
latEr use by the conversion programs. 

Digitizing 

Digitizing is the process of reading map coor· 
dinates for eacl'l node trom the node·numbered 
coding map. In using the Census Bureau's sem•· 
automatic coordinate locator, the operator of the 
mé!Chine places a cursor over each numbered node 
and presses a button which records or reads the 
location of the node. The nade is read in hundredths 
of an inch up and to the nght of an ongin point 
ocated in the lower left cerner of the d1g1tizing 
machine. Each time a nade is read, the operator must 
also keypunch the map sheet number, census tract 
numbe,r, and node number on a punchcard, thus 
creatin'g a complete record for each digittzed node. 

Sorne digitizing equipment have the ability to 
SUilomatically multiply each coordmate ,reading (in 
hundredths of an inch) by the appropr~ate scale 
~actor and add the resulting readmg to the geograpnic 
Uatitude-longitude) or state plane coordrnate readmg 
of the origin point. 

For sm&:~ll arcas it is often pract1ca¡ to d IQ1t1ze the 
map manually on a draftmg table Th1s 1s done by 
aelecting an origin point on the map to the left and 

QS: e;:;;:; •• 
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below the IGwest left node to be digdized·, and thén 
measuring Céu '?fully the location of each node relative 
to the orig1n ¡•oint. As each node is read, a record of 
its X and Y location, node number, and any other 
necessary mQp code should be prepared for key­
punching. A v 'lriant on this method would be to use a 
light-table, afld place graph paper under the map to be 
digitized. n,., grid fines on the graph paper should be 
systematicallv numbered according to sorne pre­

defined scai'"IJ method. The map is placed over the 
graph paper í>t1d the nodes read by relating the node 
to a pair ot grid fines, scanning the grid fines and· 
recording th., appropriate X· Y readings. Another 
method woulli be to transcribe the map onto graph 
paper and prc•\.'€00 as outlined above. " 

However 'he digitizing is done, certain quality 
control measures should be followed. lt is less costly 
to catch erro,~ at the initial digitizing stage than after 
coordinates éll'l? inserted in the DIME file. A suggested 
procedure is él-s follows: 

1. After all nodes on a map have been read in the 
normal manner by one operator, a second 
operato1- rereads every 25th nade starting at a 
randomly selected nade in the first 25. The 
rereadi~ must be independent, without refer· 
ence or \.'Omparison to the original readings. 

2. A third person compares the readir:g:; ot the 
original ,1perator to the readings of the second 
operato¡... and notes all differences. Oifferences 
of less 'than .05 inches can be ignored. Each 
differen..•e is checked to ascertain which opera­
tor mal:!~ the error. lf the original operator had 
more th._:¡n a certain prespecif1ed percentage of 
nade r'fo.adings in error (5 to 10 percent, 
depend,, "9 en accuracy desired), the original 
digitizin'-' is re¡ected. The map is then com­
pletely r·~'Ciigitized. Then, a new quality control 
sample :es used. lf less than the prespecified 
percent~--e of node readings are in error, the 
work is ~cepted and the nade read 1ngs in error 
are corr~ted. 

After all incorrect readings are corrected, the 
d1gitizing prc•q,ss is complete During dig1tizing and 
quality cont• ··"l. the map should not be demounted 
from the dig.;, •::er because reading errors may result if 
the map IS r'-'""Vunted and digltized. Oual1ty control 
procedures ~""'uid alway$ be used, regardless of the 
reputation of .:~e operator or the organ1zation. 
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For digitizing at the f.ofi"US Bureau, the node 
numbers to be digitized on ,.,.,,.h map are flrst selected 
from the ACG/DIME file'""' nunched out on cards. 
This is done to el•minatb •nanual entry of nade 
numbers and is made pos~''•le by the fact that the 
Census Bureau Coordmalu Locator can display 
prepunched informar1on f•um the carcls on the 
operator's console. 

Conversion 

This is the process of ''~'~nsforming the original 
digitizer readings (in hund•Pdths of an inch) to a 
coordinate sysrem. Conver~1. •n is usually done by 
multiplying each nade rearli,,q in hundredrhs of an 
inch by the appropriate map scale and adding rhe 
result to the coordinare rearllt•q of the origin point. A 
simple computer program Ccu 1 be written to perform 
this conversion. 

Scale factors and the state l·lane coordinare reading 
of the origin point are deternli 11ed as follows: 

1. Divide rhe difference t•.,tween all pairs of srate 
plane coordinare readu·,:~ along each border of 
the map by the same tlofference in inches. The 
scales should be nearly '•lentical for all borders. 
Significant differences >l'cluld be checked.' small 
differences ignored. P",'Pr maps tend to have 
greater difference' théll, more stable material 
such as Mylar. 

2. Record in inches u-, readings of the 
registration marks aro\ ,d rhe map border. 
Multiply each reg•strat.,, , mark reading by the 
scale factor and subtra, t the product from the 
state plane coordinare • .';;ding for rhe registra­
tion mark. The aver ~'\;e of the numbers 
resulting from this subt -"Ction y1elds the state 
plana coordinare readm-...: for the origin point. 

Similar processing is appl•~-.,:f to convert digitizer 
readings to other coordinare s, •tems. 

Coordinate 1 nsertion 

Coordinate insertion requ 11 "'~ thar another com­
puter program be written. T~ program reads and 
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stores the coordinare file in a direcrly access1ble 
medium, e1ther in 1ts entirety or in parts such as in 
map sheet or tract number parts. The DIME file 
(either in its entirety or in map sheet or tract number 
parts) is then processed, one segmenr record at a 
time. The coordinate file is searched for the coor­
dinate reading for each end (nodel of the DIME 
sggment record. Nade coordinares are then appended 
w each DIME record. 

This program can also be written to perform a 
rudimenrary edit by prinring out a listing of all 
segment records for which coordinares are not avail­
able and all coordinare records which were not 
appended to a DIME record at least once. The 
program can also check segment records which seem 
to be excessively long for the nature of the area being 
digitized. 

A subsequent program may be used to perform .,.­
certain mathematical checks for errors of closure and 
the existence of intersections berween segments 
which do not share a node. Such intersections would 
be evidence of dig1tizing errors since all legittmate 
intersections should be nocles. 

Once the final DIME file with coordinares is 
prepared, it is plotted with line plotter eqUipment at 
the same scale as the original map. The resulting mao 
should be carefully compared to the original map and 
any serious divergencies nored lf there are sufficier.r 
numbers of serious reading errors to warrant cor­
rection, an interpreted punchcard file of the segment 
records containing coordinares is prepared. Each 
reading error is corrected by measuring the X and Y 
distances between the incorrect reading and •rs 
correct location, converting the distances to map 
scale, and enrering the correct readmgs on the 
appropriate punchcards. These punchcards are then 
repunched and merged w1th the onginal file to create 
a final corrected D!ME file with coordinares. 
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Chapier IV 

This chapter describes in gener.,, terms the process of creating a DIME 
file from clerical co_ding througt. computer processing. lt also describes 
coordinare insertion, and updatinr 8/Jd maintenance rese;uch. 

DIME or ACG/DIME geographic base files will be 
DVailable beginning in 1970 for the urbanized areas in 
most of the 233 standard metropolitan statistical 
sreas of the country. Regional plannir.g agencies or 
councils of government will often be the agenc1e~ 
responsible for development of the f1le. In other 
Qee&, county planning agencies or transportation 
studies may have this responsibility. 

for the remaining urban areas of the countrv. 
incfudiny those SMSA's wnich dld not c.pt for the 
Census Burea;.¡'s ACG/DIME program and smalle• 
cities not eligible for the program, local agenc1es, w1th 
adequate technical staff, can create a DIME file 
Otherwise, a computer consultant or software firm 
can be hired to assist in creating a DIME file using tht: 
,.lerical instructions and computer procedures and 

ograms in the Census Use Study computer program 
package, DIME: A Geographic Base File System. 

Other research and planning organizations who 
wish to create a DIME file for experimentatiOn mav 
also obtain copies of the computar program package 

Figures 35, 36, 37, and 38 outline the preparation 
of maps for coding, clerical coding, computer 
processing, and insertion of coord in ates. 

l?rrerequisites 

Creation of a DIME fi!e, rcquires consider¡¡tion of 
costs, technical and coding staff, computer require­
~nts, coding maps, and address reference materials. 

Costs 

Preparation of a DIME file without coordinates by 
local agency personnel alone should cost approxi· 
mately S2.00 to S2.50 per block for clerical coding 
and computer processing, assuming accurate and 
suitable scale coding maps, addrcss reference· 
materials, and the proper computer equipment are 
available. The digitizing and insertion of coordinates 
into the file should add $.50 to S 1.00 oer block, 
making a total of $2.50 to $3.50 per block. 

Technical and Coding Staff 

For most coding operations five coders and one 
supervisor will probably be sufficient. With five 
coders a 1,000 block area would take approximately 
1 month to complete-1 to 2 days training, 1 to 2 
days node numbering, 5 to 7 days coding, 1 to 2 days 
clerical edit and quality control, and 3 to 4 days each 
for clerical correction of the topological and address 
ed1t rejects. 1 f the cod mg area 1s cons1derably larger 
than 1,000 blocks, 1t m1ght be desirable to increase 
the coding staff to 1 O or 15, keeping constant the 
1 to 5 supervisor·coder ratio. 

One professional should be responsible for the 
entire operation and the person should be familiar 
with the geography of the area and with computer 
processing capabilities and technic;ues. Speci~ic sug· 
gestions concerning the codmg staff are contained in 
the clerical instruct1ons of the DIME computer 
package. 
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fisura 35. Preparatron of maps for codrng. 
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Figure 36. Clencal coding of DIME file. 
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Frgure 37. Computar processmg of s DIME file. 

Computer Requirements 

DIME computer programs were written to run on 
1 BM System 360/40 disk operating system with core 
capacity of 65K. The followtng devices are also 
required: A standard keypunch machine for key­
punching the coding worksheets. a card reader for 
transmittmg puncned card data input, and a .tape 
drive for the DIME master file. The DIME file may be 
held on direct-access (disk) storage, in which case 
sufficient space must be ¡¡vailable. Direct-access 
st~rage, preferably on disk, is also needed to hold 
intermediate files. All programs are written in G-level 
FORTRAN IV. 
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U:is1Jre 38. Coordinare digitization ood insert1on process. 

The DIME computer package tapes are available in 
"""C!ustry compatible seven- and nine-channel tape 
o~rmat. Documentation and techn•cal spec•f•cations 

ior the DIME computer edits and processing can be 
fuund in the computer manual of the DIME 
c:omputer package. 

Coding Maps 

The requirements for coding maps are discussed 
fully in the clerical instructior.s of the DIME com· 
pUter package. 

Generally the scale of the coding maps should be 
Within the range of 1 inch = 400 feet to 1 mch = 
1.000 feet. Single-line maps are strongly recom· 
mutded. They should contain all existing strcets and 

" 
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street names, municipal boundaries, railroad tracks, 
and drainage features such as lak~s and rivers. 

Addr,ss Reference Materials 

The address referente materials used in coding 
must contain the following information: Street 
names, intersecting streets (and, if possible, other -
intersecting features), and address numbers or ranges __ . 
between intersects. The even-odd address number 
dichotoniy should be apparent. Usually address 
reference materials will be maps, but they may also 
be street address listings, street or city directories, or 
sorne other type of index. All address reference 
material should be field checked for accuracy befare 
using. lf no accurate referente material can be 
located, the field listing form and _ instructions 
provided in the clerical inStrúctions should be 
followed. 

Clerical Coding 

The clerical instruction manual contained in the 
DIME package describes the various steps and 
processes necessary to complete the coding phase of 
DIME file creatior.. lt contains chapters on personnel 
and space requirements, materials to be used in 
coding, address referente materials, coding maps, the 
preparation of coding maps for coaing, the prepara­
tion of special instrtlttions for loc3! prob!ems, ~s~i~n· 
ment preparation, training, and supervision ot coding 
and postcoding operations_ lt also contains appen· 
dixes with sample forms, field listing instructions, and 
a coder's manual containing complete coding 
instructions. 

The chapter on supervision of coding operations 
contains sections dealing with making assignments, 
controlling the operational flow, checking coders' 
work, and recordkeepmg. lt also provides tech· 
nical procedures for coding regular and irregular 
or arbitrary address ranges and systems, problems 
such as unnamed streets, unknown street names, 
proposed streets, f'Onvehicular streets, addressable 
features other than streets, ar.d the adding and 
deleting of node numbers. 

Computer Processing 

The computer procedures manual of the DIME 
package descnbes :he .::o.":">::.uter orocessing steps 
required in a DIME ooeration. lt also aescribes the 
overall system design and i.he hardware and software 
environment. 
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EaJ;h of the four computPr programs comprising 
the 5Y•tem are described in full. These tour programs 
are ( h the master file creation program, (2) the 
topol"olcal edit program, (3) the address edit 
progr;¡in, and (4) the correction/update program. The 

• sectiar, on master file creation discusses input require· 
: rm:nts. program operation diagnostics, and output. 

The 1(4rological edit section includes a description of 
the ir'tout. editing procedures, output, and recoding. 
~e. a~riress edit section includes input requirements, 
echtmlf procedures. and output. The correction/ 
u~atit program section includes input requirements, 
dlagnco,tics, and output. 

Al~ lncluded are descriptions of the sort/merge 
progrq'"· job control language, and sample listings. 

Coordinate lnsertion 

CoQ\-dinates can be measured and recorded from 
h 00~e-numbered coding maps by using a digitizer 
Cf ott,.,r coordinate reader and they can then be 
conver \>"(j to geographic coordinates and inserted into 
the Olf\~E file. 

IFor ~se areas of the country in the Census 
Bureau··, ACG/OIME program, coordinates will be 
added \~ the file by th:: Burcau asan integral part of 
ttu: pr"'gram. Coordinates in this program will be 
laütud.,. longitude carried to tour decimal places for 
all nou~, in the file. There are also plans to convert 
the 1 ~\'otude-longitude coordinates to state plane 
coordu~3tes asan option. 

Age1'"cies that want to create their own DIME file 
will héi, t t f d" · · · 1 t • . -e o con ract or 1g1t1Zing serv1ces. n orma-
iion. "' ~ the technical aspects of coordinates is 
provld~ in chapter 11 1. 
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The Census Use Study has had limited experience 
with organizations that perform this service. tiow· 
ever, it is est1mated that the cost of digitizing will run 
from 1 O to 15 cents perno de; or for an area of 1,000 
blocks at 2.5 nades per block, S250 to $375. These 
costs do not include conversion of the coordinates'or 
insertion of the coordinates into the DIME file, a cost 
which could equal the digitizing cost. .. 

file Maintenance 

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

lf the Census Bureau receives approval from the 
Congress for a quinquennial census in 1975, updating 
of the geographic base files and the maps must begin 
in 1972 or 1973. Greater mail coverage in the.census 
will require expansion of the coverage of the files and 
maps. lf the ACG/DIME geographic base files are 
used for area sampling after 1970, it will perhaps be 
necessary for the Bureau to update the fiies on a 
more frequent basis. In any case, a -teehnique and 
procedural requirements will be developed not only 
for use by the Bureau but also for use 'by' local 
agencies who desire to update the files and maps 
periodically. The Bureau may provide a complete 
package for updating, maintenance, and expansion of 
the files. As research at SCRIS and the Census Bureau · 
progresses. reports w1ll be prepared describing the 
techniques and systems for file maintenance and 
updating. 
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'lrh! &Jphabetical listing below includes all 233 
ztan:dsrd metropolitan statistical areas. Listing anom· --
slies are explained in the footnotes. There m ay. be 
future additions to or deletions from this listing. 

Address coding guides (ACG's) are now available, 
8t Deast in preliminary form, for all mail census 
SMSA's. Final ACG's for all SMSA's wil1 t.~ome 
P~ailable during the first quarter of ~ 970. T:-.ey will 

__ available on either seven· or nine-u;:,c!< r.~a~netic. 

taP2 or on hügh·speed printer ou-,out. As a"' example 
of costs, the prelimina"ry ACG for ti¡e fon Wayne, 
lnd. SMSA, with an estimated i966 ::.r:.::Jut.:~.on of 
264,000, costs $36 for a seven-craco< a~:.:: ~-.4.! for a 
nine-track tape. Another examp:<:. th~ :~1:'-.:. a.Jk2e 

Wis. SMSA, with an estimatea'o9cc púpulc;:t:vn of 

SMSA 

Abilene, Tex. 
Akron,Ohio 
Albany, Ga. 
Albany&henectady-Troy, N. Y. 
Albuquerque, N. Mex. 

Allentown-Bethlehem-Easton, Pa.·N . .J. 

Altoona, Pa. 
Amarillo, Tex. 
Anaheim-Santa Ana-Garden Grave, Calif. 
Añderson, ind. 

Ann Arbor, Mich. 
Asheville, N.C. 
Atlante, Ga. 
Atlantic City, N.J. 
Augusta, Ga . ..S.C. 

Austin, Tex. 
Bakersfield, Calif. 
ISsltiiTY.)re. Md. 
Baton Rougc, la. 
Soy City, Mich. 

Beaumont-Port Arthur-Orange, Tex. 
Billings, Mont. 
Biloxi-Gulfport, Miss. 
Binghamton, N.Y.-Pa. 
Birmingham, Ala. 

Soa footnotes at end of 1 i!it. 
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1,335,000, costs S52 for a seven·track and S74 for a' 
nine-track tape. Further information and order forms 

can be obtained from Central Users Service, Bureau of 
the Census, Washin~on, O.C. 20233. 

The ACG/DIME or ACG lmprovement Program 
geographic base files for mail census SMSA's will not 
begin to become available until iate 197\l. The 
SMSA's listed below are partic1pating in the ¡:rogram 
or have expressed their i:-.iei1í to participate in the 
program. 

ACG/DlME files t:;.r .1c-~.rr;,:;;j census-SMSA's will 
beg¡n to become c.v<;_.,;;;,,, :n rilia-l::.iC-. Further 

information can be oota"::e-.~ f;om 'lÍ'~ Cc11Ial Users 
Servic.e, 6ureau of the Ce;;sus. 

Mail census íl/la.1 cens .. J 

ACG ACG/uiME 
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Bloomington-Normal,lll. 
Bolsa C1ty, ldaho 
Boston, Mass. 
Bridgeport, Conn. 
Brockton, Mass. 

SMSA 

Brownsville-Harlingen..San Ben1to, Tex. 
Buffalo, N.Y. 
Canton, Ohio 
Cedar Rapids, towa 
Champaign-Urbana, 111. 

Chsrleston, S.C. 
Charleston. W. Va. 
Charlotte, N .C. 
Chattanooga, Tenn.-Ga. 
Chic:ago. 111. 

Clnclnnati, Ohio-Ky.-lnd. 
Cleveland, Ohio 
Colorado Springs. Colo. 
Colufnbia, S.C. 
Columbus, Ga.-Aia. 

Columbus. Ohio 
Corpus Christi, Tex. 
Dalias, Telt. 
O&Venport·Rock lsland-Moline. lowa-111. 
Davton. Ohio 

Decatur, 111. 
Dmver, Colo. 
De$ Moines, lowa 
D<o!troit, Mich. 
Dubuque,lowa 

Duluth..Superior, Minn.-Wis. 
Durham. N.C. 
El Paso. Tex.3 

Erio, Pa. 
IEugana, Oreg. • 

~il!e, lnd.-Ky. 
fell River, Mass.-R l. 
Fargo-Moorhead, N. Dak.·Minn. 
Fayetteville, N.C. 
Fltchburg-Leominster, Mass. 

Fllnt, Mich. 
Fort lsuderdale-Hollywood, Fla. 
Fort Smith, Ark ·Okla. 
fort Wayne, lnd. 
Fort Worth, Tex. 

fresno. Calif. 
Gsctsden, Ala. 
GGiveston·Texss City, Tex. 
Gary·Hammond·East Ch1cago, lnd. 
Grand Aapids, M1ch. 

Great Falls, Mont. 
Green Bay, Wis. 
Greensboro-Winston.Salem-High Point, N.C. 
Greenville, S.C. 
Homilton-Middletown, Oh10 

Sea footnotes et end of list. 
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Harrisburg, Pa. 
Hartford, Conn. 
Honolulu, Hawaii 
Houston, Tex. 

SMSA 

Huntington-Ashland, W. Va.-Ky . .Ohio 

Huntsville, Ala. 
lndiat~apolis, lnd. 
Jac:kson, Mich. 
Jsckson, Miss. 
Jcclcsonville, Fla. 

Jersey City, N .J. 
Johnstown, Pa. 
t<alamazoo, Mich. 
C<snsas City, Mo.-Kans. 
Kenosha. Wis. 

C<noxville, Tenn. 
Lofsyette, La. 

fayette-West Lafayette. lnd. 
----.e Charles, La. 

Losicaster, Pa. 
\ 

l.cnslng, Mich. 
Laedo. Tex. 
Los Vegas, Nev. 
Lowrence-Haverhill, Mass.-N.H. 
~Okla. 

lewiston-Auburn, Maine 
l9:~~ington, Ky. 
lima,Ohio 
linc:oln, Nebr. 
Uttle Rock-North Linte Rock, Ark. 

lornin-Eiyria, Ohio 
Los Angeles-Long Beach, Cahf. 
Louisville. Ky.-lnd. 
Lowell, Mass. 
Lubbock, Tex. 

Lynchburg, Va. 
Mecon, Ga. 
P4"K~ison, Wis. 

IChester, N.H. 
Á'•ansf&eld, Ohio 

Msyaguez, P.R. 
McAIIen-Pharr-Edinburg, Tex. 
Memphis, Tenn.-Ark. 
Meriden, Conn. 
Miomi, Fla. 

Midland, Tex. 
Milwsukee, Wis. 
Minneapolis-St. Paul, Minn. 
Mobile, Ala. 
Monroe, La. 

Montgomery, Ala. 
Muncie, 1 nd. 
Muskegcn-M..,sl..egon Heights, Mich. 
Nashville, Tenn. 
New Bedford, Mass. 

Soo ~ootnotes at end of list. 
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Naw Britain, Conn. 
New Haven, Conn. 

SMSA 

New London-Groton-Norwich, Conn. 
New Orleans, La. 
l\lew York, N. V. 

Newark, N..f. 
l\lewport News-Hampton, Va. 
Norfolk-Portsmouth, Va. 
Norwslk, Conn. 
Odessa, Tex. 

Ogden, Utah 
Oklahoma City, Okla. 
Omaha, Nebr.-lowa 
Orlando, Fla. 
Oltnerd-Ventura, Calif •. 

Paterson-Ciifton-Passa•c. N.J. 
Pensacola, fla. 
Pooris, 111. 
Philadelphia, Pe.-N.J. 
Phoeflix. Ariz. 

Pine Bluff, Ark. 
P'"tUsburgh, Pa. 
Pittsfield, Mass. 
Ponce. P.R. 
Portlsnd, Maine 

Portland, Oreg.-Wash. 
Providence·Pawtucket-Warwick. R.I.-Mass. 
Provo-Orem, Utah 
Pueblo, Colo. 
IRacine, Wis. 

Releigh, N.C. 
Reading, Pa. 
Reno, Nev. 
Richmond, Va. 
Roanoke, Va. 

Rochester, N. V. 
Roc!dord, 111. 
Sscramento. Callf. 
Saginaw, Mrch. 
Salem, Oreg. 

Salinas-Monterey, Calif. 
St. Joseph, Mo. 
St. louis, Mo.-111. 
Salt Lake City, Utah 
San Angelo, Tex. 

San Antonio. Tex. 
San Bernardmo-R iverside-Ontano, Calif. 
San Diego, Cahf. 
San Francisco-Qakland, Calif. 
San Jose, Callf. 

San Juan. P.R. 
Santa Barbara, Calif. 
Savannah. Ga.l 
Scranton. Pa. 
Seanle-Everett, \'1/ash. 

Sea footnotes at end of list. 
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Mall c:ensus 11.\ail census Nonmau J 

SMSA ACG ACG/OIME census '[ 
ACG/OIME 

1 Sherman-Oenrson. Tex. X 
Shreveport, La. 'i X 
Sioux City, lowa-Nebr. X 
Sioux Falls. S. Oak. X 
South Bend, lnd. X X 

Spokane. Wash. X 
Springfield, 111. X (1) 
Sptingfield, Mo. X 
Springfield, Ohio X X 
Sprlngfield-Chicopee-Holyoke, Mass.·Conn. X X 

Stamford, Conn. X (1) 
Steubenville-Weirton, Ohio·W. Va. X X 
stockton. Calif. X X 
SVrscuse. N.Y. X X 
Tscoma, Wash. X X 

Tollahassee, Fla. X X 
Tam~t. Petersburg, Fla. X X 
Torre Haute, lnd. X X 
Texarkana, Tex.·Ark. X 

\ 
Toledo, Ohio-M1ch. X X 

Topeka, Kens. X X 
Trenton, N.J. X X 
Tuc:son, Ariz. X 
Tulsa, Okla. X X 

1 Tuscaloosa, Ala. X 
\ 

Tyler, Tex. X 
Utic&Rome, N. Y. X X 
Vallejo-Napa, Calif. X X 
Vineland·Millville-Bridgeton. N.J. X ,., 
Waco, Tex. X 

washington, O.C.·Md.·Va. X X !l. 

·¡ 
Waterbury, Conn. X ,., l Waterloo, lowa X 
West Palm Beach, Fla. ~ )( X . 

1 
Wheeling, W. Va.·Ohio X X 

Wichita. Kans. X X 
W~ehíta Falls, Tex. X 

í Wilkes-Barre-Hazleton, Pa. X X 
Wilmington, Oei.-N.J.·Md. X X 

J 

Wilmington, N.C. (2) 

Worcester. Mass. X X 
1 York, Pa. X X 
1 Youngstown-Warren, Ohio X X 

1in ACG program, declined part•cipat1on in ACG/OIME program. l 2 0eclined part•c•pat1on m nonma11 program. Census tract codmg gUide to be pre~·ed. 
31n mail census ACG and ACG/DIME program although a nonmall census area. f 4The three Puerto Rican SMSXs are scheduled eventually to be in the no"'-.a•l program. However, at this t time only the Santurce and O id San Juan port1ons of the San Juan SMSA are m tne "'' ··'Oram. 
5Nassau and Suffolk count1cs are m the ACG/DIME program. remamder of SMSA s not. 

' 6S&n Bernardino County port1on •s m the ACG/DIME program, R1vers•de County .-...:>rt•on 1S not m the program. 
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Traditionally the Census Bureau has relied on 
maps supplied by local governments to conduct cen­
suses. Letters were sent to county and mumcipal gov­
ernments a year or two prior to a census, asking for 
11treet maps that could be used as enumeration maps. 
Municipal boundaries, enumeration district bound­
aries. and other census administrative and statistical 
area boundaries are added to the maps by the Bureau. 
They were then reproduced for enumeration and 
supervisory purposes for the census. This procedure, 
although cumbersome, did allow the census to be 
·~en more or less efficiently, at least in the less 

-- msely populated areas of the Nation. For the 1970 
c:ensus. this procedure will be used in those portions 
of the country outside the urbanized areas covered by 
1lhe Metropolitan Mapping Series (MMS) program. 

However, the Census Bureau found while conduct­
ing the 1960 census that it was becoming difficult 
to administer the census because of the great number 
and differing scales of maps received from the 
communities in these urban centers. Probleins of 
?verlapping maps and control of enumeration 
districts were endemic. As soon as the census was 
concluded, proposals were developed to create series 
of street maps at a standard scale for use in censuses 
and surveys. These proposals developed into the 
~tropolitan mapping series program. 

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

--.x..rposes and maps provided by local planning 
agencies or municipal governments for defining 
current street patterns, street names, and other 
pertinent features. 

The early maps produced in the MMS program 
were created from these two sources by Bureau 
cartographers at a scale of 1 inch = 880 feet This 
was later changed to 1 inch = 800 feet. The maps 
are intended for statistical purposes and therefore are 
not of engineering quality, although they are gen­
erally sufficiently reliable for most planning and 
admlnistrative purposes. The maps were desrgned to 
contain all existing vehicular thoroughfares and their 
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natnes, railroad tracks, major drainage features, shore­
lin!!s, lakes, and prominent landmarks that occupy 
larrye areas, and have clearly defined boundaries. They 
als\l contain State, county, congressional district, 
mlttor civil division or census county division, 
mlmicipal, and census tract boundaries. Block 
nutnbers, census tract numbers, State and county 
narnes, and place names and codes are also contained 
on the maps. Maps have presently been drafted for 
the urbanized portions of all 233 SMSA's. Figure 39 
illu~trates a portian of an MMS map at half scale (i.e., 
1 .. =1600'). 

Once the maps were developed it became impera­
tiva to develop an updating procedure so that the 
ma1's would be reasonably accurate at census time. 
Th~ decision was made to involve county and regional 
plaoning agencies in this program because of their 
Ob\·rous interest and expertise in the field and their 
metropolitan-wide coverage. The Department of 
Hotrsing and Urban Development recognized the 
usetulness of these maps to planners and made 
ava•lab!e "701" grant funds for local review. The 
appropriate agencies were contacted, and all coop­
erat-ed in the local review process. 

The MMS maps will be used for administrative 
pur~XJses in the 1970 census and basic reference 
SOU~es for the local coding phase of ooth the ACG 
and ACG/DIME geographic base file programs. A 
red\1,~ed scale version ( 1" = 2000') of the maps will be 
publtshed for use with the i970 census results. 
Prel.., inary maps at both scales are available at a 
nommal cost. Final maps will begin to become 
avadable in late 1970 or early 1971. A catalog listing 
ava•lable Census Bureau maps, rncit:aing MMS maps, 
will be issued during 1970. !nquiries concerning the 
Ml\1~ and other Bureau ma:Jpmg programs should be 
dire-.-ted to Central Users Servíce, Bureau of the 
ce~"'.IS, Washington, D.C. 20233. 

T he MMS will be updated after the 1970 census 
for !' •• tu re censuses and surveys Coverage of the series 
mav be extended so that they wiil be of greater use, 
not -·nly to t:,e Census Bu ·eau but al so to map users 
aro~.. ,)(j the country. 
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Appendix C 

4 

r 
~ai~- ~uailable · from the 1910 te~süs 

A variety of data products and services wHI be 
wailable from the 1970 Census of Population and 
Housing data base. A set of standard tabulations will 
be avm1able in a variety of media includ~ng· micro­
film. punched cards. printed reports, and computer 
tapes. Public use samples containing data for samples 
of individuals from the basic record tapes, but 
without identifying information, will also be avail-

. In addition, other services may oe obtained at 
u$8\ request and expense, including special tabula­
tions, of the basic record tapes, and computer-gener­
sted k.atvtical reports. 

As~ earlier censu~:. printed reports will be the 
end prQduct of the 1970 census and will be avaiiable 
for pur¿hase and in librarles. Printed reports offer the 
two main benefits of low cost and easy accessibility. 
On the other hand, printed reports will not be 
available until severa! months after the tabulations 
._.ave been completed; and they w1ll contain restricted 

>graphic and subject matter detai!. 

A majar element of the 1970 data delivery system 
will provide magnetic tapes of summary census data. 
Th~ will have essentially the same subject matter 
scope as the printed reports, but with greater detail. 
T• ~ summary tapes will begin to become available in 
• -· summer of 1970. 

The first summary tapes available will be tne First 
Count Summary Tapes, contaming final CO:"'l¡Jiete­
count population and housing data tor S~ates, 

counties, congress1onal distracts, mmor c:vtl Clvts:ons, 
places, and enumeratton dtstricts or block groups. 
The subjects tabulated will tnclude age, sex. color, 

marital status, relat1onship to head o~ hoJ>-ehold, 
population under 18 and over 65 vears of a-;e bv 
household relattonsh1p, famliy type, crc._·,d:ng, rer.ure 
of occupied housing units, vacar.cy st.o;!us. :.:r.trs tn 

structure, rooms, plumbing facJiitJCS. ba~eme11r. teie­
phone, and value or rent. in add1t1on, many taoula­
tions are cross-classified by race. 
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Second Count Summary Tape$, containing 
complete-i:ount population and housing data at the 
level of census tracts, minar civil divisions, and larger 
census areas, are expected to begin becoming avail~ 
able in late 1970. These tapes will include the same 
subjects as the first count tapes, but in much greater 
detail. 

Third Count (Block) Summary Tapes, containing 
complete-i:ount popuiation and housing data for city 
blocks, are expected to begin becomtng available in 
the spring of 1971. These tapes wt:l cor.tain -:'ewer 
data than the tapes for the first o:- second counts; 
however, substantially more data will b!! carried on 
the block tapes than was avatlable in 1960 or is 
expected to be printed in 1970. 

Fourth Count Summary Tapes, including data 
down ti) the census tract or minar civil d ivision leve!, 
are expected to be available in mid to l~te 1971. 
They will contaio 20-, 15-, and 5-pNcent sampfe 
population and housing characteristies such as occu­
pation, income, education, and household equipment 
and facilities. 

Fifth Count Summary Tapes, which contain pop­
ulation and housing sample data summaries tor ZIP 
code areas, are expected to be availabie in late 1971 
or eariy 1972. 

Since summary tapes must be created by the 
Sureau cf tlle Census ;r. ore~; to process the census. 
'~e taP-=s fo~ al! f1ve .:-:::.~nts v1:i be a\ :;,Jacle te users 
at :i"e co~t of abot;! s::: cer íec.: Se¡s of sumrr.ary 

tapes :nay be orderec for each cou;'lt L!y State. lne 
number o! reels varíes cv Sta•e 3r,.:: '::JY :::.:>ur.•. The 
Third Count for Ca· fom:a, for e>.;;mple, w.:l be 
about 30 reels in all. 
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Microfilm will al~o be a-generally available medium 
for obtaining géhpral census tabulations. Printed 
reports issued fro11, the 1970 census will be available 
on microfilm. lht. tontents of the summary tape files 
will also be availahl., in this manner. 

An extended ál r ay of. sample data on magnetic 
tape for public u!x> is planned for the 1970 census. 
These tapes will bb ;,ade available to users at the cost 
of reproduction, together with appropriate docu­
mentation. Althouuh public use samples are limited in 
geographic detail, lhey are most useful to researchers 
interested in the 'Plationships of demographic vari­
ables for individual~¡ rather than aggregates. 

Special tab•Jiath•ns of census basic record tapes 
will also be made G\ <1ilable. For this service, computer 
programs are creatb\l to meet the specific needs of the 
user in obtaining ll~ta súmmaries for geographic areas 
not recognized in ~neral tabulations and/or including 

'\ 
( 
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subject breakdowns or cross-classifications not 
appearing in general tabulations. Users are charged for 
planning, programing, clerical, machine, or oth~ 
costs necessary to provide this service. 

Another type of special service is matching studies. 
Matching studies take a series of individual ~rds 
furnished by a user, link them to their respective 
census questionnaires, and pre¡: ,Jre summaries of the 
census characteristics of the ir.dividu'als. Individual 
data are never released. 

Other special services for the 1970 census may 
include computer-produced analytic reports, com­
puter graphics, and software packages for census data 
analvsis. Further information on 1970 census data 
products and services can be obtained from the. 
Central Users Service, Bureau of the Census, 
Washington, D.C. 20233 . 
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FOREWORD 
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supplement existing texts and to fill a gap between significan! research in geography 
and readily acceSSlble materials. The papers are concerned with important concepts in 
modern geography and focus on three general themes: geographic theory; policy 
implicahons; and contemporary social relevance. They are designed as supplements to 
a variety of undergraduate college geography courses at the introductory and advanced 
level. These Resource Papers are developed, printed, and distributed by the 
Commission on College Geography under the auspices of the Association of American 
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1. INTRODUCTION ' 

Geographers use maps for the analysis, communication 
and storage of their findings. And it seems that maps are 
recently more and more in demand. In addition, there has 
been an increase in the availability of information w1th 
different kinds of"location identifiers" andan increase in the 
demand for thematic maps showing population densities, 
social class distribution in cities, land use maps, and 
perspective views of terrain and the hke. 

Parallel to this growing interest in maps, the computer has 
played an increasing role in most areas of human life. 
Universities are major users of the computer and many 
scienllfic disciplines including geography are making in­
creasing uses of the computer m research and teaching. The 
development of computer cartography was initially 
hampered by the lack ofsatisfactory graphic instrumentation 
and by the misconception ofthe academic commumty that it 
was very d1fficult to handle non-numerical subjects by 
compute c. 

Computers possess three different commumcat10n 
abihties. literacy, numeracy and graphicacy.1 Like man, they 
are not equaUy well versed in all of them. Among people, 
unevenness of performance is largely a result of uneven 
education and training. For example, in the educational 
system the emphasis is u pon hteracy, whereas numeric and 
espec1ally graphic traming is relatively neglected. 

An analogy can be made between human communication 
and educat10n and computer programs · what is education for 
the chiid has its equivalen! in the programs for the compute c. 
The computer-hardware is ready todo everything but able to 
do nothing without efficient programming. 

n.b. There is a difference between hardware and 
software. Hardware is the set of electronic and 
mechanical equipment used for · processmg 'data. 
Software is the set of instructions (programs), 
developed by people to operate the computer. The 
better the software, the more usable the computer. 

Un ti! quite recently, the emphasis m software development 
has been on the solution qf numeric problems, most hkely 
because scientists and engmeers were the first to use the 

1 See Balch1n, W G V. andA M. ColernJn, 1967, "CarlogrJphy 
and Compuler~." The Cartographer. Vol 4, 120-27 

computer for their problems perhaps because they had more 
funds than others. The imtially slow progress in graphics was 
caused mainly by the need for furtherdevelopment ofspecial 
equipment such as plotters and cathode ray tubes (See 

glossary). {Figure 1.2) 
One of the earliest disciplines of those traditionally classed 

among the humanities to contribute to the development of 
computer science was linguistJcs. In doing so, lingu1stics has 
expanded its own intellectual content considerably in 
connection w1th this contnbution. Linguists were able to use 
their experience with natural languages to invest1gate the 
problem of communicating with machines, since a programas 
a set of commands 1s structurally very similar to a set of 
sentences in naturallanguages 

In other words, a program has to be written in a language 
with a clear cut syntax (grammar) anda limited number of 
primitive symbols. Many computer languages have been 
developed, sorne of wluch are highly machine-oriented 
(assembly languages), while others are machine independent. 
Machine-oriented languages make programming difficult but 
speed up the resulting task (execution);procedure-oriented 
languages prescnbe how the process of solving the problem IS 

to be carried out, and fihally problem-oriented languages 
necessitate only to state the problem and not the techmque of 
solution. 

Although lingUJsts have been working for centuries on 
problems of grammar, they have not had to think about 
languages with such an explic1t syntax as those needed by 
computer languages. Since numeric computat¡ons had to be 
put into a strict and log1cal form long before the computer 
was developed, the first computer Ianguages were developed 
exclusively for numerical computations. Only recently have 
we been given programs wh1ch handle strings of characters as 
well as numbers; and we should be better able to man1pulate 
verbal data the more we learn about the basic theory. 

The work on graph1c (two-d1menswnal) !Jnguages is st11l 
very slight and no defimte language has been des1gned at this 
pomt. ReseJrchers m computer graphics make d1stmct10ns 
among diagrams (e g , flow-charts and circu1ts), ske tches (e g., 
line drawmgs) and gray-scale pictures (wh1ch can be 
photographs, bu t al so sur faces smce gray-scales are only one 
type of z values, as 1s he1ght, etc.). Theoretical studies and 
language developments are in progress foral! groups, but the 
emphas1s is on diagrams and sketches rather thJn on pictures. 
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F¡gure 1 2 New York State, Populat10n Dens1ty, 1990. A good 
cxample of a linc-printer map. Program: SYMAP; data: 
Officc of Planning Coordination, State of New York; 
production: C. Stcinitz, Ha.rvard Univcmty 

Thls resource papcr's emph¡¡sis will be ü!'l themy, rather 
thl!fl on ªctual productwn processes. Only littlc spacc Wlll be 
Ylitld f@f the d1scussion of hardware, smce thc hfet1me of !1!1Y 
p!lft!GY!M technology is short and thc student ought to learn 
§ybj@Qt§ thªt ha ve a reasonably long "hfetime."2 Our mtent 1s 
tQ \iring the ~tudent toa leve! ofunderstand1ng from which he 
can set out on his own. No general theory 1s available, but an 
attempt has bee~ made to bnng sorne of the vaned ideas 
together w1thm a smgle framework. Ne1ther 1s there one 
package of techmques to gUide one m a cookbook fash10n 
through the subject matter. Finally, no tex tbook ex¡sts and 
the author w111 somct1mes refer thc rc.Jder lo sources not 
normally c1tcd m introductory texts. (F1gure 1.3) 

' Toblcr, m Tomhnson, 1970. 

2 

lnformation Thcory and Cartography 

Computer cartography must be seen in a wider framework 
to take advantage of developments m other fields, morder to 

transpose one's findmgs to a h1gher leve! of generahty. We 
Wlll, therefore, present the subJcct here In the framcwork of 
mformation theory. 

In the general use of the word, mformatwn means 
mstruction A tr~nsm1lter relates news toa rece1ver The news 
1s embeddcd 1n fam1 har Itcms For a clearer defimt10n, the 
novel elements m the ncws WIII be c.!lled mformauon and the 
f.Jml11ar itcms rcdunJancy 3 In a stat1slical sense, tcrms such 

3 The followmg pdrJgrJphs are bJ,cd on Alsleben, K , 1962. 
4csrhell;che Rf'dwzdanz, HJmburg 

~-------- -·-



' 

1 

1 

1 

1 

1 

1 

1 

' 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 



) 

11 

THUNEN RENT FUNCTDNS 

.,. 71148 

> 

Figure 1.3 Three-D¡mensional Rent Functions. The graphic representation of geograph1cal models can aid our 
understanding ofthem. Programs· SPATFUN, SYMVU; produchon· T.K Peucker 

as "tnformation," "news," "surpnse," and "tmprobabthty" 
co,-respond to the term "rareness" A h1ghly unexpected 
news ttem is a great surprise; it has a htgh mformatton 
content ln infonna t10n theory, a framework has be en 
developed to derermme this content quantitattvely. The 
measurement umt is one bit, denoting one two-way (binary) 
decision. The number ofblts (i.e., thc information content of 
a news ltem) ls thereforc detcrmincd by thc number ofbinary 
deci~lons onc has to rnake to sort the itern out from tho sum 
gf al\ expected 1tems.4 

The problem of measunng mformation ts usually more 
ggmphcated, since informatlOn 1tems vary 10 their proba­
b!!!ty of occurrence.5 However we wtll not go beyond th1s 
definitton smce 1t 1s not pert10ent to our understandmg 10 thts 
paper. 

lf m forma tton relates to 10structton, then the reccpt10n of 
mformation relates to learnmg. No news can be taught totally 
mdependent from known knowledge Redundancy ts the 

• Asan cxample the checkt:r·board, w1th 1t> 64 ficlds, nee::ds s1x 
bmary declSIOns to reach any of the:: 64 {2 6

) ficlds on the board 
' For examplc, 10 the Engh<;h alphJbct thc lettcr "e" ha> a 

much highcr frequency -and thus J lower mfom1at10n contcnt-m 
p.rosc than, for example, the letter "k" 

3 

complement of informat10n, it links information to the 
framework of knowledge. Wtth any graphic display one 
therefore has to combme news with the famthar. Those 
elements of a map which inform about the vanation of the 
object (the earth's surface) relate to mformation, those 
elements which account for the visual effect of the map relate 
to redundancy. (Ftgure 1.4) 

Therc are as many differcn,t typcs of informatton and 
respective types of rodundancy as therc are rnap clemcnts. We 
tnlk ªbout color, brishtness. pragmatic informatton, effect1ve 
informatton, typographtc mformatton, etc One classdlcatlon 
wo1,1\d ha ve two gt oups ofmformatton accordmg to the mode 
of the vtewer's attent10n One group would cover the mtel­
lectual ami rattonal, the other, the sensory arca (Ftgure 1.5) 

When examllllllg a map, one observes 1r1 three phascs 

l. Selcctive phJsc The vtewer selccts, consc10usly or 
unconsc10usly, from the large numbcr of stgns (e g . 
parallel hncs) 

2. Synthcttc pha~c The v1cwcr rccogrmescomposttc stgns 
(e g, a strect). 

3 Analyttcal phas.: Thc vtcwer studtes the structurc of 
thc stgn (e g, thc strect has mtcrscct10ns) 
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Figure 1.4 Ski Area. Perspcctive plots can aid planning and adver­
tising. Program: VIEWBLOK; data: D. Douglas, Uni­
vcrsity of Ottawa 

During the process of map-examinat10n, the viewer will go 
through these phases severa! times, moving on to higher levels 
of observation. Composite signs become simple signs on the 
next leve! building an mverted tree of signs of increasing 
composition. 

Two types of classes ofsigns, sJmilarity and h1erarchy, can 
be cons1dered. The human bram classifies a large number of 
s1gns as sirmlar, e.g., ii = 11 = 2.1t also sums up signs tomore 
complex s1gns, e.g., a number ofhouses with streets become a 
settlt.!ment. 

This ab11ity to summarize content is largely due to the 
propensiiy of human perception to reduce a large supply of 
mformo.iJ0'1 toa manageable size. lt has been found that the 
eye alone can receive three m1lhon bits per second. However, 
only stxteen bits per second can be consciously prcsent m the 
brain.6 The reduction of mformat1on can be accounted for 
by 1) a shift of 1nforma t10n into unconsc10us arcas (whcre it 
can rckase ret1cxcs), 2) concentration 1nto clns~es, 3) thc 
linka~e to famihar knowledgc and 4) a conscious lim1tation to 
11 slnsh~ Oeld of con ten t. 

A eªrtographer must keep these pmnts m mind wh(!n 
dt~~l~!'l!!'l~ a map. To be effectJVe, a map must be based on the 
J'l@f!;@ptl,l<!l ab1lity of men. For example, in producing a 
toy'nst map for dnvers which exhlbJts tcrram besides traffic 
mformatwn, the rehef shading is prcferable to isaritluns, 
sin ce Jt leads d1rectly to the desned composite s1gn-relief­
whereas one has to go through severa! steps of map­
exammatwn to understand rehef from an isarithm1c map. 
(We can be confident that the dnvcr wtll not want to have 
exactheJghtsoneachpomtofthemap). (F1gure 16) 

6 Sce Al,lebcn, K, 1962,Aestheflschc Redundanz. Hamburg 
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PERSPECTIVE VIEW OF CROP DISTRIBUTION 

Figure 1.5 Crop Distn'bution Sunulation. The simulation of 
land use with two markets based on the Thllnen 
theory. Programs: SIM, PERS, CNTOUR: pro­
duction: S. Witiuk, Simon Frascr Univcrsity 

F¡gure 1 6 Saarland, Centrabty Thc rcsults of a factor anJlySJS of 
103 vana bies and 356 communJtJes Factor 1, ccntrahty 
Programs FAKAN, SYMVU, data and producllon W.D. 
Rase 
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The Features of Numeric Cartography 
and Their Structures 

Dacey ( 1970) formula tes the concept of language as 
follows. 

A s1gn is the smallest unit that designates, and that 
which is pomted out is called the designatwn of the 
sign. A sign process is an arrangement of signs that 
designates something. Language is an inshtutionalized 
collection of signs that have common designatwns to 
members of the community using these s1gns The signs 
are producible by members of th1s community and 
they may be combined in sorne ways, but not m other 
ways, to obtain sign processes wh1ch also have a 
common des1gnation to the users 

One basic feature of formal and natural languages ts 
concatenatton (t.e., linkage of stgns in one dimension). The 
only ordering concepts in these "!mear languages" are the 
serial orders of"before" and "after "In map-languages which 
are intrinsically two-<lime~s¡onal, the concepts of neighbor­
hood and juxtaposition·in two dimensions are bas1c features. 
These features can be expressed by properties such as 
proximity, connection, superimposition, above, below, Ieft, 
nght, close-by, clustered, dispersed, d1stance decay, spatial 
autocorrelation function (see chapters III, IV, V) spatial 
overlap, etc. 

Another point must be considered. Not only 1s the 
concatenation in two d1mensions tmportant for map lan­
guages, but the structure of the map (i.e., the mterrelatton­
ships of s1gns), al so has to be studied. Classes of signs cannot 

. r.:1iy be organized honL.ontally between the elements of a 
single level, but also must be hierarchical (t.e., represcnt 
connect10ns and associations between the various levels) 
(Naras1mham, 1969). ' 

An example would be a large-scale map showing every 
outlding by a symbol. Although cvcry building is diffcrent in 
fe¡¡lity, a mnp will show a limited numbcr of building typcs. 
1'ht~5, the very l¡nge number of typcs of buildmgs whlch can 
b~;; found on, say, ~n ~erial phgto!\raph is airead y redYGilO tg ª 
3fflªll number of butldtng classes or st~ns To crea te §tructure, 
QO!'l <;:an bUI!d a set of super-signs su eh as the following· 

ª fªrmsfead ís a very dense cluster1ng of more than one 
!:lUt Jess than seven s1gns of the cla~ses "house" and 
"barn ., 

a hamlet is a dense clustenng of more than four but less 
than twenty s1gns of the classe~ "hou•;e" and "barn " 

a village 1s a dense clu~tcnng of more thJn fifteen but 
less thJn two hundred s1gns of the classes "house ," 
"barn," and one s1gn of the class "church" 

Thts very Slrnplc-and probably m most cases insuffictent­
dcscriptwn of the classes farmstead, hamlet and vtllagc g¡vcs 
an tdea of what might be pertinent m a h¡erarchical map 

S 

languagc. Of course, m an operat10nal language the propert1es 
"dense" and "very dense" would have to have sorne 
quantltative meaning. The classes overlap, as m reahty. For 
automated map analys1s, one must add other property 
dimensions, or ma ke the process mteractive, (i e., m each case 
of ambigu1ty, the machine reports, leavmg the dec1sion to 
man). (Figure 1.7) 

In a learning machine, one starts w1th a very small 
vocabulary of signs (symbols) and a very stmple structure 
(syntax, grammar) and builds both up during the process of 
map analys1s As soon as the machine gets toa sign which is 
ambiguous or unknown to the machine, man has to make the 
decision by either allocating the s1gn toa known class or by 
creating a new one. The machine would store the decision or 
the new class and act accordingly when the case occurred 
again. At the start of the analysis, man has to act very often, 
but the frequency decreases quickly. 

Syntax is not the only aspect of cartographic analysis and 
representation. There are other factors playing a role whtch 
should become clear when reading the rest of this resource 
paper and other publicatwns m cartography -~ 

The methods of cartographic presentation can be classi­
fied into five groups · semantic methods, syntactic methods, 
psychological methods, physiological methods, and signa! 
methods.8 

l. Semantic methods These methods cover al! meamngs 
which can be attached to signs, including the object of 
representation, whether a perspective view of a tree or a 
surface funchon. Semanttc methods take effect through the 
object. 

2. Syntactic methods, as discussed before, are the 

' See espccwlly CommJsslon on Colleg¡: Gcogrnphy Resource 
Paper No. 19, Theni.atic (!artog;aphy,-by Philip Muehrcke. 

8 Aftcr Alslebcn, K., 1962, Aesthetische Redunda11z, Hamburg. 

F¡gure 1.7 Vancouver, West End Vancouvcr's majar h¡gh-rise apart­
ment arca All hou\CS are rcprescntcd by blocks The data 
bank of hou,o.:> can ea>ily be changcd to >how re\Idcn!Ial 
devclopmcnt The coastline IS drawn 10 manually. Pro­
gram BLOCKS. data· A Furguson co.I~thne L Nelson, 
both from Smton Fraser Univcrsity 
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gcomctnc and stai1SI1cal arrangcmcnt and distnbut10n rules. 
Thcy Jllcludc structural clcmcnts such as nc1ghborhood, 
penod1c1ty, mncr conncct10n, etc. 

3. Psychological methods. Thcsc methods covcr phenom­
ena wns1dercd by gestalt psychology, such as SJmJlanty 
classcs, pcrceptive proccss, etc. and tcnm such as rhythm and 
dynam1sm (m an artistic sense), mtcnsity, harmony, etc. 
Psycholog1cal methods takc cffcct through perceptwn. 

4. PhysJOlogical methods are the results of the cond1livns 
of the optical organ such as v1sual field, depth of focus, 
con! rast sensitivJty, color vibration, etc. 

5 Signa) methods represen! perccpllon elements wh1ch 
take effect by nothing but themselves. Background and 
base-color are examples m cartography. (F1gure 1.8) 

All of these methods must be used in cartography. 
However, their applicalion is h1ghly mtuit1ve at present 
because tests for the analysis of the mcthods' effects are 
vntually non-ex1stent. Such tests, under laboratory cond!­
tions that change only one factor al a !Jme, are very difficult 
to ach1eve. It 1s hardly possible lo produce mc~nually a series 
of maps which differ only m selected aspects As the 
cartographer draws one map after the other, he improves the 
overall1mpression of the map unconscwusly. Tests ha ve only 
been run on abstract distnbutwns of symbols and only rarely 
on very simple maps. (Figure 1.9) 

We are now able, however, to automatically produce series 

of maps under strictly controlled condJtiOns and should 
thercforc be able to advc~nce our knowlcdge of thc mcans of 
map represcntatwn at con~Idcrable speed.9 

Points, Lines and Surfaces 

In the following chapters, three d1fferent types of map 

features WIII be d1scussed-pomts, Jines and surfaces. All 
three are spatial signs of different dimens10ns. In addit!On, a 
map contams a variety of symbol-types wh1ch are signs 
w1thout spatial dimensJOns but usually with specific loca­
!Jons. 

Pomts are zero-dimensional signs which either denote the 
location of content (na me, value, etc.) or const1tute a part of 
the other two features. A hne consists of one or more 
hne-segments wh1ch are stra~ght lines (vectors) bound by a 
point on each en d. Theoretically, any curved hne has an 
infimte number of hne-segments of infimtesimally short 
lengths, but m computer cartography, contmuously curved 
lines can be constructed only in rare cases (when analog 
plotters are available); in practice, a line is composed of a 
number of straight Iine segments w1th d1screte lengths. Lines 
can have a variety of contents (functions) (i.e., they can 

• Psychoptcloncs 1s a lield very clase to this attempt. See 
Ltplan and Rosenfeld, (1970). 

F¡gure 1 8 Vancouver Tlm ncgativc of a plot is an cxamplc of thc stg'1al me:1ns of 
cartogr~phtc rcpre~cntaiJOn Program SYMYU, data D Mark, productwn W D. Rase 
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EUROPE 
POPULATION DENSITY 

lml301. 400. 
11!11161. 300. 
~ 121. 160. 
§§101.- 120. 
~ 94. 10(J. 
El 7'. 9j. 
021. - 70. 
011.- 2o. o o. - 10. 

F1gurc 1 9 Europc, Popu1atJOI\ Den'lty The plottcr produce~ vcry fmc· 'hJdmg hut thc ,omput1ng Jnd plottmg tnne 

IS prolllblllVC lf u'cd on J dJy·tc>-day bJ>J\ Program CALFOR,\1, data G HayWJrd, prodlli..UOI\ e JohJnn,on 
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SAARLANO 

Figure 1 12 Sa.uland, Commutmg. Thc commutmg pattcrn 

in this Gcnnan province. Program. PFEIL; data: W D. Rase 

places on the screen and make the computer react in a 
programmed way. Examples of the usage of su eh a device can 
be f ound m chapters five, six and se ven, and at the end of this 
chapter. (Figure 1.13) 

l'tgure 1 13 V ancouvcr Strcct Nctwork Wtth Co..t\!hne 
Data S WniUk 

10 

Thc vcctor-modc CRT is too co.Jrsc for thc production ~f 
most final maps. Lmcs m cartogr ..1phy .u e usually too 
cumplcx tu be rcprcscntcd by a rcl.ttívcly sm:JII numbcr of 
vcctors. In add1tion, hachunng 1s .Jimost •mposs1blc. How­
cver, asan intermedia te dcv1ce, any CRT can be of cnormous 
value because it allows thc uscr lo work with thc map. 
Half-tone CRTs might be more useful in computer cartog­
raphy, espec1ally for final coptes. F1gure 1.10 shows the 
results from an input-output scanner on film, with a point 
matrix of up to 4,000 by 4,000, and 64 halftones, 
devcloped at the Univers1ty ofMaryland. 

Many input-devices such as picture and map-scanners, 
height scanners on aerial photographs, automatic lme­
followers and spec1al pattern-recogmtion computers have 
been dcveloped. However, they are seldom availab)e to 
students of computer cartography. The only device which JS 

frequently available in univers1ties is an xy-digitizer, similar 
to a drafting table with any one of severa) mechanisms to 
record the x, y posit10n of a courser or magnetic pen. The 
digitizer 1s very accurate ,and relatJVely fast, but does not 
relieve the user of the need for careful preparation (Figure 

1.14) 

1 

¡:¡gure 1.14 lntc;racttve Storage Tubc The tube ts m an almos! 
honzontal pmtlton for wor\..mg convcmence The oper­
ator has hts nght h..tnd on a tclctypc comole for 
a1phanumcnc mtcract10n wtth the computer Bctwccn 
!he telctype and thc tubc 1~ a "mou,c" for two· 
dunemtonal mtcrJLliOm wtth thc LOmputcr Courtesy, 
A .R Boylc, Umvcr,tty of Sa~l..atchcwan 
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11. A SHORT INTRODUCTION TO ONE ltiAPPING 
SYSTEM 

Many mapping systems have been developed, but only a 
few to the stage at which they can be used by people other 
than their programmers. The mappmg system to be described 
is one of the most widely distributed,SYMAP,developcd by 
the Laboratory for Computer Graphics and Spatial Analysis 
at Harvard Umversity. lts widespread use is not necessarily 
due to its quality-although it is a very good program-but its 
good documentation and its availabillty through purchase. 

The usability of SYMAP is based on two instruments 
avrulable in virtually aH computmg centers a mediUm-sized 

computer and a line pnnter Just as the typewriter can 
produce pictures by takmg advantage of the d1fferent 
gray-scales of letters, numbers, and signs, so can the hne 
printer, but at a speed of 600 lo 2,000 hnes per minute, 
usually 132 symbols per hrte. The resolut1on 1s ten symbols 
per inch horizontally af)d · six or eight symbols per mch 
verticaUy. The width of the output sheet (132 symbols) 1s no 
restriction since one can print a map in stnps and then fasten 
the parts together (F1gure 2.1) 

Other positive features of the prograrn are flextb1hty of 
mput and the great vanety of output The standard form of 
mput IS on cards (punch-cards, I.B.M cards), but sorne or all 
the mforrnation can also be read in frorn rnagnet1c tape or 
d1sc. Th1s process would norrnally be the result of sorne 
prevwus computations such as data standardtlatlon, regres­
sion analysis, factor analySIS and thc hke. Thcre ts a standard 

card form:~t, th:H is, thc computcr cxpccts ccrtatn data in 
certain ''ficlds'' (groups of columns), but even this can be 

changed. 
The rnain 1nput for the proJuctwn of a map con~1sts of 

QQQrdmates for pomts whtch represen! etther dJta-pomts or 
!Qc,;í,lttons along lmes. The d1fferent types are grouped 10 

~Q"called packages wh1ch con>ist of a carel wtth thc package 
tltle, the pomt-cards (one carel per p01nt) and package-cnd 
carel. The dtfferent packages are. 

Outhne 
Conforrnolincs 
Data-Pom ts 
Otolegcnd 

Barners 
Values 
Map 

Only the rnap-paLkagc 1~ rnJrHlato1y 

11 

The output can be in three types of maps. The contour 
map represents the z values of a set of (usually) megularly 
d1stributed data-pomts by contour lines with up to twelve 
class inte_rvals. The choropleth map portrays statistical arcas 
w1th given boundanes, again by up to twelve class intervals. 
The proximal máp is s1m1lar to the choropleth map, but the 

boondaries of the statistical are as are not given. lt crea tes these 
boundanes between pairs of data-pomts. (F1gures 2.2, 2 3) 

Input is governed by the choice between a fixed bmlt-m 
data-structure ora flex1ble user-supphed one. In additwn, the 
program can be operated by using only a partial selection of 
the packages and elecllves of the map-package For example, 
one might produce a map without legends and choose the 
standard size (13 mches) In thts case, one can leave out the 
Otolegend-package and does not have to spectfy th.: 
s1ze-elect1ve (comrnand), but can rely on the default option 
of 13 inches. 

The poss1bt.lity of operatmg the prograrn with a smaller set 
of commands, however, ca!! turn the prograrn into a burden 
to both the user and h1s cornputmg center. Th1s 1s the fault of 
the user not the prograrn E ven m its simplest form (1.e., w1th 
everythmg left to default), SYMAP has to reserve corc storage 
and use up cornputer t1rn.: for the unused packages and 
options. Many of the rnaps produced w1th SYMAP could be 
run faster and more cheaply w1th a smaller program. For 
sorne routme work, the developmcnt of such a program 

would pay off. 

Wc should be cn\:our;~g..:J, however, to look mto SYMAP 
10 mort,; deldt! so that we do not use a restrtcted set of 
comrnands s1rnply out of tgnorance We w1ll start w1th the 
sunplest lmdgc and thcn add other fea tu res. 

The only rn.Jrldatory package m SYMAP 1s thc rnap­
pdckage whtch controls the productton of each rnap to be 
printed 1t has approxlmJtely tlmty opt10ns, none of which 
have to be used for thc first case Only the package namc, 
threc cdrds of tttle and two tcnmnatton cards Jre necessary to 
produce d 13 x! 3 mch pnntout w1th a frame only-

By addmg a set ofdat.J-pomts, one obtatns a con tour rnJp. 
The saddlc-pomt p1ctur9, whtch rcpresents an often dtscussed 
rndtter in cartography, 'ts credted by the four comer pomts 
whcrc the pom ts a t the cnds of one dtJgonal ha ve htgh val u es 
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F1gurc 2 Grou~e Mounlam, Norlh Vancouv~r Ten clas> Jnl~rvals have been uscd for the comouring Thc map 
~how~ the d1ffcrcnl combma!JOns of letters u~cd Thc numbcrs show thc loca!lu:l o!· data-pomtsand 

their leve! Program SYMAP, dd!a D Mark 
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F¡gurt} Z 3 Saarland, Centrahty. Thi~ I)Xamplc ~hows thªt th~; pfQXÍfl1íiHyp¡; map c:an bil VílfY su!tagle for classtficat10n 
mapping. Tht"l ~r\la~ of l!!tlt"l ªnd h¡gh vamtioo ªHl w~l! dtll!nrªl1H1 gy th~ íkn~!ly gf )Jgnl!lfs J>rogram SYMAP; 
¡jata W.J).Ras(l -

ªfld tht:< pQmts on thc other d1agonal have low ones. The 
points are reprcsented m the data-pomt package w1th theu 

coordmates and m the values package wtth the1r z-values 

(he1ght, etc.). As dtstmgutshed from the standard mathe­

matical coordmate system, SYMAP assumes the ongm m the 

northwest corner of the map and mea~ures first down and 

then across. The re a son for thts sorne! tmes very mconvement 

regulat1on hes m the program's lllStory In carhcr vers10ns of 

SYMAP. the coding had to be don~ by lines and columns of 

the future output. In today's more user-onented verswn, thts 

14 

is done by the computer after shtft Jnd scJ!e parameters have 

been taken into constdcraiJon (Ftgure 2.4) 
The cartographer's Jrea to be mapped JS usually not 

rectangular. 14 Clttes have irregular shapes, countries are 

hmited by boundanes and water beyond whtch data are 

ctther unknown or non-cxt~tent. The outline 1s dcfined by the 

outlinc-package. The arca outs1de the outhne JS usually left 
blank, but can be filled w1th any desncd symbol through one 

of thc electtves m the map-packages. (F1gure 2.5) 
1 

• We are di>cussmg thematJc, not topograph1c maps. 
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Figure 2 4 Saddlc Pomt. Th" data-pomts are at the four corncr~ of the squarc. No clcctJves of the 
map paí:k~gc u re u sed. Program: SYMAP; product¡on: G. Hnyw<~rd, S1mon Frascr Umvcrs1ty 

In add1t10n to the outhne, the basc-mJp may also have 

m terna! boundanes such as thosc of states The conformo­

hne-package contams thc boundary-coordmates of the 
statlstH.:al arcas for the choroplcth mJp However, the State 

boundanes could also be produced by lmc-lcgends 111 the 

legend-packagc. The legend-pacbgc g1ves the user the 
opportun1ty to add to the map n¡fonnat10n wh1ch should be 
repeated cvery tune thc pJckagc<; are run w1th dd'fercnt values 

and/or elecl1v<:s. Examples are an astcnsk at the place of a 

c1ty "''lth the f1rst letrcr or the full narne on the s1de, stnngs 
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of a symbol as streets, boundanes, nwrs. etc, art•Js fill~é 
w1th on.: symhol for lakes, unpopu!Jred :ne.b, pJrks n,,-,~­

arrows, large tilles. etc A cJreful prep&rat¡on of tht" kgt'nu­
package can adJ cons1Jerably to the map (F1gures 1 6, : 7) 

One can orgam?e rhc SY~!AP dect¡vcs mto four group~ 

1 S1ze, sect10n, and se ale clect!ves 
2. Gray-scale levels and syrnbohsm electivcs 
3 Interpolat1on elect1ves 
4. M1scellaneous electives (text mformJtiOn, restnct1ons, 

output onto tape, etc) 



.. 



~-----· 

F¡gure 2 5 Canada Outhne. Thc use of thc outhne package and the ~ize elective. 
Program SYMAP, data D. Hatlehd, Sm10n Fr.1ser UmvcrsJty 

l. SYM AP ts totally scale-mdepcndent. In other words, 
the measure¡ncnt unit of the input does not tn any way 
restnct the output One can define the coordina tes m mches, 
mtles, ccnttmeters, etc. but also m non-<listance umts su eh as 
i:lnnual prcclpttatJOn versus mean annual tcmpcraturc. The 
program a~~umcs that cvcrythmg ts in inche~ merely to 
calculatc its interna! scalc (printed out wtth the llldp), and 
produces cither a rnap of tlmtccn tn~hcs(thc dcfault optton) 
m ofth~ sil-e specified in an elective. 

Th~ l!§i;r of SYI\IAP ts not bound by the area he wants to 
m,!FJ by the arca he inputs mto the system By defm1ng one 
~~\l~t!V~ he ~!111 1.1kc a sectton of !he mJp Jnd show ti JI dny 
S{,¡¡l" The seclton has to be rcctJngulJr, howcvcr, with a 
hon;ontJI base. 

2. When a cartographer mt~ps a themat1c surface or tcrram 
by choropleth or con tour m<:thods, he mus! employ a system 
of generJhLmg the array of data Class mtervals are the 
n11mencal C.! legones of ~uch a systcm dlld should be thought 
of dS bemg boundcd by cla-;~ hm1ts A gcogrdphc1 knows that 
cqtlldi<;IJnt class-mterv<~l<; are not alw.Jys thc ¡cJeal chOice. For 
o.Jmplc, m a rurJI arcJ w1th onc uty, thc popu)JtJon dcns1ty 
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is al Jeas! five ttmes the average rural populat10n denstty. With 
the SYMAP default opt10n of five class mtervals, the rural 
population denstty would fall cnttrely mto class one whereas 
thc ctty would fa JI into class five with nothmg for classes two 
to four. Thcrefore, one n11ght bcnefit from taking the Jowest 
and the htghcst rural dcnsity and establishing four classes for 
rural populat1on and thc fifth for urban population. Another 
po~s1bility would be to produce more class intervals, for 
ílX!lll1Ple ten, but then one would ¡¡gam gel etght urban classes 
(for only one ctty) and two rural ones (Ftgure 2.8) 

8oth alternattves and any vdnatton of them are possible 
One can also subst1tute thc standard symbohsm wtth one of 
im own ch01ce. 

3. The data-pomts used to create a surface defined by a 
regular gnd ofz val u es do rwt ha ve ro br dtslnbutcd regularly. 
SYM~P mterpolatcs for a regular gnd us1ng a soph1sttcated 
algonthm, whtch hds four lllJJil components_l 5 (Ftgure 2 9) 

'' Scc ShcpJrd, n (1968) "A Two-D1mcmJOnal lntcrpolat10n 
1 unct10n for Irrc:;uiJrly Sp.lLCd Dala." Procced111gs, 23rd Nat. 
Conf. A~'OLJdllon for Computmg ~bduncry. 517-524. 
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hgure 2 6 Ncw Ze~bnd Thc u~e of th<: otolcgcnd Progr.un SYMAP, d~ t:l T K Peuckcr 
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F~gure 2.7 U S.A AU the boundanes are produced using the otolegcnd package. Program: 
SYMAP, data T K. Peucker and R Mercready, V1enna, Vugmia; product10n G. Hayward 

a) The pomt ~electwn: The attempt is to fmd the s1x 
data-pom ts closest to the gnd-pomt m quest10n Th1s 1s 
done by computing an "imtial" search rad!Us which 
encloses six data-points "as the map average." If the 
search rcsults in between four and eleven points, the 
n umber 1s cons1dered sa t1sf actory, otherwise the search 
radius ht>comes shorter or longer respectively. 

b) D1stance weighüng. The data-pomts chosen contrib­
u te w1th the!T z-values to the value of the gnd-pomt 
inve1 scly proportional to the squarc of their distance to 
thc grid-point. 

e) Dircctional bias: Tl1e distancc·correctcd wcight of a 
point is roduced according to thc location of a point 
behln9 anothcr polnt w1th n;~sp()~t to the grid-pomt 

d) AddttiOns lo the algonthm account for ¡;:omputation 
IHfQf§ ªnd discontmuities of slope at the data-pomts 

4, f'lfli!!!y, ~9me general elect 1vcs can nulhfy so me bmlt-m 
§ªrtlgUí!fd~. ª!!ow for add1tional mformation bcyond the tille, 
and permit rcpetltlon of elect1ves from prev10us maps, spec1al 
óutput, etc. Onc elcctive of speC!al mterest allows :thc 
copymg of the map informallon onto tape for thc purpose of 
producmg perspccl!ve v1cws and for Jllowmg other op~ra­
tiOns bascd on a regular gnd of z values. (Figure 2 10) 

18 

SYMAP IS a h1ghly flexible program wh1ch produces very 
acceptable results w1thm the hm1ts of a line pnnter. 
Eventually 11 may be replaced by an updated vers10n which 
allows easier manipulation of the program itself, such as the 
mclusion of sorne special options for interpolatJOn, the 
production of analytical maps, the approximat10n and 
filtering of data, and so forth. It should also be possible to 
reduce the program toa s1ze which would make 11 faster and 
usable for smaller computers. However, httle needs to be 
added from a user's pomt of v¡ew, which is quite a 
compliment for a system conceptuahzcd almost ten years 
ago. 

An ultcrnativc to SYMAP 1s GEOMAP. GEOMAP was 
d\'veloped over a $01\lt'Whªt pªr¡¡llel time penod as SYMAP 
but bas1cally by Qnly one per-son 1 f> GEOMAP produces the 
samc three typcs of maps, based on the qUJte dtfferent 
conccpt of ne1ghborhood-smoothmg. but 1s Iestnclcd 111 map 
w1dth (toa page) and doe~ no! come close to the flextbthty of 
thc legend package and the electives of SYMAP. Huwever,lt 
needslesscore-memory. (Figure 2.1 1) 

'• D Stemer, Umver!>IIY of \\'atcrloo, ~omc asststancc to the 
opcratJOnahzatwn of the pro¡;r.JJll Wd~ gtvcn by Otto F Matt, 
Umvcrstty of Zunch. 
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F¡gure 2.8 Saarland, Populatwn Dens1ty In th1s case, thc class mtcrvals should havc becn altercd Thc dcfault opt10n 
g!Ves the urban populatwn w1th four intcrv.¡ls and thc rur.1l den;¡ty w1th only onc lt would havc bccn 
mteresting 'to dtfferentlJte smce thcre are d1s!Jnct van<~ !Ion' closcly rel.1tcd to thc d¡;tnbuttOn of forc't 
Program SYMAP, data· W D Ra1c 
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HEIDELBERG 
.... 71121 

Figure 2.9 Heidelberg, View from S.E. The surface was digitized 
irregularly, interpolated by SYMAP, and the regular 
gnd used for the perspective plot. Approximately 400 
ongmal pomts, 10,000 gnd-points. Programs: 
SYMAP, SYMVU; data: T.K. Peucker 

YIIH[OU~[R TOI"OC~AI"t+'l' 

~~lEV~". "16°oo 
lw 11114 

Figure 2 1 O Vancouver, Y1ew from S.W Appro\Imately 640 pomts were digltlzed,mtcrpolated to 10,191 
gnd-pomts, and then plotted. Programs SYMAP, SYMVU, data. D Mar k, productwn: W D Rase 

20 Q 



• 



• 
:~-- .. 

•.-·no 

...... 

·-- .... . . ·-· .... _.. .. 
• o •• • 

·. 

._-:-....... --::-..:. ·- -.· 

. ·....:!~.-
-....... 

--- .,.,!.;::-.. -·::· 

:· --·-:.~~;;~ _:;=~· 

IIUUC.oo ,.,.,oh(" • 1 1 '- "' 

'!\:"'.~:!::.:u~. . ·'· =~; _ •• 
·u=~.:..;:_ __ 
ll B 
lil 1' 
~1 
i\¡ 
til 
i:l 

ru g¡ 
h~ 
~1 
¡; 

TI 
¡; 
:: 

,; 
¡m 

!lf~ ill ¡r· 
·1' 

In 
11 
.!! 
ift 
ih~ !li ¡!j,._ ____ _ 

.,----------------------------·------
e 

· .• ,"1 - •• . .• : • : .. • .• \/"!-' 
__:_c._..:_~--" 1 

; \ 

¡¡ " 1 

~--
¡ :n¡ 

1 1;, i :Ht 
i ! ·::i ::: 1 

1 
1 

i 
1 

i 

F¡gun: 2 11 Swttzcrl.tnd-Thrce Map> by GEOMAP A IdenttftcatlOn m.tp, B unproduLttvc and unculttvJtcJ land a' 
perccntJgc of total drstnct areJ; C forc~t a> pcrccntage of tot:.1l dt,tnct arc.t Stncc the progrJrn can print only 
a pagc width, the data hJve becn rotatcd 90° to al!ow for a largcr mJp DatJ D Stcrner and O F. '-iatt, 
U ruverstty of Wattjrloo 
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111. SOME 1,HEORY OF THE SURFACE 

In topographic and themahc cartography, every pmnt on a 
map can be idenhfied by its x and y coordina tes relahve toan 
ongm. ln most cases tt can also be related to one single 
quantitatwe or qualitative va\ue lf the value is quahtatlVe, 
the location gets a certain symbol or color according to the 
class of the value. Irí the quantttahve case the set of all points 
can be considered as building a surface wtth the value as the 
"height" of the surface at that particular potnt. Such values 
can be population density, percentage of the population 
belongmg to a certain ethnic group, atmospheric pressure, 
etc. Although these val u es often occur as classes (ordtnal scale 
in the case of choropleth maps), the dtscusston will be 
restncted largely to values measurable by a conhnuous 
(mterval) scale. 

The Information Content ofa Surface-Point 

Sorne properhes of surfaces wtth respect to sampling (i e., 
taking values off the surface at spectfic pomts) will be 
discussed. One can record a surface in at least three different 
ways 

~. By keeping one dimen~10n constan! and gomg a long the 
others in equidistan! steps or followtng the surface along the 
constan! dimension. The ftrst case would produce a 
rectangular grid of z values, the second a honzontal con tour 
linc (ísaríthm). 

2 By r¡mdomly s,lmpling the surface (í.c., wtth random x 
and y jump~). 1n practu;:c, this rcprescnts most of the 
!!l!HÍsllcal surfact,!s 

~- ~y codtng only "surface-sp~ctfic" pomts, that IS point§ 
wh¡¡;h furmsh more informJtton about the surface than only 
thlltf ¡;oordtnates such as peaks and passcs 

Wtthout delvmg into all the problems of sampltng a 
surface, it can be satd thJt a gtven regular gnd of sampltng 
points can depíct only thosc vanat10ns of t.hc data with "wave 
lengths of twtce the samplmg dtstance or more " 1 7 In other 
words, tf we me asure the elcv:.!IIOn of a topographtc surface at 
an interval ofSO feet, we wtlllosc all the humps and bumps of 
100 feet wtdth and less, if we collect cen~us data per census 

17 W R. Tobkr, 1969, e'pb1m tlm m "GeogrJphicJI F11ters 
and thctr lnvcr,cs," Geograpluca/ AnalySIS, Vol 1, 234-253, e'p 
243 
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tract with three thousand tnhabitants we will be able to find 
information on variatíons of groups wtth an average stze of six ~ 
thousand or more.18 ln th1s casi we wtll not be able to · 
acquire any knovJiedge abolit neighborhoods, for example, 
smce neighborhoods are much smaller. 

lf one chooses a regular grid, one has to adJUSt the mesh 
width to the smallest desned variation tn the map, even if tlus 
variatton happens only tn a port10n of the map are a; and one 
could get along with a much wider net for most of

1
the arca. In 

arder to be representative m arcas of rough terrain, the gnd 
must be much finer than is necessary 'to represen! regions ·of 
smoother terrain. These difficulties have led to the formula­
tion of variable grid methods, in which the mesh stze is small 
in rough reg10ns and large tn smooth regwns. However, therc 
is no application in geography ustng such methods as y e t. 

Points m a umform gnd are very defimte with respect to 
their coordinates, they have a specific locatton relattve to 
longitude and latitude or to any other orthogonal or 
non-orthogonal reference system. However, they are random 
with respect to the surface In other words, tf the surface ts 
unknown, a regular gnd ts the best way to produce a sample 
ofvalues (elevattons, etc). 

The case is rare in whtch a regular gnd of val u es ts obtamed 
with no previous knowledge of the surface available or 
without acquirmg thts knowledge during the process of 
digitizing. It would therefore be foolish not to use such 
knowledgc for a more cconomical digitization. Severa! 
approaches to digttization using prcvíous knowledge of the 

!!tlfft\co will be considcrcd. 
!f ª p<Jrsgn lgoks ;¡t !l map r~prcsentmg a topugraphic or 

thematic surface, he ctoes not sampk the surface randornly, 
that ts, Jet hts eyes JUrnp over the map to find tndications of 
the surface's "hetght'" at random pomts, ne1ther does he sean 
the map in equidtstant stcps, but rather he searches along the 
steepest slopes for local rnJ xtma or mtmma, very similar to 

1 • The r~IJllomhtp betwecn sJmpltng dtstancc and deptckd 
vanatton ts stJtt:d m !he SJmphng theorcm whtch Tobler ( 1969b) 
explams as follow~ "The theon:m s!Jtes that tf a functton has no 
spectrdl components of fr~qu~ncy htghcr thJn W, then the valuc of 
the functton IS compktcly dctermm.:d by a knowlcdgc of ti\ Vdlucs 
at pomts sp3Lcd V1 W JpMt The lack of frecdom of the functlon for 
vanatton from the pre,cnbcd pJth between sample pomts 1s a 
conscqucn.:~ of tb wck of spectrdl components of frcqucncy h1ghcr 
than W" 

' ' 
i ~ 

¡, 

1 
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the htll-cltmbing tcchrtque in statistics and numcrical 
analysis. In other words, he most probably looks for hills and 
valleys to gel an idea ofthe surfacc-structure. 

Any continuous surface can be approximated by a finite 
number of planes. In fact, this is how surveyors and 
photogrammeters usually perceive the topographic surface 
when collecting data. The surveyors measure only the 
corner-points of polygons (usually triangles) which cover the 
surface entirely. The photogrammeter traces along one 
constant axis and only records the "breaks" of the surface 
(i.e., the points where the surface's slope suddenly changes). 

Jt !S evident that this method can be of advantage for 
surfaces with little penodicity and large differences in the 
density of variation. A regular gnd of values can, in such 
cases, be mterpolated by finding the polygon inside ofwhich 
each gnd-point líes and then computing the "height" the 
plan e has a t the location of this point.1 9 · 

In many cases one can acquire a higher leve! of preliminary 
informal ion about a surface in the form ofits "surface-func­
tion" or "autocorrelation-function." The autocorrelation 
function which will be discussed in a la ter part ofthts chapter 
in more detail, represents the mean "surface behavior ." 

This leads to the discussion of a set of fea tu res which are 
an expression of the surface itsclf, called "surface specific" 
points and Iines. Three different pairs can be distinguished 
which have dtfferent relationships to the surface. These pairs 
are peaks and pits as maxima and mínima of the surface, 
passes wh1ch are at the same time maxima in one direction 
and minima in the other and ridge-lines and course-lines as 
local maxima and mínima connecting pairs of peaks and pits, 
respectt\'ely, and intersccting at passes (Figure 3.1) 

Peaks are summits of mountains and hills, and as such are 
maximum pomts or positions of unstable equthbrium. Pits, 
on the other hand, are bottoms of holes and as such are 
minimum points or positions of stable equilibrium. Two 
ncighboring pcaks are Jinked by a ridgc line, two ncighboring 
pits 11re linkcd by a course line, both types of perpendicular 
Hnoa being linc:s of loc!ll maxima ªnd mlnlrna respect!Ve!y, 
PllHHilO, the ¡;:rossing pomts of the two types oflines, are po!rÚs 
ofmixed equilibrium. - -

'fh!.! type of equtlibriums here is rclated to the type of 
ver~~n§y (convetgency, divergency, mtxed vergency) of flows 
along the surface. Thus a hill ts an arca of dtvergent flows 
bounded by course-lines which are !mes of convergen! flows. 
On · the other hand, da les are are as of convergen! flows 
bounded by ridge-ltnes which are !mes of divergent flows. 
Peaks and pits have the same vergency of flow as their 
respective areas, whereas passes are points ofmixed vergency. 

1 
• The "linear" interpolation 1s fa~te~t ~mee it only mvolves the 

solving of one linear equahon pcr gnd-pomt. 
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Table 3.1 gives a summary of the dtffcrent surface-specific 
featureswtth thcirvcrgcncy.20 

Surface Behavior 

Given a set of regularly or irregularly spread data points 
with their x, y and z values, the task JS to map these points, 
that is, to create a surface continuously determined and 
single-valued. For practica! purposes, it is sufficient to 
postulate that this surface is fully represented by a dense 
regular gnd of points. If no other information than the 
position of the data points in three dimensional space is 
available, sorne assumptions have to be made about the 
"behavior" ofthe surface between the data-points. Again, for 
operational purposes, 1t may be assumed that these be­
havioral assumptions have to be made for the dense grid of 
points. 

l. The discontinuous surface 

The first assumption shall be that the value of any one 
data-point is representative for the values in its neighbor­
hood. In other words, the surface is a series of level 
subsurfaces with dtfferent heights. Netghborhood in this 
context can be defined in two dtfferent ways: 

First, a grid-point can accept the value of the closest 

1 ° For a deta~Ied discussion of surface-specJfic features see 
Wamtz, 1966. 

--·· ...... . 
... ~: .. ··::~-- ."': 

Figure 3 1 Hc¡delberg, Topography: A study of the surface of 
Heidelberg by a slopc-JnalySIS program. The spec1ally 
marked points are p<::~ks Program: WATERSHED; data: 
T.K. Peucker, product10n W D Rase 
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TABLE 3 1 

~ 
Mixed 

DIYergency Convergency Vergency n 

Point Peak Pit Pass 

Line R1dge Course 

Are a Hlll Dale Temtory 

data-point. The type of map resulting is often called a 
"proximal" map and used m severa! mappmg programs since 
the procedure to find boundaries between two areas of 
different values is very simple.2 1 (Figure 3.2) 

Second, neighborhood can be defined by areal extent, tfi.at 
is, each datum has a given subarea with known boundaries 
associated. The resulting map, the choropleth map, has been 

2 ' In SYMAP, the closest data-point is found for each grid­
point and its value is ass•gned to the gnd-pomt. In GEOMAP, a licld 
is created around every data-pomt whtch 1s expanded parallel to the 
other fields until 1t hits other lields at every dtrecbon of expansion. 
The resul ts are very sirmlar. 

well "udied •nd u"d in both t"dition•l •nd oomp~t" l 
cartography. It is htghly suited for a manual presentation of 
statistical data. However, for a presentation by the computer, 
it is not the most efficient approach. Time and costs for 
coding the boundaries, storing the areal extent of the 
sub-regions and shading the map often make it inferior to the 
me thod of producing a continuous surface. 

2. The continuous surface through data-points 

The second assumption is that each data-point represents a 
sample of a single valued continuous surface. The surface can 
be continuous m the first derivative or not (i.e., have 
"breaks" or not). However, the question of continuity 
becomes irrelevant with an increasing number of data-points 
in a discrete pattern of grid-pomts. 

Dtscontinuity m the first derivative can mean that the 
surface is approximated by a set of planes as discussed in an 
earlier part of this chapter. This represents the sirnplest, 
fastest and often the least misleading interpolation method at 

srv i"'r9 

F¡gure 3 2 Hexagons. Produccd by the proximal-map clccllvcs. The data-point~ 
are arrangcd m regular triangle~ Program SYMAP, dJta W.D Ra-.e 
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hand 1f the planes are representcd by trianglcs,22 most ofthe 
contouring algonthms m use today are ba~ed on a rectangular 
gnd divided into four 1 rianglcs by computmg the ccnler pomt 
ofthc rect:mgle. 

Continuity in the first and h1gher derivatives with the 
surface passing through aJI data-points at the same time is 
usually accomplished by distance-weightmg funct10ns. The z 
values of a number of closest points are weighted by the 
inverse of the distance with an exponen! which ·ranges from 
one to four.23 

3. Trend surface 

The third assumphon is that the sampled values include 
measurement errors, that is, that the surface does not 
r:ecessarily pass through a11 data-pomts.lt JS also assumed that 
the surface is smoother than-or at least as smooth as-the 
variahon of the data-values indicate, and that the errorssum 
up to a mínimum under one of severa} cond1tions discussed 
later and that these errors are random (i.e., no clusterings of 
negative or positive errors). 

The first and most frequent condition JS that the surface 
can be expressed by a polynom1al or trigonometric function 
of x and y. The mmimum cond1tion is that the su m of the 
squared differences between the actual and the computer 
surface at the data points be al 1ts lowest poss1ble value. The 
rcsultmg surface is usua11y called "trend surface" m geology 
and gr•Jgraphy and "response surface" m statistics.24 

(Figure 3.3) 
Another mmimum condJtlon 1s that the sum of the 

absolute differences bctween the actual and the computed 
surface at the data-pomts be at 1ts lowest poss1ble value. This 
colH.htJon is accomphshcd by the mcthod of linear program­
ming. Thc mcthod has sorne advantagcs over thc trend 
surfnccs in thosc cases in wh1ch thc distribution of datn points 
ls highly irregular. Howcver, 11 IS rehllively expens¡ve for 
com~t~tíliJOn 25 

.!\nflther approach lo thc creat10n of a surface wh1eh 1s 
~!TIQPth~r thJn thc ongmal surface 1s by filtering out the h1gh 

'' s~.: BengL~on, B E .md S Nordbcck ( 1964 ), "Construct10n 
of I~Jrathms .md lsdr1thn11c M.!p~ by Computcr," B 1 T, Nordtsl.. 
T¡Jsl..rtfl for lnforma/tons -Rcltandi/IIK, Vol 4, 87-105 

'' ror cx.unplc thcre c\lq ver\10m of SYi\1AP wh1ch n.llow the 
cxponcnt lo be altcrcd from 2. 

,. Sce Chorlcy ,md l1:1ggcll (1965), l!.arbough dnd McrnJm 
1968, ,md Box, G [ P (1960), ··1 1111ng [mpancdl D.ltd," A11na/s, 
Ncw York Acadrmy of Sw!ltce, Vol 86, 792-816 

'' S ce Doughcrty, E L dnd Sm1th (191i6 ), "TI1c u,c of Lmcdr 
Programmmg of I"Jltcr D1g111'-Cd MJp Data," Geophys1c1, Vol 31 
253-259 ' 

26 

frequencies. This w1ll be discusscd m more detail in Chapter 

IV. 

4. Autocorrelation function 

Up to th1s point, no knowledge or only little knowledge of 
the general shape of the surface was u sed for its explanation. 
It has been mentioned earlier, however, tha t very often a fa ir 
amount of information JS available either from other similar 
sur faces or from the surface itself as one goes along coding it. 

First, the areas of different roughness of terrain might be 
known. This will influenee the distribution of observation 
points sinee more points are needed to reaeh a certain 
accuracy of surface representation in rougher terrain than in 
shallow areas. This then Jeads to sampling grids with varying 
point density. Second, the so-caBed breaks might be detected 
easily and thus enable a more surface-oriented sampling. 

The most powerful knowledge ofa surface,however, is the 
knowledge of its autocorrelation. This function g1ves the 
average degree of similarity between aH pairs of values as a 
function of the distance between the respective points. For 
the computation of the áutocorrelation funct10n the mean 
plane (1.e., the average of aH he1ghts) has to be computed first 
and then subtracted from the surface, yielding positJVe and 
negative values. The autocorrelation funct10n then indicates 
the expected s1milanty of two values dependmg on the 
distanee between them. D1agrams 3 1 a and b show two typ­
Jcal autocorrelahon funct10ns in one dJmensJOn (d1stance) 
and Diagram 3.1 e g1ves an example of a two-dimensional 
function. They start w1th 1 at distance zero indicating that 
the values of two pomts are expected to be identical if their 
location is identical-which is tautological if a continuous 
surface is assumed-and go to zero at an infinite distance. In 
other words, there is no Slrnilarity between the values oftwo 
points 1f they are separatcd by largc distanccs. 

The llpplic:ation of thc llUiocorrclation funct¡on for the 
estlm!lt!Ofl of the val u@ of a point (mterpolat10n) ata certain 
d1stance 'from a data-pomt, 1s based on the 1dea that the val u e 
1s most !!!<el y betwcen the data value and the mean plan value 
(1.e., that the surface always "converges" to the mean plane). 
The relal¡ve decreasc m the value from thc data-pomt w1th 
mcreasmg d1stance is g1ven by thc autocorrelat10n funct10n 
which takes thc data val u e as one Jnd the mean planc as zcro 
(standardiLed data) and thcn multtphes the autocorrclatJOn 
funct10n with thc d¡ffcrcnce lf more than onc data point IS 

used for the computat10n of a val u e, thc procedure bccomes 
more comphcated. But the bJstc 1dea of the use ofJ...nowledoe 
of thc ~urface-bchav10r for a better d'efin111on JS mJtntamed. 
(Flgure34) 

l 
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F¡gure 3.3 Populat10n Den~1ty, Saarland A fourth-<Jrdcr trend surface 
Program SYMAP w1th trcnd-opt1on, data W D Ra~c 
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Diagram 3.1 Autocorrelation Function 

Surface Features and Information Hierarchies 

lt m ay be assumed again that a surface 1s determined by a 
dense but di serete grid.26 Thc objcct m ay be taken as that of 
describing a surfacc "satisfactorily ." Obviously, whcn going 
through thc proccss of describíng a surfacc, some peoplc will 
be sntisfied ~arlier th!H'I others. J f one dllOnes descriptlon as 
the redvction of uncertªinty then ooe coyhi say thllt :lOme 
poople have a higher error tolerance than others, usual!y 
bee!iy~e tne purpose of the surface study varies. 

'!here are severa) points on a surface which represent 
surface features with a higher mformat10n content than the 
average surface pmnt. For optlmal surface descnpt1on, these 
features should be sorted out with decreasmg mformatJon 
content so that the rate of error reduct10n bccomes smaller 
w1th added features. The 1mportance of !he _mdiVJdual 
fcatures might vary from case to case, but for many 
apphcations the followmg h1erarchy mtght prevaiJ· 

' 6 D1screte, m th1s contell.t, relate~ to the non-continu1ty of the 
samphng process. 
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OISTANCE DECAY 
FUNCTIONS , .. To6S 

Figure 3.4 Distance Decay Funchon W1th Four Centers Programs: 
SPATFUN, SYMVU; production: T .K. Peucker 

l. Surface behavior 

In sorne cases, the pure descnption of the nature of an 
area's terrain is enough to satisfy one's curiosity orto define a 
relatively simple surface completely. Jf, for example, one is 
told that a certain area is flat, has a rolling terrain or a 
mountainous structure, this might be all he wants to know. 
These terms represent autocorrelation functions of a very 
summary type, not duectly quanlJfiable, but distinct 
quantitative conceptions. The mathematical types of the 
autocorrelation function are one-dunensional functions or 
two-dimensional functions in which the correlation can drop 
with varying speed in different d1rections. 

The functions can be expressed in singular equations or in 
vectors and matrices showing the function at discrete points. 
The autocorrelation function usually plays an important part 
in the cxplonation ofa surface. 

Othcr cxamples of surfaco behavior functions are distance 
d~CªY funetions, polynomi{l) ª"d harmomc trend surfaces 
(without the constant element), etc. 

2. Surface height 

Although the surface bchavior mtght offer sorne indica­
twn of thc hetght of thc surfacc, th1s mtght be misleadmg. For 
example, flat ter rain suggcsts low altitude, but leve) areas al so 
can be found in h1gh altttudes In many cases, a height 
ind1cator must be added to the surfacc behavwr. The absolute 
element in the trend-surface functions, the value of the 
h1ghest pomt on a surface, or the mean plane in the 
autocorrelation functJOn are examples. 
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3. Reference surface 

The mean plane can be extended to another surface 
feature of sorne more geographic significance. lt could also be 
viewed as a reference plan e to which the surface converges if 
any other information is lacking. But then, one might ask, 
does it have to be a horizontal plane as requested in 
engineering applications? In topographic terrain, one could 
think of a plane which follows the general drainage system; 
it could be the linear trend-surface of the terrain which 
would indicate the general water flow if the area is limited 
to one drainage basin.27 

Other reference planes can be imagined, such as a zero 
plane to which distance decay functions in density, gravity­
and potential models converge and infinity planes to which 
transportation functions in cost-surfaces or isochrone maps 
converge. 

2
' The reference "plane" can also be of higher order than the 

first, but it is logical that it has to be simpler than the actual surface. 

4. Surface-specific points and line:; 

Surface-specific points have a higher informatlon content 
than surface-random points. Surface-specific points, how­
ever, exhibit a hierarchy among themselves. These points are, 
in decreasing order, peaks and pits, passes, and ridge and 
course lines. These fea tu res not only teU their values, but a1so 
give sorne idea about their surroundings. In the environs of a 
peak, we can say that everything else will be lower,and with 
the autocorrelation function we can say to what degree. 

S_ Grid-points 

A surface-random point on the other hand, gives only its 
own height and nothing more. In other words, if a surface 
were represented by a grid of lOO by lOO points, knowing one 
point would bring us 1/IO,OOOth closer toa full knowledge of 
the surface. Unfortunately, no studies yet tell us how many 
points one surface-specific point of a certain kind stands for. 

F¡gure 3.5 North Amcrica, Population Potential Thc conccpt of surface-spc..:úic pomts and lmes 
can be exempltflcd by the population-potcnhal m.tp Source Douglas, David H , 
Jllustration o{ Regional Disparllies in North Am<'riCa by the Use o[ the Gravtty Model, 
M.A TheSIS, Carie ton U ruvcrsity, Septem bcr 1969 

29 
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6. Hicrarchy 

Such a hierarchy of surface features can supply a 
framcwork for a spatiallinguistic systcrn of surface descrip­
tion. The procedure ofinformation cornpaction- the reverse 
of what had been done above-should exernplify how the 
process of surface description could be organized on a 
linguistic basis. Of course, there are rnany ways to do this, 
only one ofwhich will be shown here. 

By processing every grid point in conjunction with its 
neighborhood, surfaces of slope gradients2 8 and directions 
can be cornputed. By using the direction of steepest descent 
as the critena for vergency (convergency, divergency, rnixed 
vergency), one can find the different surface-specific points 
and lines. Surface-specific areas (hills and dales) can then be 

¡ 

• • = the first denvative of the surface. 
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dcfined with diffcrent dctaii· pcaks and pits alonc will give 
thc relative location of hills and da les, rcspectivcly, passcs will 
indicate the "points of indiffercnce" (i.e., the points shared 
by two areas ofthc sarnc typc);and ridge and course lincs will 
determine the exact boundanes of dales and hills, respec­
tively. (Figure 3.5) 

Having acquired information about1 individual surface­
specific areas, one can go on to structure the surface as a 
whole. The reference surface gives the general trend of the 
surface, whereas the, surface-behavior function (the auto­
correlation function) supplies the average local variation. 

This framework has to be elaborated upon in order to be 
operational. However, with sorne procedures for feature 
analysis and the knowledge of sorne typical surfaces, it should 
be possible to develop a surface recognition and classification 
system similar to the procedures of picture recognition and 
classification. (Figure 3.6) 
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Figure 3.6 North America, Sales and Population Potential. The map shows the weighted d1fference of the populatlon 
potential and the retail sales potential (Harris' market potcntial). The result is a map of purchasing power 
disparities (darkest area = negatJVe). Source as in Figure 3.5 
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IV. SURFACE PROCESSING 

In most cases spatially collected data are not, or should 
not be, the end-product ofan inqmry. Forexample, a map of 
population density does not tell us very much apart from 
the mere distribution of densities. Too many irritating 
undulations of the surface in small areas occur (high 
variation), and we need sorne additional information to make 
sense of the distribution of densities. 

The fust defect is related to the problems ofsmoothing, 
filtering, approxirnation, surface-generalization, etc., where­
as the second is related to problems hke map comparison, 
spatial correlation, overlay-analysts, and generally spatial 
analysis. lt is not adVISable to go into much technical detail 
since the student typically will be able to use program­
packages and does not have to worry about aspects of 
computation; rather he has to study the theory and the 
implications of the different methods 

Geographers are not the only persons who have worked 
intensively in the area of surface processing. Geologists, 
ecolog¡sts, computer scientists, and others have developed a 

variety of concepts which the geographer can use for his own 
purpose. These dtsciplines often refer to surfaces w1th 
different names, the most frequent bemg "picture." The term 
p1cture suggests a flat square object whose appearance varies 
from point to point. The variation can have one component 
(black and white) or severa! (color), but picture analysis and 
processing is largely restricted to the black and whtte case.2 9 

The affinity between surfaces and pictures is obvwus. 
8oth ha ve one finite value at each point (the gray leve!, in the 
case of the picture). 8oth are assumed to be continuous, 
single-valued, etc. 30 lt is therefore poss1ble to use all the 

1 
development in digital and optical picture-processing for 
surface analysis which is usually summarized under the term 
of filtering. However, geog'raphers sorne times use the ter m 
filtering for a wider aspect of surface processmg.31 It 1s 
extended to all those methods whichgive a more general idea 

19 Th1s discuss10n follows the more deta1lcd defimtJon of ' 
pictures in Rosenfcld, 1969, Chapter l. 

3 0 Rosenfeld, 1969, shows that any picture is "mdistmgu•~hable 
from an analytically well-behaved function," and Nordbeck and 
Rystedt show the same for maps as long .1s they can be transformt:d 
mto density maps. See Nordbeck, S. and B. Rystedt (1970), 
"lsarithm1c Maps and the Conhnu1ty of Refercnce lnterval Func­
tJon~," Geografiska Annuler, Vol 52, Ser. B., 92-123 

31 See Tobler, (1969b) 

31 

of a sometimes very confusing empirical surface. In the 
context of information theory, all the methods airn at 
reducing the information content of a surface while 
simultaneously retaming the "important" characteristics a~d 
discarding the unimportant ones. (F1gure 4.1) 1t is therefore 
crucial that the researcher 

l. know what is important and know it in a fashion which 
can be implemented. 

2. use procedures which are adequate to the expected 
results. 

3. receive the resul t m a forro which he is able to interpret. 

Three types of surface processing are those which strive to 
crea te a well-defined surface (as a functwn or a regu­
lar grid of values). 
elimina te or emphasize certain variations of the sur­
face for a better interpretation 
and compare two or more surfaces. 

These types can occur in combmation, a,nd severa\ can 
often be satisfied with one procedure. They are therefore 
not independently dtscussed but wtll be mentwned during 
the presentation of the different procedural models. 

Prediction 

The first point relates to the problem of mterpolatwn 
and extrapolatwn or predtction as the two procedures are 
sometimes called.32 The general problem of two dimen­
sional interpo\ation 1s to estima te the values of a surface at 
every intersect10n of a regular gnd (the grid-pomt) from the 
values of a number of surroundmg given points (the 
data-points). The type of mterpolat10n depends htghly on 
the assumptions the rcsearchcr has made about the surface, 
and the purposc of the interpolation. Although these two 
aspects m~eract htghly, they ha ve been treated mdepen­
dently in th1s paper The underlying assumptions have been 
discussed in the previous chap ter and therc is little to add 

It is, however, importan! to keep m mmd that the 
purposc of the interpolation often determines the under­
lying assl1111ption or at least tmplies a restricted sct of 

1 

32 See He1skancn, W. A. and H Montz (1967); Phys¡cal 
Geodesy, San Franc1sco, Chap ter 7. 
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4 smoothmgs (d) 

subdrtft surface 

8 smoothings 

rotated vis1bihty 
horizons added 

(h) 

(e) 32 smoothings 

(g) 

slope surface {1) 

F~gure 4 1 Surface Processing. Graphs a, b, e, show Leamy Creek m a close-up with O, 1, and 2 smoothmgs, d, e, f show the 
same surface w1th 4, 8, and 32 smoothings. Leamy Creek is rotated in graph g and YISJbJhty honzons are added. 
Graphs h and 1 show a subdrüt surface and its slope surface, rcspectively. Program· VIEWBLOK; data· graphs h 
and 1, P. Johnson, Umvers1ty of Ottawa, aU others: D Douglas, Univemty of Ottawa 
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assumptions. 1t 1s therefore importan! to keep the latter in 

mind when discussing the former. 
The chorop(eth and proximal map approach IS Often 

used for a first look at data since 1t offers a qUick and easy 
overview especially when used manually. However, for an 
evaluation of data by machine' linear ore ven other types of 
interpolations might furn1sh a more acceptable and less 
expensive result. A surface without "steps" -although 
"breaks" might occur-represented by contours frequently 
gives better possibilities for interpretation. lt must be 
adm1tted that it also opens the door for mismterpretations 
but the advantages usually preva JI. (Figure 4 .2) 

In the case of the linear mterpolatwn, the three closest 
data-pomts are searched for a grid-pomt. Sorne procedures 
provide for the spectal situatwn that all the three points are 
on a straight line or close to it in which case a fourth point 
is searched for. The result of this type ofinterpolatJon is a 
surface which consists of a set of triangles with the 
data-points as corners. A type of linear mterpolatwn which 
produces somewhat smoother results is based on convex 

1 b . 'd 33 quadrilaterals and mterpo ates etween oppos1te SI es 
Another bnear method uses two overlappmg triangles and 
avetages the two resulting values for a grid-pomt. lt 1s clear 
that the result d1ffers fundamentally from those of the 
prevwus methods. The obtamed surface does not pass 

through all the original data-pomts and the result wlll be 
smoother than the variation of the data-points would 
suggest. 

The first group of interpolation methods-which m­
cluded the already extensively discussed dtstance-weightmg 
method-repeats every h1ll and dale given by the data. The 
variation created by these methods is equal to, or even 
higher than, the variation of the set of data-values. The 
second group of methods which we m1ght call approxima­
tions, smooths the surface (i.e., produces a surface w1th 
less vanation than the original•one ). 

The most frequently applied model of surface 
approx1mation is tha t of the polynomial "trend surface" ,3 4 

as tt JS called in geology and geography (or "response 
surface" in statist1cs). The objective for the approxim~tion 
is usually the least square criterion, that 1s, the condition· .. 
that the sum of the squared deviahons of the data points 
from the computed surface be min1m1zed. In other words, 
to t¡!ke the actual value of a point, compute 1ts eshmated 
value by entenng its x and y position mto the functwn, 
subtract one from the other and square the d1fference, the 
conditJon is that the sum of all the squared d1fferences has 
to be mínimum. (See Figure 3.3). 

llKaplan, M A. and R A Papcttl (1971) "A Note on 
Qu.Jdnl:Jtcr.ll lnterpolahon," Journa/ o[ the Associarion for Com­
puterMachmery, Vol 18,1971,576-585. 

34 See Olorlcy and H.Jggctt, 1965. 
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F~gure 4.2 Bamfield, Linear lnterpolation · The elabora te SYMAP­
mterpolallon algonthm is used only for every second 
pomt down and third point across as default. Tlus 
example shows that this can create unpleasant patch­
surfaces Program SYMAP, data: G. Neilly, M cM aster 
University, produchon T K. Peucker 

Another objectivc for thc approximat1on is the condi­
tion that the sum of the absolutc deviations be a mmirnum, 
agam another 1s bascd on the mmmwm curvature..:nterion. 
This method, called sphne approximat10n, JS usually apphed 
in a series of SUrface pa tches3 

S and therefore has 3 Similar 
effect to that of the location-invariant smoothmg methods 
The size of the patches 1s proportio~al to the size of the 
moving matrix in 1ts smoothmg results 

Polynomial trend surface has been mtroduced mto 

spatial analySJS by geo!og1sts whose studies of sed1mentary 
layers are expected to be stmple, and eastly and meanmgfully 
described by polyndmials of the second or thnd order. In 
geography, however, especially in human geography, the 
frequent use of polynomtal trend surface oftcn seems to be 
based on the lack ofbetter programs. Tobler ~1969) wnks 

There appears to be a lt!mpt.tlton to apply tht~ model 
rather mdtscnnunately to all sorts of geographtcal 
sttuations, for no bettcr reason than the fact that a 
computcr progr.1m ts avatlable lt s.:ems rather fooltsh 
when applicd to soct.ll dJIJ m an urban area, for 
example, smce there ts no theorcttcal reason for 
beltevmg such a modcl to be useful Thts d~s not 

" Sce Holroyd, M T. .1nd B K Bh.Jtt.Jch.uyya (1970) 
"Automattc Contourtng of Geophy~tc~l Data u~mg Btcubtc Sphne 
lnterpolatwn," Geolo¡:¡ca/ Survey o[Canada. P.1pcr, No. 70-55. 
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mean that thcre are no gcographlcal Sil uat10ns for 
wh1ch this modcl 1mght seJVe, but only that 11 1s not 
always appropriate. 

Another least-square approxnnallon 1s that by trigono­
metnc functions (Founcr series)_3 6 

One reason for the frcquent use of the two Jeast square 
upproximations is their ea se of computat10n. However, 
the1r results can be very misleading if one does not provide 
for a relatively even distribution of data-points; otherwise, 
the surface JS determined too much by clusters of data-points 
and dev1ates extremely in arcas of a sparse distribution of 
points. The danger is somewhat reduced by Fourier series 
beca use of their penodic1ty. 

The periodic character of harmonic function also gives 
more explanatory power. Wherever one wants to test 
theones with penodic features, Fourier series fit the 
purpose very well. Many spatial theories i.rtlply periodic 
features such as settlements, diffusion and the like. 
(Figure 4.3) 

Least-square approximations require a mínimum number 
of data-pmnts to produce non-trivial fits (1.e., fits with a 
less than perfect correlation between the actual and the 

36 See Harbaugh and Mernam (1968) 

DOUBLE FOURIER 

computer surface). TlliS mmmlUm numbcr is equal to the 
number of elements m the function. A plane-a polynomi­
al of the first ordcr-thcreforc, nceds three points for 
definition (a table can stand on thrce legs, for cxample ). 
The number of points bcyond thc mimmum number are the 
"degrees of freedom" of the surface, a bas1s for d11Terent 
confidence measures for the surface. 

Most spat1al thcories have a d1stance-decay com­
ponent.3 7 It would therefore be appropriate to develop 
methods which allow testing of these theories. A procedure 
for this purpose has been developed recently _3 8 lt first fits 
a linear Jeast square cone for every data point and selects 
the one with the highest explanatory power (w1th the 
lowest sum of residuals). lt then repeats the process with 
the residuals, etc. An expans10n of the procedure39 allows 

3 7 See CommiSSIOn on College Geography Resource Papers No. 
1, Theones of Urban Location by B J. L Berry; No. 4, Spallal 
D1//usion by P Gould, and No 8 The Polllical Organiza/ion of 
Space by E. SoJa. 

38 See Cassetti E., and R. Semple (1968) "A Method for 
the StepWise Separahon of Spatial Trends," Discuss10n Paper No. 
11, M1chigan In ter-Umvers~ty Commumty of Mathemahcal Geog­
raphers. 

•• Tobler,l970. 

sfu 71154 

F1gure 4.3 Double Fourier Series. Program SYMVU; production. W D. Rase 
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for transformation of the data for non-linear eones. 
(F1gure 4.4) 

Spectral Analysis 

Closely related to harmomc trend analySIS is spectral 
analysis. 8oth are based on Founer series and fit a surface 
by a series of trigonometric functions with increasing 
frequency, the first to create a smoother object and the 
second to obtain a frequency-breakdown of the surface. 
But the spectrum can serve as a bas1s for many d1fferent 
purposes. Spectral analysis has long been used in the study 
of tune-seties but the apphcallons. of two-dimensional 
spectra are relatively rare because ne1ther were there any 
good discriptions of the method nor programs ava1lable.40 

The spectrum displays the frequenc1es and their amplitudes 
wh1ch contribute toa surface. Therefore, spectral analysis is 
a way to disaggregate a surface into all 1ts wave compo­
nen ts (D1agram 4.1) If the surface 1s penodic, then the 
number of contributmg frequencies 1s fimte and can be very 
small. The spectrum is then called d1screte and has the form 
of D1agram 4.2a. 

In a non-penodic surface, theoret1cally an infinite 
number of frequenc1es contnbute to the spectrum which has 
the form of D1agram 4.2b, and thus 1s continuous. In 
practice, the number of frequencies 1s sllll fimte smce the 
data-base IS discrete, but it IS usually very large. Of course, 
the one-dtmensional case can be expanded to two (and 
more) dunens10ns. With two dimenswns the discrete 

• 
0 Th1s has changed wlth Rayner's ( 1971) ver y thorough 

mtroduction into the d1fferent aspects of spectral analySIS 

STATI STICAL SURFACE 

5'U 711~7 __ ___j 

F~gure 4.4 Statbtica1 Surfacc, D1stance Dccay fúm:tlon Progr.1ms 
SPATFUN, SYMVU; product10n T.K. Pcucker 
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D1agram 4.1 Wave Components 

spectrum would become a map of pomts and the conttn­
uous spectrum would be a surface. The comput:~tional 
methods mvolved in both types are very sun1lar, but their 
stallsllcal confidence is very d1fferent, as the figure might 
suggest. 

lt should be m en tioned that one data-set can produce 
many different spectra dependmg upon the vanous filters 
and windows uscd m the computat1on Thereforc, the 
student cannot be sallsfied With one smgle analysis but 
must experiment to obtam the best frequency Jnalysis 
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possible. One area of the analysis centers on the spectrum 
1tself. For example, if one had to find out whethcr there are 
any periodicities inherent in the data, the analys1s would 
mdicate abrupt peaks in the spectrum. On the other hand, a 
fairly even d1stnbution of variance along the frequency axis 
indica tes that the data were generated by a random process. 
The variance spectrum (i.e., the spectrum of standardized 
data) is preferred by many researchers. · 

The study of the relationship between two spatially 
dependen! variables is another area of interest. The cross 
spectrum gives the scale breakdown of regression param­
eters such as covariance and correlation coefficient.41 If 
two vana bies are correlated at one sea) e and not at another, 
a regress10n analysis would average the two out and give a 
low overall correlation which would be geographically 
meaningless. 

41 Rayner,1971,p.8. 

Other apphcations of spcctral analysis use the spcctrum 
as an aid to computation. Rayncr mcntions the arcas of 
interpolation, filtcring, differcntiat10n, integration and pat­
tern recognition. lnterpolation might be done directly by 
applying the mverse Fourier transfonn to an augmcnted 
matrix or by usmg the autocov¡¡riance or autocorrelation 
function as a weighting function for irregularly spread 
points. In this case, the autocorrelation funct10n is the 
surface-behavior function which mdicates the surface­
development between the points. (Figure 4.5) 

Filtering with the spectrum IS a very elegant way of 
extracting data from a surface. By discarding all those 
frequencies undesirable for the purpose of the study, one 
can extrae! the perllnent infonnahon. Smoothing would be 
performed by multiplying all high frequencies by zero; 
removing trends for the study of residuals would mean 
multiplying high frequencies by one and low frequencies by 
zero. The detection of high rates of change and the 
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Figure 4.5 Grousc Mountam Slope. Program· SLOPE; data: D. Mark, produchon! W.D, Rase 
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enhancement of boundaries requires a differentiation of the 
surface. Slopes (the first derivative), changes of slope (the 
second) etc., can be obtained by the filter process in the 
spectral context. (Figure 4.6) 

Pattern recognition could also be cons1dered as a 
ftltering process in the spectral domain. The comparison of 
a known pattem with an unknown to extrae! correlations 
between the two involves a multiplication of the two 
spectra with an inverse transfonn. 

Picture Processing 

Most of the digital operations of spectral analysis can 
also be performed optically and the optical approach has 
clear advan tages in problems where the origmal data are 
already in picture form (i.e., where gray tones correspond 

lfu 71147 

Figure 4.6 Lake Louisc West, Smoothings Tlus exarnple shows that 
ftltering has a scale-rcduction effect. Progr;{rn · INCLIN, 
data· T.K. Peucker 
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to heights), because of the relative ease with which the 
researcher can modify filters in response to the observed 
output. 

Optical operations are pos1tion-invariant operations, that 
is, their effect on one point does not depend on the 
position of the point in the picture. D1gital position­
invariant operations are frequently used in the area of 
picture processing 41 Ther~fore, it is not surprising that 
spectral analysis and picture processing largely share their 
theoretical basis, although the procedural implementations 
are very different. Sorne of these operations are explained 
below. 

Among geometrical operations, shifting is position in­
variant, whereas rotation and scale change are not, since 
they change one point's position with respect to its 
neighbors. Shifting operations, very frequent in pattem 
matching problems, can also be of use in cartography, for 
example in a study of spread-functions through time. 

Point operations cl\ange the gray level at each point in a 
manner that does not depend on the rest of the picture. Of 
course, neither does it affect the geometry of the picture. 
Examples of point , operations are intensification and 
quantization. When intensifying a picture, one multiplies 
the gray level by a constant, whereas the quantlzation of a 
pie tu re involves ,the reduction of the number of gray levels, 
often by adding random noise (Le., adding or subtracting 
one gray level in a random sequence) to ''break up" false 
contours The selection of clal¡S intervals in contour and 
choropleth maps 1s a type of quantization. 

Another type of picture processing is local operations, in 
which a point is operated upon with respect to its 
neighborhood. In other words, the value of every point is 
changed and · the change is a function of the neighboring 
values. AH fLltering can be considered as a local operation_ 
The neighboring values contnbute to the value of the point 
by the computation of a we1ghted average (smoothing) or 
differential (edging) of the sub-surface. Of course, 
"neighborhood" can have a directional bias, that 1s, be 
along a line (line-spread-function) or only on one side of a 
line (edge-spread-function). 

The digital implementation of these operations poses 
computa !tonal problems insofar as the number of multlph­
cations and additions increases rapidly with the increasing 
size of the picture. Convent10nal computers are basically 
sequential, that 1s, they can perform only one anthmetic 
operation at a time. If many identical operat10ns could be 
performed simultaneously (i.e., "parallel"), great savings 
could be realized. Two attempts in this direction can be 
observed. One is the construction of spec1al "parallel" 
computers with many processing units. Such computers are 

•• See Rosenfeld,l969,and L1pkmand Rosenfeld,l970 

¡ ~ 

! . 
! 
i 





very complex and costly but the computallonal savmgs 

JUSlify their development. 
The other approach is to take advantage of the fact that 

even a conventional computcr can pcrform limiicd logical 
and s!11 fting operations on cach bmary dig1t of onc mcmory 
"word" in a parallel fashion. In th1s case, a surface is 
represented by one or a stack of "bit-planes" (i.e., grid 
values may be O or 1 at a point). Values larger than 
that can be created by using severa! planes, one on top of 
the other.4 3 With this type of data arrangement, a parallel 
processorcan be simulated rather effechvely.44 (Figure 4.7) 

Despite the1r effic1ency, parallel processing languages are 
not very frequently used, since they involve extensive 
programming efforts. Popular procedures use much simpler 
programnung. Still, the approach to first create a regular 
grid of ce lis is used very often for the treatment of land-use 
vegetation coverage and geologic data, etc. For every cell, it 
is recorded whether a certain coverage is prcsent or not, or 
the percentage of coverage if the unit cell is relatively large. 
The grid method allows very effic1cnt computation of the 
area of a certain coverage type and its centr01d. lt also lends 
1tself to sorne very fast overlay operations of two or more 
types of distributions as the computation of the inter­
section and umon of severa) distributions and their areas. 

Sorne procedures allow for variable grid-s!Ze to guarantee 
a balance between detailed polygon representation and low 
storage needs.4 5 lf the polygons of a map vary con­
siderably, the grid-method might need excess1ve storage 
space since the unit cell has to be very small. Overlay 
procedures based on boundary intersections are very useful 
espec1ally 1f the boundary lines can be simphfied to very 
few edges.4 6 Another method is to represent polygons by 
skeleton as descnbed in Chapter VI, wh1ch facJ!Itates 
certain operations hke intersection and shadmg, but makes 
others (e.g, area computation) very d1fficult. 

The case of two-dimensional surfaces (1.e., with a z value 
of 1 or 0), occurs very often in geography and planning. 
The collechon of land-use and land-occupat10n data is 
mass1ve. ·As a result, the largest geographical data banks 
have as their main storage requirements boundary coordi­
nates of land-use areas and possess impress1ve mampulation 
facihhes in software and hardware.47 

The companson of three dimensional maps 1s somewhat 

• • S1x b1t planes, for example, ¡;~ve a range from O to 63 (1.e., 
64 = 2' d1ffcrent values). 

• • A procedure sunulating a parallel processor 1s dcscnbed m ' 
'everal parts of Llpkm and Rosenfeld, 1970, but espec1ally on pp. 
4 2 7-512. 

• • Dangermond, J J., PIOS, San D1ego County Comprchcns1ve 
Planmng Orgamzation, San OJCgo, 1971. 

• • See Olapter VII. 
• 7 Tomhn,on, 1970 g1ve~ a good ac(.ount of these data banks. 
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Figure 4.7 Erin Müls South. Program· RAPP, data T. Stanhope. 
U niversity of Watcrloo 

more complex. One method, cross correlat10n, has already 
been mentioned in an earlier part of this chapter. The two 
dimensional cross spectrum gives the similarity between 
two surfaces as a function of d1stance and diTection from 
any point of one surface. 

Another much s1mpler approach mathematically is to 
compare two surfaces pomt by pomt. This can be done by 
subtracting one surface from the other 1f they are based on 
the same measurement umt or the1r standardized values ¡f 
they are not. It can also be done by taking the value of one 
surface as the dependent and the value of the other as the 
indcpendent vanable. The two varibles then can be 
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compared by correlation and regression analysis. By using 
regression analysis, the parameters of the regression equa­
tion would furmsh new est1mates for the dependen! 
variable which could be subtracted from the original values. 
The estimates and the residuals could be mapped to show 
the corresponding variation and its dev13t10n. 
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Problems can arise 1f the two data sets are collected from 
two different regional umts. Th1s occurs very often with 
social stat1stics 1wheFe the statlslical umts vary from one 
collecting agency to the other. Interpolallon to a common 
regular grid based on any of the previously menhoned 
assumptions.can,be the solut10n here. 
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V. REPRESENTATION OF SURFACES, LINES AND POINTS 

It should not be too difficult to reahze that surfaces 
present a concept with wide theorehcal ramificahons and 
practica! applications. The question 1s how to represen t 
d1fferent types of surfaces cartographically, especially by 
computer. A large number of manual methods exist. 
However, which of these methods should be automated? 
When should they be used? And can any methods be 
developed which are enhrely d1fferent from manual 
methods? 

Clearly the answer to the last question has to be negative 
if time and costs are restrictions However, the answer 
could be reversed by saying that there is no problem which 
wtll not eventually be handled by computer. However, costs 
will confine the number of tasks to be dealt with to those 
wh1ch have wide enough relevancc to justify the develop­
ment of software and possibly hardware 

In Chapter Ili 1t was pointed out that surfaces do not 
ha ve to be represented m pie tonal form, espec1a1ly not m 
the usual form of contour-lines (isarithms). In th1s chaptcr 
we will d1scuss different ways to represen! surfaccs, starting 
with the most "plastic" ones and becommg more abstrae! 
as the chapter goes along. Sorne problems which do not 
entircly fall into the are a of surface represen tat10n but are 
needed m places for its understandmg w11l also be handlcd 
he re. 

Three-Dimensional lnformation Elements 

The discussion of the process of viewmg three­
dimensional objects w1ll be mserted here. One type of 
perspective v1ew in two dimensions employs two pictures, 
one solely for the right eye, the other for the left. Th1s 
effect is relatively easy to produce, but the presentation of 
such images demands special equiprnent which people 
might find awkward to use. 

However, psychologists found out a long tm1e ago that 
one does not need two cyes to see depth. Depth can be 
simulatcd by differcnt processcs 

movement 
one and two-pmnt perspect1ve 
differences in si7e 
shadcs and shadmg 
structure in the reprcscntat1on 
visibil!ty 
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By moving the object w1th respect to the observer or the 
observer with respect to the object, the impression of depth 
can be created. The visual system responds very sharply to 
angular and size changes. The ability to compare severa! 
aspccts of an object at d1fferent angles or distances adds 
very much to three-dimensional visibiiJty. This comparison 
can be made through time (movement) or by varying 
distance (perspechve and change of siZe). 

If one displays the shadow of an object, one in fact 
produces two views of the object from dlfferent angles. The 
human eye is so used to the recognit1on of shades that it 
does not mmd the transformation. If the object (for 
example the surface) casts shadows onto itself, the display 
of these shadows greatly enhances the perspective impres­
sion. 

If an object is given structure by any of the number of 
different types of structure-lmes (i e., a large number of 
lines arranged in sorne regular manner such as parallel 
profiles on a surface), the eye can eastly recogniZe depth. 
An object with a well-chosen structure IS usual1y also 
aesthetically pleasing. However, this is only the case if those 
structural components h1dden by closer components of the 
surface, are deleted from the picture. The hidden surface 
problem is 1mportant m computer graphics and will 
therefore be discussed in more detall, after a treatment of 
the picture plane. (Figures 5.1 and 5.2) 

BOW RIVER VALLEY 

F¡gurt: 5.1 Bow Rtvcr Valle y, Vtew from N.W. Show> vcry clearly 
the glacial fcaturcs of the arca V1sual effect g1vcn by 298 
].mes runmng parallcl ovcr thc >Urface. Progr.1m SYMVU; 
data. G Nc•lly, MeMas ter Un1vcrsity 
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F~gure 5.2 Northern Gulf Jslands, Water G1ven Background Symbol. Program: 
SYMVU; data: W. Wolfcrstan; production: W.D. Rase 

Picture Plane 

The easiest way to convert a three-dimensional object 
mto a two-dimensional image is to place a glass plate 
between the object and the observer, who then traces what 
he can see. This does not require any artistic talent or 
expenence, just a steady hand. The picture will not be 
beaut¡ful, but it Will be correct. 

D1agram 5.1 a shows a hypothetical object at a given 
point (P for point) and its proJect10n on the picture plane (1 
for 1mage), w1th the location of the observer (O) at the 
d1stance (d) from the p1cture plane. D1agram S. lb shows a 
cross-section of Diagram 5.1 a a long the x ax1s. O 1s taken as 
the origin of the object space. Both show the special case of 
a one-point perspective. For the ¡sometr¡c prOJechon, d 
becomes infinitely long, for the two-point perspective, the 
plane has to be tilted. It 1s clear from the figures that the 
computation of the pos1hon of any point from the 
object-space to the picture plane does not pose conceptual 
problems.4 8 

Visibility 

For the general problem of visJblli ty, D1agram S .1 can be 
of serv¡ce agam. The outstandmg property of a vis1ble 
pÓmt, P, of the ObJeCt is that the Jine segment OP contains 
only one pomt of the object, P. Conversely, 1f P were 

• • Methods for shiftmg the ongm to the obscrvat10n point and 
rot~hng 1t so that the picture plane IS parallel to the y ID.Is, as well 
as other ¡;eometnc operatJons in three·<hmcnslOnal space can be 
found m AhuJa, D. V. and S. A. Coons (1968), ''Geometry for 
ConstructJon and D1splay," J.B.M Systems Journal, Vol 7, 188, 
205. 

'-.... ___ ., 
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hidden, OP would contam at least one point of the object 
other than P. 

The easiest conceptual method for proceeding would be 
to test every point on an object for visibility. A surface 
defined by a matrix could therefore be subd1V1ded into a 
large number of sub-surfaces-each rectangle forms two 
triangles-and one could then test for every point whether 
the segment OP mtersects w1th any of the subsurfaces. 

Although the algonthm for this test is straightforward, 
1t consumes a considerable amount of computer time. 
Therefore, severa! "short-cuts" are used to reduce the 
computer time, takmg advantage of the spec1al characteris­
tJcs of the data basis and the representahon algorithm. 
Those pertaining to the representation of smgle-valued 
surfaces will be discussed, neglecting those applymg to the 
representation of solids (e.g., bulidings) which usually need 
sorne add1tional considerations. 

A s1mphfied version of 'the above algonthm is used for 
the computat10n of the VIsible area around a pomt of 
observation Iocated on or above the surface.4 9 On the nm 
of the matnx or along a circle around the observat10n 
pomt, gnd points are connected to the observat10n pomt 
along an unaginary line. All gnd points along the lme are 
tested for thelf view-angle from the observat10n pomt 
startmg w1th the closest pomt and gomg outwards. As long 
as the vicw angle continues to TISe, the pomts are VISible. As 
soon as one angle drops down to a lower leve! than the 
previous one, the point 1s not VISible. The highest angle 1s 
stored and the procedure continues. If at any point the 

• 
9 The bas1c algonthm was developed by Am1don, E. L and 

G. H. Elsner (1968), Delmcating Landscape V1ew Areas-A Com· 
puter Approach, USDA Forest Rcsearch Note, PSW -180, Pac1fic 
S.W. Forest and Range Expenment Stat10n, Berkeley, California. 
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D1agram 5 1 P1cture Plane 

angle rises again above the stored value, the are a becomes 
VISible agam. This process has to be repeated as often as 
there are pomts on the nm. {Figure S.3) 

lf the surface IS g¡ven by megular pomts and an 
mterpolatJon to a regular gnd proves not feasible, a method 
SliT\IIar to the first must be utiiízed One may first test 
which of the tríangles of the surface are facmg towards the 
observatíon pomt and which are not Th1s test can be done 
by computmg the equatíon of the plane of each tnangle 
and then testmg whether the observatiOn pomt líes above or 
below the plane. In the case of tnangles not facmg the 
observa tíon pom t, the p lane wlll be InVISible m every case 
and can therefore be dele,ted for the res.t of the VISJbiiity 
testo; 

lf a surface structure (1 e., J senes of parallel llnes) has to 
be developed, the <Jdvant.Jge of sequc1H.e CJil be used for an 
cfficaent algor1thm Thc lmc~ are :Jrr.angeu accord1ng to 
thear siiU<~tmn w1th rcspcct to the vacwer's po~1t10n One 
SlJrts Wllh the closcst lme anu urJW~ ll Drawmg thc ncxt 
lme rcvc<Jis whcthcr at crm~co; thc first onc <Jt any time (1 e , 
goeo; below the f¡p,t lmc) lf tlm as the case, the sect1on 

43 

below 1s not drawn and the VISible parts Jre stored as a 
"homon" with those parts of the fir~t hne whích h1de 
portions of the second Th1s procedtorc 1s uscd for all 
subsequent lines, only those parts are Jrawn whích are 
above the "honzon" and the VISible pJrts of the line 
contribute to the honzon of the next lmc. 

Smce these parallel !mes run across a nutrix of z values 
one could flag any pomt wh1ch is visible. Th1s informat10n 
would thus be stored for later drawings on the same 
surface, such as lmes perpend1cular to thc previous set of 
hnes roads nvers settlements, etc. (Figure S .4) 

w'e use ~nothe'r approach when a perspective view of a 
surface represented by its 1sarithms is constructed, and if ~he 
observer 1s s1tuated above the surfacc he starts w1th 
the highest contour !me and works h1s way downward 
lnsíde the area bounded by the h1ghest contour, no other 
contour can be seen. The second h1ghest contour will only 
be drawn when 1t does not he mside the first one. The 
union of the two contours {Le., the are:1 which is occupied 
by e1ther of the con tour arcas or by both together) w1ll be 
the "covered arca" for the next contour, etc 

Block Diagrams 

The block dmgram or per~pect1ve v1cw of a surface IS 

gaming m populanty as are other n1:1ppmg methods 
wh1ch prov1de an eas1er and qlllcker comprehen­
SJOn of the surface d1spiJyed. D1ffcrcnt kinds of 
perspect1ves are used the 1sometric view (wluch maintams 
parallel !mes) JS the most popular, but onc and two-pomt · 
and even cyhndnc 50 perspect1ves are also uscd 

1t has to be adm1tted that the block tll.agrJms produccd 
by the computer are very s1mple comp.JTcd to what has 
been produced by hand. They are usually only !mes along 
the surface Wlth a few relal!Vely Simple symbols 

Most of the procedures for makmg block daagrams start 
with a matrax of z values (Le., with a rcgul:lr gnd of x, Y 
and z coordmates) m wh1ch the first two coordmates do 
not have to be specdled smce they are unphL1tly glVen by 
the pomt's Sltuat¡on 111 the matnx The proccdures compute 
the locat10n of each poant on thc v1cw pl.anc ,and then link 
all pomts Jlong rows, column'> or dlagoJa;li' or combuJJtaons 
of these Most users, howcvcr, el'lploy da .• gonals 1f they Jrc 
ava1lablc ~mee they gavc J hagher densaty of lmcs lt 1s ca'y 
to show th.ll thc number ot uaagon.li'> 1s cqu.li to the sum of 
column~ .and rows nunuo; two (F1gurc S 'i) 

' 0 Thc v1cwcr '' ~Oihldn<'d ·'' ,t,.nd111¡; ""Jdc ·' LYIIIHicr lonk•n¡; 
360" ~round lhrou¡;h thc LylinJcr. thc 1111.•~" " thc unfoldc<l 
cyhndcr 
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F¡gure 5.3 Northern Gulf Islands, Visible Area From One Pomt. Programs: VIEW, SHOCTR, data: W. Wolferstan; 
production: W.D. Rase and G. Brady 

Block diagrams have one major defect. Whereas hori· 
zontal space on the map usually represents planimetric 
position, part of it has to be reserved for horizontal 
position. In other words, high features can h1de low ones 
behind them. Block diagrams thcrefore cannot be used for 
any general purpose information since the type of mforma­
tion that can be seen on a surface depends very much on 
the az.imuth and angle of view. However, block diagrams 
can· be very good to show certain aspects of a surface, 
especially for teaching purposes. In F1gure 5.6, a perspec­
tive v1ew of the Northern Gulf lslands of Bnllsh Columbia 
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has been used to show ice covermg and flow dunng the last 
ice age.5 1 

Planimetrically Correct Surface Representations 

lt is sometimes important to have a planimetrically 
correct map wh1ch displays terrain ata quick glance. In fast 

51 N1euwenhu1zen, W., The Late Plelstocene and Recent Glacial 
Morpllology and Cllronology of S W. Bntish Co/umbw and N W. 
Washington, M A theSJS m progress, S1mon Fraser Universlly. 
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Figure 5.4 Camp Fortune, Vtews Seen by Approachmg and Passtng A.trcrdft The turn to 
loo k back ts at thc 12th graph. VIEWBLOK compute~ the duwmg of one set 
Of paralle( hne~ and flags the points (l-VISiblc, (}.not VISible) for the 
perpendtcular lmes or other feature~ Program· VIEWBLOK, data D Douglas 

moving transportation such as automobiles and airplanes, it 
is not necessary to know terrain vanations in the degree of 
detall displayed by a contour map. In fact 1t can be 
extremely dangerous to have to study contour-lines on the 
map ca re fully in order to understand the rehef, be cause it 
keeps the eyes off thc road for too long a period. 

Automatically-produced planimetncally correct surface 
representatwns are all based on the 

1
1dea of relief shadmg. 

Assuming a perfectly wh1te, mattc body and a light source 
at a certam anglc, then the amount of hght falhng on each 
subsurface is proportional to the cosine of the anglc 
betwcen the direction of the light and the normal vector 
perpendicular to the subsurface.52 (F1gure 5.7) 

'• In onc study of relicf <Jtadmg ti ts hypothcM7Cd th~t thc 
tangent of the anglc ts more appropnatc to makc ndgcs come out 
whttc or, m otlter word~. to mtx obhquc ~nd vcrttcaltllumin~llon. 
See Marztg, Z., 1971, "Automatic Rchcf Sh~dtng," Photo· 
grammetna, Vol. 27, pp 57-70. 
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Severa! approaches to this theory of h11I-shading have 
been developed. The most dtrect one 1s that of analyt1cal 
hill shadmg m which the, rehef is simulated by gray tones. 53 

Unhl very recently, instruments were a senous bottleneck, 
sin ce it was difficult to produce a sattsfactory gray -sea k, 
but this problem seems to be d1sappeanng. 

The other two methods were developed m the late 
twenlles and early forties respectively by K1chno 
Tanaka.54 

'' See Yoeh, P., 1965, "An,dyttc.ll Htll Sh~thng," Surveymg 
and Mappmg, Vol. 25, 573-579,anJ Yoeh, P, 1967 "Mechant7atJon 
in An~lyttcal Htli·Sh~dmg," The Cartog10phrc Journal, Vol 4, pp 
82-88 

• • Se e for the lirst T ~nak.1, K . (193 2) "The Orthographical 
Rehcf Method of Reprc,cnllng lhll 1-eaturcs on a Topographtcal 
Map," Geograpltrcal Joumal, Vol 79, 2Í3-219 and Robm~on, A. H 
and N.J.W. Thrower, 1957, "A New Method for Terram Rcprcscnt.1· 
tton," Geog7aphica/ Revrew, Vol 47, 507·520, and for the othcr 
Tanaka, K., 1950. "The Rehcf Contour Method of Representtng 
Htll l"e~turc~ on a Topogr~phtL.il Map," GeograpiiiLal Revzew, Vol. 
40, pp. 444-456. 
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BOW RIVER VALLEY "'" 

r~gure 5.5 Bow River Valley, West. Shows the amount of area which 
can be htdden in a perspective plot. Program: SYMVU, data: T.K. 
Peucker, production: W.D. Rase 

The . first method represents the intersections of the 
surface ~w1th parallel mclined planes. In other words, the 
procedure draws inclined contour !ines. The degree of 
inchnation and the az1muth of the planes should be 
orthogonal to the d¡rechon of the illumination source, 
usually from West, Northwest, or North. The other method 
draws con tour !mes in black or white on a gray background 
w1th their width varying to approximate brightness. 
(F1gure S .8) 

Isarithms 

If a surface is intersected by aplane parallel to the basis 
and at a dist:mce z, we call the trace of the plane w1th the 
surface an 1santhm. The isarithm cons1sts of one or more 
closed loops. In case of a saddlepoint of exactly the height 
z, the 1santhm of height z wul cross itself at the pass.5 s 

The loops are only contmuous ¡f the surface 1s contm­
uous and thus smgle-valued, that 1s, if no vertical or 
over-hanging chffs exist. PJece-wJse continuous, single­
valued functions allowmg for vert¡cal chffs have been 
worked on 5 6 but hardly any procedures allow for th1s. s 7 

However, to s1mphfy the explanation, only contour-line 
algonthms on continuous surfaces wlll be d1scussed. 

. A frequent misconception 1s that 1sarithmic maps are the 
most accurate representation of a surface. The only two 
types of maps wh1ch are as accurate as the original 
data-gathering (terrain-survey, etc) are tables givmg x, y 
and z coordinates, and maps showing the surveyed pomts 
and their values. 

'• Th•~ can be shown eastly by two hyperbolas perpcndtcular to 
cach other 411d w1th the ~ame axes, w1th the foct movmg towards 
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A vcry 1mportant factor for thc accur:~cy of a contour 
map is thc dcnstty of pomts. Ftgure S.9a . d shows a one 
squarc kilomctcr scction of thc Allatoona Dam, Georgia 
are a in the onginal gnd of JO 1 x 1 O 1 pointss 8 and a 
subsequent reduction of pomts by a factor of two (S 1 x 
S 1), three (34 x 34), and four {26 x 26). On the basis of 
the slight d1ffercnce betwcen the first and the second map 
onc might say that the first surface is overrcpresented. But, 
agam, too Jittle research has bcen done to give a clear 
notion of the optimal number of points and the governing 
cond1tions. 

Depending on the distribution of the data-points, 
different types of preprocessmg are necessary before 
proceeding to the contouring. If the data-points are 
dtstributed megularly, etther a set of non-overlapping 
tnangles has to be created to build the basis of a rather 
complicated contouring procedure, or the surface is inter­
polated to a regular gnd. It has been showns 9 that a grid of 
regular tnangles offers the most consisten! way of con­
t'ouring, but since a rectangular grid allows a more efficient 
storing of grid-point values, the latter is used most 
frequently. 

the intersec!Jon of the axes. When the foci converge in the 
m.tersectlon, the hyperbolae wtU be tdentJcal with the axes. 

Dmgrarn 5.2 Con tour on a Saddle.Pmnt 

56 Morse, S.P, 1968, "A Mathemattcal Model for the Analysis 
of Contour Lme Data," Joumal o[ the Assoc10t10n for Computer 
Machmery, Vol. 15, 205-220. 

51 One progr.un that docs allow for tt ts SYMAP, whtch has a 
package for mterpolat10n barners 

5
' The data ha ve been gencrously proVJded by Dr Dean Edson, 

U S Gcological Survey, TopogrJph•c DtvtsJon, Washmgton, D C. 
59 Bengtson, B E and S. Nordbed. (1964 ), "Constructton of 

lsanthms and hanthmtc Maps by Computer," B l. T., Nord1sk 
T1dskn[t for lnformatwns-Behandlmg, Vol 4, 87·105. 
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Figure 5.6 Northern Gulf Islands, Ice-Fiow Map. A computer.Orawn view uscd as the bas1s for thc analysis and descnpt10n of 
ice-flow patterns. Analysis and ice flow W. N¡euwenhuizen, Simon Fraser Univers1ty; program· SYMVU; data W. Wolfcr>tan 

The problem of contouring a rectangular gnd can be 
broken down into three parts· mampulation of one cell, 
creation of a string of lines, and smoothmg. · 

One cell is defined by the four corner-points of a 
rectangle. Smce the procedure of testmg a grid for a 
contour-segment has to be repeated very often (for ex­
ample, for a map wtth a lOO x lOO grid and 20 
contour-levels-200,000 tunes), the procedure has to be as 
fast as poss1ble. The basic tdea is to test whether any onc of 
the four edges of the rec tanglc mtersects or touchcs a 
contour 'tevel. Sorne algonthms do this and then produce 
one straight hne through the square. Othcrs account for the 
fact that a square ha-; one pomt too many for an 
unambiguous definition of a plane, and therefore e1ther 
create two tnangles w1th one dwgonJI as the common base 
for the two, or compute the center of the cell as the mean 
of the four ccll p01nts, and allow 1t to be the common point 
for four trianglcs. Others again. fit a polynonml surface 
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through the cell-points and the neighbonng pomts to gel d 

smooth curve as contour-line. lt is clear that the li 1'
1 

method ts the fastest b'u t crudest and the last the slo,,,.,t 
but smoothest. The other two methods he m betwcen wllh 

respect to computing speed and smoothness 
The Simplest method of creating a set of contour linc' IS 

to sean the matrLX row by row or column by column. 1\llS 

can also be done w1th the least computcr mem•''y 
occup1ed, but makes smoothmg very d1fficult. (Dlag,.'m 
S .3) The other me thod is to test thc nm of the matrix ,,,,J 

l . '"'' search along each column for thc start of a contour me · 
then follow the hne thruugh the rnatn\ unt1l it rcJchc~ th<= 
rm1 again or closes the loop Th1s methoJ necJs mll\:h m••rt' 
fast,memory, smce the .whole matnx h.1s to he kcpt 111 e •''t! 

(compu tt!r memory) for the whole t1me of tht! job run 
How.:ver, 11 makes smoothmg the hne~ vcry simple sil11 e 

it creatcs a seque~cc of segments wh1ch only has tu be 
"uooed out" by different line smoothing tcch111qucs. Wtlh 
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Diagram 5.3 Contour Scanning 

the equipment presently available, 1t also saves plotting 
tune since it allows a continuous plot of a full lme. 

Many specialists consider the smoothness of contour 
lines the most critica) requirement for the general user in 
automated isarithmic mapping. It is therefore almost 
essential to apply smoothing methods to the scanning 
procedures. The least-square fittmg through a patch of 
points WJth the cell as a center has already been mentioned; 

F~gure 5.7 Theorct1cal Surface, Rc!Jef Contour Method Program· 
SHDCTR; data· D. Wolfe, Sunon Fraser Uruversity; 
production. T.K. Peucker 

48 

another approach would be to store the results of severa] 
rows and only plot segments when they can be smoothed 
w1th their neighbors on both s1des. lt has to be mentioned, 
however, that a smooth contour-line depends h1ghly on a 
smooth surface. (Figure 5.10) 

As can be seen from a comparison of the 1sarithms of 
smoothed surfaces, the very high and very low ones shrink 
with continuous smoothing. In other words, smoothing 
flattens the surface with the mean remaining constant. This 
is unfortunate, beca use one usually would like to reta in the 
extrema since they are often measured with higher accuracy 
than other points on the surface. It has therefore been 
suggested to restore the surface by post-multiplying 1t with 
a correction factor wh1ch reestabhshes the extrema.60 

The production of a very rough contour map is quite 
cheap. Improvements mean extra development and com­
puter time, with decreasmg returns. Somewhere along the 
continuum of increasing costs there 1s a point where the 
resultmg ¡mprovement is too small to justify the add1tional 
costs. At this pomt, the ed,lting abilities of an experienced 
cartographer are more efficient. lt must be admitted that 
the special sk1lls of the cartographer have not yet been used 
enough for the productwn of contour maps. A large 
amount of computer tun~ and program development has 
been wasted and good talents have been unused in the 
attempt to manufacture final results. 

60 Tobler, W. R. (1966), Numencal Map Generaiization, Dis­
cussion Paper No. 8, MKhtgan In ter-Univemty Commumty of 
Mathematical Geographers The formula JS 

r s 
Z . = A + B (Z_ . - A) whcre 

1 J 1 J 

z r the restored value of the pomt IJ 
IJ 

z_s 
IJ 

A 

B 

the smoothed vaJue of the point ÍJ 

the mean vaJue 

Zmax Zrnm 
the correctwn L1ctor = ~Zi"sm'""ax~---'Z7sm'-'-"'-in 
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a. orthographical relief method, INCLIN b. relief contour method, SHDCTR 

c. analytical hilhhadmg, YOELI 

F~gurc 58 Bow R1ver Valley, Three Methods or Hlllshadtng Data 
G. Nellly, produchon a and b, W.D Rase, e, A. 
Pl11pchuck, Umvcr~1ty or Maryland 
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F~gure 5.9 Allatoona Dam. Contounng With Varymg Grid Sizes. Program: KOPPE, CNTOUR; data courtesy D. Edson, 
U .S. Geolog¡cal Survey; product10n: T.K. Peucker 
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Data Grids and Functions 

Surfaces do not need to be displayed in an image to 
qualify as maps. In many studies, for example, in most of 
the,work on response surfaces, one needs only the location 
of the maxima and mínima of a surface, and for any surface 
manipulations, a regular gnd of values has great advantages 
over display or data in the forrn of a traditional map. Again, 
the operation of map overlay in many cases can be 
performed without any graphic output, for example when 
areal extent is asked for or when two types of land 
occupancy (e.g., residential anda certain range of slope) are 
used to crea te a new land-type by their mtersections (e.g., a 
specific residential zone) for later manipulation. 

In many cases the optimal surface type for manipulation 
is different from the optimal type for storage, as it is also 
different from the optimal type for interpretatlon by man. 
For example, an irregularly distributed set of data-points, 
or sometimes a set of functions, will use the least storage 
space, but the best form to manipulate is upon a regular 
grid, and the ideal forrn for visual interpretation is a rehef 
m.tp. Also the most economical storage of land-use data 
usually designates the boundanes, the fastest manipulahon 
can be performed on b1t planes, and many people would 
find only a colored map acceptable. 

Points and Lines 

Although points and lmes could be considered special 
cases of binary surfaces, they will be treated separately 
since their computational and graphic manipulations turn 
out to be quite different from those of the surface. 

In picture processing, the relationship between surfaces 
and lines Js very strong. In a dense point-array, a line is 
inihally a Iong-stretched surface, often interrupted if the 
picture of the line includes much noise. Befare descnptlon, 
such a surface has to be thinned and connected. Only then 
can it be classified as a certain type of line. However, the 
cartographer is rarely concerned with th1s kmd of problem 
since h1s task is not the recognition but the production of 
points and hnes on the map. Therefore, a definitlon within 
the framework of Euclidean geometry JS more appropriate. 

A point d1vides a hne into two segments (break pomt, 
node, comer, etc.); a hne divides a surface into two arcas 
(boundary, frontier, etc.); and a surface div1des space into 
two positions (front, wall, stratum, etc) To use these 
terms for the boundary defim t10n of spatial items, one can 
say that two points on a hnc isolate a segment, that a closcd 
linc on a surface isolates a regwn, and that a closed surface 
in space isolates a volume. 

Points as zero-d1mensional surfaces are used for thosc 
1tems which have little or no extent relative to the scale. 

SI 

The symbol usually occupies more space on the map than 
its extension in reahty. It is coded by its coordina tes and a 
name, number, or any other content-sign (see Chapter VI). 

A line can be coded in several ways as described in 
Chapter VI. The principie is to represent a line by a vector 
or a set of vectors (straight lines). For computational, but 
rarely for storage purposes, curves are sometimes repre­
sented by funct10ns. 

The content of points and Iines can be represented in a 
variety of ways. Different types of characters and symbols, 
changing size and color in two or three dimensions, can be 
used. The computer does not add any new type of symbols 
to those drawn manually, but crea tes several problems 
easily handled by a trained cartographer. Two problems will 
be discussed here. 

The first problem arises from the fact that the standard 
computer is fundamentally sequential, whereas the eye 
opera tes in a parallel way. The eye therefore can perceive 
spatial relationships which the computer cannot, unless so 
programmed. This calls for programs which simulate 
parallel computers, for highly complicated procedures for 
hidden-line elimination, etc. 

An example should clarify the problem befare sorne of 
the solutions are pointed out. A carefullook at the edges of 
the Jsarithmic maps will show that many of the height 
labels are unreadable because of overlapping. A draftsman 
can easily avoid th1s, by not wnting where he had 
previously writteh. However, the computer would have to 
keep every stroke of previous drawings in memory and at 
each drawmg-step search through its memory for possible 
clashes, thereby unposing tremertdous computmg demands 
in the case of a complicated graph. For an tsarithmic map, 
one could eliminate labehng at the rim and only label 
contours in arcas of small slope (1.e., where isanthms are far 
apart). Th1s procedure would av01d most overlappmg. 

Methods do exist, however, in themat1c cartography, for 
organizing the data and the computational sequence to 
av01d overlapping, without having to keep e'/erything tn 

memory. If the map is d1splayed by the line printer or on a 
television-Iike storage-tube, it is produced point-by-point 
and line-by-line. Since the program has to accept informa­
tion from different display categories for each point (e.g., 
contours, streets, labels, etc), one can g1ve these categories 
d1fferent pnonties. The procedure 1s to storc dtffcrent 
aspects of the map on secondary storage {dtsc or tape) and 
run the dtfferent aspects off memory potnt by point on 
three differcnt tapes. Once the computatJons Jre fintshed, 
the tapes are rewound, and tor every poi ni the mformdtion' 
is read from all thra tap.:s li there is something on all 
three tapes for one pomt, th.: label, if gtven first priority, 
wtll be drawn If tht:rl! 1s nü IJbel, the str.:et should be next 
and then the con tour. One pfl)gram opera ting m su eh a 
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Figure 5.10 Allatoona Dam, Contouring With Smoothing~ 

Programs SMOOTH, CNTOUR; data· courtesy 
D. Edson, U.S. Geological Survey; production· 
T.K Peucker 
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Figure 5.11 Display of Absolute Data Overlapping circles with removal of overlapprng parts. Program· 
SIRKEL; data: D Hatlehd. 

fash10n is SYMAP. However, for this purpose, 1t uses discs 
wh~eh are faster than tapes and have less restrict10ns. 

Another method is to sdrt the items accordmg to their 
probab11ity of overlapping or bemg hidden, and then to 
suppress overlapping parts. In the case of pomt symbols, 
cncles, squares, etc., are good s1ze indicators :but many 
overlaps would offend thc eye. One could, therefore, sort 
the data first by size, startmg w1th the smallest item and 
w1th each subscqucnt 1tem test for the intersection to be 
delctcd. Sim1lar things could be done w1th fines, although 
stretchcd hncs that cross do not have the same adversc 
visual effect as point symbols Three-dunens1onal histo­
grams, on the other hand, would look confusmg without 
the rernoval ofh1dden lines. (F1gures 5.11, 5.12) 

A th1rd mcthod of av01dmg overlap IS interactive. F1rst, 
the program plots out a rough map onto a screcn, an 
opcrJtor clears up lines, sh1fts labels etc., and then produces 

53 

a hard-copy on another device. The updatmg of the North 
American aeronautical charts is done in this manner. 61 

As ment10ned above, smoothing a surface (1.e., filtering 
out high frequenc1es), works Iike a generahzat10n of the 
surface. Unfortunately, filtering is rarely used for scale 
reduction, and generaiJZJt1on has been applled to isarithms, 
not always with the bcst results because the generalJZation 
of point and !me symbols poses sorne addit10nal problems 

Severa! "laws of generJhzJtion" have been developed all 
pomting to the gencrJI rule that the rat10 between the 
numbers of sytnbols in the origmal and in the generalJZed 
map should be tht! mverse of the square root of the 

! 

61 Luetje, J H. and R L Gard (1968), "Computer-Asmted 
CartogrJphy, A GraphJL Syst~m for Chart Compo\Jtron and Re­
VIsion," Informa/ton Systems Symposwm, Scpt 4-6, 1968, 
Washmgton, D C. 
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Figure 5.12 Wcst End, Vancouver, Advantagcs of H1dden Line Removal. Program: BLOCKS; data· A. Furguson 

map-scale ratws.62 At first sight, this seems a straightfor­
ward rule without ambigUJties. If the scale is reduced by a 
factor of four, the number of settlements, the total length 
of streets, isarithms, etc., has to be reduced by two_ But 
what types of settlements should be chosen, which streets 
dropped? Sunply to sort all settlements (e.g., on a U.S. 
map), by size, take the median, and drop everything below 
it, would leave large areas w1thout any c1ty and create 
overcrowding in other areas. lt is clear that the "law" has to 
be specified, to give enough infonnation for a suJtable 
selection process. 

Sorne additional problems have to be answered in 
automated line generalization. Not only do lmes have to be 
selected, but for those retamed, the amount of undulation 
(the length) has to be reduced. This can be done m at Jeast 
two ways. 

62 1.e. the "Rad1cal Law" m Toepfer, F., and W. Plllewitzer 
(1966), "The Principies of Selection," The Cartograph1c Journal, 
VoL 3,10-16. 
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The first and simplest approach is to select every n-th 
stored point for plotting, where n is dependent on the scale 
change and the density of points. This reduces computation 
time, but does not reduce the complexity of the Jine. In 
other words, it does not reduce the number of features of 
the line_ Sorne corner-cutting could occur if the original 
density of pomts were not h1gh enough, and this could only 
have adverse effects on the legibility of the map. 

The next approach is line smoothing. The number of 
features IS reduced but in a highly uncontrolled way _ 
Furthennore, certain hne-features on a map would look 
very unrealistic if smoothed out. F or example, the coastline 
in a river ?elta IS sharply mdented landwards, and smooth­
mg this out would be · unacceptable. The answer is to 
maintain sorne of the Jargcr nver branches and suppress the 
others. This demands constant decis10ns or a very detailed 
catalogue of conditional rules. The main difficulty for an 
automation would be in recognizing feature classes to be 
maintained or deleted. 





VI. DATA STRUCTURES 

Most quantitative research in the social sciences involves 
large data sets. This is espectally true for geography. We try 
to disaggregate our regwnal units as far down as possible, 
even tf accompanied by a Joss m prectsion of the data. 
When it comes to geographical data banks, sorne people 
would like to have the coordmates of every tree in the 
world (and a few could even use this information). 

A well-organized data structure is therefore cructal for 
any successful operation in computer cartography. The 
pomts to consider range from Jabehng a card deck to the 
preparation of very sophisticated procedures for list-proces­
sing of data. For many of these, packaged solutwns are 
available, however the prospecttve numerical cartographer 
should always spend sorne time on the methods of 
bookkeeping and processing befare he starts to code his 
information. Otherwise he will not be able to identify the 
content of hts decks later on, or will have to duplicate 
decks wtth shtfted columns to fit them to his programs. In 
this chapter, sorne gutdehnes are gtven and baste problems 
are discussed. Using thts knowledge as a basis the reader 
should be able to understand and use existing data banks; 
he will, however, ha ve to do some more reading to develop 
his own data structures 

Throughout thts chapter, we will assume that we have to 
develop a data base for our state or provmce. For the 
present time, the bank might be very small {i.e., it mtght 
mclude only a few items), but the base should be flextble 
enough to handle a host of other informat10n. To be more 
specific, we might only have to code county data with 
county names, population stze, county boundaries and 
centroids, but we might be requested to allow for later 
mclusion of the population census, boundaries of over­
lapping sets of stahstical and administrative arcas such as 
school and hospttal distncts, and also to fauhtate retrieval 
of the mformatton for c.:omputat10nal and dtsplay purposcs. 

Coding 

We ha ve basu_ally threc kmds of devic.:cs to store our data 
m mac.:hine-rcadable form cards, tapes and dtsc.:s. Most of 
the primary coding is done on cards, but one hJs to dcal 
wtth data sets on tapes and discs rebtivcly early m hts 
carcet as a numerical cartographer. It ts therefore qutte 
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importan! to have a good notion of the problems of coding 
ahead of time. 

If one has to code a point, at least its coordinates ana a 
uniquely identified "name" must be registered. At least one 
value is usually attached to the point, such as the elevation 
on a topographtc map, the populatton of a city, or the air 
pressure at a meteorological station. However the second 
example especially shows that there can be quite a few 
more items, such as several hundreds of variables for census 
tracts (iden ttfied by their centr01d, m this case), and severa! 
thousands in tin1e series of weather data {i.e., every hour 
for ten years). 

The coordmates of a point can be "x" and "y" 
coordmates, or a system's geographical coordinates 
(longitude and latttude ), or sea les m a two-dimensional 
diagrammetric system (such as temperature and precipita­
han in the x and y direction with crop yteld m the third 
direction representmg the indtvidual value). 

If one attempts to compare or JOtn dJta-sets from two 
different coordmate systcms, he should thmk about some 
organizatton m advance to avoid Joss of data when he can 
no longer remember the projectwn or the origm in a 
matnx-ltke grid, and to prevent large computation errors 
that could occur because of mcompahble proJections. lf 
geographical prOJCCtions are involved, experts therefore 
suggest keepmg two geographtcal data files, one wtth the 
preferred projection and another with the geographical 
coordina tes (longnude and latitude ). In thts case it is easy 
to digtttze data m any proJection and convert them to 
longitude and latttude, smce thts usually poses less 
problems than conversion from onc projection to another. 
lt also allows users ro trJde datJ with othcr agcnctes if they 
also have a doubk system The experts constder thts better 
than trymg to have everybody agree on one projcction, an 
lnlposstbihty because the varHJUS systt::ms are already quite 
advanced in the u::.e of very different projecttons 

Even when dcJlmg with a regular grid system, howcver, 
problems of coordinauon can occur The mathemJttcal 
coordin<~te system hJs its ongtn in the S.W. corner of the 
area, the first coordm:~te shows the location of a point to 
the east of the ongtn (x direction) and the second 
coordinate indicates the distance of the potnt to the north 
(y directton). To many people, th1s is the only possible 
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coordina te system. As we have seen w1lh SYMAP, such is 
not the case. SYMAP has its origin in the N.W. comer and 
measures south first {DOWN) and then east {ACROSS). 
Other coordinate systems can be envisioned. 

In fact, eight possible systems can be identifed by three 
binary choices; 

l. x or y coordinate first coded 
2. origin west or east 
3. origin south or north 

The three choices can be presented in a system of binary 
numbers and translated into the decimal system so that 
every one of the 8 possible coordinate systems gets a 
number between O and 7. Table 6.1 g1ves the e1ght 
coordinate systems with their bmary and the decimal 
numbers. Of course, sorne of these eight systems occur 
very rarely, others very often. System O is the traditional 
mathematical coordmate system, 5 is the SYMAP coordi­
nate system. 

Can one avoid m1sunderstandings and make sure that 
one never produces a map which JS ups1de-down or a 
mirror image of the original? Two approaches are possible. 

l. One agrees to a system and operates only with that 
one;or 

2. One ind1cates on every data set and every program 
which coordinate-system it is based on and converts 
with the proper conversion routines. 

The author would advise the reader to opt for the second 
altemative. The first approach would mean that any data 
coming from outs1de has to be converted immedJately, and 
every program from outs1de has to be reprogrammed, a 
process far more difficult than readmg the data set in with 
the proper routine. 

We are now ready to digitize the counties of our state 
or province. The lucky student can use an automatic 
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Coord. 
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West 

East 

West 

East 

TABLE 6 1 
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North 
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North 
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North 
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Bmary Decimal 
Number Number 

000 o 
001 

010 2 

011 3 

lOO 4 

101 5 

110 6 

111 7 
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digitizer on campus, others should not despair, however, as 
long as the number of pmnts lo be coded does not exceed a 
thousand or so. In ;my case, the actual codtng of points is 
only a part of the JOb, ,md the rest has to be done manually 
in any case. 

Line-Storage 

With rare exceptions, the point is t!le elementary coding 
unit for cartographic information. Lines are coded as a set 
of points, as are surfaces. The digitizing of surfaces is 
relatively stra1ghtforward as far as the data structure is 
concerned, since the result JS an array of x, y, z coordinates 
or a regular grid of z values. It demands considerable 
reflection upon the sampling of points, however. This 
operation has been discussed in the chapters on coding of 
surfaces and surface behavior. 

The digitizahon of lines, on the other hand, is straight­
forward W1th respect to the selection of points-we will 
play down the problems occurring in the case of generaliza­
tion for the moment by assuming that we will keep scale 
and emphasis constant; however it involves quite compli­
cated questwns concerning the development of a line-data­
bank. The digitizatwn of county boundaries is a good 
example. One could d1gilize these boundaries by starting 
w1th the first county, codmg its borders point-wise, around 
the clock, for example, and then proceeding with the 
second county, etc., unhl one has coded all the counties. In 
this case, most of the boundanes would have to be d1gitized 
twice, and the points where three counties come together 
three times. Furthermore, one is bound to produce errors 
even w1th the most accurate dig1lizer; when a point has 
shghtly d1fferent coordmates for two counhes, the dis­
crepancy can disappear or be magnified by the rounding 
process inherent in any measurement. Apart from that, 
severa! program systems are unable to recogmze a boundary 
between two arcas 1f th1s boundary 1s not 1dentified by 
exactly the same set of pomts for both arcas. 

One solution is to number all the points to be coded, 
digitize them in sequence, and then prepare lists of 
"pomters" as the boundary-pointg for each county. (Dia­
gram 6.1) This wou Id al so save considerable storage 
space by the reductJOn of x, y coordinates to be stored.63 

A more complex data preparation system might involve 
a program which does the job of creahng a pointer list for 
each county. In su eh a case one has sunply to digitize 
boundaries without m u eh ca re about the density of points, 
the accurate definit 10n of start and end of a boundary, etc. 
Such a program m1ght first find adjacent arcas, merge lines 

6 3 W1th most .:omputer-language>, one can pack two or three 
pomters mto one word, thereby 1eading to a further reduct10n of 
storage space. 
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which are common borders, and find the optimal number 
of points according to sorne alignment criteria. With such a 
program, most of the data preparation work would be 
performed by the computer. 

The highest storage requirement in geographical systems 
will most hkely occur with line data. It is therefore very 
important to make a good choice of a line-storage system. 
Four types can be distinguished:64 

l. In the x, y coordinate method, each hne segment 
represcnting an arbitrary line may be encoded by storing 
the x and y coordinates of its endpoints. The method is 
straightforward in its logic and digihzing. It 1s very suitable 
when scaling and rotation are required often, and when area 
and cucumference have to be computed. lt is relatively 
poorly suitcd, for example, to cases in which the shading 
of areas with straight line segments is nceded. Shading 
requires the repeated calculation of 1t;le pomts of intersec-

64 Th1s section is largcly based on Deccker, G. F., (1970) 
lnteractive Graphics anda Plannmg Problem, MSC 1hes1s, Dept. of 
Computmg Sc•cnce, Umversity of Alberta, Edmonton. 
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tion of a line with the area given, a process which requires 
much computer time for data encoded in this form. 

2. Incremental encoding is very similar to the absolute x, 
y coordina te method. The difference is that it stores every 
point as if the previous point were the origin. The method 
is as fast as the prevmus· one for scaling, not much slower 
for rotation and area computation, and much faster for 
line-length. Its major advantage·, however, lies m the storage 
savings by a factor ofat least two.65 

3. Chain encoding. Each line can be approximated by a 
series of eight possible steps numbered from O to 7 as in 
diagram 6.2a. The line in diagram 6.2b would then be 
identified by the string 001020765. The choice of the basic 
unit's length (the gnd size) according to the exactness 
required for the reconstructed drawings is important. The 
method is very well suited for the representation of fine 
outlines of areas, for the computation of areas and for 

6 
• If no inctement is larger than 127 units (e.g., 1.27 inches 

with a resolution of 1/100 inch) two x:¡ pairs can be stored in one 
word, whereas one needs at Ieast one word for an absolute x,y pair. 
(IBM-360 system). 
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sdling, but is poor for finding thc intersect~on of two hnes, 
rotatwn, shading, etc.66 

· 

4. Skeleton encoding. Any area can be defined by a set 
of rhombi. A rhombus is the locus of constant block-facc 
distance (i.e., with a conslant sum of distance m the x and 
y dircction). Diagram 6.3 shows a skelcton encoding of a 
part of an area. Algorithms for the computation of 
"maxm1al neighborhoods" are dcvcloped.67 

This method is thc best of the four for the determina­
tJOn of intersections, unions of arcas and shading of arcas, 
but it ts relattvely slow for obtaining the area and the 
perimcter of a regwn and is poor f~r the encoding of open 
curves. 

lt might be appropriate here to go mto sorne more detatl 
about data structures before proceeding with the cxample. 

Geographical data are of two types, content data and 

66 See Freeman, H. (1961) "Techruques for Dtg¡tal Computer 
Ana1ysts of Otain Encoded Arbttrary Plane Curves," Proceedmgs of 
the Nallonal Electromcs Conference, Vol. 17,4 21-432. 

., Pfaltz, J. L. and Rosenfeld, A., (1967), "Computer Repre­
sentation of Planar Regwns by their Skeletons," Commumcatwns of 
the Association for Compuler Macfunery, Vol. 10, 119-125. 
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place data. 68 C'ontent data relate to recorded obscrvat10ns 
upon phenomena and place data relate lo geomctnc 
charJctenstics of segments of space. Content data refcr to 
obscrvat10ns on phenomena wtth a particular place and 
time-dimcnsion. Properttcs of stZe, shape, arca, and con­
ncctivtty m space are constdercd place data. 

Data havc three dimensions: phenome1ll1, time and 
location. Phenomena can be in the fonn of variables, in 
which case they are enttttes measurable wtth an assumed 
origin (temperature) or a fixed origin (weight, age, etc.). 
Phenomena can also be tdentified by their rnembership in 
classes whtch can constst of non~ordered groups denomi­
nated by codes (sex, race, etc.), of ordered groups 
denominated by codes (soctal rank, occupation, etc.), or 
can be assigned to class-intervals wtth known dtstances 
between classes (age and mcome groups, etc.) 

Time can be a period ( the Civtl War, the nineteenth 
century, 1955, a month, etc.) ora point m time (end of the 
year, 1st of July 1955, etc.) 

Location tdenttfiers assign places, lines, or arcas to 
content and place data. The simplest type is the external 
index whtch is a descnptive property or an address whose 
location has to be determined by master index, externa} to 
the system. Examples are street addresses, (identifymg 
points), county-names (pointing to a set of boundary 
coordinates), the name of a typhoon (indicating a list of 
coordmates and pomts m ttme showing the typhoon's 
movement through space and time), etc. 

Location identtfiers m an ordinal scale are relatively rare 
but seem to be gaining m use. In envuonmental psychology, 
for exan1ple, people seem to be qmte wtlhng to rank 
perceived dtstances but unable to give any measurable 
notat10n. 

The most accurate form of locat10n identtfiers in 
computer graphtcs 1s the coordinate form, whether tt be an 
x;y system or any prOJCCtton. The converston from one 
system to Jnother has already been dtscussed. 

Da ta-Organiz.ation 

Any geogr aphtcal system must develop an effictent 
data-orgamzat10n. "Eff¡c¡ent" means that the amount of 
memory for the data system JS low, but that the data may 
also be arranged 111 such a way that they can be found 
wtthout much searchmg and computation. Data organiza­
tlon can be butlt up from thrce basic structures. sequentwl, 
random, and list. C'omputer memones are sequenttal m 
access, that ts memory locauons are numbered serially. If, 

• • Thts terrmnology h.t' bcen adopted from the Urban and 
Tran,portatJOn lnformahon Sy~tcm~ project at Northwestem 
Umver;¡ty a' dc;cnbcd m Dueher, K (1966) 
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therefore, one 1s ab\e to arrangc one 's data sequentially, one 
can ca\1 them ("fetch" them) w1thout having to allocatc 
storage space to the addressing procedure. A typ1ca\ 
sequential data orgamzat10n 1s a matnx (1.e., a rectangular 
two-dimensional array of data). Most of the census stat1shcs 
would fa\1 mto this category. 

Any data retneval and mampulation which does not 
change the dimenswns of the data set and the order of the 
data element is best performed with a sequentlal data 
organizahon. Records can be retrieved quickly, but mser­
tion of a record and deletwn of an old one is a difficult, 
slow process, because the whole file of records must be 
updated each hme a change occurs. Since msertions or 
deletwns of records happen very often m computer 
cartography, the sequen ha! organizat10n by itself is of little 
use for geographic and cartographic data files. 

In the random data file, each record has a name or an 
"address" of 1ts location m memory as a key for retneval. 
The county boundary file could be arranged as a random 
file. On one hand, one would have a file contaimng pairs of 
x, y coordina tes of all digitized points which would have an 
address frnplicit through their locatlon in the file; on the 
other hand, he would have a series of "pomter" f1les, that 
is, for each county a file of addresses (numbers) which 
refers to the points contained in the boundary. 

Both types of files are sequen tia\ m structure. The file of 
x and y coordinates contains all the digitaed points and the 
position of a point becomes its address; the first point has 
the address "1 ", the 1th point has the address "1". One 
boundary file contains an ordered sequence of addresses, 
that is, the numbers of the points forming the boundary in 
a clockwise direct10n. Although the structure of both types 
of flles is sequential, theu mterconnection is random, that 
is by going down a boundary file the address can indicate 
any part of the point list, totally independent of the 
address of the prev¡ous or the subsequent pointer. 

This method saves space on cards, tape, and disc when 
stored, and core space when operated upon, but it IS not 
very convenient for severa\ types of processmgs. We might, 
for example, add another set of regions to our county set in 
which the sets overlap m their umts. This problem occurs 
fr~quently m geography, since different sets of statistical 
data are collected by different agencies in differcnt areal 
units. We might want to find the set of intersections of the 
two sets of regions 

If we digihze two sets or regions at the same time, we 
can create a point file, and then three sets ofboundary files 
(or two boundary files and the third computed from thc 
two), the same way we creatcd one before. However, ifwe 
d1g1tize the two sets at d1fferent times, we w1\l create new 
points when we intersect two regions. The coordmJtes of 
the points of interscction would be added lo the bottom of 
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the point file w1thout difficulties, but 1t would take sorne 
manipulat1on to insert thc addresscs into the boundary 
fields. Thc mscrtion would rcqUire pushmg al\ thc addresses 
after the address of the msertcd pomt, down one place, 
which is relahvely' time consummg. 

Facihtatmg or speeding up the process is connected with 
an expanswn of the storage area needed. The hst structure 
avoids resorting of address files, but expands the files by 
adding pointers. In short, a list organization is one in which 
records are chained togeth~r by pointers. In other words, 
each record contains a pointer to the next record in a 
sequence where the pointer of the last record in the 
sequence refers back to the start of the sequence so that 
one can also follow through the sequence backwards. This 
case is also called nng structure, smce the last pointer closes 
a ring pomting back to the first record. To insert records 
here means that the pointer of the previous record has to be 
chained to the address of the mserted record w1th the 
pointer of the ins1!rted record referring to the address of the 
next record. Deletion is undertaken in a similar manner.69 

In the following, the usab1lity of the d1f~erent data 
structures m cartbgraphy will be shown by developmg our 
example of a data bank for a state or province. 

County and other boundaries are only rarely straight 
lines. They can be approximated w1th straight lines, 
however. This is adequate or even necessary for sorne 
mapping systems (as, for example, SYMAP) but renders 
very disappointing results with others (espec1ally those 
based on the plotter asan output dev1ce). The question is 
how to crea te a data base which allows for both cases wlth 
a mínimum of storage space. 

One could cons1der certam points along a boundary as 
feature pomts and givc them a special funct10n. One could, 
for example, define all those points wh1ch one would use 
for a rough image on the lme printer and have a set of 
points between them for the deta1lcd represcntation of the 
line. In fact, storage space could be reduccd even further by 
defmmg the "vectors" in incremental rather' than absolute 
coordinates (i.e. by only ind1cating x and y distance of a 
point from the prev1ous point rathcr than from an origin). 

In order to guarantec flex1bihty for retneval, we have to 
arrange our segment pomt m a list structure, however, we 
do not need a pomter for every vector, but can group a 
number of vectors together m one record with a pointer to 
the nex t record. Se ven vectors would be an example. 70 

(D1agram 6.4) 
For many applicat10ns, only the featurc pomts would be 

necessary. For examplc, a first test of intersection of two 

6 
• The mlercstl"d re.1dcr can find more on d.1ta structurcs m 

Wllham~. (1971) .md Ducker, 1966, Ch.1ptcr., 8 & 9 

' 0 In the IBM/360 sy~tcm>, four word~ would be nccdcd for 
thJS, fourtccn by tes for the po1nt and two byte, for lh.: pointcr 
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arcas could be done wtth them, or the computation of the 
area of a county tf thc result dtd not have to be cxtremely 
accurate. Thesc points should thcrefore not only have 
pointers to the next re~.:ord of scgrncnt points, but also one 
to the next end·point of a segment. 

A number of segments rcprcsents a region by its 
boundaries. At this leve), statistica1 tables come into the 
picture. Therefore, we not only need a file containing the 
addresses of the starting points of the segment which 
comprise the region but also pointers to sorne statistica1 
tables. In other words, the statistical tables require ad­
dresses which can be connected to the addresses of the 
region. 

A set of one sort of regions (counties, etc.) comprises 
another type of regions (states, etc.). Algorithms can be 
developed which compute the boundary for the "hyper­
region"71 , the area of the hyper-region, etc. 

Line-information such as streets and power-Jines, and 
point information such as ~ettlements or surface-heights can 
be stored similarly. They belong, however, to different 
"classes" or data. They can be incl!Jded, however, in the 
data bank, described and recaJled together with boundary 
and statistical informatiort . 

71 The concept 1s very simple. each segment not shared by two 
reg10ns mus! be par! of !he hyper-region's boundary. Finding the 
nght sequence of segments is somewhat more difficult. 
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VII. COMPUTER CARTOGRAPHY FOR WHOM 

Most students of computer cartography did not become 
interested in the subject because they saw itsgreat potential 
for geography, planning and/or other sectors of society, nor 
because they realize the many theoretical problems in­
herent in the development of graphic procedurcs, but 
simply because the newness of the subject and the unusual 
appearance of computer maps promised "a lot of fun." 
Later on, other things became more unportant, although 
students might still feel excitement when producing a new 
map. 

One might distinguish between two types of maps: 
intermediate and final ones. lntermediate maps serve asan 
aid for further analysis during a research project, whereas 
fmal maps are part of the result of the project. Theoreti­
cally, every map is intermediate since 1t serves as a 
"data-bank" and can always be used for another study; but 
it makes a decislVe difference for the researcher's attempts 
at attaming high map quality to know that he w11l use the 
map only for his own information, or largely for the 
information of others. 

The intermediate map can play a very important role in 
a recursive research cycle of hypothesis formulation, data 
gathering, data analysis, and reformulat10n of hypoth· 
eses, 72 smce the map 1s the only dev1ce which stores data 
in a two-dimensional context. The maps do not have to be 
of high quality for th1s purpose, but they do have to be 
produced quickly. Computer maps fulfill exactly these 
requirements and many programs (1.e , SYMAP) were 
imt¡ally developed just for this purpose. 

Speed 1s not the only factor. The cost component has 
already been con.sidered in a very early stage of the 
development. Tobler g1ves the followmg cost compan· 
son73 

To draw a 17 x 22 mch map of the world on sorne 
obscure projectton cost~ about $4 00 for the plottmg, 
$6 00 for the computmg and ... perhaps $10.00 for 
the setup time ... 1 do not know any place you can 
get a draftsman to do a 17 x 22 mch map of the 
world on sorne strange proJectton for le~s than 
$100 00 o 

, See Haggctt, P (1965) Spatwl AnalySIS m Human Geog· 
raphy, London 

1 > In Tomlln,on, 1970 
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The cost-comparison would not be as favorable in othcr 
mapping arcas, but one has to expect a considerable 
reduction of computer costs in the next decade, so that 
what might seem expensive in the student's freshman year 
will be cheap by the time he graduales. 

Another criter'ion for the advancement of computer 
cartography is the need for automation because of lack of 
personnel for the manual production. lt is estimated that at 
the most, 40% to SO% of the earth's land surface has been 
mapped at a sea le of l: 100,000 or larger and only 3 to 4% 
at the scale of l :25,000 or larger.74 The reason is not so 
much the lack of survey data which could be gathered 
through aerial photography in a relatively short time, as it is 
the mapping methods which cannot keep pace with the 
provision of data. Therefore, new types of maps have been 
proposed and developed such as the data-matrix 75 and the 
orthophoto map, a map type based on aerial photographs. 
At the same time, the automation of manual methods is 
progressing rapidly. 

High-Accuracy Systems 

Another factor in the promotion of computer cartog­
raphy is the mcreasmg amount of cartographic data 
collected in machme-readable form. A good example is the 
system of automat1c cartography developed for the 
Canad1an Hydrograph1c SefVlce.76 The mput of th1s system 
is survey data recorded at sea m dtgttal form. However, 
exishng maps are also d1g1tized to take advantage of new 
and old data m a cohesive manner The aun of the system is 
to draw chart overlay sheets automattcally wh1ch should 
have the quahty and accuracy acceptable to the user ami to 
the Serv1ce. 

Eventually, most of the data Wlll be soundmgs recorded 
automatically on soundmg vesscls m machme-readable form 
(1 e., on magnetic tJpe). In the meantlme, however, large 

74 After Yoeli, P. (1967) "Topogr.1phtsche Kartcn und 
Rechcn..lutom.ltcn," KartogruphiHh Nachnch ten, Vol 17, 116-118 

15 Yoeh, P (1967), 1h1ú. and Aumcn, W. C. (1970) "A New 
M.1p f-orm Numbcr,," lntematwnal Yearbook of Cartography. Vol 
10, 80-84 

1 • Boylc, A R, ( 1970), .. ,..,utom.lt!On 1n Hydrographtc Chart­
mg," The Canadwn Suneyor. Vol 24. 519-537. 
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volumcs of data have lo be converted from hydrographical 
charts. A d1gitizer is interfaced w1th a nunicomputcr for 
rcliability control. For cxample, the computcr stops the 
proccss if the opcrator m oves the tracer too fast; it JOins the 
cnd of a contour-line to its start, etc. All data are stored on 
magnetic tape. 

Two output-units are prov1ded. One is a h1gh-accuracy 
natbcd plotter with a hghtspot pen. Ink pens and scribers 
are of little use lo automatic systems since they dry up, 
blob, etc. The plotter IS driven by another minicomputer 
for accuracy control. The other output-unit is a storage 
tube CRT for compilation purposes. A man-machine 
arrangement is used to employ the opinion and decision­
making capabihty of a cartographer. One group of inter­
actions, the "interactive data base manipulation," mainly 
involves the comparison of old and new data, deciding 
which are better, and shifting and reorienting them to fit 
the two sources to exactly the same reference base. The 
second group, computer a1ded compilation, involves 
checking the output data arranged by the computer for 
chart drawing and modifying the selection of data or details 
of line·or symbol work, as cons1dered most appropriate by 
the operator. Two dimensional interaction is performed 
with the aid of a "mouse," a manual interactive unit which 
runs on two wheels in perpendicular position one to 
another. By pushing the "mouse" around on a plane 
surface, one moves a point on the screen to initiate line 
additions, deletions, etc. (Figure 7 .1) 

A typ1cal manipulation of the CRT goes as follows: The 
computer reads line and point mformation from tape onto 
disc to allow faster operation. The operator then displays 
the picture on the screen, enlarges a section ( command 
zoom), corrects certam parts w1th the mouse and then shifts 
(comrriand pan) to another subsection. AH the changes are 
recorded on disc (together with the mitial data) and read 
onto tape at thc end of the job. 

In th1s manner, input is provided through a mimcom­
puter onto tape and output is from tape lo plotter or CRT 
via minicomputer. Between those two steps, severa! com­
putations are performed which have to be based on a large 
computer. This can be done easily sincc all the data are 
stored on compatible tape. Some of the functJons are to 
join separately d1gitized sections of a chart, correcting for 
shift and onentation, taking data from the data-bank and 
máking it suitable for machine drawing with ]mes m a 
smoothed form. D1agram 7.1 shows a chart of the whole 
system. This syste'm JS of spec1al interest fm thc geographer 
for 1t shows the successful application of mteracllve dev1ces 
for spatial problems. Prcsented below are sorne 1deas of an 
interact1ve cartograph1c unit and a few problems geog­
raphers and cartographers could tackle w1th it. 
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Small lntcractive Systems 

The bas1c umts of such a systcm would be a d1gitizer 
maybe opcrating with a magncllc pcn; a storage tube CRT; 
a disc-drive for intermcdiate data storage; a tape-drive for 
input and output; a tclctype for text-interaction and 
programming; aH interfaced to a minicomputer. The 
d1gihzer would not only function as a digitizer, but al so as 
pointer and tracer in an interactJve mode with every move 
being recorded on the screen. The storage tube is a special 
CRT which does not nccd refreshing of the picture (e.g., 30 
times a second). This cuts down costs tremendously but is 
al so slower. However, a few seconds to fill the whole screen 
is still very fast for the geographer's needs. 

A frequent problem is the d1splay of data by statistical 
are a {choropleth map ). The determination of class-intervals 
needs experimentation, since equal intervals often lead to 
serious suppressions of valid information, and even their 
determination on the basis of frequencr distributions does 
not always supply the gray-tone distnbution desired. The 
system therefore should include the possibility of 
modifying class intervals through the teletype and repr.e­
senting them m different gray-levels. The procedure could 
be accompanied by different statistical computations, 
h1stograms, etc. on the small computer, whereas the actual 
creation of the value-grid would be performed on the large 
processor. 

The minicomputer could play different control func­
tions during the dig1tization process, such as maximum 
movement control during the line-digihzmg, point and 
shape control by displaymg coded points and lines concur­
rently on the tube, etc. An interactive sampling procedure 
could also be developed. First, one would have to code a 
relatively w1de-meshed net (regular or irregular) of a surface 
and then compute an estímate of each point's value, using 
different mterpolahon algorithms. If the d1fference 
between actual and estimated values is more than a given 
threshold for a pomt, a narrower net would have to be 
coded around the point. 

AH map computation procedures d1scussed eariler could 
also be 1mplemented {i.e., line correction, additJOn and 
delet10n, mteractive name and symbol placement, etc.). 
One could actua11y produce severa! overlays for one map 
mteractively, h1gh resolution gray-tone sheets on a half-tone 
recorder and combme the sheets to one map by usmg 
dtffcrent color f1lters. Such a map is already possible, 
although Jts quahty wouid nor yet rcach that of a manually 
fabricated map. 

Another possible use ~)f 1he canographtc umt could be 
1ts dcvelopment as a test umt fur map usage. At th1s time 
when everybody 1s talking &bOUI ncw map needs and many 
new map types are being produced, the knowledgc about 



1 
1 
1 
1 

• 1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



'. 

(a) 

) 

' 

J 
S ~2 

1 

l 

(b) 

... 
.. 

' .. . .. 
-.. .. ..:. .. ·~ .. 

. ... ~ .. 

·::: l 
•,C' 

F~gure 7.1 Computer A1dcd Compllatwn Opcrator can changc !me,, add data ,cts (b), zoom thc p1cture to s..:,c a 'cd1on m more dctail, 
(e, d, e,), etc Courtesy A.R Boylc, Umvcr~1ty of S..!skatchcw..lh 
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D1agram 7 1 The Automated Cartography System for the 
Hydrographic Service ofCanada 

the u-;efulness of certam rnap types for certain purposes is 
very srnall. Psychophysical tests are rarely rnade, and if so, 
they are usually on abstract patterns and not on actual 
map$. W1th the cartographic unit, highly sophisticated tests 
could be pcrfonned. For example, suppose that severa\ 
mcthods of rclicf roprcscntation are to be tcsted for thcir 
sultnbiluy for different mnp uses. One map type wou!d be 
mounted onto th(l data gnd and sr,;ver!l! control points 
would be digJtiZed to bnn~ the fll!IP m concordanc;e with 
thíl cornputer's coordinate system. The fif¡¡t question would 
then í!ppear on the screen, for example. "Picase draw w1th 
the magnetic pcn all the vallcys you can find on the rnap." 
The computer would not only record all the valleys found 
and test for the accuracy of the guess, number of valleys of 
a certam type found, etc., but also measure the time it takes 
the test Object to find d1fferent fea tu res. Other answers 
could be typed mto the teletype, etc. 

Fmally, 11 rn1ght be mentioned that the cartograph1c umt 
could of course also perform all jobs commonly ded1cated 
to srnall cornputcrs. Sorne of these are computer-assisted 
mstruct10n-in this mstance improved for gcogrdphers by 
the availab1hty of the CRT -interactive text ed1tmg, key-
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word rctneval of bibhograplucs, etc. Thc usagc is unlumtc'd 
The hardwdre for such a systcm is av:ulahle at costs wl11ch 
are managcable now by largc dcpartmcnts and in five to ten 
ycars, by rncdmm-sized dcpartmcnts. Howcver, the soft­
ware for such a system is to a large degree nonexistent, and 
rnight be for years. 

Applications 

Most of !hose who have a firrn experience in cornputer 
cartography-at th1s time mamly planners rather than 
geographers-are not intcrested in working on theories and 
developing procedures, but rather want to use whatever 
prograrns are available. And one cannot blame them. The 
demand for people to use their knowledge is quite h1gh, as 
1s the finan(.ial incentive. Furthermore, the problems they 
are comrniss10ned with are usually so interesting that they 
can only pity us theoretJcians_ Sorne of these problerns shall 
be prcsented here. 

"Northstar" is a proposed ski resort in the vicinity of 
Lake Tahoe_ Severa! experts had given conflicting evalua­
tions of the "best" places for the sk1 runs; the developers 
were lookmg for a study based on a quantitative and 
cartographic evalua tion of areally-collected data_7 7 The 
study mvolved collecting data on a grid basis for the 
variables of topographic elcvat10n, vegetat10n type, vegeta­
tJon density, vegetatwn age and hydrology. Prev10usly 
collected data mcluded sun angles and locations at d1fferent 
tiTiles during the day and spot samples of snow depth for 
four years. Frorn thts data, severa! other variables were 
derived such as slope grad1ent and direchon and sun 
intensity in heat transfer umts. (Figure 7 .2) 

A multiple regression analysis was performed with thirty 
snow sampling stations through four years w1 th elcvation, 
slopc, vcgctation, sun intcnsity and water arcas ps indcpcn· 
dent vflriables. The rcsult was a map of snow dcpths wh1ch 
gave some prelimínary results on snow quahty To get more 
infonnat19n on snow quality, a quest10nnaire was scnt out 
to ski (.onsultants and pc.ople respons1ble for sk1 slope 
grooming at ex 1stmg sk1 resorts. 

The ¡;ombmat10n of all thc v.tmbles prov1dcd the bas1s 
for the final ski slope <ui!Jhihty modcl. Each cell on the 
map reprcscntcd the ··Goc.dnes~-· of the spot for skiing m 
ten levels. Arcas either !L)c) sic~:> für skuno or ha vine• other 

. o " 
constramts, such as \\JcCí areJs or :-n.nsh lands were not 
considered. A1cJs wh:..::h \\er.: c\.cc1ient for sk~mg 111 all 
variables exccpt vege~.H!on wcre defined by thc symbol 
"V" md1catmg th:lt i.he>e a:c·..:s ccuid be cleared and would 
then becorre acceptJbie s'i.::Jutg ;:reas.(F1gure 7.3) 

77 The fol:owmg has ocer. de,~:•.:;cd m a \etter to the author by 
J. Dangermond, Redbnd~, e:-,¡,tc,:.- -" 
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F¡gure 7.2 Northstar Deve1opmcnt, S un lntenstty Ana1ysts 
Courtesy J. Dangermond, Redlands, Callforma 

The combination of varioús cells to skt-hllls was done 
manually _ One could thmk of an extenswn of thts study by 
a downhill "climbing" procedure with gradtent constraints 
to fmd ski slopes for the dtfferent expenence-classes, etc. 

The other study to be discussed here ts a systems 
analysis for planmng the multiple use of the Honey Ht.ll 
area of Swanzey, New Hampshtre.78 The study g¡ves a good 
example of different resource evaluatJon methods in a 
practica! apphcat10n. The data for the study have been 
derived from aerial photographs and field surveys at a 
regular gnd at the scale of 1/100 sq. km. (2 4 acres) The 
second aspect of the analys1s was the devclopment of a 
series of quality indtces, such as vtsual quahty, ecologic,tl 
damage, wildl1fe habttat quahty and othcrs These were 
developed as models. Stte attrJctions or constraints were 
measured m these terms for a vanety of recreation typcs 

70 Rogers, P., C. Steinitz, T Murray, D. S m ton, R. Toth, D. 
Way: Honey H1ll A Systcms Analys1s forP/annlllg the Multiple Use 
of Controlled Water Areas, U S. Army Corps of Engmcer.. Rescarch 
Contr.~ct, Graduate S<.hoo1 of Dc,¡gn, Harv.m1 Umvcl\lty, 1971 1lh! 

descnptwn In thc tcxt 1s extractcd from Stc¡n¡tz, Rogers As~oCJatcs 
lnc. (1971 ). Sclectcd Projccts, Cambndgc, M:m 
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F¡gure 7 3 Northstar Development, Sk1 Slope Suttabillty. 
Courtesy J. Dangermond, Redlands, Califorma 

and other acttvtties. These use-quahty evaluations were 
rank-ordered, thus leadmg dtrectly mto a planmng evalua­
tion process for stte development. The environmental 
quality models were used asan integral part of the planmng 
and evaluation system which constituted the third aspect of 
the study. (Figure 7 .4) · 

These models were to inveshgate the implications for 
environmental quahty of vanous potential uses of a 
particular study area. Thts step mvolved the application of 
the formal mathemJttcal models of systems analysis. Three 
different approachcs to the development of plans for the 
site arca were mvcst1g.1ted. 

The first approach uscd a !mear progfJinnnng model. 
Gtven certain phystul, CCL)lu:;:._JJ and economic constraints. 
the Object1ve functlon of the model was thc maxmuzation 
of net benefits for the dcvelopment of the Honey Htll 
reserv01r. The result of the model provtded "optunJI" 
dcvelopment proposals w1thm sorne fifty prcdefined zones. 
It also gave par:~ me tnc functions of the system's response 
to changes in the demand pJrameters 

Thc secund approach mvolved "best profcssional JUdg-

r 
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Figure 7.4 Honey H1ll, Attractiveness for Highw~y. Courtesy C Stemnz, 
Harvard University 

ments" to develop the various plans by the members of the 
research team based partly on the analysis produced in the 
first two stages of the research. The third approach was the 
development of a simulation model. Total demand was 
given, but activity preferences were keyed to nine combina-

-tions of income and travel time-distance lo the site. The 
model was used to evaluate the alternatives arising from the 
.. l)est professional judgment" and to test the plans implied 
by the linear programming model. (Figure 7 .5) 

The value of such studies is evident. They are basrd on a 
sol id data base. This data base is brought to its optimal use 
by the combination of analytical techniques and immediate 
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mapping. The problem w1th conventional cartography in 
planning is that the mapped data are out of date befare the 
map is even finished and the cartographer is incapable of 
reacting to the fast-changmg perspectives and needs of the 
planner and politician. The result 1s obvious: Planning 
atlases suitable for anythmg but planning; a delay in the 
adjustment process because these atlases become law by 
mdolencé; others are encouraged to produce other planning 
atlases because they look so good. 

The modern regional and planning atlas should not be 
bound. Actually, ;the ideal atlas would be a well-organized 
data bank whtch coul.d be called upon when a certain 
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F¡gure 7 5 Honey H1ll, Profess¡onal Judgment, Murray Courtesy C. Stemllz, 
Harvard Uruversity 

question comes up Th1s would guarantce quick responses 
with the latest datJ. Sorne quest1ons could be answercd 
immediately by calhng a parttcular variable, sorne would 
involve httle or very complex computat10ns. Sorne maps 
would consist only of tablcs, othcrs of q01ck pnnter maps, 
a few could be preparcd with gre.1t care and spectal 

hardware to attract the tnterest of a large pubhc 
(Ftgure 7 .6) 
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Computer cartograf~hy ts increasingly gaming attention 
in many d1sciphnes ar.d pubhc activitlcs. Geography IS not 
the hardest pusher m the field, but geographers are needcd 
to prov1de thá lmk between theoty and prachce Much of 
the oppositton agJinst computer cartogr.tphy comes from 
cartographers who are Jfraid of bemg rcplaced by the 
computer This attitudc may be ridtculous, for the new 
possibtht1es may 1: crea te more work for cartographers 
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Anybody in the field will agree that onc will find ten good 
programmcrs before one can find onc good c:.Htographer. 

In the next decades, the work of many cartographers will 
change from drafting to cartography as a science with its 
own theory, techniques and applications. Th is event is not 

1-
1 ¡--
1 
1 

neccssarily causcd by the computer but by a considerable 
changc m the rcquircmcnts of the public. The implication, 
however, is that this trend w11l involve a new typc of 
cartographer w1th e.xpanded mtcrests and expcrtise, in 
which computer cartography w11l play an important role. 
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Ftgure 7 6 New York, Predtcted Populat10n Change 1960-1990. Courtesy C Stemttz 
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FURTHER READING 

In the following, sorne literature for the interested student is citcd. 
Since the subject is relatJvely new, the iterns :~ppear in sorne unusual 
publications and are sometimes difficult to obtain. 

Balchin, W. G. V. and A. M. Colernan, 1967, "Cartography and 
Computers," The Carrographer, Vol. 4, 120-127. 
A short and lively introduction. 

Board, C., 1967, "Maps as Models," in Chorley, R.J, and P. Haggett, 
1970, Models in Geography, London, pp 671-725. A good and 
readable introduction into many conceptual ideas in cartography. 

Boyle, A.. R., 1970, "Automation in Hydrographic Charting," The 
CarwdianSurveyor, Vol 24,519-537. 
The description of a system of h1gh accuracy with sorne 
mteractive components. 

Chorley, R. J. and P. Haggett, 1965, "Trend·Surface Mapping m 
GeographicaJ Rescarch," Transactlons, BritiSh /nstitute o[Geog­
raphen, No. 37,47-67. 

Dacey, M. F., 1970, "Lmgu¡stJc Aspects of Maps and Geographic 
lnformation," Ontario Geography, No. S, 71-80. 
An overview of problems of map languages. 

Dodd, G. S., 1969, "Elements of Data Management Systems," 
Computmg Review, Vol. 1, 117-133. 
A detailed tutoría! on data o;ga:-,:nuons. 

Dueker, K., 1966, Spaw.l D~ta Sy,terns, 1, 11 and 111 Techmcal 
R.eport, Departmen i of Geogr:~p:-:y, :'ll"orthwestern Umvemty, 
AD65200S/6/7, Oe:l.rmg House for Federal Documents, Spnng­
field, Va. 22151. 
A study of geographicJ.l d~t:J. >YStcfTls, but at the same ttme a 
good tutonal on probie-; cor.n~.:;ed w1th th1s arca Very 
readable smce it was m tended as a tuto~al. 

Gould, P, 1970, "Computers and Spa!l:il Analys¡s Extens10ns of 
Geographic Research," Geoforum, Vol. l, 53-69. 
A general introductton. 

Hagerstrand, T .. 1967, "The Cornputer and the Geographer," 
Transactwns, Brzt:!.h f•zswure ojGeographas, No 42,1-19. 
A more deta1led O•erv.e·,.,• .vtth some remarks on the Swedi'ih 
coordmate-grid ~y~tem ~nd sorne example~ of Nordbeck's work 
m Computer Cartography 

Harbaugh, J W. and D. f. Memam, 1968, Computer Appllcatwns 
m Strat1graph1c Anal;m;, i\lcw YorK 
A "standard" book wnh ch.1pteró on m.1pp:ng techntques trend 
analysts (time, polynon:tal, h.Jrrnon.c), cla"JflcJtiOn, and s¡rnula­
tton. 

lntt.mationJI Bu~¡n.:,o; Ma,!".Ine,, D.1U Pro,e<;,¡ng ApplicdtJon, 
Numerica/ Surface Tech:::q:.c; and Conraur 'Yiap Plottmg. IBM 
E20-Dl17-0 
A good dLScussion of the b..lsJc ¡:.rc:,km, e( ~utomat1c 1..0ntour 
plottmg 

/nteracrr•e GraplliC> :n Data Procc;;,ng. íR\1- Sy>rems Joumal, Vol 
7, No. 3 ::nd 4, 1968 
A spec1Jl IS~ue on ,omputt!r gr.1ph:,, wnn mJny fund:un~ntal 
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articles on graphics concepts. geometry, languages, and applica­
tions. Generally not too technical. 

Lipkin, B. S. and A. Rosenfeld (eds.), 1970, Picture Procersmg añd 
Psychopictorics, New York. ' 
Many problems pertinent for computer cartography are dis­
cussed here from the Vlewpoint of p1cture processing. Therefore 
very important but demandmg readings. 

Marble, D. F., 1967, Some Computer Programs for Geograph1c 
Research, Department of Geography, Northwestern University, 
Evanston. 
A collection of geograph1cal programs in FORTRAN IV. 

Narasimham, R., 1969, .. On the Descnption, Generation, and 
Recogniuon of Classes of Ptctures," pp. 1-42, in Graselll, A. 
(ed.) A u toma tic Interpretation and Classification o[ lmages, New 
York, 1969. 
An authoritative d1scourse on ptcture languages. 

Negroponte, N., 1970, The Archllecture Machine, Cambridge, Mass. 
A lively excurs10n mto the quest10ns of artificial intelligence and 
man-machme interaction 1n architecture and planning. 

Nordbeck, S., 1968, "Coordmate Mapping Techmques," Plan, 
Tuisknft for planermg a.v landsbygd och tatortor, Special lssue, 
"Urban and Reg1onal Resc:uch 1r. Sweden," 1968, 101-117. 
Nordbeck has buil! a com?lete system of computer cartography 
on the bas1s of the s.::¡ uar~ gr.d .. coordmate real esta te register" m 
Sweden. lsartthm:c ma¡:;'>, ¡:¡omt m polygon programs, nnge, 
fraction, carnage, correl<ouon, traffic and potential maps are 
sorne of the developments. Som.: of the procedures are pubhshed 
m Nos. 7, 8, 9 of the Lund Stud1es 10 Geography, Ser. C. 

Pfaltz, J. L. and D L Mtlgram, 1970. An Experimental 
Map Descnptwn System. Techmcal Report 70-130 GJ 754 
Computer Sctence Center, Umversity of Maryland, College Par k, 
M d. 
A very readablt: descupuon of a mapping system based on 
bitplanes, wtth example, Very good asan mtroduction. 

Rayner, J. N., 1971, An Introduction to Spectral Analysis, No. 2, 
Monographs m Spaual and Environmental Systems Analysis, 
Londor.. 
Does not demand any 'pe.:1al mathemaucal knowledge Gutdes 
the ~tudem to a cumpc;.:m u,e o{ thi> tlex¡ble m.:thod. Umque 
10 the diSCU>;IOr. of t"'o-auat·n,wn..tl sp~ctral :lllaly'iis 

Robmson, A H . ..md R D 5.Jk, 1969, E/ements o[ Cartography, 
New York 
Tne stlldcnt .lf computcr c.¡;rographf needs to study general 
cartog: .. phy thoroughl~ The1e are sev~tJI good texts, tht~ one 
shows a fe N computer m~ps 

Rosenield, A, 1969, Ptcture Processuzg by Computer, New York 
A mathematicJIIy d.:mJn<J:ng trcatment of th1s subJCCt 

Toblcr, W R , 196 7, Of MJ¡:>> <ond ~.Jm~c,," Jo urna/ of Regional 
Scleltcc, Vol 7.275-280 
An ele,¡ .. ;¡t trcatmcnt of nurnenc:J.l filtenng .Jnd surf.1ce generail· 
z:Jtwn 





Toblcr, W. R, 1969a, ''An Ar.aly~•s of .1 Dlgllllcd St:rfo~ce," pp. 
59-86, m C. M DJVIS A Srudy of the Land Typr, Dcpanmcnt 
af GcogrJphy, UmvcNty of M1clugan, ORA Pro;cct 08055. 
Ten d1ffcrcnt filters wcrc ~pplicd toa >Urface Thc rc,ultJ. wcre 
correiJtcd o~nd thrcc groups extrJctcd, (clcv.lllOn, slopc, rough­
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Gro¡;raphical AnalySIS, Vol 1, 1969, 234-253. 
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Tobler, W.R., (ed.), 1970, Sclecled Computer Programs, Department 
of Geography, Univcrs1ty ofMichigan, Ann Arbor,l970.18 pro­
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Tomhmon, R. F. (ed.), 1970, Env1ronment Informa/IOn Systems, 
The Proceedmgs of the UNESCO/IGU, Fmt Symposmm on 
Geograph1cal lnformahon Systems, Ottawa, September 1970. A 
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pubhcat10n of .he i1~t; C'on;m,,-;0:1 on Gcograph1cal Data 
Sen~mg and Prot·c"m¡?., Oa.~,.,a. 
A good dl,cus~•on of th..: \IJI~ oi thc drt m largc gcograph1cal 
data systems. 

Wo~ltcfló, R. F., 1969, "C..>~oio.mng by MaLhme. A U>cr's GUJde," 
The A menean A ssocla//01! of Pclroleum GcologlSts, Bulletm, 
Vol. 53, 2325-2340. 
All one should know wnen u~mg .:ontounng programs. 

W.1rntz, W., 1966, "The Topology ofaSocJo-EconomicTerramand 
Sp.i!Jal Flows," Papers, Regu;na/ Se~ence Assoc1ation, Vol. 17, 
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D1scussion of surface-:.pcc•fic fc~tures Jnd apphcations. 
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GLOSSARY 

Many terms aJe based on S1ppl, C. J. (1966), Computer Dzcflonary, 
lnd1anapolis, ACM/SlGRAPH (1971), Computer Graphics Glossary, 
Computer Graphzcs, vol. 5, No 1, 1-14; and Definztzon o[Terms zn 
General Use [or Automated Cartography, lntematlonal Cartograph1c 
Assoc1ation (1971 ), Comm1ss1on 111 on Automahon m Cartography 

Many terms have d1fferent meanmgs The one used m tlus research 
paper has been defined 

access 

accuracy 

addrt:ss 

algonthm 

analog 

break 

byte 

CAD 

CAl 

- concerns the process of obtaimng data from, 
or placmg data m, storage 

- freedom from error. 

-a label, narne or number 1denufymg a Ioca­
tion or umt where mformatwn is stored. 

- a defined process or set of rules that leads 
and assures development of a des1red output 
from a g~ven mput al sequence of formulas 
and/or algebra~c/logll.al steps to calculate or 
deterrnme a g¡ven task. 

- the representation of numencal quant1t1es by 
means of physical vanables (e.g., translatJOn, 
rotat10n, voltage, or power), contrasted w1th 
dig¡tal. 

- a numbermg system based on twos rather 
than tens which uses only !he d1g1ts O and 1 
when wntten. 

- abbrev1ahon of bmary d1g1t May be equiva­
len! lo an on or off cond1hon, a yes or no, 
etc. A unit of inforrnatlon cap.1city of ~torage 
device The capac1ty m b1h 1s thc: loganthm 
to the base two of the number of poSSJblc 
states of the dev1ce. 

- the poinl of suddcn change of slope along a 
scanning line. 

-a group of bm.1ry d1g1ts usually o¡>er.¡tcd 
upon as a umt Usu.11ly 6 b1t~ qr 8 b1ts 

- Computcr A1dc:d De,1gn 

- Computer A1dc:d or A~shtCd lnstrudJOn 

card 

cathode ray tube 

centr01d 

command 

compaction 

compatible 

compress10n 

contiguous 

contras! 

coordmate 

CRT display 

cursor 

data-pomt 

data >lructur.: 

default opllon 
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-a machme-proce~able mforrnal!on-storage 
med1um of special qual1ty papc:r stock, 
gene rally 7% by 3~-mches, conta1111llg 
80 columns and 12 punch pos11Jons 

- CRT - An electron tube whose face is 
covered w1th a phosphor that emlts llght 
when energized by 11s electron bearn. 

- the mean position of a polygon. Deterrnmed 
by the x and y means of the polygon points. 

- the port10n of an mstructlon word wh1ch 
spec1fies the operation to be perforrned. 

- reduct10n of storage space usmg an effic1ent 
storage system 

- executable on more than one computer 

- reductwn of storage space by selechng data 
from a large data-body 

- ad¡acent or ad¡oming 

- the relat10n>h1p of the brightest to the 
darkcst portions of a display image 

- an ordered set of data values, e1ther absolute 
or relatlve, ~ich spec1fies a locaho~. 

- d1splay usmg cathodc ray tubes as the 
VJewmg element (raster sean, storage tu be, 
directed bearn) 

- a movable marker vis1ble on a CRT d1splly 
used to mdicate the posit1on at wh1ch the 
next operahon (insertlon, replacement, era­
sure) is to take place. 

- p01nt on a surface, g1vcn by 1l~ coordmates 
beforc computation' (see gnd po1nt). 

- the arrangcmcnt and mtcrrclauon of records 
m a file 

- progr.1mm.:d command wh1ch takes cffect 1f 
the re~pc:ct1ve elcctlvc 1s not >pC:c1ficd 

- mform~t10n rcprcscntc:d by a .:udc con~l,llng 
ofa scqucrtLe ofd1scrctc dcmcnh 
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d~rcctcd bcdlll 
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file 

flag 

graph1c language 

grid pomt 

halftone deVIce 

hardware 

h1dden !mes 

mput 

m ter~ect10n 

1sarithm 

JUXtaposJtJon 

label 

hght pcn 

llnc pnntcr 

- 3 dCVJCC th~t <O de\ lnl..!gL~ JOtO d1g1 t.J 
tomputcr-u,,tblc form 

- convcrt an~log mc.t~urc' (e g, l<-ngth) mto 
dJ~'lt.tl form. 

- also callcd vector mode. In the CRT method 
these are the elcmcnts of a d1splay tmage 
whcre the beam mot10n 1s m stiaJght !mes 
from pomt to point (see raster sean). 

- collcct10n of rel.tted record' treatcd as a umt. 
A collectwn of mformatwnal 1tems sim1lar to 
onc another m purpo,c, form, ..~nd content. 

- ind1cator uscd to tc11 'omc latcr part of a 
prograrn that 'omc cond:t:on occurrcd earhcr. 

- software mterfacc betwccn the programmer 
and the display dcv¡ce_ 

- pomt on a surface, dcfin-:d m J regular net of 
grid pomts, u'ually co;npo.~ted from data 
pomts by mtcrpolat10n 

- graph1c mstrumcnt wh1ch can produce severa! 
graytones bes1des black and wh1te. 

- the mechamcal, m.Igneuc, electncal and 

electromc dev1ces or components of a 
computer 

- hne segment<. obscurcd from VICW m a pro­
JCCtcd image of a thrce-d•mcn,JOnal obJCCL 

- mformatwn or data tramferred or to be 
transferred from an externa! storagc medJUm 
mto the m terna] storagc of the compu~er. 

- the arca that two ovcrl~ppmg rcgwns have in 

common. 

- surfacc-llne of comt.lnt z value_ Abo called 
contour-hnc. 

- the pos1honmg or placmg of 1tems adJacent 
to each othcr or ,.de by s1de. 

-- an JdentJfication deVIce for introducmg a 
record, groups of records, or an address. 

- .1 ~tylus whJCh dctccts w1thm a hmJted area 
(thc .mnmg nrclc) hght gcncratcd on a CRT 
to dctcrrnJne e1ther po,JtlOnal or dJspi.Jy 
clemcnt Jdcnllfymg mfonnat10n 

-a pnntcr m wh1ch an cnllrc !me of chardcters 
1;, <..omp,l\cd ..~nd pnntcd at ,, time_ 

hst 

mcmory 

m o use 

nmse 

off-lme 

ongm 

output 

plotter 

p01nter 

prCCISJOfl 

raster sean 

record 

rcdundancy 

rcfrc'h rate 

rc\JduaJ 

rcsolut10n 
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J.ll ... tn.,;urc wh1Lh dtvorLc;, thc logtc..tl 
nrg 1'.1/,lllon Jf ..t file from Jl\ phy\ILal 
,.1g.1::u d1nrj hy ... snpJc,y1ng po1111cr~ to lndJ­

catc rl!\.llrd-"cqdL,,~es 

..tn l.lrg"•l•t¿l,on o:· 'tor..~gc unns, prun.;nly for 
th.: rcJn.:val of mform.;\10n 

-a h;,nd-nci(Í dev;ce, wnh two pcrpcndtcular 
wh.:cl,, whKn ,, rollcd Jround on a flat 
su\face .o prJvJdc coordm~te mput 10 the 
d~>pl..t) dev1ce 

- crrors mtrodu<:ed tr'to data dunng neasure­
ment or dts¡:lay 

-a ,ntc:n wh :r.: the penpheral equtpment 1s 
not under the éOntrol of the central process­
mg umt, J' 11 ts m thc on-lme case. 

- a rcfcrcncc pomt who,c coordmdtes are al! 
zero 

- computer rc,ults such as answers tu marne­
matJcal and stall,llcal problems, plots, etc_ 

-a graphtc devtce for makmg perrnanent 
coptes Usually WJth a movmg pen Plotters 
can be dtgttal mcremcntal or analog 
(contmuous), drum or flat-bed plotters, etc. 

- an address m a record wh1ch refers to a 
rt!lated record. 

- the d.:gree of C"\Jctness w1th wh1ch a 
quJnoty JS statcd, contras! WJth accuracy, 
whtch rcfer' to the Jb;,cnce of error regard­
less of prccJsJOn 

-a techntque for gencratmg or recordmg an 
Jm..tgc w1 th m m I<:nqty (z vaJue) controlled, 
hne-by-hnc swcep acrms the entire display 
surfacc_ Also callcd pomt mode dt,play: 

- a set of onc or more consecu tJve fields of 
rclat.·d data ttems. 

- thc fractwn of thc gro"-mforma hon content 
of ..t mc,-;Jgc that can be chmm.atcd w1thout a 
loss of c~senual mfonnatwn. 

- the r.ttc at whtch a dtsplay •' regencrated m 
ordcr to rcmaJn v"ible_ 

- thc dtlferen.:c bci\\een the esnmarcd and the 
actu.J \alue .:>f gcnerated hnc or surface ata 
dJu pomt. 

-- a ln<'"sure oi the ablllly of a device to 
dtffer:?ntJJlC vdlue, e g. plotter stcp ,.ze or 





retncv.Jl - thc act of findang 'tored mforrnalwn. 

secondJry stor.Jge - storagc whose prunJry functJOn i~ to aug· 
ment tht: cap.July of mternal stor.Jgc for 
handltng data and anstructton' Muq be 
transferred to mternal storage to becomc 
oper<~ble Usually on d1sc, drum or tape 
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software 

slor.Jgc tubc 

umon 

- thc mtem.JI progr.Jms prcpJrcd lo ~1mphfy 
progr.~mmmg and computcr opt:r.JtiOn ~!ore 

gcnerally cvery typc ofcomputer progr.Jm. 

- .1 CRT wh1ch retains an lmJgc for an ex­
tended p.:nod w1thout refre~hang 

- thc area covercd by e1thcr or both over· 
lapping rcg1ons. 





\ 

~: 

BLOCK S 

CALFORM 

CNTOUR 

FA KAN 

GEO\tAP 

INCLIN 

KOPPE 

PAX 

PERS 

PI-EIL 

RAPP 

SIIDC! R 

SIM 

_1_ 

MA]OR PROGJRAlH!S USED FOR 'JI'HE 
PRODlUrCTJION OF THE FIGURES 

- Plot~ pl..tnar pro¡cct1ons of threc-dliT\cn~IOn.ll 
block models Author R M Ray, Umvers1ty 
of North Carohn..1 

- Produce~ choroplcth maps on the lme plot­
ter. Author J. Cartnght, Harvard Umver,¡ty. 

- Subroutme lo compute one contour m a 
regular gnd of pomt.<. Author L Coulthard, 
Umvers1ty of Bnllsh Columb1a 

-Factor analys1~ (pnnc1ple aXIs method) 
Author W D Rase, Bonn-Bad Godesb..:rg 

- Lme-pnnter progrdm for choroplcth, pro'.!· 
mal, and contour maps AuU10r D Stemcr, 
Umvemty of Waterloo. 

- Program for the Orthogrdph1c.ll Rch..:f 
Method Authol'> T. K. Peucker, M 
T1chenor, Ottaw..1, and W D Rase 

- SelecL~ smuller gnd from ~uriace gr1d, com­
putes ab~olute .1nd mcJn error\ of 
mterpolatlon and plots rc\ldu.Jb Author T 
K Peucker 

- Parallcl p1cture procC'>'>Ing Umvcrs11lcs of 
Ilhn01s and Maryland 

- Plvls perspecbve v1ews Author L Coult­
hard 

- Subrouune lo plot flow-pdllerm Autl10r W 
D Ra~c. 

- Resource AnJIY~IS Jnd Prc,entatJOn Program~ 
to ovcri.IY d1~lnbul1on data. Author T. 
Stanhopc, Un1ver;~ty of W .¡terloo 

-Produce' Rchd Con tour ~lethod Author T 
K Peuckcr .md M T1chenor 

- Sunul.llc' IJnd·u\c p.1rtcrn' and plot~ rc,uih 
Author S WJt1uk, Sm10n Fr.~.,cr UniVCT\lly 
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SIRKEL 

S LO PE 

SMOOTH 

SPATFUN 

SUPERMAP 

SYMAP 

SYMYU 

VIEW 

VIEWBLOK 

YOELI 

-Produces cueles for absolute data plotting 
w1th delenon of overlappmg parts Author 
D. Hatlehd, Stmon Fraser Umvers1ty 

- Subroutme to compute sl0pc' m a surf.1ce 
Author· W D Rase 

- Subroutme to ~mooth a surface on the b.:o-1s 
of a movmg average Au thor W D. Rase. 

- Outputs rectangular array ofz-value~ from a 
ch01ce of 1.) spa 1al functwns Wlth user­
supphed paramc,ters Author· T. K. 
Peucker 

- Draws maps and other data m a number of 
pro¡ectwns Author R L Parker, Umvers1ty 
of Callfom1a, San D1ego 

- Fle'{lble program to produce d1fferent types 
of map, on a lme-pnntcr A u thor Labora­
tory for Computer GrJphiL' and Spat1.ll 
Analys1s, Harv:ud 1Jmvcr>1 ty Ex tenswns (e g 
mclus10n of polynomiJl trenJ-surface, pomt 
d1stnbut10n coefficlcnt, entry for user­
supphed ~ubroutmc), \V. D. Rase 

- Plots per.,pect.Jvc VIC"'' of regular gnd~ 

Authors F. Rens, St.1le Umvcr\lty of New 
York, Buffalo and Laboratory for Computer 
Graph1cs and Spat.Jal Analysl\, Ha.rvard 
Umversity. 

-Computes VISible arc.IS on a gr1d of hetght 
from an obscrvat10n pomt J.nd plots re~ults 
Author T K Peucker, aft.:r Am1don & 
Ebner 

- Plots per~peciiVC v¡ews of regular gnd' 
Author D. Doug13s. Umver,tty of Ottawa 

- SurLtcc analy>Js b.i.,.;d on slope analys1s 
Author D Shcp.Hd, HJivard Umvers1ty 

- .-\naly !lc31 H1lhhadmg Author> M 
T1chcnor, T. K. Pcuckcr .md W D Ra,e 

. -·· ... ~-



1 

·' 



,¡ 

f tal~ ~®W@ trlk\ 
®~o m o [ñ)calü®cdl o lñl 

[Q)rro©J~®. 
®rr®~UO©)[ru 

The U S. H1ghway 50 bndge near 
North Vernon, lnd., 1s one o1 the 
f1rst applicat1ons 1n th1s country of 
the precast, prestressed concrete 
box g1rder des1gn-erected w1thout 
falsework This pro¡ect pomts up 
engineenng sk1lls and progress so 
well that 1t competed for the 
Outstandmg Civil Eng1neenng 
Ach1evement Award last spring. 

GENE 1<. HALLOCI<, M. ASCE 
Chtef Engtneer 
lndtana State Htghway Commtsston 
lndtanapohs, lnd 

THIS STRUCTURE REPRESENTS a pio­
neenng app!tcatJOn in th1s country of 
an mnovatlve approach to the con­
structwn of economical, long span 
bndges that makes effic1ent use of ma­
tenals and ehmmate~ costly falsework 
The successful applicauon of th1s new 
method requues sk11lful craftsmansh1p, 
prec1se quahty control of materials, 
use of new adhes1ve matenals, and 
above all, full use of curren! engmeer­
mg technology to destgn the segmenta! 
forms, calculate erecuon and service 
stresses, and effic•ently plan and carry 
out castmg and erectJOn. 

Th1s type of construcuon, pwneered 
m Europe and now being used spar­
mgly m the Uruted States, 1s a testi­
monial to CJVll engineenng genius. It 
1s an innovatJOn m construction and is 
very pleasmg aesthetJcally Due to the 
stmpltficatJOn of constructton on the 
stte, envtronmental problems, such as 
erosion, and v1sual eyesores, such as 
forms, were reduced cons1derably. 

The new structure, des1gned by 
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bndge engmeers of the Indiana State 
H1ghway CommtssJon, carned one­
lane, two-way traffic while an existing 
adpcent bndge was be1ng recon­
structed Whlle work on the segmenta! 
bndge was gomg on, US 50 traffic was 
mamtamed on the ex1stmg structure 
for alternating one-way traffic. The 
ex1stmg open-spandrel arch bndge was 
reconstructed w1th precast, post-ten­
sJOned members to meet budgetary 
and aesthet1c hmllations 

The combmed roadway w1dth of the 
two adpcent bndges is 44 ft ( 13.4 m) 
The total length of the bndge IS 390.7 
ft (119.1 m) Combmed w1th the road­
way reconstructJOn, the total resurfac­
mg w¡ll stretch 1,550 ft (472 m) ' 

The US 50 bndge, located about 0.7 
mi (1.1 km) east of North Vernon, 
was fabncated under a contrae! with 
ConstructJOn Products Corporatwn, 
Lafayette, lnd The segments, wh1ch 
we1ghed about 30 tons (27 Mg) each, 
were cast agamst adJacent segments m 
order to msure perfect field fit Ap­
prox•mately 123,000 lb (56 Mg) of re­
mforcmg steel are mcluded m the new 
structure 

The selectwn of the segmenta! alter­
nate was based on an economic study 
by Htghway Comm1sston bndge eng¡­
neers. !he cost of constructing a twm 
to the ex1sllng open-spandrel arcb 
structure was proh1bt1ive. The fabnca­
tton contrae! awarded m Marcb, 1974, 
was for $230,000. 

In September, 1974, the H1ghway 
Comm1sston awarded an erectwn con­
trae! for around $1,220,000 to Tousley 
BJXIer Constructwn Company, In­
dJanapo!t~. lnd. The bndge segments, 





' 1 

¡ 
! 

1 1 
1 ' 

Tl'liS precast segmenta/ bfldge near North 
Vernon. Jnd. reqwred about 25% /ess 
constructwn t1me tl'lan 1ts arcl'led companton 
bndge Furthe•more, the construct10n cost ol 
dupl.·catmg tl'le old arch des1gn was proh1b1l1ve 

whtch the contractor started erectmg 
in May, 1975, were added one at a 
ume in each direction from a central 

The two 10-ft (3-m) square, hol/ow p1ers have 
18-m (460-mm) walls stand1ng on footmgs 
founded m sandstone The hollow stems were 
fl/led w1th dry sand ro produce more vert1cal load 
ro counreract overturnmg moments P1ers reach 
about 50 1t (152m) h1gh Th1s Mamtowoc crane 
is placmg tl'le flfsl p1er segmant By ldtmg the 
segmerits mto placa from balow tha only llva 
load was matenals we1ght. tans10nmg equ1pment., 
and personnel movements 11, mstaad of usmg a 
crane. tha segments ware Mad by ho1st on the 
superstructvre tha f1va load would have been 
mucl'l greater and a l'l1gl'l 1mpact factor would 
l'lava been naaded 

pier_ They were connected with steel 
tendons and an epoxy adhestve mate­
naL After the segments were in place, 
a protective membrane and a wearing 
surface were constructed over them. 

Segmenta! bridge pluses 

Among the many advantages to seg­
menta! bridges is the shorter time pe-

Tl'le cross sec110ns used cons1s1 of a smgle ce// 
box connecled lo lhe easlbound slruclure by a 
long1tudmat neoprene expans1on ¡omt Smce lhe 
long1ludmal remforcmg does nol cross the ¡omts 
between segments. no tens10n was perrmtted m 
the concrete P1er segments have 4-ft (1 2-m) 
lh1ck d1aphragms ms1de the box sect1ons lo 
transm1t loads from lhe superstruclure lo lhe 
bearmgs 

segments to prov1de a 
warerttght sea/ and act 
as a lubncanr wh1fe 
¡ommg the segmenrs 
Steel tendons were 

tenstoned to support 
tha canttlaverad 
sagments 

riod req uired for construcuon. These 
bndges can be constructed 20-25% 
faster than standard bridges because 
the segments are precast. large. and fit 
together perfectly. A savmgs of time 
means a savings of money m labor 
costs 

Another sigmficant feature of seg­
menta! bndges JS tltat work can be 
done from the top e,~- the bridge caus­
ing less debris to fall mto the river or 
roadway below Therefore, these struc­
tures have less adverse effect on the 
environment and working conditwns 

Segmenta\ bndges also require 
fewer pters for support, making them 
panicularly advantageous over htgh­
ways and busy waterways. The hollow 
segments also allow a more thorough 
inspection of the structure Even 
though the bridge. ftoors of segmentals 
are expected to requtre the same 
amount of maintenance as standard 
bridges, the support structures are ex­
pe_cted to better restst detenoration 

A few ctvil engineers m Indiana 
were searchmg for mnovative and bet­
ter means of constructing bridges in 
thts country. Iñ 1974 a number of 
them traveled to Europe to view, first 
hand, segmenta! bndge construction. 
These bndges, whtch had been bUJ!t 
during the prevwus decade, seemed to 
have good apphcatton m a number of 
situatwns m Indtana For thts reason, 
a few were placed under destgn The 
North Vernon structure was the first 
built m thts manner 

The Indtana Htghway Commtsston 
has awarded contracts for two more 
segmenta\ structures smce the com­
pletwn of the North Vernon structure 
The most recen! JS for a stte on U S 
136 over the W abash Rtver at Cov­
mgton, Ind It ts a stx span structure 
wtth a maxtmum span Iength of 187 ft 
(57 m) The contract amount is 
$3,313,388 84 The successful btdder ts 
constdenng erect10n by jackmg the 
segments from one end of the struc­
ture Thts ts a method occas10nally 
used m Europe, but whtch has not yet 
been used m the Untted State~ 

The Commtsston also has under de­
stgn a ~egmt:ntal structure over the ln­
dtana Harbor Shtp Canal m East Cht­
cago whtch ts expccted to cost we\1 
over $30.000,000 Thts destgn wt\1 
probably be let as an alternJte to a 
structural stcel de~1gn O 

G~ne K Ita/Jo<~ has b«n 
Ch1e) H1gh""." Eng1neer 
smce lamwn•. JQi4 Prwr tv 
that ttme, he sened a'i Antv· 

' /Unl Chte/ Engm<"er. 1/¡gh-
. ~'t , ' ... ·ay Operatton'i, unJ In o¡an-

,~ -; ous tapuclftes 1n the ': ~'2]: Con<tructwn DlVI<lun Juung 
· L ba<k lo 1953 upon gruJu 

· utwn Jrom Purdue Umv 
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Advanced computer cartographic 
methods are savrng Sacramento 
County nearly $6,000 per sq mi 
(2 6 sq km). in therr unifred base 
mapprng system. How? By 
computenzrng map related 
rnformatron whrch can be updated, 
edrted and corrected usrng a CRT 
unrt, stored for later recall, and 
then computer-plotted to create 
maps tallored to specrfrc county 
departmental needs and scales. 
Two systems were studred and 
compared to the more 
conventional method of scnbed 
overlays Results of the study and 
a brief hrstory of Sacramento 
County's proneer mappmg system 
detarl the progress of the plan. 

VERN W. CARTWRIGHT, P.E. l\11. ASCE 
Pres1dent 
Cartwnght Aenal Surveys, lnc 
Datarnap Systems, lnc 
Cartwnght Research 
Sacramento, Calif 

JOSEPH P. ALESSANDRI M. ASCE 
Ch•ef, Water Resources D1V1S10n 
Dept of Publ1c Works 
County of Sacramento 
Sacramento, Calrt. 

A STUDY TO DETERMINE the feasibihty 
of computer cartography for Sacra­
mento County's urufied base mappmg 
system has proved the new techmque 
outstandmg m flexJb!lny and conve­
n1ence and revealed that. m the area 
tested, savmgs of nearly $6,000 per sq 
m1 (2 6 sq km) w¡)J be realized on the 
mJ!ial mappmg phase alone. 

Addi!ional sav1ngs wJII accrue 
through faster and 1mproved mforma­
tlon retneval, avaJ!abilny and accu­
racy, addJtiOnal map ~cales, and the 
ehmmallon of costly dupl1cat10n by 
map makmg departments wnhm the 
county. 

The enormous benefits dnd cffects 
of computer cartography are JUSI be­
gmnmg to bccome ev1dent-even to 
the pnnc1pals who estabhshed the pt­
lot program Detatled and accurate 
data banks (see Ftg 1) of mformatwn 
t1ed to geogrdph1c localions wl!l be 
useful to cvery phase of government, 

for maps keep track of peopl~, laxes, 
property ownership, streets, buildings, 
utihties and many other enttties. 

In the past, mdivJdual maps were 
created for ver'¡ narrow and spec1fic 
purposes. Local government found Jt­
self w1th a muluplicity of scales and 
formals SUJlmg a particular user's 
needs but useless to others. And, as. 
departments and agencies grew, so d1d 
the duplication of maps and the cost 
to taxpayers. 

Such duphcatJon is no longer toler­
able to county government, so new 
ways are bemg soughl lo increase lhe 
cosl-effechveness of mappmg systems, 
and, al lhe same time, to expand theiT 
abihly to meet users' needs . 

Compuler cartography offers solu­
lions to many prevwusly msoluble 
problems. W1th interaclive compuler 
graphics and powerful software, com­
putenzed mappmg has become a prac­
ucal reahty. Now, data can be eco­
nomlcally converted to digna! form, 
stored, changed, corrected, updated 
and recreated to su1t the users' needs 

Th1s new technology, linked w1th 
aenal photography and photogramme­
try, JS bemg used m a p1lot program 
companng a conventtonal mapping 
system usmg scnbed overlays w1th a 
Complete Map lnformallon Manage­
ment System (CMIS) (see Ftg. 2) 
created by computer cartography 

The heglnning-1970 

As thetr first step toward the control 
of prohferatmg systems, and to lm­
prove unsalisfactory mappmg proce­
dures, the County of Sacramento's De­
partment of Pubhc Works. m 1970. ' 
relamed a consultan! (Genn1s, Grey & 
Jus!lce, Sacramento) to analyze the1r 
extstmg systems and the needs of all 
map-maktng and map-usmg depart­
ments and agenc1es w1thm the county 
A feast,blhty study was completed and 
a un1tied mappmg ;,ystem recom­
mended. 

The study (CIVIL ENGINEERING, 
~SCE. December 1973) outlmed a con­
trolled property hne base mappmg 
system ued 10 the Cahforn1a State 
Plane Coordmate System wh1ch could 
be comb1ned w1th selected sc.r1bed 
overlays to form composlle maps with 
any des1red combmauons of mforma-
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tion. Wtth -this system, a user agency 
could select overlays of underground 
utJhtles, distnct boundanes, addresses, 
coordinated paree! numbers or other 
types of data. 

The consultmg firm also recom­
mended the establishment of per­
manent monuments referenced to 
property ]mes and suggested that com­
putenzed graph1c data storage and re­
trieval using the county's computer 
system be added Iater. Equtpment 
then on the market permltted the 
computenzed recording of X and Y 
coordmates of all pomts of mterest for 
later retneval by computer-dnven 
plotter But the state-of-the-art at that 
time sull required the preparatton of 
manuscnpts and map data mto sepá­
rate overlay forro before the mforma­
tion could be recorded on punched 
cards or magnellc tape. 

Pilot program 

Fundmg to begm the proposed 
mappmg program was not tmmedJ­
ately avatlable However, m 1974 the 
need for mfiltratwn and mflow studtes 
m connec!Ion w1th a regiOnal waste­
water treatment program provtded the 
ímpetus to start the mappmg effort A 
portton of the urbamzed county area 
was selected to be mapped and fund­
mg was prov1ded for the preparat10n 
of the controlled property !me base 
maps ~howmg underground sewers, 

. dramage and water systems as well as 
two-foot contours. orthophotographs 
dnd m sorne cases plammetnc detall 

By th1s umc computenLed mappmg 
techn1ques had matured to the pomt 
wh:ere the Department of Publ1c 
Works felt that computer Cdrtography 
should be tested agamst conventwnal 
mappmg techn1ques A port1on of the 
mllial area was asstgned to map pro­
ducuon usmg computer graph1cs and a 
port10n to convent1onal methods so 
the systems could be éompared and 
the rcsults anaiyzed for cost effec­
tlvcness and effic1ency. 

The area selccted for the com­
panson study cons1sted of 96 map 
sheets, each covermg 2,000 X 3,000 ft 
(610 X 914 m) at 1"= 100' ( 1 1200) 
scale on a pre-determmed gnd 39 of 
the sheets "'ere 10 be pencd manu­
scnpt propert) base maps and overlays 
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for data bank dignizing, four sheets 
were to be created directly by com­
puter cartography from source mate­
na! such as sewer systcm maps and 
Assessor's maps; and the remaimng 53 
shc:eL~ were to be prepared usmg con­
ventional methods with scnbed over­
lays Orthophotographs of the cnttre 
96 sheet area were to be prepared to 
atd map mterpretatwn by the general 
pubhc, to verify accuracy of property 
hne plots and to locate manhole tn­
lets, etc. 

Cartwnght Aenal Surveys lncorpo­
rated of Sacramento was retamed to 
photograph a portwn of the enttre 96 
sheet area and to prepare the topogra­
phic, plantmetric, and computer 
graphic maps for the 39 and four 
~heet areas. 

Before Cartwnght Aenal Surveys 
fiew the proJeCt, ground control was 
targeted along wllh other selected 
pomts such as manholes, valve boxes, 
etc. The mappmg area was then fiown 
ata photo scale of 1"=500' (1:6000). 
G1ass dtapostttves were prectsely 
drtll~d and read on Cartwright's 
monocomparator to an accuracy of 
one micron 

Analyttca1 aerotnangu1at!On was 
employcd throughout the mapptng 
area and coordmates obtamed for all 
destrcd pomts Thesc computed pomts 
then supplementcd thc control for the 
topographtc, plantmetnc, and com­
puter mappmg Control for the proJeCt 
was thcn computer plotted for each 

F1g 1 Graph1c representat1on o/ a D1Q1tal Data 
Bank Data banks are homogeneous sets o/ data 
wh1ch have Oeen comp1fed and stored /or tater 
recal/ to produce maps lor spec1I1C purposes 
They are the bwldmg blocks o/ modern state-ol­
the-art mappmg They may be recalled randomly 
lor CRT (cathode ray tuba) v1ewmg. smgly or m 
combmallOn. edlled, changed and re-stored 
w1thout phys1calty drawmg a map Data bank 
versatllity 1S unt,mlted Any number can be 
setected to sat1s/y spec1I1C map reqwrements 
The combmat1ons wh1ch can be usad are near 
mf1n1ty Maps taliored to plammetnc detall, 
topography, tand use data, water resources. 
parcel boundanes and lorestry, ¡ust to name a 
lew. may be produced trom one aenal survey 

sheet ()f the 96 sheet arca 

Conventional mapplng 

Conventional map comptlallon was 
accompltshed m the 53 sheet arca by 
Genms, Grey & Justtce and ortho­
photos with contour overlays prcpared 
for each map sheet. Overlays were 
prepared from Assessor's p1ates, re­
corded subdivtsion maps, records of 

surveys, and deed r.:search and were 
scnbed and photograhtcally combmed 
to produce the destred compostte 
maps The cost of these conventional 
map~ totaled $4.046 for each 2,000 X 
3,000 ft (610 x 914 m) area 

Pencll manuscrlpt dlgitlzlng 

In the 39-sheet sectlon, Datamap 
Systems, lncorporated, a Cartwnght 
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F1g 3 Sacramento County computer plotted planmng mformatwn map Reproductlon of computer 
plotted map IS created by extractmg spec1!1c mtormat1on from bank of d1g1t1Zed map data 

Streel R/ W lme> 

Street names 

Properly 11nes 

Propefty dtmenstoos 

Assessor par::el No. 

Street addresses 

Centfotd coordmates 

Ur.derground utrhhes 

Zonrng 

Land use• 

EnvuonMcnlal dala• 

Precmct llnes 

Census Wtcts 

School drstrrcts 

Judrcral drstrrcts .. 

Lrgtltlng drstncls• 

Water drstrrct~· 

Sewe' drstriCts• 

Assembly diSIIitts• 

Supentr soual lrnes• 

Congressronal lrnes• 

Senatorral tlnes• 

Oemographrc• 

'Oata levels to be 
added at late• date 

F1g 2 Sacramento 
County Base Mappmg 
System Flow Chart 
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F1g 4 Umt overlays 
on the letr 
(lopography. 
engmeenng sol/s 
analys1s. and 
plammetnc). can be 
comb1ned mto the 
composlle datamap on 
the nghl, or numerous 
other combmat1ons 

CRT Ed1tmg sta/Ion 
Al/ mlormat10n 
enlenng /he compurer 
memory 1s ed1ted and 
corrected as 
necessary. al the CRT 
ed1tmg stat1on Data 
banl<s can be recalled 
and changed here 
w1thout d1sturbmg the 
other map elements 

UNIT OVERlAYS 

En¡oneeHog 
"'lis analysls 

COI!POSITE DAT AIIAP 

01g111Z1ng from source matenal The operaror moves the cursor wh1ch 1s mechamcal/y /ml<ed to 
encoders that count mcrements of movement m the X and Y axes Cross·ha11s pos1t10n the pomr 
and a sw1tch located on lile cursor record the X- Y coord1nare In stra1ght-lme work. rhe cursor 1s 
moved from pomt ro pomt. curved /mes are d'g'r1zed by record1ng the beg1nnmg, the m1ddle. and 
/he end o/ /he curve The computer then /lis a curve through rhe three pomts 

Corporat10n. digitized ro;d and prop- other mformatwn and, as a result. 1! 
erty ]me hand-prepared, pencll manu- , was necessary to reposllwn and redraft 
~cnpts furn1shed by Genms Grey & the annotation before digitJzmg Spe-
Justice These manuscnpts werc used cial software was wntten to accom-
as a base and overlays of the scwer phsh th1s automatically Also. 11 was 
system. underground dramage and 'wa- · nccessary to computer-adJUSl the van-
ter d1stnhuuon sy~tems were digJtJLed ous overlays for agreement w1th the 
to develop d1screet data lcvcls of m- property ]me base mdps us1ng the CRT 

format10n As these O\erlays m the1r (Cathode Ray Tube) (see photo) 
lniiial preparallon had no! hecn reg1s- S1nce the CRT d1splays the data 
tered w1th each other thcrc '-'éTC con- graph1<.ally. omiSSions and crrors '-'ere 
fl1cts m the posnwnmg of street : eas1ly spotted and correctcd In th1s 
names, numbers, dimen~IOns, and : area of the County data lcvcls were 
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developed for property !mes. street 
n<~mes, 'amt;¡ry sewers, underground 
dnn.~ge and underground water distn­
bution systems 

Computerlzed mapplng 

Computer cartography was used to 
the maxJmum in the four-sheet area, 
dig1tizmg d~rectly from source matenal 
(see photo) wnhout the mtenned1ate 
step of creaung hard copy manu­
scripts Current Assessor's maps were 
used as the source documents for the 
property base. Where possJble, coordJ­
nates of honzontal control pomts were 
ass1gned to JdentJfiable locations on 
these maps 1t was determmed that 
four control pomts were the mmimum 
req uned to control each Assessor's 
sheet bemg dJg¡llzed. 

Where fewer than the four rcqu1red 
control pmnts could be located, a 
mathematJcal traverse was employed 
to supplement the control and to ver­
ify Hs accuracy Each control pomt 
was d1g11ized and 1ts real-world 
coordmate pos1tion entered m the 
computer The computer then checked 
the vahdny of the control by deter­
mming the d1stance m mches bctween 
the dJglliZed control pomts and by 
companng these values to the d1stance 
m fcet between the real-world coordi­
nate po~1t10ns Where the control was 
vahd th1s comparison y1elded a com­
puted map scale that d1d not vary 
more than one or two percent from 
the scale Ind1cated on the source 
document 

Whcn the scale vanallon was exces­
'>JVe. the followmg conditJons were 
checked for error. 

1) the plottmg of the ground con­
trol on the source document, 

2) the wordmates ass1gned to the 
ground control 1tself, 

3) re<tl-world coordmates entered m 
the computer. and 

4) the draftmg of the source docu­
me-nt 

If the control placement, ass1gned 
coordmates. and the computer entnes 
were venfied as corree!, then the ongi­
nal Assessor's map or manuscnpt was 
m error In such cases. a speCial com­
puter program wntten by Datamap 
Systems reconc1led these draftmg er­
rors (up to JO percent of the scale 
uscd on the source documcnt) and 
costly. lime consummg redraftmg was 
avo1ded 

To demonstrate the ablluy and 
flexJbihty of the mappmg system and 
to further test the capablli!les of com­
putercartography, the number of over­
lays for the four sheet area was ex­
panded to mclude property lmes and 
d1menswns. street names, addresses 
and nghts-of-way, tract boundanes 
and labels, zon1ng, census tracts, 





school attendance dtstricts, voter pn:­
ctncts, Asscssor's map pages, sanitary 
sewers, underground dramage systems, 
undcrground water dtstnbutwn sys­
tems and paracentroid coordmates In 
addit10n, severa! of thc data leve!~ 
werc dtvtded mto sub-levels Samtary 
se'l"ers, for tnstance, mcluded pipe dt­
ameters, manhole depth, flow hne elc­
vat!On of exit ptpe at manhole. man­
hole standard symbol, manhole drop 
connector symbol, flush branch symbol 
and pnvately owned santtary sewers 

After dtgttlZing and edttlng on the 
CRT, the maps were com puter plotted 
m mk-on-mylar wtth as many data 
levels as needed (sec Ftg 3) EJch 
map wJs gndded wtth the Cahfornta 
State Plane Coordmate System and m­
dexed on the lower left-hJ.nd corncr 
Wtth an alphabettc prefix to mdtcate 
the .scale of the map senes The maps 
were plotted on a 42 X 76 m. ( 1 07 X 
2 03 m) flJt bed plotter to a resoluuon 
of O 001 m ( 0254 mm) The cost from 
aenal photography to plotted hard 
copy map was $2,787 (se e Table 1) for 
each 2,000 X 3,000 ft. (610 X 914 m) 
area, or $1,259 less than for scnbed 
overlays for the same area 

TABlE 1. Base mapplng cost summa..Y 1 

ltem Scnbmg Compt:¡~ter 

Aenal Photography 

Analyt1es 
SuM>ymg (Ground Control) 

Contour Sheets (2' 1nterval) 

Orthophoto 1" - 1 00' 
Qncl hall-tone pvSillve) 

Sub Totals 

Property Une Resolut1on 

Data tevefs 

Street Names 
Sewer 

Ora•nage 
Sub Tolals 

TOTAlS 

$ 35 
112 
900 
385 
285 

$1,717 

$1,068 

65 
630 
566 

$2,3292 
$4 046 

35 
112 
900 

385 
285 

$1,717 

$ 675 

35 
225 
135 

$1,070' 
$2.787 

'Cost pe< map sheet, 2000 h x 3000 ft at 1" - 1 00' 
2 lncludes scr1b1ng 
3 lncludes diQIIIZing and plotbng 

TABLE 2. Comparison of unlfled base 
mapplng methods 

Completa map 
Conygnt1onal intormatton 

scnbed overlay management 
System reatures system systern 

Cnange ot scate L1m1fed Unltmtled 
Sheet layout F1xed Flxed or Random 
ConverSion to melrtC 01ff1Cult Easy 
Ease of updat1ng Oiff<:ult Easy 
Clutter factor So me Non e 
Common scale ot RequHed Not Necessary 

source documents 
Custom maps Llm1ted Unlim1ted 
Producflon Stow Very Fast 
Data conll1ct Very Otffteuil Easy 

avoldance 
Numt>er al overtays 3 lO 6 UnllrTHted 

01 data tevets per 

"""' 14c.CJ.Jtacy Human Factor O 001 1ncn 

Advantages 

Sorne maJor advantages of comput­
ercartography over convent10nal map 
producmg methods were soon appar­
ent For mstan.:e, conventtonal map­
ptng matenab sulh as scnbed nega­
ttves for overlay~ rcqutre constderable 
storagc space, whtle the ~ame mforma­
tlon stored on computer tape is com­
pJct and -accesstble 

Also, whtle scJle changes from 
scnbed overlays could be accom­
phshed photographtcally by enlargmg 
or reducmg, formal was locked in and 

~ p~.:::-:: 

lettenng and lme wtdths mc~eased or 
decreased accordmgly Computerized 
map data. on the other hand, could 
produce maps with letter and hne 
stzes selected to match thc scale of the 
maps wuhout compromtsmg aesthetic 
qualittes and legtbtllly 

One of the greatest advantages of 
computer cartography over conven­
tional map-maktng methods butlt mto 
the Complete Map Informatwn Man­
agement System (CMIMS), ts the ease 
of metric conversion. As the maps are 
stored m dtgttal form, they can be 

Macro keyboard Symbols (macros) alter bemg coded and placed m the computer are accessed 
by ptac1ng the macro rnd1cator on the canso/e keyboard at the deSITed symbol pos111omng the 
cursor where the symbol 1S needed and push1ng the macro sw1tch on the cursor to record 
Annotat1on (street names, numbers, d1menswns. etc) 1s accomphshed by pre-settmg a thumb-wheel 
sw1tch on the d1g1I1Zer keyboard canso/e to the des/Ted letterrng he1ghth. and recordrng a startmg 
pos1110n and a second pomt to md1cate vector or d1rect1on of the lettermg stnng The annotatwn 1s 
then entered usmg the alpha/numenc keyboard of /he d1g1/1Zer canso/e 

~~~~f~~?:.ff~~'·" 
-~!:~::w:· .... 

The Santonl IIC stereo ptotter used tor map complfaiiOn 
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lnteract1ve graphrcs set-up Mo~mg left ro nghl Macro keyboard used to record symbols, d1mensrons 
and other annotat10ns. dlglllzer wrth cross-half pos1t10ner to tocata X- Y coordinares and cursor arm 
mechamcally lmked w1th encoders that count movements m the X and Y axes. CRT Ed1tmg staf¡on, 
computer, d1sc dnves, tape rransport. and /me prmter Foreground Flat bed plotter Selected data 
banks are combmed lo form ta1/ored maps on the 1/at bed ptotter Computer dnven, the plotter 
produces the deslfed sea/e w1th extreme accurae-y 

readll:- wnverted by computer and 
automatJcally replotted w¡th metnc d1-
mens10ns when the system 1s adopted. 

A Similar and even more ~~gnl11cant 
advantage IS reallzed m map updaung 
Handling of bulky overlays requ1red 
by the sen bed system 1s eh m mated m 
computenzed mappmg Nev. data and 
changes m old data are cntered mto 
the computer, venfied w¡th the CRT, 

and hard cop1es plotted as requned 

Cost comparison 

The ~avmgs reahzed through com­
puter cartography compared to the 
convent10nal mappmg amounted to 
$5,843 S2 per sq m1 (2 6 sq km), or a 
total of nearly $6 m!lhon to be reai­
JLed In the 1,000 sq m1 (2,600 sq km) 
of the County of Sacramento 

ActuJJly even these amounts do not 
represent uue dallar dlfferences be­
twecn the systems Only five ~cnbed 
overlays were prepared for both the 
convent1onal mappmg and the 39-
sheet dJgltlzed arcas wh11e 111 the four 
sheet dfea 16 d1screet Jata levels and 

35 sub-levels were developed 
Even 1f the mitlal cost savmgs for 

computer cartography were not so 
dramat1c, there would stlll be pow­
erful advantages (see Table 1) Ac­
cordmg to Bnan R1chter. Sacramento 
County DHector of Publlc Works. 
"Wnhout quest10n the computer can 
produce a mynad of vanable map dJs­
plays It has all the mformat10n and 11 
can adju~t scales and formats 1 thmk 
through the ptlot program we can be­
gm to sell_ the sy_stem " 

Does the County plan to fully tm­
plement computercartography tmmedt­
ately smce the cost savmgs are so evi­
dent? The County staff tS constdenng 
severa! alternat1ves. 

lf suffic1ent fundmg becomes ava!l­
able to prepare the property ]me base 
maps county-w1de, the County can 
then contrae! the digJtJzmg. com­
p!lauon, ;torage and computer plottJng 
to computer graph1cs firms or pur­
cha~e the computer graph1cs equ¡p­
ment and prepare the maps m-house 
lf fundmg ts not avallable to complete 

Do You Know That 

the county-w1de system, a gradual 
sh1ft to dJgnal data base mappmg wtll 
be accompiished as new mappmg IS 

reqUJred and funded. 
Eventually a new ccntraJ¡zed map­

ping ~erv1ce group mtght be creatcd 
wJthm the County Jnd procedures cs­
tabhshed to fJcJhtate the product10n 
of all maps 

Even ~o~.1th man~ qu~suons sull to he 
answered about Implementauon. Sac­
ramento County's pliot program has 
answered the btg one-the bottom 
hne-"How much does 11 cost?" WJth­
out a doubt, computer cartography 
saves money and solves problems m 
addttJon to prov1dmg a versaule and 
ftextble map mformatton management 
.system for the future. 

Credits 

DATA GENERAL, Nova 1200, 32K 
core computer; H DELL FOSTER 
CO. DJgJtJzers with macro keyboards, 
H DELL FOSTER CO. 42 X 76 mch 
plotter, TEKTRONIX CRT (cathode 
ray tube), DIABLO d1sk dnves, 2 5 mtl­
hon words, WANG, 9-track, 800 B P.l 

tape transports, CENTRONIC ltne 
pr1nter, H DELL FOSTER CO 
monocomparator, KELSH plotters, 
SANTONI Ilc stereo plotter. AUTO­
TROL d¡g¡t¡zers. ZEISS RMK A 
15123 (6 mch) camera. ZEISS RMK 
A 21/23 (8 11! mch) camera, and a 
Wl LD PUG IIl pomt tran~fer dev1ce 
w1th zoom Q 

_ ... the 55-mph natlonal speed limit has resulled In safety 
beneflts of major proportions? A by-prodcJct of the 1974 energy 
criSIS, the reduced speed lim1t throughout 1Jot11 197 4 and 1975 
y1elded a reduct1on of 1 7% 1n the nurnber of peop!c killed on the 
h1ghways as cornpared w1th 1973 The decrease 1n the tatal1ty rate 
occurred desp1te nurnerous obstacles wh1ch could have produced 
a trend 1n the oppos1te d1rect1on The Nat1ona1 H1ghway Trafflc 
Safety Admmistration ot DOT c1tecl such problems as a growmg 
number of veh1cles, dnvers. and m1les traveled. an 1ncrease 1n 
youthful dr1vers. alcohollc abuse. anda w1den1ng d1spar11y 1n 

veh1cle m1x (more heavy veh1cles and more small c;ars on the 
road) 

... the Unlted Natlons says the world water supply ls all 
wei? The U N reports that al leas! one-f•fth ol the world's Clty 
dwellers and three-quarters ol 1ts rural people lack reasonably 
reliable supplles ol dnnk1ng water The report, ent1tled "Resources 
and Needs Assessment ol the World Water S1tuat1on," warns that 
11 m1ght oecome necessary to relocate populat1ons closer to 
sources of read1ly avaJiable water In light of 1ncreasmg populat1on 
and Jndustnallzatlon, the report notes that water cannot be v1ewed 
as an "1nexhaust1ble g1ft of nature " The document pred1cts "a 
cr1l1Cal shortage of water of su1table quallty to susta1n future 
growth unless water management 1s rad1cally 1mproved " 
(Excerpted from New York T1mes, July 22, 1976, page 2) 
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New York Ctty's Brooklyn Unton 
Gas Co has one of the natton 's 
most sophtsttcated mapmaktng-by­
computer systems lt should 
qutckly pay for ttself tn savtngs 
resulttng from the more prectse 
locatton tt gtves BU of tts 650 
mtles of gas matns on Staten 
lsland All the map tnformatton 
ts stored not only on maps but 
on magnettc tape, permttttng 
easy analysts and reporttng tn 
non-map ways 

Q What was wrong w1th the ex1stmg 
maps? 
A About 20 years ago, BU aLqmred a 
~maller gas company that served Staten 
lsland Showmg locatwn of the Staten 
Tsland gas d1stnbutwn p1pehne system 
were no conventional maps. but 18,000 
not-to-scale sketches m hundreds of 
field books The '>ketches were kept by 
order of da'te of mstallatwn of the p1pe 
(startwg nearly 75 years ago) There was 
a geographic index to the field-book 
sketches 

These sketches showed p1pe locatwns 
referenced to a landmark such as a 
house front, pole, curb or hydrant 
Unfonunately, the location of many 
curbs, for mstance, has changed smce 
then, and the sketches had not been 
updated 

Th1s map madequacy cost money In 
ns serv1ce area, also covenng Brooklyn 
and Queens, BU has 3,600 mlles (5.700 
km) Of p1pe, and 550,000 SCTVICC 

connecuons lo bu1ldmgs (Staten Island 
has about 20% of the total system) 

Each year, BU must locate and repa1r 
Jeaks. attach and mstall new under­
ground faCJhues, locate and replace 
certam ex1sting faCJhues To make these 
alteratwns thcy must d1g about 40,000 
boles 

Doing th1s costs an average of $300 
per 3x3 ft (O 9x0 9 m) hole, or about $12 
m1lhon a year. 
Q What can be done to cut th1s cost? 
A Better maps-more accurate and 
more complete-m¡ght tnm 11 by reduc­
mg the number of boles dug per 
repau. 

Ongmally, BU planned to create 
maps conventionally That would mean 
makmg a series of acetate overlays. one 
for cach class of map data-streets. 
p1pes. etc. But analys1s of costs and 
hcnefits led mstead to selectiOn of a new 
computenzed approach (Sce p1ctures.) 
Q What d1d 11 cost? 
A Raytheon prcpared thc d1gJtal data 

base. contammg the informauon that 
dnects the computcr-dnven plotter in 
makmg the maps Th1s cost $1 25 
m1lhon. For another $250.000. Calma 
prov1ded computer hardware and pro-

grams wllh wh1ch BU llself w11l update 
the data base and map. 
Q Wt/1 the system pa1• for llselr 
A BU hopes to recover this frNi!-<:nd 
cost m a very few )'ears, in saving~ 

TV screen (CRT) shows map ol street mtersecl/on and gas ptpes on Staten tsland Man adds 
mformat10n usmg "dtglltzer" m hts Jeft hand When dtgtltzer's cross-halfS are centered oVer ObJecr !hat 
he wtshes lo add or remove. he keyboards appropnate mstrucl/on Insta n//y. the changes he ·s m a de 
show up on CRT screen 

Prev10us photo shows stat10n used tn mputrmg ro computer memory lhe tnlormat10n from convent,onat 
maps Ptctured here 15 statton used tor changmg maos already recorded 10 the computer Key tnpur 
df.Ntces are · pen" m operator s hand and rablel under 11 As operator moves pen 1mage ol ti 
moves on CRT In lhts way. he mstructs computer to msen remove or change tnformatton m 
cornputer memory 
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resultmg from dtggtng fewer hole~ 
• Other savmgs should come from non­

map ll~es of the data base (See box.) 
BU set the goal of findmg the leak or 

."acihty. tn the first 3x3 ft hole dug. 90% 
of the time. Based on this requirement. 
tt was determtned that the maps must 
permit the field crews to locate pipe tn 
the ground to within 1.0 ft (0.30 m) 
honzontally. 0.9 ft (0 27 m) verttcally 

A sktlled BU office man, usmg infor-

mation phoned m by ficld crews 
equtpped wtth leak detector~. plus the 
new maps and his JUdgment. should be 
able. u~ually. to Iocate a leak rather 
prectsely. 

Making the new maps 

Q. How was the new mapping system 
creaLed' 
A Ftrst step was to get an accurate 
geographtc data base-street and butld-

mg localtons Thts mtght have been 
created from extsttng ctty maps But it 
was found 25% less co~tly to shoot new 
aerial photographs and make new m.1ps 
from these. 

Using a stereoplotter and palfS of 
aenal photos ofthe same ground. distor­
ttons of ground locattons on the photos 
due to elevattOn ditferences and film­
plane ult were corrected. 

On these corrected photos. ptpe loca-, 

leallts, corrosion; ex¡plosions-wha~ do ~hey have ~o 
cj]o wi~h gas ¡pipeline maps? 

Federal agenctes are promoting 
communicat10n among public and 
private utilittes having underground 
factlities. Goal is to mmimize da­
mage to (or damage caused by) these 
systems An example lS gas ptpe­
lmes 
Q. Are leaks and explosions of gas 
ptpelines a concern' 

- A. Htstorically, the gas industry's 
record has been good but not perfect. 
There are two maJor causes ofleaks­
corroswn of m-place pipes, and acct­
dents dunng subsurface construction 
by an outside party 
Q How senous ts the corroszon prob-
[em? · 
A Ata few ttmes and places m years 
past. very senous indeed A land­
mark case, reports Frank Fulton of 
DaT's Office of Ptpehne Safety 
Opcratwn~. carne m Natchttoches. 
La. m 1965 A large, htgh-pressure 
gas transmtsston hne ruptured due to 
stress corroswn Escapmg gas drifted 
over to nearby homes, .and tgntted 

· (dtdn't exp1ode) Severa! houses 
bumed, and 17 people died. 
Q What has been done aboul gas 
pipeltne corroszon? 
A Federal regu1attons now requtre 
that, m the case of steel pipelines, gas 
utt1ittes. 
(1) mstall cathodic protection sys­
tems, whtch neutrahze the corros10n 
potenttal of the sot1 and ground­
water: 
(2) penodtcally test that cathodtc 
system for adequacy, and 
(3) penodtcally run a "leak survey" 
Where a truck can run. atop the 
ground over the ptpehne, the survey 
is run fairly speedtly Sen~tttve 
equtpment m the truck measures 
natur.1l gas concentrattons. and thts 
helps the uttltty to pmpoint locatton 
of thc leak. 

Excavallons and gas pipeline leaks 

Q What about con~tructzon-cm11ed 
gas p1pelzne leaks? 

A To mtntmtze chances of a con-

'' 1 

struct10n acctdent. utthttes must use 
one or more of the followmg 
approaches. 

o Post markers a1ong the hne. 
tndtcating presence of a gas line (the 
usual practice in open. undeveloped 
areas). 

o In cities. the feds and others are 
encouragmg adoption of a "one-call 
system". Two days before a contrac­
tor's backhoe htts the earth. he (or 
the agency for whom he's working) 
must call the "one cal!" operator 
Thts person m turn calls all utt!Ittes 
and pubhc agenctes whose ptpes o_r 

A significant share of gas 
pipeline explosions have 
been caused by excavations 
done by another utility. These 
accidents are being sharply 
cut, thanl!s to "one cal/" 
progr_ams recent/y 
estab/ished in 80 cities. 

lmes are buned beneath or near the 
area to be dug Then. before excava­
tiOn starts, each affected agency 
sends crews to the S1te to pamt !mes 
on the street mdtcatmg locat10n of 
thetr ptpes 

Number of ciues havmg one-call 
systems (m which all subsurface ptpe 
owners agree voluntarily to cooper­
ate) has skyrocketed m the past year. 
from abQut 20 to perhaps four ttmes 
that many. 

A maJor reason for thts spurt ts 
that in September 1974, at the Amer­
ican Pubhc Works Assoct.ltton an­
nual meeting in Toronto, at the 
urgmg of the National Transporta­
tton Safety Board, uttlitte~. publtc 
works departments and othcr~ 
formcd a Uttlity Locatll>n and Coor­
dmattOn Counc1l. ULCC wa~ formcd 
p..~rtly to promote the one-c.1ll tdea 

(and rationahzed mapping systems). 
NTSB's Charles Batten tells CE 

that one-call systems. where etfec­
ttvely operated have "dramattcally" 
reduced the number of constructton­
caused accidents to gas ptpelines. 

Thts is not an tdle concern For 
examp1e. in January 1968. m Read­
mg. Pa., a backhoe was excavaung 
earth to permit repair of a water 
mam lt struck a '1• in. ( 18 mm) gas 
tme. bending ti. No 1mmedtate prob­
lem was apparent. Then. two hours 
later. m a nearby building. there was 
an explosion ktlhng al! rune occu­
pants (This case. Batten says. ts an 
example of a number of such aCCI­
dents which lead to fires or explo­
stons. sorne ttme after the construc­
hon mcident.) 
Q What do maps ha1•e lo do wuh 
th1s 7 

A. In sorne communtttes, reports 
Batten, adequate records and maps 
of gas ptpehnes are "nonextstent" In 
sorne cases, the map may mdtcate 
presence of a pipeline. but so tmpre­
ctsely that one can't be sure whtch 
stde of the street tt's on If the utthty 
ts to mark or pamt-stnpe tts ptpe 
locatwns. ti must kn~w prectsely 
where they are Sorne gas utthttes do 
not have prectse-enough maps to do 
thts 

As a natwnal demunstralton pro­
gram in cooperauve mapptng by 
pubhc and prívate uuhties. ULCC ts 
helptng finance a maJor demonstra­
ttOn at Memphts. Tenn The city, 
county, .Memphts Gas Light & Wat­
er. and South Central Bell are 
workmg together. currently they and 
others have perh:1ps 10 sets of map-. 
covenng the same area-money can 
be saved by cooperating Goal of thts 
program ts to establtsh recom­
menJed standards and procedures 
Q Where can 1 get more tnforma­
tton' 
A. The APWA Uttlity Locatton and 
Coordin.111on Counctl's addre-;s 1s 
1313 E. 60th St. Chtcago 60637. 
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Nonmap uses of the daia base 
1 

One of the ma3or reasons for 
turning to mapmakmg by computer 
iS because the data base w11J make 
poss1ble nonmappmg apphcations. 
Q. Can you g1ve examples' 
A. The San Antoh10 (Tex.) Clty 
Pubbc Service Board, a public gas 
and electric utihty, has maps tied to 
the Texas state plane coordinate 
system, on wh1ch are plotted all elec­
tric-líne poles and gas mains. 

In addition, the c1ty's Police 
Department uses the data base as an 
aid in d1spatchmg squad cars. Seems 
that San Antonio is an old city, of 
m1xed MeXIcan and American hen­
tage. In sorne cases the same street 
changes 1ts name four t1mes withm a 
d1stance of only 10 blocks Often the 
pohce receive an emergency call­
and the caller gets the street name 
wrong. or gives a non-existen! street 
address. 

Thanks to computenzed street 
mformation, the pohce can corree! 
false mformat10n (wh1ch is usually 
not knowingly g¡ven mcorrectly). 

Procedure A telephone clerk takes 
the call, enters caller's address and 
nature of call, mto computer mem­
ory. The cómputer program checks 
to see if there 1s such an address, ¡f 
1t's in the city or a suburb, and if it's 
a mulli-family address (m wh1ch case 
the clerk asks the apartment num­
ber) 

Computer also determmes from 
wtuch of212 patrol-car terntones the 
call comes; forwards call to proper 
d1spatcher, and prints out which 
patrol cars are nearest the caller. 
(System also keeps track of status of 
each patrol, so as not to bother 
already-busy cars) 

System will, each month. plot a 
cnme-comour map of each car's 
temtory-by sh1ft Th1s should help 
pohcemen be at the nght place and 
nght lime As cnme pattems sh¡ft. 
system w1ll help Pohce Department 
to equahze the work load of the 212 
patrols. 

Thought to be a nauonal leader. 
thiS system was developed w¡th help 
from the H Dell Foster Co .. San 
Antomo. System Wlll go operat10nal 
next June. For more mformatwn· 
Capt. Jacques Hardy, San Antonio 
Pollee Dept . P O Box 9346, San 
Antonio, Tex. 

Electrlc utlllty analyzes 
dlstributlon transformer load 

Q. Who conductcd the study? 
A. This has been done cooperatively 

by four electnc utilities-Arkansas 
Power and Light, Mississippi Power 
and L1ght, Louisiana Power and 
Light. and New Orleans Public 
Serv1ce Jnc.-that together cons\Jtute 
the M1ddle South Utihties System. 
Q. How was it conducted? 
A. Don Preston of the New Orleans 
company explams: First, aenal pho­
tos were made of the 95 sq m1 (246 
km 2

) service arca of the utihty. 
But map information was not digi­

tized, except for locatlons of 20,000 
transformers. Why dig1t1ze th1s mfor­
matwn? "lts geographic location, as 
ind1cated by X and Y coordmates," 
Preston explains, "was the only 
umque, 1denufier number for each 
transformer that wouldn't change." 
Q Why make the network analysis? · 
A So as to more optlmally s1ze 
transformers-makmg them big 
enough to minimize fa1lures, yet 
small enough to m1mmize cap1tal 
cost. In the past, crewmen eqUJpped 
wnh meters clim bed transformer 
poles; but NOPSI has too many 
transformers to gather mformation 
for analys1s th1s way. 

A better way was found-a statls­
tlcal correlation between a cus­
tomer's k1lowatt-hour usage of elec­
triclly and the transformer peak load. 
These correlat10ns were fed to the 
computer. as was informatwn ·on 
customer /lransformer assoc1a hons 

The uhhty believes they w11l save 
money, for ¡f they can pred1ct which 
transformers may fail, these umts can 
be replaced on the field crew's 
regular time, not overtime at mght 
(summer load peak is in the evenmg, 
due to au cond1t1oners) (For more 
wformatwn. Don Preston, Ma1l Umt 
35, NOPSI, 317 Barrone St., New 
Orleans, La. 70112.) 

The po/ice in San Antonio 
will use a geographic data 
base and computer to more 
efficlently deploy their 212 
pairo/ cars, perhaps even io . 
uialign patrol distrlcts based 
on geographic distribution of 
crimes. 

Q. Any other non-map uses of geo­
graphlc-mdexed d1glla/ data bases? 
A lndeed there are But, the poten­
t¡aJ is just begmnmg to be utiilzed. 
Know of any notable examples? 
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twns were pmpointed precisely m th1s 
way· Before the aenal photos werc shot, 
large nngs had been painted around 
each BU manho\e (for valves) Gas 
pipes generally run str.ught betwccn 
these m.1nholes. 

The geographic courdinates-north­
south and east-west-of each curb. 
bmlding front. and gas manhole u.ere 
recorded on magnehc tape (llus was 
reportedly the first bigjob on whtch lh1s 
''d1g11izmg" was done d1rectly from the 
aenal photos, w¡thout first hand­
drawing a map of the lines lo be dlgJ­
uzed. Th1s cut Raytheon's costs.) 

Next, locat10ns of p1pe fittmgs and 
bmlding-service connections on the 
mams were d1g1tized. Thts was done by 

Brooklyn Union Gas spends $12 
mil/ion a year lo dig 40,000 
hales (to repair pipe leaks, add 
or replace littings). /f pipe 
/ocatlons are pinpointed better, 
number of hales dug wi/1 be cut, 
saving money. BU's new 
computer map system wi/1 
hopefully do that, soon repay its 
$1.5 mil/ion cost. 

mputtmg to mag tape the detailed mfor­
mahon m the 18,000 field sketches As a 
check on accuracy, all thc mformat10n 
was plotted. 
Q. Did e1•eryrhmg fit? 
A No Many errors were detected. 
sorne m digltlllng, but many because 
errors or omissions had been made 
years before in the field books 

For example, 20.000 ft (6 1 km) of 
French cast 1ron p1pe was found-even 
though none was shown in the sketch 
books 

And there were places where an 
imposs1ble or illogical connection was 
shown m a sketch-such as the connec­
hon of a 4 m (102 mm) p1pe toa 2m. 
(S 1 mm) p1pe w1thout use of a reducer. 
To determme what was actually m the 
ground. m sorne cases BU has been 
diggmg test holes. 

In- all. sorne 500 vahdat10n checks 
were programmed into Raythoen's com­
puter. to check completeness and 
accuracy of the data base 

More than once, BU crews have been 
sent mto the field to replace unsafe or 
mappropnate p1pc or fitungs or corro­
swn protect1on. uncovered m th1s v. ay. 

Next, after Raytheon ~eh..,ers a map 
lo BU (the job w11l be completed about 
mld-1977), BU itself runs field checks. 
Some errors are being found_ reports 
Ene Osterberg, engineenng d1rcctor of 
BU's Di~tnbution Department. but gen­
erally the maps are "extraordmanly 
good." 
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Q In what Jorm ·are the completed 
maps' 
A Blowups of the stereo compikd 
photos and maps are bemg delivered in 
thret: forms. 

o oí Iand areas 1,000 ft (305 m) 
square. These maps. to scale 1" = 40 ft, 
show every piece of ptpe and every 
fitting. 

o maps and photos of land areas 
3,000 ft t,915 m) square, to scale 1 m. = 
120ft; and 

o an index map on which are refer­
enced all the second class of maps 
Q. How wlll the chgital data base be kept 
up 10 date? 
A. Unless it's kept up to date. in time 
the data base's usefulness will drop 
sharply. Updating will be done usmg 
the Calma system m severa! ways: 

o On the "DtgttiZer Table" (see 

Three years ago. Development Con­
sultants, a small civtl firm in Houston. 
began using a computerized mappmg 
system. Perhaps even owner Notan 
Purser. PE, dtdn't realize how it would 
pay· off: 

1 ¡1 

photo ). the oper:uor places a map of the 
information to be digitized. The map 
can be to any scale, oriented on the 
table in any way To input new informa­
hon, 'the operator spots hts "cursor" 
precisely over each key point on the 
map. pushes appropriate buttons 
(tndicating the type of information 
being recorded), and then pushes a 
button recordmg the new information, 
and erasing the old from the mag tape. 
This approach ts used tf enurely new 
streets are being recorded from builders• 
plot plans. 

o But on Staten Island, most streets 
are m place, and already recorded on 
the BU data base So changes are made 
m another way: The street or intersec­
uon m question is brought up on the 
cathode ray tube (CRT). The operator 
revtses th.is electronic "map" using a 

Speed of map making has increased 
almost unbelievably. A dramatic exam­
ple was a 715-Iot subdivtston. 

Data Processmg Manager Don Quinn 
dtd 90% of the office work himself in 
one week In pre-computer days the JOb 

"pen" and a typewnter-like keyboard. 
A check of what he's tnput to the mag 

tape-lls nature and accuracy of posi­
uoning-shows immediately on the 
CRT, and errors readily corrected. 
Q. What hardware LS m the BU-Calma 
map-updatmg system 7 

A. Key items of hardware in the system 
include a mini-computer by Data Gen­
eral: a dtsk dnve by Century; a tape 
dnve by WaQg: a tablet-editing station 
by Calma: a plotter and controller by 
Calcomp. and CRT's by Tektronix. 

But perhaps more important to the 
success of the system than hardware is 
the computer programs, because they 
make it easy to update a map. Until two 
years ago, updating a digital data base 
was a "nightmare," says Osterberg, and 
no programs had what BU constders 
adequate validity checks. (See box.) 

would have taken five draftsmen six 
months. 

Lots m the subdivision average 65 x 
120 ft (20 x 37 m). ''The total job 
mvolved computations, platting of two 
sections with all annotations includmg 

In computer mappmg 
system for subd!VISIOn 
work, key hardware 
elements shown are, 
from rear keyboard 
and CRT atpha­
numenc /me pnnter 
(gJVes non-map output 
/rom computer), and 
plotter (automat,cal!y 
draws maps) Not 
shown 1s fourth key 
1/em diQIIIZar tabla 
(u sed to transfer 
mlormat10n lrom 
conven/lonal map to 
computer) 
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A computcr-driven plotter draws fas­
ter than a drafl!.man-from JOto 50 and 
more times as fast. 

Many plotters 'draw a lme less preci­
sely. or make c~~es less smoothly than 

Secl1on of map drawn by 
Calcomp's new vert.cal plotter. 
wh1ch 1S part of mappmg 
system ar Brooklyn Umon Gas 
Co Speed 30 m jsec w1lh 
ballpoml, 10m /sec Wlth llqwd 
mk ResoluiiOn O 0005 m 
MaJamum SIZe 33 x 60 m 
Cosr $30 000 for plorter alone. 
plus $27.500 for BK 
progr.Jmmable conlroller (wh1ch 
frees the central mm1-computer 
m the mappmg system lo do 
other thmgs) 

Sample ot map drawn by Wang 
plotter used by Developmenl 
Consuttants. Houslon Cosr 1s 
modesl-$7,000-as plotlers go 
1t draws maps up lo 31 x 48 
m . and 1s used for all mappmg 
¡obs al lh1s flfm Speed 1S 
descobed m accompanymg 
slory. "SubdiVISion Maps 

H:ghesl m cost-$150,000 ro 
$200,000-ls photohead plotter 
But. as thts sample shows. /me 
quallty 1s also the htghest (as 
good or better than /mes drawn 
manual/y) Map was plotted 
commerctally usmg magnettc 
tape supplled by Texas Hlghway 
Oept 

1 

X 

Plotters-many types 

a draft-;man can. However. thc lower 
quality work JS acccptable for many or 
most purposes 

Other plotters do as good a JOb or 
better than a draftsman. But they are 
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very costly. 
Here are samples of lme work by 

plotters used in the _computer systems 
de~cnbed m th1s artJcle. The hnc-work IS 
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decticauon~. title blocks and all general 
notes plus all plans and profiles drawn 
by the plottcr All this involved 35 plan 
sheets-yet my total time for draftmg the 
plans was less than 24 hours." reports 
Qumn 

That's one man-week to do a job th¡u 
formerly requ1red 125 .. Even with com­
puters, how can a job poss1bly be 
speeded this much? (For example. 
others have told CE that computer 
mapping systems speed work by from 
three to 10 times.) Among the reasons 
why Development Consultants has 
speeded development mappmg much 
more than th1s are the followmg· 

o Where such map elements as strect 
cross-sectwns are standardized. the 
computer program can be written so 
that. to draw all !mes on the street, all 
you need mput 1s the centerline of the 
street. This speeds drafting ~ 

o Development mappmg is repetitive 
Maps using the same lines have to be 
made severa! times (1) boundary map 
of the to¡al subdiv1S1on or development. 
(.2) maps of portwns of the total. as they 

Would you believe that a 
computer map system could cut 
map-drafting manhours for a 
715-/ot subdivision from 2'/z 
man-years to one man-week? 
That's the report from Houston's 
Development Consultants. 

are la1d out mto tndiVIdual homes1tes. 
(3) maps used as the bas1s for earthwork 
constructiOn of streets (and water, sewer 
and drainage systems). and by ullhty 
compames m Iayuig electric. telephone 
and gas, and (4) a tttle map of e¡¡ch 
mrl1vidual paree! (Purser's firm may or 
may not do thts Iast) ' , 

In computer mappmg. once the X and 
Y coordtnates of a pomt are recorded on. 
magneuc tape. 90% of the work m 
mapp1ng that point !S already done 
Th1s ts not true w1th convenuon .. tl 
mapping-you must re-plot the same 
point each time you make a new map 
Thus, when you have more than one use 
for the geograph1c data. 5avmgs m t1mc 
and money mu!uply . 

2 Cost of map-makmg. m the ca\t of 
Development Consultants' subdtvis!On 
maps. ts sharply lowcr than for ,map~ 
madc conventwnally 

To make the same number of maps 
that now cost Purser about S/.000 a 
month for the $30.000 Wang m.!pp1ng 
system. would. he calculate\. cost .1bout 
S/0.000 a month 1n draJrsman sa!arres 
(To the computcHy~tem cost. aúd the 
$3.1)00 a month s.1lary co~t of computer 
operaung personnel ) 
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Computer mapping-growing popularity 

Computenzed design and map­
ping is taking off m the civil engi­
neenng field. -Among reasons for 
thiS, reports software supplier Hector 
Holgum of El Paso. Tex .. are these: 

• Hardware costs have plum­
meted During th·e past 10 years a 
number of civtl engmecnng organi­
zations have used such hardware as 
IBM 1130 computers for des1gn and 
mapping work, at a cost on the order 
of $3,500 a month. Now, Holguin 
reports. thanks to far less costly mmi­
computers, plotters and other umts, 
hardware system cost may soon drop 

Those 10 draftsmen would occupy 
perhaps 1,000 sq ft (93 m 2) of office 
space. which would also have to be patd 
for. 

, Cost savtngs come also m draftmg the 
alpha-numenc parts of Qumn's maps 
"We used to have to type ded¡catwns. 
then etther fold the plat. whtch would 
make 1t Iook bad. or send tt out on a 
reproduction matenal to have 1t photo­
graphed at a cost of perha ps $1 SO plus 
the time mvolved We spent a few thou­
sand dollars sendmg plans and profile 
sheets out and havmg our t1tle blocks 
professwnally done wtth our company 
name Now I can take a blank ptece of 
film and prepare a profe'>Sional lookmg 
mle block dunng spare ttme 

"We save more ttme because the 
computer stores standard paragraphs. 
phrases and certificatwns We only type 
m data that 1s umque to the JOb at 
hand" 

3 Errors are reduced. Qumn reports, 
when maps are made by computer The 
reason 1s thts that "all mformatwn for a 
gtven project is stored on magnettc 
dtsks We n.:ver really 'touch' that data, 
we stmply recall Il and rework tt when 
necessary 

''When maps are made and calcula­
twns done manually. errors are occa­
Sionally made in lookmg up tngono­
metr:c functtons, or m surveymg. or on 
the draftmg table m plotung the wrong 
grad.: or elev~tion Just to calculate the 
locat1on ofeach pomt on a map mvolvcs 
four manual steps. whtch means four 
ch:1nces for error 

"We are 'turmng out work that 
become'> part of offictal record'> If we 
make errors. we coulú end up 'buymg' a 
hou<;e We have .1 trcmcndous ltabthty. 
and ustng manual method'> we JUSI 
c .. tnnot m&tch the accuracy of the 
computer. 1 est1m:1te that computer 
m:1pp1ng cu~ errors 90% " 

4 Employ~es are happwr wtth the 
1 

as low as $700 a month for sorne 
applicatwns 

o For years the hardware suppliers 
were the Ieading innovators. Natu­
raUy. they mvested most m hard­
ware, leavmg much of the program­
writing task to users. Program devel­
opment tra1led hardware innovatton. 
But m the past year or two or three. 
software innovations such as Hol­
guins's (and by other companies 
menuoned in a box elsewhere in this 
roundup) have been another Impor­
tan! cause of the fast growth of 
computerized mapmaking 

computer.system, Qumn reports Know­
mg they have an effictent. trailblazmg 
computeriied system, "field teams 
charge afler thetr work a httle more. and 
they take more pnde m the1r work. 
Because our people are happter. we 
have fewer personnel problems w1th the 
computer mapping system" 

The Wang system can handle peaks 
m work loads-and ts inexpensive 
enough that the firm can afford to let 11 
set idle dunng slack penods. The result 
IS less hmng lo staff up for work peaks. 
less laymg off dunng slow penods "A 
week's overttme of the 10 draftsmen tt 
replaces can equal the system's cost for 
a month" 

Hardware and software 

Hardware comes from Wang Labora­
tones, Lowell, Mass. and mcludes 
among key Items of equtpment mint­
computer. CRT (televtswn) dtsplay and 
keybo:1rd, and flat-bed plotter that 
draws maps up to 31 x 54 m (790 x 1370 
mm) All were made by Wang Labora-
tones, Lowell. Mass 

1 

Most of the computer programs for 
Development Consultants werc wntten 
by Holgum Assoc1ates. El Paso. Tex 

That firm's chtef, Hettor Holgum. 

In making survey cafculations 
and maps, errors are 
occasionally made. Making 
maps by computer may cut 
these errors 90%. 

repom that h1s softw:lre has been 
purch,v-.cd by more than 300 firm\. 
doubtlc~' m.iktng h1m :1 n .. ttlonllleader 
m mMkcung Clvtl engtnecnng pro­
gram~ Holgtun·, softw.m: bu..,tness vol­
ume reportcdly doublcú from 1975 to 
1976 
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Te}{as Hüglhway Departmeni's compiUiterized mapping¡ 

Qutte dtfferent m stze and evoluhon 
from the mapping sy~tem descnbed 
above ts that of the Texas Sta te Depart­
ment of Htghways and Pubhc Transpor­
tauon 

Thetr system evolved from an in­
hou~e aenal mappwg operat10n. Whtle 
thetr system ts big-because Texas ts 
btg-tt ts adaptable to even small 
mapping operat10ns. report Tommte 
Howell and Frank Cooper. 

The maJOr ttems of cost and benefit 
are· 

A nnua/ Costs (5 year amorltzatwn) 
Photohead ftatbed plotters 

o In pre-computer days as today. 
maps are prepared from photo-pam m 
the stereop1otter. In the old days. the 
stereoplotter operator viewed the pro­
jected 3-D image of the aenal photo on 
a tracmg table, and drew the demed 
line. 

Today. instead of drawmg hnes. the 
opcrator moves hts dtgtttzer over the 
proJected tmage. and thts automattcally 
transfers to mag tape the X-Y coordi­
nate values of all photo features he 
traces 

The informat10n on mag tape ts pro­
cessed by computcr, creatmg a geo­
grapluc data base. From thts data base, 

any deSHed map can be plotted auto­
mattcally by the computer. 

lnteracllve graphics adopted 
for mapplng and deslgn 

Te>.as VJews carr)' wetght. tf for no 
other reason than that the state highway 
department devcloped the "Roadway 
Destgn System" (computented highway 
destgn and mappmg program) funded 
by the Federal Highway Admtmstra­
twn The RDS has been furmshed to 
over 50 agencies by FHWA; an RDS 
user group was recently formed Eleven 
state transportation agenctes have ad­
opted the system. 

(htghest quality and cost) $36;ooo 
Dignizers (directly from 

stereoplotters. 8 of them) $24.000 
Computer (system uses 

computers reqUtred for Who can do such a job for my company? 
other purposes) O 

Total cost $60.000 

Annua/ Benefits 
Ehmmate scnbe-coat 

matenal used m manual 
mapptng 

16 fewer draftsmen 
(drafttng staff reduced 
from 20 to 4) 

Total benefit 

$ 24.000 

$160.000 
$184.000 

Among factors m the cost benefit 
equat10n that Howell uncovered m hts 
pre-purchase analysts 

o The btg savmgs come tn thc need 
for fewer map draftsmen Only four are 

Computer mapping has a 
benefit: cost ratio of 3:1 for its 
big operation, says the Texas 
Highway Dept. Big saving: labor. 

needed. compared wnh 20 a few years 
ago Thesc labor savmg~ result from the 
p1otter's htgher speed than manual 
mappmg Texas uses two ktnds of plot­
ters-drum. whtch ts 50 limes as fast as 
manual mapping but >acnfices some­
thmg m hne qualtty. and the photo-head 
ftatbed. whtch ts 12 ttmes as fast as 
manual and gives even better quahty of 
hnework 

o Savmgs in office space formerly 
occupted by the draftsmen who are no 
1onger req utred The'e 16 peop1e 
requtred more than Uoo sq ft ( 112 m2). 

whtch cost severa! thousand dollars a 
ycar m office space lOSt 

Talk to more than one system 
packager. (lfyou're new to computer 
mappmg. don't try to assemble your 
own system.) 

Be cautlous tf you're to be a soft­
ware-suppher's first customer m your 
type of apphcatwn. There ts a 
"Jearrung curve" to apphcat10n of 
any new technology-in the early 
months and years of apphcat10n, 
mistakes are mevitably made. 

Get the best advice you can One 
good way to JUdge quality of a 
consultant or suppher ts to talk to 
those wh·o are using the product or 
service you:re thinkmg of buying Pm 
them down as to re1iabthty, cost, 
speed, quahty of Jme work. etc. 

To make or maintain your own maps 

Severa! compames are marketmg 
computer mapptng systems, among 
them (in alpha behcal order). 

Apphcon 
154 Mtddle~ex Turnptke 
Burhngton. Mass 01803 

Auto-TroJ Corp 
5650 N Pecos St, 
Denver. Colo. 

Calma 
707 Ktfer Road 
Sunnyva1e. Cahf 94086 

COmpute fVISIOO 

201 Burhngton Rd. 
' Bedford. Mass. 01730 

H Dell Foster 
PO Box 32581 

t San Antomo. Tex. 78216 

\ 
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lnformatton Displays lnc. 
150 Clearbrook Rd. 
Elmsford, N Y. 10523 

M&S Computing 
PO Box 5183 
Huntsvtlle. Ala. 35805 

1 

Synercom Technology 
6300 Htllcroft 
Houston. Tex 77036 

Wang Laboratories 
1 lndustnal Ave. 
Lowell, Mass. 01851 

Have a service bureau do the job? 

Another optwn ts to have your 
map data base (and maps) made 
andjor mamtained by a computer 
servtce bureau. Such servtces are 
offered by. among others: 

Aero Servtce Corp 
8100 West Park Dnve 
Houston. Tex 77063 

Autographtc Mappmg 
1200 Mtlan 
Houston, Tex 

Auto-Tr,JI 
(see hsting above) 

Computer Graphtcs Co 
899 Logan St. 
Denver. Colo. 

McDonnell-Douglas Automatwn 
Box 516 
St. Louts. Mo. 63166 

Uhhty Data Corp 
1111 Fanrun 
Houston. Tex. 

1 

" 
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That work was don<! s1x years ago. 
Now bemg develop<!d at Texas, also 
und.:r FHWA contract, 1s an 
"mt.:racuve graph•cs" system. Th1s wlll 
further speed mapping (see photo) In 
add,uon, it will pennit des1gning roads 
and structures directly on the CRT. (See 
CE cover story, 2j76) 

The new lnteractive Graphics System 
was put together for Texas, and software 
developed, by M&S Compuung, Hunts­
vule, Ala. Hardware includes, at each of 
two statwns, two Tektromcs CRT's, and 
a Dtgital EqUipment Corp. mm•­
computer (PDP 1135). The system has 
no separate plotter-output is on tape, 
wluch IS simply transferred to the state's 
emtmg computer-plotter map system 
described above ' 

(For more informauon on the Texas 
system, arld the mteractive graph1cs 
modtficatiOn, write Tommie Howell. 
DlvtSIOn of Automatlon, Texas Depc.irt­
ment of H1ghways and Pubhc Transpor­
tatwn: Austm, Tex 78731.) 

-

Do You KnowThat 

Engineering educaiion in computer graphics 

How wtdely taught m U.S. engi­
neenng schools is computer 
graphics? 

ASCE's Computer Graphtcs Com­
mittee wondered, so conducted a 
ma1l survey of 200 CE department 
chairmen, with these results: 

o Of 105 respondents, 13 use 
graphics in undergraduate education. 
But virtually all courses on the 
subject are elective only. And not 
one school teaches interactive 
graphics (cover story, CE 2j76). . 

In other words, the old draftmg 
courses have been phased out at 
most schools, but the new computer 
graphics 1sn't yet in. 

o How llkely IS graphics to be 
taught in the future; and how soon? 
About 20% of respondents feel more 
graphics educatwn is needed, and 

about 30% see unusual design poten­
tia¡ m it. 

o Why aren't more schools teach­
mg computer graplucs? In most 
cases, because of unavailabihty of 
hardware andjor faculty fanúhar 
with it. 

(Computer graphics has advan­
tages and dtsadvantages, notes Pro­
fessor W.R. Spillers, Rensselaer 
Polytechnic lnstitute, Troy, N.Y. Ad­
vantage: tbe student can quickly see 
many cases on the CRT screen. 
Disadvantage: the computer does the 
step-by-step computation, so the stu­
dent may lose sorne comprehens10n 
of design details or steps.) 

For a copy of the full study by the 
ASCE commlttee, contact 1ts chair­
man, Barry Flachsbart, McAuto, 
P.O. Box 516, St. Louis, Mo. 63166. 

Texas Htghway 
Department"s computer 
mapptng system ts bemg 
updated wdh lhts 
"mteracltve graphtcs" 
system Thts work statwn 
has two CRT's-sma/1 one 
shows map of large area 
larger screen zooms m to 
show sma/1 area m great 
detatl Large tabte ts 
dtgt/wng table. lar 
mputtmg map ltnes to 
compu,er Smalter board 
ts tabiet wtlh many 
mapmahtng tnstruc/lons 
wntten on •'s surtace (and 
pre-programmed mto 
computer). tabler speeds 
mapmahtng At nght ts 
pnnrer thal makes paper 
pnnl of map shown on 
CRT Operator ts usmg 
magmlymg glass lo study 
pnnt of map shown on 
CRT, wt/1 make 
correcltons tf necessary 

• someday homeowners mlght be taklng thelr dogs out lor 
8 swlm? Well. not QUite. but homeown8rs of the future rray be 
1nvest1ng 1n a n1ce ilttle undersea hab1tat w1th a front yard of we\1-
tnmmed sea grass-at least 1f the research oe1ng conduc;ted 
by Wolf H1bertz. asso<.1ate profP.ssor of archltecture at th~ 
Un1vers1ty of Texas. 1S successful For severa! years he h;as been 
work1ng on the development of a technology for produc1rg 
matenafs lo bUIId undersea habitats for humans an arcn1tecture 
wh1ch m1ght be located under water. floal on the surface, cr be 
transported onto land H1s process 1nvolves the electncal 
depos1hon of mmerals on the surface of submerged metal forms­
such as w1re mesh An electncal curren! passed through the metat 
sets otf a chem1ca1 reacllon wh1ch causes the mmerats t6 adhere 

.•. steel drums holding palnt lor hlghway surlace marklngs 
could become trash, but lnstead hold lt? Steel drum producer> 
surveyed the d1sposal pract1ces of a ma¡or user. the h1gt1way 
department of the 50 states wh1ch buy traff1c pa1nt m 55 gal 
(206 1) drums for road and h1ghway surface markmgs A h1gh 
response-33 of the 50 states-showed that the overwhelmmg 
usage of empt1ed drum 1s convers1on by the departments to trash 
receptacles There are other secondary appllcat1ons such as 
constructlon markers wh1Ch are also eff1C1ent and conserva11on­
m1nded But because more drums are empt1ed than needed 
responden!<; reported that the surplus 1s sold to drum 
recond111oners who refuro1"'h them for use as sh1ppmg conta1ners 
Orums 1n poor cond1t1on are sold to scrap dealers for recycJ,ng 
through the steel-mak1ng process lo the w1re and eventually cover the mesh comoletely 1 
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CompuL .t Graplucs, Vol 1, pp 161-374 Pcs¡amoo Pre., 1971 Pnntcd '" Grcat Bnta~n 

THE USE OF INTERACTIVE COMPUTER GRAPHICS 
IN THE CON FORMAL MAPPING AREA * 

JOHN C. BRUCH, JR. 

Department of Mechanical and Env1ronmental Engmeenng, Um\emty of Cahforma, Santa Barbara, CA 93106, 
U.S A 

Abstract-The conforma! mappmg area lends 1tself very readily and eas1ly to the use of mteract1ve computer 
grnph1cs. Th1s 1S demonstrated by mvest1gatmg w1th an lnteraclive computer graph1cs ~ystem (the Umvemty of 
Cahforma at Santa Barbara On-Lme Computer System) the conforma! transformauons applied to flu1d flow 
problems A descnpt1on of the des1gn ph1losophy of the system 1S g1ven along w1th a vanety of flow examples 

INTRODUcriON 

In the study of bydro- and aerodynamics [8, 13-15], flow 
v1suahzation is an importan! too! for the complete 
understanding of fluid flowfields. Being able to VISUally 
see the streamlines enables one to study and analyze the 
ftowfield with more exactness and confidence. The shape 

, of the flowfield, the locatiOn of cnt1cal pomts, and other 
fluid dynamics quantities can be obtamed from accurate 
flowfield patterns. 

There are many ways of obtaining flow visualizat1on of 
fluid flow patterns Sorne of these are· quahtat1ve 
blackboard sketches, graph1cal póint-by-pomt p1ctures 
(one approach here would be to add streamlmes of simple 
flow patterns), analogs, mov¡es[11], and other expenmen­
tal techmques such as the hydrogen bubble method [11] 
and smoke tunnels. However, sorne of these approaches 
are limited m the number and types of flowfields that can 
be shown. These approaches also yield httle dewable 
information other than the shapes of the flowfields. 

The method of flow v1sualization descnbed herem uses 
conforma! mappmg techniques and the Umvers1ty of 
California at Santa Barbara (UCSB) On-Line Computer 
System [6, 7]. A descript10n of the des1gn ph1losphy of the 
system is g1ven m the next section Smce th1s system has 
the capabihty of operating on vectors, 1t IS ideally suited 
to perform complex operations, espec1ally conforma! 
transformations [5, 12]. This feature in add11Ion to 1ts 
versatility and speed makes the system unusually 
outstandmg in presenting flow· visuahzat10ns. lt al so has 
the capability of printing out on the oscilloscope the 
co<>rdinates of any point 11 has displayed or any other 
val u e 1t has calculated. 1 

During the past severa! years, the On-Lme System1 

(OLS) has been used extenSIVely for computer-aided 
mstruction in Engmeering at UCSB[9] Typ1cal uses of 
the system have included instruc!Ion in complex 
variables[16], circuits and networks, control systems and 
hydrodynamics [4], among others The ways1 in which the 
system has been employcd to enhance the impact of the 
engmeering curnculum are the on-hne gcnerat10n of 
d1splays for the lecture hall [4], laboratory se~~•ons in ~ 
computerized classroom [ 17], and as a veh1cle for th¿ 
preparation of audio-visual aids [2, 3] j 

1
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The paper ¡s d1rected toward use of the UCSB OLS as a 
computer-aided research and des¡gn too! in the conforma! 
mapping area With emphasis on applications to flUid 
flowfields Herein, the OLS' capab1hties and potentia\ m 
the study of sorne classical flowfields Without free 
surfaces is d1scussed. However, flow problems w1th free 
surfaces can also be handled very easJ!y[l] A later 
sectlon demonstrates a variety of these classical two­
dimensional irrotai!Onal flow patterns [8, 13-15] that can 
be mappcd and displayed and the pertment flUid dynam1cs 
mformat10n obtamable from the d1splays. 

THE COMPUTER SYSTEM 

The UCSB On-Lme System[6, 10] IS an extended 
version of the so-called Culler-Fncd system [6]. lt is 
1mplemented on an IBM 360 Model 75 computer and 
employs a storage osc11loscope for output and a dual 
keyboard for mput, as 1llustrated m F1g. l. The duahty of 
the keyboard arises from the operation-operand onenta­
tion of the On-Line System. The system des1gn 
ph1iosophy prov1ded for the ¡solation of the controlling 
processes (the operators) and their effects (the transfor­
mation of the operands). Thus the system structure 
cons1sts of a set of operators, a set of appropnate 
operands on whtch the operat1ons are defined, and a 
means of sequencing the applicatiOn of the operators to 
the appropnate operands. The buttons of the lower 
keyboard address operands, wh1ch currently can cons1st 
of smgle numbers, of lists of numbers (vectors), or of 
arrays (two-dimensional hsts of numbers) al! composed of 
e1ther real or complex elements These operands provide 
temporary storage for intermed1ate results, and generally 
play the role of variables m an algebraic expression. The 
vanable structure for a given problem ts specified by the 
top row of buttons on the upper keyboard (see F1g 1). The 
first stx buttons O-VI) are operator category keys and 
spec1fy the form of both operators and operands Hence 
they es~ent1ally act as sh1ft keys with 1 specifymg a 
context of smgle numbt:rs, Il spec1fymg vectors, and Ill 
arrays The ncxt two key~ (REAL, CMPLX) spwfy 
whether thc operators (and the1r operands) are defined as 
real or complex For example, 1f Il CMPLX 1s spec1fied. 

o. 
, ' 
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Fig 1 An on-hne console. 

the operators w11I be transformations on complex vectors 
(of 51 elements, unless otherwise specified). Since th1s 
paper deals w1th complex (conformal) transformations, 
the appropnate operations are primarily those of II 
CMPLX and the nature of the operators on that leve] w11l 
be descnbed. 

The available operahons, which can be inferred from an 
observatwn of the keys shown m F1g. 1, include 
anthmetic operat10ns such as addition, subtract10n, 
multiplicallon, div1S1on, square root and conjugation, 
elementary funct10n operations such as sine, cosme, 
logarithm, exponentiat1on and arctangent, data mampula­
tlon operat10ns such as load and store; mput/output 
operations of enter and d1splay; and program control 
operations such as reset, test and repeat Moreover, the 
system provides for the combmation (concatenation) of 
operators to make compound operators. By means of the 
LIST operator, it 1s possible to specify a sequence of 
button pushes (representmg a part1cular sequence of 
operations upon spec•fied operands), and store the 
sequence away for future use S1x le veis of user operator 
storage are prov1ded, which are called by keymg USER 
and then one of the buttons I-VI Thus, for example, a 
g1ven hst of operallons could be stored 'under' the name 
USER 1 EXP The subsequent pushmg of those three 
buttons would then call up the ongmal operator sequence 
Th1s techmque prov1des an essential program wnting 
capabihty whJCh was used extens1vely m the generat10n of 
thc 111u~tratJve d1splays de~cnbed m th1s paper. Append1x 
contains hstmgs of a number of the programs employed 
m th1s study, together With a d¡scussion of thc mathemau­
cal operat1ons being performed, and provides an Idea of 
the power of the system and of the ease With wh1ch Il can 
be used. 

In applymg the system to the mathematic~ of fluid flow, 
first note that a complex vector can be considered to be a 
parametnc representa! IOn of a complex funct10n Thus by 
generating a vector With elements whose real parts 
mercase by a fixed amuunt from element to element and 
whose 1maginary parts a~e all equal, a (d1screte) paramet­
nc representat10n of a straight hne can be produced 

parallel to the x-axis and ata specified distance from 11. 
Facihty for the generation of such a vector (along Wlth 
many other convenient parametric forms such as the umt 
circle) is provided by means of an operator designated ID. 
Once generated, a functJon can be viewed by pushing 
DISPLAY RETURN wh1ch gives a stra1ght-line segment : 
representation of the funcuon) or either DISPLAY· ; 
RETURN or DISPLAY .. RETURN (which give pomt­
wJse d1splays of the function, the only d1fference bemg in · 
the mtens1ty and/or shape of the dots). The scale of the 
function JS automatically adjusted so that the enllre 
display appears on the face of the tube, and that scale can 
be d1splayed in numencal form by keymg DISPLAY O 
RETURN. A componen! of the vector (point of the 
funct10n) can be displayed numencally by md1cating 
DISPLAY n RETURN, where n is the number of the 
deSired componen!. 

COMPUTER GENERATED FLOW EXAMPLES 

f¡rst, a parametnc representation of a stra1ght lme, 
parallel to the ¡fraxis and a spec1fied d1stance from 1! can 
be produced by the generation of a vector w1th elements 
whose real parts mercase by a fixed amount from element 
to element and whose 1magmary parts are all equal A 
senes of vectors can then be generated This can be 
considered the W-plane (f¡g 2) or a umform flow defined 
by 

W=<i>+itp, ( 1) 

where W IS the complex potential, </> is the velocity 
potent•al, and oJ¡ IS the streamfunction. 

The W-plane (Fig 2) or umform flow can be mapped 
mto a flow at a wall angle () by the transformat10n 

W = Az", (2) 

where n = rr/8, A IS a real and posit1ve number, z = x + iy 
IS a complex number, and x, y are Cartes1an coordmates. 
F1gures 3 and 4 are examples of usmg equation (2) for 
d1fferent v. all angles. 
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Fig. 2. W-plane Streamhnes represenling uniform flow from left to-ngbt. 

Fig. 3. Flow al a wall angle ll :(2/3)'ll', A = 1 O. 

F1g 4 Flow al a wall angle ll = (3/2)'ll', A = 1 O. 
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More comphcaled flow\ can be oblamcd by combmmg 
the complex polcnlmh of \tmple flow pallerns. For 
example, the combmallon of a doublel dnd umform flow 
whtch yields the followmg equalJOn 

(3) 

where VE ts the velocity of the umform flow and a ts the 
radtus of the wcular cylinder or circle, transforms the 
W-plane (Fig 2) into a steady pallern of trrotatJOnal flow 
from left to nght past a CJrcular cylmder or circle with 
radms a (Fig. 5). (Note: m Ftg. 5 a~ well as in all the 
following displays and equations in which V~ and a are 
u sed, they are set equal to 1 O ft/s and 1 ·O ft, respectively). 
If a uniform vcloctty of -V~ is supenmposed on this 
steady pattern, the result ts the unsteady flow pallern 
caused by a cylinder moving to the left through a 
stationary fluid (Ftg. 6). This would be the pallern seen by 
an observer at rest. 

i 
Addmg a clockwtse vortex flow of strength K to 

equation (3) ytelds 

( 
a

2
) K W= U. z+- +t,-lnz z ~ 1T 

(K >0), (4) 

where K ts !he ctrculation or the strength of tbe vortex. 
Equation (4) transforms the W-plane (Fig. 2) tnto the 
pallern of trrotational flow past a circular cylinder of 
radms a with a clockwise circulatJOn. Figure 5 JS a speciaJ 
case of equatton (4) with 'K =O. 

Figures 7-9 are examples of irrotational flow past a 
cylmder for dtfferent values of a clockwise circulation. In 
Ftg 7 smce K< 4rraV~, there are two stagnation points 
on the surface of !he cylinder located at 

9 -• -K 
.=sm 4-U, rra m 

(5) 

where o. is the argument of the stagnation point's location 

Ftg 5 Flow pa~t a cyhnder (steady pattem) U.= 1 O ft/s, a = 1·0 ft 

Ftg 6 Fiow pasta cyhnder (unsleady paltern) U.= 1 O ft/s, a = 1 O ft 

t. 
t 
' 

1 

~ 
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Fig 7. Flowaroundacyhnderwithaclockwtsecirculation U~= 1 Oft/s,a = 1 Oft,K =3-rr ff/s. 

o 1 
1 

Ftg 8 F1ow around a cylinder wtth a clockwtse ctrculauon U== 1 O ft/s, a = 1·0 ft, K = 4-rr ft'/s. 

l· 

li 

Ftg. 9. Flow around a cylinder wtth ~ clockwtse drculatlon. U.= 1 O ft/s. a = 1 O ft. K = 4 1-rr ft'/s 
- 1 
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measured from the pOSIIive x-aXIS. For K = 37T rets. 
01 = -48"35 4' and -131'14·6' The On-Line display gives 
lhe locations of the stagna110n poinl~ lo be O,= -48°35·3' 
and -131'14·7' F1gure 8 demonstrates K =47TaU& For 
lhis case there 1s only one stagnation point on the surface 
as shown in the figure and demonstrated mathematically 
in equation (5). F1gure 9 illustrates what happens ú 
K> 41TaU~. There is no slagnation poinl on the cylinder. 
lt has moved out into the ftow to z = -1 ·4824í wh1ch is 
obtained directly from the display To calculate the point 
mathematically would requ1re the solution of a transcen­
dental equation. 

Another example of addmg Simple ftows and obtaining a 
more complicated ftow pattern 1s the ftow pasta half body. 
Here a source ftow of strength Q, = 27T f¡l/s is added toa 
uniform ftow so that 

W=~lnz+ V~z (6) 

to yield Fig. 10. The location of the stagnation point from 

the display is z = -1 O fl Malhcmal•ca!Jy, 

(7) 

where x.,., 1S the loca110n of lhc half body's stagnation 
point, y1elds the local ion as x .... =- 1 ·O ft. Since the half 
body slreamhne ends as 11 does in Frg. 10, the maximum 
width cannol be oblained from the d1splay However, 1he 
w1dth to any poml along lhe body as shown can be 
obtained. For example, the last point shown on the upper 
half of the body is localed al z = 2 3562 + 2· 3562í which 
g1ves a half w1dth equal 10 2 3562 ft. Using the following 
equation 

h = Q,(1T -0') 
21rU~ ' (8) 

where O' is the argument lo the location of a point on the 
surface of lhe half body measured from the positive 
x-ax1s, gives the mathematical value at that point which is 
2· 3561 ft. 

f¡g 10. Flow pasta halfbody. u_= 1 o ft/s, Q, = 21T ft'/s. 

F1g 11 flow pastan elhpse U.= 1 O ft/s. a = 1 O ft, b =O 5 ft 
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cyhnder by replacing z by Z1 in equation (3) and then l/2pU} = 
1

- U~ ' 
(12) 

using the transformation 

b2 
z=z.+- (b<a), 

Z¡ 
(9) 

where b is the radius of a circle inside the a-crrcle (here 
b = 0·5 ft). The a-circle is transformed into the ellipse 
A!though not shown, the b-circle would transform mto a 
hne of length 4b ins1de the ellipse along the x-axis 
symmetric around the y-axis. 

ln aii th<! above computer generated disp' Jy, except for 
the uniform ftow, it is noted that the dots in ;k ÍlgUres are 
not uniformly spaced along every stream~o ... ', e.g. the 
streamlines passing through the stagnallon points The 
spacing of dots is related to the veloc1ty d•stribuhon along 
the streamlines The velocity 1s inversely proport10nal to 
the dot spacing The complex veloc1ty relationship 

dW . 
-=u -tv 
dz ' 

(10) 

where u is the horizontal velocity componen! and v 1s the 
vertical velocity componen!, shows how the dot spacmg is 
related to the velocity. Taking the d1fferences m the dot 
spacing of a streamline and dividing by these d1fferences 
yields the veloc¡ty distribution of the streamline 

F1gure 12 1s an example of applying the above 
procedure to the streamline along the upper boundary of 
flow past an ellipse. The velocity at the top of the elhpse 
from the display 1s 1·6 ft/s Using the followmg equallon 
for the velocity at the same point on the elhpse 

dW 2Um 
dz = 1 +(b 2/a 2) 

(11) 

g1ves a value of 1·6 ft/s 
Then, applying the followmg relat10nsh1p to the above 

where 6.p is the pressure difference between a reference 
pressure, p~, where the velocity is U~, and the pressure at 
any point in the ftowfield, p, where the velocity is V, and p 
is the density of the fluid, the pressure distribullon of the 
upper streamline is obtained (Fig. 13). 

If instead of equation (9) the followmg equation 

(13) 

is used, the steady ftow pasta cylinder 1s transformed into 
flow past a ftat plate at sorne angle "1· Figure 14 shows the 
flow past a flat plate at a 45° angle. Usmg equations (10) 
and (12) on the upper streamline of flow past the plate 
yields Figs. 15 and 16. The On-Line displayed velocilles at 
the points z =O and z = 0·707 + 0·707t are 0·707 ft/s and 
1·112 ft/s, respective! y. Checking these w1th the following 
equation 

where 

dW =U sin<l> 
dz ~sin (<l>- a)' 

"' -• lzl .... =a +cos B 
2a' 

(14a) 

(l4b) 

and a is the angle of attack, yields veloc•ty values of 
0·707 ft/s and 1·115 ft/s for the same points 

Finally, if the followmg set of transformat1ons, 

-lo 
Z2 = z.e (15)' 

which rotales the pattern of flow through an a~gle of 
attack, .-a, 

(16) 

Fig. 12 Veloc1IY profile of slreJmhne along thc upper boumiMy of ftow pa,r an elhp,e. U.= 1 O ft/s, a = 1 O ft. 
b =o Sfl 
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13. Pressure p. Jfile of streamline a long the upper boundary of flow past an ellipse. U.= 1·0 ft/s~ a = 1·0 ft, 
b =0·5ft. 

F1g 15. Velocity profile of streamline a long the upper boundary of flow at 45• toa flat plate. u_= 1 O ft/s, a = 1·0 ft, 
1j = 45". 
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F¡g. 16 Pressure profile of streamline along the upper boundary of flow al 45' lo a flat plale u_= 1·0 ft/s, a = 1·0 fl, 
TI~ 45'. 

whtch rernoves the a-circle a distan ce m from the ongm in 
the direction 8, (Note· if 8 =o. the atrfml has no camber, 
wtule if 8 # O, there is carnber in the airfoil), and 

(17) 

where B =a cos f3- m cos 8 and f3 = sin-1 (m sm 8/a), 
is used in place of equation (9), the ftow past an airfOII 
results (F1g 17). Equations (10) and (12) are used to obtain 
the velocity and pressure distributlons of the streamhne 
along the upper boundary of ftow past this a1rf01l Figures 
18 and 19 are the corresponding d1splays Asan example 
of a cornparison of the velocity values (Flg 18), take the 
point z =O 5649 + 0·40441, where the value from the 
display is 1·28613 ft/s Using the following mathematical 
equation 

where <l>1 is the argurnent of the location of the pomt in the 
Zt-plane, gives a val u e of 1 · 28613ft/s for the veloctty. 

If in place of equation ( 17) the Karrnan-Trefftz 
transforrnation 

z+NB=(z1+B)N 
z-NB z1-B ' 

(19) 

where N is sorne constan! a little less lhan 2, is used, the 
resulting ftow is that of ftow past an airfoil with a finite 
angle at the tra1ling edge (F1g 20) If N= 2, equation (19) 
reduces lo equation (17). 

In F1gs 17 and 20 there was no wculation present m the 
flows If circulation is added and increased to move the 
rear stagnatwn point to the traihng edge, Figs. 21 and 22 
are the resulting ftowfields. 

Sorne other physica1 ftows that can be obtained frorn 
the W-plane (F1g 2) by the appropriate transforrnations 
are the flow past a cylindricallog (Fig. 23) obtaihed from 

F1g 17. Flow pastan a1rfo1l w1th camber. U-= 1 O ft/s, a = 1 O ft, a = W, m = 0·15 ft, 8 =54' 
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F1g 24. Flow out of a channelthrough a narrow slot near one end. Q = 11 ft'/s,l = TT ft, e= O 962ft 

the transformation 

iT7T 
W= 1r1TU~cot-, 

z 
(20) 

where r IS the radius of the log, and the ftow out of a 
channel through a narrow slot near one end (Fig. 24) 
obtained from 

W = - _Q In (sin 7!. z - cosh!! e) 
7r 1 1 , (21) 

where Q is the d1scharge through the slot, e 1s the he1ght 
of the slot above the x-axis, and 1 1s the width of the 
channel. 

SUMMARY ANO CO!IICLUSIONS 

The above e:xamples are ¡ust a few of the many fluid 
ftowfields from the area of hydro- and aerodynam1cs that 
can be mapped, d1splayed, and analyzed on the OLS The 
mtent of showmg the above examples was to Illustrate 
what the mteract1ve graph1cs is capable of demonstrating 
on ftowfields that have known solutions. Once having 
confidence m the approach, one can use 11 to venfy a 
mathematical model or to construct a des1red result by 
tnal and error Also, the examples demonstrate the w1de 
vanety of flows that <.an be stud1ed. This feature points 
out the system's versat1hty and broader usefulness over 
the other flow visuahzat1on techmques mentioned m the 
1 ntroduct10n. 

The response of the system on a typ1cal operating day 
depends upon the number of users s1multaneously 
operating on other OLS consoles tied mto the UCSB 
computer However, the displays shown m the above 
figures took from a mmimum of about 5 s toa max1mum 
of 45 s, mcludmg the ent1re computa!Jonal process The 
amount of actual computer t1me per d1splay IS at most a 
few hundredths of a second. Furthermore, the compari­
.sons between the theoret1c¡tl results and the OLS display 
results were exact m all the numencal examples 
Therefore, beca use of the,OLS' rap1d response, accuracy, 

and display capabilities, 1t IS an e:xcellent research and 
design too!. 

The costs ~f usmg this system are not great in terms of 
time and money. The present operating cost of an 
On-Line console vanes from $4.00 to $20.00 per console 
hr depending upon the priority the user selects . 

The use of OLS IS not restncted to the UCSB campus 
alone. Currently, there are a considerable number of 
remole users across the na!Jon, for example, those 
stations which are t1ed into USCB via the ARPA network. 
However, thts type of operallon mvolves additional costs 
other than the charges for the use of the OLS 1tself. Here 
the main add1tional cost that 1s incurred is the communica­
tlon line cost As an alternative to the remate use of the 
OLS, the system 1tself is exportable. The UCSB version, 
d1scussed m this paper, was designed to work on any IBM 
360, Model 50 or above, with sufficient core and 
peripherals . 

Acknowledgements-The author expresses h1s appreciallon to 
Mr Edward C Keeley for wntmg the On-Lme System computer 
programs for the examples and for takmg the photographs for the 
figures 
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APPENDIX 1 

Programmmg statements w1th explanat10ns for the case of ftow past an airf01l: 
(/~/~ ~ 

~ ,,,,:e USER 1 EXP 
USER 1 SQ USER i ENTER ERASE ~-~SER 1 LS USER 1 MOD ERASE 
USER 1 RS USER 1 MOD ERASE USER 1 REFL USER 1 MOD ERASE 
LOAD L 0 57 3, O COSO M STORE N LOAD L \ll S7·3 SIN O M~ A 
SQ O(-\)® 1 SQRT 0 A 8 N STORE B USER 1 COS USER 1 MOD . 
Explana/ron Transforms W to z, (USER 1 SQ) DISPLAY, reverses ftow (USER 1 LS) DISPLAY, transforms z, to z, (USER 1 RS) 
DISPLAY; transforms z2 to z, (USER 1 REFL) DISPLAY, computes b from b=acos¡3-mcos~. where cos{J= 
y'(l- [m(sm ~)/a]'); transforms z, to z (USER 1 COS) DISPLAY. 

USERICOS 
LOAD Q USER 1 SIN Q LOAD W USER 1 SIN W LOAD E USER 1 SIN E 
LOAD R USER 1 SIN R LOAD T USER 1 SIN T LOAD Y USER 1 SIN Y 
LOAD U USER 1 SIN U LOAD 1 USER 1 SIN 1 LOAD O USER 1 SIN O 
LOAD P USER 1 SIN P 

Explanatwn Performs transformat10n from z, to z 

USERISIN 
STORE Z LOAD B SQ 0 Z Efl Z STORE 

Explana/ion. Enter vector z and perform operat1on z + b'/z, then prepares to store 11 

USERISQ 
USER 1 C/J ERASE LOAD Q USER 1 O Q LOAD W USER 1 O W 
LOAD E USER 1 O E LOAD R USER 1 O R LOAD T USER 1 O T 
LOAD Y USER 1 O Y LOAD U USER 1 O U LOAD 1 USER 1 O 1 
LOAD O USER 1 O O LOAD P USER 1 O P LOAD A STORE B 

Explanatwn Generales W !mes (USER 1 C/J) DISPLA YS, transforms W to z, DISPLA YS) 

USERI0 
.II REAL ID LOAD O CMPLX O 2 5, OffiO, S j STORE Q80. 125 
j STORE W80. 125 j STORE E80, 125 i STORE R 
8 O, 125 j STO RE T 8 O, 001 j STO RE Y 8 O, 1249 j STO RE U 
8 O, 125 j STORE 1 8 O, .125 i STORE O 8 O, 125 i STORE P 
USER 1 MOD 

Explana/ion Generales W 1mes, S un1h 10 length equally spread from +0 Sr lo -0 Sr centered on ongm. 101m.:~ (2 on honwntal aXIS) 

USER 10 
STORE X SQ STORE S LOAD A SQ O -4. O ffi S SQRT 8 X(/¡ -2. O DISPLAY 
RETURN STORE 1 

Explana/ion Entera vector x and perform operJ!IOn (x '- v'ü'- 4a'))/2, d1splays re-.ultant vector and preprtres to store 11 

USER 1 t 
11 REAL ID LOAD O DISPLAY RETURN Ctv:PLX O O. 1 DISPLAY RETURN 

Explanatwn Graphs vertical aod honzonta1 H~' 

USER J LS 

LOAD Q REFL NEG REFL STORE Q LOAD W REFL NEG REFL STORE W 

LOAD E REFL NEG REFL STORE E LOAD R REFL NEG REFL STORE R 

LOAD T REFL NEG REFL STORE T LOAD Y REFL NEG REFL STORE Y 

LOAD U REFL NEG REFL STOKE U LOAD 1 RdL NEG REFL STORE 1 

.,, ;,·: 
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LOAD O REFL NÉG REFL STORE O LOAD P REFL NÉG REFL STORE P 

E:rp/anat10n Reverses d•rec11on of flow 

USER 1 MOD 
DISPLAY Q W E R T Y U 1 O P USER Jt ENTER 

E:rp/anal10n D1splays flow lmes, puls m axes (USER t ). halts program. 

USER 1 RS 
USER 1 INV Q STORE Q USER 1 INV W STORE W USER 1 INV E STORE E 
USER 1 INV R STORE R USER 1 INV T STORE T USER 1 INV Y STORE Y 
USER 1 INV U STORE U USER 1 INV 1 STORE 1 USER 1 INV O STORE O 
USER 1 INV P STORE P 

E:rp/ana/lon Transforms z, 10 z2 

USER IINV 
LOAD J O O, -1 (/) 57 3, O EXP O 

E:rp/anation. Perfon'ns opera11on e-"'"7 3
• 

USERI REFL 
USER 1 DIFF Q STORE Q USER 1 DIFF W STORE W USER 1 DIFF E STORE E 
USER 1 DIFF R STORE R USER 1 DIFF T STORE T USER 1 DIFF Y STORE Y 
USER 1 DIFF U STORE U USER 1 DIFF 1 STORE 1 USER 1 DIFF O STORE O 
USER 1 DIFF P STORE P 

E:rplanation· Transforms z2 lo Z1 

USER IDIFF 
LOAD L 0 O, 1 (/) 57·3, O EXP O M Ei;) 

E:rp/anation Performs operallon m e" m 1
• 
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Se pueden identificat 6 pasos para desarrollar cualquier 

BANCO VE VATOS. 

Paqo 1 VETERMINACION VEL AREA VE ESTUVIO. 
El paso inicial consiste en encuadrar el area bajo estudio. 

Este encuadramiento puede establecerse de diferentes maneras, pero 

usualmente se determina por condiciones geogr&ficas o mediante las 

jurisdicciones político administrativas. 

Paso 2 OETERM1NAC10N VE LOS USOS OEL SUELO. 
La identificación de los usos del suelo que ser&n consider~ 

dos en el proyecto puede lograrse mediante la inte~a~~i6n inte~di~ 
~iplina~ia de pe~6ona~ in6o~mada~ en el e~tado a~tual y la~ pote~ 
~ialidade~ del d~ea o ~egi6n bajo e~tudio. La definición de estos 

usos del suelo constituye la base para seleccionar la lista de va 

riables y subvariables. 

Paso 3 OETERMINACION VE LA LISTA VE OATOS. 
En este paso se realiza la lista de los datos que estarán 

contenfdos en el BANCO. Debe procurarse que los datos sean de la 

misma escala, exactitud y tiempo.No exi~te una li~ta tipo que ~i~ 
va pa~a ~ualqu{e~ a~ea. Los datos pueden obtenerse a partir de la 

interpretación de fotografias aereas o de satélite, utilización 

de mapas de levantamiento geográfico, investigación de campo y con 

sultas con dependencias federales o estatales. 

Paso 4JOETERMINACION VEL TAMANO VE LA CELULA. 
El tamaño de la célula, es decir, la unidad b&sica para el 

análisis espacial, depende de los siguientes factoresa . 
a.-) Exactitud y tipo de los datos disponibles. 

,, 

b.-) Propósito para el cual van a usarse los datos. 

c.-) Tamaño del area de estudio. 

d.-) Limitaciones en los recursos para codificar la información. 

El tamaño de la ~élula debe pe~mane~e~ ~on~tante en toda el 

~~ea de e61udio du~ante el p~o~eao. {ve~ 6igu~a Jf 
Paso s COOIFICACION VE LOS VATOS. 

Este paso consiste en organizar los datos disponibles en un 

formato compatible con la computadora. El programa limitá el núme­

ro de variables a 50 y el de subvariables a 10, numerando estas del 

O al 9. Una tarjeta de cualquier archivo específico representa un 

rengl6n de datos en el mapa fuente, cada columna en la tarjeta re-

' t 

l 

r, 



presenta una célula en el mapa. Si se necesitan mas de 80 columnas 

puede perforarse una segunda tarjeta por renglón. Los datos pueden 

ser codificados como: 

a.-) Datos de punto {vgr. una cascada, un pozo etc.} 

b.-) Porcentaje de la célula con una actividad determinada. 

c.~) Tipo predominante de uso del suelo. 

d.-) Datos de linea {vgr. una carretera, un rio etc.) 

La codificacion del contorno debe realizarse especificando 

las fronteras de este,en formato {3I5), dando en el primer campo 

el 'número de renglones que tienen el mismo formato y en los dos -

restantes el desfasamiento en ambos lados del area.de estudio. 

Paso 6 TRANSFERIR LOS DATOS A LA COMPUTADORA. 

r 1 

~ 
1 

1.· 

. . 
La forma usual de proporcionar los datos a la computadora f 

es mediante tarjetas perforadas cuyo contenido es guardado en cin ;. 

tas o discos magnéticos para su posterior utilización en los 

MODELOS, este paso se realiza utilizando el programa ARCHIVOS/1M 
GRIO, el 'cual es preparado corno se indica en la figura 2. 
Paso 7 MAPEAR EL BANCO VE DATOS. 

Esto es realizado mediante la utilización del programa -­

MAPAS/TMGRIV, éuya descripción es proporcionada en el capítulo VI. 

Una vez impresos, revisados y corregidos los mapas es pos! 

ble pasar a la siguiente etapa del proceso en TMGR1D. 

Figu~a 7. Ej~plo de ~etl~ula ~ob~e mapa ba~e. 
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-~YU ARCH1 VOS) 

NUMERO DE REr1GL01JES 52 

VARIAA~E DATO NU~ERQ 1 
EL ARCH¡VO DE DATOS 

VAR14f\L[ DATO NU~ERO 2 
[L ARCHIVO DE DAT05 

'· 

ES LAEF'/DATA 2 
VARlAOL[ ~ATO NU~ERO 3 

[L ARCHIVO DE 0ATOS ES LAEP/DATA 3 
VAIHAI~LE 111\TO tlU'·IERCl ll 

[L ARCHIVO DE ('lATOS ES LAEr¡OATA q 

VAR I AAL( DATO riU'1ERO S 
EL ARCI-i!VO DE flATOS 'ES LAEPIDATA S 

VARIAnLE DATO 'HI'-1(R"l 6 
EL ARCHIVO OE DATOS ES LAEPIOATA ó 

VARIAf1LE DI\TO ~IU'1ERn 7 
[L ARCHIVO DE DATOS 

VARIAilL( f:\ATn NU•1ERIJ 6 
EL APC11¡VO DE flATOS 

VARIAOLE DATQ NUMERO q' 
EL ARCtiiVO DE !'\ATO$ 

VARxA~tEARe~Yv~u~ERgAf8s 

ES LAEP/OATA 7 

ES LAEPIOATA q 

ES LAEP/DATA10 
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oae•m•••·------aa•• 

T 1 TULO DCL r,APA 
cca•oatoae~ceoo•ama•• - , , 

MAPA OE LA VAHIABLE 1 DEL I~VENTARIO DE DATOS USOS DEL SUELO ACTUALES 
AREA DE ESTúDlO VALLE PACifico 

LABORAtOR¡O DE PLANEACÍON U~BANA 

OPC ¡ONES USADA5 PAr~A E5Tl I1APA 
QCcmQ~cmammcoQ••••~••••••••••• 
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lu 
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LA 

SE 

52 REIJGLONES Y ló C0LUt1NAS 
1 CARAcTE~ES Ef~ SENTXDO yE:RTICAL.· 

- - . --- - - - - -
.1 CARACTERES EN SENTlDO HORizO~TAL 

TEXTO IJEL llAPA ES ............ 
SUOVARl~ULES DATU 

! ? = ~O HAY Df603 1 
¡. - A~lPAtlEi~ S -1 

~ :a liSO Dfli~N~ 1 o· E SERVICiO - AL>~1ItJ S R CION FORESTAL. -" - ESCII(L,A -b :: PASTO 

~ = C ARr~E TE'R,S 
= RE~EftVA ORESTAL q a OC A U 

CL TA~1ArJO DE LA CELULA DE L. A t~ALLA ES DE 2.5 ACRES 
Nui,CRAC 1 OU IJE LA f-1ALLA Coi1I ENZA EN l 5Z 
SUPOfiE OUE LOS 011. TOS ESTAN PRE•ESCALADOS 
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TITULO O[L PI~PA 
~Qoema~eo•=g~coe•• . 
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lO EL. TEXTO OEL I1Apfl ES •••"'••••••• 
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é ~ ~~~~~TE 
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En esta fase del proceso con el paquete IMGRIV debe usted 

establecer una definición detallada de los ckitekio~ de atkacti­
vld~d, paka cada u~o del ~uela (actividad} que ~e de~ea localizak 
dentko del a~ea de e~tudio. 

El programa ATRACTIVO/IMGRIV, facilita la evaluación de un 

máximo de hasta 20 modelos de atractividad en cada corrida. 

Se recomienda al usuario seguir secuencialmente la lista 

de pasos descrita a continwación: 

Paso DEFINIR EL PROPOSITO VE LOS MODELOS. 
En primer lugar se debe obtener una lista especificando cua 

les son las actividades o usos del suelo que se desean obtener lo-
• 

calizadas en los lugares con mayor atkactividad dentro del area de 

estudio. 

Paso 2 DETERMINAR LAS VARIABLES RELEVANTES EN LOS MOVELOS. 
Para cada una de las actividades definidas en el paso ante­

rior, se ~eben identificar, de las variables contenidas en el ban­

co de datos, cuales son las que representan los 6actoke~ pa~a una 
iocalizaci6n adecuada , a pa~ti~ de lo~ keque~imiento~ e~pec~6ico6 

de ia~ actividade~ analizada~ en lo~ modeto~. 

Ei p~og~ama ATRACTIVO/IMGRIV pe~mite analiza~ ha6ta un m~­
ximo de lO va~iabte~ o 6acto~e~ de tocalizaci6n, en cada m~deto. 
Paso 3 PqNVERAR LAS VARIABLES RELEVANTES. 

En este paso se debe distinguir entre las variables conside 

radas aquellas que tengan mayor importancia en la localización de 

la actividad para la cual fue creado el modelo. El programa ATRAC­
TIVO/IMGRIV reconoce una jerarquía de 3 niveles para asignar prio­

ridad ~ ciertos factores de localización sobre otros, de acuerdo a 

la siguiente escala: meno6 impo~tante 

2 impo~tante 
3 muy impo~tante 

Paso 4 VISTTNGUIR LAS SUBVARIABLES IMPORTANTES. 
En este momento debe usted asignar un número del O al 9 a las 

subvariables que componen los factores de localización que '.ntervie-
1 

nen en el modelo designando don esto mayok pke6ekencia a cie~ta6 6ub 
va~iabie~ en función de los requerimientos específicos considerados 

para cada una de las actividades que se pretenden localizar dentro-

del area de estudio. 



Paso 5 LLE~AR LAS HOJAS VE COVIFTCACIO~ Y PERFORAR SUS TARJETAS. 

En las figuras 4 y 5 se explican tanto el orden, como los 

formatos en los que debe usted perforar sus tarjetas, a~egu~e~e 

minucio6amente de cumpli~ con lo e&peci6lcado en dicha~ 6lgu~a& 

pa~a evita~ una ~o~p~e~a de~ag~adable po~ una co~~lda 6~u~t~ada, 
y ~ecue~de que la~ p~ueba~ de e&c~lto~lo le aho~~an un vallo~o 
tiempo de m~qulna. 

Paso 6 ALIME~TAR SUS TARJETAS PERFORAVAS E~ LA COMPUTADORA. 
Una vez que ha verificado el orden y los campos en los 

que perforó su paquete de tarjetas deberá proceder a que este 

sea leido y procesado por la computadora mediante el programa 

ATRACTIVO/IMGRIV .Este se encarga de analizar cada una de las 

células del area en estudio y determina de acuerdo a los crite 

rios de at~actlvidad proporcionados, si esa célula cuenta con 

los atributos necesarios para una buena localización del uso­

del suelo analizado, con~t~uyendo un 1ndlce de at~actlvldad -
pa~a cada c~lula en 6uncl6n de la lmpo~tancla o pe&o a~lgnado 

' . 
a la6 va~iable6 y de la6 p~e6e~encla~ de cada una de la& 6ub-
va~lable6 que la6 componen. 

El progr~ma genera 20 archivos en disco magnético donde 

deposita los resultados de cada modelo de atcactividad, estos 

archivos son llamados; LAEP/ATTR01,LAEP/ATTR02, ••• ,LAEP/ATTR20. 
Los archivos LAEP/ATTRn,serán posteriormente utilizados por el 

-programa MAPAS/IMGRIV (vease la figura 6} para obtener el mapeo 

con los resultados de los modelos de atractividad, y ~or el pr~ 

grama para la evaluación de planes en etapas posteriores del p~ 

quete IMGRIV. 
Paso 7 MAPEAR LOS RESULTAVOS. 

Después de que todas las células han sido evaluadas se 

procede a obtener los mapas para cada modelo de atractividad 

con la utilización del programa MAPAS/IM~RTV (descripción en 

la figura 6). En estos mapas la atractividad de cada célula­

se representa con una gama de caracteres sobreimpresos de tal 
' 

modo de obtener una escala de 10 intensidades de grises, en 

donde el mas oscuro muestra la mayor atractividad para la loe~ 

lización de las actividades que fueron definidas como propósi­

to del modelo. 

Paso 8 REVISAR LOS RESULTAVOS. 

t. 

l 
r 

,,, 

.. 
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PAQUETE IMGRIV 

P~og~ama ATRACTIVO/IMGRIV 

HOJA DE CODIFICACION PARA LOS MODELOS DE ATRACTIVIDAD 

Nombre del(os) usuario(sl: Nombre de la actividad .(us~~el suelo) 
::).,~ ,...._ ,_,..,::, . .-. ... -.r- __.-..::- --- .. __ ,.-

• 
para lá que se construyó el modelo: .. 

NGmero del modelo (formato I2)1 

NGmero de variables que intervienen en el modelo (formato I2); 

Colum11a..6 1 y 2 

Cua.le.6 ~ott la.~ 

va.~t-i.a.bl.e-6 

1tel.eva.11te.6 nO. Col-10 Col.-72 Col.-14 

. 

Col-16 Col.-18 Col-20 Col.-22 

' 

Col-24 

Figura 4.- aoj~ de codi~icación f~r~ los MQVELOS VE ATRACTIVIVAV, 

--....,- .... ~- --:o .. ,• ---- ... -:t:l- J -::... "":.:.- ... 

--~ 

Col-26 Col.-28 

Cua.l e.6 la. .ún­

poJt.ta.nc.-i.a. de !: 

va.Jt...ia.ble ( 1 a.l3 
Col-34 

l- ~ .. 
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INTRODUCC'ION 

El Banco de Datos CETENAL (BDC) es una herramienta para ma-

nejo m~sivo ~e la información (produc1da por CETENAL y conteruda 

('H la~ diversas cartas), que describe el medio geográfico y socioec~ 
' t'" 

' . 4 . ' nonuco. ..· 

La u1for_mación que contiene el BDC es la que un usuario obten-

dría de las siguientes cartas: 

Geológica 
-: 

Topográf1ca 

Cso del Suelo 
' ' f,. 

Edafológica · 

Vso Potencial 

Se podrían vaciar al BDC otras cartas tales como la Carta Urba-

na, la de Climas y la Turística, ya que la estructura del misn'1o ace_E 
•• w 

fa gran variedad d~ información. 

El BDC está disei'lado para prop~rcionar varios niveles de consul 

ta. E~to s1gnifica que se puede cqnsultar a diferéntes tamaños de 

·.4 v:éase referencias 6, 8 pags. 180, 181 

" 1 
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área, lo cual activa el acceso a b información. 

La ulformación de las cartas se clas'üica en tres tipos: 

1) Propiedades superficiales.- Comprenden todas las propiedades 

que están .defirudas por áreal::l, por E'Jemplo: el área que com-

prende el suelo aluvial, d área urbana, el área de nopalera, 

etc, están en el BDC como prop1edades de es te tipo. 

2) Propiedades lineales.- Comprenden todas las propiedades que 

implican uniones entre determinados puntos o comunicación e!! 

tre ellos, eJemplo: una carretera, vías de energía eléctrica, 

telegráfica, telefónica, etc. 

3) Propiedades puntuales.- Estas propiedades están definidas por 

su localización, eJemplo: minas, pozos, puntos de verificación, 

etc. 

Las propiedades superficiales están definidas pur su clave y por 

su cantidad, dada como un porcentaje del área del mvel al que perte-

necen. Las propiedades lmeales y puntuales, están defaúdas por e 1 

número de ellas dentro del nivel al que pertenecen 'J también por su 

clave. J.iaY. otras propiedades puntuales, como los serv1cios de la P2 

blación y los servicios propuestos· para la población en un pueblo, 

que también están en el BDC. 

Como se puede observar, toda la información, ya sea geográfica 

o socioecon6mica, puede ser clasificada dentro de los tres t1pos de 

propiedades anteriores • 

• 
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El vaciado de la información al BDC se realiza el) la Oficina de 

Bases de Datos del Departamento de Informática de CETENAL con . . 

una metodología bien definida . . 
Las formas de salida son de dos tipos: mensaJeS escritos por i~ 

presora de la computadora, y mensaJeS por medio de pantallas de 

CRT, o sea por una terminal remota; esto permitirá tener acceso al 

BDC, aún estando distante de él. En este manual se describen ambas 

formas de salid'a. 
... 

Después de definir las funciones del lenguaje de usuario, se des-
' •' 

e ribe la forma de combinarlas. 

En la parte última del manual se describen los programas de 

''aprendizaJe" del BDC, con una serie de ejemplos para su análisis y 

conclusiones. 

Un aspecto· importante del método de "aprendizaJe", es el de po-

der meJorar las experiencias anteriores y agregar nuevos paráme-

tros y fa~.tores al BDC. 

(t En los ejemplos de "aprendizaJe", también se desarrolló un pro-
.. ~ , . 

grarpa qu'e verifica la C'Onfiabilidad del "aprendizaJe". 

,.,t 
·.-.. 

1 
1 1 
1 1 
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CAPITULO I 

DEFINICION DE LOS NIVELES DE CONSULTA 

Pa ea establecer los distlntos niveles de consulta, se comienza por 
t 

definir el nivel de regiones. Una ·región comprende el área dada por 

un rectángulo de 6° de longitud x 4° de latitud. El territorio nacional 

está cubierto por 20 regwnes aproximadamente. Los siguientes nive-

les se establecen por subdivisiones sucesivas del rectángulo de me-

nor tamaño que se tenga definido. Así, el ruvel de subreg1 ones se ioE_ 

ma al ::;ubdividlr cada reg1ón en 12 s':lbregiones que son los elen1entns 

de· un arreglo matricial ·de 3 x 4. 

'La::; microregwnes constituyen un arreglo matriCial de 6 x 4 so-

h1·c un3. suL·cegión. Cada rni~roregión constituye una Larta 1:50 00fJ lt· 

' 
las prodücidas actualmente por CETENAL. La República Mexicanél l'.S 

1 
tá cubierta por 2336 de estas cartas, aproximadamente. La informa-

ción vaciada al BDC es extraída actualmente de estas cartas, aunque 

se vació también una carta urbana escal_a 1:5 000 y se ha proyectado v~ 

ciar las cartas de climas escala 1:500 000. Las microregiones se sub-

dividen en 5 x 5 localidades o grupos y éstos en 4 x 3 sublocalidades o 
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celdas. La figur-a l. 1 aclara los niveles establecidos y la tabla 1. 1 re 

::$Urne estos niveles y SUS caracterÍS licas. 

RE910111ES · 

'\ 

" \. 
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'\ 
\ 
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" '\ 
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•abla 1 1 NIVELES DE CONSULTA (zG veraldn) 

TAt.eAAO 
AREA APR<J<. NIVEL CONTIENE EQUIVALE A 

LONG LAT KM2 

REGIONES 
1 

so 40 2880000 3 X 4 SUMEGIONES 12 CARlAS 1'2~000 . ' -i ---- - ' ·--

SUBREGIONES 
1 

"/!' ¡o 240000 6X4~ 1 CARTA 1.2S>OOO 
' 

- ----------
MICROAfGIONES 

1 

1 
20' 15

1 
len> o 5 X5 <JUlOS 1 CARTA 1 50000 

GRUPOS~· 3• 34.7 4X 3 ca.DAS 
LOCALIDADES 1 

- -- f---

CELDAS O l ¡' l' 2.9 
SU LOCALIDADES 

Est..1 estruvLUra de' vat·ws niveles agil1za la~ consultas y adernás 
•' 

l :1da subdl\ 1S1Ón aurnenta la prec1sión5 • 

l!na vers1ón más antigua del BDC ,y que a~n se aplica a las zonas 

de Cela.\~·.· Quecétaro .. Cor·tázar, Apa~eo el ~lto ·y O¡u Cahcn:e, utl-

6 
.llza los nn:eles dados en la tabla 1.2 e !lustrados. en la firr. 1.2 .. 

,t ¡, ·: 

tabla 1.2 NIVELES· DE CONSULTA. (lO vtriiOn) , 

NIVEL NOMBRE AREA APROXIMADA CORRESPONDE A 

11m2 
r 

4 SUBCUADROS 6 25 ' 

3 CUADROS 25 . .km2 4 SUBCUADROS . 
2 ZONA 1000 km2 41 CUADROS , O, 

·1 ' 192 SUBCUAOROS 

REGIONES 72000 km2 
'72. ZONAS 0,34~ CUADROS 

1 O, 13824 SUB CUADROs r 

REPUBLICA :11m2 
32 REGIONES 0,2336 ZONAS 

o 
MEXICANA 

2 sooooo 0~128 CUADROS O, ., 
4 12 SUBOJAOAOS 

5 Véase referenua 7 ,,. . 

6 \'~a::;E' rE'fere~~<-ic:l.s !1, ll ;· 

' \L. .. \ • 

' -' 

; . .. 
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NIVEL 1 REGIONES 
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\ NIVEL 4 SI.B:UADROS 
\ 

figurol.2 NIVEL.f:S DE CONSULTA (JGvefliOn) ,, 
:. : t 
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Dentro del UDC a una carta s<'! le llamó zona. Una zona t1ene una 

' ') 

área aprox1mada de 1 000 krn-; un ruvC'l superior a ésle, en área, ~s 

lo que en el BDC se llamó región y es el área comprend1da por 72 zo-. . 

nas en un arre~lo matricial de C) x 8 zonas; esta d1v1S1Ón también apa-

rece ·en las cartas de avance Lle CETENAL; cada región t1ene una área 

aproxi·mada de 72.000 km2 y correS!JOnc.le a 2° de lati~uc.l y a 3° de. lo~ 

tud. La República: Mexicana 4ueda contenida en un arreglo matricial 

de 12 x 10 regiones. Una zona se divH.lió en 48 cuadros, y un cuadro 

tiene una área aproximada de 25 km2; cada cuadro se d1vid1Ó en -1 suE 

cuadros y -2ada aubcuadro liene una área aproximada de 6. 25 km 2. 

1 
1 
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CAPITULO II 

FORMAS DE. SALIDA DE LOS. RESULTADOS 
'T ; ·.~ 

·' 

Para explicar la forma de salida de los resultados por impresora, 

.se hace referencia a resultados obtenidos con la primera versión del 

BIJC que utiliza los niveles de zonas, cuadros y subcuadros. El signi 

ücado de estas explicaciones puede hacerse extensivo a las tmpresi~ 

nes de resultados obtenidos con la segunda versiÓn del BDC aplicable 

al E~ t.1do de Aguas calientes. y que utiliza los niveles de micro región, 

localidad y sublocalidad. La úmca diferencia está en que los d1stmtos 

a1·reglos rnatriciales de cuadros tienen dis tmtas dimensiones. 

Con~o respuesta a la búsqueda a un nivel determinado, la máquina 

¡Jroduce en la Impresora arreglos malriciales de cuadros de dos t1pos: 

unos de cuadros claros y oscuros, y otros de diferentes tonos de gns . . .. 
(16 en total). Con el primer tipo de arreglos se puede distinguir en 

qué cuadros las preguntas son verdaderas y en qué cuadros son fal­

sas5-. 

r: • 

. >Véase figuras 2.1, 2.2, 2. 3 pags. 18. 20 

.. 
,. 
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Los '-lladr~)S OSl'Uros 1ndi<..:an en ese lugar la pregunta se hizo ve.!:. 

dadcra, y los cuadrc'S daros 1ndican que en esP lugar la pregunta se 

hizo falsa,. 

Por eJemplo, con un ¡Jredicad0 llamado 11 F R.IJOC' be pregunta al 

BDC en qué zonas hay FRIJOL. Para cstr, se de11ne la s1gU1ente il15-

trucción: 

CALL, BUSCA (FRIJOL, 2, 79) 

Y como respuesta se obtiene el rcsullado que rnuestra la flgura 

2. 1 en la cual se ve un arreglo de malnz de 2 .<. 2 í'.onas. El á t·ea de 

una zona es 1gual al área de una ca da CETENAL e:; cala 1:50 000; la::> 

zonas corresponden a la región # 7~L 

Las zonas oscuras marcan los lugares en cionck hay F Rl..IOL; ·~ ~l 

es los casos el preJirado 1• RLJOL se l·umple. J, LS zonas claras md1-

can que ~.o'n esas zonas no hubo FlUJOL, por lo at~to, e] pred1cado 

buscad u Dl' be cumplló en esos e as os; o lo quP PS lo m1s mo, que e! 

\~O:'JUnto de p¡·opk-.iade!:::i definido por L' l prcd <·.:->d.) F HUOL no .:;e e,1-

cuE>ntJ'3. e!'l· h.igares donde aparecen 7.onas clara'">, (después se ver': lj_ 

mo definir al predicado FRIJOL). Resumiendo: zona oscura sigruflca 

que sí hay lo que se busca y zona clara signüic..:a que no hay lo busca-

do. 

Al buscar el predicado FRIJOL a nivel 3 (cuadros), se obtienen 

los resultados que muestra la figura 2.2. Esto permite tener una in-
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'• 
< ' 

~~~ forn1aci6n nlás precisa que la del n1vel 2, ya que den~ro de este ni-
' ·~' 
~ "· / ' 

r,· YCl, que en este caso es la carta de Celaya, s'e ve con más exactitud 

''· 

·'. ~ ,. ' 

cuále~ son los cuadros de esta zona que cumplen con el predicado 

FRIJOL; así se puede seguir haciendo a un nivel más pequetto, como 

S(' muestra en la hgura 2.3. que corresponde al nivel4 (subcuadros). 

En síntesis, se rPsume que c>l predicado FRIJOL se hace verdad~ 

ro en la zvnd 1, corres pond1cnte a Ce laya, de la región 79. A Ylivcl 

de 'cuadro la función FRIJOL s0 hace verciadcra en los cuadros: 5, · 6, 

13, )4, 17, 21, 22, 25, 26, 27, 28, 29, 30, 33, 36, 37, 40, 41, 42 y 

.tS; esto permite tener más información que en el nivel anter10r. Si 

sf' desea ampliar esta infori:nauón se busca a 11ivel de subcuadro y se 

\·C en qué subcuadro de cada <'Uadro se hace verdadero el predicado 
' ' 

FRIJOL. Los subcuadros que e u mplen la func1ón FRIJOL son: los suE 

cuadros e y d d~l cuadro ;j, los subcuadros b :, e y d del cuadro 6, el 

subcuadro a del cludro 13, los subcuadros by d del cuadro 14, los 

c;~1bcuadros e \ d ud ('\ladro 17, los subcuadros e y d del cu:-tdro 21, 

los subcuadros a, b y e del cuadro 22, los subcuadros a, b >. e del 

<·uadro 25, los subC'uadl::_os a ,e y d del cuadro :¿G, los subcuadros e 

" d dell·uadr(l 27, los subcuadros e y d del cuadro 28, los subcua-

·i:·os a, b, e y d del cuadro 28, el subcuadro a del cuadro 30, los 

subcuadros a ':J e dl'l cuadro 33, los subcua~ros a y b del cuadro 36, 

lus ·subcuadros a, e y d del cuadro :37, los subcuadros a y b del cua-

·' e,,' 

,•, 
.. 

'j~ 

' e, .. , 
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dro 40, los ::;ubcuadrob a y e cll:l cuadro 41, el ~ubcuadr·o e del cua-

,dro 42 : el subcuadro a dC'l cuadro 4!). La tabla 2. 1 cxphca detalla-
' u ' 

cl::l. mentP la nomencla,tura usada6 • 

Es prec!SO hacer noL.J.r la 1mportanc'w que ttenen los niveles de 

cunsulta en la estructura del Banco de Datos CETE~AL. 

'' 
Esto es, en el eJemplo de ,la función FH.IJOL, se buscó -a nivel 4, 

•• l ' 

qué SllbCUaJrOS C'UmplJPron Con esta funciÓn. 

Si no existieran los dlferentes ruveles de consulta, se tendría que 

buscar la función F fUJOL en aproximadamente 448 :J 12 subcuadros, 

lo cu..1l no st·ría efic1ente ni práctico, aún desde el punto de vista del 

procesamiento ¡:>or computadora. En cambio, usando los niveles de 

L'onsulta, se pueden detectar rápidamente los subcuadros que cum-

plen la función FRiJOL en la forma siguiente: 

l. Se busca a nivel 1 regiones 7 de ~oda la República Mexicana y 

lus rcsultarlos se presents.rán en un arreglo de matri:t. de 

1:! x lO; supóngase que solamente en la reg1ón 79 se cumplió 

la Úmci.ón. 

2. Se busca a nivel 2 (zonas en la región 79) y se obtiene la figu-

ra 2. 1, que muestra la 2ona 1 oscura; por lo tanto, la función 

6 Véase tabla 2. 1 pag. 24 
7 Este nivel actualmente no se ha establecido debido a que el BDC to­

davía no cuenta con más de 72 cartas vaciadas para formar una re­
g~6n • 

,. 
1' ,..._.; 
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es 'l'rdade!·a en ese lugar. 

3. Se busca en la zona 1 a nivel de: subcu..tdr'J y se obtiene la f1gu-

ru ~. 3. 

Como se puede observar, con los pa.sos anteriores se obtuvieron 

en forma ráp1da lo.::; subc11aJro.s que poseen b función F H.IJOL, ya 

que c:1cia nivt?l ~stá constituido por su descriptor, 8 y 'no es necesario 

buscar en lugares donde no existe FRIJOL. 

La :1gura 2. -1: muPs tra una 'impresión ele resultados par:J el mvel 

de .sublocalidades de una microrcgión de Aguascalientes. 

El segundo t1po de arreglos, fonnados por cuadros de dlferenLes 

w:ld::i di...' gris, se describe en el capítulo VL. 

ll Descriptor es el conjunto de información que existe en el BDC pa­
ra cada nivel, véase referencia l. 

: ' -~ ... \' 1 
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1 
9 
17 
25 
3:i 
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ab 
cd 
ab 
cd 
ab 
cJ 
al' 
cd 
ab 
cd 
ab 
Ni 
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TABLA 2.1 

1 

NOMENCLATUH.A DE ZONAS, CUADHOS Y Sl:BCUADHOS 

.. 

2 
4 

2 
10 
18 
26 
34 
42 

ab 
cd 
ab 
cd 
ab 
cd 
ab 
cd 
ab 
('d 
·ab 
cJ 

3 
11 
Hl 
:n 
:~s 

4:1 

ah 
cd 
ab 
cd 
ab 
vd 
ab 
cd 
ab 
r·d 
ab ,, 

cd 

ZONAS 

l. Celaya 1 

3. Coi'l:izar. 

:.~1~ 

CU.t\DR:bs 

4 5 
12 13 
20 21 
28 29 

:3G 37 
44 45 

suncuADROS 

ab ab 
cd ,cd 

ab ! ab 
cd e el 

a!J ab 
cd , cd 
ab ab 
cd cd 
ab ab 
cd cd 
ab- ab 
cd cd 

2. 1.~ueré·a~·,1 
el. A pa~ t:u t'' 1 :\1 1 

G 7 : { 

14 Fl l " ,, 

22 ¿,3 ~ 1 

30 :n ·~:~ 

JB 39 l 1 J 

-H> 47 'l 

1 

ab ab J.l 

,<:d cd (' 

1 

a~ :ab J.l 

cd .J 

ab al> al 

e el c..d ( t 

ab ab J.: 

cd cd ( 1 

ab ab a' 

cd cd 
ab ab a. 

cd cd 
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E•1 las siguientes SPcc10ncs se describe el modo de <·onsul.ta .J.l 

BDC por medio de una lt!rminal con pantalla de C H.T. 

Se cuenta con las Slgllicntes funciones ;1dapladas a teleproceso. 

PRO (CCCC, (MN, 1\1Y, IG), N) 

PROP (CCCC', EN, N, l\1) 

llN.t\DE (CCL'C', CCCC, (MN, 1\IY, 1G), l\) 

HAYVIA.(CCCC, c'cl~C) 

SER.PRO (CCCC, N) 

PUEBLO(CCCC> 

SERPOB (N, (Y, O), S) 

HABIT (N, N) 

donde: 

CC'CC' :nchca la clave 11t1lizada según la tabla apropiau3. 

C'vlN 1 MY, IG) Slgmfica alguna ue las funciones relanuna lr S. 

MN=NlENORQ 

l\'JY-1\1.'\YOH.Q 

IC - IGlJALQ -· · 

:)e util1za sóld una de ellas. 

N PS un número que vari"a de O a 9999U, según la pregunta. 

EN=ENTHE 

(Y, O) s1gnifica alguno de los operadores lógicos. 

Y=AND 

~.!' .• ~ - • ~ .)j •• >, • 
... . ·'' ,. 

~' ' 

,. ·' 
·' ' 
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O=OH 

Se utiliza sólo uno dL ellos. 

S Ind1ca las subriivisiones de los servicios de la población y será 

un número que incln.~¡a a los dígitos 1, 2, 3, 4, 5, 6, 7 sin repetir 

'nnguno según la equivalencia: 

a 1 

b;: 2 

e = 3 

d ;: 4 

e "' 5 

f ti 

g 7 

Creación de una pregunta con base en las funnones anteriores. 

-Cada función se construye con base en las especificaciones an-

teriot·es, s111 incltnr espac1os interntedios • 

PRO (6001, MY O')· 
; ' ' •1, 

' .. '·•. 1 1 ' 

correcto 

PRO (6001, MY, O·)"l.··~correcto 

La pos{ción de cada fuución no tiene restricción. 

- Los e::; pacios en blanco entre funciones no tienen ningún efecto. 

- Se utilizan los operadores lógicos Y, O, NO que son equivále_!! 

tes a: 

- .--
,, ' 
' '' f{\, 

•'' '' 
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Y -= ANU 

o = or~ 

NO" NOT 

- P..1eden u~arse libremente los paréntesi::;. 

El número TI 1 áXll':10 de funciones e~ de no, lnclu::,tve. 

-El tamaflo máxim.ode la preguúta~s de 10 r·~~ngJnnc·.s L~n l.1 1•.1·,-

Por mediu de las teclas ~!dC'cuadas se lt·ansmilc la 1nstr·''' <'lr'n, .ti 

!11\'E'l deseado, y se obtiene como resultado llll<J. rnalt·t2' <k 1 <.~t'3( >v,·1·..., 

dnnJe :. =cuadro oscuro y- ·cuadro claro cun los stgnt(J• ..~du::, ,.,,,1. 

. ::ld•.1.s antenormente . 

.. 
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CAPIT l7LO lll 

·; 

En el rc~to de este manual se usa la la. ~ersión del BDC 
1

para 

' 1 

describir y eJernphflcar el lenguaJe de usua\io, y los programas de 

aprendizaJe. En general, la 2a. versión funciona de igual manera. 

salvo pequeiias diferencias que se señalan cuando es necesario. Se 
' 1 

utilizaron los cinco tipos de cartas (Edafológica~ Topográfica, Geoló 

gica, TJso de1 Suelo y Uso Potencial), de cada una de las siguientes 
' ! 

zonas; Celaya. Querétaro. 'Cortázar y Apaseo el Alto. La mforma-

ción que de estas cartas fue vaciada al BDC está descrita en las t<l-

blas del apéndice. 9 y corresponde ap~oximadamente a la información 

que un usuarw extraet·ía guiándose por las leyendas y explicaciones 

que aparecen en los márgenes de ellas. 

Las funciones que dan acceso al BDC permiten describ1r los si-

tios (zonas, cuadros o subcuadros), que poseen determinada propie-

dad o cumplen con cierto predicado. 

9 Véase apéndice pag. 144 

•':~~~~, ' 
1;' 
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1 1 

Se procede a dar algunos eJemplos sencillos, con el fin de mus-

1 
t rar la simplicidad de su uso. Cualquiera ;de las dudas quP surjan en 

1 

es t0s e.1emplos, serán aclaradas en secciones posteriores. Por e1em 
¡ i 1 

plo, Sl se desea encontrar, a nivel 3,' los cuadros en Ce laya que ro-, 
1 

secn UI1a superficie cultivada mayor del 40%, se define el prcd1cado 
1 

·' 
CL'LTI lO m'ediante el postulado que defin~:.lt;i C'ULTI'-como-. todo aquel 

'; ,, 11 1,} r 

lug<lr donde la propiedad 6104 sea ma:yo~:'Üe 40, o se·a, mayor del 

· -to"ó. La tabla 1 del apéndke indica que ln propiedad 6104 equivale a 

cult1vus. 

Vna \'CZ hecha esta defimción, se procede a buscar CTJLTI L;. m-

,-el de cuadro en Celaya, como sigue: 

CULTI := PRO (6104, 1\'lAYOHQ, 40) 

CALL BUSCA (CULTI, 3, 1) 

En la segunda versión, la segunda instrucción es como s1gue: 

CALL BUSCAS (ClJLTI, 1, MICilOREG, 2, ~) 

Las dos instrucciones ante no r·es, necesitan de ciertas declara-

, , r¡:IL.., e· i1J.S trucciones adicionales. Los pn>br~n1as compleLo~ son: 

' 
pr ••gr-ama que defim!'el -predicado CUL'fi. 

. . 

LOGICAL F UNCTlON CULTI (N) 

LOGICAL PRO, MAYO.ftQ 

: 11 El nombre dado no tiene importancia pero no debe pasar de 6 le­
t ns. Es conveniente usar nombres mnemónicos. 

- 1 ~ ' 
'• 

4 

1 
J 
1 
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EXTERNAL MAYORQ 

CULTI = PRO (6104, MAYORQ, 40) 

RETURN 

END 

' 
y programa principal que busca CULTI a nivel 3 en la zona 1, esto 

i 

't: ···jt, ~. -' . 

es; cuadros en Celaya, C'omo se rn~estra en''ellistado:3'.1. 

LOGICAL CULTI 

'. EXTERNAL CU LTI 

CALL BUSCA (CULTI, 3, 1) 

STOP 

END 

El resultado se muestra en la figura 3. 1 en la cual, se observan 

cuadros oscuros que son los que tienen más del 40% de su superficie 

cubierta por cultivos. 

Observaciones.:.. Las declaraciones LOGICAL ~n los programas de-

finen a CULTI, MAYORQ y PRO, como funciones que adquieren va-

lores lógicos q~e pueden ser verdaderos o falsos. La (N) de CVLTI 

(N) es una variable muda; las declaraciones EXTERNAL definen a 

CULTI y MAYORQ como nombres de funciones; las RETURN y END 

en el predicado, y STOP y END en el programa principal, terminan 

correctamente los programas. El usuario no necesita entender todo 
• i 

esto; sin embargo, es conveniente apuntarlo. ( 

" 

) 
. , 'i " -.. 

'.íJAor ,¡ 

·'· 
i 
'· 
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LISTADO 3.1 ¿QUE CUADROS DE LA ZONA DE CELAYA TIENEN 
MAS DEL 40o/o DE LA SUPERFJCIE CULTIVADA? 

•", '• 

'·' ,. 

' 1 '• ' . ' . 
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CUADRAS 
CON MAS DEL 40% 
DE SUPERFICIE aJLTo\IADA 
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P:1: . ht..~, ..1r el Pnsmo p1·c~d1vadu Cl'!.fl a ruvel de subcu~H!r·o. ::,f' 

ri l'~' 1:--. -,tg.~:iente l!lStru'-·ción !'n rl progr·ama prtnl~¡pal: 

C.:\l.L RUS CA (Cl1 LTI, -!, 1) 

l.' -; 1 ... i 

··1 111l'r1il', Se uH;e; 

PHO (5104, 1\lAYORQ, 60) .OR.PRO (!i201, l\lA't Olh¿, t,•¡· 

S1 se nuiE>re hall::lrzonas que 110 tengan chaparrales, p~·nptt~r!a.J 

I'..OCHAP= .NOT.PR0(650D, lVIA't'ORQ, O) 

PRO (1150D, \.lAYOH~-c!. O) defllle lugares r.londt :-)J ,. IS-' .. 
-' ' 

·.l :~ ,.¡ .:,,,:: t·.-lt:s, ~con un .NOT .... mterior a b expre:.:aón, SP rttc:·.~ 

El t~DC, puede contestar también preguntas< omo las stguientr·s: 

(.Qué lugares tienen pocos álamos y muchos pirules? ::,, .-,•· un 

v,C'·te en que poco s1gnifique n'l'IHrS del 15%, y muchos s1gmf,-

:11··· m,=t.~ dPl 70%, la func1ón es: 

:\1 . .'\f>l!~:: PH0(6:n2, :\l.ENÓRQ,15l .ANO. PRO (G31~l, MAYOKI.}, 701 

<.Qué_ lugare>s están eomnmcados por cualquier tipo de c·arrrote­

ra ·: Si se usa la tabla 1 del apéndice, 11 se observa que las ¡h·~ 

ll .. \"(~ase apéndice pag. 144 

-':~ 
~~· \ '' 
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plt~Jad~s de la SO 1 a la HlO ~e refu.:rcn a <hferent.el:i t1pos de ca-

rreteras. Con una dt' ellas e:s ::.ulH.:iente pat·a comurucar el lu-
' 1 

gar ¡;or donde pasan. La funci6n es: / ! 
1 1 

'• 1 

COl\1 UN = UNADE (801, 810
1
, MAYORQ, 0) 

1 

! 1 1 

Esta fundón se :..ntPr¡n·t'Ul de la siguiente form,a: ;~1 meno5 una de 
1 

r > 1 ' " ! 
b.s ¡wopiedaJes ~01 a L1 810 debe ser í1lay'or que· cer;o, es decir, de-

• • -. • 1 1 , . 
be ex1St1r. S1 se qu1eren conucer todos los lugares que estan comum 

' -1 

cados y que tienc>n agua almacenada, en presa o bordo, se dice: 
1 

' 1 

1 1 

COMAGU := UNADE (801, 810, MAYORQ, 0) .ANO. 

U~ADE (401. 40B, MAYORQ, 0) 

Otras de las preguntas son: 

- ¿Qué :.:onas se encuentran entre 1600 y 1800 metros sobre el ru-

vel del mar? 

RESUL = PROP (101, ENTRE, 1600, 1800) 

- ¿En qué lugares hay palmares que ocupan el 25% de la superh-

cie, y están a más de mil metros sobre el nivel del mar? 

PALMAR= PR0(6501, MAYORQ, 25) .ANO. PRO (106, MAYORQ, 1000¡ 

' 
- ¿ Creé'erán los nopales sobre sue-los de tipo Gléyico? 

Se define en que: "crecen los nopales" significa que más del 30% 

del suelo e-stá cubierto de nopalera, propiedad 6507, y que un suelo 

es de tipo "Gléyico", cuando la superfic1e ocupada por la propiedad 

3319, suelo Gléyico, es mayor de 70%. Entonces: 

11 

·~~-~ 1 V'• o'< ., :.~ '•, ,v~ ~~."~~~;~¡;~ 1 ' 1 o 

· ~,··:.~·j._J~~!'~~*~J~G~l·d~~---: ... ·'.·~ ·- · .. 
r e1t 

': ··.-·· 
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PitO (t,)Qo,', 1\'IAYOI\{l, :iO) . ANn. PI-tO (3319, JVI/,Yüi~i¿, 70; 

1 

Se pueJ.t:n hacPto pl'<.•guntns al'l'ltranamen'e ~l~loga!:>. E•1 el eoJCli p]:, 
1 

t"'Stá a c~~ntinu:l,'d>n, se bu~van Lug<Jres d0 ~J~Lt c.wttvo Lul'Í:-..1·· .. ; f,""_ 

1 

r·!t't!o·"'l S...:l~ lu~~rC'S dondC' ha.va cataratas, p
1
rupiedad núl, "!) .. 0--

·;·_ .ll't'~ :.•> nn¡,- altns, t''sto es, ,1 nH•nos de·~ 500 !n snn•; o lJ¡u' ;¡r¡¡'':-

llus lu~L\Ct':; :1l!o::> 'o< on volc.:1.nes prop1edarl 2Sf1.~ <) lugare'=> en dr>ndr· 

tt<.l\.' ~;1á.s de -i nlél'Wntldlcs tern1aics propiedad 2G04, que c::.tf.n 1> :;n 

o ·•::n:•":r adC's pu1· algtÍn t•po de catt~mu o carletcra, pr·op1cda1lc .. ;(lJ 

o~ ''lll \ qup se halkn en tf'lrenus no montañmws, p!'opicdadc_, 01~:0:! · 

'"ll' f' :.•<!~· pro('cder por parte::-. y definir: 

'.l.) PEO (:-iül, .:\1AYORQ, 0) .01\.. liNADE U->301, 6302, ,\li\ < ' 1:. r, 

.01\..PRO (Clú3, 1\IAYOR~. O) .AND.PH.O (105,1VlEN01{(~ • ..:::.j(JCJ, 

¡)()S:: PilO (lOti, l\'lAYORQ, 2500). '\fJD.PRO (2553, MAYOl\C~, '1) 

Tl~E> PH.O (2604, 1\iAYORQ, ·1J. '\J\JD. L:01.\DE (801, 810, :\l.c\YOH.1.¿, (;, 

... \~D •. I.\"01 .111\JAt1L ( ¡J02, 580:\. ;..:,~\\'OllQ, <'1 

TURIS- lll\0. OR. DOS. OIL THES 

Otro eJr Plplo es d siguiente: 

- ¿En qué lugares de Ce laya se pueden explotar minas ? 

En este eJemplo, se usan las funciones y rutinas de "aprend1zaw''. 

•' ~' ¡ 
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1\.lra pro:l<'liL'ril;,~, rninas 1:uc ,.;e pueden C'\plvt3l:, se 11ecesitan expe-

rient;ia::: an!e¡·wres. Los programa.::; pueden ad4u1rir estas exper1en-

C'las Lt m,.l",3.S ya exu:>tf'n!cs Pn cualqwr~ra <le l.:.l.ti cuatro :lonas. 

Se c:Jnsu uye ~·~función que busca minas, propiedad 2605, de la 

. Slglllente forma: 

·\tiNA- PHO (2fl0j, Mi\YORQ, 0) 

También se con .. o.;truye la func10n d~ "aprend1zaJc", en la c·Jal1n-

C'luyt: un..J. vanal>le de tolcranda; en este l~aso del 20%. Puede suce-

dt· r que los l-Jrogramas de ''aprendizaJe" no encuentren nada debido a 

que la \'anable de toieranc1a Ps muy s'evera, etlton('l·s se puede hacer 

mayor 1..1 toleranua y así encontrar algunos lugares de los que se b~ 

can. 

Para buscar nanas Pn CORTAZAR, se da las iguientc instrucción: 

CALL BUSCA (MINAS, 3, 3) 

A cuntinuación, el aprendizaJe de minas se lleva a cabo con la SI-

guiente lllS trucción: 

CALL LEARN ( 3, 2 605) 

Con las n1:\.leS tras (de minas) obtenidas en Cortázar se pueden pro-

poner minas en Celaya como se descr1b1ó anteriormente. 

Según lo que se ha \'isto, también se puede "aprender" de otras z" 

nas, y así tener mayor confiabilidad en los resultados. 

También se puede deternunar la t;Onfiabilidad con que se está tr·a 

~·· 
~.: ¿ • ·, ' .,··.· ... -

·' .. ~,, 
1 !11 

'1 

' 'f' ~ ~~: 

·J 
'>1 ·., 
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baJando, es ,kcil', si se conlpat':lll las PHuas prupu~'stas c·•>n l.:ls :-Y11-

nas ex1s · '"'ntes, y se ve que se pru¡Joncn -± nuno.s en lugares en donde 

~XlStt:n 5, se f'SLá trab.1,1Rndo Cllllll!la conüab!lJdarl del 80" ., , r'bto 'l' 

lla('l' vn l<:. forma sigmentc: 

CALL CO~Hi\ (J\IlNAS, :-:, 1) 

La l'Utlna EamadJ. :mr la Ul:Strucclém ant.enoe, dice la cunf1.1h1lL-

t:J.J 1.. on que se está trabaJando. 

~OlVIENCLAT~iRA LSADA EN LOS EJEMPLOS ANTERIORES. 

P RED! CADO: Prcguntn cons trUldé.t por el u~;uariu. 

F'l \.CIO:t'.ES RELACIO~ALES: lVIENORQ, MAYORQ, DIFEHb, 

ILIIAU.~, ENTRE, MAYOlU, MENOHI, NülGUA. 

Fl_.l\CIOl\ES LOGICAS: PRO, PH.OP, UI\ADE, CERCA, Sl\l{t>OH, 

·-;EPHO, PllEBLO HAY\.IA Y API{Ell. 

.. 

..:,. 
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CAPITULO IV · 

DE~CRlDClOJ\J DE LAS FUNCIONES RELACIONALES 

1 ¡-; 1trrwl0n('S t·cladonalcs (M.L\YORQ, 1\IA\\)PJ., .MENOHQ, :\lE-

~OtU, 1·.'\ litE, lt;I:ALQ, NOt(;tiA, Dl:·'EJU~) ;:,e u::-.an dcn1t'o d,• ta~-

:-,')1 r'rlr les p<t r·::¡ ('OIIS 1 nur el pr·ccitcado que finalment,; ~e u t t1u 3. 

, ~ .¡ .. , 1t·, el que collttf'llf' toda~ las ¡Jropiedadc::; que 1ntere~an. I'l{O 

~ ,. ·r--:.r 1 ll..lnclo ::;e IH't'•·:-Jtlan Ln·s argumentos ,. PROP cuandv S(' rcqr.,::_ 

~: __ t_l_.- t'uanrlo •.·11 1.~ rl~~fJilll lc'ln.d~.· estos pr·edicados se usa ,,:~.:,ttnd 

!·· ¡..; ~r.t11 r•m··:--. 1..11{0, PH.OP, l \JADe, u ,.ll~una de las 1un,·wnes re-

dt• ¡,•J)¡j)(J, 1 lilll\l;ld.r, () 1l'll1jlill'3.1 pl'l'11lancnte. E;:;to cs, r·ua1-1Ul.Cl'a ·lt· 

1 
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• BASE PARA LA PLANEACION URBANA. 
EL CASO DEL DISTRITO FEDERAL 

Jorge Caire Lomelí. * 

RESUMEN 

El crecomoento natural y soco al de la poblacoón que cada vez regostran mayores tasas, _gene· 

ran nuwos problemas, aso como la oncrementaco6n de los exostentes. Estos resultan ser agudo· 
zados en los centros urbanos del pao"s, soendoel Dostroto Federal donde predomona este hecho 
geográloco 

Las medodas que deben tomarse para la resolucoon de este problema tendrian que estar ba· 
sadas en una planeacoón adecuada e ontcgrada, que tenga orogen en un doagnóstoco y para que 
éste, pueda cumplor con su funcoonalodad, debe acudorse a una cartografía ontegrada en el 
marco urbano-rural El aprovechamoento de la onformacoón cartográfica urbana y rural que 
se desarrolla en las dependencoas ofocoales sero"a de gran valor so se tomara en cuenta que ade· 
más de sus ob¡etovos partoculares se ontegraran a un patrón común nacoon~l. 

La presente onvestogacoón trata la forma de llevar a cabo la ontegracoón cartográfoca, utolozan· 
do el proyecto adoptado a nivel nacoonal, tenoendo en cuenta los requeromoentos cartográfo· 
cos urbanos en el Dostrito Federal, Capo tal de la República Mexocana 

1.- INTRODUCCION 

El contmuo y acelerado proceso de urban1zac1ón que t1ene su ongen a partir de la Revolución 
1 ndustnal, hace que la c1udad sea un interesante tópico de estud1o, en el que es necesario el análisis 
e interpretaCIÓn de los fenómenos que en ella ocurren Situándola en un marco especial determ1· 
nado 

• El Sr Jorge Caore Lomelo es Cartógrafo de Petróleos Mexocanos v profesor de CartograHa de la Unoversidad 
Nacoonal Autónoma de Méxoco y del lnstotuto Polotécnoco Nacoonal Es ongenoero Topógrafo e Hodrógrafo con 
Maestría y Doctorado en Geografia en la Unoversorlad Nacoonal Autónoma de Méxoco. 
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El analls1s y representación cartográfiCa de estos fenómenos hace pos1ble V1sual1zar la problemática 
actual del med1o urbano, para con esto se puedan presentar soluciones al problema de desarrollo 
desdrmón1co de la c1udad y obtener así una planeac1ón integral de ella en beneficio de sus habitan­
tes 

Al teallzar los estudios urbanos dentro del contexto reg1onal es imprescindible tener una sene de 
mapas quP tengan un común denommac•or para ser Interpretados por los diferentes hechos geográ­
ficos y plantear una serie de polít1cas a través del d1agnóst1co que presente; para el logro de tales 
ob¡et1vos se ha propuesto utll1zar una proyecc1ón cartográfica que además de cumplimentar los 
requ1s1tos del área urbana y del área rural puedan ser Interconectados en cualqUier crrcunstancra y 
sea posible aprovechar los estudios que con un ob¡etivo sectorial se hicieron al ámbito regional o 
nac1onal 

11.-. NECESIDAD DE UNA INTEGRACION CARTO-GRAFICA 

L1 v1dd urbana rebasa ampl1amente el marco de la eructad y se proyecta sobre las comunrdades 
vl'Cinas dP modo que muchas de las aclrvrdades urbanas encuentran su expllcacrón en el med1o 
rLII.JI El hombre de la c1udad depende en gran med1da del hombre rural, es por esto que cualqUier 
cstud10 que se realice de la c1udad debe ser efectuado no como un hecho arslado smo que Interre­
lacionado al resto de los fenómenos del parsa¡e geográf1co 

Entcnd1do el mapa urbano como la base de todas las expresiones de la vrda urbana se hace necesa­
riO la mtegr actón de su represPntac1ón con el resto de los mapas regionales 

Muchos son los dspectos que fundamentan esta s1tuacrón ya que vanos son los nexos urbanos­
regionales 

1.- Las comunicac1ones 

Los vínculos de la c1udad con su hrnterland dependen en pnmera rnstancra de los medros de comu­
n1cac1ón ex1stente, su exrstencra facrlrta las comunrcacrones del hombre rural En aquellos lugares 
en que el s1stema vral es rnoperante o defic1ente se hace necesario su rncrementac1ón o trazado 
deb1endose por lo tanto d1señar una carta para este frn Como los camrnos y carreteras conducen al 
hombre hac1a áreas externas de la ciudad, éstas deben estar trazadas de modo que empalmen con 
las carreteras ya trazadas, por lo tanto el empalme de un plano a otro debe ser exacto evrtanto de 
Pste modo superposicrones o errqres de trazado 

Estas vías de comunrcacrón deben tener una rntegracrón exacta con las circundantes dado que son 
muchos los nexos de comun1cación que por ellas se realrzan, tales como abastecrmrento, drfusrón 
dP penód1cos y revrstas, esparcrmrento, etc. 

2.- Func1ones administrativas: 

La c1udad es un centro admrn1strativo por excelencra, en ella se concentran los poderes y centros 
admmistrat1vos, parten las normas legrslativas que son aplicadas en toda su área de influencia. El 
control de su aplicacrón puede efectuarse a través del señalamiento cartográfico, vale decir, con la 
localizacrón en forma homogénea de centrales administrativas que efectúen dichas labores necesi­
tandosc por lo tanto mapas a una misma escala y proyección para tener una expedita realización 
de estas actrvidades 

--
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3.- Funciones comerciales: 

la c1udad es la ofic1na de negoc1os dr. la reg1ón, de ella parten los comerciantes con sólo sus mues­
tran os y diseños para sPr vend•rlos en otra área. La representación comercial debe ser diseñada en 
un mapa que permita fácilmente realizar la mtegración de las transacciones. 

4.- Expansión del área urbana: 

En caso de seguir extendiéndose el rad1o urbano de un poblado éste debe seguir con los m1smos li· 
neam1entos de la ciudad origen-. es decir su mismo plano, calles .• banquetas e infraestructura. El 
trazado de estos aspectos requiere de una continua cartografía para no mcurrir en errores. Al 
presentarse el fenómeno de la conurbamzac1ón, la anex16n de nuevas áreas antes rural deben 
reahzarsé ·en forma orden'ada de manera que se vayan ocupando los terrenos de menor valor 
agrícola, estas característiCas solo pueden ser cualificadas y cuantificadas en base a un mapa con 
las mismas características que el núcleo en expansión, es dec1r la ciudad prim1tiva. 

5.- Uso del suelo: 

El conocimiento del uso del suelo del área cercana al med1o urbano con fines de expans1ón debe 
ser previamente evaluado sobre una carta o mapa, la que como punto de referencia debe contener 
las m1smas características de las que señale las del uso del suelo urbano. 

6.- Jerarquización de ciudades e interconecci6n de ellas. 

Un país que desee efectuar una jerarqUJzación de sus ciudades señalándole d1versas func1ones a 
cada una de ellas, debe disponer antes que nada de un mapa que las localice, señale su extens1ón y 
sus caracteres pnnc1pales en una carta o vanas cartas con las m1smas características de modo 
que se pueda fácilmente efectuar su comparación y evaluac1ón, esta poi ít1ca es de gran Significado 
para la planeación de un país que da v1tal Significado a las ciudades. 

7.- Planeac1ón integral. 

Desde el punto de v1sta de la planeac1ón, se requiere contar con una cartogra~ía básica general y no 
es' posible concebir la-planeación sectorial sin tomar en cuenta la nacional y general. 

Todo plan ya sea a corto, mediano o largo plazo requiere estar enlazado a las po((ticas generales 
del país, así la planeac1ór. mdustrial no puede fi¡ar sus metas y objetivos en forma aislada s1no que 
se 'debe enmarcar a las pÓiít1cas generales. De este modo la planeación u_rbana debe estár también 
de acuerdo a este principio y no figurar como ente aislado. 

Toda la planeación debe apoyarse en una base cartográfica por lo que analizadas las car.acterísti· 
cas anteriores no se podría efectuar una planaación general sino se contara con cartas integradas a 
un tipo de proyección que presentara caracteres homogéneos. 

la proyección caitográfica ópt1ma para- ser utilizada en los mapas urbanos debe reunir bás1camente 
dos condicionantes: 

1.- Que sea posible llevar una integración cartográfica a nivel nac1onal a diversas escalas mediante 
las reducciones respectivas, es decir con mapas urbanos catastrales, reguladores, directores de servi-
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c1os, eqUipamiento y 11sC\ df'l suelo, etc. y mapas rurales (topográfiCO, geológico uso riel suelo, etc.). 

2.- Que los mapa~ r <1m ,!,.~ o también lla;nados rurales scdn mtegrados a nivel nacional, as( co­
mo para las áreas urba , .. ~ .. t scalas grandes. 

Estos dos aspectos se 1 ~·- • t•mdo elaborando en forma a1slada, en la primera ut1lizar.do el pi a•• o lo-
cal y en la segunda la p ~l·c1ón Universal Transversa de Mercator. 

Ante estas c1rcunsta11<..•a. el Jutor ha investigado una solución para estar en condiciones de estable­
cer la integración car :. ·~11 ,\hr a urbano-rural (escalas grandes con las chicas). 

111.-- ADAPTACION A U\ PROYECCION UNIVERSAL TRANSVERSA DE MERCATOR. 

La proyecc1ón carto!]•áf1c. 1doptada a nivel nacional ¡.¡ara escalas chicas es la Universal Transversa 
de Mercator, cond1c:•Jn ··• <-1nte tipo Gauss- Kruqer cun un factor de escala de 0.9996 pé:ra 1~ 
mendianos centrales ¡r/i ( •··n1endo bandas de con.acto a 180,000 metros de rada l•no d2 ellos 
(tactor de escala 1yu<1i <1 L • •1. los mend1anos centrale' son los únicos que se conbnden con las or­
denadas de la cuadrH 111. l!111Versal Transversa de Mercator, s1endo el resto paralelas y por lo cual 
no convergen, de tal fornJ;; que cada merid1ano central cubre una zona de se1s grados 'Y la cua.:lr:'­
dos de divergencia como r•láx1mo Además esta proyrcc1ón trabaja para estos usos con las distiln· 
c1as reducidas al niv•!i d~l :r:1r Ante. estas Célracterlst1cas no es pos1ble qu¡; se pl!edan elaborar lc.os 
mapas urbanos quP ,(- 1 <JI'" tenzan por sus escald' \Jrillldes \'a que tanto el factor de escala como la 
reducción de distanc1..t~ di 111vel del mar acusaráP rl1f,•rr>nc1as de consideración y serán más cr(ticas 
cuando se con1ugurn e ,tJ~. corno acont.:!ce en e .J¡s:nto Federal en que se tiene el meridiano cen­
tral de 99° de long1tud u..,>te y una altitud de 2,300 metros. 

Paril estar en condw1 'lt'~ de que la citada proy"·~clcn sea ópt1ma en la elaboración cartográfica ur­
bana integrada, se tf" ,, Jr ..t que tener en cuenta los ilSI te tos: 

1 - Apoyar todo, ~ levantamientos urbanos e• cuanto al az1mut y a la representación carto­
gráfica al merid1ar.~· .... tral correspondiente. 

2 - Establecer como origen de coordenada~ lds nliSmas que rigen en la proyección cartográfica· 
nac1onal, para lo cuJI deben ser transformados los apoyos geodésicos que intervengan en la pro­
yección Universrl Transversa da Mercator. 

3.- Obtener el parámetro común por el cual todo el mapa urbano med1ante p~ocesos de reduc­
CIÓn o ampllf•cac1ún cumple con todas las espec1f1caciones de la proyección cartográfica Univer­
sal Transversa de Mercator. 

Los dos primeros inc1sos involucran todo el desarrollo mterno del mapa urbano, el cual se levanta­
ra con las preCISIOnes que demanden sus objetrvos y se tratará como una simple proyecrión orto­
gonal, es dec1' por los métocios tradicionales en la cartografía urbana. Al cumplirse estos dos 
aspectOs, el terct..r inciso es un valor registrado en la partE: marginal del mapa urbano pé!ra estuhle­
cer su integr <'f'•ón a cualquier otro mapa de llpo rural o regional. 

AZIMUT EN LA PROYECCION UNIVERSAL TRANSVERSA DE MERCATOR. 

Los azimutes se determinan a través de las direcciones (ángulo entr~ una línea o plano y una: ,., 
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de referencia o plano arbitrariamente seleccionado) observadas en los lf• Jdntamientos de campo. 
El proceso de promediar los puntc's observados, de corregir las excentnc1dades de estaciones y de 
aJustar los ~ngulos, se hacen p01 procedimientos convencionales de acuerdo con los levantamien· 
tos. La transf')rmación de las direcciones observadas en direcciones que se puedan usar en la 
Proyección Universal Transversa de Mercator, es una operación de cálculo, así como la transfo~ma· 
ción inversa de valores en la proyección para pasar a los del campo. 

El azimut de una dirección es el ángulo diedro formado por el plano m~rld1:~no que pasa por el 
lugar y el plano vertical que contiene a la dirección dada, se mide en sent1do retrógrado de 0° a 
360° y de acuerdo con el meridiano a que esté referido será el tipo de azimut Los azimutes de cua· 
dricula están dados con origen en el Norte de ella. 

Los ~ímbolos que se emplean para las diferentes clases de azimut son: 

(t) = 
(T) = 
(ex) = 
(ex')= 

Azimut plano. 
Azimut geodésico proyectado. 
Azimut geodéiico. 
Azimut geodéiico inverso. 

Los azimutes (t) y (T) se refieren frecuentemente sin distinguirlos a los de cuadrícula en los levan· 
tamientos de poca precisión y con distancias cortas. Para los levantamientos d·~ mayor precisión 
con líneas largas, es necesario distinguir ei azimut (t) del (T) porque llevan v:Jiores numéricos dife· 
rentes de proporciones significadas. El azimut geodésico aparece como una linea curva en la Pro­
yección Universal Transversa de Mercator (excepto cuando coincide con el Mt>ntlano Central) y de· 
termina un ángulo con la meridiana geodésica que también aparece en la pwyección como linea 
curva. 

Las correcciones que se aplican a los valores angulares son: 

6a. = Simboliza la convergencia de meridianos y se aplica en la ecuación del azimut inver · 
so: 

ex' = ex + 180o ± 6a. 

C = Declinación de cuadrícula, causada por la convergencia de meridianos y consiste en 
la separación de la línea Norte-Sur de cuadricula con la línea meridiana; se aplica 
en la ecuación: 

(T) = ex .t C +180° 

t-T= Torsión que es la diferencia angular entre el azimut plano (t) y el azimut proyecta­
do (T) que salen del mismo punto y su valor es llamado corrección por torsión. 

Cálculo del azimut plano (t). Por definición el azimut plano de una lfnea AB es el ángulo medido 
en sentido retrógrado a partir del Norte de cuadricuia a una linea dada AB, que es recta en la pro­
yección y curva en la superficie terrestre. En función de sus coordenadas el azimut plano (t) de A 
hacia B se determina por la ecuación: · 
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x2 XI tl X 
tan (t) = 

y2 yl A y 

X yY ' 
1 1 

coordenadas de'. punto inic1al A 

x2 Y Y2 • coordenadas del punto final B 

El resultado de esta ecuación es un ángulo.simbolizado por la que estará determinado en cualquier 
cuadrante, y para referirlo al Norte de cuadr(cula y en sentido retrógrado se hace por medio de los 
s1gnos que se obtengan para flX y A Y. 

El azimut plano (t) también puede ser determinado conociendo el azimut geodésico y una referen­
cia de cuadrícula aproximada, utilizando la ecuación (T) =ex ± C +180° en donde Ces la con­
vergencia calculada por medio de ·la ecuación: 

3 3 
C = (XII) p +(XIII) p + C

5 
= (XV) q- (XVI) q + Fs 

en donde las func1ones XII, XIII, XV, XVI y F s están calculadas en los manuales de la proyección 
Universal Transversa de Mercator. 

La forma de obtener el azimut geodésico proyectado, es por medio del azimut plano al que se le 
aphc;:a la correción llamada de torsión (t-T), este valor se encuentra a partir de la ecuación: 

(t-T) = ( - tl Y) (2X; + X'
2 

) 6.875 5 (XVIII) 10 8 

El valor del azimut plano (t) se determina en función de las coordenadas de cuadr(cula, la función 
XVIII establecida en los manuales. y X'

1
' X' 

2 
son las abscisas a partir del meridiano central. 

Conociendo los valores del azimut plano (t) y la corrección de torsión (t-T) el azimut geodésico 
proyectado se obtiene por la ecuación: . ' . . ~ ~~' 

T = t - (t- T) 

Origen de coordenadas en la Proyección Universal Transversa de Mercator. 

El origen• de este sistema, está con el valor de X= 500 000 metros para el meridiano central, que 
para el Distrito' Federal le pertenece el de 99° al oeste de Greenwich e Y= O metros en el Ecuador. 

Para referirse a este origen es necesario conocer las coordenadas geodésicas de un vértice (.,o,>..) y 
llevar a cabo su transformación por medio de las ecuaciones: 

Y= (1) + (11) p2 + (111) p4 +A 
' 6 

X = 500 000 ± X ' 

X'= U,V) p +(V) p3 +. 8
5 

Las funciones 1 a V así como los términos A
6 

y 8 s se encuentran en. los manuales correspondientes.. 

' 
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1-',ll,llllt'tro comun Sr obtiene mediante el factor de escala por la reducción al mvel del mar y al 
cst.1r consignado como mfórmación margmal, es posible transformar toda la cartograHa urbana a 

la 1 eg~eJnoJI, puesto que la primera tu~ne que efectuar sus levantamientos al n1vel medio de la alt1tud 
del ama c~~s1derada y con ~·n factor de escala 1gual a la unidad. 

El factor de· escala se obtiene mediante las ecuaciones: 

1 1 1 4 1 
--=--(-'- +-·- +--) 

Kt 6 . K 
1 

K
1 

K
2 

K = K
0
l 1 +XVIII q 2 + 0.00003 q4 j 

K
0 

= · 0.9996 factor de escala en el mend1ano r:entral. 

.: 4 = O 000001 X" 

X"= Abc1sa al mendtano central 

K = Factor de escala de un punto determinado 

XVIII = functón establec1da en los manuales· 

K 1 = factor de escala del punto IniCial de la linea 

K
2 

factor de escala del punto extremo final de la linea 

K 
1 

= factor de escala del punto medio de la linea. 

Kt factor de escala de la linea constderada. 

La dtstancia reducrda al nrvel del mar. Todos los levantamrentos geodésrcos establecen esta singu· 

ndad con el ob¡eto de poder aprectar las toleranc1as establectdas a lo largo de las diferentes alt1tu· 
des que se atravtesen, de tal forma que para refenr una línea base medida y corregida se reduce al 

nfvel del mar por m(ed1o d~·l:a ecu:ct),n; 

d =.=o 1--+--
, · R R2 · 

O·= distancta medtda y correg1da 

h = altttud medta. 

R = radto medio. 

d = d1stanc1a reduc1da al ntvel del mar. 

E1 Oistnto Federal está localizado entre los paralelos de latttud norte 19° 04' d 19° 36' y entre los 

meridtanos 98°58° a 99°22' de longttud oeste del meridtano de Greenwich con una superficte de 

1,482 kilómetros cuadrados, altrtud de 2,278 metros sobre el nivel del mar, distancia norte-sur 55 

.-,' 

',. 
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kilómetros y distancia est&oeste 52 kilómetros 

De acuerdo con su situación geográfica al aplicarle el factor de escala arroja un valor de 0,999639 
y por reducción al nivel del mar 0.999615. la reducción total es de 0,999254, es decir su paráme· 
tro común, por el que tiene que multiplicarse para estar en la proyección Universal Transversa de 
Mercator. 

Por otra parte, no es posible que los estudios urbanos se hagan a partir de una cartográfica a base 
c;le la proyección citada, puesto que para el Distrito Federal si se considera la lfnea norte-sur se 
encuentra un error relativo de 1:1380, que no justifica las tolerancias especificadas, puesto que en 
55 kilómetros se cometerían 41 metros de error 

Al basar el error gráfico de un mapa, (la apreciación del ojo humano 0,25 mil(metros) las toleran­
Cias van siendo más bondadosas a partir de que las escalas van siendo más chicas, puesto que los 
errores pequeños se van absorbiendo, así se detecta: a la escala 1:500 se aprecian 0.125 metros; 
en escala 1:5000, 1.25 metros y en escala 1:1 O 000, 2.5 metros. 

Es de considerarse la labor efectuada hasta la fecha dentro de las actividades cartográficas urbanas 
en el país y que para llevar a cabo esta transformación se requiere de grandes esfuerzos, pero que al 
realizarla se tendrá como consecuencia la base para la planeación integrada urbano-rural. 

IV.- CONCLUSIONES 

En forma de conclusión se deduce que si una área urbana (escala grande) se trabaja en proyección 
ortogonal, con las condicionantes siguientes, puede ser integrada al área rural (escala chica) 

a.- Disciplinada al azimut de origen (meridiano central). 

b.- Oue las distancias se reducen al horizonte exclusivamente, o se proyectan al nivel medio y se 
tomen los orígenes de coordenadas de la proyección cartográfica adoptada. 

c.- Se utilice el parámetrocomún,comodatode aplicación para integrarla a la cartograHa regional. 

Habiéndose demostrado la necesidad de efectuar la integración cartográfica urbano-regional, se 
concluye la necesidad de realizar estudios que conduzcan a evitar el adolecimiento de esta situa­
Ción en la RepOblica Mexicana por lo que el desarrollo de esta metodolog(a significa un avance 
técnico en esta disciplina que conduce a obviar los problemas de regionalización existentes para as( 
poder efectuar la planeación del desarrollo sobre una misma base cartográfica evitando as( los tra-
bajos aislados de detalle. · 

Se fundamenta esta proposición en el hecho que la ciudad no puede ser considerada como un fenó­
meno espacial aislado sino integrado e interrelacionado con los demás fenómenos del espacio geo­
gráfico. 

De la misma manera la realización de esta integración cartográfica conduciré a disminuir y simpli­
ficar las inversiones económicas que para el desarrollo de este aspecto se realizan en forma aislada, 
las cuales muchas veces inclusive llegan a estar duplicadas con la ruinosa pérdida de esfuerzos 
humanos y económicos lo que incide directamente en el tiempo. 

·,, 
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México 20, D.F. 
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México 10, D. F. 
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Calle 1 Manz. 5 # 18 
México 21, O. F. 
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Unicornio 42 
México 13, D.F. 
Tel.: 582.14.58 
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S. P. Teca1co, Edo. de Méx. 

Cerrada de Bartolache 9 
México 12, D. F. 
Tel.: 524.08.93 
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ICATEC, S. A. \ 
González de Cos io\ 24 
México 12, D.F. ~ 
Tel.: 536.85.60 

GUILLERMO CORANTE MONROY 
Cía. Mex. de Explor.aciones, S.A. 
Río Balsas 101 - 8° 
México S, D.F. 
Tel.: 533.62.46 

ROBERTO CORANTE MONROY 
Cía. M ex. de Exploraciones, S. A . 
Río Balsas 101-2° 
México S, D.F. 
Tel.: 533.62.46 

JONATHAN DA VIS 
Lab. Sección Planeación 
DESFI, UNAM· 
Tel.: 

EFREN DE GORTARI RABIELA 
D.G. Caminos Rurales 
S.A.H.O.P. 
Dr. Barragán 779-8° 
México 13, D. F . · 
Tel.: 579. OS. 35 
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Dir. Gral. de Estudios del Territorio Nal. 
S. A. Abad 124-3° 
México 8, D.F. 
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JIMENEZ CRUZ CASIANO 
Instituto de Geofísica 
Circ. Exterior 
Cdad, Universitaria 
Tel.: 548.99.38 
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S.A.H.O.P . ' 
Dir. Gral. de Plant. Terr. Asent. H. 
México , D.F. 
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S.A.H.O.P. 
Dr. Barragán 779 
México 12, D.F. 
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México 22, D.F. 
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México 22, D.F. 
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México 13, D.F. 
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México 21, D.F. 
Tel.: 549.54.81 
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Tel.: 561. 37. 33 E. 281 

ISMAEL ORTIZ ALONSO 
Cía. Mex. de Exploraciones, S. A. 
Río Balsas 101-8° 
México 5, D.F. 
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Tacuba 5 Entrepiso 
México 1, D.F. 
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Callejón Gral. Anaya 118 
México 21, D.F. 
Telj i 544,55,43 

Coruña 27-9 
México 13, D.F. 
Tel.: 530.68.99 

Fallares y Portillo 156 B-301 
Coyoacán 
México 21, D.F. 
Tel. : 544. 9 3. 35 ... 

Donizettl 91 
México 14, D.F. 
Tel.: 537.75.94 

Mar Mediterráneo 120-33 
México 17, D.F. 
Tel. : 527 .12. 7 3 

Puebla 218 Bi_s Depto. 301 
México 7, D.F. 
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México 4, D.F. 
Tel.: 535.64.92 

Xochicalco 703-4 
México 13, D. F. 
Tel.: 559.12.42 
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ROBERTO SOTO ALVA~EZ 
S. A. R.H. 
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UNAM 
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México 14, D.F. 
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México 12, O. F. 
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México 12, D.F. 
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México 20, D.F. 
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Inst. de Higiene 13 
México· 17, D.F. 
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México 20, D.F. 
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Tel.: 563.52.21 

JAIME R. TRAS H S. 
ICATEC, S.A. 
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I. ABSTRACT 

The article describes several factors that are contnbuting to the 
explosion of statistical and geographical data related to our urban areas and 
the corresponding inferest in automated procedures for the mput (capture). 
a na lysis and display of spatia l data. 

Basic automated mapping methods and procedures are described 
and illustrated using two interactive mapping systems called IN POM and 
ASPEX, developed at the Laboratory. 

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

II. INTRODUCTION 

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

One ramification of this conversion is that la rge numbers of existmg 
manual maps \Vill become 1mmedtately obsolcte. Anothcr possible resu!t of 
this drift towards metric conversion is that the Laboratory for Computer 
Graphics and Spattal Analysis (the Laboratory) is recetving numerous requests. 
primarily from uttltty companies and planning agencies, requesting informatton 
on how to go about developing automated techniques for the collection (data 
capture), aftalysis and display of spatial data. 

There are other reasons why there is a g-reat deal of interest in auto­
mating procedures relative to the analysis and rllsplay of urban mformation. 
There is a large increase m both the volume and quality of stattstical data 
This is due to automated techntques lJC'ing U:,ed bv trad1t10nal agcnctes such as 
the Department of Commer~e (who collect and dt~tributc Censu-s data) as ''ell 
as a result of a ho~t of oth~r governmental and Prt\'::ltc agcnc1es usmg 
computers for collectmg st.1.tistical data. along; wtth geoQ"raphlc tdenttfiers -
thereby creating geographtc entities \\ hteh can be uscd ior :1 vanety ot an:Jlysts 
and display programs. The Central Intelligcnce Agencv. 1or examplc distn­
butes polittca 1 bounclanes for a ll countries (\Vorld Data Bank I) and \\ dl soon 
relea se much more detailed breakdü\\ ns (\Vorld Data Bank II). The ümted 
States Geologteal Suney (USGS) has a multi-mtllion dollar commltment to 
automate the Natwnal i\Tap Series and they claim that all the USGS topological 
maps will be available in digital form m five to ten years. 
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A long with the increasing amount of :wailablc gcographical and 
statistical data is a demand for new. more detailed and more accurate data 
on the part of urban researchers. 1\ew integrated hardware and software 
cartographic ''turnkey" systems make this data more available and cost 
beneficial than e ver before. Comrnercial companies such as Computervision 
(Bedford, Mass. ). Applicon (Burlington. Mass. ). Calcornp (.-\naheim. Ca!.\. 
and Calma (Sunny"ale, Cal.) offer such systerns. In addition. most rnaJOr 
time sharing companies now support remate graphic applicatwns encouraging 
the development and use of interactive rnappmg. Finally, dissernmation 
groups such as the Laboratory. the Census Bureau and the Geography Program 
Exchange (East Lansing, Michigan) are distributing low cost graphic display 
programs. 

III. BACKGROUND 

There are several classes (types) of maps that are used for the 
mapping of spatial d:lta. Base maps display gcoe,raphic cntit1es such as 
boundaries (Census tracts. Standard Metropolitan Statistlcal Arcas. hlocks). 
road and river networks or almost any of the twenty-odd cartographic features 
that are overlayed to produce a USGS topologJ.cal map. Base maps are nor~1ally 
used to convey locational data but do not convey other types of statistical 
information. 

,, Thematic maps display geographical concepts such as gradients. 
density distributions. magnitudes of various attnbutes or other quantit:1t1n:~ or 
qualitative data. To display geographical concepts, a variety of techmques :t!'e 
ernployed such as vanous types of svmbolisms, grey tones and color syrnhols 
and tones - all of which can be supenmposed on a base rnap. 

Statistical surfaces can be representen using chloropleth or isarithnllc 
rnaps. The former represent statistical variables by conformmg toa particular 
boundary or enumeratwn district. Input will cons1st of polygon coordinate data 
and stat1stics that relate to the geographical areas. IsarithmiC rnappmg empha­
sizes gradients such as contours or other isarithms to represcnt arcas and 
volumes to portray a continUOl:JS real (or assumed) stat1stical surface. 

An additional type of map that should be mentwned 1s called a cartogram 
which deliberately distorts areas or volumes to rC'Prcsent rrn aenai quality. The 
example below, taken from an artlcle by R. L. PhtllJps 111 thc :'\pnl 1974 
Proceeding-s of the IEEE (Vol. 62, K o. 4. P. 4-12) illustrates a rer~ul market \ tev. 
of the United States employing a program that produces cartograms. 
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C·ne Blllion Oollors D 
Figure 1: Cartograrn Illustrating Retail Sales in the U. S. for 1948 

IV. INTERACTJVE MAPPING: The ASPEX and INPOM Programs 

Perhaps interactive computer mappmg offers one of the most 
powerful tools for urb.m researchers to date. Onc can perform on-line elata 
editing operations uslrlg an 1ntermecltate dtsplay dcviCe such as a cathode r;-:y 
tube (CR T) (either color or black and whüe). ;:md can se lecti\·ely retrieve and 
"rnassage" data to perform a varietv of statistical operatwns. A user can 
then alter values, cla~s mtervals. symbol and shading types of the output 
display map. Fina lly. a user can transform thc elata, look ~t each VlC\\ on a 
CRT unhl the desired rcsult is ach1eved, :md thcn output thc fmal d!splay file 
toa vancty of display hard\\are devlCes such as digital plotters. CO:\T 
(computer on mlcrofllm) plotters. a color m"J.tnx plotter (such as the new 
Color Jet Plotter from S\\ eden), photoplotters or sorne other output dévtce. 
In sorne cases the resolutwn of thc cathode ray tube 1tselt m1ght be satlsfactory. 
The ASPEX and INPO:\I illustrations appearmg in th1s article were reproduced 
frorn a TektronLx 4610 hard copy output. 

At the Lal1oratory, a vanety of ongomg research prowcts are 
involved m the interactive capture, processing rtnd display of spatwl data. 

INPOM 

The Interactivc Polyg-on \Tappmg S:-.·stf'm {L\P0:\1) is de::>lgncd to 
produce maps of coUiuncs, statcs. ccnsus tr:lc-Ls~1nd other :l rbltran l v sl1:1 pcd 
regions defined withm a gcogtaphic base file (Gl3F). INPOl\i 1S ,, two~dimen5wnal 
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mapping program capable of producin~ conformant base ami themat1c (shaderl) 
maps. It has the capahility of selcctively retncving- arcas to he m3pped of 
controlling the deg-ree of detail to be displayed (for outlmcs) ancl in the svmbolism 
used to depict data values. The user can zoom m on particular areas ot mterest 
try different types of symbohsm, get immediate hard copy from the CRT display. 
and vary thé amount of detail to be displayed. 

The flexihility of input is achieved by entering keyword-tvpe comm:mds 
from the display terminal. The program responds by requesting add1tiona l 
information needed to execute the com mand. Because of the interna 1 data 
structure used by the program. it is possible to get listings of points coordina tes. 
chains (thc data structurc used by the program), single polygons, or user 
defined regions within t~e study area. 

At present. there are over 30 input commands operating in conversa­
tional mode. The commands are entered as 2, 2. or 4-letter nmemonics and 
the progra m will respond accordingly by requestmg numeric data or a lphabet1c 
responses. The numeric responses may be values, coordinates (which may be 
stored internally if desired), window parameters and the like. A ll data is free 
field format so that the user does not ha ve to worry about restrictive fi.xed field 
formatting requirements. 

Another flexibility of INPOl\:1 is that all com·mands have default 
conventions or values \\rhich the program will preset for the parameters of 
a command until the user cmnloys that command. Once set. thc parameters 
of a command remain in effect until thc command is again spcclilCd. 
Figure 2 below shows the current command file for the INPO~l program. 
Figure 3 (detail level -= L) IS a base map of Afnca while Fig,ure 4 (deta!L 
level = 5) shows a thematic map of Afl'ica showmg the gross national prorluct 
on a per capita basis based on 1970 data. Fi6'1lre 5 (detall level =lO) shO\vS 
the same data lllustratmg the zooming and increased detail level for a section 
of West Africá. 
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ASPEX 

The'Automated Surface Pcrspective Program (ASPEX\ is :1n mter::ct:• e 
(a batch version is also bemg dcveloped) pro~ram that du:;pbys three -dimensto~al 
representations of statistical surfaces. Such rcpresent:ltions of three \:1rl.:~Jles 
were not very common until the advent of thc computer because of therr dc'itcult\' 
in construction. Although most people ar~! not particul::lrly accustomed to rc;~dm2: 
information diisplayed on surfaces (especwlly whcn the information IS ~tatlst 1ca.l 
or mathematical in nature). mathematJCians, cartog;raphers ancl planners ::ne 
beginning to accept three-dimensional surface representation as a powerful 
extension of t\vo-dimensional mapping. 

The ASPEX program takes a matnx (or arr:n) of data of any size. The 
program incorporates a free field format command languag·e that operates on 
nmemonic keywords for the over 70 commands of the program. The commands 
deal with the following categories: 

-initialization and production (such as display. help, defme, 
ex punge, plot. etc.) 

-data input and storage (number of columns. data type. gnd 
input, header information, etc.) 

-data value manipulatwn (m in, m:1x, smoothmg. squa re root. etc.) 
-viewing parameters (includmg view type such as ¡sometnc, 
planometric. and perspective) and onentatwn 

-graphic options (inc luding data surfacc commands such as dra\\ 
height, interval, symbol size anci cosmetic fea tu res such as base 
information, map scale, title, etc.) 

Another important flexibil!ty of ASPEX is the ability to alter the view­
point so that a user can be located any\\'here bevond, abo\e. or u pon the surface 
Capabtlities are also bemg aclded to clraw featurcs directl_v on thc surfart> Thc 
scaling of the output plot may be to any predetern11nccl hcu:rht, \\ 1dth or wmdo11 
size and IS accomplished automatically by the pt·oe,-ram The thn.'e tigures 
below represent different views of the U. S. but gencrated írom the same data base. 
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V. CONCLUSION 

The software to rapidly and economically generate computer maps is 
clearly available. Unfortunately, this does not necessarily make automated 
mapping a pragmatic analytic tool. The economics of computer cartography 
must take into consideratwn the totality of the process. Questions pn input 
such as where the data is coming from, its reliability, and updatmg procedures 
must be considered. One is reminded of the millions of dollars tha-.: was spent 
on data banks in the 1960's that became data dumps in the 1970's. 

One must also take into account GBF's from non-contiguous sources 
that are in different formats. There are al so central processor considerations 
which must reduce the data to its lowest common denominator, restructure it, 
process it and finally output a display file for a particular outPut device. 

Output devices range from the ubiquitous line printer which produces 
inexpensive low-resolution maps using over-printing techniques to digital line 
plotters to COM (computer on microfilm) and expensive photoplotters. 

A final word of caution relates to the maps themselves. Being able 
to produce maps efficiently and inexpensively is no guarantee that the maps 
will facilita te and improve the decision-making process of urban researchers. 
One must be able to clearly understand what is being represented by a map 
and the purpose for which it is in tended. Only then will the application of 
computer technology have any meaning. 
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Donald F. Cooke, staff 
~'iillia::• Ii. :1uxf1elJ., staff 
~~ew llaver. Ce:1sus Us~ Study 

Trlt VEVELOP~.1FNT OF A G[OGR·~.PhiC GASE F1 LE ANV 
lTS USES F()R '!APPI.'JG 

ABSTRJ,CT: ·ri1e .:\ddress Cod i ng Guide (ACG) of 
the Census Bureau was flrst used as the gcc­
grapil,ic base f~le. But, \veakncsses in the 
ACG syste~ lead to an e~oerimental rnapping da­
ta base, D'Jnl Independent :-:up Encod~ng (DI:·lE), 
wnich e~oioys re~undant encoding of map fea­
tures wh1ch allows r.aclunc detection of errors. 

Deta~ls o~ codinq an0 diaqraMs make both the 
~~eory, f1lc preparu~i8n, file cditing and 
actual use 1n mapp1ng very expl~cit. 

INTRODCC?rm.; 

One cf the obj~ct~ves of the ~ew Haven Census Use Stud~ 
~s to eval·ua.-r:•" ;ncU;od:o of corr:·¡utt''r :;appir.rJ of small ~rea da:. 
t..a. 'T~1e Stuc.:y C.ccr:1n exnc:ri!T1F;ntir:g Wl ~11 cornptlter-produccd 
.-.i2.?5 i:1 ;.:..:::.,n12.r•' of ':._1Jó-/. Sevcr?..l rncthods of link~ng geo­
~raph~c cocrd1na~es to data 1dcnt1~ied by Census block or 
cy address were stud1ed. 

The Census :)'-"J:e¿¡u ,'.ddrcss C-::-c:lng Guidc íl\CG) \vas !:i:::-~;t 

uscd fo.r: Li1e gt_Ol_1rao;llC l.Jusc r'J _ _;_,., v..'lth the l\CG's "block­
faces'' dS rc1crcncc un1ts for Jata ¿ggrcqatlon and d1spla~. 
fiowc·;er, ::;cvcr¿¡ '.. ·.,:-a.r~nl.':--:::;cs 1n the l\CG-based system lcd to 
t .. he proposal v:C é""\n ,-,xperlmental r.1a:m::..ng data base, (c.::lled 
"DH1E" for Duúl Ir.det~endant l1a;-J L:ncod1ns) emnloying redur.­
dant encodin~ of man features wh1cn allows nach1ne detection 
of crrors. The rnappj n0 fllc t!1Us created has been success fully 
editcd, has provcn 'J'..;eful and accurat-2 for Maoping, and sho\vS 
promise IO!" üSf' in ;'\of•Y .Jreas of Cl ty plan:1ing. 

1 

The follo\-.r:.;•s ~~ccl.lO:IS OJ.Llt.-:e the reasons for the cho1ce 
of redundar:t :?;-,coC: ... r.c;, t.he: syst.!O!!Tl' s theod', the techniques 
f o r de ve l o;-:)] n e~ d ~:e -=. : J t 1 r. q ~ t :--¡(~ f J le , d ~ se u s s 1 o n s e f t he f i le ' s 
use, its e~::;~~ and reco~m~~dat1ons for its u~e in other c1t1es. 
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The Census Bureau's AJdrcss Coding Gu1ae - part of the 
mcchanisn of tne mall-out/m~ll-back Census proposed for l97C 
a?peared to be the ~ost log1cal start1ng oo1nt for prepar1ng 
a gcograohic base file for computcr mapp1ng. The address 
cod1. ng guide is a lis ting of l> loe k faces, wh icn are, as t::-.e 
name suggests, sides or "faces" of blocks. 1\ block face 
record in the ACG contains the follm.;ing 1nformation: 

Stat~e---:~.16 06510 Andrews St. 21 2- 8 

County 

Place 

Zip Cede------------------~ 

S treet N ame----------------' 

Ccns us Tract----------------·-----' 

Census Olock---------

l\.ddres s Rangc- --

In exploring the poss1.bilitLes of a base ~ile using the 
ccding gui¿e, block face tcrm~nals ~ere digitized- that is, 
coordinat~s of the endpoin~s of each block face were rneasured 
.:~~d rccordcd, using a ser.ll-autol"'"!atlc ··coGrdjnate Locator" 
b\nlt by tiH' Ccnsus í1urr:.'.:-tU. · . ..;llh thc addition uL thc block 
.:-.:1c~ tcnn1.n.íl counlin.:ltl·:;, LllL' form .. 1t of thc <Jcographi.c.: ua:.;t' 
[Jlc bcc.Jmc: 

state-~9 1

1
0 oGsro Anclrew,s S t. 2

1 T 2T (X, Y) 

1 

1 

1 

County 1 

l 1 
1 

1 

1 

Place ==!____J 
1 1 

1 

1 
1 

Z1p Cede-- 1 l 
1 

1 

1 
Street Nam 1 

l 
¡ 

Census Trae t---. 

Census Block 

J\ddres s Range.... __ 
; 

Coordinatc ¡::>a1.r for one olock face t.er:T.lnal---------___1 

Coord1.nate pa1.r :or other block face t..erlllina1-
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Eo• . .,.ever, several c.il ff'.cult.ies aupeared in the use of this 
file: 

1) Digitizing was inefficient, becausc each cross­
street intersection was read eight ti~es. 

2} Non-street block boundaries such u.s shoreli:1es, 
ra1.lroads, u.nd rivers v•ere not incluced {s1.·1ce 
therc are no addresses on theM) . 

3) Areas of blocks could not be calculatcd. 

4) Wi~ding roads and circular streets could not oe 
descr1bed. 

5) Clerical errors were present, and could not be 
detected by 11aclüne ed1.ts. 

Editing the !tlc ~roved vcry difficult and time con­
SUI71ing. l\s t::cse t:)roblePs cor~pour.G.ed, 1. t beca;-r.e apparent 
that t.he AC.drcss CodlnCJ Gu1.de, ti1ouqh 1.deal for a i:lall-out/ 
mail-back Ccnsus, could not eas1.ly be a~apted to computer1zed 
mnpping. 

e: n a l te r r. a t 1. 'J 0 ;. ¡e::. :' '-' 1 no !) <1 t a D a s e • ,· as n ro-- - -

?Csed u y .:; c·.-.c:s Cc·r;· .. ::t t of the D drc .\U' s np€'ra t1.ons ?ese are~ 
D1V1s.:.on anet L-·~::-.L·r:c :2rDs-.:orth, a Censu'> Statist.1.cal Intern. 
'I'.-:e .,-.ethou '''é'I.S te""' tcd in :-~-2v1 i-íaven and has yielc~eG. a qeo­
g:;::aphv:: .::ase :.~.L~ v,l11ch 1s useful for ::aD'Jln~·, ancl, 1n c.d­
dition, r.1ay hu.vc ta.r ·nder a:-,nlicabilltv in tr<1ffic analys::..s, 
routing of c1ty serv1ccs, creat1on of soccial urban distr1cts, 
and in thc piace11ent of futurG cit;r fac1litlCS. The sys-
ter.1 1.s baseu on c_:;r;:¡;l. U•;.:or~r- a braiicl! of matr:.enatics \vlth 
d1.rect dppl1.cah1ll ty to ,;¡é1.uping. 

THt:ORY 

The appraach sugaested by Corbett and Farnsworth is 
deri ved froilt tiH~ fact the i\;etropoll tan :laps of the Census 

i .---·- F.d'l e --.. i -----t-- -- ·-- _: --- --- ·-· --#-- -- -· ----

! l 
' ' 

: ,. 1 t' ---~~ _:_•~x·_<::~-=:~ - ---··----~ 

¡ ----- ------ --- l "" !1 / \ 
1 -- / ¡ ' L Face · 

----~----- -------··---. --~- ----------
: 1 

;'~o de = I il te rsec ti cr; 
Edge = St r·-~C t Segncnt 
F' ,l.CC = Block 

¡ 1 
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Bureau can be cons ~de red ma thcu.a t tcally to !:Je linear grar;>hs. 

A l~near gra:ú is a set of nodcs, edCJCS, dnd faces on 
a plane, which foc~ a network - such as a street pattern. 

S~1ch a nct\·Jork can !Je cJoscr L;)'2d oy any o:: t:--.ree "i:'1cl.­
do:::nce mu.!::.rixes", \·;lnc!1 de~1nc thc relaticnsh1ps bet·:ecn the 
edges and no~es, or nodes and faces, cr faces and edges. 
Whereas only one of che matr1xcs LS suf~1c1.ent to descr1be 
t_.:,e neth·ork, a reuundant encodJ_nc; of t!1e 1ncHlence r:.atr~xes 
a.llo~-.•s error detect1dn rout1ncs to be run on computers un­
tLl the street net·,:ork is desc:::-1bed perfectly. 'I'he network 
óescribed by one ~atrix lS compared to the supposedly iden­
tical nctwork descr1.bed by anothe:::- matr1x. Differences in 
the network descriotions ca~ be detected bv Machine and cor-- -
rected L>y hand. :~ot only the !!r~mal net•vork, but also its 
dual can be cdited in this fashion. 

' 

Pr1.mal Net~or~ (sclid !1nes) 
and 1ts cuel {dotteü l1nes) 

?REPJ\RJ\TI0~-: OF Tiri~ flLC 

The r.ater.1als used to cn;at:c a c;eor;ru.,nJ e rra.,;nn'J hase 
f1lc may vary. In i'~e\·/ iiaven, tl1c r~atcr::.als used '.·:ere a ;·'et­
rcpol~tan ile~¡¡ :;ct (-,.;~lch has :,trcct nar;'C'S c.cnd block nur.0cr.s 
lal1elcd¡ and o. Clt" c:.1rcctory to '-'UL'í)l~' adcin:ss ranc;e lnfor­
r.al.lon :or eo.cll lJlcc:. !\ll c.'ler~·..:nts not s~cc1fu:::aJ.l~· named 
on t!Le ;:-a:1s \-Jerc lcwclcc~ 1n a ~;t:-aLcrht fon1ard ;netnncr. ~;odos 

\-icre g1ven nur'crJc.:l .LC:ent~[Ler-, o.nd nar~cs such as ''shorel1ne" 
or ''Conncctl-:::ut 'l~::-:-:n1~:·.' l'¿l,l:- r;;- '·:1ll f\:..ver c·cncerl1ne" 
\-vere ass1gneLi ::.o cilc,;_r corr-:~:::;:•c;',ul ng l u~t:: sccrrnents. 

Node r.u:t • .::er::.::s ·.·,as do;•'-'" c::·::t~cncial~.._~ 2nc! syste>r-tatlcally 
to fac1l1tatc ,i.Lcl::.::..:--E',cr. : .. ,__y:rs \,rnch '-.t::::::-e ;¡u.:-;<bcrcd i ncluded: - -
Street .:._ntcr'-"L.CC::..•::'•í•'~, C:JclS O!' clCdC~-Cfl(l str•::Ct.'t".S, ano }ldCCS 
whcre ra. ltOc\l~c;, ;-:r¡or•'li ilCS r_'r rlve::-s C·:::>;"\.Stl t..ut.cd C:nsus block 
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boundarics and cross~d str~ets or each other. ? laces •,.¡he re 
lines on thc ~aD curved a~prcc~ably were assigned node ~den­
ti ficrs al so. T!1e cri ter 1.on for '' a.D~reciable" bending of a 
street L!e~ends en thc ncr-!ds of the user, that is, whether 
he necds very accuratc arca calculations or wants to repro­
duce the street network extremely accurat~ly. 

Once all nades were numbered, encoding of the incidence 
relationshios were done in tne following fixed length for­
mat, each record ~n tne f~le dcscribing a line segment - or 
section of a line between t\>JO nades. 

lT 11 
1 1 l 

1 1 1 

1 1 ! 
¡ 1 

' l i ! 

1 1 
Address Range -------------------------1 

• 

Street-Andrews St. 7r 1219 ~ 102 1 101 06510 
i 

1 
l ¡:.;o de ( 1) ===--_j 1 

1 
1 

~oC. e ( 2) 

1 
Tract ( L) 

Block (L)---

Tract (R)--

Block (R)...._._ __ . 

Zip Codc- ·------------

l\ddress Cco;:ie (l rr.eans odd left)----------------_j 

Segmcnt Codc (0 ¡r,cans s trcet scgl"'lent)-------------------' 
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Strect Trae t. Bl<KJ.;. LO\;' A cid ii~<;h Add --- ---

:vtain S t. 1 10.2 30 42 
t-1a i:1 S t. l 10 3 12 28 
r1,u. n S t. l 104 2 lO 
MaJ.n S t. l 105 1 9 
na in St. l 106 11 17 
Ha in St. l 101 19 41 

Di.: lE Street Sesment Pccordc; for j :aJ_n Street - -----------------------

Street No de ~~o de 7rec~ í3lock. ':'ract Llloc:-~ :;:..olv ,\c~d High l\dd ------

'la ir. St. 5 6 :.os l lO 4 l lO * 
:1a1.n S t.. 6 7 l 106 1 

-: ..... -.. 
J. l) _;, 

~ , 
..LJ.. 18 ... 

:-1a1.n St. 7 8 ' lüj l 103 J. 9 29 * .J.. 

~íain S t. 8 9 1 • - 1 l.IJ. l 10L JO 42 * 

"" = 0drl. 1eft 
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202 

M a in St. 
..:.. 

-r~ 1 

15---2 
1"'1 

301 101 
rr 
:T 104 

Ul (/) 

rt rt . 
3 High S t. 4 

-- --- ----

102 

Prlmal edit sorts for boundary segr11ents of block ( 10 l) 

Street Nodel Node2 B1ockL BlockR ---
:-tain St. l ... 202 101 ,¡;. 

E lr.1 S t. l 3 101 301 
lligh St. J 4 10 l 102 
North St. ' 2 101 lO 4 't 

The edit attempts to traverse the bouncary by placing 
the segments in arder by matching on Node numbers. 

Street ~;ode l tiadc2 BlockL BlockR ---- ----

Hain S t. l 2 202 10 J. 
North St. 2 4 104 10 l 
High S t. ' 3 102 lO 1 ... 
E 1m S t. J 1 30 l 101 

BlocK L and Block R havc been switched if the nodes had 
to be reordcrcd to cffect a trave~se. (This occurs for all 
streets c>:ccpt :ía1nl 

In this cxamole, the traverse is successful, a~d ~he 
block nurr.be:::::; t1av;~ ber~n -2ncaded carrect~v., :~e te the rela­
t~onshlp af the nace nuwbers and block nurnoers. 

NaJL: l c...'ld ~iodc::: ul·c thc nodc null\bcrs dcf1ninq th\3 
l.:.r:e SC(;t.\Cr1t. 'l'l~c-lr arder lS suc:. that ¡...;c>dc l .LS ,-¡l thc lOW 
adores s ene: 0f t.:H:: s~f:Jnicn t. Tract L and i3lack L <tn~ UlC Census 
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The l~•l;Jll-:.:utlon of Lh1s t·~ tr~at •_:·,,,. 1,,d:s \·Jho pcrform 
the encoc.l1nc.¡ ~rccL>ss nce~ :1ot •:·'J<.:n De <Jl, ~·..: co tell tlle1r 
r1ght hand frcr1 Lhe1r lcft. í:U\·'evcr 1 1:1 Nc\..r liu.ven He nad 
excellent cler1cal help, .. md ·-:•:rv fc\·J errors 1n the i3lock L 
Block R encod1ng were encountered. 

A final machine ed1t sorls cut all seg~ents records 
associatcd · .... :i th each 1ntersecl1on. The module two surn 'of 
the block nunbers assoc1ated with any node should be zero. 
If this is not t:.he case, an ee·or message is written. 

Another useful ed1t 1s a visual check of the street 
network as reconstructed,from the seg~ent f1le us1ng d1gitized 
coordina tes. An almos t equ1 val en t e di t 1s to p lot ::.ec!"lanl cally 
the node numners on an overlay to the source mao. l-íoHever, 
tne former technique explo1ts tne pattern reccgn1tion abll-
1ties of the hwnan eye, and etroneous dig1t1z1ng lS eas1ly 
discovered. 

Edits wh1ch we hope te r'Jr, as soon as poss1ble \Jill 
check the adaress ranse J..rfcrnat1on for 1nternal cons::..stency. 
l\.ny gaps or overla?S of address rv.nges •Ji ll be cietected a::-.d 
corrected by hand. When tnc aJdress range checks have been 
cornpleted, the data base f1le •.:_¡_ll be COilP'Jlete fcr ,,ie· .. ; i:iaven 
and í·:est Havcn 1 Connect1cut.. '.-;.~ ho¡Je sc:c1et::..ne tó e1:EJand t.he 
directory t.C :nclude the r·~St C•f the S.:Ls.,;-.. 'lhe fi::.al 
rnapping file \llll include cal.:-t.tl.atcd olocK cent.ers and areas. 

'• 

USE OF THE FILE IN ~!Eh' HAVEi-J i'~l\PPING 

The fil2 vJithout coord1ni.ttL~'J L~> u>.•o::.c ;:or aC:drt::·ss .. :od1nq, 
Lir.d for fl\.:..1!&'/• f•¡¡:r;t¡c,n·-; Wl1t•'~¡ J'•fflllt•·· rnr,•¡J,-.,,.1,. ();· ;'~·' (J);;c¡-

(j u 1 t y r •..: l d L i ' ) 1\ ·; ; 1 1 ¡> · , u t 1 ) l n e l. . . ; : 1 • ' ·• 1 r· · 1 . ··/o 1 · :. ; 1 • • • · : 1 1. 1 ' ,¡ 1 • • : • o 1. H ~ 

of these last n1c_¡:1t: stt..d''ltlc, t11•.· "::, :•_¡':l>c.:!..·hc"''c" C·l,:c.·pt, 
mov1ng or mosa.1.c <1Vera9lnc_¡, ·.=HJ'·!rc:ja~::c:¡ of ·,ta::.ts::J..cs o~ any 
area by spec1fy.1.ng the bouncía1· .r of t':2 .:n:-t~a 1 uls;::rlctlnq 1 and 
avoid1ng d1sc.:.osure of ccnfJJ:c··.t:,ll l::~OL"aLlon. \·le ~1ave 
coordinate 1nformL1tion 1n ·Je'-'·: .l"-~.-., ·.r:1c:1 c.~lc.;s t:1c furt:her 
ability of grapluc dlS?lay, ._:.;·.·a c::1c: l,c.:r.--;1::-.'/ c,-,.:_c_J.at.:.onl 
calculatlon oÍ d:.stanc0s .1lc..1~~~~ ~~tr,}t.~t::~, ¿::~d .]~f:j!:r:'\_rat'Lot: o: 
S t a t l S ti C S f O:::- 0. l S t r l C t S S :> l' C e '- ,: C l l '! ,_-O O :· d i ~. el t C .:; 1 L O r l.'.­

stance, a. cour:t ::-,r all peoí';_l' .l'.'l:'FJ ·..::;,c.:an C:-'.c :--nle o: C.1.ty 
Hall. 

our pr1r..a:: .... l:1LCrt._?~;-: LJ~..·~ 1r:. (rr.·.::..l,'J.<-: -.!lS:J~ay, nn,.rc,Jcr, 
and CXpCrl; .. :;:;L-:; .:.nJl.C,""t.C ~¡¡,¡t_ ,_ .. \.1'/l. -' ·.¡,·]' r· u:.· lUl•.' tool 
for tl11s pu:c .. .,.o~c·. ln t~..~Jt~r:rJ :._,¡._~ ···:J~.c.·!. ::!·_,,.e:;. t~t2 ~~~1:)0l.11g 

file, I:Jc. hdv,· 7.1.:::o<.!uc<.:u i'l.l" · (< '·" 1~, · .. · •· ~_:¡_·-:: :.r~._'.:' 

block statlStlC~3 u.c~lng 5Y'~;\t', · r·~·_,_,,·_._ ~ ·•');•t.:-.: :-royra.m ue-



trae~ a~d block nuw~crs to the lcft of thc scgment as se~~ 
uy an c~server sta:od.i LCJ at i\ode l and looking to\·:arcis ~ce<:: .2. 
Thc address rar.<Je 1~ cicr1. ved frOP1 the c1 ty directory ¿;r,d :.:.e 
Address Code ind:c~tes odd nu~bere~ left side of t~e strc~:. 
o::: cdd numbereéi r1qnt s.1de of the strect. Note that this :..= 
~n .. nclusivc ad~rc~s range for both sidcs of the strect ~~:.:e 
eac~ record 1n the Census Address Coding Guide gives aci¿:::~ss 

range information for one side of the street. Segment cc¿s 
is a n\.l.l'aber assigncd to ind.tcate whether the record is a 
street, railroad, sno:::~linc, or other type of segment. r~ 
was also used to 1ndicate problem~ encouhtered by the encc~~ng 
clerks. Coordinates of thc nades defin1ng the seg~ent may 
be incor¡::¡orated into the record, or rr.ay be carried separate.:y 
in a list which can be indexed by nade number. 

3DIT!NG THE FILE 

Street seg¡-;er. t record e; '.ve re keypunched, ~nd t.~ e _: i rs:. 
o~ several cor..:'u::.: .!.. 2c.!. ts ·.:a" rur.. Th1s ed1:. sort.:; out. fe= 
eaci& block all S•.>IJ:'K!•lt records assoc.Latcd •·;i th the block, 
then furth2r scrt~ out all boundary segncnts. ~otc that a 
boundary segr.1cr. t c.:: r: 2e id e nti: ied as l:."~'ll.ng di f fercn t b lo.:·-: 
nu~bers in tne 3lc~~ ~ and Glack R f1c~~s. 

An interlcr street such as a dead e:-!ci \:J.ll i1avc t.!1e 
sc.:ne block nu;nber en each s1.....te. The ecit ?:Logram attenr;:>ts 
to "traverse'' the bour.dary of the block by linking the seg­
ments toget!--:.cr l!• crd.er by l!latching nade nUIIlbers. Success 
or failure ncssaacs are \:ri. tten out, a:1c are useci to nulGe 
clcrks 1n ccrrc:ct lnc; ·,:!1atcvc:r crrors or o::nssio::s ure.- ore­
sen t. Thc ~l1 

_;._-::: ¡;.co(:ro¡;¡ 1s rur. and corrcct 1ons and acld1 t1.cn-: 
ar.-.:! rr.ch..IC unt1l nc travcrse lallures ar<'! renorted. 

The second L'Ol.t. 1.s a test of the accüracy of the encociing 
of e-,e l31ocl~ L- i3J..ock R. l:"l.!:"c·rr·ation. l,s;au1 éi travcrsc o: 
the boundary i.s :'lac!c 1 th.ls tHí:c Wl th tl-.c Block i. anu Bloc~ ~ 

ficlds being ::.w1 tc:1cd 1f th.::- nodes had to be reo¡_-dereci to 
effect a traversE:. rhe progrcJ.m t:hen cn,::c!--;.s to see :.. f the 
bJock nurnbcr of t:~(._. block be1n<; d~eckcc a!Jpears cnt.1.rely 1:1 
the Bloc~: R or CIItlrely 1n the Lllock L ::-Lelas. r: t.1•1s cc:¡­
d.ttion fails, th~rc 1.s an error :..n enc0~1.n2 che block oa1r. 
It may be of 1ntercsc to not0 that if the ~oord1nates ~f t~e 
nades are dFJitl~·-< ZliH.J 1nsertcd 1nto t>:e segment recorcs ny 
rr.atchlng on thc :·-nc.~·· nu:~oers 1 t:1en thf' nrea.s of t:12 ulocks 
can be calculatc~ ~~ scon a~ d block can be traversed. T~e 

slgn of the c~lcu:~tcd ar~1 w1l~ 1nd1.cate ~ne d1rec~.Lon of 
ti1e tr..:.vcrse. :;:;()\, 1 nq thc ...:1.:-ect.ion of -:-_,~e traversc~ enaiJles 
one to ;.;.no•.v \::nc'~ .-.:· t~1c E3l,1ck ;__, or 3J.ock :-::. ticlds should con­
tal.n t:ic blc>cr~ ¡•;.:--·: ... ~:- of t;-,:• n.~ock be_;_;:c; -~d:. ted. 



1/ 

11 
¡; 
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Velopeu oy llovlarC::. Flshcr of the llarvard Laboratory for Cor!l­
puter Graph1cs. The SY'rnP oot1ons we have tcsted re~u1re 
that the boundary of thc mao sect1on to be nlottcd b~ cie­
scribcd by coord1natc oairs of vertices in o~der around c~e 
boundary. netrlCVlng ~~is informatlon fro~ the Geograph~c 
Base File was eas1ly done and can be done by machine. alock 
cent~r coordinates, and the area of the b~ocks (needed for 
the density calculation) werc calculated d1rectlv ~rom che 
segment file. -

We are testing another ~rinter mapning package - ~~P 
01, for use with the ~3pp1ng file to nao Census data. We 
are also writing a maoping program to olot data naps on CRT, 
pen plotter, or Geospace plotter out~ut dev~ces. The f1gure 
of merit of any maps produced by the Census Use Study \vill 
be the usefulness, 1f any, to local olanners ~ho use Census 
data. Hopefully sorne of the techn1ques we develop 1n ~ew 
Ha~cn will be s1gnif1cant enough and cheap enough to be 
adopted by the Census Bureau for their publication proi)larns 
somet1rne 1n the future. 

EXTE'KSION OF TIIE SYSTE:'-1 T0 OT:iE!\ CITII:S 

In recon.mending adort1on of this system in other cit.ies, 
we would nod1fy tn~ fo~ego~ng procedurc as follo~s: we would 
stress the 1~portance of accurate source r.1aterials. :Iuch 
time was lost tryin~ to read deta1led 1nformat1on of~ ~~ps 
where the scale ( 1" = 800') mude the features ambiguous. \·Je 
would sugges t us 1ng 1" = 400 ' or even larqer sea le r.1aps, pre­
ferably ones Wl th ac:!dress nu:'1berc; on the r.ans. íve \vould fur­
thcr suggcs t th0 t t'.vO ¿¡de res s rangcs be corr 1cd for each seg­
ment recorJ- orl•' for célcn :~1dc of thr::! strcct. 1.'Jorkl-rlCJ ln 
this manner from muos sucn ¿¡s tllc San~)orn scrLes \...:ould en­
hance the adJrcss cod1ng accuracy of the f1lc (wh1ch we con­
sider to be the weakest part of the :-Jeh' Haven f1le) . 

Once the source maps are encoded, ~achine plott:ng of 
the street scg¡ncnts, blo.ck nW!bcrs, <:nc st:::-eet :...a:Jles .:1:::..o·.·ts 
rapid, accurate and 1ncxnens1vc nrociLct1on of wo~K ~a9s at 
any desirecl scole. As1dc from the s1ze of the f1le, the:::-e 
is no techni cal r~ason \-.,rhv thc svstera of neth·o:::-l~ er.ccx1J..nCJ 
connot be extended to the- p2rcel. lcvcl, w~ere parccl Loundary 
segments, rather than stre~t segments, a:::-e the un1 ts of the 
directory. ~n ex~erimcnt to test th1s is being run on ~ four 
tract scct1oil o: L~ew liavcn, primar1lv to oroc\uce a lnghly ac­
curate address f llc to test .tl1e addr~ss c~ding capalnl1 ty of 
the New ilavcn :-.uprnng f 1 h;. I:xteí.slon of the sys tcm t.o the 
parcel level is stra1gntforward, and not as c1mc-consumins 
as m1ght be oxpected. A f1le such as th~s, ~atched t0 tax 
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--------------------

----- -ri 
207 .l 

+J 
103 

Ul 

16 ~1ain S St. 4' ... $ 4 

l 
1 

1 
1 1 

203 E:: 
,.....¡ 

lOS 
tL1 

8 - - - - - •- -- - -

Dual edit sorts for all segment records ~~~0ciated with 
in tersection ( 5) 

Street Nocel 
.., 

BlockL B,,.,.-,?. Node¿. ~ J -------- ---
!'1a.1 n St. 6 5 202 2 .. " ~ 
Ma1n St. S 4 103 ... ' -
Flr:l St. 8 5 203 , ' -
Elm St. 5 2 202 , ( ·. . ' -' 

![ the in~ersect1on being edit~d (5) a~~s~=3 ln thc 
Node field, !'".ult1oly Block L by -l. 0thcrllÍS'..:, .--~:.tiply 
Bloc:~ rt by -l. 

Street 

!-laln St. 
~:-.~.tn St. 
F.lm S t. 
Elm St. 

6 
'J 
3 
5 

BlockL 

202 
-103 

203 
-202 

Next, all the block nwr.bers are added: 

202 
-103 

20 3 
-202 
-20 3 

105 
-lOS 

+ 103 

o 

B ,,. -- ... ?. 
J...- ... -

, - -
.l. ' -' 

If ail. c-3eg:~:·.'nts are er.coc~cd corr<:cctly, t··~e s1..::· · :.ll be zero. 
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R. G. Loo~is ar.d J. J. Lorenzo 
IB:-í Cor~o~.J. tion 
New York Sc~entii1c Center 

EXPERIME:!.JT.S ,I.\J .~IAPPTNG (J.'1TH A GEO SPACE PLOTTE~' 

ABSTRACT: The Geo Space Plotter is a computcr 
mapping system using wet photograph1c process. It 
is versatile in that 1mages are storeó on disk, tr~ns­
ferred to tape for read1ng and restored on disk for 
updating or overlay with additional image components 
to produce a photographic 1mage of a special purposé 
map. 

Using the New Haven Census Use Study data, it 
preved to be capable of plotting block numbers in 
irregular blocks and base maps depicting streets, 
tract boundaries and railroads. Exoerinents in block 
shadirrg for density studies were less promising. 

Future experiments in equ1pment and prograw~ing 
includc use of a "Fast ALPACA" system allowing con­
struction of entire image before plotting ccmputer 
storage is used, and the development of a faster dry 
photographic process. 

INTRODUCTIO~ 

Within the preced1ng year the IB~1 ~o· . .; York Scientific Con­
ter initiated a scu¿y to 1nvest1gate advanccd c~~~~ce~ appl~ca­
tions in the area of urban affa1rs. At a very carly state of 
this study it becar.~e qu1te clear that OLe of t.he O.l.stin'3uis:.¡_ng 
character1st~cs of many urban planning a~d apcrat~o~al 3ctiv-
1ties is the1r s1gn1ficant dependence on spat¡_ally organized 
data- a fact \vnici1 requires no further s~!)stantia~1on for 
tnose present at tins meet1ng. li.s a cor.sec:J:'Je;:"lce, i ~ -:.·:as de­
cided to undertake exploratory studies d1rected to what were 
judged to be t~rec maJar aspects of computer process1ng of spa­
tial data; na~ely 

l) techniqucs jor storing and manipulating spat1al 
data within a computer, 

2) systems \·.'i-n eh would perm1 t planr.ers and other t.:.sers 
to directly interacc with such data by maans of on-
l1ne graph1c term1nals, ' 

3) methoci3 for providi;:1g hard copy graphical represent-
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r~cords, could yield extremely accurate, detailed, land use 
.l..lforna tion. In addi tion, the file could yield the percen t­
ag~ of land th~t is residential, cornmercial, street and even 
the area of t!1e sidewalks. 

FILE DEVELOP~·tENT COSTS 

One final note on thc Ne\oJ Haven street segment base file -
the cost. Evcn using very generous pay scales, and overes­
timating computer and d.1.01tization usage, we found it dif­
fi.cult to push the cost e~-;timate for the New !laven file over 
' ' $3~000.00, including writing of the edit progra~s. This 

figure works out to about 2 cents per person, or $3.00 per 
block. We cannot extr~oolate the cost to other c.1.ties at 
the present ti~e, but we do fecl th~t this method yields an 
~nexpensive and accurate geosraphic base file with bread 
ápplication as a tool for urban analysis • 
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TOWARD CREATION OF A DIGITAL TERRAIN DATA BASE* 

Arthur A. Noma 
Defense Mapping Agency Topographic Center · 

Washington, D.C. 

ABSTRAer 

A number of digital terrain data collection systems have come into operation at the 
Defense Mapping ·Agency Topographic Center during the past decade; the oldest being 
the Digital Topographic Data Collection System (DTDCS), most current being the 
Semi-Automated Cartographic System (SACARTS). This paper describes the digital 
contents of terrain data collected by these systems and its avaliability for computer 
applications. It also discusses the use of the collected digital terrain data for 
establishing a digital data base for areas of Department of Defense interest. The paper 
concludes with sorne recent applications of the digital terrain data: 

i 
• Prcscntcd to thc Annual Convcntlon of the AmcnLan Congrcss on Surveymg and Mappmg-Amcnc;on Socu~ty 

of Photogrammctry (ACSM -~SP), St Louts, Mtssoun, 10-15 March 1974. 



TOWARD CREATION OF A DIGITAL TERRAIN DATA BASE 

Arthur A. Noma 

INTRODUCflON 

The effort toward exploiting digitized terrain data for mapping and charting began 
m the late 1950's, only a few years after the advent of the flrst commercial electromc 
computers. At the Defense Mapping Agency Topographic Center (DMATC), then the 
Army Map Service (AMS), the efforc in utihzing the digital technology for cartographic 
work began shortly after the installation of the first commercially available computer, 
the UNIVAC I, * in 1952. Three systems began in the era and their successors continue 
m operation today at DMATC. These systems are: 

6J The Integrated Mapping System. 
e The Automatlc Modcl Carving System. 
o The Symbols and Names Placement System. 

Thcsc systems in one form or another uttlize digital media for collecting, proccssing, 
and controllmg thc graphic produce output. The systems diagram, Figure 1, from thc 
publicatlon entttled "Let's Go Ovcr the Htll - Potencial Benefits of ProfLle Scanning 
the Stereo-Model" by Messrs. Spooner, Dossi, and Misulia in 1957, 1 shows the 
creation of a byproduct labeled "Topo Tape Library ." 

During the carly and middle sixties, tcchniques and ideas pioncered by these systcms 
were refined and incorporated mto a number of cartographic systcms. The activtttcs of 
the late Slxties showed the raptd swing m mapmaking toward exploitatton of digital 
tcchniques. Toda y, perhaps more importantly, cartographic technology 1s on thc 
thrcshold of mak1ng available map mfortnation in digit.-íl form for more comprchcnslvc 
plannmg. The forccast by Wtlhalll C. Aumcn in thc tmds1xtics of a "A Ncw Map- Thc 
Numcncal M~p" 2 may havc arrivcd. This paper wtll describe thrcc systcms now 
operacional at DMATC for the collectton, processing, and storage of dtgittzcd terrain 
and othcr topographtc data. Thesc systems are: 

o The Dtgital Topographtc Data Collectwn Systcm (DTOCS). 
ca The Universal Automatlc Map Comptlation Equipment (UNAMACE) Systcm. 
e Thc Semt-Automatcd Cartographic System (SACARTS). 

SACARTS encompasses a much larger scope than DTDCS and the UNAMACE Systcm. 
In addition to cullcctmg, processmg, and storing digital data, SACARTS constdcrs thc 
total cartographic stcps needed for t~e production of topographic maps. Hence, tlns 

• Any mcnuon hcrc1r1 of" cnrnmcrCial product docs not const1tute endorsemcnt by thc Umtcd Sta tes C.ovcrnmcnt. , 

1 

'·.1 ·;, 

',.o L' 



papcr addrcsses only that portian of SACARTS currently operat10nal for che creation 
of digital data. Subscquent papers are forthcoming on full exposition of SACARTS. 

DIGITALTOPOGRAPHIC DATA COLLECfiON SYSTEM (DTDCS) 

A dccade ago, DMATC (then AMS) bcgan collecting digital terrain data on a 
production basis. As originally conceived and elaborated in the publication entitled 
"Programming Topographic Maps for Automatic Terrain Model Construétion" by 
Messrs. Noma and M1sulia in 1959, 3 the system automated the éarving of 
threc-dimensional terram or rclief maps. 

Dunng 1961-62, che mitial approaches were modif1ed and a new d1gitizing 
techniquc and processing methods were implemented. The equipment constructed, and 
conccpt still in use,, was the Digital Graphics Recorder (DGR), somctimes called the 
Floating Arm Graphics Recorder (F AGR), Figure 2. The Apnl 1963 issue of che 
Communications of the ACM, Vol 6, No. 4, the journal of the Association for 
Computmg Machincry, presented a descripuon of a "prototype" system. 4 The system 
consisted of a digitizing table; which collected che incremental motion of traced 
contour lines on a magnctic tape. This was followed by a sequencc of computcr 
pro~::.'T.IIIIS to vcrify thc data by producing plots, fillmg gaps betwccn contours by 
mtcrpol.ttion, and outputting a tape for duecting a tape-controlled millmg or carving 
machme, Figure J_ 

Befare che fully automatlc modehng capability was put into use, the system's abilicy 
to produce digital tcrram data tnggered production programs to providc data for a 
number of Department of Defense (DoD) agencies. 

The requirement to prov1de elevauon data temporanly shclved the completion of a 
mJIIlllg device untJl 1967-68, and the system was successfully put ínto operauon m 
1969. The publícat1on "Autbmated Terrain Modelíng" by Messrs. Mays and Noma in 
1970 5 descnbed the system, Figure 4. Figure S illustrates the surface appearance 
dep1ctable using the systcm. Onc of reccnt cxperiments carned out 1s the d1gical 
cniargcment of the honzontal and vertical scale. That is, data collected and storcd from 
1:250,000 scale have been carved at 1:125,000 and even 1:62,500. The shnnkage of 
scale 1s also poss1blc. 

The mcreascd product1on requirement by the DoD commumty for J¡gJtal elevat1on 
data accelerated the acqUJsition of more rapid and cffiCicnt collcction cquipmcnt, 
culmmating m the D1g1tal Topograph1c Data Collcctlon Systcm (DTDCS) developcd m 
1966-67, Figure 6. The DTDCS is de:;igncd to handlc fivc DGR cables (max1mum) vía 
data flow traff1c control by computcr. Thc system collects "on-thc-fly" traccd data to 
a core buffer arca and thence to a~igned tracks on a 1.5 million word capabiiJty D1sk 
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Pack. The system wul, on the average, hold at least one shift's worth of traced data for 
each table. Bcfore thc data on the Disk Pack are transferred to tape, they are plotted 
for validation and necessary corrections are made on the disk. 

The producuon rates are for the system to handle 200 to 300 digital terrain sheets 
per year, or from 4 to 6 sheets per week, or at least one a da y. This level of production 
would require two full DTDCS systems, with 10 DGR's in operation. 

The processing software has stmilarly cvolved from original concepts and was 
modtfted as production rates increased. The procedure for processing was flrst 
published in the paper entttled "Digitizing Graphic Data at the Army Map Service" by 
Messrs. Mays, Noma, and Aumen. 6 Figure 7 illustrates the current process used. 

Present digitizing practice calls for identlfication of two types of data: 

o Contour lmes and spot elevations. 
D Stream and ndge lmes. 

On the initial sort/mcrge step, the dtgiuzed data are sorted into profiles and the two 
types of data are separated. The sorted contour and spot elevation file is used as a 
control file for the subsequcnt steps that follow. 

The sorted stream and ridge line ftle is matched to the control ftle to obtain the 
elevatton values. The data are reordered back mto strcam and ridge lines and all 
clcv,ltiOn values for thcsc lines are obtaincd by ordinary !mear interpolation from thc 
intcrscction pomts. Thesc data are agatn sortcd back into proftles and mcrgcd wtth thc 
control file. 

Ncxt the sheet ncatlme tn formation ts denved. Thts proccss uses coordmatcs 
provtdcd as tnput and ftrst gcncr.ucs X':, and Y's dcfmmg thc ncatltnc. Usmg thcsc 
potnts, a match ts madc with thc control file to obtalll hctght mform~tton for 
mtcrpolation in dcf111ing al! neatlmc clcvat10ns. Hcrc, two typcs of intcrpolauon havc 
bccn med; a movthg cubtc splme f1t andan ordmary pomt-to-pomt linear mterpolation. 
Expencnce indtcatcs that the spline produces more rauonal values if attcntton is paid 
to collccnng suff1ctent control points at max-mm and inflectlon pomts; however, this 
type of prectston normally requir~s mteract1ve processing which adds to tlme and · 
cffort nel'ded to complete the JOb. Thus, the current practice h.ts turne'd more and 
more t'oward the use of the simpler but suffic1ently accurate hnear method. 

A repetitive interpolatton scheme, callcd planar interpolation, 1s used to determine 
all undefined surface potnts withm the sheet region. The derivatton of thc method has 
bccn dcscnbcd 111 ~~ numbcr uf earhcr worl-.s .tnd a deta1lcd cxposmon wtll nor be g!Vcn 
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here. As shown in Figure 8, the approach is to obtain surface values point by point by 
passing planes through three known points. The algorithm operates within an ordered 
array and, hence, at completion of the calculation all points w1thin the sheet are 
defined. 

The process at DMA TC is specifically tied to the recording density of the collection 
system which is 0.01 inch in X and Y for the DGR. Thus, che digital array produced 
reflects che unit of the digitizer and is independent of source material scale. 

As stated carlier, che digitizing and collection of elevation data began over 1 O years 
ago at DMATC. Within this timespan, che completion of digital elevation coverage of 
the continental United States, Figure 9, is a major accomplishment. This index shows 
che latest inventory check made of che agency holdings of available digital data. Gaps 
in che coverage are, sheets being verified and inventory checks sull taking place. The 
bulk of the data has been collected and processed from che standard topographic 
1:250,000 scale series map and retamed on magnetic tape reels by map sheet number. 
Copies of che data are available m DMATC standard compacted elevations on 
mdustry-standard magnetic tapes. The procedure for handling reqUisition and 
distn~ution are descnbed in che current military map supply catalogs. 

The curren e size of library holdmgs at DMATC is about 1,600 reels. The major 
coverage is of che Umted States and plans call for collection m other world arcas. The 
pnmary source is che 1:250,000 scale topographic map; however, 1:50,000 scale 
topographic maps wul be 'digitized and processed for arcas of specific interese based 
up~n current available coverage. 

UNAMACE 

Figure 1 O illustrates che data flow and proccssmg of che UNAMACE Systcm. Thc 
use of digttized data from che UNAMACE Systcm has bccn dcscribcd m "Autom.Jtic 
Contounng at the Army M.1p Scrv1ee" by Messrs. Viticllo, Biggin, and Middleton 111 

1968. 7 Additionally, a more rcccnt publtcation by B1ggin, entidcd "Computcr 
Gencrated Contours from Numencal Data," in 1971, 8 describes current work at 
DMATC. The system produces digitize'd elevations directly from rectified sterco 
Jmagcry. As descnbed m che ctted papers, che pnmary effort 1s directed toward 
techmques for processing che collected dtgital data for che automatlc plotting of 
contour lines. 

F1gure 11 shows che current UNAMACE data flow ,, First, che data from each, m o del 
are collccted by an updatc program and stackcd onto a master. After all modcls havc 
been collected for the mappmg arca, the data are processed through a contour 
program. The program IS provtded with oncntation parameters and a smoothing 
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cntenon. Proper scalmg ? nd smoothmg 1s pcrformed on the data followed by a process 

to d1g1tally ''draw" lm·~s (L.r the wntour elevatioHs specified. The resulting output of 

che process are {l) cor•tour plnt tape for drawmg labeled contour lmes and (2) 

smooched elevation dara in prof1le to dnve an orthophoto dev1ce, such as che 

Gigas-Zeiss, for producing orthophotograph y. 

Two majar operatlonal problems in che processing of UNAMACE data to produce 

u sable terram data are t he inabthty to detect areas of inconsiscencies on the ~1g1tal data 

and thc inabd1ty to panel or mosaic digital data to construct consistent terra{n data for 

an en tire map rcgion. Are as of incons1stcncies occur beca use of eq01pment hmuations 

where correlation is lost. Locatmg these arcas and correcting the errors are necessary 

for effective use of the digit<:.l data. Tcchniques for digital mosaicking are now bemg 

developed and plans c;¡_ll fo: theit mcorporation as a subsid1a.ry step prior to the 

concour program. 

In adduion ~o the two points discussed, the question comes up asto what smoot~mg 

does to thc ~aw data. ls smoothing done to produce cartographically accept~ble 
contour lines or to better reprcsent the true ground configurauon? Are the two the 

~ame? The point of immed1ate conccrn rclated to the UNAMACE data 1s whcther the 

master or the smoothed be retamcd. Pcrhaps certain cartographic digital dcfmmon may 

be needed to make tlliS determtn.Hion. 

There are approx¡matcly 400 UNAMACE master tapes at DMATC. However, their 

current utihty is hm1ted SlllCC the data are strictly discrete indiVIdual digital models. 

Thc cffcctiveness of usmg thc UNAMACE tcrram data w1ll dcpend upon che successful 

llnplcmcntanon of a c;ysccm to c11licLt and combine data to cover cnnrc map ~hect 

.ueas. 

SACARTS 

Thc mitlal phases of thc Semt-Automatcd Cartographic Systern (SACARTS) havc 

JU~t bcen _ put 111to productton use at DMATC. The system 1s thc combm.ltlon of both 

hardware and computer software for aidtng the cartographer 1n tite productlon of rcpro 

qu.dity matenals, 'Ft¡;urc 12. lnputs to the system are both hypsography, from 

processcd UNAMACE typc
1 
clcvatlon d.lta. and plan11netnc data, from vector or hne 

dtgmzcrs such ,¡s thc CALMA and BENDlX unlts. Thc processmg of the data wlii be 

dotlc on a large central cornpurer ~u eh as thc UN! V AC 1108. Prcsently, the cable 

dt¡,'lt.zcr ts uscd for ~ervtcuig, correctín~ .• l!ld .1ddmg tcatures; howner, pians cal! for 

ltHcrfacíng the OtgttJ~ /np11t-Output lJ1spby Equiptn..:nt Sysccm (DlODES) for r.1p1d 

uncractlve edttmg. 1 h1s subsystem co11~tsts of cathode r.¡y tubes and dtgitlzmg rabie for 

d1~playing and correctmg J¡gn;zcd dat.t. For productlon of rcpro qu.·dlty matcnal, .1 

htgh-prcclston diptally conlroiicd drafrtng lll.lclune su:th .~~ thc Concon.l piottcr IS uscd. 
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For more rapid output of high-content data, a raster-type plotter Wlll be used. The 
raster unit can also be used for rapid scanning of manuscript as input to the processmg 

steps. 

SACARTS consists of a number of clifferent computer-controlled subsystcms; 
howcvcr, central to thc concept is data proccssing on a l~rge-scale computcr. Thc inicial 
verston of proccssing software has bccn developed and tested, callcd Graph1c 
/mprovcment Software Transformation Systcm 1 (GISTS 1). Detatls of GISTS data 
bases have been publishcd in che paper "A System for Automated Cartographtc 
Analysis and Map Production" by Mcssrs. Burdette, Dario, and Spenc,er, presented at 
the October 197 3 Regional Cartographic Conference for Asia and the Far East in 
Tokyo, Japan. 9 Figure 13 shows the general schematic data flow and logical 
processing of GISTS. Additional dctails on the system are given in two other papers to 
be presented at this 1974 Spring ACSM-ASP Convention, "Improved Cartographic 
Copy from Digitized Map CompÜation" by Henry R. Cook 10 and "Color Separat10n 
Symbohzation in Semiautomated Map Production" by Wuhartt Burdette. 11 The 
former paper provides additional detaÜs on systems design and data structure whüe the 
latter discusses the software techmques used to produce corhrol tapes for- outputung 
re pro quahty, color-separated, symbolized plots. 

This system, as presently constitutcd, 1s designed for efficient production of 
graphics; however, elements for the construction of a planimetric digital data file are 
there. Data fields are expandable to handle a wide variety of coded line and pomt 
features. In anticipation of a raster scanner/plotter, software for determming the instde 
and outside of regions, which can be highly relevant to an effective digital data base, 
can be mcorporated into the GISTS file structure. 

The present digital holding from thts system is small and for actual use avatlable only 
for graphic manipulation; howcvcr, as the system is put into production, auxthary 
processcs wül be destgned to managc thc planimetnc.data files. 

Currcnt production plans call for the systcm to be phased in, bcgmning wlth rates up 
to SO map sheets per year to a capaclty of 500 map sheets per year in a 3- to 4-year 
span. Wuh acquisition of addttional and new equipment as well as improved software, 
the system can be pushed upwards toward a 1000-maps-pcr-year rate. These 
production rates wül obviously create an explosion of digital tape data. Hence, in a few 
years th1s system should be a significant generator of digital data, espeetally planimetric 
information. 

FILE AITRIBUTES 

The thrce maJor digital data collcctlon systcms can be mterf.lCed for che creatton of 
\ 
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a common. dig1tal terrain, or more gcnerally callcd topographiC, data base. Thc base 
should con.sist of possibl:r ~wo dtstinct, however, interrelated fu es; namely, clevatlon 

and planimetric data. 

The elevation data should be m the form of elevation arrays organized mto unirorm 
logical rcgions, for instan ce, 1° by 1 o bloc ks. The plammetric data can be b1 oken in ro 
two categories - lme and point informarían. Line data such as drainage, roads, 
railroads, and othcr commumcations networks, should be stored usmg sorne form of 
chain encoding. Point informatior. such as buildings, mine locations, wells, etc., on the 
other hand, should be stored in position ltsts by information category for a specified 
reg10n. 

4 

A point for con~tdcrarion JS how arca data should be retained. The classtfication of 
arca data covcrs such tb111gs as lakc~. swamps, forcsts, nce p<tdd!es, urhan oudmes, 
etc.- in general, cartograph1c "open wtildows." These typcs of data can be retained m 
two forms: ftrst, as a dtrectlon-coded hne to indicatc the inside and outstde of the 
reg¡on outlmed by the line, or, second, like elevation data, carned in array iorm. The 
chotee of thc structure may depend on response requuemcnts needed to meet user 
needs. Arra y form should be much more effective in respondmg to mqutry of whether 
a pomt is msidc or outstde of a region, since, if data are in hne form, either a s~arch for 
hne must be made or thc line data cxpandcd to atray to respond. 

In arder to estabhsh a responsive system, effic1ent file maintenancc and di~tnbution 
will be necessary. Howcver, befare such a system is put into operacional use, the 
prescnt fUe, as wcll as f!les to be generated, must be structured for universal coverage. 
Thc current dtgitiLed data are bemg retamed in some arbitrary local form; in most 
cases, thc instrument system. These fties should be organizcd mto a universal, 
contlguous system; for example, 111to la mude bands. 

· Two ma¡or ¡m.blcllt~ litmt he <,oiVI'd l>l'forc a univcrs;¡J (liKit.d tcrr.•tn d,,¡,, h,t\C or 

fdc L.lll be cíl¡·¡ uvcly lll\lllllt~·d: 

o Sclectton of a untvcrsal coordtn.Jte systcm for orgautzing rhc dtglt.d data. 
o Dcveloptng a malchmg proccss t~) combmc d1gttal data such that mformatton ts 

conuguous. 

Aumen has :.uggcstcd ta<;Jng gcogr;¡phtc coordmatcs as thc untvcrs:1l refcrence. The 
use of the latttude-longJtudc systcm tlL'S dfccttvely to the tdca of mawtatnmg data lll 

latitudc bands A C..uly untfornt ~y<;tl'l11 can be dcvclopcd 1f thc longttudc mccrval 
lllcrcascs ,¡s Lttttudc tncrc.tM~~. Huwcvn, che sclectJon of ,¡ coordlllatc ·~y~tcm ts Lr 
from complete and furthcr srudtcs ~hould be madc 111 elle h¡;hc uf u:.L·r nl'cds and 
requtrcments. í 
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As regards the ~atching 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 effectively ón a~universal 
data base. 

Another majar point of consideration on data base creation is data compaction. 
Sorne studies have been made in this area. However, the currcnt and near-future 
requircments indicate that use of current computer technology should more than keep 
up with present Hles and those being created. Such items as efficient data compaction 
by chain encodi!'tg and use of high-density storage media can comfortably keep pace 
with the collecti~n rates. Asan example, over 6,000,000 elevation points can be stored 
on a reel of ta¡}e using the present DTDCS procedures. By instaliation of available 
high-density tape units, the capacity can be doubled. In fact, there are available 
systems for a four-fold increase if needed. The compaction problem should certainly be 
studied to be ready to handle the long-range needs, although it is-not paramount to the 
present establishment of a universal digital terrain data base. 

SUMMARY 

Once the system is established, a positive investment of resources will be needed to 
maintain the file and handle its distribution. As new data are collected, information 
shou\d be processed to be incorporated into the data base. This will require a 
substancial allocation of computer resources, and manpower for reviewing and editing 
to retain data fidelity. 

The distribuuon of the data will also require the development of software and 
commitmcnt of computer resourccs. The copying of digital data for discnbution will be 
one of the simplcr functions; but, for effcctiVl' response, thc distribution systcm slwuld 
have thc capabihty to sclcctlvcly rctricvc data from only thc spcc1fied rcg10ns as wcll as 
extract che featurc rcquestcd. lt should also havc the ability for sorne amount of 
format changing of che data to fit thc user's need. Additionally, futurc nceds may 
dictate the dcsign of logical synthesizing software to extract for the user 1mphed 
topographtc information for more effective decision making. 

The foundauon for the creation of a universal digital terrain or topographic data 
base is available toda y. 
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~-t A Ft·nmru·nrk for Encoding Spati<tl Dnta • 
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Increasingly, gcographers are encoding data for machine processing, yet 
replicating complex grographi~:;l(attems in machine-rcadable fonn for pro­
ccssing is poorly understood. Th1s paper sets forth alternative methods for 

~- -encodii1ggeographiC-patterliS:J.._+ · 
- Geographic infonnation systems differ from other infonnation systems in 

the e:'l.plication of locational idcntificrs, and the importance of the locational 
_idcntiJiers in manipulating data. Thls paper ,accomplishes two tasks: 1) the 1 

de\:Clopmént of a conceptualframe,vo!-1{ for encoding spatial data for in­
corporation into gcographic information systems, and 2) thc prcsentation of 
a notation for intcrpreting the framework. The choice arnong alternative 

¿ ways of encoding spatial data is detennined for a particular application by 
considering the purpose as constrained by the available hardware/software 
environment, quality control needs, and the magnitude of data to be en­
ceded. 

1 

-~ 

LOCATIONAL IDENTIFICATION 

Spatia] data are conveniently stored ·¡n machine-readable fonn, not as the 
image itself, but in sorne abstract form, such as intensity values for small 
grid units or attributes of areal units. 

The subsets of spatial data that are addressed here are those phenomena, 
such as land use, ownership patterns, and vegetation coverage, that can be 
cxhaustively partitioncd by type or class into regions described as polygons. 

For example, assume that an aerial photograph has been exhaustively 
partitioned into a set of polygons that identify homogeneous land regions, 
i.e., residential, non-rcsidential, agriculture, wooded areas, etc. Replication 
of these various sizcd regions in digital form usually is done as a sequence 
of coordinate values or equivalents describing the perimeter of each area. 
Problems and potcntials of this mode of operation are described in more de­
tail in the next scction. 

ENCODfNG DATA 

Tcchnical probkms in the de' clopmcnt of a gcographic infonnation sys-

"This f,ludy was ~upportcd by thc Gcorraphic Applications Pro¡;ram, t:nilcd Statcs 
Gcologlcal Survty undcr Contrae! 14-D8-001-12::i05. Thc author (!ratcfully ::cknowlcd¡:es 
the comments and su¡:g<:'ilH.ms of Samucl Arms, Frank Ilorton, Rol:>rrt Shaw, and Hobcrt 
WJtticlc. 

/( cllnclh ]. Duc!~er is associate professor of urban mzd regional planning 
Gil(/ gcography al tlze U11iversity of lowa. 
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trm in the gcncric scnsc can bc~t be appro~chcd b~- dev:1opmg a conccptu~ 
framc\\Ork for cncoding gcographic data, 1.e., pomts, !mes, and .arcas, ano 
thcn c\·aluating altl'rnativc ways in "hich thc <:ncodul g.cog:aphH~ .data can 
be input, storcd, rctricved, and output. Clcarly, th~ maJ?r Jssue ~~ the cffi· 
cicnt manipulation of gcographic cbta. Once that tssue JS dctcrmt~<:d, any 
number of data itcms rclatcd toa ~pccific point. line or arca can be mcludcd 
providing additional data storage is made ~vaila?le .. 

Al! elemcnts of the information systcm mcludmg mput and output ~ust 
be viewed in the context of handling gcographic data en~odcd as. pomts, 
lincs, or areas. For cxamplc, data might be abstracted from 1magery m terrm 
of coordina tes for points, and are as encodcd a:_ a ~cqu:nce of pomts. Data 
might thcn be stored as coordina te valucs for po1~ts makmg up arcas, and thE 
data might be displayed as line segments mak1~g up thc syst.cm of areas. 
Clearly, the input, storage, and output encodmgs are n~t mdcpcndent 
Translation from one stage to another must be thought out m ~dvance. 

Figure 1 illustrates altcrnative ways of encodin~ gcograph1c data. D~. 
pending u pon ultima te nceds, a~d the .storage mcd1a ~~d file st~~ture en­
vironment, not all possiblc encodmg schemcs need be utJIJ.zed. HO\\ ~'>.er, more 
than one is usually needcd to provide a rcdundant codmg for ed1tmg ~ur· 
poses to detect errors for quality cont~ol and c?mpleteness. Sorne e~codmgs 
can also be generatcd from others, whtch proYJdes the mea~s for edtt. Each 
of the proccdures listed has a \'ariety of ad\'antages and d1s~dvantag~ as~ 
sociated with it when viewed in light of the storage, companson, retneval, 
and output elements of the geographic information system. · 

The choice of an encoding method from the alternativcs listed in Figure 1 
must be made considering: (1) usefulness in terms of purpose, .<2) case o~ 
data capturing or encoding, (3) ability to generat~ othe: enc~xhnífs for er; 
ror detection, (4) ambiguities, cau&!S by non-umque tdc~tJficattOn, (5)¡ 
ease of synchronizing graphic data to descripth·e data a~ mput, an~ (~)¡ 
storage media and !ile structure available. When companng thc~ entena 
with the possible encodings, sorne cncodings are more appropnate than 
othcrs for typical uses of image data in machine·readab!e form. For cx~mple, 
areas encoded as polygons (cncodcd mcthod :;:; 1) are h1ghly u:eful as JS, can; 
be used to gcncrate othcr c~coding~. and ca11 be encodcd \\'J~h ~ase. Con-

1 versely, arcas encoded as bemg conttguous to othcr arcas (#w)· JS lcss use-, 
fui and mar not uniquely identify an arca \\hen t\\O scpar.~t.e.arc~s are 
wholly containcd within the s~une largcr arca. Also. method :¡::;:·t· ts dtffic~ 
to encode dircctly, although the encoding c:1n be gcncratcd from mc~h 
~3 For error dctcction it is impt1rtant to h:n e l\\ o inckpcndcnt encodmgs •. 
;e· of ,, hich can genera te thc othcr for com~xui::-on. . . . . • ; 

Thc input problcm can be con~idcJcd a pwbkm of cllgttJZJng :tnd c?rl.ng. 
a ~cqucnce of points that makc up an an.•a, ora lillL' ::cgml'nt. :\ltcrnattvely, 
the imagc could be ::canm'd and cncodrd as l-lll.tll .\)' cdls '' htch are. orare 
nota p:ut of a linc ~cgmcnt. Thc data ~to~;IJ.!t' probkm is onc of st'lcctJ.ng the 
;~ppropriatc cncodin¡; nH:thod to mcd rdnc\ ;-¡_J IIC'I:d-. ;111d at .t~lc s1mc ~tme be 
~:ompatiblc \\ ith thc file strudurc :111d mcdnun u¡xm whtdl the d:.tta are 

i 

' 
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.c>rcd. Pattern rccognition type queries may rcquire contiguity charactcris­
cs ::bout small grid units be storcd in a direct access mode so asto assemble 
t)lllO):;C!1eous regions for comparison toa mask. Other qucries might rcquire 
, 1mp:mson of t\\"o polygon sets, such as drtermining arcas of vacant land 
~ '' 1th arras of bnd suitable for industry. In this case the existing land 
"-\? cbta set "ould be compared to the land c;1pability data set. Thus data 
1u:,t be cncoded to make arca description and area characteristics acces­
:ble and comparable. 

C00:\ ERTI0;G GEOGRAPHIC DATA TO M~CHINE-RE.ADABLE FORM 

'3¡Jecifically, three d1ffercnt input methods for converting gE:ographic data 
) m3chine-readable form are utilized. The asswnption here is that geo-

b 

9~------------------~12 

IG l. Alttrnative Methods of Encoding Geographic Data. 
Poss1ble Encodings 

As 

Arca~ encoded as polygons made up as a sequence of points: 
E(a) ·A(6, 5, 11, 10, 7, 6,) [Read as the entity is area a and attributes are a 

~(qucnce of point numbers 6, 5, 11, 10, 7, and 6.] 
E{b) .A(l, 2, 6, 7, 8, 1) 

2 ArcJs cncodcd as bcing contiguous to other areas (where q, is the area outside the 
arra systcm): 

r~{b) :A (c. aJ d, 91) 
E{b) :A(c. a, b) 

3 Lme scgmwts cncodcd in relationship to their end-points and their contiguity to 
are as 

E(l,2): A(b.~) 
EC1,8): A(~.b) 
Er2,3): A(c,.¡.) 

EC2,G): A(b,c) } rever~ cncodmg for rcdundancy edit 
E(6,2): A(c,b) 

4, Point~ cncoded as bcing conncctcd to othcr points 
EO): A (2,8) 
E(2): A(1,3,6) 

5 P()Jnt <; <:ncorl•·d :15 b<·in¡; TLlatl-d lo arcas 
J-."(1):/ b) 
f-"(2): A,,.,c,b) 

• "t • 

( ( 
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graphic pattcrns are manua!ly identificd as line ~et;mC;nts that exhau~tivcly 
partition the map or im3ge into arcas. Thc threc '' ays of making the rcsult· 
ant polygons machinc rcadable are: 

l. point digitizing polygon vcrtices, 
2. polygon trace with line followcr digitizer, and 
3. scanning for the prescnce and abscnce of lincs making up polygon 

regions. 
In all three cases the image must be partitioned into area.s reprcsenting phe· 
nomena, such as land use, land capability or jurisdictional areas. The prob 
lem is to describe these areas in machine readable form for interna} compu· 
tation of intersections bctwcen phenomena or data sets and mapping of thc 
original data or sorne derivative therefrom. 

Point digitizing is the most direct way of making area data machine read 
able and requires the Jeast hardware and software capability. Operating ir 
this mode al! polygonal vertices are digitized and in a separate operation al 
the polygon vertice numbers are coded, and sometimes for edit check tht 
line segment, i.e., connectivity between vertices are coded. The resultan 
entities for this encoding process are: 

E (vertice number): A (x,y); 
E (polygon) : A (an ordered sequence of vertice numbers bounding thr 

polygon): 

6. Small grid units encoded as whether part of line segrnents or not E(x,y) :A(O o 
1) absence or prcsence of being on a line segment. 

7. Small ~id units cncoded as whether they are sa."ne as contiguous grid units 
(E(x,y : (A,, A,, A,, A., A., A., A,,· A.)"' (0, O, O, 1, O, O, O, 1) -

8. Point Connectivity Matrix 

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. Arc:s Connccli\'ity Matrix 
a b e d 

a o 1 1 1 
b 1 o 1 1 
e 1 1 o 1 
d 1 1 1 o 

10. ~··n~tc drfinition of: ( . JlntB 
b. Ím·a bounda 
e. arra ccntroidn 



1e follo" cr mode has a higher computer processing co::t rdlecting proces­
Jg to tictr;minc points of in!lection :-tnd junction. Oprrating in the scanner 
xlc also im·olH"S cxtcnshe computcr proccssing to determine end points 
lint: ~egments. There are high co:'ts im·olnxl in suitable partitioning of 
ta, topological comprehension, and ambiguities of im:~gery ~uch as reta­
e positional errors. 
Thc scanning mode and the !in e follo\\ er mode ha\ e highcr initial costs 
tenns of the devrlopment of algonthms to convert the data íor storage and 
rieval, but operate more efficiently at higher volumcs of data from imag­
. Figure 3 reprcsents a conceptual cost comparison of thrce modes. Sup-

Casi 

Volume of DaiCil 

Point Digitizer 

Line Follower 
Scanneli' 

3 Hypothetical Cost Comparison for Altcmative Methods oC Input Procer.sing of 
:lgraph1cal Data. 

ing cost comparison data is not readily available though it needs to be 
:c:d. 
1e volume of data is a function of the size of the area being digitized, 
of the image, the resolution being used, the density of phenomena be­

;JgitJzed, and E:ncoding method: 

Vol u me= f (size, sea! e, resolution, density, encoding method). 

,en the gcographic data are denscly distributed ón imagcry and there 
large number of images to be processcd thc ~canning mode bccomes 

>mic;JIIy fca~ible. Whcn gross or le~s dense péllt(·rns occur on images, 
tncodmg of arca de!initions and point digitizing appears most feasible. 

CLOSING NOTE 

'5 papcr attcmpts to o.plícitly trc<Jt a<,pects of m;:'king ( - ( - ,.:raphic data ( 

,. 
' ' 
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machinc-rc;:¡clable that are mually impl1citly consídcrcd. It stcrns f~orn the 
author's vicw that índcpcndcnt clecisions rcgarc!Jng one ckmcnt of an infor­
mation sy:,!c'm, say input or ~toragc, force dccJ'>ions pc:rtaining to anothcr 
clc:mcnt, say retricval or output, that may be contrary to the purpo<;c of the· 
system. 

Víewing '' ays in which spatial data can be rncodcd providcs thc conncc­
tive ti~sue by which integrated geographic information sy,tcms can be de­
signed. Similarly, the encoding concepts providc a mcans by which systems 
can be compared. 
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The Trade Area of a Displaced Hexagonal Lattice Poina 

M. F. Goodchild 
'1 

Consider the classic central place system of uniform dcmand density on 
an infinite plain. Let us suppose that a single entrepreneur is, for sorne unde- · 
fined reason, unable to locate at his optimal hexagonal lattice point. He is. 
forced instead to locate ata distance r away in a line bisecting the angle be- . 
twcen t\\O of his nearest ncighbours (Figure 1). We adopt a coordinate : 
geomctry in which the distance separating adjacent lattice points is 1, the : 
optimal point (0, 0,) and the six neighbours are located at ( ± v 3¡2 ± 1¡2) 
and (0:±1). Our unfortunate friend has becn forccd to locate at (r,O). 

The uppc:r half of thc modified trade area of point O is found by conncLt­
ing the perpendicular biscctors oí OA, OB and OC to form KLM N. The low­
er half is symmetrical. I3y a littlc application o( thc principlcs of coordinafe 
geomc-try, wc finu that the tmde area is 

J\1; F. Goo¡· '•il~ is an assnciale prnfcssnr of gfogmpf¡y (, '·r Uniz•asity 
of JI· c.~lon Q,¡,aTIO, !_ondo11, Canada. - ,. 
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~ (li ne segment: wrtice i, \·erticc j) : .-t (polygon codc for ldt adjacent 
arl'a, polygun codc for right adjacent area). 

'he DI:\lE Gcocoding Systen. (3) and :\1.\P ¡:\10DEL (1) both use 
1ations of tl11s encoding scheme. Init¡ally, only thc line scgmcnts are en­
cd in the Dll\lE mode. Polygons are in efTcct creatc-d 35 the DIME al· 
ithm links line segmcnts bascd on polygon (block) codes and redun­
ltly checks by matching-up the block numbers, as 1llustrated in Figure 2. 
~he Pnmal ed1t wrts boundary segments in ordcr by matching node mun­
s. The ('(lit tr3serses the boundary of the block by linking the segments 
ethcr in ordcr by matching node nwnbers. 
~he Jedundant cd1t also traYerses the boundary, with the block left and 
::k right íields bcing S\\ itchcd if the nodes ha\"e to be rcordcred to see if 
block nwnber appears entirely in the block right field. 
:he :i\1Ar'/:'-.10DEL System encodcs the points of inOection and junc-
1S of pol) gons. The resultant entity is an ordered set of verticcs for each 
ygon: 

E (polygon code) : A (x,y coordinates of points of polygon inflection 
and junction). 

:'he cdit procedure used in l'v1AP/\10DEL utilizes the characteristic of 
meth:;d that encodes each line segment twice (because it is part of two 

b 01 

4 
e 

. 2. DIME Edita. 

l/AJ E Codmg [E( i node, j node)]: A (left block; right block)) 

Node á Node i Block Left Block Righl 
1 2 e Q 

1 3 a b 
3 4 o e 
4 2 a d 

'rimal Ed1t (travcrscs boundary) Rcdundant Edil (block cncoding) 

Node l Node j Block Left Block Right 
1 2 e a 
2 4 d a 
4 3 e n 
3 1 b 8 
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polygom.). Thc scparatcly cncodcd Jine scgmcnts are comp3rcd nnd if thcy · 
fall within a givcn tolcrancc are ncccptcd; if not thc records are rcjcctNI and 
a corrcction must be made. 

Input from imagcry vi a a polygon trace with a linc followcr digitizer 'is 
somctimcs uscd to digitizc a coastline, contour lincs or irregular polygons. 
This cases the input problcm significantly with rc~ultant case of in~trtk­
tions to thc cligitizing pcrsonncl. The only instruction nccessary is that the 
digitizcr stylus trace around each polygon. The resultant cntity: 

E (polygon code) : A (x,y coordina tes sequentially orderc-d and at 
regular intervals) 

In sorne instaqccs, a computer algorithm must then be dcveloped to idcntify 
junctions and points of inl1ection to create a polygonal file changing the at­
tribute structure of a scquencc of x,y coordinates to a ~cquence of line seg­
ments, thus simplifying the polygonal description similar to one dcveloped 
by the point digitizer and manual coding. The edit employcd by this mcthod 
utilizes the characteristic of the method that encodes each line segment 
twice. The separately encoded line segments are compared and if they 
fall within a given tolerance are accepted. The resultant record for storage 
and retrieval is the same as the resultant records from point digitizing. 

A dnun scanner as used by the Canadian Land Jnyentory (2) creates 
machine-readable records for each resolution ccll of the image, consisting of 
whether a line is present or absent for that cell:1 

E (%,y) : A (presence or absence of a line segment for %,y) 

An algorthm is necessary to connect contiguous cells having lincs present 
to form line segments in order to proceed as above. For idcntification of poly­
gons, a separately cncoded polygon nurnber and coordinate Yalue falling 
within the polygon region must be digitized separately: 

E (point within polygon) : A (%,y). 

Again the resultant data for storage and retrieval con~ists of a polygon de­
scription andjor line scgment description with deriYed coordinates for the 
vertices of the polygon regions • 

The choice of encoding mcthods for imagcry data is depcndcnt upon a 
variety of factors, thnt are largely rclatcd to the m:-~gnitude of the data be· 
ing cncodcd which in turn is a function of thc size of thc nrca and thc dcgrce 
to which it is bcing partitioned into subarcas, nnd thc aYaibbility of hard· 
ware nnd software. For cxample, thc Canadi:1n Land Im·cntory pr0ccdur~ 
rcquircs rcdrawing maps to be scanncd to diminatc all dctail but thc bound· 
arics of l'lrcas. 

Opcrnting in thc point digitizing modc the co!:tl' for digitizing and polygon 
cncoding are high whcreas co~ts for computcr proC('!':-ing are low bl'\::ltl~ the 
cncock-cl data are dircctcd to stomgc without intc1 vrnin~ procc:;sing. TJ'e 

'As the ""linc's" tl1ickncss cxcccds thc ccll v. iJth thc rd~r mn~l fir~t b~ dctcrmircd bcfon 
the "line" ia usdul · 
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PUBLICAT!º~§ ___ . ·-·- __ _ 
_ _,_~ ....... _ .. ---

··--¡u--RED BOOK Descript1ons of selected projects undertaken by the Laboratory 

20 THEORETICAL CARTOGRAPHY PAPERS lssues in thematic map design 

20 AUTOMATED CARTOGRAPHY PAPERS Data structures and related issues 

21 THEORETICAL GEOGRAPHY PAPERS Geography and the propertie~ of surfaces 

22 OTHER PAPERS and EDUCATIONAL AIDS 

ORDERING INFORMATION 

23 Computar Programs and Related Materlals 

27 Publications 

Copyright(;;., . .J76 by the Laboralory for Computer Graphics and Spalial Analysis • Gr~ ... ate School of Designo Harvard University 

Brief History of the Laboratory 

The Laboratory for Computer Gi-aph1cs 
and Spat1al Ana.ys.s was es:abl.shed w1thm 
the Graduate School of Oes:gn al Harvard 
Un1vers1ty 1n the Spnng of 1965 In 
December of lhal year 1! rece1ved a ma¡or 
gran! lrom !he Ford Foundahon 

The ong1nal and conhnUing goals of tha 
Laboralory are 

1 .. To des1gn and develop compuler 
software lor !he analys1s and graph1c 
d1splay of spat1al data 

2 To d1slnbute !he resulhng software lo 
governmenlal agenc1es. educat1onal 
organ1zahons and mterested 
proless1onals ' 

3 To conducl research concern1ng !he 
defm1hon and analys1s ol spahal 
structure and process 

Tha Laboratory was founded by Howard 
T F1sher. who served as 1ts D1rector until 
June 1968 Dunng th1s hme the SYMAP, 
SYMVU, and GRID programs were 
developed and made ava1iable to pracllcmg 
profess1onals In add1!1on, severa! short 
courses and conferences were sponsored 
Succeedmg F1sher, W1lilam Warntz was 
D1rector of !he Laboralory unl1l June 1970. 
Under h1s d1rec!lon, the Laboratory staff 
focused on research 1n spal1al structure, 
and began lo pubilsh the1r f1ndmgs m a 
newly 1n1!1aled senes of Theoret1cal 
Geography Papers 

In 1970 Allan Schm1dt assumed 
respons1bli1ty for the Laboratory Under h1s 
d1rect1on several add1!1onal software 
packages mclud1ng CALFORM and 
POLYVRT were 1ntroduced Extens1ve work 
was also begun on 1ssues concernmg 
cartograph1c dala structures (POLYVRT and · 
ODYSSEY) and 1nteract1ve graph1cs 
(INPOM and ASPEX) In July 1976 Bnan Berry 
beca me D~rector of the Laboratory A substant1al 
mcrease m emphas1s on research relat1ng to 
spat1al process and geograph1c mlormatlon 
systems 1s planned 



RESEAF\ DIRECTIONS 

Research w¡thrn ttte U!boratory "oven¡ ~ 
wrde range of achvrties related to the 
analysrs and display of spatially variable 
phenomena. Of particular interest are: 

1. Theorres and technrques apphcable lo the 
display of spatral data, 

2. Theones intended to provide a betler 
understandrng of spatral structure and 
process, and 

3 The d•stributron of r11sultrng matenals lo 
members ol plannrng and deslgn prolessrons 
as well as cartographers and geographers. 

Display of Spatlal Data (Computar 
Graphics) 

Arl mitr¡¡l gopl Qf the L.aboratory was to 
develop low cosl capabrhtres for producrng ' 
cemputer maps. This is strll an objechve of 
lhe Labort!tory, both in terms of updatrng 
earlier systems and developing new ones 

The original product, SYMAP, has 
contrnued and developed. lts system of 
display on a line printer led lo a second 
generation of llne plotter programs (SYMVU 
and CALFORM). Recently, a third 
generation (ASPEX and INPOM) has 
evolved towards an interactiva cathode·ray 
tube environment. In the future, graphrc 
software developed by the Laboratory wrll 
be increasingly rnteractive and rntended .for 
use with small to medrum srze computers 

Understandlng Spallal Structure 
(Spatlal Anatysls) 

Recen! progress rn the display of spatral 
data has depended rncreasmgly on an 
understand•ng of spahal models and their 
lmpact upon the storage, mampulatron and 

display of x·y coordrnate carlographic data 
bases. These files contaln the basic 
locational rnformation required to produce a 
map. lf a map rs to represen! a spatial 
concept, locational attributes of lhat 
concept must firsl be transmitted lo !he 
display program by means ol a cartographic 
data base. 

lnitial efforts in cartographlc data base 
research resultad in design and 
development of the POLYVRT program. 
Thrs program has !he abrlity to translate 
files from one data structure and formal lo 
another - preserving the mherent 
topology ol each lrle yet elim1natrng errors 
and redu_ndant detarl 

Work on thrs projecl rs currently berng 
fundad under a 3·year gran! from the 
Natronal Science Foundalron The trtle of !he 
project is Topolog¡caflnformallon Systems 
for Urban and Enviranmental Research. 
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Recen! Laooratory research on 
cartographic data structures has focused en 
topologrcal analys1s of spatral entrtres where 
bas•c relatronsh,os of connectedness 
provide the or¡;ar.,zatron for a data 
structure Such a data structura prov1des 
efficrent data storage, flexible data retneval 
and extensiva error checkil'lg capability. 

A topological data structure also allows 
lor the creation of leas! common 
geographtc unrts {LCGUs) which result from 
the supenmoosrhon of two or more partí· 
tipmngs ola regron As a result, direc! 
overlay of arbrtrary do:lta zones rn a region 
be comes feasrble. Thts allows rmmed1ate 
companson of drflerent data bases wrthout 
!ha compllca!lons of more tradr!lonal 
procedures lor uniform gndd•ng of a reqion 
Curren! actrvtlies rnclude ut lizatron of thrs 
approach rn the fields of laf1d use and 
envlronmental plannrng anc !hematrc 
mapprng 

The Laboratory has acqu1red expertrse rn 
the manrpulatron of global carlographrc hles 
{WDB·I), U S Census DIME fries for 
metropolitan areas and counlres, U S 
Census Urban Atlas fries of census tracts, 
and a number of locally generated fries. 
Thrs research embodtes both theiT'ahc 
mapprng concerns of drsplay research and 
other rssues related to automated 
cartography and geographtc rnforma!lon 
systems 

Whrle each program can be charactenzed 
in terms of hardware requrrements, these 
technolog•cal lactors are less rmportant 
than the conceptual modal of spahal 
structure whrch influence'> rls desrgn The 
desrgn of a program rs largely a funciror. of 
how one descr:bes and class1fres 
measurable entrtres on the earth's surface 
As a result, each program embod1es a 
model of spatial structura whrch rs rellected 
rn the requrrements and capab1htres of that 
program 

The development and drsseminatron of 
cartographrc data bases by the Laboratory 
ls in tended to facrhtate !he preparat1on of 
maps by users ol the Laboratory's compute~ 
mapprng programs 
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Tools for lha Professlon 

The Laboralory distnbutes the resulls of 
1ts research lo academtc, governmenlal, 
and commercial organtzahons mterested 1n 
the apphcatton of_spatial analy!lc techntques 
to planning and design Avallable programs 
and publications are descnbed 1n th1s 
catalog Recen! activtltes and developments 
are reportad 1n the Laboratory's newsletter, 
CONTEXT, whtch 1s dtslnbuted free of 
charge Summarys of research projects ' 
with appropnate illustraltons are published 
in !he laboratory's "Red Book," a 
cumulaltve report of selected projects. 

The Laboratory's apphed research eHorts 
focus upon selected pro¡ects that allow for 
the tmmed,a!e apphca!10n of new theones 
and techn1ques 1n a work1ng env1ronment 
Such pro¡ects prov1de opportun,!les for 
evalua!1ng and ref1n1ng Laboratory products 
In reahs!1c test s1!uahons As a result, user 
reqUirements are d1rectly reflected '" !he 
design of a spahal model as soon as 
poss1ble Feedback from our software user 
commun1!y also prov1des a S1Qn1f1cant 
contnbu!,on to our on-golng program 
developmen! eHorts 

Though the Laboratory's programs are 
des1gned for use by 1ndiv1duals Wilhout 
prior training or expenence in computar 
sc1ence, the software allows increas1ng 
SOOh:_c:t!.:-.:0.:·• ···-:·hu• .:;.t,J.._,;,\:,-a~'"·"' tiy tho;;o Wlth 

--;Cómputer sc1ence background or 
automated cartography expenence The 
programs are use; onented w1!h 
considerable flex1b1hly and numerous 
opt1ons W1!h1n eách program There is also 
a default proceduce to sat1sfy most common 
requ1rements oL~.user's data base and also 
to m1n1m1ze d1ff,cul!y of obta1n1ng an ln1!1al 
computar output for wh1ch sample test data 
IS prov1ded w1!h tne programs 

A recen! add1!1on lo !he hst of matenals 
ava1lable from !he Laboratory¡ are a rela!1vely 
complete set of Cartowaphic Data Bases 
for use w1th a conforman! mapp1ng program 
hke SYMAP, CALFORM or INPOM Such 
data bases are curren!ly ava1lable for a w1de 
vanety of geograph1c locat1ons 

Selected v1ews of the Un1ted States 

CALFORM 



OPERATING POLICIES 

The Laboratory's relationship wtlh its I.!Ser 
communtty has resulted in the establishmen~ 
of operating poltc:es concerntng software 
dtstnbutton, support services, computar 
hardware, standards, researc;h grants and 
contracts. the Harvard Mapptng Serv:ce, and 
pricmg. 

Software Distributlon 

The laboratory distr tlt..~es a ser of 
computar programs descnbed la•er tn thts 
publtcahon. In the future, new programs wtll 
be added to thts list as a result of research 
efforts outlined above. Otstnbution of these 
prcgrams is Sl.ób¡ect to the follovllflg 
agreerner.t between the Laboratory and 
users of its software· 

1. Neither thts software, its documentation, 
nor adaptahons thereof shall, except with 
prior written consent of the Laboratory, 
be sold, leased or otherwtse dtstnbuted m 
any form to any indivtdual, bustness 
entity, academtc tnshtutton or 
governmental body whatsoever 

2. Th1s software tS not to be tnstalled at a 
commerctal computtng installatton 
(servtce bureau) m a manner wh:ch would 
allow for its use by mdividuals other than 
employees of the pL!rchas.ng 
organtzatton wtthout pnor wntten 
consent of the Laboratory 

3. Upon acceptance of these terms and 
condtftons, as tndicated by stg'1alure of 
an offtcer having authonty to enter mto 
such agreements, the Laboratory grants 
the rectptent a royalty free, non-exclustve 
hcense to use the sub¡ect matenal at a 
smgle computer factltty 

Boston 1970 Census Tracts 

Support Servrces 

Wtth the sale of a program, the Laboratory 
undertakes to provtde asststance and 
support for the program's mstallatton and 
use. Through increasmg adoptton of 
software standards and asststance of 
software converston centers (see below), 
installation effort 1s mintmized. 

Questtons concerning use of a program, 
however, wtll always extsl. The utihty of 
programs for a large user communtty 
depends on early idenhftcatton and 
dtagnosts of problems and a corresponding 
development of correcttons and/or 
modtftcations. Such a process beneftts the 
enltre user community by elimmattng errors 
and extendtng the capabtltttes of a total 
program package Support provided free of 
charge by the laboratory for 1ts programs 
conststs of. 

1. Responses lo wntten or telephone 
communtcattons concerning mstallahon 
or operatton of Laboratory software 

2. Modtftcattons to the program, pnnted and 
dtstnbuted to all users Provtsion for a 
complete program replacement tape ls 
made at a charge equal lo 10% of a 
program's curren! purchase pnce This 
oplton ts frequently destrable when 
modiftcattons lo an existtng program 
tnvolve severa! hundred changes wtthtn 
the onginal source code 

Computer Hardware 

All of the Laboratory's programs are 
distributt>d for use on IBM hardware tn 
FORTRAN source code However, most cf 
the Laboratory's programs also have been 
converted by certam other uscr:; !e operate 
on a wide variety of non-IBM hardware For 
most non·IBM hardware the Laboratory has 
available na mes and addresses of users who 
already have performed converstons and 
have agreed lo make avatlable a copy of thetr 
verstons of the Laboratory's programs to 
authorized users 

The Laboratory is interested in 
establtshtng formal relattonshtps wtth 
organtzattons wtlltng to act as convers1on 
centers for the Laboratory's software wtth 
respect toa spectftc hardware manufacturar 
Two such converston centers have recently 
been establtshed, the Untverstty of 
Massachusetts for all CDC users and the 
Untverstty of Delaware for all Burroughs 
users Each destgnated convers10n center 
recetves a free copy of all Laboratory 
software These centers prepare captes of 
the Laboratory's software for thetr respecltve 
hardware and will be able to respond to u ser 
ques!tons concorning tls tnstallation on 
'thesc machtne;; As outltned above, however, 
the Laboratory retams sole nght to control 
program dtstnbulton by these converston 
centers 

Atlante 1970 Census Tracts 
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Standards 

The posilion of the Laboratory 10 the 
profess1on of automated cartography IS 

un1que in terms of standards Dec1S10ns 
concern1ng softWare convenlions affect a 
large number of users and have mroomum 
utihty only 1f apphcable lo a large segment 
of the user commun1ty 

Specif1c areas which the Laboratory has 
selected for estabhshing convent1ons for 1ts 
software include 

1. Glossary of terms related to automated 
cartography 

2. Standard1zed subset of transferrable 
FORTRAN and recommended 
procedures for locahzed group1ngs of 
non-standard features For example, 
mach1ne spec1flc constructs to be 
avo1ded or 1nput/outpu! un1ts to be 
ass1gned at a spec1flc 1nstallat1on 

3. User command language for flex1ble and 
cons1stent nam1ng of program control 
parameters. 

\- -· -- --- ----- --- -- -·¡ 
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Research Grants and Contracts 

Support for lhe Laboratory's ac!lvllies 1s 
denved solely from research grants a.--:d 
"t:ontracts plus program and pubhcalion 
sales The Laboratory act1vely sohc1ts 
support for 1ts vanous research 1nterests, 
descnbed above Organizat1ons wh1ch have 
sponsored work of lhe Laboratory include: 

1. The Ford Foundalion 
2 T he Off1ce of Naval Research 
3. The Na!lonal Sc1ence Foundat1on 
4. The U S Departments of Housing and 

Urban Development, Health, Educalion 
and Welfare, Commerce, lntenor, and 
Defense 

Research wh1ch 1s funded by outs1de 
organ1zallons mus! sat1sfy entena 
admm1slered by Harvard Un¡vers1ty's Off1ce 
for Research Contracts These entena 
1nclude !he freedom to publish research 
f1ndings sub¡ect only lo establ1shed 
safeguards for protecl1on of pnvacy or 
confidentiahty of personal data 

Harvard Mapping Service 

Occas1onally the Laboratory has preparad 
maps, e1ther by hand or by computar, to 
meet the needs of Harvard and MIT faculty 
and graduate students. When !he d1vers1ty 
of expenence thus ga1ned can contnbute to 
the general ob¡eclives of the Laboratory, 
mappmg work may be undertaken for 
others as well Ass1gnments of lh1s k1nd 
have been carned out for such pubhcat1ons 
as Lite Magazme, Sctentiftc Amencan. The 
New York Times, Na/ional Geographlc, and 
for 1nd1v1dual authors of var1ous books and 
articles. 

lnterested organ1zat1ons are encouraged 
lo contact the laboratory descnb1ng 1n as 
much deta1l as poss1ble the nature of thelf 
needs and any apphcable deadlmes 
Enclose 1! practicable, cop1es of data 
tabula!lons, base maps, or any other 
matenal that could aid 1n the understand1ng 
of what is reqwred 

Ch1cago 1970 Census Tracts 

-- Los Angeles 1970 Census Tracts 

Prlcing 

Program products of the Laboratory are 
d1stnbuted al pnces descnbed '" th1s 
catalog Substant1al d1scounts are ava1lable 
lo governmental agenc1es and educai10nal 
inslitulions. Pnces are sub¡ect to changa 
Wilhout not1ce F\Jrchase of a Laboratory 
program ent1t1es a user lo a copy of the 
curren! vers1on of the program. sample 
data for test purposes, a user's reference 
manual, future updates and wntten 
mstruct1ons concern1ng the 1nstalla!lon and 
use of the software Software pnces are 
established to cover program developmenl, 
documentalion, future enhancement, user 
ass1stance plus d1slnbui10n. 

.• 



PROGRAM DESCR!PTIONS 

Program Name ..... SYMAP, Verston 5.20 

Computer Language . . FORTRAN IV 
Computer Reqwements 

Machine . . . . . . . . . . . . . . . . . . IBM 370 
Mernory . . . . . .......... 128K bytes 
Mode . . . . . . . . . . . . Batch process•ng 

~·•pht'!ral Dev•ces 
Four temporary dala sets 

Standard hne pnnter 

Desc:riptlon 

SYMAP {SYnagraohic MAPpmg system) 
IS a gener d! purpcsa ;;raol1ic d•splay 
p¡ograrn ter !he rnapp.ng of spatialiy 
disposecl qua'l!llat•ve arod qual•tahve data 11 
is the rnost w1rJP.Iy dtstr;buled program ol tls 
k1nd and •s used by c1ty p!anners, 
ecor.om¡srs. geographers, and others 

SYMAP produces maps on a standard 
lme pr1nter Varyi11g shades vi gray repre· 
sel)ling value class 1:1tervals are created by 
overprintlng 

SYMAP creates five bas1c types ol maps 
1. Conforman! - Maps that d•splay data by 

predelined zones. e g , coun!les orcen· 
sus tracts. Input reqUired cons•sts of a set 
ol x-y coord•nates defmmg the outhne of 
each :zone and a data value lor each 
zone. 

2 Contour- Maps tt1a! graph1cally reprc· 
sen! a cont•nuous surface wh•ch has 
been computed by 1n~erpolal1on from 
dala values at spec•l•ed dala pomts The 
ialue compu•ed lor each pomt on the 
surlace IS mfl~enced by !loe values at 
the neares! data points and !he weights 
ass1gned lo these po•nls These we•ghts 
are based on 1 /d' wnere d 1s the 
distance lrom a data po1nt to the po•nt 
lar which a value •s bemg mterpolatec! 
The we1gh!s are mod1f1ed as a funct•on 
of the spat•al d•stnbution of the data 
points amund the 1nterpolalion po1nt 
Input reqUired consists of an x-y 
coord1nate and a data value lor each 
data po•nt Papers descnb•ng the con· 
tounng algonthm 1n greater deta•l are 
ava•lable from the Laboratory 

3. Trend$urface- Maps that graph1cally 
dep1ct a polynom•al surface of a spec•hed 
order htted to a set of data po1nts and 
the.r data va!ues A surface •s constructed 
IJy minimiz1ng the sum ol the squares ol 
!he d1flerences between the known data 
values and the computed value ol the 
surface at each data po1nt. Surfaces 
from a first order (z=ax+by+c) to a s•xth 
order (z,.ax'+bx'y+cx'y'+ • • • 
+fy'+gx+hy+t) po!ynom•al can be 
ca!culated Input requ•rect •S the same as 
~or contour rnaos 

4 Restdual - Maps that descnbe a surfac~ 
created by subtrachng a trend surface 
lrom an •nterpolated contour sur:;:e 
where bolh surfaces were denved frorn 
the same set ol data values Input 
reqUired 1s the sarne as for contour 
maps 

5 Proximal (or Thiessen polygon}- Maps 
that dep•ct zones which are created from 
data pomls by the nearE>sl neighbof 
melhod, i e , the value of any po•nt on 
!he surface is !he same as tne dala 
value of the closest data pomt Input 
reqUired 1s !he same as lor conlour 
maps 

In add•hon lo !he requlfed input. SYMAP 
•ncludes oplions for creatmg map 
cosmet•cs (legends) such as. graph•c sca!e, 
place names. rivers, bod1es of water. 
transport routes. c•ty !ocat•ons, and other 
po•nt, hne or area symbols There IS also an 
opt1on lor spec•hca!lon of a study area 
outhne wh1ch delineates a geograph1c 
boundary and d1splays •nterpolaled data 
only w1thm that oulhne 

In SYMAP. numerous electives provide 
control over v1rtually every v1sua! aspect oí 
!he output map For exarnple. elect•ves are 
used to spec1fy !he phys•cal s1ze ot the 
map lo be produced, coordmates of !he 
display w•ndow (wh1ch at:ow c!ose·ups or 
mset maps of sub-areas}, the number, 
range, and symbohsm of value class 
mtervals. and other features 

Elect•ves also are used to mlluence !he 
computat•on o! !he map by controlhng the 
•nterpolat•on or calculat•on methods that 
produce prox•mal, contour, trend surface, 
res•dual or conforman! map output Other 
e!ect•ves mod•fy !he contour mterpo!at1on 
process by determmmg !he number of data 
po•nts wh1ch the program shou!d search lor 
w1thm the VIC•n•ty of each •nlerpolatlon 
p01nt, the maximum d•stance lo search lor 
data po•nts, and the amount ol extrapolat1on 
lo allow 11 !he spa!lal d•stnbution seems to 
warrant1! 

SYMAP reads !he x-y coord•nate and 
value data 1n a standard lixed formal bul rl 
1s poss1ble to supply a subrouline :""LEXIN 
(FLEX•ble INput) at program load \• e e to 

al!ow for read•ng dala 1n non-standard 
formats, extrac!oólg data frcm a data bank. 
cr man•pulallon of data •1 des1red 

SYMAP can also produce a bmar:~ f:le ol 
the data wne outlines ol conforman! map::. 
m matnx iot mal Each recoro cor.s:sts ol 
the zona nurnber al each hne p~mter char· 
acter locatior. lor a g•ven row Of'l ~ha outpo¡! 
map. SYMAP can later read these hles as 
input, allow•ng for !he crealion of 
1nexpens•ve conforman! maps by cm•tt:r.g 
processing reqUired lor the m1hal delm1tion 
of zone boundanes 

In add•hoól to hne pnnter oulput map3, 
SYMAP can al<;o produce bmary files '" a 
matnx formal The resulting files may be 
used as mput to the Laboratory's SYMVU 
and ASPEX programs These l•les have one 
record for each row o! symbcls on thé hne 
pnnter output map Each record cons•s:s of 
the 1nterpo!ated values al each hne pnnter 
!ocahon (column) 

Applicalion Notes 

The most common apphcahon of SYMAP 
rnvolves the d1splay of selectea data lrom 
!he U S Census ol Populahor. and 
Hous.ng Typ1cal sub¡ects mapped mclude 
median fam1ly 1ncome, populal1on dens1ty, 
populal•on change, and hous•rg quahty 
More complex apphcahons mclude use al 
the program lor analyt•c, as wel! as 
descnphve purposes For example, ene 
may w•sh to 1nveshgate the nature of the 
retat1onsh•p between a number of vanables 
usmg stat,st•cal methods The more htghly 
re!aled vanables could then be mapped '" 
an attempt to •denhly spahal trends or 
document a spatial process 

SYMAP has been used 1n a w•de '<anety 
of apphcahons 1nclud•ng 

1. Market Research - To dei•neate 
patterns ol ethmc1!y and soc•o-econom•c 
character '" delerm•n•ng the most cosl­
elfechve approach lor product testmg 
and potenhal market penetrat•on 

2. C1ty Plannrng - To h1ghhghl urban 
social and econom•c problems 

3 Coronary Care - To 1denhly tnadequate 
hosp1tal coronary care lac•ht•es and 
to determ.ne 1! hosp1lals w•lh coronary 



Program Name GRID, Version 3.0 

Computer Language ........ FORTRAN IV 
Computer Requirements 

Mach•ne .•......•.......... 18M 370 
Memory . . . • . • . ......... 150K bytes 
Mode .........••... Batch process•ng 

Penpheral Dev•ces .... Standard hne pnnter 

Des;:rlptlon 

GRID •s a spec•<'l purpo!.e program 
tles•gned lo d•splay data values wh1ch have 
been co11ected on !he bas•s o! gndded data 
collecl•on zones s.nce 11 was des.gned 
spec•f1cally for use w1!h gr.dded data bases, 
the program 1s ab!e to d•splay such data 
more efflc•ently than would be poss1ble w1lh 
a general purpose program hke SYMAP 
The program 1s frequently used to map 
natural resource data denved from aenal 
photos us•ng a gnd overlay to def1ne data 
collec!lon zones 

Llke SYMA.P, vanous op!lons may be 
used lo control the scale, symbohsm. and 
value range Othe1 opt•ons allow the user lo 
def.ne gnd cell s•ze and sllape, prescale 
the data. obla•n gnd nl!mbenng or perform 
do! mapp.ng Use • ., pr.,,:-·yt? th".'•' ?v., dat'l 
.nput subroL1I1ne (FLEXIN) for seld .. l•ng 
spec•f1c sub¡ect 1tems from a date. hank 
FLEXIN may also be used lo define a 
mathemat•cal express•on 1nvolv.ng two or 
more vanahles The resultmg values are 
then d1splayed by use ol shad•ng 
symbohsm The result 1s a graph.Jc matnx 
composed of one or more pnnt symbols for 
each cell of the data grid The dens•IY ol a 
pnnt symbol •nd•cates !he data value or 
category ass1gned to a g•ven cell 

Although GRID normally •s used w•lh data 
based upon rectangular gnds. there 1s also 
a method lor spec•fy•ng 1rregular outhnes In 
!he program as d1slnbuled the data gnd IS 
restncted to 10,000 ce'ls but m•nor mod1· 
f1cai10ns to a DIMENSION staternent can 
greatly 1ncrease lile program's .nternal 
storage capabli•IY Larger data ma!nces al~o 
may be processed as a senes ol ad¡acent 
panels wh•ch the program can produce 
automat•cally 

Application Notes 
T'rltlo GPif) r¡rrv:;r .... m [<; r:ommnnly IJ~t'rl :1~ 

~'' • • ' , 1 • , ,. 1,. ,. • • 1 '\1 1. 1. 

necessary to record data for a reg1on 
Wllllout reference to pre-ex•stmg data 
zones or other boundant?s Exarnples of 
suc.h data 1ncludt: land use, so•! type, 
ground water, vegetat•on type, zon•ng con· 
stra1nts and topography S1nce leatures ol 
th1s type rarely ex•st neatly w•th1n pre· 
def•ned geograph1c zones. such as census 
tracts, •1 may be m'cessary to estabhsh a 
QE'Ograph1c data collect1on un•! such as a 
gnd over a study area and tllen record one 
or more data values lor each gnd cell Data 
obta1ned by remole sensu1g techn•ques 
such as LANDSAT satelhte 1magery 1s 
recorded d•rectly •n a gndded (raster) formal 

In add•t•on to be•ng able to d•splay data 
lrom a s.ngle malr.x, 11 1s also poss•ble to 
read data from two or more matr•ces us•ng 
subrout1ne FLEXIN and perform user 
def•ned anthmet•c or log•cal operahons 
upon the values w•lh111 each gnd cell The 
result•ng values may then be d•splayed as a 
new matnx of values Th1s tech•uque •s par· 
t•cularly helpful when evaluallll\) a vanety of 

;¡.'.i\11! "1 
0 olo'I,U ... 

t.i.; 
-¡.:; 
iil 

alternahve comb.nat•ons or wc•r~," ,, ._• 
data matnces for !.ever.ll d•IIC•·'nl s ... •. ·, 
Such an operat.or. has bePn useo to 
1denllly !hose locat:ons (gnd cells) haw>g a 
max1mum (or m•nunum) att.-act•veness for 
luture development. conservat•on or other 
use GRID also allows lor the evaluat•on 
ol alternalive s•tes by d•flerent analysts 
Each of their pro:css•ona! preferences may 
be expressed 1n terms rf selected sub¡ects 
and the1r we1ghhngs 1he 1 esulhng maps 
_may then be 1nterpreted a!; alternat.ve 
soluhons wh1ch r?f,ect !he ¡udgment or 
preferences of each analy >1 m response- lo 
a g•ver. set of ot.)ect•ves 

Materla:s Avai1abla 

1 GRID Vers•or• J Comp1...ter Mapp~ng 
P~ogra1n 

2 GAtO User's Reference Ma.· ·<~1 

Cop,es of thf! FORTRA~I IV S01.rce 
program for an 15M 370 c)n1putN are 
aval!able on ne ..... unl:lbelej 200 foot reels 
ol 9 track tape wr~tte11 at 8•)0 BPI 

n:m:: 

" ool 

1 

'" 

1''1 
'" 

... , 
.. 
., 

1 
! 
1 

i 
1 .¡ 
1 
¡ 
' 1 
' 

•! 11.1 
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Program Name . . . CALFORM, Version 1.2 

Computer Language ....... FORTRAN IV 
Computer ReqUirements 

Machine . . ............ IBM 370 
Memo')' . . . . . . . . . . . . . . . .150K bytes 
Mode . . . . . . . . . . ..... Batch processing 

Panpheral Dev1ces 
Three temporary data sets 
Pen plotter or CRT plotter 

Mass Tounst Attractlons by Towns 

Description 

CALFORM (CALcomp FORMs) 1s a 
comput¡;.r p;ogram wh1ch uses a llne plotter 
to produce a shaded map based upon data 
zones The program 1s typ1cé'lly usad :o 
d1spl~y data by adm&n&stra!lve zones wh1ch 
have been defined as &rregularly-shaped 
polygons. The resulll'ig conforman! maps 
graph1cally dep1ct data vai•Jes for data zones 
such as census tracts, muniC&palitles and 
count1es Th1s program may be used to 
produce graphics of high qual&ty, suitable for 
pubhcalion. 

CALFORM produces two basic types of 
conforman! maps outline maps and shaded 
thematic maps A map may contam as many 
as 500 data zones, each of which can be 
descnbed as a polygon composed of up to 
600 hne segments. Requ1red m pul data 1s m a 
pomt diCiionary formal wh1ch ensures that 
each pomt 1s umquely defmed thereby 

ehmmat1ng graph1c "sliver errors" pomt 
dictionary formatted files may be prepared 
manually by the user or produced by the 
POL YVRT program from cartograph1c data 
base files having other formats 

=-~ ~~~~-

The user controls each of CALFORM's 
bas1c funct1ons through preparat1on of one 
or more data packages (1 e seis of punch 
cards conta1mng ceded mstructrons) These 
packages are used to descnbe 
1. The outhne of each data zone 
2. The data values to be assoc1ated wrth 

each of the data zones 
3. Spec1al symbols and la beis to appear on 

the map 
4. The type of map and shad1ng symbohsm 

to represen! a g1ven set of data 

Once the user has defmed an m1!1al map 
SiZe and type, data zone outlmes. the number 
and range of data ca legones and tne shadmg 
symbohsm assoc1ated wii:-J these categones. 
numerous maps can be produced by 
prov1dmg a new set ol data value::; and/or 
output specilications for each addition.al 
map 

Application Notes 

CALFORM 1s used to produce conforman! 
maps of a study area wh1ch iS d1v1ded mto a 
number of data zones Each zone may have 
assoc1ated w1th il a value to be mapped By 
grouping the values into a number of value 
class 1ntervals and selecting a line or 
character symbol for each mterval, ene or 
more maps may then be produced deprctmg 
the spat1al pattern of the data 

This program iS oes1gned to be used on a 
dev1ce havmg h1gh resoiut1on suc:h as a lme ' 
plotter lt h?.s a number ot features to ailow 
legends. key~ and tilles to be 1ncluded .n :ne 
r.1ap Hence, ,¡ can be used for rr.aps o! 
publicat1on qualrty 

Througt"; the use of the FLE'XIN opuon, tb._, 
d::.ta values for each zone can be 
manipulated pn!..Jr to their display For 
e>:ample, FLEXIN may be u sed lo consolida te 
many small zones to a number of larger 
zones The values for all newiy aggre>gated 
zones could be denved by we1ghtmg the 
ccntr.but10n of each const1tuent zone as a 

. funct1on of i!S contnbut.on to the new zone 
aggregate value 

For 1dentifymg zones wh1ch are shaded 
accord1ng to the1r data value, a smaller mset 
outhne map of each zone w1th rts name can 
be included and posiliOned m an appropnate 
part of the larger map 

Although the program·s algonthm for 
creatmg data value mtervals iS desrgned for 
data measured on an 1nterval or rat10 scale. 
dala wh1ch has an 1nherently ordmal or even 
nommal measurement scale may be mapped 
as well For example, symbols could be 
chosen to represen! several drfferenl types of 
agncultural productron The count1es ol a 
stale could then be mapped by the 
predommant type of agnculture m each 
county. 

Other appllcat,ons of CALFORM mvolve 
mappmg of data values related to po1nt or 
hne loca!lons rather than areal zones By 
codmg the pomts as compact areas (e g . 
squares) of smalls1ze, or lmes as !mear stn ps 
of hm1ted w1dth, shad.ng m ay be employed to 
1llustrate values pertarn1ng to the pomts or 
lmes 

Materials Available 

1. CALFORM Mappmg Program 
2 CALFORM User's Reference Manual 

Cop&es of the FORTRAN-IV source 
program for an IBM 370 computer are 
avallable on new. unlabeled, 200 foot reels of 
9 !rack tape wntten at 800 BPI. A sample set 
of mput data 1s furnished as a second lile 
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Compuler L•lll(lu.lge 
Com¡>ulvr nequ,réments 

P\¡r,phcr.ú DoviCOS 

SYMVU, Verslon 1.2 

FORTRAN IV 

.. IBM 370 
. 220K bytes 

Batch process1ng 

Four tcmporary data seis 1ncludmgplot tape 

F\:n plollcr 

.· 

!¡:· - 1 1 ~ 

·.!;":.. -

·:~u:c:J .· : -

Descriptlon 

The SYMVU computar mapp1ng program 
uses a hne piotter to represen! gndded 

spat1al data as a three·d1mens1onal surface 
~urface locat1ons h1dden trom v1ew are not 
drawn 3YMVU representa!lons have been 
used to portray such variables as 
topography, 1ncome, popula!lon, air 
pollut1on and bathorhythms Users have a 
great deai of flex1b1hty 1n spec1fy1ng how the 
surface 1s to be drawn 1nclud1ng rota!lon, 
1111, elevation, vert1cal scale, base and back· 
ground symbols as well as locational 
symbols, t1tles and text 

SYMVU accepts a matnx of data values 
conta1mng up lo 130 x 130 elements The 
data may be generated 1n either of two 
ways lf the data values are 11regularly 
spaced, SYMAP can 1nterpolate between 
!he data pomts to produce a contour map 
and al the same t1me generala a matnx 
formatted tape f1le spec1f1cally des1gned to 
be processed by SYMVU 11 users furn1sh 
the11 own 1nput subrout1ne to SYMVU 
{Subrou!lne DATA) SYMVU may be used to 
read a user prov1ded matnx of data values 
1n a non-standard mput formal or man1pulate 
values accordmg to user spec•fica!lons 
SYMVU conta1ns severa! user a1ds such as 
the automallc computallon of mm1mum and 
max1mum data values lt also has a data 
smooth1ng rout1ne to reduce m1nor 
fluctuat1ons and d1m1n1sh extreme vanal1ons 
w1tt,1n the data 

Applicatlon Notes 

Although SYMVU can represen! any data 
prov1ded In a matnx formal (up lo liS 
d1mens1onal capac1ty of 130 x 130 data 
un1ts), 1! 1s most effect1ve for d1splaymg data 

wh1ch can be representad as a cont1nuous 
surface Such surfaces are commonly 
representad on a standard two·d1mens•onat 
map as a senes of contours When v1ewed 
as a SYMVU perspect1ve draw1ng, a three 
d1mens1onal surface y1elds substanllally 
greater detall and v1sual 1mpact 

In add1!1on to d1splay1ng values wh1ch 
represen! a cont1nuous surface, SYMVU 
may also be used to dep1ct a matnx of 
values represent1ng a d1sconllnuous data 
surface Such surfaces correspond to 
conforman! map data for data zonas such 
as census tracts, towns, states or 
countnes In such cases the data zones 
appear as ra1sed plateaus whose elevat1on 
corresponds lo the data value of each 
zone The outhne of each plateau reta1ns 
the general shape of lhe data zone 
SYMAP may be used lo generala a matr· 
formatted tape f1le of a conforman! map fvr 
input to SYMVU 

SYMVU surfaces have been effectlv~ly 
used to present data relat1ng lo such 
sub¡ects as landforms {terra1n elevahon), 
populal10n dens111es, a11 pollul10n 
concentrahons. mcome d1slnbui10n and 
relatad soc1al sta!IS!ICS Other apphcat1ons 
of SYMVU have mcluded 

SYMVU Contour Map --+ 

- SYMAP Contour Map 

Ammated Time-Senes F1/ms - Spa!lally 
distnbuted data show1ng changas 1n 
populat1on growth or a11 quahty 

2. Stereor;-ams - lmages ach1eved by 
ploltlng two v1ews of the same surface 
and changing the v1ewmg az1muth by a 
few degrees 

3. Cartograms - Represe~tallons of 
geograph1c reg1ons dep1cted as 
volumetnc pnsms He1ght IS proport1onal 
lo one variable {e g , popula!lon s1ze) 
and the area of each data zone IS 
deflned ¡:lroporiiOnal to a second vanable 
(e g , per cap1ta 1ncome) The volume 
becomes proport1onal to the product of 
the two vanables {total mcome, 1n th1s 
case) 

4 Two·Color Overlays - Combmat1on data 

d1splay 1n wh1ch one surface, sucn d::. 

topograph1c rehef, 1s plotted w1th 
reference lo a relatad data gnd 
md1cat1ng forested areas W1th shght 
program modlf1cal1on, the hnes over the 
forestad poriiOn of the gnd are drawn as 
a separata plot The two plots are then 
reg1stered and pnnted together m two 
colors us1ng standard pnnllng 
techmques 

Materlals Avallable 

SYMVU Program w1th sample data 

2 SYMVU User's Reference Manual 

Cop1es of lhe FORTRAN-IV source 
program for an IBM 370 computar are 
available on new, unlabeled, 200 foot reels 
of 9 !rack tape wntten al 800 BPI 

MRNT[GNR BRr · CONTOUA 

~ZIMUlti = 231 
·~dOTH = 6.00 

RL 1 LTUO[ = 115 
•H[IGtiT = 2.00 

• BEFO~E fOREStinAIENI~G 09'25170 
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SYMVU Conforman! Map 

- SYMAP Conforman! Map 
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Program Name ... . POLYVRT, Version 1.1 

Computar Language . 
Computar ReqUirements 

Machme .......... . 
Memory .......... . 
Mode ............... . 

Penpheral Devices 
Two temporary data sets 
Pen plotter 

---- ...--.-- -- --·--

FORTRAN IV 

. ... .IBM 370 

. .160K bytes 
. ... Batch 

Descripllon 

POL YVRT 1s a general purpose utiiJty 
program des1gned for use w.t'l polygon 
c1nented cartograph1c data bases (CDB's) 
Coordmate data descnbmg polygons may be 
mput and output m a vanety of data 
structures and formats Such f1les are 
normally reqUired for use w1th conforman! 
mapp1ng programs 

POL YVRT's capabill!les m elude 
1 ConverSIOn of a coa File - Translatlon 

from one data structure or formal lo 
another 

2 Interna/ TopologJcal Data Structure­
Automat1c detect1on of errors m polygon 
defmi!Jon 

3. Retneval of Selected Polygons -
Retneval from a CDB file usmg 
FORTRAN-I1ke log1cal express1ons 

4. Update and Correct1on of Coordmates -
RevJSIOn of coord1nates and topolog1cal 
attnbutes of chams and polygons 

5 Map Project1ons - Creallon of spec1fic 
pro¡ect1ons. rotat1ons and scalings 

6: Ass1gnment of Levels of Llne Detall -
Representat1on based on an automated 
llne generallzat1on techn1que. 

7. S1mple Llne Plottmg- V1sual venfJca!Jon 
of a lile. 

POL YVRT relies on 1ts topolog1cal data 
structure - the cham f1le - to prov1de !he 
capabilll1es outllned above A "cha1n" 
cons1sts of a senes ol pomts wh1ch form a 
boundary between the polygons on 1ls left 
and nght The f~rst and las! pomts ola cham 
are referred lo as nades Together these 
three elements (nades, pomts, and leftlnght 
polygon 1denl1flers) def1ne the network ola 
cartograph1c data base The cham file 
concept has a general1ty and efi1C1ency that 
offers many advanlages for !he creat10n and 
ma1ntenance of cartograph1c data bases -

Any of the followmg f1le structures m ay be 
accepted as mput and converted to an 
mternal cham file data structure In add1t1on, 
the follow1ng file struclures may be output 
from !he mternal cha1n file ol POL YVRT 
1 DIME (Duallndependent Map Encodmg) 

F1les- CDB's where each lme segment 1s 

Jdent1f1ed by 1ts nades, (end pomts) and 
the polygon names on each s1de ol the 
llne DIME f1les wh1ch descnbe !he census 
blocks a'1d tracts for most U S 
metropol1tan areas plus a file ol county 
outlmes are available from the Census 
Bureau A county outlme f1le for the U S m 
DIME formal IS prov1ded w1th the 
POL YVRT program 

2 World Data Bank 1- A f1le conta1nmg 
120,000 pomts wh1ch descnbe the 
outllnes of !he countnes ol !he world The 
Laboratory has enhanced !he bas1c WDB-1 
f1le available from !he U S Nat1onal 
Techn1cal lnformat10n Serv1ce by addmg 
the topolog1calmformatlon requ~red by a 
POL YVRT cham file Th1s mod1fled WDB-1 
cha1n file is prov1ded along w1th !he 
POL YVRT program 

3. CALFORM F1le- A cartograph1c data 
base structure based on a common point 
d1CI1onary w1th wh1ch polygons are 
descnbed The CALFORM program lor 
conforman! mapptng IS d1stnbuted 
separately by the Laboratory 

4 SYMAP File- A very Simple file In wh1ch 
each polygon 1s tndlvldually defmed as a 
stnng of coord1nates is ava1lable as output 
lrom POL YVRT Al a fu tu re date 
POL YVRT will be mod1f1ed to also accept 
a SYMAP lile as mput 

5 LUDA (Land Use Data and Analys1s) -
F1les generated by !he U S Geolog1cal 
Survey These f1les share the 'cham' 
concept w1th POL YVRT although they use 
the term 'are · Conversion of these files 
will be a new fea tu re of POL YVRT once 
formats for dlssemlnatlon of LUDA files 
have been establ1shed 

6 Other file structures w1ll be handled in 
response to u ser requests and mcluded 1n 

luture updates of !he program 

POL YVRT provides capabil1t1es to perform 
a vanety of operat1ons upon a cartograph1c 
data base by use of opt1onalmput packages 
A spec1fic subset of an 1nput CDB may be 
requested through Engl1sh-l1ke IF 
statements Topolog1cal error detect1on may 
be u sed lo 1denl1fy and al so lo corree! certa1,n 
file errors. Correct1on of errors and addl!lons 
to a f1le also may be effected by use ol !he 
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program's comprehens1ve update package 
Chams. parts ol cha1ns and lh~1r topolog1cal 
charactenst1cs may be added, deleted or 
replaced A coord<nate transformat1on 
package mclud1ng ten standard map 
pro¡ecl10ns (w1th proviSIOn for a 
user-supphed rout1ne lo defme non-standard 
pro¡ect1on types) 1s also prov1ded 

The program mcludes an eff1C1ent 
recurs1ve algonthm that measures the detall 
leve! (geometnc SIQnlficance) of each pomt 
1n each cha1n By spec1fymg a se! of cntenon 
bands, the user may create a hne detall 
measure for each pomt and lh1s 1nformat10n 
can be stored w1lh the file F1les may be 
output w1th any degree of hne generahzallon 
makmg 1! poss1ble to produce !he smallest 
CDB compat1ble w1th the purpose for which 
1! will be u sed lssues relevantto !he selecl1on 
of an appropnate leve! of l1ne generahzallon 
mclude map s1ze and scale plus !he hne 
draw1ng preCISIOn of out pul dev1ces su eh as 
pnnters, CRT's and hne plotters 

Output may be d1splayed on a llne plotter 
A cham structured output file can be 
produced for 1nput te INPOM and CELLMAP 
The topologJcal chain will be !he bas1c data 
structure for m u eh of !he Laboratory's futura 
mappmg software 

The d1slnbullon tape mcludes source 
code. the county DIME f1le, and the 
laboratory rev1S10n of WDB-1 The POL YVRT 
Users Manual mcludes program 
documentat10n along w1th control card 
examples and mstructlons IBM vers1ons 
mclude a separate f1le conta1nmg the Job 
Control Language to comp1le, overlay, and 
execute the program from the tape prov1ded 

Application Notes 

Befare us1ng a conforman! mappmg 
program (such as SYMAP, CALFORM, 
INPOM, CELLMAP), a user mus! create a 
cartograph1c data base lile wh1ch descnbes 
!he data collect1on zones Generally, th1s 
descnpt1on cons1sts of x-y coord1nate 
outhnes of polygons, but there are significan! 
d1fferences m the record and file formal 
reqUirements forvanous mappmg programs 
Creat1ng a new CDB mvolves the expend1ture 
of SIQnlflcant amounts of !JJTI" and energy. 
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One goal of POL YVAT 1s to prov:de a 
un1versal. arch1val descnpt1on of data zonp~ 
based upon a topolog¡cal data structure 
POL YVRT canthen use th1sdata structureto 
gPnerate a.1y one of !he record and file 
lormats reqUired by a spec1flc mappmg 
program As a rew!t, POL YVRT prov1des a 
great deal of flex1blil!y to the md1v1dual who 
w1shes to creo te only one CDB wh:ch can be 
u sed lo produce :nput toa vanety of d1fferent 
mappmg programs 

A ma¡or obstacle to !he w1despread use o! 
computer mappmg software 15 the lill!lal cost 
of preparing a CDB for a g1ven study area 
Th1s process can be avo1ded 1n many 
applicat1ons by us1ng ex1sling, pubhc;y 
;;:va1lable f1les However, the confhctmg 
forrnats and structures of these f1les reflect 
~;-¡e lack of standards 1n the des1gn of 
computer mapp1ng systems Wothout 
POL YVRT a u ser 1s requ1red to wnte a 
difieren! program lo extrae! useful 

mformat1on from a vanety of sourccs Thc 
aíff1cul!les often outwe1gh the benef1ts 

The grow1ng hbrary of avadaiJie CDB's 
descnbe geograph1c un1ts from !he c1ty biock 
:evel 1n Metropol1tan GBF-DIME l1les to lile 
country leve! 1n WDB-1 W1th POL YVRT, a 
user can genera te a CDB spec1f1cally ta¡loreJ 
lrom any one of these sources As a result, 
the eflort requ1red to produce a CDB and 
re':~ted themat1c maps of an area can be 
sign1!1cantly reduc~d 

When an avadable f1le does not prov1de the 
informat1on reqUired, POL YVRT can a1d 1n 
the process of construct1ng a CDB The cham 
lile formal offers !he follow1ng advantages m 
the diQI!Izmg process 

• Allows use of stream mput modes 
• Avo1ds ambiQUI!y and sl1ver errors 
• Reduces !he number of keystrokes 

requ1red to 1dent1fy polygons 

Furthermore. POL YVRT's topolog1cal 
error check1ng capab1hty serves an 
1mportant funct1on m detect1ng errors The 
program's updatmg fac111ty allows . 
correct1ons lo be made w.thout rediQIIIzing. 
By crea!lng a COB through POL YVRT, !he 
qualoty of !he mformat10n 1s h-kely to be qUite 
h1gh and the user acqu1res a great deal of 
flex1b1hty m !he st.obse:qut:nt uses of the f1le 

Materials Available 

1. POL YVRT program w1th sample data 

2. POL YVRT User's ReferenC'e Manual 

-8. U S County DIME F1le (as created by and 
ava1f'able lrom the U S Census Bureau) 

4 'Nor!d D;¡ta 8ank-l F1le (as crea!ed by the 
U S Govemment and mud1fied by the 
Laboratory) 

Cop1es el !he FORTRAN-IV source 
progra'TI for an 18M 370 computer are 
av31iat.le on new, unlabeled, 200 loo! reels of 
9-track tape wntten at 800 BPI 

IU PO!NTS 

Fresno SM<;A 1970 Census Tracts 

POLYVRT SYSTEM COMPONENTS 

INPUT 

@·-·· NF 

33 PEFO:NT 0: PC!NTS 

'1 
1 

28 PERCP-T 0: PQINTS 

/-.......... 

" 
23 PERCEM 0: POINTS 

1 



NEW PROGRAMS 

Program Name INPOM, Version 1.0 

Computar Language FORTRAN IV 
Computar ReqUirements 

Mach•ne .. PDP-10, IBM 370 
Memory 20Kwords, 1 50 K bytes 
Mode . lnteract1ve or Batch 

Penpheral Dev1ces 

Seven data sets plus plot tape for offllne 
plots (0Pt•onal) 

Tektron•x 4000 senes cathode ray tube 

Pen plotter 

*NOTE* 
INPOM w1ll be 

avallable in 1977 

Descrlptlon 

INPOM (INterachve POiygon Mapp1ng) 1s a 
computar mapp•ng program wh1ch produces 
I(Onformant outlme or shaded maps on a 
cathode.ray tube A study area 1s 
parllt1oned •nto data zones such as 
contments, countnes. states, count1es, 
census tracts, c•ty blocks or any user· 
def1ned areal un1ts The user prov1des a 
cartograph1c data base (CDB) wh1ch 
contams x-y coord1nates descnb•ng the 
data zones of 1nterest 

Data values are ass•gned lo each data 
zone by the user Many vanables can be 
mapped 1n success•on us•ng the same CDB 
for a g1ven study area INPOM may be used 
to extrae! data values from a file or they 
may be enterad from the user's term•nal 
and saved as a f1le for later use 

Ten categones of graph1c symbol1sm may 
be used lo graph1cally represen! the values 
Graph1c symbols are constructed usmg 
parallel (hatched) l1nes, •ntersecl1ng (cross, 
hatched) llnes, or regularly spaced 
character symbols Angles and dens•t•es of 
llnes. plus select•on and spac1ng of 
characters are def•ned w•th1n the program 
However, they may be redefined by the 
user for any part1cular map 

A user 1nteracts w•th INPOM by use of an 
Engl1sh·ilke command language wh1ch 
cons•sts of verbs and d~rect ob¡ects The 
language may be enterad 10 a free fleld 
formal us•ng terms wh1ch are completely 
spelled-out or by usmg any unamb•guous 
abbrev•at1ons The user also may spec•fy 
parameters affecling the s1ze. scale, and 
geograph1cal ilm•ts of a map to be 
produce<.~ 1t 1s also poss•ble to enter 1nto a 
dialogue w1th the program when a more 
compllcated senes of spec•f•cat•ons are 
requ•red, such as def•n•l•ons of shad1ng, 
value ranges, and l•tles Map output IS sent 
d~rectly to the user's CRT term•nal 10 

response to a 'MAP' command or to a pen 
plotter follow•ng a 'PLOT' command 

1.''\P('\\'s c,~.-t~~"·,·~,- ,<,.1'." ~'-1~c .~.··· 'l'$ 

a study area as llsts of x·y coord•nates 
called "cha1ns " Each cha•n serves the 
topolog•cal funct1ons of connect•ng two end 
pomts (nades) and bound•ng two ad¡acent 

data zones Cha•ns usually contam other 
pomts between thelf two end pomts The 
actual number of pomts •n a cha1n IS a 
funct•on of the length and complex1ty of !he 
boundary representad by the cha1n Any 
cartograph1c data base compasad of data 
zones can be converted by the POLYVRT 
program to a cha1n file formal for 1nput to 
INPOM POLYVRT can accept as 1nput 
DIME f1les, CALFORM files or cha•n f1les 
(such as the World Data Bank 1 f1le supplled 
w1th POLYVRT) and produce a cha1n f1le for 
subsequent 1nput to INPOM CDB 
coord1nate data may also be enterad 
d~rectly 1nto the program from the keyboard 
of a graph1c term•nal, or recordad us•ng a 
d•g•llz•ng tablet or other graph1c 1nput 
d8VIC8 

Once structured asan INPOM cha1n f1le, 
the cartograph1c data base must be stored 
on d1sk Us•ng such a workmg f1le allows 
the program lo be smaller and ach1eves 
flex•b•llty •n defln•ng and d•splaymg a map 
•mage Random access read1ng of the d•sk 
hle also allows for user select1on of sub· 
reg1ons, legends and l1tles from a large data 
base plus a h1gh degree of eff•c•ency 1n 
plott1ng of maps 

Other features of INPOM include 

Lme Generaliza/IOn - Select•vely 
reduces the number of po1nts used lo 
descnbe data zone outllnes When 
d•splaymg a map a user may select any 
one of 10 detall levels wh1ch have been " 
defmed for each po1nt on the cha1n file 
at the same !1me 1! was created by 
POLYVRT, or INPOM w1ll create (or re­
define) deta•l levels accord•ng to the 
user's spec•f•cat•ons 

2 Polygon Selec/¡on and Wmdowmg­
Enables a subreg1on of a CDB lo be 
•solated and mapped The area of 
•nterest may be spec1f1ed by nam•ng the 
polygons lo be 1ncluded or by prov•d•ng 
a set of coord1nates wh1ch essent1ally 
descnbe a w•ndow overlay_ed on the 
base map 

3 -:-,: ':~ e.:,).;::::,,: :y - A:~0V. "S .:;ny n-.ll~bcr 
of t1tles, each hav•ng up to 5 llnes of 
text to be def1ned and pos•t•oned 

wtlhm a user-def•ned space on the 
output map T1t1es can be stored as f1les 
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and any combmat•on of t•tles from a 
g1ven f1le can be retneved for display on 
a g1ven map 

4 Cartographtc Data Base and Data Values 
Edtlmg Capabtltly - Allows po,nts on a 
cha1n to be mod1fled or new chams and 
polygons to be created Data values can 
be 1nput from the term1nal or from a d•sk 
file and lnd•v•dually mod•f•ed by the user 
Ed1ted data values and CDB's can be 
saved offllne Term1nals equ1pped for 
graph1c 1nput {•ncludmg tablets) may be 
used for record1ng cha1n formatted 
coordmates d1rec!ly from a base map 

5 Lines - Makes use of cha1ns to def•ne 
llnes as well as polygon boundanes 

Lmes (e g roads, nvers) may be mapped 
'" combmat•on w1th polygon outllnes or 
d1splayed 1ndependently of polygon 
outllnes 

6 Legends - Def1nes and pOSillons 
stnngs of characters as legends (e g , 
place names) on the maps 

7 Graphtc Symbol Key - Relates graph•c 
symbols to each value class 1nterval and 
may be d1splayed alone or 1nserted 
w•thm a map Each element of the key 
may be pos•t•oned 1nd•v•dually, 1f 
des~red 

'INPOM •s wntten 1n mach•ne-•ndependent 
FORTRAN IV tor PDP-10 or IBM-370 
computers When used at other 1nstallat•óns 
1! may requ1re alteral10n of certa1n of 1ts 
modules wh•ch handle random access files 
or address graph1c term•nals and plotters 
Graph•c subrout•ne calls are compal1ble 
w1th Tektron1x PLOT-10 sof~.vare 

Appllcalion Notes 

INPOM's aMty to d1splay a map on a 
Cathode Ray Tube or pen plotter prov1de 11 
w1th a degree of flex•bd•IY unequalled by 
batch mode graph1c programs A user may 
very qUickly exam•ne a large number of 
alternat•ve maps, vary•ng e1ther 1n terms of 
subject matter, study area or graph•c 
S')T'",:>J.,sm n-.e • .::ea cf uS :-.g computar 
generated maps as analyt1c as well as 
descnpt1ve tools assumes new meanmg 
when 1! becomes poss•ble lo produce maps 
w•thm m•nutes rather !han h or days 
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Malerlals Avallable 

1 INPOM Vers1on ~ O computer 
mapp1ng program 

2 iNPOM User's Relerence Manual 
3. World Data Bar¡ k- 1 lde (as crcated by 

!he U S Governrnent ao1d modof1ed by the 
Laboratory). 

Cop1es of !he FORTRAN-IV source 
program for an IBM 370 com¡:-uter are 
ava¡Jable on new, unlabeled, 200 loo! reels 
of 9 !rack tape wntten al 800 BPI 

Cop1es of the FORTRAN-IV source 
program for a OEC PDP-10 computer are 
ava1lable on a OEC tape m compressea 
formal w1th DEC spec1í1c command f1les 
ünc MACR0-10 f1les mcluded 

~------------------~--------------~-----·--------------------------------1 

CONTERMINOUS UNITED STATES 
Cl..JTL I "-ES CER I VEO FR0"1 U. S.. COLNTY O I M:: F I LE 

,CETAIL. LEVEL : 7 

STATES RANKEO IN ALPHABETIC ORDER 

ST Ai\OAFO SHAD Ii'~ 
THIS ~ ~ l'ti: lC lE\F.c.:S 
;::: STI;'()-:"'0 ~;,; S":U-::D :,-,. W'IJ". 
Srtm. !WOllii u;J)G 1'1-f o .... ~ 1 
IV:1; IP 1.P<aS 1 V.Ulll :.\. IJ'C'ü-
111104 ~¡;~ ll·lnlli>S Ai o1) M3 
/;:¡) 133 Wl'lE P'o1;lE lP l!'ia..S 5- !0. 

·-----. 

D 
D 
o 
o 
D 
~ 
~ 
m 
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10 .. 6 

25.0 
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5.8 
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49.0 
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Program Name ASPEX, Version 1.0 

Computar Language FORTRAN IV 
Computar Requ1rements 

Machme PDP·lO, 18M 370 
Memory .. 
Mode 

Penpheral Dev1ces 
Three data sets 

20Kwords, 150K bytes 
lnterachve or batch 

Tektron1x 4000 senes cathode ray tube 
Pen plotter 

Descrlption 

ASPEX (Automated Surface Perspect1ves) 
15 a computar program for produc1ng 
obilque perspect1ve v1ews of three 
d1me[1s1onal surfaces on a cathode ray tube 
(CRT) The program 1s an outgrowth of the 
SYMVU program descnbed elsewhere 1n 
th1s pubilcat1on ASPEX, however, 1s a 
SIQnlflcantly more powerful tool for 
dJsplay1ng surfaces because 11 operates 1n· 
teracl1vely and IS able to accept much 
larger f1les of 1nput data wn¡Je requ1nng less 
core memory 

Input data for ASPEX cons1sts of a 
matnx of values 1dent1cal to that used by 
SMYVU ASPEX also uses the same 
method of reilef representat1on, 1 e eleva· 
l1on lmes drawn along rows, columns, or 
d1agonals 1nclud1ng an algonthm for delehng 
h1dden ilne segments 

ASPEX can be run e1ther 1n an 1nterachve 
or batch mode lnterachve mode accepts 
1nput of control commands from a CRT 
keyboard w1th output to the CRT or to a 
plotter Batch mode 1nvolves control Jnfor­
mation bemg read from cards w1th outpul 
be1ng produced on a ilne plotter 

APEX's user language 1nvolves com· 
mands composed of verbs and ObJects A 
verb descnbes ·an act1on lo be taken, and 
an objecl 1den!Jf1es lhe enl!ly or value to be 
acted upon An object may be a s1ngle 
word, or a word sel equal lo a value 
Furthermore, a value may be a number, a 
sel of numbers, a stnng of characters, or a 
symbol for wh1ch a value has been 
prev1ously def1ned In 'nteract1ve mode, 
'HELP', 'SHOW', and 'LIST' commands are 
ava1lable lo ass1st lhe user 1n select1ng de· 
s1red verbs and Objects ASPEX currently 
can accepl a dala matnx conta1n1ng up lo 
500x500 cells (1 e , any number o( rows 
and columns whose producl 1s less than 
250,000) Input data 1S processed by 
ASPEX and oulput onlo a random access 
d1sk lile w1th only a small port1on of tht: dala 
1n core memory at any hme As a result the 

program 1S able lo run 1n a smaller amounl 
of core memory !han SYMVU wh1le 
dlsplay1ng larger seis of data 

ASPEX allows the user to def1ne the 

az1muth, alhtude and v1ewmg angle relat1ve 
to the data surface The program also has 
an alternat1ve mode for def1n1ng a v1ew of 
lhe surface A user may spec1fy two po1nls 
1n three·d1mens1onal cartes1an space, lhe 
eye·pomt of the observar and the center 
point of lhe area be1ng v1ewed These 
po1nls may be deflned lo be al any poslllon 
1n three·space, 1nclud1ng poslllons on the 
surface 

A flexible method for scailng and 
select1ng a "w1ndow" of lhe matnx 1s also 
prov1ded In add11!on, effects s1m1lar toa 
vanable focal length (zoom) lens can be 
ach1eved by spec1fy1ng 1) a 1'cone of 
VISion" wh1ch determ1nes how much of the 
malnx around the center of VISJon w1ll be 
1ncluded, and 2) the "focal rat1o" wh1ch 
determ1nes where the p1cture plane (the 
pro¡ected 1mage of the surface) 1s placed 
belween the two v1ewmg pomts (eyepo1nt 
and centerpo1nt) 

Other features 1nclude 

A Subroutme FLEXIN - To man1pulale 
the data values of the mput matnx pnor 
to the1r d1splay 

2 An Opt1on to Generaliza Rel1ef Unes -
To reduce the number ol po1nts thereby 
allow1ng reduchon of the t1me and co!>t 
requ1red lo produce a plol 

3 A Vanety of Graph1c Cosmet1cs - To 
create endilnes at the matnx edges, 
blocks of varymg s1zes al the matnx 
base, graph1c scales for data 
1nlerpretat1on and spec1al background 
shad,ng for reg1ons w1thm the square 
matnx but outs1de the study area 

4 The Ab1llty to Produce Three 01fferent 

Surface Pro¡ect10ns - To ach1eve 
1sometnc, planometnc, and perspect1ve 
var1ai10ns 

Application Notes 

ASPEX 1s _able to effecl1vely d1splay data 
surfaces of all kmds Th1s 1ncludes data 
denved from d1g,tal terra1n models as well 
as contour, conforman!, prox1mal and trend 
surface maps produced by SYMAP. The 
result1ng graph1cs prov1de a great deal 
of VISual 1mpact The user has a broad 
range of control over how a data surface 1s 
lo be v1ewed For example, one may move 
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across lhe surface by produc1ng a senes of 
graph1c d1splays Such a techn1que would 
be part1cularly useful for purposes of f1lm 
ammat1on where each success1ve plol 
could be used lo produce severa! seconds 
of VI6W1ng lime on !1Im 

lnd1V1duals 1nvolved 1n lhe preparat1on of 
dala surfaces frequently express a des1re 
lo select a v1ew1ng angle wh1ch prov1des 
max1mum VISibiilly of lhe surface Th1s 
concern reflecls the facl lhat some port1on 
of a surface 1s usually h1dden by "peaks" 
wh1ch nse up and block from v1ew areas 
beh1nd them The mteract1ve capab1l1!1es of 
ASPEX m1n1m1ze th1s problem by allow1ng 
the user to freely expenment w1th vanous 
v1ew1ng angles, d1stances, w1ndows, and 
vert1cal scailngs 

A surface draw1ng program such as 
ASPEX allows themat1c map data to be 
d1splayed w1thout the necess1ty for data 
value classlf1cal1on mherent 1n trad1!10nal 
themat1c map symboilsm S1nce each value 
on the surface IS showo ra1sed to a he1ght 
wh1ch 1s cont1nuously proport1onal to lhe 
value scale, a user 1s free of the necess1ty 
lo estabhsh value class 1ntervals and then 
select correspond1ng symbohsm A three 
d1mens1onal surface IS ilterally classless 
thereby allowmg m1nor as well as ma¡or 
lluctuat1ons w1th1n the data to be shown on 
the same drawmg There 1s a need to 
establish a vert1cal scale for a data surface 
bul assoc1ated ilmllallons are lar less 
Slgn¡flcant than !hose wh1ch result from 
hav1ng to clas~1fy and symboilze data on a 
trad1l1onal two d1mens1onal shaded map 

Malerlals Available 

1 ASPEX program w1lh sample data 
2 ASPEX User's Reference Manual 

Cop1es of the FORTRAN IV source pro· 
gram for an IBM 370 computer are ava1l· 
able on new, unlabeled 200 fool reels of 9 
track tape wntten al 800 BPI 

For mstallal1on of the program on a DEC 
PDP·10 computar a user alternat1vely may 
request a DEC tape 1n compressed formal 
w1lh DEC spec1f1c command f1les and 
MACR0·10 f1les mcludec 
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Sefected Maps ot U.S. Population Density from "Manifested Destiny" 
• L ' 1' 



CARTOGRAPHIC DATA BASES 

lnlroduclion 

A cartograph1c data base (CDB) 1s a 
necessary part of 1t1~ mput data requ•red by 
the Laboratory's conforman! mappmg 
programs These data bases del me the x-y 
coordmate locat•ons for each data zone 
wh1ch 1s to appear on a computer generated 
map A CDB m ay be dlg1t1zed locally but 1! 1s 
usually more econom•cal to obtam a copy of 
an ex1st•ng CDB 1f one already has been 
prepared for the area of mterest 

CDBs Available 

The Laboratory has ava•lable a selected 
set of CDBs and wtll cons•der requests to 
pr~pare others to a user's spec•f•cat1ons 
CDBs d1sfnbuted by the Laboratory are 
available m many d1fferent record and f1le 
formats, mclud1ng !hose reqUired by the 
SYMAP, CALFORM and INPOM computer 
mappmg programs Alternat•vely, an 
md1V1dual m ay prefer to acqu1re a CDB m a 
topolog•cal cha1n formal and use the 
Laboratory's POL YVRT software toe reate a 
vanety of CDBs for use w1th one or more 
mapptng programs 

Original Dala Sources 

CDBs offered by the Laboratory 
frequently have been der •• ed l;om o:her 
files such as the CIA's World Data Bank-1 
and the Census Bureau's County DIME, 
Metropol•tan DIME, and Urban Atlas f1les In 
most mstances the content and/or structure 
of these files have been mod1fled by the 
Laboratory S1lver error, overlappmg 
polygons and s1milar dlfflcult1es mherent m 
the ong1nal data have been corrected by the 
Laboratory 
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Cenlrold (Dala Poinl) Files 

For users of SYMAP or other programs 
wh1ch ut!l,ze x-y coord•nate data for pomt 
locat•ons, files of centro1ds (central po1nts 
representat1ve of g1ven areal un1ts) are 
available F1les currently be•ng d1stnbuted 
include 
1. Centro1ds of U S count1es 
2 Centro1ds of U S States 
3 Centro1ds of Massachusetts c1!1es and 

towns 

Countrles of the World 
Study areas and the1r geograph1c subdivision (data ZC(nes) for whtch CDBs are avallable tnclude the followmg. 

Recommended Maximum Maximum Ground Resolution par 

Study Area Geographic Units Standard Format Original Source Coordinate System Mapping Scale 0.1" lmm on map 

Planet Ear!.h__ . -~. c~:...n-tru~s Chain WDB-1 Rad1ans, Lat & Long 1:10,000,000 16 mi. 10 km --·----- --
· Un1ted States Sta tes " County DIME File " 1:5,000,000 B.O mi. 5km 

Untted States SMSAs " " " " " " 

Un1ted States SEAs " n " " " " 

Untted States Counties " " " " " " 
' 

Any State Count1es " " " " " " 

Any SMSA Census tracts, 1970 " Urban A ti as F ti es Degre~s. Lat. & Long 1:15,000 125 ft. 15m 

Any SMSA Census blocks, 1970 Metro-DIME Metro-DIME Rad1ans, Lat. & Long 1:5,000 40ft. 5m 

Massachusetts Ctties & Towns Chain Files locally prepared lnches, Cartes•an 1:250,000 2,100 ft. 250m --
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Llne Generafization (O~Ia•l) 

The amount of u:'O<> dela1: {numbe~ or po:nt.:;), 
contalnCd Wllh1n a file max be SP,eCifled a! 

the ume that a:-1. order 1s placed t,lterna!lvely, 

!hE' :...abcratory lholl•prov•de- a degree. ot•lir.~e­

tletall appropnate to 

The mapp1ng, pacl<age w1~h wh1ch the 

CDB 1s lo l.Je used, 
2 The rna-..1mum s·ze 31 wh1·.;h all or sorne 

part of lhe file 1s to be d1splayed, and 

3 The ilne reso!ut1on ol the dev1ce on 

which thR out;:>u: ;s te appear 

All of lhe Labora,tory's COB '1les conta1n,a 
l1n1te amount of dela1l. Ho"'!ev;:;r, when 
prepanng a COB for rnappl'lg ¡;urpo:>es, 11 
i:tsl 1s des1rable to generaiJze each ilne •n 
oroer lo reta1n only those po1nt;, wn1ch can 
;;e seen on the f1nal graph1c outpu~ The 
<.ctual number o! usef~l (VISible) po1r:ts 

Ce;:>ends upon the scale ol the l:nal map 
output plus the graph1c rezolut1on ol the 
d1sola¡ hardware Clearly, a lim: ;mnter map 

can portray less detall than a c;:.'hode ray 

1~.;be wh1cn 1n IL:rn hds less revolvmg power 

lnan most pen plortprs for a map rll a g1ven 

scale Other 1ssues to be cons1de;ed when 

selectmg a deta1l leve! 1nclude 1'1¡; max1mum 

number ot po1nts wh1ch can be processed 

by a g1ven d1splay program plus the relat1ve 

::os! of process1ng large files 

The standard vers1on of each CDB whose 
standard formal. 1s "cha1:1;· 1nc!udes w1th each 

x,y ccord,na:e pa1r a th1rd number wh1ch 1s 
tne measure of that oo1nt's cevJellon from 
the trend hne As a resull. each po1n! may 

be e1ther •nclud.ed or, excluded¡ from ~ g1ven 
plot dependmg upon the amount. of hne 

resoluhon des•red 1n. a g1ven Slluat1on Th1s 

capabtl•ly prov1des a gr,eat. de al of flex1b:hty 

to the user and aliows fpr a vanety of 

d1fterent CDB's, vary1ng, 1n l1ne deta,l, to be 

produced from the ong!n¡¡l, f1ie For a 

descnpt1on of the ~!gpntl)rn w,h:ch 

determ,n~s dev1ahons aJ:Id· a d!;,CIJSSton, of. 

thelf use 1n "del~!: f,ilt,e.nng'' ~e e Dquglas, 

Dav1d and Thomas ¡;>c~cl;u, "A!gcnthmc for 

the Reduch0r. of the Nurnber ol Po1nts 

Reqwcd to, Repre:;ent a. D1g•I1Zt:d l1Q~ or 
1ts Cancature" 1n the, Canad1an 

Cartographer, Vol 10, .No 2, Det. 73, i?P 
112·122 

Reco_rd For~J~als. 

COB's diSiflbuled by the Laboratory are 

ava¡l,lble. IQ, any one of tour standard 

lormats or-1n a formal delinea by !he user 

~encaro, íor.maffi. ·~l.';udP-o ~'les pr,epar.ed, 
spectfiC"a!ly for 1nput to. the SYMAP, 
CALFORM, or INPOM computer mapp1ng, 

programs Flle'S also may be .:>bta1ned 1n a 

topolog•cal chatrl !ole formal lor tnpul lo, the 
POLY.VRT program and other mapp1ng, 

software to be d1stnbuted by the 

Laboratory 

Record, Conl,cnt 

CDB's prepar,ed for 1nput to a computar 
mapp1ng program 1nclude x·y coord1nates 
plus a geograph1c 1dent¡ftca!1on code for 
each polygon Cedes used are Federal 
!nlorm'l!lon Proces<.1ng Slandards (FIPS) or 
Census Bureau gcograph1c 1denhf1ers. 
INPOM and POLYVRT hles also 1nclude a 
aetaol leve! coce lor each pomt coordtnate 

in the fole For CDB's other than thosc 

descn~ed whoch a1 e prepared lo a user's 

spec1f1cal.ons, geogr dph1c codes 

apprcpr~ate to the locat1ons of mterest can 
also be prov1ded 

POLYVAT Software 

AH CDB's offered by the Laboratory are 

d1r,ectly compat1ble Yfilh the computer. 
mappong software for wh1ch they ar.e 
~ntended Ho)Never, for !hose lnOIVIduals 

w1shmg. lo acqulfe a h1gf) degree o! 

flex1bihly m YfOrkmg V11th COB's for one or 
more s!udy areas, 1! m;¡y b~ ady1sable to 

request· a CDB· 10 a POLYVR:f cha1n f1le 
for~at plus a copy of the POL'(VRT 

software By, do,ng, so one acqu~res the 

capaplht1es to 

1 G,enerale CDB,'s •n a vanety of. formats, 

(e g , CALf;ORM, SYrv)AP, INPOM. etc } 

2 Select only, tras•) geogr.aph1c reg1ons o! 

1mm~d1ate mt.erest from a larger f1le 

3 ~~ec1fy an~ ore el severa!· map 
l?ro¡er:!¡ons 

4 S;;ec,fy any leve! of hne general1zat10n 

des1red. 

5 EC:tl or l)10d1fy the con!ent of a CDB f1le 

10 order to sat1sfy !he users' spec1hc 

reqwer;ner;~,l: 

Map Projeclions 

WDB·I, the County DIME, METRO·OIME 

ard the Urban Atlas f:les conta1n 
coord1nates expressed 1n terms of lat1tuda 

and longttude These coordtnates usually 

are pro¡ecled lo a cartes1an cooratnate 

system befNe be1ng used w1th a cor1puter 

mappmg package F1las cescnb1ng a re:¡1cn 
no larger than a Standard r.l1etroP,o!Jta'1 
Stat1SI1cal Area {SMSA) are normally 
created us1ng a standard eq~1·recta11gular 

pr,o¡eclion For larger reg1ons w•lhll" the 

U S (e Q. one o~ mo~e sta!es) a user rr.ay 
w1sh to request a d1fferent pro¡ect1on C_DB 
!1les for. reg1ons as large as the entire. 

Un1ted States w111 normallx requ1re 
pro¡ect1on Pro¡ec!lons ava1lable 1nclude 
Albers, Lambert conforma!, Mercator, 

M1ller, EQUJ·Rectangular, S1nuso1dal and 
Orthographtc Other types can he furn1shed 
upon specml request CDB's pn;pared from 

lhe DIME and World Data Bank files wtll be 

prov1ded w1th con1c (usually Albers) or 

S1nuso1dal pro¡ect1ons. unless spec1flc 

pro¡ect:on mstruct1ons are prov1ded Such 

1nstruct1ons should tnclude necessary 

pro¡~ct1on parameters 

Documentat10n 

Each COB mcludes documentat1on 
descnb1ng the followtng 

1, Number ot polygons and number of po1nts 

2 Number of po•nts per polygon 

3. Number of. cha1ns, (for cha1n files) 

4 ldenltf¡catlon codes for each, geograph1c 

unJt (FIPS code and name) 

5 M1n1mum and r'1ax1mum x-'j coordtnate 

values for the COB 

6 Ma~ pro¡ecl,or;¡ parameters (when known) 

7 Test plot o: P,Oiyr;on out11nes 

8 R~cord aQd hl!1 descnpt1ons 

File, Cha,racteristics 

F1les will norma¡ty be furn1shed on new. 
unlabeled· 9·track tape, wr¡lten,-on fBC81C 

mode al 800 BPI, ustng a tlocks1ze of. 
4000 byt,es or less 11 th1s 1s not s¡,¡lab,le, 

spec1fy the character set. dens•t:J. oanty 
and block1ng factor appropnate ¡ar your 

1nslallat10n 

Cost 

The cost o! a COB 1S a functton of the 
ef!o1t 1nvolved 1r-, prepanng 1! to a user':; 
spec¡f¡cahons A CDB whrch can be 

prepa~ed frcm WDB·I or the C01..nty O!Mf­
files. 15 ítKely to be less costly oer pco~l! 111: r 
are sunilar f1leo;; dcnvec from LJrbaol At!?s e: 
Metro DIME ltles The reason tor th1s os th~l 

lhe latler f,les frcquently :nc'u<:Je errors 
wh1ch must be odenl¡f:ed and correcteG 

pnor to the•r convers1on !o a CDB file 

However. ·f the f1le for. a rego0n has alre3dl' 

beer1 corrected lh•s w11l be reflected 1n tts 

cosl Bccause of the many drfferent 
vanables and tJSer spe>clflcat,ons wh1ch 

mus! be t<>keil 1nto accou:•t. !hose 
1nterested ¡n acqu1nng a spec1f1c CDB 

should rcquest a pnce quotat1on 
When requesling a CDB pnce quctat•on. 

the follo"Mlg tnformat1on must be rr~v•ded 

1 Geograph1c regton o! 1nterest 

2 Geograph•c data zones des~red (type, 
number and names as appropr•ate) 

3 Cornputer maf)pmg software package to 

be used 11 other than a L:1b0rato1y 

pac"age, spec,ry !he data formal 

requlfed. reslnchons concern1ng 

rnax•murn number of po1nts or polygon• 

and the dev1ce. on wh1ch graph1c output 

1s to be d1splayed 

4 Map pr,a¡ectiOI) desored (1! any) 

5. L1ne 9enerahzat1on requ!red 1n terms of 
Srnalles: scale output map 

Postt1onal accuracy 
Prec1s]on ol output d1splay dev1ce 

6 F1!~ character,st1cs (!.1 othcr !han as 
descnbed above) 

P.~1ce esll['lat,es, range from a mlflimum of 

$75, fo_r a copy of. an ex1St1ng lo! e to S 1 00+ 
fo~ a. f1le denved from WDB,-i. the I.Jrban 
Atlas, County DIME or METRO·OiME foles 

D,elivery T<1me. 

CDB's der•ved, from WDB 1 or the Count'/ 
81ME file can no.-mally be shtpped wtllltn 14 

days from recetpl of an order Urban Atlas 

and Metro·DIME f,les may requtre some:1hat 

tonger due to addtl1onal process1ng 1nvolved 
l;iow~ver all orders are normally shtp~ed 

WlthiQ 2·4 weeks 



PUBLICATIONS 

RED BOOK 

Th1s 1s an 11lustrated synops1s of pro¡ects 
undertaken smce the Lao s organ,zatoon tn 1965 

The "Red Book" descnbes the Laboratory's 
apphcahons of computer graph1cs and spat1al 
analys•s to such ftelds as archttecture, c1ty 
planntng, landscaoe archtlecture and theoret1cal 

geography Descnphons of how other research 
communtt1es have applted the Lab's programs are 

also tncluded • Red Book • tS 1n BY• x 11 loose· 

leal format, chronologtcally orgamzed for easy 
reference and conventent updat,ng Research 
entnes for success•ve years are separated by 
dated dtvtders 

THEORETICAL CARTOGRAPHY PAPERS 

"lssues in Thematic Map Oes1gn" Ser~es 

In 1976 the Harvard Laboratory for Computer 
Graphtcs and Spahal Analysts began pubhcahon 

of a senes of d1scuSS10n paoers deal1ng w1th new 
concepts and problems 1n themat e mapp1ng 

ConstderaiiOn tS gtven to maps made by hand as 
well as by computer Basec on extens:ve Ford 

Foundat1on supported research begun 1n 1969 by 
Howard T Fisher and vanous assoc1ates, these 
papers are of three pnnctpal types 
1 Papers deahng w1th fundameotal cartographtc 

pnnctples w1thout reference to spectflc 
mapptng s•tuat1ons 

2 Papers tllustra 1mg and d•scusstng a vanety of 
alterna11ve so1ut1ons to representahve 

mappmg problems. and 
3 Papers analyz•ng •n ce!a1l alternat1ve 

a·pproaches to tneñ1at•c cartography as 

presented by lead,ng cartographtC texts 1n 
Enghsh, Freneo are Gerrran 

The papers of the seconc type wh1ch assume no 

prev1ous kna ... ~leC']c of car•o<;raphy, mclude 
numerot..s spec1a'1Y pre::areC r- a:>s des1gr.ed to 

show the relat1ve acvar•.2ges of d1fferent des1gn 
approaches The f,rst of •nese "LS'rattve stud1es 
presents mor¿ than 50 mass srowtng sorne 14 

d•fferent baste types o' s]mbc' sm as apolted to 
the problem under eons1cerat·cn 

As w1th past Harvarq Papers. these are of an 
1nlormal and exploratory nature wtth a v•ew of 

ehc1hng reader comments 11 •s bel1eved that th•s 
senes olfers tmportant new tnstghts and 

1nformatton capab!e of conlrtbt.ltng to both the 

theoret1cal and pra·-· -al advance of themaltc 
cartography To r up-dated tnformatton 

regardtng spec1f1c papers as 1ssued, 1nterested 
persons should request placement on our mathng 
hst Arrangements can be made for the papers 1n 
lh1s senes to be sent automat1cally as they 

become ava1lable Those request1ng •h,s serv1ce 
wtTI be sent wtthout charge a penod1c abstract of 
SUCh COmment as may be rece1ved rPgard1ng the 
papers 

Below 1s a tentat1ve hst of htles, pursuant to 
the ftrst two categones menttoned 

Fundamental Cartograph1c Pnnc1ples 

1. Thematic Maps Whal They Are and Who 
Needs Them? 

2. Wanled An lmprovad Theoretical Construct 

lo A1d 1n lha Oes1gn of Thematlc Maps 

3. Hypolheses for lhe Mapplng of Oualltal1ve 
and Ouanlat1va lnformat1on 

4. Thematlc Map T1tlas - What Should They 
Conla1n? 

5. Types of Study Spaces In Thamatlc Mapping 
- 01SIInctlons wlth a 01fference 

6. Types of Locat1ons In Themaltc Mapp1ng -

Dlst1nctlons w1lh a Otfterence 

7. Types of Values In Themat1c Mapp1ng -
Olst1nct1ons w1th a 01fference 

8. Value Keys In Thematlc Mapplng - Whal 
Should Thay Conlaln? 

9. A Manual of Value Symbollsm - Spol Type 

10. A Manual of Value Symbollsm - Band Type 

11. A Manual of Value Symbollsm - F1eld Type 

12 A Manual of Value Symbollsm - Cycllcal 
Type 

13. Multi-Sub]ecl Mapplng - Wlth lnterlocklng 
Sub¡acts 

14 Multi-Sub¡ect Mapping - With 01versa 
Sub¡ects 

15. The Use of Color as a Ouantltatlva 
Analogue In Thematlc Mapping 

16. A Glossary of Terms Used in Themat1c 
Mapp1ng 

Alternat1ve Solut1ons to Representat•ve Probiems 

1. Foursquare 1 - An lntroductory Problem tn 

Slngle-Layer Thamatic Mapp1ng 

2. Foursquara 11 - lllustratlng Baste 

Symbolisms for tha Representation of Values 

3 Foursquara 111 - Valua Curves and Classtng 
Procedures 

4. Sparsely Populated Franca - An lllustratlve 
Problem wlth Alternatlve Solutlons 

S. Oensely Populated Franca - An !Ilustrativa 
Problem wlth Alternal1ve Solutlons 

6. All Franca 1 - An lllustrative Problem w1th 
Alternat1ve Solutlons 

7. All Franca 11 - An lllustratlva Problem wtth 

Alternativa Solutlons 

8. The Washlngton-Boston Corrldor - An 

lllustrativa Problam wlth Alternativa Solutlons 

9. U.S Standard Metropolltan Statlstlcal Areas 
(SMSAs) With Over One Mtllion lnhabltants -

An lllustrative Problem with Alternat1ve 

Solultons 

10. The White Housa Area, Washington, OC 
An lllustratlve Problam with Alternativa 

Solutlons 

11. Twelvasquare 1- An lntroductory Problem 
In Multi-Layer Thematlc Mapplng 

12. Twelvesquare 11 - The Thematlc Mapplng 

of Non -Layared S paca 

AUTOMATEDCARTOGRAPHYPAPERS 

NOTE The ltrst12 papers report on a Laboratory 

study that demonstrates the role of computer 

graph1cs 1n presenttng data related to the so urce, 

d1stnbu1ton. and effect of atr pollut1on 

1. SUMMARY REPORT 150 pp. $9 00 There 

are 3 secttons 1) a summary of the enttre 
pro¡ect. 2) a dtscuss1on of each 1ndtVtduat study 
area. 3) a techntcal report and a d1scuss1on ol 

compuler graph1c outputs 

2. SUMMARY GRAPHICS 162 pp , $9 75 Th1s 

IS a complete set of graph1cs for all 1nd1v1dual 
case stud1es 

3. COMPUTER EOUIPMENT ANO PROGRAMS 

83 pp , $5 00 Th1s report d•scusses comput1ng 
mach1nary (hardware), computer programs (soft­

ware). plus types of maps and data for gra::>h•c 

d1splay Also, the •ntroduct1on cons1ders comouter 
mapptng entena. operaltng pnnctples. and curren! 

and future appltcat1ons 

SYMAP INTERPOLATION CHARACTERISTICS 

70 pp . $4 20 There are four sect1ons 1) the 

SYMAP 1nterpola1ton algonthm, 2) sens1hv1IY and 

accuracy of 1nlerpola11on, 3) use of elecl1ves to 

affecl 1nterpolal1on and 4) use of barners lo affecl 
tnterpolat1on A companson of SYMAP's algonthm 

w1th olher methods of 1nterpolat1on 1s also 

•ncluded 

20 

CASE STUOY REPORTS These are deta1led 

descnpttons of 1nd1v1dual case study plus 
lechmcal reports relat1ng lo other research under­

taken Relevan! graph1cs are 1ncluded w1th each 
reporl 

5. ST LOUIS REGION CASE STUOY 3 vol , 326 

pp. $19 75 Th1s 1ncludes compansons between 

rur qualtty and soc10·econom1C data. exam1natton 

of d1urnal var1at1ons 1n atr qualtty. model1ng of atr 

quahty from power plant emiSSions and stai1SI1cal 

exam1nat1on of the data 

6. KANSAS CITY REGION CASE STUOY 112 

pp , $6 75 Atr qualtty data ts man•pulated and 
mapped w1th part1cular emphas1s on background 

values at the penphery of the study area These 
1nclude del1ntng coherert areas for mapp1ng, 
ttme-averag1ng ol data and companson wtlh atr 
qualtty standards Also. em1sston dens1t1es are 

mapped and atr qualtty 1s compared w1th SOCIO· 

econom1c data 

7. MONTREAL REGIO N CASE STUOY 59 pp, 

$3 75 An lndex ol Atmosphenc Punty ( 1 A P) 1S 

determ1ned and mapped •n lh1s study The cover­

age and extent of vanous ltchens and mosses are 

stattsltcally exam1ned and mapped lo ach1eve the 
besl tnterpretat1on for the 1tm1ted amount or data 
gathenng In addtllon, the 1 A P was compared lo 

measured atr quahty 

8. CONNECTICUT STUDY 44 pp , $3 00 Atr 

qualtty mapped and compared at vanous t1me 
penods Compansons are then made us1ng 

mathemat1cal models 

9. SOUTHERN NEW ENGLANO 55 pp , $3 50 

Measured atr qualtty supplemented w1th est1mated 

background values IS compared to SOCIO· 

economtc -;urfaces 

10 PUGET SOUNO REGION 32 pp, $2 00 Atr 

pollut1on em1sS1ons lrom futura transportat1on and 

urban development opt1ons ara mapped 
Transoortat,on related atr qualtt1es reflect the 

1nfluence of mountam barners to pollut3nt 

d1sperston 

11. CALIFORNIA REGION 49 pp , $3 00 

lnvesltgat:ons were made of carbon monox1de 
concentraltons. the total annual suspended dust 

concentrat1ons and atr qualtty relat1ve lo stalew1de 

aJr qualtty standards 

12. BOSTON REGION 51 pp , $3 25 Th1s report 

1Uustrates dtfferences 1n stat1st•cal surfaces based 

on datly, monthly, seasonal anc.' 'y averages 
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13 fhe Use ol Compuler Graphics 1n Plannong, 

by Howard F•sher, prescnted al the 1970 Nat•onal 
Conlprence of lhe Amerrcan Soc:ely ol Plann1ng 
Olloc1~!s Apr1! 6. ·1970 3 rP. $1 00 

lhúsü uwo'v€d 1n u'~an ptann1ng ere no! llke!y 
lo be ahle lo come lo s:;und concluslons and be 
able lo make sound rccommendal1uns untess the 
lac!~ regard1ng the human commumty under 
sludy arp read•ly <:l'Jailable 1n eas1!y understood 
form · 

14. Maps al" Compulers, reprrnl ola March 11. 
1970 arl1cle t.cm lhe Chr1sl1an Screncc Monrlor 
St 00 . 

"11 s nard lo kr.ow where lo beg1n solvrnc¡ such 
amaq~ 1.,0us chaJienges as cnrr•e and a•r poi1ut10n 
'" Cll<b A grca .. p al Harva•d w1!h !he help ola 
com;tu!Pr 15 mapp1ng concentral•ons of t"lese 
prcbi~ms These computer maps lend a clarrfy1ng 
v1sual ~ersnectnte " 

15 Computer Carlog•aphy, by Thomas K Peuc~er 

Comm1ss.on on eollege GPogr~phy Re~ource 
Pape· No 17, Assoc1ai10r. o! Amencan 
GPoc¡r~phers 1972 75 pp $3 00 

A vai<Jable lutoflal covcrrng sucl) top1cs as 
iheon,. o1 dat?.. surface processmg and rep· 
resent~t1on of surlaces 1 he publ:cahon also con· 
ttns numerous ,Hu51,.ótrons mvolvmg ovcr h"'cnty 
com;:tuler fi1dfJDing programs 

16 Therr.a11c eartoqraphy, by Ph.llip M,,,hrcke 

co~lffiiSSIOn on Coi<egc Gecgraphy Resource 
Paper No 19 A!>soe<al1on of Amer~can 
Geographers 1 97? 66 ;:tp $3 00 

Th1S repo,.t dr:?scnbes the varrous steps rnvclvBd 
rn tfr.ema~rc ma..)Ot'1Q daLJ collectron. m0pprng ar.d 
ana11'SIS Spec1h~ Sdb¡ects d1~cussed rnclude 
spa\1al sampi<ng measureíncnt. s~mbolic rep· 
,.esentdtron. vrsua! nnal} srs and QudPtrt3lrve 111ap 

analys•s 

17 ManPgemcr.l b:: Co'T1puter Graoh1rs, by 
Kennelh Snoslon, ~nd Cha•les Eddy, Harvard 
B11~ 1ness Rc•v1C'o'.' '\Javerr.bcr December 1972. 12 
pp SI 00 

"lile 1 1~mer'CO~~ oulput of the h1gh·spc.:d 
cornpt~\er t"las far ou~slnppt'd th~ mo.1err, 
e-..écutiiJf? s ñbllr:y to ex-:~mrne a ... ,sorb, anO use al! 
the 1nlorrrat1on ger.erated rn hrs day !-:>·day 
decrsron mai<tny But thr~ tmbGJant (' belwPer. ~h~ 
.-,;::;:h:nc ~nC: the rnnnager r:, nov. be:n4 cuHectcd 
1hrough the development or corn;1.J1cr -g~""arhrcs •• , 

.. 8 Cnio. 1n Art by 1-IC'v"'~:u e! 1 F1sl--¡f:f and Jam¿~f/1 

Cz·;_ ·.:..,!e" c'")C)g Art ~~uscum H::;~rvc~rd U'1tv81 ~1ty 
'5-.o 1:'4 P;J $11 00 

t .. n e"c(;li~nt rnlroduCI10n lo color dna color 
tb..:,ory pre<;Er1ed tror.1 1hc spec 1al vte.,.,p:Jmt of 
\f '-S..:! \..Cí'Ci?ftred Wllil thE" US~ of CC'Ih;r •n ;trt g,n(i 

t11 ~·gn ···vork lJ::sf'd ..1pvn d !;tudy or1gPldlly unde;­
tak<?n Hr1h speclf•( 1eference to the use ol coior 
,,., ttwmat1C m¡¡p c'CSI'J'\ lncludcs among 1ls many 
blilck nnd wh1te a. rd color ·11us1rni•"JnS numerous 

charts anc c: . .,grams ot wh1ch four ol parhcular 
refLrt>nce •.alue are rn color 

19 r.~an1fesled Deot111y A Graph1c. Accounl ol the 
~elllemenl af'lO Growth ol Amerrca 1790-1970 
by Geofi1 ~~ Dullón. Lnbór alóry lof eo:npuler • 
Gra;)t-•ICS and Spahal A'"lalys1s Graduatc School 
ol DeSIJn, 1-ia•vard Uni'Jers1ly 1975 30 pp. 
$2 00 

Sud;.ces of po;:;t..!ahon d1Sir~bul1on lor the 
CC'"I!erm:nous Un1ted Slales are d1splayed (us1ng 
lhe :..SPEX progran) tor each C!:nsus dale lrom 
1i90 lhrough 1970 Total populalion by county 
were uSPO as 1npul dala allac;:;ted to a 9"d lor 
c!·~plal The spead1ng of setllement and lhe 
g•c"lh ol C<l1es d'E' d1dma!1cally 1ilustralcd by lhe 
c'1ang.ng populal•ern surface 

20 Programmmg lar Transportabi11ty A Gu1de lo 
Mnch1ne lndependent FORTRAN, by N1cholas 
Chr1sm;¡n a1C Df'n•s Whrte L~boratory for Com 
pulcr GraptHcs and Spahal Analys1s Graduate 
School ol Des1gn Harvard Un1vers1ly, March 
1976 40 pp $2 50 

1 h1s pa¡:¡cr addresses !he problem ol creahng a 
"lransporlable" subsel ot FORTRAN Four 
espects ol lhe problem are dealt w1th 

1 Synt~clic hm1talions 
2 Semanlic p•oblems 
3 Necessarv ev11s 
4 Suggesl1ons a~out good pracl1;::e 

Th1s publ·cal1on 1s based en e•pef!ence w1lh 
18M CDe POP, UNIVAe Honeywell and 
Burrough s opera••ng systems 

2~ Comp-.~ler Carlography World-Wide1echnology 

and MMkelo. by Eflc rc,cholz and Juhus 
Oorlman. lr.ternahonal Technology Mar¡._etmg, 
Ncwton Massachusetls May 1976 427 pp. 
$375 00 

The s!udy covers all as;:tecls of automaled 
carlog•aphy •ncludrng 1~€' aulomalcd carlography 
process users and sources of automated 
ca•tography 1n lhe Un1led States. eanada 
[urope Lahr Amef!ca and Japan the status and 
forecasl of aulomated cartography lechr>ology 
end a markel survey and lorecasl 

THEORE TIC AL GEOGRAPHY PAPERS 

\ Cvncepts and Ap¡:ol1cat1ons-Spat,al Order, 

by \.'lrl 1ld.m Warntz and Mrchael Woldenberg 16 

May1987,196pp S1200 

2 A Nomagrdohtc Reo:-esentdtro., al the Geoad. 

tv ·"'a 11sr Messr.her, 28 Augusl 1967. 13 pp. 
$1 75 

3 lrnpl1c1t Mi'p ProJeC~Icns 111 Computer Punt­

Outs, by W1ii.~m 11\arnlz. 15 Septembcr 1967, 24 
pp S2 25 

4 Out of Pnnt 

S. Supercedcd by pace~ No 8. 

6 Superceded by paper No 23. 

7 The Geometry of M••ed He•agonal H¡erar­
chics 1n !he Contcxt al Central Place The~ri'. by 

e Ernesto S Llf'dgrt>n 22 December 19G7 44 

pp 53 00 

8 Energy Flow and Spalial Order, w•th Spec1al 

Relerences lo M1xed Hc•agonal Central Place 

Hl!'rarch1es, by M1Chdel J Wcldcnberg 3 
January 1968 46 pp $~ 25 

9 The eonlinent Problert~ - Geog. Óphy and 

Spahal Variance, by ehflslopher W Warrrtz, 32 

PP. $2 ;~5 

10 D1stances ar.d :.and Values as Data lor ln­

lroóuclng Problert'S As~oc1ated w1th Spat1ally 

Contrnuous F1elds of Correlatron CoeH1ctents, 

by \\'ll11drti W3r'ttZ 29 Jz.n._¡:Jry 1958. Uj pp . 

$1 50 

11 Space Stra1~hlénmg and Flatlenu'g, by e 
Ernesto S L1ndgren. 2 f'ebruary 1 gsa. 6 pp . 
$1 50 

12 Out ol Pnnt 

13 Spatral Order rn Ftuv1al Systerns Horton's 

Laws Denved lrom M1xed Hexagonal 

H1erarch1es of Ora.nage Bas1n Areas, by 

M•chael J Woldenberg 14 Febrc•ary 1968. 37 

DP. ,$3 80 

14 A Nomographrc Represcrrtat1on o! 

Tra¡~clones, by Walle• IAesscher 8 March 1968. 

11 pp $1 50 

15 A Two·D1:nens1ona¡ lnterpolal1on FoJnct1on 

lor Computer Mapp1ng ol lrregularly Space:! 

Data, by Donald S~~pa1d 20 Marth 1968, 20 
pp $1 50 

16 N-D•mens1onal Spalial l..r.alys:. and eom­

puler GraphlCS Par! A, by e [rneslc S 

Undgren. 14 Apr~l 1968. 60 pp. $4 20 

17 Hyper-surlaces anO Geodes1c Lmes In <:-0 

Eucl1dean Space, by C [rnE>sloS l1nogren 17 

May 1968, 15 pp, $1 ~0 

18 f\ Note on Slream Ordenng ano ConlOLr 

Mapp,ng, by N.iliam Warrtz 1 July 1900 30 ¡->p. 

$2M 

15 Hlerarch,cal Systeros Crt,es, R,vt-!rs, Al~rne 

Glac1ers, Bovme L1vers ano Trees, by M1chae! ,1 

'Noldcn~r.:rg, 8 Ju:y 1938 ~6~ pp S10 00 

20. A Study ol R1vers and Olhcr Branch1ng 

Sys lems, by Gordor> Hav.1e 31 July 1968 19 

PP. ~1 50 

21. Geography andan Exrstence Theorem A 

Cartograph1c Compuler Solul1on lo the Locah­

ZJIIon on a Spherc ol Seis o! Equai-Valucd 

An 1rpodal Po1•11s lor Two Conllnuous 01slrrou­

t1ons v.1th Pracllcal Appl1cat1ons lo lhe fleal 

Eartn, b1· Step:<en E Set~ow1!Z, 5 Augusl 1968. 
64 pp $4 50 

22 A Mathemol1cal RPp•esentat10r ol the 

Altrtudc Rela\1on;,h1ps on !he Surlace ol the 

Earlh, Usrng Spherrcal Funct1ons lo the 16th 

Orde,, by Albeerl Prey, translated by Bonn.e 

B,,,der AuJuSI 19613 62 pp, $4 50 

23 Plane Glote Pro¡ec11on - A L1nnean 
System ol Map Pro¡echon, 1ranslalion o: M1n 

Rat Prof Dr Hans Ma~re• s Ebene Kugelb1lder 

forwarded and eJ1Ied b;· 'lv11112111 Warntz. 19 

Augusl 1968. 337 pp $18 00 

24 The Oescrrpt1ve Geometry (or Representa­

llve) ol a ColletiiOn ol Pomls F1xcd by N Cll· 
ord1nate Numbers or al N·O,menS~ons, by 

Fel•ppe dos Santos Re1~ lranslaled "Y C Erne~to 

S l•ndgren 30 Scp:ernber 1968 31 pp $2 25 

25 The law of Travel ard lis Apptrcatron lo 

Rail Traille, oy Eduard lrll lranslated and 

fúrwarded by Tt>omas K Peucker 10 January 
1969, 123 pp $' 75 

26 M1nrmum T1me Palhs and lhe M1gratron <'[ 

the A1clic Tern, by Roberl e Eckhardl 7 

February 1969, 26 pp $2 00 

27 Not~s on lhe Methodologl lor Gcnerat1o~ o! 
lhr Rer" esentalr•c al a S el, by e Ernesto 5 
:.1ndgren. 14 Febr uary 1969 39 pp . $2 75 

26 A M1n1mum Palh f'roblem Recons1derecí b~ 

e :::rne~lo S L•ndgren. 21 February 1969. 1 ¡ 

pp-; $1 50 

29 Th-a :Jse o! !he Geodestc Curvature rn the 

Del¡,rm1nat10n ol Ge,>clcsic Lines, by C [rnesto 

S Lindgref!, 26 February 1969, 13 pp, $1 50 

30 Numeilt.o.l-Geontetllcal Techn1ques for In .. 

lormal1on Slorage and Retneval, by C Ernesto 

S Und!Jren. , Oc•ober 1969 8 pp. $1 50 

31 Sorne Rellect1ons on Concepts Based on 

ThreE-Dim<)r.;,lonal Geornetry, by C Ernesto S 

lindgren 8 0cfobcr 1969, 13 pp. $1 50 

32 Algonthms a"'d Modc::;. Based on Pro;~ctt .. ·e 

Tr<1nsformat,on:; tr'l Spa\ral Locatron, Regtorr.d 

F,ann1n'), and Central Place lheory, by e 

Ernesto S Undg1en. 17 OclotJer t9G9 14 pp 
SI :;o 
33 Gréphtca' Acprcscnt&\•on of a Mo:n, w1th 

Appl1calions :n Spat1al locatron, by C Erneslo 

S L1ndgren and Carl Sle1M:. 30 Oclobel 196? 
53 pp $3 75 



34 Some Thought on Optrmal Mapprng and 
Codmg ol Surlaces, by Thomas K Peucker 
Ph D, 3 November 1969 14 pp $1 50 

35 Homologrcal Translormalrons rn Four· 

Drmensronal Space, by C Ernesto S Lrndgren 
25 Nov~mber 1969 20 pp, $1 50 

36 A Study ol the Movement ol a Pornt on a 
Plane and rn Space, by C Ernesto S Lrndgrer, 
7 December 1969 16 pp, $1 50 

37 Set ol Equai·Value Antrpodal Pornts lar Two 

Contrnuous Drstrrbulrons, by C Ernesto S 
Lrndgren 12 Oecember 1969 11 pp, $1 50 

38 An Outlrne lor the Theory ol Man·Made 

Space - Essays rn Urbanology, Number One, 
by Kozmas Balkus, 26 February 1970 55 PD 

$4 00 
39 A Structural Taxonomy ol Spatial 
Hrerarchres, by Mrchael J Woldenberg, 24 
March 1970, 53 pp , $4 00 

40 The Determrnatron ol Flxed·Polnts In Frnlte 
Drmensronal Spaces, by C Ernesto S Lrndgren 
3 June 1970, 17 pp. $1 50 

41. Law and Order in the Human Lung, by 
Mrchael J Woldenberg, Gordon Cummrng, Kerth 
Hardtng, Ke•th Horsf•eld, Ke1lh Prowse and Shtam 

Srnghal. 29 July 1970 58 pp , $4 00 

42. The Hexagon as a Spatial Average, by 
Mrchael J Woldenberg, 15 October 1970, 26 pp 

$2 00 

43 The Two Drmensional Spatral Organrzatlon 
ol Ctear Creek and Old Man Creek, towa, by 
Mrchael J Woldenberg, 23 June 1971, 34 pp, 
$2 50 

44 The Sandwrch Theorem - A Baslc One lor 
Geography, by Wrlham Warntz. C Ernesto S 
Lrndgren. Katharrne Krernan. Loursa Bonlrglroh, 
Eduardo Lozano. 30 June 1971, ~8 pp, S? 25 

45 Relations Between Horten's Laws and 
Hydraulrc Geometry as Applred to Trdal 
Networks, by Mrchael J Woldenberg, 10 June 
1972. 40 pp. $3 00 

46 The Two·Drmensienal Spatlal Analysls ol 
the Pecatonica Rrver In Wrsconsrn, by Mrchael 
J Woldenberg áhd Larry Onestr, 1 July 1972, 57 
pp. $4 00 

47. A Computer Program lor Mrxed Hexagonal 
Hrerarchres, by Rache! Thurston, Mrchael 
Woldenberg and Davrd Barer. 15 June 1975. 214 
pp. $13 00 

48 Fred K Schaeler and the Sclence el 
Geography, by Wrlham Bunge. Detrort 
Geograp~r.cal Expedrlron, 1, Detrort. Mrchrgan, 1 
No~ember 1968 26 pp, $1 50 

49 Sparkrng Poten tia!, Personal lnleractron and 
Socral Drstance D11eclrons lor a Theory, by 

GE:o!lrey Our:on. Graduate Student, Department 
ol Crty anc F<>gronal Plannrng, Harvard Unrversrty 

Cambrrdge '-'"ssachusetts 1 August 1969, 11 
pp $t 50 

50 t.'acroscoprc Aspects ol Metropolrtan 
Evolutron, b) Geo!lrey H Dutton. 11 March 1970, 

116 pp $7 25 

51 Notes on !he Frrclron ol Drstance rn the U S 
Telephone Nelwork, 1935·1995, by Geollley H 
Dutron, NQ. enber 1971, 11 pp. $1 50 

52 Tabulatrons ol Data on Area, Populatron, 
lncome and Certarn Derrved Ouantrtres lor the 
3070 Counlres ol the 48 Contermrnous States 

ol the Unrted States, 1967, by Geo!lrey Dulton 
Ka!ha11ne Krernan Douglas Krngsbury and Wrllram 
Warntz t9 May 1971, 324 pp. $19 25 

53 The Geographrcal Drstributron ollncome in 
the Contermrnous Unrted States, 1967·68, and 
the lncome Fronts by States, by Wrllram Warntz, 
24 May 1971 20 pp. $1 50 

54 A Descrrptron el the 1967·68 Unrted States 
lnceme Potentral Surlace, by Dougla5 Krng5bury, 
20 June 1971 13 pp $t 50 

55 Natronal and Regronal Parameters ol 
Growth and Drstrrbutron ol Urban Populatron In 
the Unrted States, 1790·1970, by Geoffrey H 
Dutton 9 July t971, 30 pp $2 25 

56 Allometnc Growth rn Socral Systems, by 
Mrchael J Woldenberg, 15 pp. $t 50 

57 Allometry rn Mrcro·Envrronmant Morphology, 
by Ranko Bon, Gradua\e Student, Department ol 
Crty and Regronal Plannrng, Harvard Unrversrty, 

June t972 32 pp $2 50 

OTHER PAPEAS 

1 Tha Potent•al ol Vrdeo Tape Recorders lor the 

De5rgn Prolessrons, Ene Te•cholz, Laboratory lor 
Computer Graphrcs and Spatral Analysr5, 
Graduate School ol De5rgn, Harvard Unrversrty, 
July 1972,18 pp , $1 50 

Vrdeo tape recorder technology rs one ol the 
most raprdiy developrng communrcal10n 

technologres Thrs paper looks at aspects ol new 
technology, talks about the d1fference5 between 

lrlm and vrdeo tape, dr5cu5ses the relatron5hrp 

between VfR and computer lechnology and 
5uggest5 sorne potentral applrcatron5 to the 
desrgn prole5srons. 

2 CPED Computer Programs rn Env11onrnental 

De5ign, Karman Lee. Center lar Env11onmental 
Re5earch, Bo5ton, Mas5achu5elts 1974, 1300 
pp, $21000 

CPED r5 a 5 volume set of reference manuals 
conta:nrng documented and rllustrated computer 
program abstract5 A rerrabte d;;srgn and 

plannrng data 5ource lor archrtects, researchers, 
and others concerned wrth computer technology 
Contents rnclude leas,brlily 5ludtes, archrtectural 
programmrng, srte plannrng, relatronal plannrng, 
two and three drmen5ronal graphrcs, cost 
control, envrronmental control, crrculatron 
analy5rs, text manrpulatron, pro¡ect control, offrce 
management and evaluatron 

3 Computar Arded Space Plannrng by Ene 
Tercholz, a paper presented at the Frrst Br· 
Natronal (U S /Australran) Urban Sy5tems 

Symposrum Saptember 1974 23 pp $1 50 
Thrs paper dtscusses general approache5 to 

usrng a computer lor space plannrng ard rn an 
archrtectural, urtan and regronal context 
Programs are cla55rfred and var1ous technrques 
lor 5pace plannrng are descnbed and rllu5trated 

4 lnteractrve Mapprng ol Urban Data by Ene 

Tercholz, a repnnt ot a paper that appeared rn the 
Proceedrngs of the Second General A5sembly of 
the World Future Soc1ety, June 1975, 12 pp, 

$1 50 
The paper descnbes severa! factors 

contnbutrng to the explo5ron ol 5fatrstrcal and 
geographrcal data related to urban area5 1t also 
deals wrth correspondrng rnterest rn automated 

procedures for the rnput, analy5rs and drsplay ol 
spatral data INPOM and ASPEX, the 
Laboratory's two and three-drmensronal 
rnteractrve mapprng programs, are bnelly 
descrrbed 

5 lnteractrve Graphics Comes ot Age by Erre 
Tercholz, a repnnt ol the Da'ta:natton artrcle 
appeanng rn Decem!:Jer 1975, 4 pp. $1 50 

The paper r5 a bnel hr5tory ol rnteractrve 
computer graphrcs that show5 technrcal trends 
rn rndu5tnes and unrver5rtres There rs a 
ceompanson of the tumkey rntegrated rnteractrve 
graphrc5 5y5tems along wrth mai'Ket trgures and 
appltcatton areas lor thrs newly emergrng held 

6 Computar Graphrcs A Pe•spactrve by Ene 

Tercholz, a reprrnt ot a paper a¡:¡peanng rn 
Btosctences Communrcatrons. S Karger AG, 
Base!, Swrtzerland, January 1976, 17 pp, $1 50 
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The paper survey5 basrc rdea5 and approaches 
lo computer graphrcs rn general and to 
rnteractrve computer graphrcs rn partrcular 11 rs 
an hlstorrcar overvrew rncludrng speculatrons on 
1t1e luture ol rf'teractrve graphrc5 wrth repons on 

vanous hardware 5yslems and therr programmrng 
rmp11catrons 

7 How lo Talk lo a CoiTlputar Appllcatrc>'S 
Consultan! by E11c Tercholz, a paper presenled 
at the Nat10r:1: Comruter ('.-.,tprpnrp '".low Yrrk 

Crty, June 1976. 8 po. $1 00 A Jrscussrrn Of 
the lrr5t (and la5t?) ten years ol computer arded 

archrtec 1ural des•gn rn relatron lo evolvrng 
technologres and archrtectural practrce5 

8. Graphlc Technology and the Drsplay ni 
Spatral Data by Ene Tercholz. a paper presented 
al the Wescon'Conference. Los Angeles. O.::aht. 
November 1976, 10 pp $1 00 Descrrbes the 
unrque charactenstrcs of spatral data as a subset 
ot graphrcs Hardwart! and software 
consrderatrons related to the drsplay ol spatral are 
al5o dr5cussed 

EDUCATIONAL AIDS 

Saii-Study 

Self-study rnstructronal ma!e11als are a variable 
concernrng use ol the SYMAP program They'are 
desrgned lar studenls havrng nerther knowledge of 
geography nor expenence wrth statrstrcal and 
quantrtatrve mapprng The matenals rnclude lrve 
lessons lo acquarnt the u ser wrlh the vanous 
capabrhlres ol SYMAP Each les son successrvely 

requrres greater use ol varrous rnput packages and 
mapprng electrves plus sample problems lo be 

completed by the reader 

Vrdeo Tapes 

Through a grant from the Al! red P Sloan 
Foundatron, the Laboratory drstrrbutes half-rnch 
BAJ·slandard vrdeo tapes ol the SYMAP, SYMVU. 
and GRID programs whrch rntroduce the 
prospectrve u5er to specrfrc computer mapprng 
programs Each tape presents !he vanous output 
d¡;vrces u sed lo produce computar maps, and 
shows the step·by step prepar_atron o\ a computar 
map usrng lhe program Beca use ot th~r general 
nature, the tapes are rntended only a,.s s~pple· 
ments lo the user relerence manuals whA;h are 
a variable tor each program 



Order Form 

Program Dlstrlbullon - General lnlormotoon 

ssemlnallon ol Computar Programa 
An organt7alton whtch requcsts a program 

from thc Ldboratory must ayree m wnttng that 
ttw provr,unon!y wtlt be u~cd lor •ts own tntct nal 
o¡;ut .11tuns ""<.1 w•ll not be madc av¡ulable to 
c,thers wtthou' ¡.mor wrt\ten consent ot t"le 
Laboratory A U:uverstty computtng •nst.JIIatton 
and all rts users are deltnEt' as a stngle u ser, a 
comrnerctal ser· .. ~e bureau or ltme shanng 
company oflerrng use of the Laboratory's 
programs 1sno~ cor.s•dered :o be a ;tngle u~er A 
commerctal vender su eh as a ~rJtCe bureau or 
Irme Shdnng cornpany wt~htng to provtde 
access to the Laboratory's programs for •ts 
customers should contac: :he Laboriltory lor 
leasmg arrangemer.ts. 

Postoge and Hanollng 
Compurer progr ams and ott1er rterns recorded 

on ma•,;nl'ttc tape or punched cards are shtppe<f 
'" locattons .,..,,thm the U S by ltrst clas; matl, 
po;tage and handlrng prepatd Do::.;mentatton 
rr.atenals norn,,:,y provtded wtth a programare 
rnt.:luded dS p:J.t' of the shtpmer¡t All other 
publtcat•ons are sent as thrrd el as~ matl, pnnted 
matter 

Computer programs and pubhcal!ons se.1t 
outs•oe the U S ar~ sh•pped Vta surtace matl 
unless other arra11gcr;1ents havc ~w"r: rnade m 
advance. Pr:ce esttmates lor a•r matl :.lupmenl ol 
;pectftc tlems lo another cou11try wtll be sent 
l<pon request Alterna•rvely, add•tronal funds to 
cover the cost of atr marl sht~ment may be 
cnclosed wrth an order Any funds 111 excess ol 
lhc amounl rcqu1red wrll be refunded 

Telcphone Orden¡ 
Telephone orders wrll be accepted lrom . 

'rgant~altons wttlun the U S A pur e hase order 
umber rs wqutred Orders may be placed 

durr11g !he hours of 9 30AM lo 4 30 PM by callrng 
area code (617) 495-2526 

Payment 
Payment should accompa11y a11 arder u11less a 

purchase ordcr nurnber has bee11 t11Ciuded 
P.;yrr.e11t mus! accompany all orders olless than 
$5 00 Orders lo be shtped outsrde the U S mu~t 
rncludc advance payment 111 thc formol a bank 
draft payable rn U S dollars 

Prlces 
Prtces marked wtth an asterrsk (") apply lo 

educatronal rnsttlultons and governmental 
agenctes only 

Computer Program 

SYMAP 
Mapptng Program rncl tlcms 
2 through 6 betow 

2 User's Reference Manual 
3 Self Study Course (5 lessons) 
4 lnlerpotahon Cllaracter:stt~s 

Report 
5 Grrd Sheet 
6 SYMAP Ruler 
7 SYMAP Repiacement Tape 
8 SYMAP Vtaeo Tape 

SYMVU 
Mdpptng Program tncl User's 
Rclerence 'vlanual 

2 U ser 's Reference Manu1! 
3 SYMVIJ Replacernent Tape 

~VVU Vrdeo Ta~e 

GRIO 
1 1 Maopmg Proqratn tncl us~r·s 

Refere'lce Manual 
2 U;er s Re!er<)I"Ce Manual 
3 GRIO Rcpl;¡cement Tape 
4 GRIO Vrdeo Tape 

CALFORM 
1 Mapptng Program tncl User's 

Reference Manual 
2 User's Reference Manual 
3 CALFORM Replacement Tape 

POLYVRT 
1 CórtographtC Data Base (COB) Uttltly 

Program mcl User's Reference Manual 
plus COB's tor U S Counltes and 
nattons of the world 

2 User's Reference Manual 
3 POL YVRT Replacement Tape 

ASPEX 
1 ASPEX lnleracttve mappmg proqram 

tncl User's Reference Manual 
2 llser's Reference Manual 
3 ASPEX Reptacement Tape 

G• •o BE AvA"ABLE '" "" 
NPOM 'nletdCI•ve mapprng program 

rncl User <; Re!erence Manual and a 
CDB lor nat.ons of the world 

2 User's Reference Manual 
3 INPOM Replacement Tape 

-· --· 

--- 575 00 $38000" ---

--- 4 00 ·---
- 57 50 ---
- 40 00 --

--- 715 00 $475 oo· ----

--- 500 ---
--- 71 50 --

--- 1,100 00 $735 oo· ---

--- 6 00 ---
--- 110 00 ---

--- $1,200 00 saoo oo· ---

--- 5 00 ----
--- 120 00 ---

--- $1 200 00 $800 00" ---

--- 5 00 ----
--- 12000 ---

-

Computer programs and data bases for use on 18M computers are dtstnbuted on unlabeled 9-track magnet1c tape recorded 111 

EBCDIC mode (odd panty) at 800 BPI Logtcal record length tS 80 and phystcal record length ts 8 000 

lf a non-18M cornputer has oeen listed on stde two, the program to be sent wtll be, 

/ 

(1) a verston whtch has been converted by ott:ers for use on the computer spectfted, or 
(2) a standard 18M vers10n plus a list of users wtth stmilar hardware who have expressed <:~ 

wtlltngness to asstst others tn converston. 

For further informatton concernt ng the current avarlabiltty of programs for spectfrc non-lB M llardware, contact n.e Laboratory 

(over) 

CUT ON DO f/ED UNf 
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Order Form for Compuler Programs & Reh,ied Malerlals/Side 2 
1 

Those requesllng a program must completi the followlng: 
7 \ 

CONTACT PERSON lo rece1ve future progra:1 changes and announcements (sent free of charge). 

Name ---------------- T1tle 

Organizallon Phone 

Address 

HARDWARE INFORMATION 

Computer to be used ------------------Manufacturar ---------Modal_' ____ ·------

TERMS OF AGREEMENT 

11 1s !he pol1cy of !he Laboratory for Computer Graph1cs and Spat1al Analys1s, Graduate School of Des1gn, Harvard Umvers1ty, to make 1ts 
programmmg systems avadable only under !he followmg cond1tions 

1 Ne1ther th1s software, 1ls documentat1on, nor adaptations thereof shall, except w1th pnor wnllen consent of the Laboratory, be sold,leased or 
otherw1se d1stnbuted m any form lo a'ny md1v1dual, busmess enlity, academ1c mslllut1on or governmental body whatsoever. 

2 Upon acceptance of lhese terms and cond1!1ons, as md1cated by s1gnature of an off1cer hav1ng authonty to enter mto such agreements, the 
Laboratory grants !he rec1p1ent a royalty free, non-exclus1ve l1cense to use the sub¡ect matenal at a s1ngle computar facd1ty. 

1, an authomed off1c1al, understand and accept the stated cond1!1ons for use of the matenal lo be prov1ded by !he Laboratory. 

(S1gnature) ---------------------------------(Date) _______ _ 

(Name, pnnted) ______________ ~--------------------------------------

(T1tle) ----------

(Organ1zai10n) -----------------------------------------------

(Address)l--------------------------------------------------

(Telephone) ________________________________________________________ __ 

PAYMENT 

Checks should be made payable to Harvard Univers1ty, Lab for Computer Graph1cs. 

Total Amount $ ________ Check Enclosed ------------- Purchase Order #: Date·------------

Orders should be sent to. The Lab for Computer Graph1cs, 520 Gund Hall, Harvard Un1vers1ty, Cambndge, Mass 02138. 

SHIP TO: BILL TO: 

N ame N ame 

Organ1zat1on Organ1zal10n 

Address Address 

-----------------------------------------------------------------
CUT ON DOTTED LINE 



Order Form PJ·uancations 
Publlcatlon Distrlbutlon - General lnlormallon 

Postage and Handling 
Jbl•cat•ons are sent as th1rd class ma11, 
•led matlcr v1a surface mal! unlcss other 

arrangements ha ve been made m advance Pnce 
cs!lmates for a1r mal! ~l11pment of spec11iC 1te•ns 
to anoth&r country will be !>Cnt on request 
'"'"' nat•vcly, <~dc1Jl10r.allun<'ls to covcr thc cost 
ot a" mal! »h1pn1ent rnay be cnclosed w•lh an 
order Any f'..lnd~ '" exccss o! the amounl 
requ•red w11! be refundúd 

Telcphone Orders 
Te!ephone orders w1ll be acceptúd lrom 

or~JarHzallons w•lhm the U S A purchase order 
number 15 reqwued Orders may be placed 
dur~ng the ho.Jrs o! 9 30AM to 4 30 PM by calhng 
.nea cede (617) 495-?526 

Payment 
Payl"'lent should accompaoy an order unless a 

pvchase order number has beeo mctuded 
P;::¡ment must accompany all orders of less than 
SS OO. Ordersto besh1pped ous1de the U S must 
1nclude advance payment m lhe formol a bank 
draft payable '" U S dollars. 

AUTOMATED CARTOGRAPHV PAPEAS 

1 Summary Report 

2 Summary G~aph1cs 

3. Computar Equ1pment and Programs 

4. Symap lntcrpolatlon CharactensiiCS 

5 St Lou1s Reg1on Case Study 

6 Kansas C1ty Reg1on Ca5e Study 

7. Montreat Reg1on Case Study 

8. Connecllcut Case S:ucy 

9 Southern New England Case Study 

10 Puget Sound Reg1on Case Study 

1 1 Cahlorn1a Reg1on Case Study 

12 Boston Reg1on Case Study 

13. The Use o! Computar Graph1cs 1n Plann1ng 

14 Maps a la Computers 

15. Computer Cartography 

16. Thema!lc Cartography 

17. Mar.agement by Computar Graph1cs 

18 Color 10 Art 

19 Manitesled Destmy A Graph1c Account ol the Setllement, ele. 

20 Programm•ng lor Transportab1llly, etc. 

21 Computer Cartography World-W1de etc. 

THEORETICAL GEOGRAPHV PAPEAS 

Concepts and Appllcat1ons-Spal1al Order 

2 A Nomagraph1c Representat1on ol tho Geo1d 

3 tmpllc1t Map Pro¡eclloos 10 Computar Printouts 

7 The Geometry ol M1xed Hexagonal H1erarch1es, etc. 

8 Energy Flow and Spallal Order, etc. 

9. The Contment Problem. etc 

10 D1stances and Land Values, etc 

11 Space Stra1ghtemng and Flatten1ng 

13 Spat1al Order 10 Ftuv1al Systems, etc 

14 A Nomograph1c Representallon of TraJeCtorles 

15 A Two-D•mensiOnall,terpolatlon Funcllon, etc. 

16 N-01mens1onal Spat1at Analys1s. etc. 

17. Hyper-su rfaces and Geodes•c L1nes, etc. 

18 A Note on Straam 01denng and Contour Mapping 

19 Hlcrarch1cal System~ C1lles, R1vers, etc. 

20. A Study of R1vers and Other Branchmg Systems 

21 Geography and an E:<1stence Theorem, etc. 

22. A Malhemallcal ::lepresentaiiOO, etc 

23. Plane Globe Pro¡ect.oo, etc. 

24 The Descnpt1ve Geometry of a Collect1on, etc 

25 The Law o! Travet and lts Appllcallon lo Ra1l Traffic 

26 M1n1mum T1me Paths and tne M1grat1on ol Arct1c Tern 

27 Notes on the Methodology, etc 

2tl A M1n1mum Path Problem Recons1dered 

29 The Use o! the Gcodes1c Curvatura, etc. 

(over) 

Quantlty 

------

Quanllty 

-----
-----
----

----

--------~--------------~----
CUT ON DOTTED LINF 

Prlce Amouot 

$ 900 -----
$ 9 75 ------
$ 5 00 ----·-
$ 4 2r) -------
$ 19 75 -----
$ 6.75 -----
$ 3.75 -------
$ 300 -----
$ 3 50 -----
$ 2 00 -------
$ 3 00 ------
$ ~ 25 

$ 1 00 -----
1 

$" 1 00 

$ 3 00 ------
$ 300 ------
$ 100 -------
$ 11 00 ~-----

$ 200 -------
$ 2 50 -----
$375 00 

Prlce AmOlll'lt 

$1200 ----
$ 1 75 

$ 2 25 ------
$ 3 00 

$ 3 25 

$ 2 25 

$ 1.50 

$ , 50 ------
$ 3 80 

$ 1 50 -----
$ 1.50 

$ 4 20 ----
$ 1 50 -----
$ 2 00 

$1000 ----
$ 1 50 

$ 4 50 ------
$ 4.50 ----
$18 00 -----
$ 2.25 -----
$ 7.75 ----
$ 2"o0 

$ 2.75 -----
$ 1 50 

$ 1.50 



PAYMENT 

30 Numencai-Geometncal Techntques, etc 

31 Some Reflecttons on Three-Otmenstonal Geometr, Concepts 

32 Algonthms and Models Based on Protec!tve Transf<:rmattons, etc 

33 Graphtcal Representatton of a Matnx wtth AppltCé.liOns, etc 

34 Some Thought on Opttmal Mapptng and Codtng of Surfaces 

35 Homologtcal TransformattOns tn Four-Otmenstonal Space 

36 A Study of the Movemenf of a Potnt on a Plane, etc 

37 Set of Equai-Value An!tpodal Potnts, etc 

38 An Outltne for the Jheory of Man-Made Space, etc 

39 A Structural Taxonomy of Spattal Hterarchtes 

40 The Determtnatton of Ftxed-Potnls, etc 

41 Law and Order tn !he Human Lung 

42 The Hexagon as a Spattal Average 

43 The Two Otmenstonat Spattal Organtzatton, etc 

44 The Sandwtch Theorem - A Baste One for Geography 

45 Relattons Between Horton's Laws and Hydraultc Geometry, etc 

46 The Two-Otmenstonal Spattal Analysts, etc 

47 A Computar Program for Mtxed Hexagonal Hterarchtes 
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!NTRODUCC ION: 

GR.ID es un progr0ma p2ra computz¡c~ora que ha sido creado con el o:)}eto 

de proporciono r L!ll medio ele grc n ene ienc ia ~3 ra !a representación g r~ fl 
ca de informaciór recolec1·ncla usando como ~l3~~ L'na ma!irl de coordenc..--· 

das y ,·ectun~ularcs. E! prc:Jrcma GR!:J está c::señado parZl que pueda--

utilizarse por ~ersonas con muy poca ex 1Jeriencia en programación. s:n 

embar~~o, con f~"ecuencta es necesa!·i0 cue el usuario especifique sus--

p'ro~!os formatos mecllante !a subrulin<J FLEXli~ y esto requ~cre conocimien 

tos e:e~cn'La~es ele FORTRAN rv. 

~.1 PRrNCIP:OS BASfCOS. 

Cada elato est;1 asociado a un2 cé!ul\J de !a malla. Es muy importante 

virtud de que el programa acepta los datos en el orden en que se - -

:mnrime e' m~oa 1: 1! ¡· . 1. : 1! 1(,' • 

~ltilizardo e! proceso estcndar ele impresión, el programa empieza por -

!a parte superior del mapa y procesa los datos horizontales 

por renglón y de izquierda a derecha en cada reng!6n. 

El tamailo y forma de la maPa c!c;be ser especificada por el 

!a opci6n l. 

En (? ~ proceso de e re a e i ón de mr:pa s, los va lores rea !es de !os elatos se 

gen era l!za n en g rup8S. C2C:~ a. runo tiene asociac!o un símbolo ún leo~ 
~· 1 

Los or~oos en los oue cleben !ocrJ:~zarse los ciatos y los símbo:os asocia 
~ ' 

dos .pcedr·n tc1rr'Jién ser ssp:~ciíic2(:os por e! usuario uti!izanco :as 
ODciones (:; !a 3 a !2 6. 



\ 
J 

\ 

1 

Se dispone de dos tipd,s de simbo:ogia: 

Una escala de gris qu~! va del oscuro al c!aro o un mapa punto en 

células- de med:a pu!gM!a de lado. Se pueden imprimir tam!J~én !as 

coorcenadas de cado Ct::lulc en !a ma!!a. La mayoría ce las opciones 

de Symap ~ara la loca!'zación de escala csJLán también disponi:J!es -­

en GR 1 D. 

l. 2 AL!MENTAC fON AL PROGRAMA 

Para obtener una representaci6n gráfica (o un mapa), el usuario debe 

proporcion2r tres cor,juntos de instrucciones y t1ene la opci6n de pro-­

pe~rc ion a r un e u arto con junto. 

Las instrucciones se preparan en los s1gu:entes p~quetes : 

Paquete de DI\TOS (usualmente una cinta por separado), paquete del 

MAPA. 

l")anuo+o rln r'QNTnDI\tQ 'RRCGII' AD (ol"''rit"\n":ll\ "'a c•rbr"t·1 n~ t:"Lt:"VYN 
J Lf 1.,.',1.,. \..11.- V 1 IVI\1\: 1\1 t.. -ut../il\ fJviV:!I.'I/ 1 ) J .)U U~ tCi 1 l-/\1i • 

i) El paquete de DATOS contiene los datos o informaci6n numeric2 

que genera la represent3ci6n gr~í:ca. 

E! programa está diseñ3do para un máximo de 10 000 células de 

ma!la, pero la opci6n "conjunto de datos múltiples•• permite 

manejar un número ilimita9o de células de datos. 

ii) El paquete del MAP/1, permite especificar la forma precisa del 

mapa de salida en términos de las diversas opciones. 
- ,_ 

iii) E! paquete de CONTORr~o IRREGUL'\R permite especificar las 

fronteras del área de estudio en el caso de que esté manipulan­

c!o un área que no contiene con~ornos in·egulares. 



iv) La Sl'brutina FLEX H~ es una subrutina en FORTR/\f~ que 

sirve Dora especificar el formato de los datos. 

En las secciones siguientes se describe primeramente el contenido y·­

desp:..,és e 1 formato de cada conjunto de requisitos de entrada de 1 progra~:~J. 

2 EL ?AQU~TE DE DATOS 

F.! programa GR r D proporciona dos proccclfmie ntos diferentes para la entra 

da de elatos: 

2.1- O?CION P, r-ARA DATOS 

La opclón A usz al GRID como un programa independiente, en el cua!l 

!o subrut:na FLEX!N se utiliza pa:-a: 

i) Leer los datos de un a re h ivo. 

ii) Ejecutar cálculos estudisticos sencillos en !os elatos para sene·-
ra¡• el \I:Afor niiO so ':Já a m:::lnO:::ll" 
1 WVI '1'-''v v 1 1\..11-"'v\.JI o 

En este ca so, los datos se procesan cé 1 u la por cé 1 u la. Esta opc i6n per m ii.e -

un o.mplio ran~o de flexibilidad en la organización de los datos. 

Se ·recomienda que las personas que posean poca experie;,cia con compLrtac1o­

ras utr:icen esta opción. 

Un archivo de datos·, oeneralmente contiene muc~1as variables diferentes re-
, ~ 

fer1éa s a cada célula ele la m a !la. C u anclo no existe s ufic le n'te me mor la c:i s­

ponlb~e para almacenar cada variable, sErá necesario leer el archivo de c!atos 

básicos cada vez que se haga un mapa. Cuando el número de datos es - -

grande, es impráctico el utilizar un archrvo de tarjetas para cada ma~a :)o!· 

separado, por !o que se recomienda que tales -archivos se gr(lb8n en disco -

o cinta. El prog¡·ama GRlD releer?. automáticumentc un archivo q~1e se lee 

en la unidad J2 de entrada/sa~lda en FORTRI\N lógico entre mJ:~~.1 ·y ntu:)a. 



l ' 
Esta op:::l6n ~~ actlva al especlficar un número mayor que cero en el 

1 1 l, '6 campo -' oc '''· opc! n 2. 
1 

2.~. OPC10\~ ~PARA DATOS 

La opci:5~¡ e ·ut¡liza el GR ID como la '"etapa de trabajo final " en una 

sr(~ c'c " ~~tapas " que están compuestas de rutinas para manipula-­

c~oncs es~~8fsticas complejas .. 

En esto ca so, los datos uti llzacos para e re a r la representac i6n gráfica 

se trar~sficre'l a! programa GR ~D en la forma de arreglos binarios, por 

un arrc~lo (o registro !6gico) por cada reng!6n del mapa. El programa 

espera un valor rea1 en e! arreg!o para cada célula en un renglón. 

Esta o;J~ i ón se u ti! iza en forma a·utomática si no se es pe e ifica la opción = 
1 

' . 

Tamb:~1 es astlvada si aparece un cero en el campo 1 de la opción 2. 

2.3 /\S~Gí~/'.C!Oi~ D~ DATOS A LOS NIVELES DEL MAf?A. 

rn·cer~-!2rncnte, e: programa GR !D asigna ei vaior asociado a cada célula 

de la fT'?:!a a un cierto nivel o grupo. El número máximo de niveles -

es ~0, nuMerados del O al 9. 

Cuancio se uti~iza !a opción de MAPA PUNTUAL el número máximo de -

n!ve!es es 20, numerados del O al 19. 

2.4 COf\!J'JNTOS DE DATOS MULT!PLES. 

En su forma estandar, este programa está limitado a procesar 10 000 -

cé! u!as dato. Un programador experimentado puede ajustar este límite 

comb1n~clo el tamafío de "COMMON P (10 000)". Un circuito interno -
:,Y; 

constru:c:0 dentro del programa permite graficar al usuario tantas - · -

célulc;s dato como sean ... necesarias para un mapa. Para lograr tal obje 

ti~o, s2 p:.Jeden uividi r los ·archivos que se salgan de 1 limite en con j u~ 

tos que no tengan más de 10 000 células cada uno. 



Cuando es preciso el utillzar conJuntos de datos múltiples, es - -

necesario que se especifiquen los rangos máximo y mlnimo de !os 

datos ya que cada conjunto se procesa por separado. El número -

c:e conjL~ntos se especifica en el campo 3 de la opción 2. 

Se sug¡ere que !os conjuntos de datos referidos a un conton11o - -

~rregt'!cr se organicen de tal modo que el primer conjunto este - -

referlclo a ra sección superior de! mapa y al último a la secc'16n - -

inferior, asegurandose de que cada c9njunto abarque totalmente el -

ancho d8! mapa. 

3 P /\Q UETE DEL MAPA. 

Este paque~e instruye a la computadora para que dibuje un mapa bc.:sa­

do en !os datos proporcionados. Especifica la .forma precisa del mapa en 

términt:s de una serie de opc~ones disponibles. 

Es !mport2n~e recordar que: 

i) U"na vez especifica cualquier opción, ésta seguirá siendo váli­

c~a en los mapas subsecuentes a menos que sea cambiada. 

ii) Les opciones l y 7 deben incluirse en e! primer mapa de u na­

serie, ya que e! programa no crea ninguna conclición estanciar 

er1 relación a estas opciones. 

En la primera tarjeta, perforar 1MAP' en las columnas 1-3 

En !0 Oll.lma tar.ietaz '99999' en las cofumnas l-5. 

U na ó más ce est:2s tarjetas. pueden dejarse en bla neo si se desea 1 p~,.: 

ro es ~mprcscindible que las tres tarjetas aparezcan en el paquete. 

En las tarjetas restantes perforar !as opciones deseaclas. 



E: pro9r2ma ge::1erará opciones estanciar para las opciones no esrecl 

f:ccdos. 

Para toe: as !as o pe¡ ones, excepto !as 7, 10 y 13 se usa un formato es­

tanda r. 

Ta! formato es: 

i) El número de la opclón se perfora como un entero en las co 

!u m nas 4 y 5 (cargado a. !a derecha). 

i1) co:umas 6-10, en blanco. 

¡¡;)Se definen seis campos como sigue: 

campo cols. 

1 11-20 

2 21-30 

3 31-40 

~ 111 _¡;0 ""1".1. .,1 

5 51-60 

6 61-70 

3.2. OPC!ON l. 

Malla (l tarjeta) 

Mediante esta opción se especifican los par~metros de la malla rec-­

tangu'ar que entrará en el mapa. 

campo 1: número de reng!ones G8 cé!u!as eJe malla. 

ca m p o 2 : n ú m ero el e e o! u m nas rr :.; e 6: u ! as de m a: ! a . 



1 

3. 3 .. 

CcfTlpos ?~)~~= el tamaf1o de cada célula de mallo en términos del -

número ele caracteres en ia u:recclón vertical (Caim­

po 3) y horizontal (campo 4). (Recordando que un C§_ 

racter rnide l/8 •verticalmente 1/10': horizontal !::len-

te. 

Los núm~ros que van en los cuatro campos descritos cleban lleva~r -· 

punto decimal. 

OPC ION ?. . 

Datos G tarjeta). 

Estu ops~ón controla !as formas alternativas par:a la alimentació:n de 

1 os datos. 

Para activar :a a !te rn2tiva A de datos~ se debe perforar un número ~ 

mayor que cero en el campo l. Si se quiere cambiar a la alternativa 

8, entonces perfore_se un cero en el campo número l. El campo 2 no 

se usa. 

Si se utiliza la opción de conjunto de datos múltiples, especifique en 

el campo 3 el número deconju ntos de datos a ser mapeados. 

Es esto'lclar es un conjunto de datos y alimentación ele datos con la7 .~ 

opción 3. 

E! número especificado en el campo 1 (para la opción A de datos} es.~ 

transferido a !a subrutina FLEXIN como el valor de IFORM. El uso 

ele l ro~M. El '-'SO de lFORM es d!scutido en la sección sobre la sub~· 

t"L!tt.'l'l f-1 !::'X!N. ' t . ·-'- .l . 



3.4. OPC!ON 3. 

NCJ mere o e n,·veles ( l tarjeta ). 

Pare: es'J2cif:car el número de nive!es o fntervalos de c!ase en los -

que se Cvicle el valor del rango 1:o~a! (desde 2 hatas 10), perfore el 

nO:rero cleseado.de nive!es mcdlr!nte un número decimal en el cam­

po )_. El estancia r es lO nivel es. 

3. 5. . O?C 1 ON L1r. 

Valor míni;no del rango (l t<Jrjeta ). 

Para es;wc:flcar un número Dara usarse como e! valor mínimo del­

va:or de! ro.ngo to~0l, perfore!o como un número decimal en el cam­

po l. E~ r.standar es usar e! valor mínimo de los d2~to~ Para r~gre­

sar al estandar perfore l. O en e~ campo 2. 

3.6; OPC!ON 5. 

V~lnr m::Ívimn rlol rannn ( 1 briot~ \ 
G,v, '''"""J\111Jv ~~'-'' 1 '''j"' \ ""- "'..,.•J"-""'...,.. ' ... • 

Para especificar un número para ser usado como el valor máximo-­

del valor del rango total, perfore! o como un número decimal en el--· 

campo l. El estar.dar es ~sar el va!or máximo de los datos. Para regr~ 

sar a este estandar especifique l. O en el campo 2. 

3. 7. O P C 1 ON 6. 

Valores de los rangos de los intervalos. (la 2 .tarjetas). 

Esta opción controla el rango de valores para cada nivel o intervalo. 

El valor del rango total de los datos (modificado por el mínimo y el má 



ximo de ~as opciones 4 y 5) será diviclido entre el número de n!ve­

les especificado en la opción 3. El estancar e~ tener...@.~gos iguél!e_~ 

para cc:~l0 nivel o intervalo. {ver ejemplo 1). 

Para es pcclf1car el rango deseado para cada nivel, se usan valores 

pro~orc!o:,él!cs a: tamaño ele los rangos deseados. Estos, deben per_ 

forarse co111o números decimales en el campo 1 pa~a e! nivell, etc. 
' 

(ver ejen.,p~o 2). 

Solamente si existen más de seis niveles, continue con una segun 
~ -

da tar]et21, perfo~ando el número para el séptimo nivc! en el campo 

1, el ele! octavo en el campo 2, etc. (ver ejemplo 3). 

Existe un m2xlmo de lO niveles para el simbolismo de la escala en­

gris y 20 niveles para el simbolismo de mapas puntuales. 

Para regresar al estandar, especifique 0.0 en e! campo l. 

3.8. OPC!ON 7. 

S irY'Ihotism" rr::. ~~riebs' 
lii!!.J ¡, IIIV\..I~U J I.U 1 

Esta opci.ón especifica el simbo!ismo de la escala en gris que será -

,impreso en e! mapa. Ya que no está almacenado ningún simbolismo 

estandar en.el programa, esta opción clebe.:;er incluida en el primer 

mapa de la corrida .Todas las 5 tarjetas deben ser i nc!u idas ca el a vez 

oque sea usada. 

En la primera ta_rj~ta perfore el número 7 en la columna 5 para !de~ 

UítCC.H la opción. 



' En le ses:J nc10 torfet}~ perfore en las columnas dadas a continua­

ción los caracteres !:~ásicos desea(~os. Puede usRrse cualquier ca­

racter de impresión. 
o 

En la tercGr~ué1_I_t~ y r,uinta tarietas perfore en las columnas-

daclas a con~.\nuac:~~n los caracteres deseados para la sobreposi---
• ; C'. ! C!on. "'! no se ccsea. 

Col u mne1s l-10 son L~sadas para especificar el simbolismo general 

pt!ra ca(2 nfvel (co!umnn l para ei s!m!Jolo del primer nivel, etc.) 

Coluflln2s ll-20 Son usadas para especificar e! simbolismo espe-­

cial para !os puntos seña! respectivos. (columna 11 para el simbo 

lo de los puntos seña! en e! primer nivel, etc.) El punto señal es 

e! caractcr centra! de una cé!~!a de la malla. 

Co~umna 21 es usada para especificar el simbolismo para un va­

lor menor que el míni;no especificado en la opción 4. 

Columna 22 es usada para especificar el simbolismo para el pun­

to señal de ü n va !or bajo. 

Columna -23 es usCJda para especificar el simbolismo para un valor 
1 mayor que el máximo especificado en la opción 5. 

Column~ 24 es usada para especificar el simbolismo para el pun 

to señv! de un valor alto. 

Co!um:12 ?.5 es usnda para especificar el simbolismo de base; el-­

simbo::smo qL'C epa rece fuera del contorno del área de estudio. 

(Ver ejemplo 4 para simbo!is mo ele escala en gris para 10 niveles). 



3 • 9. O P C ! ON 8 . 

Punto señal ( l tarjeta} 

El punto señal es el caracter central de u na célula de la malla. El 

simbolismo especial especificado en la o~ción 7 es impreso ell! es­

te punto seña l. 

Para suprimir !a impresión de simbolismo especi8l en el punto -

señal especifique l. O en el campo l. Si se desea restablecer el -

pJ.nto seilel en mapas subsecuentes, especifique 0.0 en el campo, 

l. 

Cuando se !1ace un mapa con u na malla de 1 caracter, el ru nto­

señal es suprimido automáticamente y c!ebe ser restablecido para 

mapas subsecuentes. 

El esta:Jciar es el simbolismo especial en el punto señal. 

3.10 OPC! ON 9. 
Histog re~ ma (1 tarjeta) 

E~ta opctón controla la impre<:ión al pie del mapa. 

Ec:peci·fique l. O en el campo J. para generar un hic:tograma al pie­

de! mapc:, el cual müe<=tra la frEcuencia de célula<= de la malla en·· 

cada nivel. 

Ecpecifique l. O en el carrpó 2 paru cuprimi r la información núme_ 

rica que ec impreca con loe nivele<=. El ec:tandar ec: no hictograma 

ó diagrama_ de barra~ _y la incl ución de información nu me rica. Pa­

ra regrecc.r al eqandar, ecpecifique O. O en el campo relevante. 



3. ¡1 OPC! ON 10. 

Texto (3-32 tarjeté.:'). 

Si se des ea i nfon•'1ac ión explicativa adicional a aq u e! !a conten icla en 

el título del map2J e~ta opción puede uc:arce hacta 30 !íneac: de texto-

, ' . d ' oe:JoJO e. maDa. 

En !a primera t~rjeta perfore el número de identificación de la opción 

IO en la~ columnac ~y 5. 

En !a<= tarietac: c:iouientec: {no m~c: de treinta), lac: cualec: ~e inc:ertan 
• ___ _,¿ ----------

entre la primera y la última, perfore en lac: columnac: 1-72 cualquier 

fnformación c:uplernentaria útl! para referencia' futurac:. 

En In 01tin:a tar1eta, perfore ENOTEXT en lac: columna<= 1-7. 

El ec:tandar ec: no tener texto. 

3.12 OPCI'ONll. 

Regic:tro de datoc: { 1 tarjeta). 

Si se de~ ea un li~tado de loe: valoree: dato, antec: de ec:calarloc:, perfo­

re l. O en el campo l. Si se de~ ea un paquete- de tarjetac: perforada<= -

de loe: valoree: dato, perfore l. O en el campo 2. Si se desea un paque­

te de tarjeta~ perforada<= de loe: número' de loe:: nivelec: a lo<= cuale<= -­

han ~ido 3'Í ac:ignadoc: loe: datoc:, perfore l. O en el campo 3. 

Er ec:tanclar ec: no imprec:ión ni perforación. Para regrec:ar al ec:tandar 

especifique O. O en el campo relevante. 

3.13 OPC 1 ON 12. 

Mapa Puntual { 1 tarjeta ) 



Como una alternativc al ~imbo!i~mo normal, c::e puecle producir un -

mapa puntual uc::ando célu!ac: de malla de~ X 5 y e: cimbolo . El -­

rango ele loe: c!atoc:: puede divfdirce en 20 nfve!ec na. e¡ ce e-=peclfisó­

un va!or máximo en la opción}. E! número de caractere;: lmrrec·o<= en 
' 

la cé!u~u ce: 1gua! a! nümero de! nivel: e¡ el va!or cae en el n!ve! l, 'Q 

lo c:e Im9rlme 1 de loe: 20 caraclercc::, pero e¡ cae en el vlgécimo nivel, 

~e impr\mcn todo¡:- lo'- 20 caracterec::. 

Ec:ta opclón c:upr!me !a' e~pecificacionec: del tamaño de !a" célu!.ac de­

la mal:a de la opción 1 y en e! número c:c nlvelec: (a opción 3. 

Para ecpcciflcar cimbolic::mo PUf\!TUAL, perfore l. O en el campo l. Pa 

ra rec:tab:€cer el cimfJolicmo de la ec:cala gric: (ecpecificado en la op -

ción 7) períore O. O en el campo l. 

El c:imbo!ic:mo de la eccala en oric:: ec: ec:tanc!ar. 
------·---------------~~· ----------

3.1~- OPC 1 ON 13. 

Nu meració:t de la malla ( 1 a 2 tarjetac:). 

~C:b onriñn nonora nu;mOI"'QC do I"'OnrfiNulC \1 rol11mn:~c:: C"bt"CII"C cua-
L.· ,u jJviVIl j'·<ll'-1 11 111'-'1 Uv 1\JII'j•V>I'• ) \J 11..11111 U V !v IV 

tro lacioc: cíe la malla para ayudar al ucuario a localizar célula' indivi­

dualec cobre el mapa. 

La célula c:uperior izquierda ele la mal!a .e' llamada Célula ele referen-­

cia de la malla {CRM), la cual provee Jac:: coordenada"= a rartir de Jac:: -

cualec: con numeradoc tocloc: loe: reng!onec: y columna'. 

Si las coorclenadas de la CRM no ~on ecpecificaclac:, e! programa c:upo·· 

nc que ~ean: 

coru m na =1 
renglón =[~ _ 



\ 
\ 
i 
i 

donde N es el nú m{\ro de renglones especificado en la opción l. 

EspecfPQ~!e l. O en ej campo l para !a numeración de la ma!!a. En el 
' 

campo 2 especifiquE! el número de col u rnna e! e !2 CRM y en el campo 
1 

3 su n0 mero de rengfón. 

El estancar es no numerar !a malla. 

Para regresar a! esta nda r en mapas subsiguientes, especifique O. O­

en e! campo l. 

Para a:g~' nos usos especializados, la mal! a básica puede ser subdivi-­

di ca en partes, tales como mcc!ios o tercios y usarse un s!stema de 

numerac~ón no-continuo. El número de subdivisiones es especifica­

do en el campo l. (Ver ejemplo 5) 

3.15 OPC!ON 14 

Datos pre-escalados {1 tarjeta ). 

Esta opc!ón no toma en cuenta la rutina que asigna los va!ores dato 
::1 lnc niw:doc: D::a·~ arti'var oc+a onri~n nc-nnrifirlll/:l 1 "en 1:!1 c~n'\P" 
-.. ,..,..., "'~'"''"'-'• , "''"" ..,,., v...J• ¡JviVII' vJfJvvlll\..jUI:i .L.V t;l Ylll V 

l. Esta opción suprimirá automáticamente la información nu méri­

ca debajo del mapa. 

E! estandar es que el programa escale los datos. 

Para restablecer el procesamiento normal en mapas subsecuentes -

especifique 0.0 en el campo l; la información numérica será rest~ 

blecida usando la opción 9. 



.. ' , . 

3.16 ore 1 oN 15 

fV'tarcac:or de tiempo ( 1 tarjeta ). 

Esta opclón origina la ,ojecuci6n de tiempos para les diferentes eta­

pos ce! programa que serán imp!"csos junto con la 1nformación de!·­

por;~!ete ele! mapa. 

Para actlvar esta opción especifique l. O en el campo l. El estandar 

es no {:ener !os tiempos impresos. 

La C! ltl rr.J tarjeta de! Paquete del Mapa debe tener 99999 perforado -

en le:s col u m nas 1-5. 

4 CONTORNOS l RREGUU\RES. 

Aunque los datos hayan sido recolectados sobre la base de u na malla rec­

ta ngu !a r, e! contorno de! á re2 de es tu dio puede no ser recta ngu lar. 

Existen en GR l D el os métodos para manejar este problema : 

4.1 Llenando el red2nqulo. 

El proGrama esrera leer un valor dato por cada cé!~-'!a. Cuando ex!s · 

te un contorno irregular, el usuario puede completar el rectángulo 

con registros ce datos (genern!mente un registro de dato para u na -

cé:u la de rnél ¡!a por tarjeta} que indica que la célu !a debe ser im pr~ 

sa con el simbolismo de base. Al leerse los valores en la subruti'na 

FLEX l N, la ocu rrencía de células blancas o de base debe ser i nspec­

cionacla. Cuvndoocurreunacélu!adebase se le debe asignar un­

valor cl~to ce - 999999.0. Este valor activa la rutina de simbo!isn1o ele 

base y hace que la célula sea impresa de esta manera. 



El indicador 1: e base mas fácil de codificar es un cero o bla neo a me 

nos que el e pro sea un valor va!ido. Por simplicid:~d, pueue codifi­

carse dircctcimente al va~or de - 999999.0. 

4.2 Pcquete c:e ~ontorno irreoular. 

Para s imp 11 fica r e! m a nejo de contornos i rregu la res se ha construí 

do u na psqucña rutina dentro del programa, de tal forma que el -­

usuario puede especificar la forma de! contorno sin tener que lle 

nar el rectángulo con registros de datos. El contorno irreg:.-'!ar es 

especiffcac!o en términos del número de células a partir de los ejes 

verticares de la malla- -límites izquierco y derecho-- que van a -

ser dejad?s en blanco en cada renglón. El simbo:ismo de base será 

asignac:o automáticamente a esas célu.!as. 

Esta información es dada a la computadora en un paquete separado 

llamado Paquete de Contorno ! rreg~lar, y se especifica como sigue: 

En la primera tarieta se perfora 1 RREGULAR OUTLlNE en las col u m 

nas 1-17. 

En la L! !tima tarieta se perfora 99999 en las col u m nas 1-5 

Entre ia primera y la última tarjeta se perfora una s·erie de tarjetas 

con el s igu ie'nte formato: 

En las co!u m nas 1-5 el número de renglones su­

cesivos para los cuales se repite e! formato partl­

cu lar. 

En las col u m nas 6-10 el número de cé!u las b!a n 

casa! comienzo del renglón; y, 

. ~ ' . . 



. ' ' 

En las col u m nas ll-16 el nC1 mero de cé!u las --­

blancas al final del renglón. 

Estos son n(! meros enteros; deben estar justifícados a la derecha y 

no tener puntos decimales. Como el programa procesa !·as tarjetas 

en orden, la primera tarjeta se refiere al renglón ( o renglones es­

pecificados en las col u m nas 1-5} superior, la segunda tarjeta a 1 se 

g'J ndo renglón (o primer caml)io d·e formato}. 

(Ver ejemplo 6}. 

Este paquete debe precede:'" al primer paquete ele mapa al cual se re--
, 

fi ere. 

Una vez que ha entrado, será usado en los mapas sucesivos hasta que 

sea rccmp!vzm!o por un nuevo paquete o suprimido por un paquete­

on h!::lnco n"e COntenna c:otanlonte {::~ pr"tme~·~ \! 1a (rHima f·a .. J"Gb$ \..• ' u 1 ..... ' 1 ' ""• ·~· 1 \ 1 'j .J ' 1 ..., \ c.; 1 1 1 \.1 J 1 '-'' 1 ~ 1 1 11 \ 1 \,\.1 i 

ei e u a 1 resttJ~)l ecerá la m a! ta recta ngu lar como el contorno. 

Esta rutina está limitada a manejcr ·solamente irregularidades conti 

9u2s a un eje vertical de la 1\latla. 

5 SUBRUT!r~/\ FLEX!N 

FLEX!N es un S'-!brutina en FORTRAN IV que es usada para especificar­

instrucciones acerca de los valores dato a ser mapeados para cada célula 

de ta m a! !a. Estas instrucciones pueden especificar : 

D. Si el valor a ser rnapeado está locallzaclo en una tarjeta 

o en un archivo de datos en cinta o disco; o: 

iii. Los análisis estac!fs tices que van a realizarse sobre L' na -

variable, o \'Jtiables, para derivar et valor a sc1· m~¡¡Yt~ac.!o. 
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Esta subr~!tfna es :ramada por el prcgrat"P.iJ princi~a! una vez oara cada cé-

lula dato ~u e va a ser mapeuc!a. CndéJ vez que es llamada, lee la tarjeta de 

dCJtos o 2 rc:1 :va C!U e se refiere a la cé!u la dato. 

(Ver ejemp~os 7 y 8 ). 

Estos e}emp!os intentan demostrar ra utf!Izacfón de los argumentos de !a su 

bruUna {!f-O;:(fvl, :, rl!~Sn. El usuarlo fé1mi!iariz2c!o con FORTRAN IV puede 

des a rrol !a r 0 n~! ls is más sofisticados y rutinas estadísticas para a pi ica r a -

sus datos. 

6. CORR l DAS CN COMPUTADORA 

Después que r1an sido preparados :os pac~uetes, deben ser puestos en el or_ 

den correcto junto con las tarjetas de contro! necesarias. 

E! orden norma: de los paquetes es: 

Ta rjctas de cont r~! 

Programa en FORTRAN (incluyendo la Subrutina FLEX!N) 

Mas tarictas de control 
~ 

Datos sabre los cuales va a operar el programa. 

Los datos sobre los que opera e! programa consisten en : 

Paquete de Contorno irregular, p~qucte de mapa y los datos de entrada. 

Estos paquetes deben estar en e! orden correcto: 

i) El paquete de Contorno irregular debe preceder ar paquete de 

Mapa el que se refiere. Una-vez que un paquete de Contorno 

i rregu i2 r ha sido cspecif1cíldo, será usado para todo paquete de 

mapa !lasta que sea suprimido. 



• " J -

-

iD Cada vez que e! programa lee un pa~u ete de Mapa intenta ha­

cer un mapa. No existe límite para los paqu r;;tes de Mapa a util_i . 
zarse en u na sola corrida. 

iii) Si los Datos de entrada están en tarjetas9 estos deberi seguir ___.._ 

Al final de los da~os de entrada se señalan con una tarjeta con END per_ 

forado en las co:umnas 1-3 siguiendo inmediatamente al último paquete 

de Mapa o la ú:t~rna tarjeta de datos~ si !os dé1tos están en tarjetas. 

(Ver ejemplo 9) 
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J.R. Tarrant, Computers in Geography, University of East Anglia, Norwich, 
Norfolk, England, 19'70. 
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Introduction 

The program listings and docum~ntation presentad here have been 

assel'!bled from among those in use at the Geography Department at the 

University of Michigan. They are obviously the result of the efforts 

of many individuals, foremost of whom is Frank Rens, 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. None of this work would have been possible without the 

splendid cooperation trom many individuals connected ~dth the University 

Cornputing Center. Although the programs have been testad extensively (sorne 

for eight years) it 1s necessary to ~ke the usual disclaimer. 

The programs are in FORTRAN (IV, G level) and normally are usad 

under control of the Michigan Terminal System on the IBt-: ')6o/67, a 

very large system by current standards. Several programs make use of 

the 76') Calcornp plotter via the *PLOTSYS program as described in the 

plotting manual; sorne have also been used with the SC 4020 CRT display 

after relatively minor changas. 

Not all of the programs available to the Geography DepartJuent are 

includad here. Specifically, the multivariate analysis programs from 

the BMD system are available for call from teletype terrrJ..nals 1 many 

of the programs listad in the Kansas Geological Survey series, the 

Northwestern University series, the Michi~an State series, et cetera, 

have been oonverted for use on the MTS system. The Institute for Social 

Research and the Cornputing Center also m.aintain large files of programs. 

Persons interested in these programs should consider \btainirlg th\ 

appropriata references from those listad on the preceding page. 

111 

Waldo R. Tobler 
Professor of Geography 
June 1970 



Geograpbical Publioations of Related Interest 

B. Be rey ancl D. Marble, Spatial .Anal,ysis, Englevood Cllfi's, Prentice ·Hall, 
1966. -

Willialll Bunge, Theoretical Geo~aphy, Second Revised and Enlarged 
.EdiUon, Lund, Gleerup, 19 , 

R.J. Chor1ey, et al, Models in Geograph;y, Nev York, Barnes and Noble, 
1967. 

R. Chorley and P. Haggett, Netvork Modela in Geograph.y, London1 1969. 

J. Cole-8.nd c. King, Quantative Geograph.y, Nev York, J. Wiley, 1968. 

W. Garrison and D. Marble, eds, Quantative Geograpb,y, Vols.- 1 & 2, 
Evanston, Northvestern Universit.y, 1967. 

P. Haggett, Locational Ana1ysis in Human Geography, Nev York, St. 
Martin 1 s , 1966. 

L. King, Statistical Analysis in Geograph,Y, Englewood Cliffs, Prentice 
~~· 1969. 

L. King, editor, Geograph.ica1 Analysis, a quarterly international 
journal of theoreticE-.1-geography published by the Ohio State University 
Pres~, Columbus, Ohicto 

J. Nystuen, ed., Discussion Papers, 1-12, Michigan Interuniversity 
:COIIIIIIUllity of MathemaUcal. Geographers, 1967a avaUable as OP-33067 
f'r~ University Microfilms. 

A. Wrobel, and B. Berry, eds., Economic Re~~:ionalization and Numerical 
Methods, Geographia Po1onica Nr. 15, Warszava, 1968. 
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LIST OF PROORAMS 

Mnemonic 

GEOFIT ....................................... 
ELIPS ..................•........•.........•. 
PELTO ....................................... 
POPMAP ' ..••...•...••........................•• 
SOIS •.•......................•...•......... 
TOHG ....................................... 
NSCAT •.......•..••.••..•....•......•........ 
GRllJ ....................................... 
RGRID •••••• 1 ................................ . 

GENEB •••••••••••• u •••••••••••••••••••••••••• 

CONTUR ••.••.•••..............•.•...•.•...•... 
BLCK ····•·•·••··•·••··········•·•·········• 
SLOPE •••..............•.....•........•..•••. 
DYAD •..•••••.........•..•..•••.....•....... 
CNGRP ....................................... 
DISAGG ....................................... 
EX TRAP ....................................... 
MAVE •••••.....•.•............•••.•......... 
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19 

25 

31 

35 

39 

49 

55 

79 

89 

111 

119 

12J 

1JJ 

149 

153 

159 



Program AvaiÍability 

Card decks or magnetic tape copies of the proGr~ listed in this 

document (and others)are now available from the Geography Program 

Exchange, Computar Institute for Social Research, l·'ichigan State 

t:niversity, .Cast Lansing, "Nichigan, 48823 1 u.s.A. a telephone, 

517-353-2042, áttn. Prof. R;-wittick. 

r::isclaimer 

Although the programs contained herein have been tested extensively 

•10 warranty, expressed or implied,- is made by the tJniversity of J..ichigan 
'a 

or individuals as to the accuracy and function~ne of the program and 

the related program descriptions. 

vi 
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DETERMINATION OF GEOGRAP~CAL ORIGINS 

Purposea The program estiJaates sets of source coordinates from empir-

ical geographical distributions. 

Descriptiona The program is a simple modification of an earlier program 

by Casetti and Semple. The modification consists of (a) 

generalization of the types of trends which can be estim­

ated, (b) addition of a contouring subroutine for aut~ 

matic plotting, and (e) minor improvements tbe program 

fiov and _output format.s. A complete description is given 

in the paper by Casetti and Semple, vbicb is available. 

In brief, the procedure may be conaidered to be an inverse 

ditfusion operator in tvo dimenaions. The contouring sub-

routine is general and can be used vith other programs. 

Deck Malee upa 1) Title Card 

2) Format Card 

3) Control Card 

4) First Contollring Controls (optional) 

5) Second Contouring Controls (optional) . 
6) Third Contouring Controls (optional) 

?) Data Ca.rds 

Cards (1) t.hrough (?) may be repeated as many times as 

desired. .Al1 are read from unit 5, printing is on unit 6, 

and puncMng of output on unit ?• 

Card Formata 1) Title Card 

Any title in columna 1 through ?2. 

1 



1' 

2 

2) Format Card 

The format !or one observation consisting of a 4 char­

acter maMe, x coordi.n&te, y coordinate, and weight z, 

in tb.at order. The name should be specified as an 

A4 field, the remaining variab1es as E or F fie1ds, 

The format is punched in co1umns 1 through 72. 

3) Contro1 Card (6!3) 

co1umn 

1-3 

4-6 

7-9 

1o-12 

Í3-15 

16-18 

N the number of observations, 

IKOT a switch to define the indepen­

dent variable. 

, 1 1.0/distance 

2 Loge (distance) 

3 exp (distance) 

4 distance 

5 distance squared. 

ILOO 

1 implles take natural log of depen­

dent variable z. 

O detault, no transformation of z. 

KOPl' printing sw1 tcb 

1 print all correlation matrices 

2 print correlation map 

3 print both map and matrix. 

IPUN,GT.O to punch results 

NN The size of the correlation matrix. 

Detault = U 



4) F1rst Contour Control Card 

Use,only 1f' KOPT.GT.1. 

Blank card yields default cases. 

col'IIIUll 

1-2 CON nwnber of contour intervals 

Default = 10 

3 TOUR Type of contour interval 

O = values calculatec (Default casA) 

1 = values specified 

2 = variable interval specified 

3 = standard deviation units. 

4 LINES type of contour map 

O continuous bands 

1 alternate bands 

2 Unes 

.5-9 INCHES (F5.2) 

vi.dt.h o! contour map, up to 12.7 in-

obes. 

5) Second Contour Control Card 

Ose only 1f KOPT.GT.l and TOUR = 1 

column 

1-10 Lowest contour value ( F1o'.o) 

11-20 Higbest contour value (F10.0) 

6) Tb1rd Contour Control Card 

Ose only 1f KOPT .GT .1 and TOUR = 2 

Op to 15 variable contour levels punched as (15~.0). 

7) Data Cards 

name, x, y, z punched as desoribed on the Format Card. 
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References• E. Casett1
1 

and R.K. Semple, A Method for the Stepwise 

Separatio~ or .. spatial Trends, MICMCXi paper fl1. 1968. 

Available from University Microfilms in OP - 3306?. 
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PRCGRAM "GEOFIT" 

TH~ nRCGRAM ESTIMATES SOUR.eE eOOROINATES FO~ SPATIAL TRENOS 
BASEr. ~N ~!CMOG PAPER 1 llelG6~o RY eASETTI ANO SE114PLE 
AFVISIC"' BY L• T~EVILLIAN Af.f.O~OING TQ INST~UCTIO~S F~OM 
W. TCRLERo GEOGRAPHY DEPAR.TMFNJ, UNIVFRSITY OF MICHIGA~ 

PEADS 5, WRITES 6. PUNCHES 7 

l 
2 
3 
4 
5 
6 
7 

III.ITEGER CO"'oTOIIR,R.X,RY,GX,C.Y,HX,HY 8 
REAL INeHS.I'IICON 9 
R~Al*3 ZVA.ZAV,XAV,XVA,YAV.YVA,UAVoDVAoZBoRAV,RVA(lOI lO 
OP'EI-.¡SinN I!11(0NC151,0R.ANGP5l,FCNC61,TITU181 ,EXVTClOI 11 
C 1 "f "'S 1 O~ X 1 5 JO 1 , Y C 5O C 1 , l C 5O O 1 , 11¡ A "'1 E 1 '.i O O 1 , S LO P E 1 1 ~ 1 , A C 50 O 1 , D C '5O O 1 o 1 2 

1 Zli500ioZtl'.i0)J,XORGilOI,YORG( 10l,,RC'30,'50l,HC'50,501 13 
} • G 1 50 , 5O 1 , S AV 1 T 1 5O O 1 , e F P T ( 1 O 1 , T 1 T ( 18 1 , F "1 T 1 1 81 14 

CATA TITL/ 1 MAP OF CORRELATION eOEFFieiENTS',lO*' '/ 15 
S U B R CU T 1 N E S 1 6 

eCRR COMPUTES THE eo~R.ELATION COEFFICIENTS ANO FINOS 17 
Tnf. 114AXIMU"' COEFFICIENtS, 18 
STATS Fl"'r.S ~EAN, 114~X, M(N, VARIANeE OF AN AR.RAY 19 
CCMFeN FINOS ANO TRAtiSFORMS OISUNeES 20 
SeON PR(NTS CONTOU~ MAP OF CORRELATir.NS 21 

INPUT VARIARLES 
~ IS THE NUMRER OF DATA POINTS 
IKOT DEFINES THE INCEPENOANT VARIABLE 
IF IKOT=lo 1.0/DIST~NCF 

lf 1KOT=2. LOGCOISTANCEI 
IF li<CT=3o EXPICISTANeO 
1 F 1 K OT = 4, C 1 S TAN e E 
IF IKOT=5o DISTANCE SOUARED 

NON-ZER.O ILOG YIELDS LOG TRANSFORM OF OEPENOANT 
l. E •• ILOG= lo IKOT=4 Y lELOS E XPONENTI AL OECAY 
l.E .. ILOG=lo IKOT='.i YIELOS GAUSSIAN CURVE 
KCPT, A SWITCH 

IF KOPT=lo PRINT ALL CORRFLATION MATRICES 
IF KOPT=Zo A CONTOUR "'AP Wlll BE PRINTEO 
IF KODT =3o ~OTH THE MATRTX ANU THE MAP Wlll 

IPUN .GT. O TO PUNCH RESULT~ 
NN IS THE SIZE OF THE CORREIATION MATRIX. 

READC5,507,EN0=999l ITITIII,I=l,lf!l 
REA0(5,5071 CFMTIIIol=l,l81 
FORI-IAT ll8A41 
REAOC5,10001 NoiKQT,ILOG,KOPT,IPUN,NN 
FORMATC6131 
WRITEC6ol:JOOI IKOTollOG,KOPToiPUN,NN,N 

VARIABLE 

BE PRINTED 

IF A CONTOUR MAP IS OESIREO, READ PARAMETERS NECESSARY 
C4LL ON seON. BLANK CARO VIELDS VAllO DEF4ULT OPTIONS. 

FOR 

IFCKCPT.LE.ll GO TO 30 
READ15,10101 CON,TOUR,LINES,JNeHES 
IFITOUR.GT.3 .oR. TOUR .LE. 01 GO TO 30 
GO TO C10.20,3Ql,TOUR 
READI5,10201 VL,VU 
GO TO 30 

22 
23 
24 
25 
26 
27 
213 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
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IFIKY.CE.NNI YYY=SMAY 112 
HA=IZ.•VAI/INN-1.1 113 

114 
SECOND ITERATION. GRID SIIE HA 115 

111, 
CALL CORRIN,Z,ZAV.ZVA,NN,~A,H,HBIG,HX,HY,X,XXX,Y,YYY,IKOTI 117 
X X X X= X X X+ 1 H X- 2. 1 *¡..A . 118 
YYYY=YYY+INN-~Y-1.0I*HA 119 
IFIHX.LE.liXXXX=XXX 120 
IFIHX.GE.NNIXXXX=XXX+INN-3.1*HA 121 
IFIHY.LE.11 YYYY=YYY•INN-3.0I*HA 122 
IFIHY.GE.N~II YYYY=YYY 123 
GA=I2.*HAIIINN-1.1 124 

125 
THIRD ITERATlON. GRIO SEF GA 126 

127 
CALL CORR(N,Z.ZAV,ZVA,NN,GA,G,G81G,GX,GY,X,XXXX,Y,YYYYoiKOTI 128 

129 
FINC THE MAP COORCINATES OF MAXIMUM CORRELATION ANO RECOMPUTE THE 130 
FUNCT ION 131 

132 
XCRGI ITERI=XXXX+IIGX-l.I*GAI 133 
YORGIITERI=YYYV+INN-RVI*GA 134 
CAll COMFCNIX,Y,N,C:,XORGIITER loYORGI ITERI oiKllTI 135 
BABA=O. 136 
SLCPEIITERI=O. 137 
CALL STATSIN,fZ,Q,OAV,CVA,OMAX,OMIN,~00,11 138 
DO 90 1=1,N . 139 
CIII=DIII-OAV 140 
BARA=BARA+C! II*Z! 11 141 
SLOPEI ITERI=SLOPEI ITER 1+01 1 1*01 11 142 
SLIJPEI ITERI=BABA/SLOPEI ITF.R 1 143 
CEPT! ITERI=ZAV-SLOPEI ITER I*OAV 14'• 

145 
FINC THE EXPLAINEO VARIANCE AhD CALCULATE THE RESIDUALS 146 

147 
DO lOO 1=1,N 148 
O!Il=SLOPEIITERI*DIII 149 
SAVITIII-=SAVITIII+OIII 1'>0 
ZZ!II=ZIII-0!11 151 
CONTINUE 152 
CALL STATSIN.Il.Zl,RAV,RVAIITERI,RMAX,RMIN,50tJ,ll 151 
CALL STATSIN,JZ,Q,CAV,OVA,OMAX,OMIN,500,11 154 
EXVAR=OVA 155 
UNEXP=RVAIITERI 156 
EXVT 1 ITER 1-=0VA/ lB* 100. 157 
EXVC =EXVC+EXVTI ITERI 1513 

159 
SECTICN TO PR(NT OUT CATA ANO RESULTS 160 

161 
ZVA=ZVA*ZVA 162 
WRITEI6.5011 ITER 163 
WRITEI6.SOOI INAME(J),X((),Y!(I,l((I,O!IIoZZIII.I=loNI 164 
WRITE(6,62CII XAV,YAVoZAV,OA\',RAV,XVA,YVAoZVA,OVA,RVA! ITERI 165 
WRITEI6.20301 !TER 166 
1<=1 167 



RV=I'IIN-~Y+l 

WR~TEC6.5901 K,RX,RY,RBJG,VA 
JF IKOPT-71 520,<;3(),520 

<;20 WRITEió.hOll 
()(l 521 1=1.NN 

5?1 W~ITEI6.600l IRII,JI,J=l,NNI 
53C' K=2 

HY=I\jN-HY+l 
WRITEI6.<;90I K,HX,~Y,HBIG,HA 

IFIKCPT-21· 54'1,550,540 
<;4~ WR1Tf(6,6nll 

DO <;41 l=l.NN 
<;41 WRITEI6.6001 IHII.JI,J=l,NNI 
<.<;O K= 3 

GY=NN-GY+l 
WRITEI6.S901 K.GX,GY.GBIG,C.A 
IF IKOPT-21 561),')70,560 

<;60 WRITfl6.6011 
DO ';61 I=l.NN 

c;bl wRITEI6.600l IGII,Jl,J=l,NNI 

8 

<.70 WRITEI6.6101 XORGIITERI,YORGIITERI,EXVAR,UNEXP 
WRITEI6.20201 EXVTIITERJ,EXVC 
1FIKOPT.E0.11 GO TO 2SC 

e 
f CALL SCCN WITH ARGU~ENT R 
r 

CALL SCONIR.NN,NN,TITL,CON.TOUR,LINES,INCHES,DRANG,VL,VUt 
(. SMAX,SMAY.VAI 

?SO CONTINUE 
l=ITER-1 
IFII.LE.OI GO TO 2C9 
JFIEXVTtlTERI.GT.EXVTilll llfR=I 
1 F 1 IT E R • E O • l l GO T O 21 O 

2 09 C C NT 1 NUE 
IFIIEXVTIJTERI.LE.l.I.OR.IITER.Gf.511 GO TO 210 
CALL STATS(N,JZ,zZ,ZAV,ZVA.ZMAX,ZM!N,500,1l 
I)O 200 l=l.N 

2'JO Zlll=ZZIII-ZAV 
Z AV= O. 
ZVA=CSCRTIZVAI 
GO T O 80 

?lO CONT INUE 
EVEC=O.O 
WRITEI6.20001 
1=0 
BABA=lOO.o~<RVAI11/1100.-ElCVTI 111 
WRITEI6.19991 J,BABA,EVEC.FVEC 
DO 2 20 1 = 1 • 1 TER 
EVEC=EVEC+EXVTIII 

720 WRJTEI6.20101 t.XORGiti.YORGIII,RVACII,EXVHJI,EVEC,CEPTCII, 
& SlOPEilJ 

WRITEI6,630l, 
JF IILOG.Nf.OI WR1TE(6,6401 
GO TO l631,632,633,634,635l,IKOT 

631 WRITEI6,6411 
GO lO 650 

168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
lF\8 
189 
190 
191 
192 
193 
194 
19'5 
196 
197 
198 
199 
200 

' 2 (11 
202 
2C'3 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
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215 
216 
217 
218 
219 
220 
221 
222 
223 
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637 

t:33 

634 

61"> 
6'5('1 

5"15 

;:qq 

31)J 

"1)(' 

'501 
S'lt-
SOR 
590 

600 
~1')¡ 

"lO 

6?::-
610 
640 
64} 
64? 
M: 
(,44 
64~ 

lJI') 
ll)2t1 
lO<~ 

lfl">() 

20!() 

1: 

1 
1 
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WRITEC6,6421 224 
GO TC 650 225 
W~ITEib.6431 226 
GO TO 650 227 
WRITEI6,644) 228 
GO TO 650 229 
WRITEI6,6451 230 
CONTINUE 231 
WQITEI6,5081 ITITIII.l=1,1AI 232 
WRITE(6,'i0'51 ITER 233 
FORMAl(' TI-lE FINAL RESULTS OF THf '12,' ITERATICNS 1\RE:•/1 234 
no 300 I=1.N 235 
IF 1 ILOC;.eo.~l GO TO 299 236 
ZIIII=EXPIZIIIII 231 
SIIVITI II=EXPISI\VITI 111 231l 
Zllll=ZIIII-SAVITIII 239 
IF IIPUN.GT.OI WRITF.I7,')061 NAMFIII,XIII,Yili,ZIIII,SAVITIII, 240 
ZZill 241 
Cf.~TINUE 242 
W ~ ¡T F. 1 6, 5) O 1 1 N A "1 E 1 1 1 , X 1 1 1 , Y 1 1 1 , l 1 1 1 1 , SA V 1 T 1 1 1 , Z Z 1 1 1 , 1 = 1 , f\ 1 2 4 3 
F O RM 1\ T 1 ' O 1 

, 4 A X, ' nA T 1\ ' 1 'O N A 1-l f: ' , 1 5 X , ' X 1 , 1 'i X, 0 Y' , 1 '>X , ''l 1 , 1 1 X , 
'APPROX' ,I'>Xo •RFSl CUALS'//1' 1 

1 A4,lOX,51F 1J.4,5X) 11 
FCRMATI 1 1THE RESULTS OF PA~S NUMBER 1 ,12, 1 ARF AS FOLLO ... S:'I 
FCRMATI' 1 oA4o':iiF10.4olXII 
FORMA T 1' 1' , 1 R A4, /1) 
FORMATI 1 0MAXIMUM CORRELATION UN ITERATION 1 ,11, 
' CCCURRFD AT '•12,', 1 .12/ 1 THE VALUF OF THE CDRRELATION '• 
1 COEFFICIEI\IT WAS ·,F8.51' THE GRID SIZE WAS •,F10.51 
FORMATI211 1 1 ,F6.411 
FORMATI 1 0MATRIX OF CORRELATION COEFFIClFNTS 1 //I 
FORMATI//'OTHE MAP COOROINATES OF HIGH CORRELATIGN ARE 1 

1 .21F10.'.i,2~1/' THE EXPLAINFO VARIANCE IS 1 ,El1.4/ 

244 
245 
246 
247 
248 
249 
250 
251 
2'52 
253 
254 
255 
256 
257 
2.,8 
259 
260 
261 
~AZ 

26 3 
2A4 
26'5 
266 
2!)7 

2 ' THE III'.EXPLAINEC VARIANCE IS •,E11.41 
FORMATI'1~EAN',10X,51Ell.4·4XI/' VAP(ANCE 1 ,6X,51E11.4,4XII 
FOR"'ATI/// 1 THE FUNCTION 1~ 1 //1 
FORMI\T ( 1 AliSE E LOGAR ITHM flF 1 1 
FORMATI 1 l= A+ B*I1.0/0ISTANCEI '1 
FOPMATI' 1 = ~ + t3*LOGEIOI~TANCEI 1 1 
FCR"1ATI' l A+ P*EXPIOISTANCEI 1 1 
FORMAT 1 1 l ~ + fl*DISTANCF 1 1 
F il RM A T ( 1 l. = A + Fl * ( U 1ST A Nf E** 21 ' 1 
FORMA T 1 1 2, 21 1, F '::, 2 1 
F!"!RMAT ( 2F 11),0 1 
FOR"All1'.iA41 
F O R M A T 1 ' 1 1 o 2 4 X , ' O R 1 G 1 N A l O A T A 1 1 1 1 11. A M E: 1 , 1 7-X , 1 X ' , 16 X , 1 Y ' , 16 X , 1 l ' 1 

f.//1 1 1 ,A4,5X,315X,Fl2.4l)J 
FORMATI 1 0MEAN 1 ,5X,31 SX,El2.SI/' VARIANCF 1 ,315X,E12.511 
FOR~AT1'5X,I1,36X,El2.5,5X,7(F7.3,8XIl 

FORMA T ( ' 1 S liMM AR Y 1 //71 X, 'r. LMlJL A T 1 V E ' 1' 1 TE 1{ A T 1 ON 1 .1 3 X, 'nR 1 G 1 N' , 
f. l':iX, 1 RE51r')UAL 1 .6X, 1 EXPLAINFO•,sx,'FXfllAINED' ,c;x, 1 CONSTANTS 1 / 

f. 1 NUMOER',11X, 1 X 1 ,12Xo 1 Y'•1lX, 1 VI\RIANCE',SX,•VARIANCEI~l'o 
f. 3X,'VARIANCEI~I'//I 

FORMA T 1 5 X, 1 1 , 7 X, F 1 O. 4, '5 X , F 1 ') • 4 , 4 X , E 1 2, <;o 5 X , 2 1 F 7. 3 , 8 X 1 , E 12 • 5 , 
f. 2X,E 12.51 

FO~MATI 1 0THE PERCENTAGE OF THE TOTAL VARIANCE EXPLAINED ON THIS' 
& ,• ITERATION IS 0 ,F6,3,'~•'1' THE CU~LLATIVE EXPLAINED VAI{IAN(E• 

268 
269 
270 
271 
272 
273 
274 
275 
276 
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279 
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ENO 
SUPROUTINf CORRIN,lolAVolVA,NN,VA,R,RRIG,RX,RY,X, 

r. XMt~.Y.Y~IN,IK.OTI 
O 1 MlNS ION Al lOO. lOO) ,A·( 500', 715001, XI 501)) ,YI5001 
fNH:GER RX,RY 
OOUBLE P~ECISION ZVA,ZAV,AVA,AAV 

CORR COMPUTES A HATRIX OF CORRELATION COEFFICIENTS ANO FINOS THE 
MAXIMUM OF THE COEFFICIENTS 

A FUNCTION OF THE OISTANCES RETWEEN POINTS ON A GRIO COEFI~EO 
BY X~IN,YMIN, ANO VA) ANO THF COOROINATES Of THE l VECTOR 
IS tOMPliTED ANO CORRELATED WTTH THE ACTUAL VALUES, OF z. 

XX=XMIN 
YY=YMIII: 

N IS THE NUMBER OF DATA POINTS IN THE VECTOR,z, WHICH IS TO BE 
CORRELATED WITH THE VECTOR A. ZAV AND ZVA ARE THE MEAN ANO 
STANDARD DEVIATION OF Z. 
NN IS THE NUMRER OF ROWS(OR r.OLUMNS) OF THE COEFFICIENT MATRIX,R. 
RRIG IS THE LARGEST CORRELATION COEFFICIENT, THE COORDINATES-
OF RIHG ARE RX ANO RY, , 
X ANC Y ARE THE COOROINATES OF THE POINTS IN THE l V~CTOR. 

XMIN ANO Y~IN ARE THE MINIMUM VALUES OF THESE COOROINATES. 
IKCT DEFINES THE FUNCTION TO BE USED IN THE FIT. 
SCALE IS A CONSTANT SCALE FAr.TOR. 
VA IS THE CRID SllE. 

RA=N 
DO 90 LL=l,NN 
L=NN-LL+ 1 
DO 80 M=l,NN 

COMPUTE THE DISTANCES BETWEEN THE Z COOROINATES ANO IXX,YY) 

COMPUTE THE FUNCTION OF THE OISTANCES AS SPECIFIED BY IKOT 

CAll COMFCNIX.Y,N,A,XX,YY,IKOTl 
1 AV= 1 

FINO THE MEAN ANO VARIANCE OF THE FUNCTIONAL POINTS 

CAll STATS(N,(AV,A,AAV,AVA.AMAX,ZMINo500,1) 
00 65 l=loN 
A 11 ):Al 1 )-AAV 
AA V= O. 
AVA=DSQRTIAVA) 
Rll.Ml=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 OBSERVEO 

00 70 l=l,N 
R 1 L, M)= R IL ,M)+ A 1 1 ) *ZI 1) 

VALUES388 
389 
390 
391 
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e 
C IN(REMENT THE GAIC VALUES 
r 
~O XX=X~lN+~*VA' 

XX=X ..-¡N 
QQ YY=YMr'N+ll*VA 
e 
e FINO THE MAXIMUM eOEFFieiENT ANO lTS eOORDINATES 
r 

RBIG=ABS IR 11,111 
RX=l 
RY=l 
D01101=1,NN 
DO 110 J=t.NN 
IFIARSIRII,Jli-RPIGI 110,110,100 

100 RBIG=ARSIRII,JII 
RX=J 
RY=I 

110 eOt-.T1NUE 
RBIG='RIR.Y,RXI 
.RE.TURN 
ENO 

. SUBROUTINE SeONIZ,ROWS,eOLS,TITL,CON,TOUR,LINES,INCHES,ORANG, 
t ZMIN.ZMAX,XMlN,YMlN,VAI ' 

OI,..ENS'10N FOR"'IlOI.TITLI1Bl ;SYMTABI211,P,SYMI13li,ZI100,1001, 
1 INCONilSI,ORANGI251,TAAF.I2<;1,ZPREVI1311,SYMil3ll 

DIMENSION CUMHI271 
REAL*B ZBAR, ZSIG 

INTEGER RDWS.COLS,CON,TOUR,rOLMAX,COL,PSYM,PS,GRIO,TOUT,TLOW, 
1 SY~.BLANK,PLUS,MINUS,STAR,~YMTAB 

INTEGER XSTQP,YSTOP 
REAL MINZ,"'AXZ,INCHES, INC:ON 

DATA SYMTA0/ 1 1','2 1 , 1 3 1 ,'4 1 , 1 5 1 , 1 6 1 ,'7','8 1
,

1 9 1 ,'A','B 1 ,'C 1
, 

1 1 D 1 , • E 1 , • F 1 , 1 G', • H', 1 1 1 , 'J 1 , 1 K 1 1, RLA NK, PlUS ,1.11 NU S, S T AR/ 1 1 
• 

2 '•'·'-'•'*'' 
e ****$*********************************** 
C lERO COUNTERS ANO ARRAVS USED IN FREQUENCV TABLE 
r ******************************************* 

w'RITE(6, 1291"1) 
12~0 FO~MATI 1 1THE CONTOUR MAP WILL BE DEVHOPED FROM THE ', 

t 'FCLLOWING OATA 1 ///l 
00 4 1=1,ROWS 

4 WR1TEI6.1300l IZ(I,JI,J=l,rOLSI 
1 300 . F O RM AT ( l S ( 1 1 , F i. 4 l 1 

WRITEI6,l241l XMIN,YMIN,VA 
1241 FORMAT(/// 1 THE RELA.TIVE ORIGlN IS •,rt0.4,' , •,Fl0.4, 1 

•
1

/ 

f. 'TI-E GR.lC SIZE JS •,F10.4,' • 1 1 
JJ=O .. 
MM= O 
SUM=O.O 
TLOW=O 
TOUT=O 
OC S 1=1.2S 

S TABEill=O.O 
N=ROWS*COLS 

392 
393 
394 
39S 
396 
397 
398 
399 
400 
401 
402 
403 
404 
40S 
406 
407 
4(18 
409 
410 
411 
412 
413 
414 
41S 
416 
417 
418 
419 
4 21J 
421 
422 
423 
424 
4?5 
426 
477 
428 
429 
430 
431 
4 32 
433 
4 34 
435 
4 36 
437 
438 
439 
440 
441 
442 

' 443 
444 
445 
446 
447 



r; 

6 
1 
~ 
e¡ 

o 
1 
2 

t3 

•" 

e 
c. 
e 

1)30 

e 
e 
e 
e 

)') 

I·'JbO 

40 
1080 

'iO 

b(l 

1\01) 

70 
1110 

e 
r 
c. 

e 
e 
e 
e 

1120 

c. 
r 

,r; e 
•,t IIQ 

•• 1 

·········~······························ 448 N = NUMBER OF DATA POINTS 449 
•••••••••••••••••••••••••••••••••••••••• 450 
WRITEih.l030) TITL.N.COLS,RnwS 451 
FOR~AT,I1Hl.t8A4/1 1 MAP 'IS OEVELOPED FROM',I5, 1 GRIDDEO VALUES', 452 
• CONSISTING DF '•13•' COLW4NS BY 1 ,13, 1 ROWS.'//1 453 
CALL STATSIROWS,COLSoZoZBARoZSIG,MAXZ,MINZ,lOOolOOI- 454 
ZSIG=DSORTIZSIGI 455 

································~······· 456 OETEQ~INE CONTOUR LINE ELEVATIONS 457 
TOUP VALUt OET ER"' INE S METHOO IISED IN DEF 1 NI NG CONTOURS 458 
•••••••••••••••••••••••••••••••••••••••• 459 

IF lTCUR .Gr. ~ .OR. TOUR .tE. 01 GO TO 60 460 
GO TO 130.40.50I.TOUR 461 
WRITE lho 10601 462 
FORMAl 125H CONTDUR LEVELS ~PcCIFIEDI 463 
ce ro 10 464 

WRITEI6.10801 465 
FORMAT 137H VA~IA8LE CONTOUR INTERVALS SPECIFIED) 466 
Z'-'11\r-ORANGill 467 
Z~AX=CRANGICON) 468 
GO TO 70 469 
ZMIN=ZBAR-3.0*ZSIG 470 
ZMAX=ZBAR+3,0*ZSIG 471 
CON=l3 472 
WRITE 16.10901 473 

FQRMAT 130H COI'JTOUR INTERVAI = 0.5 SIGMA 474 
GC TO 70 475 
WRITE (6.11001 476 
FOR..-AT 126H CONTOUR LEVELS fALCULATEOI 477 
Z~AX=MAXZ 478 

Z~I~=MINZ 479 
WRITEI6.11101 ROWS,COLS.ZBAR,ZSIG,MAXZ,MINZ 480 
FORMAT 113H GRIDDED DATA/,4?H LINEAR INTERPOLATION WITHIN GRID SQU481 

lARES /,17H OBSERVEC VALUES /, AH ROWS = ,13,10H. COLS =, 482 
713,/.8H ZBAR = .Fl0.3o10H ZSIG = ,F10.3o10H MAXZ = ,Fl0.3,10H 483 
3 MINZ = .Fl0.31 ·484 
•••••••••••••••••••••••••••••••••••••••• 485 

CALCULATE MAP WIDTH IN CHARACTERS ICOLI 486 
•••••••••••••••••••••••••••••••••••••••• 487 

IF (INCHES.LE.O.OI COL=lOO 488 
IF liNCHES .GT. 12.7) COL=l27 489 
IF (INCHES.GT.O.O.AND.INCHE~.LE.l2.71 COL=INCHES*10.0 490 
PS=tCCL-COLSI/ICOLS-11 491 

···········Q···························· 492 TEST GRIO SIZE--lf GRIO SMALLFR rHAN 2 CHARACTERS BETWEEN COLUMNSo 493 
AN ERROR STArEMENT IS PRINTED ANO PLOT ABORTED 494 
•••••••••••••••••••••••••••••••••••••••• 495 

IF IPS.GT.ll GO TO 80 496 
WIUTE 16.1120) 497 
FORMAT 125H TOO MANY COLUMNS IN GRIOI 498 
ca ro 999 499 

500 
CALCULATE REOUlRED CONSTANTS 501 

502 
CCL~AX=PS*ICOLS-li+COLS 503 
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YI,.,'C=l.O/IIPS+l.OI*0.61 S04 
GRID-=PS+l SOS 

X 1 NC = 1 • O 1 G R 1 O 5O 6 
RANGZ=ZMAX-ZMIN S07 
RHIGH=ZMAX+RANGZ 508 
RLQW=ZMIN-RJINGZ S09 
IF ICOIII.EC.O.OR.CO"J.GT.l91 fON=5 510 

FCCN=CON 511 
CI=RANGZ/FCON 512 
If ITOUR.fQ.21 GO TO lOO 513 
JJJ-=CCIII+1 514 
o e 90 1 = 1 .J J J s 1 s 

qo DRANGIII-=ZMIN+II-1l*CI 516 
100 CONTINUF 517 

W R 1 TE 1 6, 1 1 30 1 5 18 
1130 FCR~AT 11H /,l6H VALUES EMPIOYEDI 519 

WRITE (6,11401 ZMIN.ZMAX,CI.GRIO,XINC,YINC,CON,PS,COLMAX 520 
1140 FOR~AT 18H ZMIN = ,Fl0.3,lOH ZMAX = ,Fl0.3,8H CI = ,Fl0.3/,8H.521 

IGRH'! = ,J5,10H XINC = ,F10.3.10H YINC = ,F10.3,/,7H CCN = J5, 522 
2 8H PS = ,(5tl2H COLMAX = ol51 523 

e •••••••••••••••••••••••••••••••••••••••• 524 
C WR 1 TE OUT CONTOUR SYMBOL TABLF 525 

e •••••••••••••••••••••••••••••••••••••••• 526 
W R 1 TE 1 6, 11 50 1 5 2 7 

1150 FORMAT 135H4CONTOUR SYMBOL TABLE IS AS FOLLOWSI 528 
I F IL 1 N E S , EC. 1 1 WR 1 TE 1 f, 1 1 ñ O 1 52 9 

11~0 FOR~AT I43HOIOIIILY EVEN SYMBnLS PRINTED IN BODY OF MAPI 1 530 
WRITE 16.11701 531 

1170 FOR~AT 17HOSVMBOL.11X,51-VALIJEI 532 
lf· ILINES.NE.OI GO TO 110 533 
WRITE 16.111!01 534 

1180 FORMAT 15HO *,6X,7HNO DATA,/,5H -,4X,10HBELOW LOWI 535 
WRITE 16.11901 ISYMTABIII,ORANGIII.I=1,CONI 536 

1190 FCR~AT 14X,AI,2X,F12.4) 537 
W R I TE 16, 1200 1 53 8 

1200 FOR,.AT I4X, IH+,4X, lCHAROVE HIGHI 539 
GC Tn 120 540 

110 WRITF. 11.12101 541 
!210 rnRMATI5HO ·•,25X,7HNO DATA,/,5H -,23X,10HBELOW LOWI 542 

WRITF 16.12201 ISYMTABiri,ORt.NGIII,ORANGII+li.J=1oCONI 543 
1220 FORI'IAT 14X,Al,2X,Fl2.4,6H T0 ,F12.41 544 

WRITI: 16.12301 CRA"JGICON+ll 545 
1230 FCRMAT 14X,1H+,2X,F12.4.10H OR OVERI 546 
120 WRITEI6,10301 TITL,N,COLS,RnWS 547 

XSTOP = GRI~ 548 
GRID=COLS-1 549 
CCL=3 550 
no 140 J=1,GRID 551 
DO 130 1 = 2,XSTOP 552 
SYMICOLI=RLANK 5S3 

130 CCL=CCL+l 554 
SYMICCll=PLUS 555 

140 CCL=COL+l 556 
N= COL MAX+2 557 
SYMI2l=PLUS 558 
SYMI 1 I=BLANK 559 



GO TO 208 
201 PSY~ICOLI=STAR 

2"~ 10liT=TOUT+1 · 
ZPREV ICPL 1= ZEST 
ZLAST=ZEST 
GD TO 480 

325 CDII.TINUE 
IFITCUP.NE.21 GO TO 312 
00 311 LMN=2,JJJ 
I=LMN-1 
IFIZEST.LT.DR~NGILMNII GO TO 313 

311 CGNTINUE 
112 l=llZEST-lMINI/CII+l. 
313 TABEll I=TABEIII+l. 

16 

LVAL=LINES+1 
IFIITCP.EC.1.0R.MM.FO.IROW.nR.JLFT.EO.liLVAL=3 

GO TO 1326.327.3281 ,LVAL 
326 00 309 l=l,CON 

ZSTEP=DRANGIII 
SW1=1. 
SW2=1. 
SW3-=l. 
SW4=1. 
IF IZSTEP.GE.ZLAST.OR.ZSTFP.GF..ZPREVICOLII SWl=O 
IF IZSTEP.LE.ZESTI SW2=0. 
IF IZSTEP.LT.ZLAST.nR.ZSTEP.LT.lPREVlCOLII SW3=0. 
IF lZSTEP.GE.ZESTI SW4-=0. 
1 FIISW1.F.O.O •• ~ND.SW2.EO.O.I.OR .1 SW3.FO.O •• ANO. SW4.EO.O. liGO 

;\,IQ CCI'ITINUE 
PSY.~ ICOL l=flLANK 
GO TO 320 

310 PSYMICOLI=SYMTABIII 
'?0 ZLAST=ZEST 

lPREVICOL l=ZEST 
GO TO 124 

327 K-=1/2 
IFifK*2l.NE.ll PSYM(COll=SVMTABIIJ 
IFIIK*2l.EO.ll PSYMCCDLI=BLANK 
GO TO 124 

~?8 PSY~CCOLI-=SYMTABIII 

ZPREVICOLI=ZEST 
124 SU~=SU~+l.O 

480 XP=XP+XINC 
z 1= Z2 

330 JLFT-=0 
CCL = COL + 1 
JFIZIM.COLSI.GE.ZMIN.AND.Z(M,COLSI.LE.ZMAXI GO TO 333 
lFlZCM.COLSI.GT.ZMAXI GO TO 33~· 
!Fill~.COLSI.LE.RLOWI GO TO 336 
PSYMICOLI=MINUS 
TLOW= TLOW+1 
GC TO 334 

335 JF(Z(H,COLSI.GE.RHIGHI GO TO 336 
PSYM(COLI=PLUS 
TABElCON+11=TABEICON+lJ+l.O 
GO TO 334 

616 
617 
618 
619 
620 
h 21 
h22 
623 
6 24 
625 
626 
627 
621! 
629 
630 
, 31 
6 32 
633 
634 
6 35 1 

636 
6 37 
638 
639 
640 
641 
642 

T0310643 
644 
645 
646 
647 
648 
649 
650 
6 51 
652 
653 
654 
655 
656 
657 
658 
659 
660 
661 
662 
663 
664 
665 
666 
667 
668 
669 
670 
671 

. 1 
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PLOTTING OF BIVArliAT~ SfANDARD DEVIATIONS . 

Purposea Thi~ program may be used to provide some summary measures 

of geographical distrlbutions, · 

Descriptlona The program first calculates the weighted mean center of 

Comments& 

the input point distributiona 

and 

where c!w1 is tbe sum of weights (all weights may be one) 

and x1 and Y1 are the coordinates of the respectivo points, 

The variance, standard deviation, and standard dlstance are 

then calculated in the no"!lal statistical manner, The eig­

envalues of the covariance matrix are the squares of the 

semi-major and serrd-minor axes of the standard deviatlonal 

ellipse, The counterclockwise angl; of inclination of the 

major axis from East-West is given,·as well as the total 

area of the ellipse, The coefficient of circularity (the 

ratio of the minor axis to the major axis) is also calcu-

lated, The ellipse is then plottedr dots are used for the 

center and end points of the principie axes, The data are 

plotted as circles with radii given by~= awb, where r 

is the radius of the circle, W is the weight while a and 

b are empirically defined coefficients, For the United 

States if W represents population. then a = 0,0219 and b = 

o.44. and these are the values used in the program, 

The program 1s 

servations per 

value of X in 

currently di.mensioned to plot up to 2000 ob-
1 

Tbis may be changed by altering the r-un. 
1 

the1 dimenslon 

19 
i 

statement. Hultiple data sets 

1 
• 1 

1 



Data Deck1 

20 

rtJAY be run by repoating the data deck. Tbe program reads 

tbe observation deck from unit 4, reads controls from 5, 

vrites onto 6, and plots on 9. Output 1s planned for JO" 

CALCC»>P plotter and standard C.ALCOHP plotting llbrary 111 

assumed. Tbe origin for the X,Y coordinates is, as usual, 

defi.ned to be the Soutbwest (lover left) of tbe study area. 

Tbis program is designed so that it may be easily used at 

a remote terminal wbich has.access to sbared files. 

1) Control Card 

2) Title Card 

3) Variable Format Card 

4) Observation Deek 

Data Card 
Ca~~positions l) .9_ontrol Card 

column 

1-4 NO Number of observation ( ~ 2000) I4 

5-ll XMIN M.inimum X value (F?.2) 

12-18 XMA.1 Ma.ximum X value (F?.2) 

19-25 naN H1.n1mum Y value (F?.2) 

26-32 YMAX Ma.ximum Y value (F?.2) 

:33-39 SCAL Denominator of the representative 

of the map scale (F12.0) 

2) Title Card 

Any title (!: 72 characters) 

3) Variable Format Card 

E or F typo Ft~TRAN format !or one observation. 

i 
4) Observation Deek 

fraction' 

1 Observations as described by the variable format card. 



Programillera 

Refarencas a 

21 

Tha input data must bea X coordinate, Y coordinate, 

Weight. 

Waldo R. Tobler 

Lafever, D. Weltz, 11Measur1ng Gaographic Concentration by 

Maans of the Standard Deviational Ellipse,11 American Jour-

nal of Sociology, Vol. 32. #1, July 1926, PP• Sf>-94. 

Lee, Douglass B., Jr., Anal,ysis of Residential Segregation, 

Di vis ion of Urban Studies, Center tor Housing and Enviro~ 

mental Studies, Cornell University, Ithaca, New York, 1966. 
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1 

1 DO 3 l =lo NO 
REAOI4,FMTI Xll,I),XI2.1J.XI3oll 
IFIXIl.JII ';,5,6 
Xl3oll=l.O 
Slli=Sili+XIlol ;•xl3,11 
S (? 1-= S 121 +X 12, 1 I*X 1 3, 1 1 
SI31=SI31+X(3,1l 

2) 

W P. 1 TF. 16 ol 00 4 1 1 , X 11 , JI ; X ( 2 ol 1 , X 13, () 
CON TI NUf 

A 
7 

11) 

)Q 
12 

H 

8 1 1 t= S 1 1 1 1 S 13 1 
BI21=Sl21/S131 
B13I=SI31/FNO 
SXY=O.O 
OC 7 1 = l• NO 
W=XI3.11 
DO 8 J=lo2 
OEVIJI=XIJ,II-BIJI 
SXIJI=SXIJI+OEVIJI*W 
SX21JI=SX21JI+OEVIJI*DEVIJI*W 
SX~=SXY+OEVI1l*DfVI21*W 
SX2131=SXY 
WRITE Cl'>o100SI 
DO 9 l-=1o3 
WRITE 16.10061 loSC J),BI lloSX21 11 
W R 1 TE 16, 100 71 
DO 10 1 = 1, 3 
SZIII=SX2111/SI31 
Sil I=SORTIAI!SISZI 1111 
W R 1 TE 1 b, l 00 8 1 1 , S 2 1 1 1 , S 1 1 1 
BB=S21li+S2121 
S D 1 S= S O RT 1 8 e 1 
WRITEI6o10Q91 SOIS 
C=-IS21li*SZIZI-S21 31*S21 311 
ROOT=SORTIABSIBB*BB+C*4,011 
f1-=0.5*1BB+ROOTI 
E2=0.5*(8B-ROOTI 
WRITE (6,10101 
WR1TEI6,10081 NO,E1.E2 
E 1=SCRT lE 11 
E2=SORTIE21 
WRJTE l6ol0081 NO, E1oE2 
AREA=fl*EZ*FI 
DEN=SX21li-SX2121 
ANG=0.5*ATANI2.0*SX2131/0ENI 
1 F 1 DE N 1 30, 30, 3 Z 
ANG=ANG+Fl2 
WRITEI6o10161 
IFIANG-Fll 34,34,33 
ANG=ANG-FI 

l~ ANG2=ANG+Fl2 
C CALCULATE ENO POINTS 

XA=BI11+E1*COSIANGI 
YA=8121+E1*SINIANGI 
WRITEI6,1008) NO,XA,YA 
XB=Rlli+E2*COSIANG21 
Y8a8121+E2*SINIANG21 

56' 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
7l 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 

.. 
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PELT01S D-F1JNCTION .AND REUTIVE ENTROPI 

Purpose1 Th..i..s program calcul.ates tvo measur~s of the degree of 

lll1x1ng 1n mult.icomponent systems., 

Desc¡oiptións If one assumes tbat each observation oonsists ot V var-

C0111111e n ts 1 

iables, then the p:ocedure is restricted to those situa-

tions 1n vbich it is meaningtul to malee the assumption 

that the totality of variables, for each observation, sum 

to lOO percent. 

'l'he D-f\lnction measures the strength of dominance of var-

iables or oomponents J tho lover the D value (and closer 

to tbe tbeoret.ical minimum ) , th~ stronger the daninance. 

'lbe minimum of the D-tunction is lOO x (1- (1/CLASS)). 

The relativa entropy measure ma.y be taken to be an indi­

cator ot llli.xing of the components and vould be 100 vhen 

all components appear in equal proportions. Since entropy 

may be taken as a measure ot m1xing (uncertainty), zonas 

of high entropy should form boundaries between regions, 

vhereas zonas ot low entropy sbould form regional areas. 

Relativa entropy (Hr) is calculated by the folloving for-

mula a.n:l expressed as a percanta 

lDO 
· -100 Pi log Pi Hr .. _____ _ 

Hm 

vhere P1 are the individual proportions and Ha is the 

theoretical max:1.aNm for the entropy. This of oourse · 

assumes that the probabllity ot ocouranoe is the same tor 

all components. 
1 

The program v11l handle up to 999 observatio~ for eaoh 
1 . 

r 
' 



Data Decks 

Data Carel 

set of data. Since eacb observation is processed indivi-

dual.ly, data sets larger tban 999 may be processed by spl1t-­

t.1ng Íhe set and run separately. Maey sets of data IDAY be 

rim by repeating tbe data deck. As written the program 

will process observations of up to 20 components. Tbis 

may be expa.nded by increasing the size of the arrays of 

D, P, MEMBER, RD, and PD. · Tbeir sizes sbould always be 

thé nUlllber of canponents + .5. The canponents need not be 

in proportions¡ these w1l1 be ca1culated by the program. 

The results for each obs~.rvation IIIAY be punched out if 

desired. Input data may, inc1ude X, Y coordina tes for sub-

sequent map p1ott1ng. Tbe order of input dat& is X coor-

dinate, Y coordina te ( if coordina tes are specified), then 

the components 1 through NCOMP. 

1) Control Card 

2) V ariab1e fonnat card 

3) Observation Deck 

Campositions 1) Control Card 

co1umn 

1-3 NOBS Number of observations 

4-.5 NCOMP Number of components (up to 20) 

6 PRO One (l) if proportions have not yet 

been ca1culated, zero (O) otherwise (if 

in doubt set equal to one). 

7 PUN One (1) if results are to be punchad, 
\ 

' 
zero (O) otherwise. 

8-9 COORD If X,Y coordinates are to be read and 

punchad for output in other programs 
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Referencez 

10-69 
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they must be scaled to fit an output 

format of F6.2. Enter power of ten 

to scale coordinates appropriately: 

(-9 to ~9) otherwise leave ~ (no 

coordinates read). 

any title 

2) Variable Format Card 

E or F type FORTRAN for each observation ( ~ 80 characters) 

J) Observation Deck 

The observations as described in the format. 

The program is a verbatiM translation ofz C.R. Pelto, 
11
Ma'pping of Multicomponent System~ , 11 Journal of Geology, 

62 (19.54) ,· PP• 501-511; Bobbs Merrlll Geography reprint 

IG-178. 



2'> ;.4R.ITt 16.'181 Nn.IPIII.I=l,Nfll,..l'l 
( [1\LCIJL,'\Tt PRCPORfi'JNC:, 

IF IP~U.N[.11 GO TO 40 
'\UM = ). 
q[ ~'1 1 =t. N Cll~n~ 

3!' <;ti M :. SU,_. + P 111 
1)[ 1"> 1-=1,N(f1MI' 

3'l ollll =PIII/SUY 
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C RA~K PRCPORTID~S FRUM GREATEST TO LEASr 
40 OC 45 1=1,NCOMP2 
45 11'111 =-l.J 

~E!-'RcR 111=1 
DI'\!CO~P+ll =<1.'1 
LCCI( = NCili-'P +1 
nc 60 1=1.LOnK 
I)C <;o:, K=l.I 
IFIPIII.LF.CIKII GO TO "i'l 
L = 1 -K + l 
llC 'l') JL=1,L 
J=I-JL+l 
1-4= J +l 
nt,..I=OIJI 

"ir) I'IE~t,~fR (M)=IHMP.EPIJI 
1) ( 1( 1-= p 1 1 1 
'o4ci-'PE.RIKI=I 
r.': TO 6') 

')') CC"l'INUE 
60 CCNT 1 1-I'JE 

r CIILC'JLfiTf- CIFi=ERENUS 
nc h"> l=t.Nr.n~o 

L = 1 + 1 
65 '1PI 11 =IIH:,tPIME,>1t3E~IIII-PP1f'HlFIHL ll 1 

r HA~~ [!FFfQFNfES 
,)( 70 l=l.Nf01~P2 

70 ~111=-1.11 

..:o 1 11 = 1 
<¡IJ,..=I) • 1 

C CA L r 1 1 l 1\ H R ü A T 1 V f E~~ T '{ G P Y 
nc qc; l=t.~~w~-n' 

lf (P III.(,T.0 •. )0\1 SUM=SUI'+PIII"'ALUGIPI 111 
')( fl) '<=1.1 
rr líl¡>(II.LF-.I'IIKII Gll TORO 
l." 1 -l( + 1 
IJC 7') .IL=t,L 
J=I-JI_:+l 
Y:J t 1 
()(,..)-::o ( J 1 

7<; RQI,.-I=RDIJI 
UIKI-=I)Pill 
R.OIKI=I 
C.C TO 8'> 

8() C~NTINIJF 
!15 (QI\jT(IIIUE 

f.l\jT~CP = 110.0•'iU~/OENCM 
OF = 1f)O.O•II.'J-ICPIROilii-11PIROUIIn 
CLA<;c; = RDI11 

'>6 
'17 
5A 
C,<) 

61) 

al 
h7 
63 
6,4 
6') 

66 
67 
hf! 
h9 
70 
71 
17 
71 
74 
7') 
76 
77 
7H 
79 
80 
f!l 
1::!7 
83 
R4 
R') 

R6 
87 
tltl 
R9 
90 
91 
cp 

93 
94 
qr; 

96 
97 
9H 
•:!9 

1 r;o 
t r; 1 
102 
10 3 
104 
1~5 

1('6 
10 7 
tu A 
1 •)9 
1 1 t) 
11 1 



POPL'LATION .:APS 

Purpose: The progra~ reads rectangular coordinates (x,y) and 

populations, and then craws population naps, with cities 

representad as circles. 

Description: For cities it has been shown that the built up area is 

e OIIl!llents 1 

Data Deck1 

Data Card 

extremely well approximated by a circle of radius r = 

aPb. For the Uni~ed States a= 0.0219, b = 0.44 when 

the radius is in miles. These values are used as the 

default options in the program. If the population is zero, 

or if the radius is less than 0.01 inch at the plotting 

scale, the program produces a dot. Up to 9999 circles 

may be plotted on a single map. 

Input/output--reads from unit 6, writes on 7, plots on 

9. Output is plannec for JO" CALCOY.P plotter and the 

standard CALCOY.P plotting library is assumed. X, Y, 

XMIN, YNIN, DV are assllll!ed to be in miles; if in inches 

set SCAL = 63)6o. If ALPdA and BETA (see below) are de-

faulted, both must be defaulted; conversely if one is 

supplied both must be supplied. 

1) Control card 

2) Title card \ 

3) Variable formatlcard 

4) Observation deck 

Composition1 1) Control card 

31 



Progra.JIIIIIera 

Reference1 

32 

columns 

l-4 NOBS Nurober of observations (~9999) (I4) 

.5-9 tÍJ.nimuro value of the x coordinate 

(F5.0) 

10-14 YMIN Minimum value of the y coordinate 

1.5-24 SCAL Denominator of the representativa frac-

tion (Flo.o) 

2.5-27 

28-33 

DV Spacing of tick roarks. {F).O) 

ALPHA Coefficient of proportionality, a 

(F6.o) Default ~ 0.0219. 

34-39 BETA Sxponent, b (F6.0) Default = 0.44 

2) Title card 

Any title (< 32 characters) 

3) Variable format card 

E or F ~RTRAN type format for one observation. 

4) Observation deck 

Observations as described by the variable format card. 

Waldo R. Tobler 

W.R. Tobler, "Satellite Confirmation of Settleroent Size 

Coefficients," A~· Vol. 1, No. 3 (1969) ,· PP• 30-34. 
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C PRCG~A~ TO f.~AW POPULATION MAPS 1 
INTEGER T 2 
OPtE N S 1 ON T IT 1 e 1 • P1T 1 18 1 3 

IJ FCR,.AT ll4,2F'>.C.FlO.O,f-3.1).2F6.01 4 
ll FCRP'AT 18A41 5 
12 F(.R!o~AT 17H1TIT = ,eA41· 6 
14 FOR,.AT ISH')ALPI-' = .F6.0/8H RETA ,Ft-..01 1 
13 FOlo1AT 118A41 8 
15 fCI{I"AT 110HOSUMPOP = 0 Fl5.51 9 

MILE 63360. 10 
T=O 11 

7 RElC 16,101 NOBS.XMIN,YMIN.~CAL,OV,ALPH,BETA 12 
lFIALPH.GT.O.OI GO TO 3 13 
ALPH = 0.0219 14 
BETA = 0.44 15 

3 REAO (6,11l TIT 16 
WRITE 17.121 TIT 17 
W~lTE 17.141 ALPH,BETA lB 
PX = ·1.0 19 
py = 1.0 20 
SIZE = 0.1 21 
THC = 1). 22 
CALL PSYM~IPX,PY,SIZE,•GEOGRAPHY OtPARTMENT UNIVERSITY Of ~ICHIGAN 23 

l 1<768 •.TH0,5'JI 24 
PX = PX+6.0 25 
CALL PSYMOIPX,PY.SIZE,TIT,TH0,321 2b 
SCAL = SCAL/'-IILE 27 
SUMPOP = 0.0 28 
CALL PLTOFSIXMJN,SCAL,YMJN,<;CAL.t.0,3.0l 29 
XMAX = XM(N 30 
RE A C 16, 1 3 1 FM T 31 
THF = 360. 32 
K=O 33 
Dl = o. 34 
se = 10. 35 

4 K = K+ 1 36 
REAO (6,FMTI X,Y,POP 37 
RHO = ALPH*IPOP**BETAI 38 
XMAX = AMAX11X,XMAXI 39 
lfiiRHO/SCALl.LT.O.Oll RHO = 0.01•SCAL 40 
CALL PClRCLIX.Y,THQ,T~F,RHO.RHO,OL,SCI 41 
SUMPOP = SUMPOP+POP 42 
IFIK.LT~NOBSI GO TO 4 43 
DV = OV/SCAL ' 44 
AXLTH = -IXMAX-XMINI/SCAL 45 
CALL PAXISI l.O,z.o,T,-O,AlCLTH,THO,XMlN,SCAL,OVI 46 
WRITE (1,151 SUMPOP 47 
CALL PLTEND 48 
GO TO 2 49 
END 50 

---



SPHERICAL DI.:iTANCES 

Purposea To compute distances in kilometers assuming one degree 

equals 69.172 miles. 

Descriptionr The program reads a vector of latitude/longitude coor­

dinates and produces the complete distance matrix¡ i.e., 

the distance between all pairs of points specified in the 

coordinate vector. Latitudes and longitudes are assumed 

given in degrees and minutes, with the usual convention 
1 

that South latitudes and West longitudes are negative. 

Deck Make-upa 1) Control and Format Card 

2) Observations deck 

Card Formatr Control and format Card 

Referencesr 

columns 

1-J Number o! observations ! 100 

4-67 Fortran format for one observation 

Observations deck (all E or F fields) 

latitude in whole degrees 

minutes o! 1atitude 

longitude in vhole degrees 

minutes o! 1ongitude 

W,R, Tobler, "A Comparison of Spherical and Ellipsoidal 
Measures 11 , Professional Geographer, XVI, 4(1964), PP• 9-12. 

'W,R, Tobler, Geographica1 Coordinate Cornputations", 
University of Michigan, Contract Nonr 1224 (48), Task )89-
1)71 UM 05824-2,)-T, December, 1964, 107 pagas, 

J5 

•• _; 



COORDINATES FROM DISTA.tCFS 

Purposea The program reads a matri.x of distances, and then produces 

a vector of plane coordinates, 

Deck Mak-upa 1) Title Card 

2) Control Card 
• 

Data Cardsa 

Reference1 

3) Distance liAtri.x 

Title e~ (18A4) 

any title 

Control Card (212, 11, U, 16A4) 

collllllri 

1-2 NRANOC NUIIIber of rows and colUIIInS in the dis-

tanco matrix, 

J-4 NREIGN Numbur of eigenvectors desired 

5 IFPLOT zero to plot the solutions. 

7-70 FMT, Format for one row of the distance 

matrixo 

Distance Matri.x 

The distance matrix as described by the fonnat, Only ~e 

lower half is read, 

W,S, Torgerson, Theory and Methods of Scaling, New York, 

J, Wiley, 1958, PP• 254-259. 

J • Lingoes 1 
11 An IBM 7090 Program for Guttroan- Lingoes 

Smallest sP.ce An.alysis 11
1 Behaviora1 Science 1 10(1965), 

pp. 183-184. 
1 

1 

W. Tobler 1 H. Mielke 1 T. Detwyler, 11Geobotanical Dis tance 

Between New.Zealand and Neighboring Islands11 , Biosclence, 

May 1970. 
39 
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F R O M G E O - O J S T A N C E S 

( PROG'!A"' T O CO~-'PIJT[ EUell OEAN CnníW 1 NA TE S F ROM Gl VI:: N Ul S lANCE S 

2 
3 
4 
S 
6 
7 
8 
9 

r '.'IILOC P. TOALI::R 19&7 
e rFPARTMfNT OF GfOG~APHV UNIVERSITY OF MICHIGAN 
( 1-niJ~!::HOL 'J!:R AI'.:O YOIJNG THEOREI" - TORGEP SONS "'I::THOO 
r fOR ~~TRIC MULTI-OIMENSIONAL SeALING 
r 
e 
e 
r 
e 
e 
( 

e 
f 
e 
e 
e 

( 

e 

( 

"' 4 

6 
1 

¡,l 

e 
r 

q 

1 o 

lr-.:PUT 
PEADS 7 WRITES 5 A~O 6 
'lfACS TillE, CONTROLS + 

CARCl TilLE 11-771 
CIIRC * 2 

FO~MAT, THEN LOWER-HALF OISTANC~ MATRIX 

~RA~Oe 11-21 ROWS A~D COLUMNS 
NREIGN 13-41 f.OLS Of f!GEN 1<111 
IFPLOT 151 =O FOR PLOT 
FOR,..AT 17-721 
eARC ~ 3 ANO ON = LOWER HALF OF DISTANCE MATRIX 
O 1 "E N S 1 ON A 1 7 O , 7 O 1 , E' 1 7 O, 7 O 1 , e 1 7 O t1 O 1 , O 1 7 C , 7 Ol , F M TI 16 1 , 

1), OU~YIII71)1, EVALUI71)), Xll70,21, RSU,..I70), CSU~1701 
EOU IV ~l ENCf 1 O!J~YA, EVALUI, 1 NR, 1\.RANDC 1 • 1 t-.JC ,NRE 1 GNI 
Er.~IVALENCE (A,Bl 
"0= 70 
READ TITLE 
QEAO 17,371 IT1Tllll,l=1,181 
REACI7, 3R l NRANDC,NRE IGN,IFPLOT, 1 FMTIII ,¡ =1 ,161 
IFSPM=O 
OUTPUT OF INPUT 
WRJTE I6,3Q) ITITLIII.I=l.1Rl,IFMTIII,J=1.161 
W'!ITE ló,4CI 
RFA~ ANO PRlNT MAT~IX 
IF 11 IFSPMII 2,3,2 
WQITF (6,411 
GO TIJ 4 
WRITE IA,4;?1 
DC 1 1=1,NRIIN~C 
lF 11-NRANDCI 5,6,6 
IP1=1+1 
REAO (7,FMTI IAII,JI,J=1,11.1DU~VAIJl,J=IPl,NRANOCI 

GC TO 7 
REAC (7,FMTI IAIJ,JJ,J=l,NRANOCI 
WRITEC5,431 I.IAII,JI.J=1.II 
DO 8 1=2,NRANCC 
JM1=1-1 
DO B J=l,IM1 

10 
1 1 
12 
13 
14 
15 
16 
17 
18 
19 
70 
l'l 

TITLI18 n 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

. 42 
43 
44 
45 
46 
47 
48 

AIJ,I)=IIII,JI 49 
C~ANGES TO OISTANCE MATRIX CAN BE PERFORMEO HERE 50 
IJ.E., GET GFOAOTANJCAL DlSTANCES FRO"' SPECIES SI~ILARITIES, ETC.I 51 
lf IJFSPMI 9.11,9 52 
DO 10 l=l,NR 53 
~O 1~ J=l,NR 54 
CII.JI-=AII,JI 55 
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?e 
( 

30 
~1 

r 

37 

33 
34 

15 
( 

1b 
( 

17 
,.R 

1Q 
40 
41 
42 
43 
44 
45 
4b 
47 
48 
4Ci 
50 
51 

(lli\1'11\UE 
tr~NT 1 NUE 
"-"Ulf=f/SU~ 

47 

PR~GRAM NQW SCALES FIRSl TWO ~IGENVtCTOR5 FOR GEO-MAPS 
00 77 l=l,NR 
oc 27 J=1.'Z 
UII,J 1=011, J)OK~Ul 1 
WHITF (6,451 RMULT 
P~INT OUT E1GE~VFCTOR5 
WRITF (6,3Cit ITlTLIJl,l·=l.lRI 
wRilF 16,4~1 NRI\NC(,NI(EIGN 
DO 21\ 1=1,NRA~r:C 

WMIH lb,471 t.lr:ll.JI,J=l,NMEIGNI 
PRINT RESULTING ClSTANCES, 115l~G FIR5T TWO l:lf.ENVECTOR5 
W R 1 TE 1 1:>, 3Ci 1 1 T 1 T L 1 1 1 , 1 = l , 1 A 1 
WRITE 16.481 
OC 31 l=l,NR 
1"'1=1 
or 10 J= 1. pq 
1 "''Z=J 
lf (IM1-1M21 30,29,30 
!\II,JI=O.') 
GC TO 31 
R 1 1 , J 1 =S ORT 11 O 1 1 , 11-01 J, 11 1 u 2+ tD 1 1 • 21- O 1 J, 21 1 **2 1 
wRITfl<;,431 l.lfli1,J),J=1,1Ml) 
NOR~AlllF fQI( PLOTS 
lf IIFPLOTI 32,32.36 
'>=0 
OC 34 K=l,NC 
OC 34 1= l,NR 
IF 15-AB5 IC(I,KHI 3~,34,34 

e;= A B5 1 O 1 1, K 1 1 
tONTIIIoUE 
00 15 K=1,NC 
DO 35 l=l,NR 
DII,KI=DII,KI/5 
PLOT OUT THE VECTOR5 OF D 
C A L L P l O T 1 O , X 11 1 , 11 , X 11 lo 2 1 • N R , NC , MD 1 
GC TO 1 

FCRP-IAT 118A41 
FCR~ATI212, 11.1X.l6A41 
FOR~ATI'lE1GENVALUE ANO EIGFNVECTOR PROGRAM',/1H ,18A4/5X,18A41 
FCR~ATI'LOWER HALF OF DATA MATRIX'I 
FOR.~ATI'DATA 15 5CIILER PROOliCT MATRIX'I 
FORMATI'DIITA IS RAW D15TANCF MATRIX'I 
1--{lR ~A T 11 HO, 1 3, 1 OE 12. 5/1 1 H • 3 X, lOE 12.5 /) 1 
FORMAl ll~O,l2,Fl7.?,2PF24.71 

FCRMATI'OMULTIPL1ER IS '• F11.51 
1--QRMATI' EIGENVECTORS'/'ROW'>=',IlO,lOX,'COLUMN5=' .1101 
F O R f'l A T 1 1 HO , 1 2, 2)(, 1 O F11 • 3 1 
FCq~ATI'RESULTlNG OISTANCES'I 
FOR~ATI'- E 1 G E N V Al U E S ' /1 
FORMATI ' TRACE= • ,E12.5, 10X, 'N= 'ollO, 1) 
FORI'IATI' ROWS•.tOX,•VALUE'olOX,•CUM.· PERCENT OF lOTAL',/1HO 
END 

112 
1n 
114 
115 
116 
117 
118 
119 
120 
121 
122 
ll3 
124 
125 
126 
127 
128 
129 
130 
1 31 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
16b 
167 

- - . --- - - .. ~ --- ~~ ~- --
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10 
e 

1 1 

1 2 
.e 

13 

14 

e 
e 

1 5 
e 

16 

r 
17 

1 8 

20 
r 
21 

22 
13 

44 

CONTINUE 
SCALAR=SCALAR/2o 
OC 10 J= 11, N 
OVEeiJI=PVEetJI-SeALAR*WVEeiJI 
DO 10 K=I1,J 
AtK,Jl=AIK,Jl-IWVECIKl*OVECIJ)+WVECIJl*OVECIKil 
AIJoKl=AIK,Jl 
CrNTINUE 
SAVE ROTATION FOR LATER APPI ICATION TOCO-DIAGONAL VECTOR$ 
DO 12 K=?,N 
TE~P= O o 
DO 11 J=I1,N 
TEMP=TEMP+WVEeiJ)081J,KI 
OC 12 J=I1,N 
RIJ,Kl=PIJ,KI-WVFCIJI*TlMP 

, CONT 1 NUE 
MCVE CO-DIAGONAL FORM ElEMENTS FOR ITERATIVE PROCEDURE 
J=l 
DIAGIII=AIJ.Il 
SUPER O ct 1 =A IJ + 1, 11 
CCNTINUE 
O 1 AG 1 N l = tl( N, N 1 
DETERMINE EIGfNVAlUES FROM'STURM eHAIN OF CO-DIAGONAL MlNORS 
CAlCULATE NORM OF MATRIX ANO INITIALIZE EIGENVAlUE BOUNDS 
Ati:ORM2=01AGI11**2 
no lS l=2.N 
OIL-li=<;UPERDIL-11902 
ANORM2=0IAGILI**2+01L-li+OIL-ll+ANORM2 
CONT 1 NUE , 

ANORM=SCRTIANORM21 
DO 16 L=l.~ 
VALUI l l=ANO~M 
VALL(li=-ANORM 
CCNTINUE 
EPS1=ANORMOE1 
IF IEPS11 17.7~.17 

TERMINAL-f 

CHOOSE NEW TR1AL VALUE WHILF TESTING BOUNDS FOR CCNVERGENeE 
OC 3S L=1,M 
1 TER=O 
VTE!'P=EPS1 
T 1\U= ( VALU ( L l +V All 1 L 1 1/2 o 

IF IITER-101 20.19.20 
VTEMP=VTEMP*10o 
1 TE R=O 
lf t2o*ITAU-VALLILll-VTEMPl 35,35,21 
DETERMINE SIGNS OF PR[tqCIPAI MlNORS 
I"ATCH=O 
lTt=R=ITER+l 
T 2=0o 
T 1 = 1 o 

no JO l1=1,N 
P=DIAGIL ll-TAU 
1 F 1 T 2 1 Z3. 22. 2 3 
TI= S 1 GN 1 1 o , Tl 1 
1 F C T ll 2 5, 24, 2 5 

224 
22<¡ 
2?t> 
2 27 
2 28 
229 
230 
2 31 
232 
233 
234 
2 35 
23t> 
237 
2 38 
239 
240 
241 
242 
7.43 
244 
245 
246 
247 
248 
249 

'250 
251 
252 

FL AG253 
2 54 
255 
7. 56 
2 57 
2 58 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
26q 
270 
2 71 
2 72 
2n, 
2 74 1 

2 7"l . 

2 76 
277 
278 
2 7q 



')0 

e 
">1 

r. 
53 
54 

55 

56 
">7 

r. 
"18 
"-9 

60 

t>1 
62 
e 
1-3 

t.6 
e 

b1 
b!l 
r. 

TIJ+l,Kl=VlEMP 
CONT 1 NUf 
VTfMP=liJ+l,li/TIJ,ll 
UIJI=VTFHP 
TIJ+1,21=TIJ+1,2l-VTEMP*TIJ.2l 
TIJ+1,31=TIJ+l,3l-VTEMP•TCJ.3l 
CONTINUF. 
1 TER= 1 
IF llll 58,'51,5e 

46 

BACK SUBSTITUYE TO OBTAIN F.IGENVECTOR 
00 52 ll=l,N 
l=NPl-Ll 
Vlll=IVILI-l(L,2l*VIl+ll-TIL,3l*VIL+211/TIL,ll 
CCNTINUE 
GO TO 153,5PI, ITER 
PERFORM SECONO ITERATION 
1 TER= 2 
DO 57 l=2,N 
IF IINDEXIL-11155.56,55 
VTEMP=Vtl-11 
Vll-ll=VIll 
Vlli=VTEMP 
VILl=VILI-Uil-ll*VIL-11 
CONTINUE 
GO TO 51 
ORTHOGONALIZE VECTOR TO OTHERS ASSOCIATED WITH KEPEATED ROOT 
IF llll 59,62,59 
no 61 Ll=L.I1 
1(: 1 -l 1 
VTE"'P=O. 
f'C 60 J=loN 
VTEMP=VTEMP+AIJ,KI*VIJl 
DO 61 J=loN 
VIJI=VIJI-AIJ,KI*VTEMP 
GO TO 154,63), ITER 
NORMALIZE VECTOR TO UNIT LENGTH 
VNORM2=0. 
SUM=O. 
DO 65 l=loN 
IF ISUM-ABS IVILIII 64,65,65 
SUM=ABS IVILI 1 
CONTINUE 
DC 66 L=1oN 
V 1 l 1 = V 1 l l 1 S UM 
V~ORM2=VNORM2+VIll**2 

VNORH=SQRTIVNORM2) 
DO 67 J=l,N 
AIJ,I I=VIJ)/VNORM 
CONT 1 NUE 

TERMINAL-F 

ROTATION OF CO-CIAGONAL VtCTORS INTO MATRIX EIGE~VECTORS 
DO 70 1=1,14 
DO 69 K=2,N 
UIKI=O. 
DO 69 J=2oN 
UIKI=UIKI+BIJ,KI*A1J,II 

33¡, 
337 
'33R 
nq 
340 
3 41 
~~2 
H3 
'344 
'345 
346 
347 
348 
349 
~')O 

351 
3'>2 
353 
354 
3 '>5 
356 
357 
3')8 
359 
360 
361 
31>2 
)63 
364 
365 
3h6 
367 
368 
369 
370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 

FLAG3!ll 
382 
383 
384 
'3R5 
386 
387 
3R8 
389 
390 
391 



12 
ll 

1 4 
1 5 

T 6 
17 
1 ~ 

e 
r 
¡q 

l=K+5 
IF IIWIKI.EC.I'LIINK) Gll 10 17 
F"'TILJ=WOR02 
GC ro 13 
f')olfCll=WOROl 
(.UNTTNUE 
DO 15 1<=26,50 
l=K+b 
lf llWIKI.EO.PLANKl GO TC 14 
fMTill=WORQ;i 
GO TO 15 
F MT ll ) =WORO 1 
CIJNTINUE 
lF IKX-261 17.lf.l7 
WRITF IJT4PE,211 1 

48 

WRITF IJTAPE,F"'T) l21KX),C IW(lt,L-=l,':iJI,L21KXI 
W~ITF IJTAPE,211 llliKl,K-=1.201 
P.ETURN 
*** FOKMAT STATEME~TS *** 

'• 4H 
449 
4'>.1 
4 r, 1 
4 52 
453 
4 54 
4 'i5 
456 
4 57 
4 )8 
459 
46J 
4hl 
462 
4b3 
464 
46'i 
466 
4h7 

FnR~AT 11Hl,l2HVECTOR PLOTS/1~ ,bHVECTOR,I5,lX22HPLOTTru AGAI~ST V46R 
l~CTCR,I5,21X6HVFCTOR/1H ,60XI4/1Hn,¡¡xlOI':i,2XlH*ol~,9l'i/lH ol3X'i014é9 
?2H* 'l,lH*J 47J 

FORMAl llH ,6.-,VECTOR,)3,4X5012H* l.lH*) 471 
FOR~AT llH ol3X5012H* ),1..,*/lH ollXIOJ5,2XlH*rl4,9l51 472 
ENO 473 



L ---

DATA PLOTTING 

Purpose• Rapid data screening. 

Descriptiom The pr'lgl"A!ll produces the N*(N- 1)/2 printer plots, linear 

Colll!!lents 1 

pata deck1 

Data Card 

regressions, and simple correlations for all pairwise coro-

binations or N variables. All operations are done according 

to single precision standard statistical procedures. 

Current dimensioning allows 2000 o~servations for each of 

JO variables. I/0 reads controls and format from unit 7, 

reads observations from 4, and writes onto 6. Multiple 

observation decks may be run by repeating the data deck. 

The UMPLOT subrcutines are available through SHARE. The 

end points or the linear regression are indicated by dots 

in the ma.rgin of the plots. 

1) Title card 

2) Control card 

J) Format card 

4) Observatic•n Deck 

5) End of observations card(s) 

C0111positiom 1) Title Card 

A:ny title ( ~ 72 characters) 

2) Control Card 

oolumn 
1 

1-2 i NVAR The number of variables (!: 15) !2 
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Programmera 

References a 

J-4 INDEP lndependent variable indicator 

(i.e., 5 yields 5th variable on x 

aXis). Default = last variable. 

5-6 IDEP Dependent variable indicator (y axis). 

Default = 1 

3) Fonnat Card 

E or F type FORTRAN format for one observation of tbe 

N variables. ( ~ 72 cbaracters) 

4) Observation Deck 

Observations as descrlbed by tbe FORMAt 

.5) 11En<:f of observations" card(s) 

Put 9999 in col'UIIInS 1-4t· this avoids having to kn011 the 

exact number of observations. lf the observations are 

on M cards, follow thi.s last card by M-l blank cards. 

PrograJII originally written by Krumbein and Benson of 

Northwestern University. Revisad by Tobler of the Uni­

versity of Michi.gan, 1962. 

Conparable progr8lll.5 ·are now available in tbe BTI:ED system. 
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f Pl<l~f,RA"' Tl.! PLOT SCATTEK OIAGKAM<; 1 

( 

.. Q() 

.. 

se¡ 

~no 

"'Oc; .. 
~ 

7 

• 

l. 

·'~"fi\ISI11"1 TI<ANO.I3QI, VMINI 301, \/MAXI301, RANGI ~01 2 
l)fYEI\:SICN 1111'J,?00JI, Xl2000loYI20001 3 
CI"'E'!SION TITLI~OI, F114TI2ll·· GRAPHII?OOI, OclX130lo OELYI3JI, OELX 4 

1'11101, IHLYYilJI, SLMXI30I, SUMXQilOI, SlJMCOVC30,301, SIGXI301 5 
l)IYLNSI(-:N X~AI<IJOI, SSXI3('1, KI'IO,)(l), ''\110,30), A(3\l.30), RSQI30, 6 

1 H) 1 7 
f)I"'ENSIClN 1~131)1 8 
llo\Th FMT/'IA4,T1, •,lfl*' '•' l 0 /,~ALT/ 0 9999°/ 

•~***SFT UP TA~LE UF RANG~S 

T R A f'.G 1 1 1 = •) • 0 1 
nr. 1 I=?.JO 
L = 1- 1 
T R fll\:(",1 1 1 = 1 n • • H T R AN G 1 L 1 
NSC AL E=O 
NHL=" 
""<i"'H= R 
1\iV L =R 
f\•SRV= 1 ') 
u***RfAD TilLES ANO MASTEI< 
..¡~11r. 17.331 ITITLIII.I=l.lRI 
,.¡tiJTf- lt>.3<;11TITLIII.I=l.l81 
i<rAr. 17,341 NVAI<.JNOE.P,IIlEP 

'w"ITE lh,4ll NVAti,JNCEP,IOEP 
I<EfiC 17,BI IF~TIJI,I=3,?0l 

WP!Tf:lt-,'31 IF"Hlll,J=3,21JI 
NVI\Rl = NVI\R 
1 F 1 1 r. E P 1 4•'1 R , '• e¡ q, 4 <; 9 
lllfP=-IC['P 
NVfiRl ~ ~VIIR + NVAR 
•~ li'-1<0 OUT SlJMS 
·)(; 1 1 =1,1\JVARl 
SU"X 1 1 1=0 ,(') 
Sl'V'(I)( 1 1=0.('1 
·)(' '1 J -=-1 ,NVIIR 1 
~ u 1-1 r :• v 1 1 • J 1 = 0 • o 
(l'II'\T=l.O 
~-~~~~[DO ANO ST0RE UATA ~ATqJx 

t = r. 
\¡ = 1\ + 1 
~ 1:: 11 IJ 1 4, r" TI EN r, 1 V 1 1 , N 1 , 1 = 1, N VA R l 
IF INVIIR-NVIIR1l ')()1,<;C'J,5C·<; 
ll(l '>0') K=¡, NV ~1< 
JJ = 1( 

J = NV AR t JJ 
V(J,\II=VIJJ ,1\JI**? 
lFlENO.EO.HALTI Gol TlJ 11 
IF liNOEPI 7,7,t; 
OUM!=V!NVAI<,N) 
VINVAR,~I=VIINOEP,NI 
V 1 1 f\0 E: P, N 1 = OUM l 
IF 1 ICfPI 9,9, fl 
nu"'l=VI 1.Nl 
VI1,NI=VIIOEP,NI 
V 1 1 DE P, N 1 = OUM l 

q 

10 
1 1 
12 
13 
14 
15 
16 
17 
lR 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
47 
43 
44 
4"J 
46 
47 
48 
49 
50 
51 
52 
')3 
'i4 
55 



q 

e 

10 

e 
1 1 

e 

12 

13 
e 

14 

e 

1 5 

16 
17 
1 8 

e 
e 

19 
20 
21 

CONTINUE 
•• ACCUH SUMS 
OC 10 1 ==1,NVARI 
SU~XI II=~U"'X 1 J I+VI J,N 1 
SUMXC(J I=SUMXOC II+VII,Nl**2 
OC 10 J == 1,NVARl 

52 

SU MCOV 1 J, J 1 = SUHeOV 1 1 , J l +V 1 1 • N l*\11 J , N 1 
e CU~T =COUNT+ l. O 
Go ro " 
"'** ENO OF DATA 
N= N-I 
NVAR= NVAR l 
** GET SAMPLE STATISTieS 
OC 12 1=1 ,NVAR 
XBARIII=SUMXII J/eOUNT 
S S X 1 1 1 = SU IIIX OC 1 1 -X e A R 1 1 l • S UM X 1 1 1 
VARX= SSX 111/eOUNT 
SIGXIII=SORTIVARXI 
DO 13 1==1,NVAR 
00 13 J=1.NVAR , 
CCVXX=SUMeOVIJ,JI-XBAR( ll>~<SUMXIJI 
Rl J ,J 1= leOVXX/ISIGXI J l*SIGXI J) 1 1/COUNT 
BIJ,Jl=COVXX/SSXfJl 
A 1 I , J 1 = X ~ ¡\R 1 J 1- B 1 1 , J l *X BAR 1 .1 1 
RSOIJ,Jl=RIJ,Jl**2*100.0 
••••*PRINT OUT CATA 
WRITE 16,351 IT1Tllll.I=1.1Rl 
WRITE 16,361 NVAR 
00 14 M=l,N 
WRITE 16,371 M ,CVIJ,Ml.l=l,NVARI 
WRITE (6,381 
WRITE (6,371 N,CXBARIII.I=1.NVARI 
W~ITE (6, 371 N, ISIGXI 11 .I=l.NVARI 
••••FINO HIN ANO MAX VALUES EACH VECTOR 
DO 24 l=l.NVAR 
VIIIAXIII=VIIoll 
VMINII I=V ll.ll 
DO 18 M=2,N 
IF IV(I,MI-VHAXIIII 16.18,1'5 
VMAXIIl=VCI,"''I 
GC TO 18 
IF CVII,MI-VMINIIII 17.18.1R 
V M 1 N 1 1 l = V.l 1 , M l 
CONTINUE 
RANGI 1 I=VMAX 11 1-VM IN C 1 1 
*****SFLECT FROM TABLE A RANGE SLIGHTLY LARGER THAN ACTUAL RANGc. 
*****FOR EACH VECTOR, 
DO 19 K=3,10 
M=K-2 
IF (RANGIII-TRilNGIKll 20.19• P~ 
CONTINUE 
DO 21 K=l,N 
VII,K l=VI I.K l/TRANGIMI 
V"'AXC J I==VMAXIII/TI!.ANGIMI 
VMINI J l=VMJNC J 1/TRANGOO 
RANGI ll=RANGII 1/TRANGIMI 

'56 
'i7 
'58 
'5<¡ 
60 
61 
62 
63 
61, 
65 
66 
67 
68 
6'l 
70 
71 
72 
73 
74 
75 
71J 
17 
76 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
10'5 
106 
107 
106 
109 ' 
110 
111 l 

1 
1 

¡ 



n 
( 

?3 

r 

?4 
r 

e 

?5 

e 
26 
?7 

l 

e 

?<l 
r 

~o 

W( 11-=TRAIIIGIMI 
DO 72 K= 1.11) 
V "A RG = f LIJA T 1 K 1 
V~ARG=V~ARG*lO.O 

XYI~=QA\:GII 1-V'IARG 
IF IXMINI 2~.22.22 

Cf:NTINUF 

5) 

*****SPP~AO MAX • ~INCSPLIT ulFFERENCEI TO FIT NEW RANGE SELECTED 
V M A RG = - XM 1 N 1 2. 1) 

V"ll\11 I=VMINI 11-VMARG 
V"' 1 ~ C 1 1 = Hf 1 X 1 V M 1 N ( 1 1 1 
VIII/IX( 1 I=VMI\X( 11 +V"'ARG+0.5 
V"' A X 1 1 1 = HF 1 X (V "1 A X ( 1 1 1 
RANGIII=VMAlC( 1 1-VM IN( 11 
*****CALC INCRFMENTS EACH SPACE ALONG X ANO Y AXIS 
DEl XC 1 1 = q AN G 1 1 1/7 7. O 
1) t L Y C 1 1 = R AN G ( 1 1 1 4 5 • C 
1) ü X X 1 1 1 = R MJ G ( 1 1/ 7 • C 
lli:LYV( II=RA\IGI 11/5.0 
oo>~<SE T UP GRAPf-5 EACf- PA IR nF VECTOR$ 
OC 32 l=l,NVAR 
>~ro>~<JTH VECTOR BECO~ES YVECTOR 
OC 25 M= 1, N 
V(~I=V(J,MI 

V M 1 N= V•'H N 1 1 1 
YMAX=VMIIX ( 11 
llC '\2 J=I,NVAR 
IF 11-JI 26.~2.2A 

>O<OOJTH VECTOP eECO"'ES X VECTOR 
DO 27 M=1.N 
X(MI=V(J,MI 
X 1' 11\= V M 1 N 1 J 1 
X"'hX=VMAX IJ 1 
*"'*SET UP GRIO WITH AXES AND VALUES EACH XDIV + YOIV 
C:All PLOTl INSCALE.NHL,NSfiH.IIJVL,NS~Vl 
CAll PL!JT? IGRJIP¡..,XPo'AX,X,..IN.n•AX,Y"1ll\l 
***'JELETE GRIIJ LINES FROM RnOv OF GRAPH 
t<lC=4 
OC 2'3 K=1.1<X 
YVAL=YMJN .. FLOAT(II.I*CELYY( 11 
DO ZA L=l.76 
C r. l L P L r T ~ 1 P-• , X .. 1 ~ ... F L CA T 1 1 1 *O E l X 1 J) , Y V ill , 1 , 4 1 

OC 20 K=l,KX 
XV'Il=X"11N+FLOIITIKI•rE:LXX(J) 
n r 2q L = 1 • 4 4 ¡ 
CALL PLOT"' IIH ,XV.'iL,YMIN+FIOATILl*DELYIIl.l,41 
***PLCT ENO POI~TS OF REGRF~SIOI\ LINE IN MARGIN 
YV 1\L = ( A ( 1 , J 1 .. B 1 1 , J 1 *W 1 J 1 *X "1 1 N )/Id 1 1 
C4.LL iJLOT3 11H .. x•qN,YVAl ,¡.41 
V V Al= ( 11 ( 1 , J 1 + l:l ( 1 , J 1 * W ( J 1* X M A X ) /Id 1 1 
C~Ll PU1T3 11H.,X'·L'IX,YVfll.lo41 
1\RIJ= :\eS! t'( l,J J 1 
IF IAAIJ-IJ.OQCli)J11 31,31,30 
XV Al= (Y"'' l N* W ( 1 l-A 1 1 , J l J /( B 1 1 , J 1* W ( J l 1 
C~ll PlnT3 (1H.,X'I!.L,YMIN.l.41 

112 
113 
114 
115 
116 
11 7 
118 
119 
120 
121 
122 
123 
124 
12'5 
126 
127 
12!l 
129 
130 
131 
131 
133 
134 
135 
136 
137 
138 
1 39 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
1'>0 
151 
152 
153 
154 
155 
1'>6 
157 
15R 
159 
lf>O 
1 b 1 
162 
1f:-'\ 
164 
11:-5 
1fl6 
167 



XVAL=IYMAX*WIII-AII,JII/IBII,J,I•WIJII 168 
f.All, PLOT3 11H.,XVAL,YHAlC,1.41 1t>c:¡ 

r •••u PlOT ALL CATA PO I~TS U H ANO JTH VfC TCRS 170 
31 Cl\ll PLCT3 (1H•,XI11,Yili,N.41 171 
C H•WIIITE OUT GRAPH 172 

',./I<JTE lt-.391 I,J,AII,JI,Bil.JI,RII,JJ,PSOII,JI,N 173 
(1\Ll PLOT4 125.?5H ITH Vff.TORI 174 
w R 1 TE 1 b, 40 1 1 7 5 

~7 CGNT 1 I\IUE 176 
!';C TO Z 1 77 

C W,P..TOPLER 1 UNIVERSITY OF MICHIGAN GEOGR.APHY 1 19bZ 178 
e 11q 
31 1-0RMAT 11AA41 180 

34 FCR,.AT(,3J21 181 
35 FOQ"AT 11H1,18A41 182 
36 FORMAl 1110X, 12.16H VECTORS OF DATA/lOX,lSH------------------1 183 
3 7 F CR,. A T C 5 lC, 14, B F 14, 2/1 9 X, 8 F 1 4 • 2 1 ) 1 8 4 
38 FOQIIAT l//lOX,441-'N, MEANS, IIND STANOARl.) OI:VlATIOI'<S ARE ••••• ll 195 
3Q FURMAT 11Hl,2HI=.l2.3X,2HJ=.l2,5X,5HI l =oFl0.4,)H + oFl0.4o6H • J1H6 

1 1 , 5 X , 7 H R 1 1 , J J -= , F 1 O • 4 , 5 X , 1 C H PC T S SR 1: O-= , F 1 O. 4 , 1 H , , 5 X , 1 h , 1 X , h H PO l NT S 1 8 7 
'2///) 1RB 

4 ) F r 1'\,. A T 1/ 3 O X, 1 ') HJ T H V E C TO R 1 1 8 9 
41 FCq"AT(• I\IVAR=•.t3,4X,'INOEP='.I3 1 4X,'IOEP-= 1 .13l ~90 

rNO L 91 
~>CPTC1'< 1 S CAp FOR l TAL Y 

7 3 ') 

ITF'i,ll 
14.9 l'i1.0145.'il4l.01')7.0147.0147.2 

. " f>2.2 3 8. 7 4 t. 7 3'5.4 34.6 32.fl 
A.3 90. 7 60.7 47.7 42.5 t.4.6 39.') 
Cl,7 BA.6 69.5 5f>.B 41. 7 39.'! 39.A 
3 1 .o 1')0.~142.0131.0111.0130.013<;.2' 
2.6 L.\.1 44.6 25.7 2~.3 28.7 25.7 
'1.4 1'l4.0RA.O 79.0 75.0 81.7 78.5 
3.9 74.7 54.1 44.2 38.1 ~4.3 33.7 
c.c; 7?. 8 46.1 4 lo 1 41.7 44.6 35.4 
?.O 51.2 4 7. 2 35.8 2<7.4 21.9 28.A 
17.,) 98.0 <n.o 98.3 7<7.5 83. G 81.1 
14.8 72.5 64.~ 58.9 48.7 51.9 r;o.A 
10.9 74.3 49.2 39.8 42.2 39.4 37.'1 
?.2 '33.1 42.5 40.3 34.3 34.0 33.? 
(l,t; 'ib.O 61 .o 67.5 51.6 4A.1 4 7. 1 
q. -¡ 122.8120.0116.017'1.9144.6132.6 
P.!\ 9:).7 no. 1 47.7 44.1 44.6 39.c; 
1 6. 3 111.877.4 60.5 56.~ 5 B •. 9 54.0 
1 5. 7 90.8 69 .o 5'3.5 49.2 44.1 40.0 
A.2 8"3.8 53.0 4 1. 9 3~.8 38.8 35.4 
4,9 toq.368.5 49.9 44.4 43.1 4l.fl 
1 1 • o h4.7 50.1 41.0 37.3 34.4 3t..4 
"\. 1 Aó,:) 64.8 54.3 '::7.5 42.2 34.7 



GEOORAPHICAL INTr:RPOLATION 

Purpose1 Interpolation to a square lattice from measures given at 

scattered geographical (x,y) pos1t1ons. 

Descriptiom The assllllption is lll&de that:. the data are a sample taken 

from a continuous scalar field, and tbat values at unob-

served locations can be estimated from the observed val-

ues. The second assumption clearly req~res information 

concerning the shape of the' two-dimensional autocorrela­

tion fUnction, as is discussed by H;iskanen and Moritz; 

equivalently, the applicabllity of the sampling theorem 

in two-dimensions should be recognized. 

' More specifically, the program establishes a lattice and 

estimates a value at each matrix point by using a weighted 

average of the six nearest data points. Tbe weights are 

the inversas or the squares or the distances of the data 

points from the lattice po1nt (i.e., linear interpolation). 

Tbis weigbted average is then averaged with tbe value at 

the nearest observation point (implying an autocorrelation 

which has a large negativa slope in tbe vicinity or the 

origin) to give the final estimate. Alternate procedures 

are alternate hypotheses_ abou't natura. 

Deck Make upa 1) First Control Card 

2) Second Control Card 

:3) Title Card 

4) Observations 

.5) BoWldary Card (optional) 

Data Cards1 First Control Card 

55 
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column 

1-J N 

4-?1 FMT 

Second Control Card 

1-J ROWS 

4-6 COl.S 

?-10 GSIZE 

11 BND 

12 LIST 

13 IPUN 

14-15 NMAP 

Number of observations 

Format for the observations 

NUI!Iber of raws in the output matrix 

(13) 

Number of columns in the output matrix 

(13) 

size of lattice in 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 

3 to do both of the above. 

1 to punch matrix of resulting values 

on unit 7. 

Number of maps requested. This option 

requires that subroutine SCON (see 

program GEOFIT) be called at line 

149 of the programo The current 

listing does not include this option. 

Comment1 GSIZE, COl.S, ROWS (in that precedence order) 

establish the size of the matrix. All may be 

left blank and the program vill use a value 

which yields approximately as many lattice 

points as there are data points. 
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Progr&~~~mer• 

References1 

57 

Title Card 

Any tille in colWIIllS 1-72. 

otserva tions 

X, Y, Z in tbat order punchad as described in the tormat 

in the tirst control card, 

Boundary Card 

Used iff BND = 1 on the second control card1 Reads XMAX, 

XMIN, YMAX, YHIN as 4F10,0 tields, These define a sub­

region of the data for which the interpolation is desired, 

W.R. Tobler 

J.W. Goodman, Introduction to Fourier Optics, New York, 

McGrav-Hill, 1968, PP• 21-25. 

w. Heiskanen, and H. Moritz, Pbysical Geodesy, San Fran­

cisco, Freeman, 1967 (Chapter 7). 

H. Freeman, Discrete Time Systems, Nev York, J. Wiley, 

1965, PP• ?J-96. 

B, Gilchrist, G. Cressman, 11An Experiment in Objective 

Analysis11 , Tellus, 6, 4 (1954), 

D, Sbeparcl, " A Two Dimensional IDterpolation Ftmetion tor 

Irregularly-Spaced Data", Proceedings, 1968 ACM National 

Conferenoe, pp. '517-524. 

P. Svitzer, 11Reconstructing Patterns tr~ Sa.mp1e Data", 

Am. Hath, Sta t., 33(1967), PP•, 138-154. 

N. Wiener, Extrapolation, Interpolation, and Smoothing of 

StationarY Time Series 1 HIT Press 1 1949, 



r PRO~~AM TO INTERPULATf FROM SCATILRED VALUES TU A LATTIL~ 
e PEAOS NOBS+f-OR~AT, CUNTROLS, lJTll, DAlll IX, Y, 11 
e eONJROLS: I?J3,F4.0,311,121 ARE IROWS,COLS,GSIZE,RNO,LIST,IPU~.~~API 
r 
C P~AOS 5,WRITE~ 6, PUNCHES 7 

e 

PP1ENSION XllOJ')I, Yl10001o WllOOOI, ZI1QO,lOOio Dl201, FC 
lRMilOI, TITLilZI, Al6lo Bl61 0 Cl61 

OIMENSION FMTI17),NII201 
REAL MAXX,MINX,MAXY,MJNY,MAXW,MINW,MAYZ,MINl 
INTEGER TAPE,YES,aNC,ROWS,COLS 
TAPE= 1 

105 CONTINUE 
~EAD(5,99) N,IF·'1TIIIti=1.1H 

Qq FORMATII3,17A4) 
REA0(5,1101 ROWS,COLS,GSilE.oiNU,LIST,IPUIII,NMAP 
l-lFADI5.Il51 ITITLI 11.1=1.121 
DO 1 T=1,N 
RFAO 15,F"'TI XIJ),YIJ),WIII 
IF ILIST.LT.1.DR.LIST.GT.:'II GO TO 5 
JFILJST.Nf.21 Wtt1TEI6.1201 IT1Tllll,l=l,l21 

5 1 f 1 1 PUN. E O. 11 WR l TE 1 7.12 51 IT 1 Tlll ) o 1 = 1 ol2 1 
DO 10 1=1,111 

10 lf (LIST.E(J.1.0R.LIST.E0.31 w1UTEI6.1301 l,XI!I,YII),WIII 
CALL STIITS IN,l,1000,1,X,XRA~,OUM,XSIG,MAXX,MIIIIXI 

CAll STATS IN,\,1000,l,Y,YaA~,DUM,YSlG,~AXY,MlNYI 

CALL STATS IN,1,10')Q,},W,~8AR,0U"',~SIG,MIIX~,~l111WI 
WRITE 16ol351 ITJTLIJ),I=l,l21,N ' 
1 F 1 f\ N O. N f. 1 1 GO T O 15 
WRITF l6ol40) 
~[AO (5, 1451 XMAX, XMJII.,YMAX.YMIN 
GO TO 20 

15 WRIH 16.1501 
XMAX=MAXX 
X~lt\=MINX 

Y lo' A X= !HXY 
Y'~~IN=MINY 

?O fll:d•AXW-MINW 
rllo'I\X=FN+MIIXW 
W"IN=MINW-FN 
MAXZ=MAXW 
MINZ=MINW 
WRITE (6,1551 NMAP,LIST,RND.TAí'E 
M=') 
F t\= F lO A T 1 N 1 
IJX-= XMAX-XM IN 
DY=YMAX-VMIN 
AREA=OX*DY 
REST=SORTIAREA/FNI 
~vFr.IS=BEST*l.07346 
WRITE (6,1601 XRAR,XSIG,MAXXoMINX,YBAR,YSIG,MAXY,MlNY,~SAR,~SlG,MA 

1XW.MINW,AREA,AVEOIS,BEST,GSTZE,ROWS,COLS 
IF IGSIZE.LE.Ot GO TO 25 
COLS=I?.O+OXIGSIZEI 
ROWS=I2.0+DY/GSIZEI 

1 
2 
3 
4 
5 
b 
1 
8 
q 

11) 
ll 
12 
13 
14 
15 
lb 
17 
18 
19 
2·1 
?1 
n 
23 
24 
25 
26 
n 
?R 
29 
30 
31 
32 
33 
34 
35 
16 
37 
3tl 
30 
40 
41 
42 
43 
44 
45 
46 
47 
4~ 

49 
5') 

51 
52 
53 

'54 
55 



1 

1 

L 

r. 

e 
)'} 

e 

e 

e 
6Q 

1 61 

1 

l 

59 

M= 1 
co ro 45 

25 1 F ICOLS.LE.11 en ro 35 
30 GSIZE=DX/FLOATICOLS-11 

ROWS=(2.0+DY/GSIZEI 
M= 1 
co ro 45 

IF CROWS.LE.11 GO TO 40 
G S 1 Z E= O Y 1 F l O A T 1 RO W S- 1 1 
COLS=f2.0+0X/GSIZEI 
"1=1 
GO TO 45 

~o GSIZE=BEST 
COLS=I2.0+0X/GSIZEI 
ROWS=I2.0+0Y/GSIZEI 

45 CONTINUE 
IF f COL S .LE. LOO 1 GO TO 50 
COL S= liJO 
GO TO 30 

SO W R JT E 1 6 , L6 5 1 
IF IM.EO.ll WRITE (6.1701 
IF IM.NE.ll WRITE 16,1751. 
WRJTE 16,1801 XMAX,XMIN,YMAX,YMIN,GSIZE,ROWS,COLS 
IF ILIST.EO.?.OR.LIST.E0.31 WRITE (6,1851 fTJrLIIJ,I=1wl21 
DY=IDY-IROWS-l.I*GSIZEJ/2.0 
OX= IOX-ICOL S-1.1*GS IZE 112.0 
YMAX= YMAX-OY 
XMI N= XMfN+OX 
HGRIO=GSIZE/25.0 
fN=fWMAX-MAXWI/2.0 
MAXX= MAXW+FN 
141NX=MINW-FN 

WRITEI6o199J 
DO 95 M=l,ROWS 

YP=YMAX-(FLOATfM-lli*GSIZE 
DO 90 J= lo COL S 

XP=XMIN+(FLOATIJ-Lli*GSIZE 
00 55 1= L t 9 

55 Olll=l.ElO 

K., 1 

NUll=l 
N1C21=1 
DO 75 1=1rN 

DISr=C IXP-X( 11 1**21+( IYP-YI 1 J 1**2l 
IF CDIST.GE.HGRIOJ 1.0 TO 60 
Z(M,JJ=WIII 
GO TO 85 

IFIK-81 61,6L,62 
YES=K 
GO TO 63 
YE 5=8 

56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
RO 
81 
82 
83 
84 
85 
86 
87 
as 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

LOO 
101 
L02 
103 
104 
105 
106 
lO 7 
108 
109 
110 
111 



e 

e 

60 

O~ 70 11.-=1,VES 
1F IDIST.GE.DIKII GO lO 70 
no 6'> JJ=K, Yf S 

KK=VfS+K-JJ 
"'M=KK+l 
OI~,.I=DIKK) 

N 1 1 MM ) =N 1 1 KK 1 
DIKI=OIST 
NliKI=l 

70 CONTINUE 
75 eO"'TIN'JE 

')UM1-=0.0 
PSUM=t).'J 

GO TO 75 

oc 80 1=1.6 
YES=N1111 
~A XW= 1. 0/ 1 <;QRT 1 D 11 11 ) 
P';UM= PSUMHI AXW 

RC OUMl=OUM1+W(YESI*MAXW 
UU"'b=CU'-~1/PSUM 

fllll=N111) 
OUM2=W INlll 
DU~=IOU~2+0UM61/2.0 
1 F 1 DU M • G T • M A X X • OR • DUM. l T • M 1 "1 X 1 l 1 '~, J 1 = f) U M 2 
!F COUM.LE.MhXX.ANO.OUM.GE.MINXI ZIM,JI=OU~ 

R'> CONTINUE 
Qf' CO"JTINUE 

IF ILIST.E0.2.0R.LIST.EQ.3) WRITEI6.190) IZIM,Il,l=l,COLSI 
Ir IIPUN.FO.ll WRIHI7.l<J51 IZIM.IIr .l=t,enLSI 

95 CONTINUE 
NEWTOT=ROWS*eOLS 
eALL ST4TS (ROWS,eOLS,lOO,lOO,Z,ZBAR,XP,ZSIG,ZMAX,ZMINI 
YM 1 ""= YP 
W~ITE 16,2~0) NEWTOT,XMIN,YMIN,ZMAX,ZMIN,ZBAR,ZSIG 
WRITE 16,2051 
lf tNMAP.l T .11 GO TO 105 

112 
113 
114 
1 1 'i 
116 
117 
11~ 

119 
1 20 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
ll1, 
132 
133 
134 
135 
l36 
137 
138 
uq 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 

110 FOR~AT· 1213,F4.0,31lol21 150 
ll'i FGRMATI12b41 151 

120 FOR~ATI1H1,12A4,//,3X,24H COORDINATt OBSERVATIONS 152 
12'i FORMhTI6X.l2A41 153 

130 FOP~AT l'iX,4H 1 =,J3,7H XIII =,F10.3,7H VIII =,F10.3,7H Wlll =rF101'i4 

no; 
140 
145 
\'\0 

1.31 . 155 
FOR~ATI1H1.12A4,//,3X,l5,l3H OBSERVATIONS ,//) 156 
FORMAT 13X,75H BDUNDARIES PREDETERMINEO) 157 
FOR'-'AT I4FlO.OI 158 
FOR~AT 13X,32H POUNCARIES eALeULATED.FROM DATAI 15q 

155 FQPMhT I?X,óHN~AP -=,13.7H l1ST =rl3,6H BNO =,12,7H TAPE =,131 160 
160 FOR~AT 13X,l5HOASERVEO VALUFS,//,3X,6HXBAR =,F10.3,6HXSIG =,F10.3 1 ló1 

16H~AXX =,F10.3~bHMINX =rf1Q.3,//3X,6HYAAR =,F10.3,6HYSIG,=,F10.3,6162 
ZHMAXY =oF10.3,6HMI~Y =,F10.?,//3X,óHWBAR -=,Fl0.3,6HWSIG =,F10.3,6Hl63 
3MAXW =,F10.3,6HM1NW =,F10.3.//3X,óHAREA =,Fl0.3,8HAVEDIS =,F10.3,6ló4 

165 
170 

4HREST =,F10.3,//?X,7HGSIZE =,F10.3,6HROWS =,I4,6HeDLS =,14,/l 165 
FORMATI3Xo ' ROWS,eOLUMNS, OR GRIO SIZE ' 1 166 
FORMATI3X,' SPEeJFIEO A PRIORI ' 1 167 

\ 



MAP PLOTTING .uru CON'fOU!Uil.i 

Purpos~ The program produces isarithmic maps on the line printer 

trom scattered observations by first interpolating to a 

lattice and then contouring these regular values. A 

location map of tho observations, a list of the values at 

the grid intersections, and the contoured map are returned, 

Descriptiona Fbr each lattice point the program examines every observa-

tion, deleting from consideration all but the nearest NIPT 

(<10), regardless of direction from the grid point. The 

only exceotion to this search oro~~du~e occurs when An 

observation within IMHl (real) of the point is encountered, 

at which time its value is accepted as the lattice value 

and no further-observations are tested, In the general 

case the value a.qsigned to the lattice ooint is 

wbere z
0 

is the value of the nearest observation,'d is 

distance, and the sums are carried from the nearest to the 

NlPTth nearest observation. The lattice values are then 

printed. row by row in a tabla, after which 1 t is possible 

to terminate the program. 

The. location map and contour rnap are constructed simultan-

eously. Values appropriate to the latter are stored in a 

scratch file for later printin~, whtle the contents of the 

formar are printed as the contouring algorithm is executed. 

This routino determines values along horizontal lines by 

6) 



Commentsz 

linear interpobtion ot the values at the boundi.ng inter-

sections. The values of the printer elements within each 

row of cells are interpol.ated llnearl.y from the appropriate 

elements of the two bounding horizontal lines. 

The location map shows grid intersections by ticks and the 

observations by asterisks followed by the Z values. The 

contour lt.ap prints a different symbol for each contour 

interval and denotes observation locations by asterisks 

alone. Both have X and Y scales printed in the margins. 

Within the restrictions that the observations be given in 

rectangular coord_ina.tes a.nd that the map produced be isar­

ithmic the user has great fiexibility. The spa.cing of ticks 

on the map is fixed both horizontally and vertically at 

one inch, with the result tha.t a large ma.p is produced 

in sections of twelve j.nch width and unlimi ted length. 

The size of the map is determinad by the user through the 

variable 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 with care, as it is in the inter-

polation of grid va.lues tha.t much time is consumed. The 

program examines each of the N observations, regardless 

of the section of the map into which 1 t falls, to find the 

NIPT nearest observations to each grid point, SCALE may 

be chosen as zero, the default value, in which case the 

program assigns to it the value of 

[<~- ~) •(Yma.x- ymin) /N ]11. 
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a rough approximnt1on of the number of map cells to the 

number of observations. 

The user may read in the maxima and minima of the X, Y, 

and Z values over which the map is to range, or he may 

default to the extrema of the observations. He may 

request a certain contour 1nterval¡ default is one tenth 

the range of Z, whether read 1n or determinad by the 

program, If the interval chosen yields moré than 37 con-

tours the Z increment 1s doubled. The user may state the 

maximum distance from a grid intersection at which an 

observation's Z value is acceptable for the grid value. 

It is advisable to make this distance IMIN small rela-

tive to SCALEJ the default is SCALE/25. He may also de-

fine NIPT as the number of nearest neighboring observa-

tions from which the grid values are to be interpolated. 

Maximum is nine, default is six, There are also options 

to suppress printing of certain output features and to 

punch the values at the latt.ice points. 

The isarithmic map comes in one of three styles.· The 

user may choose to ha ve the entire field filled wi th sym-

bols, a completely contoured map with different symbols 

representing different Z intervalsr contours are denoted 

by a change of symbol, Or alternate contour intervals 

may be suppressed, leaving white bands between the printed 

intarvals. This will usually improve the visual impact, 

The third choic'e is an actual isarithm.ic map, although 
1 

the program doe's not calcula ta points along the line but 
1 
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uses instead the lowest rin~ of characters in each inter-

val as an approximation to the contour. All maps have 

the locating Asterisks for the observations. 

I/0 units 8 and 9 are used for storage during execution 

and should be set to temporary files. Unit 7 is used 

for pun~h output¡ if no cards are desired set this to a 

temporary file. The first control card reads the units 

to be used for input and output. These are usually 5 and 

6. 500 observations can be handled by current version of 

the progrBJIIo 

Oeck Make-up: The main program reads two control cards and then the 

observations 1 

1) I/0 Card 

2) Variable Fonmat Card 

3) Observations 

The subroutine Grid reads three more cards, Grid Cards 

I, II, and III. 

· Card Formatsz ~Cat~ 

1-4 

8 

12 

N 

INPUT 

ourpur 

Variable FormAt Card 

Number of observations 

I/0 unit to b~ used for input (readin~) 

I/0 unit to be used for output (writ-

ing) 

Tbis describes the N groups of X, Y, and Z values. ' As 

many of these triples may be placed on the same observation 
1 

card as~desired; the forroat card will include between par-

entheses a description of the arrangement. 
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Ob~ervntion decka X, Y, Z values 

Grid Card la This reads an alphanumeric title of fewer 

than 81 spaces •. 

1-10 SCALE Data units per lattice cell ( floating 

point)¡ defaulta leave blank 

11-22 UNITS As many as 12 characters describing 

the units of the observation measure-

ment, e.,g., as 11 1nches.11 

The following eight options are available¡ a 1 selects the 

option and a O or blank suppresses ita 

23 PIN Print a table of input values 

24 PMXMN Do not print input extrema 

25 PGRID Do not print the gridded values 

26 PHGRID Punch gridded values (O is recommended) 

2:'/ PLMAP Do not print the location map 

28 f'CMAP Do not print the contour map 

29 MTYPE Map stylea O is alternate bands, 

1 is contour lines, and 2 is all con-

tour bands. 

f'CNTRL Print control values 

1 

The following four values are fioa.ting• pointJ default is 

blanks1 

31-40 MAXX Right margin value 

41-.50 MINX Left margin value 

51-6o MAXY Top margin value 

61-70 KINY Bottom margin value 
1 
1 

72 IFUH Ir the margin values have been read 
1 

1 

in, set to 1 1 1f blank and defaul ted 

1 
i 



Progrllllllllera 

68 

to extrema of the observat1ons, set 

to O 

Gr1d Card__!.!;!a The f1rst four values are fioat1.ng po1nt, 

1-10 

11-20 

21-30 

31-40 

42 

44 

while the last tw~ are 1nteger. 

H1gbest contour alt1tude 

HINZ Lowest contour alt1tude 

Contour interval r default lea ve 

blank 

IMIN Maximua, acceptance distance f'or grid 

po1nt; default leave blAnk 

NIPT NWIIber of 1nterpolation po1nts r default 

leave blank 

IFLLIM If. the Z extre111a ha ve been. read 1n, 

set to 11 1f' not and the default 1s 

chosen, set to O 

Original program (GRID, SCON, STATS, 1n Mad) by Waldo R. 

Tobler, The University of Hichigan, 1965. Hodifications 

and translation to FORTRAN rl by D. Gill, Tbe University 

of i".ichigan, ..,.ay 1967. Further modifications by D. Bov-

man and D. Rhynsburger, 1969. 
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1 13 FCR"'AT llH1.25X,20A4l 56 
1 1" f0R"'ATI'0 1 ,45X,•-•,17X, 1 1'tlnW 1 ,bXIF12.4) S7 
1 1 S FORI'IATI4bX,/11,10X,F12.4,3)C,'l0 1 ,Fl3.41 SEI 
1 1 t. FORI'IAl l4bY. 1A1.10X,Fl2.4) 59 
11 7 FOR!o'AT 1 4bX1 1 + 1 , 17XI 1 ABO VE 1 1 f. X ,J- 12.4) 60 
118 FORMAl 1 lH0,59X,12HINPUl VAl UES 1 bl 
llq FCRMAT llH0,3115X,li-X 19XtlHYI9X,1HZI4XII 62 
1 20 FCRMAT llHQ,bi3X 1 COL 1 7X 1 VALliE"\XIl 63 
1 21 FORMATI 10 1125Xo 1LOCATION MAP •• SCALE' IS 1 ,El2.4.2X,3A4, 1PER INCH'I 64 
122 FURMATI 10 1 ,25X,°CONTOUR MAP •••• SCALE IS 1 ,El2.4,2X,3A4,'PER INCH'I 6S 
123 FORMATI 10MAXX = ',E12.5,4XI 1 MINX= '~E12.5,4X, 1 MAXY = 1El2.5,4X,IH( 66 

lNY = •, El2.5,4X, 1 MAXZ = '~f12.5,4XI 1 MINZ = 1 oEl2.51 67 
124 FOR,..ATI 10SCALE IS •,E12.5,1Xt3A41 1 PER INCH. ALTITUOE INCREMENT IS 68 

1 •.e12.s.•. HAXIMUM ArCEPTANCE OISTANCE 1s •.e12.s1 69 
125 FCRfoiATI'OOPTIONS ARE: PRJNT INPUT VALUES l',f2.0, 1 1 SUPPRESS CHA 70 

lRACTERISTICS TAALE I 1 ,F2.Q, 1 1 SUPPRESS PRINTING Of GRIDDED VALUES 71 
2 ( 1 ,F2.0, 1 1'l 72 

1 26' FCRI'ATI 10PUNCH GRIDOED VALUFS 1 11F2.01'l SUPPRESS LOCATICN MAP 73 
l',F2.0, 1 l SUPPI{ESS CONTOUR MAP l 1 oF2.01 1 l CONTOUR MAP TYPE ( 1 , 74 
2f2.0, 1 ) 1 ) 75 

1l7 f-ORI"ATI'ONUMBER Of INTERPOLATIC1N PntNTS ( 1 ,F2.0, 1 l PR11'1:T CONTROL 76 
1 VALUES (',F2.0,'1 NUMBEA OF DATA POINTS l'ol3o 1 l 1 1 77 

1?8 FORMAT( 1 0',25Xw 1SECTION 1 .1~.• OF 1 .131 78 
1 ?q FORio'AT1'0',57X,'lNITIAL CONTROL INPUT'! 79 
13(' FOR1'4ATI 1 0 1_,57X, 1 FINAL CONTROL VALUES'I 80 
131 FORIIATI'ONUMBER Of: INTERPOLATION PflNTS l 1 ollw 1 l VERTICAL MAP 81 

1 CELLS 1'.12,'1 -'HORIZONTAL MAP CELLS 1',12,'1 MAP VERTICAL S 82 
7ECTIONS 1',12, 1 1 1 1 83 

133 FORMAl llH ,]"},'INTERPOLATION POINTS IS TOO MANY. N1NE Wlll BE USE 84 
10' 1 85 

1 34 FOR,..ATI' !.11, 1 DATA POINTS ARE TOO FEW. RETURN FRCM GRIO.'l 86 
REAO IJNPUT.IO':I TillE 87 
READ IJNPUT,10ll SCALE,UNJTSIP1N,PMXMN,PGRJD,PHGRID,PL~APIPCMAP, RB 

1 MTYPF,PCNTRL,MAXX,M1NX,HAXV,MINY, IFLIM 89 
READ IJNPUT.IIOI MAXZ~ MINZ.ZINC.IMJN,NIPT.IFZLIM 90 
JF IPCNTRL.EO.O.I GO TO 76' 91 
W R ITE l UU T P UT, 1 1 3) T 1 Tl E 92 
WAI TE IOUTPUT. 1291 93 
WA1TE IOUTPUT,123) ,...AXX,MINX,t-IAXY,MINY,MAXZ,MINZ 94 
WRITE IOUTPUT,\241 SCALE,UNITS,ZINC,IMIN 95 
WRITE IOUTPUT.l2'51 PJN,PMXi'IN,PGR·ID ~6 

WRJTE lOUTPUT ,1261 PHGR IO,PI ,...AP,PCMAP,MTVPE 97 
W~ ITE l OUTPUT .1271 N 1 PT, PCNTRL, N 9A 

76 JF, lPIN.E:O.O.I GO TO ~ qq 
' 1 

WR1TE lOUTPUT.ll31' TIT¡LE lOO 
WRITE IOUTPUT.l18) 1 1(11 
loiRITE IOUTPUT.llql J 102 
W R 1 T E 1 OU T P U T , 1 O 3 1 1 X 1 l 1 , Y 1 1 1 , Z 1 1 1 1 1 = 1 , N 1 1 O 3 

C FINO MAXlMA ANO MINIMA 104 
4 lF llfLIM .EO. 11 GO TO 'iOI 105 

X,..AX=XIll 106 
X"IN=XMAX 
Y "'AX= Y 11 1 
V!o'IN=YMAX 
DO 3 1=2,N, 
lf lXMAX.LT.Xlll) 

10 7 
108 
109 
110 
1 11 

,1• 
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IF IY,..AX.LT.YIIII YI-IAX=YIII 112 
11' IX"'IN.GT.XIIIl XMIN=XIll 113 
!F (YM!N.GT.YIIIl YM!N=YIII 114 

' (.'lNTl'IHJE 11'> 
GC TO ';Q? 116 

'iOl XMAX "'AXX 117 
X"'l~ = MINX 11P 
Y"'AX = I'IAXY. 119 
YMIN = MINY 120 

'iO? IF IIFZLIM .EO. 11 GO TO 504 121 
l "'A X= l 1 11 1 2 2 
7~l~=ZMAX 123 
00 503 1 = 2,N 124 
!F IZ,..AX.LT.ZIIll ZMAX=Zill 12'> 
IF (ZMIN.GT.ZIIll ZMIN=ZIIl 126 

503 C.ONTINUE 127 
GC TO '>05 128 

504 l"'AX = MAXZ 129 
ZMJN = MINZ 130 

505 IF IP~XMN .NE. ')) GO TO 1 131 
WRIH IOUTPUT.113l TITLE 132 
WRITE tOUTPUT,lG2l XMAX,X~-'·IN,YMAX,YMIN,ZI-'AX,ZMIN 133 

r CALCIILATE C.ONTfHJR TNTERVALS 134 
7 OZ=Z~AX-ZMIN 135 

IF IZIIIJC.I=Q.O.I ZINC.=OZ/10. 136 
30 CCN=DZ/ZINC 137 

lf ICL1N.LE.361 GO TO 29 138 
WRTH IOUTPUT,1111 ZINC 139 
ZINC=2.*ZI"'C 140 
GC TO 30 141 

( CALCIILAH (ONST~UCTI!lN PARA~ETERS 147. 
e NCDL IS TOTAL NUMijfR OF HCRIZONTAL CELLS 143 
e NS(CT IS TOTAL NU~SER OF VEMTICAL "'AP 144 
e SEfTIONS PROOUCI:D 145 
( NSECTC DETERMINES WHTCH SECTION WE'~E IN 146 
[ ROWS IS VERTICAL NUMRER UF CELL BCU~OARIES 147 
e QQWSM1 IS VFRTTCAL NU"4HE1l OF CELLS l'•B zq IF ISCALE.EO.O. 1 SCALF=SuF Tll XMAX-XMINl *( Yll\AX-Yt-11 1\l /NI 149 

NCOL=IX"'AX-XM!Nl/SCALE+.9~ 150 
NSFCT=INCOL-1 l/17+1 151 
'11 S E CT C-= 1J l '> 7 
RC~S=IYMAX-YMINI/SCALE +1.99 1~3 
~('IWSM 1= RllWS -1 1 '>.4 
~AXX=XMI'II 1'>'> 
IF II,..IN.EIJ.O.I I"'IN=SCALFt:'5. 156 
l!ollN = IMIN * P.11N 157 
IF INJPT.EQ.Ol NIPT=6 158 
1 F 1 N l P T • L l • 1 O l GO T O 1 '2 1 '> 9 
WQITF IOUTPUT.ll31 NIPT 160 
NIPT=9 11.11 

1 2 1 F 1 N • G E • N 1 P T l GO TO H C 1 h 2 
W R 1 TE 1 OU T P lJ T .1 J 4 1 N 1 6 3 
RETURN 164 

r CYCL IC SFTUP 16'> 
C INOEX IS AN APRAY Wlii~H CGRRESPONCS TO 1hfl 
e lHE INPUT DATA 1\RRAY. VALUfS ·~EAN: 167 

" ,, 
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( 1- nATA PLJINT IS IN CURRENT SfCTIC~ 

(' O- llfiTh POtNT IS IN A FUTURE: ~.t:CTION 

e -1 - DATA POINT IS IN A P~EVIOUS SECTION 
80 or. 77 1=1,1\1 
77 11\:Q t.: )f 1 1 1 =o 

XINC=l. 
Yll\e=5. 
P$ = 30. 
1 F 1 Pe N T R L • E O • ') • 1 GO T O 7 9 
WQIIE IOUTPUT,\131 TilLE 
.,rQITF lnUTPUT.l~OI 

W R 1 TE 1 OUT P U T , \ ? 31 X M Av , X~ 1 N, Y 1-l A X 1 Y M 1 N, l M A X , l M 1 N 
WVITE IOUTPUT, 1241 SCALE,UNITS,ZINCoi~IN 

.WRITE IOUTPUT.l311 NIPT,ROW<;MI,NCOL,NSF.CT 
f. HERE ~EGINS THE: CVCLIC PROCEOURE WHI CH 
(' PRODUCES VERTICAL MAP SECTIGNS 

79 CALL REWIN0(8) 
CALL REWI"-J0191 

C DECIDE MAP WIDTH 
C COLS IS THE HC'RIZONTAL NUto!BER OF CELL 

·C B("'IUNOARIES IN THE CURRENT SECTION 
C COLSM1 IS THE HORIZCNTAL ·1\UMBER Of CELLS 
C IN THF CURRENT SECTION 
C NUM IS ~HERE MARGIN VALUE PRINTING STARTS 

IF INCOL.GT.I21 GO TO 13 
COL S= N COL+ 1 
1\!C OL = '} 
GC TO 14 

13 COLS=l3 
NC O L = 'IIC OL -1 2 

14 CCLSM1=COLS-1 
I\UM=10*COLSM1+4 
IF IPHGRID •. EO.O.I. GO TO 1 
WRfTEI7.105' TilLE 
WRITEI7o1061 SCALE,ROWS,CDL~ 

C FINO HORIZO~TAL MAX ANO MIN FOR 
C THIS SECTION 

MI NX=MAXX 
MAXX=MINX+ICOLS-1l*SCALE 

C ELIMINATE OUT-OF-SECTION POINTS 
OC 24 1= 1, N 
IF IINDEXIII.LT.Ol GO TO 24 
1 F 1 X 1 1 l .LE. M AX X. AN D. X 1 11 .GF , M l NX. ANO. V ( 11 , LE. VMA X. ANO. V 1 1 1 • G E. 

1 V~INI INDEXII1=1 
24 CONTINUE 

l F 1 P G R 1 O • N E. O • 1 GO TO 7 8 
WRITE IDUTPUT.1131 TITlf 
WRITE IOUTPUTol20) 

C SET IJP ITERATION WHICH DOES GRIDDING. 
C FOR EACH GRID RQW: 

78 YP=VMA)( 
N 1 P = N 1 PT + 1 
DO 15 r.t=1,ROWS 

C FOR FACH GRID COLUMN WITHIN THE ROW 
C XP ANO YP ARE COORDINATES OF GRID POINT 

X P= "'1 NX 

168 
169 
1 ;•o 
1H 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
un 
184 
185 
1R6 
1A7 
188 
189 
190 
191 
192 
193 
194 
lq5 
196 
197 
1qa 
l9c:l 
20C 
201 
202 
203 
201, 
20!: 
20l 
201 
21) f 
20~ 

2H 
211 
2 1; 
2 1: 
21• 
21! 
2lt 
2 1-, 
2 11 
2 1 ( 

22< 
22 
22 
22 
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OC lb J=1.COLS 224 
OXM = 1.fll) 225 
DYM = 1.El0 226 
o o 20 1 = 1 • 1'.11 p 2 27 

20 flf L v 1 1 1 = 1. E 1 n 2 28 
r FINO 1 NIPf' DATA PlllNTS NEAREST GRIO POlNT 229 

OC 19 1 = 1 • N 2 30 
TE M P= X P -X 11 1 2 31 
TEMP1=YP-Y(JI 232 
IF ITEMP .Gf. DXM .ANO. TEMP1 .GT. DYMI GO TO 19 233 
DIST=TEMP*TEMP+TEMPl*TEMP1 234 
K = NIP 235 
lf IOIST .GE. IMlNI GO TD 11 236 
ZROWlfJI=ZIII 237 
ca ro 25 238 

23 K=K-1 239 
DELVIK+11=DELVIKI 240 
lP~EVIK+11=1PPEVIKI 241 

21 IF IK .EQ.ll GO TO 22 242 
lf IDlST.LT.DELVIK-11 1 GO TO 23 243 
lf IK .NE. NIPTI GO TO 22 244 
OXM = TEMP 245 
OY"' = TEMP 1 246 

22 DELVCKI=DIST 247 
IP~EVCKI=I 248 

JQ CONTINUE 249 
C INTERPOLATE wiTH 'NIPT' NEAREST POINTS 250 

TE~P=O.O 2'.i1 
TE~P1=0.0 252 
00 17 l=l.NIPT 253 
TEMP2-=1./SORTICELVIIII 254 
TEMP1=TEMP1+TF.MP2 255 

17 TE,..P=TEMP+ZllPREVl'lii*TEMP2 256 
ZROWliJI=IZ (IPREV1111+TEMP/TEMPll/2. 257 

2'> XP=XP+SCALE 258 
16 CCNTINUE 259 

Y P= YP-SCAL E 260 
IF IPHGRID .EO. 11 WRITE C7,10c¡l IZROwllll,l-=l.COLSI 261 
IF IPGRlD .EO. 01 WRlTE IOUTPUT.l071 M, 11 1 ZROWllllol=loCOLSI 262 
IF IPLMAP.NE.O •• ANO.PCMAP.NF.O.I GO TO l':i 263 
WRITF.IB.lOQI IZROW11ll,[=l,C:OLS) 264 

1~ CONT[NUE 265 
e 266 
e DONE WITH GRlDDING 267 

IF (Pll:.AP,rÉ.O,.Al'D,PCUP,FE,O,O) GO TO 72. 268 
NSEeTC=NSECTe+1 269 
IF IPLMAP,NE.O.I GO TO 74 270 
WRiff IOUTPtJT.llJI TITLE 271 
WRITE COUTPUT.1211 SCALF.UNITS 272 
WRITE IOUTPUT,1281 NSECTC,Nc;EeT 273 

74 IF IPCMAP.NE.O.I GO TO 75 274 
WRITEI9,1131 TilLE 275 
WRITEIQ,1221 SeALE, UNITS 276 
W R 1 TE 1 9, 1 2 8 1 N S E e Te, N S EC T 2 77 

C SET lJP THE TOP ROW OF NUMRERS 278 
7r, DO ~2 1=1.131 279 
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e 

36 

e 

e 
e 

e 

PSY"'I li=BLANK 
~7 PSY"'AIII=P.LANK 

T ': "4P= M 1 NX 
llC ~1 1=1,COLS 
1(:.-1;)~(1-11+1 

CALL BNRCCITEMP,PSYMIKI 

74 

~1 TEMP=TEMP+SCALE 
IF IPL"4P .EO. 01 
JF IPC'14AP .EQ. 01 

loiRITE IOIITPUT.l121 MINUS, PSYp.l 
WRITE 19.1121 MINUS, PSYM 

PSY"'I 11=BLANK 
or, ~8 1 = 1 ,I\IU'-4, 1 O 
PSYI"'II+11=VBAR 
DO 3fl J=?.,lO 

38 PSYMIJ+JI=PLANK 

SE T IJP THE TOP MARG 1 ~ 

JF IPL~AP .EO. 01 
IF CPCMAP .EO. 01 

WRITE IOIJTPUT,1121 NINE, PSYI'I. 
wRITE (9.1121 NINFo PSYM 

SET IIP THE FIPST ROW 
CALL REWINOI81 
REACI9,1091 IZROW11IIol=l,COLSI 
CCL=l 
'1C Jt-. J=l,COLSMl 
OELH=lROWliJ+ll-ZROWliJI 
VNOWIJI=ZROWliJI 
X P= -X 1 NC 

37 XP=XP+XINC 
IF IXP.GE.PSI GO TO 36 
C.rl=COL+l 
INEXTICOLI = IZROWliJI + liP * DELH 1 PS- ZMINI 1 ZINC+ 1. 
PSYMICOLI=BLANK 
PSY!oiAICCLI=f:llANK 
GO TO 37 
CONTINUE 
C Cl=C Ol + 1 
VNCWICOLSI=ZROW11COLSI 
11\:EXTICCU = IZROW11COLSI- ZMINI 1 ZINC+ l. 
PSYf'oliCOli=RLANK 
PSY"'A 1 COLI = Rl ANK 
YV Al= YM AX 

DETERMINATION OF Z VALUES FOR INTERIOR 
OC 42 M=l,ROWSM1 
REACI8,1091 IZROW1111ol=l,COLSI 

OC 40 I = 1, COL S 

CALCIILATE AlTITUDE DIFFERENCES 
6ETWFEN ROWS 

40 DELVI ll=ZROW1(1)-VNOWI 11 
PSY,..I11=MINUS 
PSY,.AI11=MINUS 
K=I';UM-1 
DO '57 1=2,K.l0 

'57 PSYMAIII=PLUS 
PSY,.AINUM-li=MINUS 
PSY~INU~-li=MINUS 

(All BN~CCIYVAL,PSYMINUHI 1 
CALL BN6CCIYVAL,PSYMAINUMI 1 

SET UP INTERMEDIATE ROW INCREMENTS 

280 
2 F\ 1 
282 
283 
284 
285 
281;, 
287 
2~8 

289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 
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e 

e 

43 

YP=-VINC 
41 VP=YP•YINC 

lf IYP.GE.PSI GO TO 42 
CCL = 1 
Vflj•JWI !I=YINC*OELVI 1 l/PS•VNpWI 1 l 

75 

FOP FA~H GRID COLUMN 
OC 43 J=1.COLSMl 
VNOWIJ•ll=VINC•OELVIJ•II/PS•VNOWIJ•ll 
DELI-'= VNOW IJ •11-VNOW 1 J l 

XP=-XINC 
45 1( P: XP•X INC 

lf IXP.GE.PSI GO TO 43 
1 PPEV !COL 1= 1 
CCL=COL•l 
1 = 1 NE X T 1 C:Ol 1 

SET lJP INTERMEOIATE COLUI'!N INCR.EMENTS 

INEXTICOll = IVNOWIJI • XP * OELH 1 PS- lMINI 1 lJNC +l. 

IF II.GF.ll GO TO 46 
PSV~ICOll =MINUS 
GO TO 45 

46 IF II.LE.C(}fljl GO TO 47 
PSVMICOLl=PlUS 
GC TO 45 

47 PSYMICOLI=SYMT~BIII 

C~OOSE THE PRINT SV~ROL 

IF ((lo1.EO.l • .ANC.YP.EO.O.J.OR.COL.E0.21 GO TO 45 
IF IMTVPE-1.1 49.48.45 

4q IF «</2*2.EO.Il PSYMICOLI=Bl4NK 
GO TO 45 

~8 IF ll.r,T.IPRtVICOLI.OR.I.GT.IPREVICOL-li.OR.I.GT.INfXTICOl+ll.OR. 
l J.GT.INEXTICOlll GO TO 45 

PSVI'!ICOLI=BLANK 
GC TO 45 
CONTINUE 
1 PREV !COL l= 1 
CCL=CCL H 
I=INEXTICOLI 
INEXTICOLl = IVNOWICOLSI- lMINI 1 liNC +l. 
1 F 1 1 • G E • l 1 GO T O 6 O 
PSVM(COll=MINUS 
GO TO 61 

1,1) IF II.LE.CONI GO TO 50 
PSY"'ICOll=PLUS 
·co ro 61 

50 PSY~ICOLI=SVMT~elll 
f>l CCL=l 
67. OC 51 l=l.N 

IF iiNDEXIII.LE.OI GO TO 51 
IF IARSIYI 1 l-YVAU .GT.SCALE/12.1 GO TO 51 
INDEXIII=-1 
J=10.•IXII1-MINXI/SCALE+2.5 
'PSYMIJI=ASTRK 
PSVMA(Jl = ASTRK 
CALL BNRCDIZIII.PSYMAIJ+lll 
CONTINUE 
VVAL=YVAL-SCALE/6. 

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 
388 
389 
390 
391 
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Go ro 79 
t::ND 
SU~~OUriNE ~NBCCIVAL,STI 

or,.,e::siON srctl. rSIIll 

77 

RE4l ~/'X'/, POINr/•.•1, BLANK/' 1 /, QMINU/~-'/ 

~EAL SVMI101/'0','1'o'2'o 1 3', 1 4 1 ,''5'o'6','7','8','9'/ 
MAX = 5 , 
l = 1 
1 F 1 V Al • GE • O. 1 GO ro 1 
Sr ll 1 = QM 1 NU 
l = 2 

1• V = A8SIVAL 1 
1 = MAX 
srlll = SYMill 
IF (V .Lr. lO.**MAX) GO ro 3 
DO 2 l = L,MAX 

2STILI=X 
RETURN 

1 NHGRAL P óR r 
3 IF IV .LT. 1.1 GO ro 7 
4 1 F 1 V .L T • 1 • 1 GO rO 5 

T S 1 1 1 = S YM f V - 1 O. • A 1 N T l V 1 1 O. 1 + 1 • ) 
V = V 1 10. 
1 = 1 - 1 
1 F 1 J • G T. O 1 GO ro 4 

'51=1+1 
00 6 1 = J, MAX 
STILI = rSirl 

6L=l+1 
l = l - 1 
IF ll .GE. MAXI RETURN 

FRACTIONAL PAR.r 
7L=l+1 

V = A8SIVAL - ÁINTIVALII 
STILI = POINT 
IF IV .EO. O.) RHURN 
l = l + 1 

8 V = 10. • V 
STILI = SY'41V +,l.) 
l = l + 1 
IF ll .GT. MAXI RETURN 
V = V - AINTIVI 
IF IV .NE. 0.1 GO ro 8 
RETURN 
EIIIO 

., 

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 
478 
479 
480 
481 
482 
483 
484 
485 
486 
487 
488 
489 
490 
491 
492 
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Purpose1 

GEOORAPHICAL NEIGHBORS 

Given NC points 1dentif1ed bJ' rectangular coordiriates 

x1 , Y1 , 1 ~ 1 ••• NC the program produce~ the adjacen~y 

utr1x of neighbors of order NN~ 9. These can then be 

used to tind the neighbors to points of a regular lat-

tic e. 

Description: Subroutine THIESS calculates the adjacency matr1x. Neigh-

bors are detined on the basis of adjacent Thiessen poly-

gons1 Let A1 be th~ area closer to point i than to any 

other point, and similarl.y for Aj with respect to point 

j. If ~ and Aj touch (contact> 1) then i and j are 

first order neighbors. Higher arder neighbors to a point 

are defined b,Y' deletinp, neighbors of' one lower order. 

The search algorithm is from a program by Gambini, and re-

quires examination of the lines of equilibrium between 

all pairs of observations. Specifically, 1 the search pro-

ceeds by incrementing along the perpendicular bisector of 

the line connecting each pair until a pos1t1on is reached 

for which the 11attraction11 is' greatest. If the equili-

brium point is not attained by the time the search 

reaches the boundary, another pair is considered. 'fhe 

algorithm is slow and tedious, but no better procedure is 

kno'WTl. 

A rectangular lattice can now be superimposed on the 

original point distribution, and the points of the ori-

79 



Deck l".ake-up1 

Data Cards1 

80 

ginal set which are the neighbors to the lattice points 

are calculated. The variable SCALE determines the number 

of coordinate units between the lattice points. If the 

adjacency matrix of the original set of points is known 

1n advance, this may be entered as data. 

1) Control Card 

2) Limits Card 

3) Format Card 

4) Observations 

.5) Adjacency Matrix (opUonal) 

Control Card (21.5, 4X, 11, 4X 1 11) 

columns 

1-.5 NC 

6-10 NN 

1.5' INNBR 

20 IFPCH 

Limits Card 

1-10 xo 

11-20 X1 

21-30 YO 

)1-4<l Y1 

41-.50 DMAX 

number of observations 

maximum number of neighbors desired. 

O if neighbors are to be computad 

1 if adjacency matrix is to be read 

as data 

1 1! adjacency matrix is to be punched. 

mínimum X coordinate 

max:\mum X coordinate 

minimum Y coordinate · 

ma.ximum Y coordinate 

The above llmits all apply to the lat­

tice region. 

Search increment; blank yields valid 

default of SCALE/100. Small value of 

DMAX results in excessive computation 



Program:ner1 

Referencea 
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.51-6o · RLIM 

61-70 SCALE 

time; large val~e increases the 

probability of missing a short bo~ 

dary between adjacent polygons (i.e., 

missing a neighbor) • 

maximum search radius1 blank yields 

valid defau1t. 

unit lattice size; blank yeilds de-

.! 
fault of B.aw: - XMIN)•(D!.AX - IMIN)/N] ~ 

Format for the X, Y coordinates of the observations. 

Observations 

X, Y coordinates punched as described on the format card. 

Adjacency Matrix 

Read iff INNBH = 1. Punchad as 30 I 1; the number is the 

order of the adjacency, ~ero or blank implies non-adjacent. 

Dierk Rhynsburger, University of Michigan. 

R. Gambin1 1 "A Computar Program for Calculati"E Lines of 

Equilibrium between to:ultiple Center of Attraction," Center 

for Regional Studies 1 U ni ver si ty of Kansas 1 Lawrence, no 

date. 
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r T~IESSfN POLYGONS OF GRT~ INTERSFCTIONS 1 
DIMf"JSION XCilCCI,YCilOOI, llCilOOI, VCilOI)), fZilOO.tOOl, lFMTI21JI 2 
C CMMON XC, YC, NC 3 
C C,. ~O N 1 L I M 1 X 1) , X 1 , Y C o Y 1 4 

CCMI'ION /MGT /NN, JZ, DMI\X, Rl IM 5 
10 FCRMAT 116151 b 
11 FCRMAT 180111 7 
11 FO~,.~T 11Hl,l5HLIMITS OF DI\TI\:/lHO,lOX,6HX,.AX =,Fl0.3,lOX,6HYMAX 8 

E FlJ.3/lHO.l')X,6HXMIN -=,F10.3.10X,6HYMIN =,Fl0.31 9 
1'\ FORHAT llH-,ijHSCALE IS,FA.3·25H DATA UNITS PF.R GRID CELLI lO 
14 FOR'-'AT IBE10.31 11 
15 FCR ... AT 120A41 12 
16 FOR"'AT 11H-,23HINCR~MENT FOR SEARCH IS,ElA.61 13 
17 FOR"'AT ClP-.16HSEAReH RADIUS 1S,E113.61 14 
lB FORMAl llH-,391-'NEIGrBORS OF OBSERVATIONS REAO AS INPUTI 1~ 

REI\0 lO, ~C. NN, INNBR, lfPC:H lb 
REAC 14, XO, Xl, YO, Yl, DMAX, RLJM, SCALE 17 
RE~D 15, IIFMTIII.I=lo201 18 
RE AO 1 5.1 FM TI 1 XC 1 11, YC 1 1 l • 1-= 1, NC 1 19 
IF IRLIM .1:0. 0.1 RLIM = SORTIIXl,-- XQ)U2 + IYl- YOl**2) 20 
lF ISeALE .EO. O.l SCALE-= SORTIIXl- XOI * IYl- VOl 1 1\Cl 21 
IF IDMAX .EO. 0.1 OMI\X = SC:ALE 1 100. 22 
PRINT 12, Xl, y¡, XO, YO 23 
P~ 1 NT 13, S CAL E 24 
P R 1 ~T 16, DMA X 2 5 
P~INT 17, RLIM 26 
IF IINNBR .EO. 01 GO TO 98 27 
REI\0 11, IIIZII,Jl.J=l,NCl.l=l,NCI 28 
PRINT lB 29 
GC ro q9 30 

98 CALL THIESSIIFPCHl 31 
99 N~ = 1 X 1 - XO 1 1 SCAL E + 1 .q9 32 

1'111\ IYl -VOl 1 SCALE + 1.q9 33 
YP: Yl + SCALE 34 
OC lOO 1 = loNA 35 
YP = YP- SCALE 36 
XP = XO- SCALE 37 
00 100 J = l.NB 38 
XP = XP + SeALE 39 

lOO CALL GNBRIXP,YPI 40 
e All E X 1 T 41 
END 42 
SUBRnUT INE TH 1 ESS 11 FP 1 43 
DIMENSlON XCISOOI. YCI5001, IXI5001, ISI500), IYI500.l51 44 
OIMENSION 1ZI50,501, IRI5001, INI500.10l 45 
CO~MON XC, YC, NC 46 
eOMhiON /LIM/ XO, XI, YO, Yl 47 
e OloCMON /"lGT /NN, 1 Z, DI" A)(, RL 1M 48 

2~ FOR~AT 11H1t 49 
26 FORioiAT llH ,50121 50 
27 FORMAl 11Hl,35HFIRST NEIGHBORS OF THE OBSERVATlONSI 51 
28 FCR..,I\T 11Hl,9HNEIGHBORS,J41 52 
29 FORMAT (lHO,llX.1HX,9X,lHYI 53 
30 FORMAl llH-.J4,2Fl0.2.18,4X.20141 54 
31 FORMA T ( 1 H- .I 4 , 2 F 1 O. 2 ) 55 

--------·--· ------- -------------- ------------- ---"" 



1010 

1990 
1995 
2000 

205(1 

2090 

210(1 

qqqq 

DO 1010 1 -= leNC 
PRINT 1f,, IIZII.J),J=1,NCI 
IF INN .l:C. U RETUR.N 
OC 2000 1 = 1,NL 
OC Z'J(lO J = 1, NS 
JJ = J + 1 
DO 1995 K = JJ,NC 
lf (IZIJ,KI .NE. JI GO TO 199'5 
00 1990 L = 1, NC 
IF IIZIK,l) .NE. 11 
lf ClliJ,LI .NE. 01 
1 f 1 J • E O • Ll GO TO 
IZIJ.LI = + 1 
llH.JI = J + 1 
CON TI NUE 
CONTI"JUE 
CC'NTIJ\:UE 
PRINT 33 
DO ?.050 J = loNC 

GO TO 194i0 
GO TO 1990 
1990 

P R 1 fi:T 51, 1 1 l C J , J 1 , J = 1 , NC 1 
PR 1 NT 25 

84 

IF IIFP .EO. 11 
DO 2100 1 = loNC 

WRITE 17,571 IIIZII,JI,J=l,NCI.I=l,NCI 

P Fl 1 "'r 3 1. 1 , x e e 1 1 , ve 1 1 t 
DO 2100 J 1, NN 
IW = O 
00 2090 K l.NC 
IF UZII,KI .NE. JI GO TO ;>Q<;O 
IW = IW +1 
JSIIWI =K 
CONTINUE 
1 F 1 t W • E O. O 1 GO T O 2 1 O O 
PR 11\'T 3 2, 1 W, J , 1 1 ~ 1 K 1, K= 1 .[ W 1 
CONTINUE 
PFIJNT 25 
RETURN 
E !\JO 
SUBROUTINE GNBRCUC,VCI 
DJLIENSION XC15001, YCI5001, AAISOOI, RRI5001 
DI~ENSION IZI50.5QI, IRI10CI, IXI20), IYI201 
cc~~oN xc, ve. NC 
COM~ON /LIM/ XO, X1, YO, Yl­
CCMMON /MGT/NN, tz. DMAX, RLIM 

12 FOR~AT 11H1,12~NEIGHBORS TQ.F9.2,1H,,F7.21 
13 FOR~AT 11H-,9HNElGHBORS,J4,1151 
14 FCRI"AT llH .15X.I4,2F8.21 , 
23 f0Q"'AT llH .71HRL(M HAS ~EEN DOUBLED) 
24 FOP~AT 11H-,3QHRLIM DOUBLED: CHIANGE GRIO SIZEI 

J J = o 
JO = 1 
J RL = 1 
P R J NT 1 2, U C, V C 
00 100 J = 1.NC 
A = UC - XC IJ 1 
B = VC - YCIJI 
IF lA .EO. O •• ANO. B .EO. 0.1 GO TO 920 

112 
113 
114 
115 
116 
117 
118 
119 
llO 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
1 35 
136 
137 
131.1 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 ' 
156 
1 57 1 

158 
1 '59 
160 
161 
162 
163 
164 
165 
166 
167 
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A6IJI = 6 
100 RfiiJI =El 
tll., o C1 90 o J = 1 • N e 

()l( = 1\A ( J 1 
I)Y = RBIJ 1 
DEN= SC~TIOX • CX + OY • OYI 
lf IDI:N .GT. RL IM 1 GO TO c;oo 
1 RL = ') 
11 '( = 1 Uf + XC 1 J ll 1 2. 
AY = !Ve + YeiJll 1 2. 

85 

fALL L~TIOX.OYeAX.AY,CMAX,U.NSTEPI 

ITFST = 2 
OC bOO K = 1eNSTEP 
U lJ + [)A4AX 
X = Al( + U • CY 
Y = IIY - U * DlC 
IP = !TEST 
ITFST = IFUNIX.v.ue.vC,JI 
IF IITEST .~~¡f.. IPI GU TO 70·J 

t-Jn eCNTI~MI' 

r.c ro 9no 
700 1 [ = [ 1 + 1 

!XIIII ·= J 
oO(l f O~. T 1 NUE 

IF ltfll .EO. 01 GO TO 94C• 
PRI"T 'l3. ue. ve 
R l 1 "' = Rl 1 ·~ + R l 1M 
11- IIRL .fO. ~~ r;o TO 9998 
1 ~L = 1 RL + 1 
Gn ro 10"> 

Cl ?u 1 1 = 1 
IX 111 = J 

04(' PRINT 13. 10. 11 
P R 1 "-;T 1 4 • 1 1 X ( 1 l • X( 1 1 X(! 1 1 • YC 1 1 X ( 1 l 1 • 1 = 1 ,¡ 1 ) 
p: (NI\: .~C. 11 RETURN 
1 T = 11 
or 1,1 e, 1 1 = 1. 1 1 
1 Y 1 1 1 = IX 1 11 

I•So IRIII = :x111 
[10 l'i10 1 2.'\jN 
1~ = ') 
DO 1071 J 1.11 

1 rqr: I·X 1 .JI = 1 Y 1 J 1 
00 13 .) 8 J = 1 • 1 1 
DO 1 'lOO ~ = 1 • NC 
IF IIZIIXIJI.KI .NE. 11 GO TO 120') 
O O 1 1 0 O ·L = 1 • 1 T 
IF 1 IR IL 1 .EO. K 1 GO TO 1200 

1)('() CONTINUE' 
1 e = 1 o + 
ll = IT + 1 
IYIIOI =K 
IRIITI=K 

12JI) COto.T 1 NUE 
1'\0f\ eoNTI"'Uf 

1 F 1 1 ;.; • E ~ • O l R E T UR N 

168 
169 
170 
1 71 
172 
173 
174 
175 
176 
171 
178 
179 
180 
181 
182 
un 
184 
18'i 
186 
11'17 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
109 
200 
201 
?02 
203 
204 
205 
2n6 
207 
208 
209 
210 
2 1 1 
2 12 
2 1 3 
214 
21S 
216 
2 1 7 
218 
219 
220 
221 
227 
2 ?3 

_ .. 
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11 = 1 Q 
PR 1 NT 13. 1, 11 

ISOO PRINT 14. IIYIJJ, XCIIYIJJJ. YCIIYIJ)J, J=1,JIJ 
RE T IJRN 

91)98 PRINT 24 
9999 RE:TURN 

ENO 
')lJI)ROUTINE U1TiCX,QY,AX,AY,tJSTEP,lJ,NSTFPJ 
CO"l~ON /L IM/ XJ, X1. YO, Yl 
IF IDYJ 111,112.111 

111 JF IOXJ 114,115.116 
112 IF (OXJ 117,9999,118 
113 IF IOXJ 119,120,121 
114 lJ = -AMINI((AX- Xl) 1 OY, IYC- AY) 1 OXJ 

Ul = A"'l~l((XO- AXJ i OY, IAY YlJ 1 OX) 
Go ro 124 

115 U = 1 X 1 - A X 1 1 CY 
!Jl = ( 'ICO - AX 1 1 DY 
GO TO 124 

llb U= -M11N1((AX- XII 1 OY, IYl- AY) 1 OXJ 
Ul = A'1IN111XO- AX) 1 OY, IAY- YO) 1 OX) 
GO TO 124 

117 U= IAY- YO) 1 OX 
UL = IAY- Y11 1 DX 
GC' Tn 124 

118 U = (AY - Y 11 1 DX 
Ul = 1 AY - YO 1 1 DX 
GO TO 124 

119 U = -AMINIIIAX XOI 1 OV, IVO- AY) 1 DXI 
lll = A~INIIIX1- AXI 1 DV. IAV- VIl 1 DXI 
Go ro 124 

120 U= IXO- AXI 1 OY 
lll = 1 X 1 - AX 1 1 DV 
GQ TO 124 

121 U = -AMINliiAX - XOI 1 OY, IY1- AY) 1 DX) 
Ul = A"l1Nl11Xl - AXI 1 DY, IAY- YO) 1 DXI 

124 NSTEP = IUL - Ul 1 lJSTEP + 1. 
U = U + USTEP 

9999 RETURN 
END 
FUNCTION JFUNIX,V,UC,VC,J) 
DIMENSION XC150QJ, VCI5001 
CC"lMON XC, YC, NC 
COM~ON /LIM/ XO. Xl, YO, Yl 
1 FUN = 2 
ATT = l. 1 SORT((X- UCl**2 + IV- VCl**2l 
DO lOO l = 1oNC 
IF IJ .EO. L l GO TO 100 
IF IX .EO. XCIL l .ANO. Y .EO. YCI1. 11 RETURN 
AT =l. 1 SORTIIX- XCIUI**2 +(Y- YCIUI**2l 
1 F 1 A TT .L T • A T 1 RE T UR N 

100 CONTI NUE 
1 FUN = 3 
RETURN 
END 
FUNCTION JFUN(X,Yoi,JI 

22t. 
7.2') 
226 
227 
22R 
229 
2 30 
231 
232 
233 
2 34 
7.35 
2 36 
237 
2 38 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
2'>0 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
2b2 
263 
264 
265 
266 
267 
268 
269 
2 70 
271 
2 72 
273 
274 
275 
276 
2 77 
278 
279 

··-----.......,..,......_.,... .... ~ ....... --... ,..,=---...---~---------~-~-- -~----------- --------.------ ------ -
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OIMENSION XCISOOI. YCC50Cto Al50()), ATTRI500t 
COMMON XC. YC. NC 
CO~~ON /LIM/ XO. Xlo YO, Yl 
JFUN = 2 
OC lOJ l=l,NC 
IF IX .EO. XCILI .ANO. Y .EO. YCCLI) RfTUitN 
ATTAIU = 1. 1 SORTilX-XCIUI .. 2 + (Y-YCILII**2t 

lOO CONTINUE 
DO 201) M= l,NC 
IF((H.EO.II.OR.IM.EO.Jit GO TO 200 
IF lATTRIII .LT. ATTRIH, RETURN 

100 COI>iTI NUE 
JFUN = 3 

400 AETURN 
ENO 

280 
281 
282 
283 
284 
2RS 
286 
287 
288 
289 
290 
291 
292 
293 
294 



Purposea 

CONTOUK PLarTING 

The program uses the JO inch Calcomp plotter to draw con­

tour maps from data given in the form or geographical mat­

rices. Stereograms and perspectiva contours can also be 

obtained • An option allows conversion of the contours to 

a map projection before plotting. 

Descriptiona The contouring algorithm is that described by Dayhoff. 

Comroents a 

The perspectiva plotting is based on that of Puckett. 

File 2 Dtust be used as a scratch tape. Input is f'rom 

unit 7, comments are written onto unit 6, plotting is 

done via unit 9, and execution requires concatenation 

with *PLtx'5YS. 

Deck make-up& The controls are specified by an integer code punchad 

in columns 1 and 2. The code also specifies whether 

fUrther data are required on the same card, or whether 

additional cards are to be read. Reading o! controls 

continuas until plot code (20) is read. The number of 

control cards may vary from run to run. A basic se­

quence·has been indicated by asterisks. The plot control 

card may be called repeatedly. 

Map Projection Control Carda 

Punch 05 in columns 1-2. Tbis calls a map projection 

subroutine PROJ (X, Y, XMAX, YMAX, SCALE) which may read 

additional parameters. In the present instance the f1rst 

call on PROJ is activated immedi&tely following the f'irst 

plot (code 20) whicb follows an QS code, and the program 

89 
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then expec~ to rnad one card as follaws• 

Center latitude (decimal degrees) of the map in col­

UIIIllS 1-7. 

Ce~ter longitude of the map in 8-14. 

Size of quadrilateral if different from one degree 

in columns 15-21. 

Center latitude of an oblique stereographic projection 

in columns 22-28. 

Center longitude of the oblique stereographic projec-

tion in columns 29-35. 

Subsequent plots must repeat the 05 code if conversion 

to map projection coordinates is desired, and, as cur­

rently written, must use the same projection parameters. 

The width of the map using the 05 code is defined to be 

the width to scale at the center latitude on the square 

projection. Other map projections may be used by chan­

gir~ the subroutine PROJ • 

. *Title Control Card 

Punch 12 1n columns 1-2. 

Follov this with any single card title (which will be 

plotted at the top of the drawing). P.epeat as desired 

for all runs. 

•Format Control Card 

Punch 19 in columns 1-2. 

Follaw this vith a single card (18A4) describing the 

E or F Fortran format for one row of the observation 

matrixo 
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"Constant Contour Interval Card 

Punch 15 1n cohuans 1-·2 

Puncb lowest contour (with decimal point) in )-12 

Puncb contoW" 1ncrement in 1)-22 

Puneb highest contour in 23-32. 

*!b.~~-~!).ni~~o.!!._r.u~ 

Punch 01 in cl'llumns 1-2 

Punc-h nU!llber of rows (1E.100) in data !IVltrix as an E or 

F I'N!IIber 1n columns )-12. 

Puncb nwnh-lr of colurnns (LE.100) in data. lll&trix in col­

umns 1)-22. 

Punch desii-ed width (inches LE.28} of contour map in 

columns 2)-J2. 

Punch denominator of vertical scale transformation in 

coh.11nns J)-42. 

Follow this card by the data matrix as described by the 

earlier format control card. 

*Plot Control C9:,~ 

Punch 20 in colllJII1ls 1-2 

Plotting vith the current controls is initiated. The 

remAinine control cards (below) could also have b~en 

read before the Plot Control Card, vtth obvious exr.ep­

tions. 

~~ Ch"lnge C_~rd 

Punch 21 in col~s 1-2 

Punch desired width in columns )-12. 
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Punch 16 1n col'WilM 1-2 

Colwms }-12, 1}-22, 23-32 are punched as for the Con-

stant Contour Interval Cardo 

Variable Contour Int.erval Card 

Punch 17 1n columna 1-2 

Punch the number of contour int.ervals desired in col-

umns 3-12. 

Follow this by one card wbich gives the tormat for tbe 

variable contourso 

Follov this by the definition of the variable contours, 

fram lovest to highest, on the appropriat.e number of 

of cards (as specified by the format). 

Change Variable Contour Int.erval Card 
' ' 

Punob 18 1n colUIIINI 1-2 

Columns 3-12 and remaining cards punched as described 

under the Variable Contour Interval Cardo 

Non-Standard Plot File Card 

Punoh 11 in columns 1-2o 

PunDh tbe file unit onto which plots are to be written 

in columns 3-12o 

Extra Labels Card 

Punch 14 in columns 1-2o 

Punch starting x-coordinate of tbe label in columns 3-12o 

Puncb starting y-coordinate of the l.abel in columns 13-22o 

Puncb starting z-coordinate of tbe label in columns 23-32o 

Height of the lettering in incbes goes into columns J}-42 0 
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Follow this by one card containing any label in columns 

~-)6. 

Repoat the entire sequence up to 10 times • 

.I_ran~!!' ti~-e_~:~ 

Punch 10 in columns 1-2. 

Punch DI (inches)in columns 3-12. 

Punch DY in columns 13-22. 

Punch DZ in columns 23-32. 

Punch 08 in columns 1-2 

Punch distance to viewing pl3ne in columns J-12. This 

should be largar than max (2). 

P\Ínch distance to the object in columns 13-22. 

X-Rotation Card 

Punch 02 in columns 1-2 

Punch degrees rotation relativa to the X-axis in columns 

3-12. 

Y-Ro~a_tion Ca~d_ 

Punch O) in columns 1-2 

Punch degrees rotation relative to the Y-axis in columns 

J-12. 

Z-Rotation Card_. 

'Punch 04 in columns 1-2 

Punch degrees rotation relativa to the Z-axis in columns 

J-12. 

'*Termina tion Card' 

Punch 13 in columns 1-2. 

This terminates the entire program. 
1 
1 
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CCNTDliR-PFR!>PECT IVE PLOTr INf, 1 f"RIINK J RtNS 1 GEOG. ,COI~P.ei\ITR. 1 1 
? IS U'>ED ~5 A SCRATCH F IU: 

C C,., l"l' r\ M T , 1\1 T, N í , 1 X, 1 Y, 1 OX , 1 O Y, 1 'i S, 1 T, 1 V, NP, N, J T, P Y, K EC , C V , X , Y , 1 P T , 
1 1 ., X • 1 ".:Y , 1 > L , fl M , 1 O P , O P , 00 , 1 l .\ R , X 1 , Y!: , ll , l A R , U X , O Y ,1) 1 , X ,~ fl X , H T , S CAL E , Y 
? ~A '< , ( T 1-< E T fl , 'i T H [ T A , F M? , HJN , 111 f\1 , "' , C L , lJ , N L 1 N E S , N e ll P V , l 

efJMM()N TIT.IZX 
lli,.I:N<;H;N AMI101'l.l1úl, REeiA0QI, Xll!>OQI, Yll51)QI, IPT13.31, INXI8 

11, 11\:YI:il, IOPI?31, Xll101, YLI101, ZLI1QI, l4!HliJ,61, üXI21, :JYI2 
?1, fJll?l, HTitrJI, CTHETAI41. STHETAI41 

Lli"'ENSION TFMP161, F~TI1Al 

~I~ENSION Zll5001 
01~Efi.SION TITI181 
01'1lN'>ION CF~Tilf!l, VC0f.¡(21JI 
CIILL TI~EIOI 
eALl PLTlC~XI30,01 

NPLCT=1 
ISTI\P='1 
ICPI11=0 
ICPI?ii=O 
O= 1) • 

ll A P.= 0 
CALL P'=WINOI?I 
or. 2 1=2. n 
IOPIII=(I 
1\Br.UND=O 
R!:'lll CO~lTROL I'JSTRUeTIONS flf.CnRo(~IG TO ~RifE UP 
I{FAD 17,7AI NCON,ITEMPI 11.1=1,61 
W~IH 16,791 ~JCON.,ITEMPIII.T=l,ól 
IFII\:CON.EQ.11 1\JLII\JI:S=O 
IFII\eCN.GT.14,ANC.NeON.LT.19l NLINES=O 

e A ll ( P '.: R 1 N en N 1 
IF INCONI 74,74,4 
IF INCON-231 5,5,74 
GO TO (6,21,?1,21.??,23,2.4,?5,25,2B,29,30,31,32,36,)7,3B,39,4Q,41, 

161,6?,631. NCON 
~~¡en~= 1 
CONT INUE 
CAll TIMEI3,11 

"'= 11 OF ROWS 
"'=TEMPill 
NN=TEMPI21 

NN= #1 OF COL S 

TE M P 1 2 1 = T EM P 1 2 1- 1 • 
SeALE=TEMPI21/TEMPI31 
IF ITEMPI411 8,7.!1 
TEMPI41=1. 
ZSCAL E= TE"'P 141 
FM2=FLOATIMI/2, 
fNI\'=FLOAT 1"4NI/2. 
l(~AX= lfNN/SCAL 1'1+2.5 
Y~AX=IFM2/SCALE1+2.5 

IF (XMAX-14.1 <;,9,70 
lf (Y,..AX-14.1 10.70,70 
IF IIOPilll 11.12,11 
IOPI151=1 

¡ 
1 
1 ., 

1 
2 
3 
4 
'j 

6 
7 
8 
9 

10 
1 1 
12 
13 
14 
1'> 
16 
1 7 
18 
19 
20 
21 
27 
23 
24 
?5 
26 
27 
28 
29 
31) 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
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1 CPV= 1 
~Eor 17,851 eF~T 

1.(1:-AC 17,eFMTI IVCilNIIlol-=l,NVCONI 
WI{ITF ll>,ij4) ICFMTIII.I=1.1AI,IVCONIJI,I=1,NVeONl 
GO TO 1 

r 
r 
41') 

1\COI'>= 18 
1\VCON=TEMPI11 
1 nPV= 1 
REAC (7,851 CFMT 
~EAO (7,eFMTI IVeONIII.I=1,NVeONI 
WRITf 16,841 ICFMTI lltl=l.IAI.IVeONIIl,I=1,NVeDNl 
GC TO 16 
'I:COJ\=19 
I{[AC fr)RMAT 
REIIG (7,851 
W~IH· 16,86) 
ICPI191=1 
r,c ro 3 

FOR MATRIX 
F"4T 

FMT 

r ~~eOI\=20 

e ~EGIN PLOTTJNG 
41 en~~;TJJ\UI.' 

eALL TIME13.1l 
IF IIOPI211l 64,42,64 

4? CQIIiTI~UE 

4~ IF IICPIBII 45,44,45 
44 IOP191=1 
45 11' IIOPilll 95,73,95 
O<¡ (')NTINUE 
( SAFETY VALVE 

ASSIGN 4h TO NNL 
Gfl Tn NNL, 153,461 

4h A55IGN 53 TO NNL 
C* eALL SETEFL INNL l 
C (ALL ORAFT TO PLOT PERSPI.'CTIV,ELY 

e~GN=-511.39.El5 

NeU~V=') 

1\e OUI\J T =O 
1\e~AX=IJ 

IF INLINFSI 52,52,47 
47 I<EACIZ. 10001 N.CV 
1000 FCRMATII5,E12.41 

IF leBGN+53139.E15l 49,48,49 
48 CBGI\=ev 
4Q I{EACI2,100111XIIl,Yill.I=1oNI 
1001 FOR~IITI61.'l2.41 

"'CURV=NCURV+l 
M:CU"JT=NellUNT+N 
IF IN-NeMAXI 51,50,50 

'iQ 1'\CMAX=N 
eL"'AX=CV 

"l eV-=CV/ZSCALE 
eALL CRfiFT 
JF INeUPV-NLINESl 47~53,53 

52 e 1"\GN= o. 
53 WRITE 16,!181 NPLOT,NLINES,NrDUNT,NCMAX,eLMAX,CBtN 
( MODIFY 1'\0UNDARY FOR MAP PRO.IEeTION 

·¡ 

168 
169 
170 
171 
172 
173 
174 
175 
176 

,1 71 
178 
179 
1 RO 
181 
182 
183 
184 
1135 
1!16 
187 
1 88 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
21 1 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
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CALL TJ"'tl3.11 280 
',C TU l 2Al 

( 1\l(QI\ = 2' 282 
( ~tC ANO GR€EN ~USINfSS 2A3 
~3 CCNTJ~UF 284 

flABGT=PSV~LNI.2,q<;) 285 
( "'TS SYSTEM UOES NUT INCO~PO~Alt COLIJREO PE"'S AT THIS TIME - SUM"'ER286 
r CALL PSV"'R 1.2,FLAB(,T+2.,-.;~,c;9HPLEASE' INSERT RE:O PEN NOW- AT NEX287 
r 1T q9o STOP INSF~T ~~E GRE[N PEN - AT 3PO 999 STOP INSERT BPBLK .288 
r ?270 •• <iQI 289 
r CALL PLTSTP 290 

t-9 
70 

7] 

12 

n 

74 
7'i 
7~ 
77 

f 
7'1 

'i j 

Ph 
flR 

')!) 
Q 1 
~2 

Q~ 

()4 

e 

1<; 

q 1 
1:'3 

'l'· 
H5 

CALL PLTENO 291 
Jr. 0 12:?1=3 
GG rn 3 
1 r 1 trJ o 1 2 11- 3 1 t- 5. 6 t:, ,., 6 
C.IJ~TINUF 

ICPI?JI=IOP12~1-1 
(,C T(l 43 
Ir IJOP(231-ll t<;,6fo69 
CCNliNUE 
t;C ro 6? 
r,r rr 1 
X '-'AX= XMAX*2. 
V"'AY= Vr.J,AX*2 • 
.;RJTE (t,,<101 V'1AX,XMAX 
GC TO 75 
•,¡PJTE (f>,911 
GC' TO 75 
Wrl!T( 16,921 
GC Tf) 75 
"'klTE 1~.931 
Gf TU 75 
~o.~> 1 TE 1 ~, 9 4 1 '.; CliN 
IF INPLOT-1 1 7f;,76,77 
C 11 l L Pl 1 T R". 1 ') 1 
(ALL F'~RO~ 101 

f[~, •• q IL?,hFll.l')} 
f O~ 1" h T ( 1 Hl", 1 2. t- F 1 J. 2 1 
fQP'-'hl !1H0.1l~Fl2.611 
r rR"'fiT 112 ~,., 
FC~I"fll (9Aiol 
~ ,) R,. lo. T 1 1 Hl), 1 9 A 4 11 ( l C X , 1 0E l 2 • 6 1 1 
cr.~~/IT( l~/11,) 

¡:.('RI"I>T(7QX,'THE FORI"AT FOR THF OATA ~ATRIX IS: '.loA41 
I'Qil,..AT!' PLOT 'JU"'PEFI •,13,• 1\¡U".rHR fJF LII\IES = '.J6,',11.1JI"BER CF 

llf'\TS = •.110/ 1 :"'/IXJMU11 NU~'AI'~ LF Pl]II\TS = •,Jl'),' WHICH 1-('PI"EO A 
2lJRVE WITH CONTOUR L[VFL OF ',F1C'.2t'• !:'OUI\Jt)hRY tT •,F1C'.21 

FfR"'IIT 114H4*.C.**A ~1AP OF ,F10.1,41-l AV ,FI0.1.14H lo.hS KfC'UESTELJI 
FCQ"Al 13?H4*~~<**1-0R"'AT NUT DE:F-INF.G f-(1R OhTAI 
•c~wAT 131H4**~*(0~TOUR L~VFLS NOT OffiNfOI 
LC~WAT (12H4****NO CATAI 
FCR~AT 127Hio****NCON NOT LE~Al 1 ~CON =,151 
[NO · 
Cf:t\TCUR-Pf:RSPECT1VE PLOTTINr. 1 FRANK .1 RENS 1 SEOG •• CCMP.CNTR. 1 
SUflllfUTINE SCIIN 

?92 
2q3 
294 
295 
296 
297 
208 
299 
301) 
3()1 
302 
303 
304 
305 
306 
307 
308 
'\09 
31') 
3 1 1 
312 
313 
314 
315 
311:> 
317 
318 
119 
320 
3?1 
322 
123 
3?4 

P0~?5 

C3?6 
327 
328 
329 
33) 
131 
312 
333 

1334 
335 
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JF IAMIMT.II-CVI 7,9,9 392 
7 JF IAfoliMT.I+U-CVI «;,8,8 393 
A IX=,..T 394 

IY=I+1 395 
IDX=O 396 
IOY=-1 397 
CAll TRACE 398 
CONTINUE 399 
00 12 1= 1oMTl 400 
MT2=MT+1-I 401 
IF U~IIH2,NT 1-CVI )1).12.12 402 

10 IF IAMIMTZ-l,NTI-eVI 12,11,11 403 
11 IX=MTZ-1 404 

IY=NT 405 
IOX=l 406 
IOV=O 407 
CAll TRACE 408 

12 CCNTINUE 409 
DO 15 1=1,NT1 410 
NT2=NT+1-I 411 
IF IAM(1,NT21-CVI 13.15,15 412 

1 -;¡ 1 F 1 1\ ,..1 1, NT 2- 1 1- CV 1 15, 14, 14 413 
14 IX=l 41~ 

IY=NTZ-1 415 
IOX=O 416 
IDY=1 417 
CALL TRACE 418 

15 CONTINUE 419 
ISS=1 420 
NTl=NT-1 421 
MTJ=~T-1 422 
DO 21 J=2,NT1 423 
DO 21 1=1,MT1 424 
IF IAMII,JI-CVI 16,21,21 425 

16 1 F 1 A M 11 + 1, J 1- C V 1 21, 1 7, 17 4 26 
17 COM=100*11+1l+J 427 

1 F 1 N P 1 1 8, 20, 1 8 4 2 8 
18 DO 19 ID=I,NP 429 

IF IRECIICI-COMI 19,21,19 430 
1Q CONTINUE 431 
;?0 IX=l+1 432 

IY=J 433 
!OX=-1 434 
IDY=O 435 
CALL TRACE 436 

21 CONTINUE 437 
RETURN 438 
ENO 439 

C CONTOUP.-PERSPECTIVE PLOTTING 1 FRANK J RENS 1 GEOG.,COMP.CNTR. 1 1440 
SUBROUTINE TRACE 441 

e ACAPTED FOR U OF M SYSTE,.. BY FRANK J RENS 442 
C CM,..O N M T, N T, N I , 1 X, 1 Y, 1 OX, 1 OY, 1 SS, 1 T, 1 V, NP, N, J T, P Y, R EC, e V ,X , Y , 1 PT , 44 3 
li~X,J~Y,OL,AM,IOP,OP,OO,ILA~,XL,YL,ZloLAB,OX,DY,DZ,XMAX,HT,SCALE,Y444 
2MAX,CTHETA,STHETA,FM2,FNN,NN,,..,(L,D,NLINES,NCURV,Z 445 
CC~MON TIT 446 
DIMENSION TITI18) 447 
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?S-

?8 

30 

31 
e 

37 
1000 

1001 
33 

PY=2.0 
[All CALC 
1 X= 1 X+ 1 OX 
GC ro 25 
1 Y= 1 Y+ 1 OY 
IDY=-IOV 
PY= 2, •) 
r ~>LL e AL e 
IY=IY+IDY 
IF IAMI IX-1, IYI-CVl 
NP=NP+l 
~f((NPI=lQO•IlC+IY 

1'\=1~+5 
1 X= 1 )( 2 
IV=IV2 
GO TO 6 
XT=MT 
IF IAMIIX-l.IYI-CVI 
NP=NP+l 
QECINPl=lOO*IX+IY 
NL INES=NLINES+l 
I)Q 31 K=l,N 
X 1 K 1= X 1 K 1-FNN 
Y(IU=YIK)-FM2 
COIIITINUE 

2f::,27.27 

zc¡,3o,Jr. 

5TORE CURVE ON TAPE 2 IR2l 
IF INl 33,33.32 
WQITEI2.1DOOI N,CL 
FOR,..ATIIS.El2.41 
W Q l TE 1 z, lOO 11 1 X ( 11, Y( 1 1 ,1= }. N l 
FORMAT I6El2.41 
N= -1 
RETURN 
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S04 
sos 
SC6 
S07 
S08 
S09 
S11) 
S 11 
S12 
S13 
Sl4 
s·:5 
516 
517 
S18 
519 
S20 
S21 
S22 
S23 
'>24 
S2'5 
S26 
S27 
s2e 
S29 
S30 
S 31 
S32 
533 
S34 
S3S 
536 

r 537 
l4 F O R M A T 1 1 O A CON TOUR A T l E V El 1 , E 1 1 , 5 , 1 W A S TER M l N A TE O A T X= 1 1 F 5 • 1 • 1 Y = ' , F 5 • 1 5 3 8 

1. 1 BlCAUSEITCONTAINECMORETI-lAN150CPLOTPOlNTS 1 l 539 
E~D 540 

e CONTOUR-PERSPECTIVE PLOTTJNG 1 FRANK J RENS 1 GEOG. ,COMP.eNTR, /. 1541 
SUBROUT INE CALC 542 

r. ACAPTED FOR U OF M SYSTEM BY FRANK J RENS 543 
C CM ,_.ON M T, N T, N 1 , 1 X, 1 Y, IDX, lO V, 1 SS, 1 T, 1 V, NP ,N, J T, P Y, R EC, e V ,X , Y , l PT , 544 

l l NlC, l 'IIY, DL, AM, 1 OP, DP • DO, 1 LAR, XL, Vl , l L ,L AB, O X • D Y • D Z • X~ AX, H T • S CAL E, Y S 45 
2MAX,CTHETA,STHETA,FM2,FNN,NN 1 M,CL,O,NLINES,NCURV,Z 546 

COMMON TIT 547 
D 1.., E N S 1 ON T IT 1 1 8 l 54 8 
DP1ENSinN AMilOO.lOQ), RECIHOQI, Xll500t, Yll500), IPTI3o31, INXI8549 

1), INYi8t, IOPI23), XlllOI, YlllO), ZlllQ),.LABll0,6), 0Xl2t. DVI2550 
21. Dl12l, HTilOt. CTHETAI4). STHETAI4l S5l 

DIMENSION ZUSOOl 55? 
IT=O 553 
N=~+l 554 
IF IIDX*~~<2+10Y**2-ll 4,1,4 55S 
IF IICXl 3.2.3 5'56 

2 XINI=IX S57 
ZINl=IV S58 
lY2=1V+IOV 559 



3 

4 

7 

( 

( 

105 

OYI21=1DV 
Y INI= 11 AMI 1 X, IY 1-CVI/ ( AMII X.(VI-AHI 1 X,( Y?III•OVI21+ZI NI 
qETURN 
YIN1=lY 
~=IX 

DXI21=1DX 
IX7.=lX+IOX 
X 1 N 1 = 1 1 AP4 1 1 X, 1 V 1-C V 1 11 AH( 1 X, 1 V 1- AH 1 1 X 2, 1 Y 1 1 1 •O X 1 2 1 + w 
RETURN 
IX2=1X+IOX 
IY?=IY+IDY 
loi=IX 
111\oi=IY 
0XI21=10X 
UVI21=tOV 
DCP= 1 IIM 1 JlC, 1 Y 1 +4~ 1 1 X 2, 1 Y 1 +AM 1 1 X, 1 Y 21 + AM 1 IX2, 1 Y 21 l/4. f) 
IF IPV-2.~1 5.~.5 

IF IDCP-CVI 6. 6.1 
AL=A"'~IIX,IYI-OCP 

V=.5*(Al+OCP-CVI/AL 
XINI=V*~XIZI+W 

YINI=V•CYI21+71~1 

PY=O.'J 
RETURIII 
IT= 1 
Al=AHIIX2,IV21-CCP 
V=.5o(AL+DCP-CVI/Al 
XINI=-V*OXI?I+~+r.XIll 

YI~I=-V•DYI21+ZINI+OYI21 

RETURN 
[11:0 
CONTOUR-PEPSPECTIVE PLOTTIN~ 1 FRANk J RENS 1 GEQG.,(OMP.CIItTR. 1 
SURROUT INE CRAFT 
WRITTEN RV FRA~K J VENS/ C.EOGRAPHV 1 1966 

560 
'>61 
562 
563 
564 
565 
566 
567 
568 
569 
570 
571 
572 
573 
574 
57') 
576 
577 
578 
579 
58:1 
SfH 
582 
'>83 
S84 
5~5 
586 
587 
'>~8 

s;¡9 
590 

1591 
5q2 
')93 

COH~ON MT,NT,NI.IX,IY,IOX,IOY,ISS,IT,IV,~P,N,JT,PY,REC.CV.~,Y.IPT,~94 

li~X,JNV,OL,AM,lOP,GP,OO,ILAR,XL,VL,lL,LA~,O~.OY,Ol~X~AX,PT,SCALF,Y~9~ 

2M4X,(THFTA,STH~lA,F~2.f~N,NN,M,(L,O,~LINfS,~CURV,l 596 
(0"'4MCJN liT 597 
~JI-..EI'ItSlO~l Tlllll'l 5q~ 

r'IIME!IISIC'"' A~IJJt).¡)r.), llfCIAOQI, Xl1'l001, Vll5íl'J), IPTC3,31, I~XIR~ 0 9 

11. INVPII. 101>1231. XlllCI, YLClOI, Zlll'll, LAí3llQ,l), OXIZI, I)Y(z~,(IIJ 

21, DZI21, HT(lGI, CTHETAI41. STHETAI41 ln.ll 
OIMENSION 1115001 612 
OIMEIIISICN'IRESl31 603 
KTVRE=3 ~04 

or 21 1=7.14 bC'> 
lf CIOPIIII 21oHo2 6'16 

2 GC ro rl.3.4.5.21.ll.21.~.a.JQ,21.21,21,141, 607 
f MrTATION AROUT X 60!:1 
3 01=1. 609 

02=0. 610 
01=0. 611 
04=0. 612 
D'i=CTHETAIZI 613 
08=ST~ETA(21 614 
IJ7=0. biS 



l. 
1 1 

1 

1 ') 

l6 

17 
1 ~ 

e 
1Q 

?O 
e 
?1 

?b 
'l7 
78 

(' 

e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 

GO TO 116.151, NNl 
E= 100-Zl IJII/OP•SC4LE 
f= 1 00/0P I*SCAL E 
Cl=!Xl(J)-FNNI/E+XMAX 
C2=1YllJI-FM2l/E+Y~AX 

GO TO 17 
Cl=Xl lJIISCAlE+XMAX 
C2=YL lJ 1/SCALE+Y"lAX 
F=SC4LE 
HTIJI=HT(Jl/F 

107 

CAll PSYMa IC2,Cl,HTIJJ,LAB1l,J),90.0,361 
IOPil41=0 
Go ro 21 
TRANSLATE DATA 
DO 20 J=loN 
X 1 J 1= X ( J 1 +O X 1 11 
Y 1 J 1= Y l J 1 +OY 1 11 
l 1 J 1 = l l J 1 +O l (} 1 
PLOT PL4NE OR PERSPECTIVE VIEW OF SURFACE 
CCNTINUE 
ICPC=IOP121+10PI31+10Pl41 
oc zq J=l.N 
IF IIOPCI 22.22.23 
z 'J 1= cv 
GO ro 124,251. NNl 
Cl=XIJI/SCALE+XMAX 
C2=YIJI/SCALE+YMAX 
GO TO 26 
E=lDO-ZIJII/DP*SCALE 
Cl=XIJI/E+X~AX 

C2=Y(JI/E+Y~AX 

IF CIOPI5»1 28.28.27 
CALL PROJ ICl.CZ,XMAX,YMAX,SCALEI 
CALL PLOTCC ICZ.Cl,KTYPEI 
KTYPE=2 
CONriNUE 
RETURN 

30 FCRM~TI'O CISTANCE ro PLANE ='oF9.2,•, OISTANCE TO OBJECT 
1,FQ.21 

END 
SUBROUTINE PROJ (X,Y,XMAX,YMAX,SCALEI 
0.\TA K/ 1 1'/ 
MAP PROJECriON SUBROUTINE 
OBLICUE STEREOGRAPHIC PROJECTION 
INSERr CARO CONTAINING PROJFCTION CONSTANTS IMMEDIATELY AFTER 
"20" CARO WHICH FOLLOWS THE FIRST USE OF A "05" CARO. 
PROJECTION CONSTANTS MUST INCLUOE THE LAT/LONG OF THE CENTER OF 
T~E MArRIX TO BE CONTOUREO ANO THE GRIO SIZE IF DIFFERENT FROM 
1 DEGREE. OTHER PROJECTION CONTROLS OEPENO ON THE SPECIFIC 
PROJECTION SllBROUTINE. All OATA USlNG "05" IN ONE RUN SHOULO 
HAVE THE SAME CENTER LAT/LON ÁNO GRID SlZE, ANO Wlll PLOT ON THE 
SAME PAOJECTION. 
WIOTH OF MAP WHEN USING "05" SHOULD REFER TO THE WIDTH AT THE 
CENTE~ LATITUDE ON THE SOUAREiPROJECTION IASSUMES NORTH 
OAIENTATIONI. : 
1 F IK 1 lo 4 .l 

6 72 
673 
674 
675 
676 
677 
67B 
679 
680 
681 
682 
683 
684 
685 
686 
687 
688 
689 
690 
691 
692 
693 
694 
695 
696 
697 
698 
699 
700 
701 
702 
703 
704 
705 
706 
707 
708 

' 709 
710 
711 
712 
713 
714 
715 
716 
717 
718 
719 
720 
721 
722 
723 
724 
725 
726 
727 
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1o;.us.1 
17 • O 1 1 • t. 1 1. q D. 1 l 4. 2 14 • 7 l ~. R 13. 3 n . 4 1 3. 2 l 3. l 1 1 • S 1 C. 3 1 O. RO R • 8 O 8 • 211). 2 1 5. q 
1">.717.¿ 
1'.71">.1 1~.814.814.91~.616.516.61~.~13.ql5.6ll.S14.714.216.113.211.814.2 
lll.711.f · · 
1~.416.41S.917.61S.717.217.917r717.~16.817.ll4.316.814.6l3.914.216.416.3 
17.Qlb.R 
IA.?l7.117.Ql7.416.916.719.318.01P.4lb.814.616.417.417.717.115.409.4l6.9 
1r,.(I1J.7 
IP.R18.717.818.217.518.419.018.41A.617.917.818.118.718.418.917~817.318.3 
17.R18.4 
!8.718.?18.018.017.11R.31P.21E.CIP.418.117.917.918.018.217.617.617.81R.2 
18.218.1 
12 
TE~P AT 200M*SAME/FOLI02/PLATE2/MP6 
7\J 

+40.0 -54.0 1.0 +54.C -38.0 
1 3 



BLOCK DIAGRAM PLOTTING 

Purposea This program is used for rapid plotting of isometric profiles 

from a rectangular ~~Jatrix of data. 

Descriptiom The block diag~ams are drawn fr0111 a ROWS x COLS matrix 

Commentsa 

Data Decka 

of floatin~ point Z values. Data is read in row by row 

trom the top dawn (i.e., the origin is (1,1) in the upper 
-

left, or Northwest). By simply changing the ROWS parameter 

to a minus number, the block diagram will be drawn 11.s 

viewed from the North. Controls and format are read from 

unit 5; the title and observation deck from unit 4, and 

plotting is done via unit 9. The program is easy to use 

since it has many default options, the only essential 

control variab~es being ROWS and COL3. This version of 

the program does not delete hidden lines. 

The program is desiened for use with JO inch CALCOMP 

plotter. Current dimensioning allows an input matrix 

of' lOO x lOO: thrs may -be- adjusted by changing,, the- dilnen--

sioning of X, Y, XL, and YL. Multiple sets of data may 

be run using the same vertical exaggeration by setting 
1 

SAHE parameter'. Plotting calls are from the standard 

CALCOMP library. 

1) Control card 

2) Variable Format card 

3) Title card 

4) Observation deck 

111 
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Data Card 
Composition1 1) Control cRrd 

columns 

1-J 

4-6 

7-9 

10-12 

lJ-15 

16-20 

21-25 

26-JO 

31-35 

36-40 

ROWS 

COLS 

RlNC 

CINC 

SAME 

MAXHGT 

MAX 

FRONT 

Number of rows in input matrix 

(100 or less}. If negative, 

-ROWS is the number of rows, and 

a view from the North is plotted. 

(13} 

Number of columns in input matrix 

(lOO or less} (I3} 

Spacing increment of row profiles 

Default = 1. "(!3} 

Spacing increment of column pro-

files. Default = Cols -1, i.e., 

only the edges are drawn (13) 

Number of matrices of input to 

be run wi th same controls ancl 

tormat, and same vertical exag-

geration. Default = O (13} 

Fl.oating point height of diagram 

in inches. Default = 0.5 inches 

(FS.O} 

Control vertical exaggeration, in 

fioating point (Default = MAX and 

HIN of data) (F5.0} 

Specify horizontal size of dia­

gram in fioating point. Defa~lt 

uses EPS to calcul.ate these val-



References 1 

11J 

41-45 EPS 

ALF 

2) Variable format card 

ues. (F5.0) 

Inches between columns of diagra.m • 

fioa.ting point. Default = 0.1 in­

ch~s. (F5.0) 

Isometric viewing angle in degrees 

noating point. Defa.ult = J5. 

(F5.0) 

E or F type FORTRAN format for one row of data 

J} Title card 

Any title ( ~ 72 cha.racters} 

4} Observation Deck 

Observations by rows as described by variable format 

card. 

B. Kubert, J. Szabo, and s. Giulieri, 11 The Perspectiva 

Representation of Functions of Two Variables", Journal, 

AC~~. 15,2 (April 1968), PP• 193-204. 

R.L. Ydtchell, 11A Computerized J-D Plottine Program", 

Los Angeles, 1967, AD 658857• 
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C .PlllCK D1AGRAM PLOTT 1NG P~OGRAM 1 
C t fORTRAN TKA~SlATION Of A 1Q65 ~AO PROGRAM RY w.R. TOOL~R 2 

OIHf..NSION FMTI181,TITL11AI,Í(( lOO,lOOI,Yil'JU,lOOI,XLI50'JOI,YL 3 
1 1 S lOO 1 4 

INTFGER ROWS,COLS,RINC,CJ~C.SAME S 
lNT[Gf.R RO~Sl 6 
REAL MAXHGT,~AX,~l~ 7 

'199 FOR"1ATI513,7FS.OI 8 
1000 FnR~ATilAA41 9 
1001 FOR~AT C2X,l8A4) 11) 
1003 FOR,_AT 12X,Sl4,2X,61Fl0.3,2XII 11 
1004 fCRp.tATI2X,Fl0.31 12 
1005 FORMAT(IH ,15) 13 

RA0:174532925F-10 14 
5 REA0(5,9991 ROWS,COLS,RlN(,f.JNC,SAM~,"1~XHGT,MAX,MIN,WIOTH,FHONT, lS 

1EPS,AlF 16 
C REAnS FORMAT FDR ONE ROW Of DATA MAT~IX 17 

RE llCI5, 101)0 1 FMT lB 
WRITEI6.10'lll IFMHII,I=1.1AI 19 
IVU =O 20 
IF IROWSI 500,500,501 21 

5(10 [ VU= 1 22 
Rm~ S= -ROW S 23 
II:OLS=COLS+1 24 

<;01 GRID=ROWS•f.OLS 25 
JF(RINCI 50,50,52 26 

50 IFICINCI 51,51,52 77 
51 RINC=l 28 
52 KK=O 29 

IF IALFI 56,55,56 30 
55 ALF=35.0 31 
51:. IFIALF-901 57,57,55 "32 
57 ALF = Alf*R~D 33 

S Al f = S 1 N 1 Al F 1 34 
CALF = COS 1 ~LF 1 35 

10 COIIITl NUE 36 
REAI:I4,IOOOIITITLIII,J=lolel 37 
WRITEI6.100ll ITITLCilol=l.tAI 38 
WRITE{6,1'l051SAME 39 
C All PL TXMX 130.01 40 
RCW51 = ROWS+l 41 
DO 60 ll=l,ROWS 42 
1 = ROWSl-11 43 

C R EADS DATA MATR IX 44 
1F IIVU 1 502,502,503 45 

502 REAO 14,FHTI IXII,JI,J=l,COISI 4ó 
GO TO 505 47 

503 READI4,FMTI IYIJI,JJ,J-=l,COLSI 48 
DO 504 J= 1, COLS 49 
JJ=1COLS-J 50 

504 XI11.JJ)=YIII 1 J) 51 
.ses IF n-u 3001.3000,3oot sz 

3000 WR1TE I6,1003IROWS, 1, 11,ROWS1, SAHE, XII ,11 ,XII ,z 1, 53 
1XII,31,XCI,4l,X(I,51,XIIo61 54 

3001 1F C 1-ROWS 13003.3002,3003 55 
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3t)C\? WQ.lTE(f.,10031ROWS,I,II,ROWSJ,SfiMi::,XII,JI,XIl,21, 56 
1XII,31,XI1,4I,X(I,5l,XIl,61 57 

'00' CCNTINUF 58 
I>'J CUNTlNlJF 59 

1 F , R 1 N C 1 6 1 , 6 1 , 6 2 60 
bl RINC = ROWS-1 61 
1>2 IFICINCI 63,63,64 62 
~1 CINC = COLS-1 63 
64 IFIS.AMEI 67,67,65 64 
6S IFIKI<l 66,66,20 65 
6~ KK = KK+1 66 
67 CALL STATSlROWS,COLS,X,ZBAR,ZVAR,ZSIG,ZMAX,ZMIN,ROWSll 67 

lfl~AX-MINI 68,6q,68 68 
68 Z~AX = MAX 69 

ZMIN = ~IN 70 
C HORIZONTAL SCALES 71 
69 IFIWIDTH) 70,71,70 72 
10 EPS = IWIOTH-11/lCOLS-1+lROWS-li~CAlfl 73 

GO TO 75 74 
71 IF {EPS) 75, 72, 75 75 
72 IFIFQ.ONTI 73,74,73 76 
H EPS = FRONT/ICI1LS-ll 17 

GO H1 75 78 
74 EPS= 0.1 79 
1'> WIIHH = EPS*I ICOLS-li+IROWS-ll*CALFI+l.O 80 

FRONT = EPS*ICOLS-11 81 
C VEQ.TICAL SCAl ES 82 

RANGE = ZMAX-ZMIN 83 
IFIMAXHGTl 76,76,77 84 

76 MAXHGT=0.5 85 
77 OZ = HAXHGT/RANGE 86 

XCON=O. 5 87 
YCON=l.5 88 
SUM=VCON-0.1 A9 
SF = SALF*EPS 90 

20 CONTINUE 91 
WRITE (6,10031 ROWS,COLS,RINC,CINC,SAME,FRONT,EPS,SALF,MAXHGT, q2 

1 ZMAX,ZMIN 93 
CALLPSYMBIO.S,0.1,.1, 1 GEOGRAPHY OEPAQ.TMENT, UNIVERSITY OF MICHIGA 94 

lN 1 ,0.0,451 95 
CALL PSYMRI0.5,0.5,.1,TITL,0.,721 96 

C BEGIN PLOTTING 97 
r COMPUTE THE OIAGRAM LATTICE POINT COORDINATES 98 

00 30 l=l,ROnS 99 
M = l-1 lOO 
RC1 = SF•M+YCO~ 101 
RC2 = M*CALF 102 
~O 30 J=1,COLS 103 
Yll,Jl=IXII,JI-ZMINI*OZ+RC1 104 
X(l,J) = EPS*IIJ-1l+RC2l+XCflN 105 

30 CONTINUE 106 
BOT=O.O 107 

W R IT E 1 6 , 1 00 4 l 80 T 1 O 8 
C ORAW PROFILES ACROSS THE ROWS 109 

DO 40 l=1,R.OWS,RINC 110 
DO 2000 J=lrCOLS 111 
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XLIJI=XII,Jl 
2~00 YLIJI=YII,Jl 

CAll PLINE IXllli,YLili,C:OLS.l,O,O,OI 
40 CO,.TINUE 

ACT =l. O 
W ~ 1 TE 16, 1 004 1 BO T 

C DRAW P~OFILES OOW~ THE COLUMNS 
~O 42 J=1,COLS,CINC 
DO 41 I-=1,ROWS 
XLIII= XIJ,J) 
Vllll.:: Y(I,J) 

41 C.ONr 1 NUE 
CALI. PLINEIXLili,Ylll),ROWS.L,O,J,O) 

42 CONTINUE 
ROT=BOT+2.0 

WPITE 16,10041 BOT 
C PllT Hf"JTTO~ ON THE OIAGRAM 

X Ll l) =XCON 
Yl ( 1) =Y 11,1) 
XLI2l=XC.ON 
Yll;>l=SUM 
X l 1 3) =X 1 1, COL S 1 
Vl ( 31 =SUM 
Xll4l=XLI31 
Y l 1 4 1 =Y 1 1 , COl S 1 
CALL PLINE IXllli,YlllJ 1 4,l.O,O,OI 
Xllll=XIl,COLSl 
XL(2l=XIROWS,COLSI 
YLI3l=YIROWS,COLSI 
Ylll) =SUM 

YLI2l=RC1-0.1 
Xll3l=XL121 
t:All PLINEIXL(l),YL(ll,3.l,O,O,OI 
BCT=ROT+4,0 

WRITE 11>.10041 BOT 
SA"!E = SAME-1 
CALL Pl TEND 
WRITEI6tll411TITU 11.1=1,181 

114 FORMATflH1.18A4l 
IFISAMEt 5,5.10 
END 
SU~ROUTINESTATSINR,NC,X,XBAR,XVAR,XSIG,XMAX,XMIN,PRINTl 
OIMENSION XI1QO,l00) 
1 NTEGER PR 1 NT 

200 FORMATI1H o2ll5r1XIo51Fl0.3olXII 
FN=NR*NC 
X M A X= X 1 1, 11 
XMI N=XMAX 
XSUM=O. 
XSCIR= O. 
0Cl01=1,NR 
00 lOJ = 1 ,NC 
XX=XCI,JI 
XMAX=AMAX11XMAX 0 XXI 
XMIN=A~IN11XMIN,XXI 
X SU M-= XSlJM+ XX 

112 
113 
114 
11') 
116 
11 7 
118 
119 
1<'0 
121 
122 
123 
124 
125 
1 ?6 
127 
12!1 
129 
130 
1'31 
132 
133 
134 
135 
1 36 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
1 <;4 

1 55 
1 56 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
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1~ (§C~=XSOK+XX*XX 
X~AQ~XSUM/FN 
XV4R=IXSON-2.•~BAR*XSUM+FN*XBAM*XBARI/FN 
X S 1 V= S Cfl T 1 X VAP 1 
IFIPRINTI30,~~.20 

?fl WRITf-16,21)0)11jq,lll(,'XBAR,XVA~.XSIG,X114AX,XMIN 
'\0 RE T llRN 

l::t-m 

lbR 
lbq 
170 
171 
172 
173 
174 
175 



Purposea 

SPATIAL DEip:VATIVt: PIUXIRAt: 

This program calculates the absolu~ value or the grad­

' ient ("slope") for data giverl as a geographical ~~~atrix. 

Descriptiona The spatial derivativa is calculated by the equation 

Commentsa 

Data Decka 

Where ~(x,y) is the magnitude or the gradient obtained 

from a pair of orthogonal partial derivatives of Z1 approx-

imated by finite differences. That is, ~ij is calculated 

from its four neighbors (Zi*l, jtl)• Edge effects appear 

at the boundaries, where the three neighboring points are 

used, and in the corners 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 dimensioning of values l and W. This program may be 

used at a remote terminal which 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) Ti tle Card 

3) Variable Format Card 

4) Observation Deck 

119 
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Data Card 
Compos1t1onl 1) Control Card 

1 

Reference1 

co],wnns 

1-3 

4-6 

? 

8 

ROI/S 

COLS 

G 

PUN 

Number of raws of input matrix 

Number of columns of input matrix 

One for first derivative, two for 

second derivativa, etc. 

One if any derivatives are to be 

punched out, zero otherwise 

9-14 SCALE Distance between matrix points {F6.0) 

15 SPUII If zero punches out all derivativas 

(PUN =1), if 1-9 will only punch out 

derivative number indicated {conven-

ient for remate terminal usage). 

2) Title Card 

Any ti tle ( ~ 80 characters) 

3) Variable·Format Card 

E or F type FORTRAN format for one rm• of data ( ~ 80 

characters) 

4) Observation úeck 

Observations by rows as descr1bed by variable format 

card. 

C.M. Davis, 11A Study of the Land Type11 , University of 

Michigan, Contract DA-31-124-ARü-D-456, UM 08055-2-F, 

March 1969, PP• 59-85. 
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f P~OG~A~ TO COMPUH TH( K'T~IMAX c:n OF.RIVATIVI AT GRIO POINTS 
C W.R, TORlfR 1 UNIVERSI TY OF MICHIGAr-.. 1 GEOGRAPHY 
( ACAPTEO Tu FQkTRAN PY H. MQELLERING 

INTEGER ROWS.COLS.G.PUN,SPUN 
O 1 M E N S ION T 1 TL 1 20 1 , F M T 1 2 O 1 , 7 1 1 OC, 100 1 , ._ 1 l J C ,1 O O 1 , O 1 V 1 9 1 
DATA DIV/'lST 1 , 1 2ND','3R0 1 o 1 4TH 1 , 1 5TH 1 , 1 6TH', 17TH 1o 1 8TH'o'9TH'/ 

lOO FORP'AT ( 213, ?1 1• F6.Q, 11) 
101 FORMATI20A41 
102 FC~P'ATI1Hl,20A41 
1 O 3 F O R P' A T 1 'O' , 1 N"= ' , 15 , 5 X , 1 ROW S= 1 1 1 3, 5 X, 'e Ol S= 1 1 1 3 , 5 X, 1 K= ' o 1 2 o 5 X , 

t•SeALE= 1 of6.0.5X,'G= 1 ,[2,?X. 1 SPUN= 1 112///55X, 1 THE',lX,A3.1Xo 
2'DERIVATIVE IS' 1 

104 FORP'AT18F10.31 
lO~ FORMATilOX, 1 END OF DATA SET'I 
106 FCR~ATilHO,• ENC OF DERIVATIVES'I 
lOR FORP'AT('0 1ol2Fl0.311' 1 .12F10.311 
109 FORMATI 1 l 1 o20A41 
110 FORMAT 1 1 0 PROGRAM I~ PUNCHING OUT RESULTS OF All OERIVATIVES REO 

lUESTED' 1 
111 FO~P'ATI'O PROGRAM IS PUNCHING OUT RESULTS OF ONLY OERIVATIVE #', 

1121 
5 READI5,1001 ROWS,COLS,G,PUN.SCALE,SPUN 

READI5.1011 TITl 
WRITEI6.1091 TITL 
REAC(5,1011 FMT 
WRITE (6.!011 FMT 
IFISeALE.LF.O.OI XH2=2.0 
IFISCALE.GT.O.OI XH2=SeALE*?.O 
1 F 1 G. LE. O l G= 1 
DO 70 I-=1,ROWS 

70 R~AC 15,FMTI IZII,K),K=t,entSI 
DO 60 l=l,ROWS 

60 WRITEI6.1081 IZII.KI,K=1,COLSI 
CALL STATSCROWS,COLS,Z,ZBAR.OUM,ZSIG,ZMAX,ZMIN,KI 
IFIPUN.GE.l ,ANO. SPUN.EO.OI WRITEI6,1101 
IFIPUN.GE.l ,ANO. SPUN.GT.OI wRIH:I6.1111 SPUN 
DO 50 K=loG 
N=ROWS*COLS 
WRITEI6ol021 TITL 
W R 1 TE 1 6, 1 O 3) N, RO W S, COL S, K, "e AL E, G , S P UN , O 1 V 1 K 1 
OC 30 M=l,ROWS 
"'P' = P'- 1 
M l=M+ 1 
OC 20 J= lo COL S 
JJ=J-1 
Jl=J+1 
IFIJJ.LT.ll OX=ICZIM,Jll-lfMIJII*2.01/XH2 
IFIJl.GT.eOLSI DX=IIZIM,JI-ZCMIJJil*2.01/XH2 
IFIJJ.GE.1 ,ANO. Jl.LE.COLSI OX=IZIM,Jli-ZC M,JJII/XH2 
IFIMM.LT.ll OY=(IZ!M,JI-Z1Ml,JII*2.01/XH2 
1 F ( f4 1 • G T • RO W S 1 O Y= 1 1 Z 1 M M, J 1- Z 1 M , J 1 1 * 2. O 1 1 XH 2 
IFIM1o4.GE.l .ANO. Ml.LE.ROWSI OY=IZIMM,J)-ZIHl.JII/XH2 
WIM,JI=SORTIDX*OX+DY*OYI 

20 eoNTINUE 
IFIPUN.GE.l ,ANO. SPUN.EQ.OI WRITEI7.104) IWIM,JI,J=1.COlSI 
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TRENO SURFACES BY EIG~NV~TOR DYADS 

Purposet This program produces a series of trend surfaces each con-

secutive member of which better approximates an original 

input distribution. 

Descriptiont It is assumed that the geographical data are given in the 

Data Deckt 

form of an m by n geographical matrix Z: (Zij)• Tbis 

matrix is dec0111posed by the program into the sum of k ma-

trices of order m by n. Each of these trend matrices is in 

turn separated into the product of an m by one vector fk 

multiplied by a one by n Tector gk• i.e., the model is 

where x can be if,terpreted as the column coordi.ns.te j, 

and y the row coordinate. The colUlllll vector fk is the 
' t 

kth eigenvector of ZZ , and the row vector gk is obtained 

as gk = ztrk/r~rk. The program orders the dyads (f, g) 

from the largest eigenvalue to the smallest, each dyad 

accounting for the lllaJCimum amount of variance which can 

be extractad by ~ 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 

from 7, writes on 6, and punches on .5. 

1) Control Card. 

2) Forma t Card. 

J) Observation deck. 

123 
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Repeat 1 through J as many times as desired. 

Data Card 
Compositiona 1) Control Card 

,,. colUIIIll 

1-2 NR nU!IIber of rows 

J-4 NC nUII!ber of columns 

5-6 Y.AXE HaximUJII number of dyads to be extracted 

7 IFPCH 2 1f for each dyad the X matrix and the 

cUMulative Y matrix are to be punched. 

1 if for each dyad only the cumulative 

Y matrix is to be punchad. O if no 

punching. 

2) Format Card 

The variable format, including left and right parenthe-

ses, is punched in the first 72 ~olumns of this card in 

E or F type FORTR.A}J notation. 

Referencas 1 Waldo R. Tobler, 11Geographical Fil ters and their Inversas , 11 

Geographical Analysis, Vol 1, (1969), pp. 24J-25J. 

Peter R. Gould, 11 0n the Geographical Interpretation of 

Eigenvalues, 11 Transactions, Institute of British Geographers, 

(1967)~ pp. 53-86. 
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e TRE~n SURFACES VIA EIGENVECTOR OYAOS l 
Ul"'t:NSION ZI70,70l, ZTI70,701, ZZTI70,7QI, FHTI181, EVALI701, Al70 2 

ll, Bl70l. EVECI70,7CI 3 
31 FCRMAT 1312.111 4 
3? FCRI'AT ll8A4l 5 
H fOR,..AT llOH1CONTROLS ,412X.I21/1H 18A41 6 
34 FCRI"AT I'ORIGINAL ~ATRIX' 1 7 
3'\ fCRI"AT llH 10Fl0.2/l 8 
36 , fORMAl I 1 -ElGENVALUES'/ 1 TRAC:E= 1 oElS.6,10X,'N= 1 ,IS/ 1 VECTOR',10X, q 

1'VALUE',10X, 1 CUMULATIVF PERf.ENT 1 /lHOI 10 
31 FCRI'AT llHO,J2,El5.6,2PF24.71 11 
3"1 fCR,..AT 1'1 CYAD NUMBER 1

9 151 12 
H FCR,..AT 11HO, 1 E IGENVECTOR TRANSPOSE0 1 1 13 
40 FORMAl llHO, 1 THE OTHER VECTOR 1 1 14 
41 FORMAl llH0, 1 THE P~OOUCT MAT~IX'I 15 

42 FORI'AT 1 1 1 CUMULATIVE EXPANSIONo THRU DYA0 1 ,15l 16 
43 FORI"AT llH-,'EXPAI\ISION COMPLETEO'I 17 
44 FORMAl 1 lH0,34HMATRIX DIMENSIONS EXCEED ALLOTMENTI 18 

REAO 17,311 NR,NC.~AXE,IFPCH 19 
REAC 17,371 IFHTIJI,J=lo1~1 20 
WRITE (6,331 NR,NC,MAXE,IFPf.H,IFMTIKI,K=l,l81 21 
WRITE 16.341 22 
IF (MhXOINR,NCI .GT. 701 Gn TO 51 23 

C REAO ANO PRINT DATA HATRIX 24 
00 2 l=l,NR 25 
REAO (7,fMTI IZII,JI,J=1,NCI 26 

7 WRITE (6,351 IZ(l,,JI,'J=l,NCI 27 
C FCIH4 TRANSPOSE 28 

OC 3 1=1,NR 29 
OC 3 J=l,NC 30 
ZTIJ.II=ZIJ,JI 31 
DO 4 l=l,NR 32 
DO 4 J=1,NR 33 
ZZTIIoJI=O.O 34 

4 EVECII,JI=O.O 35 
C FORM PRODUCT 36 

DG 5 K=1,NC 37 
OC '5 1=1,NR 38 
OC 5 J=l,NR 39 

S Z l T 1 1 , J 1= Z Z T 1 1 , J 1 + Z 1 1 , K 1* Z T 1 K, J 1 40 
MAXE = HINOINR,NCI 41 

1\ TRACE=O.O 42 
00 12 K=1,NR 43 

\2 TRACE=TRACE+ZZTIK,KI 44 
C PRINT EIGENVALUES 45 

WRITE (6,361 TRACE,MAXE 46 
PERC=O · 47 
CAll EIGEN IZZT,EVEC,NR,EVAL,MAXE,701 48 
DO 15 K=l,MAXE 4q 
IF ITRACEI 13,14.13 50 

13 PERC= PERC+EVAL IK 1 /TRACE 51 
WRITE (6,371 KoEVALIKI,PERC '52 
GC TO 1'5 53 

14 WRITE 16,311 K,EVALIKI 54 
15 CONTINUE '55 
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Dl,.,FNSiflN Alt.IO,MCI, F\IMO,I-4LJI, VI\LUIMOI, TII0,\1, OIAGI701, SUPE~I1111? 

1701, \o<VF(I7'll, PVEC1701,0VUI70l, VAlll7.11, CI7UI, 111701, II\DfXI7J113 
2 1 , V 1 7') 1 1 14 

r 11~ 
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? 
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r 
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Q 

f'CtJIVALFNCF I>~Vf(,VALL,UI, 

1112.T21, ITfMP,TOI, ( Sll'-I,MATfHI, 
2CR~2. AIIJORM 1, 1 VT E"'?, VI~(IRM2 ,·v·m~l' 1 

11\:ITI Al IZAT ION 
N=NSUP 
"'=lo: SU H 
I\P1=N+l 
1\Ml=N-1 

E1=1.f-B 
GENE~hTE IDE~TITY ~ATRIX 

OC 1 l=l,N 
DO '\ J=1,N 
IF 11-JI i?.l.l 
HII,JI=l. 
(,0 TO 1 
AII,JI=O. 
Cf~NTINUE 

IPV[(,(JV((,(,;,VI, lll,T11. Ll6 
1 1 , P 1 , 1 1) 1 ,¡,S( Al A R, T AU 1 , 1 AN 1 1 7 

11 8 
1 19 
120 
1 21 
122 
123 
124 
125 
126 

1 ' 

. 127 
12R 
¡¿q 

llO 
1 :, 1 
132 
1 H 

HrUSthCLnER Sl"~ll'lr{ITY TRI\NSFCIRJ'o'ATIOJ\, TIJ Cfl-[)[,\GG~~fll F[ll.M 
R[t)IJ(E Clllll"''s :-JF "~AT~ IX 

1 J4 
1 3 5 
1 ~h 
1 37 
1 1 ri 
1 3'1 
ll.IJ 
14 l 
142 
14 ~ 
144 
14~ 

14é 

oc 14 1=1,\¡1-41 
1 F 1 1 -N.., 1 1 4 .'1 l , 4 
1 1 = r + 1 
12=11+1 
Sil..,= "'1, 
DC <; .J=IZ,IIJ 
SU~=SIJM+fl I.J,I 1**2 
IF IStJMI o,H,A 
J = 1 1 
T F "1 P= A 1 J , 1 1 

suw=s~~TISU~+TEMP**i?l 

A(J,I 1=-SIC.N I)IJ"1,Tf"'PI 

.. vECIJI=S!~RTI1,+A''5 ITEMPI/SUMI 
ó1!V=SJC,N n.vF:CIJI•'>lJI.I,Tf."'PI 
!) r: 1 J = 1 z • !\¡ 
iiV f (.( J 1 =A 1 .J, l 1/ C 1 V 
:'>(1\li\O<=C'. 
DG 9 J=Il,f\J 
PvF:CIJl=f', 
DO 8 K= 11 ,IIJ 
PV E C: 1 J l = 1-' V f e 1 J 1 +A 1 K , J l * WV f C 1 K ) 
SC ALA~= SCAL Af.< +PVEC 1 J 1 >~<wVFCI .1 1 
CONT 1 NUF 
SCALAR=SfAlfiR/2, 
no to J = r t. N 
I~VECI JI=PVF.C:IJ 1-<;Ct.LAR*WVEC:I J 1 
OC l'l K=ll,J 
A 1 K, J 1 =A 1 K, J 1- 1 wVF e 1 K 1 *OV f C 1 J 1 + r. VE C 1 J 1 *O VE C 1 K 1 1 
A(J,Kl=A(K,JI 

TfQ~l~AL-F FLAG14f 
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1 49 
TEKMINAL-~ FLAvl5J 

1 "1 
L52 
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160 
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lh5 
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12tl 

CIJNTINUE 
~AVE ROTATinN FOR LAHR APPIICATION 10 CO-OihGIJNhl VI:CTOI<S 
ll!' 12 K=7.,N 
T l M P= 0, 
00 ll J=l1,N 
Tl~P=TEMP+WVEriJI*~IJ,KI 

I)C 12 J=J1,N 
BIJ,KI=PIJ,KI-~VFCIJI•TEMP 

CONTINUE 
MCVE eO-OlAGONAl fORM ~LEM~NTS fOR ITERATIVE PROCEUURE 
J=l 
CIAGI li=AIJ.ll 
SUPEI((J(li=AIJ+1,JI 
CO"'JTINUE 
01AGI~'<I=AIN,NI 

CETER~INE EIGE~VALUES f~OM STURM CHAIN Of CO-DIAGONAL MJNORS 
CALellLATE NOR114 Of -4ATRIX ANO INITIALIZE EIGENVALUE BOUNOS 
ANO~M2=0lAGill**2 
OC 15 l=Z,N 
OIL-11=SUPEROIL-ll**2 
AI\O~M2=01 AG lll** ;?+') ll-1 1+01 L-11 +ANORM2 
CO"'TINUE 

ANOR~=SCRTIANORM21 

OC 16 l=1,M 
V A L U 1 l 1 = A NO RM 
VALLILl=-ANORM 
CONTINlJE 
EPSl=ANQRM*E1 
IF IEPSll 11,73,17 

TER~INAL-F 

CHOOSE NEW TRIAL VALUE WHILF TESTING BOUNDS FOR CCNVERGENCE 
nc 35 L=l.M 
1 TF ll=l"' 
VTE,.,P=EPSl 
T AU = 1 V ALU ll 1 +VAL l 1 l 1 1 1 2. 
IF IITER-101 20.19.20 
VTEf"P=VTI:::MP>~~10. 

1 TUl= O 
lf 12.•1TAU-VALlllll-VTEMPI 35,35,21 
DtTERMlNE SIGNS OF PRINCIPAl MINORS 
MATCH= O 
lTER:lTER+l 
T2=0. 
T 1 =l. 
OC 30 l1= 1, N 
P=OIAGILli-TAU 
1 F IT 21 23, 22, 2 3 
Tl=SIGN 11.,Tll 
lf (Tl) 25.24.25 
T O= -S 1 GN 1 1 • , T 2 1 
T 2=0. 
lf IOill-111 26,22,26 
TO=P-Cill-1l>~~T2/Tl 

T 2= l. 
COUNT AGREEMENTS IN SIGN IZFRO CONSIOERED POSITIVEI 
IF ITOI 29,27,28 
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f-4 
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10 
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l)U 

11 r ~= 1 
(F 1111 '>8,':1,<;~ 

'1110 :i1JH~l'TUTf:: TU 011Tflll~ EIGLNVI:CTlJI{ 
•>r: '>7 L1=1,N 
L=NPl-Ll 
Vlli=IVIli-TILoZI*VILf-11-TII ,31*Vfl+211/TIL,ll 
eCNTINUE 
G r' TI' 1 5 ~, '> R 1 , 1 TER 
PtRfO~~ StCONC ITE~~TION 

1 T 1:' ~=? 
11( '>7 L=2,N 
11- IINOfXIL-11155,5{-,55 
VTE~P=IIIL-11 

VIL-11=1/ILI 
VILI=IIlfMP 
V 1 L 1 = 111 L 1 -11 1 L- 1 1 *V 1 l- 1 1 
erNTINUE 
l>C TO 51 
O~THOGCNALilE VFCTO~ TU OTHFRS ASSOCIATED ~ITH REPEATED ROOT 
IF 1111 59,62,')9 
f)( 61 L1=1, 11 
1\= 1 -L 1 
VTF~P=·J. 

r) l: t. '1 J = 1 , N 
VTF~P=VTEMP+II(J,KI*VIJI 

1)( ,1 J=1,N 
VIJl=VIJl-AIJ,K)OVTEiiiiP 
1;C TO 1'14,1>11, ITER 
~CR~ALIZE VEeTO~ TO UNfT LENGTH 
VN[)~M2=0, 

SU!"='). 
ur b5 L=1.N 
IF ISUM-AAS IVILlll 64,65,65 
SUM=fiAS IVILll 
e CNT 11\:UE 
1)( b6 l=1,N 
V 1 l l =V ll 1/ S UM 
V~ORM2=VN0~~2+VILI**2 

V~CRM=SCRTlVNOKM21 

IJC ~ 1 J = 1, N 
l(J,I l=VIJI/V~J)RM 
CO~:T 1 NIJE 

TERI"INAL-F 

'-:fiT"lfO'J OF CO-OIAGONI\L VECTORS INTO MATRIX EIGEIIiVECTORS 
•)0 70 1 = 1. ~ 
')C 6Q '<=?., 11J 
UIKl='). 
I)C (>Q J=?,N 
li(K l=UIK 1 +AIJ,K l*fi(J, 11 
OC 711 J=2,N 
A(J,I I=UIJI 
NCRI"AlllE LENGTH OF VECTORS 10 EIGENVALUES ANO STORE IN BII,JI 
no 12 J=l,M 
f F 1 V Al U 1 J 11 73, 73, 71 

TERMINAL-F 
VTE~P=SORTIVfiLUIJII 
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Purposez 

GgQG~PHJCAL GROUPING 

The program groups observations using the criterion of 

Euclidean proximity in a p dimensional vector space; if 

the data are given in the form of geographical matrices 

Z = (Zij) the program can automatically impose a geograph­

ical contiguity constraint on ~he grouptng. 

Description; The program is basically a modification of an earlier 

program by Neely and ~~zuke]li (see references below). 

The,major modification consists of (1) an option toread 

data in the form of geographical matrices, and (2) res-

triction to only one of the possible grouping algorithms. 

The use of data not in geographic matrix form is still 

permitted, and contiguity matrices can be prespecified in 

these cases. Each of the n observations consists of p 

variables. 

The originRl n observation& are initially considerad to 

consist of n p-dimensional groups each containing one ele-

ment. The grouping procedure examines all of the n (n - 1) / 2 

squared distances among 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 a new group located at the center of 

mass of the pair, and this group then contains all the ele-

ments of the pair. Before a new step is initiated the dis-

tances from vach of the remaining groups to the new group 

1)) 

----- ---

• 

--



Limitsa 

are calcufated1 these. replace the distances to both ot 

the component groups, vith a consequent reduction by one 

ot the d~stances to be examined at the next step. This ag-

gregation requires n - 1 steps, after whicb all observations 

are in the final group. The Jlli.n1muJa distance is added to 

tbe value of SUM at each step, tbus providing a measure 

of the efticacy of each grouping. If the contiguity op-

tion is specified onl.y distances between contiguous groups 

vill be considered in the minimum proxi.Jni ty ccmparison. 

The current version of the' progre will accept as m&l\Y 

as 400 observations for each of the p variables, where 

p is defined by 

n x p ~ 80,200 

Although subroutine GRPING is called only once, it is 

here that, for larger problema, the computar time is used. 

The program searches through tbe upper balf ot tbe dis-

tance squared triangle at, each step of tbe grouping al­

gorithm, an operation wbich requires examination of a 

number of distances varying trom one to tbe triangle of" n. 

The number of searches for tbe entire problem of n obser-

vations is given by 

_ N = (n -. 1) n (n +l) / 6 

Tbe trivial case of two observations produces one searcb, 

whi.le 85 observations require over 100,000, and 183 re-

quire more tban one m1111on. Tbe maxi.mum requires 10,666-

6oo searches to produce the 399 groupings. 

Although 400 observations may seem a reasonably large 
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1)5 

number, it unfortunately yields geographical matrices of 

onl,y 20 raws by 20 columns, a rather trivially small size. 

A nine incb by nine inch aerial photograph could be digi-

talized to a resolution of only circa one half inch, and 

a 20 inch topographical map to only a one inch resolution. 

It appears that other algorithms vill be required for geo-

graphical gr'luping; ioe•, capable of operating on the 

circa 1,000,000 observations contained in a single still 

coarsely digitalized geographical map or aerial photo-

grapho The severity of tbe problem does not grov as rap­

idly with increases in p, tbe number of variables (eogo 1 

for multispectral imagery or map overlays) and the con-

tiguity constraint, essentially a local neigbborhood op-

_erator, sbould allaw greater eft1ciencies than are given 

in the pres~n~. programo 

Tbere is an option not to print (IDSP = 1) tbe original 

distance matrix1 it requires n/10 pages to print thiso 

Forty pages,' eacb cÓnta~ up to five hundred E-format 

numbers • are best left in memory 1 altbough sm.aller problems 

and uiustrative ex.amples may utilize tbis form o! outputo 

Option KODE is also best left at 01 the distance matrices 
"' 

at the subsequent steps have similar, paper requirementso 

1) Problem card 

2) Format card(s) 

3} Dat& cards 

4) Contiguity cards (optional) 

.5) Finish cardo 



1)6 

As 1aany sets of cards 1 through 4 as d"'sired may be placed 

before the Finish card. If IU5 (defined below) is 2, repe­

tition o! cards 2 and 3 is required for each oí the varia­

bles specified on the Problem card. 

Card Formats Problem Card 1 

Colwnns 

1-6 PROBLM 

l>-10 NOOB 

ll-14 MVAR 

18 Nfl:T 

22 IDS 

24-26 rffi 

21>-30 oc 

Number oí observations 

· NUIIIber oí variables 

NUIIIber of format cards 

Input code1 

2 if the variables are in geogr~ph­

ical matrix íorm. In this case 

each of the p matrices, of n ob­

servations each, is read separ­

ately, always preceeded ~ a for­

ln&t card. This option may also 

be used to read one variable at 

a time. 

1 To read the upper triangular ma­

trix ~f 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) 

NUIIIber of columns (required only if both IDS 

and NCLUS are 2) 



38 IDSP 

42 KODE 

48IP 

49-80 TITLE 

Forma t Cards 1 

1)7 

Contiguities requestbd• 

2 to be computad from matrix data 

1 to be read in trom data cards (see 

below) 

O to be ignored 

Initial printing of the distances squared 

(upper triangular matrix) 

1 to be suppressed 

o to be effected 

Stepwise printing of the distances squared. 

1 to be effected 

O to be suppressed 

Page control1 set equa1 to one for best 

results. 

An alphanumeric ti Ue or !ewer than JJ eh.ar-

ac1terso 

There may be as many as nine E or F format cards, includ­

ing initial and final parentheses. These vill describe 

one complete observation ot p variables or n observations 

on one variable. The word FORMAT must be punched in the 

tirst six co1umns ot each card. If IDS is 2 there must be 

an identical number (NFMT) ot forroat cards placed before 

the data for each ot the p variables, althougb the data 

need not be punched in discrete rows if in matrix form 

and the content ot the format oards m&y vary !rom vari­

able to variable. 

" 
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Conti~ty Cardsa 

The contiguity matrix 1s symmetric, having n rows and n 

columns. This optional input requi.res the eontigui.ty ma­

trix 1n 1ts entirety, exeept tor the la.st row, although 

the contiguity states are read only trom the upper triangle. 

Cards are punched according to format 8011 for Aach row, 

with each raw beginning on a new card. There will be an 

integral multiple ot (n - 1) eards in the set. A 1 denotes 

contiguous observations, a blank the converse. 

If conUguities are requ,ested tor data in geographical 

matrix form, the neighbors to an observation are detined 

as those observ~tions whieh have a side in eommon with the 

cell in questiona diagonally adjacent cells are not con­

siderad neighbors. 

In addition to the optional distances, at each step of 

the algorithm the program provides a statement of which 

groups were joined and the increment 'to the sum of squared 

distances. At each step the groups are labelled by the 

s111aller identification number of the two in the pair. A 

dendrogram of the grouping is provided, and.this depicts 

the groups present at a particular step by printing a 

plus sign. Each line of this graph includes one plus 

sign Which is approximately halfWay between two plus signs 

of the previous line, and this represents the two groups 

which have been joined at this step. The two groups will 

always be adjacent on the graph. This output permits div-
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ision or tbe observations into any number or exclusive 

groups (part.itions), altl'lough ·u is lmpossible to specify 

t.be total n'lllllber of observations contained in any group 

at any step other than the first and last. 

Dierk Rhynsburger; subroutines TRI, ERROR, FORMAT, and'PAGE 

adapted trrv.n a similar program at the University of Chica­

go by Neel.y and !o'.azukelli, 

D,F, Marble, Some Computer Programs for Geographic Research, 

Department ot Geograp~, Northwestern University, Evanston, 

1967 1 program C~ngroup, PP• 23-34. 
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DI,..ENSION fi(RJ.'I)Oio p,¡IJ(4f'( 1. fJiaTtlt.?l, TITLfldlo lfi',Tili>2l 
OIMENSION IAI?I, IP~I7Jo IPí\lt.l, IPCifl, IPEiól 2 
CCMMON A 3 
11\TEGER WCRCo TJTL~ 4 
l:OUIVAL[NCE (FMT.IFMTI '> 
OATA IB/'PQOR','fll-41 1 /o lt-I\/ 1 MAIN 1 ), IFR/ 1 fi!*P'/ h 
DATA IPA/'!'>TAR•,•T C.F'•' PRO','"l[ 0'1'o 1 - G 1 , 1 1<0UP 1 , 1 lf'\f: 1 / 7 
DATA IPB/'FI!RM', 1 AT F 1 o 1 CII< I',''I:PUT'•' DAT','A 1 / b 
DATA IPC/ 1 DIST 1 ,'1\N(E'•' SQil•,•AitfO'•' MAT 1 , 11UX 1 / 9 
DATA IPE/'INPU 1 , 1 T f(J','P~lfiT',', VAÍ,•KIAA 1 ,'LE 1 / 1: 

1001 FCQMAT (A4,2X,914,5X,Il,AA41 11 
2001 FORMATI2~HQ NU~A[I< [,f VAII.IA11LFS,. 19, 7CX,l7HSIJ8qGU1P:F l'fiiN 1 12 

l 26HO NlH~13FR OF 0!3S[RVÍITJ[l~~ .:o lbo70Xol9HOAH:O 3:l JUNE l'>bQ ///1 l? 
?002 FCRMAT 1 JHO, 3HTHFolb,4oJH El o:ENTS llF THE O 5•)UhRfD "'A TRI X tl/IVF , 14 

1 17HBFEN REAC A~ CAHI 15 
2003 fOR..,AT ll1-':J,3HThE,J3,41JH MHRifE.S ()~ \IARIARLES HAVE t\t:t:fll RE'AIJ AS, }f. 

1 5H O f>T A 1 1 7 
2004 FORMAT ll1-10,1HTI-fo13,37H MATRIX Of- V/IIUAi\LF~ HI\S 3EI:I'II RfAfJ AS, lf' 

1 5H OATAI 19 
2005 FCRMATilHu/lHO 20X A61 2"1 

NPAGE = 1 
NSYZ = 80200 

l.READ 1001. WOI<D, NOOR, MVAR, NFIIIT, ID'\, NR, 1'11(, NCLU~, ICSP, 
1 KDOI:. JP, ITITLEillol'"loAI 

1 F 1 W C RO • E C , 1 e 1 1 ) l GO T O 4 
IF IWIJI{Q .EO. IB1211 GO TO 3 

2 CALL EllRORI IEA,2,WOROI 
3 WRITE (~.20051 WO~D 

GC TO 101 
4 IF (MVAR * NOOBI 6,6,5 
5 NTR = NOOB * PlOOB + 11 /.2 

IF INTR - NSYZI 7,7,6 
6 CALL ERPORIIEA,6.IE~I 

7 CALL PAGEINPilGE.JP,TITLE,7,1PA) 
WRITE (6,20011 MVAR, NOOB 
DO 8 1 = l,NOOB 

8 NO 11 1 = 1 
C THRI:E WAY BRANCH FOR INPUT 

1 f 1 1 os - 1 1 q. 2 5. 11 
9 11 NSYZ- NOOB * MVAR + 1- MVAR 

12 = 11 + MVAR- 1 
CALL FORMATINFMT,IFMTol62,6oiPA,I)I 
00 10 1 1 ,I'IIOOA 
11 = 1 1 + MVAR 
12 = 12 + MVAR 

10 REAO (5,1FMTI CAIJI,J=Il,l21 
GO TO 15 

11 DO 12 1 = 1,MVAR 
1 1 = I 
CALL FOJ:-MATINFMT,IFMT.162o6.1PE,fll 
K = NSYZ - NOOB * MVAR + 1 

12 READ 15, IFMT l 1 AIL ),L=K,NSY7,MVAR) 
IF (MVAR - 11 15.13 ,}4 

13 PRINT 2004, MVAR 
GO TO 15 

21 
é.2 
í'3 
24 
2'i 
20 
27 
2B 
29 
"10 
51 
:)2 
?-3. 
34 
35 
"16 
37 
3!'1 
"39 
40 
41 
'·2 
43 
44 
45 
46 
47 
48 
4C, 

50 
51 
52 
')3 
54 
55 



14 PRINT 21103, MV.\1~ 

1'> K = O 
11 = NSYZ - Nfl'l8 • 11Vll!t • 1 
DO 24 1 l, NOilA 
J 1 = 11 
uO 2? .1 I,,NOfl~ 

K = K + 
A IK 1 : (1. 

1 2 = 1 1 
Jl = Jl 
DO 70 L = 1 , "1V .\R 
AIKI : t 1 f( 1 + 1 A 1 1 2 l - 1\IJ?II 
12 p + 1 

20 J? -= J?. • 1 
27 J.1 J 1 + MVAk 
24 Il 1 1 + MVAi~ 

GC TO 26 

141 

**2 

')IJ 

')7 
'>8 
')9 

60 
b1 
62 
63 
64 
~5 

66 
67 
f,fl 
69 
70 
71 
"17 

2'> CALL FORMt.TINHT.IHiT.lA2,é.!PR,:)) 73 
iHJ\0 (5,Jfr1T) (.'\lll,1=1.NTR.I 74 
PR!NT 21102. Nn 75 

26 CCNTINUE 76 
C END OF INPUT AND CISTANrt CALCIJLIIT!ONS 77 

IF INCLUSl 101.29,2H 7o 
2R CALL CNTGTYIN00P.~ClUS.NM,Nrl 79 
29 IF IIOSP .EO. 01 CALL T~[(A,N'J.~IUIJB,NPAGE,IP,':J,IPC,'),TITLEl PO 
60 CML GRPINGINn:JP,I.II//Ifl,KOflE,NCLUS,NPIIGE,TITLEl P.l 

GC TO 1 82 
101 STOP 81 

ENO 84 
SUA~OUTINC G~Pl'JGI:\IIillf~,.~VIIf{.K'OilF,t<CLUS.NP-\GE,TITLr:l 8'> 
Dl"1EN~!Ofl. T!TLHRl, 18(4), rAI2l, !PCI6)·, IPOI4), 1Prlhl 86 
OIMENS!Cl~J 1\(8.)2(10), 151400,,1, NZI79<;), NXI790), ATP.(4~trJ) ó7 
OIMENSION NY(tt)l)l, NCI4)Q), Nlii4JOI. wG(41Hll, TR(40\·.), PCTI4•)f)l 1:!8 
COMMUN A 89 
INTEGtR OLANK,CATA, TITLE 90 
DATA lB/' '•'+','1', 1 - 1 /, IFC/'GRUP'/, IEO/'KOO['/ 91 
DATA !PC/'OIST•,•ANrE•,• SQIJ•,•MnO•,• "'AT','RIX '/ .:¡2 
DATA IPDI'~>KDlJ','fllNG 1 , 1 SUM 0 , 0 MI\fiY 1 / 93 
DATA IPF/'~TEJl'•' GRJ\','PH n•,•F GfP,'OUP!','NG 1 / q4 

200C FORMATI?3H1NIJMAEI{ nF 01-\SERVIIT!ONS ¡p,<;QX,39HSUAROUTINE GRPING 95 
1 CA TE-!l ? 1 .JUNE 69 1/ l 06 

2001 FüRMIIT 111.4HSTEP.1~.3X,<;f-1SilM =,E15.6,13H MIN O!Sl =,E15.ó, 97 
1 1 1 H F O k 1 TE '1 S 1 5 , o:¡ H A N O T 5, 6 H W 1 T h 21 '> , '1H M E ~A~ R S l 9 8 

200~ FCRMAT(lHOI oq 

2008 FUR,..ATI19t!r) TTHIS GPOUPFO ')Xol21RI 1GC 
2009 FORMI\TI1X,I4,?J5,El4.5.2H I.l01A1l 101 
2010 FOR,..AT 11H ,29XolH-,lJ1J\1l 102 
2012 FCRMAT 1 lH ,25X, llltd lJ3 
2014 FGRMAT 11H o29X,12llll 104 
2015 FORMATI25H STEP 1 J VALIJE 3Xo121Al lfl5 
5006 FORMAT 11Hl,37HSTEIJ 1 J -¡:· WITHIN OSCJ,7X, 1J6 

1 8HHETW OSO/lH ,3X,lHO,l6X,4HQ.00,4X,JlHO.OOQ00E 00,[15.51 107 
5(•07 FORMAT 11H .(4,2(5,f-lQ.2,2E15.51 1'113 
50/ú FOMMAT (lH ,3X,li-O, J3X, 13H').f)0000f OC lol01A11 1'19 

A V O(, -= 6. O~ 2 '> 7 • 1 O • "'• i.3 1 1 n 
NB8 = N(]OH - 1 ' 111 

.. 
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on 5!:12 1 = 1."lOUB 
Nllll 0 
NC 1 J 1 = 1 

"OZ NOII) = 1 
IC = O 
TRACE= O. 

142 

IF INDOS .GT. 16 .litiO. IWIJE .F:!. 11 10 
IF IKOIJFI 15.17,17 

15 CALL E:RRURIIFC.J5.II:OI 
17 WRJTE 16,20001 NOUB 

CALL PIIG(('I¡PAGE,O,T ITLE,4,JI'I)I 
WRITE lf-.2')0bl 
0( 550 NCYC = I.I~A~ 

AMJN = AVOG 
N = NOOB - NCYC + 
NB = N - 1 
NTR = N ~ IN + 11 1 2 

S':ARCI-' WITH CIAGONIIL OEI ETION 
K = O 
00 514 1 = J,NB 
K = K + 1 
1 1 = 1 + 1 
OC 51 4 J = 11 , N 
K = K + 1 

11- IAIKII 'J14,51b,512 
51 2 1 F 1 A (K 1 • G E. 11 ~ 1 N 1 GO T O ">14 

A/'IIN AIKI 
MR = 1 
M( = J 

514 CONTINUE 
GC TO 518 

516 /'IR = 1 
MC = J 
AMIN = 0, 

( THE SEIIRCH HAVHJG fH:I::N í.ú~PLETFD WITH THt- LCCIITIIJ"l OF AMJ:'.¡, 
C KEEPING PROCElDS 

SIR IR = NCIMRI 
IC = NC(M() 
Is1r-..cyc,11 IR 
1 s 1 NC Y e. 21 = 1 e 
WGir-..CYCI = M11N 
TRACE = TRACE + A~IN 
T K 1 lvC Y C 1 = T R A (E 
WR = NOIIRI 
WC = NOIICI 
PRir-.T 2001, JQ, NCYC, TRACE. A~lN, IR, IC, II.JCIIRI, N1HICI 
IF (KODF .EQ, 11 CALL TRI(A,N(,í\I,NI>t,;;F.,Q,6,IPC,1.f!TLEI 
IF IAMIN .EO. 0.1 GO TO 1')1 

f CCMPINE FlE~>HNTS OF THE CLOSEST PAIR 
MRR MR - 1 
MPR = MR + 1 
MCC = MC + 1 
1 F 1M R • E O, 1 1 GO T O 1 O 3 
DO 102 1 = l,MQ.R ' 
1 I ( 1 - 1 1 ~ 12 ~ N · 11 1 2 + MI{ 
J J = 1 I - 1 l ~ 1 2 * N - . I 1 1 2 + MC 

1 1 ¿ 
1 1 ~ 
1 1 4 

11 '5 
1 1 (, 
l 1 7 
1 l ci 
119 
¡¿q 

l71 
l/¿ 
ld 
ll'• 
1 ; ... 
l~t> 

l%7 
1.?>3 
}¿') 

1 j 1) 

1 ~ l 
1~2 
1·n 
1 , ¿ 

1 ', 'j 
1 .;6 
1-n 
1 'l'i 
111 
141) 

¡q 
1L, 2 
14 3 
144 
145 

~('146 

1.:.7 
143 
149 
¡c;"l 

1 51 
1 "2 
1 ') 3 
l"i4 

1'>5 
1<;<, 

1::.7 
l'iR 
1')(¡ 

11-r:• 
1 (, 1 
1">2 
ln3 
lf·4 
1'·5 
ltl, 
1o7 



70? CAll AIII"'JCLUS.!I.JJ • .o~R.wr.v:INI 
703 4(MR + ~RR * N - M~ * ~rr 1 JI = ~ 

DC 704 1 = MPR,~C 
1 1 " ,..R R * 1 2 * N - ~lt 1 1 2 + 1 
JJ = 1 1 - 1 1 * 17 * N - 11 1 ? + "'( 

7'l4 CAl l A A 1 N CllJS • 1 1 • J J • W~ • Wf • 11 1~ PI 1 
1 F 1M e . F. u. ~ 1 Gn 1 n n 1 
OC 70t> 1 "'CC. •1 

1 1 "1~P * 12 * N - "": 1 1 2 + 1 

14) 

JJ = I"'C - 11 • 12 ot r .. - A.o:r.J 1 '+ 1 
70b CALL AliiNCLIJS.II.JJ.·ot~.wC.I\~J,IIJI 

707 DO 70R 1 = Mf,~P 
70A NCIII = Nfll+ll 

NCIIRI = WR + WC 
N e 1 N l = O 
NOIICI =O 

C: eOIIIDCNSC T'H: VECTíJP. 
710 KK = Me - 1 

K = KK 
DO 714 1 = 1,KI( 
NN = r~ - 1 - 1 
lf INN .J:r.. 01 Gil TO 5'>Cl 
DO 71 ~ J = 1, NN 

712 AIJ + Kl = A(l + J + Kl 
714 K = K + rm 

K = K + 1 
J J = N * 1 ·~ - 1 1 1 7 
OC 716 1 = K,J.J 

71t> AIIJ = 1111 + 1111 
5<;0 ecr.TINUF 

e Pr<Jia TH[ l,KOIJP1NG GRAPH 
NZill = 151NAP..II 
Nll21 = I<>IN~P.21 
DO 5t>6 K 2,NPP 
K K = N!'H\ - K + 1 
DO 5A4 1 = l. K 
JF IISIKI':,ll .•~F. "l/1111 c;n Tfl 5f:4 
11 = 1 + 1 
OC 562 J II.K 
JJ=K-J+II 

562 NZIJ.J+ll IIIZIJJI 
NZIIII = ISIKK,?l 
GO ro 566 

St-.4 er.II.TlNUf-
5h6 e ONT 1 N•J[ 

JX 1 ~ 1 1 l 
JY = IHI4) 
¡e; = o 
l 1 M = 1\jnU R 1 4 q + 1. 
OC 5R7 l = 1.LP.1 
11=15+1 
12 15 + 2 
13 ¡e; + 3 
14 ¡e;+ 1• 

1 1:, = 1 5 + 4H 
[ 5 = ~ 1 ~10 ( 1 1 e;. ~'l[) f3) 

Lód 
1 ' r¡ 

1 7. J 

l 7 1 
tn 
17'\ 
1 7l. 
1 7 ~ 
17<> 
l 77 

1 'tl 
) 7rl 
1 p ) 

l•>l 
Pl.~ 
1R3 
1 ~ 4 

l R '> 
l p ':l 

13' 
}PI'¡ 

l H'-1 
¡<;q 

1 e 1 
14{' 
19:> 
104 
¡e::, 
1<)ó 
!07 
1'1~ 

1q'7 
2 (, \1 
~() 1 
:?:' 2 

~··'3 
,, ·4 

~(, 5 
.?1A 
2l•7 
2l•H 

2'•4 
.2 1 'l 
nt 
;>1¿ 
n~ 

,J. 14 
215 
:?lb 
217 
2IR 
?19 
;u.¡ 

'21 
'>?? 
2 "2 ) 
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1\1 = 2 * 11 - 1 !74 
1\:5 = l * 15 
1 F ( 1 5 • ¡:. (.'. 1\!JO P 1 t.¡<; ;\,<; - 1 
1 F ( 15 .FC. ,\JQJA 1 JX )rt ( ~ 1 
NC~ = 2 * ;~JQOB - 1 
00 57 2 1 = 1 .~~:u e 
NV 1 JI = 2 * 1 - 1 

572 I!X 1 1 1 = 1 ~ 1 2) 
DU ':J74 1 = 2,NtJP.,2 

5 74 NX 1 1 1 = 1 P- 1 l) 

2/(l 
?2"1 
t2P 
??<J 
2 j'~ 
2 "\ 1 
¿~z 

?j3 
2 :?.4 
::>:':J 
2:f.J 
?.:.7 
2J~ 

2"ú 
?<..., 
21.} 

?t.?. 
1.43 
24<t 

24':J 
246 
247 
24H 
249 
?'ij 

CALL PI\(,(INPAGC, 1.TITLf,f,lPFI 
PIUNT 20QR, 1Nllll,l=ll.J",41 
PRJNT ?Oll, INZIII,l=l2.1'),41 
PI{JNT 2015, INZI11.1=13.I",41 
PI{ 1 NT 201 4, (N 71 1 l , 1 = 1 t., 1 e;, 4 1 
PRJNT <;070, INXIT),I=f<!,fllo=.l. Jll 
llC 5H6 1<. 1,NI)R 
OC SH 4 J = 1, 2 
OC 5R2 1 = l.~lOR 
IF INZIII .'~E. l$(1(,Jll GO l(J 5HZ 
IF IJ .Fu. ll IX = 1 
11 = NV 11 1 
NX C JI l = 1 H 1 1 1 
I h 1 J l = 1 1 
GO TO 5R4 

5112 CCNTINUf 
':Jtl4 CCNTINUE 

JI= IIA111 + lll!::'ll 1 2 
f\YCIXl = 11 
tJXIIII = lf-112) 

2"1 
2'>2 
253 

P R 1 N T 2 O O 9 , K , 1 S ( K ,¡ 1 , 1 S 1 K , 2 1 , T f.' 1 1<. 1 , 1 N X ( 1 1 , 1 = !~ 1 , !'< 5 ) , J X ? ". 4 
58h•CONTINUE , /.~5 

PRINT 2010, IJY.J=\J!,N51 2"6 
5H7 CUNTINUE 257 

UD 58'3 K = J,Nf]ll 2"-R 
P C T ( K 1 = T '< 1 K ) 1 T 1-\ ( N r, ~< l * 1 n r· • 2 <, r; 

588 ATR!Kl = TR('I¡(1t'l- TRII\1 :uo 
PRJI\:T 500h, TR(r-..;(JBI 2f·1 
PRINT 5007, 11, J<;(Joll, IS!l,?~, ¡.>(.f(J), ff{(l), fiTklll, l=l,!'<P,'Il 2<-2 
RETURN 2f 3 
ll\0 2n4 
SURf<OUTJr~E /IA!'\I(ltJS,I,J,\-.R,•...;c,OI 265 
01Mf:NS1CJN AISO:Jn) ?6!> 
CfMMON A ?67 
WS = WR + W( 268 

WF = WR * W( Zh9 
IF INCLUS- 11 ll.J'1,JQ 27J 

l (1 1 F 1 S 1 Gr. 1 1 • , A { 1 1 l + S 1 GN { l •• ú 1 J 1 1 1 l 3 , ll , 1 1 ¿ ·¡ 1 
11 Alll = IWS * !'tiR * fl!ll + Wí * <\(Jll- 1->1-' *DI 1 .,.S 1 \>j$ ~72 

RETUI{N ¿"13 
!Z Alll = lwS * ABSIWK * 1\(11- hC * fi(J)I- WP *DI /·wS 1 hS 274 

RETURN 275 
13 A())= (WS * (WR * fllll + WC: * hiJl) + n•P * 01 1 ... s 1 .. s 27f-. 
20 kETURN 277 

[f\0 27~ 
S U Fl R OUT 1 N [ C N T G T Y ( ~~~l i.l R , Ní l \) o;; • "1 R. , !'< ( 1 ?. 7 r¡ 
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20(17 
2004 

e 

OIMENSION TITLEI81, IRI1f'l 
INTEGER TillE 
FORI'IAT 11~1).81-'0BS. NO.,J9,9llll 
FORMAl 11H ,(4.4X,10E12.41 

PRINTS ~ TRIANGLE Of A V~LUFS 
DO 9 1 = 1.NOOP. 
Ll = NOOB - 1 + 1 
NB(LLI = NCIII 

9 NAILLI = 1 
00 10 1 = 1,NnOB 

1 O NO 1 1 1 = N B 1 1 ) 
N~ = 1 1 NOO A - 1 1 1 1 O 1 o 1 O + 1 
DO 16 1 = l.NN.10 
ll = MINOII + 9.NOOBI 
M~ = NOOB - 1 + 1 
DO 15 M = 1 • MM 
1 f 1 1 S • F O • 1 1 GO T O 1 2 
IF O>~OOIM- J.'iOII 13.11.1':\ 

11 CALL PAGEINPAGE.1.TITLE.IO.JRI 
PRINT 2002. INCIKI.K=1,Lll 
GO lO 13 

146 

12 IF IM .EO. 1) PI<INT 2007, INOIK),K=t,LLI 
13 LL = MINOINOOB-~+l,LLI 

14 

l = N A ( 1 ) + 1 1 2 * NOOB - M 1 * 1 M - 1 1 ) · 1 2 
DO 14 K = 1 oll 
8(K) = AILI 
L = L - 1 

15 PRINT 2004, NCIMI, IB(K),K=T,LLI 
16 CONT1NUE 

RETURN 
END 
SUBROUTINE FOR'IATIN.f.L.M.W.III 
DIMENSION Fll62l. H(61, Wl6l. IAI21 
INTFGER F. H, W, W(lRD 
DATA 18/ 1 1 , 1 FORM 1 /, IEF/ 1 LIM 1 / 

1001 FORMAl IA4,2X.l8A4) 
2001 FORMAl 11H0,6A4,31X,18A4/14hX,1eA4)1 
2002 FOR~AT 11H0,6A4,14o27Xo18A4/I46X,l8A41) 

IF INI 1loll.l 
1 DO 2 1 = 1. L 
2 F(ll = 18111 

12 = o 
IF (9- NI 3,4,4 

3 CALL ERRORI18121.3.1EFI 
4 DO b J = 1.N 

11 = 12 + 1 
12 = 12 + 18 
READ 1001. WORC, (flli.J=1l.I21 
1 F 1 W O R D • E O. 1 8 1 2 1 1 GO T O 6 

5 CALL ERRORIIBI21,5,WORDI 
b CONTINUE 

DO 1 1 = 1, 6 
1 H(ll 18111 

DO 8 = lo M 
8 Hlll W(l) 

K = 18 *N 

3 -~ {, 
~37 

33P 
1 ~e~ 
3t.U 
~41 

342 
343 
3'• 4 
345 
34ó 

3 1
• 7 

34~ 

''Jl' 
j'J1 
3'">2 
~?3 
~C,4 

3"iC, 

'"" 3'>7 
3~rl 

~?q 

~t'J 

361 
3h2 
'o3 
36t. 
3(.5 
31 t· 
3h7 
3/,8 
3h9 
37(: 
371 
172 
373 
374 
3 75 
376 
377 
3/b 
37'-i 
380 
3(ll 
3A2 
3 (13 
384 
3H'i 
3 Ph_ 

387 
3 88 
389 
390 
3'11 
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lf 1111 q,q,¡') 
q P~ 1 NT ?OC• l, ( H ( 1 1 , l = l, h 1 , ( F ( 1 1 , 1 = 1, K 1 

Gl l(l ll 
lO r.::.ll'\1 l<W?, IH(ll.l-=l,t>l, 11. (FIJI,I=l,KI 

11 METURN 
H-1'1 
SUAROUTI'II[ PAGFINP,IP,IJ,Nw.WOI 
DIMt:NSil1N HUOI 1()), WOI 101, 111 Al 
INTfGtR Ht:AI'l,(l,WC 
DATA IR/' 1

/ 

2001 rCR~AT 111.8A4,15X,101\4,~2X.4bPh('.f,J41 
OC 1 1 = 1, lO 

1 HE:ACIII =- JP 
lf INWI 5,5,3 

3 DO 4 1 = ¡, NW 
4 HEAOIIl = WDill 
S PRII\.T 2001. JP, 11. HEhO, NP 

NP = NP + l 
RETURN 
EII:D 
SUAROUTINE lRPORIWOPO,NUMB~R,WOI 
(II:TEGFR WORC,WC 

2001 F(lR,..hT 1 lf-10,;;'11-'[I<RJQ STO?, 
l lBX.lOHTROliP.Lf IS,lOX,A4l 

WR!TE (6.20011 .,¡(li{C, NU"-P.EI{, ~1) 

ROUT!Nf 

CALL EXIT 
END 

,A4,15H 

3°2 
i'? 3 
394 
395 
39ó 
307 
398 
399 
400 
4Cl 
407 
4C3 
4v4 
'•05 
4}6 
407 
~ce 

4G<; 
41~ 

411 
412 
413 

H STATEMENT,I6, '+14 
415 
4lf> ' 

417 
,, 

418 



Purpose1 

GEffiRAPHICAL MATRI.X DISA.GGR.ffiATION 

To prepAre data from pairs of geographlcal matrices for 

input to a mult1ple regression program. 

Description• Given two geographlcal matrices A. = (aij) and B = (bij) 

both n x m, the assumption is made that B = f(A.). This 

program disaggregates A and B so that b1j• and ai+p, j+q 

Deck MAke-up1 

are repunched onto the same card, ready to be inserted into 

a multiple regression program (e.g., BMD 02R) with bijas 

the dependent variable. This provides a quick procedure 

!or empirically estimating two dimensional weighting tunc­

tions. I! bij = O = &ij• the observation ~is skipped. 

The program reads data from unit 1 punches on 7
1 

and 

writes on 6., read frorn unit 5. 

1) Control Card 

2) Format Card 

3) Title Card 

4) A matrix 

5) Title Card 

6) B matrix 

Card Format1 1) Control Card 

columns 

1-2 

)-4 

5 

6 

149 

Number of rows in the matrices 

Number of columns in the matrices 

Number of rows in the ±p neighborhood 

Number o! columns in the !q neighbor-

bood. The result is (2p+ 1)·(2q+ 1) 

independent variables. 



Reference1 

2) Format Card 

1-80 FORTRAN format for one row of the 

input matrices 

J) Title Card 

1-80 title of the A matrix 

4) A matrix 

Data Cards 

5) Title Card 

1-80 title of the B matrix 

,6) B mAtrix 

Data Cards 

Repeating of cards (5) and (6) causes the B matrix to 

replace the A.matrix, and 11 new 11811 matrix is read in, 

ad. infinitum •. 

W.R. Tobler, 11Geographical Filters and their Inverses," 

Geographical Ana1ysis, Vol. I, No. 3 (1969) 1 PP• 234-253: 

and the references therein. Also see program EXTRAP. 

1.50 
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C p¡;_¡;Cf<A~ Pf<EPAtnN<. DATII FRUM GlUC;RAPHlr.hl MATRICES 
r 1 '11.' l N P U T T tl A 1>11! '- T l P 1 E R f GE 1 S S 1 !1 N P ,{ 11 G R A~ 
( lll fSII,..IITE NIICHHilRHtlllO WfiGHTINt, HJNfllf!N'i 
( II"'I'IRlrtd_ TWll-DIM~N'iltJNAI CtiNVIll UTICJN Wf IGHT~I 
r 1' 1 1 • J 1 = F 1 A 1 1 + P , J + t.l 1 1 
r ~o<Hff<f THE INPUT MATRICES A 1\N¡l H 1\Pl" OF 
r Sllf NROWS AY NCnLS, ANO THE ~ATRIX Of NEIGrlBORS IS 
( ~JR fJY N(, 

r PFIIG FRCM UNIT FIVE. 
r R~An~: CONTROLS:Fuq~IIT OF THE MATRICES; THFN 
r fi 1 S TITLE. A MATRIX, 8°S TITLE, n MATRIX, 
r 0111 S COMPUTATIONS ANO PUNCHINI., THEN 
C ~fPL[ES A AY A, REAOS C'S TITLE· ANO LOAD~ B WITH C ,..ATRIX, ETC. 
r 
r WRITt ON UNIT SIX. 
( PI J r>;( H tlN U~l 1 T S F V EN , 
r Of'lHR CF llliTPUT FRI''1 UNIT SEVFN. 
r 11) THf INOEX NIJMAI::R OF THI:- POINT, 

1?1 ('JRHJC-11 NEIGf-AORS FR0·'1 Th[ A "11\TKIX AEGINNING 
C AT lHf- PflSITI•JN CORPESPtJNf'ING Tfl 11,11 IN THE MATRIX 
r CF NFIGHRlRS ANO S~IPPING THf CE~TRAL POINT. 
r 111 THF CENTIL\L PrJI"H FPUM THE A MIITRIX. 
r· 1'<1 THE Cfi'\TR.~L POINT FROM THE R ~IITRIX. 

r OUTPlJT FL1R~AT F~OM UNIT 'iFVEN IS 19F4.~ 

í CC!Lli"'\JS 77-A() H~Vf AffN lfFT ALIIN~ FíJR PURPOSES OF r-.UMBERI~G. 
·( 

DI ,.. [ t\ S ll!N A 1 1 •1 O, 100 1 , E\1 1 OC ol O O 1 , F ~ T 1 1 8 1 , Tll 8 1 , W 1 1 00 1 
( 

R F A lJ 1 '), 1 O :U 1 ;\J R U W S ,1\j C nL S , N~ , N( 
KEAI)('),1'1l~'ll (F,..TIIlil=l,1AI 
R[A['('>,I0101 ITI!lol=1olfll 
w R 1 T f 1 1-o , 1 '1 20 1 1 F '1 T ( 1 1 , 1 = 1 , 1 B 1 , 1 T 1 J 1 , J = 1 , 1 B) 
I)U 11 1=1,1\JRO;~S 

(1 RF61)('i,FMT)(A([,J),J=1,N[OISI 
, '1 >1. E A O ( '> , 1 •l 1 O , E 'J 0" 1 O() 1 1 T ( 1 1 • 1 = 1 , 1 P 1 

lol R 1 T F 1 h • 1 O 30 1 1 T 1 1 ) , 1 = 1 , 1 B 1 

-,.) 
no 3:) 1= l,NRr)\ol'i 
READI5, f-~1T J (el 1 ,J) ,J-=1,1\!(riL SI 
"[1\Q=NH/:.'+1 
~<'l~C=NC/;¡ +1 
"A X q ~ \J 1< (1 W S -M IN R + 1 
Mo\X(="J(Il! 'i-~I\JC+1 
1( = 1 

,..=~..l*\JC 

~ = 11+ 1 
f) (' fl 1 1 = '1 l N R , '1 A X R 
DO A~ J='1!NC.~AXC 

1F (( 6 11 , .1 1 • l T .. O 0 <1 O 1 1 • A N O • 1 A 11 , J ) • L T .. ()O r) O 1 ) ) G O T O A() 
K=~+l 

1(1(:() 

Or. 6~~ 1 P= 1 ,NR 
IPI=I+IP-.'1l"JR 
00 ')) JQ=1,N[ 
J•)J-=J+Y:)-,.. !NC 
IF((IP ,f.IJ,"'I'JRI.AND.IJQ ,F<),.,!NCIIC,O TO'lO 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
3'> 
36 
37 
38 
39 
4J 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 



UNIV ARIA TE GE~RAPHICAL ~REX;ASTIN:Z 

Purposea Extrapolation of geographical Matrices in the tiMe domain 
,, ¡ using a positionally invariant, time varying, linear, local 

! 
1 operator. 

Descriptiona Data from an observation matrix, D, and matrices of weights 

are used to extrapolate the data with respect to time. 

Three options are availablea 

Option Ia One weight matrix is used, and the results 

are time invariant. 

/(L. 

zi,,j =~2Ap,qD i+r, j+s 
p:.l ,. 1 

where 

r= 

and 

s= 

p-lli!l if k is odd. 
2 

p-(k+2) 1f k is even. 
2 

q-(1+1) 1f 1 is odd. 

q-(1+2) if 1 is even. 
2 

Option IIa Two weight matrices are used, and a time 

variant linear equation is emp1oyed. 

j+s 

Option IIIa Three weight matrices are used, and a 

time variant quadratic equation is employed. 

153 



K L 
z1':1t =.2 l (Ap,q + Bp,q~tA-Cp,q(At)2)Di+r, j+s 

p~l , .. , 

1f there are an even nurnber of rows or co1umns in the weight 

matrices, an asymmetrica1 ca1cu1at1on wil1 resu1t. Ca1cu-

lation of the weight matrices may be performed using the 

DECOMP programo Predicted negativa va1ues are set to zero. 

Deck makeupa 1) eard 1. FOHTRAN format (213, 212, 11) 

co1umns 

1-3 The number of rows in the observation matrix. (<lOO) 

4-6 The number of co1umns in the observation matru. 

(tlOO) 

• 
7-8 The number of rows in the weight matrices. (!15) 

9-10 The number of co1umns in the weight matrices. ((15) 

11 NUM, an integer ~hich denotes the option desired. 

1f NUM = 1, only the A weight ma trix is read 

and option 1 is chosen. 

1f NUM = 2, the A and B matrices a~e read 1 and 

the linear option is chosen. 

If NUM = 3, the A, B, and e matrices are read, 

and option 1II is chosen. 

1f NUM = 4, the A1 B, and e matrices are read, 

and results are printed for both option II and 

and option 1II. 

1t is assumed that all of the weight matrices are 

of the same size, Neither the weight matrices nor 

the observation matrix ne,ed be square arrays. 

2) eard 2. FORTRAN format (4F8.3) 



Output: 

ProgrllJ!Uiler: 

References: 

155 

col\UJIIls 

1-8 The earliest tiMe for which the results are 

dasired, 

9-16 The tiMe assigned to the observation matri.x, 

1?-24 The final time for which the results are desired, 

2~32 The time incr .... t, 

Any un1 t of time -y be wted, as lon¡:; as all time's are 

expreased in a common ~t. 

J} The weight aatrices,FORTRAN fonnat (5F8,6) 

If NUM = 1, one weight 11atrix must be provided, 

If NUM = 2, two rnatrice• aust be provided and the A 

~trix should precede the B raatrix, 

If NUM = ), or NUH = 4, three weigh~ rnatrices rnust be 

provided, A first, B second, and C third, 

4) Tbe observation rnatrix, t'ORTRJJI format (20F4,0) 

1) The weights used, five numbers per line, 

2) The time and the corresponding results for that time, 

fifteen nurnbers per line, 

Reading and printing are done on logical de~ces 5 and 6, 

respec,tively, Writing on tape or on files is accomplished 

through logical device 7, 

L, Trevillyan 

R,G, Brown, Smoothing, Forecasting and ·Prediction of 
Discreta Time Series, Pr.ntice Hall, 1962, 

W, Tob1er, IISpectral Analysis of Spatial Series", Proceedings, 
Fourth Annual Conference on Urban P1anning Inforrnation 
Systems, University o! California, Berke1ey, 1966, pp, 179-186, 

W, Tobler, "A Computer Hovie Sirnulating Urban Growth 
in the Detroit Region11 , Economic Geograohy, ·IGU Proceedings, 
June 1970, 
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C pqQGqAM FOR T~E TIME COMAIN ~XT~APOLATION 

e (.f- C. E O f, ..t A P H 1 CAL H 1\ T R 1 CE S , l 1 1 , J 1 = f 1 O 1 1 , J l , T 
r WALDO R. TCRLER, GEOG~APHY, U. nF MteHIGAN, 1969 
( 

e PEACS FROM 5, WRITES ON 6 ANO 1 
e 1\'ROWS, t~:eOLS = ti OF ROWS, enLUMNS 1<1011 
( IN THE COSERVATION MATRIX O ANO THE PREOieTEO MATRIX l 
f IROWS, leOLS = 11 OF ROWS, COLUMNS I<H·l 
e IN THE WEIGHTING MATRICES A, B, C. 
e THf EXTRAPOLAT ION EOUAT HJN IS 
f 7(J,Jl = THE SU~ OVER PANO Q OF WIP,OI*OII+P,J+QI 
e WITH W(P,CI = AIP.~l + BIP,Ol*l + eiP,Ol*T*T 
e INPUT: 
f eARC l. NROWS.NeOLS,I~OWS,IfOLS•NUM, f0RMAT213,212,Il 
e NtJ~ DE:NOTFS THE fOUATION TO RE USED. 
e eARD 2. TO.TI.TF,OT , FORMAl 4~8.3 

C TO IS THE EARLIST TIME FQR WHJeH EXTRAPOLATION IS OESIREO 
C fl IS THE TIME FOR WHJCH DATA JS PROVIOfO 
f TF IS THE LATEST Tl~E FOR WHieH EXTRAPOLATJON IS OESIREO 
e OT 1 S THE T 1 ME INeR EMENT 
e 1 f J~~oiES MI\Y BE eiVEN IN ANV cnfiiSI STENT LNI TSI 
e 
r 
e 
r 
( 

e 
r 
( 

THE A WEIGHT MATRIX, FOR~ATTFO 5F8.6 
THE B WEIGHT MAT~IX, 5FA.6 
THE C WEIGHT MAT~IX, FORMI\TTFD 5F8.6 
THE O MATRIX, FORMAl 20F4.0 
A.~.C ARE WEIGHT MATRICES OF SIZE 1 IROwS,ICOLSl 
D IS THE OBSERVATION MATRIX • SIZE NRC~S X NeOLS 

O 1 I'E l'iS l ON Z 1 1 00, 100 l 1 O 1 1 OC. 1 00 1 , A 1 1 5, 1 5 l , 8 11 5 , 1 5 l 1 A Z 1 1 00 , 1 00 l 1 
~z 1100, lOO),( 115, 15l,eZf 100,1001 

REACI~.10eEND=2001 NROWS,NenLS,IROWS,JeOLSINUM 
1~ FnRMATI2J3,212,Jll 

qEAOI5,201 TO,TI,TF,OT 
20 FORMATI4F8.31 

REA.nt5, 401 11 Al l ,J l ,J=l, lfOLS ),[ =1.1 ROWSl 
WRITEI6,55l 1 IAI I ,JI ,J=l, teOLS), l=1.IROWSl 
IF II\'UM.EQ.1l GO TO 30 
RE AO 15,4 O l ( 1 B 11, J l, J=l, !COL S), 1 = 1, l ROwS 1 
WRITEI6,56l IIBII.JI,J=1,1eOLSI,I=1,JROWSI 
IF INUM.E0.21 GO TO 30 
READ15,40l 11 CII,JI,J=1.lfOLSl,I=l,lROWSl 
WR.ITEI6.571 IICII,Jl,J=l,ICOLSI,l=1,[ROWSl 

30 READI5.501 IICIJ,JI,J=1,NfOLSl,l=1,NRO~SI 

40 FQRMATI5F8.61 
~O FORMATII20F4.0II 
55 FORMATI'1 THE A WEIGHT MATRIX' //51 1 •,F8~6.3XII 
'56 FORMATI'O THE B WEIGHT MATRIX'//5(' •,F8.613XII 
57 FORMATI'O THE C WEIGHT MATRIX'//51' •,F8.6,3XII 

JRCW= 1 ROWS/2 ·. 
JCCL= !COL S/2 
LRCW=NROWS-2*JROW 
LCOL=NeOLS-2*JCOl 
DO 60 l=l.NROWS 
DO 60 J=l.NeOLS 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
75 
26 
'27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 



"'' 

~>1 

6? 
¡..e, 

r 
r 
r 

f,Q 

7' 
1"'· 
r 
r 

f 

7 1 

1-' 

~ ) 

¡q 
lol, 

'-

0'1 

1 ') (\ 

1 l r: 

ZII,JI=O. 
&lii,JI=v. 
1Fii'JU,..,EC.11 GO TU 6'> 
no 61 1=1.•JRO'"'S 
')L! f>l J=1.Nr.OLS 
a.ztt.JI='>. 
IFINU"1,E0:.21 GO TO 6'> 
OC 62 1=1.NRO.IS 
00 62 J=l.~CClLS 
CZIJ,JI=0.. 
CCI\TINUE-

C&LCULATI;)'J OF 1\l,l\l,Cl 

oc 73 t=1.LRnw 
I~=I+JROW 

OC' 1?< J=1.LCill 
JR=J +JCOL 
DO 7~ K=1.IR!1wS 
~O n L=l.IC!1LS 
M-= IQ+I(-JIIOW-1 
II.=.IR+L-JCOL-1 
G Cl T ("] 1 7 3 1 1 (), 6 <; 1 , I'JUM 
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C l 1 1 ~, .1 P 1 = C l 1 1 R 1 JR 1 +C 1 K, l 1 >~<f) 1M, N 1 
~ll IR,JRI='HII~.JRitRII<.,L l«niM,NI 
11 l ( 1 R 1 J 1< 1 = Al 1 1 ~ 1 J~ 1 t A 1 K 1 l 1 *u 1 '1 11\J 1 

~E-GIII. tXTRIIPnLATIOI\J 

IFI"-UM,NE.11 GU Hl 72 
nc 71 l=l~NROwS 

llfl 71 J=l,NCOLS 
IFIAZI!,JI.L T.0 •• OR.OI IIJI,f\J,Q,I AZII1JI=Q, 
7!1,JI=AZII~JI 

en rr. ?011 

T=Tfl-TI 
r.r; 1~(1 JKL=1.'5i)Ql 
'1(.'1=T+IJI<L-11*GT 
TK=TI+X" 
IFITK. ,r.T, TFI Gll TO 13'i 
D r• l J ) 1 = 1 1 L R 'l " 
Pl-= 1 +Jf{G'J 
C:-' l Fl J=l~LCnL 
JR=J+JCCL 
[F !C!IK~JRII 9Q,C;(1 1 AI') 

Cr:II.TINIIF 
IFII\JlJ'1,Ef~.~l GO TU Al 
ll IR~JRI=AZII~~JRI+IC'i~~<RZI IR1JRI 
GO T o A? 
l ( 1 R 1 J t< 1 =Al ( 1 R 1 J ~ 1 +X"'* BZ 1 1 R 1 JR 1 +X M* X M *C l 1 1 k 1 J R 1 
Cf'NTI~UF 
IFiliiP~JRII 9Q,JOC~11JO 
li!R,JRI=n, 
COI\TINUF 
\.IRITEII-ol\01 TK 
FOR~AT 1 • \fi-'E CUI'PUTED VALUFS IN 1 ,F8.31 

56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
6'7 
68 
89 
to 
-?¡ 
"72 
73 
74 
75 
76 
77 
1'3 
79 
AO 
81 
R2 
83 
84 
8') 
'16 
87 
RB 
~ ' ~'1 

90 
91 
02 
93 
04 
9') 

96 
97 
os 
09 

10n 
1 o 1 
1:'2 
l" 3 
1 (' 4 

105 
10h 
l fl7 
108 
1('9 
110 
1 1 1 



! ¡,,. 
~ 
1"" 

1 

i 

1 70 

12'> 
1 30 
135 

14fl 

;- 100 
e 
e 
e 

WRITFib,l201 IIZII,JI,J=t,NCIH Slol=l,NROWS) 
F O RM A T 1 1 5 1 1 1 , F 4 , O , 3 X 1 1 
WRITEI71 NROWS,NCOLS,TK 
DO 125 1=1,"-ROWS 
wRITEI71 IZII,Jl.J=1•NCOL'SI 
CONTINUE 
CCI\:TINUE 
IF INU~ .NE.41 GO TO 1 
NU,.,=3 
w R IT E 1 b, 140 1 

., 

roR~ATI 1 0 REeALCULATION USING THE OUADRATie EQUATION'I 
GO TO 72 
C~NTINUE 

SFT NROWS ANO NCOLS EQUAL JO NEGATIVE NUMBERS AS,A SWITCH FOR 

NRCWS=-3 
11:( CL S=-3 
WRITEI71 NROWS.NCOLS,TK 
ENO 

1 1 2 
l l 3 
l 14 
115 
11b 
117 
118 
119 
120 
121 
122 . 
123 
124 
125 

*PIB126 
127 
128 
129 
130 
1"31 



Purposea 

a matrix of geographical data by use o! a nine point bi-

nomially weighted local smoothing operation. 

Description• The local smoothing operator is passed OTer each A value 

(input) to produce a aatriz ol B values (Óutput). This 

operation may be repeated ..:V tilus. The f'un:lamental 

equation isa 

m= -1 
J. 

't+a j+n wlllll 
ft z -1 

where W is a set of weights (3 x J) and Aij is tbe original 

data. Boundary e!fects are noted as edges and corners are 

reached. Tbe weight fielda are as followsa 

in interior at boundary at corner 

o.o6 0.125 o.o6 0.167 0.08 o.22 o.n 

0.125 0.25 0.125. O.JJ 0.167 0.44 0.22 

o.o6 0.125 o.o6 0.167 o.oa 

Although there is no mathe~tica1 ~imit to the number of 

times the observations may be smoothed, edge effects will 

creep invard towards the center of the matrix with each 

consecutiva smootbing operation (i.e., observations smoothed 

J times, boundary effects fe1t three rows in). Currently 

the program will hand1e an input ma~rix of 48 x 48. This 

ma.y be adjusted by changing tbe d1mension1ng of A and B 

to (RO~ + 2 b7 COLS + 2) • In the current version ot the 



·'i." 

16o 

program the results will be punched out after all 

smoothings. The observation deck is read by rows beginning 

in the NW (up!JOr left) • 

Data Decka 1) Control .Card 

2) Title Card 

3) Variable Format Card 

4) Observation Deck 

Data Card 
Compositiona 1) Control Card 

Progr=era 

Referencesa 

columns 

1-2 

)-4 

5-6 

2) Ti tle Card 

MB 

NB 

NO 

Nurnber of Rows 

Nurnber of Columns 

Nurnber of smoothings requested 

A:ny ·title (~ 72 characters) 

3) Variable Format Card 

A:ny E or F tyP& FoRTRAN type format for one row of 

data (~72 characters) 

4) Observation Deck 

Observations as described by the format card 

D. Rhynsburger and H. Moellering, after a more general 

Y~ program by W.R. Tobler 

W.R. Tobler, 11 NUlllerical f-íap Generalization,11 MICf-100 

Paper No. 7, University Ydcrofilms, OP - 33067. 

W. Tobler, 110f l'l&ps and Hatrices11 , Journal of Regional 

Science, .7 (1967), PP• 275-280. 
1 

1 
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C PlNOMlALLY WElGHTEO SMOOTHlNG P~OGRAM 
e REAC=S WRITE=b PUNCH=7 
e ~RITTEN AY O. RHYNSBURGER, MODIFI~O BY H. 

CJM[NSlON Al50,'í0), BISO,SOI, Clll:ll, 
FC~~AT 11AA4l 
f"OR~AT (40121 
FOR~ATilX, 1 lNPUT DATA'I 

MOELLERING 
o ( 181 

81 
87 

10('1 
101 
lO 2 
104 
105 

FO~~ATI'lOUTPUT SMIJOTHED •,12,• TIMES'! 
F0Rf-IATI'0'.13F10.4/ 1 '13F10.41 

e 

FORMAT II:IF 10.21 
FCRMATI'1ROWS= 1 ol5o 1 COLS=',I5,'nlTH 1 ol5, 1 ITERATIONS 1 l 
REAC 15,821 MB. NB. NO 
W R 1 T E 1 b , 1 O 5 1 M B , N B, NO 
REAC 15,1:111 O 
WRITE 16,811 O 
REAOI5,8ll e 
MA MB + 2 
~e MI\ + 1 
MD MB - 1 
NA NA + 2 
Ne NB + 1 
NO NB - 1 
OC 4 1 = 2,Me 

4 REAO IS,CI IAII,JI.J=2tNel 
W R l TE 1 6, 100 1 
DO 3 1=2,Me 

3 WRI TE (6, 1021 IAII,Jl oJ=2,NC 1 
DO 15 K = 1, NO 

EVALUAT ION OF THE INTERIOR 
DO 11 1 = 3,MB 
DO 11 J = 3,NB 

1 
2 
3 
4 
S 
6 
7 
8 
9 

lO 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

ll BIJ,JI = (A(l-I,J-11 + Ul-l,J+ll + Allt-l,J+ll + All+l,J-111116. 32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

e 

e 

e 

1 + IAII,J-11 + All,J+1l + Atl-l,Jl + A<I+1,Jll/8. + All,JI/4. 
EVALUATION OF THE HORIZnNTAL EDG~S 

DO 12 J = 3,NB 
BI2,Jl = IAI2.J-11 + AI2.J+ll + AI3,Jll/6. + 

1 IAI3,J-ll + AIJ.J+lJÍ/12. + AI2.Jl/3. 
12 BIMC.JI = IAtMe.J-11 + AIMC.J+11 + AtMB,JIJ/6. + 

1 IAIMB,J-11 + AIMB,J+1ll/12. + AIMe9JI/3. 
EVALUATION OF THE VERTI~AL EDGES 

DO 13 1 = 3 ,M B 
81(,2) = CAil-1.21 + All+1,:?1 + Alt,31l/6. + 

1 IAil-1,'31 + A11+1,31l/12. + All,21/3. 
13 Bll,NCI = IAII-I.NCI + All+l,NCJ + ACI,NBII/6. + 

1 IAII-1,NBI + All+l,NBII/12. + All9NCI/3, 
EVALUATION OF THE CORNERS 

612.21 = 14. * 1112.21 + 2. * IA(2,31 + Al3,211 + AC3,311 1 9. 
BI2,NCI = 14. * AI2.NCl + 2. * IAI2,NBI + AI3,NCil + AI3,NBll 
BIMCo2J = 14. * AIMC,21 + 2. * lAIMe93l + AIMB.21J + AI~B.311 
BIMC,Nel = 14. * AIMe,NCI + 2. * UIMB,Nel + AIMC,NBll + 

1 AIMB,NBll/9, 
WR1TEI6,1011 K 
WRITE (6,811 O 
DO 15 1=2,MC 
OC 14 J = 2oNC 

1 9. 48 
1 9. 49 

50 
51 
52 
53 
54 
55 
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Cartographic Data Structures 
Thomas K. Peucker and Nicholas Chrisman 

. \nsTR,\CT. Effic1ent and flexil>ie data structurcs are important to the dcve!opment oi 
computcr mapping. Most current data banks are characterized by 1) structures which 
are convenicnt at the input stage rathcr than at thc stages of use within computer 
pro¡:!'rams, 2) scparatc and uncoordinated files for different types of geographic fea­
i.llfL;;. ;llld 3) a lack of informat1on about ncig-hboring cnt1tics. The term "neighbor­
hood iunct10n" may be used to indicate the rclative location oi a geograph1c entity 
and is a concept which is involved m al! thrce of these characteristics. Ongoing re­
sc.1rc:1 on data structures had led to work on the GEOGRAF system for encoding 
plar.ar data and the GDS ("Geographic Data Structure") for cncodmg thrce-dimen­
siona\ suriaccs. Both involve data manipulatwn betwcen the digitizing stage and the 
actuai use oi the data within computer mapping programs. . 

INTRODUCTION 

_ \ series of ongoing research projects 
are conccrneu \\ 1th 'effie~ent and flexible 
data structures for geographic and carto­
g-raphic analysis. The three main points 
of concern in the research can be sum­
m,,rized as fo!lows: 

1) In most cartographic data banks, the 
arrangement of the data is guided by the 
input stage. In other words, little ma­
nipulation oí the data is performed after 
the elata havc IJeen input into the system 
from maps. 

2) Grtographers and computer scien­
tists have made few attempts to combme 
dt Cfcrcnt typc~ "f cartograph1c information, 
ior exalllple, lwi~hl wJth othcr cartographic 
fcaturc-;. Thc1ciorc, thc clifferrnt types of 
carto~raphic ellllttr-. are storcd in <lifferent 
files ;md it ¡;; ll'ttally l':\.lrrnwly ttme-con-
sumin~ to conthine thcm. 

3) Tite data ;;trucrurc 1s nsually very 
simple and Jarks one facet in particular 
"~uch :s essentJai f,)r much geographic and 

cartographic analysis-an indication of the 
relative location oi a geograpluc entity, 
i.e., the position of a geograph1c entity with 
respect to its neighboring entities. 

' 
These three points may be abbreviated 

with the terms flexiLJ!ity, comparability, 
and topology. This paper will charactcrize 
types of existing geographic and carto­
graphic data systems fbr planar and three­
dimensional surfaces, especially with re­
spect to these threc points. The paper will 
also describe ~ttempts "hich ha ve been 
made by the aüthors to produce data sys­
tems which eliminare sorne of the pro!:Jlems 
of cxisting- one~. The term "ncig-hborhoocl 
function" wlll p!;n- a major role tltroughont 
the pa.pcr and \\'lll tltcrciorc he rxplained in 
more clctail in the following- section. 

NEIGHBORHOOD FUNCTION 

\Vhen asked for the location of a city, we 
will give the 'Iocation with respect to a 
river, a .seacoast, a pass, a neighboring 
larger ciry, or other feature. Rarely will 

Thomas K. Peucker 1s assodate profcssor, we use the geographic coordinates of Jon!ri-
~unon Frascr L'niVCf'Jty, nurnaby, Canada. ~ 
::\f1chni:l;, Chnsman 15 5c1110r prog-r;¡mmcr, Lab- tncie or latitude, nor will we use map co-
cor;¡tory for Computcr Graphics and Spatial Anal- ordinates. \V¿ are taught in elcmentary 
y>Í>, Harvard U111vcr•Jty, Cunhriclgc, Ma••achu- g-eography that: the geog-raphic coordinatc¡, 
,cll~. Thc rc•carch for thi• paprr has becn '' 111 tell us little about either the brgc-scale 
'lli'J•Mh·cl hy O~R cunl•;¡ct N00014-73-C-{)109 
;1ud tl1c l.a!.nratnJI' i .. r C'""PIIt<'r Cr.,phic~ ancl (,itr) nr ::.m:dl--.calc (situation) char-
!;,pat•.d Aualy~·~. j larv.Lnl Un:V!'I'SJty. :ll'({'ri~t ¡(', ni ol pl.tr\'. Sunil.trly, if I de-

TI u: American Cartogrophcr, Vol. 2, No. 1, 1975, pp. 55-69 
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... ,nllc 11•_1- :)o..,IIIO:l on a piccc oí krr;,in, I 
'' ill 110t me my 111:111 to dekrmine m y lo­
cation within the UTM-g-rid; rather I will 
look ior nearby relief fcaturrs (pcaks, 
rivers. slopes, roads) as orientation char­
actcristics. 

In contraM, when a geog-raphic data hank 
n: any kinci is crcatcd, it utili/.CS somc kin<l 
of absolutc coordinate system. U.sually 
ncither the gco~raphic cvaluation at the 
time of digitizin~ nor the mapping system 
used with the elata allow the inclusion of 
su~h cartographic featurcs as streets, rivers, 
and roads which woulcl givc us an indica­
tion of rclative Jocation. 

\\'hile the human uscr c-;¡n he aidecl in 
his orientation on a map through overlays 
or map comparison, the computcr has dii­
ficulty in determining relative location If 
the relative loc-.1tion in tenns of the clmest 
points for each of, say, 5,000 points is to 
he caknlatecl. the prog-ram Jiterally has to 
compute cvery point's di!.tancc to every 
other point. Indeed, some widely-used 
programs do this computation severa] times 
within one program run. 

Sorne indication of the rc]ativc location 
of a geographic feature can he very usefuL 
This neighborhood relationship will be re­
ferred to as a "neighborhood function." 
It can be expressed in different ways: as 
an e.rplicit or implicit function, or as a dis­
crete function in the form of a table. 

Thc c:rrlicit function can he a polynomial 
or trigpnometric ec¡uation set for a discrrte 
grid of surface patches which give the form 
of the surface at eac-h pnint within the 
patch. Typical for thi-; approach is the 
work of Junkin~. et aL (197.1). Twn­
dimensional ~pline functions also íall inlo 
thi<i categ-orv (T-T olronl and Tihattachary' a. 
1970). A nmch more frequent way of dc­
fining- a ncig-hhorhoocl is by the explirit 
iunction in thc iorm of a sort routine whic-h 
fincls the close<;t nri~hbors. This is cione 
in various interpolation algorithm<; to pro­
clucc a regular gricl of points ( Shepard. 
1968; Hei<;kanen and ::.Toritz, 1967). The 
compu.tations increase clase to the sc¡uare 
of the increa!;e in thc mm1ber of points, 
<;Ínce the search has to he repeated íor 
every point an(l all points. or at lea"t a 

Só 

l<.ug{; nUJidJt:l o: thuu, ;nu~t lx: .'n"-' ..,., ·· 
each tirae. 

This search procedure also ~- .. i • 

the case of planar sur;aces whcr.:: :!:.-; ___ . 

horin~ po1ygons :nust he iound. }.",-,;- . :-.­
ample, "-hen contiguit~· constraints are::,­
posed in problems of factorial ccoh..,rv ,,,; .. 
other regional correlations, al: po;) _._: .... 
points must he searched to find tho<;c \':be:. 
are in common for a pair of r·c,J_,.,--:u.-, ·­
Again, the problem increases in com¡¡]..:·=-.i¡:­
accorcling to the square of the nu;¡,;,c_r .. :­
the items heing searched. 

Thc implicit fuucliou exprc,:,ing ;h ;~;,­

borhood rclationships is usual!~, a iuncti.-.r¡ 
that describes the coding structure ,,¡ thc 
geographic entities. One very gc,od case 
is descrihed in Rosenfeld ( 1969) for ciif­
ferent types of ne1ghborhood relationship-> 
within a regular grid in which the point 
P,, has the iour neighbors (i + 1, f). (i. i.;. 
1). (i -!, j), (i. j -1) aml it has tlk (·i~l!, 
neighhors (i+l, j), (i+l. j+l), (i. j~ i), 
(i-1. j+l), (i-1, j), (i-1, j-1). (i. j­
I), (i+l,j-1). 

N' eighborhood relationships in tllc ;'on•J 
of tables are very rarely usccL Tl1i:. ryp<: 
records the neighborhoocl funct:o,¡ in­
"pointers" indicáting neighboring ~co­
graphic entities. For example, a s;:n;cmrc 
'' hich is built on the basis of Thics:>l':1 
polyg-ons coulcl have such a struct,¡rc ,.,­
simply having the labels of thc ne:i~;-,i,r.:-:1 • .,: 
roints accomrany the record oí eu.ch r·r.ir.r 
The most wiclelv-known so:ructure .-.: ti-.i.., 
type is the DIME file of the U.S. Cl'nsu._, 
which encocle-; line segments, the ll:lllh'o; c,i 
thc polyg-on~ to the lcit and rig-ht nf l':lC;l 

line segmcnt, and the namr~ of ¡¡,,. twn 
nndrs at cithcr encL The neigJ.]H)Il.on¡] 

rebt ion"hips usrcl in the DD TE dl 1 c·lop­
ment are clerived from the di~c:pJi,l< ni 
topology ( Cooke and Maxfielcl, 1 967)-

Ncighborhood relationships "il! he <ii ... -
cussed in g-reater detail in the a:1alys;.., of 
various e'i:isti ng dat.o1. structures. • 1\'0 

t\·pes of geoiraphic data bases .,-¡¡; !.e .:i-.-
c-us~ecl: those defining- planar suri;,._-.,' ... hl 
those de:ining three-dimensional ;;¡::-: ... .:,_ 
For both tyjle", a smnmary of ;:;,l.,.- ¡.;"_ 
torical cleve:opment will be prcscr;¡,•,,, .. ;:.: 
it will lw si1m1 11 t!1at, althou~h í· :,•,, .. i:' 

. 

Tht: Am.-rirrm C<n '·""''''"'' 

... 
¡ 

J 



' ...__. 

.... ·:,·run st: • ...:•·-, 1)f d·:\ elopmcnl, the,c 
: ,,-,) :y;ws c:.u he t ;·c:-.ted ;,::, spccial cases 
,), •'ll~ lllpological da;a structure. 

DATA STRUCTURES FOR 
PLANAR SURFACES 

7.- ?CS of Structures 

T;;~ t~·ncs of ge,,g-rapluc cntities on 
;,;_;;:;,¡- sn:·."accs are pomt'. lincs, and area-
1 .:(:,¡,..iu~ iincs or polyg-ons. The latter are 
·,l':-!;aps thc most ircc¡uently encoded fea­
t<.r•~ in g-cographic data systems. 

·:·;;..: ;;i:;¡p]e,: data k1~e system for planar 
,;:;·;·ac.:-s is that oi cncoding cnlity by cntity 
'' :;;; littlc or :10 rcgard for entity overiaps 
~~¡- :..ljacc1:.::ics ( Fig. l). In other words, 
c,·.:·ry poiyg-on in a poiygon system is en­
_-c.f.ccl and sw;-cd \\'ithout any regard for 
cün~ig:;ous polygons, ami Jines are encoded 
,-,-q !Juut r!"~ard ior ti1e fact that they may 
::::~rs~'ct or mcrgc with other lines. The 
rc!-nlis of such an encoding are "sJi,·er 
: .. 1Ls" ( ,:upiicat1on oi iines in slightly dif­
:,-r,'m positions). The-;e sliver iines are 
,,)nit;sing anc! unae:-.thctic and, hence, it is 
,-:nually impos~ihlc to clo anything directly 
"i ¡lt ;;udt a ci:.ta hase cxcept an extremely 
cn:1 n-e grapilic image. 

To go beyond the u~e of such data for 
1 h~ prodnction of coarse images, ecliting 
¡;Jtist be pcriormcd. This alternative ha~ 
J.,·en atkmptccl in severa! cases, onc hcing 
:: • ..: :\L'\ T'-:\10DEL systcm (Arms, 1970). 
The c.liting in this systcm is guidccl by the 
a '"t::11prion th:u evcry segment has to he 
'"'P'·~scm~d twice cxccpt for segmcnts on 
,;,,. ••.1!• r hnundary. For each se~mcnt, 
"'' •·ditt11g ]''"'~'"m S•-,rh throu[!l1 .tll re­
. 1 .. 1:11" ~•":1111 11h 111 1;11.¡ JI'> ( Hll>j>ll 111111[ 

, ,J¡,· .• i,·J!II, .al 1111<' of lit!' 111 •;..:ldu•J in:: ]'""'· 
,,,a'J. ·rh~"'< "c~~lltllll'"' fnr ,vltil·h it ha .... 

,, ol i01111<i :~ ('IJlllj)knlC'•ll :lfC (;-¡g~c¡j 10 Íll­

,,;,,.,,: j•iok11l:~,¡ rrror::. to tht:' 11ser. 
·,·" , ,, , rcomc ,omc nf tilc limitations oí 

... ~.;)cJ:•i•ntly ··ncocled cntitics, systCI11!> 

..• n L<'l'll ÜC\Clopccl h;-¡<;,'d on a common 
. "' ,¡/Íh;, dictim;m"y. This <Ílctionary con-

.ai1;:-. thc coordinares of cvcry hr,undary 
_,.-,;¡,¡ on :he :n;-¡p Polygon li'r,¡mrJary iists 
, .. , t::cn compile<! "hich coJbht oi thc 

... ,,·~s (locatio::: nwni1e;-,) oi ti1~sc i1otmd­
. . 1Join:-; (Fi:::- 2). I.nw inionnat:on c;-¡n 

. ' 

1,19 

F1g-. l. The simpkst cncodmg is ,;¡-c•,,l ..:n­
tÍLy by arc;:li c.ntity. In this systcn;, most 
pomts are recorded twicc antl :.omc (..: g., 
P 1.•; P2.~; P 3 , 7 ) threc t:mes. A 1lúir.;: do~s 
not ncccssarily have identical coonlinatc:. in 
ail recorciings. 

he h;-¡ncJJ.·d in the sallle way. P;·.-,;·r~llllS 
]¡,¡--,¡·d (111 ll1i'-o :-.l11ll 1111'1' l11l 111•1·· \ \1.­
¡;( ll~ i\1 Í1 11111 llw ] .. duJJ'.!Ioo1 \' ool ( lllloJoill•·r 

Gl.1J>h1c.-. :uul ~p.lli.d .\llaiy--,i-,. \ lll.l'r 
pr .. gr:un::. llave ~ul>routinc:s to Cud\ ..:rt ;hi;; 
pomt clictionJ.ry strncturc to ti:c ::.ill:pic 
C1lt;ty-:>y-cntity linc list dt:sc;-Ji¡l'í: ;,bon'. 
The <lata can thcn be t;scri .:: p•o~:-.1.-.:s 
::,::eh as SY:\L\P (Laborator:,.· :o.- Co::l­
putcr Graphics and Spatial .-\,;;--.!} ::.:s) 
\\'lnch are comp:,;ib;c \nth ~:1c c::~i;}·-iJy 

l·ntir,· ::,tructurc. Progran15 :1,;. \ L :.i~u 1lCc...:1 

d..:\ dopcd ~o .simpliiy da.[~ in¡otn ::líou_;i1 
a:.~om;-¡tecl polygor. identificatior. (Doug¡as, 
1973) . 
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POINT DICTIONARY 
POINT 

1 X y 
2 X y 
3 X y 

48 X y 

POLYGON 

3 1, 25 24 23 22 21,43 
44, 45 46 4 7 48, 30, • 
29, 28 27, 26 1 

5 44 43 42 41, 40, 39, 
38, ]7 36 35 44 

F1g-o 2. In the sccond type of polygon sys­
t~m, the individual points are encodcd only 
once and are stored in the Point Dictionaryo 
F'or c\·cry polygon, a Polygon Tlonndary List 
i::. thl'n e~tabhshedo 

Tlw point diction:lry <ht;¡ hase h;¡s thc 
,,,1\ .u•Llgc tlJ.lt ,]¡\·cr hucs do not ncruro 
1 f "\\ cver, thc prohlcm of ncighhorhood 
nohtionships ¡s not handled any bctter than 
\\ .tn the entity-by-entity approach. The 
.;carch ior common Iinc:s is no 1ongcr ac­
ccJrding to the coorclinates of points Lut hy 
thc:r 1abels; this bring;; us closcr to a 
~olntion only hy a 1ittle !e::.s computcr time. 
Ir also creatcs difficultieso A point dlction­
ary can and ..,.. ill be accessed in an arbitrary 
nrclcr, !.Íncc thcre are no rc~trictions rc­
¡..;.lfC!iug- point placcmcnto The standard 
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re'ipon~e to tnts problen1 1"' ro n1;Lkc ::J~ 

C!JCUOnary COfC rc::.H iCilto L ll ionuuat, i .' , 
this wll1 lunit the complcxity (¡; the ¡,;·,;¡ 

that can he handlcd 1r. thi.~ manner, s;;:cc 
all points must be storcd throughout ¡::e 
operation of the programo This shr,n­
comir:g of such sharing oí data is au~­
mented by the continued inclcpendencc oÍ 
the cntities crcated by the dictionary; in­
stead of n points with thcir .r and y co­
ordinates, there are !.imp1y n referenccs 
to points. 

Some of thc ohjections to thc orclmary 
point dictionary approach can he elimin:ltc' 1 
by formu1ating- an intcnnc<liate ohjcct hc­
twcen the entity ami thc pnints uscd as an 
acldressing scheme (N ake anc1 Peuckcr, 
1972; Peucker ( ed.) 1973) o A geographic 
cntity can be created from a list oj line scg-
1/lcnts; these segments are, in turn, creatl:ci 
from referenccs to thc point diction:,r,~ o 
This system allows for casy definition (,¡ 
the entities with a 1:Jinimum oi poin;.:'"o 
hut cach entity is still indcpcncient in i.·,·,..: 

sen se that its neigh bors are not k nO\\ .10 

The direction of access is still from emity 
to location but not the reverse. 

AII oí the data structures described tln;s 
far are of 1imited fiexibility and utilny 
because neighborhood relationships are not 
knowno By adcling the topo1ogical nci~1l­
horhood function of each e1ement to a data 
structure, 1arge improvements in ficxilJiiity 
and scope of apphcati()ns can he rea1izcclo 

Ii one is conccrned about thc mcmvry 
capacity which is needed ior the storage oi 
cxp1icit neighhorhood rc1ation;.hip->, onc 
might consider a sy-;tcm wnh illlpl:ciL 
ncig-hhorhood functlons hy 11/0clifvin.¡ tiu· 
rnlilov form in thc cnco,iing ,¡,¡gc. ?lb:.\· 
c·xistJng- g-cographic iniol"lll.ltinn "Y"": .. ~ 
-..torc land-u,.c data in griJ::. oi ~~·ct.mg~lla•o 
cclb (Hsu, 1975). 1-Im\C\cr, a ;;c:iu~l" 
problem is encountered w¡¡h such a rcg¡.L,;o 
<:iscrctc cncodmg o[ planar suriaccso Ac-, 
cording to the sampling the,1rem. the 
samp1ing intcrval has to Le haif the size of 
thc smallest featurcs to he encnded (e¡.:., 
ToLier, 1969). Hcncc, either the size of 
!he cells has to be very ,mal! to enahle en­
coding of dctailcd yariation~ (e ,l!;, urh:m 
land uses) or a ~ro~;.cr cl'll <;¡;e cm he 
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,l',¡ ;or L.Kl•C;Ill~ oni) ¡]¡e \cry s]mdy 
,·¡· .l.l_;;.¡g \ ari~,¡1ons (general: zed land 
,¡,, ). I1: the Ghc o;' thc slllall units, a very 
::.rgL \ ohm1e oi reduadant mformation is 
ae .• tcd :n an arca oi umiorm lanrl use an<l 
n:;,:rix rcduction tec!mH]UCS such as run­
lt>1:_:.:-:h encoding (recorriing in each ro\\ 
.. :1i ,. tb•;.,c cclis chf¡'crin;::- from an immcdi­
:nl·!y ¡.rc,·iou~ ccll) crcatc only physical 
:11ui nut logJcal compact1oll (Amidon and 
-\ ;, ill, 1970). J n rhc case of the grosser 
,·l'li ,;~.e, h1ghly Yarying- bnd use features 
::re ag-grcgated to a dcgree wh1ch reduces 
ti.~: ¡;,.dulness· of thc '' hole system. 

Bl·yoml ~unpimg prohlcms, a grid struc­
tl;rc impuses a IHas toward spccific orienta­
tions of fcaw res. Diagonals, although 
;1hy,:;:c;.lly longcr, are gi,·en the apparent 
cdi relatwn,:;hips of Jd11t distances along 
thc major axes. The grid structure also 
acates t:1e illusion of working with a dis­
crt:tc. point spacc, rather than a regular 
areal partitioning. 

Rcceut stmhcs ha \'C developed param­
ctcrs which determine the d~"Tee of in­
accuracy oi a given sampling mesh 
(Switzcr 1975). In cases where some 
typcs of gcograplnc features vary over 
!->lllall areas and othcrs over very large 
arcas, such a~ the case of statewide iand­
usc patterns, thc error is averaged over all 
icatures ancl will affcct features \\'Íth a 
hi~h-ircc¡uency Yariation more than others. 

The \'anat!On oi thc mesh sizc within the 
inic•nnation systcm woulcl be of only httle 
Íll'lp. The data managcment and the ma­
ni¡mlation and d1~play routines would be­
' • •111t' 1111•1'•· cn11 q ,¡, ·', a lt hong-h pr.-.hahl y lcss 
:1..,11 111.1111' 11 ''.ti< lwr' inta;.:utc. 1\)\:wt 
11.:1:1 <' aluolll lil< tl.ill'l'l'll\('' C:IIIIIO( J.c 

._,1\•'11 :-in,·.- 1111 lu.-r.lltlll' ahnut such a o;y:.-
1< 111 i~ kuo\\'n tu tl1c authors 

S::uctures U~in:{ Ex;¡licit 
Topoiogical Relauon!>h1ps 

Onc oi thc ii 1 '' k;-~o\\'n v.ttcmpts to in­
cc,¡·porate <'xpllclt t• •pological structure into 
... ~···-·.:;-raplllc .bt.t ],,,!>C is thc Dual Incic­
: .. ,,,;L'IH :\bp l·:ucntling (DD1E) systcm 
.-.: <1w CS. B,m·au ni the Cemus (Fig. 3). 
Ti; e D L\IE file~ "··re original! y developed 
:-,,:; J.n automatcd topo!ogical error rlctection 

==~·:=:=:=:=:=I•·~··~"c~-~~~==~"~"I"C::=:===:w 
---,1 41¡ 142 

!.1 ! 102 1. ' 

1

1 1 11 

1 

l ':JO • ~ 
1,. 101 , 8 h- """ n 

¡_j26 1:-

JI L·¡' _____ T_R_A_C_T.;;..J:::: 1 i ! ~~ 1 1 ¡ 
19rl '! 

¡2: -~- ...... 17,;¡ 103 :! 

Ji ,. JI, IL 
] ·~'-·· JC[ 

4 GaQY[ S STRHt ll 

CENSUS ADORESS CODING GUIDE RECORDS 

STREET lRACT BI..OCI< LOWADOAESS HIGH AOORtSS 

~Jiiun 102 3v 4> 
Maon 103 12 2b 

"""" 104 2 10 
.. an 105 9 
Mlun 106 11 " Ma1n 101 19 41 

DfME STREET SEGMENT RECORDS 

STREET H0DE NODE TRACT BLOCI: "'FRACT &.OC,;: LcYN hiGM 
ST 4RT ENO LEn UFT AIGHT .R.GrH ADOA ADOA 

Mam ~ 6 10~ 104 10 
Md.•n 6 7 106 103 11 17 
Ma•n 7 8 101 ~GJ 19 2a 
Ma.n 8 9 1' 101 ~O.l 30 42 

Fig. 3. The DIME-file base. Rc;>resentcd 
15 a portion oi Tract 1 m a hypotl-;..:~:cal city 
( Cookc and :\1axfield, 1967). The small 
numbers at thc strect intcrsccnons are ~he 
nades, the largcr numhers on :\Iain Strcct 
are thc addrcsscs. Two typcs oÍ rccorcls are 
creatccl as illustratcd m thc tables. 

'i)'Sll'lll for tJh: :\ddrt•<;-. C,·u]lllg' ,·((,,¡-[ ,,j 

1111' l'l71l «"11'>11 ... 
Tlw lo,¡-.il' ..¡,.1111'111 .. ¡ 1111' l)j :\i 1·: ¡j], ¡, .1 

hue :><';.:'llll'llt ,¡, lili<d J,y ,,,.,, , 1.d p••i11h. 
lt 1s as~mncJ tlut thc segmen• is str~.i):.bt 
and not crossed bv anv o;lwr !ine-. Thc 
mctropohtan file;;_ ~1~aaÍiy <icl!rw :.i1:s unit 
as a strect biock i~:cc. Complc.....-: Ílr.es aíc 
reprc'>entcd hy a ser;es oi segmcnrs a~­

proximatin~ the line. Thc ;;eg;¡;em h:-.s 
two "node" iden~ificrs, along w1rh the co­
ordinates oi ;ts t\\ o cnd poir.ts and coctc~ 
iar the polygon on each ~ic!e or the seg­
ment. 

\Vhdc DD~E ~o¡->olog~· makes r.-;;¡ch 111-



.. , 

j,,,¡;,;uinn :tc.-c~-.:hle to nrlJall re~e:n.:hcrs, 

,,,,¡~j¡horhüvÚ rciation~hips are not made 
< x:)hc:t. Scg-Jilcnts sharing a node, ior 
cxa:nple. mttst he iouncl by laborious srarch 
¡;r.xcdurcs. Search is also rec¡uirecl to 
-,;;;,;cmhle the omline of a polygon. l\'lore 
ili1p0r~antly t:1e DB·IE structure is cum­
kr~ome to t:se for many cartographic ap­
plirations in\'01\'ing arcas made up of com­
í ,]ex lincs. For procedures in a one-time 
da:cking át'ort, as is the case of Arlclrcss 
Coding and !\ddress ::\Tatching in mctro-
1 u•iit::n arca:', it i-; quite adequate For 
l'llic;cnt computer storage and retricval 
anci ior many applications, however, im­
pro,·cmcnts are clesirable For example, 
:}¡e reliance on the individual line seg-mcnt 
make;; the recluction of detail for display 
purposes d1fficult since line seg-ments can­
not he simply delctrd without correcting 
thc reference cocles for the affected nodc<;. 

:\t the Lahoratory for Computer Graph­
irs aml Spatial Analysis, the junior author 
hao; developed a data structure, POLY­
VRT, that is designed to contain aU rhe 
in íormation needed to construct any o 'E the 
prcviously emtmerated planar structures 
The ha"ic ohjcct of POLYVRT is the 
"chain." Like a DIME segment, a chain 
has nodcs at ito; t\\ o e1Hls, separa tes twn 
arca-;, and i-; ao;c;umeci to he uncrossed Tt 
d•l:'cr" in that the POLYVRT chain mav 
he m;¡dc up of many points whereas the 
IJa,ic DTME unit has only two points. A 
houndary between two polyg-ons can he 
reiercnceci hy a single chain no matter 
hnw complicatcd, hecause line dctail i'> 
:.1¡ k1logically unimportant (Lahoratnry fr.r 
Cnlllputer Graphics and Spatial Analysis. 
1 C)¡..¡.). 

The coding- of a complicatcd houndary 
as a unit is not unic¡uc to POLYVRT. 
The data bank used in the pro_iect · "The 
Tntcracti,·c :\Tap in ürban Research" 
( :\ ake ami Pcuckrr. 1972: Peucker ( ed.) 
1973) as well a~ the \Vnrld Data Ra11k T 
(Schmirlt, 1969) are composerl of "lines." 
T 11 the 1atter case some of them contain 
n\'Cr 4,000 points The chain hasecl ~vst<.'m 
ni POLYVRT, however, i~ a differrnt 
t~ pe of structnre hecatl~<' of the tnpnlogical 
rnic ac;sig-nccl tn thc ch~.in and thc snhse-

r.o 

ljllCJll CU1l~Hi tiL~ion o{ a li::,l d.tt;~ 'l:~ u\ ~l,, ' 

B;,sc:d upún this ;¡ssignment, ;he t.;pü;, -~l­
eal in:"ormation ahout a ch;-,in rcsc::;;;¡J;:;; ,,:..: 
Iniormation 011 a DI:\ lE record exc• pt 
that the distinction betwcen node<; (i.e., 
points u sed for more than one chain) anrl 
the points interna] to a chain aliows in­
ternai points to he eliminated wi:hm.t in­
fluencing the ncighborhood relationsi~ips 
The main innovation in developin~ a c!-.ain 
representation is that areas of signific;¡n¡ 
line detail may be cfficiently han11iecl. 
Topological checking is reclucecl from dc­
pendency on the numher of points to cic·­
pendency on the number of boundaries. 

In acldition tn the indication of the rc:la­
tive location of tlw chain with resp<.'ct to 
1ts neig-hboring- polygcns, POL Y\'RT i;1-
iormation is storerl in separate lists a<;;;cm­
hling the bounding- chains for every poly­
g-on. Thus, searchcs can take place in t\\'o 
directions, from the chain to the pnlyt:"nll 
and from thc polygon to the chain. This 
is very important for any type of neighhor­
hood manipulation. since neighhoring enti­
ties can be found through their "hounding" 
or "bounded" complements. Tt~ otÍler 
words, to follow along a group of chain;; 
one flips through chain to polygon ro thc 
twxt ch;¡in, etc., whereas ro tra\'crsc a 
scrics of pol_vgons onc tests for act iaci.'nt 
poi~·gons hy going through thc chain di­
rectory for eaclf polygon. 

The POL YVRT program places point 
information in secondary storage. The 
three hig~er level ohjects ( chains, norli.'~. 
anrl po1ygons) are core resirlent. O•~h· 
thc chain refers directly to the pnint lile 
in the sc.'condary storage. T n acirlition to 
inclicating the locations of thc points in the 
pnint file, thc chain record incorpor;¡tc;; lhc 
name of the chain. the lahels or the starting 
ancl encling nodcs. and the left and right 
poh Q"nns Com·erseh·. the poh-g-nn iis~ 
consists of thc hounclin[!' ck,in;; in- J1íOí'<'r 

~er¡uence (Fig-~ 4 and 5) .·\ l1~t !id;in!:!' 
noclcs to chains could easily h~ cc.nst:-ttctcr; 

DATA STRUCTURES FOR 
THREE-DIMENSIONAL SURFACES 

noehm ( 19ó7) descrihcs in a \"(';"\' rj,~­
tailerl analysi;; the ad,·anta~e~ anrl ,~j,;;¡c~-

Thl' Aurrnra11 Cnrlflfllilflr• • 

, 

V 

• ', L ' ' •"l !o- .,.,~ ~ 1 
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LENGTH FROM TO LEFT RIGHT 

18 22 77 o 
>,y Altl Y1.'l 

•• 11 j 

,, v. .!1 y~ 

55 77 
11 ll,, X4 Y• 

2 POLYGON 22 NOOE 

888 CHAl N 3 POINT WITHIN 
CHAl N 

hg-. 4. Thc cxtcrn;d rc¡>rcsentatlOn o i thc 
I'OLY\'RT cktin-fllc. Evcry cham lu~ a 
··¡¡,une," thc numbcr of mncr pomts (lcngth), 
tlll· l\\1) lunnmg nodcs, thc two bo11ndary 
pol) g<ms, aml a senes of coordinares ior thc 
jllilllb. 

1 .L.<Wg.._ . ., oi eh r!"(·rcnt ways of cncocling sur­
¡_._.<..... 1 k comv-.. tü thc conclusion that thc 
'lk'Odin.~ <oi surhccs hy contours 111llllllli;c-, 
iL{· :--~Dl.t.~,· c .. q,~H.·lly, \\hl'rcas a Ic~ul:II 

...:· ,.¡ ,1; ..,u,·io~cc jHl>!Jts minimizcs ;he co¡n­
i··· 1.1:, lllloC il<'~·c--.Lry ;or ~cveral typ~·~ oi 
·:._ .,¡:,;.~ .. t;on-;. Boclnn d1d not include 111 

.·,-: ... ::·a dat:J. system 11ith an ir:cg;:br 
,:.-..:i".:J_.:.on o: jlü:nts btn only c(Jntour cn­
"·tJc..: .• l~.:"l :-:.nd rc·g-t:l:lr grH1 strr1Cturcs or· ..:o.i­
-t .. ::t ao:d Yanahlc mt·sh \1 hlth. IIe d1d 
,,, .: r,·:lcct on the re:.sons 11 hy cor.tourc<: 
• , .. : .. ·:1:numzc '<or.t~..: ca¡x1c:r~ 11 llcrc::ls a 
•··;..: •. l.t·· ..;:· .. : J. 1 .J':;n:.:,-.. .-nn','t:ttt:,.: ¡¡,nc 1i 
: ": :~.~~ 1 ... :\.,.,L· 'l) .~ .~ qui~L' p\1'"1 .... ~:)1c ~ll.tt ~l1C 

<. 1 l\l~npitll•lt 01 g<'c~;...,:.~pl:a.: d:t::t lJ.l~C5 

11 "'"d l:a\ <' ta],c;¡ <J¡f[t•rcnt rn,¡¡c, Sur-

1 ',¡ ' ¡\•.. '· 1 /'111 ¡<;,-' 

' ,, 

prisingly this to¡)Jc has proü:.:ccd lu:de c);,. 
cu~s1on dc,nitc 1hc fact that extrc::1ch· 
large' data b~nks oí taram ( d1gital tcrra.;l 
moclels) ha • e be en de1·eioped. 

\Vhen encodmg ~uriaccs, it is ncccss:1ry 
to adapt ~he clensity of pomts to the varia­
tion in thc lucal tcrrain. The quc:.t¡o,¡ uf 
how dense the points have to be c:J.n be 
answercd by again using the philosophy oi 
thc samphng thcorem. For the tcrra;:l 
witlun a typical map, thc vanation can 
changc consJdcrably, resulting in a nccd 
for frcqucnt adjustments of the sampling 
interval. 

In a contour map the density oi co1 tour 
lines changcs wnh the denbtty of :ehd 
,;ariation. Therciore, it fulñlls the re­
quirements set by the bampling thcorem 
for a "non-stz.tion;:,.ry surbcc," i.e., a sur­
i<~cc with changing tcrrain. For thc rc-gu­
lar grid, on thc othcr hand, if thc sm~llc::,t 
objCCt onc wishcs to dctect anywhcrc 
mthin a study a1 ca is of size ("wJ.vc 
length") S, then the gricl spacmg eYcry­
\\'hcre must be S/2 or less (note, for cx­
ample, ?viark, 1974). The regular gnd 
agam tcnds towanl redundancy sincc 
Sillooth :1.reas withm thc study area \1:11 
contain iar more potnts than are neccled w 
accurately ponray their form. To impro1 e 
tile "¡ eo.olut10n" of a grid by a factor oi 
f, thc g-rid spaclllg must be decreascd U) 

NOOES 

POL'YGONS 

111' : ¡ '" -e 1' ¡-: v. 1 1 : 

;f ._:j 1 

i' ~ 

CHAINS 

POINTS 

Se<:ondary Storage 

r'·~ 1 .. hc ll1~l~rl1""'•1 rt.·p:·l.~,c:~~..t:iC.l1 OI ~1;, 

1\JL\"\-f{T. ~hai:1-t11c:. R.l.{~,.·,·c.i~(! to pol~­

;nn t."I1:11I"iS ¿)re ¡)OS1~\\ e or 1·1cg~1to\ ~ .1(Lo,·d­
'i·:.: !~> th.: dtrc'CilOi~ ni¡;-,,. ,·L::~n ciS('cl 



;h,~ rcciproc:~l oi this iactor and thc total 
: ... I.lliiCT Ol p1)illb is incrcascJ by f. 

S 1'.:\I.:\1') ti!, crcatton oi a JicighllurL••'•'• 
iunction is u~u.tlly pt rior.ncJ by lin,Ln;..:­
thc doscst :-mal! munl•1 r oi poiuts \\'h,·rL' 
tltt• llllllibcr \ anes arouud :.IX. 

11:.· •¡ucs¡¡¡,¡¡ has hc··n raisc<i many time~ 
:n ¡•h1 ll"~r;111111 h'l ry \\'lwtlwr contonrs are 
; IJ,~ h('st n•pr('~,·tl!allvcs oí topograph ic 
'lll"i.t.:t•s, 1t h.1~ ht•cn statcd that coatour:. THE GENERAL CASE 
.i11 not dctl·,·t many types of hrl·aks which I t has bccn notcd that although p:.1: , . 
. trc frcquent un tcrram ( c.g., Brant!statlcr, :.uriaccs ami thrcc-dt.llCil:.ional !>Lrl<.<.•­
;167). Tlll'rcfurc, thc cncodut¡; uf sur- look rathcr chll'crl'llt it takcs only ;~ ;. 
lace:. hy \ l'rttcal profilcs has hccn a:-.~umption~ to trl'at one a:-. the ~nln• · 
.Llll'lllJlll'd 111any time:. 111 phologranlllil'try thc othcr. \\'hile thrcc-dimcu!>iou;tl 
in rcccnt yl'.1r:.. Points are cncodcd only iaces are always ba:,cd on intcnal or r.LU·. 
\\'hl'll thc slopc of thc surfacc changcs data, planar suriaccs oitcn mvolvc ordi.1;d 
( l' g. Krau~. 1973). In anotlwr case thc ami nominal data. I-lowcvcr, it ha:. IJcl'It 
hn:ak lilll'S are cncodcd in adclition to a ~hown that onlinal and IlOIIIIIlal elata ma~ 
r,·g-ular grid (Sima, 1 Y72), ami in anothcr be treated a:. intcrval data ( .\" orclbeck a:~ e: 
approach only thc break lines or only the Rystedt, 1970; H.osenield, 1969) and e\'':. 
ridgcs ancl ch:mnel lines of a surface are withont this conver:,:0n we can cOir.i,.:. : 
cn.:ocll'cl (G,·i~t. 1972). Thc amount of the two types into one general ca,e ;,_­
dl'tail with the,c approaches depend::. on simply using difierent as:,umption::. abc .. ;t 
1 he sea le uscd. ncighborhood. 

\Vhen pcrfnrmmg numerical computa- Given a set of n data points ior wj.:._, 
tions on the bas1s of these digital terrain x, }', and :; coordinares are known, cvn­
IIIOdels. the quantity of data involved wlll tinuously defiued .suriaces (.i-;e-_-;- suriace:. 
be only onc dcterminmg factor for the for which one and only one value cxisrs 
amount of programming and computations at every point) can be created, using any 
uceded. l\fost of the numerical computa- of thrce diíferent assumptions a!Jout t1:1: 
llons on ::.uriacc::. rcquire sorne type of suriace behavwr ( Peucker, 1972). Thc 
ne1ghborhood iunction, either to compute first assnmption is that of a stepped sur­
~r.tnc suriacc behavior, such as slopc or facc, which says that the suriace retains 
lucal Yariation of rclici, or to find the next the value oi a data point within the neigh­
untt for thc drawing of a contour or a borhood oi that data point, where Ill'igh-

' 

u 

___ ,_el~ttcal_prolile ~Eor_a_::.ct oLcontours it. _borhood_is_definccl either. by a given pOI!"-------------- -- -------­
h relatively easy to crcate a dircctory gon (the choropleth approach) or :)y :i:e 
11 hich indica! es a scqltcncc of contour:. in iact that thc arca is closer to onc elata 
a typc of trcc in which thc :.urroundin~ pomt than to any other one in thc n<'ighbur-
c••titoiir i~ thc !Ja-;P an<l thc otlwr contour., hnod (thc proximal approach). Tlw ,1.,-
.111' 1lw lllaiHiw., ( :\J .. r.,l, ]1J(k''\), To iind 011d ,,.,~lllll]'lh•ll jo; th:1t ''·ll·II d.1l.L ¡>111111 
llw III'IJ:ld.oiiii¡: 1"''""' 1111 llw l\\'11 .ul- il'l'"'"''llh a .,,lllij•l•· ui ,¡ .,j¡¡¡:J.- l.dtw 1111 :L 
Joll<'lll llllll<IIJI" fur .L g11·cn puiut on :111 Cllll~l.illlly dt.lllgu¡g- !>IItÍacl' . .'\tigld•••I-
llll•·ntil'dJ.!lC contc•lir, lwwcvcr, onc lllll~l h()ocl is thcn a nun1bcr oi do~c:.t nug:d•ur-
-..can:!J throug-!J all the puints on thc t \\o 111g cl.tla pomts, ami interven in¡; valuc~ are 
adJact·¡Jt con tour~ ancl ccllllputc thc d1~- uncrpolatcd \\ 1th clifTcrcnt lypcs of in-
tanc<"~ lo thc pomt 111 r¡tH'::.tion. This pro- tcrpolation proccdurc:,. Thc tlurd as:.~:m¡.-
n:durc JS timc-cmhunlmg if tl.e contour tiOil ¡, that t!Jc data point 1s a salli¡llc {¡-,:,.,, 

llllC'~ tlrl.' rcprC'semccl by \ery many point::.. a con:.tantly ch;Ulglllg' :,uriacc thar n:.t_l 
:\ reg-ular grid on the othcr hand has an routaiu error,; thu::. thc d.t!a po1m :::. nu. 
nnplicit ncig!Jborhuod function' ancl tincllllg nccc::.sanly locatcd on thc :.urface, l.t.: 
a ncighbor doc~ uot involvc "carch nor clo-..c to it. Thi:-. approacll itnphc~ tl1,· 
1"\lra l'lillljlll(l'r liill<'. For a !>('[ oi lfl'l'gll- lill'lltLr a"o'>\llllj•IIOll tllat thL olCIII.d ~.;: ,··" 1 

!.tri.> -clhti'Il•ull'd JH>lllh a .... tiH·y are rcpre- ¡, ~IIIootlwr tli:ut the :-,111 f.Ll'<' cuihillll'll'': 
'''lll<'cl 111 vcry "IIII]'lc el. tia ,[rudurcs (e g., throllg-lt lile ::.;unpk cbt.l pomh 

............ 
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\\ .:h th~:-~~ .lS:-llllljlt:on-. .d>nlll ó-urfacc 
,,.¡¡,¡, ·••r, ;llly pmnt or ;,n·al (h;trilnnion 

•• :·a \.triahl~ l'.lll he trcakd as a coutinuous 
,¡:;h ;¡,n¡::: = f (.r. y) .. uulpl.ut.lr .mcl tltl('l'­
oilloll'll"l"ll.tl :-:nl.1n•., c.111 he l'<>lllhnwd 11110 
.,,,,. '·' !'<'. TI u:- lt.1 .... 1ltl'.hh· bccn d<liiC in 
·•>1: 11' ,., '111Jlll 1< '1 pro 1~1 :un:', l he 1110~1 11111 a hlc 
;,,n:g- ~Y~¡ \ 1'. ~l.llly cartogr.tplnc ap­
p¡;,·:uÍ••n:- tlllht trcat hotlt t~p~:~ of :-ur­
:' .. ú•, a:1.!, tlio.:tl'ÍOI'l', data structurcs must 
; •c do.:' d••pl•d "htdl can handle both typcs 
;,¡ 0110.: lllllC. 

THE PROPOSED DATA STRUCTURES 

Planar Surfaccs 

Tite uced lo incm poratc diffcrcnl typcs, 
.,¡· lti.-rard1ll'!->, oÍ ¡>ol}g"Oil'> \IIICO\l'fCÜ OIIC 
.,¡· ¡]¡,· linllllll;.!" ;¡,..,lllllj>llllll~ ·n1aclc iu 
l'ULY\.J\.T. .\ clt.tin I"·IYS a dual role: 
Jir:-.t. tl IS tltl· IH•IIIHI.¡r) oi two an·al cllli­
u,·s, and :-.l'C111Hll}·, lL i~ thc unbrokcn unit 
.. ¡ potlll fl'll"ll'\ .ti Tití~ ts not a prohlcm 
tÍ •>lll' i:- linntl'd toa ~inglo.: nonovcrlapp111g" 
:-•·t of pnlyg-on~. Thc iollowin¡; propo:-.ccl 
IIL'\\" :-.) ~tcm, to hc.1r tho.: nallll' GEOGl~!\F, 
h an alll'lllJll .ll grcater flc:o.ibiltty. 

Bc.::Hht: "¡ tlu: addttwn uf many laycrs 
1•Í contple:-.11) invulnng multtplc polygon 
, .. h. tite cham c<~nnot remam, to the salllc 
lh-g-rec. tite controlllllg object of the elata 
"tructurc. J u,..r as tl~c notton oi an un­
hroko.:n iinc h mtportant, so is thc notion 
"i an unparttttonccl ~pace. In a system 
'' h1ch n;u~t ltancllc m·e1lappmg pulygon 
m·t '' ork<;, tlwrc 1::. a nced for a root oh­
Jl'Ct '' h1c:1 1'> ddinrcl as an arca nr1cut hy 
olll_\" llll iiH·r p.it lllllllllllg". Tltts ohjC'Cl i:-. 
tl'rtlll'd tltc l.l·a .. t Cootllnnlt G<'ngrapltic 
l: nll ( l.C<. LJ) '111!' I.CC U'::. aro.: con­
'-lt ¡;, tl'd a:-.;¡ 1 '{)l. Y\ 1\T pr•lygou cltrn tl\' 
ir .. t:l cl.:.t:l-.. ·¡·j¡,· rel.tll<~lbllij> ui th· 
l.llJ v~ ro all íolhcr polygon typcs 1$ lu­
lTarchl(',tl (Fig- 6) 

ln turn, tite exi:>tencc of thc L( CC 
;¡]]m,-- ior rlt, crc<~tion of cach da!:>~ of 
Jl"l.',._:l•ll In orcl,·r to allow <..impl<- cod111g 
, .1 tlll' IH•llll.l.try rel.tltOII!'>hips at thc:-.c· 
it .. ~h,·r ]¡•\l·l .. 111 thc -.tn.cturc, thc "d1.1in 
~¡,,¡¡¡¡''\la-. cltlh('cl \ ch.tl11 L:IOttp i-. .1 

.., 1 .. ; cit.ttn-. '' h1ch iootlll a l>olltHI.try oi L\\O 

.tr• al tllllh i"t a ;._:11 t n pohgon cl.t-;:-. 
"1 111'-.1' lll>l_I;.!"CIII--. .IIC l'o>IJ-.!ltll'lC'cl Oi Cb:tlll 

1 .. / .: • • \"" l . . 1 /'1 ¡/ J9,-5 
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Po1nl• 1 Foaturos 

l ChaOft 

1 1 Group J 

F1¡_:-. 6. Thc 1 cl.ttuon,Jllp ¡,. tWlTII thc v.tn­
lltl!:> par!!:> oi thl' llotlol --.tnt(ltln· . 

gruup!:> "luch, in turn, are con~tructccl 
irom clt.tin~. 

Ltnc icatures can Le uUIIt UJl of c!Jain~ 
m thc ó-alllc manncr as cltam group~. 

:\otc th.tt thc d1alll grunp li~tmr; ior cach 
le\ el ui pulygon ami each lisun¡; for a !me 
Íl'ature reicrcncc only thc chams thcm­
~ch·cs. Tití~ allu11, t'ach !>)"Stcm to Le 
con:>tdcrul a!:> .1. ~cparatc (ilrcctory which 
i~ curc-rc~idcllt only 11 hcn that class of 
uhJl'cts is rctrievcd. 

The LCGü has other implications and 
apphcations that are u~cful bccause of the 
topological data structure. The LCGü, 
wtth Íb codmg ior each of the pol)gon 
-,ct~. can be comLincd with contiguity in­
iormal1on of linear fcatnre typcs to produce 
an .\ttnbute Cross Rcfcrcnce (ACR). 
The :\CR is a tablc 111 '' h1ch all ohj~-cb 
(111 p•·l~gun and linear :-.y!:>tl'lllS) are ero,..,­
¡ 1'lt't t'lll'cd t•> l'.tl'h utll,'l' lo dctl'l'lltÍtll: 
ll\',llllg. 1 :y lt'-J11g atltlhlll(''i of ch:Liil" 
( j¡'llglh:-.) and f .l'CU'-, (al'l';h, JlCojlltJ.ItlUll 
dcthltll'"• cte.) thl!> cro~!>-rcfcrcnc.ug cap­
alllhty can a ... ::,tgn a !>tnng of data. collccted 
ior C)JJC poiy~on typc, to a string of a 
... ccond 1) pe. 

Topolugtcal lilanipulauon rontinc;; :;.re 
Cl'lll ra] lO tite SltCCC~S of thlS ~tt'llCtdi'C. 

Tl:c 1illcr,ectlllil o{ geo::;raph:c feartires 
"di rl'l) un I"Jl"lllgk·.d kno\1 ltdgc to tl'­
alit.c ecPit(>illtt .. ••t ~cale in p•oces::.ing Lt :..:e 
1iko.. .\11 u;•,·J.tdu1b with iinc~ \\ 1!1 ac;:1-
.tily 11·"1 k ",¡], l•:n;d->, i1t.i!t '' ith o.:nd 1lu.ttb 
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oi tllc Lnc, .lnd 1 he iunhcst devi..tub to 
hoth :,id es ( ii tlw i •amb bccome too wide 
thc lwcs are !>pllt, etc.). \Vith thi::. 
.tpproach, thc "indm, in¡::- procc:.s u::.cs non­
llllcar \\ 1ndo'':. ( '' hid1 is oftcn· thc case 
'' ith gt'<lg-r.Ipliic C<lnrdmatcs anJ map pro­
jl'Ctions) and becomcs quite clcgant. Sim­
darly, ullci ~cction procedurcs such as 
pnint-in-pol: gon. lme-across-polygon, and 
polygon-o\ er-polygon determination allow 
ior gainiul apphcation of the topological 
pnnc1plc. For point-in-polygon searchcs, 
l.'hain groups are con:.tructcd which biscct 
thc uni,·er:.e llllO parts to sort the point::. 
( or nodc:. of poi) gon:.) into thrce groups: 
ldt, with111 tllc hand, and right. Only the 
:.econd group nccds more detailed treat­
ment. The point, sct is then recursivcly 
pannioned until it reaches thc level of the 
LCGU's. For Jme-oriented problems, the 
topological conncctJOns of the two sets com­
pared would allow intersections to be 
l imited to immed1ate neighbors. 

Another important procedure will be a 
ncsted chain-intersection routine. Here, 
again~ the chain band and its recursive 
segmentation is used. The number of 
points '' hich define a e ha in is constantly 
incrca!>cd untJI the intersection test can be 
dctermincd. The search of a line through 
a set of polygons mil use a graph-search 
algorithm devcloped for the GDS ( Geo­
graphic Data Structure) project discussed 
111 the next section. The neighborhood 
search routines create records of neighbors 
ior every point or !me or polygon at any 
:-.pl·ciÍied dcpth of neighborhood. 

Thrcc-Dimen~ional Surfaccs 

Tco ¡¡¡qd<'lll<'lil ll1c uk.t~ jlll'~<'lltcd lH'l<', 

t he ~cll iu1 .111 tl10r i:. dc,·clopillg a gco­
¡.:raphic llltormation systcm ior three­
duucnsional Mtrfaces. Both systems, the 
thrc:e-dimcn~1onal anrl the planar, are 
J,a:-.c·d 011 data ~tructurc!> wnh cxphcit 
topolog-Ical ne1ghborhood relauonsb1 ps. 

Tht! hasic philosophy oi both .1pproaches 
JS to separate tlte data ba;,c irom thc appli­
cawm prog-rams. In tl1e e:-trly clays of 
COIJ;¡,uter cartography, a d..1ta sct \1as 
generally tted to the appl ication program 
that uscd it. Xow the available data h<.ve 

LecomL !>O vol untd IOtt:> ;,¡¡¡j :he a;'! J:icatio:1 
program:, ;,o vanccl thaL ext:-:... e¡(or~s ::. 
thc preparation· uf data im· ¡¡¡ore cft~cie: !• 

computauon:. sc<:111 to be j n.::.t;fie<l. \V e are 
well 111 :-.t<:p with modcrn computt·r sciu:cc 
to Sl'Jlo.1.rate thc data base irom the appii.:a­
tion programs \\ ith the data stn:cturc bc­
coming thc link bctween the two. 

The crcat10n oi a structured data oa:.c 
is nothing ncw. The intcrpolauon of an 
irregular gnd to a regular grid oi ::ei~l:t­
points prov1de:. a data structurc thrm:<;ii 
the imphcit ucJghLorhood function oi thc 
grid. i\nd in the case whcre polygons are 
independently defined by a senes oi points. 
the neighborhood relatJOnshlp Js rcplacLd 
by a scarch algonthm wh1ch find:, th..: 
neighbors for every polygon by searching 
for matching segments m thc Lou:1C:ary 
files oi theJ other polygons. Thc ide:J. is ~o 
spend CO\'Í1puting time bcfore any apphca­
tJOn has 'been performed in thc anucipa­
tion of heavy u!>es of the data base. An 
efficient structure of the data base should 
not only speed up computatwns con:.ider­
ably, but should also simplify the produ.:­
tion oi apphcauon programs. 

The data structure dcv<:loped um.!c:· t1H: 

working t1tle "Geograpinc Dat.L ~tructurc'' 
( GDS) JS based on '¡rregula:·ly d~:>tnbut\!u 
point:> \1 h1ch are assumed to be samplc: 
pomts Wlti:out sampling errors irom a 
smgle-valued surface. Two types oi :.truc­
ture!> iorm rhe core oi the data bases. Th..: 
first creares neighborhood relationsl11ps by 
"triangulating" the data set allCI storiilg" ior 
evcry pomt the labds oi all ¡>Ollll:. w!,¡.-J. 
,¡¡e hnkcd \\ ¡¡]¡ ¡)¡~ )h)llll h~ .L ttl.tl•~ll' 

l:cl;~·· ( F1¡.:-. 7). Tli.: -.c..; .. ¡¡.¡ ~lllll'lllie h 

pwdt1n·d l•y ~dn:t111~ tlw;.~ pullll~ oi tl1e 
;.uri,tcc:. wllicll he along lmcs oi high in­
iormatJOn content, such as ridges ancl 
ch:umel lines, and defining thcm by rhe:r 
nodes, wh1ch are peaks, pa::.~e.::., and Jilb 

(F1g. 8). Th1s second data !>truct\:re 
"crves two purposes. First, 1t Js a general 
reprcsentatlon oi the surfacc ior rough 
computations; second, tt 1s a "d1recto:·y" 
mto the more cic¡a;kd first stnlct<ll c. 

In the lirst :.tructure. the creti•On 01 t!1c 
ne1ghborhood relauon:,h;p 1s l.Jased e,¡ rhc: 
assumpllon that Ja¡.!-;.t:ts are usualiy o: 

v' 
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t:1g-. 7. The GDS-fir~t cl,\ta structure. Th.: 
.llustr:tt:on shows th.: points on thc' surfacc 
wlth thcir links to ncig-hbors (edges). Thc 
.:xtcrnal rcprcscnt:ttion is shown by thc 
ncig-huor~1ood rclatlonships. Thc mtcrnal 
rcprc~cntation is compos<'d o f the pomt-filc 
.111d thc pointcr-file. 

two types: (a) scts oi Irrcgularly-d1~:Mi­
¡,l:t.:d points whirh were chgiti7ed \\Íth the 
undcrst:tnJing- th:u e\'cry point is signif­
icant, :-tt;d ( b) sets of regularly or irrcgu­
brly-<l!:>tributed pyints "hrre it is k nO\\ n 

that a numher of points are redundant and 
can Le cJ:minatcll from the ~et, e g, regular 
grids of :1oints :-tnd cncodcd contoms. 

Thc íit 'r typ<~ oi cl.tt.t ~ct ts linkcd by 
,vme t) ·-,-: o[ ;ri.tng-¡¡btH)11. :\r lca~t t\\O 

approac:a:;:, .;).¡st Thc first (Dnrppc and 

J', ·1 :!. :\"1>. l, • í 1hril 7975 

Gottscha:k, 1970) crcatcs all possiLlc L-.k,, 
choosl'5 thc shoncst, aml c:liminatcs all 
link:. wi!ich intcrscct thc shortest. Th., 
proccdure is rcpcated w1th the n(!)l..-r s:lOn­
t'St link,., until no links interscct. The :-o­
sult is thc sct of links with the minim~;;.;, 
cumulativc dist.lllce between neighboring 
póints. 

The procedure has one disadvantage: 

,ince (';)link!> ha\ e tv be crcatcd, the num­
Ler oí points 1s thercfore limitcd to 
only sc\·cral humlred. The first stcp m 
our approach thcrc[orc limits thc links to 
a number of "potcntial nc1ghbors," amo;1g 
which the shortest link is chosen and in­
tersected w1th all other links originating 
in these potential neighbors. This pro­
cedure !imits the number of tests ior in-

·. · ¡· 1 1 l u· w= tersectmns ot 111 .;:s to ess t 1an -
4
--

whcre m is the number oi potential neigh­
bors, an arbitrary number betweeG S and 
14 depcndmg on the density variation of 
these points. The' J>rocedure does r;ot 
guarantee, howev_er, that only triangles are 
constructcd; pol,) gons with more than 
thrcc sidcs can rcsult, although they :1re 
rclati\'cly rarc. Thc check ior such poly­
gons and thcir climinatioit is very casy and 
fas t. 

The second possibility is to create a· 
triangulated structure through use oí 
Thiessen polygons._ A pui.Jli~hed solution 
(Rhynsburger, 1973) intersects for every 
point the links to cvcry othcr point m id\\ ay 
and chooses the smallcst poi) gon created 

1 ·------~~~-- ----~---------- -----, 
NODfS CHAIM$ 1 

~! 1 lllli-LI 111~ 
POINfS POINTERS CHAIH POIIIIITEAS 

!-------¡ 
1 ¡ 
1 ¡-. 
.._j 

FIRST OoQ.TA SlA\JCTURE 

F1¡.;. S. Thc GDS-sccond dat:1 structnrc. 
Hoth thc nodc-filc and thc ..:ham-ftle !un: 
.u:cc~s to thc tirst data strucu,rc, thc nolk­
;ik dircctly :~nd thc ch.un-tik through .t 

r 11.11 n-pointcr-file. 

r.s 
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11~ ,l.<' p<'rj'l'lldiCul.u ~ ¡.:, ery pt~tnl 11 J¡,Lj¡ 
cnntnbute, to the TluL·~~<'ll pul)gun ¡.., ;¡ 

Th1e~::.en m·¡ghbor. Tl11s procedu re can 
a:.,;ai11 be ::.lllljlhficd by the aS!:>UlllptÍOll ui ol 

hmitcd sct oi "pntCllt.al Ill'lghbor;.." Tile 
:-;.une chccklllg routi11cs a:. above have tu 
he .tpplicd. 

. \nutha apprnat'h whid1 limll!:> the nunt­
hcr oi ncn•,,,try te::.t:-, IJut is mathemat­
ICaliy corrcct at thc ::.ame tune, has bccn 
devclopc<..l 11 nhin tite project by Kurt 
Bra:-.sel at ] [arvard Gnl\·crsity. Thc pro­
ccdure i::. based on '' tields oi potcntwl 
ncighhor:-.'' '' hich cu1l\ ergc ,·ery rapidly. 

The altema.tivc to tnangula.tion is thrcc­
dimenstonal gencrahzation, i.e., to sekrt 
irom a set o[ points thosc which define the 
strudure with thc least dcviation irom tile 
original ::.uriacc. The basic concept, de­
' eluped by H.andulph Franklin of Ha.n·ard 
L:niversity an<..l T. K. Peucker, is to ap­
proximate the suriace of a series oi tn­
anglcs through a ::.eiectcd set of polllh, 
11 hrre each ad<htwnal poim includeci into 
thc srt ts thc otH' \1 hich dcvi.tle::, tiH' nlo'>t 
inllll the appro.\.llllatcd tnanglcs unt1l thc 
de\ iatlons are hciow a givcn valu(' (~ce 
J\·uckcr, 1974). 

ln both ca~c~. thc tnangulation and gen­
crahzation oi thc suriace, the result IS a 
''li11ked li:-.t" of suriacc point::,. The tcrm 
lmkcd h~t means that pomb are linked 11 nh 
onc another througl1 pointers. In othc1· 
words, a pomt 1s not only Jdentlficcl U) ¡¡.; 

x, y, = coordinate~. but abo J¡y a list oi thc 
labcls of thc points 11 hich form cdges of 
triangle::, \\ llh thc pll1lll In our ca-;c rach 
record cnn:-.l..,h ¡,¡ thc 1, y.= coordnJ.Lte-, ,,¡ 
a point ;11ui .1 rl'irn·¡¡, ,. tu tlw :-.t.u·t ni lile 
Jl"llltt·r:-. to th(' JH'Ighl~t•l-, 111 .t pt~nltt·r ihl 
Tite IC.l..,UII 1111 nnl i1.11 111:._: till' llt'tghlun­
J¡, .. ,¡J jl(•lll!l'l :-, 1\ ith titl' jlUllll l'l'CIII'<i 1'> ¡J¡,¡¡ 
the num],er oi JH>IIlb 1aric~ c"nsidcr.tl,!~ 

l :\lark, 19i4) ~!llCC thc record ha:- tn k 
long enough to 111ckdc all po-,;;thic lllllll­
ilers of ne1ghhors, lar;.:c pan, oi rhr p01nta 

::.cCtiOllS would he en1p1 1 lllO~t of thc tlllJt: 
Thc pomtcr-; are '>(lrtl·<i. o.,tal tmg 1\ nh thc 
pomtcr the Jto;¡-,¡ ¡.:,,...¡ oi i\orth ui .1 po111t 
(Fig. 7). 

The lt!>C' ui thh t.1 ¡w t~f cl:it.l-~lll•l'lllll' ¡-, 
ver y 'iÍ111plc and ,.¡ 1 ll'lt'llt ¡;.,, t'l t'l') :-.<'.11, l1 

(prolik, cc .. l•·•llr, uc) ;¡entera,¡¡:,,;-,,~ __ <.:­

:ntcr::.cct;on ~~ de1 ,.¡,,pcci. !;ur coLlu,: .. ,;._:, 
ior cx:...tllj·Íe, t!.e e; lt;GIÍ c¡\1( ,¡ io:. . , 
Whcthcr OllC point ot ihc ul . ..:c b u;J!I\ L t.J-: 
con tour lc\·cl aiJ(J thc other Lcklll. .\ --:a;~ 
Í!> iound and one point of thc <'••).!e i~ .:c•::­
~Hll'rcd a rcfcrcnce point and the od .• -r ;, 
suhpomt. The ncxt Stibpoint i::. iüt:::.; ÍJ} 

jooking up thc ncxt ncighbor 111 the pndltcr 
hst. Ji the tc~t is positive, thc inter:-.ccuon 
is pcriunnc<..l and the proce::.~ rcpcatecl. 1: 
thc tc~t i:> nrgativc, ti:c rcf(·rcncc and :-.ulJ­
poinb are switched and the procc:-.::. rc­
peated. 

Other proce<..lures are equally :.1<1 1 1:c 
To find a trianglc, ior cxa.mplc, onc 1Ja.., 
only to haYe a rcierence ami a :-.ul,pllint. 
Thc thml point is thc ncxt lahcl 111 thc 
pmntcr list of thc re!l!rctK<: pnint aitn t Le 
¡,ubpomt. To lin<..l all tnanglc~ unt ;.;• ... , 
through thc totai pointcr J¡~t lt·a' 111g unt 
all thosc edgc!> connecting rr;crcnre pc•l.th 
\1 nh ~ubpomts \\ ith a !>mallcr bl wl o.,,¡ ¡u: 

thcy would crcate tri~lnglcs 11 h1ch ha<l 
bccn trcatcd \lhcn thc ::.uhpoint ''"' .~ 
rcincncc pránt. 

:\lthough tÍlc Í1r::.t elata -..tllltllll'<, .1~ 

prC!:>l'lltCU abO\'C, SCClll~ tr1 he dficll'.lt 11. 

tcnn!> oi ;.wragc rapae~ty, 1t cioc::. ll(ll ¡ .ru­
' 1dc casy acce~!> to the elata. La -..e wlm h h 

oitcn \ cry iarg(' It ~~ for th1s r.::a:-~>il 

that \\e are dc\·cio1Jlllg' thc ~eco1:d d.,ta 
,.¡ructurc to reprc:.c.n the general ::.: :·¡:.:: u1..: 
oi ti le suriace and to sen·e as a dt re, • .r_1 
tu rcach inro the ñrst data base (í' ... ::z, 
1975) (Ftg. S). 

The Ítr~t :-.tep 111 thc creati,•n .,¡ ti:. 
-,econd d.11a .... trurturc ¡.., tn i'iiHl ti:.· : :.J:..:,·. 
dl:llllll'l, .lll<i illl'.lk 1111<' ... 011 tl.l! ~llli.:ll' ! i 
<llll' iahd:-. ti}(' illgiH"-,1 pn.nt j,q· n'''·' ,,t­
,¡nglt·, thc lJiti.tilllt-ci jl••llll-.. .lll' 1111 lloill :-.. 
,¡f 1hc channcl iitJC, .1t lc.1:-.L 011 "1l•J.,l;1 
;,uriacc~. . \ subsec¡ucnt search rí'Hil<.lL 
dea].., wtth thc Irrcgulantle' Pulllt::. :-~1\J:Jc: 
ndges are íound hy elmunating tlie J, •11 L < 
pcnnt uf e1 cry tnanglc, .:stng a ; .,¡,¡.,;, 
de\·clope<..l ior a regular gr:cl 11~ 1) :\! 
Dougl.ts. Ti;c detecnon oÍ hn·ak .~ .. ,., " 
... omc\\ hat murt ¡j¡fficult. 

Sotlle tlwotl'ltc.il ~tu die~ r•i su::,;,-, . ., . •'­
\Varnt; ( l~J(¡/¡) ~how thal ncl;.;< J:.J, ~ .: .• : 

rlt.utdl'i ilne~ Cloh~ al pa:-"l'", .t ll'lÍtd ¡"·:"\ 

< 
'¡ Ir. . '] JJI• 1 1, ,t.. ( ~,11 l, 111' ,, / . , ' 
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oi 111IOnll.llhlll rdatÍ\C tO thc <JC\'l"]üplllCIIr 

ui tlie , :.ccond dJ.ta structure. Practica! 
úm:.ldcrations suggcst that in terrain and 
otilcr surfaccs, this regu}arity IS llOt a}ways 
prc:.cnt. 

Once the tupological structure is at hand, 
it can· he U~l·J as a directory into the fir~t 
:-trucrure. Thc line 1s therciore trcatcd 
a:; a chain :.tmilar to the chain of the 
POLY\!H.T system. Thc nodes of the 
rhain are. the pcaks, passes, pits, and other 
cndpoiríts of chains on the sUt·faces. These 
pomts are !>tored with their coordinates 
and the, namcs of the chains which termí­
nate at the nodes. The chains are storcd 
w1th the lauels of the nodes and pointers 
into tl1c chain lists which consist of lauels 
oi points in the fir!>t data structure (note 
tlk<t here the chain structure differs from 
that of POLYVRT). 

A th~rd component of the "Geographic 
1 )ata Sfructure" should ue mentioned sin ce 
it 1llustrates very well the logical adapta­
rion of a computer problem solution to 
gc'•~raphical data. The problem at hand 
Í!> thc ¡lartitioning of the data sct. Since 
\\'llh large data l>cts only portions can he 
hpt in fast mcnÍory, the Jata ba!>C Í!> scg­
mented into "pages'' which are urought 
into memory as units. For thc "Geo­
graphic Data Structure" the paging sys­
tem can solve severa! problems inherent 
in a complcx geographic information !>)"S­
tem. 

The boundarie!> of "patches," a!> we call 
thc areal extension oí a ''page," are chains 
alrcadv defined for the second structnre 
Sincc ·d(.1ail along thc chain ¡, of no topo­
Jogical mtcrest, thc clcns1ty oi poiuts aloug­
t he e ha in can d11i l'r fur its two !>Id es. T 11 

othcr words, thc drnl>ity of tnangles can 
t:h;mge from patch to patd1. This allows 
ior ,·ery. efficient data encodmg even in 
tcrrain V.·ith !>uclclen changes in the sur­
iace behavior as at the change from a 
moumainous area into a plain (Peucker, 
1972). 

,\nother ath·ant,Jgc of thc ¡r;Lglllg-system 
¡, the · ea!>C oi lllcludmg topographic anJ 
planar · infurmatiun. l.mJ..ing point, iÍ!l(', 

and arca! data to 1: 1<· t rió<ngu lat<'d pomt ~ 
would icad to hi¡.:-h ddinitional rcdundaTIC). 

! ·,,/ . .!, N p. 1, Apríl l''lí 

Thc ,ccondary structure couid lcad to :..m­
iJiguitics \\ here the tcrrain is very elon­
gated. Since an attempt has been made to 
kcep the shape of the patcbes as compact 
as possible, the combination oi non-terrain 
data witlí patch boundaries. seems to be. 
most appropriate. 

Since the patch boundaries are again 
chains, another virtuc comes to light: The 
patches can be treated as polygons of the 
POLYVRT system with little difficulty. 
This link between the two systems lends 
hope that eventually they may be merged. 

It is an appropnate question to ask what· 
such a data :.tructure as the GDS will be 
ahle to accomplish. A number of display 
routines have already bcen developed 
( Cochrane, 1974) and a series of proce­
dures for surface analysis based on heuris-­
tlC searches are underway (Fig. 9). Since · 
both levels of data structure are graphs, 
we will be able to rely on many of the de­
velopments connccted with operations re­
search, specifically network analysis, for 
the manipulative treatment of the data. 

As both systems, GDS and GEOGRAF, 
havc topological structurcs, it is possiule 
to mcrgc thc two. The creation oi poly­
gons from points is the major link írom 
the GDS project to GEOGRAF. The 
creation of a set of centroids for polygons 
aliO\\'!> the conversion in the opposite .direc­
tion. This way, surfaces can be treated as 
polygonal sets and can be displayed and 
mauipula.ted by the routines of GEO­
GRAF. Conversely, polygonal data can 
be treated as surface!> for GDS. The 
tl<'i~hhorhood routmcs are what make the 
project u:.ciul 111 c¡uanlllótll\'e g-eogrnphy 
aud plan u in¡.:-. :;\; cighhorhood :-.earches are 
l'Xtrrmely c:o..p<·lhÍ\'C \\'lthout the topologi­
cal dat;., structure, but they are usually a 
mo:.t important part of nrban and environ­
m<>ntal analyses once a general overview is 
obtained írom the data. 

.·\lthough basic research and application 
clevclopment are two sides oi one coin and 
mu~t go tog-ether ·to obtain lasting results, 
thi:. papcr has concentrate<l on the theo­
rctical parts ol thc project since their de­
\'ciopmcnt is ahc;Ld of the apphcation rou­
tinc:., a iact which should be expected. 
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1 
SEARCH 

Prol•lc Search 
Geograph¡c D•soroentat1on 
Opt•mum Search 
Ne•ghborhood Analy&•s 

J,'t,:. ~). 'j'J~t· JIIIIJ,j,¡¡¡ i111W fn¡ (;j)'-, 1111111 lhl' d.li.L io,l'\1'
0 

VI.L Jlit• <''(1.11'(11111 ,,j i"'lllh ,¡lid 

··h.lill~ ior llu· lwo IYP~"~ .. ¡ d.ila ~llllrlllil''• to tlu·•r ·'iJl'I••·'IIOil. 

The quintc,!>cncc oi tl1e rescarch so far is tio11 routincs. \\'e llave somc mdicat1on 
the hypothcsis that tupolog-ically-structurcd that the hypothcsJs ¡5 corrcct; thc real te-.t 
data bases of thrcc-dimcns1onal and planar 
surfaccs can result in rcduced efforts in will come whcn the lmlk oi thc app:ication 
the development and cxccution of applica- routines is completed. 
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lnteractive Graphics 
ComesofAge 

by Eric Teicholz 

Continuing reductions in size, cost, and complexity are causing a popu­
lation explosion in interactive graphics systems. 

Venc!or 

1magme an architect first designmg a 
bUilding and then 1mmedlately being 
able to walk around and through 1t 
before the bUilding is even bUJit He 
could walk up to windows and doors, 
examme them and make appropriate 
changes 1f they d1d not meet h1s des1gn 
critena. 

This story is not a fantasy. Dr. !van 
Sutherland, first at Harvard and then 
at the Univ. of Utah, designed and 
bullt a head-mounted display conslst­
mg of two m1mature crt's mounted m a 
pa1r of goggles and mechamcally con­
nected to a computer. As the ardutect 
turns h1s head, the computer knows 
precisely what 1s being looked at and 
wtll generate stereo views of the build-

Applicon Auto~Trol 

1 ot dolivory Model700-1970 1973 
Modol 800-1974 

Prlmary lntegrated c•rcu1ts Oraft•ng 
appi1C8tiOftG Punted ClfCUit& Pr~nted ClrCults 

Primory mput o ÓIQIUZer o d•g•t•zer wnh 

ing as if the designer were actually 
inside it. 

Today, designers have a unique too) 
that makes it poss1ble to realistlcally 
s•mulate a three-dimens10nal environ­
ment and to make destgn changes in a 
faster and more accurate manner than 
has ever prev10usly been the case-m­
teractive computer graph1c systems. 
Whereas computer graphics had lls 
ongin m lme drawmg (pen on paper) 
machmes, compames representmg the 
"cuttmg edge" of graph1c technology, 
such as those started by Dr. Sutherland 
(Evans & Sutherland, Computer Corp.), 
now make tt poss1ble to design three­
d•menslOnal figures dynam1caJ.Iy usmg 
gray tone or color d1splays. 

Bendix 

1972 

Dratt.ng, 
Prtnted CHCUits, 

and Mapp1ng 

• ÓIQitiZOf 

Calma 

1971 

lntegrated CUCUIIS 

Punted cucults 

& odlt dovlcoo koyboard/diSplay 
• d•gttlzer Wlth 

keyboard/dosplay 
• tebln•zer w1th 

opuonal ploner 

• en w•th tablet 
and koybosrd 

• magnet•c lepo. 

Moxlmum Modo! 700 4 plus 
Input stat1ona two other dev•ces 

Modo! 800 5 plus 
three other dev•ces 

Proceaoor Bas•c stallon 
PDP·11/05 woth 24K 

Add•ltonal stat1ons 
PDP·11/05 woth 8K 

Typlc.ol S122 000 
•Y•tctm coat 

E apane1on coat St 8,000--536 000 
depend•ng on s•ze 
and d•splay 

Table 1 Typ1cal m1n1computer-based 
turnkey graph1cs systems. 

• mteracuve crt 
w1th cursor 

• Telstypo ASR 33 

• magnat•c tape 

6 stauons end 
two plotter& 

\ 

va .. an 620l/200 

J 
S126 895 woth 
flatbcd p\otter 

o d•g•t•ze• stat~on 
S12 500 

• en stat.on w•th 
thumbwheel x-y 
cur~or & keyboard 
S11,50Q 

• crt wtth 
keyboard 

• Tolotype ASR 33 

o magneuc lape 

4 stat•ons 

Bas1t stat•on 
Nova 1200 woth 24K 

Add•honal statlons 
Nova 121 O woth 24K 

S91 290 

Stat•on wnh dtg&­
tuer crt/keyboard, 
ASR 33 and Nova 1210 
S35,000 

1' 
1:. 

• crt w•th tablet 
and keyboard 

• Telotypo ASR 33 

• magnet1c tape 

6 SIBIIOnS Wllh 

three plotters 
and one tape 

Nova 1220 

S131 000 

• stahon w•th 
en and tablet 
S24 000 

• d,g,t•zer sta­
t,on 
S34 000 

Sorne history 
Interactive graphics has been with 

us since the early '60s when lvan 
Sutherland developed "Sketchpad," the 
first interacttve system fo,r computer 
aided design. Early developmental 
efforts, hke GM's DAC-1 system, tended 
to be based on Iarge, expenstve, and 
spec1ahzed hardware. Many early ex­
periments m computer aided design 
were actually of greater value for pro­
motional rather than practica) pur­
poses. The systems and apphcattons 
software usually demanded dedicated 
central processors, and mcidentally 
were m many ways mcompatible with 
the newly emergmg t1me-sharing ser­
VICes that reqUJred Iow cost graphics 

Computervialon 

1969-1970 

lntegrated cucu•ts. 
Pnntod ClfCUtts, 

and Drafttng 

• dtg•Hzer/ploner 

• en wath tablet 
and keyboard 

o Telotype ASR 33 

• •nterf ace to 
lerger computet 

4 statzons 

Nova 

S110 000 ~ 10% Wlth 
d•gatazer/plotter 
but no drum 

d•g ata1 er /ploner 
S32 OOQ-S40 000 

Digitel Equlpment 
(Redac Syatem) 

1971 

lntegretod c&rtutts. 
Puntee! carcutts, 
Archttecture and 
Garments 

• 1 7.anch crt wlth 
light pan 

• Telotype ASR 33 
or Oecwrft&r 

• rnagnehC lape 

4 crt statLons 

POP.15/76 dual 
processor wlth 
PDP-15 and PDP-11 

S109,800 hardware 
S 50 000 software 

not appl.cable 

(_ 

e 

• \fost o/ tht- n.arl..et t'Jt~rnatt>s and tabular Jaca 
tned '" thi.S arttclr ar~ from lncerna¡¡onal T t>Ch­
nolog} \farkt>ung, In e. St''M torr, .'-1aB, "'Jtl1 
~ h1ch the author 1.s as,uclaUd 
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displays and low cpu overhead. 
By the late '60s ~ome changes took 

place in the computer graphics mdus­
try Computer manufacturers hcgan to 
rc<1lize thc cconom1c and tcchnical po­
tcntial of thc interactive graph1cs mar­
kct and more rcad1ly supported graph­
ic rcquircments in their hardware de­
sigo. As computer memory technology 
advanced, hardware costs carne down, 
rc~ulting in the emergence of still 
smallcr and faster machines. 

The greatest ímpetus of all for 
graphics carne frorri the development 
of storage tube crt's that were both 
mcxpensive (m the $3.!$10,000 range) 
and could be used as terminals over 
telephone lmes communicating with 
remare time-sharcd cpu's. 

Storage crt's draw pictures on a dis­
play surface in a random fash10n and 
the displays remam on the screen until 
they are erased. The storage tube, un­
like its predecessor, the more conven­
t•onal "refresh" crt, is not used w1th a 
d1splay hst or menu and can separate 
memory from display processing re­
qUJrements-thereby freeing the graph­
ics program from dependency on 
bandwidth, buffer size and phosphor 
decay rates. However, to be expected, 
the storage tube pays a price for these 
charactenstics. because its p1ctures are 
not refreshed 30 to 60 times a second 
and are drawn m an unstructured 
( random) manner, storage crt's re­
qUJre h•gh "dnving" voltages to pro­
duce the reqUJred beam deflect10ns, 

DlmenBionol Syotomo 

1972 

D•ahmg and 
Mappong 

o ÓIQI\IZ8f Wlth 

menu end ASR 33 

• en wtth teblet 
ond keyboard 

o T oletype AS R 33 

• magneuc tape 

4 stahons 

Lockheed SUE 

5114 !>00 

40•60 tablet and 
en 
126~28000 

Oorbor Scl&ntlflc 

1973 

lntograted cucutts 
Pnnted c&rcUit& 

• d•g•t•zer/plotter 

o keyboard/drsplay 

• · cn/stylus 

o Toletype ASR 33 

• magneuc tape 

6 stauons 

Bas•c stat•on 
H-P 2100A wrth 1 2K 

Add•uona\ stat•ons 
H· P 2100A wrth 1 2K 

G120 000 w•th crt/ 
stylus. stat10n 

• d•g•tlzer/plotter 
150.000 

• keyboard/d•splay 
540.000 

• cn/S1ylus stot•on 
670000 

and therefore have relatively slow 
drawmg spceds--espccially 1f used 
ovcr voice grade tclcphone lines to a 
remole central proccs!>or. Finally, a 
targe class of interachve graphic pro­
ccdures that are ava•lablc on the re­
fresh crt (such as selective erasure) are 
om1tted from the storage tube user's 
repertoire. 

In the past five years, the computer 
industry has been changing at an ever­
increasing pace. We have seen the de­
velopment of intelligent terminals 
(often containing their own graph1c 
processors); the development of inte­
grated turnkey systems that combine 
hardware, software, and service from 
a single source, a rap1dly expanding 
minicomputer market (which Wllt be 

about $1.24 billion m 1975); a less 
mature microcomput~r markct; and 
larger and fastcr mass mcmones. 

lt is dllncult to cstahlish catcgorie~ 
for intcractivc graph1c modes of opcra­
tion. Rather the modes can be repre­
scnted by a continuum. At one end 1s 
the user who communicates with a re­
mote computer usmg only a storage crt 
as a terminal. This user pays a little 
over $200/ month for the renta! of the 
terminal and can perform only relative­
ly simple graphic applications because 
of the data transmission limitations of 
telephone lines. A reasonably complex 
picture, for cxample, can take over lO 
minutes to generate if sent over voice­
grade telephone lines. 

At the other end of the spectrum are 

Evans & Sutherland's "Picture System" (from wh1ch these photos were taken) and 
others like it allow designers to work m gray tones or color or both. There are less than 
200 such soph1st1cated (and relat1vely expensive) systems in use, primar1ly m bas1c 
research, aerospace modelmg an<l s1mulatron, and computer aided des1gn. 

GCA/Hempahlro 

1973 

lntegrated cncuats 

o diQitiZBf 

• crt termana1 

• crt w•th cursor 
and tablet 

o Teletypo ASR 33 

• magnet•c tape 

8 stat•ons 

PDP-11/40 wrth 24K 

$160.000 

• ed•t stauon 
$30 000 

• d•g•t•zer stataon 
640 000 

rllacrodata 

1970 

lntegrated CHCUIIS 

• d•gauzer 

• crt. tablet. and 
keyboard 

• Teletype ASR 33 

• magne11c tape 

• punched cards 

4 rotal 
two crt and 
two diQIIIZBf 

lnterdata 70 

$130 000 

• d•g•11zer stat•on 
$15.000 

• crt tablet. and 
keyboerd 
625.000 

M & S Computrng 

1972 

lntegrated ClrCUitS, 

Puntad cncuns 
Orahmg and Mapp1ng 

• storage crt 

• stylus or cursor 

• data tablet 

• keyboard 

8 letal 

PDP·11 

$100 000 

d1Q1t1Zer, two 
cn.s keyboard, 
and data tablet 
$25 000 

Unated Computing 

1974 

numenes! conuol 
mechan•cal des•gn 
drah1ng 

• storage crt 

• cursor control 

• kevboard 

• magneuc tapa 

4 stat1ons 

General Auto· 
marren SPEC t665 
wnh 32K 

$150 000 

S16 000/term,nel 



INTERACTIVE 
GRAPHICS 

statc of thc art rcfrcsh-typc sy~tcms 
con~1~ting of sophist1catcd sclf-con­
lamed, standalone units, with two- and 
three-dm)Cnsional, and somellmcs even 
color, graphic capabihties. These 
single-station systems contain large 
processors and are capable of continu­
ous dynam1c motion, zooming, perspec­
tlvc generation and other soph1sticated 
functions. The costs of the display 
processors alone usually start in excess 
of $125,000. 

Fmally, in the middle of the spec­
trum, are the family of graphic systems 
called intelllgent terminals. These con­
tain various degrees of sclf-contained 
computatiooal capabiliti.es and cost 
anywhere from $8,000 to $75,000. 

The Ieadmg manufacturer of the 
storage crt is Tektromx, which has 
o ver 10,000 termmals in the field rep­
resenting a little Jess than 90% of the 
total market. Uses encompass just 
about every apphcation but can be ap­
proxlmated as 75% scientific and 25% 
"business. M any of the business appllca­
tlons are provided by t1me-shanng 
companies such as Cyphernetics wh1ch 
not only support the storage crt but 
offer valuable econometric data bases 
as well. 

The Jeading manufacturers of state 
of the art systems are Evans & Suther­
land, Adage, and Vector General. To­
gcther, there are probably less than 
200 such systems in use. Because of 
the1r un1que capabihties (and bccause 
of theJT pnce), most are u sed for bas1c 
re~arcJ:. (m umversities and rescarch 
centers), modehng and s1mulation (m 
thc acrospacc industry) and, to an m­
crcasmg dcgree, for computcr aidcd 
des1gn applicatJOns. 

The graphic community has not yet 
rcached a consensus rcgarding thc dt­
rcction of future tcchnological dcvcl­
opmcnts Because of the devclopments 
mcntJOncd above, in combinat10n wlth 
emcrgmg high ~pced digital telecom­
mun1cat1ons networks, howevcr, raster 
sean or telev1s10n compauble graph1cs 
(which structures data left-to-nght and 
top-to-bottom) vcry hkcly w11l even­
tually predommatc. Many rcscarch 
(MIT, Untve~tltes of Utah and North 
Carolina) and devclopment effmts 
(Xerox, Datad1sc. Evans & Suther­
land) seem to pomt towards thc pn­
macy of tv-compatiblc graph1cs. 

There are many factors that w11l fa­
c1htatc movemcnt in th1s dircction 
telcv1sion ~eh prov1de a low co~t ter­
minal, and there are appro>.1mately 
120 m1lhon telcv1sion sets m the U.S 
of wh1ch almost 50% are m color. 
Ra~ter sean video memor;es are lower­
mg m cost and have low power re-

qu1remenh. Gray tones and color out­
pul\ are readily ach1eved on raster sean 
(tv) di~plays Finally, raster 'can tcch­
nology ha~ the potential of mcrging 
computcr graphic~ with picture pro­
ce~sing technology, thercby mdking 
po~s1ble thc mixmg and manipYlatmg 
of photograph1c images with computer­
generated displays. 

Mini-based turnkey systems 
One of the more successful recent 

achievements in the computer graphics 
mdustry has becn the ernergence of 
minicomputer based integrated turn­
key systems. The typical systern will 
cost approximately $12S,OOO, and con­
sists of a graphic input station ( digitiz­
er, tablet, function keys, joyst1ck or 
keyboard), an output station (flatbed, 
drum, light beam, microfilm or electro­
stallc plotter), an interactive crt work 
station, a large secondary mass mem­
ory (disc, tape or drum) for storing 
large data bases, the mim and, m sorne 
cases, a communications interface to a 
remole processor. 

Software for turnkey systerns in­
elude both systcms and applications 
capabthties for at lcast two-, and sorne­
times three-d1rncnsional, graphic data 
bases. Table 1 compares sorne charac­
tcnstics of turnkey systerns as devel­
opcd by their ma¡or producers. Al­
though the hardware varíes greatly 

from system te system, they are all 
alike in that hoth hardware and soft­
ware ~upport is provided hy thc samc 
cornpany. 

Thcre are now ahout .'100 sys'tcms in 
operation Of these, almost half will 
have bcen sold in 1975. In five years 
the nurnber of systcms in u~e will have 
doubled. 

The current size of the tumkey sys­
tem market (1974 figures) as split up 
by the same vendors 1s as follows: 

Applicon 
Auto-Trol 
Bendix 
Calma 
Computervis10n 
DEC/Redac 
D1mensional Systems 
Gerber 
Hampsh1re 
Macrodata 
M&S 
Umted Computmg 

Total 

$ m1lhons 
$10.0 

1.0 
2.0 
4.5 

13.0 
2.0 
0.3 
1.0 
0.5 
1.5 
0.2 
0.5 

$36.5 

The figure is st1ll relat1vely small, cor­
responding to only about one-third of 
the figure for non-mteractive graphics 
~roducts and services, but 1t 1s 
growing. 

Also mtcrestmg m those figures is 
that only D1g1tal Eqmpment, of all the 
rn<~¡or hardware manufacturers, makes 

Firestone T1re and Rubber Co. uses a Sanders/900 system for appiJcatJons ltke t1re 
tread design Larger systems l1ke the 900 are usually found 1n companies w1th sales 
over $50 mlllion that can take advantage of multi-shtft usage 
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onc of thc~c l>Y~tcm~. and th~t thrce 
vcndor~ (Computcrvt~ion, Appllcon 
,md Calma) 'harc ovP.r 75% 1 of the 
markct. C'omputcrviston alone ~a~ over 
200 ~y<;tem~ in thc ficld, rcportcdly. 

Today's applications 
Most integrated systems are used 

for applic<~hons related to elcctrontcs 
(75%), draftmg (15%), and cartog­
raphy (S%). with architccture, engt­
neering, plu~ univcrsity and govern­
mcnt re~carch makmg up the rcmam­
mg 5% Thc lates! published and fore­
cast figures for ~a les of turnkey systems 
by mdustry are: 

$ mtlhons 
1975 1978 

Electrontcs $58 $150 
Draftmg 12 5 60 
Mappmg/ cartography 7 20 
A rcht tectur!7/ engr 2.5 3 
Govt/ un 1 v research 3.5 7 

Totals $83.5 $240 

Elcctromc applications encompass 
dcstgn and layout of wmng and cir-

as 3D dr.¡fting CdpJhilittes are required 
for m.mufacturer~· applications m thc 
ordnance, chemtcals, rcfinmg, ma­
chinery and metal produch mdu,tne~. 
Unfortunately, ~uch sy~tcm~ are cx­
trcmcly ~opht~ticatcd and complicatcd 
to u~e C'onsequcntly thcre are only 
about 25 30 systcms in use today. 
Response thus far hds hcen a "watt and 
see" attitude. Progress ts bcing made 
but 1t wtll be anothcr year (or two) 
before the reqUired ~ystem flextbtlity, 
file response and access cnteria are 
achteved. 

Computer mapping appllcations 
have cn¡oyed a raptd growth primanly 
bccause of the increased availabihty of 
gcographic and stattsttcal data ba~es 
such as census files. Furthermore, the 
forthcoming nat10nal conversion to the 
metnc system will necessitate the re­
drawmg of mtllions of base maps 
which can best be achteved by com­
puter. General purpose mappmg soft­
ware ts also readtly avatlable and, ex­
cept for topographic maps, extrcmely 
htgh accuracy output ts usually not 

Computervtston's "Designer System" tncludes a console, plotter/dtgtttzer, dtsc, mag 
tape, and mtntcomputer. Approxtmately 200 of the turnkey systems have been put 
tnto the fteld, according to the manufacturer. 

cLnts for pnnted c•rcuit, mtcgrated ciT­
cutt, and hybnd circuit productlon 
The predommating apphcat10n is the 
generat10n of artwork master and 

- automated machine controls for the 
product10n of PC boards and for 
proce~s masks used m IC prnduction A 
pnnctpal advdntage of graphtc systems 
here (as for all applicat10n arcas) has 
heen the ahllity to create and store 
graphtc data hd~es which can be eastly 
recalled and revtsed by computer (the 
'big era~er" concept). 

Two-dtmcn,ional general purpose 
draftmg for electncal, mechamcal and 
ptptng <;y,tems has been commerctally 
vt.Jhle for \Ome ttme. Mo<;t dcvclop­
mcntal work m draftmg for electncal, 
\t:hemattc and mechanical work relate~ 
to thrce-dtmen\lonal data ha'e ~y~tcms 

requtred. Al present, Apphcon estl­
mate~ that appro¡..tmately 20% of tts 
systems are used for mappmg and en­
gmeenng construction. 

To date, most users of standalone 
mtera~ttve systems are large companies 
whose sales are over $50 mlllion. These 
are the comp<~mes who achteve the 
greatest cost bencfits from multt-shtft 
usage Feedback from the user com­
mumty mdtcates that benefits from m­
tegrated systems mclude shorter pro­
ductiOn times, destgn standardization, 
estahltshment of graphtc data bases, 
tmproved accuracy and greater de\lgn 
flcxtbtltty, e;pcctally m terms of mak­
mg destgn changes Of all these, de~tgn 
standardtzat1on and data base estab­
h~hment ~eem to he the most common­
ly noted. (As an e-..ample, the arttcle 

by W. Barkley Fritz and Charles R. 
Lm,herry wluch follow~ the~e page~. 
de,cnhes how tr.tcractive computer 
gr Jphic~ ts hcmg u ... cd at the S un Shtp­
hlllldmg .1nd Dry Dnck Co.) 

Tomorrow 
lntegrated graphtc systcms of the fu­

turc wtll hecome smaller (in terms of 
standalone capabtht•es) and less ex­
penstve than prescnt systems. New sys­
tems wtll he dcsigned for use with a 
host computer and wtll provide general 
local ptcture processing capabtltties 
such as data base creation, graphic 
edtting and interrogation, file format­
tmg and the like. lt wtll not only be 
easy to enter the geometry and topog­
raphy of data base components, but 
attnbutes (such as cost, manufacturer, 
color, etc.) wtll be assigned to compo­
nenrts as well. When th1s happens, and 
when such a system ts available for 
under $50,000, ent1re new classes of 
users and new apphcat10n arcas wtll 
open. 

Turnkey systems have proveo to be 
a v1ablc and lastmg force in the graph­
tcs m a rket. Psychological barners to 
thetr use that e.>..tsted ¡ust a few years 
ago have Jargely becn overcome Skep­
tlctsm has hcen repldced by respect and 
a smcere dcme that maéhines will be 
able to assume an ever-increasing role 
m performing the drudgery of repett­
tlve graphic bookkeepmg chores Only 
1 O years ago destgners were pnmanly 
interested m automatmg the destgn 
process and in "pushbutton" engineer­
ing Today, successful apphcattons en­
compass a spectrum of act¡vttü;s from 
conceptuahzmg destgns to producttOn. 
Emphasts ts on man-machme interac­
!lon rather than on man or machme 
dC!ton alone lt is thts approach that 
has produced the most successful re­
~ults to date and wtll continue to do so 
m the near future. * 

Prof Te•cholz •s assoc•ate d•rector 
of the Laboratory for Computer 
Graph•cs and Spat•al Analys•s at 
Harvard Un•v , where he teaches •n 
the Graduate School of Des,gn He 
was a member of the study team 
at lnternat•onal Technology Mar­
ketong. tnc • wh•ch produced the 
reports from wh•ch some of these 
f•nd•ngs were taken 
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INTRODUCTION 

Whal is GRDSR? 
A unique and flexible system now makes it possible, for 
the first time, to provide information by user-specified 
areas in Canada's Jarger urban centres. FuJJy computer­
ized, the GRDSR (GeographicaiJy Referenced Data 
Storage and Re~eval) system is the outcome of five 
years' research by Statistics Canada into solving the 
many problems associated with the storage and retrieval 
of statistics about smaiJ areas. 

Through GRDSR, statistical information can now 
be quickly and inexpensively obtained about retrieval 
areas that range in size from a few city blocks to an 
entire urban centre. 

Retrieval is made possible through a technique 
called geocoding, whereby urban areas are divided into 
many smaJJ building blocks or micrO-areas. The blocks 
must be smaJJ enough that they can be assembled to 
approximate most retrieval areas required by users. 
Each building block is assigned a unique identifying 
coordinate number which, in turn, allows files of house­
holds, persons, or events to be coded to appropriate 
building blocks in the city area. The appropriate build­
ing block is usually the place of residence or location 
where the event occurred. At this point, the files are said 
to be geocoded. When an interested 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 identifies all the building blocks con­
tained within bis query area and, using the correspond­
ing coordinates, automatically retrieves all data belong­
ing to the blocks. The statistics are then tabulated in a 
convenient report. 

Background to GRDSR development 
The need for concise, timely statistics is constantly 
pressing in many sectors of the economy. Diverse plan­
ning and decision-making efforts are often frustrated 
by a lack of relevant and timely data; the socio-eco­
nomic benefits of more fully informed decisions may, as 
a result, be diluted or lost. Today, it is obvious that the 
pressure for diverse and specialized statistical informa­
tion cannot help but increase. The comprehensive and 
thorough use of data already collected is now, therefore, 
more relevant than ever. 

At Statistics Canada, this pressure is evident not 
only in the mounting volume of special data requests 
but by their changing nature. The trend consiste.ntly 
points to the need for flexible information ,systems fully 
capable of retrieving data on a specialize~, often one­
time bJsis. The basic requirement is, essentially, for an 
mtegrated information service - not justa data collec-
tion facility. · 

The development of GRDSR thus focuses upon an 
important trend, and the nature of this trend is dear: 
user requirements will increase, in terms of the amount 
of data required, types of aggregation and manipula­
tion available, ease of retrieval, the format of the final 
statistical product. and, of course, the response time .. The 
evolution of the GRDSR system is now at the point 
where each of these requirements is substantially met. 

Nature of the Problem 
The gathering of small-area data has presented a dif­
ficult problem for sorne time. Urban planners, munici­
pal agencies, school administrations and governments 
each impose different zoning patterns or jurisdictions 
over settled areas of land. Many agencies maintain 
records and use their own jurisdictions to collect and 
identify statistical information. At sorne point these 
records may attract general interest. But problems arise 
when outside groups try to use this information, 
because their requirement is for facts related to differ­
ent area breakdowns. 

Today, special-interest areas such as marketing 
zones, census tracts, school districts and land-use areas 
are in everyday use in majar cities. However, these areas 
usually overlap and have little in common but the land 
area they reference. Thus, it is difficult to relate infor­
mation from one source to oufside areas of interest (see 
Figure 1, page 2.) 

In the past, when the sole means of disseminating 
statistics from the census was through published vol­
umes, the statistics had to be summarized in terms of 
enumeration areas, census tracts or other standard ar­
eas. The standard census areas did not, however, coin­
cide with many query areas for which data were re­
quired. Consequently, the requirements of many census 
data users could either not be met, or met only with 
great dtfficulty, at considerable fOSI and with considera­
ble delay. 

Where can GRDSR be Applied? 
Given that the fundamental purpose of GRDSR is to 
allow users more ftextbtlity in obtaming mformation 
about special-purpose areas, it is significan! that the first 
major application of G RDSR has been the 1971 Census 
of Canada. 

Originally conceived in anticipation of special cen­
sus requests, the system has since been developed for 
general-purpose applications Municipal assessment 
files, tire and accident reports, marketmg surveys and 
hospital records are among severa! applications dts­
cussed in the next section. 
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HOW USERS IMPOSE DIFFERENT ZONING PATTERNS OVER A CITY AREA 
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APPLICATIONS ANO 
POTENTIAL OF GRDSR 

While Statistics Canada expects to serve many requests 
for statistical information from geocoded 1971 Census 
data, GRDSR 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 geocoding applications are now possible in 
both the public and prívate sectors. Potential users in­
elude municipalitie.s, 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 features of the Census applicalion are 
outlined in part (i). Next, in part (Íl), a number of other 
specific GRDSR applications are discussed. Finally, 
sorne aspects of a possible geocoding application, health 
services planning, are described in part (iii). 

The Geocoded Censos 
GRDSR will provide a new dimension in census re­
trieval services: the facility to provide statistical data 
for user-specified areas anywhere in Canada. 

Confidentiality 

While Statistics Canada attaches great importance to 
meeting the need for custom-made, user-oriented data 
on a uniform, national basis, it can only do so within 
the confidentiality constraints imposed by the Statistics 
Act ( 1971 ). As a result, no information can be dissemi­
nated in such a way as to identify an individual respon­
dent. Automatic routines within the system ensure that 
no such disclosure of information IS possible. 

Query Areas 

In 14 larger urban centres (see F 1gure 11, page 5 ), users 
may request data for areas as small as a few city blocks. 
Users should not, however, expect to receive representa­
uve 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 small number of cases 
on which the statistics would be based. The usual 
process of compensating crrors for larger samples could 
only take place toa limited extent. 

Second, a carefully-controlled ;;.mount' of statistical 
error is purposely introduced to all retrieved data so 
that no census respondent can be identified from the 
final tabulations. This random error, while of little or 
no s1gnificance to normal tabulations, would further 
obscure any information obtaine~ about ~ery small 
areas. 

~-~ .. ---

Outside the major urban centres, statistical infor­
mation will be available at a coarser leve! of geographi­
cal detail. Here, query areas will be assembled using 
traditional census enumeration areas (EA's), which con­
tain approximately 150-200 households each. As a re­
sult, extensive census data will be available for more 
than 27,000 EA's- either individually, or in any aggre­
gation of interest to the user. 

In either case, the desired areas are simply outlined 
on a suitable map, named clearly and submitted to 
Statistics Canada along with the tabulation request. 

Request Lang~age 
Users may request census tabulations using an English­
hke language called TARELA (Tabulation Request 
Language), which can be learned m a few hours with­
out previous program~ing knowledge. TARELA allows 
SUbjeCt-matter speciahsts lO write requests In terms fa­
miliar to their work. With th1s language users can create 
cross-tabulations of any combmauon of 1971 Census 
variables (which number more than 120) and generate 
tables having up to 10 d1menswns Users who are not 
familiar with TARE LA can, of course, submlt their 
request m precise narrat1ve form or in the form of 
"dummy" tables. The required TARELA codmg will 
then be generated by Statist1cs Canada. 

Data Mapping 

In addition to supplying census data m tabular form, 
GRDSR also mcludes a facihty for data mappmg. 
MAPPAK, which incorporales the Harvard mapping 
package SYMAP, IS a remarkable feature in that It can 
accurately dep1ct the distributwn of data values over 
any area in graph1cal form. Th1s type of map JS particu­
larly useful m locating areas where extreme values of 
sorne factor occur, and can be used to reveal problem 
areas ata glance. 

Both TARELA and MAPPAK are general-purpose 
features of GRDSR, by no means hmited to census 
applications. TARELA and MAPPAK are funher de­
scribed in Features and Components, page 1 O. 

General Applications 
Geocoding applications can be served by many data 
bases in addition to the Census The system is designed 
to geocode many types of address-1dentified files, pro­
Yided they originate in one of the larger Canad1an 
urban centres (See Figure 11, page 5.) The GRDSR 
programs will be available to municipal users wishing 
to geocode local data bases. Examples of suitable data 
bases include assessment rolls, traffic surveys, hospital 
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and welfare records, marketing surveys, school census 
data and certain accident, tire and police records. 

Municipal Admini-.tration and Government 
Public Services: Research studies are being conducted, 
using geocoding, to determine the frequency of acci­
dent, tire and police reports originating from various 
sections of large cities. Such statistics would clearly be a 
significan! aid in planning or re-allocating municipal 
resources and services; the use of GRDSR is possible 
whenever records of such inc.idents are address­
identified. 
Educaf¡on: 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-aged children within the 
community. 

The routing of school buses is another application 
where geocoding otfers considerable promise. GRDSR 
1S ideally suited to provide statistics such as the geo­
graphic distnbution of school-aged children. 

Other applications include analysis of districts by 
such socio-economic factors as country of origin, lan­
guage, religion, occupation and income as an input to 
plannmg of day-school curriculums and adult-educa­
tion programs. 

Urban Planning 
Interests in the urban planning area include study and 
analysis of planning zones, optimizing the location of 
city services and facilities, planning of mass transit and 
analysis of potential urban renewar areas, land values 
and housing data. · 

In plannmg the route of a new city transit system, 
for instance, the starting points and destinations of 
potential users form a definite network or pattern. Sub­
Ject to further analysis, such as transportation model­
ling, th1s network can have dec1sive impact on the final 
ro u te chosen. 

Further possibilities include planning of municipal 
serv1ces according to soc1o-economic factors su~h as 
popula tion density, language, and in come within se­
lected urban zones. New approaches to planning the 
nature and location of welfare services may also become 
possible. 

Medica! Services 
Typical problems include planning the Jocation of hos­
pitals, out-patient clinics and medica! centres, and the 
establishment of a geographically-referenced inventory 
of nurses. 
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lndu-.try. Commerce and Utilities 

Geocoding has played a part in the allocation of facili­
ties and services such as telephone exchanges and banlcs. 
Other applications include population and demographic 
studies of city areas, the planning of marketing zones 
and radio and·television coverages, the optimization of 
retail store location in terms of customer proximity and 
resource allocation problems faced by oil, hydro and 
gas utilities. 

A number of simulation and modelling techniques 
exist for solving network problems in the commercial 
transportation/distribution area. Typically, data related 
to sorne grid pattern constitute an essential requirement 
for this approach. G RDSR is an ideal research too) to 

help meet this need. 

Universities 

lnterests include economic, political and social studies 
of neighbourhoods, electoral districts and socio-eco­
nomic research into city areas defined by such factors as 
country of origin, Janguage or income. 

Health Services IP'Ianning: A Potential GRDSR 
Application 
A number of factors influence the choice of Jocation for 
a new hospital or health services clinic in a major city, 
such as accessibility through maJor traffic arteries, avail­
ability of professional staff, areas most in need of 
services. 

G RDSR can be particularly helpful in deciding 
which city areas are most in need of proximal medica] 
facilities. One approach is to find out where past pa­
tients have lived and what medica! services and equip­
ment they required, using city hospital records. 

Hospital vis~tation records bear, in addition to 
medica! content, an address identifier for every patient. 
Therefore geocoding operations can, in most cases, be 
carried out on the visitation records. Through GRDSR, 
considerable statistical information can then be gener­
ated (for instance, the incidence of hospital visits orig­
mating from each and every portion of the city). The 
retrieved information can be cross-tabulated by the type 
of medica! services required or by any other item of 
mformation contained in the original records. For ex­
ample, the incidence of various diseases, illnesses, or 
special health problems in certain city areas can be 
ascertained. Such statistics can prove to be an invalu­
able aid in determining w,hich city areas would best be 
served by ne1ghbourhood med1cal services or a new 
hospital. 

. ~· 
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REGINA ( 100"1.) 

GEOCODING COVERAGE AT THE BLOCK-FACE LEVEL 
(JUNE, 1971) 

WINNIPEG (50%) 

IN EACH DIAGRAM, THE OUTLINE DEPICTS THE BOUNDARY DF THE CE N SUS METROPOLITAN AREA WHILE THE SHADED PORTION REPRESENTS 

THE AREA OF BLOCK-FACE COVERAGE THE PERCENTAGE OF POPULATION RESIDII'<G IN THE SHADED AREA IS ALSO SHOWN DIAGRAMS 

ARE ALIGNED IN THE NORTH-SOUTH OIRECTION 
APPROXIMATELY 7 MILLION, OR 34% OF THE POPULATION OF CANAD4 ARE NOW COVERED AT THC BLOCK-FACE LEVEL 

·- \ . ~ . -

ST CATHARINES (89%) 
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c·ONCEPTS AND METHODS 

Review of small-area problems 
An urban planner, faced with comparing the expropria­
tion costs of severa) expressway routes, might auempt to 
use mumcipal assessment files and find that records 
were 1dentified by address, city wards or in sorne other 
way. To obtain statistics about land values and dwelling 
types, the file must be inspected one record at a time to 
determine which data to include in estimates for the 
proposed expropriation area. The expense of this ap­
proach has been prohibitive but, until recently, few 
alternatives were available. 

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

"A tabulation of the number of people residen/ 
m the Toronto area bordered by Summerhil/ 
Avenue, Yonge Street, Mount Pleasant Ceme­
tery. and the boundary for East York is re­
qwred. Break this tabulatwn down by age, sex, 
income, country of ongm and occupation." 

Alternatively, another request might read: 

"Prov¡de the same statlstics for the area named 
Ward Five, as outhned on the al/ached CIIY 

map." 

Such requests have been d1fficult to service, since census 
d.ata have been summanzed by census tracts and enu­
meration areas, which may not coincide with the re­
quired boundaries. 

To solve small-area data requests economically, 
Statistics Canada requ1red an effic1ent system to repeat­
edly assemble and tabulate mformation according to 
arbilrary special-interest areas. Before describmg the 
conceptual aspects in detall, Jet us expand upon the 
operational steps in GRDSR. 

Before a data base can be geocoded, each record 
must be assigned sorne reference code which 1dentifies 
the record to its proper geograph1cal source. In 
G RDSR, the source of each record or data observation 
is precisely located using,a comprehens1ve geograph1cal 
coordmate system. Each record 1s assigned a coordinate 
value, or "key", which actually becomes part of the 
record during the geocoding operation. The geocaded 
file is then stored for later use. Ultimately,

1

at retrieval 
lime, G RDSR automatically ident¡fies each query area 
with a list of coardinate values and, using the coordi­
nate values as keys, retneves the ~rccise set of data 
records required. The retrieved in.farmation is then 
summarized according ta the tabulation request; the 
user receives statistics in the form of a canvenient 
re port. 

6 
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The UTM System 
The coordinate system chosen for GRDSR is known as 
the UTM (Universal Transverse Mercator) System. 
UTM is an established international convention for 
specifying point-locations on the globe, and is shown on 
the popular National Topographical Map Series pro­
duced by the Department of Energy, Mines and Re­
sources. This system divides the globe into 60 vertical 
zones. Altogether, 16 zones cover the 1and 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 UTM, point-locations within a zone are based 
on two distances in metres (one easting, one northing) 
from the zone axes. The central meridian is assigned an 
artificial value of 500,000 metres easting; the equator is 
assigned the value O. Oistances are measured on a plane 
rectangular grid onto which the zone's surfaee féatures 
have been projected. The two values are combined with 
a zone number to arrive at a unique coordinate value 
for every point on the land mass of Canada. 
For example, the UTM coordinates of the Peace Tower, 
Ottawa, are: 

Zone 
18 

X 
445177 

y 

5030250 
In this way, the UTM coordinates seem to define a 
point-location to the nearest metre, althaugh the projec­
tion of the earth's surface onto a plane grid introduces 
minar distortions. 

Basic definitions 
Points at which streets intersect or curve sharply in the 
city pattern are referred to as nodes. Every street 1s 
represented by a series of nades connected by stra¡ght­
line segments. 

A blockface is defined as one side of a city street 
between consecutJve intersectJons with other streets. 
Thus, up to two block-faces can be formed by a pair of 
adJacent nodes, each Jacated ata four-w.ay street inter­
sectwn. However, a block-face can also encompass sev­
era) nades. For example, a block-Jace may cantain one 
mtermediate node marking a change in direction and 
another node representing an wtersectian on the oppo­
site side of the street only (see Figure JII, page 7 ). 

Whenever a block-face is to be fÓrmed by a pair of 
nodes, these nades must constitute the beginning and 
end of a valid civic address range. 

In this way, block-faces become the basic building 
blocks used in the GRDSR System. 

( 
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VVhy addresses are necessary 
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 address is the starting point in coordinate assign­
ment, beCfluse 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 
block-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 Area Master File 
The actual geocoding operation (or assignment of coor­
dina tes to data) is carried out using GRDSR compo­
nents known as Area Master Files (AMF), which will be 
described in detail in Features and Components, page 
10. 

Area Master Files contam a logical representation 
of a!! city streets, plus sorne other features, in computer­
readable form. An AMF references every streei, address 
range, block-face and centr01d coordinate in the cov­
ered area. Also itemized are other features (such as 
railroad tracks, rivers, and municipal boundaries), 
which help users to choose query areas. During the 
geocoding operation, centroids are obtained by match­
mg addresses against street names and address ranges 
within the Area Master Ftle. (In this way, address 
ranges can be thought of as representmg the actual 
building blocks, rather than block-faces.) 

Area Master Files have been created for major 
portions of 14 Canadian urban centres, which include a 
total of 16 cities (see Figure JI, page 5). These files 

~ reference more than 225,000 block-faces, correspond­
ing to a population figure of approximately seven 
mili ion. 

Rural Geocoding Coverage (1971 Census) 
The 14 Area Master Files have already servfd to geo­
code certain urban portions in the 1971 Cens~s For the 
remamder of Canada not covered at the block-face level 
(urban dnd rural), census geocod,ing, as alre~dy noted, 
has been carried out using standard enumera~ion areas, 
with one centroid assigned to the approximate popula­
tion centre of each. Enumeration Areas outside Area 
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Master File coverage number more than 27,000_ Tab­
ulation requests for query zones in rural areas or in lhe 
urban shadow of developing 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. 

,, :'11.' ', :. 
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ADVANTAGES, LIMITATIONS 
OF CONCIEPTS 

Choice of block-faces 

Block-faces become the finest Jevel of resolution possi­
ble when each cluster of data observations or survey 
records belonging to one block-face share the same 
centroid coordinate. This is a logical outcome of the 
building block principie adopted by GRDSR. 

As one alternative, geocoding to the land paree! or 
household leve! achieves higher resolution which may 
be desirable for sorne purposes. This approach requires 
extensive local research. Since block-face resolution is 
expected to satisfy the vast majority of geocoding re­
quests, Jand-parcel geocoding could not be justified for 
a Canada-wide. system such as G RDSR. 

A second alrernative was to identify data by city 
block, a poorer resolution. However, this approach 
would not have allowed users enough flexibility, since 
the integrity of city blocks would have to be respected in 
specifying query areas. For instance, it would not be 
possible to obtain tabulations for one side (or both 
sides) of a city street. 

The choice of block-faces as basic geocoding build­
ing blocks has severa! implications. All observations 
originating from one block-face bear the coordinate of 
its declared centroid. As a result, the integrity of block­
faces should pr~ferably be respected in specifying query 
areas for retrieval. They should not be split: obser­
vations referenced to a split block-face will appear in 
the results only if the query area includes the block-face 
centroid. lf nÓt, the observations are missed entirely. 
Another implication is that geocoding to the household 
or land paree! level (each individual property bears a 
centroid) is not possible using this system. This may 
pose definite restrictions on municipal services, engi­
neering and Jand-banking applications where higher 
resolution is required. 

identification by street address 
Statistics Canada recognizes tha t a. majority of sta tisti­
cal surveys and agency records are address-identified 
and provides for this with a System componen! kr10wn 
as the Postal Address Analysis System (PAAS). 

In geocoding a file, addresses· are apalyzed and 
converted to centroid co-ordinates. Because the conver­
sion is done by computer, complete addre~ses must be 
decomposed into separate, clearly identi~ed compo­
nents (such as street name, type, house number and 
municipality name). Because PAAS achieves a high 
efficiency and success rate, address specifications of rela­
tively poor quality can still be geocoded. This feature 

1 

clearly extends the scope of GRDSR applications. More 
information· about PAAS is provided in Features an~ 
Components, page JO.· 

However, GRDSR cannot perform the geocoding 
operation on records which, by their nature, are not 
identified to street addresses. Certain city facilities. such 
as sewers, gas and hydro lines, traffic signals and over- · 
head structures may be of interest fro,m a. geocodirÍg 
standpoint. In this case, the user must geocode the file 
before submitting it to GRDSR. 

Choice of coordinate system 
While UTM is ideally suited to geocoding at the block­
face leve! it has sorne limitations in land survey and 
civil engineering operations where the 3 Transverse 
Mercator System is more accurate, and thus a frequent 
choice. However, programs are available to convert files 
geocoded with the UTM system to 3 TM and vice-versa. 
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FEA TU RES 
ANO COMPONENTS 

The Area Master File 

How an AMF i-; crealed 
Geocoding starts with an accurate street map. A large­
scale, current map showing block-face address ranges is 
required, together with an up-to-date street index. After 
the map is div1ded into sections a node is assigned to 
each street intersection. Nades are also assigned to 
pomts 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, node numbers, 
and addresses at the intersections. Then the overlay is 
placed on a digitizing table. The digitizing equipment 
measures nade positions relative to control points on 
the overlay, and generales one horizontal and vertical 
"table" coordinate for each node. Since the UTM coor­
dmates of the control points are known in advance, the 
UTM coordinates for the nades can then be calculated 
from the table coordinates. During subsequent com­
puter processing, centroid coordinates are calculated for 
each block-face using the coordinates of the two nodes 
bordering the block-face. Finally all items are merged 
to create an Area Master File for the city (see Figure 
IVa, page 1 1 ). 

How ·lhe AMF is used 
Three operations, each related to address conversion, 
require files of information contained in the Area Mas­
ter F1le. To eliminate the maintenance and updating of 
three separate files, each is dl!!rived from a clean, up-to­
date AMF as required. 
(i) Street name lists are used by PAAS to verify input 

addresses prior to the assignment stage. 

(ii) The Address Conversion File (ACF) is used to 
obtain centroid coordinates 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 replace addresses m the orig-
inal file. · 

(iu) The Block-Face File was created spec'ifically to 
geocode the 1971 Census. This file makes it possi­
ble to link parcels of census data, which are not 
otherwise address-identified, to block-faces and 
centroids. 

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

10 

unique. The central concept is to provide a geographical 
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 built or updated. Extensive computer checking 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 node 
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
dently 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 StJ;'eet 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 
scale. Plotting is accomplished using the GRDSR com­
ponent, MAPMAKR (see Figure V, page 15 ). 

These maps have severa! purposes: 

- The best way to edit or validate an Area 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 
vanety 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 
nades, feature names, centroids, address ranges and 
control points, will appear on the final plot. 
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MUNIC 
COOE 

FEA TU RE SEQ STREET 
CODE No NAME 

FREDSON 

040E 

035 

030 

025 
020 

015 

0108 

FEATURE COOE 59600, 
FREDSON ORIVE 

TYPE 

DR 

THE AREA MASTER FILE (SPECIAL FORMAT) 

NODE NODE COORD ADDRESS BEFORE ADORES S AFTER CENTROID LEFT CENTROID RIGHT INTERSECTING 
OIR y X y FEATURES NUMBER X y L R L R X 

SE 

08912 706954 5651540 168 171 706868 5651755 706861 5651673 FROBISHER BV 

08874 706844 5651755 

08873 706771 5651722 83 95 706635 5651700 FRASER RO 

08872 706733 5651729 
08871 706631 5651722 58 706516 5651734 FULHAM ST 

08870 706497 5651711 15 25 706452 !1651687 FULLERTON RO 

08869 706406 5651707 15 FAIRMONT Ofl 

l+l CENTROIDS FOR FREDSON OR SE 



Postal Address Analysis Systcm 
Addressing conventions vary according to locality, lan­
guage and post office regulations, but few comprehen­
sive systems are available to digest and organize a file of 
street addresses. The PAAS system is a flexible and 
inexpensive device for accomplishing this job. For geoc­
oding applications, addresses can originate from any 
city having an Area Master File at Statistics Canada 
(see Figure 11, page 5). Otherwise, PAAS can re-struc­
ture and organize virtually ány address file in use today. 

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 
then matched against a subset of the Area Ma'ster File 
(the Address Conversion File) and, if the match is 
successful, a centroid coo~dinate is assigned to each 
record in the original file (see Figure IVb, page 13 ). 

The flexibility of P AAS is enhanced through pa­
rameters which are passed to the program when geoc­
oding starts. These parameters improve PAAS efficiency 
by indicating the nature and characteristics of the in­
coming addresses. 

Significantly, the entire conversion process is ac­
complished at an average cost of less than one cent per 
address. 

The Query Area Library 
Many users are expected to submit special-purpose ar­
cas for data retrieval and refer to them repeatedly in 
making requests. Statistics Canada also expects continu­
ing requests for census statistics arranged by the tradi­
tional standard areas - provinces, counties, census 
tracts and enumeration areas. (Aitogether, there are 13 
distinct sets of standard census arcas, each set covering 
most of the settled area of Canada. The 13 sets com-

~ prise more than 53,000 separa te areal units.) 
Befare information ahout any query area can be 

retricved, GRDSR must define the query area in terms 
of the geocoded daléJ base. Dcfinition is acc<;>mplished 
by associating the area name with "pointer~". which 
indicate precisely where thc desired elements can be 
found. Pointer sets for each standard census area and 
for special-purpose areas are kept in a system compo­
nent callcd the Query Area Library. A QAL ,is opened 
specifically for each new dat~ file stored in GRDSR. 

In normal practice, users outline the bou~dary of a 
:l 
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special query area on a map. Vertices along the bound­
ary are located using a digitizer so that their positions 
can be converted to UTM coordinates. A computer­
programmed algorithm is used to test whether eacb 
successive centroid coordinate in the 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. frequently-used 
area names are stored in the Query Area Library. Eacb 
area name is associated with a set of pointers. Areas 
that will be requested often and by different users are 
stored in a portian of the QAL reserved for permanent 
areas. Other area definitions will be stored for a limited 
time in the temporary QAL. Several 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 efficiently by arbitrary 
areas. Users communicate with STATPAK through the 
problem-oriented language TARELA and receive statis­
tics in the form of convenient. easy-to-read tables. 

How a 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 set of responses for one 
data characteristic are assembled and stored as a contin­
uous string. Because more than one record is US\Ially 
attached to each centroid coordina te, an index is built to 
locate precisely where the responses for each distinct 
coordinate value are found. The index is then used to 
provide pointers for new query arc:as befare they enter 
the QAL. 

Complete strings of data characteristics are finally 
stored on direct-access devices antl a Query Area Li­
brary is established for the file. 

To visualize the final geocoded data base, imagine 
a huge matrix. Using the 1971 Census as an example, 
21.6 million people counted in the census are arranged 
vertically in order of their centroid coordinates along 
the left side. Approximately 120 data characteristics 
form vertical parallel strings suspended from the top of 
the matrix. lnstead 'Of storing all characteristics for a 
person in a self-contained record, one string is created 
for each characteristic (such as age, sex, marital status, 
income or occupation). This mcthod allows each string 
to be compressed to occupy the least possible space for 
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No. EVEN LOW HIGH ZONE X 

SE 59600 ODO 
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83 18 706635 5651700 
171 18 706861 5651673 

168 18 706868 5651755 
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the information contained. 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 T ARELA requests. The problem-ori­
ented nature of TARELA rests on these names, because 
they are chosen by subject-matter specialists when files 
are submitted to G RDSR 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 portion is accessed at one time, that is, 
whenever tabulations are requested for small areas or 
relatively few data characteristics. Because data are re­
trieved m direct-access mode, the actual execution cost 
1s strictly dependent on the extent of the query area and 
on the nature of the tabulations req uired, not on the s1ze 
of the whole file. In a file of 1.5 mili ion records, the 
costs of a tabulation vary from $30 to over $100, 
depending on the number of records to be retrieved. 

Any file which has fixed or vanable-length records 
w1th geograph1c identification (ideally UTM coordi­
nates) may be reorganized into a form acceptable to 
STATPAK. Written in PL/1, STATPAK 1s a set of 
modules assembled into a tailor-made source program 
for each new TARELA request. The tailor-made pro­
gram is exceptionally efficient because it immed1ately 
locates the required data string and accesses only those 
portions belonging to the user-defined query area. lt is 
erased when the final tabulation is complete. 

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

TARIELA 
Tabulation requests are coded in a highly user-onented 
language called T ARELA, requests in wh1ch are sub­
mltted directly to the system and w11l normally be re­
turned within one or two days. dependmg on the com­
puter workload and the size of tabulations requested. 

As a data rctrieval language TARELA offers s•g­
mficant advantages It spares non-programming users 
the troublc of wntmg retneval requests for subsequent 
analy~is and programmmg, and 11 frees programmers 
and analysts for more cornplex work, such as refining 
the GRDSR System. Prograrnmmg, debugging and 
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testing delays are bypassed. Finally, potential communi­
cations problems inherent in dealing with different pro­
fessional groups are avoided because the ultimate user 
can himself communicate directly with the data base. 

To write a TARE LA 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 interested 
users. Using the dictionary, each response characteristic 
(1.e. age. sex, occupation) is selected by name and code 
words representing numerical values appeanng in the 
data base. The user can also specify appropriate func­
tions (such as· a COUNT of persons sallsfying sorne 
criteria, or SUM and AVERAGE of a set of retrieved 
data values). As the request is formulated, coded infor­
mation is simply written after each TARELA keyword 
as shown in F1gure VI, page 17. 

Data Mapping by Computer 
MAPPAK is a facJiity to d1splay spa11al distributions of 
a statistic in the form of a rnap. MAPPAK operates as 
an interface between STATPAK and SYMAP, a map­
ping program developed at the Laboratory for Com­
puter Graphics, Harvard Universny. 

Reading statist1cal data from a rnap often has com­
pelling advantages over having the sarne inforrnatwn 
tabul~ted in report form. lnspectwn of the map can 
instantly show where extreme values of sorne function 
occur. A map can h1ghhght problem areas ata glance. 

MAPPAK can be used to stratify data values into 
severa] classes or to filter a data charactenstic. The 
results are shown as numbers or as shaded areas on the 
paper surface. 

For instance, if a MAPPAK user is mterested in 
census data, the distribution of average income can be 
depicted in many levels of shadmg over a c1ty area. Or, 
a user can specify that an area be subd1vided into 400 
by 800 foot rectangular cells, witt' the average number 
of children per fam!ly shown as a number within each 
cell. To Jllustrate the filtenng charactenst1c, MAPPAK 
can be requested to shade cny areas where half the 
population 1s of foreign origin, Oí where a rnajority of 
fam1hes rent rather than own homes 

The un1forrn data areas generated by MAPPAK 
can take many forms. Users can request data relative to 
any grid cell pattern, by rectangles of any size, or in 
terms of concentnc cncles At one extreme, a data value 
can be mapped for cvery centroid pomt m the c1ty area 
(subject to confidenllahty constramts) At the other ex­
treme, a ~mgle data value for sorne arb11rary area 
sketched on a street map can be obtamed. 

( 
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MAPPAK incorporates all SYMAP facilities in­
cluding 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 flexibility to display detail down to the finest leve! 
on the data base (the block-face) and can generate maps 
to any desired sea le (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 

Uandling User Surveys . . . 
Many geocoding applications are of mterest to mumcl-
pal administrati~ns._ GRD~R can be used to access 
information of s1gmficant Importance to urba~ plan­
ning and administrative processes Severa! possible ap­
plications were described on page 4. 

Geocoding and Data Storage 
The geocoding operation cdn now be carried out in 14 
Jarger Canadian urban centres having Area Master 
Files at Sta tistics Ca nada (see Figure 11, page 5 ). Sin ce 
GRDSR is fully computerized, mput files can be in 
mdchme-readable form (such as punched cards or mag­
netic tape). Any unusual address structures in the input 
file may require definition prior to submission. Once the 
user has provided a description of the file (including 
record length, variable names and values, address loca­
tion, etc.) geocoding can begin. This can happen in one 
of two ways. Users m the pubhc sector (municipal, 
provincial, and federal governments) who have suitable 
computing facilities may obtam the GRDSR System for 
their own use. In other cases this operation as well as 
subsequent data retrievals may be carried out by Statis­
tJcs Canada under contrae!. 

In either case the actual processing phases are 
as follows: 

- To geocode the input file, address identifiers are 
removed, analyzed and used to ass1gn a centroid 
coordinate to each record. 
- Data charactenstiCs are gathered together and 
arranged m strings. The re-organized file, together 
with control informallon describmg the strings, IS 

stored on direct-access devices, ready for data 
retneval. 
-A Query Area Library is opened for the file. 
- Finally, a Data Dictionary for preparing 
TARELA requests is created. 

Data Retrieval 
Any number of retrievals c"an be carried out once the 
storage operation is complete. Defimtwn of query arcas 
for the retrieval phase can also be done in severa! ways 
Imtially, 11 will be necessaryito outhne the desired query 
arcas on a city map, name them clearly, and submit 
these specifications along w11h the tabulation request. 
For mstance, query arcas for a municipal retneval 
m1ght be defined as "Planning Zones 1, 11, III, and IV". 
Mapped qucry arca bounddnes are then d1gitized and 
converted to UTM. At this point, the area definitions 
are stored in the Query Area L1brary opened specitically 
for this file. Subsequent tabulation requests for these 
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arcas can then be referred to the QAL for definiúon 
rather than repeating the UTM conversion operation. 

From this point onwards, it is possible to obtain 
data tabulations through the GRDSR System. 
TARE LA is used as a ve hiele 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 names (such 
as "VALUE", "DWELLTYPE"), area names (such as 
"PLANNINGZONE4"), file names (such as 
"ASSMFIL6") and parameters indicating the format of 
tabulations desired. 

Requests for further tabulations can be handled in 
a similar manner. Tabulation requests can be processed 
with exceptwnally quick turna,round once files have 
been geocoded. 

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

Outlines on maps 
Users will probably find it most convenient to outline 
query arcas on a map. In most cases any convenient 
map can be chosen. Statist1cs Canada is producing cop­
Ies of computer-plotted city maps. which are particu­
larly appropnate for graphically displaymg block-faces 
in each c1ty area. Outside the urban arcas of block-face 
geocoding coverage, users will be advised to use the 
National Topographic Senes (NTS) maps produced by 
the Department of Energy, Mmes and Resources. The 
Importan! thmg is that users choose an appropriate map 
scale, then mark out and name query areas as clearly 
and as accurately as the problem demands. 

Defined by features 
It will be poss1ble to specify a query area in terms of 
J..nown features (rivers, streets, railroad tracks). For 
mstance, 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 east by Chape! 
Street, on the south by Templeton Street and on the 
west by Nelson Street. It is possible to request data for 
street-onented query arcas in the same manner. For 
example, a user could request statisllcs for one side of 
Rideau Street, in the mumcipality of Ottawa; from 

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

Rather than submit a list of feature names, users 
can define arcas by a set of node numbers copied from 
the computer-plotted city maps. Nades are chosen at 
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FIGURE VIl 

MALE/FEMALE RATIO FOR THE CITY OF SARNIA 

(1) CON FORMAL (2) PROXIMAL (3) CONTOUR 
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points where the boundary features intersect. Thus, the 
area perimeter is defined by the nodes, which are 
matched to the Area Master Ftle before storing the area 
in the QAL. 

Using grid coordinares 
UTM coordinates can be used to specify query areas in 
two ways. Data can be retrieved according to a list of 
individual centroids chosen from the Area Master File. 
Or, a set of coordinates along a boundary can be used 
by the system to calcula te an enclosed area. 

Using area names 

Once an area has been submitted using one of the above 
methods, its name and description are entered and 
stored, temporarily, in the Query Area Library. For 
subsequent referenc,es the QAL description wtll be ref­
erenced directly by area name, bypassing the map con­
version operation. 

Of course, all requests for census data by tradi­
tional standard areas will also be serviced through the 
Query Area Library. The QAL contains a pointer set 
for each province, county, municipality, census tract, 
enumeration area, and all other standard geostatistical 
areas used in the 1971 census. 

Uo;ing other areas 
The system permits addition and subtraction of query 
areas to form a new query area. For instance, a user can 
outline and request statistics for six areas on a map, 
naming these areas Area 1, Area 2, ... Area 6. He can 
then request further data for a new zone, defined as 
follows: 
QZONE 1 = Area 1 + Area 2 + Area 3 
If Area 5 is contained within Area 6, the following 

' 1 spectfication would result in a doughnut-'shaped query 
zone: i 
QZONE2 = Area 6 - Area 5 
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FURTHER INFORMATION 

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

User Inquiry Service 
Census Division 

Statistics Canada 

Ottawa, K 1 A OT6 

Statistics Canada is prepared to 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
mation will be provided by a manual entitled A Techni­
cal Description of the GRDSR System, followed by User 
Manuals for certain components. For further informa­
tion of a specialized or technical nature, please contact: 
General Survey Systems 
Methodology and Systems Branch 
Statistics Canada 
Ottawa, K lA OT6 
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THE USE OF GRAPHICS IN A COMPUTER-BASED 
URBAN INFORMATION SYSTEM 

R. S. BAXTER 
Apphed Research of Cambndge Ltd , 4 Jesus Lane, Cambndge, U.K. 

(Rece1vtd 22 October 1976) 

Abstract-This paper descnbes the development of an mteracuve graphtcs system for the display of plannmg 
mformation in urban areas lt outhnes the ob¡ectives of the system and explains the content and structure of the 
vartous data files lt goes on to explam the user operaung envtronment and the provtsion of smtable graphtcs 
fac1hlles By way of examples ll demonstrates the potenllallttes of the system 

INTRODUCTION 

As part of a research project to explore the effects of 
d1fferent urban forms m Briush new towns[l, 2], a team 
in the Department of Architecture at Cambndge 
Univers1ty developed a computer-based informallon 
s~stem. An account of the preparation of the data bank 
and 1ts contents is documented in two papers produced 
by the group[3, 4]. A visual comparison of the land uses 
and road networks[S] acts as a graphic record of the 
contents of the data bank. 

On the completion of the research project, the author 
took the opportunity to re-structure the data bank and to 
develop a computer-based system for the mampulahon 
and output of the data This paper describes the outcome, 
and to allow the reader sorne degree of organization of 
1deas, is structured in the following manner. F1rstly, a 
brief descnption is given of the data files for the land 
uses and road network of each town (see Append1x 1 for 
a hst of the towns) This 1s followed by an explanation of 
the command language which allows the user lo com­
municate WJth the urban information system The next 
sect10n 1dentifies a need for computer graphics as an 
output style and discusses the software language adop­
ted The paper concludes with sorne applications wh1ch 
mdic.ate a hkely operating envuonment and deta1led 

· program requirements based upon user needs 

DATA flLES 

For each of the towns there are two data files The first 
.' of these contains information relating to the land use and 

the second contains information descnbing the road 
network. 

The fundamental spatial unit in the land-use file 1s the 
parcel. Within all towns each paree! 1s uniquely num­
bered on the map The spatial location of the paree! is 
g1ven, in the case of small parcels, as the coordmate 
pomt reference of the parcel's visual centr01d and, in the 
case of large parcels, as a string of boundary coordmates 
defining the parcel's perimeter. Once the town map is 
completely marked up, the paree! number together with 
the spat1.1l location is recorded on a dig1ti~er The 
dJglllser output file for each town is suhsequently 
proceS\Cd by the computer and all coordinate pomt~ are 
tran~formt:d to a user-defined grid (National Gnd, say) 

A second lile contains land-use charactemtics for each 
numbered paree!. For each land-u~c entry a~\Oli.ttcd 

w1th the pJrcel (and parcels can have mixed land uses 

¡ 1¡', 
'll 11' . ,, 

and.thus more than one entry) there are four data items 
The first of these gives the development stage (year or 
proposal phase) of the specific land use on the paree!. 
The second item is a three-digit hierarchical land-use 
code. The most significan! digit, for example, denotes 
broad categones of offices (0), mdustry (1 ), storage (2), 
shops (3), residences (4), educatlon (5), pubhc bu1ldings 
(6), open space (7), transportation uses (8) and health 
services (9). The third item is an attribute code wh1ch 
relates in sorne way to the land use For example, at­
tnbute codes 13 and 14 refer to the number of school 
places and forms of entry to the school and must, 
necessanly, be related to land-use codes 501-514 which 
mclude vanous categones of nursery, primary and se­
condary schools. The fourth data item gives the specific 
paree! value for the previous attnbute code. Hence a 
typical record might be 5 51113 250 which would indicate 
a phase S development on the paree! of an independent 
primary school (land-use code Sil) with 250 pupils (at­
tnbute code 13) 

The paree! characteristlcs file is merged with the paree! 
locat10n file by matching the paree! number The single 
land-use file wh1ch results for each town has a structure 
as illustrated in Flg l. 

The fundamental spat1al unit in the network file 1s the 
node W1thm all towns each node 1s uniquely numbered 
on the map. Once the map 1s comprehensively marked 
up, the node numbers with their pomt locations are 
recorded on a dlglt1ser and the output file 1s subsequently 
processed by computer and all coordmate points are 
transformed to the user-defined gnd 

A second file contains mformation about the nodes and 
hnks of the network For each numbered node a code 
indicates its type· leve! ¡unction (!), roundabout (2), 
multi-level exchange (3), cut-off (4), pubhc tran~port stop 
(5) and cell centr01d (6). The connectiVIty of the network 
is defined by a stnng of node numbers to which the 
origm node is connected and following each destinat1on 
node number is an attribute code ind1catmg the hnk type 
secondary ( 1), secondary doubling as pubhc transport (2), 
connecting to cell centroid (3), primary (4), pnmary 
douhling as public transport (5), pubhc tran~port only (6). 

A typical record might be 7 2 8 1 10 4 which would mdl­
cate a round,1bout node numbered 7 wh1ch 1s connected 
to node 8 by a secondary road hnk and to node 10 by a 
pnmary road hnk 

The node and hnk charJctcristlc\ file 1s mergcd w1th 

•,'- ,, 
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Paree! entry 

A, Parcel number 

A2 Number (n) londuses on paree! 

A, Number (m) of coord1note polrS descnbn;J 
porcellocotiOO!recU:es to 1 foro pomt 
locot1onl 

A4-A4:m•3 l..ald- use mf ormot1on 
~.development sloge of ¡(~en) lond use 
on paree! 
A4,, lond use code ~. 3 doto vol u e 
A4 ,. 2 ott<1bute code 

A4nt-4-~rot2mf'3 St<1ng of coordmote po1rs 
A4n,21 , 21 coordmote of ¡ (¡•m) po1nt 

File structure 
A4.,.2,.3 y eoord1note of ¡ pomt 

~ Heoder lobel x/y lmlts d town 

¡fi§b J Pw<" '""~ 
' rore== Termnotor (A2•0) outhne 

of des1gnoted oreo 

F1g 1 Structure of land-use files 

the node locatwn file by matching the node number The 
single road network file wh1ch results has a structure as 
illustrated m F1g. 2. 

COMMAND LANGUAGE 

One of the problems attendent w1th the development 
of computer-based informat10n systems Is that access to 
the mformation must necessarily involve the computer. 
Smce the ma)ority of users wtll not be computer spe­
clahsts (or wtsh so to be) there is an evtdent need to 
prov1de a means whereby the user can interrogate the 
informatton system with the mínimum of effort. With 
multi-access on-lme systems this can be achieved through 
a command language. Max1mum transparency IS pro­
vided by reserving a few commands whtch allow the user 
to mvoke operations of varying levels of sophtsttcatiOn. 

For the particular apphcation being de~cnbed m this 
paper, three s1mple commands suffice: LOGON, LO­
GOFF, ANALYSE The first two are systcm commands 
which allow the user to wake up the machine from a 
termmal to gam access to computing resources and to 
termmate a ~cssion of on-hne workmg The thud is a 
macrocommand (m turn calling system commands) 
wh1ch allows the user to m~errogate, manipulate and 
output urban mformation held m the files previously 
dcscnbed. 

The command ANALYSE takes four parameters se­
paratcd by ~paces which are ~ubsl!tuted in the ap­
propnJte slots in the macro· 

Para meter 1 Town code (see Appendtx 1); 

Nade entry 

A, A2 A3 A4 A5 

1 1 1 1 1 1 

A, Ongm node number 

A2 Node type code 

A, x Coor d 1no te of node 

A4 y Coord1note of nade 

A5 Number (k) of eonneet1n;¡hnks 

A -A Comect1ng hnks 
6 a .. ~ Aa •• number al dest1nohon nade d link 

l(LEk) 
A2,, 5

type code for link 

F1le structure 

~ Heoder lobel x/y hm1tsof town 

M\iP'31'9'Y----

J Nodo "'"~ 1 1 161 .-----... 
1 1 1 1 1 

' ' 
101 '1 Termmotor (A,•Ol 

F1g 2 Structure of network files. 

Parameter 2: LAND or ROAD depending upon the 
type of data lo be interrogated; 

Parameter 3: Output device name (plotter, Tektromx, 
etc); 

Parameter 4: Integer denoting the type of analys1s 
reqmred and hence the program module to be Joaded (see 
later). 

Invoking this command WIII open the reqmred data file 
from the magnetic disc (parameters 1 and 2), reserve an 
output channel to the named device (parameter 3) and 
load and execute the numbered program module 
(parameter 4). 

On completion of the command the user is free to 
repeat the command w1th d1fferent parameters settings or 
to LOGOFF. 

The files are held on magnetic disc w1th access 
prov1ded through a directory. The entnes m the d1rectory 
have three components the first of wh1ch IS lhe file­
owner name (BAXTER, say) The second componen! 1s 
the town code (see Append1x 1) and the th1rd component 
is either LAND or ROAD dependmg upon the m­
formallon type of the file For example, a user m1ght 
request dataset BAX'rER 15CU LAND m wh1ch case 
the land-use file for Cumbernauld would be opened 

Wh1lst the data ongmates as card 1mages, the mternal 
computer structure comprises a sequence of bínary 
records Because of the variable length of records, each 
paree! or node entry 1s held as two logicai records WIIh 
the A, lo A3 Oand-use file) or A, to A, (network file) 
con~tltutmg the first record and thu~ providing the 
neces~ary mformation (attnbutes A2 and A1 m the land-
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use files, attribute A1 in the network file) with which to 
read the second entry correctly. No attempt has been 
rnade to provide direct access pointers smce most ap­
plications require a comprehensive sean of the entire file. 

GRAPHICS 

Output from any information system has to be com­
rnunicated to the user. The nature of the output dictates, 
to a large degree, the method of presentation In urban 
inforrnation systems there are two common types of 
enquiry. Firstly, there are those queries wh1ch produce a 
smgle .">imple answer This approach is typified by m­
teractlve-commumcation languages in which the user is 
encouraged to type a request on a terminal and the 
system responds with a typed answer to the quest10n 
based upon the interrogation of one or more data files 
The second type of enquiry involves the aggregation, 
manipulation and presentation of large data sets. Trad•­
tionally this approach was undertaken in a batch rnode 
environrnent with voluminous lineprinter output as the 
end product. The type of application being discussed m 
this paper falls into the second category and attention is 
now given to rectifying constraints in its user interface. 

1 

Arguably, t~e user concerned with matters of urban 
governance requires answers from any information 
system at a speed which cannot be satisfied by a batch 
processing environment (even given a syrnpathetic 
scheduler). The first requirement, therefore, IS for a 
rnethod of interactive enquiry in line with that adopted 
for interactive-communication language~. Solutions to 
this problem he with the command language already 
described. The second requirement is to provide a more 
satisfactory method of output presentation. In this con­
text computer graphics can play a decisive role in two 
ways. One of the intnnsic charactenstics of the land-use 
and network data files is the spatlal attributes assoc1ated 
with the basic entities. The retention of space m the 
output suggests the use of suitable mapping facilities. 
Secondly, the aggregation and manipulation of spatial 
attributes produces data structures which might be better 
presented in diagramatic form rather than as tabulations. 
In both cases there is an evident need for suitable 
graphics software 

A cornprehensive software system for graphics has to 
be conceived w1th three priorities in mind. Firstly, the 
programs written m the system should be transportable 

Fig. 3. Ou!pul of land uses for Cumbernauld on Teklrom' lube 
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between computer installations. Secondly, the graphical 
output generated within the program should he device 
independent. Thirdly, the system should allow the user to 
generate two- or three-dimensional objects and then 
manipulate and interpret them prior to display. GINO 
(Graphical Input and Output) is such a language[6, 7]. 1t 
was designed and implemented by the University of 
Cambridge Computer Laboratory and has since been 
distributed widely as GINO-F by the Computer Aided 
Design Centre in Cambridge. 

GINO satisfies the stated requirement of any graphics 
language by allo'wing the user to access the system from 
a high leve) programming language and by providing a 
series of initlalization routines for each graphical device 
which can be called from the user's program. The third 
pnonty (to generate, manipulate and interpret objects) IS 

possible because GINO takes the form of a library of 
sub-routines accessible from the user's program. 

In the GINO system the unit in terms of which pic­
tures are generated is the p1cture segment-the smallest 
unit that may be independently d1splayed or plotted. 

Picture segments are gcnerated sequentially by the user 
who controls the size and contcnt of the segment. Any 
number of scgments can be viewed together. A picture 
segment consists of a sequence of picture parts, each 
added by a call toa GINO routine. Routines are ava1lable 
for a group of built-in pictwe parts wh1ch include 
points, lines, characters and circular ares_ This is 
supplemented by a facility to create user-defined picture 
parts and the object thus created can be called as many 
times as required. Picture segments can be generated in 
two or three d1mensions, the latter being displayed as 
two-dimensional projections. Windowing or clipping 
routines ex1st for both two and three dimensions, 
enabling the suppression of picture parts falhng outside a 
specified region so that selected parts of a large p1cture 
can be viewed separately. Transformations can be ap­
plied to all or any subset of picture parts maling up a 
segment. These take the form of translation, rotatlon, 
scaling, sheanng, reflection, parallel or point projection. 
This means that the user is able to define his p1cture 
parts to any scale or orientation that is convement and 

F1g 4 Outpul of road network for Newlown of Wales on a Tektromx lube. 
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F1g 5 Output of road network for lrvme usmg a drum plotter 
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then use tran~formation to position the resulting display 
as required. 

APPUCATIONS 

The system as described was implemented on the 
Atlas computer in Cambridge. lt is a Jarge multi-access 
computer to which are attached a selection of on-Jine 
teletype terminals and gr~phical devices as well as the 
normal facilities such as card, paper tape Jineprinter and 
plotter peripherals with backing store provided by mag­
netic tape and disc units. The multi-access environment 
operates under the Cambridge command system. The 
graphical devices available to the user (and designated 
through para meter 3 of the ANAL YSE command) range 
from small satellite computers with cathode ray tube 
displays, storage tube displays such as the Tektronix, 
off-line drum and flatbed plotters, Complot on-line plot­
ter and the HRD-1 laser plotter. 

An integral component of the information manipula­
tion system 1s a suite of programs which read the opened 
data files (parameters 1 and 2 of the ANALYSE com­
mand) and process the data according to user require­
ments This smte of programs is not static but evolves to 
match user needs. A particular program is invoked 
through parameter 4 of the ANALYSE command after 
consulting a d1ctionary of ava!lable programs and theu 
reference number. Each of the load modules in the 
library has a source program written in ANSI FORTRAN 
w1th calls to the GINO library for all graphical output. 
Let us see how the system operates. 

Assummg that a user is on-line via a Tektronix storage 
tube to the computer through invoking the LOGON 
command, then by typmg 

ANALYSE 15CU LAND TEKTRONIX 1 

the land file for Cumbernauld will be processed by 
program 1 and the results sent to the users console. 
Program 1 retneves all residential and educational land­
use parcels from the file and maps their distribution 
w1thin the designated arca of town From the output in 
F1g 3 it can be seen that all educat10nal arcas are 
honzontally hatched and resident1al arcas are vertically 
hatched. The scale of the map is denoted by the 
kilometre square pecks along the borders. The resident1al 
denslties for each of the land-use parcels are calculated 
and presented m graph form (denslty against frequency 
of occupat10n) together w1th the calculated mean 
resJden!Jal dens1ty for comparative purposes Also the 
school spaces are broken down into ca legones (nursery, 
pnmary, secondary, etc). and shown in the form of bar 
d1agrams. 

If the user now types 

ANALYSE 28NT ROAD TEKTRONIX 2 

1 

then the road network file for the Newtown of Wales IS 

opened and processed by program 2 This displays the 
road network on the Tektromx d1splay together wllh 
certain analyses as shown in F1g. 4. The first of these 

analyses presents a breakdown of link types in the form 
of a pie diagram div1ded .. ccordmg to the total road 
length in each type. The second diagram is a pTOJCC!Jon 
of a three-dimensional histogram with h1dden !mes 
suppressed reprcsenting the accessibihty surface for the 
town. This surface is generated by summing the mim­
mum road distance (by applying a mínimum palh al­
gorithm lo the network) from eacb kilometre ccD 10 all 
the other cells connected to the network. 

lf the user were to type 

ANALYSE 24IR ROAD PLOTIER 2 

the same analysis would be performed on the lrvine data 
file but witb the output going to a plotter as in Fig. 5. 

This, hopefully, has served to illustrate the environ­
ment available to users who w1sh to examine urban 
information about the towns contained in the data base. 
Each of the requests described has a response time of 
about 90 s between typmg the request and obtaining a 
picture on the Tektromx screen. This is sufficiently fast 
to satisfy the majority of users. Furthermore, through 
the use of a general purpose graphics language the de­
velopment of new apphcahons programs involves the 
mínimum of effort. For example, in the case of the two 
programs described, the combmed length of FORTRAN 
code is only 411 executable statements. 
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Town codes 
OIST Stevenage 
02CR Crawley 
03HH Heme! Hempstead 
04HO Harlow 
05A Y Aychffe 
06EK East Kilbnde 
07PE Peterlee 
08HA Hatfield 
09WE Welwyn 
IOGL Glenrothes 
11 BA Bas1ldon 
12BR Bracknell 
13CW Cwmbran 
14CO Corby 
15CU Cumbernauld 
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J6CU Cumbernauld e'tens1on 
17SK Skclmer~dale 
18LI L1vmgstone 
19TE Telford 
20RE Redditch 
21RU Runcorn 
22W A Washmgton 
241R lrvine 
25MK Milton Keynes 
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26PB Peterborough 
27NT Newtown of Mid-Wales 2nd. Proposal 
28NT Newtown of Mid-Wales lsL Proposal 
29NO Northampton 
30WR Warrington 
31CG Craigaron 
32AN Antrim 
338M Ballymena 
34HK Hook. 
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