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-presenta por Y

.cambios tecnolfgicos gue alteren la estructura productiva de los

TABLA DE INSUMO-PRODUCTO.

Es un registro de todas las transacciones efectuadas en
una ecconomia durante cierto periedo., En las filas se indican -
las VENTAS (la distribucién de la produccién de cada sector). En
las columnas se registran las COMPRAS {(los insumos de cada sec-
tor).

El elemento xij representa las VENTAS del sector i al -
sector 4, © bien, las COMPRAS del sector jJ hechas al sector i.
La demanda final, de productos provenientes del sector i se re-
i Finalmente X; es el valor brute de la pradué—
cifn del sector 1.

El modelo de insumo-producto indica ¢omo ﬁebe mcdifiéar—
se el flujo de transacciones intersectoriales ¥y por consiguiente,
el nivel de la produccidn bruta, para satisfacer un cambio del -
nivel © composicifin de la demanda final. Tambi&n proporcicna =
los instrumentos de cilculo gue permiten la cuantificacibn de -
esas modificaciones . Obedece a las"hipStesis: '

HIPOTESIS 1.
Un tipo de preoduccidn reguiere propeorciones especificas

de insumos. Durante el perlodo productive considerado no ocurren

sectﬁres (por ejemplo,sustitucifn de insumos). ' T

ht'a -

-

HIPOTESIS 2.

Es lineal 1a relaéiﬁn funcional entre la comgra xij al -
F
sector -j y la produccifin bruta xj:

Ty
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donde aij

X a' .xj
JRETTE .
- :
a - _j'j_. -
ij %
l3 -
< s

es una’ constante llamada coeficiente técniéc,-'

gue re-

presenta la compra de productos intermedics del sector 3 .al it_J'

para praducir‘una_unidad de produccidn bruta del sector jf; f_:??;

- — R

Con estos, coeficientEE, s5a construye la matriz de cnefi—

‘cientes té&cnicos o matriz de insumo- pruductc, que expresa ‘1a Estruc

tura de costos intersectorial.

' MATRIZ DE

INSUMCG-PRODUCTO

D DE COEFICIERTES TECNICOS

S

“——

ny o

-

ey

4 .

COMPRAS SECTOR SECTOR SECTOR
VENTAS -+ . Sl o 2 3 - o
. ' Bector x11 A = “12 13
-1 : 11 i 12 13 )
X X, Xy
- o :’r‘- -_.: - x - - . - - ‘x : -
:"” Tgector . - 4 = -2l *22 a 23
STt 2t 217 7 422 " 237
- M A2 i 2
- . X X X
Sector a. =31 a. =32 a = 33
T3 31 327 33T 7
. 1 P2 23

La produccitn bruta xj del sector j, es igual a sus ventas

& la demanda final m&s sus ventas a los otros sectores productivos,

por ejemplo:

T
1
i

1
[}



Xy =8y X% ey, Xy +ayy X3 4y
Xpg =8y Xy ¥ Ay Xy ¥ &y Xyt Yy
-
K3 = a31 xl + a32 xz + 333 xa + Y3~
- 1}
o en forma matric1514
1 0 offx 33y 232 233 Xy ¥y
0t .o|f{x,| - |ay a,, ay, Xy | = Y,
°© 0 131X, 231 32 233 X, Y3 .
- — b — - — - _— - —

Ll
J

Ahora, factorizando el vector de produccidn bruta y :1--.

efectuando la resta ﬁatriciﬁl:.

Bajo la hipbStesis de regularidad de

1 =2y =832 " a; X ¥
- aZl};'i l1-a,, - 359 X5 - Y,

la matriz del sistema, se des

peja el vector de produccifn bruta:

[ T [~
xl 1 - all
X = | 222
X, a3,

- J | f

P T
T 212 ~243 1
1 -a,, 323, ¥, (L
~a33 1=a44] ¥y
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resuelve el problema: 'a
_partlr de las variac1unes que sufre el vector demanda final se

pueden cuantiflcar los respectivos incrementos de las campnnen-i-

tes del vector produccifn bruta.

utlllzandn 1a matriz de coeficientes técnicos,

'L - L

transacc1cnes intersectoriales.

Conocidos estos incrementos,-

Al escribir la matriz de Leontief en la forma

12

22

32

13

23

33

1=a;; + "3 ’
2 I T
TRaL ¢ 232 L

directos e indirectos por unidad de demanda final,

PREPARACION Y APLICACICHN DEL MODELO.

se determinan las

- -1
313
—3.23 -
1—a33

. Los elementos hij reciben el nombre de coeficientes de reguisitos

la construcei®n del modelo regquiere de los pasos:



1. Se preparan estadisticas, en términos monetarios,
coxrespondientes al periodc de interés.

2. Se construye, con el material preparado en 1, la
tabla de insumc-producto.

3. Partiendo de la tabla preccdente, se obtiene la
tabla de coeficientes técnicos, que muestra las -
cantidades necesarias de todos los productes para

. obtener una uwnidad de produccitn deo un sector dado.
Estos coeficientes definen la estructura tecnolbgi
ca de la ecanomia en estudio.

4., UOtilizando las reglas de la inversifn matricial,se
construye la matriz de Leontief o de requisitos di-

rectos e indirectos.
El modelo depende de dos clases de relaciones:

Rl1. Relacicones contables: las ventas totales de cada =
sector son iguales a las compras totales efectuadas
por 1o scctores, (condicifin estftica). ,

R2. Relaciones tecnoldgicas: Las compras efectuadas por
un sector a otre (salve el autdnomo) dependen a tra
,ves de la funcifn de produccifn, de su volumen de -

-produccifin. -

Adamis el valor predictivo del modelo depende del grado -
en gue se realicen las hipGtesis:

Hi) Los coeficientes té&cnicos permanecen constantes du-
rante el periodo que abarca la previsifn,

H2) La linealidad del modelo: un cambio determinado
en la produccién implica cambios proporcionales en
.lﬂs insumos. h



APLICACIONES PRINCIPFALES DEL MODELO DE LECNTIEF.

C81culo de los efectos derivados de un cambico en la

demanda sobre los demis sectoraes de la economia.

C&lculo de los efectos de una elevacifin general de
salarios. Se podri distinguir en cada sector, el -
alza debida al aumento de salarios en este sector -
¥ la inducida por la elevacisn de salarios én las -

indusgtrias que loc abastecen,

Previsidn y localizacidn de los "cuellos" e¢n un sisg
tema econfmico. Para tal efecto, se comparan las -
cifras correspondientes a las produﬂcicnes'calcula-
das para una demanda final predeterminada, con las
cifras maAximas obtenidas por los diversos sactores
en el ﬁasﬁdu.

Cilculo de los efectos gque pueden coriginarse por la
transformacién de un determinado sec¢teor en el sis-

tema econbnico.



EJEMPLO

Para simplificar se consideran sélo tres sectores: agri-
cultura, industria ¥y servicics. Los respectivos cilculos del va

lor agregado son:

AGRICULTURA

Valor bruto de la produccisn 100

Menos: Semillas =
Abhonos 10
Servicios i 25

Valor agregado 75

INDUSTRIA

Valor bruto de la pro&ucciﬁn 150

Menos: Materias primas agricolas 15
Productos intermedios manufacturados 30
Servicigs 45 90

Valor agregado . 60

SERVICIOS

Valor bruto de la produccifn 200

Menos; Productos intermedios manufagturados 20 20

Valor agregado * 180

En resumen, el valor total y la composicifin sectorial del
producto bruto es

AGRICULTURA 75

INDUSTRIA 60
S5ERVICIOS 126

PRODUCTO BRUTO TOTAL 261
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La forma en gue se realiza el c¢8lculo no permite duplica-
ciones; consecuentemente, el producto bruto representa una forma
de medir el valor de los bienes finales (no sujetos a transforma-

ciones ulterioras}.

Con los datos anteriores se construye el cuadro de insumo-

producto.

Camﬁras . Ventas prod,

Agricul | Indus ; Servi | totales |Demanda

ventas tura tria cicg | a secte.| final bruta

* prodvos,
Agricultura 5 15 0 20 80 100
Industria 10 30 20 60 90 150
Servicios 10 45 0 55 145 | 200
Total de in 25 | 90 20 135
sumos
Valor agre -

75 &0 1EQ 315

gado
Produccidn 100 150 200 450
Bruta '

De este cuadro se deduce la matriz de coeficientes técni-
cos, dividiendo los elementos de una columna dada, entre su res-

pectiva produccifn brﬁta. tfectuando los cdlculos, se tiene.



Ahora se

con el cidlculo del determinante del sistema.

Agricultura Industria Servicios
Agricultura 0,050 0,10 0
. Industria 0.100 0,20 0.10
Servicios - 0.100 ¢.30 0
por consiguiente se puede escribir
0.95 -0.10 ’ 0 Xy Yl
- ¢,1¢ , - 0.80 » — 0.10 Xy Y2 (2)
- 0,10 , =0.30 ' 1 XE Y3
T O:Brevemente BX = Y (2}

construye la matriz de Lecontief, principiandeo

0.95

= 0.10

- 0.10

¥ - U.lﬂ' r
] U;EU r
’ -

0.30 '

0.00

0.10

1.00

En este caso, para simplificar los cllculos, se multipli

ca la tercera fila por 0.10 y los resultados se cierran a la se-

gunda fila:



186

- uoﬂl - D.G3 + ﬂol
- 0.10 + 0D.B0 - 0.1
- 0.11 + 0,77 0

FPor c¢onsiguiente el determinante toma la forma

0.9 - 9.10 0 0.95 , ~0.10
A= - 0.11 + 0.77 0 = - 0.11 , +0.77
- Q.10 - 0.30 1

=
I

0.95 (0,77} -"0,1 (0.11) = 0.7315 - 0.0110 = 0.7205

Este resultado prueba la regularidad de la matriz A, con

secuentemente se procede al cilculo de la inversa A—l. En esta

forma:
i .95 - 0.10 . - G.lg_
at - - 0.10 |, 0.80¢ , - 0.30
a ., - 0,10 R 1.00

Las cofactores de esta matriz son »



11

12

13

21

23

31

-0.10

-0.10

=0.10

-0.10

0.80

"ﬂ-30

1,00

~0.30

1.00

0.80

-0.140

=0.10

1.00

-0.190

-0.10

~-D.10

=0.30

ﬂisﬂ - ﬂ*ﬂ3 = ﬁo??

=-{-0.10) = 0.10

0.01

-{-0.,10 - 0.01) = 0.11

- {-0.095) = 0.095

0.03 + 0.08 = 0.11
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{}tgs r -U-lﬂ' . i . -
C32 = = = -~ {-0,285 - 0.01) = 0.2%5
=010 r —0.30 '
0-95 ] =0,10
C33 = + = 0.6 - 0.0 =0,75
-0,10 ¢ 0.80
Conocidos los cofactores de A* se puede de inmediato,
calcular la inversa A , .en efecto, dada una matriz A, no singu

lar, se puede construlr su inversa de acuerdo con lo indicado en la

f6rmula

A TEm e {(A™) COn dat A = A# 0.

L]

donde EAt]CG es la matriz construfda, sustituvendoc en At ; la
transpuerta de A, cada uno de suUs elementos por su respectivo co-
factor; en esta forma, utilizando los cofactores calculados an-

tericrmente, se puede escribir:



0.7+ , 0,100 , 0.010

At oL . lo.11, o0.950 , 0.095

0.7205

0.11 , 0.29%95 , 0.750

Esta es la matriz de Leontief o de requisitos directos o

indirectos por unidad de demanda final; con ella se ccnstfuye el
modelo

_ _ _ L
Xy 0.77 , 0.100 , 0.010 v,
X, | = L 0.11 , 0.950 , 0.095 ¥,

0.7205 .
X+ 0.11 , 0.295 , 0.750 v,

Este modele sirve para calcular las modificaciones de las
transacciones intersectoriales para satisfacer un cambic en la com
posicién de la demanda, en efecto, supfngase gue se aumenta la de-~
manda final de la agricultura v de la industria y reducir la de -
servicios, de forma tal qﬁe

Yl = 100 ., Y, = 200 , Y, = 100

De acuerdo con este programa elemental de planeacifn se

calculan las produccicnes brutas Xl, Xz, X3
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X, 0.77 , 0.100 , 0.010 riun
X, =1 0.11 , 0.950 , 0.095 200
0.7205

X, 0.11 , 0.295 , 0.750 100
L _ _ _ o _
X, 27 + 20 + 1.0 98.00 136.02
X — 1.3879 |11 +190 + 9.5 | =1.388 | 210.50 | = | 292.09
X4 11 + 59 + 75 145.00 201.26

Para lograr el plan propuesto se reguieren
X, = 136,02 , X, = 292.09 , Xy = 201.26

de lo cual:

0.05 {136.02) = 6,80 , Xq2= $.1(292,09) = 29,21, x

b
n

13 =0

Xy3 = 0.1(136.02)=13.60 , %32 = D.2{?92.ﬂ9}=55.4ﬂ . X,3=0,1(201.26)=
=20.12
X3y = 0.1{136.02) = 13.60 , x,, = 0.3(292.09)-= 87.63 , x4, =0

Con estos nuevos datos el nuevo cuadro de insumo-producto

seri:




L5

NUEVA TABLA DE INSUMO - PRODUCTD

1

}
|1

compras . |Ventas
+| Agricul | Indus | Servi |m...jeg | Pemandal Prod.
tura tria cios a Sect., final Bruts
ventas -+ prodvos.
Agricultura 6.81 29.21 0 36.02 100 138.:;
Industria 13.60 S8.40 20.12 92,12 200 292..:
Servicics 13.60 87.63 0 101.23 100 201,::
b
Total de in
Sumos 34.01 175,24 20.12] 229,37
Valor agre-
gado ~1Dg.01 116.88 | 181.11 400
Produccidn
Rruta 13¢.02 292,12 | 201.23 628.%

El Gltimc pasc del procesc consiste en calcular .:s
diferenc1as gue existen entre lz NUEVA TABLA de insumo—-producto y -a
original. Al registrar estas diferencias en una tabla, el result:io
es la tabla de diferencias, inducidas por los camhios efectu;dms =
el vector demanda.

!
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ThBLA DE THCREMENTOS
Compras Ventas
+ Rgricul | Indus | Servi |Totales | Demanda | Produc. -
. , Sect R
tura tria cios |2 : Final Bruta

Ventas - Prodvos
Agricultura 1.81 i4.21 0 le.02 20 36.02
Industria J.60 28,40 0D.12] 22,12 116 142,12
Servicios 3.60 42.63 0 46,23 =45 -~ .1.23
Total de
FE—— a.01 85,24 Oul12) 94.37
Valor agre
gado 27.01 56.88 1.11 35
Producci®n
Bruta 36,02 142,12 1.23 179,37

Los incrementos negativos se interpretan como decrementos,

En este ejemplo, para gue los cilculos no llegaran a niveles

prohibitivos, s6lc se establecieron tres sectores, pero su clasifi-

caclfn se puede hacer con el detalle que el problema reguiera, La

primera tabla de Leontief comprendia 44 sectores;:EE ipdustriales,

-



1 agricola, 1 de comercio exterior; 1 Estado, 1 economifaz dombsti-
cas, 1 Stocks, 1 bienes de capital, 1 sin clasificar y 1 de cuentas
globales de gastos e ingresos.

En general el modelo de Leontief pone de relieve la inter-
dependencia de los diversos‘sectores y Muestra COMO una a¢clidn apli
cada al sistema modifica la estructura de la produccifn. E@I mismo
Leontief, refirifndose a s5u modelo, dido: " esta contabilidad por
partida doble muestra la contextura de una economia,como la degeri-
ben las operaciones comerciales, dentro de una dependencila reciﬁru—
ca." o

Recuerde gue el modelo de Leontief es complementario al de
cuentas nacionales y la maycria de las veces ambos modelos no suml
nistran los mismos resultados,
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Applying Information -Systems in Planning

Though 4 number of cities and counties across the country have begun to de-
velop coordinated interagency, general-purpose urban {nformation systems, and
though countless Individnal agencies and departments have for some time sup-
ported thelr own Iindependent data processing applications, effective inte-
gration into urban information systems is only just beginning, The examples
discussed in the previous section represent the excéption rather than the
ruele. Further, the participation of eity, county, metropolitan, and regional
planning agencles in the design and use of general-purpese data processing
systems has been characteristically weak, whether those systems have been
partially or more fully developed, HNeither have planning agenciea been par-
ticularly successful in developing their own, semi-independent information
systems, These are among the reasons for the recent Inauguration of major
research and development projectsa in aix cities aimed at the design and im-
plementation of various prototype municipal Information systems.® These
demonstration projects display considerable potential for general advincement
of the field, %

While ir §s8 difficult to decument the extent to which varlous urban planning
agencieg are actually making use of information systems, two 1967 surveys shed

BIntegrated municipal information Eystems will be developed In Wichicas
Falls, Texas, and Charlotte, North Carolina; a human resources developument
subsystem will be developed Iin St, Paul, Minnesota; a publie finance sub-
system in Dayton, Chie; & physical and economle development subsystem fn |
Reading, Pennsylvania; snd 2 public safety subsystem in Long Beach, California,
Each eity will cooperate with a systems consulting firm and a university re-

" search group. The projects, begun in 1970, are expectad to be completed in
two to three years. A group of nine federal agenciea known as the Urban In-
formation Systems Inter-Agency Committee (USAC) hae sponsored the research
Program, -

Nn addition, significant new developments are currently under way in
New York City, where the design of a Geographic Data Network has been inaugu-
rated, Under this concept, individuasl agencies will continue to independently
mafntain their own data files, while a centralized, user-oriented capabilicy
for data interchange Is provided, Central to the concept 1s the development
of a Georgraphic Information System {GIST), designed to permit the assignment
of geographic coordinates to the elements within a particular data get, pif-
ferent data files can then be coordinated and compared according to the geo-
graphic location of each data {tem. See Robert Amsterdam, "The Concept of a
Data Network and the Pevelopment of GIST,"™ in Rickert, Service Systems for
Citles; E. S, Savaa, Robert Amsterdam, and Eric Brodheim, "Creation of a Geo-
graphic Information System," in Paperg, Fourth Anoual Symposium on the Appli-
cation of Computers to the Problems of Urban Society (New York: Associatien
for Computing Machipnery, 1969); and £, §, Savas, "Heuristic and Cpportunistie
Inctementalism: the Road to Urban Information Systems,”™ in Rickert, Federal
Activities and Specialized Systems.

12 !
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aome light on the growing number of applicarions, Hemmens surveyed urban
development modeling and related data processing activities in the 25 largest
SMSAs.10 Twenty-aix of the 34 agencies that were sent questionnaires respond-
ed: 16 metropolitan or regicnal planning agencies, 6 city planning depart-
ments, 2 state agencies, a federal agency, and a consulting firm, All re-
ported that they were either using or planning to use computers and data pro-
ceasing in their operations., Table 1 lists.those agencies that provided de-
tafils on computet use, Hemmens found that while none of the agencies employed
a fully developed data bank system (that is, one cowprised of existing data
filea, regular data updating procedurea, and existing programming aystems for
wmanfipulation and retrieval), half indicated the existence of operating systems
gomewhat short of this idea, .

"A gecond 1967 survey obtained much broader national coverage, but 1ts re-
ported reaults are more generalized.!l Questionnaires were sent tn'59;state
planning agenciesa; 239 county, metropolitan, and regional plannirvig commia-
sions; l48 transportation study groups; and 63 city planning departmencs.

The toral response was 55 per cent, Many, perhaps most, of the nonrespondaents
probably had no experdence with {nformatlion systems, but the number who had
or expected to could not be determined, As of 1967, 16 city, county, metro-
politan, or regional planning agencies and 17 transportation astudles reported
that they were employing aperaticnal, computer-based data processing systems.
Two additional urban planning agencieg reported jeolnt cperation with transg-
portation studies. Forty-two urban planning agencies and ten transportation
studies Indicated that information systems were currently being developed or
designed, and 11 additional agencies reported planned joint underrakings,
Finally, 27 urban planning agencies, 12 transportation studieg, and 11 joint
agency responses indicated that urban information systems were currently
under active consideration.

Many of these agencies which three years ago were developing, designing, or
congidering data processing systems may now be involved Iin operational ap-
plicaticng, but it should be kept in mind that in most cases such systems
would be only partially develcped, And their relationship to general -purpcae
municipal or county information systems {where these exist) 1s unknown. Usu-
ally enly certain data files, most commonly those dealing with selected land-
use and/or transportation characteristics, will have been computerized for
urban planning purposes. Often such data will have actually been initialiy
automated by operating agencies (such as the county assessor's office), even
though coerdfnated local informatfon system development may not. have bgen -
inaugurated.

Wceorge ¢, Hemmens, "Survey of Planning Agency Experience With Urban
Development Models, Data Processing, and Computers,” In George Hemmens
(ed.}, Urban Pevelopment Models, Special Report 97 (Washington: Righway Re-
search Board, 1968); George C. Hemmens, "Planning Agency Experience With
Urban Development Models and Data Processing,” AIP Journal , September 1968,

llﬂlark D, Rogers and Claude D, Peters, "AIP Survey of Automated Infor-
mation Systems for Urban Planning" (draft), Informacion Systems CommiLtee,
American Institute of Planners, Cctober 1967.
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Only larger plamming agencies, guch as those surveyed by Hemmena, have begun
to think in terms of truly integrated, multiple-file, interagency Infermation
systems--which of necessity will be likely to require a heavy emphaais upon
"practical,"” day-to-day adminiatrative applications. ,

Whether planning agency use of data proceusing systems hasa been large, small,
dependent, or independent, what are the kinds of analytic and planning bene-
fits which have accrued? What are Information systems good for? BEeyond the
essentisl feature of rapid accens to large amounts of data, computerized in-
formation systems can be used for four broad planning purposzes or tasks:
selective data retrieval and display, generation of standardized summary re~
ports, statiatical and modeling analysis, and computer graphics and mapping.
These are discussed and related to the basic steps of the gystems approach in
following sections.l? Tn additton, the implications of Innovationma™in the
1970 census for improved planning information and information saystems are
briefly reviewed.

Data Retrieval

The aimplest level of planning application is retrieval of specific data itema
for day-to-day planning operations, A comprehenaive information system

will, of courge, permit considerable flexibility in the types of data which
might be available at any given time, A multitude of poszible applications of
this type could be suggested. Many would be asspciated with neighborhosd or
compunity planning analyses or speclalized problem-oriented {or crisis-orient-
ed) ‘short-range studies. For example, current information on the number of
building code vislations in a particular community may be desired so urban
renewal atrntegiea may be met. The current level and chacacteristice of un-
employment in 2 model neighborheod might help establizh a framewerk for pro-
posed fob training projects, Recent building permit and assessment patterns
in a suburban community might help establish criteria for zonlrg revisions.

Often such information is needed quickly, In as much detail as possible, and

as up to date as posslble, These are probably the three mest important ad-
vantagee ©of computer-based data banka for-day-to-day planning applications.

In the past, data on most land-use and spcloeconomic conditions have been
typically unavatlable in convenient printed form, in the wrong format 1f avail-
able, often summarized for large geographic areas only (and not svailable at
the neighborhood level}, serfously outdated, extremely difficult or impossible
to obtain from operating agencies, and often costly and time-consuming to ob-

1214 addftion, see Brian Barber, "Information Systems and Metropolitan
Planning," in John E. Rickert (ed.), Urban_and Regional Information Systems
for Social Programs (Kent, Ohlo: "Kent State University, 1967), for a brief

analyaizs of the {nterrelationships between five different types of metropoli-
tan planning agenciea (defined in terms of gcope of activities) and 12 mare
detalled types of informztfon system usage or capability. 1In general, it is
coneluded that most typical data syastem applications would be of value to
each of the different levels of metropolitan planning.

!
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tain even 1f those agencies are willing and able to cooperate. An ongoing,
continuoualy upduted,'multipurpose urban information system in which operacing
agencieg such ag cirty building departments, etate employment Eervices, and
county agsessor's offices all participate will mean that much plamming-re-
lated data will be conveniently and roucinely avallable, : .

Figure 1 is an example of such a data request, while Figure 2 shows how, after
appropriate computer programming, that request might be angwered_13 Note that

) | - Figure 1
Dala Request Application Form:
Metropolitan Data Center Project

erirdgilich Gl i Pyl - m Py g Frmer] by O 1

APPLICATION DESCRIPTION FORM

AFPLKCATIDI UWBER- -3 _Y

' Liwt 211 prepertles, tullding®. snd seiatllsimenta
®lihin Community Renersl Projact Ak 1D, Dale divma
e b inoluded in this Livking ard Lhe erdaT 1o chinh
Lhry &re ta dppaar Im the raperl are &% Fallednsx

APFLICATION REQUEET: 1. Pares]l Musbar

2. Building Laceiion Cadr

3. Eftwblisheent Logwdion Cods
4. Spaca Use Coda

5. Eslatlishavol Xame

B Pyllding Conditles

T- FMumbar of frelling Unlts

B Temr Buillding Mull%

¥. Iypr of Bullding Construcllem
10. Fuwkar #F Floars

11. Curreat lonlag Cade .
13, Lririsuiebls Tereal Atrvage

571 BF cendux bhleeh wlihlp pareal rosber,
13thin bullding numbar. snd vithio pyied-
1lzhssnl Ausbar. Suses7ile Lhe sTiribygl-
ikl paresl gervage and dwvallling wnll Finlide
ALl shih eenzuy blash ETERN,

LR POSE- Tw determine Lhy a8Tend of ELIANT 40 Comrunity Ra-
fiewp] Fralecl 18, and pusber of Tamllied ta be djg=
plucrd oo the rondition of Tatldlngn, #ridiing lend

! . uses, gl duffeot agning, 18 OFder 1 dawilep &
Me-ula Flan Tar ike hres.

(TL1% .1 Flameleg DEFind
Urtan Rapasnl Adwioistiralisa

FREQUENCT: AE Réquired

!
}

i!
13These examples are taken from Manly Johnson and E. P, hlwagth {eds. ),
Metropolitan Dats Center Project (Washington: .5, Housing and Home Flnance
Agency, 1966). Sce also Roberc L. Wegner, "The Metropolitan Data Center: New
Tool for Decision-Making." in Planning 1964 (Chlcago: American Soclety of
Planning Officiale, 1964)., This demonstration project resulted in the coop-
] b
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considerable parcel-level detail gan be provided, as leng as each of the 12
specific data items has been properly incorporated within the informarion sys-
tem (that is, identified and referenced to a particular parcel number), A4s
long as each pavee! is in turn referenced to a census block number, and each
census block number is referenced to or coded by the rencwal project area in
whieh it 1s located, data requests of this type could be filled for anv ronew-
al project area., Required computer programming need be done only once, so
that subsequent requests of this type could be easily satisfied,

Figure 2
Data Request Computer Printout:
Melropolitan Data Center Project
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erative development of partial data systems, each aimed at z particular plan-
ning function, in five cities: Denver (comprehensive land-use inventory},
Little Rock (schoel faciliry planning), Fort Werth (CBD planning), Tulsa
{(cormunity renewal planning), and Wichita (capital improvement programning}.
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fleport Generation

hbata requests and reports such as those . .. jn Fipures 1 and 2 transacted
tegularly (for imstance, annually or sewr, | ..ually), especially if they
ewrmarize the data by larger geographie .. .; (for example, for all renpwal
projects or for the entire city}, cunsti:.éf a standardized type of planning

application. For most operating agencic. _ngration of such regular swmary
reports is, of course, one of the kay ap?:i;JLions of data processing. ‘tost

nf these reports will be concerned with ¢ - .11 or budgetary characterisrties, )
vhile planning-related reporcs will be ... .. oqod with changes In the status 7007
of the land and people resources of an u:- . area. For example, thay mightﬁ“t

swmarize building permits, water comnec::-.;, code enforcements, welfare
caseloads, zoning acreage, schoel enrollyii..-3, or rencwal acroage on a de-
Lailed annual basis, and covering a nuibey »rf different planning subareas.
Summary reportd might be gencrated co Siuooasrt major planning aclivitics--~such
as regional transportacion land-use plﬁns, -amTiRilY renowal programs, of Cco-
prehiensive city plans--and also as part of : regular annual eccporting function,
gonsider, C[or cxawmple, the many planning a=? development achievements which
must be documented anmually in HB-require’ Yorkable Programs for Community
Improvement in order for lecallties ro qualiiy for federal housing and renewal
assistance., lMonltoring and eventual reperting of tany of thesc commmunity and
agency achlevements--such as dwelling unit :-anstruction, bLuilding and housing
code enforcement, rehabilitation permits, renewal project dispesitions, or re-
location tousing needs and resources--could be facilitated by an information
system.  Regular uvpdating-of the populatien, cmpleyment, housing, and land-use
{nventorics typileally conducted by metreopeolitan cransportation land-use studies
could also be improved. Figure 3 illustrates a portion-of a summary rcport of
this latter type.

It sheuld be noted that beth data retrieval and report generation acrtivities
ran greatly improve the information available for the first two steps of the
systems approach to planning--identifying goals and objectives and identlfying
alternative programs and policles. Probloms, objectives, programs, and poli-
cies carr all be substantially clarified by local data which are relevant, de-
tziled, recent, and easily available. But the use of much planning-related
data for immediate purposcs--short-range localized planning and standardized
areawide reporting--should not obscure threir value for more thoughtful, pene-
trating, long-range analyses of basic planning problems and thelr relationships.
The greater objectivity inherent in che systems approach, and in PPBS applied
to urban public adminiscration generally, depends absolutely upon improved
data resources--in particular upon the increased knowledge provided by sensl-
tive data retrieval and rcport generatlon on the part of planning agencies.

Statistical Analysis

The third phase of the systems approach--prediceing relative Effectiyenesn

levela--depends in large measure upon quantitative analysis of data, This
- '
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Flgure 3

lLand-use Inventory Excerpt:
Indianapolis Regional Transportation and Deveiopment Study

ACROKYM » D1 STYRIECT HUBMBEHR

58 59 81 82 &3 bk 6% 6
THUA 1198 4401 1377 1554 1248 2330 2471 378
SFAHY 1194 4544 120 912 10B2 2305 234b 374
FAZHY ‘ 13 830 . 520 166 22 60 2
FA3MOR A2 77 95 1% 3
GRHU 10 27 L 1
SFALAN 5780 18430 TaD 10710 1810 4540 1390 2350
FAZLAN 290 3C0 100 20 50
HU3LAN 110 10 50 10 10
GRLAN 10
TRNLOD 10 _ 20
SARROW 4720 B&T0 1430 1310 2240 4790 3810 1730
PARKLD 310 40 240 10 30
CULACT
PUASAM 50 210 20
REREP A 220 1070 8o 300 TL0 60
CEHETE 230 400 40 10
QUARMI &70 - 230
USEKUR 132920 159310 140 5240 10210 25640 10690 48000
MATARE 460 150 160 2410 1140 760 20
AUJUNK 40 120 10 14Q
TLURY 12724 33800 4447 5748 13793 12572 6761 ' 4832
TLHURU 133380 159440 1140 B320 11470 27420 10700 46520
ARES 146104 193240 £aav 140548 25263 39992 194463 L&4BS 2

* Acronym

THUA
SFAHU
FRZHL
FazmMQdr
GRHL
SFAL AY
FAZL AK
HU3L AN
GRLAM
TRELQD
SARROW
PAREKLD
CULACT
PULSAN
REREPA
CEMETE
QUARM]
ULENLR
MATARE
AUJUNE
TLURU
TLHURL

ARE A

Qaca Item

Total housing units 196k

Single-family housing units 19860
Two-family housing units 1964

Housimg units three or mare Family 1904
Housing in group quarters 1954

Acres in
ACres in
Acres In
Acres in
. Acres in
Acres in
Acres in
Acres in
Acres in
Acres in
Acres in
Acres in
Acres in
Acres in
Acres in
Acres in
Acres in
water,

one-femily residential use 1984
two-family residential use 1564
three aor more family use 1964

group gquarters residential use 1964
transient lodging use 1964

streets, alleys and R.A.R.D.W,
parking Jots

cul tural acrivities

public assembly and amusements
recreational use

cemeterias

quarrying and mining

vacant and agricul tural use

waALler

Auto junkyard use

urban use

ngn-urban use {vacant, agricultural, mining,
and auto junkyard use)

Tatal acres in zZone

Bote: 25 additional lapdrus= types, covering industrial, transportatilon, comercial,
sarvices, and orher categories are also diatinguished, The Inventory covered BF
separate planning districes,
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Figure 4

tand-use Transporlation Planning Seguence:

Southeastern Wisconsin Regional Planning Commission

Figura 1
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analysis can be greatly facilitated by a computer-based infermation systeam,
not only because of the quantity and ready availability of needed data, but
also through the use of 2 varierty of standardized sofrware packages for sca-
tistical analysis and modeling, available from computer manufacturers, ser-
vice burcavs, and governmental agencies. Because of the importance of com-
puter modeling in urban transperation planning, to use a cajor example, the
U.S5. Burean of Public Roads has developed a nucber of standard compucer pro-
grams for trip generation, modal splic, trip distribution, and traffic assign-
ment analyses. Experimental urbam development models have also depended
heavily upon computera, and upon associated urban inforsation systems, theough
many of these models are ner well documented and available for ready use in
othar urban areas,

Both standard statistical analyses (using “canned" programs) and experimental
or rescarch analyses (requiving gripical and ofren time-consuming computer
progracming) can be conducted in collabeoration with and through the use of
urban information systems. Because the emphasis is on prediction and fore-
casting, this level of infermatien system application essentially supports
long-range plansing activities, Tt alse tends to call for the vse of large
amcounts of detailed dara, so that complex social, ccomomic, and environmental
relationships can ba explnrcd Statistical analysis activities are likely to
represcent the "trickiest" and most demanding use of zan information system,
1t should ke recognized that there are varying degrees of difficulty er scope
In potential analytical applications, ranging from relatively simple two-
variable croas-tnbulacions or limecar regression analyses, conducted poerhaps
in support of some narrowly defined or specialized planning efforc, to highly
complex multivacriate statistical analyses or activity distribution models,
conducted in support of major transpertatjon land-use planning programs. Fig-
ure 4 depicts how varigues data inventories support the use of four different
.types of mathematical models in southeastern Wisconsin's transportation land-
use planning program,
& major problem of communication between wmodel developers, data processing
specialisrcs, and model users has somerimes been ewpcrxen:ed in the use of
large-scale urban analysis models. 1% Lessons learned from ‘these inmgvative
attempts &t employing meore complex analytic techniques sghould not be lost on
other statistical znalysis applications. In particular, there Iz a tendeacy
for the technical aspects of model building to absord all of the energics of
systems analwvsts and quantitative methods speciallists, and for these model
developers to become gomewhat isolated from nontechnical planning staff and
othars whe will eveatually utilize resulting models, Every effert should be
made to inyolve planning agency staffs in initial model design and conceptu-
alization and to make them adequately familar with the merchanies of modetl
operation. In additipn, the limirations of certain types of data--availabil-
ity, compatibility, coverage, format, and other featuress--may serve to Frus-
trate and constrain both model builders and users. Information system capa-
bilities, the special province of data processing specialists, must consaquent-
ly also be clarified early in the process of sctatistical analysis.

I&HEmmens, "Survey of Planning Agency Experience."



Figure 5

SYMAP Compuler Mapping: New Hav ., ~onsus Use Study
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Computer Graphics

One of rthe more intriguing aspects of computer-based information systems lies
In the potential for cooputer mapping and other graphic gubput. Computer
rmapping is of particular interest becsuse a wide wvariety of sparially dis-
tributed data can be mapped guickly and cheaply compared with traditioenal
draftsman techniques, Mapped display of data can, of course, depict many
planning conclusions and findings more meaningfully than other forms of
presentztion, Computer mapping requires twe basic softwarce packages (computer
programs): one to assign data to geographic grid coecrdinaces; the ocher to
print maps from the grid coordinate information. Considecable effort has been
Involved in developing these programs, The two principal geo-coding systens
presently available are the census burcau's DIME filelg and the University of
Washington's Street Addreus Conversion System (SAGS}.LE Two currently avail-
able mapping systems are Harvard University's ST4P 7 and the New York State
Division of Transportation Planning and Prograrming's MAP 01.18 A modifica-
tion of the latter, called MAP 360, is presently being developed by the census
burcaun. 19

The SYMAP propram {wlhich ¢an also produce bar echarts, graphs, population
pyramids, etc.) permits the developzent of five different types of base mrps,
Dne usas points {single X, Y coordinates) for the display of dava, anothar
g3 straight lines (twou or more connected X, ¥ coordinates}, while a thicd,
the most cormon, uges zones or subarcas (as defined by three or more connected
X, Y coordinares)., Because the sycbhols representing data are assigned {ndi-
vidually to these points, lines, or zones, each type of map is known as a
cenformant =ap. A fowrth, gpecial-purpose, type, the proximzl =up, is used
to construct geometric zone boundariea around X, Y coordinate paint data,

The fifth type, the contour map, uses X, Y coerdinate point data to censtrust
equal-valued contour lines, For many of these types of base maps, it {s then
possible to assizn up to 12 value ranges or data categories to easch of the
datz items being mapped. An example of- population density rangas mapped by
city blocks is given in Figure 5. The less flexible -MAP Ol program is de-

15Coorgn L. Farnsworth, "Current Develepwonts in Dual Independent Map

Enceding,” in Rickert, Federal Agtivities and Specialized Svstems,

lé¢harles Barb, "Street Address Conversion System," in Rickert, Federal
Activities and Speclalized Svstems; Robert B, Dial, "Street Address Conversion
System,” in Planning 1955 {(Chicago: _American Society of Planning Officials,
1965).

l?Lahnratnry for Computer Graphics and Spatial Analysis, Uger Reference
Minual focr Synazraphic Computer Mapping SYMAP, Version 5 {Cambridge: Harvard
Universttw, 1968). See also Allan Schmidt, "The SYMAP Computer Mapping Fro-
gram," im Rickert, Federal Activities and Specialized Svstems,

13Ke:da1 H. Bishop and Steven C; Gibson, Mapping by 1401 Computer Usi?g
MAP 01, Poblicacion CPOD-014-02 (Albany: Division of Trangpertation Planning
and Progctz—ming, New York State Department of Public Worka, 1966).

19?ﬂ:nswurth, "Map Encoding,"
' 2
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signed principally to print X, Y coordinate point data at their respective
grid locations {see Figure 6),20

1970 Census Implications

The deccennlal census of population and housing has traditionally provided

much of the most fundamental data used by urban planners. In order to rake
the current 1970 census more respousive to the needs and Interests of users,
the U.S. Bureau of the Census has in the past few years developed, tested,

and implewented a number of significant innovations.2Zl They will not only
make census producrs themselves much more ugeful, they will afford major op-
portuniries for Improving and integrating other urban data files. They will
make it pessible for census tesults to become 3 key component of multipurpose
urban Information systems. The two wiln innovations--geagraphic coding

guides and the incteased availability of small-arzen data--ecmerged initiaily
from research conducted by the New Haven Census Study22? and are being investi-
gated further in the Southern California Regicnal Information Study (8CRIS).ZD

The potential of geographic coding guides is enormgus, and their use will
represent a major step ferward inm urban planning, reseavch, and analysis,
The great value of coding guides lies in the fa=t thar nearly all planning-
reiated daca {including e¢ensus data) is spatially distributed, and each item
of data iz found at a unique location. Many planning questions and problems
are in turn concerned with spatial subareas, small sections of the urban com-
‘munity which happen to contain particular groupings of various data items.
Other planning questions and subject areas are concerned with the spatial re-
lationship batween specifie locations and subareas--mainly distances and
dafly transportation flows. 1If data ftems can be asscciated with a unique
location (sctreet address or parcel number), and each lecarion in turn azso-
clated with various subareas (blecks, census tracts, ecicy wards, traffic

20pgoth cxamples are taken from William 1, Maxfield, '"Computer tMapping of
Census Aggregated Dacta: The New Haven Census Use Study Experience," in
Rickert, Fedrral Activities and Specialized Svstems, See algp Donald F,
Cooke, "Systems, Geocoding, and Mapping," in Rickert, Federal Activities and
Smecialized Systomsy and Donald F. Cooke and William H. Maxfield,  "The Devel-
opment of a Geographic Base File and Its Uses for Mapping," im Rickert,
Social Procrams.

21y,s, Bureau of the Census, 1970 Census User Gunide, Second Drafr (Wash-
ington: U.S5, Government Printing Office, 1959); George McGimsey, “"The 1970
Census: Changes and Innevations,' AIP Journal, May 1570, See also William
T, Fay, "The Ceography of the 1970 Census: A Cooperative Effort,” in Planning
1966 {Chicagzo: American Sociecry of Planning 0fficinls, 19667,

. 22¢ahy C, Smith, "The New Haven Census Use Study: A General Description,’
in Rickert, Secial Programs,

zjﬂeurge L. Farnsworth, "Census Use Study," in Rickert, Servire Syscems
for Cities,
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zones}, considerable flexibility will exist for aggregating daca at different
lovels and for performing spatial interchange analyses, This is Essentiallz
the purpose of the census geographic coding guides and related techniqurzs.2

These peographic base files have four important featurcs:

1, The basic Address Ceding Guide {compiled using specially prepared
block maps Iin each Standard Metropolitan Statistical Area) relates each strest
address range (for cxample, 4D0-480 B Street) to & spocific bleck face or
street segment number, block, census tract, ZIP code 2one, and other census
areas, A4ll data reported by street address can then be sumed by block and
aggregated in torn according to each of the higher levels,

2. Local planning agencies and other users are free to add additional
geographic code numbers for subarcas of special interest (traffic zones, plan-
ning districts, community areas, etc.) by assoclating them via computer with
block face serial numbers., This permits considerable flexibility in analysis,
including the ability to aggregate detailed data by newly created pgeographic
areas.

3. In order to permit census returns (as well as any local data file) - - -
tefarcnced by strect address to be geographically coded, a computer program
package known as ATRIATCH has been developed to ensure that reported street
addresges are conpatible with the address ranges in the geographic coding
-guide, This will also permit other elements within an urban information sys-
tem to be coordinated with vensus dara, .

4, A second program package known as Dual Independent Map Encoding
(DIME) has been developed which assigns node numbers fe each etreet intersec-
tion, and standardized X, Y grid coordinates to each node. These coordinataes
can then be used to caleculate distances, areas, and densitices, and can alsc
. ke used to define the boundaries of special analysis subarezs, They will also
permit the use of compurer mapping techniques, as described above. .
A second major area of improvement in the 1970 census involves the much greﬂléf
avallability of small-area data, The anticipated availability of data by four
different geographic arvas i5 surmarized in Table 2.23 Population and housing
data for city blocks will be available for the first time for all cities
over 50,000 in population, with their environs also tabulacted. Twenty data
items will be published by block, and 250 will be available on su—mary computer
tapes, Four hundred data items for nearly all urban arcas will be available
o tape only for enumeration districts and block groups. Eoth the areal cov-
erage and dara content of census tract reporting have been enlarged, with some
30,000 data items available on tape for the detailed sample survey phase. ZIF

24z00rge L, Farnsworth, "'Current Developments in Dual Independent Map
Encoding," in Rickert, Federal Activities and Speciaslired Svstems: Heidd
Cochran, "Address Matching," in Rickert, Federal Activities and Snecialized
Systens; Joseph Daly and Robert Voight, "The 1970 Census Address Codiog Cuilde
Ioprovement Frogram,' in Rickert, Service Svscems for Cities,

25y4eGimsey, "The 1970 Census.™



code tabulations will alse be inciuded for the first time, The census burezu
has cstablished a dara accass and use laboratory te facilitate acress ta unpob-
lishod data and has encouraged local public and private groups to establish
sumnary tape processing ¢enters for the same purpose. (Wote that only a small
fracrion of available data will actually be published.)

Tablg 2
Availabilily of Small Arca Data: 1970 Census

e e e e T

0n sumary computer tapesd In published reports
Type of arca
Cells Tentative com- Cells Tentative com-
of data® plerion dates of data plerion dates
" City blocks 230 Jan,-July 1371 20 Jam,-July 1971
Block groups v
and enumeration 1
districts 400 Aug, -Dec, 1970 nene e
-
Cénsus traces
100 por cent _
[tems®© 3,300 Qer. 1970-Apr. 1971
2480 Mar,-Apr, 1971
Sample {tems® 30,000 Jan, Qct. 1971 ‘
- Z1p code areasd 200 July 1971 none amaas

AThe anticipated cost per reel is 560 (tape included). UNIVAC and IBM
seven-track or nine-track tapes will be available.

bThe term cell “refers Lo edach figure or statistic in the tabulation fer
a spocific geographic area.”

€The 100 per cent data items cover the guestions to which every household
must respond. The sample items cover additional questions asked of 15 per
cent or 20 per cent of the households. The 5 per cent sample questions will
not be tabulated for census tracts.

diyithin 5MSAs, data will be tabulated for five-digit ZIP code areas,
Elsewhere data will be tabulated for three-digit ZIP code arcas,

it
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RESUMEN

Se presenta un sistema de informacibn urbana con geocodificacidn que
permite Ta integracidn de informacién de diversas fuentes, faci1itqg
do su agregacién ¥ presentacién, esﬁeciaImente en funcidn de Ta dis-
tribucibn geugk&fica. Realizar este tipo de operaciones por medios
manuales © sin un marco de referencia adecuado, consumirfa cientos de
horas hombre,

El sistema puede ser unz herramienta muy Otil tanto en la toma de
decisiones administrativas comp en la planeacidn,

4 ll':‘.L . . *
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CAPITULD I.-

INTRODUCCTON

El medio ambiente ecolbgico, social y econbmico actual, estd plan-
teando demandas nuevas e {mprecedentes, en las Pos:hi11dades admi-~
nistrativas y de planeaciﬁn

La explosidn demografica estd provocando esfuerzos en nuestru medio
ambiente, Durante Jos iltimos 50 afios se han producido mds bienes,
que durante todos los afios anteriores registrados en la historia,
Los vehfculos estdn saturando las vfas de comunicacidn, E1 aumento
de fraccionamientos estd fnundando los sistemas de alcantarillado.
El gran consumo de energ&tfc¢os.estd contaminando el medio ambiente.

La efectividad de los gobiernos locales, se deteriora constantemente
mientras las demandas siguen en aumento. Por ejemplo, la cantidad de
basura por persona estd aumentando constantemente. Al mismo tiempo,
&l tamaflo y densidad del §rea metropolitana zumenta el problema de
los basureros. Em algunos casos se debe transportar la basura largas
distancias para 1legar a las dreas apropiadas. A esto se une o] au-
mento de crimenes, necesidades de més escuelas, agua petable, alcan-
tarillado, etc.

‘Todos estos problemas recaen en lps administradores. Tiengén que-re-
solver los problemas duates del deterioramiento de la productividad
¥ al incremento de demandas de nuevos seryicfos.- tnda esto con pre- -
supuestos reducidos.

De acuerdo con estos problemas, se plantean interrogantes cada vez
més complejas. Muchas de estas preguntas requieren datos de mdlti-
ples &reas geogrdficas y funclonales. Por ejemplo:

{Quéd jmpacto tendrd up nuevo fraccionamiento, sobre las
escuelas, transportes, proteccidn policiaca, drepaje,
agua y alcantarillado?.

{Cud1 serfa el impacto probable de una orden de reorde-
namiento urbanu? .

{COmo se puede {rcrementar 1a productividad de los siste-
mas de proteccidn contra incendios, con objeto de satis-
facer_las_nuevas_demandas?.

e

iCémo se deben desplegar los recursos actuales de
patrullas policfacas para cubrir los cambiantes
patrones sociales y criminales, sin sacrificar la
seguridad piblica?

Estos complejos problemas a nivel polfitico no se pueden dec{dir con
ststemas de informacién que dnicamente proporciconan una orientacidn
fucionat. Se deben recolectar datos a través de fronteras funcionales
¥y geogr&ficas. 5i no se tienen las respuestas adecuadas, es imposi-
ble 1a administracién y planeacién del medio ambiente ecolégio, so0-
¢ial y econbdmico, actualmente complejo.



«~ CAPITULO II.-

-

GEOCODIFICACION URBANA

La Geocodificaci6n Urbana ‘es*una técnica reciente de procesamiente

de datos, que se ha desarrollado parz satisfacer los requerimientes

de informacidn de.las agencias gubernamentales estatales y ‘locales.

Bisicamente, relaciona la localizacidn geogrdfica con las bases de

datos existentes (por ejemplo, la localizacifn geogréfica se puede,
“‘ralacionar-con-los*archivos-de-incidencias-de pol1cfa, archivos de- j

- . pnh1ac16n escotar, etc );-la geografia es_el comin denominador que *
*_ puede 1igar virtualmente-todos los datos. Los archivos del depar- . .
- tamento de policia contienen-informacidn,acerca.de- dbonde .y CUﬁﬂdD'ﬂ# ce e e e
.ocurren 1os casos. Los archives de propiedad, asf como los de per- )
_'misas.de construccidn, contienen.datos acerca.de"dénde se Jocalizan .. -
I+ las-cosas.«Los:archivossde-salud.contienensinformacidn-acerca de:- - = |
quisn.y dﬁnde;xetcrf'y se.-podrfa.continuar-1a 1ista indefinidamente— .~

o Tm =

AL

—--E1 probleme-es-cdmo.relacionar:.estos=datos=salvando-el-obstéculo que -7 — 7
representa:]a diversidad de*1imites administrativos: Todas.las, agen-. - 1
. cias<tienen-sus propics-métodos:particulares-para-registrar-su-infons- - - - . -

~ macién:-La solucién serfa-relacionar-de.alguna:manera-esta informa- -
cién, con un comin denominador (esto es, una localizacidn geogrdfica).”
“ De esta manera, se podria'recuperar toda la informacifn-pertenecien- °*
= te a-esa-locaiizacibn,.sin importar en qué base de-datos se. tenga.
Esto es,+en-esencia,=la.geocodificacién-La_geocodificacién urbana- . )
** -puedes 1ntegrar y correlacionar :1os.datos.-a través-de; los»1fmites -. . -
“administratives.de:diversas-dependeMcias, afadiendo-de esta manera,- - -
- - Trtﬂda:una;nueva"d1mensiﬁn'a1=prncesamientﬂ‘de datoss=Conzla-geoco---, o
* —-.dificacidni=muchas*dependencias-pueden-estudiar=las-bases-.de*datos~s
— extremadamente. diversificadas-de otras, relacionando=losidatos en = *
una ‘base de’datos. geogréficos comdin’obteniendo respuestas-a preguntas > T
especificas=Anteriormente, bajo condiciones -manuales,-los:complejos .
proyectos relacionados con el intercambio de datos entre diversas
dependencias, hubiera sido prohibitivamente costoso en términos de
hora- humbre, 1nc1u51ve 1mpos1b1e5

I . B - - T ” .‘..'. ,

EEQCGDIFICAEIBH URBANA'- ol ) e - ;i
- La Eeucndif1£aciﬁn urbana puede ser- ?15tﬂ ComG UA proceso en tres- :
pasos: -
" li UtiTizando mapas-se ana]fzan.1as relaciones fisicas o geogréficas -
" entre las diferentes-caracteristicas relativamente estables del
- ~ medio ambiente. iCudles.sonzlos.usos.bisicos-del suelo (por ejem-

plo, granjas, minerfa, residencial)? éCufles son las. caracteris-
ticas fisicas.del &rea-(Terreno, cuerpos de agua, tipo:de:suelo}?
éCudles”son algunos de’los rasgos de infraestructura- {presas ca-
mines)?

x



2} De puevo, usando mapas, junto con datos estadfsticos de varias
bases de datos, se determinan los patrones de-actividad genera-
dos por Tos diferentes usos del suelo. Cufles son las rutas de
trinsito colectiva, las poblaciones escolares, 1os valores de
propiedad 1ndividual?

3} Se analizan los cambios propuestos para uso del suelo, facili- -
dades o servicios que afectardn a estos patrones de act1v1dad
Por ejempio, Como se pueden redistribuir las estacicnes de
bomberos para dar proteccifn a nuevos edificios actualmente en
construccidn? ¢Eua seria el efecto de un nuevo puente o carre-
tera?. ' | - -

Estos tres pasos podrdn consumir incontables horas hombre si se hacen
manualmente; se tendria que investigar en archivos enteros de diferen
tes departamentos. Con el geoprocesamiento de Ta informacidn, una Com
putadora podria hacer toda la bisqueda y correlacidn de los datos.

VENTAJAS DE LA GECCODIFICACION

la ventaja mis grande de la geocodificacién es su potencial habilidad
para incrementar la productividad; supera Ta suma de la utilidad de
Tas aplicaciones individuales. Puede coadyuvar a mejorar la produc-
tividad operacional y de planeacidn de dependencias funcionaimente .

" independientes, y a’la eficiencia'de todo el gobierno. A través de

Ta mejor informacisn, se podraaumentar la eficiencia e inclusive,
se pedrén reasignar recurses. Esta posibilidad de reasignacién es uma
de .Tas ventajas pr1nc1pa1es del usc de estos sistemas.

Ya que la Geacod{ficacién Urbana utiliza Tas bases de datos existen-
tes, se podria perfeccionar 1a calidad total de 135 bases de datos
1nd1vidua]es. de 1a5 siguientes maneras: -

- Se podria eliminar la duplicacidn de una gran cantidad de datos,
porgue todos les identificadores geogrdficos serfan mantenidos
en la base de datos geugraficns y no en Tos archivos de datos -
aperacionales,

- Se podrfan estandarizar los 1dentif1cadnres geugraficns usados
por tados Tos archivos de datos.

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

- Se pud;ia reducir el trabajo tedioso de codificacidén de identi-
ficadnres pnrticu]ares en las transacciones.

Cuando Jos funcionarios puedan evaluar exaciamente las facilidades

y servicios pibTicos requeridos por el desarrollo y puedan comparar
estas demandas con los servicios y facilidades disponibles, enteonces
existird una base vilida para tomar decisiones. Se podrfan consolidar




* . facilmente los datos de diferentes dependencias para formar una
base general para toma de decisiones. For ejemplo, la mayorfa de los
estados requieren de un informe del impacto del medic ambiente para
“un mejor desarrolle.” Esto puede ser un requisito complejo que involu--
¢ra datos de muchas-dependencias independientes entre sf. iéComo s5& - -

. afectard el'medio ambiente? ilas facilidades existentes (escuelas,
agua; ete.) serin capaces de soportar la carga adicional, o se ten-’

. ‘drdn que aumentar?. las respuestas a estas preguntas requieren de 1a

.-
wh v oM

"interrelacifin-de-una- gran-varfedad-de datos locales y ésta-es-otra---; .
Lo ventaja del” prncesam1entu geogrdfico - :la de ser-capaz de integrar d
. datos a través de 1Tmite5 Jurisdiccionales y func1una1es o
PR A it
‘La 1ntegrac1ﬁn y correlacién de la 1nformac16n a ‘través de 1fneas - AP
funcionales, "puede .mejorar :las. s1gu:entes ireas de pu1Tt1ca guberna— e
mental y toma.de decisiones:=. ~ . ' - B T
- - " Asignacifn.de-recursosT: . - .
- '_ .Ubicacién®de-facilidades™ - _ . e 2 LT mriem T
L " Uso-del-suelp-:- - - e T . e T
= a “-Anflisis-de'mercados - - . - ’ ~

T,

- # Traba;ns de 1ngenier1a re]ac1unad¢s can- 1os. puntos anter1ures
£ -
.. Todas estas act1v1dades son.esenciales para 1z planeacidn de un mejor
desarrol o . Todas=las-fases del-desarrollo podrfan ser cuidadosamente
-~ ~.estudiadas-por=losiplanificadoress~utilizando-un=sistemade:procesa-1
~ miento: gengr5f1cn.unrmtantn.ese podrian:trazar.vastas.redes ‘de cami-
nos,.cafierTasiy 1fneas.de-enerqfa.parazlastnecesidades:fptimas:presen--:

.-~ tes-y futuras.~Se:podrian.localizar.eficientemente -las-estaciones de--

"poticia“y-bomberos; asi-como otras-oficinas municipales.:Se- podrfan—
-+ *“locatizar hidrantes:para cases.de-incendio con objetc de’dar.daimejor’. -
prntecc1ﬁn posiblera casas'y oficinas: Se.localizarian<convenientemente .-~
~-escuelas'y tiendas. Las -1fneas de‘transporte-colectivo.prodrian‘ser--~% -
construidas donde mds se necesitaran. 5i se hiciera manuzlmente, cada

proyecto representaria un engrme trabajo en términos de tiempo, dinero

y recursos humanos, .S$in embarge, un sistema de informacién urbano, po- .

_+ dria correlacionar-todos los datas necesartus para apuyar decisinnes y=-
~politicas. de 1mpurtanc1a- e T S R

- _= - — ‘_._-_.-: - -
- - -

-
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CAPITMLO TII.-

PRESENTACION GENERAL OEL SISTEMA .

'In sistema de informacidn urbana con geocodificacidn’ puede pensarse

come una herramientz cuyo valor depende completamente de Ja habilidad
y experiencia del usuario. El1 sistema capacita al usuario para agre-

_gar y desplegar rdpidamente datos gecgrificos. Proporciona informa-

cifn para ayudar a los directfvas y administradores a tomar decisio-
nes efectivas El sistema no toma las dec1sinnes per sf mismo.

‘Los cunceptus bssicos de la geocudificaC1ﬁn pueden 1lustrarse mejor a

través de un ejemplo: Evaluar el impacto de aplazar Ta construccidn de
un sistema de alcantarillade, en'un drea donde el crecimiento excede a
Tos servicios; en otras palabras, las facilidades de alcantarillado -
actuales no pueden satisfacer un crecimiento adicional. Un retraso -
serfa una de las posibles opciones para enfrentarse al problema, hasta
que se pudieran construir facilidades adicionales gue abarataran el
costo total del pruyectﬂ

La gengrafia del Erea 58 representa como una serie de mapas scbrepues-
tos, -

1.- E1 primerp (Figura 1) muestra ‘1a geograffa fisica relacionada de
un drea hipotética de planeacidn; el rio, los-arroyos, y Sus cuencas -
de drenaje asociadas, Las 1fneas punteadas representan los 1imites de
las cuencas. E]l significado de las cuencas de drenaje es que cadz una
gs;é servida por una soTa red de alcantarillado, con una Capacidad -
ada

2.- La segunda sobrepuesta {(Ffgura 2} muestra Tas facilidades fisicas
¢ de infraestructura. En este ejemple, se muestra la red de carreteras,
Otras sobrepuestas podrian mostrar escuelas, tiendas, &reas recreati-
vas, etc,

B k -

3.- la tercera subrePuesta (Figura 3) muestra los 1im1tes pdliticos
del Srea. En este ejemplo, zonificacién de distritos?{comercial rodea- -
da por residencias, rodeada por agricultura). Otras sobrepuestas po-
drTan 1nvn1ucrar red de caminus, TTmites de parceTas, ete,

4,- la siguiente sobrepuesta (Figura 4) muestra les limites adminis-
trativos. En este ejemplo, se muestran las zonas escolares, pero tam-
bién se podrian usar distritos de bomberos, distritos electorales, etc,
En esta etapa, el mapa muestra la fisonomfa fisfca, factlidades de -
infraestructura, 1imites polfticos y Vimites administrativos. Con esta’
descripcidn bisica'de Tas relaciones f¥sicas y geugraf{cas, se& podria
hacer manualmente un anéIisis EIEmEntal
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SOBREAMIESTA DE CBAAS DE INFRAESTRUSTUAR
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SOEREPUESTA DE LMWLTES POLITICOS

Frgura 3,



SCEREFPUESTA DE LQS LIMITES ACMNISTRATIVOS

Figura 4,



Llevando el problema un paso mds adelante, esta geografia puede rela-
cignarse £on otros archivos de datos, como archivos de permisos de
construccidn, archivos de casos de incendio, policiaces, etoc., para
lograr un andlisis mds preciso de la situvacidn.. Para este problema en
particular, se saca del archivo de predios, una lista de predios va-
cantes. Los predios vacantes se relacionan con las cuencas de drenaje
y limites de zona y se hace un proyecto del potencial de construccidn.
E1 nimero y tipo de construcciones propuestas llevan a un proyecto
preciso de la capacidad potencial de alcantarillado requerida para
cada cuenca de drepaje. E1 impacto del retraso del alcantariilade se
podrd calcular con precisidn.

(Un andlisis diferente podria ser el impacto sebre la inscripcidn es-
colar proyectada, utilizando 1imites de zonas escolares en lugar de
los limites de cuencas de drenaje].

tanualmente esta aplicacidn, podria consumir varios cientos de horas-
hombre. .Muchas dependiencias hacen andlisis de este tipo, tnicamente
para problemas de rutina, y no estén relacionados con provectos espe-
ciales, Lste procedimiento completo, y muchos otros semejantes, pueden
automatizarse utilizando un sistema de informacibn geogrdfica urbana.

la figura 5 meestra un modelo simple de un sistema de procesamiento

geografice. Los mapas alimantados al sistema son Jos sobrepuesios ya
mencionados. Las caracteristicas fisicas, obras de infraestructura,

1imites politicos y &reas administrativas. El1 procesador geogréfico

conbina estas entradas para producir reportes o mapas gque apoyen al

procese de toma de decisionas.

L LI -1 IO T i
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Figure 5 MODELO SMPLE LE UN SISTENA DE BFORMACION URBANS
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CAPITULD IV.-

DESCRIPCIOH DEL STSTEMA

Un sistema de geoprocesamiento se puede dividir en tres fases distin-
tas: Construccidn/Mantenimiento, Seleccifn y Proceso {ver figura 6).

CONSTRUCCTION /MARTENTMIERTO. -

Lla construccidn/mantenimiento, tiene l1a funcifn de construir, editar
y actuzlizar el archivo geogrdfico urbano(AGU). Este AGU es una des-
cripcidn digitalizada de la geografia de un drea especifica, junte
con sus Indices asociados (incluyvendo el nimero de calle ¥/o parceia).
El AGY es un modelo de computacidn de un drea geogrdfica, casi del
mismno modo gque un mapa es un modelo gréfico,

DIGITALIZAR un mapa es pener los datos en una forma legible de micuina,
con 10 cual se ¢rea un archivo de proucesamienio de datos del mrapa. Es-
to se legra asignando coordenadas X, Y, a Tos puntos predeterminados
en el mapa. Por ejemplo, se les pondrian coordenadas X, Y a Jas inter-
secciones de calles, asi como a otros rasgos, como Iocalizaciones de
hidrantes para incendips, cementerics, puentes y carretcras. Entonces
se le da un nombre a cada uno de estos puntos. Esta lista de nombres
forma el indice de calles que se asocia a el AGU y se puede considerar
como un "diccionario de datos". Lada nombre muestra Ja informacicén -
disponible para cada punto y dénde se puede encontrar esa informacidn
en la base de datos.

SELECCION, 12 Seleccidn busca datos apropiados en el archive geografico
urbano, y 1os correlaciona con 105 archivos de datos existentes {aepar-
tamento de policia, consejo de planeacidn, asesoria, etc.) Por ejempic,. "
en el AGU se puede correlacionar un inventaric de carreteras. un archi- .
vo de Escuelas primarias, y una base de datos de parce1as, para analizar
los sitios adecuados para construir una nueva escueld..Lla correlacidn se
realiza hacicendo coingidir los identificadores de 1oca1izacién que apare
cen ¢n el AGU y en Tas bases de datos operacionales.

PROCESD, el Proceso organiza Tos ‘datos en el formato deseado y despliega
el resultado. ta produccecitn puede ser grifica {mapas}), alfanumérica (ta
bulacidn estadistica o de terminal interactiva). Esta produccidn se pue-
de hacer en impresoras, graficadores, terminales remotas, ¢ terminales
graficas de vectores. El modelo se puede manejar en tiempo real.

Los mapas se pueden producir en una impFesora de 1ineas, un graficador ¢
un tubo de rayos catddicos (pantalla de video).

Para el piblico se pueden hacer mapas con graficadores de alta calidad,
mientras que para otros mapas que no necesitan ser tan reflnadas se -
puede usar 1mpre50ras electrostdticas.

E1 procesc puede contener un modelo para preguntas: de "qué pasaria si”.
Por ejemplo:




-.  E1 models de andlisis de trafico evalia el nivel adicional de
trifico resultante de un nuevo conjunto comercial en el lugar.
Se usa un modeio interactivo por medio de una terminal., dornde
se pueden faciimente anadir, suprimir o cambiar datos. {iQué
pasaria si se construyeran 13 tiendas en lugar de 8?7 éCuil se-
ria el impacte?).

- El modelo de contaminacidn del aire computa las concentraciones
de contaminantes gaseosos {hidrocarbonos, monfxidos de carbono,
etc.), que resultan de los equipos mdviles y estacionarios que
contaminan el ambiente. {ZQué pasaria si hubiera 400 automdyi-

les e? lugar de 507 iCudles serian los niveles de contamina-
cign?). .

- El modelo de ordenamiento territorial mide el impacto de nueves
fraccionamientos sobre los servicios piblices, escuelas, faci-
lidades recreativas, de salubridad y facilidades de proyeccion
conlra incendies, etc. {EQufé pasaria si 5e constuyeran habita-
ciones para 15 familias adicionales? ¢Cudl seria el impacto?].

Estos tres modelos utilizan un archivo geogrdfico urbano gue se corre
lacionan con las bases de datns para un sisterd inieractivo gue po-
sibilita a lgs administradores y planificadores resolver ios probie-
mas actuales y asecgurar 1as necesidzdes futuras. Se puede zfadir, cam
biar o suprimir cuaiquiera de las partes de l1a informacidén por medio
de una terminal, ¥ e] programa se puede volver a correr para las -
determinacignes del G1timo minuto,
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CAPITULO V.-

MANEJO DE LA BASE DE DATOS

E1 Sistema de Informacién Geogrdfica Urbana correlaciona los datos
de 1as}hase5 institucionales, con el archivo geogrdfico urbano {fi-
gura ?

Los archives geogréficos urbanos se pueden construir en cuatre ni-
veles de complejidad; explicito, estadistico, de 1fmites, y de in-
genieria. A medida que se procede desde el bdsico hasta el mds com
plejo, se pueden manejar una variedad mayor de aplicaciones: tam-
bi#én se incrementa el costo y los reguerimientos de mantenimiento
del sistema.

ET-nivel de complejidad explicito, es el acceso badsico al procesa-
miento geogréfico (figura 8). Fn este nivel, cada registro de datos
contiene ¢l geocddigo. Por ejemplo, el distrito de bomberes esta
contenido en cada reporte de incidencia de incendigs: o la cuenca
de drenaje estd contenida en cada registro de predio. Con este ni-
vel, se puede hacer, un procesamiento geogréfico simple, sin el au-
xilio de un sistema de computacion especial. Empero, existen ios
siguientes inconvenientes:

1.- MNo es posible cruzar la informacidn de diferentes 1imites fun-
cionales, a menos que todas las bases de datos estén geocodi-
ficadas.

2.- E$ virtuaimente imposible actualizar los archivos geograficos
cuando se cambian los limites administrativos por una nueva -
zonificacidn, divisidn, etc.

3.- Las preguntas de "nué pasaria si". no pueden ser econdmicas
porque las fronteras geogrdficas propucstas no estan en el
archivo. Por cstas razones, 1 nivel de complejidad oxplici-
to no 5e utiliza tan ampliamente en logs sistemas de procesa-
miento geogréfico.

ENFOQUE MULTIDISCIPLINARIG

A las tres distintas fases de un sistema determinade de informacidn
urbana (Construccidn/Mantenimiento, Seleccion y Procesc) se les pue-
de denominar el enfoque multidisciplinario. Existen tres niveles de
complejidad. (en realidad existen cuatro, pero no sé incluye el nivel
explictto por su simplicidad) per Tocalizacién [direcciones y geo-
codificacidn simple), por 1fmites {administrativos, politicos o de-
bidos a la malla urbana) y el de facilidades, que defieren entre 57,
principalmente en el n1vel de deta11es geograficos en les arcnivos

_geogrdficos urbanos.
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El nivel de localizacién simple resuelve la ubicacidn de
acontecimientos en dreas geogrdficas (por ejemplo, en el

“distrito de bomberos 14 ocurrid un incendio en Ave. Taxque

fia 181, o en el &rea de planeacidén 5 ocurrid una subdivi-
sifin del predio 10-1-24). Responde a la cuestifn bdsica:
“(En qué areas geogrdficas ocurrieron los hechos?.

Tiene la posibiiidad de producir reportes estadisticos gque
sirven para el andlisis o respuestas interactivas para una
accifn inmediata. Este nivel también puede apoyar la pro-
duccidn de mapas de incidencia o de densidad.

E1 de 1¥mites resuelve la geometria de tos acontecimientos,
en otras palabras, las intersecciones actuales de los peli-
gonos. [(Por ejemplo, en la figura 9. iQué porcidn de qué
predic cruzard exactamente el ftrazo propuesio para una nueva
calle o carreiera?.) E1 nivel estadistico Tistaria solarente
los predios afectados. E1 sistema de limites da una respues-
ta geomitrica mis que un sumario estadistico. Este nivel se-
ria (til para el valuador catastral; por ejemplo, podria
pedirse contribucidn especial a todos los predios a 50 metros
de una nueva avenida?. Se podrian preparar planos catastrales,
para aquellos predios que estén incluidos, aungue sea par-
cialirente. )

El nivel de facilidades (o Ingenieria) resuelve los detalles
a nivel de ingenieria {por ejemplo, porporciona trazos de
ingenieria sin requerir de un levantamiento preliminar).

Ver figura 10.

Todos estos niveles se pueden usar en el Enfogque Multidisciplinario,:
¥ son compatibles en nivel ascendente. Cada nivel mas alto permite
una rejor visién, pero es mds complejo, y por consiguiente mds cos-
toso en su construccidn y mantenimiento. Generalmente es més pric-
tico empezar con gl nivel de direccicnes {localizacidn) y mds tarde
extenderse hacia arriba de acuerdo con las demendas que se presenten.
E1l Enfoque Multidisciplinario apoya ias aplicaciones en tiempo real,
COmo ;us despachos de emergencia, asy como las aplicacicnes de pla-
neacidn.



ARCHIVQ GEQGRAFICD URBAKO/CODIFICACION DUAL INDEPEHDIENTE PARA MAPAS
URBAKDS. -

Ya son varios los paises que han implementadoc un sistema de informa-
cion paraz dreas urbanas cuyas caracteristicas principales son:

Una reticula de canevd en proyeccidn cdnica de Lambert pa%a
el caso de Sueccia, sirve de base a 1a incorporacifn de in-
formacidn en la base de datos {FRIS}.

En Canadd 12 Unidad Bisica de Informacidn estd constituida
por elementos lineaies representado un costo del blogue de
manzana (G.R.D.S.R.} y en el caso de Tos pafses escandina-
vos (NIMS) E.U.A. (DIME} y Francia {R.G.U.) la Unidad Bisica
5 €] segmento vial limitado per dos nedos © cruceros.

La Oficina de Levantamientop Censal de E.U.A. ha creado un archivo geo-
grifico urbano para las dreas metropolitanas mds grandes del pais.

" £stos archivos se utilizardn para el Censo de 1980 y algunos del Censo

de 1970, ya estan disponibles. Ver figura 11, 5in embargo, algo mis
importante es que estos archivos (AGU/CDINMU) tienen los datos bdsices
para apoyar un sistema de procesamiento geogrdfice en el nivel de io-
calizacidn, La existencia de un archivo AGU/CDIMU para un drea cn par-
ticular, puede reducir bastante el tiempo y gastos necesarios para
construir un sistemz de procesamiento geggrafico.

Los usuarios de estos sistemas serdn incontablies y ayudaran a enrigue-
cer las bases de informacidn de datos urbanos multidisciplinarios gue
existan. .



CAPITULD ¥I.-

DESARROLLO DEL SISTEHA

E1 desarrollo de un sistema de informacidn urbana es una empresa com-
pleja. Es absolutamente osencial un apoyo a nivel directivo. Ya que

€1 procesamiento geogriafico cruza los limites funcionales, debe exis-
tir un apoyc a alto mivel, para cuando las decisiones crucen estos 11-
mi tes.

Se debe organizar un .grupo con representantes de las dependencias que
vayan a usar el sistems. Estos representantes participarian en la pla-
neacidn de todo el sistema, con objeto de asegurar la satisfaccicn
expedita de las necesidades y requerimientps de todas ellas. Se debe
consultar a los usuzrios potenciales durante el disefio del sistema,
con ¢l fin de conocer si aceptardn el producte terminado.

Eﬁte grupo de representantes de cada drea debe llevar a cabo un es-
tudio de lo siguiente:

- Aplicaciones especificas deseadas para cada dependencia {(in-
cluyendo los beneficios potenciales).

- Bases de datos disponibles ¥ las gue se tendrdn que construir
para apoyar las aplicaciones de cada unidad.

- La investigacidn y la transferencia de cddigos o técn1cas de
potencial aplicacidn al sistema.

- Las recursos disponibles tanto locales, estatales o federales.

Entonces se procode a la elaboracidn de un plan de implementacidn
basado en las aplicaciones requeridas por cada drea y los recursos
disponibles. Se podrian afadir al sistema las capacidades y apli-
caciones, de manera moduiar, estableciendo un programa de imple-
nentac1nn



CAPITULD VII.-

JUSTIFICACION ECONQMICA

E1 valor real de un sistema de informacidn urbana, se debe medir en
términos del aumento de productividad en-todas sus aplicaciones.

Se puede aralizar la productividad desde tres puntos de vista:

}1.- Reduccidn de costos.- Eliminacidn de .algin desembolso de capi-
tal en el futuro: (Por ejemplo, evitar la construccidn de una
nueva estacidn de bomberos, porgue el equipo actual y los re-
cursos humanos se aprovechen mis eficientemente).

2.~ Redistribucidn de costos, recursos humanos, o equipo.- A través
de una asignacidn mds eficiente.

3.- Valor agregado.- Resultado de las posibilidades adicionales -
que antes eran muy costosas o muy dificiles de reatizar. La po-
s5ibilidad de establecer una regionalizacidn nueva cae en osta
categoria; frecuentemente, los requerimientos federales y esta-
tales demandan informes sobre el impacto en el medio ambienie
para nuevos proyectos, y é€stos pueden ser muy complejos. lLas
horas-hombre empleadas en la 1nvest1gaC1on manual, podria ser
astrondmicas. '

APLICACIONES POTENCTALES OEL PROCESAMIENTD GEUGﬁﬂFIEﬂ

En toda administracidn municipal existen aplicaciones del procesamiento
geografico. Cnnt1nuanente se hacen algunas aplicaciones (como despachos
de emergencia de bomberos o policia). Otras. como la regicnalizacién se
hacen s8lo ocasionaimente como una funcidn de la planeacibén. Todavia -
otras, como las inspecciones y permisos de construccidn, se hacen ruti-
nariamente. A continuacidn se presenta una lista de las aplicaciones
potenciales del sistema de inforracion urbana para pobisciones de -
106,000 habitantes en adelante. Ho pretende ser completa, dnicamente
indicativa.

1.~ PDespache de policfa.- Despacho de recursos policiacos basados en
la asignacidn geogrdfica y 1a historia local.

2.- Despacho de bomberas.- Despacho de recursos de proteccifn contra
incendios, basado en la lecalizacidn geogrdfica. condiciones 10-
cates, y la historia del case.

3.- Zonificacidn escolar.- Planeacién de la utilizacidn {ptima de las
facilidades educacionales, basada en la geografia de la poblacidn
escalar.

4.- Transporte escolar.- Planeacidn de las rutas de autobuses mds efi-
cientes, basada en la poblacidén escolar y la localizacidn,



10.

11.

12.
13.
14,
15.
16.
17.
18.

19.

t

Planeacidn urbana.- Andlisis del impacto de las decisiones urba-
nas sobre todas las dependencias del gobierne local.

Planeacidn de transporte.- Planeacidn del transporte colectivo
mas eficiente, modificando las rutas y destinos de los transpor-
res ailimentadores. )

Recreacidn.- Localizacidn de las mejores dreas recreativas, basa-
da en la locaiizacién geogrdfica de los sitios y usuarios,

Andlisis de delincuencia.- Asistencia en 1a delimitacidn de areas
de alta incidencia de deliios para optimizar 1a proteccidn poli-
ciaca.

Cuidado de parques piblicos.- Planeacidn del cuidado de zonas -
vordes dentro de la ciudad, basada en la localizacidn «do estas
Zanas.

Colecta de basura.- Planeacifn de rutas, basada en la'geografia
del uso del suelo.

Impacto en el medio ambiente.- Andlisis del impacto de las urba-
nizacianes propuestas, sobre la ecologia y las dependencias mu-
nicipales. -

Listas de empadronamiento.- Produccidn de listas de electores por
drea geografica.

Luca1i£aciﬁn de servicios pablicos.- flaneacién de reparaciones
¥ nuevas construcciones de lineas eléctricas, telefdnicas, de
agua potable, alcantarillado, etc.

Usa del Sﬁe1a.- Mantenimiento de archivos exactos de uso del suelo.
Monitores del crecimiento.- Andlisis continug de los cambios de
localidad, basado en los andlisis geograficos de licencias y per-
misos de construccidn.

Inspecciones de construccidn.~ Planeacifn de programas de inspec-
cibn, basada en la distribucién geografica de permisos y licencias.

Mapas base para Catastro Urbano.- Determinacidn de los impuestos
prediaies.

¥Yaluaciones especiales.- Asistencia en el trazo de areas candi-
datas a impuestos especiales.

Mapa base (Ingenieria}.- Mantenimiento de mapas de ingenieria
exactos para eliminar la ne¢esidad de estudios preiiminares.



No todas las aplicaciones se usardn en todas 1as organizaciones; de
cualguier modo cada aplicacidn sirve para, por 1o menos, dos depen-
dencias. Cada aplicacion tiene un cierto potencial de productividad.
La suma total de la productividad justificard un sistema de informa-
cidn geogrdfica urbana como el que se plantea.



CAPITULOD ¥III.-

CONCLUSION

La implementacibn de un sistema de informacidn geoarafica urbana
vpuede dar muy buenos resultados para los gobiernos estatales y -
locales, Como'con la implementacidn de cualguier sistema compu-
‘tarizado sofisticado, se necesita un apoyo corp1eto ¥ -una gran
conlianza par parte de los altos niveles gubernamentales. La
geocodificacidén integra informacidn a través de limites funcionaies
(dependencias) y Jjurisdiccienaies {politicos): el procesamiento
geogrdfico no puede justificarse en base a una sola dependancia.
Par tanto, la construccifin, mantenimicnto y uso del sistora, re-
quiercn de la cospleta cunperaciﬁn ¥ compromiso de todos los fun-
cionarios, ademas del ceordinador del proyecto. 58lo entonces se
pueden obtener los recursps necesarios para tener éxito, facilida-
des, dinrerg y personal. Se debe consultar al funcionaric de nivel
mds alto durante todas las fases de la p1aneac1ﬁn e instalacidn de
la base de datos del sistema geograflcn urbano. )
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AN APPROACH TO . -
INTEGRATED INFORMATION
SYSTEMS FOR -PLANNING ... - -

by: Kenneth]. Dueker Ty

Girector, Center ke Urban Shudben . . T
School of Urban Affairs . . T
FPoctland Scate Univerpity . » C o, Y . . -
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" - INTRGDUCTION TO URBAN INFORMATION - . -
SYSTEMS ' ot
Reywmrssby for * An. integrated information system lor urban and regional )
wrban ':'m“ planning nxuires a data base that can describv the urban

gystem an abtract lerms and rom which data pertaining to
Flanning issues can be automatically selected aod analyzed.
These requircenents and others muist be addressed when ap-
plying inlormation sysiems terhnology to urban planning.
This article surveys conceptual, rallonal, and incremental
miodel designs that ane uged for urban and regicnal planning.
Using the rational mode! for planning and decision making,
the article describes Lhe conceptualization and siratificalion of
Idata requirements by level of gevernment and by the size and
nummber af areal unils. This articlke also discusses the use of
information systems for urban and regional planning, de-
scribing and analyzing data requirements for differeni types
- of informalion syslems. Finally, a methodalogy for conduct-
ing the planning process and designing urban and regional
information systems is also outlined,
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. . TYPESOF INFORMATION SYSTEMS. , ~ , * . -~

- Anurhan informaltion sysiem is a special type of geographic,
infurmatin system; i dala basa consisis of obscrvatians on *
populalion, sircet segments, land parcels, slalislical or jurls- ~
dictlonal areas, ransaciions, and evenls. This data is then
' used for planning and management activitien that are, for the

masl part, nonroutine, 1
The chements of an information system can be described In
1 term <f four subsystema (see Figuee 1): . .
«  Management Subsysiem — This subsystem is made up
of the ozganization, stalf, and procedures and rules for

. delermining the direction of one or more of the olher

three subsyslems’ The managemeni subsystem Is
' . '+ largely noncomputerized: ataff and procedures are
oo aviailable 1a facilllale access to the data base and cther ' .
* subsystems. The ataff's major function is-to tranalaie -
- user questions regarding retrieval queries and analysis
. v tasks, . -

‘ . oo, Data Processing Subsystern = This subsystem handles

) ) . dala sequisition, Inpol, storage, and retrieval by means
«, of 5 seguence of operations wilizing varous automated
and nonautomated procedures. The data base (Ihe ma-
lar element of an information syster) and the varous
dala capture processes that generate the dala base are
found in this subsysiem, '
*  Dala Analysis Subsystem — This subsystern handies
, such data manipulations as sumemarization, statislical
«vanalyses, or modeling. Thls subsystem also prepares
daia for qutput in various furms. The dats analysis sub-
’ - . syslem enables selective retrieval of dats so that data " .
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Figure 1. Informaiion System Subsysiems -
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: analyscs ran be perfurmed. These z2nalyses range fram i - menl [by measuring such variablen as housing units) shauld
- . the lurmatting ol selected data in report form @ the ) It : ' . bwestablished., ¥ . . s
-y sophisticaled modeling of urban sysiems using vanous ; ii{' L . By munutering urban change, small-area data regarding the
« 7. poliey opiong and map oulput o depict the spatial inci- L Lo currenl slabus of urban activities is always available, The mon-
. duence of policy r:fl’c-ﬂs._ . i, ! LT IJ s . o . . itndny funclion can occur in variws lime cyeles {e.g.. annu-
i « " Infaemation Use Subsystern — This auh:-;}-_ﬂgm EAIVEE a5 a .I s '-_ o ally, semiannuatly, monihly, or dailyl. In general. in arder o
e the user's detision-making sysiem where the informa- B ) maintain the current siatus of urban aciivities, urban lrapsac-
- v, . ton is brought 1o bear on & particular 'p;rohle_m. Al- . tions shoull be recorded and labulated a3 they oeeur. 7
‘ . though the information use subsysiem pﬂlprfm non- i - . - T Lo i .
' computerized  activities,. it is sl considered a2 ot . |1t DATA REQUIREMENTS FOR URBAN AND REGIONAL |
s - subsystem. - | TR § PO gt PLANKING | .. .t ;o
*  Informalion sysiems should consist of at kasl a dala pro- T . . A : The Tt
ressing subsysiem and a4 management subsystem; however, : 1 . . Fxhn;mlb:-gu Dala requirements for urban and segional plarrmng depend
. todate, few Information systems have paid much atientiun to gt Lri:.n n:::'f::;i on the type of data e g.. sorioeronomic, phyi:a:_; or |'m:||p—f
a separate management function. The inclusicon of part ot all - ! b : I“'l ! celyl, thu type and number u_f ﬂ“."?l unils, and the l}'pr; o
. ~ of the data analysis subsystem varies considirably, depend-- e L accounl {e.y. curreal status, histurical dita, ur flaws beiy “"'.r:
AT - ing on the goals and objeclives of the infurmation system. . ) I - . ACIs), I).:t:: fequirements alsu d_l.'].wlnd vn how The data W:ll
* “Allhough the information use subsystom generally is enternal i be wsed, Bume data is wsed *:'xclu,-uwty by Plnnners while _
- ' 1o the iniermalion system, il should be considered ag an inte-  * . T alher d-llll I'.?-H. . Land ownership reconls) is used by PI"_‘““";
- *. , Exal partof ihe ystem. g . R ' t - and adminisiralors. Several lacines should be considere
. N A ! _— when determining dala rquiremenis: daty volume, diller-
. - Urban Information Systeens' i . :I . o : . enoes butween -uhar-:a-;._-‘l-.!ld supply and demand relalion-
. ' . I '; ‘- r :I S Sh'F‘-T?“"“" lactprs are dnsc:ssed in the following sections.

o« Ui inpsmation - = An urban system is made up of phy_mul, social, and eco- ) . . Data Volume, ﬁ.c rmast imporlanl l.:::lp'r lur determining
pﬁ',“rmﬂ!“.mﬂ-l’:  nomx sul:q.jrlslrmi:. An urhan |!1fnrmalmn syslem prcw‘idgs_a. T B * infurmation syslems sequirements is data valume, In plan-
sl rovim i + means lor discerning chanpes in ]lhelu_rb.m system ly moni- ., P :" ning, dats vulume is 2 function of the spatial and attnbute
subsysiesns - mm_-.g {?}. sl:"f“ of l} \ese Ph.}'w'."‘: ’ ?un.‘:l_. a”fl T"F“'?“C. pro- . . - resclulion of the data, The divisien of a study negion inls fw
ro. .. cesses. Toperfara this monitoring funclion, data from maps, .o 5 (luss thon 100) subwreas is considered coarse-grained or low

surveys, and admlnlnstralwe.mcurd-kn?pmg Wy sleme REve as 3 spatial resulution. Law spatial renclution systems are needed
. 'd_lla.l input Iulurb.m Ll\_Eurmalu_nn sj!.rstemsl. ftan uzban infurma- R forr planning at all levels of povernmen and arv casily accom:
. . bion sysiem i3 lo hf, used primarily for intra-urban area sur- T . maodated by manual syslems ar convenlionsl compuler sys-
T - veiltance and planning, the system musl be linked to localor - [ 7} tems. On the alher hand, high spatial resolution systems are
i

metropolitan record-keeping [unttions,

. LR LR e dirtailbed planning and managemenl, such as
. Infermatcuwsdi | Urban and regional planners and managers have bad a n d for marc detatled p B 5

- : g nalural resource analysis, land parce] systems, and streel seg-
mﬁ " ; Yang-standing and, f-:.'I-r the most part, wnmct nn-d oz 5_rn_a]|- g - et based systnms.YSi.ncc tht“.'l::i}'itf}r;ﬁ require high spatial
T e ' :err:llel::;t;a?; El"?lturl:‘rti:ginfln:nphg“;FTI[;:::L::\ml!;Ln“;:T}; 1I resclulion dala, spectalized hardwaie and scltware are also
. e n . S . . ) E
- _i manager is currenl infurmalion o the demand [I::r, and sup- '. ] n:qum-.d bar dli‘ullrzmg amii _m.lpp:nj.; gmfraphlc data ,
- ply of, facilitivs and services. Allhough, in the past,' supply .« i . - m[[;}wm{-g Melween Subareas. At a1l lewels of governs
' and dumatud data by trallic zones and census tracts has been I " menl, jurisdictivns analyze differences between subareas
N u:u:fu], EKP‘."riL‘nEL‘ ]'l..l!. Pru\ffl‘l [hﬂt bﬂ!h‘." lapb uEe d-.]ll. i-’,- Dﬂfﬂ 4 _ andfu.r ||.“I.'|i.'-|“1." rll".'illll-l'ct‘!l [Th] 5I.I.bq',|[l."ﬂ$. Fl.ll' E\n'l.l"l'lpt'l..", IhE‘ [E-d'
. aggregaled in several ways (e.g.. schoal and police districta); _51’ gral guvesnment Is concemed with statesand funclional areas

therefore, 4 smaller observatipnal entily, such 43 a city block

- . R t that make up the eauntry. On the other hand, cily govern-
. " or block lace, can provide maore desirable “l.’:l.bb!-llt}".‘.. et ' . muents are concerned with neighborhoods and aclivity nodes
P bt cm wmd Information regarding populalion and employmeni is - i thal make up the gity. In cither case, The goweramenial unidl
] - ) - . , .
ploymen _ probably the most needed small-area dala; Iherefore, better ! needs dala on the socioeconomic and resaurce slalus of its
= accouniing melhods lor population and empleyment changes I l subunils. The number of subareas in any jurisdiction vsually
S = + should be devived. For example, an elaborate record-keeping rangea from 10w 1000, Too few subareas make Comparisons
. + syslem of & system for estimating population and employ- *la 1o general; 160 many Mahe comparisens tod complex, !
) : o L} - | -
! * £ ] 1 J l . i /:_\ |
iyl Ill{T . - [LIL] LT ] )
- - ) 1I - : I
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SUPPY and Lemand Relalwnships, There are ZOvernmen-
tal planning functions that require detailed data relating not
to program planning or resource allocation guestions be-
tween subareas, but to project planning or specific supply snd
demand relationships for specific sites. Analyses of site puit.
ability for development, stream water quality, and the condi-
tion of streel and highway networks require site specific and
link specific data, and, onsequently, an information system
whose units of observatian are sites, links, or other enlities
under study. For example, when planning a public transpor-
tation aystem, data on ridership and transit vehicles s needed

- a5 well a3 socdloeconomic data for the population by subareas

of the cily. Al this more detailed leve] of planning, Lhe data
base for planning is often drawn from, or is the same &y, the
dala base used in the pperationsor management phases of the
information system For example, Lhe highway network data

and land uwnership records used in planning are obiained

from the operaling agencics using the same data for dally
adminisiration of thase activities. Natural resources pPlanners
inlegrale computenzed map daka far land capability and suit-
ability analyses. Natural resourees managers utilize 1he same
data, prehaps al 2 difierent resolution, ior farest or wildlife
management. - '

Anclher category of data for pla noing insample survey dara
Lhat can be based on iransit riders, oCCupants of housing, or
users of recreation or health facilities. The numberof phserya-
tions far these kinds of data usually ranges from 100 to 10,000,
To perform analyses with such data volumrs réquires 1 gen-
eral-purpose computer and: genesally available atatlstical
packages. 1

ﬁni]yzin; Chala Bequirements
Tatle 1 illustrates data requirements sralified by level of
government, At each levyl of government there is a need for
subarea data and sample survey data. Similarly, a1 each Tevei
there is a need to handle detailed data for smull spatial en-
lities, such #3 land awnerships, small homogeneous nalural
rEsCUMNES reglons (sometimes represented in srid form), and
highway, streel, siream, and rall networks .
Specifically, Table 1 itusirates, by fevel of government, the

kinds af areal units for which planners at 1hal level hrpically |

need data for allocative or locationsl planning and the arder of
magnitude estimate of the number of areal units, The syslem
user column indicates the users af the data. It ia im portant to
note that planning agenciescan aflord to kee reamall data gets,
while larger data sets musi be maintained in conjunction with
operating agencies charged wilh the administration of a par-
licular function. The type of unit column denotes whether the
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Anahyzing daia in
and
g

~whether the “daia aype is predominantly socieconomic,

unil of ohservation s represented as o point, line, ararea, The )
type of account signifies whether current status of values are -,
maintained, whether historical or Hene series data bs {mpor-
tanl, and whether flows belween localions are needed. |
When current statas is impaoriant, » major data issue is & .
muchanism to update of monitor current sialus, Finally, the ¢
type of dala column specifies for each type of areal wnit, n
hysical, economic, nr property-oriented. T
i 'I}Ih»r data rl.'quimmwﬁs ::aly:is described in Table 1 does
nol allempt 1o siratify planning by scctor, but dli!in;uishﬁ
between allocation (program} and locationa! (propect) plan-
ning and spans soc boccunomic data [eonstituting (he demnand .
side Tur public facilithes and services) and natural resources » d
and physical landwape data (conslituting 1I.I'{'II.IIIIOI‘L$ on the
lucation or supply of public facililivs and services).

Tabie 1 also implics the capability to analyze separately
colfected data in 1erms of supply and demand. For rlmmple. .
planners :na[fzing acress o emergency healih care in terms * 5
uof the lecation of hoaplials whh emergeney TooIms ard aenbu-
lanwe wervice 35 compared to where people Tive and !\'h:u're
acondents are Hkely 1o occur, requine age-siratified papulation
data and tralfic and industrial sevidienl dats that is geocoded
le o1ty bkocks. Thiy dala serves as demand points jor emer-
gency health care services. In thiy instance, supply dala con-
sisly of lucations of existing hospitals and ambulances and
their care and response capabilities. Travel times between
pointa of supply apd demand are also needed to dﬂtmupe

+

adequacy of spaiial sccess 10 health care, -

-
Ivld pItH
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What is missing in Table 1 is the need for s-amplé';urvé}r
data in planning. Individuals, households, and firme are ofs
. ten sueveyed with respeel tu planning problems. When the
» tesubls are stratified by localion {or areal unit), 1he data is
converted to Current slalus values for small areas and is then
Ireated as soxkeconumic dala for areal units in the same way
#5 sadipeconomic data from secondary sources. g .
In sumnary, the list of dald requirements for plannih'g i

i iy lerge lustrated in Table 1 identifies problems wilh respect to com-

-’

Shepw initnpfuwd in

he sytirang
. wpprouch 1

planning

r

- [

» puter processing for both small and Liege volumes of daja, *
Although the small data sets du nol require computerizatian,

. their manipulation can be [aciliated by covaling computer-
files. The large-volume data bets roquine specialized hardware
+ and software configurations, including digilizers, plotters,
¥ high resolution cathode-ray ubes (CRTS), disk and tape stor.
age, and, must impartant, suflware 10 process geographic

. data. Large data voluries dedved from sample surveys als

constitule a probiea in that location iscoded tola TREr ArEas tu
. avoid sampi vardabibty problemy, Because location miash be
coded to larger areas, staliatical programe Ihat are generally
availabl: at university computer cenlers and large planning '
agency compuler cenlers can be utilized. - .

S r e Ay

- - ‘. T L TR 1
THE URBAN AND REGIONAL PLANNING FROCESS
- . ST .
) * . LT rlrT o
_LJrI:un and regioral planning ia hased, in Ea'ri, on thl e'valu.‘
atian of alternalives, a prrocess thar requires considerable dagg

and information systemis support, The term “support” de- ,
I

‘u . ¥

fines the infurmalion system as a means for establishing @
leundation (o1 lhe planning process., iy, o '
» Traditionally, the planning process used in urban and re-
gional planniny has been conducted scientifically using a sys-
lems approach. This approach involves a sequence of steps:

Defining the prablem LA W
= Dwhermining objeclives Y - ' i} U
* Invenling alternative solutions * + *- b
.= Ewvaluating allernaljves e 1
* Selrcling lhe best aliernative , * -+ - 4

L]

LR

lmplementing the system ae phan
*  Mgenileniag the resulis .

need lo be assessed: ., ! ‘ N v 1
=, Purpose — ideals, goals, abjectives and standards’
¢ * Measure al performance — efficiency, etieciiveness,
. and impacts 4
« Components - mhvurces dnd manpower

v

© . * Environment — cunstraints and assumptions v
* Clients — individualy or groups for whom planning is
* . conducted v By

. r
gy ¥ oo ot .

. discussed in he lolowing section. . M

When evalualing alicrmalives, Lhe following ﬁ)n&id!ﬂt'ﬂn; (.

" - 3
= H ' " R -T - L
. "4 . ™ . Py - T b
TR '1: . = PMlanners - _indjviduala reapunaible fur producing plans
4.+ Ducision makers - individuals in & posltion 10 make
L plans operational § . Y ' . 0
;,I = lmplemeniation — establishing connections belween

1 A -

planners and decision makers . |
The preceding consideralions are highly interrelated. For
- example, the client grovp influences the purpose of the plan,
. and, if they participate signilican ly in ihe peocess, they influ- -
- vnde the decisians. Meanwhile, planners allempt o0 measont
haw well an altérnative can petorm and achieve its purpase
' |

1-4. . wilh avarlabhe résources and manpowef . *
ﬂﬁw'ﬂd: Yci, the systems approach has severe limilations and is
~oon oot probdem .y asolied successlufly, especially in leng-range plannin
- ;ﬁ:ﬂ: oo whl'l?:: lﬁf system is oprn¥enm and the puhrpusf of the pI;E
e L i~ genetal and Vaguely identified. Even il the assumption tha)
'.}_: a7 Tetr informalion leads to better deciyion making is accepled, .
"« s . planning, particularly the long-range planning of an urban
S syslem, is fraught with meagurement :nd rsumalion prob-
LB lems. .o | R
Seovndary mpuct Lung-range planning should incorporate the ability to fore-
Py f‘?'._“# cast conlitionally; it presumes melthodokogy suitable for anal-
P‘l:"i"l - ysis of secondary impacts and Rr-eeaching consequences.
e Unlurunately, 4 methodology for estimating and [orecasling
L long-Lasling, pervasive, secondaty impacts is nol well devel-
. uped, Yel il is these secondary impacts that are the most im- |
Fa portant in the long ran. ! ) -
v The eHects of secondary impacts are elien cumulative, hav-

it a minor eifec in the short run and being difticult 1o detect
amdd mwasure (.., the vifect of thermal pulhion on the focd
“¢hain ur the effcot ol a gas 1ax). Consequemly, existng plan-
 ning pricedunes tend to ignare the sluw cumulative ellecis of |
i secondary impacs resulling from established or projected
plans and policies, _ o i . o
- Tlanning Lakes place within this diflikull cantext. The ambi-
tion and comprehensiveness of urban and regional planning .
in 1he 19605 bas bevn replaced by pulicy analyses thal rely |
more heavily Dn aspatial econamic models, This Iunﬂlil:n.i.i

A g 1 ' * -4
Using Informalion Systems for Comprehe naive Land

Use/T ransportation Planning oo
1 . :
Lamd - The large-scale. comprehensive land use/transportation

useltramiporlaton 1y dieg conducied in the 19605 and carly 1970s illusirate the
siudics of e 19608, R . S ST -, =
inturmalion system inpals used lor lung-range planning. For 4

:ﬁﬁﬁ.m transportation planning, the emphasis of these Biudics was
- demand an modeling ravel demand.' Consequently, processing and
P sgRregeling massive amounts of orlgine and desiination-
related data was required u:; provide input 1o tnp gencration,

. P b

I . :

] — r
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Neved jer an
imprared lin oy
prucess

islribbamivn, aod aesipgmment saalelss Fls, a Majur cancern
wars il willy gy b fen il isen syabeis b vl data proe-
cessing ] b reguine et far o deling:.

Wb warging: oo branigsort alivn planing, sysdems, mode-
legs vonapboimes ] alweet thae Jaw B oot ok aand thae fack of cmpin-
cal Fl‘h'ii‘l'l‘*hjpﬁ botwen Bvpathietiv ol ceasal relavien=hipa
froge o Ihe elfell of ansportatiog investarents on e eoo-
Aemic groavlly of A reeiind A the samee one, Jata aad infoe-
mation sy iem poophe decriead the s ol Jdisection from ma-
delers anul innbeguate spaecificatiogs ol dakl requirconents,
This comoei i was paitly atteilailabde to fie nne-shol eaturne of
(rans s Lalivny planningg ab tlat Lo, The meoded psebentation
anch the vinphasis oo the transpottatios plan as the provduset
made B R popTidde W Ly 10 Construcl an information Byge
Lot s o ol The prosducts of the urban transpoctalion plan-
ML Prens

Conflict Between bl Use and Transpantation Planning

Lanil e Plasness Wit pasr COURITY con=ins bo the Irans.
perrtaticnn planning prawcess i weie solerated by of ire
refutabihe doguaenis b nansperiadivndLamd wee inteerclated -
ELL T l?-lll}:ht and vorsiramed withinn e el i'lnhti.',',]l
provess, bind v pluvsers wien coubl nat deliver o their
plans designed to stem wiban spravwl. Thus, a majur queslion
duriirg o T and early B9700 woas s bt ioer b g ITAnspre-
talins planating fo sbie desived Lol oee arrangements or
wlhwthe e ratvspon Latiom plansing slow 1d servee Jand wse under
the assurmplivn (hat L wee coeld not e conteollegd !

Yol wsa plinineees, w b did e enadertaed al the iime chat
Linad wir ks onby mand o allecale ropeion teals B smalt
ARCEE, WSt cnrmsens ey aned resetinees in ooflecting
and Processing Ll el et very itk ol whivh was used
in thwe lraspariation |‘|.'I-1\1I1t=1|.: LTt F%;nﬁl.ul}, 1he Cormne
muniy Benwe sl IMlans (01T 6f this eeaconsumed enormous
Ams ol pesoninoes i pracessing Limd pracvel Waa that
Pk o ba- eatenlially wacless iz achaal planming.

Reevaluating the Ilanning Process

roew 1 herpation systems bechology Tus encelrdpged 1he

e tupient af an- e sesler-dd s planning environ-
e nt with e data Fegiitermrnds, i an arliche written by
Prof. Dauglass B, Lee (University of livea] Tacthe Departouent
of Trarsportatian, Lae argues thatl die 1echnical side of the
planning provess has npt hept pace wib the aeeds of the
palitical side and that the environmental Gopadl staleaent
« process vollects and displays volumes of data, bul with no
norsative Basis for usiog the sialement. Lee alsa argues for

e e e L o b

»

Seaiesof Lalaam s
Ay sheukd by
detanivd and
rimpatimt

Syshemaln sytems
drsign b dfnuls i
whuTr

Iiecreanenlal
apprroach fo
Eykicms deaspe

imarreeecd CoEmunicatien ametys planaing preolessibils, re-
seaechees, ool pulicyisbers, .11l|u-||-rrl|1 “rome induemnatien 1%
malan ianligaed poosd, and my serve inslesd lemaddle or
distrnd Tren bl enain dssane .o, aid dnodeguate of pouely
prescnied indvemation is eairemeely frusiating.©?

Aomdpor preblem encoostebed in designing infotmation
syt ko] i planing analyses involves e vonsistiney
and detabiol scales obdata and aualysiag AlLough these seales
stinatld e consistent and detailed, i practice they are incon-
setenl arnl Coarer in wwale. A Fone hevel of delail is more
appropriale or most analyses than planoers ane capable of
acctnnplishinge Investmgplin sl aema dataaconuars, man-
ually derveslamd monipaliled, are prolably none advisable
than Larges Dles ol detaded data that are inconsislent with the
Rinds ol analyoes wnclezlaben.

Comprehensive b wseftmanspartation planning ithas-
trates e diflioully invealved inestablishin g camcise objeclivey
fue Pl e fermation systems, | e planniog process sl
is cunstanlly shiling and, given the complesity anddor con-
vy in the rlinruny; decison, thye seale ol aﬂ.;‘l]}'ﬁ.i"i 15 sub-
jeer e omstderable delute and change, Thus, the desigo of
hemution syslems for planning eanrat by considered a
welbrsiruehened process, Becawse of imprecioae dala reguine-
meents and anbigusus cbjectives, the design of information
syslems for planning is more af an arl than a sdence.

URBAN AND RECHENAL INTORMATION 5¥YSTEMS
DESIGN . .

Ao previowsly sated, information sysiems desipn requires
O Sysbermalic prsvess censistiog of proklem d_t"ﬁhilinn, anal-
1uis ub wnisiing sysbeps, avaluatnm vl alteenalive designe,
ared sysbeny I.1L‘I.'L'|:|.|1|11|'|:1| aocd doplepwentatinn, fno practio,
shalenbie desion i dilficull o achivve, partivuliriy when
prossing prollems and pechoolisgical gaps esisl, o when
there are ponrly apegifiod purgssas and when poorly unders
sluend proeovesses ane medloud.

At prapmalic, Daiemental apprach e infoemataon
sy sledms diipning |.rlt'w'..'ll-:ﬂ.'llﬂ'rli.l'i!; Jrariial syateria Iroemn “pu-
vitic applications, methodolgy  Jdevelopmenis,  program
revds, amd devomuenls inoresperise o hardware aoquisie
thort By negesiny, the flnerenta approach is vnipiined by
iy plrning agenches in developing infennaticn systems
buecause progecy funeing gaps amd acguisition of new hard-
ware hove precludied & more comprehensive design strategy,
1fa comprebunnive desipn approach is not possibie becaase of
resourcy limeitatipas and an Enabi[tty w funceptuakise the
whale systewr, an incremental and evolutionary design pro-
oLy Iy APPrOpTale.
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Conmporlurnsive versus T remenlal Syslems Dosign

l’.'nmp;--lu-rmw insburnnpion systems dbeipn s intended to
bre flewabder b g ralioed; losveser, thae Beve pment histo-
pivn oof s ln sy dlemins are oflen irusdrated by inatitatiomal and
by hsical proddienm, The system olge e s ane oftes osverly
ambitions, aond tase and budpel oseniaes v oor, particulady
whon eost anad limee eelimates are defalerately optimisiic in
apder e addtivve rondiog soppad. Yo, partiab and narow
syalvitrs disdpn plgeclives are zol a viree, Broad elasees of
appheations sl e develeped, wed sl principles of data
b g et s e fodlow ed, Doermen Lad systesns de-
sigin valling for mad ular sortware and dvar astructure del-
it st e ket el

Ehesputes somne of the probleens associsted with the incre-

mcalal apperos by itoffers great Besiluhiy, So-lack af specific-
iy o paarpaear i dala rginements lofoes systems desis-
ners W acepd corhiin givens, wath respeat o infurmation
sysdens s ldoes, Syedonys desinees mst Lelpy to narmow the
Clasives s 1Ll feasible sysbenndesipr v Dedescioped e
faliowing lnives can ke helprul sy stens designs

v LanpHsiee e provess — Tl e appreaedn [ e uses
G impresang the elfivieney uf a it Ldae funrlivo og
opverativn, This approach s cwemplioned by the ciforts ol
the Lirhon Information Sysiems Lpleragency Commiltee
JUSALY, a foderal MmO ) pikit municipal infurma-
Lo vy steins develnpment projects desdgned evpiessly
for salmeyquent Braosder o allwrcitios,

v Emphasive ool develipient = Hoe qosl development
approacle deals will developiog a copaimdily by handle a
Ve of |1r|.|.l1||~n'|1i. This BT ALIRTY i s resresenbed b:.r
gevnling eflarts, patticulagly w Deal Ddeperadenlt
Sage Pocadang ¢0EMEY progieam, | Lee BIME approach
sulved ypreneri decisiops Tepand ing classes or problems
b b il re s Ty thee developaed g sbern,

»  Imphasize speafic apphoatiens sbheveiopment — The
appln atwns alevelopment approu b deals with a partic-
wlae prolsdemoot analysis, Tvpueal af this fiaws s the de-
seloprrwenl of fransporkation platng sostems thal sup-
penLirifr peneealion, daleloien and mede cheice, Jamd
wae, i Iras Ddemand fesecasting, mandels, This highly

Capesiabized waecartenled syslem aeproach lacks e
tnes Lk would vicourape the develeprient of nwre
genwal applicatinns, B alsa Licks Leatires that coceuc-
apy e development of applicatione i arcas for which
different data, colleciod te Jiflerent umits (e, Census),
are tvded.

Consequently, information sysiems responding lo one or

the gulwr of these approachves will diifer vonsiderably, The
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Probleneaeaviaied  torus O ricitation of vach approach ercales dificient Iy pes

of problems Tor esamphe, the USAC program encsusiened
{ailures in subsystens developmest and in teansderabslity ca-
rabilities. DIME has vvolved 25 a syslon that Lacks COmpe
Renstveness from the viewpsind od integrated systet goals
and laces tewibility for specific planning aecds, Tl syaiems
approach assciated with iransporlation planning is too spe-
cladlerd Ton e widely uscrul in urban and regionad nanage-
mwenlband planning.

FINAL SUCCESTIONS FOR INFOHEMATION 5YSTEMS
DESICK

The scope and diversily of arban apd regiomal planning
make i iffinall e peedsely state all data requirements, An
added coniplicalion is the general lack of bnowledge and un-
derstanding reparding urban systom operations. laan urban
siesdeniy, Hhe v aal ok, dts o] of detail, and the data vol-
unne sl be tdentfied, -

The detail of planiing far which information systems
sup el is needed determines e spatial aoad alieilasie res- -
vlirway o dala, Tnformation systems design secks W pros
vide a high degoee of corres pundence between e detail of
yuvestinns o analyses amd the resululion of data desciibing
the urhan sysicem.

Inremental designs of information sy sieis for planning
are deemed awcessary Lo ke abreast of the tast-changing
planning process. Syaiems designers, however, szl he
Al ler it dedates dnd aptions regardiag, systems deaign,
eren e il mans pishing the descdepment ol an ideal, come-
proechonsive systen, The main soncern should e fur a
wetsrhalte syatem hok mldresses curtentand pressing prob-
lvrs, while maintaining the capakbility te address wiher
probhems of the sope Iy pe ur oloss.
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V5o papei by HOnry 7 B5an 600Rva, * Tramporiaton Sriems Planng ot bn
ArMuem o oo kirban Land Ued,” st sobdtguent nansorg] of g e b
leagrants Famem and Douglas Carrgdl on T Syaemees of Lrbare Trampiarts o,
PetHibeg by I dgiconsbit e Man | scluress Associalignan 162
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Inireduclion tn Plinning Systems

PLANNING INFORMATION
SYSTEMS: FUNCTIONAL
APPROACHES, EVOLUTION,
AND PITFALLS

by:  Eudpar B Viewvod, Pofeaser of Civil Frgincedrg ond Urban Mlanning
Dur bz, Urbae Uata Uy e T
Uriversty of S ashingion, Sealike

Tiarnnnig o cavewd
Aul il a

CINNRS frameward

NTORMATHIN S35110M 54 ND URIASN AND
RLCIONAL T LANKING TUNCTIONS

Urhan sl vegicnal planning is condis e within a variely
al urgaizationad framewmbain the various enitics of state
and bwal goverment as well g within mwtropaalilan o7 re-
givnaal Planming beadien The size of the variss cruitics, Iheir
wadivn within e setopotitan couaphe, a0 their O pwartn-
nutics L chosipon, gmaviosiog, o st ise acguie infoeema-
thip sy stertis s Biphly varialdde,

Praleral, state, hal, and tewly g erme of meno-
it posernaneng ala PRy diferen fules invelfecting and
surveying daka relating do e planaing oection, o addigjon,
tho parbvale s or alee conttriluches nformsats o lcal plan-
ning Jata bases. T his comPdes seheme af organicationg and
at sobnpes wakees i odifficult ta Peing 1ha subjeet af com-
Pulers in vl governmend erban and repienal planning int
Fcias withaowd a unifying theme involving the phussephy of
Flanning iteell. Without a usifying theme there s a tendency
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i Ll dack ve 3 dliession of compuling lechninues that re-
Lule vov ianapeertainnd Tt Jiessdte of 1 ks sy J s compuler graphics,
Frimn T s 4ape prowcessings, OF remide st rininyg. Coms
paatses I Lowat Cometmnncnt; Urbar and Boginal Maaming will
deal with s bty gim,,

This art ke abeads Brenidly with the role of fnlirmation and
infarrialion spalears i 4w plinming [resess, To Lhis opd
Maalion My essis's 1950 duseic ek, Building e Mididle-
Rarige deridpne lon Comprolensive Planning.™' | rvides an ex-
eelionl framewis b Joe Jinking the sulyect of urban and re-
gival bnformation systens with melropolitan and Jecal
plazining T identifies five genvric plasning lunclions as ful-
kpwen

© Coentralinlellgende function — Tu failive markel op-
cratms [or honasing, comumye, indusiry, and vlhee
CHTTMUITHY oy livilivs theeugh the regular issuance of
Aarket analyais .

o Pileoetabing fam i = Too alert the CmL LNy
thesrigih spiticleely or oflner periodic asports to daager
sig i Bl b G adise i, B e onmic chaiipes, popirlas
beorn muveniegite, ariad vatheer aliifts

= Pobay clarilicgion fupctiin = Ta Il frame and repu-
larly revise desvehgunent ubjectives of hacal roverimmend

* Dtiled devel panent plan funetion — Lo phawe spe-
vifie private apud public programs as part uf a G -
Pearsi v siurse ol ag tinn covering not more than 1y sars

= Feadluagk and review funetion — To analyre through
carclul rescan h the conapjuences of pragram and pro;-
CEACIYII g 3 padude Lol e action

-

Cenlral lntelligrace Funglian

The ceantralinlelligence oo o seguines aswembling infor-
malany bt a varicty ol Jala files that ane Toand both within
amd cnarside ol the: !:\I,ulninp. emlity dtsaclt, I G, g Ly
mutapediba Area mo singhe cpiny amild ccasomically assem-
bhe the gueanlity and rage of data bearig v ilvis Tusc tien
bevania ol Hhe satiber of esternalilios inoae sy ur ea-
armple AL pebabively sy dor aog one unil o povernment o
ey s ary dada Frooy b owoa buibding permit opera-
b, Bub i fsaguidialif T b for it Dgimge st es 1 rban Bogion
heasing skl data, sl ge real vsbate sitlos indopmation,
that hasa Beanng o Usown bonsing stock, This fask neguires
Bati B aseeiably of eelevant inlernal data bases and the
e dedyme ofesiennal data ian will Base a dlipect bearing on
Lhe actvidies imporianl o Lhe planning eanly.

Tl mivst nutewir Ly enlernally collecied data is the consus
data, Al holbgh eaternally assernbled, 3 subsel of the census
data perldining to the plinning enlity itself can be developed,
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wsdally by census tacls, s bhiwis, and aensis block
proups. damilarly, sunumary sabbbes of saaernally enllected
st o be et led wivere thee Jata s obtain-
ablc i autonabd form, CHler sowees e caacally collecled
ehtla i hishe wonnamaercial Dok, lemding snstaluations, scho

districts, ol arilicy Jestric s e cenpanive, Dypical somroes of

depatiinend -

indersally colleciod data include buildng,
conds, pelue abepariient crime b, and aifiec gognts. The
central intelligence innctian shonkd des ehog: the logic fur com-
hining and analyring vadables fan the internal and eslernal
filys, .

Lo the prrcegudnimation era e ventral Do Ehgenoe planning
function was, anad for thal imaller slilb s, carmed vn Ty the
assenbdly of Bard-copy matenal, nlegration of the varions
data bases was 2 Ul astal pros oss pecformed with the
aid af @ stapeber, sliche cale, amd mwechanicad codoobetenr . Funmats
anc delmitnns of the data bases were Hawed weithin the con-
e of cach peporting syshm,

Automated dasa processing bt nuade the ok of combining
vatinlbos o ditleiend Dhes canicer, but 1w tash of sean hing
anat fifvs ] .'|tll.1alir|?; Hlare b [hmes Jaabs poronsoen o |r|!.}1||_'1. a%
e data hase Bas Borgeored, Plasners 1wy owved from
band-prodineed sainplivity wemahine-prodoced . eomphesity,

Tha: skl oy whanuled of thoee conecomed with the ovptral
inlelbgence Tuliom inclode Booad howch-dge of the indor-
matien 1y teally cluded uemgaipal Bles, densos s, and
ullwer el ||'i.ﬂ|.1. drveloped s i nts of e i, some
general hoosledie ol data base manageime g sysbeins; a
koo ke o peoceding and geoprocessmg: aad, alw e al,
i epreralinaal nwtlunds Lo promnle miegeetion uf both inlee
mal aenl enlernal Gk coenomicaliv, Wishoasl such shills and
b own Jeddye, the centeab ubetligenoe funclion will not be gost-
effediree amd will be scbgect ta the whims of badgel curtail-
mmwenl. . '

Fulae-Taking Tenclion

This Do tiven fenplies e rhing o manazetsent = the ity

AU UF K OL, Counissiiners, winol o policy and
phananmyg boande — Iu incipient s hanges, Ircuble spols. or
danger g In dine aleenge of this luncinen (e m.-!.-il.jb!}'
will b pedia y developmen? unides isis, According 1 Mey or-
som, U padsilabing functisn sdwuld beoancagly warning
apslemt loalert the adhiminiziration amd prooide sallivient ime
for advanee policy sludy, clarification, aod developmen

Whiie seme may argue that pulicy is not barn until crisis ap-
pears, the ratiwnat model of information use sugesis al beast
an effor at pulse Laking.
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Eindibe the conteal indellizence Tum tin, which is desipraed
e prrodude infonmation “Tor wlwen it may conoer™ either in
thw kwal pubidie or private seclor, The prilsetaking funclion
mivel sles s anoeliog Lwithin the plaaaog eotay 10 project
arnl fepevasl evnlvang camditions, Fuog e, wiil o |1|1ul-i|=pII
rentlal councd develsp beeaose of a biph eale ol comeorsion
Fronaraparimwent Bsildigs o condomininens?

The puiwcdabiog probe may be initiaied by data bruowsing

williout Joawakestpa ut irnp('ndl.nu problens. Tis probw abs
mat b initialed by by patleses apising out ol edernal cvents.
An cvanaple o Hhe bidder consdiion weoudd e an assumed rota-
Fiersfrip BSetweeen Tocal housing stars and the changing s
e o= Teran e gy Ly, .

Pty brovesmy; vapabilitivs have Toen sulstantially ad-
A By inberc v computing, parlicdbirdy wohen assisied
by video pespases amd conversatopal mede access lo data
bune s throigh cothier siden or printer terminats. For evample,
tor any partiular alata ase, the statistival parameiers on any

variakte can b e rueced by meane ol s Sdatistical T kaga dar
N Secial Buiemges {417 J‘_!*';] wr MINIT AL querics o cone
descirpsives eilaer van yicld e madmiume and masinom
valtnss uf the cariallde, D mwean walue, e standaed devia-
bonts, Abe varianwe, kuefusds, and other statistioal valwes,
Fro these values the abserver can aopuine & hnav bedpe uf
thar e ress ol e disd ribuslion of valoes of Ay varable, or
combunations of variabhey il a compule ounmand s -
duned,

Hecowsing squery is particlaly uselul if the geogzapliy ol s
data bBase is kneewn, siach as e WS, Bueean of the Copaus
Reepnapliy or o file o docally cuansiie bed spatial polygons
(e we relaningy toose Rosl alleadaonee areask Under These cirs
cwmeLanges, e Syonagraphic Mapping {50 Systemadis.
tnbubed By the Flarvacd Labwzalory for Computer Graphics
arid Byuatial Andlpsisaar e Charoplenls Map (CMAT rouling
s etoped For il LS Biereau ol the Cersus may e used
Wil Bt coondnny Womaapracie el s e variables of
inlerest i e daga e, 1 e dora |1.1-4.'4.L||1l.1|n5 sptial ideps
fitweas soch as sipect adeliesses oe ceenlinades altained Eroem
l-.‘-"-’]-"“*“-“-"h nrahgiliving, vither chister analysis ar puini-
i palypon felricval s o porionge,

T cluster analysis g iclds spatial slativics, including con-
Huid, stnndard circle, standard ellipae, wind e caivotatag of
e pajerr dand minoe ases, thus allswing statistival compari-
st belaoeen e usbers uf pas spatiily idenlified sacialdes.
The puantsinspalygen relricval pernuls dala SUmmar cation
by any polygon ve sl of polygons superimpased spatially
owr the data seb. Fur prample, census $racts may be repres
wriied 25 spatial pulygons if the venices are digitized be ob-

dpLbgy. -



Toderew 11w ehirin
Bt it g d5 0
it oy ol
Pyrvasen]
Pareming

il sl 3

Fdrchoinry and
Miyling pardw
LSNP

mt‘:::::nhg
Jumitwus

Cainn thsir cowmdinnates, The prointein-pulyvpzon summardsalion
s Id haeen D dsead b alloate 3 prointsof theadata sel fo the
gt dacts il ey veide,

Tobile, bateravtive data Liowesing is s1ill evoti dor ksl
povernmuendal planoing applications | he lebd s still wedded
lo Lalody mede vomapuating: interaclive LOTLPIL i used o
manly in operatioaal mattees earber than in horning Miagrs.
Twwn comsthting s will change s atuation, Eirﬁl, inlerachnve
dala brovesing i o copunan m Lo s ersilive amd will
Fitter s baner Jowal pasvermanemi as trained preadyarivnals
cllecn e feeBaedogy Tnansder, Secomd, e advent af seunom-
wal e e s poermnits alimesd gy CRHFPESERG, Pubsen
la uperate inleraclively with sele ted Jdaa bases,

Thre Prlicy Clarification Funciion

This fue linn kgicaily shondd preade the develupment of
detailed plan making. The meed for oy charilieath o may
arisa Ao s F"lll‘-t‘-l.}killj‘. Tsrisg Bt g oy sty e antics
ipabed esveats ur chimatalegion |l Cadicy vlarilica-
e itopics b evobintion el policy altemaliees, The Llpdy of
the i bs ol prolcy alternatives, the woeigling of e prlivy
againsl the others, and the ullimate seloctan e [obicy,

An infusmation svatem can be wsed i poliey arification,
anmd tothee extent that of ran PR At o s tetpuine o per-
feam ol iy egeratiuns wauafly woalving the apploation
wbalgurithoe or nmndels, Porcsaniple, gssamne bt i UL
g ciey e o B nimndser e peve nlirnciden s iesehich
Fire erpudpent bas respoaded teealle for service wallin a
reastabile lie, yed consishenaldle property has been st ol
wy allermatives costs ot be stindiod . The palicy que o b
b A ted ez Dot moeh ilimes 38 eyt 5 previde e Prolec-
then s v ¢ williin 16, 13, on 10 mtes ot an cimerpency walfl?

Let us also assume that in e precediog lippetbetical sty
e ds v aiifomnated stoced stk il tacfindiangy acddress
ranyes, vilhee e LS. Borcan o0 the O ensos Dl () al-
brdepesdent Sap Bnvecliogd Sl e one simzilar o e 7 By dine
Ipival task i then Grstudy deployaoent of The vouiprwin and
AP E Wil peard b exisling stadame andd the sirees ner-
woarkh, s that all properey is watlin the evtabhished tiene Bmits.
Tu accomplish this, a tre-Dwabding alvorithm or formula is
nevded tha automatically computes the distance of an ad-
dress Tronm Ma nearest Noe seevioe cenler.

Dedailed Mevelopment Plan Fupeinn

Planning agencics” unicue respensitility is technical plan
peeparalion, Spedific developmwent pluns characteristically
e with physical prow 1h oz change of the particular plan-
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ning juisdivtion, whethor wis the dly, nein politan arca, or
s Ll urpesae sl

e deslomment plas functio, whethers deals witly -
bl e s patialontests, nvaziably represents the sclecion
o one (e many) aliermalive, and berin lics the impuor-
tares oof the computer in nol anly vaparmbing these allerna-
Uivas, bulin expediting the preparation of malerials for seru-
ting avdd decison-maiing by Ik local decisivi-inakers and
Lhiar pou Il '

T dutaded dovefupien Plan Twoetion raditionally has
connrerioed wath The annassig of mapipsd infinmaliun al g
CLHTLITIR sl repiresessliog Lepusaraphy, googaphy, demay-
raltly, and the carrest indicdors of sondal, ouoBonic, trans-
oty amwd uther activitios, This is follomeed by an anafyiical
pianmng poscess involving superposing lansparent averta ¥5
of the various mappwed pheocaena over a base A 1 shoy
spatially hevas cacl mapped variable rolalés b e ollurs, I
[{ETENTTS L'rr.‘l}' .'u'ml:..-'.':i"-,. Hnllllh’ and .'H|U]‘-|_~ wveaidel ey are imadica-
Bt by wore e, vonend b s classilications by her
wulirs ar spazluds, o the wadivn of L-.,'nn".rrni{ ACEIU s by
sl sther shaddes o syntbwls Based onthis vaeelay infiirma-
tinn, a sheleh planning stage fotlow s same Tutuee de-ired -
phy=wal arcangennl cinerges from the Application of lard
vwe planning prrnciphes e the mass of information in the
sivarlay sy steen. ALThe mud, only a few albemale s homes can
becreareidin chis naduional, sveilay planning analy sis pri-

L'k

spatial analysis using e nempaier can hy-pass much of
e limeavunsiinig propanddien waork in Lhe Taadijional pro-
cess Computersproduscd suaps can pefledd e wariows iofoce
tatien bavers previggsdy drawn by land in the vueilay sy s
lemt, and the compuies can combine variabbos thal simulate -
e restafis ol Eles D oty sy tem. The ansogint o analyti-
cal inlmadiog that can by Bbrowshit 4 bear on e detailed
develeopmend o Tam iy con Jue increased Iy moay veders
vfarapnede. Aol nw e analylical inluemativen tmay
nnake decisii-making Ay casier, it slaaeld aadad disoensions
il warpe Dritherter impuseille amd assarre considyration of 4
greatler range of varjabbes.

Amoverbny sysem view s Ihe vanablies rumpechensivelyin
3 spatial comteat, bat it dinss i respond 10 anolber type ulf
pemnning analy sis vecd, e guery. The answer g GUSTY Ay
aid e designing a soluliva kanet very speciiiv progeanimalic
ciiteria, For enample, in nwst s1ates bogal imprvement Jige
Priv s b welaad o teromed slreed [rontimprovesienes fe.g | pay-
g water supply, and sewers] cannot be indiated of 1he value
wb the dmprovements are greater than the paeessed value of
the propenty, or some mauliplier therool, Assuming certain
extunates of the propeny frontage costs of such imprave-
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e, e e e ey s beceimess st 1w fuggdion s of
atl vy Bt b e en perie ter whens 2ssessed valwdtion is
Al least X dofars per it kengLh of bBlock penkicter, This ind
ol query can be caend ol casily 5 the asseamemt file is
autinaded and 2 govecding system is available 1o Jisplay
lofon & imnags,

Fredluack and Keview Munetion

Climing the foupoin 1w phinning poocess Hrough feedack
amd vesivw has Beer thie iaesd s purlant aeivsiog element of
bwal and regiveial plassin g, systvios. Broaee of the many
prh‘dlr sn hr decis s thal imp]rnwn:_ wir Ll i il‘llph‘mfr‘ll,
acdpdesd plaes, resnesing the ctficacy uf The Jo Laoled Jeveksp-
muenl phios i a limely iannes bas been didicuit,

Ao evampne, anedas b Hue gily anay sies uy oo the com-
rrohenae plan as predomdiately singhe mansly weidences;
Py, 1 Bl sapmmaer bbb Hhene eieay Bes g i ulingede oF mi-
cOmlug I g s ed Fonkgy variaives gt if s epenn posed
ot tle phan mapy, weouhd B loses that a sulbatantrally dittereat
physhoal ervicenment webially esiste T vk, segent Juedg-
imwesls pephered by conrls deline “cmrpoobonsane plan® as
e what is o0 the comprebensive plan map. but wlat really
eawerpes fnn Lhe |.l.1}'-l|l-||.'! v adrsisistratioect of e [Man,

The wnaly<is sevpuinedd t keep alueast of days baeday admin-
iseative clanges mapacting the plae can enly e pedlurmed
claiently Ty wsing geopomessing syslims bat gpwrate on
avsenatnenl revueds, urmy adendinist ration recoeds, bunlding
deparhaent permil peoends, amd ether inguts Hatean discose
conulitiobm Hhal champe over lime.

Phw e plapnang 1% a Delene-vricobsd activaty, There is a
windeney for planoers o avoid soch guesgiems s what weal
g wea b e eurienl ],"'I.'Il]‘ aned 1 h:l,' didaf Hﬂ'l-ﬁ? Rela-
ey il atlention has been develed oo 1lis quueslion in
tiban planning cirches ansl i the liezato, Orgapications
|'_!-'F'".h|“"_.' hositate 4o adlocabe pesourees e feedlugk g re-

view wabh. The feedluck apd resiew foecthon % ||_1,.1_'r:..' 11,

el Tty when the dab s sy stemms con b owene easily
guativd, To be meaningiud, e leedback andd review technul-
oy musd by Build inge the planmng system vseli
EVOIUTION OF INFORMATION SYSTEMS IN URBAN
ANIFIRFCIONALILANKNING

Thedhree shapes 11 N exubtio uf the Bt ean e fintin-
plishaed Dy syatems levels rdhuer thas appbivalnons, The fiest
slagie, prre-atbonatron, provides 3 sense of 2isdory, Althaugh
faizly !n'np}'.nl.:{'almi infurmatian was produced by the Chicap_o
Area Transpartation Stady in Ihe b 39505, the technolopy
wad aclually oo Browdly wsed wpail the 19605, References 1oL,
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thorefure, ane included T e s ] gbagte, Purasdulomalion,
wo L 11 dese e e Debrsg oy Peboeeen Lwe very hepitinisng of
infornuation automalivn in the urban plaoing fehd amd the
sy wlvans that are Ivecoming upe il el inthee T390, The thind
sapie, prob-autommation, ks i name from the sense of the
warrd “pritn” as beading or protolypical. The Third stale ia-
chudes some Torecasting of e field Irom a 25 year perspee-
Ty,

Prros duloarkalion &lape: Helore 1960

Ther | 960 1narkyJ the inteoduction of the Larpe-seale use of
hgh-level vomputer programming Linguages with Englhish-
L vacabulary. Alhough demonsizated in the carly 19505
and pa indo nperatkm later in the decade, (he capanaien of
M raRing resaurses burpeooed in e 1965, Lirgely be-
warse o e proadh of academic oo pubasg Bwilities amd in-
Shaclisnal paonsraams

Bl 00, Togal and aepgiomal planeaing infonmadion was
visially dieseriptive, siemming rote on-thegreound “wind-
shicld survey™ and handconsteacts] map overlays. dap-
Fing was supporied by labulag infoomatios hand coepicd Irom
U 5 HKurcauof the Consas devennial reports and elbwer locally
i ratnd data. This laboaously comdructed and hand-
potuered wnfvrmatorn Base supported @ planming ralionaly
resting maindy on decirinaine principles, such as the su-
pothlock of Clarency vt amd the iadegral residertiol neigh-
g hwnd scieme of Chireooe Nerry, both istduliopalized in
o plannang cocabulbary OF the 1920<, With a bew nutable
cueptiogs, such g4 Dvizoit and Chicago, wheee Large-scale
rojsiinal sransporlalion sludics otiginabed, there is g quantum
heap betwren the pre- 1980 level of plinning analysis and the
cmeeging pracices of e 19805,

Fara-Aulnnation Stage: Y60 10 950

The Lerm paraeautomtalign s bsed (o deesety 4 tralviizonal
slags bepwgon e pres P amd pose- 1950 e, Sevcral indi-
proadenn theusts of infurnativm autemation with Jifferng ori-
ertations Bave dievckpued during this penod, T he dispented
nature of develepawnts during, tis peod stema parially
Frawm ko ad povermmends' relative anfamilianty with comput-
g Gonmepts for planaing analysis, i el or general local
movernment funclions as wall,

Prom an hastoricad view pannt . the firsl aod messt wipariant
e 1 hese Indepeasdent infermalion automaatam heusis is res
Latosh tu dhor advent of the wrhan acea rranspoclallen siudy,
characierized by the protoiype Detroit Arca Transporiation
Study in the late 153)s. This monumenital ¢ st re prosented a
federal-state-county lunding partnership designed 10 evalve
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A vt ensivie i i latios glan threogis the crea-
Tl o i:||.||.'|11'|'||||‘|'||‘ |1||||]i1 Iy ﬂupi!urh'd .=.IL|||:-,' l§nbim.

P anbbos feadtares pfhis ploming ciaoe daesely ok
Hae Gor of oot data baeae s et Fronen pe g e
travel stedy flossd s a samgphe Bonsehobd surves b The data
cullon ek iy v stody was wseld I3 pravicy-type conipuies-
frvnl Erans it it mmdel.

The muosd $iwoesaful outeome of these tras el stadivs, oop-
i tedd in all ol U majur U5 orban areas in (e 1508, was
the etailed doesipn od the traflic Thow cfements of (e ueban
freewny sy adeais, incduding vy ard ieder bangs confivura-
Lisvis, rm'.rﬂili“ sortivens, il nmler ol lane-, Ties sbadios
alsa furnished traffic fow expeciations withc Jolene utban
gro b, Wheee Lhese elfons fale d wdd L bl fpbierimation
sy sbenn s i nlity o produce a fimbecn e of Frwals and aclwns
b}' various ovels of governmenis Torf (ure patterns of isan
developinent and in e gk of providing a moeihecology (or
data update, The feswnn by be bratned e thal the infermalion
sysiem did poot have palifical suppint, The inforation sys-
teazars for wrhan transpacialion plannlng waere the provanee of
an ad Jun dwand of appainted officiabs who lacked political
aarllusity,

Froeen KT i|:'|r|.rl|'l'|.1li|,ut 53.-51“11% :||.".-'1.'||.l|1|:'||.|_'nt -‘I:ll'ld"l.}i.l”,
thassye ""”['.'" teadvsurrlalion oS sdvanced e atale-ulfahg-
ant by peoaducinng relatively organiaval data bases ot informa-
tiearn re L, b urban activites. They ivinluced elvoentary
data base managenenl s <deins and computer grerhics out-
Pl and inained a cadne of prolessinnaly, many of whom
ansuinedd D-adersdiip puisitisnis in dentasleatiog Hw scope of
appnlumalivs lor urban apd regponal infonnata sestems,
Thense wilents vondimue in the weork andertbabken By the boe
deralty  recepniccd Metropaditan Planning Crpasiizalions
(R i LS e tropuhitan accas.

The v st fpaertand thewst iy the poga aclomation
sbage in e grrwing use of Bhe aotenmabed produ bs ok the U5,
Burcaw of the Cenaes. The fureat basd ot conteingdated user
operations olher than il own inteemal <y stem for e use of
The: P ot of Popabation amd Hsucing summoary tapwes,
by, (el e insatialive and LU LRI il Juhn U, Beres-
fordd 10w 1a o the sl D oE e B pcaaf tee s Bandfa)
of exlernal fevees woplenics ed autimg ledd appiicalicns using
Elie TN e ~ed Bapes,

A Weird segeolicand thrusl jo the pan-aatematon <lage was
the develupaentod peogreaphical base files (O 1BFs). The work
wf Rolrert W D] amud D lugb 3, Calkins in 1964 amd 1543 a1 the
University ol Washington had derenstraled the techinical
and upecauonal feasibdity of a street address geopiocessing
syslem operading off an Jutemated GBF consistiag of uiban
street sepmenls and their address ranges, apdin ander spon-
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Jramn g
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sinsbipn ol e KBECARKongh Slalistivs Canda Tad .-
aped s autenuated addiess codiogg g foe s 1981 consas,
i reanaiens e e New [lacensboasd LS Censars Uae Sludy
Ber peivne amk bkt alleantioon e e g throug s dewy lop-
mend el e dualnde pesde it map encwdvd (T GHT sy 5.
bers in D997 T e Moew T Lasveay Census Use Study not only Laid
i fosrpadationn for 3 national systemoof urban oepion GBRF bud
il astablishesd vonsiderable Tieeatue un bk construclion pre-
codunes,  odulrens. mnl-.hmg sullware, wditing procedurcs,
and applicatises
A Feard i Lot Auernst o TR periogd weas The dyeve !np
meng ol the S WAL automated mapping, syt by Floward
T lisher and olhers, comnweciig in 1963 a0 Northiseslern
Universly sl continuing atterwands al the Harvard Coon-
putereaphics baburatory, SYMA wont estensively bevond
the distnbuative analy <is and melatively crude mapping capa-
bulitics of the ety of Washington™s ROMTRAN syslem,
and produyved o woell-docomented apd unisersally accepded
pricter prapping lechnology. The sysiom produces both con-
bt and corhemal e, ares shaded] mups ol variables pe-
prosenting dela bor atedd unils, Latee adaptivons vl the 59 RIAP
sy ntreri i b e eedimensional piclegiad outyaat {Simdy-
ted View | SIMYURL The greal advatage of the sestem is
thar at i avabalde Qe fease and is sperdiona b i compuler
centers il overthe woodd, Combined with the compuating and
anafyticat cupraluhtive of SPRS, it i a powacrful loul for the
creation of printer graphics e urban and repienal analysis,
The varly 1950 saw the addveal al oM are sy stems devel-

oped Ly buth the nongovernmenial DUALab of Arliogion,
'\'lrj.;h piar, el Hhe Consus Buseau™s DUA LR o access e 1930
Coemsus sutiary bapes. D adidition, the 1L ok Company
developed dala delvecy capabudity from ils esdensive annual
city ddirectory liles, with small area date aggregalion as
needed . Th pasltew yearshave st seen the growth of U5,
Sunimars Tape Prosessing centers ino slale agencies, on uni-
veraty campuses, and in dne prvale secler,

Pruto- Automaliun Slage: Post 1950

Thie 19808 will pocdoubl mark 2 geoeeal e ot departure
Do wrbsar planping wnleresatiion sy sioats T He past for b
Eraeinn reascs e rapidly growing asinsation ol day-lo-day
admingatralive pevords, and U advenn of copnomical micea-
cuanprilor sy sl s,

The awomated planping analysis methodulogies devel-
apwed Bar urban planning sysiems ane leading the dala base
ang data management state-ol-the-an by ai least a decade.
For caamphe, ponnd geographical base file constiuction tech-
mques arc avaidable far the develupment of geocoding sys-
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aafim gepasispme TNk i derm il Tujedls phe oo i depariments”
framunri Tutewm L Hanenieals, Bl med ona fose avalabie for 3ns-

Iyl vk cstside of that shepariivient, [agal P rRmca|
adat o b L T oemadosminy of dictuivion (o ons Jdepart-
mend b another aad coon willhm depaniments Data entities
arc nsd early ddofivued, value cosdes ane incensivien | oy Ihe
s vatiabhe Tromm i fife 0wt adddness LT
nll'nl-. ane ] sldardieed or vornplete, Plwee iacrsisten-
Cles el d il B parochind maciee wwlich data Dases are
doveleped aml thie back of dan buse managent inprut, In
Seattle, ter evample, (he cily light departiment addeess ro-
cursls are confipueed for dnpul to o balling and inteench infure
auabion manbgenwent package. They are, Junvs ver, inconsis-
= bentwathshe Buresu of the Convs” ZipCode Standardization
(S LAN] program lor gooprocessing
Thar 180 wall Ine 3 afiecade of Lata s and oata manage-
autl deselapmient for multipugpes vo, The stale that we

. ]'1.11.1: buen i ds simlar to havisg 3 hiphesened Lcomative
avaitabfie, But bew railroad tracks,

- 'IIu-.'l.-.-.mi.I.'ulquh.u'ur'mi:*wn'-mpurrr_u}'aru-mt.nul1I|.-_-ir¢'untin~
Lt P ey ot annd g bedee i vatalilily prosents now
Ly RLOEITOE in bwn] powernrient rmn]u-lin;_': Iudependent
PRl skctenns speealing e particularized appleations
will b e cotipun; e csmniple, o ovensus daa .ma[}-r.i;

. I'r..ln'f-\..'l;."_l.' urll.tld bu mweinted on s amicrm mputer with floppy
dl‘: L= and vidvo outpul to prod e oncdine cohor rraphic anal-
yuis ol v nsnis etata

Murmidipader Indepemdeni microcomputer sysleins ber anecial depart.
by i asam metal e bwe i H y ' N P
ot AL Lses van be entinely indeperdent of ceninaiioed data
depariments Frowessing, Ly passing petential timataliots of U central pro-
ressig sbslen ey, Tk of colergraphics or sraphics.
ernled fernminadd. Orihe bees syalenn, the venral LN putey
. el the 1etisle micrucom puter, can be cunmecled inoerder fo
oldain the best ol Twwin [ds.
. PITFALLE AN CAUTIONS
P fer i | [ i i
st fr Infulrmulmn .:u-l_tnn_tftlmn i urbun and regross! plinning is
E LI Imperlant and siprificanl; however, care should be taken
hyyitoms o when considerng the rolz of infarmation and infommation
Pl g © Awlemation in human interaction and govemmenial LY 51ENE.
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A nunidwer il juiints ane el Somth Bor consicheration.

o Intedmation as an hsdependenn oree of Changss — Ine
fermnativen iw oy dnchepemenl fom e of Cliongae opeeraang
oot Il beodeas ol pemiedde s, s potentiad inguad -
wals ervisiog= midn“ ae ol hoenal EHI“.I.']."-ITI.‘I.L.i-I'I.!"‘ pro-
conaes, foawer woondd s, e avalabilily wbinloonation e
ponleasders alies them foecallebge eades,

¢« The [nstitulivnalicalim uf Inbormsition Systems |-
creawes Sowial verhead — Whaether o oot aalomaled,
the ipsitutonalicaliom o indurmalion >yslems oealcs
new  roles, oew inleracdiins amwng orpantealiconal
Parls, new umer 1:\|'u.1.l.1ll'mls, and now anertia ol both
persatal amd organidalinal fenure, These costs can
vverrw helin e cost of aulomalisan ilsell

= Infunmatien Sysfeiis Lead I Chrpasizational Chang -
IFat ail =uceesslol, the iastibogoeabizalionof inliamiatim
syabem redefines toles amd relatiomships, and changies
Lhe vegzanisalicenal shavn luee (o U deteirment of sorme
and advanlage of el There ae s significant wo-
cipuliical impacis a3 venseguence, in adadiben, the
spaa vl conlaud of offivials and Jdediskon makers nay
¢,

o Aafnemation Sysiems Tead o Make [heeision-Making

. Ao Ihfficult — Inforoadsen dowes ol Teadd do Dedter o
vasivr degisivimabing, Again, if relalively successtul,
infermaation systems tend o inlmoduce more varialdes,
mare unpas s, naene Gk and balances, and more ope-

puomtiiblies foraliernative as tinnes,

+ Infurnnilion Sesdeens o e Froiflivs.of Cueals =

{ooade tend o e l‘\l‘ll"-."ﬂ.‘l.! i Broad pencralitios; LIEN

fems st the godls sean disclose thee wnas ailabilily of

ihfurmativn, diflicellies of nwenitaring pobicy oalcomes,
= uresdernadities Lhat obseune the measure of goal reshiza-
Liun.

v Infvonation Systems Condribule loan Underslamding of
Sy siem Compleritivs = Inlomuaton system develop-
ment Aids in undeestamding system complesitics anad
gaining a more fundamentsl view of the problem ad-
diessed,

o Vol Credable, Planning ot Be Cast s an Infuomation
Systems Conteal — Planning accemplishments and (e
sutcome of plinning Jdedisiuns can enly b judged
through feedback monitors,
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1. INTAGDUCTION

Thim paper focusws on how t; avaluats organisational eweds in
T Light of computer alded deatgn and drafring (CADD}. ‘ Bacondly, it
w1ll look st subiact aress n!;;zd fot the devalopment ;{.._ryquq-:
for proposal (RFP) that will eventually ba to perspuctive vendocs.

Finally, the paper will tska » brie! losk at existing snd Futups

T . {within the Bax: twg ysars} capabilities of CADD syacams .

CADD STSTEMS: CAPARILITIEE - . C e
. ) II, BACKCROUND AND DEFINITION .-

ANp SELECTION CRITERLA

v

TuTnhgy CADD syAlema 4T# stand alona, :mlet-r-‘;_q_ integrabmd
bardwars and sefiwars toola fﬂt aytomating dt.l;n. dqlfti;l,
ecginedring applications and unu;inturin; tnk;. SuppsTt, mervics,
hardwvare end scftvacs are all offersd by & vingle vandor., £AD

Erie Tefchola aystime constut of gavarnl] Funcricnm] cosponenca, 1n:1u11E;:

Compu i
Heb for. Da;::tul-lﬁ"zh:r:‘hn::i::i:ir:n‘l”h e . o & ceatral precessipg wnit (micro, mini, or mexi) for daka
Echoo Design. 1 : ) '
l:rl.dl.n.l.:- 1 af ign. Harvard Uniweraicy manipulation, syatans.contrel, ete.

Camhridge, KA Q2138 i :
o an interaccive graphic work stetlon wsuslly accompanisd by

. a k;rhulrd and digielzing tlhlnF for menying cpacetions and
for interaceing with the graphic and textural datag )
. © randod acceas snd/or serial storage devices aswoclated with
& CPU and acher types of work starions
- ¢ & muipusl or automatlc digicalizer for ancoding graphical
{:nurdim_tu) dara; bl
o a varlaty of hard copy cutput duvices associsted with either

the graphic work scatlon or with the &2V for producing Fina}

drlulng;} .




v

o l'rll:m and lpplicltiul;-l sefrwara o Ilﬁg 4 nuwber of

‘lpﬂlitl_tiﬂn ATHRN. - _
I'él:u for CADD wysteps Dormally range Zrowm 340,000 (for miece—
od ly:lull) to ovey $1,000,000, Surprisingly, the average prics
of » ninl~based CADD I-j'l ten {vhich currently iﬂﬁ:tn;tc the wmarkat), .,
aTe approximataly !_."l!ﬂ.ﬂm and hive prmalned coascant over tha laxt
five or aix yeats, daspits decreasing hacdwars costs. Thin ducressing

hardvary cost, oo the othar hand, fe balsnced %y iocressiog peopla

costs for softwars dwdnp-.mt and a telativaly scable prica

© stracturs for graphic fnput and output devices. Within the same

tima frams, howvavar, wini-Gmasd turnhey CADD aystems are of fering in-
etulin;'munu of application software ipcluding tradiciccsl applica- .
clova, such ss Wnginesting softvars for primarily a#rospace, sutomotiva,
alnctcical (esmi-conductor spd intagratad cireuit), pttruhﬂin;l, and
utilitr induatries, co Dawer desigs éiu:l'.plin" such as bulldiag lﬂdl

conatruction,

ITT. SELECTION CRITERIA

If a firm were to anpgage o CADD consulesnt, they would find =
aumber of Telapively tnlc-i tasky parformad in an grgsnizad ssquenca.
It would %e necessary for exaapls ta dm],n;; A st of deafced fungrionsl
capabllicies, procure computer Iu.rdu;ur, pod ipacall, minuln. and

Spacifically, thase tanks would consime

opurate that hardvare aver tima.
of tha following: . !
31l o prelisipary study dapign

1.2 o wite vipic

Ty

"

v
[ f [ .
) ' ) . : : [ ' r

"33 o aummary "r:u't of fh;din;l AL
. 1.4 v prioritizacion of fl.nt;tl.ml capabiliciss und ﬂn.l.li.u"-- .
M tion of actlon plan” . '..: R
‘3.5 a d.nelnpilnt of pruliminary request for pﬂpﬂllll ey F
3.6 ¢ evalustion of AFFy and -1113::1“ at maniot . ~ . L' ‘
r 1.7 o graphic svaluation of ayatem Inciuding hmt:ﬁlrliu o
) - 3.8 o wsystea start-uwp _I ‘ ) L . .;
T K 9 . training _' L ) .
‘ aysten masMgemant, 1M1:u._d1n| joh tracking ssd llplrlt'.f.lll' !

1.10 o
proceduran

This paper will only diacoss tha nuui five funceional Lanksy -
i

4

theough the develormant of che RFF, .
' . : H L3

).1 Preliminsry Study Dasiyn:
This tamk %2 & smbar af objectivew. .Primsary among them ara tha

Iull:r.iun of a CADD evalustion group, conelecing of mansgessnt and

‘ technical staff, thar will hawve Tesponsibility for syetem selaction.
Other objectivea includa the deistmipation and svalpatiom qu -n‘.-..-

mant objuctives gnd ths devalopment of & liat df.dllifld Ayabam featurad.

2" Tha typa of ayeresa snalysis performed by a consultant or done in~houss

. -t L[]
., would include tha detwrmination of g eumber of wicra snd macro leauss)

Exawples of macro iasuss might iesludar . .
. i 1 ]

) o total sccpe of the probles

4 fusctional sreas 9f company

o curPant decisfonmaking procadurew regayding technolaogy
. b i

¢ aEpéctaticms Tegafding sutmaticn



! B
o gosle and ubjl:tivti regarding ElDD {i-l-, incril-: praductiun.
or save mansy) B ’I
o kind of payback deatred . N . ' : i
-
o orgenization of company - 1}
o grovth chjserives ) ) . .
a ia-hausa expcttlll {ntill :rnup-} . - ¢
Exanplan of -icru imivea relaced to CADD might 1n:1udl the fullnvintl .

¢ Jdifferenciation of drafcapersons or other lkill Eroup tilhl

o cnn:ﬂilutinu of work tasks S
5 output formats ) ) . T
. ) ! Lo ; ¥
o nature of work : : ' el
. . i 1 1l.“!'
a work flows . . .
. . ' n
o Sinpensatiom of daca base -

i ! . -
¢ nusbers, kinds, magnitude, leportacce and fraquency of Tevidions
- . r ,

eud updlteﬁ . . . P
- o frequency, cypas, priociciss of work caske ' ’ Lo

¢ potential lorerface arcam . .
. . L
¢ pocential adsptation of existing fa:ilitill
’ o W
1 n , . [ ] )
3.7 Sice Viweir ' : T _
o ',
Tha purpnsn of cha alte vigit is 1o both educltl thq pctentill
Loate,
p}E:urrtr reggrdln; similgr cass atudies and rel-unn: :pplicu:innl of

CADD systems; and secondetly, to gother all of the infarmarion needs
defined above., OUncs the infnrn::lan is gnthtted it i pnlaiblu tn
| '

explore trade-gffe of minl, mices or maxl-based lrlt-l-. laok -tl

alearnaclve havdwars configuratliens, techoologles foxr CRI di-plnyll

L o Y N
. P F

' ]

-, woft and hard copy work l:l:ionu nnd CADD nr;-nl;;tinnn, and questions.

The Jutcd.l of the sice viltt uill hl. in part, tha dlll:iinltinn

u£ a Iaat%fﬂl I1iat which ulil b- 1ncarpnr;tfd intn tha -unnnrr rlpnrt -
of Eip%in|| The wite ritit |hou1d,nnrlilly take from threws to tcn
:i.li:.u dtp-:idln; on the c.:.nn Mpl;‘ilti.l:.atiu'n nlf the ull:l.". and uc,un;-ru;. -
}k& nu:he; of arientation ur |dun-tinn11 mantingy oECoNRACY. |

D

. ié at sll pnaaihla, th| lunnat; r:pur: wheuld ba weitesn in cutline
¥

or draft form while thn consuleant is still ac the offices to cuptﬂit-
LI L]

b

nmnmunicatinn and ta nhtlin idditlonal atldtd 1nput about tha u:tr -

I
conpanr. IIIl: ta also uur:huhili to nakl a p:alln:;:lnn for kay -lu:gn-
i 1 ¥ ok
1R e !
oEnt pe;iunnnl apd the CADD |vnluatiun group related Lo & luuu.ry of .

| : l -ul | i
Eindinga ttllted to the sire visic. ' - S - .
.l )

| Apnthlr important objectiva of ‘the sita wimic Im to avaluacs .iniﬁr

- L - L ]
managesent objecclves in tarme of CAD, Thess cypes af dtlculltun-
1 $r [ ’ .
focus on corporata structyure and 1ntegrlt£nn of CADD lratlnn in thq firl

"R | "
lnd if relavant, ics mawocisced ofilces. It 1a inportant te ||t

] I f :

tlulgtnln: ldl:: regarding .ppllcntinna prnj-:t-d work {low, k-r -

finAncial 1asuen, capital tquiputnt pllnnlng, pl:-nnnll welnction sod )
YoM i

:taining. inatallation procedurad, And -nnlgtnqnt uhje:tivll rllitld Fo !

[T | - ! . v . o

CADD 1-p1euan:ltion+ I .. " . .. . ; ‘L, .

3.3 Summary Reporr - . ' .

§ ' . ' .
The mummary ceport 40 & written decument conmlacing of zasulis and

i . . . b - . - . 1 -

implications of the site wvisit, It represents an inlcial benchaark .
] ¢ 1 1 . » . ’
whereby the consultanc or the mvaluacion proup spaciflas the implicaciona

. .
of objactives in cetms of managesant and cechaical omeds and sakes

. ‘o v
p}llimlnlry analyafis as how o meat these naeds. It represants 4 coman



baais of ynderstanding a3 Eo how te procesd with che dovalopmant
 applications,

f functionsl capsbilities for tha CADD systes sud how thess will -
of functionsl caps ea for ¥ At this point, it iw alec desirabls to perform & pralisinary

be reflectad io tha ‘devmlopment of the pl.'l.'lln-in.l.r] requaat for .
reflected fo n 1o . cost/benafit scalysis yaing wansgwsact cosk structurea and bath

1. ! ' )
proposd . . ' . . intarnal apd industry standard costing routines, projested productivity

This report should alap contais altersarive harduars and werk .

-

locraass ration aeed projected utiliuthn. scthemen for the warisus

station configurations as wall as ac spplicarione featurs list.

applications,

3.4 Frioritizstion of Functional Capabilitiea and Determination of

3.3 Tha Mequest for Froposal: (AFP)

Actiom Flan
A Tequast for proposal can be frem fiva to five hundred -
Doce tha smmary report i sccepted, Lt 18 poseible co develep pe Ted paptt.
. _ dupanding upen the 2epth in which tha totsl informdtion oesds for the
"an action plae for development of an RFF, Kesponses from sanior . . )
. . usey hive besn definad. AE the very laasc, howevsr, aod in light of
managextnt, sod from the heads of the variouws functional departments - .
. . . . tha featuras 1lat, vendord should have apcugh data o addrens the
and from the svalustion tesw will detarmioe prioritice bamad on oaed
) folloving 1sauast

_ and desived potencial produckivify loncredses Eor the various CADD
o _genersl syscams cepabllities and bow rhey respond o user's casds
. application areaw, The consultant and - evaluation team has by thiw ) .

- - @ detalled hardwars tecowmendstions apd opersting systems software
time converted the application taak 1iat inte g priovitised featuses
T o applicacios sofgwers recomsandstions
list to be {ncerporated into the turnkey CADD syotes. .

- . @ Support ami waiptenanca

Yost mignificantly, the Features 1limg will serve s erigaria .

B B ¢ aducatiom, training aod dociumetitation
againat which cacdidate aystems cxn ba tested and benchmirind. To . -
. 9 bencthmarking
addition, it will help determine 4 short liet of vendore to wvhich tha .
o sccaprancefipspection fescisg
RIF iw seot. It is even posaible 0 do soms pralimicary sowlysis in ] . .
. ' o iosacallationfenvircssntal requiresencs .
preparing vandor liats by Geaparing vendor capabilicise and the [eaturses . . ] .
0 dhipesnt apd delivarcy -
list. You will ofren find, for wxample, cthar wendore offerv sxpabiliciea .
; o warrasty . ' _
well in exceam of your ovn features 1187, Sows pf theaes might mat ba . ' . .
& tarmd and cosditions
nasded, but cthecs might, in turn, be added Lo your own Llist, Fipaily, \
. - ‘ 0 pasgs of relevanc UsaEs
tha pricricisstiom of the fasturas 11-;_--:.- that you aFa EuTa be BOt .
. o policy ragarding Futurs sshancesents
axtlude wny featurss that are deesed av critical to your desired CADD : . yo
: ) 0 sonfractual arrangesantE.
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- . . -
f - \ { ,
In oré=r EoT Lha wveosdar o ApATOPrlately ceapond, Lhe AFP -Il-" .

. am
b ar clear, copela l.ﬂ [T} rl":!fie b poksihle. hmndl'_r. tha l-"

ahvuld Dol mals obECadary desands oo vendols of Lhey 1:111 u-plr L
. Fa '
- "
If deeailed Informacion nawdd ars uur. apecifind ui:hin tha l-"
" L | |

1T 1a possibla to vequisl the vendar €0 -ptclrr hov ha pariorme Hrtllu
- l: |

Far ¢aanple, you cat alther .IE thi vardot 1o
' nopod

-1 rl-lp-nnd

funcciomsl tawka.

d.urlh- bhaw he provides cha :.pbllitr of de!iqlnl thl locaticn of the

1 1 [

- potac; ar 'h'_r apecifying, tar a:ﬁll thar a paint '-.I'. " d-l'll-ld by

-tindl apch digitiziog, seplisic etordinatew, end n! - lutil:. .
erigio of an ewrity, lalessscriok al rwn sotlties, dl—l'll 1H-[;-huli:.l-.-lt-.
oo # ET1d point. on § surface, peejecied slong @ Yector :nd “:PP’IH -
oato a wuriace, Dovmsl to m wurfacs, ﬂc.1 Toai Iw, Lhe ;.ﬂ‘ cah :nnutn
Flrally, the 3P wiaid’

k

a3 Buch or a% lirtle datall ap noceldary.

cabtaln u:.upln ol eyplcal drawvinga.

Framplan of majer sacglond of & tn!.c-l CADT: EFF vuuld- includm tha
Tallowing: - L .

1. Imtroductian, This ssccion of 'r.he EFF contalos pateial bach+
LR Y] !

£round l.atnfn:uq p‘hj.:ttul al rhe CADD syatem, SLrGgucsd

I f
of thy yeer organlraclon, -ﬂllvltl-nl for f.l.m}, Prﬁji‘:tl‘- 1

' ' FN 1

growvih of ths CADE ayagnm, ullr azpErience, ﬂhct.lun pruaduu

and eriteria, miniwum "qulrlnuu aod prajwciad wrk]nld-.

) TRILE
i Deer Groups. This section of the RFP ahould deflne I-hli:h
1

I
deparrments will be usiog the CADD l!"ll:- and deneriba lh- work
i ny
tasks. tafeimation ¢n locatioa {To dnurllnl :u-unlul’iﬂi K
ly
needs), wors losds, arpanizaciousl -trur_tuu, ate, abould ‘H

1

pravanied. .
[ . - LA 9 ¥
Aardvesa. Thin wection of tha APF covers chmu-

lplcilitlllah lor the 'I'll-'Illul Iurdu..rl devican, I.;“Hln

- 1

o b :P!tl.!hd_inr_h_pd“ thl‘ prm;-uur, ding -ﬁdjar maiOetic
Laps dl.rl'ru. |rlluphi1: CAT work wtaticne, alphe-guserical dimplay,
pan nildl tablet oy achar ':IPII ol rlliil.tl.llrl., hard tln." davican,
lina '.tl.l'ltlr;,, o::l. nl;uutiu eLem .nfwn:.. should ﬂul

be specifiad Lo tarma of dllfrlli l]‘ll.-‘ sacurley, flla Il.l-ill-\ .

. L -
mpng, cect sdltore, and rdapones Ties wodst varicos walk lesda.

. ' 1
Applicatlons Foftwara. Applicstions softwers comcalna dpecifica-

tlopm Lor l"lltﬂln ataed of dpterear. For wrample,” mechanlcnl
deaign and dntlng would concaln data relevant Lo "mtric
primigives -nd nan=prigicivas, dl.“mjnninl. pmp“u.l,

l-luciltl\fltr. duts input mada, display wida, lultl.pll viawva,’

gilde, laballing, sywbolm, paxtc, -uri_ul déLs, WeaBurTRRL,

finica Iill—nt. Mllin;: bill of t;:gn‘.lh and |up-i|;u-::rlr-
Atrigpttion Jaogusge, . ' .

Far groecaciom of prinu: clr:ul. cfelecrrleal .:n..m-. ha
ZFr lI;hI'. cancatn daga on :hu qu r-pullluthq, mhu: )
f!ltu"l. and pasg pru-ull: tlplbilitlll. rnr n-n:ul
control dars on ml p.l.t.;'l trl-l..tim ‘copabilitian, u:a:uuvith

and gthar dn!u:l !nturn would h: 1iaced.
1 ! - , . |
For mapping dats r-llud m input, lina fomtm, analytic
. 1'

i - - |
capsbilicina, aditing, oufput capabiliciew, dats bass apwclfica~-

P r 1 .
Tions, wic. would be spacifiad. Por plping, informacles #u the
. E ' .
operntion, dats baps gtPwifura, dimsasloming wveuyld ba Lo Ludey.

4
.

e T il T—

T om



For wiring diagram  wpplication, dats on disgrem creaticn
end aditing, pares lilbury. diwgram genmtruction and adicing,
rapare genvration sod v.tiﬂ;“ﬂ.n should be apecifiad and #o 1
*tarth,
In m-nr,-, tha EFF caz althar céntaln d-nl.l-d informat ion mekds
al the company vhich &lunill preclsgiy how the Ieaturas ard (o W .
parformmd of aimply lesve tha vows of bow [54 Paaturas 474 8 be
pirtarmed o& the vesdor. The formeT approsch n-q-ll.'n wm sAtremmly
H'hlltl.g;t'!l ussr froup and & grent deal of time amd moDEy .ta
ganeTaty the apprapriste REFF, The faTmer sprronch alsg mendates tha

wsa 9F beoch maris b6 be uwesd Jor sratess cowparimes.

.On rha other hand, mogt AFPm can b vrittes witheut detedlsg .

Ipformation nuads pnd lut.lu vendors paapond by scatlag bhow featuras
ara Accomplinhad withia cheir parcicolar l.rlr..-. .

Fioally, dupsntiog upon The mize, mmber of workstatises, rasponas
tleme, alc., vemdor fupplisd capabilities asuch aw sducation. Cralalog amd
docmmanTa (14n can Becoms ge laporrant e Ebe sctwsl Meréwers nod spf L=
wars ipsslf. Wisigs u relavant vendor sites g talks with othat wiere
lt; abviogaly critical an wwli.

Iv. AU TRENIE '

Thara 474 § ramber of intereating crends takiog place in the CASD
ACEE h_rlup- forewort among them I8 Ehe antry of micro-basad symbena
ints the lu.rl'ﬂ.j.-:['litpll.tl. At pramsnt, thage e ;“r M suppliars
of mlcto-baned eyspims coscing undar 3100, 000 thag Suppect most af tha

fusctiops coptalasd ia misi- snd mayi-bassd syebems. Wighin tha Daxt

aix mthl, anhoancements will sads Irﬂ mlgro-bassd supplinze

nfhr:n: threa-dimensional ;mttic wmodnlliog uub:ll.l.l:in and color
Tastar scan work stations, Hut 4f cha ‘li.:rn ayatemd Curreocly

SUpPOTE OBA 0T two LEeTs Sod hATS very Limited spplications sgfivece. .
This will phylowsly changs ia Tha masr Pscurs. ) .

hnﬂur saarglog daval opaent u CACD ia Has gyyywar -:hrt ta

% miml-compulers ¢ b4 gofs cbmpetitive victh large -t: by 2]
Fratimey. Small stacd sless sypioms ard SCAFLINE Eo ba linligd CopethaT

L6 crasts Staod dlosd Detwris [BAr eam be comsecChd, vis [alpcomsouitss

. tloms, 0 large maln Frime mr-p;url in ordar L& accens data bases

apd ocher applicaciaw agltwacs.

‘s Ehird tzend Lo CADD is {or the more rcsditicnal herdvace’

companin® to davalap joint markating eed suppott ralaclonships wikk

CADD mofrwice aretems, LEM's ralétionehlp wich Lockhesd and tha

ﬂlr“m;- CADAM mymgem 1n such am sxasple, s 18 rllmz'- lwporll: af
m KOS CADD softwmys. )

& few hardware developments tallng plucse iac lude touch and apaath
inpup, Che Tasterizatiog of Weth Lapetr e84 putput devices, and tha
imcreaping use of colar Fer all aspacts Por CATD syrcema, Tz f— wf

saftuaps, Fou will was Imicmpesd npaclficiiy relsted £o applications

sod turnkey aystesd waing developsd lor vary spsclalized applicucions.

. Tau will almp aes the Entegraciee of CADD with othar crpes of sofcwara

such am WordprocEsding, WAnApamant graphics, projsct control and pha 11%4,

-
.

T. SUMMART : - ,

3y wffaring appliceklons safbvara, safruasré soporl, cuskbmmsr kraln
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ORPUTER GRAFHICS HAREWA LEARMING TO KATCH

YOUR MEEDS MITH CORRERT MARDMAKE CAFan] | ]

GRAFHTIC DISFLAYS

Pransntad st Hayvard Computsar Graphics weuk 'a1

Fuly I4=]11, 1%0:

1, THTROGUCTION

A nusber of fectors can by usad 0 Batch the techaalogy
profily of 4 diaplay aystam to the ragquiTemsnts profila
of ar gpplicatisn, Today, & pot#ttlal ussr cap drsw upon
s wide-renge of technolcogy, I(ncludlng

- Btorage tubes which desw imagea ne & mxriles of llnwn
of Yecrafe, include snome capabliiry for rafereah, and
mowt récently imclude & capabllity for » swiend folox.

- Pafragh istroke writing) dlagluys which, in scma wer-
blona, arw price compatleive and, ln wome camsn,; lesi
sapanuive Lham the storsge tybs, while osw high pur-
formancy ualte draw almopt FoWr Limgm si Bamy SbOvl
VACIOrM a4 ware passlibla dunt & faw yasvs k9o, and

= the explosion Gf Rastey (refyeshlitachnolony which offere
s wide range of produgid,,.Lsom Lhoss that are lees
vapenilvg than Lhe other tachnaolegy, to chona vhich ars
high reselution, high Llmage guality with & rainbow of
tolors st prlces comparabla to tha mont maphistlcated
ptrounfrefresh displays.

Im additien te this catheds ray tubs technelogy, the prew-
pectlvy users today cen sleo asjact frow hxisting ar well
an promialmg neuv flat panal dmatcln} technology,

This Gaper will discuss the varicus commscclally arsllable
produéts, in terms of the selaction lagtars which the uwer
will prebably want 1o comnidaz, Bamsd on his or har appli-
cathlan requicement, f

The prosptciive user will want to conaldar some, or sll, ©f
the following Eactafaz -

1, DCata cantent "
7. Xedplurinnafpicrure qualirey
¥, Coler ws. Slechk & Whice

4, Dynsmic capabillry .
4, Eoftware availlabililey/capablllty with sxintiny softw
. Intellligant wa, bumb : -

7. Faclllty fer hard copy and paneible compatlbility
with laTge meresan projagcinn displaye
B. Human facrars conaldearatlen, Ilndicdlng brighecneswe,
conirast, glaré, real ascata requirsd, molse
- %, ©COther conslderstiomns -
10. Prlem:



L]

Fragh rate. A typical 512 3 312 ayutwm for eapmple, can
hevy potsntially akout 250,000 «lwesntw turned onmrand off
Iln any combinatlon, while & typlewl 1000 x' 1000 Line dinplay
Eould hawve any rﬂ-hlnltinn ol & nil]iun Plements buwined off
and nn. . L

. i
Mowaver, that Joes nGT Béan that a rakileT pratem ajght not! °
flicker. Framest (achmoloyy 1lmite high resclution (1000 3
10801 colar rafzash dLapleye to thirty frimes por second
tnfrwnh rate. If short Dllliltiﬂt.phﬂlphﬂrl mrk wimd lh
SUCh & system, 1in facy, with any thilriy frame par ascond ., .
&r laaa Lntarluced system) many obaervers will sses fLicker o
ce#dardleas of picture contant,' 5o the ubd af castar dlaplay , ;
dowp not autcomakicmlly prevent FlLlehur,.,.LE only means that -
tha flleker 18 indepandwnt of dats contant, " .
. , ! : K 1
Flag panyl displarym, Euch ad the planss djimplay mod tha
119uid crystel diaplay ars weawntcially Storegm devices. L
Therefore, the plelure remminy constant regprdiess of data
CONLent, By '
! I [ +
Hrghe wrlting Ttefranh dinplays have tywdltionally been r
Plagued with Tlicker am the ampunt of Aata displayed Incraasas.
Over the past few yoarm, extzamely high performence systams
have bwwn announcad, Vector RubomEtion hag a produce whieh
#¢lla for abaur 324,300 that reporcedly. displays &E,000, 0,1
iREh wertur: at thiyty frames a second, Rlclntlr, Evaha &
Evtharland snncunced & nav aystem (PR100), wwdllog far b
aboyt §70,000, which rapactadly puts vp mére than 95,000, "
G.l imch wectors at thircy f[llIl &’ necond, . . : u
H h ' N . U
Howevar, maors comsonly, the Itrnkl writlng syatems that |-11,
in the $35-100,000 ranqe, dlaplay on the ardar of [15,0060=- 5 i
33,800 vackors at thirty frames 1 sacond. ' Theas n:d-rlnqr”
ﬁr‘lnd high-rangs producta include unite seld Ly Adage, Varctor
':'ﬂll'l.l Evand 4 Eutherland, IGA;, Sandwrm, Megatek, Il'lt.'l'l""'
T attlww ll:hinll; Ine. and Lundy.

-

-
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1. QATA cOMTENT - - o * l R Cp H i, Data Content Itauit...lz o b b .
: L FI Ia ’ I N - - .f . e i . . . .
- Tha ipplicitlun wi1l dviermine hu- much lnfarmacion needs . - - e et L - '
,"tu'lew put on the diaplay surface, fllcker fraw, Eome Eug="" ' - b Loawer cost slrcha writers, such 4F producta ssds By,
imsan applicarions say raquire fwwar than LO, 000 1las " . - IMLAC aad Hawletre P-tllrd.}ln tws $10,00D ramgw, typlcsily
. us9sants, while somé computer-alded- dawign, salesic and 'i. - . -pan draw showt | ﬂﬂl:l"l- [ )=] ] 'l'lf.'tIIl &t Ehlrey flllll plr .
_ethar dats analysin appllications may raquirs In mxcesn qf reo. - sncopd,r B L L5k e n
lno,nuu linu Eagmanka, ' ¥ N 1 . N - y v . BT t
- ¢ if i Sk P wypicnl storage tubes featurs not only storage c;p;bility,“
Tha -torlq- lﬂhi display is tha only ALNPlay tachnology 1nr but & writsé-thraueh, refregh modun. The ssriler.varnions:
. which tha dluplay will mnot flicher ;.¢.;¢].'. af the dsra { ofl. thesw Tekironlsx displiyl wetra limited to diaplaving
dehminy., - . PR " 1 whout 1,000 knches of limes' &t thircy framus » second. "
. R " . T - ) Nowegver, Lha recent GM 107 mecivs, and the wmaw 4114 wndi; . -
*IA the coaveatlonsl bLt wap rewier display, Eha Irame vatws, - r Teaturs [aiTesh capabilicy in the 3,000-7,000 laches af -~
Lv Iadapeadant of dats content. Whethar ome 2astex slemant line pur frams. Gy o2t e ) . Pt
2 all redter #lemeante are turnad, will mgy affect the ra=- I t hy ' !- b "

In dtrohe rafreph aymtamn, uwerh wTy often alwg wencerned T
wlth the nusber of charscteca whlch con be writtan, fllckex:
frea, AEmumlng that the herdwafs, gy PirswaTsa chucactar
gunmecatare arm uped, ‘characktern that can be wrlbbien st | '
thizty Cramup & azxcond, range from about 1,209 in the laowsr
coet URitE ta about i, =L 1] !In tha -ld-;._;ngg I:-b highrpzricad
unitwe. . * .

] .
1 i -
}. IZIELUTIQHI?ICTURE QulLITT.

- ]

]
Technically, ztlu]utiunivhin rtl-tid o diapley, deacriban
the diemutayr of the wrlting wiemant.’ However, for the pur=
pavar of thie discuwarion, reaclution will be uaed as &

“feateheall” twrm, Eo AfBcrLBe ApPeYent image quallvy, It

will inolude the snalog :hlrltt!rii[1¢. of the dimglay as

repreguntad by Lhesm dismmiwr snd the digltal'chacacterlstics
of the display v Tapresenied by sddreswibllility. HRewolutlon,
af wnd hern, 1s & Qualirative Etarm to descrita Lha avallabls

‘amoorhaeas af lines and LICH, . . L i

LR | ) 1 ]

Tha l{nriq- tube and dtrakeSyefFreah 51'p1.,. ata'capable of.
Arawing smgath lt.rl.ig'h.l: rtipmn bitulgq,.“f LW ldﬂrt-llbll
puines an tha dimplay., Eurtlntlr Avallabla atorage bubas -
provide aither batwaasn BDQ'a' 1000 addcewskibls pointe of
3000 2 4000 sddrawaibla polpte. |Curraptly availsbla stroks
writess provides with 1024 m 1024, 2048 = 2048, or 40956 x
10%6 lddli:lible puiatl. . . .

Boe, b 3 - T
Gundth #r¢s a7¢ o [unction of vwhether or por the Jdavles
lncoudsas an anwloqg arc ar gifcle gensratar, or. whathar cbe
mcce’ acw drawn by aherb line sagwants. Soms coRmercial ,
stroaaSrafruen alaplayn da'uew anslog arc and clreln genes
ratorn. | Mowsver, the typlesal slorage twbe dJileplay and
athar sLroka/ratrash dlgplaya, use goftwara or flrmwsre to
foarm arce end circles as & series OFlahari linas,. Under
these clrcumstances, full scresn digmeter OLrcies teguire ’
somgwhasre om the order of 118 to 156 llpw swqBante befocs
thuy apprar "satlefacterily” smapth., Emall diemwtar Chkrclan

. F} + H
I - - . ¥ oL LT
PR *
1 4 -



1. mawolution/Ficturs Quality leen'c...)
can ba satisfactorily drawa with about 16 lina ssyments,

The yse of small 1lines (F critical on raster systemd snd

tlet pamel matpln Aieplays. Tha iasca ls tha =Jaggles”

or aliaming. Thet lx, Ilnes st awal]l sngles orff the verbtical
of horlrontal whaw dimcontinuley, ar wtepas. Carbalnly LE
tha pleture condists onlyY of horjdoental, wercicwl, #nd,

4% odsgrwa lines, the problem dosa not sriec. Howsvar, [or
ethur angles, discontlnulcien will ba surats, dapsading

oh Lhe number of pcamning linew 38 tha Image, About 00407
stanning linaw woyuld Ba nvaded pufors the "jaggpias® dlnaPpEsr
[whan Yiawed st the dlptant consldtant wvith the sle® ofF Lha
image). MO commspelal direct wlev rapter Iysta® or watrls
diwplay wystem offacs that yesoloblon =t the Eimw cNis
article Il beipg wrlttwp. And, in fagt, aone io ampuctad
bafore Ene wnd of 1907, Fuorther, = 7000 1line interlaced
imayy may bava the same Appardant pickurws gualley sa & 1000
1lna pon-jnterlaced lmage.

Yhyre ars 4 humbar of fllm recarding 4retess (puch #3 Lhoas
minufacturad by Celeo, Diccowad, snd J11) which cam pPradece
bETwana FP00=4000 lisw LEages. Thass aArw Uked very Commonly
18 pratentacios guallty sllde-making afysieRd, iliges pro-
duéad by theys Eygtums Jgo not ahov "jeggiee™,

Thera srw othar tachnlques £o0¥ reduging the picbturs dimcon-
tlnuitiam,...somk Lnvolye & mllght beem motion, others involws
busm défocussing.,,other Involve BPandwidth limiting., Finally,
chure &rv Soms snalv¥tlc techniguad called anci-slisding,

whlek ¢an significenciy improve the apparsat qualliy of &
lo=-ravolutlom Lmagw,

d. COlLOR ¥X, NlLacH & WHITE

UP to about & Aecad® ago. the anly way to preduds colar with

4 tathode ray tubs wap to oF¥ 4 convantional salar Sagh CAT.
For a vaviwty of gechnical reamone, that implied & Yester
d1uplay. Ten years ago, BOMT rami®yr A¥dpams wapld guUchk o0
sdpapalve becausy at tha bit wap requiremgncs, It was
povalpts to bulld rester syatams based va alphanuasric tach-
nigees and, in fact. thy eacly calor aystenma (usad aucenmivaly
in proc<wen control)] ware adaphtacionn of siphanumarje syakens
with spacial graphics mymbale ld?!d. -

Howeval, over the pasl ducrada, & waristy of t=chnology im-
provaments bavy bBaan madw and sow #l) cathode iy 1t
tochaalagy, can Profuce WDOmw raaps of colar. The g¢olor mamk
tubmy #tL]] offar the broadast specirwm &f colofe, A JTaw
y*arp 430, color mask cpuld valy b4 uPed with redter begwuse
o tomvergicon problass,. Howaver, dince galor aYateME WwaTW
avallable pyer 2 prica range of I1kky thaa §2.000 to KlOo,000

4

+

4, rColpr ve, Blech E White :{con't,..! J

or more, Prodgets of varyisny rasclotlos afd dynesuwiy

"eapabilicy warn avallable far 4 nember &f sppllsations,

Iwcapiw of the restlucion. Jeage, 1t wan pilll an sffort ko
provide roler for strake wriltsrw, The first practleoal
svlutlon te that prchlem wabd the usw of ths panatration
tubs,. 4 S9dl layar phaspher in which the color waw o
function ©f the anods# potenktlsl, Thim tuba providas g
vaelful range of colora from Ted ta grange ta yullow to
yreen, Ebhaden OF Lhegn ¢olord abe available, buc ganarally
ary not ysed bewcapws of they diffleolty 1n controlling them,
WhiJe lw thaory, s third la¥Yer of blus phasfpher could b
#dded to Camplute the covlay apectrus, mo comasrclal syastems
uing tri=lawel phoaphors have beda preduted. :

Fanscratjon fubes pProduct an axtramsly high quality imegs
mincey tha phosPhord are alwllez ta thoss umsed on g con-
vantjanel wtroks writing CAT. Howaver, beChun® the tolar
Chings 1w & funciice of anods potsgtisl, the changiag of
ahods potaatial sffrcts o number of other Peraléturs om the
tyba louch am focus, Brlghgmead, and deflaetlonm seomitivley)
Fesulting In a faizly complen moniktar. The Lpcramgntal comt
[or commurclully svailabla lesfga woresn pamatpakion tubwn
Provided by asveral suppliscee Including, Fracom, Maythweon
amd gandavry Js in tha prder of JL0,000-01%,000, Hawlett
Fackard mahes & amgll rpach moupted panwtrgtlon tube display
fwlth o five dfhch diagenal CRT) for aboutc 13,000,

About two ¥ear¥ ago,; Lvenm pnd Eutharland proguced the Flrex
high=spaad-ntevksa monicor waplng tha colar mssh CAT. Thia
sYstem, which tan gPecats st spunds cowpatrlble with thwlr
normal scrohe writers, #ligw the full Tapge of color. MNows
aver, the legremepidl coet pf this moolitor wam 40,000,

,Twenty yuars a9o, slmilar mgnltoye woarwe avallable From ITeT,

buwkt writing ratee were Zucl ta wlaw {becaygss of the dynmmle
convergencd problaml to be of sighificant use.

Eacuntly, Flegtronic Gywtsmg Laboratory im Cayton, QOhio, has

aOnoyncEd & SLrohkw writwr moaitor galog & color sask apd the

lacremdntal coft medmg b0 ba sbout $30,000. Also, & waktlaww
¥llluwgw, Californig menufactuwryry, Incecactive Machlnas, Imc,,
has arAGuncad & N10.000 snpols writing olor mask monicer

for its product lins.

Finally, thers in gome indicatigp that law=cowt color strcoks
writer monitors would becoms évailable Frem a Chpadian coms
F#RY which sugrently bullde the wyalesxs [or srcade game appllce-
tlonn-. That monitor mey be I the E5.000 range,

The stormgd tube was bloched frow applicatioans requirlag coler
alnca therd wak no sppalank way 30 which g oolor jmage . could

e
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"he obtelned with the storags btyba, uouqvq;: f; Ip:ini of
"190), whao Tekiromin announced tha Aew atarage’ tuby aystem
4114, Tuk aleo annocnced 2 57,000 uvption of a'mpacond coloe
in the wrlts-through mods. With rhat option|in place, Ehs
zwfzesh v ir 1q Ciangw, Previding a ltrung:cuntrast [ 4- ]
the narmsl green. In Fact, &8 [he boad welbed! the 1-Jq. '
WPPYAIEN OIARgE and raverte tO grasn Lf the image in atgrad,
Mthaugh, techmical Laformation phout thlsltechnologyl Lsfl
sCarce, tE& Muthor uesderstunds thet the color ‘technlqus Lam
similar to che pepetrstlon eysbtem desczibad ilr]l-r.l } ;
" . ._I

¥hile saperimental Elpt pansl aiupllr; have baan producedtin

color, nona axa commercially avgllabla 4t this!palint,. MHop
have there bLien gy freduct ARnouncesants which weuld Indicaty
that o caler flat panel Aleplay wi]ll ba avallaple uithlnjlh!
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5. DYHRMIC CAPANTLITY 5 o t ¢ i
; Lt e

The user may nisd Lo dwcide what Javel :[:dfnl;i¢ capabllicy
im ruquired For that ussr's application, BIn the Ledst! savaere
Iostency, the dysamir copabilicy slwply masns chy epeud with
whith One imaqge coyld ha repliced by annthtr.!!ln:-rl-d;-tip
JeOuicaRents By ha newded fo7 selsctively vpdarlng poccinas
of the Llusgwe. In & mors sevar® pequlrescnt, domw or #131+°
portiane af the jmggu must tranzlace urlrdtlll#in Elther tuwn
or threw dimensions, _+ " b S
LA It

4
. : oo’
Thy tradltianal acale of drnemic capabilicy, would have

L ]

.
storage tybax ay beiny lnank dynamla, ThEw Tamtsr hl!i!‘!ihltt‘

nadiace dynemlc capabliley, and gha stroka/yafragh belog.the
mput dynamic. Howaver, Lo Ylew &f recent devnlopmentwy thir

acale nusds o ba rawzsmined, and Ln fact, thare RAY bBE G¥ar-
lag amang the varipus EachroloQiea, a1

I , I "
In a storaqge tubs, ths lmage FPReaTing nlltht i
be modiflad by sichwy completwly srasing the lesge, and ra-"
wrizlasg 1, or by a8ding cev data, Ao ililill_.lr:ldy]‘tlul
o 1b& dereen Could met Lm selegrlwely smeadedi!] [ Lhy lnage

-
FCC%EN caD PRlY

vewded to be Sraaed, it waually pgok abput & fifth of a. swcond

for that eragcts o be mocompllished {accompaniad by a bright
graen flash, about one Lo EWe baconds | bafore (bhe sccesn Fu-
d4uttled; and then the new dakd could be sWrlttep on, the:pcrenn
at abbut 5,000 ipchew por SvCond. Undsr theas clrcumstances
it i3 wnlikely ona wowld sttempr to change » storage’ imags
BOr® Lhak about ppes #vaIY tem pr flftean lIEnnd-.,,.nﬂ tﬂ;-
sidurably longer Lf Ehe image Vers qults cosplee, ;1

’ . TN A A
In the lamkt _y®ara, hawswdc, & number of npil.l[ﬁq p;z;igggrl
have baen changad in the tube which allows 4QWNwhakt Faater
CR¥Cat ich, Far asample, the Froraga Lubam ACE now avellable
Eo a1 leadb & Partion of the Pleture can be writtien as &
cafresh Llaagt and thazefory selsctively evseed and moved s

o

—p—

© go dete, wrly 3 faW SUCh pyatams have

H
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5. Dynamic Capablilty [€on't...) h .. T . "
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“wlith & conventlensl strams pafrash dinpley. Ay che display

begama Jafgrr, TE¥LcOOIA wan Pfacwd witlh isnos of bllading
"bright grean [lashas™. 1n the Jast coupla of yearm, tTha
sraba Exchpniguo haw bean eedlfled:by uling twa Ehortar but
higher-intensivy pulswd Fathey than ene longer But lowsr
sntanelty pulae for erdaer, Ithe resulf hay bewn thet Lo Lha
uset, the "gzesn [laxsh™ lp @ apparent lower Intennlly. .
Furthee, by 1atrocduclan sama nyw channele, tha raveliw tims
oh the tules have Deed coppidacably reduted, Tn TBe LIRL
fof axawpla, Taktioniz auggeets that I0,000 line segmants |
:aﬁlbl drawn on thw,scresn nju metier of & swcond or 43,
Incidentally, this hlogh-dpasd rawzite mods was utilinwd
by 14N in the graphlic stvachmant 327, The ammcciaced 614
stovage tybks Eould b EPWpjtren 11t? Inprepeive spwad,

1 - . an )

Hb;l of tha :ngutréllllf svallable miorage tubs tevminela
aff#r an¥ hatdwars Fastufss foc'trasslation and satsiios
{wiLth ths :nc-ptiunrnflth- aurEsr] -+ . . as
oo o o ;
chaventional Lit map vartar ‘glapieyn offer improved dynsmic
capsbllity becsuwss tho 'Blp maps can BF purged and rewrlttan
imjabout a Lamth of 2 #econd, which =madfa that they leage cam
be thangad dynamically!#f sbout Lem framey & gecasd. Tuciha
the indlvidyal elements cap be saluctlvely scased, based oo
s Plzal ¢raps and updikd tima of hatwass s half & RLEFGEACDN
to wne mslerpypcond per plzel on mopt of che commecchally

avaflable unles. ! .

[ 1. ‘
' - 4 ' 1 LI
Tharw ATt Rovevar, soBF wayh af gatting faptar APRATARE wpds
poticon with Gt map t¥pe syatemy.” IL I* powsible 1o havn &
$it map whos erea of sddrpepwibility Lé Such Jarqey than tha
mcrean atéa. For axzanple, on tha Taktronls 4112, the bBly =
has sn addrsselbility of 4094 z 4086, #ven though tha lEage
srwa La sppromimptely 400 a G40, This sllowa tha LInternal
IMCropEoCesnn: o Eithar roam wmong[the)lacger ares (uhich
wesn® thic tval-tims pan sné scrolling lainchlevsd) or to da
qeal-tims wcallng.h Thefs arw 3ame' §1ETpate TALLET BFENL-
tactured which nlac parmlt kighly dyssmic displaye, Ooe
EdchBigue c4lled, "On tha Fly* digiial T?_q-u-tltll & Fagter
ol 'cwsl=tlmu without nawdlng & bBle Sap,, wery mudh LA® way
apatrohdSrafcwah sy SESM QENdEatEL AR Image. Howsvar, tha 1o
rugquirement s arda BXLTARE]lY dmv¥acs for such & systes, &End
bean impleamented,. .
primarlly rTore militaryispplications. Anfwltazpais meihod
Tar elaminating the Rit map ln to use & fuchnlque called
“rum laAgth sncodlng” soy tmat 1f the Pleotwre has Jow bran-
sleions, the data CoBpESamian cen ba 4n arder-of maguityde o

hll‘.l."l- ' -’ 1 1 i II ' f '

- ' |'l. 1 . .
nrf:nurla. the -lphanlirit nnﬁ]:hlrictnr graphlce Sysbums
srwenCially on & fly digitalyy. Buk the Prubles i muth Eimpli
fiwd im thoss mystems bicsutd of Lhe Charsciar Block oTient:



|
5. Dynamle Capaklilty icen't.,..)

Most comascclally avallable digital TY avateme 49 not pPre-
vide far ID or Jb image maplpulation. An ssceptlom ko thias
ara the peveral syitems which have bean dpyveloped by tra~-
ditional stcrohe writing manufactyrers, The wegatan 17340,
which sharwn & common front #ad with the atrohke wriver 7700,
and the Baadest Graphlc B, which sares & common froat wad
with the Espders Graphic I, &8¢ provife for fawinr pichurs
minipulaclon since the piletdre manipPolacion clrcolery
pridcadan the wcan coaverslon and devalopment of the bl map.
These ayatems well in ehe prder of $3%,000 & channml,

There dte *Xtremaly oxpanaiws dlsulatar syptdms which pro-

wide for ptal-time pleture manipulation aw wull aw Kiddsn

line removal and phadad {magas, but Thems aystemy am]ll in thws
pevercal milllen dollar rangs., #ueh Produccs ot marnulfacrursd

by Evana snd Surherland, Senaral Elacktric, Singer Linh and

MAC Muta, Fotentlally lowsk=fowt peodocts wre Delng duvelop-

4d by (ha Rdvanced Technolady¥ Corp,, Divinlon of Rywtln Compeny.

Wormally, whes satTamely high dpmamic imague are ragueivred, u
siroka/refrwah pyalam jo lpdicated. Filciyce® dre gendCated
"on The f1¥"™ at ratum alf 10 to B0 pimes g pwtond and can
rdadlly apimate wirs fzeme impges, A numbar of the, wnlte in-
cluds provision o7 hardwarm 10 rutatlon. Thasw producta,
abnuiaciur®d by companien ateh anm Evsns and Sutherland, Adags,
Vaceoy Gaavrsl, Magated, Spmders, Lundy snd Iwage MagRifica-
tian, Img., can wmgocthly rotats Lmages contalintng several
thoumand llns seguanta, Gther aygtemn can alac rotate imsgas
bY vilng poftwara, but the number of Iinen arr limited to
,about 100 befura the Jmages JQPRaT tO Wprockst as they rotmte.
It lm inter®sting ro note chat tha diffwrencs in sagoth rocation
ia a0 proaGunced bBebtwean commergiallyY avallable ragtsr and
atroks wrjters, that o of the sppt SucOesaful arcada famas
uFEd & sLrohe wrlting display Lln erder to achleve mmgoth ro-
katlon. Thls progyct le s#xpacted to have g atrokas urlting
refrash cplor monictor available in.the near Tuturwe,

AC plaams displays ara also capahle ol |;]|ctrd armen. and

the image c#rn ba ypdated aw frogquently am pimty tlwap & wecomd.
Somy of the ligui) drywtal diagley sy¥atoemp cian also ba wpdated
st thirry ta slxty tlssa a B8gond in &rder ko Provids real-
Lima dipplaye.

&, SOFTWARE .

¥efy often Che ussr wirshas to choosa = taTmipa]l bBassd on thae
turminals obllity to ba'deiven fxga wxisring sofiwvars, Ona
aporoach Jv to acandardiss On Ehae wp=callag ACH cary PACHAQE
now offwred commarcially by aeveral companias includlng
Frecision Yisuals and Rall Morthern} and than writsa simple
device drlvers to cénvert feom thar packags va the apecifle
ditplays, ©On Lhe other hand, st Lesv:i oms sanufacisrsr,

- %, fortwars (con'L,.. .| .

Veckar Awtomscion, new offerm & abi¥dhs wrlter vhich scceprs

atundard Corm ilnput.

Many or9anizationn waw p variaty ©f Tabktceomiza safrwaras
Pachages callvd PLOT 10 and sany mapgfacturscs who wich
tbhalr products o be asccapted 1in Thet saviroAmsnlk sow

oftar Floe 10 compatibility, This isgludes srrghe wilimrw
mads hy IMLAC, yawtar ayntuws madd by Cspenco, and Dinama
diaplays mads by Magnavod (mlthoufh Wegnavox has jubt
anaoungewd Lhay are wichdrawing thelr aystam, thl Orion,
from th-;-.rt-;_ , '

At lewat ome peyvopal cgmputac, the Apple, olffere an optios
mada by Tahala which makas the ApPle progqram compatlble with
the Plot 10, .

Ona pthar defactd sfandacd Map Hedh the LWE 2250, OEwvwzal
Eanufacturern, Llhcluding Adasyge and ¥ecior Gemsrsl, oFier
wtroas writimg cofraah ayvtuwa which are 275073230 compatlibla,
Such compatibl]Llty asy not alwvegrs bu daglrumbla, Twa yeace
aga, Evani aend Jutherlend Eenvinced MoeDonn®ll that At was
wdre imFortant eo taks adveantage oF ‘tha supsricr festurew of
thulr aystem, than it wat Lo malnteln progiem compatlbilicy.
Kebonnell aqraed; 4nd over the pa3b Lwo yaars hap pusn re-
pleciag 1dM Z2%D's with Evens aad Sotherlasd Flcoiura I
BYRlabg #¥48 thouph sstunsiva softwvars mgdification ves ru-
fdulred,

4
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7. IWTELLIGEMT Vi K DUME

As the coat of mlorp-proceawgrs goed dowm, tha pragence of
thess mav wolits in o termise]l becoms mych maze Comman, I
the malection criterla lacludas ths pesd 10 support Tamoiw
opsratian, certaitly & micro~processor bap®d AyYdtew OF &
syntam with & nusber of sfwcisl funftion genarstors. mlght be
indigpted, Thep® dystempg wauld sllow mych wore compach
masdagad Lo be awnd scrond Lhy commuslication 1lam gad Lhe.
lupges wiwid theh Ly racoaftrected Ly mysnd of a lpcal migro-
PTOCAM4pE, ©r thy mora pophisticaced funcelon genuralors.
Almosk all commprcial tugminala avallable today provide poms
lavel pf intslligence pr s@phleticatian,

W, EASE OF FRODUCING MARD COFY/IABGCE ECKEEN DIEFLAY

One énlecrion griteris ofces Ly tha sass with which & copy

of the Lnformacion appasring on tha accenn cin by produced,
Asruming that some hind of o vactor duscrlptice app®ayd some=
wheTa In the comPubter dlpplay systum, & poftwars cohrerslon
cak b mide to that vectaT descriptiom is ardar 1s drive a
conveatlonal plogtter, microfila cwcorder gt Other Merd capy
daviaow, .

1
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Hawaver, ¥ury often 2 user wishew Lo obraln & cOpy of Lhe |
Information appaaring an the screwn without golng thiough the
host Ccomputer to refromal the data.  Inlclsily,, sbeot - che i

oaly twchRclogy which sllows? that to be done sconomigally '

[ i!ll el Froducing Hard :opv...!cnﬂ‘t...l

vas the storage tube twchhology mahing wes of the abilicy et . -

tha storage tube ED alsd st ss & scan convertac and k0
drive lhl 5,000 dry silvar hard copy ‘unle meld|hy_ Taktronia. ’
LT i i
AP TEBLET irlttl! bacams cosmon, Eeveral affarsd inewptaces |
whith sllowed Lhe oubput.of the bit map to driwe the dzy . )
allvaxr hard coplee, Aw the comt par copy of dry sllwir bBegan
Lo incressn, and &8 utery ware looking Eor hard capy with .
mors archival quelity, intersst avolvaed Ln velng warlaus |
wilscizrostatic printar plottere &8 hard copy déviCys, Thume
bacans avsllable ap oetputs Crom the StQrage btuka 'gnd am
svtpels fTCE & numbey u[ the raster diaplaya; | .
I . Py 1 |
Intérfaces alao bacame avallable hetwaun varicus raster dje=-
=g aRd & warlety of black € whice and colar lepact
Printern such as Trilog, Xawisk and 1M, Ganerally, Chroms-'
ticm, Mawisbh and Teéhtromiz have sither provided latwcfacuw, *
Eor such umlia o tha manufacturer of :u- nard oopy davicaa
Frﬂvlded interfaces, . .,

Y

v

1 1 N -
Tha tllt!r ayntems wars alan ablw te fonvanlenlly output tety
tha Asred eolor graphic recoxdar, and the varlous fawt film
walcs &9ch as thase mads by Duna, Ratrlm and lllﬂl llinu::ll.

Moweddr, relatlvely law-coat quith hard copy [or stickw Hrltlnq
rafronh diaplays, have only become avallable Tecantly, Sendacs
wabh probably the fliret mapnulfacturer o maks kych 3 unlt avail=-
dblw, adapting the Tekeeonls dry sllewr umit to accept #n,.
output. [ram che Graphle 7. Macently, aevaral mangfacturerm
such 4n Hagatmk, and Adaga, have Drovided Scan Convertacs so
that the picturs or vectgr degcription contalned . kn Lha dip=
Pleay Filw can be uesd to drive an slsctrostatic plocter.

.-
[f colar bard copy 1% & Tequirament Sowwwer, somm kind of »
Taster technoleqy Lla lndlcated st this paink.

lcmerisan anpther aslection fackor Lm the abllity of the jnage
on the tereinel ro Bw reproduced by o large scrawn (projeciion)
diaplay syatem, Ip some caven the saslant tachulqoe might
slaply he to point & TY camsra at the terminal;and thes conpneck
the poutpuk of the camars t3 4 comventional TV projsstar, This
would certalnly be tha approsch LY one unntad tn pruject the
Image on & wtorsge tube. K ’

TE Inm Pdlllhil th sbtuin & lerge scress KT praj-cta: which la
compatible with & styokxe writing rafreah aystam,, Howevai,
thets ars generally gquits srpenwive,,. typlcelly ipm the §%0-"
BIGO, D00 range {Pproducts manufactursed by Aydin and Genreral
Dymamics for exswmple), But, the use of Lhe TY camers may be

11
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§. Pawe gl {ecducing Davd Copy...-feon"t,,..] -
N " - " _— .~.
1oy . ) e

4n sdaquala solurion, ) . '

I | -l ~
Genmpally, howaver, if one is!locking Loy a 1sTQw mérsunm
plave, the selection of & rastar techaology wowld probably I8
by Iadicaimd, Color large acrasa projeactars atéd avsllable

for as liketlw a3 521=-3,000, +1thowgh satewmnly Righ qualliy

iwades sragulesa projscrars much an bhe CF light valwve and '
Lidephor p:u?uctl whi¢h sew kn the 3100,000, 1anqa,
] . : .il [ -
! ; .
., HOMAN FACTORS . s 1" -

+

. . 1. '
Thate &Ts & :lli!ty af hunlL factors lisuss That milghe im-
pact ter&inal selectlan, ThRarta ars Lha phymical lasuss of
rangs and placement of oparatad lnpue davlcas, the phrslosl
letations Of jecreend, the sdjustability for cilt and helght
n! the sceméms, the sbility o gantval for hriqhtaill. con-
trast, And mp forth.
Th; ﬁhytlt;l adjusimant &f the Larninala Ls Jnt gunerally s
avgilable ip mast of the graphice aysteme rtoday. Foms
slghanumeric-termihaln, duch &8 the Catasanb Alphashop a7
dlllqnld te pravide = wldl rinii of display voslclons. L
iy i i
mastftachnologlud regulre :h- ueer 10 Bpacify 1 CORTEANE BR-
hanthng. Lhletwsr, with aomu loms In brightneke., Tha yapray
and piroke writer diaplayi hava bad abooil bun timas the abs
solubte Brighiness avellabla frow stocege Twbies, Howsver,
thajmaw linw of Taktronle #tarage ctuban, Incleding tha 4114,
have incroaned the storage tubw brightness by & tackar of
twn ar thiwe. i
I '
Onw curcamtiirend nesds Lo br moted. 1M 4 sflavt o gat
betber dualliy high#r resolurien colar lmagus, sevezrnl
manufacturagss have reduced,the brightnass awl:thalr raster
Iyertemk, In.aubdoad lighE, the colors arw intenas, but In
nGrmal room illuclnacionn the Leagear sppsar to be waphad .
out.’ . : i *
i . ' . '
Tha cholce of oprrater !nput deavices i not vaally dspandant
oh tha displey technolagy with Lhe sacepiion thll lliht pani
:in not b yemd with & Brarage tuhl. t

At-nnt tlLl. onaly ramter amd stroke weltlng refresh diaplave
glitervd a Fall rangm of acrawn nlnes fram about 13" diagoasl
wp bt 15" drsgonal. Hownwer, owvar the past thres yeacd, &
rénge of pereen Aicwm Is alwo avelileble from the Storage tube
displays and this jddus waula' probakly no longer ba . aslaction
crivecia, .

]
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I0, QTHER CONEIBFAATIONS

fomstimts the ueer alraady has determinad the computer and
would liks to add a tarminal duvice with mipimus &7 Ffort.
Fometlmes this =ll1 Sletatn ths cholen o thyss termlasin
manvulactorad by the computsr muppliar, Faors tnampla, the
intergracion of the IAM 3279 Ln the TEM anvigonment be & .
convenlent, relatlvaly low rimd, opérstion as is Lhy use of
the TEM 3777 graphle atrachment with 1BM computers.

Mewiwtt Pachasrd provides suPpuzl for a brosd zange of (o4
qraphlc cesainsia, soch a3 tha Hewlett Packexrd 2647 and 264%,
OEC &Ifvra thelf pwn rTascar wystems aych s#u tha ¥T1B%,
VEIl, and VY1l thac arw DIC coapatible,

Y )
Gther compurer manuofacturws®, Nuch a4 Honwyuell, Cantpod
Dats Corp.., and Frime, have made a declelon to suppart ena
Or mpore diapley aystesn, AND vhera the diaplay regulrementn
ard nit severs, a Jdecleiom 2% owe that manufacturesr's ra=-
communded txrminal may be che lowsst rilak dacisrcn.

Of courae, many computer mafufacbursrd will dcive ERETYZ ar
aqual interfacas and many tarminglé provida that kind of &
Rardwasre intecface. In that swne+s,. che hardware ineweface ,
probles ia noL mevers, Nowdver, therw witlll L& the data
handllng commumicacion lvau® which 1% unlque te the Lndivi-
dunl HoEb systam:,

Finally, an indlcatad praviously, " cthars sTa & nuAbar of
Froductk that are saftware €OMpatible with widely upwd tmr=
minals such as the IBA F3%0/3350, Tekx 4014 apd BEC ¥rloo/
¥T103). Several unite compellbla wibh the IPM 3279 hawe
Ivcankly Badp snnounced,

The weer may alaog wish to consider wavisoamental impllcations.
High perfarmapce stroks/enfeeah 2isplayy may ccnsume an order
of magnituds mers puwsr chan LF conmumad by & storagsa fube

OoF Tastar dluplay,

Eoma dlsplays produce high Rolma lavala (often fram inteznasl
Cannl. ) .
For deakt top operatlean, the UNST R4Y want to considwr the
surfice "resl sarate” conmuBad by thT rarminml.

hnd, 1iks any other salageion, reliabilicy, serviceabmility,
porcability and other factold say be consldered,

11, pmice . . r

Although, Im this pepar. the duther has put price as che lest
ltem, sany times swluction within & price catagory ia the
fleet deciulon mpade by the potenclal wuyar, At ane rlme,

law price sutomaticelly maant SLOvaww btube und highmy prlcws
meant stcokaSrafraah,

13

11, Frice fepn't...}

ducte of wvarying pesforspecs overlap aJl price
:::::;.Prrn: sxpapia, srocsgs tybs diapleys range from sbouwt
$1,000 for tha Tsktroniz &DO& to About $i4,000 for che
Tentronin 4114, Madcer syatess Fange Prow wndey §2.000 for
a character-arianced dlsplay Linwe the Intelligant Eywuwws
Corporstien marise 8000, ro 60,000 47 movs for the hign .
perfozmance AyLLiesNd BuCh sl 1ha Rantek 9400, Complets strols
wrlting relrenh systeme range ia Arlee froe about §9,000
for preducts such 4a thy Imlac Cynagraphle 11 aystam, teo
about 51G0,008 far che high pariormancy Atfoks wriciey ra=
franh wystems #uch a2 che Evens and Sutherland PC 300,

ARd,; of ¢ouras, thare arm othae consideraticns am well...
Salivery, mervice, celiapility, P4ver reguiressnts, cther
snvlornmantal (Weyss, noIse yeneTatEd by thy tarminal, raal
ahLaL# Scctpisd by the terminal, ruspomaluenses of The
panulsctyrer, weighe, Just L0 pebtlomn woms, Consrslly, LES,
dnzipign should Bw mids by pome RInd of & mpbrix scorimg
technigue. The usar asskgng & rolailve walow Ee the varlovs
paranstord and application facgafk, and then judgar on @
numarke scals how mll esch of the vendors mustw that urlt-ri:.
An wagnple of puch & scaring techalguae iz glven i the article
"raiaraceive CAT Terwinal Ealaccion®™ ky Carl Machover., §1D
Jowrnal, Hovawmber/Owcamber 1971, Similar ::n:ifq techaigues
are dapcribed im the oook "Tha Ratiomsl Mamagac™, by Cherlaw
. Kepner ant Banjssln EB. Trugat, publlishad by McGrew NL1]

Rogh Tompany, 1985,
For cbnvlni;nci, s llxt of mast Sinplay manufacturern,

Efez, 1lv wilwihad
toysther with thea tegheploglas that They & f
:a'tnl- papar {MaC gsta shawps 30F-40G apd dbb-601L.
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bahiza Systema, Inc, [

118 Charcot Awve,
S5an Jops, Ca. 95131
(408} 263-7155

Cigical Equipment Corp.
l4v Main Street
Maynard, Ma. 01754
1£17) B37=5%111

Digital Graphics Sysie
M1 Calif. Ave. .
Pale Alte, Ca. 94106
{418} 494-40BR

Evans & Sutherland Ca.
50 Mrapesn Drive

Sale Lake Clty,Ur,B4101
(801) SB2=5047
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Eleckironice Div.
F.o, box B1127

San Plego, Ca. 92121
(714) ¥75-3301

General Elaciric Co,
Vides Display Equipment
Elecuronice Tark
Syracum:, M.Y. 13201
1315) 4%6~-3%62

Genimco Cemputers
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1516) 261l-7000

11740

Hrwlutt Pachard

Dats Terminals Div.
19400 Homestoad R4
Cuperctine, Ca. 95014
{4DB} 157-7000 -

lughes Aircraft Co.
Ground Syatrme Group
Fullarton, Ca. 91614
(7141 3?1-3232._

1™ Corp.
1133 Wegtchester Avae.
Wnite Flains,¥W.¥. 10604

[914) £96-1%00C

IRLAL Corp.

1%0 A Strsct

Huociham, Ma. 02194 .
{417) 449-4600 -

fmage Magnification,Ine
rfo Ruscor AREOC..

Jo=14 Broadway fRE . 4)
Fairlawn, N.J. 07410
T(40l) T96-0000
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Interdcate Electronics
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(714} §35-72140
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“E6LTY MEL-6L 34
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Pamtek CTorp.

583 N. Mary Ave.
Sunnyvale, Ca. 9400%
(Iﬂﬁi 71%-8400

RayLheon Data Sy:ttl:
Raycheon Ca.

510 Boaton Fost mA.
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bleck and white or oolor, the teglons betveen contour Llves.  Most peckeget
affer the option of [lttlng & polymoulal & Lhe suzEacs. Whlle mlynoming
santiona are ot useful  for '-lhin; long-tarm Fnjae.tlr.- Lhay Ray prove
sxtremaly yseful in estisating eipslng dats points and  identifyimg mut Einca
teends. The package chowen for use in thly paper ll1 AP varpion | 5.3,
produced by the Barvard Laocatory for  Ooapoter Graphics and Spetlal Analywis

Meaxpnid and Bheehan, 1975).

- 4

L] Iilumltiw mrhod  for displayimg  thoes-dlssnalonal data s 2
mu;truct & thiwe~dirersional pefepective drarim, a -t!nd i.ntrﬂn-‘l in
derography by Lavansaur {luaia-'m tecently appllied by Pullum (1960),  Hanoaon
ot al.  11M%a.bl  gply thle u:l'nl:p.ul to spldemiologlcal dats. The major
disatvantse of this spproach Ly that 'valleys' hiddes [eom wlew by ridce
Hnu. are mat Armm,  mavlng 1t recessary o peovids more than ore view tn
display all the intricacles of Uw Nrfﬂ.' In oontrast, oofbsar mapy allow

o b visualize all P ATELETE AL o,

L]

The data presented in thiw paper are ahrual cross-sectional data ter Flue-

and ten-ygar age qerups.  When oonetructlng a ontour map,  the smtlal
srcanyment of the data on the age-time plane it lzporbant, | The distances
betweer the dits points should be wquivalent in each dimmcgion,  TOAP'E
Interpolatlin praosdure brlongs to the laally of welghted sverage dfwtance

PEAPUTES, Oeecyibed by Bhepard (1968}, A& desogeaphlo data is ondy avellsbie
’ -

- -

v
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i .
in five and ter-ygac 898 groups, T divided the oom Anie by the lergth of the

szt clazn o make the data appesar a8 LE theoy wers avalilable in witgle-pwac
a1 groups,  Thon [ axpanded the axia, durind the printing proowss, &o that
scales ware approximacely squivalent,  Por purposes of inktsrpalation, it in
Tecensdry IO Afkume & ontinuous varisble,  Since population abundanos 1s nok
a oconcimews variable I Jividad l:he. pEpulation data By fiva £ chtaln
aitimates of single-year. age—qroup abundance, then Fittad this value to the
Aldpoint of the age group,  The axas of the HD's presentsl  are rotatsd on
degroes relative £ thome of the Lexid dlagran shown in Flguce 3.

OISUSEIN OF RESILTS

The data were collected and publighed by the 0.5, Buress of che Censys
and  the Publlc Mealth Secvice, In all, Iz-l]n dats tolnts were used in
prq;urqu the disgrams. The results that follew are anly as valld as the data
used., Por & drtailed discuagion n[ censug Humeratlon erccrs e Cowle and

Z=lnik (1963}.

Populakion Alundance

M.b's tor the U.5. male and female population atundares,  Including
oveErsadd personnel, arp shet In Flgure dn and b, Population daks for Alagks
arvl Hawali - ace included From 1950, The data are  arviuasl satlmates of the

popalstion £rom the .S, Buredu of the Cenpus [1965, 1574, 19755},

!
The bwo pAulaticn MO's together compeise & series of population

prramide, of wvhich riguee 1 la & wubset, It thece were no mortallty and

Birtha {ncrasmed uniformly, sech MLD would contaln bands patallal ta the life

lirms 1doiwm at 30-year intecvala)l,  Hoorver, % GOECLs ag=. Ao bal Ity takes

1t8 tol]l arel rechecws cohort populacions, thee the omtour 1ines beoome Concane
- K

re

vpeards, Hoctality |y most sevmre L0 the aldest sges ceusing & flattaning of
the ‘eontour ‘lines,  Migratlon Lnto the populptlon M4l to the oohort
populations ard  incrowwes the angle of the contrus lns, The opmoaite iy
true for cut-migration, l;! li-mjgration sxcesd® Llowses dum tn seceallty andt
ut-migzatlon. the contour Lines «ill become comes wowntde. In Ploure da and
b, pcpulltit.n atandance differentisl e tetveen WIen  Are clear st oot wpes.
m:: the cotext boen En 1940, the 1ife line nu-u.-l. lnte lrexwasing rather thin
docreanlng population lavels, Ieplylng net llql.:ltlm intg the 11,8, Two bahy
boome ara sppalemt on 8ACh map--the poat-Morld War T1 baby boom Indicated by
the r;leuly packed conbour 1ines and darkest shadlog along = ridge Ling In Ehw
Iumr right cormer of asch dlagrm Ellbllhd AA'1,  and tha powt-wNogld Wac I
batoy bcm starking et about age 15 In 194 (lacalled B-8'). Por hoth sexes

thers 1 a hesak I the rldge Tines batween 1944 and 1945 (Istelled ©), which

say ba ssmxisted with the dip in blrthe that occourcsd in 1919,  This oag
oocurs wllghtly sacliec for wamen, "Thers In alse o gap (n the fewals post-
World Waz IT baby buon assdciated with gicls boen in 19%,  In all thres Canss
the stwndasw levels In the gaps ace  Just helow the Iwil-h of the e Lyhizor Lng
contour limes and, thereloce, wre of little signiflceww. 'rirull.r. tha
inclusion of Alsaka anwd Hwsll after 19%) has very 1ittie pffect on the MLOTs,
dur to tha srall populsrions of thews e states. )

Mogtal ity

HD'n for the U6, male and fwmale sp—sppecific soreality rates are Ehewn
in Figure Sz and 35, Dakts for Atzeks aned Hewnil arw (ncluded from 1950,
Anrual Cross-mectional dats frow the U5 Buresy of the Conmua (1973a) ard the
0.5, Mublic Mealth Service (1YH-19T75), are used,
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ey beemoand ina sligktly oier qran. TLrgi bimacy SMCHY]  LEENAGETE,
ieAbsaten 14 omboer Tlees porpendicular to the tame axle [labelled B), waa
inereasimg steeply. ITNmicimacy In all other »ge=s Increased  through the
19 s, but has alpoe dropred. Copared e the Llegitimacy  problem
axprrienoe] in the 1943 8 the pretblem [n 1975 Wi more eewere,  The 1940 Loysl
o 1o 25 was %10 [llegicisate BEEtht/LG00 wren, Dot In 1975 the level was
0~ -4 moce than theeefold increase. 1t should b noted that  amom this age
group trtal fectilley wag higher in 1940 Ehan in 1975, \ fSome of the rheetved
charepes might havs reselied trem Lncreased willingness oo ceport 111 egicinaoy.
areugim '

A orwerater Qramhlea eschnlvue o picturs bhese—dimensional derrqraphis
ar] rpbdeamloloqics] data has been depsloped, Mee!ificd [Adbs dingrams of the
U.5. rale and frmale porolationg, sed gl oo eesponding mortality, fectility
and ilimqitiragy rates from 1940-197% are prodented. The ahantagen of MDY
are that they aliow the resonrcher to ooepenbend three—glmensional changes and
o nbeepwe uwarfations that oocur off the principal  ases and  the diagonal,
Singe large avemints of data are  Inciedsd wm ore disqram, an MDD 04 an

efficiant pothxl of pressnting  tabulac data. Tre game of vimalizing

historical rata, ohtained by oonatructiing an MO0, khould ald ln tha

wieratarling of trends Lo population aad health statlatice.  This technigee
ahould Find application in the fields of demcgraphy, epldmmiclosy and ecology,

ABBREVIATICIE AHD HOTATION

HLD = Mexdpfied Lexis Dlagram
o = Ao . .
T + Time

Fia,t} = Pysiation at age & and Elee L.
A DTS

Thig vk wad pupportad by a grant from the Breckelsllsc Foundetlon,

FIGRE TITLE

Figure 1. Pamlatiom pyramids foc  the u.i._ wmale and female  population,
Ircludlog ovnpseas prracvewe]l,  foo 1943 and 1495, The 1940 pyramld does o
{ruzliede Alagks ared Hownd §. Smrl:*ll 0.5, Buread of the {enmoe (1965, 1976505,

Figuew 1. Tire wecies of the U.$,  total anmosl fertllity cate snd the total
anrnaal uarbwr af Live bicths. Soucgem U.5. Buress of the Cenmua (1975 and
U.5. Public lisalth Secvics [llﬂb—l'}'.l‘ﬁl .-

Flgure 7. Laxis disgram with arbleracy Life Lines drown,

Flgure 43 amd db, MLO's [o¢ the W3, malas [a]  and female (B)  popakatlons

_ {mthers L0 th‘:m.u-d: tor Aingle-year sye-gramel, Timn:  1W4-1975, Ape
0-8%. The data are snrual #stimates of the populstion for Ly sov grogm
O-4 and in Svear intervals up to B0-84, Continurus 1LEe  Lires have teen
drawn at i0-ymar intervals. A-A' [ndicates the post-world War I haby boo.
B-B' iredichten  the pulct-vb:ld War I uaby boom, T pmlicates the drod in
births that oocucreed Lo 1919, Scucce: 0.9, Bures of  the Cenpux {195,
1974, 1975b),

Figure 5a ard Sb. KD's fér the U8, male {(8) and fermale (B} woctallty cates
(par 1,000 popalation), Tisn 1940-1975, Agei G-90,  Tha Jabta &re vkl

-~ 10 -



raten foc the age groqw &, 1-4, 514 &l din 10-year Intecvals op Eo 65, fhgure 1.

Srroer ULA, Tublle Health Servies (1970-1975] ard the 0.5, Buresd of the
Consurs (1915a) ,

Flgure 6, WD of the U4, live bizth rate by aqe ef anther {per OO0 woren) |
Tilmea  P940-1075, Ager 10-50,  Data sce ancual raten by S-ymar age qronige
Corm 10-14 to 4549, A-A' indicates the high fectllity ridge. BB iS5 bhe
0 bitehatI0  wreen conbocr 1ine, Source: U.5. Public RAealth Serviey

{1970-1975) ard the U.5. Bursau of the Canmys {1975a). : J - MALE AGE FEMALE

Figure 7. MO of the U.5. illegluimsre Yive birth rate by mother's sge (prg
1000 women}.  Time: 1940-1975, Ager 1540,  Dats are wrncal rates by S-pear
e qrogd from 1518 to 40-44. A& ln-l%catu the prak In {1lsqgicimacy. B'g , &
indlcate increasing teqribge 1lligitimacy, Sourcer .5, PMublic Bealeh
Sarvice [1970-157% and the U.6, Bureau of the Censua (197520 .

1875 1940

086 765402717 12346678010
MALE POPULATION FEMALE POPULATION
8 8
%107 . x10
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THE APPLICATION GF COHPUTEL WARPIRG IN COMRECTING QLD AMD SELECTING KEW
SCLIN WASTE DISPOSAL SITES USING A SEOGRAPHIC THFORMATION SYSTEM

FRONLEM DESCRIFTICN

The prorsccivm of grousdvacer resources froa tha posaible sdweens
wffwite of solid wentw divhonal aives Ly hecoming a0 increapingly im-
PHI'I‘.I-H cavironmantel t'ﬂl“'lﬂ'i- ‘l:lu Love Cansl cacsscrophe in MWew Tork
has belghcwosd the public'w wearsness of Lhiv Ipsus. In Hew Costla
County, an agullar contemination problew sasccisted with an old landfill
way diacoversd I.n.l 1972, Bloce chen, considurable riss and many {geal
*1.3 ailliom dollare) kavs heen expanded for mpnlitering, Investigatinog
slrernarives o eweTeét Cha l-ll.llltiﬂl-, apd concalning the probles wotil

duith Li{we ¢ correctlva acriome can ba Lahan,

Dr cank of che Weter Wescurces Agancy (WRA) la to devalop progtsms
to ald In the control of sources :;f water pellutlon, Ammg the prioel-
#a] sca-paLlAL soutEan are lasdfills smd opdn dumpy. Tn the pasg, Lamd-
TIlla wers sicwed with lictls Tegard to vater qualicy, and thay warse
sparaved and deslgned vith practices wa would farely uma coday. A
tefaricun legacy rumaine which fa dewmanding sttantion, Tinited fynda
#acy and will br allocated te correce problems Lo accotd with problem o

sevarlcy und with comt-aflective priociplas,
I

Salld waste dimpossl le Mew Cancle Cowary waw Pizet svasinmed 1w &

- — Ry —m ———

pite inventary by tha WRA im 1973 e pnlr_t of initlal week Lo deweicplag
[] :un'r qealicy manmgement ples waber Sectiow 204 &f Puklic Lar ﬂ-:uﬁ,
Tha Federal Varar Fellurion Compenl Ack m-.t; of 19711, AX vhat
r,:l.u: fow data sxisted aud the Javesgary Telisd heavily 8 Che cecpara-
tdon af alte operatore,. AcTedge, voluss, aod vasin condtltvanta vars
tha dats providad. After soalysing gvalogic gats, ‘avallabls watsr
quilicy data, and other imdovmecion, rha survey comclwded thac of rha

nty-Tive slcas [dentified, thres sicas slovsdy sffweied water

qn.ul.l.t-_r and #lu had u high patastisl Lo do =g,

$ince that Cime, o0lid wanes disposal hes rwceived o comsiderabla
amount of varicsnal acr#ation. Congraas rup;ond:d ;uh the 1776 Rxwourca
Conmervatlon wed Excavery {ACIA) l.cll'.. which requirad that staten mal wp
salid wikta sasagesant plens Ln GFHT 0 r\?utn fadaral aid. Tha
SLabes et ih-tiir savirommarally wasccapiabla duspe snd wpgrede or
phaps tham out withfio (ive yaare of the dace of ldectiflcacion, The
ECPA 4nd the Clean Sater agr of 19717 both propomed critaEla to ke

waad Lo 1dancifylog wanca dimposal Paciliriee in cerss of aflacks on

purface wyd groondwster guallty, slr quality, and 'p.i.hll.t wnfary, In

- sddition ta iba uew of & fevar matarial. Facilitlaw e a}low e

urnding wr fncilicies siced in ;ull.hlh. flocdplaiss, habltals of
epdangarad specics, of rechargs soosr of p-rl.n-f:l'nl. snrcan ol lacal

drinking vater ars gaparally deficad sa muu_-puhh wilgr thasa

. N L - . 1

regvlariocs xad will have Eo ba phasad ouc. .
i

v

Bimca any actiow the Stete vould Calw wedded oo ba iﬁﬂrud by &

ayntsm #f priericies, cha Watsr Ressurcas igescy slacimd ts feosxmciss
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1ts panamquences, -nr- coaely o carracr, mare d-“.l'l:ul.t Lo prevent, and
o

Thust, tha elasuificabion of laocde .,i"l prr—_"

mary difficylc to deteds.

cadencs to leods with natural charsétarlstice that vould serve as lllldﬂli
Iine of defanee In the svent that IEI leachmis CNIIIWI FyRtem brll:ll

Hope ol Chamy wite :Iur-cuﬂ"l:; 1z af wuch \':lh- in I.I.'ﬂ'll“
concral that a proparc iri;;,-l vould ba praluded becawas rthe valye :\f I ]

deraryy

leachyte tonfrol wysted 1x cquelly high with rvapact to Ehe protection

of surface water qualliy. ’ ;-I

The primdcy asalycilcal shjecclve wvas Lo peavide s sultabllicy map
showlng araas whers e affect oo vacer qualiry would ¥e miclmgl, v
arass of possible allect an Hn" qualicy l.nd- arana which would éﬂ;t
" liksly affact warer qualllby. Th.u map would b wind s aoalyze p-é:.'ln.-
Tlal wltikn. After | sdp vaa prod;n-‘,, lhll nul.pu;r l'.flt was uﬂl: 3
apfiuaTe pACkugE way wri{fen which wiuld u:n the poordiontes of |
wuisting landfill sitws and produce a linE of tmli;'ﬂ;ﬂﬂ?til ch:l’ldtﬂ"-
furlcw far wach ales. Than & ptinfltr lj'l-tltl ‘n—-llﬂi wich citaw'n

potencial o affpct whloer qualicy would he dewloped.
* - 1
RESOURCES RENUTRED [ v
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Tha AFE! sysirm has beep operacionsl for flve yesrs oo 2 Burrougha

710 computar locared at tha Univeradty of Delowasa, [lve mllies (rom
. -
The lrll:l——mltul ra apd data bawa—war developad and -
! ] |
installed over = one yesf and thr-. woneh pgrlud -1 H.!ﬂ by the .

the ¥R cfficew.

Eoviroomsnts]l Systaxws Rewwarch I“Htuu (BRI} of l'lﬂl-ﬂd-l :illllrrl-ll.

!
at » zost of $134 000, Work im Japs In & t:-;-h-rl.“ »pda wich l:nnr
o the BIM0D thtough & Digiral Equiplﬂ'l.l. Corporation LALZ0 Decweitar ITL I

i — = i —

- " 1
] 1 | 1 . A . ,
1u¢.:td In the Agency'm office. The Dacwricer 111 provides an wdwantmge
|+ " i 1
owyr Ehy Universicy's reiminal La :h: y "rﬂ“ cha wvartical and
e 4

hz[lulll plich aelactionn, maps can ba prodeced of ecales of Li124003,
L - .

q .
1: 36000, ﬂumn, and 11 12004, ) ) ,

3 T
Lt i 1

* The ARA] exstew iteslf {a of the prid ull Lyps- Iw Cu:h Cimniy,

]
+

ul.:lﬂlll-l tha lhllnut! Llver, iw apprasimacely 435 “u" Ill.u La slaw

[Figure :.1 Tha~ |rld calles are aquape, fivs huodred l!nt LD & -Iur Lhus,
elcb n:.i ::I'wlrl 5.7 acres. I '
Z'El?l‘ ::Ill.ﬂ'l la Tequiced far ENII]"I‘I‘ covarage, Isclwdiog the Delavars

ElwaT. -

At this scale, n grid matriz of 4080 pown by .

[ | [ " ] 1
Mep output Etem the system mey ba difectad to 8 termlnal, o lics
¢ ' L . 3
prlnll:. of & plocter. While rhe i;ll:r hea dote scla ctolar plets of
L H
lull atmdd om g Tekiconix GHZ plntur, It 1a too small (10" ; 13"} 1a
FRLEY

be urd! far coauntywldr lntlrlil Dralt ar wtup; llpc ATE dddk Lo tha

ST
Uniwmzwity for uut:wt an ]uim printar, The maps hﬂﬂn wary produced &t
A n t

I.. l:l-]l =[ I:HDW 4ad photogpraphically Tedwcad 1o I"l”ll .1", Tha
:au.t [1] lri.::t lrlid Twduts 4 Bap rangsr fyom 510 to ll!-.
AT ' I '

The original dats beaw coatwined dutm on Ehircy=-aight \urhh[“,
mang ll.‘l'-"n NI.I:. land cover, gralogy, hydmln". llnnillphlln-, [
::ul:;l:“ﬂlrll La}, mrd l'l'ﬂ'uhd\l'l;.'l'l' levarlon, 'rh;-mh tlht “!l':..lj'

"

Ellpl.hi::-lt; of the wystem, the WRA hay dava 1ap.d j.nlnrl:tinn J;u;* trrat
1 i
H;:; mciry varisbles in¢luding tunoff and lnIt]::ulun. 1rndiblluh
1;:‘1::1““1 capability, aonual sroaiom, 4ratfc syainm l-ul.u'hi.lll:]r,
H.l:,I Tha firac IIEP o the soalyein wan to declidy 'Iﬁl-l"h I'lrh.hl:rl
Iﬂul:‘l b uiad lnd how would they ba wswd tn provida lb- baar posnible
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Figura 1

rEeamm .

iufarmation. OfF 4md om aver & prricd af & year sd a Iu.ll'-. Eh
,AultabiIiry modal wan comwcantly belag reffesd as nev approachas and

nev darh wore sxamined,

FRONLEY DNCOLNTZEED

The twe major cbetaclev Lo p."lnl‘-Iu & antlalactory analynls ware
both datd ralaced, Tha Fledsont arsa in the Counly, the northarn
quitfwr, la gualaglcally mich mors complax thas the Coastal Flala, '

Dats om drpth [0 groustvacer wnd squifer rachafpa p'nunu.l VAPe um—-
avallublum. The Delawars Cegological Burvey [RGB, undey m coutCasct with
the WRA, im Curcwobtly warkiog te previda chass data. This probles
could not be ovarcesss., Oocy dats are (vailahly, Chey will be codud mmd

become parc of the daca basa and the wulbtabliicy deca file wi11 ba

upda tad,

Tha #écomd chalacle was thl‘l our dars om aquilfer rechargs pacential
Tor the Codmtal Pluln, whilew it provided much walusbhle dava far thia
Mmalypip, Idenrifind cha thickoass of cha ganloglc Sverburdas tuly as
graatey o laes rbdm Torkty Feeb. Thle daita fliw vas coded from sape
daveloped by che DG2 In 1975. Thass datd clagaify tha Comgtal Flain

o terma of four mesmuren of vecharge

1. Poasipflliy for recharie co tha degpar actwalan aguifarc,

1 Gesd = Hydrawllc Conduceivity IOQ0-250 Friday
I Fair - Hydraulic Conductivicy 30=73 [r/day
11T Poor = Bydraullc Conducgivity 1-30 Fefday

2. PosslkLIity for racharga o rhe uppar wetar tahly squllsr,
largely the Columbias Formapiow which comalsks af gravals,
mands, milea, mnd clays of highly varisbls chacactnt.

A Copd = Bydraubic Conducpiwity 100-313%0 £ifday



§ Fair - Wydraulic Comductivicy 50-T3 [1/day
C PMoor = Hydravlic Conducrivicy  ¥=20 Igfday
' 1. . \
¥ Thicknwss of Columbla Formarion which durermines the |
pcuntl.il for thy usa of Chepr sadlsenty ae o sguifer,
1
1 Credarer thano 43 lnlﬂhunlhll:r u-ntu.l A% o mquitar
? lLasm than &0 lpat--Ousfyl 4= .- aqul far oaly for Llow
Flild, domencie wolln 1

. .
L .h’utﬂl. flow divecclion of gproundwatar.

a Freseotly & potential racharge lrll.
b Frasmspcly & diathargs sras .

A
» .-

- [
Eich call tauld bawve & welud of 1 tv 3 ddpanding on the, comoios- .
tion af fectors, For example, & vilus of 10 corTeapands te oty which
i H .
Tndicetan good rechatje porensial to the wrtesian aquifer (1}, poot

Techargd Lo the, upper a.quihr ar Columbin I‘nm:lnn [ T 1-¥ 1““, L
1
gredcdr ihaa forcy Esag t.huh (1], snd ic 1s & Il."hqr“ MCEd u]

& swre sccucafe gscimale oF che chichmeww 9F cha Columbiy hrilti.u

P
waE pevdad, A thichnegs of less rhan forty feet would range from G=-34
. \ H L A
feer and n thickneaws dreniar Lhan Eqr“ het would bm anywhers beiwswn
] | 1 1 1

&0 apd 117 Faxt, Thirty-nins [eat of l.‘-oh-hl-l forwatlon with “poor™

]
hydrawlic condustivicy aver s8 ATCéaian aqulist :hul.l'ild " = poend™

f L
would prowlids much mory provsciion for tha -nul..n anuifer Lo I:hl avenl

of Leskagn From & lendfjll than would oes Cesl n[ Columtils fum“w,

i '
Tafrunately, tha wvorhing maps uu:l by vha DG!I did h.lw :uf[lt'llll‘.
polat date oa elevetlom of Lhe overburdes sbove u;l level II‘.h-llt T
could ba drpwn similar o opotaurs showing topojcaphic llw;-t;s.u.. hﬂ_
. thia was doos, the Eridded wylar sap could be :'"rlllﬂ ‘an rha u:nt.;ul.'

' 1L b
wap aod the alavatlon of the overbupdes i the Cosatsl Flain could ba

[ I PR S,

'cmums EXAMTLES ) S

. - LY Ll . .
:nhﬂ, .l. srudape vas hirsd (o patfors thh uﬂm-l cakk which twll .
.hm.I;E ;_‘hui -anth- with l.nul:hgt thres Innl'.}u tn chach, :nth:t. l.ld

| f
"'I!illf the duka. Ouca r.hil :I;u l!11| iu en-plcu. the AERI u-tn

mu ba oped L provide dali oa nn muuu of nnrhnh- iﬂ,r -

r.n.cun; rh: elyvatlon af Lk mﬁurdﬂ. HY :I.l. uln alkave u- luval, T
3 .
trom the topoptaphic « levation or addins it to tlu :m:rnhic ulava-
- '
tign 1f it weIs bulow sas laynl. Thus, dats on thickn-n ot ovarburdsn

vae :niud and usid wa & variable la the ll.li L-hﬂity far :I.ndli.ll T

ml,-h. In the futute, Chess deta wili ba mid 1a m:l.y-u camiiag
' t
“m;u: Hur.p capaelly amd o aspwiasant al’ nuﬂfﬂh (1101 T

'
r
" . L]

In"lll_ ‘1
Wl o - , T '

Th:l- plp-r deniumints [ha Ageoct’H n;ﬂll; lﬂll“- wasln dispasal vu"l
'rru;r-.- vhh:h will caewli dm ghe p:l.britr n-kh; af apjating nolld
Hutl 4upou1 piten bawed on thelr pnuitul Le unr"u -llﬂ:t walul
ql.:ll;nltjq- I'Ihl :naly-u will slge ba und to p:mrld- lnlnmuu ra tha

n.]....u- s-ulu Usata huthoricy aw ao ald in u- saarch foe n aalid
Ilil-:l' d.llponl site. The Epllowlog -nlsutin praviden l.nlqtutl.w

uln the prepafation oo tesulpiop maslyale of che mapt wead Lu tha ltm.

Map 1: Landf{1) Bive Sultabilicy -

e Potenpial for Contamination Bssed pn Sechacys Totankisl

© This .HP ia & fieat cut wnd shows the county claseifisd N tarw

1
P 4 .
;l sffuer oo warar wuallty LE leackats Iyom & polid wepta disposal slie

wers LD gnter cha prousd. It dows ool pabe into scoumt the thirkness

1 1

H -
af the Golumbis Fopmatioo.
i

. [
1 :



Those culls idenrifiad a¢ baving o winimm s[fect are arsan
claaatltipd wn 1116, poor fechargs o bath the Colusbis formstion and tha
Jawper aqulfur. The awcond catepory Ldeatifiss Elll; cluanifiad aa II1a
or 11TN. They have faly to good rachargs £o Lhay Calwsbia fOrmscios bt
poor to Che desper aquifer. The thied 'uul.ﬂrr has poot Techarge Lo
tha Colunbyls fprmarlos sl poor o falr to the deepat squiiar. Bowevar,
slnce the thichnass of tha Columbis Formation $a mat comaldured, 1ra wffeer

on Jeachate dinprreion cannot ba pauged,

i Map It Thlchmeni ol Geologica] Gwwrbusden

The dats portraysd en Lhls wap ware created for uam with the re-

e FAM —— b -
Dol LRIy —-
Al Mk SR L a——

- 1 bk

cherge patencial data in order to davelop & final solid wasge dieponsl

T r———— i . aity sultasilify map mod Fila. Eagh ¢wll 1@ the file hos & valva for
e it : chicheens which ranges froa 0 (0o overburden or bhe outcrep of che Sob-
MTrT Iy — . . - o -
—— i i .. cropplog formation) ta 117 fesr, Tha rvechargs dats tell ua whethar
— —— i * tha Calumbia Torwscicn Sa p;lurllj sand {4) with pad Wrdreulit com-

ductlvity; (R} with swerage hydraullc comductivity; or (C) samenclally

clay with low hydraulie conducrivipy, WYhao <owmbined with chicknass

dita, wors sccurats sssssswsnts of potemtial for comraminstios are

- ——

ponsible, For sxsmple, am sres clesafiied & "I (good racharge potantial)

' vayld provide wuch wors pruuctfnn Lf it wara thirty fast thich rhas 4§

it vara cwo Prewt cthlck. Tha dhird sap d3aplays thiv informption.

£ ; .
Map 3} Sulcability for Landiill Sitam

L woclay vf lavels wvipe Juviaed which charsZzeriss syitabllicy La

* terma #f mioimal, potential, sand sevars affacta. Thens lovala ace

baslcally depyadent oo clay chicknesa, Arass ldwpeifiad as heviog poten=

tial affects weuld rwquire Apetiel engieeering Tochedinwes l_l' ol DT
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3 4 eltn.  The potectial probless Lo thews arepe aigg dascripad

Thin map shows Lhat wpproxinscely 27,1 srryy of Tind, 1f wasd
& 5 solid vante luma_l nite, sbhowld pons mimiggl prolens for warer
Wealtey, Amathrr &1, MM mcres ard ldamtitied g9 baving & potantLal
. te aflwce warer yualicy. This map and date file WErE than yesd ap tha

bipis ra svalusce auisting and propasxd molie wagrge dinponsl -:r.:n

A compariscn batwewn Lha urn;- invalved in the varicus catagerien
) L] H;p L, which relins tmly om Techargs POEemtial, with thar wm Map )

VMich tacarporates the thickesss faetor sms the folimdag:
I

Hap 1 : Map 3
114 Atrum ) Celly ACran Change
Minimal Eirget 2, 945 le, 873 4,941 7,323 #10, 444
1 [] ]
Patential Gop-
Eaminarion of
Shatlow Aqulfar
and Surfuca
Slraase 1L,MY  LNan 10,146 SH 133 44 407
Tatential Com
tamimarlom of
Desp dquifar 1,054 4,00 L] X i =1,
[] L]
Patmocin)ly
huu Etfect 417 A, 1%, 3d; 111,08% 43} 118
. L]

It i Eb‘\l‘-'[nﬂ.l:l thae tha detm victh ragard to Eologic H'r"“r‘“
tRithuean 14 & major facrer in the gnalynin, Kot ouly doer an wddition-
i 10,000 Arus bacows suitable P8t o alia, bur mapy .1lpnr|-.ll]'. 3¥ b0
iy are added ta :h. arwds wikth o pocantisl s Exvetuly aflfect wager
.nﬂuy, which is the pradomissst somcars.

i3

AzSWLTS :

Propourd 5fles
Slces proposad by TOUA durisg L past yaar sad & half bava mat

bayy oppealcion Prow welghboriug tesldencn. Tha WEA hed amalyced thass
li.l:l‘l wilh dats svailable ot the Clww such am land cover, depth ko
groucdwater, soll Cypea, and rachargs pargstial, Howewr, ft did noc
hawe the dats vequlesd ro lock st & combipstiva ol charactarintics—
thickaese of vwmrburidan togpachar with licholeglc scruetury wrtll Che

nev dara TLLe was crested.

Alug, an wtatrd asarller, Che WZL had objscted to the metbod sppareal-
1r beilng werd by {be BEUL o locats & Fite. The DEUA hasm proposad a PYC

lier benaach the wice with & systam 0 rpllact and Erwat tha leschary

“bafare relesaing it to & stiresm. Thll' Wir's positlon wam that 1F chat

Iiner should laak, it would b beast b2 have that sita in a0 ared whers

leasr eavironmnoctdl dsmage could occur.

Frasenrly, che WA has pressacad Iga ﬂ‘i“p b pogesclsl welld
wasts disprsal sltus C Lhe -il-ncr'l hlicf Bosrd, vbich cocaiste af
the Counir Farcuiiwe and tha Mayors of Wllmiagrow and Nresrk; to the
Clry af Wllsingron, vhara cne propoaad aipa fa locatad; aod ra tha
Couaty Emwcutive’s offica. As & resuly of chis Lesc pressptacion, Lt
wal ducided o arveage o meering with the Covemor's acafl o pressut .
this informatioca. Heamshile, the DIWA bas bired » coosulbing "Ii‘.
seering five to do fe-depth pice amilysle of thisw potoncial aicas.

Thin la to ba complated late ln 1WA1.
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Eximging Sites . - .
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¢ 1

it
¢ Tha :rl-tin of a lulid whota dimpoasl sire :uit-biliw map -nd ]

st

ftle p-nund tha WEA T4 provide A acing at r-lw-nt worlTokian il
oo y L

fatcote ¥y sccreming Cha dacs bads [Takls I.L ‘BY soulyciop Chs. hlhn‘-

wetion provided, "M:Illlf tht io colum ll'—rhe n\rtull lu.ir.lbilitr

K P r| PR
Tenking--1it inm p-uuihh Ln fdencify thowa li.:n vhich p-::u tha ltutnt 3
] . i . I LT
ENTadEd [O Whied gualicy. ' v ] r
- . Lta - .
The rahle shove the nu far pwsr Aray ttuk stu. vhich fe tha aita

N - '
wat loned eurly on L I'.lhll nptr. tn 1] = illllllll, lil.‘f th.:lltlurlnu:ir '
aifected surfacs wainr and borh ﬂ'll upper apnd iuu:r iq;th; I“:I'r call
bur thrae hae & sultabllicy value af T which nﬂr-:pcnd Lo the |I:1.|nr1— "
flcatlon of “Fateptislly Savars Effact on ht!u- and fer Gro:.L;:inr,

¥

LI 2
Thr data show Chat L Techalgs p-n‘tlnll'.h.'l Ly A" {Column 10) ;hrn.hﬁu:

i 1 WO F* 4=

the alta. This indicstenm good hrdml:: :nﬂu:tiuir.]- which ;1:::-- laachata

from the landil]l) 20 parcalate thrnu;h :hl :ruund quite T Lly to con-

. 1 1 | 1

tamipare groundwater, Othar Factors cooaidersd h-lp:d ta distloguinh what
. il v 1]
qualicy probless, sod che ﬂummun obdelvad tends Lo coufirm the

4 1.
mapplag apscsvmenl. The I-I'l..l. h 1.l tha prn-:nl n! o ume n lng :h r;unl

tllhbdbldu wnd Il-'l..'l.l subsil Itw Findingm to Brace Deparcoent n! Earursl

R
tamaurces and Enrimn-nul fautrul ang Ep Ihl‘ Enviconoental Prnur_tim

r
A;-n:y oL che zod pt July, ' ) v [
- “ .
S KY .

Tha wolld weate “probles™. fu awid to have baen creatad by increamed

’ 1 |
compatitlos among land uses of all cypew, public opposition £o naw sitenm,

ot
and jmproved sltipg cfbgaria, Thls probluw waw compounded by rapid
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Incresses 1w population sad 1n the wolem #f vastes, chaogm ia productios
and consumptiom precelees whizh inflossced tha compositiow of vamten, mif,

af courma, tha gemevation af air asd watar pollutiom resldusls.

The problem appyazrs Lo have bewo the sbtltuds Ehat vesles wern
Auimancan duserving no better fate than duspiog oo "worchlasa” lasd.
'nu. .ttituh parnicied mvirnnmu.l impacca [a pt our af napd, and
t.b:u sleple Foct finally caughe- up with us -:ll. of & n-uu 1la pur sitiag
‘decipions, for snemgple, wa took pyips Chac any mylsanius weyld sot be
expericaced locally asd, s, wva cowld ool relats ta or percaiva amy
problem with pur praccices wneil too lats. ¥ sow koow chet problews
devalop lo mrages. TFirat came odor amd veruln; ascomd, opan burning.
posed the naw problye of air pollutica; sToundwates pollation slovly
wmarged a8 & chird prablem; and oow, an & fr'"“ nf. fudivcriminita

dumping, weomomic costa to corract thety problema la the w107 COonCerm.

Ly tolarablead pois waate dispoasi pru_ti:u hy grveTomRl snd in-
dustry. Whrd rhe toaseqassces caughl op with us, they evarvhelmed local
Jurindictions baciwns ln-n..l. furiedicticoasl reagutias wire imsdaquace for
correcting them. Through this array af :i‘ﬂ:mtn:", wa mad haw charte
way oo local saperlence with eolfd waste mansjesanc’s aavicomments! im—
pactu L0 compara with mir -n-d water qualley -mq--n:. and, thus, com .

parsble Erase-roota deslgn aod reguintory imgrovament wate much »louwet

to develop,

Wy cam wo Iomger e thiv. Is fust, IF wa nited eur 2% landiilla
sccerding to tha L9F Lesowrrs Conserverlom esd Ragswsry Ack snd che

1377 Llaam Watwr Aot propowsd aiting criteria, most »f tham would ppt

1%

ba there im the flrag place. Momt ara in vailamds] pomy I8 Tiverlow f
floodpleing and in sbasdossd mamd and ;rml."pttu woed ok 19 I

wajor vacharjgr srea. 0OF Lha tn that mast tha prepoasd critaria,
prither Ja well dewizoed [Both wites conuinmk of Filled un.ch.n].. Tha
Dolawiry Jolid Waata Authority propossd mlting ui“r_h wmbrace t‘ul

RCRA and Che L91) Clean ¥ater At :ritlri; and, thus, woauld also oot

pwrnir rham to be glied o these locariowms,

Kisdadght camd e faresighe, provided chat vy losrsed the lzasoms
CBAE pAAE Emachan. What Fiokains? I0 st witlosdy end yusrriss, vharaf
On agrlculrural land, fazr frow peomle! hl;-l apriculeural laad 1n
aaidt too, Mow can wa deal vich tha land usa aod palitical {esues coday.

Thate sazmm Co b4 no alternacives but to daal with the managemgnt ilpwusn. °

4p fur mm it I3 conceivable, lendfllle must bacoms more Sceuptsble

prighbore. Thir sesrns ool ooly thet odors, duat, tralfle, swl ocher

EherC-teih Sulbantey moal he cloasly comCrdlled, but chat sice desigm

sad sleing+tha bref cowmbination chervol—alould sdequataly procect
apaimac ln\;-url alfeccs on tha anviromsent, sdpatially om growumdwarar,

and allew foF o Pe-uie of the slfr Chat L8 bemsflcal locally.
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The reladse nl‘ tre retults of each m:umhl Censub i1 4 tlee Tor-
s Lk
plannary, l-quhurs. nrhun el -lmg:ri Eo rethink their nrnlnt
1

Jistricts and tha start of & rrmur. urlM of drn-inn n-u distrir.t

of tm“; dara will b-l d.1rl'|r:nt 1n 'l.h:t
i. L T

rule in many rediztricting prodects.

1ines. This year's relaase

:mu.r gu;m::: w1l plag 2 ujnr
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The plasngr, |ag!islitar, markater nr maAggeEr u-IH T wtiu of

] il -
u-:'.nq computer mpping umiqui m -ﬂl hn: Wb oable :.ur gulluul
r r ]
whether computer graphics aidy tm in uulr un;. N
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r.dlnrl:ung 1y rarely such | simpla *.-prn:lunhtir. ;u-mu:u.:,T L:.an
parigd nf mllyin |Ind ‘1“.“”7’ of
nurﬂ potencial versions of the e di;trwu | ”““‘“'L,‘-“',’.‘ -r:
asitss1ag the exbent ta which L‘n proposed diitll'h:u mesl m-é eriteris

w to dras The new mAp crndtel 4
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!
In ks Tight, rﬁiltriuinq 15 twe orasing a:‘ nu dhtri:t

or goals. \ )
STines 1A Such & why 4% t0 mauimiza the th cf the duhiun uurt.
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FROALEM DESCAIFTIGN

Tre problem 13 ta draw rtw Congrenaienal districte for a stats.
Tv responstaility for this wseally Ties with Ine state legirlaters,
43thaugh In fade stitas 4 specia! Lomulonlgn 11 created Jurt for
redistricting, Al designated bodles wirh lﬂ“-l itmilar starting datn
= when the Centus Buredu ralesses tha oeaded informatlon. Tha
duadlinws wvary byt normally sre within six monthy, Ac Che uutside tha
process mutt conclude In Uime far the naxt Congressional electian and
the primariet that pracede . Thiy Lise TW Congress sandgLed tha
:.nn;rhr"u Lo by availanin tha Sap1 4 Hpulq.t!.u data meadwd Thr
redlsteiceing by Aprdl 1, 1981, The Centus Buraau st this ceadling,
Thur metiing the redistrizring glock Ia motlon. Tha Fiest off1cial atep
-u.s wctudlly complated on Decembar 11, 1980 whun the Gensur Burmau
relasted to the Frasident tha fina) 1980 population totals for sach
itate and the resuiting appartiomsent of Cnngrﬂihnﬂ wits smong tha
fifty ataten. This ts tha pelat 4t ehigh 45“: fimds oul how miny
districts sesd L4 be credted. Thoue ttated that ;.l-in srats are witatle

a3 1T mpany Ingrgaynd Infloanca in Coagress; Ehote that 1ose are mgt

plaased. ) v

The pariod batween Januacy 1 oand April L 1y frostrating becauts
#lthough the probles has I:-een set fartn, th B9lytipn cannat b tought
wntil tha dota ary avatladle. 1L I3 Dn 16 perlod thit the state makes
sure 1t Tt D technlcd]l suppert for thk decltlon makers. TRIL 11 the
period shen proqrads sre tasted wiOh RypatEalicd] date and database
construttion begint, Tha Suprems Court Mal asbabliched mgne constralatl
that the decinlon makers begin to intarprat in thelr owi way. Tha Court
has pald thet disteicEs suEt ba mede wp OF CORETIQUONT #roas But that

arsat dre MO raally the important slesgnts of rpdistricting, patpis

i rde—

[

aru, the overriding conttraiet must olways by "ooe e, one wte,"l

In theary, thiz muans that the redtserictieg ducivion munars sust
tabe thw scats's populablien 4nd dlvige that by tha nusbar of
Comgresaional seics, TRiz glent them Chm jdual uutrf:t'upuuuun.
What the Court hes mot told them 13 how Far from u-.;t 1dual a1 district
can coviate before L Court wil) refest o plan w balng inharently
urequal.  While in mast states this isolias o gaal of baing WwiLhin & Pew
parcent of ldeal siiw n e inEtances Courgy m... chaser beteran plans
on the Dasts 0f wAtch plem Med Fever peopig deviate From the 1deal

{1rplytng wcurscy te tfx gigits].

The practical 1lﬂ|!:ll‘.fﬂl‘lt gFf this are two, F1|.'ﬂ it 1Mmlts tha
drawing of diserict 1inas to be alang hﬂllr;dll‘lll- racagntrad by tha
Contus Burwiu. IF tha population of the distrigty swit b defended i
Court, only diEtricti =nlcn are described 1n termi of mu; cownts will
Ge screpted. This heE grest 1mal fcatioas far wutebgin, constructias,
Iecond, 1t 1mpliss that plany with sare squal dlatricts will be
Iﬂrlfll’rlﬂ over plins wlEh lert equal aistricts, bug enly w to & potnt,
Beyand thit 111 definee point obher critecia will npt .an'tr becama
Importaat but protdbly domingmt, The Tittla understood fact of
redtstricting 15 that chare Vo probably &a {afinits tet ef ““I-
pepulation gfetricta, The men on Lha 3Ereet baligwes thal -uu Caurk's
tgual papulatlon rute Iy sefficlently Binding sad that all chat iy
Astdad 13 Lo let 4 compuler Toewt o St Wil produce the oow brum gt
of diatricts, This 1% Jusk mat tha cade. Trure era sther critaria
buyond squal population wnign are important and Enig uwl:lu Taplies
that analysis of distr1cts will go beyond wvilusting mpulstion 3ize and

riequive sddicionel infgrmation.
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The addItianal 1nl'nm1.1an 41 wsually of thred 'r.ﬂlul s v 8 ‘
ainor ity papulation of sdch dhtrict 15 vwally r"lu-d for the plan

1
etoral uitl s
impatt on Alaority uprcsmtaﬂnn. Second, Che past |I|'

Wk

rpviaved for plan impdct o partisan rapresantatian, lml lat, Byl nnt

1:
ac a1t Taaag, the 1ecetion of 'IH:HI[HUHI eipacially 1n=u~nents -nd
. " . |
pastible challengurs, 1t revigsed for QA%

Dncs = realize thb uunlunlu ﬂ'-u'l populatiga algme is not .

’ : Ln'
1ufficlnt strlct guidince, Tt clur that pedpla -'||| giFter &

1.. In
what Chy {oaslder 4 beller plen on The murls, of trair m incures

v

{1 ffarant var$ioni |:|f ﬁut
political sitvatlons. there urn at least G d A

tan. In
+= 3 Uepoeratic 4nd @ Ripunliun RIS .
peaple consider gand i ! . um‘um
redistricting, Chera ‘:: 11-&:: alu,-.r: 4 D-m:n:ir. plan wnd a4 Rep .
. The
plan. [n dny particular stakle, cnl_-r gne party 1% the mi Jarity

b the nnf accapted 1F r.lu
pajority party's plen 15 mast Iikew to |

th
adjoricy party 1% abla to maiatadin partr 1uji'|t;|r an the vote En B

the
houis of thy ttatwe ltqlsluure or :un-iu‘.un. [f m- b=11uu

14 thiak -Lnls rappens I'|-|.
ateriat of tha wils of Gerrysandering, S wu I

In reality, this 13 aleflcult 1o secomplish becauie n]-

L 1 *
sarnbgry of Tha majority party

red1stricting plan Iy 1ikely w0 help 5ot Ay o
those legiyiators wea faul t.b.|1r pew dglitrice

L]

of tha timw.

at the pipants 4T gthers.

13 nat 45 "good™ 41 Ehelr gld district are 1ihely tn hrn': rank} from
the majority. .
Tna compromise nhn viually fl'mrl more of the

-
vt

partisan plans.

Incwabants Chan EDA p@rt‘-un plani.
'inrul
Fedistricting tha sLate I:guhturu than on tha plant ror Cnn-arlu

*

' '
districts, .

! r

Twd -
& comprosise flen becomed 4 1trenyg :nm-lntur for th-ll

Thit hlpPlni mort uftlll'l in .

.“ Can now 1a¢ Lhit redidtricting hnurluinml end state

hqlthnﬂ gistrigts 15 & H1g|1|j anHnl procecs 1nulﬂng ll-ﬂ-j

,:.mp-ﬂrlg Interﬂu gurng. r‘ar M;.-nnd. uu 1lmpla “ony- run, o wtt'

¥ I F fa ]
t!"'lt.lriﬂﬂ In m Rtates [he N‘ﬂl:t!l.'l 1| aTin RO n:onfu"d in Lhat the

Etate m;ﬂtuum ohy Md addltinnﬂ criteria, such’ " nuuruu:- ef .
:nunt; m: Tm:r.lul bgumgaries, compactaesy, o 1nurlqching nl’ Statwe

ngu n‘i Sl‘.ll‘.'l Senate districts,
ip-tt'll'llll.: Almoit a5 & wiSh 115 Father [had a3 4 nquir:nnt.
Int_lud-l ;J:'.:t plnl'uu 2L Tehgravar. poiiiole.”

Theie uuuun cunullu i

Thay

“' priority nf oAl

L1 A .
:r!urh quar anobber (4 Almast never spaciflad,
'
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DESCRIPTION . . .
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*Tha amdunt “ar Consus ditd 1avelved In rldlitricl‘.ing virtually
L .

!
nqulrls i :wul:tr. in the past, d.nh :llcuhtuu 'uurl the rula.  The

cﬂhlft. bltﬂll 1I1'I'ﬁ'|-\'1|'|q disputed mpu|”_-|n" Iﬂtﬂ; Wiy the legacy of

4
that 1nnm-n utm-dnmg.r, A computer can not enly be pragramugd o

ol owg b dlurir.t. pupuh:lnn I:u't. 132 to geterming whyther any Cantuy

“untt hat 'hlll'l Ilft T {I.Iﬂﬂl'r‘l‘tﬂr‘lilltld} ar “Hﬂll‘d dre than one

-1
[n.r"pr“mud] ThEs wlll not emd Caurt €1ipuiat ower pupqlltinl bt

t
It will uu them sory informed and focused,
pE_trat

nchmqhg qf ‘pasaible J1SLrict mapy drywn o0 the hl:t of cocktatl
sy

n.lpl.1||l. Tlu cmguur will be utmd to evalyuate the Flnal plan in ChRry

T
Mr w11l chis praclcgs the

' n I
ptaty, Whather the conputer will Eakw 4 role In plan qenerition wl]]
1, 1 e

i 1
dupand o0 haw eASy and FaST One oy Lsr the COMPuDEr 10 generate® evilud-
: |- L]

tioni.' Dwclslon maders con.mike many plan degisiony hpq:tlrllld anly at
i .
the broadest lers] of deradl] very quicily,

PO
1, r . .
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A computar can wery qutckly evalustes thass daclsians ance the plam 1%
PUE in L computar, The battleneck 11 clearty tha tiax tequired tp
Input the plan.' IF 1t resds to 5 keped ot 4 terminal 1t w11 never be
Tast maugh to m1d the declyion makar In phc. long enough, The enjwer
tr.r thu provles ty Interdctive computer grapnicy.,

23

. *Registricting T3 almost alwiyy & geedraphic problem, It ;s
Pasible to paint at & map and deflag & district. If the <omputer can
ba Adde La md-r;tu:! the potating wct then listing 13 AOb mecebiary,
By wiing & computer graphlcs termiagl witn graphlc tnput moda 1t i
poksinle to do Just ERII. A map a0 by drewn on 4 berminal Loreen and
Lhe Urer can descrlbm & districk by painting to the Boundarins af che
- Alak, Tniy 1% mych quicker than I1-1i.1r|-g #11 tha J4reas by their
feoyraphic idmnfléuiun codet. ., Once the plan It tepul, gettlag &
Quick gvaluation of & plan I3 & Tunction af how fast the Compuler 11 s
how afficiant the softmars 15, Ip 1y hfinlulj passible to avsluacy 4

plam tn o mattar of st

Onca tha decision {3 made ta utw computer graphics, the decicign
must be made 03 ta which af Ehe vartous mapping Lechatdums 1y
wperapriste for rﬂ!;tri:ting. Palitizal rodistricting i3 alwaps thy
butlding of districts from Census watts. This iwplles tnat tne
tumm.u: of sratistical cartegraphy are WPropridte; Lhey ue tullging
Blocks rychec Chan aroitrary Tinas to define areas, A redtstricting
Systam fmn-; computer graphick thauld be abla to assemble Cantut wnips

Lo Mg inkermndiary hﬁilnin'u Block Yewal and than provide Tor the

credtion af districts from thess bullding hlnll;t;.. In political redig

—— o .

‘makeri’ definition of squalicty.

4

tricting the netural duilding black it thw precinet.’ For & wvariery ar

PHALORY [t 5 sometisdd meciidfy LR Wie Some obhar tullding black sach

a3 the Censys tract,

-

It §3 possible to contider wing the compulef ot only to wvaluste
distrigts, but aisa to oendrale tm.z To tha extant that tha pymbar pf
Bullding plocks is limlted, thik 1y & wisbla aptlgn. Howrver, dn

laptrtant caveat f3 th4l the consirainty om district oaniyn il ba

" quantifiaple. Computers ¢an crests squal opulation districes withts g

el fled toleringe.  Thatn w111 nat neceasarily be tha sost &qusl

dlsbricty possinia, but at Tagit they will B4 within thy ducision
Theiw glgorithmd bagin to lose Thair

wtllity whan ok conatrainty are 111-defined. It produces 4 S1SEFict

plan which 15 quickly cejectad W1Lh T commat -- "It ! it my county

whan It dida*t have 18,7 I.Fnhu‘u_.: algorichs Iy Alvan ENesy

constralacs Ja & form Ir can underitand, 1t wib| coatimun ta produce

glant thar sre refected, I 15 mtrpmtly rark thab plang gaaeratad by

the computer ara ccupbed by secipian makars {especially peliticiang)

wlthaut altrtul acdIflcation, A I‘uﬂiitﬂttlr thould condider the

Timitatigas of "such alqerithmn bafora requifing thet thay b4 nlrt af

thlr redistricting 1p§Ci=d. -

!Su Stwary Nagqel, "Sieplified liplrthlﬂ r.unuur Madistricting,*”
Stanforg Law Review, h'u!um 17, to. 5, May, 1963, pp. 863-847 and Jamas
ver, rair end Equal '[JHI‘.rh:tl .l. How=To-DeaTt Manuil 0 tar

'U_I'_I,. Maripna
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Softwars I3 the mosi 1-porunt rasource nnd-c for & rqdntrir.tin: L
.| 1

sntu* nardwars i1 & mwar: :msiderlunl'l. Th:u are wrard! basle ¢ -
R 2 T
functions =hich the wafteare must be ole t9 mndh- haang these are

rr folloming: . +'

. ' |
l. Mcasi and manipulate the Censul ‘aata ot 411 levrly 1nh-r|r-t. 1n
1ts hiararcnical 1.t.ruct.uru - f .
2. Acceil other deta and iisucuu it -rit.h uu Cansuk m- via .
(g Y- T u-:mms-.

v
. |-

. 1
1. Dmawplsy information from the d.uhut u ﬂr_ﬂnq |I'|'IH ur
agaregatian, 4 ‘

L] ‘ -
1

4, Oraw dlstrict llnn and ather gesgriphic areay, 41
[T i
5, Aswlt D uunt to which gistricts et Chm declthon maters
LT 12 the sxbent that those goals ars quantifials.

§. LCreate nodv-graphic ﬁ“criptinns of districts.

T. muidt flaaloility w Mandle umanticipated anl‘uns

[ 4
. - 1

And Enasa era Just the-besic functions, Tneﬂ -uu alio b loftvuu tar
1.

creating and updnmg thy database. If thl tunpu:-r 1 tn dru maps
1
| e
thare rust b BOIGwars o drive toe digiodzer |nd storn the detal 1t

|
there ara 1o b& multipls uurs theru it be mrturu ta provids
| .

security. . I
* ]

. , 0"
A reyiew by Mariet Opinfos P.uurr.n of the 1aftwars prédsnted 4T °
1k Harvard Graphics Heshs of Hil'ﬂ aad 1979 Teund m: wuun NHIE!

meeting 4t the requiressnts tor n m:qmll pnlluul thﬂrlu‘mg .
v 11 r
s,mu. T™Tha salutlon for Hirtu Oepinton Iﬂur:n wat to commlsiion
]

:uﬂuu ridiltrh:t!ng saltware frul ﬂlniﬂ Fox aof the Stnhtinl .

i,
Resmdrch umruur; ab tha University of Hh’-hiuin- Thi s nruvld-d an
v taloge f
alegant enwwer g Che modt imgoebint r-qu1r-nnt ;- fln‘-bHHr- by -

. v
' - r \

" » 5 (IR | L
' 4
- § I1.
- . 4 .
' 4 R b . . -

1.

f‘imdding uu r.uu.u witwirs in an uunslbll spakinnical i:“'ll --
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the thousands of Censut maps wnderlying the detabaze. The uief wrLc

L]

1tetigs did nob ried 1o have g digitizer,

The last resgurce required was peraonnel. teadf needed to be

trained in Centus geography conceptl, digitlelng seftware and nardears
procets, eligtlon data techalques and the bgyic sofbware. Sone @f the
tratning took place st Ceasud Buredu User Tealning Worksnops. Tha

perionnel requitostnls thowld nob be wndwradtlagted

PROBLEMS ENCDUNMTERER

The #ajor prgblems §n any redistricting project wi1l «lways be tha
heavy reltanca on dut!ld.e touccas of Informatien. The scheduling Wil
be heavily depesdent -:.n the Timaly delisary of Centul data and mipE.
The accuracy of thd ditacase will b Bepand the contrgl cf Ine dacabane
ballder. [f thers 13 an error 1h the Censys map If 13 oftea difficuit
to recover from gr paf:h ground. Tne Censyd Bureay =111 at Tuast be
grqan | red. Tra Ather datd Sdurces are Teis Vikely to be as orgentied.
For ezample, elmcticn refurns in & $tate darp domotimes centralized in 2
Secretary of Stata's office amd somaltmed mathing refldah‘ie. Cfcan DRk
must collect the infosaation fros nunerdut county £leres in varying

formats. The only solutlon here 15 ailigence and perseverdnce.

Otner malor probless developed beCayie of succeis. Witk tevaral
Aata dababasel oo ood oxlafriae the SEOCdGe Umity gf che syslws wpfe

baing pushed, With saveral wser [Eationt argund the country 1t delakn

o— r———

clear thas nore than a few redistricting wsers would Begln to taz the
rasponse time of even & Tarqe capiciby systes, Fortungiely, the states
wound up doing their active redistricting at sligntly diffarent

timas.

The otner maior problem wa5 3150 the refult of Success, With
several wiers w2 Found That ealh wier wanted something diffarent that we
pad not azticidated, The fyslea proved to be guigely expandanle but
waforcenaCely the user slwdys wafied ynbil the T4k afruts and thea

wanted 1t Iwedtlately, Agaln, diligence and parseverance.
BOCUME R TAT [O4

1t 1% dlwaps melpful to lzak at the dozumsntallon 33 (g how
redlitricting wat domk in the past, Unfortunstely, decduse pﬂillltll
FEdISErizEing rappens onty once @ decade, 1T [4 rarely Thee case that the
dgcumentatian can bk Tocated, Even 16 1t can be found, 1T 15 likaly o
be of 11ttie use beciute tnw computing eavironment has changed
deamati¢aliy in the palt decade. For backgound wateris] oa redistrict-
ing, professiondd grqantications Mke Natianal Coaference ol Stata

Legislatures were Cha rast viefuld

Bechsie wr grclded to create custom saflwary and tnad:ﬂlﬂﬂ that
soff=gir 41 .5er arienied, docpontation sy our respomifedliiy. A user
manual Rsd to be wrltign describing tne confwpRs of rwdistricting and

5
thne gpe-atian of the software package.  Each dtate needed b2 hare

digaznartionreat Las and Tachiology.

5
Comatés Assisted Redtrsricttng Evaluation Sysrfem: Uter Finuid
Market wpinion Rasearh, {i9dl}. '
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qogumentatign gn the variablie In 113 detapasa.  This described whatb
election statistics were duailable to the uwser, HMost users recelved tug
wegks training. They had to &¢ faailtdrized with the redistricbing
$0ftware, the stazistical pacaage In walcn 1T wis ecbedded, and the
opeealing fystes, Fortunabely o11 prove sufficiently easy to learn that

NEEFS wirm able 1o coerabe the Syitiw on Lhelr cen l}:tr wly tud wrgkp

ef tralning.

12

E4AMPLES

CARES was destoned ta fuciiitate toe drawing of palitical districts
through the uie of ¢onpuler graphics. 1t Is capeble of dinplaying maps
af various Tevals of Comsut Geagraphy 45 w1l a5 saps of warious typeld
gt eistricts, The omiy inportant fralure of tha $pEtem I3 Ehat the user

can {ateract «itn the rap amd with the daCabade thrgugh LT wip.

The CARES Connesilcut database coatains Tha satire Census PL9A-1T]
data, elgction data Far guch election olsorick {precinct) In tRe stata,
ard @ digicized versign of avery feasus unit In the state. Evecy 1otk
and enumaratitn 41atrlct has been digitized and 13 patentially ryiawable
pn the grapnigs termingl, hard cody unit or plotter., Pucting svery
moudary of evacy it on the screen A anda would prnducrt . uidleis
gisphay. The u:n‘;lnq atturstion s TMat The yser mdy wanl ko Sed the

entire sLaca, bub oaly went some rulevgnt wbtabt 9f boundaciet.

Figures | 4nd 2 show the result of the widr ultft‘mg righ Tewsl
Cencis unlts for displag. [n Figure 1 we see Lha outhine of wach county
in Connectbcwt. The cquaties are laveled with thalr FiW3 code [Fudwral
[nformatlon Procassing Standard). In 2dqition, & beckground sdp hay
atgg Besn drawn w3ing dotted Tines. These dellmeste the fownt, in,
Connecticut, 4% 'n mpst of New Eagling, <quatles are merdly @
statiscical ares; Tannd dre the oore reldvdat aesgrapnlc ynits. In

Figurs 2 the ui¥r Rad used Che towns a3 Cheir badic display.

tn Figure ) we tem the present Congressionst distriits again with &
packground of the Tomas. §n Flgurs & we te @0 evdluaklon produced by

CARES of the prrlent Cangressignal districts. (C Whows the fded] popu-

14



Figore 1 Connecticut Counties - : Figura 3 Connecticnt Congressional

Figure 2 Commacticut Toums

Figura 4 Congressioral Zistriet Evaluation:

Anplysly of CD
Jduni populablon =17e-517929 wmazlmum davisblonsl.edx
Biak 3 Pap. Lay. Dewk ILACK X Coempacl. Hwighberlng Diakricia -
t  A95QED -ZI3ET -4.23r 11,9 923t 245§ :
2 L 13561 1.781 2.3 L22° 1 395 &
] E1325%3 -4a7l =. 093 id.5 28E g 4 5
4 477833 =4239a =T.TAE A L0065 135
g Bag327 g+373 4,712 4.8 LBLT 123486
& 5495B3 c2GET 4.7 1.7 :EEE 125% -
fvarage compachnesas. 1T ‘Helghted comprcineas=.@ld

Exireas dewi==7.74, 4.71 Dwvletlen runge-12.4%
Hilk RETURH far wmap or anter *¢* Lo conbtinus er *S* Lo akop
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bapinn size based on the 1350 Census cata. For esch district 1%
digplays tne total populebion and crd ghsobute dnd percentage deviation
from the ideal aistrlet size, This 15 flagged mitn an zsterlik wnensver
1t excrecs & vser specified maximem, 1t alo displays a4 fubfopulation
percentace, in t;l.i'; cxse, sercent Blagk, This could be any papulation
count 1n the Latacase Inciydtng electipm rgturns.l Tha mest two columns
in the cable provide & Qengraphic analysis of gacn adscrict., The
Compactrest 15 reasuren by 4 ratfo of periaster and ared ang Flagged
wich an a31arisk whenkver there 14 3 cantigelCy probleam Such 4% @
district 1o twn cieted. Tais Tlag €an 5 tri¢dered 7 & Fivad runs
thraugh an £tire districc, 1t Is Che declsion-macers J03 tg decida
wheeher chis 43 o suFiicient viglaclon of comllgulcy 2 chuté CONCErM.
-EHE‘E is rerely alertirg the user (0 potentlal Dranie~s. Iha 1ist af
Aefarparing Diszricts Is & Touch list wnien t201s the USer which
d'lr..n:lcts are possinle paringrs for pOpulacion or gres erihangy «iThoul
fauiing contlquisy proslens. For Instance, =& 584 Cvet D1SGrict ) 1%
2136y Blaw e ides] and Disteict & Iz 22539 apows 17, Tnis iic calis
ut tngt THSTrfct & touctet Jistrict 1. Tne user faol!l feclds ra look

far aqgsizie Wiits along Ingir Cxrmon barger 1o nove ‘roa b Lo 1.

ire revainder af L table Jresents nawwdry statlsclcy far Che
entieg districe plan, Thete figures o sener caltulazenle fros LhaSe
Rade Deen ufed by The COurts fo geClde arether The “oar man, oae sata”
eritecton Ras Leen observed, A 4 WEnse, 01§ taBls preqenld the Busile
propley far toe redisiricter. Tney owit prove thess redsarg of Fi0 by
poving reds and aeir papuiasign Trén gas Alstrilep 13 Jnatner.  Tais
Eadular disphay and toh rap It {5 enalyzimg dre disclaged ovar a4d Quar
afaln By the CARCS wier T s.:; {f tha lait ser of changds ReF impravad

thelr S15tricts,
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In Flgures 5 and & the user 13 displaring the districts n bhe
Coannecbicut General Asseably, A% Ene nunbear of Qistricts bacomes
ldrner, the state map becomes less Clear in Che dense wrban Jreds.  Fne
vinr wi)] wint b3 Incresse the level of lig;llrln:nlan ta tem th finar
qrain oetald in thesa areas. CARES provides severd] mechaniime for
doing this. One 1% & Wwindowlng fuAfbtion whers the user Jaftnes a
rectangle to Se redrawd fo 4% 4 Lirge & Scale 45 1% \'Ieuab.lg Bn ERE
temingl, The second I3 & zooming funcbloo where Lhe Luser dulflmes 2
pelnt on Lhe map To vim 25 & centar and a fevel of magnificatign, The

thirgd metnad 1s selaction of & subset of the state’s cistrlcts or

prectagts,

‘I Figqure 7 we t#e the Tiner grain cdetell. The 3271d Times thow
the precinct boungarles, the dashed lipas shom the Blace poundarles.
TI:m praciacts are labelled with the code wied in PLY4-[F1 data. Flgure
7 2l5g shows Che mena =NIER Ehe wer paiats 3 In arder i3 control tha
progran, The reny Ingludes the ThiD, CUSE and BULLD i5en unlch are Lne
mast important For redistricting, The COOE 1eem allaws the uter to
point at & precinct and code IE [cediatrict dc) into o gistrick. The
BUILD Item lTouy THhe user Co poIAT 4€ 4 Dlock amd esidign It fe &
different presinct. The (KFL Ytam |5 the vuser's atgest qolnt ty the
inforcation in the databise. Ta Figufe B the ulwr has potntdd o &
pigex and 1t lanma i to the [dentity of the Blogk and Enat 0 Ay oo
Nrpuhl‘.ll‘.ﬂ'l. All the Information 1n the detacasy 1 wlesadle la thit
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In Fiqure % the uier has selecked 4 particuelar dlstrict far
display. The precinct boundaries are drasn with gashed Tinus 4y well at
thelr centeeids.  The user has located tws {ndividuwals in the display.
this type of d1¢play 15 useful Tor sngwing decisfon mahers thw wabent Of
& naw district. Ingumbents evarywhess want to sew just their district
g ek how 1 Mat changed, A Qraphic renori af w district 4+ usefyl
during tha redisiricting prmcess, bet & nongraphic report it needed at
the end of that procest. A poliitical redistricting plan mull b
ramli_nd intn ldw via a Tegdl descriotion of the districis. In Flgurse
10 we e a repoect of ene plgrest lesels of Ceasus gragriphy [ﬂﬂt;h‘lﬂ-

mithlm o Ginirbck. Tnig report Can b8 wiwd 0 Cradte » fegel

daicriptlon.

In Figures L1, §2 and 13 =e see typlcal redistricring saguance,
Tws 4lsirlcts are displayed. Four grecincts alang Lhabr comeon bordaer
Nive Dean t4lected w1th the outline Tunctlon, Thraugh the ule of the
I5FL {tan the uier pas datepdined that the fuur1nr|:ln:n havn & tobil
pajulation appreaimating the pumbar ¢! pespla newded 1o be maved [rom
pistrict % to Distelcr 4, This 15 acmmp'l‘nslhtﬂ by painting to the COGE
Ieem and To the preacinct and typing the diserict nu.h;l‘ Lo mava Lha
pracinct inte, By pointing to the RECAAY mena 1t tha Improved
dictricty are drawn and al] laforaation in the datibese 15 tenadfately

updated. The oechanics of ceddistricting 1n CARES (3 Just that simgle.
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AESULTSE

It 135 tog earky in the pslitical redistricting cycle to gauge the

* inpact which compuier gréshics mes had.  As of this date, anly & few of

the staptes havd completed the precess. AL Lhi1s wery momant

redistricting plans are st111 beling worked ga 1T post states. OQna i:f
che states ysing the CAREIS $ofrware <ompiezzd the grocess wiaim fia
weekt yfter Lhe dn; werd Felesssd 3y tha fedSus Buread. [ndfana
adapted its plans pefore the 1!91.51ILHI‘I‘ adjourned or April 30.
reqiired & ognumencil effort te Complete the databyie and a massive
effart g3 driw and redras plang untl! the goals could pe accoamplished.
The wirk tbalien was operated twenbp=four nours & daey. The usm of
computer graphics probably #1lowed the plan drawers 0 create more equal

popularcign districes and mare gompact digh-ricts 10 & short amaunt of

ti=e and assess Guickly the deplications of thedr Ting drasing decisions
and hdwg maps.

A tmeond state 1% claose to complecing 1ts redistricting, The

General Atgensly aof Lhe 5tate of Conrecticys was farsighted endupgh to
redlize that both gides of the Jegislative gistie Could share & coweon
datanase 4nd could develgp thelr own plang wich conplebes security, They
have Twg J5BF =0fi staticns and share £ comoon Getdbase. This sharing
-run-;mern 15 Tikely to beCows oore Com-an a5 Tegislators bagim Lo
deselop a frexter wngerstanding of compulers, Bulldipg o dazabise doas

atl Blas the plans that are adepred. The compuater g ngl quiding the

process: 4c i1 controlled by the oser.

4]

This

Beth tng [mdfany and the Cannecticut experiance hdug begn 1imilar,
The campyter grapnieg gredtly alded them {a urdAritarding the results gf
thelr cecistans, In palh CATas, users wers frustrated unttl tha
databate wag coiplete, anogped when Lhey would Bit bug.'l- 1n the 1¢ftwary
or tve Jdatabase, and overjoyed by they Minished thetip monumental Lagk in
FECOrd Cime, Withgye Guestion, mors plgng werd Comnsidared morn
corpletaly uting fnteractive LOmputar graphlcy than cowld have IAF bega

atbempred withput the fatility for instant’ ®ualyation

REACTIONS

The management of Myrket dpintan Arsearch ngy feackud yary
Posltively o the yia of TOMpULer graphles,  Exceph for startep problemy
and _pl‘ub]emi Ffesulting from gucsege data, a7 redlStricting projects
have procesded relatively HOGthly,  Thrre hayg besn problemt which havy
Cause? considerdble uneupiness for pertgds gf timg, but rlm ifate hag
brandored use of CARES. AE 1 mafor new wervlcg | pur redistricking mag
been retremely BeCCEaaful, 1T hgy givan ut great vigibilicy wipn I

FOVErAGE Sy both ndtiooal {New York Times, Newsuerk, Mishiaspon Post)

and local media In each Stike,

Hataiemeat it 4159 Tartighttd enovgh o red)ipe that the 10ftwary,
hardwiie ang enpertipe Ehat g hn.- devaloped fop peliricy)
redistricting will ng transfarmed t51iy 1atd o morg Gtnarg] .
redistricting LapabiMey, Az toon ag tha palitical redistricting 1,

completed wa will begtn rediEtricting salyy elntricts, deliver
districes, ere, ,

2



The reqrtbon of the techaicdl stafF nas baen very paiitive,  Taey
enjayed bearning mew 381118 and having accest Lo ftate of the art
paftwary #1d Mroedea. Thelr major problem has been tha warealistic

time frane In =hlch Lhey had 10 Operate.
A0S IGAT GAINED

Cepartlence It The best teacrer, ue lgarned many things tnd hard
upy, Softwsre must Do :.un;plele:l long before 1T 5 reeded and telted and
testad, Staff should be trained eacly. Clients should pa 1letesnd ta
for bheir needs, but 3150 are desperalesy 1a nesd 1uf guidance. Too
gftan w4 hal to give 10 ko their wishes wheo oee guidince wis
urperyurtiva,  Users always Gemand rore detadiisd 1nfl:;rlul't.‘|¢n Lhan Lhay

could postiely win, The cakaDd5e5 were 4bwiys Tacger tRan naeded.

Pur mafar system design decisions hawve proven to De gosd ohad. W
would st117 recowend waing Interackive <oapaler §rephics oh & larga
timg sharing ipttem. W would alse recommend wiing antensinle

statianical pdceages.

POTENTIAL FLR TRANSFIR

Redlstricting 15 gaing te be 3 adgn priarity tash for olannery,
feglitlators, myrketers and ranagers Fer the next Few saaci. Qur
pxperience Tead uv To recomngnd yary wtrongly that Ehey cantider
Intersclive £onpyuter graphlcs as an ald in thelr dechsign-miking
process. [t ~15 proven invaluable in palitical radispricting,
Policizal rearstricting nas {ts owm set of :un;trﬂnu. but th rany =ays
Is vimlYar Lo aur Torms of redistricting, The decislont Rdde are
Important, Trey musl be well Choughi owi, A latr of infgreation st ba
conildered. The 4aTd have 2 nataral seatlal orientatiaa. Caaputes

graphics =111 a4d tha decision sduer,
i
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* Either bewd use o lransporiatios, wendels can b used 1o
llustrate & muedel s struciure; eeeyer, the primary emphayis
ol Trig wrlécle i om the siruciu e of nd e [actvity allocationg
‘mindels A burgeuning bady of liseralure is available for e
vitwing punr, Lurrent, and prospective land use models. The
“imerested meader shauld consull these relyrenes for a fuller
unde rstaruding of thewr models.! There are several ways 1o
. chasaaly and categeciie od use ard 1taniporaton meels;
their ciructury., tarl design and covadru e, is one wnpor-

- Lanl way, i
- The Mrsciure of a land use model must help the gser o

Tt milepe i
gerridomedia determine ihe marketplace foc urban land, go that if changes
:mqu Lake plave raternal 10 that markeiplace, ot will e pussible 1o
1 Lse the mesd il 1 furecasl the likely Jand use consequences. Ira
E. Luvery, one oof thue Foundees of Laped use mundehing, eaphune
the market fue urban land in the conteu of lind use masdels)
m these termad e
P .
’ [N
Uit spatial organlzaizan s the cutcome of &
Provesd which allocates sotivifury o mics Pnoour so-
Ciely, The provess w mainly one of 11an s wns be-
iwern pwnem ol real sxaie and these who wish by
W
M ARACH Poudsiiniekh ik, U .
— i

.
L wwr wamidrln

mund e T
St ol i ity
whed tirrkr] pugply
aHd v

Tvprrof prapryfom
Jar
bl it el

fent or purchase space for their homes and buii-
nessgs. Thost Itansaciuns are leely entered ron-
lracts. nedher party having alepgal obligaion o ac-
cepl the vlher's vifer, These ekmenis ullne w
define & “market™... . The maket process ol frany-
. p DS Prtwetn wilng tuiers s witling eliers
determines the spalial orpanization of utban s tivi-
o Niew i a vy immediale sense L . Models of urban
develupment twsl e llect the institutsnal anange-
« MENIS Ol aur mlwely 1F they are o avpraduce the
5 {71 | PR, . .
I Gaiven | the Jynomice of the Land markel. . . each
v Proved’s markelchdong solution is esamdacd by
landow e ket (s 1o profilable invesiments in
$ite-Hm pros emenlh. Ag improvements ane iudadked
& pariw wlar sees, exlablishmens reevaluaie thewe
wicy. The matoe ol drmand prices iy thus aliered,
and 3 vww markel-thanng solution e in the mak-
e lng. .. i
!:hu Passage & 1inde alan prings changes Inothe
numbyr and by pos of catabdshaenis seckiog -
tinps  Lasling ostablishwnts alwe chenge bn thelr
Charscicratnn. beusebe s change inowere, manu-
Tahu e r aoquerr s Prluction methgd, neaskers
shdt prosdu 1oy .. .
A Lnind we: mnel vl iegd, inowime way, wdh buch vaisg-
Ing Land uscs as woll ey the sucrcssion of bind uses crealed by
dynamic market fusoes Lamd use mosdcls et # preneml the
{itation an mugratien elavior of both houscholds and lirms

©othab ek I hecaie, work, 2l posluce ol spaeiln places. Land

use mundels alse should deal winh markel supply and marker
demand, refhviing whikh Lind users are move willing than
Sl o robkale of pven cqugrate from thee current kova-
Tnrivy

Sl surpraangly, nofc of the land use made b currenlly in
ure handie all ol the proceding market pheromens. Soae
modrls are more explit and more realistcally reflect human
behaviur tham aibors. The Lavery -ty pe oagadels g ussed in
Thie neat sevhon are probiubdy pome of The most bebavwraily
realislic and undurslamdabl land use meadels.

" TYPES OF LAND USE MOOELS

Lanwd wse incalely (4l b categuorioes based on (i progee-

.' bon mnethod slopy

r Sumulaton looscasting masdels
« ' Controlled vapatnen o} inderendint varabley modely
*  Analytic mathemaical models

vtk



Some of the mdely dSescrbed bn that seti be (1 ko s combina-
tion of calegoricy; they will be claspived. however, by Lheir “
primary use. Moregver, the slatmiical teehaiques uwed o
deacribing reltionships between modd vanales in each of
the model systems {r . lactor analya dnd multiple regres.
shor), are ol necessally related to the prujeciion methodol
_ogy and can be discussed independently.
Table 1 compares the charscierlslics, didvantages, and dis-
wcdvaniages af majur, Ope ralbonal lavd wee pedels,

Simulalion Forecapling/Lowry -1y pr Models

Gimulation forecasting modets Inirgrate {he rr3ults of ma- - . .
fovernaimg madelt oo kg analy sk with varhuus theetees conceming urban
mm':i growih, dicling, and/or development b furccast wrban de- =

I welopment. Stalistical rvethods vsed include standard egres-
el ity N m:hn';quu, 1 e bl m!ph, wqualcng basec on 1he
probablily ul acurninge of varioud phenomend baged o6 em-
pirical evidence, or any combliation thetmi Thes muucels
* jatned with, and in tome e comiesined by, fadgmenls of
experts ans then combined to a sequence of equation hal
ke npul daty, evabule e intereglationships, and produce
o1t puat sl upatod wy The endd of the herecasting period . This
sppruach, cumpared with (hal of contrulked variations of in-
dependent variatdes {discussed in the neel weclion), bratures f f
ihe simullaneous development amd interaddion ol aubmodels
and a struclure fur integrating theis outpets In simulalion
forocasting mudels, (he condlitional preped lwas of thr future " 1
arr based on predominant thevrewal oene prosceount ng for
urban Aclivition and reprepending them an thevretical frame-
wrks Fur the pehevant Meban haea, LoAalive under mudy,
T mess| well-knowen and widely used erample pf & simo-
- lation forccastng model e the Lawrey mwde] ' The Loty
model is comprehensive in that Bt deals wilh ol sctivities thal
conaume Lind, although # aumbe rof predi table variables are
taken broen auigigde the Mgl gy sem, partulirly the spatial
digirbuwllon uf basi ertjrioy mend, “Badic™ detines thaose parts
of the economy thal are ot depesdent en the ucal popula-
tion; cascntially, the indurtnal or vaporing wetont, The non- .
basic Sectors are beoadly defined as brvicr wecton. .o
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Lamry wame!

The Lowry moed is ingenionaly ool e teud baged on 2 dew
sinple assum plions. Given kpal baic emphoy ment by wnd us-

* tralfemploymen! seclor, the squivalenl populahon sup-

ported by these jobs is caloulaied, mabing an ssumption
abusul an actinty rate. Given a Jurther Ssbumplan altxgl pop-
ulatron dezmznd for serviees, & multiplier in cakoslated that
leads to an cstimaie of roisl service rmpleyment and tatad
population. In eflect, twe simple sels G asyumptiony, invely- -
ing aclivity rales and an soonomic base, are used \o replace
the exiended sector models used in other ty pen of models.
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The spatial distnbutasn of sctiviises i ihe Lowry model are
produced wilng Mmple gravily rqualong thal ane Enhed
Ihrowgh an ivecative mechaniom Myt alse involves Land
actounting. Inituly, the spatial divinbution of basic emphey-
ment s assamed o be given, and workers and [her lamilies
are aunlgned b fesidera e g inoa Lravity-hive way around work-
placea. The drmand lor services, mezured in units of service
emphryment, i then dstnbured in g gravitp ke way araund
these populatione. At each slage of the ilerstion, land e
CONKFaNIE | given maximurn density wrvice and minimum
alre Coresleginna] toin | D b Fhed.

The Brnl aseumption made in e Laawe =ty pe mandve | is that
baslc employ ment uppuortunilice are directly or indwecily re-
sponaible for mist develapavent decisions. They an: this drive
ing, doece beliind 1he mode] wnd brigger all later caleulations
within the mundel. The uther major delerminants are indepen-
dent pupulation growih and development pagects. The ini-
tial wheg i1 b Lusw ry monded |a 1o ptashost baslc emphoy ment fer
the reglun, sounty, amd iy for several employment catego-
fien, Thewr projeslwona are then examined for prob bie labor
foree participation and palterna of journeyy lu work, which

are (hem exploded into an ealivate of 1oLl populalion of the

<ty Thu pupulation vylinate b then compared wilh an fnde-
peidently derbved set ol small ara projections by age, s,
#ndd rawy. Thae oo pdoy el ealimnale dominates the Jasump-
tion, but the relative praparion of the Jiainbuton of populs-
ton by age, s, dnad race 43 projected independent |y renuaing
the same.

« The scund luumrim diainbutes site-ariented emnploy-
menl ppporiunilcs theoughout the surace ol ihe city and
daames that virous types of 1he sitronented cmpknyasenl
will pravitale W specified drean of U ity accond ing b several
knalsmonal crilenid {r §, present snployment clusters, land
use pobicws, sooem by varous transparlalon mmades. and as-
mpamenl palterns] Fuluor cmplyment is also svaluaed in
lerms ol munmum (repercally deiermined) size ol firm, c4-
pacity for each Slandard Ind ustrial Clagsihe ation |SI0) grop-
g i euch amall ares unit, and ades available bor mew lirms.
Lexatsonal charsitcralics aoe manipulated uniil this porlion
of iotal rmployement a distnbuted scross Lnd woss. o sat-
inbactory Mirk are found, (he kecabon constrainie may be -
Laxed wr public puolicy charged b scummodate 1he new em-
ployine it the sliemialive Implica thay emplay me nl will beave
the cily.

'Ih-rrlhlrd ssaumplion sllocales employment, which in not
tite orlented bul residentially orievilad, snd caleulates the ef-
fecl of all employmen) upon the balion of house holds.
Heusehulds vend 1o locair ot prescnbed distances from work,
and commercial e ree empluy ment tenda to cluster st boca-

]
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lions within prescnted distances fom househokds. Ettunic,
weupationsl, and monomk charsersiks of hemsrr hdda
alao delermine houshold kcatwn. In addilion, the ty pes ol
hosusing ulfered by thr arca serve as constaints on the keca-
tion o hawschalds In ciher words, given the atinibupes of
proviously kndted emphay ment, houscholds of & eertain gize
are hogated witkin a sprciied distance and 4t predetermined

. hucabions, thus creatiny, sesvice employment s spetified dis-

Lanced Irom e howscholds. The new em pluyment geryra) s
rew houscholds thal prudice addilunal service tmphoy-
ezt amd e . The prosean is constrained by prewenys resj-
dentlal and commeronal seilbement and tand use policles.

Crher Luverry - based ineachile have wied 2 mechanism similar

to the preceding ane o allocale huaing demands housing
upplles = one af thewe mesdels s e Winga wheme ' The
Wingu modde! Iramwewirk [cuees oo | e majer gpatialinlepde.
prodencies of the housing markel's 1upply and demand 3
follows: .

* Huusiag supply — data pertainlng to the stock of haug-
ing wnits Thore are twa importand aspects of huousing
unit dats: spatlal visiribuilon and the funclional £ harac-
Ity wl rekev and h;-u:inl uniis Bolh dimensbong ran
b enitered 2t fulbiws: - .

L9 = numbrr of housing unie of class k bocaled Jy
subared i The ketter & nelers i the caification of
hasing i L st qualilative aod funciiesnal proup.
Inge b I pich flass may briuvy ically a2 hy-
mogeiy guasd of the manbel. Cualeanve dithe,.
ey mebed W ey comdliion, and inlormal services
of the sirucluie e g, plumbing, Mo water). The
func il difbron e perton o size and ¢haracier
ol cufistruclion (v f , ehevabior aparimend). Thus ry-
£ry group b v divest Insm all thor proups sithes iy
ber s of chard Iee of quality of the umil, Subrcript |
aviers b we analyis ol anca (e, pnning area,
Tradt, mow} ludvally, aryvas shehd b defined tathey
Aty homnopenutia wilh poapcl kel

= Housng demand — Twe ¢ haracicrslion are pelevan) y
The conyumpisn patlcrna of bousng Che rebers o the
howschold ¢ harsermines and s consumption pallems.

+ The vibet porbine 1o U primary ksl onal consirsng of _
the hirebold 10 the Yoirgg o beme, Y \

hD| = number of houscholds of class b that are bused jn
area f,

Here b is based un wot waeconomic and demagraphie
characterisiny j¢.g., household sire, COmpoRiton,
' income, zace]. The keiter | eprescnis the subarey

A :
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exefling the primary Iocational mnlstmlnt on the
buisehold, In many cases, f rede s bu the area where
the hudse hold's emrloy ment site by mcated. | he ag-
sumplion here iq thal the chabee pf a residential [
NON ATE3 il | b semsibive 1o 1hae bocatipn f employ-
ment {al f). Other examples al ; may be universily
arca far siudents o medeal Goilivies acea fur | e
* aged. Al this puint, we have a spatial disribubon gt
the hausing units by market classes (35,0 ard on (he
denaml siche of the markel (1,00} specifud by con-
fumptwn aspects (ir} and smli.ul!y {f. the area with
the dominan activity relevant to hogsebolds).
The supply aihd demand funclions can te ublized ko define’
two v:}riahh.'s: Peoupaney and vacancy, i
» o Adoupaney — L W= thal part af 055 oeccupned ;
fie, 1h_l.' :I'Iurnbei; af class b I;'qusq:hhlh:rléi haﬁE:d inh:r::j}
Dorupying k class housing in arga . .
In this expression, if may weler 1o {he puurney po
work reliinnabep, while ix represnnly Lhe hiyse-
halda ofeluss i imierested inclassd burusing units., [n
clher words, the underlying idea is |han the b claas
hausehald whose head may have a job in subarea j
]'uu_ chfl:liwn Yo Live in a heuse class & in sabacca i,
- 'r\l'l.‘IEhu‘IE in the spatial relatonships belvween §ang
i . .

I_ - w r '
- \l'l(‘ﬂnl_‘}'.--- k|_-‘i.— M

where: '
k5

: 1 ! '
KE| = the vaganey rale in bousing classk in areas,

k¥ = the housing unils of dass § pecupied by af]
houscholds based” on all sutsress o

WWi= I3 neN i
h ¢ k

3= mumberof housing lin'lts of classk inareai, ',
All of the abuve bormulations sefer 1o bousing stock Ly loca--
tion and cbiss of Iensing. Lo . Sy
Having develaped the comespts o housing supply and de-
mand. the Wingo consteact helps wa ysers perlom the fol-
kowing type af housing analysis, ’ 4t
L] qus-l'n?, Palicy — Housing policy 18 comcerned with the
succeganin of changes in the Gllowing varable.
W1 ¥;j tthe occupancy variable),

Thws variable rellects the outcome of hausing
markel processes wilh or withaul varaus public pa.
_Iin::u. [I_i]s-u suggests the appropriate farm of houg-
ing policy vbpectivea. ‘Thus, ane may identity ang

Al ?
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Simirstunl

refutwn shapa
GigdnfHan| w
swhlrrked carsrnm
o) e el
rarhley rerukely

set of values for pi Wy, say pWG I which i Ihe
desired sl of the ciby's fngying wnits For Ly ped Jor a
par!i:‘hlar Buowse hald [h == tuy the oInemd Eruup ol
inderestp i aead. Then the pulicy vhyrclves emerge
quite directly, They wns the o liones inlended by close
the gap betwewn b W9 and gy g

The values hk““.'l meay b (1 practived deyivd
from a vanety wf owee goneral amalyses. The i reb-
tionship s mnllienged by the iranspottatwn pel-
wark planned. L may depepd ana host of giher
instilutional welaiwnships. The ) vatues ane bagely
influcnced by repwnesl dpd nataenal condilions
g, vevnomic growlh, industniad qm, il'l1migr.1.-
fig, el

The valuc ko huwsing, 1y po s mflue noed by the
chisbing stk b o housing as well ox by the pubsdae
policy view ol whal conslilutes a dusirable improves
meal i the kevel of hiaeng welfare. i piber
veord s, the Ly pr and mumber of huassiog 1pes e
wnirie nded for bt el 4y pue e e bl bes ioPeeneed
Py Wb majure ol the < urrest howsing shock and cer-
Lain slancdarn [s siggees lod By wed e cimsidorat joins,

Coptrglled Variation of Indeprndent Variables

This sevand class of bind Use moulels depends mone en
strangElurw grd stanstical relabvansbips and kess on e theo-
reimal LRINCY [aks s in IHe Lvgery momde] spabemy, Dligtic-
Iwins sad basie gl wervice emphoy puenl, betschold epes, and
wrress Jdilfereptols il ane crvesal be L Low ey imgdels, are
less signilecant an che contreled wriativon o imde pe pden s var-
iables munlels, .

The pricess ke hind the conliokked vanativn of independent
mumduls iv e seribadan e following seenerii. Seppose that a
plan is propesed and ins outcomae is forecasled. The question
theh ariscs «= supyarsd corlam mprulsand imde pendent varia-
Bles (ies, hose uygide the conlpol of e plaomer or Jue ision-
makvr] wer champsl? Answers can be J."'N.'I"lilil.'li |.1}- twe Ich-
nu_'iuu vl alteemanives wesking Furiluer, vnperimental design fa
techrmgue thah dutermanes o e greales] amcan eof infures
malim alwiae bl imparis of alte ipalives can ke seprcied for 2
given arount of esperinntation] e be wsed o owesl the
iRy wl 2 muliiaesy ol aleenave plans. A prine example
oof the comipolled variation nf inde pendent variables mubhod-
alogy 1 the LRI model, uned in dozens of plasning
shudivs over the lus1 1010 15 years.

EMPIRIC. In he BEMPIRIC activigy alhecation e, de-
pendenl wariabike vabues (Ihoss parnaily under conirl of the
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Panner of decivion-maker] are trealed an indicatur of growth
or change and are used 1o prorate vwogenously (heyond the
contrel of the urban/region In questiond eslima 1#d growih lor
tach mujor land use activity, EMPIRIC rationalr 15 as fullowe:
the development of Land for papulation and emplayinent s

highly interrelated, and the development of laind lur vanous

uges i influenced by many ewlemal cavsal lactoen, The EM-
FIRIC madel exteripively wses the stativikal metliod dmown a3
indirec] leapt mjuares. 8 commonly ulilized dlatitcal tech-
nique. .

EMIIRIC sllocates propected incnesses or declines In re-
gional populstion and employment lo » wet of smalles g bee-
Einng or Jictricin,* These sMocations of future ad ivity ant hen
translated inle equivalent changes o land use for ca pubre-
gion. The allocalan process in desigped 19 reflect the Inpacl
of major reglonal policy decidhing oo the futuer atiem of
drban development, Policies conorming Ihe provislon of im-
proved transperialin and poble ulibties services, toning
and density cunirgls, and rthe gyailability of land for develop-
trent are emphasized. P,

EMPIRIC ig Inlendud ta Fulfill three saajor fuect kong;

* Generate subregional lorecan b of the fubuze dielribuion

' of perpulation, rmployment, and land ure s in « iormal
approfidale lor subscquend nput o more detaibed
teaciportatoon, environmendsl, and relaied Tunctions!
planfing aclivities ‘.

+ [rovide a way for assesging the probabibe inpac of ma-
for regional policy decighing om the Tyt re distibution of
reginnal activity -

« Provide a quap|tallve feaprwork for the cuardinallon

of regional pulicy decisluns 10 & vadely of luncllonal |

arcas - .
Figure 1 shows huw EMPIRIC diwws 00 several bets of urban
development conditlons in order W produce projectiians fur
subsequent poduy ovalialion and [mpact Jnalysm.

The EMPIRIC miodel conalaie of four basic opetabonad com-

PROTnilar

= Slmultaneius Equations Moduld — uses dads un urban

developraent condiliogs as refbected by an ratensive ar-

eay of variabley draling with schivity kevels. land vsage,

, and policy condhlions, in order 0 gererare 3atatically

derived eslimating equatrm. Thess rquations ane used

in allocaling eone-by-zone shares of regienal popula-

tion and empayyment changr o swbairas of Ihe fariro-

politan anea.

*  Forecast Monilori g, Module — rompares cone-by-mne

totals of existing and propected actvitivs with policy

* limits In arder wa determing where nverapen Faist. Such
overages can be realiocaled s other zones .
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FIgure 1. Uss o SMTIRIC iy Produrs Prajecilona for
Palicy Evalualbon apd Iospact Analysln

¢ Land U Consumpimn Mudule +~ ulilizes dats on

praent and desingd Jreclopment charsciedalion t con-
" werl activily ol ations inig estimates of aciual land up-
nge by allecated sothvitbes.

* Supplementary Submudel — periorm caloularions nec
eswary o provide cnkmates of haustholds by atze, pop-
uldion by ape. suinmubik ownershlp, and simbkir fac-
T of comcermn. ! ,

Crvele pmont and uar of The EMPIRIC sbmul tangall o us-
Hufs module equires debisical, regresshon-based calibration
of asel ol smultaneuus eyibmabing s uationes nlended K gen-
erste daty on hwuschabls, siraubied by incarme group, and
emphoyient change by industrial wertur, Mure apecifcally,

, the hawsrhukd catrguriey prijecied by The Madube are bow
incume houschokds, k. middle bwome houschokds. upper-
middie incame houschabds, upper meome houschakds, and
unrebited Indidd wal hevgseholids, The empleyment rqlut'nn..
profect dala fur the lollowing employment groups: retail
employment change. srvice employment change, manulac-
Iuring empheymenl change, govimment and education km-
ployment change, and wholetale, ransportatlon, communi-
catan, snd unlty vmphay menl change,

4
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Seatislical calit oy sl Lt warmull o s v tion moduke
ihentifes sets of efhetive propetlion viriables and the st
maling cocifcienis i be sssocisted wak them, lor use in pra-
jecting zone-ty- pone shaes of geographical activity changes,
The cstunaling rquabone are eslirtaled interdy pendently la
dependent variable ki be estumabesd by one viualon may well
be 1reated an indeprndenl in one or e ciher uliuitnnsl
For example, the zonal sharr af upper loceme househetds is
esiimated Dy ane equation, bul |4 is Also used 1o help estimate
the shawe of upper-middbe income househuolds generaled by
anpiher EMEPIRIC ouation Thie means that Lhe variabies
used in EMEPIRIC are wnmewhat mare indecdependen Lhan in
pbatistical ;._agmu-.m mukledn that de nol wiillze the almolated
regression approadh charscierizing EMPIRIC, i

The data pequined for parameter ealimatsan of The simul. -

nrous cquatwns modube s vl wveral iyped: base year shares
ol houschold Wfetrphoyivent. varows measiner of Heod use,
and scverabiransportation srky varabl The simulianeous
rquations moduke also equires bipal o6 dais on soch urbanf
regional poticy relhectons o3 FLbrng ol soweer service, hﬂmn of

_rereewal projects. and evislenoe of smensdes.

Data requirements Tor the EMFIRIC land mn:lumptm
module are as follows: evmting o wse wovcages Cisaiferd by
type. exising and Progecicd changes in population snd em-

+ ploymenl by whatever clasnficaton svadabl: data permits,

desigraton of lnd usc/mitvily combinaiwons, definton of
Iypes ol developmenl in lermg af the degree of urbanization
of the area, and numinal development Jenstics furcach land
uke/activity rombination and eac b skevelspinend Iype. f

The fgur ;pprullnml l:umpum'nll ul LMK require data

) generaled by Uhe simullaneeus vquatlon niodule oo haouse-

_ herld Bpeakd pren by Wwune pakegory. In addition, the compo-

REALS requite base year, lutume pear, and 1 mp::aral.changps in
the household size and popalation by age vanables. .}
When the EMEPIRIC mastical oelaiwnshaps are deter-
mined, the model system is capabde of making disiricL-level
fovecasts of haousehokla by Income group, rmph:i]lmenl by
indusirial sector, il use screages by 1ype within each dis-
trict, houschokbs by stracrune type, howneholds by dize, pop-
ulatwon by age, 3nd auiomotale ownerstup The madel system
can use these Sslrict-Rvel Rretady ko make smatt area lom-
rasis to moded the impact of abirmatret policy schernes, For
example, the system can be employed W address queitons

relaling, o ransportalion sysema paoming, ¢valuabon of

ertjor regponal develepments, evaduaton ot alternative re-
gional serlement policirs, and simlar melropobitan develap-
menl Teguinee.: ' .
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Mathgmalical Oplimizimg Shodels

As oppised 10 simululion ket dM o models, mathemati-
cal grplimizing, ruadels 2o wvoraled iu ahealegy caboulatng . For
enample, axsameng thal varous urban giusethode cekepnig
have heen forccasicd, how ran devebopment by ellegied o
st copre with undesirabbe outennies? (o the caae ul imdusicial
Hight, analysis guy have pevealed That there aie a few key .
factows cauning the blyght, and e problem then Tecomes one
¢ ipimaling B peegalive fadbots Paidir e amnng the aller-
nalwe waps ol seeemplhishing 10s lask 43 4 prioldem ol Jecid-
iy MpraA the sl pebugdplannng methond. Varipus lech.
nawis Pum the feld of operavans feseardh o andlylica)l
duvishon theory are applwatse T he resulis ol (ew technig uey
will b satinfan lury strategy, mlere ol Lume of cogl, loe a-
compheshing the sated abjecives

Few conimuously operaning mathemateal oplmizing
ok by cust, although Il'llﬂ.‘ have bren sveral ooe-1me ap-
Pl almsns *

TRANSPORY A710M MODELS

Sin types l anady ical Lind wae and transpuorlalon oudels
make up the sy stum of model ued murban punmng. Figure
2 lusdrates the i»l-q,un'-nn.'* o use and luw ol influrmation
Aot Lhe Bl liwing, nacdets.
1. Fpwnul Saeciwronoemic Fun<aste — Exlimation of
cuntael 1ulals bar coonentic ardd demuogragihle h’liﬂlr
{ur the regan

2. land Use Allcalina M..-.!uil = Allsaimm of rl.hlﬂl'lll
tstaly For ginamag apsel Jemsgtaphice achivily e anal-
yais zonwes wilhin dhe oogiun

3. Trallic Goncration Madel = Esbmatien of ketal uigi-

nated traflic and icrminsted Bealle o g . meassines of
tratfic outflow and infinw lor ¢ah Jnalyss tenek

4. Trallic Dhtnbutsn BModel = Alkeaimn of gach 2one's

engnated 1ralhe oo ppeofe desiimaton 2ones {F g,
oLhet analysis zome s arad |he nont under Condideraton)
and the aDocation uf exch zone's Ireminaued nalhic ke
sprii Griges pones

5. Mlodal Spin Model — Alkaation of total enguation’

. desttaiion (hiws b indivsdud]l Mt senng vach
given onginatwonSdestuslnn

b Traffie Ausignment Model — Alkcaton ol made-

specilic engination/desunaton (uws W speribc nel-
wore  links, supenmprsd  dor all  originabont
destimaticn pairs 1o obtaus otal itk Tows

" The disign behind the four iratspentaton medrels Hleme 3

Ihrceugh B iy de rovied froan (he prepatslnn that Leave| behaw-
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Fignre 1. Syymency of Misdvls Lird e Urbaa Trans.
portiion Mudel Sypiem

war, glven a4 flixed bocation lor & firm or househald, involves

four lundamental decisinny; 1he chiice ol whelher to journey,
, B chokoe ol & destination, | he chisor of mode. and vhe choice
. ol route.

Evalaaibon of Current Mode| Syptema

Aot ul current tranmporstion mode] Bystems weludes the
figlbywing madels, organized by type:

Dappand Models .

Trp Cerw rilirn Model

Grawdy Mol

Interwenimg, Dpportunily Modet

TREC Muowdal Spht Model

Prant Marginal Linliry Medel

Flecu Pt Muodel

n-Dimet nicral Logit Mode]

Esonomic Demand odel N

Suwier oy ional
iramapprintym
el

—
L LT

Y T—

T et s m

Lbwr oy hraciy
plasnmy mdck

Mt far
slrmmiinung e
A g i
iRl § rovia

Mriwork Models

Frocral Huighway Admiawiration (FHWA) Notweark
Programs :

Urban Maxs Transportation Admintgrmation (UMTA) |
Transpariation Flanning System (UTPS) Network
Mrograms : - .

DCO/TRANIT AN Nelwork Programs

+ Dl Seochasix Asigament Made] '

Casl-Bengli1/ fmpact Models

ODOTREARMS , }

Transparlalicn Resource Alocallon Study (TRANS)

SRE Network Analyels Program {(SHAP) .
Tables I 3, and 4 sl andt compare the charactertl ks, -
st deguorrmeenls, advanluges, and dissdvaniapes of the
Mmcabe . ) .

Current urban Wransperiation planning lechniques vsally
rospuire an eslensive data base, coding, ul delailed networks,
and um of a coslly sot ol computer pragrama.' Approsimately

M pereent of urban placning fundy sre devited o dals and

waodbet prepatatusn, wilh less than 20 prrornt devpied o plan
evaluation and lesling , Because of Ihe rom plee nature of the
tranipotialion planning lechnigues, the analysis of an urban
tramaporiation pln raguinss from 12 w1 24 Calendar monthes,
Lasg [cally, thoreforg, The mon meaningful deve lopment dimg-
lirn Jur apalytical lechnwgues would be tuward skeich plan-

. ming maudels that requiee kess data base develupment than

current modchs. The sheich plinning mosdels woulkd lacikicaly
Eviny lumaround ke snalyst, resulling In prucedures. more
resporaave 1o issues and pecbierny and enabling planners Lo
exphure and svaluaic o larger number of slternatives.

Qthrer pnethods for wireamlining the tranaporiation plan-
alng process include;

* Aggregale. insvad of detalled, modeling approsches
that place bess dewrend on data bawes or the coding of
detahod el wrk s, and a grreral wonld cur down o
the anatysis resuurest devaied o mode | preparation,

¢ Imieraciive Hannipg iechnigues uping graphic terminale
wdld be am el lve way of inledacing the anelyet and
the decision: maker wiih ihe model.

There are 2 sigmificant number of lranaparkalion modeling
rpsbrms avalabie; boovever, what s really reessded Jor trang-
pottation planring i & Method kK applying Iranspetiston
shetch planning, ruxdel spproaches b regional ahernaive,
and ihen uzing more detailed iransporiahion projeciion and
analysls techniguen for detatled syalem planning. Comidor
evaluation, or localized trankporiation analysis. This pro-
posed improvement s one of spproach rather than of addi
tiovual oot il wnvolves the realin ation of planning and anal-
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Jrr planamy modrss

agncy e il discuss i e pLinpang munlels:

« What are the dlwnmelwal and practical vapabilities of 1he
eabing maes ek b brima oo Mirecture, apphtlbuuly angd
daba peiabiitny

= llevw can the apency’s planning process be Bebier re-
Tavied vl the sadeling provess Far smproved syp.
st l plenming Jevisinng cem hed amod wnce rt.mﬂ:,.-
wend werlhy e anl It |~.|r||.'|| hada®

= Are e ageny's presend anakeling effurty providing
ety Rl irceematinn in terme ol dhe guals and in-
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¢ Uan by agency ™ prguenl models b i preved 1o better
iy P fa o iends 30 peateinabde o ?

v Whar warild fue the Jikaly elfecls o Jh:.nduning ihe

FrICs E COm U e bl lingg e iferts?

W s hineonad msdie it aprabilitive gt e uscul
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» Cunprosentoer v e e Mewdec| s prooy ke an adiquate
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shamges and Bl deal with srccrbanies amd policy
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—pternatinng] TRctitue fer Aerlal Survey and garth Sclances {ITCH

Lrtun mure-y Repari-ent .
380, Foulesard 14ah, B0, Lon .3

[nackeda, THID AR

THE BETHEALANDS .

th3 - 70 1 ’
RALYTITG UWBAN TEYZLGPNENT TSSUES JBING SEQUENTIAL LAKD UST DATA AND &
STTDATAEASEI A CATE STUDY FRCM LIXEVRC. THE NETMEFLANDS

z FP’.HL.'-'.V fERCRIDTION.

1.1 Dysereand

ulure of paglnformation
Fllok

One oF the majsr 1FEurE concernlrg the
Bystems Ib Row and w-en LAry will De arcrpled by the plunhern.

rhiepen with geelnlursation

ide the dl-

prajests whora plapeera m4ay gat hands—um Fdpe
sysiend mnd protakc procsuning ere charsfare «ssential to gu

rection of fulvre deveiopmenl, This poper dlscussss Soes mapec by of

the Tutrh kat]onal hgency fer Phynlcal
ute foo aerkol Burvey and

Burn @ prEjrcl carried out by
Plancieg LhPD] and tre International Trelil

Furth Splanseg LITCY. The srojent wan founded By Lhe RPD =& 0 rageerch

Tt Lrveiust datacaliection and dote Rrocesslng for an ares

enstract.
af the setheriundu a3 addresaed & Righly metusl plannlng

ir “he aouth
. '
Fexua Er the Setherlasde: URe pp fTerzonet comtklbt.

1.9 The "Ruffeprnnc’ cepeerl 10 habteh Prrslenl F'lnnninﬂ

Ore gf thy objectives wl the national physk¢al pinnnlog palley [nm the

Metheriands 1o to arkicve n Balinced mnd wil]l Strucured urbanfantion

pattern wlth & glear Sistingrion beteern urban and Tural arems, avolding

panmphoun urban ENFEal. th thic cunecpt remainleg rurel argag between

nelprhouslpg gitics are ver¥ lerortank . A wpeelal pelicy hue Deen

designed 16 maintain much Bre.s As so calleg"puf ferronax™ and to prevent

treir grofekl wrparizstlon. These Duifarrones phicid pot be dean Al

arge reglonal pases,

they wrs supposed to be roraal Tunctlioning rural sress



- wlth pome emphaals on thelr recrrational function to the Adloinlng eitien,

Bufferzonem nave formed an Almannt ar i;'u Duteh Fhymizal Flann)ng Policy
alnce the mid gluties mnd " pusber has gl Feady been establluned .

In wlew of Further practical leplomentation of this Policy (dvalimaklon
of actual wress, artribution oF subsldies FLE. ) MerE daom reed for
.“" rmpiricel Wooculedge on the actunl Twnd unw Change process Hrkng on
. In partential hufrerzonss, Fxlpting urtwn frings theoriss werd felt ta
br mayke not r;.llh' aoplicahla to the Wrtherlumdn die kg diffetrrncea [n
*caly and planning Eywtewm. ’

1.3 ™he wrtual Frolect

In 1970 ipa N';tlcmu.] Ageney for Phymlenl Planniing (RPQ) tkmrtsd an
lnw-iigaum L& prepars bthe dellrentlon med dentgnution ar 2 peapib] e
.l:-.rfl‘trznﬁﬂ In thes -n;uth of the Natherlandy., The study wam Lo br Baseg
N twa Burvrysr one on the Cavalophrnt af the Mriculture]l aitustion
Trem 1965 = 1979 £ by carried put by the Duleh AEFLlculturnl Erifieinl cm
Memearch lnelltute (LELY and ome murvey tarrd on mlp rhots intrrpretatien
of the lond Lae of the mame area In 1965, 1975 wd 1972 by ITC. tme 1o
ey to aet up‘- coaputer databass for e landg v dabs A thiw wax

"alan o contaln gther theantic dats which would be wpplled by the
Flanning Agrney &nd which eould be accesasd mmd yged by the plannera
Lhemas] ven, '

2. uITnn

2.1 Alrphgta Intmrpretation

Tha land une duts for the mtudy ware ohralprd by lnterpretmtion nlr
wir photon mcoording to = él-:uiriu@lm specinlly demigned For this
Purpoaa by the RF), There wera T maifclasces st in total 37 ayh-
classrs. [table 1 .} Beniden date o0 land ume, duta had to be phtalmed
Tor disperaed houktn, farns and pther relativelr smail phenomens [ln
total 1D typea or “polnt™ datal, the hieterleal lwad une wa8 "recanatrugs
1297 by waing caplen af archlvephttos of the but:h Topographlonl rrvice

that hsd besn ;ued iIn tha padl fo- topogrephlce]l seapping. Those protos
were not ptinal for this purpoes {nepping specifications d17fer From
Ipterpretnblon apecitications with regarg ta 'ti:.-: af the yenr and
desired wenle] bub thry were vaaple and formed the rnly noooible pource.
Tor the preaent sibuation. hosever, apaginl aerlal photograghy bas been
Finwm by LTC in 1979, Chlrl:t*rlﬁtit_s of thit vArious CovEraAles are
Eiven in table 2. ALl phatom were black & white pracroaatic.

Tha Jand une intrrpartation vam curried oot sterropsopically end
the results weee cegintered an trasaparant everloys over #ach phots,
the alnicws classifloble wrde was 1.2 ha. The interpretatlon was

conplementied with varkos fleldakechs.

2.2, Compubelr Pioerss lng

For l:nn-.puurprncrulm of thoses dakw the T7C PSEMAFRDIFP moftwarre
package hag teem vsrd, m pachage for geodats procesaing with grideel
datatppes deéveloped Irom 1973 crenrds [DF BRUIIN 1974, 1978). fpart -
Tt the igun] roatloes found Ip mogt grodsta proc=rceing packagra.
USEMAP hik & nuMker uf mpeclally dealgned roagtinee Tor input aof phota
interpretatlon dati and For dlgiltally backed photo Lnterpratation (JRP)
mabling direct @hgitlzing of Lricrpretatlon results durleg lnterpre—
“tation [OF BMUIMN 2979), The land ume wan digitized directly from the
Intrrpreted photegrasha. An the nren ia moatly gently slnping.digital
rectificaticn was sulflclently scpurnte for the autesqgaent land use

ne=d, woll ldenti=
fampling precesa. Fectifloation wos bomed on & orll ap B

fiable tlepolnta to %+ digitized toth om the phalto snd the toapograrhical

The ccmpyter would report the resldus] error pit poinl afoer trans=
mAD. 1

Farration. 15 this error would be more than % metera on any thepolnt,

’ a new recLification would Be mada by the cporater. Land une dLglEhzing
hl

was carried out with lipe mmples for the sepit=riat centre limea of the
grideelln |I:I the eventiugl databess. Line manpling was preferred to paly-
Eon or segmentdipltizing, an Lt =aa found such guicerr and wirtyally

allminated the mecesalty of Inter sditing. Blullizing wes oarpled out

-3 -



TANLE | LANTRME CLARSIFICATIEN
Code Mural 7 fagricultursd)

Intrrmedlsts IT (infrestructurs]

ti Drefarde fue tooes dl Hiveea, canals

12  firchardn Rikh treed . d2 Mrpert

13 Gragalaml ' 47 Motor«arys

14 wrable lwnd © dd Mar=halling yorde {tallesys)

13 Creharcs high Tree dl'eiulril’l.i Trntrimedlate 137 {ctherat

5] Garden Contres
Rural 4T dnot sgricultucal, npoogo Supulpith, Eorbage b ear dunp

hubldings} 23 ¥azAnt
21 Exkobleg 4 Dthers
22 Foreat pPrran 1 fresidential & services)
71 water 61 liveident 1al
6P Crmperaf Ul inetitotienalfofflone
Trntrrmedlate [ (recrention) 61 Bullding Hites
11 Allotmenk gardens
12 Larplrg Urban 17 [induntirial}
13 [Swmer bunpalews) . 71 lGroenhoudbn)
M Fnrin Becreatlonul Altragtloes 77 Inductrind
” Enr-zen {l1dlng nehrsadn) 23 Harfour wrea 4 smlobdge

3 Urban reerention [PorieSourtl 74 winieg
1? Seimmicg Potle F% Minlrg demps b coal scuntaine

_TABLE 2 NVENWIFS ATR MIGTO CAVERAGK
frar 1t 14975 1979

Leale 1:20 WK LS W 112 WO
oate narch I1 et 31 may 1%
gize (in cn} Balm. F3 N2} 337}
Interprated phigtom 27 5 Az

“CAMLE Y TIEYATIL MAPG FAR TFE ST.70Y_MtFA

Miture and lardocape cirgervation.reglonal plan 1375
Eeclepheally hmportant oredss replonnl plan 1975

Regintered arcaa {landiener and nmtoee) 1957

Matarr And Inmelzgepe crngo bwablon LR and 1978

Road acceesloility per km? {41l roadafpaved rosde enlyl 1743
Aoad aecserlBbillty prr 25%ha near rnatural wress 9%
Ertilrmente wilh Basic sirvicra (ko radiict) .
Locatlun of cemplents For recrcatlen; camplpgo rle. [Tkm radius]
“fanle of thr Inndacaps™ per kag

Felinl prr kmd

Linite af arcap of LE1 mtwdy

Pian for <he open mlr recreation {recreatlon aythoritiea}
Funlclpal zenlng plane for the "raral® arena

Funbkebpal boumdnrles

Frafléetnentuchemes

Triwn Frioge sroks

iaterective wits reaultm dipplaryed on & graphic mereen and with varioos
Eoftunre tontrolird menuatic Elpmials. The Jloe aampion were ptored In
genarats Fllea for sach difitlzed photo and were later convertrd into
Eridcrll waluea. AFter the Zand use Interpretation the 1950 & L9979
phatos wepe interprted agaln For puln_tduu. They were digitizen direct—
1y durirg Intersriatlon aa grhtrolds aktared in centrold files and la-
ter eoavertrd Inte gridsell valuen {umber of occurencien per grideell).
The thesatie dats aurplird by the Plananing Afeocy {table 33, werwm

dlgltlz-d ap polyscna er entered on mumerdenl codes fore KM Squarcs.

3. POEOACES BECVTRYD

O, b lwrdware
f

The bagrle USEwaP phckags furag in boteh on & FOP 11745 uith 4 line-
prianter hut the Fatrpded vermben USEMAPSODOT wvaen & VAX 1177800 anet
wperaten Im A seni-interactlye moge, The eonlCigaration dnclodoe now )
WAFIGUE pFETRpRerala proupred together in what in called & *Digltal Inter—
prepatien ot Sych & unit rpeclally depjipned for phots Interpretatlon
Taskn rvonglats af oA graghle stieen {Teklienin 4310 of ARDA), & dijzitlzer
1Svamaeraphden 5%« 49"] . & ¥eypod, an 1TC deweloped dlgital porallax-
bar (to meagurs helght o 4n photogrighs snd by wori jn arsss wjth & let
of f+3irf). A* presenl bthers aft three soth wnlta in epoeratiom, sharing
a hardeopy wnit [tertrenda 46300, & smwl)] Floatbed plotter (Tehbtennix
A ET] amd a CALEMIOT [0 Lipe printer. In Mubure the unkbs equipprd with
AT 5 wlill farry mpl most of the interpretatlon related tack Jocally.

3.2 Dalabars aead Gota fecuracy

The databans Tor the etedy §s [oreeed by n 210 2 10% eell matrilz with
c~]lm of 1D % ide. m, To nsaict the planners In selcocting & sultabla
gridcedl alee, morrpresentntive aren wap interpreted and computerproces-
prd whth Foor diffcerent griderllelyes;: 75 2 195, 100 » 166, 030 = 2340,
ared F0Q & 303 [al) in kete—y}, ToOr each gridiellalye mapa and tablem af
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land usn chmtl;, have been ll:d: to whow the smount of detall thet could L
otill tn prreelvrd. Eventunlly the plannare srlected the 100 2 108 =
cell we being sufflclent for their noxds. For cach erll Fo itena of in- - ) !’?
formation were mtored asnd umed for further analysis. * P ,{ﬁ-,.' . ol -
. - ..: ] fﬁ Ef‘*h‘\vji

VYarlous chechs sere carried cut to msaesa the reliahlllity of the . P }' -
dats =ith regard tn: . - _ ﬁ wir -
n] the aceurasy af the photo interprotation, med - e J‘ -
B the mtcurmcy of the digltal rectificitlon and encoding of thr data. ’ ] - f‘:- ! LT - h
An the emphanin of the projrct was on changel, 1t wbe declded to chech et . - .
In the Tield tha lond tme changea BOS7TY obtalned aftre computer pro- - * l“"'. ? * " .
ceaping af the dakta. If the lamd use changes wrre [ocund correct, both - .I ‘.J- ‘Pb-
the phota interpratations of 65 wnd T3 and the rectlification/digitizing - 'Q 4‘%‘ .
procodurs would B8 aulrfictertly hecuf Ale for the purpene. ) - *;.’ i* . Tepr

1n tatal ;.'M" were 114 mrems with 2 or eore crlis that had umder— : . PP = o= oo oA W = o ow =W
gvne loand uar changrs. f these nream 192 .[E-?'S:I wore throded dn bthe - .. ;::- lrwrrlln.

fleld. Together they rrptesenked 47% of the total acrenge affected by
changea. Dnly #0 arese proved wong (LT of the tetal nueber of checked

arcas, but they were generally ema)l, only B af thr of veked acresgrl.

Mast rrroca were relatnd to pheto laterpectalion (18 are@al: bhe abther T dﬂ'
*riore wert due to coding sietakes {53} wnd rectificatlon errace (5], . - . ) ‘__,.“__L [

To ohtmln mnother indication on Lhe sccurscy of rectlfloation and 2lgl- ’ e "" .: r= b
tizing all 2 ihdt'pmrj.:-nur':reﬂ'l.ed' land usn mape for VLG, 197% and 1979 N ﬁ ';"} ‘!I;-"“

wern oyarlald by the computer and & {ﬂwnc; EOUEt wah made For bthe ' - %’}"rhqf* *“
Ilnear features rlvers and motorzayn. 11 & wolorwer or A #lver in In . |:.. ? "-1311' L
cohtinusus tainbtepoe wince 1065, 1t ahould vecur ln the nBre pomlticon _. hC * - 'ﬁ-"“
{= the sems grideelll on the maps for ali 3 yesrs, A cell elomging to l ﬁ’ ) '-'m,
muech & fenture ohould have & frequepcy 3 !n:cu_rin_g on afl 3 mapm)] wnen . - ﬂ\ ~ q) 'ht » d
thers mre na  problems willh the metrie mecarney. A Inwer frequency .£ " ! -
indieaten that In one of Lhe years rectiflcatlon/digitiz ing seat have " ¥ nk:j# ép

bern Lnaccurate. For Fivers only.? oyt aof 50 calle =er= fnaccurate (4%} ) s e 2 .l e

and for mobtorwsym fhis waw 11 ogt of 149 (7%}, ' f . "*:’i

-
LHT A (LTI RY 54 W
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A, GREFHICS A TADLES

In all phnsed of the atudy, sxteraive uge wos made nf the mopping
focllltles of the proprasme. Moot of the mape werd wers Tor co8t ressons
produced AR stralghtlorward “lipeprintér™ papa on paper or on the

Terttonky Borern far interdm checllng. In cditirg Aand werilication

phasts, aneas]les were mapened and then corpectrd, baged on loeal wnow=-
lrige, mlony wlth preneecd atudy of the photogragshe Apdfor the wae of
logical arquencrb., For the Tlrat row analysls, 8traiphtforenrd dats
display maps shewing tsnd wee bn mraln=iasgrs. or Lpeclally Guiccted mich=
clacnen, wite Atuged. Im thlm phage the wse of €oliyr noetput bessmes
irgartnrt, 1he firat coloured Jand w0 mags {for mainelacscs] [rom the
arcy in 1%EL, 1975 mnd 1977 showed with mych mete Ipact than thelr
bBlace B white coumbrrpatt® how the urhanlzaticn .o She atwly ares had
prodfteaed, Aleo §n arcos that were Gapupacd W HE&SGp raral [rap 1 and
£1- W7 frund that many profesplonals Mo fiad boen mern vy Inoking noditely
Bt the lige printocr mapa, showed guddrnldy a reml lnterrat wien the cams
onf Broame pvallahle’in coltur, In the epdphase, regeral analyljcal
na-8 were made to Jndicatr the reelstanco of the varicug arsan againat
wthwnlzatlem fdtabliity maps), Thoas will be deserlbed ip more detaldl
helom. Backd on Al fferent acfwespticonn and kemted oot on the 1065 = 1979
Aevelopmert. the¥ rhowrd whileh arreas would Lo m0AY Fensitleve 0 further
urbanbsazion. But In geadats procenning, sapa are only ha'f of the atory.
Tuey mre uged ln eombinatlon with tnbular guanptikatlys date 52 hat
“wtere® and Fhow Such® can be snalyesd togrtner. Tt le precicely thie
ce~bination of manjpulating raps mnd ruthers topother thal maxes applied
Erodata preceaslng auch m powerful t00) for planntrs and other pesple

inwalved in the Analygin of Epatin]l patiema.

In total), duripg the profect, well ower - 1000 Compubrr maps and
taklea have besn produced. partly enly in ephemeral format (dioplay on
the ETaghlc moreen) and mnet of them only for Interlm vee Suring the
anaiymip. They Are, Rowewrr, toaential sbtrpa In the 2Lificult process of

conlng te Eripm with the dynanie wpablald menavlour of & repioas.

% Pen3LEvE
—

The BLUIY wha tha Tlrat of i%s Wind undertaken In the Netherlands
ard the plyvreea iovolved in the mtudy had no pravious cxperience wlth
gradytiprogiinlng or with land uae lnyeptoricry. Dus to the rymlem of
pligt interpeetiton Lthasr prohlema ware minmimiisd but threy had thelr
Infiurepe on tne tatal dupation of the pral@-et mqd t.h"""r graled mab-
staptinl additionn] wodi% [recodled fbc. ) A more Beyrre problem, Wowsver,
wig the drlay in eutalnfog new photngraphd, dus to unfaveurih]e weather
ctpdltleni, Fur thie remapn |4 was neeesaary Lo etart lnterpretatlon
a1tn Lhe #l1 Lholoa. That wan of eouren lnteresilng fron a research
Feint o7 wirw, alpse independent dntrppretot lons witle mpde whlgh eould
b chegurd Al pRE foch Other, From an eparutionsl polnt of wigu,
trmp . bE Locopablbated in an urrddary large swnynt of edioieng, Ae the
righoen hag boupdaries wlbth Belglom and Gerwahy, Pholorrophs wlowlng par:
e for=ign [-rrijtory weif ot Avallable wlchouwt Bpecinl 2lrarancs., when
Lne prnind Tinally Arreved afier & 1ot of Yred tapa™ thry eoyld no

lapger be interporated In e woruflfes and wire only partly procrased,

The delincation of the atudy Br~& wan ¢hoaen arbitrarlly for the
&apjsct of the atudy and exbaclded neither with the pholcgraphe ror with
admipletrative bound irled. Latrr gomparipomn with mu,.;lc.pa.].lt.r baard
statlalical data, rihe popy latlon wha un], partly pl‘auulhll.‘. Computer
proceArifg creatled Ao RpEClal probleag, ewcept  Ter the yousl onen
FArdly worth reatinning llke the 2 puccesnive changrew of the computer
[elth dLIfrrret operating pysiema)] that was ailocoted to the profect wnd
The Ipegarinralson ol notw Dr.rlrlhtl‘lll Iike the COLOAPLOT 100, There wrre
of eourse the predietable amgunt of Rardeare difCiculilen snd dulay in
iRl leationattitenre develonnrnt which made the contentieon that computer
prageaaind it mach Taster than conwentlonal procedures more an artlele
of Faitn. Byt an Lhim &rfmm ta be the gpetual ctdls of the AFL nobody

noted Euch rog)e-d exerpt for the RoVlce Fldt tlpns unrrp whi ;tﬂ.‘ 1ho

planhere.
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e praject ohtained steat of [t objectiven. The plannere 414 get

hinda—om erprrirnce wlth geodataprocenving and corputer mapping and N , -
now have m myoh brtter ldra on how thewe trals enn be nard Iin the fu- ' - R o .
tur#. The datl-collrctrd rnabled mopuccesful analydin of the land use . "';-)_ . ;,"r ‘ "',. — .
dytamlen in the mtudyreglon. The efTficiency of dligitally backed phote | _fﬁ [ o, R -4 .
Interpretation methods for datscollvction has been clenrly embablighed. . J. .,r:-: ) N ' '_.-r"""lt: “'J .
The Introductlon of solourwaps that could he produced cheap and Faat ) . ar l: . r""-, \ r'y L= i}
on R eRlour lneprinter improved subtebwntinlly es nnlinipated, ) Il"‘.'. - I,i.rrh r :1".-... .

actrptance mnd yigde retandab ity of the eomputer remekls (fven whth the , h i i - r,'... Alf" _ -
prapant aomewhat dimappolnting quallty fue 19 mob prit anlved probl sss . ] .i"1| n #’}_ Jf:g -Eﬂ_ ;" \ #}'..l, .
sith the colourritben.) A detalled diwtunnion of resabts of the sanlyala N . :,:" ‘T _‘..1' .:"p“ o b

Ltaslf ia not poweible Jn thim contest since 1t will demand much rapla- '::"1_ su' ' s ™ ol . *
phiign abayt the reglen itsell. - - ’1;'5’;_:' ' T -
Howfivar, ooms of the major Findlrgm can be pummarizrd an Ffollown. _— N , e

l]‘_EMﬂ "generally held" ldeas on tha dereloprent nf tha Ares proved

Wrtng Wftar koklysld of the defs, The Tegion In guestion has For : P RARINES ¢ 17 eTL RN -
#rwple & submtantial wsount of apple stcharce. Traditiomally, thess A 4 BTARILLYY ABRINNT BuBm b UREEN T RRICHE 14§
=ard high tree lDl"‘:'hll'ﬂlp tut with increoesd labour cenl they wrre
replaged by low tree orcharde enahling mochanl zed Tmimdng. High tree
srchards becams an economically wonk lapd yse mnd A9 tne Feglon im
oloas ta .l mnin tourist ores, the Ldes u::u that they would be
converted Mor Fricge agtivities sapeclally relnted o fecreatlon.

The study prawved this completely wrong, Decaying erehards were mither
'I-lll;ﬂ for planned urban extenalon, dT Jocated elnse ko the-willagonm,
oF were tmking part Ln the aprlcnltural lund uer clange cyels,
{onvaralone to gther uacs were highly @nceptional, There wre meveral
mors sxamples alovg theme linew. {5uch —negative™ findingm, howsver,
ars often not Feacsbered e remults of the atudy becaumr on
sfterthought Lhey pers an arlfevident that people Ifwolved In the
ptudy nre Inellonsad toa Farget thelr orlglnal ldemn).

Y m w m omow o

-
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Wi The ~atabki]lty™ o7 #nch arvs with regart 00 urbanfrurel lesd e
thangen wnd mapped. The changos In land wes were enalyzed by the

Ower the pakt Id yrare, sy comblration of two of thens Factocn pro-

Flasnln sgrng In’ re iy » duced Snde~d FRUACT BLADLE Fesulin. 1% mhows that pimnnlng sentrol

& = ¥ =latlon to ¢ warlmua thematic mapm made far

thle etud Thim w ) AviF thosr yaluble arcan s fupetio ing rathe well. '
¥ - a3 done malnly with pie-riend data. (Cross tables

0 1 L : creus - mat - - -
")r fand wunefor landuse charpra v u " fhematlc dtem under e rap fur instasility {mcale I - d) was oade 1n the same war with
tonpiderationhk. Froa thie analyals tt van found that "stab)e® sreas .
The resulis Lrlow -
[l.e. mress without wrimafrure] 18nd we chargra] sere charscter) red - ,

i lpgtib]e arcan nrea In A (%) ruFal deeregae % lomn
4} preacnse af foreat landscsps typr - b Ty . )
4] prearnce o naturs corparvRtlon arras ak all levels &f legal 3oa tacsemy m“?” BIL (43} . 1 -
L e ' :;;_t;__;;;:l area 1065 17800 |100} a0 (160) 15 ’
1) arras with high landscape walue dndicated in the regiomal plan )
4} wrcap poped a3 hAkural eFeas or As AErad wlth kigh lsndmcape - Ay toeblnaklen of & or more Factors gave about twice R much changes a8
' valus (&t the mupnbelpal Jrvel) the cenral 4 for the rogion. . .

5) migh nuasber of contgurlinesfog. kn {dach relier)
tnothie minfe, tre data en degpermrd bulldings hed net pet Boen waed

Muu- irdicated by locatlon cloms to Yhe bullte-up urban areas, ) [map 3], Alws =ere weo could Be AAde of the svallsble land ukf map of
high asceanlbillly (number of rpadentrancesdeg, wmd, hlgh tree sechard —_—
lardetonr typs and B !ow panter of contoue Jines (FEat oresy), The - tn anuwlyme what wis hoppemind in the calls lmnedintely
influsree of the other indicators on atabllliy was pevtral oF incertaln, nrigheouring celin wlth an urban land use
- te nrr I therr wng & F=latitm briwcen the averaga wlire ol &
Raard on this snslymiy, two nce BaPs wrrr made A linewr comblnations ) . homogeneoum land uss area And Ite renaltivity lo changr.

of the theantlc mnaph, one For siphl) ity &nd o0 for bratabl) lty. The

wan For gtabl]lby felth o seals from 1 = 5 accnding ta the pombar of The USEMAPR pa<kaEe Containe seftesrs fof cuch analysls. The progomene

faviurable fuctors that [§ present} w24 composrd of the Iectors deg- . PERYY wil] generate the surrounding Srew for amy lond wme, while the
‘erited abtee, 11 Zave the Iol]ﬁ"ju reault when confronted with the ) crmzramme COLEID will compute for sach eell the "comevniration imdez™,
BUTY chunzra. that 15 Frw mugh of the B imaedlateiy surboundlen celly have the mame

' lop® use. The eatl ltacll km addes to thak nunber, ao the concembtratinn

atalle arean Bren in WA (¥) rural drcrease X foes I Latexs rurs Erom 1 [mo aurrounding cell bas the pame land wae, 86 It la
13 factors 4657 1361 36 (e} ? . m arall izolated land ue* Leland} to 9 le:l swrounding crlle have the
223 facters 60 (3] 23 L1 ! aame 1and uer, #o thr gel] ie somcwhere in ihe nlddlr of & relatively
total rural aren 1963 12890 (100) a0 [1uH] 18 Jarge land uwe unith. . ) !
12 - ' .
- 13 =




By cembining the 3 hapa en dinperasd bubldlnge, cellE ne Lbouring
Jireetly urban lpeet, and calls with = toncentratleom lndey of % = 7 1%
whw poasible to achleve mgch batter E'su:l.ts for |Patabilitr. To chialn
o corplety ploture, this new mep #hould be werged vith the atablllty map.
Byt the 7 maps had averlapping aross 1.+, nresa thet get hoth indlca-
tiene for stakhlliy or iratahi]ity] and Lt preuld be decidrd <hnt to de
In wuch casem, Whan the shxed cellm weee rpted ap ntabbe, the rennbts En
the Lpstabie clnames lmprowed Blightly, Dut the mtable eiass atlll
contained TE rural Istduss Doasrs. wnen the mized £elle were connlderesd
inatable, repulfa-for the atasble clace lapreyed te enly FL rural lsnd
1DE8 08 . .

Tt demondbnbos at whabtrkllty indicators arc of limlted wnlue, =hen am
‘ares ip at the anma time potentlally ypmtable. For ceanple, an sres with
hign landecape valus far weny Troa the clty la ®uch mqre steb]e Than one

ot Ehe urban frisge, ot & location sultable for urban expanslen,

For the “-n“ anp (map &) atability was tPanted os o pendlly point
ror the lomta%ility acors. Tha Indlentor wee compoacd as Folluwil
o+ F«GC1 =547 I
B-a | If & ctll contalne dispererd bulldings, elae ]
=l lfecell in directly nelghbouring urban land, =lae F
CI= 1 4f & ¢2]l hoa = contentration inded briween Sand 7. orlan @
=1 Af & crl} has m stanility acore boluren | and 5, &lne @
the ponetant 2 anables ta dlfferenclate be'r.ull-nn atable arram fram the

wtablllty map and ather mremp that wre “mot wrm tAblE™ .

atability meors arwn In %) rural dreremse (%) Llnaa

3 2
1) sanie o273 i) 4 13}
2] 5945 [an) L) [0t a8
(3} rather unetable 2%08 {19] . ¢ () o
- 1t FT]
{a) wratable " 1418 {12 ola ) { ]
EY; 180 i a 9 L] 57
TOTAL RURAL AREA 1563 10012 fl1o0] 1940 {100 15

- 1=

From thia eap it follows that the areas nant mennltive to urba-
nlzaticn in the pmet 14 yrars were

lacated wvery cloar to sslating urban lend umes
- relntively taall land use units or arce® 8t the cdge of larger
unite.

= arrag whrre dliperard Buildings eniated alrcady.

 Thim in typlcad of tne type of urbanlzation in thin rFeglon, wheee many
willugen are bullt vlong exleting roadn {long linrear bullding patterna)
) where the expindion of tae villagrs la 8 eohbiveous T8loew but
slaady® process. Brosgae of thie gradus) aspect. this typs of urbani-
wmtion !5 swbirctlvely underegtinated and one of the ndvantages of u

wiudy of Lhis type e Lo Ahow the sltustlen In i "true proportions.

c] Tha lops of rural luwnd 1A fet det se mych &0 suburbanization an bo
the lawering of dAcrmitien at the village Tevel.
Tre startling lncivasw In wurbmn land wete Ln the regiom in not wp
mych & regult of syburbanizetion, byt af an Increased apace uae by
the e::l.:ti:nl popubatlon, eapeclally for regrention seed resldentiand
AT#As,. FoOr the completes munlelpallitiesn imneloded In the study mrra,
the data wré as follows,

tot.pe. el RTES repacral HAcr.ared rezr.arsa’  res.:rec.

§rh, *  inh. Inh.
LT 46294 1367 144 m2 47 om2 147 m2
1%7%  loTrw 00T 186 n32 127 1% m? ) -2
Lndex 114 147 129 arr ™ M

pata by municipality, hosrver. show macked AiFT=rencss Lhat aar give cluem
to the plannera for Juture polidr.

- 1% -



procedurs ras been worikad eut for the collectlon and analysls af

4l Thr pouttered puttern of urbvaniiation atill donlaates the ares byt arguentinl land uke ety ineluding the wis oF Land wse deelved Indlontlovsy
urder the jallusnce ol plannfng 1t becoass more comesntrated. This puch p3 "currounding area” and “concentratlon index”. The reaylts af
could be quantified In varicus ways. First by conparing the "ring® thy Etudy sre appreciasted By the plenners ard 1t ia 1iwely lhat the
ar=a creptivd =1th PERIN with 1ha mctusl webar area, IT Lhe patbternm . mtudy =111 be Trpeated For poveral more bufferroee arcas. The lrasonse
continues in the name dlcperard woy the ringares slould incrrass ) learned, ¢an b= duduerd From the desmcelpkion of Lhe problean glven
nore than the ¢ore area.  But the reverae happered, showlng more eaclicr ln thim peger. Tn the next sludy Abch problens sheuld mat coeur
cencentratlon and fill-in of arans already bn ke wrban sphere of T
Inlluems, .

1% b1 ] Imdce 19TOF1965 ’

In gereral 1t can ba stated thet srquentiial Jend vacs anslywie mede
urhan Jand vaen 1447 25 157 poanibls kEy i%e combinatlon of phole Interpretation techniques mnd
urban lard usen + rirg 205 #5249 1e6 prplled peodataprucukileng, 18 & vary effecilve approach to obtain
e e e m m e m = T T T m e = = = == — valuabie smpirical kngelrmdge wlhout cerbain critical planning lssues.
corefring aox X

wardlng =lth nequential Aste ©F Lhe past, plartera may ocbhimin n betbtar
Anather Inditatlan 1a the reductlon of dlsperoed bulldings outslde Ldes pm the Future potantisl of o geo Lnlformation aysten and sboul the
v B v
the urhan are~k. In 965 the rural sres had TP0 eedla (1CR) wlth o typa of Stevd which enowld be wtored In wuch sywless,

dlaparted tulldiege, fn 15T thin ahd decremsed to 1% celle (L}, The
RppArant Incorporation of dispereed housrs In 197% urban AFéa wWad oot
Folliwnd by w new prowbh of dicpreaed housss. 5o ih thegd BApecta

plarplrg conteal growed rother effacilve, '

The gvarel]l conlcuslon can b Jrawn that the contral at the Itweak
Ltvel hus been relalively effectler [concentration at the willage level] .
and that rontrel of stwlous planning targeis lide roturs conzervatlon
arens of Riph landscepe valur hey alya been quite efferilva. The aome,
Rowevar can net be weld of Lhe averaldl wrbanlzation paliern, the bulfer= .
zone rencrept fhould beccme much more comrets bofere iL Ls likely to .
becore really «Ffective. By anslyzing the “sensitlvity mapa™ Ifrom bhle .
ktudy and by corporing then wlth the deslred palnnicg polley, IL should - -
b+ possible to Morwulate o Tesalble strategle approach for the coming -
drowmde, .

T, CrACLUGIGH . !

The preject ean ba considered highly succeselul, A (ully opersticnal
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T RETYINE program wms erlgipally weitten by Evlvis matlen with
the ald of Hiu';l: Chriamam  duping 1578 ard mmjor enhancements were
undurtdken by Jama Albaet Fehr wlen the |1l.d of mmerpys  Litaratory
I'I-Ifr‘ prodrassars lecloding 506zt Morthouse, Ja Doumsnlek, and Brucs
Dﬂll':llﬂ during 980, Tho sddreas af Lhe Laborstory imc

Harvard Latoratory for Computer Qraphion
Teow 520, Gumd Rall

A Qulnoy St.r!?t

Coamtrldgs, HMasmaohosskta 02130

054

NETWIRE 13 m Sodpaglon interactive geaphlo program to Lhe  PRETOR
PIOETAN zeTied geaigned to Cecilitabte the defipitlon of wcllvity zones
A thair mamoclagbed links. METWORE i3 m gemebris darinliion and
sfitilng  progrem. "It sllows the user to cruste & topolediaal amd
promuirin datafdan desaribing & natwerky, be 1t & fetverk dedcribing
clrculstion pattern wilthin w bullding or th olrculation patiaermy of o

alty of n reglsn or 2 ooumtry.

Ll uau:.lm allows the uzar to dynamically greabte and/or  sdlt  Lha
topnlogical dutw atrpeture  mada up u!r Toney, thelr centrolis, gates
(entry¥ polnts or sourcea of ainkal, &nd tranashipmant nodes daaeribing
hiafher area of intereati to perform ﬁntuw pakh caleulatinng based
wpon dlatzace or travel time by creating minismm path spanning  btrees;
4d b compuls  speciflo dAlstmates or e aroiy. Por the modal

formuletion, eny flow leavipg ©r wrfl¥ing to & tora s

direcbed/nzalpned to lis ountegld,

Fugs 1

Zaversl years agps, the then-sasoclets direetor of the Laberatory,
fria Teloholg, contacted the C3IF0 group in homtralie To0 inforastlon
on Ehelr altpoatlon modsl called TOPAZ wwlah 1a m pragren baned  upon
solution spprodimatisn af quadratlse saalg@sat probisas opilalrlng the
Bllocatlon of activities lpto toases 'hued. ypon ropalcgia and flow
ponatrained  dake abructures. At Lhat biwe, bhelp sodel  uam
gomputatlonatly Bateh-orientad, that 13 ta airply aay Lhat evacublon
of the program occurred in B pen-Laterasiire  setting,  and  tha
input Foutpul peeOeEss wan entleely card  msaoniated, The  wasr  wgyld
preparn And  later  tnleTprat  the orocesasd cutput date via nomnerla

Fiotds, tha Llrpuz  ceavlallng o8 punched  cards and  the eut put

oonslating of formatled printour . HMlficatlpns D Lhe LOpoLowd
-

amd/or- EEomabry ¥ern poasibile oaly with & thorough  wnderatandlpng by
s uyer pf BOLh the grlginal datm oand Lhe program®d inbernal deba
repreagntetion. I0FAZ Wiy scgulred by the laboratory rem the C2IMD
groun  In hustrelila almgst  Four years sgo. Li:tle medifleation Ras
ofsurred ko thab peogram st Haevard, TOFAL eriplnelly was  sxeputed
under & COC  baksh-run  anvironsest  knd RS alnes Bean wodlfied to
opfrate Ly o DEC envirombent snd pdapied tg rum interactively  and,
Lhus, rend Flies intgractleely. It wwa  written In FORTARN,

ipetdentatly.

The program EETWIRE evalved Lo (rovids the user with = almpla
ipteractive and  graphlg soviromment In wileh Ethe inpwt dsta could b
#anlly iIntpoduced and modified ma necosdiry. [atabades credted by
NETWORY warw deaklped for uliimate auhmilzsion W a W?A; run o asried
oF TOPAL runs. KETWOFE wis orlfZsaily developad on 4 DEC-10.  Thmia
lpitlal wmyolutlionpary peaplod #las 1nalyded the develépassn: of & dete

skpypatury capable of c“ynaniq redllecatlon of dipeel adiass cofe memory
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gr onlins wass storage a3 data slments vars sided or daleied without
Rering Lo Infrégas coapatabional ressutcs overhead, the development gf
rasr  toordlnate  lnput  lntesTaces 1o watakge Jathk collected Trow
eytarnnl ®surces auch as rough DIME file port.procrasars or blind
digititer =ecaaiona, amd  Lthe Sneorparation of algsrithes for slnlmw

path ealeulatlnn,

Since the program waw orlginally devmloced and wvritben by Halwles
Fatloa, I hare =ndevoured T2 enhancd L1a widunl presentatlon, 1ls
civpand ferquast lungpafd 6nd  diklecr  trgiturs, 112 eempubebiomad

wifieiency, 1ts poures  language Independencs Fram ARy ona hast

gonputar, 1ta Abi1ity Lo nupporb a wide varlety &F graphlical input and |

dispiny peripnerals, Ivsy  lnkerpnal daka Atructburs, and  iTa
Internalfentacnal documenial lon, NETORK 13 aloe written ln FONIRKA.

Scmw #f khe lrpulloutpul tundlers are wTithen in asssabler.

in terms of Lhe nelwork, any zon® 18 repreasnied by 1tz centrold)
which 13 automatically ealeulsted and 18 genaléwrmd 22 n apecinl brpe
of node,  HEIWORY geala wlih anly two  dioenalonal topologles  and

ErodtIries ab Ehla Llae.

NETTYIAL im-‘ks well with ons bype off circulslory Aysiem, ofw: Can'b
wlx  syatemy  waally. FoF #akmple, OTE CaAR"L ute 1% o sonltor Cresh
, water ¥ersgs rad uuag; pirauintory patierna. Ti's  inskend uLsed Lo
moniter flow uwithln the network Bad the oost ef transporting ltess
4orgsa the network. [atarfaces hays alnce been  provided trab will
alléu po-lime dlEitliing or conversion ©f coordipiter From an external
sgurce, 3ach m3 & Wlipd or unchecked digitliine  session, to e

ponverted to & pocrdinate  systes BETWORE atenderd.  Thean extermal

aenrdinates may o world qeordinates, such 43 tatitude/longltude, or &

i . . Fage 5

wanrodefingd conrilpate bass, my long @5 L11'o integsr presiss ta ([

plazes,

Aptual applleations Loclude (with the sddition of o minimmm  path
Catapr=lring  3loorithal the  sbllity  te, based wpen the actuml coat
deriend [ram ke gsanstrlo daba ar [ram asats that  sra  tecked-on orF
atirituied o s partleular Llnk within the datsbase, s3tlmsts cotimal
patha. Thit gaat atielbute nlght represent & apeed Llmlt o & daollar
coat 4 wilra  that link or soes other bstract stiriBwts that*s not
wholly Reitetrlenliy reipted, of when combined with the geoEatric datas
Eam Oarkye & v cosb osdch ah glven llnn‘!ed 1imit of miles par hour
and w gartaln diatanée, ona Can caleulaks the amount of tlme  that IR

Lakny ba Lpavel that partiasler Yink.

flven Tmis Alslem path slgorliha, 008 can daterrmlne the  misiau
patey fres & glven poinl in ithe  mebedre T-ﬂ-PJl-l'll-l' Lt may hare
mesaler t7 Lhe aser.  An Edmple would te, (rom one subesy entranos bo
UL LELE] of aurrguniing bulldi.ngn. po¥ba withln m mlero-neleork in

tha Arlzneeshond.

FoJIME swould nat e confused wiih AP-coaplets problems, such o
the traveilng  Saleszam problew. KETAE foes not solee Lhis typa of
premies byl mecely, 1 terms of miclmem  GALDA,  ael#gby  the optioam

pathy Frgm n £erialn polnt te mil othes points in the petword.

4 patartiy] purpose far NETWIRK wayuld te in the mapping af 34 ar
Ehres AlaeAntasel  metoerks  and, soeh A3 Rlgherina abruakurds, or
araiver slant e ficus ulihin & powse ptant, ar say otber  clreulatery
netwsrd  Lhal  has corpomenls  ataekwd  WRPOn one enGlber a3y wall wa
merLrantally 1sid cut. Being wbla bto miplaize riplng runa would be @

patratlel  appllcation in thees dimsnolons. Anather spplisation might
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bx the stedy of tha 2irowlstion of peq-ph vithin 4 urban  table
straoturs  wibh ssvers] bolldings stloking ouk af Lbl whlle trying to
optimize the paths throwgh Lhat strustuers. Inather lllluh'l- b the atudy
of & Tactory 1'.”“ amil wkttempting to cptimize Lhe saveAenl of perte

and produaka bhreugh LG,

To sone =xtent, the Cectery spplication 1s alreaty pamalble In
tha preaent NETWOMT given that the factory setup szists snd Tha ru-h-er
oF gaLed are knewn, awth the Yerbical contach aress 3gech 47 glevator
FLT e :tn-l.nmus or leading docks brl't.'h-in the akrygtyurep the Flows
mlght asafly e detarmired and than recalculated a8 & aarlas of 311ices
thegugh the =truotues, rothar  Ehan trying to treat I0 23 one thres

dimsnalonal chlack enosapacaing m nétwari.

NETWIRE was originally deaveloped t6 moy on o large storfags tudw
duvics. lts dlaplay JupPort now intludes sll the Teutrentx storaxs
tube davices and Lheir oolor terminal, the Aévards Elstiranls Davices

{or AED} 512 rastar Lermimal.

Flokted output can e writken ente a Caloomp=L¥$®  plotker, &
Houatan TInatrunmnta  plotter, or & Servigor BBC 200 plottar, Color
gutput on theas plottars $an'c yet scpported bub 1L wayld Be ‘2 minoe
anbamniesent of  sanlly  isplemented. ‘n-.fu forn of ublput on = Itorage

tube 14 probably the beat, Klvsm the interadtive nature of HETWORL for

rapld  input and rlaving of duts. Halng thumbehael or turade control,”

tha user can overley new dsocdinates data ‘oate exiating diapiay data.
It's ganarally Ltrue Lhat the larger bthe diaplay dervien, Lha batier the
raaclution] Although 1t's saaier ko plc‘u-: polnty with Lha rur:::r laput

unlpg & rescar devlas,

Fags T

Cow can Rave RS By 11 Llach thermal Pardeopy from o storsge  boyba

device or uwp 0 3 Inches 7rox p plottiing device auch a3 Lhe Housrtom

Iratranenta, This large Tormat eulpet in recomaended  for pebwsrks

kaving & high dsnalty, Buch sx & reglonal nebedrk oF & Lerge atefunturs

for error chezking aad vieping pertinant date.

The Aabts L9 ssguenktis]l Far Lpput. Tha L1pWa are dealgnmbed By

_the operster daring the Scesublon of the prégram wnt thea s serlaes of

,coordinates wre Input eod are Ipterpreted t0 be the  asquestlal  eeles

af the 1ink or of the segnent. Tha >rp7ent being 2eds up of o ast of
pmall TinHa{ & curve 3&fment iw repreganted by = nerlps Al Ahert

wactora, for azimple.

Each lin of » MECWOrK haa azsribed te 1t bes acsts, oow belng
culouleted Trom Eha dlatpprs bebwesn bhe bwd sndpolnts deseribing the
1lpk, given tra #cals of the overall 1mage. That  prigary coat i
knows w3 & gepestris ooat, The secondary cosl 13 known as wn opilooal
or mudllisry ¢oat, Buch a3 spaed  limit or ssnetary coabs  of

tranyracsing m parbicular Yipk. Tria seoond goat i amtgoiated within

ctha datmbass 1o each 1ink. dne might legieally imaglpe that it ia

tagged on the and af Che Fecord For that Link descrlptlon,

Sirce SETWIPKE L3 Fropt-eod Tor TOPAL [amd im #7FEct aerves md &
datn preprogessar  Tor TIRAL), Lt iy ooncernnd meb GRlY with peiwaris
Bt thalr sszociated tomsa, becguss oF bhe ulllmale datp  integratlon
with TOPAZ.  Therw arw tnres sats of palnks 1hat are nsxaclated with

rmtuorks and/sar Lhras ranag of mcbiviby, Tha normal podea [(which  are

network Felutad onlyl, Ehe gates {whlch ara network relaced onlpl, and
"the zonea and the centrelds of the tanes buhlch srd network and  zons

‘related), L cantrold {3 & memwns & gonneciing & makeork Lo oan



TRES 9

that L3 wrrely & ohange Ly vector within o linkmge aagment, auch a3 3
portion of w curvel, or m centrold. The petond Fils Lakes thess
coordirates, the eoordinats ldaaticles, and crestes o lirkage flle op
conalzts of & llokage flle whiegh eceplatps L0 the program  Lhy
conretbivity of the palnts. The Firal FLIS can %o lluered o n aet of
dota = B page &l ths :mm; ri-ln iz the deserlption af hew Lo
conefl tha Anta,  This sweond Flle comaslats of & linwase 14, unleh 18
For optiong) later uss by the user for srrdr- chetklng, & coordlmats Ld
{pr 1d=ntification oomber) for the coordinals that the  llpcage is
procesting From and Fipally & cobrdimate oF Lfentificatlon mmbar For
the sndpoint or the teratcatlos of thet particuiar point.  Onecs the
Flles are pead 1nto NETWQRE and procexasd, & 3tngle bloary File @ay be

written contaiming the nelvere data.

In & elty with mays omily ity sajor srteries deagrlibedy
typically onw may have two or thees thousasd coordlaats identlflara
ard thud, depandlng upon hiw BARY atredabs Y ong-uEy Ll Lhe weky  of
1inkgged, there #Aay ta four Eo slx Ehousamd linka da~zplbing Lhe

e bwdri.

All Zones have bo be created whils ruaning METWORL, aither &n 2
atorage tubs or raales displey devica, o slae digltizad froa probably
an overlay on 8 dlgltizer of plotted ouwbtput. The pressnt verslon af
WETWORE doma net  mllcw the input of gone deasriptlens or zons Tll4s

from =xternal asurges,

It whim 13 .running tha program on & wipkusl machine, tha  data
gquantiby 1limita mre vary lapga. This has yot to ba dedldadly provan,
'I:wmuv-r. buk 1p & fubyre Study t9 ba undartiven wWill b4 Lhe analysls

of & network describlng Los Ankeles. 1 Lhink that #ay b w eradiple

Fagn B

E3a37lateg pane and is m x/y coordirate wob  dstermined by the user
ALreclly tut by the userta cocrdlnate deserlptinon of the pone. k3 the
VATF Credtes a rane, far enanple, m rectamgle, a centroig 1;_ oreated
baamd v the a4y and ahape af the rone and 13 wusily {or oftan}
nhe dakd center of the zene. It'a m almple watter of corputing 4t
Wa HeliB oy mnd Malving thoos Tlgueres an? Ading thes 50 the miplsws 1,

AR ¥ oF the Zone Lo create g ogentrafd.

TH= can I created and dGelated at wlly, polats dpseribing Lhe
RELUIFK Cam e maved, gates D Tiwed, centrDlds aannmot be mored unlews
the L% 13 sxmrehowr madified, 1T the edges &7 Ehe xon® are  snlfred
abvrdt | el eourar, 2 new Centenld Wlll be paloulated and = onew link

wOlY have to De ecimogled &3 well,

The dale r4cerd structure preaently o0 record Der Link or mode.
Ore  w3ulq rather be able o gelist: rath record fot by o earrlpgs
reluraflins Dend but by w osomirol character and Ehen e gnla Lo add ga
wuch 203z af  other  relavant  data 4% mecessary 30 eNa would mob be

l1ioited o & cerialn rield widih,

From an eaternal digltizing sgurem. 1T the ocigieal data haa meb
tean  eraated  durlig an on-line NETWOPE aesalon {whleh 1a froguently
Lhe fade Decguas there wrw 30 many dats  bases  exiating {largely in
DIME [ile rnrm-'..].. a little paspaging e ereare ehacking dats zan
readily lntezrata thae dats into HETWIRRY, ‘he dakta 18 organized Eatg
twa Cllra,  Onr (11 in oalled 3 coordinate I2le, which 18 & 1liatying
oF ecordinates.  Each coordinate aioply masz a coda 1d, ar an
identlfléztion nunttr, & %, Bod a y coordlnitet thes thres yalusa for
8ot codFrdiratle.  Each neda can bm defined As beleg & gakw (o alpk  of

flow of & 2ource pf Clew wilhis the notwork}, o narmal node (8 fode

*
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wxtenk, & wadgre of support to the naw war. A keyword vaesbulary
oontalng & relatlve coding schems to allow the user to  comuniests
ragueaty bta the propras ia sn pformal yet erasting minnap, The

languaze i3 largely based ppon yerb-object conatrueticns with aiepie

punctuntion rules. “Hodifiers auch ms WITH or BT are  yued 1o

diatinguiah 1upeu!..11 condillony  or  eptirondentalfparderter changes.,
Thers are three Lypes of data wvhich the langaaxs handiler respectar
integer valuex, floatlrs polot values &7 atphanewerle charactera.
Thasy ¥alue trped “M':il't-#. with weriable Lyprs cos=only kpown as
integars, F‘;ill, and stripga, razpactively. The NETWIFE lanfusgs will
mtcepk  dats entered my part of m reguast, howerer The uirr ahduld ba
mvars that the ultizsts processing Of the dala will Ba wlER reapect to

ons af thess thres dats types.  For Ehe inssperienced gagrts

oonwerlenee, en mlire  belp ubllicy alpllinin; the uunluit and

Twdtores of kP wjor verba ol 1‘.';!& raquast languaps iy aupportad
within the program. Help is pressptsd to tha wssr following tha

request WELF [vecnl.

Thare are two btypsa of interactlrs oraslon anvirgnanats. One dan
work urder & wiawlng Format, 1p whieh one 13 prnalning ths data and
logking At the resvlts of alnlmup path emlgulatlaen or Lhe  lnbageliy
of tha metwark. Altarnatety, gne might e oparaklng  undar &
arsaticnfadittlng type o©f environment in whiah nad  gecmstrlo or
topalogla deaprliphioers are lnbroduyasd lnto the datamaas mndfoe sditbing
those elemante; wmoving them arcund, delating them snifor cranting
wdditioasl elcospts. Commadds Fap the Foroes wperallon Wwould be "drad
pebuorlk, ' or "draw sonas;' Eheas would be very English-1lYkn  commands.
h ecaling grid may b averleld che network with commands awch as “deaw

grid with interval: 100" whish would menn having & tick  mark  dpawn

1
t
v
i
I
1
.
i
|
'
|
‘
I
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tant. . The omputellonsl offlclency has  yeat Lo be guantifled.
Evarything, ‘rHI!I . winimum path computation standpoint howsver, has
1sd ma to belisve Lhat the calepintional complasity @ Lhe equabien s
lirpear, that 4{s, =3 oow intrgduges soce 2nd oord linkd into & dats
abructure o 1ake & netwark strgotyrs, the smcunt the computatlon

irarsayes limeerly &and Aok anpopentlelly-

From » diaplar alavipoint, aince the procram has aen wrltien 1o
& waally transportadle lenguage, certain lrpot/eutpet functlona hare
baan flustered Lo slwplify Ilrataliatlon mnd thua, durl.;g Lhe couras of
andcution, & scdsrataly pblaized mumter of sutrputins calls ere &kda.
Tnls oourse of rodecsiion sy someuhat 'an;'ﬂ:': tha  eosputatlonsl

load, but is offast bty Lha eads of modular suppart of Lhe progras,

from s date atrucburd Atindpoint, the dats  Atroeturs slght  be
oullvd *d}n-u'.: star=—tut.* It allows podlfleations in the neteors by
us lng b“h:urd an? Forward porlntees 1inking wll epdpolnbts of  Itnls
sbarting at tha E!."l'l.! node.  Tha structure conajats of o ast of wectors
for the m-;:l'ﬂ ar<l  angther ewt of veatora for bhe Llnka. Thwoa,
npqutlm; 1lke inasrtlomsy amd delakicna o modes lnl; 1inkas becoma
vary effictent with the dyhanie atar—oub  repredsntatisn. Another
Ceaturs of this ¢ata struature 1a that tha aumbsr of 1Lnes wiad in bhe
ink drd nodw 11ats 13 alvaysy piniawa Lhls i3 3 ¢ofn=quensa of Lthe
fack that the deletlon of sny 1Lnk eraates o apace which 1a caed by
the next lnsgrksd link. This beneflts cors wbtlilzation. A siellar

atratapy 1% used Cor the inasptlon mnd detetlona of nedea,

WETWORE uses s oommand Laagusgs strycturs sommen to most of  Lha
Labaratory's programa. This strogtues Bns proven to be & viable mesna

of pemmuniesting with an Ladiyigual progran &hile providloe, Lo an
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tred from saoh  rostsd wntranos,  gpd [ LI 118 :;4 Eran, grovs of
FRdlates Trom bhe eatrance (and thim la woak efrecblee  on " eolor
dlsplay), the solscted PALhA  Ard drawm.  Tha resulting  graphle
repruasants & minimam path apanning  trew cveriaring ke oeiginal
ratwerk, Toe tree ocan bt bavad wtn  Lhe gacweicla sosbs or tha

aptlonal for N'Iil!.l.l‘j‘ costal a33OClates with the  netvork, aoch A

iravel tlaw,

Tha program in & 1ieenaed A1AE i bt L o Lavorstory produnt.
Within Lhe Labarstory, Beuss Danmld 1a reapanaille For progras suppert
and distelbublon, The XETUGRX i boled licenaad Tor  USHIOE Ipttial
Fas for m oRe yeor mon-sxcluaive ncalnu, ¥ith an optisn bo rensw Lha
licansa &t $1K per yoar. The prograo has  Lean Imalemanted @nly on
vartaln Rardwars. Froaently, therm ia iy a mipparkwd ID!.‘C YAX
Yersion, t'h:u-- ia ‘nat m supparked  TBM  wersion and nn-_l: othas

o

distributlonsinatnllation would be at bhe user's risk.
. LN

The soltware was I0fL1slly Alatribgrss warlisr Lhis menth, July

°f IS8, Me of today, It 13 In use hers ot Harverd end ak s

eorporation ln Ohlg. Docusentstion 19 {n o Flmal writing stage.

T TN T WIES Foagh., -
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every one Hundpred  Fadt IF the 3cale iy kncwm T4 ropreasnt, aay, 500
Feer o 5000 Tenk Lo Lha LAch, oF whatavar., Tha latter cperationa are
The pgreater portion af Lhe cowmiasd language and Lhode loelude "more
pointt o "delebe ILDW or "delelx Snm way link" or ‘delete two uway
Alra,' wt unleh poirt L9 program will pregenl Lha display Soviee wlth
a o=t of crosanalry wel sk TOF Lhé yaer ta input tha ewdzoints of the

1ipg that i3 desired for modifiéntion or Jelerion.

There wr# Jour awts of elphefumerie reports Lhat are optlonally
sulricted on or OfF durieg & BETWORK ssazien. Tha Flrat rceport i3
aleply & Auanary of Lhe neds atirlbytes for cesh coordinate  identity.
Tha  maronrd capork 1% m Puntmary of Lhe mintmum pakhftloes batween btha
netwark ehkeanc+s and usar-aslacied gates, providaed that the wser has
chasan t3 ralewiate Lhe mlilegs pabth sparning tcess within Lhe petwork
{based upon or root=d From e wacP=designated sak of gatesl. The t..hlr_d
regast 1 & repork of the alnlmum path/bimes betucan all nodea withln .
the Astssrd;  Froa sach roct b sddry beranth o Che petadrk, b 4L .t-.
gates or roL. ™y repart 103ty the nminimam  path ;m: froa sll”
ertrances ba wll nprtsl nodes within the etvork. The fourth  eeport
13 oconmectlvity snalyzls of LAe sjaison pabh spanning tree.  Thia is
an errog- repprt whlth bella Lhe waee 1Y any  paps exist withia the
rELEark; 1F thorw #ré amy S&pRehLs that are nobt ceached by any pakh
wilktPly the pmtlwari. IThla reportk mipght Inﬂlctt&. - duka dalluskfion

analogoys o a ‘hridge-sut’ pyndrtie.

Durlng wn interactlve  anaslon, thors are wmany  graghilns
prearntatisns avallialle l‘l} the uawr, One can rrquast & netuark to be
drawh, a netwarn And [te Eonea o be draewy; ar the  tonea by
Ehenaelvea; 23 wall mv [uhien the unapr Fegquests AinisuH PaLh spanming

Aabnulationd, Lha program =L11 dynnelgebly exhlbit the groeth of  the
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2 GI%r Tha ODYSSEY Proiect

dnta base [mlomg with ity mxsocisted stiridutey), per-
doening Analytic tasksa on the dats. wuth wm3 polygen
ovaclay., and dizpleying the xecults sy zolored ot hlack
snd uhite thanatic maps,

MACEGRCURE .

For the last several yenrs. there har been a fysemsn-
dous grouth 1n the mcquisition snd usw 9f snvironmantal
Saln, Thisa hast care sprput becauze od zatellite and
sLtborne data collection Fyitent. swvch &d LANDSAT. and
» gen~pally increased npeed on the part of federal.
ptate and local government agancier for thr yar af thix
datn., The avmilwhalaity of thas dats obwiously resulted
in the need Ior eemputars te Eters, annlypsn and degplap
the dakth and lar Lhe Adpye=leprent of sephiciiceted geo-
grhphiee inlarpRtien Sypstcme [GLE).

11 the 1nloimotion ays5tamg  brcoma more sophiati=
cotad, nhd  the monsmachine intcolocns mers facils
Thigher lavel lontundes,. Ethe wse of color liapley dev-
icer, ote.1, mn incEcazang nuprbet ol naern ares hecoming
anterrxstnd lp the uwie of gueh Lyatesay.  Thiae new naexad
wight wnelude gerperato managez: wanting in. for BHnm=
plrn, genatnte dAcmongaphic analyacd  eelaied to 8 neo
peoduc ks market peneiration, a qaprr compeRRy  that
m1qht wank te cospaces LAWDZAT courrays al a gacoraphie
peaas of lntecspt wilkh thear tpadilional papes mRApPE. L]
utiLlity company uinbifgs ta 3ec whal tyrs af squipmant
12 alrepdy undergraund befare stactiang wucavastion [or w
new sabat lapy and olher spplications.

Thais sre a2 mnunber of wpptoaches for designing and
evalusling & particular geoogiarhie Lnfotriiion sydlen.
Tha figure Welaw lres Tamlinson «t al. 113761 depicts n
Ltheoe=~vLhygn pracesy foyr dmsagnaing snd wvaluatingy = SIS,
Thinee include the determination of the 4psten’n ohjec—
tiwry And 1esourer Afsggxment {gtage 11. the gameratich
snd #valustian of whelour avaiem dopigne [stmae 1) and
their evaluatien in teyms wi memting eyslemy ppecificn-
trens deternined during stage 1 [slane 3f. ’

A numbae gt andivaduals  have mesessord ihe prolaler-
pting nunbor af yearraphic information hysicng aurl &on=
pneed then inm btéen= af g number nf  chavantnTisbicE,

tpnk 4l the Laktee augveys that Lows Lranm  €opdusiled
anciude flisted chromologacally) Faurc's "Hunputericed
teographie Inlormsmtaon Spatens.* L19751, 1he Interena-
ttonal Geographie Upnion's . "Invenktary af Camputac

-

— pp———— - P—= —— — = A ——————

GEQORATHIC INFORMATION SYSTEMS: THE ODYSSEY PNQIECT

by Fric Teicholx 1

I June [1%R0D

Thars sre numerous public snd privets mgencies that
Bre cuct+ntly oreéating pepgrephac  Llocation apacpfic)
dstn, Thexe spenciss anclude the Census Buréemy iCounmty
DIHE. Urhhn Atkas. BITE Filew), the Uniled Stalew fico-
Tegicwl Survry (land use Sezieal, the Ceptral Intelli=-
gehee hpeney THoerld fotia Banks T wid II1, HASA [LAMD=
BATE. the o1l Cenfrrvation Seryvice $#01) Tucwrys)  and
GLlhers, In addaticn, klere ke Bn incrraning numher of

camee ol nervicA Lyreaws ofinewng  qreosarmphically
teigrepeeld dlata, L mayaer gqreblrm [asinyp planmece,
IeAnuFEs nnalpats, nackating annlyrta, malhemataicol

geonpeapherry and othery is Lhe abulity ko gomhina thasa
difjrrant coverages ynte & comron dakta  bawe Ipopule-
tien, [anil use, sales arens. =Zoncng Aietricte. ete. ).
mand the ability %0 fg-parre thece 1ICeJUlRE COVETayes Ny
oeans of the mnalvtical progesy of polygon awrziay 1n
order to ciokie & CCmMpos1te COVETAOS, Thit Llatier Lazk
would guve the analyzt the abilile to datplay » nap al.
ior #manple. rnploysd persana bétursn the agra ol WO
and 30. rapimg betupen 32088 and 33080 in tesl emtals
tamrx and aggragated to congreszaonal distracta.

The BOYSSET proldect of the Nacvacd Grographie Indar-
Ratlah Syrtem was degioned to crapend 1@ thess prok-

lemy, BAYSEET LF  an oapsn=rndcrd  werced 9! protram
modules lial antetmstively create, manirulate, edit mnd
display arcarathie data. More specifically, *ha QDTS-

SLY prograns ftewle dotp bases by snlegrating dota from
& variely of =xsowrees, snaliling the mansrwfalicn of a

' Aswocanlr Prelessey, Dopartment of ANrthptmoture. and

Aspacinte Birestor. Laberatery for Compukar Graphica
sl Spatiml  Anmlyajs, Harvard EGraduate Schesl af
Gaplonm., 4R Quincy Street, Cambiidge, Hespmchuwetbs
GI1de v.3.n,
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Sodtuwarn for Spatinl Pata Handling.™ (1476}, Tomlin=- ' -
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DATL SOUACES

ORYSEEY. 4% m §epnpRl purpora, npqn-end.ﬂ IS Tan
dperats on & wonriely of data  types, Some af thn data
tmarut Wiell be tepeolafyical im nature. Thesa datw
anclude the Consus Bureau's BIME  #a1legx and other zead-
ily avaylnutn toprelagicatl datw dileg Such as  the Haz=
vard Loberatory's versian of World pata Rank I and the
U.5.6.5.'s land use drta frles. Bther data that =might
ba 1nput inelute polypon-formatkrd data puch =5 thosm
grantated 13y the Consus Byreau’s Uoban REIa® Frlresw, L]
gernerhlizad gralfrantler int2rface ap1sktx for rntetihD
clagsifitcd eagler 1mages fxucsh as  thase from the LAMEOE=
ST zatmllitesh oE from rashcracpinued digilizess.

Finally, OO7SCEY has the wbjidity to hondle unStrwe-
tuzed digxtized “tpaghetei=type™ data. cansistiny of
linee witly He tepelenigal information This data iw
mulanatienlly cehveetgd ta 2 topodogignlly consiztent
putput file Lhat 12 siuhscegwent]ly neeged Weth wsec-spa-
gifi1ed polygon atentificrs;
the capabjility ol sdontifying conmen dipitiZaing Preoces
such as ypdee= and sver-gshevting nades ansl gheckainy for
tepolegrcal comsistoncy .

Among projpected sources of witrbibutes fox gesqraphis
units arg census daty £4ntaiming @ varplety of scononle
arraicultyral., demopgraphig wnd  heousing datd varjableas
dotaz gonerdted fren statislical poeliages such a5 SPSJ
oc K5 and noemihally clazscd data from image soubttes.

pBATL MANRGEMENT CAFABILITIES -

Tha analytic powver of QDYSSEY lies in its ebylity to
ihterpactively protess both matuerk [eactagraphiel  and
nttribute data. wgne aof the capabilities deccrihed
below is whigue, bukt the brand snectrum of araly¥tical
tapohilities emhodied wnder w single geEGpeaccS51hT
tnfgr=atian  system distipduisheE OBYSNEY  f£roanm  othes
indoenatien Sysbtoms,

yerifticatinn and correction copabilities may be per=
farned 1m #ither manwal or outomated mode. Chains® caf

3 2 gontinucus line of any Zhape:. containing any nunhat
of cgordinates, uhlich represents o boundary between Lus
adjagent polygons eor betuoen & cone and the background

polyton,

This meqduln alse rncledes

[ -

" ' Frie Teidcholz ]

¥napp srd Rxder top.cit, P 5Tk desaribe 5 avhyye-
tesmg thot uzuld maliz np Tuch an  didenl GIS. Thrym
inglude sulbziwstpma for datm endoding and dnpu® procesa=-
img, dnta ransgerent, datd manlpulation shd anslytice
cperation, and data dasriay.

Y

Datd ncquitition conhcarh® itself wWith graphic  and
!Fltistlcnl date encoderg and  ipkut procesming, tata
Etructures must Anéompass phihts, lines, sutfarrs ond
Folygans. Encading sttuckutes znelude grids and polyg-
enal tvres [sen Tewucgher and Chraisman, [R75], The Merjk
ef rach type 15 fiscwcsed Ln detail by Lennady and Hey-—
#rx {19771, orta Hanaperent appliexs t&  hath praphia
End pttrilbute data and deals with capabilieses swch ax
report genpzation. rerurikty. data inbegtity, and & wap=
iety pf si1abkixtical zerartineg funetions . The ODnta
Hapnipulatian and  Analytic 9peézation Adubspatem spplies
Lotk 1o the gvaph:g yata pase and Ehe slatistics that
telate ko tho guogtaphic neea® of interestk, Opprations
hagae might inglude peojectione. transfourmatigns, Com-
hintng Jdafferent tpres of dota, relygan avecloy, Eta-—
tistical apoalesiT on the data, atc, Tata display obuy=
suslp ralptes te bhe adility te putput maps, graphr and
tabular inlormation on o wariety oF gutput media.

[

THE ppYSS5EY FROJECT :

The proces: moduley of ODYSELY oporate indepondently
with » oowman frle wtrugtukre from w aingle  lanbuage
Procgessor without the use pf directorred, FoX purposes
ef #implaicaity, CBYESCEY'E dunctional componenta (Table
1) ¢tam be divaded intot (I Soucserl VTII) Hanegenent.
1ITI) Analysis and Dasplay, and [{I¥] Convelted Gea=

graphif Output. o =
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b wupdated in terms af E¥placing, Insetpting and delet-
Ing fingle o greups of coordinates or entzpe chaihy,
Hast ‘torolegiral inconEistaneissr hre  automeljcelly
identadied and corrected, Diguti2ing exrers nueh ag
under= nnd pueT-shooty or lynex sra detected and slxo
corcectesd automatically.  Other Lncenzizkencies are
Just adentilied a2nd roquipe Inanusl) correctign.

Splacihy lor quilting) ceferp to the reIging of myl-
tiple datm files such ax  those fcom diffcernl  map
shenkts, Patn coan, and aften sheuld. be Fatptmirned na
Eepaznile frlaa. It might be destzahle, hourwer, ¢
corhlne  T1les, PAEtLEulac]ly when perfatning gqlobal
GrrrakionEe on the dats, one mighl WrRnt Eo rorqe,  for
txanpla. glatp-refurenced dsta with other datn  that
Lrass Atata houndaziek Tsuch as sulen. heal*h =ghes or
lund ut# polygeons?, SPliearg perdermt the function of
fitting together sdjimcent [TIST

Metiuork ar geographio cveelnym ara ohe ol Lhe moat
Povorful annlytical copabllityea: Faidormed Ly DDYSAELCY.
in snalyal will ciken whpt e qumrp the resultnmt net-
WoTk crrated by ouvecldying twa pr wore hebrorket. Crl-
lulst eulput 25 posaibla Bubt  tryus Pelygen oreclay wuith
co=plnte Ldantificatian 6d  ipterswgtions esists withim
PLYZZEY. A planner might uant to gverliy lamd wie dala
vith floed plains. b bugymesz  gpnal¥st mighl wRnb a
demgTrapliad prolile of hi19 spirg digtewcts that tan he
pchtrevwod By frerlaying Eensus enupcration dystrickts
Wilh zsules Zones. A [orettorp nyqht wont to goonpece his
tred Lav#mtioey rogQLend WULLh zorle mRAPS .

.
Geographic agaregatlon  pelates to  the burlding of
cFAall  ynite anico Fuccefid vely largak wnLl: sugh aE
Iirmr ks inte bilocghks inte epacta 1hig towhalaps into
counties i1nte stabes inte ECHlent inks  eeuntriey inmto
worlidz inte galowirs = mlthouth some codnolegitil prah-
lers night ba encountered within REYVEELY inm the oergang
&f xirests 1nto galmwiey,

Joth line and ares gonmeralization mee pericired hy
ODTSSCY. The line genernlization rautine seatchrn for
“trand Linos” am ehagng ang aprendr a Adotail toleranca

level value te all coordinakg valusn, L user canm then

azk for any level ad dwtail dedirad for o poarticulne
disploay TFigure 33.
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1} GIS' The ODTSXEY Prodsct

Foint=ln=~potlygan enleulnriany refe=r te  the shility
ta autenntically identify & peint  that 1iey within one
coverngs aet (land wse, =schoal cones.  ete.) with
anathar coverage Esf. For wxaple. & natuinl resourcs
azalyst r1ght adentidy & datm  polnt source Jvérm & Con-
suT rap f1.0.. & stetet nonel and uwant to knouw the soil
cenditions that e=int under 4hat ttrect [ohtained fcom
m L. %.G,%, zo1l% map) or 1nm whal connrrssione]l disteact
o Innl wie chategory lies  fderaved pevhnpy fzom o LAHD=
27 satwflite “imagm? uwrtiheut parformaipg ihe computa=
t1onrally demanding opechbion of polygenm owverlay. Tha
prinl-in-palygen reubling prowided the analyvst with thix
capability. . !

ittribute nanhysment conakate of agporegetien, clas=
saf1emtaem. mepging ond corcecbism md the npprapraate
stateatecal data, Anuregotiaen wof pttribuies  in
dygectly gelated ta metwoek or ATER ARQEEdnbtianm [i.&.,
1f atrny are to be wggregated. them ores Jdata attri-
butes muy nesd fo e egdregatedl. DOTSSEY wal) apgre-=
grte mitributes am 0 "nalucal™ usy. That i1, nuwerical
does fuzh o3 shsplute cowunts af population damnirihution
night bYu simply odded uwbile population densikt1os kRould
bo Aylorabtlieally ccenmputed Bagrld on populatien CoURLtE
and the area or =onod ol antercent, Homimally walwed
felasa) data, gn the ather hand,. would be mogregnted by
tirpiw Loncatananlion, predaminant tyre or accerding to
SFec1lLe Pptiorities. Land ust dats foc  small avear,
for evamplés, wauld Ta concatenmicd azx a yenult pf the
aygregated netuprk of land use polygonr,

Attyphute Jdisapgreaqation invalvss earkmin  assump=
tiens. Heninal dats 1T casily beollen dewun Whriras BoTE
co=plas data ructh m3 populstion counts L#qulEie AR
azsuspilon sbout the Epatial dastribution. Fgr evaa=
e il you hAawve population denalty Zorx tagions and
want to know . depgity by =ones withim a particulac
teqiah, UDTSGEY ¢an wither tale the founts pat zene and
zana meuahf ke eanlealate pogw  walwgd oe. i Z@n*d erunta
aton't Avnilable. assume A uniférm papulation di1ateabu-
tian lar the reqlan snd disaguiegats tha data wusing
thiy 1lotml wvaluo, -

Attrailbute clawgificmtion represents w  Junctiennl
teantfiormation ol the etbriluten. This transfoemation
15 usunslly #rem larger to' smallef graups  whieh could
f1n eertain nstangendr  invelvs the convpzeionm of hanmi=
nally=¢laeaed datw inmts ordanzl data. An analynt minht
start wikth land ure classifications  and want te rank
the dats gntp suitability satesocisw sccopding to cer-
1aIM ECaRteEla.
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Figure 1t
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!ln::n::gzzz:ailtltlon startes by tallapeing colneident
Line  semere! :pt:111c loamlitins, This ensurey that
incanseernt ization will pat introducs topaluq:c.l
e pant u:;::.b Furthormorw. featyres TUrh ag dalt:t
M L : *implifisd. Areas generulizskion
temy or wlebing ei Folygons Lhat hT® Lnce -

1 fither the currwent xcale ol The daty ::::’

wizd by ths anal
¥st 2r the re
drYiCH Being upad for evtpnt avluticen of e diaplay
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itiributes wmergang cortesponds to netwerd tplicumg or
guilting. Aa dwtw frem differcnt map sheets or diflet-
+nt f1lex nre meorged, atteibules data corzcspeonding to
the dulferent 21ler s1e mutonaticully marged.

Bttrituts correctien 1% an sditing funckaen. opYE-
SEY can rdat flebally ap wedl ag locwlly lr.m,., fune-
ti1ons car Le applicd ta all or phtt of the datay, hno=
lyats can Ethrtedisre chanoe all inatpnces of Lhe

category "red” La the categery “hiack”™ or add » numbe:
cmiculated x¢ *he ferlility andew tirey the rnurber of
uomen fre= 18=8% yrars of ane Limes & mafg:ic constant to
21l populatianm counls wilhin a partaculaz Lef1oh,

AMALESLIES AND DESFLAY CAFPARILITIES

1t 11 diffreult to incorporate ODTSELT"a anmelytice
cupahililacs 1nte w pingle peption. Analyxia 19
anmuglued om all aspretn of manunl. semimutomatiy End
mutematic data captuca and netwotrk mnmd  atipibuts man-
ROgEwsnt ., Begides cohpobrlitiey muesocimled with data
caplury and managrnpgnt  BE2 facalitien 1o pariorn;
fartt=atdot peopetric measurenantd on the dats swch ax
lrngth. been and peearetec calculnlions ahd the ohility
to dorive topslosmienl proapeckacd of tho natdock sweh an
finding all mrena that are comtiqupue to o crtiaun
=ane .

Ih teemz o1 dasplay, OBYSSEY ean display beas maps,
shoderd  black mrnd whiile or gelered chievapleih Rnpa.
thzeo~dimenagehal raprerenktatbens of polyTen surfeces
and Lline ozinTer raps,

FOLYPS (Ffiagure a) is the -0 display module af QDYS~-
EfY. 11 Braun 4shaded or eolaped cheroplebth maps aliec=
ing tha user m npeeat dasl of flavibility tm rlasasfying
and repeasopnting the digtesbution of m o aratial wares-—
ble., The pragrin 15 empable of Nutaratically elazeily-
ime m contanuous watiakle la.m, Fpercenlt a2 children
busasd to schnpl! Ly nny one of Juiwe methody inclmdang
gqutl intetuale, Tanlk anteivaln. deviatianns gunpntiles

and F-tatan, L user €nn ranually speesfy  Lhe cless
antmzvals and pumbep of lewels, Ceey=tcale aynboliony
anclude craxthatch, dot, hzlitone. and sandon dot.

Fritameters aljasting the perceplien ol Lhe symboliami,
tuch  AS he range  of lightnesx to darlness or Lhe
colgrd F1f Lewnn dasplayad &én o colne ERT), can alzo be
contralled Ly the ysaT. Momimal data sueh as  z=1l
typey or land use caleyeries which jnvalva ditcrets

ctypes, ux opposod to continuoue welueyp, may alio be

papped. lcontinued pagn {6

.
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PRIST [Figute 51 %4 ODTSSEY'S progrum fop didplaving
=0 scrned of dagffdts.  ppatislly-vaeeying suveincen.
FP1%Y platls  3-0 seemets with hiddan limos  vehdved and
iha vissble prizm sides shaded. fptians inglude vikw-
poiat redifteatyon faZiruth, altitude. scale), phudlng
pararetags langle that the light xeurte is coming itam,
winirun and  nakimun Spacing i crethhateh  landc)  and
mphetation ParametekE (hoN sround plet, titlelb.

Feporty densckted by DRYIZEY anclude tabyuler autputs
puth ax na*¢ts of spsaF OI &tTributed within & particur
lwr region and siher locml or  glabel charsatecintlas
spxocinkad with Lhe d3to ang of intecast.

CONYERTED GEOQGRAPHIC QUTPUT

It 15 olign dpsremple. far purpoyes of nruhivel]l #te-
taqe or Ll Fublegueny proecesaElng is ko br dohe on iha
datar to sutput binary of AICIT 1llem of QOYSSCY-pre-
epised doutw, Poth polygon and gridded dats frles can
bs tutput.

LRHHOTATIZ LR AMTLLS

This veetion of the peper coptalny deggoripiions af
tug rua-ples of DOYSEELT ule, The Farst Ielater Lo lend
wAe  andk 1ilu¥iTtales Boeglemnm =0t hatswtiam oan varlous
cpverrnrd, and the Grcond 13 talen fzom 2 foreftry pro-
et aprd Lllwstinled polygon ovgrlay asnalymiv. in tha
1325% ¢warple,.  mn annlywt akocks with theee filey con-
tainwng grography¢ data op land use, fleood plain snd
tleratian coverdgest (Faguten 4.7, aRd 41,

Usiny $polesn zet notation, Lthe wralyat then fprci-
Jies =abhtets &1 asfth covpenne to bhe FCloected. The
ppEluspan ety cmn BE chofgn WSIing Wnken.  Inteczecijon
pnd &p=ylfrentation opexatara, ok ure 1n lhier seloc-
tian eW[ITAET1OpE, The tetal nten ol inlexest LR
desaribed 1n A gtelefibion Statement Whieeh yier the oper-
atart EHO gnd G to combine  feaktuiaw frOp  ERE 0@ mMOLE
#verlaid Eoverdged. in wut #xuaple. regiond lox LAKD
USE, ELEVATION wnd FLOODPLAIN map be zecpsaied indiel-
dually, o all thewa covacaged pay Da pentionsd 2n malk-
ing & smlection, )



Frag Tricholn 17

~ Alter defining wrems of intecwgt, Gthe arnlyshk et
cenmandy to wmpecidy n lewvel of drtaxl  dewicrd piihip
that mren, Each rcoverage may b# chosen to I apgte~-
galed o preoscented im detwil. When detail isr a covek=
aye LM tpecaited, all codes for that govezege uliich ags
rresrnt 1n the arsa of inbterest mre dizsplaped 33 xqpa=
raté regroney  and are  tabulaied ay  pubtotulled arenn.
The affoct 13 that of sthowinhg the eriginal repr for a

Fettiruler covermge. within the aytiined of tha
apleected Tegion,

Fiwure ¥ deprets  xégrony o! cropland snd the
109~foot contour linwe. Faguim % shows thr lhterssc+
tion of tha WIT area of the fleoadplain amd the sleva=
tlen Zone ¢ te 100 Tawk (Lnnd Use CoveTags predented Ln
detuill. Fiqurae 11 Tllustewkes the yuglon =f the WET
atas ad the Eloedplein and Lhe slevation =one 0 ta 100
faert,

FORESTRY PAOJECT LCXAHPLE

Thir example denmonstrates Lhe usa of ORYSSEY
foredley prodect undertaken for a latge papor fu-pany.
The abjectived of Lhe ptudy wore fiput to evaluate the
Iesvibility #4 platting forwstry gtand rapt  ddervivsd
ires aeziml phetogzerha) uith OBTSSLY, and crcondly. ta
teat the ubtilily - of usang LANDSAT satlallite 1maces ta
update  the fntest compiny's dota  kade for Lhvsntgey
FUTPOELY ., Figquze 1% depaictn & LANESHT decived forenk
classyErcntion map (dany at Furdue Univerzity? that uaas
sutpralically converisd to the OPTSZICY chain f1le fop-
mut, Tiput tomsisted a2 the clossyfyad- LANDGAT imAage
in & geid {oemmt., Figure 1) represents 3 Lypical fap=

ext gtand map that waw wncadad vith a linw=-Tfollouiny
digitazer. |

oh &

Thn newt ateép way o awntlay thrse tug
Fradiuce a  coampoaibe map, The wvalues RizoElnbrd wilkh
euch o! the polyoon Ti1les  were then torpared by calew=
Latipg & croxs tabulation beluceén the measured s-d Lhy
LANDIAT-detyved Forest types. Dizerepancises [roasured
in tecnF 0f hundreda ¢ mcrewl]  could then be Ritomatiw
cally emlculmted, Flgure 14 depigty the conpaosita
[ove1layrd) mep:, wnd Figuie 15 shews fin bBlack) Lthe
cocrefpandence beturen the LAMBSAT-derived wnd the seg=
lal survey-depivoad dats. Disczspancimp could thepn ba
depicted by forsat/category or oplavsifrcution  and

cesults depicted gruphically CFigures I8 mnd 174  or ky
Niwn tablew.
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THE FUTURE

In termd o1 harduage, ORYSSET currently operatas on
AT-bik and larger vord machines, it Harvard Univer=-
Eily. ¥AX 117,700 and FOP=10 werziang ace nasnlained and
IAf 5/370 nnd EOL GOO0 speicx vervions ed1at, Fropran
madulas talte drom 80 bto 0K (BIC 100 words. Al apit=
Hors 1LY MEktiAm Ln AMMI Facktomm  IW. Feraphernly
anclude dasks and. optignaslly. teped. digitpsres, plat-
tert, £olor cameTn hatd copy deviced. and gther geaphie
Is0 squipment.

Future harddare dovolormentr  will include dedrcated
turnkay ayctemy with o]l or a xubart ol 1he cyrzent
progios modules, " Fer enbaple, therd might be » natural
Ieyourcd managskeAt veruian #f OEYSSLIY that wpermter an
& ld-bit uprd micropeocesEor or 0 L#nFut Burrdu wyziion
on & MiIRL-VAYX.

Aelmted to mpplicatienn. werk i currentlp underusy
Yegatding NetWeEKk  EROlytis and the aerging of netuerk
and polyoen datan  Bhies, Point and lynesr display
modules sTe beiny devtloped and hebuo:rX analysiy capa-
bilitaen sTe bBaLng dedsyned fox ihléyratyen into QDTS-
5ET. In thim rannmer. n query such &3 the selrction of
the shortest reut® bytusen Boastom  and San Francisco
(netusth} that dowr not yo throwugh 2 cily o preatet
than 109.C0Q0 peaple [polyyond might B¢ mads.

ATFENELKCES

Cousn. David .. "Cowstsl #Flaine Negionel Arscurce
Informabion Syskem Stuay:s Recent: Geogcaphic Inkotwa=
tien Systrmx,™ paper pregwnted at  Third IntegAmtignal
Sympayium an Compuler psmiskted Curtogrmphy. Jan, 1978,

150 Commission on Geegraphical Dats Sanzing wsnd Fro-
cesslng,  Jnyeniery ol Cpmpyter Software fof IRAael
Datw Mepdlang. 1%76.

Kennedy, Hichawl, and Checlew R, Heyers, Zpatial Infor-
pardon Avstemst An Introduption. Vebanm Studics Center.
oulswikile, KY, 1977,

;
{Continuwd cvar payal
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Knapgp. Ellem H., and Paboreh Radec, "Automstsd Geo-

grophic InldEmakion Syatenst and LAHODSAT Data! L Suf=-

vey, capesrd Librapy of Comppler Sraphicns<1979% Bapeing
FAlle=lyr4. ¥el u, pp. 57-69. Cambridpa. M.

Fautker. Thonnf® §.,. and Hicholes Chridwmbh; "CArEtO-
grophic Dath Strustuzes.® Tha heepisan EMKRAnTAnhAex.
Pp. 55=6%. Rpril 915,

Fourr, Alagyhrat 5, , "Corputeriied Geogrhphic INnfecrmn=
tiegn Lystcrnd An Appesymont of Imporlent FaclozE in
Thryir Ceasrn. Ujeemtion end Succexs.” Conter for Dervel-
aprenk Technology, Kazhingten Universlty. 3t. LouLr.
Ha. 1375,

Galaen. larzy. Janam Grepper.  John Hamill snd Carl
Recd, "Compatifen ¢f Selected Operationa]l Capabilitien
ot Filty-Feur Geagraphic Infoemation Systeme.” Hestatn
Gowernocs Foliey Odficm. Ft. Collins. 1977,

Tonlanson: R.F., R, W, Culkina snd P.F. HNacble, “Campu-
ier  #andiing &2 Ceowcaphicel Deta.™ UMESCO Frars,
Crneva. 5q1t=lllgn4. 197&.
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Why hasn't sonecus developed an putorated ZIF Code "P,pl“ ryatom?
TEVE Le & quertlon thiC DAl many snawers, but tha Basle reason i beckusy
mobody has diglticed the Eowmdarler of &ll 2IP fode arxas: & further
connllcatlion in that ZIP Codm boundaries often change. To mals mattsca
=vehn woiaw. the U.5. Poaral Barvice dows ot posdwds nor Bupport  wiy

- ]
cartographlc bese films, mapm, OF boundary information on S-dlgit IL

Coldm ar4am.

untll ZIPMPm .thP best & macket repparcher could do was rap

centrolde of IiF Code arwad oking s commercsally avmllable centrald #ila
from Pand Helally, Donnslley Marhating, af List Processing Company. In

apacial tllll‘ :ﬂ-lpll'llll- auch wg Ceographic Systemp wnd Desographic

bamgsrch would digitizs FEF Code boundariss from telsphors Books, the .

Rand McHally TIF Cods atlus, of from maps avelluble from ssall Yocsl map

publishary. Ganerally. theais wapping affacts nr_i porioresd wndar

- -

coalract FOr a4 limjtsd nunbwr opf mtropolitan .urnn Mo compliava,
Ratichal cowiTagqe of ene RPPPOmimately 37,000 zIm Codus axiwbad. 1In

adiieian, the cogrs for thesas fustom BAppLAY effGrts wars Telativaly

lazge amd wall ayue gop Feach for wost marketers.

Ow Lltesrative o Bapning IIF Codes | O map COREUS traCte. Cenaus
Lracka have Aefipsd heundariee, and Aigltlzed cartograpnic bams tlles
have I_:n-n availerle for 1970 l.‘-nllul Tabgraphy. Tha dralleobiiley af 1M
tract boundery f1laa, howerur, I CUETANt]Y & smioT concarn kS the -
demeqraphic and buginena duce mapping eoMunley, slnem the Cengun ULy
hay declded nor 1o digieixe trpct bemmdaring, hi-l:_-lrtlll randor,
Twugraphic bara Technaleqy, Ing., im pPublicizing that they will make
availaple dlgitized l9ma truce flles ovar the Rext PureTal yaars on &
foll-out Baala. Ko doubt ather Yerdora, Including Seographic Eywteas,

111 affer digltiznmd tract boundariem on & CONTract Daslam.

Unavallabiliey of I9ED tract filem ie & probiem that can be 3otved,

Another problem faor many companise la the high cost to mest thd mwad tw

. geocods  all their customer sddrwus . duta Lo canaus ECActe. A malny

benafit of ZIF Cade WARpLAg 1s that wost inhoyes customar Flles alrasdy

Bavy Eha 3-diglt TIP Code 88 ThAt Lract gedcdding La pot BYCRBANTY -



" ror wome purposes the ZIF Code may be ton lazge an ares, and the
cansul tragt & hioeh growp level of analyilsa AR mare  appropTiska-
Carpas  wIafes, Feeawal, dfe byt pre geographle level In Lhe  cwRlal
yaography hidrarehy. They are not territorislly sshaustivn, nor sre chey
a gongiptent geogrephic unilt in urben snd ryral ereax. ';H T1F Coada is
territorislly schaustirve, coakt ko cosst, A0 provider arwal ramolutlon

st the smallast prackiral Qeogtspnle whlt conmigeent for both urhen and

rural areav. Bince 1P Code araan reflect the lwvel of szonooic scbiviky

.Ilu'lln an srws, in terms of mail vnlﬁ-. the afeasal micy of RIF Codes

yefgrally corrasponds o the denplry of woonowic activity.

This papsT briefly dedcclbes s golution to the probles of IIF Code

mappifhy  uaihg = mepping  wYFtem that porcrayd proximal 217 Code -

baundaciew. wepwclally craated for the Lthematis mapping of ZI1F Coded
Astu, Tha paper Tirat Jdedccibes the preceduars for creatlng che
ztPAP™  careoqraphic  files  Geveral  case wewdy  applicecions  are

Adacribed nadt, Followad by & Zwv nbparvablons on the pros and cond of

CZIF Coded WArsur cenPull LracTa for wmap Aliplay and snalyxip-

PRI IWAL TLP LO0E ROINEARIES

In caswarching tha probles of swatablisbing o sationa], ynifors yyetes

fpr automated IIF Cots mapping. GBI discovarsd Chat for modt mAriat

-

fekedrch  appilcations tha  precisr  boundary  of " TIF Code La e

i Tequired. HRAC TrA DATAAT reacarchal $oad Tequite 1w & qraphic that wil}

ano  tne valazive pomitioms of ZIF Codw araas Ain Ielatiom t0 one

¢

anather. & proximal, or spproximate, bBoundsTy mEets £hid Tequlremant.

Wi alys TFouhd that there wers generelly two typas of nesdy
cotresponilng to ten levels of sealw and resolution for wepning pr:m;i_-l:,.
FiF Codex. fme need ﬂi! for u market overview, or ul"mn;_. of crenge
1A & atate or gioup of ;tlt“- Tha svcond nesd wen for decslled trags
LLL T l"ll?'lll within & wrtro arse. We sra sccomodeting the nesds [op
bokh Teglemdl  and  RETrS  4Tes  geograpny by £resting  sbsta  level
I.lﬂmlll‘-"l'l tiles that ran bz alther cosblned to fore sulrl-atarse

Tuglonn or used L0 SMITACE mabtro area I1F Codes. . . -

The approdch we have taben to ¢reate TIPwap eaTtography wtilinag

the classlcai Thiessen  polygon techniguos. Ma  hegln wikh &
lativudesiongituda centrald coardinate filn of 31F Code nrvas (nen Flgure
1) and convert tham to L Albers Tgusl Mres projacrlos. Wa anwtract I1p
centralds on & mtatw by stats hysin end Jnu p-rp-ndicu.lll.: bimactory
bt wdam n-ighbﬁnn-q controlds [sea Figurs 2}, Tha redulting polygons ary
u:l.!.l-d Thlasasn paiyqons, =ith aach polygom sdge dafining the locus of

all potnce lor pecplal squidietant f7om Cw0 CANLCOL4S and ROt Clomer to°

r

-



457 mnraz sEnifeld In Che wINRe.  LANW seqenTs #nd Folygoms are crapped
BL FIace boundarims whith wre =T the aame scabe and preojection ga the
E=rtroidy leww Figure 3.
f
Frovimal Z17 Codes hava not been cleated for U.5- ¢puar TETCireTian.
AP an? PR milicary DIF Codes. and cwctaln 2IF Codes asnlgmad ro Local
furm® wlthih & given coMgn LY.

Tor pleces with a single REIT Code, the

ZoRAE T pol¥san  ropradents  the  appremimdcs areal ewtant of  mall

delivery to that place. For U5, eirles having wmoTe than owe IIF Cods
Mt -seded), polwgons Spproximats ine delivery ates for & L6cal Paar
Gifles branch ar mtatiom ar the pProximal acee of o Z3P Coda-  Froximal
ILh Zoaw atmas which correspond to & Post affice Bew, Postmaster, oF
CeoeTal Delivary of » mulpi=zIP-Codnd glty mre gpreated for the main past
ofZice of graglaphle coAter of the elty. In highly orpanized sajgi=g1F
Coded srwaw where 3IP Codus” shifa & c;unn proximal ares, & slngle

proxiral IIMAFT polygon repreawnts pevecal EIF Codes and iw Speclally

codnd ko Llndlchta o multi=ZLP rangw.

Tk zlmr.""pol.vqun rostar of JIP Codey has breen ccodd-Céferenced

with cha Clarites  REZIDETM  and bonrellay  ¢IPcofjlef®  fIp Cady

TORTArn.  Crpdb-referanclng with the 2I7 Coded data bangm auch aa the
fun*s Marketing CHMI Fila gmd the Ceonomic Information Eystel I MAKLET
Tila is planned. The t##d to Kesp the LIF roscar files crosa=Tulsrancad

-5~

R T —

and polygun boundsry files up-to~dste will B¢ & large but CATIACREbl e

annual * prodect.  Tha G5 Earvlce pucess wilk  be rasponaibly  for

*

Balnesining snd updacling the ::mr“ cartigraphy wnd mapping systam.

ZIF OODE MARFIMG RPILICATIONS . .

Tha TIF Code proximsl polygoh Bethod i1é DOth tima sud cost alficlent
md providak ¢ boundaTy fLle solvabls for displaylng sand mnslpele

thematip ZTIP Codad daca Irom the Bulti-ptets laval down to the EWBk, or

NALTS, lavwel.
A azmample of BT? Coda meppiag &t the sulti-ptatw  leval i@

Tepresunted by . compeny  which was wrkludtipg the

intarsated . in
stfwtijvansat arf its sales promotivm campelon, tha sfflclency of dtw
SLler ferritoTy forem lotation, and aligements for following through on
the salan csmpeign.  Map 41 {on the qradh shest) showe the  spatlal
dletripytlon of direct mel] responss to the fIrm's promorjonsl compaiqu.
The #ip showks whern the campalgn wal wffeckivs or Laaffeactive in bwrma of
refponey Yate.  Map b1 [oh the gfesh ahest] whows tha distrlbution of an
indes of income. The flrm astasrd sress ©f high Lndoms would .?pm.
high responis Tatas and, ‘tl‘llrlrﬂll. cah L8N thie map to identify arsan
whwDS pasponds rates AnOuld haras hlirlrl high, wap ¥} {om the grean ghaest) .

ahown the COCESLstiom OF apsoclation batwsss Tualanss Tape Add the incoms



index. From thly map cthe Iirm can ldentify tnose areas wnete nbgh
tusponds was expecisd, but 414 por eoour, 4% well A WheTE [esponEa
svceadad or mat sxpertaclons, Clusters of IFIF Code steas Possmgaing
#irilar charscterlstics are wpally sdentifled, Mearnsgement sction, muwch
B Focudlng Pollaw=up wEfortd inko sywal whets hlgh Tesponam shpuld hevs
occurTed, can ba direcend easily and sfflcleacly. Flgure § portrays the
pruswht salad tarfritery oonlfigquestion. From this oap the firm can ase
wharg ite waler tarritofirs are discontinuoue .lnd var fapphng, wnd can
uss 1t te scordinstwe lu'fu" salap follow-up by =ach Jocel office or %o

help realign gal=m kterrltorien In & morae sfficient manner.

At the wmtats level & insucdhcs coopahy w-anted to FuRd cut  and
URdeZATARA the petTern Of Croms-aelling of led product 1Lnvs By ALEferent
saler pyrnte in Dhig. Who wes Galling how mech of what product Lina or

. .
lines and whepa .unl It bming wold? Mhecs wirs Ehers acwad “hefe = RLgh
percent 0f multiple produce linea ware belng sold by one sgent and a low
pETeént by anocthar sgent? By wapping the percent yhare of talew of
single wveraus multblple’ prodoct Llines fof wagh daled sqent, and than
ovurlnpplng aach agent’'s map snd Cipfalatlng Lha parcant ahats of sligle

watdus Suleipls product lines; s complex analysis probles was redeced tw

& pingle graphic. L]

.-T-

HWnen the corporate merkel peseatih wnalves was aaked by Ehe conpany s
regional siles manager wg the bncepilon of the pl"l::jll:t. “hHew' wla £An
wraluste 1,747 ZIF Codes ot & gloncse oo determina arean of crods-sallisg
epportunitiey misted mnd wrasd whers wa hava high seien but high lomzas

alps?™ The snawer won guils succinet:  “Thers Le no othar way."

COHZLODING ORBLFVAT TOSE

L) Wa have  foundl khat  both EPFP Codes snd censue tEadke  mce
valuable, cormnly used, geographic unics of analysls.

. Cenkas TrACEE Mavs bedn Uts) SOTd DITAR AN AUtCERALSd RADPLLY
appllicacions than have Z1F Codes.

- 2IF Codws arw fouwnd mora ofcen on cuskomer  and  ikhousas
propriatary f1las than sre cenewd Lrsct codew-

- Canpyn LEactsm mre died by the Bureasu of the Cansus to tabulace
Aeregf aphie aata.

- Iip Codad Aemographlec daTa cah ba cttained throogh commercisl
asts vandars who cru--rni;"mt ZiF Codas with Canwus ypeography .

- Ca4neys tracta hawve pr-:;.nlr daflned boundscier that osn h-

:up-r-rl.wnltd to greflay oh & 1T OF Skiro sbrest l‘l;l-

-



Polyqons Approximating 3=diglt 217 Code Ardas.
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rigurs 3. %-dlglc FIF Codw Froximal Polygond with TIF Cods Labwlz.

' ZIP MAP"GRAPHICS

Example Application -

Tha ihree maps shown below itlusteate the uso of ZIPL1AP™Y grnpﬁics ler identdyng sooeihs
qeggraphes Markcts o allocate saoea and promobonal resources. Sales developed from direg

J mal |y skownon Map 41, Housahold income, it the 100w of anincome quobent, is shown in Mag
© ¥2, The Corielalion bebween dizecl mad $a103 Fespon s and Incoma is shown [0 Map 83, Salo

lerntoties wore realigned, branth ollicas relocalad, and sales sllorns largeled using theas ane
glhor ZJPi._-'IMJ = ojraphics, oo T et
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I. TNTRQDUCE ION

La imparticgidn del curse Dingmica do Sisremas Spciales,
wr la Saccidn do Planesscidn de la Divizidn de Estudics
de Posgrade da ja Feculrad de Ingenferfa ge la UNAM, did
nr1§:n # ditw tradi o, miemy gue a pareir de 1978 se ha
lde gomplementands pArd wbilizerio coma ayudd & Fsta cur
119

Parm |8 realizacidn 24 aste trabajo 3o tomd Como base ol
TOYKAMD USER'S MANUAL, BORAQUGHS 14972 , al ¢ual ae la .-
afladleron varigs ajemalos @i ferences 2 los que contfens
el manusl original, dlichas eajevplos san modi flcaciones
de alguas modalal Covnados de 14 bibliograffa y otros
son ariglinales dal Autor.

El extudio de #3cos modelos permite adiastrar a las alym T

nas en |8 proguecidn de rodelps Mucho mis cofplejos y e-
lasoradas que resuelven un sinnimerc de sroblesas de Pla-

neacign.
Por este medio guiers espresar @i agracecimiento & mis

alumngs d¢ la Divisldn Qe Extuwdlos de Fosgrace gz Ingc-
nlerfae e la Saccidn da Plancacidn y a los 2e la Divisida
de Catudiaol de Poigraco Os Arguitectura cel dres ge Tec-
nolegfa, que 1a encargéron de procesar algunas modelas
que »qul se Incluyen y Cuya :nllboracl nome Tue sumamentce

walfowm,

:‘
!
|

|_2_

11 mMoDLLOg

La palabra "modelo! ge usa como un sustant lva,un adjer v
¥ un verbosen cods caxe tlane dlscinte signiflcade, Com
sustantivg, rotela m3 und rcprn:nnt;¢1dn en &1 1encido en
el coal un arguitecro ccﬂstruyu va modelo a esacala o la
magqueta de un =31 ficio, Al usarlo como ad 4t [vg modelo,
Impiica un grads de perfaccidn o Idaatizacidn; el alumng
madelo. (uando se usa como verbo madelar 1ignifica demastrar,
revelar, fndicar cdmo gs una cosa,

Todos los modelas representan EXT GO, 0D |elo) ¥ gventos,
Sz fdealizan en ¢l sentida de qua zgn mencs comp il cados

‘que la realidad y por to teato méy féclles para usarlox
|- &n Investigacidn, Su simplicidac racice en el necho de

gue 3810 los #3pectas relevantes de 14 reslided se ree
Rresentan, ooms «] Casa dt un meps de CArreteras que &3
un madels de la superficie tercessra ¥ anf no ia CONEL gin-
plan los habiceantes, lax casas, los cultivos, e, pues
Mo Son relavantes respecto #F uin del mapa,
Los modelos se usan pars scunular y relécionsr nu.:tro cong
cimiento de diferences aspectos ce la realiced, y mds que
BStd, sirven como fnatrumenios pard saplicer ol pasado
¥ el presente ¥ pars predacis wl Foturc,
fxtsten fres tipos bédzicos da e loy

JEONILDS. 500 represantaciones de |a realides + esce--

‘c2la ivgr, unlavidn & escala, una oaguels da un gai flcio,

-] .=
AKALDGICOS. Ucdifzan ciras propifededes of Perantes

de 12 realidad, o 3ea Que 32 USy una proaledad pars e

RIE&SENLAr 3 otfa; por ejemplo BR un mapE pars represena

tar lox vags del suelo uaatns colores; 1# regla de cél-

cdla es un modelo ana1dgl:n en #! cual laz cantigdades

& repressatan por distcncfas proparcianales a pus loga

ritmos; las grdfices donda se reprosentdn propiadedes

fl



" mecani oy ldgicas prestablecicos,

taltles coma costad, tteman, pobdiacidn,
hifn 1on madelos analdgicos, §
SImaBLIL0%, Representdn las propiedades de 1o reg
Ti0ad sinoA)|2amente, Una relacida moyirada en una ord
fica tamaldn se puede representar en una ecuacidn: la
EcuAridn 4 wn modelo simedlico.
Loy mode los Sonde los sfmoolos empleados represencan
cantlgades o 1laman modelos matemicicos. Oengrg de lol
modelos matemdticos tonemos las madelos de simulacidn
dindmice que 3e clsiifican en mdelos de litﬂnu’:nnt1-
puo ¥ modelos de eventos discretos o d|5=unt|nu¢;1
Los modelos 0c Fventos discretol canb1an de rmiLado cuan
do ocurre aigdn evento determinado. rs;e carbio ocurre

ROFCENT & j€5 , T oM

qeneralments cn intervalos de Tiempo drregulares. €1
modela sl construlgo describe acrividades o encidades
ditpardndose 437, alfercn
Les AcCIones que Miwulan 1a realioag que cavgis 1egidn
Denlro Ge c3te ©1pd
de modelos Lemeros o SIMSCRIPT, GASP, GPSS, SIMGLA, 21
son; Simulacidn de un sistema telefdnico.de

y eventos, ¥y 3y lacemelacidn,

Junas wibd
+
una Lhienda de autoservicto, de una fiorica, e 14 aveal

- -
¢3 de wn rfo, de un Ccrucers urbang con semaforar, eic.
r "

f

Lus mageles continuos; DYkaMO, CS5L, SAS 1 (+ }Jsz 1taman
sl porgque el Tiempa gue &5 Wna var1nn1e 1ndagznd|tntt
gel tivcema Avanza en pequefios incrementos uni Formes
fimicel, En este Cipo de lenguajes rodo rl 51 4TEMmA S8
revalda {gigiral o ansldgicamente} en cads 1Atervilo

ae tiemps Transcurrloo. TesSe e1le punto ar vitll']! 51=
o laeldn :nn;inul sE pArecs a la simulacidn lnllégitl‘
Gue resuelve sl4tends Or ecudcicones alfecenciaden. Al mo-
delar, lay tcuaciones eupresan: la rearfa de operecidn
gel sistema y vna wisidn panardmica complera de las inte
relaciones Causa-efecto urance &1 tiemps trantcurr ldo

*

de las varisnles gue intervienen,

Cencralmente #3tos modelas requleren mengs informacidn
que oy discretos pero necesitdn de un esludic fuy pra
funda de Joz mecanlifos actuantes,

* Stmulagor dnaldgico cesarrollaas en &) lastiguto de

- Ingenferfa, cod! ficado en ALGOL para Ia Burroughs G700,



111, EL COMPILADGR “DYK&MO™

DYHAMO ¢£31 un comp!lagar para [raducir y carrer modelos
cant inugs gue han 31do gescrilos poar un gonjunto de --
ecuaciones abferenciales, E1 compilador tue deiarrolla
co par e} grupo g dindmica (nodustrial en el Instituto
Tecnoldglco de massachussers para realizer simulaciones
de ntgacios, modelos seondmiecy ¥y modeloy Oe sistemas
socisles y actu.]ﬁtnt: te usa pAra sTmular cualguler

sl scamd continua,

OYNRMD se f13eRS pard personadk cuva principal activigan
#t 1a da resalver prablemas, dirigiends sul esfueros
hislcamenie 3 eyt actividad evicanag glaffdcciones en
complejos reguarimientos computacionales,

OfN&MD sparece originalmente $egdn Alecanger L, Pugn JII

comg un proagrama ) lamada STWRLE (STmalaglan af Iﬂdul.:rlal-.

Hanagement Problems) fue sacrito por Richara K, Benner
£n 1958 para una 1BM 0L, £l Moazlo evoluciond en 1959
apare=ct endo come DYwAMD gs DrHamic mDzels ¥ fue eacrito
por el S Phyllis Fox y la Sra George Sternlieh vy et Sr.
Alexander L, Pugh ITh.

fn 1962 el Sr. Jay W, Forraster modificd el pagueca ha-
c14neole compatible para cperaf €0 Chempo CoMpartigs
earn Rizo posibie erodr, correglr v correr &1 modelo

en paces horag, !

En 1965 3¢ escripid ut;a ver QTHAM] eliglendd com len-
guaie fuente el £LGJL AED (2lgo) Extenarg for Designi
pues =0 e3e gntnnt;E era uono de las lenguajes suficiens
temanle padarssoe ¥ disponible an el Tegns 9o de Mass,
Orhamd Il se gisefd para aceprdr modelos eScritos can
DYREHD 1 £an miy potos cambios. .

Coms Fefouaita & 14 Cemanda an 1971 se desarrolld una

-z

versidn dr OYwamd iateractivae; gursnte lo simulacidn,
] uiuAFlD puade smamindr 21 esrade del sistema 8fmu-

lads y decidir gcciones qua €| consioers Apropiadas,

se conoce como GAMING OTHAMY.

Para respondzf 31 greclents ndmero de modelos qué Tl

nen sectares guo & feplien varlas vecss con objeto -

de representar 1& realidad de una manera mi1 desagres

gads se le adadid la capacidad de manejar arreglos vec
tor{ales. Eyte lenguaje 12 conoce como DYNAMO 111,

£n 197 sa comentd & casarrellar DYNAMO paras [mplamen-

tarlo en minfcomputadards .



£ = . ) + r

I¥ PROCESAMTENTD OFfMAMD Fara el uso de DrNAMD se requll eren de doy elemencas -
) bdsicos, el gque llamireros tedrico ¥ &) que |tamaremos
El orograma DYNAM0 que o} ususrip ar sedq ¢y lefds par metdnico,
el traductor OYNARMD que werdfice la 3inTdnis ¢ congoo E1 tedrica 3¢ refiare & cdno reallzar 1a investigagcidn
Eruye un programa fuente en ALEDY Cresnds on archivo para re;ntver problemas, cdoo plantear g4 probleres, -
en disgo, Despuds de terminar el 1rand o anterior o cdma cancenir &1 maaels, céma caleular lay pardmecray, -
traductor OYNAmMd 1& fonecra {I1FY a3 ¢omnl |ador ALGOL . to EHmD e1tq1r las wvariables, cdmo reatizar lor andlisia u. h
pars ceatizar 1a compilacion del eddigo emitide. £E1 . ' sensibilidde, etc, -

El nece #specto, =1 mecdnico, 3o reficre a edme Incro-

compd laagr ALGOL complla el drodrama fugrte resylrane
ducir }los datos a s cacputauoru para simular el pro.

GO un codign o prograra objero que al E)eCutarie nox

presencs los resultaass, ) blama,
dnalizaremns breverrnce ol slemento tedrico:

* USUARTG = } En la solucidn de problemas geAeralmente se [ienen do
1 p;uc,;,..c_u ﬂipecml. solucidn & prooiemas Ao sacialgs ¥ solucidn
- Lo 2 problemss sociales, La solucidn a provlemas no socia
TTRiouCTOR verifica - Tes se realiza planteando ecusciones con incdgnitas, -
- que al ser resuelcas y epcontradas |as incdqnitas qua-

HEIS IR
T . da resuslto el problema. En eslos casaos e simulacidn

e Usé Cuanca laz condiciones para las gud te chiuvia-
SIRUTENTES fon las eagudcioness camrbian con ¢! tierpe ¢ &l problema
fesps ! Fequiere de una sobucidn dindmice,enconprdnoose una

l._—-i':4'.'e| | Y f—
CORSTRUTE PR ) fama de valores gue resuelven el problema en el il empo.
GRIME FUENTE

QmiTE Los

f L
4 F

i “nr'* i Cuando o1 probleras won soclales la tfcnica varfa ¥
;:HCHI'EI:I Iy _ lo jue ze fequiere coma soluclfdn ey realisar el plan-
B . )
= N f teamienta siendo Cite 1a solucidn, Estos catos tambidn
J - Fueden ser resvelcos por simulacidn, puds |a e$fructue
CCrPILADDS ) fa gel mdetls se va formando con &1 3istema Causa-efec-
ALGOL : o nasta 1ieger a modelar ¢ formar & la medica del pro-
- Blema una estructura OYNAMD & o un focelo dindmice da
i ' .
PHOGRAML FJECUTA EL*‘!__ $imadacidn que nos represeate 1a realidag, ¥ GQué nos
+ RESULTALGS p—
I??EE}:GL PROGRAnL os permica estodiarla hacienst expes 1mentos deferminadas .
: segin las necesidades, ) '

j T3 sea Que 3¢ trake de prodlemas sociales o no sociales
€N gerneral se s1gue la siguiente secuengia;




1, Fadels Anecddcico, Es una descripcidn verbal slaga=
tizada oa} probliema,donde ze destscan los principa-
les recanfsros, las variables, los paranétias, elc,

2, biagramd Causat, [y un dfagrama donoé se ingemela-
gionan las principales variables uzands flechas ¥
un sfgie * O = que jndica a1%- lag wariables intemre-

|l:|ﬂﬂadaittr¢Ctﬂ o degrecen en ol concesto del madeln.

1, Dfagrama a# Fluje DY HAMD, Se& forma con 13 nomenc!s-
tura DYHEMD como se verd posterigrmente. Fermice ob
servar claramente a] camino gue siguen los flujos
gentro Oe} sistema 1'ustranco las rasads, tos nlveles,
los canales de informacidn, las flujoi de insumos &
procuctol o persanas O dinern ere, [) diagrama per-
mice realizar una rdplda verificagidn de l1a 1dgica
dal atatema y apraciarlo glaﬂklnun;a.

)
Ecuaciones DYNaMD, Son las ecuaciones cue forman &}
programa UYHAMD y gue 3¢ deduten fan Ayuda del dia-
grama Anterior,

6. varlacidn de Pardmetros © Ardlfsla oe Sensihflidag,
Generalmente se puede realizar en und misma corsice
danpg imatruceiones gur Indiguen gue &1 Etermings 14

primera carrida continfe corriende wnad segunds o tel

cera we2 o mis pero con algunay pardmetros mogi flca

0=} 8

6. modificacionss 3t rogela y Ajustes ae ficalas, EI
rodelo puede madifigarse una wez hechas las primas
ras corrldss para lograr algén aobjetive, el rango -
ge las escales puede djustaraeé pars gque las grdfi.
€as gqueden #ootacas $egLn nusstrox desess y/fo “",_E
pagas =0 l&3 missas g;:flls.

Y. validecidn oel] modelo, 5a reflere a hager que &1 -
rodelo repase valores histdricos conocicdos que sa-
bemasx acurrierpn, esto con unad corrides symulands el
perioda histdrico; la valfgacidn o calibracidn cona
s15Ca en adecusr el modelo de tal Forma que repre.
sente £l perlogs histdrics, Exte aspecto no alempre
3¢ realiza, pues al tratar de pronmasticar al fururo
i la niscoria gal fendmens o e concee diFlci Imen

“te podrd realizarse la calfbragidn o vatidacidn, -

Vesmgs ahora el dlemento mecdnico. Una herramfenta bd-
sfca ae la siouwlacidn e 2] procesc de integrécidn, -

“La integracidn aparoece &n todd la naturaleza ¥ es e1en

cial para represcntar el procesc de carmio en las siss
temas, EL el proceid Jue relaciond una cane[gdd <on

fu Casd de cambfio temporal. 5 punde pansar gue Ia
distancta regcorrids por un venfoulo &n un cierto elem.
po =5 la Incegral en tods &)l fntervale de la funcidn
GQue represente 18 Tasd de camblo de postcidn del wvenf
culo. Yeamos wn ejempilo: 51 un autombvil z¢ Mmueve a -
una valoclded constanta de A0 kmfhora &n L Roras he.
brd recorrida 240 hm, Esto podemos calcutarlo asfl;

]
222 50 ; dy £ bD AL Sa :nzg 60 dr,
[:14
. 1

.Siﬁﬂtllﬂuzlﬂ}
DYNAMOD ysw otra forma para resolver ol mismo problema:
La escusgidn compuiacionel qua vis |lamada da nivel es
del cipo;

RECORRIOD | RECORRIDO | tp.uoe ¥ tasa pr

ALTUAL . ANTERIOR TRANSC . CAMB IO

Fara la primera hora tenemos:
E a0 + [1 Rora) % &0 « -1+]
para (s regunpa hosa:

$ m &0 = {1 ParalX &0 = 120
Parg la tergera hord; ¢
5 = 130 «f1 hora}) X604 = 180 '



Para 1a Cuartd horas; +
§ a 1E0 » €1 nora) 5 60 « "y

Esta forma de resolver e pratlema e3 mds elsborads para
erte cusa donde |4 rasa es fonstanre, S0 )a rasa fuers
-wariable, primerg heorfa Gue encontrar 1a funcidn guse
“1a represente.en el :ienpo ¥ después integraria pars
abtensr el resulrldn Si msta fun:1dn no e: sencilla

el praceso de inregracidn se d1f1cu1ta ¥ CAEremos en K
o que hace DYMAMD . Para cada |ntervala de tiemgo esl
cogide cansiderard que la tasa et constante gorante ol

fncervélo e fnrcgrard . S0 reduclms e3Te intesvala o,
] 4

g ok, '

suliciente tendremos una buens presiclda. y
Para mangjar =) tiempo DYHIMD uia fndices, 4,k y L pa’
ra indlcar: - . ' . .

K, Moy,este mOMENIo,esTE SeQuAdo, T £LC.
J. Eyer el mepmenia anterior, ¢l segunac Bngarior, etc.
L, mMahana,e)] mamento sigufente, el pﬂﬁllﬂﬂ segundo, etc.
JN latervatg de £lempo de ayer @ hoy.ebc.
L Intervala de [lempo de Hﬁf 4 majana, #e,
fitos intervalos de fiempo Tlenen una medida que se -
tlama 07 [oelta time). Usands eira notacldn la ecuacidn
anterior gqueds de la siguicnre format

. KaS, Je (DT ){V.IK) '
gonae ¥, JR = ED
V. JA =3 12 312 Que &0 Bile CASO0 la conticcrarns Cany-

tante, sl !@ Tase varf8 muy aprisa p#cd TERET Cierfd--
exactitud cebemgs operar la uCua:fdn aigamas cada mi-
nuLo o Cada segundo depende G4 Qque tan aprisa vorle
¥.¥ Considerzremos cansrance la tasa «n el intervale
reducida, se pusde. resolver con la Eli:tituﬂ gL sc
cuierd Dasta escoger a DT muy pequela.

==

i
w* Incegral espcia

BN

Integral aproa,

il

L] empo

Integrands

ol

L] F

flujﬁ 1 cunle?vla .

€! ojemplo ae! Jutomdvil ey tipico, a1f como el catn dal
flujo de algdn 1fquido & un tangue,el fluio de persoas
nas a wna poslacidn, el flujo’de corriente elécerice &
un condesador et Flujo de roaress on uné tdhrica, etc,

En cada casg eviate un flujo que 3¢ mueve 2in ber crea
oo o destrulde en el process, Las pariel de nuestro:
modetas gque Clenen esta :iract:rrstncl lTas identificas
ITamar emas

Taza de sistemds oande el

. remzy comg subsistemas gque e CORSEF van T
& e3tos Flujos tasas, En patos siscemas las Lazas de
cartyio de los niveles [omdn s forme de timoles sumay
a dif;renc1|: de tasaz. Fay una forma tfpica en gue .
sparecen dos niveles que 3on concroladod por taidnm.
ri ni;el HI ey Alimentads pod
i-: lé tas# 17 le quita y alicenca & N que a v var
1 disminuidu por la taza T3, En esLD3 CRSOE 2R Bue la
Tass sierpre e afade, pero AUNCA sk rARCE se considera

& tasas Tleperc a la

QUe Ia tasda fluye hacia dentro det.sistema desde uvnd =
fuente exterlor que podemos considerar coms &l 1fmice

de Hue:trb sfatena, 51 s vasd slempre e reala y fun

£3 1€ BAdda EALOGNCED 5L fluyends Sul JuMiderQ &ALt

riar que tamhidn marca una frontera de! sistema,

vearo: la reprcscntac1dn grarica, -

Y

Fuente "

Hlvel

Taszsa . Mivel Tasa taza Sumicera

+

Las ecudciones correspondlcntes - san;
I KeN], = [OTILTI], JR=T2.JK]
HE ASND, e {OTH{TZ. JR-TA Jn]
tés CLa5as se £aleulan en g) {Astante & S8R usdfm on el

" fntervalo Kk . Este cdlculo se realiza con una exprogidn
i e,



algabralcas d& variables en ] mipro iRsuante K,

Sistemas wn donde no 1€ conserva el 'l‘lujnx Contiene ra-
lacienes Integraies y slgobralcds, Las incegrales go c2l
¢ulan ¢on las ecyociones O alvel perd Jas TaA343% de Came
blo de Tos niveles son ads cofpllicadds que 14 suma de va
rlas casas. . -
En los subs!stemas, dgonde no 3 conservan Tos flujos, las
releciocrnes algebrajcas simples 1o calculan con scuacio-
nes auafllares. L3tas 34 caleulen en el instante K & par
Cir ge los niveles v Otras ecusciones ausiliares. Coma -
DYNAMD rD acepta ecusclonel timultdneas es NECErArio orf-
genar 1o% cflculos du las eccuacianes auxiilares de tal
forms que wn auxiliar se calcule antes de ser requerido
an 1atrn ecustidn aunl Tinr 3! DYWAMO no encuentira un or-
den para nacer esio, Mbndd un pansaje de error qQue.dica
ECULCIONES STMULTANEAS,

Y.SECUENC A COMPUTACIONAL

En el Instante K se calculan prirerg [odos los niveles,
Te3 que & su velr dependen an $u valor previc en =l 1ng-
Tante antericor J oy d& 1as Tatss calculadas para el in.
tervilo J5 ., Como ya sa hiclerom ot cdlculos para J oy
JE no hay problemas para cal¢ular los niveles,

h,J \
L.K
e = | .

J K h

L Ral J+{OT){R,JK. 8, J])
Auxltisres: En segqulda 1as ecusciones auxiliares ardsna
das automdCicamente por DYNAMD fe calculan para wl 1n::
tante K & partir de los nivales en A y Orrds auxiliares
calculacas primerg an K,

J ' K L
Al Ke{L KI[AI.K)
Tasas ; Finalmente se calculan las tasas para el 1nt=r;

vala prdaims KL a partir de los afveles y Tés sunillares
an el momente N,



R.RL

d . [ L
CRRLE L KeR K

Erh esTe Momanio cuands 183 Tasas ya se han calculade gl
tiermpa actusl 3& avenza sutomdticsmente CT unidaées. To
dasy las cantfdades gue e calcularpa para =] tiempo N o
anors se conyiders gue son valorses en el tiempo Jy tas
tasas celculaocas para el incervalo KL anora son r.ratlrdu
SO :1_I’u:ur; valores en =1 fneervalo JK, Agqufl. se repi-
te el clcio comenzands de Puevs on 1os niveled,

RI¥FL
TASA

AUXILIAR

. o
" FLENTI

SUMTDERD

QEMORA

-

PARAMETRO

INFORMAL JON

B1ERLS

Ak [OuT |DEM

——rm—m ———————

L
"5 '
y o

DRDENES © PLOIDDS ~—O—==lr—Cr——Cr—

OINERD
PERSOKAS

EQUIPG

¢ —t $f——f—>

L%

]

1 | " mll :n}
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Y11, ESCATTURA DE ECUALIGHES

Las reglas pars formaer une ecuacldn son los usuales del

dlgeora, & forma pdalea 3 .
tigo de sc. cantsexprasldn [a pactir de s o}, 7)
Los tipas ar eCuatlones pusden zer |
«Tipo S$fmogla .

Oe Mivel L ....,.uurrrrrass LI

Apailjares P |

De Taad L. insrisnnaara, R

De valar Inlcial L.oopyeee M .

Constante L ......rnaaiees €

L - X S |

Suplemeatadria |, ,.....e.. &

En DYxami ! era necesario indicar o] tfpo de =cyacidn,
pero en &l sistema implantads actuaimente Ao es necelario,
"canr" ey el nombre de Ve cantidad que ssta ticnae defind-
da por la ecuacidn, E} nomore debe ecemaplir las reglas pa-
ra formar NoMOres y debe tenss el fadice dpropladd ge Ciem
po . Todo MmOre de una :nnt{dnd debe comenzar coR un
cardhteq sifabdrico, y puede ser seguido por naste £ince
carscteray alfdoaticor © numfricas,(en 1a versidn actual
5e parmiten hasta &3 cardcteres,pero &1 fmerimic adto a-
pareceran los aeis primeros,1dlo deben _uzarse dgrgltoy de
nasta sefy clfras). Yexpresidn® pusge ser cualgufer cosa
deads un simple ndnero RALTE ana romSinagidn de factores

y tdrmings que Invelueren funcianes, ’
Las operacfonas de sura,resta, muitipliceacida v givlisidn
“ae inafcan par + , -, (), /, s& usan las jeraroulas
comuney; maltipléicacidn ¥ 2ivisidn s# ' roalizan pritera
que sums y resta,Los pardniests significen que 1a expre~
ridn dantrg de £ilos deps £alcularse ¥ JuERictuirse par
eiloy,

MBS fepilica e((8){C))

1 las coeraciones son del mismo valor Jerdrouieo e rea
Ilzan an argen de 12qufercs & derschat

A_B+C Implica [A_R)+E
Deod tenerse Cultddo en e] Cdza de la wmultiplicacidn ¥
la divisién, S se desea dividir X entre el producto de
Y v I debe sacriblria; ) . ,
. | 17YFL .
OYNAMO interprece X1/S(r){2) <o IK,{"I’HI].

Los valores numéricos se sscriben an lp forme usual, S«
puaden usar hasta wais dfgitos signiFicativas, Nimeroi

Uy Yrandes o MUy pequeionr S& pugden sscriblr ingi canda
potengiss de 10 multiplicadas par &1 rdoaro ¢on s letrs

£ IC 00O 000 » 1DE6 » IE7

o0 u IE3
Enm DTMhHﬂ 21 pobible erear subrutinns 11amadas MACROS

culndd 3= t{ienkn saftores del modela gqua son repebitlives,

Esta #vits tener que eicriblr un conjunto de stuaciones
vAF 183 vecks pars cada iector 0asta declararta una ?uz
gefinlrio ¥ cuando se neceasfte Ingroducir Yos valorss

en 1n funcidn MACROS anto equivale & volver & e:cr1uir'1'

sl acuaciones del 1ectpr 0N 303 Nyevos valores,

Ex{ster varias funclones y macroas ya creadsy dencro de

DYNAMD que corresponden & 18% Biguientes cttequrfai;r

a) Intrfasecas qQue mogelan curvas 1lamadas UELA?N

b] latrfrnseces computacignales qua sons $IN,E0% ,5QRT,
LOGN ,EXP p SLMN,

) Intrfnsecas contraladas por el ciempo:! OOSLIW, AQXCYC,

PULSE ,RaMP, SAMPLE STEP, )
d) Intrinsecas de seleccidn de valores: CLIP mAX MIN,
TSWITCH y TamlE, '
e] Intrinsecas Mleaterlax; NOISE y HORMRN,

Ecuaciones de Nivel: rotemfiicamente ingican laregracidn,

Una eCudcidn cfpics oe nivel as oo ls sTguienté forma:
Lohol Je (BT IRI,JRaR2, IR} ' )

L.M &3 &l nowhre,e] Trdfce K indica que ol walor &s lefs

da en &) presente, £1 lado dearecho de ta ecuacldn usa ol

4
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) : . . . . - 10 -
co. ) . .

" migmy valor L, pero con nlrfndiCc J para indicar gue se . y . - .
trata Oel valgr de L en el periodo anterior, mis el in- . ) f ' EcLa:iants Suplerentarias: Coms en el cato gz 13 ecud-
tervalo de tlempo transcurride,0T desde la Sliima evalua- cidn auxllfar 'ta ecuacidn suplemenraria e of nombra a u
cidn multiplicade por ung expresidn queconsiderd tllvi— "na expresfdn, pero para usarls e&n valores de 12l ida cono
lor del cambia del nivel en ¢l lapsa OT o s¢2 1a caza, . Vistado o gréficas por ejemnlol -

i . M, KeWALGR . K-LIS " ’
REGLAS FARA COLOCAR INOICES EN LAS ECUACTONES DYWAMD oo ,
LADD-TZQUIERDD TROTGE DF & CARTIOADTLEL LA ] fciacionas constances: Es una cantidad sin fngice;
.  |oo ofRECH 51 EL TIRG £5: o, ABsl638 ‘ -
TIPO CANTIDAR [NDICE; -L & R 5 © # ) f:ua:iun:; de Yalar Inlcial: 51 la ecuacldn tiene 1a for-
L HVEL r T [ ma de una ecuacidn constante, parg al aocwbre de la cantis
A Al K KoK - - s . dad aparuca en atro lugar ¢l programa,se 1lama ecuacidn
R TASA mL KRR - - - | "Lt valar Iniciat, Los valores inicfales 3dlo s¢ requieren
S suRL. " RORJR e - para !eg variables oe nive!l, 3ln embarge ye purden dar
IR ALY = = - = = - . | valores (nlciales & otras variaples, Sc pueden reatlzar
N YAL, INIL. - e " :.flr1|: carridas con un mismo programa camalanco cada
. ver el valar inlcial, por 1o gue 3e pueda restizar diselo
) ewperimental en una corrida, *
. Feusclones de tasa: Esta eeudcidn deflne el 1amafia oel l . 1
Flujo encre varlaples de nivel y una fuente, .o sumiderg - EiitEW‘,dt tiempo ¥ unidades: &) calcular los wvalores del
Sy okra variable de nivel, Und ecuacldn :fp1ca de uhd La- ' programs se usan unidades'cales como unid/mes o u/sem otg,
19 ®S: ’ - ] 1 ias unfdades ro 1e dén eo wnid/0T. Es recomendatle hacer
* - R.ELwfL A=R_JK)ALEK ' la unfcad de tiempo gl sistema un mdltiplo de? {nters
- ‘ valo de solucidn 0F..51 0T no e3 un miltipla de 1a wnia
R,ki mns &l nombra de la casa con Tndlco KL para &) inter- ' dad de tiempo del sistema, hay pronlemas pars elegle el
valo de tiempo #ntre el prosence y €] futuro. E1 205 de- 'yalnr de BT gara ifaprimic a graficer, DYNAMD 1o resuvelve
~recha €5 una gapresldn aritmécica de variaples oe nivel , usando el valar aue teng2 1a varlable Justo sntes ¥y den- |

S owaritabies oe cask,varlapley DYMAMD O cOnsLantes. Lls V- . tro g un fRrtervalo de 07/7-del tlempo Cranscurrioo,
riables de nivel tienen el frdice K o J, las variables de | Las tiempos de impresidn o graficacidn PRTPER y PLTPER
tais det lado derecho tlienen indize K, se expresan en unidades de tiemps del sistema asl miyma
Ecuaciones Auulllares: A} modelar puede querdrsele dar un LENSTH. ' -
norore a una EApresidn que ie use en otre ecwacidn, La e- fJ45RPLO: tay sigulentes instrucelones quieren deciri
cuacidn que asigna el nombre a la enpresicn se Tlama e- i =o|unﬁa .
cuacidn auxilier . L1 fndice usado es K ,Un s#jemlo de ; ;PEE ETlifLENGTHllDfPRTPER-E}éL&PER.]

. una #cugcidn aualifar: ) ) ' - . La unidad de tiempo Oel sistema &5 1,12 slmulacida sa rea

BALITTA  Keim K/ 0T '_ . YMzard uﬁf;nt: 1D yniaades are :i}npo, las vattanle: qut-




TR

3= grafiguen sefdn cada ? unidades o tismon ¥ las grd-
ficas [gndrdn un punco cads ] peripdal,

i DTe0,?, LENGTHaIO |, PLTPER®.Z ¥ FRIFPER=D

Qulere decir: Se haran cdiculos <ade .2 unigedes de Tlem

po flMuldncose durante 10 unidades do clempo 3¢ graficard -

cada .? unicedes de clampo y no habrd 11sca (FRTPER=D}.
D sea 3i 13 ynicsd del 1lstems e3 41 Legunod:
DT=,1 yegundas, LENGTHE1D segundcs, atc,

£5 conveniente elegir a DT en un intervab prdctico que,
va-n 1 /3 & 175 osl walor ael tiempo mds peaueho dentro
gel madelo, Una vez que el mooelo e ha propace y estd
carriends se puede sumencar el valtor de DT para ahorrar
timmpo de procasemiento.

Srrbolos oe Graflcacién: Las t3calas tienen un rango de
19732, 1033 1ot sfguientan sfmbolos e L3an en Tas wsch=

193 que DYHLA] sutomdticamente ezcoge para graficar,
H

SIFRGLD ¥ w 1] L o
miTtpe ¢10730 16730 127 1em 172! 07! % 0m!S
S1480L0 6 F £ 2 r T "
e | Y BT o T = BT LT T
$IMBOLD | B R G ¥ 5 ?u C
woLttrLe 1e¥ 107 15 ae'? ro?! et e??

SIMAOLE M D ?
cantieo 103?103t 03l

- 3¢ -

¥II1! FURGCIOMES INTRINSECAS

OFLATH.

Alteran la tass de flujo qua 3e mueva =n el sistema,no
ahadan nl restan nada s0lo retardan nl flujo,lay demoras
pueden f&" ge varios ordenes oe | a S.OELAY] g OFLAYS el
ordep de 1a demaca colncide aprowimadaments fon la Don-
Giente,cuanda, & aplica la demora & wne funcldn esceldn
al aumancar =! prden 18 damara a3 manor. E! sfabolp pa-

ra la oemora ei; i

Il WPUT
) H DuTPuT{ LIFT | .
Una demcra de orden H RIgniTica que 1a derors promadic
LIFT se reparte an N intarvales consecutivar oa) 3fktma
na cusnds eskta a3 excable, EJEMPLD:
’ _Demora de primer orden:
QU ko, JKe (DT 1IN JRDT , JK ] /DEM

DEM=g
M. KL=STER{], 0,02}

A
hﬁ%iu1

.02 - —

']

Oprora o= segund: orden:
02, KLeD2, JK+ (DT HR, JA-G2, JK ) /OEH
B MLeR, JE+{OT 1IN, JRaR, IR [ 3] /DEM .



n

Damora de tercer erdtn;?'
G KLOELATI[N, JA DEM) * - -
Ce la dennr; de rercer qrden haste |8 ge quinto arden
14 purden s3cribir coem la anterior ya gque OYNARHD riene
deflnids {nteriormence esta funclda, . Lo

-
PR}

-y

. e
.; ‘ - T
f . . T EAP, ST,
i8N, ) )
. Calcula la funcidn 1eno, 4 fntrunuc. 2 la rdquln; CodTe
. ] vnnua-tnan:routs:ui1:?:1{11n£.n];#rn:ﬂnlii \ .
For elemplo para representar la funcidn con una amplicua
da 30 y un periods de 20¢ \ ¥
IXLwd 30 (S IRCI2PI)ITIME )R] ’
Pe2 o i ;-f
£os. s . L
[y Igual qua SIH,perJ 18 usa COS -
SQRT, . . .
YALOA=SQRT ARG " ' )
e £1 vajor del ARG debe ser mayor @ igual a cero. |

[

T -

L}
L

] . . .

" LOGH, ’ ) . .

LXP -

YALQR=LOGN{+ ARG )
ﬁl se Lraga de lggsr|tmas base 10
- vALOATO={COEF J{(LOGH{ARG )
COEF=, W3k .
VAaLORe {ED[F]IEIP[-ARG}I

" %k rerlcre a potencies da e,

SUMMN [N=1,2,0)

v Esia lntrfnizcl se refiere a gperaclonas seme jantes al

t

pruductu trterlor gue te ve en Slgebra ucctorlit ey muy

Gult para var peso @ lag variahies,
! VALOR®SUMY [ENTERD  HOMBRE)

- Esta Funcldn da el siguiente walart

" .

P .
i

el

" HDMARE o3 una secusncla de valores gue 3e dé da I $i- .

. (]
gulence manera;

WOHBREY b /BT S ) .
v, &:sun1{h,nﬂﬂanil .
\ ¥, Ralh,

La forma de SUM?[N P01 ess ,
YAlOReSUMz (ENTERD,HT N2 ] - Lo \

Y lrrhja el valar; . :

) :g: gL _ N et

sl . .

Le farma de SUMIIN,P,Q, R} nsr
VALDR=5UM3 (ENTERD NI N2 N}] ..

y arroja el valor;

l-:—;_.l POy T = e

= ! i s
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par & jemplo:
Nl*lxlflifnxj:h -

Wivwy, fyofyy Ay,

M3t-:1f:2f:3fzh snConces VALOA serdé

?lLGR-x|rl:1fu2y1::-u31323-1uyh:“

BoXCTR BOVCYE, PULEE RARE SAFFLE,,EIER

aoxiIw.
EipaciFica una progrealdn Tioea) descarcands w) Jitien -
térming;
EPS=BOKLIHINTPR IHT]
[P &3 ¢l nombre que 5% le da & la progresidna,
NTF 23 el nimera da términoy de la progresidn,

INT w3 el intervalo despuds del cusl la progresidn ae

corre, cescartanda el Sicimg walor.

£Ps TMTal |
, |

BOXLIN N Y
NIPm1g M %a manda infara
Liags Flujo —k vI i b= =5 macidn
de alguna ec, [ - -
¥ 3e durula it 7
dursnte - [ Se mands como

INTaZ[OT) o - T 5 flujo 2 una
=% ecuacidn

wq

=)E

Cada celda se 1dentiflca coma:
EPS¥l |, EPSMY? L iiinns ww EPI™]E

Tarti én pumde dirasle walpr a lay celoas con:
EPSaaNI/NES.. ... FHM

O oo
EPSsBOKL DAD(VAR!  VARZ )

TR

——

. Carguen con £l producto de YAR| -

maclidn

TRy T

- - '

fata ditima ecuacidn ocazlons que todas las caloas se
YARD , $i guersmos
CHrQar una celda en especidl por ejemplio 18 S usamas:
EPS*S . KeEXPRESIDN, L
BOXCYC .
£3 andloga & BOXLIN 3alvo qur en lugar de cescarcar w)
lefme valor de ta ﬁrngr:slﬁn,ln recireyla ge' 1 Jcima
celda a 1a primers. 5= corge igual gua BOALIN

b HP )
Liega infor. BOLCYE W OONT

-y

LA
F) w3
T

]
rl2
Y g

. ____}I '

el

Sate (nfor=-
macidn

Reciela 1o ditime celds
MPeBONEY (M, INT}

FULSE, )
HALﬂH-FULSE{:HQIGHT.FIRST,IHTEvaLI

Eats fncrinsece hece que VALOR cacbie sdbfzamence de caro

& {;HEIGTH]{DT] ¥ OLFE val & Cofo comenzando en ) fne- .

tante FIRST y cadé pericdo de cfempa INTERYAL, REIGTH,

FIRST v [NTERVAL pueden sar conitantes o variables.

RAMP

VALORaHAMP [ SLOPE , STARTTIME ) .
Adm# piene un valor constante hasts ¢1 momenio STARTTIME
en & Que emgieza & crecer ISLOPE cada OT. B
En #l cASO de Qué S8 Jquierd que tenga wn valor (nlcial
de Q.F ¥ que en wl Cierpo 5 emplece & crecer 310 cendrdl

. REP _Kal Tekh_ % -
BP, AuRAMPIT,S)



- 1] -

RAMF

a.?

LR

wy
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SAMPLE . .
YALORsSAMPFLE[SUB INT)
¢ puede dar valor tnfcial &8 SAMPLE d= otra Forma valse
cerc nasts que el Clermpo da simulacidn tlaga a IWT an
tie fomento Loms €] valar de SUB.
Efjemplo:z

SetamPLE(R,10] '

A MeRAKPLIOD, T,10)

fuanda el rlempo =0, 520 dura@nte 10 pericdos, cuandd LelD

51 3] walor gue tenga R en el Inegdnfe L3, y egle va-
lor o CONLarva dursnte 10 periodos de Ciempo al . flnal
de estor V0 periodos 3 toma #l valogr gue tenga R A0 &ié
inszante y lo <onserva 10 periodos, &IC,etc,
STEP.

WL OReSTER{2H, 5T '
VALOR adquiers e! valor »H #n'e] momenta ST y lo conserva
hasta Floalizar 1& simulacidn,

51

1 L .
SuwlTCH,

- 38 -
THEL WIN, CH TAELE

[ cip, ’
 GALORRCL IP{¥Z Vi, A2, 41} i

YALOREY] 31 Ay > A2

VALDRe¥Z 51 A1 542 . '
L]
MAK,

-

WALOR=MAX (Al A2}
[liga el valor mivimo Al o 42 51 Als-A2 ;
vaLokavalor absoluta, -
sIN,
YALOR=HIN[ &, AZ)
Eilgs al valor minimo,

YALORaSWITEHEIVAR]  WART ARG}
VALOR=VARI 11 ARGaf)
.  YALDRxYWARZ 5T ARGFD-

T48LE. - . :

) WALQRETAELE (NOM,VIND,LOW NI, ING]
HOMMENIAR2/, oo oee  fRH T

Exta intrfinsets permite hacer una Qrdfics NDM ¥ ¥IND &n

gande YWD piene un walor-minimo d& LOW y un valor mdai

mode HT y | wxcals foje de 133 =] tlens valores ge (n.

cremento de IHE en INC, & ceda walor de VIND Corresponds

uh valor de HOM en el £]& de las yw1,

ROM
NH_
N1 \ .
N2 | f
Xk -
—1 >
LW 150 INC INE AT ¥1nD

L
Pars vatores intermadiof 1a méquing interpola 1ines imenta,

-l



Log vltarts ¢on Toa que z& entra & la tabla son Joa de
¥Ind y sale can valaru: de HOM,

RIS _RORETR

NOTSE ,
Fx une funcida uni Farmemence dlgcribuida que puads uaarse
coms muestra de rufdo bDlancs,

YALOR= [RANGO INOISE
Da un valor pseudosledtoria en el rengo de -RANGD/? a
rRANGD/AT .
Ejemplo: Uk FORM={]10}HOISE .
Exsta ecudcidn da varldble: sleatoriss en &1 incarvale
-5, 5 para QEnerar affos waloresl axiEgs un mépode atan-
dar congruente siempr& Que se InyoQue eicd funcrdn dard
los miymos nimeros aleALorios sl guaremos que 1ox camie
USaTOY: HOJSEaN N &3 un mimersd enbers mangr Qua;
cLorssA) ABR, '

NHORMRAKN,
Ganerg wariantes nsnudolleatur1is 4 partir de 18 Qistri-
bucién gf Gaust con uvhd Medias MEAN ¥y una degvietrdn es-
rancarsST vy tiene to farma:

VALOR=NORMAN [ nHEAN ST),

I

1X. FUNCTONES mACHO '

Cudnda a) modelar se encusnira un pagrdn ra la forma de
las ecustiones,o Sea Que se enCUENLran varios €on Juntos
de #cupciores exactaments del miseo tipa.pero con dl Feren
tes valorgs,entoncas ks conveniente declarar una runcidn-

- MACRD y 36tg definir loa diferentes valores cada ver qQue

se.fecesite, Una declarecidn MACAD raquiere de tres glées
mentos bdsicos; la palabra MACRO y deypués de dujar un
espacio 1a funcidn,e]emio:

COLUMNA

| 7

HALRO SHAOTH{ 1N, QEL) .
A cantinuaeldn el conjunte oe ecoaclanes ¥ &1 final 14
palabra MEXD & partir de |a primers columna; las wvarlsbles
que & &ncuentran en la funcidn se eseriban fgual en 1a
declaracign MACROD;pero si aparecen ofrFat variasley an el
conjunto de ecuacionsy {)|amadas variablas lacatss ) deten-
emptiar con el signe 5, Yearos un ejampio:

MACRO OCLAY(TW,DEL L1 L2 ,013)

Lt Kell. 2efOTIFTN. JKCSRI LK)

SAI_KLsll. kASOLY K

LZ,Rat2? J-{DTI{SR), JK-SR2. JK) -

SR? . AL<LZ. EASOLY B
* OGELAY,Ka5RY, JK)

SﬂLr.ﬁ-nEL.NJJ .

Lla[5OLYH[IN] .

Liatl

LisL] '
MEND :

F
para 1lamar & vnd fupcida HACRO ¥ ENCONLFAT 3U walar para

podel usaric en ATQun otro lado:

¥ KeDELAY (TN DFL ,40,L2,0))
pero ya £on las valare: numer (cos de IN BEL, LT, 02,02 ,



- i -

X THSTAULCIGNES T TARJETAS DE COWTRQL FARA PROCESAR
OYHAMO,

1.Para procesar B Lravéy e TArjetays
A Taratas d& control 1A, pArce, "
B Frograma DYNARD

¢ Tarjetas de control 8. parte,

A
COLUmMNAL
! 7
) 708 CUALONOMAR;USERFMIBACLCLASS=);REGTw
YEXECUTE *OYHRMD/DISK;
YERCDIC DYNaMOlNPUT
8: 