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ABSTRACT

.The ever accelerating evolution of knowiedge and technology attected
cartography in |te instrumentation. methodologies and concept of map design. Less tharw
- 25 years- agc computers ntroduted automation to the field of cdrtography. More
recently. computer technology has promoted new interactive mapping erocesses which
provide the cartographers with a new ability to display analyse and integrate geographic
information. |

Interactive computer cartography has broadened the seope of applneatnons and
encourages research on topics which have not tradmonally t;een assusted by map analysis.
Location- allocatuon modelling 15 a good example of a field in which maps can be used to
support the analysis of spatal distributions. An overview of the developments n
location-allocation system mapping shows that efforts could be made to overcome a
deficiency of cartographic representation in probabuistuc'Iocatuon-éllocanon studies. ’

Based on the assurr;ptnon that computer and display technology offer more
possibilities than traditional cbartogr'aphy to map Iocatuor\-allocatnon solutions. we intend to
demonstrate how Interactive graphics can be used éuccessfully in mapping solutions to
probablnlgstlc location-allocation problems. From a defimtion of the requxremente n
|ocat|on-ellocat|on system mapping and a d|50us§|on of the theoretical concepts of
cartography involved. an interactive location-allocation mapping program (ILAMAP) was>
designed and developed to meet high cartographic standards and allow efficient data
analysis. A PDP 11/70 was used in conjunction’with an Intergraph System. The objectives
in the program development included a study of the Intergraph’s adaptability to meeting
spetific user-defired programmmvg- requirements. the assessment of the effectiveness-of
the Design File'Proeessor lnterf.ace Subroutines (DFPI), and finally the impacts of the PDP
11/70 eddressmg limits of 32K. ‘

The implementation of ILAMAP permltted to illlustrate the potential of interactive
graphics in the productvon of maps and sxmultaneously allowed an evaluation of the

Intergraph System interface for cartographlc programming apphcatlons A series of maps

illustrating the range of applicability of the program are presented and provide an example



i

of how cartogtaphuc analysis can become an integrai part of research

in conclus-on the reSuItf of this study illustrate new possibilities for information ‘
dusplay and new workung methods Ieadmg to solutnon to tradmonal mappmg problems
. Interactive graphics-has been 5uccessfu|ly used in a comext of parallel mteract-ons and
encourages tbe pursun of research apphcatuor)s which could Illustrate the _,benems of a

'cdmpletd integration of interactions for dynamic information processing and display .
om gratio . p ] y-

a



PREF ACE

nteractve :omouzer'}graamc_s nave peen recently ntroduced to cartography.
offering™the :a'tgg}apher a new ability 10 display. .analyse and integrate geographic
%fcrmahoﬁ The :'e-.;em a-:q-.,-esmor; of an Interactive Graphics Design System. namely the
- Intergraph by the department of éeography of the UnaverSIty ‘of> Alberta 1s an
unprecedented,occurrence in Canadian universities. The lntergrabh system 1s an integrated
configuration of hargware and éoftware which i1s otfered as a genéral-burpose turnkey

grapnics computé_r system Although : engineers are the general -users N
Computer-Assisted Design and Manutfacturing (CAD-CAMI. a variety of applications’
software can be integrated with the intergraph system providing a8 sophisticated tool for
cartogrla;)hers ' , .

- The main purpose of this study 1s the ymplementation of a cartographic‘ program in
‘order to provide an example of the potential of interactive graphics in the production of
maps. Related. to this study are the evaluation of the Intergraph system for cartographic
purposes and the creation of a particular type of map. flow map. for illetrating viéually
|CC8(I.OH‘BIIOC81IOH solutions. An apphed example Is presented in which maps generated by i
the program illustrate how graphic displays can be used for research assistance.

The first chapter presents an historical perspective of »computer-assisted
cartography and the present state of locétnon-anocation.,system mapping. 'The second
chapter lustrates the methodology. analyses the major problems faced when mapping
location-allocation solutions and discusses the cartographic processes involved. The third
chapter describes the graphics system used, then focuses on the development of a
particular cartograph:c' progkam to interface with the Intergraph system, and finally
stresses the problems encountered in the impiementation process. The fourth chapter
shows some‘ maﬁs as examples of the range of applicability of the program, aﬁalyses the
results from a cartographic point of view and discus;ses the useﬂof‘ the Intelfactive’
Graphics Design System. The fifth chapter evaluates the user-interface for cartographic

program developrﬁents on the Intergraph system and concludes with recommendations

for future research applications. g

Vi
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. COMPUTER CARTOGRAPHY AS AN AID IN MAPPING LOCATION-ALLOCATION
| ~ SOLUTIONS

A. INTRODUCTION TO COMPUTER CARTOGRAPHY

An historical perspective .

Cartography. as an ancient art as well:as a science, has experienced considerable
changes throughout -the ages. The ever accelerating evolution of knowledge and
technology affected its instrumentation, methddologles and the very basic concept of ~
rv;ap design. Mapmaking can be traced back to ancient Mesopotamia and the Nile Valley.
The oldest authentic map found, made out of a clay tablet. is nearly 5000 years old. In the
second century A.D.. Claudius Ptolemy s "Geography describing how the spherical Earth
could be proje;:ted onto flat maps. became one of the first major innovations. At the end
of the fifteenth and the beginning of the sixteenth éenturles’, the European expioration of

the Americas and the Orient generated an unprecendented need for accurate maps. The
invention in Europe, shortly after 1450, of printing an'c'i engraving obened the doors for
mass production. During the late 19th century, further advances in image reproduction,

’

fotably the development of offset lithography and photogré’phy, made possibie easy and '

;'ne'xpens‘uve duplication of drawings. The early 20th. century witnessed the development
- of photogrammetry and photographic surveying techniques. All these innovations made
‘ maps more widely availabie and more accurate.
Less than 25 years ago., computers introduced automation to the field of
cartography. Computer-assisted cartography as a general term refers to any aspect of
cartography where the computer is used as_an aid. -A fundamental difference ‘aruses
between an automated mapping process and computer mapping in generalt however.
Automated mapping is defined as the automation of map making processes .
Computer mapping, on the other hand, is defined as the production of maps .
utilizing primarily the analytical power of the computer.™

According to Taylar!, computer mapping is more desirable for the cartographer and :s a

-

more appropriate use of the computer than is mere automation.

'TAYLOR DRF (1980), The Computer in Contemporary Cartography, vol.1. John
Wiley & Sons, p.2.

13
~



The first successfu: attempts ¢ produce graphics from computers were reported
in the early 185C s Folev anc Van Dam 1982: Since that time ‘cartographv has been
increasingly influencec by major advances and sophistication in computer technology.
NMorrison 1980 ge“nec three stagesvm the developmen: of computer mapping The first
stage consistea cf e rap\ic‘ deveiopment of cartographnt aigorithms in the eariy 1860 s
The SYMAP (Synagraphic Mapp|n'g System: Program' created by Howard T. Fisher in 1963
and developed by the Laboratory for Computer Graphics and Spatial Analysis at Harvard
University. was commonly used in more than 100 institutions by the end of the 1960 s

"and in more than 300 by the end of the 1970 s. It 1s a mapping program using a standard
line printer with a grey level display capability achieved by' character overprinting. In these
‘early days the generally reluctant cartographic discipline adopted a ‘wait-and-see’ attitude
‘to;vard these new tybes of maps characterized by crude plotting on hard copy devices
such as teletypes and I'me printers.” By 1970 a second stage had arrived in which
cartographers began to accept the computer s assistance for replication of hand made.
products. The replication quality had improved considerably since the early years of
SYMAP. important scphisticatiort of display technologies introduced more appropriate
.graphic output devices. The main factor différentiating graphics output devices Is the
resolution, which s the number‘of distinguishable elements per unit of distance. The low
resolution of the line printer giving unwanted visual effects such as the Jagéed ‘staircase
app.'earance of hnes,- has been superseded by a vérlety‘of systems using plotters, matrix
prmtérs and graphics terminals. These graphics output devices, either raster or vector
displays. allowed the production of more attractive final maps with higher An:esolution. The
pen plotters pfoyide high contrast images wﬁere\d:fferent colours ahd line thickness can
be reproduced. 7
This progress resulted in an mtreasmg n‘umber of cartographic” u.sers producing
new products, such as virtual maps defi‘vned as coordinates existing in machine storage or
temporar-y maps. Riffe (19701 defined temporary maps as a cartographic CRT image
portrayed féf but & short period of tlmé. Up to then, the mapping programs, such as

Symap and Symvué, were developed in batch-oriented environments. By definition, batch

FISHER H.T. et al. (1968).Reference Manual for Synagraphic Computer Mapping
(SYMAP) Version V., Laboratory for Computer Graphics and Spatial Analysis,
Graduaste School of Design, Harvard -University, Cambridge.



processing i1s a method whereby items (programs! are coded and collected in groups in a
queue for later processing (Robinson 1978. Monmonnier. 1982). This method was a
response to the only hardware facilites aQa:labIe then and 1t is stull used today as a lown
cost and high volume alternative éutput for standard mapping. The post-1980 stage
sh;ws a more complete implementation of computer technoiogy and cartographers
universaily acknOWlledge the potential of the computer for the discipline.

This brief historical perspective of cartography reflects a tremendous evolution
where efforts have been mainty concentrated on the mprovement of mab accuracy.
production speéd and costs. In this context, the introduction of the computer bas Been a
real revolution although the quality of the final products has not always met high
cartograpmc» standards. More recently, attention has been directed to the map as part of a

'
communication system. General theories of cartographic communication emphasized that
one of the most important and dif ficult task for the cartographer remains to:“commumcate
information {Robinson & Petchenik,1975)..Th_e latest advances n computer technology

have promoted new interactive mapping processes which provide the cartographer with a

new ability to display. analyse and integrate geographic information.

.

New approach: interactive computer cartogréphy i

The field. of interactive mappung emergéd frém the develobment of cathode ray
tube (CRT) terminals Capable of displaying a graphic image. thus allowing maps to be edited
at a terminal before being sent to a pldtter for final output- (Oudycha. 198 1). The interactive
mode is a method of opération that allows on-line communication between a person and a
.machine. Interactive-computer cartography refers to this new appréach where maps and
figures are generated with computers and in which the cartographer can take advantage ofi
an immediéte interaction at both input and dutput levels. Input devices are used either to
load graphics information into a system, or to initiate manipulations of graphic elements
directly on the screen. The input devices commonly used are the typewriter keyboard, the
rﬁanual and semiautomatic digitizer, the tape drive and disk storage. The common display
' devite used is a console terminal corwtainjng a CRT. The major graphic output facilities are
the printers, the plotters and microfilm. A camera qsed to photograph an irﬁage on screen

can also be used to get hard copies.



The computer n.wappmg literature defines an interactive graphics system as a
computerized assémbly with a relatively rapid response time to user s instructions re
entering. édmng manipulating. or displaying g aphic data (Monmonhler 1882} !t 1s the
combination of a computer and graphic mput-outpui devices ‘through which visual
nformation can be manipulated. With such systems. the cartographer takes advantages of
the inherent speed with  which éomputers can perform sequennal processing and
repetitive tasks, while he can.'exermsé greater control over operations which are not
easily performed in a sequential manner. Some-tasks in cartography. such as placerhent of
lettering or selective map cor;ec’tlon require many contingent considerations. Those types
of operation are difficult to automate In batéh‘mode where they are time consuming and
do not necessartly lead to the best solution. But in the interactive mode they can be easily
performed using a graphic cursor on the scre'eri.dsplayA Therefore, irﬁeracnve mapping
appears mare efficient when use 1s made of the fuil abiity of the computer for the
processing Sf repetitive sequential operations while complete control 1s allowed over
spéc;fncatuons of map Iayout'and design. Interactive computer cartography has definite
advantages over convént:onat non-interactive, or batch systemé. It offers the flexibility of
combining manuavl and ‘automated‘ metﬁodsl For applications In which the output is
essentially of a graphical nature, such és thdse encountered in cartography. there is a
strategic advantage. Information can be manipulated instantaneously on a visual basis. any
cartographic stagé can be isolated and reviewed independently, and final results can be
immediately examined through 'experrlmentatlon with different ways of representing
geographic nformation.

Since the advent of automation in 'cartographuc information process, éugnificant
strides have been macde, bqtR. in graphics hardware and mapping softAware. The
development of interactive grgehlcs- systems 1s the latest major innovation influencing
cartography. According to Stutz\\;ﬁ(‘1975) the barriers to mteraqwe ca(tographic systems
have always been prnm’,érily high cost and software unavailability. Fortunately, interactive
graphics is now vmore feasxble because of the rapidly decreasing cost of hardWare.
‘However, software availability remams.v a critical problem because there are still very few

truly cartographic-oriented computer systems in operation. Display and treatment

techniques _must usually be supplied by the user in spite of duplicated effort. because

N



there is a general lack of professional communication oetween institutions working on the
same subjects or because different systems are used (Brassel. 1977). This results in the
problem of software incompatibility. When software is nonportable, moving to new
display devices necessitates very expensive and time-consuming rewriting of w.'orking
programs (Foley & Van Dam. 1982). Moreover, a lack of standardization (as to program
language, computer installation, user access etc.) has caused needless delay in the full
realization of the potential of automated thematic cartography {(Muerchke, 1972).

Computer mapping techniques have been used in a wide range of applications in
many different areas of industry, business, government and education. Interactive '
comp.uter cartography has broadened the scope of applications, introducing rwew ’
possibilities for _anormation display and new working methods, perhaps leading to
solutions to traditional mapping problems. It encourages research on topios which have
not tre’ditionally been assisted by map analysis. Cartographers could beneficially .
concentrate their work in applied field research where there is an obvious need to provide
an effective means of displaying infor_mation_for decision-making. This could enhance
computer mapping’s invaluable attributes as an aid in research applications such as those
related to the .anainIsof spatial distributions. Location-allocation modelling is a good
example of a field in which maps can be used to support the analysis..In a situation of
alternative solutions to a specific locetion-allocation problem, maps could clarify the
interrelationships between the distribution of facilities and the allocation pattern.
B. DEVELOPMENTS IN LOCA‘I"ION-ALLOCATION SYSTEM MAPPING

" Location theory. made its early developments in the 19th and early 20th centurnes
with Von Thunen, Weber and other economists. It is of s:gmflcant interest and importance
in economic geography spatial econoé ics and regional smence Since 1957 research has

concentrated essentially on operational normative models seekmg the optlmal locatlon of

discrete facilities. The computer revolution has allowed tremendous - progress in the
development of optimal Iocatioh techniques, including Iocation-allooat;on methods.
Locational models have become important tools in planning and management and are

actually considered as effective aids to decision-making problems.



As defined by Lea. location-allocation problems in their general form. have the
following features "a number_ of discrete facilities providing one or more goods or
services is to be located in geographic space to optimize an objective function subject to
constraints. in addition to finding a system of locations 1t 1s required to optimally allocate a
set of spatially distributed users. customers, or suppliers to the faCIlnnes"’(Léa, 1978). The
.problem becomes simultaneousliy the location of central facilities and the assignment of
flows, such that the total costs of oberation are minim:ze&.. .

A very large literature of development i'n Iocétion-allocation systems has grown
. over the last 25 yeanrs. However it deals aimost exclusively with computational technidues
and formal theory. | shall not review the extensive literature on the subject because my
interest is the cartogriaphlc representation of these spatial distribution systems. Solutiqns
to location-aliocation problems seem appropriate to éartographic repreeentation, but in
fact the Iocatioﬁ-allocation field ..has relned- very Ivlittle on map analysis. In personal
communication, Lea mentioned that very little work has been done. on the cartographic
representation of location-allocation problems or solutions. Rushton stated .that there is e
lot of scope for truly interactive (man-machine) modelling in this area where graphics
would play a major role. He added that their research group! is about to pubiish ‘twc;
monographs on location-allocation topics but neither involved graphics c'onsiderations._

The first attempt to automate location-allocation. maps is the work of Ke\rn and
Rushton, in 19639 with a computer program for prodection of‘ flow maps, MAPIT. *
» Although the cartographic representation of location-allocation systems has generally

been given very limited attention in the literature, some developments are to be expected

in @ near future making us. of the computer’'s ability to generate graphic displays rapidly.

Computer mapping can oe "6 display -actual flow data and provide means of
visualizing the outcome of I -allocatron simulation. Changes in . flow pattern-in
response to relocation or tacill. ~uld thus be made obvious, thereby allowing more
efficient assessment of alternative . iions.

SMeNULTY Michael L.- and RUSHTCON  _ .rord, inic "ute ¢® 'Urban and Regional

Planning, University of lowa. .
‘*KERN R., and- G. RUSHTON (1969, iAP!IT A Computer ~rogram for Production
of Flow Maps.. Dot Maps and Graduated . ‘mbo! Maps", The Cartographic
Journal, vol.6, pp.131-137. : : ' !

N



Two natural‘sta'ges of development in the conceptuél and tpeoretucal framework of
location-allocation models - must be differentiated -in order to illustrate the ;3ctual
achievements of this discipline in relation to the cartographic representation of sdlttions.
_Theclassuca! least-cost allocatio'n approach chéracterizes the first developmerits in the
field. and some recent works introduce a-more realistic approach based on spatial
interaction models. | . | -
Classical Idc;ation;allocation approachl : _

The geperai framework of a Iocatidn-allocatibd prbblem consists of two
subprobiems. The first'is the problem of facility location. The second is the problem- of
allocation of deménd between the pairon locations and the se'rvice ~facilities. The classical
'Iocation-alloc,ation approach, the F"-Mednan is based on two assumptions: —

1. Patrons are best served if the distance they must travel is rﬁinnmized.

2. Patrons will invariably employ the facility which is closest to them.

The P-Median modél implies mathematically the Igast-cost trave-l assumptions. It
solves tHe location of "P" facilities. minimizing the 'aggregate-‘distance between patrons and
the nearest facilities to them. This classical model ersures that eaéh demand area is
allocated to the closest faci‘lity and is assigned to one and only one central facility, the -
so-called "all or nothing” allocation. The fundamental iocation-allocation problem treated is.
therefore an optimal partitioning-type problem. Two major cases can be distinguished: the
case of paftitioning a point set in continuous space, and the case of pértitioning a point set
in discrete spacé. In continuous space, the problem is solved for all locations whereas in
" discrete space predefinéd locations are selected.

The main elements of solution to classical location-allocation lproblems have been
traditionally portrayed on maps by point symbols for the facilities' locations and by desire
lines for the allocations. This graphic representation of allocations of demand points to a
single ' facility give‘s typically a "starbust’ outlook and is called "spider diagrams”. The
nu’rﬁber of patrons is usually represented by a seﬁarate choropleth map.

A limited number of attempts have been made to design and write computer
programs producing maps of such solutions to classical location-allocation applications.

Among those, we find MAPIT, a computer program for production of flow fnaps, dot



maps and graduated symbols maps. developed xrw‘l§69 by Kern and Rushton.' it 1s a
batch-oriented .program, written in FORTRAN  which can produce outline maps. fiow
maps. graduated symbols maps and dot maps on a CALCOMP plotter. Figure I.1
reproduced from Kern and Rushton (1968;. shows a flow map. As they described in this
example. the ‘astensk-s mdncaEé the locations of households interviewed in a consumer
spatial cho:ic'e survey, the business centres aré located with circles proportional in area to
the number of activities present. and the flow lines show places actually patronised by the
- households for a 'particul;r purpose. MAPIT 'is injended to produl:e flow .maps but. as
illustrated in this example, it actually draws lines which do not refer to any ‘f|OW data. By
definition a flow map is a representation of quantitative data showing movement in space.
Thus showing flows by uniform sized lines, such as MAPIT does. 1s inadequate as.these
are not flows n the real sense. Aithough in this particular case map legibility needs to be’
improved, 1t remains that this work hwas influential to the subsequeni rdle of.'computer
mapping in !ocat(on-allocatbn applications.

Ten years later. ILACS (Iﬁte_ractive Lo;atton-allo;atnon in Continuous Space! waé 4
developed by‘Goodchild and Rizzo . The prdgrém IS desighed to usé the capabilities of
mteractl'ven storage tube graphics to solve Iocahon-allocahgﬁ problems in a wide range of
apphcations of interest to the public and private sectors. It 1s an interactive program. The
user has access-to a number of cohwmands thch permit displays at ‘the termnal and
manipulation by means of a cursor. On reduest, the user can obtain hard copy reports
including fhe solutions descriptions éummary tables.’ final reports. and plots of mapg.
Examples of the maps are shown in Figures 1.2 and 1.3. |

SPYDER. a FORTRAN program for creating maps of solutions to location-allocation
problems. developed in 1983 by Charest-Beréldve and McKéagney 15 hten_ded for tHe
cartographic display of point and flow-type data wnth]n a specified study area. Itis a
batch-orlented'brog-ram‘ Two types of ma;;, vector maps and symbol’maps, can be
generated. The vector maps represent the flow-type data by plotting vectors from an
origin to one or more endpoints (example Figure 1.4}). The resulting cartpgraphuc display 1s

'KERN R.. and G. RUSHTON (1968). Op. Cit.

*GOODCHILD M.F., and Brian RIZZO (1979)./LACS Documentation. Department of
Geography. The Unwersity of Western Ontario. 16 pages.

'CHAREST-BERGLOVE D.. and Don McKEAGNEY (1883),SPYDER-A FORTRAN
Program for Creating Maps of Solutions to location-allocation Problems,
institute of Urban and Regional Planning, University of lowa, 22 pages.
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p with graduated symbols produced with MAPIT.

y permission of the Editor from K

"MAPIT: A com

ern R. and G. Rushton

puter program for production of flow maps, dot maps

and graduated symbol maps", The Cartographic Journal, vol.6, page 133.

Figure reproduced b

FIGURE I.1 A representation of flow ma
(1969),
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nominal in that no degree of relationship is impliedbetween points. Figure 1.5 illustrates an -

example of the so-called "spider diagrams ona map The symbol maps are used to display
location attributest SPYDER offers three pOSSlblhtleS. the ,pomt symbol map the
graduated-symbol map and a combination of the two In the ponnt symbol map plots (as in

Figure 1.5), the symbols are selected from 15 predefined symbols which indicate values of:

corresponding discrete location attributes based on nominal or ordinal data. The

graduated-symbol map displays interval data by plotting graduated symbols according to
the value of a Iocational attribute. The symbol 5|zes are scaled by the square root of the
value of a second attribute (example Figure 1.6). A third symbol map may be obtained from

a combination of the two previous maps.

Spatial interaction approach

Although the classical least-cost allocation paradigm is commonly used, more

rece:. ..orks have introduced probabilistic allocation. “In the probabilistic al‘location‘mo"del
demand can be shared between equally distant units while, in deterministic ‘all or nothing’

allocation models, ties are usually broken arbitrarily” (O'Kelly and Storbeck, 1984). These j

models are based on the so-called gravity, or spatial inter,action assumption. ‘The main

feature Of a :patial-interaction model is to replace the very sharp assumption of

“travel-cost minimizing with the smoother assumption of user's behaviour (Leonardi, 1981).

The costs minimizing approach is measured in terms of  efficiency, equity and fair

distribution. of service to users. Spatial interaction theor-y‘s'uggests tbat a variety of

T

factors such as differential facility attractiveness and not oply the Ieast travel cost Wl”‘ AR

potentially influence a person’s travel behaviour {(Hodgson.. 1978). Conceptu_a_lly, the

allocation rule in the interaction-based modelling aliocates patronsto facilities in

accordance with spatial interaction patterns and maximizes a welfare function based upon -

their revealed travel preferences '(Hodgson "1981). Current models built to accomodate

different types “of application such-as person movement or goods movement of all kinds
are used to make predictions and samulations of behaViour upon selected constraints A
family of spatial interaction models each identified by the nature of the constraints treated

-

is presented by Wilson (1871).

¥
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Apart from technical details, the spatial interaction approach is new. Its theory is
based on a more realistic allocation where various proportions of the defmand at demand

points are allocated to different facilities. For such probabilistic allocations, a cartographic

representation of solutions would have to involve point symbols for the facilities .-

locations and proportional fiow-line symbols to portray the allocations.

Applications making use of spatial interaction models have appeared in regional
seience and urban ge:ography literature, however cartographic representation of solutions
in most studies are nonexistent. A typ;cal_ example is the study conducted by Hc.adgsbn
(1981) in which solutions of a spatial-interaction location-allocation model maximizing
consumers’ welfare are compared with fhe P-Median solutions. In this study the'P-Medxan
solution is cartographically portrayed with a standard spider diagrar:n imagé but the
consumers welfare solution is iliustrated by a map‘showmg the facilities locations and a
tabie of nurbers describing the proportional allocations. When treating a complex spatial
relationship, the production of a legible map be_corﬁes a difficult task. Moreover the
cartographic problem.of maximizing information flow without losing accuracy must_be
.solved‘ because no one can visualize solutions to location-allocation problems in the form

, . .
of large tables of numbers. As Goodchild mentioned in ‘a personal commurication. the
" locations can presumably be shown by pbmt symbols. however the aliocations may create
probiems, partiCUIérly if the allocation rules are complex. as when attehdange behaviour 1s
described by a spatial interaction moael. ‘

No attempt has been made to propose a general approach to mapping these
appiications. The work of, Tobier deserves to be mentioned here, even though it 1s not
related to precisely the same type‘ of application. He designed in 1978 a "Geographic Fiow
Mapping Program’ intended for the representation of 4proport|onai flows.* in this work. a
conéiderable effort has been devoted to producing maps of publishabie quality since this

s the main purpose of academic computing (Tobler.1879). An architectural display

program (ARCH2D) has beén used for overlay deletion. providing better graphics results.

This program: was initially implemented in a batch-oriented environment, although in a
subsequent phase. use was to be made of interactive graphics software and dispiay

teéhnsques.’

"TOBLER W. (1879), A Geographic Flow Mapping Program. University of
California. '

N
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This overview of the developments in location-allocation system mapping shows
that efforts céuld be made to overcome this deficiency of cartographic representation in
probabilistic location-allocation studies. Based on the assumption that computer and
display technology offer more possibilities than traditional cartography to map
_location-allocation solutions, we intend to demonstrate how interactive graphics can be
used successfully in mapping solutions to probabilistic location-allocation proBlems.. The
ability to graphically display data in map form for practical applications of
location-aliocation models thus complementing numerical data wduld be a major step
toward a better' assessment of solutions. Attention was given to mest high car,tograbhic
| standards and to allow efficient spatial relationship vinterpretation. As Kern and Rushton
mentioned in 1969: "The quality of thé product is in the Hands of the programmers .and,
given sufficient attention to detail, it |s possible to produce maps that meet rigorous

cartographic standards.™

e

*KERN R. and G. RUSHTON (1969). Op.Cit., p.135.

~



. METHODOLOGY AND PROBLEM DEFINITION

'A. METHODOLOGY
The Intergraph system. as described by its designers, ts an automated 'dra'ftung and
mapping system which can be used easily by noncomphter oriented personnel, as well as
by computer programmers who may address the development of apphcatiorl\ programs to
satisfy future needs (intergraph Co..1981). its unique configuration, described in the next
chapter. although claimed by its designers to be éasy to use, must be evaluated from a
cartographic point of view. Giving full credit to the Intergraph system and its designers, it
remains important to the field of computer-aésisted cartography to study how
successfully the Intergraph s man-machine interface can be used in the development of
programs_for mapping épphcatnons. A |

-Considering that any man-machine’ interface evaluation is intimately related to the
use made of the system, the resulting evaluation has to be considered as qualitative and
highly related to the actual needs of the peopie involved with the system. In other words, a
system is to be evaluéted in 1ts actual study’'s environment. The Intergraph system together
with. its operation rules and constraints were interacting with the cartographic
requirements involved in location-allocation system mapping and with the programmers’
and users’ needs.

The methodology followed s illustrated in Figure il. 1. A survey of the literéture has
indicated the lack of cartographic representation in location-él!ocation studies and
ilustrated the need to study the use of interactive computer cartography in relation to this
practical application. From the definition of requirements in location-aliocation system
mapping and a discussion of _the theoretical concepts of cartography involved, an
interactive computér programyfor mapping)Iocatxon-allocation solutions ‘was designed and
developed’ to .meet high cartographic 'standards and allow efficient data analysis. The
implementation c\>f this carto‘graphic program ' defnonstrated the ' potentials ‘of the
Intergraph -systerﬁ for cartographic programming applications.FmalIy several examples of
application are presented to illustrate the rangé'of applicz;bility oﬂf the program, to allow a

cartographic evaluation of the results and to lead to a general assessment of interactive

graphics communication combined with alphanumeric man-machine communication.

18
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The conceptual framework
The conceptual framework. on which the application study is based. is shown
schematically in Figure 11.2. The programmer's model of interactive graphics (Foley & Van
Dam, 1982). used as, a conceptual frérﬁe-y'vork, 1S appropriate. for applications involving
data manipulation in order to create a graphic image. The model is u‘seful in understanding
all the steps required to generate a picture from numerical coded information. The
development of user-written apblication software involves in this case the handling of
three major c'ompqnents. The first component consists of the épplication data or data
base. The data aré retrieved by the second major component, the appli‘cation program
which generates a picture and sends graphics corﬁmaﬁds to the third component, the
g‘raphics system itself. ' |
" Consequently, the actual application study on the Intergraphv system refers to the
following components. The applicétion data represént, in a nuﬁwerjc format, the solutions
of location-allocation problems as. stored after the éxecution of specific
location-allocation programs. The application program consists of a collectidn of Design
File Processor Interface quroutines {DFPIS) provided by Intergraph and compatible with
map data processing opérations written in. Fortran. The program retrieves the
user-supplied input data, .and as part of an interaction sequence, make's.._qse of {he
graphics system to create the map. The Interactive Graphics Design System (IGDS) is .
initiated at the display unit to reviéw or'edlt the map interactively on the screen. |
in order to proceed to the "acc,omplishmentvof the application study it is necessary
to define the basic requirement’é'”‘and discuss fhe cartographic processes involved in

mapping location-allocation solutions.
B. PROBLEM DEFINITION .

~ Location-allocation system mapping

As illustrated #h the Chapter 1. the cl'assical solutions of location-allocation
problems are represented cartographically in most studies whereas no~one has attempted
to portray the results of spatial-interaction models. In most cases, these models atternpt.

to describe patterns of movement in space. In order to represent cartographically the

’
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solutions of location-aliocation problems. 1t is important to portray the initial data,
. intermediate solutions and the final ‘optimal’ result.

We defined the main elements to be mapped in probabilistic location-allocation as

foliows : .

1. The users, or patrons, in each demand area.

2. The facilities location and attributes.

3. The allocation pattern.
Graphically, the patrons are best represented by proportional circles. The allocation
pattern is here exclusrvely expressed in percentage of patrons attendmg each facullty and
is portrayed by proportional flow-line symbols. The absolute values are not used because
of their unmanageable range of distribution. The facilities' locations and attributes are
shown by point symbols.

Depending on the problem’s size and parameters, the allocation patterns can reach
a considerable Iet/el of complexity. This Is basically where major difficulties arise and
where traditional cartography has always failed. Because the realisation of a legible map
for this spatial phenomenon is very time-consuming and involves a series of repetitive
tasks based on a trial and error approach, a manual approach becomes virtually impossible.
For example, a study area composed of 30 zoAnes where 5 facilities are located, generates
a potential aliocation pattern of 150 movement.s in space. These movements or attendance
patterns are illustrated by flow lines stretching from demand zones to the facilities’
locations with differertt line width associated to tHe relative percentage of patrons
attending each facility. Even without including the absolute number of patrons in each
demand zone, in the form of proportional circles, te actually portray the importance of
"each zone in the attendance pattern, the graphic becomes so complex that the map cannot
possibly answer the question of "who is going where?”.

Different techniques can be applied to the map legibility problem, such as
gen‘eralisati'on (classification) or the production of a collection of maps to cover the large
‘number of interactions. Although these techniques can be easily vcomputerized, they both
present limitations in the map interpretation. Whereas the classification process may
involve a loss of information or some data djstortion, the collection of maps offers

exhaustive data perhaps more difficult to integrate mentally. As defined by Muerchke
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{1872): "The cartographic process is viewed as a series of transformations involving the
selection of data from real world, the transformation of the data into a graphic map, and
the retrieval of information through an interpretative map reading process”. In general, in
order to represent the spatial configuration of a Iocation?allocation solution, the

consideration of some form of data simplification as well as symbolization is mandatory.

Discussion of the cartographic processes involved
Maps have visual information processing as their ultimate objective. The visual

impression given by a map is a function of déta quality, data representation, map scale and
graphic design. Theoretically, in most 'cases the cartographer summarizes or simplifies'the
data. This is usbélly achieved by dividing the data set into meaningfu'l categories or classes.
Di.fferent methods!® can be employed and each results in a different representation.
Robinson (19'78) gives us a definition of the classification process—: . '

"Classification is a standard intellectual process of generalisation that seeks to

sort phenomena into classes in order to bring relative order and simplicity out

of the compiexity of incomprehensible differences. inconsequential

differences, or the unmanageable magnitudes of information.™!
Robinson’s definition would be more complete with the acknowledgement that
classification is also a process of generating meaningful information from a complex dafa
- set. A

The discussion of this process reflects a lack of agreement among cartographers. .

Although the process of data simplific;ation is often limited to choropleth-maps (i.e. maps
‘of areas), the problems and procedures involved apply equally well to point or flow-line
symbol maps. The problem of selecting class intervals involves the subjective stage of
determining the optimal number of classes and the range of thé class intervals best suited
to representing the data distribution in an unbiased manner (Evans, 1876). The choice of
class limits is a critical decision because it alters substantially the visual impreséion, hence

the map's interpretation. Up to now, no universal “correct” method has been accepted

among cartographers (Monmonier 1976, in Brassel and Utano 1979).

1"Robinson (1978) suggested the following: equal steps, the use' of mean and
standard deviation, quantiles, equal area steps, arithmetic, geometric, reciprocal
and graphic techniques. ] , - e
NROBINSON Arthur (1978), £/ements of Cartography, 4th edition, p.152.



24

~- ' ' Traditional mapping approaches for selecting class limits are based on either

—_—
natural breaks or arbitrary divisions. The number of classes would rarely exceed ten or fall

below four. Jenks and Coulson (1963) demonstrated the consequences of .manipulating
mappable data in various ways. They _maintained that classification 1s necessary since its
outcome controls map interpretation..Holding similar views on the desirability of limiting
the number of classes. Robinson and Sale (1969). Jenks and Cespell {187 1) and Dobson
(1973) argued that‘, classification helps regionalization end thus contributes to the‘
effectiveness of traditional choropieth rriaps. With the introduction of automa_tion.
iterative techniques have come into widespread use'b;i carto'graphers.ABased on a solution
proposed by Fisher'?, Jenks (1977} developed an automatedvprocedure for optimizing
class limits for univariate distribu;iohs'with a finite number of classes. usuaily not more
than seven. “ |

‘ The introouctiOn of -non-classed maps by Tobler (1973) has stirred considerabie
controversy. Tobler suggested the use of the non-classed choroplleth maps, arguing that
they avoid informatioo loss through classification and eliminate distortions from
inappropriate choices of class limits. He pointed out that it 1s relatively easy to generate a
density of shading or a range of sizes according to some rule of proportionality. with a
computer program. ‘

“Most perceptual studnEs regarding the relevance of non- classed maps have dealt
with areal symbolization such as choropleth mapping Limited research has been directed-
toward circles and flow-line symbols maps. - The traditional approach. in choropleth
mapping hasv been to group the information for a regionelization of the mapped variable,
whereas the approach for‘graduated circles maps has beeri to scale the circles uniquely In
order to symbolize the actual amounts at each location. ﬂie results of some experiments
conducted byA Meihoefer (1973) suggest that the traditional and popularfmethod.o.f'
comoaring and presenting quantitative d_ata by using continuously graduated circles should
be modified. Instead, the use of range-graded circiee which indicate only the group or - .
category that applies to each location 1s more usef.ul and effective, and'should' be
employed at all times. Therefore. the analogy in visual perce‘ption between .the
classification in choropieth maps and the question of 'scaling symbols either literally or

LFISHER Walter D. (1958), "On Grouping for Maximum Homogeneity Journal of
the American Statistical Association, Dec. 1858, pp.789-798. :
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/
acéordmg to grouped values s vefy strong (Cuff and Mattson, 1982). The discussion of
the arguments presented for and against class generalisation refers mainly to theoretical
concepts of 'cartographic communication. \

AAmong the arguments in fayor of classification 1s that the human eye s inability to
distinguish gradations weakens the relevance of a continuous shaded map (Jenks 1877, in
Muller 1979). Also, classification is intended té regionalize thé ﬁapped variable and
consequently to provide a better transfe_r of information to the map reader {(Monmonier
1977. in Muller- 1879). The strongest argument against unquantized maps remains their
visual complexity.

Car{ographers opposed to classification mamtain that the map without class
intervals is graphically accurate. in other words is a "true image” of the distribution.
Considering that a map I1s made tc\J be seen. not read {Bertin, '1977), the\purpo'se of the
thematic map I1s 1O create information about relative intensities hore_so than abéut
absolute values “in the latter case. a table of numbers would be more appropriate than a
map. It I1s to be expecfed' that the unquantized map would not leave the cartographerv iﬁ full
control of the message being cénveyed. In fact. classification might be necessary in order
to;stress a bartucular threshold value of a distribution. .

‘ ;:_Al%h@ugﬁ quantized and unquantized maps are different in nature, they both
fu-nc_t;,on, as."commynicatlc)n‘devices in their own right (Muller. 1979). The conv;anti(_)nal
classified map still appears to be the'first choiée bof the majority of cartographéré, bei‘ngv
considered generally more legible. The conciusion of that dgbate seems to bé that each
type of map has its particular advantages. The final-decision remains in the cartographer’s

hands and should be based on the characteristics'Of the data set as well as the intended

audience.

After any classification has been apbhed to the data or after a non-classed map is
created,_the cartographer must still decide on how the phenomenon is to be mappedv. In
other words.. the process of ‘symbolization is needed to reflect positional, linear,-areal or .
volumetric information. .

"Symbolization is the graphic coding of the summarizations resulting from
classification and the coding of the essential characteristics, comparative
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significance, and relative positions that result from simplification.™?

The symbolization of quantitative data necessitates the use df a system, usually
arbitrary, that symbolizes the variations in the quantlfies. It is important to distinguish that
absolute quantities gathered for areas. such as numbers of persons or numbers of
heusing units, do not apply te the whole area in the same sense that density meas‘ur_es or
other ratios do. In such cases, it is recommended that area tones not be used but rather
that spot sym/bols be (Cuff and Mattson, 1982; Muller, 1983). Variation in the quantities is,
therefore, symbolized by variatior_w in the size of Lt’he symbol applied to the areae. The
graduated circle is rrwost commonly employed for its eaee of construction. When |
quantitative data occur on lines, such as flows or interactions between locations, the mode
of symbolization typically used is to vary the width of line according to the size of flow
(Cuf;‘ and Mattson, 1882; Campbell. 1984). _ _

Among the various.methods of scaling graduated symbols “', such as circles, the
-psychological scaling method is the most suitable for cartography Studles have
demonstrated that the perceptual response to dnfferences between sy bol areas is not a
linear function; rather the ordinary observer will underestimate the sizes of the larger
symbols in relation to the smaller ones (Flannery, 1971; Robinson, 1978). Flannery (1871)
has devised a prdeedure for éraduated circies that compensates for such underestimation.
The procedure is best expressed as a modification of the square root calculation. The use
~of a power of 0.5716 instead of the square root (equivalent to a pdwer of 0.5} adjusts
progressively t‘he size of the larger circles so that they are more than proportional to the
data values they represent. On the other hand, the definition of prdportional line widths
does not seem to need any correction for psychological bias (Muerchke, 1972).' “In
general, the construction of flow lines is a relatively simple task that is made even easier .
because human visual response .to the varying widths of flow lines seems to be quite
accurate and thus does not require scaling adjustments” (Robinson et al, 1978). Until ~
research shows that there is a need for correction, it seems appropriate to adopt the
traditional linear graduated scale. The width of the line is made in linear proportion to the:

‘flow so that the reader may properly interpre* e relatlve values.

BROBINSON Arthur (1978), Op. Cit., p.153.

“Robinson {1978) suggested the followmg proportional area scallng or the
square root method, the:range- graded scaling method and the "psychological
scaling method.
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It should perhaps be pointed out that maps must be designed and not just arbitrarily .°
thrown together. The function of a map as communicative device is to provide the feader
with a graphic display of information in a format such that it promotes a conceptual

relationship with spatial arrangements. The message of a map is communicated to’ thé }

reader by a process of visual integration in which data classificatioh -and symbolizatipn -

contribute to a manipulation of the map message. This discussion leads to the next chapter
in which the mapping program structure and content as well as its implementation on the

Intergraph system are presented. \

o
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1ll. DEVELOPMENT AND IMPLEMENTATION OF A CARTOGRAPHIC PROGRAM ON THE
INTERGRAPH SYSTEM

This chapter starts with a brief description. of the Interactive Graphics Design
system used, introducing the context of this study and familharizing the reader with a*
technical vocabulary. it then focuses on the design and implementation of the computer

mapping program.

A. THE INTERACTIVE GRAPHICS DESIGN SYSTEM

-System description

The Interactive Graphics Design System was developed by M & S Computir .y
Incorporated. It s an integrated Tlguration of hardware and software for
It

user-controlled interactive’ graphics. as designed to create graphics for various

disciplines’ such as engineeriné, electronics and cartography. The Intergraph System is

‘composed of a central processor, together with magnetic tape, disk storage and graphics

subsystem‘s I'n our case.the central processor is @ PDP 11/70, and uses the standard
Dugltal Equnpment Corporation (D.E.C.) Operating System RSX-11M-PLUS, a disk-based.

“&E
priority structured event-driven operating system The magnetlc tape subsystem is used

A
to enter and off-load data to other computer systems and provide back-up facilities to

)

archlve data. The disk storage system is used to store all desngns currently active in the

system. The graph:cs ‘subsystem. con5|sts of a graph:csv\)\/orkstatnon equipped with a

microprocessor needed to perform some local graphics functions thus relieving the

l:jx

central processor to perform other tasks. The graphics system also includes an
electrostatic plotter as output device for producing graphics of images on the screen.

The Intergraph graphics workstation has dual.,lscreens, one in colour and the other
monochromatic. The screen sizes are 18-inch diagonal with a resolution of 1280 by 1024
pikel addressabilrty. Each screen supports a full-screen or four-view quadrant drsplay

\

mode for a total of eight independent views. -

28
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The workstation i1s conceived as a de/slgnv digitizing system, The 'input system .
consists' of a floating menu tablet, a aiyitizing table. a keyboafd and a cursor. The floating
menu 1s s;mp’vly a 15 by 18-mch sheet of heavy plastic with two flat positional coils. The
digitizer 1s mounted on an adjustable drafting base. The 12:button free-floating cursor s
an absolute coordinate device which can be used interchangeably on the menu or on v’the", '
digitizing table. ‘

intergraph has developed many‘ specialized appfications software p;ckages t@lored
to meet specific needs. The basic generél purpose graphics system, IGDS, is a set of
programs that can be addressed through the menu tablet. the keyboard or under prc;gr'am

control. A brief description of the operational capabilities of IGDS is presented in the

following section,

I,GDTS Operation Ovetview

The Interactive Graphics Design Software (IGDS) is a multi-purpose graphics
system which supporfs 2-D and 3-D capabilities for interactive graphics opera'tions.
Among the six major subsystems of IGDS (see Figure i1}, only four of them are relevant
to graphic applications,“namely the Graphics, Utilities, He/p and Bye systems. The
Graphics subsystem supports the creati.on and the editing of drawings. The Uti/ities
allows the creation of new design files. as well as file management operations such as size
adjustment, file copy;ihg and deleting. He/p provide§ ihformation about each subsystem.
Bye is used to)log off the workstation. _ . _

Two tlypes of files, resident on disk, are associated within a graphic session: the
design file and the celi file (or symbol'file). The drawings are stored in what are called
design files. The cell file is merely a library of standdrd design elements 'generated by the
user, stored and ret;i"eved by narrne. Both files are open-ended. meaning that their size is
limited only by the availability of disk space.

Once the . log-in, or 'éign-bn, procedure has been coi'npleted, the Drawing
Management Utilities is first initiated to create a new design file with given ‘name,
dimension and size specifications. Following. the Graphics'is accessed to create. display
or edit the drawing file. At this stage the command menu becomes active, and is one of

the key elements in making the IGDS a truly interactive system.



30

IGDS

ACCOUNTING ) USER
CONTROL GRAPHICS UTILITIES . HELP BYE APPLICATIONS

FIGURE H1i.1 The six major subsystéms of the Interactive Graphic Design Software (IGDS).
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The establishment of the design working parameters s the first step to achieving
any drawing creation. By selecting the Design Opt/ons tutorial display from the-command
menu. 'a d|rec_'t‘ acc‘;e_ss to oefine the design working units 1s provided. The definition of the
working units allows a means of relating the system internal measurement of units of
resolution (UORs! to any de;nred measurable units that a spectfic drawuﬁg would requrre.
The standard format, for all readout qata, 1s given according to the defined units in master
unit subunit and positional unit je.g. MU SU:PU = 1 km:1000m:700]. The‘posmonai unit
indicates the degree of accuracy for the drawing and is the determining factor for the
optimum desugn file space. The maximum design area avalable is a cube of
4.294,967.296 units of resolution. The design file is composed of 63 identically sized
overlad planes. commonly called levels. The capability of a multi-level display. in anyv
combination with the eight-view quadrant display mode provides a.tremend0us flexibihity.

When the working units are ‘defined. graphics elements manipulation such- as
placérﬁent, deletion, modification of lines, arcs, circles. complex shapes. text, etc.. may
be addressed through the menu interactively on the screen. '’ Direct access in editing
interactively a des@n file 1s an operational capability of the Intergraph system that can be
integrated |r‘\ computer-assisted cartography. Beyond the fact that the basic IGDS is a
sophisticated draftrg tool. the intergraph system provides a method of interfacing
specilaiized‘user-written programs. This user inter face provided with the IGDS to facilitate
user development of ’ software represents an interesting potential for cartographic
applications. Up to now, no research has been directed toward an assessment of this user
interface in terms of cartographic program . development. The folllowing section

.introduces a functional description of programming on the Intergraph system.

An introduction to programming on the INTERGRAPH system

. According to the system's description, the Intergraph s adaptability to specific
“user-defined programming requirements is attributable to the possibility, for the user, to "
.'develop his. own interactive progrénﬁ or software in order to bcreat‘e, edit and access

design files (Intergraph Co., 1980).

INTERGRAPH CO, The /GDS Operating manual.
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Because we are using the RSX-11M-PLUS operating system, four steps are

required in any program development process (see Figure IIl.2)

" Creatiorf of a source program.
2. Compilation of the source file to produce an object module.
3 Linking the object module to create a task image filg.
. 4. Execution of the task. |

Each of the steps-is briefly described in this section.

1. Create a source program. -

The creation and editing 6f a source program in a file on disk necessitate the use
of the DFC standard:editor. EDT. Among the several computer languages available with
DEC, such as ASSEMELER, FO‘RTRAN and COBOL. the FORTRAN 77 language is used here
for its compatibilltyv with | the IGDS interface software. As suggested in the /GDS
Application Software I nterface Docurment, the development of a program for rhapping
applicaflons can be achieved through the use of the Design File Processor.interface (DFPI).

"DFP! is a collection of software module§ which can be called by a FORTRAN
~and/or a MACRO Assembly Ianguage application program to insert data into an
IGDS Design File resident on disk."™¢ .

The' Intergraph's system provides' the Standard DFPI Interface Subroutines that
must be called by any program. These subroutines are INDFPI and DEDFPI. INDFPI initializes '
and activ'aié_»s;_DFPI. DEDFPI terminates or detaches DFPI. Moreover the system provides
the Piace Elements Subroutines_allowing every .graphic element available on thé ménu to be
placed in a design file under program controi. |

| Supported by the Intergraph system, the DFPI subroutines appear to be of
significant importance whén developing an IGDS interface program. These subroutines can
be manipulated as any FORTRAN subroutines. The interface between the a‘pplice‘zt.ion

program written in' FORTRAN and the actual design file in IGDS format is. therefore

 performed automatically. DFP! is appealing. but its effectiveness remains to be evaluated.

1S INTERGRAPH CO., /GDS Application Software [nterface Document, p.1-4
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— EDT filename.FTN

* TEXT "EDITOR
(EDT)

SOURCE
PROGRAM

-

. ;-
F77 filename.OBJ , filename.LST/-SP = filename FTN- _____ _

‘ COMPILER ' 'Program hating
FORTRAN 77

OBJECT MODULE’

TKB filename.TSK . filename MAP . filename.STB = filename.OBJ

—

Sysiem librsinies

TASK BUILDER

' & Tosk builder map

Symbol definition

TASK IMAGE

RUN filename.TSK

EXECUTING
TASK

FIGURE Ill.2 The program development process.
Adapted from D.E.C. (1978), RSX-71M Beginner's Guide, page 2-8. and

RSX-11MPLUS Guide to program development, page 1-11.
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2. Compulat|on of the source file to produce an object module.

The source program must be transiated into machine- readable {binary) form The
FORTRAN 77 compiler achieves the translation: of the source program into an object
module (compiled program! and simultaneously makes sure that the source program
follows the language syntax rules. The default file types produced by the compiler are the
'object ‘f-ile and -the‘ listing file (see Figure H1.3). The listing file provides information on
compilation errors and symbolic names used in the program. The correction s step

involves reediting and recompitation of the program module.

3. Linking the object module to create a task image file.

The task building process converts the object module or multnple object moduies
into a single task image file. It corresponds on other computer systems to the hnknhg or
loading process. The default file types generated By the task.builder are the task image
file. the map file and the symbol deflnmon file (see Figure lil.4).- The task lmage file 1s
basically a file of executable code i.e.1s 1N a format suitable to be loaded into memory and
executed. The map file contains the memory allocation mformauon. "The symbol definition
file is to be used when constructing the task. - '

Because the PDP-11 processor can address only v32K words (the addresc hmit of
16 bits) at any one time. a task cannot reference more than 32K words at a time (D.E.C..

“Guide ro Program Development). 'Th‘IS may present serious limitations, although certain
advanced programming techniques. exist that can help to overcome the advdr_essmg hmits,
such as: | |

- Overlaying segments of a task wnth either d|sk-résident or merrrory-resndent
code. | ‘ ‘

- Mapping to different regions of memory outside the phyacal fimits of the

current task space.

4. Execution of the task.

Executmg the task 1s equivalent to running the program. The task image f»le 1s first

located on the system disk, then joaded into memory and executed. If any errors are
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FILES
' DEFAULT
' . _ A FILE .
INPUT OUTPUT ' TYPES .
Source Program ' o FTN |
’ Listing File A | .LST
- Object Module ~ oBJ

FIGURE 111.3 Default Fortran 77 compiler file types.
. Adapted from D.E.C. (1878), RSX-11M Beginner's Guide.

v

| :
FILES
' - DEFAULT
| FILE
INPUT f OUTPUT TYPES
Object Module. .0BJ
‘v ‘ Task llmage File .TSK
) .Task Builder Map MAP

. Symbol Definition STB

FIGURE 111.4 Default task builder file types.
Adapted from D.E.C. (1879), RSX-11M Beginner's Guide.
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K
.encountered, the program development process has to be restarted from the beginning.
The source file must be edited and récompiled, then a new task image file must be built

prior to the run. ) . : ’

The above description of the programming processes .s the general set of
operation rules which constitutes the starting point for our application study. The next two
sections discuss the. development and impilementation of this specific cartographic

application within its working environment.
B. DESIGN OF A CARTOGRAPHIC PROGRAM

interactive programming requirements .

The increasing importance of interactions betw.een the user and the computer has
introduced the need for considering new factors n designing interactive graphlcé
systems. This attitude toward the design of interactive systems focuses on the "humér
factors”. éléo called ”ergonomibs". Similarly. intéractlve program developments
necessitate attention to the so-called "human factor” aspects. The main concern of
conventional noninteractive programs was essentially to ensure the functional capability of -
the program. For interactive purpose programs, the value of a program rests on its ease
of use as much as on its functional caBabilities. As more mtéractive programs becovme
available, the "human factor” aspects are determining factors of the qualty of the
user-program interaction.

The present cartographic program is interactive oriented and is directed Ito the
non-specialist in computers. Special attention was given to the guidelines, proposed by

Foley and. Van Dam {1982}, in writing interactive programs. These include:

1. Provide simple. consistent interaction sequénces.

2. Do not overload the user with too many'different options and styles for
communicating with the program. »

3. Prompt the novice user at each stage of the interaction. — - - -

4. Give appropriate feedback to the user.
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5. Allow the user graceful recovery from mistakes.

The interactive approach to programming differs from batch mode in that it tends
to be event-driven as a.communication is established between the user and the program.
The general dialogue consists basically of a simple loap where the program provides a
choice or poses a question, followed by the user’'s responée aftar whi-ch the program
reacts by branching to. the appropriate procedure. The interactive dialogue introduces an
.important factdr, the r‘e's'ponse time of a program, w!_'\ich affects considerably the
program s usability. Unfortunately, in tirne-sharing systems, such as the one actually used,

control over response time is not possible.

\V‘The program design strategy

The program developed for this sfud_y. called ILAMAP (Interactive
Location-Allocation Mabping Program) was designed as part of a threefold process
.generating cartographic" representations of Iocation-allocation' solutions. Phases One and
Two of this process are associated with data generatioh and Phase Three is essentially the
program exec'ution‘band the map's finalisation. As illustrated in Figure lL.5, the first tWo‘
phases are independent, but both arelrequired for the program execution.

Phase One consists of running the appropriate location-aliocation program in order
to.solve a particular problem. The computed solution.is presented as numerical maps. At
this stage, a report on the location-allocation soIUtion can be printed out. The elerﬁents of
the solution required by fhe cartographic program include the absolute number of patrons
in each zone, the facilities’ locations, and the percentage of a zone's patrons attending
each facility. These data are stored in a separate file and become part of the data
subsequently used to create a graphical répresentatiorw of the solution: Phase Two -
invvolves the creation of a geographic base file. THe base map is digitized in a design file so
as to be used as background display. THe cartesian coordinates indicating the centroids of
each zone of the study area must be recorded from the base map and stored in digital
form in order to complete the data file. These two phases of data generation lead to Phase
Three, the cartographic program execution. This last phase nvolves firstly, running
ILAMAP at the terminal and accessing the Graphics to display the resulting map. and

secondly performing interactively on the screen the graphics editing r cessary to give the
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FIGURE IIl.L5 A threefoid process generating cartographic represehtat'rons.
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map its final form. The program execution sequence is detailed in the next section of this
chapter.

ILAMAP was designed to perform a number of operations which could adequately
map location-aliocation solutions. As seen in Chapter Two, because t‘h.ere is a lack of
agreement among cartographers, the most suitable approach to ease the user's task in the
process of data generalisation, is to allow for flexibility. in this respect, tpe program was
desngned in order to provide the choice to marry data processing and graphics using
Jenks' program!’ for an optimal classn‘lcatlon in interaction with graphucs or to define the
class intervals independently and then access graphics, or to generate a non-classed map.
Moreover the program flexibility is also reflected by the relative ease of plotting the
elements on the map independently or io any combination. .

A simple control language was used through the program to make it relatively easy
to use, however there are no default options. In other words, a map cannot be created
using only predefined options. In fact, the definitio~ ~f default options is impractical since
the Intergraph’s design file works with real world coordinates or distances speeific to
each case study. There are no standards, such as final map scale or pen size as there
would be on final hard copy map, on which symbol dimensions can be determined in order
to produce a reasonable ‘default map’. Instead, the map author must exercise control over
his work. Abuses of computer programs to generate useless maps are well known in
cases where creatmg a map does not require any thinking.

The role of a computer program is. essentially to take over the obJect|ve
processing of the information being mapped, while the subjective contribution of the map
design is left to the cartographer. Only the combination of the cartographer's supjective
skills and the computer's objective abilities can-make a map a product of art and science

{Henning and Hargreaves, 1983).

Program Overwew

ILAMAP is an interactive FORTRAN package. The basic sequence of operatlons is
illustrated in Figure 1l.6. As shown in the figure, following the DFP! initialization, access is
given to read out the data file. The data required consist of : |

JENKS George F: (1877), Optimal Data Classification for. Chorop/eth Maps,
Department of Geography The University of Kansas. '
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1 The centroids of each zone in the study area as recorded in the geographic
base file. |
2. The number of patrons in each zone according to the initial data as required 3
by the location-allocation program. ‘ ’ ’
3. The attendance pattern solution expressed in percentage of flows of
patrons from each demand zone to each f'acili'iy. o AR i\ _
The program provides ‘two independent ways of representing the Iocation-allo’catiour: ™
solution, the first being the creation of a map with discrete classes and the'second being
the creation of a non- classed map. A data generalisation (classification) process can thus
be performed: if necessary The data classification is, therefore, based enther on the<-
results of Jenks' optimal data classification program or on the user's own selection of -
class intervals. The graphics’ generation involves proportional circles representing the
number of patrons in each zone and proportional lines portraying the floyvs of patrons .
attending each facility. As a last option, a symbol.map can be created to display' the®
facilities’ Iocatior{s and attributes. The program is then terminated. | \

ILAMAP handles the symbolization process accordingly to the 'theory explaihed in
Chapter Two. The psychological scaling method is used to calculate the proportlonal'
circles in order to compensate for the underestimation occurring between circle symbols
areas. When the data are classified (range graded), all values within one class are shown by
a standardized circle scaled to the size of the midpoint of that class. For a; contmuous
scallng relat|ve circle sizes are assigned to each individual value. The establishment of
proportional line width follows the conservative approach of a linear graduated scale. As
with the circles, when the data are classified, all percentages within one class are shown
by a standardized line width established on the midpoint of that class. For continuous
scaling, relative line wrdths are assrgned to each individual percentage. Because the range
-of line widths available on the intergraph system falls between 0 and 31, we are forced to
normalise the proportionality within that range. . ,

Technxcally ILAMAP makes use of the Design File Processor lnterface Subroutmes
to achieve ‘the graphics functions. DFPI initialization must be successfully completed

before any other DFPI subroutines can be used. It performs the following functions: E

»



EERe

42

1. Creates, initializes and attacbes a user-defined region to DFPI ahd activates
DFPi. The communication with DFP| is established through a user-defined
. . ’ L]

region.

2. Retrieves the design file as specified in the argument.

€3]

Retrieves the cell library as specified in the argument.
Swaps the input data to a format compatible‘with the design file. )

. Sets up the region type. A circular region is recommended.

. Sets up the terminal identification.

1

In order to draw the circles in the design file the subroutine ELDFPI which places
elipses in 2-D only s, used. The circle is defined by the coordinates of its origin and the
two e"‘q‘ua“l axes as given length specified inunits of resolution. The specifications. such as

colour or ine weight, are all set to zero so that the user is not overloaded with too many -

guestions in communicating with the ‘progr'am_'.AThese specifications can be easily altered

interactively in the deslgn file when revieWing the results.‘Tbe level on which the circles
are to be placed remams the only parameter to be set durlng execution of the program
The llnes are placed in the de5|gn file by. defnnmg the endpomts The subroutine LNDFPI is
used with the specufucatlons all- set ‘to zero apart from the level and of caurse. the line

width. The symbols are retneved from a cell library and the subroutine CLDFPl places each

- cell by using an angle and scale factor. The symbol specifications’ definition are Ieft to the

user so that he can exercise more control over the facilities‘ attributes symbolization. The

- zones’ numbers or names are attached to text nodes, using TNDFPI The tltle 1s placed with

the subroutme TXDFPI The subroutine DEDFPI is used to detach DFPI.
C. DEVELOPMENT ANlj IMPLEMENTATION
Program development objectwes

The major obJectlve in program development was to study the Intergraph s

adaptability to meeting specuflc user-defined programming requirements. As mentioned

earlier'in this chapter. the intergraph system provides a method of interfaclng specialized -
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gllen programs to create, access and edit design files. Since no studies have

te'st’"é’é"“'t e Interéraph‘s adaptability for programming apphcatrons. specal attention W_as
given. throughout the program development to the estimation of the rehablht'y of the
A h .
apphcation program 4|nterrface4
In order to cerry out our 'maJor objective, a number of smaller discrete objectives
have oeen distinguished. These include the assessment of the effectiveness of the Design
File Processor Interface Subroutines (DFPI), of the relative ease of generatmg one s own

application software and fnnaHy of the |mpacts of the PDP addressing imits-of 32K.

implementation prooess

The impiementation process refers to” the necessary steps in order to install an
application program on a systerrw so that 1t functions p‘roper|y and ylelds the expected
output. This section presents the implementation of the ILAMAP program using a PDP
11 700 conjunction with an Intergraph system. _andé’tresses the problems encountered

throughout.

The basic function of the ILAMAP program consists of generating and editing
disk-resident design files. The mterna' communication between the application program
and the design file 1§ established through the De5|gn File Processor Inter face (DFPli and the
File Bu:loer segea F".gure 7. The DCPI link 1s made in 2user- defined dynamic regron which
requires 4K of 'nemory The reguon type 1s set during the xmt.uallzatlon of DFPL 1t s
specified in the argument 6 of the INDFPI callmg_statemem as an option defining the reégion
as -circular or non- crrr:ular The Intergraph documentation manual ! recomrrwends the

selection of & circular region. However several tests produced consistent CRAW (Circuiar

Request Area: errors when usmg a circular region. This CRAW error was related tc a

physica' m. - - ~~v allocation pr obier“ ‘Since stora oe Hmltatlons were more critical oroolems

4
'the.n E-ito e 2 non-circular regron was attached.to the_lLAMAP program allowing
the eI "o . ~ords of ev‘:ra' storage. ‘For: more sophisticated programming, if the |
progra - ore con .. "~ conserving storage rather tf;zan time he should select

T

(Y]
e

& noncircular regior Nt

SINTERGRAPH C’“ 1881 /GDS App//catron Software /nterface Document.

-

3
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The Design File Processor Interface reqt‘Jires that all debs‘ign files used by the
program be preallocated, contiguous and of sufficient size to contaiﬁ all the elements to
be placed. Every element is placéd at the current logical énd-of-;file sequentially. DFPI
Iocates‘;. the end-of-file, either for an empty design file or for a design file containing
previé‘us drawings. through the initialization call. In order to ensure that the end-of-file is
set up properly., itis preferable to create the design file via the Ut///ties subsystem.
‘ One of the most important aspects of implementing an application program
consists of debugging the computer code. The debugging facilities provided for any DFPI
error conditions involves the use .of two subroutings, ERROR and ERRORS. The ERRORS
subroutine applies to the element last sent to the DFPI interface subroutines, whilg ERROR
is basically used for DFP| errors in general. Any DFP! error messages are transmitted to
the progre;m in the form of a code and therefore requirec:the consgltation of\an» explicit
error message description. Both ERROR and ERRORS subroutines are uséd automatically to
process the error conditions. They use three logical output units (5,6 and 7). Logical unit
supports the reply from the terminal and is used by. the DFPI subroutines as well as by the
program. Logical unit 6 1s required b_y several other subroutines to list all error messages.

: a

Logical unit 7 allows access to the File Builder message file on the PDP. The programmer
can write his own error subroutine and eliminate the use of logical unit 7 for storage
economy. In general. the debugging facilities are helpful for the novice programmer.

however the same DFPI error message may apply to different problems and thus can

<

. .
cause a lot of confusion. S

o The documentation provided Ey Intergraph does not give manm. . .o 'ineslon .the
use of the DFPI Place Elementy,Subroutmes beside mentioning that ~o argumer:s can be
omitted in any calli-and that they should be used in the same wa. a- ar. FORTRAN
subroutines. Thgrr use seemed simple and straightforward untilrscalmg and graphic
* element positioning pf’oblehs became frequent. Many trials were needed to arrive at the
series <,>f operations necessary to relate the system internal measurement of the design
fule t;) any desired measurable unit fh_ét 3 specnfié‘map would require.-The total design area.
made up of 4,284.967.296 (27 units of _resoIL-Jtron which’

J .

units range from -2, 147,483.648&0 ~2.147,483.647 along the X and Y axes. In order to

as mentioned previously: Is

establish a scaie relation betweeh the map generated and the design file s’ units of
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resolution. two steps are required

“™~ 1. Any coordinate or elve,men_t measure must be multiphed by a‘posnti,onal unit
factor every time a DFPI subroutine requires the processing of a coordinate or.
measure. This positional unit factor 1s equal to the posmonal unit value times the
subunit and is based on the working units defmltlon e.g. /[;IU.SU.PU =
km1000m 100 then the p051tional unit factor PU/-'A = 700 x 1000). It implies
that all values keyed in during the program s execution are expressed in master
units. '
2.' Following this muitiplication. the ner coordinates or values must be
converted to the internal system coordinates to allow accurate element
posxt:pnmg. This conversion can be easily perforrned using tfﬁe subroutme‘
CONVER, which converts a floating point double-precision number Wuth arange
of. 0. to +4 284.867.296. to an lnteger*a FORTRAN format with a range of
2147 483 64810 <2 147.483.647.

Among the DFPI Place Element Subroutings. LNDFPI is the ane normally used to
place lines. Severe limitations on . its usage. have forced us to consnder alter‘natwe
approaches to placmg lnes in a design file. in fact, e subroutine LNDFPI when used.
syiematncally Yo place a rather smali number of lmes {less than 50 performed well and
within a reasonable execution tme. However. independently of the system load. when the
.subroutme was_used to place a larger. number of lines the sys{em crashed while
' perforrﬁmg the hne-processing. The critical imit has been found to be as low as 75 lines.
Repeated communications with the Intergraph "Software Specialists Services have
md:catéd that the problem appeared to be insoluble due to physical mitations of the File
Bu‘Nder itself refer to Figure HL.7).

The alternative approach proposed by the Intergraph Software Specialists
‘ Serwces'wa; to place lines without using DFPL They provided us with & copy of the
computing code they use for that purpcse as well as some ggndelmes to mtégratlng _these :
subroutines iNto our applxcat}on program. The experiments ponducted in order to verify
the performance of these subroutines brought out different problems. This tme the File
Budder was not cpntrxbutmg to the problems. The majpr iimitations were that only empty

design files could then be used. in a case where DFPI was used beforehand to place
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circles. the ines overwrote some of the circles. Consequently. the overail resuits of the
bypass method were not useful.

Finally the subroutine LSDFPI. which places a line string instead of a ime. was tried
as the last possible solution even though a File Builder problem. similar 1o the one raised by
LNDFPI was expected. For some reason. still unexplained. the subroutine LSDFPI‘gnves'
consistent results and |‘s not affected by the File Builder s imitations. There 1s no apparent
dufferencé,between LNDFP! and LSDFPL but when placing a large number» of Iines. the
performance of LSDFP! is clearly superior The rea'son behind this probiem s still unclear’

‘Early in t‘h‘e implementation’ process,‘ the size of dnrectv!\) addressable memory
space became a major preoccupation. The DFPI task requrres a 4K dynamic Eéglon of
‘ memory b;aglnn|ng at virtual address 160000, For this reason and because we were
working on a PDP all tasks usmgvDFF’l and tnhe interface suproutines could not exceed 28K
'Nords In size. |

| The first attempt tc integrate Jenks program wvithin our task demonstrated clearly
the need to overcome a major storage probiem. For that purpose the operating system
provides an overlay capabuiny té reduce the memory reguirements of‘ the taék image file.
The ovérlay structure consists of dividing a task INtc a series 51‘_ segments composed

of L. ' : . : . "

1.A singie root segment: which 1s alvsays in memory
2. Any number of overiay segments which can resice on disk and share virtuai

address space and physical memory with one another idisk-resident overlays). -

The segments consist of orie or more object moduies wnich correspond 1o

program sections. Ségments that_overlay each other must be iogically ingepenoent. When

Qsmg‘ the overiay capability the amount of physical me'r\norv required for tne task is

determiriea by the lengtr of the root segment and the length of the longest overlay

segmeﬁt. The total memory used by the root segment plus the longest overiay segment

must not, therefore, exceed the 28K words avalable. This 1s true even if the iongest of

__________________ s

DIGITAL EQUIPMENT CORPORATION :1879). RSX-11M M-PLUS Task Burider
Manua/, p.4-1. .
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the overiay segments does not use DFPI.

in fact because the ILAMAP task éou’id move sequentially thro»ugh a set of
modules 1t was well suited to the use of an overlay structure. The arrangements of the
overlay segments within the physical memory of a task can be represented schemétncally .
as a tree-hke structure (see F|guré'lll.8n Each branch of the tree represents a segment. The
ILAMAP tree has a single root segment and six rhain branches which support the following

functions

Root segment controls the progrém sequence by caliing the .overlay

segments:.

Overlay segment 1 sets the opt»on's' as selected by the user and return them to
the root.
. Overlay‘ segment 2 executes Je;nks' data optimization program.

Overlay segment 3 creates a map using Jenks results,

Overlay segr;went 4 creates a map with one s own\class definition.

4 . Overlay segment 5 qreates a non-clas;s.ed map.

. Overiay segment 6 creates a symbol map.

The tree-itke overlay stfucture has to be created with the Overlay Description -
Language (ODL;. The ODL file (see Figure II1.9) contains a series of overlay description
durectqves'm order to control the allocation of the physical memory in the ta"sk.. So w'hen it
comes 1o the task bL'JIIdIng process. the ODL file containing a description of the overlay
structure Is uséd instead of a singie object f‘ile (see Figure {I.10).

The memory allocation map (see Figure .11, generatéd by the the task building
process. provides information on the effect of usi_hg .a.disk-reSident overlay on the
allozation of the physical memory for the ILAMAP task. As illustrated in Figure 1ih. 12, each
overiay segment, being logically independent, can thus take advantage of the 28K words
availlable. However, as the following section gx_pla}.ns, even whén maximizing the allocation
of the physical memory. the addressing limit -of 28K for each segment can still present
important limitations. »

.- ' o
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" PART 1 PART 2 PART 3 PART 4

..........................

JENKS PICIR  P2CIR . P3CIR

PIEND P2END P3END

PILIN ~ P2LIN  P3LIN.

CINTRO  INPUT  PISET  P2SET - P3SET © SYMBOL

Fa

INTRODUCTION -

PART 1~
PART 2
PART 3

PART 4

CNTRL

Set the program s options

. ‘ PR
Create & map using Jenks dates classilication
Creste 8 map using your own class intervais
Creste & non:classed map

Create a symbol map

'FIGURE 111.8 ILAMAP tree-like overlay structure. -



- OVR: \.FCTR
Ovi: . FCTR
ove: .FCTR
Ov3: .FCTR

" 0v4: ECTR-
OvS: .FCTR
OvE: .FCTR
F77: .FCIR
DF : .FCIR
Fa4: .FCTR
uT: FCTR

.END

FIGURE H1.9 Overlay
task.

ILAMAP TSK/FP,
UNITS=7

50

.PSECT APREGN, Rw. REL, GBL, OVR
ROOT ILACNTRL-F 77-DF —F 4-UT-OVR ' , -

*(0V1, Dv2, OV3, Ov4, OVS, OVE)
ILAINTRO-F77-F4-UT

ILAINPUT-TLATENK-F77-F4-UT
ILAPISET-ILAPICIR-ILAPIL IN-ILAPIEND-F 77-DF -F 4-UT
ILAP2SET-ILAP2CIR-ILAP2L IN~ILAP2END-F 77-DF -F 4-UT
ILAP3SET- ILAPBCIR—ILAPBLIN—ILAPBEND-F??—DF—F4—UT o
ILASYMBOL-F77-DF -F 4-UT

Q59 [14, 11JF77.0LB/LB -

QSe: [15, 1JDFPIIS OLB/LB

QSe: [1, 1IF4POTS. OLB/LB

@Se. [15. JJUTILITIES OLB/LB

Descriptor List using DFPI interface Subroutines for the ILAMAP

ILAMAP MAP/-SP=I[ AMAP ODL/MP

VSECT=APREGN 160000
VSECT=IREQ 174340
VSECT=DFPI - 177400

WNDWS=1
ASG=TI 5
ASG=TI &
GBLDEF=RSX11$

1

GBLDEF=EFNX1 1
GBLDEF=EFNX2 2
GBLDEF=MSGLLN 7
GBLDEF=MSGFLG 7
GBLDEF=EFNX3 3
GBLDEF={ UNX{ 1
GBLDEF=LIUNX2 2
9BLDEF-LUNX3 3
7/

ILAMAP task.

@)

FIGURE I1.10 Command file with overlays using DFPI Interface Subroutlnes for the
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ILAMAP. TSK; 4 MEMORY ALLOCATION MAP TKB PAGE 1
. 1-AUG-B4 15 14

PARTITION NAME : GEN

IDENTIFICATION @ @lAUG l/
TASK UIC . [266. 10

STACK LIMITS: 209310 001000 00512.
PRG XFR _ADDRESS:@ 002232 ...

TOTAL ADDRESS WINDOWS: 2. -

TASK IMAGE SIZE :. 28064. WOROS

TASK ADDRESS LIMITS: 000800 155477

R-W DISK BLK LIMITS: 000202 000654 800653 00427. .

.I/.J L

ILAMAP . TSK: 4 OVERLAY DESCRIPTION

BasE  ToP Y LENGTH

000000 [026757) 025760 11750 TLACNT
026750 |056143| 021164 06820 ILAINT
026760 (155477 |- 126520 44368 ILAINe
026760 (140413 | 111434 37860 ILAPIS
026760 |142643| 113664 38836 - ILAPZS
oz5760 [136773| 110614 36878 - TCAPSS
026760 |142447| 113470 38712 - TLASYM

¥k TASK BUILDER STATISTICS:

TOTAL WORK FILE REFERENCES~ 535836.

WORK FILE READS 416

WORK FILE WRITES: -387.

SIZE OF CORE POOL: 25e88. HORDS (88. PAGES)
SIZE OF WORK FILE: 46080. WORDS (180 PAGES)

ELAPSED TIME 90:04: 12

FIGURE I11.11 Memory allocation map for the ILAMAP task.

The arrows indicate memory (in octal) aliocated to each segment.

£
’
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32K

28

24

20

[0].9

DFPI

OVZ [ OV3 | OV4 | OV5 | OV6
ILAINP ILAP1S ILAP2S ILAP3S | ILASYM~
oVv1
Root segment
ILACNT

Header and stack

/

FIGURE 111.12 Allocation of physical memory for the ILAMAP task.
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200000

155477

142643
142447
140413
136773
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001307
000000

WORDS

32768

28064

25298
25236
24710
24318

10290

5880
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The final progr'am structure

The ILAMAP program has been restructured using the .overlay capability of the PDP
11 70. as detaled in the previous section. The computer program 1s. therefore.
composed of a root segment and si4 main branches preeented to the user in four major .
modules-or parts. Figure Il.13 summarizes the final program sequence i a flowchart'and
lists the subroutines names associated to each program segment. A complete I|stmg of
the programming code 1S presented n Appendlx 1.

Modularity and interaction are the key features of the final program structure. As
Figure IIl.13 shows, each module is entirely independent and sepports the lcfea‘tm;:\ of a

"dufferent type of map. Thus st‘ructure‘presents some advantages. The program s options
allow the c*eanon of up to four maps In any combination in the same run. The four maps
can be stored in a single design file using the multi-level capabtllty for dlspjay ‘or they can
be stored in four individual design files. using the reference files system for simultaneous
display. The Intergraph software supports the capabullty to associate the active design file
with as many as three reference files as background data ‘

BaSlCaHV‘ the first three modules of ILAMAP performs a | similar graphics
generation sequence. All three use one subroet!ne to imitialize DFPI and read the data (see
Figure I1.14), one subroutine to place the circles isee Fugure .18}, another ta 'plzac'e the
lines (see Figure IIl.16: and a last one to detach DFPI. 1t 1s recommended that INDFPI and
DEDFPI1 be included in the same overlay. As part of an interactive seguence, the graphies B
elements of the rﬁab_caﬁ be generated independently or in combination. This independent -
design allows. flexibility ‘ofterj needed when dealing with a computer for .cartographic
applicatipns. The user does not have to formulate all queries and problems in advance, but
instead .controls the step-by-step map generation. Each module provides a differentﬁway
of communicating iInformation and can be used as a reference to evaluate the most suitable
representation for specific purposes and objectives. The last module generates E Symbo'I
ma'p which can be used to add supplementary information to the fln_al map.

There are cer:ain imits in the program. One major hrmitation with respect to the
impact of the physical memory addressing limit of 28K for 'each segment lies in the limited
size of cartographic p.ro_blems that can bev'.treated. In fact, to use Jenks' .optimization

program, the number of zones in the st{g&?y area as well as the number of percentage

r
v

o .
g ~
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“Petrons
‘Percentage

I

13
Place
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]

14
Place
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without ¢l
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S E—
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Teremingte DFPY

]

.. FINISH
-yt

-
r
SUBROUTINES ASSOCIATED TO EACH PROGRAM SEGMENT
1 INTRO 5 PICIR 9 P2CR ", 13 P3CHR
2 INPUT 6 PILIN CTUIRE 10 PIUN CTLINE 14 PILIN CTLINE

JENKS FAVAR

w

4 PISET

7 PMEND

P2SET

PIEND

12 PISET

“""..

A

15 ZIEND
B3

4
PR .
16 SYMBOL

AFIG.URE 111.13 ILAMAP : Program Flowchart.
(Flowchart Key in Appendix 3.)
{
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IV. ILAMAP : EXAMPLE APPLICATION AND RESULTS ANALYSIS

This chapter presents & Fseres of example maps produced with ILAMAP and thér
analysis from a cartographic view pomt. The example applcation must be taken as a. -
general case intended to ilustrate the range of appl:cabmty of ILAMAP and to -
demonstrate how cartographic analysis can become an integral part of research. For this
purpose it 1s felt that no |Interpretat|on of the results from a locatlpn-allocata'oh point of
view is needed. “
A. EXAMPLE APPLICATION

.. The interaction and modularnty of ILAMAP allow flex:bshty and facnnat’e the
generanon of a series of maps from a unique data set. The program is especually oriented
to’Ward the creatnon of flow maps to represent solutions of location-allocation problems
but it can alsc be used in a broad range of applications in order to generate proportional

circle maps and symbol maps. An application of ILAMAR usually consists of a number of

stages as follows: ‘ : ety
- Problem formulation, - - ¥ T
- Initial maps o . o ;' B
- lntermediate maps {

< : '
. . ! - K
- Fmal maps o)

A complete guide to the procedure mvolved as weH as examples of data files and runs are

presented in the User's Manual in Appendlx 2.
. ' Toe—— \

N

'Problem formulatoon

Every applucat:on of ILAMAP must begin with a clearly defined objective in order to
select the appropriate optoons offered by the program. More |mportant IS the decision as
. to whether of not the map should be consudered strnctly as an end product since maps can
play a major role in mformatlon proc%“sxng as well as in the production of flnal outputs In
a typical cartograph»c application for mapping location- allocation solutions, the problem

formulation involves a definition of -the study area, geographic scale and variables used to

61
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characterize the behaviour of each zone. , Y
Our example represents the attendarice patterns of automobile registrants in the
City of Edmonton. This case study has been conducted by Hodgson {1881). The n'rap of
th- ~ity of Edmonton has been digitized and stored ina desig'n file (see Plate IV.1) so as to
serve as background iirwformation. Thirty demapd zones, ba'sed upon the Post Office's
'postal code were employed The motor vehicle owners constituted the patrons to be
assomated with each zone The public facilities’ to be located are licensing offices where
the motor vehicle owners-are reqmred to renew thelr automob:le registration annually The -
attendance data are - produced by~ a consumer's welfare model _integrating
interact.i‘on-based allocation. ‘T_he location-allocation model employs a
p'rodviié‘tloh-,eonstrained gravity metho.d‘ in order to allpcate patrons to facilities, and"
maximizes a.consumer s welfare'function by incorporating patron s reactions to facnlnt‘v

S|ze and travel trme which are respectlvely descnbed%y parameters Aand 8. The effect

3 ﬂ) v \r
fe“xponenual Ghanges in 8 affects the allocatlon

e Ly

of travel time |§ modelled by a negatiy;
pattern and results in alternative solutions. The lower is B. f)h‘e more numerous are the iow

percentage flows expressed inthe solution. . : S

"In Hodgson's study, the number of patrons in each’'zone is illustrated by a .
cho:opleth- rnap, the facili‘tle's' I'ocatior{s positioned on a separate map and the
'proporti'oha’l,allocations are_presehted in table form. The use of a choropleth map.to
'portray‘absolute v.alk 5 is cartographically inappropruate and the table of numbers does
* not heipbto visualize the allocation patrern. '

ILAMAP aliows a complete integration of these elements n a single map which
provides':’a vi's-pali'zation of the spa‘tial‘ phenomenOn. Proportional circles give an accurate
representatlon of patrons and proportlonal flow lines portray effectlvely;‘tne attendante

pattern. The example presented here on maps. focus on the fuve faciity solution resuiting

from the consudera‘uon of uniform sized facilities (4 = 0. 7} and the automobile travel tme *
(B =-1.0).

_The model's specmcat:on is descrlbed by the equations (8 to 110i in Hodgson
1981) - page 489.



'PLATE IV.1 Digitized base map of the City of Edmonton. -

. ool
a S . 3.

PLATE IV.2 initial map generated usifig PART 2 of ILAMAP.
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Initial maps

The initial maps are those directly generated by the program and not yet edited.

They are considered as experimental. Initial maps are femporary maps. produced on a CRT

- screen. providing the researcher with an‘ nmaée of th‘e distribution. Since they are usually
used only by the researcher there is ro-substantial need for-title, legend etc.. For example,
several such maps can be proddced making use of different data .groupings and varied
circle sizes or Iine widths in order to select the most appropriate combination. This stage

is also essential when a non-classed map is created because it may necessitate several
runs to achieve a good representatnon The generation of temporary maps represents a
tremendous increase in flexibility for the researcher as well as a drastic methodological
change in map production. '

Plate V.2 shows an example of initial map as generated with ILAMAvP (PART 2). 1t
Hustrates a typical example of how initial results-are overlayed on the base m-po. No
interactive graphics edmng has been performed but the spatial distribution the
phenomena is well expressed in terms of contrasts, general tendencies and relative order.
Despite the fact that no legend has been yet included, the map should stand as a complete
and consistent graphic expressidn since a map- which absolute-ly requires a legend, can be

“"‘gconsidered as a graphic failure (Muller. 1883).

Intermediate maps

The level d‘esrgn concept of the.lnte'rgraph system lends itself well to cartographic
z : G

applications. The map information can be reviewed on a level by level basis, allowing a
visualization of the results through tempprar‘y maps or ”intermediate maps”..
The intermediate maps serve not only to compose“final maps but they also play a
- very nmportant role in the analysis of location-allocation results. As mentioned before,
‘changes in the model's parameters produce alternative solutions. For a smgle‘
location-allocation problem numerous sets of altern,ative solutions may be sought which

would lead to significant dlff‘erences\ in the map representation. The ability to QUICk|y

.2

produce graphnc displays which summarize the different solutlons and the capabilities for

A
comparnsons between them provudes an invaluable support * for management
décisipn-making. Systematic analysis of the results can be conducted by reviewing the .

-

Q 1



detailed information contatne.d in the intermediate maos. The information is presented i
various form of map avllowmgvvrsvual enhancement for greater comprehension. o

Plates IV.3 to IV.9 illustrate the detailed allocation features of each individual class
interval and Plate IV. 10 constitutes the combination of the seven intermediate maps. In this
example, the combined map (Plate IV- 10) remains legible. however this i1s not always the
~ case. In cases where the interactions between the demand zones and the facilities are too
complex, the capability to display the mapped i;formatnon in any combination desired can
help selecting the information which may have to be excluded in order to present a legible

funal map. Plate V.11 shows an example of alternative solution. In this particular case, the

interaction mode{ has been applied with 8 equal to 0.4. The attendance pattern is.

S

therefore, characterized by an increase in lower percentage flows. Plate IV. 12 shows the
lower classes representing the flows of less than 5°%. They were excluded in the final map

{Plate IV.11) to preserve maximum legibibity.

Final maps-

The fnnal maps constitute the end product mtendeg to satisfy the tradmonal'
illustrative role of graphics. Depending on their mtended reader and the objective followed
by the cartographer. different maps can be generated using the ILAMAP program. the

communicative burpose of the map being determining for the final form.

Plate IV. 13 'shows: the map '\r.oduced with PART 1 of .ILAMAP making use of

Jenks' data cIaSSIflcatlon As noted the percentage of patrons attending each faciity of
less than 1% are not mcluded in the mar  “ormation. The man reason to ehmunate these.
percentages was related to the program s own size limnatxoﬂn problem. Although there is a
loss of information in the final hap, the class Interval selection. as generated by Jenks
optimization program, allows an accurate representatnon of the distribution. The ad\(antaoe
of'creating a map using Jenks data classm‘oétuon 1s 1 the tremendous time economy that
can be made in processxng the data. |

Plate lV 10 illustrates the case where the class intervals have been previously
defined by the us@er’m_order to use PART 2 of ILAMAP which allows larger problems to be
treated. lThe map. giv ; e 'detells on the lower values and has 'the definite advantage of

presenting the entn;g/range of data, while remaining legible. f) N

)

oo
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PLATE IV.3 Intermediate map showing the percentage of patrons between O 01 to 0.99%
attending each facility. -

. . - . s

PLATE IV.4 Intermediate map showmg rhe percentaggeof patrons between 1. OO to 4.99%
- attending sach’ f'acmty P

»,\ ity

.



PLATE IV.5 Intermediate map showing the percentage of patrons between 5.00 to 8.99%
attending each facility. . ' .

.

PLATE IV.6 Intermediate map showing the percentage of patrons between 10. 00 to
¢ 24.89%" attendmg each facnluty ’ ‘



PLATE IV.7 Intermediate map -showing the percentage of patrons between 25. 00 to
48.99% attendmg each facility.

n ~g

. PLATE IV.8. Interfediate map showing the percentage of patrons between 50 OO to
-74. 99 % attending each facility.

S



PLATE IV.9 Intermediate map showing the percenIage of patrons betweem 75.00 to
100. OO% attendlng each facility. , :
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r’ﬁ’ PLATE IV.11 Final map showing an. alternatuve solution_from which the two lowgr classes
mc!udmg the flows of less than 5% have been excluded. g - :
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PLATE IV.12 Intermediate map illustrating the pattern complexity being d:splayed by thea _
“two |0wer classes w/m__h were exct@ded in Plate V.1 T
. ) . - E ;

,



. o : . ' ' o
Piate v "Sreoresenit ME NONTC.E3SEC MAED . S~ Z:SIuSses o~ Lnanter Two tne
. Lo " : ”

fhe non-ciassec maxz, proviges & He® ,.}?*"-age CF e ZsttinutcT. meme evamDig’ The ™ag Souio

' L} .

:ﬁ, L &
adegua: uhc"'on as & c@mmqn caton ae w”e Tne €omTmuCos 'S ZE ahge of the TIMGES
o LT .

»

v b

o . : . : ) ’ .

guef E ’TTu"" '“'\"e Nagae Z"‘?a,"‘w NE. Trve O'sCTreTE C.asses r't.e: 1ol HmlEC

L. B - : o e BN . i
~acs C "'Jn’\f”"\éﬁ z2ae was | -

*

EK,,C’IF"'TE’“IB "\"

com‘bde’* bu as Lh‘s eragmie o L e "ESUitS Car DE: o aon»”a", sats? ving ©

‘ne 'n.ree ma macs Piates '« T 0 Tz T4 Q'ESE tec "*'”ns '€x3™DIE v eT

' ‘r"\l ¥ ¢ ' . P . * .
sucs\antlallx St ; se'ts Wittt e onl :“e’eﬁse‘zes»a'"vg ~TtRe fofm im amizh tne

Sealc]

nformation is. presente@ Ir other cases resJuts Codic "*.a.ve bgen sian‘-:ah’.‘\

- . ; e ST
different Ir genera~’ T mig Jbe_he cessary

L ,Z“ . e . B 13

dec's:on :)em‘n D dr" T"‘E = 8'(’ *e "“DO"&""E 2'."‘13.“9
"‘e& '
b\, eaf"‘ rY‘;,{a,_, .".’hl.e ma im *1’\"‘ "'\o v §i§¢ :]_,ar

~-=0585nde these . tnree Tvpes  oOF -"'m'a:'
- . ' ft.- o
: o'gcanon-ali'ocat'cn soitions | I_ARnEE can a'sc be
%aos ‘ang svnnc ma;:.s Taher ‘fom tme samie examoe
\i & o ) - N ) : .J;L"«
Df’oportlona‘ Circles map h fve Ciass m'es'xar ac:c ot }-IPRE S e ~aGar et

.
-
~ E -y

proportlonas circies ma,, “he SYymoo mar as sns w7 :an 5e,c‘ c’e"es

) “h o
e N
- 5% !‘l

. iy W
. . \’Vnen maDDl'\g a nle'arﬁ’jl‘ﬁa i 5Cat 1 r'\ a“o:a.\’gh . \‘.' ~or 'E’“’ese"‘ fng iResel:] i 3,85 N
e a " . »
SR o A oy 7 .
o aocau%psﬁ[ tbh dﬂ*'e er" svmbcé ang va ols 53] < FEHEPame o7 NurBDe” @SSOT:atec ®in -

1 {

5 p e
- 1 -
each zone can also pe* ncucec in 'nohe oene'*"‘"on)ex't e SV'“DO\ mag, ciiets £ .

. . .;.,J;ﬁ-. &
posé%mw of placmg anv oesirec pont symDOIs anc naFnes or maDs LA
Discussion of the use of IGDS . . "o S 9‘ ' :

.. : o a W
Making a map on an ur*teractlve graphics syslerr presenrs son& acvamaQes The‘

map can be displayed on the screen }Q help rnon;tor complex m%rﬁnaﬁo_;i and ease Qata

sorting. The speed with whlch the graphlcs can be generatea ana 5evse%gved 'S much greater -

O

. . than any manual method of. drawung The scale of. dlsplay 1S mdependent f the final output ' '

aIlowung en argement of map secnons tor greater detail. 4 Lo : N
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Any d(splayed feature .can be referr‘ed to dxrectly and ma?npulated b\ 2 cursor on__-.'

S

the screen Once a pomt symbol ora Irne is 1dent|f1ed the reqmred actron such as deietion
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PLATEALY"’V 13« Final generated with"PART 1 of ILAMAP’ The non-contigudus” class %
: . mtervais re*’ect«?nks optnma[ data ClaSSlflcaUOh - é\,;ﬁ, L-;,_ . : .

Wy P . 9
S . - Y 14 . . .

PLATE IV.14 Non-classed map produced with PART 3 of ILAMAP. 'Relative cirtle sizes -
' and line widths are assigned to each mdlvudual value. S
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"g} PLATE IV.15 Propartional circles ri;-xlapmwith,fwg's}c‘lass
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T , '
overléps another. therr posmons can be adjusted and sumllarly a sectton of a line which

overlaps anpther can be re-drawn. Plates V. 8 to l\/ 21 tllustrate the action of dlsplacmg a

e, '-

circle and redrawmg the flow I|ne " order to improve:! clarlty n the map. Alf these

mOdIflcaIIOnS of the image do«.not} ffect the basic data but only the particular map

cohcerned There 1s no more need to run the program over agaln as would be the casﬂ' F\c
batch mode n order to make minor corrections.

The &raphic appearance of the map remamns to some extent thew&espons-@ullty of

the cartographer The creation of a legend 1s a dlfflcult cartographlc task to ;automate on ’

»

“the Intergraph system. The workxng unlts deflnmorv establlshlng a scale relatnon between

J

the map generated and the de5|gn fule s unlts of resolJtnon 1S speC|ftc to each pastnculari h

gt

“

case. study ang makes tlt%etup of a generallsedgpproach very ditficult. But N m.teractwe,-" e

vv_, LN

graphlcs modé‘»\"thé legend can be easﬂ\y peptormed wsing the graphlc cursor on the screen '

dlsplay The total elnmlnatxorl ‘of the cartographer s sub;ectlve nnput n convennonal;

3

nopmteractlve computer »r_nappr '-applxcatuons created bpredOm and aesthettca’lly_

\\ N

: ur\pleasmg maps V\/lth mter:actn "'_

the car tographer This® allowsmgher graphlc qual«t’y WP“&GUCUOH o _,

With the actual- setup mteractlon 1S pOSSlble between the user’and ILAMAP. whrle n

phjcs control over map Iayout and de5|gn is left to -

u

executlon mode. and between the user and gre DthS after the mapu s generated No
unteractlve lmk remains between the user and the program once graphlcs mode 1S lnutlated

In order 1o reprocess the' data 1t s necessary to leave the graphlcs mode. ThlS

3»
onflguratlon provndes nonetheless an integration of tywo distinct phases ina cartographnc

productlon Use t1s made of the full ability of the computer for the processing of repetmve
5
sequentlal operatxons to generate a graphlc expresswn of the Iocatlon aliocation solutlon

Whlle complete control 15 allowed over the specsflcanons of map layout and design.

3

_ S f\"\\ o L .
B. RESULTS ANALYSIS S . : S

ot

RS

Many maps produced with computers are real dlsasters because empha3|s is:'
dlrected j{more&oward the computer technlququ@,a toward the map as a fundamental
graphlc expressmn (Muller 1983 Among the most important graphlc elements in Mmap
design: clarity, legibility and visual contrast-" are fundamentalsto effective cartographic

communication. ' e : . :
. T . » - ' . ¢



PLATE IV.18 The | upper ngm area,of the' map presents some cbnfus:on% the. lmes overlap
the cwcle:qhd requnr&some adjustment.’ Lot »

8 7‘}", L 9

by
€ . ; -7

oy

© e

PLATE IV.19 Interactive editing using a cursor on the screen the circle, shown in.white,
is ndentlﬁed asa smgle element. -

.3 A . o v oo
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epeld
ﬂg?ﬁé'

moved to a Iess crowded arey: of the map

.

PLATE IV.21 After re-posstlonlng the cnrcle the line has been re- drawn lmprovnng clarity
in the map .



‘ dlfferentlatlon depends entirely on dlfferences N form and therefore the symbols

Visual quality
Theoretically, the task of achleving clarlt;; and legibihty 1n a map. is ‘accomplished
when the intellectual aspecis of 'th® map.are not open to doubt .or misinterpretation

(Robinson. 1'97”8). In the present case the choice of circles, lines and points symbols

_-‘seems precise and approprlate for the data belng@pped and helps minimize confusion.

The maps have been desngned for black-an¥-white production. despite the fact that

a ‘COlOur computer workstation... was used On a black-and-whlte map. category

.,(t‘

exhibit suffucuent tontrast. The visual contrast refers here especially to the contpast in line
W|dth An occa5|onnal compllcatlon can occur. when the lines are comblned or- follow~

snmllar routes lsee Plate V.18, upper rlght area of the’ mapl But. as mentloned N the

' previous seutlon selective correctnons*%‘t manlpulatlons can be performed intéractively on

-

T the screen to overcome that kind of problem

In some cases for which there is a large Vvariation between the smallest and the

largest value to be represented. the llmltatlons lmposed by perceptlble dlfferences may

"'necessnate restrlctlng both ends’ of the scale for a-better wsua@contrast For example

‘ ,dlffe_rent ine symbols (dotted, dashedl can be used for the lower classes.

¢~“. . .

SHESY R Al

One |'mportant element of visual quallty' in a computer environment concerns the
resolutlon of the monltors for the temporary maps and the plotter s quality for' hard
copies. There is a general behef that computer maps are aesthetlcally unpleasing and are
not of publlcatlon quallty The maps presented her‘e demonstrate cleaﬁ ani  -~ovement
which 1s sausfactory to a certan extent. Flgure V.1 presents an example of . -d copy

obtained using the electrostatic plotter as output device. As shown ih the figure. the

) resolutlon stlll produces quantlzatlon or 'starrcase effects when lines are drawn at angles

 other than 0 or 80 degrees and glves espemlly an unpleasant lmage where ‘the lines

wider than 10 or 12 (based on the Intergraph line w1dth range. 0'to 31 ) are stopped at the
circle s edges Also the resolutlon may prohlblt dlsplay of fine detalls for example small

circies will appear as polygons‘
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Effectivéicartographic communication . )

Macs usec ‘or parlicuiar purposes aga A th he problem of communication. The
Q-apn'T oresentalan o° the informator Zontanea n the map s referred to as map design.
Tne foncuen oF gesigrn 3t communicate efrectvely this information to the user.  Graphic

-

cesign ¢ & V@ carl.of e cattograbmic process pecauge efféctive communication

&3 TUIFes That the various Marss hines tones “colours patterns lettering. “etc.) be carefully

moaguiatea ana ‘;tteo together xeates 19.“3r A map, can be ineffective because 1t is

G P

vrsual's CC” WSING T the reager

“he maps Dfesen;ec In s Chaoter liustrate now.. the f,undamental objective of
v -
Zommumizating some xinds O° _,patna| 'eﬂatnonsmps ean be me_g The combination 'of

V¥

R makes sense vxsuaﬂy.

DToOpCTUONal SimZies ana tidv. nes Vgamze the. map so ‘tha
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RS
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e

by“the cirele size. The width
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l‘) o e
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the ming of a ~eacer-the gesrea Df-""eptual 1mage of the sanal phenomena Graphlcally
a0

tne overal» cnaracter of the dlsfrubutlon 's perceptlble The maps. thus constntute precious
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. aids m,v'.s;,auzm“g*,,humev'l:a' iocation-aliocation solutions. It engourages locatlon-allocatlon

‘esearcr Ath mag analvsis assistance. . ) .

[N , . . e . .
: . . . *

«
. .
,
* o S = . .o <.
) i ?
-
. .
# N .
l i 5 .
- "
. 2
b . . '
hd . - .o e -
. ' gw.- ’ e - ° &
. ¢ - - N A -
* -



¢

b
V. CONCLUSIONS AND RE_COMME’ND_ATIONS e
A. FUTURE ILAMAP IMPROVEMENTS
The ILAMAP program was desngned to perform a number of operations which
could adequately map Iocatlon-allocatlontsolutlons as well as generate proportional circles
maps and symbols maps for various appllcatlons Extension of this program in the future

could focus on lmprovmg the graphics in order to preserve map cIarlty and on tylng

graphic information together with a data base for better data management,

%

o

Graphlc |mprovements S : Rt

" When producmg flow maps and symbols maps with a computer progr-am the |

a4

major difficulty in reservvn ma clarlty consists of deéalny ade uatel ‘with maps- which
P g map gf q Y

contaln dense clusters ‘of symbols Tradmonal solutlons 10 thls problem involve mnnlmlzmg X

overlaps by reposltronlng symbols or reducing thelr, smefdrapd by the removal of hldden

»

||nes where‘* overlaps” cannot be ellmlnated ILAl\/lAP does not provude any of these

solutions. The option left to the user 1s to accompllsh the tasks of,,geposrtlor(yng symbols

»

mteractlvely allowing selective adjustment of symbol locations wuth the use of a qraphlc

)
cursor as well as reprocessmg ILAMAP with changes n the symbol scallng factor

. l\levertheless both approaches tHe reposmonlng of Sy;nbols and hidden line

removal, can be automated and mcluded within lLAlVlAP I future develbpments They'

could lmprove map productlon by reducung the number of lndlwdual corrections. The

J

‘automation of these approaches nnvolves necessarlly extensie SImultaneous processmg

S

The symbol prlorltles must be defined according “to an approprlate VlSIbI|Ity crsterlon such»

‘as symbol size. Usually smaller symbols have prnorlty over. larger -ones. The symbols gnay

«.0

- .. L@ e

then be processed and ‘tests made on- symbol overlaps l")ased on, the defuned prlorltles ‘

Reposmonlng and. scallng of symbols must be performed and each symbol tested .once
more for overlaps in order~to solve for |ntersect|ons and flnally trace the wslble portlons
of symbols outllnes For the flow lines, 1t overlaps occur. the lntersectnons of lines must
be found by solvmg equations in order to permlt the suppresS|on of hldden portlons of

the line with a lower p’Fl‘Orlty This partlcular problem does not necessitate specnal attentlon

o

when solid lines are used stich is the case wnth ILAMAP. although wuth empty llnes fhe- ‘

8l.v.’ :



o

»n

)

removal of hidden portions lmproves clarnty in the map. The Intergraph s hidden lsne
removal routine can be applied only on 3- dlmenslonal deS|gns A new rQutme w0uld have
« . , . N

to be developed for 2- dmensnonai apphcatlons )

- Consndermg the present hardware conflguratuon (PDP 11 70 as CPUi- the. .

.

implemen_tatron of subprograms to carry out the above computations would surely face”

o g . . . : . -
critical storage. limitations. Sophisticated programming _would be required to overcome

storage limitations and still allow reasonnable size problem to be treated. In @ Iong term

“the acquusmoh of a new hardware c,‘ uratnon woulid-be the only. sotutron 10 avomung .
»i,‘i GomprOmlsngEa‘or mplucatnons A el S . S
"\-_ o »* B o PR Sy x : S
. ';. T s ‘ = SR ) . RN
“éta“m-anagement’ I P o . T |
0&;’% 5 ’ . ui Y )) t DR * ]
% - ’The Intergraoh suoports a'Data Management ang F—?e"wewa Svste;n Dﬂ’»\S o
63 - s f‘ ‘ " va
. t &?.5\ B -
*offers p055|bll|t|es to geruarate VGHOUS reports t'orn oraonn sviaa orede‘ cat_a,base
. 4 )
ILAMAR, ld be extended tq perform the required o'n"essvnn i~ oroer 1 fle 'né"grao MR

: together mth the oata . RS

T RO gh there 1s ho attrtbute inkage in the actua  program mc* a7 apjés INvolvec
A, B .
3

s{ﬁ%ng are, at=eadv oresent%@FDl aHoms controi of the at trlbute aa'a»*mxage

R for such pron,
n each Place Iement Suorou nne Tne daf‘a sase has tc be pre: ’iOU::|\ se' uo ol D’\/]HS mcaoe

before its retrueved by Dr-P *The subroutne D DFD8 muspe execut ed prior 12 oacmg

the fn'st element .uth attr‘"bute'hnkage Eacn- Dr-:’ :’lace "\emen' Suorowne uor‘talns the,
B ’ '

-argument ATU\ nn the bamng statement wnose purpose 15 10 O ovide automatnc.lxnxage o' .

S L

attrnbute data tc graohlc eiegr?nenr, This' "volves at tachmg p'easagnec attrvbute daffa mth
‘ : S B . P
"b"’ossmtiity ‘Ot' mu!t|pie nnKages'-‘to the element 1< be placed anc \.v.'ltlng the, \,orrespondmg

>

~ -data record n the oata pase. The results rouia-pe gr'ea-‘t'e“’r."oat'a management and retrieval

e,

requ:rernents in reviey xng the maps For examole the selecttoh ot a specific flO»’\'hﬂe on

,the map on,’ the rught screen wowd dtsplay a report on-the - left screen with aH the

‘e

nnformatlon attached to that specmc nne such as the absolute number of patrons or

=

percentages aSSIgned to t"h;e Ime the orugm and destmatnon attrlbutes {;snd SO On

The m’?blementaflon bf DMRS within ILAMAP would require demdmg on the most

approprtate data base for general cases and to allow Fow’ maxtmum flextbmty The

~ researcher could take advantage of r'elevant information éisgjay associated with® more

f

L
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« efficient data management o, . _
) PR T o i -
B. EVALUATION OF THE INTERGRAPH SYSTEM - ' - #
General assessment . : . - ) .

I ' 3 " 4 .
Specnflc graph{cs dewces vary greatly in their capab|||t|e.s and apphcatxons

s to the general conclusnon that the Intergraph

. processing .and graph|cls displdy make it an mnvaluable ald in"a research and teachlrng

u R) N

-#

-

"’.
-».

environment. . B
,, : &
’ Technlcally so

. ano the number of %}%s requxred to generate a map& such as indicated in the ILAMAP |
o

f rnnharlty WIIh the system is necessary tobperform any work

'?

User s Mar]ual can be discouraging to many users. But the mteractue menu concept of. the
Intergraph- System, facnlltates graphucs manlpu\atlons and the, level concept g|ves a:

tr eméndous display ﬂexrbxllty The advantages of th|s system, conflguratlon have been ,

1

lllustrated tn tt\g&example apphcatuon n Chapter 4, WhICh oonflrmed our. assumptnon that

mteractwe comm‘er cartography offered more possibilities than tradmonal cartography
R map, locatlon ‘allocation solutlons o ‘ *4 - o S a : ';‘ ‘

R e T
The ,output devuce avallable in conjunctnon thh the Int'ergraph System is an -
electrostatlc plotter It produces acceptable black and white prlntout but the resolutlon still

glves sta«rcase effects such as |llustrated n Chapter 4 (Flgure IV . A r@ resolutlon

"

prnnter could S|gn|f|cantly tmprove the output quality. Regardlng the. productlon of colour N

maps no coiour pr|nter is, avallable wrth the actual conflguratnon The use of a Carnera for

hard coples as presented in thxs study is not however always approprlate

4

One lmportant feature to be consideréd in the de5|gn of the Intergraph System ES
3’ that consnderable empha5|s has been. dlrected toward engineering design reqwrements
since . its general use -.pcentered in CAD-CAM (Computer A55|sted Desngn _and ’

l\/lanufacturrng) There are only a I|m|ted number of software packages dedicated for truly

or

o cartographlc apphcat|ons Among them are those specnflcaHy deS|gned for geograph|c

information processmg (DTIV] and GPPU)“ and for geographlc mformatxon d|splay (WIVIS

__________________ : t\ N
~’DLTM - Dlgltal Terrafn Modehng GPPU - Graphic Polygon Processnng Utnlltles

w

e >
-

~

-
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EBSALS and Edge Matching)'. Software for thematic mapping applications is to a large

agegree nonexistent and must be user-supplied.

Man-machine interface for cai"xographic program developmenf

The 'mplementation of_:‘ ILAMAP has demonstrated the potential of interactive
graphics in tﬁe production of maps and has sumuAItaneously allowed an-evaluation of the
Intergraph System interface for cartographic program develop.ment. Among the two
methods supported by the Intergraph System for interfacing specialized user-written
programs to edit design files. the first one which accesses design files resident on disk
has been experimented through the impiementation of ILAMAP. The second method which
performs desired functions in the user s active design file has not been explored in this
study. . . .'

The Design File Processor Interface 'DFPli 1s reliable for meetng spegfuc
user-defined programrhmg requirements. Its use necessitates. however. 2a fundamental
understanding of the system of internal measurement of the design file which s
unfortuhately. badly supported in documentation. In general the functional capabiities of
DFPl are efficient. The problem expt\aﬁ'iénced with the File Builder. through the
implementation of ILAMAP. showed umporatam limitations but constituted an 1solated case.
The reason behind this software problem remams unclear and more experimentation
would be needed in order to make any generalisations. The compatibility of the DFPI
graphics subroutines with the FORTRAN programming language facilitates the dévelopment
of user-apphcatlon‘;oftware. This important factor eases the development of new
cartographic programs as well as futire implementation éf already existing cartographic ’
programs. Hopefully. our co'ntm:utr' in defining the basu‘c procedure required for
cartographic programming (Chapter 3| should‘facilitate future implementation and program
development. A

Although considerable rewriting would be necessary to imp[ement‘exnstnng
cartographic FORTRAN programs. this effort would bring to’hand the full potential of
mteract‘nve‘graphics. Two levels of problem have to be considered. however. First. a
standardization problem sc as to computer instaliation will have to be dealt'with. Old batch

HWMS - World Mapping System, EBSALS - Elastic Body Small. ~ _.= Least”
Squares. :



vector plotting programs work with & 'spe:m.'c final map scale an.d specitic bén sizes on &
CALCOMPF piotter v;'hereas the Intergraph System works in units of resoclution totally
independent of fina: scale o1 siz€ Secondh a methodological © oien . "~ be expectec
Future attempts should be mage with the awareness of pr- ram atructe: aifferences
petween interactive ang batch programs 4s noteo by For & var T om (19820 In
general 11 1s difficult to gratt an interactive graphics interfac. Cooan e')(-ISIIHg batch
program the stvie and structure ot an nméracnve graphics application program are usually
quite different trom tﬁose of a batch program anc good program design therefore
requires a before-the-fact top-down anaiysis of alf the required mteraé‘uon seguences 1C
lead to & proper!y structured design anc implementation’ ’

Despite these difficulties there s & need for the implementation ct alreads
existing programs in order to broaden the 'range ot cartographic apphcations and use the
Intergraph System as & research 100! for geographic mformauoﬁ processing anc dispiay -
The Intergraph Svstem goes not s‘uppo"‘ any thematc mappig packages ang without
cartographic programs t¢ manipulate informatior and experiment aisplavs the Intergrép?“
Svstem i1s reduced to its basic function of a drafting tooi There are more possibilities
such those as demonstratea with ILAMAP  where interactive computer C rtographybca“
contribute to prowvide an effective means of aispiaying intormator ‘for research

applications

C. POTENTIAL OF INTERACTIVE GRAPHICS IN CARTOGRAPHY '

Interactive graphics has tne potenta cf prowviding mportant benefits i~ the
production of maps. There rs fittle doubt that computers have infiuencea all aspects c*
cartography andg will cormnué 1C 00 SC In an increasingly moo'tan't way Resultung from
compuler-éssstance trends towarg the design anc vmpnementa:nohof map types better
suited to contemporary anc future 'neecs are more and more evnder)’. in cartog'apm‘/ 1ocay
* , ‘.‘\
Production of maps

The graphic capabrues of automatec ana interactive deviCes studleg through the
implementatior of ILAMAP clearly gemonstratea significant potentials of interactive

graphics in cartography The results have been a phenomenai increase o* map proguctior



speed along with greater fiexbility 1n data manipuiation anc display Also the advantages
of a combination of manual and computer proguction methods in map design permittec-the

r

proauctior ¢ higher-quality maps The examples ilustratea n Chapter 4 represent but a
ten of tre ootential applications of computer cartograpny' .
in the producnor* aspects of cariography the developmé.m of ILAMAP provided
the basic cartographic features required for the creation of a specific type of map and
provided the cartographer greater flexibihity and repeatabiity. it gave the carxographer the
option of revrevwng the resufts of several alternative map representations before selecting
] frnal one This kind of option s economically dnfeasible with manual production
Addmonally last-rminute ~map desrgn changes are possuble and easy ‘with interactive
devices whereas with manual metnods the lock-in ponm for the map s design 1s much
earher With a patch tdmputer-ass:stance considerable loss of ume and effort s involved
o rast-m:nufe changes. This 1s no longer irue with interactive graphics The tme factor
crucia: tc any computer assisted program s more efficiently dealt with. Mo'reoven
updated maps can be produced whenever changes n the data occur thus avoiding the
traditional problem of producing maps which are outdated by the time they are published.
interactive graphics allows the cartographer hugher man-machine communication 1IN
a cornputer mapping environment. Dif ferent levels of interaction can be per formed making
this commu'nrcatnon more or less efficient. Figure V. 1 summarizes the levels of interactuon’
in a computer graphlcs' environment. The actual configuration (Frgure V. 1-A). resulting
‘rom the mplementation of ILAMAP shows the integration of data analysns cartographucv
processing and informauon display into a context of paraliel interactions. In fact, several
iocation-allocation programs concelved 16 treat specific probiems are available, the
cartographic representation of therr solutions can be generated with ILAMAP and then
IGDS must be mnitiated to review the results. Thrs configuration illustrates a form of_
man-machine interaction which combines the features .of the nteractiveness of
alphanumerical communication via online keyboard terminals. with a paratlel graphical
communication of two-dimensional maps via IGDS. This has great advantages in terms of
spatial data analysis and information display. Large amounts of information can be treated

and presented within a short épace of time thus making a significant improvement in the

cartographer s ability to understand data, perceive trends. and visualize real phenomena.



A Actus/ configuration show:ing parelig; nterections
LOCATION
ALLOCATION ILAMAP
PROGRAM

B Proposed conlipuration showing a compiete integration of «nteractions

USER

LOCATION-
ALLOCATION
PROGRAM

T~

ILAMAP

IGDS

USER

FIGURE V.1 Levels of interaction in a computer graphics environment.
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This configuration allows ‘successful use of interactive graphics in mapping
iocation-allocation solutions to support analysis of spatial distributions. It illustrates the
potential of interactive graphics in a context of p_érallel interactions and encourages the
pursuit of research appiications which could illustrate the benefits of a complete

integration of interactions.

Dyham’ic information proces‘sing and display

By using interactive graphics to support analysis of spatial distributions, our study
gathers all the components necessary to proceed to a dynamic infor.mation processing and
display. As Figure V.1-B illustrates. if is now potentially feasible to integrate data analysis.
cartographic processing and informatiqn display into a functional interactive context. This
mtegra';tlon wbuld ;;rovnde real-time feedback to a user. For example, 1t would be possible
to lllustrate on the screen, instantaneously, how changing certain assumptions or
parameters of a location-allocation mo.deli can drastically distort, or improve the Eesults.
Graphical communication would permit visual positioning of a starting éolution Whlch
would initiate the computaulon of the allocations, as;\d finally ILAMAP would display the

>

results as they. are computed. Interventions would be permitted at any stage of
computations in order ;o exercise a complete control over data processing and adequat_é
cartographic representation. The establishment of links between each component would
ensure.continuous interaction between data and graphics.

Such a dynamic approach can give graphically useful information. This represents
tremendous potential of intehractive graphics for handling large volumes of information
commonly associated with efficient management of location-aliocation decision-making. It
1S in this context that the poter;tial of interactive cartography would be most fully realized.
The capabilities of the intergraph System to support such dynamic information.processing

and display could be tested because ;all the components presently exist. The method of

establishing the links is prgsented as a recommendation for future research applications.

»
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D. RECOMMEN_DATIONS FOR FUTURE RESEARCH APPLICATLONS ‘-
| .Snrfce interactive graphics app‘efaro.to provide at Ieast‘a solution to crucial problehs
In mappFﬁg . probabilistic location-allocation solutions. we should . anticipate greater
emphasis in this area. The possibility of integrating each component within a- tr(JIy
- interactive c:;rxqgraphuc process.(réfer Flgpre- V.‘_1) suggests. an e_xperimerjtal approach
toward the accomplishment of a dynamic information processing and display. Many
questions concerning the realisation of a dyhamic fntegrétion of interactions remain
unanswered and necessitate applied'reéea;’ch. |

The results of our study are expected to eﬁcou'rage research devoted ti)
éscertainmg the relative effectiveness of the Intergraph Systgm in the development of
'nntegra‘te'd: interactions. The method we propose for ésta.blishing links, which would
provide efficient fecursive interaction, Qevelops a loop en5urin§ real-time,feedback: #or
this purpose, the User Command concépt of Intergraph would be the téchniqL;e to use in
order to combine many system operations, from data processing to display, under a single
control. By definition a user command is a sequence of commands combined together to
perfoi'm desired functidns of numerical or graphical nature in the user's active design file.
A specific command language is used for this purpose. DFPI ié compatible with it, thus
allowing ILAI(AAP to be used so as to achieve graphical processing. The user command may
operate with vpredefined parameters or allow parameters to be supplied by the user at
execution tirﬁe.. Although the Command Interpretor buffer limits the -size of a user
command, extension seems possible. '

This method needs, however, some experimentations and developmeﬁt in order to
illustrate concretely the potential benefits as.well as the limitations involved in dynamic
. information procéssing and aisplay. Future research applications, aimed toward the display
of c;:nmputed data with immediate interaction, are desirable. for progress in’
computer-assisted cartographic methods. These methods are more and more associated

with systematic analysis of information in the decision-making process.

v



E CONCLUSION ‘

The resul;s of this study ptov»de an example of new possmnlmes for inforrna{:on
. d»splay and new workung methods leadmg to solqtuons to ;radmonal mappung problems
Thus study has demonstrated tne potennai of mteractuve graphes in the production of
maps haspermrtted the evaluatlon of the lntergraph System from a cartographnc point of -
view . and has mtroduced a new type of map useful in support»ng analysus for .
Iocatuon aliocation modellung it has also underiined the need fqr more research based on a
deflnmon of new needs relavant to the advancement of mteract:ve computer cartography
conceived as an essentual component of a complete spatnal analysis system. The potential

of .computer mapplng 1s only beginning to be realized.

t
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Introduction

ILAMAP (Interactive Location-Allocation Mapbping.Program) is especially oriented
toward the creation of flow maps to represent solutions of,locatioh-alloc_:ation problems.
The program can also be used in a broad range of app\icati'ons in order to generate
.proportuo'nal circ.le maps and symbol maps. ] _

] The purpose of this manual is to provide the user with the informa;cion requiréd to.'
achieve the creation of a map using ILAMAP on the INTERGRAPH System. It is designed for
thePDP 11/ 70 and the“vefsié;n 8.5 of the INTERGRAPH System. We recommend a basic
,knowiedge of !_GDS, although it is not mandatory, as well as familiarity with the intergraph
line width system. ‘

The information is procedurally’ oriented. The manual contains the log ana design
file creation procedures, the digitizing procéss, tHe data input requirements Vand the -
_operation sequence. Examples of data files ar)%__runs are presented to assist the user in

achieving a successful application-of ILAMAP.

.

i

)\‘!‘&3

5
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1. AN INTRODUCTION TO THE INTERGRAPH SYSTEM

The intergraph system is an automatgd drafung anc maco g svsiem 't s &

sophisticated tool which' supports 2-D and 3-D capabiiues for interactive grapnics

operations. Conceived as a design digitizing system’ the input features consist of a

~

floating meny tablet used as a function selection device as wei as for the indication o* x v

and z coordinates on the screen a keyboara usec for command data entries a aigitizing

table and a cursor.

The colour graphics Intergrapnh workstation nas qua mMonitors one m & 7 anc

i

'k‘w the other monochromatic. Eacr? monitor supports a full screer o° four e Juadrart

+ display mode 'for a total of eight indepenagen’ 23

Two t"yp_es of files res‘;dent on c @ associaten il (

: deyﬁ% file which stores the grawings ana the cel: fng o s\,‘% e

merely a library cf standard design eiemen‘ts generated v the use” S107eC anc et eved
by name \{vhenever a symbo! s 10 be Dlateac or é ~ag

The maximum design arez avaiapie s a cube of = 282 967 296 unts oF

. . el ' ’ o
‘fesolution. The design fie is compcsea of 63 aenticary sizec dver aiZ D:anes Zo™mmon:,
referred to as leveis One can tm:m; o¢ tnese as 63 Clear acetates '.Cr Can pe a'sgavec

-

In amy combination on the grapnics screer T faciiiaie ACr. st arge fees the system

ala A~ the agcluve

Q1

provides the capaBility o associate ~eference ‘igs 5° Dackgrounc
drawing. As many as three reference ‘ues may De assoc-altec at ary ume A0 e A OTRING

g .

design file

@

2.LOG ON PROCEDURE
-Type HELLO IGGEOG .

-Enter Pass.ors

W
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3. DESIGN FILE CREATION

A Create the design fue
Once tme 1og-ir o sign-or Df - cedure 5 completec the Drawsng NManagément

;e MUSt DE NILEC T Create a new aesign fie waith given name dimension and size

ﬁ’?‘ - i ° . : ’

.
-Type UTI ito cnoose the Julities program:
-Type CREATE ito create a new filer
-Type the name of the new design file .DGN
-“ype 2D i '

. ~Enter the numper OF bIoCKS™~~_
» 15 you don t know then start at 10C This can be ingreased or
Jecreased later

(0}
0

Lzcess the gesigrn fie

- "vpe GRA
- Type the fiie name DOGN

S . T~ RetertoFigure !

C Se' up the zesign ‘ile parameters
B ' 1] .t
At tus stage the commanc menu becomes active The following operations are

str2ng. recommenged

b=

)
- Settne ieveito ' key inLV=1
- Turn off the iocks LVilevelh. ‘ANiangle:. SCiscale) (Use the menu,
=-ess C :
- Turn on the lock -SNisnap! (Press Cl
- Turn off VIEW CONTROL DELAY (Press C)

“ne éstapnsnment of the design working parameters 1s the first step in any map
~eatior. The seiection of the DESIGN OPTIONS tuterial display from the command menu,
aine's arect access to the working units definiton process. The definition of working

b ' - ‘ :
Jnits Droviges a means of relating the ,system internal measurement of units of resolution

JORs 1o anv aesired measurable units that a specific map would require. The standard

“armar ‘o- all reagout data is given according to the defined units in‘master unit, subunit

©oang Dosttonarl unit,

po e




YHELLD IGGEOG
PASSWORD

'+ RSX-11M-PLUS V@1 BLB MULTI~USERL[14,SJ SYSTEM

v

. GOO0 MORNING

13-AUG-B4 1100 LDGGED ON' TERMINAL ‘TT.} AS 165285

This computer waos booted (storted) from aso Thot means we are

running o QS© [32!,54] dota basa.

>8LOGIN CMD
_ ¥k INTERGRAPH Command Environment Mk, 2 1 @/PDP
. >¥ GRAPHICS [S]1 UTI
% UTILITIES [S]. CREATE
» CREATE — new file name [S) FILEA DGN
- > CREATE —-- dimension (20/30) [S] 2D
>¥ CREATE -- size [S]: 10©
SUCCESSFUL COMPLETION
e UTILITIES:TS]. GRA
>#% GRAPHITS [S].

FIGURE 1. Log-on create and access a design file

Yir
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Define the working units:

1. Use the menu command DESIGN OPTIONS. (Press C)

"_Select on the screen DEFINE DESIGN WORKING UN.

« Note: The units can be any measurablé units.

-For exémple, key in:

1 km as your MU {master unit)
1000 -m as your SU (subunit)
100 . as your PU (positional un‘it)

- 166

: Press D)

'3

* By doing so the PU indicates the degree of accuracy for the

drawing and is the determining factor for the dgsign file space.

2. 2. Select RETURN TO PRIORLEVEL @ V(P.ress D)

3 Select BEGIN /- CONTINUE DESIGN @ (Press D)

o

4. PROCESS OF GETTING A BASE MAP

LN

*

In order to get the base map of -the study area into” the 'design file, the user may

choose betweern two me

o,
K

A. The digitizing process

2
P
&

The digitizing process involves seven steps to be executad while in gra

Stép 1. Display the entire file on t'he~'s°¢‘ree.n'-‘

¥

The user needs a map of the study area on which e + arsa g‘vrép"hic scale.

SR =

{ 2o P
PO . LT AT
P - s ' R

: R «“'.;‘ oy .
»  1.Use the menu command VIEY® SCALEFIT (Press C) -

- Select view on the right screen (Press D twice),
- Will say Operation Complete.

8

2. Select VIEW CONTROL:COPY to set left screen (Press C)

3. Using the menu command MEASURE

- Select view on the right screen {Press D)
- Select view on the left'screen {#fress D)

{

- Reset (Press R}

thods: the digitizing process or the use-of the 'B‘LDDGN;program.

phics\rﬁéa‘e‘.

v

kY

| , DISTANCE:CUM (cumulativeg
. distance). measure the length of the right screen (Press C) X
- Enter two data points (by pressing D) to-see this «distance on thggs
_ screen. ' T : , .

?



. . ) ‘. . . ‘lFI. .
Step 2 Define tne working arga . ' - . T

p
P

¢ " b : * . . . . . . ! ’.i' B
< Note. Your wesking aréa shoisld be of sufficient size to include the /7‘72‘&,0

nec pe cigetized. I t.should pe located near the center of the designifile in P
Lonrcer icoenmonate possiale prohlems when wol king.close to the edges of -t
(e cestyn plane N . i R Y
N _se the menu command VIEW SCALE-WINGEY / AREAPress € 7
v - Define on the left screen your work#§ area by entefing twao data
s . gpoints (Fress D:- One on either diagonal . ¢
. - Sefect view on the right screen
e ) o S . . . i .
e .2 Settne menu commana VIEW CONTROL OVERVIEWON/ OFF (Press. C)
’ - Turn it on , S ST
- This wili"indicate by a dashed outiine on the left screen that area
whichus showing on the right screen ..~ B .
° . e s o
s ' ) T . . R
. 2 - S EETE :
v ¥ Step 3 Attacn the map tC vour desiar 1 o <
Tape the-map on the wapte at O degree. North 1s pointing away from you.j*
4, ' L - o BRI ST
72 Use the. mehu commands ' % N 5 :
- ' » o ™ ' ) ° o PR N 'z. s
k U A N S e B
s DIGITIZE ORIGIN DEF PressCr » e e BT
. - Place cursor.on the map on {ower left corner iat your selected
- ~ 'v“ ra‘ > d Pre§s D . “ . i‘f‘_ﬂ ~. v . 3 . " N j : X ~
-iden x,.‘\agomt:‘oﬁﬂthe iower' left correr of the right screen (Press .-
- N v . E o . 4‘.',-
Is o.&)TA*ION ANG Press Cy - e :
_ © . -Pressoovgr Two points in g stri ght harizontal fine on the map
&’ - Key in 0 Press RETURN! S “
. R . i .
> FIXED SCALE iPress C: ° S
Press:D on the b.egmnmg‘ point o¢ the graphic scale on the map,
-+ =ss D or the ending point of the graphic scale on the map
- Key in the scaie in MU SU PU (Not.all are needed) ~,
Step. 4. Start the digitizing . T A - o _ B : —
J' . . s - . . [
-~ - 1:Make sure you are on the right leve: :
-~ Key in LV=$ the level will appear on the screen. SR
- To change-the level key In LV= the number you want t1-63:
© - Pick a colour CO= 0-7 {see matching colours on the board
- ) - ':‘D‘.' , ‘ . ) )
2. Digitize elements by selecting points % B : e .
"ﬁAﬁQje'; Apy elgments from the menu can be digitized.*iLines, circles,
shapes, line strings etc.) S K q »

_ - Select the glemént needed on the menu (Press C} .
& © - Enter required,data points on your m-p with the cursor (Press D)
. “ ’ ;' . . . 7 .

“ -

L s Lot T o .
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,proportnonai circles have b"en selected 1o map the Talie xal data Proportnonal f1ow hnesagqre '

‘ b:Ed to mustrate the attendknce patterns in terms of fne percentage of patrons from éach"

b
© - -
\
\
.
v
S~ . *r
o7 Ty TE

5. DATA FILE INPUT,REQUIREMENTS = '

. ., NEZatgrequirec consist of ' ,
4 : . - . . [
o‘- tme stugy area as "ecoTgec m tNe gewgrapnic

r

ne *e”"mos -:" gacr" IOnE

'-oase fie anc "_:-"esbondrng e} 'ne gemang poirts N B

v ~
C\

“Tne .»te‘ght attaghet tc tnese Jemand. poiNis aCCoTaiNg 1C,ine nitia, 0ala usec "W
\t . « Ao N . B A ek
' : . . o %’;&- .

~
<

v« ne ccaucr-aiiccaton moge’ , L
ARt SRR : o Ry
¥ S Tne mcoe : osouten .Je'"’é age -:', ‘fovs on patront fyer gacm 20ne
* . a3ten g eacr fac Ty Lot . ‘.' B : , ‘ ‘e o
ne zatz ‘e format TeGLITEC en,axnea I 'ne OESC'ID on ¢t e four maon
N .4.‘&““ - ‘ . k .
:aé‘;{q AN AE reter 1o Sem,é,— X . - ’ N
St - S . ’ ’
. - . ) ) H h ‘ a B
Ce 1z ¢ - . . o . ) ) » . RS
oo : +Create ar empty ‘il »EDT ‘vj‘te;niar’neo@'i‘«’- . C / ~ 0
F Insert tMe cata "IF\S'"”'r : l e :
Termimzte C‘TP; 2%
6. EXECUTE ILAMAP ’
)

ILAMAP nas been de&gned to perform a number of operations which could

N

‘adequately map 1ocation: ahocata Csolutions. This expresses the need to portray the inttial

trons in each zo?e the facxhues location and attrnbutes and .

cata such as the number bf

the attenda\wce patterns . §xn WE are dealung wctt*' absonute values gathered for areas

demand zone attending each facility. The facmtnes Iocatlon and attributes are repre,,ented

by various pomt symbols stored in-a cell’ hbrary

The program is presented in four maJor modules or parts The program s opt|ons_’{

allow'the creation of up to four.maps in any combnpatlon in tk ne run The foyaps -

ar

s




ca- pe stored i a s‘*g\e oes;gr* ‘ile Jsrng the’ rne:tr levei capabilily - or cusplay or storec In

‘our inavidua gesigr ‘ues Jsing the e‘erenne fner system for simuitaneous a1sp! o -

Loorun 'ne orogram enter tne commana -~ 2RIN !;AMAP

a

N '16“ enter Y”E "E‘QUI ec lr‘"or"‘a for wnen P'C"WDTGG tor by !he-program‘

. §
" v - Ever, gisiance or measure Me] oe keved N Mus!t be exoressed al master unlts

e : . o o,
. N ’

» .

PART ° . Create d map using Jenks 4data dlassification.

s . This patt makes use of Jenks opumizauor program for data ciassification 803‘

altov.s you C inter actlvetv create the mapg However an moonant restrlc“on must be

L "

?FO, . y

. zar e ‘uliv NClEQ nC more I"a"""‘»_d values \__é-"% oE DVOCESSEu nis means t"ar the data Ile

¢-\ﬂ-,‘, «

. snould eontatn les o“ ‘e equal 1o 50 zones and iess or equal 1¢ 50 flo«» Innes The data "
T : . - EhC . ' .
'~:"’ fue En'us_‘i pe forrnat ed as lliustrateo n Fxgure 3 -1gu’fe 4, shoxrs an eramp
.'_ .. - - é é‘: IS‘ P - N . ; 4
Figure Bpresents the map generated™ i S

+ PART. 2 Create a map using your ovh claésxf'lgétuon» C . -

Vhen more than 50 zones or BC fiow lines have to be processed and a,map with

.

discrete classes generated pargwo shouia be usedi The class hmn-s..rngét be predefined

by ‘:{:

r
-2

oy 'a method of -your choices The upper and lower imits of each class must be entered
1 :

. "0 . f,‘_.{d- l
durung executlon . e S s N

The data flle rr{%st inclade th FORMAT statements Ifor the datal as |llustrated n
Frgure 6. Figure 7 shows ar example Qf run. and ﬁlgure 8 presents the map generated

- o

PART 3. Creaté'a non-elassed map. ) " R

L
.

The’ pop- classed or unquantlzed map should be created when no group:ng of data'

B - N . Tl
X

r‘ ""’ o
: s desn’ed Relatxve c:rcle sizes are aSSJgned to each indtvidual vﬁ‘lue and relatlve Ime W|dth .
assignec to each individual percentage. However the range of line thlckness a‘va|l.ab|e on.

the Intérgraph falls bgtween O'and 31. As a consequence'.the proportionelity is normalised

s

wrthln that range T lrty two levels are used in the design file in order to group all the lines

. : with a same thick ess on the same Ievel

d
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NOQ1 12835 25906

- NO@2 12832 26167

77 NO@3 12832 63434

&
»
.
&

12636 61180

12834 82379

44412

& NO27 12831 10963
NO2B 12831 18782
NO2S 12832 36367
NO30 12835 BO39E

tsesevcces

,.
0o W

*BrBBnBS:
OOPW®

AR R,

N

-
ol :
= -
o
B -
X AP z
g ;

‘”)
104
- 4,
3. A
5 8
© - 4
E =4
7 13

SBBBNYUH

N
)

T

49562
36270

11335
13246

22717
11075
58902
7B66€E
7316 -
S3381

Sy
g
bR
Bt “;. *
L
e
o e %
b
o

e
~ A *‘ ‘.“
--”-.Q?:.ka
FARaCY

ol

- .
number.of zones (/3)

¥l
.

N\
S (AX. 2FLEA1

| S ¢,
j ‘ ,3;-""'%:3 '
;
.‘v..\: ’
i
v ) - v )
| /;fa_» B o
| g
‘1“ * Ly e R
% patrons in‘eachzone - %

P~

2 / S {FIQ,.?/

I

number of percentage flows

SRS

" Ly
" percentage. zone number.
facility number,

(F6.2. 215)

. Example of data file for PART 1.~ - S -
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.'zone 1dentification and (x.y) location™ *y
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(3 1] ILAHARg' I

N'EEkny _Q'ATION—ALLOCA* O MAPFING PROGRAM Mk#

g owm wT

is@ arf &
L ERTI N La A._B"R"A v
e S . W
Th:s p'::a"om 19 uset up, 1N 4 par‘ts
& o o
Y - PART 1 = Cr‘ec & 0 map: usxn& Jen&fs dotc ”I"ossl‘xcatvxon
' PART, 2‘-°Crecte a maf mth"‘gour own closs mtarum
e T 0 N
2o 4 A
’ PAR™.2 - Crec’a a ﬁor-"lossad map v -
b ;~' 2a Kap o - q{ e e 'J'—"‘"J\
¢ . o™ g
. PARY & .- ‘_er .a-‘_q sgmb’:w map ‘
' o C L o - v
TR J : e Ty ;
‘-;% ¢ v“' 3 : .
b E'\"': “DF"CN': ! B ) )
o N ‘?'. 0 P roa
1 - xzw ¥ o "7 i .
o . - @ ‘._,':4 Ty b ]
p.. . 'x:' T A © ) LT u; - ,Aﬂ,dj)'
ustE 3-“JEN’"V C“ASS’VICX*'DN‘- i
e .
“ s~ YDJ& UM\ g__ASC 7'\""9\ ‘\_C - 0 -
CREATE A NON*»~AES:: HA°J-~8 b
R é . v
. ‘ e

DATA FILE NAME= TIATE DAT

JEN-E" DATA CLASSIFICATION %

v \

CALCULATE CLASS INTERVALRFOR CIRCLES?(Y/N> Y

. S,
NLMBER OF CLASSES (1-1@) = 4
JENKS REPORT FILE NAME= J1 DAT

A 4 CLASS MaP
z leo

483 2¢0

§72 200

1314 200

245" 300
B38 lee
1232 6ee
1638 402

MODIFY THE NUMBER OF CLASSES OR CONTINUE?(M/C) M.

*

Continued*...

173
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S

... Continued “t’f

%

NUMBER OF CLASSES (1-1@) = S N - ;

JENKS' REPORT FILE NAME= J1.DAT )
A . 5 CLASS MAP N ' ,

o 2 180 245 300 - - : y

4393 200 728.800. . . , i

. 798 500 .1041 8o .« : ) B S

1115 .1@0 1 14. 200 . oo o . "
1486 200 ~ 1638 400 -

MODIFY THE NOMBER OF CLASSES OR' CONTINUER(M/C) C
- CALCULATE CLASS INTERVALS FOR'%EowLuIN;év<YPu);x

NOMBER OF, CLASSES (4r10) = 5
JENKS'  REPORT - @@L, Q*ME- J2, DAT

. 43380 62104 L B I
. BB B3 93 070 , : BRI
4 SE.840 100 003"

Ly

o &

o * PART 1-B CREATE}A;MAP WITH OPTIMAL CLASS INTERVALS *
‘ L

DESIGN FILE NAME= DIAPL BGN. .

NBER'DF PU' S PER SU= 100
MJMBER OF SU' S PER MU= 1000
ok INITIALIZATION COMPLETED wax

DATA FILE NAME= DIAJE DAT' . , - o .

\

. Confinued ...

[



| PLACE PROPORTIONAL FLOw LINESZ. S/N-Y

... COontinued

PLACE PROPORTIONAL cmcx_sswwa/@v -
ACTIVE LEVEL (1-83) = 1®0  \
RADIUS FOR LARGEST CIRCLE = @ S5

RADIUS ASSOCIATED TO EACH CLASS
- @ 222818 : ,
© 555662
@ '70.92%
e BZ2EsE . :
@ S5200@ o o

MOCIFY THE RACIUS OF gpx'zwugvfzmacv c

“sx PROPOFTIONA_ CIRZ_ES COMPLETED ma

-

3,

ACTIVE LEVEL (1-63) = 11 o

LEVELS TO BE.USET FOR A S CLASS MA®. = 1! 7C
MODIFY OR CONTINUE® M/C> C '

THICKNESS FOR BIGGEST LINE (@-31: = 2@

LINE THICKNESS ASSOCIATED TQ EAC- CLASS
. 1

B

- 11 N
18 -

S

o

MODIFY THE LINE THIZKNESS OR CONTINE?(M/CH C

w¥ PRQPORTIONAL LINES COMPLETED
TT2 =-- GTOF w» PROGRAM COMP_ETED *_

>

p— -

=

56 - . o n L

175
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- ®RFIGURE 5. Example of a ma'p produced usifig PART 1.
- ; 'th:{y T . N ‘ o
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";; ~ . v ) 1 7 7

““"
T e
Lo3e _number of zones (FREE FRRAMAT) .
(4x 2F .2 5. : y - format statement for the coordmales
NGOI 1283C 2530E 115268 49882 L ,
NOQZ 12832 26187 1.:825 36270
NOQ3 12632 £39434 11528 128399 '
NOR4 126825 SS@35 (1529 1.33€
NORS 12636.€11 183 13Z4E.
. lone ndenrufncatuon ahd (x y) location
. 0 (format as specified above)
NRZE 12834 B£378 (1522 22717
CNQ2B 12835 44412 11817 275
NB27 12832. 1@9e2 [.56.Z-5%5ec
NQZB 12831 18782 [15.i5 78E58E
NOBS 12833 36367 1812 73:%€ . . 7 - o
NQ 30 1283E DR3SE 11Tl S838! - o : B )
(F.e , : — format Ytatement for the patrons N
. 937 70e ' _‘ , y
§7c 200 v e
53 (9 : ‘ : o e
1636 402 R AR S
7 706 o . . L
E ' . S
: ) - o TR Tpatrons in each zone o 7
. . ' P9 rmat_gs specified above
: S . - ,.»mg !
£34 See '
b 2 lee =
ey 1314 20e - - o
Bl 9% 15150 ' 7 ; . - .
~ 200 : B i
73 E T S - n,w‘v;&g@.,_,.df p’é&,g;“xage flows (FREE FORMA 7')
(FE 2 2155 - "~ : o form%&"&gr the percentages
g2 St 1 4 N i
e ez 1T 24 — . -
B 85 14 2 <
< e 74 2 13, -
: 91z Zz i
eéee T«
2 . percen Yizone number.
. o N fjac:hty number - o ow
: Q(!ormat as specified above)
S5 94 28 24 :
@ 02 28 .1 ‘ ]
93 97 29 22 °°
69 23 24 . e )
© ol .~<50 zz - - ) ‘.
99 99 30 24 3
> ¢ ~ B} ,
. \,‘ . . it Pe . ) . . . . : ] .
. N . oo : R A -
FIGURE 6. ‘Example of data file for PART 2 and PART 3. : ’ Do
’& . Lo "‘ . . Lwr gﬁ . rd
v
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PRUN ILAMAP

Wk TLAMAP INTERACTIVE LOCATION-ALLOCATION MAPPING PROGRAM Mk

by Lise Al lard’
UﬁIVERSITY OF ALEERTA

Thls program is set up 1n 4 parts "

PART 1 - Create a map usmg Janks  data clas;1f1cotxon '

PART 2 - Creote a map with gour own closs mterucls o S .

PART 3 - Craate a non—classed map -7 ' . Do
, PART 4 - C;eate'a agmbo.l ‘r;;p . '

ENTER OPTIONS AR o - R L

‘@ = NO : . T .
1 = YES - . i . S :

,ﬁh Co g ey
RN we ) g
USE OF JENKS' CLASSIFICATIDN - e’ Ay ol e

sET volRr owN CLASS INTERVALS = 1 L.
CREATE A NON-CLASSED MAP = © oo T o I Sl

CREA"E A SYMBD_ MAP - = 0 ) ‘ ’ " - ‘\ {

. " ! -" A ‘ ., K ) ] )
% PART 2 . CREATE A MAP yfTH YDUﬁQOWN CLASS INTERVALS * ' oo
. C L : .‘ a A : 'Y .o
DESIGN FILE NAME= fEXA OGN . N
i q. A o - - - | : ’ E x-'f g «:O:"} . ‘. T ; <
NUMBER OF PU'S PER BU= 108 © . Lo , ééﬁ
NOMEER OF S $ PER MU= 1000 : ST e 3

R INITIALIZATIDN COMP_ETED Forox S S e ' i

PLACE PROPORTIONAL CIRGLESP(Y/N) Y B

" NMBER OF CLASSES (1-10) =5 = ‘
wagr, :
Continued ... ¥ o 4 & e "AF. .'F"
. , ,



T owN PROP

"PLACE PROPOFIDNAL ©_Ow

...ConNHuéd, - | .
1 BN N
EN’”P LOWER _IM: '
2 1-483 2 798 € 1118 1 1488 2
ENTER UPPER _IMITS
245 3 729 9 ; 18 13:4 2 !B3€ 4
«@ TIVE LEVEL (183 = 2
RADIUS FOR _ARGES™ CIRC_E = @ oC

SOCIATET .77 EAI= T_ASE
2228.5
S55687

20.32%:

.B225%5

RAZISS

®®®®®

e .

v L oo
THE . PACZJS o= QDN*INUE“

RTIONAL CIRCLES COME_ETED
. .gi' “ )) t "«‘4:_ 3

N ‘ -

MOCIFY

. . ‘.4
o= e vy - A -

NUMBE 3> vﬁé,-?_ i-lg =
e v ) !
ENTER _DwEmr IMITS 0
e-el’l 8.5 i¢ e 25 0 5S¢ o 7

.3’

by .
ENTES L PPIR [ IMITS ,§&
egéc 4 38-3 9% £4 35 4273c Ty as
No, Fd "l},
ACTIVE LEVE. Gi-g> = 1.
! * . » -

=31

‘ . .

-

’

7C EACH

v

MODIFY THE. LINL THICKNE
o PROPORTIGNA':; NES COMPLETED m»

TT2 STOP PROGRAM COMPLETED

D) 3' : - 1; ‘v

>

‘FIGURE 7. PART 2 Example of a run

g M//F

7 CLAST M

(@)

w7,

Y m 2p

CLASS

» .

S OF CONTINUED(M/C

3

3 C v

9.
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. T e e . B
’ %.M,.)J.uk - :

FIGURE.8:_‘Exarinple~of a map produced using PART 2.
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The aata file required is the same as the one for PART 2 (refer to Figure 6. Figure

9 shows a~ example of arun and Figure 10 presents the map generated.

AN

!

fl

S -PART & (Create a symbol map.

The last module generates a symbol map which can be used to add suppiementary.

-~

information on the final map. A title can be placed the facilities location and attributes

“symbolized and numbers or names associated to each demand pomnt. The symbols are

retrieved from a cell library. The cell‘libra_ry named SYMBOL.CEL contans a good selection

N

of symbols that just need to be scaled to meet different scale maps. Any special symbol

can be created and attached to the cell ibrary for further use by the program.
The data file required includes onlv the demand zones locations and their names or

numbers as illustrated in Figure 11. Figure 12 shows an example of a run. and Figureé 13

presents the map generated.

7. RESULTS EXAMINATION

N\

\

A. List the active tasks R
_ Prior to accessing the design file for examination of the resuits it is recommended
to list. at the termmnal. the active tasks and wait until the .4/ DMP and DFP/ tasks are both

{ .
terminated. /L

The command is. >ACT /ALL

€
A}

v I the tasks are terminated, they are not listed, as show% in Figure 14.

B. In the design file

Once in the design file, the base map should be displayed on the screen. Then,
every level used by the prografn must be turned on in order to appear on the screen.

el

- Key-in LV= {1-63)
- Select view (Press D)
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RN ILAMAP

| T AMAP INTERACTIVE LOCATION-ALLOCATION MAPRING PROGRAM #ok

by Lise Allord .

ORIVERSITY OF ALEERTA

This progrom 18 set up 1n 4 paorts

PART 1 - Creacte ¢ map using Jenks dctc class:ficotion

PART 2 - Crecte o map with your ouwn cigss intaervals *
PART 2 - Cracte ¢ nor—t!ossed mop

PART 4 - Crecte ¢ symbc! mop

ENTER OFIONS
@ = ND
1 = YES
USE OF JENKS CLASSIFICATION = @
. SET YOUR OWN CLASS INTERVALS = @
CREATE A NON-CLASSES MAS = 1
CREATE A SYMBOL MAF = @

»* PART = CREATE. A NON-CLASSET ﬂAF »*
DESIGN FILE NAME= EXAMP_E DGN
_C NUMBER OF PU S PER Su= 10@
NUMEER OF SU S PER MU= 190@

wx INITIALIZATION COMP_ETED s

. 2
P AN

Lontinued ...
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«+s Continued

DATA FILE NAME= LAME1@ DAT

PLACE .PROPORTIONAL CIRCLES?(Y/N) Y

ACTIVE LEVEL (1-63) = 20

RADIUS FOR SMALLEST CIRCLE= @ 03

¥% PROPORTIONAL CIRCLES COMPLETED wk - :

PLACE PROPORTIONAL FLOW LINES?(Y/N) Y

ACTIVE LEVEL (1-63) = 39

¥ PROPORTIONAL LINES COMPLETED :
T2 T eToe PROGRAM COMPLETED # ‘ .

>

FIGURE 9. PART 3 Example of arun.
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-v B
S

\ \)p
2D

) R A
Y N
)

]

FIGURE 10. Example of a map produced using PART 3.
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(4X, 2F12 §)
12835
NB32 12832

25905 11528
26167 11525
BS434 11529

. 55888 11529
611680 11538
. 69000 11532

88538 11525
26167 11525

64569 11522

37896 11521
84117 11520

61267 11527

67523 115823

53448 11526 37660

g2ese 115822

11845 11582]1 S35

£3882 11521

88635 11518.
51528 11517

15394 11513

.14525 11518
63178 11515.

44326 115812

" 28167 11818
-B2379..11522

44412 118517
18363 11512
18782 11515

86367 11512

Ee38B 115.2

185

— number of zones (FREE FORMA T
N format statement for the coordinates

‘

F

FIGURE 11. Example of data file for PART 4.

zone identification and (x.y) location
(format as specified above)

number or name associated to each zone
(20A1)
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MRUN ILAMAP

Wax ILAMAP  INTERACTIVE LOCATION-ALLOCATION MAPPING PROGRAM sa

by Lise Allord

LﬁIVERSITY OF ALBERTA

This program 19 saet up in 4 parts

PART 1 - Crecte o map using Jenks dota classificot:ion
PART 2 - Crecte o map with your own closs intervols
.PART 3 - Crecte o non-:lasiéd map.

PART 4 - Craeote o symbc! map
ENTER OPTIONS.
@ = NO
1 = YES

USE OF JENKS' CLASSIFICATION = @
SET YOUR.OWN CLASS INTERVALS = o
CREATE A NON-CLASSED MAP = 9
CREATE A SYMBOL MAP = |

® PART 4 - CREATE "A SYMBOL MAF w

DESIGN FILE NAME = EXFILE DGN _ .
NUMBER OF PU S PER SU = 100
NUMBER OF SU.S PER MU = 100¢

CELL LIBRARY NAME = L ASYMBOL CEL
ey INITIALIZATION COME_ETED wa»

DATA FILE NAME =TEXT DAT

Continued - ..
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...Continued

0O YOU WISH TO WRITE A MAP TITLE?(Y/N) Y

MAP TITLE (MAX SO CHAR ) =
-ATTENDANCE PATTERNS IN EDMONTON

ENTER (X. Y) LOCATION = 12813 95349 11532 95763 B
ACTIVE LEVEL = 1B
TEXT HEIGHT = @ 4

s TITLE COMPLETED

PLACE SYMBOL AT FACILITY LOCATION?(Y/N) Y

NLMBER OF FACILITIES = §

ENTER THE FACILITIES NODE NUMBERS = 4 13 16 22 24
SYMBOL NAME (6 CHARACTERS) = TRIA |
" ACTIVE LEVEL (1-63) = 18

ACTIVE ANGLE = @ @

ACTIVE SCALE (X.Y) = & 02! 0. 091

= SYMBOLS COMPLETED W

DO YOU HAVE AN OTHER SET OF FACZILITIES?CY/N)N
PLACE TEXT NOCE?(Y/N) Y

ATTACH TEXT TO THE TEXT NOOE®(Y/N) Y
CACTIVE LEVEL ([-63) = 18

ACTIVE ANGLE = @ ©

TEXT NOJE S HEIGHT =@ 26

m TEXT NODE COMPETED »w

TT2 — STOF » PROGRAM COMPLETED #

b : -

~

FIGURE 12. PART & Exampie of arur.
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03

[+

EDMONTON
I 380
‘.
& Foclllty
0 pL(Y
| I

FIGURE 13. Example of a map produced using PART 4.

¥

UNIVERSITY OF ALBIRTA

LISE ALLARD
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YACT /ALL
LOR (COR )

EGNOTE

. ACTT2
MCR

F11ACP
oc

(770
(772
(172
(COe
(TT0

388383

33828
OOOO®

—
—
O

el te el e le et e Ve
~

SACT /ALL
LDR (COQ )

EGNOTE
ACTT2
MCR

"FL1ACP
DC

HRC
SYSLOG
BAPO

SYSMON

oMG
ALARMS
LPR®

CONLOG

CN1T1E
QSPROZ

~
Nl N el e Mt Nt Wl Nl N N e N s
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shisting.of the active tasks.
RS v "

ERN
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Because the graphic information is stored on different levels. 1t Is possible to
display selectively the information and consequently manipulate 1t griaphically in order 0

create a more suitable map for a specific purpose.

8. MAP FINALISATION - a
The fmal step mvo!ves the creation of a legend. This can be achneved interactively
- on the screen by usmg menu commands. It is also, poss:ble at thls pomt to make any
essential correctlon to the map. Colours can be changed, elements can be moved or
deleted the map can be scaled and so on. Every graphic element becomes a snngle element
which can be manipulated independently. Figure 15 illustrates an example of a final map .-

If more information is required about how using the menu commands. please refer

to the / ntergraph Operator Manual .

9. LOG OFF PROCEDURE :

-

- In the design file, press CTRL Z and then the RETURN key
- Press CTRL Z to terminate the graphics session
- Key in BYE
* Do not forget to power of f the workstation and the modem.

10. PROGRAM LIMITATIONS

The most important limitation of ILAMAP is the size of the cartographic problem ’
which can be looked at. In fact, t6 use ILAMAP PART 1, the number of zones in the study
area as well as the number of percentage flows of the attendance pattern, must be less
or equal to 50. For the other parts, a more reasonable problem size can be handled. The
max:mum number of zones or demand pom/ts/can then reach 100 and the maximum
‘ number of percentage flows 150 The number of facilities is not critical. Up to 10
facilities can lbe processed at once. The symbols are placed within a loop which aliows the

possibility of placing dif ferent sets of symbols by looping as many times as desired.
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et .

a2 39
) //“—} 3 3.4z
/ N R o R
. \ 32 Rad]
i 1 2433
1 .
}
e’ DO

- o Ta 0

©
V]

FIGURE 15. Example o a finai mag
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'11. RECOMMENDATIONS AND COMMON ERRORS

Recommendatio'ns

- Save enough free blocks in the design file to contain the elements to be
placed by the program. - - - . .

- Keep track of the levels being used in order to avoid information
overlaps. T ’

- The base map should be placed on a separate level and should - not
inter fere with the rest of information.

- Take note of the radius assigned to each class of circles as well as the line
width assigned to each class of flow lines in order to reproduce them for
the legend.

- Familiarity'with the Intergraph line width systém is recommended. it
ranges from O to 31: v

- If a symbol map is created, it is. essential to make a few trials-in the desfgn
file to help decide on the proper scale to be used for each symbol.

Common errors

- GRAPHICS: filename.DGN - _—
%% DESIGN FILE IN USE % % ' |

- List the tasks and make sure that .A/DMP and DFPI are both terminated before .'
accessing the design file.

-

LT CONVERSION ROUTINE MISSING

- If the design file is too small to contain the elements to be placed by the program,
the IGDS system erroneously reports the condition as “conversion routine
missing”. Should this error occur during the execution, the user should delete.
those elements that were successfully placed. increase the allocated design file
space and rerun the program. Co
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Input at the terminal

v

input

Program segment

Decision

Document : printer output

Piotter output

Graphic terminal display
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The British Cartographic Society

Pres:dém. C.lan M. O'Brien  Vice-President M Wood

Lise Allard,

Devartmnent of Geosraphy,

The Yniversity of Albertas,

Edmomton, Canada T6C Ziid 5th Dacember 1384

Dear Viss Allard,

Thank you for your letter of 2lst November concernins
your wish to use material from The Cartographic Journal
in your thesis. My anologies in not getting a replyv off
to you sooner; I hope this doesn't get too much delayed in
‘the Christmas nost. ' '

There is ro objection to your using the flow map
illustrated in the paver by R Fern and G Rushton (Firure 2
on page 133 of Volure £, No.2, December 1963) for the
purposes of your tHesis.

Shoulé vou subsecuerntly wish to use this diarram in any.

article for publication, you should make an arproach to the
authors of the paver and of course als» make a3 further
recueat to me, :

Yaurs eincerely,

G RP yawrence.

Hon asurer
P S rHodson
64 Warren Close
Shiriey
Southampton
SO1 6BJ

Hon. Secretary

Patrick E. Sorrell

Department of Land Surveying
North East London Polytechni¢
Forest Road

London E17 4JB .

Edstor. The Cartographic Journa!

G R.P. Lawrence

Depaniment ot Geography
University of London King's College
Strand ’

London WC2R 2LS
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