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s 1. INTRODUCTION

1.1 Background
With the rapid increases in computer technology over the past’ 20 .years,
compuzer assisted cartography has become an excitingvand expanding discipline. The
. developing emphasis on thematic applicatioh's, and the rise of automated cartographic
techniques have been the major factors influencing cartography over this period. The
emergence and g_rowth of thematic map research ar;d production is a noticeable
advancement. The advent of automation has stimulated the dévelopmen’t of severalv new
methods of cartographic display, as well as sharpened old ones. Automation has freed
" cartographers ffom ﬁany manual drafting tasks, and allowed greater concentration into
the areas of mab design, map communicatic and spatial’ data management. The
s development and-application of three dimensior al « sreafter 3-D), mapping techniques is
an important result of such research. " .
| Three dimensional mapping is an area where much research has been initiated -
over the past decade. Historically, the rather limited use’ of 3-D maps has beeh reserved
for physical topographic applications. However, since the early‘ 1970's researcher’s like
Tobler (1974}, Jensen. {1878, 1980}, and Moélleriné (1980 have»’begﬁ?\ 1o look at 3-D

maps as a means of displaying and managing statistical thematic data. Interpreting and

, - displaying geograptiic data with the 3-D cartographic medium is a progression made

possible only through the advent of computing processing techniques.
Currently, numerous computer programs exist to dispgy \g@raphic data as a
3D cartograbhic image. However, the vast majority of these are limited in scope. and“
/do not incorporate the theoretical considerations required to allonfo_r a. wide flexibility
of data applications. As well, most-operate in a batch processing mode that restrict the
cartographer from n';aking vital subtective decisions.during the processing stages. ' The
ohvious limitations of such programs and their methods, has led to their limited use by -
ca‘rtograp.hers. Perhaps more‘ importantly though, little innovative research has been
addressed by cartographic users of ich prograrﬁs. The rather narrow themes of study
Y _— ‘
1 Batch processing characteristically infers after hours execution of specitic

programs where all input is stored by the computer for processing at. a late-
time. This doec not allow human interaction during program execution.

1
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is a function of such limited applicability.'This is noted quite specifically in the_literature
review. Examples of 3-D mapping programs available include ASPEX, CENVUE,
SURFACE: UI, PILLAR; and SURFER. '

=

With fine development of 3-D mapping program  .vzra .o -etical and practical
questions hqve been raised as to the applicability of = - represe \tations. Practically,
there are inherést problems with the visual characteristics . i ., c'artograph'rclobjects'.

These include dgtermining prc%‘\gr viewing ‘az'imuth, elevation angle, and degree of
verticél exaggeration. Many of the\'e'arly batch processing ’techniques, were locked into
these technical considerations 6f 3-D map productian. Taken from a theoretical
viewpomnt, the implicatnons' of mapping statistical data, absglute or ratio values, is not™
totally understood. This lack of understanding revolves around the map reader's
perception of the 3-D symbol. Historically, there has’been' n;uch discussion on wheth‘er
the map reader recognizes the 3-D symbol merely as a point symbol respresenting ‘an
absolute data value (ie. height), or as a more complex volumetric depiction of the
relationship between several data items (ie. ge;)graphic area and percentages). The
confusion over the perception of 3-D mapé often inhibited their use with thematic data.
3 Accordingly, cartographers have remained weary of using 3-D mapping pchedures
wntil these—inhereh;-problems have been better researched, defined, and overcome.
Needless to say, much of the researc:ih it;td 3-D mapping has not been concerned with
effectively presenting statistical thematic data, but has attempted to define objective

criteria for solving many of the visual and technical considerations.

@_.

A complete list of 3-D mapping programs can be found in: ‘
D. Marble ed. Computer Software for Spatial Data Handling, Vol. 3. Prepared
by the International Geographical Union, Commission’on Geographical Data
Sensing and Processing, 1982. P. 891-824.

' This theoretical consideration is especially prevalent with batch programs like

"CENVUE. It has been well noted in the literature that mapping an absolute data’

value with a 3-D volume, particularly when tied to a geographic base, is
statistically inaccurate and theoretically inappropriate. Such misuse of area in

* dealing with statistical data was discussed by Williams {(1976). This is further

complicated with consideration of the dimensionality of the statistical information.
The implications of temporal data is 3 consideration that as of yet has not
effectively been addressed. > :

. _ «



1.2 Aims of the Thesis ‘ ‘ ‘
The emphasis on thematnc cartography and the rapid development of computer
aSSI;ted cartography have been the main, factors influencing cartographtc rasearch over
the past decade. The combmed forces of these factors reflects the changmg trends in
the issues and areas of research currently being explored by cartographers.
“There has ‘be%n a trend‘ away from what has traditionally been labelled
‘communication and design' gsearch; an approach involving experimental .
testing of: human subjects u_nde[ controlled conditions. This type of research
generally treats very narrow problems; A broader view is now taken of what
can legitimately be labelled ’researeh' in cartography, and there Is a wider

.. view'of what sorts of questions are worthy of careful, organized study.”*

This thesis study clearly fits into the new outlook on cartographic research. <

There are four principal aims of this thesis research. The first involves the
integration of cartography, geography and cdmputer graphics Thevconcept ef the
mapping information system and interactive mappmg as discussed in the scope of this
research |n\/olves the interaction of these three dlsuplunes Thls relationship is illustrated
in Rigure 1.1. The mteractnon- of these discipi.nes can produce mapping methods that -
incorporate the benefits Iof cartograph’ic methods of display, cemputer graphics
technlques and geographlc analy5|s A system as such will combine the advantages of
: analysus and dlsplay integrated with man-machine interaction. To achleve the goal of
obtaining an optimum mapping procedure involving all three disciplines much research
needs to be done on such integrated techn‘iques.-This research‘ is an attempt to achieve
such an integrative mapping method. It is the fundamental aim of this study to develop a
mapping informatioh systern, based on the inherént advantages of using 3-D
_cartographic images to investigate multi-dmensional data, that will optmize the
advantdges of all three disciplines. This approach i1s based on the assumption that
interactive tomputer systems with input and display capabilities offer t‘he most

promising path for the development and improvement of urban spatial analysis. This will

™

Q

.* This trend in cartographic research is discussed in:
J. Olson, "Comments on Research Trends", in The American-Cartographer, A
Special Issue: U.S. National Report to ICA, 1984, J. Olson ed.. Summer
1984. ' '

~——
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¥gure 11. “he relationship between dartography,

geogra’p_hy;_a'nd computer draphics.

Al

>

Cartogréphy Geography -

Q

Computer
Graphics

A combination of geographic analytical powers using

cartographic techniques _ ¢
» F
B combination of computer graphic -and cartographic
. techniques to produce output but with no '

analytical po@ers

C comb.nes techniques But few applications exist, requires
cartagrapnic, output / : '

D comnines all 3 disciplines - optimum mapping methods
R inco gor:ting advantages of all 3 approaches

e

Source : After Moellering, "Interactive Cartography”, 1975.

-



offer the urban specuahst maximggm fle’xubmty in deahhg @vi’tﬁ the wide range of analytical )

problems; the ability to cons;d?;r \sabatual and :qmpora! charactansucs in both the
computer analy5|s and mterpretat:om and the advantage of augmentmg his OWn
knowledge and experience with the tremendous information processmg capability of the
_ computer system (Kevany, 1982) .

The second aim of the research relates to the cartographnc wewpomt With
respect to the recent advancements in technological capabilities, it is the aim of this
research to implement and evajuate 3-D r:artographic representations as an alternative
method for the managament, display; and analysis of urban spatiakdata. It is expected
 that manyof the traditionallimitations that have existad in past applicationssof psing 3-D

maps - wgl‘@o 1onger be of concern. Re’cent. technological developmehts in t‘he computer
graphics field have allowed the usar‘ t&‘concentrate more on the functions of map clarnty
and informatien transfér than the technical ?onsderatuons of Ymap viewing and map
compilation. The deS|gn and implementation of a 3-D mapping mathod using this current
: téchnology will provide the rﬁéchanism for evaluating the{ applicability of éuchl
| cartographlc reprgsentations.
Thlrdly from a strict geographlc viewpoint, it ns the aim of this research to
- effectively display and investigate the process of urban retall changa for a high-fashion
shopping street over time. A case s‘t/lidy was selected' that provides the necessaroy data
requnrements The specifics of the case study are discussed in Chapter Il Selected
examples are presented in Chapter V| for the mapping metheds thaf were implemented.
An evaluation. of the results and other,potantial applications is also included. ~y A

The last goal of this research is to l;Srovide and evaluate a practical app]icatiop 6f
the ,/ntergraph, interactive _compUte.r graphics aystem for computer-assisted mabping. s
An evaluative apr:lic_ation*of a computer grapahics system will incorporate the recent
conceptual changes within the cartographic disc':ipline‘as wel‘l as provide a framework
for the future design of other mapping appllcatlons

A brnef mtroductlon into the recent changes. that have occurred in cartography

with \the advent of computer graphics, will help to place into perspective the methods

N

S Intergraph is a major vendor of computer graphics hardware and software
Intergraph is a registered trademark of Intergraph Corporatlon One Madison’

industrial Park, Huntsville, Alabama. .
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: that were used in achlevmg the research aims. The concepts that relate to computer
graphscs techniques and spatlal data management are discussed in this chapter. A

| complete nevnew ‘of past approaches in the use of 3-D maps is presented |n Chapter L.

A

1.3 Relevant Concepts in Spatial Data Management

v

1.3.1 Interactlve Computer Mappmg ‘

ReCEntQ advancemeﬂt:'ﬁn computer graphics thhnology have led to the
development of: two -important research themes in computer assnstec cartography
These are interactive mapping and geographlc information systems; The first of
.these to evolve has been interactive mapping. .

' Interactive mapping, in its smplest form, may be defuned as a method of
operation ur: the mappmg process that allows on-line (real time}, communication between
the cartographer and the computer, during the retrieval, precessmg and d:splay of the.
map data. Interactive mapping may vary ﬁrom the basic placement of individual graphic
slements by the ."‘cartographer ‘to the most sophisticated'computer program in which the
cartographer may only determine subjectlve crlterna ‘based on responsee he/she
receives from the computer The immediate value of the mteractwe approach |s5that it
_ allows for the subjective input and deCJsuon making of *he cartographer in the
.production and analysis process. As well, interactive ma_ping offers the possibility of
combining many of the best features of manual and automated map production methods.
‘It takes adVantage of the speed with which computersu_ can perform‘ sequenttal
‘ processing, while altowing the cartographer to take di/er oplerations and analysis which +
'are not ‘easily performed m a sequential manner. " >To fully understand the development .
and |mpact of interactive computer mapping sever:l ~concepts inherent to the process
should be discussed. ’

The concept of initial lmportance that has developed from computer graphics
technclogy is that of virtual maps. Th_econ_cept of virtual maps is essential to

| 'understanding interactive computer cartography. A virtual map may be defined as a

\

¢ D. JDudychak‘ "The Impa;:t of Corﬂputer Cartography in Geographica, Vol.
,1981, P. 116.



directly wewable cartographm image, generally produced from computer' oraphncs .
techmques that lacks a permanent tang:ble reality . Vlrtual maps are the products of
unteractwe mappmg ani‘i are dlsplayed on cathode r;y\ tube (CRT). termmals that allow for
. real tlme editing and updatmg ! The con =pt of virtual maps is discussed by Moellering. *

The concept of Vlrtual<maps IS espeCIaIIy |mportant in any sort of computer
,__processmg approach that uses the cartographic image, not only as 3 final product but as
a vital intermediate step in the analysis of thejd|grta| data. Such is the case in this
research where the permanency of the ‘visual map product is dependant on the va|ue of,\
the image’in |dent|fy|ng internal characterlstlcs within the data set. The temporary nature
of the cartographic image is an innate characteristic of any map used for analytical
purposes. The virtual map concept is in;direct contrast to the rnore conventional and
traditional concept of a!real map in' cartography. The r'eal map is one which is permanent
- in nature and has’ a tangible reality. Consequently,_“'re‘al maps generally are final products
in the cartographic process and 'are conventionally output as .hardcopy map’ sheets,
globes orthophoto maps or physncal models.

Another concept that is directly dependant on computer graphics techrology and
remains of vital importance in 3-D r_nappmg,‘ is dynamic and static -maps. This
~ conceptual notion was initially mentioned hy Robtson and Cornwell (1866), but is more
clearly discussed and defined by Moellering {1980). A dynamic. map may be defined as a
3-D cartographic .image that atfords viewing and analysis through the technological
capabnlmes of surface exploratlon or presents for viewing and analy5|s a sequentlal

representatlon of the data surface that incoporates the use of change over t|me display.

. This latter type of image is referred to as spatno-temporal display (Moellering, 1980).

-,

" CRT tergninals are similar to television picture tubes, on which an image i5
dispfayed by a pattern of glowing spots produced by directing a beam of
electrons at.a phasphorescent screen. CRT's are the common display Hardware
for computer gfaphics technology. The rea/ time environment is one in which
the cartographer. manipulates the image while it is ‘being processed.

* The concept of virtual maps was first introduced in :

H.Moellering, “Interactive Cajtographic Design”,in Proceed/ngs of ACSM
1977,1977,P. 516-530. :

and discussed further in : _
H.Moellering, "The -Real-Time Arimation of Three Dimensional Maps in The
Atnerican Cartographer, Vol.7. No.1, "Aprit 1980, P.67-75. ‘

H.Moellering. "Strategies jof Real-Time Cartography”, in The Cartographic Journal-
Vol.17, No.1, June 1980, P. 12 15 . _ . —

\ a——



: A complete discussion of the theoretical and practical considerations of dynamic
o ¢
maps is includec in Chapters I and IV. It will suffice for now, to mtroduce this concept
and strggs it's importance in <he development of 3-D computer assusted cartography

and p'articularly it's relevance to the research objectrve of this thesis.

-

1.3.2 Geographnc Information Systems .
A secor®area of major research that has developed out of the appllcatuon of
' computer graphics technology to geography is geographic irlformation systems. The
geographtc mformatuon system (hereafter GIS) is a commonly used tool i the spatial
sciences, for the input, storage and retrieval, mampulatnon and analysns and cartographic
display” of spatlal data. The cbnc)pt of GIS is a natural development of the geographer’s

« need to efficigntly handle large amdlnts of spatial data.

: The original notion of the GIS. was first mtroduced to the geoqraphlc communlty

in the early 1970 s by Roger Tomlinson. Tomhnson s Canad;an Geographic Information

. System (CGIS) was the fsrst serious attempt to handle substantial amounts of map data

by computer processing tec‘nnlques The main design appr?ach used in CGIS was sxmply

- to transform ‘map data rnto a stru‘ctured non- graphnc format-that was ameniable to
electronic data processing (Marble et al, 1984, Tomllnson. 1976).

Over the past decade the design and application of GIS's has become increasingly

complex and sopmstlcated Much research has been initiated in the area 2 of data base

1'deS|gn and data management. The marrlage of computer graphics technology and data

base mapagement concepts has comes1o cﬁaracternze the latest defmmon of GIS..

- Several large scale GIS products are commercially available to the cartographuc

rommunlty today A GIS mcorporates much more than a non-graphic or graphic

representatlon of spatial data Increasing research in GIS development and appllcat»ons

v

has led to a much needed definition of a GIS's components Today geographic

~

- information systems often are comprised of quite sophisticated computer software and

"{: hardware, but they all are oriented towards the procegsing of space-time data and

<
contain the following major components :



1.+ A datainput subsystem. - A | b

2... A data stor.a'ge and retripval subsystem whicﬁ’&gahizes the spatial data in a form
. which pler*'m»its it t quickly retrieved. by the user for subsequent analysis. and
which permits rapid and accurate updates to be made to the spatial data’base.
3. A data mahipulation and analysis subsystem. which performs a variety of tasgs such
as changing \the form pf the data through user defuned aggregatlon .
4. A data dlsplay subsystem WhICh is capable of displaying all or part of the data
base,as well as maq(pulated data in cartographnc form.” \

An important idea yvhnch is mentioned earlier is vital to the corcept of GIS.
Practically, the cartographic image is only a ’5processing step in the analysis of‘ é_pat.ial
data. The cartographic image no Ionger exists only as the final product. The f'oer primary
components as defined by Ma]ble ‘work in unlson to produce an information system of

\

the data set. e . ,

Tradmonally the GIS approach has been researched and discussgd in' terms of
‘massive data sets. However the term G!S does not necessarlly incorpogate only the use
. of large data sets. Most GIS developn‘ent over the past decade- has bees of the

"in-house” fashion, and was concerned with specific applications that were often.
inherently small in scale 10 Consequently most GIS's were structured around hnghly
specialized ngeds for a limited number of users. In fact most of the commercially
aVailable GIS software t'hat exists today is s'pecial purpose in nature (Wilson, <1984). It is
important to remember, that the "definitior; of a GIS is a‘ functional one, and aside from a
clear focus on space-time data, does not rest upon quedtions of scale or content,” !
* Throuphout GIS research many terms have been introduced to deal with specific
- subsets within the GIS realrn. A prime exam.ple, and one that 'is very popular today, is the
land related information system thereafter LRIS), or land information system (hereafter

LIS). The LRIS exists as a\‘functional subset of the more generic GIS. This is primggily

because of it's reference to scale. The LIS or multi-purpose cadastre, is concerned with

* D.Marble, "GIS anmls Differences and Similarities’, in F/G: /nternational
Symposium on Land /nformat/on Systems - Proceedings, October 1984, P.3.

10 The term in-house refers to research or developmeht undertaken internally
within one computer installation, site, or ‘company. Most in-house research tends
to be small in scale and for very specific .applications. :

1 D.Marble, “GIS and LRIS: Differences and Similarities”, in F/G: International
Sympgsium on Land /nformat/on Systems Proceedings, October 1984, P. 4.

)
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" legal information at a very large scale (le 1:1000). x

Another term that: h@s been used fairly indescriminately in the GIS context |s the '

*  mapping information-system lhereag%r MIS). It has often been used in exchangé with GIS -

wuthout thought of function or consequence. Within the context o@f research the

term MlS is used speC|f|cally as a functional subset of the more comprehenswe GIS. The

MIS concept applied in this study is dlstmct in .t.wo main ways from being a complete

GIS. Firstly, the four necessary components |dent|f|ed by Marble are not completely R

developed and integrated with each other. ! Secondly and more Jmportantly as the
‘term MIS lmplles there is a significant welghtlng on the value of the cartographic lmage
as the analytical research tool. The concept of vital lmportance here is vlsual ‘analysis.
Here the analysis of thematic data and it's geographical r?Alonshlps and in this case the
temporal relatlonshlps is lmmedlately achieved through the, 3-D cartographlc medium,
This notion is somewhat oppes;ad to the more‘conventlonal deflmtlon__of analytical
_processing using strict math;yétical and numerical methods. To analyze, taken in its

more’ literal meaning, is to géparate into its parts in order to identify or study its -

structure. While the concept of a MIS accepted in this study does inz:'lude some basic
data analysis, the major emphasis is.an the visual analysis of the 3-D cartggraphic image-
by the selected data specialist. . | \ . v
Visual analysls may be thought of as performing the function of cartography m
en analytical fashion.. Here the intuitive talents of the geographer are of utmost
importance. This concept .is simllar in many respects‘ to Bertin's idea of graphic
processing. ! “he data is ‘transformed into a grap‘hics display, where the user can
analyze and order the data dependant on inherent characteristics that are brought out by

its visual appearance.

EJ

‘12 This is due in part to the fact that the scope of this study has limited the

development of the computer software required to fulfil GIS requirements.

12 Visual analvsis, as discussed here, parallel’s Bertin's concept of graphic
information processing in which data is transcribed, sirhplified, and interpreted to
exfract both intrinsic and extrinsic information about the data. More information
can be obtained from : p

J.C.Muller,"Bertin's Theory of Graphics / A Challenge to North American
Thematic Cartography”, in Cartographi Vol.18, No.3, 19881, P.1-8. .

For a more complete explanation of gertms concept of graphic informatio
“brocessing see

Jacques Bertin, Graphlcs and Graphic Information Processing,(New York:
DeGruyter & Co..1981).
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The concept of visual analysis wi.II._be discyssed in more detail in Chapter V. The ]

process “of wisual analysis remains_a critical concept in t'he‘development of. the MIS

v -

applied.in this research. ' ‘ ' 2

-

1.4 Structure of the Thesis

- The format of any format treatise is wholly dependant on the freld of study and
\ el

the process of research In the context of this research, and par Q any study that
w o 32
57 he introductory

Y«' g
statements present the’ SpElelC area of research to the readers |t s perhaps even more
critical that the concepts of rmportance and the aims of the- research be tClearly

identified. With the abeve requirements satisfied this thesis will unfold in the following

manner. T . \

v .
[

Chapter Il will acquaint the reader with the historical developments of 3-D

mapping, < 'minating in its evolution as a research tool used for the management of

spatial data.

, Chapter.lll will ider%tify_ the specific case study used.for this resear’ch.»a:n‘d
familiarize the reader with the inherent probfms"fnvolved in attempting to categorize'and .
manage multi-dimensional spatial ‘data. The s’pecific‘ methodology that was undertaken to
achieve the aims of research will be presented. s ~

The specnfrcs of computer hardware and software used in the case study:and

the considerations of using computer graphics techniques as appllcatlon tools will be

discussed in Chapter IV.

Chapter V will 'identify the conceptual pianning that formed the basis of the
research design, by discussing the specific analytlcal techniques used. A overview of the
resultant apphca‘uon software package developed to meet the ob;ectlves of research
will be presented. o

Chapter/VI will present '._‘vveraI} application results that were achieved. and '
: discoss gach in terms of ‘practical cartographic, geographic, and technical
con’siderations. " | »

Chapter VI will incllde a general overview and discussion of the study process;

an evaluation in terms of the cartographic versus geographic objectives; and an

Y
o
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examination of the problems, and limitations of such research. Summérjzatiéh of the
study il inf:l‘ude"sugg‘éstions fort future study and 3nr.1ancemegts,' and will conclude with
a find statement on_thia'role of map_;i’ing inform‘a‘;'gon _systems and 3-D mapping
teéhniqueé as a viable alternative (researtch tool) for 'fmnagqment of spatial

information. ¥
3

A bibliography.” of all élevanf,and_ referenced works will complete the thesis {

:

" body i}Chapter VL.

The context of this application study necessitateé a Ieh'gtﬁif',ilist Zf appendices
that will include the following C _ RSt

i) a glossary of terms that are rel'e_va.ni to the
specifics of research -

i) a co‘mplete listing of the Standard
Industrializati{m Classification (SIC) derived for
the case study as well as complete statistics.
-og the classification scheme elements .~ _

il complete base map for the case study area.

-~ M




2. LIT&RATURE REVIEW .
% N

- s - - ’
"Since the 18th century the map :as been used as a tool to show spatial

-

v

2.1 Introducﬁon to 3-D Mapping

distri_Bution of physical, social, and economic ,phenomena.\ Such maps, which present a
. . ) - :

particular theme, are often distinguished from the topog'raphic map by the term themftic

maps.” * Some cartographers have said that thematic cartography begins where

. - )
topographic cartography leaves off. A thematic map generally is referenced to a

tOpographic base. Itis ouite apparent the reliance of thematic mapping upon topographic:,
cartography is chronological as_we‘l‘a as physical. Correspondingly; 3-D mapping" owes its
origins to topographic applications. Initial applications of 3-D maps were simply attempts,
-to give a 3-D illusion of relief to topographic maps. Therefore, any discussion of the
development of 3-D mapping requires a brief examination of the progressiom,df 3-D
topographic applications. R \

Since the turn of the century block diagrams and 3:D maps have been commgop in
geologic and geographic literature. With only.a few exceptions, the primary goal of 3-D
research up to the 1860's, had been in the three dimensional presentation of relief.
During this time cartographers were concerned with estabhshlng new techmques that

7
would give a realistic three dimensional look to landform maps.

’

- In 193,2 Kitiro Tanaka presented a technique that would display‘a topographic

Ns—

map as a set of inclined contour planes (Tanaka 1832). This is a method that (s ‘still

taught in various +htroductory cartography courses. Schou (1941);foll078d 'soon
- A

afterwards congerning himself with/obtaining the proper perspective i diagrams.

The concept of angular versus i etric_perspective introduced by Schou is a recurring
theme throughout the llterature n 3-D mapping. It has become an important quest:on in

research during the thematic appllcatlo of the 1870's, and i$ discussed in ful| later on.
Tanaka (1950i presented a new technique for 3-D relief presentatnon mcorporatlng the
use of illuminated contours (Tanaka 1850). As is the case with other techmques of this
period it could also be applied to the representation of thematic surfaces, yet was rarely

’

done. Robinson and Thrower (1957) modified Tanaka's inclined contour method to

WAG Hodgkiss, Maps for Books and Fheses.New York. Pica Press 1970/ P.13.

13 ey
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"incorpo‘rate hill shading and a Iightisource. Lobeck .(1958)'published a book that dealt
wnth block dnagrams He concerned himself pnmanly with the perspectlve question again.
e 1958 John Stacy@ added to Lobecks research by presenting -a technique  for
developlng block diagrams of landform areas in |somet,1c perspectlve This was c|osely-
followed by Yoeh s fnrst article on rehef shading (Yoeli, 1965). Yoeli wauld publlsh
‘several artncles on rellef shading techmques throughout the 19603 19705 and
1880's, indorporating the use of the computer wuth his later research. |
’ 1t is obvuous that because of the nature of cartography durlng the earIy 20th
century, three dmensnona! mappmg research was concerned prlmarlly with de\YeIoplng
new manual technlques for the use of 3-D mappmg in landform appllcatlons It is’ not
until the advent of themath;esearch and computer applications of the 1960's that 3-D
;'mappung research began to evolve. Thrs literature review will contlnue by providing a .
' brlef outline of the early issues +n thema’uc applications of 3 D mapplng evolving into a
full examlnatlon af the renewed interest shown( in the 1960 s, and the recent research
of the 1970's and 1980's. This outline wnll provude a valuable historical and practical

- framework W|th|n which the specific atms of this research can be examined.

3
a

2.2 Early.| lssues in 3-D Cartographic Research
The use and development of 3 D representatnons is well documented throughout
cartographlc ||terature Early efforts at 3 D mapping were attempts to create the illusion
~ of a third dlmensmn via a two dlmensmnal medium. As noted earlier, the major emphasis
be\fore The "1960's was on landform or topographlc apphcatlons However, there are
feur definite exceptlons where researchers while developlng new mapping technuques
were not solely qoncerned with producmg a three dlmensmnal image of the terrain.
. ' In 1922 Sten De Geer pubhshed an article that was basically in response to the o
need for dtspla\hng c;uantltatlve data effectxvely De Geer proposed the use of '3-D
(représentanons based on °the “existing theory ‘of dot method He believed that the
'i'/ ,“1,; graphlcal representatlons of spheres could be drawn in @ manner coexnstant ‘with dots.
' . However, :his method was neglected by the cartographic community untll 1928 when
Guy Ha@old SmllZpubllshed hIS famous "Populatlon Map of Ohio for -1920" utilizing the

" same basic techmque as De Geer \{he only dlstmctron between the two methods was
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Smith's alteration of the symmetrical arrangement of dots utilized by De Gesr, to an
i asymmetricararrangement of dots.” * A note worthy of mention is the dimensioﬁal
inconsistency portrayed in this method. Smith percei\{ed the spheres as circles with fﬁe
respective centres accurately positioned over the appropriate city locations. Howevér: it
\the spheres were accurately’ perceived &s a three dimensional symbol their relétive
\Iocations would be positioned by consideration of the point of spherical ‘angency of
each sphere - plane interface (McKay, 1975). lﬁ other words, the resting point of each
sphere’ should be equivalent to the positional location of the~respe‘ctive cities on ;he

map. Three dimensional figures have been interspersed with tvx;o dimensional dots.
Two other exceptions where cartographers were not soley co,nce.rned with

terrain representations, involve attempts to resolve the dimensional inconsistency

portrayed in previous methas., In 1939 Erwin Raisz presented an article which would

. address this problem through the use of cube like symbols referred to as block piles. It

N\

was his desire_té provide a technique that could overcome the lack of commensurability
and the subdivision difficulty inherent with the use of sphe'res_. "The block 'pile symbols
are displayed in a three dimensional manner on a two dinﬁensional base‘. However, the
imaginary base upon which the block piles resf on his map is 45 degrees off the plane
on which the base map has been constructed (McKay, 1975). This disparagement, while
perhaps ‘\r‘10t immediéte'ly noticeable to all map readers, should be recognized as
dimensional inconsistency.

Wilbur Zeiinsky utilized an isometric symBology in an article published in 1861,
His use of isometric cubes on a two dimensional base was an attempt to ef'feptively
display thematic information. "The use of these particular volumetric symbols did offer
the possibility of overcoming the weakn« preSented in the works of Raisz. However.
Zelinsky was apparently unaware of this and proceeded to induce the same problem in
his cartographic output.” ' The plane of the two dimensional base mz/ap' hes
approximately 60 degrees off the imaginarry plane upon which the. iéometrnc cubes rest.’

!

~ The volumetric symbols appear 1o be floating in space.

15" R. McKay, A Holographic Solution to the Problem of Three-Dimensional
Display in Thematic Cartography, M.A.  Thesis, Department of Gseography,
Michigan State University, 1975. P.30. ’
1. R. McKay (1975, P.33.
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The 3-D work of these early thematic cartegraphers was plagued with the
probien’i described as dimensional inconsistency. This probiem was an obvious result of
the lack of knowledge and understanding in the study of 3-D representations. ‘This

problem and others were not fully researcted until the renewed interest of the 1960's.

LN

2.3 Renewed Interest

: The advent of the 1960°'s brought renewed interest in the :application of 3-D
maps- to thematic cartography. In 1966 the first of four reports was published by .
George Jenks for the Office of Naval Research. These four reports m.a__rk the beginning
of modern cartographic research into three dimensional mapping. ..

The first report entitied "Three-Dimensignal Map Construction” presented a
technique for manually ce'nstructing three dimensional maps. Jenks and Brown (1966}
suggested the flexibility of three dimensional map applications ‘or thematic data.

In July of 1967 the second report Was‘published by .J“enks. and Caspall. For the

first time cartographers were not merely* concerned with the construction technique, but

. with the theoretical considerations of the process. Using a communication and design

type of research, they attempted to study vertical exaggeration in 3-D maps and how

-people perceived it (Olson, 1884). They described no distinct criteria for selecting

appropriate vertical exaggeration but concluded that it was a necessary element of 3 D

mapping and warranted further research Shortly afterwards in Septembe- 1967 Jenks

and Crawford published the third report on 3-D mapping entitled * "/iewing Points for

. 3-D Maps". This report studied the elevation angle and viewing azimuth required~in 3-D

*maps. and set forth a series of guidelines for selecting these viewing points. This report

also reintroduced the perspective concept so relevant in earlier 3-D research. T"e
repor‘ conciuded that lsometric and angutar perspective offered Iittle difference in 3-D
representations when primary concern was choice of' vertical exaggeration, elevation
angle, and viewing azimuth. ' X

f

~ With the publication of the "The Final Keport for 3-[3 Maps” in 18971 Jenks and
‘ \ _

" Steinke had reintroduced the concept of 3-D mapping to cartcgraphy, and established

the three visual characteristics as the primary themes for future research. I addition,

this final report summarized the findings of the previous reports and offered new
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: inforrf\ati_on' relating to the aesthetics of 3-D mapping. Up to this time the 3-D map was a

s,

function of the skill of the cartographer and the technique used in producing the map.’

Jenks suggests in conclusion(ﬁ'\at the 3-D map may be resefved for the computer and

-
’

that research may ultimately point in that direction.

2.4 Recent Issues and Concerns
" The arrival of the com,pgtér 'ége to cartography in the early 197.0'3 shifted the
3-D mapping research emphasis ‘into two main themes. |
The first area of inc*reésed research was the natural applicatiolﬁmof computer

technology to developing new techniques for producing 3-D represen'tat_ions. This 15 an

’

‘emphasis that continues today amd is unlikely to stop for- many years. Of course.

research.as such is highly. te/chnologncally dependant and somewhat reflective of the
more theoretical resea’rch occurring in other areas of the cartographic discipline. This
thesis research is one such example of an applice;tion induced by new technological
developr;ents.

During the early 1970's 3-D mapping programs were being developed at a very
rapid rate. Construgtion techniques and procedures were being ‘developed that had
prewously been impossible. As ndted ‘earlier, the majority of these 3-D mapping
programs ‘were developed in abatch processmg environment. Due to the rapid nature of ‘
such developments, the theoretical and conceptual implications ot the 3-D cartographic
image were not often fully understood. Consequently, the implications of s.uch
technological developments necessitated deeper ' study into the concept of 3-D
representations. |

The second main research theme that developed during this period m?olved the
visual characteristics of 3-D mapping (as introAd:ced'by Jenks). The majority of research
during the 1970's was concerned with studying and defining guidelines for the proper
determination 6f the visual 'paramc’aters characteristic, to 3-D maps. With this research
emphasis in mi’nd, and before a review of the reievant |iterature, it is ap;'fbpriate that
these visual parameters be clearly defined.

There are three main visual parameters that are important in clearly understanding

and displaying 3‘-D cartographic images. They are viewing azimuth, elevation angle,
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determining that image’s 3-D impression.

18

and vertical exaggeration.

Vlewmg azimuth refers to the iateral position of the viewer with respect to the

c

map object (Rowlés, 1978). Thns is sometimes called map rotation or orientation.

" Azimuth may be defined as the degree of rotatlon around the vertical axis (Z) Aznmuth in

its literal definition is the angular dxstance gast or west of the north pomt on a map.
this context it is appropriate. Viewing azimuth as it relates to 3-D maps is illustrated in "~
Figure 2.1. . ’ «

Elevation angle is often interchanged with.altitude and tilt to describe the
location 6f the viewer above or below the object surface. This is also described as the
angle of the viewing position relative to the horizontal plane of the 3-D surface. In the
example illustrated in Fig{Jre 2.2 the horizontal plahe is represented by“t.he_X,Y .plane.
The Z axis repfesents the vertical height of the symbols. The ~el'evation‘ angles of the
three maps represent thé degree each viewpoint has bzen rotated around this XY plane.

The amount of elevation angie used in a 3-D image is perhaps the most vital factor in

]

The final parameter of vital importance in dealing with & 3 D cartograph|c image

is tpe level of vertical exaggeratlon used to create or views the object Vertical

a

exaggeration can be defined as the scaling of vertical points (Z/values) by a constant
factor over a defined map area. Because vertical changes are yelatively small compared
to the horizontal distance in a map area, exaggeration of the vertical heights is often
required to give a presentable and realistic appe@r-énce to- the 3-D map. It is important to
note that with vertical exaggeration the horizontal scale of the map area does not
change. Vertical exaggeratnon is illustrated in Figure 2. 3 ,\‘

The overriding theme- of the research in the recent era is t%Jldentlfy each
parameter while stressing the importance of the interrelationship between all three
parameters in maintaining the 3-D impression of the map product and achieving thimum
map clafity by minimizing surface blockagg. This n—9tion 1s clearly evident in all the
literature referenced during this perlod |

As early as 1973 Crawford and Marks began to mvest;gate the visual effects of

geometric relationships in 3-D maps (Crawford, Marks, 1973). This study was prlmarlly |

concerned with the choice of perspective (angular, versus isometric), and the

-

a



19
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Flgure 2.2. An Illusfraflon'of elevatlon angle.
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Flgure 2. 3.
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detefmination of elevation angle, viewing slope, and the amour\t of vertical exaggeration
in creating 3-D maps. General guidel?nes were presented. _

Bohannan (1976} concerned himself specifically with studying vertic‘al‘
exaggeration in perspecﬁve block diagrams. He‘ eought to determine whether a,
relationship existed between vertical exaggeratlon and terrain relief. However this study
was restric:ed to a physlmKandscape orientation and accordingly hns rather general
results were of Iimited‘applicablllty. : ) . s
. " In 1978 an influx of 3D resear\h appeared in the cartographic literature. Rowles
-(19?) mvestlgated the role of visual parameters in the perceptnon of perspectuve b|ock
diagrams. She explored in detail the problem of choice of perspectuve m 3-D maps. The
dichotomy between focused (angular) and isometric (parallel) perspectcve_ is - Clearly
identified. As this has been a rncurring theme'throughout the literature a brief d:"i'scuss'fo‘n
of the distinction seems appropriate at this time.

"Focused perspective can be defined as an image with a set of mutually paralr'f
lineg/that recede from the eye of the viewer to converge at a single point, a vanishing
point, with the size of the object diminishing in proportion to its distance from the
_spectator's eye.” " A 3-D map with focused perspective is composed of lines that '
converge towards one, two, or three vanishing points. Drawings as such are said to use

, 2, or 3 point perspectlve The result is a realistic representatnon of what the human
eye would see if the ob;ec%’were truly three- dimensjonal. However because othhe
changing scale across an object mensurability is |mpossuble. Variations in focused
perspective are illustrated in Figure 2.4, ’

Isometric perspective occurs when all lines parallel in the object appear parallel
n %he drawing, an‘d all lines vertical in the object appear vertical in t'he drawihg.llt differs
from the focused perspective in that no vanishing points are involved in its construction.
If the vertical and horizontal scale are equal isometric perspective ‘has the added
advantage. of commensurability along all _dimensions (X, Y, and 2). Historically, 3-D
‘representatlons have made most use of the |sometr|c perspective. .This is malnly

'because of it s sase of constructlon and the commensurability factor. The distinction

between perspectnve alternatwesﬂ; ilustrated in Figure 2.5. Perspectnve remans a

\

1= R. Rowles, P. 31,
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Figure 2.4, Variationé

in focused perspective
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Figure 2.5. Distinction between perspective alter,hatives.
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Subjective dicision that cartographers m,ust ,maks when constructing 3-D
rep’resentations,. He..vever, most 3-D computer mapping programs that exist today. while
offering a chonce traditionally default to the isometric perspective.

Rowles concluges that the choice of perspective depends on the application of
the map product, and that both have little effect on.the perception of surface
information. it should be noted that the concept. of map perspective remains a
fundamental decision in the de\?elopment, understa~ding, and use of any three
dimensional product. » s

Worth‘s research was ‘toncerned with determiring a vertical scale, or level or
vertical exaggeration, for graphical representations of 30 surfaces (Worth, 1978).
Using the hypothesis ‘that \map r\eaders ccnsistently. overestimate heights and slope
angles, anvd'that the need for verti‘cal exagg‘eration in. maps ~is caused by this
overestimation, it can be determined through t’ests; that map readers prefer to ses
perspective maps with the same proportion 6f height to length for a wide variety of

surface types. Correspondingly, an aesthetic 3-D effect is.consistmtly achieved through

“:rOportlon Worth concludes that map readers prefer to

n a partncular format with the length and heught of the
map in the proportion 1.0.297, He presents this as a general gundelme for achlevnng |
optimum vertical exaggeration in all! 3-D maps. For the fnrst time since vertical
exaggeratiéh was mtroduéed ‘b&f) Jenks and Caspall (1967) as a visual parameter for 3-D -
maps, a oartographic guudelme has been presented for standard use.

» Congruent with the ongoing research into the visual characteristics of 3-D maps
undertaken during thisr‘ period Monmonier (1978) introduced the concept of viewing
,azimuth. as the most important vis?al parameteg¥in establishing map c|ar|ty in viewing 3-D
cartographic image: h» presents, several methods to determine an approprlate azimuth
with the the hypothesis that once the” vnewmg azimuth s defmpd the solution Space for
determiningtan appropriate \{ertical e)kaggeratiop and elevatio_n angle would be mlnnmlzed‘
and could easiiy./ be achieved. Monmonier argues that the viewing azimuth is durectly.
dependant on the data set d:splayed “while vertical exaggeratlon and elevation angle

=)

remain slightly more objectlve criteria with which standard guidglines have prevuously

* been presented in the literature (Jenks and Erawford (1967), Crawford (1'973), and



26

: N
Worth (+878)). Monmonier's research helps to clarify the interaction and relationship™ of
the three vital visual characteristics of 3-D maps. However, his rating of importance for

each is clearly dependant on the construction technology of the dey The process for‘

5

constructing 3-D maps at this time irvolved the use of batch computer programs where
e
all three criteria were defined praor to viewing the- éata surfac:e., Consequently any

attempt to standardize the construction process, mcludlng reducmé{&:D blqu;age and
increasing map clarity, would only help to minimize the arji'\ouﬁ?gg redm%‘ant pro’bessmg
. required to produce a valuable and effective 3-D map product. With the introduction of
interactive tnapping and the dev@oping technology in computer graphics, the process of
defining all three visual‘t:hara\cteristic}s has become a function which can performed at
the graphics workstation. The problem has evolved into a subjective- decision that can -
easily be perf.or;med‘by the cartographer in real time v‘vhen viewing the 3-D map irttage.
- The capabilities to interecti\/'é|y'rotate, zoom in/out, and pan a 3-D map image.in real
y’time preclude the need for privr establishment of distinct values for viewing azimuth,
elevation angle, and vert|cal exaggeratlon lt is important to note here that the 3-D
,product constructed by most current technolognes is in {‘.act stored as a 3-D image. It is )
not merely a two dimensional represantanon of a three dlmenslortal surface as was
commonly created by earlier batch processmg techniques. N |

Nevertheless while Monmonier fmdmgs are somewhat dated by technology his

\

research clearly identified the salient characteristics and the relationships mvolved in

-~ v ’ . ’

“

Jensens ‘research appears in durect respdnse to the problem of defining

.viewmng 3-D map images effectively.

appropriate visual characteristics in 3-D maps (Jenson, 1978). He introMuces the
concept of 3-D stereoscopic chotopleth maps to thematic ca'rtography.‘Three
dimensional mapping of the recent era is continually attempting to determine effective

viewing azimuth, vertical exaggeratlon and elevation angle in an effort to minimize the

amount of surface blockage, whil mtaunmg the three dlm/enslbnal illusion of the

a5
representation. Oply in this way will® ?tlstpcal information be clearly presented to the

map reader. These problems exlst as a; distinct Inmltat;on in the 3-D mapping process.

Sumularly', these limitations exist bec%se-cartographers dealing with 3-D mapping have

FI
&
g

n-

_constrained their research to 2-D thaps w/?-);ich' give the impression of the third
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. dimension. Jensen presents a 3-D method for the portrayal of step’éed statisticél-_,
surfaces which includes none of the limitations of contemporary 3-D maps. The

5 .

L étereoscopic map exists as a special purpose alternative to the 3-D mép 5urfal;;e.

By T980- Jensen had expaﬁded his research to include both continuous 'and |
stepped surfacies with either a planifmetric or oblique orie\r;.tatic;n. The mensurabili_fy of
suc.:h products and the lack of surface informatiorr biockage renﬁainv imm.e,diate

. N\ .
advantages of such a map product. However; several inherent limitations hindered

Jensen's application. The necessity for stereoscopic viewing, and the use of a stereo

pair of. lenses, is in itself a distinct limitation. As well, the Abvious construction

drawback exists in that two maps must be compiled and produced jstead. of one. And

ultimately, the:map product is ,tot'élly‘dependant on the viewer's abfiity to see stergo. As

well, the 3-D image is greatly exaggersted in a vertical nner. Accordingly, the

steroscopic statistical map exists as a' 3-D product confined to special purpose
’ : R
+ applications. Jensen'suresearch may be viewed as a major step in the natural evolution

4

-, of a 3-D map product.

\

i

.

Moellering has perhaps made the greatest impact on 3-D mapping during th.e
recent era. Beginni‘ng with articlés as eérly as 1975 Moellerihg has ‘takén 3-D map
reseérch towards the evblut_jon of real tin:\e 3-D niap_ production, the real ‘t‘irr)e animation
of 3-D maps, and the fheoretical considerations of using such: map products.
Moellering’s earlier research invest’igated. the imp‘lica‘tio'ns. of interactive computer design
on the n%apping prééess.'lt IS her'e he introduced the concept of virtual and real maps.
Moellering's re§earch v;/as.one_ of the first to address Ehe question of the computer map
‘,produ.ct and its role in cartography and “analytical“ éeography. Much lof his research,
,forms the basis of this thésis”estudy (Mo ering, 1975, 1977, 1980).

- Increasing technological developments in computer'process'ir%g techmqués Have
. made it ‘easible'té'dijsplay,'.’B;D cartographic objects dynémicall‘y. As noted earlluer,‘with
~ dynamic display capabilities the choice of the<three visual chqrac_teri;tucs iIs no longer a
major pré-pr‘ocessing concern. infinite vieMng points incorborating both azmuth and

a

- elevation angle, are interactively available to the map user.

The dyriamic' display of the 3-D cartographic image can be obtained in"two ways.

If the cartographer’s object is of a single Z surface {temporally static), dynamic viewing

) Y
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“is perceived as surface exploration. The capaoilties to explore a surface (rotate, zoom,'
and pan) is a functlon available in most 3-D mappnng software and hardware today.
Similarly, " the sequentlal representation of a surface that changes over time can be
accomplished and is referred to as spatial temporal display. Such computer graphlc
displays allow the cartographer more flexibility than conventional static maps. As the

~ complexity of the surface'incr.eeses,'lthe potential benefit of such dynamic control also

.nncreases (Moellerlng 1978, 1980). ‘ |

' Moellermg also suggests that the more sophnst:cated use of such cartograpplc
animation is for analytical purposes, usually related to the examination of spatual process
in geogrephy. "he dynamic animation of 3-D objects”otfers an altgrnative way in which
to recognize sequences of change in-order to formulate spatial hypotheses that can be -
tested with other statlstlcal analysis. In this context the 3 D @ap has evolved from being

- a method of display to functlomng as an analytical research, tobl This concept@put forth

by Moellertng has developed into the term visual analysns umder the context “of this;

thesis research¢ While the underlying concept is qunte similar, the process of achnevmg
such visual anaIyS|s (has been developed from the notlon of the GIS. The ' esultant MIS
incorporates the idea of the 3-D map as an analytical map product with the theorv of

spatial data processing.’

(&)
S



3. THE URBAN CASE STUDY

3:1 ulntfoductién to the Data Set

‘ The case é_tudy chosen for this thesis research involves the study of urban
“infrastructure. |h traditional urban geography infrastructure is defined as the essential
eiements that make up an urban entity.'. These are the various commercial facilities, the
educational and research estab,!ishmerfts, and the physjc}al utilities such as the

transportation ne'two’i'k, the communication network, and buildlngs {Yeates, Gérner,
1976, P.119-123). —

Urban‘ 'ir{frastructgre is an area of study . at remains neglected in cartographic
researc:.h. Whille many urban mapping studies have been undertaken ‘most are.concerned
with eitﬁe’k the establishment and placement of base bositional data or the symbolization
and representation of quantitative data for specific locations. Little has been done on the
application of Qualitative data sets. - d

The ¢haracteristics of using a qualuta‘nve data set are well suited to the theoretical
consideratioris of 3-D cartographic representatnon as well as the technologlcal
| capabilities, of the tools to be used. The specific data set chosen for this thesis research -
involves the classification and development of retail functions a|on§ a high-fashion
shoppmg street over a selected. period af tlmec The commerical shopping ribbon of
1nterest is Bond Street. Bond Street, comprising both Old and New Bond Street, is a high
order retail shopping street in the posh Mayfair district of London, England. The street is
bounded by Oxford Street to the north and Picadilly Street to the south running in an
north-south direction between the two. Twelve cross s®ts intersect withynt to create
14 well established city block frontages. The traditional 19th and 20th century
architecture of each block ranges from 2 t'o 6 stories in height. Bond Street is Ittle
more than a 1/2 mile in length. However, both Oid Bond Street and New Bond Street
exist as one retailing ripbon. Approximately 190 different ground floor establishments
are currently located on the shopping street. However, throughout the study period as
many as 389 differe‘éﬁ addresses have been established on the street. The difference

between this and the number of current addresses can be explained by the temporal

process of retail growth in the form of establishments disappearing, subdividing, ard

28 -
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agglomerating. Thic uniqlrJe‘ a_ddressing chara.ct‘eristic& is discussed in the procedural
description section of this chapter.

The study period chosen for the data set is from 1840 to 1980. These dates
were based on two years for which the ‘most reliable information on shop type and
location could be.obt‘ained._ The starting date of 1840 represents the approximate
publication date of the Tallis London Street Views (1840) which contains a street
diréctory of establishfnents and actfvity descriptions. The primary source from 1840 to
thr ending date was the »P_ost Office London Street Directory. It provided( annua!
publication lists by postal street address of the néfne and funcftion of proprieters along
the street. The ending date of 1980 represents the most recent time period during
which complete field og?!%rvations were Qn:dertaken on the street (Johnson, Baxter,
1986). The data set Eollection brocess aﬁd its unique characteristics are discussed later
in'this chapter. ‘

it is important to note that this research was originally initiated by Dr. Denis
Johnson, Department of Geography, Univer,sify of Alberta in an effort to study temporal
change of retail establishments and functions on the Bond Street shopping ribbon. ' The :
existing data set was_ghosen because the char;cteristics of the data are aptly.suited for

.‘ 3-D cartographic representation. The inherent complexity of mapping change over time
in an urban I.andscape goes beyond the bounds of. traditional retailing and cartographic
rese;:ch. With the 'sophisticated research and display tools utilized here ah informative
analytical examination of complex retailing structures can be . ‘atevd. Research aé such
was previously impossible for a data set of this size. ¥ However, most important~ly the
multifdimensionality of the data can be reflected well through the dynamic nature of the

mapping system capab.ilities. A reduced base\map of Bond Stréet is provided 'in Figure

3.1 as a geographical framework of reference. A complete base map including all

available planimetric features is presented in Appendix 3.

V]

1t The distinction between estab/ishment and function requires identificatior it
this time. Functiun refers to the type of activity. It has no bounds of locati

or ownership. £stablishment infers particular ownership of a specific function. '\
This most commonly refers to a particular proprieter involved in & specific
function. A

1* The entire cleaned data set, including both five and one year interval data.
contains 11,147 individua! data items. ®
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- the quatity or mtegrity of the data.
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3 2 Methodology

. A noted prewously a review of the literature |dent|f|es an obvious negiect in the
application of 3-D cartogr'aphic research to urban infrastructure study. This void of
urban cartographic research neeessitates a systematic app\roach to the study of urban
retailing structure utilizing the tools of interactive computer mapping and spatial. data
management. A system dev"elopm'ent methodology as such must first start by clearly
identifying the problems of study and establishing a hyp‘otl‘{esis for the study theme.
Once formulated it is important to identify the procedural steps involt/ed in this

hypothesis for the manipulation and processing of the data set. Only then can the

——

‘research be tested and evaluated in terms of applicability, theoretical relevance, ‘and

analytical performance. Tne meth< dology approach is presented in Figure 3.2.
.4

»

o<

3.2.1 Problem Observation
' . A
The . observatiom of -the problem may be defined from two disciplinary

approaches. *jThese are the urban geographic viewpoint and the more  technical

f )

g cartographlc vuewpo:nt A discussion of each is appropriate at this time.

“© The observed problem or goal of the research from a strict urban geographic
viewpoint is to effectively measure the: temporal change/development of retail functions
on a high order commercial ribbon. The proper study and analysis of the distinctive

arrangements of establishiants by type over time will help to define more clearly the

r’process of retail developme t in urban infrastructure study. The persistence of specific

establishments (who) and fyhctigns (what) is of particular concern. The problem arises in

how to effectively manage and display a multi-dimensional data set without comprimising

¢

The second ébserved problem viewed from'a cartograph "fcontext is to define a

process tha\ allows the urban specialist easy and effective mannpulyaﬂve capabilities on

the data set which will ultimately produce 3-D cartographnc representatuons\that refiect
L

the mu/tl -dimensional charactérnstlcs of the derived information. Combined wuthﬂhe

_ recent advancements in technologncal capabililities, this process would prasent the ‘3-D

cartographtc object as an alternative approach for the effective management of }urban

spatial data. As noted earlier. in Chapter |, solutions to the problems as defined would

-
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clearly involve the interaction of, corhputer graphics techniques, cartographic methods,
and geq’graphic analysis.
: : >

3.2.2 Hypothesis

S

. The hypothesis der;ved'ppo‘poses an integrative method for solving the problems
as presented. This hypo}}wesis proposes a procedural approach based on the three basic
' stages of data handling in caftography as defined by Robinson et al, 1878, P. 128-148.

]’he three stages have been applied to the unique characteristics of the data éet
and thf; technological tools to derive a stepped procedure. The fi‘rst step of data
collection in'\;olves capturing the raw data for the mép and Jéugmenting the data\ set yvith ‘
«secondary data items to enhance the quality of theﬂgata base. This includes selecting the

» basic data items to be captured and the physical form in which it is to be maintained.

The second step of data classification involves the massaging .and weeding of
the )data set to clean out inaccuracies. Since tﬁé data is from a variety of sources this
will in>cllude any necessary:s‘teps required to bring the daté\set into a strict copformity.
The most vital'phase of this step is 10 encode the datal items into a numerical hierarchial
format. A clear understanding of the type of data available and the statistical mea5u'-re‘s
required\{o manipulate it is necessary. , !

The third stage of the procedural apbroach involves the design apa development
of applicgtion Softwsre. Based loosely on the programmer’'s model of interactivd
graphics the software ’developmenf step allow& the_ conceptual interfacing of numerically
encoded data to a graphic display mechanism: This step actually involves analytical
prbéessing of ¥the encoded data by ex.tracting. data subsets and 'c‘on\ferting' these to

* - graphic representations. . Y | '
. This h(/pothesis presents‘_?he three stages of data handling as} method for

solving the problems of observation and achieving the aims of.the research.

{



3.3 Procedure

3.3.1 Data Collection y

" The dataA collection stage is the firsf step if the procedural ap@ch Data
co.lvlection involves the initial capturing of data items f om a primary source as‘ well as
the editing“of the data set to create a clean format totally free of physical input errors.

‘For the Bond Street data set four sources were used. The study peri_o-d -ﬁecided
upen- before data collectton was from from 1840 to 1980. Due to the ‘fass of
“ information available data items were collected at five year lnterva!s begmmng in T840
It was believe&\ that while greatly reducing the wealth of data to be captured,'the tipe
interval approach would allow for the collection of enough pertinent information to
correctly reflect the retail changes that occured. The five year interval was def‘loed with
consideration of the geographic aims of researcn a;d the length of the s;udy period.
With such a breakdowh 29 data subsets were collected covering the 140‘year ;;erlod.'

In an efforf to address the inherent errors that may be eviden‘t in a five year
in‘terval collection process, a secondary'l data set was also collected frcm 1950"to 1980
in one year intervals. This would allow for study at two levels of detail and perlaps Iead
to some future conclusions about data capt(:re and the processes invelved in temporal
retailing studies. . . { Rg

The primery source for both data sets was the Post Office Londcn_ Street
Directory. Based on the information included in these annuel directories. a data"capture
format was selected that would include the data item year, the postal street address, the )
pro'prieter/estaclishment name, and: a land use/activity description"’. A format as such
would allow for multiple sorting ang cross referencing as well as data classification. For
the initial interval of 1840 a similar, but more location specific source, Tallis’s London
Street Views wa‘;;’lso used {Johnson, Baxter, 1986). -

Two other important sources were used In the data collectnoh phase. The third
source of data was a field survey of ground floor activity on Bond Street undertaken in
the summer of 1980. This survey served two purposes. It provided a check on the data
listed in the more recent directories as well as providing a control point from which to .

identify grcu_r\d floor activities. It is important to note that the primary directories did
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occasionally, but not consistantly, distinguish ground floor from upper floor uses. Urban
retailing literature cleérly indicates that retail funczions exist primarily as a ground fioor
activity. Upper, f'Toor uses are generally reserved for more office and service ori_ented
activities (Yeates, Garner, 1976). Consequently, as the aim of the research is slanted
toward retail change, a subjective decision making process was undertaken to weed out
first floor uses from upper floor uses. ** At addresses where a clear distinction was not
possibje, all functions for théiGaddresg were inpﬁt and left for editing by the urban

specialist.

-

The fourth source of date-was the anecdotal and descriptive literature which
refers to Bond Street. Being a high order retail street with a rich history Bond Street has

a variety of literature pertaining to retailing over the study period. Much of this

information was used to provide further evidence on the- distinction of ground floor
[

4

uses and specific address locations.

f:

The 'origirgal data base creation involved the manual input of.all relevant éource
data into 80 byt\e‘ fixed length sequeﬁtial ASCII format computer files on the University
of Alberta's MTS system. ! This process of manual conversion required\‘a-pproximately
200 man hours to complete. Two data files were created, one each for the five and orte

year interval data. ,\
Once the initial data entry procesé wd6 completed several editing tasks were

undertaken. These tasks would allow for the proper 6rdering, cleaning, validating, and
updating of the data set by the urban specialists. * The secondary data sources were of
primary\importance here. l

3
>

10 The weeding process was undertaken after discussion of the problem with

Dr. Denis Johnson. Any subsequent indecisions were referred to him for

review.

1 The acronym ASCIl refers to the American Standard Code for International
Interchange. This is a standard set of 8-bit binary numbers used for presenting
data in an alphabet, including punctuation ,numerals, and other symbols of ‘text
presentation and communications protocol. . —
21 The urban specialists ‘involved in this study are Dr. Denis Johnson and Mr.
David Baxter. }

Dr. Denis Johnson originally initiated the study on hngh order retailing on Bond
Street and is currently involved in analytical research using the data’set. ‘
David Baxter is currently an urban planning, consultant with the City of ¢
Vancouver. Mr. Baxter Hes .undertaken numerous urban research initiatives
throughout cities in Canada and shares.a common interest in high order retailing .

with Dr. Johnson. : /
N :



The major editing tasks undertaken were as -fellows :

1) Sortmg of data files by ADDRESS first and then YG#R
2) Insertion of an asterlk code for all known upper floor uses. Thls was |n|t1ated an .
address at a time. \ ) -

3) Q/a!idatir.\g unique and peculiar occurences of establishments by researching
secondary data sources particularly where spatial ane/or temporal patterns
"eppeared, inappropriate (distinctly contrary to the hypothetical beliefs of Jhe urban
. specnallsts) ' : c{ " .

4) Valldatlng data items randomly by checkung against the data source. particularly
where upper flocr functu_ons were present. '

5) Updating data items by mod?fying\ or adding yearly information where deemed
appropruate This included the addition of random upper ﬂoor uses that were left

. . Ay
out. - : )

6) Moving of all upper floor data items to separate files for fbutur‘e processing.
It is vital te understand at this point that the main subjective decisions concerning t e
establishment of the data base were made by the urban specialists with consideration r:“
the cartographnc and geographic aims of research. It was only wuth this approach that a

con5|stent quality and integrity of the data set could be maintained and justified.

a
.

3.3.2 Data Classification - The Modified SIC

N Drata classification is a term that implies a generalization of data items in an effort
to t;ring data into a strict conformity. 4 data is from a variety of sources one must
equate the dzRHtems so they provide comparable values. Only through the comparison

of relative values can meaningful information be generated and displayed from a data

‘set. Robinson describes ‘classificaton as a standard intellectual process of

\

generalization that seeks to sort phenomena into classes in order to bring relative order

and" simplicity out of the complexity .of incomprehensible differences, inconsequential

_differences, or the unmanagable magnitudes of information.” »* Considering the

[

qualitative nature of the data set this définition is quite éppropriate.

v

\

» A. Robinson, R. Sale. J. Morrison (1876}, P.152.
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In order to facilitate the technology ~of the computer and incorporate the
hypotheses in solving the defined problems, it Ws necessary to conver the data source

desériptions of each lang use activity into a standard numerical classification code that .

would incorporate the descriptive problems of dealing with temporal data, as well as

embody the salient aspects of previous urban retail classification schemes. Previous

literatur®on urban land classification identifies several importgnt requirements necessary

' for a valid qualitative classification. Firstly, classification should be as universal as

possible so that the same system could be used for 'several purposes and numerous data

sets. Second!y, tand uses., should be classified hnerarchlally 'so that the same basic

i Y]
e:lassmcatnon can be generahzto serve actlvmes on dnfferent levels. This is par'uéularly

pertment with respect to retail activity over time. Thirdly, classification should be as

permé@t -as’ possiple so that the results and/qr, activities at different dates could be

'heme decided upon which would best fulfnll the necessary -
k4

requirements’ 'paviously menttoned was a modified version of the 1880 Canadian

Standard In\dgstrial Classification (SIC). The modified coding system differs from the .
original SIC in two‘major areas. The first enhancement involved the increasing of
sub-categories. To monitor the change in retailing over a period-of time as long as 140
years, it was necessary to use a-coding system that would reflect the change from local
market retail ac*u\ ty (ie. fishmonger), to a high order fashion food retailer (ie.
chocolatier) (Johnson Baxter 1986).

The second modification was to adjust for changes in the nature of retailing and
the description of retail activity over time. For example, the further one goes back in
time. the less clear the distinctions become between retailing. wholesaling, warehousing.

-

and manufacturing.

“ A good mtroductuon into commercual C|aSSIfIC8tI0n within urban areas can be
found in

M. Yeates, B. Garner, (1976) P.277-301.

A more regent discussion of land use classification can be found in

P. Eichelberger, "Land Use and Space Use ---Data Standardization Issues in Data
Base Management in URISA Annual Proceedings 1982, 1982.

and in -

P.V. Virtanen, "Principles for the Classification of Land Use", in F/G Commission
8: Urban land Systems: Planning and Development, Proceedings wf the FIG
Congress, Toronto, June 1986. : .

.
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'Th'e enhancements to the SIC resulted in a 6 ‘dig-;it numerical code that is
hierarchial in nature. With each digit aﬁ increa\éed complexity in the level of description |
was incorboréted. This method of classification allows fo?@e temporal aspe&ts of the
activities to coexist. The modified SIC currently identifies 630 six-digit land use; at its
smallest level of detail.', These land use codes range from 000000 (vacant,
non-economic, or missing), to 996200 (tour operators). The six-digit categories can be
aggregated to five, four, three, two, or one-digit levels for more generalization. There
are 448 five-digit categories, 219 four-digit categories, 101 three-digit categories, 48
twc'S-di‘git categories, and 10 one-digit categories. Further 'statistics on the classification
scheme can be found in Appendix 2 accompanying the SIC coqé descriptions. Again it is
of vital importance to note that the SIC used was defined only after a carefu| and
somewhat Iengthy balndatlon and review period of the activities in the data set by tHe

urban specrahsts As well, the open ended de ign of the SIC has left room' for further

ode subdivision and the inclusion of 1&1 34

oA

temporal unique uses which might be
identified in the future (Eichelberger, 1982). While the hierarchial nature of the
class;fication scheme lends itself to the multi-dimensicnality of the data items, it also
inherentty increases the complexity involved in data manipu'latioh and ‘information
generation. Consequently, a potential loss of data integrity is. inherent to the
classification process. The hierarchial nature of the scheme is an attempt to minirhize
data generahzatlon and information loss.

in. an attempt to continually minimize the margin of error exustm\ n the
classification process a regular review and updating of the SIC classes is required. This
is especially important with the ongoing analysis of the data :seic as the urban specialists
becomes more familiar with the data items and the processes that were involved in their
development. .' .

Once each data tem was encodad and the two data files, one and five year

interval, were reviewed to the satisfaction of the urban specialists each file was copied

over to the Department of Geography's Intergraph based VAX 11 system. * A example

15 QOriginally the coded data files were copied to a PDP 11/70 system resident
on campus to which the Department of Geography had user access. Initial
resparch was started on this system. However, shortly afterward the Department
of Geography obtained it's own Intergraph based VAX 11-730 configuration. At
this time all data was copied over to the riew system and research .initiatives

r



of the SIC hierarchy is presented in Figure 3.3 ih the form of one data item: The

modified SIC scheme isﬂpresented in Appendix 2.

3.3.3 Software Development

This stage in the procedural approach involves the design and development of

application software based on expressed concerns and problems of “the urben

specialists. This stage is loosely based on the standard programmer’s model of

interactive graphic“s:(Fo‘Iey, Van Dam, 1882). However, in an effort to incorporate the

functioning of a true spatial data informatien sy@tem the software developed must dq
more than merely convert numerically coded data into a graphic form. The generation of
_information from the data set IS a vital component of information system processing. *
'7he§ritical function for any. GIS is the integration of data.” " Intermediary processing
steps are involved before the graphic processing routines are to be developed. The
conceptual framework on which the application software is based is presented in Figure
3.4, '
<
The application ’softw‘are was developed around 3 primary areas of initial inquir

that were of concern to the urban speci?alist‘sL These were :

)} the identification of relationships between specific activities throughout time at

specific locations ‘
i} the everage length of stay ot all activities at specific locations
i) the persnstence of activity types at selected locations throughout time

The datg processing software components threé and four of the GIS model,

were written in the FORTRAN 77 programming Ianguage on the Virtual Memory System

(VMS) operating system of an Intergraph based VAX 11-730 system configuration.

Current graphic interface routines make use of Design-File Processor Interface (DFPI)

subroutines provided by Intergraph in their standard graphics system. These subroutines

3{cont’d) were'revieweq with consideration of the updated capabilities. Eventually
this ngcessitated complete rewriting of all software.

-1 Th#¥notion of what is involved in a true GIS % pr ented in Chapter |
Specific reference is rr\de of the necessary components (3 and 4) as defined
by Marble.

1 K. Anderson; L. Starr, "Geographic Information Systems in South African

" Journal of Photogrammetry, Remote Sensing, and - Cartography Voiume 14 ~June
1984, P.8

.""



Figur%a.&ﬁ. sample encoded data item.
: ol

1935 N024 CADBURY & PRATT 601222
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4 ! : : : : : This data item was encoded
] : ! ' ' ' ' -0 include all 6 levels
/ Retall | | 1 1 |
! : : : : of the SIC hierarchy.
o [ f ! |
[ [ ! [ |
- ! ] I ! Not all data items. require
Food , ., | | _ qui
Bevarage ! ! ! ‘a full 6 digit level of
. ! ! 1 | '
Drugs I l [ complexity to be described.
: | | ‘
/ Food | : 1
Store ! ! ! :
: : : The nature of the economic
Viande 1 : activity will determine the
| )
| ! level of coding complexity
Al I { ~
! ! that will be required.
[
Dairy |
. [
3 | '
£ 1
Cheesemongers

" Source: Data - Bond St.5 year intervel date set

- 3

Modified. SIC by D. Johnson, D. Baxter (1984)
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Source: Adapted. -

"URBAN . . _
Application
RETAIL
. o - Data
DATA °t .
Data Analysis Data
and Subsets
Manipulation o '
- Programs . ‘
F ) L
i Q Graphics
DFPI . gl Processing
t A Programs
Intefgraph G
IGDS Qraghlc
R Design
Display Files
Software : X
USER

from Foley and Van Dam (1982).

Bl

3.4. Conceptual framework of software develépmeht. ‘
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allow the creation of simple graphic elements in the intergraph graphlc file format by .

: merely passmg element coordinates (X,Y,Z) and display parameters as %ubroutme
- arguments. The parameters that describe the element are left entlrely for the

_ prbgramme’r/user to define. Once the Intergraph fqrmat graphic file is created with the

b4 .
elements defined by the user it can be interactively "viewed and edited using the

. ’ ‘
Intéractive Graphic Design System (IGDS) software provided by Intergraph. A comoiete
overview of the VAX/VMS * Intergraph interface is_presénted in Chapter IV. A
complete overview of the Urban Mapping ' Information System (QMIS) application

software is given in Chapter V. | . -
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4. TECHNOLOGICAL TOOLS

v

4.1 Interactive Computer Graphichrocessing Concepts

Perhaps the greatest development in the computer processing. industry over the
past decade has been the development of interactive computer graphics. The
advancement of computer graphic processing techniques has proliferated the application
of automated procedures n\to a wide variety of disciplines. ‘Interactive computer
graphics is the most important mechanlzed means of producing and reproducmg pictures
since the invention of photo raphy and television.” * Interactive graphics may be defined
as a form of man-machir mteraction which combineg the best features/of textual
communication and human lcision making, with the gcaphical representation of specific

A

data. The management of geographic data is a primary area of application.

'ghe integration of computer graphic techniqugs into the mapping realm was
initially perceived in a negative fashion by the cartographic community. The requirement

for comprimising cartographic standards and aesthetic values for the sake of automation

was not well accepted. However, with the rapidsincré_ases made in computer graphic

~ technology and user Gtiented application software over the past several years,

interactive computer graphic techniques have helped forge cartography as a scientific -

discipling. Map making is no longer perceived simply as an art, but has come to be

s

,characternzed by it's methodncal application of computer graphlc techniques.

..©

The application of an interactive computer graphlcs,, System»requnres a basuc

4 z

understan%wg of the pracessing concepts 1nvo|ved when usxng cartographuc data and
erhaps the concept of greateqt lmportance is- mteract}v& mappmg

methods

interactive mapping, as discussed in Chapter k |mphes a real time init ction between the

_cartographer or -data specmllst and the computer. Vltal subJectlve ‘decisions can be

made while vne\no the cartographlc |‘tnage More importantly, cartographlc parameters
can be altered thr_ough easy communication with the machine. The notion of interactive .

map egiting is of prime concern.

i
‘ ‘

» J, Foley, A. Van Dam, ‘Fundamentals of Interactivé Computer Graph/cs
(AddlSOﬂ Wedey Pub. Co.:Toronto.1982), P. 5. * :

44
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~ Another processing consideration that is peculiar to computer graphic qechniqué’s

is the virtual map. Also discussed in earlier chapteré, the virtual map is characterized by
its lack of permanent tangibility. A map as such is created, viewed, and edited through

interactive computer graphic hardware and software. A traditional hardcopy mapz

product is only available through software interfaces to sophisticated plOtting'quices. A

.variety of these interfaces aré available and common in map produErt;n enivironme_.nts.

However, it should be ndted that the hardcopy map#is o}uy a secondary product of the
computer graphic technology. The virtual map is of primar;‘)importance. The power of’
interactive computer graphics lies in the use of virtual maps as h\flexible analyical tool in-
geographic research and afpplications (Moellering,‘:1983). ' ‘
A concept of supreme importance when dealing with an interactive comt)ut'er ’
map is scale independence. Traditionally, the detinition of map ' scae has been .a.’
necessity in cartography "Digital representation ot cartographlc inform.. “n "reateé an -
illusion of independence from scale With tradmonal map products, the ;-apnic med|um
umposed physical bounds on scale. There is no similar factor in digital car: ography v
Technological capabilities afford most computer graphics systems the zoi ty to view or
orientate a@ map image at any scale the map reader desires. The ability tc 1o0m in/out -to
view a specnflc arga of a map is an inherent advantage of computer graphics techmques
In the computer graphlcs environment the term 'map scale’ refers to the flnest Ieval of.
accﬁracy that is vahd for the use of a cartographic data set. To achieve optimum use.of
any cartographlc data set an understandmg of the accuracy for that data, set is requwed ‘
This is essential. 4n topographic marning applications where posmonal (geographnc) _
accuracy IS most significant. In thema:.~ applications, where the relative posmomng of
cartograph|c features. is often more important, the dependenmes on map scale are\iess
rigid. In either apphcat|on the acknowledgement and understandipg of an aocuracy Iabel
for the dlgltal map ‘image is highly desnrable None the less the abiity to deal wuth

cartographlc data mdependent of scale is an inherent advantage that allow§ computer

graphuc technology to be used for analytical purposes. The notLon of scale mdependence

“ 18 nmportant when consndermg the concept of visual analysus\az presented In: Chapter L.

7

3 N. Chrisman, "Epsilon Filtering = A Techmque for Automatic Scale Changmg
in Technical Papers of ACSM-ASP, 43rd Annual Meeting, 19837 F. 322. '
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Another concept that is directly dependent on computer graphic technology is »

dynamic processing. This concept is very important in the use of the modern'3-D -

_cartographic image. Dynamic processing is discussed earlier in reference to Moellering's

“identification of dynamic and static maps. "While static pictures.are often a good means

of communicating information, dynamically varying pictures are frequently even better-..
. . . N

This ls’especially true when one needs to visualize time-varying phé#omena, both(real

and abstract 30 Féley and’ Van Dam exBiain dynamlc processmg as motlon dynamlcs
and update dynamlcs lFoley Van Dam, 1982). The definition of t,hls concept closely ;
parallels Moellermg s surface exploratlon and spatial temporal dlsplay Motlon dynamlcs

allows the user to view the map ‘image from a varlety of locattog“s\ or orlentatlons in tfle

’ -lmage area. Commonly the map object remains statlonary and the viewer moves around

»

v_‘ it pannlng to, select the portion of view and zoommg in and out f'@r more or less detail.

‘ Update dynamlcs refers to the actual change - in shape cglor, symbollzatlon or other

;‘ propertles of the- (map) Object beung vuewed The smoother the change, the more

realistic antd meamngful the reSult % The understanding and consnderatlon ‘of this

’ concept is especually pertlnent in- light of the research objectlves of the case study

ldentlfled in Chepter Il ; - » T
r »% "_".‘
The development of any system for the cartographlc appllcatlon of spatial data

3

'usung lnteractlve computer graphlcs requnres the mtegratoon of all the concepts

e

7ﬁ, v
drscussad N”o approach that @ercelves usunq lnter-‘a'ctlve computer graphics as a

,technologlcal tool can lgnore these concepts. Wlth careful una‘erstandlng and

approprtate system development methoaologles cq)ncepts as such can become -

)., N
powerful mechanisms f'or effnc»ent spatial analy51$
Ultlmately the use of any computer graphlcs system wlll necessitate software
development if Spelelc appllcatlons .are requnred The development of appllcatlon

software rnus)f\ revolve around mtrnnsuc conSIderatlons of « the computer operating

' system This includes both hardware and software charactenstlcs With the conceptual

]

consnderatlons of ‘using an lnteractlve computer graphlcs system in mind, & is now
-

. approprlate to rewew '(he technolog,vcal tools that wer%(ed in this application study.

'd . 7 ' o

-

% J. Foley. A. Van Dam (1982), P 5.
M J. Foley. A. Van Dam (1982) P. 6.
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4.2 The VAX/VMS + Intergraph interface

The purpose of this chapter is twofold. First, as rfviewed in the’orec\eding
sectjon, it is to familiarize the reader with the conceptual considerations of \using an
interactive compute'r graphics system for processing geographic data. Secondly, it is to

identify, and describe to the reader the technological tools that were utilized in this
research »l § | -

The technological to&s used consist of an integrated confuguratnon of hardware
and software developed by Intergraph Corporation. The interactive computer graphics
system is discussed from three viewpoints. These are the VAX/VMS operatning system.
the graphics system interfaee, and the appiioation software interface.

.

4.2.1 VAX/VMS System Overview - ' ‘ °

A brief overview _o? the VAX 11 system is required before the spacifics of the
operating systemy are ’gscussed. 2 The ba'sis of the Intergraph: computer graphics

system is the VAX 11 computer. VAX 11 is a family of ‘hgh 'performance 32-bit

mini-computers that share a common architecture. This VAX 11 arch:tecture evolved .1y

from the popular PDP 11 series of mini-computers developed by - Dngrtal Equupment
Corporation (DEC). The major advantage &f the VAX 11 series is its extended 32 bit
virtual address space. The acronym VAX refers to Virtual Aﬁr‘ess EXtension. Wt-t‘;-32
address bits, the VAX 11 virtual ao&aes' space is approxumately 4. 3 billion bytes
(2%%#32). "This huge virtual address space allows VAX 11 computers to accommodate
very large programs and large arrays of data.” ** The concept of virtual address space is
best explained in the context of the VAX/VMS operating system. ' y @
As well as a common architecture, the VAX 11 series of computers also ug!e;he

same virtual ‘memory system called VAX/VMS. The acronym VAX is commonly used to
refer to the hardware portion of the system, while VMS refers to the software
components. VMS is an abbreviation for Virtual Memory System. “In ¢his case, the

operating system schedules work to be run®n ttisystem, supervises and.coordinates

(] ¢ .

31 The introduction of numerous computing terms in this chapter necessitates the
use of Appendix 1 for full explanations. Terms that are deflned in Appendix 1
are- identified by the use of italics..

3 yAX 11 Concepts - Architecture and Machine 0verwew . Digita} quipment

. Corporation, Bedford, Mass., P. 7-8.

>
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all system activities, "and manages the efficient use of physical memory " 34 In a virtual
memory system such as VAX/VMS there are two, dlstmct types of addresses, virtual
and physical. A phyS/ca/ address is an address thl; is recognized in.main memory. In
other words, it refers to;real storage locations irj memory. A virtual address, on the
other hand, is an address g&perated by an exeeuting program, :Nhenever a specific
instruction or item of data is referenced. For example, when a program is executing in

) tr\e éentra/ processor unit, hereafter CPU, only a very small portion of the program
actually resides in physical memory at any one time. During the program execution pages
are continually moved in and, out of physical memory- by the VAX / VMS dperating
system;‘ Pages that are actively ‘being referenced are p}iaced in physical memory, 'while
inactive pages are held in auxi//iary storage until they are needed. In this way, auxilliary

~storage serves as an extension of physical memory so that, from the programmer’s
viewpoint, physical memory ,appears to have e 'virteally' unlimited storage capacity. The
concept-of"a‘virtual memory system is illustrated in Figure 4.1. ‘

A concept that is dependent on virtual memory s mu/tvprogramm/ng VMS
exists as a priority based multnprogr%(arnmmg system. Multlprogrammmg refers to the fact
that since the operating system is continually . swapping pages of a progr_e‘nj“nrwﬂa’n_cj oﬂg@

' of memory, more than one |."ogram can be executing at .a time.;'f’Henee, the%p-éi/\;er' or
the CPU is better utilized and this usually results"rld'greater memory efficie:ncy."g%%,- ”’7

In view of the muitiprogramming approach, one other item requires discussion.
The term program has been used as if there is an implied understandi'ng‘f To clear up any
possible descrepancies a dBfinition is required. In the» context of VAX/VMS a program
is a logical sequence of instructions written in a computer Ianguage {ie. FORTRAN), that
tells the computer how to ﬁve a specific problem The source program must be
translated into machine code through the use of a /anguage compiler and /inker to
become a machine executable image. It is this machine executable image that is run on

’ 9

the operating system. The process of program compilation and linking 'is presented in

Figure 4.2.

MW VAX 11 Concepts; - Architecture ‘and Machine Overview, P. 7.
3 VAX 11 Concepts - Operating System Overview , Digital Equipment
Corporation, Bedford, Mass.. P. 1.
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Flgure\d,Q. Program compilation and linking.
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‘Due to~the overwhelming nature of discussing the VAX/VMS system, and the

: . o : : e , ,
introduction of a wide variety of terms that rglate to it. a brief summarization is *

x appropriate. o : . .

"Virtual memory is a sophisticated and powerful technique of memory
management in which main memory and auxilliary storage are combined to give the
illusion of vast amounts of main memory available to the programmer.” ** The main idea
behind v:rtual _storage is that the operating svstem takes care of the many details. of
memory management for the programmer “The programm@r works in a symbolic, virtual
address space of tremendous size and'the system is responsrble for determining what
hardware location each symbolic address is intended to reference.” *’

" Several notable advantages- of using a virtual memory system can \be identified.
General memory efficiency occurs in that Iarge images (programs) are easily handied
without the need for over|ays. The necessity for using program over/ays is a problem
that has plagued man'y graphic applications of the past. This is especially important in
light of the application software that has been‘geveloped for this research. A secondary
advantage that results in memory efficiency is that the use of fixed size pages ir{hib‘its
fragmentation of memory. It should be noted he.% that the use of 1 page (512 bytes) is
a standard unit used by Intergraph in the formatting of their graphic files (1 block = 512
bytes). o

. ’ A second major advantage refers to individual brocess protection. Individual user
processes for each /og on allows unique address spaces to be used. Accordingly, no
lprocess can affect the memory area used by another process. Processes are protected
from one another This is an important point when considering the applncatlo'n software

0"%’ developed for this research. For example, two individual users could log on to the same

/
' accoum and execute the same module of the application software as long as they are

a_sets. Each user would be considered umque. The third marn

[3

for many processes to occur s:multaneously N

~ This brief overview of.the VAX operating system provides a framework with

®dmory system i i§‘that the large quantities of virtual memory allow

.which tovexamlne Intergraph’s configuration. . Many of the system develooment

% VAX 11 Concepts - Operating System Overview. P 41.
 VAX 11 Concepts - Operating System Overwew i idl

€
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methodologies used by .Intergraph no doubt revolve around the VAX hardware

architecture and the VAX/VMS operating system.

4.2.2 Intergraph System Overview " , / ?

The inter8ctive computer graphics system employed in this study is an integrated )

configuration of hardware and software developed by Intergf‘aph Corporation. Since it's ’

"founding in 1969 Intergraph has been manufacturing computer graphics systems to meet
the needs of a broad ‘spectrum of engineering, mapping, and scientific 'applications‘
} )

Intergraph is currently the leading supplier df turnkey graphic systems in Canada. Recent

figures indicate that approximately 60 % of Intergraph’'s market share is in mapping:

applications. With a basel of 152 systems %stalled in Canada alone; Inte[graph has

-become an industry standard in the map production field. 3 This acceptance of
intergraph is not.withoutv its questions and criticisms though. Intergraph is not well
accepted by the cartographic community as being ﬁbmmete cartographic system or
geographic. information system. Little has been done on cartographic and geographic
_ @ﬁpplicat_lons that go beyond the bog:nds of traditional cartographic ’rqsearch initiatives.
Thematic research is required to address many of the pertinent th‘emes of study in
cartography® The use of thematic 3-D fnaps is a prime'example. This research is one
_such effort to apply and evaluate a computer graphics system as’a 3-D mapping tool for

the management of thematlc spatial data.

s

In the summer of 1982 the Department of Geography at the University of

Alberta purchased an Int&pp workstation in ar\‘efg)ort'to address many of these
academic studnes The acqunsmon of a turnkey computer graphxcs system was mmally
percenved as a'teaching tool for the department. Howeve{ar upon familiarization with the
system it became ewdent the pq»gyer of the-Intergraph system was in it's function as a
research tool. in September of 1984 the Department of Geography obtained a complete
VAX 11-730 based Intergraph configuration. Since that time sevgaral cartographic
research projects have been initiated. A system diagram for the Department of

Geography's computer.graphics configuration is presented in Figure 4.3. N

“

" !

w These figures .were obtained at the 1986 Canadian Intergraph Users Group
(CWG) Annual Conference held in Calgary, Alberta, September 8-10, 1986. )

O s
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Figure 4.3, Department of Geagraphy .
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_ hardware features is appropriate a this time.
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A complete overview of the Intergraph system used for this research requires a

discussmn of both hardware and -software character,stucs. A brief review of the ,
. . . ‘

-

Hardware Considerations

Intergrap employs the VAX 11 series of mini-computers as the data processing

, foundation for it's graphics stations. The VAX line represents the industry standard for

performance and reliability throughout the scientific and engineering communities. To
help balanc" the extensive processing load associated with interactive’. compute\r
graphics fuhons Intergraph has. enhanced the VAX hardware with a serles of
specialized processors. These specialized hardware processors .nci. de The Flle
Processor and the High Speed Communi;:ations Processor. ¥

The File Processor is an integrel ycomponent,of all Intergraph data processing
systems. It is a combined storage module disk controller ard scanner. As a disk-
e'ontroller, this processor supports stanc_jard disk reads and writes for the. host
operating system. As a scanner, this processor performs‘ data pre-processing, during
reads, and passes to the host computer only the data that meets scah criteria specified
ny the graphic software. The purpose of the gevice is to reduce the amount of data that

/
n}qst be processed by the host computer iin support of the graphlc terminals, thereby

' }maklng the performance more respons;ve This is perhaps the most nmportant hardware

enhan&ment Intergraph has made to the VAX.

”

/;e Hugh Speed Communications Processor manages local and remote

. cor@(umcatnons between the CPU, graphic workstation, and the plotter. In the case of

the VAX 11 “730 syetem used for this research no plotters were available. As well as

the two main enhancements made to the VAX line, Intergraph also provides three other
P

hardware specific devices.' These are a magnetic tape drive. cisk cirives, and g variety of

S ™
hardcopy devices. ~

The magnetic tape drive is a device that allows online communication with the
CPU to transfer data from the magnetnc tape medium to disk, and vice versa. lts

a A

portablhty and use as an mexpenswe archival method are its main advantages. The tape .

* The File Processor is a registered trademark of Intergra,: Corporation.

-
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The disk drives provided can be either online fixed or removable-media di

devices with storage capacities that range from 80 megabytes to 675 megabytes per

disk. The disk drives are, outside of the CPU, the most important devices in the system.

!‘_Ultimately all data is stored and accessed on these disk devices.

" The hardcopy devices provided by Intergraph may include an electrostatic plotter
W -

with - a ‘banded vector-to-raster convertor (BVRC), a pen plotter, printers, and V-80

electrostatic hardcopy unit. The only hardcopy device attached to the VAX 11-730
system is a V 80 hardcopy unlt

2

' \
in conjunction with the storage and commumcatlon devices mentioned. Intergraph

" systems also inclade a full range of hardware devices oriented towards the manjpulation
o £

of graphic data. A high performance graphi@s workstation is the key item.,

The Intergraph graphics workstation includes dual 19 inch screens that display.a

+ consistent, sharply delineated raster image with-a 1280 by 1024 pixe/ addressibility and

resolution. One screen is monochromatic and the other colour. The ergondmic features
of the wborkstation allow the user to adjust screen positioning along with brightness and
contrast of "the individual screens Aithough both screens use the same graphic design
file, they maintain mdependent sets of ‘window control parameters to permit the
smultaneous display of different window views of the graphics file. Up to four wmdow
views can be simultaneously presented on each display screen. The colour screen can
display up .to 256 active colours trom a palette &f over 16 million. -

The Workstatiorralso includes a hinged ifput table with a sensitized worksurface

area measuring 56 cm by 86 .em (22" by 347. Thns is commonly referred to as the

e

w?

d/glt/zmg tabl/e. Three other hardware devices are connected to the workstatnon and

commonly located on the digitizing table:: These are the floating menu, the cursor, and

' the alphanumerlc keyboard

The //oat/ng menu 1s a command menu placed in a special tablet that is attached -

K

to the digitizing table via a cable. The menu can‘ be moved around the table during a

graphics session without having to reconnect or reload the commands. If required the

c%mmand menu can be removed from the tablet and inserted beneath the digitizing table

surface cover, making the floating menu dispensable. The command menu is a hardcopy
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paper graphic that displays all the editing commands available to the user during a
graphics session. It is divided into two sections. The upper section of the menu contains
a list of textual key-ins and their meanings. They are further subdivided into groups by
theit function. This section of the menu is inactive,. meaning that the key-in I'isting is a
memory aid only. All key-ins are entered via the alphanumeric keyboardt
The lower section of the command menu contains  the graphic software
command set. These command boxes are also grouped by functlon The jower half of
the commands _consist of placement commands. for graphic elements The upper half

consists of controls locks.. and manipulations. In a graphic design session all commands

3 ’

are" chosen by: the user placing the hand held cursor. crossha|r over the selected

- command box and pressmg the command button (C). The command menu is only

operatlonal when a user is mteractnvely wewmg a graphic design file. “The graphic

command menu is |||ustrated in Flgure 4.4. o

The second hardware ‘device attached to.the dlgmzmg table is the cursor: The'

cursor tan be referred to in two ways. The f:rst mode of operatton of the cursor is as

a hand held device that contalns a crosshair ior selectmg commands on the menu and

sp_ecifying the position of points on a drawing to be digitized. The second mode of

‘.

operation is as a movable cross on the viewing screen which’ corresponds to the

crosshair on the hand held cursor As the hand held cursor -is moved, there is a

correspondmg movement by the cross on the screen. The mode of operation of the

cursor is dependent on the buttons depressed on the top of the cursor There are 12_

buttons ‘on the ‘regular hand held cursor. The-top three buttons allow the user to select

commands trom-the menu, select data points in the graphics file, and reset/reject any
prewous selectnon The second row of buttons are for selective functrons such as

snapp/ng ‘to an exact element or vertnce The final two rows of buttons are reserved

for user defined functlons I the graphtcs terminal is of the 68000 based high

performance type.. these buttorts are reserved for the dynamic mampulatuon of the

terminal data set. unns functnon is discussed ater in this chapter

The last hardware component attached to the graphics workstation is the

a/phanumer/c keyboard The keyboard allows the user to mteractnvely communicate with

" the computer via textual commands. All the funct|ons of a regular keyboard are included

—

™
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as well as sorhe special keys that can be used in codn.jUn,ctioh with the 'graphics
software.* |

Perhaps the most lmportant hardware capablllty of the .graphics workstatlort is
the terminal data set. This feature is available on Intergraph $ 68000 series teriminals. It

‘4\4,\.,
.allows the intdrictive user to download a graphlc ﬂle lnto the terminal.-Once the the

graphlc file has heen loaded into the terminal the system CPU lS freed for other ,;"_5

v pNS. Ope ations such as dynam?c pan zoom and rotatxon may be accomphshed;’w

localhy ‘wuth the 68000 micro-= processor performlng the update operatnons ata hngh rate

9
of speed. With respect to a 3-D graphlc fIL, a°dynamlc volume would be loaded into the
o l
termlnal data set. The advantageb of dynanycally pannmg zoomlng and especially

rotating a 3-D image n real tlme addresseo many of the. tradmonal problems assomated'
with 3-D maps. Defining. vuewmg ﬁtmuth and elevatlorf angle becomes an éasy operatlon

that is. performed mteractlvély*by the map user Many of the mhero;vt problems that
s
relate to map Clarity and surface blockage are no Ionger of cont,elrn The map' in this

.sense is viewed as a dynarmic 3 D lmage w:thout the llmltatlons of a finite vuewpomt or

onentatlon The Use of the dynamlc map requures a- basxc understandlng of the concepts
l‘

.of motlon,md update dynamlcs dlSCUSSGd by Foley and Van Dam, as well as Moellering’s
~‘.a e
notlon of dynamlc and‘fiatlc maps

¥
s:a&’,. " ‘ -',"t C e ;

s , : '
¥ Sofrware Consnderatlons :

@

‘ Now that thé hardware conflguratuon has been identified, it is suitable to review

{:dlge software foundatlonOof lntergraph s grap‘hlcs system Two major software packages

torm the operatmg nucleus of- 3&}; Int‘é‘rgraph c‘bmputer graphlcs syste@These are the

-::.Grapm;’s Desngn ng‘»ware hereafter IGDS, and the DataWénagement and

Retrleval a§ystem (DMRS Due,~1§5 a varlety of considerations this research only

necessutated the uae’ ‘of IGDS 4 The role of IGDS as Intergraph’'s nucleus software is
oA full e%planatlon of these special keyboard capabilities can be fOund .in the
IGDS Users Guide Version 8.8. Pages 1-16 to 1-17.

9 nitial investigations into the use of DMRS for this research included
prototyping several database structures for the storage and manipulation of the
data set. However, upon testing it was decided that' the use of DMRS would
involve too many operating overheads, in ‘terms of disk storage.and processing
‘requirements, without yielding sufficient benefits that would be dlrectly applicable

to the objectives of the research.
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illustrated in Figure 4.5 i . /

':DS is a general graphics software package’ that p;'oviu/es a full set of
pre-programmed design and drafting tools (commands) for all disciplines. It supports a"
comprehensive 2-D and 3-D capability with a primary emphasis on ease of us; and user
~ friendliness. The software features a 32 bit database, based oh the ‘VAX/‘VMS Files 11

file structure, with more than 4 billion addressable points of resolution per d‘ilme'nsion in
a 3-D ddsign cube. The size of the database structure allows massive designs and%aps
to be constructed with;éxtreme precision.

Currently the IGD"S environment (ICE} contains 4 modes of operati.én. 4 These are
GRAPHICS, 1U7/L/T/ES, HELP, and DCL. Any of these modes can bextraverrsed by
another. A brief desc,rip‘t.ion of each mode is fitting. 4"

GRAPHICS is the'primarg mode of operation within IGDS and is used for the
viewing and editing of a graphics design. file. The characteristics of this mode of
opergtion and an explanation .of the graphic design file ;Saram_eters follows the
describ;ifbn of the IGDS subsystems. ‘

Thé @:!ZILITIES mode is used for the creation¢of new design files and file
manage: ‘1ent-r'vf$txnctions. External operations can be init:ated to copy. delete, rename,
merge, compress, ;'e;duce, or create graphic design files.

DCL iswcommonly the third mode of operation within IGDS. It allows users access
to the VAX/ VMS operating system via the Digi>tal Command Language (DCL). DCL is the
operatiﬁé system language that allows users to perform functié.\ns and file manipulations
through a command driven process. DCL is discussed in the application software section
~of this; chapter. ‘

| The last mode of operation in IGDS is an online HELP facility. This help function
provides useful inforrﬁation to the user about the IGDS environment. The four major

! subsystemsv of IGDS are illustrated in Figure 4.6 |
Having introduced the modes of operation within the IGDS environment it 1s now

appropriate to discuss the GRAPHICS subsystem and the operational characteristics that

‘p‘ertain to the 3-D graphics file format. , .

H

¢ ICE refersOto the |ntergraph'Command Environment. £
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Figure 4.5. The configuration of the Intergraph
' ' nucleus ‘software. - ‘

o

Source: Modified from : :
IGDS Users Guide, P. 1-2. ,
Intergraph Corporation. January 1985. '
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Two distinct graphic files-can be created for the GRAPHICS mode of operation.
These are design files and cel/ files. Design files require the most-qetailed description.

Once a design file has been created in the UTLITIES mode it is 'entered’ in
GRAPHICS mode. At that time an understanding of tne design file setup is required. The
item of primary importance in any design file is the working unit definition. The ‘
establishment of wori(ing units in a design file is analagous to the definition of a systern
of unit measuremen’( {ie. metric). Each 3-D des:gn area is a cube with 4,294,967,296
(2#%32) unlts of resolution, hereafter UOR's, along each dimension. The UOR represents
the finest degree of _accuracy at which a point can be lo¢ated within the design area. The
definition of working units allows the :Jser to relate t‘he internal measurement of UOR's
to real world coordinates. Tyﬁs the proportuonal placement of graphlc elements in a real
world coordinate system s possuble. The positional accuracy of all elements is
maintained. The standard f\o'rmat for defining working un[,ts is by |dent|fy|ng the system
~of measurement and the factors involved. This is accomphshed by distinguishing a
master unit, a sub unit, and a positional unit factor. In Intergraph notation this is
‘MU:SU:PU. The positional unit indicates the finest degree of accuracy for the design.
The working units defined for the case sfudy base map were 1 KM: 1000 M: 100 CM.
The finest unit of accuracy for the dase map is 1 centimetre (cm). The concept of
working units in the 3-D design area is illusfrated in Figure 4.7. .

The next design file parameter of vital importance' is the /evel. For ease in
analyzing, editing, .and integrating complex maps, IGDS allows the 'LJser to create and
store map elements on 63 identically sized overlays within the design area. These
overlays are referred to as levels. In a 2-D design area each overlay is a plane. In the
3-D design area each overlay is a cube. Levels can be displayed, edited, and plotted in
any combination. Simple textual commancs entered on the alphanumeric keyboard aliow
the user to turn off (OF=) or turn on (ON=) levels of choice. The flexibility of
representing ‘data on multi-levels, particularly with a complex 3-D object, is an advantage
that affordg greater possibilities when considering visual analysis and map clarity.

While levels exist as -the primary distinguishing parameter Qetween graphic
elements, others are availablelto help further delingate features. The other pertinent

parameters include /ine weight, /ine code, element colour, and font, text height, and
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in the 3-D design file.

J
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text width for te*t placement. The combination of these criteria allows users to easily
) disti'nguish features on a map. ‘ ‘ ?

One other characteristic of 3-D graphic design files requires an understanding at
this time. As previously mentioned each screen can efford the user 4 views. In a 3-D
g%phic design file each view must be defined frdrn a planar viewpoint. The standerd
view setup used in this research represents the graphic image in 4 views on. the left
scre'en. These 3rthogonal views enagle the user to see the tep, front, right side, and an
isometric view of the graphic design. Otner view setups are possible. The right screen
presents only 1 view in a top orientation. While it appears you are working in a 3-D file:
in actuality planar input techniques are used to create 3-D designs. This setup is
iflustrated in Figu(r\e 4.8.-’Eacg view (orientation) can be manipulated individually. A wide
hvariety of manipulations is available for tha views. Theserange from independent view
rotatnons to volumetnc dlsplay windows. The use of the termlnal data set to dynamically
manoeuvre the 3-D map is only avallable on‘one screen, the right by default. Full edmng
funct:ons are permltted while the design is dynamically loaded

The secbnd type of graphic, file distinctive to the GRAPHICS subsystem is the cellv
f||e This is commonly referred to as the cel// /ibrary. Cell flles exist as standard
' retr.svable libraries of graphically defined symbols generated by the user. The symbols, _
or celi:. stored in a library are retrieved by a naming converition for placement\un the .
active decign file. The only requirement is that 3-D design files only use 3-D cell
librzries. Tre ability to create a 3-D cell, such as a cube, and store it in a library for
future use 's an obvious advantage when using such symbels to represent large amounts
of data. THe user. only need identify the cell name and the origin at which the cell is to be
placed. Cells as used in the cpntext of this research represent point symbols onlyé: o L

This completes our d.iscu"ssion of the IGDS nucleus software " within " the
lntergra;)h computer graphics system. It is important to note at thrs time tnat oiher
specif’ic mapping application software is available within the Intergraph domain. Sp‘ecialty :
software packages that pertain to the maeping field include World Mappingl'Syst.em
(WMS), Digital Terrain Modeling (DTM), Terrain Modeling System (TMS), Edge Matching
(EDGE) Terram View/TDM (3D MAP), Elastic Body / Small Angle / Least Squares

(EBSALS) Grid Data Utllmes (GDU), and Graphic Polygon Processmg Utilities (GPPU).

»
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Standard view setup for the
3-D dssign file.

Figure 4.8.
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' These software packages are oric -:ed towards specific applica . “s and were either,

not available, or offered little in wirm- 0f the rasuarch objectives cf tis study.

4.2.3 Application Software ~terfaces
The ability to design . ~d mplement apolication sofware ' a flexibility reqoired
of any computer graphucs syste icdav Most mapoing applic. s require user-written
. software interfaces to perform many cf tha prc- essmg t7< 5 involved in spatial data
management. One of the streagths of the Intergrach @ . system is it's direct interface
with the standard \/AX/VMS operating system. Inis affords users the flexibility of using
software tools outcioe of the soecific intergrapn routines. Accordingly, the application
software interfaces utilized in this research can be discussed in the context of
VAX/VMS and Intergraph. Since the VAX/VMS interfaces provide the mlajority of the
utility and pre-proceséing' functions it is proper to'review these first. ‘o
User access to VAX/VMS services is provided by means of a command
languages Digital Command Language, hereafter DCL, is the standard command ianguage
for VAX/VMS. DCL is a command drivec interactive language that provrdes basic system
services, initiates system utmty programs, and initiates user programs. The majority of.
these capabllmes jnvolve the manipulation of data stored in user defmed files. Intergraph
format graphic files are compatible with the majority of DCL commands
.The VAX/VMS service used most in this research is command level
programming. Special files caVIIed command procedures are created containing a series
.-of DCL commands. When a command procedure is invoked the system will process the
commands one at a time. Command procedures aliow the user to catalog and automate a
serias of commonly entered commands. Commonly performed processes that may take
several commands can be formalized and executed in future by means of one command
procedure. In addition, one can take advantage of special. DCL commands lie. /exical
functions), to perform programming functions such as assigning symbolic names,
avaluating numerical and logical expressions, accepting parameters, and communicating
with the interactive user. in the application software developed under the scope of this
research, command procedures play an integral part in the pre-orocessing of the data.

. Several command procedures have been developed to perform a variety of utility
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functlons These inciude base map creation. data file sorting, help file: accass data fule
’mampuiatxons and program aobess Program access refers to the creatnon of an

enwronment that allows users access.: ‘(o all data processmg progmams The access

environment uses several menus to allow the user the ability éa perform a variety, of

functions. The access environment and the command procedures involved are discussed *

in more detail ikn Chapter V. / ' o
Beyond command level programmlng VAX/VMSﬁfowdes a comprehensive set
of toodls for developing programs mcludmg an int 7 five full screen editor (EDT)
sort/‘merge ._‘utlhty, a librarian facility, a FORTRAN coﬁer, a linker. and the VAX 11 Run
Time Procec;tjre Library. A brief description on the use of each is appropriate.
The full screen editor permits the quick insertion and editing of text withjn ASCII
text files. This service was utilized for original data input and editing, as vsfel! as the

writing of all application command procedures and FORTRAN source programs.

The sort/merge utility is invoked through one specific application procedure to

allow the user the capability to easily re-sort data files as required. The sort utility was .

\'” .1':

o
h- .

vitally important during the earlier stages of data &@aning, validation, and classification as

discussed in Chapter lil.

The librarian facility was used throughout the software development phase to -

Sy

help catalog and store the numereoug ",ﬁ@utlnes Three main lubrarles were mamtamed

These were for storang\%@s 'herp library), corymar\d procedures and source
programs (text liprary), and compiled object modules (orbject library).

The VAX 11 Run Time Procegure Library prov‘ides a host of run time routines

that allow for general variable manipulation, //O functions, terminal independent screen

nandling, time/date functions, resource allocation, and condition handling. All Run Tnme

- 1brary routines are available through specmc high level language (ie. FORTRAN; calis. In

Tl apphcatuon software developed, a small number of Run Time lerary routmes were

?’!’:ied. ¢

The VAX/VMS tool of most importance that was employed lh the .application

software involved the use of the FORTRAN compiler and the /inker. The FORTRAN

,.

compiler is a language depehdhht translator that converts programs written in FORTRAN

source code to object modules. The linker searches appropriate objac't module libraries
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and links. all modules referenced into an executable /mage The executablemmage may be .
o u 3‘

thought of ‘as'a complete machine code translation of the orlglnal source progvy?;m This

_ executable lmage can be run on the operatmg system to perform the desc;edotask The

simple conceptual steps involved in this process are illustrated in Flgure 4. 2

languages. The language applied in th|s research lS FORTRAN 77 ThIS language was

. chosen for two-main reasons. These aré it's acceptance within the dlgltal mapping field

/\)
hY

nd more specmcally it's compatrblllty with 1GDS software A }

FORTRAN is somewhat of an lndustry standard within the dlgltal mapping fi fldi
It was developed for use ‘with mathematlcal ‘applications. *:The. field of pping

gital ma
or more generally geographlc data management is one that intrinsicaliy- involves the
manlpulatlon of coordmate systems and numerical values {representing data themes).

Accordingly, the use of FORTRAN is. quite approprlate " Another ‘consideration that is

dlrectly related to FORTRAN 5 acceptance is its tranferrabnllty The FORTRAN language is

.

wadely used amongst the computer mapapmg community and correspondmgly is
supported in almost"all computer processing systems. Therefore, programs written in
FORTRAN are easily dlstributed and utilized by a wide variety oft'users. As well,
programs coded in FORTRAN can‘ be fe).asilyl‘“'c:_o,nverted to other site specific languages

{ie. C).

)"
i

The primary reason behlnd usmg FORTRAN is_ it's compatibility W|th the IGDS

. mterface software lntergraph s |GDS interface subroutines are only compatibile with a -

small number of hlgh level languages FORTRAN exists as the fundamental interface

language. Considering the reliance of this research on the Intergraph system the choace'

of FORTRAN was inevitable.

As previously mentioned the development of -an application program on
VAX/VMS requires a number of steps. These include ‘compiling and linking. The
complete pgogram development process as applied in this research is presented in

Figure 4.9:

© 1t is understood that several mathematically inclined languages are being used
for digital mapping applications in, the field. However, the mos§ common and
accepted by far is FORTRAN. _ ‘ \/

s FORTRAN refers to FORmula TRANslation.



Figure 49. The program development process.
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’ ' Once the V;\X/VMS"software interfaces have been reviewed it is appropriate te
discuss the lntergraph application i..terfaces that were employed These consist of the
“use of the Desngn File Processor Interface Task, hereafter DFPI, and user commands,
hereafter UCM. ‘ I
On the VAX system DFPI provndes a number of interface subroutines to
i manipulate graphic design files These are -com’monly re?erred to as DFPI FORTRAN
" interface subroutines hereafter DFPIIS. These subroutines allow the user to place
graphic elements in an IGDS dveSign file using the DFPI task. "The subroutines simplify the
user's interface to DFPI and provide maximum capabilities with a minimum knowledge of -
DFPI opérations." 4 The transfer of data from the FORTRAN application program into the
' IG‘D”S design file format is performed automatically by the DFPI task. '

Any, discussion on the use of DFPI would not be complete without a brief review
of it's operating consrderatio‘ns Several of these consuderations are addressed as
potential problems in the application software package as discussed in Chapters Vl and
VI

. The use of DFPI interface subroutines require an IGDS -design file and‘ cell file.
Al files used by DFPI must be-preallocated cantiguous files o/f s'ufficient size to‘contain
all elements to be placed.” * Only de5|gn files that consuét of contiguous storage blocks .
can be Viewed graphically and manlpulated by E\FPIIS Any program usmg DFPIIS must call
the INDFPI subro’ tine to initialize the DFPI task and call the DEDFPI subroutine to detach
the DFPI task when -processmg is finished. If DFPI is not detached properly the user will
; not. be able to execute the application program again. This is due to DFPI employing the
File Builder (FB) subprocess ‘as its work horse. The use of the File Builder is consistent
" with the IGDS nucleus software In an error situation as such, the FB subprocess must
',be stopped before execution of the application program can continue. DFP'IS support
the. placement of a wnde range of graphic elements In the application software
b_ developed only a small number of elemen\t types were requured ‘These were cells, linés

and text The appropriate ;ubroutines used were CLDFPI LNDFP!, and . TXMTRX A*
& complete Iist of all DFPI subroutmes used is presented in Table 4.1. o

»
e

4 /GQS Ap,o//cat/on Software /nterface Document Verszon 88 lntergraph
- Corporation, - Huntsville, Alabama. P. 6-1.
b /GDS App//eat/on Software lnterface Docament, P 6-1. '

P



7

~

Table 4.1. DFPI subroutines used. ' | .
Subroutine
Name Description

LKTCSI
INDFPI
RDTCBA
CLDFPI
 £ND#P+
'TXMTRX,

DEDFPY

L

Source :

A utility subroutine to convert fils
name to format required by DFPIL

]

Initializes DFPI and opens the design ¥

file and cell file for use.

Reads Tgr’minalControlBlock (TCB)’
data using 6 character RADS0 name.

Places user defined cell using

angle and scale factor..

Places a line as defined by
two end points.

Places text characters by a

rotation matrix. , A

Detaches DFP! and closes filés.'

o

Subroutine information was obtained from

IGDS Apptieation Software Interface
Documet, Version 8.8, Intergraph Corp., January 1985,
/ ‘ e '

~
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A major consideration involved in'using the DFPI subroutines is the ¢ontinual
support provided by Iptergraph. The DFPI routines appear signifiycantly important in
Intergraph’s interface approach. Obviously much work has 'g'one into their development.
This is not to say that they are without limitations however. These limitations are
addressed in Chapter VI and VIL. Recent upgrades to the 1GDS nucleus software indicate
a continued effort to enhance and .sppport the DFP! subroutines. Consequently, the
"appropriateness of usmg DFPI may well outlive the theoretlcal considerations of the
application software. _ %f-i "a’%ﬁ&‘

it is important at tHis time to put the use\of DFPI inl;‘perspective considering the
entire context of the apphcatlon software. As previously mentioned, the VAX/VMS
application tools are used primarily as pre-processing funetions. File management utilities
are most common. DFPI conceptually goes one step further and provides the
fundamental processing tasks for the application software. All graphic production is
accomplisvhed using DFPI subroutines. The last step in the application pro'ce,ss is post
processing. These fu’riction.:; include graphic editing, element manipulati'on, and v‘isual
analysis. - User commands provide "~ some of .the mechanism for this step. An
understanding of the user command inter face is required. |

A user command can be defined as a customized sequence of graphic commands
that are inserted into an ASCHl file for use at a later time. The concept of user
commands parallels that of the command procedure discuesed garlier. The distinguishing
factors being that 1Jser commands operate‘ only in the IGDS GRAPHICS mode of
operation, and they must be composed of specific user command /anguage commands.
Each user command exists as a Sernes of ASCH text strings |n a file on disk. "When a
UCM is .invoked, the Command Interpreter (Cl) retrieves the file from disk, decodes
each’ text string in the file, and performs the specxfléd operatuon' ¥ The purpose of
specific UCM's can range from the simple definition of desngrrf flle parameters to the
more complex creation and mampulatlon of graphuc elements. In the appllcatlon software

e“/eloped for this study UCM's primarily perform the funct|ons of setting up design file

parameters and activating specif‘ic application menus. A small number of UCM'’s have

been developed to aid the user in the manipulation of graphic elements during the
» ’ ‘

"
R \

© IGDS Application Software Interface Document, pP.2-7.

¥
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interactive editing stage. The ability to develop and invoke UCM)s is a distinct advantage
when one considers the intetactive mapping concept. This UCM interface allows the user

an open ended flexibility in defining and pefforming the editing and analysis furictions

affords many possibilities for future research into the definition and evaluation of the
interactive editing process.

Cin summary several important points should be noted. The review of computer
graphié processing concepts and the techno.logiy involved is complex in it's nature.
Depending on the field of application no{ all conceptual or technological considerations
.'an:e relevant. Consequently, the discussion of VAX/VMS and Intergraph is nqttcomplete.
It is not intended to be. A review as such goes far Beyond the bounds of this research.
The brief overview of both - rstems and their interrelationships is only intended to
establish a technological framework in)'which to place the context of this application
stud‘y. Given that a genera um_jerstanding of the technological tools has been established.
it is now appropriate to =xam: ¢ the specific applicatioh software package developed

for this research. This w' be undrtaken in Chapter V.

EANS

that are required in the use of the 3-D cartographic irfige. Obviously, this interface -



. 5. SOFTWARE DEVELOPMENT AND IMPLEMENTATION

The application software package that was designeé, implemented, and tested in
this th‘e‘sis'research has been "entitled the Urban Mapping Information System, hereafter
UMI'é. UMmis was developee wnth respect to the four primary aims of this study as

identified in Chapter I. These were to : >

1. Integrate cartographic, geographic, and computer graphics appr‘l'.‘bachesb for
the analysis of spatial da“ta.q J :

2. Provide a three-dimeneional (hereafter 3-D) mapping method as ah alternative ‘
technique for the effective displaylof temporal urban spatial data.

3. Provide a process that would allow for the analy.si‘s of urban change over
time. | )

4. Implement a practical applic'ation that would. make use of Intergraph’s

Interactive Graphics'Design Software (IGDS) computer graphic.s:gﬁétem.

UMIS currently exists as a set of interrelated programs. and procedures thaf are based
on the technological tools as presented in Chapter IV. UMIS was designed and
impiemented within the conceptual framework, of  software development that is™
presented in Figure 3.4. Several Iimportanf ideas permeate .?his ‘development

%4

methodology. These are dlS\,USSBd in terms of practucev%ystem, design ednsiderations
and development objectives. ‘ 7 2 v

[

5.1 System Design Considerations

4 -

The most important consnderatlon was an attempt to incorporate current spatial
data processing methodologles into the. system design. A review of the abundant
literature on system design concepts prowded several pertinent |deas These are
| presented below.

The notion emphasized most often in the literature involved extractin'g subsets of
~data from a master data base and processmg these subsets mduwdually Accordingly,
data subsets-are of a tempsrary nature and are often expendable after graphics analysis

. . . . Q
- and processing. Of course, this idea requires that several programs must be available

coe
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. . . . Q
and processing. Of course, this idea requires that several programs must be available
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ndea of mdependent data sets for both attribute and posmonal data is directly apphcable
to the concept of ' usmg data subsets Data subsets, without the storage overhead of
coordinate data, are more optimally suited for mampu!atlve and analylcal processing. This

applies for most of the analytical functions requiced for point data. However, for more

v . " © . r
complex GIS analytical functions, such as those that are required by linear or polygona:

data, coordinate ipformation may be required.

A brief description of the attribute and positional data files used in this research
is appropriate. T'heLB‘or)dStreet case study employed for this research has four attribute
files. As outlined .in Chapter il two data sets were ‘used. One data set ranges from
1950 to 1980 in one year intervals, and the second data set ranges from 1840 to 1980

in five year mtervals Each data set is available in a file sorted by year first and address

. second, and address fnrst and 'year second These. are referred to as the yearly sorted

file and the address sorted file. Two cross sorted data files were requnred for each

s

data set due to the practical processmg con5|derat|ons mvol;:d in fulfiling the three
initial analysis concerns identified in Chapter Hl. The two_ crdss sorted data files were
also used heavily in the data cleaning, valndatms;, an classnftcatlon steps identified in
Chapter lil. Each file i$ approximately 0.38 megabytes in disk size.-

\ ' The positional data for the Bond Street case study is locateg in one data file. This
file is named BOND.XYZ and is referred to as the mastek‘r"coordirg‘éte file. The positional
file was created by extracting xXY.Z c~oordinates for selected point locations, ie.
centroids representing street addresses, frOrr\ a British Ordnance Survey map digitized

into Intérgraph IGDS design file format. The original base map was digitized into a 3-D

graphics desngn file using Intergraph’s IGDS software After determining the required

- addresses and referenging these agamst known address locations for the 1980 base

map, point locations were extracted for all required addresses. * A Iocatlon was
)
determined for all possible data set addresses. It should be understood that through tnme

+*

several addresses dlsappeared reappeared, and amalgamated with other addresses.

Often determining mob//e addresses is' a difficult problem Accordingly, 1t was decided

| upon after consultation with the urban specialists, to provude coordinate locations for all

_possible addresses. It was hoped that with graphic analysis of the data set the process
' : b

%o All addresses were determmed dunﬁg the data checking and validation

procedures descrsbed in Chapter .

N

e
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Iy

]
|



o

of address migration would be more'clearly identified. At that time modifications to the

data files, positional and attribute, could easily be undertaken. '

- Coordinate extraction (X,Y,Z) for all possibie addresses was achieved through a

UMIS routine, written by the author, called GETCORDS.UCM. This user command is made 4

available within UMIS to allow the user the flexibility of adding new address locations, or.

creating new ‘master coordinate data files. In fact the Bond Street case study required a
modified master coordinate file several times after some initial processing indicated -

errors in the location of some addresses. The positional file is utijjzed with readonly ‘

access by the, UMIS software and is matched with the attribute data subset files as the

last step before graphics processi.ng. The address ',attribute itam is the primary key for ’

all coordinate matching.
The last practical system design consideration is more concerned with the
fechnologjcal tools to be utilized. Since part of the overall aim of this research is in fact

a practical application of the Intergraph IGDS s_ystém, it is appropriate that software

development make use of the Design File Processor ‘Input {DFPI) graphic primitive -

subroutmes DFPHS exist as the fundamental processing tasks for the application
software Chapter VIl will offer an evaluatlve review of the appllcablhty of these

~

subroutines. v

5.2 Development Objectives oy
While the system design' considerations tend ‘to be concerned more with
conceptual questions of data storage and design stra:égies the (/devel'opment pbjectives

far UMIS stress practical functnonahty These are discussed below.

Perhaps the overndmg theme evident in all of the UMIS procedures 1 thenr ease

of use. % Prior to the development of the UMIS application software this author was

surprised at the dnfflculty and confusion rnherent in operating other apphcatnon software

v

' packages Most of these app//cat/on programs appear to be written by computer

programmers for computer programmers. Consequently, the objective for all UMlS
procedures was to be understandible to the appllcatlon user. in this- case the urban

-

s The term procedures is used in a generic sense to describe software

_programs, command procedures, text files. and user commands.

77
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specialist, and easy to use. Complete documentation for all procedures was a priority.
As well, an on-/ine help facility is available for interactive reference while operating the
software. #?

A notion that is directly relate;i to the user friend/){ concept is an orientation
‘towards the urban geographer. Wherever possible relevant terminology has been used
for describing, prompting, and summarizing processing options available. The idea beiog '
that a researcher who is comfortable operating a soffware 'package will achieve more

beneficial results than one who is not. Experience in the area of system design indicates

that the user who is confused, frustrated, or intimidated by a software product will tend

-
)

not to u'se it, * ‘
Another r‘najon" objective in the development of the UMIS software is flexibility.

All the prooeduresf within UMIS were designed and written around possible use with
other data sets. This was a concern expressed early on in the stages of software
development by the urban specialists. The modular approach to the development of the
system provides an cpen ended product that allows for future modlflcatlons and the
addition of specific application routines. The Bond Street case study and the three
primary concerns expressed by the urban specialists form the fundameri;tla'l:fjbase of the

'UM_IS system. However, it was decided that flexibility with other date:sets would

By ultimately determine the quality of the software.

Perhaps the most important development objective was to address the three

‘ prnmary concarns of initial inquiry by the urban specialists. These were : '

|) The |dent|fucat|on of spatnal and temporal relatnonsnps

between'functlonal ac,tuvmes at specific addressess. "

i) The ndentn‘lcatnon of the average Iength of stay of

all actlvmes for specific addresses.

iii) The identification of activity perswience for~
specific addresses_. .

\

a

2 The term on-/ine refers to an interactive facility that is readily accessible via
the computer operating system while the user is signed on to the system.

$This notion is well respected within the electronic data processing (EDP)
profession. Studies into the ergonomic design of software stress the importance
of making the user feel comfortable . to obtain maximum productivity from that
individual.
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By fulfilling these needs the bounds of software development could be established. With
this in mind it is important to note that UMIS is not int8hded as a comp’rehensi\ve tool for -

the urban geographer. The current status of the application software only addresses the

: rudimentary pre-processing and post processing concerns, as well as the three primary

_.w
T S

3

graphncs processmg options.

The development objective of next mportance was to fulfill the cartographnc
aims of the research. As identified in Chapter | two primary requirements define the
cartographic aims of this study. These are to statisically measure and evaluate the data
set, and to ineorporate the inherent advantages Dof 3-D representations. A brief review
of both goals is appropriate. |

From a strict cartographic sense the process of statistically rﬁeasuring and
evaluating data subsets is required. The use of qualitative data, as in this case study a
nominal data set, justifies the use of statisticai analysis in order to obtain a descriptive
measure of the data. This type of data analysis fulfills the data manipulation step ef the
date handling model presented by Robinson et al, 1978-'“F.’ 129. As well, it cohvenieﬁtly
fits into component three of the GIS mode! as proposed by Marble. Thts allows the user

to measure and evaluate their extracted data subsets before graphics processing is

undertaken. Fqc. .thé data sets that are utilized in this case study, the most appropriate

¥

measure of centﬂa{ ‘tendency with which to summarize a nominally scaled distribution is
the mode. The most commonly used associated index of variation is the wariation ratio
{Robinson et al, 1978). )

In any nominal distribution the mode is the class that occurs most frequently. As
in the Bond Street case study the moda/ cl/ass is the SIC code that occurs most
frequently thrgligh time for a g.iven data eubset. As previously discussed, a primary
design consideration was to extract data subsets for individual processing ‘ses‘sionsﬁ. The
measurement uf the modal class would be very useful in evaluating the content of the
data subset t;efore graphics processing. .

“ In an eff?rt to indicate how representative a fnodal class is of a given distgibution
(data subset), a Qariation retié‘Ean be célci.llated1 The variation ratio (V) can range from O

to 1. The nearer V is to 0 the better the qualny~ of the mode as a summarizing statement.

T
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The variation ratio is calculated by
g V= 1 - {f-modal/ n) _ where

f-modal is the number ofoocurrences in the modal class

n is the total number of occurrences

A modal analysis of the data subset can be -part10ularly informative when considering that
data can be extracted for specific addresses through varying time periods. The content
of a data subset is completely user defineable. The user may have no idea what the
distribution {ddta -subset) ls composed of. This is espeoially true if the data subset was
selected based on an address criteriz. '

‘The modal analysis step for processing qualitative cartodraphic data is
lncorporated in UMIS through a subroutine called MODAL-DAT. After a data subset is
extracted the temporary attribute file is automatically processed wnth the MODAL-DAT
subroutine. An added option.of modal analysis. by yearly intervals is also available but
must: be specifically requested by the user (MODAL-YEAR). Sample modal” analysis
statistics are presented with the UMIS examples in Chapter VL.

The second cartographic aim, and perhaps the oné that is most relevant, is to
inc”orporate the inheﬁent-‘advanlages of using 3-D representations in the spatial display
and analysis of the éata' subsets. In fact the three initial concerns expressed by the urban
specialists were’ developed around the ability to-utilize three axes for displaying data. In
all three graphles processmg options the third dimension (Z. axis) is used to display
different datg varlables Thls varlety in use, along with the mterventlon of other visual

varlabIeS'lle‘ colour), allows the user to utilize the 3- D representation in three different

ways.

» faa
5 3° UMIS Overvnew ﬁ ) , ' '

-

The UMIS application software package was designed, imptemented, and tested

. "with respect of the four primary research aims. “"UMIS currently exists as a set of

interrelated programs and procedures that are dependant on the following software:

.1, VAX Virtual Memory System (VMS) Operating System Version 4.0

2. "'In_tergraph' interactive Graphics Design Software (IGDS) Version 8.7 or higher.

K}
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All UMIS procedures were based on the technological limitations of the above §5?twa}e,

and any changes in the structure, storage, and/or operation of said software may affect

the operation of the UMIS package.

The framework ef software development for UMIS was based on several

v

pertinent system development concepts. These were discussed in the pravious section

of this chapter.

a

The UMIS software was desiéned around a research initiative invo!vihg the Bond
*» Street deta set. This data set includes urban retail data items for the Bond Street
shopping street coVering the periods i840 to 1880. The data set is included with the
UMIS software"as a demonetration data set. Three initial research aims that were

lden‘nfled for urban retail infrastructure study became the focus for UMIS development.

Tﬂgse were reviewed earlier in this chapter.
R \L

ln‘considering'the basis of the UMIS system several data -set design
conéderatlons require identification. These are

1. UMIS is only valid for use with pomt data. Point data is representative of

v discrete X,Y locations on the earth's surface and infers no interrelationships
. b

&’%wnth //near or polygonal (areal) geographic features
‘g‘u’he primary attribute items are.yea

code For the case study, a six dlgut h

to reBresent Standard Industrial CIassxﬁc@ﬁbn (51{’5) activities. Each record in
the attruBsutgkdata file contains’a year dehmnter 3 street address, and a

functional classuﬂcﬁgg code (S

_\/\"/i‘tAhin UMIS the term acces?é%gﬁfﬁem is used to describe a command
procedure that allows users access to program selectio:n menus. The access
environment supphes a variety of menus to allow the user to perfprm selective tasks.,
This concept is the ba5|s for interaction with the UMIS software. The three graphics

processing options identified earlier are all accessible via the UMIS access environment.

5.3.1 Graphics Processing

‘y(f

The graphics processing options are the most important aspect of tﬁae UMIS

software. Three basic programs are available to create 3-D graphics design flles;j%ach is
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based on a fundamental geographic aim as identified in Chapter Hli. The goat of each
\ program is rev;ewed below A
1. - Yearly Establlshment AnaIySIs * YEARLY ESTAB
The identification and display of spatial and temporai relationships between
activities at specific street addresses. ’
2. Average Length of Stay Analysis * AVG-LENGTH
" The identification of the average length of .stay of all activities for specific
addresses. ' _ /_/
3. Duration of Functlon Analy5|s * DUR -FUNCTION )
| The rdentuflcatnon of activity persrstence at specific addresses throughout the
entire time period.
The term activity refers to the classification code assigned to a specific street address
_at‘a harticular time. In the Bond Street case study activity refers to the urban retail
function expressed as a six digit modified Standard lndustrral Classification (SIC) code. It
is important that the user has a good understanding of the content of the data set é&
well as complete knowledge of the classification sche.me that is being utilized. Use of
the UMIS graphics programs necessitates that the user understand what subsets are
being extracted and the geographic implications of* their use. A brief overview of each

graphics program is required. ’ Y

. _Ynaarly Establishment Analysis * YEARLY-ESTAB
| The YEARLY-ESTAB procedure is the rrtain graphics processiné program within L
UMIS. This program was developed to fulfill the primary geographic aim of identifying

'the spatial relationships between activities at{specific addresses for specifie time

periods. YEARLY ESTAB will create a map that displays pomt symbols as 3-D building

like pillars. The YEARLY-ESTAB procedure makes use of the three main attrubute items.

These are the data item year, the street address, and the classrfucatlon code.
The classification code represents the qoalitative attribute. lo the Bgond Street
case study thisgrefers to the urban retail activity 'described by the modified Standard

industrial Classificatioﬁ six digit code. !

¢y
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S

Within YEARLY-ESTAB three graphic axes are utlhzed The X and Y axes are used
to define the positional location of an address, wh#e the Z location is used to define the

exact year of the data item. The visual varizble co/our is used to define the code activity.

The cclouyr coded-cell selected for placement can be chosen to represent one specitic-

actnvnty or a range of aetwmes 3 The term activity is analgous to class:flcatlon code.

One cell is be placed for every address for a specific time period. For example
| consider the Street address "NOO1" from the Bond Street data set. The user could
, .extract data only for this address. In the conversion of the data file to graphics the user
would place colour coded cells based on a specifie code or range of codes. A complete
understanding of the classification scheme is a necessity. This would result in.a 3-D map
where cells were only placed for the street address "NOO1". Given the code distinctione
defined by the user drffereht colour ce_-lls would be placed for each criteria. Cells would
be stacked on top of each other for the time periods'. The bottom cell on the pillar
would represent the earliest time period. Accordingly, the top. cell of the pillar wouild
represent the latest time period. The colour of the cell woeld represent the user defined

I}

code distinction.

With the Bond Street case study as an example the colour of the cell wouid
represent the type ef retail activity. A comprehensive knowledge of the classification
scheme is reqbuired by the user to define the code distinctions. The user can choose to
distinguish at a'very fine level of classificet‘i‘on lie. shoe/boot manufacturer (618211)
versus ’shoe/@éo‘t maker (618212), or at a very} coarse level of classification {ie.
primaryﬁedustry' (1>txxxx) versus retailing‘/ tertiary activity (Bxxxxx). |

Q
“»
9

0t should be noted that with the Intergraph IGDS software colour 1s static
for 3-D normal celis. Colour is defined at the time of cell creation and
consequently different cells must be used if different colours are required.
Accordingly, the YEARLY-ESTAB module provides the user with the flex:bmty of
multiple processing passes using different cells to create 3. 3-0 map. Tl

5 \ . ~
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Average Length of Stay Analysis * AVG-LEN(

The AVG-LENGTH procedure calculag

classification codes for selected addresses, Jjisplays the average value as a cell

A

pillar. The height of the cell. pillar corresponds to the average length of time in years'that

all classification codgs were present.at a specific address. The AVG-LEIu\IGTH 'procedure .

makes use of the three main attribute items. These are the data item year, the street

,address and the classification code.

Within AVG-LENGTH three graphic axes are utihized. The X and Y axes are used

-
to define the positional location of an address. while the Z |ocatnonl 1S used 10 define the

average number of years any classificdtion code was. located ‘at a specific address.
i o )

. Hence the Z axis increments sequentially in years from the base map location. The base

Z value would be 0. The Z value'mcan be thought of as the elevation. However, with,

AVQ-LENGTH the elevation is represented,by the number’.of Yé\ar's. The height of one
cell 'would equal one time period in years (ie. 2.5 metres = five yeafs). The usen'sh@d
be awere that due to the nature°of the statistical analysig yearly intervals that exceed two
years are not valid. An averagmg \%echnlque as such would mcorporate too large a margm

of error if the yearly interval used was §reater than' two years Accordingly. th‘s

procedure is best suited for data sets with a one year data interval. The program will

validate and warn any user who -attempts to use data with yearly intervals greater than )

3

two years.

The visual variable colour is- used to dlstnngwsh a user defined selection critéria.
&

The selectlon criteria may be defined as arange of valued or as a range of addresses. |

Colour codeg cells are placed based on the selection criteria. The term ‘value reters to
the average length of stay in years for a specific address. Current-average vdlues can
range from 0.0, where no classification codes at all existed for the entire time period at

a specific address; to 100.0, where only one classification code existed for the entire

- time period (100 time periods maximutn). A value of 1.0 would indicate that the average

length of stay for a classification codg at a specific address is one year. In the case of a
100 tlme period data set {the maximum), a different classification code must have been
present for every time period. One cell would be placed for every address for a

specific time period if the value for that address was within the user’s value selection

Y
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cr:terna ‘or if the address was within the user’s ad{?ress selectlon cmterla Users can only
elect items for placement by def|n|ng etther a range of average valyes or 4 range of
addresses For example, consider the Bond Street case study In the COhVGFSth of the

1

data file to graphics the user would plac ' ur coded cells based on a specrfuc range

G

of values or addresses. This would result in.a 3-D ma% where cells were only placed for
addresses that fall inte the defined selection criteria. Given the selection distinctions
made by the user difjerent colour cells could be placed. Cells would be stacked on top
of each other. The height of the pillar would .repre-sen.t the average value in years.
Depending on the monthly accuracy selected, the average value would be rounded off
' accordingly. The fevel of vertical exaggeration for the cell pillar is determined by the
monthly accuracy. The colour of the celi would represent the user defined selection

g

e, 8- range of values or a range of addresses.

Durauon of Fun-tion AnaT;/ms * DUR-FUNCTION ~

The DUR-- (LTION procedure calculates the duration in years that a
classification code has been at a selected address for the currentltime period.. Th.
height of the cell pillar corresponds to the accumulative number of years, or duration,
that a classification ce‘de has been present at a specific address. The DUR-FUNCTION
procedure makes use of the three main attribdte items. These are the data item year, the

> street address, and the classification code.

Within DUR FUNCTION three graphic axes are utilized. The X axis is used to
define the positional location of an address; the Y axis lS used to represent time
periods, In even increments away from the address X,Y origin, and the Z location
represents the cum‘ulagive number of years (duration) a current classification{icode has
been located at a specific address._Hence,j thé Z axis increments sequentialhl in years
from the base map,locatnon. The base Z value would be 0. Each cell height would be
equal to one time period in years. The Y location for an X address on the street would

represent theul#urhest time period for the data set. Yearly time periods would increment

sequentially g : g:‘Jom the street dependant on the cell width. The width of the cell

represents one f"tl‘me period in the Y direction.

R

& .
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. The visual variable colour is used to distinguish any data subset the user desires

X utilizing a yearly selection, an address selection, and ‘a duration value selection

cNteria. The cell selectedrfo'; placement can be chosen to represent any i:ombjpat_ion of

the above attribute criteria.,The duration value refers to the accumulative number of

years, not yeaeraB, that the current classification code has been present at the |

specific address. Duration values can range from the number of years representing the

yearly interval (ie. one or five years for the Bond Street case study), to the maximum

,

number of Ay—ears for the entire data set (ie. 30 or 140 years for the Bond Street case

‘study). Every time a new classification code is present at ar address the accumulative

a

duration would -start with the lowest possible value (the yearly interval). I no

o

classification code was present at a specific address for a specifi¢ time period no cell

would be placed.

The pillar map that results from DUR- FUNCTION processing has a cell placed for

‘every time period of every address. The herght of the cell corresponds to the duration

valué. Time (Y axis) increments with the most recent time period, {ie. 1880 for thr Jond

Stteet case study), at the address XY orlgnn Earlier time period cells are placed -

incrementally in a direction away from the street frontage

All three graphics processing programs make use of a summary frie for logging
the statistics and options of cdaw extraction and map creation. A single summary file is
created for daily processing v.ith the followir:g naming convention : DE\[ICé[&BGG,NNN}-
STATS-‘date'.SUM.' An  example summary file‘ _ would be QSA 1.:[267, 10]_
STATS-MAR 1.SUM. After being createc in the first processing session for a given day,

the summary file is appended to for zii successive processing sessions. The file is saved

- on disk as an audit trail for the user and must be deleted by the user if desired.

Sample graphic products are presented in Chapter VI. Data flowcharts for each
graphics program are presentéd in Figures 5.1 to 5.3. Note that the data flowcharts

depict the normal flow of inforfation from start to finish utilizing a specific program.

'
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Figure 54  YEARLY ESTAB Data Flowchart
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. dumensuonal dynamlc vnewmg of the map product. Accordlr)gly exact reproduct:on of',

- . s APPLICATION ANDRESULTS . N

' Thrs chapter presents one example for each of the three graphics processmg
programs Each example Is mterlded to address a pertinent geographlc research problem ' " I,
as ldentufled by the urban specialist. As well the examples provnde cruterla with whxch‘_
the goals of the ressarch, as udentlfled n Chapter 1, can be tested and evaluated A brnef '

discussion of eaéh hypothetlcal problem - i provnded‘ pt‘lor to the presentatlon “of the e s

graphlc results. The dlscusslon bf the map products mcludes both a. cartographlo and.j;' ’
.geographxc evaluatlon The cartographlc evaluation is concarned with the quallty and; ;
clarity of the graphuc rasults as well as the ptocess of data handlmg, Aadxscussuon of the

,data processmg statistics is mcluded The geographuc evaluatlon is more concerned w|th

the mterpretlve results of the processmg Salient characterlstlcs of urban change are ;

hlghlnghted The process of wsual analysis is especnally important.: = ;j\_ e

~The reader should be aware that the vnsual analysls process is based on\the three:
the graphlc representations is not possible in printed form The two dlmensaonalltv of.v
the hardcopy paper medium does not allow viewing |n a dynamlc mode The map L

products that are included in this chapter have been selected to present views that best ﬁ

T represent the dlscussmn that followaor each program example~ Also each perspectlve'

map makes use of dlfferent vnewnng azimuths and elevatlon angles ﬁtej

‘ exaggeratlon is consistent for all map products and is mdependent of the perspectNe

' N ¢

vuew All three dimensional views were created using isomatric perspectlve lsometrlc
perspective has,the advantage of commensurability in all directions. This is the defaeltc
i . . ., “J':.
for the Intergraph IGDS software Due to the dynamic ‘nature of the map vipwing . .

process and the static nature of the focused perspective alternative, * isométr‘lc

Y

] H
perspectlve was used for all views. * - §) o “‘\ N
o

Thé second section of the chapter discusses practlcal con5|derattons Thls f’..

nncludes a review of the cartographlc components o\‘ the map products Ptoblems and

- limitatichs are noted. Technical observations from tbe three examples complete the Lo

. chapter. These,,mclude a dlSCUSSth ‘of the practlcal consndera’tlons of elapsed and

TR
» 9 v . 3 . . \ . 3’.;\v_, ¥ . L S
h

33 Pocused perspective vnewmg is only available through usmg lntengl‘aphs thden
-Line Removal (HLINE) Softwareé. These views cannot be dynamlc:ally manlpulated in .
any manner.
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: 6 1 Example Map Products and Dlscussmn

1

: examination of each sample problem

’ processinp time (CPU), and outpu't file sizes. - i

'

. I 4
7 4

The%scussnon of each sample problem involves the visual analysis process. as

well as use of the attribute data files. The SEARCH routine available within UMIS allows

the yser - to sub&antiate patterns by reviewing the attributedata filgs or” the attribute

classnflcation scheme Use of the SEARCH routme was a necessary step in the

~

6.1.1 YEARLY-ESTAK,; Identification of Statiorters

As noted in previous chapter"s the primary graphics processing program within'

UMIS is the YEARLY ESTAB program YEARLY-ESTAB allows the user to identify spatial
S

and temporal relatlonships between functlonal activmes ‘at selected addresses. An area

N

of |mmediate interest for the urban specialist was the identlficatlon and inveStigation of a

traditional commerCIaI activity on Bond Street ‘Of particular concern was the process of

functional evolution. Seleéted Eommerc:al activmes often evolve over time into more

han S

~

modern contemporary functions A classuc example of such an evolutionary ‘function is
.that of the stationer: Snmply defined a stationer is one who sells writing materials such
as paper, pens and ink. Th,e stationer function on Bond Street is a high order traditional

activity' that has existe/d for well over ningty years In particular one proprieter Frank

Smythson of 54 New Bond Street, has remained since the Jate 1800 s. The use of a

stationer data subset allows for the testing and evaluation of the YEARLY- ESTAB
program as wéll as prowdes a well deflned case study for analysis. Smythson serves as
a focal point for the lnvestigation

The first step in usmg YEARLY ESTAB is to clearly define the data subset limits
ln rewewmg the classnfication scheme a range of stationer related . functions were\

quickly identified. An attempt was made to incorporate the activities that the urban

specnalist believed may be serving the-stationer function presently It should be noted

commonly found in higher order retail areas today. A list of thirteen dlfferent Standard
Industrial Classification codes‘ were selected. Using ythe CODE-SELECT option of the

N

)

that the stationer function is a traditlonal type of commercial actlwt’y that is only -~
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YEARLY-ESTAB program a data,,'sub'se't Was ¢reated. The thirteen d:tterer.: ~lassification
- L] a

codes were grouped into six’ distinct eategorfes Graphic symbol place ant wag based

\

on these six groupings. The six: categorles of tationer ac* . T’ & Sresented in Tahle

6.1.  |' o _,/

. The"'data extractibn programs within  YE -Ri {(-ESTAB Dsrovice a wzniety b
statistical measuring optlons wnth WhICh the user, ctn ODIal 2 cascriptive mo- Lure of the
data subset. The u er. should be aware of the cata corwen Gafore ar mazungfull
graphics processmg can be undertaken. Modal analy sis provice~ tr , 'mar means of

1A ' .
evaluating the oontenf and distribution of the data sutbset. In ¢ eifort 15 indica.c ow
/

representatlve the modal class is of a glven d15tr‘butnon a va~iation ral’o was o' culated.

- The variatiop ratio (V) can range from O to 1. The nearer V is to U tho bitier the quality

of the mode as a summggizing statement. It should be noted that the data subset was,

extracted by identifying thirteen distinct classification godes. All the codes are closely

_related in function. An index of variation was dal ulated for each . level of the

classification hierarchy. It is only at level five that thé data subset b?come somewhat
diverse. This was expected as all the codes represent sirTiIar functions, At the fifth level

of the hierarchy 93 of the 1'87 total data records have the code 65711. The 657111

. classrflcatlon is reserved for bookseller related functlonS/The varlatlon ratio of O. 50

o

: reflects that this modal clasg is not. very representative of the entire data subset. The

sixth level of the hierarchy reflects an even greater diversity in the data distribution. The
varlatlon ratio of O, 65 indicates that the modal class 657& is not at all statustlcally
typlcal of the data subset The most frequently occurring class. is 657137 where only 67
of 187 records are found. The 651131 code defines the stationer tunction. The modal.
analysis data is presented in Table 6.2.

To further measure the content of the data subset the ESTAB- HIS'?O program

was used to creaté a histogram representing the temporal dls:m of the data. This

histogrem identifies the frequency of data records for each yea{ of the time ;eriod. The
histogram for the stationer data set clearly reflects the traditional nature of the retail
actuvnty Seventy-five percent of the data subset is found prior to 1905 and twenty- four

percent of the data is dated between 1840 and 1850. From )915 to 1980 an average

“of only three stationer related activities exrsts for each time period. The high for any

-
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Table 6.1. Categories of Stationer Activity

Category

Category

v

Cétegory

Caﬁgéry

Category
_ [
3

Category

L

"

651131

651115 -

- 651116

651132

651134

k]

i

651135
579110

651111
651112
651113
. 651114

651121

651122

p'!

Stationer

Bookseller Stationer
Bookseller / Stationer ./
Library

Stationer Bookséller

T

H

Stationer Dresscase

Maker -
f' 7

Printer / Stationef /
Newsagent

. \," . ,
.Office Eurnishings
- -G

Bookseller

Antique Books
Bookseller Pupl.
Bookseller and Library -
Library-

Library and Opera Agent

93.
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Total Data Recgords......... > 187

Table 6.2. YEARLY-ESTAB Modal Analysis Data ‘-~

&
Modal -Class Analysis Summary

7]

1st Level of Code Hierarchy }

* MODAL CLASS C(Classification Code .> "6"

MODAL CLASS Occurrences....> 184 v

INDEX, OF VARIATION > 0.02

—_— - ’

2nd Level of Code Hierarchy
MODAL CLASS Classification Cgde > "65"

MODAL CLASS Occurrences....>\ 184 .
Total Data Records......... > 187 J
INDEX OF VARIATION > 0.02

3rd Level of Code Hierarchy
MODAL CLASS Classification Code > "651"

“MODAL CLASS Octurrences...> 184

Total -Data Records...”.....> 187
INDEX OF VARIATION > Q.OZ

~

4th Level of Code Hierarchy v
MODAL CLASS Classification Code > “6511"

" MODAL CLASS Occurrences....> 184

Total Data Records......... > 187 % -
INDEX OF VARIATION 0.02

B oo |

'5th Level of "Code Hierarchy

MODAL &£LASS Classification Code > '65111"
MO[}AL CLASS Occurrencés....> 83

Total Data Records......... > 187

INDEX . CF ‘VARIATION > 0.50

6th Level of Code Huerarchy )

MODAL CLASS Classification Codé > "651131"
MODAL CLASS Occurrences .> 67 C
Total Data Records ......... > 187

_INDEX OF VARIATION, > 0.65,
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date is sixteen occurrences in 1850 and the low—stwo occurrences for 1980. Clear

’

the stationer activity was’ dne which flourished in retail pnﬁronment of the 1800's

o but has become scarce during contemporary times. The Srnporaldistribution histogram

N is presented in Figure 6.1. .- _

* Graphic representations were created using the ESTAB-PILLARS option .of the
YEARLY-ESTAB program. A stepped methodology, was used which wpuld allzcw tne~usér'
thg eapability to evaluate data in the six distinct data groupings identified ea'rlier..r.This
prpcess takes into account the dynamic display capabilities of the Ifitergraph technology
as well gs the visual analysis process discussed in Chapter |. The visual analysis concept
proposes an iterative. process that uses the map as a temporary product., The
— gepgrapher interprets the map product and ma"y‘ choose’ tb refine or alter the data»

Selection crnterna tc create a new map prpduct The te"n rar\jnature of the map allows’
the viewer %o modvfy the data selection criteria in an ad hoc manner or by some

predeflned methodology. The gxact process is dependent on the ‘content and pnor

_ knowiedge ‘of the data subset by the map user. The specific example presented here has

¢| utilized a methodology for the creation of AHe map products. The selection c{lterla used ~

in this "example is based on six distinct oupings of Standard Industrial C)assnflcatlon
codes. No street address or year delimiters were identified.

The first rnap product was created by se.l-ecting only the statlig,.,ger'code (651131)
from the data subse‘t Sixty-seven cells were placed representingﬁirteen addresses

The map” showmg the entire street’is presented in Figure 6.2. Of the thifteen addresses ¢
o Wit 1t’loner functlw ten are located on the north end of Bond Street. Only three
are located on the south end of the ribbon, and only 1 (OOO1A) is located on Old Bond
Street. ﬁxs ‘well as the spatial distribution pattern the graphnc representation ndic 2tes
‘that the majority of the stationers were present between 1875 and 1S05. Thic pattern

1.

IS conscstent with - the entureC:a\ta subset hlstogram where seventy-five per_cent cf the )
~N

actuvmes were present before 1905. However, the stationer activity orly acccunts *or

Ve

thlrty-sm percent of the entire data sulﬁet.
A closer look at the north end of tﬁgﬂstreet IS pr(e'sented with Figure 6.3. Thng/
view clearly shows the concentration of stationer activity. prior to 1915. The two ' o

“notable exceptions ‘are Smythson at ND54 and Mudie and Sons. at N115. Smythson is
: . ) E ik
g
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6.1, Temporal Histogram for YEARLY-ESTAB.
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Flgure 6. 3. YBA?FY ESTAB Stofldmer Category |
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present as a stationer on the street from 1890 to 1980 at N133 (1 890-1815), NO60
(1820-1930). and NO54 (1935- 1980). As well, note the presenc= 7 -tztioners at NO75

for sixteen straight time periods beginning in 1840. Lockw : -ain proprieter

for fifteen of these periocds. T ;

The aecond map product»was created by adding groups o Jgh four. These

- q

-groups include the bookse//ef starloner stat/oner - dresscase maker, and pr/'n{er

stationer mewsagent. classmcatfons ThlS ,map constitutes the second step of our
: {

methodology. The map showing the entire street is presented in Figure 6.4. Eighteen
cell's were placed representing seveb addresses. All seven addresses are located in the
nor*h end of the street. A definite Nustering of activity is located here. As well, all

sighteen” occurrences of the new catégory exist between 1840 and 1870. The

" traditional nature of this category is evident. The addition of this grouping to the set of

original stationers confirms our observation that the distribution is clustered in the north
end of New Bond Street. and the temporal distribution is concentrated between 1840
and 1905.

Figure 6.5 shows the same windowed view as is presented in Figure 6.3. Liztle

significant change has ‘occurred. The only notable change' is the addition of three-

occurrences for address NO64. It appears thal NO64 as a bookseller | stationer for
three time periods before changing into a strict stationer‘ for one time period. A review
of the master data file indicates that a change in .proprieter occurred also. The reader
should note that Figure 6.5 does not include codes 657734 and 657735 in"‘the map
iegend because . no occorrénces exist in the oarticolar window. -

T‘he final step in the visual analysis methodology involve  ~ding groups five and

9
six. These categories inglude office furnishings, booksellers, antique books, and

- library activities. These functions can be defined as being on the fringe of the

traditional stationer activity. One hundred and two cells were placed representing
thirteen addresees. Three different perspective views are presented in an effort to
properly represent the distribution of the entire street. These are Figures 6.6, 6.7, and
6.8..

The addition o; the fringe stationer activities has distinctly changed the .

\

dis}ribution on the street. These groups conStitute fifty-five percent of the entire data

©
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subset. The occurrénce of categories five and six are evenly distibuted spatially on the
ribbon. In fact the wew presented in r-lgure 6.8 shows a slight grouping of locatlons in
the Old Bond Street reglon The temporal distribution of the- fringe data closely ahgns

with other more traditional stat|oner activities. Almost W|thout execptnon the fringe data

. occurs between 1840 ahd 1905. As well, most of the fringe activities have a longer

standing persistence a‘ﬁ@ecmc addresses. For example the code 657711 is present at
NO29: for twenty. time periods. The temporal range is from 1840 to 1935. Two distinct
proprleters ‘were located at this address during thns period (Boone, Ellis). NO78 has the
6571717 and 6‘57773 dodes for twelve consectutive time periods (1850-1905). Only one

proprieter, Master,, was located here during this time period. 0033 had two fringe

' activities over a fourteen time period span (1840-1905). N167 also had two fringe

activities -over a eight time period span (1845-1880). One further point is worthy of

mention on the persistence of the fringe actlvities. All fringe activities that persisted at a

* specific address. for an extended time period, ie. twenty years or greater, had a change

»
in proprieter ‘or a change in frmge function. In fact almost all of the function changes

.
werg from the bookseller - activity . (65111*) to a /ibrary type of activity

-(651 121,651 122) A functuona| evolutlon of sorts is clearly dlsplayed with the fringe

retail activities. - ’
The entire data subset of stationer related functions comprises 187 .temporal
occwrences at thlrty three addresses Often in urban studies fetail change odcurs down

¥
a commerncal ribbon rather than across it. To see(lf this process was valid for. the
: (XN

stationer data two views were created illustrating each side of the street. Fugures 6.9
and 6.10 present these views. The only distinguishing feature of these views is that the
ea“st side of the street has twenty-one addresses while the west side of the street has
~only twelve addresses. Nol ibdentifiablerpattern is evident for the type -of stationer

activities on either side of the street, or with respect to the temporal distribution

-

iztributed to each side. No distinct conclusions can be made in this regard. As wei, the
graphic products do not provide any statement on the urban process of aggl/omerating

i .
localized economies that is often found along urban'retail ribbons, except to say that a

[

general clustering occurs along the north end of the street. * , -~

O o
3¢ Agglomerating economies is the ‘term given to establishments or functions of
the same business type that tend to cluster or agglomerate in specialized areas

v
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A srﬁaller wihdow as .illustrated in 4Figure‘6.11 provides a more detailed look at -

the ‘functional clustering at the north end of the stregt. All of the stationer activiti-as are

" present here Several items should be r{“oted First ‘\tﬁae scene is dominated by strict
stationer actlvmes The Iongest standing stationer on the street, Smythson is present at |
three dlfferent addresses. As well, Smythson is one of the few occurrences that has

. persisted after_the 1840 to 1905 tnme period. Most of the other stg%go _existed ¢

prnmarlly during this early perlod The dlstrlbutlon is a!most entlreiy ;)f&* L5 .,g' Secohdly

several addresses occur that have more than one kind of statnoner funct?orzépresent over
time. The address NO44 evolved from a pr/-nte,' | stationer / news agent function to a
strict stat:oner .activity. A change in.proprieter also occurred here. The address NO64
evolved from a bookseller | srat/oner to a strnc\ stationer. However aotuvmes were
only present for four time perlods and involved a proprieter change durmg that time~
Note that both o *nese changes‘were to the traditional stationer activity.

The address N106 also involves some activity change. One proprieter, Ryman, is
'p_resent tor all the five time periods. This occurrence differs from the other functional
change.s in that it has occurred since 1960, and like Smyths“on is present on the street .
today. Ryman has changed from a(st.gtioner to an office furnishing: actiyityf This
follows the notion of the traditional stationer’ e.volving into a more contemporar‘y
functnon as a office furnisher and suppher However, this appears to be She only -
occurrence that supports the idea of functlonal evolution with respectt to contemporary

sactivities within the. stationer realm.

6.1.2 AVG-LENGTH : Oid Bond Street

The second graphics processmg option within  UMIS is AVG-LENGTH.
AVG‘LENGTH calculates the average length of -stay of all classnfncatlon codes for all
addresses. and displays the average valu- as a cell pillar for user defined addr’esses. An.

area of interest identified by the urban specialist involved the turnover of retail activities

[4

s¢(cont’d) or along specific urban rnbbons Regardless of specific functional type
the concentration of establishments are held together by close linkages between
_each other. The locational effects. of the forces of scale economies allow the
business types to be able tg:tdke advantage of the economies of operation
that would be denied if they were located apart (Yeates, Garner, 1876,
P.1%18-120, 278-283) .
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on Oid Bond Str’ee}. Old Bond Street isathe older vortjon -of Bond Street located at the
south end of the street. i
[ . ) ‘0

Due to the averaging technique used the ~. ,”Z_LENGTH procedure is oniy valid for

data sets that do not exceed two years in yearly interval. Usmg data with an interval
greater than two years introduces too many unknown quantities which ultimately may
result in unconfirmed and often meaningless resuits. Accordnngly -the one year data set

The first step in the AVG-LENGTH program is to calculate the average Iength of

ranging from 1950 to 1980 was utilized for this example.

~ stay values The AVG- USE routine is used‘o process the entire data set,in this manner
A total of 234 addresses are present in the one year data set. Fifty-four are present on
Qid Bond Street. The AVG-USE routine creates a statistical report on the addresses and
tgeir average values. This report identifies the distribution of average values for easg
address as well as statistics on the number of years and the number of functions for
;ach address. The Old Bond Street distribution has thirteen occurrences where that

average length of stay value is thirty- one years. ThiS undlcates that one function was
present at these addresses for the entire time period of the data set. These addresses
comprise twenty-four percent of the Old Bond data subset. As well, twenty-two
addresses have 7average Iength of stay values between ten and tWenty-five y.e'ar"s‘.
Nrneteen addresses have ‘average values less than ten years however nihe of these are
at addresses where estabhshmen T were only present for a few years, ie. less than ten
.years Overall, the statlstld/mdlcate that the turnover-of functions on Old Bond Street is

_relatively low. The average length of stay ctions for all of Old Bond 13

12.68 years. This indicates that the avetdge length of time.any function was located on
Old Bond Street over the entre time pé.iod\_Nas approximately thirteen years.
Graphic representations were creat

°

AVG-LENGTH program. For ease in ,vieWing and manipulation the Old Bond Street data

§ing the AVG-PILLARS option of the
. N

subset was divided into two ‘groups. Group one contains data for the east side of the -

street while group two contains data for the west side of the street. Of the fifty;four

addresses on Old Bond Street thirty are locatéd “on the east side of the street.

Accordingly, twenty-four addresses are located on the west side cf the street. Figure

6.12 illustrates the distribution of aVerage values atong the east side of the street from

. Mol
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“an isometric view. No distinct pattern is _hoticeable in this distribution. There are f:ve
occurrences where the average value is thirty-one years These functions have persrsted
at a specific address for the entire time period. No real distinct spatlal pattern wkists -
wrtnm the flve persisting addresses. The high order nature of - the retail functions
\\refrects the traditional image of Bond St:eet. Two art dealers are among the oersisters.
as vvell as an optician, a hair stylist, and the. original Benson & Hedges cigarette maker
and tobacconist. Figure 6.13 presents the east side of the streef from a fronral
perspective. Exact addresses are located at the botto?n of ~the cell pillars while the
average value is located at the top of the pillar. ' '
Figure 6.14 illustrates the distribution of average values along the west side of
~the street from an isometric view. Again there is no disinct pattern to the distribution of
i the average values. However, -there are eight occurrences where the average length of“
stay value is thirty-one years. Some clustering occurs in the spatlal pattern of these
persisters towards the centre of the street. Three are located at 0043, 0044, and
0045: three are located at 0034-6, 0038, and 0033; and two are located at 0029 and
0030. Similar to the east side of the street the high order nature of the retail functions’
does indeed reflect the traditional image of Bond Street as a high class shopping street.
Of the eight persisters two are banking institutions; three are jewellers; one v-is an art
dealer; one is an amber specialist; and one is a shoe and boot shop. The shoe and boot
retailer is the only persister that maintained funcﬁon’ but changed proprieters over the

entire time period. All other persisters, on both sides of the street, only had one

proprieter. Figure 6.15 presents the west side of the street from a frontal perspective.

Y

l'6.1.3 DUR-FUNCTION : 100 Year Persistence | .
) The third graphics processing optuon within - UMIS s DUR-FUNCTION
DUR-FUNCTION calculates and displays the duratron in years that an act«vrty has been at
an address. This identifies the persistence of actlvmes for.specnfrc addresses. The area
of particular interest to the urban specialist in this example involves the identification of
‘retail establishments that have persisted for over 100 years on Bond Street. Four types
of retail persistence are* identified by Johnson (1986). Activity persistence s the

duration of identical SIC codes at a given address over a specific time period. No
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change in SIC or address migration occurs. Adaptive persistence occurs when a firm
maintains one p’artitular éd&feés but changes use. Firm persistence is present when é
firm remains on the street but changes addgess, No change in code occurs. Both
persistence exists when a c~hange in location énd code occurs. The identification of
addresses fo.r input into the DUR-FUNCTION program is based on the four types of
persistence. ‘ - | |
The routine PERSIS_T was writtgn to support the identificatioh of persistence for
any retail data set. The level of persisténce in years is défined by the user at the time of
operatien. A 100 year delimiter was used for this example. The PERSIST routine
generates two types of reports, tabular and graph. The ta_bular report identifies the
specific'firm vs{hich has persisted, as well as the persisting éddresses, théir relevant time
frame, the number of time intervals, -the SIC cod;as, and the kind of persistence that
occurs. The persistence graph presents a graphic representation of the temporal extent
of a particular firm augmented by siatistica\l'totals on the number of yearly intervals; the
number of duplicate years, the number of different SIC codes, and the number of
different addresses, Both reports serve as clear delimiters of the spatial extent of the’
data subset to be used during a DUR-FUNCTION program run. For the Bond Strsget five
year data set fifteen firms were identified as having a persistence of 100 years on the
street. F.fve'firms were identified as active persisters (no change), three as adaptive
persisters (addr.ess change), two as firm persistérs‘(cod'e change), and five ,a; both

~ persisters (address and code ctiangel. Twenty-three different addresses were ’identifued.

Figure 6.16 is the tabular Eepor_t .cn.'eated for the Bond Street five year data set based on -

a 100 year persistence level. F?gun"é 6.17 is the graph report created for the Bond
Street five year data set based on a 100 year persistence leve!.

The first step in the DUR-FUNCTION program is to calculate the duration values.

The DUR-CRE routine is used"to process the entire data set in this manner. A total of

-

310 addressgs are pr‘esent in the five year data set. Duration values are calculated for -

A \ ‘ ™ éz,
each address. R
Lt . [ tow K
The data subset selection criteria was defined by using the addres$es and yearly

—

extents from the tabu‘lar‘ report. Graphic repFesentations were created using #he

DUR-PILLARS option of the DUR-FUNICTION program based on this. selection criteria.

N

t
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.Flgure 6.16. One Hundred Year Persistence Tabular Report

Flrms are in alphabetfcal order

"ACT!V" indicates  ACTIVITY PERSISTENCE (no change)
"FIRM" indicates FIRM P\E(?

SISTENCE
"ADAPT" indicates ADAPTIVE PERSISTENCE

(location ohange) '

(code change)

“BOTH" Indicates both FIF{IQ~ and ADAPTIVE PERSISTENCE

(change in location and cods)

~”

2

Firm Name ” Address  Years Intervals Codes . Type
1.Firm = ASPREY |
ASPRE N165-9  1850-1980 27 651131  ADAPT
' ) 656184 -
656185
656124
2. Firm - BEALE - -
BEALE & INMAN N131-2  1840-1980 29 612110  ACTIV
3.Firm = BENSON - , |
BENSON ‘_ 0025 1870-1970. 21 656161  ACTIV
4. Firm = BESON & HEDGES '. ~—
BENSON' & HEDGES ,0013S  1875-1980 22 659921 ACTIV
5.Firm = CHARBONNEL & WALKER ;. | '
- CHARBONNEL N173  1880-1910 7 601262 BOTH
0031 1915-1975 14 601261
0028S  1980-1980 1 ' 601261
) e
6. Firm = DIXEY
DIXEY NOO3  1840-1925 18 659210 BOTH
N ~ - 659212 !
\ 659210
-DIXEY 0019 1930-1940 3 659210



-~

<

- F;%ne 6.16. Continued ... "

¥

18 L

ﬁirm Name , Address

Years Intervals Codes ‘Type

7.Firm = HILHOUSE
HILHOUSE

1840-1840

NO11
HILHOUSE “NO11 1845-1970
HILHOUSE NO12  1840-1845
8.Firm : HOOK & KNOWLES
HOOK & KNOWLES NO66 1845-1945
9.Firm = HUNT & ROSKELL
HUNT & ROSKELL N156 1845-1975
HUNT & ROSKELL OO025A 1915-1965
10.Firm = NATIONAL LINEN Cb |

~ NATIONAL LINEN N130 =+ 1860-1975
1.Firm = ROBERTS
ROBERTS ~ NOO7 1840-1840
ROBERTS NOO9A 1860-1880
ROBERTS k NO76  1875-1960
12.Firm ='SAVORY & MOORE ,
SAVORY & MOORE Ni143 - 1840-1980
13.Firm = TESSIERS '

TESSIERS N026 18?5498Q
) . - (".
14.Firm = THOMAS
THOMAS N153 1840-1940
THOMAS 0028S. 1875-1875
15.Firm = THOS AGNEW & SONS
AGNEW & SONS 003 1880-1905
AGNEW & SONS 004 1910-1980
%

21

14
11

615230
615211
617420

618222
618212

656124
656124
656111

617100

603410
618212
603100

603100

656122
656121

656124

656121

656121

659311
659311

BOTH °

ADAPT

‘BOTH

* ACTIV
.

BOTH
\ .

—

ACTIV -

- ADAPT

FIRM

FIRM



Figure 6.%. One Hundred Year Persistence Graph’Report

Firms are In alpﬁabétlcal order

\

+ indicates 2 addre es were present for 1 firm in 1year.

& indicates 3 addresses were .present for 1 firm in 1 year.

Incremental numbers in the graph represent a change in address.

“In" represents number of yearly intervals

'

- "Yrs"” represents total years ‘
“D” represents tbtal'years with duplicate a'ddressbes.' o
"A” represents \?qmber of ‘diff-erent addresses
' Firm Name 1840 N 1980 In Yrs DCA
000000000000000 ——— ===
ASPREY (ARARERRERRERRRRRRRRRERERERIN-FARE T 04 1
BEALE ' 111111‘11111111111\111111111111 29 140 0 1 1
BENSON RRRRRREREERRERERERER 21100 01 1.
BENSON & HEDGES . 11111111111111111111111 22 105 0 1 1
CHARBONNEL ' 1111111222222222222223 21 100 0 2 3 ~_>
DIXEY ST 11111222 21 100 032 )
"HILHOUSE " .+111111111111111111111111\11 27 130 251
HOOK KNOWLES 11111114111 1111111114 21 100 024
HUNT & ROSKELL 11111111111111222222222222 26 120 02 2 11
NATlONA’L‘ LINEN A1 1111111111 1411411 24 115 0 1
ROBERTS ' 1 222++433333333333333333 .22 105 253
SAVORY & MOORE 111111111111111111111111{1111 29 140 0 1 1
TESSIERS 1114111114111 - 26 '125“ 031
THOMAS . (R RRRRRRSRRRRRRRRRERE! éj 100 11 1
AGNEW & SONS 111111222222222222222 24 100 012
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Different coloured cells were placed for each type of ‘persistence. Figure 6.18
illustrates the pblanimetric view of the d.uration values for firms that have persisted for
100 years or more. The east side of the street is comprided of ten addresses. These
are evenly distributed down the street. No firm _persistence.exis‘ts on this side of the
street. The west side of the street ‘has fourteen addresses. All four types of
persistence ‘are present. These addresses are clustered toward\s the _south end of the
~ street. A noticeable spatial pattern is that four of five active persisters are located on
the west side as well as both firm persusters The perspectnve V|ews presented in-
. Figures 6.19 and 6. 20 illustrate this spatial dlstrlbutlon One per“oectlve is presented .

Af

from each end of the street.to account for the view blockage that occurs szh this type
. A 9, . -
of three dimensional displ'éy:'... The blockage of features is directly related to

e form of -
the pﬁaf;entation and the contens of the particular data subset. 4
‘The other notable spatial ‘pattern involves the firms that have migrated to new

@

Qdd’res@es - The address changes that occurred for firm and both persisters did so on

@%\sa‘% side of the street No address migration occurred across the street. Of the

3

eqmerely invalves a duplicate location for a firm for one time period.
v LA

_‘t:";%a»fs -fhe same further investigation may prowde evndence of a miscoding’

"

’to tﬁ‘e "ﬂrm name.. address or SIC code. Wnthln the five both occurrences

s poses a more interesting interpretatuon Three addresses are
"j’ence perlod Two of the addresses, NOSA and NO76, are

o preseht"from 1878w , These addresses also provide the greatest distance In

"‘ngr{tuon This is complncated by the fact ail: “hree addresses have -

M
. ..9*“ L,

.terms of addrespg
" dlstlnctly dlfferent S1é“t:odes They range from berng a perfumer to a shoe and boot
L maker to & chemist. Thare is no ob\;nous correlatnon between the address changes or

the, code changes. This pattern m@cates that there may

'qanéerror in the coding of the

data items. Use of a common firm name es an obwous . An investigation into the

% ¢
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~ data source may help determine the uniqueness of this situation. - )
© The final occurrence of a both persister does not really include an address
migration. The firm Hilhouse has duphcatej addresses for the years 1840 to 1845.

. However, these addresses are side by side, NO1 !_ and NO 12 resperotively, and both have
somewhat related f‘unctions, ie. /inen maker/ 617420 and hgtter /615211 It 'appears.,
that this firm merely had two stores for a short time period. The nature of the'\data

- source, ie. ground floor uses only, makes it difficult to sobstantiete these observations.

Further investigation into other data sources may help to determine the valdity of such a>

conclusion.- " : -3

Of the fifteen persisting firms fi'ye illustrate strict activity persisyence. While all
serve specialized retail functions no functional pettern is evident. It shguld be noted that
two of these firms are the |ongést standing establishments on Bond Street. Both have

been. resident on Bond Stn;eet at one |ocetion for over 140 years. Beale and Inman
(N131-2) are a high fashion mens store and Savory and Moore (N143) are a traditional
>mijsts. The two firm persisters are too few in number and too diverse in function to
| :dil‘cate any trend in their type of persistence. The three adaptive persisters now',ever/
all show a consistent trend in their:code changes. In particular, Asprey and Co. (N\'I>6AS-9) ‘
' appears to-have evolved from being a traditional stationer (65113 1) to a dressing case
maker (65é184) and dressing and writlng case maker (656}85), into a present day
jewe//e;, goldsmith and silversmith (656124). ‘A'r ail -development 1S obvious. The
other two adaptlve persusters rnvolve mlnor code changes that tend to indicate a gradual
retail development in a more contemporary mdnner. One of these Tessiers (NO26) also
),,. provrdes a jeweller, gpldsmith and’s//versm/th functron (656 124). Figure 6.21 clearly ‘
, rllustrates_the duration of functions at the persisting addresses. Note the lonsger duration
of the final codes found for theaedaptive persisters. Each extends for at least tweI\)e .

4

time periods. The earlier functions are all quite short in duration.

(
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- 6.2 Practical Considerations

6.2.1 'Carto'g4rapf1ic Components

The cartographic. components of the various map products presented in this.
thesis were all designed with resp‘ect to the qualitative nature of the.data set. UMIS
utilizes geometric symbols in the -representation 0"f point data. Nominal differentiation ts
achieved by using shape and co/our. 'fhese cartographic visual variables are the
predominant symbol dimensions used in happing qualitative point date.

The map predhcts presented in Chapter VI utilize the most common geometric
shape, the square. The'v UMIS software allows the user to aefine another point symbol if
desired. Howe:/eé,,réﬁe operating characteristics ensure that shape is maintained for each
map product. Equality in shape is pres.erved across data classes. The square symbology
was used for the three examples because it reflects the stepped nature of the data éet,
as well as symbolizing the appearance of buildings and establishments on a retail ribbo‘n.
This results in a comfortaple display that is aesthetically pleasing. The appearance of
textual information is also more aesthetic on a flat surface.

Colour is used as a secondary dimension for the dufferentlatlon of the data The
YEARLY-ESTAB program in particular utilizes colour as a dominant display variable.
Colour is commonly used to distinguish the qualitative attribute in ¢ nominally scaled data
set.CYEARLY-ESTAB uses colour to identify the different retail activity for specific
addresses. Six different categories of retail activity are identified. A different colour
coded cell: was placed for each category. AVG-LENGTH uses colour to mergly
distinguish sides of the street. Due to the nature of the analys:‘?colour ts nof required
for any differentiation between items. DUR-FUNCTION uses -colour to distinguish
different kinds of retail persistence. The colour of the cell at a pai'dtlcglar address
determines the persistence process that existed.

The other visual variablesﬁ'.of direction, pattern., and value are not uti|ized with .
the UMIS displays. As well, thg, dimension of size is determined by the density of data
locations for the entire data se}i Value is generally considered to be the most significant
dimension in colour on a map. however it has traditionally been used with quantitative

data sets. The choropleth map is a classic example. Since our data set is qualitative in
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nature and the use of variation in_value generally conveys an implication of magnitude,
the variable of value has Hot been employed. ) |

Map clarity has always been a concern when dealing with 3-D graphic
representations. The use. Qf point symbols instead of 3-D volumes has prpvided a
clearer, less hidden debiction. The blockége of thematic features on the maps is
relatively low. Some view blockage dges occur due to the long, linear nature of the
street. This is especially noticeable ir).the AVG-LENGTH maps wHere each side of the .
street had to be presented individually. However, all the graphics processing algorithms
are oriented towards using data subsets of a relatively small size. With this context in
mind map clarity is usually not a problem. :

Akin, to the idea of ‘m"é;—:\cl‘a{ity and vTew blockage is the notion of dynamic
viewing and 3-D visual characteristics. As previously noted. the map product created
within ‘UMI'S is desi'g‘;ned around viewing in an interactive, dynamic mode.. They are not
déveioped for final hardcopy presentation. The use of the map as a temporary product
during the investigation -and analysis of a research ‘t_h‘;eme is paramodnt. However, some -
problems did occur in the dynami‘c viewing of the map products. ‘Technological
constrainfs fimited the extent o_f a data subset that could'be viewed dynamically. These
limitations were not conceptual in> nature but purAer technical. Appropriate hardware and
software does @xist Which easily removes these current processing prébléms.

The three visual charécteri)stics identified in Chapter I, namely v .=v ‘ng azimuth,
elevation angle, and vertical exaggeration are no longer concerns with respect to map
cl'arify and view blockége. Both viewing azimuth and elevation angle can be determined
interactively during dynamic viewing. Vertical‘xexagger,é‘tion must be defined during the
map creation process‘.ﬂA'sound kmge of the datal\content and dist_ribution is hellpful,
in determining an appropriate exaggeration factor. Both the AVG-LENGTH and
DUR-FUNCTION processing required duplicate runs to achieve the proper viewing
exaggerations for the specific data subsets. ’

Some interactive editing was required on the map products to achieve
satisfactory graphics for ~z-dcopy presentation. Ai‘l map Iegénd\s and titles were created

interéctively by the author. As well. all maps required processing with the Intergraph

Hidden Line Removal (HLIN) software to .obtain a clear representation that was free of

) ®
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hndden map features The current limitation mth thls software process I1s that no view
manipulation can be done to the map product after hidden line removal is complete The
view becomes static losing all the advantages,of dynamic viewing. A brief review of the

. - @ ?
technical observations from the three examples is appropriate.

6.2.2 Technical Observations "«/

L

Technical observations fro e three graphic examples include a review of t*-
elapsed and CPU processing tinles as well as outpuL file sizes. The YEARL~Y-ESTAB
example involved four processing runs with the UM!S softwart .The C@DE- SELECT

routine was used to extract a data subset for the stanoner actuwty Th:';‘,‘actlwty took

0.0 megabytes (24 blocks) a2 Three processrng ru k
BESTAB-PILLARS program to creaj the map produd‘:s When combmed these runs took
only 13.74 seconas of CPU time and onIy four miriutes and thurty two seconds of
elapsed time. Ali.processing was done in an interactive mode In total 187 cells were

placed in three design files. Thg three desugn flles are O 23 {465 blocks), O 15 (399

_blocks). and 0.26 (510 blocks) megabytes in storage space These flles are relatuvely

\§mall in size compared to standard design files used in base mappnng and other themati¢

applications. 7

N

X‘f L4

The AVG-LENGTH example involved three proeessmg runs with the UMIS
software The AVG-USE routine was used to cal u,ate the average length of stay values
for the entir data set. This process Tequnred only 3 81 seconds of CPU time. The
output file size was 0.138 megabytes(27 blocks) AVG PILLARS was used to create the
map products. One processrng fun was needed for each side of Old Bond Street. In

3

total. 821 cells were placed at 54 addresses usmg only 15,23 seconds of CPU time. The

output desrgn files are O. 43 (834 blocks) and O 46 (903 blocks) megabytes-in size. -All -

o

processing was done in an mterachve mode.
The DUR-FUNCTION example involved multuple program runs to satlsfy the,

distinct selection criterias identified by the PERSIST routine. The DUR-CRE routine was -

s* The notation of bfocks is used by the VAX/VMS operating system to
desngnate storage space. A block s equal to 512 bytes.

Cy
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used to calculate the duration values for the entire data set. ThlS initial process requxred

1

one minute and two seconds of* CPU time to complete Ciearly this data mampulatlon

process is more intensive that the other two examples. The DUR-PILLARS program was '
~

- :
used to create the map products. In total twenty-six graphics processing runs were
B L4

" required. This necessitated that all processing be done in batch mode. Four design files

were utilized, each representing a different type of persistence. A total of 13 minutes
and 24.61 seconds of CPU time were required to place all the graphic elements. This

time is much higher than the other two examples. This is most likely due to the :

“dits : - . . s
' prw‘&essing logic of the DUR-PILLARS program. The checking of all input records against -

* the user defined selection criteria occurs in this module. The élapsed time for this

pﬁbc_essing was 59 mihutes and 28.15 sec~ ds.

s

The prbé’essing‘- times are not reflective of the output data file sizes. Output files

. aré relatively small in size. Wlth such hlgh processing times one would expect large

_de5|gn files with many elements placed This is not the case. The output design files are

0.29 (573 blocks), 0.24 (462 blocks), 0.27 (537 blocks). and 0.21 (411 blﬁocks_)
megabytes in storage space. ‘

In- summary tbls. chapter has presente_el.f;f',t‘hree urban mapping examples as
|demified by the urban specialist Each has'.ullliz.'ed the specific software that was
de\ﬁeloped within the context of the: Urban Mapplng Information ;System. A brief
overview. of the cartographic co nents and technical observations of the examples
was gi\'/“en: Chapter VIl will supplement the case study examples by evaluating the
researéh with respect to lhe goaly'as identified in Chapter I. Fl‘hal conclusions will be

: /
presented. : ‘ o . o\l

s



7. EVALUATION AND CONCLUSION

The final chapter of this thesis includes a.ge‘ne‘ral overview and discussion of the .
study procaess and methodology; an 'evaluation of ‘the cartographic and geographic
obJectives of the research and an examination of the ptoblems and limitations that were
encountered during the study? process. Recommendations for future study and a
summarizing statement on the role of mapping information systems and 3-D mapping
techniques as a viable alternative for or as a contribution to the management of. spatiat

data will conclude the chapter.

g

7.1 Overview of the Study Proces;

V The study process was defined with respect to the four primary aims of thej
research. A methodical work® plan was designed which would address the - research
objectives as _vvell as incorporate the accepted methods of processing cartqgraphic .
data. Some innoVative methods for investigating retail change in the urban environment,’ ‘
designed by the urban specialist, were also included. *

The fundamental basis of the study process is a systematic, iterative appr&ach

i-(

that presents a framework for continued data analysis. This approach was presented n
Figure 3.2. The foundation of this approach ies in the application of the three basic .

stages of cartographic data handling as defined by Robinson et al, 1878. These are : :f,

[

v
1

1. Data collection' . v

-

. 2 Data manipulation (c assufication) : . o , H :
3. Data symbolization and drsplay (application software development
A

A brief review of. the application of this approach with respect "it%’_‘ahe case study 1s
appropriate at this time. As proposed by Robinson the use of primary data sources
collected by the specialist provides an excellent "basis with which to estabhsh a rfull
realization of the level of reliability of the data. A clear understandmg of the data’s
reliability is necessary when determining the appropriateness of applying various
_' statistical measures. The data used in the Bond Street case study was primarily obtained
by personal investigation. Aﬂ«s well, a variety of secondary data sources were used to
! | ‘
130 - !

-



P
N

« o 131
3

e : : . -
» .
R .

supplement the substantial information personally collected about the street. Several of
these sources included interaction with an assortment of proprieters on the street.

The confudence level of the data source was especially important in determlmng
the ground floor retail actnvmes from the upper ﬂoor uses. Retallmg functlons uSuaIly
exist on the ground floor of a;bundmg Knowledge about the building located at a
partlcular address was mvaluable/n de,termmlng the exact estabhshment location.

The data manipulation step involved a classification of ail activities for the street
‘addresses; The},classification stage was merely an attempt to typify the data it#ns. The
classification process required modification to an existing Standard Industrial
Classifica‘tion (SIC) soheme. The complexities of incorporatiﬂng‘temporal data items into a
contemporar‘y'classifi(:ation scheme were varied. The modified SIC was an attempt’ to

_include-the characteristics of several different retail environments that occurred over

stime on the street. The quality of the derived classification scheme is better understood

only after intensive use of the data has taken place The approach to categornzmg the

data was based on solid cartographlc theory, however the data processmg that has been

undertaken since the classification step has identified many shortcomings and-
inaccuracies to the point that a complete séview of\the SIC is appropriate. Minor

modifications to the SIC were done as their need became evident. R

“

" The final step in the data handling process involved data symbolization and
display. The design and develc()pment of application software was the main emphasis of
this step, The nature of the research, spatio-tempqralturban data, necessitated the
development of software programs to effectively measure the data. lilo comprehensive
software existed that could deal with the unigte idiosyncrasies of a temporal urban
infrastructure data set. This is prlmarnly due 1o the research nature of the identified
problems. / A 7

The development of the software was Ioosely based on the programmer’'s model
of interactive graphics as presented by Foley and Van Dam (1982, P. 24). The model
was altered slightly to incorporate the use of Intergraph's IGDS software. The use of
IGDS was approprlate for effective 3-D display. This data handling step actually involved
analytical processmg of the encoded data set by extractlng data subsets and convertlng

these to IGDS 3-D»graph|c representatlons. Developments in the field of geographic data

R4
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¢ management since the initiation of this research have identified the need for relational
data base management tools to properly incorporate the standard analytical functions
that are requtred The use of the IGDS interface is currently limited in this regard.
An evaluation of the specific objectives of the research is neceisary This will

.identify if the aims of the study were achleved as well as determine if the study process

that was used was appropriate.

7.2 Evaluation of the Research Objectives

As discussed throughout this thesis there are four primary aims of the reseerch.
A review of each obj-;cti\_/e as wetl as an assessment of the relative success of ther
res\e@rch in satisifying each goal is required. Each research} objective is addressed in

order. T g : ,A T

©

As identified in Chapter I, the fundamental aim of the thesis research was to
develop a mapping information system, based on the ihherent advantages of using 3-[5
cartographic .images to investigate multi-dimensional data, that would integrate and 3
optimize thﬁev'?:edvahtages of the disciplines of cartography, Qeography, and computer
graphics. Without doubt this aim has Eeen fulfilled. mTechnological developments in the
computer graphics field have clearly allowed the sucoessfull integration of cartographic
methods and geographic analysis. In fact many of the’mappmg apphcatnon developments
in computer graphics software have been based on strict cartographic methodologues. 4
Thedbasis of developing a2 GIS revolves around the data handiing: ‘st'eps proposed by
Robinson. The development of GIS's is an attempt to creates comprehensiv‘e software
system that includes cartographic concepts land geographic methods of analysts. The
incorporation of computer graphics hardware and software techmology provides the
- mechanism for linking the GIS together. : @

In the case of UMIS a successfull combination of cartographic methods of data
’h'andling and display, geographic concepts of data manipulation and analy"sis, and
computer . graphics techniques for display have beeh, achieved. UMIS 1s based on
software linkaées to combine the approaches of each discipline. The appropriate
methods required for the management of urban geographr data have been extracted

from eaeh discipline and mcorporated into a unified mechanism for appllcatlon
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it should be noted that co‘mput'er graphics techriology has also offered many new
" methods for display that previously were too cumbersome or impossible to achieve. The:

case of SjD representations is a excellent example. As shown in the UMIS examples
presented in Chaptqg VI; there has been a move away from the concerns b?é? technical
congiderations of perspective choice (isometric or focused), map viewing (viewing
azimuth, elevatuon angle vertical exagge@tton) and map compilation to an-emphasis on
the clarity of the map product.and the map's function as an information transfer
mechanism. The mcreased use of 3-D maps for decision making roles in the resource
planning and urban dJesign fields are prime examples. As well, methods of 3-D
presentation that were previously ignored because of technical considerations are now
being used and eualuated. The maps prese@ted in Chapter Vi are examples. ©

The integration of computer graphics technology with cartegraphy has also had
some impact on changlng the role of the map product Due to the relative ease in
creating maps, defnnlng viewing methods, and, the inherent vrrtua/ nature of the map
product, the map has become increasingly used as'a temporary or intermediary step in a
géographic analytical process. The Bond Street data set provides a fine example.. Only.as
maps are created and interpreted can the data analysis step be refined resuiting in
hypotheees about the data that are best displa);\éd' with another map product. The
iterative process of visual ana/yS/s is paramount here.

The second aim of the research strictly reflects the cartographlc v1ewpornt Wlth
respect to the recent advancements in computer graphics technology. it was the aim to
implement and evaluate 3-D cartographic representations as alternative methods for the
management, display, and analysis of urban spatial data. Paramount to this idea is the
notion that 3-D representations. are meant to supplement the existing library of
traditional 2-D methods that are used. Three dimensional maps may be used to augment
existing displays ofAdata sets that represent quantitative characteristics within a urban
geographic area. Th ﬁplication of 3-D methods of display to quantitative data has not
been addressed in tg\itudy |

The examples presented in Chapter VI clearly indicate the applicability of Esing
3-D representations for displaying-and ‘measuring urban spatial data. The emphasis has

been on interpreting and visually analyzing thesmap product. Without the limitations of
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static displays and view blockage the spatial and temporal panerns-li} the UMIS.Q-Q maps
are immediately evident. Limitations on the visual analysis of the 3-D map prbde_c’ts"are
dependent; on the data manipulation process and the;‘resultant method chosen for
displaying the results. The inherent advantage of the UMIS displays :s the ability to
integrate da’t‘a from a‘variety'of time periods in one display. The ability ef the user .to
define the.viev{/’ing selection criteria is also very important. This allows the user‘ to onl'y
display the data that is lmmedxately pertment D(ependmg on the pattern that is evident
data can be added based on a new hypothesis.

<

The success of the 3-D map products for presenting spatial and temporal
¥ patterns can only be evaluated in terms of the scopeuof thﬂresearch aims. This research

only applied a small piece of urban spatial data to the QP world. A ‘more compIete
evaluatlon on the use of 3-D cartographnc representatnons fo\presentnng urban spatlal
data can only be made if other types of urban data are incorporated. Example data types
include land ownership data, tax parcel information, the location and characteristics of
utilities, land use ioning areas, and elevation data. _

While the use of the 3-D cartographic image has been successfully .irnplemented
and utilized withhi-n this case study it is important to note the map prdduct does not stand
alone. The applicatidn that was under;aken in Chapter VI clearly 'highlighted the need for
use of the 3-D images 'with statistical information that was determined during the data
subset selectlon stage and graphics processing stage. Patterns that became evident
during the wsual analysis process were enforced with statlstncal results that were
created during data processing. The use of both;roddcts were quite complimentary.

- The third aim of ' this study is from a strict geographic viewpoint. It was the aim
of this research to effectively display and inves_tigate the process bf urban retail change
for a high-fashion shopping street over time. The' Broad scope of urban retail change
necessitated the definition of specific areas df interest by the urban specialist. Three
initial areas 'of inquiry were identified. These are in no way intended as comprehensive
measures of urban retail change, rather they focus on distinct retail processes of
interest. They are identifying retail changes over time for saie’cted addresses; identifying '
the average turnover of retail functions; and measuring the persistence of firms based

d
b

on selected persistence criteria. The three graphics pkocessing programs within UMIS

.
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reflect these retail processes. : @

Chapter V! presents one example for each process. Each specific example was
designed by the urban specialist.DPatterns of spatial and tgmporal dimensions are clearly
ndticeable and identified. Limitations identified in the review of these graphics products
afe presented in_the next section of this chapter. Retail change within the context of the
particular areas of interest is effectively displayed and measured. .More detailed
in\/tajtigation into the specific patterns that became evident in the examples isﬂleft to the

Jj’ukbar) specialist. This is consistent with the design of the application software. The basis
£

(@kf)ftrhe software’_dé’sign is an iterati Wclss of visual analysis,which' is utilized most
effectively by the-application user. Suggestions and requests for enhanced capabilities in

the quest for

' zing: retail
‘ L

manner within-4MIS. T r»yg; .the development of this case study several software
o2 . 4 N

change more effectively are honoured in a consistent

enhgncements, have boek B UMIS increased capabilities within the context of

Rl i
analyzmg retail data. All .@iémentsﬁ have been generic enough to allow for the
applicatioh of other data sets in the future. This also is consistent with the design
onjectives of UMIS. |

The last objecti\;e of this researéh is to provide and evaluate 'a practical
application of the Intergraph interactive computer ‘graphics system for
' éomputer-assisted_ map;;ing. The nature of geographic data managémgnt extends far
beyond the idea of comiputer-assisted mapping. The development of UMIS has sfepped |
into these néw areasf of application. For example, a variety of data manipulation and
analysis algorithms have been implemented. prior to the computer-assisted mapping step
of the process. These data algorithms are based on existing approache,s for data
handling as well as some innovative ideas such as persistence that have been proposed
by the urban specialist. This has increased the scope of the exercise beyond a strict
computer-assisted r‘happing application. .

However, within the context of‘g’éomputer-assistéd mapping this research has
presented an extensive practical application of the Intergraph systém. The use of a
distinctly slanted research theme and the 3-D approach has provided an application that
pre\)iausly had not been attempted. The implications of justifying an Intergraph. system

purchase including the financial considerations involved have traditionally necessitaed its

.
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* complicated the natural process of changing functions. Not only did some functions -
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use for purely pn;oduction oriented applications. This case study has clgarly identified the
effectiveness of the Intergraph syétem as a research Yool for thematic applications 2
geography.

In particular, thé use of 3-D techniques for this research theme is unique. Most
3-D applications utilizing computer 5raphics te¢hnology are done"’within the architectual
or engineering _ﬂdisc_ipline. Only recent advancements in the area of surface modelling
have shown the 'épplication of 3-D representations to geogra;phy. Very little software
exists today that is oriented towards urban infrastructure study utilizing any 3-D display
capability. Thisﬁapplicatwn of a computer graphics system has incorporated the recent
conceptual changes within 3-D cartographic research, ie. move away frbm purely visual
considerations to emphasize t}we précess of information display, as-well :as':?vp’:rovided a
framework with which other studies can be designed apd_svaluéted. :‘ ’ x
7.3 Problems and Limitatioﬁs

The problems and limitations encountered during the study fall into two main

categories. These are data considerations and technical considerations. Each is.discussed

in order.

7.3.1 Data Considerations

. Perhaps the dominant problem revealed during this research involved .‘the
dimensionality of the data. In particular this included the data classification stage. The
urban specialists found it very difficult to incorpo;\a‘té the temporal :c%ange of retail
environments. Changing definitions and methods of description for retail functions

a

change over time, but the method to describe a specific activity also changed. This was

,y further complicated by the eradication of some functions and the*t;irth of new ones.

The dynamic nature of retail change was difficult to sumrh@rize in one
cl;xssification 'scheme. The question arises how do we effectively compare qualitative
data from different time periods. From the examples that were undertaken it became
quite clear that much specialiied knowledge is required to effectively eliminate the

error§) of assumption and maintain the reliability of the data. The errors of assumption

3
.
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are those errors in classification that are causgd by assuming particular functions are
similar to another without substantial fieid study to confirm these. The important point
here is that a data confidence level is maintained. This idea is related to the notion of

/_\d\ata accuracy and information loss. The classification process should attempt to typify

" the data set wh.le minimizing the amount of information lost. A consistency within the
classification scheme was maintained due to the urban spec;ialis;ts excéllent background
_.knowledge of the data set. ‘Tﬁ_e suBista"ntiaI amount of secondary data sQurces available
f;:r reference as well as the :continued field surveys,ﬁyndel\fft’ak"‘én by the urba specialist
helped to confirm the reliability of the data set. Nonetheless, the examples presented in
Chapter Vi as well as other test examples Rjentified sevefal miscodings and inaccuracies
in the data. é!p review of various levels within the classification scheme is currently
underway by /S urban specialist. V
Another problem encountered with the classification of the data set involved the
selection of grbund floor uses. A traditional problem in functional classification is the
fdeter-nination of ground floor uses. Generally, retail activities are located on the first

L

‘ﬂoor of a buding. This is commonly the case today on retailing streets. However, the
primary data source, the Post Office Lor}don Stre;t Directory, did not distinguish ground
floor from upper floor uses. ‘In fact‘.often the same address was given. This was
complicated by the inconsistency included in the capturing and reporting of the data for
the time. The transfer of the data set to the digital files identified a variety of
circumstancés where establishments were listed at a specific address for a year and did
not réappear for s‘eve‘ral timc; periods, sometimes 20 to 50 years. It was here the urban
specialist used the secondary data sources to determine or hypothesize on the exact
location of a particular establishment. Again it was only through examples such as are
‘o presented in Chapter Vi that these miscoded upper floor uses are weeded out and
eliminated from the data set. The cleaning of the data set is an ongoihg process that
occurs in spite of the time and care taken to validate and classify the data originally. The
value of -this ty& of geographic data processing is that it uﬁiildsd‘i‘comprehensive
knowledge base about the data se&by the user. It is during this that _the' user begins to

understand the processes that have acted on the data and a more complete

understanding of what other data supplements are required is established.
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7.3.2 Technical Considerations

A variety obtechmcal limitations became gvident during the research process.
Most of these are dtrecﬂy related to the tools that were used. A brief review of each is »
beflmng.

. The use of flat seduential ASCl files Was appropriate as a data storage structure”
con'sidering the size and content of the Bor;d Street data set."As identified in Chapter VI
pro.cessing performance for the three examples wis excellent. Any performanvce
limitations, ie. the substantially longer time required for the DUR-FUNCTION runs, was
..due specifically to the nature of the software logic. The software is fairly clean and

/opnmuzed for the file structures that are in place Processing problems that were

Lencountered during testing of, the software often necessitated rewriting of-. several

v

Y

4 subroutines to optimize the performance and function of a program. It is expected
Kt

however, that enhanced analytical and manipulative capabilities would require the use of
a different data format for the attribute files. The use of an indexed file structure, -ie. a
relational data base produe‘t, would provide greatly increased. data manipulation
capabilities specifically where quick data retrieval was required.

Further to this discussion of data storage techniques a review of IGDS 1S
appropriate. The Interactive Graphics Design Software (IGDS) supplied an exeellent base
for graphics display. The characterieties of sgreen resolution and manipulative
capabilitiee combine to make it one of the best interactive computer‘\.graphics 'systems‘
available. However, t.he capability: for linking attribute data to the graphics producf, w.hile

‘exrst’mg, i1s somewhat égnbersorrle and requires a good understanding and significant
knowledge of the Data Management and Retrieval Software (DMRS) package As
p_revnously mentioned in Chapter IV, the overheads of disk storage, processmg
requirements, and substantial\lsoftware training. would not yield significant Benefite that
‘were - directly applicable to’ the objectives ‘of the research. Furthermore. the
non-relational data base strupture available with DMRS would not be conducive to the

query type processing that would be requnred with this type of data set.

Another minor firte on W|thm IGDS "invoived the use of 3-D cells Cells are the

IGDS element that is used ' represent point symbols in a graphics design. The cell that

was used in the examples presented appeared as a hollow cube. All cells must be

' ®
Y
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. created pl"IOF to graphics placement The abllrty to create user defined point symbols is’
clearly a strong pomt of the IGDS software. However, .he llmltatlon is that 3-D cells
cannot bgplaced Wth varylng graphlc parameters. In other words once a cell is created
all symbology for that cell is sta?c with the exception of jevel. Since colour is a
dominant vrsuaf varlable employed in the 3-D representations several cells had to be
created for the placement of one klnd of pomt ymbol For example to properly use
the cube symbol at least eight celis had to be created and stored in the UMIS cell library.
,Eachv was created with exactly the same parameters except colour. The advanfage of
llavihg 255'colours available to the user is elimin'afed by the practical considerations of
- having to have one cell for each colour for a partlcular symbol.

.This llmltatlon has lmpllcatlons l;eyond the mere creatlon of, several cells
however The entire graphics processing ‘software was des:gned around the need for
multiplie program runs to create one map product. lgnormg the obvious problem. o{
increased processing time for obtaining duplicate information from ‘the user this
program design logic appeared more complicated to the application user than was really
neces.sar‘y‘. The introduction of any level of confusion to an analyiical process -as such
reduces the usefuliness and quality of the software program. The need for handling this
cell Iimitati'on‘,_ while not a major problem,' did contradict the design objectives of the
software. ' | '

Another. minor limitation .was involved\" with respect to the dynamic viewing
process'. A distinct limitation exists as fo amount of graphic elements that can de
downloaded into the"Terminal Data Set of the workstation and viewed dynamically. Some
. llmltatlons exlsted not only in the size of the area that could be downloaded but the
speed at Wthh dynamic operatnons were performed. This llmltatlon was quite evident in
) the exampfles as presented in Chapter VI. Since the visual analysis process is highly
dependent on the ability toeasily rotate and zoom in and out of the 3-D window this
limitation. is important to note_. A’ potential problem was overcome by the capability.ito
define a view rotation be X, Y, and Z angles relative to a view a_xes. This alternative
method presented no problem in obtainlr\g the perspective views that were ngcessary 1o
yisually analyze the’map products.. Hov\’/ever,‘ if a case study required a large data subset,

ie. AVG-LENGTH for the whole street, obtaining the perspective views to properly

¥
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analyze, ’dthe data distribution patterns would berome tedious and ultimately may restrict
s 4

o . ]
effective interaction with the map product. This~s strictly a technical Iimitation and it is
;p@cted that it will be ellmlnated in future releases of the IGDS software.

The fmal technical limitation that presented |tself invoived obtaining views with

3

hidden lines removed. Since movement within the 3-D file is virtually unlimited no hidden
3

" line removal can be performed interactively. Furthermore, none was required for the

af

- vigual analysis of the map products. View blockage is not.a concern when viewing the
map product in this manner. Nevertheless, a specific software package was required to
create clean hidden line views for hardcopy output. The Intergraph Hidden Lir‘\e Removal

4
software package (HLINE) was used to create static views with the hndd\en Imes removed

No view manipulation was possible after hidden lines had been ehmmated‘Thls software
design operates opposite' to most 3-D graphics software that creates hidden line views
on-the fly after the user has alphanumerically defined a viewing aaimuth, elevation angle,
&nd vertical exaggeration. This method does not provide the ability for dynamic viewing

however.

7.4 Recommendations for Future Study

| - Recommendations for fulture\ study"inclu_des a variety of approaches to this
research. Suggestions are presented based on the rapidly developing technology of the
.computer 'graphics industry and the trends occurring in geographic data management.

Considerations of the specific case study are also. presented.

7.4.1 Techmcal Enhancements
The use of computer technology in any discipline must take intc account the
rapidly .ghanging nature of the computer field. The application of computers to the
cartography and geographic data management fields have spurred development that is
'&weceoented in either discipline. Particularly with the _“developmentrof geographic
information system approacties has the extent of tasks avail|able to the user been vastly
increased. The integration of multi-disciplinary * techniques has been a major trend in

L 4 f
geographic analysis. Accordingly, any research-that attempts to investugate methods for

geographic analysis gnd cartooraph|c display must be aware of these new technologies

Vr
R
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and techniques that are developing.

The development of GIS technology’ since the initiation of this thesis research Hés
been substantial. This thesis has attempted to incorporate tne important concepts of GIS
hoping that the developing technology would, not make the research obsolete.
Nonetheless, the integration of current GIS meth/‘odolo'gies in the i‘uture would provide
capabilities and approaches that were not utilized in this research. Perhaps the most
important of these is the capability to incorporate a variety of other data /ayers into the

statistical and graphics representation of e data. This would require the use of a data

base management system to properlh mantain and output data. Current relational data

. /
base approaches are exceptionally goo‘for maintaining and adding data to existing data

sets. The added capability to quickly query and create new | mformatuon based on
modelling formula is an inherent advantage to integrating this kind of technology

Another trend in the data management arena is "the move towards
micro-computer based systems Several micro-computer based 3-D mapping. programs
are available today. However, most of these are concerped Wwith the drsplay of
continuous surface information. Very few can be dti:ized witn thematic cartographic
applications, particularly those that require tradi}onal cartdgraphic symbology, ie.
proportional symbols. The ability to represent irregular point data with the 3-D medium
is lacking in this regerd .~

The development of micro-computer GIS is the domunant\trend in mapplng
related software applncatlons The current research is constralned hy the use -of an

A,
expensive mtnr comp%er based syst@m. The move to persoral computer tedhnblogy not

U A
only increases the flexibility of the software but it also great?y reduces th’e cost of

obtaining. maintaining. and developnng a data processing system. The user wauld have
the advanta:_;es of a standaione workstatlon for theit own: personal use. The anpllcatlons
of CPU time are no ionger agmajor eoncern. A' move to micro-computer technology
would require some modifications to the existing software as well as some changes in

the conceptual design of future programs. However, the tradmonal limitations of CPU

power and storage space ars quickily beirg ellmlnated with the technologncal'~'

p—

developments in the field. In fact the case study as presented in this thesis ‘would have R

no problems with respect to disk storage space or processing powes requirements
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3

. given the technology of the current day.

Another spatially related technological development that may be valid for future
research in the urban field is that of remotely sensed imagery. Traditionally. resolution
_limitations of remotely captured data have inhibited.its use to larger resource based

applications. However, with the influx of satellites that provide data resolution in the_ten

metre range, information may be extracted to adequately identify land related patterns..

o

The notion of functional ciassification within urban areas is an immediate consideration.

The use of this kind of approach is bounded by temporal constraints. It simply would not
be useful for any studies that require temporal data in any greaf amounts. In any respect

the use of remotely sensed imagery, satelite or not, requires consideration in future

urban research.

7.4.2 UMIS Modifications

A variety of modifications could be made to the UMIS software w'ith.fegard -0
software design and functional capabilities'. As mentioned in the previous section
most obvious ig the integra)cion of a full relational data base capability. This would alic
the easy iunc:lusion of other related data(layérs into the data base. Examples of other data

sources that may be valid in tuture précessing include population information, average

income data,j;ax parcef data, Iggd ownership information, land use planning data,

elevation data, knd land valuevin,_f:brmatior\. These other data sources would ultimately be '

-

described graphically in a linear or polygonal nature. This would require the use of a GIS

N o s -~
approach for managing the- different types of s,.aual data. A relational data base .

approach would aiso aflow the analytical and modelling capabilities that would be

. = ‘
use af 3-D images is still seen a$ a major display mechanism for the presentation .of

! : : v
temporal patterns.

The other foreseen enhancements to the UMIS software are mgpre specific. An

initial improvement would be to redesign several of the programs to eliminate the -

. physical creation of data files with matched attributes and positional  coordinates.

Coordinate data that was read from the positional data file could be matched virtually

" with the attributes and- the graphic elements placed immediately. This would require

required to order and manipulate the data sets into understandible representgtions. The -
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q‘uicker retrieval to both data files. A different data structure for both data files as

dlscussed in the preyious section is a necessity. This conceptual change would also

result in less file storage being required and ultlmately qulcker graphics processnng The

use of data subsets for the attrlbute data is still envisioned.

&

Another enhancement that is embodied in the move towards GIS technologm is

;.‘the establlshment of mcreased analytlcal capabllmes Th|s would inciude the

™

mcorporatnon of standard statlstlcal analysis technlques as well as severals approaches

L .

: o
“that | are Spelel‘C to urban geography Technlques such as nearest nelghbour anaIyS|s

_ retall persustence measurlng and central busnness district lCBDl indexes a.'ea classic

, éxamples. :

-

,/‘

Iy

The fsnal obwous modlflcatnon involves the creation of new graphics

representatlons The lncreaSmg technoiogy of the computer graphics agew has afforded

i N

the use:of the 3-D surface in ways that p‘rewously were unlmaglneable Further research

3

should COﬂtlﬂUc to- investigate the technlques that exist for the representatlon of -data

using the third - dmﬁensron The creatlon of continuous surfaces and temporal proflles are

;

~an area’-of promlse. : ’ b ' =

fr
i

7. 4,3 Case Study Considerations

i" '\~_I'- ) . . N

¢

1‘4 Some suggest:ons fOr future study th@ rﬁespect to the specrflc casé. study are

approprlate to conclude this sectlon The o‘bv:ous enhancement mentloned in the

“.prewous sectlons is the addltnon of other valid data lafers Within {the scope of th3

1.,.

«.,‘?exlgtmg vnterests of the urban specua‘hst a need has been sho®n to denS|fy the mterval

of the fnve year data set Denslfylng the resolution of the data to ‘a two year lnterval

4T
B

and original results. LN _ o f

would provide a substantual basis for ;ustlfynng the results of: the examples Wlthout

' doubt the  increased data content would provnde many more clues as to the nature of

retail change on Bond Street as well as eliminate many of" the- macurrac;es that are

!
current and- assumed with the existing data. The advantages of ‘an uncreaaed relnabnlnty

v

N wuth e data combuned ‘with the subStantxal knowledge of the study area by the urban
‘:\

‘specxallst would result in an mforn;etuon system WhICh could yleld some very innovative

1

V\,v \\
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Perhaps the primary modification would |nvolve a complete reevaluation of the
classification scheme that was utnllzed This process is currently underway by the urban
specialist. The results 6f pny analysis are directly dependent on the quality of the
classification scheme. The' examples presented in this thesis as well as others that have
been undertaken have necessitated a reexamination of the definition criteria for the
classification scheme. Close scrutiny of\the classification criteria may result in the =
definition of several pertinent classification methods for an urban retail data set. The

apdlication of several relevant classification schemes would be especially easy to

undertake if a relational data base structure was adopted.

7.5 Summary : . : ‘ S

The application of the Bond Street retail data set has clearly shown that there |s. &

role to be played by 3-D maps in the management and analysis of urban spatia! data.

Three dlmenslonal mapping is a viable alternatlve when dealing with urban thematic, data

The use of such map products should not be considered a replacement for ex.ustlng -
methods of thematic display in cartography. Three dimensianal maps should s:‘upplemen-tﬂv
traditional map products to present data characteristics that are not easily identified in a

two dimensional medium. The area of temporal data sets is an obvious application.

\/ Notwithstanding, the use of 3-D maps will continue to increase with the developing
technology of computer graphics. Much thought should be given to the purpose of the

map product and the proper application of this »technigbe.

v

®
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Appendix 1. Glossary of Computer Processing Terminology
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access environment
A general term used to describe the command procedure that allows users access

to the program selection menus. An ‘access environment supplies a variety of

menus to the user to aow him/her to perform selective tasks. ‘
' -4

account
A particular identifiable activity}'b‘ihat is understood and logged by the operating
system. An account refers to a valid log on identification a\ctivity. Accounts are

established by the system manager and the operating system can only be accessed -

! ' y ‘

via these defined accounts.

-

\
address migration .
The process of gddresses moving and changing oh a street over time. Migration

includes the physical movement of an a1dress, as well as the agglomeration of one
“.(.'. R A
2

address with ahother. .

O
address space

Theise't of all possible addresses availdble to a process. Virtual address space
refers to the set all possible virtual addresses. Physical address space refers to

the set of all possible physical ad%es used to refer to lacations -in memory and
rd & ! i

: : &
device registers.
Vo
alphanumeric keyboard
The hardware device that.allows the user Q‘_o enter alphanumeric textual commands

into the system. The keyboard appears basically as a keyboard does on 'a

typewriter.
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architecture
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i

Refers to the structural design of the computer.

Q

auxilliary storage . N T

Refers to additional or sugp[emenialostﬁ?iggg -devices other than memory. Disk
PR ST ;','4 T o ) .

, . L EE oty
drive devices are considereg:primay auxiil
_9‘ ;;-:,."" *;“- .

i3,

block i e

r~y storage.

N v

TA quantity of disk space or data consis'gmg_bf 256 Worqs {512 bytes).

byte A : o

A byte is B contiguous bits starting on any ad@reséable;,boundary. A byte can be

used to store 1 ASCIl character. o v

C o €
A mathematical computing language that has rece‘r,gtly, becomé"populé,r in the digital
mapping field. The C language affords many more ca_pabilifies than FORTRAN and is -

being used increasingly in digital mapping ab-plicatiqn"s.:'

cell

A group of graphic elements that form a symb | e graphic elements that make

up a cell are stored together as a complex |emem-'f\:/Accdrdingly, cells are

“a» 3 s ! ~
manipulated as one symbol. L 5 R
. } ) v.‘ t
' ;r ! i ™
cell libr&ry (file) Ly
'
The basic file entity used by Intergraph’s graphic software' for the storage of
L . . ) .
permanent graphic symbols. Ce' libraries are files used 3 sto‘rage and

retrieval of commonly used. user defined graphic symbols. Ce .oraries must be a

v ..

group of contiguous blocks to be L7ed.
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cell origin

The point around which a cell is always placed.

-

central processing unit (CPU)
The central processor ~ tches instructions from memory, decodes them, and

performs the arithmetic, logical, and control operatidns calied for by the

R .
instruction.
¢

<

‘command button (C)

.- The button on the cursor that allows the user to skelect and activate des rec

commands from the menu. - \
-

commang!‘ driven
An ap'proach used in application software that utilizes a command prompt for

obtaining user input. This method is opposite to a panel driven approach.

- command \n* arpreter ' !

/

- S / ]
.~ The secu‘gﬁ“ of the system software that parses out and interprets input

commangs.

r

command level programming

A general termﬂthat rnefer}‘,s' to the creation of command procedures using DCL.

command menu

A physical hardcopy paper graphic that supports all of the reqwest§/fdr the
: ) . B
creatron and manipulationy of .graphic elements in a design file. A

command procedure
™
A file contaming DCL commands and data that the command interpreter can accept
? <t . ’
and process in lieu of the user typing the commands individually on a terminal.

‘
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compiler

A language processor that translates a source. program containing high level

Ianguag%‘:- statements (ie. FORTRAN) into an object module.

1

contiguous °

X4

A group of storage blocks that are located one after another on disk. Design files

“and cell files must be contiguous to be utilized in the IGDS software and it's

interfaces. » o8 .

~ cursor: o . : - Ty
k] w .

» A hand held device that moves across that command menu and digitizing table

allowing the user to reference commands or that menu as well as data points

‘within the design file.

» design file

The basic graphic file entity used by Intergraph’'s graphic display sofiware. AT
N - c . . ‘ : .
~design file is a quantity of graphic information located on disk in"a group of

cont®yuous blocks (542 bytesj. Design files must be larger than 5 blocks in length
and are scanned by the system hardware for the purposg of bringing the file to the
terminal screen. Design files are lopen ended in s ucture and are only limited Iin

size by the hardware configuration.
{ 4
digitize o : v i

The ‘procéss of, codlh-g ‘graphic information {drawings) from paper into the

. computer system.

digitizing table "
The physical sensitized worksurface of a graphics workstation that affords the

] . —
ability to digitize hardcopy graphics intoc the computer system.

el

%
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element colour (CO=)
A number between 0 and 255 representing the colour of a specific graphic

element. Actual hues and shades are created in a colour\table and assigned numeric

codes. Elements definad a specific‘co,lour code wiil dusplay the colour defined by

~

« ~ that number. Therefore, actual element-colours are dependant on the colour table
attached to the file.
‘ergonomic

N »

Refers to the scuentlf;& study of the relationship between human bemgs and their

~

worklna enwronment in this case computer hardware, with a view to mcreasmg
—  efficiency.
executable image

An image that is capable of being run in the context of a process. The Fesu!t of a .

linking process.

Files 1t Structure- v
The name of the online disk storage (file) structure used by the VAX/VMS '

- operating system. This structure d’efines for the user the method of naminé and
stdring files on the s.yste‘m. This also includes defining the directory structure i

utilized by VAX/VMS.

floating menu
A tablet containing g compz._;ter= command menu that is f!e'xible in |ts movement
across the diéitizing table, The floating tﬁénu is attached to the digitizing table by a
physical cable. |

font (FT=)
LN

Font refers to- a particular type of Iettermg aSS|gned to a text element The

-«

numbers O_ to 84 are used to identify different text font types.

PEEN

Ve
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GRAPHICS
The primary mode of operation within the IGDS environment. This mode allows the

¥

user interactive access to graphic design files.
. . :

graphics workstation
A physical item of hardware that alléws the user accesé t.O other hardware dévices
and software. In the Intergraph c'om"'iguration‘ a graphics workstation” allows th‘e
user access to the G_F?APHICS mode of operatién via several physical hardware

devices (digitizing table, command menu, alphanumeric keyboard, c’“u‘r;sor)‘

[

hardware

-

The mechanical, magnetic, electrical, and electronic devices or components of &

computer system.

-

HELP

) . -
An online help facility provided by Intergraph in the IGDS environment. This help

facility supplies documentation required for the operation of the IGDS subsystems.

I/0

A general term that refers to computer input and, output.

1
\

lexical function.
A special DCL function (command) that returns information about’ch.aracter, strings.
and attributes of the current process. Lexical functions al:e commoniy used In
command procedures to obtain specific information about the user's process '

: , i
and/or procedure variables.



level (LV=)
The active overlay on which graphic elements are defined. IGDS design files pe mit
63 identically sized. levels for the placement and subsequent dnstmctlon of

ﬂnr\,
‘elements Currently the major distinguishing parameter in YGDS des:gn fsles

o A .
"\ C Ll Vo

s . L [

P t PR PR N

A number between Q.énd 7 that |dent|f|es the style of Iune for a graphlc element.

line code {LC= )

o 8 .
Line codes available mclude sohd dotted shor‘r dash medlum dash Iong dash,
. o o °i' i
dash-dot. “dash-dot-dot. and Iong dasr ShUu dash S
line weight (WT=) R ?’”’\ e LT ‘

‘)

A numbet between 0 and 31 that, re%ré'se*n;(s,the thickneéss of the graphic e}emﬁni.
: , ARG s ; e T
AT , v
: R AP : e
linker : I J ‘

N . T
LT S Y

prer’am existing as & system utility, that"reards one or more obiject files created
k.
by a Ianguage compuler and produces an executabie |mag,, file.
. ~ g.z "o
" ’ \""tg E : .
b o R \ / : Coy
Iog on’ ,&.\ . » o ’ C e

&
To verform a sequence of actions at a termlnal that establlshes a user's

comr’hur'uca‘non wufh the operatmg s’ystem 2and sets up default characteristics for
F ;* '

the us ;

s termmal sessrone Sqmeumes referred o ;as lo,g in.

N N - AT N ‘:_ P DI
machine code : &gghe . - - ‘-;_._' L f,.:‘ @

>in @ form executable by the computer.

Q
main memory

See physical memory. -

Ja 4 -
memory management

A general term to describe the system functions that include the hardware's page

mapping and protection, and the operating system's image activator and pager.

155,
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modal class

The numerical class (mode) that occurs most frequently in a given data set.

multiprogramming

The concurrent memory residency of more than one program.
~

object module

The binary output file of a language compiler which is used as input to the linker. -

OF = o | )

This key-in blanks a specific level {or group of level.) from display on the graphics

terminal. Levels can be turned off at will.

ON=

This key-in bring‘”::s:‘-_avspecific level (or group of ‘levels) to display on the graphic

. ' L )

terminal. Levels can bé turned on at will. 4

on-line 2
B . -

The act of being logged on' to an operating system interactively. |

page

4,
o

< A set of 512 contiguous byte locations beginning at an even 512-byte boundary

3

o,

gf . used as the unit of memory mapping and protection.

L
R

i g
o SR

¢
panel driven

An approach in appiication software that utilizes a friendly menu system for
obtaining user input.*

By
&
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bhysical #ddress ’

)

~

The'addreés used by hardware to identify a location in (1) physical memory, or (2)

on directly-addressable secondary storage devices such 3s disk.

.physical memory
The memory that is used to store (1) instructions that the ‘processor can directly
fetch. and execute, and (2) ahy"o_ther data that a processor is instructed to

- i

manipulate. Also called main memory.

} 'pixel

An abbreviation for picture element. A pixel is a square portion of the graphic

v

image that is representative of the finest resolution displayed in that image.

: process 0 ’ , ,
The basic entity scheduled by the system software that provides the context in
which an image executes. A process consists of an address space and both

hardware and software context.

program
A logical sequence of instructions written in a computer language ‘that tells the
computer how to solve a specific problem.

°

program overlays '

- The. d{.fferent task overla;/s of a specific program. Program 'ove’rlléys are _reqUired
on computers that have finite memory size limits. For example,-the PDP 11 series
of mmi-corﬁputers had a silze I'ir-nit of 28K words for any routi?we. Program overlays
are a major limitation _for graphic' apbl’ications in an non-virtual . computer'

environment.
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readonly

Implies that access to a file or device by a process _préigram is limited to reading

i

data only. No writing to that file or device is allowed.

run : ¢

To activate or execute a procedure or image.

snapping

A task_that allows thé user to locate exact elements in a design file. Snapping 1s

achieved throught the tentative point button on tt  cursor:

software iy

The programmed logic that enables the, hardware to execute tasks.

swa;;ping 3 .
The method for sharing memory resources among several progesses by writing
pages to secondary storage (swap out) and reading other pages into memory (swap

in). o

terminal data set {TDS)
High performance terminals Sasecj‘ oh the MC68000 micro-processor contain a
'significam amount of memory capacity within their own hardware and e'\Iso have a
programmable display d'e\;lce called the Display Processor. This p?ovide; the abi'llty
to load a portion of the drawing data into the workstation for rapid use, thus- '
reducing dependence on‘the host processor. The drawing data that i$ loaded into
the terminal is called the Terminal Data Set (TDS). This feature greatly increases the .

speed of operations such as pan, zoom, and dynamic rotation. ,

R

text height (TH=)

Y
N

This refers to a working unit definition of the height (length) of a tex*-element.

&' |
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- UNIBUS interface (adaptor)

1858-

text width (TW=)

This refers to a working unit definition of the width of a text element.
»

UNIBUS o ’

An asynchronous communicatons path connecting the UNIBUS interface (adaptor) to

a'vériety of peripheral devices.

The interface between the UNIBUS and the VAX 11 systen.

user command

A user command is a series of graphic instructions inserted into a text file. Upon

invoking a user command all instructions are processed by the system in an orderly

fashion.

user command language

An Intergraph defined language format that must be used in creating user

commands.

user friendly

 Implies-a design (hardware or software) that is friendly to use. Commonly refers to

the removal of confusing or intimidating computér terminology or proceéses from

a user action.

UTILITIES , | ' ’

The secondary mode of operation within the IGDS environment. This mode allows

the user to perform a variety of file manipulation utilhity functions.
#

]

4
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variation ratio . -

A commonly uséd index for hor¥igisd scaled data (qualitative) that indicates the

measure of variation in a gi\)en data set. Usually is a value between 0 and 1. The

nearer the value is to O the better the modal clag as a summarizing statement

‘or the data set.

-
»

virtual address

A 32-bit integer identifying a byte location in virtual address space. The mémofy

management hardware translates a virtual address to a physical address.

virtual address space . ' .
The set of all possible virtual addresses that an image executing (in the context of a
process) can use to identify the location of an instruction or data item. The virtual

adddress space seen by a programmer is a linear érray of 4,294,967,296 (2#%32)

byte addresses.

working units
The factors representing a specific unit of measurement that defme the UOR's of a

deS|gn f||e to a part:cular level of accufacy The working umt definition al|ows the

user to compare the design area to a real worlg coordinate system.

e

8
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AGRICULTURE

LOGGING
FORESTRY
MINING

J .
MANUFACTURING

. LEATHER & ALLIED

LEATHER

TEXTILE PRODUCTS
OTHER TEXTILES

INDUSTRIES
WOQOOD BOX,PALLET

OTHER WOOD IND .

PAPER & ALLIED
CONVERTED PAPER

’

000000
010000
020000

030000

040000
050000
060000
070000
080000

1090000

100000
170000
171000
171800

R190000
1993900
199910
199320

250000
256000
256100
258000
259800

623811
6238)2
62383
623814
623815

270000
279000
279200
281200

©282110

283100
283200
283300
283400
284100

305800

329110
329121
329122
337900
351220

356300

379800
391210
381220
381400
391510
391520

- 392100

- 162
Vacant, non-economic, or missing
DIVISION A

DIVISION B :
DIVISION C :

DIVISION D :

“razor strap mkr

bookbinder cloth mfr
candle wick. tufiers ' %

presentation boxes
tray mkr

upholder g

‘upholst

upholder cab mkr
upholst cab mkr «
upholst decorators

stationer mfr

printers

bookbinder '

publ y
pub! church '
publ fine art

pubt book & print

pub! newspaper

pat wire cartridgemfr

carriage builder

“coach builders

coach & harness mkr
motor mfr .
tesselatedpavementmfr
vacuum jars

shoes boots black mfr
math instr maker
measuring instru mkrs
photo apparatus mfr
surgical instrumt mkr
surgicalins&bandgemkr
jwir infr ' :



383210
399410
388420
388910
400110
4C0120

400130

623921
623911
623931
623931
62394 1
400170
458910
458920
458330
458940

482100
484100

523311,

. 523312
523320

523321

523322
523330
531010
531020
531030
53104 1
531042
531043
531050
531061
531062
531063
531070
531111
531112
531121
531122
531130
531140
531150
531160
531210
531220
531230
531241
531242
531400
531521
531522

531523
531620

531810
531820

qoitaTy miniaturemnnr
-gcord mfr.

-esorc 1 "oducers
invaid “.rn mkr
builder

carpenter

cainter plumb Siaser
op-aiser & cab mkr
abiret kr
joine~ manfu
joiners rfr
carver & gilczr
artists stainec -
livery stables
jobmaster
carriers

vet surgeon
telegraph off
post office

hair shampoo mkr
hairdressing prep-
perfumer who
perfume distributors
perfumer agts

eau de cologne import
couture who

fashion agent consult
fashions mfr cloth

- knitted goods mfr

knitted goods who
knitted goods wolnmfr

fashions rainwear mfr .
-belt mkr

belt mkr wom
elastic belt makers
sportswear mfr
blouse mkr who
blouse mfr

costume mkr who
costume mkr whs
dress agency
fashions who wom
outerwear mfr wom
sportswear mfr wom
fashions men who

. fashions men agents

shirt mfr

tie mkr

tie mfr

furrier who

milliner mfr

milliner supp'iers
miliner who

handbag mfr

shoes footwear agents
shoes boots mkr who

163
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532200 " thread mfr

532300 stextile mfr .~ ',
532400 .. " woollen mitg . o
532500 woln dirknitwear agt o
532600 rayons’ | - &
532700 silk mfr 4
535200 soap &toilet prep-mfr
. 541100 elect goods mgrch who
5 542100 cigar dir who ,
543210 sheepskin rug mfr f@f‘
543220 - sheepskin who &
* 551100 motor car agents 2
» 561900 ,  stainless steel goods &
. . 563100 - hardwoot merchant &
R 579% 10 office furnishers
578120 office furnishertypwr
594100 tancy goods mfr
584211 . bicycle mkrs
594212 bicycle saddle
5384221 - rubber sports goods
584222 sports goods mfr
584223 sports goods whd
596110 jwir brokers
596120 jwir who
596130 jwir who secondhand N
599300 gutta percha whs &
’ 53939911 ‘ leathergoodmetifr 4fner-
\‘/ 599912 leather mfr
5389813 leather reptile skins
5388920 revalenta arabica imp
599930 brush m&;ﬁtoilet
RETAIL TRADE 600000 | DIVISIGER.-J -
610000 . ' : ‘ © *
620000 :
630000
640000
650000
660000
670000
680000 »
690000 . 2
FOOD,BEV,DRL'G 60 v > 60xxxx
FOQD STORES 601 > 60 1xxx
VIARDE 601200
sk 601211 blitcher
) 601211 butcher vension dir
601212 poulterer
601213 _fishmongers
DAIRY 601220 N
‘ i 601221 Bbutterman
601222 cheesemongers
601223 , chessemonger&butterme
601224 dairy

PRODUCE 601230



FRUIT

BAKER

CONFECTIN

b

GROCERS

TEA&COFFE

‘MSC FOOD

WINE & LIQUOR
LIQUOR

BEER'

WINE .

PRESCRIPTIONS &
PATENTED MED.
CHEMIST

COSMETICS -

501230
601240

601241

. 601242

601250
601250
601260
601261
601262
601263
601264

601265"

601270
601271
601272
601273
601274

601275

601275
601275

601276

601276
601280

601281

601282
601282

- 601283

601284
601290
601291
601292
601293

602000
602100

1602200

6023

602300
602400
602510

1602520

602530
602600
602700
602800

603

6031
603100
6033

603310
603320

‘téa dir

~ produce merch

fruiterers i
fruiterers & florist

baker .. T

“chocolatiers
confectioners -
confectitnfrench&choc
confection pastrycook
candies and jellies

grocers ..
provision merch
groc & italian whs
italian warehouse

foreign oil warehouse .

foreign warehouse -
oil & italian whs L
oilman- .
oilman fishsauce whs
tea & coffee dir

tea & coffee drl

tea & italian warehou
teamen & grocers

_ ice merch

yeast powder mfrs
mineral water mfr :

> 6023xx

wine merch

cider merch

wine & spirit merch
wine & brandy merch
wine & spirit vaults
wine & cigar merch
wine spirit cigar mer
wine&min wtr importer

> B603xxx

> 603 1xx
chemists

> 6033xx
cosmetic retir
cosmetic mfr

’. .

: "r"\
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i

PERFUMES 6034 > 6034xx
603410 per fumer
603410 : perfumer retir
. 603410 perfumer retir (rem)
: 603421 perfumer mfr
603422 ~ perfumer mkr
603430 perfumer soapmkrfancy
603440 perfumer & comb mkr
Th ’ '
T TOILET PR : 6035 > 6035xx '
2 603510 toilet prep
' 603521 toilet requisites ,
Y L . 603522 - toilet requisites mfr
SOAPS 6036 > 6036xx
: " 603611 " soap mfr
603611 soap mfr milk
603612 soap mkr
N ' 603620 soap & candle maker
RAZORS x 6037 > 6037xx
T 503700 razor mkr
WAX : 6038 > 6038xx . iy
603811 wax & tallow chandler !
' 603812 wax chandler '
603820 wax bleachers
BRUSH&COM 6032 > 6039xx
" 603910 brush comb mkr
s 603921 brush mfr
603922 brush mkr
¢
"APPAREL & FABRIC 61 > 6 1xxxx
GENBRAL APPAREL 610 6 10xxx
FASHION 6101 . > 6101xx ’
610110 fashions
610120 ¢outure
610130 - fashions men wom
610140 fashions men wom chil
610150 fashions trendy
610160 fashions discount
810170 fashions rainwear
h . ‘ - 610180 indiarubber waterproo
‘ 810191 depot de modes
610192 modes et robes
610183 | model mkr paris
610210 , outfitter
610310 knitted goods merch
619320 knitted good wolmerch
610340 homespun merch
610350 woollen merch
610410 - sportswear dir -~
610510 tailor habit mkr

611110 fashions wom



6112101 °

6112102
611311
611312
611322
611321
6113212
611410
611420
611511
611511
611512
611530
‘611540

611550

611560
611610
611620
611630
611710
611720
611731
611732
611810
611810
611910
611921
611922
692110
612210
612220
612230
63311
612312
612313
6123212
6123211
612322
612330
612340

612350.
612361 . -
612362

612410
1612420

612420

612431

612431

612432
1612433
612440

. 612510

612520
613111
613112

613120 -
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outfitter wom )
outfitter wom retlr
tailor wom

_tailor wom crt

costume mfr
costume mkr
costume mkr crt

" blousé retFm . W

blouse mkr

dressmkr .

dressmkr veneet repr

dressmkr crt ’

'dressmkr furrier crt

dressmkr lingerie

dressmkr mjll fur crt

fashions skirt mkr -

gown retir

gown mkr.

gown mfr

mantle mkr

mantle designer

india shaw! whs

shawl whs

trousseaux

corset mfr

corset mkr ‘ .
lingerie Yy
lingerie mfr ‘ ‘
fashions men ‘

outfitter men

outfitter colonial

outfitter military

tailor

tailor arti

tailor men ;

tailor breechemkrridg

- ‘tailor breeches mkr

tailor trouser mkr
tailor military

tailor hosier

tailor outfitter

tailor water proofer
antigropelo mfr

shirt mkr

gloves shirtmkrs hose |
shirt mkr hose’ glover
hqsi\ei‘s shirtmkr
shirt mkr hosiers
hosiers shirtrnkr whs
hosiers whs '
glovers shirtmkrs

" -underwear retlr

truss mkr .

childrens wear

outfitter school

juvenile whs !
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614100 ~ furrier retir
614101 * furrier
614200 Aurrier mfr
615110 ‘Glover retir
615120 : glover crt !
615132 glover mfr '
615131 glover mkr
615211 hatters
615212 ‘ . hatters men ‘
615220 " hatters mfr .
615230 hatters glover
615310 - milliner
615320 milliner retir
615330 milliner crt
615340 hatters wom
615350 s " hatters ride fur dres
615360 - milliner drassmkr
615370 milliner dressmkr crt
615380 ~ milliner comb mkr
615410 hatters & e. india wh
615420 "~ hatters & milliners
615510 hosiers :
615520 '~ hpsiers glovers
618830 hosiers outfitter
615540 N hosiers mfr
6155650 hosiers wom
615560 hosiery whs shetland
615570 . hosiers brace mkr
615610 hair wig mkr 5
615620 hair ornamental mfr
615630 peruke mkr .
615640 peruke mkr & perfumer
615650 : “ wig mkr & hair dress
616100 : jeather goods
616210 - handbag retir R
616220 handbag mkr .
616210 fan mfr
616411 : umbrella mfr
616412 . umbrella mkr
616413 umbrella whs
£17100 linen retlr
617100 retir
617200 linen mfr
617300 linen draper
617410 linen whs - .
617420 . linen whs baby
617430 - linen whs housshotd
618110 - shoes boots retir
618121 - shoes boots retlr wom
818122 ' shoes wom
618131 shoes boots retir men
1 618132 shoes men
\618141 shoes men wom
Y - shoes men wom fsn lea
618211 shoes boots mfr

618212 shoes boots mkr

3

L5



2

169

618221 ' ,shoé’s boots mfr wom

618222 shoes boots mkr wom

618310 shoes boots mkrwaterp
618320 shoes foot comforts

619111 -+ fabrics

618112 ~ fabrics artistic

619120 fabrics dress

619130 couture fabrics

618140 . textile merch

619151 . mercer men

615152 , * mercer & woln drapers *

619160 drapers & hosiers &3 dn

619212 embroiderers A

619212 embroiderers muslin

619213 embroidery depot

619220 ' fancy work repository
619231 ’ tancy fringe mfr

619232 fancy fringe mkr v
618240 : laceman gold

619310 lace dir

619320 " laceman

618330 lace whs

618340 lace mfr

619350 lace depot

618360 ’ lace accessories

619410 silk mercers :
619420 silk merch

619430 silk whs

619440 silkk mercers &lacemen
619510 woollen merch

619520 woollen draper -

619530 - . woollen whs

619551 " scotch tweed mfrs

619552 © scotch whs

619600 ' fabrics (linen)

619701 east india warehouse
619702 oriental whs

619810 button merch

613820  calico printers

621211 .+ furn dfr

621212 ’ furn importer

621221 furn mfr s

621222 furn mfr artistic. - - oL

621231 buhl mfr - LA

621232 buhl &carved furn dir

621240 marqueterie mkr

622101 “electrical applianges

622102 electrical clocks

622200 gramophone dir

622300 razor serv centre

622400 . sewing machine dir

623110 carpet retlr

623120 N carpet mfr .
+623210 furnishing fabrics

623220 art decorative art

1623250 accordian pleater



¥

623260
623311
623312
623313
623321
623322
623323
623323
623324
623411
623412
623413
623414
623416

623417

623418
623420
623430
623441
623442
623500
623601
623602
623603
631110
631120

631130

631140
634150
623711
623712
634200
641110

641120

641300

641420.

641510
651111
651112
651113
651114
651115
651116
651121
651122
651131
651131
651132

651133

651134
651135
651140

621150

652110
652120
652310

seedsmen
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window blind manuf
china-glass merch
china porc

china glass whs

china glass mfr

china mfr _

china porc mfr

china porc mkr
venetian glass manf
chandelier mfr
chandelier mfr&lustre
lamp & lustre mfr
lamp warehouse

lamp glass&lustre mfr -
lamp mfr

lamp mkr

lamp mkr & oil merch
elect lightfittingmfr
elect light shade mkr
wmp shade mkr

i use furnishers

ar' pottery importers
art pottery mfr

art pottery terra cot
‘ri2tor car bodybuilder
maotor car dirs

notor car mkrs
motor co

m=tors (7)

de corators

ar-. decorator

rmotor accessories
cepartment stores
Jepartment st oversea
discount house
variety store 77

mail order office .
bookseller v
ant books

bookseller publ
bookseller & library
bookseller stationer : .
booksel station libr
library .
library & opera agts
stationer

stationer crt
stationer bookseller
stationer heraldic .
stationerdresscasemkr
printer.stat newsagen
glass paper agnt ~ -
fountain pen dir
florist

florist artificial

M L]
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4y,

k3

652320

553110

853311
653120
653130
653140
653151
653152
653312
653320
655111
655112
655113
655121
655122
655123

655124 .

655130
655210
655311
655312
655313
655320

655330

655340
655350
655360
655500 °
656111
656112
656113
656113
656114
656115
656116
656121
656122
656123
656124
656125
656125
656126
656131
656132
656141
656142

- 656143

656150
656161
656162
656171
656172
656173
6565
556182
656183

seedsmen & florists
furnishing ironmonger
tock mkrs S

1< Jronmongers

furn stove mfr
ironfounders

bronze dir

bronze mkr

Jocks patent dir

locks pens desks
musigal instrumentdir
musical instrumentmkr
musical instrumentmfr
piano dir

piano mkr

piano mfr

piano organ dir

violin mkr

music pub sel instmkr
music

music department
music publ

" music seller

music seller & publ
music repository

music circulating.lib
music whs ‘
gramophone record dir
jwir retir

. jwlr retlr ivory spec

jwlir reyr leather -
jwir retircostumeleat
jwir cultured pearls

jwir diamogp set ,
ivory turner Y

jwir gofdsmitis

artists hair&goldsmit
jwlir goldsmith gunmkr
jwir gold silversmith
jwir silversmith

jwir silver smithirem)
jwir silversthdresbag
jwir imitation

jwlr retir imitation
jwir ant

jwir retlr ant

ant silver

amber specialists

jwir watch mkr

jwir watch mfr

cutier .
cdtler&dress case mkr
cutiery mfr

dressing bag mkr

- dressing bag mkr jwir

dressing case mfr
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656184
656185
656186
656187
656191
656192

© 656193

656200
657100 -
658110
658120
658130
658140
658150
658210
658220
658230
658240
658259
658260
659111

. 859112

659113
659113
659210
659220
659230
6593111
6583112
6593113
6593114
6593115
6593116
659312
. 658313
659314
659315
659316
659317
658318

- 658321

659322
659323
659324
659331
659332
659333
659334
659335
659337
65934 1
658342
659343

0

- 658344

659345
. 659410

dressing case mkr
dressing&writcase mfr
dressingcasepktbk mfr
musical boxes
engraver '

sitver engraver
engravers seal

jwir watch reprs
photo dIr apparatus
toy diIr

toy mfr

toy. mkr

toy whs

toy whs&fancybrushmkr
curio trading
curiosity dir

fancy goods merch
gift boutique
heraldic shield mkr
russian peasant indus
ant.dir

ant furn

ant dir

art ant dir

optician

optician inst mkr
optician inst retir
artdir

art dir expert

art dir importer

art dir res cin
artist & pictimporter
artist & art pict dir
art dir printsel

art.importer

art pict import & res
art print dir
art print bookse!

_art com agent

art depot burmese-
art picture res

art packers -,

art expert
artists colorman
artist

. "artist portrait

artist min painter
artist & picture res
artist & photographer
artist in wax * '
art fine art assoc

-art society

art society

art society french
artist min paintersoc .
camp equipage mkr
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659420

¥

659430 °

659440

6538450
659461

- 659462

659470
659600

659710 -
659721

659722
659911

659924
659925
659927
659930
659940
659950

702100,

771100
771300
773100
774100
774910
774920
775200
777200
777310
777320

841100
841120 |

865210
865220
865230

. 6598112 -
659912 .
- 659913
659921
659922
659923

86530C

866909
911101

911122

811400
821110
821120
821130
821140
821300
821400
822100
863910
863920
863930
963940

o
’

portmanteau mkr

‘trunk mkr

trunk dress bag mkr
travel goods dir
saddler -
military saddler
bag-maker
dog dit
coin dir
stamp dir
stamp auctioneer
auctioneer '
commsn agt
auctioneer

auctioneer &estate ag
cigar merch

cigarette retir
tobacconist

[

* smokers requisites.

tobacco pipe mfr
cigarette mfs
gun mkr ‘
newsagents
perambulatr mfr
bank

employment agency
governesses agency -
accountants
advertising

artist commercial
audio-visual consult
motor engineers
musical agent
theatrical agént
theatrical manager
trade office govt
political embassy
surgeon

surgeon dentist’

surgeon & bath proprt -

dentist
accoucheuse
hotel

hotel private

“lodging house

cafe

restaurant

tea rooms .
refreshment rooms
cafe take out
caterers

pub

ticket of fif .
ticket of f tiisatre
concert agent
ticket off theatrelib

Fue
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966100

" 969100
969900

971210
871221
971222
971230
971240
871250
971311
971312
872400
872400

972421

972422
872430

872600 -

972900
979100,

1979911
979912 -

978920

986100

986200
886300
983111

1993112

993113
986110
986120
896130
996140
8986200

N

turf accountant

~billiard rooms

shooting agency
beautly specialists
hair dres .
hair dres hat hosiers
hair specialist

hair restorer
manicurist
electrolysis’

glectro therapy

cloth repair

cloth repair inv mend
lace cleaner

lace mender

glove cleaners
carpet restorers
dyer "
shoes boots repairs
massage  °
masseuse

elect baths

club - private
club-restaurant -
tea association
photographer
photostudio eleclight
photo specialist
airline ‘
travel agents
tourist office govt
rail booking rec off

o

* tour operators

>
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" Code range is from 0 to 996200. -

Categorization of the classification scheme - ATTRIBUTE.COD

CAT-CLASS-I-START, Processing started at 23-JUL—%9‘87 13:59:53
CAT-CLASS-I-SUMMARY, Processing Summary at 23-JUL-1987 14:02:23

Input Coded file = QSA1:100202 1.UMISIATTRIBUTE.COD (19X, A)
Output Summary file = QSA1:1002021.UMISJATTRIBUTE-CLASS.SUM.

!

Number of different 1 digit codes ... 11

Number of different 2 digit codes ...: 53
Number of different 3 digit codes ...: 108
Number ot'different 3 digit codes ... 218
Number of different 5 digit codes ...: 458

- Number of different 6 digit codes o 640

Number of different "Oxxxxx" codes ........ 10 '

Number of different-”1xxxxx" codes .......: 8

Number of different "2xxxxx" codes .......: 15

Number of different “3xxxxx" codes .......: 18 '
Number of different "4xxxxx" codes ........ 10

Number of different "Sxxxxx" codes .......: 68

Number of different "6xxxxx" codes ....... - 446

Number of different "7xxxxx" codes ........ 11

Number of. different "8xxxxx" codes ....... -7

Number of different “Oxxxxx" codes ........ 46

Number of BLANK codes found and ignored...: 58
Number of TOTAL codes read ................ 730"

CLASS-I-FINISH, Processing Complete at 23-JUL-1987 14:02:24

'

kR
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Appendix 3. Bond Street Case. Study B‘as'a Map
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