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TONARDS MORE INTELLIGENT SYSTEMS:
A GENERAL TREND IN COMPUTERS

Andrew U, Frank
University of Maine at Oromo
Orong, Maine, U.5.A.

ABSTRACT

In computer developments, there is a permanent trend towards more power-
ful systems for less money and there is no ¥imit in view to this development
yet. This increased power is transferred to the user not only in the form of
cheaper computations, but much more so in the form of higher 'intelligence'
of the appiication system. From a 1and information perspective, thera has
been a trand for computerized systems to help drafting maps, sysiems to
maintain an overlay type of multi-purpase cadastre; and data base-oriented
Jand information systems. Present research and davelopment in compufer
science may contribute to an application-oriented language which permits ane
to instal] ang work with an LIS without much formal computer training; and
'axpert systems' which embody not only the facts but also the rules to deal
with these facts and which may assist decision makers to avaluate complex

situations.

ABREGE

le ddvelopement des ordinateurs et des programmes nous montre une
tendence a long term: la puissance des machines permet d'évoluer iun
niveau superieur d'"intelligence.” Nous observous les mémes phénom8nes dans
les systEmes pour traitement des données cadastrales et nous discernous:
(1) des systémes de dessin graphigue; {(2) des systEmes & couches multiples;
et {3) des systémes & base de données et ngus prevoyons (4) des languages
spécialisés pour les applications des systémes d'information sur le
territoire, et (B) des systames experts, qui contiennest pas seulament les
faits mais oussi les régies conme elles sout utilisées par les spécialisles.
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i, INTAQDUCTION

In serveying, computers were first used for compticated calculations.
Today, surveyors use computers increasingly to draw maps. This is a shift
from the use of computer exclusively as powerful calculators to their use as
more versatile, multipurpose machines for the treatment of ail kinds of data,
including, but not Timited to long ferm storage of results and producing out-
put as Jegible, hopefuliy pleasing, reports and maps.

This paper will discuss in very general terms how the computer can be
used to produce maps. It will prasent basic concepts in graphical data pro-
cessing and will 1ink these to database management for geomeiric data and to
the future expert systems of the so-cailed 'fifth generation' computers
{Feigenbaum and McCorduck, 15983).

Using these concepts to classify present systems, thres generations are
proposed:
1st generation: purely graphical systems - electronic drafting
2nd generation: annctated, multilayered, storage-oriented systems
Ird generation: database-oriented, integrated systems which manage
complex models of reality and provide different
renderings.

Practical criteria are given to classify the differeni soitware packages,
as they vere deveioped over the last decade, into the above mentioned genera-
tions. The concepts associated with these generations will be detailed in
order to understand their functionality and iimitations.

This paper will not discuss the single packages as they are offered in
the marketplace. Given the fast changes in the products, this would be a fu-
tile endeavor. 1i seems more important to make the underlying concepts of
the three generations understood.

This basic text should enable the practitioner io assess systems in re-
1ation te his needs and then find the one mosi appropriate to his situation.
1t is not necessarily the most sophisticated one, a comparison betwsen the
needs and the system’s capabilities is necessary to optimize a selection. To
achieve such aptimization, one should try fo find out, by appropriate ques-
tions and tests, im which generation a sysiem tends to fit. The ensuing
functionality and limitations then become clear.

This paper is therefors not intended as a buyer's guide and will not
touch on some practical topics very important %o the buying surveyor, {(e.g..
prices, maintenance, service, ...}, but will concentrate on concapts and
functionality., The typical hardware considerations which dominate many dis-
cussians are excluded, the emphasis being put oa software Ffunctionality.

In order to deseribe the different generations of interactive graghics
system as ussd for map drawing, we need a knowledge of the fundamental Erin-
ciples relating maps to the real world (Aanex A), of the metric/topological
relations in maps (Annex B}, and of data structure and consistency con-
straints (Annex C). Then the main text may focus on the three generations
and on the concepts they are based upan in order to discuss their function-
ality as it is visibie to the user.
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A final section will show how the develapments visible in these systems
relate to a trend in the development of computer applications in general.

2. THE FIRST GENERATION: GRAPHIC EDITOR

§hort1y after the computers were invented, they were used to produce
graphical output, maps and other sorts of diagrams.

A First type of program packages allowed one te store, manipulate and
draw maps and similar diagrams. The internal model of a map in this type of
package 1s the map drawing. These packages treat the graphical elements
(14ines, symbols, etc.) as they appear on the fimal owtput as units and ailow
the user to manipulate these; he can erase lines, move them from cne peint
to another, copy them from one place to another, rotate and scale parts of
the drawing, etc. This is quite impressive and can speed up the production
of maps. However, for the system, the drawing is a caollection of graphical
elements {1ines, symbols, texts) without any meaning and without connection
between them.

This may lead to results which are quite surprising and annoying to the
user, gut clearly understandable when one bears in mind what internal model
is used.

L L |

Figure 1
Moving a 1ine instead of an object

The user sees that the Tength of the west-sast streets is too short and
intends to make them lTonger by moving the eastern north-south road. Te his
surprise this results in Fig. 1b and it takes at Teast six tedious operations
to make all the lines for the roads longer. What is missing in the computer's
mude1 is the topological informaztion. The storage of unconnected Tines is
insufficient and the fact that the road Tines are connected must be included
in the internal model.

Simitarly a move of a graphical element may result in a conflict of two
etements at the same place - again the user has to spot the error and correct

it (Fig. 2).
I
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Figure 2
Conflict after move
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Similarly an object may be moved without the explaining text coming
along {Fig. 3).

17[]

Figure 3
Maving an object without accompaning text

These examples should make clear what is meant by 'unconnected' graphi-
cal elements.

These systems also treat graphical objects without meaning. There is no
internal diffarence between a Tine representing a street center 1ine and the
barderlines of the drawing. This becomes obvious when some simple changes in
t@e map presentation are required: since the system does not 'know' what tha
lines mean, we cannot simply eliminate all buildings or change the 1ine style
for all street center 1ines - the operator has to change each of them individ-
ually because only he can interprete the drawing and separate the borderlines
of the drawing from the street Tines.

. Similarly a scale change is a change of the size of all cbjects (Fig. 4),
including symbols and text - the resuTt is often not the jntended one.

N
d
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Figure 4
Graphical zoom cuiting text off

AT1 the mentioned errors can be changed by graphical editing but require
manual, labor-intensive operations. The human operator is capable of doing
them becawse he interprets the drawing and can add the information which is
missing in the model the computer treats.

3, THE SECOND GENERATION: GRAPHICS WITH ATTACHED MEANING

It scon became obvious that users of spatial data management systems ex-
pected more from their systems than to be expensive and compiicated copying
machines which reproduce faithfully the once painfully digitized originai
(and provide anly slight flexibility in updating the data?.

System builders not only improved the methods to treat the graphical
elements and added some fopological deas (e.g., polygons as a-sequence of
connected Tines),but also allowed the user to attach additional data to the

323

graphical features of the map.

Graphic 1ings can now be annotated with properiies the thing has in
reality - typically for utility lines the materiai and diameter of the pipe,
the age, etc.

‘This has praven useful as these data can be used for different repre-
sentations on maps as well as for making Tists of pipe qualities, etc. If the
system features a user-friendly query language we may even get answers to
questions such as, which one is the oldest pipe, how many pipes are of dia-
meter "x", how long are the pipes of material "a” and older than "y" years.

Such systems were primarily built for keeping track of utility lines,
updating pipe plans and at the same time allowing additional use. They were
successful, because utility lines can be represented with a single graphical
ohject (the black stretch of 1ine} which stands for a real world ohject -
and additional data can be attached to this graphical object.

Some systems even exploit the topotogical properties. Here again, the
simple topological structure of utility networks (mafnly trees} did help,
when topological information was reconstructured from matric data.

Such systems typically do not fare well 1f we want to store information
on objects which are not represented by simple graphics. For example, a lot
is limited by its boundaries - which at the same time Timit its adjoiner.
There is no "patural" graphical ebject for the Tot. An often used solutioa
seems to be to add a point within the 3ot (a so called centroid) and attach
all the lot data to this paint. To Togically coanect this point to the
boundary has proven difffcult. HNot ali such systems can select just one lot
with all its boundaries and nothing else, or can print a 1ist of the coordi-
nates aof the corner points of a Tot. MNeither can some systems detect whether
twn lots overlap.

At the same time, a number of traditional techniques of graphical map
drawing were computerized and integrated.
- Dverlays: When map makers are faced with the problem that
ditrerent users want to represent different data on the
same bass map, they often use overlays. Each piece of user
data is put on a transparency and combinations of base map
and overlays are made.

A computer can handle a great deal more overlays than a
draftsman would ever dare. It is nei ciear, however, whether
an increase in the number of layers makes this primitive
structuring method any more flexibie and a user may be unable
to organize data in a large number of layers without becoming
confused,

- Flexible symbol selection: Instezd of storing symhols as iines,
they are stored as references into a symbol table. This allows
more flexibility in the production of maps for different users,
as the symbols can now be selected immediately before printing
and can therefore be varied for different users.
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-~ doining of map sheets: Even i7 the basic organizati
5; Ev ganiZaticn of
the s{ored data remains in map sheets, a computer-assisted

method of joining two {or more) adjoini
Joining map she
one is often offered, @ man =ts Tnte

4. THIRD GENERATION: DATABASE MANAGEMENT SYSTEMS

d Ihe :undamenta] fdea in database mana
OF data storage and retrieval from the application of the st

v ored dat, .

Ihe?g programs are centralized and 5eparated from the application ?F?gseg)

Fplication programs use a number of standardized methods tg retrisve énd .

update the stored data feati i i
the stores qons! {no application program is aT1lowed to directly access

Ir— T T T T T T e e - = -j Application ﬂ

: E:st: g‘gt;%g;nfnint Application B]

:Databank |’ Application Cﬂ
Figure 5

Datzbase Management Systam

The central database management program containg a d i

dqta an the gunceptua1.1eve1 and checks all updates aggin:iczagt;zgtgfiﬁgg -
rity cunstra1nt§. Having one program set cantaining all the routines tg ]
access the physlca1 data storage ?disk) also makes the maintenance more eco-
nomical and easier. For commercial applications, generalized database manage-
gent systams have been developed; such program systems can easily he adaptgd
0 manzge the data for many epplications. Such systems are alas, most
tikely not fast enough to treat geometric data, ’ '

Furthermore, database oriented systems concentrate the description of

the data in ope piace. In consequence, change
. P . s to the dat i
to changing requirements are easy to aﬁp]y. : 2ta description due

... The primary advance in database oriented systems Tiesi i
b111t1e§ of structuring datz. The data 5tructu¥e can bEEESSEfZS :gd§$u§2?51-
as_passible to render the real world situation. Mon-geometric data can nui
only be attachaed tp gfaphica1 data, but may exist in its own right and be
structured as best suits the application. The more powerful data structiring

tools also allow one to model the eametric situati
. ) atic i -
poTogical information to metric. ’ " petter and to Join to

The mare truly modaling of the real world 3 i i

T ) sttuation and the possibility of
gagtU|1ng more data open additional potential for new app11cation£. The bage
a ? stored in the datapase can not only be used to create maps in varying
scale and symbols for different users, but the data can zlso be used to direct
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simulation programs. Most obvious examples are network flow caleculations
for electric utility nets, calculation of flow in sewer Tines during heavy
rein, etc. These are only possible if a meaningful model of the world - mot
only graphics - i5 stored.

This understanding of the situation is relatively new; it started in
datzbase theory and took a Tong time to be applied te graphical‘and geometri-
cal problems., Because the high performance requirements in these aress seem-
ed difficult to meet, reluctance to apply these concepts can be found among
the designers of computer aided design systems. This is a limited point of
view and should be replaced by more global consideratians.

To gather geometrical data describing Tots, names, utility lines, etc.,
is very expensive; to maintain such a data collection up-to-date requires a
permanent effort. This can only be justified if many different users can use
these data without new measurements. If a true multi-purpose cadastre emerges
(MRC, 1980}, which answers to many needs, then the cost of maintenance of the
database can egsily be covered. But this muTti-user solution is only possible
if the data collection is flexible enough to be used by different users.
This {5 hardly possible in a conventional graphical system on paper {even
with overlays) and 1s not much easier in a system of the first or second
generation which imitates the conventional methods.

If the objects manipulated by the system (graphical lines) are different
from the categories managers are jnterested in, the users have to learn to
translate their requirements in terms of the objects handled by the system.
This makes it difficult for managers to predict which tasks can he carried
out by the system and which can not, Very similar tasks - in terms of the
user’s model - may be very different in terms of the system's model. Such
unpredictable bahaviour - from the managers point of view - is frustrating
and 1imits the use of the system, Even tasks which could be carried out are
not done for Tack of understanding. Similarly, large differences between the
user's model {real world abjects} and the system’s objects (1ines drawn) re-
sult in problems for the operators: they are constantly forced to translate
their objectives into the realm of the system's actions. This makes their
task harder, more error prone, and slower and also reguires more extansive
training.

5. LONGER TERW TREND

The development in mapping systems is quite typica) of the development
of computer applications in general. An understanding of this trend can help
us to foresee the immediate future.

- Increased use of computers to other ends than calculations

{number crunching). Computers can also profitably be used
for Tong term siorage and retrieval of data; they allow
one to struciure the data according to different points of
view and to retrieve them in a different context.

- Trend to use interactive, direct communication between user
and computer and restrict 'batch' processing to special cases.
Graphical cutput can improve the man-miachine communicatien
considerably.

- A trend away from treating a very limited share {drafting)
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of & complex application area towards an integrated approach
(mul ti-purpose cadastre). The intermediata step to wse a
computer system to simulate traditional technical solutions
drafting and overlay) is very common and helps the uygar ta
understand the system operation. Thig intermediate step seems
Tess successful in drafting applications, as graphics treated
by the machine and the interpretation by the human operator are
semanticaily so closely eoupled but may be differently modeled,
A desire for adding more information, however, destroys tha

simple metaphor of the drawing and mzkes the system complicated
to use.

r

Most important is the tread to use more realistic models in
the computer. More and more knowledge zhout tha real world
situation s embodied ints the Computer programs, and the
programs can cansider an increasing number of aspects and rulaes,

The extreme frontier are systems which store arbitrary facts and
Togical deduction rules and then are able to make reasonzhle
conclusions on theijr oWn; such systems expose a {neariy)
intalligent behavior and this area of resgarch fs thus cailed
"artificial intelligence'. Much research has been done in this
area in the past and we apa now slowly beginning to see the

prac}ical fruits of these efforts {(Feigenbaum and McCorduck,
19@3),

"Expert systems' (also called ‘decisicn support systems' or 'knowl edge
bases'} become feasible; such systems contain not only a description of real
world situations, but alsg the rules used by experts in the fiald to deal
with them. Such systems support human experts by making use of advice of
other experts available tq them, helping them to follow complex administrative
or technical proceduras, and keeping track of complex sitwations and pEr~
mitting one tg explore 'what.,.if...' guestions. It seems abyious that such

ideas can profitably be applied in the area of zoning, eavironment and re-
saurce management.

6. CONCLUSION

Different stages in the development of spatial data management systems
a5 neaded for a multi-purpase cadastre haye been identified and the probl ems
associated with each of them explained, It becomes apperent that systems
develop along a line, first, to incorporate aver increasing amounts of data
about the world and, second, to include rules about how to use these data.
Such systems appear tg bzhave morea "inteltigently' and become easier to use
and produce more useful results. Database arfented systems as they are built
now are just an intermediate step. They allow one ta capture the complex
reality more adequately and are more flexible in using the stored data. The
next geseration of systems wil] incarporate expert knowledge ahout the mapping
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profession. They will be easy to ada?t_to changing requirements and they
should be easy to use with 1ittle training.

i day wust decide if he
i this development, the cartographer to A

wantsigusﬂlzetggay?s 5ystem5? The;e will a1gay5 he ?ettezn;ﬁi:igzdgﬁgttaguund

i based on a cglear
the corner. Decisjons today should bg i e an e

i and the 1imitations of present sys BMms _
::ggﬁrﬁgeﬁﬁgT;:gtlagssystem's ability match closely, profitzble operation may
be expected.

ANNEX A: MAPS AND REALITY

i ) ftuation in its past, pre-
deseribe an external, real world situa it pre-
- Eipiu:igzl1¥hrssas we percaive it Haps seldom descr1bﬁ u;:ﬁal,olmag1na
iivg wortds as the maps that go with Tolkien's The Lord of Ehe exigtence o
Stevenson's Treasure Island %PmstJE 1?79). ?Ere ﬁ?tﬂg;imihiseassumptiun °
an abjective description of t@e axterior wor -t et il it S
i i sion of multipurpose maps 1s not poss .
??g?IQ?EEL g;sggia collaections and they deseribe special aspects of the warld.

t that physical ob-
e of data collection reflects tbe fac
ject;ngzgzﬂzr:;rgzsare perceived by ?he observer w1$h h13 3:2??;; gsyﬁitagg”

i . The perception o
ears to name the mast important ones). : o e Ty e hot ob-
jecti ulated by the subject's experience, exp ons,
ﬁgczlzsiegugrgggthis perﬁeptiun his own conceptual model. Th}s E:rilytgegiilr
conceptual model s npt directly visible. In order to commin ﬁa R ihe
human beings, the observer must use some observable physical phenom entatiun’
dggwin s an Baper, etc.) to express its content. The fu1es nftgepr:itaI tian
are cogventions between the parties invulvgd; they define Eiw seagd tal con-
cepts are transformed into observable znd 1nt$rpr?§aglgegatoeggterprefe ma

ceiver must understand these rules i niergret
;Z:Egée zgﬁtr:nd create his own mental, conceptual model. IE }s ;niﬁét::ls—
that the conceptual model in the recejver's m1nd is differen ;o_m he sen
ers, Standardization of encading and1$ducat1ﬁnsar:h§23tﬁz; ggsnol ?nterfere
h keep these differences small enough so

mizﬁngﬁetgaa! gur which the information is needed (Frank, 1983},

i i i t only possible between
icat of mental concepts or ideas is no
two pgﬁgzﬁglgﬁ ;Dgace to face sft#atiun,tbut ﬂ:ﬁegem;;agzpg:ﬁgdtgntrggsfg:;/
i i Differant mac .
IR R Tt d detz). The most versatile ones are
d then usually calle ata). "
:E;pszzigfdbltegiiﬁting and :upying mscigmesc,I :Eﬁﬁ.amgzxt:}sangz1cnng;ﬁ;z:ers
i te the data an .
Only human beings can interpre e e o e 11 s
imited to processing the data hey
a:SEizggﬁglfal ﬁumans du? what the data mean in reail world termi%urgogsgﬁgéti_
ihe rutes (the programs) computers employ may enable them tghpe'deas Iy
cated operations on the data, but anly u; thi éa:g,wgnﬁegz th:t1there no
“the computer know t
ted. If we use terms such as "t e Bt s mndererand
which embody certain aspects of a hum
?:;g;:mgegigﬂéiﬁon and allow the computer to imitate reasonable behavior in
treating the data.

i iew - i than graphical nota-
- from this point of view - nathing more
tionsﬁzgsm:;ﬁ1y spatial concepts aboui the real world. :ur :h:h:ﬂllﬁg1gg
discussion these specific properties are of a less importanc
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yeneral properties in terms of a medium to commurnicate ideas.

ANNEX B: TOPOLOGICAL AND METRIC RELATIONS IN MAPS

Topology is, to express it in a nonmathematical way, what is ]eft from
geometry if you make your drawings on & balloon. Topolegy (exactly graph
theory} is & branch of mathematics dealing with two types of objects, namely,

points (called nodes) and 1ines {called edges) and one type of basic relation
betwean them (cailed incidence).

Topological data can be seen as opposed to metric datz, To analyze
topological retations, the exact Tocation of the nodes and the form of the
edges are of no importance; only the fact that two points are connected by
g 1ine is relevant. In topology the two Figures 6a and 6b are equivalent.

Figure 6
Two topologically equivalent figures

The metric (in the original sense of measurable, naot in the sense of
wsing the metric measuring units) data describe measurable properties, or
more precisely, distances between points; the metric informetion in Figures
5a and 5b are therefore very different,

Metric and topologica) data together are represented in a map. For
example, to register the extension of a plot of land, it is not sufficient
{But necessary? to record the relative positions of the corner pofnts - these
are the metric properties - but we alsa have to join the topological informa-
tion on which points the boundary lines run between.

Topology also inciudes reasoning about adjoining properties and the
tike. Cartographers have always represented topological and metric informa-

tion together in their maps, and are used io dealing with them in combinatipns.

When computers ware mainly used for the computation of metric data,
dealing with topological relations continved in the traditional graphical
way. If today computers are used to support this part of the cartographer’s

work, too, they must be capable of dealing in & natural way with metric and
topological data.

Since it is possibie to produce a complate map drawing using metric ia-
formation alone, a ook at the final product will not reveal if a system

treats topology or not. In the operations, however, differences in case of
use are npticeable,

ANNEX C: DATA STRUGTURES AND CONSISTENCY CONSTRAINTS

To manage large data collections, aspecially if they contain spatial
information, has been proven difficult and time consuming {Cranford, 1978}.
A multitude of small errors and discrepancies tend to creep in undetected
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during update operations, and subsequent problems in processing the data 1ead
to their detection and ultimate correction. (T@is can be seen as an appli-
cation of the third law of thermodynamics, applied to data collections.)

For axample, it is obvious that a subdivision plat must Took something
1ike Fig. 7a. For many reasons, Fig. 7b cannot depict such a plat.

1] |

|

Figure 7 L
A consistent and an inconsistent subdivisian

- Such knowledge must somehow be built into a program ?u rake it jmpussih]e
to enter data which are in vinlation of these ruIesz It is mugh gasier and
cheaper to prevent errors than to make labor-intensive corrections.

This prablem is ubfquitous in all large data 5u11ect1ons. The addition
of so-called plausibility tests during data entry in order tq catch as many
of the errors as possible is common practice iq data processing. The same
methods must be applied to collections of spatial data.

A stringent analysis of these problems in data@ase theory has shown that
data processing generally relies on certain_progert1es to hE1p jn the data
set. [T these properties are viplated (as in Fig. 7b), processing of the
data is not possibie and processing errors and incorrect output result, It
15 therefore necessary to define the set of rules which must h? fu1f?1led by
the data; these rules are called 'data consistency constraints (or ‘data
integrity rules').

Such rules do not necessarily captere all restrictions which are imposed
en the data from the real world situation, but oniy & minimal set, needed for
orderly processing. Programs can be made to treat fewer rea! world concepts
in the data (first generation graphics editors which treat Tines) and need
therefore fewsr integrity constraints. In consequence, such programs can not
detect many gross errors in the data.

i d
If we want to catch as many errors as possible during datq entry an
create useful, 'error free' data sets, the relations between different data
parts must be analyzad and constraints formulated.

The database concept brought the idea of a conceptual schema which de-
scribas exactly the different data to be entergd in the data set and the .
corresponding relations and constraints - all independent of the application
pragrams. This independent formulation is the First step towards a guarantee
that a1l programs, which may change the data, are bound by the same con-
straints formulated.

Unfortunately, the formulation of integrity constraints for geqmetric
data s quite complicated and not much ressarch has been done in this ares
{Burton, 1979; Cox et al., 1980; Frank, 10983). However, it is feasible and
some early attempts, most notzbly by the Bureau of Census {Corbett and
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Fransworth, 1973), have shown that thi

55 t
‘error-freet datq sets without unaccep e on!
correction,

: Y way to achieve usahle,
table high expenditures for errpr
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A DATA BASE MODEL FOR A LAND MASS INFORMATION SYSTEH

J.G. Linders
Unlversity of Guelph
Guelph, Ontarlo, Cenada

ABSTRACT

The role of data base structure 1s only now belng appreclated in using
land related information. The organisation and structure of data determine
the ultimate potential of the data for use by a variaty of applications.
This paper develops a data base parspective on the use of land informacion
by ddentifying information types and their encoding within a data base
anvironment. This paper draws on the experience of a georeferencing pilot
project, conducted at the University of Guelph, for building a comprehensiva
data basa for land mass data. A number of apecific concepts, which span
both the data base technolpgy and land related information systems which
emerged from the pilot study, are discussed.

ABREGE

Le r3le des bases donnSes n'est évalufe que pour 1'utilisation de
l'information cadastrale. L'organisation - et 1la structure des donndes
déterminent leurs possibilités ultimes aux fins de diverses applications.
Le présent article se penche sur 1'utflisation de 1'information cadastrale
par rapport aux bases de donnEes en d&ff{nissant les différents genras
d*information et leur type de codage au seln d'une base de donnbes. Le
présent article se fonde sur un projet pilate de m&thede de r&fErence & der
données gEographiques men& par 1'Univarsitd de Cuelph et visant 2 mettre sur
pled une base de donn@es complites sur les terrss. Nombre de concepts
précis tirfs du projet pilote, qui partent tant sur la technologie des bases
de donnBae que sur les ayat2mes d'information du territoire, font Egalement
1'objet da l'article.

INTRODUCTION

The interest in automated land Information systems can be traced back to
the initlial developments in automated cartography in the late 60s and early
70s. At that time, the primary motivation was to Facilitate the praductlian
of wap graphics using computer assisted methods. The results achieved are
atterted to by the use of computer graphics in 1%72 to produce the line work
for sheets of the 1:50,000 NTS series produced by the Surveys and Happing
Branch of Energy, Mines and Resources in Ottawa. Essentially, the process
involved an emwlation of manual methods used in' cartography, speclfically
the tracing (with digital encading) of line work which subaequently was used
under computer control to direct the movement of a stylus (pen}, scribe
tool, or photospat projector in the production of Faired drawingsa.

The actual storsge and management of land related data initially took the
form of a feature code and # subeode associated with eech encoded
topographic feature. The spetial componant of each feature was embedded in
the set of co-ordinates which could be displayed to provide the graphic
reprasentation requlired for mapping. These initial developments in
automated cartography were in turn supplemented by turn—ley systems providad
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