
EXPERT SYSTEMS FOR CARTOGRAPHIC DESIGN AND PRODUCTION 

David Forrest 

If the number of publications using the terms in their title is any indication, then in the last few years 
there has been considerable interest shown in the application of artificial intelligence and expert systems 
to cartography. Most are theoretical considerations of what can and might be done, or what can't, and 
while a few do report actual working examples, these are all of fairly limited scope or sophistication. A 
small number of publications try to deal with the general problem of map design, or significant portions 
of it, but more are concerned with specific aspects of map design and production, such as line 
simplification, name placement, or symbol selection. This paper introduces the basic concepts of 
artificial intelligence and expert systems and examines what needs to be done to apply them to 
cartography. 

INTRODUCTION 
In the last twenty years or so there have been a great 

number of programs created to produce maps using a com
pute~. Most of the commonly available programs are for 
producing small scale statistical maps, however more re
cently there has been a significantly increased interest in 
Geographic Information Systems for producing a wider 
variety of maps at a broader range of scales2• The continual 
drop in hardware prices has brought the possibility of 
computer mapping to a wider audience, particularly with 
the increased power of micro-computers now available. 

The increase in the availability of computer ma!fing 
capabilities has lead to a great increase in map authors and 
the number of maps being produced, but does not however 
appear to have lead to more widespread knowledge of 
cartographic design theory. The large number of poorly 
designed maps one sees that have been produced by com
puter mapping systems indicates that there is a general lack 
of knowledge of how to design maps. These poorly de
signed maps are not the fault of the computer programs. 
Most programs do have the capability of producing well 
designed maps when used by someone knowledgeable in 
map design; rather, the problem lies with system users who 
are not skilled in cartographic design and who would prob
ably never produce a map by conventional means, but 
would contract a cartographer to produce it. 

It is unlikely that the general level of cartographic 
education of most computer map authors will be greatly 
increased, therefore cartographers must strive to make the 
programs used by naive map authors better able to produce 
reasonably well designed maps, or at least maps which do 
not break the most fundamental rules of map design. 

The area of computer science devoted to producing 
programs that appear to respond intelligently to varied 
situations is Artificial Intelligence (AI). More specifically, 
an Expert System is a program which includes knowledge 
of how an expert solves a problem. It is essentially a 
program which includes a codified form of the rules that an 
expert uses to solve a problem, thus a cartographic design 
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expert system would include the rules a cartographer uses 
when designing a map. 

A long term goal would be to have a cartographic 
design expert system that could design any map at any scale, 
but current literature on expert systems suggests that at this 
time practical expert systems should be limited to narrow 
domains, ie. the problem area must defined within quite 
narrow margins. Some cartographic expert systems are 
currently under development. These have tended to 
concentrate on elements of the map or map design, eg name 
placement, line generalisation, solution of spatial conflicts, 
and while all these problems will have to be solved in any 
realistic production system, there would seem to be a need 
for the application of expert system techniques to more 
general design issues such as data selection, choosing an 
appropriate method of portraying a data set in map context, 
and generally trying to prevent the author from making poor 
design decisions when making the map. 

ARTIFICIAL INTELLIGENCE 
Artificial Intelligence is a branch of computer science 

involved in studying mental faculties and reproducing them 
through the use of computational models. The use of the 
word 'intelligence' may in fact be misleading as the term 
tends to be used to refer to individuals with above average 
creativity or cleverness, whereas most;problems in Artifi
cial Intelligence arise in attempting to recreate the mental 
capability of 'ordinary people'. AI is concerned with the 
general behaviour that goes along with intelligence; it is not 
limited to one particular method of producing 'intel
ligence', and the methods used may not be the same as 
people use (Chamiak & McDermott, 1985; 7). 

The ultimate goal of AI is to produce human-like 
intelligence in a non-human machine. Whether or not this 
is achievable does not reduce the importance of developing 
programs that take us towards that goal. The divisions of 
AI research can be seen as the elements to be solved in 
producing such a machine. While there is no universal 
agreement on the subdivisions of AI, the major groupings 
are Expert Systems, Natural Language Processing, Pattern 
Recognition and Robotics_ Other common sub-headings 
are Computer Vision and Machine Learning, although the 
former of these is frequently encompassed by Pattern Rec
ognition and the latter is really an essential component of 
any system which claims to have artificial intelligence. 
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While the general aim of AI research has not changed 
over its twenty-odd year history, that is to produce programs 
that can in some way 'think', there has been a shift in 
emphasis from trying to find general methods for solving a 
broad range of problems to that of solving very specific 
problems with verychlghly specialised programs. 

Intelligence 
The idea of intelligence is not concerned solely with 

what can be done, but also how it is done (i.e. the style or 
manner). The idea of intelligence is not concerned solely 
with what can be done, but also how it is done (i.e. the style 
or manner). Rather than rejecting a problem totally, or 
'crashing', an intelligent system should degrade gracefully 
and provide a solution even if this is less reliable or com
plete (the user should be informed of this). Problems should 
be solved using insight and understanding rather than blind 
mechanical execution of rules and inference procedures 
should be used to answer 'what if..' type of questions, or to 
make predictions. Where conflicting options are possible, 
rather than using pre-assigned priority measures, the rea
sons for the conflict should be analyzed and the 
consequences of alternative choices should be considered. 

There is a very thin division between programs that are 
clever and those that show artificial intelligence. Indeed, 
" ... it is possible that there is no such thing as an intelligent 
program - just clever programs that become increasingly 
clever" (James, 1984; 116). It has been shown that by 
applying some simple rules one can give an impression of 
intelligence that would convince an innocent onlooker, but 
deeper investigation will ultimately reveal the lack of 'in
telligence' of such systems. 

Problem Solving 
All branches of AI rely upon problem solving, to which 

there are two elements: Representation and Search. All of 
the approaches to problem solving require some sort of 
search for a solution. Conducting these searches as effi
ciently as possible is one of the aims of AI. However, before 
a search process can begin, the problem must be 'set up', 
or, in other words, a representation of the problem must be 
formulated. 

Usually one applauds a human problem solver not for 
conducting a fast and orderly search through all solu- .. 
tion possibilities, but for looking at the problem in such ' 
a clever way that the solution seems elegantly simple. 

(Nilsson, 1971; 8) 

There will often be alternative representations for the 
same problem, but unfortunately AI research is still directed 
at producing a generalised automatic method for the skilful 
formulation of problem representation. 

Representation 
The 'language' produced or operated upon during 

problem solving is known as the Internal Representation. 
This representation is, to some extent at least, an abstrac
tion. The same representation may be embodied in a variety 
of different data structures, to make different operations 
efficient. It is normally assumed that it is easy to translate 
from one internal representation to another, and certainly 
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easier than translation to and from external representations 
(i.e. questions and answers in English). 

The internal representation is used by an AI program 
in the following way: 

• When a program gets a statement, it translates it 
into an internal representation and stores it away. 

• When it gets a question, it translates it into an 
internal representation as well. 

• It uses the internal representation of the question 
to fetch statements from its memory. 

• It translates the answer back into English. 
(Charniak & McDermott, 1985; 11) 

While this may seem more complex than simply stor
ing the English, it is in fact more how people do things, in 
that we tend to remember the 'gist' of what we are told, long 
after we have forgotten the exact words. Specific knowl
edge representation methods for expert systems are beyond 
the scope of this article. 

Search 
AI programs work by searching the internal repre

sentation of knowledge for a solution, often referred to as a 
goal or 'the goal state'. In human intelligence we can see 
the parallel to this as being a specific response to solve a 
particular problem. Our reactions to certain situations may 
appear to be automatic, but are the result of all our thought 
processes being directed to achieve a certain 'goal'. We 
don't do things because we think, we think because we have 
things to do. 

Typically the internal representation of a problem can 
be expressed as a tree structure or graph. This graph repre
sents a structured series of nodes, each with an associated 
state descriptor. A solution is obtained by applying oper
ators to these state descriptions until the 'goal state' is 
obtained (Nilsson, 1972). In the graph theory search pro
cess there are a number of ways in which the search can 
proceed. Basically these include 'blind search' procedures 
which always follow a predetermined pattern or 'best frrst' 
procedures which assess the path most likely to lead to the 
solution. If a system is to appear intelligent then intuitively 
this latter method is preferable. When a search proceeds 

·.down a blind alley, it must 'backtrack' to try an alternative 
route. Applications of the search problem to cartography 
have been discussed by Wilkinson (1987). 

EXPERT SYSTEMS 
Artificial intelligence may be described as the transfer 

of intelligence to machines. Expert systems deal with a 
small area of expertise that can be converted from human 
to artificial intelligence. Put simply, an expert system is a 
computer program which, by using facts and rules about a 
domain (problem), simulates the decision making process 
normally carried out by a human expert. They differ from 
conventional 'algorithmic' programs in both structure and 
operation. 
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It may seem that any computer program that solves a 
problem may be termed an expert system, but there are 
numerous points which distinguish an expert system from 
a conventional program, for example: 

1. There is continuous interaction with the user, who 
conducts a dialogue with the system, and leaves with an 
answer or conclusion. 
2. The system weighs up the likelihoods, explores alter
natives and follows a course of reasoning which 
depends on the user's replies. Whole areas of investiga
tion may be initiated or discarded as a consequence. 
3. Uncertain or incomplete evidence is accepted and 
used 
4. The system elaborates on and explains why questions 
are asked, and describes how conclusions are reached. 
5. Only significant questions are asked, and questions 
related to a particular topic are grouped together. 

In a conventional program the user follows a rigorously 
defined series of steps to meet the requirements of the 
program exactly. In an expert system, the interaction is 
flexible and should emphasise the requirements of the user. 

The Role of Expert Systems 
An obvious question to ask is why there is a need for 

expert systems, rather than rely on human expertise. Ac
cording to Basden (1984;61) the benefits lie in: greater 
reliability (will not forget factors); increased consistency 
(same importance given to factors); increased accessibility; 
the ability to arrive at a faster solution or try a greater 
number of alternatives in the time available; the easier 
duplication of expertise (less training). In the case of de
sign, increased consistency also implies repeatability, 
something not always achieved in manual processes. It 
should also be easier to document and afford artificial 
expertise, and it is more permanent (Waterman 1986; 12). 
Expert systems are especially appropriate where there is no 
efficient algorithmic solution. "Such cases are called ill
structured problems ... " (Giarranto & Riley, 1989; 20), this 
typically being true of design problems. 

There are of course disadvantages to expert systems, 
hence there is good reason not to eliminate human experts, 
but to supplement them. Human experts are creative and 
adaptive and although expert systems can gain through 
experience, they are not as flexible as humans. 

EXPERT SYSTEM STRUCTURE 
Although some of the superficial differences between 

expert systems and conventional programs have been dis
cussed, it is perhaps iQ the underlying, internal structure that 
the differences are most apparent. The simplest model of 
an expert system consists of three main parts. These are the 
knowledge base, the inference mechanism or inference 
engine, and the user interface. Clearly an expert system for 
producing maps must also access a database of relevant 
data. It is the structural difference whereby the knowledge 
relating to the problem to be solved is separated from the 
inference mechanism that differentiates expert systems 
from conventional programs. 

The term user interface is self explanatory, referring to 
the part of the system that communicates with the user. The 
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skill, experience and judgement of one or more h.uman 
experts is stored in the knowledge base. This can be viewed 
as a model of the experts' reasoning leading to one or more 
conclusions. The term knowledge is used by AI scientists 
to refer to the information a program needs before it can 
behave intelligently (Waterman, 1986; 16). This informa
tion generally takes the form of facts and rules about a 
particular topic or domain, although there a number of 
knowledge representation methods currently in use. 

The inference engine is the component of the system 
which controls the order in which the knowledge base is 
used, generates new facts from existing rules and known 
facts, and is generally seen as the central module in an 
expert system. Expert systems work by relating the con
tents of the knowledge base to the information supplied by 
the user's answers to questions formulated by the system. 
The system infers the most appropriate action in any par
ticular situation, either giving its solution, or asking further 
questions. 

Heuristics 
A traditional program is a list of instructions for giving 

a sure solution to a problem, or reporting that no solution 
exists. This is known as an algorithm. If one examines the 
way in which humans solve problems then one sees that 
very often an algorithm is not used, but a lose collection of 
'rules of thumb' that seem to work are followed (James, 
1984; 10). While these rules often do not guarantee a solu
tion, they make it more likely that you will get closer to one. 
Such rules of thumb are termed 'heuristics'. More explicit
ly, heuristics are: " ... criteria, methods or principles for 
deciding which among several alternative courses of action 
promises to be the most effective in order to achieve some 
goal. They represent compromises between two require
ments: the need to make such criteria simple and, at the 
same time, the desire to see them discriminate correctly 
between good and bad choices" (Pearl, 1984; 3). Further
more, when heuristics do produce a solution, it can take far 
less time than an algorithm would take for the same prob
lem. 

Heuristics are important in true expert systems because 
they are used to guide the search for a solution, ie they 
determine the best route to follow towards the desired 
result 

EXPERT SYSTEMS FOR WHOM? 
Expert System can be used by a wide range of people 

for a variety of pwposes. The major grouP,S of users are 
likely to be experts themselves, practitioners4, students and 
those with no experience in the field. 

Experts will use expert systems in a decision support 
role, using them along with other decision support systems 
to confirm their decisions, or to act as intelligent checklists. 
The expert system may be used like an intelligent assistant 
and as more intelligence is added to it, it acts more and more 
like an expert. Also, although currently it does not appear 
likely that ES will replace the human specialist, they will 
reduce the number of trivial enquiries, thus allow the spe
cialist to devote more time to less trivial problems. 
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Some expert systems will no doubt be used by novices, 
but there is some feeling that this will be less widespread 
than was at first thought. Most fields of study have their 
own special words or 'jargon' or apply special meaning to 
ordinary words that a novice might be dangerously unaware 
of (Basden, 1984; 64). Practitioners on the other hand will 
be familiar with the jargon of their domain. According to 
Basden it is also likely that expert systems for practitioners 
will be more cost effective than for novices. 

Expert systems have much to offer in education be
cause of the nature of expert systems generally and their 
capability to explain their reasoning. Students, like practi
tioners, will have some awareness of the 'jargon' and will 
be able to use expert systems in example cases, or to test 
their own hypotheses. 

A final group who will likely make use of expert 
systems are specialists or experts in one particular domain 
wishing to apply their knowledge in a related field, or to 
make use of a system to process their information. For 
example, a geologist using a cartographic expert system to 
map his data. He has specialist knowledge about the geo
logy of the area, but not the cartographic knowledge to 
produce the map. This use of expert systems receives little 
coverage in the literature. Perhaps the need for such sys
tems for producing maps has something to do with how 
many potential map authors and developers of mapping 
systems view cartography. Most Computer Aided Design 
(CAD) systems are directed at assisting designers, not at 
making it easier for non designers to produce designs. 
Many computer mapping systems are intended for non 
cartographers to make maps. 

As Robinson and Jackson state (1986; 431) 
Probably the user most at risk is the one who produces 
maps or other graphical output for his own use or for 
limited circulation. . .. the user, in designing his output, 
will often use an interactive graphic facility and there
fore he needs to optimise the information appearing on 
the screen appropriate to his particular expertise. 
... [also) the fmal product may appear on a totally differ
ent medium, e.g. paper, which leads to further problems. 

EXPERT SYSTEMS FOR CARTOGRAPHY 
There are large areas of cartographic design where 

expert systems currently have little to offer. For example, 
designing a topographic series is an event that takes place 
relatively rarely and the design adopted is likely to be used 
for many years, perhaps with some modifications through 
experience, changing requirements, or new production 
methods. Each series has to take into account many factors, 
many of which will not be the same as the topographic series 
required for a different country or different scale. The time 
scale for producing the design is likely to be relatively long 
and there will be opportunities to consult acknowledged 
experts and experienced map users. 

Similarly, the design of products such as hydrographic 
and aeronautical charts has evolved to a highly refined state 
and there are international agreements on many aspects of 
the design of such products. 

In these cases expert systems will have many more 
benefits in production rather that design, particularly in 
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many aspects of compilation where smaller scale maps have 
to be derived from larger scale (digital) source data. Many 
of the systems currently under development address these 
needs, such as those for line simplification, name place
ment, etc. Other likely areas of application for expert 
systems include the selection of soundings for hydrographic 
charts, contour interpolation, contour labelling, selective 
omission of minor tributaries in river networks, etc. 

The two situations where expert systems do have much 
to offer map design are (a) where the map is likely to be a 
'one off' design and is wanted quickly and (b) where the 
map author is not an experienced cartographer and cannot 
'imagine' what the final design will look like. In many 
cases both of these circumstances will apply. 

A broad overview of possible applications of expert 
systems to "cartographic processes" is provided by Gran
klanoff (1985). He also tries to assess quantitatively the 
suitability of expert systems for various mapping tasks. 
Each of 17 mapping tasks from geodetic control to printing 
were assessed for their suitability by eight mapping experts 
using standard criteria. Although a very limited study, 
several tasks relating to design feature near the top of the 
list for suitability, including generalisation and symbolisa
tion, and feature selection and placement (Table 1). 

Table I 

SUITABILITY OF TASK FOR APPLYING EXPERT 
SYSTEMS 

Rank Task Name 
1 Source Evaluation 
2 Source Selection & Compilation Planning 
3 Generalization and Symbolization 
4 Feature Selection and Placement 
5 Stereo Photogrammetric Plotting 
6 Typeseuing & Type Placement 
7 Geodetic Control Identification 
8 Color Separation Proofing 
9 Overlay Proofing 
10 Analytical Triangulation 
11 Mensuration 
12 Distribution & Shipping 
13 Inventory & Stockage Control 
14 Press Printing 
15 Engraving (Scribing) 
16 Plate Making 
17 Negative Preparation 

After Granklanoff, 1985, p.621 

Robinson and Jackson (1986) also identify a number 
of broad areas of cartography and digital mapping where 
expert systems could be of benefit. Their list includes: Ma
nual and Automated Map Design; Digital Data-base/User 
Interface; Cartographic Education and Training; Spatial 
Data Error-train Analysis; Data Capture and Storage Stand-

SUC BULLETIN Vol24 No 2 



ards; Data Format and Transfer Standards; and Replacing 
Cartographers. This is a very wide ranging list encompas
sing most areas of cartography, although they see the last 
entry on th~ list as being impractical for several reasons, not 
the least being the need for cartographers to provide their 
knowledge and monitor the achievements of automated 
systems! 

BUILDING CARTOGRAPHIC DESIGN EX
PERT SYSTEMS 

Cartographic design, like most design problems, is 
characterised as being an unstructured problem. In order to 
create a cartographic design expert system the first step 
should be to formalise the map design process, but like 
many other areas of design this has yet to be done. If this 
can be achieved then what initially appears to be an uncom
putable problem can be at least partially solved if it is 
properly divided up. 

This lack of formalism has not prevented cartographers 
from designing maps. Evidence in the form of published 
maps indicates that the practice of cartography is well 
known, even if the cartographers concerned have not started 
from a theoretical analysis of what they are doing5. 

Interest has been shown in formalising the map design 
process, although this is very limited when compared to say 
architectural design. Eastman (1987) attempted to develop 
a" graphic syntax" for map design directed at expert systems 
applications, but failed to relate this directly to the actual 
process of designing maps. Mackaness and Scott (1987) 
attempted to define map design for expert systems. Aspects 
considered extend well beyond what might be considered 
the design process and discuss geographical knowledge and 
spatial cognition. They concluded that there is a wide range 
of aspects related to map design that need to be researched 
before any reasonable attempt can be made to automate the 
process, although they dismiss the notion of using expert 
systems to produce derived maps as 'simple', and concen
trate on the processes involved in making the 'original' 
map. Forrest (1990, 1991) has also proposed a formalised 
map design process, in part based upon the relationship 
between the phenomena to be mapped, the data available, 
and the possibilities for representation. 

The pessimistic view expressed by Mackaness and 
Scott and by many cartographers when expert systems are 
proposed seems to stem from a lack of understanding of 
both the map design process and expert systems. The 
apparent lack of written rules for cartographic design only 
causes concern if one considers the extreme range of possi
bilities for map types and map scales. Once the scale range, 
location, subject and purpose have been established, the 
options are greatly reduced and there are many examples of 
what can be done. That is, by moving from some vague 
notion of map design to the design of a specific map the 
problem becomes potentially solvable. 

Thus, before attempting to develop a working system 
an attempt must be made to formalise the map design 
process. This should be based upon an understanding of the 
information to be mapped and the processes involved in 
producing a map. Once such a model has been established 
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- and there may be several viable alternative models -
progress can be made by codifying relevant cartographic 
practice. This may initially be in the form of verbal descrip
tions of the rules, conventions and processes required and 
then more formally in an appropriate structure to form an 
experts system's knowledge base. 

CONCLUSION 
Apart from a few very specialised aspects of design 

why are there still no cartographic expert systems? Proper 
development of expert systems needs a great deal of time, 
with substantive working systems often being quoted in 10s 
of man years. Academics don't have enough time and 
software developers currently don't have the economic 
justification to devote the time. Apparently, according to 
Mark Monmonier in 1990, Intergraph have invested in 
expert systems for GIS and currently have over assembled 
6,500 rules. 

Many of the expert systems that have been proposed 
for Computer Aided Cartographic Design have been inher
ently impractical. More than one has suggested that a single 
system will be capable of producing all manner of maps 
from large scale plans to world inventory maps, hydro
graphic charts to multivariate statistical maps, etc. This 
may come in time, but current thinking on expert systems 
is to limit the problem to 'narrow domains.' It is evident 
however that as long as expectations are realistic, artificial 
intelligence and expert systems do have much to offer 
cartography. 

NOTES 
1. Numerous terms have been used to describe maps pro
duced with the aid of computers: computer cartography, 
computer mapping, computer assisted cartography, digital 
mapping, automation, etc. Here we are examining the 
design and production of maps for display on computer 
monitors (VDUs) or output on small format plotters and 
printer/plotters. The term Computer Aided Cartographic 
Design (cf. Computer Aided Design) will be used to refer 
to computers being used for the design and display of maps, 
whereas Computer Mapping will be used to refer to the 
broader use of computers in map making. 

2. A Geographic Information System (GIS) should in
clude a database of geographic information, tools for 
analyzing this data and the capability of mapping the re
sults. The third part of such a system could usefully apply 
Computer Aided Cartographic Design. 

3. The Map Author is one who conceives the map and 
prepares any special topic data. He may then proceed to 
carry out the design and production, or pass this on to the 
Cartographer. The System User is the user of a Computer 
Mapping system. He may be the Map Author and/or the 
Cartographer. The Map User may or may not be the Map 
Author or System User. The map's intended audience and 
purpose will have an influence on its design and production. 

4. A practitioner is one who has some experience in a 
domain, but does not have the deep specialist understanding 
of an expert. 

5. Keates, J.S. 1990- pers. comm. 
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