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Guest Editorial 

Does Today's Industry Need Qualified Computer Scientists? 

Viewpoint I 

Hans G Steiner 
MBP Software and Systems GMBH 

Semerteichestrasse 47-49 
D4600 Dortmund 1 

I would like to begin by recounting from my student 
days a story that I consider to be relevant. While 
attending a career forum for computer scientists, 
mathematicians and physicists, the personnel officer 
from IBM Germany was asked if he would consider 
taking on mathematicians. The gist of his answer was as 
follows: "Of course I must admit that I could just as 
well give the mathematician's job to a theologian. What 
is important is the ability to think logically. It is only 
there, on the job, that he learns how to become 
productive for us." 

This episode occurred 14 years ago at a time when 
graduating mathematicians did not necessarily learn 
programming and when computer scientists were few 
and far between. The situation has improved immensely 
since then. Mechanical engineers, electrical engineers 
and physicists, all with programming knowledge, have 
for the most part taken· over many programming jobs. 
This shows industry that, as time goes by, the answer to 
the opening question is becoming an ever-louder and 
more frequent "NO". 

I support this opinion and in the remainder of this 
essay I will expand on my reasons, as well as highlight 
some exceptions. 

An employee who is recruited directly from a 
university should possess the following four capabilities: 
1. An ability to think logically: One of the basic 
requirements in our business is the ability to 

recognise, analyze, structure, break down and solve a 
problem as well as to fully synthesize the solution. The 
important thing is to break down the problem in such 
a way that the individual components can feasibly be 
solved. This is what distinguishes an engineer/ scientist 
from an arts scholar. The latter usually concentrates on 
the complete problem and tends to settle for a 
contentious, complex and partially non-feasible solution. 
In our business, it is not enough to merely ask the 
"right" questions. 

This ability to think logically may be accentuated in 
computer science; however engineers/scientists will 
generally possess the ability to an equal extent. 
2. Programming skills: Our employees' prime tool of 
the trade is their ability to encode solutions to prob
lems. Ideally, this ability ought to be held as abstract as 
possible. In other words, the further away from the "bit", 
the better. FORTRAN programmers who, for example, 
concentrate on the multiple use of memory space of all 
variables will never be successful programmers in an 
object-oriented programming language. 

The difference can be seen, even in today's univer
sities. For example, one only has to read a PROLOG 
program from a student who learned PASCAL in his 
first semester and PROLOG in his fifth. On average, 
this is always a "PASCAL program in PROLOG". The 
various possibilities offered by a predicate calculus 
language are only recognised and used by the best 
students. Again, we do not need the average computer 
science scholar who has spent between six and eight 
years writing complicated PAS CAL programs, but 
rather the "thinker" with basic programming knowledge 
who is capable of abstracting the task. Once again, the 
ability is independent of faculty. 
3. Teamwork skills: Working successfully in a team 
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requires assertiveness, tolerance, stability and one's own 
ideas. Very few problems have solutions that can be 
managed by one person successfully in the allocated 
time. Out of 700 employees, we can only afford approx
imately five "lone warriors" who are, in turn, the leading 
specialists in a wide field. They have a strategic vision 
which we follow. All remaining employees are 
evaluated, for better or worse, on their team 
performance. Some people have an in-built ability to 
work in teams. A few universities - unfortunately not 
enough - encourage this team-thinking. Again we see 
that the ability is independent of university faculty. 
4. Motivation: The ability to enjoy one's particular job 
is a major driving force in every employee. Whereas in 
the sixties everything had to be "bigger, faster and 
better" and in the eighties "things had to be meaningful 
to society'', the theme for the nineties is self-realization. 
Those companies who succeed in incorporating different 
employees (ie employees with different driving forces) 
into the company culture and who motivate each 
employee optimally will be successful in the nineties and 
beyond. There are huge productivity gains to be had 
from motivating employees. Compared with this, the 
possibilities offered by CASE tools pale into 
insignificance. 

One basic requirement is thus the recruitment of a 
self-motivated employee who should at no stage become 
demotivated, whether it be by company culture, 
superiors or working conditions. 

Again, this is not linked to a specific university 
faculty and is independent of know-how. 

As none of these four capabilities are necessarily 
restricted to studies in computer science, the technical/
scientific background of new employees who are being 
recruited is largely irrelevant. 

I would now like to point out a few exceptions 
which might give a computer scientist the upper hand in 
an interview. I refer exclusively to our own company 
and our specific company tasks. 
1. Porting our COBOL Compiler onto the latest 
UNIX machine from the manufacturer XY. Knowledge 
of the UNIX operating systems could be very valuable 
and enable the new employee to rapidly become 
productive. 
2. Programming the 37th interface (special customer 
request) for our ISDN card. Knowledge of interface 
protocols or experience with protocol conversions would 
be very useful and could be a decisive factor. Such 
specialized knowledge is usually very rare. 
3. Adapting our integrated office automation system 
to the 17th foreign language. The employee must 
command the language perfectly. Simply outsourcing the 
translation would mean that this language version could 
not be maintained or supported. From this example one 
can see that specialized knowledge not only refers to 
knowledge gained from computer science studies. 

In the product business, it sometimes happens that 
computer scientists with specialized knowledge are 
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sought. (This is almost impossible in the project 
business, due to the variety of tasks to be performed.) 
However such a "knowledge" advantage over others 
usually only lasts about a year. After that, the 
achievements of two different employees ( one with 
specialized knowledge and the other without) tends to 
even out. 

Most applicants who start out do not know our 
products, as the flow of employees in this industry is 
almost always from manufacturer to user. Hardware 
and software manufacturers often lose their products 
specialist to the products' users. Seldom do employees 
change in the other direction. 

In my opinion, universities can learn two things 
from this essay: 
1. Studies in computer science give basic knowledge 
that can be used in various jobs. The student should 
however be careful not to place all his eggs in one 
basket. 
2. Teamwork should be encouraged more. Time allows 
for very few geniuses, acting as 'lone warriors', to 
initiate progress in our society. 

I have taken the liberty of basing my interpretation 
and answer to the opening question on my own judge
ment and experiences. I would be grateful for other 
opinions and experiences on this topic. 

I would like to conclude by expressing my gratitude 
for having had this opportunity to express my views. 

Viewpoint II 

Pierre Visser 
Grinaker Infomiatics, P.O.Box 29818, 

Sunnyside, 0132 

The title question currently generates as many view
points as a counterpart question: "What is the correct 
curriculum for a computer science qualification?" Such 
questions stem from the many and diverse requirements 
expected to be fulfilled by the still developing applied 
science. A basic assumption of this editorial is that we 
need to have an explosion and consolidation in comput
er science theory. Only after this has occurred will a 
more general consensus of opinion exist - as is the case 
in other matured sciences. 

An argument is presented here for the current 
approach of striving towards a balance between im
mediate industry needs and long term perceived 
theoretical requirements of industry, even though the 
balance, as viewed from either side, will always be 
imperfect. 

Industry can, of course, do without qualified com
puter scientists - that is how it was established. Dedicat
ed mathematicians, physicists, engineers and other 
scientists will, as in the past, continue to effect improve
ments. However, as one of those scientists from the 
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early days, it is difficult for me to understand why one 
would choose to continue this way. 

A computer science qualification is viewed here as 
a university education ( 4 years) into theory that is not 
obtainable otherwise. By definition, therefore, a qualif
ied computer scientist is not trained to conform to 
specific job requirements. Rather, the computer scientist 
will possess knowledge that will serve him long past the 
present day's computing technology. 

Whether industry needs qualified computer scient
ists depends on two issues. Firstly, can an education be 
provided for computing technology that will serve as a 
foundation for the student's next 45 years in industry; 
and secondly, can industry build upon this foundation to 
created wealth more effectively than without qualified 
computer scientists. 

It is widely accepted that, in broad terms, the 
teaching of fundamental theory will serve the first 
purpose. However, what subject matter to include from 
the wealth of mathematics, physics, OR, and from 
computing fields such as networking, operating systems 
and others, remains the illusive issue. Universities can 
merely strive to select the right mix for the perceived 
future needs of industry. This requires insight into the 
evolution of computing technology. I will later discuss 
such insight as a basic requirement for a qualified 
computer scientist. 

What is important in teaching is to focus on fun
damental theory. Just as the natural science student 
needs to breed fruit flies in order to gain insight into 
the dynamics of inheritance, so too the computer 
science student needs to develop software. The purpose 
should be to create understanding and insight into 
fundamental theory, and, just as in the case of the 
breeder of fruit flies, the software developed should 
never be measured against efficiency requirements from 
industry. · 

The second issue is whether industry can build on 
this theoretical foundation to create wealth. 

A depth of insight into computing technology, more 
so than with other training, can be identified as the 
focus of the potential value of a qualified computer 
scientist to industry. Three areas which require such 
insight are discussed below, namely organisation, 
product definition and the application of new computing 
technology in industry. 

Computing products form an integral part of an 
organisation, and represent a significant capital invest
ment aimed at increasing efficiency. These products are 
incorporated in an evolutionary way to match changing 
organisational requirements with improving product 
capabilities. Decisions to use products determine the 
long term efficiency and cost-effective replacement. 
Such decisions require insight into computing 
technology and its evolution. A qualified computer 
scientist can improve such decisions only if he gains 
enough insight into computing technology ~s well as its 
interaction with business through years of practice. 
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The success of products in some areas is dependent 
on market requirements which depend on computing 
technology and its evolution. The correct definition of 
characteristics of products that interface to computers 
is such an example. Insight into computing technology 
is able to create the versatility, simplicity or other 
improved selling features which can open new market 
segments. 

The third area where insight into computing tech
nology plays an important role is in the application of 
new computing technology (or a new trend) in an 
organisation. Examples include the introductory period 
for networking, DBMS-technology, distributed 
processing and document image processing. In areas 
such as these, the newly qualified computer scientist can 
be applied effectively and at the same time build up 
insight through experience which he will require for the 
other areas of organisational and product decisions 
mentioned above. 

A major dilemma in the continuous development of 
insight into computing technology by qualified computer 
scientists is their correct application in industry. The 
identification of the opportunities within the three areas 
discussed above, requires insight into computing tech
nology itself. Winning companies that depend on 
computing technology have this ability. In such com
panies the insight of the qualified computer scientist 
into computing technology as well as its contribution to 
the business is constantly stimulated, turning the qualif
ied computer scientist into a valuable company resource. 

What has been neglected in this whole discussion is 
the role of the "technician" and of the casual user of 
computing technology. Such personnel are required to 
implement selected computing technology of the day 
efficiently, whether in accounting, chemical engineering 
or other specialised disciplines. Their role and place is 
unquestioned. However, it cannot be expected of them 
to evaluate the potential of new computing technology, 
formulate algorithms from fundamental theory or any 
such decisions which require insight built upon a sound 
theoretical knowledge of the field. 

The final aspect in answering the opening question 
is whether the qualified computer scientist can outper
form other professionals who build up their own ex
perience in computing technology. Many examples could 
be cited of improvement brought about by non
computer scientists in the past. However, these in
dividuals formed part of the bootstrapping for computer 
science theory and education. We should have faith in 
this bootstrapping of computer science qualifications, 
because computing technology will increasingly diversify 
into many directions of specialisation in years to come, 
each requiring a body of fundamental theory. 

This complexity cannot be left to a casual develop
ment of insight - industry requires qualified computer 
scientists to experience interaction with business objec
tives in order to cope successfully with future computing 
technology. 
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Knowledge-Based Selection and Combination of Forecasting Methods 

GR Finnie 
Department of Computer Science, University of Natal, Pietennaritzburg 

Abstract 

Forecasting techniques are used extensively in a variety of business ( and other) applications for the analysis and 
prediction of various factors of interest e.g. future market demand for a specific product. However, the selection and use 
of the appropriate models is a non-trivial problem given the broad range of qualitative and quantitative factors that have 
to be considered. 

Several researchers have investigated the use of knowledge based "expert" systems to aid the selection of specific 
techniques. Although such systems may provide a moderately good list of potential methods, they tend to be deficient 
in selecting an efficient "cover" of complementary forecasting models. Some authors have argued the need to distinguish· 
"macro" and "micro" representations of knowledge in systems to automate model selection. The macro-level knowledge 
would provide semantic or contextual knowledge about the domain of application. Such knowledge is needed to provide 
the deeper explanation required if the system is to be capable of use by statistical novices. It is also necessary if any 
assisted interpretation of the results is anticipated. This paper will review research on the use of frames to represent such 
macro knowledge and will discuss the use of a technique called abductive inference to combine several methods to select 
the best composite group off orecasting techniques. 
Keywords: &pert Systems, Abduction, Forecasting, E:xplanation 
Computing Review Categories: H.4.2, /.2.1 

Recieved May 1990, Accepted November 1990 

1. Introduction 

Despite considerable initial scepticism, the use of deci
sion support systems (usually incorporating facilities for 
database and the development and manipulation of 
business models) has become relatively well established 
in the business community . Following much the same 
development path, artificial intelligence applications in 
business ( and more specifically expert systems) suffered 
from considerable overselling of the concept early in the 
product life cycle and a consequent significant loss of 
enthusiasm on the part of the business community. 
More recently however, concentration on smaller sys
tems has led to a number of apparent successes. 

Forecasting techniques are used extensively by mar
keting management ( as well as other business prof
essionals) for the assessment of probable future market 
or other conditions of interest. However, the selection 
and use of the appropriate technique is a non-trivial 
problem, given the development of new approaches and 
the broad range of qualitative and quantitative factors 
that have to be considered for a specific technique. 
Selecting and using the best techniques correctly could 
significantly assist management decisions. This paper 
will discuss some of the issues involved in the design of 
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a knowledge system which will aid selection and inter
pretation of specific forecasting techniques. 

The next sections of this paper provide some 
background on the development of expert systems in 
business applications and review Al approaches to the 
selection of simulation models, statistical methods and 
forecasting techniques. The paper then describes the 
structure of a simple rule-based forecasting techniques 
expert system, discusses its limitations and ways in 
which these could be overcome. 

2. Expert Systems in Marketing 

Following a period in the doldrums during the 70's, 
artificial intelligence research appeared on the brink of 
commercial success with the development of successful 
expert systems like MYCIN, Dendral and Rl/XCON
XSEL ( although only the last was in fact a solution to 
a commercial problem). Although several commercial 
systems were successfully developed during this period, 
many organizations found the returns on high invest
ment to be disappointingly small. Martins [16], in a 
strong attack on the commercial viability of expert 
systems, noted that expert system development costs 
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Abductive Reasoning: the process of generating the best explanation for a set of data i.e. a composite 
hypothesis that best accounts for the data 

Frames: A data structure to combine descriptive and operational knowledge in expert systems. A frame 
represents a specific entity and attributes or values of the entity are stored in "slots". 

Production Rules: A knowledge representation in which each piece of knowledge is encoded in the form: 
IF ( conditions are true) 
THEN ( consequences or actions follow) 

Inheritance: The transfer of properties from one frame or semantic net node to another on the basis of a 
hierarchical relationship. If a frame defines the properties of a specific class of objects, then all subclasses 
(i.e. frames lower in the hierarchy) are able to inherit its properties. 

Semantic Nets: A form of knowledge representation in which entities or concepts are represented as nodes 
in a network and the arcs linking the nodes define the relationships between the nodes. 

Parsimony: Refers to methods which ensure that a minimal number of essential components are included. 
e.g. the most parsimonious explanation would have the minimum number of hypotheses. 

Figure 1: Some Expert System Terminology 

were high, development times were unusually long and 
the programs required significant computing resources. 

The failure to meet initial high expectations for 
expert systems has led to some disillusionment with the 
potential of artificial intelligence in business. However, 
as Barrett and Beerel note [1,p20], " there has always 
been a more realistic (less ambitious) body of work on 
expert systems, particularly in the UK". This has 
focused on the development of much smaller experr 
systems which function only in a tightly defined domain. 
In fact, these authors suggest that these could be 
considered as 'know-how' systems rather than 'expert' 
systems. Turban[28] uses the term 'knowledge systems' 
to describe systems which are competent in a limited 
application rather than expert in an extended domain. 
ES development tools have also become more readily 
and economically available as well as being more 
friendly and well-supported by vendors. Although still 
severely limited in generality in comparison to specialist 
Al languages like LISP or PROLOG, they provide a 
facility for rapid development of small expert systems 
(provided that the problem matches the shell chosen). 
They also have the advantage of running on general
purpose hardware, in particular on microcomputers. 

In the marketing and marketing research area, 
Schwoerer and Frappa found little evidence of success
ful ES applications in a 1986 paper[22]. More recently, 
however, small and medium scale expert systems have 
been used in a number of successful applications in 
these fields. In sales and pricing , systems like MAR
KETING EDGE [17] assist in pricing and target seg
ment identification. Both IBM and Texas Instruments 
use expert systems to price computer systems [2,15]. 
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Expert systems are available for assistance in preparing 
market research surveys as well as assisting the analysis 
and presenting the results [31]. Expert systems have 
also been considered for planning and budgeting [17], 
and telemarketing [15]. Return on advertising has 
always been a major concern for marketing manage
ment and the use of expert systems has been considered 
for applications such as space reservation, developing 
layouts and assisting newspaper production by deadline 
analysis and materials management [6]. It is evident 
that the technology is finding a broad spectrum of 
application in the marketing arena and that many more 
published and unpublished uses should appear in the 
near future. 

3. Model Management and Method Selection 

The model management component of decision support 
systems has been considered as a potential application 
for the use of stored expertise. Sen and Biswas suggest 
an architecture for an expert decision support system 
(XDSS) that includes a domain knowledge base com
ponent which is used to assist in problem understanding 
and would be capable of.-guiding the user to the selec
tion of the correct model [23]. Dolle and Konsynski [8] 
propose a scheme for model management and selection. 
In this approach, models can be treated as data and 
model management is the equivalent of database 
management. Shannon et al[24] review the potential for 
expert system use in simulation. Although their paper 
proposes applications well beyond the current state of 
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the art, they do recommend that "It is the responsibility 
of the expert simulation system to automatically fmd the 
model which fulfils the desired specifications and to 
execute an appropriate search to obtain the desired 
solution" .[24 ,p279]. Fedorowicz and Williams [9] argue 
the need to distinguish macro and micro levels of repre
sentation for "high" level knowledge. The macro or 
high level knowledge could be used in a problem 
processor which selects appropriate solution strategies. 
Dhar and Croker have developed a system which uses 
network techniques to reason with both symbolic and 
quantitative knowledge in working with resource alloca
tion models[7]. Van Hee and Lapinski [29,p453] model 
a DSS as an abstract machine in which "the knowledge 
of the decision situation, . the so-called dependent 
knowledge, is made explicit". They argue that such a 
DSS could be simply adapted by changing the knowl
edge of the decision domain. 

The research on selection of specific models has 
largely concentrated on either the selection of 
linear /integer programming models( solutions under 
constraints) or the selection of statistical forecasting 
methods. Murphy and Stohr[18] describe an intelligent 
system for formulating large linear programs(i.e. 
establishing constraints and coefficients). This system 
uses Prolog for a rule-based approach and is aimed at 
expert users, although the authors state that they "hope 
it will become intelligent enough to help managers or 
students with minimal exposure to linear programming 
techniques" [18,p40]. Another expert system which 
assists in the formulation of linear program models for 
production management problems is proposed by 
Binbasioglu and Jarke [3]. These authors take the view 
that current AI tools are insufficient to capture domain
specific knowledge which would allow such systems to 
be used by novices. Their system uses a semantic net 
approach to model application knowledge (knowledge 
about linear programming) and various levels of 
abstraction to represent semantic knowledge specific to 
some application domain.They argue that " .. if model 
formulation by end users is intended, semantic guidance 
must also be offered" [3,p223]. Sivasankaran and 
J arke[25] describe a system using intelligent model 
management to support actuaries in making pricing 
decisions for life insurance. As in [3] above, knowledge 
about the domain of application ( actuarial knowledge) 
is explicitly used to suggest an efficient solution strategy. 
This knowledge is organized as a graph structure ( called 
a Formula Derivation Network) and has been imple
mented in Prolog. 

In considering statistical forecasting, Schwoerer and 
Frappa [22] propose the use of expert systems for 
selecting the correct statistical analysis technique in 
marketing (in a list of possible marketing applications) 
but do not suggest an implementation of the system. 
Hand [11] describes a rule-based system called BUMP 
developed as an interface to a multivariance package. 
He proposes a general system design based on two 
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components ( a) choosing the statistical techniques and 
(b) using them. The author draws the important 
distinction between statistical knowledge (which could 
be incorporated in the model ) and "world ( domain) 
knowledge" which could not. Remus and Kotteman[20] 
draw the distinction between primary and secondary 
decision making processes, where secondary processes 
are concerned with "selecting appropriate decision 
making tools, approaches, and information" i.e. deciding 
how to decide. Although no specific implementation is 
proposed for their "artificially intelligent statistician", 
they identify the need for an " extra-statistical, organiz
ation specific" knowledge base to guide the decision 
process. The paper also discusses several of the prob
lems which need to be addressed in this 
research,including the need to deal with temporal (time 
related) issues. The NOSTRODAMUS system [30] is 
a knowledge based forecasting advisor utilising a 
production rule approach to select from 19 different 
forecasting methods. The author notes that choosing an 
appropriate forecasting technique is " a complex,'fuzzy' 
process of making trade-offs" [30,p273] and points out 
that such systems must be able to explain their behavi
our. This paper identifies the critical role of intuitive 
judgement in correctly identifying patterns in data and 
attacks the problem by prompting the user to interpret 
the patterns. NOSTRADAMUS will also suggest ways 
of combining forecasts to improve accuracy, although 
the mechanism used is not explained in the paper. 
However, the author notes that research is needed to 
upgrade the system to the point where it could be used 
by 'typical' forecasters. 

4. Rule Based Approaches 

Forecasting is used in virtually all functional areas of 
business, including production , marketing and strategic 
planning. Several journals are dedicated largely to 
advances in the field ( e.g. Long Range Planning, The 
Journal of Forecasting). However, as long ago as 1971, 
Chambers et al argued that "The need today, we 
believe, is not for better forecasting methods, but for 
better application of the techniques at hand" [5,p74]. 
The paper by Chambers et al provides a set of 
guidelines for choosing the right forecasting technique 
within a marketing context. A more recent paper by 
Georgoff and Murdick[lO] also suggests rules of thumb 
which could be used to assist in selection of forecasting 
methods in a marketing environment. 

A production rule approach was adopted to develop 
an initial forecasting expert system prototype. Using the 
expert system shell EXSYS, roughly ninety rules were 
encoded to assist the user in selecting a specific tech
nique or techniques. EXSYS provides for the associ
ation of confidence factors with specific choices and for 
the explicit combination of confidence measures if 
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several conditions suggest the same choice. The output 
of the system will be a list of possible forecasting 
methods in decreasing order of confidence. 

The forecasting system prototype functions moder
ately effectively as an aid for marketing managers and 
could be suitable as a simple front-end to a forecasting 
DSS. It is however critically deficient in two areas. 
These are the ability to suggest an effective combination 
of two or more forecasting methods and the ability to 
provide context sensitive explanation, particularly in the 
area of defining knowledge specific to the marketing 
domain. Georgoff and Murdick argue that "The results 
of combined forecasts greatly surpass most individual 
projections, techniques and analyses by experts." and " 
By carefully matching two. or more complementary 
techniques, the forecaster can offset any technique's 
limitations with the advantages of another" [10,p119]. 
Production rule systems are relatively weak at repre
senting this type of network relationship between the 
methods as the number of rules required for the 
combinations can increase rapidly. The need to provide 
domain-specific knowledge is essential if the system is 
intended for use by novices rather than by experts only. 
In addition, the lack of such "extra-statistical knowledge" 
severely limits the ability of the system to provide 
reasonably deep explanations of why a specific method 
is suggested. The knowledge will also be essential if any 
intelligent assistance for the interpretation of results is 
to be provided. Including contextual information pro
vides the possibility of adding intelligent techniques to 
aid in the initial gathering and cleaning of the data i.e. 
deciding how appropriate the data is for specific statisti
cal techniques. Such features are essential if these 
systems are to be capable of functioning in a decision 
support role. 

An approach to providing suitable contextual, 
domain-specific and environmental knowledge could be 
based on the use of a frame technique similar to that 
proposed by Binbasioglu and Jarke [3]. For 
completeness, a brief discussion on this approach is 
included below although it has not as yet been 
implemented. The issue of combining two or more 
forecasting techniques can be attacked by using the 
abduction methods proposed by Josephson and others 
[12,13,14,19,26] for assembling "the best explanation" 
(i.e. the best combination of explanatory hypotheses). 
This has been experimentally implemented and will be 
discussed in more detail below. Both extensions relate 
only to the selection of possible methods and not to the 
interpretation of the results. 

5. Providing Contextual Information 

The art of marketing forecasting relies not only on 
selection of the 'right' statistical technique(s) but also 
on an appreciation of the context within which the 
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marketing decision is to be made. Even before fore
casting can begin, it is necessary to have a broad 
understanding of general company activities. These 
include: 

.the business the company is in; 

.the type of market it operates in; 

.factors affecting demand in different market segm
ents; 
.current, and desired future, market share; 
.activities, and effectiveness, of competition; 
.price/value relationships over product ranges; 
.current, and desired, product profit levels. 

Environmental conditions must also be considered. 
These include: 

.international competition; 

.export and/ or import restrictions; 

.exchange rates; 

.national/international economic situation - growth 
or recession. 

To assist in formulating a linear programming model, 
Binbasioglu and Jarke [3] propose a semantic net 
approach (implemented via frames). Building a model 
consists of three hierarchical stages: context identif
ication, problem formulation and model building. Cqn
text identification identifies the input problem area 
within a knowledg~ base for the business application e.g. 
production management. Problem formulation is done 
within the context identified in the previous stage while 
model building selects and computes the parameters 
that go with the constraints and objective function. The 
authors note "If we want a DSS tool to understand 
business at the level that it can help formulate 
management science models we have to equip it with 
real-life knowledge about business [3,p216]. 

Objects in the system are represented by frames 
with facts about the object contained in the set of 
associated slots. Frames may be related in a hierarchy 
with property inheritance between levels. Business 
knowledge is represented by the abstraction techniques 
of aggregation and generalization. The frames are used 
in all three stages e.g. in establishing the context, the 
system will attempt to locate the section of the 
knowledge base from which a more detailed analysis 
can be started. It does this by attempting to match the 
initial problem statement to nodes and arcs in the 
knowledge. Once a specific node is located, selected 
neighbours of the node are investigated. 

The use of a similar hierarchy of frames could 
capture a suitable context for a marketing forecast 
system. Part of an example frame network is given in 
Figure 2. A specific frame could define properties of 
some object of interest. Higher level frames would 
contain environmental or industry-specific information 
while lower level frames would be more specialised. 
Property inheritance would be used to enable subclasses 
to acquire the properties of their superclass. As an 
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Figure 2: Part of a Frame Hierarchy 
for a Forecasting System 

example, the issue of predicting production runs in a 
steel mill depends on a wide range of factors, including: 

.the general economic level; 

.international com petition; 

.tariff barriers and protection of local production; 

.wage rates; etc. 
Each of these factors could be defined and interrelated 
via one or more frames. Rather than simply relying on 
a static trace of the rule-firings for explanation, users 
would be able to work their way up through the frame 
hierarchy for deeper explanation. 

6. Combining Forecasting Methods with 
Abduction 

The term "abduction" or "abductive inference" has been 
applied to the process of working from data describing 
a specific problem situation to generating an 
explanatory hypothesis that best accounts for the data. 
Josephson and co-workers have successfully applied the 
approach in a knowledge-based medical expert system 
for red-cell antibody identification [26]. Their research 
has also involved establishing possible algorithms for 
abduction as well ~s defming a suitable language for the 
approach [19]. The major strength of the approach is 
the ability to assemble a best explanation of the 
problem which may include a number of hypotheses -
an obvious analog of the problem of selecting the 
correct mix of forecasting techniques. 

The problem solving/ diagnostic approach used in 
RED separates the process of hypothesis generation 
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from that of hypothesis assembly. All likely hypotheses 
are first generated before abduction is used to establish 
a minimal covering for a given set of findings by sets 
associated with specific diseases. A minimal covering 
would contain the least number of hypotheses that com
pletely explain all the symptoms. Hypotheses are 
generated by a variation of the "establish-refine" model. 
Here the sub-hypotheses are naturally organised into 
more general or more specific classes. A specialist for 
a specific class of diseases will attempt to establish itself 
in the light of the known facts - if it succeeds, an 
attempt will be made to further refine the possible 
hypotheses. The fmal product of this phase is a set of 
possible hypotheses which are not mutually exclusive 
and may in fact overlap and interact in various ways. 
Although RED uses the "establish-refme" paradigm, any 
method which generates a set of possible hypotheses 
could be used in this phase. 

A diagram of the process used in this system is 
given in Figure 3. As in the RED approach, hypothesis 
generation is separated from the process of assembling 
groups of hypotheses. The abductive assembly approach 
used in the system aims to build an explanatory hypoth
esis which is as complete as possible in explaining a 
given body of data. Within the context of selecting 
forecasting methods, the assembly process would be 
attempting to fmd as complete and minimal a set of 
techniques which meet a specified set of criteria relating 
to such issues as cost, forecast time period, required 
accuracy level, etc. A primary aim would be to 
minimise overlap and to maximise the complementary 
strengths of proposed methods, generally within the 
constraint of a limited budget. 

The mechanism of hypothesis assembly uses a 
means/ends type of approach similar to that of GPS 
(the General Problem Solver). A detailed explanation 
of the algorithm is available in Josephson et al [13] . 
Briefly, the system works by attempting to reduce 
differences between the current state ( the partially 
assembled hypothesis does not explain everything) and 
the goal state1 ( everything explained). A specific hypoth
esis as added to a group on the strength of its ability to 
remove at least one of the differences. A critical 
component of the method is some form of difference 
table which relates hypotheses to differences. In using 
the algorithm to select forecasting techniques, the differ
ences would be the conditions under which forecasting 
takes place and the hypotheses would be the specific 
forecasting methods. 

The abductive assembly system used here relies on 
a separate process to generate a list of possible fore
casting methods, possibly by the "establish-refine" 
technique discussed above or by a more conventional 
rule-based system e.g. The NOSTRADAMUS forecast
ing advisor. Once a suitable list of prospective methods 
has been generated ,the guidelines proposed by 
Georgoff and Murdick[lO] can be used to guide the 
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differences are removed or no more 
suitable methods remain. 

Figure 3: Stages in Selecting Forecasting Methods 

The RED system defined a "best" 
composite explanation in terms of 
parsimony and essentialness (19]. Par
simony attempts to ensure that a mini
mal number of essential components 
are included in the explanation as any 
later additions to the composite may in 

abductive assembly process . The framework proposed 
by these authors uses 16 evaluative dimensions to select 
between 20 common forecasting techniques.The tech
niques may be grouped into· four general classes: 

.judgment methods ( e.g. naive extrapolation); 

.counting methods (e.g. market surveys); 

.time series methods (e.g. moving averages); 

.association or causal methods (e.g. correlation). 
The dimensions used to guide selection can also be 
grouped into four general classes. These are: 

.The time dimension which considers the time span, 
urgency and frequency of the forecast; 
. The resource requirements dimension which relates 
to the level of mathematical sophistication, com
puter capabilities and financial limitations; 
.The input dimension deals with the consistency and 
stability of the data; 
.The output dimension looks at factors like the level 
of accuracy required and the form of output 
needed. 

The original paper includes a colour coding scheme to 
assist method combination. Users would be prompted 
to respond to various questions defining the dimensions 
of interest i.e. time factors, resource requirements, 
inputs and outputs (if these have not already been 
defined during the first phase of method generation). 
Possible questions would be: 

."Is the forecast needed immediately?"; 

. "Are financial resources limited?" 

."Are significant changes likely in management 
decisions?" 

Each component of a dimension could be given an 
importance weight by the user or such rankings could 
be provided by default by the system. The system 
would then attempt to find the method on the list which 
satisfies the greatest (weighted) number of dimensional 
factors. In means/ ends terminology, this is equivalent 
to reducing the differences between the current state ( 
all desired criteria unsatisfied) and the goal state ( all or 
the maximum possible number of desired criteria satis
fied.) Once a method is selected, the criteria satisfied 
by this method are removed from the difference set and 
the list of proposed methods is again consulted to see 
which method would best reduce the remaining differe
nces. The process would be continued until either all 
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fact explain some earlier findings. The 
algorithm removes each explanatory 

hypothesis and checks to see if the compound expla
nation is still complete. If it is, the hypothesis may be 
removed. An essential hypothesis is one which must be 
in the final composite i.e. no complete solution is 
possible without it. This is determined by removing the 
hypothesis from the source list. If no explanation can 
be formed without it, the hypothesis is essential and 
must be used in the combined explanation. If another 
explanation can be found, the hypothesis is not essential 
although it may still be used. Similar algorithms could 
be included in the selection of forecasting methods to 
select the overall "best" combination of methods . 

As an example, assume that some initial "hypothesis 
generator" has proposed the following list of possible 
forecasting techniques for a specific marketing scenario: 

(1) Delphi technique 
(2) Naive extrapolation 
(3) Moving averages 
( 4) Industrial market survey 
(5) Market testing 
( 6) Regression models 
(7) Time series extrapolation 
(8) Box-Jenkins 

Each technique would have some associated "confidence 
measure" or weight associated with it. To select a 
suitable combination of techniques, a list of necessary 
conditions must be established, either by questioning the 
user or from earlier interaction. Each condition would 
have some measure of importance associated with it. 
For example, suppose that the following have been 
established: 

(1) Relatively frequent forecast updates are needed 
(2) There is limited past data 
(3) Significant changes in management decisions are 
possible 
( 4) There may be some shifts in variable relation
ships 
(5) Component forecasts are required 
( 6) Turning points should be identified early 

In practice a larger set of conditions would be used to 
drive the process. Table 1 illustrates the relationship 
between the techniques and the conditions - the figures 
are a score on a scale of O to 10 of the extent to which 
a specific technique caters for (satisfies) a specific 
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FREQ (1) DATA (2) CHGE(3) SHFf (4) COMP(5) TURN (6) 

DELPHI 5 10 6 9 4 5 

NAIVE 8 8 9 5 8 2 

MOVING 9 0 2 2 7 2 

IND UST 5 6 6 8 4 8 

MARKET 4 6 8 2 4 4 

REG RES 9 4 5 2 3 7 

TIME 9 4 2 2 7 2 

BOX-J 9 4 2 4 7 5 

Table 1: Difference Table relating Forecasting Methods to Conditions to be Satisfied 

condition. 
To start the process, the technique from the list 

which satisfies the highest weighted score of differences 
would be selected. Assume that this is "moving avera
ges" . However, an analysis of the conditions would in 
fact determine that this method can only be used if 
there is sufficient past historical data i.e. a clash with 
condition (2). The moving averages technique would 
thus be removed from the list of possibles. Assume that 
the next best method is naive extrapolation. This has 
the ability to remove ( with varying levels of effectiven
ess) differences 1,2,3 and 5 but is poor at dealing with 
4 (shifts) and 6 (turning points). The delphi technique 
might them be selected as it is relatively good at 
handling shifts in variable relationships i.e. removing dif
ference 4. However, it is not good at dealing with 
turning points and industrial market surveys could be 
suggested to remove this difference. i.e. the techniques 
suggested in combination would be: 

naive extrapolation 
delphi 
industrial market survey 

To determine whether this is the most parsimonious 
solution, each technique in turn may be removed and 
the combination checked for completeness. In this case, 
naive extrapolation could not be removed. Removal of 
the delphi technique in fact leaves a complete solution 
as industrial market surveys can also deal with differ
ence 4 i.e. shifts in relationships. The most parsimoni
ous solution is thus naive extrapolation combined with 
industrial market surveys. A second cycle could be 
performed on the "essentialness" of each technique e.g 
naive extrapolation could be removed from the original 
list and another solution computed. 
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Josephson has proposed an extension to the 
abductive problem solver which provides for the repre
sentation of various levels of abstraction concerning the 
problem domain [14]. In this model, abduction is 
performed in layers with each layer generating a "best 
explanation" hypothesis based on data available in this 
layer or from layers below, and also allows information 
available laterally or from above to influence the 
decision. Again, the various levels of abstraction could 
be used to provide successively higher views of the 
domain of interest. In the marketing forecasting domain, 
such layers might be the international environment, the 
national environment, the industry/competitive envir
onment, etc. The layered abduction model might thus 
be a suitable alternative or extension to the frames 
hierarchy considered above. 

7. Conclusion 

The use of small and practical expert systems could 
have a powerful influence on the acceptance of artificial 
intelligence techniques into areas of business which have 
to some extent resisted traditional quantitative techn
iques. Knowledge based systems allow the flexible 
combination of both quantitative and qualitative factors. 

Integrating expert system techniques into decision 
support systems can enhance the usability and "user
friendliness" of these systems. This paper has con
sidered a possible application of a knowledge based 
system as a front-end for a forecasting DSS. Abduction 
appears to be a simple and powerful technique for 
selecting a best combination of "hypotheses" (forecasting 
techniques, symptoms of business problems, strategic 
planning options, etc). So far, this approach has only 
been applied in this research to the problem of selecting 
alternative methods. However, the technique appears 

61 



to have considerable potential in automating ( or partly 
automating) the explanation of the forecast results. 
The layered abduction approach suggested by Josephson 
could form a viable framework for a more context
sensitive explanation system and open the door for 
more effective and deep explanation. 
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