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- ‘ ABSTRACT
Information technology has entered a new generation. In recent
years, considerable interest  has been focussed on the

commercialisation of expert systems, which represent an important

application of Artificial Intelligence in the field of

Information Technology.

Expert systems are now in a crucial.stage of development because,
although in business computerised systems are not new, expert
systems still need time for their applicagility and usefulness to
be proved. The market for expert systems will not develop if
such systems are unable to cope with the demanding applications
of business; for example with top management problem-solviné aﬁd
decision-making. This thesis 1is principally concerned with
determining the position of expert systems in business by looking

at these major business related issues.

This thesis is aimed to examine the place/position of expert
systems.in business in order to givg pointers as to how the
development of expert systems should/would take place now .and
over -the next decade. Two major gspeqtﬁaare discussed in detail:
1. What can expert systems do?
2. What are the trends in the development of expert systems'

over the next 5 - 10 years?



The first question has been discussed by a large number of
authors, whilst there has been relatively little discussion of
the second. This research focuses on the investigation of both

the current and the future position of expert systems in business

and therefore sets out to answer the above two questions,

For synthesizing the theoretical discussions from the literature
and practical applications in business, four major methodologies
are used for this research: (i) a literature review of the
features and characteristics of expert systems, (ii) visits to
the six companies that are deve}oping and implementing expert
systems, (iii) a survey of eight well-~ known e#pert systemé
shells and explanation of the production of an expert system

through a shell, and (iv) an overview of the current status and

forecasted future trends of expert systems in business.

In order to compile data on the usefulness and applicability of

expert systems in business, six companies were visited during the

period of the research. The features of these practical business

applications of expert systems were compared with the theoretical

approaches discussed in the literature.

The author was required to produce an expert system by using a
shell. A survey of expert system shells has been carried out,

and the results are reported.
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With all the experience and knowledge from the above, an overview
of the current status ' and forecasted future trends of expert

.systems development, is derived.

Based upon the above methodologies, the author analyses the
factors affecting the future trends in expert systems

development, such as the support of top management and human

factors.

The forecast future for expert systems is different from the
bright future that most of the literature anticipate. Future

research directions of expert systems are also discussed in this

‘thesis.

The major conclusions from the study can Be drawn as follows:

a). expert systems will not be able to perform tasks as well as
humans in the next 5 - 10 years. This is because of the
human factors and the difficulties of eliciting, ‘ﬁapturing
and representing unstructured knowledge from experts.

b). the shells will become more and more popular in the

development of expert systems because of their low costs.

¢). the support of computing professional is necessary, otherwise
the development and production af expert systems will remain
small scale, with narrow problem domains, and of little use
in business operations.

d). the encouragement and support of high-level management

are vital to the development of expert systems.



CHAPTER | INTRODUCING EXPERT SYSTEMS

1.0 Introduction
This chapter starts by briefly introducing the reasons why the
author has chosen to.study for a Master of Philosophy degree ana
outlines the importance of the introduction of Information
Technology into the business world. An introduction which has

resulted in the evolution of expert systems.

In the latter part of this chapter, the typical types of IT
Systems which include DP, MIS, DSS and Expert Systems, as a
whoie; are 1introduced, Furthermore, the characteristics of
expert syétems are described 1in detail and the .differences
between expert systéms and conventional systems are summarised in

tabular form in this chapter.

1.1 Reascons for the Study
Coming from Taiwan, the author wanted to review the <current

status of expert systems in order to be able to develop such

systems there.

Taiwan, a émall island ‘situated in the Far. East, is facing 2
transitional phase from being a developing'cohntfy to becoming-a
developed country. The fact that labour costs in Taiwan are
increasing, means that labour intensive industry is no longer

sustainable in the face of the lower-costs in other developing




. countries. Therefore, Taiwan is concentrating on developing its

industry along technological _lines; for example, in the
development of precision industries, and in.tﬁe production of IT
components in the devélopment of Informati;n Technology itself.

The history of the ’deveiopment of Information Technology in
Taiwan is much more recent than that of western countries, and
yet the current status of IT and its application in Taiwan is
considerabieu Up to mid-1986, around three thousand computer
systems have been installed in both industrial and educational
organisations which represents a 29%Z increase over the figure of
2,298 systems recorded in June 19853 (1). The figure of IT usage
in Taiwan may only represent a minor percentage if compared to a
similar figure of usage for the United Kingdém. .The author did
try to ascertain a comparable official figure for general use of
Information Technology in the UK but, unfortunately, no such
figure could be ascertained. Therefore, in order to help the
readers to make a comparison of general usage of IT in the U.K.
and Taiwan, an illustration of the popularity of micro computers
installed in eight countries and one geographical area (Western

Eurbpe) is given in table 1.1.



1984 1985 Growth (%)
AVG POPY- AVG POPU- AVG
ANRUL CuMG= LARITY  ANNUL CUME=  LARITY NO. NG ANNUL

COUNTRIES EARNINGS LATED (KG/K  EARNINGS LATED (NO/K  TALLED EARNING
(USD)  NO.(K) PERSON) (UusSD)  NO.(K) PERSON)

4+

LSA 15,47 17,210 727 16,718 27,780 1163 61 8.6
Camada 12,99 1,312 2.3 13,660 2,49 826 59 L
Japan 19,247 4,824 de.2 11,853 7,666 63.3 59 7.9
Wfurepe 8,015 9,15 336 3,132 14,26 522 36 LS
e 7,544 | 3008 S48 7,808 4,348 769 43 3.5
W.Gersany 9,989 89%¢ 4.6 16,228 1,574 25.7 76 Y
France  §,920 882 16«1 9,835 1,462 266 66 1.3
Taiwan 3,046 136 f-2 I haz(0) 194 16 43 3.2

S, Korea - 1,999 166 4.1 2,002 269 63 97 #:2

Table {.1 Nusbers of sicro compubers installed in eight countries and
ane geographical area (Western Eurdpe)

Saurce froat Taiwan Institute for Informabion Industry

Note(X>: The updated figure for 1926 is d,906 (2)




From table 1;1, it can be seen that there are cdnsiderably fewer
micrq computers in Taiwan in comparison to the developed
countries. One of the maj&r reasons for this discrepancy éeems
to be familiarity with the Engiish Language. Similar situation
can be found from those countries where Engliéh is not used as
the native or second language (Japan, W. Germany and France, for
examgle) re#eal a great reduction in the popularity of .micro
coﬁputers in comparison to those countries where English is
spoken more readily, although these countries have a higher
average annual earning than the U.K.. Moreover, the difficulty
of putting Chinese characters into a computer is still the main
obstaéle to the development of computerisation in Taiwanese

business,

The historical growth of computer system installations and the

percentage distribution of computer applications im Taiwan are

illustrated in Fable 1.2 and 1,3, From table 1.3, it can be seen
that the areas of computer application in Taiwan are generally
concerned with processing data regarding personnel, wages,
inventories,.accounts and bills. While wishing to advance in
terms of technological innovation, Taiwan is confronted with the
problem of being deficient in professional personnel fof research

and dévelopment(l). Proposed research directions for developing

‘information technology in Taiwan are aimed at a broad coverage,

for example, artificial intelligence ( AI ) and expert systens

are two of the most important research areas. The academic aund



research institutions in Taiwan have begun investigating AI and
expert systems intensively. However, the .profeséional
researchers with a background in IT. ganﬁot meet the c¢urrent
pressing demand and the author believes that there will be more
and morée manpower devoted to the area of Al and expert systems

development and applications in the next two years, Therefore,

-

t is opportune to undertake a study at degree level on expert

systems.



GROWTH OF SYSTEMS INSTALLATIONS (JUNE OF EACH YEAK)

PRIVATE  INFORMATION GOVERNMENT STATE-RUN  ACADEMIC  TOTAL
YEAR ENTERPRISES CONPBRIES AGENCIES  ENTERPRISES CIRCLES

NO. GRONTH NO. GRUWTH NO. GROWTH NO. GRONTH NO. GROWTH NO. GROWIH
B 2 - 6 - 6 - & -~ 12 - WU -
1972 2z @& 1 17 ¢ 33 8 & 11T 4z 4& u
973 8 300 7 ¢ 12 s 7 -12 2% 18 54 29
1974 13 62 9 B 13 8 t6 43 24 20 69 28
1975 18 38 17 89 f6 23 17 70 32 33 ied 45
1976 53 194 23 35 23 44 21 24 4T 4T 1T &7
1977 85 60 2 61 2 13 25 19 55 1T AT I8
19786 129 S2 39 S 34 0} 3} 48 9 e &
1979 208 6t 68 54 41 38 S5t %2 W 43 @
1980 30t 43 92. 53 S8 23 19 41 It 2% 646 @
1981 440 47 99 8 94 62 183 132 {72 48 988 53
1982 546 24 152 54 136 45 20 20 6 43 1298 3t
1983 §68 49 178 17 i6l 18 26 3 283 15 156 28
1984 93¢ 16 163 -B 246 53 367 36 36t 28 2011 2

1985 1031 1¢ 186 14 36 28 33 15 4i2 14 2298 W

1966 1385 34 229 23465 28 458 W 497 2 294 9

Source from: Directorate-General of Budget, Accounting and Statistics,
Taiwan :

Table 1.2 Histarical growth of coaputer systess installed in Taiwan



APPLICATION

AREAS TOTAL

PERSONNEL/WAGES 14
BILLlnés 1
INVENTORY CNTL 12
TAY ADMINIST. ¢
ACCOUNTING 12
PRODUCTION CHTL 6
FINANCIAL MANAG 9
STATISTICAL ANAL. 10
ENGINCERING APPL. 2

SCIENTIFIC APPL. 2

CUSTOMERS SVC. T

TRANSPORTATION ADM.2
TEACHING/TRAINING 3
OTHERS b

TOTAL 108

Source troas Directarate-General of Budget, Accounting and Statistic, Taiwan
Table 1.3t Percentage distribution of areas of cosputer applicatisn in Taiwan

Naote(X}: The inforsation cospanies are suftnare houses and hardware Firms.

FRIVATE
ENTERPRISES

15

12

1

14

100

INSTITUTION

IKFORMATION
COMPANIES(X)

11
19

12

14

180

GOVERNHENT
AGENCIES

18

4

11

iee

STATE-RUN
ENTERPRISES

19
12

13

It

19

160

ACADEMIC

CIRCLES

16

2

12

160



1.2 Types of IT.Systéms

Before discuséing the subject of Informationm Technology, it 1is
necessary to discuss what is meant by ‘information' and
information in the 'business' context in order to gain a better

insight into information technology itself.

1.2.1 Data, Information and Information in Business

'Data' are generally accepted as the subject which represents
people, objects, events or concepts that can be given by
conversation, mathematics or other symbolic surrogates. The term
'"information' is the result of‘refining, formatting, filtering or
converting data. Therefore, information 1is produced from data,
i.e, data. are the raw matérials from whichl information 1is

produced (3).

People use information for everyday living, for éxample, they use
information to find out traffic conditions, fhe times of trains
and TV Programmes. Likewise, organisations use informationm for
"their operations, for example, the investment climate, stock

market status, etc.

In the practical world, the word 'information' always depends on
the person receiving the information and the context in which he/
she finds him/herself. Finlay and Forghani (4) give a

definition of information as ™"data that are seen as directly



relevant to a person or an organisation". The main application

of IT is to use computers to process data.

In business, information arises from the processes undertaken
by departments or communications with outside bodies. Businesses
must have the capability to manage their information which they

need in order to operate effectively.

Criteria of usefﬁl information are given by Moss (5) as follow:
. sufficiently accurate,
. available in the right place,
. available at the right time,
. available in a form which can be read by those needing to
make use of it, |

. sufficient in quantity and of suitable quality.

Furthermore, Moss indicates that information '"should not be
duplicated unnecessarily nor kept beyond its period of usefulness
and it should be carefully selected for its relevance to the

objectives of the organisation” (5).

1.2.2 Business Needs for IT

Having stated the working definitions of both data and
information, an introduction to the <concept of ‘information
technology-itéelf is necessary Before describing business.ﬁeeds
for IT. Richardson (6) defined IT as "the collection, storage,

processing, dissemination and use of information'". Also, "it is
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not confined to hardware and software but acknowledges' the
importance of man and the goals he set§ for his technology, the’
values employed in making these choices, the assessment criteria
used to decide whether he is controlling the téchnology and is

being enriched by it ™. ‘

Information technology is widely used in many areas just like the
wide range of activities where information is wused, such ‘as

office automation, telecommunication, education, ete.

Business needs for IT can be gauged by considering the match of
IT capabilities and business activities. Burns (7) gives his
views on the contributions of IT and these can be summarised as

follows;

a) automation of_'clerical activities, such as opayroll,
invoicing and stock control within large business

and government organisations.

b) centralisation of administrative functions, thereby
shifting the decision-making activity up  the

organisational hierarchy.

¢) introduction of an ‘expensive, well-staffed technical unit
so that the power and 1influence of the manager of

‘that unit is substantially increased.
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d) a shift in organisatiomnal function.brought about by one
part of the system being automated or supported.
Followings are the narrative explanations for Burn's views of IT

contributions: .

Automation of clerical activities
This was the initial requirement in the early age of computer-
based systems, Many firms use computers to perform repetitive

tasks so as to reduce costs.

Centralization of administrative functions

The benefits of automation when applied to the role of low/middle
management were required by the senior management of companieé.
Better decision-making generally results from better access to
information,' the higher up the organisational structure the

decisions are taken, the higher the value of resources involved.

Increased poﬁer and influence of manager

This is not only caused by tﬁe introduction of IT; it is also a
consequence of the development of any other new technology. IT
can provide the necessary information for 'low/middle-level
managers' performing effective, multifunctional decision-making
tasks. 1In the'realrworld, managers are not usually involved in
developing IT systeﬁs themselves because of the time availability
and their programming capability. Nevertheless, more and: more

[

managers do realise that some IT systems are virtually impossible
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for other people to develop directlj as they are unable to
'specifyrthe information needed to. support the semi-structured‘or
unstructured decision-making tasks. Also, managers sometimes
use IT as a means of increasing influence over fheir subofdinatés'
as well as making more effectivie decisions through those systems

developed by someone else(8).

Shift in ovrganisational function

This consequence ié less obvious than ﬁhose‘ above. However,
side-effects sometimes occur when information is provided for
some ‘particular purposes. For example: the <combination of
departments for more functional tasks as a result of work
siﬁplification - the_prbcu;ement department may be combined into

the finance department after the automation of internal control

procedures.

During the decades of IT development, there have been a number of
IT support systems developed by researchers. Four types of
system which can be deemed as representative of the stages in the

development of IT are discussed:

~Data processing systems ( DP )
-Management information systems ( MIS )
-Decision support systems {_ DSS )

-Expert systems
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1.2.3 Data Processing Systems

Stimuli which are relevant and to be input into computers are

called ‘'data'. Many events take place in a single working day in
business organisations. When the facts about those events are
worth recording, they become 'data', Thus, data are the raw
facts concerning occurrences or happenings in a business. A

manager cannot spend most of his time wading through voluminous
data to reach items which are importént to his action taking or
decision making. In order to overcome this problem, a system
which is able to transform raw data into meaningful information
to meet the needs of management is required, which is called a
'data processing system'. Martin (9) defined data processing as
'"the conversion of raw facts into useful information'. Daté
procéssing is'usuaily conducted by a coﬁputer system and so the
above definition should be properly expanded into the conversion
of raw facts into useful information 'under the control of a
program stored inside the computer'(10). Figure 1.1 illustrates
the method of data processing. The decision maker makes decision
according to the meaningful information processed'by DP systems.
A good decision is more likely to be made because of the increase

of accuracy and speed, this leads to the higher possibility of

goal achievement.
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Raw Data _ -

Data Processing Meaningful

updating

Processing

Raw Data Systems

[ F_ Information
Decision Making

Good Good

Performing

Decision Performance

Evaluation

Goal

Achievement

Figure 1.1 Process of decision-making through data processing

1.2.4 Management Information Systems

Data processing systems were developed primarily for fecord
kggping and the automation of routine clerical tasks, such as
bayrﬁll and billing wﬁich.are précessed by the input of already
" known data and the output of predictable results. At ‘the data
processing stage, accuracy and speed of transactions are the.

requisite criteria.



Management Information Systems ( MIS ) were dévelopéd in order to
'‘provide the information necessary to support the decision making
process within the organisatidn' (11)1 Information is the source
on which tﬁe manager needs ‘to make a decision. Without

information, the manager is unable to perform his function in the

organisation.

Since MIS has been an outgrowth of DP, it is not easy to
digferentiate between these two systems. Kroeber and Watson (12)
attribute DP and MIS to 'transaction processing', a function that
is generally recognised és necessary to both DP and MIS.
Possibly,.the major difference betweén DP_and MIS is the outputs,
DP produces. detailed reports énd transaction .data, whilst MIS
produces summaries and report extracts which can be useful to a

manager's routine decision~making and also produce replies to

management queries. Detailed comparison of these two systems is

given in table 1.4.

1.2.5 Decision Support Systems

There are many definitions of decision support systems, and there
has not yet been a universally accepted one. Freyenfeld (13),
realising the terminological confusion in this field and tfied to
produce a definition of DSé 'by offering a version- '‘generally
accepted as valid and useful by fepresentatives of some 30

suppliers, users, and academic organisations in the U.K.':
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A decision support system is an interactive data processing and

display.system which is used to assist in a concurrent decision;

making ©process, and which also conforms to the following

characteristics:

(i) it is sufficiently user-friendly to be used by the
decision maker(s) in person.

(ii) it displays its information in a format and
terminology which is familiar to its user{s).

(iii) it is selective in its provision of information and

avoids exposing its user(s) to an information overload.

From the above, it can be seen that emphasis is placed upon the
DSS as being used by the decision maker(s) directly (i.e. in
person). This highlights the problem that there are many
decision-makers, especially at the top managemenﬁ level, who do
not use computers directly for decision making themselves but
treat the computer as a form of assistance of secondary

importance and use them through their subordinates.

The evolution and constitution of DSS. is well- documénted
elsewhere, Finlay and Forghani (4) héve detailed these aspects
in their paper, for example. Leaving aside the question of the
evolution and constitution of DS8S, it 1s wuseful to focus
attention wupon the flexibility of the DS.S to deal with
strategieé, ad hoc situations presenting ; strucfureiess approéch

and long-term decision methodologies which differentiate the DSS

from DP and MIS which process data derived from structured
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situations only, for example, sales of the previous month, actual

overheads and expenditure of the previous month.

1.3 Expert Systems

1.3.1 What Are Expert Systems?
Like decision.support'systems, there are a number of definitions
for expert sygteﬁs, most of them piace emphasis'upon the academic
viewpoint aﬁd, as such, they constitute intelligent advice, but
~the real _moaelling of the human brain's activities 1s not
aétually detailed explicitly. Such a definition; not
infrequently, causes ambiguity for the inexperienced reader. A
lengthy definition from the BCS (British Computer Society) 1is

detailed below for clarification:

‘An expert system is regarded as the embodiment within a computer
of a knowledge based component, from an expert skill, in such a
form that the system can offer intelligent advice or take an
intelligent decision about a processing function. A desirable
additional characteristic, which many would consider fundamental,
is the capability of the syétem, on demand, to justify its own
line of reasoning in a manner directly intelligible to the
eanquirer. The style adopted to attain these characteristics 1is

rule based programming.
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Another definition oé expert systems defined by Michie (16) is:
A machine system which.embodies useful human knowledge in machine
ﬁemory in such a way that it caﬂ.give in;elligent advice and also
can offer explanations and justification of its decisions on

demand.

Among the plethora of definitions, Zorkoczy (17) gives a concise

definition of expert systems :

Expert systems are software package ( computer programs ) aimed
at providing expert 'consultancy' advice and assistance with
problem-solving in limited specialist fields of science,

engineering, mathematics, medicine, education, etc.

To summarise, expert systems are a set of computer programs which
is capable of knowledge representation and reasoning for the
purpose of providing expert advice and of problem-solving in

specific areas.

Also, an' expert system consists of a number of essential
components: a knowledge base, a driver program, a natural

language front-end translator program, an explanation capability,

and a program to enable an expert to update the knowledge base
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(18) . Figure 1.2 shows the interaction of expert systems

components.

Knowledge |
refinming
progranm

D, y Inference ]

\
engine Natural . :
|

Knowledgeé___aj( driver ( > language(-—'-

Base roc Y
Program ) P gssor |

Explanation
program

Figure 1.2 1Interaction of expert systems components (18)

It can be seen from figure 1.2 that aﬁ expert system 1is actually
a set of computer programs which incorporates an expert's
knowledge into its knowledge base through knowledge engineering
and performs knowledge inference through its inference engine so
as to provide satisfactory answers to users' queries. It also
provides explanations of the reasoning process in a languége

eagily understood by the user to answer users' questions.

1.3.1.1 Characteristics of Expert Systems
Although several definitions of expert systems were discussed in
‘the previous section, it is still necessary to detail - the

characteristics which a practical expert system possesses. This



20

section discusses the following characterisﬁiCS of expert systems
based on figure 1.3:

- knowledge base

- inference engine

- knowledge refining'program

- explanation program

- natural language processor

Knowledge Base

The major part of an expert system.is its knowledge bése rather
than its inference engine. During the system implementation,
knowledge is accumulated. The knowledge representation is used
to describe clearly and . organise the knowledge 1in order to
simplify the decision-making process. In the seven methods of
knowledge representation given by Winfield (18), the production
system is the most common method. A production system consists
of a number of rules, each rule is set by IF....THEN....type.
Thus, the storage and the codification of knowledge are the most

important approaches in the implementation of expert systems.

Inference Engine
The inference engine is the program driving the system by using
the given variables that have wvalues and the rules to generate

conclusion which matches the relation between the rules and given
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variables. The way by which the inference engine reasons its

rules will be introduced in Chapter 2,

Knowledge Refining Program

The most useful characteristics of expert systems are that they
contain human expert's expertise and techniques which provide
directions for problem-solving and represent the best point of
view of the domain expert. In order to keep these khowledge, the
knowledge refining program 1is necessary, 1i.e. by deleting,
amending or inserting the old, existing or new information

through_the'program.

Explanation Program

An expert system which expects its users to accept all fhe
conclusions without  having the. opportunity to obtain an
.explanation of how those conclusions were reached should not be
considered as a good system ( unless this is developed under a
specific purpose ). Therefore, an expert system is expected to
'

be capable of answering its user' request of 'how', 'why

or 'what if'.

Natural Language Processor

An expert system 1is able to provide this facility because it
contains the ﬁecessafy knowledge and facility to explain its
‘reasoning through the communication in matural - language and .in
words which are understandable to the user. Incorporated into
the software of an expert system is the user interface which 1is

L
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designed to facilitate communication between the wuser and the

.system.

1.3.1.2 Differences between Expert Systems and Conventional

.

Sysfems
There are many differences betﬁeen expéft systems and
conventional systems, the characteristics of expert systems
constitute partlof these differences. Alty and Coombs (19) and
Quinlaﬁ (20) have documented such differences and these are
summarised in table 1.4, Here the conventional programs are
confined to traditional data processing systems and management
information systems which are.programmed in traditional computer

languages, i.e. BASIC, FORTRAN, COBOL, etc.



Knowledqe

represéntatinn

Classitications

& relations

Contrel strac-
tures and

Pracadures

Conventional Systess
{DP and M1S)

3y the apprepriately defined
representation, usvally stored
in Fived length and binary

cade.

Using *duaay® variables for

classification and sysbels

for relatienships, for

example $ in BASIC ab the
end of the variable thuld
be treated as a string of

charackers not a nuaber.

Have a larqe sequential ele~
sent, punctuated by iterative
procedures, such as Dov.Mhile

Fer+. Do, and GOTC.
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fxpart Systess

Using natural f&rl, with-
aut aachine lisitation,
for example, #anages
(Peter, John} means Peter

sanages Johne

Bsing predicate calculus
notation, for example,
reports-to {John, Pefer}
IF manages {Peter, Jack)
OR (sanaqes (Peler, J;ck)
AKD reports-to (John,
Jack) ) léans *John
reparts teo Pgter is TRUE
if either Peter sanages
Jack is TRUE or Peter
ganages Jack and Joha
reports to Jack are

both TRUE.

Use rule of thuab in

IF.. . -THEN- [N R typ!'




Inference of

Data

Ingxact

feasoning

Exﬁlanation

for Reasaning

Medification

Using existing data o infer
new data, this causes an

increase on respanse time.

OveruSelcingly deals enly

with 'trye? or 'false’.

by well predefined.
variables which are
provided under fuli

certainty.

No facility

Difficult
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Using an inference engine
which is separated from
its knawledge base thus can perfora the in-

ference process quickly.

fan deal with uncertainty
by using Bayesian proba-
bility, certainty factors

or fuzzy logics

Facility

Has separate knowledge
base which can be aaended

easily.

Table 1.4 Sumsarised differences between expert systeas and conventional

systess (19, 20)
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1.3.2 Evolution of Expert Systems

Expert systems constitute a majpr application of artificial
intelligence (AT ). AT brings together all kinds of
professionals such . as enginéers, psydhologisté and linguists
working with computer scientists in various areas of potential

application.

In 1957, researchers developed the general-éurpose program for
solving general problems in certain areas ( i.e. ﬁheorems-ahd
éuzzles ) (21) =~ this was the GPS (General Problem Solver)
created by Newell, Shaw  and Simon (22). However, it was
eventually found that the . development extremely diffiéult and
inefficient. At best, researchers could only develop one

specific program to deal with a particular sort of problem.

In the la£e 19605; Al researchers concentrated on making computer
programs intelligent, i.e. to describe problems in a usable form
which can facilitate the problem-s&lving process. The first
success with real possibilities was the DENDRAL system which used
coﬁputer language for identifying molecular‘structures in unknown
organic compounds and for planning a sequence of reactions to

synthesise organic chemical compounds .(21).

In 19708, AI researchers realised that 'there were advantéges

attached to the strategy of representing human knowledge
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explicitly in pattern-directed modules 1instead of encoding it
into an algorithm that could = be implemented wusing more
conventional programming techniques (23). This important

realisation resulted in the separation of the software concerned

with the expert's knowledge - the knowledge base -~ from the
section concerned with the problem-solving ( inference ). MYCIN,
written in Lisp , 1is a good example of rule~base wmedical

diagnostic expert system which provides consultative advice on
diagnosis and treatment for infectious diseases (24). 1In MYCIN,
medical knowledge 1is stored as a set of rules augmented by
certainty faéto:s. The factors are used to express the degree of
beligf. in the conclusion of .a rule. The development of
intelligent programs by relating high technical and specific
knowledge to a particular problem domain for a particular purpose
represents the_initial stage in the evolution of expert systems.

Figure 1.2 describes the evolution of expert systems (25).
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1.3.3.Applications of Artificial Intelligence
The research and application areas of Artificial Intelligence
have been expanded .during rééent years. There are different
application areas of AI defined by different researchers, the
followings are representative examples:
a. Feigenbaum (26)

. Problem Sblving

. Logical Reasoning

. Language

. Programqing

. Learning

. Expertise

. Robotics and Vision

. Systems and Languages



Graham (27)

Probleﬁ Solving

Natural Language Processing
Perception and Pattern Recognition
Information Storage énd Retrieval
Control of Robotics

Game Playing

Autdmatic Programming

Computational Logic

Expert Systems

" Nilsson (28)

Natural Language Processing
Intelligent Retrieval from Database

Expert Consdlting Systems

Theorem Proving

Robotics

Automatic Programming

Combinatorial and Scheduling Problems

Perception Problems

29
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d. Cevarter (29)
. Natural Language Processing {( NLP )
. Computer Vision
Expert Systems

. Problem Solving and Planning

Apart from the above, Harmon and King (30) consider artificial

intelligence in three research areas:

. Natural Language Processing
. Robotics

. Expert Systems-

To summarise the above fiVe definitions into table 1.5, it can be
seen that both the natural language processing and expert systems

are the two major areas of application of AI agreed by all these

researchers:



Application
Natural Lahgu;ge
Expert Systems
Programming
Robotics

Problem Solving
Perception

Information Storage/
Access

Game Playing

Computational Logic/
" Vision

Reasoning/Learning
Theorem Proving

Sorting and Scheduli

Feigenbaum

X

X

Graham

X

X

Nilsson

X

X

Table 1.5 Application areas of Artificial Intelligence

Gevarter

X

X

Harmon
& King

X
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1.4 Conﬁlusion
From the four types of IT system (DP, MIS, DSS and Expert
Systems) discussed, it can be said that research and develbpment
into ekpert systems are the result of a continual desire for the
gpmputerisation' of human ~expertise in problem=solving. A
recognition of the characteristic differences" between
conventional programs and expert systems has led to the latter
'beéoming beneficial to business, mainly because of the following
factors:
i) VThe separation of knowledge (Kﬁowledge base) from the
control structure ( Inference ).
ii) The user-friendly programming.

iii) The facility to cope with the comndition of uncertainty.

iv) Efficiency in performing inference/search processes.
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CHAPTER 2 - GENERAL ISSUES ON EXPERT SYSTEMS
As stated in Chapter 1, expert systems represent an application
of Artificial Intelligence Technology. This chapter is concerned
with the &iscussion of the way in which expert systems work and
the general requirements for creating an expert system

application.

2.1 How Do Expert Systems Work?.
The word 'kunowledge' in expert systems représents the combination
of facts and rules, for example:

Fact: Mary is injured by a car accident.

Rule: If Mary is injured by a car accident, then

hospitalisation is necessary.

In expert syétems, a large number of rules are heuristic - 1i.e.
different from precise mathematical analysis, they induce
acceptable solutions, not exact answers. The knowledge
represented in rules and facts that are needed by expert systems

to make induction is called the knowledge base.

The program which provides expert systems with effective thinking
power is called the inference engine. In the previous example,
the result 'hospitalisation is necessary' is induced by using the

fact 'Mary is injured by a car accident'.
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‘In practical applicationé, expert systems are unlikely to be able
to solve problems just by one step ( i.e. only by one rule ) and
therefore many small parts of problems are established with their
own sub-goals. Sub-goals are established by writing appropriate
rules about them into the knowledge base. Using thése rules in
conjunction with the facts already known about the problem, the

inference engine will proceed to find the appropriate rules for

reaching the goal.  This process is repeated until a solution

goal is found.

The way the inferénce engine proceeds fhrough sub~goals is.often
from the AND/OR tree. Figure 2.1 shows the AND/OR tree, where
the initial facts(I) are shown at the bottom whilst the final
goal(G) is shown at the top. To reach the final goal, the

inference engine has to work through a sequence of inductions.

Figuré 2.1 AND/OR tree for goals established in inference engine
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In this figure, the initial facts (I) can be considered as the

"IF' part of a rule (R). For example, facts I, and I,

conditions of rule R_. In a forward chaining direction, the

are the’

sub*goal(G]) is reached when the 2 facts of I] and 12 are

satisfied. Similarly, sub-goai(Gz) is reached when the facts I3,
I4 and 15 are satisfied through Rule Rb' The inference engine

will then reach the final goal G when the two sub-goals G‘ and G

2
~are satisfied. The working condrol of an inference engine may
include ©backward chaining, forward «chaining and/or a bi-
directional <control strategy. These control strategies are

introduced in next secticon.

For the purpose of making expert systems acceptable to the user,
friendly communication between the two must be exist., This means
that the communicafion must be in natural language free from
inappropria;e jargon and the text must be understandable to the
user, Moreover, the expert system should have the capability to
adapt the type of questions asked and the amount and type of

information requested, to accommodate the user's needs.

Whether the user is naive or expert, he/she would like to know
how the system reaches a conclusion. A user would mnot be
satisfiéd'by é conclusion feaéhed By'an expeft system without any
explanation. Expert systems have the<means to explain the‘way a
conclusion is reached. As stated in Chapter 1, although this

capability is not necessarily required, an expert system should
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be able to answer its users' request for an explanation by 'how’,

'why' or 'what if'.
2.2 Classification of Expert systems

There are éeveral methods éf' categérising expert systems.
Addis (31) (highlighted_ by Simons (32)) tries to show the
relationship and differences between | expert systems  and
traditional data processing systems, and suggests that there are
three major categories of expert systems. The first class is for
fhose systems that can only provide answers that have been
clearly recorded beforehand. The sec;nd class of expert Systems
allows simple fact interpolation where rules are used to generate
new facts that can be used. The third class of expert systems is
able to extrapolate facts where new rules of discovery can be
generated. In fact, it 1is questionable whether there are any

expert systems that can cope with the third category.

Another categorisation of expert systems is claésified by Stefik
et al.(33) ( outlined by Alty and_éoombs(19)) ac;ording.to how
well they can cope with problems that are not 'well structured'.
Here the"ﬁell-structured' problem can be regarded as a problem
of small search space with reliable domain knowledge and data
provided. This approach to the Claésification of expéft systems
influenced Alty and Coombs who use it to o;ganise‘theif ordering
of chapters dealing with examples of expert systems inltheir-book

- Expert Systems: Concepts and Examples. This ordering was:
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- rule-based diagnostic systems'for'reasoning from uncertain
data and knowledge ( MYCIN AND PROSPECTOR ),

-~ associative and causal approaches to diagnoéis ( INTERNIST
and CASNET),

- reducing large search spaces through factoriﬁg ( DENDRAL ),

handling large search spaces through the use of abstraction

( RI and MOLGEN )

Sell (22) provides two ways of classifying ekpert systems, The

first is by area of application:

(1). Medicinme ( MYCIN, PUFF, etc.), here Sell indicates two

reasons why the area is rich in products - the acute need of

expertise for tackling complex systems since the human body:

consists of a complexity underlying systems. The second
reason is that a detailed heuristic¢ knowledge about how the
system works ig required.

(2). Chemistry and geology ( DENDRAL, PROSPECTOR, etc.)

(3). Computer engineering ( R1 )

(é). Electronics (EL )

(5). Structural engineering ( SACON )

The }ecénd way Sell indicates. to classify expert systems 1is by
the task that expert sysﬁems are:called upon to perfo?m:
(1). Analysing data and interpreting meaning ( DENDRAL )
(2). Diagnoéing the reasons for or sources of disparity between

expected and actual states or operations of a system (MYCIN)
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(3). Prognosticating the next state or action of a system,’
specifically give warning of impending malfunction ( VM )

(4). Teaching and Training new experts (GUIDON )

Apart from the above ways of <classifying expert systems, a
pfactical way of categorising systems bylmeans of the reasoning
control strategy pegformed by the inference engine is introduced
by. the Butler Cox Report (34):
(1). Goal Driven Control Strategy { backward chaining ):
This strategy is initiated by a goal rule and the systen
attempts to determine if the goal rule is correct. It goes
back to the 'IF' sections of the rule and cries to determine
if they are correct. The system ﬁroceeds to consider other
rules that would éatisfy the conditions and meet the goal.
MYCIN, and most existing expert systems, use a backward
chaining strategy(30).
(2). Data Driven Control Strategy { forward chaining ):
The strateéy begiﬁs with a set of conditions which satisfy
the 'IF' clauses, then the system checks to determine what
addit{onal_rules might be true and asks the user for input
of data until the system reaches a goal,.
(3). Bi-directional Control Strategy:
‘The . strategy is a . combination of the ©previous two

strategies; It applies these two stfategies simultaneously.
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Since the thesis is aimed-at the discussion of expert systems iﬁ
busineés for- practical purposes, the Butler Cox's method of
cléssifying expert systems is thereby to be adopted for a survey
of commercial expert systems shells in later discussion and
Sell's second method pf classifying expért systems is to be used

for the business application case studies.

2.3 Proposal for Creating Expert Systems Applications

2.3.1 What is Knowledge?

Prior to discussing the proposal, this section discusses the

nature of knowledge. Dretske (35) gives a definition that
knowledge is "a form of justified true belief", the word
'justified' is noteworthy. However, in the practical world, it

is mnot possible to give justification to all knowledgé,
éspecially to knowledge based on commonsense. Therefore, Dretske
proposes to replace knowledge with information and belief. He
identifies knowledge as 'information-produced belief', the
information_givep.to a person is perceived on the basis that he
or she knows about the possibilities of that information from the
source. Sell (22) indicated three sources of knowledge -
literature, experts and examples, and three differént bases of
.knowledge ~ scientific laws, experience and models. The purpose
for using knowledge is to proyide‘any infqrmation that helps to
sbl#é‘brobléms in the domain. The most'ﬁelpful inform;tion is
any cléarly expressed regularity of infermation, that allows
_peﬁple to forecast what will happen or to éxplain how and.why

something has happened (22). Of those three different bases of
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knowledge, Sell believes that the.scientific law is the strongest
form of regularity.. Accor&ingly, acquiring knowledge 1in a
scientific subject is much easier thaﬁ in any other field.
General problems of experﬁ knowledge acquisition will be

discussed in section 2.3.4.

One of the valuable contributions made by the development of
expert systems is to business and industry. However, to most of

" Gan expert systems

the expert systems' users, the question
solve my problem?" is the most common query before they decide to

use expert systems.

The major consideration, therefore, before selecting an expert
system'is'to determine whether the development of the propoéed

application is possible and appropriate.
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2.3.2 Guideliﬁes for Selectiﬁg an Expert System Application and
for Identifying the Problem Domain
Prerau (36) uses a 'checklist' of attributes, which describe the

desirable features of setting an expert system domain for the

identification of applications. These attributes cover both
techhical factors - such as the characteristics of the problem =
and non-technical, organisational factors - such as the

personality of human experts.
Attributes of desirable domain ( Prerau,(36)):
1. Basic Requirements
a. the completed system is expected to have a significant
payoff for the corporation |
2. Type of Problem
a, the task primarily requires symbolic reasoning
b. the task does not requife knowledge from a large number of
areas
3. The Expert
a. the expert has builﬁ up expertise over a long period of
task performance
4. Problem Bounds
a. the task is neither too easy ( taking a human expert lgss
than a few minutes ) nor too difficult ( requiring more
than a few hours for an expert )
b. the number of important concepts ( e.g. rules )} requiréﬁ isg

iimited to several hundreds
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5. Domain Area Personnel
a, the system can bejintroduced_with minimal disturbance of
the current practice
b. the project is strongly supported bf a séhior manager, for
protection and follow-up.
6. Other Desirable Featu;es
a. ﬁhe task 1s decomposable, allowing relatively rapid
prototyping for a closed small subset of the complete
task, and then slow expansion to the complete task
b. the user interface will not require extensive effort
c. the task is similar to that of an existing expert system
d. any requirement for real-time response will not 1involve
extensive effort.
More concise guidelines for identifying a pfoblem domain for a
speqific task are given by Harmon and King (30). The task:
. focuses on a narrow specialty. |
does mnot depend heavily on background knowledge or common
sense.
. is neither too easy nor too difficult for a human expert.
. is defined as clearly as possible.

. has outcomes that can be evaluated.

The first of Harmon aﬁd King;s guidelines of choosing a domain
focussing on a narrow specialitf is not easy for the pu?pose of
accommodating the domain expert and the knowledge engineer,
There.should_also be included a few exceptional situations which

are uncommon under normal conditions and which rarely happen but
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‘must nevertheless be considered. Compromiseg between the domain

expert and the knowledge engineer are necessary. The second
guideline emphasises the purpose of an ‘'expert' system which
should represent the human expert's expe}tise rather than the
commonsense thaf is general to most pebple.‘ The last guideline

is utilitarian, to provide a practical means to evaluate the

costs and benefits of using expert systems.

Figure 2.2 summarises the success factors in the creation of
expert systems applications with explanation for these factors.
The most important requirement is the existence of a real'expert

who ‘possesses the high-level expertise to tackle the domain

"problem from a more technical viewpoint than other people. Also,

considering the §rob1em df a mathematical model in real world,
people would 1like to solve sﬁch problem by a traditional
computing system rather than an expert system, because
mathematical problem ig difficult to be expressed into rules like
IF....THEN..;. type, and the answers which the mathematical
problems reéquired should be the solution sticking to the
requirement of precision and accuracy, whilst precision is not

strongly required by an expert system(4).
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The knowledge domain is

narrow and well boundaried

The task needs few

mathematical processes.

The expert can clearly
express his knowledge

There is a real

The expert is willing to
contribute his knowledge

The task is neither too
difficult nor too easy

The task is not too

expert ALL

difficult to be
understood.

Possibility of

successfully developing|€
expert systems

b

Explanation
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The more tightly defined the
domain, the higher
possibility of success.

The fewer numerical or mathe-
matical calculations,  the
more the suitability of
expert systems.

The more clearly the expert
expresses his knowledge, the
higher the possibility of
successful knowledge
acquisition.

The more technical the expert

is, the greater the
suitability for developing
expert systems.,

The greater the willingness
to support expert systems'
development, the higher
possibility of success.

The more suitable use of time
by an expert, the better the
system is likely to be built.

The greater the friendliness
of the system, the higher the
possibility of success.

Figure 2.2 The success factors in the creation of expert

systems applications
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Once a problem domain has been decided, there are still hurdles
in the process of building an expert system, they are:

Knowledge acquisition (elicitation)

Knowledge répresentation
- reasoning

- éxplanation

- tool . ' ‘ ' _ _ L

- validation

2.3.3 Differences between Acquiring/Representing Knowledge for
Expert Systems and Conventional Systems |
The process of acquiring knowledge for an expert system is called
'knowledge engineering' whilst the process of acquiring _the
process of routine transaction for a conventional éystem is |

called 'systems analysis'.

The common form of knowledge acquisition, as Blanning (37)
states, is 'the elicitation of protocols: experts are asked to
state their thoughts as they apply their expertise to real~world

problems'., Thus it emerges that the knowledge engineer interviews

the domain experts to collect useful information and to represent
thg'informétion through systenm structures which usually consist
of if..;.then models. The exberts can describe their processing
activities in their own terminology. During the process, the
knowledge engineer reviews the system logically by himﬁelf or
asks the exﬁerts_to review their information as it is represented

in model form and inform the knowledge engineer of necessary
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corrections to the knowledge base. Verification of the system
should be therefore efficient 1in expert systems because the
‘experts review their information within their professional or

technical expertise and im natural language or terminology

familiar to them. .

In contrast, a conventional system does not provide a flexible
approach for frocess - representation. Thé clerks or the
technicians ( similar to the 'experts' in expert gfstems )} have
.to.ﬁrovide.a.detailed flow of the ﬁrocess by which they handle
‘the .data, also documents for mnecessary input and output are
demonstrated to system programmer. These documents are finally
interpreted in a computer language and displayed in Vdifferent
ways or forﬁats_by the computer. _Any error in_the system pfogram
is difficult to be tested_by the clerks or technicians because
their 'data' has been re-formatted into a computer program which
is now out of their area of expertise and the terminology 1is

totally unfamiliar to them.

2.3.4 Knowledge Acquisition

Knowledge acquisition is thg process of gleaning knowledge from
human experts prior to implementing the system rules = the
knowledge base. However, Welbank (38) asserts that the main
difficulty ip the production of an exﬁert system 1is almost
universallf acknowledged to be knowledge elicitation. Also,
Grover (39) indicates that there is no recoénised methodology for

the process of knowledge acquisition. Success depends on the
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complexity of the knowledge structure and the problém dpmain

being tackled. "Kidd (40) points out four reasons that make

knowledge elicitation difficult and time consuming:

. Human.knowledgé is complex and messy and ;ECen ill-formulated.

. Human$ find it difficult to articulate what knowledge they have
and how they use that knowledge to solve problems,

. The moré expert somecone becomes at a task; the more
‘unconscious' his or her knowledge becomes. |

. The data one gets from using kﬁowledge elicitation technique$
are in the form of an éxperf's verbal comments or his actions.

These need '¢arefu1, even skilled, interpretation as to what

underlying knowledge they imply.

Indeed, people regard their knowledge as expertise which is'often
learned from.practical experience. They know 'how to sﬁlve it!
in a skillful way but most of them do not know the way to express
their knowledge logically. Hért (41) recommends four methods of
':knowiedge elicitation in her paper of 'Knowledgé Elicitation:
Issues and Methods': |

- Interview

Protocol analysis

Induction

-‘Repercory grid technique

Interview
Interviewing experts for the elicitation of knowledge is the most

common method of fact-finding, the trouble is the knowledge
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engineer may B;t have a list of detailed questions to ask whilst
the expert may not know how to describe his knowledge logically.
Furthermore, the expert may frequently use technical terms and
the knowledge engineer must make sure that he has the same

understanding of the terminology which the expert is using.

The blackboard technique of having a group of gxperts meet
together on a model of the expertise is oﬁe'pf the variational
techniques introduced to overcome the difficulties of interviewq.
The experts argue beﬁween theméelves until they are all satisfied
with .the detailé. The knowledge engineer can understand the

reasons behind their discussions.

Anothe; alternative is to allow the knowledge engineer to anaiyse
the kﬁowledge away from the expeft ahd present his findings to
the expert. This provides the opportunity for the expert' to
comment on something close to the final version of the knowledge

to be represented.

' However, Hart comments that the main problem with these
methods is that they lack overall structure. The consultations
are likely to be lengthy, and until a recognised'methodoiogy is

developed the output will be difficult to analyse.

Protocol Amalysis
This is based on a transcripted interview, but with attempts to

structure the process and produce more meaningful results. The
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interview 1is conducted along the lines of comments on specific
exampie§ or documented cases, such as laboratory'reports or case
histories. The knowledge engineef should find it. easier to
detect general patterns because ﬁhe éxﬁért may ‘emphasis' one
particulﬁp feature of each example and it is éaﬁier to structure

the expertise into concepts.

Alvey, Myers Greaves (42) repﬁrt that protocol analysis 1is
difficﬁlt to make comprehensive in diagnostic systems because the
‘'harder' ﬁrobléms have a cbmpletely different structure from the
common Ones.and they are also éasily omitted from.the'discussions

of documented cases.

Induction

Induction is used because of the same problem encountered by both
interviews and ptotocol analysis, the expert feels it easier to
refer to specific examples than 'to describe his processes.
Therefore, the iﬁduced rules apply to the examples, however, one
can not be sure that the results are correct. The quality of
results depends on the attributes chosen and the particulgr

examples used.

Some attributes may not appear in the induced rules because they
are less important or because of their high correlations with
other attributes which'are represented in the induced rules. All
the situations should be discussed with the expert. . Hart'

describes the usefulness of induction because 'it identifies
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questions and _pfovokes discussion with the expert about gaps,
~contradictions and redundancy'. Discussion. of rule induction
through an expert system shell will be detailed later in this

Chapter &.

Repertorj Grid Technique

This méthod is based on the psjchological problemrthat 'ﬁuch of
the expert's expertise lies 1in the way' in which he views
‘problems, i.e: his perception or ipsight' (43). Evefy one has
his own method of devising his own personal construct to analyse
problems. The repertory grid is a mefhod of investigating such a
model, The model consists of elements and constructs, The
constructs correspond to the attributes of rules, except that
they must be bipolar, e.g. black/white, true/false. Constructs
are the way in which pairs of elements can be described, e.g. A
"is strong but B is weak# C and D are botﬁ true. Elements are
analogous to examples in induction, they are chosen by the user

on the condition that they are most relevant to the problem.

‘One of the essential things in the repertory grid method is to
define a particular problem and ask the expert to think about it.
He then produces elements and constructs which he thinks are
_relevanf to this particular.problem.' The grid is the structure
of cross-references between constructs and elements for that
problem. The expert is forced ‘to investigate his opinion of the -
-rproblem and  the success of thiQ"method reliés on ghe user's

happiness with the result.
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An example of"recruitme_nt' using the repertory grid technique is

given in figure 2.3:



Investigatibn of Candidates
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Constructions

Constructions

Not good educational
background

Good educational
background

Non-working experience

Years working
experience

Bad leadership

Good leadership

No potential

Good potential

Low salary demanded

High salary
demanded

Bad communication
skill

Good communication

"skill

Steve (Good)

Richard (PRad)

" David (0K)

Neil (Very Good)

Rody (0K)

William (Poor)

gure 2.3 Investigation of candidates - using a repertory grid

=%
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In this example, the expert ( Manager ) was asked to evaluate the
" candidates’ Quélifications to fit a particular position., Before
the consultation, he was unable to clearly define the

qualification that a successful candidate must possess.

Therefore, he was asked to list the names of candidates and the

characteristics of each candidate, Then he was also asked to

rate their suitability for each characteristic. From figure 2.3,

" .he gave six candidates' name as the elements of the recruitment,

also he listed the requirements of qualification, such as

education background, working experiencé,, leadership, salary

demanded and communication gkill, eta. These requirements are
_considered as the constructions of the recruitment. With the
bipolar c¢onstructions, the manager pould give score to each
candicate from ! to 6, 1 is the worst score whilst 6 is the best.
By calculating the total score given to each <c¢andidate, the
manager could then £ind that Neil should be the best candidate
whé satisfied tﬁe requirement the most; Steve was the second one
to be accepted, whilst William was the one who would not be
considered as a qualified candidate as he scored the least. Ffom
this figure, the manager should be satisfied'that he is able to
describe the main dualification for recruiting a right person,
also, he should be satisfiedAthat he has found the right person
for the right position. In a similar wmannar, the knowledge
éngineer is able to identify the important issues for building up

an expert system to help recruit qualified staff.
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This method can be used when the problem is relatively poorly.
defined because the expert would be very unclear about the
relationship between the constructs whilst induction would

provide little help inm this situatiom.

2.3.5 Knowledge Representation
Like knowledge acquisition, there is no unique'representational

formalism for knowledge representation (44).. Three common

methods of knowledge representation are introduced in this

section:
- Rule-Based Representation
- Semantic Network Representation

‘-~ Frame~Based Representation
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Rule-Based Representation

A rule-based representation is the most common form of knowledge -

representation. Rules are fepresented in 'IF abe THEN xyz'

statements.

In a rule-based expert system, domain knowledge is represented by

a set of rules which are responsible for determining whether

those given facts or information ‘match the current condition.

When the antecedent of a rule - IF part is satisfied, the

consequent of the rule - THEN part is executed.

" The match between the ante;edent and the given facts produces the
inference chain. In rule~based systems, three common inference
chéins are forward chaining, backward chaining and bi-directional
chaining. These three chains have been-introduced in section

2.2,

Semantic Network Representatioﬁ

Semantic Net 1is wused to describe knowledge based on net
construction. A semantic net includes nodes and ar¢s. The nodes
represent ﬁbjgétsi facts or concepts, the arcs usually represent
ﬁierarchies which inclﬁdg ISA ( is a ) and ISPART ( is part ).

For example:
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Consideriﬁg the case of defining the facilities of‘a ship, thé
first one, Queen Mary, is a mailboat; the second one, M.V. Philip
is an oiler. Both engine and boiler are components of a ship.
In this exampie, they are stated only once in.the lower level

which describes a ship. The relgtionships can be described as

follows:

Queen Mary ISA mailboat

M.V. Philip ISA oiler

Mailboat ISA ship

Oiler 1ISA ship

Swimming pooi ISPART of the mailboat
Boiler ISPART of the engine

Engine ISPART of the ship

The relationship between ISA and ISPART consfructs the
inheritance hierarchy in the semantic net. This means the lower
level of the hierarch§ in the net inherits the higher level of
the hierarchy in the net. In this example, the net can deduce
the truth of 'Queen Mary has boiler' by using the knowledge
represented by the arcs. This approach can save considerable
space when dealing with hundreds_of ships, because every ship has

a boiler and engine.

Frame-Based Representation
Marvin Minsky, the author of the 'frame' concept, suggests that a

knowledge base can be broken into modular chunks ('frames') (32).
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The idea is to organise some objects or events by <certain
sﬁandard properties or reiations to form a prototyée for problem-
_solvingf Therefofe, a frame is a collection of certain features
whiéh store the values of attributes and describe the nature of
an .object. In frame-based systems, the features are called
'slots'. Features caﬁ be default values or a set of rules. In

the ship example, the Queen Mary mailboat is the object and there

are features for its properties, alsoc there are some properties

which allow for default wvalues. The default values in this

example are that the mailboat has at least one engine and one

boiler. Default values are wuseful in frame-based knowledge

representations when exceptions are rare in a particular domain.
The following example shows the frame of knowledge for the Queen

Mary mailboat:

Queen Mary Mailboat

.y s A e U LA

Slots (Features) Entries (Values)

Name ' Queen Mary

Condition - Rusted in outward appearance
Function Mail transport

Numﬁer of engine Default: 2

Boilers _ ~ Default: Yes

Swimming pool _ Default: Yes

Useful life ) If needed, check the condition

of engine or ask help from ship
surveyor ’
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In this examﬁle,_ useful 1ife is the slot of procedural
instruction for determining other results and is undefaulted but

may be needed by the user.

In the author's view, framé-based_representation is more or less
similar to the concept qf.a database retrieval system.. In the
above example, those slots (features) can be input into a
dataﬁase system. However, the main difference between frame-base
and database.is the default_valﬁes of those slots in frame-base;
These defaults represent those common values that posessed by an
object. Unlike frame-base, these defaults must be input into

database system item by item for each object.

2.3.6 Reasoning

" Rules are the core of expert sysfems. A rule coﬁsists of two
parts: the antecedent and the consequent. If the antecedent of a
rule is true, the consequent is concluded. In fact, rules do
nothing by .themselves, they must be associated with the
inference engine of expért systems in the consideration of
specific problems. The major methods of rules applied by.the
inference engine have been discussed in the section 2.2, they are

forward chaining, backward chaining and bi-directional chaining.

"It is mnecessary that an expert system should be able to reason
with uncertain or incomplete.ihfofmation. Human experts would
use weighting factors plus judgment to reach a conclusion and

make their decision.
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There are several approaches for reasonihg with uncertainty in
expert. system ,building.. Three of the mast comﬁon are to be
investigated in this section:

- Fuzzy Logic

- Certainty Factors

- Bayes's Theorem

~ Fuzzy Logic
This approach was developed by Zadéh (45) for'the accommodation
of commonsense knowledge which is difficult to 5dapt by means of
conventional lbgic. In fuzzy logic uncertainty can be tackled on
the assumption that the relevant statements are not finite, that
is, using a fuzzy set of fractional values between zero and one
to indicate the dégree of truth of ‘an antecedent. Using an
example for diagnosis of catching cold, the factors may be any ofl
a sore throat, a high temperature or a4 running  nose,.

Relationships among these factors can be expressed by figure 2.4.

diagnosgis:cold

sore throat high temperature running nose

yes no yes no yes no

Figure 2.4 Relationships of factors which constitute a cold
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When asking the user if the patient has caught a cold, the

response could be

Yes ( 0.8)
This means 0.8 is the degree of certainty which comes from the
user that the patient has caught a cold, and that there is 0.2
uncertainty that he is not ill, Applying this concept to the

~ rule:

I1f the throat is sore then the diagnosis is cold
this rule concludes that a patient is {11 if he has a sore
throat, however the patient is not completely 1ill, it might_
because that he spoke too much. Therefore, the user can only
give 0.8 certainty that a sore throat is caused by a cold.

So suppose one has the following:

If the throat is sore and the temperature is high then the

diagnosis is cold
Wiﬁh the certainty value:

diagnosis {throat (0.8), temﬁe:ature (0.6)}
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 This problem is more complicated. For a more complex problem
with more than one antecedent wvariable, the values are combined

| .
| in a particular way as follows:
|

P (aand B) =uin [ P(A), (B}
P (AOr B) = Max fr(a), ()}

Here, P(A) is the probability that event A will occur, etc.

~ Applying this method to the first rule:
P (throat and temperature) = Min {(P(throat), P(temperature))
= Min (0.8, 0.6)

= 0.6

Therefore, fuzzy logic can translate the non-numeric information

into figures that incorporate an element of commonsense knowledge

if applying the above method to the following rules, the

situation will cause fuzzy logic to a conflicting result:

If throat is sore and temperature is high then diagnosis 1is

cold.

If throat is sore and nose is ruunning then diagnosis is cold’

Provide the certainty value of 'nose is running' is 0.5, the
possibiliti that the patient has caught a cold under the second

rule is 0.5 (i.e.Min.(P(throat), (nose)) =Min((0.8, (0.5))= 0.5).

to enable manipulation in the absence of complete knowledge. But
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Therefore, the conclusion of the diagnosis is cold has tweo

conflicts, i.e. 0.6 and 0.5.

Fuzzy logic does not indicate how ‘these conflicting values are
reconciled, the resulting certainty value could be the wmaximum,

minimum, average or others depending on the system designer.

Certainty Facfors (CF)

This approach was de&eloped by Shortliff¢(46) in thé MYCIN
project. It uses two components for ﬁeasuring factors of
opposite sides - a belief factor (MB) and a disbelief factor
(MD), both within the raﬁge from zero to one - to indicate the
degree of certainty. The  certainty factor is calculated by
takiné the difference between the two components, i.e. Certainty
factor (CF) = belief factor (MB) - disbeliéf factor (MD). This
formula incorporates the resultant certainty factor range frbm‘~i
to +1., =1 represents the degree of certainty that a statement is
totally false; +1 represents that a statement is' totally true.

The values between -1 and +1 represent the degree of

belief/disbelief, whilst zero represents unknown.
Generally, rules are written in the following format:

If X then Y with certainty factor CF
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The certainty factor is wuseful to overcome the lack or
incompleteness of information in Fuzzy Logic by wusing the

following formula:
‘MB[h:e, e,] = MB[h:e ] + MB[h:ie,] * (1 - MB[h:e ])

Here, h represents the hypothesis given, such as 'if throat is
sore and temperature is high then diagnosis 1is cold'. The

~.measure of belief is wupdated by giving evidence 1 (E]) and

repéated as follow:
Rule 1:
IF 1). throat is sore, and
2). temperature is high
THEN the?e is suggestive evidence (0.6) that diagnosis 1is
cold |
Rule 2:
1F 1). throat is sore, and
2), noise is running
THEN there is suggestive evidence (0.5) that diagnosis is

cold

Using the_values used before for those three factors as fﬁllows:
Cold:
throat is sore (0.8)
temperature is high (0.6)

Nose is running (0.5)

evidence 2 (EZ)' Applying to the 'cold' example, the rules are
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Using an AND/OR tree which discussed in previous section, the
hypothesis that 'IF throat is sore and temperature is'high and
nose is running THEN diagnosis is cold' with its three factors

{(events) can be expressed as follows:

CF[H,E }=0.6 CFIH,E,]1=0.5

CF{c,]=0.8 cr{c,]1=0.6 CFlc,1=0.8 CFlC,]=0.5
Figure 2.5: AND/OR tree for hypothesis H

Certainty factor (CF) for hypothesis H <can be computed as
follows:

CF[E,]=Min (0.8, 0.6)= 0.6, CF[E,]= Min (0.8, 0.5)= 0.5
Therefore, applying the formula

MB[H:E ,E,] = MB[H,E,] + MB[H,E,]* (1~(MB[H,E . ]))
In fuzzy logic, two conflictiﬁg values are 0.6 and 0.5, Using

the certainty factor, the resulting megsure is:
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MB [Cold: 0.6, 0.5]

MB [Cold: 0.6] + MB [Cold: 0.5]

* (1 - MB (Cold: 0.6) )

0.6 + 0.5 * 0.4

= 0.80

.The value is higher than each single value, i.e. 0.6 and 0.5,
This method overcomes the lack or incompleteness of information

in Fuzzy Logic.

'Bayesian Theorem

In the certainty factor, the values of belief/disbelief factors
are proﬁabilities. The Bayesian method represents domain
knowledge as probabilities, 'including prior probaﬁilities of
.outcoﬁes and conditional probabilities of problem features given
each possible outcome (47). The previous two methods both have
the same shortcoming, the lack of a reaéonable theoretical basis.
Although the Bayesian theorem has the required theoretical base,
the approach is not implemented to as large an extént as the
~previous two; because of the difficulty of assigning values for
prior probability and the large amount of data necessary to be
input for conditional probabilities, whilst these data are not

often available(48),

2.3.7 Explanation
_Explanation is an important factor in evaluating the friendliness
of an expert system to a user. It‘helps people understand expert

. 5ystems, and perhaps the user would rather consult an expert
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system than an expert. If the expert system provides an
'unusual' or 'difficult-to-understand' piece of advice, the user
is able to obtain an explanation from the system. However, most
of the explanation facilities of existing expert systems,
including shells, provide their gxplanations by simply copying
the reasoning rules. As Kidd (40) indic#tes, they consist of a
trace of the rules used in the reﬁsoning process with some degree
of syntactic doctoring depending on the pfogram. Although shéh
'\explanations do provide proof of the correctness of the
conclusion reached, they dd not really providé the appropriate

method of explanation wanted by the naive users.

Therefore, Kidd suggests four impor;ant considerations for

providing acceptable explénations:

. Knowledge about the user, in order to communicate an adeduate
understanding df the problem solving process to the user.

. Knowledge about the underlying causal mechanisms in a domain,
in order to justify gthe. relevance and utility of the
performance level rules.

. Knowledge about the decision-making method employed by the
system which is currently implicit within fhe system and cannot
be used inlexplanations.

. Knowledge about how good explanations are constructed.

2.3.8 Tools

There are three major kinds of tools for building an expert

system - programming language, toolkit and shell.

-
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Programming Language

Traditional programming languége suqh as COBOL, PASCAL, etc, have
not proved to be well suited to AI applications, because these
lénguages can not represent the real-world knowledge ideally.
‘Lisp and Prolog are two newly developed languages mostly used for

Al-related systems.

It is interesting to note that the Lisp language is very popular
in the US whilst Prdlog is favoured in the U.K., Europe and Japan
- (32). For practical pﬁrposes, these tﬁo languages provide
English-like programming ability for know}eage representation and

integration of other facilities into the system.

There.is much debate concerﬁing the ‘advantages and disadvantages
of using Lisp orlProlog, however, the respective advantages or
.disadvantages of the two laﬁguages are widely agreed. Table 2.1
summarises Simons (32) and Johnson's (49) viewpoints on the

advantages/disadvantage of Lisp and Prolog:



Advantages

Lisp

. Suited to large systems

. Easier to provide the necessary
procedural information in effi-

cient manner than Prolog.

Prolog

. Easier for a novice.

. Suited to small systéms.

. Provides the programmer with
generalised record structure
manipulation facility.

T Programs can be written without

the need for implementation-

oriented concepts.

Table 2.1 Comparative advantages/disadvantages of

Disadvantages

e Ay W G S A S e e mm e A A B MR SR MR e S e e

Suited to expensive workstations
or supermini computers

Programs are often written with
need for implementation-oriented

concepts.

Difficult to provide necessary

procedural information in

an efficient manner.

Pifficult to maintain and

comprehend for large programs.

Lisp and Prolog
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Toolkit

‘The toolkits are usually implemented on Lisp machines and have a
good user 1interface. They p;ovide the system developer with
flexible development tools which include a variefy of methods of
knowledge representation. In the European toolkits market, the
American products Kee, Art and Knowiedge Craft are the market
leaders (Sb). Because Lisp 1is mainly used in the States, the
European response to these toolkit products is not so widespfead-

as that of the'shells.

However, a number of European toolkits are being'developed; in
U.K. a major project for building an expert system toolkit is
under the Alvey programme for developing a 'flexible toolkit for
building expert systems'. Three parties have participated in the
project, they are GEC Research, GEC Avionics and Edinburgh
Univeréity's Department of Artificial Intelligence. This projéct
has been underway since the beginning of 1985 and is to last for
three years with a budget of £1.2 million (information from:

Commercial Expert Systems in Europe, Ovum Ltd. PP. 59~70 , (50)).

Although the major feature of toolkits is that they are very
flexible, so that the system developer is allowed to.choose the
method for knowledge structure, this flexibility aléo brings  the
disadvantage that a dgveIOper might ﬁot be able to select. the
right one. Also, prices of toolkifs are much greater thanrthat
of the shells. For example, all of the American toolkits sell at

more than $50,000.
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Shells

For develdping an expert system by self-programming, selection of
a progra?nming languag.e as an application_tool is necessary.
There are not many customers for_an éxpert system who have the
time or expertisé-available to develop a system from the very
start, also,'the idea that 'a pouple of problem domﬁins can be
facﬁled by the same inference engine' is the main advantage of an
expert system shell. Theréfbre, McLening (51) points out that
the quickest and cheapestlway.of acquiring an expert systém is by
“buying a shell - a packége empty of information but with the rule
structure, or inference engine, already in place. Here an ekpert
system shéll can be defined as 'a computer pfogram with logical
reasoning ability, explanation facility, but empty knowledge

base'.

Shells are regarded as appropriate fof familiarisation and
experimentation with expert system techniques and building of
smaller expert systems {(50,52). There are severagl factors
_affecting the choice of a shell to be used. The elements for

selecting a shell are discussed below:

Factors for Choosing an Expert System Shell
Koppen of Philips C ISA/CAD Centre in Netherlands (53) conducted
a detailed review of four shells - EXTRAN-7, SAVOIR, S1 and

Rulemaster by using the following factors:
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(a). Knowledge representation: Rule-based representation by
describing knowledge into IF....THEN is the popular method.
However, there are still many shells where the knowledge is
represented in frame-based form.

(b). Inference: This is the way the knowledge is driven for
reaching cqnciusions. The control strategy_of baékward or
forward_ ¢haining strategy for diagnostic systems or
procedural strategy for teaching systems are vrequired.
Also, the capébiiity of dealing with conflicts when more
than one rule is applicable to a certain situation 1is
sometimes needed. |

(¢). Interfaces: Explanation facility is the first consideration

for interfaéing with the user. Also,.natural language_fof
messages to .communicate between the machine and the user,
and the possibility of linking the shell with other computer
systems are important;

(d). Hardware configuration: The hardware on which a shell can
be rum is important; not all she}ls can be fitted to a
specific machine.

(e). Costs: The;e are more than 40 shells available on the
European market, the price range is from hundreds to
thousands of'pounds. PC versions of shells are usually much

cheaper.

Using’ an Expert System Tool for Business Applications
There are three important roles in using tools for applications -

the knowledge engineer, the expert and the user. It is possible
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that these three .rales -may be acted by any of the following
types:

-lThe expert is not only the knowledge engineer;.but also the
user,

The expert is the user whilst the knowledge engineer buildé thg
system;

The expert ié the knowledge engineer who builds fhe system for
the user. |

.The expe}t, knowledge éngineer and user are totally different
people. | |

There are no acknowledged guidelines for which approach is the
best. However, Hemus (54) suggests that if the problem domain
has only oné major domain expert, it is best to train the domain

expert to build his own knowledge base, This suggestion may not

always be workable, it depends "on the size of domain, the

expert's qualification, enthusiasm and time available, etec.

Although an‘ expert system shell is convenient for business 
applications, there are still 1limitations in the area of
knowledge representation. The knowledge engineer 1is therefore
not able to be completely free tq represent'the knowledge. ¥idd
(40) warns that one should avoid buying 2 commercially-available
shell because of the inflexibility._ However expert systems
shells hafe their advantages and disadvantages: using a shell
or mnot for.developing expert systems depends on the judgment of
those who actually involﬁed in de%eloping an expert systemn

application in business,




In conclusion, the toolkit is the middle option of those three
tools - programming languages, toqlkits and shelis. Generélly,
'programming languages offer the highesf flexibility = in
:development ‘whilst the shells _offer the lowest. To the
deﬁelopers, the crucial point for the development of an expert
system application is <choosing the most appropriate tool,
however, the developers may Jjust choose the ianguage, todlkit or
shell which they are fémiliar. .The choice dépends‘on both the
type of probleﬁ that the expert system is expected to solve and
" the fole the expert system acts within the organisation. In
principle if the ‘knowledge can be .represehted within the
framework of a shell, there is no need to use a toolkit, or if
developing an expert system 1is only for the ©purpose of
experimeﬁtation or familiarity with expert system technology,
then a shell'is_enough. Whilst if there are more ambitious goals
such as developing a more sophisticated system in the future or
expecting more substantial experimentation, then a toqlkit or

language may be more suitable.

The author has developed. a workable expert system by using a
shell. For accomplishing the develoﬁment, a number of shells
.were surveyed. A detailed survey of four shells ( .Xi Plus,
C;ystal, Expert Edge and SuperExpeft ) and a brief survey of
anothef four éhells (_ES/P Advisor, Easy Expert, Micro Expert.and

Micro SYNICS ) are outlined in Chapter 4. m
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2.3.9 Validation
Validatiog is the process of testing the agreement between the
process conducted by the system and thel real expert, Unlike
conventional systems, expert systems deal with unséructured data,
the need for validating them is even greater especially for those
diagnostic systems. Sell (22) recommendslfive requirements for
validation;

(a). Consistency - The system should produce a similar answer to
a similar question.

(b)), Completeness - The knowlédge base is sufficiently wide in
its coverage to allow the system to tackle successfully any
problem within its domain.

{c}). Sounduness -~ The system comes to the right conclusions which
is in agréement with the expert's judgment.

(d). Precisioﬁ - An extensibn of the requirement fof soundness.
The system wmakes correct probabilistic or qualified
judgment.

(e). Usability - Similar to user-friendly, this requirement is
that the interaction between the user and the system should

proceed as intended by the designer,

The above requirements for validation overlap somewhat with the
fgatures of expert systémé. Finlay et al. (55) comment on Sell's
recommendation for'validating expert systems, they consider ﬁhat
Sell's approach can be wseful fo: discussing the validation of
mathematical models which are coné;dered inclusive of logic and

- data models, Also they recommend that defining the variables
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gsed so  as to remove ambiguity in relations is necessary.
Therefore they suggest wusing accuracy ‘to replace soundness.
Moreovef, they consider both accuracy and precision as two
elements of exactitude, Therefore, there are three requirements
to Be considered in validating a ldgical model: consistency,
complefeness and exactitude ( inéludes precision, accuraéy and
definition ). On the other hand, only precision and accuracy are

required for a data model system.

In Finlay et al.'s paper, two_main methods for validation of amn
expert system aie discussgd:
(a). Analytical validation - by checking each part of the model,
| in which each part is checked individually and in
association with other, interacting parts.
(b). Synoptic validatiomn - by checking that an acceptable output

is achieved for each of a set of inputs.

The above two methods are usually wused in combination. In
practical terms, system validation should be berformed by both
the kﬁowledge engineef and the expert. The former tests the
knowledge base from iogical parts without the participation of
the expert,‘ﬁeanwhile the latter examines the system againét some
selected representative examples to make sure that the system

tackles problems in the way he/she normally does.
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CHAPTER 3 ~ A REVIEW OF THE EXPERIMENTAL RESEARCH CARRIED QUT

BY THE AUTHCR

'3.0_ Introduction

The theoretical approach to expert systems, including definitions

" and a proposal for creating an expert system, has been discussed

in the first two c¢hapters. The next two.chapters will discuss

‘the author's practical experience of expert systems applications

using the follo&ing approaches:

a). Visiting: 1In order to compare the results of research with
practical business applications of expert systems, the author
needed to  visit -commercial organisations. Six
representative companieg in which expert systems have been.or
are being implemenfed were selected and interviews were

carried out by the author. Each visit was written into a

case study report, these six case studies are attached as

Appendix A of this thesis.

"~ b). A survey of expert systems shells: There are around 50 shells
| available on the European market (50), of which around 20 are
of British origin. . The 1list of shells available on the
Eurcpean market can bé‘found in Appendix B of this thesis.
Witﬁ the purpose of producing a working expert system by

'using a shell, the author examined eight shells, The survey

and the reasons for selecting a specific shell for

developing the system are discussed in Chapter 4.
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¢). Development of a working expert system: Apart from the visits
to the six companies, the author worked ﬁith her supervisor
to - produce a working system. The intention of this
development was to improﬁg the author's uﬁderstanding of
expert systems and for the author to gain familiarity with
expert systems shells. Furthermore, this deveiopment was
aimed at helping organisations to éelect an appropriate
fimancial ©planning software ©package. = fhe process of
develéﬁment is discussed in Chapter 4. The.knowledge base of

the system is detailed in Appendix C.
3.1 The Visits

3.1.1 Reasons for the Visits
As for the develbpmént of other technologies that began in the
laboratory and then progressed to business applications, expert
sysﬁems development is taking a similar direction. The objecfive
of this reséarﬁh ig pfimarily concerned with £inding out the
. position of expert systems in business now and the near future in
terms of the practical applications. Visits tﬁ companies
 therefore become a necessary methodology in this research for the
following reaéons:
a). Similar to the development of traditional computing systems
| that at thé initial stage of computing applications, few
companies would adopt thé mnew technology as a necegsity-to
business, the author takes for grénted that the use of ekpert

systems for business operation is not so popular as that of
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IC).

cd) .

e).
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the traditional DP systems currently in business, Therefore,

any opinion gathered from the visits given by companies on

-the. - use of expert systems and for business applications are

importaﬁt factors 1in ascertaiping the current and future
position-of expert system technology.

There are various gpproaches to developing an expert system:
the adoptioﬁ or indeed rejection of development techniques
from business would be helpfui to evaluate the currentiy
available approaches and recommepd future research directions
for expert system development.

For the purpose of backing up the theoretical views on expert
systems discussed by tﬁosg 1itefature, a combination of in-
house research and practical interview with expert systems
users is necessary.

As for the reason for not using questionnaire. It -can be

said that- a questionnaire is the tool to use when all the

questions are well 'struﬁtured with simple or definite

answers., In this research the purpose is to find out about

the companies' processes of development of expert

systems and their future views of expert systems usage.
o

These answers arepdifficult to elicit using a questionnaire.

As stated, each visit was written into a case study. report.

-These visits were conducted under structured interview, i.e.

interview proceeded with well structured questions which were

decided in advance. To effectively convert these interviews

‘into’ reports, a tape recorder was used for recording the
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conversations. However, these conversations were difficult

to be filled into a questionnaire form,

3.1.2 Hurdles Encountered when Choosing Companies to Visit

At the stage of choosing companies to visit, the following

difficulties were encountered by the author: 1). among the expert

system users is & considerable number of large size companies who

treat their usage of expert systems as confidential to third

parties, thus they refused to be visited; 2). some companies
would rather concentrate on developing their own 'system than
waste time béing viéited; 3). & 1lot of cémpénies were just
begihning to their experimental development of expert. system
application, they would like the visit to be postponed till their
"development are finished, whilst the author had'nd'eﬁough time to

waste for the postponement.

3.1.3 The Choice of Company

In Chapter 2, Sell's approach to classifying expert systems was

discussed. The main reason for choosing the six companies was to.

match their type of application to Sell's classification. Here

the four types.of application are detailed as followé:

(1). Analysing data and interpreting meaning

(2). Diaénosing the reasons for or source§ between expected and
actual states or operations of a system,. -

(3). ‘Prognosticating the next state or action of 4 system,
specifically give warning of iﬁpending malfunction.

. {&4). A combination of the above three functions,
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(5). Teaching and Training new experts.

Among the six companies, the developers of ;wo‘of these companies
- Company A and F, were MBA students of the university. Company
B was selected by telephone contact. Companies C, D, and E were

chosen based on published articles (56-62) and a thesis (48) that

introduced the companies as using expert systems. These six

companies are more or less in leading positions in their business
fields - Company 4 is a famous petfbods manufacturer, Company ﬁ
is a4 nuclear ‘power designer, Company C is one of the largest
communications firms in the world; Company b is the world's
~largest travel agency, Company E is the leading foreign bank in

the U. K., Company F is a multi-national guard security company.

Among.those six companies, COmpan§ D's expgrtléystem'is capable
of deciding itinerary routes according to the passenger's
selection of constraints for his/her journey. é.g. date, cost,
destination, etc. The system should be thus categorised as the

first group.

'The application of Company A is a rather small system with only
38 rules. fhis system was developed as an MBA project by using
an expert systém shell for the purpose of eliminating factors
that cause product problems in quality. It is appropriate to

*categorise'Company A's system as the second group.
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Similar to Company A's sy;tem, the system developed by Company F
was also for the developer's MBA project by using a shell. This
system was also developed for the purpose of fauylt diagnosis of a
security alarm system. The system can also Pe categorisgd as the

second group.

Although Company B is just at the preliminary stage of
investigating expert systems, a project involving -a fully
computer-controlled plant is being proposed. Once the project is
accomplished, the system would be categorised aé the third groﬁp

in Sell’s classification.

Company C's expert system is totally self—develoﬁed by using an
Al language. The system lis capﬁble of maintaining a fault
tolerant data cémmunications network which solves the problem of
ﬁandling the regular and inevitable changes of network

configuration. The system can be categorised as the third group.

Company E's application is the best example of building a
teaching and traiﬁing system. The system was initially develdped
for the purpose of teaching the company's customers to be aware
of any possible discrepancy in the opening of é lettér of credit

before they claim payment from the bank.
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3.2 Looking at the Business Use

Among the six companies, the extent of their usage of systems can

be -distinguished by the following claséifications -according to

task:

- investigating expert systems technology, e.g. Company B,

- deﬁeloping an initial system for experimentation and
acquaintance with certain techniques, e.g. Companies A and F.

- having developed their first application as a trial system so
that they could ‘realise the capabilities of expert systems
and.recognise buginess.opportunities for further applications
or develépment of expert system, e.g. Compény D.

'~ having developed their commercially ready expert systems which
are available on the expert systemé market, e.g. Company C and
E. Meanwhile, the companies act as consultants and advisers to

their customers.

Approaches in Developing Expert System Applications

As for the ‘approadhes in developing an expert system, four
companies adopted the gquickest way - by using shells, whilst two
companies started from the very beginning by using AI languages,

OPS 85 or Prolog 2.

. Having decided the problem domain and the expert, and having
chosen the tool for development, consultancy advice is another
factor worthy of consideration in the development of business

applications.
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Among the six-companies, both_Coﬁpany D and E adopted consultancy
from outside softwﬁre companies., Indeed, wuse of external
consultancy advice for developing a company's fiést application
is a good decision when a good knowledge engineer is not
-availéble and the exﬁert is inex?erienced in computers or even

unable to describe his/her knowledge adequately.

It can be seen from the six case studies that none of the expert
systems is required to be able to deal with unceftainty factors
to any great extent; thlst iﬁ most of the literature, textbooks .
or articles, capability of dealing with uncertainty is one of the
nost impoftant criteria for evaluating an expert system. In the
six case studies, experts are required to express their knowledge
with certainty .and knowledge engineers do try to avoid any

uncertain answer made by the user when being questioned.

In Chapter 2, four methods of knowledge elicitation recommended
by Hart were introduced. If one relates these. methods to the
practical application, it can be seen that the interviewris the
most common method for eliciting knowledge from the.expert. of
these six companies, both Company A and F developed their systems
by combining the roles of expert and knowledge epgineer, thus
_these two compaﬁies had 'no problem of engineer - expert

interaction in knowledge elicitation.

In Company B, the knowledge engineer is of engineering background -

rather than of chemical background. He had to interview the
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expert for 3 or 4 sessions each an hour's duration, then he
isolated himself from the expert to analyse the knowledge and
then presented his findings te  the expert for .further
clarification. This approach belongs to the first method - the

interview, for knowledge elicitation.

Company d spent 5 or 6 man years developing expert systems; For
the process of knowledge elicitationm, the company gathered  a
number ofrsoftware engineers, knowledge engineers and experts to
decide what their system should ao. The blackﬁoard technique was

used in this company's knowledge elicitation.

In Company D's case a combination of interview and protocol
analysis was wused. Much of the knowledge came from a written
form, such as timetables, from which the expert could express his
-knowledge clearly in the in;erviews;. The knowledge which was nof
available in written form, such as the expert's fears' experience
in tackling clients' enquiries, was gathered by recording the
expert;s _conversations and analysing the transcripts, and by

talking through exémples with the expert.

Although Cdmpany E's expert had no .knowledge about computers,
especially not in the field of expért systemg, his knoﬁledge was
the most structured of that of all the six companies. All.his
knowledge was based oﬁ word—ﬁe:fect memory of the. relevant

international rulebook of old and new case law and on many years'
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experience of the bank's customers. His knowledge was simply

T
elicited by means of interviews.

3.3 Analyses, Reviews and Results for the Visits
3.3.1 Overall Review on the Visits
The following table gives analyses for the visits. This table is

composed of 15 factors that can be considered as the important

—_—

issues for reviewing the six comapnies' developing expert

systems:
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System Approacch Developer's Mathod used
used for for knowledge
Company type development role acquisition
A diagnoeis shell expert & KE N/A
B prognosis shell KE interview
C diagnosis self-programming KE blackboard
D analysis outside KE . interview &
consultance . protocol analysis
E training & outside : KE . interview
teaching -~ consultance
F diagnosis shell expert & KE N/A
Dealing with Years Investment Using in
uncertainty spent operation
A no ' 1 N/A no
B no not available £20,000 not yet
c no 5-6 man years confidential yes
D no 2 £80,000 . yes
E no 2.5 confidential no
F no 1 N/A no
Shortage of Deficient in Experts'
resources professional high-level capability of
assistance support expressing
A yes no yes N/A
B yes yes yes no
C no ' no no | yes
D | yes yes no no
E yes yes yes no
F yes yes yes N/A
Time consuming Relied on Relied on expert
for K.A shells for validation
A N/A ' yes yes
B yes yes yes
C no no no
D yes | no yes
E yes yes no
F N/A yes yes

Note: KE represents "knowledge engineer™; N/A = not applicable

Table 3.1 Analyses and results of the visits to six companies
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Systeﬁ type
In Chapter 2, Sell's(22) second approach for classifying
expert systems by the task that expert systems are developed
to perform can be used for classification. It can be seen
from this table that in the 6 companies visits diagnostic

systems were most often chosen as the initial expert system to

develop.

Approach used for development

This factor concerns the tools used for building an expert
system. As discussed in Chapter 2, the shells are convenient
to companies for first experience. Apart from using shells,

hiring an outside consultancy for implementing expert systems

in companies for first application is another good approach.

Method used for knowledge acquisition

The available qethods for acquiring knowledge from experts
have been discussed in Chapter 2. there it is indicated that
interview is the most common method for Enowledge acquisition,
This view 1s not unsubstantiated. The reason that both
Company A and F were given N/A for their method used for
knowledge acquisition was that both of the two companies'
developers were in the position of both expert and knowledge
engineer that the knowledge engineer needed no specific method

for acquiring knowledge from the experts of themselves.

-
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Developer's role

The types of the role(s) acted by fhé developer of an expert
system had been detaileh in Chapter 2. Whether the developer
should act as a single or mixed role depends on the knowledge
possessed by the developer. The developers in Company A and F
had the knowledge about computers and the development shells;
therefore, by being the experts in these two companies, they
developed their expert systems by themselves; the developers
of Company B and C had a computer/engineering background that

had no knowledge about the experts' work. Therefore, they had

to acquire the experts' knowledge.

Dealing with uncertainty

Although three major approaches for reasoning with uncertainty
(fuzzy 1logic, certainty factors and Bayeéian theorem) have
been discussed in Chapter 2, none of these six companies
encompassed uncertainty into their systems. from the
interviews, the ‘author found that this was caused by the

following 2 reasons:

1). All the required answers from the users must be unambiguous

For example, Company A, B, E and F. By

nature of their problem domain, these <companies required

their systems to be designed as '"single
question”.

2).

systems were not programmed to deal with uncertainty,

Company C and D.

considering the

answer to each

For the purpose of avoiding inconvenience or confusion, the

.2,

+ Although the users may not be confident

JECr
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on giving their answers, the systems prompt them to give the

best one.

Although Eﬁé incapability of dealing with uncertainty does not
cause problems for some particular domains, such as those
domains tackled by the Companies’ visited, an ignorance of the
capability of dealing with uncertainty would cause the
Enowledge representation to be incomplete and would restrict

—_—

the accuracy of the answers given by the users.

Years Spent

From this factor, it can be found that developing and
impleme;ting an expert system is time consuming. Among these six
‘ systems,: Company A and F's systems were two of the smallest,

however, both companies spent one year on development,

Investment

The costs associated with expert systems development were treated
as confidential by company C and E, and not available for company
A and F. Based on the costs incurred by Company B and D, it.can
be said that develoﬁment of a real expert system is Llikely to

cost thousands of pounds.

Using in operation

This faétor can be used as an assessment of the practicability of
developing an expert system. Although each company can give
reasons of developing an expert system, there are still reasons

that prevent the system from being used in daily operation. For
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example, Company A and F considered their systems as their first

experience of expert systems technology, further expansion and

-

development are required; Company E insisted thati an expert
system would never take over from.human beings, especially for
the ability of thinking and'judgement, therefore, the developed
system is only used as a training tool to those inexperienced
staff. Although Company D's system’is currently used in daily
operation, the system 1is only used by staff inexperienced in
computers. Strictly speaking, this system is not fully used in

the company's daily business operations. -

In the author's view, Company G, D,fand E's systems are much more
_,suécessful than the others - this was evaluated based on the
domain chosen and the task the systems can perform. This may be
because of the approach and the technology of development applied
by the companies, e.g. self~-programming conducted by experienced
staff in Company C and hiring outside consultancy to ensure the
success of development 1in Company D and E. Also, wusing the

appropriate method for knowledge acquisition is another factor of

success.

The systems developed by Company A and F were more or less for
the purpose of familiarising themselves with expert systems
technology, all the approaches and technology applied in these
Projects were very simple. 'Consequently, the tasks the systems

could perform were just a small part of the experts' routine

jobs.
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Since Company B's system is still in progress, the success of the
system cannot be measured. ‘However, according to the interview,

the author expects that the system will be an another successful

one.

3.3.2 Problems Discussion oun .the Visits

As indicated in thi reasons for the visite, the author wanted to
find out the factors that are likely to be helpful in the
currently'évailable approaches, and forecast future trends and
recommend future research | direétions of expert | systems

development.

Section 3.3.1 discusses the é factors that are important issues
in evaluating current status of expert systems in UK business.
The author's points of view‘on the subject will be discussed in
Chapter 5 which will be mostly based on the discussion in that

section.

This section is-cpncerned with the discussion of problemg and
difficulties that will affect the future of expert systems
development based on the visits to six companies. Discussions on
the forecasted future trends and recommended future research
directions of expert systéms development are detailed in Chapter

3.
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Shortage of resources:

Here the resources represent all the relevant factors for
developing an expert system - the people, the eqﬁipment
and the necessary softwares, -etc, | Successful e#peft

systems must be developed by well organised people with

good' knowledge ©background. Also, the development nmeed
high efficient development tools. Among the  six
companies, only Company C meets these requirements. - This

company has good software engineers, qualified experts and

sufficient equipment.

Although Company B 'and_lD had 1invested large amount for
their expert systems development, these two companies did
not have qualified employeés wh§ were able to accomplish
the development. This resulted 1in bompany B sending the
knowledge engiﬁeer for intensive training and Company D to
seek for an outside consultancy help. As for Company E,
since the expert had little knowledge about the computer
and even less ébout expert systems, the company could only

also ask for outside consultancy.

Shortage of support from computing prbfessionals:
This shortage can be found from the description of process of
developing systems om the six case studies. Among the six

companies, only Company A asked for its computing

" department's assistance to conduct a survey of expert

systems shells available on the market.
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}
. In Company E's case, the computing department simply deals

with routine jobs within the confines of traditional DP/MIS
activities rather than I.T development. The lack of support
from computing professioonals caused this company to pay for

hiring an outside consultancy.

-
—_

Overall, the lack of support from the éouputing professionals

appeared to cause time to be wasted in development and extra-

costs in employee training.

¢). Deficiency in the support from high-level management:

From the visits to six c¢ompanies, the author found that
most of these companies did no& attain the full support
from their high-level management. This might because that
the top management had not found the real necessity of
developing an expert system for the companies' daily

operation or even for decision-making use,.

This situation would obstruct the desire for any
possibility of further development of expert systems. In

the author's view, both Company A and F's systems could

have -been  developed much better if the top level

management had been involved in the development.
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The experts were not able to express their knowledge
clearly?

From figure 2.2 of Chapter 2, it. cans be seen that the
existence of a real expert is one of the most important
factors in the creation of an expert system application.

In the cases of visits, although all of the six companies

had their real expetts,tﬁe experts were not all capable of
expressing thelilr knowledge cle;rI§T - For example, Company
D and E, the expert had years of experience and necessary
knowledge about how to handle their job perfectly,
however, they could not express their knowledge in a logical

and thoughtful way during conversations with the knowledge

engineers through repeated interview.

The time taken to acquire and represent knowledge:

The problem was partly caused by the fact described in d)
and partly caused by the method wused for knowledge
acquisition by the knowledge engineers. for example, the
knowledge engineer of Company B had devoted himself to know
about the expert's job in detail which would take a long
time for not only knowledge acquisition buy also the
knowledge representation. Kﬁowledge acquisition is
acknowledged to be the main difficulty ia the production of
an expert system, but it is not necessary for the knowledge
engineer to learn all the details mnecessary for an

expert's job in order to capture the knowledge.
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f). Too much reliance on the use of shells:

It is found from the visits that & companies in total

adopted shells as their expert systems development tool.

The advantages and disadvantages of using shells has been

discussed in Chapter 2, These disadvantage reflect what

had concerned the manager of Company D - using a shell

would restrict their knowledge representation and confine
their plans for applications as well as diminishing their

development efforts.

g). Too much reliance on the experts for system validation:

The author found that few of the six companies applied a

systematical methodology for system wvalidation. Most of
the companies relied on their experts' opinion on the
.performance of systems. Among the six companies, Company

E adopted the most practical way of validation - the
knowledge engineer tested the logical part of program, the
expert tested the system against actual cases. However,
the other companies just relied on thgir expert's comments
on the systems according to their playing with the
systems, This would cause the risk of any neglected

errors, such as the programming error, the deficiency of

expert knowledge, etc.
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Comparing the above problems with the author's own experience of
building a working system for her‘project, the first 3 problems
are not applicable to this comparison. For the fourth problem of
the expert's capabilify of clearly expressing his knowledge an&
the fifth problem of time consuming on knowledge acquisition, the
autﬁor was lucky enough that she and her superVisof vere working
together in high cooperation that there was no problem with these
2 1issues, Success of these 2. aspects is to be discpssed in
section 4.4. Howevef, the author encountered the same problem of
iimitation when using a shell, The efforts of seeking for a more
powerful tool to accommocdate the problem encountered is also to

be discussed in section 4.5.

As for the validation, the project adopted a practical way
similar to the way Company E did. However, since the system has
not yet been recognised as a working system, the term

'validation' should be substituted by 'testing'.

The availability of an expert was the main problem that caused
fime consumiﬁg for the development of the system. This problem
was not encountered by ahy of tﬁe six companies. In the author's
.opinion, it is essential that experts need time for concentrating

themselves on organising and’ thinking about K their knowledge.

It is perceived by the author that the above discussions will
more or less be important issues for reviewing the current status

of expert systems in UK business, forecasting the future trends
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of expert systems development as well as recommending future
reseérch directidns of expért systems in next 5-10 years. These
subjecté are to be discussed in section 5.2, 5.3 and 5.4
respectively. Also, another two appfoaches of the research -
.5urvey of .ekpert systems shells and production of .a working

system are to be discussed in Chapter 4.
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CHAPTER 4 - PRODUCTION OF AN EXPERT SYSTEM FOR THE SELECTION OF

FINANCIAL PLANNING SOFTWARE

4.0 Introduction

There are a large number of financial planning packages available
“on the market, the crucial points for business fo qelect a
financial planning package do not pureiy lie .in thé different
prices to be compared with companies' budget. There are many
factors to be taken into account. It can be said that those
factors which decidé the selection for a financial planning
package would be a good subject for developing an expért system

application.

The author's supervisor, with many years' teaching experiencé in
the field of financial planning, has provided consultancy advice
to outside firms on solving their problems of financial planning,
one aspect of this consuitancy is the t&pe of financial planning

package for organisation to acquire.

.In order to experience at first hand the problems associated with
the development of expert systems, the author was involved in a
project to produce a' working expert system which would give

advice to organisations on the selection of appropriate financial

planning packages. During the development, the author's
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supervisor was ‘acting as the expert so the knowledge was given by
" him. The author structured and represented the knowledge in an

inferable form and built up the system using an expert system

shell.

This chapter begins with the literature review of the issues
thch could provide prescriptive data for the construction of
expert'rsystems, then follows a discussion of the methods and
. approaches applied. In the discussion of the. selection of a
specific shell for carrying out the project, a sﬁrvéy of eight
shells 1is conduc;ed. This review is necessary for coﬁparative
purfoses before deciding to wuse a particular shell as the

development tool.

4.1 The Literature

Although there has been much literaturé produced on the subject
of artificial intelligence and expert systems, especially duriﬁg
the past few years, and there have been many articles about
practical business applications, most of these articles do not
discuss the details of an application, such as the knowledge
structure, this is even more apparent in those articles which
discuss the application of expert syétems in financial planning.
For examﬁle, Humpert and Holly(63) ﬁave given a review on several
expert systems developed for financial planning purpose whilst
there-is no discussion ébout.thé structure of knowledge in their

review. Also, as Bramer(64) ind{cates, the area of financial

. application on expert systems is notably a new area in the U.K.
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that many of which are still under development and they have not
reached the technical literature. Both of these two articles do
not discuss the knowledge of selecting a financial planning

package.

There were two dissertations available written by Hemus(54) and
Dickman (65) at thé time of writing. They have.developed their
§wn ‘diagnostic expert system by using Xi Plus respectively as
- part of their MBA project at Loughborough Universify of
Technoloéy.

The author's.project was to develop a wdrking expert system for
selecting an appropriate fiﬁancial planning package By.using Xi
Plus. Reasons for using this shell will be discussed later.
However, the pr&jects completed by Hemus and Didkman were
diagnostic systems for the production process control or security

alarm system, not advisory system for financial planning.

Literature discussing relevant knowledge for structuring the
selection‘of computer software can be found in Finlay's papers
(66,67) of 'Mathematical Modelling and Expert Systems' and 'Using
an Expért Approach to Structure the Selection of Computer
Software', and anoﬁher paper 'Administering Rule Deveiopment in
Rule-Based .Expert Systems' by Finlay, King and Burnett (68).
Nome of thése papers discuss as the development of a practical
expert system by wusing Xi Plus for selection of financial

planning packages as a management tool in business,




4.2 Approaches for Development
4.2.1 Why Choose a Shell to Carry out the Project?

‘To most of the expert system developers, the first decision they

have to make is whether to choose & shell, a toolkit or a
programming language. Features of these three kinds of tool have
been discussed in Chapter 2. In this project the shell was

chosen as a tool for development based on the fblldwing Teasons:

- a). As mentioned in Chapter 2, tﬁe cheapest and quickest wa&_of'
acquiring an expert system is by buying a shell. Cost 1is the
major factor which affects‘ choice, because ;most of the
toolkit products are priced over §$50,000.

b) Resources and timing are further considerations. The

learning curve tequirgd' for Prolog programming is
considerable in view of the time constraints imposed upon the
author of one year's duratiop for the research. |

¢). It was assured that the developed system would be a small
enough system whose knowledge a shell would be capable of
handling. Despite the inflexibility of expert systems
shells that r;strict the developer to a narrow choice of

knowledge representations and inference mechanisms, the

project was decided to be deveioPed by using a shell.

4,2,2 A Survey of Expert Systems Shells
As‘mentioned before, there are a large number of commercially

avgilablé shells for sale on the European market. The rapid
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growth of shells reflects the advantages of using a shell for

business application.

There have been quite a few papers published which review shells.
This section evaluates eight shells based on the following
sources:

- Direct use of:shells, e.g. Xi Plus,.Crystal, Expert Edge and
SuperExpert and the user's manuals of these four shells (69-
72). These four shells will 5e axamined in detail later in
this section.

- Learning with the NCC Starter.Pack which consgists of Micro
Expert, 'ES(P advisor, Micro SYNICS, and Expert Ease as the '
initial step to having an élementar& knowledge of expert.
systems(73-77). These four shells will be exaﬁined briefly‘in

this section.

- A report on "Evaluation of expert system shells for
consfruction industry applications' issued by the Civil
Engineeriné Department of - Loughborough University of
Technology(78).

- A report published by Ovum Ltd. (50) which introduces.a number
of expert systems shells,

-~ A survey . of tools for getting started in expert systems
published by Data Procéssing journal (79).

- A.'Software Review' of Xi Plus written by Forsyth (80).

- Two booklets whichlintrodude"know-how' programming issued by

Expertech (81).
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- A comment on the Crystal expert system shell by Linderholm

(82).

When describing tﬁe shells' characteristics, a simple example of
" 'the place to go on holiday'.is used to explain these packages.
The approach is adopted so that‘thg reader can easily gain an
idea of -each shell's function and wutility. A detailed

examination of four packages is given below:

Xi Plus (Produced by Expertech Lfd.):

Xi Plus has been'actively on sale since 1986 and is an improved
version of the original Xi Package. Written in Prolog, this
package is emphasised by Expertech as using know-how programmipg'
. which in other words expresses human experts' knowledge in rule
format, i.e. if x then y.  Thus the knowlédge is. primarily
represented as 1IF....THEN rulesf The constructed rules can then
.allow users to query the system for particular problems and ask

for the necessary explanation of reasoning.

Apart from rules, Xi Plus supports facts, demons (to be discussed
later), default wvalues and related questions. Relations amonst
all of the variables are mostly predicated by " is ", " includes

t "

, is a "

with some others specified by the developer..

. The following example represents .the basic contents that form an

application in Xi Plus, they are questions, rules, and queries.
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Questions:

__________ question |
day is
holiday
ﬁot holiday

question text: What day is today?

question 2
weather is
sunny
raining

question text: What is the look of the weather?

————— If day is holiday
and weather is sunny

then place 1is park

If day is holiday
and weather is raining

then place is home

If day is not holiday

then place is office

~~~~~ ‘ query 1

place
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When starting a query, Xi Plus will ask the type éf.thé day. If
the user's answer is 'not holiday'; then Xi_Plus stops the‘querv_
and gives the conclusion as 'place is office'. Whilst 1f the
user's answer is 'holiday', then Xi Plus asks another question
about fhe weather. If the answer about the weather is 'sunny'
then Xi Plus will give its conclusion as 'place 1is park',

otherwise, the conclusion is 'home'.

.From the above, it can be seen that Xi Plus has the advantages of
ease of use and use of natural Engiish. In this example, the
knowledge bése ‘is entered through the keyboard in any order.
Interaction with Xi Plus c¢an be either using‘ menu screens oOr

typing commands.

The above example is for quefying the &ecision (the place to go).
.The_user is required to entér at least one quefy which comes from
Ehe consequence statements. The system will then determine a
suitable answer from the represented knowledge base by asking

necessary questions.

Although rules can be input in any order, Xi Plus reaches 1its
conclusion By working through the rules in the order in which
they are entered. Thérefore, pre-ofderéd rule input can make Xi
Plus work more efficiently, There is an internal task iist
called 'agenda ' .in ﬁi Plus, which controls the working path for
each reasoning. At every step in the reasoning process, Xi Plus

consults its agenda for the next step. By using a 'demon' it is
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possible to force Xi Plus to consult rules that have a higher
priofity than normal rules. This is useful for saving time spent
on running a set of rules which are invoked in a cycle of

backward or forward chaining according to the sequence,

A demon is initia;ed by a keyword 'when' instead of Yif'. The
inference in Xi Plus is capabie of botﬁ. forward and 3ackward
chaining. This is quite flexible and convenient for knowledge
.\engineefing, especially és for complex applications thé knowledge
engineer usually requires an expert system shell to be able to
control the path by following the reasoning process with greater
accuracy rather than just adhering to its. built-in control

strategy.

Although Xi Plus is.considered_sé far as the most flexible shell

on the market, it has severai shértcomings:

_1). Speed problem - Xi Plus runs rather slowly on an IBM XT
machine, especially when it 1is dealing with a complex
knowledge base, The authors, Expertech, have been éware of
the problenm of spéed in X1 Plﬁé, and although a new version
of Xi Plus has been launched in 1987, the problem still
exists. It is known that Expertech are dealing with this
préblem, they consider the task as one of thefr projects in
the near future (83).

2) incapable of dealing #ith uncertainty - There is no
mechanism e.g. fuzzy logic, certainty factor or Bayesian

inferencing built into Xi Plus' 1inference engine, All
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uncertainties must be handled by either the expert or the
knowledge engineer himself/herself. For example, for
uncertainty about a weather forecast, the following rule

might be written:

If low pressure is around
and sky is very cloudy
and humidity is high

theﬁ rainfall is very possible

With the user answering question about pressure, cloudiness
and humidity. To Xi Plus,.both 'very cloudy'.and ‘very
possible"onlyrhavé the meanings giveg within the context,
they are, in other words, in the same positions as
'holiday', 'raining' or 'sunny' in the previous example.

Incapability of_héndling rules initiated with 'OR'~ For some
reasoning the same conclusion can be reached by a combination
of two &r more statements of different conditions. For

example:

If weather is raining
or weather 1s snowing

then place is home

The above rule will violate the rules of language so that
the message 'Syntax error' will be. given when loading the

rule into the Xi Plus knowledge base. The user has to either
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separate the above rule 1into two rules or combine the

second statement with the first one as 'If weather is raining

.or snowing, then place is home':

a)., If weather is raining
then place is home
b). If weather is snowing

then place is home

Poor user interface, especially the explanation facility - It

can be said that all the explanationms in Xi Plus, which

answer the user's uestionin about how was the conclusion
q 4

.reached, are just traces of the rules used in the reasoning

process. Also,.xi Plus does not give an explanation of the
reasons why the user's input 1is not acceptable. Unless the
user is familjar with Xi Plus, it is.not easy to find out
the exact L error simply from the .message 'Syntax Error'
given by Xi Plus. |

Deficient documen;ation - Although user friendliness or ease
of use is emphasised by Expertech for Xi Plus, the
documentation of the wuser's manual 1is not as useful as
expected, This causes a long learning curve for Xi Plus -
even if the user is able to inpu; his knowledge intp'Xi Plus
within the first two or three days of his using the package,
it takes quite a long time to make the 'workable' system

operational.



Crystal ( Produted by Intelligent Environments Ltd.)
The first version of Crystal was published at the end of 1985.

This old version has been replaced by an improved version since

1987.

-

Crystai is written ip c 1anguage and runs ‘on IBM PCs and
;ompatibles. It has an inference mnetwork which infers with
backward chainiﬁg. .The reasoning 1in hiefar;hical structure 1is
3egun with a master rule. Rules are entered by putting the goal
at the top to bé followed by conditions beginning with IF, AND,
OR.  The previous exémple of holidays is now wused .for _the
deﬁonstration of Crystal; Firstly, the user has to input the

goal into the master rule:
Place is park

The user will then have to press the function key FI10 to make

‘Place is park' as the conclusion of the following conditions:

If day is holiday

and weather is sunny

By pressing the function  key F10, the user is allowed to expand
the knowledge for any sub-rules. A friendly text for the
conclusion can be input by the user by pressing function key F6.

For example, the conclusion accessed by Crystal for 'Pldce 1is
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park' can be 'It is nice to be able to tell you that you are

going to the park' by éntering these words into the display form.

The major features of Crystal include it aesthetic design of
oﬁerlapping windows, e.g. the conclusion display and the master
rule so that the wuser cou1d  see many displays of different
message at one time. Also, it is able to deal with uncertainty
reasoning. jFurthermore, Crystal is - capable of numeriqal
computation, it has the best calculating facility of the four
shells discussed in this chapter. This is helpfﬁl for developing
an expert systems which is required for numerical calculation,
for example, the.tax advisory system which is capable of giving

advice on the amount of tax payable/exempt, this would need a

large amount of calculation.

However, Crystal has its failings which prevent it from being
chosen as the tool for developing the expert system of 'Selecting

a financial planning package':

1). Incapable of deciding necessary question - Unlike Xi Pius;
Crysfal is not able to decide which information is required
of which ﬁuestion it is necessary to ask., This incapability
means that the developer must decide the necessary questions
by himself. The system developed with Crystal would not
reach the right conclusion if any question is omifted by the

developer.

-
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2). Ugser unfriendliness -  The developer or user must use Crystal
in a sophisticatéd_ way, 1in particular with the 'use of
funcﬁion keys and tommands for building up a system. The
complicated way of estabiishing the knowledge base makes it
rather diffic@lt to structure‘the necessary rules to make a
system, especially a complex system.

3). Lack of practical examples for documeﬂtation - A rather
simple example of 'Credit giving' is given by.the Crysfal
user manuai; which 1s quite eaéy to f&llow that it implies
its ease of use. However, it is hard fo build a practical
system for m§re complicated problem purely basei'on learniﬁg

‘the simple example from the manual,

4). Use of words which are ﬁot easily understﬁod without reading
the manual, ' for example, master rule, succeed, test
expression, etc. - All of these represent functions which are
not immediately obvious to the wuser from the terms

themselves.

Expert Edge ( Produced by Helix Expert Systems )

Similar to Crystai, Expert Edge ig written in C for running on
IBM PCs. It is shown in Ovum's report (50) that by April 1986,
50 Z of sales of this product were sold in the USA, only 25 % in

the U.XK..

Expert Edge uses Bayesian statistics to handle uncertainties and
lack of complete information. - It employs the backward chaining

control strategy. Knowledge representation through Expert Edge
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is in the form of 'subject - verb - object if subject - verb -
object'. All rules refer to Bayesian probabilities, although the
answers can be made definitely affirmative by the user,

Expert Edge rules can incorporate_calculation, logical reasoning

-

facts and. uncertainty. The facility of name trees allows the
user to replace a name by the group organisation of names. This
facility also enables the user to write a rule about a specific

name in general terms. Using the example of a 'hdliday', the -

name tree of the '4Yplace ' is shown in figure 4.1. In name
trees, 'noun', ‘undefined’', 'constant', etec. are arbitrary

structures used by Expert Edge for the organisation of the
knowledge base. - The terms 'weather' and 'holiday' are subsets of

the 'dec¢ision'.

Name |
[ T N e
Constant Vgrb Rule Noun Files Uﬁde!ined
Pche
holiday _ weather

Figure 4.1 Name tree of Expert Edge using ekample of 'holiday'
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Other features are fhe "tell! fééility and the window system for
interactive rule entry and prototyping. The 'tell' facility
allows tﬁe user to answef questions before Experﬁ‘Edge aéks them
and to change answers already given. - It ;lso.provides powerful
facilities for marking questions so that they may be accessed in
a group. 'Tell' can be used td.volunteer data. Furthermore,
Expert Edge has six windows on the screen, the user can pbtain

several pieces of information at the same time. The six windows

are introduced below:

Names of Window | Contents Displayed

Qutput window Information, conclusions and progress
of interaction.
Dialogue window A record of questions, answers and

conclusions.

Question/Answer window Questions are asked and answers are
entered,

Command window Main menu commands.

Status window System status data (system name, date,

percentage of memory free).

‘Message window Error messages.

There is an extra window available in Expert Edge, i.e. Help

window.
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Disadvantages of using Expert Edge can be summarised as follows:

1).

2).

3.

Unfriendliness - Expert Edge 1Is not easy to use, especially

when inputting the knowledge base. Since Expert Edge uses

-backward chaining, all rules are input from ‘the

-

conclusion part whilst people are more likely to think in

terms of forward. chaining. Moreover, . unlike Xi Plus,

. statements of rules must be split into three parts - subject,

verb and object; each part is separated by pressing 'Return'.
The wuser must constantly remember to .press' ‘Return' for
building up.his knowledge base, In ghe example 'holidayé',
the rule of 'if day is holiday and weather is sunny, then
place is park' -has to be input by pressing 'Return' 9
times. \

Too much relianpe on probabilities - Although it is possible

that the user can use Expert Edge without understanding the
statistical bheory, the ideas behind the probabilities ‘in
Expert Edgé are fairly complex. Like the Bayesian theoren
discussed in Chapter 2, Expert Edge requires its users to
answer questions about prior probabiiities for each rule. A
user may not be able to decide bow often the evidence is true
when the conclusion is true/false. |

Iniufficient documentation -~ There is no éample screen
display introduced in Expert Edge's  user manuaL; The

tutorial instructs the usef with a simple advisory system,

but it would be difficult for a user to a practical system

usiﬁg Expert Edge simply based on the user manual.
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Usiﬁg Koppen's (53) approach for a survey of expert system
development tools, the following is a summarised table of the

above 3 packages ~ Xi Plus, Crystal and Expert Edge.
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Knowledge Representation

Rule-Based _ ‘ ' + + +

Semantic Net ‘ N.A. N.A. N.A.

Frame-Based - N.A.  N.A. N.A.
Rules

Input iﬁ_ong screen + - | -

Uncertainty _ ' - + +
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Inference
Control Strategy
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Backward : . + + +-
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Interface

User interface

Explanation + + +
Languages - + + +

Hardware configuration

P.C.(other than IBM's) + B +

IBM | + + +

Minimum memory < 256 K - 384 K 256 K
Costs £ 495 £ 395 £ 1,250




SuperExpert

SuperExpert is an expert system shell wusing rule inducfion to
derive rules. It can examine a set of }xample decision; and
generate a decision-making rulg‘ from these examples. All
9omm§nds are available by menu-selection, so changes can be made
to SuperExpert quickly #nd easily. Mo;eover, new eiamples can be
added or old examples updated or deleted at any time.  The
enquiry system for a problem can either be completed by

SuperExperr or by the user who ﬁesigned the particplar problem,

the user can use his own terminology and style.

‘SuperExpert is very simple and easy to use as it uses examples to.
induce rules, the user does not need to decide each possible
situation for different results. 'An illustration of the example
used b& " SuperExpert ig shown below. Using the example of
'holidays', there are a number of factors that affect the user's
selection oé a place to go on holiday. These are called
'"Attributes' in SuperExpert. The formulation of the attributes
and their values for the example méntioned are given below (
Note: the attfibute heading =~ class, is given by SuperExpert

which is similar to the definition of 'decision' ):




Attributes:

Day Weather Class

holiday sunﬁy ' park

not raining home
.office

The user is allowed to enter his example into the example screen
once he/she has entered the attributes and their values. The

following is the example used for 'holiday':

Day Weather ~ Class
“holiday ~ sunny park
holiday raining home
not * - office
In this example, * means 'don't care'. The rule in the first

line can be read as 'if day is holiday and weather is sunny, then
place is park'. After the examples are entered, the user is able
to command SuperExpert to induce the rules. The induced rules

"are listed as follows:
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SuperExpert: Rule listing

Problem:/ place

day
holiday : weather
sunny : park
raining:'hdme

not : office

In a practical business environment, there should be considerable .

data for decision-making yet the expert may not know how to
translate them into a rule format. Using SuperExpert can solve

this prbblem.

Although SuperExpert 1is easy to use and thus user friendly, it
has a few disadvantages which as given below:

1). Lack of a calculating facility - This is the major

disadvantage of SuperExpert. Any calculation required for.

building an expert system must therefore be done by another
program. This disadvantage may bé obvious when developing an
expert system which is required to handie numeral
caicﬁlation,' this disadvantage c¢can be referred to the
advantage of Crystal's capability of handling numerical
computation discussed before.

2) Reliability of data completeness and accuracy = Since

SuperExpert is a rule induction shell, all its rules come
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from the given examples.. Therefore, completeness and
accuracy of data input are most important factors for
building up an expert systeﬁ through a rule induction éhell;
3). Reliability risk - The process _Bf induction within
SuperExpert is not made known to the users. Althougﬁ this is
.'ﬁot a problem in SuperExpert itself, tﬁe users have ﬁo take a
risk by using.the rule induction shell without a knowledge of
the éroces§, of induction. A..risk which 1is particularly
apparent for diagnostic systems, because therg are.more or
less exceptions which need specific rules, however, these
exceptions .would be disregarded by a rule induction shell

under the low frequency of occurrence. This will result in

danger in a diagnostic system, such as medical treatment.

.Having examined four packages in detail, in the following section

the author discusses another four packages briefly:

ES/P Advisor ( Produced by Expert Systems Intermational Ltd.)
ES/P Advisor is a small expert system shell fpr the development
of an advice-giving expert system. It is suited to applications
involving complex rules, regulations, standards or procedures,
since the 'ﬁain‘ feature of ES/P Advisor is .its technique of
copverting the recorded text data into a knowledgg base in the
form of regulations or instructions - this technique is called
text animation. |

A fact that has been emphasised about ES/P'Advisor is that it 1is

not a general purpose expert system shell, indeed it is only a
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simple package. This package is designed to excel in a specific
type of application, i.e. to use text animation to exploit the

potential of computer applications for advice given, such as:

- how to start a car;

-~ statutory respomnsibilities for employees' holiday leave;

Expert-Ease ( Produced by Intelligent Terminals Ltd.)
Similar to SuperExpert, Expert-Ease is a rule-induction package
whiech induces 7rules from examples of expert decisions and

generates enquiry systems for reaching conclusions.

The  major feature of Expert-Ease is its general purpose
character, the shell can be used in a large number of areas, by
_using examples input into a spreadsheet format. This eliminates
the need for programming knowledge by either the expert or the

user.

Micro Expert ( Produced by ISI Ltd.)

Micro Expert is a-general purpose expert system shell containing
a simple kﬁowledge representation language and a runtime system,
The maximum number of rules allowed to:be inpﬁt into Micro Expert

is 500, thus this package is only suitable for smali models.

This product was launched in 1980by ICI. Inftially it was priced

at £2,500 but is now at £300. ICI was one of the early cuﬁtomers'
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of MicrO'Eﬁpert, and made comments on this‘product. This led ISI

to design another product - Savior in co-operation with ICI.

ﬁicroSYNICS ( Produced by frqfessor E. Edmunds at Leicester
Polytechnic ) ‘

MicroSYNICS allows an expert or a knowledge engiﬁeer to create a
Lser-friendlyl dialogue. According té thé user's response,
MicroSYNICS can provide information, prompt the user for further
response and decidé the next stage of the diélogue. The system
has two basic ,componénté: the network compiler and a 'neﬁwork
interpreter. The former creates 5 dialogue file and cheéks the

syntax of the relations between all the attributeé;' The latter

runs the dialogue and controls the user interface.

. Similar to ES/P Advisor, MicroSYNICS can be used to develop an
expert system where a large amount of explanatory text is given
to allow the user to make a decision. The ‘system make§ no
decision itself but just prompts the user for responﬁes in its
network. This package is useful as a simplifier for the more

complex traditional programs.

4.2.3 Why Xi Plus Was Chosen for Developing tﬁe Expert Systém?

Accordiqg to the evaluation of expert systems éhells carried out
- in this chapter, Xi Plus has its advantages as well as its
.disadvaﬁtagea of use. From the above discussion of expert system
shells survey, it can be found that although there were more

disadvantages listed for Xi Plus than for Crystal or Expert Edge
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in section 4.2.2, this is not because that Xi Plus is worse than .
the others but because that the author is more familiar with Xi

Plus than with C:ystal or Expert Edge. .lThe following

considerations constitutéd the reaséns for cﬁoosing X1 Plus as

the development tool -for developing an expgrt system for

selecting an appropriate finaﬁcial planning package:

1). In this project, the author's supervisor performed the role
of the expert, his knowledge was more edsily to be expfesséd
as IF....THEN .type with forward chaining than backward
éhaining. Both Crystal and Expért Edge are backward chaining
packages, thus using them would cause some inconvenience in
building up the knowledge base whilst Xi Plus can handle both
forward and backward chaining.

2). Aithough Xi Plﬁs is incapable of dealing with uncertainty,
thé knowledge neceésary for the prbject was clearly defined
so'tﬁat no_uncértainty reasoning was required.

3. As for the NCC Starter Pack which contains four packages,
although it was available in the university, iﬁ belongs to
the computer centre of the university and the pack had been
in great demand so that it was difficult to reserve the pack

for building an expert system.

- Based on the above considerations, despite the problem of Spéed,

Xi Plus was selected for the project development.
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4.3 Sfrucfuriné'the Problem

4.3,1 The Expert System Domain

As mentioned im Chapter 2, the initial stage in the development
of an expert system is to define the ddmain of the problem.
Financial planning- packages can be used in two different but
‘éverlapping areas;_ namely: wmanagement infﬁrmation and decision

support.

In Chapter 1, both ﬁIS and DSS were diSCussed, these two typeé of
system  have ‘little in common and they are developed for
differeut purposes. Whilst it may be seen that both types cover
financial planning apﬁlications . There is5 no need to separate
the financial planning packages into 2 categories, becauée it 1is
significant that "the development of decision support systems
will not be successful unless the management information systems
are firmly established" (67), Therefore, in this system the term
'finanéial planning packages' _includes both MIS and DSS

applications.

As mentioned before, the author's supervisor acfed as the expert
for the project, and he was competeﬁt toe be an  expert to
cqntribufe his knowledge in the area of how to select an
appropriate financial planning package in-organisation.

Having Acted as the'expért durihg_tﬁe development of the system,
the author‘a‘supervisor provided liis knowledge about classes of

. financial planning packages that can be described as follows:
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Classes of Financial Planning Packages

Five broad classésr of finmancial planning packages have been
described in detail by Finlay (84) and Finlay and Servant(85).
In tHis projeét four broad classes are defined together with sub-
divisions ﬁf two classes: thus there are six classes in ail. The
following describes the.  major characteristics of thé four broad

classes, which hre dedicated, spreadsheét, advanced language and

databaée.

. Dedigated Packages

The word 'dedicated' is regarded as something designed to totally
fulfill one pafticular purpose. Dedicated packages are different
from all other types §f packagg. They represent a considerable
- asset to those who have little time or computer experience or
willingness to construct a well-defined task, for “which they
require computer assistance. The major difference between
dedicated packageé and others 1is that they do not offer a
framework within which the wuser can. specify his own logical
model, They provide a set of completely predefined routines
covering whole areas of accoun:ing and finance, such as budgeting
and capitallinvestment analysis. The user does not need to be
- ¢concerned about the daté model sfructure and report
specifications because these have been predefined. All he has to
do is to insert the necessary déta in response to the computer

prompt. <Considering an example of tax payable, all the user has

to do is to choose the optional answers from the computer's
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p:ompt, dedicated packages can give the standard report

accordingly. Planalyst is a good example of a dedicated package.

.Spfeadsheet Packages

The'major differeﬁce between spreadsheet packages and others is

that the input is 'cell-specific'. A spreadsheet is considered
as representing a large-sizea electronic paper with rows and

columns, data insertion is carfied out by keying in a cell of

data into each row or column.

Spreadsheets are simple and easy to use and this type of package
is 1ideally suited for activities that perform calculations
frequently and need little modification. e.g. depreciationm,
employee salaries, and simple budgeting. Lotus 1-2-3 and
SuperCalc are examples of 2-dimensional spreadsheet packages,

Report Manager is an example of a 3-dimensional package.

- Advanced Language Packages

These packages offer a high-level language in which to write
financial models -in addition to the framework of spreadsheets.
The fact that the logic and data are kept separate from one
another gives rise to the other term fof this type of package as
‘separate logic packages'. Unlike the spreadsheet packages,
these packages allow the same logic to apply to several sets of
data. -Maétermodeller and ECS are examplés of 2 Dimersional

'-advanced language packages.
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Database Financial Planning Packages
These packages are developed along database lines particularly
for financial modelling, but they should not be confused with

database packages themselves ( such as dBase III ),

The main feature of database finénéial planning packages is that
;hey provide consiaerabLe freedom for the construction of modelg.
Here the author would like.to ;egard'this feature as ﬁ similar to
the 'frame-base' knowledge representation discussed in Chapter 2.
The link between the form of input and that of output allows the
user to specify simply the basic features of his model, such as

the elements, the relations between the variables and the input

data. These features ( in terms of a frame-base representation,
can be regarded as 'chunks') will then be manipulated and
displayed by the package. These packages are useful to corporate

‘users with large volumes of data and complex data structures,
PCExpress and Demon are examples of database financial planning

packages.

- The :developed systgm's aimed to decide the ideal rclass of
financial planning package according to organisation's particular
conditions. The ideal class of financial planning packages is
the type of package which is most appropriate to an organisation

with ne constraints.

Considering the goal of the system is to decide the ideal class

of financial planning package (first level of the hierarchy of
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knowledge), three major factors cover both data and logic aspects
and the relevant requirements within the system. These factors
can be regarded as the second level of the hiérarchy of the
knowiedge. The third 1evé1 of the knowledge hierarchy comprises
. those variables which decide the above three factors, For
example, variables which affect data model structure include the
builder's willingness to 1learn, the dimensions (e.g. time,
amount,etc.) 4 éystem is to be catered for, the variables which
are to be considefed.in the system (e.g. production volume, cost
of sales, etc.) and the aggregation level(s) conétituted by those
inputs of data. Structure of the knowledge 1is .diagrammed as

figure 4.2, 4.3, and 4.4.
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F“Willingness to build

L—No. of dimensions

~Data Model ‘ .
Structure —~No. of variables

_ Aggregation level

r—Level of user-

—Outputs
L—No. of STD reports

Ideal System —Inputs Sources
class | Complexity '

—Organisation Scope Location off user

—Longevity

—Size

lLogical model_ ] Probabilistic

Complexity Content
—-Accounting Only
Types of '
—~Relations ——Judgemental
L Conditional
level:
Ist 2nd rd ' 4th
Figure 4.2 Structure of the expert system for selecting a

financial planning package(67)
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Since it was agreed that the main purpose for which the author is
constructing the system are  to experience building an
application, investigate the features "of a number of expert
system shells, and gain familiarity in using expert systems, etc.
not simply to design an expert éystem; Therefore{ although ;here
should be another three different levels of logical model
complexity - high, medium and low, the developed system 1ack$ tﬁe
identifying rules for this variable. .There are only two levels

given to  this variable - high . and not high.
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—Standard

—Complex
Data model structure—

—Medium

—Simple

yes =2

Willingness to build No. of
' dimensions — 3
no
_.more than 3
—less than 50 — 1

No. of . '
variables Aggregation

_not less than 50 level —]

—— more than 2

Figure 4.3 States of variables decide the Data .Mode‘l Structure
: (67)
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—high : — demanding

Output_
~System complexity—T—medium

—not demanding ' .!

L-low ) _ ‘
(momplex , - —wide
Input
L_ Organisation___ |
simple scope t—medium ‘
. narrow
shortterm ‘ ' _

Longevity _ :

longterm

Figure 4.4 States of variables decide the System Complexity(67)
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By rep?ated interviews conducted between the author and ﬁer
supervisor, the above knowledge structure for the problem domain
wvas finally décided, the author .then converted then ‘in an
inferable form =~ the rules of IF....THEN.... type by 1oéica1

rules sequence.

4.3.2, The System Rules R
The expert system rules were established .in the form of
production ruleé, that is

If A is B

then X is Y

Applying this formula to the project, the rules were entered into

Xi Plus knowledge base in a form such as:

I1f data model .structure is complex
and system complexity is high
and logical model complexity is high

then class is database

The full set of rules for this system is attached in Appendix C.

4.4 Review of the Approaches Applied in the Project

In Chapter 2, a proposal for «creating an expeft systen
application -was giveﬁ, and different methods at vari&us stages
were discussed. : This section reviews whether the approaches

applied in developing the project correspond to the methods

provided,




a).

b).

c).

d).

e).

£).
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Selection of a clearly defined domain and well boundaried
knowledge:
The.purpose and subject of the proposal were clearly defined

as selecting an appropriate financial planning software

package, the hierarchy of knowledge was decided when the

project was started.

Little mathematical knowiedge is required:

In this ©project, no numeral calculation or mathematical
ﬁechniques are requiréd. All the rules in the system are
expressed in non-mathematical form:

The expert can clearly express his knowlédge:.

During interviews, the expert (the author's supervisor) was
able to giQe clear answers to the questions raised by the
autho? fbr eliciting his knowledgé.

There is the real expert:

The expert, the author's supervisor, 1s one of the
authors of the book 'Financial Planning Package' (85) which
provides a practical guideline to the selection of financial
planning packages for use within organisations.

The expert supports the project:

In this projéc;, thé expert did offer full support, because
he was the initiatqr in developing the working expert system
fo accompany the publication qﬁ the book mentioned above.

The task is not too diffi;ult to be understood by naive

users or the knowledge engineer:
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With ffiendly supporting text and necessary exémples.givén_to
prompt the user's response on a query, this problem is not
Eoo difficult to be understood by.a'naive user. Aléo, the
author was anrAccounting supervisor of an American companylin
Taiwan before she came to England for advanced study. With a
background of finaqcing and planning, the author had no
difficulty torunderstand the project.

g). The task is not too difficult to develop:

Both the supervisor and the author have backgrounds in MIS,

so that with co-operation the task presents mo technical

difficulties.

h). As for the testing, ;he'system ﬁas been tested ﬁany times
since its first developmenﬁ. The testing was conducted in a
préctical way, l.e. the supervisor checked tﬁe match of the
rules represented by the author with his own knowledge in his

head; the author checked the represented kndwledge from the
logical points under operation to ensure that no conflicting
values would be given by system. After both sides were
gsatisfied with their checking, this system was demonstrated

to the sﬁpervisor -~ the expert.

4.5 Further Work

When the ideal <c¢lass of financial planning ©package was
successfdliy decided by the system, the author anticipated that
companies should_ be allowed-_to _obtainj advice on the Dbest
financial planning backage within the ideal class of financial

planning packages induced by the system by entering their
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individual constraints. The constraints can be either the cost

of the package or the hardware facilities.

fo decide the fimancial planning software which is most suited to
a comﬁany's par#icular requirement, a databaSe of relevant data
for all suitable financial planniné packages was required. To
obtain these data, questionnaires were sent to 50 producers of
financial planning packages. The information needed by the
questionnai;e iﬁclude tﬁe price of the péckage, the 'memory
required for running the package, the operating system used by
the package, etc. Details of the questionnaire is attached as

Appendix B of this thesis.

It was found that Xi Plus was not able to support a large
databaée. Therefore,.in order to achieve the goal of developing
an expert system which is able to giﬁe advice based on, the
information of a database, the linking between Xi Plus and the

database was considered.

Having obtained a response from the producers, the author keyed
in all the relevant data of a financial.planning package into
dBase III Plus. The reason for choosing dBase III Plus for
setting up the database was that dBase ILIL Plus ié a wélliknown
database package, and this package was available‘in the student's

own university department.
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However, it was finally;realised by the author that the direct
interfacing between Xi Plus and dBase III Plus was not possible,
although the ability of interfacing external programs with

Xi Plus is described in the user manual. In fact, the problem of

interfacing Xi Plus with dBase III Plus had not been properiy.

addressed until June 1987(86). Whilst tﬁe author tried her best.
to follow this instruction, it was not possible to achieve the

interface.

- Having failed to link Xi ﬁlus directly with dBase III ?lus, the
author then considered usingr a. rule induction shell as a
substitution for the linking. SuperExpert, a rule induction
shell was available in the department. The author input into
SuperExpert those factors which afféctla company's choice of a
financial planning package with details of those financial
planning packages obtained from the producers. They were: the
.names of packages, the prices of packages, the memory required
for running packages and the ﬁpergting systems Qsed by packages.
An example 1listing using SuperExpert for this. interfacing is

illustrated in figure 4.5,
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logical

integer integer logical logical
memory price oprsvst class decision
1 * 1a9o - # dedicated planalyst
2 Zoog - 13006 other ddadlanyg express
3 £d g 15¢@ pc—-das ddadlang pecexpress
d £ 150 pc-dos database pcexpress
o £ 1560 pc-dos resources pCceMpress
& ZEd I7S ms—dos ddadlang mstrmodlr
7 Sed 7D pc—dos dodadlany mstrmodlir
= IS 275 aix ddadlang mstrmodlr
) 24 7S currentcocpm . ddadlang mstrmodlr
19 g &QH5H ms—dos ddsprdsht twenty
11 S1z £OO0 pc—dos ddsprdsht twenty
z 1z &G iy ddsprdsht twenty
13 513 1208 ms-dos  ddadlang demon
14 51z 1200 pc—dos ddadlanyg . demon
15 . =1z 1zaea i o ddadlang demon
14 St 1200 cpm ddadlarng demon
17 3 P 1266 currentcpm  ddadlanyg demon
ig D s 1200 ms—dos datahase demaon
19 bR 9 1206 pc—dos database demon
20 512 1266 i database demon
21 =1z 1206 cpm datahbase demon
gy 512 120¢  currentcpm database demon
23 bl el 395 other ddsprdsht oxcale
Zd 206 o =4 ms-~des ddsprdsht bottomline
25 25& 298 pc=doc ddsprdsht hottomline
26 &40 1000 ms—dos ddadsprdsht reportmgr
Figure 4.5 Example screen of SuperExpert for selecting a

financial planning package

This example was given by using‘the producers' feedback on the
details of each package. Looking at the third example, it means

that Express is a 2 dimensional advanced language package, using

t
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PC-DOS operating system. Its price is £1,500 with requirement of

a 640K computer memory.

After the - example data are set up, rules are induced by
SuperExpert itself. The induced rules €for the above. examples

given by SuperExpert can be found below:

Supertxpert? Rule listing
problem: /decision

class
dedicated .3 planalyst
ddspydsht ¢ price
< ZT192 @ memory
€ 354 : hbottomline
= 33 ! oxcalc
= X191 twertty
dddsprdsht ¥ reportmygr

ddadiang ¢ memory
o d4ds 1 mstrmodlr ) ) |
= dd® T memoary |
< S7& ¢t demon
= B7& ! memory
£ 1320 : pcexpress
»= 1320 ' pupress
database memary

¢ 976 ¢ demon
Tk ! pcexpress
! pcexpress

Figure 4.6 Rules induced by SuperExpert for selecﬁing a
financial planning package



. - 140

Looking at the first rule, it can be read as: ’

If class is dedicated

then decision is Planalyst

(.Note: Since there is only one dedicated package in the data,
.i.e. Planalyst, the system reaches the conclusion without

giving alternatives.)

The second rule which is much lengthier than the first one can be

read as:

If ideal class is 2 dimensional spreadsheet
and maximum cost < 3198
and hardware memory < 384

then decision 1s Bottomline V

Having decided the ideal class of finamcial planning package
which is appropriate to a company's situation, the system would
then carry on asking the user about the maximum cost the company
‘could afford for.the purchase and the memdry size of the existing
computer the company has. According to the user's answers, the
system would then reach the conclusion on the name of the
financial planning packagé which 1s mosg suitable to the
company's iddividual conditions. Having been advised by the

system on the most suitable package, the user would be also



141

allowed to read all the details of any package which was recorded

in the database file of dBase III Plus.

The main purpose for the above trial was that the author
attempted to find a substitution for the link between Xi Plus and
dBase III Plus, so as to extend the system's function to a better

position of being able to decide the 'bést"financial planning

package, not just the ideal class of financial plan&ing package.

However, it was fin;lly realised that the above attempt did not
successfully achieve the authoris goal, because of the following
findings:

1). Incomprehensive rule induction - Although Superﬁxpert can
induce rules from a large quanﬁity of data, it can not induce
rules éovering all the necessary. factors’ for making a
decisioni For example, the fourth rule inﬁuced" by
SuperExpert in figure 4.6,the rulé can be read as :

If ideal cl#ss is 2 dimensional advanced language
and hardware memory 1is less than 448K

then the decision is MasterModeller

In this rule, both price and operating system are not

considered by SuperExpert.

Ancother example can be found from the rule which concludes
the decision for Express. Here Superexpert suggests that if

the -hardware memory size is larger than 1320K then the 'best'
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4 financial planning package recommended is Express. Referring
back to the example listing given in figure 4.5, the memory
size needed for running Express is- 2000K, also the price for
Express is 113,000, For a company which has computer wiﬁh
memory size available betﬁeen 1320K and 2000K, or which can

not afford such high amount of I13,000 spending, this rule

—_—

is unhelpful.

2)}. Illogical rule induction - It was discovered that SuperExﬁert
| induﬁes rules from a mass of numeral data by simply
éveraging them. For example, the fourth rule induced by
SuperExpert in Figure 4.5,  the number of 1320K was the
average of both 2000K for Express and 640K for PcExpress.
SuperExpert has no facility to give recqmmendation witﬁ upper

and lower limit for numeral ceonditions.

Based bn the above two findings, the author would say that her
attempt to develop an expert system application with capability
of recommending the 'most appropriate' financial planning package
for a company failed by using SuperExpert as a substitution for
the interfacing between Xi Plus and dBase III Plus. Had the
author had enough time for her research, she would

like to try a frame—bése development tool, .such as Leonardo, fof
ﬂer project rather than using a rule-base shell, such aé Xi Plus
which is not capable of storing a large quantity of data so as to

induce rule from its own storage of these data.
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The lesson which can be 1learned from this failure 1is the

disadvantages of using a rule induction develdpment tool for

.inducing rules from a large quantity of data. The author expects
the further prospect of her project to be re-developed by a
frame~based shell that the new system would be able to perform

this task.

4.6 Conclusion

Although Ehe developed exfert systém does not work as perfectly-
as the author hoped, the project for deyeloping an expert system
which 1is .capable of deciding the most appropriate class of
financial planning package according to organisations' particular

reaquirement has been completed. However, with the failure of

~using a rule induction development tool as the substitutiom for -

linking a rule-based expert system shell and é database package;

there is further work pending for improving the existing system:

a). This system needs fﬁrther identification of the elements that
decide selection of an ideal class of financial planning

package, such as the logical model complexity and longevity.

- b). Few completed questionnaires have been returned. Up to the

time of writing, only seven responses have been received.
The system 1is for research and trial purposes only, it
cannot be rTecognised as a real expert system because it

uses only seven  database records out of fifecy
questionnaires. )

¢). As stated, the author expects the'system to be re~developed

using a more powerful development tool, such as a frame-based

L



144

shell, Therefore, a further survey of expert system shells

so as to decide the appropriate tool would be required.

The system is workable and has been constructed using 63 rules
with 2 demons. Being induced by SuperExpert;'the final part of
the knowledge base ( rule 52-63) of the system is not correct.
Those rules included in this part of the knowledge base attached
in the Appendix C are corrected by handwriting so that  the

readers can have an idea of the extent of errors made by a rule

induction expert system shell.
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CHAPTER 5 - FEATURES OF CURRENT EXPERT SYSTEMS AND FUTURE TRENDS

OF EXPERT SYSTEMS DEVELOPMENT

In the UK interest in expert systems is increasing, and more and

more companies are looking at the possibility of applications of

this new technology (50). This chapter is concerned with an
overview of the features of gﬁrrent expert systems, the current
status of business appliéations of expert systems in- the UK, the
future trends in expert systems development and the future

research directions for expert systems.

5.1 Summary of the Features of Current Expert Systems

5.1.1 Feafures of Current Expert Systems

Having had no opportunity to practically experience any e;pert
“system available on the market, the author could only give her
views on the current status of expert systems in the UK of
business applications based on her visits to six companies and
her review of the literature. These views will be discussed in
section 5.2 As for the discussion on the features of current
expeft systems, the author believes that it would be .moré

suitable to review this subject based on the author's literature
&3 .

,

survey. - - , S

I",

Taylor (88) summarises the features of current expert systems.

All of the points made regard items that have been emphasised by
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AI researchers. From the description given below, it can be seen

that most of the expected successes have not yet been achieved.

Taylor regards the present expert systems as ‘'classifiers',
because they obtain data from their users about particular
problems (usuall} by using natural language), and carrj out the
classification ;r*_gategqrisation 0of the data according teo the

stored knowledge and applying their inference procedures: the

systems then present the results to their users.

Most expért ‘systems tools surport to provide an '‘explanation'
facility. This facility is for answéring the user's query of
'how' or 'why' the conclusion has been reached. At present, most
of the 'éxplaﬁation' facilities provide the ability to trace the
rules used in the reasoning process, they do not actually pr;viae
any extra assistance to the user for the purpose of understanding

the reasoning.

Current expert systems are at most assisting human experts with
routine tasks, and are not in a position to replace them. There

are still areas with which current expert systems cannot deal.

Although user-friendliness 1is also emphasised as a necessary
feature in expert systems technology, current expert systems'are

not really friendly, much less intelligible, to the user.
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Finally, current expert systems are eXpensive in relation to the

functions and advantages they provide.

5.1.2 Limitations of Current Expert Systems

Muller (89) lists the deficiencies of current expert éystems as

follows:

. Narrow band of knowledge,. with a lack of knowledge of the
limitations of the systems, only one method of problem~solving
can geperally be offered;

. Little or no cross-cheéking, the systems are unable to cofe
with multiple situations;

Mostly difficult to construct and to maintain;

. Insuffieiently expressive langqages;

. Manual, slow knowledge acquisiti&n processes, with tedious
incremental modifications;

. Each system starts from the basics i.e. no knowledge libraries
or modules of knowledge on which new systems can build;

. Special hardware and special trainiﬁg are required for large
expert systems ( Noted by Muller: these limitations begin to
disappear for 'small' or 'minor' expert systems);

. Domain experts/specialists are not always available;

. Poor explanation facilities which, typically, simply repeat
the rules in the knowledge base;

. Incapable of 1learning, enaﬁiing programs to learn -from
experience;

- Incapability of model building, brograms which are able to

weigh alternatives and construct new beliefs,
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The. above summary and limitations of current expert systems lead
tec a further discussion of recommended research directions for

expert systems in the final part of this chapter,

5.2 Current Status of Expert Systems in UK Businesﬁ_

5.2.1 Geﬁeral Scene

The Ovum's report (50) iﬁdicafes that the commercial developmenf
of expert systems in Europe is about 12 to 18 mﬁnths behind that
of the United States. The gap is much wider in the finance,
insurance and defénce sectors. On the other hand, the European
oil_ companies, such as Shell, El1f Aquitaine and British
Petroleum, are probably more advanced in their use of expert

-systems than the American oil c¢companies.

As stated, in the UK, interest in expert systems is
increasing (50), but according to the author's literature survey
and her visits to companies, use of expert systems in business is
still in its infancy. Small~scale and trial systems in
parti;ular are more popular than large-scale and fully
operational systems. As Jones (90) points out, "the UK
businesses are the biggest market in Europe, largely through the
adoption of smaller mjcro-based expert systems'". Jones' opinion
is supported by the Ovum report, whére it_is indicated that "g
unique feature in the UK's expert systems deﬁelopment is _the

extensive development of small-scale systems, particularly on

personal computers, which has encouraged a very large number of

L4
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companies - both large and small - to experiment with expert
systems". The following are considered as the main reasons for

this:

- the widespread awarenéss of expert systems in the UK, even
within small companies
a rather unambitious attitude towards expert systems

development that favours the use of low cost development tools

——

- an influential report published by Alvey (91) which points to

small-scale systems as the ‘area of greatest potential benefit

for expert systems.

In .addition .to the 'aboﬁe reasons, tke authof thinks that the
following two rTeasons méy also be responsible for the unique
situation in the UK:

- expeéta;ion of low cost funding leﬁds to companies looking at

developing small~ scale systems by using low cost development

toolsg, e.g. shells.
- non-participation of © the computing/MIS ‘departments in
companies leads to developers wusing PC's. K for developing

their trial systems because of the lack of technical support.

Althougﬁ the interest of expert systems is widespread in the UK,
the major users of these systems lie in those large companiés,
such as Britisﬁ Petroléum, ICi and British Telecom. Many of_the
small companies are ﬁsing experf1systems as a means of gaining
experience of the new technology; thus a large proportioﬁ of

these applications are either for training purposes for their
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staff or are still. under trial. This caﬁ be found from the
Vauthor's interviews with companies, there all of the interviewees
agreed with it. Aléo, from the analysis of wvisits given in
Chapter 3, it .can be found fhat a large proportion of these
companies have not put their expert systems inﬁo daily business

ocperation.

—

In October 1987, Alvey. (92) published a second short survey
report on expert systems in the UK business world, the findings_
of which are summarised below:

a). Most iarge organisations havé project teams, but experience
of operational applications is still limited.

b). The giant corporations have ‘an average 10 operational
applications,

c). The second largest organisations havé 2 - 5 operational
applicatiqns whilst many well-known organisations have not
yet delivered a system into business usage.

dd. Ihe pace of‘developpent islneverthelgss accglerating and the
number of operational applicatiﬁns should rise sharply within
a year.

e)., Constraints and limitations such as lack of management
commitment, business secrecy, poor organisation, fear of the
nature and the cost of new technology are ever present.

£). Quote& by the Alvey report, Johnson.(49) of QOvum observes
that "w?rk stations and their associated American software

have made very little impact on British business
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applications which is a market dominated by British personal

computer shells™,.

5.2.2 Technical Overview of UK Business Applications

As stated in Chapter 3,where the problems encountered when
choosiﬁg companies were discussed, the .six companies were
considered to .be representative when_ reviewing the status of
expert sysﬁem applications in UK .business.- Based on these
findings and coupled with a iiterature'review, the author gives
her viéwé on the current status of expert system applications in

UK business.

This secfion reviews UK business applications from the technical
viewﬁoint. The general features of this technical viewpoint"have
been discussed in Chapter 2, under the leadings of domain choice,
knowledge -acquisition, knowledge representation, reasoning,

development tools, explanation and validation.

Choosing the Domain

Since. the largest part of UK business applications of expert
syétems are small-scale systems, their domains are consequently
narrow: examples are produétion process fault diagnosis, bank
lending etc. These narrow domains are suitable for a compahy's
experimental development and their quick éuccesses suit the

company's wishing for a quick return on relatively small outlays.
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Knowledge Achigition y
Of Ehe_ four methods recommended by  Hart (&1), the
interview and blackboard technique are the wmost common methods.
In practical business applications, there is a certain degree of
role merging between the knowledge engineer, the expert and the

user. For example, the developer may mnot only be the expert but

also the user.

Knowledge Representation

ﬁulewbased representation is much more common than both semantic
network and frame-based representations. The IF....THEN rules
are mofe acceptable to business applications than the other types

of knowledge representation.

Reasoning

Although the facility for uﬁcertainty reasoning is emphasised as
a requisite by Al researchers, many of the developers involved in
the practical UK business applications disregard it, many
applications even attempt to avoid uncertainty in answers that
may be given by users. This situation was encounteréd in the
cémpany visits as described in Chapter 3. These systemé question
their users in a way to elicit definite answers, either single or

multiple answers with certainty,

Explanation

This facility is not always required by all of the developers

especially those shells users. Being restricted by the shell's
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capability of giving satisfattory explanation, the developers do

not- required a more friendly explanation. -

Tools
Among the three major kinds of tools for building expert systems,
namely programming languages, toolkits and shells, the shell is

the most popular tool adopted by UK businesses for ~building

applications.

In the UK many shells are developed that are aimed specifically
to be run on the IBM PC and compatibles. Xi Plué, Crystal, and
Expert Edge are three examples. It is believed that Xi Plus is
leading thé European market, and Crystal is the strongest

challenger (50).

As stated, Prolog is more popularly used in the UK than Lisp for
self-programing an expert system} Table 5.1 is the list of
commercial versions of Prolog available in Europe (50).
Disregarding the USA versions, there are 23 European versions.
Of these 23 versions, 10 are of UK origin. This figure indicétes

how popular the Prolog language is in the UK.
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Name

Arity Prolog

- BIM Prolog
D~Prolog

'Edinburgh
Prolog
ICL-Prolog

IF/Prolog
MI4

MProlog

MacProlog

Maialog
MicroProlog
PCE

Prolab
Prolog II

-Prolog -
Profrssional
Prolog-1
Prolog-2
Prolog/P

~ Quintus Prolog

SD-Prolog

Supplier
Arity Corp

Belgian Institute
of Management

Delphia

ATIAI, Edinburgh
Uni, —

ICL

InterFace Computer
GubH

Electronique Serge.
Dassault

Epsilon

Logic Programming
Associates

Amaia

Logic Programming
Associates

SCS/Uni. of Hamburg
GMD

PrologIA

Logic Programming
Assoclates

Expert Systems
International Ltd

Expert Systems
International Ltd

CRIL

Quintus Computer
Systems Inc

Systems Designers

Location

UsA

Belgium

France

Scotland

England

Germany
France

Germany

England

France
England
Germany
Germany
France

England
England

England

“ France

USA

England
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Hardﬁare
IBM PC
Sun

Bull &
Others

Various

ICL 2900

Unix
machines

IBM VM
environments

Various

Macintosh

M1000
MS-DOS,
CP/M 86
Sun
Unix -
machines

Various

IBM PC

Various

IBM PC

Various

VAX,Xerox
1100 Series
Apollo,Sun

IBM 2C
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Sigma Prolog Logic ?rogramming England Unix
' Associates 7 , machine
TOP-ONE Telecomputing England ICL & IBM

mainframes

Turbo Prolog =~ Borland "USA IBM PC-
' International Inc

VM/Prolog IBM USA IBM

mainframes
- : _ running VM

. V Prolog - Amaia France "Amaia PS-C
Xilog Bull : France Bull
Micral
_ : 30 & 60
Zyx Prolog Zyx Sweden HP,

Macintosh

Table 5.1 List of commercial versions of Prolog in Europe (50)
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;
As for the_toolkit! it has been stated iﬁ Chapter 2 that in the
UK this typé of higher-level development tool is not éo widely
used as in the USA. There have not been many packaged expert

systems sold on the market up to the time of writing. ~ One

example is the Emplbyment Law expert system jointly developed by

Expertecﬁ and Robson Rhodes Chartered Accountants using Xi Plus.
.This package brqvides advice on employee legislation to clarify
dismissal and maternity rights. Another example is the Letter of
Credit Advisor jointly developed by Helix Expe;t Systems and the
Bank of America using Expert Edge.. This package provides advice
on preparing letters of credit for claiming paymént from banks.
These applications. can reiease companies from in~house
programming that requires input .contributed by experts and

knowledge engineers.

Validation

To most of the developers the method used for wvalidation 1is
simple, and most validation is aimed simply at making the system
workable. Although " many methods of +validation have been
discussed in the 1literature, these methods are not actually

applied in business:

5.3 Future Trends of Exﬁert Systems Development
From the previous sections, it can be seen that the first step to
the commercialisation of expert systems has been achieved. What

will be the way forward in the next five - ten years?
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Although there have been many. discussions 1in the literatu;e
concgrniﬁg the future of expert systems, most of these
discussions are concerned with _the general future research
directions and take on optimistic point of view. For example,
Gevarter (29) forecasts that there will be few domain or
functional limitations in the ultimate use of expert systems,
thus'expert systems will eventually find use in most endeaVOrg
which require symbolic reasoning with detailed professional
knowledge - which includes mucﬁ of the world's work. Therefore,
Gevarter expects that 'intelligent; friendly and robust human
interfaces and much better system building tools' are to be seen
bf the late 80's. Moreover, hg anticipates that:
Sﬁmewhere around the year 2000, we can expect to see the
beginnings of systems which semi-autonomously develop
knowledge bases from text. The result of these develcopments
may very well herald a maturing information society where
expert systems put experts at everyomne's disposal. In the
process, production and information <costs should greatly
diminish, opening up major new opportunities for societal

betterment.

Harmon and RKing (30) also give an overview of the possible
applications of expert systems in . businesses by fochssing on
common functions. Table 5.1 is adapted from their book. This

table shows the possible domains to which expert systéms can be
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applied.in}the next few years and the objectives to be achieved

in each domain application.




Domain

Senior management:
Executive officers

Senior managers

Strategic planners
Senior Staff
Consultants

Operations:
Manufacturing services
complex equipment

operation
‘Energy exploration
Quality control
Inventory control

Support services:
Public relatlons
Legal

Personnel & training
DP service

Building & maintenance
Research & development

Finance:
Portfolio managers
Accounting
Financial managers
Auditing
Controlling

Marketing:
Sale
Advertising-
Marketing research
Customer service
Ordering
Office automation:
Word Processing
Data Management
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Probléms

Need to reduce organisational complexity
Need to monitor an increasing volume of
information ‘

Need to access experts and consultants
for specific advice

Need to improve coordination of
organisation, scheduling, and management
Need for overview of complex systems for
rapid decision making

Need to mon1tor/control complex
equipment

Need to train/retrain lots of people to
handle complex jobs

Need to communicate new, complex
procedures

Need to examlne/explaln pollcy
decisions/options

Need to control/reduce costs of computer
software development and maintenance

Need for overview of complex existing
system

Need for smart, goal-directed financial
planning tools

Need for expert assistance in examining
marketing questions

Need for sales assistance programs that
provide product knowledge and  help
configure proposals/packages '

. Need to increase productivity in

handling, filing, communicating,
retrieving, and distributing
information in offices
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Professional services: Need to monitor an increasing volume of
Management consulting information

Lawyers Need ta access other experts and
Physicians ' consultants for advice

Accountants . Need to submit "smart reports”

Need to prototype & simulate knowledge
systems rapidly without Thaving to
know about traditional computing

Table 5.2 Overview of knowledge problems common to most
companies or professions (30)
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Another positive future of expert systems ig forecasted by
Weiss and Kulikowski (93). They indicate that expert systems
willj be considéred as .smar; programs and will perform with
many of the attributes that we take to be expert when they are

present in a human.

Contrarj'té the above representative optimistic forecast,htHE“
author questions the bright future of_expert systems.along the
foilowing lines:

a). Senior managers will not use expert systems in their work:
Presently, although there are much Decision support System
software available on tﬁe market for managers' use, most
of these in use are spreadsheets (94). The main reasons
of this fact are that for thoSe senior managers they do
not have to learn how to 'convert' their knowledge. Tﬁis
is convenient to senior managers especially they do not
have to sPeﬂ: time on programming their knowledge. This
situation can be wused when considering the future of
expert systems development. For effectivély performing
managers' task on decision making, expert'systems must be
developed through the dgep involvement of managers.
However, managers are unlikely to have enough time ¢to
spend .on this development, or have the willingness to
learn how to convert their knbwledge' into production
rules, - This situation. will not be changed unless the
method of knowledge representation of existing expert

systems can be much improved, such as by wusing a
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spreadshee style for the representation. There is unlikely
to be much change in this situation over the next five to
ten yeérs.

No possibility for catching knowledge of senior managers
without their involvement:

It has been stated in Chapter 1 that the evolution of

expert systems has “distinct relationship with
traditional computing systems. Although the development
of IT can be theoretically reviewed as some-major typeé -

DP, MIS, and D58, a very large ~number of the current
computing applications are_. still at the most basic
requirement of computing wusing - data processing. These
systems are developed by either the professionals with a’
computing background’ or by the managers' subordinates.
This means that most of the existing computer systems dg not
disturb managers in organisations . for their development,
especially the senior level managers (95). This
situation will also obstruct the future development of expert
systems, because, to those developers other than
managers themselves, it 1s not possiblé te completely
catch managers' knowledge without managerial involvement.
Human factors obstruct the developmenﬁ of expert systems:

In general, experts ~= do not like to . share their
expertise with a maehine or any other non-expert (such as an
operator or a clerk). Also, people may not totally trust_the
decision made by a machine. For example, a seriously illed

patient is unlikely to trust the suggested treatment made by
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a computer system; the passengers may fear of the emergency

—situation by taking a train controlled by a computer

system without any human driver's watch.

Long period of time taken for developing a really
friendly, useful and helpful expert system:

Useful, éonvenient word . processing software had not
become popular until the late 70's. It took ﬁearly
2 decades for the software to be widely used. This might

because of the price decrease of computers from

the mainframe or minicomputer to PC, or because people had

.high quality typewriters, but the guality of work produced by

word processing has  been much improved since the early
80'5. .Applying this concept to the development of future
expert systemé, in the next fiﬁe to ten years time,
the really friendly, intelligent _expert-systems wilf not

be produced.

Difficulties on  gaining comprehensive knowledge  for
those areas common to business with unstructured
knowledge:

The software packages for traditional DP purposes were
developed under the condition that all the knowledge is well
defined and structured. For example, Accounting 1is a
popular area - of computing application because it  has

’

reliable accounting principles - and fully defined variables

expressed numerically. On the other hand, for high- .

level problem-solving or decision-making, the knowledge

of experts tend to be unstructured and non- numerical
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and their .knowledge includes many years' expertise,
ineluding' the capability of dealing wiﬁh emergencies.
Experts. may not know how to express their knowledge
properly or completely and the knowledge engineer may
not know how to elieit this knowledge, Unless the
techniques of  knowledge elicitation <can be considerably
iﬁbf??ed, difficulty of covering comprehensive knowledge
into an expert system for .many common.fielde in business
will be still exist. This situation is unlikeiy to may not
be change in the next five to ten years.

The inability of some expert 'systems in dealing with
uncertainty will restrict the EOmpletenese of knowledge
representation and the accuracy of expert s8ystems users
giving their answers.

Interest in expert systems will fall off:

Although the number of. people interested in expert
systems is increasing and this trend is forecast to
continue, this increased interest in expert systems may
subsequently fall when results are mnot found to match
expectation.

Expert systeﬁs will never ©perform task as well ‘as

humans:

Ag- mentioned, the knowledge of experts tend to be

unstructured which include the experts' many years'
expertise, Also, experts can learn new knowledge from
their performing tasks: existing expert systems

still lack this the capability of learning.
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Apart from the above 7 points, the author would like to give more

discussion about the future trends of expert systems development

based on her findings from the visits to six companies reviewed

in section 3.3.2:

h).

i).

i).

Shortage of resources:

In a similar way to the developﬁent of tréditional
computing systems, the pressing demand for professionals
with a computing background Thas been evident for more
than a decade and continues, In the next 5-10 years,
professionals with an I.T background, especially with
knowledge of expert systems, will be in great demand.
However, -the academic training frdm regular education
will not be able to cope with this demand.

Shortage of support from computing professionals:

With the above shortage of professionals with. I.T
background, the development of expert systems will be

obstructed if support is lacking from the <computing

professional. The  developers, with little knowledge
~about computers, can only develop expert systems that are
small scale and cover a simple domain by wusing personal

computers with expert systems shells.

Deficiency in the support from high-level management:

Without the involvement of~ support from toé ﬁanagement,
the development of a new téchnology would be considered as
]

not important' and the developers would not pay

much attention to the development.
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The experts are not able to express their knowledge

clearly: : =
This situation will be even worse in developing large

scale or complicated systems, Also, the current

rule structure of IF....THEN type 1s an obstacle to

"the experts contributing their knowledge. This 1is

not totally the expér??* fault, but this situation 1is
unlikely to change in the next decade.

Time taken to vauire & represent knowledge:

There is no recogniséd ﬁethodology for knowledge
acquisition and representation.: In the next decade

knowledge acquisitién will remain the main difficulty in
the production of expert systems. - However, this level
of difficulty will depend on the cooperation between the
expert and the knowlgdge engineer.

Too much reliance on the use of shells:

With the advantages  of using shells and the rapi§
increase in the number of shells available on the market, thé
situation of using shell fcr developing expert systems will
not change over the next decade, Moreover, it can even
be forecasted that there will be more and more shell

users/developers in the next decade.
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Literature in which the negative future of expert systems 1is

discussed can be found from Feigenbaum (96) and Drefus {(97).

Applying the above negative points of view on the future of

expert systems to Harmon and King's (30) consideration of the

future of expert.systems, they summarise five needs which they

;hETEipate will drive.the'knowledge engineering market during the

next five years. These five.needs are:.

. New approaches to business organisation and productivity:
The computer is playing an important role and 1is expected
to play an even more significant role in the next five years
for reconceptualising how businesses can be organised to
increase their productivity.

. Expertise:

It takes 10 to 15 vyears for an individual to master a
speciality. The réally good experts are in short supply 1in
almost all areas, and non-experts need to turn to them when
problems occur. When problems become 1increasingly complex,
experts are in greater demand.

. Knowledgé:

Managers. do not want to have to wade through volumes of
statistics, they want information organised in a useful way so
that they can learn the ‘crucial components of. the decision-
‘making process and know how to deal with the situations
affected by those components. This is the knowledge they

require.
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. Competence: ,
Businesses need competent employees who are able to explain
their products and options to customers. However, products
have become more numerous and more c¢complex, and competent
employees may be difficult tor find; Yet a consistently
ﬁompetent service is required by business.

. Smart automated machines:

N Businesses require the machines which share their offices to be

brogrammed to function in more intelligent ways.

With the above five needs in mind, Harmon and King forecast a

three—tiered market which reflects the relevance of the needs

among these tiers.

Figure 5.1 shows the forecasted knowledge engineering market:
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NEEDS  New Approaches toBusiness ¢ Expertise * Knowiedge o Competence * Sman Automated Equipment
[ .

.5 Intelligent Internal
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¥, development

Campanies preparing
know'edge systems
hardware

Hardware and
Software Development

Figure 5.1 The forecasted knowledge engineering market in the

next five years (30)

At the bottom tier, the market consists of the companies which

are preparing to sell hardware and software for expert systems

development.

The second tier will be the main part of expert systems

suppliers, which includes consultancy and software firms.
Customised products should be easily developed by the Eompanies

in this tier.

The third level comprises companies and individuals who will sell

expert systems to consumers, probably incorporated in a product.
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Tﬁis tier is entirely devoted to practical applications of expert
systems. | —
The developﬁental problems such as knowledge acquisitien and
knowledge representation will be obstacles in the second tier.
In the third tier of the market, it will meet the problems of
experts'  using rﬁles to Trepresent khdwledge with reluctance
because spreadsheet style 1is more ﬁreferable. Also, 1lack of
involvement by senior lmanagérs will result in an incomplete
knowledge representation being produced by other people for

representing senior managers' knowledge into expert systems.

5.4 Research directions of Expert Systems iﬁ-the Next 5-10 years
‘Within the area of business applications of expert systems, the
problems of future trends of expert systems have been discissed
in the previous section. These problems indicate the directions
for further research which can be stated as follows:

- investigating training schemes to produce professionals with an
i1.T backgroﬁnd as well as the knowledge about expet systems,

- developing systems with more capability of capturing
complicated knowledge and which will be suitable for more
types of applications.

- developing more powerful knowledge vauisition tools so as to

ease the task of knowledge acquisition,

developing systems of greater intelligence which are capable of

learning rules from experts' experience and then constructing

the systems themselves.
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- developing systems with greater friendliness and explanation
facilitiesi |

- convergence of expert syétems and dtherltechnologies (89). For
example, iinkage of expert systems with database systeﬁs;
linkage of 'devélopment tools with conventional software
packages~- e.g. spreadsheets, databases and wordprocessors,
1ntegrati§n with other fields- e.g. Decision sufport systemé
and Opérations Research.

- formalisation of methods or a range of mefhbds for building

expert systems, so as to overcome the shortage of software

development skills (89).

To assure the success of future expert systems in business, an
-awareness of the problems from which businesses are most likely
to suffer must be maintained as an important direction for fiiture

research.
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CHAPTER 6 CONCLUSION AND SUMMARY

‘Expert Systems have emerged from innovations witﬁin the field of
artificial inteiligence. Tﬁey have distinct reiationship with
informatioh technology which has played 'a- prominent role 1in
business during the past few decades. The benefits generated by
the use of IT have led to an increasing desire to computerise

human expertise and knowledge for problem-solving tasks.

It has been more than two decades since the first expert system
- DENDRAL- was developed. From the characteristic differences
“that gxist between conventional systems (such as DP and MIS) and
expert systems, such as the mnatural language for knowledge
representation and the <capability of dealing Qith uncertainty
reasoning possessed by expert systems, it can be said that
expert system applications will become ﬁore and more important to

businesses operations.

Expért systems can perform differeﬁt tasks, such as analysing and
interpfeting, diagnosing, prognosticating, and training. Whether
these tasks can be successfully performed by an expert system
aﬁplicétion relies on ‘making a good decision concerning  the
selectién of the appropriate domain and methods chosen for

constructing the system. Proposals for selecting an appropriate
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knowledge doﬁain and cFeating an expert system have been detailled
in}this thesis. In the process of pfoducing an expert system,
knowledge acquisition iSTrecognisedf%s the ﬁost difficult stage,
Successful knowledge acquisition depends not only on the
“complexity of the knowledge structure but also on the cooperation

of the expert.

—

The author used.tﬁe common factors derived from her visits to six
companies, as a basis for reviewing the current status of expert
systems in UK business. The the problems and difficulties found
during the development of expert‘systems in these companies are
impoftant pointers to hélp forecast tﬁe future trends in expert
sysfems and to support reéommendations as to the future research

directions of expert systems in the next decade.

The author's literature survey showed that expert system
user/develoPerg in U.K. business were more involved in the use of
shells than programming languages or toolkits. The results from
the visits were in accord with this. from the survey of the eight
expert system shell, it can be seen that current shells still néed
further improvement with regard to their flexibility and
explanation facilities. If improvements are not made, the scope
and type of buéiness applications using shells will remain on a

small scale and be able to perform simple tasks only.

It is also discovered by the author from her wvisits to the

companies that for those companies that wished teo develop an
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expert system application but had no expefiente in programming,
hiring consultanﬁs advisors is an effective approach. By thié
approach, the nature of expert syétems and the skill of knowledg;
elicitation can bg learned by companies in the process of system

development. Companies can then apply this learning in

subsequent to expert system developments.

Although uncertainty reasoning is emphasised as a necessary
facility in most of the literature oﬁ expert systems, practical
applications are nof so concerned about this aspect of the new
technology. From the visits to the six companies, the-auﬁhor
disﬁovered that none of thé companies applied wuncertainty
reasoning; moreover, uncertainty was éeliberately avoided by the
developers. However, although.fhis'situation woul& not seriously
ebstruct the rfutﬁre development of expert Systems, this would
‘cauée the incompleteness of kn§w1edge representation" and

restricts the expert systems users' in the answers they can give.

With the understanding of the practical use of expert systems in
business, the author was involved in producing a working system
as part of .her project. The complexity and difficulty of
knowledge engineering for pfoducing an expert system was fully
realised when the author was involved in the pfoductipn of am
expert system for selecting arn appropriate financial planning
package.. Acting aé a knowledge engineer, the author gad to
elicit knowledge from her supervisor - the expert, by repeated

interviews. However, it was realised that the success factors of
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the creation of expert systems applications is not only the well
o '? . .
bounded domain, but also the expert's capability of expressing

his knowledge logically. -

Choosing an appropriate development tool for developing an expert
system application 1is another important factor in helping the

success of an expert system application. In the author's case,

—

although her project of developing an expert system application
for helping organisations to select an appropriate class of
financial flanning packages has been successfully completed, her
“attempt of linking an expert system shell with a database package
was failed. Had the author chosen another development tool, such
as a frame-based shell, from the very beginning of her project,

the result of her attempt might have been different.

From the  author's visits to those representative companies and
from reading the litérature, current expert system applications
in U.K. business is found to be at the primary stage. In the
U.K., most of the developed systems are on a small scale and of a
basic type. From the technical overview of the ©business
applications given by the author, it can be seen that almost all
of the current UK businesses involved with the new technology are
applying the basic technology- for building their applications.
More complex and advanced technélogy, such as .self—programming

for large scale systems, is not yet being exploited because of

the wide use of shells.
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With the undérstanding of the édvantages of she}%s and the rapid
proliferation of expert systems shells available on the market,
the author recognises the helpfulness.and convenience of using a
shell for developing an initial expeft system on a sméll scale.
However, the author expects that this situation may be improved
if thé developers could be more involved in the deve10pmént of

larger and more practical systems with more powerful development

tools.

By looking back on the history of computer usage anq tﬁe benefits
that have been brought ﬁo business‘ by tfaditional compﬁting'
systems, the future development of expert systems is regarded as
an extension of the expanding demand for computer systeﬁs. Also,
it i1s expected that business will need expert systems more and
more, and almost every part of business life can have an eipert
system applied to it. Whether this e;ceptatiﬁn will be realised
depends on the improvement of existing expert systems; these need
well planned future research directions ﬁver the next 5 - 10
years. In the author's view, the future trends of expert
systems development are not as 5right as those optimistic
forecast expected by many authors. The author bases her views
on her ownlexperience on.developing an expert system;'and the
findings from her company visits .

Apart from the recommended future research directions of éxpert
systems given by the author in Chapter 5, it is also strongly

recommended by the author that the high-level management should
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give more support and encouragement to their staff who are
developing expert systems. The support and assistance from an

existing computing department is an important factor of success

for development of expert systems.

Although the author has raised the negatiﬁe :future trends of
expert systems development, there are developments in this area
that will acceleratel the development and wusage of this new
technology. Examples are the support of the government for those
projects, the increase of peopie interested in the field, and the
increase of investment contributed for the development in
companies. However, to accelerate the commercialisation and
development of expert systems and realise the potential of expert
systems, both theoretical and methodological efforts are needed.
These issues should not only be investigated by the research and
academic laboratories, but also by business itself to cope with

its need for competence in areas of practical application.
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CASE STUDY A - A PETFQODS MANUFACTURER

I. The Company

Company A 1is a major petfoods manufacturer which has been

established for more than 12 years with two thousand employees
and a 40 million pound turnover located in the Midlands of

England.

Iﬁ order to prevent their experts being consulted about minor
ﬁroblems of procedures by the operators, especially during the
night, an expert system was déemed necessary. At the start of
the development, in 1985, the company conducted a general survey

of expert system shells available on the market.

II. The Expert System Shell

A. Obtaining Information about Expert System Shells

The company had looked at 3 shells before selecting Xi Plus.
From information about which expert systems were available
obtained from sources such as Computer Weekly, PC ﬁser and 2 or 3
expert systems jourmals, the conpany found that unlessr they
bought an expert gYstem shell, it would be very difficult to
obtain sufficient detaiis about the shell. In this company's
case, they used Burnett's (48) opinions on Expert Ease from his
thesis. In addition, they obtained some detailed information
from the NCC starter pack. Expert Ease is one §f the sheiis in

the pack. Furthermore, they spent time persuading their computer
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department of the necessity to investigate expert system expert
~shells thoroughly, some of them were put in touch with the expert
systems experts who had gone through working systems with Xi
Plus, Hith the help ﬁf their computer service group, they had
conducted a limited shrvey of.which.expert system shells were

available on the market.

B. Reasons for Choosing Xi Plus
1. Easy to use
Unlike some of the other expeft system shells, Xi Plus is easy
to use. The company had had experience of a.sophisticated‘
shell before, the manual for which had proved difficult to
follow, unless the user was a computer expert, very familiar
with PC operations, knew how to load/transfer files quickly
and understood the computer jargon written on the screen.
2. Good manual
The manual of Xi Plus 1s thought to be one the best features
of the system, with easy access.to the tutorial manual from
the screen, Xi Plus is easy to learn.
3. Free reasoning method |
.Of the éxpert system shells investiga;ed on the market, some
are dedicated forward chaining, some are dedicated backward
chaining, some are able to deal with uncertainty, wbilst Xi
Plus. is not only capable of both forward and backward
chaining, but also of‘ handling uncertainty reasoning to a

certain extent.
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(- 1t should be noted that the author questions the handling
capability of unceftainty by Xi Plus, because a definite
answer (e.g. yes, no, maybe, don't know, etc) for a question
query is necessary, no matter ﬁow unqettain the response may

be.).

III. The Expert System
As mentioned above, the company established the boundaries of the
domain on product quality control process. Having carried out

this étep,'they organised their knowledge into a knowledge base.

A demonstration of a wofking system named Soft Texture was given

for the interview. This system was déveloped for the purpose of
eliminating the féctors whichrcéuse problems in the quality of
the product. Using forward chaining, it contains 38 rules. Due
to illogical rules and erroneously identified vari;bles,

conflicting values or unlikely conclusions sometimes resulted.

The demonstrator held the position of 'expert as kpnowledge
engineer'. This represents a major advantage -for debugging and
testing, because the combination of the two roles makes it easy

to diagnose errors and rectify the knowledge base quickly.

During the demonstration, a problem was raised by the
demonstrator that the message "syntax error'" was displayed on the
screen whenever he added any new query or rule to the knowledge

base. It was found by the author that he used capital letters
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instead of lowercase. Although the screen gives no indication of
why the system message "Syntax error" is displayed at this point,
the manual does mention the necessity for using lowercase rather

than capital letter when adding any new information to the

knowledge base;

1v. Process.of System Building

Four people have been.iﬁvolved in this application. Of the four
people, one person provided technical advice on the usefulness of
expert systems, whilst three ‘experts from different areas
provided their professional producf knowledge. The demonstrator
was therefore not the only expert and he had to ascertain the
knowledgé of product quality from the other two experts in order
to conduct the interview whicb was not held in a formal way; ig
took a long period of time in conversation with the others to

extract the knowledge.

Being f;om an engineering background.and also being one of the
experfs, the demonstrator was confidently able to give his
diagnosis when problems arose, and thus he had no problem in
'struéturing the problem domains and setting up the rules. Five
units of problem domains we;é consequently structured and built
as éxpért system which transferred the experts' knowledge into
the computer. So the demonstrator was definitely able to assess
whether he had obtained enough information from the ©other

experts. An important point made by the demonstrator was that a
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general engineering background is good training for being an

expert system builder.

For testing and debugging, the demonstrator would show his system
to the other two experts individually, each would then iook
through the rules from a ‘basic level and give their comments
about the system. After agreement had been reached by  the
experts, the system would be used by the production quality
department and shift managers. Because this system was not
sopﬁisticated enough, it was not possible to examine the problem
of wrong inferences. To prevent a problem of this nature, they
could only keep running the system and testing oﬁt ali of the

different possible combinations as well as making sure that.they

had been obtaining the right answers.

V. Comments from the Shell User

Generally, the demonstrator is satisfied with the shell (Xi Plus)

which he used. A few comments with regard to Xi Plus were given

as follows:

a. Difficulty in getting problems ready structured before
inputting into fhe computer,

b. Difficulty in 5ecoming familiar with the IF....THEN model for
rule input. |

c. Difficult toe think about problems of backward éhainipg or

forward chaining.
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d. Different values for two identifiers which actually have the

same meaning but are input differently or have different means

of expression. .

As the interviewer knows, it is not only Xi Plus that causes
- these inconveniences but also many other shells present the same

kinds of problems to their user ( See Chapter 4).

VI, Concluéion

Measuring the success of the system has nothing to do with cost
reduction, since the demonstrated system was relatéd to product
quality control. As can be seen from the description of the
expert systgm,.this system is still in the developmental stage,
and is not ready to be used by the end user - the operators as

vyet.

The knowledge engineer should always be aware of ways to improve
his system, this should include reviewing the integration of the
knowledge of experts and familiarity with the manual of the shell
which is being used. This necessity may be obvious, especially
in a company which 1is déveloping a working system, but from the
interview regarding the essential fundamentals of developing the
system at Company  A, a user-friendly system has not  been

developed yet.
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CASE S'I'.UD'Y B - A NUCLEAR POWER DESI(;NER FOR NAVY SUBMARINES
I. The Company
Company B is a nuclear-power;supply designing organisation whose
main business is designing nuclear power applications for navy
submarines. This company was set up in 1959, and wholly
dedicated to military work up to a few years ago. But now, with
approximately 1,300 employees, they develop products for outside

customers, because of the unreliability of military support.

More than three years ago, the technical director showed an
interest in expert systems, this encouraged many people of the
company to get mwmore actively involved in this area at the

beginning of 1986.

Up to now, there has not been a working system successfully
developed by this company, but they have.projects in mind and are
heax{ly involved in the‘preparation of systems_development. A ;ot
of effort has been put into projects, and a separate group of
four people 1is desigﬁated to be specifically involve&. ~0f this
group, two members are fro? the computing department whilst the

other two are from the engineering department.

One of the interviewees, who attended an MSc course about
knowledge base systems, has been attending the training. course

for 4 months held by Edinburgh University. The company perceived
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that this 1is the only way they can obtain individual help
(indeed, they have obtained some useful suggestions of awareness
of approach from the training) in the use of expensive machines

and packages. The total cost of company investment will be

around £20,000,

The comp;ny has Expert Ease,nystal and ﬁhe NCC Starter Pack.
During the mnext few months,they will conduct a review and
evaluation of the largest shelis on the market. Hopefully, by
the end of this year, they would come to a decision about which

one is suitable for purchase.

II Reasons for Using Expert Systems

As most other companies, Company B has established its computing
department for the reasoms that the computer can do things more
easily, handle tedious and routine work without complaint and
does not make error,.providing it has been properly programmed.
" In addi;ion to their knowledgé of computer applications, they
know expert systems can capture the knowledge of experts to make
that knowledge more universally available. Hopefully, this will

enable their experts to be given time to become more involved in

constructive and productive jobs. Naturally, management will

have to introduce expert systems' usage .to the experts in the

right way and give proper eucouragement.




199

III._Obtaining Information about E#pert Systems Shells

In - 1986, the interﬁiewees went to an expert systém shells
exhibition at Brighton, there. they chose to_buy Expert-Ease and
Crystal. As well as obtaining knowledge about SAVOIR from the
Welding Institute, fhéy are now learning SAVOIR from the training
course. Furthermore, a general evaluation of expert system
shells was published by Data Processing in April 1986 (77), which

gave the company important indicatioms for future purchases.

The manual of SAVOIR is considered very difficult to follow,
therefore, it is believed that the training course offers a

better structure than learning through following the manual.

IV. Factors for Choosing an Expert System Shell

Major factors for selecting a suitable expert system shell for

Company B are:

a. Compatibility - the diagnostic systeﬁ of the shell must be
compatible with the current inference methods used in their
projects, e.g. rule-base induction, béckwar& or forward
chatning.

b. Cost.- the vendor should provide the.cheapest price with the

relevant services that fulfil their requirements.

There will be more factors for choosing an expert system shell

when the company has decided to buy another shell.
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V. The Projects

Company B has 2 very differént projects in mind. The major one
is for plant diagnostic analysis of on-line signals, which should
give the operatof the required advice in any emergency situation.
In this plant,there are more th;n 2,000 factors that could cause
signal prﬁblems, therefore, estimation for the number of rules
for the system is a complex task, probably thousands, because it

is such an intricate major system,

The second project is smaller with about 30 rules, which is

designed to search for situations for wextracting chemical

.transients from sea water.

In addition to these 2 projects, Company B also provides seminars
and training with regard to expert systems for their engineers,

technicians and operators.

VI. Eliciting Knowledge from Experts

Although Company B 1is contemplating the major system, the
interviewee is currently dealing with the smaller project which
has 30 rules and trying to expand it through SAVOIR, because of

the expectation of obtaining help from the training course.

Being of an engineering background, but not a chemist, the
interviewee must elicit knowledge from an expert in chemistry for
3 or 4 sessions of approximately one hour's duration each before

he attends the course. Also, with some study of the chemistry

S /‘
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'manuals, he can learn somethingffurther about chemistry. During
the interview, he does not talk in .terms of rules, 1i.e.
IF....THEN , but just ask the- experts to tell him what they are
doing or how they tackle a specific condition. After their
interview, he isolétes himself from the experts and tries to
recall and understand what was said until he feels confident
eﬁough of his‘knowledge and is able to generate more questions,

for which he returms to the experts for further clarification.

Therefore, he has to structure the interview, clarify the
questionable points ip his mind himself or through the experts,
until he grasps the whole picture. At the end, he shows his

results to the experts and asks for their corrections, if any.

VII. The Future of Expert Systems Application and Foreseeable
Problems |

Company B expects that the advisory diagnostic system could take

over the control of the plant in the future. To Company B, it

will be a major step and there is a long way to go from the

present before allowing the machine to control the plant.

The mwmajor questign of concern 1is the wvalidation of expert
systems, Company B has highly trained experts to deal with
emergency situations. However, théy may not know how to_reéain
their expertise through lack of practice if all expertise 1is
passed into an expert system. They may find that reliance on the

expert systems may usurp their expertise which may further
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decline through lack of practical use. Moreover, after becoming
reliant on expert systems, 1if a computer failure occured, the
company will be in major difficulties, especially if there is no
well-trained operator present. Such difficulties represent a

particular danger in the field of nuclear engineering.
VIII. Conclusion and Review

The lessons which can be learnt from the interview with Company B
are those relating to the preparation and effort required for
developing large-scale expeft system applications and the
procedures for developing an expert system , as well as

validation of developed systems.

In the procedure of eliciﬁing knowledge from experts performed by
Compan} B, it seems to the author that the 'knowledge engineer'
pays too much attention to learning or simulating the experts’
jobs. It should be mnoted that knowledge engineer is never
regarded as. an expert of a particular job, and it is also not
possible for a non-expert to learn all the details necessary for

a complicated, major system,

A methodology is needed for ~Company B which will lessen the
knowledge engineer's need to know complek details before
programming or structuring the rules based on the knowledge of

the experts and they are endevouring to develop this methodol
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CASE STUDY € - A DATACOMMUNICATIONS FIRM

I. The Company

Company C, established fourteen years ago, 1s a multinational
company with headquarters based in North London, UK. and
sqbsidiary companies in America, Australia and Hong Kong. It has
an annual turnover of £100‘ million with approximately 2,000
employees worldwide ( 1,100 stfqng in UK ). Affiliated with
network distributors throughout Europe, Asia and other parts or
the world, this company is one of the largest datacommﬁnications

companies in Europe.

The main concerns of Company C are centred upon the development
and manufacturé of point-to-point communication devices (e.g. DCX
range, ﬁodems, etc) into full data networks which can be spread
across a number of countries in the media of data transmissions
from terminals or computer boards., These types of products
represent huge, private datacommunications work for companies. To
date, this company has installed more than 800 networks

worldwide.

Three service groups comprise the computing department of company
c: )
- the first establishes communication services within the company

i.e. a 20 nodes network installed in th UK is gzlso connected to

the part of the company located in the USA.
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- the second deals with the traditional data ©processing
applications to enable the company to operate on a rroutine
basis e.g. book-keeping, ihventory control and the generation
of cbnsolidatioﬁ reports worldwide.

- the third group's role is to develop new products principally
involving the usage of expert systems and their opossible

applications.

I1. Reasons for Developing/Using Expert Systems

Company C is a market-driven compény and two years ago it.decided

to become involved in the area of expert systems and to set up a

project for the following reasons:

a). There were very few AI applications available on the
market. "Yet, as a set of knowledge bases, AI has the
potential to enable software technology to become
marketable products, profitable for the company.

b). Some of the technical tools used in the field of AI are
ideally suited to Coﬁpany C's products because the company is
involved in datacommunication devices. It is of fundamental
importance to the company that they develop a.ﬁethodology or
a technical tooel to incréase productivity or improve the
product's image. An expert system deyeloped inhouse wquld
‘gféatly assisﬁ in enhancing the company's reputation..

¢). The management of the company recognised that using and
developing expert systems of a high standard to reduce time
consuming tasks or to assist in cost-saving projects would

represent a useful, long-term investment for the company.
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The project was finally developed as an expert system which
includes a database system whicl is able to control, monitor and
configure a very large data network and is regarded as one

package in a large system of network management tools,.

1II. Reasons for Using OPS 83
The interviewee, a technical Artificial Intelligence strategist
of Company €, had made a thorough review of the literature,

evaiuating all available software tools for AI application.

OPS 83, a general purpose AI language developed at Carnegie
Mellon University 1in the US, 1is defined és an innovative
production system. In the interviewee's opinion, OPS§ represents
the fundamental rule - based language on which all such languages

are based.

The version OPS 83 is a compiled procedural language as well as a
rule based language. The most important feature of OPS 83 is the
control mechanism for inducing the rules which can be used as a
customised inference engine. In addition, two other aspects of

OPS 83 render it a wuseful system for the datacommunications

“industry. Firstly, it can be wusgsed to develop a large rule -

based system of 20,000 - 40,000 rules. Secondly, it is

interpreted by a fast compiler, thus it can operate at a rapid

rate.
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Compared with PROLOG, OPS 83 is easier to modify, with an
efficient capacity for debugging the knowledge base. Moreover,
PROLOG does not possess all of the required facilitiés to develop
. the application which Company C desires e.g. efficient number
crunching, generating data for analysis etc. Furthermore, the

price of the compiler for PROLOG exceeds that for OPS 83.

IV. Application and Knowledge Base Development

Before deciding to develop the expert system, Company C conducted
a survey for its 800 customers who were working with data
networks. It was discovered that each customer had been spending
anything from a few hours to 10 man-years to configure the
netwofks. The basic reasons for this are that these networks are
very complex’ and connected to a number of computer boards which
are.updated on a more of less‘weekly basis:- whenever the boards
were updated, the customers had to reconfigure them, whilsg most
of the network maintenance is carried out inhouse, it was decided
that the particular application chosen for expert system wa§ for

the purpose of problem-solving,

At least 5 to 6 man-years had been devoted to the development of
the system. During development, Company C gathered together a
number of software eﬁgineers and knowledge base engineers as well
as consultants who were expérienced in tﬁis field i.e.
configuration and applicﬁtion of data networks. Joint

consultations took place to determine criteria for the system's

functionality. The experts' advice was incorporatéd into the
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system as a series of improvements until the knowledge base was

completed.

The system OPS 83 can, in fact, accommodate uncertainty on the
part of the users, but Company C avoided inputting ambiguous
questions. Although it is recognised that some answers should be
optional, very few system users are capable of coping with
uncertainty, therefofe, Company C has chosen to create an expert
system which can produce an expert soclution without rendering it
necessary for the user to understand the configuration of the

system as a whole,

V. The Systen

The product, Network Configuration, designed and manufactured in
the UK is currently sold in the US. It is an expert system
designed to configure and reconfigure datacommunication networks
and solve the problems experienced by opefators of large
datacommunications networks of how best to handle the regular and
inevitable changes in the physical and logical structure of the

network.

The system, can effectively emulate human expertise by applying
the techniques of logical inference to a knowledge Basef Once
given the topology of a network, with the number of sites, links,
high and 1low speed channels, the system produces a physical

configuration comprising a device map, a channel map and be
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routing map. In addition, the system generates the actual load

maps for each node.

Company C, itself, operates a data network which contains 40
nodes. According to the interviewee, a reconfiguration, which
had previously taken several weeks, can now be carried olkt in

five minutes.

VI. Validation of System

Two methods used to test‘and validate the system were:

1). Dividing the process of configuration into segments to
ensure that the logical sequence o0f the system is
prﬁcedural.

2). To try to assess the quality of result produced by the
expert system comparing it with results produced by

humans and asking experts for their comments.

This system, being sold in America, represents part of a large
network of management tools has a network configuration. Company
C had to take into consideration the criteria for integration

before the system was published.

According to the interviewee, no modification has been carried
cut to date, because it 1is believed that Company C has better

knowledge and expertise in configuring data networks than the
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customers, especially as some experts are using OPS 83. The

difficulties first time users experience can also be overcome.

The system was demonstrated at the interview. Its advantages can

be detailed as follows:

. easier physical network implementation
. cost saving
improved planning of network
. better metwork manageability and easier maintenance

. faster network development

In the light of these advantages, Company C does not foresee any

problems in selling the system in the UK.

VII. Conclusion

The lessons which <c¢an be learned from this case study
are establishing criteria for developing an inhouse customised
expert system, how to¢ choose the expert systems development
tools, and the validation techniques to ensure quality control of
"the system. It is not so easy to develop a cuétomised expert
system from the very Qeginning of inhouse programming.
Forfunhtely Company ¢C has experienced proérammeré and éxpe;ts,
with the survey of 800 customers' d#ily problems in data

networks, they finished their first commercial expert system.
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CASE STUDY D - A TRAVEL AGENCY

I. The Company
Company D, having been established for nearly 150 years, is one
of the world's largest travel agencies with its head office in

Peterborocugh.

As part of the company's policy is to monitor the progress of
infqrmation technology, three years ago the Research and
Development department started to study knowledge base systems,
and eventually it engendered an interest in experf systems much
greater than expected. A proposal to develop a trial system
whieh ¢ould handle bothl human knowledge and numerical data
emerged, then the researchers began to evalﬁate the aﬁvantages
and explain’ the nature of the technology to convince their senior
‘managers of the benefits involved. | Finally, they obtained an

£80,000 budget spread over &4 years.

It. Finding a Suitable Project

:hé company did not start development until March 1985 for the

following 3 reasons:

. Before 1984, they had no experience of developing an expert
system. They needed consultancy advice to help them {dentify a
suitable application.

-

. They were unfamiliar with knowledge base systems, and yet they

wanted to participate in the proposed development, so they

needed time to learn about the new technology.
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.- They were seeking the appropriate consultancy advisors who
would be able to provide training and advice on developing

expert systems.

Having chosen an outside software éompany, #ompany D then tried
to find an application which would be suitable for a pilot
system. The company considered that the aim of the trial expert
system was to educate themselves ahd make the expert's knowledge

available to the inexperienced staff.

With.consultancy advice, a project to build an itinerary planner
for the Railways of Australia network was defined based on the
following factors:

. The problem must be of a small scale and typical of the travel
business because the company did not wish to overburden
existing staff with an unfamiliar problem domain.

. The area of application must be restricted to an identifiable
expertise so that the knowledge acquisition could proceed
smoothly.

. The expert muét be enthusiastic and must think logically.

. The completed system would have ©potential for furtﬁer

application.

Company D deals with all enquiries and bo&kings relating -to the
Railways of Australia. Whenever the staff concerned answered
telephone enquiries with regard to travelling in Australia, they

used to refer to the expert who was the only one in ‘the company
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who had travelléd in Australia, so he had direct knowledge about
it. The company treated the ¢trial system as part of théir
learning prdgramme, from the knowledge acquisition they wanted to
know how successful the expert was and how to make the expert's

kxnowledge available to the others.

The above points constitute the reasons why Company D chose
itinerary .planniﬁg for Australia Railways as their first
application. = Therefore, the company sought a shell accompanied
by an application for itinerary planning. Unfortunately there
was mno such application available on the market at tﬁat,time.
Also, they found that using a developed packaged system would
restrict their knowledge into oﬁe limited area and confine their
plans for further applications as well as diminishing their
development efforts. So, they decided to develop their own

system using the Prolog language.

III. Knowledge Acquisition
'For developing the system, Company D devoted 1.5 to 2 man years.
The system was developed jointly by Company D and an outside
consultancy firm. The company was able to program the basic
features and the outside conséltancy advisors programmed the more

complex features.

In the process of development, the programming stage proceeded
more smoothly than originally anticipated because.a great deal of

the information used by the expert came from printed timetables.
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The expertise was his skill in using the‘ timetables, knowing
relevant information which was outside the scope of the printed
form, for example, sleepers are, either all double or all single
in a carriage, and the regulations regarding train passes and
booking procedures. However, the real problem was the effort
needed to maintain up-to-date information for the timetable and
~this difficulty affected the development process by necessitating
a longer period of time for interfacing the expert system with

the database.

For the unwritten knowledge concerning travelling on the railﬁay
network, Company D collected data from all telephoﬁe
.conversations between the expert and the customer, and talked
through example itineraries with the expert. Even sc¢, they can
not be certain that théy have input the complete knowledge, not
only of the wupdated timetable information ©but also of the
'unwritten' information since it is possible that the expert may
be unaware of certain details outside his experience, these gaps
in his knowledge may not easily be rectified because of the
additional problem posed by the fact that Australia is so distant

from the United Kingdom,.

IV. The System ‘
The system was designed based on three criteria:
1. It is to be used mostly by inexperienced staff who have little

keyboard skills, and, moreover, this system is to be used when
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staff are answering telephone enquiries from customers.
Therefore, the system must be easy to use.

2. Bearing_in mind the népessity to update the ;imetables and
'Tunwritten' knowledge, the system must be easy to maintain.

3. The system should be capable of dealing-with more than one

| constraint given by the customer, e.g. lowest cost, shortest

journey time.

When beginning the query, the system displays a colﬁured map of
Australia with some major towns of the railway network system
highlighted on the screen. Routes are planned from the poinﬁs of
departure and arrival, and the dates are chosen from a calendar

displayed electronically on the screen.

The expert's knowledge is represented as knowledge rules to guide
the system searching the optimum, schedule and 1indicating
additional information available that does not appear in the
timetables. The knowledge is therefore not just confined to
timetable information, but. also includes additional usefﬁl
information supplied by the expert. These are essential features
in planning high-quality itineraries to meet  customer
requirements. The system cqnsists of approximately 3,000 facts

and rules.

This system is currently used by staff inexperienced in computers

to answer telephone enquiries.
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V. Validation and Future Prospects

For an expert system with a particular application with knowledge
'elicite& from one specific ewxpert, the validation procedure
performed by Company D simply consisted of the expert's comments,
whilst the company agreed that a more comprehensive validation
plan shouldbe investigatedin advance of developing a large sized

expert system.

From the pilot system Company D recognised the practicabilities
of making effective use of computers. Most importantly, they are
convinced of the value of expert systems technology. Therefore,
the company is considering using their experf systems technolbgy
to publish electronic timetables as well as deveioping an actual

route planning system on a mainframe machine.

ViI. Conclusion and Comments

This system was jointly developed by both the client and the
outside software company, it consists of written timetables,
written information, and, unwritten inforﬁation supplied by the
expert. Alfhough the system can initiate the expert's dexterity
fully in planﬁing a jourmney to meet the customer's requirements,
it should at most be <considered as an expert/information
"retrieval system, because:

. Approximately 3,000 facts and rules comprise the system whilst

a large part of them are timetable data and itinerary

maintenance & retrieval.
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. This system was designed for a particular purpose for Company
D, it may.not be suitable for other travel agencies unless the

same business is done by both..

The main reason Company D treats the system as an expert system
is because the implementation of ;he program involved using
Prolog, an arfifiéial intelligence language. However, in the
author's opinion, although using conventional languages, e.g.
COBOL, FORTRAN, would make the program much longer, no reason
could be seen why the system would not work using: such a

language.

This case stuay revealé the importance bf choosing an expert
system or a conventional system to solve an identified problem.
One of tﬁe major characteristics of expert systems is its use of
human thought, but if the expert's knowledge in performiﬁg his
job is completely procedural and tﬁe size of application domain
is small, then it is not neéessary to use an expert system. In
the case of Company D, this system is only a trial system as well
as a training aid for their staff for being familiar with the new
technology, evaluation of thé benefit is not important, nor of

the discussion of the necessity for system developing.
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CASE STUDY E - A MAJOR INTERNATIONAL BANK

I. The Coumpany
Company E is a foreign investment bank located in central London
with its headquarters in the United States and branches all over

the world.

One of the bank's major business tasks involves Letter of Credit
( L/C ) affairs. When the overseas issuing bank issues a L/C on
behalf of an importer (the buyer), the L/C is sent to the bapk in
London, which represents the exporter (the vendor) tq_draw funds
up to a specific maximum total from the bank. The bank advises
the exporter of the terms of L/C, the exporter shipé goods to the
importer and prepares the nécessary documents in accordance with
the requirements of the L/C_and submits them to the bank to ask
for payment. The bank checks if the documents proﬁidéd meet the
L/C requirements. If there is no discrepancy or only a minor
defect which can be accepted by the bank, the bank pays funds to
the exporter, otherwise, payment is withheld until amendment of

the L/C is completed.

According to the interviewee, a member of the senior staff of the
Documentary Credits department, h;arly 50% of documents submitted
to the bank for negotiation under the L/C were returned for
amendment because of discrepancies. If the discrepancies are

caused by the importer, the exporter asks the importer to make
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the corrections,. It was calculated that £16 miliion Pounds loss

per year was incurred alone in this country in terms of interest,

goods damaged etc. Therefore, for the purpose of saving monef

and the time of the exporters, importers and the bank itself, the

bank decided to design an expert system in th summer of 1985.

I1. The Expert Systems Shell

A,

Reasons for Using Helix's Expert Edge

The Bank has its own computing department which only deals
with traditionai DP/MIS . activities rather than 1.T
development. The interviewee, who was in the position of
'expert' during the period of developing the system, had no
knowledge about computers. Therefofe, the bank decided to 5sk
the help of an outside software company. Helix Teéhnology
Group was the one technical company that the bank contacted
and it was their confidence in developing the expert system
for the letter of credit advisor by using the Expert Edge

shell which made the bank choose Helix as the developer.

The Shell

Expert Edge is a shgll for IBM PC wfitten in C language with' a
good text handling ability, backward chaining logic and a
window system, Detailed discﬁssion of Expert Edge is given in

Chapter 4 of this thesis.
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III. The Process of System_Building

For developing the system, both Helix and the bank provided the
knowledge engineer and the expert respectively. The knowledge
engineer had no knowledge about letter of credit, therefore the
methodology used for knowledge acquisition was carried out by the
most conventional methods of an interview with the expert and

modification of rules, a cycle that was repeated as necessary.

The bank originally expected the system to meet all the
requirements of international trade regulations for L/C
documentation, but it was found that although the knowledge
engineer could technically implement thousands of rules, a
commercial expert system could not be built because of the
considerable costs involved. Eventually, a compromise was made
to exclude uncommon terms and exceptional cases of L/C from the
expert system, This means that manual manipulation for some
particular cases is needed. This developmen£ resulted in a

knowledge base of some 260 rules.

IV. The Expert System

The System was developed based on the following réquirements:

. ¢an be wused as teaching material for the bank's training
courses in trade finance.
can be used as a training aid for the bank's own staff froﬁ the
Documentary Credits department.

. can be sold as a software product to other banks and exporters.
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The domain was restricted to common types of L/C documentafion,
i.e. draft, 1invoice, packing list, <certificate of origin,

" insurance document and transport document.

The intention of making the expert system a training aid, as well
as to be useful to both banks énd exporters, means that the
"system should have an effective user interface, i.e. a friendly
design and wording of the_in;eraction between the user and tﬁe
system., For example, some particular jargon may not be
comprehensible to trainees yét they need education and training.

The system was therefore designed using different texts for

different users.

The system asks the user many questions. The user needs to know
about draft, inveice, bill of lﬁding, etc. and to be able to
understand khe language qf L/C. The user has to find the cotrrect
answer from the documentation supplied in respénse to the
questions asked by the expert system. Answers for each question
are either yes -or no, no uncertain answers are allowed. the
system asks the next relevant question according to the user's
answer given to the previoﬁs question. If any discrepancy is
found, the screen will display it an tell the user the correct

action.

The knowledge base of 260 rules can easily be expanded to
incorporate any particular regulation to meet the requiréments of

a particular user, such as rules for specific countries or
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uncommon documents. Therefore, this system can seemingly be
called a 'core expert system' which contains knowledge applicable
to any user but which can be expanded to meet the individual's

needs. It can be said that this system is easy to maintain by

individual users.

V. Validation and testing of the System
A two-stage approach for the validation of the system was applied

during this project.

Firstly, the Helix knowledge engineer tested the system logically
without participation of the expert in order to eliminate

programming errors.

Secondly, the expert tested the system against actual selected
L/C's in order to ensure that the system behaved as the expert
expected. Twenty-five L/C's were carefully chosen to cover the
full range of L/C issues dealt with by the bank wuntil the
frequency of disagreements betﬁeen the expert and the system

reached an acceptable low level.

VI. Comments and Conclusion

According to the interviewee, the system is mainly used._as a
training tool for‘béth the bank's st#ff and. training courses for
trade finance, vrather than to relieve the expert's daily
workload, because, as the expert said, the bank believes that an

expert system can ~never be a substitute for huran's work,
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frequently, for example, whether or not wminor discrepancies

caused by some particular companies are acceptable.

The bank's recognition of and efforts in developing an expert
system are appreciable”whilst its concept of using expert systems
up to certainllimitations renders any usurping of the expert is
debateable. Although up to now there has not yet been a real
expert system which is able to replace the human expert
completely, there are cases,e.g. Case Study C and D, which have
proved the success of using expert systems as an assistant to the
expert so that the expert may be released to do more work at a

higher level.
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CASE STUDY F - A GUARD SECURITY COMPANY

I. The Company

Company F is a company owned by a large multi-national Australian
firm, Located in Nottingham, this company has been established
for seven years with around 80 employees and a 2 million pound

turnover,

The main business activitie§ of Compaﬁy F are centred upon the
installation and maintenance of close circuit televisipn systems,
fire monitoring systems, intruder detection, alarm sysfems and
access .control systems. A small but important proportion of
Company F's business involves the installation and maintenance of
intruder ;ystems, which are manufactured by the company, fof its
own use and for exporting to Europe. This equipment can be used
for process control in industry. All of these systems  are
monitored 24 hours a day by the company's Central Station

facilities located in Nottingham and London.

There are over 3,500 clients covered by these systemé at present,
the cumulative risk is believed to be several millions of pounds.
All of the responsibilities for maintenance of the high security
monitoring equipment lie with the Systems Department of Company

F. -
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1I1. The Project

Company F has four sections that support its daily operations,
they aré: the administfation‘ section, the national sales
representatives, the systems department and the control statiomn.
The servicg group bf the National Sales Representative section 1is
responsible for the rtegular servicing of the monitoring alarm
system. The service and installation engineers afe respﬁnsible
for tﬁe call out service in the event of alarm éystem failure,

the_call out service is on a 24 hours basis.

The systems department is a small group in Company F consisting
of three persons: the Nationél Engineering Manager and two
systemslengineers. One of the main functions of this department
is to respond to systems failure in the UK. The sites for
possible failure in the UK are situated at Derby, Sheffield,
Alfreton, Leicester, Nottingham, London and Wolverhampton, The
two systems engineers are on-call 24 hours a day, normally on a

one week on, one-week off basis.

The interviewee, the manager of this department, undertook the
project of the development of an expert system for use by the
employees of Company ¥ as his MBA project at Loughborough

University of Technology.

III. Current System Overview
The system now being used by Company F for monitoring basically
consists of a PDP-11 computer system at the central station.

This system has two computers working in parallel, i.e. if one
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machine fails the second can take responsibility. The necessary
‘security against unauthorised access to the computers and the
back up power supplies for power loss or generators for long term

power failure are also supplied as facilities.

The two computers communicate with the outsidé world via the
multiplexer which consists of a controlling circuit and a number
of modem cards. Via the leased Telecom circuits provided by
British Telecom, these computers are able to communicate with
Company F's Districf Data Centres ( DDC ) which can communicate
to the coﬁpany's clients or alarm panels. All communication
between the alarm panels and the DDC is monitored by the

computers.

IV. Reasons for Developing the Expert System

In order not to overload the operators with false alérms and
fault reports; Company F uses various methods to reset or re-
start the computers and microprocessors within_the system when a

fault occurs which causes them to cease functioning.

In spite of the methods, problems in the system occur in the data
transmission between DDC and the clients' panel or between DDC
. and the multiplexer. ThESelpfoblems are méinly caused by 'noisy'
lines which result in data errors, hﬁwever‘they are overcome by
using error checking and re-try techniques on all of the
telecommunication links. Even so, these probleﬁs inconvenience

the complete network and may cause equipment failure.
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There were four reasons why Company F decided to develop an
expert system. Firstly they needed an expert system which would
_be able to perform the fault diagnosis of faults occuring within
the company's system from the multiplexer through the DDC's and
onto the client's alarm ?anel. Secondly, the company wanted to
reduce the <call-out cost for computer Ffaults of DDC which
required the two systems engineers to travel extensively in the
country. Thirdly, the reduction of an additional call-out cost
for alarm panel faults which needed the service engineers'
attention was also considered. Fourthly, in addition to the
above reasons, the frustration felt at being coﬁfinually called
out for similar faﬁlts and thé disruption caused to other work
prombted Company F to investigate the possibility of developing

an expert system to solve repeated failures occurring regulary.

V. The Expert System

" This expert system deals with the diagnosis'of three faults which
occur on Company F's system ~ DDC faults, alarm panel faults and
telecommunication faults. It was calculated that in the last
yvear the above faults represented over 90% of the total faults

occuring in the system.

The development system would ultimately be used by the company's
operator at Central Station. Upon receiving the fault condition
the operator would consult the expert system which would_give.

instructions about how to resolve the fault or instruct the
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operator to call out the systems engineer if necessary. The
knowledge of the systems engineer was built into the expert
system to enable faults to be cured in the most efficient and
cost effective manner. The knowledge was converted into 48 rules

in this system.

This system was developed in the interviewee's MBA project, the

interview was conducted in April 1987, at that time the project
was not yet finished so no demonstration could be given. This
project was completed four months later,'and a diskcopy of the

system was sent to the author for running on the PC.

When conshltiﬁg.fhe system, the operator is required to make his
initial choice from améng three queries, they are: the fault is,
the job includes,.and the action 1is. Each query has its own
variables tree. Normally the.éystem is started with the enquiry
concerning the fault. Once the fault is found, the operator may
proceed to the second query to ascertain the necessary jobs
required to rectify the faults; If the operator can really
rectify the faults, the third query of the expert syétem will
give ghe conclusion 'the actiom 1is compléte', otherwise the

answer will be 'the action is to call out the systems engineer’.

V. Reasons for Using a Shell and Choosing a Specific Shell for
Developing the System
This project was originally considered for development using the

production rule representation and written in Prolog or another
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language. This idea was considered because of the interviewee's
experience in writing software systems as part of his current job
function, However, due to time constraints and also the
consideration of the benefit of having a sﬁall scale expert
system developed by a considerable amount of éffort and cost,
using an expert system shell for development was finally decided
upon.

The main criteria for Company F's selection of a shell were that:

a). it had to be easy to learn and use.

b); it had to work on specific computer hardware that was
available to the interviewee, and available as a wuser
system for the operator.

c). it had to be available within the University because the

interviewee was conducting the research as his MBA project.

Xi Plus was finally chosen by the company, because it was
available at the University and would rum on an IBM PC which was
avallable in the company. Also, the shell was relatively cheap

which met the company's budget requirements.

VI. The Process of System Building

Having- chosen Xi Plus, the interviewee started to learm this
system, To the interviewee, it was not too difficult to
familiarise himself with Xi Plus because of his computer

background based on his current job of functions.




229

The most important part of the process of system building was the
knowledge elicitation. For.the project two types of knowledge
vere obtainéd. One was the ana{ysis procedure called Fault Tree
Anélysis; the other was the 'expert' knowledge and experience.
The. Fault Tree Analysis was conducted with regard .to the
structure of the system domain. The second type of knowledge was
the real ‘'expert' knowledge which on occasion refered to the
expert's many years' experience or expertise. This part of the
knowledge was seen as vital to the construction and testing of

the expert system.

Three methods were applied for obtaining knowledge.from the two

experts:

a). Reference to the. manuals suppligd with the equipment or by
direct questioning of the expert.

b). Prioritising the production rules. The expert gave the order
of the failures ( components ) so as to minimise the
consultation time.

c¢). Using the so-called non-field testing to examine the accuracy
and priority assigned which would verify whether the rules
would reach a similar conclusion to that normally reached by

the experts.

VII. Human Response to the System
There were two experts involved in the contribution of knowledge
- the interviewee and a systems engineer. The interviewee

involved in the development had very high motivatioﬁ, not only
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because this. was his MBA project but because he realised the
benefits which would be provided to both the company and the
systems engineers. However, the other expert was ‘not as
enthusiastic as exﬁected. The first.reaéon was a fear that a
reduction in manpower would result after the implementation of
the expert syétem. The second reason was a'fe;r of no longer
being respécted for his eipert knowledge and experience.
Reluctance to divulge knowledge concerning his expertise based
upon these fears was overcome by the interviewee by spending a
great deal of time on the construction and specification of
questions so as to avoid the possibility of ambiguous answers and

reduce the necessity for voluntary information.

VIII. Further Development of the Expert System
Up to now, Company F has not used the expert system in its daily

operations, because further expansion of the system is expected.

The present central station computers of Company F 1is being

respecified with more powerful new machines. it is therefore

hoped that the expert system could be developed onto thgse

" computers with the following anticipated benefits resulting:

a). the reduced need for a separate computer for running the
expert system.

b). the functions of multi-user and multi-tasking provided by
the new machine enabling multiple and simultanéous
consultations.

¢). the faster speed. )
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There will be enhancement of the company's network systems by
using moré sophisticated equipment. A more advaﬁced and
sophisticated exﬁert system will be required other than produced
by Xi Plus. A new system using a natural language such as Prolog

will be required.

IX. Conclusion

This case study highlights the importance of the skills nee&ed to
overcome the difficulties encountered when‘an expert is reluctant
to contribute his knowledge because of the psychological element

of fear.

Furthermore, this case study is a good example of building up the
initial expert system application in a company, i.e. using a
shell for developing a small scale system which is then exbected
to be expanded 1in the future by using more advanced and
sophisticated .techniques. Developing a small system is a
stepping~stone for company to act as a training aid and to
promote familiarisation in the knowledge of exﬁert systems for

further development.
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APPENDIX B

A LIST OF EUROPEAN AVAILABLE SHELLS (50)



Name

APES
Acqusint
Adviser
Bewgle
Candi
Cognitif
Crystal
Diaess

ES/P Advisor
Envisage
Epikur
Expert Ease
Expert Edge

Expert systems
Environment/VM

Extran 7
Frame Engine
Golem
"Hypnotist

Intelliigence
Service

K.1

KES II
Kiss
L'Experkit

L“Expert

Supplier

Logic Based Systems
Lithp

ICL.

Warm Boot

Battelle Institut
Cognitech
Intelligent'Environments
SEL

Expert Systems Int'l Ltd
Systems Designers Int'l
Triumph Adler
Intelligent Terminals Ltd
Helix Expert Systems Ltd

IBM

Intelligent Terminals Ltd
Expert Systems International
Microinformatic

Intelligence Products

Tecsi

Framentec
Software A&LE
Brainware

ACT Informatique

Mindsoft
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Location

England
Netherlands
England
England
Germany
France
England
Germany-
England

England

‘Germany

England

England

Scotland
England
France
England

France

France
Arlington, VA

Germany

" France

France



Ludwig

M.

Macexpert
Med 1 and 2

Micro Expert

Morse
MP-LRO
Nerus
OPS5
Ourse
Parsec

PC Plus

Rule Master

Sl]
Sage

savior

Super Expert

Superfile ACLS

Twaice
VIE-PCX
Xi Plus

Xsys

Triumph Adler

Framentec

"Mindsoft

Univ.of Kaiserslautern

ISI Ltd

Cril

Crili

Mindsoft

DEC

ProleogIA

Aquitaine Systemes

Texas Instruments
Intelligent Terminals Ltd
Framentec

Systems Designers Ltd
Systems Designers Ltd.

Intelligent Terminals Ltd
Scotland

Southdata

Nixdorf

Austrian Research for Al
Expertech Ltd

Saia

Germany
France
France
Germany
England
France
France

France

Marseille
France
Usa
Scotland
France
England
England

England

England
Germany
Austria
England

France
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APPERDIX C

KNOWLEDGE BASE FOR

SELECTING A FINANCIAL PLANNING PACKAGE



i Flus v1.50

no. of =i

' and
uwestion 7

. One
two

Uesstion g
longevity is
shartterm
lﬂng term
question tent
and
and
_and

»

standard

more than two
question tgut How many lavels
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——————————————————————————————————————————————————————————— Q0 0z

/70171

. Current Enowledge Base @ Balacting a financial planning pachage
rint kiz
uzetion 1
willtingress to boild is
YRE
rna _
question text Are vou yoursslf willing to budld the system 7
pestion 2
ZoUrces 15
more than 3,
Tnat wmore than o ) -
guestion text Doss the dats come from mare than 3 sources 7
usstion =
wee is
1@l
whmEn .
SOmEanY
guestion text What is the level at which it iz intended to wsza the package
and ( you may select any nuaber of levels ) .
uescion 4 :
no. oFf users o departoment 1S
more than 10,
ot mare than 10 .
question texsh B 2 apsclfy the number of wsers you envisage for the walo
| ard systamn.
uestion 3

reporhs

question text Please specify the number oFf standard report you =8 timate vyo
and will produce using the system.
uestion &
dimensions is
-
“~ oA
2
more than 3 ) ' o
gquesticon text How many dimensions are to be catersed for 7 include TIiFz a3

a dimension.

aggregation level is

of agﬁFEQatian are envisaged ?

This gquestion involves the lifetime of the major
you envisage building with the package.

Flease speacigy whether the use will be shortterm
ad hoo analyzes grnlonterm.
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APPENDIX D

-

A FORM OF QUESTIONNAIRE

FOR FINANCIAL PLANNING PACKAGES




2
-

3.

SELECTING FINANCIAL PLANNING FACKAGES
Package Name XAXXXXXXAXXXXXXAXXXX

Vendaor arganisation:
"Name XXXXXXXXAXXXXKXXKXAXXXKAXX
Address XXXXAXXXAXAXXXXXEHX XX XX XXX XXX AR X AXLLAANKAXE XXX XXX AXRL L AARXAKA LXK
Postal Code XXAAAXKA  Telephone XXYAXAXKXKXXK ' ‘
Ferson to Contact XAXXXXAAARXELXAKEK

Turnover (last financial year) XAXX
Turnover for Farent Company(if any) KX KX
Year when Drganisation set up XXXX

Drganisation Owning the Fackagelif different from the above)
TName  XXXXAXAAXXAXAXXXXXXXXXHXXX
Address YOO XXX XX XXX XXX XX LA XXX XXX XX XXX XX XX AXAXX
Fastal Code XXXXXAAX Telephone AXXAXXXARALALX
Turnover of Owner {(last Financial Year) XXXX

-

Number of Installed Systems
Total Number of installed systems--UE XXXX .
Total Number af installed systems-——Worldwide XXXXX

Flease specify the target market for your proguctXXXX

Overall type of Fackage (Flease tick for yes) abcdef
a. Dedecated b.7? Dimensional Spreadsheet ¢.7 Dimensional SpreadsheetXXXXXX
d. Advanced La guage . Database f. Resowrce-based

Dther (Please specify) AXXAXXXKXXX :

Minimum Hardware Requirements: (Fls put O if a facility is not required)
Maemory Size XXXXX (Kilobytes)
Hard Disk XXXXX (Megabytes)
Diskette AXXXA (Kilobytes)
FPlease specify any special reguirements not found on ‘standard’ computers
and any combinations of memary, hard disk and diskette that are available
AAXX

L9T




&. Operating System: (Fls tick whichever systems may be used)
Microsystemst a.MS~-DOS b.FPC-DOS c.UNMIX  d.AlX ahcdet
. e.CF/M §.Concuwrrent CPR/M XEXXKX
Others(fFlease specify) XXXA -
Mainframe and Minisystems (Flease specify the operating systems that will
support your product) XXXX

7. Package Costs: (It is recognised that the price structure for some software iS '
complex. If this should be the situnation for your product, would you pleasa
append your current price list to this questicnnaire. If you gquote for
specific situations, please write this pext to esach item).

Furchase Price XXXAXXAXAAAAX

Annual Maintenance Charge XAXXA

Charge for Enhancements AXXXX

1f training is mandatory please specify the additional cost and conditiomn
AXAX

G, Accompaniments to the Bacic Software:(Fls tick A if available in the normal
purchase price. fls tick B if available at evtra cost,and specify this cost)

Manual

Tutorial

Tutorial Diskette
Pemomstration Models
{other than for dealers)

W XD
»o9C Mo I
oo M M

9. Pre-sales Service:s (Fls tick A if available free of charge. Fls tick B if
availability depends on the praspect)

Demonstration at Youwr Fremises
Demenstration at the Clients Fremisges
Trial Version left with Client
Do you Write Benchmarks?
(If you charge faor any of the abaove o offer any other form of pre-saleas
‘service, would you please specitfy in the space provided helow).
KXXX '

M ¢ D
o I
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10. After—sales Service: (Fls tick the services.that you offer ar those offered
by third parties whom vou would be willing to recommend) .

; Dffered G+ ferec

| by Yourselves by athers
pasic Training ) 4 e
Advanced Training X ¥ ’
Technical Support{other than by hot ling) X X N
Consultancy X ¥ !
Hot Line X A
User Group X x
Newsletter X X

11. Size and Capacity of the package: :

Maximum Noa. of Cells XXRAXXXXKKA
Maximum No. of Variables AXARXXXAALX
Maximum No. of Dimensions KAXXKXXXXAK
Maximum No. of Files EHEXXXARKX
Use of a '‘sparse’ matrix XAXKXAXKKXX

12. Inputs and Creating Input Formats: (Fls tick if available)
a.Data validatian b.Menu creation facility c.Screen painting abodef

Data Modelling d.Extrapolation e.lInterpolation f.Spreading  XXXXXX
13. Dutputs and Creating Qutput Formats: (Pls tick if available)
Report generator X
sign . X
‘‘Files ASCII X
- DIF X
FRN X
Graphics Fie charts X
Bar charts X
Historgrams X
Star diagrams X
Graphs X
others (Flease specify) XAXXXXXXAXAXXXAXXKXX

6%z



14.

15,

16.

fnalyses Available(Flease tick those facilities that are available)}
Sensitivity Analysis{other than simply altering a data value!d

Goal Seeking(Backward Iteration)
Rigk Analysis

Calcutation: (Flease tick those farcilities
Time and Date arithmatic
Matrix calculations
golution of Simultations Equations
‘Re~-entrant’
Sorting
Look—up Tables
Simple Shtatics
Mean
Variance
Standard deviatian
Linear regression
Financial funciions
MFY
IRF
Anortisation

Macro/Enec/Command File Language: (Plesaze t
applicable. 1f yvour package does nol offer

Is the dwacro language a difforent language from the modelling

Is ‘learn’ mode avallavia?

that

n

a0 MO MO

s

o

4
X
X

ick

are avalilable)

those facilities that
a macro/erec/command File
facility, pleaze indicate this by witing N/A across thig quasticn.)
Are the macro and modelling languages one and the same?
1s the macro language an augnented versian of the modelling lamguaage?

X

¥ -

A

araeé

Debugging aids: (Please tick thocse facilities that are available)

Full printout of togic

User—defined cell names (for spreadsheets only)

_Ability teo use comments
Eriglish-like modelling language
Search and list facility
Search and replace facility
Trace facility
Full screen editing

NS K MBI M B
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18. Security: (Flease tick those facilities that are available)
Fasswords X
‘Read only’ sections X
Frotection of areas of data X
Ability to hide data X
19. Linkages to other Software: (Flease specify the packages that your packane
has been linked to by your present clients. FPlease state whether any of the
facilities listed below farm an integral part of your package).
Database X¥XAR
Spreadsheets XXXX
Wordprocessors XXXX
Graphics XXKX

20.0ther Facilities: (Flease tick facilities offered by youw package)

Does the pacjage suppart networking? XXKAX

How many users can use the package at any one time? XAXAX .

: . Can hierarchies be defined? . XAANK
©  Has the package a curve—fitting facility? ' XXXXY

Flease specify how consolidation would most easily be carried put using

your package XXXX .

Can 'Downward Consolidation’ be carried out autematically? AXENXA

21, Other Issues: ‘

It is recognised that the 20 sets of questions posed above are unlikely
to have done complete justice to your financial planning package. Thus we
would be grateful if you would list below any important features of your
software that haven’'t been covered. In particular, we would like to know
of non-financial planning features. One example is the inclusion of a

; praoject scheduling facility within a spreadshest.
AAXX
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1. Contact Ferson: It may be necessary to contact someone in the organisation i
clarify_entries in the questionnaire or otherwise seek further infarmation.
It would be helpful for us to have a name to contact in this eventuality.

2. Turnover: Turpover is asked for as an easily understandable measure of the
financial standing of the package producer. However, it.is realised that such
figues may be considered sensitive information. If this is yowr situation

“then please amit the guestions whaera this information is asked for.

3. Types of Financial Flanning package: The types of financial planning package
have been categorised as follows: :

Dedicated-—These are packages that offer completely or almost completely
defined sets of routines covering large areas of fimancial activity. The user
does not have to worry thinking about the model logic or of the report
specification,as these are predefined: the only cancern far the user 1s to
insert data in response to package—genarated commands.

Spreadsheets——-Thesea ara packages in which the logac is ‘cell-specific’ ,ie.

where the logic applies to one cell only.

advanced Language-—These are packages where the logic is Eeparate'¥rmm the
data and where the logic iz applicable to all relevant time periods.
Generally the logic is written in English. '
Database~—This type of package is not to be confused with database pachkages
such as DRase 111, Database financial planning packages are financial
‘planning software based on database lines. They do not demand a directlink
between the foramat af inputs and outputs that are implicit in all other form§
of financial planning packages. At input the concern is with the basic
‘building blocks’ without any real concern for the outputs required. Any
required output can easily be created afterwards. - Consequently, any numnber
of different biews of the data can @asily be made available from the same set
of input data.

Resource-based~—-Al11 types of financial planning package can be uced to assist
i the planning of non financial resources. However, resaurce-based packages
affer a particularly easy link between the financial side of a business and
the use of resources that underpin the financial outcomes. Separate modelling
facilities are available to model costs and physical activities. '

A YA



4. Frintout of the Logic A major aid in dehugging saftware is to be able td

obtain a printout of the legic of the model. Most packages allow for this,
but not all do 8o in a way that is useful. What is needed is to be able to

do one of the following:

a) list the logic in English ie. REVENUE = SALES * PRICE
b) for spreadsheet packages, to list out a v riable and directly cpposite
it the logic by which it is to be caleulated,ie. . :

A E
1 SALES 20
2 FRICE ' 5
3 REVENUE Bl # R2

in the guestionnaire, 'full printout of logic' means the capability to achieve

either a) or b) above.

rRe~entrant Software Concurrent users of multiuser softwaire Ccan expeErience

a marked degredation in performance as more and more usars bhecoma connected.
Fart of the problem may lie in the peed to provide a separate copy of the
software for each individual user. Re-entrant saftware gets over, .this problem
by haelding only one copy of the software in memory, accessible by all users.
This capability ohviously reduces the overall memory utilisation.

‘Downward® Consclidation By downward consolidation is meant the passing of
data from a higher level to lower level,when the value of the data passed is
deperndent on the lower values previously passed up the hierarchy. - An exanple
should make this clear. Suppose a data processing department in & conpany 1§
used by several other departments. It may be that the costs for the DF
department are to be allocated to the other departments in proportion to the
number of people in those departments. To calculate the actual value of the
apportioned cost, the total numbers of enployees would need ta be calculated
by adding together the numbers in each department at company level, and then
pro-rating the DF costs. These pro-rated costs would then need to be passed
down and included in the costs for each department.
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