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ABSTRALT

Expert systems are computer systems which simulate prob-
lem-solving behaviour of human experts, thus reaching
simllar conclusions. Commercial applications of expert
systems axe not yet widespread. This research papex
documents by way of a case study, the development Oof
FOREX, an expert system in the domain of Income tax,
speclflcally the tax lmplicatlons of transactlons in
foreign currencies. The objective of the research ls to
provide practical guidelines in the areas of knowledge
acquisition and eliclitation, the encoding and struc-
turing of the elicited knowledge, and the utllity of

using expert system shells. The paper reviews the con-

cepts of expert systems and existing lncome tax expert

systems are examined. The domain of FOREX ls discussed,

The knowledge acquisition and ellcitation process used

1n the development of FOREX 1s dezcribed as well as the
. methods used for encoding the knowledge. The utlllty of
.l : using off-the-shelf shells ls discussed. The methods
used to validate the system are also described. This is
Eollowed by a sample consultation with the completed
system. The paper concludes with the £indings of the

P research relating to tax-based expert systems, the do-
. ; main of income tax, knowledge acquisitlon and ellcita-

tlon, the encoding of knowledge, the utility of using

P ! shells and the valldating of systems.
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1. INTRODUCTION,

The concept of expert systems i5 becoming an increa-
slngly more popular topic in South Africa among people
who are invelved primarlly in the informatlon technology
£1eld. For ewample, u major econference on expert systems
was recently held at the Council for Sclentific and
Industrial Research ir. Pretoria (Computer Mail, 19B8}.
Also the computer sochety of South Africa has created a
special interest group In Artific'al Intelligence which
has been orgarising regular, open meetings since the

beginning ot 1986.

Expert oystems are computer systems which attempt to
simulate the problem-snlving behaviour of humans and 5o
reach similar conclusions as would human experts within
s particular £1eld of knowledge. The concept of expert
systems arose out of resrarch into Artificial Intel-
ligence (Al Jurlng the 1970's (Forsyth, 1986}. Winston
top et Luconl et al., 1986) defines Al as "the study of
ideas which enable computers to do the things that make

people sesm  inlelligent™. uther technologles flowing

) trom Al are, fur example, robotles and speech generation

, J and recognition.
ﬁ LTI
! . A number of expert systems developed have proven to be
s 3 hlghly successful. Certaln examples are quoted time and
¥
. !




agaln in the literature. These usually include the sys-
tems R1/XCON and bDlpmetex Advisor, detalls of which aze
discussed by Bobrow et al. (1985}, MYCIN and DENDRALL
{refer Pollitzer and Jenkins (1985} for brief descrlp-
tions] and XSEL {McDermott, 1982}. Whlle systems such as
the above, are always mentioned in the literatuxe, some
anthors such ag Martlns (1384) argue that expert systems
are overscld. Martins saya for example, that for appli-
catlens of modest | -mplexity, most expert system code is
haré to understand, < bug, extend and maintain. He also
states that current off-the-ghelf tools fshells) cost
too much, that they are peorly supported, tnat they lack
adequate documentation, are harzd to use anc that they

have llmited applicabllity to complex problems.

This paper documents the development of an expert system
it ineume ta using en off-the-shelf shell. The develop-
ment of the system is discussed from the polnk of view
tf @ non-eXpert in the fleld of expert system techno-
logy. The research report has three emphasis:

1.1t highlights the practitality of using expert sys-
tem shells.

2.7t discustes the practival problems encountered 1in
tne  knowledge acquisition process.

3,1t discusses the practical problems encountered

the knowledge encoding process.

The research report first discusses the research objec-




tive and t'c methodologles utllized in zarrying out the
research. The paper then discusses the concept of expert
systems, What an expert system is, the components of an
system, lte advantages and benefits, and the disadvan-
tages and limitations of such systems are discussed.
¥ollowing this, current systems in the domaln of income
tax which have been identified from a survey of the
current literature, are examined. The paper then docu-
ments the knowledge domain of the system developed,
namely South Afxican income tax with speclflc reference
te transactlons in foreign currencies. The knowledge
acquisition process utllized In the development of the
system is then dlscussed, This is followed by a descrip-
tlon of the methods used to encode the knowledge and a
discussion of the problems encountered in using an off-
the whelf shell for the system. 'The methods used to
valldate the system are then described. The paper ends
with a sample consultation using the system developed
and concludes with a summary of the problems encountered

and the methods developed to overcome the problems.




OBJECTIVE AND

Tc date most expert systems have

researchers
the £leld of informaticn technology. In oxder
concept of expert systems

1t is necessary to obtain the support of people

been developed by

and academics whose area of expertise s in

for the

to reallze its full potentlial,

cutside

the

fleld of information technolegy.

These will be the

- b persons who will make use

of such systems in thelr datly

tasks. To make avallable the technology te such people,

“‘,. . . the practical difticulties of constructing and using

expert systems must be identifled and solved. This would

then enable persons not au falt with the theoxy of
axpert systems to employ the technology for thelr own
use,

The purpose of thiz research is to provide practical and

general guidelines to others who wish to dv 'alop expert

slems tor their own v

in ary area of expertise. The

.. ! objective of the researct : :refore ls to ldentify prob-

. Tems which cen arise when ceveloping a pravtical expert
- system application and *o provide solutions to such
; problems where possible.
Tem ™, The focus of the research was succecs!vely ont
- : 1.The elicitation of the knowledge in the domain of
income tax,




2 OBJIECTIVE AND Y

-

To date most expert systems have been developed by
researchers and academics whose area of expertise s in
the fleld of information tezhanlogy. In order for the
concept of expert systems to realize its £ull potentlal,
it is necessary to obtaln the support of people outside
the fleld of informatlon technology. These will be the
persons who will make use of such systems in their daily
tasks. To maxe avallable the techmology t> such people,
the practical difficultles of constructing and using
expert systems murt be identified and solved This would
then enable persons not au falt wl .eory of
expert systems to employ the technolagy for their own

use.

The purpose of this recearch s to provide practlieal and
¢ ral gutdelines to others who wish to develop expert
4 ems for thelr own use in ary area of expertise. The
abjective of the research therefors ls to identify probw
lems which can arise when devcloping a practical expert
system application and to izovide solutions to such

problems where possible.

‘the focus of the research .. svccessively on:
1.The elicitation of the » cdge in the domain of
income tax.

4




2.The representatton of the elicited knowledge.
3.The wutillty of using & off-the-shelf expert system

whell the construction of the system,

The research thus addresses the followlng three Dbroadly
detlined areas:
1.The knowledge acguisition progess:
Which methods and techniques can be used to acquire the
pecessary knowledge? What problems arise when acquiring
the expert’s knowledge using the methods and techniques
selected?
2.5tructuring the acquixed knowledge:
What methods should be used for structuring the ac-
quired knowledge for the purpose of encoding the expert
system knowledge base? What problams axise when struc-
turlng the elicited knowledge?
3.Using expert system shells:
what problems are enpcountered when using an off-the-

shelf shell? What are the limitations of such a shell?

The research therefore provides an interface betwsen the

theory and practical applications. Thls report does not

address the problems of rdware and software selection

for expert system applications.

The research was undertaken by way of 2 case study, The
case study documents the development of an expert system

within & knowledge domain In which the author has some




experience, namely South Afxican Income tax. The expert
system was developed within a speciflc sub-domaln namely 3
the Income tax imp)ications of transactions in forefgn )
currencles, The system, named FOREX, was developed by

the author uslng the expertise of chartered accountants

employed by the Department oi Finance, Inland Revenue.

©he research report docwuents the methods used to ac-

quire khe necessary knowledge for the system, how the
knowledge was encoded, what problems and limitatlons
arese  when using an exper! gystem shell and how the

system was validated. A sample consultatien la also .

gornmented.,

It fs koped that thls research will contribute to the

develapment v commercially viable expert systems. Not

i

marck has bten written on the South African experlence in
this .agard. This recearch rsport 1s therefore a coatrl-
tution, opecitically with regard to the practical prabe

lemi b developing working and viable expert systems.

kinally 1t is hoped that this research may, in its own
small way, contribute to alleviating the problem of the
shortage of skilled manpower in South Africa, by encou-
ragiig the development of expert systems and so making

avallable experts' knowledge to a much wider audience.
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3.BXPERT SYSTEMS

As stated previously, expert systems are a resultant
technology of inltlal reseazch into the concept of Arti-
ficlal 1ntelligence. what exactly are expert Bsystems,
what do they do, how are they conmstructed, what ate

thelz . thelr ai and limitations?

This chapter briefly dliscusses the concepts of expert
systems. The Gefinitions and features of expert systems
are examined. This is followed by a discusslon of the
structure and components af a typlcal expert ystem.
Thereafter the tasks which expert systems perform are
locked at. This 1is followed by a discussion of the
advantages of expert systems over conventlional programs
awd the bhenefits such systems hold in, Finally the

disadvantages and limitations are examined.

efinition
Buchandn and Duda {1983) define an expert system as
belng %a computer program that provides expert-level

solutions Lo important problems and that is:

J.Hevristic: - Reasens with 3judgemental and formal
knovledge.
2.7ransparent: ~ Provides an explanation of its line of
reasoning.

3.Flexible: - Integrates new knowledge incrementally.*




Adding to this defiamition, Forsyth (1986) bas identlfled
the following checkllst of features that expert systems
may have:

1.Expert systems are limited to relatively narrow
domalns of expertlse,

2.They reason with uncertaln data and unreliable rules.
3.They explain thelr way of reasoning 1In 3
comprehensible way.

4.The facts and inference mechanism are separate.

5.The systems grow lncrementally.

6.The systems are usually rule-based.

7.they deliver advice as thelr output.

2.Components

A expert system can be seen to be @ Computer program
which consists of a number of seml-autonomous compo-
nents. Forsyth (13865) gives a effective summary. [Refer
alsc to Hayes-Rotn (1985) and Luconi et al. (1986) for
graphic descriptions.} An expert system consists of:
1.A Xnovledge base.

2.An inference engine.

3.An explanatory interface.

“\A knowledge acquisition module {(optional},

1.The knowledge base

This is one of the two fundamental components of an
expert system. The knowledge base contalins the essential

information about the domain of expertise. This usually




ke

consists of the expert's knowledge, Judgemental and

experlential, which is encoded in appropriate forms. The
knowledge usually comprises the following elements:

1.bomain terms: - The technical words and jargon used

by the experts in the domaln.

2.5tructural relationships: - The Interactions of com-

ponent entities within the domain.

3.causal relationships: - The cause-effect relatlon-

ahipa between components in the domain.

various methods are used to encode thls type of Informa-

tion, There ire four main methods:
1.1E Then rules: - The knowledge is encoded in the form

of condition/conclusion structures. For example, a rule

encuding medical information might look llke this;

IF temperatuze = 38 and patient = vamiting

THEN patlent = sick.

2.gemantic nets: - The zrelations among objects are

represerted by 1lnks hetween modes: e.g. cats are

mammals.

3.Frames: - The knowledge about an object is presented

In  the form of a generalised record structure (i.e.

Erame format),
4.%orn clauses: ~ This 18 a form of predicate logic on

which PROLOG (a programming language) s based.

Host systems developed to date make use of the If/Then

rule format, Hayes-Roth (1985) says that thls is
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conslsts of the expert's knowledge, Judgemental and

experientlal, which ls encoded in approprlate forms. The
knowledge usually comprises the following elements:
1.Domaln terms: - The technical words and jargon used
by the experts in the domain.

2.Stzuctural relationships: - The interactlons of com-
ponent entities within the ¢omein.

3.Causal relationships: - The cause-effect relatlon-

ships between components in the domain.

varitous methods are used to encode this type of Informa-

tion. There are four main methods: .

L.rt-Then rules: - The knowledge ls entoded in the Form
of condition/tonclusion structures. For example, a rv
encodlng medieal Information might look like this;

IF temperature = 38 and patient = vomiting

TuEN patient = sick.

2.5emantic nhets: - The relations among objects are
represented by links between modes: e.g. cats are i
mant@ls

3.Frames: - The knowledge about an object 1s presented

in the form of a generalised record structure (i.e.

= frame format).
3 4.Horn clauses: - This is a form of predicate logic on
} . which PROLOG (a programming language) is based.
Lt
(- ) ‘ Mest systems developed to date wake use of the If/Then

rule format. Hayes-Roth (1985) says that this is
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currently the best way of codifying the problem solving
know how of expert systems, while this may be the most
widely used method, 1t must be noted that foxr some

domalns the If/Then rule format way not be sultable.

3,2.2.The inference englne

This is the mechanism which the program employs to
search and reason in order to solve probler , There are
two principle reasoning strategles:

1.Forward chaining: - Here the system works forwazd
from the evidence supplled to 1, to the concluslons.
2.Backward chain'ng: - This is the reverse. Here the
system works frem the hypothesls and tests for data to

elther support or refute the hypothesls.

Many Eystems empluy both forward and backward chalning
strategles. Bechanan and buda (1983} describe the
reasoning  methods as control strategies. rorwaxd
chaining is  described as  data-driven contrel, whlle

hackward chaining ls called goal-driven control.

3.7.3.The_explanatory_interface
A frature of expert systems s that they are able to

explain thelr reasoning methods and justify thelr con-
clusions. The explanatory interface provides a partial
trace through an espert System's reasoning process,
qiving easy Lo understand explanations and reasons on

reguest, 1t has been suggested that the intezface be-

e e h e m o m am
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L tween an expert system and Lts human user may be a
A n’ N k critical lssue 1in expert system deslgn (Carroll and
RV McKendree, 1987). Coombs and Alty (1984) also emphasize
P : the importance of a system's explanations.
w
. e
b P 3.2.4,The knowledge-acqulsition module
- e
v T - While many expert systems do not contain this component,

it has been suggested that expert systems should contain
a module which alds in the acquisition of the expert's
knowledge. This would assist {n the construction of
commerclal applications by ensuring that the process of
prototyping s carried out moxe easily and more rapidly.
In this regard, some researchers have gone as far as to
construct separate expert systems which provide assis-
tance in bullding knowledge-based systems. TEIRESIAS is

an example of guch a system {Davis,1979),

d.3.5nikable tasks for expert systems

various approaches have been adopted to the classifica-
tion of expert system tasks. &Stefik et al., (1982) nave
tdentlfled a number of different types of tasks as belng

suitable for expert Systems Lo perform. They catalog the

following genexlc expert tasks as possible candidztes
Soxr expext systems:!

i.interpretstion: ~ Analysing data to determine their
meaning.

2.plagnosis: - Process of Fault £inding in a system

based on the Interpretation of data.

i1
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3.Monltrring: - Continuously interpreting signals to
set off alarms when Intervention Is required.
4.prediction: - Forecasting the future from a model of
the past and present,

5.planning: - Creating a program of actions to follow
in order to achleve a goal.

6.Design: - Maklng speclfications to create objects

that satlsfy partlcular requlrements.

Basden (1983) classlfies the roles of expert aystems
from the viewpoint of the end users and identifies the
following roles in which expert systems can be used:
1.ronsultancy: - Here expert systems are used by hon-
speclalists to obtain specialist advice and help in
accon1ishing some task.

4.Checklist: - Because expert systems, unlike humans,
cinnot forget, users can use such systems as check-
licts, An advantage over a paper checklist is that an

expert system could intelligently select or order the

guestions
3.Tzalning: - Systems could be used in & tralning role.
4.Refining expertise: - The system may help ln ldenti-

fying the areas in which the specialists have gaps in
thelr knowledge.

5.Commanication medium: - A expert system, with its
knowledge base, could be seen to be an actlve textbook
or notebuok. Vital knowledge of experts, which is not

usually available on paper, conld be stored and so wade

iz



3.Monltoring: = Continuously Interpreting signals to
set off alarms when Intervention is reguired,
4.Prediction: - Forecasting the future from a model of
the past and present.

5.planning: =~ Creating a program of actions to €ollow
in order to achleve a goal.

6.Design: - Making speciflcations to create objects

that satisfy particular regulrements.

Basden (1983) classifles the roles of expext systens
from the viewpoint of the end users and ldentifles the
fellowing roles in whick expert systems can be used:
3.consultancy: - Here expert systems are used by non-
spectalists to obtain speclalist advice and help in
aceumpiishing svat bou..

7.Checklist: - Because expert systems, unlike humans,
cannct  forget, users can use such systems as check-
liste,  An advantage over a paper checklist is that an

exiert system could intelligently selest or order the

questions.
3.Training: - Systems could be used in a training role.
4.Refining expertise: - The system may help in ldenti-

fying the areas in which the specialists have gaps in
theit knowledge.

5.Communicatlon medium: - A expert system, with lts
knowledge base, could be seen to be an active textbook
o1 notebook. Vital knowledge of expsrts, which is not

usually available on paper, could be stored and so made

12
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avai te [ others.

3.4.Advantage. and Benefits

Expert systems are clalmed te have z nomber of advan-

) tages over conventional programs. Basden (1983) 1lsts

< these as being:

1.Flexibility of expression: - Expext systems are able
to embody knowledge in various Eorms, from rule-of-

vhumbs to mure formal expertise, Complex relations can

S be codifled.

. 2.Human-1ike pr cessing: - The systems perform a human-
1ike Eorm of reassnlng, uslny rules, facts and levels
of relatlonshipe. VUsers can feel more affinity to this
type of reasoning. They can also question the system to
expialn 1ts line of reasoning.,

3.Ease of expresslon: - The language in which the know-

ledge base ls encoded ls very close to the language

used by Lhe experts, Systems are therefore more easily

. understued by users who are not necessarily computer

llterate.

4.Uncertalnty: - Uncertaln and conflicting data can be

e handled by expert syatems.

Y 4 4 The beneflts that expert systems hold for commercial

i applicatlons are revealed by the definitlon of an expert
system {.c, that it solves problems within narrow expert
domatns. The greatest beneflt thereiore ls bhat these

systems will be able tn harness and make £ul) use of an

13
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organisatlon's scarcest resources namely the talent and
experlence of key members (Luconl et al,,1986}. The
author belleves that this is the area in which expert
systems hold the blggest promise for South Africa, glven

the scarcity of tralned and experienced staff.
sviokla (1986) makes the point that companies engaged in
"expertise Intensive® processes who devalop expert sys-

tems, will galn the most in competitive advantage.

3.5, pisadvant and Limitations

Neme of the literature surveyed cites any particular
disadvantages which expert systems may have over conven=
tlona) programs. Basden (1993) makes the polnt that it
is not known for certaln what the limltations are since

they have nut been adeguately explored.

Denning {1986} states that the most impoxtant limltation
of expert systems is thelr rellability. Expert systems
depend on the data in their data bases. They are there-
fore 1imited by that Informatlon and by the nature of
the processes of putting 1t there. Another polnt made ls
that the knowledge elicited has to be encoded. This may
result in inconsistent and incomplete knowledge bases
which may result in expert systems exhibiting important

gaps in knowledge at tnexpected times.

Lucont et al. (1986) make the point that knowledge may

14
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be embedded lnto a syatem (necessarily incomplete) that
1s on' effective when used by the person who created
1t. 7. .e 18 also a risk of misapplication when others
use the #ystem who lack the knowledge which may be

pivotal ;5 the loglic leading to a solution,

Flnally Denning {1986) states that it ts unlikely that
expert systeme will have clear Functlonal specifications
and that their behaviourism in untested situations can
bhe reliubly predicted, How easily will usexrs then be
able to recognise whether thelr problem is within the

ranje served by the expert system.

This chapter has briefly examined the concepts of expert
systems, thelr components and the type and nature of the
tasks that they are expected to perform. The advantages
and imitations have also been discussed. While expert
systems are not the magle solutlon, it can be expected
that they will perform useful volss. Bearing in mind
thetr limltations one can set reallstic expectations.
The following chapter examines examples of expert sys-

tems in the dowaln of income tax.




4.EXIEMING INCOME TAX EXPERT SYSTEMS.

whis chapter dlscusses the expert systems whose know-
ledge domain is income tax, which have been ldentifled
in the literature. The following are brlefly discussed:
{a). ‘“he particular domatn within which the expert
system operates.

(b). The nature of the systems which are employed.

(¢}, The tools used.

Issues and problems identlfled in the development of one
such system, ExperTAX, are also examined. This Informa-

tinn was utilised when developing the FOREX system.

connell (1887), in his review of expert systems applica-
tiana  in accountancy, gives a usefol review of income
tax based expett systems. Detalls of the systems ldentl-

E!ed by Connell are as followa:

L. TAYMAN,

(a).Domain: The system covers the United States tax
tules governing the liability te tax of galns arising
irom corporate re-orgsnisatlons.

{b}.System: 'The relevant facts in each case are presen~

ted as a semantlc network. A mstch is then sought,
(c}.Pools: Developed by using micro PLANNER with some
parts being written in LIsp,




2, TAXADVISOR

(a).Domaln: Financial planning £or indlviduals, namely
estate planning in the United States.

(b).System: The knowledge 1is held In the form of 275
production rules. There .s an initlal screenlng process
and then evaluations are performed in six consultation
subdomains.

(c).Tocls: System was built using EMYCIN,

3.CORPTAX,

ta).pomain: The system models the law, namely sectlon
302(b) of the United States IR code, which is corcerned
Wi stock redemptions.

(bi.Syatem: Acts as a chewklist, performs caleulations,

cvites and refers to precedents.

(c).Tools: Written in BASIC PLUS.

4. DIRECTORS -TRANISACTIONS

ta).Domain: The system models the law, namely a section
6r the UK Companies Act dealing with loans to directors.
(b).System: There are 35 IF/THEN rules, Sessions axe
menu driven and there are good explanation and query
facilitles.

{e}.Tools: Two shells, X1 and later Crystal, were used.

S.EXPATAX

{a).Domain: Statutory law, Revenue statements, of prac-

tige and other material on a narrow but complex area of

17
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UK taxation.
(b).System: The knowledge 15 encoded In approximately
400 rules. The system s menu driven.
(c).Tools: The system was constucted using the shell
APES .
B.TA
ta).pomain: Sectlon 3i8(a) of the United States IR code
dealing with constructive ownership of atock,
(b}.System: The system Interrogates the user in order to
reach a conclusion.
{c). TA is wriktten in PROLOG-86. -
o o Zoacer
{a).Domatn: ACCI deals with the United Kingdom legisla-
tlon which 1is used to apportion the income of close
conpantes.
(bj.Syctem: The knowledge Is held In the form of rules.
Sources of information were training notes, statutes, a
field manual and an expert.
{c).Tools: The system was built using the shell ADVISOR.
L :
",' . ExpexTAX
i (a).Domain: The tax planning and tax acerual aspects of
X / y an audit of an American auditing £irm,
— (b).System: The system has a knowledge base of over 1000
3 . v, frames. Frames can be questlon Erames or issue frames. .
. The information was extracted fzom over twenty Gifferent
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experts.

{c).Tvols: A purpose bullt shell, Qshell, was used.

:BRAYE

{a).pomain: Rules and legislation concerning the pay as
you earn system in the UK.

(bj.System: The system models the PAYE rules. Tax docu-
mentation was used as the cource of knowledge.

(c}.Toolg: System was written in PRLLUG.

The above expert systems are the only ones which have
been identified in the literature as being systems in
the domain of taxatlon. Of the systems described, it
would appear that ExperTAX 1s the most comprehensive and
complex system., The systewm has over 1 000 knowledge
frames and it covers both the tax accrual and tax plan-

ning aspect of an audit.

Shpiiberg and Graham (1887) give a detalled description
of the development or ExperThX, The issues identified by
them during the system's development were the following:
1. 1dentifylng the experts: - Problems arose with iden-
tifying who the experts were. The authors concluded
that ldentifying the rlght expert may be a critlical and
dtfficult task when applying expert system technology
to some types of problems. They were of the opinfon
that the mure narrovly technical expertlse is defined,

the moxe easler (t may be to identify the expert.
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2. knowledge base management: - The authors concluded

that 1t remained an open question how the maintenance
of expert systems should be wanaged.

3. sysiem distribution and security: - The point 1s
made by the auchors that glven the competitive environ-
ment, the distribution of the expert system and securi-
ty aspects become signiffcant issues. Glven the fact
that an expert system may contaln the accumulated know-
ledge of a firm, organlsatlonal and hardware/software
controls become important.

4. other lssues: - a), The need to better understand by
what is meant by “expertise";

b). More tools and techniques regulred to evaluate and
simulate the real-wrrld environment;

¢}. Contlnued research into methods of extracting and

capturing expertise.

The only South African expert system ln the domailn of
income tax identified is a system called fTax Partner
(Coopers and Lybrand, 1387). The system s described as
a expert system for Brocessing tax reburns. What the
system does s to calculate the income tax liability of
all types of taxpayers and prepare the necessary sche-
dules that nust be included with income tax returns. The
system can therefore be described as a computational

expert system and not a advice giving system.

Ho other income tax hased systems have been ldentifled




in the literature, Glven the Jlegalistic, rule-based
nature of the domaln of tax (refer to the next chapter
for a description of the domain) it is surprising that
not more systems have been developed. One possible ex-
planation for this s that the technology of expert

systems 1s not widely enough known and that the practi-

cal problems of applying the technology must still be

overcome.
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5.THE KNOWLEDGE DOMAIN: SOUTH_AFRICAN INCOME TAX:

This chapter describes the knowledge domain in which the
expert system was developed, The dellneatlon of the
domaln and the recognitlon of the sources of knowledge
within the domain is a crltlcal aspect of the inltlal
stage of system development. The Chapter describes how
the sources of knowledge were fdentified. The Income Tax
act, Mo. 58 of 1963, as amended ("the Act'l s the
primary source of knowledge. The sectlohs of bhe Act
which 1impact on the domain chosen for the expert system
are reviewed. Other expert sources of knowledge such as
court cases, text books and expert's writings are exa-
mined. The structure and nature of the knowledge is dls-
cussed and the chapter ends with an examination of the
nature ané types of problems for which experts are

consulted.

5.1.1dentifying Sources of Knewledde

The sovrces of knowledge flrst had to be Jdentified
before the knowledge acquisition process could commence.
The author, being a practitioner in the domain of income
tax, ls aware of the major sources of knowledge. However
when developlng FOREX, the authox did not want to rely
solely on his own knowledge in case this should be

incomplete or blased. Other practitloners and experts




(refer chapter 6, sectlon 2) were approached. As paxt of
a general interview they were are asked to 1ist the
sources of knowledge which they consult when dealing
with income tax problems, specifically problems dealing
with forelgn currency transactlons. Answers tended to
indicate few sources, with the practitioners indlcating

that they "knew” the answers to problems.

The atructure of the domain and the souxces of knowledge

identified are discussed below.

Basis of Taxation

As FOREX !{s an lncome tax based system it is useful to
briefly examine the provisions of the Act which govern

how taxatlon is calculated.

A popular mlsconception ls that lncome tax payable ls
based on profits made, This is not so. The Act lays down
a number of steps one most go through without regard to
accounting principles, Tax is levied on taxable income
received by or accrued to in favour of any person during

the year of assessment (section 5(1) of the Act). a

number of steps are lald down to arxzive at taxable
income. One starts with “gross income" which is defined
o} in sectlon 1. ALl receipts and accruals which are speci-
N ' % fled as being exempt from tax are then deducted to
v arrive &t "income" {section 1). From this one deSucts

. all amounts which axe allowed as deductiovns in terms of




the Act to arrive at “taxable income".

As can be seen the initlal source of knowledge, as
codifled In the Act, s in the form of a number of steps
and rules. This knowledge thexefore appears to lend 1t-
self to IE/Then rules for the purposes of constructing

the expert system.

licable Sectlons of the Ac

A number of sectlons of the Act apply directly to the
taxatlon implicatlions of forelgn currency transactions.

These are examined briefly.

Any transactions ln foreign currencies which will result
in a benefit are bought to account In terms of the
definition of gross income, This is the fixst step as
lajd down in the Act. Sectlon 1 defines gross lncome as:
“the total amount,in cash or otherwise, received by or
sccrued to, ... from a source within or deemed to be
within the Republic, excluding receipts ox accruals of

a capital nature,..."

similarly, any foreign currency transaction which will
result in an expense or loss ls govexned by section
i1i{a) of the Act, the general deduction formula. This
provides:

“For the purposes of determining the taxable Income
derived by any person from carrying on any trade within




the Republie, there shall be allowed as a deduction

from the Ingome of such a person so derived -
N (a)expenditure and losses actually lincurred In the
Republle in the productlion of income, provided such

- IR expenditure and losses are not of a caplial nature."

The only section of the Income Tax Act which applies
specifically to forelgn exchange transactions ls section
?4B:"Gains or Losses ¢n Forelgn Exchange Transactions®.

This sectlion provides that proflts or losses reallsed on
paylng forelgn liabilities axe taxable or deductible

subject to cextaln conditlons being met.

By examining the relevant sectlons it becomes clear that
these can be codified fairly easily !nto If/Then rules,
which ts nne of the methods of encoding knowledge for
e¥pert gsystems. For example sectlon il{a) could be res-
tated .3 foliows:

IF expendituze or loss is actually incurred AND

It is lncurred in the Republlc AND

S it is incazred in the production of income AND
§ 1s not of a capltal nature AND
1t was Incurzed in carrying on a trade

i THEW the amount is allowed as a deduction.

It therefore appears easy to construct an expert system

i . N by encoding the relevant sections of the Act,
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It was however found on examlning the domsin in greater
depth that, while the provisions of the Act appear
stralght forward, the interpretatlon of the facts in
each particular case to determine vhethex the provisions
apply, provides more dlfficulty. For example, applying
section 1l(a), when is expenditure "actually incurred"

or when i ft of a “capital® or "revenue” nature?

5 ther knowledqe sources

The dlsputes on interpretatlon have led to many court
cases. As the court is the ultimate arbltrator, the
declded cases have hecome the single most Iimportant
source of expert knowledge. These cases provide much of
the knovledge and guidelines for interpreting the facts.
It was found when doing the research, that the dectsfons
In varlous court cases were the cruclal factors on which
experts based thelr declsions. When examining the cases
which had dealt with transactlons ln forelgn currencles,
it was noted that In some cases the judgement dealt with
the interpretation of the facts, while in others land-
mark decislons were made, that is declslons which clari-
£led how the law should be interpreted. For the purposes
of extracting knowledge Eor the expert system, the court
cases were found £o be an important source of rules,
Eirstly as to what the lav is and secondly as how to

interpret facts.

Another feature of the knowledge domain noted during the
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It was however found on examining the domaln in qreater
iepth that, whlle the provisions of the Act appeax
ttralght forwaxrd, the interpretation of the facts 1In
each particular case to determine whether the provislons
apply, provides more dlfflculty. For example, applying
section 1l{a;, when is expenditure "actually lncurred"

or when 18 it of a "capital” or ¥revenue” nature?

5.4.0ther knowledqe sources

The daisputes on Interpretation have led to many court
cases. As the court is the ultimate arbitrator, the
decided cases have become the single most Important
source of expert knowledge. Thepe tases provide wmuch of
the knowledge and guidellnes for intoxpreting the facts.
It was found when doing the research, that the decisfons
In various court cases were the cruclal factors on which
experts based thelr decisions. When examining the cases
which had dealt with transactlons in forelign currencies,
it was noted that In scme cases the judgement dealt with
the interpretation of the facts, while in others land-
mark decislons were made, that is decisions which clari-
£lad how the law should be interpreted. For the purposes
of extracting knowledge for the expert system, ths court
cases were found to be an important source of rules,
Elrstly as to what the law ls and secondly as how to

interprat facts.

Another fe:ture of the Knowledge domzin noted during the
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initial research, 1s that many of the experts refer to

text books as thelr source of knowledge. It was found

that there are two definitive works which were constant-
1y referred to. The two conclse, summarized readily
available sources o©f knowledge were found to be an

advantage to the author when ellcitlng the necessary
Kknowledge.

A further examinatlon of the duwaln showed that, while
mest problems concerning forelgn currency ¢-ansactions
were clear as to the luw and only needed interpretatlon
of the facts in a particular case, there were a few
arcas af disgute and controversy. In these areas, ar-
ticles written Dby experts and publlshed in academlc
Jouvnals, were found to be a further source of know-
ledge. Unfortunately In South Afrieca this source of

knewledge 13 not very large. It was also noted that, in

the areas of uncertalnty, experts tend to dlffexr in

theix opinlons.

7o summarize, the domain of South Afriean income tax has
the following sources of knowledge:

..7he Income Tax Act.

?.Court decisions.

3.Text books.

4.8xperts’ oplhion as evidenced In articles.

5.Experts’ opinion as evidenced in discussions.




Before discussing how the necessary knowledge for FORBX

was acquired, 1t 1s useful to briefly examine the nature

% ol and types of problems within the particular domain, £or
" : which experts are consulted.

s A

R T .5.Natyre and types of problems

p S

PRI
o It s necessary to know the nature and types of problems :

R on which experts are consulted. This !s requized for

‘ determining the type of inference mechanism that 1s to

be used In the system, It 1s alsc reguired for deter-

SR mining what gquestiona the system should ask and what
” . conclusions it must search for. .

in the initlal questioning of practitioners it s found
that the problems concerning the taxation conseguences
of transaciions in foreign currencies could be divided

into two categor.es:

1.Profits or lesses nade. The majoxity of problems fall
o into thls category. The question asked is whether pro- |
£its or losses mide as a result of subsequent movements .

in exchange rates, {whether unrealised or reallsed) are

taxable or deductible. Falling into this category are
o questions relating to profits and losses on firward
exchange contracts.

J z 2.Conversion rates. Heus che problem concerns which

exchange rate Lo use for convs ting fore'gn currency

i transactions to S.A. rands. This problem is however

often related to the problems under 1.
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Having now examined the nature and structure Oof the
knowledge in the domain, the following chapter dlscusses
the technigues used to extract the required knowledge

£ox the FOREX system.
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§.THE_KNOWLEDGE ACQUISIT PROCESS

Buchanan et al. (1963) state "the process of extracting
knowledge from an expert and transfering it to a program
ls an important and difficult problem”. The purpose of
£.'s research repurt, as stated in chapter 2, 1s to
provide practical guldelines for the knowledge elicita-
tien and envoding pracess, This chapter describes how
the neressary knowledge for FOREX's database was ell-
cited. The chapter commences with & brlef look at what
has been writter In the lfterature on knowledge aguisi-
tien and elicitatlion which was found to be of practice
use, Thereafter tne prucess of identifying the expest:
is descriped. This is followed by a description of the
methods used for eliviting the knowledge [rom varlous
scurces and  the sourves found to be most u ful, The
chapter ends with a summary of the methods, the problems

encountered and the proprsed solutions,

6.1.Literature gurvey

The knowledge acguitition and Lransfer processes em-
ployed by humans are very complex and a humber of discle
plines such as psychology, socielegy, education, anthro-
polagy, philosophy, atc. , are involved in their study.
It fs not the purpose of this paper to Giscuss or exa-

mine the theoretlcal foundation of knowledge acqulsl-
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tion. The paper provides practical guidelines and the
description of an actual knowledge acquisition and eli-
citation process undertaken. For this reason only some

works, which had some practical use, are discussed.

Galnes (1987) gives some useful background on the theory
of knowledge acquisition. In arriving at a operational
model of the notlon of expertlise and the role it plays
ir society, Gaines examlnes the phenomenon of expertise
acquisition. He ldentlfles a number of problems which
may arise when eliciting an exrert's Knowledge. These
are:

1.Expertise may be fortultous,

2.1t may not be avallable to awareness,

3.1t may not be expressible in ianguage,

4,1t may not be understandable when expressed in lang-
nage,

t Fxpertise may not ve applicable, even when expressed
in languaqe,

f.The axpertise expressed may be lrrelevant.

7.The expertlse expressed may be incomplete.

8.The expertlse expressed may be incorrect.

Galres also makes the polnt that, while most current
methodologies for expert systems emphasise interviewing
experts, tnere are also alternative methods for exper-
tise transfer. Examples are; managing the learning envi-

ronment, evaluatlon and examples. Gaines concludes his
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sy paper with a knowledge acquisition helrarchy for expert
R w7 systems 1n which azeas of application for varlous know-
o ledge acqulsltion techniques, currently in use, aze de-
‘ : £ined. While the paper provides some background informa-
tlon, 1t was not of much practlcal use.
Buchanan et al. (1983) divide the knowledge acquisition
procesa latn major stages. These they descrlibe as:
K 1.1dentification stage.
o 1.1.Participant identlficatlon and roles.
A 1.2.Problem identification.
N N 1.3,Resource ldentiflcation.
1.4.60a1 tdentlfication.
2.cunceptualisation stage.
3.pcrmallsation stage.
4.Implemettation stage.
fLrerting stage.
6.Protutyps revislon.
When developing the system It was found that stages 1
) and 2 were of most importance. Planuing and proper
. "' identification must take place if resources are not to
"ly. be wacted. Stages 4 to 6 are considered to be beyond the
i *krowiedge acquisition® stage in that thls entalls the
Y encodlng of the knowledge and the construction of the
Y ey system.
" of turther practical use was a "knowledge acquisition
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¢ system.

0f further practlcal use was a "knowledge acquisition




grid" developed by Labrance (1987), This grid was deve-

loped to asslst in the manual tzansfer of expertlse. the

; .‘i grid describes a two dimensional space. The horizontal
P N ’ plane constitutes £lve forms of expert knowledge,
. ,,,?" ' J‘ namely:
s 1.Layouts:- Map of the task, the boundaries, oxga~
TN nisation and bastc classifications.
ey 2.8torfes:~ Classic cases and typical examples. '
: 3.8criptst Sequentlal snd procedural knowledge of the
. e domain.
L g 4.Metaphors:- Alternative lmages of the task, including
: h unique features, constraints and options, .
* 4‘! oo . 5.Rules-of~thumb.~ Tactics and heuristics for intex-

preting amd dsaling with clrcumstances encountered when

carrying out the task.

on  the vertical plane, LaFrance lists slx dlfterent
types of questions that = knowledge engineer can ask
when eliciting knowledge:

1.6rand tour:- Wide questionlng in order to understand

the buundarles.

2.Ca%ellizing the categories:- Detalls of the experts

'
5 terms ami concepts.
. 3.ascertalning the attributes:- Here the aim {s to
!< . j ohtain details of the distinguishing features and range
"y of possible values of the expert's concepts.
N 4.petermining the Interconnections:- These gquestions

seek to uncover the relations among the concepts in
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the domaln.

5.5eeking advice:- These questions reveal the expert's
recommendatlons and his strategy for how to deal with a
varlety of conditlons.

§ Cross-checkling:- These questlions validave and examine

the limits on prevlously obtalned information.

some of the above concepts such as the majox stages of
the knowledge elicltation process {Buchanan et al.
(1983)) , the forms of expexrt knowledge and the diffe-
rent types of questlons (LaFrance [19873}, were applied
when acquiring the necessary knowledge for FOREX. This

is discussed below,

6.2.1dentlfving the experts

The wuthor, along with a number of cChartered accoun-
tants, 1is employed by the Department of Finance, Inland
Revenue. It Is among these chartered accountants, who
are iavolved on a daily basis in the administration of
the Income Tax Act, that the inltial survey and inter-
views took place for the putpose of ldentlfslng suitable

experts.

Initially a number of interviews were held with some of
the practitioners. fThese were selected at random and
only a few were interviewed. As only an overview of the
domain was initially zequired, it would have been a

wasie of time and duplicatien of effort to interview all
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practitioners. The Interviews were wide and shallow
discussions so that excessive detalls could be avolded
and so that the time spent lnterviewing could be kept to
a minimum. The purpose was to establish:

1.The nature and types of problems that axose within

the subject domaln.

2.The sources of knowledge consulted by the practitio-

ners when maklng decisions.

The £indings have been reported In chapter 5, sectlions 4
and 5. These initlal surveys are consldered to be analo-
gous to the Buchanan et al. (1983) concept of the lden-
tification stage or the intersection between Lay-out and

Grand tour on LaFrance's (1987) grid.

The major point that came out of the Interviews was
that, contrary to the authors expectations, the level of
xnowledge displayed by most practitloners was not very
high. This meant that most of those interviewed would
not be sujtable Eor extracting the detalled knowledge
required fo. FOREX. The £inding highlights the impox-
tance of distinguishing between practitioners (those who
work In the knowledge domain) and experts (those who
have in-depth knowledge of the particular domaln). Thic
aistinction between practitioner and expert 1is also

dealt with by Hartley {1984},

From the initlal interviews two practitlioners, who had
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in-depth knowledge, were ldentifled as meeting the re-

juirements of the definltlon of expert.

ractin e knowledqe

A second, more detalled interview was held with one of
the ldentifled experts who appeatred to have the most
knowledge of the sub~domain in guestion. The expert in
question had previously written a dissertation on the
tax implications of foreign currency transactions
{Coates, 1987), He was therefore considered to be the
expexrt with the most theoretical knowledge. At this
pelnt Lt can be noted that the author himself has consi-
derable knowledge of the domain of lncome tax as he
works in 1t and he has previously written an unpub-
11shed paper (£1s, 1987) on the partiecular sub-domain.
During the Initlal stages of the research the aulhox did
not draw on thls knowiedge in oxder to forestall any
problems that might arlse because of blas, incomplete or

tncorzact knowledge.

In the fntezview an in~depth analysis was done of:
1.Al1 the possible types of transactions that could
occur tn forelgn currencles.

2.The taxation impllcations of the various types of
transactlons.

3.The different combinations of fackors that could have

a bearing on the tax consequence
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In the .texview it was noted that the expert placed
hegvy reliance on the theoretlcal work which he had
written. Towards the end of the interview the expert's
knowledge was compared to that of the authox and the

knowledge was effectively combined.

In retrospect it was reallsed that much of the initial
knowledge could have been extracted fxom text books, law
case reports and academic artlicles (as summarised in the
expert's dissertation). This could then suhseguently
have been verified by checking with the experts. The
result would have been a saving of time by the knowledge
engineer in the elicitation of the knowledge as well as
keeping the use of the expert's expensive time to a

minimum.

6.4.Analyals of the knowledge elicited

Yeing the Informatlon extracted and in condunction with
the expert a dlagramatl: representation of the knowledge
was dzawn In the form of a tree dlagram. This dlagram is

reproduced in appendix A.

The tree s a diagrammatic representation of the tax
consequences that can occur for the varlous types of
transactions In fereign currencies, This knowledge 1is
vhat the output of FOREX would be during a consultation
i.e. the amount 1s taxable/deductible ebe.
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The dlagram was constructed by starting at the broadest
definltion/problen, nsmely the tax consequence. Thls was
broken Gown lnto ever decrsasing components. The diagram
was Eound useful for the following reasons:

1,1t highllghted the thought process involved in dis-
cerning tax lmplicatlons of foreign currency transac-
tions, indicating which steps the expert follows.

2.1t ensured compleceness, by providing a systematic,
graphical fxamework in which it was not easy to over-
look any Important or nccessary Eactor.

3.The flow of the structure laid the foundations for

the If/Then rules.

such similar decompoesition of the problem was found to
be useful by Ow and Smith (1987) in the development of

theix mxpert system,

1t should be noted that three different classes of
%nowledgs exist In the domain. These axe knowledge con-
ceraing:

1.5ituations provided for in the Ast:- That is rules as
to the tax effeck of a speclflc transactlon stated
unanbigously in the Act.

2,8ituations not provided for:i- Here experts make up
the rules as to the tax consequentes of a transaction
based on the rules above,  court decisions,
interpretations and experlence.

3.Rules for Interpreting facts:~ How to interpret the
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facts of a case in order to reach a decision under 1 or

2 above.

The knowledge ellcited up to this point did not Include
any Ln respect of the third type per above. (Refer to
section 7, Prototype refinement where the elicitation of

©.is type of knowledge is discussed.)

5.¥nowledde validativn

At

~ stage it was decided to valldate the acquired
knosledge. The validation was done in two ways:

1.Live ewpert conflrmation:- The data obtalned was
discussed wiln other experts for thelr conflirmation of
the tax unuequences of a foreign currency transactlon
glven a sev of facts,

2.Trheoret . ca cvonflrmation:~ Hexe the knowledge was

conpared to previous wrlitten research  done.

In retrispect it uas found that written research was the

best soucce of knowledge and the best method of vallda-
ting knowledue types 1 and 2 (refer section 4 above),

Thls stems crom the legal nature of knowledge In the

LAY
PZR domain.
L
/ \ At this stage it .an be noted that in the domain of
' o income tax, exp:il bias s an important factor to con-
R
¢ ooud sider when extraii .y knowledge. The practising tax

it consultant, as an exger¢y, tands to present only those
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arguments which are in his cllents favour. Glven the
nature of the domaln, people alvays seek the most advan-
tageous economic answer for themselves or thely clients.
Thus neutral, research motivated works were considered
to be the most rellable source of knowledge and the most

effectlve way of counterirg bias.

6.6.Prototype sy:tem

At this stage a pitotype system was developed to see
whethex the domain was sultable for further development
of the system. The system was found to be feasible.

{Refer to coapter 7.1

6.7.Prototype yefinement

Refinement ¢f tne system commenced and further inter-
views were held with the experts to elicit thelr know-
1¢dge with regard to how they interpret facts and which
rules-of-thumb they employed. [The thixd infarmation

type as discussed in section 4 abave.)

The information was obtained by asking &irect ques~
tions. For example, the distinction between capital and
revenue s very lmportant. The expert was asked to list
ftems wnlch he considered to be capital items, why this
was 50 and the questions he would ask to determine such
facts, It was found that vhile the court ca. s were the

socrce  of some such rules, this type of kr.vledge was
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best acqulired from the expert Ln the Eield. The expert,
being invelved on a dally basis, has evolved and refined

such rules-of-thumb.

It can be noted that the refinement and further develop-
ment of the system ls a process which proceeds hand-ln-
hand with further knowledge acquisition. This was found
to be the easiest and most effective route. As problems
concerning the knowledge cropped up during the uncoding

process, the experts would be consulted.

6.8.Findings.

6.8.1.IdentiFication of experts

puring the initial stages of the knovledge elicltation
provess, the ldentlficatlon of the experts was found to
be a problem, 1% ig important to make the distinction
between practitioners and experts. Wwhlle most practi-
tioners have a working knowledge, very few were found to
have sufficient ir-depth knowledge of the more complex
and difficult ares: in the domatn. The identification of
the expert is therefore . ritical aspect of the Initial
stage of the knowledge elicltation proc ss. The use of
the lncurrect "expert® may result ln the system having
faulty knowledge, which in a domain of a legal nature
such as income tax, could render the system useless. The
solution 18 to emsure that the persons selected meet the
requlrements of being experts and to valldate the know-

ledge extracted agalnst some neutral source.
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§.8 2.Knowledqe elicltation
The methods used and found to be the most effective in
acquizing the knowledge for FOREX's database in the
domatin of income tax were:

1.Examination of wrltten knowledge sources.

2.Interviewing of experts.

For the particular domaln of income tax it was found
that a substantlal amount of the knowledge could be
found in written works such as text books, law case
reports and articles, This was especially relevant fox
information concern’ng the tax consequences of transac-
tions. Indeed, these sources were found to be the ones
consulted by experts themselves when making thelr deci-

stons.

For knovledge concerning how to interpret the facts of a
sitwation, the lInterviewing of experts was found to be
the best way of extracting the knowledge. While it is
true that much of this knowledge is a“cilable in the
reports of court cases, it is more efficlent to extract
this from the experts who maks daily use of such know-

ledge in their work.

€.8.3.Countering bias
A further problem encounlered is that of bias in the
knowledge. This 1s especially relevant in a domaln such

as income tax. Firstly there is the problem of bias 1in

iy




6.8.2.Knowledge ellcltation
The methods used and found to be the most effective in

acquliring the knowledge for FOREX's database In the
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the system developer's knowiedge, 1f he is a prac-
titioner in the domaln. IE the developer places too mach
rellance on hls own knowledge the system may display
incemplete or incorrect kmowledge. The solution deve-
loped to counter this bias was not to rely at all ini~
tially on the developer's own knowledge and subsequent-
1y, when using sush own knowledge, to valldate this

agalnst that of other experts.

Secondly, in the specific domain of Income tax, experts'
knowledge may be biased in that only favourable answers
are sought. lore validation of the knowledge to written
works was found to be an effective counter to any pos-

sible blas.

6.9.4.Domain expertise of knowledge engineer

The required knowledge for VOREX was extracted fairly
easlly from the experts (once Lhese had been ldentified}
and from written works. By being a practitioner in the
dowaln, the author was able te interact much more easily
with the experts and vas able io understand the know-
ledge acquired. Llttle time needed to be spent on obtal-
ning an understanding of the problems, terms and con-
cepts of the domaln, It wav found that having a know-
ledge of the domain was a definite advantage when acqui-

ring the necessary knowledge.
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§.8.5.Further research

A point to make however, 1s that the knowledge acquisi-
tlon anu elicitation process is falrly lengthy. If the
time which the experts spen* reseaxching thelr theoreti-
cal work is taken into account, a substantial amount of
time was required to acquire the knowledge, which was
within a very narrow domain. This problem is a bottle-
neck in the development of expert systems and it will
prevent the the development of commerclal appllcations.

This 1s ldentified as an area ‘or furthexr research.
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1.EHCODING PHE_KNOVLERGR.

As stated in chapter 3, there are four different ways of
representing knowledge in an expert system. This chapter
deacribes which 0f the methods of encoding the acquived
knowledge was used. The problems of contralling search
strategy and knowledge organisatlon encountered are dis-
cussed an@ the solutlon develnped for use in FOREX ls

described.

Dhar and Pople (1987) make the point that "the major
declston for a expert system bullder is how the expert

x led is to be ", Knowledge can be repre-

sented In four different ways (refer chaptex 4):
1. IF/THEN rules.
2. Bemantic nets,
3. Frames.

4, Hoxn clauses,

Ramsey et al. {1986) identify the three most {mportant
methods of bullding 3xpert systews to be bayeslan Tig-
sification, rule-based deduction and frame-based v'».oc-
tion. They discuss the relative strengths and weaknesses
of the dlffexent approaches as well as the situatlons In

which each method is easy or diffloult tu use,

puring the initlal stages of the research, the author

intultively settled on the rule-based method of
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knowledge representation. As the research progressed the
the method selected was confirmed as belng sultable. As
discussed In chapter § the knowledge structure is xule-
based, The primary source of knowledge, the Income 7ax
Act, 1s In effect a rule book; l.e. If x, y and z then

amount b is allowed as a deduction.

As discussed in chapter § sectlon 3 a distlnction can be
drawn between two types of knowledge in FOREX's domain
Firstly there is the information concerning the tax con-
sequences. Some consequences are spelt out explicitly in
the Act. These are the caslest Lo code into If/Then
rules, and such encoding was achieved ln a short space
of time. For example a part of sectlon 24B (deallng with
realised losses on foreign 1iabilitSes) s encoded in
the Eollswing rule form:
IF amount = realised AND

type = capital OR type = revenue aND

difference = loss AND

sec24B_condl = yes

THEN tax_effect = deductible

Similazly, situations whera the tax consequences are not
provided for specifically in the Act, but where the
experts opinion was taken, the information was easily

entoded into rule form.

The second type of informatlon, dealing with how the




€acts of a ~3se should be Interpreted for the purposes

of determining which situatlonai rule applies, was found
also to be easily encodable into rule form, For example
a xult concerning the dlstinction between revenue and

capital items vas encoded as follows:

IF undetlying transaction = debtor OR
underlying transaction = stock OR
underlyling_transaction = cash OR

Underlying tzansaction = working_capital

THEN type = revenue.

It is concluded that the actual process of encoding the
acqulired knowledge Into IF/THEN rule format, presented
no problems, It was however discovered that the rules
could not be programed into the expert system shell in a
haphazard manner. Cognizance had to be taken of the
search stravegy employed by the inference engline of the
shell. {In this case VP-Expert [Sawyer et al. (1987)3,

refer chapter 8,)

1t was noted during the development of the prototype
that the system would not work properly until it was

programmed how and what to search for.

It was found that creating a control structure and
setting the problem solving activity was far more diffl~
cult and important than coding the knowledge into rules.

The literature survey shows that substanttal research l!s
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taking place in thls area, For example, Davis (*980)

consldets the problems of reasoning about control and
suggests the concept of Meta-rules. Georgeff (1962)

proposes a general production system archltecture that

allows procedural control knowledge to be directly pre-
ooty sented ang used. The concept of using domain speciflc

[ N 9 knowledge to su.port opportunis.ic reasonlag is discus-
PRI sed by Ow and Smith (1987). They also propsse an hiexr-

archlcal organisatlon structure to control and co-ordl-

b nate problem solving activity.

This latter concept was also applied in the development
of FOREX. Durlng the Interviews with the experts it was
noted that they, when consldering ¢ problem, asked cer-
taln questions Elrat. For example, when consldering
profits or losses on transactions, the £irst line of
enqulry was whether such transactions were of an asset

or a liability nature and whether the profiis or losses

were realised or unreallsed. This concept of decomposing

the problem was discussed in chapter 6.

} This concept has also been applied to the organisational

structure and precedural control system of FOREX. It was
( found that thls approach had two advantages:

C F P 1.The problem solving activity was more esasily
. controlled in that the system was channelled into
; appropriate paths to follow.

2.The development and maintenance of the system was




made much easier by compartmentalising the knowledge
base. Each module could be developed independently and
tested separately. Additions to the modules could also

be done easily by adding submodules as necessary.
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.. 8,UTILITY DF USING AN F -~ ot LE BHELL .
" - \\
o 8.1.8hi1l selection
’A‘.‘_ o Expert systems can be programmed in four dlfterent ways
LA (Forayth, 19861:
.. 1. shells '
te o n 2. Al environments
. tr 3. Al languages
- i 4. Conventlonal languages
R As stated in chapter 2, this research does not address
’ th problems of hardware and software selection. The
research was undertaken from the polnt of view of a non-
7 specialist in expert systems. It was therefore decided
i to make use of an expert system shell. The shell Ve-
e Lt Bxpert was selected for use. The system was selected
. purely on the basis of availability. No comparisoms with
P other shells were dane nor were the specifications of
N ©k VP-Bxpert used as a basis of selectlon., Those seeking
..' further information on the different expert system
" i shells avallable are referred to Gevarter (1987), who
i discusses In detall various expert system bullding tools
' ‘ in texms of their capabilities.
¢
. 8 xpert

vP-Expert f(Sawyer et al, (1987)] i& a cheap, widely
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avallable expert system shell. The shell is a rule based
system which employs a backward chaining inference en-
gine. The shell comes on a single floppy disk and can be
used on any IEM or IBY compatible personal computex. The

system comes with a easy to read manual.

The way VP-Expert works, 1is that the system is set a
goal. This is to search for the value of a varlable. The
inference engine then searches the knowledge base for a
rule naming the variable in its THEN conclusion. It then
seeks to match data to the varlables and conditlons
contatned 1in the IF portion of the rule. This data is
obtalned by elther £lnding the values of other variables
named {n the THEN conclusions of other rules or by
asking questions. Once values of all the varlables and
condltions have been found and these match those con-
talned in the IF portion of the rule, the zule is sald
to be passed and the value of the goal variable ls
accordingly assigned. This backward chaining strategy

can be effectively employed in the domaln of income tax.

8.3.Experien: th VP

xpert

The author vas able to acqualnt himself with the system
within a few hours. A basic prototype {based on 14
rules) was constructed withln approximately two hours.
The development of FOREX, while taking some thirty

hours, was accomplished easily by uelng the shell,
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No major problems were found when using VP-Expert othex
than the weakness of the explanatory facility. As dis-
cussed in chapter 3, one of the advantages of expert
systems is that they can explain why they are asking a
question and how the conclusion was arrived at. This
Interface facllity s very important in a consulting
role {Cirxoll and McKendree, 1967). The facillty, while
available in the shell, could not be used effectively,
VP-Expext provides that a user can ask the question
“how?" in ozder to £ind out why the system has given a
particular answer, When this guestlon is asked by a
user, all the variables for which values were obtalined
duzring the consultation are listed. The user ls then
asked which variable he Is enquiring about. Should the
user not be the developer, he will have great dlfficulty
in selecting the right variable as these would be un-
known to him, A partial solutlon is to keep the names of
the varlabies as close as possible to their true
meaning. In FOREX, the user is told at the beginning of
the consultation to enquire abaut the vaxtable
“tax_effect® when asking the question "how?". The system
will then glve the reasons for why the answer was ar-
rived at. as no comparision was done with other shells,
it 1s not known whether the same problem exists in other

systems.

8.4 of using a shell

The advantages of using expert system shells as
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1dentigied by the author aze:
1.Avallablllty of expurt systems to laymen:- Such
shells mske avallable the technnlogy of expert systems
to a wide range of users who are not specialista in the
domain of expert systems,
2.8ase of usei- Anybody with only scme baslc computer
literacy (such as the author) willt Elnd the shells easy
to use.
3.Cost:- Some shells, such as VP-Expert, are very cheap
thus making available the technology to a wide range of
users.
4.Time savingi- Prototype systems can be daveloped
within very shert perlods of time, Working models
within very narzow domains, such as FOREX, can be

developed in a few manweeks.

1t can be concluded that developing FOREX using the VP~
Expert shell was an easy task for a lavman in expert
systems technology. The development was done within a
perled of approximately thirty hours. The area of weak-
ness ldentified concerns the interface hetween the sys-

*em and the human user.
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VALIDATING BYSTE]

One of the most important criticisms agalnst expert
systems concerns thelr vrellabllity (Denning, 1986},
Refer to chapter 3.5 . The validation of a syskem ls
therefore a important component of the construction
task. This chapter explalns the methods employed to
validate FOREX and dlscusses the results of the valida-

tion tests.

9.i.Approaches to validation

Buchanan and Duda (1983} state that the results of
empirical experiments are still the best indicators of
validity. They state that these may best be accompllished
by randomized studies and double blind experiments. They
polnt out that loglc analysis of completeness and con-
sistency will be inadequate for establishing the vali-
diky of an expert system. However statlc checks can

reveal potential problems.

O'Keefe et al. (1987} in a comprehensive descriptive
article, discuss the problems of expert system valida-
tion and present both qualitative and quantltative
methods ©of valldating expert systems. They state that
the major problems in evaluating expert system perfor-
mance aret

1l.What to validate.




2.what to vallidate aczinst,

3.what to valldate with.

B 4.vhen to validate.

; § 5.How to control the costs of validation.

6.How to control bias,

. 7.How to cepe with multiple results.

s The qualltative methods of valldation (which are
s SR subjective comparisons of performance) ldentified by
Le them are:
.0 1.Face validation: -~ subjectively comparing the system
' performance against human expert performance. .
'h B 2.Fredictive validatlion: - Using historic test cases to

compare performance.

3.7uring tests: - Blind evaluation by compartng human
experts’ declsions (without the cxperts knowing) to the

decislons of the system.

4.Fle tests: - Testing the system in the £leld,
noting performance erzors when they occur. : |
5.gubsystem valldation: - The system is decomposed into
¥ and each subsystem is validated one at a
s time as they are developed.
’_,;’ 6.8ensitivity analysis; - Systematlcally changing lnput
variubles and observing the effect upon the system
s } 2 performance.
u lﬂ“»,‘ 7.visual interaction: - visual animation of the system
R oL workings is Followed by the experts. .
55
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The quantltive valldation technlques, which are statls-

tical tests which compare the pexformance against test
cases or human experts, consist of:
1.palred t-tests.

2.Hotellings One Sample T-square test.

3.simuitaneocus confidence intervals.
4.Consistency measures.
The author, not having sufficlent theoretical knowledge

! of statistical methods, found that the methods deacribed

above were of no practical use.

o'Leary (1987} has developed a validatlon framework with

: reference to systems in auditing and  accounting
applications. The contents of the Eramework axe:
1.Content valldity: - Representativeness of the content
which 1s validated by direct examination of the system
and by testing the system against humens and othex
models.

2.Criterion validity: -~ This refers to the criteria
used to validate the system such as comparing system

decisicns with expert decistons. Thu level of expertise

- 3 of .the system must be defined by : 't~ some set af
ar p criteria. The knowledge base criteria include consis~

tency, accuracy and completeness.

. } 4 3.Construct validity: - What 1s meant rere is that 3

' o tried and tested theory shonld exist on which the
L . system is based.

- 4.0bjectivity: =~ When validating a system any bias and




vaxlance should be minimlzed. This could be achleved by
having progeammer valldatlon (if the programmer has no
vested interest), by having independent administration
of validation, by end user validation, by using blir-

ding techniques and by using different gevelopment and

test data.
5.Economics: - Cost-3gnefit analysis.
6.Reliability: - The system should generate identical

solutions to identical inputs.

7.8ystematlc (experimental) variance: - The test prob-
lems useu must be designed in such a vay that one can
dlstinguish between systematlc varlance and chance. The
problems should reflect the range of prodiems, there
must be sufficlent variation in the problems and thers
must be a sufficient number of problems,

8.Extraneous varisnce: - This should be controlled
where possible. Pactors such as system complexity, the

sytems position on lts }ife cycle trajectory, location

of Judges dv~' J testing (in the laboratory or in the
£leld) and ] aing during validatlon effect extraneous
variance.

As briefly discussed above, the toplc of valldation 1s a
fairly wide and comprehensive one. It is .ot the objec-
tive of this report to dlscuss the merits ,f the various
validation technigues, Thit chaptex des.:ies the tech-

niques used to valldate FOREX.




9.2.Valldatling FOREX

As described in chapter 8, the system was developed in
stages by comparimentalising the knowledge base. As each
differsnt section was completed, random tests of each
section were carzled out by testiag whethexr the system
gave the correct selution to various types of problems.
{The subsystem approach using face validation and pre-
dictive valldatlon as described by O'Keefe et al.
{1387).1 These test case problems only tested the vall-
dity of the conclusion. The system's interpretation of
Facts was not tested. The initlal tests were based on
the author's expertise in the domain. These eaxly tests
showed th:t loglc errors easlily crept lnte the system's
knowledge base and highlighted the need for thorough

testing.

once the system vas completed the experts who had pre-
viously been Intezviewed durlng the knowledge acquisi-
tion process were approached. They were requested to
develop 2 number of hypothetical problems on which an
expert could be consulted. These they then tested on
FOREX. The solution given by the system was compared to
the experts' solution, The experts were also asked to
comment on the way the system wocked and the questions
the system asked for the puzpose of modifylng the user
interface 1f required. Once these tests were completed

modifications, where necessary, were made to FOREX.
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Tacse tests also showed that validation is an Lmportant
aspect of the construction process. A few errors were

st111 detected In the ~ystem.

At thia stage the flnal verslon of FOREX was completed.
tt was now decided to test the system agalnst actual
~auee, At the acther works at Inland Revenue, he has
arcesn  tna wide range of actual case . A llst was

ebtalaed f canes «n which Inland Revenue officials  had

eoame  act 8¢ proplems corceining the tax lmpllcations of
tranoacticne  4n foreign currencies, These cases  were
tapksd n FoREY Ty oing the facts of the case as stated

written o orpecp wdenee ronteined inothe  files,  The

te yropoeed by FORFX were compared to the deci-

sEoaw pade by the bliclals ropcerned.  The results  of

Pew tertc b owed gt gp mert casen Lhe solution  pre-

EEY W the ae the declelon wade by  the

Choow e where the answers were not the

fame,  tte ltterenes  peuld be attributed to the  fact

fhar  the  wexperts alse difter at times as to  what the
correet nointion tug predlem 1s. This s especially

trae  fh thove avest where the Invome Tax Act does  not

groa by B ibe aad where no court cases exist.

Given Lhe very narrow domsin and small knowledge base of
FOREY 1t war Wt overy diffiealt to validate the system.
Thi ndivre of the dumiin glse assisted tn the validation

procerc. To the domain of tex there are a limited number




4

o

! o b
b |
& K
& ety

of conclusions. For example, an amount 1s elther taxabiu
or not taxable or it ls deductible or not deductlble. No
other possibillities exist. It {s therefore concluded
that the valldation of any income tax based expert
system should not present problems with regard to the
completeness of the knowledge base. Problems may however
arise as to correctness, especially in those azeas where
uncertalnty and disagreement as to the currect tax con-
sequence exists among experts. In the case of FOREX
these problems only effect a very small percentage of
transaction types. This should not effect the expert
system’'s utility.The systems should be designed In such
a way that when an answer is given in an area of uncer-
tainty, the system mentlons the uncertainty, the alter-
native solutfon and the most likely correct answer. This
feature has been lIncorporated intoc FOREX in the area

where dlsagreemsnt among experts exists.

The following chapter will present a sample consultation

using the completed system,




A0, ANRPLE. CONAVLTATION

This chapter descrlbes a sample consultation with the
completed system FOREX, Onte the system has been loaded

the Eollowing screen appears:

"Welcome to FOREX. Thls consultation determines the
tax consequences of transactions in foreign
currencles. Follow the instxuctlions at the bottom of
the screen. Answer the guestlons truthfully else a
incorzect answer may be glven., Answers to gquestlions
may be given by either typing the answer and  keying
{Enter! or by selecting the answer from the menu
presented, pressing [Enter} followed by [Endl.

Should you wish to krow why 4 questlon ls belng asked
enter [/3). If you wish to know how a answer was
arrived at, enter (/2) and then indlcate which
variable you are querying (elther tax effect or rate).

Press any key to continue.®

This is followed by:

"Is the purpose of the consultation:

1) to determine whether prefits or losses arising
ut of foreign currency transactions are taxable/

daductible/nut taxable/not deductible

2).to determine which rate of exchange to use

when translating forelgn currency transactlons

for tax purposes OR

3).7c determine the tax consequences of transac-

tions In forward exchange contracts (FEC's)

1 2 3
Answer 2 ls seuected.
The consultaticn now breaks off for a few seconds while

another flle ls loaded. The consultatlon continues:

“Bater the Rand amount at which the Mabu“.y was
Initially recorded in the accounting records:"
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DL 145 000 is entered.

. The expert system responds with:

: "Enter the amount of Rands that vere required to repay
the 1lability or, if unpald, then the forelgn currency
amount »swing translated at the year-end rate of ex-
change:"

165 100 ls entered.

“ror what purposes were the funds of the forelgn
1lability used?

stock plant & machinery equipment
working capltal property investments
expenses loans made

The user of the system responds with {/3whyl. Why s the
question being asked? The system responds:

"The guestion is being asked because

The underlying natvre of the transaction is one of the
factors which determines the tax consequence.

Press any key Lo continue."

The answer "expenses” }» selected from the menu.

P R "Has the amount due on the llablility been pald or is
P2 s it stlil owlng?
paid 8111 owing "

vt ) 1 "stiil owing" is selected as the answer.

"When was the liability incuxred?
this year

X Selected "this year®.

The consultation now responds:

"rhe expenditure is to be guantifled using the year-
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enz rate of exchange. By Inplication no adjustment is
necessary 1f the loss relates to expenditure. The
effect on taxable income 1s the same whethex the
expense 13 shown at the correct value or if a loss on
exchange is claimed as a deduction. 1f the 1labllity
relates to stack an adjustm.nt will be necessazy to
the value of closing stock to the extent that closing
stock is on hand. Refer to Caltex Oil v §.I.R.

The unrealised revenue loss of 20 100 is deductible
CNF 100.

press any key to continue.®

It can be noted that the system has given the answer
(second last line) and has expanded by providing a
further explanation. The answer also restates the facts
of the particular case; S.e. “unrealised® "revenue®
"loss® which 1s guantifted. The CNF 100 means a

confidence factor in the answer of 100%.

At this ctage the user wants to know how the answer was

arrived at. He enters [/Zhow!. The system responds with:
“which variable are you enguiring about?
The variable "tax effect” is selected. The system shows:

“The loss is deductible because the court held ln the
case of altex Ol v SIR that expenditure must be
accounted Eoxr at the end of the yeax of assessment.
Therefore any expenditure in forelgn currencles ls
quantlEled by using the rate of exchange ruling at the
end of the year of assessment.”

The conaultatlon is continued by pressing any key.

"Do you wish to have a further consultatfon?
yes no M

et e



Entex “yes".

"Does the next consultatlon concern:
1).Taxability/deductibllity of transaction in
foreign llabilitles OR
2). Other transsctions.

1

The user selects "2",

The system breaks for a few seconds while a it chains to
the original beginning. [Refer to the begin of the
consultation documented.] As can be seen the aystem
ask two types of questlons. The one type controls the
search dizrection and operations of the system, while the
otk r type requests the informatlon on which the system

makes its declslon.

the system responds when 1t is asked why it Is asked a
question as well as how it arrived at a answer. The
latter facility is however not very unde.standable as
the system asks the user which variable he s enguiring
about. Should the user not know now the VP-Expert shell
operates 1t 1s doubtfull whether he will obkailn an
answer. This veakness of the explanatory Interface has

been commented on previously {refer chapter 8),
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" oo 11.CONCLUDING FINDINGS

This zesearch xeport has documented the development of a

Income tax based expert system. The system, named FOREX,

! 15 In the domaln of the taxation conseguences of txans~
. LA actlons in forelgn currencies, The system was developed
ol with the purpose of providing practical guidelines for >

others who wish to develop thelr uwa expert systems not

necessarily in the tax domaln. The research addressed:

P 1.The knowledge acquistion process.
- 2.The encoding of the knowledge.

§ 3.The utility of using a expert system shell.

The gaper first examined the concept of expext systems.

The detinition and features of a expert system wera

dlarussed, The compunents of a typical system were exa-

p mined. The tasks whigh expert systems perform, the

L =
E . ] advantages and the limitations of such systems were also
disenssed.
L] LT
T
vt . Y 13.1.Tax-bas:d expert systems
e
vartous expert systems In the domain of income tax,
, which had be-n ldentifled in the llterature, were dis-
cussed. It was noted thal most systems have very narrow
v A
8, i domalns and that not many systems have been developsd to

date, 1t 1s suggested that thia may be because the

technolugy of expert systems ls not yet widely enough
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known and that there are still practical problems 1in

applying the technology.

11.2.The domaln of lncome tax

The paper then examined the intended domain for FOREX
namely South African income tax with specific reference
to transactlons in foreign currencies. The sources of
knowledge were discussed as were the nature and types of
problems on which experts were consulted., It was found
that important sources included written works such as
text books, law case reports and articles us well as
human experts. It was also found that the knowledge 1In
the domaln (as contained for example In the Income Tax

Act) was easily encodeable into If/Then rule format.

1i.3.Knewledae acquisition and ellcitation

11

1.Expers identification

The 1initial stage of the knowledge acqulsition process
is the identification of the real experts. It was found
that thls presented some problems. The level of exper-
tise of all available practlitioners was not at the
required level. The tdentlfication of proper experts was
found to be a crucial first step of the knowledge acqui-

sition and elicitatlon process.

11.3.2.Knowledge elicitation teghnigues
The Interviewing technique was used to acquire much of

the required knowledge. It was how:ver found that In the

66




domain of tax, wuch of Lhe initlal knowledge could be
extracted from written work such as text books, law case
reports and written articles. The technique of decom~
poaing the knowledge into subproblems was found to be
ve:, useful. This proved useful when checklng complete-~
neas of the knowledge as well as later, when encoding

the knowledge.

11.3.3.valldatlon of elicited knowledge

It can be recommended that the acguired knowledge be
valldated before encoding commenc s, This will preclude
incorrect knowledge from belng included in the data-base
of the system. Confirmatlion of the ellcited infoxmation
with experts and testing agalnst written theoretical
works were found to be effective technlques of vallda-

ting the elteited knowledge.

In the domain of tax the knowledge is ofien blased, in
that the experts seek to obtaln the most favourable tax
eftect. In this case the knowledge was valldated by

obtaining expert ard theoretical confirmation,

4.Practitioners as asyshem developers
It was found that Lt ls an advantage If the system

developer 48 a practltloner in the domain. This alds in
the understanding of the domain speclfic terms as well
as in ensuring the completeness and accuracy of the

acquired knowledge.
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11.4.Breoding of  :iirr:l_knowledge

The acqrired knowledg: was encoded easily into I£/Then
rule format. This part of the knowledge encoding process
presented no problems. It was however found that 1t ls
important to create a proper control structure for the
rroblem solving process. The solutlon developed was to
use a hierarchlcal organisation structure along the
lines of the tree diagram developed during the knowledge

acquisition pracess.

11.5.0t13ity of using a_shell

Using an off-the-shelf shell presented no problems, The
shel! 18 easy to use and the system development was
accompiished falrly quickly. It can be concluded that
uring a shell in system development s a viable route

far laymen in expert system technology to follow.

idating the eystem

FOREX was validated in three stages. Flrstly the develo-
per performed random tests to confirm the accuracy of

the end conclusions while developing the system, The

system was then Lested agalnst hypothetical cases pre-
vazed by the domain experis. The experts also performed
the tests so that the user interface could be tested.
Once all adjustments had heen flnalised, the system was
tested by the developer against actual cases contained

in the files of Inland Revenue.

(3]
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11.6,summary

This research has shown thai it is fairly easy for a
layman In experl system technology to develop a system
within his domaln of expertlse using an expert system
shell. The availabillty of expert system shells makes
the technology easily accessible. The knowledge in this
case could be extracted from written works and inter-
viewing technigues could be employed. This particular
mix might not be appropriate in other situations. Iden-
tifying the real experts may present some problems. An
area for future research which has been identified is
the lengthy process af acquiring the knowledge. This 1s
4 bottleseck  In the development of uxpert systems.
Finally esperlence in this research supports the recom-
mendation that expert systems be developed for very
farrow domeine. This makes the development easler. The
knowledge that is te be acquired (s kept to manageable
levels, the encodlng j~oceas s made casler, the system
cottrol structure can be kept simple and validation ls
made more certain.

11.7.Further_possibilitles

The author envisages that expert systems can be con-
structed for the whule domaln of income tax by construc-
ting numerous autonomous systems Ln various natzow sub-
domaine with ultimately a separave system to cuutrol the

selectlon ot the appropriate system for a consultation.
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