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ABSTRACT

The use and exploitation of real-world knowledge by a
knomedge-based (KB) database desgn tool was cdaimed
capable of enhancing its peformance in terms  of
processng efficiency, quality of desgns produced and
appearance of tool’s intdligence.  However, as to date,
there have been no serious attempts made to evaluate these
claims. This paper presents such an evaluation of one
approach proposed to facllitate the system dorage and
eqploitation of realworld knowedge the thesaurus
approach. Results obtained have demondrated that with-in
the scope of desgn synthess, the claim for an increase in
processng efficiency has been achieved.  However, within
the contet of desgn diagnoss all the aforementioned
claims have been met by the thesaurus approach.

Keywords Database  desgn tool, Knowedgebasd
database design tool, Thesaurus approach,
Evaluation

10 INTRODUCTION

Recent years have seen the development of a number of
knowledge-based (KB) dadbase design tools that employ
expert system technology in order to provide support to a
human designer during the process of daabase andysis and
design [1, 2, 3]. Such tools are generdly intended to act as
assigants to human designers [4], being capable of
providing guidance, proposing dternative solutions, and
investigating the consequences of design decisions|[5].

The effectiveness of exiging tools has demondrated the
viability of representing database design expertise in a
computer program, however, observing such systems in use
makes it clear that human designers contribute far more
than database design expertise to the design process [6].
Humen dedgners even when working in an unfamiliar
domain, are able to make use of their knowledge of the red
world in order to interact with users, make hepful
suggestions and inferences, and identify potentia errors and
inconsstencies [7, 8]. Conversdy, the mgority of existing
KB database design tools do not possess such rea-world
knowledge, and ae therefore reguired to ask many
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questions during a design sesson that may be viewed as
being trivid [9, 1(]. This dtuation has resulted in
numerous cals for the representation of red-world
knowledge within such tools, coupled with the &hility to
reason with and make use of this knowledge.

A number of gpproaches to representing and exploiting
such red-world knowledge have been proposed, including
the dictionary approach [L1], the thesaurus approach [5, 9],
and the knowledge reconciliation approach [6, 10]. These
approaches have been accompanied by various cams [7, 9]
that the use of such knowledge has the potentid to increase
the appearance of tools intelligence, to improve the qudlity
of the desgns produced, and to increese processng
efficiency. However to date, little if any formd evauation
of these clams has taken place. This paper presents an
evduation of the thesaurus approach [5 9 as origindly
employed by the Object Design Assstant (ODA) [1, 17,
the intention being to initiate the gathering of evidence to
support or otherwise the clams previoudy stated. The
thesaurus approach was chosen mainly because it has been
used to asis users in designing object-oriented databases.
Furthermore, the evauation of the dictionary approach and
the knowledge reconciligtion agpproach have  been
previoudy described in [13, 14].

20  THEINTELLIGENT OBJECT ANALYSER

In order to explore and evaduae the capabilities and
benefits gained from exploiting this approach, a prototype
KB database desgn tool, the Inteligent Object Analyser
(I0A), was developed. 10A provides support for the design
of the structural (data) aspects of object -oriented databases.

The intended user is a database designer or a sysems
andys, who is familiar with systems modeling concepts
and the domain to be moddled. Knowledge of object-
oriented databases or of object-oriented anadlysis and design
techniques is not a requirement. It is not the purpose of this
paper to discuss 10A in depth, however, a brief outline of
the structure ad method of operation is required in order to
illusrate how the red-world knowledge may be represented
and exploited during design processng. An overview of
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the dructure and activities performed by the 10A therefore
follows.

The current verson of the IOA tool runs in a PC
environment, and was developed usng Common LISP
(Allegro CL\PC). The IOA knowledge base contains a
mixture of rules and facts. Rules correspond to knowledge
of how to peform the desgn tak (the order in which
design activities take place), detecting and resolving
ambiguities, redundancies and inconsgtencies within - an
evolving desgn, and handling the gradud augmentation of
an evolving desgn as a design session progresses.  Facts
are usd to represent two views of the application domain;
an initid representation (the problem domain modd) as
provided by the user, and the object-oriented design
generated from thisinitial representation.

During a design session, 10A adopts a two-step procedure,
whichisasfollows:
The first dep involves cregting an initid
representation of the gpplication domain (known as
the problem domain mode) and the subsequent
refinement of this model
The second step involves the refinement of the
problem doman modd by detecting and resolving
any incondgtencies that may exis, and the
transformation of the modd into object-oriented
form (also known as the analysis moddl).

The first stage of processng requires a set of declarative
datements that describe the application domain to be
submitted to I0A. These dtatements are a variaion of the
method of interactive schema specification described by
Bddisara et al. [15 being based upon the binary modd
described by Bracchi et al. [16]. Each satement links
together two concepts (taking the form A verb-phrase B,
and fdls into one of three cdasses of construct,
corresponding  directly to the structural abstractions of
asocidion, generdisgtion, and  aggregation. The gate
ments ae used to condruct a problem doman modd
representing the gpplication domain. Once congructed,
IOA atempts to confirm its “understanding” of the
semantic aspects of the problem doman modd; that is,
whether each sructure  within - the modd  represents
generdisation, aggregation or associaion.

The problem domain modd upon construction is submitted
to a series of refinement procedures to detect and resolve
any incondstencies (such as redundancies that may be
present within generdisation hierarchies) that may exist.
These procedures are performed both with and without the
requirement of user input (sometimes referred to as external
and internal  validation  respectively). Once such

incondstencies have been idettified and resolved, [0A
makes use of the problem domain modd in order to
generate aconceptual model (in oect -oriented form).

The detall design sequence for the aforementioned two-step
procedure is conceptudly illustrated in Fig. 1.

r Andyse thesyntax of the
domain description

4

o Initial dlassification of
1 _< thesemantic aspectsof

theproblemdomain
Sen

4

Confirmationof the

‘—} Dedlarative Statement
semantic aspectsof the

«— OPJ}\Q;E Problem Domain Model
problem domain model

4 /

/" [

Detect andresolve
inconsistencies

—
z
S 4
Identify themuiltiplicity
and congtraintsof ¢
relationship of the
andysis model

\

AnayssModel

Fig. 1: The detail design sequences of the |OA two-step
procedure

As previoudy discussed, the IOA tool has been developed
in order to assig with a series of experiments amed to
evduate the contribution of red-world knowledge to the
activities of KB database dedgn tools. To fadilitate this
am, IOA is capable of conducting design sessons both
with and without making useof red-world knowledge.

30 REPRESENTING THE THESAURUSAPPROACH

The thesaurus approach to representing and exploiting red -
world knowledge by a KB database design toal is illustrated
by the Object Design Assistant (ODA) tool of Lloyd
Williams [5, 9. The approach represents rea-world
knowledge & generic modds comprisng of doman
specific  concepts,  linked  together  via  abstraction
mechaniams of aggregation, generdisation and association.
The domain concepts may be referred to by any number of
associgted  synonyms  where  appropriate. The dmilar
representation  of  real-world  knowledge has  been
implemented in the 10A toal.
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Fg. 2: Fragment of red -world knowledge for a health services domain represented using the thesaurus approach

Fg. 2 illudrates an example of
represented using the thesaurus approach.

red-world  knowledge

As can be sen in Fg. 2, the thesaurustype structure
exhibits flexibility, alowing each concept to be referred to
by any number of associated synonyms, and the abstraction
mechanisms linking concepts to take any name provided by
the user. For example, the following statements would dl
be recognised as semanticaly equivdent by the I0A (with
reference to FQg. 2) concening a dngle asocidion
relationship between two concepts.

SURGEON PERFORMS OPERATION
SURGERY PERFORMED-BY SURGEON
DOCTOR CONDUCTS OPERATION
OPERATION DONEBY PHYSICIAN

The content of this structure can &so be classfied as
“information rich” as it contains information about integrity
condraints as wel as memberships participation (whether
optiona or mandatory) for links between pairs of concepts.

The 10A tool is capable of processng in two different
modes, without the use of red-world knowledge (basc
mode) and usng red-world knowledge provided by the
thesaurus gpproach (thesaurus mode). The basc mode of
processing has been previoudy described in section 2 of
this paper. At various dages during the basc mode of
processing, the 10A conducts a didogue with the user to
confirm its undersanding of the gpplication doman or to
obtan additiond information. When making use of red-
world knowledge provided by the thesaurus approach, the
tool refers to this knowledge wherever possble.  The tool
resorts to questioning the user; only when the rea-world
knowledge cannot provide the required information.

This section has provided only a brief overview of the
method of knowledge representation employed by the
thesaurus approach. Those interested with further details of
this approach, aong with the clamed benefits associated
with it use, are referred to the relevant source literature (see
foringtance[5, 9)).

40 EMPIRICAL

STRATEGIES

TESTING AND EVALUATION

KB systems (KBSs) or expert sysems can be evduated in
terms of component evauation or sysem evauation [17].
Component evauation is concerned with the examinaion
and aseessment of the individua components of a KBS,
such as rules, weights or frames, whereas system evauation
is concerned with the examination and assessment of the
performance of the sysem as a whole Given this
description, the empirical testing and evaluation process
conducted in this study fdls into the category of system
evaluation.

In system evauation, the casetesting method was declared
by OKeefe and Preece [18] as the most dominant and
prevalent method. This method usually involves the
execution of a st of testcases by a KBS where the results
produced are compared with those of human experts or
computetiond modds (such a dmulation modes or
regresson models). This method has exhibited satisfactory
results, and is likely to be a popular approach in the future
[19]. The casetesting method was, therefore, seen suitable
to be employed in this study.

In adopting the casetesting method, this study adopts the
folowing seps each of these is eaborated in the next
section.

1. Edablish a st of peformancerdated criteria based on
which aKB database design tool can be evauated.

2. Generate a representative set of test-cases to provide
adequate coverage for each type of tests Execute the
test cases on the tool with and without the use of rea-
world knowledge.

3. Reaults obtaned from executing the test cases usng
the red-world knowledge are compared with the results
obtained when no such knowledgeisin use.

41  Egablishing Criteria

The edablishment of criteria of which a KB databese

design tool can be evduated was found to be centrd in the

testing and evauation activities. The st of criteria
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edtablished within the scope of this research work focuses
on the aspects of system’s processing efficiency, quality of
adesign mode and appearance of system’ sintdlligence

The main criteria of interest used are as follows:

Processing time. Processing time refers to the CPU
time required by a tool to peform a single design
action. It is not influenced by human factors as it is
measured from the point a which the tool commences
an action until that action is complete. Processing time
is, however, influenced by the complexity of the design
input; the complexity of the systemhed doman
knowledge and the reasoning associated with it; and
the gpecification of the processor of the persond
computer in use.

Userftool interaction.  User/tool interaction refers to
the number of interactions required between the tool
and the user, in order for the tool to confirm its
understanding of some aspects of the gpplication
domain or to acquire additiond information should it
be required.

Completeness of the desgns produced.  Completeness
is defined as the ability of a data modd to meet dl the
user information requirements [20]. Within the scope
of the testing performed, completeness is measured in
tems of the number of missng dasses and
rel ationships associated with the design example used.
Detected and resolved errors.  This criterion refers to
the number of errors (previoudy synthesised and used
to generae a range of test-cases) that have been
successfully detected and resolved by the tool. The
erors included synonymous class(es), synonymous
relationship(s) and combination of both.

Errors within designs produced. This criterion directly
relates to the number of errors resolved criterion. The
synthesised errors that remain undetected by the tool
are continuoudy processed by the tool and generated as
part of the desgn produced. The erors within designs
produced criterion is, therefore, meesured in terms of
the number of these undetected synthesised errors.
Suggestion of missing design dements.  This criterion
measures whether the eements (within the generated
desgn) ae based entirdy upon  user-provided
information, or are included as a direct result of the
system consulting with its real -world knowledge.

The above criteria were used to assess the 10A
performance, in terms of processng efficiency, quality of
designs produced and appearance of intdligence.

The increase in processng efficiency can be judged from
the reduction in the number of user/tool interactions and
processing time required by a tool [5 21]. Fewer number
of user/tool interactions required may indicate some aspects
of the confirmation and augmentation process are intendly
confirmed and processed; and decreased processng time
may indicate that some aspects of design processng are no
longer required or are smplified.
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The qudity of designs produced can be judged from ther
completeness and consistency. Therefore, the criteria
completeness of designs produced and errors within design
produced can be used to assess this performance factor.

The judtification of the gppearance of tool intelligence can
be judged from the extent to which a tool is capable of
smulaing the approach taken by a human designer when
peforming a design task, such as offering suggestions and
inferences, identifying potentid errors and inconsistencies,
and forwarding questions to the user only when necessary
[6, 7]. The dements such as the number of user/tool
interactions, the number of errors capable of beng
detected and resolved by the tool, and suggestion of missing
design dements were, therefore, seen as suitable for
evauaing thisclam.

Fig. 3 summarises the association between esch criteria to
the performance factors (i.e. which criteria ae used to
assess which performance factors).

PERFORMANCE
FACTORS
i ¥ ;
Processing Quality of Appearance of
Efficiency designs produced Intelligence
- User tool - Completeness of - User/tool
interactions designs produced interactions
- Processingtime - Errorswithin - Detected &
designs produced resolved errors

Fig. 3: Summary of the tested criteria used to assessthe
performance of aKB database designtool

42  Generation and Execution of Test-Cases
The set of test-cases used during the testing were generated
from a sa of desgn problems which were primarily
extracted from the avalable literature.  The advantage of
this method is that the accompanying solution could be
used as a benchmark and compared with the 10A-suggested
solution in order to confirm the appropriateness or
otherwise of the designs produced [13]. The synthesi-
sation of multiple test-cases from exiding design problem
ingdead of using the red-world test-cases which are not
easly avalable has been previoudy proposed by O'Keefe
and O'Leary [17] and implemented in [19] and [ 22].

The agpproach to desgn processing employed by KB
database design tool was categorised as design gynthess
and design diagnosis [23. Design synthesis is where the
tool has the capability of generating design output, whereas,
design diagnoss is where the tool deects any
incondgtencies or redundancies and suggests corrections in
desgn. In order to evauate the peformance of the 10A
tool within both approaches, two types of tests have been
implemented. The firg test (Test A) involved the
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generation and execution of a set of test-cases with varying
degrees of complexity, and the second test (Test B)
involved the generation and execution of a st of test-cases
with a different number and combination of types of errors.

The intention of Test A and Test B is to assess as whether
the information and reasoning associated with the use of the
thesaurus approach cgpable of enhancing the performance
(processing  efficiency, qudity of desgns produced and
appearance of todl's intdligence) of the IOA tool within the
scope design synthesis and design diagnosis respectively.

In peforming Tex A, each of the examples of design
problems was systematicaly dtered by dividing them into
multiple testcases with varying degrees of complexities
[13. Within the scope of the testing, the complexity of a
design testcase is defined as the number of concepts, and
the relationships between the concepts [24, 25).

In the second test (design diagnoss), esch of the example
design problems was systemdticaly ambedded with a series
of intentionaly-synthesised errors to generate a number of
test-cases [14]. Each of these generated test-cases contans
a combination of different types and numbers of
gynthesised  erors, including  synonymous  concept(s),
synonymous relationship(s) and combinations of both.

As previoudy discussed, the 10A is capable of processing
in two different modes processng without the use of redl-
world knowledge (basic mode) and processng with the use
of red-world knowledge represented as the thesaurus
approach (thesaurus mode). The test-cases generated were
then executed in both modes of processing. Thus, for each
test-case, two sets of results were obtained and compared,
following an approach recommended by O'Keefe and
Preece[18].

43  Method of Analysisof Results

The quantitative method of analysis was employed because
al the sdected criteria are quantifidble.  In this study, the
results observed from the execution of test-cases in
thesaurus mode were subsequently compared with the
results observed from the execution of test-cases in besc
mode. A datistical hypothesis test was then conducted to
find if there exig any dgnificant differences between these
observed results a the 5% of significanceleve.

Although there ae severd recommended  datitica
methods available to test such hypotheses, the paired t-test
method is highly appropriate in such circumstance as those
prevailing in this study [17, 26]. The paired t-test method
is a form of repeated measures design, where the same
variable (observed criterion) is messured on  severd
occasions (processing modes) for each subject (test-case).
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50 RESULTSAND FINDINGS

The results presented here emanae from a saries of tests
performed on hedth services domain problem found in the
genera literature. A totd of 26 and 35 testcases were
generated for Test A and Test B respectively. A discusson
of the andlysis of the obsaerved results for each type of test
follows.

51  Approach to Design Synthesis(Test A)

The objective of Tet A was to vdidae the hypothess
asociated  with  the use of red-world  knowledge
represented as the thesaurus approach by I0OA within the
scope  design  synthesis. Therefore, the set of null
hypotheses set up for this test is as follows (corresponding
to each of the criteria under observation in this test):

Usar/Tool
Interactions

Ho —Exploiting the thesaurus
approach does not reduce the
number of user/tool interactions
required per complexity.
CPUtime Ho —Exploiting the thesaurus
approach does not reduce the
CPU time required per
complexity.

Suggested elements Ho —Exploiting the thesaurus
approach does not increase the
number of suggested eements
per test.

Completeness Ho —Exploiting the thesaurus
approach does not increase the
completeness of the designs

produced per test.

Based upon the paired t-test results presented in Table 1 it
is apparent that there are sgnificant differences between the
thesaurus approach and the basic approach in terms of the
number of user/todl interactions and the CPU time required
per complexity. The obsarved sgnificance levedl and the
negetive t-Vaue suggest that the null hypothesis should be
rgected for both criteria It may, therefore, be stated that
the thesaurus agpproach incressed the overdl processng
efficiency by reducing the number of user/tool interactions
and the CPU time required per complexity.
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Table 1: Pairedt-test results- the thesaurus and basic
approaches (Test A)

Criteria df t-Value  Sig.t
P

User/tool interaction per 25 -4.52 0.000

complexity

CPU time per complexity (sec.) 25 -2.91 0.010

Suggested elements per test 25 N/A N/A

Completeness per test 25 N/A N/A

However, Table 1 dso indicaes that the aspects of
completeness and the suggested elements per test were not
sgnificantly different between the two approaches (the
datistical test was invalid as the thesaurus and the basic
approaches do  not provide suggestions for missing
information, therefore, both approaches result in  dmilar
numbers of mising dements within the resulting designs).
Accordingly, the use of thesaurus approach has not resulted
in an improvement in the qudity of the resulting design
output (meesured in terms of incressing the completeness
of the designs produced).

The dgnificant reduction in the number of user/tool
interactions required suggests an increase in the appearance
of inteligence of the tool. However, the (datistical) non
sgnificance of the suggeded eements per test criterion
may be viewed as jeopardising thisclaim.

52  Approach to Design Diagnosis (Test B)

The objective of Tet B was to vadidate the hypothess
associated  with  the use of red-world  knowledge

represented as the thesaurus approach within the scope of
design diagnoss

The hypothesis of this test was that the use of real-world
knowledge represented as the thesaurus approach increases
the tool's processing efficiency (by reducing the processing
time and number of user/tool interactions required to detect
and remove arors), increeses the qudity of desgns
produced (by minimising the number of erors per desgn
produced) and increases the agppearance of tool's
intelligence (by increesing the number of errors detected
and resolved and by reducing the number of user/tool
interactions required to solve errors). As a result, the set of
null hypotheses set up are asfollows:

User/Tool Interactions Ho— Exploiting the thesaurus

approach does not reduce the

number of user/tool interactions
required per error detected and
resolved.

CPUtime Ho — Explaiting the thesaurus
approach does not reducethe
CPU time required per error

detected and resolved.

Errors per design
output

Ho — Explaiting the thesaurus
approach does not reducethe
number of errorswithin designs
produced per test.

Errors resolved per test Ho — Explaiting the thesaurus
approach does not increase the
number of errors detected and
resolved per test.

As can be sen in Table 2,
interactions and CPU time required per eror were
significantly reduced by the thesaurus approach as
evidenced from the dgnificant value of P (P < 0.05) and the
negative t-Vaues It may therefore be clamed that the
thesaurus approach has the capacity to increase the overal
processing efficiency of the IOA tool by reducing the
number of user/tool interactions and the CPU time required
per error.

the number of user/tool

Table 2; Pairedt-test results- the thesaurus and basic
approaches (Test B)

Criteria df t-Value Sig.t
P)
User/tool interaction per error 34 -7.83 0.000
CPU time per error (sec.) 34 -3.83 0.001
No. of errors per design output 34 -6.24 0.000
No. of errors resolved per test 34 6.24 0.000
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Table 2 aso illustrates that the number of errors per design
produced was dgnificantly reduced when using the
thesaurus  approach. Accordingly, the dam for an
improvement in the qudity of designs produced (minimised
the number of errors within designs produced) has therefore
been met by the IOA tool when using thesaurus approach.

The dgnificant increese in the number of erors detected
and resolved per test initiadly indicates an increese in the
appearance of tool inteligence.  This indication was further
supported by the dgnificant reduction in the number of
user/tool interactions required per error.  As a result, the
dam for an ovedl increase in the appearance of
intelligence of the 10A tool has been achieved when using
the thesaurus approach in terms of these criteria
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60  DISCUSSION AND CONCLUSIONS

Table 3 presents a summary of the conclusons reached for
bothtests.

Table3: Summary of conclusons

Performance Factors Approach to Design

Design Design
Synthesis Diagnosis
Increases overal tool Yes Yes
processing efficiency
Improves quality designs No Yes
produced
Increases overall appearance of Unjudtifiable Yes

tool intelligence

Within the tool gpproach to design synthesis, only the claim
for an overdl increese in processng efficiency has been
met by the thesaurus approach. The conclusion ensued as a
result of the s$gnificant reduction in the number of user/tool
interactions and CPU time required for each increese in
complexity. These reductions occurred to a certain extent
due to the “information rich” contents held by the thesaurus
approach. For instance, condrants and membership
requirements related informatiion have the potentid to
impect upon the performance-related criteria

Within the context of desgn diagnoss, exploiting the
thesaurus-type dtructure during processng has managed to
simplify the process of detecting and resolving erors (i.e.
cetain agpects of confirmation and processng were no
longer required). This was evidenced from the sgnificant
reduction of the CPU time and user/tool interactions
required, which indicates that the objective of increasing
the overdl processing efficiency (with the use of the
thesaurus approach) has been met.  Furthermore, using this
gpproach in design diagnoss has dso increased the tool's
gopearance of inteligence.  The dgnificant reduction in the
number of userftool interactions required to detect and
reolve erors and the increased in the number of errors
detected and resolved have supported this conclusion.

Although the objective of improving the quality of designs
produced when using the thesaurus approch was not
fulfilled during the evauation of the tool approach to
design synthess, it was fulfilled during the evauaion of
the tool gpproach to design diagnoss. This conclusion was
reeched as a more condstent desgn output has been
produced (the number of erors per design produced has
been reduced).

results have been obtaned from the
neverthdess, it is recognised that

Very encouraging
evduation work,
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condderation must be given to a number of practicd issues.

The effectiveness of the tool depends grestly on the
accuracy and completeness of the sysemhdd red-world
knowledge, and the results obtained from the tests may be
influenced to a certain extent by the variety and coverage of
the generated test-cases.

70 SUMMARY AND FUTURE WORK

This paper has presented the findings of an assessment of
the thesaurus approach to representing and exploiting red-
world knowledge by an intdligent detabase design tool; the
IOA. The use of encgpsulated red-world knowledge by the
IOA tool when performing the tasks of design synthesis has
yielded the benefit in terms of increesng processng
efficiency. On the other hand, when peforming the tasks
of desgn diagnoss, the exploitation of the thesaurus
approach has yidded the benefits of increasing processing
efficiency, improving the quality of designs produced and
increasing the appearance of tool’ sintelligence.

Ongoing work includes extending the series of evduative
experiments to include the assessment of other approaches
recommended for representing and exploiting red-world
knowledge by KB database design tools.
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