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ABSTRACT 
 
The use and exploitation of real-world knowledge by a 
knowledge-based (KB) database design tool was claimed 
capable of enhancing its performance in terms of 
processing efficiency, quality of designs produced and 
appearance of tool’s intelligence.  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 facilitate the system storage and 
exploitation of real-world knowledge; the thesaurus 
approach.  Results obtained have demonstrated that with-in 
the scope of design synthesis, the claim for an increase in 
processing efficiency has been achieved.  However, within 
the context of design diagnosis all the aforementioned 
claims have been met by the thesaurus approach. 
 
Keywords: Database design tool, Knowledge-based 
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1.0 INTRODUCTION 
 
Recent years have seen the development of a number of 
knowledge-based (KB) database design tools that employ 
expert system technology in order to provide support to a 
human designer during the process of database analysis and 
design [1, 2, 3].  Such tools are generally intended to act as 
assistants to human designers [4], being capable of 
providing guidance, proposing alternative solutions, and 
investigating the consequences of design decisions [5]. 
 
The effectiveness of existing tools has demonstrated 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].  
Human designers, even when working in an unfamiliar 
domain, are able to make use of their knowledge of the real 
world in order to interact with users, make helpful 
suggestions and inferences, and identify potential errors and 
inconsistencies [7, 8].  Conversely, the majority of existing 
KB database design tools do not possess such real-world 
knowledge, and are therefore required to ask many 

questions during a design session that may be viewed as 
being trivial [9, 10].  This situation has resulted in 
numerous calls for the representation of real-world 
knowledge within such tools, coupled with the ability to 
reason with and make use of this knowledge. 
 
A number of approaches to representing and exploiting 
such real-world knowledge have been proposed, including 
the dictionary approach [11], the thesaurus approach [5, 9], 
and the knowledge reconciliation approach [6, 10].  These 
approaches have been accompanied by various claims [7, 9] 
that the use of such knowledge has the potential to increase 
the appearance of tools’ intelligence, to improve the quality 
of the designs produced, and to increase processing 
efficiency.  However to date, little if any formal evaluation 
of these claims has taken place.  This paper presents an 
evaluation of the thesaurus approach [5, 9] as originally 
employed by the Object Design Assistant (ODA) [1, 12], 
the intention being to initiate the gathering of evidence to 
support or otherwise the claims previously stated.  The 
thesaurus approach was chosen mainly because it has been 
used to assist users in designing object-oriented databases.  
Furthermore, the evaluation of the dictionary approach and 
the knowledge reconciliation approach have been 
previously described in [13, 14]. 
 
 
2.0 THE INTELLIGENT OBJECT ANALYSER 
 
In order to explore and evaluate the capabilities and 
benefits gained from exploiting this approach, a prototype 
KB database design tool, the Intelligent Object Analyser 
(IOA), was developed.  IOA provides support for the design 
of the structural (data) aspects of object -oriented databases. 
 
The intended user is a database designer or a systems 
analyst, who is familiar with systems modelling concepts 
and the domain to be modelled.  Knowledge of object -
oriented databases or of object-oriented analysis and design 
techniques is not a requirement.  It is not the purpose of this 
paper to discuss IOA in depth, however, a brief outline of 
the structure and method of operation is required in order to 
illustrate how the real-world knowledge may be represented 
and exploited during design processing.  An overview of 
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the structure and activities performed by the IOA therefore 
follows. 
 
The current version of the IOA tool runs in a PC 
environment, and was developed using Common LISP 
(Allegro CL\PC).  The IOA knowledge base contains a 
mixture of rules and facts.  Rules correspond to knowledge 
of how to perform the design task (the order in which 
design activities take place), detecting and resolving 
ambiguities, redundancies and inconsistencies within an 
evolving design, and handling the gradual augmentation of 
an evolving design as a design session progresses.  Facts 
are used to represent two views of the application domain; 
an initial representation (the problem domain model) as 
provided by the user, and the object-oriented design 
generated from this initial representation. 
 
During a design session, IOA adopts a two-step procedure, 
which is as follows: 

• The first step involves creating an initial 
representation of the application domain (known as 
the problem domain model) and the subsequent 
refinement of this model 

• The second step involves the refinement of the 
problem domain model by detecting and resolving 
any inconsistencies that may exist, and the 
transformation of the model into object-oriented 
form (also known as the analysis model). 

 
The first stage of processing requires a set of declarative 
statements that describe the application domain to be 
submitted to IOA.  These statements are a variation of the 
method of interactive schema specification described by 
Baldiserra et al. [15] being based upon the binary model 
described by Bracchi et al. [16].  Each statement links 
together two concepts (taking the form A verb-phrase B), 
and falls into one of three classes of construct, 
corresponding directly to the structural abstractions of 
association, generalisation, and aggregation.  The state-
ments are used to construct a problem domain model 
representing the application domain.  Once constructed, 
IOA attempts to confirm its “understanding” of the 
semantic aspects of the problem domain model; that is, 
whether each structure within the model represents 
generalisation, aggregation or association. 
 
The problem domain model upon construction is submitted 
to a series of refinement procedures to detect and resolve 
any inconsistencies (such as redundancies that may be 
present within generalisation 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 

inconsistencies have been identified and resolved, IOA 
makes use of the problem domain model in order to 
generate a conceptual model (in object-oriented form). 
 
The detail design sequence for the aforementioned two-step 
procedure is conceptually illustrated in Fig. 1. 
 

 
Fig. 1: The detail design sequences of the IOA two-step 

procedure 
 
As previously discussed, the IOA tool has been developed 
in order to assist with a series of experiments aimed to 
evaluate the contribution of real-world knowledge to the 
activities of KB database design tools.  To facilitate this 
aim, IOA is capable of conducting design sessions both 
with and without making use of real-world knowledge. 
 
 
3.0 REPRESENTING THE THESAURUS APPROACH 
 
The thesaurus approach to representing and exploiting real-
world knowledge by a KB database design tool is illustrated 
by the Object Design Assistant (ODA) tool of Lloyd-
Williams [5, 9].  The approach represents real-world 
knowledge as generic models comprising of domain 
specific concepts, linked together via abstraction 
mechanisms of aggregation, generalisation and association.  
The domain concepts may be referred to by any number of 
associated synonyms where appropriate.  The similar 
representation of real-world knowledge has been 
implemented in the IOA tool. 
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Fig. 2 illustrates an example of real-world knowledge 
represented using the thesaurus approach. 
 
As can be seen in Fig. 2, the thesaurus-type structure 
exhibits flexibility, allowing 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 all 
be recognised as semantically equivalent by the IOA (with 
reference to Fig. 2) concerning a single association 
relationship between two concepts. 
 
SURGEON PERFORMS OPERATION 
SURGERY PERFORMED-BY SURGEON 
DOCTOR CONDUCTS OPERATION 
OPERATION DONE-BY PHYSICIAN 
 
The content of this structure can also be classified as 
“information rich” as it contains information about integrity 
constraints as well as memberships participation (whether 
optional or mandatory) for links between pairs of concepts. 
 
The IOA tool is capable of processing in two different 
modes, without the use of real-world knowledge (basic 
mode) and using real-world knowledge provided by the 
thesaurus approach (thesaurus mode).  The basic mode of 
processing has been previously described in section 2 of 
this paper.  At various stages during the basic mode of 
processing, the IOA conducts a dialogue with the user to 
confirm its understanding of the application domain or to 
obtain additional information.  When making use of real-
world knowledge provided by the thesaurus approach, the 
tool refers to this knowledge wherever possible.  The tool 
resorts to questioning the user; only when the real-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, along with the claimed benefits associated 
with it use, are referred to the relevant source literature (see 
for instance [5, 9]). 

4.0 EMPIRICAL TESTING AND EVALUATION 
STRATEGIES 

 
KB systems (KBSs) or expert systems can be evaluated in 
terms of component evaluation or system evaluation [17].  
Component evaluation is concerned with the examination 
and assessment of the individual components of a KBS, 
such as rules, weights or frames, whereas system evaluation 
is concerned with the examination and assessment of the 
performance of the system as a whole.  Given this 
description, the empirical testing and evaluation process 
conducted in this study falls into the category of system 
evaluation. 
 
In system evaluation, the case-testing method was declared 
by O’Keefe and Preece [18] as the most dominant and 
prevalent method.  This method usually involves the 
execution of a set of test-cases by a KBS where the results 
produced are compared with those of human experts or 
computational models (such as simulation models or 
regression models).  This method has exhibited satisfactory 
results, and is likely to be a popular approach in the future 
[19].  The case-testing method was, therefore, seen suitable 
to be employed in this study. 
 
In adopting the case-testing method, this study adopts the 
following steps; each of these is elaborated in the next 
section. 
 
1. Establish a set of performance-related criteria based on 

which a KB database design tool can be evaluated. 
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 real-
world knowledge. 

3. Results obtained from executing the test cases using 
the real-world knowledge are compared with the results 
obtained when no such knowledge is in use. 

 
4.1 Establishing Criteria 
 
The establishment of criteria of which a KB database 
design tool can be evaluated was  found to be central in the 
testing and evaluation activities.  The set of criteria 
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Fig. 2: Fragment of real-world knowledge for a health services domain represented using the thesaurus approach 
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established within the scope of this research work focuses 
on the aspects of system’s processing efficiency, quality of 
a design model and appearance of system’s intelligence. 
 
The main criteria of interest used are as follows: 
 
• Processing time.  Processing time refers to the CPU 

time required by a tool to perform a single design 
action.  It is not influenced by human factors as it is 
measured from the point at 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 system-held domain 
knowledge and the reasoning associated with it; and 
the specification of the processor of the personal 
computer in use. 

• User/tool 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 application 
domain or to acquire additional information should it 
be required. 

• Completeness of the designs produced.  Completeness 
is defined as the ability of a data model to meet all the 
user information requirements [20].  Within the scope 
of the testing performed, completeness is measured in 
terms of the number of missing classes and 
relationships associated with the design example used. 

• Detected and resolved errors.  This criterion refers to 
the number of errors (previously synthesised and used 
to generate a range of test-cases) that have been 
successfully detected and resolved by the tool.  The 
errors included synonymous class(es), synonymous 
relationship(s) and combination of both. 

• Errors within designs produced.  This criterion directly 
relates to the number of errors res olved criterion.  The 
synthesised errors that remain undetected by the tool 
are continuously processed by the tool and generated as 
part of the design produced.  The errors within designs 
produced criterion is, therefore, measured in terms of 
the number of these undetected synthesised errors. 

• Suggestion of missing design elements .  This criterion 
measures whether the elements (within the generated 
design) are based entirely 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 IOA 
performance, in terms of processing efficiency, quality of 
designs produced and appearance of intelligence. 
 
The increase in processing 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 internally 
confirmed and processed; and decreased processing time 
may indicate that some aspects of design processing are no 
longer required or are simplified. 

The quality of designs produced can be judged from their 
completeness and consistency.  Therefore, the criteria 
completeness of designs produced and errors within design 
produced can be used to assess this performance factor. 
 
The justification of the appearance of tool intelligence can 
be judged from the extent to which a tool is capable of 
simulating the approach taken by a human designer when 
performing a design task, such as offering suggestions and 
inferences, identifying potential errors and inconsistencies, 
and forwarding questions to the user only when necessary 
[6, 7].  The elements such as the number of user/tool 
interactions, the number of errors capable of being 
detected and resolved by the tool, and suggestion of missing 
design elements were, therefore, seen as suitable for 
evaluating this claim. 
 
Fig. 3 summarises the association between each criteria to 
the performance factors (i.e. which criteria are used to 
assess which performance factors). 
 

Fig. 3: Summary of the tested criteria used to assess the 
performance of a KB database design tool 

 
4.2 Generation and Execution of Test-Cases 
 
The set of test-cases used during the testing were generated 
from a set of design problems which were primarily 
extracted from the available literature.  The advantage of 
this method is that the accompanying solution could be 
used as a benchmark and compared with the IOA-suggested 
solution in order to confirm the appropriateness or 
otherwise of the designs produced [13].  The synthesi-
sation of multiple test-cases from existing design problem 
instead of using the real-world test-cases which are not 
easily available has been previously proposed by O’Keefe 
and O’Leary [17] and implemented in [19] and [22]. 
 
The approach to design processing employed by KB 
database design tool was categorised as design synthesis 
and design diagnosis [23].  Design synthesis is where the 
tool has the capability of generating design output, whereas, 
design diagnosis is where the tool detects any 
inconsistencies or redundancies and suggests corrections in 
design.  In order to evaluate the performance of the IOA 
tool within both approaches, two types of tests have been 
implemented.  The first 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 set 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 capable of enhancing the performance 
(processing efficiency, quality of designs produced and 
appearance of tool’s intelligence) of the IOA tool within the 
scope design synthesis and design diagnosis respectively. 
 
In performing Test A, each of the examples of design 
problems was systematically altered by dividing them into 
multiple test-cases with varying degrees of complexities 
[13].  Within the scope of the testing, the complexity of a 
design test-case is defined as the number of concepts, and 
the relationships between the concepts [24, 25]. 
 
In the second test (design diagnosis), each of the example 
design problems was systematically embedded with a series 
of intentionally -synthesised errors to generate a number of 
test-cases [14].  Each of these generated test-cases contains 
a combination of different types and numbers of 
synthesised errors, including synonymous concept(s), 
synonymous relationship(s) and combinations of both. 
 
As previously discussed, the IOA is capable of processing 
in two different modes: processing without the use of real-
world knowledge (basic mode) and processing with the use 
of real-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]. 
 
4.3 Method of Analysis of Results 
 
The quantitative method of analysis was employed because 
all the selected criteria are quantifiable.  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 basic 
mode.  A statistical hypothesis test was then conducted to 
find if there exist any significant differences between these 
observed results at the 5% of significance level. 
 
Although there are several recommended statistical 
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 measured on several 
occasions (processing modes) for each subject (test-case). 
 

5.0 RESULTS AND FINDINGS 
 
The results presented here emanate from a series of tests 
performed on health services domain problem found in the 
general literature.  A total of 26 and 35 test-cases were 
generated for Test A and Test B respectively.  A discussion 
of the analysis of the observed results for each type of test 
follows. 
 
5.1 Approach to Design Synthesis (Test A) 
 
The objective of Test A was to validate the hypothesis 
associated with the use of real-world knowledge 
represented as the thesaurus approach by IOA 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): 
 
User/Tool 
Interactions 

H0 – Exploiting the thesaurus 
approach does not reduce the 
number of user/tool interactions 
required per complexity. 
 

CPU time H0 – Exploiting the thesaurus 
approach does not reduce the 
CPU time required per 
complexity. 
 

Suggested elements H0 – Exploiting the thesaurus 
approach does not increase the 
number of suggested elements 
per test. 
 

Completeness H0 – 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 significant differences between the 
thesaurus approach and the basic approach in terms of the 
number of user/tool interactions and the CPU time required 
per complexity.  The observed significance level and the 
negative t-Value suggest that the null hypothesis should be 
rejected for both criteria.  It may, therefore, be stated that 
the thesaurus approach increased the overall processing 
efficiency by reducing the number of user/tool interactions 
and the CPU time required per complexity. 
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Table 1: Paired t-test results - the thesaurus and basic 
approaches  (Test A) 

 
Criteria df t-Value Sig. t 

(P) 

User/tool interaction per 
complexity 

25 -4.52 0.000 

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 also indicates that the aspects of 
completeness and the suggested elements per test were not 
significantly different between the two approaches (the 
statistical test was invalid as the thesaurus and the basic 
approaches do not provide suggestions for missing 
information, therefore, both approaches result in similar 
numbers of missing elements within the resulting designs).  
Accordingly, the use of thesaurus approach has not resulted 
in an improvement in the quality of the resulting design 
output (measured in terms of increasing the completeness 
of the designs produced). 
 
The significant reduction in the number of user/tool 
interactions required suggests an increase in the appearance 
of intelligence of the tool.  However, the (statistical) non-
significance of the suggested elements per test criterion 
may be viewed as jeopardising this claim. 
 
5.2 Approach to Design Diagnosis (Test B) 
 
The objective of Test B was to validate the hypothesis 
associated with the use of real-world knowledge 
represented as the thesaurus approach within the scope of 
design diagnosis. 
 
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 errors), increases the quality of designs 
produced (by minimising the number of errors per design 
produced) and increases the appearance of tool’s 
intelligence (by increasing 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 as follows: 
 
User/Tool Interactions H0 – Exploiting the thesaurus 

approach does not reduce the 
number of user/tool interactions 
required per error detected and 
resolved. 
 

 
 
 

CPU time H0 – Exploiting the thesaurus 
approach does not reduce the 
CPU time required per error 
detected and resolved. 
 

Errors per design 
output  

H0 – Exploiting the thesaurus 
approach does not reduce the 
number of errors within designs 
produced per test. 
 

Errors resolved per test H0 – Exploiting the thesaurus 
approach does not increase the 
number of errors detected and 
resolved per test. 
 

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

Table 2: Paired t-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 

 
Table 2 also illustrates that the number of errors per design 
produced was significantly reduced when using the 
thesaurus approach.  Accordingly, the claim for an 
improvement in the quality of designs produced (minimised 
the number of errors within designs produced) has therefore 
been met by the IOA tool when using thesaurus approach. 
 
The sign ificant increase in the number of errors detected 
and resolved per test initially indicates an increase in the 
appearance of tool intelligence.  This indication was further 
supported by the significant reduction in the number of 
user/tool interactions required per error.  As a result, the 
claim for an overall increase in the appearance of 
intelligence of the IOA tool has been achieved when using 
the thesaurus approach in terms of these criteria. 
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6.0 DISCUSSION AND CONCLUSIONS 
 
Table 3 presents a summary of the conclusions reached for 
both tests. 

 
Table 3: Summary of conclusions 

 
Performance Factors Approach to Design 

 Design 
Synthesis 

Design 
Diagnosis 

Increases overall tool 
processing efficiency 

Yes Yes 

Improves quality designs 
produced 

No Yes 

Increases overall appearance of 
tool intelligence 

Unjustifiable Yes 

 
Within the tool approach to design synthesis, only the claim 
for an overall increase in processing efficiency has been 
met by the thesaurus approach.  The conclusion ensued as a 
result of the significant reduction in the number of user/tool 
interactions and CPU time required for each increase in 
complexity.  These reductions occurred to a certain extent 
due to the “information rich” contents held by the thesaurus 
approach.  For instance, constraints and membership 
requirements related information have the potential to 
impact upon the performance-related criteria. 
 
Within the context of design diagnosis, exploiting the 
thesaurus-type structure during processing has managed to 
simplify the process of detecting and resolving errors (i.e. 
certain aspects of confirmation and processing were no 
longer required).  This was evidenced from the significant 
reduction of the CPU time and user/tool interactions 
required, which indicates that the objective of increasing 
the overall processing efficiency (with the use of the 
thesaurus approach) has been met.  Furthermore, using this 
approach in design diagnosis has also increased the tool’s 
appearance of intelligence.  The significant reduction in the 
number of user/tool interactions required to detect and 
resolve errors 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 approach was not 
fulfilled during the evaluation of the tool approach to 
design synthesis, it was fulfilled during the evaluation of 
the tool approach to design diagnosis.  This conclusion was 
reached as a more consistent design output has been 
produced (the number of errors per design produced has 
been reduced). 
 
Very encouraging results have been obtained from the 
evaluation work, nevertheless, it is recognised that 

consideration must be given to a number of practical issues.  
The effectiveness of the tool depends greatly on the 
accuracy and completeness of the system-held real-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. 
 
 
7.0 SUMMARY AND FUTURE WORK 
 
This paper has presented the findings of an assessment of 
the thesaurus approach to representing and exploiting real-
world knowledge by an intelligent database design tool; the 
IOA.  The use of encapsulated real-world knowledge by the 
IOA tool when performing the tasks of design synthesis has 
yielded the benefit in terms of increasing processing 
efficiency.  On the other hand, when performing the tasks 
of design diagnosis, the exploitation of the thesaurus 
approach has yielded the benefits of increasing proces sing 
efficiency, improving the quality of designs produced and 
increasing the appearance of tool’s intelligence. 
 
Ongoing work includes extending the series of evaluative 
experiments to include the assessment of other approaches 
recommended for representing and exploiting real-world 
knowledge by KB database design tools. 
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