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ABSTRACT 
 
Conceptual database design is seen as the most important stage of a database design process, as the conceptual 
model produced at this stage is the first design model constructed with formal and detailed semantics.  The stage, 
however, is also viewed as a difficult task for designers, and the potential for committing and correcting errors is 
significant.  As a result, it is not surprising to see the emergence of a number of automated systems employing 
artificial intelligence (AI) techniques in providing assistance in the design of such a model.  This paper presents one 
such tool, called the Intelligent Object Analyser (IOA).  Although the tool exhibited the capacity of performing two 
aspects of design (design synthesis and design diagnosis), its major contribution is to assist users within the scope of 
design diagnosis from its capability to detect errors, and suggest corrections in design.  Apart from incorporating 
the AI techniques, the tool also integrates a domain specific lexicon of verbs, which is meant to enhance the tool’s 
diagnostic capabilities.  The tool demonstrates the practical integration of AI techniques and domain specific 
lexicon to the aspects of database design diagnosing.  The paper concludes with a discussion of areas for future 
development in this field. 
 
Keywords: Conceptual Database Design, Knowledge-Based System, Design Diagnosis, Object Modelling 

Technique 
 
 
1.0  INTRODUCTION 
 
Database design is a complicated and tedious process that begins with a very informal and poorly defined 
requirements.  The concern is to represent some aspects of real-world situation by means of a database system [1].  
Database design process usually proceeds into four distinguishable stages, namely: requirements specification and 
analysis, conceptual design, logical design and physical design.  Conceptual database design, however, is seen as the 
most important stage of a database design process [2].  This is due to the fact that a conceptual model produced at 
this stage is the first design model constructed with formal and detailed semantics.  Therefore, the quality of the 
conceptual model has a significant influence in the later stages of database design since it provides the initial 
reference for the complete implementation of a database system.  The conceptual database design stage is also 
viewed as a difficult task for designers [3, 4], and the potential for committing and correcting errors is significant. 
 
Due to its importance and yet error-prone, this paper therefore presents the development of an automated system to 
support such activities of database design.  The system under consideration is the Intelligent Object Analyser (IOA).  
The unique feature of this tool is that it employs technique from the field of artificial intelligence (AI) and integrates 
with a library of lexicon containing a series of verb phrases. 
 
Although contemporary database design systems have excellent facilities for editing and maintaining database 
development project, these systems are characterised as being passive and incapable of supporting the basic 
characteristics of database design process [5, 6, 7].  Database design is a knowledge intensive activity that begins 
with a vague requirement of the problem domain of what is to be done and results in a highly detailed formal object 
[8]. 
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This paper, however, has revealed that techniques from the field of AI in the form of knowledge-based systems can 
be exploited to overcome the limitations of current database design systems particularly in the process of database 
design diagnosing. 
 
 
2.0  THE INTELLIGENT OBJECT ANALYSER 
 
IOA was developed to provide support during the conceptual stage of database design process.  In constructing a 
conceptual design model, IOA employs the Object Modelling Technique (OMT) methodology advocated by 
Rumbaugh et al. [9].  Therefore, the outputs produced by the IOA exhibit the key object-oriented characteristics of 
object classes and instances, and the three most popular forms of data abstraction; association, aggregation and 
generalisation (including multiple inheritance). 
 
As illustrated in Fig. 1, the structure of IOA comprises three main components: the user interface, the inference 
engine and the knowledge bases, plus a plugable component, known as a domain specific lexicon. 
 
The user interface is a medium for communication between the user and the IOA.  The IOA system employs an 
interactive window system interface which includes the use of pull down menus and a natural language interface.  
The system contains multiple menus for controlling a design session; viewing an evolving design model; saving and 
loading a design model. 
 

 
Fig. 1: The structure of the IOA system with plugable domain dictionary component 

 
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. 
 
The system is also being provided with a domain specific lexicon comprising of verb information in the format 
is_verb (undergoes, pp, underwent), with both past and present forms of each verb being presented [10].  The use of 
such a lexicon will be discussed at a later section of this paper. 
 
The inference engine of the IOA system acts as a controller that controls the interaction between the user and the 
system.  It directs any part of the user input to the correct processor for processing and decides which rules to trigger. 
 
The approach to design processing employed by similar type of tools or systems can be broadly categorised as 
design synthesis and design diagnosis [11].  Design synthesis is where the systems are capable of generating design 
output, whereas, design diagnosis is where the systems detect any inconsistencies and redundancies that may exist 
and suggest corrections in design.  Although IOA was intended to support both aspects of design, being capable of 
synthesising an object-oriented conceptual schema and assisting users in the detection of the possible occurrences of 
inconsistencies, its major contribution is to assist users within the scope of design diagnosing from its capability to 
detect errors and suggest corrections in design.  As will be discussed in the remaining part of this paper, this aspect is 
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greatly achieved from the use of a series of rules and a lexicon containing domain specific verbs, previously 
discussed. 
 
The processing employed by the IOA system is in accordance with the general knowledge-based database process 
described in [12], and are as follows: 

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

• The second step involves the creation of an analysis model, and subjecting this model with analysis and 
refinement rules to generate an object-oriented conceptual schema. 

 
 
3.0 KNOWLEDGE-BASED DATABASE DESIGN DIAGNOSING 
 
In general, there are four types of design inconsistencies (errors) that should be detected and resolved by automated 
database design tools [13].  The errors are as follows: 

• Semantic inconsistencies.  Inconsistencies occurring as a result of missing links (i.e. no associated 
relationships for a particular concept) or transitivity that may exists within the generalisation or aggregation 
hierarchies. 

• Inconsistent concepts.  Inconsistencies occurring as a result of missing properties (i.e. no associated 
properties for a particular concept). 

• Redundant inherited properties and relationships.  Redundancy occurring within a generalisation hierarchy 
where a generic class (superclass) and its corresponding specific class(es) (subclass) contain the same 
properties or participate with the same relationships. 

• Redundant elements.  Inconsistencies occurring as a result of synonyms such as synonymous concepts and 
relationships which usually lead in turn to redundancies. 

 
In the remaining of this section, each of these types of inconsistencies is discussed and how such inconsistencies can 
be intelligently detected and diagnosed are presented.  The implementation of the diagnostic activities using the IOA 
tool previously described is illustrated. 
 
3.1  Semantic Inconsistencies 
 
The authors classify those concepts that do not participate in any relationships into this category.  For example, Fig. 
2 illustrates an isolated concept, “Lecture” which does not link with any other concepts. 
 

 
Fig. 2: An example of semantic inconsistencies (isolated concept) 

 
In automated database design diagnosing, such a concept is detected by inspecting each node of the evolving design 
model and the corresponding links associated to it.  Once the isolated concept is found, a series of interaction with 
the user will then take place in order to seek the user’s decision on what to do next.  As for example, the following 
dialogue is generated by IOA when the isolated concept of “Lecture” is being detected. 
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IOA  > It was found that the concept lecture has no associated relationships. Do you wish to … 

a) Provide the relationships associated with LECTURE now. 
b) Remove the concept LECTURE from your specification. 
c) Take no action for the time being 

User > a 
 

IOA  > Please enter relationships associated with LECTURE – type END to finish 
User > lecturer gives lecture 
User > end 

 
The other type of error considered in this category is the existence of transitivity.  Transitivity holds in aggregation 
relationships [9, 14, 15], that is, if A is a component part of B and B is a component part of C, then A is also a 
component part of C.  If all these three were to appear in the evolving design model, the relationship A is a 
component part of C is redundant and should be removed.  Transitivity also holds in generalisation relationships [15] 
that is, if A is a subclass of B and B is a subclass of C, then A is also a subclass of C.  If all of these three 
relationships were to appear in the evolving design model, the relationship A is a subclass of C is redundant and 
should be removed. 
 
The detections of transitivity in KB database design diagnosing should not only consider a two-tier level of 
generalisation or aggregation hierarchies but in any n-tier level of hierarchies.  Similar to the detection of concepts 
with missing links, IOA detects transitivity by inspecting each nodes and links that corresponds to the following 
rules. 
 
Rule 1: 
 
(i) Transitivity in a generalisation hierarchy 
If A is a superclass of B and B is a superclass of C.  Therefore, if there exist the generalisation relationship of A is a 
superclass of C.  Such a relationship is redundant and should be removed from the evolving design model. 
 
(ii) Transitivity in an aggregation hierarchy 
If A is a component part of B and B is a component part of C.  Therefore, if there exist the aggregation relationship 
of A is a component part of C.  Such a relationship is redundant and should be removed from the evolving design 
model. 

 
Fig. 3: An example of transitivity in a generalisation hierarchy 

 
Fig. 3 illustrates an example of transitivity between the concepts “Person”, “Student” and “Graduate-Student”.  
Once such an occurrence of transitivity is being detected by IOA, a series of dialogue is generated to the user for 
confirmation of its removal as illustrated below. 
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IOA  > It was found that GRADUATE-STUDENT is a STUDENT and GRADUATE-STUDENT is a PERSON, however, STUDENT is a 
PERSON. This exhibit redundancy. The structure GRDUATE-STUDEN is a PERSON should be removed.  Do you agree? 
(Y/N) 

User > Y 
 
3.2 Inconsistent Concepts 
 
Inconsistent concepts refer to concepts with no associated properties.  For example the structure in Fig. 4 illustrates 
the inconsistent concept of “Graduate-Student”.  As a result the following dialogue is triggered by the IOA’s 
diagnostic engine requesting confirmation from the user  as whether to provide the property(ies) associated with the 
concept, or to remove the inconsistent concept from the evolving design model, or to take no immediate action. 

 
IOA  > It was found that the concept GRADUATE-STUDENT has no associated properties. 

Do you wish to..... 
a)  Provide the properties associated with GRADUATE-STUDENT now. 
b)  Remove the concept GRADUATE-STUDENT from your specification. 
c)  Take no action for the time being. 

User > a 
 

IOA  > Please enter properties associated with GRADUATE-STUDENT - type END to finish. 
User > course-type  

end 
 

 
Fig. 4: An example of inconsistent concept 

 
3.3 Redundant Inherited Properties and Relationships 
 
Redundant inherited properties and relationships exist within generalisation hierarchies.  For example if a concept 
“Student” has property “studentId”, therefore the concept “Graduate-Student” which is the subclass of “Student” 
inherit the property “studentId” from the concept “Student”.  In this case, the property “studentId” should not be 
explicitly represented within the concept “Graduate-Student”.  Similarly any relationships that the concept “Student” 
participates, the concept “Graduate-Student” will also participate.  From this basis, redundancy may occur in terms 
of inherited properties and inherited association and aggregation relationships of a generalisation hierarchy if a 
generic concept and its corresponding specific concept(s) explicitly contain the same attributes or participate with 
the same relationships. 
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The detection of the aforementioned elements of redundancies is achieved by the use of the following rules: 
 
Rule 2: 
If x is a property of A and x is also the property of B, but A is a subclass of B; then it could be that the property x in A 
is redundant and has to be removed from A since A can inherit the property x from B. 
 
Rule 3: 
If C is a component part of A and C is a component part of B and A is a subclass of B then it could be that the 
component C in A is redundant and has to be removed. 
 
Rule 4: 
If A association C and B association C, but A is a subclass of B, then it could be that A association C is redundant 
and has to be removed. 
 
For example, the structures illustrated in Fig. 5, would eventually results in the following dialogues being triggered 
by the IOA’s diagnostic engine. 

 
IOA  > The attribute NAME exists in the class PERSON and its subclass(es) (i.e. STUDENT). The attribute NAME should be 

removed from the subclass(es) because it can inherit the attribute NAME from class PERSON.   Do you agree? (Y/N) 
User > Y 

 

 

Fig. 5: An example of redundant inherited property 
 
However, in cases where involving multilevel inheritance hierarchies or multiple subclasses as illustrated by the 
structures in Fig. 6, the following dialogue instead will be triggered by the IOA’s diagnostic engine. 

 
IOA  > The attribute RESEARCH-TYPE appears in the concept GRADUATE-STUDENT and its superclass PERSON. This exhibit 

redundancy. Is it true to say that the attribute RESEARCH-TYPE is also an attribute of the other subclass(es) of the 
concept PERSON (i.e., STUDENT, PROFESSOR,  and VISITING-PROFESSOR)? (Y/N) 

User > N 

IOA  > In that case the attribute RESEARCH-TYPE will be removed from the concept PERSON and retained in the concept 
GRADUATE-STUDENT since the attribute RESEARCH-TYPE is not an attribute to the other subclasses(es) of the 
concept PERSON (i.e., STUDENT, PROFESSOR,  and VISITING-PROFESSOR). Do you agree? (Y/N) 

User > Y 
 

Similar user/tool interactions are required during the detection and resolving of redundant inherited aggregation and 
association relationships within a generalisation hierarchy. 
 
3.4 Redundant Elements 
 
Redundant elements which are the result of synonyms such as synonymous concepts and relationships are 
conceivably the most complicated tasks performed in automated database design diagnosing.  The most common 
way of detecting such design inconsistencies is perhaps by examining pairs of relationships between two distinct 
concepts of the form “A verb-phrase B” and “C verb-phrase D” [14] or sometimes referred to as object type and 
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mismatch rules.  For instance, comparing the structures of “Lecturer Teaches Course” and “Academic Teaches 
Course”, would eventually suggest the synonymous between the concepts “Lecturer” and “Academic”; and 
comparing the structures of “Student Enrols Course” and “Student Signs-up Course” would result in the possible 
synonymous verb-phrases of “Enrols” and “Signs-up”.  However, there are cases where synonyms would not be the 
expected solutions.  For example the structures of “Student Registers Course” and “Graduate-Student Registers 
Course ” would normally viewed as the missing generalisation relationship between “Student” and “Graduate-
Student”. 
 

 
Fig. 6: An example of redundant inherited property in multilevel inheritance hierarchies 

 
The rules used by the IOA’s diagnostic engine to detect situations similar to the aforementioned examples are as 
follows: 
 
Rule 5: 
Let A v1 B and X v2 Y be the pair of associations structures, where A, B, X and Y are the concepts and v1 and v2 are 
the verb-phrases. 
 

(i) If {A = X and v1 = v2} then B may be a synonym of Y (B = Y) or either one of the concepts is a subclass 
of the other concept. 

(ii) If {A = Y and v1 = v2} then B may be a synonym of X (B = X) or either one of the concepts is a subclass 
of the other concept. 

(iii) If {B = X and v1 = v2} then A may be a synonym of Y (A = Y) or either one of the concepts is a subclass 
of the other concept. 

(iv)  If {B = Y and v1 = v2} then A may be a synonym of X (A = X) or either one of the concepts is a subclass 
of the other concept. 

 
Rule 6: 
Let A v1 B and X v2 Y be the pair of associations structures, where A, B, X and Y are the concepts and v1 and v2 are 
the verb-phrases.  Therefore, if (A = X and B = Y) or (A = Y and B = X) then it could be that v1 is a synonym of v2 
(v1 = v2), or v1 and v2 are related by tenses. 
 
Therefore, the existence of the structures “Lecturer Teaches Course” and “Academic Teaches Course” that match 
with Rule 5, as illustrated in Fig. 7, will be brought to the attention of the user who may give consideration to 
removing one of the redundant concepts as illustrated by the following dialogue: 
 

IOA  > An element of redundancy may occur in the following structures: 
LECTURER TEACHES COURSE 
ACADEMIC TEACHES COURSE 
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Which of the following is correct? 
a) The concept LECTURER and ACADEMIC express the same thing. 
b) One of the concepts is a specific type of the other concept or vice-versa. 
c) One of the structures is wrong. 
d) Leave it as it is. 

User > a 
 

IOA> 
 

Since LECTURER and ACADEMIC are synonymous, one of the concepts has to be removed. Which of the concepts 
would you like to remove? 
a) LECTURER b) ACADEMIC 

User> b 
 

 
Fig. 7: Example of redundant elements corresponding to Rule 5 

 
The structures of “Student Registers Course” and “Graduate-Student Registers Course”, however, will result in a 
different user’s solution.  The following dialogue illustrates this situation. 
 

IOA  > An element of redundancy may occur in the following structures: 
STUDENT REGISTERS COURSE 
GRADUATE-STUDENT REGISTERS COURSE 
Which of the following is correct? 
a) The concept STUDENT and GRADUATE-STUDENT express the same thing. 
b) One of the concepts is a specific type of the other concept or vice-versa. 
c) One of the structures is wrong. 
d) Leave as it is. 

User > b 
 

IOA> 
 

IOA will create a subclass/superclass relationship between the concepts STUDENT and GRADUATE-STUDENT. Which of 
the following is true? 
a) GRADUATE-STUDENT is a specific type of STUDENT 
b) STUDENT is a specific type of GRADUATE-STUDENT 

User> a 
 
In this case, IOA will update its evolving design model by incorporating the generalisation structure between the 
concepts “Graduate-Student” and “Student”. 

 

 
Fig. 8: Example of redundant elements corresponding to Rule 6 

 
Rule 6, on the other hand, is used to detect the possible synonyms among verb-phrases relationships as previously 
illustrated by the structure of “Student Enrols Course” and “Student Signs-up Course” (Fig. 8).  Similarly, the 
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removal of such a redundant structure will be brought to the attention of the user for confirmation of its removal as 
illustrated by the following dialogue: 

 
IOA  > Do the structures STUDENT ENROLS COURSE and STUDENT SIGNS-UP COURSE represent the same information? 

Meaning that the words ENROLS and SIGNS-UP are synonymous or are related. (Y/N) 
User > Y 

 
IOA> 
 

Since the above statements represent the same information, one should be removed. Which structure would you like 
to remove? 
a) STUDENT ENROLS COURSE  b) STUDENT SIGNS-UP COURSE 

User> b 
 

As previously mentioned, the provision of lexicon of verbs is meant to enhance the diagnostic capabilities of the IOA 
system.  Such a lexicon is mainly to ensure that the system is capable of identifying the similarities implied by the 
use of different tenses of the same verb [16].  For instance, if the structures of “lecturer teaches course” and “course 
taught by academic” are part of the problem domain model as illustrated in Fig. 9, the system would be able to 
identify the similarity implied by “teaches” and “taught”, and to subsequently suggests that the concepts “lecturer” 
and “academic” are synonymous.  Such structures are undiagnosed if a lexicon of verbs is not provided because the 
system is unable to detect the similarity implied by the use of the words “teaches” and “taught”.  The following 
provides an illustration of the dialogue between IOA and the user that ensues when IOA detects potential synonyms 
within the problem domain model: 
 

IOA  > From the following relationships: 
LECTURER TEACHES COURSE 
COURSE TAUGHT BY ACADEMIC 
the system found that the verb/association TEACHES and TAUGHT may be related (e.g. they are related by time/tense). 
If it is true that TEACHES and TAUGHT are related, what is the relationship between LECTURER and ACADEMIC? 
a) LECTURER and ACADEMIC are synonymous. 
b) LECTURER is a specific type of ACADEMIC. 
c) ACADEMIC is a specific type of LECTURER. 
d) The verbs TEACHES and TAUGHT are not related. 
Please enter <a>, <b>, <c> or <d> and press <ENTER>. 

User > a 
 

 
Fig. 9: Example of redundant elements capable of being detected with the use of domain lexicon 

 
The capability of identifying potential similarities between various forms of verbs also results in the simplification of 
some of the interactions between IOA and the user during the diagnostic activities.  For instance, if the relationships 
“graduate student supervised by lecturer” and “lecturer supervises graduate student” are detected by IOA, the 
requirement on the part of the user to confirm the similarities between “supervised” and “supervises” as illustrated 
previously is removed.  Such a simplification is illustrated by the following dialogue: 

 
IOA  > After referring to the domain specific lexicon, the system found that the verbs/associations SUPERVISES and 

SUPERVISED are related. As a result the followings are redundant. 
GRADUATE STUDENT SUPERVISED BY LECTURER 
LECTURER SUPERVISES GRADUATE STUDENT 
Please consider removing one of the above. 
a) Remove the structure GRADUATE STUDENT SUPERVISED BY LECTURER. 
b) Remove the structure LECTURER SUPERVISES GRADUATE STUDENT. 
c) Leave as it is. 
Please enter <a>, <b> or <c> and press <ENTER>. 

User > a 
 

Lecturer Course taught byteaches Academic
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4.0 DISCUSSIONS 
 
Work to date has concentrated upon developing knowledge structures representing three different application 
domains (university, healthcare and library).  Testing performed on a wide range of example applications related to 
the aforementioned domains has so far produced encouraging results [16, 17].  The testing has been focussed on 
assessing the significance of incorporating form of domain lexicon within the diagnostic processing.  Therefore, only 
errors in the form of redundant elements have been considered.  The postulation underpinning this decision is that 
the detection and removal of the other types of inconsistency (semantic inconsistencies, inconsistent concepts and 
redundant inherited properties and relationships) is not influenced by the existence of any forms of external 
knowledge such as the lexicon of verbs [13].  The detection of these types of errors is, however, a straightforward 
process which requires IOA to inspect each node of the problem domain model and the corresponding links 
associated with it.  Detection of any inconsistency will then be brought to the attention of the user for confirmation of 
its removal. 
 
During testing, IOA was exposed to a range of design problems within the scope of conceptual design.  These design 
problems were extracted from the available literature, the advantage being that the accompanying solution could be 
used as a benchmark and compared with the IOA-suggested solution in order to confirm the appropriateness of the 
designs produced.  In each case, the over-riding criterion was that the IOA-generated design should be comparable 
with the accompanying solution.  Once this general criterion was satisfied, a number of test-cases were generated for 
each example, each case introducing a combination of different types and numbers of synthesised errors.  The errors 
introduced included synonymous concepts, synonymous relationships and combinations of both.  Appendix I 
illustrates the results of this test.  As can be seen, exploiting the lexicon of verbs has managed to increase the 
diagnosis capability of the IOA system (measured in terms of the number of errors detected and resolved by the 
system) by an average of 37% for the university domain and 40% and 18% respectively for the healthcare and library 
domains. 
 
The testing has also shown that the lexicon of verbs has managed to reduce the number of user/tool interactions 
required to diagnose and resolve errors by an average of 17% for the university domain and 22% and 15% 
respectively for the healthcare and library domains for each increase of error as compared to when no such lexicon is 
being used [16].  Fig. 10, 11 and 12 illustrate the results.  Such results indicate that elements of intelligence have 
been increased with the use of domain lexicon whereby certain aspects of uncertainty can be ‘understood’ and 
resolved internally by the system without the requirement of users’ participations. 
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Fig. 10: User/tool interactions for the university domain 
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Fig. 11: User/tool interactions for the healthcare domain 
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Fig. 12: User/tool interactions for the library domain 

 
Despite the encouraging results obtained to date, the use of domain specific knowledge is not claimed to be a 
panacea [18].  Indeed it is recognised that there are certain aspects of the design process that are best resolved by 
user interactions such as multiplicity of relationships linking concepts, participations within a generalisation structure 
and differences of terms for the same concepts [18]. 
 
 
5.0  CONCLUSIONS AND FUTURE WORKS 
 
This paper has presented the development of an automated database design system; the Intelligent Object Analyser 
(IOA).  The system developed exhibits the practical application of artificial intelligence technique to the aspects of 
conceptual modelling in database design.  During use, the IOA system has exhibited the capacity of performing two 
aspects of design (design synthesis and design diagnosis), being capable of synthesising a conceptual schema and 
assisting users in the detection of the possible occurrences of inconsistencies.  However, the main contribution 
exhibited by the IOA system is within the aspect of database design diagnosing.  Four main types of inconsistency 
have been discussed: semantic inconsistency; inconsistent concepts; redundant inherited properties and relationships; 
and redundant elements.  The detection and diagnosis these types of inconsistency were practically demonstrated in 
this paper by the use of IOA system.  In order to enhance the diagnostic capabilities of the IOA system, a lexicon 
consisting a series of verb-phrases has been integrated with the IOA knowledge-base.  The inclusion of the lexicon of 
verbs proved to be one of the solutions towards enhancing the intelligence of the system in terms of detecting and 
resolving inconsistencies as exemplified by the results of a series of initial testing conducted. 
 
There are a number of avenue exist for further research activities within this area, particularly with the research 
directions in database communities are more geared towards complex system such as the data warehousing.  The 
complexity of data warehouse is due not only on the huge volume of integrated and aggregated information extracted 
from multiple, heterogeneous, autonomous and distributed information sources, but also from the 
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multidimensionality of the data models [19].  Therefore, a more sophisticated and complex intelligent system is 
required particularly to cater the issues of integrated and multidimensionality of data models.  This is not an easy 
task, as the subject matter is relatively lack of maturity and there is currently no universally accepted methodology to 
support such complexities in design [20]. 
 
This paper has also revealed that providing the system with simple elements of domain knowledge (in the form of 
domain specific verb-phrases) has the capability of enhancing the system’s diagnostic capabilities.  The lexicon of 
verbs, however, does not provide semantic information or meanings of a particular domain.  Therefore other 
approaches in knowledge representation should be considered such as thesaurus-type structure, domain ontologies 
and naïve semantics [21, 22, 23]. 
 
Another desirable research direction in this area is the automatic augmentation of system-held domain knowledge.  
In this case the tool can learn from each of design activities, and previous design models can be reused again for 
other future design sessions.  This seems to be a straightforward process.  However, few feasibility studies should be 
taken into account and the following questions should be answered first [24]: 

• How can design knowledge be modified to meet new insights into the problem or to remove undesired 
contents of the knowledge? 

• How should implications of a change in the design knowledge be perceived? 
• How to get users to participate in the augmentation of the design knowledge? 
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Appendix I (Results of the Testing) 
 

Domain: University 
 

Test 
No. 

 

Total 
Generated 

Errors 

Diagnosed 
Errors  
(Basic) 

Diagnosed 
Errors 

(Dictionary) 
1 2 0 0 
2 4 2 2 
3 5 2 2 
4 6 3 3 
5 7 4 4 
6 9 4 6 
7 10 4 10 
8 11 4 11 
9 3 0 0 

10 4 1 1 
11 5 2 2 
12 7 2 4 
13 8 2 6 
14 9 2 7 
15 1 1 1 
16 2 2 2 
17 4 2 4 
18 6 2 6 
19 7 2 7 
20 2 0 2 
21 4 0 4 
22 5 0 5 
23 3 0 0 
24 4 0 0 

TOTALS 128 41 89 
Percentage Resolved 32% 69% 
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Domain: Healthcare 
 

Test No. 
 

Total 
Generated 

Errors 

Diagnosed 
Errors  
(Basic) 

Diagnosed 
Errors 

(Dictionary) 
1 2 2 2 
2 4 4 4 
3 7 4 4 
4 8 5 5 
5 9 5 9 
6 11 5 11 
7 12 5 12 
8 3 0 0 
9 4 1 1 

10 5 1 5 
11 7 1 7 
12 9 1 9 
13 3 0 0 
14 6 0 0 

TOTALS 90 34 69 
Percentage Resolved 37% 77% 

 
 

Domain: Library 
 

Test No. 
 

Total 
Generated 

Errors 

Diagnosed 
Errors  
(Basic) 

Diagnosed 
Errors 

(Dictionary) 
1 2 2 2 
2 3 2 3 
3 5 4 5 
4 7 4 6 
5 8 5 6 
6 11 7 9 
7 13 7 9 
8 3 1 2 
9 5 2 3 

10 7 3 5 
11 9 5 5 
12 10 5 8 
13 12 7 9 
14 13 7 9 
15 14 7 9 

TOTALS 122 68 90 
Percentage Resolved 56% 74% 
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