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Abstract: Efficient modeling of the artificial intelligence tools has become a necessity in order to cut down the development
and maintenance cost associated with building application systems in the business, industrial and agriculture sectors that
are frequently amendable to sudden unexpected environmental and economic conditions changes. This can be accomplis-
hed through developing an efficient modeling language which exploits the beneficial features of the emerging object-ori-
ented technology. This research is aimed at reviewing the recent scientific aspects of the research concerning conceptual
modeling of fuzzy knowledge-based system, which exhibits a large extent of applicability in last few decades due to its ca-
pability to deal with vagueness, uncertainty and subjectivity, those are inherent in real world problems. The most recent
researches and applications of fuzzy expert system are surveyed. The existing knowledge modeling techniques are reviewed
and the prominent ones are pinpointed. This paper is intended to identify the main and common bottlenecks of the existing

knowledge modeling tools to overcome it in developing a reliable conceptual model of fuzzy expert system.
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Abstrakt: Efektivni vyuziti nastroji umélé inteligence je nezbytnosti, pokud chceme snizit naklady na vytvoreni a tdrzbu
provoznich systémi v obchodnim, pramyslovém nebo zemédélském odvétvi, které se pouzivaji v podminkéach nenadalych
zmén prostiedi a ekonomickych podminek. Toho lze docilit vytvorenim efektiviniho modelovaciho jazyka, ktery vyuziva
vlastnosti objektové-orientované technologie. Cilem této prace je vytvorit prehled védeckych aspekt vyzkumu koncep-
tudlniho modelovéani fuzzy znalostnich systém, které vykazuji zna¢nou pouzitelnost v poslednich desetiletich diky své
schopnosti vyrovnat se s neurcitosti, nepfesnosti a subjektivnosti, coz jsou prirozené vlastnosti redlného svéta. V praci je
ptrehled nejnovéjsiho vyzkumu a aplikaci fuzzy expertnich systémii. Je uveden prehled existujicich technik pro modelovéani
znalosti a jsou zdiraznény ty nejpodstatnéjsi. Cilem clanky je rozpoznat hlavni a obvykld omezeni existujicich nastroji
modelovani znalosti, aby tato omezeni mohla byt zmirnéna pri tvorbé spolehlivého konceptudlniho modelu fuzzy expert-
nfho systému.
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Artificial intelligence (AI), software engineering,
and systems engineering are important tools for
knowledge management. Expert systems is a branch
of Al that makes extensive use of specialized human
expertise to solve semi or ill-structured problems for
which there is no exact guaranteed solving algorithm.
The expert system has been defined as “an intelligent
computer program that uses knowledge and infer-
ence procedures to solve problems that are difficult

enough to require significant human expertise for
their solutions” (Feigenbaum 1982).

DISTINCT FEATURES OF FUZZY
RULE-BASED EXPERT SYSTEMS

A fuzzy expert system is an expert system, which
consists of fuzzification, inference, knowledge base,
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Figure 1. Structure of fuzzy expert system

and defuzzification subsystems, and uses fuzzy logic
instead of the Boolean logic to reason about data in
the inference mechanism. This approach is used to
solve decision making problems, for which no exact
algorithm exists, but instead the problem solution can
be satisfactorily approximated heuristically relying on
human expertise in form of If-Then rules. Fuzzy expert
system is well suited to the problem, which exhibits
uncertainty resulting from inexactness, vagueness or
subjectivity. The structure of fuzzy expert system is
illustrated in Figure 1.

METHOD AND AIM

The main purpose of the article is to pinpoint the
main advantages and limitations of the currently exist-
ing approaches and philosophies for developing and
modeling expert systems, and this is in order to avoid
such limitations, and superimpose such advantages.
In order to achieve such aim, a comprehensive review
of the relevant techniques is surveyed.

DISCUSSION

Reviewing concepts, advantages, and limitations
of the existing approaches for expert system
development (Kaula, Lander 1995)

The rule-based approach

Traditionally, expert system development is based
on the production systems approach (rule-based
systems) which emphasizes building a single mono-
lithic knowledge-base. Production rules are written
in form of IF-Then rules:

If premise(condition) Then consequent(action)

The advantages of rule-based systems are many.
Among them, there are: they are easy to formulate,
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they emulate human cognitive process and decision
making ability, and finally, they represent knowledge in
a structured homogeneous and modular way. However,
there are several limitations associated with those
systems: control structures are contained in the order
of rules cause loss of flexibility, large number of rules
in the knowledge base causes the system to become
unwieldy and complicates its maintenance specially
in the case of subtle updates, and the difficulty in
assigning confidence rating to each rule.

The blackboard system approach (Chi et al. 2001)

This emphasizes the development of a set of in-
dependent domain-specific modules called know-
ledge sources, which interact via a shared global-data
structure — the blackboard that organizes and stores
the intermediate problem solving data. Knowledge
sources produce changes to the blackboard that
lead incrementally to a solution of the problem.
Communication between knowledge sources is con-
ducted solely through changing the blackboard. The
advantage of the blackboard model is that it provides
avery flexible control structure for solving the prob-
lem. Over and above, blackboard model provides for
modularity. However, one of the limitations of the
model is that such system does not specify how the
specific piece of knowledge should be handled by
other knowledge sources.

The frame-based approach

This approach provides a more structured repre-
sentation in the form of frames. A frame describes an
object, consisting of slots containing default values,
pointers to other frames, sets of rules, or proce-
dures. Frames are linked to provide for inheritance
and communicate by passing messages. However,
the modularity of knowledge represented in frames
cannot be defined clearly, and the representation
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lacks flexibility. Also, frame-based systems do not
provide a way of defining unalterable slots (Kaula,
Lander 1995).

The open-based expert (OES) architecture
(Kaula, Lander 1995)

The OES architecture proposes an expert system
consisting of a number of independently developed
smaller autonomous expert subsystems (AESs) that
communicate during problem solving. Every partici-
pating AES exists with its own self-knowledge, i.e.,
rules. No AES controls directly the knowledge of
another AES, thereby making communication and
negotiations essential for problem solving. An AES
is made aware of the other AESs by accessing the
concept dictionary. Communication between AESs
is facilitated by a single communication dictionary,
which contains the procedures for implementing
communication protocols called message acts. The
open system approach is suitable for the development
of large expert systems. One advantage of such open
system is that it emphasizes direct communication of
knowledge between expert subsystems from within
their background knowledge. Furthermore, the use
of human communication mechanisms makes pass-
ing of messages more representative of the work-
ing environment. Moreover, it is possible to add or
remove subsystems (AESs) with minimal impact on
the environment. Also, there is no global schema
or global consistency. However, one limitation of
such system is the problem of inconsistency, which
may exist.

The object-oriented approach

It is an extension of the frame-based approach,
and it provides for the development of autonomous
objects, which communicate by passing messages to
one another during problem solving. The technical
benefits of OO paradigm to the system development
are summarized as follows:

— OO contributes to increased modeling and pro-
gramming productivity.

— OO reduces development cost and time through
greater reusability, modularity, inheritance and
independence.

— OO simplifies and reduces problem complexity
through a hierarchical and systematized mode-
ling.

— OO greatly reduces system maintenance cost and
facilitates modification through encapsulation.

— OO greatly enhances system flexibility through
polymorphism.
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— OO produces a more reliable system, through ease
of communication and understandability.

— OO enhances object sharing, which promotes in-
tegration, and clarify interfacing.

Amongst the limitations of OO systems, there is
that the system may be slower in execution. Also, the
message-passing mechanism in the OO approach
does not include the provisions of how a message
has to be handled by the receiving object from a
sender object’s background and perspective. In ad-
dition, as human communication includes context
and intention apart from content, merely sending a
message content becomes a very restricted form of
communication.

The most recent literature review on fuzzy
expert systems

Table 1 gives the literature review on diversity of
fuzzy ESs researches and applications from 1995 up
to date (Liao 2005).

Tablel. Fuzzy ESs researches and applications from 1995
till 2005

Fuzzy expert

— Authors
systems/application

Power load forecasting Kim et al. (1995)

Chemical process fault

diagnosis Ozyurt, Kandel (1996)

Power system diagnosis Cho, Park (1997)

Uncertainty reasoning Pan et al. (1998)
Knowledge integration Lee (1998)
Power system classification Dash et al. (2000)
Hotel selection Ngai, Wat (2003)

Computer security Reznik, Dbake (2004)

The existing knowoledge modeling tools

In the past, most knowledge systems had to be
developed from the scratch every time a new system
was needed, and it could not interact with other
system in the organization. Models are used to both
describe the problem domain in software and to
define system development process. Most models
are constructed from knowledge objects such as con-
cepts, instances, processes (tasks, activities), attri-
butes and values, rules and relations (Abdullah et al.
2002). Amongst the many techniques used to model
knowledge, the most common are CommonKADS
(Schreiber et al. 1999), Protégé 2000 (Grosso et al.
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1999), UML (Booch et al. 1999) and Multi perspec-
tive Modeling (Kingston, Macintosh 2000). They
are reviewed below.

CommonKADS has become the de facto standard
for knowledge modeling. It incorporates an object
oriented development process and uses UML nota-
tions and diagrams, but it still has its own graphical
notations for task decomposition, inference structures,
and domain schema generation.

Protégé 2000 is an extensible, platform-independent
environment for creating and editing ontologies and
knowledge bases. It is a frame-based ontology-editing
tool with knowledge acquisition tools that are widely
used for domain modeling.

UML is the de facto standard of object-oriented mo-
deling. It is a general purpose modeling language.

Multi-perspective modeling enables a number of
techniques to be used together, each technique being
the most appropriate for modeling that perspective
of knowledge.

RESULTS

The current trend is to adopt the object-oriented
paradigm in modeling knowledge attributed to all
distinct advantages mentioned earlier. Also, the open-
based expert is a promising approach for developing
knowledge-diversified, large expert systems.

The economic impact of developing an efficient
knowledge modeling language

The development and maintenance costs of software
required to implement Al tools in organizations re-
mains a great obstacle to implementing and making use
of such intelligent and powerful knowledge engineer-
ing tools. This is due to the inherent computational
complexity involved in such intelligent paradigm
which required additional skills and knowledge of
trained developers. Moreover, the adaptability and
flexibility of such intelligent tools is necessary and
vital issue in order to cope with the currently fast
changes in economic conditions. An efficient OO
knowledge modeling language can offer the following
economic benefits:

— Reduced development time cost through: reusability,
object sharing and integration, reduced complexity,
improved communication and understandability,
increased productivity, and modularity.

— Reduced maintenance costs through: clarity and
understandability of modules and interfaces, flex-
ibility, modularity.
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— Improved system quality which adds value that
has a direct impact on the system operational ef-
ficiency and effectiveness, and that leads in gen-
eral to improved organizational performance and
productivity and to reduced costs.

CONCLUSION

The well-known expert system approaches and the
currently existing knowledge modeling techniques
are reviewed, in an attempt to superimpose their
relative merits, and to avoid and treat the associ-
ated bottlenecks of them in developing a proposed
fuzzy expert system conceptual model. The survey
has indicated that the trend for system developers
and researchers is to adopt object orientation para-
digm in developing conceptual models for knowledge
based systems, attributed to the inherent beneficial
characteristics of OO described earlier. One major
problem is that there is no standardized technique
available to model knowledge.
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