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Abstract:

The expert system shell simplifies the process of creating an expert system in a faster, cheaper and more efficient way. A single
expert system shell can be used to build a number of different expert systems. Information provided by the user is analyzed by the
shell with the help of knowledge base before reaching to a particular conclusion. Depending upon requirement, knowledge
engineer feeds domain specific knowledge in the knowledge base. For example — if the knowledge engineer feeds, expert level
knowledge of ‘diagnosis of Papaya plant’ then the tool will behave as an expert system for diagnosis of Papaya plant. Thus an
expert system shell creates an easy environment for developing expert system. This paper presents the basic concept & functions
of Expert System Shells with the aim of highlighting their merits and demerits. This paper also depicts different types of shells
along with their functionalities.
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1. Introduction

Expert system is an artificial intelligence that is used for getting domain specific information/ solution like medical diagnosis,
financial advice, agricultural expert, production design etc. The most important part of the system is its shell. An expert system shell is
a software development environment containing the basic components for building expert systems. It does not contain knowledge
base. For every domain specific system, a knowledge engineer prepares knowledge base with the help of domain experts in a
particular area. Thus, the shell-based approaches for building a system focus mainly on the system components but little on the user
interface, making shell-based systems very suitable for users with programming skills.

2. Definition

An Expert System Shell (ESS) provides a framework that is used for the development of an expert system (ES) [1][2]. It does not
contain knowledge base. In other words, we can say that it’s a ready-made expert system without knowledge base. Depending upon
requirement, knowledge engineer feeds domain specific knowledge in the knowledge base. For example — if the knowledge engineer
[3] feeds, expert level knowledge of “‘diagnosis of Papaya plant’ then the tool will behave as an expert system for diagnosis of Papaya
plant. Thus an expert system shell provides a quick way of developing expert system [4].

3. Architecture
The basic architecture of an expert system shell and its relationship to knowledge base is shown below in figure 1.
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Figurel: Architecture of expert system shell

User Interface received requests from end user and forwards it to the appropriate component of ESS. For example - if the request
received from end user is for getting specific information from expert system, it goes to inference engine for its execution. Similarly, if
the received request from domain expert is meant for creating or updating inference rules then the interface business logic dispatch the
request to knowledge base editor. The knowledge base editor is similar to text editor that provides facility to dispatch the newly
created or modified rules to the knowledge base [5]. The inference engine is like a “black box” that performs reasoning over the facts
and rules. It receives end user requests via user interface and using pattern matcher it selects appropriate rule from knowledge base.
Now the execution engine executes rule in a certain order. There might be possibility that more than one rules in knowledge base
matches with the given fact. In such situation the execution engine falls in dilemma to which it executes first [6][7]. It uses different
algorithms (like Rete Algorithm used in Jess) [8] by which the execution engine decides an order in which the rule are fired. This is
called "Conflict Resolution™. Once rules are executed, an outcome provided by inference engine is displayed on user interface that the
end user is expecting [9]. The shell component in triangular form is shown in figure 2.
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Figure2: Shell Concepts for building an expert system

4. Merits of Expert System Shell
e There is no need to build shell again and again for new expert system. Hence, the time required in building user interface and
inference engine is not needed.
o Development of an expert system becomes faster, cheaper and more efficient.
o It doesn't require more experience programmer because there is no need to develop the system from scratch [10].
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5. Demerits of Expert System Shell
e If the base is weak then developed product may not be reliable. It means if the shell is not matching the system requirement
then the developed system will not represent expertise of a domain expert.
e Some expert systems require different look and fill, security level and user guide. This is not possible in a single expert
system shell. It needs customization depending on expert system requirement.

6. Types of Expert System Sell
There are various types of Expert System Shell available till now such as Clips, Jess, Exsys, Vidwan, Knowledge Pro, K-Vision, Age,
Emycin, KAS, Leonardo, Xi Plus, Savoir & XpertRule. Some of them are explained below along with their merit and demerits.

6.1. C Language Integrated Production System (CLIPS)

C Language Integrated Production System (CLIPS) is an expert system shell for building expert systems. It is the most widely used
expert system shell. It is written in C programming language. Initially, LISP was the single tool available with NASA for all expert
system software [11]. This tool was having three major drawbacks like - low availability of LISP on a wide variety of conventional
computers, high cost to set-up system using LISP and poor integration with other languages. During 1985s NASA - Johnson Space
Center was searching for a tool that is having high portability, low cost and easy integration with external systems. Mr. Gary Riley did
complete the hope of NASA and discovered the first version of CLIPS. It's a language that supports many types of programming
paradigm in the form of procedural, object-oriented and rule-based programming. Its user interface closely resembles that of
the programming language LISP. The inference and representation capabilities provided by the rule based programming language of
CLIPS are similar to those of OPS5 of CMU but it is more powerful than it. CLIPS are independently maintained by NASA as public
domain software [12][13][14].

6.1.1. Merits of CLIPS

e CLIPS provide three different tools for knowledge representation in the form of programming methodology. These are
Procedural, object-oriented and rule-based programming.

e As CLIPS are written in C language, it requires ANSI compiler. All those systems that are having this compiler can have
CLIPS based expert system without making any change in source code. Although, source code can be changed, but it totally
depends on the business requirement.

e CLIPS can be easily embedded in other subroutine made in C like procedural language to extend the existing functionality.

e CLIPS has various extended versions like - COOL, FuzzyCLIPS, PerICLIPS, DYNACLIPS etc. that give it an advantage
with respect to support of methods like fuzzy logic and agents.

6.1.2. Demerits of CLIPS
e  CLIPS supports forward chaining rules, it does not support backward chaining rules.
e Other expert system shell like JESS has also the property of using Java, which in the long run may prove to be a big
advantage over CLIPS.

6.1.3. Applications of CLIPS
CLIPS are used in LIMEX, NRES, On-Line Nuclear Power Plant, FESTO, Expert Surgical Assistant etc.

6.2. Essential MYCIN (EMYCIN)
EMYCIN (Essential MYCIN) is an expert system shell derived from MYCIN - an expert system developed for diagnosis of infectious
diseases. The MYCIN was one of the best known expert system developed by Dr. Edward Shortliffe in 1974 for medical diagnosis
[15]. As MYCIN was domain dependent system, it could not be used for the development of other domain specific expert system. At
that time the knowledge engineer were searching for a system that could be used for building expert system for multiple domains.
Thanks to Dr. Crawford, who in 1987 had derived an independent system from MYCIN that is domain independent. It does not
contain domain specific knowledge base. It means its knowledge base is blank [16].
EMYCIN uses backward chaining inference mechanism for rule interpreter (Reasoning). This shell is PROLOG based. Programs in
PROLOG consist of rules and facts. The Knowledgebase editor, an inference engine and the explanation system are three main
components of EMYCIN. This system deals with uncertainty. Instead of insisting that all predications, be true or false, EMYCIN
associates “certainty factor” with each predication [17]. It provides a highly organized conceptual structure into which the domain
knowledge is to be mapped.

EMYCIN = Prolog + uncertainty + caching + questions + explanations

6.2.1. Merits of EMYCIN
e Based on the rules and facts the computation that it does, it caches the results so that it cannot be duplicated.
e It provides an easy way for the system to ask the user for information.
o EMYCIN deals with uncertainty. It associates "certainty factor” with each prediction in lieu of insisting that all predictions be
true or false.
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6.2.2. Demerits of EMYCIN
e There are many problems in logic like improper certainty handling and false things also not stated efficiently.

6.2.3. Applications of EMYCIN
EMYCIN is mainly used in medical for the diagnosis of infectious diseases.

6.3. Java Expert System Shell (JESS)

The Java Expert System Shell (JESS) is a rule-based tool for building intelligent system called expert system. It acts as an interpreter
for Jess language. It was developed in 1995 by Ernest Friedman-Hill of Sandia National Labs, USA. As the Jess engine is
implemented in Java, it can also be called / executed by Java object. It contains all the features that CLIPS has. So, we can say it’s a
superset of CLIPS [18]. Jess can be used to build Java software that has the capacity to "reason™ using knowledge you supply in the
form of declarative rules [19].

Although, the latest version of Jess is 8.0 but the most stable version of Jess is 7.1p2 that was released on November 5th, 2008.

Jess rule engine uses advance version of the Rete algorithm to match rules to the facts [9]. It uses Rete algorithm for conflict
resolution that provides a generalized logical description of an implementation of functionality responsible for matching facts against
rules in a pattern-matching production system (a category of rule engine). A production consists of one or more conditions and a set of
actions which may be undertaken for each complete set of facts that match the conditions. Conditions test fact attributes, including fact
type specifiers/identifiers. The Rete algorithm exhibits the following major characteristics [20]:

e It reduces or eliminates certain types of redundancy through the use of node sharing.

e It stores partial matches when performing joins between different fact types. This, in turn, allows production systems to avoid
complete re-evaluation of all facts each time changes are made to the production system's working memory. Instead, the
production system needs only to evaluate the changes (deltas) to working memory.

o It allows for efficient removal of memory elements when facts are retracted from working memory. The Rete algorithm is
widely used to implement matching functionality within pattern-matching engines that exploit a match-resolve-act cycle to
support forward chaining and inferencing.

e It provides a means for many-many matching, an important feature when many or all possible solutions in a search network
must be found.

6.3.1. Merits of JESS
e Jess has many unique features including backwards chaining and working memory queries, and of course Jess can directly
manipulate and reason about Java objects.
e Jessisalso a powerful Java scripting environment, from which you can create Java objects, call Java methods, and implement
Java interfaces without compiling any Java code.
e Jess is available at no cost for academic use and can be licensed for commercial use.

6.3.2. Demerits of JESS
e JESS is three times slower than CLIPS because of Java but it totally depends on application type.
e Itis a bit more complicated since the software has to be compiled before it can be started.

6.3.3. Applications of JESS
Diagnosis of rice plant diseases, Expert system for corporate financial rating, Expert system for student advising using JESS.

6.4. Exsys Inc - The Expert System Experts

Exsys is a rule-based expert system shell that provides the most efficient and effective way to automate the delivery of problem-
solving advice. The rules are easy to learn and essentially the same as an expert would use to explain why they made a decision. Some
problems are more procedural and Exsys supports these with a forward chaining option [21]. Others use the rules in a true "heuristic"
way, calling and using rules dynamically as they are needed via backward chaining. The Exsys Inference Engine provides both
options, and they can be mixed for maximum flexibility.

6.4.1. Merits of Exsys

The decision-making logic and the process of the domain expert are fully captured in this shell.

Wrapping the system in a user interface with the desired look-and-feel

It can be easily integrated with other system i.e it is compatible with other systems [22].

Exsys software can be easily learned and use. It can be easily deployed on the system. Its maintenance is very cheap.
Exsys is competitively priced and many businesses see a return on investment almost immediately upon deployment [23].
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6.4.2. Demerits of Exsys
e One of the demerits is the inability of the system to effectively and accurately capture subjective factors in countermeasure
selection.

6.4.3. Applications of Exsys
As a knowledge automation expert system, Exsys Corvid is being used. Such as E-commerce, Web design, Human resources,
Research & Development, Manufacturing, Engineering, Agriculture etc.

6.5. Vidwan

An expert system shell - Vidwan has been developed at the National Centre for Software Technology (NCST), Mumbai (India) in
1993. It's a web-based expert system shell that allows us to create rule-based expert system. As it is a rule-based expert system shell, it
enables us to encode domain knowledge in the form of IF-THEN rules [24]. The inference engine of this shell applies backward-
chaining inference mechanism to manipulate the piece of information. The explanation component of the shell provides facility to
explain an specific query in the form of why and how. It also has an interactive text editor that enables knowledge engineer to
update/create rules in the knowledgebase. This software can be embedded in programs developed in other languages [25]. The latest
version of Vidwan is also compatible with UNIX operating system.

6.5.1. Merits of Vidwan

It is a domain independent, customizable, multiuser & web-based expert system shell.
It allows us to generate different types of report.

It provides limited arithmetic functionalities along with interactive user interface.
This software is easy to learn and use.

It provides explanation facility such as why & how.

It is compatible with DOS, Windows and UNIX operating system.

6.5.2. Demerits of Vidwan
o An expert system developed using Vidwan is quite costly comparatively.
e Asit provides support of database access to user, there might be possibility of anomalies in database.

6.5.3. Applications of Vidwan
Tax planning advisor, Medical advisors like Cardiology (Hurday), Respiratory diseases, Financial & investment advisors etc [26].

7. Conclusions

The expert system shell is very helpful in building any domain specific expert system. At present few shells are web-based while few
are stand alone. Some shells are license based while some are freeware. With the introduction of shell in the world of Artificial
Intelligence, the development of expert system has become quite comfortable in the form of overall cost, time and skills for building
the system.
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