MS (CEM)
St. Gabriel's Library, Au

~GNOSTIC EXPERT SYSTEM DEVELOPMENT TOOL

M~lermrath

by
Kongkangwanchoke

A Final Report of the Three-Credit Course
CE 6998 Project

Submitted in Partial Fulfillment
of the Requirements for the Degree of
Master of Science
in Computer and Engineering Management
Assumption University

November 1999

Project Title

Diagnostic Expert System Development Tool

Name

Mr. Chalermrath Kongkangwanchoke

Project Advisor

Dr. Thotsapon Sortrakul

Academic Year

November 1999

The Graduate School of Assumption University has approved this final report of the
three-credit course, CE 6998 PROJECT, submitted in partial fulfillment of the
requirements for the degree of Master of Science in Computer and Engineering
Management.

Approval Committee:

(Dr. Thotsapol Sortrakul)
Advisor

(Prof.Dr. Srisakdi Charmonman)
Chairman

(Dr. Chamnong m irapanich)
Dean and Co-advisor

(Assist.Prof.Dr. Boonmark Sirinaovakul)
Member

(Dr. Prapon Phasukyud)
Member

November 1999

11

ABSTRACT

This project presents the development of the diagnostic expert system
development tool, the software tool for assisting the developers, experts to build
diagnostic expert system easily.
The study of this project begins by providing the basic knowledge about an expert
system, defining the diagnostic expert system. The diagnostic expert system
development tool is developed to help solve the problem of difficulty and complexity in
developing diagnostic expert system by providing easy-to-use and easy-to-learn
knowledge-based application development environment. The software tool is developed
based on the software development life cycle, analysis, design, coding, testing and
maintenance. The software tool uses the concept of binary tree structure as a knowledge
representation structure and a searching mechanism of the inference engine of the
program. This software tool is coded by using Microsoft Visual Basic, which eases use
and is easy to maintain. This project also provided the concept the developer needs to
know in developing diagnostic expert system and the steps in developing diagnostic
expert system. Also the software manual has been provided.
At the end of this project, there is the conclusion to see one more time of the
overview of this project, and there are the recommendations that suggest for the
improvement of the software tool.··
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1.1

INTRODUCTION

Overview of the Project
Nowadays the information system plays an important role in human life.

Computers are used widely in helping people doing their tasks .. The Expert System is
one of the information systems that can help the organization reduce the need of
experts, technicians and problem-solver in solving the problem in many work fields.
The Expert system is the computerized knowledge-based system that solves a
problem by capturing the expertise of a human in limited domains of knowledge and
experience. Diagnostic expert system is defined for the expert system that doing the
diagnosis tasks by consulting with user in a question-and-answer fashion. By capturing
human expertise in limited areas, diagnostic expert system can provide organization
with an array of benefits, including reduced errors, reduced cost, reduced training time,
improved decisions, and improved quality and service. But to develop the diagnostic
expert system is very costly and needs much of resources (development staffs,
knowledge engineers and computing and designing costs). Also experts themselves can
not develop the diagnostic expert system because of the complexity and difficulty in
understanding computer-programming languages used in development process.
As a conclusion, this project, the diagnostic expert system development tool aims

to develop the software tool for· helping the developer, expert develop their own
diagnostic expert system without the need of any programmer, system engineer and
without the knowledge of computer programming language.
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1.2

Objectives of the Project

The objectives of the project on Diagnostic expert system development tool are as
follows:
(I)

To analyze and design the software development for diagnostic expert
system development tool.

(2)

To develop software tool that can help the developer, expert in developing
diagnostic expert system without the

need of development team

(programmer, system engineer) and without the need of the knowledge of
any computer programming language.
(3)

To provide the concepts, steps the developer, expert needs to know m
developing diagnostic expert system.

1.3

The Scopes of the Project

This project focuses on:
(I)

Analyzing the needs and obstacles m developing the diagnostic expert
system.

(2)

Concentrating on the development of diagnostic expert system development
tool.

(3)

The application of the software tool in applying to different work fields.

2

II.

2.1

REVIEW OF THEORIES

Artificial Intelligence (AI)
Artificial Intelligence is commonly defined as the effort to develop computer-

based systems (both hardware and software) that behave as human, with the ability to
learn natural languages, accomplish coordinated physical tasks (robotics), utilize a
perceptual apparatus that informs their physical behavior and language (visual and oral
perception systems), and emulate human expertise and decision-making (expert
systems).

Artificial Intelligence

I
Natural

I

I

Robotics

Language

Figure 2.1.

I

Perceptive

Expert

"Intelligence"

Systems

Systems

Machines

The Artificial Intelligence Family.

Decision making in AI system
Some kinds of knowledge can be represented as a decision tree, a collection of
paths from an origin to a goal. The various techniques for searching from the origin to
the goal are
(a)

Random searching of a tree of rules that will repeat errors and attain the
goal only by chance.

(b)

Exhaustive searching of tree that will record all searches and not take the
same path twice, eventually reaching the goal.
3

( c)

Rule-guided searching of tree that evaluates the paths and takes the first
path to reduce the distance between the origin and goal until the goal is
reached.

The figures below illustrates the search strategies that could be used to solve a
simple problem: finding the goal at J. One possibility (A) is to search the tree randomly
until the goal at J is found. Without recording failed paths, a random search will repeat
errors and attain the goal only by chance. Another possibility

(B) is exhaustive

searching of the tree, recording all choices and not taking the same path twice. A simple
set of rules is to start always on the far left, take every path to its end, retrace one, two,
or three steps if you do not attain the goal, and try again. Eventually you will find the
goal at J. A much more economical method is a rule-guided search (C). Here the rule is
to evaluate all paths and to take the first path that reduces the distance between the
origin and the goal. If the distance to the goal is not reduced, backtrack one step and try
agam.
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Knowledge as a Collection of Rules.
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Random Searching of a Tree of Rules.
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Exhaustive Searching of Tree.
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2.2

Rule-Guided Searching of Tree.

Software Development Life Cycle
Figure 2.6 illustrates the software development life cycle paradigm for software

engineering. Sometimes called the "waterfall model", it is composed of several phases
begins at the system level and progresses through analysis, design, coding, testing and
maintenance. Each of these phases results in· the development of the system or
something associated with the system, such as a test plan or a user manual. Each phase
has well-defined starting and ending points, with clearly identifiable deliverables to the
next phase. A software development life cycle model comprises the following phases:
(1)

Requirem~nt

'.

analysis and specification. Requirement analysis is usually

the first phase of a large-scale software development project. It is
undertaken after a feasibility study has been performed to define the precise
costs and benefits of a software system. The purpose of this phase is to
identify and document the exact requirements for the system. Such study
may be performed by the customer, the developer, a marketing organization,
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or any combination of the three. In cases where the requirements are not
clear- e.g., for a system that has never been done before- many interactions
are required between the user and the developer. The requirements at this
stage are in end-user terms. Various software engineering methodologies
advocate that this phase must also produce user manuals and system test
plans.
(2)

Design and specification. Once the requirements for a system have been
documented, software engineers design a software system to meet them.
This phase is sometimes split into two sub-phases: architectural or higherlevel design and detailed design. High-level design deals with the overall
module structure and organization, rather than the details of the modules.
The high-level design is refined by designing each module in detail (detailed
design).
Separating the requirements analysis phase from the design phase is
an instance of a fundamental "what/how,, dichotomy that we encounter
quite often in computer science. The general principle involves making a
clear distinction between what the problem is and hoe to solve the problem.
The purpose of the design phase is to specify a particular software system
that will meet the stated requirements. In the coding phase, which follows
the design· phase, a particular system is coded to meet the design
specification.

(3)

Coding and module testing. This is the phase that the design must be
translated into a machine-readable form. If design is performed in a detailed
manner, coding can be accomplished mechanistically.

7

(4)

Integration and testing. Once code has been generated, program testing

begins. All the modules that have been developed before and tested
individually are put together,z integrated in this phase and tested as a whole
system. The testing process focuses on the logical internals of the software,
ensuring that all statements have been tested, and on the functional
externals, that is, conduction tests to uncover errors and ensure that defined
input will produce actual results that agree with required results.
(5)

Delivery and maintenance. Once the system passes all the tests, it is

delivered to the customer and enters the maintenance phase. Any
modifications made to the system after initial delivery are usually attributed
to this phase.
2.3

Data Modeling Using the E-R Model

The ER model concepts are designed to be closer to user's perception of data and
are not meant to describe the way in which data will be stored in computer. The ER
model is used mainly during a process of database design.
The first step of database design process is requirement correction and analysis.
These requirements should be specified in as detail and complete a form as possible.
Once all requirements are corrected and analyzed, the next step is to create a conceptual
schema for the database use high-level conceptual data models. This step is called
conceptual database design. The conceptual schema is a concise description of the

data requirements of the users and includes detail descriptions of the data types,
relationships and constraints. The next step in database design is the actual
implementation of the database using a commercial DBMS. This step is called data
model mapping.
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Requirements
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Design and
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module
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Integration
and system
testing

Delivery and
maintenance

Figure 2.6.

The Waterfall Model of the Software Life Cycle.

2.3.1 ER Model Concepts
The basic object that the ER model represents is an entity, which is a "thing" in
the real world with an independ~nt existence. Each entity has particular properties,
called attributes that describe it. A particular entity will have a value for each of its
attributes. These attribute values that describe each entity become a major part of the
data stored in the database.
Some attributes can be divided into smaller subparts with the independent
meaning of their own. An attribute that is composed of several more basic attributes is
called composite, whereas attributes that are not devisable are called atomic attribute.
9

Composite attributes are useful when a user sometimes refers to the composite attribute
as a unit but at other times refer specifically to its components.
In some case two (or more) attribute values are related. for example, the Age and
Birth Date attributes of a person. For a particular person entity, the value of age can be
determined from the current date and value of that person birth-date. The age attribute is
hence called a derived attribute and can be derived from the birth-date attribute.
In some case a particular entity may not have any applicable value for an attribute,
a special value called null is created. Null can also be used if we do not know the value
of an attribute for a particular entity.
2.3.2 Entity Types
A database will usually contain groups of entities that are similar. Such similar
entities define an entity type, which is a set of entities that have the same attribute. The
entity type description is called the entity type schema and specifies a common
structure shared by individual entities of that type. The set of individual entity instances
at a particular moment in time is called an extension of the entity type.
(1)

Key Attributes of an Entity Type
An important constraint on the entities of an entity type is the key or

uniqueness constraint on attributes. An entity type usually has an attribute
whose values are distinct for each individual entity. Such an attribute is
called key attribute, and its values can be used to identify each entity
uniquely.
(2)

Value Set of Attributes
Each simple attribute of an entity type is associated with a value set or

domain, which specifies the set of values that may be assigned to that
attribute for each individual entity.
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Relationship, Roles and Structural Constraints
A relationship type R among n entity type E 1,

E~

, ... , E11 is a set of

associations among entities from these types. Mathematically, R is a set of
relationship instances r1, where r 1 is an n-tuple of entities (e 1, e2 ,

.. ,

en

and each entity e 1 in r 1 is a member of entity type E 1.
The degree of a relationship type is the number of participated entity
type. A relationship type of degree two is called binary and of degree three
is called ternary. In general, a ternary relationship type represents more
information than three binary relationship types.
Each entity type that participates in a relationship type plays a
particular role in the relationship. The role name signifies the role that a
participating entity from the entity type plays in each relationship instance.
In some case the same entity type participates more than once in a
relationship type in different role, called recursive.
2.3 .3 Constraints on Relationship Type
(I)

The cardinality ratio constraint specifies the number of relationship
instances that an entity can participate in. For example, I: I, I :N, M: N

(2)

The participation constraint specifies whether the existence of any

entity

depends on it being related to another entity via the relationship type. There
are two types of participation constraints.
(a)

Total participation: every entity in total set must be related to the
other, sometimes called existence dependency.

(b)

Partial participation: some or parts of entity relate to other entity.
We refer to cardinality "ratio and participation constraints taken

together as the structural constraints of a relationship type.
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2.3.4 Weak Entity Types
Some entity types may not have any key attribute of their own. This implies that
we may not be able to distinguish between some entities because the combination of
values of their attribute can be identical. Such entity types are called weak entity types.
A weak entity type always has a total participation (existence dependency) with
respect to its identifying relationship, because it may not be possible to identify a weak
entity without an owner entity.
A weak entity type has a partial key, which is the set of attributes that can
uniquely identify weak entity related to the same owner entity. One criterion to choose
weak entity type representation if the weak entity type has many attributes and
participates independently in relationship types other than its identifying relationship
type. Figure summarizes the conventions for ER diagrams.
2.3

Data Flow Diagrams (DFDs)

Through a structured analysis technique called data flow diagrams (DFD), the
system analyst can put together a graphical representation of data-processes throughout
the organization. The data flow approach emphasizes the logical underlying the system.
By using combinations of only four symbols, which are describing below, the system
analyst can create a pictorial depiction of processes that will eventually provide solid
system documentation.
Data flow diagrams use a number of symbols to represent system. Most data flow
modeling methods use four basic symbols to represent four kinds of system components
in Figure 2.8.
The rectangle is used to depict an external entity such as another department, a
business, a person, a machine, and etc. This entity can send data to or receive data from
the system. The external entity is also called a source or destination of data. Each
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external entity is labeled with an appropriate name. with a noun. The same external
entity may be used more than once on a given data flow diagram to avoid crossing data
flow lines.
The arrow shows movement of data from one point to another, with the head of
the arrow pointing toward the data's destination. Data flows occurring simultaneously
can be depicted doing just that through the use of parallel arrows. Since an arrow
represents data about a person, place, or thing, it too should be described with a noun.
A circle is used to show the occurrence of a transforming process. Processes
always denote a change in or transformation of data; thus, the data flow leaving a
process is always labeled differently from the one entering it. Processes represent works
being performed within the system and should be named clearly by using one of the
following formats:
(a)

Assign the name of the whole system as a noun when naming a high level
process.

(b)

Use verb-adjective-noun format for detailed processes.

13
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Summary of ER Diagram Notation.
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Circle

Data Flow Diagram's Symbols.

Moreover, processes must also be given a unique identifying number indicating
the level of the diagram. Several data flows may go into and out of each process.
The last basic symbol used in DFD represents a data store and is a line symbol.
This symbol is drawn only wide enough to allow identifying its name, as a noun. In
DFD, the type of physical storage such as tape, diskette is not specified This means that
at this point, the data store symbol is simply showing a depository for data that allows
addition and retrieval of data.
2.3.1 Developing Data Flow Diagrams
Data flow diagrams can and should be drawn systematically. We can use a TopDown Approach to accomplish the Data flow diagrams as follows:
(1)

Make a list of activities and use it to determine
(a)

External Entities

(b)

Data Flows

15

(2)

(c)

Processes

(d)

Data Stores

Create a context diagram which shows external entities and data flow to and
from the system. Do not show any detailed processes or data stores.

(3)

Draw Diagram 0, the next level. Show processes, but keep them general.
Show data stores at this level.

(4)

Create a child program for each of the processes in Diagram 0

(5)

Check for errors and make sure the labels you assign to each process and
data flow are meaningful.

(6)

Develop a physical data flow diagram from the logical data flow diagram.
Distinguish between manual and automated processes, describe actual files
and reports by name, and add controls to indicate when processes are
complete or errors occur.

(7)

Partition the physical data flow diagram by separating or grouping parts of
the diagram in order to facilitate programming and implementation.

2.3.1 Creating the context Diagram
With a top-down approach to diagramming data movement, the diagrams move
from general to specific. While the first diagram helps the systems analyst grasp basic
data movement, its general nature limits it usefulness. The initial context diagram
should be an overview including basic inputs, the general system, and outputs.
The context diagram is the highest level in a data flow diagram and contains only
one process, representing the entire system. The process is given the number zero. All
external entities are shown on the context diagram, as well as major data flow to and
from them. The diagram does not contain any data stores and is fairly simple to create.
(1)

Creating Diagram O(The next level)

16

More detail than the context diagram permits is achievable by
exploding the diagrams. Inputs and outputs specified in the first diagram
remain constant in all subsequent diagrams. However, the rest of the
original diagram is exploded into close-ups involving three to nine
processes and showing data stores and new lower-level data flows. The
effect is that of taking a magnifying glass to view the original data low
diagram. Each exploded diagram should use only a single sheet of paper.
By exploding DFDs into sub-processes, the systems analyst begins to
fill in the details about data movement Diagram 0 is the explosion of the
context diagram and may include to nine processes. Including more
processes at this level will result in a cluttered diagram that is difficult to
understand. Each process is numbered with an integer, generally starting
from the upper left-hand comer of the diagram and working toward the
lower right hand comer. The major data stores of the system and all external
entities are included on Diagram 0.
(2)

Creating Child Diagrams (More Detailed Levels)
Each process on Diagram 0 may in tum be exploded to create a more
detailed child diagram. The process on Diagram 0 that is exploded is called
the parent process, and the diagram that results is called the child diagram.
The primary rule for creating child diagrams, vertical balancing, dictates
that a child diagram cannot produce output or receive input that the parent
process does not also produce or receive. All data flow in or out of the
parent process must be shown flowing in or out of the child diagram.
The child diagram is given the same number as its parents process in
Diagram 0. However, the processes on the child diagram are numbered
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using the parent process number with a decimal point. This number is a
unique number for each child process.
External entities are usually not shown on the child diagrams. Data
flows that matches the parent flow is called an interface data flow and is
shown as an arrow from or into a blank area on the child diagram. If the
parent process has data flow connecting to a data store, the child diagram
may include the data store as well. Additionally, this lower-level diagram
may contain data stores not shown on the parent process.
Nonetheless, processes may or may not be exploded, depending on
their level of complexity. When a process is not exploded, it is said to be
functionally primitive and is called a primitive process.
2.3.3 Logical and Physical Data Flow Diagrams
DFDs are categorized as either logical or physical. A logical data flow diagram
focuses on the system and how the system operates. It is not concerned with how the
system will be constructed. Instead, it describes the system events that tale place the
data required and produced by each event. Conversely, a physical data flow diagram
shows how the system will be implemented, including the hardware, software, files and
people involved in the system.
Ideally, systems are developed by analyzing the current system (the current
logical DFD), then adding features that the new system should include (the proposed
logical DFD). Finally the best methods to implement the new system should be
developed (the physical DFD).
Developing a logical data flow diagram for the current system affords you a clear
understanding of how the current system operates and thus a good starting point for
developing the logical model of the current system. This time-consuming step is often
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omitted in order to go straight to the proposed logical DFD. The table 2.1 shows the
features of logical and physical models:
However, to construct the logical data flow diagram of the current system can be
used to create the logical data flow diagram of the new system. Processes that will be
unnecessary in the new system may be dropped and new features, activities, output,
input, and stored data may be added. After the logical model for the new system has
been developed, it may be used to create a physical data flow diagram for the new
system.
(I)

Developing Logical Data Flow Diagrams
First, construct a logical data flow diagram for the current system.
Here, a logical model is easier to use when communicating with users of the
system. This is because it is centered on system activities. Users will thus be
familiar with the essential activities and may information requirements of
each activity.
Systems formed using a logical data flow diagram are often more
stable than those that are not because they are based on business events and
not on a particular technology or method of implementation. Logical data
flow diagrams represent features of a system that would exist no matter
what the physical means of doing business are.
A logical data flow diagram has a business emphasis and helps the
analyst to understand the business being studied, to grasp why procedures
are performed, and to determine the expected result of performing task.
Then using the current logical data flow diagram will develop the new
system. This new system will be more flexible and easier to maintain.
Therefore, examining a logical model may help you to create a better system
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Table 2.1. Features of the Physical and Logical Data Flow Diagram.
Logical

Design Feature
What the model depicts

How the business operate

Physical
How hew the system will
be implemented or how
the

current

system

operates?
What the processes

Business activities

represent

Programs,
modules

program
and

manual

procedures
What the data stores

Collections of data,

Physical files and

represent

regardless of how the data

databases, manual files

is stored
Type of data stores

Show data stores

Master files, transaction

representing permanent data files, any processes that
collections

operate at two different
times must be connected
by a data store

System controls

Show business controls

Show controls for
validating input data, for
obtaining a record, for
ensuring successful
completion of a process
and for system security
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by eliminating redundancies and inefficient methods that exist in the current
system.
(2)

Developing Physical Data Flow Diagrams
When a logical model of the new system is completed, it may be used
to create a physical data flow diagram for the new system. The physical data
flow diagram shows how the system will be constructed. Just as logical data
flow diagrams have certain advantages, physical data flow diagrams have
others, including:
(a)

Clarifying which processes are manual and which are automated

(b)

Describing processes in more detail than do logical DFDs

(c)

Sequencing processes in more detail than have to be done in particular
order

2.5

(d)

Identifying temporary data stores

( e)

Specifying actual names of files and printouts

(f)

Adding controls to ensure the processes are done properly

Data Dictionaries

After successive levels of data flow diagrams are complete, system analysts use
them to help catalog the data processes, flows, stores, structures, and elements in a data
dictionary. This means that the system analysts need to make the name meaningful for
the data component names.
Data dictionary is an integral component of structured analysis, since data flow
diagrams by themselves do not fully describe the subject of the investigation. The data
dictionary provides additional information about the system.
The data dictionary is a specialized application of the kinds of dictionaries used as
references in everyday life. The data dictionary is a reference work of data about data

21

compiled by system analysts to guide them through analysis and design. As a document,
the data dictionary collects, coordinates, and confirms what a specific data term means
to different people in the organization. In other words, it is a catalog or a repository of
the elements in a system. As a name suggests, these elements center in data and the way
they are structured to meet user requirements and organization needs. The data
dictionary stores details and descriptions of these elements.
System analysts must be aware of and catalog different terms that refer to the
same data item. This helps to avoid duplication of effort, allows better communication
between organizational departments sharing a database, and makes maintenance more
straightforward. The data dictionary can also serve as a consistent standard for data
elements. Thus, the data dictionaries can be used for five important reasons:
( 1)

To manage the detail in large systems

(2)

To communicate a common meaning for all elements

(3)

To document the features of the system

(4)

To facilitate analysis of details in order to evaluate characteristics and
determine where system changes should be made

(5)

To locate errors and omissions in the system

Data dictionary entries may be created after the data flow diagram has been
completed or constructed as the data flow diagram is being developed. The use of
algebraic notation and structural records allows the analyst to develop the data
dictionary entries with the Diagram 0 of data flow diagrams.
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III.

3.1

BASIC KNOWLEDGES ABOUT EXPERT SYSTEM

Expert System
Expert systems are software system that imitate the reasoning processes of human

expert and provide decision-makers with the type of advice they normally receive from
such human experts. An expert system can assist decision making by asking relevant
questions and explaining the reasons for adopting certain actions. Some of the common
characteristics of expert systems are the following:

3.2

(a)

They perform some of the problem-solving work of humans.

(b)

They represent knowledge in forms such as rules or frames.

(c)

They interact with humans.

(d)

They can consider multiple hypotheses simultaneously.

The Need for Expert Systems
Expert labor is expensive and scarce. Knowledge workers-employees who

routinely work with data and information to carry out their day-to-day duties-account
for close to half of business's labor bill. The "stars"-the sharpest and most
knowledgeable workers-are not easy to find and keep, and companies are often faced
with a shortage of talent in key positions. Moreover, no matter how bright or
knowledgeable certain people are, they often can handle only a few factors at the time.
Both the limitations i~posed by' ·human information processing capability and the
rushed pace at which business is conducted today put a practical limit on the quality of
human decision making.
In order to maintain a competitive edge, companies need to hone the decision-

making skills of the personnel they currently have. The following are the summary of
the benefits that expert systems provide to the organization.
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(I)

Preserves knowledge that might be lost through retirement, resignation, or
death of an acknowledged company expert.

(2)

Puts information into an active form so it can be summoned almost as a
real-life expert might be summoned.

(3)

Assists novices in thinking the way experienced professionals do.

(4)

Is not subject to such human failing as fatigue, being too busy, or being
emotional

(5)

Can be effectively used as a strategic tool in the areas of marketing
products, cutting costs, and improving products.

Still, expert systems are not always the answer to managerial or organizational
problems. They may not appropriate in all situations. Some of the properties those
potential applications should possess to qualify for expert system developments are
summarized below. When the conditions specified here are satisfied, a proposed expert
system has the potential to positively contribute to organizational functioning.
Expert system suitability criteria
(1)

Availability: One or more experts are capable of communicating how they
go about solving the problems to which the expert system will be applied.

(2)

Complexity: Solution of the problem for which the expert system will be
used is a complex task that requires logical inference processing, which
would not be easily handled by conventional information processing.

(3)

Domain: The domain, or subject area, of the problem is relatively small and
limited to a relatively well-defined problem area.

(4)

Expertise: Solution to the problem requires the efforts of experts. That is,
only a few pew people possess the knowledge, techniques, and intuition
needed.
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(5)

Structure: The solution process must be able to cope with ill-structured,
uncertain, missing, and conflicting of data, and a dynamic problem-solving
situation.

3.3

Components of an Expert System

Four major elements compose an expert system: the knowledge domain of base,
the development team, the AI shell, and the user.
3.3.1 The knowledge base is model of human knowledge that is used by expert systems
(Representing human knowledge in a way that a computer can deal with it). It contains
specific facts about the expert area and rules that the expert system will use to make
decisions based on those facts. Technically, knowledge can be represented in several
ways in an expert system: through rule-based systems, frame-based systems, predicatebased systems, semantic network-based systems and other representation schemes.
(1)

Rule-based expert system: An AI program that has a large number of
interconnected and nested IF-THEN statements or "rules" that are the basis
for the knowledge in the system.
The rules in the knowledge base are usually coded in the form
IFXTHENY
Where Xis a condition and Y is an action to be taken if the condition is true.
For instance:
IF
INCOME> $45,000(condition)
PRINT NAME AND ADDRESS (action)
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Figure 3.1.

Components of an Expert System.
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A series of these rules can be a knowledge base. AI programs can
easily have 200 to 1000 rules, far more than traditional programs, which
may have 50 to 100 IF-THEN statements.
Rules in an AI program. An expert system contains a number of rules
to be followed when utilized. The rules themselves are interconnected; the
number of outcomes is known in advance and is limited; there are multiple
paths to the same outcome; and the system can consider multiple rules at a
single time.
(2)

Semantic nets: Expert system that use the property of inheritance to
organize and classify knowledge when the knowledge base is composed of
easily identifiable chunks or objects of interrelated characteristics. The
Figure 3.2 shows an example of a semantic network.
An example of a semantic network demonstrates the relationship

between items in a knowledge base that contains information on the
individual Deborah Deal.
(3)

Frames: Method of organizing expert system knowledge into chunks. The
relationships are based on shared characteristics determined by the user
rather than hierarchy.
Frames consist of "slots" in which facts about the entity are entered.
Frames that share similar characteristics (for example, where the
information in slots is identical for two or more entities) can be related to
one another. Frames and relationships between frames are illustrated in
Figure 3.3.
An example of frame-based expert system knowledge base. The

information in the "slots" in the frames is used to interrelated frames.
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An Example of Semantic Network.

3 .3 .2 The Development Team
An AI development team is composed of one or several "experts" who have a

thorough command over the knowledge base and one or more knowledge engineers
who can translate the knowledge (as described by the expert) into a set of rules, frames,
or semantic nets. A knowledge engineer is similar to a traditional systems analyst but
has special expertise in eliciting information and expertise from other professionals. The
knowledge engineer interviews the expert or experts and specifies the decision rules and
knowledge that must be captured by the system. The knowledge engineer is responsible
for designing and maintaining the expert system, to build and refine an expert system's
knowledge base.
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3.3.3 The Al Shell
The AI shell is the programming environment of an expert system. AI systems can
be developed in just about any programming language. such as BASIC or Pascal. In the
early years of expert systems, computer scientists used specialized programming
language such as LISP or prolog that could process lists of rules efficiently. Today a
growing number of expert systems use either the C language or, more commonly, AI
shells that are user-friendly development environments. AI shells can quickly generate
user interface screens, capture the knowledge base, and manage the strategies for
searching the rule base.
AI programming languages include:
(1)

LISP, developed in the 1950s, is the early programming language strongly
associated with AI. LISP is a functional programming language with
procedural extensions. LISP (LISP Processor) was specifically designed for
processing heterogeneous lists -- typically a list of symbols. Features of
LISP that made it attractive to AI researchers included run- time type
checking, higher order functions (functions that have other functions as
parameters), automatic memory management (garbage collection) and an
interactive environment.

(2)

The second language strongly associated with AI is PROLOG. PROLOG
was developed in the 1970s. PROLOG is based on first order logic.
PROLOG is declarative in nature and has facilities for explicitly limiting the
search space.
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Frame: Corporation

Frame: Worker
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Is a: Human
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...

•

""

Age: >16 years
Home: Location

Employs: Workers

Job: Work role

_ _ _ _ _ (other slots)

_ _ _ _ _ (other slots)

Frame: Engineer

Frame: Gulfstream Aerospace
Is a: Corporation

Is a: Worker

Type: Manufacturer

Employer. Corporations

Products: Executive aircraft

Work site: Office
--:---------~·

Customers: Corporations,

Resources: Workstations,

individuals

and so on

Employ: Engineers, and so on

_ _ _ _ _ (other slots)

_ _ _ _ _ (other slots)

Frame: John Doe
I:>. a: Worker
Job: Engineer
Employer: Gulfstream
'---------1~•

Aerospace
_ _ _ _ _ (other slots)

Figure 3.3.

An Example of Frame-based Expert System Knowledge Base.
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(3)

Object-oriented languages are a class of languages more recently used for
AI programming. Important features of object-oriented languages include:
concepts of objects and messages
(a)

objects bundle data and methods for manipulating the data

(b)

sender specifies what is to be done and receiver decides how to do it

(c)

inheritance (object hierarchy where objects inherit the attributes of the
more general class of objects)

Domain
experts,
Books,
etc.

Knowledge
engineers

Knowledge

Base

Figure 3.4.

Knowledge
Engineer Responsibility.
'.

Inference engine is the system of the program that drives the expert system. The

role of the inference engine in the overall expert system was depicted in the figure
below. These programs consult the knowledge base as they seek answers. In essence,
the inference engine applies the facts and rules in the knowledge base(s) to the data
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about the problem supplied by users. The strategy is used to search through the rule
base in an expert system.

Explanation
facility

Facts of
immediate
problem
User
interface

User

Inference
engine

Knowledge
base

ES

recommendation
/explanation

Figure 3.5.

Working
memory

Operational Expert System.

Two strategies are commonly used: forward chaining and backward chaining.

(a)

Forward chaining: The strategy for searching the rule bases in an expert
system that begins with the information entered by the user and searches the
rule base to arrive at a conclusion. A forward-chaining mechanism first
examines the knowledge base and the problem at hand; then, it attempts to
discover a solution. For instance, a medical expert system may be used to
examine a patient's symptoms and provide a diagnosis. Based on the
'.

symptomology, the expert system might locate several diseases that the
patient may have.

(b)

Backward chaining: The strategy for searching the rule bases in an expert
system that acts like a problem solver by beginning with a hypothesis and
seeking out more information until the hypothesis is either proved or
disproved. For instance, the expert system might be given the goal to "find
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this patient's disease(s) and would work back from there, asking questions
as necessary to confirm or refute candidate diagnoses.
3.3.4 The User
The User: The role of the user is both to pose questions of the system and to enter
relevant data to guide the system along. The user may employ the expert system as a
source of the advice or to perform tedious and routine analysis tasks.
(1)

User Interface: Users often interact with the expert system through a user
interface. In most instances, the expert system prompts (asks) the user to
supply information about the problem and the user types in the requested
data. The data entered are examined by the inference engine and compared
to the facts, rules, and relationships in the knowledge base. This
examination and comparison process results in the system continuing to
prompt the user for more information until the system has enough data
about the current problem so that it can reach a conclusion. Thus the user
interface for an expert system is highly interactive.
Another component of the user interface enables users and decisionmakers to design, create, and update an expert system. This component also
is typically interactive and often provides users with menus and templates.
Ideally, the user interface should enable the user (decision-maker) to
communicate with the expert system in his or her own natural languageEnglish, French, Japanese, or whatever without needing to learn rigid,
programming language syntax.

(2)

Explanation Facility: After users supply information about the current
problem-solving situation, the expert system reaches a conclusion and/or
makes a recommendation (which can be output to a screen, printer, or
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storage device) about what should be done. In many instances, users are also
interested in knowing the line of reasoning followed by the expert system in
drawing conclusions. If this line of reasoning seems faulty to the user, the
conclusions reached by the expert system may, be considered invalid. The

explanation facility communicates to a user the logic followed in reaching
a decision and, in some cases, may also attempt to explain the importance of
certain information inputs. Also, if the expert system cannot draw a
conclusion, it should display what it has uncovered and let human experts
use these facts to their advantage.

3.4

Developing Expert Systems
Like most computer systems, expert systems are developed by using a systematic

development approach. Figure 3.6 provides a generic development process for expert
systems. This approach starts with determining the requirements for the expert system
(that is, what information it should provide to decision-makers), and then moves on to
acquiring the knowledge to be put in the expert system's knowledge base from human
experts. The third step involves constructing the components of the expert system; this
results in an expert system prototype. The fourth step involves testing, debugging, and
refining the system until the requirements determined when step one is met. The result
of this fourth step is an operational expert system, which can make or assist in making
decisions. To be useful over the long

I1IIl,

the expert system must be updated and

maintained; this may involve adding new rules and facts to the knowledge base, making
it possible to extract data or processing results from other parts of the organization's
computer-based information system (CBIS), refining the inference engine, or improving
the user interface or explanation facility.
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from human experts

Development of ES
prototype
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ment loop
yes
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Complete and field the
operational ES
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Figure 3.6.

A Summary of the Steps in the Expert System Development and
Maintenance Process.

A summary of the steps in the expert system development and maintenance
process. After the initial prototype is developed, several testing/refinement iterations
may be performed before the operational expert system is put in the field and used.
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One of the major challenges faced by knowledge engineers during the expert
system development process is the acquisition of knowledge from human experts.
Human expertise is developed over many years, and it is often difficult for experts to
explain in the reasoning processes that they used to attack and solve complex problems.
Numerous research efforts are currently trying to determine effective ways of extracting
human expertise in a form that can be used by knowledge engineers to develop expert
systems.
In practice, three approaches are commonly used to develop the inference engine
and other components of the expert system: the custom-built system, the expert system
shell, and the expert system application package.
(1)

Custom-built system: The first, and often the most expensive, approach is
to write-from-scratch-an inference engine that is specifically tailored and
dedicated to an application. This is traditionally done using an AI
development language such as LISP or Prolog. The knowledge base and
other components of expert system are also coded in this language.

(2)

Expert systems shell: The second approach, which is very popular
(especially in today's microcomputer-based expert system), is to acquire a
prewritten expert system shell program. A shell is a generalized expert
system product without a knowledge base. Most expert system shells
available in the market are generic and not tailored to specific application
areas or to specific industries.
The shell product typically contains a 4GL that will enable the
knowledge engineer to develop the knowledge base. Figure 3. 7 provides
examples of some of the expert system shells on the market today.
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Several factors should be considered when selecting an expert system
shell, including:
( 1)

The hardware platform (for example, microcomputer, mini-computer,
or mainframe) that the system will be developed and utilized on

(2)

Ease of use; availability of suitable knowledge representation
structures(such as frame or objects)

(3)

Availability of appropriate

reasoning structures

(for example,

backward versus forward chaining)
(4)

The efficiency of the system's "run time" performance (some shell
products result in notoriously slow systems)

(5)

How easy it is to maintain and refine the system

(6)

Compatibility of the product with other components of the
organization's CBIS

(3)

Application package: The third alternative is to buy a prewritten, off-the-

shelf expert system application packages and fine-tunes it to meet the
particular needs of the organization. Application packages differ from shell
programs in that users can interact right away with the application package,
supplying values to key parameters through question-and-answer sessions.
Application packages may ultimately be the most appealing for business
user since,. beyond the purchase cost, very little development time is needed.
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Table 3.1.

Examples of Expert System Shells.

EXPERT SYSTEM SHELLS
Product

Vendor

Aion Execution System

Aion Corp.

EXSYS

EXSYS, Inc.

1st-Class Fusion

1st Class Expert systems

Geru

MDBS,Inc.

KBMS

Al Corp.

Knowledge Engineering

Intellicorp

Environment (KEE)
Levels

Information Builders Int'l.

Nexpert Object

Neuron data

Personal Consultant

Texas Instruments

VP-Expert

WorldTech Systems, Inc.

Once the expert system is developed and implemented, it must be maintained and
updated. To properly maintain and update an expert system, users should provide
feedback to knowledge engineers .<Jn their experiences with the expert system and its
explanation facility. If the facility is delivering insufficient or inappropriate conclusions
or if the explanations are based on faulty reasoning processes the knowledge engineer
may have to either modify or add to the rules or facts in the knowledge base or may
changes in the other components of the expert system. The number of rule in the
knowledge base may expand dramatically. For example, the earliest versions of
MYCIN-an expert system used to assist in medical diagnosis-contained about 5,000
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rules. In its current version, the rule base is over 100,000 rules and the number of
illnesses that can be diagnosed also increased (for example, new diseases such as AIDS
and lyme disease were added to the knowledge base).
3.5

Problems with Expert Systems

A thorough understanding of expert systems also requires awareness of their
current limitations and problems.
(I)

Expert Systems are Limited to Certain Problems
In answer to the question, "Why do some expert systems work?"

critics point out that virtually all successful expert systems deal with
problems of classification in which there are relatively few alternative
outcomes and in which these possible outcomes are all known in advance.
Contrary to early promises, expert systems do best in automating lowerlevel clerical functions. Even in these comparatively simple situations,
however, expert systems require large, lengthy, and expensive development
efforts. For these kinds of problems, hiring or training more experts may be
less expensive than building an expert system.
(2)

Important Theoretical Problem Exist
There

are

significant

theoretical

problems

m

knowledge

representation. IF-THEN knowledge exists primarily in textbooks. There are
no adequate· representations for deep casual models or temporal trends. No
expert system, for instance, can write a textbook on information systems or
engage in other creative activities not explicitly foreseen by system
designers. Many experts cannot express their knowledge using an IF-THEN
format. Expert systems cannot yet replicate knowledge that is intuitive,
based on analogy and on a "sense of things."
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(3)

Expert Systems are not Applicable to Complex Managerial Problems
The applicability of expert systems to complex managerial problems
is currently highly limited. Many managerial problems generally involve
drawing facts and interpretations from divergence sources, evaluating the
facts, and comparing one interpretation of the facts with another, and do not
involve analysis or simple classification. Expert systems cannot address
complex problems requiring intuition to solve. Expert systems based on the
prior knowledge of a few known alternatives are unsuitable for the problem
manager face on daily basis.

(4)

Expertise is Collective
For many problems there are no single experts. Expertise may be
distributed throughout an organization. Coordinating this expertise to
formulate policies and actions is a key focus of management efforts. Expert
systems cannot help here because they cannot synthesize knowledge from
several different experts any better than ordinary systems analysis and
design can.

(5)

Expert System are Expensive to Maintain
The knowledge base of expert systems is fragile and brittle; they
cannot learn or change. In fast-moving fields like medicine or the computer
sciences, keeping the knowledge base up to date is a critical problem. For
applications of even modest complexity, expert system code is generally
hard to understand, debug, and maintain. Adding new rules to a large rulebased program nearly always requires revision of the control variables and
conditions of earlier rules. Which of these entries to change to make the
next rule work is often far from obvious.
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(6)

A More Limited Role for Expert Systems
Although expert systems lack the robust and general intelligence of
human beings, they can provide benefits to organizations if their limitations
are well understood Expert systems have proved especially useful in certain
types of diagnostic problems. They can provide electronic checklists for
lower -level employees in service bureaucracies like banking, insurance,
sales, and welfare agencies. Elements of expert system technology have
been incorporated into a wide variety of products and services. In limited
areas, expert systems can help organizations make higher-quality decisions
using fewer people.
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IV.

4.1

DIAGNOSTIC EXPERT SYSTEM

What is Diagnostic Expert System
We know from part III that expert systems are very useful in applying to many

areas of works in the world of business today. Although expert systems lack the robust
and general intelligence of human beings, they can provide benefits to organizations if
their limitations are well understood. Expert systems have proved especially useful in
certain types of diagnostic problems. In limited areas, expert systems can help
organizations make higher-quality decisions using fewer people.
There are many kinds of expert system, which are different in characteristics,
inference engine, complexity of the system, its problem-solving techniques, etc. In this
project we named the expert systems that are developed for solving certain types of
diagnostic problems as Diagnostic expert system.
The diagnostic expert systems have the following characteristics:
(1)

Doing the diagnostic tasks by receiving the information directly from the
user and then finding and concluding the result and giving the adv:ice to the
user.

(2)

Deal with problems of classification in which there are relatively few
alternative outcomes and in which these alternative outcomes are all known
in advance.

(3)

Can represent the knowledge base in the form of binary tree structure
(explained later)
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Some examples of diagnostic expert system used in some area of works are:
(a)

Medical expert system may be used to examine a patient's symptoms and
provide a diagnosis. Based on the symptomology, the expert system might
locate several diseases that the patient may have.

(b) An engineer uses an expert system to disseminate his expertise to service
managers and repair-people. The system asks repair-people a carefully
conceived sequence of diagnostic questions, such as: Is the machine turned
on? Does the fault lie in the electric controls or somewhere else? Is the tub
.fill? This has helped repair-people to diagnose problems more quickly and
to reduce the amount of time it takes to make most types of repairs.
Diagnostic expert systems help to preserve expertise, make expertise available on
demand, and help novices learn how experts tackle the problems. They can be used for
strategic or competitive advantage. As related to the benefits of expert system that are
described in part III, here we can summarize the benefits we can gain from building the
diagnostic expert system:
(1)

Preserve knowledge that might be lost through retirement, resignation, or
death of an acknowledged company expert.

(2)

Puts information into an active form so it can be summoned almost as a
real-life expert might be summoned.

(3)

Assists novices in thinking the way experienced professionals do.

(4)

Is not subject to such human failing as fatigue, being too busy, or being
emotional

(5)

Provide better service for customers (using diagnostic expert system as user
support facility, online-user support)

(6)

Efficiency- can increase throughput and decrease personnel costs
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(a)

Although expert systems are expensive to build and maintain, they are
inexpensive to operate

(b)

Development and maintenance costs can be spread over many users

(c)

The overall cost can be quite reasonable when compared to expensive
and scarce human experts
Cost savings
Wages-( elimination of a room full of clerks)
Other costs - (minimize loan loss)

(7)

Documentation - An expert system can provide permanent documentation of
the decision process

(8)

Captures and distributes a business expert's knowledge, and emulates the
interaction a user might have with the business expert when attempting to
solve a problem.

(9)

Standardize the conclusions for a given set of data.

(10) Free a human expert from repetitive, routine jobs in order to do higher level,
more complex tasks.
(11) Codify a problem-solving technique for future users.
(12) Provide a safe and effective training tool.
(13) Allow the problem-solving skills of several people to be combined.

4.2

Problems and Obstacles in Building a Diagnostic Expert System
We can gain much of benefits by constructing diagnostic expert systems, but in

developing such systems seems difficult with using the current developing techniques
(See in part ill, Developing expert system).
In the past, when expert systems were written in traditional programmmg

languages, one of the most difficult and time-consuming tasks associated with
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developing an expert system was creating and updating the knowledge base. Each fact,
each relationship between facts, and each rule had to be programmed into the
knowledge base; each change to the knowledge base also had to be programmed. Often,
professional programmers were needed to perform these chores.
Now, knowledge base development and maintenance can be done using special,
reasonably user-friendly software. This software provides a convenient and efficient
means of capturing and storing the contents of the knowledge base. Users are often
presented with easy-to-operate menus and templates for entering rules, facts, and
relationships among facts. Once these are entered, the software correctly stores the
information in the knowledge base. Such software makes it much easier and less
expensive to develop, update, and refine the knowledge base.
From part III, we know that three approaches are commonly used to develop the
expert system: the custom-built system, the expert system shell, and the expert system
application package. Custom-built system approaches are very expensive and need
much of resources (many people concerned time and cost consuming). Buying off-the
shelf expert system application package needs less time and development effort, but the
package is not flexible. We cannot change the components and options in the prewritten system so much. Moreover, we need to buy different packages for developing
different expert systems in each work field. Purchasing expert system shell is very
·popular and seems to be suitable for developing diagnostic expert system since it is
generalized for expert system development. But it still needs much effort in learning
how to use that shell program. It needs knowledge engineer for helping expert in using
the program to develop knowledge base. And also these expert system shells are
commercial software, which we have to pay for it if we want to use it.
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This project. therefore aims to develop software tool (as a freeware) for
developing diagnostic expert systems. The objectives of this software tool are:
(I)

Helping experts. users in building their diagnostic expert system with no
special knowledge of complex programming languages required.

(2)

Minimal training is required.

Systems are easily built without the

intervention of software specialists or knowledge engineer.
(3)

Provide

easy-to-use

and

easy-to-learn

knowledge-based

application

development environment.
4.3

Concepts in Developing the Diagnostic Expert System Development Tools

Like an expert system (See chapter III), diagnostic expert systems are also
composed of the knowledge domain of base, the development team, the AI shell, and
the user. To develop a diagnostic expert system, we have to consider several factors,
including; the hardware platform (for example, microcomputer_ mini computer, or
mainframe) that the system will developed and utilized on; suitable knowledge
representation structures (rules, tree, frames or objects); appropriate reasoning structures
(backward versus forward chaining), etc.

According to these factors, the software

development tool should provide software features for helping the developer develop
each component easily. This part will explain which types of knowledge representation
structure, reasoning structure, inference engine and hardware platform were selected to
use in the software tool. Also the reasons why we chose such components will be
described.
4.3.1 The Nature of Diagnosis Process
Before we can consider the factors to use in the software tool, first we have to
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example, an online technician is diagnosing a problem with a microcomputer monitor
with the customer. He may ask the relevant diagnosis questions: Is the power cable
attached? If the answer is "no", the technician will recommend the customer to attach it.
If the answer is "yes", then check the screen. The technician then asks the next question:

Is the picture on screen narrowed? If the answer is "yes", the technician will
recommend the customer to adjust the hold. If the answer is "no", the technician then
asks the next question: Is the screen blanked? The diagnosing process will continue like
this until they find the cause of the problem.
4 .3 .2 Knowledge Representation Structure
According to the objectives of this software development tool, we aim to develop
easy-to-use, easy-to-learn software development tool for developers (experts) who have
no special knowledge of complex programming languages. We decided to use binary
tree structure as the knowledge representation structure of this software development
tool instead of other knowledge representation structures (rules, semantic, frames, etc.).
The Tree approach has advantages as a tree can represent an entire aspect of a decisionmaking problem. The tree is graphical and can be easily checked for completeness. It is
faster arid generally easier to build tree diagrams. It is generally easier to learn
knowledge-based system concepts using tree diagrams.(See chapter ill Problem with
expert systems: Many experts cannot express their knowledge using an IF-TIIBN
format (rule). The knowledge-based system can be defined by a set of tree diagrams
similar to writing tree diagrams on a piece of paper. To get started, choose a simple
problem that has a well defined set of solutions and few alternatives. Even then, the
system can be written in a variety of ways. The diagnosing process above can be
represented in the form of binary tree structure. Figure 4. I illustrates how the
diagnosing process above can be represented in the form of binary tree diagram.
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Diagnosis Process of a Problem with the Computer Monitor.
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4.3.3 Inference Engine
This software tool used Binary tree to apply to the searching mechanism of the
inference engine of the diagnostic expert system. We introduce very briefly the
terminology used in discussing binary tree data structures.
(a)

Binary Tree Structure
A binary tree is formed of nodes. Each node in the tree, except for a
special node called the root, has one parent node and zero to two child
nodes. The root node has no parent. A node that does not have any child
nodes is called a leaf node; A nonleaf node is called internal node. An
internal node is a Father of other 2 nodes (child nodes), Left Son (LSON)
and Right Son (RSON). Figure 4.2 shows the Father-Son relationship of the
node in binary tree structure

FATHER

Figure 4.2.

Father-Son Relationship of the Nodes in Binary Tree Structure.

The level of node is always one more than the levels of its parent, with
the level of the root node being zero. A subtree of a node consists of that
node and all its descent nodes-its child nodes, the child nodes of its child
nodes, etc. A precise recursive definition of a subtree is that it consists of a
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node n and the subtrees of all the child nodes of n. Figure 4.3 iIIustrates a
binary tree data structure. In the figure the root node is A; and its child
nodes are B, C nodes. Nodes D, G, and Hare leaf nodes.

root node
(level 1)

Subtree for node B
nodes at
level2

nodes at
level 3

nodes at
level4

Figure 4.3.

(b)

Binary Tree Structure.

Complete Binary Tree
Complete binary tree is a binary tree that each internal node has both
Left Son and Right Son. Figure 4.4(a) shows the complete binary tree that

has 4 levels. Figure 4.4(b) shows the complete binary tree that has 3 levels.
The complete binary tree that has its leaf node at level 3 will have altogether
23 - I

=

7 nodes. And the complete binary tree that has its leaf node at level

4 will have the number of nod~s equal to 24

-

1 = 15. The relationship

between number of level (k:) and number of node (n) of a complete binary
tree can be defined as follow:
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n

Figure 4.4.

=

Complete Binary Tree with Three and Four Levels.

We can apply binary tree structure to the searching mechanism of the inference
engine. From figure, we can represent the first diagnostic question "Is the power cable
attached?" by using the root node. Use its Left Son and Right Son to represent the
consequences of the answer-yes or no-. If the answer is "no", the next consequence will
point to the Right Son node whether asking the other question, or showing the
conclusion of the diagnosing process. If the answer is "yes", the next consequence will
point to the Left Son. The leaf nodes are used to represent the answer, or the conclusion
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of the diagnosing process.

The number of questions can be determined from the

number of nodes in the binary tree using n = 2k - 1.
We use one-dimensional array to keep all nodes in the binary tree. This technique
is used for complete binary tree structure. In order to do this, we have to visualize that
binary tree are completed by adding all uncompleted branches to the tree. To refer to the
address of the arrays that kept the nodes, we use sequential addressing technique. In
sequential addressing technique, we have to assign the number to each node from level
1, 2, 3, ... to level k (the highest level). The number will be assigned from left to right
and the number "l" will always be assigned to the root node. Figure 4.5 shows how can
we assign the address number to the nodes of binary tree.
From Figure 4.5, we have to use the array of 15 blocks to keep all the nodes of
this binary tree. The data in the Figure 4.5 can be kept in the array as shown in the
Figure 4.6.
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4

5

6

7

8

9

IO

11

12

13

14

15

G

Blocks of Array are Used to Keep the Data in each Nodes of Binary Tree.

We use array of 2h -1 blocks to represent all the nodes in the binary tree of h
levels (his the highest level that contain leaf nodes). We can find the Father, Left Son,
and Right Son of any node (i) by using the following relationships.
(1)

The address of node (i) will be at level [i/2], if i< > 1 otherwise i is root
node.

(2)

The address of LSON of node(i) will be at 2i, if 2i < = n otherwise node (i)
has no Left Son

(3)

The address of RSON of node( i) will be at 2i + 1, if 2i + 1< = n otherwise
node (i) has no Right Son

4.3.4 Backward VS Forward Chaining
Forward chaining is the alternative to backward chaining (See Chapter ill:
Inference engine). Forward chaining is a "data driven" way to run the rules (unlike the
goal-driven approach of backward chaining). In backward chaining, there is always a
goal to be satisfied and a specific reason why rules are tested. In pure forward chaining,
rules are simply tested in the order they occur based on available data. If information is
needed, other rules are not invoked - instead, the user is asked for the information.
Consequently, forward chaining systems are more dependent on rule order. However,
since time is not spent determining if information can be derived, forward chaining is
much faster. Since the forward chaining mechanism is easier to understand (not too
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complex), we have decided to use it as the searching mechanism of the inference engine
of this software tool.
4.3.5 flardwarePlatform
Today, microcomputers are the most popular hardware platform, we decide to use
microcomputer (PC) for this software tool to be run on. Therefore the diagnostic expert
system developed from the software tool will be utilized on PC also.
Since we have all needed information (objectives of software tools, logical
structure of the inference engine, etc.), we can develop the software tool. Next chapter
will describe how this software development tool is developed.
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V.

DIAGNOSTIC EXPERT SYSTEM DEVELOPMENT TOOL

The diagnostic expert system development tool will help facilitate the developer
m developing the diagnostic expert system. The software tool will serve all the
developer requirements, providing the developer with tools and features to easily
develop the system. The software tool is designed and developed by using Software
development life cycle.
5.1

Requirement Analysis and Specification

The software tool is developed for the developer (expert) to use it to build the
diagnostic expert system. But in developing diagnostic expert system, there are not only
the developers who interact with the developed system but also are the users. Figure 5.1
illustrates an overview picture of the whole system. It shows entities involved with the
developed diagnostic expert system. The figure illustrates that the development of the
diagnostic expert system is a never.ending process. The system interacts with both the
developer and the user. Figure 5.2 show more details of data flows between the
developer, the user and the diagnostic expert system. The developer has to develop the
system by inputting the knowledge based into the

syste~

update, and maintain it The

developer also needs some feedback from the system (suggestion) in order to improve
the system. The system provides the diagnosis question to the user and gives the
suggestion to the user. The users interact with the system, input the information data,
answer the diagnosis question and get advice from the system. Sometimes the users give
the suggestion to the developer through the expert system in order to improve the
system.
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Diagnostic
expert
system

Developer

Figure 5.1.

User

The Overview Picture of the Context Data Flow Diagram.

By using the information from the Figure 5.2, we can conduct the requirement
analysis and specification for the proposed software tool. The designs of new data flows
are depicted in Figures 5.3 and 5.4. The new data flows represent how data flow
between the developer and the diagnostic expert system and between the system and the
user by using new software development tool.
Figure 5.3 depicts the data flow between the developer and the diagnostic expert
system by using the new software tool. We can see that the developer needs to input the
knowledge-based (diagnosis questions and answers) through the system. The knowledge
based design information represents the commands from the developer to design user
interface, change the logic of the system, etc. The developer also interacts with the
system by sending the command to retrieve the database from the system in order to
manage files, and check user's suggestion. The developer receives the suggestion from
the user about the system performance.
Figure 5.4 shows the relationships between the user and the diagnostic expert
system. The users interact with the system by sending the command to operate the
diagnostic expert system. Then the system starts to ask the first diagnostic question and
wait for the answer from the user. After the user has input the answers and the system
finding

56

---l

v.

Developer

User's suggestion

Figure 5.2.

Developer's Command

-

User's Suggestion

Answer

User's Command

Context Data Flow Diagram.

Diagnostic
Expert system

Question

Result, suggestion, advice

User

the final result, the system then sends an advice or suggestion to the user. Also the user
can leave the suggestion to the developer through the diagnostic expert system.

Knowledge Based

Designed information

Retrieving command
Developer

Diagnostic
expert
system

User's suggestion

Developed knowledge based information

Figure 5.3.

The Context Data Flow Diagram between the Developer and the
Diagnostic Expert System.

The Figure 5.3 and Figure 5.4 then are transformed into logical data flow
'.

diagrams and physical data flow diagrams respectively.
For both the logical and the physical data flow diagrams of Figures 5.3 and 5.4,
there are 4 processes involved, which are:
( 1)

Development process

(2)

Diagnosis process

(3)

Updating databases
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(4)

Retrieving databases

Figure 5.5 and Figure 5.6 show the data and information movement among
processes within the system between the developer and diagnostic expert system.
Relationship between the developer and the diagnostic expert system involve
processes:
(a)

Development process ( 1)

(b)

Updating databases (3)

(c)

Retrieving databases (4)

Result, suggestion, advices

Question

Diagnostic

User's command
User

expert
sys rem

Answer

u;~er's

Figure 5.4.

suggestion

The Context Data Flow Diagram between the User and Diagnostic
Expert System.

In Figure 5.5 and Figure 5.6, the developers develop the diagnostic expert system:

thus they input the knowledge base (diagnosis question-answer) through the
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User's suggestion

Developed knowledee based information

Retrieving command

Developer

Designed information

Knowledge base

diagnostic expert system (first process). The developers then design the logic of
diagnosis questions, design the output interface, etc (designed information) through the
development process. The developer can see the developed knowledge base information
and user's suggestion by sending the retrieving command to retrieve the database
information (fourth process). After the developer developed the diagnosis knowledge
base, the developed data diagnostic knowledge bases are sent to be stored in the
databases (third process).
Figure 5.7 and Figure 5.8 show the data and information movement among
processes within the system between the user and diagnostic expert system.
Relationship between the developer and the diagnostic expert system involve
processes:
(a)

Diagnosis process (2)

(b)

Updating databases (3)

(c)

Retrieving databases (4)

From Figure 5.7 and Figure 5.8, the user wants to diagnose the problems (e.g.
human symptoms or the problem with electronic devices) by using the diagnostic expert
system. He/she starts to select the title of the diagnosis case (user's command). The
diagnostic expert system may be developed to support more than one specific problem;
for example, the diagnostic expert system that is developed to diagnose the problem
with electronic devices may include the diagnosis of television, video cassette recorder,
radio, etc. The diagnostic expert system then retrieves knowledge based information
from the database (fourth process). The system then starts the diagnosis process by
asking sequence of the questions and waits for the answer from the user (second
process). After getting all needed information from the user, the system then gives the
result of diagnosis to the user. The user may leave suggestion for the improvement of
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the system data to the system (third process). Then user's suggestions are sent to be
stored into the databases.
After all the data flows are conducted, we can collect all the requirements needed
in designing the new software tool. The new software tool is needed to provide as much
as features to support all the processes, data flow, and data stores the developers need to
use in developing diagnostic expert system.
5.2

Design

After the requirement analysis and specification was conducted, all information is
passed through design phase. Design phase is composed of database design, program
design, and user interface design.
5.2.1 Database Design
From the requirement analysis, the new software tool should have database to
keep user's suggestion and developed knowledge base information. Figure 5.9 shows
the picture of the entity-relationship diagram of the designed database. The Title entity
represents the name of each title of the diagnosis database file. Each file has subtitles,
the developer may develop the diagnostic expert system to diagnose more than one
diagnosis category (e.g. The diagnostic expert system for diagnose the electronic
devices may include computer, television, radio as their subtitles). Each subtitle may be
divided into more specific topics to specify the probable error (e.g., For subtitle
computer, it may have monitor, keyboard, operating system, and peripherals). The Case
entity represent the case titles, and each case has it own diagnosis knowledge based
(developed diagnosis question and answer). User's suggestion entity illustrates that each
suggestion from the user is stored for each diagnosis case.
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After analyzing the relationship of all components involved, the database tables
was generated for each entity and relation. Figure 5.10 shows the relationship between
each table and their attributes.

TITLE

User'suggestion

1

N

N

1

N

1

CASE

SUBTITLE

1

N
Question and
Ans~r

Figme 5.9.

The Summary of the Entity Relationships Diagram
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The Entity Relationships Diagram

All database tables and data dictionary are shown in Appendices B and A
respectively.
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5.2.2 Designing Logic of the Database
As described in Chapter 4, the concepts of binary tree are used in searching
mechanism of the inference engine. The software tool is composed of 2 major parts.
One is the developing the knowledge base, the other is running the output diagnostic
expert system. The designed databases are used to keep the developed knowledge base
during the development process. And all the stored knowledge bases are used in the
diagnosis process.
To develop the knowledge base, first create the title name of that knowledge base.
The title name is then stored in the TITLENAME in table TITLE (see Appendix B).
The title name is then assigned the TITLE_ID. From the title name, we create the
subtitles to categorize the diagnosis subject. One knowledge base (one title name, e.g.
Diagnosis of electronic devices) may be composed of TV diagnosis, Computer
diagnosis, radio diagnosis subtitles. Each subtitle name is then stored in the SUBNAME
in table SUBTITLE and is then assigned the SUB_ID. From subtitle, we create more
specific diagnosis subject called "case". For example, the subtitle computer may be
composed of monitor diagnosis, printer diagnosis, boot failure analysis, etc. Each case
name is then stored in the CASEDES in table CASE and is then assigned the CASE_ID.
Each case contains specific diagnosis knowledge base. As described in Chapter 4, this
software tool uses binary tree structure as a knowledge representation structure. The
developer (expert) first needs to construct the binary tree diagram of his/her knowledge
base (See Figure 4.1 ). The diagnosis knowledge base is composed of sequence of
diagnosis questions and answers. Each question and answer are stored in the QADES in
table QA and is then assigned the QA_ID. Each QADES represents the information at
each node of tree (see Figure 5.11 ). From the figure, the first node contains the frrst
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assigned to that question. The field ''YESID" and "NOID'' are used to refer to the next
sequence of questions or ansv.-ers.

n =position ofQ uestion or Answer

NO

YES

Figure 5.11.

Diagnosis Knowledge Base Structure (1).

, n = 1 [FORMAT (QAID,"QOOO")]

QAID = n
QAID = 'QOOl'

If the answer of the first question is yes, "YESID" field of node l(QAID = QOOI)
will be assigned the address of the next node to go (See Figure 5.12).
YESID = 2 11

, n = l[FORMAT (YESID, "QOOO")]

YESID = 'Q002'
The logic can be compute by using the following rule.

"IF QA is TRUE then YESID

=

2" else NOID = 2" + 1"

QOOI

n= 1

Q002

Figure 5.12.

Diagnosis Knowledge Base Structure (2).
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If the answer of the second question at n = 2 is no, "NOID" field of node 2(QAID
=

Q002) will be assigned the address of the next node to go (See Figure 5.13).
NOID = 2n + 1

, n = 2[FORMAT (NOID, "QOOO")]

NOID = 'Q005'

QOOl

Q002

Q005

Figure 5.13.

Diagnosis Knowledge Base Structure (3).

If the answer of the question at n = 5(QAID = Q005) is no and the next node is the

conclusion of the diagnosis process, "NOID" field of node 5 will be assigned the
following value:
NOID = 2n + 1

, n = 2[FORMAT (NOID, "QOOO")]

NOID = 'Q005'
'.

The value of YESID and NOID of this node (QAID = A033) will be set to
"NULL" because there is no further question to be asked (See Figure 5.14).
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~,~

NOID =NULL

Diagnosis Knowledge Base Structure (4).

5.2.3 User Interface Design
The interface design is comprised of two part, developer interface and user
interface. The developer interface should provide all tools, features needed in
developing a diagnostic expert system. The user interface should provide all necessary
functions to support the users who use the developed diagnostic expert system. The
User interface design is describing, ~n Appendix C: User interface design. All commands
are describing in details in Appendix D: Software Manual.
5.3

Coding
After design specification has been specified, the program code is generated.

Microsoft Visual Basic 6.0 is used in this coding step. All databases and interface
designs are programmed according to the detailed design specification from design
phase.
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5.4

Testing and Maintenance

Once the code has been generated, program testing begins. The testing process
focuses on the logical internals of the software, ensuring that all statements have been
tested. Also all the designed functions are tested to uncover errors and ensure that
defined input will produce actual results that agree with required results. By testing the
software tool, the real diagnosis knowledge base is used to test. The Computer BootFailure analysis is used as a knowledge base to test the software tool. Figure 5.40
illustrates the diagram of the computer boot-failure analysis process. The testing
comprises 2 parts, input phase (developer input and design the knowledge base) and
output phase (developer running the developed knowledge base and check the
correction of output). During the testing of input phase, the developer inputs all the
knowledge base information, step by step including editing questions (add, delete),
designing the format of outp'i:tt dialog, fonts, etc. The errors occur during the test leading
to debugging of the program. After having finished input phase testing, the testing of
output phase is conducted. The developer runs the output diagnostic expert system and
tests the result of their development. The output screen result of this test can be seen in
Appendix C. The testing and adjustment have been done until there are no errors
occurring in both testing phases. Modification of the software includes the entire
configuration (i.e., all programs, data, and documents developed in the definition and
development phase). ·
5.5

Evaluation of the Software Tool

After the software tool has been developed, the software tool is evaluated. The
evaluation process is composed of two parts, verification and validation. Verification
refers to the set of activities that ensure that software correctly implements a specific
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function. Validation refers to a different set of activities that ensure that the software
that has been built is traceable to customer requirements.
5.5.1 Verification
"Are we building the product right?" is what we have to be concentrated on in
conducting verification of the software. In verification of the software tool, we are
concerned about the "Correctness" and "Reliability".
For "Correctness", this developed software tool has been tested. All the errors
occurred during the test have been corrected. The results of the correctness verification
of the software tool are summarized below:
(1)

The design specification has been properly translated into code.

(2)

All the misspellings have been corrected

(3)

The revision of the design and coding phase has been done after the errors
are found in testing phase. And all the designed functions of the program
have been tested.

Reliability is evaluated by measuring the frequency and severity of failure, the
accuracy of output results. After several test cases have been applied to the software
tool, we can ensure that the software tool will produce accurate results. There is no
failure of the developed expert system that has occurred during the test. However, the
accurate results need well-prepared input from the developer. There will be a severity of
failure that will occur· if the developer inputs the knowledge base that has not been
verified. The developers need to ensure the correctness of the knowledge base before
inputting to their expert system. However, the concepts and steps the developer need to
know in planning and developing diagnostic expert system are provided in the next
chapter.
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Computer Boot-failure Analysis
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Figure 5.15. Diagram of Computer Boot-failure Analysis Process.
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5.5.2 Validation
Validation can be defined in many ways, but a simple definition is that validation
succeeds when the software functions in a manner can be reasonably expected by the
user (diagnostic expert system developer). After the software tool is developed, the
software programs will be tested by many users (developer). The major problem, which
we have found from interviewing such users, is about the flexibility of the program. The
software tool should support more knowledge representation structures. For such
suggestions, we plan to develop this software tool further. Tree structure, can provide
more flexibility than binary tree structure, since in binary tree, there are only 2 choices
"Yes" or "No". But in practical, many times in diagnosis process, the diagnostician has
to ask for a specific answer. For example, the user may be asked to select the type of car
he/she has. In this case, using a binary tree structure make difficulties in developing the
knowledge base. The user needs to be asked for 5 or six questions instead of a single
question in order to get the answer. Therefore the inference engine of the software tool
needs to be modified to support the tree structure. However, the concepts and ideas of
development of this software tool can be used as a base for further improvement.
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VI.

6.1

APPLICATIONS OF THE SOFIWARE

Using Diagnostic Expert System Development Tool to Develop the Diagnostic

Expert System
This software tool can be used to develop many kinds of diagnostic expert system
or even applying to other kinds of expert system. This project also provides the
important concepts that developer need to know before developing a good expert
system. These following section summarize all the concepts and steps in developing
diagnostic expert system.
6. LI How to Select an Appropriate Problem
An unlimited number of problems can be solved by a knowledge-based system.

In theory, any decision-making process can be converted to a knowledge-based system;

however, in practice, many problems cannot be effectively converted. For example, a
problem may be incompletely understood or be just too large or complex for conversion
to a knowledge-based system.

The most important first step in developing a

knowledge-based system is to define an appropriate problem.
Often, even if a large problem cannot be solved, parts of the problem can be
factors that should be considered in defining a problem for the knowledge-based system
include:
(1)

'.

Does a hum.an know how to solve the problem?
Ifno human expert can solve the problem, it is not possible to develop
rules describing the solution. The techniques of solving the problem must
be known and defined in order to create a knowledge-based system.

(2)

Does the problem have a definable solution?
If all of the possible solutions cannot be specified, writing rules to
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solve the problem is difficult. Some problems can be handled by those that
have a very large number of solutions (e.g., configuration problems), but a
definable set of possible solutions is known.
(3)

Is the level of understanding and scope appropriate?
Defining the problem to faII within the shaded area of the graph is
very important. A problem that has too wide a scope or that requires too
deep a level of understanding is not appropriate for a knowledge-based
system solution.

Knowledge-based systems cannot emulate deep

understanding with insightful solutions to new problems. As the scope of
the problem gets larger and larger, the number of rules necessary to express
the problem becomes very large. To solve problems with a wide scope, first
narrow the scope and solve a small part of the problem. Once those part
works do another part of the problem.

Eventually the collection of

knowledge-based systems can solve a wide range of problems.
Keeping realistic goals is very important. A human expert cannot be
captured in a computer; only a small part of the problem-solving skill can be
expressed in a knowledge-based system. A human expert can solve new
problems based on experience and intelligence; a computer cannot.
However, the knowledge-based system can solve the specific problems that
'.

has been designed for and will do so for many non-expert users, 24 hours a
day. Moreover, the knowledge-based system gives consistent answers usually faster than the human expert can.
(4)

Has the technique for solving the problem been documented?
A vast number of problems meet the requirements for successful,
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worthwhile, and effective knowledge-based systems.

Remember that a

knowledge-based system does not have to solve a major problem to be
worthwhile. Any area where one person possesses a problem-solving skill
that is needed by others is often well documented and has good potential for
a knowledge-based system.

The areas may seem very mundane or

uninteresting, but these are often the best for knowledge-based system
developments because they are well understood and well documented.
The solution may be a decision tree, manual procedure, regulations, or
specific, written instructions. Such well-defined problems can be easily
converted to knowledge-based systems, and the solution is made more
accessible to end users through a knowledge-based system.

Solving a

problem with a knowledge-based system is much easier than looking up
procedures in a manual and less prone to error.
6.1.2 Plan a System
Like developing other systems, the diagnostic expert system needs a good
planning before developing the system. Here are guidelines for a developer (expert) in
planning to develop the diagnostic expert system.
Summary of actions to help plan a system
(I)

Define what decision the system will make.

(2)

Identify the·goals that can be selected.

(3)

Evaluate whether trees would work in this system.

(4)

Seek expertise of knowledge engineer, if necessary.

(5)

Build trees

(6)

Consider questions.
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Detailed action plan:
( 1)

Define what decision the system will make
The first step in building an expert system is to decide what the
system will do - what diagnostic process will it makes?

This seems

obvious, but it is occasionally overlooked.
(2)

Identify the goals that can be selected
Once the developer knows what the system is to do, that should define
the possible goals from among which the system will be chosen. A list of
questions or recommendations will be created. It all depends on the system,
but it is necessary to try to define the things that the system may present to
the end user as its results - these are the goals.

(3)

Evaluate whether the tree would work with this system

(4)

Seek expertise of a knowledge engineer, if necessary
At this point there are many possible ways to go. Some problems
require special approaches to simplify them or to handle certain aspects of
the problem.

For complex problems the advice of an experienced

knowledge engineer can be very beneficial.
(5)

Build trees
For many problems, a good general approach is to build the system
top down using tree diagrams. First make a tree that selects among the
goals using the most general criteria.

These are probably not appropriate

questions to ask of the intended end user. An advantage of building highlevel trees is that it rapidly produces a system that can be run and tested.
(6)

Consider questions
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Once the top-level tree(s) have been built and tested, consider the
questions being asked. Are they appropriate to ask the end user? Are they
too technical or vague? Do they rely on information not directly available
to the end user? Commonly, questions at a high level are inappropriate to
ask an end user.
6.1.3 Steps in Developing Diagnostic Expert System Using the Diagnostic Expert
System Development Tool
Using the diagnostic expert system development tool, the expert can build the
diagnostic expert system, test and run it on a desktop PC.
To develop and deploy a system:
(1)

As the developer of the system, he/she works with the domain/business
expert(s) to design the logic of the system. This includes questions, rules,
results and relationships. In some cases, he/she might be both the developer
and the domain/business expert.

(2)

The developer implements the logic using decision trees.

(3)

To ensure accuracy, you test and validate the implementation, checking the
interim and final outputs with the original system design. You verify the
underlying system design with the domain expert(s) to ensure the results are
appropriate.

(4)

You deploy the validated system along with any necessary command,
configuration and report files. In some cases, the system is to run on an enduser's desktop.
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These steps are described in more detail as follows:
Step 1: Design the Logic of the System
The developer works with the domain expert( s) to identify the facts and
rules that will make up the diagnostic expert system. The logic of a system should
be thought through and designed before it is built using the software tool. Usually
the developer of the expert system, and one or more domain/business experts
work together to accomplish this. The domain expert plays a key role in this
process by bringing to the project an understanding of the situations the system
must deal with, the important facts, the information that must be sought during
processing, and the logic of reaching the correct conclusion(s).
Step 2: Implement the Logic
The developer, on the desktop creates the rules. This includes creating the
questions and variables.
A good strategy for implementation is to enter a logical group of trees (or
text rules), and then test the new group before adding others. You can quickly
test the new logic and detect problems more easily than if you add a large part of
the logic all at once.
Step 3: Test the System
The developer and the domain expert( s) do preliminary and final check out
of the logic on the desktop, by running the system and by doing validation.
Testing a developed system for logic errors is known as validation. Validation
checks the system for a variety of common logic errors. Thorough testing of a
finished application should always be part of the expert system development
process.
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Step 4: Deploy the System
The developer deploys the system.
After understanding all the concepts in developing diagnostic expert system, the
developer (expert) can start to build their expert system using the diagnostic expert
system development tool. The software manual of this software tool program is
provided in the Appendix C.

6.2

Applications of the Software Tool
The software tool can be used to build many kinds of diagnostic expert system.

And it can be applied to use with other kinds of work consisting of diagnostic processes.
The organization can preserve expertise, make expertise available on demand, and help
novices learn how experts tackle the problems. The organization can build the
diagnostic expert system using the software tool for the following objectives.
(1)

Preserve knowledge that might be lost through retirement, resignation, or
death of an acknowledged company expert.

(2)

Puts information into an active form so it can be summoned almost as a
real-life expert might be summoned.

(3)

Assists novices in thinking the way experienced professionals do.

(4)

Is not subject to such human failing as fatigue, being too busy, or being

emotional.
(5)

Provide better service for customer (using diagnostic expert system as user
support facility, online-user support).

(6)

Documentation-An expert system can provide permanent documentation of
the decision process

(7)

Captures and distributes a business expert's knowledge, and emulates the
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interaction a user might have with the business expert when attempting to
solve a problem.
(8)

Standardize the conclusions for a given set of data.

(9)

Free a human expert from repetitive, routine jobs in order to do higher level,
more complex tasks.

(10) Codify a problem-solving technique for future users.
(11) Provide a safe and effective training tool.
(12) Allow the problem-solving skills of several people to be combined.
The software tool can be applied to build diagnostic expert system for many
applications. Considering developing a diagnostic expert system to diagnose a problem
with a videocassette recorder and deploy it in the customer service center. The nonexpertise low-level technicians can use it in help diagnose the errors in order to fix it.
Expert system can give employees information and tools to do their jobs better. One is
to inform and educate potential or existing employees. The other is to provide support
for existing customers. The system can recommend ways to use it that fit the individual
user's situation. Diagnostic expert systems make the company's experts available to all
employees who need them - while allowing the experts to work on new or higher-level
problems. The expert systems help organization make the knowledge and expertise

..

available 24 hours a day- to match end users' needs. The following are some examples
of the diagnostic expert system that can be developed using the diagnostic expert system
development tool.
(1)

Medical expert system may be used to examine a patient's symptoms and
provide a diagnosis. Based on the symptomology, the expert system might
locate several diseases that patient may have. Moreover the medical
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diagnostic expert system can help a lot in pre-diagnosis of the symptoms of
the patients. Considering a hospital that has a few doctors to serve hundreds
of patients a day. The doctors have to do repetitive diagnosing processes for
each patient Providing a pre-diagnosis department, let nurses or traineddoctor use the developed diagnostic expert system to do pre-diagnosing for
the patients to solve the problem. This will allow the doctors to work on
new or higher-level problems. It also can increase satisfaction to the
patients.
(2)

Field service: An engineer can use diagnostic expert system to disseminate
his expertise to service managers and repair-people. The system asks repairpeople a carefully conceived sequence of diagnostic questions, such as: Is
the machine turned on? Does the fault lie in the electric controls or
somewhere else? Does the tub fill? This has helped repair-people to
diagnose problems more quickly and to reduce the amount of time it takes to
make most types of repairs.

(3)

Creating "intelligence manuals" that users can consult in a question-andanswer fashion. The diagnostic expert system can be also used as a
computerized expert to answer the question for technical support. We can
let the operator to answer the technical problems via the telephone by using
the system as a diagnostic tool. This will allow the technicians to work on
new or higher-level problems. It also can increase satisfaction to the
customers since they have no need to go to the service center every time the
products have a problem.

(4)

Can use this software tool to develop diagnostic expert system to pre-
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diagnosis the general problems for home-use, such problem are health-care,
car, electronic device, etc.
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VII. CONCLUSIONS AND RECOMMENDATIONS

7.1

Conclusions

The diagnostic expert system development tool is developed to help the
developers, experts in developing their own diagnostic expert system without the need
of any programmer, system engineer and without the knowledge of computer
programming language. The software tool can help eliminate the difficulty and
complexity in development of diagnostic expert system.
From the study, the components of the expert system has been studied and
analyzed. The characteristics of diagnosis process have been captured in to a pattern.
The concepts of binary tree structure have been used as a knowledge representation
structure of the inference engine of the software tool. The searching mechanism of the
system was also analyzed and designed during the conceptual analysis of the software
tool. The requirement analysis was conducted, user's requirements and developer's
requirement were analyzed. The requirement specification then was used in the design
phase. After coding the program, the software tool was tested by using the real
knowledge-based. In order to test the system, the knowledge base of "computer bootfailure diagnosis process" was used to build "boot-failure diagnostic expert system".
After the development was completed, the project analyzed the application of the
software tool, and also. summarized the concepts and steps the developer needs to know
in developing diagnostic expert system.
7.2

Recommendations

Recommendations are to provide more additional features and options to the
software tool in order to help the developer to create more effective diagnostic expert
system. It is recommended that
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(a)

The software tool should be added to more graphic interface design features
so that the developers can use it to design the output interface of their
developed diagnostic expert system.

(b)

The software tool should be added to some additional function to enable
developer to add other multimedia (audio, video animation files) to the
designed diagnostic expert system.

(c)

The software should be added to the output-report function so the user can
print out the result of diagnosis process through the printer.

(d)

The software tool should be developed further to support network
application, such as Internet, web-based application so that the developed
expert system can be used widely 24 hours a day, not just stand-alone
system. Moreover, this can help the developer (expert) much in getting more
feed backs from the user.

(e)

For more flexible design for the developer in developing diagnostic expert
system, the software tool should be developed further to use other flexible
representation structures such as tree or rules. So the developer can design
the other kind of diagnosis process (can ask for a choices not just yes-no
question).
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Data Dictionary

CASE ID

*Case code*

CASED ES

*Description of case*

DATE

*Date of suggest*

NOID

*Code of the next QAID if the answer is no*

QA_ID

*Code of Question and Answer*

QADES

*Description of Question and Answer*

SUB ID

*Subtitle code*

SUGDES

*Description of user's suggestion*

SUGGEST ID

*User's suggestion code*

SUBNAME

*Description of subtitle*

TITLE ID

*Title code*

TITLENAME

*Name of title*

USERDES

*Description of the user*

YES ID

*Code of the next QAID if the answer is yes*

89

APPENDIX

B

DATABASE TABLES

90

Table B. l.

Databases Table (I).

TABLETYfLE
Attributes

Field

Field Type

Field Description

Length
TITLE ID

4

String

Title code

TITLENAME

50

String

Name of title

Field

Field Type

Field Description

TABLE SUBTITLE
Attributes

Length
SUB ID

4

String

Subtitle code

SUBNAME

50

String

Name of subtitle

TITLE ID

4

String

Title code

Field

Field Type

Field Description

TABLE CASE
Attributes

Length
CASE ID

4

~lfing

Case code

SUB ID

4

String

Subtitle code

CASEDES

50

String

Description of the case
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Table B.2.

Databases Table (2).

TABLE SUGGESTION
Attributes

Field

Field Type

Field Description

Length
SUGGEST ID

4

String

User's suggestion code

CASE- ID

4

String

Case code

SUGDES

50

String

Description of the user's suggestion

USERDES

50

String

Description of the user

DATE

50

String

Date of suggestion

Field

Field Type

Field Description

TABLE QA
Attributes

Length
QA_ID

4

String

Code of Question and Answer

CASE ID

4

String

Case code

QADES

50

String

Description of the Question and
Answer

YES ID

4

Code of the next QAID ifthe answer

String

is "yes"

'.

NOID

4

String

Code of the next QAID if the answer
is "no"
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(a)

Input Interface (developer interface)
Input interfaces are designed for developer to interact with the
software tool. Figure C.1 illustrates the main menu screen of the software
tool. Menu bar consists of three pull-down menus, .S.tart, .Eile and Help.

(I)

.S.tart: Use for run the developed diagnosis knowledge base (explained
later in output interface). Two commands are provided here: Run to
run the developed knowledge base file and Exit to exit the program.

See Figure C.2.

Figure C. l.

Main Menu Screen (1).
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(2)

file: Use for interact with database file, six commands provide here.
See Figure C.3:
(a)

New Rule Wizard: To create new knowledge base with wizard
mode (Help for beginner). See Figure C.4-C.6.

(b)

New Rule: To create new knowledge base. See Figure C.8 then
Figure C.7.

Figure C.2.

(c)

Menu .S.tart.

Qpen File: Open the existing knowledge base. See Figure C.9C.10.

(d)

.S.ave: To save developed knowledge base
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(e)

View User Suggestion: To view User's suggestion files. See
Figure C.11-C.12.

(f)

Close: To close the current file

Figure C.3.

File Menu Screen.
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Figure C.4.

New Rule Wiz.ard Screen (1 ).
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rrrnrr
Please inputfit(e name to be created. For
example. · ·
1. Elecrtohlc deYice diagnosis

. 2. Medical d~~nosis ·. ·•··

Figure C.5.

New Rule Wizard Screen (2).
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Figure C.6.

New Rule Wizard Screen (3).
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Figure C.7.

Create New Knowledge Base Screen (1).
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Figure C.8.

New Rule Screen.

IOI

Figure C.9.

Open File Screen (1).
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Figure CI 0.

Open File Screen (2).
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Figure C.11.

View User Suggestion Screen (1).
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Figure C.12.

(3)

View User Suggestion Screen (2).

Help: To use help features, Topic: See help topic, Search_ for search in
help topic, About to see description of the version and description
about the software tool. See Figure C.13.

The major part of the input interface is the Create knowledge base interface.
From Figure C.7; tool bars are designed to provide the user with user-friendly
interface. The developer can use the icons on the tool bar to cut, copy, change font
format, set alignment, etc. All the icons have the same meaning as we have seen
in the other program (e.g. Microsoft Word).
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Figure C.13.

Help Screen.

In Create Knowledge base interface, the additional menu commands, Edit,
Insert, Data Manager, Eormat were added Figure C.14 illustrates the Edit pulldown menu, there are Undo, Cut, Delete, Copy, :Easte, and Eind included. Figure
C.15 shows the Insert pull down menu, which contains insert-File, insert- Picture
commands. Figure C.16 illustrates the Eormat pull-down menu, which contains
Font and Color format commands. Figure C.17-C.18 illustrates the Data Manager
pull-down menu, which contain Import/export of data and Properties of the
software tool.
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Figure C.14.

Edit Pull-down Menu Screen.
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Figure C.15.

Insert Pull-down Menu Screen.
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Figure C.16.

Format Pull-down Menu Screen.
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Figure C.17.

Data Manager Pull-down Menu Screen (I).
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Data Manager Pull-down Menu Screen (2).

From Figure C.7, there are three buttons at the right side of the screen, New
Question, View, and Answer. New Question button is designed for inputting the
description of the diagnosis question. See Figure C.19, "Go to" is used to link to
'.

the other question in the other diagnosis case. Also click Answer button to input
the answer of the diagnosis. View button is used for viewing the developed
question and answer in each node.

Ill

Figure C.19.

(b)

Create New Knowledge Base Screen (2).

Output Interface
The output interfaces are designed for the developer and the user to
interact with the developed diagnostic expert system. From Figures C.20C.21, after the developer has developed their diagnosis knowledge base,
he/she then runs the output diagnosis knowledge base. Figure C.22 shows
the output diagnostic expert system screen. It provides Yes, No button for
the user to answer the diagnosis question. After the diagnosis process is
completed and the user got the answer, the user will prompt with the user
suggestion screen. See Figures C.23-C.24.
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Figure C.20.

Run Knowledge Screen (1).
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Figure C.21.

Run Knowledge Screen (2).
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Figure C.22.

Output Diagnosis Process Screen (I).
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Figure C.23.

Output Diagnosis Process Screen (2).
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Figure C.24.

User Suggestion Screen.
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Boot Failure Analysis (I).
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Figure D.2.

Boot Failure Analysis (2).
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Figure D.3.

Boot Failure Analysis (3).

121

l!!lmEl

l!!lfil(3

ill·Oiagnostic Expert Systt:m Developmenmt tool

Figure D.4.

Boot Failure Analysis (4).
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Figure D.5.

Boot Failure Analysis (5).

123

.

(ar~

,@),!~~oven

~~

FigureD.6.

Boot Failure Analysis (6).
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Diagnostic Expert System development tool program has two main menus:
(I)

.S.tart

(2)

file

l!!r;'JE3

•·Diagnostic Expert System Developmenmt tool

Figure E. I.

Program Menu.

*Click Help menu to see Help topics and Software manual*
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(1)

To run the existing knowledge base click Start -7 Run Knowledge

Figure E.2.

Run Menu.
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Then select the existing file (developed knowledge base) to open

Figure E.3.

(2)

Open File Menu.

To open existing knowledge base to view or edit click File Menu~ Open File

To create a new knowledge base
(I)

Click File Menu ~ New Rule

(2)

For the beginner, Click File Menu~ New Rule Wizard and follow the
instructions

(3)

At the Create rule screen, right click the word "Title" select rename to change the
name of new knowledge base (e.g. Electronic device analysis)
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lii!l·Diagnostic Expert System Developmenmt tool

Figure E.4.

(4)

,

111!!1[;]£.i

New Rule Menu.

Right click the mouse at the title name and select New Subject Name to create
subtitles (e.g. Electronic device analysis may be composed of VCR diagnosis,
Computer diagnosis, etc.)

(5)

At each subtitle, Right click the mouse and select new subject name to create
more specific diagnosis subject (Case). (e.g. Subtitle computer may be composed
of monitor diagnosis, printer diagnosis, boot failure analysis, etc.)
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Figure E.5.

Create Rule Screen (1).
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FigureE.6.

Create Rule Screen (2).
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Figure E.7.

Create Rule Screen (3).
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Figure E.8.

Create Rule Screen (4).
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To create the diagnosis questions and answer
(1)

Select the case to be developed, Click "New Question" button at the right side to
create the first question
(e.g. select Computer Boot Failure analysis then click new question )

er

>

Microwave oven

~.~

--:oiil

Monilor

Figure E.9.

Create Question Screen (1).
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There will be two control tabs show on the screen. To input the question, select
Description tab and input the designed question.

Figure E.10.

Create Question Screen (2).
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(2)

To change the format of font, highlight the selected text~ Select the format at
the menu bar then select Font or Color to change the format of the text.

(3)

Click Save to save the data

Figure E.11.

Create Question Screen (3).
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Figure E.12.

(4)

Create Question Screen (4 ).

The"?" symbol at the left- hand side of the question represents the question
node

(5)

Double click the question to switch between"./" and "X" symbols
"./" represents the next sequence event if the answer of the question is Yes.
"X" represents the next sequence event if the answer of the question is No.

137

(6)

At"./" or "X ",click the "New Question" button to input the next question if the
next event is question. Click "Answer" button if the consequence event is the
answer.

(7)

Click Tab "Goto", to link to the other diagnosis case in the other subtitle. Select
the target diagnosis case _. Click Ok

Figure E.13.

Create Question Screen (5).
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(8)

To view the developed question-answer, select the question and answer then push
"View" button.
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Figure E.14.

(9)

Create Question Screen (6).

To insert the text file or picture at description tab, select the !nsert at menu bar
then select file or picture
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Figure E.15.

Create Question Screen (7).
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Figure E.16.

Create Question Screen (8).
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To Import knowledge base from other source

(1)

At menu bar select Import/Export

(2)

Select the knowledge base file to be imported or exported
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::. ··· · ·
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Figure E.17.

Import Knowledge Screen (1).
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Figure E.18.

Import Knowledge Screen (2).
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To view User Suggestion file
( 1)

At menu bar, Select File-+ View User suggestion

(2)

Click Next and Back button to view the next and previous suggestion respectively

Figure E.19.

View user's suggestion Screen ( 1).
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Figure E.20.

View user's suggestion Screen (2).
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