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1. Introduction

1.1 Overview

SIUE periodically offers a class in expert systems. In order to enhance the student learning experience presented in this class, a shell program is used by students to develop and execute expert systems. Originally, the shell program used for this purpose was Exsys CORVID. This program required a licensing fee and an annual maintainence fee of $400, so in 2003 a senior project team was assigned to develop a replacement. The result was Free Shell.
Although it is functional, Free Shell lacks certain features that are present in CORVID. CORVID is capable of producing a web interface for an expert system, but Free Shell is not. Also, Free Shell currently has no capability for editing rules that have already been placed in an expert system. Finally, a number of students have complained about certain aspects of the Free Shell interface.  For example, when the expert system designer opens the knowledge base creator, the only buttons available are new, open, and about.  This may cause a problem for designers unfamiliar with the program as they would not know where to start.
Dr. Yu has asked us to produce an updated version of Free Shell. This new version will incorporate the functionality present in the current application. Expert systems students will be able to use a graphical user interface (GUI) to design rule sets. Novice users will then be able to run the expert systems generated this way through a different GUI and observe the results.
Updates in this new version will include the ability for novice users to interact with an expert system through a web-based GUI. This GUI will be enhanced with the option for users to query the system for the rules that led to a question being asked. Additionally, the rule design system will be altered to incorporate a capability for editing of rules already in place. Options to check for logical contradictions in rules and completeness will also be added. This system will increase the usability, stability, and usefulness of the current Free Shell program.

1.2 Scope


This system will involve student users ranging from novice to advanced levels of expert systems knowledge.  Our client will be using our product as a tool for teaching novice level users about the inner workings of expert systems.

The system design phase should last roughly 3 months, and system development will last about 5 months.  The system will be provided to the client at no cost and shall be as free of bugs and errors as possible.

This software package will provide a development environment for creating expert systems.  Specifically, it will allow editing of rule sets by the expert system designer through a graphical user interface (GUI).  A separate GUI will be constructed for "casual" system users to run the expert system and obtain results.  The shell will generate such results from the provided rule sets in a knowledge base by using an inference engine.  This inference engine will utilize both forward and backward chaining of rules.  Certainty Factor algebra will also be implemented to extend the expert system capabilities.  Results from expert systems should resemble the results that a human expert would return to a user.

Our system will provide fundamental expert system shell features in a reorganized and more efficient manner than the current system.  This will aid novice users in grasping the basic elements of expert system architecture without confusing interfaces or advanced expert systems concepts.

1.3 Overview of the Remainder of the Document


Our purpose in the following pages is to define both the system we are replacing as well as the system we shall create. In doing so, specific details are presented on what functionality will be present in the new system, along with a framework for that functionality to be implemented through use cases and other models.

2. Current System

The current system has a few minor flaws.  When using the knowledge base creator, some simple functionalities are missing.  When a user is entering rules, it is impossible for them to edit a rule once it has been created.  The user must delete the rule and rewrite it.  The new system will contain an edit rule feature that allows the user to edit existing rules.  Another problem is the test box that shows the rule that has been created has no scroll feature so the user is not able to scroll down and view longer rules.
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Figure 2 – FreeShell rule and variable editors
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Figure 3 – FreeShell GUI

3. Proposed System

3.1 Target Environment

This system is to be used by students of Dr. Yu’s expert systems class. The software must be capable of running on Microsoft Windows platforms and the web interface must be usable through Microsoft Internet Explorer 6.

3.2 Functional Requirements

· Knowledge base editor with a GUI that allows expert users to create knowledge bases

· Add rule

· Remove rule

· Edit rule

· Print rules in IF / THEN form

· Save knowledge base

· Open knowledge base

· Preview the expert system

· Check expert system for syntactic and semantic inconsistencies
· Check expert system for completeness

· Web-based GUI that allows casual users to run the expert system

· Display questions, accept answers, display results

· Allow users to skip questions that they don’t know the answer to
· Allow users to query why a question was asked and the system responds with the rules that led to the question being asked

· Certainty factor algebra to deal with uncertainty and probability

3.3 Non-functional Requirements

· Knowledge base editor must run on Windows (2000/NT/XP) platform

· Web-based GUI must run in Internet Explorer 6.0 or higher
· GUIs must be designed for ease of use

· System must be designed so that results are delivered within 1 second to users

· Knowledge base editor must maintain a list of five recently opened knowledge base files

· System must be well documented and easy to modify

· Documentation must include a tutorial and sample knowledge bases
3.4 System Models

3.4.1 Use Case Models

Use Case Name


AddVariable

Participating Actor


ExpertSystemDesigner

Entry Condition
ExpertSystemDesigner has a knowledge base open and wants to add a variable

Flow
1. ExpertSystemDesigner selects add variable functionality

2. ExpertSystemDesigner enters a name for the variable

3. ExpertSystemDesigner selects the type of the variable

Exit Condition
The variable has been created and added to the knowledge base.

Use Case Name


AddRule

Participating Actor


ExpertSystemDesigner

Entry Condition
ExpertSystemDesigner has a knowledge base open that contains at least one variable and wants to add a rule

Flow
1. ExpertSystemDesigner selects add rule functionality

2. ExpertSystemDesigner enters a new test condition or selects an existing one

3. ExpertSystemDesigner enters a new variable assignment or selects an existing one

Exit Condition
The rule has been added to the knowledge base or the system informs the user that the rule would cause a contradiction.


Use Case Name


RemoveRule

Participating Actor


ExpertSystemDesigner

Entry Condition
ExpertSystemDesigner has a knowledge base open with at least one rule in it and wants to remove a rule

Flow
1. ExpertSystemDesigner selects the rule to remove

2. ExpertSystemDesigner clicks remove functionality


Exit Condition



The rule was removed from the knowledge base




Use Case Name


EditRule

Participating Actor


ExpertSystemDesigner

Entry Condition
ExpertSystemDesigner has a knowledge base open with at least one rule in it and wants to edit a rule

Flow
1. ExpertSystemDesigner selects the rule to edit

2. ExpertSystemDesigner clicks edit functionality and makes the desired changes



Exit Condition



The rule was edited and the changes saved

Use Case Name


PrintRules

Participating Actor


ExpertSystemDesigner

Entry Condition
ExpertSystemDesigner has a knowledge base open and wants to print the rules

Flow
1. ExpertSystemDesigner selects print functionality

Exit Condition
The rules are printed in IF / THEN form


Use Case Name


SaveKnowledgeBase

Participating Actor


ExpertSystemDesigner

Entry Condition
ExpertSystemDesigner has a knowledge base open and wishes to save it

Flow
1. ExpertSystemDesigner selects Save knowledge base functionality







2. ExpertSystemDesigner enters a filename







3. ExpertSystemDesigner selects “Save”

Exit Condition
The knowledge base is saved successfully

Use Case Name


OpenKnowledgeBase

Participating Actor


ExpertSystemDesigner

Entry Condition
ExpertSystemDesigner has access to a knowledge base and wants to open it

Flow
1. ExpertSystemDesigner selects Open knowledge base functionality

2. ExpertSystemDesigner selects the knowledge base to open

3. ExpertSystemDesigner selects “Open”

Exit Condition



The knowledge base is opened successfully

Use Case Name


PreviewSystem

Participating Actor


ExpertSystemDesigner

Entry Condition
ExpertSystemDesigner wants to preview the expert system

Flow
1. ExpertSystemDesigner selects the preview functionality





Exit Condition
The expert system is run without leaving the knowledge base editor

Use Case Name


SkipQuestion

Participating Actor


SystemUser

Entry Condition
SystemUser is running the expert system and wants to skip a question

Flow
1. SystemUser selects skip question functionality

Exit Condition
The question is skipped and the expert system moves to the next question

Use Case Name
CheckForCompleteness

Participating Actor
ExpertSystemDesigner

Entry Condition
ExpertSystemDesigner has a knowledge base open and wants to check for completeness so there is a verified path to each possible answer
Flow
1. ExpertSystemDesigner selects the CheckForCompleteness functionality

Exit Condition
Knowledge base is complete and the knowledge base editor confirms this or the knowledge base is incomplete and the knowledge base details the incompleteness.

Use Case Name
EditKnowledgeBaseExternally

Participating Actor
ExpertSystemDesigner

Entry Condition
ExpertSystemDesigner has a knowledge base and want to edit it outside the knowledge base editor.

Flow
1. ExpertSystemDesigner edits the knowledgebase files using a word processing program.

Exit condition
Knowledge Base file is edited.

Use Case Name
Publish

Participating Actor
ExpertSystemDesigner

Entry Condition
ExpertSystemDesigner has a knowledge base and wants to publish to the web

Flow
1. ExpertSystemDesigner selects publish functionality.


2. ExpertSystemDesigner enters a file name


3. ExpertSystemDesigner selects "Publish"

Exit Condition
HTML files comprising an executable expert system are saved.

Use Case Name
ConsultExpertSystem

Participating Actor
SystemUser

Entry Condition
SystemUser has expert system open and wants to consult it.

Flow
1. Expert system presents question to expert system user.


2. SystemUser responds to question.


3. If expert system has insufficient information to produce solution, go to 1.

Exit Condition
Expert system presents solution.

Use Case Name
Why

Participation Actor
SystemUser

Entry Condition
SystemUser is consulting the expert system and wants to know the reason why the question was asked

Flow
1. SystemUser selects the why functionality

Exit Condition
Expert system presents list of rules that lead to question being asked or states that question was required for initial information gathering


3.4.2 Object Model
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Figure 1 – General Object Model
4. Glossary

backward chaining:
inference method that starts with the goal, working backwards until either the goal has been verified or all sub-goals have been investigated; also called goal-driven

certainty factor:
numerical weight given to a fact or relationship to indicate the confidence the user has in the fact or relationship; values range from -1 (strong disbelief) to +1 (strong belief). A value of 0 indicates uncertainty

certain factor algebra:
refers to the formulas involved in combining certainty factors from multiple rules

expert system: 
computer program that uses a knowledge base of human expertise to solve problems or give advice; has two parts, a knowledge base and an inference engine

expert system shell:


program that allows a user to set up rules and 






variables to create an expert system
Exsys CORVID:


expert system shell previously used by Dr. Yu in






his expert systems class

forward chaining:
inference method that starts with the facts and  works forward until a conclusion is reached; also called data-driven

GUI:




graphical user interface

inference engine:
computer program that derives new facts and   answers questions by applying inference methods on the knowledge base


   

knowledge base:
stores problem solving knowledge for a particular  
   domain, usually in the form of production rules

production rules:
rules that are used to determine what the output should be given a set of inputs

uncertainty:
refers to a value that cannot be determined by questioning (i.e., the user doesn’t know the answer); expert system must be able to handle this
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