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Summary

In the design and implementation of any expert system, there are
many problems should be considered and study carefully. In
reality, human experts have common sense, deduction and
analogical reasoning facilities. The proposed framework model
for shell expert system is based on the integration of two
different knowledge representation formats (scheme) in the
knowledge base. The proposed scheme is the mixing of the
Rule-base and the Case-based forms using Blackboard in order to
include the three facilities in one scheme. This Scheme will be
facilitate applying more than one problem solving methods and
search techniques in inference engine of the shell expert system.
The rule base and case base formats have been converted into
tables. This paper presents the implementation of the proposed
scheme as a Rule-Case-based shell expert system. Also, presents
illustrated examples of using the framework model together with
the evaluation of the proposed framework model. The evaluation
is based on the methodologies used for developing shell expert
system such as knowledge representations, searching technique,
problem solving, and user interface design. The benefits of the
propose scheme in the application of Rule-Case-based shell
expert system to be more flexible, efficient, and more powerful
for the development of the expert systems in future.
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1. Introduction

The most important phase, in building knowledge based
system and the expert systems, is the building of the
knowledge base; this process is part of knowledge
engineering which is an important field at present century.
Usually, expert systems are designed and implemented for
dedicated narrow and specific domain, while shell expert
system can be used for developing expert system in any
domain, but shell expert system are also governed by the
format used for representation of the knowledge base [1].
The proposed scheme consists of the Rule-base and the
Case-based formats using the Blackboard [2]. The scheme
facilitates combination of forward and backward chaining
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reasoning, using many problem solving methodologies,
and different searching techniques. The scheme makes the
proposed Rule-Case-based shell expert system more
flexible, efficient, and more powerful for the development
of the expert systems in future [3]. This view is based on
the philosophy of human memory organization and
utilizing for solving problems [4]-[5]. Therefore, the
mixing of rule-base and the Case-based forms using
Blackboard has not been used before for the shell expert
systems. Adapting the proposed scheme facilitates the
common sense, deduction and analogical reasoning
activities in the inference engine [6]. So this scheme will
be used for the development of shell expert system as
Rule-Case-based Shell Expert System.

2. Structure of Rule-Case-based Shell Expert
System

The shell expert system is a complete development
environment for building and maintaining
knowledge-Based Applications and Expert Systems [7]. It
provides a step-by-step methodology for a knowledge
engineer that allows the domain experts themselves to be
directly involved in structuring and encoding the
knowledge. Most expert systems are developed via
specialized software tools called shell expert systems.
These shells come equipped with an inference mechanism
(backward chaining, forward chaining, or both), and
require knowledge to be entered according to a specified
format, user interface, explanation facilities and editing
facilities as seen in Fig. 1 [8].
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Fig. 1 Architecture of Rule-Case-Based Shell Expert
System

2.1 Knowledge Base Scheme (formats)

Databases were built in relational database systems that
allowed data to be extracted using Structured Data Query
(SQL) tools [9]. Therefore, relational database systems
will be used for the implementation of Knowledge Base
Scheme (formats) for the Rule-Case-based Shell Expert
System. The implementation consists of three tables; as
table 1, table 2 and table 3 are labeled, Cases table,
Conditions table, and relations between Case table &
Condition_table respectively. Table 1 consists of two
columns, the first column labels by Case_No while the
second columns labeled by Case Name, a set of cases
were stored in the Case_Name column. The Column
Case_Number is assigned as primary key and the relation
type used between the tables 1 and table3 are one-to-many
and the relation used between the table 1 and table 2 in
one-to-many also. Table 2 consists of two columns also,
the first column labeled by Condition_No while the second
column labeled by Condition_Name, a set of conditions
were stored in the Condition_Name column. The Column
Condition_Number is assigned as primary key and the
relation type used between the table 2 and table 3 is
one-to-many. Table 3 consists of two columns, the first
column labeled by Case_No while the second column
labeled by Conditions_No. The columns (Case_Number
and Condition_Number) is assigned as a primary key in
table 1 and table 2 while the same columns are assigned as
a foreign keys in table 3.

Table: 1 Cases table
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Table: 3 Relations between Case_table & Condition_table
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2.1.1  User Interface

The implementation of user interface consists of many
Oracle forms, such as the main menu, which consists of
four phases as seen in Fig. 2, when the system started, so
this menu will be displayed in order to allow the user to
select one of the following phases.
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Fig.2: User Interface

A. Editing case base knowledge: This form is used to

editing the case base knowledge, which means the
user can insert a new case to be added to the case base
knowledge, delete an existing case, or amending
existing case. For example, there are ten cases were
stored in the case base knowledge as seen in Fig.3,
then the user have a capability of using editing
facilities (insert, delete, update) to the case base
knowledge.
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Fig. 3: Editing case base knowledge

B. Editing rule base knowledge: This form is used to

editing the rule base knowledge, which means the user
can insert a new rule to be added to the rule base,
delete an existing rule, or amending existing rule.
Since the rules are stored in tabular form, so the
editing rule will be done through the processing of
relational database using SQL statements. For
example, a new condition(s) can be added to a specific
rule as seen in Fig. 4, in which that specific rule will
be updated through the link processing.
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Link Processing: to make relation between the action
(in the implementation is called case name for
standardization of both case base knowledge and rule
base knowledge) of a rule or case and its conditions as

stored before as shown in Fig.7, by selecting
the conditions required the result will present
in conclusion box and will be shown later by
using examples, the Temp Date shows the
process done and some details for the
conditions entered to reach to the conclusion.

shown in Fig. 5. e C(Case No: will show the case number from
4 Oracle Forms Runtime table 2

Action Edit Query Block Record Field Window Help

W3 2 BE BB 4 40r b Eidn ? e (Case name: will show the case name from

8 Link Processing FEX table 2.

e Condition No: will show the condition

Casetlo fI number from table 3.
| Case Hame ase Lis o . . o,
= = e Condition name: will show the condition
name from table 3.
Conditions Ho Condtion Name e Status! If the condition available the status
Iis ﬁ::EQEfED“EEKNESS = value will be 1 otherwise will be 0.
22 MISSED ONE MENS
25 NEUSEA
| |
| [
[ [
[ |
| |
[ I =l
Fa Condition List

Record: 1/1

Fig. 5: Link Processing



60 IJCSNS International Journal of Computer Science and Network Security, VOL.9 No.11, November 2009

! Oracle Forms Runtime
Action Edit Query Block Record Field Window Help

B S| e | 0 @B T | a4 B | el 2

#9 Knowledge Processing

Enter no ﬂfmlll‘liﬁnlﬂl
Condition no:| Conditions List | |

Conclusion

=
~— Temp Data
Case No Case name Condition No Condition name Status
I =]
[ | —
[ [ I
[ I I
[ I | —
I | I
[ [ I
I I [ ~1
|Record: 1.1 [ [

Fig. 6: Knowledge Processing

Oracle Forms Runtime

Fisld Window  Help

& D @4 » | Eedem| 2

nno con name

2  BLEEDIMG

3 BLOOD TEST ELECTROLIT ABNORMALATIES
4 CHEST X-RAY SHOW ABMNORMALATY

5 COGHT

6 COLLECTION OF PUS

7 COMNSTIPATION

8 DECREASED OR ABSENT BOWAL SOUND

S DEFICULTY OF BREATH

- TempbData | 12 DISCHARGE FROM EYES
13 EXAMINATION OF THE AREA THERE IS FLUCTUATION
Case No 14 EXAMINATIOMN TEMDERMESS ALL OVER ABDOMEM b name Status

i

‘ :
[ —

3
:
g

T

e

Cheices in list: 43
[Record: 1.1 [ [List of Walues [

Fig. 7: Conditions List



IJCSNS International Journal of Computer Science and Network Security, VOL.9 No.11, November 2009

2.1.2  Theillustration Examples

Example (1):-

Number of conditions entered: 3

Condition Number 23 26 35
Condition Name ITCHING IN NOSE ON EXAMINATION REDNESS SNEEZING
Status 1 1 1
Conclusion Exact Case as shown in Fig. 8

Note all the conditions entered which available in the same case
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Fig. 8: Exact case

Example (2):-
Number of conditions entered: 4
Condition Number 18 20 24 25
Condition Name GENRALIZED WEEKNESS HEADECH MISSED ONE MENS NEUSEA
Status 1 1 1 1
Conclusion Match Case as shown in Fig. 9
Note all the conditions entered which available in the same case

and the condition number 20 also available in other case.
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Fig. 9: Match case
Example (3):-
Number of conditions entered: 4
Condition Number 23 26 35 30
Condition Name ITCHING IN NOSE ON EXAMINATION REDNESS SNEEZING | PAIN IN TESTIS
Status 1 1 1 0
Conclusion Similar Case : SINUSITIS
New Case : SINUSITIS + PAIN IN TESTIS
Note conditions 23, 26, 35 are available in case named SINUSITIS which means
similar case, but the condition number 30 not available in the same case, so the
process will create a new case carrying the similar case with the condition
having the status 0, so the total cases were stored in the cases table will be 11
as shown in Fig. 10 and Fig. 11.
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Fig. 10: New case Fig. 11: Adding new case to cases_table
Example (4):-
Number of conditions entered: 4
Condition 18 20 26 35
Number
Condition GENRALIZED HEADECH ON EXAMINATION | SNEEZING
Name WEEKNESS REDNESS
Status 1 1 1 1

Conclusion Similar Case : SINUSITIS
New Case : SINUSITIS + GENRALIZED WEEKNESS

Note Conditions number 18 and 20 are available in case preghancy.

Conditions number 20, 26 and 35 are available in case sinusitis.

Conditions number 26 and 35 are available in case sinusitis+ pain in testis

The Case SINUSITIS has maximum number of accepted conditions comparing to
other cases, so the process will present this case as a similar case and create a new
case carrying the similar case with the condition number 18, so the total cases
were stored in the cases table will be 12 as shown in Fig. 12 and Fig.13.
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Fig. 12: Similar case Fig. 13: Adding another new case to cases_table
Example (5):-
Number of conditions entered: 2
Condition 39 42
Number
Condition TENDERNESS X-RAY SHOW HIZZINESS IN
Name THE SINUS
Status 1 1

Conclusion Similar Case : INTESTINSL

New Case : INTESTINSL + X-RAY SHOW HIZZINESS IN THE SINUS

Note Condition number 39 is available in case INTESTINSL.

Condition number 42 is available in case UPER RESPI.

Each condition is available in different case, so the process will select the first case appear and pretended as a
similar case and create a new case carrying the similar case with the condition number 42 as shown in Fig. 14.
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Fig. 14: Equivalent case

Example (6):-
Number of conditions entered: 5
Condition 1 2 36 38 40

Number
Condition Name ABDOMENAL PAIN BLEEDING SOME TIME PUS | SWEELING VOMITING
Status 0 0 0 0 0
Conclusion No match case as shown in Fig. 15
Note There is no case having any one of the entered conditions.
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Fig. 15: No match case
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3. Materials and Methods for Evaluation
Shell Expert Systems

The evaluation is based on three other shell expert systems Table 4 Direct measurement test instrument
together with the proposed Rule—Case_—Based Shell Exp_ert T o yor T
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evaluation processes together with the results of the Uity | — d
- ML §=Satisfie
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Tree.. False User
D=Unsatsfied
Usir
3.1 Evaluation Using Direct Method
This method is based on the factors which are related to ) )
the most important criteria's in the design and Table 5 MP2 Results. Direct measurement techn'que.
implementation of expert systems, which are; knowledge Catgory Quesin Asssment | Weight | Vloe s Weight
representation, search technique, problem solving method, L"nrreclnesml' I[jllwvcnol_\ghmfnmmonmcvalgﬂjvr‘hu.sonw:mc" o 5 ! 10
N h Answer Joes the software: give the same answers s other methods of alculation’ § 1 10
and user interface. The method consists of many steps, Doesthe ot give e same ansver ht hunenexpert vould i) j ! 1
these steps has been called instrument, and these steps are — luu;um;_sonwmpmt\iqcTcn‘ghlu(n;wrunhuigmm« : ; %
i faati : : Accuracyof | Isthe softwaresecurate i s answer(s! j
presentEd I.n table 4. The app“catlon of this method !S Answer Ihe answer complete? Dogs the user need to do additonal work to geta
presented in table 5, table 6, table 7, and table8. This wable st 5 1 10
instrument is Completed by the evaluator as follows: lehcpmwduwm\gclling.\hww.cr simple and dear? j 1 10
- - Correctness | Does the answer change if new but irelevant data is entered into the § 1 5
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. Sensitivity | Does the answer change i rrelevant changes are made o the system’s rules! ) 1 5
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4. Each numerical result is multiplied by a weight Drael kv b s oo el - !
. . X “an the system leam from increased data or experience! [ | [
factor as given in the weight column. Tl T Wegts Ve m
5. The weighted values are summed and then Diiety 6 | 434
divided by 26 (as for 19 questions, 7 questions i it
have weight factor of 2 and 12 questions have Lt
weight factor of 1, i.e., 7X2 = 12 X1 = 26) to give Uit

a result in the numerical range of 0 to 5.
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Table 6 EXSYS CORVID Results. Table 8 AI-NADA EXPSYS Results.
Direct measurement technique. Direct measurement technique.
Category Question Assessment { Weight | Value x Weight Caleoary Question Assessment | Welsbt | Value x Weight
Correciness of | Is there enough infommation fo evaluete the sofware? 1 /) 8 Correctoessof | Isthore enough nformation toevalue the softre) 5 1 10
Answer Does the software give the same answers as other methods of calculation? § [] Aniwer Do he sotware givethe same answess as othermethods of alebion? 5 ] 10
Do the soflware give the same answer (hata human expert would give! § 1 10 Dot he sotware give the sae e thal kv exgert would give? 5 1 10
Do the soflware provide the right answer forthe right reasons? j 1 10 Dots he sobware provide the rahtsnsver for theight resons? 5 1 10
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Ts the procedure of getting the answer simple and dear 1 1 § lsthe pracedure of etding the angwer daple and deae? 5 ! 10
Correctness | Does the answer change if new but imelevant data is enfered into the § | § Correctaess | Does the answer change fnew bt inclevant dea i entered uto the 5 1 5
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Limitations | Can lmiatons ofthe shell be detcted a s poiat i tme! { 1 { Limitations | Can Feitatons of e shell e deected af s point in fie? 5 1 5
Docs the shel allow the user to expand a program f eeded? i 1 j Dhacs e shell allow the wser 1o expand & program if necded! 5 { 3
Can the system leam from increased data or experience! § 1 J {Canthe system ez from mercased data or t_.\;ptriencc';' 5 i 5
Resalts Add Weight x Value 113 Resulis Add Weight x Vlue 1
Divide by 26 433 Divade by 26 4.65
4304 §=Satigfied AL §=Sutisfied
Tne.. Filse User True.. False User
(=Unsatisfied D<Unsaisfed
Ustt User
Table 7 ART * Enterprise Results. .
: : 3.2 The Results of Evaluation
Direct measurement technique.
Caligory Quistin Asstsment | Weisht | Values Wight In table 9 presents the final results for the evaluation of the
Correctnessof | 15 there cnough information t evaluate the sofbware? J 1 10 four shell expert system. Notice that the best result was the
Answer Does the sofvare gve the same ansversas olher melhods of celclaton’ j ! [l first one which is the proposed Rule-Case-Based Shell
Does the sofiware gve the same answer that & uman expert would give? § ! 0 Expert System and giVGS 4.65. This evaluation was based
i i ol answer asons! § [ H H
DoesThesolmwprnw@ewhenghtms‘wIonheughtreasons J ! | on the methodologies used for developing shell expert
Accuracyof | 1sthe sofivare aceurale in s answer(s)! 1 ! § . .
) " system such as knowledge representations, searching
Answer I he ensier conplete? Docs (he userneed o do additione work o get & X X . . .
el TR ) § technique, problem solving, and user interfacing design.
Is he procedure of geting the answer sk and dear? { 1 §
Comrectuess | Duesthe answer change imew bt imelevantda s enered o the { | { Table 9 Results of evaluation
o ;?ﬂ“l:“‘-' e T ; 1 ; Expert System Shell Direct Method Results
of Ressoning | Can the system cleary explan s reasoning echnique o the usr } ] ;
Technique | Does the sysem roquire ot of ielevant questons o reach the e j | j AI-NADA EXPSYS 4.65
Sonsiivity | Do theanswer change ifelevantchangesare made ot system's l? |~ 4 | { MP2 4.54
Reliilty | Docs the softwarecrahes o hang-ups 1 s hostcomputer) { 1 { EXSYS CORVID 4.35
Do the sstem give warnings for cases ivolving incomplete daaormles? | 3 1 ] ART* Enterprise 431
Cogt Isthe cosof thesysem ustifed by 6 performance? § | J
Effeciveness | Dacs the shell have l the e sedfnthe vendor's s i I §
Do the sofware sl provide answers wih ncomplete knowledge? { | { .
Limifations | Can imiaonsofthe hell b deected at this pomt i e { 1 { 4. Conclusion
Dioes he el allow he e o expand a pogrm i e 4 | 4 The framework will be used for the development of shell
Can he system learm fom ncreased dateor expeience! ] | j expert system as Rule-Case-based Shell Expert System.
PREPRTO ) "
Rl ’\‘1"““[‘)5_]‘.11““]3: '4]%1 The framework uses both procedural and declarative
Ivide by 6 ‘ . .
— i knowledge representation formalisms through the
T, Bile Uit application of relational data base. So the rule base and
(=Lt case base formats have been converted into tables.
Vi Adapting the proposed framework facilitates the common

sense, deduction and analogical reasoning activities in the
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inference engine of the shell expert system. The
framework makes the proposed Rule-Case-based shell
expert system more flexible, efficient, and more powerful
for the development of the expert systems in future. The
following are the advantages of the proposed shell expert
system:

The system can learn from increased cases
The system can provide answers with incomplete
knowledge

e The system gives the same answer that a human
expert would give

e The system is accurate in its answers

e  The system can explain clearly its reasoning technique
to the user using the TempData dialog box.

The proposed Rule-Case-Based shell expert system can be
connected to a computerized knowledge acquisition
system then the interaction between two computer-based
systems will be through the special protocols between
them and should be appropriate with the proposed scheme
for representation of the knowledge base. Also,
incorporate other knowledge representation methods
besides rule-based and case-based reasoning, such as
neural networks and fuzzy logic.
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