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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 

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 

 
 
 
 
             Table: 2 Conditions table 
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Table: 3 Relations between Case_table & Condition_table 

 
 
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. 
  

 
 
     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. 

 
 

 
        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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Fig. 4: Editing rule base knowledge 
 
C. 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 
shown in Fig. 5. 

 
Fig. 5: Link Processing 

 
In Fig. 5 the user can make the link between the cases and 
conditions such that by entering the case name in the field 
case name or press no. to Case List bottom directly a menu 
will appear which contains all cases were stored before, by 
selecting the case desired after that the user should insert 
the conditions related to that case in the field Condition 
Name or by pressing on F9 bottom directly a menu will 
appear which contains a set of conditions were stored 
before, by selection the conditions desired the link process 
will determine.  
 
 
D. Knowledge Processing: to enter the conditions 

and the system will retrieve the case related to 
the conditions entered as shown in Fig. 6. The 
form consists of several fields, the user should 
insert the number of conditions will be use for 
query about the case and should insert the 
condition number for all conditions entered or 
by pressing on Conditions List, a menu will 
appear which contains all conditions were 
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.  

• Case No: will show the case number from 
table 2. 

 
• Case name: will show the case name from 

table 2. 
• Condition No: will show the condition 

number from table 3. 
• Condition name: will show the condition 

name from table 3. 
• Status: If the condition available the status 

value will be 1 otherwise will be 0. 
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Fig. 6: Knowledge Processing 

 
 

 
Fig. 7: Conditions List 
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2.1.2 The illustration 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 
 

 
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 

Number 
18 20 26 35 

Condition 
Name 

GENRALIZED 
WEEKNESS 

HEADECH ON EXAMINATION 
REDNESS 

SNEEZING 

Status 1 1 1 1 
Conclusion Similar Case : SINUSITIS 

New Case : SINUSITIS + GENRALIZED WEEKNESS
Note Conditions number 18 and 20 are available in case pregnancy. 

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 

Number 
39 42 

Condition 
Name 

TENDERNESS X-RAY SHOW HIZZINESS IN  
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 

Number 
1 2 36 38 40 

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. 
 

 
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 
together with the proposed Rule-Case-Based Shell Expert 
System (Al-NADA EXPSYS) using an evaluation 
methodology proposed by MD Salim, Alvaro Villavicencio, 
and Marc A. Timmerman [10].  The methodology uses 
two types of evaluation, either direct method or indirect 
method. The direct method generates data for "Satisfaction 
Level", which is a direct measure of the overall user 
satisfaction with the shell. The indirect method is based on 
estimating the resources needed to write a program using 
general computer language to implement an Expert System. 
This type of calculation is based on finding answers to the 
following questions," If a user wrote a program in some 
computer language to solve this problem instead of using a 
ready-made Expert System shell, how long would this 
program be, how many person-months would it take to 
write this program, and so on. In this paper the direct 
method is used and in the next subsection present the 
evaluation processes together with the results of the 
evaluation. 
 
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 
implementation of expert systems, which are; knowledge 
representation, search technique, problem solving method, 
and user interface. The method consists of many steps, 
these steps has been called instrument, and these steps are 
presented in table 4.  The application of this method is 
presented in table 5, table 6, table 7, and table8. This 
instrument is completed by the evaluator as follows: 

1. The evaluator obtains demonstration or sample 
copies of the software packages to be evaluated. 

2. The evaluator selects a benchmark problem. 
3. After running the bench-mark problem, the 

evaluator responds to the 19 questions in the 
instrument and estimates a quantitative answer to 
each question on a 0 to 5 scale with 5 being very 
true and 0 being very false. 

4. Each numerical result is multiplied by a weight 
factor as given in the weight column. 

5. The weighted values are summed and then 
divided by 26 (as for 19 questions, 7 questions 
have weight factor of 2 and 12 questions have 
weight factor of 1, i.e., 7X2 = 12 X1 = 26) to give 
a result in the numerical range of 0 to 5. 

 
 
 
 

 
 
 
 

Table 4 Direct measurement test instrument 

 
 

Table 5 MP2 Results. Direct measurement technique. 
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          Table 6 EXSYS CORVID Results. 
Direct measurement technique. 

 
 

Table 7 ART *  Enterprise Results. 
Direct measurement technique. 

 
 

Table 8 Al-NADA EXPSYS Results. 
Direct measurement technique. 

 
 

3.2 The Results of Evaluation 

In table 9 presents the final results for the evaluation of the 
four shell expert system. Notice that the best result was the 
first one which is the proposed Rule-Case-Based Shell 
Expert System and gives 4.65. This evaluation was based 
on the methodologies used for developing shell expert 
system such as knowledge representations, searching 
technique, problem solving, and user interfacing design. 
 

Table 9 Results of evaluation 
Expert  System  Shell Direct Method Results 

Al-NADA EXPSYS 4.65 
MP2 4.54 

EXSYS CORVID 4.35 
ART* Enterprise 4.31 

 

4. Conclusion 
The framework will be used for the development of shell 
expert system as Rule-Case-based Shell Expert System. 
The framework uses both procedural and declarative 
knowledge representation formalisms through the 
application of relational data base. So the rule base and 
case base formats have been converted into tables. 
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 
• The system gives the same answer that a human 

expert would give 
• The system is accurate in its answers 
• 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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