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Abstract: In this paper, | propose a measure of
the status of a rule base that can be used to predict
the degree of difficulty in the maintenance of a
rule base.
1. Introduction

The content of a knowledge base makes the
of Knowledge-Based Systems
difficult

maintenance
(KBS)

conventional software maintenance. | developed a

seem  more compared to
measure of the status of a rule base that can be
used to predict the degree of difficulty in the
maintenance of a rule base. I tested three real-
world rule bases with this measure and was able
to predict different degrees of difficulty when it

comes to maintain each rule base.

2. KBS Maintenance
Coenen and Bench-Capon [1] categorized KBS

maintenance as shown in Table 2-1.

Table 2-1 KBS Maintenance Categories
Maintenance Explanation
Category
1. Corrective | Corrective

maintenance maintenance  of
KBS refers to
maintenance
required because
a KBS is not
behaving as it
should, e.g., a
wrong conclusion
may be drawn due
to errors in
encoding
knowledge into
the knowledge
base.

2. Adaptive | Adaptive

maintenance maintenance  of

KBS results from
changes in the
environment  in
which a system is
designed to
operate such as
changes in
domain

knowledge.
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3. Perfective | Perfective

maintenance maintenance  of
KBS results from
changes in user
requirements such
as changes in user

interface.

In all three categories, KBS maintenance
mostly involves updating the knowledge base.
Especially for the KBSs developed from KBS
shells, the only change that anybody can make
really is the knowledge in knowledge bases or
rule bases. Thus the concern in this paper is with
changes made in the knowledge base of a KBS. In
other words, maintenance of a KBS is really about
maintenance of a knowledge base and it is
maintenance of a knowledge base that should be
distinguished from the area of conventional

software.

3. Lexical Homogeneity of a Rule Base
This section explores what makes the
amount of difficulty in maintaining a rule base
different from one rule base to another. To answer
this question, | developed a concept called
Lexical Homogeneity of a rule base as the factor
that predicts the level of difficulty in the

maintenance of a rule base.

< Lexical Homogeneity of a rule base >

Lexical Homogeneity of a rule base is a
measure of the repetitive use of terms in a rule
base. A rule base can use the same terms many
times in different rules, Some rule bases have the

tendency to use terms repetitively while others do

not. The Lexical Homogeneity of a rule base is

defined as follows:

Rule Base Homogeneity= S/T
where

S=Total # of shared terms and N=Total # of terms.
This definition measures the amount of repetitive
use of the same terms in a rule base. Since this
definition requires rather tedious computation, 1
devised an approximation that is simpler to
compute. | now present a detailed explanation of
this approximation. The lexical distance between
any two rules(denoted as i, j) is defined as foliows.
Di,jl=(1-
(#ofsharedterm[i,j]|/Min(rule[i].numberofterm,rule
[j].numberofterm)))Solving for the number of
shared terms:
#ofsharedterm[i,j]=Min(rule[i].numberofterm,rule
[jl.numberofterm)*(1-D[i,i1)
Then for the number of shared terms between the
first rule, 1, and the rule j is.
#ofsharedterm[1,j]=Min(rule[ | ].numberofterm,rul
e[j].numberofterm)*(1-D[1,j})
Thus for the first rule, the total number of shared
terms is obtained by summing over all rules
Jj(including 1):

n

SHofsharedterm[1,j]=

=

EMin(rule[1].numberofterm.rufe[j].num
i=!
berofterm)*(1-D[1,jD)
For the entire rule base, the total number of all
shared terms can be defined as:

Total number of shared terms =
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n n

Z3#ofsharedtermli,j]

71 =t

Expanding this sum, the total number of shared
terms in a rule base can be described as:

n n

ZX#ofsharedterml[i,j]=

=1 =1
n n

Z(ZMin(rule[i].numberofterm,rule[j].nu

mberofterm)*(1-

DfijD)

Let the average # of terms in a rule of a rule base

be denoted as AvgTerms,

then AvgTerms=total # of terms/total # of rules
Assume:

Min(rule{i].numberofterm,rule[j].numberofterm)

= AvgTerms

Then 1 can rewrite the formula for sum of all

shared terms as:

il n n n

LE#ofsharedterm[i,jl=XZAvgTerms*(1-D[i,j])

=1 =1 =1 j=1

noa mon

=2ZAvgTerms - ZZAvgTerms*D([i,j]

=1 =1 =t =1

If there are N rules in a rule base, and since

AvgTerms is a constant,

nn

=AvgTerms*(N’- TED[i,j])

=l =1

In other words,

n n n n

TZ#ofsharedterm[i,j)/AvgTerms=N*- ZED[i,j]

=l = =1 =l

where

n IH

ZI#ofsharedterm[i,j] = Total # of

=l =l

shared terms

Since 1 assumed that AvgTerms=total # of
terms/total # of rules, the equation can be rewitten
as:

=Total # of shared terms*(total # of rules/total #
of terms)

=(Total # of shared terms *total # of rules)/total #
of terms

Since the ratio total # of shared terms/total # of
terms is the rule base homogeneity and total # of
rules =N, I can write

nn

ZZ#otsharedterm{i,j}/AvgTerms=Rule Base

=1 =1

Homogeneity*N

i f

Rule Base Homogeneity*N= N"- ZZD[i j]

=) =1

Dividing both sides by N, non
Rule Base Homogeneity= (N’ £=DJ[i,j])/N

=1 =1
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n n

Rule Base Homogeneity=N- (ZZDfi,j])/N

=1 j=1

Thus, my approximation is:

-.Rule Base Homogeneity= # of rules - Sum of

all distances/# of rules

For the three real rule bases considered, Table 3-1

shows the Lexical Homogeneity values.

Table 3-1 Lexical Homogeneity Values of Rule

Bases
Rule Base | Numb | Sum of { Homogene
Name er of | All ity
Rules | Distanc
es
“BACTEREM™ | 268 68318.3 | 13.08
“CONTRACT” | 147 15444.9 | 41.93
“ADVICE” 172 7054.81 | 130.98

The BACTEREM rule base is a KBS for medical
diagnosis which was developed for use in
hospitals in Israel. It has 268 rules and was built
using the VP-Expert shell. “BACTEREM” rule
base is least homogeneous. The CONTRACT rule
base is a KBS which is used for selecting
contractors for construction work. It has 147 rules
and was built using the VP-Expert shell.
“CONTRACT” rule base is somewhat
homogeneous. The ADVICE rule base is a KBS
for advising foreign students in selecting
American graduate schools. It has 172 rules and

was built using the VP-Expert shell. “ADVICE”

rule base is very homogeneous.

4. Conclusion and Further Study

I suggest that the concept of lexical homogeneity
can be a good measure to predict the difficulty in
maintaining a rule base. 1 was intuitively
convinced that lexically homogeneous rule bases
would be easier to modify rules since it must be
easier for the maintainer to understand the
structure as well as the semantics of a rule base;
human cognition can understand things that are
less complex. However this claim needs to be
proven through a rigorous experiment using
human subjects who will conduct maintenance
works on different rule bases whose lexical

homogeneity value is different. This human

experiment is for future research.
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