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ABSTRACT 

There are a v a r i e t y of f ac to r s that 
a f f e c t the performance of an expert 
system. This paper presents an 
eva lua t i ng method focus ing on the 
complex i ty , costs and e f f i c i e n c y of 
in ference s t r u c t u r e in a r u l e / 
Knowledge-source based expert system. 
The performance measuring fac to rs 
proposed here, when fedback to 
Knowledge engineers, can help them gain 
a q u a n t i t a t i v e understanding of 
reasoning performance of Knowledge 
acquired at the ( e a r l y ) stages of 
the development l i f e c y c l e , and 
enable them to make a numeric comparison 
and a choice among several s t r u c t u r e s , 
or have some re f inements . This paper 
also presents some a p p l i c a t i o n 
examples of t h i s eva lua t i ng method and 
descr ibes an eva lua t i ng f a c i l i t y 
based on i t . 

I INTRODUCTION 

In the l as t decade, expert systems 
and too ls fo r b u i l d i n g them have been 
being developed at a s u r p r i s i n g l y 
rap id ra te [Waterman, 1985]. This makes 
eva lua t ion of expert system more and 
more important in i t s development 
process. As po in ted out in [Gaschnig, et 
a l . , 1983], eva lua t ions pervade the 
expert system b u i l d i n g process and are 
c r u c i a l fo r improving system design and 
performance, but the e x i s t i n g techniques 
fo r eva lua t i ng these systems are few 
and p r i m i t i v e . C e r t a i n l y many 
eva lua t i ng methods used in other 
sof tware systems [Shneiderman, 1980] 
could be app l ied to expert systems, 
but an expert system is unique in the 
sense that i t is a Knowledge-based 
system con ta in ing human e x p e r t i s e , and 
has many d i s t i n g u i s h i n g fea tu res such 
as h e u r i s t i c search ing , reason ing, h igh 
leve l rep resen ta t ion , e t c . . There fo re , 
expert system should have i t s own 
eva lua t i ng techniques. 

Gaschnig and others in t h e i r paper 

i j u n Yu Ruizhao 
igence Laboratory 
Science and Engineer ing 
Hangzhou, P.R. China 

have presented many general 
eva lua t i ng c r i t e r i a concerning on what, 
how, and when the eva lua t i on should be 

.performed. Our approach , on the other 
hand, emphasizes the performance of 
in fe rence s t r u c t u r e which means 
complex i t y , costs or e f f i c i e n c y in the 
context of t h i s paper, i . e , the degree 
o f d i f f i c u l t y , e f f o r t , o r the reasonable 
time fo r a system w i th such an in fe rence 
s t r u c t u r e to a t t a i n c e r t a i n goa l s . As 
was proposed in [Newe l l , 1982], there 
does e x i s t a d i s t i n c t computer 
system l e v e l , the Knowledge l e v e l , l y i n g 
immediately above the program l e v e l . 
Accord ing ly , our po in t i s that t h i s 
eva lua t i on is performed at the Knowledge 
leve l whereas the others fo r common 
sof tware systems are performed at the 
program l e v e l . 

J. McDermott, et al.CMcDermott, et 
a l . , 1978] have f i r s t made an approach 
and presented several e x c i t i n g r e s u l t s 
on the e f f i c i e n c y of c e r t a i n 
p roduc t ion system implementat ions 
focus ing on impacts of c o n f l i c t set 
f i n d i n g s t r a t e g i e s . The eva lua t i ng 
method presented here is towards the 
in ference s t r u c t u r e i t s e l f , as the 
reasoning network c o n s t i t u t e d by the 
i n t r i n s i c r e l a t i o n s h i p s of Knowledge has 
a great i n f l uence on the performance of 
expert system. 

The a p p l i c a t i o n s i g n i f i c a n c e of t h i s 
eva lua t i ng method has been shown in 
the sense that i t helps Knowledge 
engineers 

(1) ob ta in a q u a n t i t a t i v e measure of 
in ference performance of acquired 
Knowledge. Example 1, f o r i ns tance , 
g ives the eva lua t i ng r e s u l t of an expert 
system. 

(2) make a numeric comparison of 
performance among several s t r u c t u r e s 
(normal ly w i t h the same f u n c t i o n in 
problem s o l v i n g ) . For ins tance , Example 
2 analyzes the impacts of a 
g e n e r a l i z a t i o n s t ra tegy on the in ference 
performance, and Example 3 compares two 
mechanisms fo r pa t t e rn cons is tency 
check ing. 

(3)choose, r e f i n e or reorganize the 
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in ference s t r u c t u r e w i thout the 
d e s t r u c t i o n of the f u n c t i o n to enhance 
the performance of the system, and speed 
up the reason ing. For i ns tance , Example 
2 i nd i ca tes the e f f ec t i veness of t h i s 
g e n e r a l i z a t i o n s t r a t e g y f o r knowledge 
re f inement , and Example 3 shows that a 
mechanism f o r pa t te rn -cons i s tency 
checking can be improved f u r t h e r . 

The development of t h i s model is 
mot ivated by our work on expert system 
development environment [He, 1986] , as 
knowledge a c q u i s i t i o n may be performed 
a f t e r or before the s e l e c t i o n of 
supported system b u i l d i n g t o o l s . Also in 
KMIX [Yang, e t a l . , 1986] , i t i s 
poss ib le to modify the c o n t r o l s t r a tegy 
s t a t i c a l l y or dynamica l l y . That is 
why we need to make an es t ima t ion on 
in ference s t r u c t u r e i t s e l f , and have a 
p r i o r p r o b a b i l i s t i c perspec t i ve o f 
performance in c o n t r o l s t r a t egy a p p l i e d . 
This w i l l enable us to have an 
approximate preview of performance at 
e a r l y stages in the development l i f e 
c y c l e . 

II THE NETWORK MODEL OP INFERENCE 
STRUCTURE 
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IV SCOPE AND EXAMPLES OF THE APPLICATION 

where q is t he mean p r o b a b i l i t y o f 
s u c c e s s f u l a c t i v a t i o n o f a t r a n s i t i o n , 
w h i c h i s a p p r o x i m a t e d as 1 / b . I n the 
above s t a t e m e n t , t he f i r s t i t e m d e n o t e s 
t h a t t { i s s e l e c t e d f i r s t , and the 
o t h e r i t ems d e n o t e t i s s e l e c t e d a f t e r 
t he u n s u c c e s s f u l a c t i v a t i o n s o f o t h e r s 
i n I ( x ) . Thus the p r o p a g a t i n g f a c t o r 
used, i n t he r u l e l i s w e i g h t e d a s 1 - ( 1 -
1 /b) . 

The f i n a l e v a l u a t i n g s t a g e i s t o 
compute p e r f o r m a n c e m e a s u r i n g f a c t o r s 
o f i n f e r e n c e s t r u c t u r e R . L e t t he 
r e s u l t o f t he above c o m p u t a t i o n be 

I n t h i s e v a l u a t i n g mod 
c o r r e l a t e d w i t h the e f f o r t o f 
r e a s o n i n g h o r i z o n t a l l y i n m a t c h i n g , 
s e l e c t i o n , c o n f l i c t i o n r e s o l u t i o n , 
s w i t c h i n g , e t c . , wh i ch i s the most 
i m p o r t a n t f a c t o r a f f e c t i n g the 
r e a s o n i n g speed o f s y s t e m . The g r e a t e r 
BF is , the more e f f o r t is needed . DF 
and MDF, on the o t h e r h a n d , a re measure 
o f t he v e r t i c a l l y - a c c u m u l a t e d e f f o r t 
i n c h e c k i n g , m a t c h i n g , a c t i v a t i o n and 
a c t i o n e t c . . ! T ! and !S i a r e o f t e n 
a s s o c i a t e d w i t h the s i z e o f s t o r a g e . 
1FI i n v o l v e s the number o f p r i m i t i v e 
d a t a w h i c h need to be a c q u i r e d . 

Commonly, i t i s e a s i l y f ound i n most 
o f t he k n o w l e d g e - b a s e d e x p e r t sys tems 
the t r a c k o f r e a s o n i n g n e t w o r k o f t e n 
c o n s t i t u t e d v i a a s e t o f r u l e s o r 
know ledge s o u r c e s . I t i s t h e r e f o r e 
t r a c t a b l e t o a b s t r a c t i n f e r e n c e 
s t r u c t u r e f r o m them. P r o p e r t y 3 o f an 
i n f e r e n c e s t r u c t u r e s t a t e d i n S e c t i o n I I 
seems to be a ma jo r l i m i t a t i o n of the 
a p p l i c a t i o n wh i ch e x c l u d e s the s e l f -
r e f e r e n c i n g i n f e r e n c e t r a n s i t i o n s i n 
the s y s t e m . When such a sys tem l i k e 
MYCIN i s c o n f r o n t e d , the a d d i t i o n a l 
mechanism i s needed to a v o i d r e a s o n i n g 
l o o p s , s o i s the p r o p a g a t i o n p r o c e s s 
s t a t e d i n S e c t i o n I I I t o p r e v e n t the 
c o m p u t i n g l o o p s . The s i m i l a r p r o b l e m has 
a l s o been e x p l o r e d i n [He&Yu, 1 9 8 6 ] , and 
t he s o l u t i o n can be the m a r k i n g method 
d i s c u s s e d i n [Buchanan&Shor t l i f e , 1984] 
o r o t h e r s . A n o t h e r p r o b l e m a r i s e s i n 
d e t e r m i n i n g the p e r f o r m a n c e f a c t o r o f 
t r a n s i t i o n s and the s i z e o f s t a t e , 
w h i c h r e q u i r e s the a b s t r a c t i o n i s 
p e r f o r m e d under a f i x e d s t a n d a r d . One 
o f t he f u r t h e r d i r e c t i o n o f t h i s 
app roach i s t o e x p l o r e the vo lume 
f a c t o r o f i n f e r e n c e s t r u c t u r e , w h i c h 
has been i n v e s t i g a t e d a s f ' ( l ) i n our 
w o r k , b u t i t s a p p l i c a t i o n 
s i g n i f i c a n c e rema ins t o b e c l a r i f i e d . 

I t s h o u l d b e n o t e d t h a t a l t h o u g h t h i s 
method i s m o t i v a t e d f o r r u l e o r 
k n o w l e d g e - s o u r c e based r e a s o n i n g 
n e t w o r k , Example 3 b e l o w , howeve r , i s 
t o e v a l u a t e two p a t t e r n - c o n s i s t e n c y 
c h e c k e r s , w h i c h i n d i c a t e s t h a t t he 
i n f e r e n c e s t r u c t u r e i s a k i n d o f t he 
c o g n i t i v e m o d e l i n g o f human 
r e a s o n i n g . The a p p l i c a t i o n scope o f 
t h i s method i s t h e r e f o r e e x t e n d e d 
f u r t h e r . 

The f o l l o w i n g examples show the 
a p p l i c a t i o n s i g n i f i c a n c e o f t h i s 
m e t h o d . The p e r f o r m a n c e f a c t o r o f each 
t r a n s i t i o n i s a s s i g n e d a s 1 , X f u n c t i o n 
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u n i f o r m l y s p e c i f i e s the domain and 
c o n t r o l k n o w l e d g e . As e v e r y knowledge 
e n t i t y i n KMIX i s s p e c i f i e d as a 
s t a t e machine w i t h c o n s t r a i n t s , i t can 
b e d i v i d e d i n t o a c o l l e c t i o n o f 
s u b s t a t e s , t hen knowledge s o u r c e s 
c o n s t i t u t e the i n f e r e n c e r e l a t i o n s h i p s 
between those s t a t e s . EVAL a c c e p t s a 
c o l l e c t i o n o f know ledge e n t i t i e s , and 
a b s t r a c t s a n i n f e r e n c e s t r u c t u r e f r om 
them, then c a l c u l a t e s i t s p e r f o r m a n c e 
measure f a c t o r s . 
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