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Abs t rac t : This paper presents a review of d i f f e r e n t 
approximate reasoning techniques which have been pro­
posed for dea l ing w i t h uncer ta in or imprecise know­
ledge ,espec i a l ly in expert systems based on produc­
t i o n ru le methodology. Theore t i ca l approaches such 
as Bayesian i n fe rence ,Sha fe r ' s b e l i e f theory or Za-
deh's p o s s i b i l i t y theory as wel l as more emp i r i ca l 
proposals such as the ones used in MYCIN or in PROS­
PECTOR, are considered. The p resen ta t ion is focused 
on two basic in ference schemes : the deduct ive i n f e ­
rence and the combinat ion of several uncer ta in or im­
precise evidences r e l a t i v e to a same mat te r . Several 
kinds of unce r ta in t y are taken i n t o account in the 
models which are descr ibed in the paper : d i f f e r e n t 
degrees of c e r t a i n t y or of t r u t h may be associated 
w i t h the observed or produced fac ts or w i t h the " i f . . , 
t h e n . . . " r u l e s ; moreover the statements of fac ts or 
of ru les may be imprecise or fuzzy and the values of 
the degrees of c e r t a i n t y which are used may be only 
approximately known. An extensive b i b l i og raphy , to 
which i t i s r e f e r red in the t e x t , i s appended. 
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1 - I n t r o d u c t i o n : The pieces of i n fo rmat ion w i t h which 
we have to deal in dec is ion or reasoning processes, 
may be u n c e r t a i n , imprecise or even vague, incomple­
t e , mutua l l y i n c o n s i s t e n t , and t ime -va ry ing . Thus,so-
c a l l e d approx imate , inexac t , p l aus ib l e reasoning me­
thods are s t rong ly needed in knowledge eng ineer ing . 
Inference procedures w i t h unce r ta i n t y are becoming mo­
re important in ru le-based expert systems since the 
knowledge given by human experts is o f ten uncer ta in 
or imprec ise ly s t a t ed . 
For a long t ime, the Bayesian model had been the only 
numerical approach to inference w i t h u n c e r t a i n t y , s i n ­
ce no q u a n t i f i c a t i o n was introduced in the pa t te rns 
of p l aus i b l e reasoning analyzed by Po lya [33 ] . Several 
mathematical models of u n c e r t a i n t y , which depart from 
the usual p r o b a b i l i t y approach, have been recen t l y 
proposed, p a r t i c u l a r l y Shafer 's b e l i e f theory[40]and 
Zadeh's p o s s i b i l i t y theory [ 5 3 ] . In the sane t ime, 
many researchers in A r t i f i c i a l I n t e l l i g e n c e have f e l t 
a need fo r a l t e r n a t i v e s of the standard Bayesian ap­
proach (see[45] fo r a d iscuss ion) and have proposed 
and used (genera l l y w i t h success) more emp i r i ca l mo­
d e l s , p a r t i c u l a r l y in expert systems such as MYCIN 
[ 4 1 ] , PROSPECTOR [ 1 1 ] , CASNET [ 4 8 1 , SPERIL [ 20 ] , ( see 
also [ 2 7 ] , [ 1 3 ] , [ 2 7 ] , [ 3 9 ] ) . 
In the f o l l o w i n g , we t r y to present a syn the t i c view 
of most of these proposals w i t h i n the compass of a 
small number of pages. The paper is organized in three 
main p a r t s . The f i r s t par t is devoted to an u n i f i e d 



H. Prade 131 



132 H. Prade 



H. Prade 133 



134 H. Prade 



H. Prade 135 

In case of a p o s i t i v e measure of b e l i e f and a p o s i ­
t i v e measure o f d i s b e l i e f t he re i s a c o n f l i c t . N o t e 
t h a t (69) and (70) are s i m i l a r to (66) .Adams ['11 has 
shown t h a t (69) o r (70) are c o n s i s t e n t w i t h Bayes ian 
model p r o v i d e d t h a t the two sources o f ev idence are 
independent( remember t h a t MB(h,e) and MD(h,e) are 
d e f i n e d f rom P ( h | e ) and P ( h ) ) . L a s t l y , I s h i z u k a , F u , Y a o 
[ 1 9 ] have proposed a s l i g h t l y d i f f e r e n t r u l e o f com­
b i n a t i o n f o r the c e r t a i n t y f a c t o r s CF(h ,e ) i n MYCIN. 

V - Cone l ud ing remarks : The i n t e n t e d purpose of t h i s 
paper i s to g i v e an u n i f i e d v iew o f the ma themat i ca l 
models we have a t our d i s p o s a l in o r d e r to dea l w i t h 
u n c e r t a i n t y . T h e p r e s e n t a t i o n has p a r t i c u l a r l y empha­
s i zed two recen t t h e o r i e s wh ich are s t i l l i l l - k n o w n 
s p e c i a l l y i n A . I . : S h a f e r ' s b e l i e f t h e o r y and Zadeh 's 
p o s s i b i l i t y t h e o r y (see 123 ] , [ 49 ] , [ 2 6 ] , [ 4 4 I f o r e x ­
amples o f use o f t h i s l a t t e r t h e o r y i n d i a g n o s i s and 
e x p e r t sys tems) .The main a p p l i c a t i o n s o f these models 
to two i n f e r e n c e schemes , p a r t i c . u l a r l y i m p o r t a n t f o r 
a p p l i c a t i o n s t o e x p e r t s y s t e m s , t h e d e d u c t i v e i n f e r e n ­
ce and the c o m b i n a t i o n , h a v e been surveyed and the 
l i n k w i t h more e m p i r i c a l app roaches ,such as the one 
used in MYCIN,has been s t r e s s e d . U n f o r t u n a t e l y i t was 
not p o s s i b l e t o p r e s e n t each p r o p o s a l i n g r e a t d e t a i l s 
w i t h i n the compass of a sma l l number of p a g e s . L a s t l y , 
i m p o r t a n t c l a s s e s o f app rox ima te o r p l a u s i b l e r e a s o ­
n i n g t ec hn i ques have no t been c o n s i d e r e d h e r e , e s p e ­
c i a l l y a n a l o g i c a l r eason ing and d e f a u l t r e a s o n i n g 
(see [ 3 6 ] ) ; a l t h ough these approaches do no t use n u ­
m e r i c a l q u a n t i f i c a t i o n i n g e n e r a l i t would b e i n t e r e s ­
t i n g t o c o n s i d e r them i n a n e n l a r g e d s y n t h e s i s i n the 
f u t u r e . 
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