
MODELS FOR REASONING 

UNDER UNCERTAINTY 

ABSTRACT 

Richard E. Neapolitan 

Associate Professor of Information Science 
University of l~ortheastern I l l i no i s  

Chicago, I l l i no i s  
(312) 583-4050, ext. 655 

1. INTRODUCTION 

Rule-based expert systems are those in which 
a certain number of IF-THEN rules are assumed to 
hold. Based on the verity of some assertions, the 
rules deduce as many new conclusions as possible. 

In many cases, neither the rules nor the as- 
sertions are known with certainty. The system 
must then be able to obtain a measure of partial 
bel ief in the conclusion based upon measures of 
partial bel ief in the assertions and the rule. 

The MYCIN system is a well known expert sys- 
tem which employs certainty factors as the measure 
of part ial bel ief.  A typical rule in the MYCIN 
system is the following: 

RULE: IF THE ORGANISM GROWS IN CHAINS AND 
THE ORGAi~iSM GROWS IN PAIRS AND 
THE ORGANISM GROWS IN CLUMPS 

THEN THE ORGANISM IS STREPTOCOCCUS 
WITH CERTAINTY .7. 

The value .7 is a relative measure of the in- 
creased bel ief in the conclusion assuming the abso- 
lute verity of the assertions. This value is based 
on the assumption that +1 means the fule absolutely 
proves the conclusion, 0 ~eans the rule has no ef- 
fect on the bel ief in the conclusion, and -! means 
the rule absolutely disproves the conclusion. 

The following is a typical assertion in the 
~YCIN system: 

ASSERTION: THE ORGANISM GROWS IN CHAINS 
WITH CERTAINTY .6. 

The value .6 is a measure of the relative 
bel ief in the assertion. The values again range 
between - I  and I where -1 means the assertion is 
def in i te ly false and I means the assertion is 
def ini tely true. 

There are three questions which MYCIN and 
any other model for reasoning under uncertainty 
must address: i )  How are the certainties in the 
assertion and the rule combined to give a certain- 
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ty in the conclusion; 2) How is cer ta in ty  in the 
conclusion determined when a rule requires two or 
more assertions to reach i ts  conclusion; 3) How is 
cer ta in ty  in a conclusion increased when two or 
more rules (items of evidence) argue for  the same 
conclusion. The th i rd  question is the most d i f -  
f i c u l t  to contend with since certain assumptions 
concerning the independence of the two items of 
evidence is necessary before the cer ta in t ies  can 
be combined. 

2. A MODEL BASED ON PROBABILITY THEORY 

In the current paper, i t  is shown how the 
well known MYCIN model answers the above ques- 
t ions. The v a l i d i t y  of the model is then proven 
based on the model's assumptions of independence 
of evidence. The assumptions are that the evi-  
dence must be independent in the whole space, in 
the space of the conclusion, and in the space of 
the complement of the conclusion, and even then 
the combinatoric ~ethod is va l id  only when com- 
bining cer ta in t ies  of the sa:ne sign. Indepen- 
dence of evidence for  the above rules means that 
knowledge that i t  grows in chains does not change 
the cer ta in ty  as to whether i t  grows in pairs or 
clumps. In6ependence in the space of conclusion 
means that,  i f  i t  is known that the organism is 
streptococcus, then knowledge of one item of evi -  
dence does not a f fec t  the cer ta in ty  in the others. 

Next a probabi l i ty-based model is described 
and compared to the MYCIN model. In this model, 
the cer ta in t ies  range in value between 0 and I 
with 0 meaning an assertion is d e f i n i t e l y  fa lse 
(or, in the case of a ru le,  the rule absolutely 
disproves the assertion) and I meaning the asser- 
t ion is d e f i n i t e l y  true. I t  is proven that the 
p robab i l i s t i c  assumptions for  th is model are 
weaker (independence is necessary only in the 
space of the conclusion and the space of the com- 
plement of conclusio), and therefore more appeal- 
ing. An example is given to show how the added 
assumption in the MYCIN model is ,  in fac t ,  the 
most r es t r i c t i ve  assumption. I t  is also proven 
that ,  when two rules argue for  the same conclu- 
sion, the combinatoric method in the p robab i l i t y -  
based model y ie lds a higher combined cer ta in ty  
than that  in the MYCIN model. 

I t  is f i n a l l y  concluded that the p robab i l i t y -  
based model, in l i gh t  of the comparison, is the 
bet ter  choice. 
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