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ABSTRACT 

The usual approach to p laus ib le reasoning is 
to associate a v a l i d i t y measure wi th each fac t or 
r u l e , and to compute from these a v a l i d i t y measure 
for any deduction tha t is made. This approach is 
shown to be inappropr iate for some classes of prob­
lems, p a r t i c u l a r l y those in which the evidence is 
not i n t e r n a l l y cons is tent . Two current p laus ib le 
reasoning arch i tec tures are summarized and each 
appl ied to the same small task. An analysis of the 
performance of these systems reveals de f ic ienc ies 
in each case. The paper then ou t l i nes a new 
approach based on the discovery of consistent 
subsets of the given evidence. This system can 
be used e i the r in i s o l a t i o n or in conjunct ion wi th 
a va l id i t y -p ropaga t ing a rch i tec tu re . Comparative 
resu l t s from implementations of a l l three systems 
are presented. 

1. INTRODUCTION 

Research in expert systems is concerned wi th 
how to represent and reproduce the problem-solving 
s k i l l s tha t experts exh ib i t i n t h e i r respect ive 
domains. One of the most basic of these s k i l l s is 
the a b i l i t y to put two and two together—to draw 
reasoned conclusions tha t supplement d i r e c t obser­
va t ions . This poses a d i f f i c u l t y because our 
models of reasoning are derived from the deduction 
mechanisms of l o g i c , but invest iga tors have noted 
that expert reasoning cannot be understood in 
terms of such precise schema. Logic deals w i th 
an idea l ized world in which fac ts are known w i th 
ce r ta i n t y and ru les of inference allow other fac ts 
to be deduced w i th equal c e r t a i n t y . Experts, on 
the other hand, are usual ly required to form 
judgments based on evidence tha t may be subject to 
er rors of measurement or i n t e r p r e t a t i o n . Again, 
experts can funct ion in environments containing 
incons is tent or cont rad ic tory " f a c t s " , but such 
environments are useless in the l o g i c a l sense. 

Systems fo r expe r t - l i ke reasoning t y p i c a l l y 
work w i th unquant i f ied proposi t ions and re la t i ons 
among them. Proposi t ions may be fac ts ("the car 
won't s t a r t " ) , hypotheses ("the t roub le is in the 
i g n i t i o n system"), f ind ings ("the d i s t r i b u t o r cap 
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is d e f e c t i v e " ) , or any concept in the domain tha t 
is relevant to the exper t 's problem-solving behav­
iour . Relations connecting subsets of the propo­
s i t i ons are usual ly expressed as l og i ca l d e f i n i ­
t ions ("A is the conjunct ion of B, C, and D") or 
i n f e r e n t i a l l i nks ( " I f A is t r ue , then so is B") . 
The feature that d is t ingu ishes uncertain inference 
from the fam i l i a r p ropos i t iona l calculus is the 
q u a l i f i e d nature of knowledge about both the 
re la t i ons and propos i t ions. Instead of being 
e i ther t rue or f a l se , proposi t ions have associated 
w i th them some continuous measure of t h e i r v a l i d i t y . 
I n f e r e n t i a l re la t i ons also have a v a l i d i t y measure 
that weakens the connection between antecedent 
and consequent; the r e l a t i o n " I f A, then B" may 
support a less- than-categor ica l a f f i rma t ion of B 
even when A is known w i th c e r t a i n t y . 

A useful way of viewing t h i s formalism is as 
an inference net (Duda, Gaschnig, and Hart , 1979) 
in which proposi t ions are nodes and the re la t i ons 
among proposi t ions become the l i nks of the network. 
Whenever the v a l i d i t y measure of a node is changed, 
such as by the a r r i v a l of new evidence, t h i s i n f o r ­
mation propagates along the l i n ks to re la ted nodes 
and may cause changes to t h e i r v a l i d i t y measures 
in t u r n . The secondary changes propagate in the 
same way so that the evidence responsible fo r the 
i n i t i a l change may be re f l ec ted in a l te red v a l i d i t y 
measures of many propos i t ions . 

The general inference net framework does not 
address the important questions of how v a l i d i t y is 
to be represented and how the propagation above is 
to be car r ied out . Some approaches measure the 
v a l i d i t y of a p ropos i t ion as i t s pos ter io r proba­
b i l i t y given a l l the evidence to hand, computed 
v ia Bayes' Theorem and a n c i l l a r y assumptions. 
Others use p r o b a b i l i t y i n te rva ls rather than po in t 
p r o b a b i l i t i e s as a measure of v a l i d i t y , r e l y i ng on 
more general schemes of updating such as the 
Dempster-Shafer theory of evidence (Garvey, Low-
rance, and F isch le r , 1981). It is not uncommon 
for the form of the inference net to be r e s t r i c t e d ; 
for example, (Pear l , 1982) requi res tha t it be a 
t r e e . Many systems t r ea t the l i n k s represent ing 
re la t i ons as d i r e c t i o n a l , so tha t the r e l a t i o n " I f 
A, then B" allows updating of B's v a l i d i t y when A 
is known to be t rue but does not a l low A's 
v a l i d i t y to be a l te red i f B is found to be f a l s e . 
A review and c r i t i q u e of the more common app­
roaches can be found in (Quinlan, 1983). 
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E x p e r t systems embodying mechanisms f o r u n c e r ­
t a i n i n f e r e n c e have ach ieved n o t a b l e successes , as 
documented i n r e c e n t r e p o r t s (Buchanan, 1982; 
Campbe l l , H o i l i s t e r , Duda, and H a r t , 1982) on two 
p i o n e e r i n g e f f o r t s , MYCIN and P r o s p e c t o r . Never ­
t h e l e s s , t h e r e appear t o b e a p p l i c a t i o n s r e q u i r i n g 
a n u n c e r t a i n i n f e r e n c e c a p a b i l i t y t h a t a re no t 
hand led w e l l by any c u r r e n t sys tem. The c h a r a c t ­
e r i s t i c s o f t hese a p p l i c a t i o n s a re d i s c u s s e d 
l a t e r , bu t t he g i s t o f t he d i f f i c u l t y and t h e 
proposed s o l u t i o n can be o b t a i n e d f rom the f o l l o w ­
i n g example . 

Tab le T l c o n t a i n s t he t en a s s e r t i o n s t h a t 
d e f i n e t h e mode l . Numbers i n b r a c k e t s f o l l o w i n g 
a s s e r t i o n s a re v a l i d i t y measures i n the range 0 t o 
1 ; two such numbers f o l l o w i n g an a s s e r t i o n c o r r e s ­
pond t o t h e " i f " and " o n l y i f " cases r e s p e c t i v e l y . 
S ince we have n o t d e f i n e d what we mean by " v a l i d ­
i t y " , t h e p r e c i s e i n t e r p r e t a t i o n o f these numbers 
i s open . A p r o p o s i t i o n o r r e l a t i o n w i t h v a l i d i t y 
1 i s c o r r e c t w i t h o u t q u a l i f i c a t i o n and one w i t h 
v a l i d i t y 0 i s f a l s e , b u t any o f the d i f f e r e n t 
meanings o f a m i d d l e - g r o u n d v a l i d i t y t h a t a re used 
i n c u r r e n t systems w i l ] b e a c c e p t a b l e . 

Cons ide r t h e t a s k o f a f i c t i o n a l d e t e c t i v e 
i n v e s t i g a t i n g a case in wh ich (as u s u a l ) t h e r e a re 
many appa ren t c o n t r a d i c t i o n s i n t h e ev idence t h a t 
he u n e a r t h s . How is he to proceed? C u r r e n t app ­
roaches t o p l a u s i b l e i n f e r e n c e wou ld have h im we igh 
e v i d e n c e f o r and a g a i n s t each h y p o t h e s i s , c o n s i d e r ­
i n g t h e h y p o t h e s i s c o n f i r m e d t o the e x t e n t t h a t 
t he ba lance o f ev idence s u p p o r t s i t . But any 
mys te r y b u f f knows t h a t t h i s approach d i f f e r s f rom 
the one P o i r o t wou ld a d o p t , and m i g h t even l e a d to 
the anomalous s i t u a t i o n i n wh ich t h e ba lance o f 
ev idence i n d i v i d u a l l y s u p p o r t s p r o p o s i t i o n s A and 
B, b u t where A and B cannot b o t h have o c c u r r e d . 
T h i s paper sugges ts an a l t e r n a t i v e method o f f o r m ­
i n g c o n c l u s i o n s t h a t our d e t e c t i v e , would f i n d more-
f a m i l i a r . I n s t e a d o f making d e d u c t i o n s f rom 
c o n t r a d i c t o r y i n f o r m a t i o n , w e d i v i d e t h e ev idence 
i n t o two c l a s s e s , i t ems to be b e l i e v e d and i t ems 
t o b e d i s r e g a r d e d , s o t h a t a l l t h e ev idence i n 
t he fo rmer c a t e g o r y i s c o n s i s t e n t and "makes sense". 
Where t h e r e a re many p o s s i b l e d i v i s i o n s we use some 
model t o weigh the v a l i d i t y , no t o f i n d i v i d u a l 
p r o p o s i t i o n s , b u t o f the d i v i s i o n i t s e l f . For 
example , a d i v i s i o n t h a t wou ld r e q u i r e ou r d e t e c t ­
i v e t o d i s r e g a r d s i g n i f i c a n t l y more d a t a than 
ano the r m i g h t be judged t o be l e s s v a l u a b l e . 

In the f o l l o w i n g s e c t i o n s we examine a seem­
i n g l y s imp le u n c e r t a i n i n f e r e n c e p r o b l e m . T a k i n g 
P r o s p e c t o r as an example of a d i r e c t e d Baycs ian 
a r c h i t e c t u r e , we show t h a t t h e p rob lem must be 
r e d r a f t e d t o meet P r o s p e c t o r ' s r e q u i r e m e n t s and 
t h a t t h e r e a re d i f f i c u l t i e s i n t e r p r e t i n g t h e 
r e s u l t s . We then d e s c r i b e INFERNO, a n o n - d i r e c t e d 
non-Bayes ian a r c h i t e c t u r e , and show t h a t i t i s a l s o 
l e s s than s a t i s f a c t o r y f o r t h i s t a s k . T h i s l eads 
to a d i s c u s s i o n of Ponderosa , a new system t h a t 
pe r fo rms u n c e r t a i n i n f e r e n c e b y e v i d e n c e d i v i s i o n 
r a t h e r than b y p r o p a g a t i o n o f v a l i d i t y . 

2. DESCRIPTION OF THE TRIAL APPLICATION 

The s e t t i n g f o r t h i s a p p l i c a t i o n o f u n c e r t a i n 
i n f e r e n c e is a model o f t h e i n t e r a c t i o n s among 
f i v e economet r i c i n d i c a t o r s . We a re g i v e n s e v e r a l 
a s s e r t i o n s c o n c e r n i n g b o t h g e n e r a l r e l a t i o n s h i p s 
among t h e i n d i c a t o r s and p r e d i c t i o n s abou t what 
w i l l happen i n t h e near f u t u r e . The g o a l i s t o 
draw m e a n i n g f u l i n f e r e n c e s f rom these a s s e r t i o n s 
s o a s t o a r r i v e a t a compos i te p i c t u r e o f what w i l l 
happen t o a l l t h e i n d i c a t o r s . 

Tab le T l : A s s e r t i o n s D e f i n i n g the Model 

A l S tocks w i l l f a l l ( .55) 

A2 E i t h e r t axes w i l l no t be r a i s e d o r b o t h s t o c k s 
w i l l f a l l and i n t e r e s t r a t e s w i l l f a l l ( .85) 

A 3 E i t h e r t a x e s w i l l b e r a i s e d o r i n t e r e s t r a t e s 
w i l l no t f a l l ( .9) 

A 4 I n t e r e s t r a t e s w o n ' t f a l l ( .75) 

A5 E i t h e r t a x e s w i l l - b e r a i s e d o r t h e r e w i l l be a 
h i g h d e f i c i t ( .85) 

A G Bonds w i l l r i s e o r i n t e r e s t r a t e s w i l l f a l l 
i f , and o n l y i f , s t o c k s f a l l o r t a x e s are 
n o t r a i s e d ( . 6 , .8 5) 

A 7 S tocks w i l l f a l l i f , and o n l y i f , bonds r i s e 
and t a x e s a re r a i s e d ( . 7 , .8) 

A 8 I f i n t e r e s t r a t e s f a l l , e i t h e r s t o c k s w i l l not 
f a l l o r bonds w o n ' t r i s e ( .95) 

A 9 I n t e r e s t r a t e s w i l l no t f a l l i f t h e r e i s a 
h i g h d e f i c i t ( .95) 

A10 I f t h e r e i s a h i g h d e f i c i t , s tock : ; w i l l f a l l 
( .8) 

The a p p l i c a t i o n maps d i r e c t l y i n t o the i n f e r ­
ence ne t f o r m a l i s m . There a rc f i v e b a s i c p r o p o s i ­
t i o n s c o r r e s p o n d i n g t o the i n d i c a t o r s o f p r i m a r y 
c o n c e r n , 

s t o c k s w i l l f a l l ( a b b r e v i a t e d s t o c k s - ) 
i n t e r e s t r a t e s w i l l f a l l ( i n t e r e s t - ) 
t a x e s w i l l b e r a i s e d ( taxes+) 
bonds w i l l r i s e (bonds+) 
t h e r e w i l l b e a h i g h d e f i c i t ( d e f i c i t - * ) 

We have a l s o s e v e r a l compos i te p r o p o s i t i o n s 
s t a t e d a s l o g i c a l c o m b i n a t i o n s o f t hese p r o p o s i ­
t i o n s , such a s "bonds w i l l r i s e o r i n t e r e s t r a t e s 
w i l l f a l l " , t h a t must b e d e f i n e d b y l o g i c a l r e l a ­
t i o n s . A s s e r t i o n s A l t h r o u g h A5 each p r o v i d e s 
ev idence i n t h e fo rm o f a v a l i d i t y f o r one o f t he 
b a s i c o r compos i te p r o p o s i t i o n s , w h i l e each o f 
A6 t h r o u g h A10 becomes one or two i n f e r e n t i a l 
r e l a t i o n s . 

D e s p i t e t h e s i m p l i c i t y o f t h i s m o d e l , i t may 
no t b e i m m e d i a t e l y appa ren t t h a t t he i n f o r m a t i o n 
i n the a s s e r t i o n s i s i n c o n s i s t e n t . A l and A 7 
j o i n t l y s u p p o r t t he i n f e r e n c e t h a t t a x e s w i l l b e 
r a i s e d , w h i l e a s s e r t i o n s A2 and A4 t o g e t h e r s u g ­
g e s t t h a t t axes w i l l n o t b e r a i s e d . I n t h e 
l o g i c a l sense , t h e r e f o r e , t h i s c o l l e c t i o n o f 
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a s s e r t i o n s i s o f n o v a l u e because a n y t h i n g a t a l l 
can b e i n f e r r e d f r om i t v i a t h e t a u t o l o g y A i m p l i e s 
(~A i m p l i e s B ) . However, i t seems t h a t most p l a u ­
s i b l e r e a s o n i n g t a s k s i n v o l v e i n c o n s i s t e n t i n f o r ­
m a t i o n so t h a t t h e example i s n o t an u n f a i r one . 

3. PROSPECTOR 

P r o s p e c t o r (Duda, H a r t , and N i l s s o n , 1976) i s 
a g e n e r a l - p u r p o s e a r c h i t e c t u r e f o r u n c e r t a i n i n f e r ­
ence t h a t has been used w i t h s e v e r a l g e o l o g i c a l 
models and whose b a s i c approach has been t a k e n up 
by o t h e r systems such as AL/X ( R e i t e r , 1981 ) . I t 
i s t h e r e f o r e r e p r e s e n t a t i v e o f a w e l l - d e v e l o p e d 
schoo l o f t h o u g h t about u n c e r t a i n i n f e r e n c e . 

3 . 1 Overv iew o f P r o s p e c t o r 

P r o s p e c t o r t akes t h e v a l i d i t y o f a p r o p o s i t i o n 
t o b e i t s p o s t e r i o r p r o b a b i l i t y g i v e n t h e ev idence 
at hand . Le t H be some p r o p o s i t i o n about wh ich 
i n f e r e n c e s are to be drawn and E ano the r p r o p o s i ­
t i o n . Bayes ' theorem g i v e s t h e p o s t e r i o r p r o b a ­
b i l i t y (o r l i k e l i h o o d ) o f H g i v e n E as 

where P(E) and P(H) are p r i o r p r o b a b i l i t i e s , and 
s i m i l a r l y 

Assuming t h a t t h e l a t t e r i s n o n - z e r o , we can 
d i v i d e t h e f i r s t e q u a t i o n b y t h e second t o o b t a i n 

wh i ch may be s t a t e d a s , t h e p o s t e r i o r odds of H 
i s i t s p r i o r odds m u l t i p l i e d b y a f a c t o r ( c a l l e d 
X) t h a t c h a r a c t e r i z e s t h e s u f f i c i e n c y of E as a 
p r e d i c t o r o f H . A s i m i l a r a n a l y s i s can be p e r ­
formed r e p l a c i n g E by E in t h e above, and t h e 
c o r r e s p o n d i n g f a c t o r λ c h a r a c t e r i z e s t h e neces ­
s i t y o f E i f H i s t o h o l d . 

T h i s f o r m a l i s m i s i n s u f f i c i e n t b y i t s e l f t o d e t e r ­
mine what shou ld happen to t h e odds of H when 
s e v e r a l p r o p o s i t i o n s E l , E2, . . . a re r e l e v a n t t o 
i t , o r when t h e E 's a re known w i t h l e s s t h a n 
c e r t a i n t y . The approach t aken i n P r o s p e c t o r i s 
t o make two a d d i t i o n a l assumpt ions ( c o n d i t i o n a l 
independence and i n t e r p o l a t i o n ) t h a t a l l o w t h e 
p o s t e r i o r odds o f p r o p o s i t i o n H to be computed 
a s t h e p r o d u c t o f i t s p r i o r odds and e f f e c t i v e 
m u l t i p l y i n g f a c t o r s o b t a i n e d f o r each E i . 

I n f e r e n t i a l l i n k s f rom one p r o p o s i t i o n t o ano the r 
can t h u s be implmented by choos ing a p p r o p r i a t e 
v a l u e s f o r t h e f a c t o r s X and λ . The p o s t e r i o r 
odds o f l o g i c a l c o m b i n a t i o n s o f p r o p o s i t i o n s i s 
computed f r om t h o s e o f t h e components , e . g . , i f A 
i s t he c o n j u n c t i o n o f B l , B2, . . . , t h e odds o f A 
i s t h e minimum o f t h e odds o f any B i . Each 
r e l a t i o n can cause t h e odds o f o n l y one p r o p o s i ­
t i o n t o b e a l t e r e d d i r e c t l y ; i n f e r e n t i a l r e l a t ­
i o n s " I f E , t h e n H" as b e f o r e a f f e c t o n l y H , and 
l o g i c a l r e l a t i o n s a s above a f f e c t o n l y A . 
A c c o r d i n g l y , t h e l i n k s r e p r e s e n t i n g r e l a t i o n s a r e 
t h o u g h t o f a s d i r e c t e d i n t o t he a f f e c t e d p r o p o s i ­
t i o n . P r o s p e c t o r r e q u i r e s t h a t t h e r e b e n o c y c l e s 
i n t h e i n f e r e n c e n e t and a l l o w s observed 

p r o b a b i l i t i e s t o b e g i v e n o n l y f o r " e v i d e n c e " 
p r o p o s i t i o n s t h a t have n o l i n k s d i r e c t e d i n t o them. 

3.2 A p p l y i n g P r o s p e c t o r t o t h e Model 

S e v e r a l d i f f i c u l t i e s a r i s e when w e a t t e m p t t o 
use t h e P r o s p e c t o r a r c h i t e c t u r e f o r t h e mode l . The 
more s e r i o u s o f t hese a re consequences o f 
P r o s p e c t o r ' s t a c i t assumpt ion t h a t p r o p o s i t i o n s 
can be a r ranged in a h i e r a r c h y w i t h i n f e r e n c e 
c h a i n s f l o w i n g smooth ly f rom raw ev idence t h r o u g h 
t o c o n c l u s i o n s . 

C o n s i d e r , f o r example , t he p r o p o s i t i o n 
" s t o c k s w i l l f a l l " . T h i s appears a s ev idence i n 
A l bu t as a c o n c l u s i o n i n s e v e r a l o t h e r a s s e r t i o n s . 
A g a i n , a s s e r t i o n s A2 , A3, and A5 p r o v i d e v a l i d i t i e s 
f o r l o g i c a l c o m b i n a t i o n s o f p r o p o s i t i o n s , b u t 
P r o s p e c t o r c o n t a i n s no mechanism t h a t would a l l o w 
ev idence to bear d i r e c t l y on such compos i te 
p r o p o s i t i o n s . S i m i l a r prob lems a r i s e f rom A6, A7, 
and A8, where l o g i c a l c o m b i n a t i o n s a re on the 
r e c e i v i n g end o f t h e i n f e r e n t i a l l i n k s . 

The s teps t aken to r e f o r m u l a t e t h e example 
a re as f o l l o w s : (1) The two p r o p o s i t i o n s " s t o c k s 
w i l l f a l l " and " i n t e r e s t r a t e s w i l l f a l l " t h a t 
appear b o t h as ev idence and as p o t e n t i a l c o n c l u ­
s i o n s a re r e p r e s e n t e d each by two nodes in t h e 
n e t . The f i r s t i s a c o n v e n t i o n a l ev idence node 
w i t h a v e r y s t r o n g i n f e r e n t i a l l i n k t o the second 
copy t h a t i s a l s o t he r e c i p i e n t o f o t h e r i n f e r e n ­
t i a l l i n k s . (2) A s s e r t i o n s such as A2 o f t he 
fo rm "A o r B" a r e r e p r e s e n t e d f u n c t i o n a l l y as t h e 
p a i r o f i n f e r e n c e r e l a t i o n s " I f A i s f a l s e , t hen 
B" and " I f i s B i s f a l s e , t hen A " . (3) Complex 
a s s e r t i o n s a re b r o k e n down i n t o more p r i m i t i v e 
r e l a t i o n s t h a t have a s i n g l e p r o p o s i t i o n as t he 
i n f e r e n c e . For example , A6, o f the fo rm "A o r 
B i f , and o n l y i f , C o r D" becomes t h e s e t o f 
r e l a t i o n s (and t h e i r symmet r i c c o u n t e r p a r t s ) 

(4) F i n a l l y , a l l p r i o r p r o b a b i l i t i e s a re t aken b y 
d e f a u l t as 0 .5 s i n c e the example does n o t s p e c i f y 
o t h e r v a l u e s , and t h e s t r e n g t h s o f t h e m u l t i p l i e r s 
λ and λ ' a re d e t e r m i n e d s o t h a t , i f t h e r e l a t i o n 
" I f A , t h e n B " has v a l i d i t y V , t h e p o s t e r i o r 
p r o b a b i l i t y o f p r o p o s i t i o n B g i v e n A i s a l s o V . 

Even w i t h t hese changes , t h e r e f o r m u l a t e d 
example v i o l a t e s a P r o s p e c t o r p r o h i b i t i o n on 
c y c l e s i n t h e n e t . These a r i s e f r om s t r o n g i n t e r ­
c o n n e c t i o n s among t h e f i v e i n d i c a t o r s , however , 
and t h e r e seems to be no way o f e l i m i n a t i n g them. 
Rather t h a n abandon t h e e n t e r p r i s e , w e w i l l g e n e r ­
a l i z e t h e P r o s p e c t o r a l g o r i t h m t o a l l o w computa­
t i o n o f p o s t e r i o r p r o b a b i l i t i e s b y r e l a x a t i o n , 
t e r m i n a t i n g when changes a re s m a l l so t h a t c y c l e s 
w i l l n o t cause i n f i n i t e l o o p s . 

A P r o s p e c t o r - l i k e sys tem embodying t h i s 
m o d i f i c a t i o n was used t o o b t a i n t h e r e s u l t s shown 
i n Tab le T2 . These r e s u l t s a re d e f i c i e n t i n a t 
l e a s t two r e s p e c t s . (1) They g i v e n o h i n t t h a t 



140 J. Quinlan 

t h e a s s e r t i o n s f rom wh i ch t h e model was d e r i v e d 
a re i n c o n s i s t e n t . The assumpt ions t h a t P r o s p e c t o r 
makes w i l l never p roduce an o v e r c o n s t r a i n e d system, 
s o any c o l l e c t i o n o f ev i dence and r e l a t i o n s w i l l 
l e a d to a s o l u t i o n . (2) The s t a t e m e n t o f a r e s u l t 
as a p r o b a b i l i t y i s f i n e when t h e r e i s o n l y one 
r e s u l t o f i n t e r e s t , b u t can l e a d t o p rob lems i n 
cases such as t h i s when we need a s i m u l t a n e o u s 
r e a d i n g on s e v e r a l h y p o t h e s e s . Suppose t h a t t h e 
model b u i l d e r w ished t o p r e d i c t the most l i k e l y 
f u t u r e s t a t e f rom t h e 2 p o s s i b l e i n te rms o f t h e 
f i v e i n d i c a t o r s . C o n v e r t i n g t he p r o b a b i l i t i e s t o 
c a t e g o r i c a l f o rm by t h r e s h o l d i n g as in Tab le T2 
wou ld l e a d t o t h e c o n c l u s i o n t h a t 

These c o n c l u s i o n s j o i n t l y v i o l a t e t h e " o n l y i f " 
p a r t o f a s s e r t i o n A7! Thus mapping f rom p r o b a l -
i s t i c t o c a t e g o r i c a l r e s u l t s f o r s e v e r a l v a r i a b l e s 
may produce c o n c l u s i o n s t h a t d o no t f i t w i t h t h e 
e v i d e n c e . 

I n summary, i n o r d e r t o r u n our example on 
P r o s p e c t o r we had to make s i g n i f i c a n t a l t e r a t i o n s 
t o the f o r m u l a t i o n o f t h e model and t o m o d i f y 
P r o s p e c t o r as w e l l ; even so , t h e r e s u l t s we 
o b t a i n e d were d e f i c i e n t . For a l l t hese reasons 
i t wou ld seem t h a t P r o s p e c t o r i s n o t w e l l - s u i t e d 
t o t h i s a p p l i c a t i o n . 

K o n o l i g e (1982) has deve loped an a l t e r n a t i v e 
scheme f o r Bayes ian i n f e r e n c e t h a t f i n e s s e s many 
o f t h e d i f f i c u l t i e s above. T h i s scheme, based o n 
i n f o r m a t i o n t h e o r y , a l l o w s n o n - d i r e c t i o n a l p r o p ­
a g a t i o n among L o c a l Event Groups , each c h a r a c t e r ­
i z e d by a comp le te p r o b a b i l i t y d i s t r i b u t i o n . The 
model c o u l d b e r u n w i t h o u t m o d i f i c a t i o n , b u t t h e 
d e f i c i e n c i e s r e g a r d i n g i n c o n s i s t e n c i e s and c a t e ­
g o r i c a l i n t e r p r e t a t i o n wou ld seem t o r e m a i n . 

4. INFERNO 

INFERNO ( Q u i n l a n , 1983) i s a n o t h e r i n f e r e n c e 
ne twork system t h a t was d e s i g n e d around f o u r i d e a s : 

1 . Genera l systems f o r u n c e r t a i n i n f e r e n c e 
are b e t t e r o f f w i t h o u t assumpt ions such 
as c o n d i t i o n a l independence whose u n i v e r s a l 
v a l i d i t y i s suspec t ( P e d n a u l t , Z u c k e r , 
and Muresan, 1981 ) . 

2 . O n t h e o t h e r hand , i t shou ld b e p o s s i b l e 

t o a s s e r t t h a t p a r t i c u l a r g roups o f 
p r o p o s i t i o n s e x h i b i t r e l a t i o n s h i p s 
such as independence . 

3 . There s h o u l d be no r e s t r i c t i o n s on t h e 
d i r e c t i o n o f i n f o r m a t i o n f l o w i n t h e 
n e t w o r k . (Th i s was t h e cause of much 
o f P r o s p e c t o r ' s d i f f i c u l t y w i t h t he mode l . ) 

4 . The c o n s i s t e n c y o f t h e d a t a s h o u l d be 
checked and t h e system shou ld be a b l e to 
a d v i s e o n a l t e r n a t i v e methods o f r e c t i f y ­
i n g i n c o n s i s t e n c i e s 

The e f f e c t o f t h e s e r e q u i r e m e n t s has been to 
l e a d away f rom P r o s p e c t o r - s t y l e f o r m a l i s m s . 

4 . 1 D e s c r i p t i o n o f INFERNO 

The f i r s t d i f f e r e n c e comes i n t he way t h a t 
t h e v a l i d i t y o f a p r o p o s i t i o n i s r e p r e s e n t e d . 
I n s t e a d o f a s i n g l e p o i n t p r o b a b i l i t y , INFERNO 
uses p r o b a b i l i t y bounds; a p r o p o s i t i o n A is c h a r ­
a c t e r i z e d by a l ower bound t ( A ) on t h e p r o b a b i l i t y 
P(A) of A and a l owe r bound f (A) on P ( ~ A ) . T h i s 
approach has two adv an tages . The u n c e r t a i n t y o f 
our knowledge about A i s a p p a r e n t , be i ng j u s t the 
d i f f e r e n c e between t ( A ) and 1 - f ( A ) . Second, t he 
v a l u e s o f t ( A ) and f ( A ) a re d e r i v e d f rom ev idence 
t e n d i n g to s u p p o r t and to deny A r e s p e c t i v e l y , and 
these v a l u e s a re r e t a i n e d and p ropaga ted 
s e p a r a t e l y . 

To ach ieve t h e n o n - d i r e c t e d p r o p a g a t i o n o f 
i n f e r e n c e s as in p o i n t (3) above, INFERNO f o l l o w s 
WAND (Hayes-Ro th , 1981) in v i e w i n g r e l a t i o n s as 
c o n s t r a i n t s o n t h e r e s p e c t i v e v a l i d i t i e s o f c o l ­
l e c t i o n s o f p r o p o s i t i o n s . Changing a p r o b a b i l i t y 
bound o f any p r o p o s i t i o n i n t he c o l l e c t i o n may 
r e q u i r e some o t h e r bound t o be a l t e r e d t o p r e ­
se rve the c o n s t r a i n t . For example , one fo rm o f 
i n f e r e n t i a l r e l a t i o n , w r i t t e n a s 

A enab les B w i t h s t r e n g t h X 

i s i n t e n d e d t o c a p t u r e t h e ( u n c e r t a i n ) r e l a t i o n 
" I f A , t hen B" . T h i s r e l a t i o n has two a s s o c i a t e d 
c o n s t r a i n t s : 

and t h u s can cause t ( B ) to be i n c r e a s e d when t ( A ) 
i s i n c r e a s e d , o r f ( A ) t o b e i n c r e a s e d when f ( B ) 
i s i n c r e a s e d . L o g i c a l c o n n e c t i o n s among p r o p o s i ­
t i o n s a re hand led in t h e same manner. The 
r e l a t i o n d e f i n i n g A a s t h e c o n j u n c t i o n o f B l , B2, 
. . . , B n g i v e s f o u r c o n s t r a i n t s : f o r a l l B i , 

These and a l l o t h e r INFERNO c o n s t r a i n t s can 
b e d e r i v e d f r om s i m p l e p r o b a b i l i t y i d e n t i t i e s 
w i t h o u t o t h e r a s s u m p t i o n s . 

T h i s r e p r e s e n t a t i o n s u p p o r t s a p r o b a b i l i s t i c 
concep t o f c o n s i s t e n c y . I f t ( A ) + ( f ( A ) > 1 f o r 
some p r o p o s i t i o n A , t h e i n f o r m a t i o n abou t A i s 
i n c o n s i s t e n t and one o r b o t h o f t h e bounds must 



b e i n c o r r e c t . S ince t h e p r o p a g a t i o n c o n s t r a i n t s 
a re p r o v a b l y c o r r e c t , t h e i n c o n s i s t e n c y can o n l y 
a r i s e f rom c o n t r a d i c t i o n s i m p l i c i t i n the i n f o r ­
m a t i o n g i v e n to t h e sys tem. INFERNO can suggest 
ways t o a l t e r the da ta s o a s t o make i t c o n s i s t ­
e n t . Such a s u g g e s t i o n , c a l l e d a r e c t i f i c a t i o n , 
i d e n t i f i e s one o r more a s s e r t i o n s whose g i v e n 
v a l i d i t y must b e reduced a n d / o r i n f e r e n t i a l r e l a ­
t i o n s t h a t must be weakened. INFERNO can gene ra te 
the b e s t n o f t h e p o s s i b l e r e c t i f i c a t i o n s , r a n k i n g 
them under t h e assumpt ion t h a t t hose i n v o l v i n g t he 
l e a s t a l t e r a t i o n o f the o r i g i n a l da ta are more 
l i k e l y t o b e a c c e p t a b l e . 

4 .2 A p p l y i n g INFERNO to t h e Model 

When we w ished to app l y P r o s p e c t o r to the 
model w e f i r s t had t o r e f o r m u l a t e i t t o conform t o 
P r o s p e c t o r ' s a r c h i t e c t u r a l r e s t r i c t i o n s . INFERNO 
does n o t impose any .such r e s t r i c t i o n s and the mode 
can b e run i n i t s o r i g i n a l f o r m . 

INFERNO i m m e d i a t e l y f i n d s the s e t o f a s s e r t ­
i o n s t o b e i n c o n s i s t e n t . A n a l y s i s o f t he v a r i o u s 
i n t e r d e p e n d e n c i e s then l eads i t t o p ropose f o u r 
a l t e r n a t i v e r e c t i f i c a t i o n s , each o f wh i ch w i l l 
c o r r e c t , a l l i n c o n s i s t e n c i e s . Each r e c t i f i c a t i o n 
c o n s i s t s o f a s i n g l e change: 

Reduce the v a l i d i t y o f a s s e r t i o n A4 to .71 
Reduce the v a l i d i t y o f a s s e r t i o n A2, to .81 
Reduce the v a l i d i t y o f a s s e r t i o n A l t o . 5 
Weaken the o n l y - i f s t r e n g t h o f a s s e r t i o n 

A7 t o .727 

T h i s a n a l y s i s i s i n t e n d e d t o p e r m i t t he user t o 
r e v i e w s e l e c t e d f ragmen ts o f the da ta w i t h an eye 
t o making i t c o n s i s t e n t b e f o r e t r u s t i n g c o n c l u ­
s i o n s based o n i t . 

Le t u s suppose the u s e r , a f t e r r e f l e c t i o n , 
dec i des t h a t a s s e r t i o n A l i s i n a p p l i c a b l e i n t h i s 
case and shou ld be c o m p l e t e l y d i s r e g a r d e d r a t h e r 
t h a n j u s t h a v i n g a lower v a l i d i t y . The c o n s i s t ­
en t s e t o f p r o b a b i l i t y bounds t h a t INFERNO o b t a i n s 
f rom A2 t h r o u g h A10 is shown in Tab le T3. In 
g e n e r a l i t i s more d i f f i c u l t t o p l a c e a c a t e g o r i ­
c a l i n t e r p r e t a t i o n on INFERNO's ranges than i t was 
i n t h e case o f P r o s p e c t o r ' s p o i n t p r o b a b i l i t i e s , 
b u t i n t h i s i n s t a n c e t h e mapping t o ( T , ? , F ) seems 
r e a s o n a b l e . N o t i c e , t h o u g h , t h a t the c a t e g o r i c a l 
i n t e r p r e t a t i o n a g a i n v i o l a t e s a r e l a t i v e l y s t r o n g 
r e l a t i o n (A10) p r e d i c t i n g t h a t s t o c k s w i l l f a l l 
i f t h e r e i s a h i g h d e f i c i t ! 

To summar ize: INFERNO a v o i d s t h r e e of t h e 
f o u r d i f f i c u l t i e s t h a t P r o s p e c t o r e x p e r i e n c e d w i t h 
t h e mode l . I t a l l o w s a s s e r t i o n s and i n f e r e n c e s 
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about l o g i c a l c o m b i n a t i o n s o f p r o p o s i t i o n s and i s 
n o t p u t o u t b y c y c l e s i n t h e n e t . I t a l s o makes 
appa ren t any i n c o n s i s t e n c i e s i n t h e d a t a and p r o ­
v i d e s h e l p f u l a i d s t o r e v i e w i n g i t . However, a n 
a t t e m p t t o p l a c e c a t e g o r i c a l i n t e r p r e t a t i o n s o n 
t h e r e s u l t s can once more l e a d t o c o n c l u s i o n s t h a t 
a re n o t c o n s i s t e n t w i t h t he d a t a . 

5. PONDEROSA 

Ponderosa r e p r e s e n t s a d e p a r t u r e f rom c u r r e n t 
p l a u s i b l e i n f e r e n c e systems because , a l t h o u g h i t 
s t i l l d e a l s w i t h u n c e r t a i n a s s e r t i o n s and r e l a t i o n s , 
i t docs no t a t t e m p t t o p ropaga te v a l i d i t y measures 
o f any k i n d . I n s t e a d , i t f o l l o w s t h e approach o f 
t r y i n g t o i d e n t i f y i n t e r n a l l y c o n s i s t e n t subse ts 
o f t h e i n f o r m a t i o n g i v e n t o i t . The m e r i t o f any 
such d i v i s i o n i s t hen e s t a b l i s h e d as a f u n c t i o n o f 
t he v a l i d i t i e s o f a s s e r t i o n s t h a t were n o t 
i n c l u d e d . 

5 . 1 D e s c r i p t i o n o f t h e Approach 

Each a s s e r t i o n in t h e model can be v iewed as 
a w e l l - f o r m e d f o r m u l a ( w f f ) o f t he p r o p o s i t i o n a ] 
c a l c u l u s w i t h a v a l i d i t y measure a t t a c h e d , o r , 
i n t he case o f t he " i f and o n l y i f " a s s e r t i o n s , a 
p a i r o f such f o r m u l a s . L e t C be a subse t o f t he 
w f f s , where we d i s r e g a r d f o r t h e moment each w f f ' s 
v a l i d i t y measure. C i s c o n s i s t e n t i f t h e r e i s n o 
w f f t h a t can b e b o t h p roved and d i s p r o v e d f rom C * 
A subse t i s m a x i m a l l y c o n s i s t e n t i f i t i s c o n s i s ­
t e n t bu t t he a d d i t i o n o f any o t h e r w f f f rom the 
o r i g i n a l se t w i l l make i t i n c o n s i s t e n t . 

Suppose now t h a t t h e o r i g i n a l s e t o f w f f s has 
been d i v i d e d i n t o a m a x i m a l l y c o n s i s t e n t subse t 
C and rema inder R = {R1 ,R2 , . . . , Rnj and l e t V(R i ) 
be t h e v a l i d i t y measure o f R i . One way o f a s s e s s ­
i n g t h e s i t u a t i o n wou ld b e t o accep t the w f f s i n 
C t o g e t h e r w i t h a l l t h e i r ( c o n s i s t e n t ) i n f e r e n c e s 
and to i g n o r e t h e w f f s i n R as b e i n g e i t h e r 
e r roneous ( e . g . , r e s u l t i n g f rom f a u l t y o b s e r v a t i o n ) 
o r d e f a u l t a s s e r t i o n s t h a t d o n o t a p p l y i n t h i s 
case . How p l a u s i b l e i s t h i s d i v i s i o n ? I f i t i s 
t o be c o r r e c t , each i n d i v i d u a l R i must be i n c o r ­
r e c t o r i n a p p l i c a b l e . The p r o b a b i l i t y t h a t t h i s 
d i v i s i o n i s c o r r e c t i s t h e n the p r o b a b i l i t y o f the 
c o n j u n c t i o n 

* Th i s n o t i o n o f c o n s i s t e n c y i s s t r o n g e r t h a n t h e 
one used f o r INFERNO i n w h i c h i t i s p e r m i s s i b l e 
to i n f e r b o t h A and ~A so l o n g as t h e sum of t h e 
upper bounds o f P(A) and P(~A) does n o t exceed 1 . 
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o f t h e d i v i s i o n o f t h e o r i g i n a l s e t o f w f f s i n t o 
C and R. 

The number o f p o t e n t i a l s p l i t s o f a s e t o f 
w f f s i n t o a m a x i m a l l y c o n s i s t e n t subse t and a 
rema inder grows e x p o n e n t i a l l y w i t h t h e s i z e o f t h e 
s e t . The v a l i d i t y measures a t t a c h e d t o p r o p o s i ­
t i o n s , however , p r o v i d e methods o f r e d u c i n g t h e 
c o m p u t a t i o n a l l o a d . F i r s t , w e a re c l e a r l y u n i n ­
t e r e s t e d i n any d i v i s i o n whose v a l i d i t y i s z e r o . 
I f any w f f i n R has a v a l i d i t y o f 1 , t h e i n e q u a l ­
i t y above g i v e s a z e r o upper bound on t h e v a l i d i t y 
o f t h a t d i v i s i o n . C o n s e q u e n t l y , we need c o n s i d e r 
o n l y d i v i s i o n s i n w h i c h a l l c a t e g o r i c a l a s s e r t ­
i o n s a re i n c l u d e d i n t h e c o n s i s t e n t subse t C . 
Second, we do n o t w i sh to swamp t h e user w i t h a l l 
p o s s i b l e d i v i s i o n s , b u t r a t h e r t o g e n e r a t e and 
d i s p l a y o n l y t h e b e s t N o f them f o r some s m a l l , 
f i x e d N. 

5 .2 A l g o r i t h m f o r F i n d i n g D i v i s i o n s 

We now g i v e a method f o r f i n d i n g the b e s t N_ 
m a x i m a l l y c o n s i s t e n t subse ts o f t he w f f s . T h i s 
i s necessa ry t o demons t ra te t h a t Ponderosa 's 
approach i s c o m p u t a t i o n a l l y f e a s i b l e , b u t c a s u a l 
r e a d e r s m i g h t p r e f e r t o move d i r e c t l y t o s e c t i o n 
5 . 3 . 

Each p r o p o s i t i o n A i s b roken i n t o two f i n d ­
i n g s " A i s t r u e " and " A i s f a l s e " . A s s o c i a t e d 
w i t h each f i n d i n g i s a c o l l e c t i o n o f j u s t i f i c a t i o n s 
f o r t h e f i n d i n g , where a n u l l j u s t i f i c a t i o n 
i n d i c a t e s t h a t t h e r e i s n o reason t o b e l i e v e t h e 
f i n d i n g . Each j u s t i f i c a t i o n f o r t h e f i n d i n g i s 
e i t h e r t h a t t h e f i n d i n g i s a n e x p l i c i t a s s e r t i o n 
g i v e n t o t h e sys tem, o r t h a t t he f i n d i n g i s a n 
i n f e r e n c e f rom a r e l a t i o n and one or more o t h e r 
f i n d i n g s w i t h n o n - n u l l j u s t i f i c a t i o n s . For 
i n s t a n c e , t h e f i n d i n g " B i s f a l s e " and t h e r e l a t ­
i o n " A i m p l i e s B " t o g e t h e r j u s t i f y t h e f i n d i n g 
" A i s f a l s e " , and t h e l o g i c a l r e l a t i o n " X i s t h e 
d i s j u n c t i o n o f A and B" t o g e t h e r w i t h b o t h t h e s e 
f i n d i n g s j u s t i f i e s " X i s f a l s e " . 

Every datum is e i t h e r a r e l a t i o n o r a g i v e n 
f i n d i n g and a l l f i n d i n g s depend u l t i m a t e l y o n t h e 
d a t a . Ponderosa keeps w i t h each f i n d i n g a 
remova l p l a n i n t h e fo rm o f a c o l l e c t i o n o f s e t s 
o f d a t a , the i dea b e i n g t h a t a l l j u s t i f i c a t i o n s 
f o r t h i s f i n d i n g wou ld e v a p o r a t e i f , and o n l y i f , 
any one of these s e t s o f d a t a were removed. The 
a l g o r i t h m s below depend on t h e o b s e r v a t i o n t h a t 
a remova l p l a n i s i s o m o r p h i c t o a l o g i c a l e x p r e s ­
s i o n i n d i s j u n c t i v e norma l f o r m . L e t us map each 
datum D to t h e p r e d i c a t e "D i s e x c l u d e d " and t h e 
remova l p l a n 

{ { D 1 1 , D 1 2 , . . . } , { D 2 1 , D 2 2 , . . . } , . . . } 

t o the l o g i c a l e x p r e s s i o n 

( D l l i s exc l uded and D12 i s e x c l u d e d and . . . ) 
o r (D21 is exc l uded and D22 is e x c l u d e d and . . . ) 
o r . . . 

Then t h e e x p r e s s i o n i s t r u e i f , and o n l y i f , one 
o f t h e s e t s o f d a t a making u p t h e remova l p l a n 
has been d i s c a r d e d , i n wh i ch case t h e p l a n i s 
s a t i s f i e d . 

The c o m p u t a t i o n o f remova l p l a n s keeps pace 
w i t h t h e p r o p a g a t i o n o f i n f e r e n c e s . I n i t i a l l y t he 
o n l y f i n d i n g s w i t h j u s t i f i c a t i o n s a re t hose t h a t 
appear i n t h e d a t a , and the remova l p l a n f o r such 
a f i n d i n g is { { i t s e l f } } . Suppose now t h a t a new 
j u s t i f i c a t i o n f o r f i n d i n g F has been i n f e r r e d f rom 
a r e l a t i o n R and f i n d i n g s { s i } . T h i s j u s t i f i c a ­
t i o n c o u l d be removed i f e i t h e r R o r any o f t he 
S ' s c o u l d be removed, as g i v e n by t he p l a n ( i n 
d i s j u n c t i v e form) 

X = { R} v remova l p l a n ( S l ) 
v remova l p l an (S2 ) 
v . . . 

But p r e v i o u s j u s t i f i c a t i o n s may have been found 
f o r F and removal o f F wou ld r e q u i r e removal o f 
them as w e l l . I n t h i s c a s e , the new remova l p l a n 
f o r F becomes t h e c o n j u n c t i o n o f the o l d remova l 
p l a n and X. 

When the d a t a a re i n c o n s i s t e n t t h e r e w i l l be 
one or more p r o p o s i t i o n s { A i } t h a t can be b o t h 
proved and d i s p r o v e d , i . e . , one o r more p a i r s o f 
f i n d i n g s " A i i s t r u e " and " A i i s f a l s e " , b o t h w i t h 
n o n - n u l l j u s t i f i c a t i o n s and removal p l a n s . C l e a r ­
l y , t h e d a t a wou ld become c o n s i s t e n t i f , and o n l y 
i f , one o f each such p a i r o f f i n d i n g s c o u l d b e 
removed. When pu t i n t o d i s j u n c t i v e norma l f o r m , 
t h e remova l p l a n o b t a i n e d as t h e c o n j u n c t i o n over 
i o f 

remova l p l a n ( "A i i s t r u e " ) 
v remova l p l a n ( " A i i s f a l s e " ) 

i s t hen j u s t t h e se t o f r ema inde rs c o r r e s p o n d i n g 
t o a l l p o s s i b l e m a x i m a l l y c o n s i s t e n t s e t s . 

The f i n a l p rob lem i s t o f i n d t h e b e s t d i v i s ­
i ons w i t h o u t comput ing a l l o f them. The v a l i d i t y 
o f a d i v i s i o n i s known o n l y as a r a n g e , b u t d i v ­
i s i o n s can be ranked a p p r o x i m a t e l y by compar ing 
t h e m i d p o i n t s o f t h e i r r a n g e s . Ponderosa com­
p u t e s t he o v e r a l l remova l p l a n above i n a d e p t h -
f i r s t f a s h i o n s o t h a t , i f a p a r t i a l rema inder i s 
gene ra ted t h a t i s a l r e a d y more i m p l a u s i b l e t h a n 
the b e s t N_ comp le te rema inde rs found so f a r , a l l 
p o s s i b l e rema inde rs c o n t a i n i n g t h e p a r t i a l one a re 
s k i p p e d . 

5 .3 A p p l y i n g Ponderosa to t h e Model 

As was t h e case w i t h INFERNO, Ponderosa 
c o n t a i n s n o r e s t r i c t i o n s t h a t wou ld r e q u i r e t h e 
model t o be r e f o r m u l a t e d . Once a g a i n t h e i n f o r ­
m a t i o n i n a s s e r t i o n s A I t h r o u g h A10 i s found t o 
be i n c o n s i s t e n t and Ponderosa gene ra tes t h e s i x 
p o s s i b l e d i v i s i o n s o f t h e c o r r e s p o n d i n g w f f s i n t o 
a m a x i m a l l y c o n s i s t e n t subse t and a r e m a i n d e r . 
The s i x rema inde rs a r e d i s p l a y e d in Tab le T4 
t o g e t h e r w i t h t h e bounds o n t h e v a l i d i t y o f t h e 
d i v i s i o n s and t h e m i d p o i n t s o f t hese r a n g e s . 
N o t i c e t h a t , whereas INFERNO wou ld accep t t h e 
weakening o f j u s t " s t o c k s w i l l f a l l " a s s u f f i c i e n t 
to remedy t h e i n c o n s i s t e n c i e s , Ponderosa uses a 
s t r o n g e r d e f i n i t i o n o f c o n s i s t e n c y and f i n d s t h a t 
remova l o f a s s e r t i o n A I a l o n e i s n o t enough. 
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Ponderosa does no t a u t o m a t i c a l l y s e l e c t t h e 
" b e s t " o r any o t h e r m a x i m a l l y c o n s i s t e n t .subset as 
b e i n g c o r r e c t . I t s f u n c t i o n s t o p s w i t h p o i n t i n q 
o u t t o t h e user t h e p o s s i b i l i t i e s t h a t e x i s t f o r 
mak ing h i s i n f o r m a t i o n c o n s i s t e n t , u s i n g t h e 
v a l i d i t y r a n k i n q o n l y a s a f i l t e r and h e u r i s t i c 
g u i d e . The u s e r ' s s p e c i a l i s t knowledge may p l a c e 
a v a l u e o n v a r i o u s s u b s e t s o f t h e i n f o r m a t i o n t h a t 
d i f f e r s f r o m t h i s s i m p l e p l a u s i b i l i t y m o d e l . I n 
t h i s i n s t a n c e , l e t u s suppose tha t , t h e f o u r t h 
r e m a i n d e r ( a s s e r t i o n s A l and AlO) i s s e l e c t e d as 
t h e l e a s t , v a l u a b l e o f t h e s i x . When t h e s e a s s e r t ­
i o n s a r e d e l e t e d , we have a m a x i m a l l y c o n s i s t e n t 
s u b s e t o f t h e d a t a whose i m p l i c a t i o n s f o r t h e f i v e 
i n d i c a t o r s appear i n T a b l e T 5 . 

T h i s paper has f o c u s e d on a c l a s s o f p l a u s i b l e 
r e a s o n i n g t a s k s w i t h t h r e e c h a r a c t e r i s t i c s : i n c o n ­
s i s t e n t d a t a , n o n - h i e r a r c h i c a l i n t e r a c t i o n o f 
c o n c e p t s , and t h e need t o o b t a i n s i m u l t a n e o u s 
r e a d i n g s on s e v e r a l h y p o t h e s e s . A s i m p l e model 
w i t h t h e s e a t t r i b u t e s was used t o d e m o n s t r a t e t h a t 
e x i s t i n g sys tems f o r i n e x a c t i n f e r e n c e a re n o t 
s u i t e d t o t h i s k i n d o f t a s k . W e f i r s t examined 
P r o s p e c t o r as t h e q u i n t e s s e n t i a l example o f a 
B a y e s i a n sys tem and showed t h a t b o t h t h e model and 
P r o s p e c t o r i t s e l f w o u l d have t o b e a l t e r e d t o g e t 
any r e s u l t s a t a l l . Even t h e n , t h e i n c o n s i s t e n c y 
i n h e r e n t i n t h e g i v e n model was n o t made e v i d e n t 
and a s t r a i g h t f o r w a r d i n t e r p r e t a t i o n o f t h e r e s u l t s 
t u r n e d o u t t o b e a t v a r i a n c e w i t h t h e m o d e l . 
INFERNO, a more t o l e r a n t n o n - B a y e s i a n s y s t e m , 
f a r e d b e t t e r i n t h a t t h e model d i d n o t have t o b e 

changed and i t s i n c o n s i s t e n c i e s were d i s c o v e r e d , 
b u t once more t h e a t t e m p t t o w r i n g a c a t e g o r i c a l 
i n t e r p r e t a t i o n f r o m t h e r e s u l t s p roduced a n 
anomaly . Ponderosa was i n t r o d u c e d as a sys tem to 
p e r f o r m u n c e r t a i n i n f e r e n c e b y f i n d i n g max ima l 
c o n s i s t e n t s u b s e t s o f t h e m o d e l , l e a d i n g t o 
r e s u l t s t h a t a r e a lways c a t e g o r i c a l and t h a t ag ree 
w i t h w h a t e v e r reduced model i s u s e d . 

There a re c l e a r l y o t h e r c l a s s e s o f p l a u s i b l e 
r e a s o n i n g t a s k s t o w h i c h Ponderosa i s u n s u i t e d . 
I f a l l t h e d a t a i s c o n s i s t e n t o r i f t h e r e i s a 
s i n g l e p r o p o s i t i o n abou t w h i c h i n f o r m a t i o n i s 
s o u g h t , t h e p r o b a b i l i t y - b o u n d i n g approach o f 
INFERNO g i v e s a b e t t e r a p p r a i s a l o f t h e c o n f i d e n c e 
w i t h w h i c h t h e r e s u l t s can b e a c c e p t e d . T h i s s u g ­
g e s t s a n i n t e r e s t i n g p o s s i b i l i t y f o r c o m b i n i n g 
the t a l e n t s o f Ponderosa and INFERNO. F i r s t , 
Ponderosa wou ld b e used t o f i n d whe the r the d a t a 
i s c a t e g o r i c a l l y c o n s i s t e n t a n d , i f n o t , t o h e l p 
t h e u s e r choose a m a x i m a l l y c o n s i s t e n t subse t o f 
i t . INFERNO c o u l d t h e n b e r u n w i t h t h i s s u b s e t t o 
supp lement P o n d e r o s a ' s c a t e g o r i c a l i n f e r e n c e s w i t h 
p r o b a b i l i t y bounds . For i n s t a n c e , i n t he p r e v i o u s 
s e c t i o n we s e l e c t e d a m a x i m a l l y c o n s i s t e n t subse t 
A 2 t h r o u g h A 9 o f t h e a s s e r t i o n s i n T a b l e T l . The 
a n a l y s i s o f t h i s s u b s e t w i t h INFERNO i s shown i n 
T a b l e TG. I t now becomes a p p a r e n t t h a t , w h i l e 
c a t e g o r i c a l i n f e r e n c e s f r o m t h e s u b s e t j u s t i f y 
b o t h t h e p r e d i c t i o n s t h a t bonds w i l l r i s e and t h a t 
t h e r e w i l l b e a h i g h d e f i c i t , t h e f o r m e r c o n c l u ­
s i o n has weaker p r o b a b i l i t y bounds as a consequence 
o f i t s d e r i v a t i o n f r o m l e s s v a l i d a s s e r t i o n s . 

Ponderosa has been imp lemented in P a s c a l and 
C f o r a VAX 11 /780 m i n i c o m p u t e r , based on a 
s i m i l a r i m p l e m e n t a t i o n o f INFERNO. The p r o t o t y p e 
has been a p p l i e d o n l y t o s m a l l t a s k s w i t h l e s s 
t h a n 100 r e l a t i o n s and p r o p o s i t i o n s , and on t h e s e 
i t i s f a s t enough t o b e u s e f u l b u t c o n s i d e r a b l y 
s l o w e r t h a n INFERNO. Fo r c o m p a r i s o n , where 
INFERNO r e q u i r e d j u s t o v e r a second to r u n t h e 
m o d e l , i n c l u d i n g f i n d i n g r e c t i f i c a t i o n s , Ponderosa 
needed abou t 6 seconds . 
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