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Abstract: P r o b a b i l i s t i c rules a n d their v a r i a n t s have recent ly s u p p o r t e d severa l success fu l a p p l i c a t i o n s of 
e x p e r t s y s t e m s , in s p i t e of the difficulty of c o m m i t t i n g i n f o r m a n t s to p a r t i c u l a r condi t iona l p robab i l i t i e s 
or " cer ta in ty f a c t o r s , " a n d in sp i t e of t h e exper imenta l ly obse rved insens i t iv i ty of s y s t e m p e r f o r m a n c e 
to p e r t u r b a t i o n s of t h e chosen va lues . Here we survey recent d e v e l o p m e n t s concerning r e a s o n e d as­
s u m p t i o n s which offer hope for avo id ing the p r a c t i c a l e lus iveness of p robab i l i s t i c rules while re ta in ing 
theoret ica l power, for b a s i n g s y s t e m s on the i n f o r m a t i o n unhes i t a t ing ly g a i n e d f rom exper t in formant s , 
and r e c o n s t r u c t i n g t h e enta i led degrees of belief l a ter . 

I owe m u c h to G E R A L D S U S S M A N , J O H A N DE K L E E R , G U Y S T E E L E , D R E W M c D E R M O T T a n d 
M A R V I N M l N S K Y for insp i ra t ion on the se top ic s . I a l so t h a n k J O S E P H S C H A T Z , P E T E R S Z O L O V I T S , 
R A N D A L L D A V I S , D O N A L D K O S Y , a n d M A R K F O X for v a l u a b l e d i scus s ions , a n d J A I M E C A R B O N E L L , 
J O H N M C D E R M O T T , a n d E D W A R D S H O R T L I F F E for s u g g e s t i n g s u b s t a n t i v e i m p r o v e m e n t s to thi s 
p a p e r . T h i s research w a s s u p p o r t e d by t h e Defense A d v a n c e d R e s e a r c h P r o j e c t s A g e n c y ( D O D ) , A R P A 
Order N o . 3597, m o n i t o r e d by t h e Air Force Av ion ic s L a b o r a t o r y under C o n t r a c t F 3 3 6 1 5 - 8 1 - K - 1 5 3 9 . 
T h e v iews a n d conclus ions conta ined in this d o c u m e n t are those of t h e a u t h o r , a n d shou ld n o t b e 
in te rpre ted as represent ing the official pol ic ies , e i ther e x p r e s s e d or impl ied , of the Defense A d v a n c e d 
R e s e a r c h P r o j e c t s A g e n c y or the G o v e r n m e n t of the U n i t e d S t a t e s of A m e r i c a . 



The ''Probability" Problem 

§ 1 . R e c e n t succes se s of " e x p e r t s y s t e m s " s t e m from m u c h h a r d work of des igner s a n d exper t s in e l ict ing, 
encoding , a n d e x a m i n i n g the n o r m a l l y t ac i t rules of r ea son ing employed by the e x p e r t s . T h e s e three t a s k s 
of e l ict ing, encod ing , a n d e x a m i n i n g rules of rea son ing influence each other . T h e des igner m u s t b e ab le to 
encode the rules e l ic ted , t h e e n c o d i n g m u s t fac i l i ta te e x a m i n a t i o n of the rules in o p e r a t i o n , a n d the s o r t s 
of in format ion el icted m u s t s e e m i m p o r t a n t to t h e e x p e r t l e s t . e x a m i n a t i o n s e e m point les s . M u c h current 
p r a c t i c e e m p l o y s so-ca l led j u d g m e n t a l rules for e n c o d i n g t h e i n f o r m a n t ' s rules of r e a s o n i n g . J u d g m e n t a l 
rules , for e x a m p l e t h o s e in M Y C I N , i n c o r p o r a t e bo th p r o p o s i t i o n a l a n d " p r o b a b i l i s t i c " in fo rmat ion . A n 
i n v e s t m e n t adv i so r s y s t e m , for in s t ance , m i g h t b e g iven a rule 

I F : 1. T h e cl ient ' s i n c o m e b r a c k e t is 5 0 % , 

a n d 2. T h e client careful ly s t u d i e s m a r k e t t r ends , 

T H E N : 3. T h e r e is ev idence (0 .8) t h a t the inve s tment shou ld be in h igh- technology . 

( f rom [DAVIS 1979]) a n d would use the rule to d raw conclus ions whose " cer ta in ty f a c t o r s " d e p e n d on 
the o b s e r v e d cer ta inty f ac to r s of t h e h y p o t h e s e s (l ines 1 a n d 2) a n d the cer ta in ty factor (0 .8) of the 
rule itself. T h o u g h few e x p e r t s y s t e m s a c t u a l l y t r e a t these numer ica l g r a d e s of cer ta inty a s B a y e s i a n 
p r o b a b i l i t i e s a n d cond i t iona l p robab i l i t i e s , their in te rpre t a t ion usua l ly a p p r o x i m a t e s t h a t of B a y e s i a n 
probab i l i t i e s , n a m e l y a s s u b j e c t i v e degree s of belief. A l t h o u g h s imple , these j u d g m e n t a l ru les h a v e 
s u p p o r t e d d e v e l o p m e n t of m a n y i m p r e s s i v e a p p l i c a t i o n s . 

§ 2 . In sp i te of t h e fruit fulness of th i s a p p r o a c h , its p r a c t i t i o n e r s expre s s d i s c o m f o r t wi th severa l of i t s 
r equ i rement s . One difficulty is t h a t while it is re la t ive ly e a s y to elict t e n t a t i v e p ropos i t i ona l ru les f rom 
e x p e r t s a n d from p e o p l e in genera l , it is cons iderab ly harder to ge t c o m m i t m e n t to p a r t i c u l a r g r a d e s 
of cer ta inty . T h a t is, one ' s h u m a n i n f o r m a n t m i g h t quickly s u g g e s t the p r o p o s i t i o n a l p a r t of t h e a b o v e 
rule " IF 1 a n d 2, T H E N 3" b u t m i g h t t ry to avoid a s s i gn ing 0.8 or any other n u m b e r to t h e rule . Worse 
still , ind iv idua l i n f o r m a n t s f requently vary in their answers to a r e p e a t e d quest ion d e p e n d i n g on the d a y 
of the week, their e m o t i o n a l s t a t e , the p r e c e d i n g ques t ions , and other e x t r a n e o u s f ac tor s . T h i s further 
a g g r a v a t e s t h e sens i t iv i ty of a n s w e r s to the p h r a s i n g of ques t ions no ted by T V E R S K Y a n d K A H N E M A N . 

A n o t h e r difficulty s t e m s f rom the se . N o t i c i n g the he s i t ancy of their i n f o r m a n t s , s y s t e m des ign­
er s te s t the sens i t iv i ty of the s y s t e m ' s p e r f o r m a n c e t o the s e t of n u m b e r s u sed . R e p o r t e d e x p e r i m e n t s 
show the n u m b e r s to not ac tua l ly m e a n exac t ly w h a t they seem to m e a n , for the p e r f o r m a n c e of m o s t 
s y s t e m s r e m a i n s c o n s t a n t under al l s o r t s of s m a l l ( < 3 0 % ) p e r t u r b a t i o n s in the prec i se v a l u e s u s e d . 
U n d e r s t a n d a b l y , e x p e r t s y s t e m des igner s have difficulty ju s t i fy ing their use of the n u m e r i c a l j u d g m e n t s 
in face of these ind ica t ions of p sycho log ica l a n d p r a g m a t i c unrea l i ty . U n f o r t u n a t e l y , they h a v e h a d to 
s t i ck to their g u n s , s ince no s a t i s f a c t o r y a l t e r n a t i v e h a s been a p p a r e n t . 

§ 3 . O n e hope for g iv ing exper t s y s t e m des igners w h a t they w a n t is to i n v e s t i g a t e their p rac t i ce , to 
seek s impler b u t e q u i p o t e n t s o r t s of in fo rmat ion and o p e r a t i o n s which c a p t u r e t h e "g ra in of t r u t h " in 
t h e p robab i l i s t i c a p p r o a c h . S o m e t h i n g m i g h t exp la in bo th the de s igner s ' in tu i t ions a n d their s y s t e m s ' 
succe s se s . S ince t h a t s o m e t h i n g is c lear ly n o t s t a n d a r d B a y e s i a n p robab i l i ty theory or its ce r ta in ty fac tor 
v a r i a n t s , c an we find w h a t really under l ie s cur rent p rac t i ce ? 

T h i s p a p e r a n s w e r s " Y e s . " R e c e n t d e v e l o p m e n t s concerning r e a s o n e d a s s u m p t i o n s s u g g e s t an 
a p p r o a c h which a l lows fami l iar s o r t s of rules of r ea son ing , j u d g m e n t s of cer ta in ty of conclus ions , a n d 
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m o r e be s ide s — all w i t h o u t t h e unrea l i ty of the p r o b a b i l i s t i c a p p r o a c h . In t h e following, we exp la in 
the modif ied a p p r o a c h toge ther with i t s p r a c t i c a l a n d theoret ica l a t t r a c t i o n s . R e l a t e d d i scus s ions of 
B a y e s i a n i s m c a n be found in [ M l N S K Y 1975] , [ S H O R T L I F F E A N D B U C H A N A N 1975] , [DUDA, H A R T , 
A N D N l L S S O N 1976] , [SZOLOVITS 1978] , a n d [SZOLOVITS A N D P A U K E R 1978] . 

Reasoned Assumptions 

§4 . T h e a p p r o a c h of r e a s o n e d a s s u m p t i o n s modif ies t h e s t a n d a r d t r e a t m e n t of u n c e r t a i n t y , not 
the t r e a t m e n t of p r o p o s i t i o n a l i n f o r m a t i o n . T h u s in the i n v e s t m e n t rule a b o v e , we c h a n g e only t h e 
cer ta inty fac tor in format ion , a n d leave the p r o p o s i t i o n a l in fo rmat ion intact . A l t h o u g h our a p p r o a c h 
a c c o m m o d a t e s r epre sen ta t iona l s y s t e m s b a s e d on " f r a m e s " a n d " u n i t s " a s eas i ly a s s y s t e m s b a s e d on 
" a s s e r t i o n s , " for expos i to ry s impl ic i ty we p r e t e n d the d a t a b a s e cons i s t s of e l e m e n t a r y logical sentences , 
a n d leave r e s t a t e m e n t of t h e a p p r o a c h in one ' s f avor i te r e p r e s e n t a t i o n a l s y s t e m a s a n exerc i se for t h e 
reader . For t e rmino log ica l s impl ic i ty , we label all the numer i ca l a p p r o a c h e s a s " B a y e s i a n i s m , " a n d u s e 
M Y C I N a s our s t a n d a r d of c o m p a r i s o n . S t r i c t ly s p e a k i n g , M Y C I N is not B a y e s i a n , b u t t h e differences 
are i m m a t e r i a l in the following d i scus s ion . 

We a b b r e v i a t e the p a r t s of I F - T H E N rules by wr i t ing A to m e a n t h e s e t of a n t e c e d e n t s entences 
of t h e IF p a r t , a n d b y wr i t ing C to m e a n the se t of conc lus ion sentences of the T H E N p a r t . If t h e rule 
s imply re la te s concre te ( g round) sentences , A a n d C a re se t s of concrete sentences . If the rule e x p r e s s e s 
genera l or s c h e m a t i c in format ion in t e r m s of v a r i a b l e s x = x i , . . . , x n , we c a n ind ica te thi s genera l i ty 
by wr i t ing A[x) a n d C(x) i n s t e a d . We a l so wr i te - « A t o m e a n the se t of n e g a t i o n s of s t a t e m e n t s in A, 
t h a t is, - i A = { - i a \ a G A}. 

§ 5 . We e x p r e s s u n c e r t a i n rules of r e a s o n i n g in expre s s ions of t h e form 

A\\B\\-C 

a n d 

Vx [A{x] || B(x) |h C(x)}. 

We r e a d the former a s "A w i t h o u t B g ives C , " an expres s ion informal ly in te rpre ted a s " conc lude every 
sentence in C if every sentence in A h a s been conc luded a n d no sentence in B h a s been c o n c l u d e d . " We 
in terpre t the l a t t e r expres s ion a s a s c h e m a i m p l y i n g all concre te in s t ances of the form A(g) \\ B(g) |f— C(g) 
for g r o u n d t e r m s g. We call these expre s s ions reasons, a n d t h e conc lus ions der ived f rom t h e m reasoned 
assumptions. We connect r e a s o n s with I F - T H E N rules by n o t i n g t h a t A a n d C a c t a s a n t e c e d e n t s a n d 
c o n s e q u e n t s a s be fore , a n d t h a t B conta ins qual i f icat ions on t h e inference. T h u s , i gnor ing uncer t a in ty , 
we c a n rewri te the p r o p o s i t i o n a l p a r t of " I F A , T H E N C " a s A || 0 | | - C . 

R e a s o n e d a s s u m p t i o n s e x p r e s s uncer t a in ty in t e r m s of t h e non- s t a t i s t i ca l no t ions of typicality 
a n d defeasibility (Eng l i sh for " l iabi l i ty to d e f e a t " ) , not ions concerned wi th the preferences of t h e a g e n t 
a b o u t how to a d o p t a s s u m p t i o n s in order to resolve a m b i g u i t i e s in i ts i n f o r m a t i o n a b o u t the p r o b l e m . 
R u l e s of typ ica l i ty expre s s the u sua l , n o r m a l , or init ia l conc lus ions for cons idera t ion , conc lus ions which 
m a y be ind iv idua l ly d e f e a t e d if c i r c u m s t a n c e s w a r r a n t . ( S e e [ D O Y L E 1982] for m o r e d i scus s ion of these 
not ions . ) C o m p l e t e l y cer ta in inference rules c a n be wr i t t en a s A || 0 |f— C , in which ca se t h e a b s e n c e 
of qual i fy ing s t a t e m e n t s m e a n s the conc lus ions a re a l w a y s d r a w n from t h e a n t e c e d e n t s . R u l e s s t a t i n g 
the n o r m a l or u s u a l conc lus ions following f rom a n t e c e d e n t s m a y be wr i t t en e i ther a s default reasons or 
a s defeasible reasons. De fau l t r e a s o n s a re of the form A || - « C |f- C , m e a n i n g t h a t t h e conc lus ions a re 
inferred f rom t h e a n t e c e d e n t s only if their n e g a t i o n s are no t a l r e a d y k n o w n . Defeas ib le r e a s o n s a r e of the 
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form A || {Defeatea\R)} |(- C, where R is the n a m e of t h e r e a s o n itself. T h u s R = [A \\ {Defeatea\R)} ||-
C] m e a n s t h a t the conc lus ions a r e inferred from the a n t e c e d e n t s only if t h e u s e of t h e rea son h a s not 
been ruled o u t by the presence of the s t a t e m e n t Defeatea\R) in t h e d a t a b a s e . De fau l t a n d defeas ib le 
r ea sons a re usua l ly u sed in concer t with other rea sons expre s s ing spec ia l c a se s , except ions , a n d other 
overr id ing condi t ions . If a p a r t i c u l a r a p p l i c a t i o n ( in s t an t i a t i on ) of a s c h e m a t i c r e a s o n p r o d u c e s unwanted 
conclus ions , we de fea t the p a r t i c u l a r a p p l i c a t i o n , not the s c h e m a t i c r ea son itself. In o ther words , we 
ord inar i ly correc t e r r o r s on a ca se -by-ca se b a s i s . If t h e overr id ing r e a s o n s cover m o s t c i r c u m s t a n c e s , 
t h e over r idden r e a s o n s serve a s " c a t c h - a l l " rules , gu ide l ines for w h a t to d o a b o u t " every th ing e l s e " not 
covered by the specific ca se r ea sons . Moreover , i n d e p e n d e n t l y f o r m u l a t e d de fau l t r e a s o n s s o m e t i m e s 
conflict on ins tances , a n d s o m a y require conflict re so lut ion r e a s o n s de fea t ing o n e i n s t a n c e in favor of 
a n o t h e r in a m b i g u o u s c i r c u m s t a n c e s . (See [ R E I T E R 1978] a n d [ R E I T E R A N D C R I S C U O L O 1981] for 
e x a m p l e s . ) 

Comparison of the Approaches 

§6 . O n e cannot s imply r e f o r m u l a t e p r o b a b i l i s t i c rules a s r e a s o n s a c c o r d i n g t o their cer ta in ty f ac to r s . 
To re-express a d a t a b a s e of exper t i se , we require t h e k n o w l e d g e acqui s i t ion p r o c e s s carr ied a bit further 
than u s u a l . T h e a p p r o a c h of r ea soned a s s u m p t i o n s s u p p o s e s t h a t numer ica l j u d g m e n t s of cer ta in ty often 
hide m o r e specific in fo rmat ion n o t yet m a d e expl ic i t by the exper t in formant . W h e n the e x p e r t s ay s 
t h a t " T o degree 0.3, IF A , T H E N C , " this real ly m e a n s t h a t m a n y excep t iona l c a se s a re fami l iar to 
the e x p e r t . One m i g h t a s k t h e i n f o r m a n t t o list these except ions a s a s e t J3, in order to qual i fy the 
rule by wr i t ing it a s A || B |f- C , b u t it is often a s difficult to th ink of excep t ions offhand as it is to 
th ink of o r d i n a r y heur i s t ic rules . I n s t e a d , we a p p l y the s a m e technique to a r t i c u l a t i n g exper t i se a s t h a t 
a l r e a d y p r a c t i c e d , n a m e l y t h e i n f o r m a n t expre s se s w h a t is c lear , a n d then f o r m u l a t e s a n d r e f o r m u l a t e s 
the m i s s i n g ca ses , excep t ions , a n d genera l i za t ions by r e p e a t e d l y e x a m i n i n g the s y s t e m ' s p e r f o r m a n c e on 
te s t p r o b l e m s . A t b o t t o m , w e a l w a y s h a v e rules of t h e form " U s u a l l y , IF A , T H E N C " or " U s u a l l y , IF A , 
T H E N - i C , " which w e e x p r e s s a s de feas ib le or de fau l t r e a s o n s , a n d w e e x p r e s s t h e i n t e r m e d i a t e degree s 
of u n c e r t a i n t y b y c a s e ana lys i s a n d r e a s o n s s t a t i n g e x c e p t i o n s to genera l i t i e s . T h i s of cour se requires 
m o r e work in a r t i cu l a t ing exper t i se t h a n the probab i l i s t i c a p p r o a c h , s ince one m a y have t o fo rmula te 
severa l ca se s a n d conflict reso lut ion r e a s o n s t h a t could be hidden in a s ingle n u m b e r , b u t in the long 
run, improv ing the p e r f o r m a n c e of a p r o b a b i l i t y - b a s e d s y s t e m requires the s a m e sor t of case a n d conflict 
a n a l y s e s . T h a t is, u s e of p robab i l i t i e s m a y m a k e the init ia l d a t a b a s e smal le r , b u t by the t i m e e x p e r t 
p e r f o r m a n c e h a s been m o l d e d f rom t h e init ial a p p r o x i m a t i o n , a b o u t t h e s a m e in format ion s h o u l d b e 
p re sen t in the one a p p r o a c h a s in the other . S ince the s a m e h a r d ques t ions m u s t be a d d r e s s e d in ei ther 
c a s e , a n d s ince the non-probab i l i s t i c rules c a n be h a d wi th less he s i t a t ion , we c o n c l u d e the to ta l work 
of t h e r e a s o n e d a s s u m p t i o n s a p p r o a c h s h o u l d not exceed t h a t of the p r o b a b i l i s t i c a p p r o a c h . 

§7 . Our a s s e s s m e n t of the re la t ive a m o u n t s of work n e e d e d to f o r m u l a t e a b o d y of exper t i s e a s s u m e s 
t h a t the two so r t s of encod ings can e x p r e s s the s a m e i n f o r m a t i o n . Whi le t h e m a t h e m a t i c a l de ta i l s 
a re i n a p p r o p r i a t e for p u r s u i t here , recent theoret ica l t r e a t m e n t of r ea soned a s s u m p t i o n s shows how 
s u b j e c t i v e p robab i l i t i e s or cer ta in ty f ac tor s m a y be der ived f rom se t s of r ea sons , a p r o j e c t remin i scent of 
S A V A G E ' S cons t ruc t ion of q u a n t i t a t i v e s u b j e c t i v e p r o b a b i l i t i e s from qua l i t a t ive s u b j e c t i v e p robab i l i t i e s . 
T h e converse der iva t ion s e e m s unlikely, so f rom a pure ly theore t i ca l v iewpoint , t h e in fo rmat ion expre s sed 
in r e a s o n s m a y be m o r e powerful or f u n d a m e n t a l t h a n t h a t e x p r e s s e d in p r o b a b i l i s t i c rules . We briefly 
ske tch the se idea s . 

M Y C I N ' S p robab i l i s t i c rules a r e i n t e r p r e t e d by c o m p u t i n g the " d e d u c t i v e c l o s u r e " of t h e rules 
toge ther with problem-spec i f ic in fo rmat ion . T h i s re su l t s in a s ingle p r o b a b i l i t y d i s t r ibu t ion o n all 
s t a t e m e n t s of interes t . 
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In c o n t r a s t , s e t s of s c h e m a t i c a n d problem-spec i f ic r e a s o n s a r e in te rpre ted b y finding their 
admissible extensions. T h e a d m i s s i b l e ex tens ions AExts(S) of a s e t S of r e a s o n s are "c losed a n d 
g r o u n d e d " s u p e r s e t s E of S . " C l o s e d " m e a n s t h a t if A || B |F— C is in E, a n d if every e l ement of 
A is in E, a n d if no e l ement of B is in E, then every e l ement of C is in E. " G r o u n d e d " m e a n s t h a t 
every s t a t e m e n t in E e i ther is in S or is s u p p o r t e d by a nonc i rcu lar a r g u m e n t from S a n d qualif iers 
not in E. (See [ D O Y L E 1982] for the prec i se fo rmula t ion . ) W e r e c o n s t r u c t s u b j e c t i v e p r o b a b i l i t i e s 
from a d m i s s i b l e ex tens ions by us ing a p r o b a b i l i s t i c a l g o r i t h m to der ive a d m i s s i b l e ex tens ions f rom the 
init ia l se t of r ea sons . P r o b a b i l i s t i c a lgor i thms , c o m p u t e perfect ly definite s t r u c t u r e s , in our c a s e s o m e 
E £ AExts(S)y b u t m a k e de l ibera te ly r a n d o m i z e d choices whenever there is m o r e t h a n one c o n s t r u c t i o n 
pos s ib l e . P r o b a b i l i t i e s enter into o u r o b s e r v a t i o n s of the c o m p u t a t i o n , b u t not into t h e c o m p u t a t i o n 
itself. We a p p l y this i d e a by s u p p o s i n g t h a t all a d m i s s i b l e ex tens ions wi th the s a m e n u m b e r of e l ement s 
a r e equal ly likely t o b e der ived f rom t h e init ia l se t of r ea sons , a n d t h a t t h e p robab i l i ty of der iva t ion 
decrea se s with the n u m b e r of e l ement s in the a d m i s s i b l e ex tens ion . Speci f ical ly , we s u p p o s e Pv(E \ S)f 

the p r o b a b i l i t y of der iv ing ex tens ion E f rom 5 , to be p r o p o r t i o n a l to 2 ~ \ E L T h e " d e g r e e of bel ief" 
P r ( a | 5 ) of a s t a t e m e n t a g iven S is then the n o r m a l i z e d p robab i l i ty of der iv ing a d m i s s i b l e ex tens ions 
conta in ing a . T h a t is, if 

EeAExta(S) 

we c a n define 

2 - 1 * 1 

PT(E I S) N ' 

a n d 

P r ( a | S ) = £ Pr(E\S). 
aeE€AEzts{S) 

For e x a m p l e , if S is t h e set of r e a s o n s 

then S h a s three a d m i s s i b l e e x t e n s i o n s 

0 | | { - " i } lh {ci} 

0 | | { c i } | h { - « i } 

{<*} II W lh M 

{ < = ! } I I {<*} lh {-<*> 

£ i = S u { - c x } 

E2 = Su{cuc2} 

E3 = SU { ^ , - 1 0 2 } 

so t h a t P r ( c ! | S) = Pr(-> a \ S) = \, P r ( c 2 | S) = \, a n d Pr(-> c 2 J S) = \. If t h e d e p e n d e n c e of c 2 

a n d - i c 2 on c i is r e m o v e d , we have i n s t e a d four a d m i s s i b l e ex tens ions 

S + {ci, c 2 } , {ci, -> c 2 } , {-> c i , c 2 } , {-> ci, - i c 2 } 

so t h a t s t a t e m e n t s in S h a v e p r o b a b i l i t y 1 a n d ci, -> c i , c 2 , ~< c 2 e ach have p r o b a b i l i t y | . 

- 4 -



§8 . T h e p r e c e d i n g s u g g e s t s , b o t h p r a c t i c a l l y a n d theore t i ca l ly , t h a t r e a s o n e d a s s u m p t i o n s expre s s a 
m o r e f u n d a m e n t a l not ion of u n c e r t a i n t y t h a n numer i ca l s t i p u l a t i o n s of ce r ta in ty . O n e i n c o m p l e t e n e s s 
in t h e p r e c e d i n g c o m p a r i s o n concerns o b j e c t i v e p r o b a b i l i t i e s . It m a y no t a l w a y s be r e a s o n a b l e to expec t 
t h a t all p r o b a b i l i t i e s m a y be a n a l y z e d into c a s e s . T h e p robab i l i t i e s m a y be the re su l t s of fo rmal phys ica l 
m e a s u r e m e n t s of p h e n o m e n a , or in forma l o b s e r v a t i o n s by the i n f o r m a n t of p a s t exper ience wi th succe s s 
of ru les or re l iabi l i ty of d a t a . Moreover , even if s u c h p r o b a b i l i t i e s m i g h t u l t i m a t e l y s u c c u m b to ana ly s i s , 
their a n a l y s i s m a y cos t t o o m u c h . 

W e c a n n o t ye t offer a c o m p l e t e so lu t ion to th i s difficulty. W h i l e o n e o b v i o u s a p p r o a c h is 
to a s s u m e the m o r e likely o u t c o m e a s a de fau l t a n d e x p e c t to work t o correc t t h e o u t c o m e when 
w r o n g , a n o t h e r poss ib i l i ty is to c o m b i n e r e a s o n s a n d o b j e c t i v e p r o b a b i l i t i e s by m a k i n g the p r o b a b i l i s t i c 
e x t e n s i o n - c o m p u t i n g a l g o r i t h m sens i t ive t o s t a t e m e n t s of f u n d a m e n t a l o b j e c t i v e p robab i l i t i e s . Unfor tu­
n a t e l y , this c o m b i n a t i o n h a s not y e t been a d e q u a t e l y exp lo red . 

§9 . E v e n if a w o r k a b l e c o m b i n a t i o n of r e a s o n e d a s s u m p t i o n s a n d o b j e c t i v e p robab i l i t i e s ex i s t s , th i s need 
not s a n c t i o n cont inued re l iance on pure ly p r o b a b i l i s t i c s y s t e m s . T h e a p p r o a c h of r ea soned a s s u m p t i o n s 
h a s o ther a t t r a c t i o n s for k n o w l e d g e acqui s i t ion , a t t r a c t i o n s which r e c o m m e n d probab i l i t i e s only a s a 
tool of l a s t re sor t . We ment ion two. 

O n e of the m o s t i m p o r t a n t r e q u i r e m e n t s p l a c e d on r e a s o n i n g s y s t e m s b y knowledge acqui s i t ion 
is t h a t of exp l icab i l i ty of conc lus ions , s ince i n f o r m a n t s m u s t see how the s y s t e m uses i t s i n f o r m a t i o n a n d 
a r r ive s a t i t s conc lus ions in order to cr i t ic ize a n d correc t it. M o s t e x p e r t s y s t e m s b a s e d on probab i l i t i e s 
keep t r a c k of the a p p l i c a t i o n s of rules u s e d in c o m p u t i n g der ived p r o b a b i l i t i e s , a n d so can exp la in the 
p r o b a b i l i t y of a conc lus ion in t e r m s of i t s c o m p u t a t i o n . S imi l a r ly , the r e a s o n e d a s s u m p t i o n a p p r o a c h 
expl ic i t ly involves a no t ion of e x p l a n a t i o n in the g r o u n d e d n e s s r e q u i r e m e n t on a d m i s s i b l e ex tens ions . 
B u t t h e t w o s o r t s of e x p l a n a t i o n s are n o t of c o m p a r a b l e power s ince c o m p u t a t i o n a l h i s tor ie s need n o t 
be i l l u m i n a t i n g e x p l a n a t i o n s of conc lus ions . T h i s is an important difference, for e x p l a n a t i o n s in t e r m s 
of a p p l i e d rules s i m p l y exp la in n u m b e r s wi th m o r e numbers, while e x p l a n a t i o n s in t e r m s of a s s u m p t i o n s 
exp l a in unl ikely conc lus ions in t e r m s of t h e assumptions needed to g e t t h e m , or f rom the cr i t ica l 
v iewpoint , in t e r m s of their pos s ib le c o u n t e r e x a m p l e s . C o m p a r e d with the p r o b a b i l i t y - c o m b i n a t i o n 
rules used in B a y e s i a n i s m , expl ic i t c o m p u t a t i o n of a d m i s s i b l e ex tens ions p re sent s the i n f o r m a n t wi th 
m o r e fine-grained e x a m p l e s a n d c o u n t e r e x a m p l e s , e x p l a n a t i o n s which m o r e readi ly g u i d e fo rmula t ion of 
spec ia l c a se s , e x c e p t i o n s , a n d conflict re so lut ion r e a s o n s . Whi le b o t h a p p r o a c h e s p e r m i t e x p l a n a t i o n , 
those of r e a s o n e d a s s u m p t i o n s a re m o r e useful . 

A n o t h e r a t t r a c t i o n of r e a s o n e d a s s u m p t i o n s is t h a t they fac i l i t a te a d d i t i v e u p d a t i n g of d a t a b a s e s 
a n d s u p p l y " a u d i t t r a i l s " p inpo in t ing t h e h i s tory of rule rev i s ions . If the i n f o r m a n t dec ides a rule needs 
c h a n g i n g in M Y C I N , the rule m u s t be de le ted a n d r e p l a c e d by t h e i n f o r m a n t in c o o p e r a t i o n with a 
b o o k k e e p i n g s y s t e m . (We need no t cons ider t h e g r o t e s q u e a l t e r n a t i v e of a d d i n g a n ident ica l rule wi th t h e 
equa l ly cer ta in b u t c o n t r a r y conc lus ion . ) In c o n t r a s t , wi th de feas ib le r ea sons , t h e required b o o k k e e p i n g 
is expl ic i t ly p a r t of t h e s y s t e m , so t h a t the i n f o r m a n t c a n ind ica te r e a s o n e d r e t r a c t i o n s a n d r e p l a c e m e n t s 
of f au l ty r e a s o n s , with the h i s tory of d a t a b a s e c h a n g e s m a d e expl ic i t in t h e r e a s o n s themse lve s . For ex­
a m p l e , if t h e i n f o r m a n t dec ides to b a s e a revis ion on a further hypothes i s a b o u t the p r o b l e m s i t u a t i o n , 
he need n o t r ep l ace the faul ty r ea son a lone , b u t c a n m a k e t h e h y p o t h e s i s expl ic i t in the qualif iers of 
the new rea son a n d in the de fea ter of the o ld rea son , so t h a t the o ld r e a s o n will a g a i n b e u sed when 
c i r c u m s t a n c e s vo id t h e i n f o r m a n t ' s h y p o t h e s i s . 
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Conclusion 

§ 1 0 . C o m p a r e d wi th n u m e r i c a l j u d g m e n t s of s u b j e c t i v e p r o b a b i l i t y , r ea soned a s s u m p t i o n s offer b o t h 
closer c o r r e s p o n d e n c e wi th t h e exper t i s e eas i ly o b t a i n a b l e in p rac t i ce , a n d c o m p a r a b l e theore t i c a l power . 
T h i s s u g g e s t s exp lor ing e x p e r t s y s t e m s b a s e d o n r e a s o n e d a s s u m p t i o n s i n s t e a d of r e s t i n g content w i t h 
c u r r e n t s y s t e m s . A var i e ty of p r a c t i c a b l e s y s t e m s for m a n i p u l a t i n g a n d i n t e r p r e t i n g r e a s o n s current ly 
ex i s t for use , b u t they d o not ye t i m p l e m e n t faci l i t ies for c o m p u t i n g degrees of belief, faci l i t ies which m a y 
b e n e c e s s a r y for s u m m a r i z i n g t h e s t r u c t u r e of l a r g e s e t s of a d m i s s i b l e e x t e n s i o n s a s well a s for quant i fy ing 
conf idence levels . C o n s i d e r a b l e theore t i ca l work s e e m s n e e d e d t o identify t h o s e n o t i o n s of a d m i s s i b l e 
e x t e n s i o n s a n d der ived p r o b a b i l i t i e s which m a y be feas ib ly c o m p u t e d , a n d th i s m a y t e m p o r a r i l y t e m p e r 
t h e a t t r a c t i o n s of r e a s o n e d a s s u m p t i o n s . N e v e r t h e l e s s , t h e likely p r a c t i c a l r e w a r d s s e e m to j u s t i f y t h e 
p u r s u i t . 

§ 1 1 . W h a t e v e r t h e u l t i m a t e l y pre fe r red t r e a t m e n t of u n c e r t a i n t y , I h o p e th i s p a p e r e n c o u r a g e s further 
a n a l y s i s of p r a c t i c e a i m i n g for inc rea sed m e t h o d o l o g i c a l s i m p l i c i t y . M o r e t h a n in s o m e p e r i o d s of i ts 
h i s tory , c u r r e n t art i f ic ial inte l l igence involves m a n y p e o p l e bu i ld ing on the work of o t h e r s , e spec ia l ly 
by t a k i n g ex i s t ing too l s a n d do ing s o m e t h i n g wi th t h e m r a t h e r t h a n dev i s ing s p e c u l a t i v e invent ions 
for each new a p p l i c a t i o n . B u t one can a l so bu i ld on the a c h i e v e m e n t s of o t h e r s by a n a l y z i n g their 
exper ience t o e x t r a c t t h e e s sence of their idea s a n d r e s u l t s , r a ther t h a n s imply a s s u m i n g t h a t the first 
success fu l f o r m u l a t i o n is be s t . In s u c h c i r c u m s t a n c e s , one a n a l y z e s d e m o n s t r a b l y p r a c t i c a b l e i d e a s a n d 
techniques , n o t to p a t c h t h e m , b u t t o re th ink , u n d e r s t a n d , a n d p o s s i b l y i m p r o v e t h e m in f u n d a m e n t a l 
ways . I bel ieve m u c h of art i f icial inte l l igence theory a n d p r a c t i c e r ipe . for th i s s o r t of a n a l y s i s , no t j u s t 
i t s t r e a t m e n t s of u n c e r t a i n t y . In m a n y other a r e a s , art i f ic ial inte l l igence offers n u m e r o u s a l t e r n a t i v e , 
s e e m i n g l y i n c o m p a r a b l e theor ie s . A r e t h e r e further " g r a i n s of t r u t h " a w a i t i n g d i scovery which m i g h t 
c o n n e c t a n d exp l a in t h e s e a l t e r n a t i v e s ? 
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