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ABSTRACT 

Commonsense r e a s o n i n g i s " n o n m o n o t o n i c " i n 
t h e sense t h a t we o f t e n draw c o n c l u s i o n s on the 
b a s i s o f p a r t i a l i n f o r m a t i o n t h a t w e r e t r a c t when 
we a r e g i v e n more comp le te i n f o r m a t i o n . Some of 
t h e most i n t e r e s t i n g p r o d u c t s o f t h e r e c e n t 
a t t e m p t s t o f o r m a l i z e nonmonoton ic r e a s o n i n g a r e 
t h e nonmonoton ic l o g i c s o f McDermott and Doy le 
[McDermot t and D o y l e , 1980] [McDermo t t , 1 9 8 2 ] . 
These l o g i c s , however , a l l have p e c u l i a r i t i e s t h a t 
sugges t t hey d o no t q u i t e succeed i n c a p t u r i n g t h e 
i n t u i t i o n s t h a t prompted t h e i r d e v e l o p m e n t . I n 
t h i s paper we g i v e a r e c o n s t r u c t i o n o f 
nonmono ton ic l o g i c as a model o f an I d e a l l y 
r a t i o n a l a g e n t ' s r e a s o n i n g abou t h i s own b e l i e f s . 
Fo r t h e r e s u l t i n g s y s t e m , c a l l e d a u t o e p l s t e m l c 
l o g i c , w e d e f i n e a n I n t u i t i v e l y based s e m a n t i c s 
f o r w h i c h we can show a u t o e p l s t e m l c l o g i c to be 
b o t h sound and c o m p l e t e . We t h e n compare the 
McDermott and Doy le l o g i c s t o a u t o e p l s t e m l c l o g i c , 
showing how i t a v o i d s t h e i r p e c u l i a r i t i e s . 

INTRODUCTION 

I t has become g e n e r a l l y acknowledged I n 
r e c e n t y e a r s t h a t one i m p o r t a n t f e a t u r e o f 
o r d i n a r y commonsense r e a s o n i n g t h a t s t a n d a r d 
l o g i c s f a l l t o c a p t u r e i s I t s n o n m o n o t o n i c i t y . A n 
example f r e q u e n t l y g i v e n t o i l l u s t r a t e t h e p o i n t 
i s t he f o l l o w i n g : I f we know t h a t Tweety I s a 
b i r d , i n t h e absence o f e v i d e n c e t o t h e c o n t r a r y , 
w e w i l l n o r m a l l y assume t h a t Tweety can f l y . I f , 
however , we l a t e r l e a r n t h a t Tweety i s a p e n g u i n , 
w e w i l l w i t h d r a w our p r i o r a s s u m p t i o n I f w e t r y 
to model t h i s in a f o r m a l s y s t e m , we seem to have 
a s i t u a t i o n where a theorem P Is d e r i v a b l e f r o m a 
s e t o f ax ioms S , bu t i s n o t d e r i v a b l e f r o m some 
s e t S ' t h a t i s a s u p e r s e t o f S . Thus t h e s e t o f 
theorems does no t I n c r e a s e m o n o t o n i c a l l y w i t h t h e 
s e t o f ax i oms ; hence t h i s s o r t o f r e a s o n i n g i s 
s a i d to be " n o n m o n o t o n i c . " As M insky [ 1 9 7 4 ] has 
p o i n t e d o u t , s t a n d a r d l o g i c s a r e a lways m o n o t o n l c , 
because t h e i r i n f e r e n c e r u l e s make e v e r y ax iom 
p e r m i s s i v e . That i s , t h e i n f e r e n c e r u l e s a r e 
a lways of t he fo rm "P is a theorem i f Q 1 , Q n 

a r e t h e o r e m s , " so new ax ioms can o n l y make more 
theorems d e r i v a b l e ; t h e y can neve r r e s u l t i n a 
p r e v i o u s theorem b e i n g i n v a l i d a t e d . 

R e c e n t l y , t h e r e have been a number of 
a t t e m p t s t o f o r m a l i z e t h i s t y p e o f nonmonoton ic 
r e a s o n i n g . The g e n e r a l i d e a i s t o a l l o w axioms t o 
be r e s t r i c t i v e as w e l l as p e r m i s s i v e , by e m p l o y i n g 
i n f e r e n c e r u l e s o f t he f o rm " P i s a theorem I f 
Q 1 ' ' " » Q n a r e n o t t h e o r e m s . " The i n f e r e n c e t h a t 
b i r d s can f l y i s hand led b y h a v i n g , i n e f f e c t , a 
r u l e t h a t says t h a t f o r any X , " X can f l y " i s a 
theorem i f "X i s a b i r d " i s a theorem and "X 
canno t f l y " i s no t a t h e o r e m . I f a l l w e a r e t o l d 
abou t Tweety i s t h a t h e i s a b i r d , t h e n w e w i l l 
no t b e a b l e t o d e r i v e "Tweety canno t f l y , " and the 
i n f e r e n c e t o "Tweety can f l y " w i l l g o t h r o u g h . I f 
we a r e t o l d t h a t Tweety is a pengu in and we know 
t h a t n o p e n q u i n can f l y , w e w i l l b e a b l e t o d e r i v e 
t h e f a c t t h a t Tweety canno t f l y , and the i n f e r e n c e 
t h a t Tweety can f l y w i l l b e b l o c k e d . 

One of the most I n t e r e s t i n g embodiments of 
t h i s app roach t o nonmonoton ic r e a s o n i n g I s 
McDermott and D o y l e ' s "nonmono ton ic l o g i c " 
[McDermot t and D o y l e , 1980] [McDermo t t , 1 9 8 2 ] . 
McDermott and Doy le m o d i f y a s t a n d a r d f i r s t - o r d e r 
l o g i c by i n t r o d u c i n g a s e n t e n t i a l o p e r a t o r "M" 
whose i n f o r m a l i n t e r p r e t a t i o n I s " i s c o n s i s t e n t . " 
Nonmonoton ic i n f e r e n c e s abou t b i r d s b e i n g a b l e t o 
f l y wou ld b e l i c e n s e d i n t h e i r sys tem b y the ax iom 
[McDermo t t , 1982 , p . 33 ] 

(ALL X ) (B IRD(X) / \ M(CAN-FLY(X)) - > CAN-FLY(X) ) . 

T h i s f o r m u l a can be read i n f o r m a l l y as "Fo r a l l X , 
i f X i s a b i r d and i t i s c o n s i s t e n t t o a s s e r t t h a t 
X can f l y , t h e n X can f l y . " McDermott and Doy le 
can t h e n have a s i n g l e , g e n e r a l nonmonoton ic 
I n f e r e n c e r u l e , whose i n t u i t i v e c o n t e n t i s "MP i s 
d e r i v a b l e I f ~ P i s no t d e r i v a b l e . " 

McDermott and D o y l e ' s app roach to 
nonmonoton ic r e a s o n i n g seems more I n t e r e s t i n g and 
a m b i t i o u s t han some o t h e r approaches i n two 
r e s p e c t s . F i r s t , s i n c e the p r i n c i p l e s t h a t l e a d 
t o nonmonoton ic i n f e r e n c e s a r e e x p l i c i t l y 
r e p r e s e n t e d i n t h e l o g i c , t hose v e r y p r i n c i p l e s 
can b e reasoned abou t i n t he l o g i c . Tha t i s , i f P 
i s such a p r i n c i p l e , w e c o u l d s t a r t o u t b e l i e v i n g 
Q -> P or even MP -> P, and come to h o l d P by 
mak ing i n f e r e n c e s , e i t h e r mono ton i c o r 
n o n m o n o t o n i c . So, i f w e r e p r e s e n t t h e b e l i e f t h a t 
b i r d s can f l y i n McDermott and D o y l e ' s way, w e 
c o u l d a l s o r e p r e s e n t v a r i o u s i n f e r e n c e s t h a t wou ld 
l e a d u s t o adop t t h a t b e l i e f . Second, s i n c e t hey 
use o n l y g e n e r a l i n f e r e n c e r u l e s , t h e y a r e a b l e t o 
p r o v i d e a f o r m a l s e m a n t i c i n t e r p r e t a t i o n w i t h 
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soundness and comp le teness p r o o f s f o r each o f the 
l o g i c s they d e f i n e . I n f o r m a l i s m s t h a t use 
c o n t e n t - s p e c i f i c nonmonotonic I n f e r e n c e r u l e s 
d e a l i n g w i t h c o n t i n g e n t aspec t s o f t he w o r l d 
( I . e . , I t m i g h t have been the case t h a t b i r d s 
c o u l d not f l y ) , I t I s d i f f i c u l t t o see how t h i s 
c o u l d be done . The e f f e c t i s t h a t the 
nonmonoton ic i n f e r e n c e s i n McDermott and D o y l e ' s 
l o g i c s a re j u s t i f i e d by the meaning o f the 
f o r m u l a s i n v o l v e d . 

There a r e a number of problems w i t h McDermott 
and D o y l e ' s nonmonotonic l o g i c s , however . The 
f i r s t l o g i c they d e f i n e [McDermott and D o y l e , 
1980] g i v e s such a weak n o t i o n of c o n s i s t e n c y 
t h a t , as they p o i n t o u t , MP i s no t i n c o n s i s t e n t 
w i t h ~P. That i s , i t i s p o s s i b l e f o r a t h e o r y t o 
a s s e r t s i m u l t a n e o u s l y t h a t P i s c o n s i s t e n t w i t h 
t h e t h e o r y and t h a t P i s f a l s e . Subsequen t l y 
McDermott [1982 ] t r i e d b a s i n g nonmonoton ic l o g i c s 
on the s t a n d a r d modal l o g i c s T, S4, and S5. 
McDermott d i s c o v e r e d , however , t h a t the most 
p l a u s i b l e c a n d i d a t e f o r c a p t u r i n g the n o t i o n o f 
c o n s i s t e n c y t h a t he w a n t e d , nonmonoton ic S5, 
c o l l a p s e s to o r d i n a r y S5 and i s t h e r e f o r e 
m o n o t o n i c In t he r e s t o f t h i s paper we show why 
these prob lems a r i s e and how to a v o i d them. 

II NONMONOTONIC LOGIC AND 
AUTOEPISTEMIC REASONING 

The f i r s t s t e p i n a n a l y z i n g nonmonoton ic 
l o g i c I s t o d e t e r m i n e what s o r t o f nonmonoton ic 
r e a s o n i n g i t I s meant t o mode l . A f t e r a l l , 
n o n m o n o t o n i c l t y i s a r a t h e r a b s t r a c t s y n t a c t i c 
p r o p e r t y o f an I n f e r e n c e sys tem, and t h e r e is no a 
p r i o r i reason t o b e l i e v e t h a t a l l forms o f 
nonmonoton ic r e a s o n i n g shou ld have the same 
l o g i c a l b a s i s . I n f a c t , McDermott and Doy le seem 
t o con fuse two q u i t e d i s t i n c t forms o f 
nonmonoton ic r e a s o n i n g , wh i ch w e w i l l c a l l d e f a u l t 
r e a s o n i n g and a u t o e p l s t e m l c r e a s o n i n g . They t a l k 
as though t h e i r systems a re I n t e n d e d to model the 
f o r m e r , b u t t hey a c t u a l l y seem much b e t t e r s u i t e d 
t o mode l i ng the l a t t e r . 

By d e f a u l t r e a s o n i n g , we mean d r a w i n g 
p l a u s i b l e i n f e r e n c e s f rom l e s s t h a n c o n c l u s i v e 
e v i d e n c e i n t he absence o f any i n f o r m a t i o n t o the 
c o n t r a r y . The examples about b i r d s b e i n g a b l e t o 
f l y a re o f t h i s t y p e . I f we know t h a t Tweety I s a 
b i rd , t h a t g i v e s us some e v i d e n c e t h a t Tweety can 
f l y , bu t i t i s n o t c o n c l u s i v e . I n t h e absence o f 
i n f o r m a t i o n t o t he c o n t r a r y , however , we a re 
w i l l i n g to go ahead and make the assump t i on t h a t 
Tweety can f l y . Now even b e f o r e we do any 
d e t a i l e d a n a l y s i s o f nonmonoton ic l o g i c , we can 
see t h a t t h e r e w i l l b e prob lems I n i n t e r p r e t i n g I t 
as a model o f d e f a u l t r e a s o n i n g : I n t h e f o r m a l 
seman t i c s McDermott and Doy le p r o v i d e f o r 
nonmonoton ic l o g i c , a l l t h e nonmonoton ic 
i n f e r e n c e s a r e v a l i d . D e f a u l t r e a s o n i n g , however , 
I s c l e a r l y no t a f o rm o f v a l i d I n f e r e n c e . 

Cons ide r t he b e l i e f t h a t l i e s beh ind our 
w i l l i n g n e s s t o i n f e r t h a t Tweety can f l y f r om t h e 
f a c t t h a t Tweety I s a b i r d . I t i s p r o b a b l y 
someth ing l i k e most b i r d s can f l y , o r a lmos t a l l 
b i r d s can f l y , o r a t y p i c a l b i r d can f l y . T o 
model t h i s k i n d o f r e a s o n i n g , i n a t h e o r y whose 
o n l y axioms a re "Tweety i s a b i r d " and "Most b i r d s 
can f l y , " we ought t o be a b l e t o I n f e r 
( n o n m o n o t o n l c a l l y ) "Tweety can f l y . " Now I f t h i s 
were a fo rm o f v a l i d i n f e r e n c e , t h e c o n c l u s i o n 
wou ld be gua ran teed to be t r u e p r o v i d e d t h a t the 
premises a re t r u e . T h i s i s m a n i f e s t l y no t the 
c a s e . The p remises o f t h i s i n f e r e n c e g i v e us a 
good reason to draw the c o n c l u s i o n , bu t no t the 
i r o n - c l a d gua ran tee t h a t v a l i d i t y demands. 

Now r e c o n s i d e r McDermo t t ' s f o r m u l a t h a t 
y i e l d s nonmonoton ic i n f e r e n c e s about b i r d s b e i n g 
a b l e t o f l y : 

(ALL X) (B IRD(X) A M(CAN-FLY(X)) -> CAN-FLY(X)) 

McDermott sugges ts as a g l o s s o f t h i s f o r m u l a 
"Most b i r d s can f l y , " w h i c h wou ld i n d i c a t e t h a t h e 
t h i n k s o f t he i n f e r e n c e s i t l i c e n s e s a s d e f a u l t 
I n f e r e n c e s . But i f we read M as " i s c o n s i s t e n t " 
as McDermott and Doy le r e p e a t e d l y t e l l us to do 
e l s e w h e r e , t h e f o r m u l a a c t u a l l y says someth ing 
q u i t e d i f f e r e n t : "Fo r a l l X , I f X i s a b i r d and i t 
i s c o n s i s t e n t t o a s s e r t t h a t X can f l y , t h e n X can 
f l y . " S ince the I n f e r e n c e r u l e f o r M i s i n t e n d e d 
t o convey "MP i s d e r i v a b l e i f ~ P i s not d e r i v a b l e " 
t he n o t i o n o f c o n s i s t e n c y McDermott and Doy le have 
In mind seems to be t h a t P i s c o n s i s t e n t i f ~P i s 
n o t a s s e r t e d . McDermo t t ' s f o r m u l a , t h e n , says 
t h a t t he o n l y b i r d s t han cannot f l y a re the ones 
t h a t a re a s s e r t e d no t t o f l y . I f we have a t h e o r y 
whose o n l y axioms a re t h i s and an a s s e r t i o n to the 
e f f e c t t han Tweety I s a b i r d , t hen the c o n c l u s i o n 
t h a t Tweety can f l y would be a v a l i d i n f e r e n c e . 
That i s , i f i t i s t r u e t h a t Tweety i s a b i r d , and 
i t i s t r u e t h a t o n l y b i r d s a s s e r t e d t o b e unab le 
t o f l y a re I n f a c t unab le t o f l y , and Tweety I s 
not a s s e r t e d to be unab le to f l y , t hen I t must be 
t r u e t h a t Tweety can f l y . 

T h i s t ype o f r e a s o n i n g i s no t a f o rm o f 
d e f a u l t r e a s o n i n g a t a l l ; i t r a t h e r seems t o b e 
more l i k e r e a s o n i n g about o n e ' s own knowledge o r 
b e l i e f . Hence, w e w i l l r e f e r t o i t a s 
a u t o e p l s t e m l c r e a s o n i n g . A u t o e p l s t e m l c r e a s o n i n g , 
w h i l e d i f f e r e n t f r om d e f a u l t r e a s o n i n g , i s a n 
I m p o r t a n t fo rm o f commonsense r e a s o n i n g i n i t s own 
r i g h t . Cons ide r my reason f o r b e l i e v i n g t h a t I do 
no t have a n o l d e r b r o t h e r . I t I s s u r e l y no t t h a t 
one of my p a r e n t s once c a s u a l l y r e m a r k e d , "You 
know, you d o n ' t have any o l d e r b r o t h e r s , " no r have 
I p i e c e d i t t o g e t h e r b y c a r e f u l l y s i f t i n g o t h e r 
e v i d e n c e . I s i m p l y b e l i e v e t h a t I f I d i d have an 
o l d e r b r o t h e r I wou ld s u r e l y know about I t , and 
s i n c e I d o n ' t know of any o l d e r b r o t h e r s , I must 
no t have any . T h i s i s q u i t e d i f f e r e n t f r om a 
d e f a u l t i n f e r e n c e based o n t h e b e l i e f , s a y , t h a t 
most MIT g r a d u a t e s a r e o l d e s t s o n s , and t h a t , 
s i n c e I am an MIT g r a d u a t e , I am p r o b a b l y an 
o l d e s t s o n . 



274 R. Moore 

I l l THE FORMALIZATION OF AUTOEPISTEMIC LOGIC 

Rather than t r y d i r e c t l y to analyze McDermott 
and Doyle 's nonmonotonic l og ic as a model of 
autoepistemic reasoning, we w i l l f i r s t def ine a 
l o g i c that we can show does capture what we want 
to model about autoepistemic reasoning and then 
compare nonmonotonic log ic to t h a t . We w i l l c a l l 
our l o g i c , n a t u r a l l y enough, autoepistemic l o g i c . 
The language w i l l be much l i k e McDermott and 
Doy le ' s , an ord inary l o g i c a l language augmented by 
autoepistemic modal operators. McDermott and 
Doyle t r e a t consistency as t h e i r fundamental 
n o t i o n , so they take M as the basic modal operator 
and def ine i t s dual L to be ~M~. Our l og ic w i l l 

be based on the not ion of b e l i e f , so we w i l l take 
L to mean " I s be l i eved , " t r ea t i t as p r i m i t i v e , 
and def ine M as ~L~. In any case, t h i s gives us 
the same not ion of consistency as t h e i r s : A 
formula is consis tent i f i t s negation is not 
be l ieved. There are some problems about the 
meaning of quan t i f y ing i n to the scope of an 
autoepistemic operator that are not relevant to 
the main point of t h i s paper, so we w i l l l i m i t our 
a t t e n t i o n to p ropos i t i ona l autoepistemic l o g i c . 

Autoepistemic log ic is intended to model the 
b e l i e f s of an I d e a l l y r a t i o n a l agent r e f l e c t i n g 
upon h is own b e l i e f s . The primary objects of 
i n t e r e s t are sets of formulas of autoepistemic 
l og i c which are in te rp re ted as the t o t a l be l i e f s 
of such agents. We w i l l c a l l such a set of 
formulas an autoepistemic theory. The t r u t h of an 
agent 's b e l i e f s , expressed as a p ropos i t i ona l 
autoepistemic theory, w i l l be determined by (1) 
which p ropos i t i ona l constants are t rue In the 
ex te rna l world and (2) which formulas the agent 
be l ieves . A formula of the form LP w i l l be true 
for an agent jus t in case P is in h is set of 
b e l i e f s . To formal ize t h i s , we def ine not ions of 
I n t e r p r e t a t i o n and model as fo l l ows : 

We proceed in two stages. F i r s t we def ine a 
p ropos i t iona l i n t e r p r e t a t i o n of an autoepistemic 
theory T to be an assignment of t ru th -va lues to 
the formulas of the language of T that is 
cons is tent w i th the usual t r u th - recu rs i on for 
p ropos i t i ona l log ic and any a r b i t r a r y assignment 
of t ru th -va lues to p ropos i t i ona l constants and 
formulas of the form LP. A p ropos i t i ona l model 
(or simply model) of an autoepistemic theory is a 
p ropos i t i ona l i n t e r p r e t a t i o n of T in which a l l the 
formulas of T are t r u e . So the p ropos i t i ona l 
i n t e r p r e t a t i o n s and models of an autoepistemic 
theory are jus t those we would get In ord inary 
p ropos i t i ona l log ic by consider ing a l l formulas of 
the form LP to be p ropos i t i ona l constants. We 
therefore I n h e r i t the soundness and completeness 
theorems of p ropos i t i ona l l o g i c ; I . e . , a formula P 
is t rue in a l l the p ropos i t i ona l models of an 
autoepistemic theory T if and only If I t Is a 
t a u t o l o g i c a l consequence of T ( i . e . , der ivab le 
from T by the usual ru les of p ropos i t i ona l l o g i c ) . 
Next we def ine an autoepistemic I n t e r p r e t a t i o n of 
an autoepistemic theory T to be a p ropos i t i ona l 
i n t e r p r e t a t i o n of T in which fo r every formula P, 
LP is t rue if and only if P is in T. An 
autoepistemic model of T is an autoepistemic 
i n t e r p r e t a t i o n of T in which a l l the formulas of T 
are t r u e . So the autoepistemic I n t e rp re ta t i ons 
and models of T are j us t the p ropos i t i ona l models 
and i n t e r p r e t a t i o n s of T that conform to the 
intended meaning of the modal operator L. 

Given t h i s semantics fo r autoepistemic l o g i c , 
what do we want from a not ion of inference fo r the 
log ic? From an ep ls temolog lca l perspect ive , the 
problem of in ference is the problem of what set of 
b e l i e f s (theorems) an agent ought to adopt on the 
basis of h is i n i t i a l premises (axioms). Since we 
are t r y i n g to model the b e l i e f s of a r a t i o n a l 
agent, we want the agent 's b e l i e f s to be sound 
w i t h respect to h is premises: We want a guarantee 

Defaul t reasoning and autoepistemic reasoning 
are both nonmonotonic, but fo r d i f f e r e n t reasons. 
Defaul t reasoning is nonmonotonic because, to use 
a term from phi losophy, i t is de feas ib le . I t s 
conclusions are t e n t a t i v e , so, given bet ter 
i n fo rma t ion , they may be withdrawn. Purely 
autoepistemic reasoning, however, is not 
de feas ib le . I f you r e a l l y bel ieve that you 
already know a l l the instances of b i rds that 
cannot f l y , you cannot cons is ten t l y hold to that 
b e l i e f and at the same time accept new Instances 
of b i rds that cannot f l y . 

Autoepistemic reasoning is nonmonotonic 
because the meaning of an autoepistemic statement 
is con tex t - sens i t i ve ; i t depends on the theory in 
which the statement is embedded. If we have a 
theory whose only two axioms are 

then MP does not merely mean that P is cons is ten t , 
i t means that P is cons is tent w i th the 
nonmonotonic theory that contains only those two 
axioms. In t h i s theory, we would expect CAN-
FLY(TWEETY) to be a theorem. If we change the 
theory by adding ~CAN-FLY(TWEETY) as an axiom, 
then we change the meaning of MP to be that P is 
cons is tent w i th the nonmonotonic theory that 
contains only the axioms 

and we would not expect CAN-FLY(TWEETY) to be a 
theorem. The operator M changes i t s meaning w i th 
context j us t as do Engl ish words such as " I , " 
" he re , " and "now." The nonmonotonicity of 
autoepistemic theor ies should therefore be no more 
puzz l ing than the fac t that "I am hungry" can be 
t rue when u t tered by a p a r t i c u l a r speaker at a 
p a r t i c u l a r t ime, but fa lse when ut tered by a 
d i f f e r e n t speaker at the same time or the same 
speaker at a d i f f e r e n t t ime. So we might say that 
autoepistemic reasoning Is nonmonotonic because it 
i s i n d e x i c a l . 
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that the b e l i e f s are t rue provided that the 
premises are t r ue . Moreover, as an Idea l l y 
r a t i o n a l agent, we want the agent 's be l i e f s to be 
semant ical ly complete: We want the be l i e f s to 
conta in everyth ing that the agent would be 
semant ical ly j u s t i f i e d in concluding from the 
assumption that h is be l i e f s are true and the 
knowledge that they are h is b e l i e f s . An 
autoeplstemlc log ic that meets these condi t ions 
can be viewed as a competence model of r e f l e c t i o n 
upon one's own b e l i e f s . Like competence models 
genera l l y , it assumes unbounded resources of time 
and memory, and is therefore not a p laus ib le model 
of any f i n i t e being. I t i s , however, the model to 
which the behavior of r a t i ona l agents ought to 
converge as t h e i r time and memory resources 
increase. 

Formal ly, we w i l l say an autoeplstemlc theory 
T is sound w i th respect to an i n i t i a l set of 
premises A if and only i f every autoeplstemlc 
i n t e r p r e t a t i o n of T which is a p ropos i t i ona l model 
of A is a model of T. This not ion of soundness 
guarantees that a l l of the agent 's be l i e f s are 
true whenever a l l h is premises are t rue . Given 
our semantic d e f i n i t i o n s , the world w i l l always be 
an autoeplstemlc I n t e r p r e t a t i o n of an 
autoepistemic theory T. So if a l l the formulas of 
T are true In every autoeplstemlc i n t e r p r e t a t i o n 
of T where a l l the formulas of A are t r ue , it 
fo l lows that i f a l l the formulas in A are true in 
the world then a l l the formulas in T w i l l be true 
in the wor ld . However, i f there Is an 
autoepistemic i n t e r p r e t a t i o n of T in which a l l the 
formulas of A are true but some formulas of T are 
f a l s e , If that model is the way the world ac tua l l y 
i s , then a l l the formulas of A w i l l be true In the 
world and some formulas of T w i l l no t . 

Our formal no t ion of completeness is that an 
autoepistemic theory T is semant ical ly complete i f 
and only i f T contains every formula that is t rue 
in every autoepistemic model of T. If a formula P 
is t rue in every autoepistemic model of an agent 's 
b e l i e f s , then i t must be true i f a l l the agent 's 
b e l i e f s are t rue , and an I dea l l y r a t i o n a l agent 
should be able to recognize that and In fe r P. On 
the other hand, if P Is fa lse In some 
autoepistemic model of the agent 's b e l i e f s , fo r 
a l l he can t e l l that model might be the way the 
world ac tua l l y I s , so he should not bel ieve P. 

The next problem Is to give a syn tac t i c 
cha rac te r i za t i on of the autoepistemic theor ies 
tha t s a t i s f y these cond i t ions . In a monotonic 
l o g i c , the usual procedure is to def ine a 
c o l l e c t i o n of inference ru les to apply to the 
axioms. In a nonmonotonic log ic t h i s is a 
n o n t r i v i a l matter . Much of the techn ica l 
ingenu i ty of McDermott and Doyle's system l i e s in 
simply coming up w i t h a coherent not ion of 
nonmonotonic d e r i v a b i l i t y . The problem is that 
nonmonotonic Inference ru les do not y i e l d a simple 
I t e r a t i v e not ion of d e r i v a b i l i t y the way monotonic 
in ference ru les do. We can view a monotonic 
Inference process as applying the inference rules 
In a l l possible ways to the axioms, generat ing 
a d d i t i o n a l formulas to which the inference ru les 

are appl ied In a l l possible ways, and so f o r t h . 
Since monotonlc inference ru les are monotonlc, 
once a formula is generated at a given stage, It 
stays In at every subsequent stage. Thus the 
theorems of a theory In a monotonlc system can be 
defined simply as a l l the formulas that get 
generated at any stage. The problem w i th 
at tempting to fo l low t h i s pa t te rn w i th 
nonmonotonic inference ru les Is that we cannot 
r e l i a b l y draw nonmonotonic Inferences at any 
p a r t i c u l a r stage, since something i n fe r red at a 
l a t e r stage may inva l i da te them. Lacking such an 
i t e r a t i v e s t r uc tu re , nonmonotonic systems use 
nonconstruct ive " f i xed po in t " d e f i n i t i o n s , which 
do not d i r e c t l y y i e l d algori thms for enumerating 
the "der ivab le" formulas, but do def ine sets of 
formulas that respect the in ten t of the 
nonmonotonic inference ru les ( e . g . , In McDermott 
and Doyle's f i xed po in ts , MP is included whenever 
~P is not inc luded.) 

For our l o g i c , it is easiest to proceed by 
f i r s t g i v ing the closure condi t ions that we would 
expect the be l i e f s of an i dea l l y r a t i o n a l agent to 
possess. I n fo rma l l y , the be l i e f s should include 
whatever the agent could i n f e r by ordinary l o g i c , 
and whatever he could i n f e r by r e f l e c t i n g on what 
he be l ieves . To put t h i s fo rma l l y , an 
autoeplsteraic theory T that represents the be l i e f s 
of an I dea l l y r a t i o n a l agent should s a t i s f y the 
fo l l ow ing cond i t ions : 
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LP w i l l be in T if and only if P is in T, and ~LP 
w i l l be in T i f and only i f P is not in T. 
S t a b i l i t y impl ies a soundness resu l t even stronger 
than t h i s , however. We can show than the t r u t h of 
a stable autoepistemic theory depends only on the 
t r u t h of the formulas of the theory that conta in 
no autoepistemic operators . (We w i l l c a l l these 
" o b j e c t i v e " formulas. ) 

Theorem 1. If T is a s table autoepistemic 
theory, then any autoepistemic 
i n t e r p r e t a t i o n of T which is a p ropos l t i ona l 
model of the ob jec t i ve formulas of T is an 
autoepistemic model of T5. 

In other words, i f a l l the ob jec t i ve formulas 
in an autoepistemic theory are t r u e , then a l l the 
formulas in that theory are t r ue . Given that the 
ob jec t i ve formulas of a s tab le autoepistemic 
theory determine whether the theory is t r u e , It is 
not su rp r i s i ng that they also determine what a l l 
the formulas of the theory are . 

Theorem 2. If two stable autoepistemic 
theor ies conta in the same ob jec t i ve 
formulas, then they conta in exact ly the same 
formulas.6 

F i n a l l y , w i t h these cha rac te r i za t i on 
theorems, we can prove that the syn tac t i c 
c r i t e r i o n of s t a b i l i t y captures the semantic 
c r i t e r i o n of completeness. 

Theorem 3. An autoepistemic theory T Is 
semant ica l ly complete i f and only i f T is 
s t ab l e . 

By Theorem 3, we know that s t a b i l i t y of an 
agent 's b e l i e f s guarantees that they are 
semant ica l ly complete, but s t a b i l i t y alone t e l l s 
us nothing about whether they are sound w i th 
respect to h is i n i t i a l premises. That is because 
the s t a b i l i t y condi t ions say nothing about what an 
agent should not be l ieve . They leave open the 
p o s s i b i l i t y of an agent 's be l i ev ing propos i t ions 
that are not in any way grounded in h is i n i t i a l 
premises. What we need to add is a cons t ra in t 
that the only propos i t ions the agent bel ieves are 
h is i n i t i a l premises and those required by the 
s t a b i l i t y cond i t ions . To s a t i s f y the s t a b i l i t y 
condi t ions and include a set of premises A, an 
autoepistemic theory T must include a l l the 
t a u t o l o g i c a l consequences of A (J {LP I P Is in T} 
U {"LP | P is not in T } . Conversely, we w i l l say 
tha t an autoepistemic theory T is grounded In a 
set of premises A j us t in case every formula of T 
is included in the t au to l og i ca l consequences of A 
U {LP I P i s i n T} U {~LP | P i s not In T } . The 
f o l l o w i n g theorem shows that t h i s syn tac t i c 
cons t ra i n t on T and A captures the semantic not ion 
of soundness. 

Theorem 4. An autoepistemic theory T is 
sound w i t h respect to an i n i t i a l set of 
premises A if and only i f T is grounded In 
A. 

We have shown, then, that the s tab le 
autoepistemic theor ies grounded In a set of 
premises A exac t ly character ize the possible sets 
of b e l i e f s that an I d e a l l y r a t i o n a l agent might be 
expected to hold given A as h is premises. We w i l l 
c a l l these the s tab le expansions of A. Notice 
that we say "se ts " ( p l u r a l ) , because there may be 
more than one s tab le expansion of a given set of 
premises. Consider {~LP -> Q, ~LQ -> P} as an 
I n i t i a l set of premises. The f i r s t formula says 
t h a t , i f P is not be l ieved , then Q is t r u e , and 
the second says t h a t , If Q is not be l ieved, then P 
is t r u e . In any s tab le autoepistemic theory that 
includes these premises, If P Is not in the theory 
then Q w i l l be, and v ice versa. But if the theory 
is grounded in these premises, i f P is in the 
theory there w i l l be no basis fo r inc lud ing Q, and 
v ice versa. So, a s table expansion of (~LP -> Q, 
~LQ -> P} w i l l conta in e i t he r P or Q, but not 
both . 

It can also happen that there are no) s table 
expansions of a given set of premises. Consider 
for Instance {~LP -> P}. No stable autoepistemic 
theory that contains t h i s formula can f a i l to 
conta in P. If P were not In the theory, ~LP would 
have to be In the theory, but then P would be in 
the theory—a c o n t r a d i c t i o n . On the other hand, 
i f P is In the theory, then the theory w i l l not be 
grounded In the premises. So no s tab le 
autoepistemic theory can be grounded in 
{~LP -> P}. 

This seemingly strange behavior Is the resu l t 
of the I n d e x i c a l i t y of the autoepistemic operator 
L. Since L is i n te rp re ted r e l a t i v e to an e n t i r e 
set o f b e l i e f s , I t s i n t e r p r e t a t i o n w i l l change 
w i th the various ways of completing a set of 
b e l i e f s . In each acceptable way of completing a 
set of b e l i e f s , the i n t e r p r e t a t i o n of L w i l l 
change to make that set s tab le and grounded in the 
premises. Sometimes, though, no matter how we t r y 
to complete a set of b e l i e f s , the set of b e l i e f s 
and the i n t e r p r e t a t i o n of L never coincide in a 
way that gives us a s tab le set of b e l i e f s grounded 
in the premises. 

This ra ises a quest ion of how to view 
autoepistemic log ic a_s a l o g i c . If we consider a 
set of premises A as axioms, what do we consider 
the theorems of A to be? If there is a unique 
s tab le expansion of A, then It is c lear that we 
want t h i s expansion to be the set of theorems of 
A. But what if there are seve ra l , or no, s tab le 
expansions of A? If we take the point of view of 
the agent, we have to say that there can be 
a l t e rna te sets of theorems, or no set of theorems 
of A. This may be a strange property fo r a l og i c 
to have, but , g iven our semantics, i t is c lear why 
t h i s happens. An a l t e r n a t i v e (adopted by 
McDermott and Doyle w i t h regard to t h e i r f i xed 
po in ts ) is to take the theorems of A to be the 
i n t e r s e c t i o n of the e n t i r e language w i th a l l the 
s tab le expansions of A. This gives us the 
formulas that are in a l l s tab le expansions of A I f 
there Is more than one, and it makes the theory 
incons is ten t I f there Is no s tab le expansion of A. 
Th is , t oo , is reasonable, but i t has a d i f f e r e n t 
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i n t e r p r e t a t i o n . I t r e p r e s e n t s what a n o u t s i d e 
o b s e r v e r wou ld know, g i v e n o n l y knowledge o f the 
a g e n t ' s p remises and t h a t he i s an i d e a l l y 
r a t i o n a l a g e n t . 

IV ANALYSIS OF NONMONOTONIC LOGIC 

Now we a r e in a p o s i t i o n to g i v e an a n a l y s i s 
o f nonmonoton ic l o g i c t h a t w i l l e x p l a i n I t 6 
p e c u l i a r i t i e s i n terms o f a u t o e p i s t e m i c l o g i c . 
B r i e f l y , our c o n c l u s i o n w i l l b e t h a t t he o r i g i n a l 
nonmonoton ic l o g i c o f McDermott and Doy le [1980 ] 
I s s i m p l y too weak t o c a p t u r e the n o t i o n s they 
w a n t e d , bu t McDermo t t ' s [1982] a t t e m p t t o 
s t r e n g t h e n the l o g i c does so in the wrong way. 

McDermott and D o y l e ' s f i r s t l o g i c i s v e r y 
s i m i l a r t o our a u t o e p i s t e m i c l o g i c w i t h one 
g l a r i n g e x c e p t i o n ; t hey have n o t h i n g i n t h e i r 
l o g i c c o r r e s p o n d i n g t o our c o n d i t i o n I I ( i f P I s 
i n T , t h e n L P i s i n T ) . Analogous t o our s t a b l e 
expans ions of a se t of p remises A, McDermott and 
Doy le d e f i n e the nonmonoton ic f i x e d p o i n t s o f A . 
I n the p r o p o s l t l o n a l c a s e , t h e i r d e f i n i t i o n I s 
e q u i v a l e n t t o the f o l l o w i n g : 

T is a f i x e d p o i n t o f A j u s t In case T is 
t he s e t of t a u t o l o g i c a l consequences of A U 
{ "LP | P i s not i n T } . 

Our d e f i n i t i o n o f a s t a b l e expans ion o f A, on the 
o t h e r hand , c o u l d be s t a t e d a s : 

T is a s t a b l e e x p a n s i o n of A j u s t In case T 
i s the s e t o f t a u t o l o g i c a l consequences o f A 
U {LP | P i s I n T} U { "LP I P i s not i n T } . 

I n nonmonoton ic l o g i c , {LP I P i s I n T } i s m i s s i n g 
f r o m the " b a s e " o f t he f i x e d p o i n t s . T h i s a d m i t s 
f i x e d p o i n t s o f nonmonoton ic l o g i c t h a t c o n t a i n P 
b u t no t LP . So, under an a u t o e p i s t e m i c 
i n t e r p r e t a t i o n o f L , McDermott and D o y l e ' s agen ts 
a r e o m n i s c i e n t as to what they do not b e l i e v e , bu t 
t hey may know n o t h i n g as to what they do b e l i e v e . 

T h i s e x p l a i n s e s s e n t i a l l y a l l t he 
p e c u l i a r i t i e s o f McDermott and D o y l e ' s o r i g i n a l 
l o g i c . For I n s t a n c e , t hey n o t e [ 1 9 8 0 , p . 69J 
t h a t MC does not f o l l o w f rom M(C A D ) . Changing 
t h e m o d a l i t y t o L , t h i s I s e q u i v a l e n t t o s a y i n g 
t h a t "LP does no t f o l l o w f rom ~L(P \ / Q) - The 
p rob lem I s t h a t , l a c k i n g the a b i l i t y t o i n f e r L P 
f r o m P , nonmonoton ic l o g i c p e r m i t s i n t e r p r e t a t i o n s 
o f L more r e s t r i c t e d t h a n s i m p l e b e l i e f . Suppose 
we I n t e r p r e t L as " I n f e r a b l e in n or fewer s t e p s " 
f o r some p a r t i c u l a r n . P m i g h t be i n f e r a b l e i n 
e x a c t l y n s t e p s , and P \ / Q In n + 1 . On t h i s 
I n t e r p r e t a t i o n ~L(P \ / Q) wou ld be t r u e and "LP 
wou ld b e f a l s e . S ince t h i s i n t e r p r e t a t i o n o f L i s 
c o n s i s t e n t w i t h the d e f i n i t i o n o f a f i x e d p o i n t , 
"LP does no t f o l l o w f rom ~L(P \ / Q ) . The o t h e r 
example o f t h i s k i n d they n o t e I s t h a t {MC, "C} 
has a c o n s i s t e n t f i x e d p o i n t , w h i c h amounts t o 
s a y i n g s i m u l t a n e o u s l y t h a t P i s c o n s i s t e n t w i t h 

e v e r y t h i n g a s s e r t e d and t h a t P i s f a l s e . T h i s s e t 
o f p remises i s e q u i v a l e n t t o { " L P , P } , but t h i s 
wou ld be i n c o n s i s t e n t i f LP were f o r c e d to be in 
eve ry f i x e d p o i n t t h a t c o n t a i n s P . 

On the o t h e r hand , McDermott and Doy le 
c o n s i d e r i t to be a p rob lem t h a t {MC -> D, ~D} has 
n o c o n s i s t e n t f i x e d p o i n t i n t h e i r t h e o r y . I n 
a u t o e p i s t e m i c l o g i c , t h e r e a re c o n s i s t e n t s t a b l e 
t h e o r i e s t h a t c o n t a i n these p r e m i s e s , bu t none o f 
them a r e grounded In t h e p r e m i s e s , so t h e y do no t 
c h a r a c t e r i z e a p p r o p r i a t e s e t s o f b e l i e f s f o r a 
r a t i o n a l a g e n t . Thus , our a n a l y s i s j u s t i f i e s 
nonmonoton ic l o g i c i n t h i s c a s e , a g a i n s t the 
I n t u i t i o n s o f McDermott and D o y l e . 

McDermott and Doy le r e c o g n i z e d the weakness 
o f t he o r i g i n a l f o r m u l a t i o n o f nonmonoton ic l o g i c , 
and McDermott [1982 ] has deve loped a g roup of 
t h e o r i e s t h a t a re s t r o n g e r because they a r e based 
o n modal l o g i c r a t h e r t han c l a s s i c a l l o g i c . 
McDermo t t ' s nonmonotonic modal t h e o r i e s a l t e r the 
l o g i c I n two ways. F i r s t , the d e f i n i t i o n o f f i x e d 
p o i n t I s changed to be e q u i v a l e n t to 

T Is a f i x e d p o i n t o f A j u s t in case T is 
t he se t of modal consequences of A U 
{ "LP I P i s no t I n T } , 

where "modal consequence" means t h a t P I - LP is 
I n c l u d e d as an I n f e r e n c e r u l e . Second, McDermott 
c o n s i d e r s o n l y t h e o r i e s t h a t have the axioms o f 
t h e modal l o g i c s T, SA, or S5 among the p r e m i s e s . 

Changing the d e f i n i t i o n o f f i x e d p o i n t b y 
I t s e l f b r i n g s M c D e r m o t t ' s l o g i c much c l o s e r t o 
a u t o e p i s t e m i c l o g i c - I n p a r t i c u l a r , a d l n g P | -

LP as an i n f e r e n c e r u l e means t h a t a l l modal 
f i x e d p o i n t s o f A a r e s t a b l e expans ions o f A . 
However, a d d i n g P I - LP as an I n f e r e n c e r u l e 
r a t h e r t han a d d i n g {LP I P is in T} to t he base o f 
T , means t h a t no t a l l s t a b l e expans ions o f A a re 
modal f i x e d p o i n t s o f A . The d i f f e r e n c e I s t h a t , 
I n a u t o e p i s t e m i c l o g i c , LP o n l y has t o be t r u e t o 
b e i n a s e t o f b e l i e f s ; i n M c D e r m o t t ' s l o g i c i t 
must be grounded in a d e r i v a t i o n of P t h a t does 
no t r e l y o n LP. So, i n a u t o e p i s t e m i c l o g i c t h e r e 
I s a s t a b l e e x p a n s i o n o f {LP -> P} t h a t i n c l u d e s 
P , b u t i n McDermo t t ' s l o g i c t h e r e I s n o modal 
f i x e d p o i n t o f {LP - > P } t h a t I n c l u d e s P . I t i s 
a s i f , i n a u t o e p i s t e m i c l o g i c , one can a c q u i r e t he 
b e l i e f t h a t P and j u s t i f y i t l a t e r b y t he p remise 
t h a t , I f P i s b e l i e v e d , t h e n i t i s t r u e . I n 
nonmonoton ic l o g i c , however , t he j u s t i f i c a t i o n o f 
P has t o precede i t s b e l i e f . From the p o i n t o f 
v i ew o f t h e a u t o e p i s t e m i c i n t e r p r e t a t i o n o f L , 
modal nonmonoton ic l o g i c i s more c o n s e r v a t i v e t h a n 
i t has t o b e . 

S i nc e we have a l r e a d y shown t h a t 
a u t o e p i s t e m i c l o g i c r e q u i r e s n o s p e c i f i c ax ioms t o 
c a p t u r e a competence model o f a u t o e p i s t e m i c 
r e a s o n i n g , we m i g h t wonder what purpose is se rved 
b y M c D e r m o t t ' s second m o d i f i c a t i o n t o nonmonoton ic 
l o g i c , t he a d d i t i o n o f t he ax ioms o f v a r i o u s modal 
l o g i c s . The most p l a u s i b l e answer i s t h a t , i n 
a d d i t i o n t o b e h a v i n g i n acco rdance w i t h the 
p r i n c i p l e s o f a u t o e p i s t e m i c l o g i c , a n I d e a l l y 
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r a t i o n a l agent m igh t w e l l be e x p e c t e d to know what 
some o f those p r i n c i p l e s a r e . For i n s t a n c e , the 
modal l o g i c T has a l l i n s t a n c e s o f t he schema 
L(P -> Q) -> (LP -> LQ) as a x i o m s . T h i s says t h a t 
t h e a g e n t ' s b e l i e f s a r e c l o s e d under modus ponens, 
w h i c h i s c e r t a i n l y t r u e , s o t h e agen t m i g h t a s 
w e l l b e l i e v e i t . S4 adds t h e schema LP -> LLP, 
wh i ch means t h a t , i f t he agent b e l i e v e s P , he 
b e l i e v e s t h a t h e b e l i e v e s l t - - c o n d i t i o n I I . S 5 
adds the schema ~LP -> L~LP, w h i c h means t h a t , i f 
t h e agent does no t b e l i e v e P, he b e l i e v e s t h a t he 
does not b e l i e v e i t — c o n d i t i o n I I I . S ince a l l 
t hese f o r m u l a s a lways a r e t r u e f o r any i d e a l l y 
r a t i o n a l a g e n t , i t seems p l a u s i b l e t o expec t h im 
to adop t them as p r e m i s e s . Thus S5 seems to be 
t h e most p l a u s i b l e c a n d i d a t e o f the nonmonoton ic 
l o g i c s as a model o f a u t o e p l s t e m i c r e a s o n i n g . 

The p rob lem i s t h a t a l l o f t hese l o g i c s a l s o 
c o n t a i n t he schema LP -> P, w h i c h means t h a t i f 
t h e agen t b e l i e v e s P t h e n P i s t r u e , and t h a t i s 
n o t g e n e r a l l y t r u e f o r I d e a l l y r a t i o n a l a g e n t s . 
I t t u r n s ou t t h a t L P - > P w i l l a lways b e c o n t a i n e d 
i n any s t a b l e a u t o e p l s t e m i c t h e o r y ( t h a t i s , 
i d e a l l y r a t i o n a l agen ts a lways b e l i e v e t h a t t h e i r 
b e l i e f s a r e t r u e ) , but making i t a p remise a l l o w s 
b e l i e f s t o be grounded t h a t o t h e r w i s e would no t 
be . As we have s e e n , as a p remise the LP -> P can 
i t s e l f b e j u s t i f i c a t i o n f o r b e l i e v i n g P , w h i l e , a s 
a " t h e o r e m , " i t must e i t h e r be d e r i v e d f rom ~LP, 
i n wh i ch case P i s no t b e l i e v e d , o r f rom P , i n 
w h i c h case P must be i n d e p e n d e n t l y j u s t i f i e d , o r 
f r o m some o t h e r grounded f o r m u l a s . I n any c a s e , 
as a p remise schema, LP -> P can l i c e n s e any 
b e l i e f wha tsoeve r i n a u t o e p l s t e m i c l o g i c . T h i s i s 
n o t g e n e r a l l y t r u e i n modal nonmonoton ic l o g i c , a s 
w e have a l s o s e e n , bu t i t i s t r u e I n nonmonoton ic 
S5. The S5 ax iom schema ~LP -> L~LP embodies 
enough o f the model t h e o r y o f a u t o e p l s t e m i c l o g i c 
to a l l o w LP to be " s e l f g r o u n d i n g " : The schema 
~LP -> L~LP is e q u i v a l e n t to the schema 
~L~LP -> LP , w h i c h a l l o w s LP to be j u s t i f i e d by 
t h e f a c t t h a t i t s n e g a t i o n i s not b e l i e v e d . T h i s 
i n f e r e n c e i s never i n danger o f b e i n g f a l s i f i e d , 
b u t , f r o m t h i s and LP -> P, we g e t an u n w a r r a n t e d 
J u s t i f i c a t i o n f o r b e l i e v i n g P . 

The c o l l a p s e of nonmonoton ic S5 i n t o 
monoton ic S5 i m m e d i a t e l y f o l l o w s . S ince LP -> P 
can b e used t o j u s t i f y b e l i e f i n any f o r m u l a a t 
a l l , t h e r e a re n o f o r m u l a s t h a t a r e absen t f rom 
e v e r y f i x e d p o i n t o f S5, so t h e r e a r e no f o r m u l a s 
o f the fo rm ~LP t h a t a r e c o n t a i n e d i n e v e r y f i x e d 
p o i n t o f S5; hence t h e r e a r e no theorems o f t h e 
f o r m ~LP in any t h e o r y based on nonmonoton ic S5. 
( R e c a l l t h a t the theorems a r e t h e i n t e r s e c t i o n o f 
a l l t h e f i x e d p o i n t s . ) S i n c e these f o r m u l a s a r e 
j u s t t h e ones t h a t wou ld be p roduced by 
nonmono ton ic i n f e r e n c e , nonmonoton ic S5 c o l l a p s e s 
t o mono ton i c S5. I n more i n f o r m a l t e r m s , an agen t 
who t a k e s I t a s a p remise t h a t h e I s I n f a l l i b l e i s 
l i a b l e t o b e l i e v e a n y t h i n g , s o a n o u t s i d e o b s e r v e r 
can c o n c l u d e n o t h i n g about what he does n o t 
b e l i e v e . 

The r e a l p r o b l e m w i t h nonmonoton ic S5, t h e n , 
i s n o t t h e S5 schema, so M c D e r m o t t ' s r a t h e r 
u n m o t i v a t e d s u g g e s t i o n t o d rop back t o 

V CONCLUSION 

McDermott and Doy le r e c o g n i z e d t h a t t h e i r 
o r i g i n a l nonmonoton ic l o g i c was too weak, b u t , 
when h e t r i e d t o s t r e n g t h e n i t , McDermott 
m i s d i a g n o s e d the p r o b l e m . I t appears t h a t , 
because he was t h i n k i n g of nonmonoton ic l o g i c as a 
l o g i c o f p r o v a b i l i t y r a t h e r t h a n b e l i e f , h e 
t h o u g h t the p rob lem was t h e l a c k o f a c o n n e c t i o n 
between p r o v a b i l i t y and t r u t h . A t one p o i n t he 
says "Even though ~M~P ( a b b r e v i a t e d LP) m i g h t 
p l a u s i b l y b e expec ted t o mean ' P i s p r o v a b l e , ' 
t h e r e was n o t a c t u a l l y any r e l a t i o n between the 
t r u t h v a l u e s o f P and L P , " [ 1 9 8 2 , p . 3 4 ] , and 
l a t e r h e acknowledges t h e q u e s t l o n a b l l l t y o f the 
schema L P - > P , bu t says t h a t " I t i s d i f f i c u l t t o 
v i s u a l i z e any o t h e r way o f r e l a t i n g p r o v a b i l i t y 
and t r u t h , " [ 1 9 8 2 , p . 3 5 ] . I f one i n t e r p r e t s 
nonmonoton ic l o g i c as a l o g i c o f b e l i e f , however , 
t h e r e i s n o r e a s o n t o e x p e c t any c o n n e c t i o n 
between t h e t r u t h o f LP and the t r u t h o f P . And , 
as we have s e e n , t h e r e a l p r o b l e m w i t h t he 
o r i g i n a l nonmonoton ic l o g i c was t h a t t h e " I f " h a l f 
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o f the seman t i c d e f i n i t i o n o f L—LP I s t r u e I f and 
o n l y I f L i s b e l i e v e d — w a s no t exp ressed I n t he 
l o g i c . 
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NOTES 

I n t h e i r i n f o r m a l e x p o s i t i o n , McDermott and 
Doy le [ 1 9 8 0 , pp . 4 4 - 4 6 ] emphasize t h a t t h e i r 
n o t i o n o f nonmononton ic i n f e r e n c e i s not t o be 
t a k e n a s a fo rm o f v a l i d I n f e r e n c e . I f t h i s I s 
t h e c a s e , t hen t h e i r f o r m a l seman t i cs cannot be 
c o n s i d e r e d t o b e the " r e a l " s e m a n t i c s o f t h e i r 
nonmonoton ic l o g i c . A t b e s t , I t wou ld p r o v i d e the 
c o n d i t i o n s t h a t wou ld have t o h o l d f o r the 
I n f e r e n c e s t o b e v a l i d , bu t t h i s l e a v e s unanswered 
t h e q u e s t i o n o f what f o r m u l a s o f nonmonoton ic 
l o g i c mean. 

2 
Of c o u r s e , a u t o e p i s t e m l c r e a s o n i n g can be mixed 

w i t h d e f a u l t r e a s o n i n g ; we m igh t b e l i e v e t h a t we 
know about most o f the b i r d s t h a t cannot f l y . 
T h i s c o u l d l ead t o d e f e a s i b l e a u t o e p i s t e m l c 
I n f e r e n c e s , but t h e i r d e f e a s i b l l l t y wou ld b e the 
r e s u l t o f t h e i r a l s o b e i n g d e f a u l t I n f e r e n c e s . 

S t a l n a k e r s n o t e , w h i c h to ray knowledge remains 
u n p u b l i s h e d , grew ou t of h i s comments as a 
r e s p o n d e n t to McDermott at a c o n f e r e n c e on 
A r t i f i c i a l I n t e l l i g e n c e and P h i l o s o p h y , h e l d i n 
March 1980 a t the C e n t e r f o r Advanced Study i n the 
B e h a v i o r a l S c i e n c e s . 

4 
C o n d i t i o n I V w i l l , o f c o u r s e , a l s o b e s a t i s f i e d 

b y a n i n c o n s i s t e n t s t a b l e a u t o e p i s t e m l c t h e o r y , 
s i n c e such a t h e o r y wou ld i n c l u d e a l l f o r m u l a s o f 
a u t o e p i s t e m l c l o g i c . 

Space does no t p e r m i t the i n c l u s i o n o f o f the 
p r o o f s o f t he t heo rems . They a r e g i v e n I n f u l l I n 
e l s e w h e r e [ M o o r e , 1 9 8 3 ] . 

T h i s theorem i m p l i e s t h a t our a u t o e p i s t e m l c 
l o g i c does no t c o n t a i n any p u r e l y s e l f - r e f e r e n t i a l 
f o r m u l a s a s one f i n d s i n what a re u s u a l l y c a l l e d 
" s y n t a c t i c a l " t r e a t m e n t s o f b e l i e f . I f , I n s t e a d 
o f a b e l i e f o p e r a t o r , we had a b e l i e f p r e d i c a t e , 
there might be a term p that denotes the formula 
B e l ( p ) . Whether Bel(p) is bel ieved or not is 
c l e a r l y Independent of any ob jec t i ve b e l i e f s . The 
lack of such formulas is a c h a r a c t e r i s t i c 
d i f f e rence between sentence-operator and predicate 
treatments of p ropos l t l ona l a t t i t u d e s and 
moda l i t i es . 

McDermott and Doyle [1980, p. 51] present t h i s 
example as {MC -> ~D, MD -> ~ C } . 

8 McDermott and Doy le [ 1 9 8 0 , p . 51 ] p r e s e n t t h i s 
example as {MC -> ~ C } . 
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