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ABSTRACT 

A precise d e f i n i t i o n is g iven of a c lass of 
inferences in predicate log ic which it la proposed 
to I d e n t i f y w i t h the c lass of "obvious" In ferences. 
A mechanism fo r Implementing "obvious in ference" as 
a r u l e of Inference in proof checking systems is 
discussed. 

I. INTRODUCTION 

Automatic proofchecking systems should be able 
to c e r t i f y the correctness of any Inference which 
users can aee as obviously c o r r e c t . It should only 
be necessary f o r a user to speci fy the premises and 
conclusion i n c a l l i n g f o r such c e r t i f i c a t i o n . I n 
proofchecklng systems f o r predicate l og i c based on 
na tu ra l deduct ion, e .g . Stanford FOL [ 3 ] , [ 6 ] , 
[ 7 ] , t h i s f a c i l i t y I s o r d i n a r i l y ava i l ab le only f o r 
such spec ia l cases as t a u t o l o g i c a l in fe rence. The 
fo l l ow ing example ( taken from [ 5 ] , p. 185) is 
i n s t r u c t i v e : 

deductive inferences which, i n t u i t i v e l y , are 
"obv ious" . We w i l l describe a simple mechanism 
(based on a nonresolut lon Herbrand theorem-proving 
procedure) by means of which "obvious in ference" 
can be Implemented as a ru le of inference in 
na tura l deduction systems, and we w i l l deacrlbe mi 
experimental vers ion of t h i s mechanism as an 
extension of FOL. In p a r t i c u l a r the 9 to 17 steps 
required In the example c i t ed is reduced to 1 when 
the new mechanism is a v a i l a b l e . 

I I . OBVIOUS HERBRAND PROOFS 

What makes an inference obvious? Equ iva len t l v , 
what makes an inference complicated? We propose a* 
an answer to the second quest ion: an inference Is 
complicated when i t requires m u l t i p l e subs t i t u t i ons 
from the Herbrand universe in the same c lause. In 
such a case, a human being must exercise 
considerable Ingenui ty in order to f i n d exact ly the 
r i g h t subs t i t u t i ons from the t y p i c a l l y i n f i n i t e 
Herbrand un iverse. These considerat ions suggest 
the: 

Although t h i s inference seems a b i t 
complicated a t a f i r s t glance i t i s r e a l l y obvious 
to anyone experienced w i t h elementary l o g i c . (The 
second and t h i r d premises provide an i n d i v i d u a l c 
f o r which Fc, ~ Gc and (Vy)(Hcy * Ky) a l l ho ld . 
The f i r s t premise then gives an i n d i v i d u a l b such 
that Hcb and Jb. So Kb and Jb both must be t r u e . ) 
However a t y p i c a l FOL proof would run to 17 l i n e s . 
An "opt imised" FOL proof using two c a l l s to the 
TAUT tau to l og i ca l Inference checker s t i l l runs 9 
l i n e s . A user is compelled to step-by-step 
e l im inate q u a n t i f i e r s , use p ropos l t l ona l ca lcu lus , 
and f i n a l l y re lna ta te q u a n t i f i e r s . 

In t h i s communication, we w i l l g ive a precise 
d e f i n i t i o n of a c lass of inferences in predicate 
l og i c we propose to i d e n t i f y w i t h the classes of 

THESIS: An inference is obvious p rec ise ly when 
a Herbrand proof of i t s correctness can be given 
Invo lv ing no more than one s u b s t i t u t i o n instance of 
each c lause. 

Returning to our example, I t i s equivalent to 
the u n s a t i s f l a b l l t y of the l i s t o f c lauses: 

1Work supported by NSF Grant MCS 60-02438. 

by checking that the r e s u l t i n g l i s t of clauses is 
t r u t h - f u n c t i o n a l l y u n s a t l s f l a b i a . Indeed: there Is 
only one s u b s t i t u t i o n instance of each clause used, 
In accord w i t h our t h e s i s . 

530 



III. AUTOMATING OBVIOUS INFERENCE 

How c o u l d t h i s t r e a t m e n t o f ou r example be 
automated? A f i r s t t h o u g h t m i g h t be t o use b i n a r y 
r e s o l u t i o n w i t h t h e r e s t r i c t i o n t h a t n o c l a u s e may 
b e r e s o l v e d upon more t h a n o n c e . But i t i s r e a d i l y 
seen t h a t a n i n a u s p i c i o u s o r d e r o f r e s o l u t i o n s can 
d e f e a t t h i s method . Thus , r e s o l v i n g ( 5 ) w i t h ( 6 ) 
wou ld g i v e 

( 8 ) Hey v Gy . 

S ince t h e c l a u s e s ( 1 ) , ( 2 ) , ( 3 ) , ( 4 ) , ( 7 ) , ( 8 ) a r e 
r e a d i l y seen t o b e s a t i s f i a b l e , f u r t h e r use o f 
r e s o l u t i o n on these c l a u s e s a l o n e canno t l e a d to a 
r e f u t a t i o n . O f c o u r s e , a r e s o l u t i o n t h e o r e m - p r o v e r 
equ ipped w i t h s u i t a b l e h e u r i s t i c s c o u l d e a s i l y d e a l 
w i t h t h i s examp le . But I t i s n o t c l e a r how t o 
d e s i g n a n e f f i c i e n t r e s o l u t i o n t h e o r e m - p r o v e r w h i c h 
w i l l e f f e c t i v e l y v e r i f y a l l o b v i o u s i n f e r e n c e s . 
F o r t u n a t e l y t h e method o f l i n k e d c o n j u n c t s [ 1 ] , (2 ) 
( w h i c h h i s t o r i c a l l y p receded r e s o l u t i o n ) , can b e 
used q u i t e n i c e l y f o r t h i s p u r p o s e . The method i s 
based on t h e s i m p l e remark t h a t a s e t o f c l a u s e s 
w h i c h i s m i n i m a l l y t r u t h - f u n c t i o n a l l y u n s a t i s f i a b l e 
( I n t h e sense t h a t any p r o p e r subse t i s 
t r u t h - f u n c t l o n a l l y s a t l s f l a b l e ) must b e l i n k e d : 
t h a t i s , t he n e g a t i o n o f each l i t e r a l o c c u r r i n g i n 
one o f t h e c l a u s e s must occu r I n one o f t h e 
r e m a i n i n g c l a u s e s . Thus i n o r d e r t o t e s t f o r 
o b v i o u s i f e r e n c e s one o n l y need use t h e 
u n i f i c a t i o n a l g o r i t h m t o s e a r c h f o r a l l p o s s i b l e 
matches between l i t e r a l s and t h e i r n e g a t i o n s u s i n g 
o n l y a_ s i n g l e copy of each c l a u s e . 

Our p r o p o s a l i s t h u s t o a d j o i n t o n a t u r a l 
d e d u c t i o n p r o o f c h e c k e r s a new r u l e o f i n f e r e n c e , 
OBVIOUS. OBVIOUS i s i n v o k e d a l o n g w i t h a l i s t o f 
p rem ises and a p roposed c o n c l u s i o n . ( I n t h e 
c o n t e x t of FOL, OBVIOUS has t h e same s y n t a x as 
TAUT.) I n v o k i n g OBVIOUS c a l l s an a l g o r i t h m 
c o n s i s t i n g o f : 

( A ) a p r e p r o c e s s o r w h i c h nega tes t h e 
c o n c l u s i o n , Sko lem lzes and p roduces a l i s t o f 
c l a u s e s ; 

(B ) a p r o c e d u r e w h i c h sea rches t h e space o f 
p o s s i b l e matches between l i t e r a l s and t h e i r 
n e g a t i o n s ; 

(C) a s a t i s f i a b i l t y t e s t e r ( e . g . one based on 
t h e Dav i s -Pu tnam p r o c e d u r e [ 2 ] , p p . 2 5 - 2 6 ) . 

I f ( A ) , ( B ) , and (C) l e a d t o s u c c e s s , i . e . t o 
a n u n s a t l s f l a b l e l i n k e d c o n j u n c t , t h e sys tem adds 
t h e p roposed c o n c l u s i o n as a new l i n e I n t h e p r o o f 
b e i n g c o n s t r u c t e d . O t h e r w i s e , t h e sys tem r e t u r n s a 
message such as NOT OBVIOUS. 

I V . EXPERIMENTS WITH FOL 

D u r i n g a b r i e f s t a y a t t h e S t a n f o r d A I 
L a b o r a t o r y , t h e OBVIOUS r u l e was Imp lemented a l o n g 
the l i n e s d i s c u s s e d . A t h e o r e m - p r o v i n g p rogram 
based on t h e l i n k e d c o n j u n c t method t h a t had been 
w r i t t e n b y D . M c l l r o y and P e t e r Hlnman ( s e e [ 1 ] ) 
In 1962 was r e s u r r e c t e d and m o d i f i e d . The 

n o d i f l c a t l o n c o n s i s t e d o f : ( 1 ) t r a n s l a t i o n i n t o t he 
l o c a l d i a l e c t o f L I S P ; ( 2 ) s e t t i n g t o 1 t h e 
pa rame te rs d e t e r m i n i n g the maximum number o f 
I n s t a n c e s o f each c l a u s e t o b e p e r m i t t e d ; ( 3 ) 
p l a c i n g a S k o l e m l t i n g c o n j u n c t i v e no rma l f o rm 
p r e p r o c e s s o r a t t h e f r o n t end o f t h e p rog ram. 

V a r i o u s p r o o f s t h a t had p r e v i o u s l y been 
checked by FOL were redone u s i n g t h e new OBVIOUS 
f a c i l i t y . I t was found t h a t t h e l e n g t h s o f p r o o f s 
were s h o r t e n e d by a f a c t o r o f a p p r o x i m a t e l y 10 . 
O p p o r t u n i t i e s f o r even more d r a m a t i c r e d u c t i o n 
abound I n F i l m a n ' s d i s s e r t a t i o n [ 4 ] , w h i c h c o n t a i n s 
o v e r a thousand l i n e s o f FOL. 

A v e r s i o n o f OBVIOUS f o r g e n e r a l use w i t h FOL 
w i l l have t o b e m o d i f i e d t o accommodate t he r i c h 
FOL f a c l l t l e s f o r d e c l a r i n g v a r i a b l e s t o b e o f 
v a r i o u s " s o r t s " . T h i s can e a s i l y b e d o n e , e i t h e r 
b y m o d i f y i n g t h e u n i f i c a t i o n a l g o r i t h m s u b r o u t i n e 
i n OBVIOUS t o p e r m i t o n l y s u b s t i t u t i o n s o f t h e 
c o r r e c t s o r t , o r b y i n t r o d u c i n g i n t o t he 
p r e p r o c e s s o r a p r e l i m i n a r y p r o c e d u r e f o r mak ing 
e x p l i c i t t h e r e l a t i v i z e d q u a n t i f i e r s w h i c h t h e FOL 
s o r t mechanism s u p p r e s s e s . 

REFERENCES 

[ 1 ] C h l n l u n d , T . J . , D a v i s , M . , H lnman, P . G . , 
and M c l l r o y , M. D . , T h e o r e m - P r o v i n g by 
M a t c h i n g . B e l l L a b s . , 1964 . 

[ 2 ] D a v i s , M a r t i n , E l i m i n a t i n g t h e I r r e l e v a n t 
f r o m M e c h a n i c a l P r o o f s , P r o c . Symp. A p p l . 
M a t h . , v o l . 1 5 ( 1 9 6 3 ) , 1 5 - 3 0 . 

[ 3 ] F l l m a n , Robe r t E . and Weyhrauch , R . W. , 
An FOL P r i m e r , S t a n f o r d AIM 2 8 8 , 1976 . 

[ 4 ] F l l m a n , Rober t E . , The I n t e r a c t i o n o f 
O b s e r v a t i o n and I n f e r e n c e , d o c t o r a l d i s s e r ­
t a t i o n , S t a n f o r d U n i v e r s i t y , 1979. 

[ 5 ] Q u l n e , W l l l a r d Van Orman, Methods o f L o g i c , 
Rev ised E d i t i o n , Henry H o l t , 1959. 

[ 6 ] Weyhrauch, R.W., A Users Manual f o r FOL, 
S t a n f o r d AIM 2 3 5 . 1 , 1977. 

( 7 ] Weyhrauch, R. W. , Prolegomena to a Theory o f 
Mechan ised Fo rma l R e a s o n i n g , A r t i f i c i a l 
I n t e l l i g e n c e 1 3 ( 1 9 8 0 ) , 1 3 3 - 1 7 0 . 

5 3 1 


