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E f f i c i e n t p r o o f c h e c k i n g 

The i n te res t in automatic theorem p rov ing , 
which was very high in the Al community in the l a te 
s i x t i e s , has decreased. One of the reasons was the 
i m p o s s i b i l i t y by now of ob ta in ing a theorem prover 
of wide a p p l i c a b i l i t y . In p a r t i c u l a r "complete" 
search s t ra teg ies based on reso lu t i on have been 
heav i ly c r i t i c i z e d . I n fac t i t i s f e l t that the cru 
c i a l problem is not to have an e f f i c i e n t prover 
but to be able to communicate w i t h it and to d r i ve 
i t . I t i s also f e l t that e f f i c i e n c y improvements 
cannot increase s i g n i f i c a n t l y the performance. 

While t h i s skept ic ism i s p a r t i a l l y j u s t i f i e d 
in the case of automatic, theorem prov ing , we th ink 
that a ca re fu l complexi ty analys is may help in im­
proving s u b s t a n t i a l l y the performance of proof 
checkers. We agree w i t h Kowalski that log ic formal 
isms are to be considered as programming languages 
and proof checkers as i n t e r p r e t e r s . Thus a powerful 
l og ic formalism and an e f f i c i e n t proof checker can 
a l low to prove manually theorems whose automatic 
proof would be otherwise very fa r from the s ta te of 
the a r t . As a step in t h i s d i r e c t i o n , i n [ B o y e r , 
Moore 72] a c lever technique has been developed fo r 
s t o r i ng shared s t ruc tu res in reso lut ion-based 
proof checkers. However, since the standard u n i f i ­
ca t ion a lgor i thm does not always take advantage of 
s t ruc tu re shar ing , i t s performance i n t h i s s e t t i n g 
can be extremely bad. We show in [ Martel.1i,Montana 
ri 77] a simple example where checking a proof of 
n steps may requ i re 22 operat ions. 

E f f i c i e n t u n i f i c a t i o n 

Quasi l i nea r and l i nea r a lgor i thms fo r u n i f i c a 
t i o n have been recent l y proposed (see fo r instance 
[ M a r t e l l i , Montanari 7 6 ] ) . The quasi l i n e a r a lgo ­
r i t hm uses counters to discover when a va r i ab le is 
ready to be bound and is p a r t i c u l a r l y appealing in 
p r a c t i c e , since i t i s only s l i g h t l y more compl i ­
cated than the standard a lgor i thm and needs only 
the usua l , top-down, L ISP- l i ke data s t r u c t u r e s . 
However, the time spent fo r i n i t i a l i z a t i o n s might 
be qu i te heavy, espec ia l l y f o r small cases, and i t 
could be reduced only through a close i n t e g r a t i o n , 
of the u n i f i c a t i o n a lgor i thm in the whole theorem 
prover. 

In [ M a r t e l l i , Montanari 77] we thus suggest 
to merge our quasi l i n e a r u n i f i c a t i o n a lgor i thm 
w i t h Boyer and Moore technique. While the simple 
j u x t a p o s i t i o n of the two methods reduces the worst 
case above to 2 n , we propose in add i t i on to modify 
them in order to make e x p l i c i t f u r t h e r shar ing and 
to e l im inate non accessible v a r i a b l e s . 

I m p r o v i n g Boyer and Moore t e c h n i q u e 

We s u g g e s t t h r e e m o d i f i c a t i o n s to 
Boyer and M o o r e ' s s t o r i n g t e c h n i q u e f o r 
t h e p u r p o s e o f a d a p t i n g t o i t our e f f i ­
c i e n t u n i f i c a t i o n a l g o r i t h m [ M a r t e l l i , Mon 
t a n a r i 7 7"]: 

i ) counter contents are stored together w i th v a r i ­
able b indings to avoid i n i t i a l i z a t i o n s ; 

i i ) b indings are sometimes r e w r i t t e n to increase 
shar ing fo r making l a t e r u n i f i c a t i o n s f a s t e r ; 

i i i ) b indings of non accessib le va r iab les are de­
tected and not s to red , to keep the data base 
smal ler . 
Besides avoid ing i n i t i a l i z a t i o n s , counter stojr 

ing has the a l t e r n a t i v e advantage of a l low ing to 
v i s i t , dur ing u n i f i c a t i o n , only the l i t e r a l s ac tu ­
a l l y resolved in the proo f . The standard technique 
does not use counters, but would need them anyway 
i f i t had both to detect non accessible var iab les 
and to r e s t r i c t the v i s i t e d l i t e r a l s as above. 

With respect to po in t i i ) , we a c t u a l l y have a 
storage-t ime t r adeo f f . In fac t in Boyer and Moore's 
technique every va r i ab le in some theorem T is e i ­
ther f ree or bound exact ly once in T or in some 
theorem derived e a r l i e r , dur ing the proof of T. 
Here instead we may assign a va r i ab le many t imes, 
to express s t ruc tu re matchings which take p lace , or 
become apparent, dur ing the proof . 

The time saving produced by those ex t ra b i nd ­
ings can be exponent ia l w i th the length of the 
proof . Furthermore we fee l that the sharing express 
ed by such bindings is always p o t e n t i a l l y u s e f u l , 
and suggestive fo r the s t ruc tu re of the theorem 
proved. 
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