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Included amongst the i n t e n s i o n a l l o g i c s are 
those dea l i ng w i t h o b l i g a t i o n (deont ic l og i c ) , 
necess i ty (modal l o g i c ) , t ime (tense l o g i c ) , and 
var ious o ther i n t e n s i o n a l concepts. These l o g i c s 
were developed to fo rma l i ze the semantics o f n a t 
u r a l language d iscourses . The i n t e n s i o n a l l o g i c s 
s tud ied here are extensions of some of the senten-
i a l l o g i c s known as the normal i n t e n s i o n a l l o g i c s . 
These l o g i c s inc lude the modal l o g i c s K, M, B, 
S4, and S5 and t h e i r deont ic and tense l o g i c 
coun te rpar ts . The c losure o f the a c c e s s i b i l i t y 
r e l a t i o n in these l o g i c s can be r e a d i l y computed, 
a convenient p roper ty f o r mechanizing p r o o f s . 

In f r e e l o g i c s , i n d i v i d u a l names need no t 
have a r e f e r e n t , and the domain of d iscourse is 
not requ i red to be non-empty. There is genera l 
agreement t h a t a q u a n t i f i e d i n t e n s i o n a l l o g i c must 
have a f r ee q u a n t i f i c a t i o n a l base i f i t i s t o 
capture the l o g i c o f n a t u r a l language d iscourses . 
By hav ing a f r e e base, i t i s p o s s i b l e , e . g . , f o r 
two wor lds to be compatible where, in one w o r l d , 
i t i s dec lared t h a t something e x i s t s and, i n the 
o ther w o r l d , t h a t no th ing e x i s t s . Or a term can 
r e f e r a t one t ime but not a t another. More t e c h 
n i c a l l y , n e i t h e r the Barcan formula (Vx 0A=> D\ixA 
in a modal l o g i c ) nor i t s converse (DVxA^ Vx DA) 
are provable in a f r e e i n t e n s i o n a l l o g i c . 

I f the f r e e i n t e n s i o n a l l o g i c s are found t o 
c o n s t i t u t e the poss ib le l o g i c a l bases o f semantic 
desc r i p t i ons of n a t u r a l languages, as many be 
l i e v e , then an adequate system f o r automatic 
n a t u r a l language processing must handle these 
l og i cs c o r r e c t l y . A mechanized p roo f procedure 
f o r these l o g i c s must be devised f o r such tasks as 
d isambiguat ing d iscourses , quest ion-answer ing, and 
gu id ing ru le-governed behavior . 

F a i l u r e o f the Barcan formula and i t s con
verse r u l e s ou t n a t u r a l extensions o f two theorem 
prov ing techniques i n standard f i r s t - o r d e r l o g i c 
t o the f r e e i n t e n s i o n a l l o g i c s . F i r s t , i n the 
t r a d i t i o n of Gentzen, Beth , and Smullyan, the 
device o f us ing a s i n g l e t r e e in a d e r i v a t i o n i s 
d i f f i c u l t to develop, as the same term on the one 
and on l y t r e e might have to r e f e r in one p lace bu t 
not in another . Second, the r e s o l u t i o n method -
presupposes a prenex normal form theorem, bu t t h i s 
f a i l s i n the f r ee i n t e n s i o n a l l o g i c s . I f a com
p u t a t i o n a l method cou ld be developed f o r the f r e e 
i n t e n s i o n a l l o g i c s us ing e i t h e r the device o f a 
s i n g l e t r e e o r r e s o l u t i o n , i t i s l i k e l y t h a t i t 
would be somewhat cx>un te r - i n tu i t i ve . 
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I ns tead , a mechanized proof procedure is p r e 
sented in which there i s a t r e e f o r each "poss ib le 
wo r l d " and a scheme of branch numbering to i d e n t i 
f y corresponding branches o f d i f f e r e n t t r e e s . 
Th is t r e e method prov ides a new view of what con
s t i t u t e s a p r o o f , and an appropr ia te semantics is 
developed. I t app l ies t o an ordered se t o f sets 
of sentences (known as an evo lv ing theory) and 
no t j u s t to a s i n g l e se t o f sentences as other 
deduct ive systems do . I n te r l eaved d e r i v a t i o n s 
are c a r r i e d ou t in a f i n i t e number o f wor lds 
( t rees) which i n t e r a c t . These i n t e r a c t i n g proofs 
cou ld a l so be executed in p a r a l l e l . 
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