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Summary 
A s y n t a c t i c a n a l y s i s procedure is 

descr ibed which ob ta ins d i r e c t l y the 
deep s t r u c t u r e i n f o r m a t i o n assoc ia ted 
w i t h an inpu t sentence. The implementa­
t i o n u t i l i z e s a s t a t e t r a n s i t i o n network 
c h a r a c t e r i z i n g those l i n g u i s t i c f a c t s 
r ep resen tab le in a contex t f r ee fo rm, 
and a number of techn iques to code and 
d e r i v e a d d i t i o n a l l i n g u i s t i c i n f o r m a t i o n 
and to permi t the compression of the 
network s i z e , thereby a l l o w i n g more 
e f f i c i e n t o p e r a t i o n of the system. By 
r e c o g n i z i n g i d e n t i c a l c o n s t i t u e n t p r e ­
d i c t i o n s stemming from two d i f f e r e n t 
a n a l y s i s pa ths , the system determines 
the s t r u c t u r e o f t h i s c o n s t i t u e n t only 
once. When two a l t e r n a t i v e paths 
th rough the s t a t e t r a n s i t i o n network 
converge to a s i n g l e s t a t e at some 
p o i n t In the a n a l y s i s , subsequent 
analyses are c a r r i e d out only once 
d e s p i t e the e a r l i e r amb igu i t y . Use of 
f l a g s to ca r ry f e a t u r e concordance and 
p rev ious con tex t i n f o r m a t i o n a l lows 
merging of a number of almost i d e n t i c a l 
paths th rough the network. 

I n t r o d u c t i o n 
The"present paper is an abbrev ia ted 

account of a s y n t a c t i c a n a l y s i s system, 
STAP, (S ta te T r a n s i t i o n Ana lys i s 
Procedure) implemented In BBN-LISP 
(Bobrow, Murphy, Te i te lman 1969) which 
is designed to take as i t s i npu t a 
sentence o f Eng l i sh w r i t t e n in normal 
or thography and produce as i t s output a 
form of deep s t r u c t u r e r e p r e s e n t a t i o n o f 
the sentence. We r e q u i r e t ha t the 
a n a l y s i s o f an Inpu t sentence c o n t a i n 
the i n f o r m a t i o n present i n the t r a n s ­
f o r m a t i o n a l deep s t r u c t u r e r ep resen ta ­
t i o n o f a sentence, making e x p l i c i t 
such r e l a t i o n s h i p s as l o g i c a l s u b j e c t , 
l o g i c a l o b j e c t , e t c . 

Th is is not a novel e n t e r p r i s e ; 
r e p o r t s o f work w i t h s i m i l a r goals can 
be found in papers by P e t r i c k (1965) , 
MITRE (Zwicky , e t . aL, 1965) , Kuno 
(1965) , and Thorne, B r a t l e y , and Dewar 
(1968) . The f i r s t t h ree a c t u a l l y p r o ­
duce a t r e e s t r u c t u r e which pu rpo r t s to 
be a l i n g u i s t i c a l l y mot iva ted deep 
s t r u c t u r e i n the form l i k e t ha t de­
s c r i b e d by Chomsky (1965) . Thorne, 
B r a t l e y and Dewar a t tempt to capture 

t h i s same i n f o r m a t i o n by a p p r o p r i a t e 
l a b e l l i n g o f nodes, and i n s e r t i o n o f 
some dummy nodes in a sur face s t r u c t u r e 
a n a l y s i s . The F c t r i c k , MITRE, and kuno 
ana l ys i s a lgo r i t hms depend e x p l i c i t l y on 
a t r a n s f o r m a t i o n a l grammar of some 
cannon ica l fo rm. The a n a l y s i s a l g o r i t h m 
r e f e r s to t h i s grammar d u r i n g the 
ana l ys i s of an inpu t s t r i n g . The 
P e t r i c k and MITRE approaches are 
d i s t i n g u i s h e d from t h a t o f kuno In t ha t 
the former e x p l i c i t l y i n v o l v e t r a n s f o r ­
mat ion r e v e r s a l wh i l e the l a t t e r , once 
having found the sur face s t r u c t u r e 
r e p r e s e n t a t i o n of the sentence, goes 
d i r e c t l y to the deep s t r u c t u r e . 

I t was a f t e r read ing the paper by 
Thorne, Dewar and B r a t l e y t h a t we 
became convinced t h a t an e f f i c i e n t and 
l i n g u i s t i c a l l y i n t e r e s t i n g a n a l y s i s 
system could be developed w i thou t 
e x p l i c i t r e fe rence to a t r a n s f o r m a t i o n a l 
grammar. I t i s , i n f a c t , the Thorne 
work which prov ided us w i t h the genera l 
s t r u c t u r e of STAP: the n o t i o n of a 
s t a t e t r a n s i t i o n network f o r r e f l e c t i n g 
immediate grammat ical r e s t r i c t i o n s and 
the use o f f l a g s f o r c a r r y i n g i n fo rma­
t i o n r e l e v a n t t o o ther p a r t s o f the 
a n a l y s i s . STAP is an e l a b o r a t i o n of 
the procedure desc r ibed by Thorne, 
B r a t l e y , and Dewar (op^ c_i_t.) ; the 
authors wish to g r a t e f u l l y acknowledge 
the generous t ime and ass is tance 
p rov ided to us by Thorne and Dewar which 
pe rm i t t ed us to understand t h e i r system 
and thus a t tempt STAP. 

The goals of these two systems 
d i f f e r : Thorne e t . a l . are concerned 
w i t h the development of a psycho log i c ­
a l l y v a l i d model o f s y n t a c t i c a n a l y s i s 
u t i l i z i n g a l i m i t e d d i c t i o n a r y 
( b a s i c a l l y on ly f u n c t i o n words) and a 
s i n g l e pass a l g o r i t h m . In STAP we are 
p r i m a r i l y concerned w i t h r e f l e c t i n g 
those deep s t r u c t u r e r e l a t i o n s h i p s 
mot i va ted w i t h i n the framework of a 
t r a n s f o r m a t i o n a l grammar and u t i l i z i n g 
a complete d i c t i o n a r y w i t h f u l l y 
s p e c i f i e d e n t r i e s . In a d d i t i o n STAP 
can t r a n s m i t i n f o r m a t i o n back I n t o a 
p r e v i o u s l y analyzed s t r u c t u r e , a 
c a p a b i l i t y not p rov ided in the Thorne 
system. The STAP system has the f u l l 
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f o rma l power of a T u r i n g machine; an 
impor tan t and n o n t r i v i a l q u e s t i o n i s 
whether the l i n g u i s t i c i n f o r m a t i o n i n 
e i t h e r the Thorne or STAP system can be 
i n t r oduced by some s imple f u n c t i o n op­
e r a t i n g on a t r a n s f o r m a t i o n a l grammar 
such as one f rom the c lass of grammars 
desc r ibed by P e t r i c k (op . c l t . ) . Th is 
q u e s t i o n has not yet been c a r e f u l l y i n ­
v e s t i g a t e d but we a n t i c i p a t e an a f f i r m a ­
t i v e answer. 

In t h i s paper we a t tempt to charac­
t e r i z e c l e a r l y and p r e c i s e l y (1) the 
form and con ten t of our a n a l y s i s of an 
i n p u t sentence; and (2) the na tu re o f 
the a l g o r i t h m t h a t i s u t i l i z e d . I n n o 
sense does t h i s a n a l y s i s a l g o r i t h m 
p r o v i d e any semantic i n f o r m a t i o n , 
e i t h e r o f the s o r t found in Katz (1966) 
or t h a t used by Woods (1968) as an i n t e r ­
face to h i s system f o r que ry i ng a 
s t r u c t u r e d data base ( i n h i s case the 
O f f i c i a l A i r l i n e s Gu ide ) . That i s , n o 
l i n g u i s t i c a l l y o r p r o c e d u r a l l y mo t i va ted 
semantic I n f o r m a t i o n i s con ta ined i n 
the a n a l y s i s . However, s ince both the 
Katz and Woods approaches to the 
semantic i n t e r p r e t a t i o n of a sentence 
u t i l i z e a deep s t r u c t u r e r e p r e s e n t a t i o n 
e q u i v a l e n t to what STAP produces, 
the STAP a n a l y s i s cou ld serve as a 
f i r s t f o r such semantic ana l yses . 

The General S t r u c t u r e of STAP 
S u p e r f i c i a l l y , STAP resembles a 

f i n i t e s t a t e automaton. The a n a l y s i s 
a l g o r i t h m , s t a r t i n g a t a n i n i t i a l s t a t e 
S0, uses each word of the i n p u t s t r i n g 
to cause a change of s t a t e th rough a 
s t a t e t r a n s i t i o n network . I f , a t the 
end o f the i npu t s t r i n g , the system i s 
in the f i n a l s t a t e , END, the Inpu t has 
been analyzed as a w e l l - f o r m e d 
sentence. The h i s t o r y o f the t r a n s i ­
t i o n s p rov ides an a n a l y s i s o f the s t r u c ­
t u r e o f the sentence. I n s h o r t , the 
genera l s t r a t e g y o f the a n a l y s i s p r o ­
cedure can be viewed as a s e r i e s of 
s t a t e t r a n s i t i o n s w i t h each t r a n s i t i o n 
s i g n i f y i n g some a d d i t i o n a l success fu l 
s u b a n a l y s i s . 

However, a s t r i c t f i n i t e s t a t e 
automaton w i t h t r a n s i t i o n s dependent 
on ly on the next word is we l l -known to 
be inadequate as a model f o r the 
a n a l y s i s of a n a t u r a l language. STAP 
o b t a i n s a d d i t i o n a l power f rom the 
c a p a b i l i t y o f the t r a n s i t i o n i n t e r ­
p r e t e r t o save i t s c u r r e n t s t a t u s and 
c a l l I t s e l f t o analyze a s u b s t r i n g by 
s t a r t i n g anew at some o the r s t a t e In 
the ne twork . Th is r e c u r s i v e a b i l i t y o f 
STAP p rov ides i t w i t h the power of a 
n o n - d e t e r m i n i s t i c push-down s t o r e 
automata w i t h a top-down p a r s i n g 
s t r a t e g y ; thus i t i s capable o f 

r e c o g n i z i n g a n a r b i t r a r y c o n t e x t - f r e e 
language w i t h i n d e f i n i t e embedding o f 
sentences. 

However, STAP goes beyond the 
a b i l i t y o f t he numerous c o n t e x t - f r e e 
p a r s i n g a l g o r i t h m s a l ready implemented 
to account f o r a range o f l i n g u i s t i c 
i n f o r m a t i o n con ta ined in the deep 
s t r u c t u r e a n a l y s i s o f a sentence. Th i s 
c a p a b i l i t y of STAP d e r i v e s from the 
a u x i l i a r y o p e r a t i o n s performed d u r i n g 
each s t a t e t r a n s i t i o n , and a d d i t i o n a l 
i n f o r m a t i o n which STAP assoc ia tes w i t h 
t he c o n s t i t u e n t s o f the a n a l y s i s . The 
ope ra t i ons i n c l u d e the s e t t i n g o f f l a g s , 
the t e s t i n g o f p r e v i o u s l y set f l a g s t o 
enable or r e j e c t a t r a n s i t i o n , and the 
t r a n s f e r r i n g o f i n f o r m a t i o n determined 
by the c u r r e n t t r a n s i t i o n to some 
p rev ious c o n s t i t u e n t ( s ) o f the a n a l y s i s . 

The S ta te T r a n s i t i o n Network 
There are two types of t r a n s i t i o n s 

between a p a i r o f s t a t e s of the s t a t e 
t r a n s i t i o n ne twork . The f i r s t , the 
more s t r a i g h t f o r w a r d , is where a s i n g l e 
word s a t i s f i e s the i npu t c o n d i t i o n s 
and pe rm i t s the s t a t e t r a n s i t i o n t o 
occur . The second is where the next 
s u b s t r i n g of the i npu t must be a n a l y z -
ab le as some c o n s t i t u e n t s t r u c t u r e 
( e . g . a noun phrase) f o r the s t a t e 
t r a n s i t i o n to be p e r m i t t e d . We r e f e r 
to these two types as l e x i c a l and 
s t r u c t u r a l t r a n s i t i o n s , r e s p e c t i v e l y . 
In (1) we have shown an i l l u s t r a t i v e 
s t a t e t r a n s i t i o n network f o r STAP. 

The subpar t i n ( I I ) , the top 
l e v e l , i n d i c a t e s t h a t a n i npu t s t r i n g 
must be analyzed as a s t r u c t u r e , S, 
f o l l o w e d by a t e r m i n a l p u n c t u a t i o n 
mark, ( " . " or " ? " ) That i s , we have 
f i r s t a s t r u c t u r a l t r a n s i t i o n and then 
a l e x i c a l t r a n s i t i o n . 

I n o rder t o permi t the s t r u c t u r a l 
t r a n s i t i o n from S0 to /S i t i s 
necessary f o r STAP to save i t s c u r r e n t 
s t a t u s and to r e e n t e r the network a t 
the s t a t e S , shown in ( l i i ) . The 
t r a n s i t i o n s from the s t a t e S to the 
s t a t e C-LIJD ( c o n s t i t u e n t end) as shown 
i n ( l i i ) s p e c i f y the p o s s i b l e analyses 
f o r the c o n s t i t u e n t S. For example, a 
sentence can be analyzed as NP-AUX-VP 
( e . g . John can see Mary) r e q u i r i n g the 
t r a n s i t i o n s from S to /NP to /AEX to 
C-END; or analyzed as SADV-NP-VP, 
r e q u i r i n g t r a n s i t i o n s f rom S to /ADV to 
/NP to C-LND ( e . g . C e r t a i n l y the man is 
dead) . 

However, the t r a n s i t i o n from S to 
/NP i s o f t he s t r u c t u r a l r a t h e r than 
the l e x i c a l t y p e , and r e q u i r e s t h a t STP 
save i t s s t a t u s and r e e n t e r the system 
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anew, t h i s t ime at the s t a t e NP shown in 
( l i i i ) . Reenter ing the network i n the 
way we have been d e s c r i b i n g is equ i va ­
l e n t to go ing down a l e v e l in the con­
s t i t u e n t s t r u c t u r e ; t h a t i s , sepa ra t i ng 
the c o n s t i t u e n t being analyzed i n t o i t s 
dominated c o n s t i t u e n t s ( e . g . UP i n t o 
DET-ADJ-N). 

We note here t h a t t he re are 
c e r t a i n s y n t a c t i c ca tego r i es such as NP 
and AUX which are s a t i s f i e d by both a 
l e x i c a l i tem o r a s t r u c t u r a l c o n s t i t u e n t . 
For example, the inpu t word it_ is 
analyzed as a NP, and so is the s t r i n g 
DET-ADJ-N ( the b i g man). Such cases 
are combined in the network i n t o a 
s i n g l e t r a n s i t i o n which i s poss i b l y 
both s t r u c t u r a l and l e x i c a l . 

The Ana l ys i s Procedure 
Two a l t e r n a t i v e s t r a t e g i e s f o r 

p a r s i n g e x i s t w i t h i n the system. The 
choice between them depends in pa r t on 
whether one wants to o b t a i n one 
a n a l y s i s o r a l l poss i b l e analyses f o r 
each i npu t sentence. For the s i n g l e 
a n a l y s i s case, at each node in the 
s t a t e t r a n s i t i o n network STAP can t r y 
( i n some s u i t a b l y arranged o rde r ) each 
o f the p o s s i b l e t r a n s i t i o n s u n t i l one 
succeeds, proceed to the s t a t e 
des igna ted , and con t inue in t h i s way 
u n t i l the i npu t s t r i n g has been 
comple te ly examined. I f i n any s t a t e 
Sj no t r a n s i t i o n is p o s s i b l e , STAP 
must back up to the p rev ious s t a t e Sj_ , 
mark the t r a n s i t i o n from Sj_ to Sj as 
b l ocked , and then t r y some o ther 
t r a n s i t i o n from S i . L e f t r e c u r s i v e 
grammar r u l e s pose no d i f f i c u l t y i f 
the t r a n s i t i o n which Imp l i es the l e f t 
r e c u r s i o n i s t r i e d l a s t . T o f i n d a l l 
ana l yses , STAP can remember a success­
f u l a n a l y s i s at the s t a t e END, and 
then s imu la te a f a i l u r e . I t w i l l then 
r e c u r s i v e l y t r a v e r s e the network 
th rough a l l p o s s i b l e paths u n t i l n o 
u n t r i e d t r a n s i t i o n s are a v a i l a b l e f rom 
any reached s t a t e . Wi th t h i s t echn ique , 
g rea t care must be taken w i t h l e f t 
r e c u r s i o n t o prevent i n f i n i t e l oops . 

We are i n t e r e s t e d in o b t a i n i n g 
a l l ana l yses , but do not use the 
r e c u r s i o n techn ique j u s t d e s c r i b e d . 
Rather , STAP s imu la tes the o p e r a t i o n of 
a n o n - d e t e r m i n i s t i c pushdown s t o r e , and 
s imu l taneous ly f o l l o w s a l l poss i b l e 
t r a n s i t i o n s from a g i ven s t a t e . Thus 
at any t ime in the a n a l y s i s of a 
sentence, a l l p a r t i a l analyses up to a 
p a r t i c u l a r i npu t word are a v a i l a b l e 
( though not n e c e s s a r i l y w i t h a l l o f the 
f i n a l i n f o r m a t i o n assoc ia ted w i t h the 
c o n s t i t u e n t s ) and a number of paths 
th rough the network are a c t i v e . A l l 
and on ly those paths which s tay a c t i v e 

through the l a s t word of the i npu t sen­
tence and f i n i s h in the s t a t e END 
represent success fu l ana lyses . 

In order to deal w i t h the case of 
common p r e d i c t i o n s at a po in t in the i n ­
put s t r i n g (o f which l e f t r e c u r s i o n i s a 
s p e c i a l case ) , whenever STAP must r een te r 
the system du r ing a s t r u c t u r a l t r a n s i t i o n , 
a check is made to see i f t h i s subcon-
s t i t u e n t has been expected p r e v i o u s l y at 
j u s t t h i s p o i n t i n the Input s t r i n g 
a n a l y s i s . For example, a f t e r ana l yz ing 
through the word f l y i n g In the ambiguous 
sentence They are f ] y l r i g p lanes , t he re 
would presumably be " jus t two ana lyses , 
both p r e d i c t i n g t ha t the next c o n s t i t u e n t 
could be a noun phrase. Acco rd i ng l y , the 
ana l ys i s of the MP is c a r r i e d out only 
once. 

A number of a u x i l i a r y techninues 
are used to compiless the size of the 
s t a t e t r a n s i t i o n network by s t o r i n g 
i n f o r m a t i o n in o ther ways. For example, 
s ince only one sentence a d v e r b i a l (SADV) 
Is a l lowed per sentence, the two 
t r a n s i t i o n s shown In (1) r equ i r i ng , SADV 
cannot both be a l lowed nor can more than 
one t r a n s i t i o n around the loop at s t a t e 
/NP be p e r m i t t e d . We implement 
r e s t r i c t i o n s o f t h i s type by p r o v i d i n g 
w i t h each success fu l t r a n s i t i o n a c a p a b i l ­
i t y f o r s e t t i n g f l a g s . A p a r a l l e l 
f a c i l i t y a l lows t e s t s f o r a p p r o p r i a t e 
f l a g s before a t r a n s i t i o n i s p e r m i t t e d . 
In the present example, e i t h e r o f the 
s t a t e t r a n s i t i o n s r e q u i r i n g a sentence 
a d v e r b i a l causes a f l a g to be set 
i n d i c a t i n g t h a t an SADV had been analyzed 
a t t h i s l e v e l . I n a d d i t i o n , a c o n d i t i o n 
f o r the p o s s i b l i t y of such a s t a t e 
t r a n s i t i o n Is t h a t t h i s SADV f l a g has 
not been p r e v i o u s l y s e t . Thus, the 
f i r s t t ime a sentence a d v e r b i a l i s 
ana lyzed , the s e t t i n g of the SADV f l a g 
prec ludes any f u r t h e r sentence a u v e r b l a l 
a n a l y s i s . The use of a f l a g as d iscussed 
thus a l l ows compression of the network 
in the form shown as opposed to r e q u i r i n g 
two separate p a t h s , one in which the 
sentence a d v e r b i a l i s i n the i n i t i a l 
p o s i t i o n , the o ther i n which i t i s i n the 
pre-AUX p o s i t i o n . We note here t h a t the 
s e t t i n g o f the SADV f l a g a l so c a r r i e s 
i n f o r m a t i o n which w i l l p rec lude the 
a n a l y s i s of the sentence as a q u e s t i o n . 

Another set o f t r a n s i t i o n s which 
are d i f f e r e n t i a l l y a l lowed by f l a g s are 
those shown f o r VP. Both VTR ( t r a n s i t i v e 
verb) and VIN ( i n t r a n s i t i v e ) go to the 
same s t a t e , / V , but in the former case a 
noun phrase must f o l l o w wh i l e in the 
l a t t e r case i t cannot . Thus we assoc ia te 
w i t h the VIN t r a n s i t i o n the s e t t i n g o f a 
f l a g which prec ludes the s t a t e t r a n s i t i o n 
/V t o / I O . 
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We a l so a l l o w a f u r t h e r f l a g 
s e t t i n g mechanism based on the subcateg^-
o r i z a t l o n of a word c l a s s . For example, 
the verb s leep has the s u b c a t e g o r i z a t l o n 
f e a t u r e s [+V, +Vo lun ta ry A c t i o n , - _NP] 
assoc ia ted w i t h i t i n the d i c t i o n a r y . 
I n a n a l y z i n g t h i s v e r b , v a r i o u s f l a g s 
are set based on t h i s i n f o r m a t i o n . For 
example, the s y n t a c t i c f e a t u r e -_NP 
se ts a f l a g , c a l l i t NODO (no d i r e c t 
o b j e c t ) , which is t e s t e d by the /V 
to / I O t r a n s i t i o n . The NODO f l a g set 
p rec ludes t h i s t r a n s i t i o n . To cons ider 
another example, t o d i s t i n g u i s h 
between a s i n g l e o b j e c t verb such as 
h i t and a double o b j e c t verb such as 
g i ve set another f l a g . Both the 
s t a t e t r a n s i t i o n s i n ( l l v ) f rom / IO 
to / I O in a n a l y z i n g to and f rom / I O 
to C-END a n a l y z i n g a noun phrase t e s t 
f o r t h i s f l a g and are p e r m i t t e d on ly 
i f i t i s s e t . 

I n a d d i t i o n t o the p reced ing 
mechanisms, STAP t r a n s f e r s i n f o r m a t i o n 
backwards to p r e v i o u s l y analyzed 
p a r t s of the sentence. For example,, 
when the t r a n s i t i o n from the s t a t e / I O 
t o i t s e l f occurs i n the a n a l y s i s o f 
the p r e p o s i t i o n t o i t i s p o s s i b l e t o 
s t a t e d e f i n i t e l y t h a t the noun phrase 
analyzed I n the / V t o / I O t r a n s i t i o n i s 
f u n c t i o n i n g as the d i r e c t o b j e c t . As a 
p a r t o f t h i s t r a n s i t i o n , the i n f o r m a t i o n 
I n d i r e c t Object is added as a comment 
to the c o n s t i t u e n t NP immediate ly 
f o l l o w i n g the v e r b . Fu r the rmore , i f > 
t h i s t r a n s i t i o n has not o c c u r r e d , then 
the / I O to C-END s t a t e t r a n s i t i o n 
th rough a noun phrase d e r i v e s the i n f o r ­
mat ion t h a t t h i s noun phraee i s f u n c t i o n ­
i n g as the d i r e c t o b j e c t , and t h a t the 
noun phrase immediate ly f o l l o w i n g the 
verb i s f u n c t i o n i n g as the I n d i r e c t 
o b j e c t . Th is f u n c t i o n a l I n f o r m a t i o n i s 
ass igned t o the r e l e v a n t c o n s t i t u e n t s 
as a r e s u l t o f t h i s t r a n s i t i o n . The 
a c t u a l i n f o r m a t i o n t r a n s f e r s i t u a t i o n 
is of course more complex because one 
or bo th of these o b j e c t s may have been 
moved to another p o s i t i o n in the 
sentence. We emphasize aga in t h a t i t 
i s t h i s type o f i n f o r m a t i o n t r a n s f e r 
techn ique t h a t pe rm i t s the c l a i m t h a t 
STAP can cap tu re the deep s t r u c t u r e 
i n f o r m a t i o n assoc ia ted w i t h a sentence. 

An a l t e r n a t i v e techn ique f o r 
d e t e r m i n i n g the a n a l y s i s o f a c o n s t i t u ­
ent i s to make a l t e r n a t e p r e d i c t i o n s 
when the f u n c t i o n a l s t a t u s or o the r 
i n f o r m a t i o n r e l e v a n t to a c o n s t i t u e n t 
i s not c l e a r . I n the double ob jec t 
case , f o r example, STAP can make two 
a l t e r n a t i v e p r e d i c t i o n s concern ing a 
noun phrase f o l l o w i n g a verb l i k e 
give/, one t h a t the noun phrase was 
the d i r e c t o b j e c t ; the o ther t h a t i t 

was the i n d i r e c t o b j e c t . STAP then 
supresses the a n a l y s i s which t u rns out 
to be i n c o r r e c t . The cho ice between 
these two mechanisms is dependent in 
each i ns tance on the r e l a t i v e cos ts of 
m a i n t a i n i n g e x t r a analyses as opposed 
to the cost o f search ing back th rough 
the present a n a l y s i s t o f i n d the 
a p p r o p r i a t e p lace t o s t o r e the I n fo rma­
t i o n once i t i s d e r i v e d . For a sentence 
l i k e Who should the book have been g i ven 
to yesterday? t h e r e are a number of 
a c t i v e a l t e r n a t i v e analyses j u s t a f t e r 
p rocess ing the noun phrase the book: 
one must a l l o w who to be the d i r e c t or 
i n d i r e c t o b j e c t ; and the book to be 
the d i r e c t o b j e c t , the i n d i r e c t o b j e c t 
f o r a pass ive c o n s t r u c t i o n , or the 
sub jec t of an a c t i v e v e r b . Some of 
these a l t e r n a t i v e s can be e l i m i n a t e d 
when the d e t e r m i n a t i o n is made ( a f t e r 
the have been g i ven ) t h a t a pass ive 
sentence i s be ing ana lyzed . Only a f t e r 
the p r e p o s i t i o n tc has been analyzed is 
i t p o s s i b l e to determine t h a t the who 
i s f u n c t i o n i n g as the I n d i r e c t o b j e c t 
a n c i the book as the d i r e c t o b j e c t . 

In o rder to compress the s t a t e 
t r a n s i t i o n ne twork , we a l l o w s t a t e 
t r a n s i t i o n s which do not r e q u i r e us ing 
any of the i npu t words. For example, 
the t r a n s i t i o n l a b e l l e d NIL i n ( l v ) 
f rom s t a t e /N to C-END a l l ows t e r m i n a ­
t i o n o f the c o n s t i t u e n t AUX a f t e r j u s t 
one aspect (ASP) word or one modal (M) , 
or a f t e r each cyc l e th rough the ASP 
l o o p . Another such t r a n s i t i o n i s the 
one l a b e l l e d (NP) from / I O to C-END 
i n ( l i v ) . Th is t r a n s i t i o n i s used t o 
i n s e r t i n t o an a n a l y s i s a marker i n ­
d i c a t i n g where the i n d i r e c t ob jec t 
p o s i t i o n was in the deep s t r u c t u r e in 
a sentence such as Which person d i d you 
show i t to? A t r a n s i t i o n of the same 
type is used to mark the deep s t r u c t u r e 
p o s i t i o n o f t h a t p a r t o f the a u x i l i a r y 
which has been moved fo rward to form a 
q u e s t i o n . (See (6) be low) . 

The Form of the Ana l ys i s 
The goa l of STAP is to determine 

f o r a g i ven i npu t sentence a deep 
s t r u c t u r e a n a l y s i s which r e f l e c t s the 
bas ic l o g i c a l r e l a t i o n s h i p s o f a 
sentence necessary f o r i t s semantic 
i n t e r p r e t a t i o n . (The sur face s t r u c t u r e 
r e p r e s e n t a t i o n r e f l e c t s on ly the o rder 
and s u p e r f i c i a l r e l a t i o n s h i p s among 
the grammat ica l c o n s t i t u e n t s o f the 
sentence as produced by the speaker . ) 
Ambiguous sentences, of cou rse , have 
more than one deep s t r u c t u r e . Qu i te 
c l e a r l y , a n a t u r a l language a n a l y s i s 
system cannot be put to any i n t e r e s t i n g 
use i n the area o f a r t i f i c i a l i n t e l l i ­
gence un less the I n f o r m a t i o n present in 
the deep s t r u c t u r e r e p r e s e n t a t i o n i s 
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de te rm ined . 

B a s i c a l l y t he re are t h ree types o f 
i n f o r m a t i o n in the deep s t r u c t u r e 
a n a l y s i s of a sentence: (1) c a t e g o r i a l 
i n f o r m a t i o n s p e c i f y i n g what s y n t a c t i c 
ca tego r i es are present and t h e i r 
h i e r a r c h i c a l r e l a t i o n s h i p ; (2) 
f u n c t i o n a l i n f o r m a t i o n such as what 
c o n s t i t u e n t i s f u n c t i o n i n g as the l o g i c a l 
sub jec t of the sentence, which as the 
d i r e c t o b j e c t , e t c . , and (3) s u b c a t e g o r i -
z a t i o n i n f o r m a t i o n r e f l e c t i n g f i n e r 
s p e c i f i c a t i o n o f the c o n s t i t u e n t s 
present ( the complex symbols as 
c h a r a c t e r i z e d by Chomsky, 1965, e . g . 
t h a t the noun cat is subcategor ized 
as an imate , non-human). however, in 
order t o spec i f y t h i s i n f o r m a t i o n 
e s p e c i a l l y (1) and (2) above, the 
deep s t r u c t u r e a n a l y s i s u s u a l l y does 
not resemble the sur face s t r u c t u r e in 
a v a r i e t y of ways. The two most 
c r u c i a l d i f f e r e n c e s between the deep 
and sur face s t r u c t u r e ana l ys i s of a 
sentence are (1) the order of t'he 
c o n s t i t u e n t s in the one r e l a t i v e to the 
o t h e r , and (2) the a d d i t i o n a l 
s t r u c t u r e present in the deep s t r u c t u r e 
not found in the sur face s t r u c t u r e 
a n a l y s i s . For example, a s imple 
sentence such as The red dog is no isy 
has a deep s t r u c t u r e ana~lyYis"paraphrased 
rough ly by The__dog which is red Is 
no_i_sy where the r e l a t i v e order of "reel 
ana dog are reversed and a r e l a t i v e 
c lause i s p r e s e n t . 

I n STAP, i f the r e l a t i v e 
p o s i t i o n of a c o n s t i t u e n t in the deep 
s t r u c t u r e a n a l y s i s is the same as in 
the i npu t s t r i n g ( the sur face s t r u c t u r e ) , 
t h i s i s e x p l i c i t l y s ta ted i n our 
a n a l y s i s . For those cases where the 
r e l a t i v e order i s a l t e r e d , t h i s con­
s t i t u e n t i s marked i n the sur face 
s t r u c t u r e p o s i t i o n as out of p lace and 
i t s o r i g i n a l p o s i t i o n i n the deep 
s t r u c t u r e i s i n d i c a t e d . I n s h o r t , the 
genera l form of our a n a l y s i s resembles 
the su r face s t r u c t u r e a n a l y s i s o f the 
sentence, w i t h added i n d i c a t i o n s o f 
moved c o n s t i t u e n t s and where they are 
l o c a t e d in the deep s t r u c t u r e . Co-
r e f e r e n t i a l l i t y i s i n d i c a t e d by 
a p p r o p r i a t e l a b e l l i n g . 

We w i l l i l l u s t r a t e our a n a l y s i s 
us ing the r e l a t i v e l y compl ica ted 
sentence (2) Was the man be l i eved 
to have been shot by John and 
present i t s su r face s t r u c t u r e a n a l y s i s 
( 3 ) , i t s usua l deep s t r u c t u r e a n a l y s i s 
( 4 ) , and i t s STAP deep s t r u c t u r e 
a n a l y s i s ( 5 ) . The form of the output 
i s t h r e e columns: the f i r s t con ­
t a i n i n g the c a t e g o r i a l i n f o r m a t i o n ; 
the second the f u n c t i o n a l i n f o r m a t i o n ; 

and the t h i r d the s u b c a t e g o r i a l 
i n f o r m a t i o n . The f i r s t and t h i r d are 
u s u a l l y combined i n t o a t r e e (P-marker) 
in the l i n g u i s t i c l i t e r a t u r e but we 
have found the present a d a p t a t i o n more 
workable and equa l l y as readab le . I t 
i s impor tan t to recogn ize t h a t the 
f u n c t i o n a l i n f o r m a t i o n assoc ia ted 
w i t h the sur face s t r u c t u r e a n a l y s i s 
(3) is t h a t determined from the sur face 
s t r u c t u r e i t s e l f and i s u s u a l l y 
r e f e r r e d to as the grammat ica l as 
opposed to the l o g i c a l f u n c t i o n a l 
r e l a t i o n s h i p s (Cf . Chomsky, 1965, f o r 
a d i scuss ion of these t e rms . ) 

Let us now t r a c e through the 
a n a l y s i s of t h i s sentence to see what 
the system does to produce the 
mod i f ied deep s t r u c t u r e a n a l y s i s (5) 
assoc ia ted w i t h ( 2 ) , i g n o r i n g the 
numerous b l i n d a l l e y s which the 
a n a l y s i s r o u t i n e must f o l l o w . L s s e n t i a l 
to unders tand ing t h i s procedure I s the 
n o t i o n t h a t each c o n s t i t u e n t has only a 
few canon ica l forms in the deep 
s t r u c t u r e , ( e . g . S may be ADV-NP-AUX-VP 
or NP-AUX-VP; VP may be V, V-NP, 
V-NP-PP; e t c . ) and these f a c t s are 
b u i l t i n t o the s t a t e t r a n s i t i o n s i n the 
same way as they are c h a r a c t e r i z e d by 
the phrase s t r u c t u r e r e w r i t i n g r u l e s o f 
the base component of a t r a n s f o r m a t i o n a l 
grammar. Thus, in terms of the a n a l y s i s 
a l ready performed and the present 
s t a t e , the system i s always t r y i n g to 
meet one or more of these cannon ica l 
f o rma ts . 

Looking now at ( 2 ) , the a n a l y s i s 
of was_ as an AUX is not an acceptab le 
i n i t i a l c o n s t i t u e n t f o r a deep s t r u c t u r e 
S and causes the marker # to be p laced 
a f t e r AUX s i g n i f y i n g t h a t i t i s not i n 
I t s deep s t r u c t u r e p o s i t i o n r e l a t i v e 
t o the o ther c o n s t i t u e n t s i n the sen­
tence . The s t r i n g the man is then 
analyzed as a NP, but i t s f u n c t i o n is 
l e f t u n s p e c i f i e d ( e . g . sub jec t o r 
o b j e c t ) . The next word, b e l i e v e d , i s 
a verb (accord ing to the d i c t i o n a r y of 
STAP) e i t h e r of past tense or past 
p a r t i c i p l e fo rm. The e a r l i e r presence 
of the was prec ludes the past tense 
a n a l y s i s and fu r the rmore i n d i c a t e s the 
pass ive c o n s t r u c t i o n . The past 
p a r t i c i p l e a n a l y s i s o f be l i eved 
r e q u i r e s i t t o b e the f i r s t c o n s t i t u e n t 
of a VP (we are i g n o r i n g the reduced 
r e l a t i v e c lause a n a l y s i s h e r e , e . g . the 
man (who was) be l i eved to be i l l . ) ; at 
t h i s p o i n t a f l a g is set to enable a 
t r a n s i t i o n w i t h i n t h i s c u r r e n t VP 
( b e l i e v e d to have been shot by John) to 
accept a l o g i c a l sub jec t o f t h i s sen-
tence in the form by-NP. The sub jec t 
NP-AUX sequence preced ing t h i s VP, are 
i n t roduced i n t o the a n a l y s i s by 
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a l l o w a b l e n u l l t r a n s i t i o n s . Each i s 
f o l l o w e d by a * s i g n i f y i n g t h a t the 
a c t u a l c o n s t i t u e n t s have been moved 
e lsewhere . 

The d i c t i o n a r y e n t r y f o r b e l i e v e 
p rov ides s u b c a t e g o r i z a t i o n i n f o r m a t i o n 
which se ts a f l a g which r e q u i r e s t h a t 
t h i s c o n s t i t u e n t be f o l l o w e d by an 
NP. An NP in STAP may c o n s i s t of an N, 
a DET-N sequence, a DET-N-S sequence, 
or s imply an S. The presence of the 
t o f o l l o w i n g b e l i e v e e l i m i n a t e s a l l 
but the S a n a l y s i s o f the r e q u i r e d 
f o l l o w i n g NP. In r e e n t e r i n g the system 
at the S l e v e l , STAP p rov ides content 
i n f o r m a t i o n depending on what has 
a l ready been analyzed i n d i c a t i n g t h a t 
the type of S we can a n t i c i p a t e is a 
d e c l a r a t i v e , not an i m p e r a t i v e or a 
q u e s t i o n . Moreover, to en te r the S 
s t a t e a f t e r the verb r e q u i r e s an NP, 
or a dummy NP which has been moved 
e lsewhere ; t h u s , the NP-* i s i n t r o d u c e d . 

At t h i s p o i n t the system "knows" 
t h a t the topmost sentence has been 
p a s s i v i z e d w i t h the grammat ica l 
sub jec t ( t he man) coming f rom an 
embedded sentence in the deep s t r u c t u r e . 
At i ssue now is the deep s t r u c t u r e 
a n a l y s i s of t h i s embedded sentence. The 
f a c t t h a t the f i r s t ASP, have, i s 
f o l l o w e d by a second, been s i g n a l s 
t h a t t h i s embedded S i s a l so in the 
pass ive f o rm . Thus, when the verb 
shoot is encounte red , beg inn ing a VP, 
the system aga in expects to f i n d a by-NP 
which f u n c t i o n s as the l o g i c a l sub jec t 
o f the sentence someplace w i t h i n t h i s 
VP. I n a d d i t i o n , f o l l o w i n g the verb 
shoot is an NP-* which rep resen ts 
the deep s t r u c t u r e p o s i t i o n o f the 
l o g i c a l o b j e c t o f t h i s embedded sentence. 
In t h i s example, by John immediate ly 
f o l l o w s the v e r b , s a t i s f i e s the agent 
r equ i remen t , and the a n a l y s i s o f the 
embedded VP is comple ted . 

A t t h i s p o i n t i n the system the 
embedded S t r a n s i t i o n has been s a t i s f i e d 
and the a n a l y s i s of the top S c o n t i n u e s ; 
the pass ive agent has ye t to be 
accounted f o r . Since t h e r e are no more 
words i n the i npu t s t r i n g , the system 
"assumes" t h a t t h i s sub jec t NP has been 
d e l e t e d and p rov ides the a p p r o p r i a t e 
a n a l y s i s , namely, an i n d e f i n i t e NP 
( rep resen ted by someone in the 
l i n g u i s t i c l i t e r a t u r e . ) I f the example 
in (2) were ambiguous between John 
do ing the b e l i e v i n g o r the s h o o t i n g , 
then a second a n a l y s i s of the sentence 
would be i d e n t i c a l to t h a t Jus t des ­
c r i b e d except t h a t the embedded S would 
have the d e l e t e d NP and the top S 
would have the by John assoc ia ted w i t h 
i t . 

The reason we b e l i e v e t h a t a 
reasonable deep s t r u c t u r e grammar can be 
w r i t t e n i n t h i s form i s t h a t t h e r e i s 
very l i t t l e p e r m i s s i b l e d i s t o r t i o n t o a n 
u n d e r l y i n g cannon ica l form t h a t a 
p a r t i c u l a r S can endure. From a 
l i n g u i s t i c p o i n t o f v i ew , the number o f 
t r a n s f o r m a t i o n s which can apply to a 
p a r t i c u l a r S i s r e l a t i v e l y s m a l l , 
u s u a l l y on ly two or t h r e e . Moreover, f o r 
each type of d i s to r t i on—movement of 
c o n s t i t u e n t s t o the r i g h t o r l e f t , 
pe rmuta t ion o f c o n s t i t u e n t s , d e l e t i o n o f 
c o n s t i t u e n t s , and v a r i o u s combinat ions 
o f t h e s e — i t appears to be p o s s i b l e to 
determine not on ly what has occur red but 
to r e c o n s t r u c t the deep s t r u c t u r e 
a n a l y s i s . 

For example, e x t r a p o s i t i o n o f the 
t h a t - S sequence to form the sentence 
I t i s obvious t h a t Henry is mad from the 
deep s t r u c t u r e order I t t h a t Henry is mad 
is obvious is s i gna led by the sentence 
i n i t i a l I t . The i n i t i a l i t doesn f t 
r e q u i r e t h a t e x t r a p o s i t i o n has occur red 
but must be present i f i t has. S i m i l a r l y , 
w i t h sentences such as There seems to be 
something r o t t e n around he re . L e f t 
movement of an NP such as in the pass ive 
c o n s t r u c t i o n in r e l a t i n g The man was 
seen by everyone w i t h Everyone saw 
the man is v e r i f i e d as soon as the 
was-past p a r t i c i p l e s i g n i f y i n g the 
pass ive c o n s t r u c t i o n i s ana lyzed . That 
the grammat ica l sub jec t ( e . g . the man) 
need not be the l o g i c a l sub jec t of the 
top l e v e l sentence is clear1 f rom the 
example sentence in (2) and the sub­
sequent d i s c u s s i o n and we have i l l u s t r a t e d 
how i t s c o r r e c t deep s t r u c t u r e a n a l y s i s 
can be e f f e c t i v e l y hand led . The l o g i c a l 
sub jec t i n the pass ive case, i f p r e s e n t , 
Is of course s i gna led by the p reced ing 
by. Permuta t ion such as in ques t ions 
u s u a l l y r e s u l t s I n an order o f c o n s t i t u ­
ents not i nc l uded in the l i s t o f deep 
s t r u c t u r e cannon ica l s t r u c t u r e ana lyses . 
These cases appear to be the eas ies t to 
recogn ize and dea l w i t h s ince the con­
s t i t u e n t s i n v o l v e d are ad jacent bo th 
be fo re and a f t e r the p e r m u t a t i o n . 
D e l e t i o n poses a d i f f e r e n t s o r t o f 
problem s ince what i s de le ted i s u s u a l l y 
not s imply a word but an e n t i r e phrase . 

A case such as verb phrase 
complementat ion where the deep s t r u c t u r e 
sub jec t NP and AUX have been d e l e t e d is 
analyzed in F igu re 6 . Note t h a t the 
r e q u i r e d deep s t r u c t u r e c o - r e f e r e n t i a l i t y 
between the d i r e c t o b j e c t o f persuade 
and the sub jec t of go ( t he NP, John) is 
I n d i c a t e d by a generated name NP-1 used 
as i d e n t i c a l s u b c a t e g o r i a l f e a t u r e s 
assoc ia ted w i t h the two c o n s t i t u e n t s . 
The embedded NP r e f l e c t s none of i t s 
s t r u c t u r e i n our a n a l y s i s ; i t i s 
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a c t u a l l y redundant s ince the f i r s t 
ob jec t NP-1 con ta ins the i d e n t i c a l 
i n f o r m a t i o n . 

Conc lus ion 
We have descr ibed a s y n t a c t i c 

a n a l y s i s system which ob ta ins the 
deep s t r u c t u r e i n f o r m a t i o n assoc ia ted 
w i t h an i npu t sentence. We be l i eve tha t 
f o r the a n a l y s i s of a sentence to be 
u s e f u l i n A r t i f i c i a l I n t e l l i g e n c e t h i s 
l e v e l of a n a l y s i s must be a v a i l a b l e . The 
imp lementa t ion u t i l i z e s a s t a t e 
t r a n s i t i o n network c h a r a c t e r i z i n g 
l i n g u i s t i c f a c t s rep resen tab le i n a 
con tex t f r e e fo rm, and a number of 
techn iques to coae ana de r i ve a d d i t i o n a l 
l i n g u i s t i c i n f o r m a t i o n and to permi t 
the compression of the network s ize 
thereby a l l o w i n g more e f f i c i e n t 
o p e r a t i o n of the system. by r ecogn i z i ng 
i a e n t l c a l c o n s t i t u e n t p r e d i c t i o n s 
stemming- from two u i f f e r e n t a n a l y s i s 
paths the system can determine the 
s t r u c t u r e o f t h i s c o n s t i t u e n t only once. 
Th is both increases the e f f i c i e n c y o f 
the system o p e r a t i o n and permi ts use of 
l e f t r e c u r s i v e contex t f r ee r u l e s . 
When two a l t e r n a t i v e paths through the 
s t a t e t r a n s i t i o n network converge to 
a s i n g l e s t a t e at some po in t in the 
a n a l y s i s , subsequent analyses are 
c a r r i e d out only once desp i t e the 
e a r l i e r amb igu i t y . Use o f f l a g s to 
ca r r y f e a t u r e concordance and prev ious 
con tex t i n f o r m a t i o n a l lows merging o f 
a number of lamost i d e n t i c a l paths 
th rough the network. 
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