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ABSTRACT of p a r t s of spoken u t t e r a n c e s . More i m p o r t a n t l y , we 
l e a r n e d someth ing about t he prob lems o f speech unde r 
s t a n d i n g . We a l r e a d y have begun work on a second v e r -

S t a n f o r d Research I n s t i t u t e i s p a r t i c i p a t i n g in a s i o n t h a t w i l l use a new p a r s e r , now under deve lopment , 
ma jo r program o f r e s e a r c h on the a n a l y s i s o f c o n t i n u o u s and t h a t w i l l i n v o l v e a d i f f e r e n t t a s k domain. T h i s 
speech by computer . The goa l i s the development o f a new system i s s t i l l i n t he p rocess o f c o n s t r u c t i o n , a l -
speech u n d e r s t a n d i n g system capab le o f engag ing a human though the p a r s e r i s f a r enough a l o n g f o r us to p r e s e n t 
o p e r a t o r i n a n a t u r a l c o n v e r s a t i o n about a s p e c i f i c i t i n a companion paper (Pax ton and Rob inson , 1973 ) . 
p rob lem domain . The approach b e i n g t a k e n i s d l s t i n c - We have chosen t o d e s c r i b e t he f i r s t v e r s i o n i n t h i s 
t i v e i n t he e x t e n t t o w h i c h i t depends o n s y n t a c t i c and pape r , because w e b e l i e v e t h a t t he b a s i c system concepts 
semant i c p r o c e s s i n g t o g u i d e the a c o u s t i c a n a l y s i s . w e a re t e s t i n g are i l l u s t r a t e d t h e r e . Moreover , t he 
T h i s paper p r o v i d e s a d e s c r i p t i o n o f t h e f i r s t v e r s i o n prob lems we have i d e n t i f i e d a re ones t h a t we t h i n k a re 
o f t h e sys tem, emphas iz ing the k i n d s o f i n f o r m a t i o n w o r t h p r e s e n t i n g t o o t h e r members o f t he a r t i f i c i a l i n -
t h a t need t o b e added f o r e f f e c t i v e r e s u l t s . t e l l i g e n c e community. Thoroughgo ing s o l u t i o n s t o 

these prob lems w i l l r e q u i r e more t h a n t h e r e s o u r c e s 
a v a i l a b l e w i t h i n our p r o j e c t a t SRI o r even those i n t he 

INTRODUCTION ARPA program as a w h o l e . The prob lems i n v o l v e d In 
a c o u s t i c a n a l y s i s a re no t examined h e r e ; o n l y enough 
i n f o r m a t i o n i s p resen ted t o c l a r i f y t he n a t u r e o f t h e 

S t a n f o r d Research I n s t i t u t e i s p a r t i c i p a t i n g i n a approach b e i n g taken i n the system d e s i g n . 
ma jo r program o f r e s e a r c h on the a n a l y s i s o f c o n t i n u o u s 
speech by computer (see Newel l e t a l . , 1971) b e i n g Most p r e v i o u s work on v o i c e i n p u t lo a computer i s 
sponsored by t he Advanced Research P r o j e c t s Agency r e f e r r e d to as "speech r e c o g n i t i o n " r a t h e r t han as 
(ARPA). The g o a l i s t h e development o f a speech u n - " speech u n d e r s t a n d i n g . " (see H i l l , 1 9 7 1 , and L e a , 1 9 7 2 ) . 
d e r s t a n d i n g system capab le o f engag ing a human o p e r a t o r Research on speech r e c o g n i t i o n has aimed at p r o v i d i n g 
in a n a t u r a l c o n v e r s a t i o n about a s p e c i f i c t a s k domain. an o r t h o g r a p h i c t r a n s c r i p t i o n o f the sounds and words 
Our pa th toward t h i s goa l has been a c h a r a c t e r i s t i c a l l y c o r r e s p o n d i n g to the a c o u s t i c s i g n a l . The ma jo r empha-
" a r t i f i c i a l i n t e l l i g e n c e " app roach . We b e l i e v e t h a t s i s i n systems des igned f o r t h a t purpose has been on 
many o f t he c r i t i c a l prob lems i n v o l v e d cannot be a n t i c - a c o u s t i c p r o c e s s i n g ; some groups have deve loped p a t t e r n 
i p a t e d o u t s i d e o f t h e c o n t e x t o f a f u n c t i o n i n g system. ma tch ing s t r a t e g i e s , w h i l e o t h e r s have t r i e d t o i d e n t i f y 
A s a r e s u l t , ou r f i r s t e f f o r t s were t o b u i l d a p r e - u n i t s p h o n e t i c a l l y o r p h o n e m i c a l l y and t o aggrega te 
l i m i n a r y v e r s i o n , u s i n g , where p o s s i b l e , a v a i l a b l e them i n f o l a r g e r and l a r g e r u n i t s . Wh i l e t h e r e have 
programs a s components. Because o f t he c r i t i c a l r o l e been some r e s u l t s w i t h i s o l a t e d words f rom r e l a t i v e l y 
t h a t w e expec t semant i cs t o p l a y i n t h e f i n a l sys tem, sma l l v o c a b u l a r i e s , e x t r a p o l a t i o n o f these t e c h n i q u e s 
we chose, as a base , W i n o g r a d ' s programs f o r under - to c o n t i n u o u s speech has not been s u c c e s s f u l . 
s t a n d i n g n a t u r a l language (Winog rad , 1971 ) . A c c o r d 
i n g l y , we accep ted f o r our f i r s t task domain h i s s i m u - I n c o n t r a s t , r e s e a r c h on speech u n d e r s t a n d i n g seeks 
l a t i o n o f t he a c t i o n s o f a r o b o t t h a t knows about and to d e t e r m i n e f o r spoken u t t e r a n c e s the message i n t e n d e d 
can m a n i p u l a t e b l o c k s o f v a r i o u s shapes, s i z e s , and in r e l a t i o n to the accompl ishment o f some task and in 
c o l o r s . The i n t e n t was t o a l l o w a person speak ing t o s p i t e o f i n d e t e r m i n a c i e s and e r r o r s i n the g e n e r a t i o n , 
t h e computer t o ask q u e s t i o n s about t h e " b l o c k s w o r l d , " t r a n s m i s s i o n , and r e c e p t i o n o f an u t t e r a n c e . The p r o -
t o g i v e commands t h a t wou ld m o d i f y i t , and t o add c e s s i n g o f s y n t a c t i c , seman t i c , and p r a g m a t i c i n f o r -
i n f o r m a t i o n t h a t wou ld augment i t s s t r u c t u r e . m a t i o n i s c o n s i d e r e d e s s e n t i a l , and a q u e s t i o n - a n s w e r i n g 

system may even be used as a ma jo r component. 
D u r i n g t he f i r s t year o f t h e p r o j e c t , w e comple ted 

a f i r s t v e r s i o n o f our system t h a t d i d a l l o w us to use There a re a v a r i e t y o f approaches to speech unde r -
s y n t a c t i c , s e m a n t i c , and a c o u s t i c da ta i n t h e a n a l y s i s s t a n d i n g b e i n g taken b y p a r t i c i p a n t s i n t h e ARPA P r o 

gram. I t wou ld be beyond the scope o f t h i s paper t o 
s k e t c h them o u t ; however, d e s c r i p t i o n s a re p r e s e n t e d a t 

The work r e p o r t e d h e r e i n was sponsored by the Advanced th is Con fe rence o f t h e work a t C a r n e g i e - M e l l o n U n i v e r -
Research P r o j e c t s Agency o f t h e Department o f Defense s i t y (Erman e t a l . , 1973; Reddy e t a l . , 1973) and a t 

under C o n t r a c t DAHC04-72-C-0009 w i t h t he U.S. Army Bol t Beranek and Newman (Woods and Makhou l , 1 9 7 3 ) . 
Research O f f i c e . E l sewhere , t h e r e are r e p o r t s o n t h e d e s i g n o f t he Sys

tem Development C o r p o r a t i o n system ( B a r n e t t , 1972) and 
References a r e l i s t e d a t t he end o f t he paper . o n t h e work a t L i n c o l n L a b o r a t o r y ( F o r g i e , 1972a, 1972b) . 

Some o f t hese e f f o r t s c o n c e n t r a t e on a c o u s t i c a n a l y s i s 
o f t h e speech s i g n a l , segment ing and l a b e l i n g phoneme-
l i k e u n i t s t h a t w i l l b e grouped i n t o words—and more 



complex g rammat i ca l s t r u c t u r e s — a c c o r d i n g t o s y n t a c t i c 
and perhaps semant i c c r i t e r i a . Others accept hypo the 
ses f rom a number o f sou rces , f o r example, a c o u s t i c , 
s y n t a c t i c , and seman t i c , each of wh ich may be checked 
a g a i n s t " the r e s t . A c t u a l l y , the ARPA program i s s t i l l 
i n i t s e a r l y s t a g e s , and none o f these sys tems—our own 
i n c l u d e d — c a n b e s a i d t o have e s t a b l i s h e d f i n a l des i gn 
s p e c i f i c a t i o n s , so s p e c i f i c c o n t r a s t s a r c hard t o draw 
f i r m l y . Moreover , d i f f e r e n t t ask domains would seem to 
respond d i f f e r e n t i a l l y t o one approach r a t h e r than a n 
o t h e r , a p o i n t t h a t w i l l b e cons ide red aga in l a t e r . 

In the system we are d e v e l o p i n g at S H I , knowledge 
about the t a s k domain , the grammar, and the c u r r e n t 
s t a t e o f the a n a l y s i s are used t o c o n s t r a i n the s e l e c 
t i o n of the. word or words t h a t m igh t be expected to be 
p r e s e n t a t a p a r t i c u l a r p l ace in the speech s t ream 
r e p r e s e n t i n g an u t t e r a n c e . The a c o u s t i c data f o r t h a t 
l o c a t i o n a re ana l yzed t o de te rm ine the degree o f c o r r e 
spondence w i t h each expected word by a program t h a t 
c h a r a c t e r i z e s i t s a c o u s t i c s t r u c t u r e . When the presence 
o f a word i s c o n f i r m e d , t h i s i n f o r m a t i o n , i n c o n j u n c t i o n 
w i t h the o t h e r sources o f knowledge in the sys tem, leads 
t o t he s e l e c t i o n o f ano the r word f o r t e s t i n g a t the 
n e x t p l ace i n t he speech s t r e a m . Success ive s teps p r o 
v i d e b o t h a segmen ta t i on o f the u t t e r a n c e i n t o words 
and a s p e c i f i c a t i o n o f i t s s y n t a c t i c and semant ic 
s t r u c t u r e . The d i s t i n c t i v e aspec ts o f the des ign are 
i t s s t r o n g dependence on syn tax and semant ics and i t s 
d e l i b e r a t e m i n i m i z a t i o n o f hypotheses genera ted s o l e l y 
on the b a s i s o f a c o u s t i c d a t a . 

The c a p a b i l i t i e s developed f o r t h e f i r s t v e r s i o n 
o f t h e SRI speech u n d e r s t a n d i n g system were rud imen
t a r y , bu t i t d i d p r e d i c t words and t e s i f o r t h e i r 
p r e s e n c e . More p r e p r o c e s s i n g o f t h e a c o u s t i c data was 
done than we b e l i e v e shou ld be necessary . A c o u s t i c 
c h a r a c t e r i z a t i o n s were p repared f o r o n l y a few words, 
so i t has no t been p o s s i b l e to s tep th rough a complete 
u t t e r a n c e . O t h e r sources o f knowledge are c l e a r l y 
d e s i r a b l e , f o r example , a model o f t h e u s e r and i n f o r 
ma t ion about p r o s o d i e s — s t r e s s , i n t o n a t i o n , pauses. 
N e v e r t h e l e s s , t h e r e s u l t s o f t h i s f i r s t imp lemen ta t i on 
were s u f f i c i e n t b o t h t o encourage u s t o con t i nue t h i s 
approach and t o p r o v i d e gu idance f o r t he r e v i s i o n s i n 
p r o g r e s s . 

AN INTEGRATED SYSTEM FOR SPEECH UNDERSTANDING 

I n t r o d u c t i o n 

The s y n t a c t i c and semant ic component, named P i n t l e , 
i s a ma jo r m o d i f i c a t i o n ( i n ways d e s c r i b e d below) o f 
T e r r y W inog rad ' s system f o r p r o c e d u r a l a n a l y s i s o f l a n 
guage (Winograd , 1971) . A g r a m m a r — w r i t t e n as a s e t of 
p r o g r a m s — i s combined w i t h semant ic r o u t i n e s t h a t model 
changes in the arrangement of a se t of b l o c k s . A s e n 
tence c o n s t i t u t e s a pa th th rough the grammar. B ranch ing 
a t cho i ce p o i n t s i s de te rm ined b y t h e o rde r o f t h e r u l e s , 
by f e a t u r e s on o t h e r c o n s t i t u e n t s , and by semant ic d a t a . 
A t t he end o f each branch in the pa rse t r e e is a se t o f 
words f rom a p a r t i c u l a r g rammat ica l c l a s s ( e . g . , d e t e r 
m i n e r s , a d j e c t i v e s , nouns, v e r b s ) , f rom which a subset 
can be s e l e c t e d on semant ic g rounds . 

The a c o u s t i c r o u t i n e s conver t t he recorded ana log 
v o i c e i n p u t t o d i g i t a l fo rm. The d i g i t i z e d s i g n a l i s 
then fed i n t o a bank o f d i g i t a l f i l t e r s , which make i t 
p o s s i b l e t o ass i gn success i ve a c o u s t i c segments t o one 
o f a set o f s m a l l , c rude , bu t h i g h l y r e l i a b l e c l a s s e s . 
The s i g n a l a l s o is processed by a more complex a c o u s t i c 
a n a l y s i s p rocedure t h a t i d e n t i f i e s the f requency and 
amp l i t ude f o r the f f r s t t h r e e s p e c t r a l peaks o f the 
v o w e l - l i k e sounds. The p a r a m e t r i z e d d a t a f rom these 
two ana lyses a rc s t o r e d i n f i l e s , 

The word v e r i f i c a t i o n r o u t i n e s take a se t o f words 
produced by P i n t l e and t e s t each word a g a i n s t t he 
a c o u s t i c da ta f o r a p a r t i c u l a r p o r t i o n o f t he u t t e r a n c e . 
The r e s u l t i s a ( p o s s i b l y empty) subset o f t he words , 
o rde red a c c o r d i n g t o agreement w i t h t he a c o u s t i c d a t a , 
w i t h each word c o n t a i n i n g a p o i n t e r t o i d e n t i f y i t s 
approx imate endpo ln t i n the a c o u s t i c s t ream. P i n t l e 
takes the most l i k e l y word f i r s t and then proceeds on 
i t s pa th th rough the grammar t o s e l e c t t he nex t s e t o f 
words f o r p r o c e s s i n g b y t he word v e r i f i e r . T e s t i n g t h i s 
new se t a g a i n s t the a c o u s t i c da ta beg ins a t the p o i n t 
d e s i g n a t e d by t he endpo ln t f o r the word p r e v i o u s l y 
accep ted . I f none o f t he proposed words agrees w i t h t ha 
a c o u s t i c d a t a , P i n t l e backs up to t he most recent cho i ce 
p o i n t and t r i e s ano ther a l t e r n a t i v e . 

An example is cons ide red n e x t , and a more d e t a i l e d 
d e s c r i p t i o n o f e a c h o f the components i s p resen ted i n 
S e c t i o n I I I . 

Unde rs tand ing a Sample Sentence 

A b r i e f d e s c r i p t i o n o f the " b l o c k s w o r l d " p rob lem 
domain used in the SRI system is necessary as background 
f o r t h e a n a l y s i s o f t h e sample sen tence . V i s u a l i s e a 
t a b l e c o n t a i n i n g a box and s e v e r a l o b j e c t s o f d i f f e r e n t 
s i z e s , shapes, and c o l o r s . There are f i v e b l o c k s ( two 
r e d , one b l a c k , one g r e e n , one b lue ) and t h r e e pyramids 
( g r e e n , b l u e , and r e d ) ; the box i s w h i t e . The o b j e c t s 
are a r ranged i n a p a r t i c u l a r c o n f i g u r a t i o n i n the com
p u t e r r e p r e s e n t a t i o n o f the scene, b u t t he d e t a i l s o f 
the arrangement are not necessary to unders tand the 
example. Commands g i v e n to a s i m u l a t e d robo t arm cause 
i t t o move the b l o c k s . A l t e r n a t i v e l y , t he pe rson I n t e r 
a c t i n g w i t h the system can ask q u e s t i o n s o r p r o v i d e 
i n f o r m a t i o n t h a t w i l l augment o r change the semant i c 
s t r u c t u r e o f the w o r l d in some way. 

I n t he f i r s t v e r s i o n o f t he SRI system f o r speech 
u n d e r s t a n d i n g , t h e r e were t h ree ma jo r components: a 
se t o f p rocedu res f o r s y n t a c t i c and semant ic a n a l y s i s ; 
programs f o r a c o u s t i c p r o c e s s i n g ; and a word v e r i f i e r 
r o u t i n e t h a t l i n k s t h e o t h e r two. Success ive v e r s i o n s 
w i l l i n c l u d e a d d i t i o n a l components and r e q u i r e ma jo r 
changes i n a l l t h r e e o f t he p resen t ones, as w e l l as 
much more complex i n t e r r e l a t i o n s h i p s . N e v e r t h e l e s s , 
t h i s v e r s i o n o f t he system does i l l u s t r a t e a n approach 
t o speech u n d e r s t a n d i n g t h a t i s d i s t i n c t i v e because o f 
i t s dependence on s y n t a c t i c and semant ic p r o c e s s i n g . 

209 



The sentence to be processed is the fo l l ow ing : IN 

PUT THE BLACK BLOCK IN THE BOX. 

It was recorded, d i g i t i z e d , and parametrized in advance, 
and the resu l ts stored in a f i l e that was loaded i n to 
the system for the t e s t . A l l of the steps involved in 
i t s analysis are presented as they occurred in an acutal 
demonstration. The c a p a b i l i t i e s shown r e f l e c t the s ta te 
of the system as of December 1972. (The speech under
standing system is implemented in BBN-LISP and is run 
on a PDP-10 computer under the Tenex Operating System. 
Lines pref ixed by an arrow represent en t r ies by the 
user.) 

«-# (PUT THE ($ 37) ($ *) IN THE ($ 134).) 

Analysis of the sentence by P i n t l e is i n i t i a t e d . 
At the time t h i s pro toco l was made, the word v e r i f i e r 
d id not have word funct ions ava i lab le fo r the sets of 
words inc lud ing PUT, THE or IN. Under these circum
stances—and in general to al low more f l e x i b l e t es t i ng 
of the system—it is possible to enter tex t to speci fy 
a word. For convenience, the word v e r i f i e r checks the 
input tex t f i r s t to see whether any of the words in the 
set predicted has been typed i n . Finding none, i t w i l l 
use the appropriate word func t ions , i f they are a v a i l 
ab le. I f none are present, the words in the set w i l l 
be re jec ted . 

PUT 

P i n t l e begins by looking fo r a major clause; 
branching along the imperat ive path, i t looks for com
mand verbs. The word PUT is among those in the set 
generated at t h i s po in t , and i t is found in the tex t 
input . 

THE 

Having found a verb, P i n t l e begins i t s search fo r 
a noun group by look ing for a determiner, THE is 
confirmed from the tex t input , 

BLACK 

Having found a determiner, P i n t l e looks fo r an 
ad jec t i ve . Since there is no tex t input , the pre
d ic ted words are tested against the acoust ic data. 
Beginning at a l oca t ion 370 mi l l iseconds i n to the 
utterance (the 37th 10-mi l l isecond segment), the word 
v e r i f i e r f inds that BLACK corresponds to the acoustic 
data at the highest of four confidence l eve l s ; RED, 
GREEN, BLUE, and WHITE are re jec ted. 

BLOCK 

P i n t l e now looks fo r a noun to complete the noun 
group. I t begins at the l oca t i on in the acoust ic data 
confirmed as the ending place f o r BLACK, the previous 
word accepted. This cond i t ion is speci f ied by the 
as ter isk in the i n i t i a l entry f o r the sentence to be 
processed. The word v e r i f i e r f inds that BLOCK corre
sponds to the acoust ic data at the highest confidence 
l e v e l ; BALL, PYRAMID, and THING are re jec ted . 

With the noun group complete, P i n t l e looks fo r a 
p repos i t iona l phrase to complete the act ion denoted by 
PUT. IN is confirmed from the tex t input . 

THE 

Looking f o r a noun group to complete the preposi 
t i ona l phrase, p i n t l e begins w i th the determiners. THE 
is confirmed from the text input . 

BLACK 

P i n t l e next looks fo r ad jec t i ves . Beginning at a 
l oca t ion 1340 mi l l iseconds in to the utterance (the 134th 
segment), the word v e r i f i e r f inds that BLACK corresponds 
to the acoustic data at the t h i r d highest confidence 
l e v e l . RED, GREEN, BLUE, and WHITE arc re jec ted . 

BOX 

The loca t ion returned along wi th BLACK proves to 
be the end of the utterance. Consequently, BLACK is 
re jected because the s t r i ng so ending would be un-
grammatical; it also would be semantical ly unacceptable. 
P i n t l e backtracks and begins looking fo r nouns. BOX 
corresponds to the acoustic data at the highest con
fidence l e v e l ; BALL, PYRAMID, and THING are re jec ted. 

(PUT THE BLACK BLOCK IN THE BOX) 

The sentence as i d e n t i f i e d . At t h i s point the 
system returns a pr intout showing the grammatical 
s t ruc ture of the sentence. 

(CLAUSE MAJOR IMPER ACTV TRANSL) 

(VG IMPER) 

PUT ( I N F PAST VB TRANS VPRT MVB) 

(NG OBJ 0BJ1 NOLOC DET DEF NS) 

THE (DET NPL NS DEF) 

BLACK (ADJ) 

BLOCK (NOUN NS) 

(PREPG PLACE LOBJ) 

IN (PLACE PREP) 

(NG OBJ PREPOBJ DET DEF NS) 

THE (DET NPL NS DEF) 

BOX (NOUN NS) 

B r i e f l y summarized, the sentence is i d e n t i f i e d as 
an ac t ive imperat ive wi th the verb PUT, invo lv ing the 
movement of an ob ject , THE BLACK BLOCK, to a l oca t i on , 
IN THE BOX. (See Winograd, 1971, and Walker, 1973, f o r 
more extended discussions of the grammatical s t ruc tu re . ) 
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T h i s i n f o r m a t i o n i s used t o d i r e c t movements o f t he 
s i m u l a t e d r o b o t arm i n c o n j u n c t i o n w i t h t he semant ic 
d e f i n i t i o n s f o r the words and t h e d e t e r m i n a t i o n o f 
t h e i r r e l e v a n c e f o r t he c u r r e n t s t a t e o f t h e p rob lem 
domain, a s i n d i c a t e d i n t he f o l l o w i n g s t e p s , 

MOVETO 472 192 128 

The arm moves to t h e b l a c k b l o c k , s p e c i f i e d by the 
t h r e e c o o r d i n a t e s g i v e n . 

GRASP :B3 

The arm g rasps B3 , t h e b l a c k b l o c k . 

MOVETO 448 448 129 

The arm w i t h t h e b l a c k b l o c k moves to the box, 
speci f ied by the three coordinates, 

UNGRASP 

The arm r e l e a s e s t h e b l a c k b l o c k i n s i d e the box . 

OK 

The system i n d i c a t e s t h a t i t has completed the 
a c t i o n i d e n t i f i e d i n i t s " u n d e r s t a n d i n g " o f the i n p u t 
u t t e r a n c e . 

P r o v i s i o n a l F e a t u r e s o f t he I m p l e m e n t a t i o n 

I n a n t i c i p a t i o n o f a more d e t a i l e d d i s c u s s i o n o f 
the system components i n t he nex t s e c t i o n , i t i s p r o b 
a b l y r e a s o n a b l e to n o t e he re some c h a r a c t e r i s t i c s o f 
the a n a l y s i s o f t he sample sentence t h a t were temporary 
e x p e d i e n c i e s even i n t h i s v e r s i o n o f t he system. 

The system was n o t t o t a l l y o n - l i n e ; i . e . , i t was 
not p o s s i b l e t o speak d i r e c t l y i n t o t he system and 
t o i n i t i a t e p r o c e s s i n g a c c o r d i n g l y . A n a l o g - t o - d i g i t a l 
c o n v e r s i o n o f t h e speech s i g n a l cannot be per fo rmed on 
our PDP-10/15 computer f a c i l i t y y e t , pend ing c o m p l e t i o n 
o f t he necessary s o f t w a r e . Consequen t l y , t he s i g n a l 
was d i g i t i z e d on a PDP-11 and the r e s u l t i n g f i l e s 
t r a n s f e r r e d by tape t o t h e PDP-10 f o r t he r e s t o f the 
a c o u s t i c a n a l y s i s . 

The FORTRAN f i l e s accessed by t h e word v e r i f i c a 
t i o n r o u t i n e s c o n t a i n e d p rep rocessed da ta f rom bo th 
t he d i g i t a l f i l t e r s and f rom the more complex a n a l y s i s . 
I n i t i a l l y , w e expec ted t h a t i n t he f i n a l system w e 
would o n l y produce i m m e d i a t e l y on i n p u t t he p r e l i m i n a r y 
c l a s s i f i c a t i o n o f a c o u s t i c segments p r o v i d e d b y t h e 
d i g i t a l f i l t e r s . S p e c t r a l ana l yses and o t h e r c o m p l i 
ca ted a c o u s t i c p r o c e s s i n g were to be per fo rmed o n l y ae 
r e q u i r e d t o make t h e k i n d s o f d e c i s i o n s necessary t o 
d i s t i n g u i s h among the p r e d i c t e d words i n r e l a t i o n t o 
t he a c o u s t i c d a t a . I t now seems l i k e l y t h a t complex 
a n a l y s e s can be done in r e a l t i m e , so t h a t we can g e t 
a r i c h e r p a r a m e t r i c r e p r e s e n t a t i o n o f t he u t t e r a n c e . 
However, we s t i l l do n o t want t o make s p e c i f i c c l a s s i 
f i c a t i o n d e c i s i o n s a p a r t f rom the word v e r i f i c a t i o n 
p r o c e d u r e . 

As noted in t he a n a l y s i s o f t he sample sen tence , 
o n l y a sma l l number o f word f u n c t i o n s were w r i t t e n . 
Consequen t l y , t h i s v e r s i o n o f t h e system was never 
used to p rocess a comple te sen tence . The o p t i o n of 
t e s t i n g p r e d i c t e d words a g a i n s t t e x t u a l , as w e l l as 
a c o u s t i c , da ta proved u s e f u l f o r debugging the a c o u s t i c 
r o u t i n e s f o r p a r t i c u l a r s e t s o f words. I t a l s o i s 
u s e f u l i n the absence o f semant ic and p r o s o d i c p r o 
cedures f o r e s t a b l i s h i n g c o n s t r a i n t s o n p a t h s t h rough 
t h e grammar a t the b e g i n n i n g o f u t t e r a n c e s , and, i n 
p a r t i c u l a r , a t the b e g i n n i n g of a d i a l o g when no 
c o n t e x t has been e s t a b l i s h e d . 

A f i n a l comment on the a n a l y s i s embodied in the 
sample sentence is p r o b a b l y in o r d e r . We d i d no t 
e x e r c i s e t h i s f i r s t v e r s i o n o f t h e speech u n d e r s t a n d i n g 
system to any g r e a t e x t e n t . There were o n l y a few 
word f u n c t i o n s , and they were t e s t e d a g a i n s t o n l y two 
speakers . The f l o w o f c o n t r o l was p r i m a r i l y f rom the 
s y n t a c t i c and semant ic component t o t he a c o u s t i c . I t 
was c l e a r f rom t h e b e g i n n i n g , however, t h a t u s e f u l 
i n f o r m a t i o n cou ld pass i n the o p p o s i t e d i r e c t i o n , not 
o n l y f rom what a p r o s o d i c a n a l y s i s migh t p r o v i d e , bu t 
a l s o from what migh t be expected to a r i s e in t he course 
o f t e s t i n g words a g a i n s t the a c o u s t i c d a t a . I n 
a d d i t i o n , we e n v i s i o n e d ways i n wh ich the word v e r i f i e r , 
which i n t h i s v e r s i o n o f t he system processed one word 
a t a t i m e , cou ld ope ra te more e f f i c i e n t l y on t he whole 
set o f p r e d i c t e d words i n r e l a t i o n t o the a c o u s t i c 
d a t a , thus r e d u c i n g the search space i n v o l v e d . 

COMPONENTS OF THE SYSTEM 

P i n t l e — P r o c e d u r e s f o r S y n t a c t i c and Semantic A n a l y s i s 

P i n t l e , t he s y n t a c t i c and semant ic component o f 
t h i s v e r s i o n o f t he speech u n d e r s t a n d i n g system, i s 
based on the Winograd "Computer Program f o r Under
s t a n d i n g N a t u r a l Language" (W inog rad , 1971 ) . I t i s a 
top-down system f o r l i n g u i s t i c a n a l y s i s i n wh ich syn tax , 
seman t i cs , and i n f e r e n c e are combined to d i r e c t the . 
p r o c e s s i n g of q u e s t i o n s , s t a t e m e n t s , and commands. 
As implemented by SRI in BBN-L1SP, P i n t l e c o n s t i t u t e s 
a s u b s t a n t i a l m o d i f i c a t i o n o f W inograd ' s program. 

I n Winograd ' s work , as i n most e x i s t i n g p a r s i n g 
systems, success i ve words f rom a typed i n p u t s t r i n g 
gu ide the a n a l y s i s . S ince we proposed to use t h e 
p a r s i n g p rocedure to h e l p segment and i d e n t i f y the 
words i n t he speech i n p u t , i t was necessary t o f i n d 
o t h e r ways t o c o n t r o l t he g e n e r a t i o n o f pa ths th rough 
the grammar. So s y n t a c t i c and semant ic c o n s t r a i n t s 
were e s t a b l i s h e d t o i n f l u e n c e success i ve c h o i c e s , 
l e a d i n g to t he s e l e c t i o n o f a subset o f t he words o f 
a p a r t i c u l a r word c l a s s . I n what f o l l o w s , t h e i n f o r 
ma t ion a v a i l a b l e i n t he grammar f o r t h i s purpose i s 
p r e s e n t e d , w i t h a n e x p l i c i t i d e n t i f i c a t i o n o f t h e a s 
sumpt ions r e q u i r e d f o r e f f e c t i v e use o f t he system i n 
t h i s c o n t e x t , and w i t h some a d d i t i o n a l e l a b o r a t i o n s 
where a p p r o p r i a t e . 

Cons ide r a g a i n t h e sample sentence d i s c u s s e d i n 
t h e p r e v i o u s s e c t i o n , PUT THE BLACK BLOCK IN THE BOX. 
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Assuming that at the time t h i s utterance is made in a 
hypothet ical d ia log of a user wi th the system it is 
reasonable to expect a command, the clause program 
would look fo r an imperat ive. Semantic in format ion 
would be c r i t i c a l here, but knowledge about the user 
also would be h e l p f u l , and pronodic data—discussed 
fu r the r below—could provide useful guidance. Since 
imperative clauses general ly s t a r t wi th verbs, the 
parser enters a verb group program looking for impera
t i v e s . Since imperatives are in i n f i n i t i v e form, only 
those verbs w i t h that feature are i d e n t i f i e d . The re 
su l t of t h i s path through the grammar is a small set 
of imperative verbs, one of which may correspond to 
the f i r s t word of the ut terance. We expect to be able 
to constra in the set of verbs fu r the r by add i t iona l 
semantic information—perhaps regarding what command 
might be appropriate at t h i s point in the d ia log . And 
in format ion spec i f i c to a p a r t i c u l a r user should be 
possible to capture; fo r example, the frequent use of 
ce r ta in commands. However t h i s verb group is con-
s t ra ined , the i n i t i a l resu l t is a set of words to check 
against the acoustic data. 

Confirming one (or more) of the words from th i s 
i n i l i a l set might resu l t in P i n t l e looking for a noun 
group, as is the case wi th the word PUT, which requires 
an ob jec t . The use of the word "might" is de l i be ra te , 
to ind icate the p o s s i b i l i t y of a l t e rna t i ve choices. 
I d e n t i f i c a t i o n of a d i f f e r e n t imperat ive. PICK, could 
resu l t in P i n t l e looking f i r s t f o r the p a r t i c l e UP. 
Accepting PUT in the sample sentence, P i n t l e might be
g in the search fo r a noun group wi th a determiner. 
Since the sot of determiners is smal l , o f f of them 
could be predic ted. However, they are d i f f i c u l t to 
d i s t i ngu ish acous t i ca l l y , and it might be reasonable, 
on semantic grounds, to look only fo r a d e f i n i t e or 
only fo r an i n d e f i n i t e determiner, e . g . , THE or A. 

Finding a determiner, an adject ive would be l i k e l y 
to fo l l ow . There are various classes of ad jec t i ves , 
and in English there is an order ing c o n t r o l l i n g the 
sequence in which they t y p i c a l l y modify a noun. For 
instance, size adject ives precede color ad jec t ives ; 
e . g . , DIG RED BLOCK but not RED BIG BLOCK. Again, in 
a d ia log it would be reasonable at cer ta in points to 
p red ic t the amount of s p e c i f i c i t y required to i d e n t i f y 
an object on the basis of i t s q u a l i t i e s . Furthermore, 
some people may make things pe r fec t l y c lear , whi le 
others are more sparing in t h e i r character iza t ions. 
Having models of the users could be valuable fo r p ro
v id ing t h i s in format ion. So, sets of ad ject ives would 
be checked against the acoustic data. Subsequently, 
and in a s im i l a r fashion, var ious paths among the nouns 
would be selected for t e s t i n g . The kind of verb would 
in f luence the choice; verbs of manipulation c a l l fo r 
nouns that represent manipulable objects. This i n f o r 
mation also could be used to inf luence the choice of 
an ad jec t ive in the p r i o r search, l i m i t i n g i t to those 
adject ives appropriate to manipulable ob jec ts . 

Continuing the parse beyond the noun group would 
lead to considerat ion of p repos i t ion groups because 
PUT requires a l oca t i on . I d e n t i f y i n g a place prep
o s i t i o n would lead to a search f o r an object noun 
group, w i th decisions being made s im i la r to those d i s 
cussed fo r the preceding noun group. However, only 

those nouns that can have objects PUT IN them need to 
be considered.. In t h i s manner, a set of p red ic t ions 
can be made regarding the sequence of sets of words 
l i k e l y to occur in the ut terance. 

The foregoing descr ip t ion presumes the accuracy 
of the i n i t i a l p red ic t ions . In the sample sentence, 
however, the adject ive i n i t i a l l y found in the second 
noun group proved to be in e r ro r . Thus, backtracking 
and t rac ing down an a l te rna te path were required to 
f i nd the noun. An i n te rp re te r fo r PROGRAMMAR was added 
to provide a backtracking mechanism not ava i lab le in 
Winograd's system (and not necessary for Winograd, see 
below). The in te rp re te r made it possible to specify 
a set of a l te rna t ives at a p a r t i c u l a r point in the 
grammar and to try these in succession, backtracking 
automat ical ly i f the i n i t i a l choice was not subsequently 
confirmed. This same mechanism made recovery possible 
fo l low ing acceptance of a word that proved to be in 
e r ro r , as in the sample sentence. 

The requirement fo r speech input (the absence of 
words wi th i d e n t i f i a b l e features in the input s t r ing) 
and the a v a i l a b i l i t y of the backtracking f a c i l i t y re
su l ted in other modi f icat ions to Winograd's analysis 
procedure. Winograd tested to e l iminate the least 
l i k e l y a l te rna t i ves f i r s t , checking the longest pos
s ib le const i tuent and cu t t i ng back when that f a i l e d . 
PROGRAMMAR, in h is o r i g i n a l vers ion, returned the 
f i r s t successful analys is , having provided both syn
t a c t i c and semantic guidance to make that a l i k e l y 
i n t e r p r e t a t i o n w i th in the model of the "blocks wor ld . " 
Select ive backup was possible in a p a r t i c u l a r s i t u a t i o n , 
but i t involved speci fy ing a l oca t ion to re turn to for 
a l t e rna t i ve processing. With voice input , i t is nec
essary both to test fo r most l i k e l y a l te rna t i ves f i r s t 
and to have a more general mechanism for fo l low ing 
a l t e rna t i ve paths through the grammar in case of f a i l 
ure. What is needed fu r the r fo r speech understanding 
is the f l e x i b i l i t y in the grammar to al low dynamic 
reordering of ru les , depending on the state of the 
analysis at the moment. It would be desirable to be 
able to i d e n t i f y at any p a r t i c u l a r choice point in the 
grammar the a l te rna t i ves that are possib le. In Wino
grad's system, a l t e rna t i ve choices could only be 
i d e n t i f i e d s e r i a l l y a f t e r f a i l u r e o f the predecessor. 

Many more changes in the overa l l parsing strategy 
are needed to improve i t s a b i l i t y to use syn tac t i c , 
semantic, and—hopefully—pragmatic const ra in ts to 
make accurate pred ic t ions about the words l i k e l y to 
be present at any p a r t i c u l a r place. In Winograd and 
in our f i r s t vers ion, checking against the actual 
con f igura t ion of objects on the "blocks wor ld" could 
be done only a f t e r a group had been parsed. Thus, in 
the sample sentence, both BALL and PYRAMID were tested 
against the acoustic data. However, there were no 
ba l l s in that conf igura t ion (although the word was in 
the l ex i con ) , and there were no black pyramids. I n f o r 
mation of t h i s k ind can and should be used to inf luence 
the se lec t ion of words In a set as soon as it is 
re levant . 

The in t roduct ion of new s t ruc tures fo r managing 
semantic and pragmatic informat ion could be expected 
to have major consequences fo r pars ing. I t c e r t a i n l y 



is necessary to replace Winograd's MICROPLANNEft code; 
exploratory development has been done using QA4, a 
procedure-oriented programming system p a r t i c u l a r l y 
sui ted for work in a r t i f i c i a l i n te l l i gence because of 
i t s f l e x i b i l i t y and special features (see Rul i fson, 
Derksen, & Waldlnger, 1972). With rev is ions to the par
ser in QA4; new techniques are necessary to f a c i l i t a t e 
the accommodation of semantic and pragmatic Information 
and to s imp l i f y the dynamic reordering of paths through 
the grammar. 

At various times up to t h i s po in t , prosodic i n f o r 
mation has been mentioned. Knowledge about stress, 
i n tona t ion , and pauses should be valuable in any speech 
understanding system, but it assumes special importance 
in an approach l i k e ours. Prosodic data perform some 
of the funct ions for spoken language that punctuation 
does for t ex t . In tonat ion contours can suggest sen
tence type—quest ion, command, statement; together wi th 
stress and pause they may help i d e n t i f y i n g clause and 
phrase boundaries and s ignal parts of an utterance wi th 
pa r t i cu l a r semantic import (see o 'Mal ley, 1973). Our 
system requires contexts (of various kinds) for useful 
p red i c t i on . Prosodic information may provide guidance 
at the beginning of a d ia log or even of an utterance 
when other kinds of constra ints are less e f f ec t i ve . 

Acoustic Processing 

The speech data cur ren t ly used in the SRI system 
are obtained in a qu ie t room using a BX-K 433 condenser 
microphone and an Ampex AG 500 tape recorder. An ana
log tape is produced at 7-1/2 inches per second record
ing speed. The speech data on the tape arc then d i g i 
t i zed in segments of up to 3.1 seconds in length. A 
presampling low-pass f i l t e r w i th an 8-kHz bandwidth 
is employed to reduce a l ias ing e r ro r s , and the d i g i 
t i z a t i o n is accomplished by a 12-b i t A/D converter 
operating at a rate of 20,000 samples per second. 

The raw d i g i t a l data are processed fu r the r by 
d i g i t a l f i l t e r i n g . Five rms values (root-mean-square, 
an energy measure) of the time series data are ca lcu
la ted in each 10-mi l l isecond i n t e r v a l of t ime. The 
f i r s t provides an amplitude value fo r the un f i l t e red 
time ser ies . The other four values are from d i g i t a l ' 
f i l t e r s w i th bandpass charac te r i s t i cs of 80-200 Hz, 
300-1000 Hz, 500-2800 Hz, and 3.2-6.8 kHz. A l i nea r 
p red ic t i ve coding (LPC) analys is , using an algorithm 
developed by Markel (1971), provides formant frequen
cies and amplitudes by f ind ing peaks in a 128-point 
spectrum. 

In the f i r s t vers ion of the system the s t r ings of 
rms values were used in an algori thm that c l ass i f i ed 
each 10-mi l l isecond time segment as one of s ix events: 
s i lence, unvoiced turbulence, voiced turbulence, voiced 
stop, vowe l - l i ke , none of the preceding. The f i l t e r 
outputs and pre l iminary c l ass i f i ca t i ons of each segment 
are stored in disk f i l e s together wi th the formant 
frequency and amplitude data from the LPC analys is . 

Word V e r i f i c a t i o n 

Procedures fo r word v e r i f i c a t i o n re la te the words 
predicted by syntact ic and semantic processing to the 
acoustic data. The input to the word v e r i f i e r from 
p i n t l e was a set of words that could be expected to 
occupy the next pos i t ion in the utterance. The resu l t 
of word v e r i f i c a t i o n is a subset, possibly empty, of 
the candidate words ordered according to degree of 
agreement wi th the acoustic data at that loca t ion in 
the utterance. 

Since P in t l e was wr i t t en in LISP and the acoustic 
processing is done in FORTRAN, it was necessary to 
develop procedures fo r communication between the two 
languages. An in ter face package makes it possible fo r 
a LISP program to create a fork (an independent process 
in the t ime-sharing system) containing a FORTRAN pro
gram, to share d i r e c t l y accessible data wi th that pro
gram, and to c a l l funct ions in that program according 
to standard FORTRAN conventions. 

For each candidate word, there is a funct ion that 
tests for that pa r t i cu la r word. The correspondence be
tween the expected form speci f ied in the funct ion and 
the contents of the acoustic stream is expressed as one 
of four confidence leve ls : pos i t i ve , possib le, u n l i k e l y , 
and impossible. For the f i r s t three leve ls , the func
t i on also returns an estimate of the ending pos i t ion 
of the word in the acoustic stream. 

The word v e r i f i e r co l lec ts the resu l ts for each 
word in a set , el iminates the impossible words, and 
constructs a l i s t ordering the rest of the words 
according to confidence l eve l . The word wi th the high
est ranking is returned to P i n t l e ; any others are saved 
on a backup l i s t to be used successively if t he i r pre
decessor does not lead to the pred ic t ion of a new set 
of words, one or more of which can be found in the 
utterance. The ending pos i t ion of the accepted word 
is used as the s t a r t i n g point for tes t i ng words in 
th is new set . 

To i l l u s t r a t e the word v e r i f i c a t i o n procedure, con
sider the word BOX in the sample sentence. It was one 
of the words predicted by P in t l e at a locat ion begin
ning approximately 1.34 seconds a f t e r the beginning of 
the utterance. The word funct ion for BOX produced the 
fo l lowing act ions: 

1. Increment the time pointer by 170 mi l l iseconds. 

2. Attempt to f i nd a vowel- l ike s t r i ng in a 200-
mi l l lsecond window centered at the incremented 
time po in te r . 

3. If Stop 2 is successful: 

(a) Search f o r a voiced stop ahead of the 
vowel - l i ke s t r i ng . 

(b) Search for si lence at the end of the 
vowel - l i ke s t r i n g . I f a s i lence is 
found, search fo r unvoiced turbulence 
a f t e r the s i lence. Return a confidence 
l e v e l , where appropriate, f o r each search. 
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4. Examine the vowel - l i ke s t r i n g as fo l lows : 

(a) Calculate the average frequencies of the 
f i r s t and second formants. 

(b) Calculate the average slope of the f i r s t 
and second formants. 

(c) Look for d i scon t i nu i t i es in the f i r s t and 
second formants. 

I f there are s i g n i f i c a n t d i scon t i nu i t i es or 
rapid changes in formant frequencies, re tu rn 
the value impossible. 

5. Combine the resu l t s of the consonant search 
from Step 3 and the analys is of the vowel - l i ke 
s t r i n g in Step 4 as fo l lows : 

(a) If the average formant frequencies are 
reasonable for the vowel [a ] and a l l 
consonant searches are successful , re 
tu rn p o s i t i v e . 

(b) If the average formant frequencies are 
reasonable, but a consonant search f a i l e d , 
re tu rn poss ib le , 

(c) If the average formant frequencies are 
unreasonable but a l l consonant searches 
are successful , re tu rn u n l i k e l y . 

(d) If the average formant frequencies are 
unreasonable and at least one consonant 
search f a i l e d , re tu rn impossible. 

In the example, the confidence l eve l f o r BOX was 
p o s i t i v e . The resu l t s showed a vowel - l i ke s t r i n g wi th 
f i r s t and second formant values consistent w i th ta ] 
in the i n t e r v a l 1420 to 1600, a voiced stop before the 
vowel - l i ke s t r i n g in the i n t e r v a l 1340 to 1410, s i lence 
a f t e r the vowel - l i ke s t r i n g from 1650 to 1690, and un
voiced turbulence from 1690 to 1910. 

It should be c lear that a word v e r i f i c a t i o n pro
cedure of t h i s kind was designed fo r use in a system 
w i th powerful syn tac t ic and semantic cons t ra in ts . In 
the analysis of the second noun group in the sample 
sentence, before BOX was confirmed, a set of ad ject ives 
was processed by the word v e r i f i e r . A l l of the words 
were re jec ted except BLACK, fo r which the confidence 
leve l was u n l i k e l y . P i n t l e accepted BLACK t e n t a t i v e l y , 
but that would have had to be the end of the sentence, 
and PUT THE BLACK BLOCK IN THE BLACK is s y n t a c t i c a l l y 
and semantical ly unacceptable in the current system. 
Consequently, P i n t l e backtracked and looked f o r nouns. 
Of the set p red ic ted , BOX was confirmed w i t h the h igh
est confidence l e v e l . If BLOCKS had been a member of 
that set , the word v e r i f i e r might have returned pos i t i ve 
as w e l l . However, since th ings cannot be put in blocks, 
that word would be excluded, on semantic groundB, from 
the set to be considered. 

I t is obvious that the word v e r i f i c a t i o n pro
cedures in t h i s form would not al low subt le d iscr imina
t i o n s . However, the add i t i on of more complex and 
powerful acoust ic /phonet ic ru les to the analysis and 
decision-making par ts of each word funct ion should per
mi t s i g n i f i c a n t expansions of the system c a p a b i l i t i e s . 
The word v e r i f i e r s t rategy is p a r t i c u l a r l y appropr iate 

fo r our system design, since the syntac t ic and seman
t i c decisions involve words rather than phonemes, 
allophones, or other phone-l ike u n i t s . Furthermore, 
the word v e r i f i e r provides a way to deal w i th a s i g 
n i f i c a n t subset of c o a r t i c u l a t i o n problems that would 
be qu i te troublesome in a phoneme-veri f ier approach. 

To a considerable extent , changes in the word 
v e r i f i c a t i o n procedures depend d i r e c t l y on increasing 
soph is t i ca t ion in acoust ic processing. However, as 
indicated in the previous section, the need is not for 
new techniques for acoustic analysis but ra ther f o r 
ways to ext ract more informat ion from the data we have. 
Furthermore, we bel ieve that the mot ivat ion fo r changes 
should come p r imar i l y from the requirements of word 
v e r i f i c a t i o n . Our current e f f o r t s are d i rec ted toward 
prov id ing more subroutines fo r acoust ic parameter izat ion 
in order to re f i ne the i n i t i a l c l a s s i f i c a t i o n provided 
by the d i g i t a l f i l t e r analysis and to provide add i t iona l 
formant data. For example, detectors have been added 
that al low f r i c a t i v e s to be d is t ingu ished r e l i a b l y , so 
that s, sh, f - t h , and t h e i r voiced counterparts now 
are c l a s s i f i e d . We also have developed vowel seg
mentation and c l a s s i f i c a t i o n procedures that ex t rac t 
boundaries w i th in vowel - l i ke s t r i ngs , smooth formant 
curves, and p lo t slopes and standard deviat ions of 
formants. Our goal is to provide a va r i e t y of general 
procedures that can be used in the preparat ion of word 
funct ions fo r use in word v e r i f i c a t i o n . 

DISCUSSION 

The major focus in t h i s paper has been on the 
ro le of syntact ic and semantic analys is in our speech 
understanding system--and appropr ia te ly so fo r pre-
sentat ion at a conference on a r t i f i c i a l i n t e l l i g e n c e . 
But in descr ib ing the f i r s t vers ion of the system, we 
have emphasized the inadequacies of that implementation 
and the requirements we see as necessary in succeeding 
versions. Probably the major resu l t of t h i s ear ly work 
is the design of a parser that we bel ieve can accommo
date a l l of the sources of knowledge required fo r un
derstanding speech. I t i s described in d e t a i l in the 
paper by Paxton and Robinson <1973) presented at t h i s 
Conference. Such a parser would be wel l su i ted to 
the word v e r i f i c a t i o n procedures and the k ind of 
acoust ic processing performed in our system. 

Another resu l t of our f i r s t year is an appreciat ion 
of the interdependence of the task domain and the sys
tem design. A system l i k e ours, which stresses syntax 
and semantics, is p a r t i c u l a r l y appropriate fo r conver
sat ions wi th a person that involve some r e l a t i v e l y com
plex task and that requ i re a sequence of i n t e rac t i ons . 
Dynamic changes in the s i t u a t i o n r e f l e c t i n g progress 
toward some goal can provide the k ind of semantic con
s t r a i n t s that w i l l improve the accuracy of i ts pre-
d i c t i o n s . The "blocks wor ld" is r e l a t i v e l y shal low; 
i t does not eas i l y accommodate dialogs of the k ind 
des i red. Consequently, we have changed our task domain 
to the assembly and repa i r of small appl iances, begin
ning w i th a leaky faucet. In the course of model l ing 
t h i s wor ld and es tab l ish ing the knowledge necessary 
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l o r i t s u n d e r s t a n d i n g , w e w i l l b e a d d r e s s i n g prob lems 
c e n t r a l t o t h e who le f i e l d o f a r t i f i c i a l i n t e l l i g e n c e . 

Our p r o j e c t can b e n e f i t f rom any work 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 a t i l l u m i n a t e s semant i cs , p r a g m a t i c s , and 
t h e p rocess o f r e p r e s e n t a t i o n . O f cou rse , we w i l l no t 
r e j e c t i n s i g h t s t h a t r e f l e c t o n a c o u s t i c s , p h o n e t i c s , 
p r o s o d i e s , and a n c i l l a r y aspec ts o f l i n g u i s t i c s . We do 
need t o address a l l o f these f a c e t s f o r a s u c c e s s f u l 
system., b u t w e c e r t a i n l y cannot expect t o s o l v e a l l o f 
t h e p rob lems o u r s e l v e s . 
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