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1 INTRODUCTION 

For t h e p a s t f i v e y e a r s , SRI I n t e r n a t i o n a l has 
p a r t i c i p a t e d i n a ma jo r program o f r e s e a r c h on t h e 
a n a l y s i s o f c o n t i n u o u s speech b y compu te r , 
sponso red by t h e Advanced Research P r o j e c t s Agency 
o f t h e Depar tment o f De fense . The g o a l o f t h e 
p rogram was t h e deve lopment of a speech 
u n d e r s t a n d i n g sys tem c a p a b l e o f engag ing a human 
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 t h e 
p e r f o r m a n c e o f a p a r t i c u l a r t a s k (see Newel l e t 
a l . , 1973) . A r a t h e r complex s e t o f s p e c i f i c a t i o n s 
d e f i n e d t h e p a r a m e t e r s more p r e c i s e l y . The program 
c u l m i n a t e d i n t h e d e m o n s t r a t i o n o f a sys tem t h a t 
d i d meet t h e t a r g e t s p e c i f i c a t i o n s (see Reddy e t 
a l . , 1976; Medress e t a l . , 1977 ) , bu t more 
i m p o r t a n t f o r a r t i f i c i a l i n t e l l i g e n c e were 
deve lopmen ts i n t h e v a r i o u s knowledge s o u r c e s — 
p a r t i c u l a r l y s y n t a x , s e m a n t i c s , and d i s c o u r s e — a n d 
i n t h e sys tem a r c h i t e c t u r e n e c e s s a r y f o r 
c o o r d i n a t i n g them e f f i c i e n t l y and e f f e c t i v e l y . 

At S R I , we have made s i g n i f i c a n t advances b o t h 
i n b u i l d i n g components f o r knowledge s o u r c e s and i n 
d e v e l o p i n g a ' f ramework f o r c o o r d i n a t i n g and 
c o n t r o l l i n g them. The s y n t a c t i c component i s a 
p e r f o r m a n c e grammar; i t d e s c r i b e s t h e s y n t a x o f t h e 
E n g l i s h used i n spon taneous d i a l o g r a t h e r t h a n t h e 
E n g l i s h o f e d i t e d t e x t . The s e m a n t i c s component 
uses a p a r t i t i o n e d s e m a n t i c n e t w o r k t o e n a b l e t h e 
r e p r e s e n t a t i o n o f m u l t i p l e a l t e r n a t i v e p a r s e s 
w i t h o u t d u p l i c a t i o n , t h e a s s o c i a t i o n o f s y n t a c t i c 
u n i t s w i t h t h e i r n e t w o r k images and t h e 
e s t a b l i s h m e n t o f scopes f o r h i g h e r o r d e r p r e d i c a t e s 
( e s p e c i a l l y q u a n t i f i e r s ) . A d i s c o u r s e component 
has been d e v e l o p e d t h a t uses t h e c o n t e x t o f t h e 
p r e c e d i n g d i a l o g t o r e s o l v e d e f i n i t e noun p h r a s e 
r e f e r e n c e s and expand e l l i p t i c a l u t t e r a n c e s ; i t 
works o n t h e p a r t i a l knowledge a v a i l a b l e when 
p a r s i n g a n u t t e r a n c e . 

T h i s r e s e a r c h has been funded under t h e f o l l o w i n g 
ARPA c o n t r a c t s , a l l a d m i n i s t e r e d t h r o u g h t h e Army 
Research O f f i c e : DAHC04-72-C-0009, DAHC04-75-C-
0006 , and DAAG29-76-C-0011. , , , 
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Our app roach t o c o o r d i n a t i o n and c o n t r o l 
s t r e s s e s i n t e g r a t i o n — t h e p rocess o f f o r m i n g a 
u n i f i e d sys tem ou t o f t h e c o l l e c t i o n o f components 
- - a n d c o n t r o l — t h e dynamic d i r e c t i o n o f t h e o v e r a l l 
a c t i v i t y o f t h e system d u r i n g t h e p r o c e s s i n g o f a n 
i n p u t u t t e r a n c e . Our app roach t o i n t e g r a t i o n 
p r o v i d e s f o r i n t e r a c t i o n s o f i n f o r m a t i o n f r om 
v a r i o u s s o u r c e s o f knowledge i n a p r o c e d u r a l 
r e p r e s e n t a t i o n ; a means f o r a d j u s t i n g t h e l anguage 
d e f i n i t i o n t o p a r t i c u l a r domains w i t h o u t l o s s o f 
g e n e r a l i t y ; and a v o i d s commitment t o a p a r t i c u l a r 
sys tem c o n t r o l s t r a t e g y , t h u s a l l o w i n g f l e x i b i l i t y 
i n c o m b i n i n g words and p h r a s e s . Our app roach to 
c o n t r o l p r o v i d e s s p e c i a l t e c h n i q u e s t o a s s i g n 
p r i o r i t i e s b y u s i n g c o n t e x t u a l c o n s t r a i n t s ; a l l o w s 
c o m b i n a t i o n s o f t o p - d o w n , bo t t om u p , and 
b i d i r e c t i o n a l s t r a t e g i e s ; o r g a n i z e s and c o n s t r u c t s 
d a t a s t r u c t u r e s for h ypo theses in a manner t h a t 
g r e a t l y r educes d u p l i c a t i o n o f e f f o r t ; and i s based 
o n e x t e n s i v e e x p e r i m e n t a l s t u d i e s t o e v a l u a t e 
d e s i g n a l t e r n a t i v e s . 

A r e v i e w o f t h e t o t a l p r o j e c t i s beyond t h e 
scope o f t h i s paper I n s t e a d w e w i l l c o n c e n t r a t e 
o n i n t e g r a t i o n . A f t e r p r e s e n t i n g a n o v e r v i e w o f 
t h e o p e r a t i o n o f t h e sys tem t o p r o v i d e c o n t e x t , w e 
w i l l p r e s e n t b r i e f d e s c r i p t i o n s o f t h e knowledge 
s o u r c e components men t i oned above t o g e t h e r w i t h 
more e x t e n s i v e d i s c u s s i o n s o f a f a c i l i t y f o r 
l anguage d e f i n i t i o n t h a t p r o v i d e s t h e b a s i s f o r 
c o o r d i n a t i n g them and o f t h e e x e c u t i v e r o u t i n e s 
t h a t c o n t r o l them. We c o n c l u d e w i t h a 
c o n s i d e r a t i o n o f r e l e v a n t e x p e r i m e n t a l r e s u l t s . 

A more c o m p l e t e s t a t e m e n t o f t h i s work i s 
c o n t a i n e d i n ou r f i n a l p r o j e c t r e p o r t ( W a l k e r , 
1976) . A somewhat expanded d e s c r i p t i o n o f t h e 
l anguage d e f i n i t i o n sys tem and e x e c u t i v e and t h e 
e x p e r i m e n t s conduc ted t o t e s t them i s p r e s e n t e d i n 
Paxton ( 1 9 7 7 ; sec a l s o 1 9 7 6 a , b ) . The d i s c o u r s e 
component i s t r e a t e d more f u l l y i n Grosz ( 1 9 7 7 a ; 
see a l s o 1977b f o r a d i s c u s s i o n o f the. concep t o f 
f o c u s ) . F i k e s and H e n d r l x (1977) summarize t h e 
scheme f o r s e m a n t i c r e p r e s e n t a t i o n and the 
p r o c e d u r e s f o r d e d u c t i v e r e t r i e v a l used i n t h e 
sys tem Re fe rences t o o t h e r papers a r e i n c l u d e d i n 
t h e f i n a l p r o j e c t r e p o r t . 

The sys tem r e f e r e n c e d i n t h i s paper was 
deve loped j o i n t l y by SRI and t h e System Development 
C o r p o r a t i o n (SDC). SRI p r o v i d e d c a p a b i l i t i e s f o r 
sys tem c o n t r o l , l anguage d e f i n i t i o n , s y n t a x , 
s e m a n t i c s , and d i s c o u r s e a n a l y s i s . SDC p r o v i d e d 
c a p a b i l i t i e s f o r s i g n a l p r o c e s s i n g , a c o u s t i c s , 
p h o n e t i c s , and p h o n o l o g y , as w e l l as s p e c i a l sys tem 
s o f t w a r e and hardware s u p p o r t (see B e r n s t e i n , 
1975 ) . The t a s k domain s u p p l i e d d a t a management 
c a p a b i l i t i e s f o r q u e r y i n g a f i l e o f i n f o r m a t i o n o n 
a t t r i b u t e s o f s h i p s f r o m the U . S . , S o v i e t , and 
B r i t i s h f l e e t s . 

E a r l y i n 1976, j u s t a f t e r t h e sys tem became 
o p e r a t i o n a l , t h e compute r f a c i l i t y a t SDC was 
removed and ou r c o l l a b o r a t i v e e f f o r t s s t o p p e d . 
A l t h o u g h w e were n o t a b l e t o e x e r c i s e t h e sys tem 
e x t e n s i v e l y o r r e f i n e t h e i n t e r f a c e between t h e 
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acoust ic components and those prov id ing higher 
l e v e l language processing, we were able to c o l l e c t 
data on the performance of the SDC components and 
have used t h i s in fo rmat ion in extensive t es t s of 
our components and of the system framework. It is 
on the basis of these experiments tha t we repor t on 
the SRI developments in speech understanding in 
t h i s paper 

I I T H E O P E R A T I O N 
When a speaker records an ut terance, it is 

analyzed a c o u s t i c a l l y and phone t i ca l l y , and the 
r e s u l t s are s tored in a f i l e . When these data are 
a v a i l a b l e , the execut ive begins to p red ic t words 
and phrases on the basis of context—guided by the 
ru les fo r phrase format ion in the language 
d e f i n i t i o n — o r to bu i l d up phrases from words tha t 
have been i d e n t i f i e d acous t i ca l l y in the u t terance. 
As each phrase is const ruc ted, re levant semantic 
and discourse in fo rmat ion is checked, and i f 
appropr ia te , a semantic network representa t ion of 
the phrase is developed. When the performance of a 
task r esu l t s in the p red i c t i on of a word at a 
spec i f i ed place in the u t terance, a l t e r n a t i v e 
phonologica l forms of tha t word are mapped onto the 
acoust ic data for tha t p lace, and a score 
i n d i c a t i n g the degree of correspondence is 
re tu rned . When an i n t e r p r e t a t i o n for the e n t i r e 
u t terance is complete, re levant s t ruc tu res from the 
semantic model of the domain and from an associated 
r e l a t i o n a l data base are processed to i d e n t i f y in 
semantic network form the content of an appropr ia te 
response. This response is then generated e i t he r 
in t e x t form or through the use of a speech 
syn thes izer . 

I l l T H E L A N G U A G E DEFINITION 

The input language is a subset of n a t u r a l , 
c o l l o q u i a l Engl ish t ha t is s u i t a b l e fo r ca r ry ing on 
a d ia l og between a user and the system regarding 
in fo rmat ion in the data base. The d e f i n i t i o n of 
t h i s language cons is ts of a lex icon conta in ing the 
vocabulary, a set of composit ion ru les fo r 
combining words i n t o phrases and smaller phrases 
i n t o la rger ones, and some g loba l dec la ra t ions 
g i v i n g in fo rmat ion needed by the d e f i n i t i o n 
compi ler , which t r ans l a t es the language d e f i n i t i o n 
i n t o an e f f i c i e n t i n t e r n a l rep resen ta t ion , and by 
the execut ive , which operates on tha t 
rep resen ta t i on . The lex icon is separated i n t o 
ca tegor ies , such as noun and verb, and the words in 
each category are assigned values for var ious 
a t t r i b u t e s , such as p a r t i c u l a r grammatical features 
and semantic represen ta t ions . The composit ion 
ru les are phrase-s t ruc ture ru les augmented by a 
procedure t ha t is executed whenever the ru le 
const ruc ts a phrase. In format ion provided by the 
procedure inc ludes both a t t r i b u t e s of the phrase 
based on the a t t r i b u t e s of i t s cons t i t uen t s , and 
f ac to r s f o r use in judg ing the a c c e p t a b i l i t y o f the 
phrase. The g loba l dec la ra t ions g ive such 
in fo rmat ion as l i s t s o f a t t r i b u t e s fo r the 
d i f f e r e n t ca tegor ies . 

An a t t r i b u t e statement may compute values t ha t 
spec i fy acoust ic p roper t ies re la ted to the input 
s i g n a l , s yn tac t i c p roper t ies such as mood and 
number ( s ingu la r or p l u r a l ) , semantic p roper t ies 
such as the semantic network representa t ion of the 
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meaning of the phrase, and discourse p rope r t i es f o r 
anaphora and e l l i p s i s . The values of cons t i t uen t 
a t t r i b u t e s are used in computing the a t t r i b u t e s of 
la rger phrases, and the a t t r i b u t e s of complete 
i n t e r p r e t a t i o n s are used in generat ing responses. 

The fac to r statements compute a c c e p t a b i l i t y 
r a t i ngs for an instance of the phrase. The scores 
for f ac to rs are non-Boolean; tha t i s , they may 
assume a wide range of va lues. As a r e s u l t , a 
proposed instance of a phrase is not necessar i ly 
simply accepted or r e j e c t e d ; it may be rated as 
more or less acceptable depending on a combination 
of fac to r va lues. Like a t t r i b u t e s , f ac to rs may be 
acous t ic , s y n t a c t i c , semantic, or discourse 
r e l a t e d . Acoustic f ac to rs r e f l e c t how we l l the 
words match the ac tua l i npu t ; syn tac t i c fac to rs 
deal w i th t es t s l i k e number agreement between 
var ious cons t i t uen t s ; semantic f ac to rs assure tha t 
the meaning of the phrase is reasonable; and 
discourse fac to rs i nd i ca te whether an e l l i p t i c a l or 
anaphoric phrase makes sense in the given d ia log 
contex t . The values of f ac to rs are included in a 
composite score fo r the phrase. The scores of 
cons t i tuen ts are combined w i th the fac to r scores to 
produce the scores of la rger phrases, and the 
scores of complete i n t e r p r e t a t i o n s are used in 
s e t t i n g execut ive p r i o r i t i e s . 

The a t t r i b u t e and fac to r statements in the 
procedural par ts of the ru les conta in 
s p e c i f i c a t i o n s for most of the p o t e n t i a l 
i n t e r a c t i o n s among system components. A t t r i b u t e s 
and fac to rs e i t h e r have constant values or have 
values tha t depend on a t t r i b u t e s of cons t i tuen ts 
and g loba l in fo rmat ion (such as a model of the 
discourse or the r e s u l t s o f p re l im ina ry , l ow- leve l 
acoust ic processing) . By design, the a t t r i b u t e s 
and fac to rs of a phrase are not allowed to depend 
on the context formed by other phrases tha t can 
combine w i th i t to produce la rger s t r uc tu res . By 
g i v i ng up e x p l i c i t context dependency, i t becomes 
easier to share phrases among d i f f e r e n t con tex ts , 
which al lows the execut ive to reduce d u p l i c a t i o n of 
e f f o r t . However, contex tua l r e s t r i c t i o n s provide 
h e u r i s t i c in fo rmat ion tha t i n p rac t i ce i s too 
valuable to ignore , so the execut ive a lgor i thms fo r 
p r i o r i t y s e t t i n g take them i n t o account by spec ia l 
techniques described below. E s s e n t i a l l y , we have 
taken the e x p l i c i t context dependencies out of the 
ru les so tha t phrases can be shared by d i f f e r e n t 
contex ts , and have developed methods in the 
execut ive so tha t contextua l r e s t r i c t i o n s can s t i l l 
be used in c o n t r o l l i n g the operat ion of the system. 

The form of the ru les is designed to avoid 
commitments to p a r t i c u l a r system con t ro l 
s t r a t e g i e s . For example, the r u l e procedures can 
be executed w i th any subset of cons t i t uen t s , so 
incomplete phrases can be constructed to provide 
in termediate r e s u l t s , and i t i s not necessary to 
acquire cons t i tuen ts i n a s t r i c t l y l e f t - t o - r i g h t 
order This f l e x i b i l i t y has made i t poss ib le to 
experiment w i th a l t e r n a t i v e system c o n t r o l 
s t r a t e g i e s . 

IV SYNTAX 

The syn tac t i c knowledge in the system is 
represented both in the phrase s t r uc tu re par t of 
the language d e f i n i t i o n ru les and in the a t t r i b u t e 
and fac to r statements in the procedural par t of the 
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r u l e s . Syntax provides computat ional ly inexpensive 
in fo rmat ion about which words or phrases may 
combine and how we l l they go together . In t e s t i n g 
word or phrase combinat ions, syn tac t i c in fo rmat ion 
alone o f ten can r e j e c t an i nco r rec t phrase without 
r e q u i r i n g cos t l y semantic and discourse ana lys is 
Factors are used for t r a d i t i o n a l syn tac t i c t es t s 
such as agreement fo r person or number, but f ac to r s 
a lso are used to reduce the scores of unexpected 
phrases. For example, WH questions tha t are 
negat ive ( e . g . "What submarine doesn' t the U.S 
own?") are not expected to occur. A fac to r 
statement lowers the value for t h i s i n t e r p r e t a t i o n 
but does not e l im ina te i t completely, so tha t i f no 
be t te r hypothesis can be formed to account fo r the 
input u t te rance , t h i s i n t e r p r e t a t i o n w i l l be 
accepted. Since the language d e f i n i t i o n system 
provides the c a p a b i l i t y fo r eva luat ing phrases in 
context by means of non-Boolean f a c t o r s , the 
grammar can be tuned to p a r t i c u l a r discourse 
s i t u a t i o n s and language users simply by ad jus t i ng 
f ac to rs tha t enhance or d imin ish the a c c e p t a b i l i t y 
o f p a r t i c u l a r i n t e r p r e t a t i o n s . I t i s not necessary 
to r e w r i t e the language d e f i n i t i o n for each new 
problem domain 

The cons t i tuen t s t ruc tu res def ined by the 
composit ion ru les in the system al low WH quest ions, 
How Many quest ions. How+Adiective quest ions, 
imperat ives and statements; BE and DO verb forms 
are inc luded. Noun phrases can be of a v a r i e t y of 
types. We have concentrated on those re levant fo r 
the domain having WH determiners (what, which, 
whose), q u a n t i f i e r s ( a l l . any, both , each e i t h e r , 
every, ne i ther no, none, some), p a r t i t i v e 
expressions (conta in ing " o f " ) expressions w i th 
numbers (from one through the m i l l i o n s ) and un i t s 
( tons , f e e t , kno ts ) , and comparisons i nvo l v i ng 
numbers. There are more than 100 d i f f e r e n t kinds 
of basic noun phrases, to which may be added 
recu rs i ve l y "o f NP" expressions and some classes of 
p repos i t i ona l phrases. The lex icon contains over 
600 e n t r i e s ; regu lar p l u r a l s , past and past 
p a r t i c i p l e forms and other su f f i xes are handled by 
r u l e s . 

V SEMANTICS 

The system's knowledge about the domain is 
embodied i n -a p a r t i t i o n e d semantic network. A 
semantic network cons is ts of a c o l l e c t i o n of nodes 
and arcs where each node represents an ob jec t (a 
phys ica l o b j e c t , s i t u a t i o n , event, se t , o r the 
l i k e ) and each arc represents a b inary 
r e l a t i o n s h i p . The s t ruc tu re of our network d i f f e r s 
from that of convent ional networks in tha t nodes 
and arcs are p a r t i t i o n e d i n t o spaces. These 
spaces, p lay ing in networks a r o l e roughly 
analogous to t ha t played by parentheses in l o g i c a l 
n o t a t i o n , group in fo rmat ion i n t o bundles t ha t help 
to condense and organize the network 's knowledge. 
Network p a r t i t i o n i n g serves a v a r i e t y of purposes 
in the speech understanding system: encoding 
l o g i c a l connectives and h igher-order p red ica tes , 
espec ia l l y q u a n t i f i e r s ; assoc ia t ing syn tac t i c un i t s 
w i th t h e i r network images; i n t e r r e l a t i n g new inputs 
w i t h previous network knowledge whi le main ta in ing a 
d e f i n i t e boundary between the new and the o l d ; 
s imul taneously encoding in one network s t r uc tu re 
m u l t i p l e hypotheses concerning a l t e r n a t i v e 

incorpora t ions of a given cons t i tuen t i n t o la rger 
phrases; shar ing network representat ions among 
competing hypotheses; mainta in ing Intermediate 
r esu l t s dur ing the question-answering process; and 
de f i n i ng h ie ra rch ies o f l o c a l contexts fo r 
discourse ana l ys i s . 

The network inc ludes an encoding of knowledge 
about the domain of d iscourse. This model serves 
as a foundat ion on which the s t ruc tu res 
corresponding to new ut terances are b u i l t ; i t is 
used to assess the f e a s i b i l i t y of combining 
ut terance cons t i t uen ts to form la rger phrases; and 
i t is a source o f in format ion fo r answering 
quer ies , supplemented by a r e l a t i o n a l data base 
which can be accessed d i r e c t l y from the network. 

Concepts in the domain tha t can be referenced 
by i n d i v i d u a l words are so l i s t e d In the l e x i c o n . 
As l e x i c a l items are combined i n t o phrases, these 
network references are passed to semantic 
composit ion r o u t i n e s . These rou t ines const ruct new 
network s t ruc tu res tha t represent the meanings of 
the composite phrase, encoding new instances or new 
combinations of concepts. As phrases are combined 
i n t o la rger phrase u n i t s the composit ion rou t ines 
are app l ied u n t i l an i n t e r p r e t a t i o n for the e n t i r e 
ut terance has been constructed In t h i s process, 
case r e l a t i o n s provide a basis fo r using syn tac t i c 
in fo rmat ion in cons t ruc t ing semantic 
i n t e r p r e t a t i o n s ; they also a l low r e j e c t i n g 
unal lowable semantic s t ruc tu res and b lock ing 
syn tac t i c p red i c t i ons fo r words tha t cannot f i t In 
the cur ren t con tex t . The i n t e r p r e t a t i o n fo r the 
e n t i r e ut terance takes the form of a network 
fragment anchored to concepts in the o r i g i n a l 
domain model, but maintained in a separate 
p a r t i t i o n ca l l ed a scra tch Space 

The scoping of q u a n t i f i e r s , contained 
i m p l i c i t l y o r e x p l i c i t l y i n the u t te rance, i s 
performed in a separate step a f t e r an 
i n t e r p r e t a t i o n has been assigned to the t o t a l 
i n p u t . Scoping is accomplished by adding new 
p a r t i t i o n i n g to the network fragment wi thout 
changing the topology of the e x i s t i n g s t r u c t u r e . 

Once a network s t r uc tu re encoding a f u l l y 
q u a n t i f i e d i n t e r p r e t a t i o n o f an Input is 
formulated, i t is passed to a response component. 
For quest ions and commands request ing i n fo rma t i on , 
c a l l s to a deduct ion component are generated to 
r e t r i e v e or der ive the requested in fo rmat ion from 
the network encoding of the domain model. 

VI DISCOURSE 

The discourse component of the speech 
understanding system r e l a t e s a given ut terance (or 
a po r t i on of i t ) to the o v e r a l l d i a l og context and 
to e n t i t i e s and s t ruc tu res in the domain. The 
procedures we have developed are based on 
systematic s tud ies of d ia logs between two people 
performing some a c t i v i t y together . Contextual 
in f luences were found to operate on two d i f f e r e n t 
l eve l s in a d iscourse. The g l oba l context—the 
t o t a l discourse and s i t u a t i o n a l se t t i ng—prov ides 
one set of cons t ra i n t s on the i n t e r p r e t a t i o n of an 
u t te rance. These cons t ra i n t s are used in 
i d e n t i f y i n g the re fe ren ts o f d e f i n i t e noun phrases. 
The second set of cons t ra in t s is provided by the 

See Walker, 1976, and Flkes and Hendrix, 1977, 
f o r a desc r i p t i on of the deduct ion component. 



immediate context of c lose ly preceding ut terances. 
These cons t ra in t s are used in the i n t e r p r e t a t i o n of 
e l l i p t i c a l expressions to expand ut terance 
fragments i n t o complete ut terances. For the data 
base domain of the speech understanding system, the 
discourse context is l i m i t e d to a l i n e a r h i s t o r y of 
preceding i n t e r a c t i o n s For complex task -o r ien ted 
d ia logs the l i n e a r discourse h i s t o r y can be 
replaced by a s t ruc tu red h i s to r y re la ted to the 
o rgan iza t ion of the task being performed (see 
Grosz 1977a rb). 

To determine the re fe ren ts of d e f i n i t e noun 
phrases, i t is necessary to group those par ts of 
the g loba l knowledge base ( tha t is the knowledge 
about the domain of discourse) that are in the 
focus OF a t t e n t i o n of the d ia log p a r t i c i p a n t s . To 
encode t h i s focus, we have introduced a spec ia l 
p a r t i t i o n i n g tha t i s independent o f the l o g i c a l 
p a r t i t i o n i n g used to represent semantic 
i n fo rma t ion . Spaces in the focus p a r t i t i o n i n g are 
U3ed to group together and h i g h l i g h t those items in 
the knowledge base tha t are re levant at a given 
po in t in a d i a l o g . 

The c e n t r a l process necessary for reso lv ing 
d e f i n i t e noun phrases is f i n d i n g a network 
s t ruc tu re tha t matches the semantic s t ruc tu re b u i l t 
for the noun phrase. The matching is performed by 
the deduct ion component, which associates nodes and 
arcs in the network fragment corresponding to the 
noun phrase w i th nodes and arcs in the knowledge 
base. The focus representa t ion is used to 
cons t ra in the search requ i red by t h i s matching 
process on the basis of the discourse contex t . 

The cons t i t uen ts missing from an e l l i p t i c a l 
ut terance are found in the i n t e r p r e t a t i o n of the 
immediately preceding ut terance. The process of 
b u i l d i n g an i n t e r p r e t a t i o n for an e l l i p t i c a l phrase 
e n t a i l s two steps. F i r s t , the items missing from 
the cur ren t u t terance are found in the 
i n t e r p r e t a t i o n of the preceding utterance (o r , 
equ l va l en t l y , the s l o t tha t the e l l i p t i c a l phrase 
f i l l s i n the preceding ut terance i s determined) 
Syntac t ic in fo rmat ion plays a major r o l e in t h i s 
i d e n t i f i c a t i o n , because the corresponding elements 
usua l ly are s t r u c t u r a l un i t s of the same type. 
Semantic c loseness, determined from the taxonomic 
h ie rarchy of the network, also is considered. 
Second, a complete phrase is b u i l t using the 
e l l i p t i c a l phrase and the missing cons t i tuen ts 
found in the previous u t terance. The coord inat ion 
of s yn tac t i c and semantic i n fo rma t ion , achieved 
through network p a r t i t i o n i n g , is used to minimize 
the- computation requ i red . 

V I I EXECUTIVE 

The execut ive has three main r e s p o n s i b i l i t i e s : 
(1) i t coordinates the work of the other components 
of the system by c a l l i n g acoust ic processes and 
apply ing language d e f i n i t i o n r u l e s ; (2) i t assigns 
p r i o r i t i e s to the var ious tasks in the system; and 
(3) i t organizes hypotheses and resu l t s so tha t 
i n fo rmat ion is shared and dup l i ca t i on o f e f f o r t i s 
avoided. When a successful i n t e r p r e t a t i o n has been 
found, the execut ive invokes the response 
f u n c t i o n s , which produce a r e p l y . 

The p r i n c i p a l data s t ruc tu re used by the 
execut ive is c a l l e d the parse ne t . I t is a network 

w i th two types of nodes phrases and p r e d i c t i o n s . 
Phrases correspond to words or composit ion ru les 
from the language d e f i n i t i o n ; phrases can be 
complete, conta in ing a l l t h e i r cons t i t uen ts , o r 
incomplete, w i th some or a l l o f t h e i r cons t i tuen ts 
missing A p r e d i c t i o n is fo r a p a r t i c u l a r category 
of phrase associated w i th a p a r t i c u l a r l oca t i on in 
the u t terance. As the i n t e r p r e t a t i o n of an 
ut terance progresses, new phrases tha t have been 
constructed from e x i s t i n g phrases or from words 
found in the ut terance are added to the parse ne t . 
At the same t ime, new p red i c t i ons are made as more 
in format ion is obta ined. Thus, as the 
i n t e r p r e t a t i o n process advances, the parse net . 
which holds in termediate hypotheses and r e s u l t s , 
grows. A complete roo t category phrase ( t y p i c a l l y , 
a sentence) w i th i t s a t t r i b u t e s and fac to rs 
cons t i t u tes an i n t e r p r e t a t i o n of the ut terance 

There are two tasks en ta i l ed in mainta in ing 
and evo lv ing t h i s parse ne t : the word task and the 
p red ic t task The r o l e of the word task is to look 
for a p a r t i c u l a r word in a p a r t i c u l a r l o c a t i o n in 
the u t terance. If the acoust ic mapper has not been 
ca l led prev ious ly to t e s t f o r t ha t word in tha t 
l o c a t i o n , the word task c a l l s i t . I f a word is 
found success fu l l y in the spec i f i ed l oca t i on the 
word is used to b u i l d new phrases. 

The r o l e of the p red i c t task is to make a 
p red i c t i on for a word or phrase tha t can help 
complete an incomplete phrase. Whenever a new 
cons t i tuen t is i nse r ted i n t o an incomplete phrase, 
any adjacent cons t i tuen ts tha t had been missing can 
be p red ic ted . New p red i c t i ons can inc lude 
p red ic t i ons fo r p a r t i c u l a r words, leading to new 
instances of c a l l s on the word task . 

A p red i c t i on serves as an in termediary between 
two sets of incomplete phrases* consumer phrases 
that a l l are missing a cons t i tuen t of the pred ic ted 
category at the pred ic ted l oca t i on in the i npu t , 
and producer phrases tha t a l l might supply the 
missing cons t i tuen ts Note tha t a phrase can be a 
consumer fo r one p r e d i c t i o n and a producer for 
another. The f u l l set of producer-consumer 
connections in the parse net makes e x p l i c i t the 
d i f f e r e n t s e n t e n t i a l contexts fo r each phrase. 
This contex tua l in fo rmat ion is used by the 
execut ive in s e t t i n g p r i o r i t i e s and in lookahead. 

Es tab l i sh ing the p r i o r i t y of a task begins 
w i th determining the score of the phrase invo lved . 
The score is computed from the r e s u l t s of the 
acoust ic mapping of any of the words contained in 
the phrase, from the fac to r statements fo r the 
phrase, and from the scores of the cons t i t uen t s . 
The score is thus a l o c a l , con tex t - f r ee piece of 
in fo rmat ion about how good the phrase i s . A f te r 
the score Is determined, the phrase is given a 
r a t i n g tha t is an est imate of the best score fo r an 
i n t e r p r e t a t i o n tha t can be constructed fo r a phrase 
of the roo t (sentence) category tha t uses the given 
phrase. The r a t i n g for a phrase does depend on i t s 
consumers, tha t i s , on the other phrases in which 
it may be embedded to form a sentence. This r a t i n g 
is then modif ied depending on the con t ro l s t ra tegy 
being used, and the r e s u l t is the p r i o r i t y of the 
task to be performed fo r t ha t phrase. 

The design of the parse net was i nsp i red by 
Kaplan's (1973) mu l t i -p rocess ing consumer-producer 
approach. 
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Bo th t h e word and t h e p r e d i c t t a s k can work 
e i t h e r l e f t - t o - r i g h t t h r o u g h a n i n p u t o r 
b i d i r e c t i o n a l l y f r o m words s e l e c t e d a t a r b i t r a r y 
p o s i t i o n s w i t h i n a n u t t e r a n c e . The sys tem i s 
d e s i g n e d t o a l l o w c o n s t i t u e n t s o f ph rases t o b e 
added i n any o r d e r , so e x p e r i m e n t a t i o n w i t h a 
v a r i e t y o f c o n t r o l s t r a t e g i e s has been p o s s i b l e . 
More i m p o r t a n t l y f rom t h e sys tem c o n t r o l 
s t a n d p o i n t , each t a s k does a l i m i t e d amount o f 
p r o c e s s i n g and t h e n s t o p s a f t e r s c h e d u l i n g f u r t h e r 
o p e r a t i o n s f o r l a t e r . The s c h e d u l i n g does n o t 
s p e c i f y a p a r t i c u l a r t i m e f o r a f u t u r e o p e r a t i o n 
bu t i n s t e a d g i v e s t h e o p e r a t i o n a c e r t a i n p r i o r i t y . 
The o p e r a t i o n i s pe r f o rmed when i t becomes t o p 
p r i o r i t y . T h i s o r g a n i z a t i o n a l l o w s t h e e x e c u t i v e 
t o c o n t r o l t h e o v e r a l l a c t i v i t y o f t h e sys tem b y 
s e t t i n g t a s k p r i o r i t i e s . 

V I I I ENTAL RESULTS 

We have e x p e r i m e n t e d w i t h two t e c h n i q u e s f o r 
u s i n g t h e consumer c o n t e x t i n s e t t i n g ph rase 
r a t i n g s I n one . c a l l e d t h e m e r g i n g me thod , t h e 
r a t i n g w i t h r e s p e c t t o a p a r t i c u l a r consumer i s 
fo rmed by a d d i n g t h e ph rase s c o r e and t h e consumer 
r a t i n g . (Whenever p o s s i b l e , r a t i n g s a r e a s s i g n e d 
t op -down i n t h e p a r s e n e t s o t h a t consumer r a t i n g s 
a r e d i r e c t l y a v a i l a b l e f o r use i n t h i s p r o c e s s ) 
The p h r a s e r a t i n g i s t h e n t h e maximum r a t i n g w i t h 
r e s p e c t t o any o f i t s consumers . T h i s method i s 
f a s t , b u t i t l e a v e s t h e r a t i n g u n a f f e c t e d b y t h e 
consumer r e s t r i c t i o n s t h a t a r e exp ressed i n r u l e 
p r o c e d u r e s r a t h e r t h a n i n s t r u c t u r e d e c l a r a t i o n s . 
A p h r a s e may s a t i s f y t h e s t r u c t u r a l r e q u i r e m e n t s o f 
a consumer C b u t s t i l l be i n c o m p a t i b l e w i t h C 
because o f c o n s t r a i n t s encoded in C s f a c t o r 
s t a t e m e n t s . For examp le , i f t h e o n l y s e n t e n t i a l 
c o n t e x t b e i n g c o n s i d e r e d i s " I s i t owned b y — " , 
t h e s t r u c t u r a l r e q u i r e m e n t s w i l l b e s a t i s f i e d b y 
any noun p h r a s e , b u t s e m a n t i c f a c t o r s w i l l r e s t r i c t 
t h e a l t e r n a t i v e s t o p o s s i b l e owne rs . 

The second t e c h n i q u e f o r s e t t i n g ph rase 
r a t i n g s i s c a l l e d t h e c o n t e x t - c h e c k i n g method . I t 
t a k e s i n t o a c c o u n t t h e p r o c e d u r a l i n f o r m a t i o n i n 
t h e r u l e s b y e x p l o r i n g p a t h s i n t h e pa rse n e t and 
e x e c u t i n g t h e c o r r e s p o n d i n g p r o c e d u r e s t o g a t h e r 
a t t r i b u t e and f a c t o r i n f o r m a t i o n . Each p r o d u c e r -
consumer p a t h f r o m a ph rase P to a r o o t c a t e g o r y 
ph rase r e f l e c t s a way o f c o n s t r u c t i n g an 
i n t e r p r e t a t i o n u s i n g P . V a r i o u s p a t h s f r o m P a r e 
f o r m e d , and t h e r a t i n g f o r P i s i t s b e s t r a t i n g 
w i t h r e s p e c t t o any o f t h e c o n s t r u c t e d p a t h s . 

T o reduce t h e c o s t o f r a t i n g a l t e r n a t i v e s b y 
t h e c o n t e x t - c h e c k i n g me thod , a h e u r i s t i c s e a r c h i s 
made i n t h e p a r s e n e t f o r a n e a r o p t i m a l p a t h 
r a t h e r t h a n e x h a u s t i v e l y t r y i n g a l l p o s s i b i l i t i e s . 
The h e u r i s t i c e x p l o i t s t h e f a c t t h a t , t y p i c a l l y , 
when a p h r a s e i s b e i n g r a t e d , t h e h i g h e r l e v e l 
ph rases t h a t f o r m i t s c o n t e x t have a l r e a d y been 
r a t e d . (The p a r s e n e t i s i n i t i a l i z e d s o t h a t a 
c o n t e x t o f p r e v i o u s l y r a t e d p h r a s e s e x i s t s even 
when t h e sys tem i s d o i n g b o t t o m - u p p r o c e s s i n g . ) 
These p r i o r r a t i n g s p r o v i d e i m p o r t a n t h e u r i s t i c 
i n f o r m a t i o n . The o b j e c t i s t o f i n d t h e p a t h g i v i n g 
t h e b e s t s c o r e , s o t h e p a t h s w i t h t h e h i g h e s t p r i o r 
r a t i n g a r e e x p l o r e d f i r s t . When a c o m p l e t e p a t h i s 
f o u n d , one t h a t l e a d s t o a r o o t - c a t e g o r y p h r a s e , 
t h e s c o r e f o r t h a t p a t h i s used a s a t h r e s h o l d t o 
p rune o t h e r p a t h s t h a t have l o w e r e x p e c t e d r a t i n g s . 

The c o n t e x t - c h e c k i n g method t a k e s more 
c o m p u t a t i o n per r a t i n g ass ignmen t t h a n t h e m e r g i n g 
method b u t i t p roduces b e t t e r ph rase r a t i n g s s i n c e 
i t g a t h e r s more i n f o r m a t i o n i n f o r m i n g them. The 
e x p e r i m e n t a l r e s u l t s s u p p o r t t h e c o n c l u s i o n t h a t 
t h e e x t r a e f f o r t s p e n t i n t h i s method i s 
w o r t h w h i l e ; I t l e a d s t o b e t t e r sys tem pe r fo rmance 
as r e f l e c t e d in b o t h a c c u r a c y and r u n t i m e As a 
background f o r c o n s i d e r a t i o n o f t h e s e r e s u l t s i t 
i s n e c e s s a r y t o c o n s i d e r b r i e f l y t h e scope o f t h e 
e x p e r i m e n t a l e f f o r t as a w h o l e . 

The e x p e r i m e n t s t o d e t e r m i n e t h e e f f e c t s o f 
v a r i a t i o n s i n c o n t r o l s t r a t e g y f o r ou r speech 
u n d e r s t a n d i n g sys tem were c o n d u c t e d u s i n g a 
s i m u l a t e d v e r s i o n o f t h e a c o u s t i c p r o c e s s i n g 
components as i n d i c a t e d above A l t h o u g h we l o s t 
access t o t h e mapper a s a r e s u l t o f t h e remova l o f 
t h e computer f a c i l i t y o n w h i c h t h e t o t a l sys tem was 
b e i n g i m p l e m e n t e d , t h e r e a r e c o m p e l l i n g r easons f o r 
d o i n g s i m u l a t i o n e x p e r i m e n t s . E x t e n s i v e t e s t i n g 
w i t h t h e a c t u a l mapper wou ld have been i m p o s s i b l e 
b o t h because o f t h e t i m e r e q u i r e d and because o f 
i n c r e a s e d demands on memory w i t h t h e l a r g e d e l a y s 
f o r page swapp ing b y t h e t i m e s h a r i n g sys tem. I n 
a d d i t i o n w e were a b l e t o s t u d y c o n t r o l s t r a t e g i e s 
t h a t o t h e r w i s e wou ld have been t o o s low f o r t h e 
mapper 

The mapper s i m u l a t i o n r e p r o d u c e s t h e obse rved 
mapper p e r f o r m a n c e s t a t i s t i c s f o r t h e f a l s e - a l a r m 
r a t e t h e h i t s c o r e s and t h e p a r t i c u l a r f a l s e -
a l a r m words and t h e i r s c o r e s Because o f 
i n s u f f i c i e n t d a t a , w e were n o t a b l e t o s i m u l a t e 
more complex s t a t i s t i c s such a s t h e c o o c c u r r e n c e o f 
h i t s and f a l s e a l a r m s o r t h e dependence o f s c o r e s 
o n p o s i t i o n w i t h i n t h e u t t e r a n c e . C o n s e q u e n t l y , 
t h e e x p e r i m e n t s a r e d e s i g n e d t o emphas ize 
compa r i sons between p e r f o r m a n c e l e v e l s f o r t h e 
d i f f e r e n t d e s i g n a l t e r n a t i v e s and s h o u l d n o t b e 
t a k e n a s e s t i m a t e s o f t h e a b s o l u t e v a l u e o f t h e 
s y s t e m ' s p e r f o r m a n c e w i t h a r e a l mapper For t h i s 
r eason we do n o t c o n s i d e r h e r e t h e e f f e c t i v e n e s s 
o f t h e sys tem as a w h o l e , a l t h o u g h t h e r e a r e 
o b s e r v a t i o n s t h a t a r e r e l e v a n t f o r a n e v a l u a t i o n o f 
t h e o v e r a l l r e s u l t s o f t h e ARPA Speech 
U n d e r s t a n d i n g Research Program (see t h e s e c t i o n s on 
E x p e r i m e n t a l S t u d i e s i n Pax ton 1977, o r W a l k e r , 
1 9 7 6 ) . 

I n t h e main e x p e r i m e n t o f t h e s e r i e s , t h e 
p e r f o r m a n c e o f t h e speech u n d e r s t a n d i n g s y s t e m , 
w i t h a l e x i c o n of 305 w o r d s , was measured on a s e t 
o f 6 0 t e s t s e n t e n c e s , w h i l e v a r y i n g f o u r m a j o r 
c o n t r o l - s t r a t e g y d e s i g n c h o i c e s . The s e n t e n c e s 
c o v e r e d a w ide r ange o f v o c a b u l a r y and i n c l u d e d 
q u e s t i o n s , commands, and e l l i p t i c a l s e n t e n c e s . The 
6 0 s e n t e n c e s ranged i n l e n g t h f r o m 0 .8 t o 2 . 3 
s e c o n d s . There were 10 s e n t e n c e s a t each 0 .3 
second i n t e r v a l . The s e n t e n c e s ave raged 5 .9 words 
in l e n g t h , w i t h a maximum o f 9 w o r d s . 

I n a d d i t i o n t o s t u d y i n g t h e e f f e c t s o f c o n t e x t 
c h e c k i n g , w e a l s o examined t h e f o l l o w i n g 
a l t e r n a t i v e s : 

* To i s l and d r i ve or. no t : go in both 
d i r e c t i o n s from a r b i t r a r y s t a r t i n g po in ts 
i n the input versus proceed s t r i c t l y l e f t 
to r i g h t from the beginn ing. Is land 
d r i v i n g al lows i n t e r p r e t a t i o n s to be b u i l t 
up around words tha t match we l l anywhere in 
the i npu t . 

* To map a l l o r o n e : t e s t a l l t h e words a t 

Natura l Language-2: Walker 
40 



once at a given l oca t i on versus t r y i n g them 
one at a time and delaying fu r the r t e s t i n g 
when a good match is found. Mapping a l l at 
once i d e n t i f i e s the best acoust ic 
candidates and reduces the chances of 
f o l l ow ing fa lse paths, but i t takes 
s u b s t a n t i a l l y more t ime. 

* To focus or NOT. assign p r i o r i t i e s fo r 
tasks focusing on selected a l t e rna t i ves by 
i n h i b i t i n g competion or proceed each time 
w i t h the task w i th the highest score. 

A l l combinations o f the four con t ro l - s t ra tegy 
va r iab les were tested on the 60 sentences. This 
experimental design al lows us to compare the 16 
combinations of con t ro l choices and to evaluate, by 
ana lys is of var iance the e f fec ts of the con t ro l 
s t ra tegy va r iab les , t ha t is the change in 
performance each produces averaged over a l l the 
p o s s i b i l i t i e s for the other va r iab les . The 
p r o b a b i l i t i e s associated wi th an e f f e c t are 
expressed as p< .01 , p< 05, and p<.10, corresponding 
to the d i f f e r e n t l i k e l i h o o d s that the e f f ec t is the 
r esu l t o f random v a r i a t i o n . 

We w i l l discuss here only the resu l t s that 
show the e f f ec t s of context checking. The most 
important performance measures for the system are 
accuracy ( the percentage of sentences for which the 
co r rec t sequence of words is found) and runtime 
( the computation requi red by the system, inc lud ing 
simulated acoust ic processing t ime) . In the res t 
of t h i s sec t i on , these var iab les w i l l be considered 
in order as the r e s u l t s demonstrate the e f fec ts of 
context checking. 

F i r s t , however i t should be noted that the 
c o n t r o l s t ra tegy a f f e c t s accuracy only i n d i r e c t l y : 
a l l the s t r a t eg i es are complete in the sense tha t 
they only reorder , and never e l im ina te , 
a l t e r n a t i v e s . I f there were no fa lse alarms, a l l 
the systems would get 100% of the t es t sentences 
co r rec t , Even w i t h fa lse alarms the s t ra teg ies 
would get an equal percent co r rec t , i f a l l the 
poss ib le a l t e r n a t i v e s could be t r i e d before the 
system picked an i n t e r p r e t a t i o n . Errors would only 
occur when fa lse alarms had high enough scores to 
d isp lace h i t s i n the highest rated i n t e r p r e t a t i o n s . 
However, in the ac tua l system, the large number of 
a l t e r n a t i v e s makes i t impossible to consider a l l o f 
them in the space and time ava i l ab l e . As a r e s u l t , 
the order in which the a l t e r n a t i v e s are considered 
can a f f e c t the accuracy, and so can the demands on 
space and t ime. Contro l s t ra tegy thus a f f ec t s 
accuracy i n d i r e c t l y by reorder ing a l t e rna t i ves and 
by modi fy ing space and time requirements. To 
exp la in the accuracy e f f e c t s , we must look at these 
other f a c t o r s . 

In t h i s experiment, the storage l i m i t had an 
important in f luence on accuracy. In the 960 tes ts 
(60 sentences times 16 systems) 578 (60.2$) were 
co r rec t and 382 (39.8%) were wrong. Of the e r r o r s , 
175 (46%) had an i n c o r r e c t i n t e r p r e t a t i o n , whi le 
207 (54$) had no i n t e r p r e t a t i o n at a l l . Since the 
systems could p o t e n t i a l l y get the cor rec t answer, 
and no time l i m i t was imposed u n t i l at leas t one 
i n t e r p r e t a t i o n had been found a l l of the 207 
sentences w i th no i n t e r p r e t a t i o n were a r e s u l t of 
running out of s torage. 

The storage l i m i t used in the tes ts was based 
on the number of phrases constructed When the 
t o t a l reached 500, the system would stop t r y i n g new 
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a l t e r n a t i v e s and if any i n t e r p r e t a t i o n had been 
found pick the h ighest rated i n t e r p r e t a t i o n as i t s 
answer The average number of phrases constructed 
over a l l systems was 204 nonterminal and 63 
te rm ina l . The system w i th the best accuracy, which 
included context checking, had the lowest average 
(113 nonterminals and 45 termina ls) whi le the 
system wi th the worst accuracy, wi thout context 
checking had one of the highest averages (260 
nonterminals and 68 t e rm ina l s ) . Overa l l there was 
a st rong negative c o r r e l a t i o n (- 93) between system 
accuracy and average number of phrases const ructed. 

For the 16 system con f i gu ra t i ons , the values 
fo r accuracy ranged from 46.7$ to 73 3$ Averaged 
over the systems, the i n c l u s i o n of context checking 
provided an increase in accuracy of 11.6$, p<.05. 
Conf igurat ions w i t h context checking constructed on 
the average 240 phrases; those wi thout constructed 
294; t h i s d i f f e rence is s i g n i f i c a n t , p< 0 1 . 
Su rp r i s i ng l y , context checking also r esu l t s in a 
s i g n i f i c a n t reduct ion in the fa lse termina l 
percentage -- from 87 5$ to 86.2$ p<.01. This 
reduct ion may be evidence tha t context checking is 
g i v i ng lower p r i o r i t y to look ing for words adjacent 
to fa lse alarms than i t gives to look ing next to 
h i t s . This change could a f f e c t the fa lse te rmina l 
l i k e l i h o o d , since there is always a h i t adjacent to 
a h i t , whi le fa lse alarms o f ten have nothing but 
other fa lse alarms next to them. In a d d i t i o n to 
i t s e f f e c t on fa lse t e rm ina l s , context checking may 
also be improving the storage requirements and 
accuracy by genera l ly improving the p r i o r i t y 
s e t t i n g , thereby reducing the l i k e l i h o o d of 
f o l l ow ing fa lse paths. 

The important r o l e of the storage l i m i t ra ises 
the quest ion of whether the accuracy e f f ec t s would 
have disappeared if more storage had been 
a v a i l a b l e . We be l ieve tha t the e f f ec t s would have 
been smaller but s t i l l important . The e f fec t s on 
the propor t ion of fa lse te rmina l phrases would 
remain, as would the e f f ec t s on p r i o r i t i e s . A 
smaller percentage of f a l se termina ls and be t te r 
p r i o r i t i e s w i l l cause the system to f i n d the 
cor rec t i n t e r p r e t a t i o n sooner and. even i f the 
storage l i m i t were re laxed , the l i m i t on runtime 
would remain to penal ize systems tha t were slow to 
f i n d the r i g h t answer. The e f fec t s of c o n t r o l 
s t ra tegy choices on accuracy would vanish only i f 
space and runtime l i m i t a t i o n s were both removed. 

The system runtime is another important 
performance measure. Here, we w i l l use the phrase 
t o t a l runt ime_ to re fe r to the simulated acoust ic 
processing, plus the ac tua l processing time (on a 
DEC PDP KA-10) fo r the execut ive and the semantic 
components. The execut ive time is mainly spent 
s e t t i n g p r i o r i t i e s and pars ing . The semantics time 
is used in cons t ruc t ing semantic t r a n s l a t i o n s and 
in deal ing w i th anaphoric references and e l l i p s i s . 
The reported t o t a l runt ime does not inc lude 
acoust ic preprocessing or quest ion answering, s ince 
ne i ther is a f fec ted by the experimental v a r i a b l e s . 
We repor t r esu l t s only fo r t o t a l , execut ive , and 
acoust ic t imes; semantic times are not repo r ted , 
both because they are redundant given the other 
three measures, and because they are r e l a t i v e l y 
small in comparison to the o the rs . 

For the 16 system con f i gu ra t i ons , the values 
for runtime ranged from 221 to 559 seconds per 
sentence. Context checking was the only c o n t r o l 
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v a r i a b l e t o reduce t o t a l r u n t i m e The d i f f e r e n c e 
i n seconds pe r s e n t e n c e o f p r o c e s s i n g t i m e ( f r o m 
421 t o 383) was s i g n i f i c a n t , p < . 0 1 . S e p a r a t i n g 
e x e c u t i v e and a c o u s t i c r u n t i m e s f r om t h e t o t a l 
a g a i n showed t h a t i n b o t h cases , c o n t e x t checks 
d e c r e a s e t h e r u n t i m e . For e x e c u t i v e r u n t i m e , t h e 
d i f f e r e n c e i s f r om 117 t o 109 seconds p < , 1 0 ; f o r 
a c o u s t i c r u n t i m e , t h e d i f f e r e n c e i s f r om 282 t o 254 
seconds p< 0 1 . 

I t i s n o t e w o r t h y t h a t t h e e x t r a e f f o r t f o r 
c o n t e x t c h e c k i n g r e s u l t e d i n a n e t dec rease i n 
p r o c e s s i n g t i m e . For example t h e b e s t sys tem 
c o n f i g u r a t i o n , w h i c h i n c l u d e d c o n t e x t c h e c k i n g , 
spen t an ave rage o f 6 .3 seconds per sen tence d o i n g 
e x t r a p r o c e s s i n g for t h e c o n t e x t c h e c k s ; however , 
t h i s was s t i l l 4 1 seconds per sen tence f a s t e r t h a n 
t h e sys tem c o n f i g u r e d in t h e same way bu t w i t h o u t 
d o i n g t h e c o n t e x t c h e c k i n g . 

I n summary, c o n t e x t c h e c k i n g had u n i f o r m l y 
good e f f e c t s . For b o t h a c c u r a c y and r u n t i m e , i t 
was w o r t h t h e e x t r a e f f o r t t o g e t b e t t e r p r i o r i t y 
s e t t i n g . T h i s r e s u l t c l e a r l y depends o n t h e f a c t 
t h a t we pu t a l a r g e amount o f t h e s y s t e m ' s 
knowledge i n t o t h e r u l e p r o c e d u r e s o f t h e l anguage 
d e f i n i t i o n r a t h e r t h a n i n t o t h e s t r u c t u r a l 
d e c l a r a t i o n s . I t wou ld b e o f c o n s i d e r a b l e i n t e r e s t 
t o p r o v i d e a d i r e c t e x p e r i m e n t a l t e s t o f t h e 
e f f e c t s o f v a r y i n g t h e s t y l e o f t h e l anguage 
d e f i n i t i o n . For example , w h i l e k e e p i n g t h e scope 
o f t h e language c o n s t a n t , a g r e a t e r amount o f t h e 
l i n g u i s t i c knowledge c o u l d b e encoded i n t h e r u l e 
s t r u c t u r e s r a t h e r t h a n i n t h e r u l e p r o c e d u r e s . 
Such an e x p e r i m e n t wou ld p r o v i d e i n f o r m a t i o n abou t 
t h e pe r fo rmance e f f e c t s o f t h e d i f f e r e n t 
r e p r e s e n t a t i o n a l s t y l e s and would i n d i c a t e t h e 
e x t e n t t o wh i ch t h e e f f e c t s o f d e s i g n f e a t u r e s such 
a s c o n t e x t - c h e c k i n g f o r a s s i g n i n g r a t i n g s a r e 
dependen t on a p a r t i c u l a r s t y l e o f l anguage 
d e f i n i t i o n . I n d r a w i n g c o n c l u s i o n s f rom such a n 
e x p e r i m e n t , we would be g e n e r a l i z i n g b o t h ove r t h e 
p o p u l a t i o n o f i n p u t s e n t e n c e s and ove r t h e 
p o p u l a t i o n o f l anguage d e f i n i t i o n s t y l e s . 

IX CONCLUSION 

The work on speech u n d e r s t a n d i n g at SRI has 
p roduced sys tem c o n t r o l c o n c e p t s and a s e t o f 
sys tem components t h a t a r e w e l l - s u i t e d f o r f u r t h e r 
r e s e a r c h on speech u n d e r s t a n d i n g and a l s o f o r 
r e s e a r c h on n a t u r a l l anguage u n d e r s t a n d i n g sys tems 
w i t h t e x t i n p u t . Under ARPA s u p p o r t we a r e 
c o n t i n u i n g t o a p p l y t h e s e p r o d u c t s o f t h e speech 
u n d e r s t a n d i n g p r o j e c t in a Navy command and c o n t r o l 
c o n t e x t t o p r o v i d e n a t u r a l l anguage access t o a 
d i s t r i b u t e d d a t a base s t o r e d on a number o f 
d i f f e r e n t c o m p u t e r s . Under N a t i o n a l Sc ience 
F o u n d a t i o n s u p p o r t . we a r e e x p l o r i n g t h e 
s i g n i f i c a n c e o f t h e s e p r o d u c t s f o r u n d e r s t a n d i n g 
n a t u r a l l anguage d i a l o g between humans and 
compu te rs f o r t h e accomp l i shmen t o f a s t r u c t u r e d 
t a s k in a dynamic s i t u a t i o n . We b e l i e v e t h a t t h e 
e l a b o r a t i o n o f complex knowledge s o u r c e s and t h e 
deve lopment o f s o p h i s t i c a t e d mechanisms f o r 
i n t e g r a t i n g and c o n t r o l l i n g them w i l l p rove t o have 
ma jo r i m p l i c a t i o n s f o r f u t u r e work i n b o t h 
a r t i f i c i a l i n t e l l i g e n c e and c o m p u t a t i o n a l 
l i n g u i s t i c s . 
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