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ABSTRACT 

T w o  impartant P r o b l a q 8  i n  S p e e c h  u n d e r s t a n d i q g  a r c  haw t o  

afteotlvtly integrate multiple & o u r c t s  of K ~ o w 1 e d g . e  w i t h i n  t h e  

8YSttm and haw t a  control th t !  ~ c t l v l t l e s  sE t D e  S Y e t e ~  t o  a r r i v e  

a t  approprirta L n t e t p r e t a t L b n r  t o r  uttcrsnces, T h i r  p a p e r  f i r s t  

d @ & c r l b c 8  the roles p l r y t d  by acoustics, s p n t e r ,  ~ c c a n t l q s ,  a n d  

d l I c O U T 8 e 1  and Shows haw a lanQuaOa d e f i n i t i o n  i s  Used t o  

lntegrrtc thcr  lnta a r y s t e n  in a w a y  t h a t  a l l o w s  t h e  

interactienr ' t o  be easily v i r i a l t t  The second p a r t  of t h e  p a p e r  

derctlber an e x t e u t i v t  t h a t  u c a ~  i n t o r m a f  ion f r o m  t h e r e  k n o w l e d g e  

8 a u r c t r  in i t s  c o n t r o l  strategy, 
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A S p e e c h  u n d e r o t a n d l n g  s y s t e m  muse u s e  many k i n d 5  O f  

k n ~ w l c d g @ r  e a c h  P l a y i n g  a p a r t i c u l a r  r o l e  -elurlmsg t h e  

interprctatlen sf a n  u t t e r a n c e ,  #hi l e  t h e d e  r o l c r j  a r e  

i n t c r r c l a t a d ,  i t  I s  l m p o r t a n t  t o  o c  a g l e  t o  s e p a r a t e  t h e  

k n 0 w I e d g e  s o u r c e s  s o  t h a t  I n t e r P e l a t l a n s  a r c  v l s l b b e  a n d  s o  t h a t  

t h e  cantrlbueisns f r o m  t h e  v a r i a u s  s Q u r e c s  can  b e  s t u d i e d o  The 

k n o w l e d g e  sources  u g e d  in t h t  s y s t e m  b e l n q  d e v c l o ~ e d  j o i n t l y  b y  

SPJ a n d  SBC can b c  c h a r a c t e r i z e d  b r o a d l y  u n d e r  tns  h e a d i n g s  o f  

8 6 0 ~ 6 t i c ~ ~  s y n t a x I  semantlcsp a n d  Q i s c Q u s s e  ( w s l k c r  ? t  a l Q p  1 9 9 5 1  

P a b l n b a n ,  18753 Hendrlx, 1 9 7 5 1  Deutgch, 19758  loc cum, 1 9 7 5 1  

P i t e a ,  1 9 7 5 1 ,  

T h c  a c o u s t i c  c o m p o n e n t  r e l a t e s  1 f - n q u 1 ~ t b c  @ n F i t h e ~  ( ' # ~ r d $  

a n d  p h r a s e s )  t o  t h e  s ~ g c c h  w a v e f s t ~ ,  An a c s u s ~ % c - ~ h o n @ t $ c  

processor e n a l y z c s  t n c  d i g i t i z e d  w a v e f o r m  t~ e x t r a c t  p a r a m c t c r j  

based on  S p c c e h  ~ r ~ d U @ t l ~ n  c h a r a c t e r i s t i c s a  T h e  D a r a m e t e f s  

i h c l u d c  f u n d a m e n t a b  L g e q u e n c y ~  v o l e i n 3  L a b e l o  fQrf l&nt f r e q u e n c y p  

e n e r g y  d a t a ,  a n d  a t h e r s ,  F o l l o w i n Q  p a r a m e t e r l z a t l a n ,  v a r i s ~ u s  

r u l e s  @ a @  ~ p p b t a r d  t o  g e p a ~ r a t c  B P I  a c 0 ~ 3 t f . c  f e a t u r e  d ~ 5 e ~ : l ~ t i ~ n  o f  

t h e  u t t c r a n c t ,  T h e  p a r a m e t e r 6  and k s a t u r e s  a r e  ~ u b s @ q u e n ? l y  u s e d  

b y  t h e  L a x l c e l  m~plpiglca p r o c c d i a z a ,   he mapp@r  1s c a l l e d  fILarhci 

t h e  p a r s i n g  o f  an u t t e r a n c e  t o  q $ v e  a. d e e d ~ i c s n  s c o r e  a s  t o  

w h e t h e r  a p r o g o r e d  word o r  p h r a s e  c o u l d  a c t l ~ a l l y  h e  p r q a e n t  i n  t~ 

sPac i  f I c d  t i m e  r e g i o n  ka l %PAC I n p u t ,  P h o n o l o q l c a l  ~ n d  

& ~ a ~ s t l e = p h b n ~ t l t  r u l e s  a r e  u s e d  b y  the mapper  t o  r ~ l q t ~  n h o n s t t c  

s p e l l i n g $  t a  acauetic AaEa, 



S y n t u  p r o v i d e s  r c l i r b l c ~  r e a s o n a b l y  i n c x p e n l i v ~  l n d l c a t l a n r  

o f  i k l e h  words o r  g r o u p s  of w o r d s  m a y  c a ~ b i n e  a n d  of h o *  x c i l  

thty f i t ,  Syntactic ruler p l v e  g e n e r a l  p s t t r r n s  f o r  c o n r t r u c t l n g  

n o u n  p h r a s e r ,  c l a u s t r r  and s c n t e n c g s  a ? d  ~ r o ~ i d e  c e n s l s t e n c y  

eRccks t o r  s u c h  i t e r r  a s  nurrber a g r e e m e n t ,  I n  t e s t l r : q  w o r d  or 

P h r a r c  c ~ m b i n a t i 6 n S t  syntactic I n f a r m a t i o r ?  a l o n e  can  o f t e n  r u l e  

O u t  a c a n d i d a t e  without t h e  I7ecd t o r  n o r e  c o s t l y  s e r a n t i c  a n a  

d t t c o u r a c  a n a l y S l f i r  

T h t  semrntlc c o m p o n e n t  i n c l u d e s  a g e n e r a l  p ~ d e l  o f -  t h e  

domain o f  d l g e a u r s e r  a n d  e s e t  of a 2 g o r i t h v g  f o r  c a ~ b i n i q g  ( o x  

tcjcctlngl concepts i n  t h e  d o m a i n ,  F o r  t x r m p l c t  g i v e n  a v e r b  a p d  

t w o  noun p h r a s e r ,  s e m a n t i c  routines can b u i l d  t h e  c o r r e s p o n d i n g  

@ctMintie r a l a t i o n  b e t w e e n  t h e  I tems i n d i c a t e d  b y  t h e  n o u n  

phrases, 

The d f ~ c o u r s e  component d e a l s  w i t h  the p e l a t t a n s h i p  of t h e  

current utterance ( o r  a portion o f  L t )  t a  t h e  d i a l o g  context a n d  

t a  entfties In t h e  t a s k  dsmain, DLscourse f u n c t i o n s  U 6 e  

infarmatlon fron p r t v i o u s  uttcrancaa t o  f i l l  o u t  e l l i p t i c a l  

sxpresslons a n d  t o  f i n d  r e f e r e n t 8  f a r  P r o n o u n s  a n d  d e r r n i t e  n o u n  

P ~ T L ~ ~ C I  I 

The Irhguage detlnltion is t h e  foe41 p a i n t  f o r  I n t e g r a t i n g  

t h e # @  k n ~ w l ~ d ~ a  sources, A l a n q u a g e  d e f i n i t i o n  I n c l u d e s  ( 1 )  s e t 8  

of Units out of which  Uttafanesr in t h e  languaue a r c  c s n o t r b c t c d  

and ( 2 )  r u l t 8  f o r  c o m b i n i n g  t h e  units into l a r ~ c r  s t r u c t u r e @ ,  

The b c r i t  u n i t 8  will b e  c d l l @ d  ' w o r d s c  ( a l t h o u g h  th16 t e c h n i c e l  



use deer n o t  exactly correspond to the common u s e ) ,  The 

camPorttion rub66 i n d i c a t e  how Phraseg  Can b e  combined i n t o  o t i l l  

l ~ r g a r  p h t a ~ c ~ ~  Mere ~ ~ @ c ~ s c Z Y ~  a, p h r a r c p  I r  4 l t h e r  a w o r d  in 

t h e  input o x  thc r e s u l t  o f  8 p p l y l n P  a composition rule to 

constituent phPe@cBc Tne rules g i v e  t h e  L l d t a r  Pat tern  o t  

constituents and .rpeclfieations feu calculating values f o r  b a t h  

t h e  a t t r t b u t e l  o f  t h e  tcrulflnp Phrase and i ~ r  f a c t o r s  used in 

judging t h e  r a s u l t ,  

f t  i t s  a t  t h e  p h r a a ~  l a v e 1  t h a t  t h e  knowledge sources a r e  

tntrqrattd into the 8ystrm,  Thcrc a r e  t w o  a s p e c t s  t o  t h e  

~ O n t f l b u t l D n s  t r o m  e r e n  sourcel t h e  values  d f  p r o p e r t i e s  o f  t h e  

p h r a h  ar  computed by  t h e  knowledge a o u r q e ,  a n d  tne s a u r c e c 8  

arr@rrmsnt o f  t h e  cart6ct:naser or  th1,lo phrase a8 an interpretation 

o f  t h e  i n p o t ,  There t w o  aopectr  are  reflected in t h e  a t t r i b u t e  

a n d  f a c t o r  statement8 t h a t  ,are assotlattd w i t h  Bach of  t h e  words 

and  Phrase, in the lrhguagr d @ t i n i & l o n r  Thr a t r f i b u t c  statements 

p r o v i d e  l n a t r y e t l o n r  for eomputlnq var lour  prapcrticc of the 

Phra*a,  There i n r t r u c t i a h r  may call W o n  any o r  a l l  o f  t h e  

oaurccs of knouledua, ~ s r  a x a m p l a  f o r  a p h f d s e  spanning a 

particular ragmarit ,  an a e n u s t i c  & t t r l b u t a  may s p e c i f y  the ward8 

in t h a t  sagrnantl an a t t r i b u t e  S u p p l i e d  by t h e  syntax e a n  sPacleY 

r farture r u e h  r r  thr  v a l c e  ( * r e t l v r P  or Q g a a o l ~ c C ) ~  an a t t r i b u t a  

L b p p l l e d  by remrnticr errn ' I p e c i f y  r semantic net k d t e r p r e t a t t o n  

b u i l t  t r o m  t h e  rernantfcr o f  t h e  con@tituantap and an a t t r i b u t e  

r u p p l i e d  by the d i e ~ o u r a e  componant  can i n d i c a t e  a t o f e r c n t  or an 

impLLed meaning, 



P8cfor s t r t l t l n t n t r  t a l l  how t o  u.r@ t h e s e  attrlbutrr in 

d W m ! t l n i h g  t h e  likelihood t h a t  t h e  Phrarc  i t  c o r r r e t  

$ntcrpretatlon o t  t h r  i n p u t *  The r e s u l t  o f  eosblnlnq t h e  factors 

tor  u p r r t l c u l & r  p h r i l t  1 e J l c d  a reorc,  Thr  u r c  of such 

g c o r t r  b y  t h e  e x e c u t i v e  in determlntng averall i t r a t e q y  f l  

described b t 1 0 ~ 1  Fact098 are  nonbinaryf tinca t h e y  c a n  have a 

range o f  va luer ,  r L g i d  * y e r e  or 'no* d t ~ i s t ~ n b  64 n o t  h a v e  t c  b e  

lad@ in esrersgng t h e  qUalltY o f  a P h t . # 8 e e  For  axa@Ple, the  

cloransre of  the a c o u r t l c  match asy v a r y  @nu t h i s  C B ~  b e  

r r t l e c t t d  1 t h e  c o r r c t P o n d l n g  f a c t o r ,  weak evidence from one 

r o u r c e  o f  knowZtdgc could lower t h e  r c o r a ,  r hi la strong e v i d e n c e  

from a m t h e r  80urch c w l d  c6mpen8ata for t h a t  a n d  actually r a i s e  

t h e  S C O ~ - 4 ,  

In su m m a t y r  a p h t a r e  is 4 e o m p o ~ l t e  intarpratation of a 

~ a r t i c u 1 . r  portion o f  tne u t t e r r n e i ,  i n t t g r ~ t i n p  contributLans 

from a11 i a l a v a n t  knawledg@ o a u r ~ t ~  r This mean8 t h a t  each 

p e r t i a n  o t  the l n p u t  is l n t t ' r p r e t e d  and e v a l u a t e d  b y  t h e  system 

ar fully a@ P 6 0 S f b & ~ r  as 800n 41 p o ~ ~ l b l e  , Tne 8 y 8 t w  i s  n a v c r  

faced with the  problem o f  rtXatlnp ar eomblninp f reqmvntary  

thear ier  c o n l t t u c t e d  I n d e ~ t n d a n t l ~  bY d i f  f r ~ r e n t  knowlrdus 

8eurcl)s~ and cvrluarlanr mrdr by d i f f e r a n t  sources are  

L n i r d l r t e l y  mrrqcd t o  e ~ n t r o l  and CoOrdlnrte ovrr@ll r y a t c m  

a c t i v i t y ,  For Q X I ~ P I C I  a8 goon & f  r d a f i n l r e  noun  P h r & I @  i 8  

found# t h e  acourf ic  c o m p o n e n t  chcckr th r  corrttculatlan o f  t h e  

eanrtltuentr, the r y n t r e t i c  c o m p o n e n t  c h e c k @  f o r  a g r ~ e m e n t  in 

trrturer 6 ~ e h  ar number, t h e  rcmmtic component b u i l d 8  II 



r ~ p r a s r n t r t l o n  o f  t h e  meaning, a n d  t h e  d i r e o u r r e  component looks 

f a r  r referent, 

The f a l l m i n ~  tx@apke lllutttatQp haw Several  knowledg@ 

~ b ~ t c e s  a t e  u s e d  together t o  h t e t ~ t e t  and eva luate  p h r a r e e ,  The 

Submarine.* or ' t h e i r  s u b m a r i n a r @  and t1l;urtrates t integration 

QS acauotret r y n t a c t l e ~  remantic@ and dlrcourre Lnformarfon, 

R U L E a ~ C I  N P 9  NP d DET N O M )  

8TRfKG 8 APPENQISTRINCIBET]r~TPING(NQY])I 
NBR r CfNTCR8ECT(HBR(DET]tM0R[NUM)), 
C M U  @ G I N T E R B E C T  [CMU (DET) ,CHU ( N O M )  1, 
IEMARTZC6 $EMCA&L(fl$EMMRNP7,SEHANTtCS(NOM]o 

M O O O ( D ~ T ) , C C A S ~ ( O ~ T ) ~ ~ N T E R P R E T A T I O N ~ D E T ~ ) ,  
DIlCOURSE 8 It H O O D [ D t T )  EQ VOEC THEN 

DIICALL(~~DIBRWP~,$&MAN~:ICS) ELBY ~ U U N D ~ E P X N E V ,  
IMTtRPRETATXON t IF DI8C0URSE bU HUNDEFINtD THEN 

D I l C O U R I E  ELSE SEMIHTXCBt 

COIR'T a M A P P E R ( L ~ ~ T W O F D ( D E T ) , V I R ~ T W O R B ~ ~ Q M ) ) ,  
N B P  8 IP NULLXWBR] THEN OUT E t b K  b ~ ,  
CMU 8 IF NuLL(cnu1 THEN O U T  e taE  O K ,  
6tMAHTIC8 + IF NULL(GEMANTIC$).THEN OUT 6L8L OK, 
DXecouPsE xr MOQR(DET) N Q  RDEC THEN OK ELSE 

I r  NULL(D~1 ICOURLE)  THEN POOR ELSE 
IQ AHBICUOU&(DIICOUR~C) THEN OK ELSE G O O D ?  

rr8ultrnt  phrra lb ,  which In an a c o u s t i c  a t t r i . b u t e  indicating the 

ward8 c a m p o r i ~ g  t h i r  p h r w e ,  NBR (nllmber) and C M U  

( ca~ntmmr88-Unit) axe UynZ&ctlc r E t t i b U t g S  t a r  the  Phrraa .  each 

being d ~ r l v s d  f r o m  the Intar8rctlon a f  the  eorra$pondinp 



rttrlbutea o f  t h e  c o n & t l t u a n r r r   he r a v r n t i c r  a t t r i b u t e  i s  a 

piece  o f  semantic n e t  t h a t  i s  constructed f r o m  t n t  r e m a n t l e s  of 

t h e  canr t t tucntr  by t h e  stmantle routine (SkMRNP7) araociated 

w l t h  this r u l a ,  If the  MOOD a t t - r i b u t a  o f  t h e  DET c a n ~ t i t u e n t  i s  

'DEEC, 1 declarative determiner, t h e n  t h e  d l s c a u t s e  r a u t i n c s  

w i l L  leak f o r  a referent f o r  the P h r a s e  in t h e  d i a l o g  context and 

8srlQh i t s  r a m d n t l c  s tructure  a$ t h e  v a l u e  of t h e  a t t r i b u t e  

PXSCOURSE, The INTERPRETATION o f  the  p h r a s e  1 6  e f t h e r  t h e  

r e f e r e n t  found by d l ~ c ~ u r r t  o r  t h e  semantic n e t  s t r u c t u r e  In c a s e  

no direct reference is f o u n d @  

The f r c t o i  statements use these  a t t r i b u t e s  i n  c a r n p ~ t f n s  

cantrtbutianr tawardr the seara f o r  t h e  P h r a s e ,  A s  h a $  b e e n  

aentloned~ t h e r e  f c  4 r m p e  o f  aecaptaBlc v a l u e r  f o r  f a c t o r r ,  

Par rimpllcity, Symbolie v a l u e r  are  u s e d  ( V E F Y C O O P ,  GOOD, OL, 

POOR# B A D t  and OUT],  Zn t h e  cxamPlt r u l e r  t h e r e  a r e  f a c t o r s  

deterrnlned by s a e h  a f  the major knowledge s o u r c e s ,  The C a A R T  

factor r e f l e c t s  rp a c o u s t i c  :crt o f  the coartlculation of t h e  

k a r t  w ~ z d  o f  the c l e t ~ ~ m i n t f  and t h e  f i r s t  word o f  t h e  nominail 

N e R  and C M U  arc  r y n t i c t l c  f a c t o r 8  t h a t  w i l l  eliminate t h e  phrase  

i t  e i t h e r  a t t r i b u t 4  1% ineomprtlblc b t t v c c n  t h e  conrtitucnts. 

The ranantic f a c t o r  *i l l  rllminate t h e  P h F r g c  i f  no remantie 

I n t r r p t + t s t l a n  can be tarmulatad, W h i l e  t h e  current remantic 

camgonsnt b a t 6  not h r v a  a metric f o r  d @ t h r m i n i n g  t h e  likelihood 

o f  @n in tcrpre tdbt lon  o t h e r  th.n whether o r  n o t  a Semantic 

r s p r e r t n t a t i o n  can b e  b u t i t ,  i t  i r  p o s ~ i b l e  t o  in tmducc  a u c h  a 

nrwic and h r v t  t h e  irmrnt%c f a c t o r #  b e  n o n b i n r r y ,  The d i s c o u r s e  



trctor i& nonbinary, ~f t h e  determiner 1 s  d e c l a r a t i v e ,  t h e  

d lseourse  h&8 t r i e d  t o  f i n d  a referent, I f  no referent War 

f a u n d ,  the f a c t o r  is given r low value,  * P O O R p r  b u t  the phrase  is 

not d i a c s r d e d ,  I f  s c v c r r l  p o r r l b l s  referents were found, t h e  

phF88e 1 6  kept and t h e  s c o r e  i s  not lowered because t h e  ambiguity 

can perhags be resolved l a t e r ,  I t  j u s t  one referent war found, 

I t  i s  taken ao evidence t h a t  t h e  phraoa 1 s  a co r r ec t  

interpretat i -an f o r  t ,hat  Porttan o f  the U t t e r a n c e  and t h e  factor" 

i s  given a higher value 'GOOR@, 

The example discusead i#bOv@ shows how t h e  l a n g u a ~ , ~  

definition s y g t o m  can b e  used t o  integrate  a variety o f  knowledge 

rourccr in a W r y  t h a t  k e e p s  t h e  cantributlonr a n d  interactions o f  

the  d i t f  w e n t  s a u t c r r  earily v i s & b l t r  Tns teprercntatlon 

c o m ~ l n c r  procedural  In fa tmet ion  (in t h e  exprtsliana f o r  

c ~ l c u l a t i n g  a t t x l b u t t  and f a c t o r  Values1 end declarative 

inforrnrtlan (in t h e  constituent pattern) in a form designed to 

r i m p l i f y  t h c  task of  writing a large! definition containing many 

rules, Howrvrr, b r f o r e  fhc  r u i c c  can actually ae  U s r d ,  t h r ~  m u a t  

bcs convert c d  t o  a d i t f c r c n t  rapraoenration d ~ e i g n e d  with 

a f f i c d e n c y  In m i n d ,  This tWhn8lat i0n i s  dona by s language 

definition compile'l:' t h a t  cemtructr  an i n t e r n a l  rcprcrentation 

o f  t h e  language definition t h a t  d e p e n d %  in an i n t r i c a t e  way on 

the  r t r u c t u r a  o f  t h e  " a ~ s c u t ~ ~ c ~ ~  t h e  portion of t h e  $YStem 

g!@#pOnl ibLI  f o r  rchedultnp and eontrolling t h e  various t a r k s  to 

be Perfarmad in conrtructlnp an Int e r ~ r a t a t i o n  of an utterance, 

The operation o f  t h e  e x r c u t i v a  i s  t h e  subject o f  t h e  rest of t h i r  



The a x h c u t i v t  maker a d i r t l n c ' t l o n  between t h o  phrases bclnp 

b u i l t  and t h e  tarlcr r k q u i r c d  t o  b u i l d  these  p h r a s e s ,  A d a t a  

StrUetUrer c a l l e d  t h e  'parre net', tdpreeants t h e  growing 

collcctlon of phrase#,  snd  another s t ructure ,  c a l l e d  t h e  'task 

qUeut@,  Cnc0de8 t h e  rltcrnrtlve o p e r r t i * n t  a v a i l a b l e  f o r  taklng 

another S t e p  toward Understanding t h e  i n p u t ,  Each e n t t v  in t h e  

t a rK  queue specltier r proccdurt  t o  be performed a t  a p a r t i c u l a r  

locatton (node) In t h e  parse net, The ~e%torrnancc o t  such a 

p r o c t d ~ ~ C  typically entails b o t h  modifying t h e  parse  net and  

Seh@dUlLng naw task8 t o  makc f u r t h e r  rnodl t lcat tons ,  Each task 

has r s s o c l ~ t e d  with i t  r priority f o r  pctf"ormlng I t .  The method 

f o r  determining p r i a r i t i e r  i s  described b e l o w ,  

Taskr can include l p a k l n g  f o r  a new word or phrase  to f i n i s h  

an 1ncomBlett Phraoa [one mtssfng some o f  i t r  constitutnts] and 

f r y i n g  to u r e  r word or completed phrase in a l a r g e r  p h r a s e ,  

This men8 tha t  t h e  r y r t e m  can work b o t h  ' t a p  downr a n d  ' b o t t o m  

u p e l  b t c a U l t  i t  can look i n  a g o a l - d r i v e n  manner f o r  m l r r i n g  

eonstltutnts o f  h l g h e r  l e v e l  phraiest and i t  a l t o  can a c c e p t  

word8 from t h e  aceurtlcr t o  bulld into l r r g a r  phrbrcr  in r 

data-driven mannerr A S  an exampkc, COnsidtt t h e  s i m p l e  grammar 

S 8 NP VP 
VP F VP NP I VERB 
VERB s awn I l a s t  
NP a thty I the house I I t  



Assume t h a t , t h e  word @ t h e y o  has  been7 found i n i t L a l l y  either 

by t h e  acoust ics  directly or as a result of confirming a 

D r e d i e t l a n  made by The language ?er tn i tLon ,  .They4 constitutes a 

compltte NP, This NP cah be gut i n t o  t h e  S rule, cau$ing t h e  

p a r t i a l l y  f i l l e d  phsase 'they VP* t o  b e  a d d e d  t o  t h e  parse n e t ,  

A l r e a d ~ ~  Some of the a t t r i b u t e s  and f a c t o r s  t o r  t h e  S r u l e  can be 

drtermlned,  and r score computed f o r  this p h r a s e ,  Bullding this 

p a r t i a l  phrase loads t o  t h e  creation o f  a ntw task4 t o  look for a 

VP falloWLng t h e  hP, That task in turn leads t o  two alternative 

8 u b t a g K ~ I  Laak f o r  a VP NP o r  l o o k  f a r  a VERB, PriarLtLrs f a r  

b o t h  these t a s k s  are computed and they are p u t  on t h e  t a $ k  queue 

t o  be ProC@$Sadr Tho executive then  r e m o v e s  the  n e x t  task f r o v  

t h e  queue and continues, 

In Penepalc d e c l d i n $  which task  to perform is o f  great 

Importance, bccaure  o n l y  a subset o t  the scncduLed t a w s  w i l l  

actUallY Prove r o  be neeassarY t o  Understand t h e  i n g u t ;  t h e  

ethers will be * f a l s e  s t e p s *  leading to d e a d  a n q s ,  ~ d e a i l y r  in 

d c c l d i n g  wh-ich task t o  do1  t h e  e x e c u t i v e  would always Choose one 

o f  t h e  ntecsoary fa8ks and never take a f a l s e  s t e p ,  The 

utterance would ba undarrtoad w i t h  t h e  unnecessary tasks s t i l l  

l e f t  $h the Queue, Ta a P ~ r g e c h  this i d e a l r  t h c  a c t u a l  system 

must spend rome nf i t s  e f f o r t  I n  chodaing  t a s k s ,  Such  o f f o r g  i s  

well spent i f  i t  producca a net decrease in processing t i m e ,  In 

other  Wordrr t h e  etticitncY of the system w i l l  b~ 1rnPcoVed by 

deci$ ionn regarding t h e  order i n  which t a s k s  are  per fo tmed,  i f  

t h e  c o s t  a!! t h e  decirlons l a  loss than the c o a t  of t h e  f a l s e  



r t tp r  t h a t  wauld o t h e r w i s e  h s v c  been taken, Since a c + o u a t i c  

uncertainty in $ p a t c h  undersfanding makes tnt potontlai f o r  

rartlng effort en unnecessary operattons particularly l a r g e ,  t h e  

system can afford t o  carry ,out rather  complex computations In 

deciding what t o  d o  next and Still o b t a i n  a l a r g e  imrovcment in 

overa$l efffcltncy. In t h e  current  system, the decisions are  

based on the  rclativt p r i o r i t i e s  assigned t o  t h e  varlous t a s k s  

Waiting In the queue, Taska ere aSS*oclated w i t h  p h t a s e r ,  and 

task p z l o r l t i e r  lrrqtly d e p e n d  an how important t h e  system f e e l s  

i t  i s  t o  Process the Phrase, 

In addition to the  scores of Phrases, which combine a 

variety o f  f a c t o r s  b u t  awe LndePendant o f  t h e  l a r g e r  gentential 

C O n t U t r  t h e  system form8 another arstrsmcnt o f  t h e  q u a l i t y  of 

t h e  phrase c a l l e d  the phrase  ' v a l u e e ,  which d e p e n d s  on the 

context o f  proPoScd complete l n t c r ~ r e t r t i o n r  f o r  the entire 

utteratwe, The p h r a ~ t  value i s  an estimate o f  t h e  highcat score 

€ o r  e l l  posslbla intetprrtationr spanning t h e  utterance t h a t  

Include the P h t a S t ,  The tltlnatt 1 8  tzornputcd by  means a t  a 

heuristic  atarch o f  the  space a t  por.8 l b l e  rentcntial c o n t e x t s  

tltablilhed d u r i n g  t h c  P r e V i Q U S  t a r k s  Pertarmed by t h e  c x e e u t l v c ,  

The ~ ~ 1 6 f i f ~  o f  a tagk Is inttially r u t  t o  the v a l u e  of i t s  

aSS@cia0cd Phrrstt but th r  Priorlty 1 8  l o w c r c d  i t  t h e  tsar  

conflicts with the c x c c u t f v c @ s  cuo r tn t  ' f o c u r  of aetivity", The 

phrarr V l f u @  t h a t  dttcrmln.8 the  initial prLorlty r e f l e c t 8  an 

evaluation of  b o t h  the internal r t r d c t u r c  of the Phrase and i t s  



te)rtlon t o  i t s  context, but i t  does not r e f l e c t  i t s  competition, 

I f  a Phrase he8 e h i g h  OalUe, o t h e r  Similar Phrases a r e  a l s o  

likely to have h i g h  v a l b e s ,  I f  values a l o n e  d e t e r m i n e d  

p r l o r l t l e s ,  then even  a f t e r  successfully completing a P h r a s e ,  the  

system would tend to c a n t l n u t  l o o k i n g  for m i n o r  variations In t h e  

lame area ra ther  t h a e  mov ing  on t o  Look f a r  ways t o  construct a 

cgmplate  i n t e r p r e t a t t o n ,  The a f a c u p  df  activityc mechanism 

provldts a way f o r  phrases  t o  i n h i b i t  t h e  e x e c u t i v e  f r o m  l o o k i n g  

f o r  c b m p t @ l n p  p h r a l t s  t h a t  w o u l d  n e c e ~ s a r i l y  f c p l a c c  them. T h i s  

focusing 11 btoughg about  by lawexfnq t h a  priority of  t a s k s  t h a t  

l o o k  f a r  r ~ ~ l a e c m c n t s  f o r  any o f  e S e t  a t  f o c u s  ~ h r a s e s ~ / u n t i l  

t h e  potential replacement pramlses t o  l c a d  t o  e aigniflcant 

irnpravcmcnt in Value  f o r  the f i n a l  interpretationd The e f f e c t  i s  

to b i a s  t h e  sxecut - i vc  toward bullding UP a complete 

inter~xetatlon using phrases in focus rather than exploring 

competing interprttatians t h a t  wauld n o t  use focus phrases ,  X f 

t h e  focus 8 wrong, t h e  attempts to extend i t  to a complete 

Interpretation will b e  unrucceS4fUl. Eventually a taok t h a t  

eanflicts w i t h  tne rocus  w i i r  Decame t h e  highost p r ' i d i i t y  

c>Perrtlan f a r  t h e  e,xtcutl,vrc to Pstfarq in a p l t e  o f  t h e  b ias  

49r in8 t  I t r  A t  a result t h e  f o c u s  W i l l  be m o d l f l ~ d  s o  t h a t  i t  

I s  consistent w i t h  t,he new task ,  and tha, execut ive  w l l L  t h e n ,  

cancentrate an urlna the r a V l $ e d  ssr a z  Phrases ,  

In addition t o  ealeulrtlnq priotltLes o f  tasks  on t h e  b a s t a  

o f  Phrrrt  v a l u e 6  and focus o f  a c t i v i t y 4  the e x e c u t i v e  must cnrurc 

t h a t  t h a  informattan gained t h r o u g h  t h o  performanca o f  t h e  t a s k 8  



s used e t f ~ c t l v e l y ,  This i r  done by  strueturinq t h e  parse net 

and t h e  tasks  t h a t  o p e r a t e  on it in a w r y  t h a t  b r i n g s  t o g e t h e r  

r e l a t e d  actfvltier and caordinstes thrm t o  t l l m l p c t c  d u p l i c a t i o n  

o f  effort, By avoiding dupLLcrt ion,  the r y t t t m  rcduleeb t h e  f U  

e f f e c t s  o f  the f a l s e  step8 It w i l l  inevitabty taKe, Work dane on 

a f a l s e  path f r  not necerserily w a r t e d r  s lncr  i t  may p r o d u c e  a 

Phrase t h a t  can b e  u s t d  in soma o t h e r  Way, f o r  exampler a RPiraSe 

eonrftucttd ir part  of an unsuccerrful search f o g  ant! type  of 

Sentence may l a t e r  appear in f h c  tlnal interpretation s S  Part  of 

a dlfiarent kind of s tntsncce  A l S O r  f a l s e  s t eps  a r c  not 

repeated, since t h e  system o n l y  makes one a t t e m p t  t o  b u i l d  a 

part teu lar  type of  P h f r s e  Ln a P % r t l ~ U l ~ t  Zoca, t ion in the  

utterancar r t g a r d l @ s s  a t  how many l a r g e r  phrases  might include 

i t ,  Mlatakta are intvttabls, but a t  l e a s t  t h e  o y t t t m  w i l l  n o t  

make tbf &&me rn1~rrre twgce  in a n t  par$- 

Ta SUmwarl~t!, t h e  language definition Is designed t o  

facilftrre t h e  I n t W r r i i ~ n  of  many knowledge s a ~ t c @ $ r  Pules in 

t h e  language dtflnftion cdnta ln  a t t t i b u t e s  and f a c t o r s  f r o m  a l l  

o f  there ~ o ~ t c e s ,  The a t t r i b u t e s  a r e  U r t d  t a  i n d i c a t e  partitutar 

p r o p t t t i t l  o f  phrasest and factors t h e n  Urt t h c ~ c  a t t r i b u t e s  t o  

detrrmtnr th .  #core o f  t h e  phrase ,  The e x t e r n a l  reprelentation 

o f  t h e  language, derlgncd tor  easy  U 8 t  by p e o p l e ,  i n  converted by 

a languapc definition compiler i n t o  an internal reprarentrtlon, 

d e r l ~ n t d  tor  efficient use by t h @  rxecutlvr, In a s t ep  by s tep  

manner, th r  e m e u t L v c  user  t h i s  information t o  c r e a t e ,  r v r l u r t e ,  

and coablne phrrrer,  The o f  t h e  next operation t o  c a r r y  



o u t  taker the  form o f  asrlgning p r f a r i t i o s  t o  alternative tasks, 

P r l a r i t i e ~  ratltct b a t h  the  e x p e c t e d  values of c a m p l t t e  

intarptetation8 toward Which t h e  task w o u l d  l a r d  and t h e  relation 

of  t h e  t a s k  t o  t h e  current  f o c u s  of a e t l v l t y ,  Flnallyr t h e  

entire process  i s  organized s o  that informatian gainad In 

Performing e t ~ 6 K  1 6  Shared  and r e c o r d t d  in r u c h  a way t h a t  It 

does not have to b e  tedfscovertd, 
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