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Chapter  8: I n t r o d u c t i o n  

0 .1  H a b i t a b i  1 i t y  

What happens when t h e  d e s i g n e r  o f  a n a t u r a l  1 anguage syc.tem 

s t e p s  away f r o m  t h e  system and l e t s  someone unfami  1 i a r  w i t h  t h e  

i n t r i c a c i e s  o f  i t s  d e s i g n  t r y  t o  do some r e a l  work? A f t e r  t h e  

nove 1 t y has worn o f f ,  w i 1 1 t h e r e  be  any advant  age's t o  u s i  ng  t h e  

capab i  1 i t  i es o f  n a t u r a l  1 anguage? What a r e  t h e  c h a r a c t . e r i  5.t i c s  

o f  an i n t e r a c t i v e  sys tem t h a t  make i t  a good env i ro r i rner~ t  t o  USE.? 

The5.e a r e  a1 1 ques t  i o n s  p e r t a i n i n g  t o  t h e  h a b i t a b i  1 i t y  o f  a 

system. The t e r m  " h a b i t a b l e "  war. c o i n e d  by l da t t ,  who gave a 

f i r s t  d e f i n i t i o n :  

" A  ' h a b i t a b l e '  language i s  one i n  wh ich  i t s  u s e r s  
can e x p r e s s  t hemse 1 ves w i t hou t  s t  r a y  i r ~ g  o v e r  t h e  
1 anguage's b o u n d a r i  e s  i nt.o u n a l  1 owed sentences.  " 

[Wat t  68, p.3381 

Some examples o f  u s e r  i n t e r a c t i o n  w i  t.h t h e  REL System 

CThvmpron 753 i n d i c a t e  how ea2.y i t .  i s  t o  s ide= . tap  t h e  b o u n d a r i e s  

i rnpor.ed t ~ y  a n a t u r a l  1 anguage systern: t e x p l  anat  i or15 a r e  g i v e n  

o f f  t o  t h e  s i d e  irt l o w e r  case>  

>HOW LONG I S  THE HNCHORAGE? 
I /-!PUT ERROR: FLERSE RE-Et4TER REQUEST ( u u c a b u  1 a r y :  " 1 any "  > 

>WHAT I S  THE LENGTH OF THE Ht-lCHORAGE? 
6 7 4 4 

>WHAT I S  I T ' S  BEAM? 
INPUT ERROR: PLEASE RE-Et4TEF: REQUEST ( s p e l l  i ny: " i t ' s "  > 

>WHAT I S  I T S  BEAM? 
181b 

>HOW MANY SHIPS HAVE A BEAM GREATER THAN 1888? 
19 

>HOW MANY HAVE A BEAM LESS THHt4 1800? 
INPUT ERROR: FLERSE RE-ENTER REG!UEST Csynt a>:: e 1 1 i p s i  s > . 

>HOW MANY SHIPS HHVE A BEAM LESS THAN I @ @ @ ?  
13 

>LIST THE SHIPS WITH WATER. 
tJOUN RELRT IVE CLAUSE PHRASE I S  VACUOUS. ( p o o r  d i agnclst i c > 

>LIST THE SHIPS THRT HAVE WATER. 
NOUN RELRT I VE CLAUSE PHRASE I S  VACUOUS. ( p o o r  d i  agnost  i c > 

>LIST THE SHIPS THRT HAVE WHTER LOADED. 
INPUT ERROR: PLERSE RE-ENTER REBUEST ( s y n t a x >  
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0 . 1 . 1  The M i s s i n g  F a c t o r s  

As a  v a r i a n t  o f  l 4 a t . t ' ~  d e f i n i t i o n ,  a  h a b i t a b l e  system i s  

c o n s i d e r e d  t o  tie one i n  w h i c h  t h e r e  i s  a  low p roba t t i  1 i t y  ctf 

u s e r s  t r y i n g  t o  exp ress  thems.r.1 ves i n  a  marlnet- beyond t h e  

1  at iguageCs boundar i es, and when exceed i  r?g t h e s e  boundar i es t h e  

u s e r  r e c e i v e s  a  d i a g n o s t i c  t h a t  w i l l  l e a d  back i n t o  t h e i r  

c o n f i n e s .  Thus t h e  t a s k s  o f  t.he system d e s i g n e r  d e s i r i n g  t o  

i mproue tbhe h a h i  t.ahi 1 i t y  a f  a  n a t u r a l  1 anguage 5.ysta.m a r e  f i r s t ,  

t o  d e c i d e  on an o r d e r i n g  o f  t h e  l i k e l i h o o d  o f  i n p u t  fo rms;  

second, t o  d i u i d e  t h e  f o r m s  i n t o  t h o s e  that .  w i l l  be  p rocessed  

and t h o s e  t h a t  w i  1 1 be  d i  agtiosed; t h i  r d ,  t o  p r e p a r e  a1 g u r i  thms 

t o  process. t.he f o r m e r  s e t  o f  fo rms;  and f i n a l l y ,  t o  p r e p a r e  

a1 g o r i  t hm~. t o  g e n e r a t e  a p p r o p r i  a t e  J i  agno5.t i c s  f c l r  t.he 1 a t , ter  

s e t  o f  forms.  

Not i ce t h a t  t .h i  s  s e t  of s t e p s  ~ S C . U ~ ( I B S  t h a t  t h e  s y s t e r i ~  

des i gner  has adequat. e  I: r10w 1 ed13e of t. he f arms a  u ~ . e r  may dec i de 

t o  su t l r n j  t, t o  a sy=.tern. ~ h u s  d e s i  gn f o r  i mproued h a b i  t a t t i  1 i t  y  

o f t e n  c o n s i  s t  s  o f  adcli rig sorrle o f  t h e  new1 y  d i  =.covered f arms o f  

i n p u t  t h a t  were n o t  'at  f i r s t  c o n s i d e r e d  p r o b a b l  e  enough t o  

i r tc  1 ude. A h a b i  t a b 1  e  sys tem i s  one t h a t  i nc 1 udes t h e s e  " m i  s s i  ng  

f a c t o r s " ,  t.hat a r c  more 1 i k e l  y  t h a n  o r ~ e  might. f i r s t .  expec t .  

B .  1 . 2  Corrt1:tet ence and Per fo rmance T h e o r i  es  

To f i nd t hese r i ~ i  c.5. i r ~ g  fac t .  o r s ,  t. h e r e  mu5.t. be r. t. u d y  o f  human 

p1er.f ormar~ce b a t h  w i  t h  5.ysteri1s artd k d i  t. 1-1 o t h e r  pec~p l  a. The~ .e  

r e s u l t s .  a r e  d i  st. i n g u i  =.tied f r o m  t h e o r i  es  ilf cctrr~petence, o r  f urmal 

t h e o r  i e s  o f  what i s  g e n e r a l  1 y cons. i dered  t. o  be c or-.t-ei t gramwlar. 

The r e 1  a t  i on o f  cornpeter-tce t.o p~e r fo r r f~ance  was f i r 5 . t  co t -~s i  der-ed 

i rt t Chornsk y  653. Th i  s " c u r i  ous and i n d i  r e c t  r e 1  at. i onsh i  p "  

[Wat t  68, p.3481 i s  t teh ind  many o f  t h e  h a t l i t . a b i 1 i t . y  problerns o f  
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n a t u r a l  1 anguage systems.  T h e o r i e s  o f  competence u s u a l  1 y  g i v e  

t h e  most o f t e n  o c c u r r i n g  s y n t a x  forrits, b u t  n o t  a lways.  One would 

1 i k e  t h e  sys tem t.o accep t  t h e  more l i k e l y  f o rms  obse rved  i n  

human i n t e r a c t i o n ,  and y e t  t h e  sys tem s h o u l d  n o t  r e j e c t  t h e  

f o r m s  r e f l e c t i n g  competence. 

0.1.3 General  and S p e c i f i c  H a b i t a b i l i t y  

The k i r ~ d s  o f  i rtput t o  b e  expec ted  b y  rtat.ura1 1 at-rguage 

sys tems v a r i e s  w i t h  t h e  s u b j e c t  mat. ter.  H c h e ~ t i c a l  f o r m u l a  may 

have s y n t  ac t i c u a r  i a t  i or15 t h a t  w i 1 1 n o t  be expec t ed t o  o c c u r  i n 

t h e  app l  i c a t  io r t  a r e a  o f  t h e  i n v e n t o r y  o f  a fu t -n i  t u r e  showroom. 

Thus ~ . t . u d i  es  ctf human p e r f  ormance f o r  i mproued g e n e r a l  

h a t l i t a b i l i t y  ( f o r w s  common t o  mos.t a p p l i c a t i o n  a r e a s )  w i l l  be 

d i  f f e r e r t t  f r o m  s t .ud ies  f o r  i rn~:lrovi ng  t.he hab i  t a b i  1 i t.y o f  a 

spec i f i c app l  i c a t  i o n  area,  and d i f f e r e n t  app l  i cat. i o n  a r e a s  can 

t ~ e  expec ted  t o  t-equ i r e  t h e  prclc ess  i ng o f  d i  f f e r e n t  f orrns. 

P.2 Robust Sentence R n a l y s i s  

Robust Sentence A n a l y s i s  i s  t h e  name g i v e n  t c ~  t h e  sys tem 

deve loped  i n  t h i s  t h i s i s  f o r  improved g e n e r a l  h a b i t a b i l i t y .  I t  

c o n s i s t s  o f  a s t r u c t u r e  f o r  t h e  pr-ctcessing o f  for-ri~s t h a t  u i  1 1  

not. be i nt: 1 uded i n t.he 1 a r g e r  sy=.t.ern's. grammar. The add i  t i ot-tal 

i n p u t  f o r r i ~ s  t o  accep t  were taker1 f r o m  st,udie=. o f  pec~p l  e 

i n t e r a c  t, i n g  about  a p r o t l l  em s u i  t a b 1  e f o r  i dent. i f y i  rtg t h e  g e n e r a l  

t ia t  ut.e of pe r fo rmance  as  i t d i f f e r s  f rorii coritf:lc.t enc e. C o r r e c t  

syst.  em p r o c e s s  i rtg o f  t hes.e k i rids o f  i t- put i s guaratit. eed tty t h e  

a1 g o r  i t hrns w i t h i r t  t. he st. r u c  t u r e .  The fo rms  t r e a t e d  by  t h e  

s y s t  eri~ i rtc 1 ude s e v e r a l  t. ypes o f  anaphot-a1 , amtl i guous, 

urigr.s~ritritat i c a l  , artd ext ra-grammat i c a l  i rtput . D i  agnos i  c. i a. 

p r o v i d e d  f o r  fovms beyond t h e  c a p a b i l i t i e s  o f  e i t h e r  t h e  





Chapter  1: P r o t o c o l  A n a l y s i s  

1:You have t o  s i t  back and l i s t e n  t o  t h i s  whole t a p e ?  
H:Lucky guy, t h e  t h i n g s  you  do f o r  a grade.  T r a n s c r i b e .  
1:You s u r e  i t ' s  w o r t h  i t ,  Dave? 

1.1 I n t r o d u c t i o n  ( M o t i v a t i o n >  

There  i s  u l t i m a t e l y  or11 y one sou rce  o f  i t i f o r m a t i u n  about  

n a t u r a l  1 anguage systems,  arid t h a t  i s  t h e  speake rs  o f  a n a t u r a l  

1 anguage. There  i s  a l s o  on1 y one s o u r c e  where i n f o r m a t  i o n  about  

h a b i  t a b l  e systems may be ga t  hered,  and t h a t  i s o b s e r u i  n g  t h e s e  

speake rs  a c t  i ng c o o p e r a t  i v e l  y t o  s o l  ve  a g i  uert p r o b l  em. 

However, t h e r e  a r e  s e v e r a l  ways o f  g a i  n i ng t h i s i t i f  ormat i on f rom 

i n f  urmartt s.  The d e s i  gner  may use h i  s i n t  u i t i on and supp 1 ement 

t h i s  w i  t .h ad hoe exampl es, o r  may obse rve  t h e  i n t e r a c t  i ctn and 

met hods o f  e x p e r i  merit a1 s u b j e c t s  i n  a p r u b l  em so: u i  ng 

s i t u a t i o n .  P r o t o c o l s  a r e  t h e  t r a n s c r i p t s  o f  t h e  i n t e r a c t i o n  

bet. ween s u b j e c t s  o f  such e x p e r i  ments. 

P r o t  ctcol ana l  y s i  s o f f e r s  s e v e r a l  aduant ayes o v e r  o t h e r  

methods. H l  t hough  i t  might, be assumed t h a t  d e s i  gn tly i n t u i t i o n  

i s  t h e  b e s t  i f  t h e  d e s i g n e r  i s  t o  be t h e  o n l y  use r ,  i t  w i l l  

a1 ways be i rtcompl e t e  and w i  11 probat11 y n o t  i nc 1 ude a1 1 t h e  

capab i  1 i t i es  t h a t  t h e  de5.i gr~et- would f i nd us.ef u l  . Rs.sumi rtg t h a t  

t h e r e  w i  1 1 t ~ e  ot,her u=.err., i t becomes. t-tec es2.ar.y f o r  t h e  

d e s i  grt t o account  f o r  t h e i  r needs.. Some cut-.rec t i on i n d e s i  gn 

can  be done t .hrough ad hoc examples., but. t h i s .  approach i s  

c 1 e a r l y  1 i m i  t e d .  L i n g u i  s.t.ic t heo t - i  es can p r c ~ v i  de a base f o r  we1 1 

underst .ood phenomena, and by  ana l  y z i  n g  p r o t  occr 1 s, p a t  t ern=. of  

n a t u r a l  and t iat l i  t a b 1  e communi c a t  i on can be o b s e r ~ l e d  i rt an 

c ~ t l  j ec t i we context. ' .  Language uses  rita), be  f ucrrtd that .  c o u l  d not. 

haue been f o u n d  any o t h e r  way. T h i  s met hod w i 1 1 a1 so  t e l  1 t he 



r e l a t i v e  f r e q u e n c y  c ~ f  t h e  p a t t e r n s  found,  w h i c h  t e l l s  t h e  

d e s i g n e r  where h i s  e f f o r t s  s h o u l d  be spen t  t o  p r o v i d e  t h e  

g r e a t e s t  advantage t o  t h e  u s e r s .  

Ano the r  advantage t o  t ~ e  g a i n e d  try a n a l y z i n g  p r o t o c o l s  i s  

t h e  chance t o  s t u d y  t h e  use  o f  language t h a t  i s  n o t  i n  

gramrnat i c a l  sentences.  T h i s  p a r t  o f  t h e  s t u d y  i s  t h e  most 

e n l i g h t e n i n g  t o  t h e  s u t l j e c t  o f  h a b i t a t a l e  sb~stem des ign ,  because 

t h e s e  f ragmen ts  i nc 1  ude t ha n a t u r a l  ways o f  s t  ream 1 i n i  ng  

i n t e r a c t .  i on and examp1 es  o f  t h e  k i n d  o f  e r r o r  p r o c e s s i n g  t h a t  

t a k e s  p l a c e .  

S tudy  of t h e  k i n d s  o f  " e r r o r s 1 '  p e o p l e  mske i n  communica t ing  

and t h e  t y p e s  o f  res.porIs.es the5.e e r r o r s  g e n e r a t e  w i  1 1  h e l p  i 17 

t h e  d e s i g n  o f  u s e f u l  and i n f o r m a t  i o e  e r r o r  messages and e r r o r  

co r recS ;  on, C! a s s i  f y  i ng and r e c o q n i  z i  ng  t h e  t y p e s  o f  f ragrnents 

t h a t  can be s a f e l y  i g n o r e d  is .  a l s o  o f  import.ance t o  t h e  sys.tem 

d e s i  grter. 

The f ragrrtent s enc ount,ered t h a t  a r e  f o r  t h e  1:lurpose o f  

streart11 i n i  ng  t h e  i r t t e r a c t  i cln between t h e  i rtdi  v i  dua l  s p r o u i  de 

i n s  i gh t  on some o f  t h e  p r  i mary d  i f f  eret ic e ~  l e t .  ween t h e  c omaton 

u5.e:. o f  Engl  i 5.h and h i  gh 1 eve1 "na t .u ra1  1 anguaqe" systems. One 

o f  t h e  p r e v a l  e n t  c r i t i c  i sri~s o f  systeritc. t h a t  t r y  t o  model human 

i n t e r a c t  i o n  i s that, t h e y  a r e  o f  necei.=.i t y  t o o  uerbose 

CShneiderman 1 8 1 .  When i t  i s  r e a l  i z e d  t h a t  " p e o p l e  do rtot 

n a t u r a l  1 y =.peak i n  sentences."  CChapani 5. 75, p. 483 b u t  o f t e n  use 

t h e  i r own f orrnc. o f  t et- .~.e c ~ r i t r i ~ u r ~ i  cat. i on, and when rr~ost ctf t h e s e  

f orrrts can be s i  m i  1 a r l  y us.ed w i  t h  n a t u r a l  1 anguage =.y=, te~ls ,  t .h i  5 

w i l l  cease t o  be  a  l e g i t i m a t e  c o m p l a i n t .  



1.2 Exper i nient Desc r i p t  i on 

H s e t  o f  e x p e r i ~ l e n t s  was c a r r i e d  o u t  and s u p e r v i s e d  ove r  

t h e  p a s t  few y e a r s  by  Dr. B. Thompson o f  Calt .ech, u s i n g  s e v e r a l  

d i f f e r e n t  t a s k s  f o r  t h e  s i m u l a t e d  p r o t ~ l e m .  I n  t h e  1979-1988 

acader i~ i  c y e a r  Dr .  Thompson's soc i o l  i n g u i  s t  i c s  c  1 ass. was i nclol ved 

i n  t. h i  s  e x p e r i  ment a1 r e s e a r c h  i nc 1 u d i  n g  t h e  subsequent  ana l  ys i s  

o f  t h e  g e n e r a t e d  d a t a .  T h i s  was a  p a r t  o f  t h e  1 a r g e r  p r o j e c t  o f  

d e v e l o p i n g  t h e  HSK System. We wanted t o  see how language was 

used  by  p e o p l  e  communi cat. i ng about  a  p r s b l  em t h a t  i n v o l v e d  

i n t e r a c t i o n  such  a s  was needed i n  u s i n g  a d a t a  base. 

The expe r  i ment i nvo 1 ved t. wo p a r t  i es commun i cat. i ng o v e r  t he 

r e a l  1 i f e  t a s k  o f  1 oad i  ng  Navy s h i p s ,  crsi ng  d a t a  f r o m  s.cirne s h i p s  

based o u t  o f  San Diego.  In fo rmat .  i o n  was a v a i  l a b l e  on t h e  k i n d  

and amsunt o f  c a r g o  t o  be scswcd j  t h e  deck  s i z e s  a r ~ l  t h e i r  h a t c h  

s izes . ,  and t.he d imens ions  o f  t h e  ca rgo .  T h i s  in f 'o rmat  i o n  was 

sp 1 i t b e t  ween t. he t. wo p a r t  i c i pant. s  S O  - t h a t  i n t  erac t i on was 

. n e c e s ~ a r y  f o r  t.herti t o  s o l v e  t h e  problerir. Person 1  was g i~ le t - I  t h e  

dat.a about  t.he s h i p ' s  decks and t h e  t y p e  and amount o f  ca rgo  t o  

be  stowed, whi l e  Per-.son A was g i v e n  t h e  d a t a  abocrt t.he ca rgo  

i terns. ( 1  and A were used because r.omeone cori~pl a i n e d  about  

t ~ e  i n g  cons i d e r e d  a sec ond-c 1 ass  par t .  i c i pan t  when c a1 1 ed pe rson  2 

i n  one o f  t. he pt-el,!i uus y e a r ' s  e;:~:~er i ri~errts.. > The at: t .ual  d a t a  as 

g i  l,ien t o  t h e  par t .  i c  i p a n t s  a r e  shc~c~n i n  appendi x  1. 

The ex'perirtrent was a ' l so  done i n  t h r e e  r i~ i~des  o f  

comr i~ur i i ca t ion .  The f i r s t .  kl.35. a  f a c e - t o - f a c e  M O ~ E . ,  w i t h  t h e  . 

sub jec ts .  f a c e  t.o f a c e ,  usua l  1 y act-.ass a  t a b l e  but. f a r  enuugh 

a p a r t  sit t h a t  t h e y  must t a l k  t o  sclllde t h e i r  pr.ot11 ern. The 

s u b j e c t s  were g i v e n  art hou r  t o  wor.lc on t.he t:~t-.i~tlleril, and t h e  

r e g u l  t s  p r o l ~ e d  us.efu1 even though  ctnly one p a i r  was. ah1 e  t o  
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c o n l p l e t e  i t .  R  t a p e  r e c o r d e r  was p l a c e d  be tween  ther t~  and t h e  

c o r ~ v e r s a t  i o n  r e c o r d e d .  T h i  E. was 1 a t . e r  t r a n s c  r i b e d  b y  

s e c r e t  ar i es., and  c o r r e c t e d  b y  t he  e x p e r  i n~ent,  e r .  The p r o t  oc o  1 s 

were  t h e n  t y p e d  w i t h  s u f f i c i e n t  s p a c e  f o r  n a t e s  and  a n a l y s i s .  

E i  g h t  o f  t hesa  f a c e - t o - f a c e  p r o t o c o l s  were n~ade,  and  t h e  r e s u l t s  

a r e  t r u l y  enor r i~ous .  The a v e r a g e  1 e n g t h  o f  one o f  t h e s e  p r o t o c o l s  

war. 36 pages.  R n a l  y s i  s  o f  t h e s e  p r o t o c o l s .  c c ~ u l  d  g i  u e  i n t e r e s t .  i n g  

r e s u l t s  f o r  many o t h e r  a p p l i c a t i o n s .  

The ~ e c o n d  mode a l s o  i n v o l v e d  t w o  p e o p l e  w o r k i n g  on  t h e  

i d e n t . i c a 1  p r c ~ t l e m  w i t h  t h e  same d a t a ,  o n l y  t h i s  t i m e  t h e y  h a d  t.o 

cornmuni c a t e  us. i  n g  a prograro ~, lh i  c h  r.i mu1 a t  ad  t e 1  e t . ypewr i  t a r s  

w h i l e  t h e y  were  1 0 c a t e d  i n  d i f f e r e n t  roams.  T h i s  was c a l l e d  t h e  

i E.PM i iial -t 0-t. e i . ~  i n a l  mode. F o u r  o f  t hec . e  p r o t o c o l  s were 

g e n e r a t e d .  The t i m e  l i m i t . = .  were t h e  sari~e, u i t t - I  a  l i t t l e  t i r i l e  

us.ed b e f  ope t h e  a1 1  o t e d  hour- t o  u n d e r s t  and  how t. he  = . y s t e ~ ( ~  

worked.  

Our t .h i  r d  r i~ode h a d  on1 y clne h c ~ ~ a n  p a r t  i c i p a n t ,  w i  t h  t h e  

o t h e r  s u b j e c t  b e i  n g  t h e  REL S y s t ~ r i ~ ,  t h e  Eap i  d l  y Ex t .ens i  tll e  

Language Syc.teii1 d e v e l o p e d  b y  Dr .  F. Thori~p=.or~ and D r .  B. Thompson 

at  C a l  t e c h .  The i n p u t s  were  s l  i g h t l  y d i f f e r e n t ,  w i  t.h t h e  handou t  

g i v e n  t.o each  u=.er shown a l s o  i n  a p p e n d i x  1, w h i c h  was a 

cu r - t a i  1 a d  vet-s i on o f  P e r s o n  1 's  d a t a  b e f o r e  (on1  y t. h e  number and  

t ype  o f  i t ems t o  b e  5 . t  owed. > Sever-a1 n~ancral s I.IIE.Y.~ a u a i  1 ah1 e  t o  

t h e  sc r t~ j ec  t s f o r  t -ead i  t-~g b e f  c ~ r e  u5.i r lg t h e  s)~=.t .er~~: " L o a d i  n g  Sh i  p s  

U s i n g  REL", and  t.he manual REL E n g l  i =.h f o r  t h e  U s e r  

CThomp=.on 781; p l  us., t h e r e  was. at? e:cperi rnent.er a v a i  1 a b l  e  f o r  

c o n s u l  o a t  i on. R f t e r  t h e  ~ ~ b j e c t  h a d  1 eat-ned how t.o U E . ~  t.he 

i n t e r a c t  i u e  1  oad i .ng  sequence,  not. much he  1 p Mas .  n e c e s s a r y .  

R t ~ o u t  a  h a l f  an h o u r  was g i v e n  t.o t.he c .ub ject .s  t o  familiarize 
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the r r t se lues  w i  t.h t h e  sys tem,  and  t h e n  t h e  experiment was t o  

p r o c e e d  f o r  an h o u r  and  a h a l f ,  hut. some s t a y e d  l o n g e r  t o  t r y  t o  

c o m p l e t e  t h e  t a s k .  T h i s  t h i r d  mode was c a l l e d  t h e  human-to- 

c o m p u t e r  mode. 

I t  m i g h t  t le a r g u e d  t h a t .  we s h o u l d  have  done t h i s  t h i r d  mode 

w i t h  t h e  same d a t a  a s  g i v e n  i n  t h e  f i r s t  t w o  modes, w i t h  t h e  

p e r s o n  t a k i n g  i n  one c a s e  t h e  pa r t .  o f  P e r s o n  1 and i n  a r ~ o t h e r  

c a s e  t h e  p a r t  o f  P e r s o n  R. The o t h e r  e x t r e m e  m i g h t  have  had  

t h e  human pa r t .  i c  i pant. w i t h  n o  d a t a ,  or11 y  know1 edge that  t h e  

r . y ~ . t e r r ~  h a s  a1 1  t h e  d a t a .  The f i r 5 . t  o f  t h e s e  p o s s i b i  1  i t  i e s  w u u l d  

h a v e  g i  v e n  a more t h o r o u g h  c or f~par  i s o n  o f  t h e  t h r e e  modes, wh i 1 e  

t h e  s e c o n d  lclclul d  have  g i  uen  a more t h o r o u g h  t e s t .  u f  t h e  EEL 

System. B o t h  o f  t h e s e  were among t h e  g o a l s  o f  t h e  e x p e r i  ment., 

and  t h e  met h o d  cho=.sn was ah! E. t o  g i  u e  i t-sforrr~at i or! on blot h o f  

t h e s e  a r e a s .  A more i n  dept.17 e v a l u a t i o n  o f  t h e  REL sys tem 

s h o u l  d  i nc 1 ude  b u t  h o f  t he5.e rf~cldes f o r  compa r i  ..on w i  t h  t h e  o t h e r  

p e r s o n - t  o - p e r s o n  modes. 

By s t u d y i  t-~g p r o t c ~ c o l  s  o f  u s e r  i n t . e r a c t i o n  w i t h  t h e  REL 

sys tem,  v e r y  p r a c  t i c a l  r e s u l  t .s were  g e n e r a t e d  on  how p e o p l  e  

a c t u a l  1 y  u s e  t h i  s. s p s t  ern. D f  p a r t  i ccrl a r  i n t . e r e s t  i s t h e  nur i~t ter  

and  t y p e  o f  e r r o r s ,  and  t h e  met kc~dc. o f  t.et-se communi c a t  i on t h a t  

uet-e t r i e d  b y  t h e  s u b j e c t s .  But. c a r e  ri1us.t. he  t.al:en i n  mak ing  any 

g e n e r a l  i zat. i stis. a b o u t  how p e o p l  e  ac t .ua l  1 y u s e  r.crc 1-1 =.?>st eri15. f t-.om 

v i  ewi  n g  t h e s e  r e s u l t s .  We c a n  on1 ;> say  how p e ~ p l  e  a c t u a l  151 u s e  

t he  s y s t e m  u n d e r  e v a l  crat i on. An)) cat het- cctr~c 1 u s i  or15 a r e  

i n f  1 uenced  b y  t h e  c a p a b i  1 i t  i e s  o f  t h e  t . e s t e d  s.yst.em. T h i s  i s  why 

t h e   error^ a r e  s.0 i r i~por t .  at-it . They t e l  1  us. wh.nt. was e x p e c t e d  o f  

t h e  C.ysterr1 t ha t .  c.oul d  n o t  be  done. But. t .hey do nett t e l  1  t h e  

f r e q u e n c y  o f  u s e  o f  t hec.e conc.t.rcrc t .s  as. t. her) wocrl d  appea r  i n  a  
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s e t t  i r t g  where  t h e y  w o u l d  b e  c o r r e c t  1 y  prc~ce=.sed.  T h i s  i s  why 

t h e  o t h e r  rttc~des at'e neces= .a ry  f o r  h a b i  t a l i  1 i t. y des  i gn. 

N e u e r t  he1 ez.5, t. h e  f requenc  i e s  o f  e r r o r s  a r e  i mpor t  artt i n t errns 

o f  how s t r o n g l y  t h e  u s e r s  w o u l d  l i k e  t o  haue s u c h  c a p a b i l i t i e s  

a u a i  l a b l e .  

The des  i g n  and  gu  i dance  o f  t. h  i s  e x p e r  i m e r ~ t  a1 r e s e a r c  h 

i s  due t o  Dr .  B. Thompson. The e x p e r i e n c e  w i  t.h e a r l  i e r  wet-=.ions 

and  a d i f f e r e n t  s e t t i n g  o f  t h e  e x p e r i m e n t  h a s  g r e a t l y  i n f l u e n c e d  

t h e  r e s u  1  t s  h e r e .  Dr .  Thompson's qua1 i f i c a t  i ons  a s  a  1  i n g u i  s t  

and  f a m i l i a r i t y  w i t h  t h e  HEL System f r o r i ~  i t s  i n c e p t i o n  h e l p e d  

t h e  team awcli d  r e s u l  t s  t h a t  c o u l d  o t h e r w i  se  have  t1eer-t bc~gus. 

e i  t . he r  1  i n g u i  st. i c a l  1  y u r  coritput a t  i or ta l  1 y.  The d e f  i rti t i ve t -e l : t~ r t  

on  t .h i  s  r e s e a r c  h was pt-rbl i s h e d  i n  t h e  p a p e r  CThclri~ps.on 861. 

1.3 Elesul t s :  E x p l  anat. i cln o f  C a t e y o r i  es,  w i t h  Sampl e s  

I n  o r d e r  t o  make sorite sense  o u t  o f '  a1 1  t.he r e s u l  ts. t h a t  

were g e n e r a t e d ,  we need  t o  f i n d  a way o f  c  1  as5.i f i rtg t h e  e l  ementr. 

o f  comnrurti c a t  i on t .hat  were c ~ t ~ ~ e r ~ e d .  The n a t u r a l  t ~ r - eaks  i n  

c  o r t v e r s a t  i c1t-1, i r td i  c a t  a d  b y  u a r  i ous  m e t  hods. i n t. h e  v a r  i ous  modes, 

d i  u i  de t h e  p r o t o c o l  s i nt.0 t.t'tese e l  eritet.tt,=. t .ha t  we want t o  

c 1  a=.=. i f y.  These b r e a k  s  i nc 1  crde: pauc.ez., changes  o f  s p e a k e r ,  

changes  i n t o n e ,  purtc t crat. i ort and sut~rtt i ss. i on o f  art i n p u t  t. o  

e i t h e r  t h e  t e l e t y p e w r i t e r  pvogram i t r  t h e  HEL syst.em. T h i s  

set t i or1 w i 1 1 d e ~ c r  i tte t. h e  c a t  e g o r  i es. t, h a t   ere deve  1 oped  f rom 

observat ,  i on  o f  t h e  p r o t o c o l  s ,   hi ct-I w i  1 1  i rtc 1 ude t h e  1 a r g e r  

d i  v i  s i  ons  o f  s e n t e n c e s  and f ragrnent.s. 

T y p e r  o f  messages and d i  a1 ogue p a t t e r n s  f l 'lars.ha1 1 803 w i  1 1  

a1 so  t ~ e  d i  sccrs.5.ed. These a r e  h i  g h e r  1  e ~ e 1  cot-1~ept.z. and p r o v i  de 

sorite i n s i  ght. a s  t o  huh1 p e o p l  e  g e n e r a l  1 y s t  r u c  t u r e  

c o n v e r s a t i o n s .  F( wtessage i s  t h e  t,et-nt that .  w i  1 l tle u s e d  t o  
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i n d i c a t e  any speech o r  t ypewr i  t t e n  cornu~ur~i c a t  i on t h a t  has been 

s e n t  by  one i n d i v i d u a l ,  w i t h o u t  i n t e r r u p t . i o n  by  t h e  o t h e r  

p a r t i c i p a n t .  Examples o f  a1 1  t h e  t y p e s  o f  f r a g m e n t s  i n  c o n t e x t  

w i l l  be seen i n  t.he examples o f  t y p e s  o f  messages, wh ich  w i l l  be 

g i v e n  a f t e r  t h e  d e f i n i t i o n  and d i s c u s s i o n  o f  f ragmen t  t ypes .  

A l l  t h e  examples i n  t h i s  c h a p t e r  ( i n c l u d i n g  t h e  one a t  t h e  

open ing )  a r e  f r o m  t h e  a c t u a l  p r o t o c o l s  t h a t  were g e n e r a t e d  i n  

t h e  expe r imen ts .  

1. 3. 1 Sent ences 

What. i s  a  sen tence?  F o r  o u r  ana l  y s i  z., we tclctk sen tences  t o  

be t h e  s t r i  ngc. t h a t  were grammat, i c a l  1 y r .entences as d e t e r m i  ned 

by  t h e  i n d i v i d ~ t a l  c x p e r i  ment.ers. A 1  1 o f  t h e  c x p e r i  ment.ers had 

had expe r  i enc e  w i t h t r a n s f  ormat i o n a i  grammar, a d  t l ie no: i cn o f  

sen tence  i 17 pt- i  ri~at-i 1 y s.ynt.ac t. i c a l  t e r m s  was used t o  pt-ori~ot e 

c o n s i  s t e n c  y arrrong t h e  g a t h e r e d  da ta .  A f a c t  t, h a t  i s  perhaps. 

l i n g u i s t i c a l l y  i n t e r e s t i n g  and c e r t a i n l y  c o r i ~ f c l r t i r l g  f a r  t h e  sake 

of  t h e  e x p e r i  merit W ~ S  that .  t h e r e  was v i  r t .ua1 1 y ncl d i  sagreement. 

as t o  what c o n s t i t u t e d  t h e  syn tac t .  i c  p a r t  o f  speech sentence.  H 

few e x c e p t i o n s  were made t o  t h i s  g e n e r a l  r u l e ,  wh ich  w i  1 1  be  

d i s c u s s e d  i n  t u r n .  

There  were t i t 1 0  p r  i rf1ar.y t. yj:les o f  set-~t. e r~c  es  cons i d e r ~ d  i n  

g a t h e r i n g  s t a t i s t i c s  i n  t h e  f i r s t  t c l o  ri~odes. T h e ~ e  t y p e s  uet-e 

f u r t h e r  scrbdi u i d e d  i n  t h e  t .h i  r d  ri~ode i r-I order- t o  g a i n  n~ot-e 

i n f  ormat i on on t h e  REL syst. em.. The t. wo p r i  rnary t y p e s  were < 1 )  

t h e  st. andard  s e n t  enc e  i nc 1 ctd i ng st. at. eri~ent. E., c ortireands and 

ques t  i anc.; and ( 2 )  a  u a r i  an t  t.,.ihi c h  a1 ri10s.t f i t. ( 1  > b u t  seemed do 

be soritehow t ransposed .  The f i r.st t y p e  was. 1 i l:e one o f  t h e  

f o l  l o w i n g :  



A:Hs f a r  a s  we ' re  c o n c e r n e d  i t ' s  e f f i c i e n t l y  packed.  
A :  Why don ' t  we j u s t  p u r e e  a1 1  t h c s e  t h i n g s ?  
1:Put them i n  a b l e n d e r .  

The t r a n s p o s e d  s e n t e n c e s  a r e  t h e  segments  o f  c  ommutii c a t  i on 

t ha t .  h a v e  a1 1  t h e  r i  g h t  p a r t s  t o  b e  a s e n t e n c e ,  b u t  a r e  j u s t  o u t  

o f  t h e  s t a n d a r d  o r d e r ,  5.0 that  t h e y  seern s l  i g h t  1 y  t r a n s p o s e d .  

These b r i n g  t o  m i n d  t h e  k i n d  o f  speech  us.ed t ly t h e  c h a r a c t e r  

Yoda i n  t.he m o v i e  "The E m p i r e  S t r i k e s  Back "  CKasdan 883: 

A: I n c h e s  i t  s a y s  on  t h e  f r o n t .  
1 :Those I need  n i n e  o f .  
A:What y o u  need, I c a n ' t  g i v e  them t o  you. 

B o t h  t y p e s  o f  s e n t e n c e s  were c o u n t e d  a s  sent .ences i n  t h e  

s t  at i st .  i c  s  f o r  t h e  p e r s o n - t  CI-person modes.. 

The except, i o n s  t o  t h e  g e n e r a l  s y n t a c t i c  r u l e  a b o u t  

s e n t e n c e s  were who 1  e  s e n t e n c e s  t h a t  rnak e  up  c  e r t  a i  n  cornrnon 

" p h a t  i c "  p h r a s e s  ( t o  b e  de f ' i  n e d  spec i f i c a l  1 y 1  a t e r .  > Exampl e s  o f  

t h i s  ar-e phras.es s u c h  a s  " y o u  know" and  "wa i t .  a m i  r ~ u t e " .  

The f u r t h e r  s . u b d i v i s i o n s  o f  s e t - ~ t e n c e s  t h a t  were made i n  t h e  

t h i r d  mode f o r  s t a t i s t i c s  were  d i v i s i o n  o f  s e n t e n c e s  i n t o  

c o ~ ~ m a n d s ,  s t a t  er f~ent  s and  quest. i ons.  S u t ~ d i  v i  s i  orl o f  each  o f  

t t-1e5.e was made i n t  o r a t  e g o r  i e s  u s  i n g  p ronouns ,  quan t  i f i e r s ,  

c o n j u n c t  i o n s  and  r e l a t i v e  clau=.e=.. Each  o f  t h e  q u e s t  i o n s  was 

f u r t h e r  s u b d i  v i  ded i nt.o c 1  a s s e s  i n d i  cat. i rlg whet.her t h e y  were 

wh-quest  i ons  o r  n o t .  The o r a n s p o s e d  sent.enc e s  t h a t  occu t - red  i n  

t h e  human-t o-c c~ r i ~pu t  ~ t -  rtic~de were not. c o n s  i d e r e d  as. =.et-~t. e r ~ c  E.S, hut. 

were c o u n t e d  as. ~ y r ~ t a x  e r r o r s . ,  u h i  c h  i tic 1 uded t l c l t h  t h e  i d e a s  o f  

e x t  ra -g rammat  i c  a1 <beyond  t. h e  grari~rtrar o f  t h e  c.ystem> and 

u n g r a r n r t ~ a t i c a l  C c ~ u t s i d e  t h e  grammar o f  t h e  e x p e r i m e n t . e r >  

e l e m e n t s .  On1 y t h e  s e n t e n c e s  t h a t  wo rked  were c o u n t e d  a s  

sentences. .  H e r e  . a r e  s . eve ra l  exarnpl e s  o f  gaud =.et-lt. enc es.: 

WHHT I S  THE HEMHIt4It4G AHEH OF THE MEZZHt4INE DECK OF THE HLHMO? 
L I S T  THE DECKS OF THE ALRMO. 



L I S T  HEIGHT OF EHCH CONTENT WHOSE CLASS I S  CLHSS I V .  
WHAT I S  THE SQUHRE FOOT CAF'HCITY OF EHCH DECK OF THE HLHMO? 
L I S T  LENGTH, WIDTH HND HEIGHT OF EHCH CONTENT NHOSE CLASS 
I S  HEMUNITION. 

1.3.2 F r a g m e n t s  

F ragment  s  i nc 1  ude a1 1 t h o s e  e l  ement s  o f  c ornriiuni c a t  i on  t h a t  

do  n o t  c o u n t  a s  sent .ences.  T h i  s  1  a b e l  i n g  o f  f r a g m e n t  t ypes .  h a s  

tteen d e v e l  oped  b y  t h e  soc i o l  i n g u i  st. i c s  c  1 a s s e s  at Gal t e c h  

i n v o l  wed i n  t hese  expe t - i  ments ,  u n d e r  t h e  g u i d a n c e  o f  Dr .  B. 

Thompson. The f r a g m e n t  t y p e s  f i t i n t  o  t h r e e  c a t  e g o r  i es:  

s e n t e n c e  f r a g m e n t s ,  t e r s e  f r a g m e n t s  and p h a t  i c  f r a g m e n t s .  

S e n t e n c e  f r a g m e n t s  a r e  t h e  f t-agment t y p e s  1 n t . e r r u p t  i on, 

T r u n c a t i o n ,  Fa1 s e  S t a r t  and Cumpl e t  i on. F o r  t h e  t e r s e  f r agmen ts .  

WE. have  Tet5s.e DUQS~.  i on, Ter5.e Rep 1 y,  Hdded I n f  or-.ri~at, i on, T e r s e  

I n f  r-~ l rma?.  i on, Echo and  Clarrec t i on, The p h a t  i c  f t-agri~ent 5. a r e  

Pha t  i c s,  Phat. i c Connect. o r s  and  T a l  k i n g  t o  Se 1 f .  

Because a n y t h i  n g  t h a t  d i  d  n o t  p a r s e  i n  t .he hurnan-to- 

compu te r  mode was n o t  c o n s i d e r e d  t o  b e  a  =.ent.ence, t h e r e  were 

s e u e r a l  c a t . e g o r i  e s  o f  error...  Tt7er.e a r e  n o t  n e c e s s a r i  1 y 

f r a g m e n t s ,  and  some w o u l d  h e  s e n t e n c e s  i f  t h e  REL s . ) j s t e ~ ~  

a c c e p t e d  a l l  o f  E n g l i s h .  These a r e  c o n s i d e r e d  a s  e r r o r  

f r a g r t ~ e n t s .  Sta t .  i s.t i c s  for -  t h e s e  fr-agr i~ents.  were cornpi 1  e d  on1 y 

f o r  t h e  human- to -compute r  p r o t o c o l  s. E r r o r  f ragrnent.s a r e  

v o c a b u l  at-.)), = .pe l  1 i ng,  s y n t a x ,  punc t .ua t  i on,  t r a n s n ~ i  =.r.i on, 

unexpec t e d  i nput. ,  d e f  i n i  t i on  f o r r i ~a t .  at id bug. 

1 .3.2.1 Pha t  i c  F r a g m e n t s  

P h a t i c  comr i~u t i i ca t . i on  h a s  i n  t h i s  c o n t e x t  a m o d i f i e d  n o t i o n  

o f  Ha l  i nowsk i ' 5 .  E M a l  i now5.k i 463 t e rm .  LlJe have  ext .ended t h i  z. 1.0 

rileart a r ~ y  f c ~ r r n  c i f  c ornri~un i cat. i on  t h a t .  i E. p r  i rnar i 1 y f o r  keep  i n g  

open  t h e  c h a n n e l  o f  cummunicat  i o n .  This.  ri~a).~ b e  lrli t.h one wo rd  
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responses  t h a t  do n o t  answer ques t  i ons, o r  i t  may be w i t h  f u l  1 

s e n t e n c e s  t h a t  have a c q u i r e d  a p h a t i c  s t a t u s  f r o m  t h e i r  common 

usage < a s  i n  t h e  except. i o n s  t.o sen tence  above. ) There  a r e  t h r e e  

f r a g a e n t  types. that .  have been c 1 a=.=. i f i  ed as  phat. i c fragment. s, 

due t o  t h e i r  pha t  i c n a t u r e  i n  commctni c a t  i on. 

Ma1 i nowsk i ' s  oerm i s  u e r y  s i  m i  1 at- t o  o u r  n o t i o n  o f  phat  i c 

messages ( see  be1 O W .  ) T h i s  d i  s t  i nct, i on was made tlecause even 

w i t h i n  pha t  i c  communica t ion  many o f  t h e  o t h e r  t y p e s  o f  f ragmen ts  

and a1 so sen tences  occu r .  The f ragmen ts  d i  scussed h e r e  a r e  

t h o s e  t h a t  g e n e r a l  1 y  have no o t h e r  use t hart t h e  pha t  i c one. 

The f i r s t  o f  t h e s e  f r a g m e n t s  t h a t  we w i  1 1 d i  scuss  i s  what. 

has been c a l  l e d  t h e  s i m p l e  pha t  i c ,  o r  pha t  i c  f o r  s h o r t .  T h i s  

cor1s.i s t= .  p r i r n a r i  1 y o f  i n t . e r j e c t  i o n s  t h a t  a r e  n o t  p a r t  o f  a  

sentence,  b u t  o f ~ e n  p recede  a sentence.  Such i n t e r j e c t  i 071s 

i n c l u d e :  ok, idel 1 ,  yeah, urn, uh, and a1 1 t h e  5.0 c a l  l e d  f o u r  

l e t t e r  ~ o r d s . .  tJar11c~. a r e  o f t e n  used as pha t  i c s  a1 so .  Thei t -  

p t - imary f u n c t i o n  i s  t o  acknowledge t-ecept i o n  c i f  a  message o r  t o  

keep t h e  " f l o o r "  t o  one's s e l f .  They may al5.o s e r v e  t o  i r1dicat.e 

some shad i  rtg o f  meawi ng  t o  t. he current ,  sen tence .  

These s i m p l e  phat. i c s  a r c  o f t e n  c l u e s  t h a t  d i f f e r e n t i a t e  

t l e t k ~ e e r ~  v a r i  ous sub-d i  a1 e c t s ,  wit. h c e r t a i  r~ ones g s i  r ~ g  i rt and out. 

o f  f a s h i o n  o v e r  t h e  yea rs .  Some p o p u l a r  phat. i c s  o f  t.he p a s t  and 

p r e s e n t  a r e  1 i s t e d  h e r e  t o  g i v e  a b e t . t e r  i d e a  a f  t h e  n o t  i o n  o f  a  

phat  i c word o r  phrase:  swel 1 , groul..jy, f a r  out., o k - f  i ne, t o t  a1 1 y,  

f ' o r  su re .  

The n e x t  f ragritent t y p e  i s t h e  phat. i c  cortrsect o r .  Phat i c  

conr~ec t .o rs  a r e  words. used t o  s t r i  ng  s.er-it et7ces. cur ot.het- f r a g r i ~ e n t  s  

t o g e t h e r  ir1t.o run'-on sentences.  They a r e  used i n  a  phat. i c  

set-tse, t o  mai n t a i  n t h e  " f  1 o o r "  f ' o r  t h e  speaker- t le t  ween sen t  cnces 
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tha t  c o u l d  have  o t h e r w i s e  been  separa t .ed .  Words t h a t  a r e  used  

a s  p h a t  i c  connec t . o r s  i nc 1 ude:  and, o r ,  s i  nce,  because  and so. 

The f i n a l  f r a g m e n t  that  c a n  t le c o n s i d e r e d  p h a t i c  i s  t a l k i n g  

t.o s e l f .  T h i s  i s  u e r t ~ i  age that  t h e  s p e a k e r  rilay o r  may n o t  have  

i n t e n d e d  t h e  o t h e r  p a r t i c i p a n t  t o  h e a r .  I t  i 2. t h i n k i n g  o u t  

l o u d ,  and  may s e r v e  o n l y  t h e  f u n c t i o n  o f  k e e p i n g  t h e  h e a r e r  f rom 

t a l k i n g  w h i l e  t h e  s e n d e r  i s  t h i n k i n g .  I n  t h i s .  sense  i t  Se rves  a  

p h a t  i c  p u r p o s e .  T a l  k  i n g  t o  s e  1 f was g e n e r a l  1  y enc o u n t  e r e d  when 

one  o f  t h e  p a r t .  i c i pant,=. was. d o i  n g  c a l  c u l  a t  i on5 arld was t a1 k  i ng  

t o  h i  msel  f about. t h i s .  T h i s  f ragment .  o c c u r r e d  ( o r  more c o r r e c t  1  y,  

was. r e c o r d e d )  on1 y  i n  t.he f a c e - t o - f a c e  m ~ d e .  

1 .3 .2 .2 T e r s e  Ft-agment.s 

The t e r s e  f r a g r i t e r ~ t . ~  a r e  t h e  e l  1 i p t  i c a l  f ragment .8 .  They 

c o n s  i s t  p r  i m a r  i 1 y  o f  nour l  p h r a s e s ,  t tu t  oc c  as  i a n a l  y have  more o f  

t h e  e l  1  i p t e d  s e r ~ t e n c e  p r e s e n t .  Ter5.e f t -agr i~et- l~s.  a r e  = .~ r i ~e t . imes  

d i f f e r e n t i a t e d  by t h e i r  u s e  r a t h e r  than t . h e i r  s y n t a x .  I n  t h e i r  

res .pec t  i u e  d i  f f  e r e n t  c o n t e x t s ,  t h e  d i  f f e r e n t  t e r s e  f r a g m e r ~ t s .  

w i 1 1  e l  i c  i t a p p r o p r  i at. e  r e s p o n s e s  i n t h e  r e c e  i vet-, i n sp i t.e o f  

t h e i r  s y n t a c t i c  s i r i l i  l a r i t y .  

The u s e  o f  t . e r se  f r a g n i e n t . ~  i s  otie u f  t h e  nlai rl d i f f e r e n c e s  

b e t  ween cu r re r l t .  n a t u r a l  1  arlguage i.yc.temc. and hurrlan i n t e r a c t i o n .  

I t  i s  t.he way p e o p l e  adapt. t o  t h e i r  p ro t t l em  and s t r eam1  i n e  

c  o n v e r s a t  i c ~ n a l  i n t  e r a c  t i on. St. crd!y i t-112 t. hese  f r a g m e n t s  h a s  

g i  ven  ar~ i d e a  o f  t, he  g e n e r a l  u=.e o f  e l  1  i p t  i c a l  conc.t.ruc t i ons.  

These f ragmer1t.s. cctuer t h e  a r e a s  o f  e l  1 i p t  i c  q u e s t  i on, answer ,  

mod i f i c a t  i on, c  o n f  i rmat, i on and c o r r e c  t i ot-I. 

The t . e r se  q u e s t i o n  i s  s i m p l y  a n  e l l i p t i c a l  q u e s t i o n ,  and 

t h e  t er5.e r e p l  y  i s j u s t  an  e l  1 i pt, i c a l  r e p l  y .  Added i nf'ot-mat i on 

i s  a  k i n d  o f  e l l i p t i c a l  m o d i f i c a t . i o n ,  a n  a d d i t i o n  o f  a  r e l a t i v e  
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c  1 ause  o r  o t  h e r  rnctdi f i e r  t o  make more  ex^:^ 1  i c i t a  p r e v  i ous  

s t a t e m e n t .  Echoes  a r e  a n  e l  1  i p t  i c a l  f o r m  o f  c o n f i r m i n g  t h e  

r e c e p t  i on  o f  p r e u i  ocrs i nforrnat.  i on. (Echoes  o f  whctl e  s e n t  ertces 

were n o t  c o u n t e d  a s  echoes . )  A c o r r e c t . i o n  i s  what f o l  l o w s  a k i n d  

o f  ser,rant i c  f a l s e  s t a r t . ;  r a t h e r  t h a n  e d i t .  i n g  t h e  s t r u c t u r e  o r  

r epea t .  i n g  p a r t s  o f  t h e  c u r r e n t  set-rt.ence, i t changes  t h e  

i n f o r m a t .  i o n  t ha t .  i s  b e i n g  g i v e n  b y  r e ~ : l l  ac i n g  one o f  t.he p r e v i o u ~ .  

noun  p h r a s e s  that  i t  c o n t r a d i c t s .  

The o t h e r  t . e r se  f r a g m e n t  i s  t e r s e  i n f o r m a t i o n ,  I t  i s  b e s t  

u n d e r s t o o d  i t~ c  o n t  e x t  . T h e r e  a r e  s e v e r a l  i n s t  arrc ss i n t h e  

exarrlp 1 ei-s o f  nles=.age t y p e s  and  t h e  e:;tertded anal y s  i s exampl e  i r r  

a p p e n d i x  2. I t  may tte a k i n d  o f  t e r s e  r e p 1  y  t.o a n  a=.=.urired 

q u e s t i o n ,  o r  j u s t .  a noern p h r a s e  p r i o r  t o  a f u l  1 s e n t e n c e  t h a t  

S E . ~ V Q . S  to set, t h e  f oc i ; s  of  +". e ,re 55': : tEFiCE'.  

1.3.2. 3 S e n t e n c e  F ragmen ts  

The s e n t e n c e  f ragrhent. s  a r e  t h e  f ragrnent. s t. h a t  have  more t o  

do w i t h  s e n t e n c e s  t.han t.he noun  p h r a s e s  f o u n d  i n  t .he t e r s e  

f ' ragments .  The s e n t e n c e  f r a g m e n t s  a r e  a l s o  n o t  u s e d  as. t h e  

p h a t  i c f ragnre r r t s  a r e ,  b u t  o f t e n  s e r u e  t o  keep  t h e  charr t ie l  o f  

c  c~rnrncrrr i  c a t  i o n  open  a s  t h e  s.erider ent jsavocrrs t o  f o r m  a  c  ori11:ll at, e  

sent .ence o r  t h e  r e c e i  u e r  t o  compl &t e  a n  abandot-red set-rt.ence. 

These f r a g m e n t s  c a n  be  s u t l d i v i d e d  i n t o  atlandoti ir-rg and cori11:lleting 

t y p e s .  

The abandon i  rrg t y p e s  a r e  i nt.errcrpt. i ons, t r u n c a t .  i ctns and 

f a l s e  s t a r t s .  (These  a r e  t .he or11 y c a t e g o r i e s  t h a t  qua1 i f y  a s  

a c t u a l  speech  e r r o r s .  ) An i n t e r r u p t  i on  i 5. k~het-I a  ~ p e a k e r  i s 

i n t e r r u p t e d  t ly t h e  second  s p e a k e r  and atlanduns. h i s  s e n t e n c e .  

T h i s  r e f e r s  t o  t .he f r ag r i ~e f i t  o f  a  s e n t e n c e  t.hat was i nt errut:rted, 

n o t  t h e  one t h a t  i nt e r r u p t e d .  A t r u n c a t .  i on  i s when t h e  s.t:~eaker 
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abandons h i s  s e n t e n c e  w i  t hc tu t  any p r o v o c a t  i on. The d i  f f e r e n c e  

be tween  t hese  t . ~ o  was u s u a l  1  y c  1  e a r ,  and  i n  p l  aces  o f  c o n f u s i o n  

t h e  t a p e s  c o u l d  tte u s e d  t o  d e c i d e  w h i c h  was t h e  p r o p e r  

c a t e g o r y .  Fa1 s e  5 . t a r t s  a r e  t h o s e  f r a g m e n t s  1  e f t  o u t  when a 

s p e a k e r  abandons  t h e  f i r s t  s t a r t  o f  a s e n t e n c e  and t.hen 

c o m p l e t e s  t h e  s e n t e n c e .  T h i s  may i n u o l v e  any  v a r i e t y  o f  ways o f  

b a c k i n g  up  and t h e  c o m p l e t i o n  may s t a r t  i n  t h e  m i d d l e  o f  t h e  

s e n t e n c e .  

The on1 y c o m p l e t i n g  t y p e  o f  s e n t e n c e  f r a g m e n t  i s  t h e  

c o r i l p l e t i o n .  A c o m p l e t i o n  i s  j u s t  what. t h e  name i m p l i e s ,  w i t h  

t h e  r e s t r i c t .  i o n  that  t h e  c o m p l e t i o n  i s  n o t  made by  t h e  o r i g i n a l  

s p e a k e r ,  irt-11 e s s  i n t . e r r u p t e d  b y  t h e  o t h e r .  Ccln~pl e t  i 013s a r e  

c o m p l e t . i o n s  o f  t , r unca t i o t i s ,  o r  i n  t h e  r a r e  case ,  a f  

i n t e r r u p t  i ons.  

1 . 3 . 2 . 4  E r r o r  F r a g m e n t s  

I n  t h e  hurttan-t U-c omput. t'r mode t. h e  =.uhmi 2.5. i on=. t. h a t  d  i d  r10t 

p a r s e  and  e v ~ l  u a t e  t o  cornpl e t  i on  were  c o n s i  d e r e d  e r r c ~ t %  f ragnient  5. 

and ware c l a s s i f i e d  a s  s u c h  even  when some wou ld  be  c o n s i d e r e d  

c  omp 1 e t  e  s e r ~ t  enc en. i n 0r1F o f  t h e  o t h e r  modes. The c a t  e g o r  i e s  

g i v e  =.ortie i n d i c a t i o n  a:. t o  t h e  reasctn why t h e  i n p u t  d i d  n o t  

r e a c h  c o m p l e t  i o n .  S i n c e  a1 1 o f  the5.e c o u l d  b e  c a l  l e d  s y n t a x  

e r r c ~ r s ,  ~i t 1-1 t.he except .  i ctr~ ctf t h e  t r a n = . ~ ~ i  s s i  c ~ n  and hug  e r r o r $ . ,  

t h e  c.3t .egory of '  s y n t a x  e r r o r  was r e = . e r v e d  for-  t h o s e  e t - r o r s  t h a t  

d i d  n o t  f i t  i n t o  arly o t h e r  c a t e g o r y .  

R punc tua t .  i o n  e r r o r  was one t h a t  i n v o l v e d  on1 y  

punc t uat. i on. The clef i n i  t i on  f orrnat e r r o r  was any e r r o r  t. h a t  

occut- . red when t h e  s u b j e c t  was a t t e m p t  i r19 t c ~  add a J e f  i n i  t i on. 

Unexpec t e d  i n p u t  e r r o r s  happened when t.he c.ictl j a c  t f a i  1 ed  t o  
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answer a  pt50rrtpt t h a t  expec ted  a  par-t i c u l  a r  f o r m a t ,  e. g. "There  

a r e  128 1 i nes i n  y o u r  answer. How many do you want?" .  

Vocabu la ry  e r r o r s  were any e r r o r s  r e s u l t .  i ng f r o m  t h e  use o f  

a word t h a t  was n o t  i n  t h e  u o c a b u l a r y ,  wt-tether o r  n o t  t h i s  word 

was m i s s p e l l e d .  I n  o r d e r  f o r  an e r r o r  t o  be a  s p e l l i n g  e r r o r ,  i t  

must have beet? a  m i  s s p e l  1 i ng o f  a  word i n  t h e  vocabu l  a r y .  

S e v e r a l  t ransm i s s  i on e r r o r s  were generat.  ed due t o  t h e  f a c t  

t h a t  i n  some o f  t h e  human-to-comput e r  e x p e r i m e n t s  t h e  p a r i  t y b i t  

on t h e  t e r m i n a l  was s e t  i n c o r r e c t  1 y .  Once t h e  s o u r c e  o f  t h e s e  

e r r o r s  was 1 oca ted ,  t h e y  ceased t o  occu r .  E r r o r s .  genera ted  frorn 

t h e  u s e r  e r ~ c  ount  e r  i ng a  bug i n t h e  5.ys.t em were c a l  1 ed bug 

e r r o r s .  These r e t u r n e d  a  d i f f e r e n t  d i  a g r ~ o s t  i c f r o m  t h e  o t h e r  

e r r o r s ,  .and t h u s  c o u l  d  be d i  st. i ngu i  shed f rom t.hem. Seve ra l  

i n t e r e s t i n g  p h a t  i c s  were r e c o r d e d  when t h e  user  h i  i a more 

s e r i  ouc. bug, i . e. one t h a t  woul d  not. 1 e t  h i  rn escape, and t h e ~ e  

were r e c o r d e d  as  pha t  i c s .  

I t  s h o u l d  be ment i oned h e r e  t h a t  t h e r e  wet-.e s e v e r a l  

c a t e g o r i e s  o f  f r a g m e n t s  t h a t  gave e r r o r s  b u t  were n o t  c o n s i  de red  

e r r o r  f ragrnent s, kt i t h t h e  phat. i c a1 r e a d y  he i rig atertt. i oned. Other  

f r a g m e n t s  t h a t  p roduced e r r o r s  b u t  were r e c o r d e d  as  i n  t h e  o t h e r  

modes were f a1 se  s t a r t s  artd t r u n c a t .  ions.. These cart be 

d i  s t  i n g u i  =.tied f r o m  each o t h e r  on1 y  i n  cot i te>;t .  I f  t h e  user- 

cor i t . i r iued w i t h  a s i m i l a r  sent.ence i t  was a  f a l s e  s t a r t ;  i f  t h i s  

sentenc e  wa.. atlandoned, i t w a s  a  t runcat .  i on. Tt-tere were a1 so 

two f r a g m e n t s  t h a t  worked i n  a  reac.ot-table f i t -s t -at . ter i tp t  marltier 

f o r  wh ich  s t a t i s t i c s  were t.al::en: t e r s e  quest. i o n  arid t e t " ~ e  r e p l y .  
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1.3.3 Message Types 

I n  a more e x t e n s i v e  paper  about  t . h i s  same exper imen t  

CMarshal 1 803, messages have been c 1 ass  i f i ed i n t  o f o u r  t ypes i r~ 

a s t u d y  o f  d i  a1 ogue p a t t e r n s .  These t y p e s  a r e  d a t a ,  

meta language,  pha t  i c and m i  xed. The d i s t i n c t i o n  between t h e  

t y p e s  i 5 t h e  n a t u r e  o f  t h e  d i  a1 ogue. The d a t a - t  ype mebsages a r e  

p r  i mar i 1 y f o r  t h e  t r a n s f e r  o f  d a t a .  The met a1 anguage-t ype i s 

f o r  m e t a - l e u e l  d i s c u s s i o n ,  c o n s i d e r a t i o n  o f  v a r i o u s  ways o f  

a p p r o a c h i n g  t h e  p r o l l  em. Phat. i c messages a r e  messages o f  a 

soc i a1 n a t u r e ,  t h a t  o f t  en s e r v e  as  t r a n s  i t i ons b e t  ween o t h e r  

message t y p e s .  Thus t h e  phat. i c t y p e  messages S B P L ' ~  t h e  pha t  i c  

f urtc t i on as d i scus=.ed atlove. M i  xed messages a r e  t h o s e  ri~essages 

t h a t  a r e  n o t  predomi nan t  1 y any o f  t h e  o t h e r  t. ypes. 

R know1 edge o f  t h e  n a t u r e  o f  message t y p e s  i s  necessa ry  f o r  

t h e  i n t e l  1 i gent  d e s i g n  o f  hat t i  t a b l  e systems.  T h i s  i s becauz.e o f  

two c onc 1 u s  i clns f r o m  Marshal  1 ' s  paper .  F i rc.t., tha t .  a1 1 roe=.sage 

, t y p e s  use f rayrnents and t h e  d a t a  t y p e s  haue t.t-~e h i g h e s t  

p e r c e n t  age of f ragmen ts .  Second1 y, t h a t  t h e  p r o t o c o l s  t h a t  

f i rli =.Pled most o f  t h e  t a s k  had t h e  t-~igt-1e5.t p e r c e n t a g e  o f  d a t a  

t y p e  messages. From t h i  s i t  may be conc 1 uded that .  h a b i  t a b l  e 

systems shou l  d p r o u i  de f o r  t h e  common f ragmen t  fo rms.  

Exampl es a r e  g i  ven h e r e  o f  a1 1 t h e  message t y p e s ,  show i ng 

each of t h e  f ragmen t  f o r m s  i n  c o n t e x t .  The comnsent.ary i t i  c u r l y  

b r a c k e t s  i s  t h e  t y p e  o f  f ragmen t .  

Abbreu i  a t  i o n s :  

S Sentence A1 Rdded I n f o r m a t  i on 
P Phat  i c  T I  Terse  I n f o r m a t i o n  
PC Phat  i c Connec t o r  CR C o r r e c t  i on 
SF T a l k i n g  t o  S e l f  I I n t e r r u p t  i o n  
TQ Te rse  Quest i o n  TN T r u n c a t  i c ~ n  
TR Terse  Response FS Fa1s.e S t a r t  
E Echo CM Cornp 1 e t  i o n  



METRLRNGUAGE 

R:So, you've g o t  a l i s t  o f  s t u f f  o v e r  t h e r e .  {PC, S >  
1:That ' r .  r i g h t .  I ' v e  g o t  a l i s t  o f ,  I ' v e  g o t ,  CS, FS, Tt4> 
A:2 pages. { CM > 
1: Yeah. { P> 
A: I ' v e  g o t  3 pages. { S > 
1:So i t  won't f i t .  {PC,S> 
A:  Three pages c a n ' t  go i n t o  two  pages. (S > 

1 :Oh yeah, t h e  s u p e r  deck i s .  I have a deck 
h e r e  w i t h  no minimum c l e a r a n c e .  So... 

A :  I t  must be  t h e  o u t s i d e .  
1: Yeah, t h a t  ' 5  o b v i  nus. 
A:As l o n g  as  you  don ' t  go above t h e  mast. 

Perhaps we s h o u l d  use t h a t  f o r  t h e  1 a r g e s t  
o b j e c t s  and t h e n  we c o u l d  s t a c k  thousands o f  
l i t t l e  o b j e c t s  i n  t h o s e  l a r g e  ones. 

1 : I 'vc  got. an i dea. Why don' t  we j u s t  p u t  
e v e r y t . h i n g  -- you know -- c o v e r  t h e  f l o o r  
w i t h  s u p e r  deck at-td s t a c k  e v e r y t h i n g  on 
t o p  o f  i t  -- we're done. 

A : A f t e r  we s t a c k  t h e  p y r o t e c h n i c s  t h i n g  
1 :Le t ' s  go on and use  a d i f f e r e n t .  approach.  

{ S > 
{S>  
CTN, P, S) 

A :  3932 m i  nus 4 t i mcs . . . h e r e ,  do y ~ i i  ~ a n t  t o  kiafiij !SF, FS, S ?  
t h e  c a1 c u 1 a t  o r  o v e r  h e r e ?  

PHATIC 

l :Yes ,  I know I ' m  making a mess. {P, S >  
A: He must, have 1 earned t o  r a t  i n  F l e m i n g  House. { S > 

Tha t ' s  a l l  you  can expec t .  { S > 
l :Rndy,  you have a j o b  t o  do. Keep f i 1 1  i n g  up CP, S, S >  

t h a t  deck. 

DATH 

1:The Rlarno, huh, where a r e  we g o i n g  w i t h  t h i s  t ioa t?  
A: J u s t  s h i p  them t o ,  uh, 
1 : Remember t h e  A 1  amo? 
R:OK, how about  a, how about  u t  i 1 i t y  t,ruck M676? 
1 : I  need two  o f  t hose .  
A:You need t.wo. HI  1 r i g h t ,  one t h i n g  l e f t .  
1 :On ly  one u e h i c l e  l e f t ?  
A:CIne v e h i c l e  l e f t  and t.h.at's a t r a i l e r  u t i l i t y  F2W. 
1 : T r a i l e r  u t i l i t . ) ~ ?  I ' v e  go t  a t r u c k  u t i l i t y  F21d. 
A:Oh, we1 1,  t h a t ' s  d i f f e r e n t .  TRLR F2W. 

( T I  ,P, S >  
CTt-4, P> 
( S >  
{P, FS, TG!> 
{ S )  
{ S ,  P, A1 > 
{TG!) 
CE, PC, SS 
CE,S> 
CP, P, S, F i I  > 

H:Two w i t h o u t .  { T I >  
1:Yup. { TR > 
A: One s e a i  - t r a i  1 e r .  { T I  > 
1 : S e r n i - t r a i l e r ,  yup one. {E,P,TR> 
A:  10 h o l  i s t . e r  8 i'nct-I 5 t r a c t o r s  M46 w i t h  RUP. { T I  > 
1:M46, uh, N 6 4 ,  you mean. {E ,  P, CR,P> 
R:Rh, yeah, you ' re  r i g h t .  I w r o t e  i t  down wrong. CF,P,S, S >  



1.4 S t a t i s t i c a l  R e s u l t s  

The p r i m a r y  o b j e c t  i u e  o f  t.he expe r imen t  f r o m  t h e  p o i n t  o f  

v i  ew o f  h a b i  t a b l  e  sys tem d e s i  gn was t o  c a t e g o r i z e  t h e  observed 

u t  t eranc e  f r a g m e n t s  and d e t  erm i ne t h e  i r r e 1  a t  i ve f requenc i es. 

Noh1 t h a t  t h e  c a t e g o r i  es  have been d e s c r i  bed, t h e  number o f  

o c c u r r e r ~ c e s  and p e r c e n t  ages w i  1 1 be g i  ven be1 ow i n  t a b l  es 1.1- 

1.8. Tabl  e 1.1 shows t h e  breakdown i nt o  sen tences  and 

f ragment  s. Def  i n i  t i ons i n t h e  human-t o-c omput, e r  mode a r e  a1 so 

i n c l u d e d  i n  t h i s  t a b l e .  I n  t a b l e  1.2, t h e  r e l a t i v e  f r e q u e n c i e s  

a r e  g i v e n  f o r  t h e  f ragmen t  t y p e s .  T a b l e s  1.3-1.6 g i v e  t h e  d a t a  

f o r  pha t  i c , t e r s e ,  sent. enc e  and e r r o r  f ragmen ts .  Break downs o f  

t h e  sen t  enc es  i n  t h e  human-t. o-c ornput e r  mode a r e  1:tresent ed i n  

t a b l e s  1.7 and 1.8. 

Tab l  e  1. 1  : Sentences and Fragments 

Sent encec. 
D e f i n i t i o n s  55 3% 

Tabl  e  1.2: Frag.ment Types 

Tot  a1 5383 
Phat  i c 3467 65% 182 45% 
Terse  1258 24% 186 46% 151 22% 
Sentence 586 11% 33 8% 
E r r o r  453 67% 

Tabl  e  1.3: Phat  i c Fragments 

Tot  a1 3467 
P h a t i c s  

Ta l  k i nu- t  o-Sel f 
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T a b l  e  1.4: T e r s e  F ragmen ts  

Tab l  e 1.5: Sen tence  F ragmen ts  

- 

F a l s e  S t a r t  283 48% 22 67%' 25 83% 
T r u n c a t  i on  252 43% 10 302 5 172 
Compl e t  i on 30 5% 
I n t e r r u  - 1 t  i o n  4% 

T a b l  e  1.6: E r r o r  F rag r f~e t -~ t s  

Mode 
T o t  a1 
T e r s e  Response 
T e r s e  Bue5.t i on  
T e r s e  I n f o r m a t i o n  
fidded I n f o r m a t i o n  
C o r r e c t  i on 

+Echo  

Vocabul  a r y  
Punc t u a t  i on  
S y n t a x  
S p e l l  i n g  
Transmi  s s i  on 
D e f  i t i i  t i oti Format  
Unexpec ted  I n p u t  
Bug 

T a b l e  1.7: Sen tences  ( b y  C o m p l e x i t y >  

H/C 
151 
84 56% 
67 44% 

F/F  
125B 
347 28% 
264 21% 
123 10% 
271 22% 

8 1% 
237 19% 

T a b l e  1.8: Sen tences  ( b y  Format  1 

T/T 
186 
64 342 
35 19% 
51 27% 
27 15% 

9 5% 

Mode 
T o t  a1 
S i m p l e  
C o n j u n c t  i on 
Q u a n t i f i e r  
P ronoun  
Q u a n t ,  and  Cot i j .  
R e l a t i v e  C l a u s e  
Quant .  and  Re1 . C .  
Q u a r ~ t  . , Cot3.j . and R. C.  

Mode 
To t  a1 

H/C 
876 
668 76.3% 

91 10.4% 
62 7 . 1 %  
28 3.22 
18 2. 1% 
7 - 3 %  
1 .I% 
1 ,  . 1 2 ,  

Wh-Quest i ons 
Commands 
S t  a t  emetit s  
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The p r  i rilary i rnpl i c a t  i ons o f  t.he5.e t-esul t s  t o  h a b i  t ab1  e  

n a t u r a l  1 anguage s y s t e r i ~ s  d e s i g n  a r e  t h a t  t h e s e  a r e  t h e  k i n d  o f  

i n p u t s  t o  e x p e c t ,  t h e  k i n d  o f  o u t p u t s  t o  model, and t h e  k i n d  o f  

e r r o r s  t o  p r e p a r e  t o  c o r r e c t .  The s p e c i f i c  d e t a i  1s o f  what t h i s  

has  meant t o  ASK Systtem d e s i  gn  w i  1 1  be  d i s c u s s e d  i n  c h a p t e r  3, 

a f t e r  d e ~ c r  i b  i rig t h e  ot. h e r  g o a l  s r e  1 at, i rtg t o  i mproved 

h a b i t a b i l i t y .  I n  t h e  r e s t  o f  t h i s  c h a p t e r  s e v e r a l  o t h e r  

e x p e r i m e n t s  i n v o l v i n g  p r o t o c o l  a n a l y s i s  and t .heit-  a p p l i c a t i o n  t o  

t h i s  work w i l l  be d iscussed .  

1 . 5  Other  P r o t o c o l  A n a l y s i s  

I t  is ,  f o r t u n a t e  t h a t  t h e r e  a r e  s e v e r a l  r e p o r t s  on 

e x p e r i  metits i n v o l  v i  tig pt-ot.oco1 ana l  yz.i 5 i n  t h e  1 i t e r a t u r e .  

Compariscln w i t h  t h i s  work w i  ! 1 p r o v i d e  t h e  b e n e f i t .  o f  o t h e r  

p e r s p e c t  i u e s  on t h i s  par t .  c ~ f  syst.em des ign .  The work i n  t h i s  

a r e a  b r e a k s  down i n t o  f o u r  r i ~ a j o r  d i u i s i s n s ,  eact-I w i t h  d i f f e r i n g  

goa l  5. and each w i t h  somet.hi rlg t o  c o n t r i  bcrte t o  ha t l i  t a b l  e  n a t u r a l  

1 anguage sys tem des ign .  These f o u r  d i  v i s i o n s  a re :  o t h e r  r e p o r t s  

on t h e  san.~e ex1:ter i r11ent. desc r  i bed i n  t h i s c hapt. e r ,  v a r  i ous 

5 i ~ ~ I L J  1 a t  i ons o f  n a t u r a l  1 anguage sy5.t eri~s., e a r  1  i e r  1 i ngu i  s t  i c 

ca t .ego r i  z.3t i ons bac-.ed on p r o t  o c o l  ana l  yc.i s ,  and p r e u i  ous 

eua l  u a t  i ons o f  e x i  s t i n g  n a t u r a l  12nguage s y s t e n ~ s .  

1 . 5 . 1  Same Exper i ment 

Much more has. been ~ , t r  i t. t. en atlout. t h e  =..iri~e e>::per i merit. 

r e p o r t  ed on h e r e  i n t h e  p a p e r s  CThorf~t:i=.on 881 and [Marsha l  1 883. 

The f i r s t  o f  tt7ez.e papers  i s  t h e  p r i  r11.ar.y repot-t. con b h i  s  

e x p e r i  r i~ent a1 r e s e a r c h ,  and c o n t a i  1-15 a  weal t. h s f  ana l  y s i  5. and t. he 

germ o f  rr1at:y o f  t 'he i d e a s  deve l  n ~ e d  i n  t .hi  s t .hesi s .  The rec.ul  t .s 
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o f  t h e  a.econd p a p e r  and t h e  i ri lport  ant c onc 1 u s  i urns a b o u t  mesc.age 

t y p c s  have  hee t i  d i  s c u s s e d  e a r l  i e r .  

P h a t i c s  wo rds  were f i r s t  d e s c r i b e d  i n  CMarsha l l  761, a 

r e p o r t  o n  an e a r l y  v e r s i  on  o f  t h i s  expe r i r i t en t .  F o u r  t y p e s  o f  

p h a t  i c s  a r e  d i s t i n g u i s h e d  w i t h  v a r y i  n g  shades  o f  riteani ng.  These 

t y p e s  at-e t y p i f i e d  b y  t h e  examples  ok,  we1 1, w a i t  and  no, 

r i ~ean i  n g  t a c i t  a c c e p t a n c e ,  d o u b t f u l  a c c e p t a n c e ,  asl:: i n g  f o r  t i  rile 

and  a p r e f a c e  t o  c o n t r a d i  c t  i o n ,  r e s p e c t  i v e l  y .  These d i  f f e r e n t  

u s e s  d i c t a t e  how p h . a t i c  f r ag r i l en t s  = .hou ld  b e  v i e w e d  b y  t h e  

sys tem.  

I n  a f o r t  PIC omi rig p a p e r  C Thompson 831, t h e  sarile e x p e r  i tilent 

h a s  been  p e r f o r m e d  f o r  a n a l  y s i c .  o f  t h e  u s e  of' p ronouns .  

S t  a t  i s t  i c s  h a v e  been  g a t  h e r e d  on  noun  phrac.es,  p r o n o u n s  .and 

t .ne i  r r e i  at i srtc.. T h i  s s t i i d y  g i  ues  i r i l po r t an t  v a !  ues f o r  t h e  

i n i t i a t i o n  and  u p d a t i n g  ctf t h e  d e g r e e  o f  a c t i u a t e d n e s s  o f  a noun 

phra=.e,  w h i c h  w i l l  be c a l l e d  t h e  s a l i e n c e .  These v a l u e s  w i l l  be  

d i s c u s s e d  i n  t h e  c h a p t e r  on  anaphora .  

1 . 5 . 2  S i  mu1 a t  i ons  

T h e r e  a r e  c .euera l  s i  mu1 a t  i ons  o f  i n t  e r a c  t i v e  huroati 

c ctrnrfiuni cat. i ctt-I f o r  t h e  purp0s.e o f  i rnproved i nt. e r a c  t i on  w i t h 

corilpcrtet-.s r e p o r t e d  a b o u t  i n  t h e  1 i t e r a t u r e .  I n  a n  i n t r o d u c t o r y  

p a p e r  CChapan i s 75 I, s e v e r a l  d i f f eren t .  corrlrtrun i cat. i on mctdas bret-e 

con5.i d e r e d ,  w i t h  t h e  p r i m a r y  r e s u l  t b e i  rrg t h e  dependence o f  t h e  

t i rite of' coritpl e t  i o n  on  t h e  mode. The t i  we i ncreac .es  a s  f e u e r  

means o f  c o m m u n i c a t i o n  a r e  a v a i  1 a b l e .  T h i s  m.hc~ws t h a t  t h e  

a d d i  t i on  o f  o t h e r  cornriluni c a t  i on  f o r m s  w i  1 1 a i  d t h e  u s e r ,  s.uc h a s  

g r a p h i c s .  The a n a l y s i s  o f  t h i s  e x p e r i m e n t a l  r e s e a r c h  i s  

expanded  i t i  t h e  r e p o r t s  [Chapan i  s 721 arid CChapani s 771. 
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The dependence of t a s k  c o m p l e t i o n  on t h e  l i m i t a t i o n s  of 

v o c a b u l a r y  was t h e  t o p i c  i n  [ K e l l y  773, w i t h  t.he ma jo r  r e s u l t  

b e i  rig t h a t  t h e  s u b j e c t s  who worked w i t h  r e s t r i c t e d  vocabu l  a r i  es 

s o l  ved t h e  i r p r o b  1 ems as  s u c c e s s f u l  1 y  as  t h o s e  w i t, h  no 

r e s t r i c t i o n s .  However, f r u s t r a t i o n  and o c c a s i o n a l  anger was 

p r e u a l  e n t  among t h e  p a r t  i c  i p a n t s  work i n g  w i t h 1 i rn i  t ed 

v o c a b u l a r i e s ,  showing at. t,he v e r y  l e a s t  t h e  need f o r  system 

a d a p t a t i o n  t o  u s e r s '  i d i o s y n c r a s i e s .  

Rn e x t e n s i v e  s i m u l a t i o n  f o r  d e s i g n  o f  a s p e c i f i c  system i s  

t h e  s u b j e c t  o f  [Ma1 h o t r a  751. The r e s u l t s  h e r e  c o n f i r m  t h e  

f r a g m e n t a r y  n a t u r e  o f  human i n t e r a c t  i on, and p r o v i  de d e s i  gti 

r e q u i  reriient.s. f c1t5 t h e  app l  i cat. i on a r e a  o f  a  management s.)rc.terfi. 

T h i s  paper  i s  an example o f  t h e  k i n d  o f  s t u d y  t h a t  s h o u l d  be 

made t o  f i n d  o u t  what c a p a b i l i t i e s  u s e r s  w o u l d  desire i n  a 

sy5.t em f o r  a  p a r t  i c u l  a r  dnriiai n. 

Another  s  i rnul a t  i on c ompar i ng c.avera1 d i f f e r e n t  modes o f  

. cummunicat i o n  i s  ECohen 823. The a n a l y s i s  i s  i n  t e rms  o f  t h e  

( t a s k  > f u r i c t  i on o f  t h e  u t t e r a n c e s ,  as  opposed t o  t h e  

c o n c e r ~ t r a t i o n  on  ut t . 'erance f o r m  i n  o u r  expe r imen t .  The p r i rna ry  

r e s u  1 t i s  t o  h i  g h l  i ght. t h e  d i  f f erenc es  Let. ween speech and 

t ypewr i  t t en i n t  e rac  t i on, t he reby  ~ h o l r l i  rig t h e  needs. o f  speec h 

proce5.s i  ng  sy5.t erns t h a t  a r e  t ~ e y o n d  t.he needs o f  t y p e d  

i n t e r a c t i o n .  

The eri iphasis on an ut,t.et"arice's t a s k  fut -~ct . ic tn makes t h i c .  

s t u d y  1 ess. app l  i cab1 e  t o  g e n e r a l  ~ y s t e m  des ign ,  a1 thctugh i t  i s  

mc~re app l  i cat11 e  t o  t h e  d e s i g n  o f  sys.terilc. f o r  t h e  5.i r i~u l  a t e d  

p r o h l  em (assembl i rig a  wa te r  pump, whi c h  m i  ght. be g e n e r a l  i zed t.o 

assembly proceduves.  1 The eri iphasis on f o r m  i n  t h i s  t . hes i s  arid i n  

CThornpson 883 has h i g h 1  i g h t e d  t h e  s i  m i  l a r i  t i es between speech 
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and  t y p e d  comr~\uni  c a t  i on, even  when sorile o f  o u r  f o r m s  have  been  

d i f f e r e n t i a t e d  b y  { d i a l o g u e )  f u n c t i o n  (e.g., a l l  o f  t h e  t e r s e  

f r a g m e n t s  a r e  o f t  e n  e l  1 i p t  i c a l  noun  p h r a s e  f r a g m e n t s  b u t  o c c u r  

i n  d i f f e r e n t  l o c a t i o n s  w i t h i n  a  d i a l o g u e ,  each  p e r f o r m i n g  a 

d i f f e r i n g  d i a l o g u e  f u n c t i o n . )  Our emphas i s  on  f o r m  h e l p s  t o  

d e t  errni  tse t h e  d  i a1 ogue f unc t i o n  o f  a  g  i #den f r a g m e n t  , r a t .  h e r  t h a n  

t h e  t a s k  f u n c t i o n ,  so  t h a t  t h e  n a t u r e  of. human i r ~ t e r a c t  i on c a n  

b e  s t u d i e d  r a t h e r  t h a n  i n t e r a c t i o n  a b o u t  a s p e c i f i c  a r e a .  B o t h  

o f  t h e s e  a r e a s  a r e  i m p o r t a n t  t o  t h e  o v e r a l l  h a b i t , a t ~ i l i t y  o f  a  

sys tem,  a s  w i  1  1  b e  5.eet-1 i YI t h e  d i  c.cu=.si on o f  eva1 u a t  i orls be1 O W .  

I n t e r a c t  i o n  o f  a  g e n e r a l  na t . u re  h a s  been  t h e  emphas i s  h e r e  i n  

o r d e r  t h a t  a  hatti t a b l  e  t lase f ctr any  a p p l  i c a t  i on=. a r e a  rilay b e  

des i yned.  

1.5.3 C a t e g o r i z a t i o n s  

T t -e re  h a v e  heen  s e v e r a l  1  i n g u  i st. i c  s t u d  i e s  i nvo  1 v  i ng 

p r o t o c o l  anal ys. i s  t h a t  have  5) i e  1 ded  u a r  i ous  c a t  e g o r  i z a t  i ons  o f  

t h e  non -sen t  enc e  u t  t s r a r ~ c  Q B  p r e v a l  e n t  i n  speec h. I n  an  

e>:t ens  i v e  a n a l  y s  i s  t.o cat. e g o r  i ze word=. b y  t h e  p s s  i t i ons t h e y  may 

assunre i n sen t .ences ,  F r i  e s  C F r i  es 533 c o n f i r m s  set. ..letqal o f  t h e  

n o t  i ons  o f  p h a t  i c  words.  I n  CEowri~an 571, m i  n o r  and  f r a j r r ~ e n t  a r y  

s e n t e n c e s  a r e  s t u d i  ed  and most  o f  t h e  t y p e s  o f  f r a g m e n t s  a s  

d e s c r i  t led h e r e  c a n  be  f ound ,  w i  t Is sorite i n t . e r e s t  i n g  tqec.ul t s  on 

t h e  d e p ~ n d e n c y  c ~ f  m i  n o r  s e n t e n c e s  on  m a j o r  ( f c r l  1 :, =.entences. 

The s p l  i t  i s  r o u g h 1  y ha1 f and  ha1 f t te tween dependent  and 

i ndependent  ril i r ~ o r  sent. enc e s .  Th i s says. t ha t .  o f  t. h e  r i ~  i n o r  

s e n t  ences  ( i tic 1  u d i  n g  e l  1 i p t  i c a l  f o r r i ~ s > ,  sorne riiay n o t  haus  a  

c c ~ n t  e x t  f o r  expat-15.i on t o  a f u l  1 c .entence.  
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1 . 5 . 4  System E v a l  u a t  i ons  

E v a l  u a t  i ons o f  n a t u r a l  1  anguage sys tems  w i  11 u s u a l  1  y  

p r o d u c e  a  1  i s t  o f  s t a t e m e n t s  s u b m i t t e d  b y  us ,e rs  as  a t  l e a s t  p a r t  

o f  t h e  eva lua t i con ,  w h i c h  i s  a  p ro t .oco1  a v a i l a b l e  f o r  a n a l y s i s .  

A 1  ong  1  i s t  o f  submi s s i  ons  i s  i r ~ c  1 uded i n  t h e  append i  c as  of 

[Damerau 813, w h i c h  show t h e  u t i l i t y  o f  t h e  TBA sys tem as 

a p p l  i ed  t o  t h e  d a t a  base  o f  t h e  P l  a n n i  ng  D e p a r t  r i~ent  o f  t h e  C i  t y  

o f  W h i t e  P l a i n s ,  New York .  The re  i s  a  l i s t  d u p l i c a t i n g  t h e  

submis.s i  ons t h a t  d i d  n o t  r e a c h  cornp le t  i o n ,  w i  t.h t h e  ones  t h a t  

worked  a f t e r  a  r e v i s i o n  o f  t h e  s y s t e m  marked. T h i s  r e v i s i o n ,  

p r o r t ~ p t e d  b y  t h e  v i e w i n g  o f  t h e  p r o t o c o l s . ,  d i s p l a y s  t h e  u t  i 1 i t y  

o f  such  a n a l y s i s  a s  rt~any o f  t h e  p r e u i o u s . l p  n o n - w o r k i n g  u s e r  

i n p u t s  were cctrnpl e t e d  b y  t h e  1 a t e r  c re rs ion .  

Th ree  maj13r a r e a s  o f  s y s t s m s  e v a l u a t i o n  a r e  g i v e n  i n  a  

t h c s . i s  d e u o t e d  t o  t h i s  t . op i c  [Ten t ian t  883. Two o f  t h e s e  a r e a s  

i n v o l  ve t ak i n g  u s e r  p r o t  o c o l  s :  h a b i  t a b i  1  i t  y  and  compl e t e n e s s  

a n a l y s i s .  The o t h e r  a r e a  i s  a b s t r a c t  a n a l y s i s ,  w h i c h  i s  an  

e v a l u a t i o n  f r o m  t h e  d e s i  g r l e r f s  p o i n t  c ~ f  v i e w  o f  a more 

t h e o r e t  i c a l  ,l i n g u i  s t . i  c  n a t u r e .  The f i r s t  t w o  areas. cc+ns.i d e r  

h a b i t a t ~ i l i t y  f r o m  d i f f e r e n t  a n g l e s ,  one t h e  h a b i t a b i 1 i t . y  o f  

i n t e r a c t i o n  and  t h e  o t .her  t h e  task: h a b i t a b i l i t y .  T h i s  

d i s t i n c t i o n  h a s  been seen  i n  t.he compar i  :.on bet.weet-~ t h e  res .u l  t.s 

g i  ~~e t -1  i n  t h e  pt-ea.ent. t h e s i s ,  c o n c e n t r a t .  i ng  on  i n t e r a c t  i o n  

h a b i  t . a t ~ i  1  i t y ,  and  t h e  work o f  f o r  exampl e  [Ma1 h o t r a  751  and 

CC:ohen 821 ,  whi c h  er f~phasi  zc  a  pa r t .  i c u l  a r  a p p l  i c a t  i on and hence  

t a s k  h a b i  t a b i  1  i t y .  Tennant ' s  i n c  l u d i n g  b o t h  o f  t h e s e  a r e a s  i n  a  

g e n e r a l  e v a l  uat. i on r f~e thod  shows t h e  need f o r  t ~ o t h  t y p e s  o f  

a n a l y s i s  t o  a c h i g u e  t r u e  h a b i t . a b i l i t y  f o r  a  g i v e n  a p p l i c a t i o n s  

a r e a .  
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1.6 Summary 

A t  t h e  end  o f  t h i s  t o u r  o f  p r o t o c o l  a n a l y s i s  i n  t h e  g i v e n  

e x p e r i  ment and  i n  t h e  1  i t e r a t u r e ,  i t  c a n  be  seen  t h a t  t h e r e  i s  

much t o  be  g a i n e d  f r o m  t h i s  k i n d  o f  s t u d y  f r o m  many p o i n t s  of  

v i ew .  T h e r e  i s  a l s o  no  end  t o  p r o t o c o l  a n a l y s i s .  I t  i s  a lways  

a  u s e f u l  t o o l  i n  d r s i  g n i  ng, t e s t i n g  and  e v a l  u a t  i r ~ g  i n t e r a c t  i ve 

compu te r  s.ysteras. I t  g i  ves  t h e  e x p e r i  m e n t r r  t h e  v a l  u a b l  e 

h i n d s i g h t  needed t o  do a l l  o f  t h e s e  t a s k s  r e l a t i n g  t o  sys tem 

deve 1  ctpment , p l  u s  t h e  s a t  i s f  ac t i on o f  c e r t  a i  n  i n t  a n g i  b  1 es,  sue h  

as  h a v i n g  p a i d  one's dues.  
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Chap te r  2 :  Des ign  Requ i rements  f o r  H a b i t a b i l i t y  

2 . 1  I n t r o d u c t i o n  

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

1 anguage sys tems w i t h  improved g e n e r a l  h a b i  t a b i  1 i t y .  I n p u t  f o rms  

t h a t  have been v iewed i n  t h e  p r o t o c o l  ana l  y s i  5 a r e  c o n s i d e r e d  

f r o m  t h e  s t a n d p o i n t s  o f :  what non-sentence fo rms  ' s h o u l d  be 

a c c e p t e d  as  good i t iput ,  what f o r m s  can be a p p r o p r i  a t  e l  y  i gnored, 

what f o r m s  can  be c o n s i d e r e d  e r roneous ,  how t h e y  s h o u i d  be 

c o r r e c t e d  and /o r  d iagnosed  by  t h e  system, what o t h e r  system 

a c t  i ons r e q u  i r e  e x p l  ana t  i on, what p r i  o r  i t y shou l  d  be  a s s i  gned t o  

d i  f f  e r e t i t  f o rms ,  what. f o r m s  have equ i  v a l  e n t  p r i  o r i  t i e s ,  and what 

1 i r n i  t a t  i ons on t h e s e  c o r ~ s i  d e r a t  i ons a r e  i n t  roduced by  t h e  mode. 

These a r e  t h e  c  apab i  1 i t i as t h a t  need i mprovement i n  most n a t  u r a l  

1 anguage systems.  Eot.h t h e  p r o c e s s i  tig by  t h e  r.y=.tem and t h e  use 

i n  out .put  messages o f  t.he v a r i o u s  f o r m s  f o u n d  i n  p r o t o c o l  

ana l  y s i  s  w i  1 1 be c o n s i  dered.  The o v e r a l  1 d e s i  gn f o r  meet i ng 

t h e s e  g o a l s  i s  p r e s e n t e d  i n  t h e  n e x t  c h a p t e r .  

C e r t  a i  n l  y  t h e  goa l  of a  hab i  t a t11  e  nat.ura1 1 arrguage system 

i n  r e g a r d  t o  gramrr~at i c a l  sentence i n p u t  s h o u l d  be t o  accept  any 

w e l l  fo rmed i n p u t  r e l a t i n g  t o  t h e  knowledge base. T h i s  i s  a  

m a j o r  t h r u s t  o f  most o f  n a t u r a l  language s.ystems. r e s e a r c h .  Eut  

grammat i c a1 camp 1 e t  eness i s  n o t  t h e  c o n c e r n  he re .  Even app 1 i ed 

t o  spec i f i c domai ns,  n a t u r a l  1 anguage has 1 ong r e s i  s t  ed a t t e m p t  5 

a t  f o r m a l  i z a t  i on. Rat h e r ,  t h e  1 ac k o f  gramrrrat i c a1 c camp1 e t  eness 

i 5. a  s t r o n g  root i v a t  i on f o r  t h i s  war-k. Systems c.houl d  respond  i n  

a  r e a s o n a b l  e  manner t o  e x t  ra-gramrr~at i c a1 i npu t  , wh i c h  i s  

a n y t h i n g  t h a t  exceeds t h e  system's gt9arr~rirar. I n  t h e  absence o f  

grammat i c a l  corirpl e teness  a  h a b i  ta t11  e  syst.em shou l  d  t r y  t o  

mai r ~ t  a i  n  a  r e s p o r ~ s i  ve c omp 1 e t  enec.s., g i  u i t7g answers t h a t  



d e l  i n e a t  e  f o r  t h e  u s e r  t h e  1 i m i  t a t  i ons o f  t h e  sys tem when and 

where t h e y  a r e  exceeded. T h i s  i s  t h e  d e s i g n  goa l  c o n c e r n i n g  

c  omp 1 e t  eness. 

A h a b i t a b l e  sys tem s h o u l d  a l s o  comp le te  each r e q u e s t  i n  a  

r e a s o n a b l e  amount of t i n e .  Keep ing  response t i  rfie down i s  a  ma jo r  

c o n c e r n  he re ,  and t h i s  i s  k e p t  as a  d e s i g n  goa l  t h r o u g h o u t .  

2.2 Non-Erroneous Idon-Sent ence Forms: Terse  Fragments 

The f ragment f o rms  f o u n d  i n  t h e  p r o t o c o l  ana l  y s i  s  t h a t  a r e  

n o t  sen tences  b u t  c on t  r i b u t  e  spec i f i c a1 1 y  t o  t h e  so 1 u t  i on o f  t h e  

p r o b l  err1 a r e  t h e  t e r s e  fragment.=.. These f o r r ~ l s  o f  at t t t reui  a t  ed 

r e f e r e n c e  s e r v e  as  a  n a t u r a l  way t o  s t  ream1 i ne t h e  i n t  erac t i on 

ttet.lrleer~ i rndi u i  dua l  s .  S tudy  o f  message t.)tpes 5.1-lows t h a t  t h e  

t, e r s e  f ragit lent s pi-adorn i fiat e i n t t12 dat. a  nicssage t jrpes, where 

p r o b l  em s o l  v i  ng  p r i  nc i p a l  1 y  happens. The t e r s e  f r a g m e n t s  o c c u r  

more f r e q u e n t  1 y when t. he  p a r t  i c i p a n t s  have agreed on t h e  

approach t o  t h e  problern, and thus. t h e  i t ' l ter.act. ion w i t h  t h e  ter5.e 

f ragmen ts  r e f l e c t s  t h e  c h o i c e  o f  t h i s  approach b y  u s i n g  a  sub- 

language t h a t  f o l l o w s  t h i s  method. 

H h a b i  t a b 1  e  system shou l  d  p r o u i  de f o r  t h e  spec i f  i c a t  i on o f  

such k r~o ld l  edgeabl  e  sub-di  a1 ogues, i nst.ant i a t  i rig a  p a r t  i c u l  a r  

approach t o  a  g i v e n  problem. W i t h i n  t h e  HSK sklst.am, t h i s  t o p i c  

has  been d i  scussed i n  tHo 833 and CThornpson 8 2 a I .  Tt-anc.ct-i p t s  

of u s e r  i n t e r a c t  i o n  w i t h  Ho'n. d ia logue= .  w i  1 1  show t h a t  n1om.t 

sys tem and u s e r  messages a r e  t e r s e  f ' ragntent .~ Cprirsrat-i 1 y  t e r s e  

quest. i or15 and re-c.ponse5. 1 .  Here i s an annot  at. ed examp 1 e, w i t h  

u s e r  i n p u t s  i n  l o w e r  case: 

>l oad ( t  c r s e  r e q u e s t  > 
>SHIP: alama { t e r s e  quest  i on, t. e r s e  r e p  1 y > 
)CHRGO SPHCE: mezz deck { t. e r s e  quest. i ctn t e r ~ e  r e p 1  y  > 
>ITEM: c u l v e r t  { t e r s e  q u e s t i o n ,  t e r s e  r e p l y >  
STOWED. { t e r s e  r e p l y }  



S i  m i  1  a r  anal y s i  s o f  s y s t e r r ~ s  u s i n g  i c o n s ,  n~ettu = . e l e c t  i on, for ra  

f i l l i n g ,  e t c . ,  w i l l  show t h e  w i d e s p r e a d  u s e  o f  s ys tems  u s i n g  

t e t - se  f r a g m e n t c  as. a  p r i m a r y  means o f  c o m r n u r ~ i c a t i o n  w i t h  t h e  

u s e r .  The tiat u r a l  n e s s  o f  t h e s e  i nt  e r a c  t i on  met hods  h a s  prors~l:~t.ed 

s e v e r a l  r e s e a r c h e r s  t o  t h i  nk t h a t  n a t u r a l  1  anguage sys tems  s r e  

t o o  uer-bose C CShnei derman 863. ) E u t  t h e  u s e  o f  t e r s e  f r a g m e n t s  

i n  t h e  p t - o t o c o l s  b e f o r e  t h e  e x p l i c i t  d e c l a r a t i o n  o f  an 

i n t e r a c t  i on  met h o d  shows t h a t  t h e s e  messages must b e  u n d e r s t o o d  

i n  a g e n e r a l  s e t t i n g ,  p r o v i d i n g  a b r i d g e  t ie tween  i n t e r a c t i o r ~  i n  

f u 1 1 s e n t e n c e s  and  know 1 edgeab 1 e  ( o f  spec i f i c  t a s k s  1 t e r s s  

d i  a1 O Q U F ~ .  

I t  s h o u l d  tte conceded  o h a t  f o r  a  s p e c i f i c  t a s k  t ha t .  w i l l  

n o t  change  o v e r  t i me a k  t-10lr11 edgeab 1  e  app 1 i c  at. i on  J  i a1 ogua i c. 

t h e  most n a t u r a l  f o r m  o f  i n t  e r a c  t i o n  i a f  t e r  any  i n s t  r u c  t i on 

needed f o r  i t s  use .  ) E u t  f o r  new a p p l  i cat. i uns  o f  an  e x i s t  i n g  

d a t a  ba=.e, e x p l  o r i  r ig t-~ew t e c h n i q u e s .  f o r  s o l  u i  rig an  o l d  r 1 E . W  

. problertr ,  or j u s t  p e r u s i n g  d a t a  t o  g a t  idear ,  o f  how t o  go abou t  

s o l  v i  rlg a  p r o b l  em n o t  y e t  f o r m a l  i zed,  a  n a t c r r a l  1 anguage g e a r e d  

t o  t h e  d a t a  base  a c c e p t  i n g  b o t  h  c.ent enc e s  and t h e  t e r s e  

f ~ a g r n e n t s  i s  t h e  more h a b i t a b l e  c h o i c e .  

How s h o u l  d  a s y s t e m  r e s p o n d  t .o t . e r se  f r a g m e n t s  e n c o u n t e r e d  

ciut 5. i de t h e  c  orI t  e x t  o f  a  p r e u i  ous.1 y d e f  i t-~ed d  i a1 ogue? R ~ s p o t i ~ . ~ ~  

t o  t er5.e q u e s t  i catis woul  d  b e  c ornput ed  t ly i nt.et- ,pret  i n g  t hes.e 

quez,t. i arts a s  e  1 1 i p t  i c  a1 f rag r r~en t  s r e  1 at i n g  t o  p r e u  i ouz. i n p u t  : 

>who i s  t h e  m o t h e r  o f  John?  
N a r y  

> E i  1  I ?  { i . e . ,  ir~lho i s  t h e  mut.her o f  B i l l ? )  
J o a n  

T h e r e  ~ h o u l  d  a1 s o  tle appt-opr i at.e answers  made t.o t er5.e q u e s t  i on=. 

o u t  s i  de t h e  c o t i t  e x t  o f  any pr-eui  ous  i t i p u t ,  and  tet-z.e quest. j U ~ S  

t h a t  c o u l d  b e  in , terpret ,ed e i  t h e r  way. The s y s t e n ~  s . t iou ld  tie a b l e  
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The p r o c e s s  o f  i gnor  i ng pha t  i c f r a g m e n t s  i s  c orbs. i dered  i n  

t h e  seque l  as  a  t y p e  o f  c o r r e c t .  i on. Th i  s  i s  because whi 1 e  

i g n o r i n g  p h a t i c s  i s  v e r y  c l o s e  t o  a c o r r e c t  i n t e r p r e t a t i o n  o f  

pha t  i c s ,  no a t t e m p t  was made t o .  r e a l  1 y  u5.e what 1 i t t  l e  

i n f o r m a t  i o n  t h e y  r i l ight convey.  I n s t e a d ,  t h e  i n p u t  was c o r r e c t e d  

t o  a  who1 1 y e x e c u t a b l  e  input .  c o n t a i n i n g  no pha t  i c fragrr lents. 

T h i s  change i n  t h e  i n p u t  i s  r e f l e c t e d  i n  an echo w i t h o u t  t h e  

p h a t i c s ,  so t h e  u s e r  w i l l  n o t  be  m i s l e d  i n t o  t h i n k i n g  t h e y  have 

been " u n d e r s t o o d "  (a1 t h o u g h  somet i mes t h i  s  ec 1-10 may be 

suppressed) :  

>We l l ,  I r e a l l y  don ' t  want t o  do t h a t .  
I don ' t  want t o  d e l e t e  a1 1 f i l e s .  
no f i l e s  d e l e t e d .  

Some use o f  pha t  i c s  by  t h e  s y s t  may be wor thwhi  1 e. 

-a phpaz.e=. =.uch a=. " t hank  you" aye un.cd b y  =.e !~era l  8ys.t E.MS, and 

p o l  i t e n e s s  s h o u l d  he a  p a r t  of  hat t i  t .ab i  1 i t y  ( b u t  not. c a t - r i  ed t o o  

f a r .  > O the r  rnes.s.ages s.uc h  as  "ok " a r e  an a p p r o p r i  a t e  response t o  

r e q u e s t s  f o r  output .  t h a t  a r e  n o t  v e r b a l  Car typewt- i  t t e t -13  such as  

p l o t s  o r  g r a p h i c s ,  e i t h e r  b e f o r e  o r  a f t e r  t h e  reque5.t  has been 

compl e t e d  ( b u t  a f t e r  1 anguage p r o c e s s i  ng. ) F o r  quest. i ens. o r  a 

syr. tem t h a t  t a k e s  v e r y  l o n g  t.o p r o c e s s  i n p u t  (30  c.ecor~ds i s  v e r y  

l o n g  i f  you a r e  used t o  d e a l i n g  w i t h  p e o p l e ) ,  some p h a t i c s  t o  

i n d i  c a t  e  c o n t  i nired system prc tcess i  t-13 i-.~oul d  keep t.he u s e r  f r o m  

t h i  nk i rig t h a t  i t w i  1 1 n e v e r  r e t u r n .  

2.4 E r roneous  Forms: Sentence and E r r o r  F r a g n ~ e n t s  

S e v e r a l  forr i~s. were i d e n t i f i e d  i n  t h e  p r o t o c o l s  wh ich  a r e  

r e a l  1 y  f r a g m e n t s  o f  atlandorled =.ent.ences. T h e ~ . e  at-e t t7e 

t . runca t  i con, f a 1  s e  s t . a r t  and i n t e r r u p t  i on f or-ms. The 

u n d e r s t  and i ng o f  t hese f or r i~s  and even t h e  i r d e f  i n  i t i on r e q u  i r e s  

a t  l e a s t  a  guess as  t o  what t h e  abandoned sen tence  was. 



C o m p l e t i o n  f r a g m e n t s  a l s o  r e q u i r e  know ledge  o f  t h i s  i r f ~ p l i e d  

sen t .ence .  Syst.em a c c e p t a n c e  o f  t h e s e  f o r m s  thus.  r e q u i  r e %  

f i n d i n g  t h e  f u l l  s e n t e n c e ,  w h i c h  i s  c o n s i d e r e d  t o  b e  c o r r e c t i o n  

o f  t h e  i n p u t .  

The sen t .ence  a r o u n d  a f a l s e  s t a r t  may b e  f o u n d  b y  

s e l  a c t  i we1 y  d e l  e t  i n g  p a r t s  o f  t h e  f a 1  z e  s t a r t .  T r u n c a t i o n /  

cornpl  e t  i o n  p a i  r s  w i  1  1  g i  v e  t h e  i mpl i e d  s e n t e n c e ,  and u s e r  

i n t e r r u p t  i o n s  b y  t h e  s y s t e m  s h o u l d  n o t  t a k e  p l a c e .  ( O f  c o u r s e ,  

t h e  u s e r  may i n t e r r u p t  t h e  sys.tern a n y t i m e . )  O t h e r w i s e ,  o n l y  sorile 

k i n d  o f  e x p e c t a t i o n s  o r  i n f e r e n c e  c a n  he1 p r e t u r n  t.o t h e  

abandoned s e n t e n c e .  F o r t u n a t  e l  y, f i n d i  n g  t h e  abandoned s.ent.erIce 

i s  n o t  r e a l  1 y n e c e s s a r y  i f  i t  was abandoned b y  t h e  u s e r .  Bu t  

s i n c e  abandonment i s  even  more d i f f i c u l t  t o  d e t e r m i n e  f r o m  t h e  

sy=.tem's p o i n t  o f  u i e w ,  a t t e r n p t  i n g  t o  f i r ~ d  t h e  a b a r ~ t o r t e d  

s e n t e n c e  f u r  e x e c u t i o n  i s  a recommended s o l  u t  i on F o r  i rnproved 

hat1 i t a b  i 1  i t y, s i nc e  t h e  5ys. t  ern c a n  e x p e c t  t o  e n c o u n t e r  some of  

t h e s e  f o r r f ~ s .  O t h e r w i  ~ e ,  t h e  p a r t  o f  t h e  i t i pu t  that  does work 

may b e  a c c e p t e d :  

>what  i s  t h e  1  e n g t h  o f  c u l u e r t ,  p o s t  2 f t ,  and  
what i s  t h e  l e n g t h  o f  c u l u e r t ,  p o s t  2 f t ?  
c  u  1  v e r t  48  i nc h e s  
p o s t  2 f t  58 i n c h e s  

The e r r o r  t. y p e s  i d e n t  i f  i e d  i e x p e r i  ment at i o n  w i t h  t h e  EEL 

s y s t e m  g i v e  a 1 i s t  t o  t h e  s y s t e m  d e s i g n e r  o f  common i n p u t  e r r o r s  

tha t .  s h o u l d  b e  c o r t - e c t e d .  R c t u a l  rnet.hods o f  e r r o r  cot-rect .  i o n  

f o r  u o c a b u l  a r y ,  punc t u a t  i o n ,  synt .ax and  s p e l l  i n g  e r r o r s  w i  1 1  b e  

I 

d i s c u s s e d  i n  t h e  a1 g o r i  t h m  d e s c r i  pt. i o n s  g i v e n  i n  l a t e r  

c h a p t . ~ r s .  R1 1 e r r o r s  r h o u l  d  b e  d i  agnosed.  D e f  i n i  t i o n  f o r m a t  

e r r o r s  s h o u l  d  on1 y b e  d i  agnosed,  bec.ause a d d i  t i ons. s h o u l  d  n o t  b e  

made t o  t. h e  syst .  em based  on s.yst em guesses.. D e f  i n i  t. i ons  c o u l  d  

b e  rnade more eas,i 15 )  b y  a1 1  o w  i rrg r .evera1  f o r m a t  s., t. h u s  i mproo i n g  
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h a b i  t a b i  1  i t.y. Unexpec ted  i n p u t  e r r o r s  a r e  c o r r e c t e d  b y  ha l r i  rtg 

t h e  semant i c s  t h a t  r e q u e s t e d  t h e  i n p u t  a c c e p t  o t h e r  f o r m s  a1 so. 

T r a n s m i s s i o n  e r r o r s  were e r t - c ~ r s  o f  t h e  e x p e r i  mer i ter  and  r tot  t h e  

u s e r ,  and  s o  s h o u l d  n o t  r e c u r .  C o r r e c t  i o n  o f  bugs  i s  t h e  

r e s p o n s  i b i 1  i t y  o f  t h e  s p s t  em i mpl ement e r s ,  t l u t  a  d i  agnos t  i c w i 1 1  

b e  h e l p f u l  t o  t h e  u s e r  f o r  hugs  t h a t  have  been i d e n t i f i e d  b u t  

n o t  c o r r e c t e d .  

The re  i s  n o  a p p r o p r i a t e  s y s t e m  use  o f  t h e s e  fornts ,  e x c e p t  

pet-haps c  ompl e t  i on  a s  a  d  i agnos t  i c  , b u t  i t i s  more a p p r o p r  i a t e  

and  c l e a r  t o  t h e  u s e r  t o  echo t h e  e n t i r e  abandoned s e n t e n c e  i f  a  

c o m p l e t i o n  h a s  been  f ound .  Hab i  t a b i  1  i t y  i s  n o t  i m p r o v e d  by 

e r r o r s  i n  5 . y s t . e ~  responses .  Arty syst,em w i t h  enough c a p a b i  1 i t  i e s  

t o  be  i n t  e r e s t  i ng  w i 1  1 haue enough bugs  t o  t a k e  c a r e  o f  t h i s  i f 

i t were d r s i  r a b l e  anyway. 

2 . 5  Di  agnost. i c s :  Who tdeeds Them? 

D i a g n o s t i c = .  a r e  any messages g e n e r a t e d  tly t h e  s y s t e m  t h a t  

e x p l  a i  n s y s t e m  t lehav i  o r  r a t  h e r  t h a n  answer  t. he  spec i f i c  i rtput o f  

t .he  uc.er.  H g e n e r a l  r u l e  w i  11 b e  a d o p t e d  h e r e  t h a t  a n y t h i n g  t h e  

s y s t  em does  t h a t  i s  rtot. e x p l  i c  i t  1  y r e q u e s t e d  i n  t h e  i n p u t  =.houl  d  

b e  e x p l a i n e d  i n  a  s u i t a b l e  d i a g r t o s . t i c .  T h i s  i n c l u d e s  ar i~ t l iguous,  

i 1  1  - f  ot.rited, and  i nc oritp 1  e t  e  i n p u t  o r  i n p u t  req1-r i r i n g  t h e  

r e s c ~ l  u t  i on  o f  a  r e f e r e n c e .  Any i tipcrt, t h a t  i s  arrtbi gcrous. reqqui r e s  

d i  a g n o s i  s, s o  t h a t  t h e  u s e r  w i 1  1  know how t h e  i r tput  was. 

i rtt e r p r e t  ed. I 1  1  - f o rmed  i nput. i s  d i  agnosed i 1-1 o r d e r  t. h a t  any 

c  o r r e c  t i ons  n~ade and  how t o  mal: e  we1 1  - f o rmed  i n p u t  i rt subsequent  

suhmi s s i  ons  w i  1  1  b e  u r t de rs t . o i~d  b y  t h e  u s e r .  I r ~ c o m p l  e t e  and 

r e f e r e n t  i a1 i n p u t  s  need  t h e  e x p l  artat. i on o f  what was a c t u a l  1  y 

e x e c u t e d ,  how t h e  r e f e r e n c e s  were r e s o l v e d .  



There  a r e  o t h e r  s i  t u a t  i c ~ n s  coma~onl g o c c u r r  i ng i r~ n a t u r a l  

1  anguage sy5.t ems t h a t  r e q u i  t-e an e x p l  arrat i on o f  what. happened 

when a  u s e r  r e q u e s t  was executed.  R good example i s  t h e  

response  t.o i n p u t s  t h a t  a r e  s e m a n t i c a l  1 y  vacuous: 

>How many s t u d e n t s  t o o k  1 i n g u i s t  i c s  181 i n  1981? 
A: N o t h i n g  i n  d a t a  base. 
B: Vacuous noun phrase.  
C: There  was no l i n g u i s t i c s  101 i n  1981. 

C e r t a i n l y  answer C i s  more h e l p f u l  t o  t h e  u s e r  t h a n  e i t h e r  o f  

t h e  f i r s t  two. T h i s  s i t u a t i o r ~  i s  s t u d i e d  more f u l l y  i n  

CKaplan 78,791, and i n  CTrawick 7 4 1  a p p r o p r i a t e  answers a r e  

conc . idered as app l  i e d  t o  t h e  REL s e t t  i n g  < w h i c h  have been 

i n ~ o r p o t - a t e d  i n t o  RSI< sys tem des ign .  ? The5.e k  i ndn. of d i  agr-lo=.t i c=. 

w i  1 1  be c a l l  ed semant ic  d i a g n o s t i c s ,  t u d i  s t  i ngu i  sh  t h a t  t h e  

i npcrt form was c o r r e c t  and no r e f e r e n c e s  needed t c t  tie r e s o i  ued. 

The purpclse o f  a  sen~ant  i c d i a g n o s t i c  i 5 t o  g i  ~ e  a  rnore 

ur1derc.t andabl  e  at-lswer r a t h e r  t h a r ~  e x p l  a i  t~ what was done. The 

o t h e r  k i n d  o f  d i a g n o = . t i c  w i l l  tte c a l l e d  a  s .y r1 tac t . i~  d i a g n o s t i c ,  

a s  i t  seeks t o  e x p l a i n  what was l a c k i n g  i n  t h e  fo rn l  o r  

spec i f i c a t  i on o f  t h e  u s e r ' s  i npu t  . 
2 .5 .1  R u l e s  f o r  Good D i a g n o s t i c s  

S i n c e  so many a reas  of cctt icern t.c~ ha t t i  t a b i  1 i t .  y  d e s i  g t ~  need 

ex):) 1 anat  i on, an under=. t. and i n  g  o f  1.~t-1at. rr~ak es f o r  a  good 

d i  agnost  i c i s  i mportant . .  Good d iag r~os t .  i c s  c r - t r~ t r i t lu t .e  t o  

i alproved h a b i  t a b i  1 i t  y  whi 1 e  bad ones. d e t r a c t  f r c t r i r  systers~ 

t - ~ a b i t a b i l i t y .  Here i s  a  l i s t .  o f  c h a r a c t e r i c . t . i c s  t h a t  s.huuld be I 

t r u e  of i d e a l  d i a g n o s t i c s .  They do t h e  f o l  l o w i n g  fcrr t h e  use r :  

l ? G i v e  h e l p  i n  f o r m i n g  c o r r e c t  i n p u t ;  

2 > H e l p  u s e r  a v o i d  making s i m i  l a r  rnis.t.akes; 



31Avo i  d  "corrtput e r e s e "  o r  o t  h e r  t e c  h r t i  c a l  uctcabul  a r y ,  such  
a s  1 i n g u i  s t  i c  o r  s y s t e m  s p e c i f i c  t arms; 

41Rt-e c o n s t r u c t i v e  r a t h e r  t h a n  c r i t i c a l  o f  t h e  u s e r ;  

5>Do n o t  dehumat-~ ize t h e  u s e r  o r  s u g g e s t  s y s t e m  c o n t r o l  o v e r  
t h e  u s e r ;  

61Do n o t  an th ropo t i t o rph i  z e  t h e  sys tem;  

71Do n o t  exceed  t h e  syster i t ' s  u o c a b u l  a r y ;  

E31Use t h e  f o r m s  comntonl y  f o u n d  i n  p r o t o c o l s  t h a t  s e r u e  a 
s i m i  l a r  f u n c t i o n ;  

41Ht-e b r i e f ;  

l O > A r e  c o r r e c t .  

U n f o r t u n a t e 1  y, i t  i s  s e l  dom t h a t  a1 1  o f  the5.e g o a l s  car1 t ~ e  met., 

and  i n g i v e n  c  i r c  urnst anc e s  some may tle con?. r a d  i c t or-y. The 

d e s i g n  d e c i s i o n s  i n v o l v i n g  t h e  s e l e c t i o n  o f  a  s p e c i f i c  

d i  agnost. i c a r e  i m p o r t a n t .  and  w i  11 tie d i  s.cus.sed when t h e y  a r e  

p re i . e r t t  ed. 

S e v e r a l  at. h e r  admoni t i ons  f o r  =.>*st. em rites..'.age des  i gn  c a n  be  

f o u n d  i n  C Shne i derntan 82 I ,  wh i c h haue i n f  1  uertc e d  t h e  s e l  ec t i on 

o f  g u i  d e l  i n e s  g i v e n  h e r e  ( r u l e s  1-51. R u l e  6 t -ef  l e c t s  a dec.i r e  

t o  have  a p r o f e s s i  c ~ n a l  s y s t e m  r a t h e r  t h a n  a " c u t e "  syst.ern, 

a1 t h o u g h  rite=.sages s h o u l d  n o t  appea r  h a r s h  o r  c o l d  t o  t h e  us,er 

( r u l e s .  3-5). R u l e  7 is .  o f  p a r t i c u l a r  i n t e r e 5 . t  t o  t h e  s e t t i n g  o f  

n a t u r a l  1  artguage syst .  ems, because  i t i 2. reaz.ortatl1 e  f o r  a  u s e r  t a 

e x p e c t  t h a t  any  wo rd  u s e d  b y  t h e  sys . t en~  c a n  b e  a c c e p t e d  by  t h e  

syst.erit. Huoeuet-, t h i s  i s  o f t . e n  u e r y  d i f f i c u l t .  t o  do i n  p r a c t i c e  

when e x p l a i n i n g  t o  a u s e r  t h e  nat.crre o f  t h e  prob le rn  w i t h  h i = .  ' 

i n p u t  . 
The f o r m  f o u n d  i rt t h e  p r o t o c o l  2. most crsefcrl for -  d i  ag r~os t .  i c ~ .  

( s a t . i s f y i r t g  r u l e  'B}  i s  t h e  echo.  I n  t.he p ro? .oco l r . ,  a n  echo 

u s u a l  1  y s e r l ~ e s  t h e  f unc t i on  o f  r e p e a t  i n g  f o r  c o n f  i r m a t  i on t h e  
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1 ast. message o f  t h e  o t h e r  sy .~eaker .  Thus a n a t  cr ra l  1 anguage 

s y c t e m  waul  d  do  we1 1  t o  u s e  a n  echo  a s  a d i  a g r ~ o s t  i c  o f  what t h e  

s y s t e m  d i d  i f  t h a t  was a n y t . h i n g  o t h e r  t h a n  t h e  < e x p l i c i t >  i n p u t ,  

a s  i n  t h e  c a s e  o f  e r r o r s  and  r e f e r e n c e s .  

Ru l  e  9 i s  i nc 1  uded  s o  that  t h e  i n t e r a c t  i o n  w i 1 1 n o t  be  

h i n d e r e d  b y  t o o  much d i a g n o s i s .  P e r h a p s  t h e  most impor - tan t  i s  

r u l e  10, w h i c h  must be  t r u e  f o r  a d i a g n o s t i c  t o  b e  o f  any  use .  

2.6 P r i o r i t y  

P r i o r i t y  q u e s t i o n s  at-i 5.e i n  good  i n p u t  because  of  

ambi g u i  t. i ea.. <Sent.ence=. and t h e  t e r5 .e  f r a g m e n t s  a r e  conc i d e r e d  

t o  be  good  i nput.. > Unt. i 1  chosen  b y  t h e  u s e r ,  each  ambi guous 

i n t e r p r e t a t i o n  o f  t.he i tiput. h a s  e q u a l  1  i k e l  i hood  o f  b e i  rrg what 

t h e  u s e r  wan ted  and  i s  g i v e n  e q u a l  p r i o r i t y .  Systems tha t .  a r e  

f a s t  enough  rnay c a r r y  o u t  a1 1  o f  t h e s e  i n t e r p r e t  at. i uns  and g i v e  

each  r e s u l t  t.o t h e  u s e r ,  b u t  any hatli t a t 1 1  e  =.:,!s.t.em c.houl d  have  

mes=.ages e x p l  a i  n i  rrg t h e  d i  f f e r e r r c e r .  f a r  t h e  u s e r ' s  s e l e c t  i on, 

e i t h e r  a l o n g  w i t h  t h e  o u t p u t  o r  b e f o r e  e v a l u a t i o n .  

S e ~ t e r a l  d e s i  gn  , g o a l s  a p p l y  t o  t h e  p r i  o r i  t y  o f  e r r o r  

c o t - r e c t  i o n .  Because  t h e  p r i m a r y  u s e  o f  any  syst.ern i s  w i t h  \.~e1 1 

f orriled i tiput., e x t  t-a t i me c.huu1 d  n c ~ t  tte open t  b y  c o r r e c t  o r s  

opera t .  i n g  on  good  i n p u t  . Second 1 y,  c o r r e c t  i ons  neat- t h e  

or-i  g i  n a l  i n p u t  s h o u  1 d  tle t. r i e d  b e f o r e  ot. h e r  more r a d i  c a l  

c or-rec t. i on:. a r e  at. t. empt ed. Thus a check f t z t r  pot. e n t  i a1 1 y  

NI i sspe  1  1 e d  words  kr i 1 1 t ak E. p 1 ace  b e f o r e  a  change i n t h e  i nptut ' s  

s y n t a x .  F i n a l  1 y ,  each  p a s s  i tll e  c o r r e c t  i on  at a g  i uen  1  eve  1 o f  

change  away f r o m  t h e  or-i  g i r r a l  i n p u t  s h o u l  d  tte t r i e d  b e f o r e  

m o v i n g  on  t o  f u r t h e r  l e v e l s .  Th i r .  n o t . i o n  o f  d i s t a n c e  d i c t a t e s  

t h e  pt - i  o r i  t y  t h a t  t h e  c o r r e c t . o r s  have.  If t h e r e  i s  more t h a n  
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one c o r r e c t i o n  a t  a  g i v e n  l e v e l ,  t h e n  t h e  i n p u t  i s  c o n s i d e r e d  t o  

be  c o r r e c t  i o n a l l  y  ambiguous, g i v i n g  t h e  c o r r e c t i o n s  equal  

p r i o r i t y .  

2 .7 L i m i t a t i o n s  Due t o  S e t t i n g  

Th i  s  c h a p t e r  has been rr~ore g e n e r a l  t h a n  was a c t u a l  1 y  

necessa ry  f o r  t h e  d i s c u s z . i o n  o f  ASK System h a b i t a b i l i t y  des ign .  

Some f o r m s  f o u n d  i n  t h e  p r o t o c o l s  w i  1 1  n o t  o c c u r  due t o  mode 

l i m i t a t i o n s  and system c a p a t ~ i l i t i e s .  Eecause RSK i s  a  system 

u s i n g  t yped i n p u t ,  and because t h e  comput.er i t  i s  i mpl emented on 

a1 1 ows a c e r t  a i  n  arnount o f  e d i  t i n g  o f  an i npu t  h e f  o r e  

subrr~ i=.s ion,  f a l s e  s t a r t s  a r e  f a r  ICSS 1 i k e l y  t.hsn t h e y  were w i t h  

t h e  REL system. H type-ahead f e a t u r e  keeps sys tem out.put f r o m  

i n t e r r u p t  i ng subc.equent u s e r  i nput.. Terse  r e % p ~ r ~ ~ . e = .  can be 

expec ted  clnl y  a f t e r  ques t  i ons asked b y  t h e  system, wh ich  occu r  

much 1 ess. o f t e n  t h a n  q u e s t i o n s  o f  t h e  u s e r .  Phat  i c s  seem 1 ess 

nececsa ry  w i  t h s u t  t h e  need t o  a r b i t r a t e  t l~ tweet - I  1 eade rsh i  p  

w i t h i n  t h e  pro t l lem s o l v i n g  team. However, t h e y  a r e  v e r y  

f r e q u e n t  i n  t h e  p resence  of' bugs, wh ich  amount. t o  a  n a s t y  way o f  

d e s c r i  t i  n g  t h e  =.ystem's 1 i m i t a t i o n s .  (Most pha t  i c s  prompted by  

t h e  pre=.ence o f  bugs do n o t  c o n t r i b u t e  t.o p rob lem s o l  ut. i o n ,  and 

a r e  p r o t ~ a t ~ l  y n o t  f i t  f o r  repet.  i t .  i on i n  p o l  i t . e  cornpan)). > Sys ten~s  

that .  o p e r a t e  i n  d i f f e r e n t .  rr~~:tdes, par t .  i c u l  a r l  y ones prupcls i  ng  t o  

hand1 e  s.peec h as a  met. hod o f  i nput., w i  1 1 have t o  y i ve more 

t hought  i t-I t h e i  r d e s i  gn t o  t h e  f ragmen t  f o rms  t h a t  a r e  reduced 

by  t h e  t y p e w r i  t t . e n  s e t t i n g .  
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Chap te r  3: Des ign  S t r u c t u r e  f o r  Habi t a b i  1 i t y  

3.1 An O v e r a l l  Framework: The M e t r i c ,  I n f o r m a l  1 y  

How can  t h e  p r o c  esr. i ng o f  good, amb i guous arid i 1 1 -f ormed 

i n p u t  atid i n p u t  r e q u i  r i  n g  r e s o l  u t  i on o f  r e f e r e n c e s  be combi ned 

i n t o  a  d e s i g n  w i t h  more u n i t y  t h a n  a  bag o f  t r i c k s ?  A l l  o f  t h e  

s e e m i n g l y  d i s j o i n t  a reas  t o  be  cove red  i n  t h i s  d k s i g n  a r e  

b r o u g h t  t o g e t h e r  tty an i n f o r m a l  m e t r i c  t o  be  d e s c r i b e d  he re .  

Complete, good i n p u t  i s  i n p u t  t h a t  can be p a r s e d  by t h e  system's 

grammar t o  t h e  p a r t  o f  speech sen tence  w i t h o u t  any pronouns o r  

o t h e r  needs f o r  t -e fe rence r e s o l u t i o n .  Hrty o t h e r  i n p u t  must be 

t r a n s f  orrned i n t  o  such  a  sen tence ,  e  i t h e r  t h r o u g h  c o r r e c t  i ot-r o r  

r e s o l  u t  i on o f  a  t y p e  o f  r e f e r e n c e .  The natut -e and nurnber o f  

changes. made t.o a  g i v e n  i n p u t  t o  make t h i  s  trar1s.f ormat i on g ives.  

r i s e  t o  t h e  i d e a  o f  d i s t a n c e  be tueen  i n p u t  s t t - i n y ~ .  Hmb igu i t i ec .  

a r  i 5.e whenever- a r ~  input .  i s  equa l  1 y c 1 or.e t o  ri~clre t h a n  one 

c omp 1 e t  e, good i npu t  . 
The m e t r i c  i s  neve r  computed and o n l y  s e r v e s  t o  g i v e  

i n t u i t i v e  s t r u c t u r e  t o  t h e  des ign .  I t  serves. t h e  same purpclse 

t h a t  t h e  a p p r o x i  rf1at.e s t r i  ng  mat c h i  rig o f  t, he Damerau-Levenshtei  t-I 

m e t r i c  [Ha l  1 8Bl does f o r  s p e l l  i n g  c o r r e c t  i o n .  I t  shows how an 

e r r o n e o u s  i n p u t  o r  s t r i n g  may be modi f i e d  i n  o r d e r  t o  f i r s t  yet. 

t h e  c o r r e c t  i orts n e a r e s t  t o  t.he input .  and 1 a t e r  p roceed t o  

c o r r e c  t i ons. f u r t  k ~ c r  away f rort~ t. he i npu t  , mak i t-~g e x p l  i c i t t h e  

p r  i o r  i t i e s  as:. i gned t o  i npcrt f ormc., The des i gn o f  r o b u s t  

sen tence  ana l  y5.i s i r. essen t  i a1 1 y  a  d e s c r i p t  i on o f  t h e  p e r c e i  wed 

met r i c b e t  ween i npu t  s t  r i ngs. 



3 . 2  Des i gn f o r  Robust Sentence Anal y s  i s  

W i t h o u t  g i v i n g  t h e  i m p l e m e n t a t i o n  d e t a i l s  o f  s p e c i f i c  

a1 g o r i  t hms t h e  s t  t - uc tu re  and sequence o f  " c o r r e c t  i ons"  on i n p u t  

a r e  d e s c r i b e d  here .  The m e t r i c  i s  an e x t e n s i  an o f  t h e  Damerau- 

Levensht .e i  n m e t r i c  i ncorpora t .  i ng a  know1 edge o f  t h e  gramritar 

i n v o l v e d  and o p e r a t  i rig an t h e  words o f  an i n p u t  s t  r i n g .  Thus 

i n s t e a d  o f  i n s e r t i o n ,  d e l e t i o n ,  rep lacemen t ,  and i n t e r c h a n g e  o f  

a d j a c e n t  1 e t  t e r s ,  t h e s e  o p e r a t  i o n s  a r e  on  t h e  words, 

punc t u a t  i an  and o t h e r  spec i a1 c h a r a c t e r s  o f  an i npu t  s t r  i ng. 

I n s e r t i o n :  

>What i s  t h e  d e s t i n a t i o n  o f  t h e  Maru? { c o n t e x t  > 
London 

> o f  t. he R l  amo? { n ~ e d s  i n s e r t  i on) 
What i s  t h e  d e s t i n a t i o n  o f  t h e  H l  arno? 
New York 

ISe 1 et. i on: 

>What i s  t h e  d e s t . i n a t i o n  f o  o f  t h e  Hlarno? { d e l e t e  " f o " )  
What i s  t h e  d e s t i n a t i o n  o f  t h e  Alamo? 
New York 

>What i s  t h e  Jest. i n a t  i o n  o f  t h e  Hlemo? { "R lamo"  f o r  
What i s  t h e  d e s t i n a t i o n  o f  t h e  R l  amo? "HI emol') 
t4ew York 

I n t e r c h a n g e :  

>What t h e  i s  d e s t i n a t i o n  o f  t h e  Rlamcl? { " t h e "  and " i s " )  
What i s  t h e  J e s t  i n a t  i on o f  t h e  Rlamo? 
New York 

The v a l  ue o f  t h e  d  i s t a n c e  (.and henc e  t h e  order- o f  c  o r r e c  t i on 

a t t e m p t s >  i 5 i n f  1 uenced by t h e  p a r t  o f  ~ p e e ~ h  o f  t h e  words , 

s u t ~ j e c t  t o  t h e s e  o p e r a t  i C I ~ I S .  T h i s  i s  t o  i ncot -pora te  a  know1 edge 

o f  t h e  f o r m s  f o u n d  i n  p r o t o c o l  a n a l  y s i  s  i nt.o t h e  8 t ruc tu r .e .  
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3.3 We1 1 -Formed Incc~mpl  et.e I n p u t  

f i l l  i n p u t  p a r s i n g  who1 1 y  i n t o  one p a r t  o f  speech i s  

c o n s i d e r e d  t o  be  we1 1 formed,  and t h u s  has. p r i o r i t y  o v e r  

c o r r e c t i o n s .  I n p u t  t h a t  c o n t a i n s  a  p ronoun  car i s  n o t  i n  t h e  

pat-t. o f  speech sen tence  needs r e s o l  u t  i ctn o f  a  r e f e r e n c e  and i s  

c o n s i  d e r e d  i n c o m p l e t e  because o f  t h i s .  The r e s o l u t i o n  o f  a  

p ronoun i s  t h e  i nter-change o f  a  p ronoun  f o r  t h e  noun ph rase  i t  

s t a n d s  f o r .  T h i s  i n t e r c h a n g e  i s  t h e  n e a r e s t  change t o  t h e  i n p u t  

t h a t  can be done. F o l  l o w i n g  t h i s  i s  t h e  expans ion  o f  o t h e r  

p a r t s  of  speech t o  sen tences  by t h e  add i  t i on o f  a p p r o p r i a t e  

words f r o m  t h e  i n t  e rac  t i on c o n t  e x t  . These add i  t i ons i nc 1 ude t h e  

f i l l i n g  o u t  o f  a l l  e l l i p t i c a l  f r agmen ts .  

Noun phra5.e~.  a r e  a  spec i a1 case because o f  t.he g o a l s  f o r  

t r e a t m e n t  o f  t k ~ e  ter-ne f ragmen ts .  The p a r t  o f  speech noun 

pt7rac.e p a r s e s  i n t o  a  setst.ence so tha t .  =.t.and a1 one noun phrases  

cart be r e p 1  i ed t o  w i t h o u t  expanz i on i n t o  r.erst.encers. The c o n t e x t  

i s  used t o  d e t  et-m i rre wh i c h  response  i s appr-opt- i at. e, depend i t7g on 

t h e  c omp 1 ex i t y  o f  t h e  noun phrase.  

3.4 I 1  1 -Formed I n p u t '  

I f  t h e  p a r s e r  f a i  1 s  t.o f i nd any we 1 1 - fo rmed i n p u t  , t h e n  

e r r o r  c or-rec t i on t. ak es p l  ace. ~hE. t -e a r e  s e v e r a l  rn i n o r  

c o r r e c  t i orrs that .  shou l  d  a1 1 be g i  ven t h e  same pr-i o r  i t y .  These 

a r e  t h e  c o r r e c t  i on o f  s p e l  1 i t-tg and punc t uat. i on er-rot-s and t h e  

d e l  e t  i on o f  pha t  i c s  and phat. i c connect  or=.. Rep1 acement o f  a  

world nut. i n  t.he v o c a b u l a r y  by  one t.hat i s  const. i t u t e s  a  

s p e l l i n g  co t - t -ec t ion .  C o r r e c t i o n  o f  punct.cratiors i s  b y  

d e l  e t  i on. The d e l  e t  i o n  o f  punct.uat. i o n  and phat. i c f ragments.  i s  

done i n  a manner- t h a t  i 5. op t  i ona l  , so t. h a t  a1 1 good r e s u l  t s may 

be o b t  a i  ned a f t e r  resubm i s s  i on t o  t h e  parE.er. Th i  s i s des i r e d  
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a1 s o  hecau5.e phat. i c  words  rriay b e  1  e x i  c a l  1  y  ariitli gcrous w i t h o t h e r  

i nt. e r p r e t  a t  i ons  n o t  h e  i n g  p h a t  i c  . A 1 1  we 1  1  - f o r m e d  c  o r r e c  t i ons  

a r e  t h e n  p r o c e s s e d ,  w h i  c  h may p o t e n t  i a1 1 y  i n v o l  v e  t h e  r e s o l  u t  i on  

o f  r e f e r e n c e s .  I f  a wo rd  was f o u n d  that was n o t  i n  t h e  

u o c a t ~ u l a t - y ,  a d i a g n o s t i c  t o  t h i s  e f f e c t  i s  g e n e r a t e d .  As a 

s e c o n d  s t e p  o p t  i o n a l  d e l  e t  i o n  o f  wo rds  n c ~ t  i t i  t h e  u o c a t ~ u l  a r y  may 

t a k e  p l a c e .  Any c o r r e c t  i o n  i s  d i a g n o s e d  b y  e c h o i n g  t h e  

c o r r e c t e d  i n p u t  a s  i t  was e x e c u t e d .  

If t h e s e  neat- c o r r e c  t i o n s  f a i  1  t o  p r o d u c  e  we 1 1  - f o rmed  

c o r r e c t  i ons  o r  a  u o c a l u l  a r y  d i  a g n o s t  i c ,  o t h e r s  a r e  i t-iuoked. 

F i r s t ,  s e v e r a l  a t t e m p t s  a r e  made t o  see  i f  r e p l a c e r i ~ e n t  o f  word.. 

by  o t h e r  f o r m s  o f  t, he =.ame wo rd  w i 1  1 c o r r e c t .  t h e  i nput.. 

Mu1 t i p l  e  r e p 1  acement o f  c e r t  a i  n  part .=.  o f  speech  t o  a1 1 words. 

w i t h  t h e  s.ame pa r t .  o? :.peeoh ( s u c k  a5 p r e p o s i t i o n s :  i s  a l s o  

i n c  1 uded  at t . h i  s  st .age. Tk1ez.e c o r r e s p o n d  t o  t h e  f e a t u r e  arid 

p a r t .  o f  s p e e c h  ( t e s t  arid c a t e g o r y )  r e l a x a t i o n s .  o f  CKwasny 881. 

. R c.econd 1 e l l e l  s p e l  1 i n g  c o r r e c t o r ,  t h a t  c o n s i  d e r s  a1 1 i r11:lut 

wo rds  s u b j e c t  t o  s p e l  1  i rig c o r r e c t  i cln i s  t h e  next. f u r - t h e s t  

mod i f i c a t  i on o f  t. h e  ,i npcrt.. F  i r i a l  1  y, c  or-,rec t u r n  a t  t.empt i rig 

changes  i n  wo rd  o r d e r  and  t h e  o p t  i a n a l  d e l  e t  i o n  o f  i npu t .  words  

a r e  c a l  l e d .  Any c o t - r e c t  i o n  i s  d i a g n o s e d  a s  t lefot-e.  

I f  no  c o r r e c t ,  i on i s  f o u n d  and t h e r e  uac. no  1.~0catl~rl a r y  

message g e n e r a t e d ,  t. h e n  a J i  apnost. i c i 5 g c r ~ e r a t . e d  i n f  o r m i  n g  t. h e  

u s e r  o f  t h e  s i t u a t i o n .  Ariott- ier more d e t a i l e d  a n a 1 y c . i ~  o f  t h e  

i n p u t  i s  a u a i  1  at11 e  t o  t h e  cr~.et-. c~ t i  reqcres.t i f riic~t-e i n f  o rmat  i on  i s  

n e ~ d e J  t.o e x p l a i n  t h e  nat.ur-e o f  procesls i t - IJ a s  cclrnplet.ed on t.he 

i n p u t .  T h i s  more d e t a i l e d  d i a g n o s t i c  i s  ar~ e x t e n s i o n  o f  t h e  

d  i a g n o s t  i c  r e c  omriiended i n  Clde i 5.c hede 1 88 I ,  crc. i n g  t. he  h e u r  i st. i c 

o f  t h e  d e e p e ~ . t  p a r s e .  I t  coriinicrni cat. ec  t CI t h e  us.er t. h e  f ragmet i t  s  
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t h a t  krere idet-rt i f  i ed i n  t h e  i n p u t  and r e t a i n s .  t h e  f u l l  

a m b i g u i t y  o f  f r agmen t  c o m b i n a t i o n s ,  n o t  b e i n g  p r e j u d i c e d  b y  a  

t o p  down approach.  T h i s  message w i  1 1  be c a l  l e d  t h e  maximal 

c o v e r s  a n a l  y s  i s  d i  agnost  i c . 

3.5 Hmbi g u i  t y  

The equa l  t r e a t m e n t  o f  i n d i v i d u a l  a r n h i g u i t i e s  t h a t  a r e  t h e  

same d i s t a n c e  f r o m  comple te ,  we1 1 - formed i n p u t  i s  m a i n t a i n e d  

t h r o u g h o u t  t h e  system. I f  t h e  a m b i g u i t i e s  a r e  c o r r e c t i o n a l ,  

t h e n  t h e  c o r r e c t  i ons s e r v e  as  d i  sarnbi guat  i ng messages, and t h e  

s y n t  act. i c d i  agnost  i c p recedes t h i  s  o t h e r  o u t p u t .  O the rw i  se, 

d i  agnost  i c s a r e  g e n e r a t e d  exp 1 a i  n  i ng t h e  d  i f f e r e n t  

i n t e r p r e t a t i o n s  o f  t h e  a r f rb igu i t y ,  whether  s t r u c t u t - a l ,  l e x i c a l  o r  

d e f i n i t i o n a l .  H I1  arnb igcr i t ies  a r e  p rocessed  t h r o u g h  t o  

corirpl e t  i on, and a r e  t h e n  p r e ~ . e n t . e d  t o  t h e  u 5 . e ~ .  Sc~me 

i n t  er-pret.at i onc may produce =.emant i c d i  agnost  i cs.  I f  t .here a r e  

any amb i gui  t i es  g i  v i  ng a  good r e s u l  t , a1 1 o f  t h e  semant i c 

d i  agnost  i cc  a r e  suppressed.  HI 1 d i  agnost  i c r .  a r e  ou t  p u t  i f t h e r e  

i s  no good i r r t e r p r e t a t i o n .  

3.6 Comparison w i t  k Other  System Desi  gns 

Rno the r  sys tem d e s i g n  u s i n g  t h e  n u t  i o n  o f  a  m e t r i c  between 

we1 1 - arld i 1 1 -f ormad input .  i 5. E r a d f o r d ' r .  ETR ( E r r o r  T c ~ l  e r a n t  

Ht-1.51 y s i  s >  sys tem CBradf o r d  82.3, 8261. T h i s  c o n s i d e r s  word 

de1 e t  i art, i n s e r t  i ot-I and ad jacent .  i t i t e rchange  i n  o r d e r  t o  f i n d  

we1 1 - fo rmed i t- put . (Sut ls t  i t u t  i on:. a r e  de1 et. i or15 f o l  1 owed t ~ y  

i r1ser.t. i urts. > The rile.asure i s d e f  i ned f orrnal 1 y. The sysbem uses 

t h e  grammar t o  f i n d  t h e  c 1 o s e s t  sent.ence i 1-1 t h e  gt-ar~imar t o  t h e  

i ny.~lut, arid pt-.es.et<ts t h e  a1 te rna t .  i ves f o u n d  t o  t h e  u s e r  one a t  a  
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t i m e .  T h i s  p roceeds  unt. i  1  t h e  c o r r e c t i o n  i s  f a u n d  o r  t h e  u s e r  

t e r m i n a t e s  t h e  p r o c e s s .  

Wei schede l  and Sondhei mer have a s t r u c t u r ~  f o r  dea l  i n g  w i t h  

i 11-formed i n p u t  w i t h i n  t h e  ATN s e t t i n g  by  u s i n g  m e t a r u l e s  t h a t  

change the sys tem's  grarrtrnar t o  accornodate c o r r c c  t a b 1  e e r r o r s  

[Weischede l  813. T h i s  g i v e s  an e l e g a n t  f o r r i ~ a t  t o  t h e  i d e a s  i n  

tKwasr~y 881 on r u l e  r e l a x a t i o n ,  and c o u p l e d  w i t h  Kwasny's 

p a t t e r n  a r c s  wou ld  go f a r  t o w a r d  improued h a b i t a b i l i t y .  

Hayes and Reddy have a  d e s i g n  f o r  a " g r a c e f u l "  system, 

wh ich  i s  a d e s i g n  f o r  improved h a b i t a b i l i t y  [Hayes 793. T h e i r  

paper  g i v e s  t h e  d e s i g n  g o a l s  f o r  a  f o r t h c o r h i n g  system i n  wh ich  

t h e y  expec t  t o  i n c l u d e  t h e  speech mode. T h e i r  s t u d y  

c o n c e n t r a t e s  cart l i m i t e d  s e t t i n g s  d e s i g n a t e d  " s i m p l e  s e r v i c e s " ,  

such as  r e s e r v a t  i on sys.ierns f SIP a i  i-1 i nes or. r e s t  s u r a n t s .  

These o t h e r  s.yster(1 d e s i g n s  have been s t u d i e d  and t h e  

p r e s e n t  d e s i g n  has a t t e m p t e d  t o  i n c l u d e  t h e  good f e a t u r e s .  o f  

each and t o  add rnany new c a p a b i l i t i e s  t o  t h e  s t a t e  o f  t h e  a r t .  

The ma jo r  d i f f e r e n c e s  a r e  t h e  t r e a t m e n t  o f  t h e  f ragment  forms 

f o u n d  i n  p r o t o c o l  a n a l y s i s ,  p r i m a r i  1 y  t h e  pha t  i c  and t e r s e  

f ragments ,  and an o r g a n i  i e d  t v e a t  merit o f  amhi gcri t i es and 

d i a g n o s t i c s .  I n  a d d i t i o n ,  each method c ~ f  c o r r e c t i o n  and t h e  

res.01 u t  i on o f  r e f e r e n c e s  has been c a r e f u l  1 y z . tud i  ed i n  t e r r i ~ s  o f  

rec.pclr15.e t i rile, genera t  i on o f  a1 1 a p p r o p r  i a t e  c t-~anges a  g  i ven 

d i s t a n c e  f rom t h e  input . ,  and t h e  i r ~ t e r a c t  i o n  ilf t h e  v a r i o u s  

changes made t o  t.he i n p u t  . 
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Chapt.et- 4 :  HSK Sys tem E n v i r o n m e n t  

4 . 1  I n t r o d u c t i o n  

R voc a b u l  a r y  w i 1 1 b e  nec es.sary  i t-I t h e  t-.emai n d e r  o f  t h i s  

t h e s i  s  d e s c r i  b i  t-~g t h e  1  arlgcrage p r o c e s r . i  n g  t-out. i nec. a u a i  1 at11 e  

w i t h i n  t h e  HSK System. E x e c u t i o n  o f  t h e s e  p r o c e d u r e s  on  a n  

i t i pu t  s t  r i n g  c  o n s t  i t u t  e s  a n  e v a l  u a t  i o n  o f  t h a t  s t  r i ng.  The 

pt-c~grams f o r  c o r r e c t i o n  o f  i n p u t  t o  t v l a t  w h i c h  i s  we1 1 - fo r r i l ed  

arid c o m p l e t e  make u s e  o f  t h o s e  d e s c r i b e d  he re .  H I  1 o f  t h e  

c o r r e c t  o r y d  i a g n o s t  i c  a1 g o r  i t. hms t o  b e  d  i sc us.s.ed 1  a t  e r  a r e  

acce=.sed a s  r e q u i  t-ad b y  t h e  d e g r e e  o f  c o m p l e t e n e s s  o f  t h e  

r e s u  1 t s  cgtlt. a i  t ied f t-om t. h e  1 arlguage p r o c e s s  i n g  pt-oc edut5e=. . Thus 

a n  ~~~~~~~~standi n g  o f  what t h e  1 anguage pt-ocez.si n g  r o u t  i n e s  do is. 

rlec ec.s.ary b e f  o r e  t h e  e x p l  anat. i on  o f  t h e  c u r r e c  t o r  i agr~os . t  i c 

p o r t  i on  o f  t h e  sys tem.  Fu r t .  he rmore ,  each  o f  t . h e ~ e  p r o c e d u r e s  

c  o n t  r i b u t  e s  t o  t h e  o u e r a l  1 5ys.t. ~ I ( I  hab  i t a b i  1 i t y because  o f  t. h e  i r 

u n d e r l y i n g  a m b i g u i t . y  h z n d l i n g  c a p a b i l i t i e s .  

4.2 Languages  i n  t h e  HSK System 

F i r s t  some desc ' r i  l : t t  i on  o f  ASK Sys tem p h i  1 os.ophy i s  

r~ece=.=.at-~ 1 t o  u n d e r s t  and t hese  d e s c r  i p t  i on=.. The u n d e r  1 y i n g  

s y s t  em i mpl emertt s  a p r o c  ess.ot- f o r  f o r r f ~ a l  1  angcrages a s  d e f  i n e d  i t7 

CThompson 561. Conc i =.el y  d e s c r i b e d ,  t h i  5. i s  a g e n e r a l  rewt - i  t e  

r u l e  gramri~at- 1,lit.h a s s o c i a t e d  s e m a n t i c  p r o c e d u r e s  t h a t  at-e 

i n v o k e d  a s  r e q u i r e d  t ~ y  t h e  a p p l  i l r a t  i o n  ctf t h e  grammar r u l e s .  The 

1 anguage prc1cei.s.i n g  r o u t  i n e s  p e r f  CIVM f u n c t  i cfins c o r r e s p o n d i  ng t o  

t h e  d i v i s i o n s  i n  t h i s  d e f ' i n i t . i o n .  Hti a p p 1 i c s t . i o n s  m e t h o d o l o g y  

i s  mai t i tsi n e d  as  d e s c r i b e d  i n  CEi g e l  ow 733,  whet-a i n d i  u i d u a l  

a p p l  i cat.  i ons  r e c e i  ve  t h e i r  owti l anguage .  H l anguage c o n s i  s t  s  o f  

a  1 e x i c o n  and  a grammar w i t h  i t.s assoc  i a t a d  semant. i c  r o u t  i ties. 





Procedure :  
{comment s )  

Ren.ul t s :  

Output  t e r  
{ a r r a n g e s  

mes.sagcs) 

There a r e  2 answers: 
1>Who i s  Smi th?  

"Smi t h "  d e f  i ned az "Jo l - I~I  Sri l i  t h "  
John Smi t h 

Z>Who i s  Smi th?  
" S m i t h "  d e f i n e d  as "E i  1 1  S m i t h "  
B i l l  S m i t h  

S s ~ ~ a n t .  i c s  < l > J o h n  S m i t h  
{ e v a l  u a t  i o n >  I ( 2 ) B i l l  S m i t h  

ldhol e  Hrcs. 
  select.^ 

at-cs fo t -  
e v a l  u a t  i on, 
messages.) I 

I s.entencc: who i s  SmithCZ>? I 
" S m i t h "  d e f i n e d  as " E i  1 1  S m i t h "  

I s e r ~ t e n c e :  who i s  S m i t h < l i ' !  I 
1 " S m i t h "  d e f i n e d  as "John Sr i l i th"  

P a r s e r  T I sen tence :  who i s  S m i  thCZ>? I 
{appl i e s  
grammar 
r u l e s }  

1 sentence:  who i s  S r n i t h ( l > ?  

1 1 up: i s  SmithC1> r 

P r e p r o c e s s o r  I { i n i t i a l  
a r c s >  

I n p u t  S t r i  rig: W 1-1 o  i s  Smi th  ? 

w i t h  t h e  p a r t s  of' speech a b b r e u i  a t e d  as: 

up: ve rb -ph rase  
np:  nout-I-phrase 

pc t. : punc t u a t  i on 
wh-: wh-word (e.g. ,  who, what, when, whet-.e, why, hclw> 
r e 1  : r e 1  at. i ve pror ioun (p t 'e f  aces. r e 1  a t  i ve c 1 ause> 

cv: c o p u l a  v e r b  
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4.3.1  P r e p r o c e s s o r  

The  p r e p r c ~ c e s s o r  i s  t.ha f i rs t .  p r o c e d u r e  o f  t.he 1 anguage 

p r o c e s s o r s  t o  a n a l y z e  t h e  i n p u t  s t r i n g .  I t  fo rms  t h e  i n i t i a l  

p a r = . i n g  char t . .  T h i s  i s  a  l i s t  s t r u c t . u r e  t h a t  c o n t a i n s  t h e  

par-see. of  c h a r a c t e r s ,  words i n  t h e  1 e x i  con, i dent  i f  i et-s ("erur-ds" 

n o t  f o u n d  i n  t.he 1 e x i  c c ~ n > ,  and r e a l  and whctle nurf~bers. If a  

word i s  i n  t h e  l a x i c o n  w i t h  ri~ctre t h a n  one p a r t  o f  speech o r  w i t h  

d i f f e r i n g  f e a t u r e s ,  i t  i s  added t o  t h e  p a r s i n g  c h a r t  

a r i~b iguous l  y. Hny a f f i x e n .  t o  words t.hat were i n c l u d e d  i n  t h e  

l e x i c o n  a l s o  ap1:tear i t ?  t h e  i n i t i a l  p a r s i n g  char t . .  Hn ex rmp le  of 

t h e s e  a r e  t h e  p r e f i x e s  f o r  u n i t s :  m i l l i ,  p i c o ,  k i l o ,  and so  on. 

4 . 3 . 2  P a r s e r  

The pat-ser app 1 i es  t h e  grammar r u l  e5. t o  i nput, of t h e  f arm 

o f  t h e  pre1:lr.ocess.or's. ocrt.put. Th i  E. i s  done i n  a  r i~anner 

r e t a i n i n g  any a m b i g u i t i e s  o f  t h e  i n p u t .  Each a r c  i n  t h e  pa rs . i ng  

c h a r t  re tu r r - led  by  t h e  p a r s e r  h a s  1 i n k s  t.o bot.h t h e  s ) J r ~ t a x  and 

s e m a n t i c s  of t h e  a r c .  The r .y t i tax  o f  an a r c  c o n s i s t s  o f  i t s  p a r t  

o f  5.peec h ,  feat, i ~ r e s .  and t h e  under  1 y i ng 1 i t e ra1  s t  r i r-19 t h a t  has 

pars.ed i n t o  t h e  a r c .  The =.emant i c s  may tte a  v a r i  e t ) )  o f  t h i  ngs: 

p u  i n t  e r s  t o  semant i c rout .  i nes, nurf~er i c a1 v a l  ues, f r e e  o r  bound 

v a r i  a b l  es., o r  d e f  i n i  t i'onr.. The s t r u c t u r e  i s  i t-it-~erent i n  t h e  

p o i  r~t.et-s c o n n e c t i n g  t h e  a r c s .  Ar1:~1 seri~ant, i c rou t .  i nes t.o h e  

exec crt. ed a t  n.)jnt ax t i me happens. d u r  i ng t h e  a1:tF:ll i c a t  i on o f  t h e  

co r res .po r~d i  ng  grammar r u I  EB..  HI 1 of '  t h i  c. =. t . ruc ture  i s  

a v a i l a b l e  a f t e r  t h e  p a r s e r ' s  execu t . i on  f c l r  analy=. in .  b y  o t h e r  

rout .  i nes, wh ich  can t h e n  det.ermi tie t h e  s t .a tus  o f  t.he i n p u t  ' 5 .  

we1 1 - f  ormedtiess. 
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4.3.3 Whole A rcs  

The who1 e  a r c s  p r o c e d u r e  sea rches  t h e  o u t p u t  o f  t h e  p a r s e r  

f o r  any a r c s  c o v e r i n g  t h e  who le  i n p u t .  F t -e ference i s  g i v e n  t o  

a r c s  w i  t.h t h e  p a r t  o f  speech se r~ t .e r~ce ,  so that .  i f  arty sentences 

a r e  found,  01-11 y  t h e  se t i te t -~ces  a r e  k e p t .  I f  no  sen tences  at-e 

found ,  a1 1 a r c s  c o v e r i n g  t h e  whale i n p u t  a r e  k e p t .  I f  no a r c  i s  

f o u n d  that .  c o v e r s  a1 1 t h e  i n p u t  , t h e n  t h e  s e a r c h  i s redone t o  

l o o k  f o r  a r c s  n o t  c o v e r i n g  t h e  t r a i l i n g  p u n c t u a t i o n .  T h i s  i s  

because sen tences  i nc 1 ude t h e  end putic t u a t  i on Copt i a n a l  1 y ?  , 
whi l a  o t h e r  p a r t s  o f  speech do n o t .  E l  1 i p t i c a l  f ragments. w i t h  

t r a i  1 i tig punc t crat i ot-I hi i 1 1 t h u s  be found.  I n  t. t-~e case t. h a t  t. h e r e  

a r e  s t i l l  no  hole arcs. f o u n d  a f t e r  r e l . a x i r l g  t h e  reqcr i re r i~ent  t o  

c o v e r  t h e  f i n a l  punct.crat i on, a  n i  1 1 i s t  i s  r e t u r n e d .  

4 . 3 . 4  Amb i gu i t. y  and Anaphora 

If t h e   hole a r c s  progt-arn f i r ~ d s  more t h a n  one a r c  t o  r e t a i n  

f o r  f u r t h e r  pt -ocessi  ng, t h e n  d i  agnost. i cs. must tie p r e p a r e d  

e x p l  a i  n i  n g  t h e  i n t  e r p r e t  a t  i ons found.  The t-uut. i nes f o r  t h e  

genera t  i on  o f  d  i sawlei guat. i ng messages a r e  c a l  1 ed i 1-1 t. 1-1 i 5. case. 

The p r c ~ c e d u r e s  f o r  t h e  r e s o l  u t  i on o f  r e f e r e n c e s  a r e  c a1 1 ed a f t e r  

f i n d i n g  t h e  whole a r c s  so tha t .  t h e  s y n t a c t i c  r e l a t i o r ~ s h i p  

be tueen  t h e  e1ernent.s o f  t h e  i n p u t  may be used f o r  t h i s  

r e s o l  ut. i on and t h e  updat. i ng o f  t h e  p o t e n t  i s l  r e f e r e n t  1 i s t .  

Ar~ot. h e r  r e a s o n  f o r  anaphora  p r o c e s s  i rly at. t. h i s  t i tile i s z.0 

t.hat referet- ICE. r e ~ ~ l u t i c t n  may t a k e  p l a c e  i n  c o n j u t - ~ c t i o r t  w i t h  

o t h e r  c o r r e c t  i o n s .  T h i s  rers~ark a l s o  app l  i e s  t o  t h e  

d i  = .a r i~ t~ i  guat. i on p rocedures .  They a r e  c a l  1 ed whcne.-.uer t h e r e  i s  

more t h a n  one good who1 e at-c so t h a t  t h e y  may d i  agt-1o5.e b0t.h t r u e  

and c o r r e c t  i o n a l  ambi g u i  t i es. 
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4 . 3 . 5  Semant ics  

Rny remai  n i  ng  sernant. i c r o u t  i nes. a r e  execu ted  h y  t h e  "sem" 

program. T h i  s  r e c e i  ues a  l i s t  o f  who1 e  a r c s  as i n p u t  and 

c a l l s  t h e  sernant ic r o u t i n e s  a s  i n d i c a t e d  i n  t h e  p a r s i n g  c h a r t .  

I t  r e t u r n s  a  1 i s t  o f  p h r a s e s  p r e p a r e d  f o r  t h e  ou t  p u t t e r  c a l  l ed 

OUT phrases.. I f  t h e r e  a r e  no good r e s u l t s  a t  t h e  end o f  

semant.ic p r o c e s s i n g ,  t h i s  l i s t  i s  n i l .  

4 . .3 .6  O u t p u t t e r  

A l i s t  o f  OUT p h r a s e s  w i t h  d i samb i guat  i n g  messages i s  sent. 

t o  t h e  o u t p u t t e r  as. t h e  l a s t  s t e p .  The o u t p u t t e r  t a k e s  t h i s  

i nforrrtat. i on and generates.  a  l i s t  o f  1 i nes for- ctutpcrt . The l i ne 

1 i st. rc~ade c o n t  a i  ns  a1 1 #good o u t p u t  m i f  t h e r e  a r e  any, and 

ot. h e r w i  se  has a1 1 =.eri~ar~t. i c d i  agnctst i cs.. Finy synP.aci i c 

d i  agt-tost i c i s  a1 ways i r ~ c  1 uded a t  t h e  b e g i  n i  ng  o f  t h e  l i s t .  A l  1 

i n t e r p r e t  a t  i on=. ( d i  =.ambi guat  i on message=.> g  i v i  rlg t h e  same ansuer  

a r e  1 i =.t.ed befct re t h a t  answer. I f  t h e  1 i ne 1 i s t  i s l onger t h a r ~  

what i s cons. i d e r e d  reasonab 1 e  ( u s u a l  1 y  28 1 i nes)  , t. he u s e r  i s  

prornpted as. t o  how much o f  t h e  eut.put. i s  de=. i red .  I f  thet-.e a r e  

more t h a n  t h r e e  amtcigui t i es, a  d i f f e r e n t  prortipt. i s  g i  uen a1 ong 

w i t h  t h e  i n t e r p r e t . a t  i on=. f o r  u=.et- s e l e c t i o n .  The us.er may 

a1 ways see t h e  r e s t  o f  t h e  l i ne 1 i s t ,  any other* 1 i ne range  i n  

t h e  l i n e  l i s t ,  o r  t h e  o t h e r  arfit l igui t. i e ~  that .  were n o t  requect.ed 

i n  t. he f i r s t  response.  

4 . 4  D i a g n o s i s  and C o r r e c t i o n :  How and When 

Oar i ous f a i  l u r e s  o f  t h e  1 anguage p rocess  i ng p r o c e d u r e s  w i 1 1 

prc~rc~pt execut. i on o f  c o r r e c t .  i on and d i  agr-1os.t. i c programs.  F a i  1 u r e  

o f  t h e  p r e p r o c e s s o r  on1 y  happens on a n i  1 i n p u t  s t r i n g ,  and t h e  

i npu t  o f  n o t  h i rig i 5 gi ven t h e  apf:trclpr i at. e  response  o f  n o t  1-1 i rig. 
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Parc .e r  f a i  1  u r e  i nvol:es t h e  p r o g r a m  admi n i  s t r a t  i n g  t h e  c o r r e c t i o n  

and  d i a g n o s t i c  r ou t .  i n e s .  The g o a l  o f  t h e s e  r c ~ u t  i n e s  i s  t o  

e  i t. h e r  g e t  good  rem.crl t.s t h r o u g h  t.he se r ,~ar~ t  i c s s t  age o r  t o  a t  

1  ea5.t g i v e  a good d i  a g n u s t  i c .  Each  1 e ~ l e 1  of c c ~ r r e c t  i o n s  

c o n s i  s t  s  o f  c a l  1 s  t o  a1 1 o f  t h e  1  at-~gcrage p rocesn .o r  r o u t  i n e s  

o t h e r  than t.he o u t . p u t t a r  i n t e r s p e r s e d  w i t h  t h e  e x e c u t i o n  o f  t h e  

wodi  f i c a t  i on  p rog rams .  H i  g h e r  1  eve1 s  o f  c o r r e c t  i con a r e  

p e r f o r m e d  upon  t h e  f a i l u r e  o f  t h e  l o w e r  l e v e l  c o r r e c t o r s .  I n  

t h i  s manner, t h e  i r ~ p u t  i s  r e e u a l  u a t  e d  w i t h changes  s u c c e s s  i u e  1 y 

more r a d i c a l  i n  n a t u r e .  



Chap te r  5 :  Hmbigui t y  

Jane : I  know a  man w i t h  a wooden l e g  named Smith.  
Michae1:What's t h e  riarile o f  h i s  o t h e r  l e g ?  

( f r o m  "Mary Popp ins "  CWalsh 641)  

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

Rmbi g u i  t y  a r i  ses  whenever i npu t  has more t hart one equa l  1 y  

l i k e l y  i n t e r p r e t a t i o n .  T h i s  may happen w i t h  b o t h  w e l l - f o r m e d  

and i 1 1 -f orriled i n p u t .  We1 1 - fo rmed i npu t  i s ambi guous when t h e  

i npu t  co r responds  t o  s e n t e n c e s  normal  1 y  c o n s i  de red  amb i guous i n 

n a t u r a l  convet-sat. i on, e i  t h e r  due t o  s y n t a c t i c ,  sernant i c  o r  

r e f e r e n t  i a1 c 01-1s i d e r a t  i ons. I 1  1 - fo rmed i npu t  i s  arnbi guous i f 

t h e r e  a r e  mare t h a n  one equa l  1 y  1 i k e l  y  c o r r e c t  i ons, and a1 so i f  

any cot-rec t i on y i e l  ds a  we1 1  - f o r w e d  ambi guctur. c .er~t  etice. 

Seve ra l  n a t u r a l  1 anguage systems do n o t  t r e a t  ambi g u i  t y 

<PLHt.IES CTennant 881, CO-OP CKapl arl 791, LUNHR C Woods. 731 and 

SHRDLU CWinograd ? I ] ) ,  c l a i m i n g  t h a t  a t  mo=.t one i n t e r p r e t a t i o n  

was a c t u a l  1 y  i n t  ended. These syn.t.ems g e n e r a l  1 y  assume t h a t  t h e  

f i r s t  good i n t e r p r e t a t  i o n  f o u n d  i s  t h e  one d e s i r e d .  O the r  

systems have u ~ e d  a l i ~ b i g ~ i t ~  i r ~  t h e  way t h e  ASK System does f o r  

s i m i  1 ar reasons ,  b u t  p o s t  pone semant i c p r o c  e s s i  ng  u n t  i 1 a f t e r  

d i  s.arnbi guat  i on t ~ y  i n t e r a c t  i n g  w i t h  t. he u s e r  i INTELLECT (ROBOT) 

[ H a r r i s  771, LIFER CHendrix 781, kEt4DEZVOUS CCudd 781 and TQH 

(REQUEST) C Damerau 81 I ) . Because o f  t h e  o v e r a l l  sys.t. em 

q u i  c kness,  t h e  HSK System can  p e r f  o r n ~  semant. i c process. i  ng b e f o r e  

q u e r y i n g  t h e  u s e r  f o r  a  p a r t . i c u l a r  c h o i c e .  This.  has  t.he 

a d u a r ~ t  age o f  u s i  rlg t h e  semant i c i t i f  ormat i on f o r  d i  sarr~tl i  guat  i on, 

and t h e  i n t e v p r e t a t  i o n s  t h a t  w i  1 1  n o t  work < o r  wou ld  g i v e  

semant i c d  i agno5.t i c  s >  a r e  n o t  p r e s e n t e d  t o  t h e  u s e r  u n l  ez.5. t hose 

a r e  t h e  or11 y i n t .e rp re ta t .  i o n s  a v a i  1 a 1 1  e. However, no sematit i c 

procesn. i  ng t a k e s  p l  ace t h a t  would change e i t h e r  t h e  1 ar~guage o r  



-55 -  

t h e  under1  y i n g  know1 edge ba5.e i f  t h e  i n p u t  i s  ambiguous. How 

t h e  u s e r  can  make unan~b i  guaus. i nput, w i  1 1 be e u i  dent  f r o r i ~  t h e  

messages g  i ven f o r  d i  samb i g u a t  i on. 

The HSK System has used a m b i g u i t y  f o r  s e u e r a l  reasons.  

F i  r s t  i t  i s  v e r y  n a t u r a l  t o  have one word w i t h  s e v e r a l  meani ngs 

w i t h i n  a  g i v e n  s e t t i n g .  F o r  example, t h e  word " m u l t i p l y "  has 

s e v e r a l  meani ngs even w i  t h i  n  s e v e r a l  mathemat i c a l  s e t t  i ngs, 

depend ing  on t h e  t y p e  C i n t e g e r ,  m a t r i  x >  o f  operands t h a t  a r e  

b e i n g  " r i ~ u l t i p l i e d " .  Eot.h o f  t h e s e  d e f i n i t i o n s  would be expec ted  

i n  a  math package, and t h e  sys.tern woul d  t ~ e  expec ted  t o  know 

w h i c h  a p p l i e s .  Thus " m u l t i p l y "  i s  o f t e n  d i s a m b i g u a t e d  i n  

c o n t e x t  b y  grammar r u l  es  o r  semant i c r e q u i  remen%.=., b u t  remai  t-IS 

ambi guou=, Tor  c o n t e x t s  that, do not. b i  sarhbi gi.4at.e i i, such as 

"What i s  t.he d e f i n i t i o n  o f  m u l t i p l y ? " .  Hmbigcri ty is. i m p o r t a n t  

sec ond 1 y, bec au2.e n a t u r a l  1 anguage i s arnbi guoccs. Cc ons i d e r  t. he 

exar i~p le  a t  t h e  b e g i n n i n g  o f  t h e  c h a p t e r . >  T h i r d l y ,  a r i~b igc r i t y  

h a n d l i n g  c a p a b i l i t i e s  a r e  v e r y  h e l p f u l  i n  k e e p i n g  t h e  v a r i o u s  

c u r - r e c t i c ~ n s  on an equa l  f oo t . i ng .  Eecause t h e  HSK Sys ter i~  uses  

ambi g u i  t. y,  ri~esr.age s a r e  needed t o  e x p l a i n  t h e  d i f f e r e n t  

i nt. e r p r e t  at. i on= made by  t h e  s y s t  em. Furt .hermore, even w i  t h i  n  

systerns t h a t  do n o t  a1 low a m b i g u i t y  o r  t r y  t i !  f i n d  t h e  

i rlt erp:lret .st i on i n t  ended, d i  agnost  i c s a r e  needed t a exp 1 a i  n i nput  

tha t .  i s e i t h e r  r e j e c t . e d  because o f  ambi g u i  t. y, or woul d  normal 1 y  

have mu1 t i t:~ l  e  i n t  e r p r e t  at. i ons. D i  agnoc. i s i s neces.=.ary whenever 

t,het-e i s  a  it- lance o f  m i  sunder -s tand ing  what t h e  system has done. 

5 . 2  Types 

S i x  t y p e s  o f  a m b i g u i t i e s  ri~ay occu r  i n  t h e  H6K Sys ter i~  

enl..rironmrr~t. and t h e s e  a r e  t h e  one=. t,hat. must be d iagnosed.  The 

s i  x  t ypes a r e  E.t.,ruc t u r a l  , 1 e x i  c a1 , d e f i  n i  t i ana l  , semant i c , 



anapt- oral and c o r r e c  t i ona l  . A st. r u c  t u r a l  amb i gu i t y  comes f ro r i~  

i n p u t  t h a t  g i v e s  p a r s i n g  c h a r t s  t h a t  d i f f e r  i n  t h e i r  s t r u c t u r e .  

L e x i c a l  ambi g u i  t i e s  haue s i  m i  1 a r  s t . r u c t u r e s  Lut. have e l  er i~ents o f  

t h a t  s t r u c t u r e  d i f f e r i n g  i n  t h e i r  p a r t  o f  speech o r  f e a t u r e s .  

The s t r u c t u r e  i s  a1 so t h e  same f o r  d e f  i n i  t i ona l  1 y  ar i~bi gunus 

i n p u t ,  b u t  a  d e f  i ned word of  t h e  i n p u t  has mu1 t i p l e  

d e f i n i t i o n s .  I n p u t  t h a t  pass.es t h r o u g h  a1 1 = . yn tac t  i c p r o c e s s i  r ~ g  

unambi guous l  y  b u t  has  s e v e r a l  i n t e r p r e t a t  i orbs serr~ant i c a l l  y  i s  

semant i c a l l  y ambiguc~us. I f  t h e  i n p u t  has a  t y p e  o f  r e f e r e n c e  

and t h e r e  i s more t h a n  one equa l  1 y  app rop r  i a t e  r e f e r e n t  t h e n  t h e  

i npu t  i s anaphora l  1 y  ambi guocts. Input.  i s car-12.i d e r e d  t o  be a  

c c ~ r r e c t  i a n a l  a m b i g u i t y  i f  more t h a n  one c o r r e c t .  i on has been 

s u c c e s s f u l  l y  app l  i e d  t.o i t  w i t h i n  t h e  cu t%rent  l e v e l  o f  

c u r r e c  t i on. 

5.3 T r e a t  riient o f  I n d i  v i  dua l  Types 

A 1  1 ar i~bi guucrs. i n t  e r p r e t  a t  i ons o f  a  g i v e n  i npu t  a r e  

con5.i d e r e d  equa l  1 y. D i  agnnst  i cs  a r e  p r e p a r e d  by  t h e  

d i  sarnbi guat. i on r o u t  i nes t o  d i s t i n g u i s h  between t h e s e  

i n t e r p r e t . a t i o n s .  Each t y p e  o f  a m b i g u i t y  has a  p a r t i c u l a r  t y p e  

o f  d i  s.amtli gcrat i t-kg d i  agnost  i c  , whi c h w i  1 1 be d e s c r i  bed h e r e  a1 ong 

w i  t h  t h e  r i~e thod c ~ f  i t s  genera t  i on. Hokl t h e  d i  f f e r e n t  t ypss 

i n b e r a c t  w i t  h i  n  t h e  o v e r a l  1 f ramewc~rk s f  t h e  d i  sar i~bi  guat  i ng 

p r o c e d u r e s  w i 1 1 be d i 5.c u5 sed a f t e r  t h e  i n d i  v  i dua l  t ypes a r e  

p resen ted .  

5 .3 .1  S t r u c t u r a l  A m b i g u i t i e s  

P a r s i n g  char . t  s  t h a t  d i f f e r  i n  s t r u c t u r e  w i  1 1 be genera ted  

by  s e t s  o f  r u l e s  ' t h a t  do not. g i v e  a  c l e a r  p recedence t o  t h e i r  

o r d e r  o f  app l  i c a t  i on. T h i s  rt~ay happen i n  n a t u r a l  1 anguage w i t h  



combi  n a t  i ons  o f  more t h a n  one r e 1  a t  i v e  c 1 ause  or- p r e p o s i  t i orla1 

phras.e.  A s i m p l e  examp le  t o  i l l u s t r a t e  d i f f e r i n g  p a r s i n g  c h a r t  

s t r u c t u r e  i s  i nt. e g e r  f o u r - f  unc t i on  ar i t hmet i c  w i t. h o u t  p r e c  edenc e  

o f  t h e  o p e r a t  i o n s .  I n  t h i s .  e n v i r o n n ~ e n t ,  1+2*3 c o u l d  be  

i n t e r p r e t e d  a s  e i t h e r  1 + ( 2 * 3 i  o r  ( 1 + 2 j a 3 .  A l t h o u g h  t h e r e  i s  ar-I 

a g r e e d  upcln p r e i  edence  o f  t he5.e o p c r a t  i ons ( t h a t  i s  i nc 1  uded i n  

t h e  r u l e s  o f  t h e  RSK S y s t e m i  t h e r e  a r e  o t h e r  a p e r a t  i o n s  i n  b o t h  

m a t  hemat i c s  and  E n g l  i s h  t h a t  have  no  we1 1 d e f i n e d  p recedence .  

I n  t h e  a r i  thmet. i c  exampl e, p a r e n t h e s e s  were u s e d  t o  

d i  5 . t  i n g u i  c.h be tween  t h e  t w o  i n t e r p r e t . a t i o n s .  T h i s  i 5  t h e  method 

t h a t  w i l l  tte u r e d  t o  d i s a m b i g u a t . e  s t r u c t u r a l  a m b i g u i t i e s .  

C o r ~ t  i n u  i n g  t h i s  exartlp 1 e, t h e  f o 1 1  ow i n g  f i g u r e  st-IOWS. how t h e  

s t r u c t u r e  o f  t h e  p a r s i n g  c h a r t  c a n  tle cap t . u red  t ly p l a c i n g  

p a r e n t h e s e s  i n  t h e  i n p u t .  H e r e  # i n d i c a t e s  an  i n t e g e r  and i iop 

i c. at? i n t e g e r  o p e r a t o r .  Fa ren thes .es  a r e  added t o  t h e  i n p u t  

s t r i  n j  a t  each  p l a c e  where  a r u l e  a p p l  i c a t  i o n  h a s  o c c u r r e d .  The 

d i= .a rn t~ i gua t i t - 19  message i s  t h e n  made b y  e l i m i n a t i n g  t h e  

p a r e n t  heses  t h a t  r e f  1 ec t t h e  same s t r u c t u r e  i n  e a c h  

i r1t.erprE.t a t  i o n .  

s .en tence  

I 
noun p h r a s e  

I 

sent. ence  

I 
noun  p h r a s e  

I 



Once t h e  d i  sarnbi guat  i n g  messages a r e  genera ted ,  t h e  out.put can 

be  formed.  The r e s u l t i n g  i n t e r a c t  i o n  w i t h  t h e  u s e r  would l ook  

1 i k e :  

>1+2*3 
There  a r e  2 answers: 
1)  1 + i 2 * 3 )  

7 
2) (1+2>*3  

9 

F o r  an examp 1 e  u s  i ng Eng 1 i sh, a  war i an t  o f  t h e  exc ha r~ge  a t  

t h e  o p e n i n g  o f  t h e  c h a p t e r  has  t h i s  k i n d  o f  a m b i g u i t y :  

>Who i s  t h e  man w i t h  a s m a l l  c a t  named L i o n ?  
There  a r e  2 answers: 
1>  who i s  t h e  man ( w i t h  a s m a l l  c a t  named L i o n ) ?  

George Peabody 
2> who i 5 t h e  man ( w i  t.h a  smal 1 c a t  1 named L i o n ?  

R l f r e d  L i o n  

The d i samtz i guat  i rig mes.sage=. a r e  f armed i n t. he  p r e v  j ous 

exampl e, u s i n g  t h e  d i  f f e r i  ng  s.t . ruct.ure of t h e  p a r s i  rIg char ts .  t o  

p r o v i d e  parentheses.  t o  s.t-~ow l - 1 0 ~  grammar r t .~ les  a p p l i e d .  

Here t h e  p a r e n t h e s e s  i n d i c a t e  whether  i t  i 5  t h e  marl clr t h e  

. s m a l l  c a t  t h a t  i s  named L i o n .  

I t  s h o u l d  tie ment ioned h e r e  t h a t  t h e  k r~ow ledge  base and 

s.emant i c r u l  es w i  1 1  o f t e n  e l  i m i  n a t e  sorile i n t e r p r e t . a t  i ons. I f  

t h e r e  was. no "srstal 1 cat. named L i o n "  i n  t h e  p r e c e d i  ng example, 

b u t  thet-e was. a  " ~ l a n  ( w i t h  a =.ma1 1  c a t  named L i o n "  t h e n  t h e  

f i r s t  i n t e r - p r e t a t i o n  wou ld  g i v e  t h e  sers~arrt.ic d i a g n o c . t i c :  "There  

i s  no srilal 1 cat. named L i  on. " Th i  s  i n t  erpret .at .  i on ~*loctl d  t h e n  tie 

c t ~ p p r e ~ . = . e d  b y  t h e  ou t  pu t t .  e r  p rec  edure ,  and d  i sari~b i guat  i ng d 

ritesz.ages wou ld  t ~ e  ur1necessar)t and hence suy.~pres=.ed a1s.o. Ey , 

~ ~ E . C . E .  riieans. t h e  u s e r  i 5. 1 e f t  1.4nencunit1ered by i n t  c r .p re t  at. i ons 

t h a t  gemant i c a l  1 y  unden.i r a b l  e .  T t i i  s  i s  how t.he "I r o d e  doon 

t h e  5.treet. i n  a  c a r "  example of  [Winugrad 71, p. 893 i= .  t . reat.ed. 
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5.3.2 L e x i c a l  A m b i g u i t i e s  

L e x i c a l  a r i ~ b i g u i  t i e s  w i  1 1  o f t e n  g i  ve r i s e  t o  s t r u c t u r a l  

a ~ ~ b i  g u i  t i as, but. occas . iona1  1  y  w i  11 n o t .  I n  t.hi s  case ,  t h e  

p a r s i  n g  c h a r t  i s  s e a r c h e d  f o r  1 e x i  c a l  a r i~b i  g u i  t i es .  Once t e s t e d  

f o r  s t r u c t u r a l  a m b i g u i t i e s ,  t h e  s t r u c t u r e  o f  t h e  v a r i o u s  

i n t e r p r e t a t  iot-1s o f  t h e  i n p u t  may b e  ~ S . S . U K I ~ ~  t o  be  t h e  same. To 

f i n d  t h e  d i f f e r e t - ~ c e  be tween  l e x i c a l  a m b i g u i t i e s  t h e n ,  t h e  p a r t s  

o f  s p e e c h  and f e a t u r e s  are c h e c k e d  t o  see i f  t h e y  are a1 l i n  

agreement .  Any d i f f e r e n c e s .  f o u n d  becor(~e t h e  b a s i  s  f o r  t h e  

d i  a.arnt~i g u a t  i n g  ri~ec.sages.. These ri~ess.ages j u s t  g i  v e  t h e  wo rd  i n  

quest  i s r ,  a long  w i t h  i t s  part o f  s p e e c h .  T h i s  az.sumes some 

l i n g u i s t i c  c a p a b i l i t y  on  t h e  p a r t  a f  t h e  u s e r ,  b u t  f o r t u n a t e l y  

i t  i s  r a r e  t h a t  l e x i c a l  a r i ~ b i g u i t i e s  e v e r  y i e l d  more t h a n  o r ~ e  

good seiirant i c i nt  srpret-a% Son. ! t i 5. nor, as.sumed t h a t  t h e  user  

knows  a n y t h i  r ig abou t  f e a t u r e s ,  t l - 1 ~ ~ 5 .  such a r i~b i  g u i  t i e s  ma!,) go 

u n d i  agnosed.  

Messages descr- i  b i n g  1  e x i  c a l  ambi g u i  t i e s  h a l ~ e  t h e  f o l  1 owi ny 

f o r m :  f o r  t h e  i n p u t  o f  " s h i p s ? " :  

"=.hi  p ~ . "  h.2~. par : t  o f  speech  "r lc~ut-l-pt- lraseN 
" s h  i p s "  h a s  p a r t  o f  speec 13 " ve r l - ph rase l I  

S i  n c e  on1 y  cine of  t h e s e  i n t  er.pret.at. i c l r~c .  w i 1 1  gci t. tit-ough serilant i c  

p r o c  e r . s i  ng c o r r e c t  1 y, t h e  mesr.ages t u r n  o u t  n c l t  t.o be  needed  f o r  

t h i s  example.  

5.3.3 D e f i n i t i o n a l  A m b i g u i t i e s  

I-lhet-I one e)ot-d i s  d e f  i n e d  n l i l r ~ ;  t. harl c~nc e  pot. ent. i a1 

d e f  i n i t  i orla1 ambi g u i  t i e s  come i nt.o t h e  syr.teri1. T h i  5. happens  

p a r t i c u l a r l y  w i t h  a b b r e v i  a t  i ons, f i r r ~ c t  i c ln  narnec ( u h i c h  a r e  o f t e n  

r e a l  1 y  atlttr-,c.vi a t  i 'ons> arld w i t h   word^. t. h a t  haue  a  sl:~ec i a1 r i~ean i  n g  

w i  t p l i  rl t h e  ASK Sy=.ter[l e n u i  r o n r i ~ ~ . t l t .  E.UCh a s  ~ b j e ~ t  O r  c 1  a5.S.. 



D i f f e r e n c e s  be tween  d e f i n i t i o n a l  a m b i g u i t i e s  a r e  f o u n d  t h e  

same way a s  l e x i c a l  a r n b i g u i t  i e s .  P a r s i n g  chat - , ts  t h a t  a r e  n o t  

s t r u c t u r a l  1  y  amb iguous  a r e  s e a r c h e d  f o r  d i  s t  i n c t  d e f i n i t i o n s .  

These d e f  i n i  t. i ons  t h e n  g i  v e  t h e  rtlessage d i  s t  i r tyu i  s h i  rtg t h e  

i n t  e r p r e t  at i orts o f  t h e  i n p u t  : 

>Who i s  t h e  spouse  o f  S m i t h ?  
T h e r e  a r e  2 answers :  
1) who i s  t h e  spouse  o f  Smi t.h? 

" S m i t h "  d e f i n e d  a s  " E i  11 S m i t h "  
W i l m a  S m i t h  

2) who i s  t h e  spouse  o f  S m i t h ?  
" S m i t h "  d e f i n e d  a s  " H l f r e d  S m i t h "  
F r e d a  S m i t h  

T h e  s t r i n g  t h a t  was r e t a i n e d  f r o m  t h e  o r i g i n a l  d e f i n i t i o n  

p r o u i  des  t h e  mean ing  o f  t h e  d e f i n e d  word. I t  i s  e x p e c t e d  t h a t  

t.he f o r m  o f  t h i s  d e f  i n i  t. i o n  a s  i n p u t  b y  some u s e r  p r o v i d e s  

s u f f i c i e n t  d i a g n o s i s  o f  t h e  n a t u r e  o f  t h e  a r t t t ~ i gu i t . y  i n  an  

u n d e r s t  a n d a b l  e  manner.  If a n  i n p u t  i 5. amtt i guou=. t,ec ause o f  

u n d e r l y i n g  a r n t ~ i g u i t i e s ,  f o r  i n s t a n c e  i f  Smit . t .y was d e f i n e d  a s  

S m i t h  i n  t.he p r e c e d i n g  exampl e  and t h e  quest* i on  was. "Who i s  t.t-te 

spouse  o f  S m i t t y ? " ,  t h e n  t h e  u n d e r l y i n g  d e f i r - t i t i o n  w i l l  be  i n  

t h e  p a r s i  r ig cha t4 t  wh,i c h  kti 11 a g a i n  p roc t i  de t h e  d i  sambi guat. i n g  

i nfot4mat  i o n ,  b u t  t.he i r t t e r v e n i  rig d e f  i n i  t. i on  w i  11 a1 so  be  

rnent i oned. 

5 . 3 . 4  Semant. i c kmbi  g u i  t i e s  

Seriiartt i c arittli g u i  t i e s  a r e  t,he cases. kthet-e t h e r e  at4e rftul t. i 1:11 e  

i r~t .er - t :~re t .a t  i oris t~ecauc .e  o f  sorttet h i  n y  i ri a saritant i c  r o u t  i t-te 

execut, ed  a f ' t e r  s y n t a x  procer.5.  i n g  (p reprc~cec .sc~ t - ,  pa t - 5 .e~  at-td 

who le  a r c= .> .  A n  examp1 e  o f  t . h i s  i s  t.he i t- t tat4uenir tg a t t r i b u t e  

p r o c e d u r e ,  where a n  a t  t r i  but.e r e 1  at. i n g  t. wc~ rit:tiJn p h r a s e s  t h a t  

a r e  not. d i r e c t  1  y  ' r e 1  a t e d  rttu5.t. be  f o u n d .  The d isa r i l b i  g u a t  i n g  

messages f o r  arty ar i \ t t iyu i t .y  a r i s i n g  w i t h i n  a semant. ic t4caut.ine 



a f t e r  s y n t a x  t i  rrte i s  t h e  r e s p u n s i  b i  1 i t  y  o f  t h a t  sernant i c 

p rocedure .  The way t h i s  works w i t  t i  t h e  i n t e r u e n i  ng  a t t r i b u t e  

p r o c e d u r e  i s  i l l u s t r a t e d  w i t h  t h e  f o l l o w i n g  example, where t h e  

message comes f r o m  t h e  a t t r i b u t e  wh ich  was found.  

>What a r e  Bos ton  s h i p s ?  
There  a r e  2 answers: 
1  >what  a r e  Bos ton  (home p o r t  > s h i p s ?  

Maru 
A 1  amo 

2)what  a r e  Eos ton  C 1 o c a t  i on> s h i p s ?  
Oceana 

5 . 3 . 5  Anaphoral  A m b i g u i t i e s  

When e l  1 i p t  i c a l  f r a g m e n t s  o r  i n p u t  w i t h  prot-tcluns can t ~ e  

r e s o l  wed i n t o  compl e t e  sen tences  w i t h o u t  any r e f e r e n c e s  i n  mare 

t h a n  one way, t h e n  t h e  i npu t  i s  anaphora l  1 y ambi guous. There 

a r e  s e v e r a l  s y n t a c t i c ,  sernant i c and c o n t e x t u a l  c o n s i d e r a t i o n s  

t .ha t  1 i m i  t wtiat makes f o r  a  good r e f e r e n c e  r e s o l u t i o n .  These 

e l i m i n a t e  most o f  t h e  p ~ s s . i t t i l i t i e s . .  But  o c c a ~ i o n a l l y  t h e r e  

w i  1  1 rernai t i  more t h a n  o r ~ e  good r e s u l  t . S i  nce d i  agtio5.t i c s  a r e  

needed t o  e x p l a i n  e x a c t  1 y what su t~s t .  i t u t  i o n  was made, anai:~horal 

ar i~bi g u i  t i es  a r e  d i  s t  i n g u i  shed by t h e s e  sari~e messages. The 

genera t  i on o f  t kese messages i s  accompl i shed by  i nc 1 u d i  ng 

wt-  at ever was m i  s s i  ng  f r o m  t h e  i n p u t  i n  t h e  echo c t f  wtiat was 

e u a l u a t e d .  . Rn example i s  g i v e n  h e r e  t o  show how t h e  

i t - ~ b e r p r e t a t  i ons a r e  d i  sambi guated.  

>Who a r e  George Peabody and A l f r e d  Smi th?  
George Peabody 
A l f r e d  Smi th  

>Who i s  he? 
There a r e  2  answers: 
l > w h o  i s  George Peabody? 

George Psabody 
2)who i s  A l f r e d  Smi th?  

A l f r e d  S m i t h  



The f u l  1 d i  s c u s s i  on o f  how t h e  messages a r e  g e n e r a t  ed depends on 

how t h e  r e f e r e n c e s  a r e  r e s o l v e d ,  wh ich  i s  cove red  i n  t h e  c h a p t e r  

on anaphora.  

5.3.6 C o r r e c t  i ona l  Rmbi g u i  t i e s  

S i n c e  c o r r e c t  i o n s  need d i a g n o s i s  even i n  t h e  absence o f  

o t h e r  c o r r e c t  i ons, t h e s e  d i  agnost  i c mel;s.ages serv 'e t h e  f unc t i an 

o f  d i s a m b i g u a t i n g  m u l t i p l e  c o r r e c t i o n s .  Each v a l i d  c o r r e c t i o n  

o f  t h e  i n p u t  i s  echoed b e f o r e  i t s  c o r r e s p o n d i n g  answer. 

> L i  s t  emal es. 
The f o l  l o w i n g  word is.  not. i n  t h e  v o c a b u l a r y :  emales 
C o r r e c t i o n s :  
There  a r e  2 answers: 
1 ) L i s . t  females .  

E e r t  h a  Peabody 
Wilma S m i t h  
F r e d a  S m i t h  

2 > L i s t  males.  
B i l l  S m i t h  
George Peabody 
R l f r e d  S m i t h  

These r i~essages a r e  ob t  a i  ned f r-om t. he 1 i t e ra1  s t  r i rigs i n t h e  

p a r s i n g  c h a r t  1 o c a t e d  w i t h  t h e  s y n t . a c t i c  i n f o r m a t i o n  about  t h e  

sen tences  t h a t  t h e  i n d i  v i  dua l  c o r r e c t  i ons produce.  T h i s  exampl e  

o f  an ambi guous s p e l ' l  i ng c o r r e c t  i on a1 so s . ~ ~ w c .  t h e  vocabul  a r y  

d i  agttost i c .  Rny such s y n t a c t i c  d i  agnclst. i c  w i  1 1  be g i v e n  befor-e 

e c h o i n g  t.he c o r r e c t i o n s  made t o  t k ~ e  i n p u t  . 
5 . 4  P u t t i n g  Them HI1  Toge the r  

Rn i n p u t  may be ambiguous i r~ more t h a n  j u s t  one o f  t h e s e  

s i  x  ways. I n  t h i  s  case, s e ~ . ) e r a l  messages u i  1 1 be needed t o  

commurti c a t e  t o  t h e  u s e r  t h e  d i f f e r e n t .  i n t .e rp re t .a t  i ons o f  t h e  

i n p u t  made by  t h e  sys ter i~ .  The dic.amtli guat  i n g  r o u t i n e s  a r e  

s t r u c t u r e d  so as. t o  f i r s t .  g i v e  t h e  rilessages r e q u i r e d  by  

c o r r e c t  i o n s  o r  anaphor r e s c ~ l  u t  i ons, and a f t e r w a r d s  g i  ue f u t - t h e r  

mess.ages as. rnecessary t o  f u l  l y  c a p t u r e  t.he nature .  o f  t h e  



i t i t  e r p r e t  a t  i on. Messages f o r  semant i c arntti g u i  t i es a r e  genera ted  

independent  1 y  w i  t h i  t i  t h e  a p p r o p r i  at.e semant ic  r o u t  i n e ,  and t h e  

o t h e r  d i  samb i guat  i n g  p r o c  edu res  have been w r  i t t en know i ng t h a t  

such f u r t h e r  message c r e a t i o n  may t a k e  p l a c e  a f t e r  t h e i r  

execu t  i on. 

C o r r e c t  i ot ia l  d i  samb i gua t  i on c omes f i r s t  . I f  t h e  i npu t  has 

been c o r r e c  t ed and i s  arnb i guous, t h e n  t h e  1 i t e ra1  s t  r i ngs 

e x p l a i n i n g  t h e  c o r r e c t  i ons a r e  g a t  h e r e d  f o r  out .put .  Dupl i c a t e  

mer.sages i nd i c a t  e  t h e  need f o r  f u r t h e r  d i  samb i guat  i on. Next 

t h e r e  i s  t h e  r e s o l  u t  i on o f  r e f e r e n c e s ,  whi c h happens f i r s t  i f no 

c o r r e c t  i ons have been made. Any a t iaphor i  c  c o n s t r u c t  i otis 

p r e s e n t  w i  1 1  g e n e r a t e  an e x p l  anat  o r y  mesz.age, d i  agnos i  ng  any 

anaphora l  ambi g u i  t i es i n  an i t i t  e r p r e t  a t  i on. Remai n i  ng  

u n d i  s t  i n g u i  shed ambi g u i  t i es  have t h e i  r p a r s i  n g  c h a r ~ s  searched 

f o r  p o t e n t  i a1 s t r u c t u r a l  arnbi g u i  t i es.. f i f ' ter  t h i  s, amt~ i  g ~ ~ i  t, i es 

w i t h  s i n ~ i l a r  s . t . r u c t ~ r e s  a r e  examined f o r  l e x i c a l  at- d e f i n i t i o n a l  

ambi g u i  t i es. The f o l  1 owi ng  exampl e  shows s e v e r a l  o f  t hese 

messages work i n g  t o g e t h e r :  

>Who i s  eh? 
The f o l l o w i n g  word i s  n o t  i n  t h e  v o c a b u l a r y :  eh 
C o r r e c t  i ons: 
There  a r e  4 answers: 
l > w h o  i s  he? 

who i s  t h e  man ( w i t h  a  s m a l l  c a t  named L i o n > ?  
" L i o n "  d e f i n e d  as "Siamese L i o n "  
George Peabody 

2>who i s  he? 
who i s  t h e  man ( w i t h  a  s m a l l  cat. named L i o n ) ?  
" L i o n "  d e f i n e d  as " P e r s i a n  L i o n "  
Ned Jones 

3>who i s  he? 
who i s  t h e  man ( w i t h  a  s m a l l  c a t >  named L i o n ?  
" L i o n "  d e f i n e d  as  " R l f r e d  L i o n "  
A l f r e d  L i o n  

4>who i s  he? 
who i s  t h e  man ( w i t h  a  s m a l l  c a t >  named L i o n ?  
" L i o n "  de'f i ned as " E i  1 1  L i o n "  
E i l l  L i o n  



Fot - tu r ta te l  y, a m b i g u i t y  i n  such combi rtat i arts v e r y  r a r e 1  y  

happens. S t  i 1 1 ,  t h e  capab i  1 i t  i es were deemed necessary .  I t  i s  

n o t  unreasor tabl  e  t o  expec t  ambi g u i  t i es t o  appear as  a 1 anguage 

i s  ex tended,  b u t  t h e y  need t o  be d i  agnosed so t h a t  t h e  u s e r  may 

cu t - ta i  1 t ha 1 anguage o r  choose d e f  i rti t i ons more w i  s e l  y  i f t o o  

many a m b i g u i t i e s  s t a r t  t o  occu r .  

C e r t a i n l y  t h e r e  i s  someth ing  wrong w i  oh i rtput that .  r e s u l t s  

i n  a  1 a r g e  number o f  i n t e r p r e t a t  i o n s .  I f  t h e r e  a r e  mure t h a n  

t h i  r t y  i n t e r p r e t  a t  i ons, t h e  d i  sambi guat  i o n  r o u t i n e s  p roceed  no 

f u t - t h e r  t h a n  t o  a t t e m p t  t o  d iagnose  t h e  f ir2.t .  t h i r t y  o f  t hese .  

The ambi yuous i n p u t s  f o u n d  i n  t h e  p r o t o c o l  a n a l y s i s  n e v e r  had 

rftore t h a n  two i n t e r p r e t a t  i o n s .  Thus thet-e s h o u l d  neve r  be more 

t h a n  t h e  number t h a t  has tleen chosen. I f  t h e r e  e v e r  i s ,  t h e  

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

t h e  1 artguage had n o t  been ext,ertded j u s t  f o r  t .h i  s. P U ~ ~ O L . ~ .  Eut  a  

d i a g n o s t i c  e x p l a i n i n g  a l l  o f  t h e  t h i r t y  i n t e r p r e t a t . i o n s  does n o t  

seem t o  ag ree  w i t h  t h e  i n t u i t i v e  n o t i o n  o f  h a b i t a b i l i t y .  T h i s  

i s  a  case u h e r e  t h e  1 atiguage has become urthabi t ah1 e, r a t h e r  

t h a n  t h e  system. 

T h i s  c h a p t e r  b ~ i  1 1  be  c l o s e d  w i t h  one f i n a l  example. T h i s  

exampl e  shows t h a t  whi 1 e  sentenceg that .  a r e  i n  many ways amt~ iguous 

a r e  o f  h i g h l y  d u b i o u s  v a l u e  t o  i n t e r a c t i v e  nat .ura1 1 anguage 

systems,  t h e y  may be q u i t e  e n t e r t a i n i n g .  

"I wondered what t h e  n e i g h b o r s  waul d  t h i n k  
about. a  man c h a s i n g  a  c a t  w i t h  a  t~ room i n  h i s  
pajamas."  --Jack Smit.h [ S m i t h  813 

T h i s  a l s o  shows t h a t ,  as t h e  a u t h o r  p o i n t s  out., "=.ome i d e a s  

s i rnpl  y  can ' t  be exp ressed  i n  p e r f e c t  syt-tt.axl', and " g r a c e  and 

euphony may be mcire d e s i r a t ~ l e  t h a n  l o g i c a l  o r d e r .  " I t  i s  
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i n t e r e s t  i n g  t o  c o n s i  d a r  t-low many i d e a s  ( i  n t e r p r e t a t  i 01-1s: 

s y n t a c t i c ,  semant i c  and a n a p h o r i c  > t h i s  p i e c e  o f  s y n t a x  dues 

i n d e e d  b r i n g  t o  mind.  



6 . 1  I n t r o d u c t i o n  

"Hnaphora i s  t h e  d e v i c e  o f  making i n  
d i s c o u r s e  an a b b r e v i a t e d  r e f e r e n c e  t o  some 
e n t  i t y  { o r  e n t  i t i e s  > i n  t h e  expec t  a t  i on t. h a t  
t h e  p e r c  e  i v e r  o f  t. h e  d i  sc o u r s e  w i 1 1 be at11 e  
t o  d  i sabbrev  i a t e  t h e  r e f  e r e r ~ c  e  and t h e r e b y  
d e t e r m i n e  t h e  i d e n t i t y  o f  t h e  e n t i t y . "  

CHirst. 81, p. 4 1  

I n  1 i g h t  o f  t h i s  d e f i n i t i o n  o f  anaphora, t h e  m a j o r  t a s k  of  

anaphora  r e s o l u t i o n  mechanisms i 5 t o  f i n d  t h e  i d e n t i t y  o f  t h e  

e n t i t y  t o  w h i c h  a b b r e v i a t e d  r e f e r e n c e s  were made i n  a  p a r t i c u l a r  

c o n t e x t .  H f t e r  d e t e r m i  n i  ng such a  r e f e r e n c e ' s  i d e n t i t y ,  

p r o c e s s i  n g  must use t h i s  i d e n t i t y  and any f u r t h e r  i n f o r m a t  i on 

added i n  t h e  means of a b b r e u i  a t  i on t o  p e r f o r m  a  comp le te  

e x e c u t i o n  of t h e  i n p u t .  It i s  b s s i r a L 1 e  t o  b e  a b l e  t o  har:d le as  

many o f  the5.e n a t u r a l  t y p e s  of a b b r e v i  a t  ed refer-ence as  po=.=.i b l  e  

t o  improve t h e  h a b i  t a b i  1 i t y  o f  n a t u r a l  1 anyuage n.ystemz.. Th i  .r 

i s  t ~ e c  ause t hes.e a b b r e v i  at. i ctns a r e  made f o r  s i rnp 1 i f y  i ng t h e  f orrn 

o f  t h e  t h i n g s  t h a t  par t .  i c  ipant.5 i n  a  conve rsa t . i on  say t o  each 

o t h e r .  Genera l  hat1 i t a b  i 1 i t. y i s  i mproved by  t r e a t  i ng t h e  most. 

c ommon t ypes, and spec i f i c app l  i c a t  i ons may need t h e  i t- own e x t r a  

met hods. 

User  i n p u t  r e q u i  r i  ng anaphura  r e s o l  ut. i con has tteen d ~ . s . c r i  bed 

e a r l  i e r  i n  t h i s  t h e s i s  as  we1 1-formed, i r1~0ri11:llet.e i t ~ p u t .  The 

i ncompl e t  eness i s  semant i c , and comes f ram t. he a t ~ t l ~ e v i  a t  ed 

r e f e r e n c e s .  To f o r m  compl e t e  i n p u t ,  r e p l  ac i ng t h e  abbt-evi a t e d  

r e f  e rences  w i  t,h cctmpl e t  e  re fe rences .  i s  ncces.r.ary. These 

mechanisms a r e  t h u s  r e p l  acements i n  t e r m s  o f  m o d i f  i c a t  i o n  of t h e  

o r i g i n a l  i n p u t ,  excep t  i n  t h e  e l 1 i p s . i ~  case. E l 1 i p t . i c a i  

f r a g r i ~ e n t s  a r e  comp le ted  by r e p l  ac i n g  t h e  erc~pt.:.~ r e f e r * e r ~ c e ,  ~ t - ~ i  c h  

i s  an i n s e r t i o n  i n t o  t h e  u s e r ' s  o r i g i n a l  i n p u t .  



>Who i s  t h e  spouse  
Mary  

< < C  

{ c o n t e x t  > 

>Who i s  '* m o t h e r ?  
Who i s  John ' s  m o t h e r ?  { f i l l s  o u t  r e f e ~ . e r ~ c e  " h i s " )  
Jean  

El 1  i p t  i c a l  F ragmen ts :  

> I who i s t. h e  spouse  o f  1 John? 
Mary  

> > >  
1 

>] { emp ty  t ' e f e rb t - t ~e )  Jean? 
14ho i s  t h e  spouse  o f  Jean?  { f  i 1 1 s  o u t  empty  r e f e r e n c e )  

F i  1 1  i n g  o u t  i ncompl e t e  we1 1 - f o r m e d  i n p u t  wzs d e s c r  i l e d  

b e f o r e  a s  t h e  " r - t ea res t "  change  t h a t  c a n  tte made t.11 i n p u t .  T h i s  

ct-~apt.et- w i  1 1  f u r t h e r  r e f i n e  t . h i s  i d e a  h y  g i v i n g  a ( p a r t i a l  1 

o r d e r  t o  a 1  i st. o f  p o t e n t  i a1 r e f e r e n t s .  The d i  st.arlce f ror i ,  tPIe 

o r i  g i  n a l  i n p u t  i 9 t.het-I g r e a t e r  f o r  po t .en t  i a1 r e f e r e n t s  f o u n d  

f a r t . h e r  dowrl t h e  l i s t .  The o r d e r i n g  i s  p a r t i a l  t o  a c c o u n t  f o r  

p o t e n t  i a1 arilbi g u i  t y  i 1-1 r e f e r e t - ~ c e .  kt.t.erilpt.5 at. compl et. i n g  i n p u t  

u i  1  1  o f  c o u r s e  h e  made u s i  n g  c  1  o s e r  changes  f i r s t  . 
Quest  i ons  p e r t  a i  n i  ng t o  t. he  t r e a t m e n t  o f  a n a p h o r a  i n  

n a t u r a l  1 ar lguage system=. h a v e  been  t h e  s o l e  t v p i c  o f  s e v e r a l  

o t h e r  t hesec., d i  sc us.sed he  1  old. Tt-IU. rte i t. h e r  a  t borough 

d i s c u s s i o n  n o r  t . r ea tmen t  o f  a1 1  o f  t h e s e  i= .sues can b e  made i n  

one c  hapt. e r  o f  t h i  5 t he=. i  s ,  i f at a1 1 . HI:IWE.<>E.I'., a  =.utl=.et o f  t.he 

t y p e s  o f  anaphora ,  s e  1 ec t e d  on  t. he  t ias i s  o f  t. he  i r p r e v a l  enc e  

w i t h i n  t h e  p r o t o c o l s ,  w i  11 b e  c o n s i d e r e d .  These a r e  t h e  t y p e s  

t .ha t  a r e  must n e c e s s a r y  f o r  hatti t .ab i  1 i t.5) k l i  t. h i  n  t h e  g e n e r a l  

d i r e c t i o n  o f  a p p l  i c a t  i on apeas  f o r  HSK Sys te r i ~  1 angcrages. How 

a n a p h o r a  r e s o l  ut. iot-I t a k e s  p l a c e  k ~ i  t h i  t-~ t h e  1 at-ger sys.tem i s  a1c.o 

a  p r i m a r y  c o n s i  de ra t .  i on. The treat.ment.  o f  t h e  c t-lus.en t y p e s  
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s e r v e s  a5 a  b a s i  s  f o r  t h e  procesn. i  ng  o f  o t h e r  t ypes ,  and sorile 

i deas f o r  t h e  p r o c e s s i r ~ g  o f  t.t-~e o t h e r  i m p o r t a n t  anaphors w i  1 1  be 

p r e s e n t e d .  The met hod o f  r e t  a i  n i  n g  i n f  ormat i on f o r  f u t u r e  

r e f e r e n c e  i s  app l  i c a b l e  t o  n~clst o f  t h e  o t h e r  t>~t:les., wh ich  t h e n  

need or11 y r e c o g n i z e  t h a t  a  p a r t i c u l a r  t y p e  o f  r e f e r e n c e  has been 

made. 

6.2 Types. o f  Anapt-~ora Consi d a r e d  

The p r  i mary anaphora  f o r m s  c o n s i  de red  a r e  r e f  event  i a1 

pronouns and e l  1 i p t  i c a l  f ragmen ts .  The r e f  e r e n t  i a1 pronoun 

c a t  ego ry  c o n s i  st.5 of z.evera1 subd i  u i  s i  ons. Th i  s  i nc 1 udes 

pronouns t h a t  r e f e r e n c e  a  noun ph rase  w i  t. h i  n  t. he same sentence 

o r  i n  a  p r e c e e d i  ng  sentence.  Pronouns rnay occu r  b e f o r e  t h e  

r e f e r e n t  noun ph rase  i 1-1 a  sentence.  Pronouns may r e f e r e n c e  a  

v a r  i e t  )J o f  noun l:~hrases, such  as  t h e  d a t a  ~.t .ruct.ut- .e p r o v i  des., 

i n c l u d i n g  tempora l  and l o c a t i v e  r e f e r e n c e s .  A n y t h i n g  w i t h  t h e  

p a r t  o f  speech t -~c~ur~  1:thrase i s. a potent .  i a1 r e f e r e n t  f o r  a  

pronoun.  

Spec i a1 a t  t en t  i on i s  g i  ven t o  noun ph rase  e l  1 i p t  i c a l  

f ragments ,  p a r t  i c u l  a r l  y  t e r s e  quest  ions.. Other  t e r s e  f rag r i~en ts  

e n c o u n t e r e d  w i  1 1  do t h e  expec ted  t h i n g ,  such as added 

i n f  o r r i~a t  i on, t er5.e i nf  ormat i on, c k r r e c  t i ons and eel-~uec.. These 

w i  1 1  g i  ve a  response even though  a  r e ~ . p o n ~ . e  i C. ncut r e a l  1 y 

rlece=.c.at-y i rl t h ~ . : . ~ .  ~a=.e=..  T e r s . ~ .  resf:~c~nz.es. a r e  t a k e n  c a r e  ~f t ~ y  

each t-,out i ne of  t h e  s.y~t.em that .  asl::s a  quest. i on. 

E 1 1 i p t  i c a l  f ragr11ent.s t h a t  a r e  n o t  noun ph rases  a r e  a1 5.0 

Plandl ed, b u t  w i t h  some~.,that. 1 e5.a. z.of:lhi s t  i cat. i on ( a  s i  mpl e  par t .  o f  

speech mat c h i  ng  I .  The pronocrns " I " , "you"  and " W E  " , and t. he i r 

v a r i  ous f or r i~s  C "  y o u r " ,  "m ine " ,  " o u r "  et. c . ) , a r e  pt-oc essed 

c c ~ r r e c t  1 y  w i  ttii rl t h e  HSE Syst.em, b u t  a r e  n o t  c u r r e n t  1 y par t .  o f  



artal:lhora p r o c  e5.r. i ng. Th i  s  i s because t h e y  at-e c  1 e a r l  y  d e f  i ned 

noun ph rases  w i  t .h i  n  t h e  systern's i n t e r a c t i v e  s e t t i n g ,  s i n c e  

t h e r e  a r e  o n l y  two p a r t i c i p a n t s  i n  t h e  d i a l o g u e .  "I" w i l l  a lways  

r e f e r  t o  t h e  c u r r e n t  u s e r ,  " you"  r e f e t - s  t o  t h e  system and "WE."  

r e f e r s  t o  t h e  cumbinat  i o n .  These pronouns wou ld  n o t  be as 

c 1 e a r l y  d e f i n e d  i n  a  s e t t i n g  w i t h  more i n d i v i d u a l s  i n u o l  ued. As 

t h e  sys.t em d e v e l  ops t o  a  mu1 t. i -use r ,  mu1 t i -cornput e r  e n v i  ronr t~ent  

a1 1 ow i ng i t i t  e rac  t i on among a1 1 p a r t  i es, t h e  t . rea t  ment o f  

t h e s e  f o r m e r l  y  we1 1 d e f  i ned pronouns must be expanded. 

O the r  t y p e s  o f  anaphora  n o t  t, reat .  ed w i 1 1 be d i  sc ussed nea r  

t h e  end o f  t h i s  c h a p t e r ,  a1 uny w i t h  t h e  p r o s p e c t s  f o r  p rscec .s i  ng 

them w i t h i n  t h e  d e s c r i b e d  s e t . t i n g .  

6. 3 The T t -~eore t  i c a l  Al:~proac h 

The met hod of r e t  a i  n i  ng  i nf'ormat i on atlout. t he poa.si b l  e  

r e f  e r e n t  s  i s  t tie p r i  nc i p a l  p o r t  i on o f  t h e  ana l  y s i  s and d e s i  grt 

r e 1  a t  i ng t o  anaphot-a. The n e c e s s i  t.}! o f  d i  scout-.se c t r i  ent .at  i on, 

r e t a i n i n g  s e l e c t . e d  p a r t s  o f  t h e  c o n t e x t  o f  i n t . e r a c t i o n  and i t s  

m a j o r  therlies, i s  deye loped  i n  [H i  t -st  811. H i r s t  point.=. ou t  t h a t  

a  s i  mp1 e  t-~oun ph rase  r e c e n c y  1 i s t  i s i n s u f f ' i  c i ent. f o r  ana1:lhor 

r e s o l  u t  i on b y  u s i  ng  examples t o  d e r i ~ o n s t r a t e  t h i s  p o i n t .  Th i  s 

r e s u l t  i s  c o n f  i r r i ~ e d  e r i ~ p i r i  c a l  1 y by t h e  uue cof pt-onouns i n  t h e  

p r o t o c o l  s,  even i n t.he huri~an-t  o-cori~put.er mode. I n  t h i  s mode, 

t h e r e  was or11 y one i nst.ance o f  us.i ng a  pt-onaur~ w i t h  i t.s t- .eferent 

i n  t h e  sari~e sentence:  

>LIST EHCH CHHGO Ht4D I T S  DIMEt4SIOt~4S Ot4 THE WELL DECK OF 
THE HLHMO. 

But t. h e r e  were s e v e r a l  examp 1 es o f  u s  i ng prctnouns t o  r e p e a t e d  1 y  

r e f e r  t c *  c~ne nout'l phrase,  wh ich  w c ~ u l d  have t1eet-l e l  i m i  f ia ted  

t tef 'gre t h e  1 at.er. r e f  e t - e r ~ c ~  f r c ~ m  a  r e c e n c y  1 i 5 . t  c ~ f  nnun i:fiht'as.e~.: 



> I S  THERE A DECK WHOSE PRIMARY USE I S  AMMUt4ITION AND 
WHOSE LENGTH I S  596? 
YES 

>L IST  I T .  
MAGAZINE 3-37-1-M 
MAGAZINE 3-37-1-M 

>L IST  THEIR SHIPS. 
USS PEORIA 
USS SRN EERNRRDINO 

>L IST THEIR LDCATIDNS. 
THERE ARE NONE. 

>L IST  THEIR TYPES. 
THERE RRE NONE. 

B y  f a r  t h e  most  common usage  was t o  r e f e r  t o  a noun  p h r a s e  i n  

t h e  p r e c  e d  i r ig  s e n t  enc e .  These conc 1  u s  i cltis were a1 c.o t r u e  o f  

t h e  o t h e r  e x p e r  i metit a1 modes., a1 t h o u g h  t h e  o t h e r  modes 

oc c  as. i a n a l  1  y  h a d  more obsc i r r e  r e f  et'et-tc e  t y p e ~  such  a s  r e f  e renc  a s  

t o  c o n c e p t s  r e 1  a t e d  t o  t h e  d i s c u s s i o n  b u t  n o t  p r e u i  o u s l  y 

z x p ?  i = i t  1 y men?. i o r : ~ d .  Tk:c.se =!ti h e r  t ypen. o f  r e f  evet-tce f u r t .  h e r  

p o i n t .  o u t  t h e  i n a d e q u a c y  o f  t h e  r e c e r - ~ c y  1  i s t  app roach .  How a 

n c ~ ~ j n  p h r a s e  1 i =.t ma;w! t ~ e  m a i  n t  a i  ned, u p d a t  ed  and supf.1 1 emet-tt ~d  t 

r e f  1 e c t  t h e  t heli~es. o f  t h e  d i  s c ~ u r = . e  i 5. t t - 1 ~ 1 ~  what i s. rilost 1 ack i rig 

. f r o m  t h e  noun  p h r a s e  r e c e n c  y  1 i s t  app roach .  

How c a n  t h e  p r o p e r  c o r ~ c e p t . ~  f o r  p o t e n t  i a1 r e f e r e n c e  b e  

s e l e c f  ed?  T h i s  h a s  been  t h e  t o p i c  o f  a f e w  recet -~t .  i mpor t .ant  

t heseg  i n  c  ompub a t  i anal 1  i n g u i  s t  i c  s.. These approac  he5  w i  1  1  be  

c o n t r a s t e d  h e r e  w i t h t h e  c  hos.en (t. heore t .  i c a1 1 r i~e t  hod  t. h a t  t h e  

a1 g o r i  t h n ~  t o  b e  p r e s e n t e d  i s  based  c~t-I. F o r  a more c o m p l e t e  

s u r u e y  of  o t h e r  work i n  t.hi s  a r e a ,  t .he reader .  i s  r e f e r r e d  t.u 

[ H i  r s t  8 1  I .  

Two wo rds  t h a t  have  spec i a1 meani rigs. w i t h i n  t.he 1  i t e r a t . u r e  I 

o f  a n a p h o r a  w i  1 1  b e  d e f  i n e d  h e r e .  F i r s t  i s  f o c u s ,  w h i c h  i s  

t h e  s.et o f  c o r ~ c e p t s  a u a i  l a b l a  f o r  r e f e r e t - t c e  i n  a  g i v e n  c o n t e x t .  

The =.ecorld i =. tt-l&me, w h i c h  i s. what. a d i  s c u s s i  or1 i 5. abclut .  T h i  5. 

i s  t h e  us.ua l  i d e a  o f  t t-~eme, and  t h e  ~ C I C U E .  i s  t h a t  p a r t  o f  t h e  
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theme t h a t  i s  c u r r e n t  1  y domi tiat i n g  t.he i n t e r a c t  i o n ,  t h e  p a r t  

b e i n g  f o c u s e d  on. These wo rds  w i l l  n o t  b e  any  more e x p l i c i t l y  

d e f i n e d ,  a s  t h e y  have  d i  f f e r e n t  meani ngs. d e p e n d i n g  on  w h i c h  

p a p e r  y o u  r e a d .  W i t h i n  t h e  c o m p u t a t i o n a l  s e t . t i n g ,  t h e  f o c u s  can  

t ~ e  t h o u g h t  u f  a s  t h e  1  i s t  o f  c o n c e p t s  a v a i  l a b l e  f o r  r e f e r e n c e .  

R p a r t  i c u l  ar t h e o r y  o f  a n a p h o r a  t r e a t . m e n t  i s  de te r r t l i  n e d  ~ ~ o s t  1 y  

b y  how i t  m a i n t a i n s  s u c h  a l i s t .  

The a p p r o a c h  t a k e n  h e r e  i s  a cornhi nat i on  and e x t e r ~ s i o n  o f  

t h e  me thods  p r e s e n t e d  i n  CHaj i c o v a  823 and  CRoach 883. The 

1  a t  t e r  d e s c r  i b e s  how p r o n o u n s  may b e  mat. c  t ied t o  t h e  i r r e f e r e n t s  

b y  p r i n l a r i  1  y  s y n t a c t i c  c o n d i t i o n s . .  The p r o c e d u r e  used  f o r  t h i s  

p r o c e s s ,  known a s  c h a i n i n g ,  i s  es.s.ent. i a1 1 y  t h e  same as. i n  

Rsac h ' s  t h e s  i s, w i t h some changes  made t o  t h e  d a t a  s t r u c t u r e s . .  

O t h e r  p r o g r a m s  i n  t,he a n a p h o r a  r e s o l  u t  i s n  a1 got- i  t hm 

( p a r t  i c u l  a r l  y  i nt  e r p r e t .  > have  been  i n f  1 uerrced b y  h i  s  wctrk . The 

uoc at lu 1 a r y  Jesc r i b  i ng nodes., r e 1  a t  i ons  b e t  ween n c t d ~ . ~  and  t he  

. s y n t a c t i c  c o n d i  t i ons  on  c h a i  r ~ i  n g  a r e  a1 1  d e r i  ued  f r o m  h i s  

t h e s i s .  

The f o r r i ~ e r  pape'r CHaj i c o v a  821 i s  where t h e  i d e a s  f o r  f o c u s  

rrcai n t .enance cor ie f ram. The t -~o t~  i on  ctf t h e  s a l  i ence o f  a c o n c e p t  

i s  d e f i n e d  h e r e  a1 ong w i t h  r c r l  e s  f o r  compcrt i n g  and  u p d a t i n g  

v a l u e s  r e p r e s e n t i n g  t h e  s a l i e n c e .  T h i s  w i l l  be  c a l l e d  t h e  

s a l  i ence  w ~ i  g h t  i n  t h e  s.eque1 t o  t . r y  t,o r i ~ i  n i  r i ~ i  z e  t.he c o n f u s i  on  

a r i  s i n g  f r o m  u s i n g  i nc t -eas i  n g  $.a1 i ence  wei ght.s t.o c o r r e s p o n d  t o  

c o n c e p t s  w i  t.h 1  c~wer  s a l  i ence.  The r u l  e s  haue t leen a d a p t e d  t o  

t h e  HSK Sys tem s e t t i n g  t ~ y  mak ing  e x p l  i c i t  t h e  n o t i o n  o f  

" i rfiri~ed i at. e l  y  as.s.clc i at. e d "  , and  sorile r u  1 e ~ .  have  tleet-~ added t o  

c u r t a i  1  t h e  s i z e  ' o f  t h e  fc lcus.  





s u b - d i  a1 ogues c o r r e s p o n d i  n g  t.o sub-t.asks. o f  t. he  p r o b l  em. Focus. 

management i s  s t r u c t u r e d  on  t h e  b a s i s  o f  t h e  a n a l y s i s  o f  t h e s e  

s u b - t a s k s .  T h i s  k i n d  o f  d e s i g n  i s  u s e f u l  f o r  s p e c i f i c  

h a b i  t .ab i  1  i t y, and  c o n f i r m s  t.he i d e a  t h a t  p r o t o c o l  a n a l  y5.i s  is .  

t h e  b e s t  way t o  p r e p a r e  f o r  and e u a l  u a t e  t h e  ha t t i  t a b i  1  i t y o f  a  

sys.tem. But. i t  i s  c l e a r  t h a t  t h i s  a p p r o a c h  i s  1  i f n i t a d  t.o t h e  

t.asl:s t h a t  hal.~e been s t u d i e d .  S t u d i e s  such  a s  t h i n  may p r o v i d e  

v a l u a b l e  supplernent  t o  t.he f o c u s  Ce.g., concepts .  n o t  f o u n d  i n  

t h e  d i a l o g u e  i t $ . e l f ? ,  and  s h o u l d  b e  k e p t  i n  m i n d  b y  t.he 

1  anguage des  i g n e r .  

A g e n e r a l  i zat. i on o f  Grosz 's  blot-k is.  tha t .  o f  S i  d n e r  

{ C B u l l w i n k l e  77a, i i b l ,  CS idner  78a, 78b, i 4 1 ) ,  w h i c h  u s e s  

s i  t ua t  i srral know l  edge a1 r e a d y  'i n c u r p o r a t . e d  i n t o  t h e  syst.em t o  

mani p u l  a t e  t h e  f o c u s .  T h i  s  t.reat,l(ient. c l f  f OCCJS.  r e 1  i es  h e a u i  1 y  on  

t h e  f O ~ N I  o f  k n o u l  e d g ~  t-epresent.at .  i on. I n  t. he e a r l  i e r  l:lay.terc., 

frames. =.ert.jed as. t t o t h  t h e  f o c u s  and  t.he knowl  edge 

r e p r e = . e r ~ t  a t  i on. The c o n c e p t s  a u a i  1 at11 e  f clr r e f  e v e r ~ c  e  were t h o s e  

a v a i  l a b l e  i n  t h e  a c t i v e  f r ame .  L a t e r  CSi d n e r  793 a n  a s s o c i a t i o n  

n e t  bjork i s propc lsed 'i n s t  ead  o f  f r ames .  TI.1e2.e rnett-todc 1:lcli nt. ctut 

t h e  t i es  t ~ e t u e e t - ~  ~ C I C U S  and  know1 edge reprea.ent .a t  i on. They a1 2.0 

st-low t h a t  f o c u s  s h i f t i n g  and  i n i  t. i a1 i %at. i on a r e  a t  1  ea5.t a s  

t r o u b l e s a m e  a s  c h o o s i n g  w h i c h  p a r t s  o f  a  knowledge 

r e p r e s . e n t a t  i on  t o  a c t  i v a t e  i n  a c h a n g i n g  d i s c u s r . i  on. Thus. e x t r a  

c a r e  i s  needed ~ ~ h e t - I  t h i s .  k i n d  o f  s h i f t  t .akes p l a c e .  T h i s  

cor t -esponds  t o  c  har lg i  rlg a p p l  i cat. i on 1  anguager. i n  t h e  A S K  

Sy=.t.eri~. S i n c e  t h i s  i s  a  more r a d i c a l  change t.t?an s h i f t i n g  

frarnes, a  c  hange c  1 e a r s  t h e  s e t  o f  pot .ent  i a1 t-ef'et-ences. and s.et 5. 

up a  rlew one, a d d i  n g  a n y t h i  n g  necer.s.z~r)j f o r  t h a t  1 anguage. 
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S i d n e r  h a s  c o n t i n u e d  s t u d y  i n  t h i s  a r e a ,  d e s c r i b e d  i n  

CSi d n e r  81 1. T h i s  g i v e s  a  s e t  o f  p r o n o u n  i n t . e r p r e t a t  i o n  r u l e s  

that  c o v e r  a w i  de r a n g e  o f  p r o n o u n  usage.  Many o f  t h e  

r e q u  i remet i t  s  t ha t .  t hez.e r u  1 e s  spec i f y a r e  met h y  t h e  s a l  i eric e  

manageriient r u l  es .  One p r  i r t ~ a r y  d i  f f e renc  e  i s  t h e  ur.e o f  s e p a r a t e  

f o c i  f o r  d i f f e r e n t  c a s e s  i n  S i d n e r ' s  t h e o r y .  R l t h o u g h  

a v a i  1 a b l  e  f o r  u s e  w i t h i  n t h e  t h e n r y  p r e s e n t  e d  h e r e ,  r e s o l  u t  i ctn 

met hods  p r e s e n t  1  y i ncot - ,porat  e d  have  n o t  needed  o v e r t  case  

i n f  ormat. i on. 

Rnot  h e r  c u r r e n t .  met hod  f o r  f o c u s  rtianageri~ent dsve  1  oped b y  

Webber ( C  t4ash-Webber 76, 771, CWehber 78a, 7 8 b I >  u s e s  p r e u i  ous  

r .ent .ences i n  a t e x t  t.0 g e n e r a t e  t h e  s e t  o f  p o t . e n t i a 1  r e f e r e n t s  

r a t h e r  t h a n  p r i o r  k r i i ~ w l e d g e  is. i n  t h e  f i r s t  t w o  at:lproaches. 

T h i s  rr~et.hod u s e s  i u g i c a i  Farms o f  i np i i i t  ~ E . P I ~ ~ T ~ C E . S  t o  C O ~ S ~ ~ ; S . T .  

i n  d e t a i  1  soriie o f  t h e  s u h t  1 e  pt-oh1 ems o f  spec i f  i c  e n t i t i e s  f o r  

r e f e r e r i c e .  These s p e c i f i c  e n t  i t. i er. a r e  t.hen a u a i  1  a b l  e  f o r  

f u t u r e  r e f  e r e n c e ,  h u t  u n f o r t u n a t e 1  y  a r e  n o t  f o r  t h e  c u r r e n t  

sent.  enc e. S e v e r a l  f o r m a l  r e s u  1  t s  about. t h e  u5.e o f  a n a p h o r a  w i t h 

q u a n t i f i e r s  have  tteen c c ~ r ~ t r i  l u t e d  b y  t.he5.e s t .ud i  e ~ .  

I n  [Hayes  81a1, a n  a n a p h o r a  hand1 i rig a p p r c ~ a c h  i s p r e s e n t  ed  

w h i  c  h a1 s o  c o n s i  d e r s  r e f e r e n c e  t r ea t .men t  w i  t h i  n t h e  1  a r g e r  

s e t t i n g .  The a im  has. been  t.a p r o v i d e  user-=. e ~ i  t h  a n  " e q u i v a l e n t  

f unc t. i o n a l  i t y 'I r a t  hev t h a n  c  omp 1 et. e  mode 1 i rig o f  hun~ar i  

p e r f  ormarice, whet-~euet- t h i s  pet- forr t iance w a s  " i r i ip ract  i c a l  t o  

rept-ctduce. " I t  i s  necesr .a ry  t h e n  t o  p r o v i  de t e a c h i n g  and 

exp  1 a n a t  i on  f sc i 1 i t i e s  f o r  t. h e  u s e r  a b o u t  these new met. hods  f o r  

r e f e r e n c e .  
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The i d e a  o f  t h e  a c t  i v a t e d n e s s  o f  a  c o n c e p t  i r. des . c r i  b e d  i n  

[ E a r i t o r  771, where  t h i s  i s  u s e d  t o  e x p l a i n  t h e  d i f f i c u l t y  i n  

r e s o l v i n g  some p ronouns .  T h i s  i s  q u i t e  s i m i l a r  t o  t h e  s a l i e n c e  

of  a c o n c e p t .  S a l i e n c e  h a s  i t s  r o o t s .  i r ~  c o r i ~ m u t ~ i c a t . i u e  dynamism 

( ~ e e  CSgal 1  7 7 1 > ,  whi  c  h  Kan t  o r  d i  c . t  i r-igui shes  f r r s m  a c t  i u a t e d n e s s .  

Kan t  o r  a1 s o  g i  v e s  some i deas  o f  p r i  rnary and  s.econdary cc~mpeter ice 

i n  u s i  n g  and  t -csu l  v i  n g  pt-onouris, whi  c h  may b e  u s e d  t.o gauge a  

sys tem 's  c a p a b i l i t i e s .  

6 . 5  The P r a c t i c a l  App roach  

The a p p r o a c h  t a k e n  h e r e  i s  more o f  a p rac t .  i c a l  one t h a n  

~ ~ o s t  o f  t h e  o t h e r  work t h a t  has. been  c o n s i  d e r e d  ( e x c e p t  

[Hayes  l l a l ) .  T h i s  i s  becaur.e whi 1 e  a  c o m p l e t e  sy:.t.em model i n g  

a n a p h o r i  c r e f  e r e n c e  i n  n a t u r a i  i angccage woul d be p r -e f 'e r rad ,  T. h e r e  

a r e  o t h e r  t h i n g s  t h a t  yet. i n  t h e  \,Jay even  i f  s u c h  a  g o a l  hi~.t-e 

a c h i e u e d .  One o f  t . h e ~ . e  is .  that  pectp le  do n o t  necc.s.z.ari 1 y  behave  

a c c o r d i n g  t o  t h e o r y .  A s y s t e m  n ~ i g h t  r e ~ . o l u e  a t - e f e r e n c e  i n  t h e  

most r .easor iab le  way, b u t  t h i s  does. n o t  g u a r a n t e e  t h a t  t h i s  u i  11 

a g r e e  w i t h t h e  u=.er 's  i n t  e n t  C t  hua t h e  nec e s s  i t y  of' echoes  > . 
Fut- thet-more, a c t u a l  e r r o r s  may b e  made i n  t h e  u s e  o f  a n a p h o r i  c 

r e f e t - e t -~ce ,  v i o l  a t  i rig e i t h e r  t h e  p a r t  i c c l l  ar t hec t r y  o r  no r r r~a l  

human p e r f  o rn~anc  e. Henc e  a n a p h o r a  s.houl d  LIE c o n s  i d ~  r e d  a s  i t 

f i t s  i n t o  a n  o u e r a l  1  se t . t . i ng  o f  m o d i f y i n g  u=.er  i npu t . .  FOP a  

s y s t e m  t h a t  i s  t o  b e  used ,  t.oo much t i m e  i n  b o t h  d e s i g n  and 

c orr~put at. i on  c a n  tte eas  i 1  y  ( b u t  n o t  hab  i t, ah  1 y  ) s p e n t  a t t e m p t  i rig 

t o  y i e l  d  a " p e r f e c t "  ( i n  t.ernia. of' co r i ~pe t . e t>~~ . ; l  =.yzterii. 
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6.6 Pronouns:  Ouerv iew o f  t h e  H l g o r i t h m  

D e s c r i  p t  i on o f  t h e  anaphora  r i~echani  sri~c w i  1 1  beg i  rr w i t h  t h e  

p ronc~un  hand 1 i ng c apab i  1 i t i es, as  t h e s e  subsequent 1 y  s e r v e  as  

r o u t i n e s  a v a i l a b l e  f o r  use  i n  t r e a t i n g  o t h e r  r e f e r e n c e  t y p e s .  

These m i  g h t  a1 so be c a l  1 ed t h e  noun ph rase  anaphora  r o u t  i nes, as 

nctun p h r a s e s  repre=.ent  t h e  c o n c e p t s  a v a i  1 a b l  e  f u r  a b b r e v i  a t  ed 

r e f e r e n c e s  t h a t  a r e  mani p u l  a t  ed tly t h e s e  rout .  i nes. There a r e  

f i ve n ~ a j o r  p o r t  i 01-15 o f  t h e  p ronoun  res.ol  u t  i on procedure :  t h e  

p ronoun  p a r s e r ,  c h a i  n i  ng, i n t  e r p r e t  , semant i c s  and update.  The 

prunourt p a r s e r  f i nds and saves  noun ph rases .  I t  a1 so det. erm i nes 

r e 1  a t  i onsh i  p s  b e t  ueen noun ph rases  and a s s i  gt-15. i rri t i a1 =.a1 i ence 

wei gh t  s  t o  thern. The c h a i n i n g  progrzm 1 i nks  nitcrt-I phrases. to 

pronouns tha t .  may pronorhi r ia l  i ze them. The i n t  e r p r e t  a1 g o r  i t. hm 

f i n d s  a i i  l e g i t i m a t e  C n o r - I - c o r ~ f i i c i i n g >  c o m b i n a t i o n s  o f  t h e s e  

1 i n k s  t o  f o r m  i n t e r p r e t a t  i 017s. The semant. i cs .  p roce t j u re  rfrodi f i es 

and e v a l  u a t  es. us.er i npu t  t o  n.ee i f any o f  t. he i r i t . e rp re t  a t  i 017s. 

make sense. The updat. e  rocrt i r ~ e  1rpdat .e~ t h e  c.al i ence we i ght,s c t f  

t h e  r e t a i n e d  noun ph rases  and t h e n  d e t . e r m i n e ~  u h i c h  nc~crrr ph rases  

t o  save. The i n d i v i . d u a 1  p a r t s  o f  t h e  a l g o r i  t.hrrr a r e  descr- i  tled i n  

d e t a i  1 i n  t h e  n e x t  sect. i ons. T h e i r  funct, ion=.  a r e  i 1 1  u=.t.rat.ed i n  

t h e  f o l l o w i n g  d iagram Cs.w i n d i c a t e s .  bhe r . a l i e n c e  weight.:. and p l  

means p l  u r a l  >. 
1 ~ o h n  and B i  1 1 lsw=3Cpl > 

1John)sw=5 -sw=5 I eng i neerc. 1 5 ~ = 2  c p 1 > 
Cont e x t  : > Johrr and B i  1 1 a r e  eng i  neers .  

I n p u t :  > Who i s  he?  

Pronoun m s w = l  
P a r s e r :  h  e  sen t  e n i e - ~  i t ~ - I - ~ I ~ C I ~ I ~ U Y I  (t. ype> 



Chai n i  ng: 

I n t e r p r e t :  1 )  John--->>>---  h e ( 6 >  
2 >  B i l l - - - > > > - - -  h e ( 6 >  

Semant i c s: 1)  Who i s  John? John 
2 >  Who i s  B i l l ?  B i l l  

Llpdat e: (3ohn and ~i ? l ( s w = ~ ( ~ l )  ] e n g i  t-leers lsw=4(p? ) 

1Johnlsw=3 ] p T i q s w = 3  

6.6.1 Main  D i s p a t c h i n g  P rocedure  

The5.e pt-ocedures a r e  c o o r d i  nat.ed by  a  c a l  1 i ng program o h i  c 1-1 

i s  p r i  nc i ~ 1 a 1  1 y  f o r  ambi g u i  t y rnanagen.lent.. Inpcrt may be arittli guous 

e i  t h e r  bef o r e  ot- a f t e r  p ronoun  res.01 ut. i on, o r  t lo t  h b e f  s r e  and 

a f t e r .  T h i s  r o u t i n e  a l s o  c o n t r o l s  access t o  t.he othet-=., as ctniy 

t h e  p r ~ r ~ ~ u t - l  p a r s e r  and t. he updat  a  progtTams a r e  necessa ry  i f 

t h e r e  a r e  no anaphot-s i n  t h e  i n p u t .  H l  so, t h e r e  a r e  a  few 

spec i a1 c ori~nlar~ds t h a t  need excep t  i ana l  t r e a t  rf~ent., such as t h o s e  

f o r  en t  e r  i ng and ex i t i ng f porn d i  f f et-ent 1 anguages, t h a t  a r e  

t a k e n  c a r e  c ~ f  by  the '  a d m i n i = . t r a t i n g  p rocedure .  

The rnai n  c a l  1 i ng prograrn wclrks as  f o l  1 ows. I t  i s c a1 1 ed by 

t h e  whole a r c s  p r c ~ c e d u r e  w h i c h  g i v e s  t.o i t  t h e  l i s t  o f  t h e  

i n t e r p t - e t a t  i ons f c ~ u n d  ( t h u s  f a r 3  o f  t h e  u = . e r ' ~  i t- put. Fot- e ~ c h  

o f  t hese arf~bi g u i  t i ec., t h e  pt-ot-lour1 par= .er ,  c h a i  t i i  t-112, i n t e r p r e t  

and =.ernant i c s  a r e  c a1 1 ed. I f  t h e r e  i s no pronoun o r  e l  1 i p t  i c a l  

tsoun p h r a s e  i n  t h e  i n p u t ,  ~ n l y  t h e  prot-11:1un p a r s e r  i s  c a l  1 ed. , 

A f t e r  each of t h e  a m b i g u i t  ie=. have t ~ e e n  p r o c ~ . . - - -  -=.=.ed t h i s  way, t h e  

uprziirt.e p r o c e d u r e  i s i nvoked w i  t Is a  1 i =.t o f  t h e  good 

i t-~t e r p r e t  a t  i ons o f  any anaphors that .  t-lave beet-I r e s o l  ved. 

Updat i ng i s  p e r f o r m e d  d i f f e r e n t .  1 y d u r i  rig 1 anguagc changes, w h i c h  
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n o r m a l  1 y  c  1  e a r s  t h e  1  i s t  o f  po t .en t  i a1 r e f  e r c n t  s  b u t  may f o r c e  

new ones  o n t o  t h e  1 i s t  whi  1 e  e n t e r i n g  par t .  i c u l  a r  1  anguagea.. Some 

f i n a l  e d i  t i n g  o f  t h e  1  i s.t o f  a r i~b i  guc~us  i nt .erpt -e t  at i cans i s  done 

b e f o r e  r e t u r n i  n g  c o n t r o l  t o  t .he who1 e arcs.  p rogram.  

6.6.2 P r o n o u n  P a r s e r  

T h e r e  a r e  f o u r  p r i  mary r e s p o n s i  t i  1 i t i e s  o f  t h e  p r o n o u n  

p a r s e r .  I t  must d e c i d e  on  t h e  g e n e r a l  t y p e  o f  anaphc~ ra ,  i f  

any .  The nodes  o f  t h e  p a r s i n g  c h a r t  t h a t  a r e  i m p o r t a n t  t o  t h e  

r e s o l  u t  i o n  p r o c  eciure must b e  f o u n d  and  t h e  r e 1  a t  i o n s h i  p s  

b e t  ween them d e t  ern1 i ned. L a s t  1 y, t h e  i n i  t i a1 v.31 U ~ S  f o r  t h e  

s a l  i ence wei g h t  o f  t h e  noun  p h r a 5 . e ~  i n t h e  i n p u t  need  t o  be  

computed.  A1 1 o f  t h e s e  t h i n g s  t a k e  p l a c e  t oge? .he r I  b u t  can  t ~ e  

t h a u g h t  o f  a s  1.eparat .e t a s k s  u f  p rogram.  

The p r o n o u n  p a r s e r  d i  st. i n g u i  s h e s  t l c twee r~  f C I U ~  g e n e r a l  t.yt:~es 

o f  i n p u t  : sent.ence u i  t h c ~ u t  p t~o t -~oun ,  set-~?.ence w i  t. h p ronoun ,  

f ragmen t  w i  t h a u t  p r o n o u n  and f ragmen t  w i t.h p ronoun .  The5.e t ypes. 

i n f  1 uence  t h e  p r o c e ~ . s i  n g  b y  t.he o ther-  r o u t i n e s .  

6.6.2.1 Nodes 

C e r t a i n  e l e rnen t s  o f  t h e  p a r s i n g  c h a r t  a r e  o f  par- t  i c u l  ar 

i n t  e r e s t  t o  t. he p r o n o u n  rocrt. i nes  and  w i  1 1 be  c a l  1 e d  nodes.  

These a r e  d e t e r m i  n e d  by  t.he p a r t s  o f  sl:lcech ( a n d  i n  sorile calses I 

t h e  f e a t u r e % )  i n  t h e  p a r s i n g  cha r t . .  T h e r e  i z. a1 5.0 a  nc~de  t y p e  

u s e d  o n l y  1 1 1  t h e  a l g o r i t h m  i t s e l f  i n  t h e  c h a i n i n g  pr-ocess. 

 odes a r e  us.ed t o  f i n d  t h e  r e l a t i o n s h i p  be tween  noun  

p h r a s e s  i n  p r e p a r a t  i o n  f o r  t h e  t es t .  i n g  o f  s y n t a c t .  i c  c o n d i t i o n s  

b y  t h e  c h a i n i n g  r o u t  i ne. The node t y p e s  a r e :  

S-nudes S e n t e n c e  o r  u n d e r  1 y i n g  sen?. ence nodez.: 
i r l c  1  ude=. s u c h  p a r t s .  of' =.peech a=. " ~ e t . ~ ? .  e n c e " ,  
" v e r b - p h r a s e " ,  " r e l a t i v e - c l a u s e " .  



C-nodes Con junc t  i ons o f  o t h e r  nodes: 
i nc 1 udes on1 y t h e  p a r t s  of  s1:lec.c ti "noun-phrase" 
and "uer t t -phrase"  w i t h  t h e  c o n j u n c t  i on f e a t u r e  
s e t .  

N-nodes Noun ph rase  nodes: a n y t h i n g  w i t h  p a r t  o f  speech 
"noun-phrase"  . 

E-nodes Nodes used f o r  c h a i n i n g .  

Not i ce t h a t  some a r c s  may he ~l~ctt-e t l-tan one node. ' There w i  1 1 t ~ e  

an N-node made f o r  each noun p h r a s e  i n  t h e  p a r s i n g  c h a r t ,  wh ich  

w i 1 1 c o n t  a i  n a1 1 t h e  i t - t f  at-nlat i on needed f u r  pror loun rer .01 u t  i on. 

Euen w i t h o u t  any anaphors  i n t h e  i nput. t t-~e N-nodes a r e  needed 

f o r  a d d i n g  t o  t h e  potet- t t . ia1 r e f e r e n t  l i s t .  

6.6.2.2 Re 1 a t  i ons Eet  ween Nodes 

The r e 1  a t  i ons b e t  ween N-r~odes f o r  t e s t  i ng s y r ~ t  ac t i c 

c o n d i t i o n s  a r e  g i  uen he re .  These r e 1  at. i ons need o n i  y be 

ca l cu la t ,ed  f o r  N-node p a i r s  w i t h  a t  l e a s t  cine N-node 

cot- respondi  rig t o  a pronoun.  The u a l  uen. f o r  14-nodes n u t  f r o r i ~  t.he 

c u r r e n t  i n p u t  i n  r e l a t . i o n  t o  any i n  t.he i n p u t  a r e  g i v e n  as 

d e f a u l t  u a l  ues ( c c ~ r ~ s i d e r  node A t o  tle any ritembet- o f  t h e  

p o t e n t  i a1 r e f e r e n t  1 i s t  and node E t o  tle an t4-node o f  t h ~  

c u r r e n t  i npu t  ). 

1 > Dominate: (Fa1 s e >  
A node A dominates  a n o t h e r  node E i f :  

E i s  a c o n t r i b u t i n g  ( u n d e r l y i n g >  node o f  A .  

Each o f  t t - IF  f o l  l o w i n g  r e l a t i o n s  t ~ e t t ~ j e e n  nc~des A and B 
r e q u i r e  t h a t  n e i t h e r  A n o r  E dorni n a t e s  t.he o t h e r :  

2> Precede:  < T r u e >  
A rrode H precedes  a n o t h e r  node B if: 

A o c c u r s  b e f o r e  E i n  t h e  i n p u t .  

3 >  Command: ( F a l s e )  
A ncode A commands a n o t h e r  node E i f :  

t h e  S-node t. h a t  most i rnri~ed i at. e 1 y dori~ i nat. es  
A a1 5.0 dor i~i  n a t e s  E. 



4 )  S e p a r a t e :  ( T r u e )  
A node  A i s  s e p a r a t e  f r o m  a n o t h e r  node E i f :  

t h e  1  owes t  node  i n t h e  c h a r t  domi n a t  i n g  b o t h  
A and  B i s  a C-node. 

5 )  Same S i m p l e x :  < F a l s e >  
A node  A i s  i n  t h e  same 5.i mpl ex  a s  a n o t h e r  node  E i f :  

t h e  l o w e s t  node  i n  t h e  c h a r t  d o m i n a t i n g  A i s  
t h e  l o w e s t  node  i n  t h e  c h a r t  dorni n a t  i n g  E. 

These r e l a t i o n s  c a n  b e  t h o u g h t  o f  a s  p o s i t  i d n s  w i t h i n  a 

p a r s  i n g  g r a p h  o r  t r e e  r e p r e s e n t  a t  i on  o f  t. h e  p a r s  i rig c h a r t .  

Dom ina te  i s  t h e n  t h e  same a s  a n c e s t o r  node, and  same s i m p l e x  i s  

h a v i n g  t h e  sarf~e i rrlniedi a t e  p a r e n t  node.  S e p a r a t e  i s .  when t t i e  

1  owes t  common a n c e s t o r  o f  b o t h  nodes  i o. a C-node. PI-ecede rneans 

that  one node  o c c u r s  b e f o r e  t h e  o t h e r  i n  an  i n o r d e r  t r a n s v e r s a l  , 
and  command means t .hat  t h e  f i r s t .  p a r e n t  S-node i s  a1 4.0 an 

a n c e s t o r  of '  t h e  o t h e r  node. 

6 .6.2.3 S a l  i ence  14ei g h t  A s s i  gnment. 

The pt-onoun p a r s e r  cornputes t h e  i n i t i a l  v a l u e s  f o r  t t i e  

s a l  i ence  wei ght. o f  noun  p h r a s e s  f o u n d  i n  t h e  i npcct . T h i s  i 5 

done on  t h e  b a s i s  o f  s e v e r a l  s a l  ienca.  w e i g h t  r u l e = . .  f hese  r u l e s  

a r e  1 i s t e d  h e r e  a1 ong w i t h  t h e  number o f  t h e  c o r r e s p o n d i n g  r u l e  

i n  C H a j i c o v a  821. Where no  nuraber i s  i n d i c a t e d ,  t . h i s  i s  a  new 

r u l e .  The names o f  t h e  r u l e s  hawe a1 so been  added f o r  f u t u r e  

r e f e r e n c e .  The a c t u a l  wei ght.s as.5.i gned a r e  g i  ven, b u t  c ~ c c u r  a s  

p a r a m e t e r s  i n  t h e  p r o g r a m  s o  t h a t  t hey  r f~ay b e  c a l  i b r a t  e d  f o r  

s.pec i f i c  a p p l  i c a t  i o n s .  The names f o l  1  ctwi ng t h e s e  wei g h t s  a r e  

t h e  paramet .e r  narr~es. F i r s t  t.he t o p i c  and f o c u s  of  a  s e n t e n c e  

a r e  d e f  i ned. 

Sen tence  T o p i  c /Focus  

The T o p i c  o f  a s e n t e n c e  i s  t h e  s u r f a c e  scrbject . .  
The Focus  o f  a s e n t e n c e  i s  t h e  su t - f ace  p r e d i c a t e .  



I n i  t i a1 Sa l  i ence Wei g h t  H s s i  gnment 

Focus R u l e  ( 2 ) :  A noun p h r a s e  i n  t h e  f o c u s  p o s i t  i o n  w i  1 1  
r e c e i v e  a  s a l i e n c e  w e i g h t  of O ( = i n i t i a l  f o c u s  s a l i e n c e > .  

Top ic  R u l e  ( 3 ) :  H noun ph rase  i n  t h e  t o p i c  p o s i t i o r ~  w i l l  
r e c e i v e  a s a l i e n c e  w e i g h t  o f  1 ( = i n i t i a l  t o p i c  s a l i e n c e ) .  

O the r  Nun-Domi n a t e d  NP Rule:  Hny o t h e r  noun ph rases  n o t  
dominated by  a n o t h e r  noun ph rase  (e.  g, i n d i  r e c  t. o b j e c t  > 
w i l l  r e c e i v e  t h e  i n i t i a l  t o p i c  s a l i e n c e  a l s o .  

O the r  Dominated NP R u l e  Ccf. 4 ) :  Any noun p h r a s e  t h a t  i s  
dominated tty a n o t h e r  noun phra=.e w i  1 1  r e c e i v e  a  s a l i e n c e  
we igh t  equa l  t o  t h e  s a l i e n c e  we igh t  o f  t h e  d o m i n a t i n g  noun 
ph rase  p l u s  2 i = s a l  i ence increment  >. 
The t o p i c  and f o c u s  r u l e s  a r e  t h e  same as  i n  CHa j i cova  821. 

T h e  o t h e r  non-domi n a t e d  NP r u l e  i s  f o r  noun p h r i r ~ e b .  t h a t  a r e  

n e i t . h e r  i n  t h e  f o c u s  o r  t o p i c  p o s i t  i o n ,  n o r  under1  y i n g  one o f  

t h e s e  p o s i  t i on... T h i s  i s  necec.sary f o r  t h e  ASK System s e t t  i ng 

because the f orma1 grammai; i -eprer.ent at  i i s soi i t~wt iat  d i  f f ?r~.t;:. 

The t o p i c  r u l e  a l s o  a p p l  i e s  t.o r l c~ur~  ph rases  t h a t  occu r  tly 

t herns.e 1 ves  o r  i n f t-agrf~ent s, and t h u s  i nr- 1 udes t h e  f unc t i on5 o f  

r u l e  ( 5 )  o f  CHa j i cova  821. T h i s  %.e ts  s a l  i e n c e  w e i g h t s  f o r  c.uch 

b e g i n n i n g  f r a g m e n t s  as "as. f o r  x u ,  and " c o n c e r n i  n g  x u .  Terse 

i n f ' o r r n a t i o n  f r a g m e n t s  a l s o  commonly occu r  f o r  t h e  purpose of' 

s e t t i n g  t h e  s a l  i ence we igh t  o f  a  rnour) phrase,  and t h e  t o p i  c r u l e  

g i v e n  h e r e  c o v e r s  t h i s  k i n d  o f  a c t i o n .  

The o t .her  dominated t4P r u l e  ? = .  f o r  crndet- ly ing ncturl phrases .  

This .  may t ~ e  compared w i t h  r u l e  ( 4 )  of' E H a j i c o v a  821, wh ich  says. 

t h a t  i f  an o t l jec t .  r e c e i ~ ~ e s  a s a l  i e n c e  we igh t  o f  n, any o b j e c t  

" i rnri~edi a t e 1  y assoc i a t e d "  w i t h  i t  c~t l t .ai  1-15 a =.a1 i ence wei gh t  o f  

n+2. Under1 p i n g  noun phrase=.  a r e  c o n s i d e r e d  t.o be one k i n d  o f  

i rjlmedi at.* a=.=.oc i at. i on, b u t  t ~ y  no mean=. c o v e r  a1 1 ar.soc i a t  ed 

o b j e c t s .  O t h e r  t-ul  es may be h y p o t h e s i z e d  t o  c o v e r  t h e  

assoc i a t  i on neces.=.ary f o r   referent.^ n o t  f o u n d  i n t h e  i nput  , such 

a s  t h e  f o l l o w i n g :  



1mmediat .e l  y Assoc ia t . ed  t4F R u l e  i c f .  4 ) :  Arty noun  p h r a s e  
that  i s  one 1 i nk sway i n t h e  know1 edge base  f r o m  a  noun  
p h r a s e  i n  t h e  i n p u t  r e c e i  v e s  a s a l  i ence  w e i g h t  o f  t h a t  noun  
p h r a s e ' s  s a l  i ence  w e i g h t  p l us .  2 i = s a l  i ence  i ncrement  ). 
A s s o c i a t e d  t4F R u l e  i c f .  4 ) :  Any noun  p h r a s e  r e l a t e d  b y  some 
1 i n k  i n  t h e  know1 edge b a s e  t o  a noun  p h r a s e  w i t h  an  
a z s i  gned  s a l  i ence  wei g h t  w i  1  1  r e c e i  v e  a s a l  i ence wei g h t  o f  
t h a t  noun  pt~t-alse's s a l  i ence  we i  g h t  p l  US 2 C=.=al i ence 
i nc reman t  > u n t  i 1  s u c h  a p o i n t  t h a t  a s s i g n e d  s a l  i ences  woul d  
b e  g r e a t e r  than 7 <=maxi  mum s a l  i ence)  . 

N e i t h e r  o f  t h e s e  r u l e s  h a s  been  implement.ed, b u t  show t h a t  

r u l e s  c a n  b e  d e v i s e d  t o  make more e x p l i c i t  t o  a g i v e n  know ledge  

base  s e t t i n g  t h e  n o t i o n  o f  " i m m e d i a t e l y  a s s o c i a t e d "  object:.. 

Some assoc i at  i on  i s  c o u e r e d  w i  t h t h e  o t h e r  domi n a t e d  t4P r u l  e, 

a n d  i n  a s e t  t i t7g where  t h i s  t y p e  o f  r e f e r e n c e  o c c u r s  more 

f r e q u e n t  1 y  t h e  h y p o t h e s i z e d  r u l e s  may h e  added. I t .  wa:. d e c i d e d  

t h a t  t h e s e  were  u n n e c e s s a r y  f o r  most  a p p l  i cat. i 01-15, and t k l i  n  

t h e  s t r u c t u r e  c o u l d  be a d d e d  t c  t h e  s.yst,e~! f a i r 1  y e a s i  1 y  1 .a te r  

i f deemed u s e f  u  1 i n some app 1 i c a t  i 017s 1  anguages.  

App l  i c a t  i on  o f  each  s a l  i ence w e i g h t  r u l e  i s  cferilot-15.trat.ed 

i n  t h e  f o l l o w i n g  example,  where  a g a i n  sw i s  t h e  =.a1 i e n c e  w e i g h t .  

I John  and  B i l l  I s w = l  

)fsw=~ m l ' s w . 3  I f ) o w e r s j s w . @  WMaryEsu=l 

> J o h n  and  E i  11 gave  f lowers .  t o  Mary.  

T o p i c  R u l e :  " J o h n  and E i  11 " h a s  s.w=l 
Focus  R u l e :  " f l o w e r s "  h a s  sw-8 
O t h e r  Hen-Domi n a t  e d  NF R u l  e: "Ma ry "  h a s  s w = l  
O t h e r  Dor i~i  t -~at.ed t4F Ru l  e: " J ~ h t i "  and " B i  1  1 " have  sw=3 

I t  s.houl  d  b e  p o i  n t  ed  o u t  t ha t .  ambi guouz i nt .e rp re t .a t .  i o n s  . o f  

i npl.lt f orni amhi gu  i t i e s  i n t h e  1  i s t  o f  noun  l:~hrases. try y i e 1 d i rig 

equ  i v a l  e n t  s a l  i enc e  we i g k t  s.  Equa l  s a l  i enc e  wc i ght. s  a r e  a1 so  

o f t e n  ac.s i  gned  wi ' t .h i  r~ t h e  s . t . ruc tu t -e  c ~ f  t.he o t .her  dor i~ i  r ~ a t e d  NF' 

r u l  e m  T k i  s  i s  t o  a c h i e v e  t h e  app t -op r i  a t e  anal:lkor.ztl ari~tli g u i  t i ec.. 



H 1 1 i n c o r r e c  t a r t ~ l i  gcrous i nt. e r p r e t  a t  i ons a r e  e x p e c t e d  t o  be 

d e l  e t e d  when semant i c p r o c e s s i n g  t a k e s  p l  ace. 

6 . 1 5 . 2 . 4  Example o f  Nodes and S a l i e n c e  Weights  

The example g i  uen be1 ow s h o i ~ s  nodes and i n i t i a l  sa1 i e n c e  

we igh t  a s s i  gnroents f o r  a sentence.  How t. h i  s  i n f o r m a t  i o n  i s  

used i s  d i s c u s s e d  i n  t h e  p a r t s  d e s c r i b i n g  t h e  c h i i n i n g  and 

serr~ant i c s  prctgrame.. S a l  i ence wei ghtc, ( s 4 . 1 )  are i n d i  c a t e d  a1 ong 

w i t h  t h e  r u l e s  g i v i n g  t h e  i n d i v i d u a l  ass ignments .  The r e l a t i o n s  

between t h e  nodes can be seen f r o m  t h i s  r e p r e s e n t a t  i o n .  Clt-11y 

t h e  dominate  r e l a t i o n  is. o f  i n t e r e s t  he re .  Nudes a r e  dominated 

by  nodes above them, b u t  n o t  b e s i d e  them o r  b e s i d e  nodes. above 

them. 

S (John saw t h e  man who s topped  h i  m ,  1 

tj ----- (saI,j)----- 

C John) 
Csw=l> 
{ T o p i c  R u l e )  

I ( t h e  man who s topped  h i s >  
Csw=8> {Focus R u l e )  

\ '. 
'. 

\ 

\ 

w --------------- S ( ~ h i : ~  s topped  h im)  
( t h e  man > 

t  sw=2 :, 
( O t h e r  Dart1 i n a t  ed t4P Ru 1 e  > 

', 
'. 

\ 

\ 

\ '. 
\ 

\ 

':irlho s . topped i - -  I 4  ( h i  m i  
t  sw=4 2 

{ t w i c e  at:spl i ed Clther. Dominated NP R u l e >  



The f o l l o w i n g  d iagram shows how t.he noun ph rases  saved f r o m  

p r e v i o u s  i n p u t  f i t  i n t o  t h i s  scheme {as  nodes?:  

S S ( c u r r e n t  i n p u t  > 

' I \ \  '. 

/ \ 

( o l d  NPo> N N ... N ... 
T h i s  f o r m  mot i u a t e s  t h e  assignment  o f  v a l  ues t o  r e 1  a t  i on5 

between nodes g i v e n  above. 

6.6.3 C h a i n i n g  

Chai n i  n g  i s t h e  p1roces.s o f  1 i nk i n g  nctun p h r a ~ . e ~  t o  p ronouns 

t h a t  rr~ay r e f e r  back t o  them, a c c o r d i n g  t o  s y n t . a c t i c  c o n d i t i o n s .  

T h i s  i s  dune b y  c r e a t i n g  an E-node a t t a c h e d  below t h e  

a p p r o p r i  a t e  N-nude, and t h e n  1 i nk i ng t h e  E-node t o  an E-node 

be 1 ow t h e  pronoun 's  14-node. Seve ra l  E-nodes f rctm t h e  same noun 

p h r a s e  t4-node may be made t h i s  way, and t h e  arnbi guous 

i r ~ t e r p r e t a t  i oris t h i  s rept-.esent.s a r e  c o l  1 e c t e d  by t h e  i n t e t - p r e t  

r o u t  i ne. 

6 .6 .3 .1  S y n t a c t i c  Cond i t i onc .  on C h a i n i n g  

Three r e q u i  rewlents r i~ust  t ~ e  s a t  i s f  i ed f o r  a pronoun t o  be 

s u b j e c t  t o  c h a i n i n g  t o  a noun phra5.e. These a r e  t.ersted by t h e  

c h a i  n i ng p r o c  edure ,  and t h e  c h a i  n i ng E-node i s generat.  e d  when 

t h e s e  c o n d i t i o n s  a r e  n'iet. They a r e  1 i s t e d  he re :  

Precede and Command ( o r  Separa te )  R u l e  
H pronoun  P may tte used t cl pronomi n a l  i i e  
a noun ph rase  NP u n l e s s  b o t h :  
a ?  P p recedes  NP, and 
kt> P commands NP o r  P i s s e p a r a t e  f r o m  NF. 



F e a t u r e  Agreement Rul f 
A pronoun  P  may be used t o  prot ic~mi n a l  i i e  
a  noun ph rase  NP i f :  
P  ag rees  w i t h  t4P on t h e  f o l l o w i n g  f e a t u r e s ,  o r  
P  i s  e x p l i c i t l y  r e l a x a b l e  on d i s a g r e e i n g  fea tu res . :  

a> an imate ,  
b >  gender,  and 
c ) p  1 u r a l  . 

Ref  1 e x i  ve-}Jon-Ref1 e x i  ve and Geni t. i )SF Rul e  
A p ronoun  P may be used t o  p r o n o m i n a l i z e  
a noun p h r a s e  NP i f :  
f o r  r e f l e x i v e  P: 

NP i s  i n  t h e  same s i r i ~ p l e x  and n o t  g e n i t i v e ,  
f o r  n o n - r e f  1 e x i  we P: 

WP i s  o u t s i d e  t h e  same s imp lex ,  o r  g e t i i t i u e .  

These r u l e s  c o n t a i n  t h e  b a s i c  5 . y n t a c t i c  c o n d i t i o n s  f o r  

p ronoun  r e s o  1 u t  i on. The f e a t u r e  agr-eement r u  1 e  i 5. f a i  r 1 y  1  oose, 

i n  t h a t  i t  m i g h t  be e x p l i c i t l y  o v e r i d d e n  by  ot,her p a r t s .  o f  t h e  

system. The o t h e r  r u l  es  a r e  raai t-11 y  f o r  =.pet i f j c t y p e s  of 

p rono rn i r~a l  usage. The p recede  and cornmind r u l e  t e l  i 5 when a  

prot-toun may p recede  t h e  noun ph rase  i t  r e f e r s  t.o. The f i n a l  

r u l  e  i s for-  t h e  i n t  e r p r e t  at. i on o f  r e f  l e:.:i ve prclrlouns. The u5.e 

o f  t. he5.e r u  1 es  can be seen f r o m  t hese exam~:~ 1 e5. (adapt. ed f ram 

[Roach 863): 

1)The ri~at-I who c a l l e d  t o  i t  caught. t.he b a r k i n g  dog. 
2 )John t o o k  June t o  d i n n e r ,  b u t  he i s n ' t  s u r e  she 1 i ked i t .  
3)Mary 's  mother  v o t e d  f o r  h e r s e l f .  
4 )  Mary's mot h e r  v o t e d  f o r  h e r .  

The f i r s t  r u l e  a p p l i e s  t o  t h e  f i r k t  example b y  showing t h a t  

a1 t hough " i t " p r e c  edes " t< he ha rk  i rig dog",  t h e  pronoun ne i t h e r  

commands. o r  i s  r .epara te  f rom t h e  r e f e r e n t .  rlout-l phr.a=.e. ~ h u = .  

t h i s  p ronoun  use i s  permi  s r . i  tll e. The second exartipl e  is .  o f  gender 

and an ima te  r e s t  t - i  c t  i ons. The f i n a l  t,wo exampl es. d e r i ~ o n s t r a t e  

t h e  ~15.e o f  t.he t h i  t-d r u l e ,  where " h e r s e l  f "  re fe rs .  ttc1 "Mary'=. 

mo the r "  arid " h e r "  r e f e r s  t o   mar)^". 
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Not i ce t h a t  t.hese c h a i  n i  n g  cond i  t i  c~ns a1 so d i  s t  i n g u i  5.h 

a p p r o p r i  a t e  usages f o r  pronctuns r e f  e r r i  ng  t o  noun ph rases  i n 

e a r l  i e r  i n p u t .  (The p recede  and command r u l e  i s  a1 ways 

s a t  i s f  i ed f o r  t h e  noun p h r a s e s  o f  an e a r l  i e r  i npu t  3 .  

6 . 6 . 4  I n t e r p r e t  

The i n t  e r p r e t  program f i r ~ d s  a1 1 1 e g i  t i rnate s:ets o f  

i n t e r p t % e t a t  i ons o f  p ronouns i n  t h e  i t -~put .  The r e q u i r e m e n t  f o r  a 

v a l  i d i n t e r p r e t a t i o n  i s  t h a t  a1 1 p ronouns a r e  r e s o l  ved. Th i  s 

i s  d e t e r m i n e d  by c o u n t i n g  t h e  number o f  N-nodes f i r s t ,  and 

compar ing  t h i  s number w i t h  t h e  number o f  14-t-1ode5. i n t e r p r e t e d  by 

a c ombi n a t  i on o f  E-nodes. I f  t h e s e  numbers a r e  equa l ,  t h e n  t h e  

E-node comtli r ~ a t  i on  i s  a v a l  i d i n t e r p r e t a t  i or?. Fi 1 i s t  o f  such 

i n t  e r p r e t  a t  i on=. i 5. g e r ~ e r a t  ed f o r  u5.e by  t h e  s.ers~ant i c s  r o u t  i ne. 

6 . 6 . 5  Semant ics  

The semant. i c s  p r o c e d u r e  o f  t h e  anaphora  r e s u l  ut. i on 

mechanism makes t h e  changes i r~ t h e  i n p u t  as r e q u i r e d  b y  t h e  

i nt. e rp t -e t  a t  i ons found.  I t .  t h e n  e u a l  u s t e s  t h e  mod i f i ed i npu t  , 
and d e t e r m i  tales whi ct-; i n t e r p t - e t a t  i ons  ere gcfic~cJ f o r  1 a t e r  

modi f i c a t  i o n  o f  t h e  p o t e n t  i a1 r e f e r e n t  1 i  s t .  Messages 

e s p l  a i  n i  r ~ g  t. he r e s o l  u t  i or1 of a n a p h o r i  a r e  generat, ed f o r  t h e  good 

i n t  e r p r e t  a t  i ons. If n ~ c ~ r e  t k~an  one i t-ft. e r p r e t  at. i on ( o r  art11 i gu i t 5) 

o f  t h e  i n p u t  t ~ e f  o r e  r e ~ c ~  1 u t  i on) pt-nduces t h e  same s t  r i t - ~ g  f o r  

e v a l  u a t  i on, i t w i  1 1 n o t  be resubmi t. t.ed. The progt-am mai n t  a i  1-15 a 

1 i st. o f  a t  t emt:lt ed sutm i s s i  o n s  f o r  e v a l  crat. i on, t o  keep f r o m  

r e p e a t i n g  work and t o  t r e a t  a m b i g u i t y  c o r r e c t l y .  



6.6.5.1 Order  o f  Eva1 u a t  i on 

The Cpossi L l  y  s e u e r a l  > i nt .er l :~retat .  i o n s  p roduced  by t h e  

c  h a i  n i  n g  and i r t t  e r p r e t  a1 g o r  i t hms a r e  e v a l  u a t  ed  i n t h e  o r d e r  

g i  ven  b y  t h e  t o t  a1 09 t he s a l  i ence wei gh t  s  o f  t h e  noun ph rases  

i n  each i n te rp t -e ta t .  i o n .  T h i  5 i s  because t h o s e  i n t e r p r e t . a t  i ons 

u i t h  l o w e r  s a l i e n c e  w e i g h t s  a r e  more l i k e l y  t.o b e  t h e  c o r r e c t  

ones, accot-d i  t ? t j  tcl t h e  t h e c ~ r y .  Hn a b l r e u i  at.ed r e f e r e n c e ,  once 

p a s s i n g  s y n t a c t i c  c o n d i t i o n s ,  i s  more l i k e l y  t o  r e f e r  t o  a 

concep t  o f  h i g h e r  s a l i e n c e .  With t h i s  o r d e r i n g ,  more e v a l u a t i o n  

a t t e m p t s  a r e  necessa ry  f o r  t h e  more oh5.c u r e  ( 1 ess  s a l  i en t  > t y p e s  

o f  r e f e r e n c e .  Hmtli g u i  t i ez. CIC c i ~ r  ~ ~ ~ h e t i e t ) e r  rc~ore t h a n  one 

i n t e r p r e t . a t .  i o n  has t h e  _..am@ s a l  i ence wei gh t .  Once a  seri~atit i c a l  1 y 

v a l  i d  i n t  erpr-et  at. i on i s  f ocrrrd, on 1 y t h o s e  w i t. h t. he c.arirg s a l  i enc e  

b..tei y h t  a r e  t r i e d ,  and no more. irL an i i -~ te i -p? - .e ta i i c i n  rjiues. a 

( seman t i c  > d i  agnct=.t i c ,  t h e n  t.he seat-ch cont. i nues, b u t  i t  w i  1 1  tle 

o u t p u t  i f no gclcld Cnon-di agno5.t i c 1 t-esul t.s a r e  found.  I n  t h i  s 

way semant. i c a1 1 y i n v a l  i d  i n t  e r p r e t  at. i ons. a r e  e  1 i rn i n a t  ed. 

6.6.5.2 Generat  i on o f  E x p l  ana t  o r y  Mess.ages 

Wheneuer anaphors. e x i  s t  w i  t h i  n  a u s e r ' s  i npcrt., e>;pl a n a t o r y  

messages must be g e n e r a t e d  t o  make e x p l  i c i t  whst was a v a l  ua ted ,  

o r  i f n o t  t i  i rig reac  tied c ornp 1 e t  i on .i.eri~atit. i c a1 1 y , a  d  i agrIost i c i s  

nec e%s;lry . Htl F C  hct SE.PVE.S t, i s  e x p l  a i  n  reg1:11 u t  i I:I~-I~. o f  at1br.e~ i a t  ed 

r e f e r e n c e s .  

If t h e r e  was no ser~lant i c a1 1 y goclld r e s u l  t t h e n  t h e  

d i  agnclst. i c rftes..'.aye f o r  t. he pronctcrn i ti quest  i o n  k ~ i  1 1 be o f  t. h~ 

f o l  l o w i n g  fo rm:  

{empty c o n t e x t  > 
>what i s  i t ?  
There  a r e  nu gooc! i n t .e rp re ta t .  i ons f o r  t tie p ronuun " i t  " .  



I f  t h e r e  was a good  r e s u l  t f r o m  semant. i c s  t h e n  an  echo  o f  t h e  

i rtl :~Ut s e n t  enc e r e f  1 ec t i n g  t change i =. o u t  p u t  : 

>what i s  t h e  HP9836? 
HP9836 

>what i s  i t ?  
what i s  t h e  HP9836? 
HP9836 

{ c o n t e x t  

The d i  a g n o s t  i c may h e  f o l  1 owed by i n t  e r p r e t  a t  i ons  y i v i  n g  

s e m a n t i c  d i a g n o s t i c s :  

>what  i s  t h e  a r e a  o f  a s h e e t  o f  p a p e r ?  { c o n t e x t )  
93.5 s q u a r e  i n c h e s  

>what i s  t h e  vo lume o f  i t ?  
T h e r e  a r e  2 answers :  
1 )wha t  i s  t h e  vo lume o f  i t ?  

T h e r e  a r e  n o  good  i n t e r p r e t a t .  i onn. f o r  t h e  p r o n o u n  " i t  ". 
2 )wha t  i s  t h e  vo lume o f  a s h e e t  o f  p a p e r ?  

T h e r e  i s  n o  v o l u r i ~ e  of '  a s h e e t  o f  pape r .  

Thes.e rneSSagBi. a r e  made f r om t h e  s t r i n g = .  c o r ~ t . a i n e d  i n  t.he 

6 .6 .6  Upda te  

The u p d a t e  p r o c e d u r e  p e r f  ornls t h e  neces.r .ary f crnc t i ons f o r  

r i~anagement o f  t h e  d i  scc~ut-5.e fc tcus ( t h e  noun phra:.e l:lot.ent. i a1 

r e f e r e n t  l i s t ) .  F i r s t  t h e  f o c u s  w i l l  t le d e s c r i b e d ,  and t h e n  t h e  

e x e c u t  i on  o f  r u  1 e s  f o r  u p d a t  i n g  t. h e  f clc u s  w i 1 1 be  d i  s cussed .  

The d i  = .course  f o c u s  c o n s i s t s  o f  a 1 i st. of' N-nsdes, w i t h  an 

a t t a c h e d  f i r s t .  E-node. EIet.tA~een each  psi r, t.he i n f o r n ~ a t .  i o n  abou t  

t h e  noun  p h r a s e  r1ecess;rr.y f o r  f u t u r e  r e fe r -ence  i s kept.,  hi 5. 

i nforrnat,  i on i s :  t h e  s t r i n g  f o r  t h e  noun  pt-~ras.e, t h e  i npu t .  s t , r i  r ~ g  

i n  w h i c h  i t  was f o u n d  and i t . s  l o c a t i c l n  w i t h i n  t h a t .  s t r i n g ,  t h e  

=.a1 i enc e we i g t -~ t  and  t. h e  r e  1 e v a n t  f eat.crres. TI-~cse f ea t .  ures.  a r e  

yes/ t?o b i t s f o r  genet. i ue,  r e f  1 ex  i ue,  an i mat, e, Jet- arid 

n e u t e r .  T h e r e  i s  a1 s o  a f e a t u r e  t o  i n d i  cat.e t. he need  f o r  an  

apcl..t r o p h e - 5  c on5:t. putt. i on i t-I t. he  crut. p u t  K1r5.5.Ztge , klh i c h t U r t l S  

o u t  t o  b e  s l  i g h t  1 y d i f f e r e n t  f r o m  t h e  genet. i < ~ e  f e a t . ~ t - e .  TWO 



o t h e r  f e a t u r e s  a r e  k e p t  f o r  t h e  noun ph rase  e l  1 i p t  i c a l  f ragment  

r e s o l  u t  i o n  p o r t  i o n  o f  t h e  a1 g o r i  thm, t.he compl ex and no-e l  1 i p s i  s  

fea t .u res .  T h e i r  f u n c t i o n s  w i  1 1  be d e ~ c r i  bed 1 a t e r .  

A t  t t - ~ e  b e g i  t i i  n g  o f  t h e  u p d a t e  r o u t  i ne, t h e  1 i s t  o f  noun 

ph rases  i n  t h e  c u r r e n t  i n p u t  a r e  added t o  t h e  d i s c o u r s e  f o c u s .  

Dupl i c a t  es  a r e  removed b y  k e e p i  n g  t h e  most r e c e n t  noun ph rase  

and g i v i n g  i t  t h e  min imun o f  t h e  s a l i e n c e  w e i g h t s .  A l l  p r o n o u r ~  

N-nodes a r e  d e l  e t  ed. 

6 . 6 . 6 . 1  U p d a t e  Ru les  

A f t e r  t h e  c o m p l e t i o n  o f  p r o c e s s i n g  by  each c ~ f  t h e  p r e u i  ous 

anaphora  progr-ams u n  each a m b i g u i t y  o f  t h e  i n p u t ,  t h e  upda te  

rou t .  i ne i s. execu ted .  I n t  e rp t -e t  a t  i otis t h a t  p roduced good o u t p u t  

semarlt i c a l  1 y  a r e  i n a 1 i s t  of good i rt terpret .at .  i ons. These a r e  

t h e  u p d a t e  r u l e s :  

Pronoun Rul e ( 1) : I f  a noun ph rase  o c c u r s  i n  a good 
i t i t e r p r e t a t  i o n ,  t.hen t .ke s a l  i ence we igh t  o f  t h e  noun 
ph rase  i s  r e p 1  aced tly t h e  s a l  i e n c e  weight. o f  t.he pronoun 
r e f e r - r i  ng  t o  t h e  rtaun p h r a s e  as t h e  pronoun o c c u r s  i n  t h e  
i n p u t  ( i f  more t h a n  one, use t h e  minimum.> 

F a d i n g  R u l e  (61: I f  a nocrn ph rase  does n o t  c s c c l r r  i n  a good 
i n t e r p r e t a t  i on,. t h e n  t h e  s a l  i ence we igh t  s f  t h e  nocrn 
p h r a s e  i s i nc reased  b y  2 C=sal i ence i ncreritent . 1 

T r i  m r n i  n g  Rul e: t4oun ph rases  t. h a t  have a =.a1 i ence wei ght. 
g rea t .e r  t h a n  7 <=maxi murn =.a1 i ence) a f t e r  t h e  app l  i c a t  i on o f  
a1 1 t ha o t h e r  r u l  es  a r e  rernui)ed f rvrn t h e  l:~r-,t.et-~t i a1 r e f  et-ent. 
l i s t .  

The pronoun and f a d i n g  r u l e  at-e front C H a J  i c o u a  823, where 

t. he nuri~ber c o r r e ~ p c t t i d s  t ct t th rr 1 e nuritber g i verb i n t. h a t  paper .  

The pronoun r u l e  i s f o r  k e e p i  ng  c c ~ r ~ ~ e p t s .  r e f e r r e d  t o  s a l  i et i t  , 
even when t h a t  t -e fe rence i s  att t rrecr iatad. The f a d i n g  I-ule i s  t o  

eas,e concept.=. ou t  of f ~ c c r s  b y  i n c r e a s i  ng  t h e  :.a1 i ence we igh t .  

The t.,-imming r u l e  i s  t .0  prevent .  t.he p c t t e n t i a l  r e f e r e n t  l i s t  f r o m  

grow i n g  t.oo 1 arge,  artd t,cs e l  i m i  n a t e  nodes t h a t  a r e  no 1 onger 



c uns. i d e r e d  t o  be s a l  i e n t  . These r u  1 es  a r e  a1 s o  paramet e r i  zed f o r  

c a l i b r a t i o n  t o  s p e c i f i c  a p p l i c a t i o n s .  The f o l l o w i n g  example 

i l l u s t r a t e s  t h e  a p p l i c a t i o n  o f  t h e  Pronoun and F a d i n g  Ru les .  

Re fe rence  L i  s t :  {ernpt y > 

I n p u t  : >John gave f 1 owers t o  Mary. 

Re fe rence  L i s t :  John(1)  f l o ~ e r s ( U )  Mar-yCl) 

I 
{ F a d i n g  R u l e )  

I 
Refe rence  L i s t :  John (3>  f l o w e r s ( 2 >  Mary(3)  

I n p u t  : >He l i k e d  h e r  v e r y  much. 

Re fe rence  L i s t :  HeC1) h e r ( @ )  
\ \ < r e s o l u t i o n >  

John(3)  Mary (3 )  f 1 owersC2) 

I I 
{Pronoun Rul  e )  

Next  I n p u t :  3 

6.6.7 Some F  i n a l  Remarks about  Pronouns 

The d e s c r  i p t  i on o f  t h e  p ronoun  r e s o  1 u t  i un mec h a n i  sm i s  now 

comple te .  A comp le te  1 i s t  o f  t h e  pronouns t r e a t e d  and t h e  

f e a t u r e s  ass .oc ia ted  w i t h  each i s  g i v e t i  i n  append ix  3. Some o f  

t h e s e  pronouns may be 1  e x i  c a1 1 y  amb i guous, but. i n  i n s t  ances 

where t hey a r e  i nt.et-pr-et.ed as pr-onocrns a1 1 a r e  t ~ e z t  cd equa l  1 y 

by t h e  anaphora  a1 g o r  i t hm. 

A n  examp1 e  i s  g i  uen t- ere showing hc~w t.t-~e s a l  i ence, 

~ . ~ r r ~ . a r ~ t  i c ,  and s y n t a c t  i c c o n s i  derat. i o n s  work t.ogethet- f o r  t h e  

r c s o l  u t  i on o f  pronouns:  



>What i s  t h e  d e s t i n a t i o n  o f  t h e  Oceana? 
Tokyo  

>What i s i t s c o u n t r y ?  
What i s t h e  dest.  i n a t  i on  o f  t h e  Oceana's c o u n t r y ?  
Japan  

>What i s  i t c .  speed?  
What i s t h e  Oc eana 's  speed?  
22 k n o t s  

> I s  t h a t  t h e  speed  o f  t h e  Maru? 
I s  t h e  Dceana 's  speed  t h e  speed  o f  t h e  Maru? 
Yes 

6.7 E l  1  i p t  i c a l  F rag r i ~en t  s: Hour1 P h r a s e s  

The n e x t  example  h i g h l i g h t s  t h e  s i m i l a r i t . i e s  be tween  

pronc luns and e l  1  i p t  i c a1 f ragn~ent,  s that  a r e  nou t i  p h r a s e s .  The 

a1 g o r i  t h n l  f o r  p r o c e s s i n g  e l  1  i p t  i c a l  nclun p h r a s e  f r a g m e n t s  i s 

based  or1 t h e  c ~ t ~ ~ e r v a t  i o n  t h a t .  a s o l  i t . a r y  noun  phras.e c a n  o f t  en  

be  i n t e r p r e t e d  a s  a p r o n o u n  Cto  f i  r ~ d  a t - e f e t ~ e n t ) ,  and t h e n  

s u b s . t i t u t e d  i n t o  t h e  r e f e r e n t ' s  l o c a t i o n  i n  t.he p r e v i o u s  

s e n t e n c e .  

Pronoun:  

> I s  John  a p r o f e - -  =.=.or a t  IF? { c o n t e x t  > 
Yes 

< < <  C " f o w a r d "  s.ubst i b u t  i on)  
I 

> I s  liL( i n  Pasadena? 
I s  C a l  t e c h  i n  Pasadena? 

E l  1 i p t  i c a l  F ragment  : (t4oun P h r a s e >  

> I s  John  a Ccont. ext. > 
Ye= 

> > > C " t ~ a c k w a r d "  s u b s t  i t . u t  i o n >  
I 

 he t r e a t  nlet7t o f  e l  1 i p t  i c a l  f ragr i~ent .s  t ha t .  a r e  nclcrt-I p h r a s e s  

i s  g r e a t  19  f a c  i 1 i ' t a t e d  b y  t h e  prclnoirn a1 g o r i  thrti and Ji = , c o u r - ~ . e  

f oc us. The d i s c o u r s e  f o c u s  h a s  a1 1 t. h e  r e  1 evant. i n f  o rma t  i on 
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a b o u t  p r e u i o u s  noun  p h r a s e s  f o r  f u t u r e  a t ~ t ~ r e u i a t , e d  r e f e r e n c e .  

A s o l  i t a r y  i n p u t  noun  p h r a s e  i s  p r o c e s s e d  by m a k i n g  i t  l c ~ o k  l i k e  

a p ro r l oun  t o  t h e  r e s t  o f  t h e  p r o c e d u r e s .  Once t -e f  erent.:. have  

been  f o u n d  f o r  t h i s  psuedo-p ronoun ,  t h e n  ttii s noun  phras.e c a n  be  

s u b s t i t u t e d  i n t o  t h e  p r e v i o u s  i n p u t  at t h e  l o c a t  i o n  o f  i t s  

r e f  e r e n t  . The sernant i c s  r o u t i n e  knows t h a t  s u b s t  i t u t  i ons  may 

o c c u r  e i t h e r  f o r w a r d  ( i n  t e r m s  o f  t h e  1 i n k ,  n o t  t h e  o r d e r  o f  

i n p u t )  f o r  p r o n o u n s  o r  b a c k w a r d  f o r  i s o l  a t e d  noun  ph rases .  The 

r e s t  o f  t h e  d e s c r i  p t  i o n  o f  t.he t r e a t  ment o f  noun  p h r a s e  

e l  1 i p t  i c a l  f r a g r h e r ~ t s  i s  j u s t  1 i s t  i n g  t.he o t h e r  e x c e p t i o n s  t o  

t h i  s g e n e r a l  r u  1 r o f  Lac k u a r d s  sut15.t. i t ut. i on  c ~ f  t he5.e pz.uedo- 

p r o n o u n s .  

5 , 7 , 1  B i  f f e r e n c e s  f r o m  P ronouns  

E l  1 i p t  i c a l  f ragrnent  s. a r e  assuroed t.ci somehow f i t i nt.o t h e  

p t -eu i  ous  i n p u t ,  b u t  t o  change t h a t  i n p u t  i n  a u s e f u l  way b y  

mak i n g  a new r e q u e s t .  O f t e n  t h i s .  w i  11 mean u n l  y a 5.1 i g h t  

chartye,  s u c h  as m o v i r ~ g  f r c t m  one  memtler o f  a c l a s s  t o  a n o t h e r ,  

o r  c h a n g i n g  a smal 1 /:tat-t i o n  o f  t h e  s y n t a c t  i c f ea t .u res .  Thus. 

f e a t . u r e  c l - ~ecks  a r e  r ~ u t  made when atteri11:lt i t-~g t o  c h a i n  noun  

p h r a s e  e l  1 i p t  i c a l  f r a g m e n t s .  t4ei t h e r  a r e  sut lst .  i t .u t  i ons  

at t eropt ed  t. h a t  wou 1 d r e p e a t  t. h e  p r o c e s s  i n g  o f  a p r e u  i ous  

s e n t  e r ~ c  e. 

The messages f o r  e l  1 i !:at i c a l  f ragment.=.  echo t h e  io r i i p l  et. i o n  

o f  t h e  i t- put. I f  n o  r e s o l  u t  i arts a r e  f 'ound f u r  t h e  psuedo-  

p ronoun ,  t h e n  t h e  r5oun p h r a s e  i=.  e ~ l a l ~ ~ a t e d  j us t .  a s  i t  i s  

i n p u t  . 



>who i s  spouse  o f  John?  
Mary  

>Mary? 
who i s  spouse  o f  Mary?  
John  

>B i  11 ' s  h e i g h t ?  
5 f e e t  11 i n c h e s  

T h i  s exar t~p l  e shoklc. noun  p h r a s e  e l  1 i p t  i c i l  f r a g m e n t  r e s o l  c c t  i o n  i n  

c o n t e x t .  I t  a l s o  shows how a change  i n  f e a t u r e  c a n  t ~ e  e x p e c t e d  

i n  e l l i p t i c a l  f r a g r i ~ e n t s  ( g e n d e r  i n  t h i s  c a s e ) ,  t h e  r e s o l u t i o n  

echo ,  a r ~ d  t h e  e v a l u a t i o n  o f  an i s o l a t e d  noun  p h r a ~ e  w i  t h  no  

e l l i p t i c a l  f r a g m e n t  r e s o l u t i o n s .  

I t  c a u l  d b e  c 1 airoed t ha t .  t h e r e  was a r e s o l  u t  i o n  o f  t h e  

e l  1 i ~ t t  i c a l  f r a g m e n t  i n t h e  1 a s t  i n p u t  o f  t h e  p r e u i  ous  example.  

T h i  s dert~ot-1st r a t e s  a n o t h e r  i nipor t  ant p a r t  o f  t h e  t1out-1 phrase 

e i  1 i p t  i ' c a :  f r a g m e n t  p r o c a s . s i  ng.  No sccb5.t. i t u t  i orts a r e  nlalje t h a t  

w o u l d  g i v e  t h e  same r e s u l t  a s  e v a l u a t i o n  o f  bhe  noun  p h r a s e  b y  

i t . c . e l f .  T h i s  k i n d  o f  e l l i p t i c a l  r e s o l u t i o n  i s  iri11:ll i e d  b y  t h e  

way i 5.01 a t e d  noun  phrases.  a r e  eva lua t . ed  b y  t h e  sys tem.  The 

no-e 1 1 i p s i  s f e a t  u r e  o f  N-nodes i rt t h e  d i sc o u r s e  f a c u s  i rid i c at.es 

w h e t h e r  o r  n o t  t h e  i n p u t  con t . a i  n i  n g  t h e  e a r l  i e r  noun  p h r a s e  j u s t  

dual u a t  e s  that  noun  p h r a s e  o r  does =.ori~et.hi ng rnc~re. 

Wtsen a s o  1 i t a r y  i n p u t  noun  p h r a s e  i s composed o f  more t han  

one  noun  p h r a s e ,  i t  i s  c o n s i d e r e d  t o  b e  cor t~p l  ex.  T h i s  

d i s t  i rrc t i o n  f r o m  s i mp 1 e noun  p h r a s e s  i s riel: ess.ary tlec acr5.e t. h e r e  

i s sornc amb i g u i  t y b~hert a c omp 1 ex  nclun phrac.e i =. i r- put. . The user- 

may want e l  1 i p t  i c a l  r e s o l  u t  i c ~ n  o r  o v a l  u a t  i on  o f  t h e  nout-I f2hraz.e 

k ~ y  i t s e l f .  T h i s  arirtli gcri t y  i s  made b y  t h e  syst.em kclhet-lever a n  

i s o l a t e d  c o r t ~ p l e x  noun  p h r a s e  i s  i n p u t  . T h i s  exar i~p l  r shows t h e  

a m b i g u i t y  i n  con t . ex t ,  w i t h  t h e  r e s u l t i n g  ou tpu t . .  



>who i s  John? 
John 

>spouse o f '  John? 
M W ) J  

>what i s  t h e  h e i g h t  o f  t h e  spouse o f  John? 
5 f e e t  5 i n c h e s  

>spouse o f  B i l l ?  
There  a r e  2 answers: 
l > s p o u s e  o f  B i  1 l ?  

Sue 
2)what  i s  t h e  h e i g h t  o f  \ t h e  spous.e o f  E i  1 l ?  

5 f e e t  4 i n c h e s  

The compl ex f e a t u r e  on N-nodes i t7 t.he p o t e n t  i a1 r e f e r e n t  1 i s t  

i s  a f 1 ag f o r  compl ex i"tQUt7 ph rases .  

Ano the r  t y p e  o f  complex noun ph rase  i s  one c o n t a i n i n g  a 

pronoun.  Rn i n p u t  noun p h r a s e  c a n t a i n i n g  a pt-onoun i s  or11 y 

e u a l u a t e d  as  a noun phrase,  w i t h  t-to e l l i p t i c a l  r e s o l u t i o n  

at* tempted.  The p ronoun  i s o f  cou rse  r e s o l  ued. Thus i =.ell at,ed 

input .  noun phra=.es w i t h  pronclcrrls a r e  t r e a t e d  t h e  same as  

>who i s  spouse o f  Mary? 
E i  11 

> h i s  mother?  
B i l l ' s  mother?  
Mar t  h a  

Sal  i ence wei ght., managenlent i 5. essent  i a1 1 y t h e  same 8s. w i  t h 

p ronour~s ,  exc e p t  t h a t  now good i rtt e r p r e t  at. i ons c unt. a i  n rlourt 

ph rases  c h a i n e d  t o  noun phras.es. Thu:. when t h e  p ronoun  r u l e  

app l  i es t o  a good i n t  erpret .at .  i on, ' t. he 14-node t. hat. was f clur~d f o r  

subs t  i t u t  i ng t h e  iso1at.p.d noun phra=.e i t-tto r e c e i  ues t h e  sari~e 

s a l  i ercce as t h e  e l  1 i pt. i c a l  f r agmen t .  The i n i  t. i a1 s a l  i e r ~ c e  

we i g h t  ass  i gnrc~ent t. o an e 1 1 i p t  i c a1 nocrn ph rase  f t -agr i l~nt  i s g i 1,,et7 

b y  t h e  t o p i c  t-ul e as  b e f o r e .  
, 

6.8 Other  Who1 e Phrases  

I n p u t  t h a t  doe=. n o t  who1 1 y par5.e i n t  o e i  t.tser C I ~  t h e  part.:. 



a s i  n g l  e  a r c  o f  t h e  pars . i  ng  c h a r t  i s  cot-15.i de red  t o  be 

e l  1 i p t  i c a l  . T h i s  k i n d  of f r a g m e n t a r y  i n p u t  i s  l e s s  common t h a n  

t h e  noun p h r a s e  e l  1 i p t  i c a l  f r agmen t  t.ypes.. The r,~echani sm f 'or  

r e s o l  u i  ng  f r a g m e n t s  o t h e r  t h a n  nou r~  phrase:. works f c ~ r  a1 1 p a r t s  

o f  speec h, b u t  w i  1 1 n o t  be c a l  1 ed f o r  sen tence  o r  noun ph rase  

i npu t  . I t  s e r v e s  a s  t h e  f i n a l  measure f o r  t r e a t  i n g  e l  1 i p t  i c a l  

f o rms  f o r  w h i c h  t h e r e  i s  no p r o c e s s i n g  e l  sewhere. Thus as more 

t h e o r y  i s  deve l  oped about  t. hese o t h e r  e l  1 i p t  i tral f r agmen ts ,  

o t h e r  r o u t i n e s  may upda te  t h e  system pe r fo rmance  w h i l e  any 

1e f t .ouer  f o r m s  w i  11 c o n t i n u e  t o  be h a n d l e d  by  t h i s  p rocedure .  

The non-sent  ence who1 e- f ragmet -~ t  program i s  i nvoked by t h e  

who1 e  a r c s  procedut-e. I t  works by  s e a r c h i n g  t h e  p a r s i n g  c h a r t s  

o f  p r e v i  o u s l  y i t-~pcrt sen tences  f o r  a r c s  w i t h  bke  S.aKlE p a r t  o f  

speech. Haui n g  t h e  same par t .  o f  speech 1 s t h e  o n i y  s y n t a c t  i c  

r e q u i r e m e n t  f'ot- t h e  at-lalogcre o f  (psuedo-> p rc~noun lnoun  ph rase  

c h a i  rli rig. If roore t h a n  one a r c  w i  t.h t h e  same p a r t  o f  speech i % 

found i n  one o f  t h e  p r e u i  ous sentences,  t. hen t. he d i  f f at-ent 

i t - l t epp re ta t  i c ~ t  a r e  c o n s i d e r e d  t o  be equa l  l y  l i k e l y  ambigui  t i c s .  

Serrlant i c e v a l  uat. i o n  'i s  a t te rop tcd  on each i t-lt.et-ppetat, i carl, a f t e r  

c.utlst i t u t  i on i n  t h e  pt-euious. input . .  Sal  i ence of concep ts  i s  

m a i n t a i n e d  tly r e c e n c y  and by r e t a i n i n g  or11 y  cor i~pl  e t e ,  we1 1 - 
f o r r ~ l e d  ~ e r ~ t e n c e s  i n  t h e  ~ e t 7 t . e t - 1 ~ e  1 i s t .  Thus e l  1 i p t  i c a l  

r e f e r e r ~ c e  by  s t  h e r  p a r t s  o f  ~ ~ e e c h  keep t h e ~ e  concep ts  ~ a l  i ent, 

by s a v i n g  on1 y  t h e  r e s o l v e d  i n p u t .  

Rn example o f  t h e  out.put messages., 1 i k e  t h o s e  o f  el 1 i p b i c a l  

noun ph rase  ft-agrr~ent s  i s g  i uen h e r e  f I:I~ a prepus i t i ot-lal phrase:  

>who i s  t.he mother  o f  John? 
Mar t  ha 

> o f  Elary? , 

who i s  t h e  mother  o f  Nary? 
A 1  i c e  
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A case even more r a r e  t h a n  t h e  non-noun p~hrase  e l l i p t i c a l  

f t -agments i s  t h e  e l l i p t i c a l  f ragment  t h a t  i s  n o t  couered by  a 

whole a r c .  A l t h o u g h  i t  i s  f a i r l y  easy t o  make up an exarilple, 

on1 y one i n s t a n c e  o f  t h i s  usage was f o u n d  i n  t h e  human-to- 

cornputer p r o t  o c o l  s (shown h e r e  as i t  shou l  d work > :  

>How many s h i p s  have a beam g r e a t e r  t h a n  1868? 
19 

>How many have a beam l e s s  t h a n  1006? 
How many =.h ips have a beam l e s s  t h a n  1B08? 
15 

S e l e c t e d  cases  1 i k e  t h i s  a r e  t r e a t e d  b y  a d d i t  i o n s  t o  t h e  grammar 

t o  form t h e  whole a r c s  n e ~ ~ e s ~ a r y  f o r  r e = . o l u t i o n  by  t h e  whole a rc  

non-r.ent ence a1 gc~t- i  thrfi. Th i  s exampl e works b y  us.i ng  a grammar 

r u l e  t h a t  adds q u a n t i f i e r s  (how many> o n t o  v e r b  phras.es i n  t h e  

c c  a ? h i  s does n o t  i n t e r f  e r e  w i  t h o t h e r  p r o c e s s i  rig 

excep t  f o r  t h e  t i m e  r e q u i r e d  t o  us.e an e x t r a  gran.ltilar r u l e ,  wh ich  

o n l y  a f f e c t s  t h e  p a r s e r  and i s  m i n i m a l .  

6 .9 P r o s p e c t s  f o r  Anapkora Types n o t  T r e a t e d  

There i s  a g r e a t  numt~er o f  t y p e s  o f  a b b r e u i  a t e d  r e f e r e n c e  

t h a t  haue n o t  been t r e a t e d  b y  t h e  anaphora  mec han i  sms p t -eser~ t  ed 

e r e  t4or1e o f  t h e s e  has tteen c o n s i  de red  to have a g r e a t  enough 

f t-equenc y o f  use w i t h i  n t. he p rac  t i c a l  approach fat- g e n e r a l  

h a b i  t a b i  1 i t y  t o  be necessa ry  f o r  impler i~ent .at  i ctn. To S ~ O W  t h e  

s t u r d i  ness  o f  t h e  sys tem as. i mpl emented, t h e  pr6=.pec t.s f o r  

a d d i t i o n s  t o  t r e a t  some o f  t h e s e  rer i~a in i t - lg  t y p e s  w i l  1 be 

d e s c r i  bed. t4o c 1 a i  m i s made t h a t  t h e  sutil o f  t h e s e  pt-opos.alc and 

t h e  i mpl emented a1 g o r i  tt'trt~ cor1c.t i t u t e s  a f u l  1 t rea t r r len t  o f  

anaphora  o r  o f  t h e  i t-ldi u i  dua l  anaphot-a types.. Ra the r ,  t h i  m. 

d i  s c u s s i  on shows t h a t  rilan$, anaphora  t. ypes can be f o u n d  hl i  t h  

i n t r i g u i n g  p r o p e r t i e s  of t h e i r  own, and a l s o  s e r v e s  t.0 i r l d i c a t g  
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t h e  k i nds o f  anaphora  t h a t  have been c o n s i  d e r e d  f o r  use  i n  

i m p r o v i n g  h a b i t a b i  1 i t y .  

The o t h e r  t.ypes t o  be men t ioned  f a 1  1 i n t o  t h r e e  c a t e g o r i e s :  

t h o s e  hand1 ed by a d d i  t i oti of  spec i a1 r o u t  i nes p o s s i  b l  y  i nvc~ked 

by  f e a t u r e s  on t h e  pronouns,  par t .5  o f  speech f o r  wh ich  a  p r o -  

f o r m / e l l  i p t  i c a1 f ragmen t  a1 g o r  i t hm may he g e n e r a l  i zed f rom t h e  

noun ph rase  one, a r ~ d  t.hose r e q u i  r i  rig g reater -  "sernant i c "  

know1 edge p o s s i b l y  a1 otig w i t h  i n f e r e n c e  ( w h i c h  amounts t o  b e i n g  

a 1 orig way o f f  > . The names f u r  t.he r e f e r e n c e  t y p e s  g i v e n  h e r e  

a r e  f r o m  CHirst.  813 ( w i t h  t h e  e x c e p t i o n  o f  s e t  s e l e c t i o n ,  wh ich  

i s  f r o m  [Hayes S l a 3 ) .  

6.4.1 Spec i a1 Purpose Rout i nes 

The add i  t i on o f  s e v e r a l  spec i a1 purpose p r o c e d u r e s  woul d  

a1 1 ow t h e  anaphora  a1 gclr i thm t.o p r i t cess  c o r r e c t .  1 y a  few more 

t y p e s  u f  a b b r e v i a t e d  r e f e r e n c e .  H way t o  d i  st. i ngu i  s h  =.oriie o f  

t h e s e  ft-om t h e  u s u a l  r e f e r e n t  i a1 pronoun i s  tly t h e  use o f  

s y n t a c t i c  f e a t u r e s .  Three k i n d s  o f  anaphora  a r e  c o n s i d e r e d  

he re .  

Set. s.e 1 ec t i ctn prcat-iouns < [Hayea. 8 1  a1 and C Thompson 78, 

pp. 42-47]>  a r e  p ro r~our i s  t o  r e f e r  t o  e lemen ts  o f  a  s e t  t h a t  is. 

c u r r e n t  1 y  =.a1 i en t  . The5.e i r ic  1 ude t h e  pronour ls  "o t .her "  , 
" a n o t h e r " ,  "soriie" and " n e x t " ,  and a r e  u ~ e d  a:. i n  "Ldhat a r e  t h e  

o t h e r  s h i p s ? "  o r  "What. a r e  t h e  c~thet-=.?I1. A f 1 ag on t h e s e  

pron~r~uns.  wocrl d  d i  s . t  i n g u i  ski t. h a t  t h e y  need spec i a1 p r o c e s s i  ng. 

Th i  s. procea.a.i ng  woul d  t a k e  t he f orrii o f  i ncorpora t .  i ng t.he r~clun 

ph rase  f 'o l  1 ow i ng t h e  pronoun i t - i t  cl t the c h a i  n i  n g  r e q u i  rerfient s  f o r  

t h e  t y p e  w i t h  a f o l  1 ordi tig noun phra5.e (t.he "ot .her  s t i i  ps." t y p e > .  

TI-ier-I a  s e t  s u b t r a c t  i o n  w i  1 1  f i n d  t h e  r e f e r e n t . :  



1 i s t  t h e  submar i nes.  
l i s t  t h e  o t h e r  s h i p s .  

The t.ype w i t h  o n l y  t h e  s e t  s e l e c t i o n  p ronoun  must a p p l y  t h e  

p ronoun  r e s o l  u t  i o n  mechani sm t w i  ce, f i r s t  t o  f i nd t h e  a1 ready  

= .e lec ted  p o r t i o n  o f  t h e  s e t ,  artd tt-let1 t h e  s e t  i t s e l f :  

l i s t  t h e  s h i p s .  
l i s t  t h e  submar ines .  
l i s t  t h e  o t h e r s .  

( T h i s  second a p p l  i c a t  i o n  may be accompl i shed b y  c a r e f u l  

exami n a t  i on o f  t h e  1 ess  s a l  i e n t  i n t  e r p r e t  a t  i ons. ) I n  b o t h  

exampl es, t h e  r e f e r e n t  i s  " s h i  ps  n o t  sub r i~a r i  nesn  . 
N o n - r e f e r e n t  i a1 pronouns a1 so need spec i a1 t r e a t m e n t .  T h i s  

corts.i st.s o f  usages 1 i k e  " I t  i s  f o r t u n a t e  t h a t  t h e  f o o d  i s  good" 

c ~ r  " I t  i s one o c c  1 ock " .  Pronouns t h a t  can be uz.ed i n  a  rton- 

r e f e r e n t  i a1 way 1~1=lu1 d  be  1 e x i  c a l  1 y arnbi gcrous, w i  t h t h e  one 

mark ed as  n o n - r e f  e r e n t  i a1 toe i ng i g r ~ o r e d  i f art i rtt erf:lret. a t  i on can 

be found. If no r e f e r e n t  i s  f~ tu r td ,  an abtempt. i s  made t o  see i f  

t h e  pronoun i s  a  p l a c e  h o l d i n g  sub jec t .  i n  a  c l e f t  sent.ence. T h i s  

wou ld  p roduce  "Ti-tat t h e  f o o d  i s  good i s  f o r t . u r~a t .e "  i n  t h e  f i r s t  

exaritple, a f t e r  s u i  t a b l e  s y n t a c t i c  m a n i p u l a t i o n .  I f  t h i s  f a i  l s ,  

t h e n  t h e  p ronoun  would be assumed t o  r e f e r  to t h e  g e n e r a l  

ertui  t - o n ~ ~ e r t t .  T h i s  i s  s.i w i  1 a r  t o  t h e  rr5.e o f  t.he f:~t-onouns "I" and 

" y o u " ,  a l t h o u g h  i t  i s  a  b i t .  more e s o t e r i c  t o  keep t r a c k  of t.ki5. 

i rtf ormst  i on. 

Some forms. o f  s t r a i n e d  at-~aphclra can tle h a n d l e d  try c a r e f u l  

add i  t i on o f  some " i mrnedi a t  e l  y assoc i at.edn s a l  i ence wei g h t  

a s s i  gnment r u l  es. A r t  exarnl:tl e  o f  s . t r a i  ned . inal :~hora i s  t a k e n  f rorn 

CHir5.t 81  1: " J o h r ~  became a  g u i  t a r i s . t .  becaus.e he t h o u g h t  t h a t  i t .  

war a  b e a u t i f u l  irtst,run.tent." Here t h e  i t  r e f e t * ~  t o  " g u i t a r " .  

This. would be t ~ r o u g h t  i n t o  t h e  d iscacrrse f o c u s  t ~ y  " immedi a t e 1  y 

as:.sociat.ed" r u l e s  a p p l y i n g  t o  " g u i t a r i s t " .  
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6.9.2 General  i zed Pro-FormjFragment  R l  g o r  i t hm 

There  a r e  s e v e r a l  pro-for-ms o t h e r  t .har~ pr-onouns. These 

f orws may be ameriabl e t o  t h e  use o f  t h e  pronc~unNnoun ph rase  

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

speech. T h i s  wou ld  a l s o  have t o  i n c l u d e  separat .e f o c i  f o r  each 

a d d i  t i ona l  par t .  o f  speec h f o r r r ~ j f r a g m e n t  combi n a t  i o n .  

The p a r t  o f  speech most s u i t a b l e  f o r  t h i s  i s  t h e  v e r b  

pht-a5.e. The p r o - v e r b s  f o r  a b b r e v i  a t e d  r e f e r e n c e  a r e  t h e  forms. 

o f  " t o  do " .  F o r  example, "We l i k e  t o  p l a y  o u t s i d e .  John does 

t c ~ o .  ", and "Whenever we p l  ay ou t  s i  de, John dues t o o .  ", where 

"does"  r e f e r s  t o  " l i k e  t o  p l a y  o u t s i d e "  and " p l a y  out .s idel1,  

r e s p e c t i v e l y .  Hot i c e  t h a t  t h e  v e r b  i n  t h e  r e f e r e n t  ve r t l  ph rase  

does n o t  a g r e e  i n  number w i t h  "John" ,  t.hough. 

O the r  p r o - f  orms i r ~ c  l ude p r o - a d j e c  t. i ves < "suc 1-1" ) ,  p r o -  

a c t  i on5 { " d o  i t  ", "do =.CI"), and pt-o-sent.ences C " i  t ", " s u c h u > .  

Each o f  t h e s e  f o r t i ~ s  has d i f f e r e n t .  except  i o n a l  cases  and would 

r e q u i r e  i n d i v i d u a l  s t u d y .  

R g e n e r a l i z a t i o n  o f  t h e  e l l i p t i c a l  h a n d l i n g  p o r t i o n  fot -  

noun ph rases  t o  each p a r t  o f  speech c a u l  d be made w i  t h 1 ess 

e f f o r t .  T h i s  wou ld  r e t a i n  f o c i  f o r  each 5.elect.ed p a r t  o f  speech 

and perfor-.tri s a l  iet'tce we igh t  upF;eep ctn t h e  cc~ t -~cep ts  r e p r e s e n t e d  

i n  t h e s e  f o c i .  T h i s  may be t h e  p r e f e r r e d  s o l u t i o n  f o r  common1 y 

occur- i  ng  non-sentence e l  1 i pt. i c a l  i n p u t  , such as p repus  i t i o n a l  

ph rases .  

6 .9.3 Great. e r  Semant i c Know 1 edge 

Three t y p e s  o f  anaphora  a r e  ment i o n e d  h e r e  as b e i n g  v e r y  

d i f f i c u l t  a reas .  Thes.6. a r e  noun pt-~ras.es t h a t  c c ~ u l d  be  

i r~depsnden t  1 y  i nt ,erpret .ed,  b u t  ar-e i nr . t  ead b e i  ng used F o r  

r e f e r r i  ng t o  o t h e r  noun ph rases  t. hat. have occur-red e l  se~.r l t ' t~t-~. i t-~ 
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d i s c o u r s e .  I t  may tle d e t ~ a t a t l l e  i n  s c ~ v ~ e  cases. w h e t h e r  t h i s  usage  

c o n s t  i t U t e s  " a b b r e v i  at e d  r e f e r e n c e " ,  s i  r ice some o f  t h e s e  

r e f  e r e n c e  t y p e s  add  i n f  o rma t  i o n  a b o u t  t h e  r e f e r e n t  o b j e c t  . 
D e f i  n i  t e  r e f e r e n c e  i s  t h e  name g i  6~er-1 t o  t h e  u5.e o f  a 

d e f i n i t e  noun  p h r a s e  < " t h e  b a l l " )  t o  r e f e r  t o  a s p e c i f i c  o b j e c t  

w i t h i n  t h e  f o c u s  o f  t h e  d i s c o u r s e  ( "we  wet-e p l a y i n g  f o o t b a l l " ) .  

T h i  s t y p e  o f  a n a p h o r a  c e r t a i  n l  y  needs. " i mrr~edi a t e 1  y a~ .sc lc  i a ted l '  

r u l  es .  I t  a1 s o  r a i  s e s  q u e s t  i ons  a b o u t  n a t u r a l  1  anguage sys tems 

w i  t PI r e g a r d  t o  i nt  e n t  i o n a l  i t y  and e x t  e n s i  a n a l  i t y,  

Some p r o g r e s s  may t ~ e  made i n  t .h i  s  a r e a  b y  n o t  i n g  t h a t  i n  a  

c o n t e x t  o f  d i s cus . s . i on  a t l ou t  " t h e  Hlarno" ( a  s h i p )  t h e  f o l l o w i n g  

t w o  s e n t e n c e s  y i e l d  t h e  sarf~e r e c . ~ l l  tc.: "What. i s  i n  a f t  h o l d ? "  

and "What i s  i n  i t s  a f t .  h o l d ? "  - 
S i m i  1  ar t o  t h e  d e f i n i t e  r e f e r e n c e  p r o b l e m  i s  r e f e r e n c e  t o  

a  spec i f  i c noun  pt-~t-ase ti)) pa t -aphrases  and e p i t . h e t s .  A f u l  1  

p r o c e s s  i rlg o f  t h e ~ e  t y p e s  ~~IcJI.~. i nc 1 ude add i n y  t h e  i t-if o rmat  i on 

about. t h e  r e f e r e n t  t ha t .  i 5 g i v e n  i n  t h e  r e f e r e r ~ c e .  

6 . 1 0  Summary: The tdatut-e o f  R e f e r e n c e  

The p t -ob le r i~  o f  r e f e r e n c e  w i  11 a l w a y s  b e  v e r y  important t o  

t h e  d e s i  gn  and  i mpl eriient at. i on  o f  n a t  ut-a1 1 angccage s.yst.ern=.. T t i i  s 

i s tlec ause  t. h e  c.eriiant. i c s  o f  a ~ e n i .  et-IC E. i C. u h a t  t h e  ~ e t i t  enc e  

r e f  e r s  t o ,  be  t ha t .  t .h i  r igs o r  a c t i o n s ,  r e a l  o r  i magi Red. H  

na t ,u ra l  l a n g u a g e  knr-l~.,lledge t1as.e sy=.tern c a n  o n l y  r e f e r  t o  

e1ement.s i n  t h e  k r ~ o w l e d g e  b a ~ . e ,  e:.::cept t o  add  d a t a  o r  f o r  f i 1 l -  

i n - t  h e - b l  ank d i  a1gnun.t i c s  attout. clhat i s n c ~ t  f 01-cnd. S t u d y  of  some 
I 

o f  t h e  f o r m s  o f  a b t ~ r e v i  a t  ed  r e f  e renc  e  f o u n d  i n hccmat-I 

c ori~ri~un i cat. i on  r e v e a l  a g r e a t  d  i s t  aric e  t l e t  ween human 

ur1ders.t and  i n g  o f  a s  i t. crat i on  and t. h e  f orr i ia l  i zed  = . y = . t ~ . r ( ~ ~  that, 
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h a v e  beet7 ' I e l ~ i  ~ e d  f o r  i nt e r p t - a t  i n g  na t .u ra1  1 angu.2ge. Anaphora  

wou l  d be  m u c h  e a s i e r  t o  r e s o l  ue i f  t h e ~ e  ~ y ~ t . e r i ~ s  "knew what we 

w e r e  t a l  k i n g  abou t  " t e f  o r e  art a t l b r e u i  a t e d  r e f e r e n c e  i 5 made. 
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Chap te r  7: C o r r e c t  i ons 

7 . 1  I n t r o d u c t i o n  

S e v e r a l  k i nds o f  c o r r e c t  i ons a r e  at. tempted b y  t h e  p o r t  i on 

of t h e  sys tem f o r  p roc  e s s i  ng  i 1 1 - fo rmed i nput . I 1  1 - formed i nput  

f o r  t h e  pu rpose  o f  t h i s  c h a p t e r  i s  d e f i n e d  t o  be i n p u t  f o r  wh ich  

t h e r e  i s  no a r c  c o v e r i  ng  t h e  whol e  i n p u t  , o r  i n p u t  w i t h  a  non- 

noun ph rase  o r  non-sentence a r c  whol 1 y  c o v e r i  ng  t.he i n p u t  

w i t h o u t  any e l  1 i p t  i c a l  r e s o l u t i o n = . .  11 1 - forr i led i n p u t  r e q u i r e s  

d i  a g r ~ o s i  s t o  a i  d  t h e  u s e r  i n  f o r m i  ng  ~ e 1  1 -fat-.riled i n p u t  , and a1 s.o 

t o  i n d i c a t e  t h a t  any p r o c e s s i n g  t h a t  has t a k ~ r - I  p l a c e  was n o t  

e x a c t  1 y  as  o r i  g i  n a l  1 y  r e q u e s t e d .  

I n  t h i  s  chapt .er  t h e  c o r r e c t  i ens t h a t  a r e  at. t e r i~p t  ed w i  1 1 be 

de5.cr.i bed. Towards t h e  end a  cornpari son w i  t .h t r e a t m e n t  c. o f  i i 1 - 

formed i npu t  b y  ott- ler s y s t  erils w i  1 1 be made. The vclcatlul a r y  

d i  a12noc.t i c and d i  agnor.t  i c s  f o r  e x p l  a i  t- l i  ng  changes. t.o u s e r  i nput  

a r e  a1 so y i  uen he re .  The f i n a l  (c.yntact.  i c >  d iag r los t  i c  t -equ i res  

' some d i s c u s s i o n  o f  i t s  own, and w i  1 1  be r lonsi  de red  i n  t h e  n e x t  

c h a p t e r .  

H p r i  rilary d i  s t  i n c t  i cln i n  t h e  c o r r e c t  i onc. a t t e m p t e d  i 5. made 

bet.ween m a j o r  and m i  n c ~ r  c o r r e c t i o n s .  M i  not- co t - rec t  i ens a r e  

t r i ed f ' i  r s t  . O n  1 y two submi 5.5. i on5 t'or eua l  u a t  i on a r e  reqci i t-ed 

tlec ause ~ ~ o s t .  of  t h e ~ e  c C i r r Q C  t i c~rls. can occu r  S. i 1 t aneousl  y. 

M a j o r  c o r r e c t  i ctns. a r e  a  g roup  o f  o t h e r  c o r r e c  t i or-IS., each w i  t h  

er.5.e.nt i a1 1 y i t s  own eua l  uat. i on, because 1 i t. t 1 e  i n t  e rsc  t. i o n  i 5. 

p o s s i  b l  e  among them. 

Exarrlpl es  o f  M i  n o r  E r r o r s :  "what a r e  s h i  ps? "  

what. a f e  s h i p s ?  
what a r e  s h i  ps?  
OK, what a r e  s h i p s ?  
what a r e  s h  i ps???????? 
what a r e  s h i r  s h i p s ?  



Exaritpl e s  o f  M a j o r  E r r o r = . :  "what  a r e  =.hi pa.?" 

what i s  s h i p s ?  
what r a r e  s h i  p s ?  
what s h i  p s  a r e ?  
i s  what a r e  s h i p s ?  

The c o r r e c t .  i o n  p r o c  ess. i s i n i  t i at. ed  ~ h e n e v e t -  t h e  c ond i t i ons 

i r l d i c a t e  t h a t  bhe  i npu t .  i s  i l l - f o r m e d .  T h i s  i s  e i t h e r  when t h e  

w h o l e  a r c s  p r o g r a m  f i n d s  no  who le  a r c s ,  o r  when w h o l e  a r c s  

f o u n d  t h a t  were  rte i t. h e r  s e n t  etic e s  n o r  noun  phrase= .  f a i  1 t o  

r e s o l  u e  a s  e l  1 i p t  i c a l  f ragr i tent  s.  The cc t r rec  t i o n  p r o c e s s  

t e r r i ~ i  n a t e s  e i t h e r  when some w~odi f i cat. i on t o  t h e  o r i g i n a l  i n p u t  

i s  f ou r t d  t h a t  e ~ a l u a t e s  c o r r e c t  1 y, o r  wheti a s y n t a c t i c  

d i  a g n o s t  i c i s f ocirtd t. hat, s u f  f i c i e n t  1 y d i  agrtoa.es t h e  s i  t u a t  i on. 

The act. u a l  c o r r e c  t, i on  p r o c  e s s  no rma l  1 y c ctns i s t  s o f  p 1 a i  i rtg 

new a r c ( s >  i n t o  t h e  p a r s i n g  c h a r t  a f t e r  t h e  pat - ,s ing c h a r t  has. 

t ~ e e n  g e n e r a t e d  b y  t. h e  p r e p r o c e s s o r .  The f orrit o f  t h e  new at-.c (s.> 

w i l l  be  i n d i c a t e d  i n  t h e  examples  b y  t.he a r c ( = . >  a v e r  t.he i l l -  

f o r m e d  i n p u t .  

7.2 M i  n o r  C o r r e c  t i ons  

C o r r e c  t i on=. t. o 'be made b y  t h e  5.yc.t em that  w i  1 1 tte 

c o n s i d e r e d  r f t i  n o r  a r e :  t h e  r -pe  1 1 i n g  c c ~ r r e c t  i cttis5 a n d  t h e  d e l  et. i o n  

o f  s .euera l  usages  o f  wo rds  and  put-~c t .uat  i o n  occc r r r  i t-tg i n i n p u t  

t h a t  c a n  b e  i nterpt - .e t .ed ar. p h a t  i c.  Becaun.e =.pel  1 i n g  c o r r e c t  i ctn 

w i 1 1 i n i t. i a1 1 y b e  i n v o k e d  b y  words  found tha t .  a r c  e i t her not i ri 

t h e  1 e x i  c o n 5  or-. rtctt, cc t i ie red b y  t h e  a p p l  i c a t  i on  o f  grarrtri~at i c a l  

r u l  e.5, t h e  d i  ;~~PII:IS i 5 ctf uocattcrl at*)! e r r o r s  i 5. a a ~ a t ~ ~ ~ r a l  t l ) ~p~ t :~duc t  
I 

of  s.pe) 1 i ng c o r r e c t .  i o n  a t  t .empts.  Thcis a1 t h o u g h  t . h e ~ ~ .  

c i t r ~ e c  t i 01-15 a r e  rit i n o r  i n t. h e  sense  o f  t. h e  i I-t .~r-tges made t o  t h e  

o r i  g i  r i a l  i n p u t  , t h e y  t . r ~ a t  t.t-le r i ta jctr i  t.5~ o f  i t-11:tcrt. err-.or s fourtd i n  

t, p ro t i t c c t  15; u ~ c a b u l  . ~ r y ,  s p e l  1 i t-tg arsd put-ti t u a t  i on e r r o r s  



accol.rnted f o r  a t o t a l  o f  t w o - t . h i r d s  o f  t h e  e r r o r  f r a g r o e n t s  

f o u n d .  

F i  r s t  t h e  i n d i v i d u a l  mechanisms for-  rv~ak i n g  t h e  smal 1 

c ar t -ec t i ons  w i 1 1 tie desc r i bed.  Then how t h e y  f i t t o g e t h e r  i rl 

t h e  e v a l  u a t  i o n  p r o c e s s  w i  1 1 b e  covet-ed. A d i  ~ . c u c . s  i on on  t he 

s y n t a c t i c  d i a g n o s t i c  p o t e n t  i a1 1 y t -esu l  t i n g  f r o m  t h e  m i  rt ist* 

c ot- rec t i ons  p r o g r a m s  f i n i s h e s  t h e  desc r i p t  i or? o f  t h e  t r e a t m e n t .  

o f  t h e s e  t y p e s  o f  e r r o r s .  

7 .2.1 S p e l l  i n g  

Any s t r i n g  o f  1ett.er-5. ( p o s s i t l l y  w i t h  numbers>  separ -a ted  b y  

o t h e r  d e l  i m i  t. i n g  syrirbol s (c.crc h as put-~ct.uat. i u n  c ~ r  s p a c e s >  i s  wlalje 

i n t o  a n  a t -c  o f  t h e  p a r s i n g  c h a r t  w i  t.h t h e  pa r t .  c ~ f  ~ p e e c h  

" i d e n t i f i e r "  by t h e  p r e p r o c e s s o r ,  i f  t h e  s t t - i  r ig uas  r l ~ t  f o u n d  i n  

t h e  l e x i c o n .  The5.e s t r ing . .  w i l l  b e  c a l l e d  i d e n t i f i e r s  i n  t h e  

s e q u e l  . The s p e l  1 i t-~g c o r r e c  t .or  opet-ate=. on  i de t -~ t  i f i et's whi c h 

hawe n o t  been  c o v e r e d  b y  any  o t h e r  a r c  i n  t h e  p a r s i n g  char t . .  

R f  t e r  t h e  pat-c.er h a s  a p p l  i e d  t h e  r u l  e s  o f  gt-ari~rilar t o  t. h e  i r-11:lut 

and  t h e  i n p u t  h a s  been  d e t  et-,mi ned  t.0 be  i 1 1 -f orriielj, =.1:1e 1 1 i n g  

c o r r e c  t o r  a t  t eropt s t o  n ~ a t  c h t h e  st. r - i  r igs o f  u n c o v e r e d  i d e n t  i f ' i  e r s  

t o t h e  I J C I ~ - ~ S  i t-I t h e  1 e x i  c C I ~ I .  T t .11~~ spe  1 1 i n g  i ut- rec t i can i s a f orric 

o f  t.he a p p r o x i  mat.e s t r i n g  mat c h i  ng pr13b l  em. 

Two typez.  o f  s p e l  1 i n g  c o r r e c t  i or-1s. t a k e  1:ll ace  w i  t h i  n t h e  

m i  r-~i~r c o r r e c t  i o n  s t  aye  o f  i 1 1 - fo r r i l ed  i n p u t  p r o c e s s i  ng.  These 

c o r r e c t  e r r o r s  w i  t h i n  words  and  et - . r0r5  b e t . l ~ e e n  ~ ~ c l r d s .  T h i s  

d i  st. i r ~ c  t i on i s c o n v e n i  e n t  because  elf t h e  prept-.oce=.c.or'=, de=.i gn; 

co t - rec t .  i ot-1s o f  m i  s .s i  t-112 space  e r r o r s  rila!:.! tle m ide  a s  t h e  words a r e  

b e i n g  l o o k e d  up  i n  t h e  l e x i c o n .  Anstt-~et-. k i n d  o f  s . p e l l i n g  

c o r r e c t .  i or1 w i  11 b e  d e a l t  w i  t.h i n  t h e  s.ect. i c1t7 on  r ~ n a j ~ t -  

c o r r e c t  i ons.  
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f c r r t  h e r  e l  i m i  n a t e s  many o f  t h e  unt-~eces.c.at-,y e l  eri1ent.s o f  t h i s  

s e t .  

The 1 e x i  c o n  c o t i t a i  n s  t h e  i n f o r m a t  i o n  n e c e s s a r y  t o  t l u i  1  d  t h e  

a r c s  c o r r e s p u n d i  n g  t o  t h e  wo rds  o f  t h e  i n p u t .  T h i s  i n fo r r i ~a t .  i o n  

i s  a c c e s s e d  b y  p a s s i n g  t h t - ough  t ~ o  t a h l e s  o f  B o o l e a n  va lues. .  A 

sequence  o f  c h a r a c o e r s  i s  " hashed "  tay a f u n c t i o n  or1 t h e  

c h a r a c t e t - s  t h a t  a p p l i e s  t o  one  1ett .et-  a t  a t i r i l e ,  f ro r i l  l e f t  t o  

r i g h t .  T h i s  f u n c t i o n  g i v e s  a u n i q u e  r e s u l t  f o r  each  ( f i n i t e )  

sequence  o f  1  e t t e t - s ,  w h i c h  i s  t h e n  u s e d  as t h e  i n d e x  t o  t h e  t, wo 

B o o l e a n  t a b l e s .  The f i r s t  t a b l e  i n d i c a t e s .  whet.het- o r  n o t  t h e  

v a l  u e  o f  t. he  h a s h  i n g  f uric t i o n  on t h e  sequenc e  o f  c h a r a c  t et-s 

i s  e q u a l  t o  t h e  v a l  ue  o f  t h e  h a s h i  n g  f crtict i on clti t h e  i n i  t i a1 

p o r t .  i o n  o f  some wo rd  i n  t h e  I e x i  con .  The 5.ecot-1d t a b 1  e  i n d i  ca?.es 

w h e t h e r  o r  n o t  t h e  u a t u e  ctf' t h e  i - ~ a s h i n g  t "unct . ion on  t h e  seql.ieisce 

o f  c h a r a c t e r s  i s  e q u a l  t o  t h e  v a l  ue  o f  t h e  ha=.hi  n g  f u n c t  i on c~t-I 

sorile wo rd  t h a t  a c t u a l  1  y i s  i n  t h e  1 e x i  con.  The i n fo t - r i~a t  i on abou t  

. hu1.d t.o c o m p l e t e  t h e  at-.cCs) co t - r e f . po t i d i ng  t .u t.t?at w l ~ r d  car1 tt-reti 

b e  fc lund b y  cc~r~hpl e t  i n g  t h e  hac.hi  n g  a~et.hod, w h i c h  w i  11 n o t  tte 

d e r . c r i  bed  h e r e .  A f e u  g e l  e~:t.ed ~ t t - i  ng=. i 1 1  u = . t t - a t ~ .  t h i  s: 

S t .  r i ng: Hash i tip F i  r s t  Second C o r r e s p o n d i n g  
F u n c t i o n :  Tat11 e: Tab1 e: A r c  ( 5 ) :  

J o  h t i c  Joh )  t r u e  f a1 s e  - - - 
John  hC J o h r ~ )  t r u e  t r u e  (noun)  

s h i  h c s k i  > t r u e  f a1 s e  --- 
s h  i p  hCsh i  p >  t r u e  t r ~ r e  4- < n o u n >  

(no t .e  l e x i c a l  . s r i ~b i gc r i t y>  1m ( v e r b )  

T h i s  riletklod e l  i N I ~  r1at .e~. rilany crnneces.~.at-~!:,~ e l  e r i ~ e n t s  o f  t h e  s e t  

for- 1 e x i  c a l  1 oak:-up t8ecaus.e rilc~di f i  cat. i on  o f  t t - ~ e  s p e l  1  i n g  

c o r r e c t .  i c~rt canrJi,cJat.e proceecls. f 'rclri~ 1 e f t  t o  r i  ght.. Thus i t c a n  



s t o p  when t h e  f i r s t  t a b l e  i n d i c a t e s  t h a t  t h e  t : lor t ion o f  t.he 

s t r i n g  b e f o r e  t h e  p o i n t  o f  m o d i f i c a t i o n  i s  n o t  i n  t h e  l e x i c o n .  

No m o d i f i c a t i o n  beyond t h i s  p o i n t  w i 1 . l  r e s u l t  i n  c o r r e c t i o n s .  
i9 

R ~ I  exampl e  u s i  rig d e l  e t  i on as  t. he on1 y p o s s i  b l  e  rriodi f i c a t  i on 

h e l p s  t.o c l a r i f y  t h i s  p roces .~ . :  (m d e l e t e s  c h a r a c t e r  X >  

Candi d a t  e: b f e a r  

Rtt.ernpts: = f e a r  Found: f e a r  

blfle a r Found: b e a r  

S tops  B e f o r e :  b  fma r 

(a=. " b f M  i s  n o t  t h e  i n i  t i a1 sequence o f  any 1 e x i  c a l  word>.  

T h i s  e l  i m i n a t e s  any m u d i f  i c a t  i o n  a t t e m p t s  a f t e r  one e r r o r  

has. a1 r e a d y  been d e t e c t e d .  There f  o r e  b o t h  t h e  1 ook-up proce=.=. 

and t.he 5 . t r i n g  m a n i p u l a t i o n  l:~ot-t. ion a r e  k e p t  f r o m  wasted e f f o r t  

by t h e  f i r s t  hash t a b l e .  Of '  c o u r s e  t h i s  curtailed s e t  still 

i nc 1 udes t h e  r ~ e  i ghborhoc~d o f  t h e  unr  ouet-ed i dent  i f i e r .  

A f t e r  n e i  ghhurhuod genera t  i on, t h e  a r c s  o f  t h e  words i n  t h e  

rle i gt- l t~orhood at-E. p  1 aced i n  t. he p a r s  i rig c h a r t  .aboue t h e  uncol..lered 

i d e n t i f i e r .  S p e l l i n g  c o r r e c t i o n  h t i t h i n  words i s  comp le te  when 

t h i  s  has been f i n i  shed f o r  each ca t id i  da te .  The p a r s e r  w i  1 1 use 

t t-,ese a r c  5 t 0 f ~ , P M  a1 1 pas=. i t~ 1 e  grari~mat i c a1 c oriltl i nat .  i Clris o f  t h e  

i n p u t  and i t s  m o d i f i c a t i o n s .  

'Ifemalesl 
>l i 5.t emal es  . 

The f o l  1 owi ng word i s n l ~ t .  i n  t he ~ c t c a t l u l  avy: ertlal e ~  
C o r r e c t  i ons: 
1 > 1 i 5 . t  femal  es. 

Joan 
Jean 

2> 1 i s t  ma1 es. 
E i l l  
John 



7.2.1.2 Between Words 

I n  t h e  normal  o p e r a t  i on o f  t h e  p r e p t - o c e s . ~ o r  , wh i c t7 assuri~es 

we1 1 - f o rmed  i n p u t ,  a r c s  a r e  p u t  i n t c ~  t h e  p a r s i  ng c h a r t  wherever  

a  s t r i n g  has been f o u n d  i n  t h e  f i n a l  segment h a s h i n g  t a b l e .  

Sometimes t h i s  may be w i t h i n  an i d e n t i f i e r ,  so t h a t  p r e f i x e s  may 

be accepted:  " m i l l i " ,  " c e n t i " ,  et.c., a r e  t -ecc~gnized t h i s  way. 

Har.h ing w i  1 1  t i e g i n  a g a i n  a t  t h e  end c ~ f  t h e  p r e f  i s ,  a f t e r  h a s h i n g  

i s  c o ~ ~ p l e t e  on bhe c u r r e n t  i d e n t  i f i e r .  Thus a1 1 amtliguous 

i n t e r p r e t a t  i ot7s a r e  o t t t a ined .  F o r  " p i c o m e t e r " ,  t h e  a r c s  f o r  

" p i  ", " p i  con ,  and " m e t e r "  a r e  a1 1 gene ra ted .  (The " p i  cometet-" 

a r c  i s  genet-ated f r o m  a  gramr[~ar r u l  e  by t h e  pa t -ser ) .  

Exec u t  i u n  i s d i f f e r e n t  when t h e  p r e p r o c  ess.a,r i 5. c a1 1 ed 

a f t e r  t h e  i n p u t  has been d e t  e rmi  ned t o  be i 1 1 - formed. W ~ E ~ I  

h a s h i n g  i n d i c a t e s  t h e  end o f  a  word wh ich  i s  n o t  a t  t h e  end o f  

an i den t  i f i e r ,  t h e  a r c  f o r  a  space i 5. p u t  i r1t.0 t h e  p.3~-5 i ng 

c h a r t  a f t e r  t h e  i n i t i a l  word. Th i r .  i s  done i n  a  way t h a t  

appears  as  o p t  i ona l  t o  t h e  p a r s e r ,  so t h a t  t h i s  modi f i c a t  i o n  

w i l l  n o t  i n t e r - f e r e  i f  i t  i s  not. a  co t - t -ec t iun .  1nse r t . i on  o f  a  

space may c r e a t e  ar i~bi g u i  t i es: 

I 
I 

>God i s  nowhere? 
The f o l 1 ow i n g  word i s n o t  i n t. he v o c  E L ~ I C I  1 at-)): God i z. 
C o r r e c t  i ons: 
There a r e  2 answers: 
1 >God i s  nowhere? 

no 
2)God i s  now he re?  

Yes 

( T h i s  exarflpl e  i r. a t . t r i  t ~ u t e d  t o  at? at.hei s t ,  W ~ O  Wri1t.C a  ~ i ~ t 7  

s i rh i  l a r  t o  t h e  input,, i noend ing  t h e  f ' i  t-s.t i ntet-pt-et.at i on. H i s  

young c h i  1 d  prompt. 1 y r e a d  t h e  second COs.tlot-ne 77, p. 4 7 1 ) .  
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Hriltli g u i  t. i e s  o f  t h i  s  s o r t  a r e  no  pt-.obi erfl, a s  t h e  i n t . e r p r e t a t  i o n s  

a r e  c l e a r  f ro rn  t h e  ~ C ~ O Q I S  ctf t h e  e x e c u t e d  i n p u t .  Mu1 t i p l e  

s p e l l  i n g  c o r r e c t .  i ot is  w i t h i n  words  a r e  d i a g n o s e d  t.he sarile way. 

7 .2 .2  Pha t  i c Words, Pha t  i c  and  E ~ ~ O Y I ~ C I U S .  Func t. u a t  i on  

T r e a t m e n t  o f  phat. i c s  o c c u r r i n g  i n  u s e r  i n;:lut i s  a1 so  

c o t i s i  d e r e d  a m i  n o r  c o r r e c t  i on. I n d i v i d u a l  words  ' o r  p h r a s e s  t h a t  

a r e  p h a t i c  h a v e  a l r e a d y  been  d e s c r i b e d  i n  c h a p t e r  1. Pha t  i c  

put ic t. uat. i on  h a s  t h e  same f unc t i on; r e p e a t e d  putic t u a t  i on  and 

o t h e r  symbol  s t r i n g s  i" ! C # $ 2 ^ & * "  ? were  obs.erved i n  t h e  t, erm i n a l -  

t o - t e r m i n a l  mode b e i n g  u s e d  a s  p h a t i c s .  I t  was f u r t h e r  p o i n t e d  

o u t  i n c h a p t e r  2, t h a t  a1 t huugh  n o t  p r e c  i =.el y cc t r rec  t , i g n o r i  r lg 

phat, i i s  i c. v e r y  c  1 ~ S E  t o  t h e  p r o p e r  i t - l t  e r p r e t  at. i on o f  t hese  

k i r ids o f  f r a g m e n t s .  

7 . 2 . 2 . 1  O p t i o n a l  D e l e t i o n  

I g n o r i  n g  o f  p h a t  i c r .  i s  acc orilpl i shed  b y  rilodi f y i  rlg t h e  

pa r5 . i  r ig c h a r t .  R r c s  a r e  i n5.ertp.d o v e r  t h e  d e l  e t  i ctn c a n d i  dat.en. 

( t h e  p h a t i c  a r c s > .  These d e l e t i n g  arc.. may 1 e  e i t h e r  space  at-cs. 

o r  o t h e r  d e l  i r n i  t i n g  'symbol s u s e d  a t  t. h e  b o u r l d a r ) ~  o f  t. h e  pt-lat i c . 
Motj i  f i c a t  i on t a k e s  p l a c e  i n  a f u l  1%) arntli yuous  rnanr~er,  and  t,he 

p a r s e r  h a s  t h e  clpt i clrl o f  uc. i  t7g t h e  pt- at. i cc ,  s o  rnodi f i e d  i t-I any 

c o m b i n a t i o n ,  i n c l u d i n g  u s i n g  t ione o f  them. T h i s  is .  i r i l p o r t a n t  

t l eca l~= .e  p h a t  i c  wot-,ds. u i  1 1  oft,en have  0t.l-1er i t - l t e rp re ta t .  i OTIS. 

p rec.ence o f  o ther-  e r r ~ r n .  o r  arilbi guol.rs i nput.. These exarrlpl e s  

i 1 l u z . t . r a t e  t h i s :  

-F-T -I-=-r 
> OK,  i s  John  ok ? 
y e s  



'I" "1m 
> ok. Is Yohn ok ? 
The ' f o l l o w i r t g  word i s  n o t  i n  t h e  uocabcrlary: Yohn 
C o r r e c t  i on: 
Is John ok? 
yes  

T-ri-jj 
> w e l l ,  who i s  Smith.? 
There  a r e  2  answers: 
1)who i s  Smi th?  

" S m i t h "  d e f i n e d  as " P i l l  S m i t h "  
P i l l  Sm i th  

2 > w h o  i s  Smi th?  
" S m i t h "  d e f i n e d  as " John  Smit.hn 
John Smi t t - I  

T h i s  a b i l i t y  t o  o p t i o n a l l y  d e l e t e  a r c s  f r o m  t h e  p a r s i n g  

c h a r t  f o r m s  t h e  bas i 5. f u r  SCIUI~.  o t  h e r  c o r r e c  t i on:. . W i ~ r d ~ .  o r  

p h r a s e s  can  be r~lade p h a t i c ,  and t.het-1 t.he d e l e t i n g  program w i  1 I 

do t h e  res t . .  H r i l i  n o r  c o r r e c t  i c~n  t.hat ~ 5 . ~ 5 .  t .h i  5. ca1:lat1i 1 i t y  i s  

t h e  de 1 e t  i un o f  spe 1 1 i ng c ibrrec t i on i and i da tes .  

The d e l  a t  i on p roc  adu re  can a1 so Copt. i or-1.31 1 y > d e l  e t  e  a1 1 

punctctat. i on. Cou1:ll ed w i t h  t*ot~us.t gramri~ar- r u l e s  f o r  punc tuat io t - I ,  

o f  t h o s e  i n  t h e  p r o t o c o l s > .  

Two e v a l  u a t  i ctrl equ i  v a l  er1t.s may take. p l  ace w i  t .h i  n  t.he r n i  n o r  

co t - rec t  i ons p o r t  i un o f  t h e  sys ter t~ .  The5.e co t -~s i  s t .  u f  1:larser and 

=.emant i i s .  c a l  1 s a f t e r  5.ui t a b 1  e  modi f i  c a t  i or1 o f  t h e  i r11:lut. The 

f i r s . t  g roup  of' at. t erilpt. ed  c hhr lge~.  i cans. i st. P of s.pe 1 1 i ng c ort-ec t i on 

t1c1t.h u i  t h i  t-I arld ttetweet-~ worsdz., and de le t .  i oti c ~ f  1 e x i  ca1 1 y p h a t i  c 

t h e  f or-.ril of  1:1t-.eprocessor o u t p u t  . Th i  s  i s srrtlrni t t el3 t.o t h e  

p a r s e r .  A f t e r  p a r s  i ng, t h e  W ~ O I  F; a r c s  rc~crt. i VIE. de t  erri l i  T I ~ P .  t.he 

we 1 1 -f ormedness. d f  t h e  r e s u l  t. ( 5  > at-ld c .sl 1 :. .sn.aphora r e s o  1 ut. i on 



a r c s  i s  e u a l  uat .ed sernant i c a l  1  y. 

B e f o r e  p h a t  i c  d e l e t i o n  w i t h i n  t h e  f i r5. t  e u a l  u a t  i on, t h e  

p a r s i n g  c h a r t  w i t h  b o t h  k  i r lds o f  = .pe l  1  i n g  cur t - .ec t  i or-1s i s  saved.  

I f  t h e  f i r s t  a t t e m p t  h a s  f a i  1  e d  e i t h e r  serilant i c a l  1 y Ca =.emant i c 

d i a g n o s t i c  i s  n o t  c o n s i d e r e d  t ~ a d  uu t . pu t  f o r  a c o r r e c t  i o n )  o r  

s y n t a c t i c a l l y ,  t h i s  saved  p a r s i n g  char t  i s  r i l o d i f i e d  d i f f e r e n t l y  

f o r  a s e c o r ~ d  t r )~.  t4ew rrlodi f i c a t  i orls a r e  t h e  ctpt i o n a l  de1 e t  i ons 

o f  p h a t  i c s  a s  b e f  o r e ,  a1 ong  i ~ i  t h a1 1 punc t u a t  i on arld s p e l  1  i n g  

c o r r e c t  o r  c and  i d a t e s .  Eva1 u a t  i or1 t h e n  p r o c  eedc. a s  b e f o r e .  

7 . 2 . 4  M i n o r  E r r o r  D i a g n o s i s  

A few examp les  have  beer1 g i  uen  o f  t h e  s y n t s c t  i c  d i  agr1os.t i c 

i r l ~ j i c a t i n g  a \,lord o ~ ~ t . s i d e  t .he z . y ~ t e r i ~ ' e .  u o c a b u l a r y .  T h i s  i s  

s l  i g h t  1  y d i  f f e r e n t  f o r  more t h a n  one word: 

l q - / - T q m  
> woh s i  Yohn ? 

The f o l  l o w i n g  words  a r e  t-lot. i n  t h e  u u c a b u l a r y :  
woh s i  Yohn 

C o r r e c t  i on: 
who i s  John?  
J o h n  

I f  t h e  m i  not- co t - r ec  t i ons  do r l i~t p t - O ~ C J C E .  any good r e r . u l  t 5. o r  

=.er<larlt. i c  d i  ag r los t  i cc., t .hen c o n t r o l  wocrl d  no rma l  1  y pas.=. t.o t.he 

r o u t  i n e  = .upe ru i  5 . i  ng t h e  m a j o r  corr-.ec t. i or-15.. The e x c e p t  i or-I i s  

when t h e r e  i s  a wo rd  n o t  i n  t h e  v o c a b u l  at-y. 

Pt-ocez.si n g  tet-mi n a t e s  a f t e r  t,ri a1 o f  t h e  m i  nor- c o r r e c t  i iIt3-c. 

when a  uoc a t l u l  at-y d i  agnclst i c  may tie g i  vet-I. The re  a r e  s e u e r a l  

r e a r . o n s  f o r  t. h i  s. Tt .1~ voc attu 1 a r y  d  i agt-l~:~=.t. i c g i L ~ Q S  t h e  u s e r  

c o n c r e t e  he1 p  i n  ut-~det-c.t.andi t-1g t h e  p r o b l  ern. A 1  c.0, i f  o t h e r  

e r r o r s  a r e  i nl..Jol ued,  c o r r e c t .  i or1 o f  t . h i  s  e r r o r  mu5.t t a k e  p l  ace  

t ~ e f  O I * ~  fur- thet-  IA i agt los  i 5 . .  T r u e  voc .st~l.r 1 at7># et . ror=.  at-E. fat- rffc~r.6 

c orilmot-I t 347; o f  i npcrt e r r o r s  i n t. h e  p ro t .  oc o  1 c. > t h a n  t h e  spe 1 1 i n g  

e r rc t rs .  t h a t  w i 1  1 n o t  b e  i o t - r e c  t e d  b y  t.P~e r o u t  i ties. p res .en t  e.d h e r e  
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( 3 %  o f  t h e  i n p u t  e r r o r s ) .  Thus a s p e l  1 i t-tg c c l r r e c t o r  w i  t k  a more 

r e l a x e d  d e f i n i t i o n  o f  s i m i l a r - i t y  w i l l  n o t  be  .a p a r t  o f  t h e  major- 

c o r r e c t i o n s ,  t l ecause  o f  t h e  r a r i t y  o f  i t s  u s e f u l  r1es.s and t h e  

p r e v i  ous  d i  a g n o s i  s o f  t h e  p r o b l  em. C W i  t h i  n  t.he r i ~ a j o r  

cot-t-ec t i at-~s., i t map t h e r e f o r e  b e  asc.uriied t ha t .  a1 1 wot-ds i n  t he  

i n p u t  a r e  i n  t h e  v o c a t l u l a r y S .  F o r  a1 1  t h e s e  t-e.bsc~ns, no  f u r t h e r  

p r o c  ec.s i n q  a f t e r  a t t e m p t  i n g  t h e  NI i n o r  c o r r e c t  i ons  w i 1  1  be  

pe t - fo rmed on  i n p u t  r e q u  i r i n g  a voc a b u l  a r y  d i a g n o s t  i c  . 

7 .3  M a j o r  C o r r e c t  i ons  

The r i ~ a j o ~  c o r r e c  t i ons  a r e  more c o n c e r n e d  w i  t h t h e  k i o r d ~ .  o f  

t h e  i n p u t  r a t  h e r  t h a n  t h e  c h a r a c  t e r s .  H I  1  wo rds  i n  t h e  i n p u t  

a r e  i n  t h e  u a c a b u l  a r y  a t  t . h i  s. st,agc, t h u s  t h e  pt -o t l l  ern h a s  r i ~o re  

t o  do w i t h  t h e  graritmar. Most o f  t h e  r i ~ a j o r  c o r r e c t  ions.  

s u t l s t  i t . u t e  a word  f o r  one i n  t h e  inpu t . .  The f a 1  1 o w i n g  progrart l  

d e s c r i  p t  i clns e x p l  a i  n  how t h e  sub5.t i t u t  e  1~1ord5. a r e  f o u n d .  These 

wo rds  a r e  p u t  i n t o  t h e  p a r s i n g  char t  t.he same way t h a t  t h e  

pclss. i b  1 e  c.pe 1 1 i n g  c o r r e c t  i ons  were  e a r l  i e r .  The o t h e r  ~1a.j o r  

c o r r e c t  i o n s  t r i  eC1 a r e  word  d e l e t  i on... A f t e r  desc t - i  b i  n g  t.he 

i r ~ d i v i  d u a l  p i e c e s  F o r  major- c o r r e c t i o n s ,  i t  w i  11 tle e x p l a i n e d  

how t h e y  f i t  t o g e t h e r .  

7 . 3 . 1  R u l e  R e l a x a t i o n  

The f i t-st, illord s u b s t  i t .u t  i on=. corile u n d e r  t h e  h e a d i  n g  o f  r u l  e  

r e  1 a x a t  i or-, tlec ause t hese  s u t ~ s t .  i t  ut. i cat-15. c o n s t  i t . u t ~ .  r e  1 a x a t  i on=. o f  

t h e  r e q u  i ~ e r i ~ e n t  5. o f  5.e 1 ec t. e d  g ramf i~ar  r u  1 es.. 1 r1z.t. c a d  of  t-e 1 a x i  t-19 , 

t h e  r u l e s .  d u r i n g  t h e i r  a p p l  i c a t i r r n ,  wc~t-.d s . ~ t l ~ t . i t . u t i o r ~  i s  dot-~e 

because  o f  t h e  need  t o  t-edo a1 1 pa.rz. ing above < a f t e r >  t h e  

app 1 i c a t  i on  o f  t. he  r e  1 axed  r u  1 e, and f o r  t h e  sake  o f  i mpr-oved 

d i a g n o r . t  i c s .  Thus a n  echo  o f  t h e  r i ~c i d i f  i e d  in1:tut i s  u s e d  55 t h e  



-1 13- 

e x p l a n a t . o r y  d i  agnc1a.t i c ,  r a t t - ~ e r  t h a n  a rilessage e>:f:ll a i  n i  n g  w h i c h  

t .est .s were  v i o l a t e d  ( a s  i n  CKwasriy 88, 813, where ritany o f  t h e  

i deas  f o r  r u l  e r e 1  axat. i o n  corne f ro rn ) .  

Two g e n e r a l  r e  1  a x a t  i on  met hods  a r e  exerilf:ll i f i e d  h e r e  b y  t w o  

p r o c e d u r e s  t h a t  f i n d  ~ ~ c t r d s .  f o r  s.ubst i t u t .  i on. These were t h e  

ones  chosen  f o r  i mplernentat, i o n ,  b o t h  a s  examples  o f  t h i s  t y p e  o f  

c 0 r t - e ~  t i on  and  because  o f  t. h e  i r a p p a r e n t  u s e f  u  1 ne5.s. The t a s k  

o f  f i 1  1  i n g  o u t  t h e  r e s t  o f  t h i  s  met,a-grarnri~at i c  a1 p o r t  i on  o f  t h e  

s y s t e m  needs  t h e  r e s u l t s  o f  p r o t o c o l  a n a l y s i s  t h a t  i s  n o t  

p l  agued  b y  e r r o r s .  s u b j e c t  t o  t h e  r r ~ i  n o r  c a r r e i t  i o n s .  

7.3. 1  . 1 D i f f e r e n t  Fot-ms o f  t. h e  Same Word 

T h e r e  a r e  r(~at-l>.J ~ r l ~ ~ r d s  t.hat. have  a  t -ecogni  z a t l l  e  r o u t .  T I -~ i  n. 

c a n  be  ~.eet- I  i n  c o r ~ j u g a t . i o n = .  and cieciet-tsic~t-1s. or" v e r b s  aiiiJ 

n a u n ~ . .  By s a v i n g  t h e  i n f  orr i~.at  i o n  se1 ec t.ed cor i~r i~clr~l  y 

e n c o u n t e r e d  r o o t s . ,  one word  h a v i  t-~g a  giver^ roo t .  c a n  tie expanded 

t o  a1 1  t h e  wo rds  w i t h  that  r o o t .  I f  one wc~ rd  occc r r t - i ng  i n  i 1 l -  

for r i led i r ~ p u t  car1 b e  u s e d  t o  gene ra t . *  t h i s  new k i n d  o f  

t7ei gkl t~i tphood, ther-I t h e  a d d i  t i or1 o f  t .hese n t h e r  f'orri15. t o  t.he 

p a r s i  n g  c h a r t  w i  1  1  p r o d u c e  t.t-~e e q u i  u a l  e r ~ t  o f  r e 1  a:tat. i on  o f  

u a r i  ous  f ea t . u re  t est .5  or1 grari~lmar t -u l  es.. 

The e>;ari~f:~le g i l ~ e n  h e r e  i s .  o f  t -e la : r : :a t . i~ r~  t o  hl 1 f c ~ t - r i ~ ~  o f  t h e  

uet-.b " t o  b e "  . Thus i f nur i~ t ler  o r  per=.ot .~ f e a t  u r e s  ~. I .L IJ~ i m~:~eded 

par-5.1 r ~ g  of' t. h e  i rtput., t,t-1ec.e r e q u i  r ~ ; r i ~ e r ~ t c .  w i  1 1 tle r e 1  axed  b y  

t h e s e  s u b s t  i t u t  i ons:  

1.40 s.ent. e r~ r le  I * I ~ L  f o ~ ~ r ~ d  i t-IC 1  u d i  r ~ g  t.he ~ h 0 1  e  i n p u t  . 
C u r r e c  t i on:, 
wt-lo i s .  B i  1  l ?  
B i l l  



Artott-ter went-d t h a t  w o u l d  b e  good  f o r  t h i s  k i n d  caf r e l a x a t  i o n  i s  

t h e  v e r b  " t o  Ptave". These t l r ~ o  ~ e r b ~ .  t ' t . ~ ~ e  a spec i a1 p l  i c e  w i  t h i  rl 

t h e  HSk: System,  a s  t h e y  a r e  u s e d  f o r  de f  i n i  n g  o the r .  ve r t 15 .  Thtjs 

t h e s e  t w o  p e l  .axat. j arts w o u l d  b e  more u s e f u l  t h a n  c~rtes f ~ r  ot .her  

v e r b s .  

7 . 3 . 1 . 2  D i  f f e r e r t t  Words w i  t h t h e  Sarite P a r t  o f  Speec k 

A f ew  p a r t s  o f  speech  h a v e  a 1  i n t i t e d  number o f  e l e m e n t s .  

F o r  a wo rd  w i  t h  one o f  t h e s e  p a r t s  o f  speech,  r e 1  a x a t  i ons  may be  

made t o  each  ritember o f  t ha t .  p a r t  o f  sl:~eeckt. The e>:arttpl e  o f  t h i  s  

k  i n d  o f  p a r t  o f  speech  i s p r e t : ~ c t ~ i  t. i on. When o t h e r  p repoc . i  t i ons 

a r e  added t.o t.he p a r s i n g  c h a r t  where one was. al t -c.ady l o c a t e d ,  

any p a r s i  n g  b l  oc k a g e s  due t o  i n c o r r e c  t usage  o f  p t -epos i  t i arts 

w i  1 l b e  a u o i  ded: 

>who i s  t h e  p a r e n t  be tween  John?  
tJo senter- tcc was f o u n d  i n c l u d i n g  t h e  who le  i n p u t .  
C u r r e c  t i on: 
who i s  t h e  p a r e n t  o f  John?  
M a r t  ha 

L i  m i  t e d  $ . u t ~ s e t s  o f  t h e  p a r t  o f  speech  pr131.1~ut-I ritay .il=.o be  gclctd 

f o r  t h i  5. t y p e  o f  r e 1  a x a t  i o n ,  t.0 c ~ ~ . > e t - .  p t - . ono~ t -~  t - r s a ~ e  v i  0 1  a t  i n g  

art i mate,  gende r ,  o r  nurittler r e q u i  t-eraertt c.. 

M i  t h i r-I t. h e  p resen t .  5.t  ~ I A C  t u r e  c ~ f  t he  c ~ r t - . e ~ t .  i ot-15 pet-fot-med 

b y  t.PIe syst,em, i t .  i s  p roper .  t.o p e r f o r m  a1 1 o f  t h e s e  r u l e  

r e 1  a x a t  i cbt-1s. t oge t t - t e r .  S i  rtce few o t h e r  r u l e s  at-e 1 i k e l  y t o  be  

a p p l  i e d  a s  o f t e n  as. t.he5.e f o r  Ertgl  i5.h I [ u~ .ed  w i t h  n a t i v e  

speak e r s )  , aritt~ i gu  i t i e s  rec.1.r 1 t i n g  f r o r i ~  t. h e  i nt. e r a c  t. i on o f  t t-tese 

c o r r e c  t i ons  w i 1 1 'toe w i t h i n  r e a s o n .  FI 1 1 pass i tll e  i or5r.ec t i at75 





word.  T h i s  makes f o r  a1 1  p o s s i b l e  c o m b i n a t  i o n s  o f  wo rd  o r d e r  

a f t e r  p a r s i  ng. Fort .unat,el  y,  t h e  e u a l  crat. i o n ' s  s y n t . a c t  i c  and 

semant i c c o n s i  d e r a t  i o n s  w i  1  1  e l  i m i  n a t e  many o f  t h e  gene ra t . ed  

p e r m u t a t i o n s .  T h i s  i s  one c ~ f  t h e  more r a d i c a l  changes  w i t h i n  

t h e  m a j o r  c o r r e c t  i 01-1s. 

m I J o h n l  
>who John  i s  ? 

No sen te r l ce  W ~ S  f o u n d  i rlc 1 u d i  n g  t h e  who1 e  i n p u t .  
C o r r r c  t i on: 
who i s  John?  
John  

7 . 3 . 4  D e l e t i o n ,  Rga i  n  

The most. r a d i  c  a1 change  t h a t  i s  at. t.empt e d  i s t h e  clpt i o n a l  

" d e l e t i o n "  o f  each  wo rd  i n  t h e  i n p u t .  D e l e t i o n  takes.  p l a c e  i n  a  

manner t. h a t  t h e  p a r s e r  see=. a s  ol:~t. i o n a l  , 5.0 t. h a t  t h e  p a r s e r  w i  1 1  

t r y  each  c o m l i  nat . i  on  o f  t.he word=. of '  t h e  i rlt:~ut., 1rl1 tt.1 n c ~  ci.lange 

i n  t k ~ e  o r d e r  o f  t h e  words .  T h i  5 i s. cun5.i der-.ed t h e  g rea t . es t  

change  necess .a ry  because  i t w i  1  1 a1 ways o b t  a i  n at 1 e a s t  t h e  noun  

pt-,ra=.e=. , f o r  w h i  c h a r e a s o n a t ~  1 e  rec.t:tortse c  arl tle g i  van. B o r d e r  i n g  

on  t o o  much m p t j i f i c a t i o n ,  t h i s  change  i s  r e t a i n e d  p r i m a r i l y  t o  

shcll.~! t h e  u ~ e r  t.hat. i o m e t h i  r lg c a n  t ~ e  done I A I ~  t.h a1 ri11:lst any  i npu t . .  

P r o c e s s . i n g  o f  t h e  noun  phrases .  w i  11 p u t  t h e r i ~  clrl t h e  p o t e n t  i a1 

r e f  c r e r l t  1  i s t ,  2.0 %.hat. t h e y  may be r e f  e r r e d  t.0 i n  t h e  next,  

> i s ,  who i 5. John? 
No s e n t e n c e  was f ourtd i nc 1 u d i  r lg t. he  crho 1 e  i n p u t  . 
C o r r e c t  i on: 
who i s  John?  
John  

7.3.5 Eualuaticklt-I w i t h  M a j o r  C o r r e c t i o n s  

Fc~ut- e v a l  u a t ' i  on  e q u i v a l  er1t.s a r e  p o s s i b l e  w i  t h i  t-I t .he m a j o r  
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o f  c c ~ r r e c  t or.. t o  p r e p r o c e s s l 3 r  o u t p u t  t t e f  o r e  submi t t i n g  t h e  

p a r s i n g  cha r t .  t o  t h e  p a r s e r  and  t h e  who1 e . a r c s  pt-,ograrns, and 

t h e  sernatit i c s  prograrn i f  i t  pan.ses t h e s e .  The c o r r e c t o r s  a r e  

a t . tenrpted i n  o r d e r  o f  i n c r e a s i  rlg d e g r e e  o f  change  t o  t h e  

o r  i g i  n a l  i r lpu t  : f i r s t  t h e  r u l  e  r e 1  a x a t  i on.., t h e n  t h e  secor ld  

1  eve1  s p e l  1  i n g  cort- .ect .or ,  t h e  word  p e r m u t a t  o r ,  arld t h e  word  

de 1 e t  o r .  F r o c  e s s  i n g  s t o p s  whenever  a  c o r r e c t  i u n  i s f uund, 

r e t a i n i n g  t h e  f u l l  a m b i g u i t y  at that  l e v e l .  I t  a l s o  s t o p s  when 

t h e r e  a r e  n o  N l O r E .  c o t * r e c t  i clnc l e f t  t o  t r y .  

Whenever i 1 1  -f orrned i npcrt p r o c  ec.n. i n g  r e a c  h e s  t h e  m a j o r  

c o r r e c t  i uns,  t h e  d i  a g n o s t  i c "No sent,ence was f o u n d  i nc 1 u d i  n g  

t h e  hlhal e  i n p u t  . " i C. pert. on  t l e f  o r e  any c o r r e c t .  i o n s .  The n e x t  

chap t .5 r  dic.cus.=.es t h e  s u i  t a b i  1 i t 5 ~  o f  t.t-li s. s y t i t a c t  i c d i  agnus t  i c ,  

and  t h e  c ~ p t  i ot-lal maxi  rilal c o v e r s  d i  ag r los t  i c f o r  f u r t h e r  

i rlfurmat. i or1 attcl~rt. r e a s o n s  f o r  i 1 1 - f  or-riledt-less.. 

7 . 4  C o r r e c t  i o n s  Made i n  O t h e r  Systems 

S e v e r a l  o f  t h e  c o r r e c t .  i ons  made b y  t.he HSG Syst.em were 

nlot i v a t  ed  t ~ y  t,he s t u d y  o f  c l t h e r  s , ys . t . e~~ . ,  b ~ t h  fclr* r l a t u r a l  

1  anguage p r o c e s s  i t-ty arid f o r  wo rd  p r o c  es-t. i rig. Thet-,e have  a1 5 . ~ 1  

beet7 a few r e c e n t  p a p e r s  that  d i  scuss. s i  m i  1 at* i 5.:.ues, r e f ' l  e c t  i n g  

i ndependent  work .  

Word procer .s .  i rig systems. have  cor1t.t-.i bcrt.ed sorile i deaz. f o r  

s ~ ~ e l  1  i n g  c o r r e c t  i on. C Dariierau 641  i rilpl erilent ed  a =.pel  1 i n g  

c o r r e c t o r  pr-uduc i n g  t h e  f o u r  t1as.i c changes  t.o i n p u t  s t r i  ngs .  I n  

C Morgan 7 0 3 ,  t h e  r l o t  i on  o f  1-4s i n g  z.pe 1 1 i n g  c  o r r e c  t i on  w i t h 5.yst. em 

prograr r ls  war. d i  sccr=.sed. I r i lp l  er i~et- l tat  i s n  o f  a  p rog ram f o r  

s.pel 1 i rig c u r r e c t  i o n  war. t h e  t . op i c  of '  CFet.ers.on 861, as. at-I 

exaropl e  o f  a n  ewper  i rilent i n f :~rograr i l i  t-113 des  i gn. T h i  s  f i n a l  
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r e p o r t  a1 s o  h a s  a n  a n n o t a t e d  b i  b l  i og raphy  f o r  r e f e r e n c e  t o  o t h e r  

1  i t et-at  u r e .  

T h e r e  a r e  s e v e r a l  n c ~ v e l  i deas  f o r  spe  1 1  i r ~ g  c o r r e c t  i on  t h a t  

were  r u l e d  o u t .  The u s e  o f  s t o r e d  i n f o r m a t  i o n  a t tout  n-grams, 

f o r  t h e  pc3ss.i b i  1  i t y  o f  o c c u r r e r ~ c e  o f  sequencer .  o f  1 e t t e r s  i n  

E n g l i s h ,  a s  i n  CRiseman 741, was n o t  used.  T h i s  i s  because  i t  

=. e n  t i rl g i s  d e s i r a b l e  t h a t  t h e  s y s t e m  c o r r e c t  s t r i n g s  r e p r e -  

v a r i a b l e s ,  w h i c h  a r e  o f t e n  chosen  because  t h e y  do n o t  o c c u r  i n  

E n g l  i sh. The n le thod o f  CMor 821, o f  s a v i n g  t h e  n e i g h b o r h o o d  o f  

wo rds  ( t h e  c  orr~mclrl s p e l  1 i n g  e r r o r s  t hen.~se 1 v e s )  i n t h e  1 e x i  con ,  

w o u l d  ~ l u t  e x t r e m e  dert~ands. o n  t h e  s i z e  o f  t h e  l e x i c o n .  

The i 11 - f  ormed i n p u t  met hods. d e ~ c  t - i  L e d  by Wei sck~ede  1 ,  

Sc~r~c i t ie i  r i ~e r ,  and  Kwasny have  i nf 1 u c n c e d  t .he r u l e  r e 1  a x a t  i or1 

p o r t  i on o f  t h e  c.)rstem. The t -u i  e -basad  T"ramec.ior-,k f o r  proccc-.s. i  rig 

e t - r o r s  i n grammar o f  t h e  r u l  e  r e 1  axat. i or1 f o r m  was ref:lot%t e d  i n 

CWeischedel  811,  CSondhcirner 5381, and  i s  r o o t e d  i n  sorile e a r l y  

work [lolei s c h e d e l  781. Sever-a1 r u l  e r  t.o r e l a x  were a n a l  yged  i n  

f  Kwasny 88, 81 I ,  nltslt i vat. i n g  t. h e  t-.u 1 e  r e  1 axat. i on examp 1 es g i  verl 

e a r l  i e r .  

T h e r e  a r e  t wu p r i  rnary s y s t  erfic. t h a t  k~al,re deve  1 oped  i t7 

p a r a 1  1 e l  t o  t h e  HSK Syc.t.em and  p r o u i  de =.orfie o f  t .he cot - t -ec t  i o n a l  

and  h a b i  t a t ~ i  1 i t ))  cat: lat~i 1 i t  ies. .  The f i t-st. o f  t.he2.e i s  t h e  

f 1 e x i  b l e  pat-c. ing work o f  Hayes CHa!.res. 81b3. Based on t.hc i d e a s  

o f  g r a c e f u l  i nter -act .  i or?  rer rented i n  CHayes 7'33 ,  %))stem 

c o r r e c t  i o n  o f  a ua t - . i e t y  o f  et- t -ors t . a k e ~  p l a c e  w i t h i n  t.he p a r s i n g  

rr~et. hod. These c o r r e c t .  i on=. i nc  1 ude s p e l  1 i n g  cot - rec t. i o n  w i t  h i  n 

ar id b e t  ween ~ ~ s r d s ,  sonic p r o c e s s  i n g  o f  f ragr i tent  s, and SE. 1 ec t i ble 

d e l e t .  i o n  i n  p a r t  i . c u l a r  cases .  
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The o t h e r  s.ystem w i t h  a n  o u e r a l  1 a p p r o a c h  t o  i 11 - f o rmed  

i n p u t  p r o c a s s i  n g  i s  t h e  e r r o r  t o 1  e ran t .  a n a l  y s i  s CETA-Irrt.et-f ace )  

o f  CBradf o r d  823, 8 2 b I .  T h i  s does  i rrsert .  i ons, d e l  e t  i ons,  and 

r e a r r a n g e m e n t s  o f  b ~ o r d s  i n  a n  i n p u t .  A n e i g h b o r h o o d  o f  

gramrirat i c a1 s e n t e n c e s  i s genera t .  e d  f r o m  t. he4.e c h.ati~ges. These 

a r e  p r e s e n t e d  t o  t h e  u s e r  i n d i  v i  d u a l  1 y f o r  c o n f i  r m a t  i on. The 

d i  s t a n c e  b e t  wean E n g l  i s h  s.er~t.ences. i s  d e f i n e d ,  and  c o r r e c  t i ons 

p r o c e e d  i n  t h e  o r d e r  o f  i n c r e a = . i n g  ar i~ctur~t  o f  change  t o  t.he 

i n p u t .  The syc. tew~ does  n c t t  appea r  t.o have  a n o t  i o n  o f  

a m b i g u i t y ,  w h i c h  i s  imp1 i e d  b y  m o d i f i c a t . i o n s  o f  e q u a l  d is . t .ances.  

7 . 5  F i n a l  Comments 

The e v a l u a t i o n  o r d e r  o f  t h e  r i r i  n o r  and r i~a . jo r  c o r r e c t  i orla. 

c orflpl e t  e s  t h e  dec.c r i p t  i on o f  t h e  p r o g r e s s  i on o f  rood i f i cat. i ons t o  

crser i r ~ p u t  t h a t  war begcrn i n  t h e  p r e u i  ocrs c h a p t e r .  The imp1 i a d  

measure o f  e d i  t i rig c hanyes ,  det:lendi t-19 on  C O ~ I S ~  Jet-.at i or1s f ' ror i~  t h e  

s t u d y  o f  p r o t o c o l s  and s \ ~ n t a x ,  w i  1 1  tle d i  scus.sed nrot-e f u l  1 y i n  

c h a p t e r  9. The e u a l u a t . i o n  r i~et.hod =.how. how t h e  systern ur.es b o t h  

s .yn tax  and  seri~at-I?, i i s  t o make c o r r e c  t i on=.. The ar i~ t l i  g u i  t y 

c apa t l i  1 i t i e s  o f  t. h e  c.yc.t.em a r e  L J C . ~ ~  c~t-I each  c ~ f  t.he 1 e u e l  s o f  

cor r -ec t i ons,  t o  p r o v i  de an  o v e r a l  1 c . t . ruc t  u r e  t.o t h e  pa r t .  i a1 

o r d e r  o f  changes  ri~ade t o  i 1 1 -f arri1c.d i n p u t .  
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Chap te r  8: F i  n a l  D i  aynost  i c 

8.1 The Paradox o f  D i  agnos i s 

How can i 1 1 - fo rmed i npu t  t. h a t  does n o t  g i  ve a vocabu l  d r y  

d i  agnost  i c  be d i  agnosed h a b i  t a b l  y ?  The need f o r  d i  agnos i  s  

assumes f a i  1 u r e  t o  p r o c e s s  t h e  i n p u t  t o  'comp 1 e t  i on, so  t h a t  t h e  

i npu t  may have been e i  t h e r  ou t .s i  de t h e  syst,ern's grammar o r  

o u t s i  de t h e  grammar o f  t.he n a t u r a l  1 anguage i t s e l  f .  I n  e i  t h e r  

i n s t a n c e ,  t h e  o r i g i n a l  i n p u t  s h o u l d  exceed t h e  system's grammar, 

a1 though  pe rhaps  r ~ o t  t h e  met a-grammar, whi c h  i s  t h e  posr. i b l  e  

c o r r e c t  i o n s  t h a t  a r e  t o  be a t t e m p t e d .  I n p u t  beyond t.he system's 

grammar p r o p e r  shou l  d  tte d i  agnosed. I n p u t  w i t. h i  n  t h e  met a- 

grar~lrnar can t ~ e  c o r r e c t e d  as. u e l  1 as  d i  agt-~osed. The i n p u t  tleyond 

t h s  met.a-grammw c a ~  on! y  be diagnos.ed; w h i c h  may be  1 i m i  te.d t o  

s i  mpl y  t.he r e c o g n i t i o n  t h a t  i t .  i s  beyond t h e  systetx'c. 

capab i  1 i t  i es. 

D i a g n o s i s  a t t e m p t s  t o  e x p l a i n  more t.har-I j u s t  t.hat t.he i n p u t  

. w a s  i l l - f o r m e d .  I d e a l l y ,  d i a g n c t s t i c s  s h o u l d  be h e l p f u l  i n  

f orri i i  rig we1 1 - formed,  compl et. e  i n p u t  . T h e r e f o r e ,  t h e  i dea l  

d i a g r ~ o s t . i c  is .  c l o s e l y  r e l a t . e d  t o  a  k i n d  o f  c o r r e c t i o n .  

The paradclx o f  t h e s e  c o n s i d e r a t  i o n s  i s  t h i s :  i f  t h e  sys.tern 

e i t h e r  k n t l w ~  o r  can  s.cryge5.t a  method o f  modi f i cat. i on t.o t.he 

u s e r ' s  i n p u t  t h a t  m igh t  p roduce  we1 1 -forrite.d (and cornpl c.t.e> 

i nput, , t, hen why not, have t h e  =.yst em t r y  t h e  mctdi f i c a t  i on 

i t s e l f ?  T h i s  i s  t h e  p rob lem b e h i n d  such d i a g n o s t i c s  as: 

>who i s  John 
sy r~ t .ax  e r r o r :  ques t  i o n  mark expec ted  

C l e a r 1  y, sys tem r e p 1  i e s  o f  t . h i s  cha t -ac tc r  a r e  n o t  w i  t.hir1 uhat  

woul d  be c o n s i  devad hat l i  t .abl  e  i nt .eract .  i on. E:crt t h i  s  d i  agnost. i c 
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does  i rtdeed a c c u r a t  e l  y d e s c r  i be  t h e  p r o b l  em, and  s u g g e s t  t h e  

a p p r o p r  i a t e  met hod  f o r  i t s  c o r r e c t  i on. 

The pat-adox o f  d i  agnos i  s  i s  a  s t r a n g  mot i u a t  i o n  f o r  

hand1 i n g  a n a p h o r a  and mik  i n g  c o r r e c t  i c ~ n s  i n t h e  i 1 1  -f ormed and 

i nc ompl e t  e i rtput  e n c o u n t e r e d  b y  n a t u r a l  1  angcrage sys tems.  

Houever ,  p r o c  e s s i  rtg o f  a n a p h o r a  and  c  o r r e c  t i c ~ n s  make t h e  

d i  agr tost  i c p r o b l e m  evert ri1ot-e d i  f f  i c u l t :  what c a n  tle s u g g e s t e d  t o  

t h e  u s e r  i f a1 1  a t  t e m p t s  a t  c o r r e c t  i on  have  f a i  1  ed?  The app roach  

t a k e n  t-let-e i s  t o  g i v e  a  st-tort,, q u i c k  d i a g n o s t i c  i n  a l l  cases ,  

and  t o  p r c f v i  de an  o p t i o n a l  deepe r  s . yn tac t  i c  a n a l y s i s  o f  t h e  

i n p u t  i f  t h e  u s e r  d e s i r e s  more i r t f o r m a t  i o n .  The f i r s t  

d i a g n o s t i c  u i l l  n o t  i n t e r f e r e  w i t h  u r . e r s  f a m i l i a r  w i t h  t h e  

sys tem,  and  w i  11 n o t i f y  a1 1  u s e r s  o f  t h e  fu r - . ther  d i a g n o s i s  

au.3i : ab1 z .  T h i s  deepe r  an&! y s i s  i s  ca !  l e d  t h e  maximal  c o v e r s  

a n a l  y s i  s d i  a g n u s t  i c. 

The p r i m a r y  e x c e p t  i o n  t o  o ther -w ise  f u t  i l e  d i a g n o s t i c s  i s  

t h e  u u c a b u l a r y  d i a g n o s t i c .  I t  is. an example o f  a  d i a g n o s t i c  

t h a t  i s o l a t e s  t h e  p r o b l e m a t i c  p o r t  i o n  o f  t h e  i n p u t ,  and  t h e  us.er- 

c a n  be  e x p e c t e d  t o  t . r y  synonyms, o r  a  d i f f e r e n t  approach .  

E i t h e r  way, t h e  wo rd  i n  v i o l a t i o n  s h o u l d  n o t  be  r e p e a t e d  b y  

i t- t te l  1 i get-tt u s e r s .  Some o t  h e r  s.j.!s.t,erfts. may t t - y  t o  USE. synot-~).~riis 

as  a  c o r r e c t  i o n ,  bu t  i f  t h e r e  a r e  synonyms a v a i  l a b l e  i t i  t h e  

s y s t e m  t h e n  t h e  t r o u b l e s o m e  word was i n  t h e  u o c a b u l  a r y .  

Spe l  1 i n g  c o r r e c t .  i o n  and  d e l  e t  i on  a r e  t h e  c ~ n l  y r e c o u r s e  f o r  lrlords 

o u t  E. i de t. he  u o c a b t ~  1 a r y  < a t  h e r  t h a n  ritclre g e n e r a l  s u b s t  i t.ut  i o n s l ,  , 

b u t  t h e  d i a 1 j n o s t . i ~  i s  w o r t h w h i l e  i f  t.hese a t t e t n p t s  f a i l .  

The r e s p o n s e  t o  p ronouns  w i t h  no r e s o l u t i o n s  i s  a n o t h e r  

e x c e p t  i o n .  These a r e  t h e  on1 s.1 t w o  e x c e p t  i on=. w i t h i  1-1 t h e  s>.l-c.tem 

d e s i  gti. I n p u t  t h a t  f a i  1  s  a1 1 a t  t.empt.s at. c c t r r e c t  i o n  and 





max ima l  covet-  o v e r  t h e  i n p u t .  The t e r m s  maximal  cctver and 

maxi  ma1 c o v e r  i ng w i 1  1 b e  u s e d  i nt. e r c h a n g e ~ t  1 y. The d e f  i n i  t i on 

p r o c e e d s  b y  d e f  i n i  ng: a r c ,  r a n g e ,  c o n t  a i  nment , maxi  ma1 a r c ,  

c o v e r  o r  c o w e r i n g ,  and maxi  r n a l  c o u e r  o r  maximal  c o v e r i n g .  

These d e f i n i t i o n s  a r e  i 1  l u s t r a t e d  i n  t h e  f o l  l o w i  n g  examp1 e. 

He re ,  t h e  l o w e r  c a s e  l e t t e r s  r e f e r  t o  names o f  t h e  a r c s ,  and 

u p p e r  c a s e  l e t t e r s  a r e  e l e m e n t s  o f  t h e  i n p u t  s t r i n g .  I t  w i  11 

a1 ways b e  assumed t h a t  t h e  i n p u t  s t r i  r ig i s  f i n i t e .  

I n d i c e s :  1  

D e f i n i t i o n :  A r c :  An a r c  o v e r  a p o r t  i o n  s f  t h e  i n p u t  i s  any 
o f  t h e  a r c s  o f  t h e  p a r s i n g  c h a r t .  T h i s  i n c l u d e s  t h e  a r c " s  
i n f  o rma t  i o n  a b o u t  p a r t  o f  speec t i ,  s y n t  a c  t. i c f e a t  ures. ,  and 
l i t e r a l  s t r i n g s .  (Each  o f  t.he i n d i v i d u a l  e l e m e n t s  o f  t h e  
i n p u t  s t r i n g  c o n s t  i t u t e s  a n  a r c ,  whose p a r t  o f  speech  i s  t h e  
c h a r a c t e r  i f  no  o t h e r  i s  g i v e n > .  

A r c s :  a, b,  c ,  ab, bc.  

De f  i n i  t . i  on: Range: An a r c  x  h a s  a  r a t - ~ g e  o f  Cn, r i l l ,  where n  
and NI a r e  ( i n t e g e r )  i n d i c e s  i n t o  t h e  i n p u t  s t r i n g ,  (t-I < =  rib), 
i f x i s an a r c  o v e r  t h e  i n p u t  ~ t r i  rig f rctm n t o  m. 

Ranges: a r c  : range :  
a C 1 , l l  
b  C2,21 
c C3,31 
a h  C1,23 
b c  CZ, 3 1  

D e f i  n i  t i o n :  C r ~ n t a i n m e n t :  Hn a r c  x  i s  c o n t . a i n e d  i n  a n o t h e r  
a r c  $1 i f  t h e  r a n g e  o f  x  i s  a p r o p e r  s~abs.et  o f  t h e  r a n g e  o f  

Y *  

Uont  a i  nment : 

ab c o n t a i n s  b a t h  a and  b  
bc c o n t a i n s  b o t h  b  and c 



Def i rti t. i on: Maxi  wtal H rc :  Fin a r c  x  i s  a maxi  rna l  a r c  i f  t h e r e  
i s  no  a r c  y c o n t a i n i n g  x.  

Max ima l  H rcs :  ab,  bc .  

IJef i n i  t i o n :  Cover ,  o r  C o v e r i n g :  H  s e t  o f  a r c s  i s  a 
c o v e r i n g  o f  a n  i n p u t  s t r i n g  i f  t h e  r a n g e s  o f  t h e  a r c s  a r e  
m u t u a l l y  d i s j o i n t ,  and  t h e  u n i o n  o f  t h e  r a n g e s  i n c l u d e s  
t h e  i n d i c e s  o f  e v e r y  e l e m e n t  o f  t h e  i n p u t  s t r i n g .  

Covers :  { a , b , c > ,  { a b , c > ,  {a ,  b c ) .  

Def i n i t  i on: Maxi  ma1 Cover ,  o r  Maxi  ma1 Covet-i  t-tg: A c o v e r i n g  
o f  art i n p u t  s t r i n g  i s  a  maxirhal c u v e r i  n g  i f  no  nun-maximal 
a r c  a p p e a r i n g  i n  t h e  i o v e r i  n g  i s  c o n t a i n e d  i n  a  maxi  ma1 a r c  
whose r a n g e  does  not. i r t t e r s e c t  a maxi  ma1 a r c  i rt t h e  
c o v e r i n g .  

Maxi  ma1 Cove rs :  ( ab ,  c  > , {a ,  bc > . 
These d e f  i r~ i t i ot7s make c.pec i f i c  t. h e  i nt u i  t i u e  not, i 

r e 1  a t  i ng t o  a d e e p e ~ t  p a r s e  f o r  t h e  HSl< Sys tem e r t v i  r o n r i ~ e n t .  H 

p a r s e  i s  a n  a r c ;  a  d e e p e s t  p a r s e  i s  a maxi  ri1.31 a r c ;  a  c o v e r  i s  a 

s e t  at^ p a r s e s  i n c  l i i d i n g  :.he w h o l ?  i n p u t ;  and a nsaxirt~al c o v e r  i s  

a  c o v e r  c a n t  a i  n i  n g  a s  many d e e p e s t  pars .es  as. pc~s.s.i t g l  e  a f t e r -  t I-te 

c h o i c e  o f  one ctf t h e  d e e p e s t  parsec.. The ci l l i lpl e?.e set. o f  

. r i ~ a x i  m a 1  cove t - i  rsgs u i  1  1  have  each  maxi  ma1 a r c  rapt -ec.ented i n  at. 

1  e a s t  one o f  t h e  c o v e r i  ngs. 

S i n c e  e a c h  e l  ement o f  t h e  i r~pu t .  s t r i  r tg  i 5. a n  a r c ,  t h e r e  

w i  11 always. b e  a  c o u e r i n g  o f  t h e  i n p u t  s t r i n g  ( j u s t  t h e  

c o l  1 e c t  i c ~ n  o f  t h e s e  a r c s ) .  T h i s  f u r t . h e r  g u a r a n t e e s  t h a t  tPler-.e 

P r o p o s i t i o n :  I f  tt-let-e i C. a  c o v e r i n g  o v e r  an i n p u t  s t r i n g ,  
t h e n  t h e r e  i s  a  maxi  ma1 c o v e r i  ng.  

P r o o f :  Suppi1s.e t h e r e  i s  a C O V Q P . ~  1-tg Z t h ~ t  c o r l t a i  fie. at-c a  

u i  o l  at, i r-tg t. he  ritarti ma1 i t 5) c o n d i  t i on, i . e. , t h e r e  i s a maxi  ma1 a r c  

rit s.uc h t h a t  a i s  ccgt-tt a i  ned  i n m and  m i n t  erm.ec t .s  not-te lclf t h e  

m a x i  roal a t - i s  o f  Z  < i f t h e r e  i s  none t h e n  Z i s. maxi [it31 a1 r e a d y ) .  

I t  ritay tte a ~ ~ u r i ~ e d  t ha t .  n.1 i s  n o t  i n  P, s i n c e  i f  i t  was. t.hen Z 

wclul d  n o t  toe a c ,ove r i  n g  because  m i n t e r s e c t  a i 5. non -ze ro .  
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Thus Z' c a n  b e  f o r m e d  b y  a d d i n g  m t o  2 and  r e m o v i n g  a1 1 

e l e m e n t s  o f  2 t h a t  a r e  c o n t . a i n e d  i n  m. I f  t h e r e  a r e  no 

r e m a i n i n g  a r c s  v i o l a t i n g  t h e  r n a x i r f ~ a l i t y  c o n d i t i o n ,  t h e n  2' i s  a 

maxi  ma1 c o v e r i  ng.  O t  h e r w i  se,  t h i  s p r o c e s s  may b e  r e p e a t e d  

u n t  i 1 a  c o u e r i n g  i s  f o u n d  t h a t  i s  max ima l .  The p r o c e s s  must 

s t o p  because  t h e  i n p u t  s t r i n g  i s  f i n i t e .  {End  c ~ f  p r o o f >  

T h i s  shows t h a t  t h e  s e a r c h  f o r  maximal  c o u e r s  i s  n o t  i n  

ua i r t .  H l  t h o u g h  t h e  p r o o f  c o u l d  b e  u s e d  a s  a b a s i s  f o r  f o r m i n g  

maxi  ma1 c o v e r s ,  t h e  a c t u a l  a1 g o r i  t hm t o  b e  d e s c r i b e d  w i  1  1 work 

d i f f e r e n t l y .  I t  s t a r t s  u i t h  t.he max i r t~a l  a r c s  and  f i l l s  i n  ~rlitt-I 

t h e  o t h e r s  where  n e c e s s a r y .  Thus t h e  l a r g e  chunks  a r e  c o v e r e d  

q u i c k l y ,  and  t h e  a l g o r i t h m  wo rks  V I ~ V E .  q u i c k l y  t.hati t h e  p r o o f ' s  

app roach .  

The set. o f  & & x i  rna! c a u e r i  ngc. i s  a m t ~ i  guous. i f t h e r e  i s  more 

t h a n  one maxi  ma1 c o v e r  i ng.  Hmtt i gu  i t y rnay a r  i 5.e f o r  e  i t h e r  

s t r u c t u r a l  o r  1 e x i  c a l  rCaP.OrlE.. The esampl e  a t ~ o u e  i 1 1  us t . ra t .es  a  

s t r u c t u r a l  a m b i g u i t y .  The f o l l o w i n g  one shows a p u r e l y  

l e x i c a l l y  art i t t iguous s e t  o f  max ima l  c o v e r i n g s :  

. . 

I n p u t  s b r i n g :  H  B C 
I n d i c e s :  1 2 3 

Maxi  r i ~a l  Covers :  { a ,  bc 1 > , {a ,  bc 2 > 

1 . 4  D e s c r i p t i o n  o f  t h e  H l g o t - i t h m  

The re  a r e  t. t i r t e  m a j o r  p a r t . 5  o f  t.he a1 y o r i  t h m  f o r  p r e p a r i n g  

t h e  maxi  m.nl covet-.s a n a l  y s  i s  d i  agnos.t i c  . These a1.e . f i n d i n g  a r c s  

r e p r e s e n t  i t-1g t h e  range=.  focrnd i n  t.he p a r s i  ng  chart,,  f i n d i  r-19 t h e  

f o rms  c o r r e s p o n d i n g  t o  t h e  c. t . ruct .uva1 arntti g u i  t. i e s  o f  t h e  s e t  o f  
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maxi  m a 1  c o w e r i  ngs ,  and p r e p a r i n g  t h e  o u t p u t  f o r  t h e  u s e r  b y  

a d d i n g  t h e  l e x i c a l  i n t e r p r e t a t  i o n s  o f  t h e  a r c s  i n t o  t h e s e  

s t r u c t u r a l  f o r m s  and  a d d i  n g  exp  1 anat. o r y  messages. 

The f i r s t  and  t h i r d  p o r t i o n s  a r e  q u i t e  s i m p l e  and w i l l  n o t  

r e c e i v e  a s  much d i s c u s s i o n .  The f i r s t  p a r t  j u s t  l o o k s  t h r o u g h  

t h e  p a r s i n g  c h a r t  t o  f i n d  what ranges.  e x i s t  t .hat  a r e  cowered  b y  

a r c s .  The r a n g e  i n f  orrnat i on  i s  e s s e n t  i a1 1  y  c o n t  a i  ned  i n t h e  

a r c s ,  s o  t h a t  t h i s  r o u t i n e  o n l y  n e e d s  t o  o b s e r u e  each  a r c .  T h i s  

i n f o r m a t i o n  i s  t h e n  a v a i  l a b l e  t o  t h e  second  s t e p ,  s o  t h a t  t h e  

a1 g o r i  thm f o r  t h a t  po r t .  i on may ask i f  an a r c  w i t h  a  g i  uen  r a n g e  

i s  i n  t h e  p a r s i n g  c h a r t .  

8 . 4 . 1  F i n d i n g  S t r u c t . u r a 1  A m t ~ i g u i t i e s  

The m a j o r  s e i t  i o n  o f  t h e  a i  g o r i  thm f i n d s  t h e  r"srr i~s o f  t h e  

s t  t-uctl.it*al arnbi g u i  t. i e s  o f  t.he s e t  o f  ri laxi r i ~a l  cove t - i  ngs .  H  

s i n g l e  s t r u c t u r a l  a m b i g u i t y  of '  t h e  s e t  o f  maximal c o l r e r i r ~ g s  i s  

ju5 . t  t h e  s e t  o f  r a n g e s  t h a t  f o r m s  a  maxi  ma1 cove t - i t -~g .  Hn a r r a y  

r e p r e s e n t  at i o n  o f  t h e  ranges.  o f  a r c s  f c~und  i n t h e  i t-~f:~ut w i  1 1 be 

us .e fu l  f o r  t h e  a1 g o r i  thm's  d e s c r i  pt. i on. Thin.  i s  tkle a r r a y  f c l r  

t h e  s t r u c t u r a l  1  y  a m t ~ i  guous exampl e  e a r l  i e r :  

The nurt1t8er.s ~ I L ~ E . ~  t.he c c ~ l i ~ r i ~ r ~ s .  r e p r e s e t - ~ t  t h e  i n i t i a l  n u r t ~ t ~ e r ~  of '  a  

r a n g e ,  and  t h e  nuri~tcers o f '  t h e  rok..ts a r e  fcsr t.he f i n a l  ncrrt~tler o f  a 

r.ange. Hn X i n  a 1 o c a t . i o n  o f  t.he a r t - z ~ : ~ ~  i t -~d i i .a t .ec .  t .hat  at1 a r c  

E. >: i 5. t. B w i  t.h t h e  r a n g e  f r o m  t h e  i n i t  i a1 number t o  t h e  f i n a l  

nur t~ber ,  w i  t h  t h e  r a n y e  f r o m  t.he c o l  lamn nl.rri~ber t o  t h e  rc~lri nurr~tter. 

Ho t  i c e  t ha t .  ,an  >I i t 1  t h e  1 ower 1 e f t -ha t - ld  cot-t-lev i n d i c a t e .  

t h a t  thet 'e ex i= . t c .  a w h c ~ l e  a r c  c o v e r i n g  t.t-~e i n p u t .  Hn X i n  any 
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1 o c a t  i ot i  i t i d i  c a t e s  a n  a r c  con t . a i  n i  ng a1 1 t h e  arcs.  r e p r e s e n t e d  b y  

t h e  X's e i t h e r  above  i n  t h e  same colcrmti, t o  t.he r i  g t i t  i n  t h e  

same row,  ot- L o t h  i n  a row  above  and  a cu lumn  t o  t h e  r i g h t  o f  

t h a t  p o s i t i o n .  

T h i  5 a r r a y  i s  s e a r c h e d  b y  t h e  a1 g o r i  thm s t a r t  i rig at t h e  

1  ower  1  e f  t - h a n d  c o r n e r ,  and  p r o c e e d i  n p  l jown t h e  d i  agor-la1 ( u p p e r  

1 e f t  t o  b u t t  om t - i  g t i t  > i mmedi at e l  y at love t. he  s t  a r t  i t-1g p o i  n t  , and 

t h e n  p r o c e e d i  t -~g t.o s u c c e s s i v e l y  h i g h e r  d i  agona l  s. I n  t h i s  manner 

t h e  maximal  a r c s  a r e  f o u n d  f i r s t  i n  t h e  p r o c e s s  o f  c o n s t r u c t i n g  

maxi  m a 1  cover-s.  T h i s  d i a g r a m  i n d i c a t e s  t h e  o r d e r  o f  s e a r c h :  

The s e a r c h  cant i n::es ufit i l e v e r y  r.ar71ge r e p r c . s e n t g d  j r~ t h e  

d i  agram h a s  t leen s e a r c h e d  or- con t .a i  t ied i ti an a r c  f c ~ u r l ~ j  i n  p p i  or. 

s e a r c h .  Ranger. a r e  e l  i m i  nat .ed f r c ~ m  t h e  s e a r c h  b y  at-cs 

Thus. a1 1 t. he  r a n g e s  f o u n d  i n t. he s.earc t i  c  ot-.respond t. o ma:< i ma1 

a r c s .  

When a  mar;i rnal a r c  i s  f ound, a maxi  ma1 covet- i 5 d e v e l  oped 

b y  a p p l y i n g  t h e  algot-i t .hri1 r e c u r s . i l ~ e l y  w i t h  t h e  s . t . a r t i t ?g  p ~ i n t  a t  

t h e  rangeC5.) t .hat  w o u l d  c o m p l e t e  t h e  c o v e r .  Thus. f o r  a n  i n p u t  

s t r i n g  o f  l e n g t h  3 w i t h  no who le  a r c s ,  f i n d i n g  a r a n g e  of  [ 1 , 2 ]  

w i 1 1 i nuoke  a s e a r c  1-1 f o r  " r e 1  at i ue 1 y "  maxi ma1 cover- i  n y s  o v e r  

t .he t-,snga C3, 31. CHft .er  t h i  s, t h e  r a n g e  C2? 33 r0ur.t tle seat-ched 

b e f  or-e a1 1 t h e  t-,ar~ges w i 1 1  have  t tee r~  a t  t e r r~p ted  > . H t  ri1o5.t t w o  

o t h e r  su t - sea t - ches  a r e  r e q ~ i  r e d ,  f o r  any g i  uen  1  eve1 . F o r  

i r i s t .ance ,  t w o  w o u l d  b e  necess .a ry  i n  a s t r i n g  o f  l e n g t h  5 where 

t h e  r a n g e  C2,41 Itlac. f o u n d  f i r 5 . t .  T h i s  wcluld i r 1 i t . i a t . e  f u r - t h e r  

s e a r c h e s  i n t h e  r a n g e s  C 1, 1 I and C5,53. Range=. = .ea~ . ched  b y  
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r e c u t - s i  v e  c a l  1  s  a r e  e l  i r i ~ i  n a t e d  f r o m  t h e  r a n g e s  f o r  s e a r c h i n g  

w i t h i n  t h e  c a l  1  i n g  r o u t i n e ,  ttecacrse t h i s  sutl-pot-'t. i on  w i  1 1  have  

a1 r e a d y  been  c o v e r e d  b y  t h e  r e t  ut-ned ( sub - )  maxi  m a 1  c o v e r  i ng. 

I f  a s t r u c t u r a l  1  y amb iguous  s u b - c o v e r i n g  i s  r e t u r n e d ,  i t  i s  

checl:ed t o  make s u r e  that  each  a r c  o f  t h e  s u b - c o v e r i n g  t k s t .  i s  

n o t  maxi  m a 1  does  n o t  v i  o l  a t e  t h e  maxi  ma1 i t.y c o n d i  t i o n .  tJon- 

maxi  ma1 a r c s  o f  t h e  c o v e r i  r ig may n o t  be  c o n t a i  t ied i n  maxi  ma1 

a r c s  n o t  i n t e r s e c t  i r l g  any  o t h e r  max ima l  a r c  o f  t h e  c o v e r i n g .  

Rny v i  o l  at i n g  s u b - c o v e r  i r igs a r e  reritoued. 

The a l g o r i t h m  c a n  t ~ e  p r o v e n  c o r r e c t  b y  cout-se o f  v a l u e s  

i r tduc t  i o n  on  m, t h e  nur i~ t ler  o f  e l  eri~er-its. i n  t h e  i t ~ p u t  s t r i n g :  

Theorem: The a 1 g o r i t . h ~  f i n d s  a1 1  and 01-11 y t h e  maximal  
s t r u c t u r a l  c o v e r i  r igs. 

P ~ o o f :  F o r  w=l, t h e  on! y r a n g e  a n  arc may have  i s  11, 13, 

t h u s  t . k i  s  i s  t h e  on1 y  maxi  ma1 s t t - . uc t . u ra l  c o v e r i n g .  The 

a l g o r i t h m  f i r s t  seat -ches f o r  C1,13, f i n d s  i t  tgecause t h e  

de f  i n i  t i ons  g u a r a n t e e  i t s  e x i  s t e n c e ,  and t e r m i n a t e s .  Thus i t  i s 

c o r r e c t  f o r  n = l  . 
F o r  riI=n, n  > 1, as.surrle t h a t  t h e  t h e o r e m  h o l  d s  f o r  a1 1  k ,  

where  n  > k >= 1. The a 1 g o r i t . h ~  b e g i n s  i t s  s e a r c h .  I f  C1,n l  

i s  f o u n d ,  t h i s  i s  t h e  on1 y maxi  ma1 s t r u c t u r a l  c o u e r i  ng;  t h e  

procec.5. s t o p s ,  a5 a l l  o t .he r  a r c s  at-e c o n t a i n e d  i n  t h i s  f i r s t .  

one, and t h e  pt-.c~ctf i s  compl e t e .  I f  C 1, n l  i 5. n o t  f o u n d  t h e  

c. s e a r c h  c u f i t  i nues.. ~ ~ u p t : ~ o s e  C i , j I i s  t tie f i r s t  r a n g e  f o u n d .  T h i  s  

i s  a  maxi  ma1 a r c ,  because  1-10 a r c  IJ~S. encount.er-ed b e f o r e  i t .  I t .  

e  1 i r t ~  i t'lat a s  s e a r c  h i  n g  i ri t. he r-angas c o n t  a i  ned  i n f  i , j 3 .  The 

p r o g r a m  is .  r e c u r ~ s i u e l y  c a l l e d  f o r  t h e  t-ange C l , i - 1 3  ( i f  i i s  n o t  

e q u a l  t o  11, and  fo r -  t h e  r a n g e  C j + l , n l  ( i f  j i s  neat e q u a l  t o  n.5. 

S j  rice t h e s e  r a n g r s  c o r r e s p a n d  t o  i n p u t  s t . r i  rigs w i  t h 

1 erltgths 1  e s s  t h a n  t i ,  a1 1 arid or11 $1 t. he  C~.ub->  r i ~ax i  m a 1  c o u e r i  ngs  
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w i  1  1 tle r e t u r n e d ,  t ly t t - ~ e  i r ~ d u c t  i on  hypo t t - tes i  s .  Hny s t r u c t u r a l  

a m b i g u i t i e s  t ha t .  a r e  n o t  maxi  ma1 at t h e  h i g h e r  1 eve1  a r e  

e l  i m i n a t e d .  The p r o g r a m  w i  11 n o t  s e a r c h  a g a i  t i  i n  t h e  r a n g e s  

c o n t a i n e d  i n  t h e  r a n g e s  u s e d  i n  t h e  r e c u r s i v e  c a l  1  Cs). The sub- 

maxi  ma1 z . t r u c t u r a 1  c o v e r i n g s  rerna i  n i  n g  a r e  c o r i ~ b i n e d  w i  tt-I C i , jl 
t o  f urm maxi  ma1 s t  r u c t  ut-a1 c o v e r i  t igs. The same argurnents  h o l  d  

f o r  t h e  o t h e r  t i , j I r a n g e s  f o u n d  i n t h e  rerna i  n i  n g  s e a r c h .  Thus 

or11 $1 max i  ma1 s t r u c t u r a l  c o v e r s  w i  1 1  b e  f o u n d .  

To st-low t h a t  a1 1 maxi  rc~al s t r u c t u r a l  c o v e r s  a r e  f o u n d ,  

n u t  i c e  t h a t  on1 y max ima l  a r c s  a r e  f o u n d  i n  t h e  s e a r c h ,  and a r e  

cornb ined w i t h  a1 1  poss. i  b l e  cc l r i~b ina t  i o n s  o f  o t h e r  nraxi ma1 a r c s  b y  

t h e  r e c u r s i v e  c a l l t s ) .  R 1 1  p o s = . i b l e  comb ina t . i ons  o f  f i l l i n g  

w i  tt-I nor-I-r i~aximal a r c s  a r e  a l s o  added  b y  t h e s e  c a l  1 s, and 

e l i r i ~ i n a t e d  ~*)i .~ei~e r n a x i i n a l i t y  iaTi t h e  h i g h e r  1 4 ~ 4 1  if. v i o l a t e d .  

Thus a1 1 and  on1 y maxi  m a 1  s t  r u c  t ,ura l  c o v e r i n g s  a r e  f ound .  

{End  o f  p r o o f )  

8 . 4 . 2  The r i a g r 1 o s t . i ~  a s  O u t p u t  

The f i r ~ a l  s e c t i o n  o f  t h e  a1 g o r i  t.hm i s  f o r  p r e p a r i n g  t h e  

out .put  f r c ~ m  t h e  1 i s t  o f  s t r u c t u r a l  a m b i g u i t i e s .  Unde t - l y i  t ig 

s t rc tc tu t - .a1 ambi g u i  t i e s  a r e  1 e f t  t h a t  way t.o avlsli d  r e p e a t  i n g  t h e  

a r c s  i n  t h e  ou tpu t . .  The l e x i c a l  a r i ~ t l i g u i  t i e s  o f  t.t-~e p a r s i n g  

c h a r t  a r e  added  as. u n d e r 1  y i  n g  amtli g u i  t. i e s  t o  t. he s t r ~ ~ c t u r a l  

f t* ti1 s  . 
The d  i a t~ r -~oc  t. i c  i r ~ d  i c a t .  er. t. h e  r e  1 a t  i l,.le 5.t t-uc t ut-e c ~ f  at-.cs t ~ y  

i r ~ d ~ n t a t  i 011. For-. each  t-.at-~ge ~f a r c  occurr - . i  n g  i n  a s t r u c t u r a l  

ar i~ t l i  g u i  t y ,  t h e  f ' ragment  o f  t h e  i n p u t  s t ~ i  n g  i n d i  c a t e d  b y  t h a t  

r a n g e  i s  u s e d  a s  a 1 a b e l  f o r  t.i.~ose a r c s .  H1 1 a t - i s  a r e  

i t - ~ d i  v i  d u a l  1  y 1 a t l e l  e d  w i  t.h t .he i  r p a r t  o f  s1:leec h, and  t .h i  5. c . e t - ~ e s  

t.u d i  sar i~ t l i  g u a t e  a r c s  w i t h  i d e n t i c a l  r a n g e s .  Some e l  i m i  n a t  i or-I o f  





t r y  t h i s  and  r e s p o n d  a c c o r d i  n g l  y ,  but. it, t ly n o  r i~earls c o n s t i t u t e s  

f u l  1  p r o c e s s i n g  o f  t h e  i n p u t  . 

8 . 5  U s e f u l  n e s s  o f  t h e  Maxi  m a 1  C o v e r s  D i  ag t i os t  i c  

Is i t  w o r t h  t h e  e f f o r t  t o  p r o d u c e  t h e  max ima l  c o v e r s  

d i a g n o s t i c ?  Some l i n g u i s t i c  k n o w l e d g e  i s  r e q u i t - e d  f o r  i t  t o  be 

v a l u a b l e .  ( T h i s  b r i n g s  up  a n o t h e r  p a r a d o x :  t h e  p e o p l e  who need 

i t  l e a s t ,  u n d e r s t a n d  i t  b e s t ) .  I t  i s .  h e l p f u l  i n  d e b u g g i n g  

grammar spec i f i c a t  i clns. I t  i s  i n  some sense  t h e  t l e s t  t h a t  c a n  

b e  done w i t h  t h e  s i t u a t . i o n .  I t  i n d i c a t e s  t h e  e x t e n t  t o  w h i c h  

t h e  i n p u t  was pt*ocessed,  and 1 o c a t e s  t.he p o i n t  o f  b l o c k i n g  i n  

t he  papsi n g  pr.~,-e=.s ( o f t e n  t h e  p o i n t  o f  d i f f  i c u l t s  i n  t h e  

i n p u t  >. No s u g g e s t i o n s  c a n  b e  made t h a t  have  not. a l r e a d y  t leen 

a i t e m p t e d  by  t h e  systsm.  

The d e c i s i o r ~  was made t.0 re t .a i r - I  t h e  c a p a b i  1  i t . y  t .o p r o d u c e  

t h e  maxi  ma1 coldel-s d i  agnost. i c  , t tu t  t o  make i t i ~ p t .  i a n a l  , a s  t he  

i n d i  v i  d u a l  u s e r  dec i d e s .  The u s e r  may s p e c i f y :  

>maxi  ma1 c o v e r s  a n a l  y s i  5 

maxi  ma1 c o v e r s  a n a l  y s i  5 h a s  been  t u r n e d  on. 
o r  

>maxi  ma1 c over-s a n a l  y s  i s  on  
maxi  rnal c o v e r s  a n a l  y s i  s  has  been  t u r n e d  on. 

o r  
>maxi  ma1 c o v E r s  a n a l  y s i  s  o f f  

maxi  rilal c o v e r s  a n a l  ys. i s  h a s  been  t u r n e d  o f  f . 
4 ~ i  tt-I t h e  e x p e c t e d  r e s u l t s .  The f u l  1 d iagn0c.t .  i c  w i  1 1  f o l  lcow t h e  

no  who 1 e-=.ent e r ~ c  E. d  i a g n i ~ s t  i c  trlhen t hes.e me=.~.ages. a r e  dez. i r e d .  
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C h a p t e r  9: F  i nal T o p i  c  s  and Conc 1 u s  i ons  

9 .1  Summary 

The need  f o r  i m p r o v e d  h a b i  t a b i  1  i t y  h a s  p r e c  i p i  t a t e d  s e v e r a l  

a c t i v e  r e s e a r c h  a r e a s  w i t h i n  t h e  Computer  S c i e n c e  f i e l d .  T h i s  

t h e s i  s  r e p r e s e n t s  c o r ~ t . r i  b u t  i ons  t o  K105.t o f  t h e s e  a r e a s  

p e r t a i n i n g  t o  t h e  r e m a i n i n g  que5.t i ons  o f  h a b i  t a b i  1  i t y .  S t u d i e s  

were  c a r r  i e d  o u t  o b s e r v i  n g  human p e r f o r m a n c e  i n  a n  i n t  e r a c  t i ue  

s e t t  i n g  t o  d e t  e r m i  n e  t h e  most n e c e s s a r y  c o n s t  r u c  t.s t o  p t -occss  

f o r  g e n e r a l  h a b i  t . a b i  1  i t y  improvement .  H ~ I  o v e r a l l  s t r u c t u r e  was 

p r o p o s e d  f o r  t h e  c  o o r d  i n a t  i o n  o f  a1 1  t. hese  new c onst, r u c  t s., and  

e q u a l l y  l i k e l y  d i f f e r e n t  i n t e r p r e t a t i o n s  o f  i npu t . .  The 

i nt  e r a c  t. i on  o f  d i  f f e ren t .  k i n d s  o f  changes. made t o  i n p u t  i s  

i n c o t - p o r a t e d  i n t u  t h i s  s t r u c t u r e ;  Rduat-tces were FiisJe i n  t h e  

p r o c e s s i  n g  o f  each  o f  t h e  f o l  1 owi n g  t y p e s  o f  i npu t .  : ambiguous., 

a r~ .apho ra l  , ungrammat i c  a1 , ext. t-a-gr-arnmat i c  a1 . H  t h e o r y  o f  

d i  a g n o s i  b ~ a s  ~ E . I J ~  S B . ~  for- t h e  o v e r 1 1  1  s t t - ~ c t u r e ,  p e r f o r m i  rig 

n a t u r a l  d i  agnos. i s  on  any  i n p u t  reqcr i  r i n g  p r o c  e5.s i n g  beyond  t. he  

e x p l  i c  i t i n p u t  t-equest.. A d i  a g n o s t i c  was. p r o p o s e d  f o r  t h e  

e x p l  a n a t  i on  o f  f r a g m e n t a r y  i n p u t  f o r  whi c h  r~ct recort~r,~er?dat i oris 

f o r  c o t % r e c t i o n  c a n  be  f o u n d .  A1 1 o f  t h e  s t r u c t u r e  and 

a1 g a r  i t hms. deve  1 oped have  been  i mpl ement e d  as. a  par . t  o f  t h e  RSK 

Syst.em. 

9.2 C o n c l u s i o n s  

Fout- t o p i c s  a r e  c o n s i d e r e d  i n  c o n c l u s i o n .  The r e s u l t s  o f  

t h e  i mpl  ement.ed system as app1 i e J  t c ~  t h e  i r ~ i  t. i a1 huriian-t o-comy:~ut e r  

p r o t o c o l  s  g i v e s  a n  a p p r o x i  mate  e v a l  u a t  i on  o f  t. he i a p r o v e d  

h a t l i  t a h i  1 i t.y o f  t,he sys tem.  The m e t r i c  on  pos5.i h l e  i n p u t  

s t r i n g s  c a n  nokl b e  d e v e l o p e d  more f u l  1 y, 5 . i  rice each  o f  t.he i t- put 
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rncldi f i c a t  i o n s  t h a t  m i g h t  t a k e  p l a c e  have  kleen d e s c r i  bed. 

F i  n a l  1  y ,  some d i  r . cu r .s i  on  i s  pt-.esent,ed a t lou t  t h e  f u t u r e  work and 

more t h o r o u g h  h a b i  t a b  i 1  i t y  e v a l  uat, i o n s  t h a t  c  o n t  i nue  t h i s p a t h  

o f  r e s e a r c h .  

9 .2 .1  R e s u l t s :  Imp1 i e d  S t a t i s t . i c s  on  O l d  P r o t o c o l s  

Tab1 e  9.1 p r e s e n t s  t h e  r e s u  1 t s  o f  t h e  Robuz.t.' Sent. enc e  

A n a l y s i s  s y s t e m  w i t h i n  t h e  HSt< Syst.em a s  a p p l i e d  t o  t h e  i n i t i a l  

human-t o -compute r  p r o t o c o l  s .  (Percen t .ages  i n t h e  1 a s t  c o l  umn 

r e f e r  t o  t h e  pe rcen tage .  o f  that  e r r o r  f r a g m e n t  c o r r e c t e d ,  n o t  

t o  t h e  p e r c  e n t  age o f  e r r o r  f r a g m e n t s .  ) 

Tab1 e  9. 1: Er r -o r  F ragmen ts :  Cc~ r rec t .  i ons 

Some comments a r e  n e c e s s a r y  a b o u t  t. hese  r e s u l  t 5. .  Robust. 

Set-~t.et>ce Hna l  ys. i  s h a s  c o n c e n t r a t e d  o n  t h e  f i r s t  f o u r  ft-agri lent 

t y p e s .  The o t h e r s  a r e  more a f u n c t i o n  o f  t h e  sys tem.  The 

o c c u r r e n c e  o f  bugs. and d e f  i n i  t i on '  f o r m a t  e r r o r s  cannot. be 

p r e d i  c  t ed. Some i roproverfient. c a n  t ~ e  e x p e c t  ed  i rt t. h e  number o f  

d e f i  n i  t i o n  format, e r r o r s  t lecause o f  new f clrrlis t h a t  a r e  

a u a i  1 a b l  e. I t  i s huped t h a t  t h e r e  w i  1 1  b e  no  tkugs. Unexpec t e d  

i rtt:tut e r r c ~ r - s  a r e  a l r c ~ i  d d  b y  s.yst.em changes  f o r  d e f  a u l  t i ng. 

Tr-,ar~=.ril i 5.5. i on e r r o r s  were e r r c ~ r s .  on  t. h e  p a r t  C l f  t h e  expet' i  r i~en t  e r ,  

n o t  t h e  u s e r ' s  i n p u t .  

Vocabu l  a r y  e r r o r s  a r e  t-lot. exact.  1 y cur t -ec t.ed, b u t  i t wan. 

assur i~ed t. h a t  a f t e r  a  v o c a t ~ u l  a r y  d i  agt-1os.t. i c t. h e  8ari1e v c ~ c a b u l  a r y  

h 

To?. a! s 
Vocabu l  a r y  
Punc t u a t  i on  
S y n t a x  
Spe l  1 i n g  
T ransm i  s s i  on  
D e f i n i t i o n  Fo rma t  
IJnexpec t e d  I n p u t  
Eua L 

T o t  a1 
453 
153 3 4 2  
79 17% 
69 15% 
66 15% 
33 7% 
25 6% 
14 3% 
14 3% 

Cot-t-ec t ed 
287 63% 

68 4 4 2  
72  91% 
4 7  5 8 %  
53 88% 
33 1BBZ 

? 
14 188% 

? 
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e r r o r  lclocrl d n o t  r epea t .  a g a i  n w i t h i n  t t - ~ e  sarile context , .  A1 1 

v o c a b u l  a r y  e r r o r s  w o u l d  b e  d i a g n o s e d ,  a s  woul d a1 1 s p e l  1 i rlg 

e r r o r s  t h a t  woul  d n o t  b e  c o r r e c t e d  by  t h e  sys.t.em. P u n c t u a t  i on 

e r r o r - 5  that  were n o t  c o r r e c t  ~d c o r ~ s i  s t  mai n l  51 o f  p l  aces  where 

a d  J e d  punc t. u a t  i on  was n e c e s s a r y ,  r a t  h e r  t Plan 1 ess.. Th i s i s seen  

t o  b e  a nluch 1 e s s  f r e q u e n t  c.3z.e. 

The number o f  s y n t a x  e r r o r s  c o r r e c t e d  does  n o t  r e f  1 e c t  a1 1 

t h e  fclrnls that  a r e  s t r i c t  1 y speak i ng s y n t a x  e r r o r s  t h a t  woul d b e  

c o r r e c t e d .  Two o f  t h e  f a l s e  s t a r t s  u o u l d  be  c o r r e c t e d ,  f o r  a 

t c t t a l  o f  8% o f  t h e s e  f o r m s .  O f  t h e  s y n t a x  e r r o r s  cot- t -ected, 

f o u r  waul  d ttecurt~e c o r r e c t .  s e n t e n c e s  w i  t k  p ro t -~ouns .  

D i  agnctst i c s  w o u l d  b e  g i  <,ten i n a1 1 c a s e s  o f  e r r o r s .  o r  =.ystem 

m o d i f i c a t i o n  o f  t h e  i n p u t .  D i a g n o s t i c s .  w o u l d  a l s o  be  g i v e n  f c t r  

e a c h  o f  t h e  smb i yuous  i n p u t  f a r m s .  

9. 2 .2  The M e t r i c ,  More F u l  1 y:  Eua l  uat. i on E q u i v a l e n t s  

The d i s t a n c e  o f  i 11 - f o r m e d  o r  we1 1 -f orriled i ncorrlpl et.e inpu t .  

f r o r i ~  we1 1- for r r led c o m p l e t e  i n p u t  c a n  tte t h o u g h t  o f  as. t h e  nur i~ber  

o f  e u a l  crab i on=. r e q u  i r e d  t. ca pt-ctduc e a c t:trt-.ec t i itn. Thus t t ~ e  use  

o f  rrlore s a l  i e n t  r ~ ~ e a r ~ s  o f  a b t l r e u i  a t e d  r e f e r e n c e  i 5 c 1 o ~ e r  t h a n  

t h e  USE o f  1 ~ S C  s a l  i er l t  nleans., ar ld i n p u t  t -equ i  t - i  r ~ g  on1 !,! m i  n u r  

c o r r e c t  i ons  i s  c 1 o s e r  t h a n  i n p u t  k e q u i  r i  n g  rr lajcir  cot-t-.ect. i on=. ot- 

i n p u t  t h a t  i s n o t  c o r r e c t a b l  e a t  a1 1 .  O r d e r i  ngs  1.~1ere g i  vet? 

w i  t h i  rl t h e  r t l a jo r  arid r t l i  n o r  c o r r e c t  ions.  er.:.pt-,esz.i t-19 dec i s i  ons 

a t t ou t  t.he p r o b a b i  1 i t . 5 ~  o f  a k i n d  o f  change,  and t he5.e a1 s o  

e x p r e s s  vat-.i at i or-IS. i n  t h e  d i  ~ t . a n c e  f ~ o r i l  t h e  o r - i g i  r i a l  i n p u t  to 

we1 1 -for-.rrled cu r i ~p l  et.e i n p u t .  

T h i s  o r d e r i r l g  was rtlade depen t jen t  on t h e  =.ynta:< o f  t h e  

e n c o u n t e r e d  f r a g m e n t s ;  wards  wit. h t. he  p h a t  i c 1 : t i t - t  o f  ~ p e e c h  .at-.e 

d e l e t e d  as. pa r t .  o f  t h e  m i  n o r  c o r r e c t  iot-la., and u a r i  ant .5 o f  t h e  
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san-tt r o o t  word  a r e  exchanged  a s  one o f  t h e  m a j o r  c o r r e c t i o n s . .  

I t  was a1 5.0 made dependet-tt on  t h e  seriiant. i cs ,  b y  r e q u i  r i  rig 

se rnan t  i c e u a l  uat. i on  b e f  o r e  c onc l u d  i n g  o n  a p a r t  i c u l  ar 

m o d  i f i c a t  i on. The o r d e r  i n g  on  e v a l  uat. i on  a t t e m p t s  c a n  t h u s  b e  

c o r n s i d e r e d  a s  a r e f  i newer i t  o f  t h e  ri1et.t-ic i n  EBrac l f o rd  82a, 

8 2 b l .  I t  f u r t h e r  c o n s i  d e r s  t h e  met hods  o f  a t r t ~ r e v i  a t e d  r e f e r e n c e  

w i  t h i n  t h e  S%NiE o u e r a l  1 scheme. 

No f o r m a l  s p e c i f i c a t i o n  o f  t . h i s  i m p l i e d  m e t r i c  w i l l  b e  

g i u e n .  The p a r t  o f  t h i s  m e t r i c  s u i t a b l e  t o  m a t h e m a t i c a l  

f o r m a l  i % a t  i o n  ( a  Damerau -Levensh te i  ri niet . r i  c o n  wards.> was 

p r c s e n t . e d  i n  [ B r a d f o r d  82a, 82b1, ar id t o  expand  t o  t h e  f u l l  

m e t r i c  ~ u g g e s t e d  i n t h i  s t h e s i s  waul d r i e c e s ~ . i  t . a t e  coriipl et .e 

g r  arllriiat i c a l  and  seriiant. i c a n a l  y s i  s .  Whi l e t h i  s woul  d be  o f  

t t - t e o r e t  i c a l  v a l u e ,  i t  c ~ r i l  y s e r v e s  h e r e  t o  g i  c ~ e  a r s ~ r s r t  i vat  i o n  

t ~ e  t-I i n d  t h e  o r d e r  i t-~g o f  e v a l  u.at i on  a t t e m p t  s .  

9. 2.3 F u t u r e  Work 

T h e r e  a r e  r i~any a r e a s  f o r  f u t u r e  work i n  i m p r o v i n g  t h e  

t - ~ a b i  t a b i  1 i t y  o f  i n t e r a c t  i ue  n a t u r a l  l at-lguaqes. c.ystems.. 

F r o s p e c  t s f o r  t h e  t r e a t  merit o f  sonic o t h e r  k i r ~ d s  o f  a n a p h o r a  ~ e t ' e  

c o n s i  d e r e d  e a r l  i e r .  Even  t h e  comf:ll et,e pt-ocesc-.i n g  o f  each  o f  

t h e s e  t y p e s  w i  1 1  ric~t. covet-, a1 1 k i n d s  o f  a b b r e v i a t . e d  r e f e r e n c e .  

Re f ' i  riement o f  t h e  r u l e  r e 1  axat. i o n  met. hods and a p p l  i cat. i u n  t o  

ot. h e r  words. and  part,.. of '  z.peech w i  1 1 i t -~c  rea5.e tt-ie put.ertt. i a1 o f  

t h i s s t  ep f clt- c o r r e c  t i rig i 1 l - f o r m e d  i nput.. The granir,iar r1Iu5.t b e  

e.xt.erided t o a c c e p t  a1 1 o f  t h e  nun-r .ent .er~ce rior-l-who1 e a r c s  t ha t .  

c o r i s t i t u t . ~  l i k e l y  e l  1 i p t i c a l  f o r m s .  

The s e a r c h  f o r  t l e t . t e r  d i  agnoz.t i c s  st-ioul cl cot-it. i nue. Hs 1 ong  

as i t  i 5 e a s y  f o r  crset-s. t o  er:ceed t.he t ~ i ~ ~ - i r - ~ d a r i e s .  i ~ f  t h e  set. o f  

i t-1put.s. a c c e p t  at11 e t o  t h e  syc.t.ern, d i  agr-los.i s w i  1 1 tle neces.sat-5). 
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How t CI b e s t  d i  agriose t h e  r a d i  c a l  d e p a r t  u r e s  f r o m  t t i e ~ e  

boundar i es w i 1 1 depend on t. t-IF expe r  i e r ~ c  e  and o p i  1-1 i ons o f  t h e  

u s e r ,  b u t  w i l l  a lways  p l a y  a p a r t  i n  t h e  h a b i t a t ~ i l i t y  s f  a  

system. 

New t y p e s  o f  i npu t  modi f i c a t  i or-IS. produc i t-ig p o t e n t  i a1 

c o r r e c t  i ons can  be cons. i d e r e d  w i t, h i n t h e  1 a r g e r  system now, and 

hc~w t.t-1es.e may i n t e r a c t  w i t h  c ~ t h e r  c o r r e c t  i o n s  W C I U ~  d  be =.eet-I tly 

how t h e y  f i t  i n t o  t h e  o v e r a l l  scheme. T h e i r  l i k e l i h o o d  wou ld  

d e t e r m i n e  t h e i r  p o s i t i o n  i n  t h e  o r d e r i n g  o f  e v a l u a t i o n  

a t  t erilpt s.  

Some areas. o f  we1 1 - formed,  compl e t e  i t iput  a r e  s t  i 1 1 

p r o b  1 enlat i c . Con jut-lc t. i on i s one o f  t. hese. These k i nds o f  a reas  

hat.~e rtot. been c o n s i d e r e d  i n  t h i s  t,hes.is, as i t  i s  hoped that .  

t h e y  w i l l  t ~ e  t r e a t e d  w i t h i n  t h e  grammar. T h i s  s h o u l d  be t r u e  a t  

1eaz.t f o r  t.tie commonly occu r - r i ng  cases.  H pat.tet-r? n la tch i t ig  

t e c h n i q u e  i s pt-.oposed i n CKwa;rsny 881 f o r  t.reat.mant f o r  s e v e r a l  

more lgetiet-a1 c o n j u n c t  i o n  fo rms,  t i ~ r t  i s  d a s c r i  tled as  s t  i 1 1  b e i n g  

i n c o m p l e t e .  

Habi t a b i  1 i t y remai  n s  t o  be c o n s i  de red  f r o m  t h e  p o i  n t  s  o f  

v i e w  o f  s p e c i f ' i i  appl ic.at. iot- I  at-ess. T h i s  needs t.o t a k e  p l a c e  iri 

te rms  o f  bot.h t .hr we1 1 - fo rmed fo rms o f  i t'tpcrt s p e c i f i c  t o  t h e  

prc lb l  em cor~t.e>rt  and i t ?  t e rms  o f  t. he corririton except. i ana l  f o ~ r i t s .  

Pr.at.oco1 ana l  y s i  5 o f  p e c ~ p l  e  WOI-I: i r ~ g  i ln  t h e  g i  ven t a s k  a r e a  i s  

necessa ry  i n  b o t h  cases.  

9 . 2 . 4  H a b i t a b i l i t y :  The F i n a l  Eva1uat.ior-1 

Can t h e  des.i g n e r s  o f  n a t u r a l  1 anguage =.ystFrils e v a l u a t e  

t h e i r  k~ot-k? I n  te rms  o f  atls.t,r'act. col~let-age o f  l i t - ~ g u i s . t i c  

phenorileno, t heoret .  i c a l  1 y yes. I n  t e rms  o f  cumpl e t  eness w i  t t i  

r e g a r d  t o  an a r e a  o f  a p p l i c a t i o n ,  t o  an e x t e n t .  I n  terrt ls o f  
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h a b i  t a b i  1 i t y ?  The system s h o u l  d  a t  1 e a s t  pass. t h e  d e s i  g t i e r ' ~  

te5. t  f o r  h a b i t . a b i 1 i t . y .  The o n l y  r e a l  t e r . t  f o r  t h e  comple teness  

and h a b i t a b i l i t y  o f  a  n a t u r a l  language system i s  w i t h  p e o p l e  

t r y i n g  t o  use t h e  system. A f t e r  g a t h e r i n g  d a t a  f r o m  t h e  

i n t e r a c t i o n  o f  u s e r s  w i t h  t h e  system, d e s i  gn and i m p l e m e n t a t i o n  

f o r  improved h a b i  t a t l i  1 i t y  w i  1 1  b e g i n  aga in .  When t h i s  proces.s 

r e a c h e s  a " f i x e d  p o i n t "  syst.em, one n o t  chang ing  w i t h  f u r t h e r  

p r o t o c o l  a n a l y s i s ,  t h e n  i t  may be conc luded  t h a t  t h e  system i s .  

( a t  l e a s t  a  l o c a l >  maxinlum i n  te rms  of' h a t s i t . a t l i l i t y .  I t  i s  

hoped t h a t  t h i s  t , h e s i ~ .  c o n s t i t u t e s  a  r i ~ a j o r  s t e p  i n  t h i s  

d i r e c t i o n .  
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A1:lpend i x  1  : Handout. s  f o r  E x p e r  i rilent s  

The fill 1 o w i n g  pages  a r e  t h e  h a r ~ d o ~ r t s  g i  u e n  t.o t h e  s u b j e c t s .  

for- t h e  p r o t o c o l  a r - ~ a l y s i s  e x p e r i  ments .  Pern.on 1  and P e r s o n  H 

f o r  t h e  f a c e - t o - f a c e  and t e r m i  n a l  - t o - t e r m i  n a l  r(1odes a r e  g i  v e n  

f i t-s.t. . The hat-ldout f o r  t h e  humat-I-t o-c o r i ~ p u t e r  mode f o  1 1 ol*l=. 

t h e s e .  



{ E l .  1 Face- to-Face and Termi n a l  -t o-Termi n a l  Handout. > 

FUR PERSON 1 

D a t a  about  t h e  decks  o f  t h e  Rlamo. 

deck name min, c l .  
magazi ne 3-1 88-2-m 8 5 
magax i ne 3-63-2-m 83 
magaz i ne 3-84-2-m 7 4 
p y r o t e c h n i  c 1 o c k e r  48 
super  deck --- 
w e l l  deck 138 
mezzan i ne deck 138 
spec i a1 weapons magaz i ne 68 

sq. f t .  h a t c h  p r i m a r y  us.e 
2 8 8 Cl r ~ t ~ x 3 8  arr~muni t i on 
367 38x38 ammur~i t i c l r ~  
312 36x38 ammun i t. i on 
36 --- p y r o t e c h n i c s  

3 132 --- ueh i  c 1 ~ ~ / p a l  1 et.s 
18573 --- v e h i c l e s / ' p a l  l e t s  

5968 --- v e h i  c 1 @=./pal  1 e t s  
188 - - - spec i a1 weapons 

Cargo i t ems :  name and T I I J M ~ E . ~  t o  be  stowed. 

chg  demo 
c o n w i r e  
c t g  185srnk 
c t g  185wp 
c t g  185heC1> 
c t g  185he(2> 
c t g  18Cape 
c t g  48he 
c t g  58 
c t g  5 - 5 6  
c t g  68 
c t g  7.62 
c u l  v e r t  
f l a r e  s u r  
f u e l .  o i l  
f u z e  M554 
f u z e  smk 
gen s e t  
g r e n  i NIC 

g r e n  smk 
how 155mm t o w ( l >  
how 155mm t o w ( 2 >  
how 8 i n  SP M118 
i gn 
LVTE 1 
LVTP5R1 

L o a d c r s c p t  r a c  
l u b  o i l  
MC I 
mine MI6 
nw 1 
nw2 
nw3 
p o s t  2 f  t 
r e c v r y v e h  
r o l  1 e r t o w s h p f t  
sandbag 
s e m i t r l r  2 8 t s t k  
smoke p o t  
t ank  98mm M48 
t r a c  M64 w/rup 
t r k  c r a s h  MB-5 
t r k  f i r e  pump 
t r k f ' k  1 f t  6888t-t 
t r k  t r a c  M268 
t r k  t r a c  M52 W 
t r k  u t  i 1 M676 
t r k  u t i  1 F2W 
w a t e r  
w i r e  358 
LVTP5R1 w/dzr  



FOR PERSOt4 H 

Cargo  i tems,  1 i s t e d  by c l a s s ,  w i  t.h: name, 1, w,  h,  wt., a r e a .  
( 1 ,  w ,  h i n  i n c h e s ;  a r e a  i n  s q  f t )  

SUESISTEtdCE ( c l a s s  i): 
M C I ,  48, 48, 48, 1344, 14 
ua te r * ,  48,  48, 24, 918, 14 

FORTIFICHTION C c l a s s  i v ) :  
c o n k l i r e ,  48, 48, 38,  358, 14 
w i r e  358, 48, 48, 41, 1537, 14 
c u l u e r t ,  48, 48, 39,  945,  14 
post.  2 f t ,  58,  42, 13, 1378, 15 
sandbag ,  48, 48, 41, 658, 1 4  

POL ( c l a s s  i ii): 
l u b  o i  1 SAE 58, 32, 18, 24, 128, 4 
f u e l  o i l ,  48, 48, 58,  1580, 12 

GENERAL SUPPLIES i c  1 a s s  i i ): 

gen  s e t  PU678G, 48, 48, 58, 1588, 16 

RPltIUNITIClM ( c l a s s  v ) :  
c t g  5 .56,  36,  30, 21, 633, 8 
i g n ,  35, 5 5 ,  19, 148, 6 
c t g  7.62, 36, 28, 17, 217, 5 
c t g  58, 36, 38, 21, 885, 8 

PYROTECHNICS t c  1 a s s  u p > :  
c t g  185smk, 30 ,  38, 29, 885, 7 
g r e n  smk, 38, 38, 13, 182, 7 
g r e n  imc, 48, 48, 14, 274, 14 
smoke p o t ,  36, 38, 34, 398, 8 
c t g  185wp, 38, 28, 58, 1888, 5 
f l a r e  s u r ,  48, 48, 31, 532, 14 

DEMCtLITIOt4S Cc 1 a s s  v d ) :  
f u z e  s n ~ k ,  11, 8, 6,  18, 1 
c t g  186ape, 38, 25, 38, 675, 6 
f u z e  m564, 32, 28, 15, 238, 7 
c h g  dome, 32, 20, 16, 158, 5 
c t g  185heC l ) ,  36,  38, 29,  829, 8 
c t g  1 8 5 h e i 2 > ,  25, 21, 29,  425, 4 
c t g  48he,  25, 25, 27, 354,  4 
c t g  68he,  38,  38, 35, 458, 7 
m ine  ~ 1 1 6 ,  36, 25, 38,  792, 7 

SPECIHL WEHPOtdS ( c  1 a s s  vsw):  
n w l ,  48,  48, 28, 1588, 14 
nw2, 47, 45, 17, 1288, 15 
nw3, 48, 48 21, 1267, 14 



VEHICLES ( c l a s s  v i  i ) :  

LVTEl,  474, 151, 124, 96288, 497 
LVTP5A1, 356, 141, 115, 82588, 349 
t a n k  98mrt1 M48, 292, 144, 123, 184888, 292 
t r k  t r a c  MZ60, 262, 46, 49, 17168, 175 
how Sit1 SP Ml18,  293, 124, 111, 58588, 252 
how 155mm t o w ( l > ,  293, 47, 93, 12888, 197 
how 155mm t o w i g ) ,  288, 96, 81, 12788, 192 
LPTP5H1 w,Jzr, 482, 148, 114, 88580, 413 
r e c u r y u e h  M51, 399, 143, 129, 120886, 396 
t r k  u t i l  M676, 188, 78, 8 7 ,  4587, 98 
t r k  c r a s h  ME-5, 292, 98, 128, 12188, 199 
t r k  f i r e  pump, 267, 91, 184, 15388, 169 
t r k f k l f t  6 8 8 0 r t ,  284, 86, 124, 18888, 122 
t r k  t t -ac M52 W ,  274, 98, 183, 19130, 187 
t r l r  u t i l  F2W, 122, 96, 84, 988, 82 
t r a c  M64 w/rup, 257, 129, 116, 49388, 231 
s e m i t r l r  Zat,st,k, 488, 96, 55, 12258, 320 
r o l e r - t u w s h p f t ,  198, 97, 88, 28750, 134 
l c ~ a d e r s c p  t r a c ,  313, 84, 186, 38788, 183 



{A1 . 2  Human-to-Cornput e r  Mode Handout:  > 

Cargo t o  be  1 oaded o n t o  t h e  A 1  ariio 

i t em narna rl urn be r --------- ------ 

M C  I 
w a t e r  

c onw i r e  
w i r e  358 
c u l  u e r t  
p o s t  2 f t  
sandbag 

get7 s e t  PU670G 1 

LVTEl 4 
LVTP5R1 2 
t an k  9 8  rii r i b  H 4  8 1  
t r k  t . rac 11268 1  
how E i n  SF' M i l 8  18 
how 155mm t o w < l >  5  
how 155mm t o w ( 2 )  6 
LVTP5AI w/dzr  8  
r e c u r y v e h  . 3  
t r k  u t i l  M676 2  
t r k  c r a s h  MB-5 2  
t r k  f i r e  pump 1  
t r k f k l f t  6 0 0 8 r t  3  
t r k  t r a c  M52 W 5  
t r l r  u t i l  F2W 6  
t r a c  I164 w,rup 5  
s e m i t r l r  2 0 t s t k  1  
r o l  1 e r t o w s h p f t  1  

c t g  5 .56  18 
i g r ~  1  
c t g  7.62 35 
c t g  58 38 

............................... 

1 meani ngs o f  c 1 asses: I 
c 1 ass  i = s u b s i s t e n c e  
c l a s s  i i = g e n e r a l  supp l  i e s  
c l a s s  i i i  = POL 
c l a s s  i v  = f o r t i f i c a t i o n  

<The above 4 a r e  c o n s i d e r e d  
" p a l l e t i z e d  ca rgo1 '>  
c l a s s  u  = ammuni t ion  
c l a s s  up = p y r o t e c k i n i c s  
c 1 ass ud  = demc~l i t .  i ons 
c l a s s  usw = s p e c i a l  weapons 
c l a s s  u i  i = v e h i c l e s  

n w l  
m i  ne m16 
c t g  68he 
c t g  48he 
c t g  105he<2> 
c t g  1 0 5 h e < l i  
c hg  d e ~ i o  
f u z e  M564 
c t g  106ape 
f u z e  smk 

c t g  105sriik 8  
g r e n  sriik 9 
g r e n  i m c  2  
srfioke p o t  4 
c t g  105wp 9 
f l a r e  1  
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Appendi  x  2: Rnt-rot a t e d  Termi  n a l  - t o -Te rm i  n a l  P r o t  o c o l  

One o f  t h e  t e r m i n a l  - t o - t e r m i  r i a l  p r o t o c o l  s  t a k e n  i n  t h e  

e x p e r  i ment a1 p o r t  i o n  o f  t h e  work i s  preset- tad h e r e  w i t h f u l  1 

a n a l y s i s .  The t y p e s  o f  f r a g m e n t s  a r e  l a b e l e d  i n  t h e  p t - o t o c o l .  

H t ~ b t - e v i a t  i o n s  fo1,low t h e  cctt-ruent i clns o f  c h a p t e r  1. I n  a d d i t i o n ,  

TC s t a n d s  f o r  t e r m i n a t . i  ot-r c h a r a c t e r .  T h i s  i s  a  t y p e  o f  pha t  i c ,  

b u t  was n o t  c o u n t e d  i n  t h e  a n a l y s i s .  TCs were used  t o  i n d i c a t e  

a n  end  o f  t r a n s m i s s i o n ,  a c o n v e n t i o n  w h i c h  a l l  s u b j e c t s  i n  t h e  

t e r m i  r ~ a l  - t o - t e r m i  t-ral mode d e v e l o p e d  arid subsequent  1 y  v i o l  a t e d .  

The f i r 5 . t  n u m t ~ e r  i n d i  c a t  es  t h e  message nur t~ber .  The 1  a t  t e r s  P, 

M, D, o r  X come a f t . e r  t h e  message number and c o r ~ e s p u n d  t o  

message t y p e s  of' pt- at i c ,  meta, dat.a, o r  m i  xed. The 1 o r  H  

p r e c e b i  nq t h e  'ac ?.gal mss.sage i s  t h e  s p e a k e r ,  ei  t h e r  p e r s o n  1  o r  

p e r s o n  A.  

The = . t a t  i st. i c a l  a n a l  y2.i s., b e g i  r ~ i  ng  on  page 158, g i v e s  t.he 

d i s t r i b u t i o n  o f  t h e  i n d i v i d c r a l  f r a g r i ~ s n t  type '=.  l e n g t h s .  T h i s  

' a n a l  y s i  s i 5 f o r  t.t-~e annota t .ed  prot.occ11 . The re  i s  a  gt-a~:lh for-  

each  c a t e g o r y  ot .her  t h a n  p h a t  i c  arid p h a t i c  cot -~nect .or .  I n  t h e  

g raphs ,  t h e  v e r t i c a l  a x i s  i n d i c a t e s  t.he 1  engt.h i n  words  o f  t h e  

f ragment  s. The hctr i z o r ~ t  a1 a x i  s  i n d  i cat. es  t h e  number o f  

o c c u r r e n c e s  o f  f r a g m e n t s  w i t h  that .  1 e n g t h .  The rtiear~ and 

=. tar tJard d e v i  a t  i o n  a r e  o f  t h e  f r a g m e n t ' s  1  e n g t h .  The p h a t  i c s  

and  pt- at i c  connect.  o r s  a r e  j u s t  1  i s t  ed  a1 ikng 14 i t. h t h e  nunitlet* o f  

occur t *ences  o f  each.  



A2.  1 Te t -m i  rial -t o -Ter -m i  nal F ' r o t  o c u l  ( D T  1 - T >  

S e n t e n c e  
-I' 

1M 1: I N  CHSE WE USE MI- ILTI -L I t4E MESSHGES, TYPE EOT HT THE END OF EHHH 

I l T c T  
NESSRGE EOT 

1 S e n t e n c e  I ITcl 
3M 1:WRS M Y  MESSHGE I t 4 T E L L I G I E L E ?  EOT 

S e n t .  e r ~ c  F 

I 1 - j j  
411 A: T T Y 1 8 3 V V  YES HS I N T E L L I G L B E  AS Et4GLISH CHN BE GH GR 

I S e n t e n c e  

5 D  1 : G I V E  ME D I  MENSIUt4S OF CHGDEHO GR 

1 Sy;;z:i e I m 
6 H  H: I S  THHT CHEMICHL DEMOLIT IOt4S?  GA 

S e n t e n c e  S e n t e n c e  

7 H  1: I HAVE Rt4 ENTRY FOR SBHETHIt4G CHLLED CHG DEMO. YUU SHOULD HHV H 

l ~ a l s e  S t .  ( I ITC( 
CORRESPDt4DI t4G ENTR'f W I T H  D l  MEt4SIONS DIMEt4SIONS FOR I T  I T  SOMEWHERE GR 

1 
LENGTH 3 2 W I D T H  2 8 ,  H E I G H T  16 ItdCHES, 

1 ~ e n t e n c e  
J ~ ~ e l 1 . 1  I S p e l l .  1 'm S e n t  et-IC e 

1 ~ a l  s e  S t  a r t  1 



I H d d .  I n f o .  I I E c h c l  1 I Co rnp l  e t  i o n  
1BD R:CHECt<. BOTH I N  I N C H E S .  H E I G H T  OF 16, WEIGHT OF 1 5 8  LBS.  RHEA OF 5 

------TlTcl 
SQUARE F E E T .  GR 

1 F S  1 S e n t e n c e  1 
D I S D I D  YOU R E C E I V E  THOSE D E M O L I T I O N S  GH 

1 s e n t  e n c  s ITCI 
WHAT I S  THE CLHSS OF CHG DEMO? GH 

1 T e r s e  R e s p o n s e  rlTcl 
1 2 D  A:VD CLHSS U E M O L I T I O t 4 S  GH 

1- l-Tq 
CLHSS VD GA 

1 ~ e n t e n c e  IITCI 
1 5 D  1 : L I S T  H L L  CLHSSES GR 

( S e n t  e n c  e  I 
1 6 D  R I C L H S S  I I S  SUBSISTEt4CE S T U F F  

S e n t e n c e  I 
1 S p e 1  1  i ng 

CLHSS I V  I S  F O H T I F I C A T I O C ~ l 4 S  

1 S e n t e n c e  1HdJlnfol 
CLHSS I 1  I S  GEb4EHHL S U P P L I E S  (GEN S E T >  

I S e n t  e n c a  I IHIr 
CLHSS I 1 1  I S  POL ( " O I L )  

1 ~ e n t  e n c  e  I 
CLHSS V I S  HMMO 

I S e n t . e n c a  I 1 H d d e d  I n f  o r m a t .  i o n  I 
CLHSS VP IS pYROTECHt4ICS (SMOKE BOtlBS Ht4D THE L I K E >  



S e n t  e n c  e  I 
I S p e l l i n g  I I S p e l l .  ( ( R d d e J  I n f  or-mat, i o n  1 

CLRSS VD I S  DEMDLITIOt4 t4S EQUIPt lEt4t4T <SDMEBOBP'S I D E A  OF A  J O K E )  

I S e n t e n c e  I 
CLRSS VSM I S  S P E C I A L  WEHPONS 

1 ~ e n t e n c e  I lTCr 
CLRSS V I I  I S  V E H I C L E S  GR 

( S e n t e n c e  1 'ITC(TCI 
1:REPEAT CLASS I 1 1  GA GA 

I ~ a l  s e  S t .  1 1 S e n t e n c e  I l-m 
A:PPOL I S  O L I  CLRSSS I 1 1  I S  POL OR O I L  S U P P L I E S  L A  

S e n t e n c e  

- - I m 
L I ~ S C R I B  E  THE HOLD AKEkS G A  

1 T r u n c a t .  i o n  I 
1 : I 'I1 NOT SUPPOSED TO G I V E  

I T e r s e  R e s p o n s e  I l Tc l  
I: DI t lE t4S IO t4S  Rt4D CLHSS OF COt4WIRE GH 

I S e n t  e n i e  1 1 S e n t e n c e  I -piq 
H: C:Ot4W I R E  I S  CLHSS 1'4, D IMEt4S IONS RRE 48,40,38,350, 14 GH 

S e n t e n c e  I 1 ~ e n t . e n c e  I 
I HHVEE H L L  DIPIEIJSIDNS Ht4D CLHSSES YOU J U S T  T E L L  PIE WHHT YOlJ t4EED. 

1 ~ e r ~ t e n c e  I IT01 
I J U S T  F I G U R E D  THE L I S T  OUT. GH 

1 S e n t  e n c  e  ] I T e r s e  Q u E . ~ . ~ .  i I 
1 : WHHT RRE THE DIMEt4SIOt. IS I I 4  ORDER? LEl IGHT,  WIDTH, H E I G H T ,  RbIII WHHT? GH 

S e n t e n c e  I 
H: THE F I R S S T  N LENGTH 



rn 
WIDTH 

m 
HE I GHT 

m 
WE I GHT 

1 FS 1 ~ e r s e  1nf o r m a t  i o n  1 ]TCJ 
AREHREH I N  SQUHRE FEET GI7 

1 P h a .  I lTdl 
2 6 P  A : S T I L L  HERE GA 

1 s e n t e n c e  I 
2 7 D  1 :HRE H L L  CTG THE SRME CLHSS? GR 

lFsT 
CTG 

S e n t e n c e  T C  1, 
!T.G 5 . 5 6  I S  CLHSS V HtlMb!OT 

1 S e n t  e r ~ c  e  I J T C (  
CTG 7 . 6 2  HND 5 8  HRE ALSO EOT 

S e n t e n c e  
S p e l l .  r' 

~ T G  1 0 5  C M ~  I S  CLHSS VP P Y R ~  E U T '  

T ~ e n t e n c e  'm 
SO I S  CTG WP EOT 

S e n t  e n c e  

lspr 
CTG 1 8 6 H P E  I S  CLHS VD DEMO 

I S e n t e n c e  lTcl 
SO HF:E C T G 1 0 5  HE ( 1 )  RND CTG 1 0 5  HE ( 2 )  AND CTG 4 0  HE, C:TG 6 8  H i  GR 

1 ~ e r s e  Q u e s t  i o n  I (TCr 
2'311 1 :D IMENSIOt4S  OF CTG 5;5C? GH 



I T e r s e  Response I mr 
30D A:36,36,30,21,633,5 GR 

1 ~ e r s . e  Q u e s t i o n  f 
31D 1:36,36,30,21,633,8? GH 

1 Pha t  i c I 
WAIT H MINUTE 

1 Sent  ence  ( I Sen t  enc e I F I -  
33D 1: I ONLY EXPECTED 5 MEASUREMENTS. WHHT HKE THOSE NUMBERS? G A  

( T r .  Res. 
34D H:Ot4LY ONE 36. G A  

1 ~ e r s e  Quest  i on  I TI' 
DIMENSIOt4S OF CTG 7 .62?  G A  

] T e r s e  Res. 1 lm 

I T e r s e  Quest i on  1 l'm 
DIMENSIONS OF CTG 58? GH 

I T e r s e  Res. I -El- 

1 S e n t e n c e  I 1 7  
WHAT ELSE I S  CLHSS V ?  G A  

~ T C I  I T H I  I T C ~  
40D H:77+ IGN GH 



( T e r s e  Bu.  \TCJ 
4 1 D  l : D I M E N S I O N S ?  Gk 

I T e r s e  RFS. ( 'Jm 

1 S e n t  e r i c  e -- 
4 3 D  1:CONFIRM I G N  DIMEt4SIOt4S 3 5 , 2 5 , 1 9 , 1 4 8 ,  I REPEHT 

( s e n t e n c e  I ITC1 
4 5 D  1 : C:ONFIRM ICt4 D I  t lENSIOt4S 3 5 , 2 5 , 1 3 , 1 4 8 , 6 ?  GH 

[ ~ e n t e n c e  I 
4 7 N  1: WHHT MERNS 7 8 6 +  ? 

I T . e r s e  R E . S P U ~ I S ~  I'm 
4811 H:SHtlE RS YOUR TTY 1 8 2  EXCEPT FOR HE GA 

1 S e n t e n c e  I ITc7 
WHHT E L S E  I S  CLHSS V? GA 

1 T e r 5 . e  Q u e s t i o n  1 
5 1 D  1:HOW ABOUT CLHSS VP? G A  

1 ~ a 1 r . e  S t a r t  1 . I S e n t e n c e  
5 2 ~  H: C:LHSS VP It.ICL 7 8 8 +  T H I S  I S  H L I S T  DF C:LHSS C'P 



T=---r 
GREN SMK 

m-7 
GREN I M C  

v-7 
StlOKE POT 

I PC I I T e r s e  I n f  u r m a t  i o n  I IPh/ I-m-- 1 l i ~ l  
FLARE SUR HND THE CTG'S HLREHDY MENTIONED YES, I T  SO SMOKE POT. GH 

1 T e r s e  Q u e s t  i o n  I lw 
5 3 D  1 : D I M E N S I O N S  CTG 1 8 5  SMK? GA 

I S e n t  e n c  e I 
55M 1 :LEHPE OUT WEIGHTS 

1 ~ e r s e  Q u e s t  i on I l-m 
57D 1 : D I M E N S I O N S  OF CTG 1 8 5  WP? GA 

1 T e r s e  Q u e s t  i o n  
c JJD ,- 1 :D IMENSIONS OF GREN SMK? 1-F-r GA 

-pq-Tiqm 
CZD H : 7 0 8 +  YES GH 

1 ~ e r s e  Q u e s t  i on 1 l - q  
6 3 D  1: D I M E N S I U N S  OF GREN I M C ?  GH 



I T e r s e  Q u e s t i o n  I'm 
65D 1: SQ. FT .  OF SMOKE POT? GA 

1 ~ e r .  ~ u e s . .  1 
67D 1:OF FLHRE SUR? G A  

1 P h a t i c  I 1 ~ e n t  enc e 1 lTCr 
6 9 P  1 :0t<HY, YOU TURKEY, I T H I N K  THEY'RE TR'fIt,IG TO T E L L  ME WE'RE DOt4E GH 

= - - -  t BF H: ji'@@: T H A T ' S  F I N E ,  "'"' n t t i t  G R  

lm 
S e n t e n c e  

I F S  I J F S J  IFS I I ml- 
7 2 P  H : 7 8 8 : D 0  YOU WHt4T SOME TRKET TURKET TY TUHKET TRY TURKEY? G A  
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H 2 . 2  S t a t i s t i c a l  H r ~ a l y s i s  

messages Dl 1-T 



s e n t e n c e s  D T  T - T  

mean= 5 . 8 5 2  s t d  deu= 2 . 7 6 5  t o t a l  = 5 4 .  0 

c o m p l e t i o n  DT T-T 

mean= 9.808 s t d  deu= 8.888 t o t a l =  1.8 

t r u n c a t i o n  DT T-T 

mean= 3 . 7 5 8  s t d  deu= 1.785 t o t a l =  4.0 

f a l s e  s t a r t  D T  T - T  



echo D T  T-T  

t e r s e  q u e s t i o n  D T  T - T  

mean= 4.688 st .d dew= 1.045 t o t a l  = 15.0 

t e r s e  r e p 1  y UT T -T  

t e r s e  i r ~ f  orrnat i ot-i DT T-T 



added i n f o r m a t  i o n  D T  T - T  

mean= 3.208 s t d  dev= 1.660 t o t a l =  5.0 

pha t  i c s  I IT T -T  word, Cnumber o f  o c c u r r e n c e s >  t o t a l  18.0 

hang on ( 6 )  c h e c k  ( 1 )  w a i t  a  m i n u t e  t 1 >  
OK ( 2 )  yes  C1) <symbo ls )  ( 1 )  
s t i l l  h a n g i n g  (2) you t u r k e y  ( 1 )  
g o t  i t  C2> good bye  ( 1 )  

p h z t  i c cor~nec t o r s  DT T-T t o t  a1 2.6 

so ( 1 )  and ( 1 )  

fragrf ient t o t a l  93 



R p p e n J i x  3: P r o n o u n  L i s t  

T h i  i s  t h e  1  i s t  o f  p r o n o u n s  a s  t h e y  appea r  i n  t h e  1 e x i  c a l  

r u l e s .  E x p l a n a t i o n  o f  t h e  f e a t . u r e s  i s  g i v e n  i n  t h e  t a b l e  

p r e c e e d i n g  t h e  l e x i c a l  v a l u e s .  R l  1  o f  t h e s e  words  have  t h e  p a r t  

o f  speech  " p r o n o u n "  a s  a t  l e a s t  one o f  t h e i r  p a r t s  o f  speech.  

F e a t u r e s :  

a n  f 
nar r f  
g  rl f 
rte u 
po f  
r e f  
p  1  f 
t1p 1 f 

ani mate  f e a t u r e  
n e u t e r  a n i m a t e  f e a t u r e  Cart imate n u t  checked )  
g e n d e r  f e a t u r e  ( i n d i  c a t  e s  f emal e  
n e u t e r  f e a t u r e  ( g e n d e r  n o t  c h e c k e d )  
p o s s e s s  i u e  f e a t u r e  
r e f  1 ex  i ve  f e a t u r e  
p l  u r a l  f e a t u r e  
n e u t e r  p l u r a l  f e a t u r e  Cpl u r a l  n o t  checkad )  

" h e "  + 
'I s h e  " + 
" s / h e "  + 
" h i s "  + 
" h i m "  + 
" h i m s e l  f "  + 
" h e  r " + 
11 her 11 + 
" h e r s e  1 f " + 
" h i m / h e r s e l f U  + 
" h i  m j h e r "  + 
"PI i = . / he r "  + 
" i t "  - 
" i t s  " - 
" i t . s . e l f U  - 
" t h e y "  - 
" t h e i r "  - 
" t h e  rtt " - 
" t hemse 1 ~ e s "  - 
11 - 
" t t i i 5  onet1 - 
" t h a t  one "  - 
" t h o s e "  - 
" t h e s e "  - 
" t h o s e "  - 
" t h a t  o f "  - 
" t h o s e  o f "  - 
" ~ a r t ~ e  o f "  - 


