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Abstrac t 

I present a theory of discourse interpretation based on the hy-
pothesi s tha t  th e commo n groun d o f  a  conversatio n contain s a 
recor d no t  onl y o f  complet e speec h acts ,  but ,  mor e i n general , 
of  eac h actio n o f  utterin g a  contributio n t o th e conversation : 
singl e words ,  wor d fragments ,  an d fillers.  I  cal l  th e actio n o f 
utterin g a  "minima r  contributio n a  MICR O CONVERSATIONAL 
EVENT.  Thi s mode l  ca n serv e a s th e basi s fo r  account s o f  ref -
erenc e resolutio n i n spoke n conversations ,  a s wel l  a s th e inter -
actio n betwee n parsing ,  repair ,  an d referenc e resolution . 

The Problem 

Traditiona l  'discours e models '  suc h a s (Webber ,  1979 ;  Gros z 

and Sidner ,  1986 ;  Kam p an d Reyle ,  1993 )  hav e bee n devel -

ope d o n th e basi s o f  fact s abou t  anaphori c referenc e an d othe r 

form s o f  contextua l  dependency .  Th e theorie s o f  anaphori c 

processin g tha t  includ e a  detaile d accoun t  o f  h o w th e dis -

cours e mode l  get s update d i n respons e t o a  sentenc e /  utter -

ance ,  suc h a s Discours e Representatio n Theor y (DRT )  ( K a m p 

and Reyle ,  1993 )  an d relate d 'dynamic '  theories ,  ar e al l  base d 

on th e assumptio n tha t  interaction s consis t  o f  complete ,  well -

forme d sentences .  Bu t  i n rea l  conversations ,  complet e an d 

well-forme d sentence s ar e quit e rare :  conversation s lik e i n 

(1) ,  fro m th e T R A I N S corpus, ^  includ e larg e number s o f 

repairs ^  an d interruptions ;  on e speaker' s outpu t  typicall y al -

ternate s wit h th e othe r  speaker' s acknowledgments . 

(1 ) 9. 1 
9. 2 
9. 3 
9. 4 
9. 5 
10. 1 
11 . 1 
12. 1 

M: 

S: 
M: 
S: 

SO w e shou l d 
m o ve th e erigin e 
a t  A v o n 
e n g i n e E 
t o 
e n g i n e E l 
El 
oka y 

^Th e T R A I N S projec t  a t  th e Universit y o f  Rocheste r  (Alle n e t  al. , 
1995 )  studie s task-oriente d conversations .  Th e projec t  involve s bot h 
collectin g a  corpu s o f  conversation s betwee n huma n being s involve d 
i n a  task—th e T R A I N S domai n i s transportatio n o f  good s b y train — 
and developin g theorie s abou t  th e aspect s o f  natura l  languag e inter -
pretatio n an d pla n reasonin g observe d i n thes e transcripts .  A n anno -
tate d subse t  o f  th e conversation s i n th e corpu s i s i n (Gross ,  Allen ,  an d 
Traum ,  1993) . 

^For  example ,  Hindl e (1983 )  report s tha t  approximatel y 1 0 % 
of  spontaneou s utterance s contai n disfluencie s includin g self-repair . 
Heeman an d Alle n (1994 )  repor t  tha t  th e i n T R A I N S corpus ,  2 5 % o f 
turn s contai n a t  leas t  on e repair . 

13. 1 
13. 2 
13. 3 
13. 4 
13. 5 

14. 1 

M: 

S: 

eng in e E l 
t o Ba t h 
t o / 
or 
we cou l d ac tua l l y mov e i t 
t o Dansv i l l e t o p i c k u p 
th e boxca r  the r e 
oka y 

I n (Poesio ,  1994 ;  Poesi o an d Traum ,  1995 )  a  versio n o f  Dis -

cours e Representatio n Theor y wa s proposed ,  base d o n th e 

ide a fro m speec h ac t  theor y an d th e A I  wor k o n intentio n 

recognitio n tha t  th e c o m m o n groun d include s a  recor d o f  eac h 

speec h ac t  tha t  occurre d i n a  conversation .  Th e theor y i s gen -

eralize d her e b y relaxin g th e assumptio n tha t  th e inpu t  t o dis -

cours e interpretatio n consist s o f  complet e sentences .  Thi s ex -

tensio n ca n serv e a s th e basi s fo r  system s tha t  hav e t o engag e 

i n conversation s suc h a s (1) .  Th e theor y i s als o mean t  t o pro -

vid e a  foundatio n fo r  theorie s o f  discours e interpretatio n i n 

whic h repairs ,  grounding ,  an d simila r  processe s interac t  wit h 

processe s suc h a s referenc e resolution ,  scop e disambiguation , 

and referenc e resolution ;  hypothese s abou t  th e for m o f  suc h 

interactio n ar e als o discussed . 

Discourse Models for Conversations 

A Forma l  M o d e l  o f  Discours e 

Discours e Representatio n Theor y (DRT )  (Kam p an d Reyle , 

1993 )  an d relate d 'dynamic '  theorie s suc h a s Dynami c Pred -

icat e Logic )  ar e th e forma l  expressio n o f  intuition s als o con -

taine d i n discours e model s suc h a s Karttunen' s o r  Webber's . 

The mode l  o f  a  discours e i n D R T i s a  DISCOURSE REPRESEN-

TATION St ruc tur e (DRS) ,  a  pai r  consistin g o f  a  se t  o f  dis -

cours e REFERENTS an d a  se t  o f  condition s (facts )  tha t  i s 

typicall y represente d i n 'box '  fashion ,  a s i n (3) . 

(2 ) 

(3 ) 

Engin e E 2 i s a t  Avon . 

x w 

engin e E2(x ) 
Avon(w ) 
at(̂ ,H' ) 

The tw o advantage s o f  th e D R T mode l  o f  discours e updat e ar e 

it s clea r  semantic s an d th e detaile d accoun t  o f  ho w th e dis -

cours e mode l  get s update d b y eac h utteranc e (th e D r s CON-

STRUCTION ALGORITHM) .  Th e Contributio n o f  a  sentenc e t o 
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th e discours e mode l  i s compute d i n tw o steps :  first,  th e previ -

ous discours e mode !  i s  augmente d wit h a n 'uninterprete d con -

dition '  tha t  provide s informatio n abou t  th e syntacti c structur e 

of  th e sentence ;  second ,  rewrit e rule s ar e applie d t o th e DR S 

thu s augmented .  Th e rewrit e rule s ad d ne w condition s o r  ne w 

discours e referent s t o th e DRS ,  o r  'fles h out '  th e interpretatio n 

of  th e uninterprete d condition .  Th e sentenc e Th e boxca r  i s 

als o a t  Avo n an d i s hooke d t o i t  result s  a t  first  i n th e D R S i n (5) , 

wit h a n 'uninterprete d condition' ;  a t  th e en d o f  th e construc -

tio n algorithm ,  th e D R S i n (6 )  i s obtained .  Not e tha t  th e con -

structio n algorith m result s i n tw o ne w referents ,  fo r  th e box -

car  an d it ;  not e als o tha t  th e previousl y introduce d discours e 

referen t  x  i s  mad e availabl e a s antecedent s o f  th e pronou n u. ^ 

(4 ) Engin e E 2 i s a t  Avon .  Th e boxca r  i s als o a t  Avo n 

and i s hooke d t o it . 

(5 ) 

engin e E2{jc ) 
Avon(w ) 
at(x,w ) 

[ s [n p th e boxcar ] 
[y p i s als o a t  Avo n an d i s 
hooke d t o it] ] 

(6 ) 

x w y u 

engin e EZU ) 
AvonCw) 
at(x,w ) 

boxcarQ) 
at{y,w ) 
hooked-to(_y,M ) 
u =  x 

Conversatio n Representatio n Theo r y 

Many recen t  theorie s o f  pronoun s interpretation ,  definit e de -

scriptio n interpretation ,  an d V P ellipsi s resolutio n hav e bee n 

formalize d i n term s o f  a  forma l  discours e mode l  suc h a s DRT , 

whic h make s precis e claim s abou t  languag e an d i s easil y im -

plementable .  Bu t  D R T lack s som e crucia l  feature s require d i n 

a mode l  o f  conversation .  A  mode l  o f  th e informatio n use d b y 

processe s suc h a s referenc e resolutio n mus t  includ e th e prag -
mati c informatio n use d b y suc h processes :  fo r  example ,  fo -

cusin g information ,  an d informatio n abou t  th e subordinatio n 

relation s betwee n utterance s tha t  resul t  i n DISCOURSE SEG-

MENTS (Gros z an d Sidner ,  1986) .  Thi s informatio n i s no t 

provide d b y th e standar d D R T model .  Furthermore ,  th e D R T 

model  i s base d o n th e assumptio n tha t  al l  utterance s ar e as -

sertions ,  wherea s utterance s i n a  rea l  conversatio n ca n serv e a 

much wide r  rang e o f  purposes . 

The model s o f  discours e develope d i n th e A I  literatur e o n 

intentio n recognitio n includ e th e neede d pragmati c informa -

tion .  The y ar e base d o n th e assumptio n tha t  utterance s ar e 

action s i n thei r  o w n right ,  performe d t o achiev e DISCOURSE 

G O A LS whos e hierarchica l  structur e determine s th e structur e 

of  th e discours e (Cohe n an d Perrault ,  1979 ;  Alle n an d Per -

rauit ,  1980 ;  Gros z an d Sidner ,  1986) .  Wha t  i s missin g fro m 

thes e model s i s wha t  D R T has :  a  precis e specificatio n o f  wha t 

i s availabl e fo r  referenc e a t  a  give n poin t  i n th e conversation , 

and a  detaile d accoun t  o f  th e updat e proces s associate d wit h a 

sentence .  A  combinatio n o f  th e tw o researc h tradition s seem s 

highl y desirable . 

Such a  unifie d theory .  C o n v e r s a t i o n Representa t io n 

T h e o r y (CRT) ,  wa s propose d i n (Poesio ,  1994 )  an d furthe r 

develope d i n (Poesi o an d Traum ,  1995) .  Th e theor y i s base d 

on th e formulatio n o f  speec h ac t  theor y adopte d i n Situa -

tio n Semantic s (Barwis e an d Perry ,  1983) ,  accordin g t o whic h 

th e c o m m o n groun d consist s o f  informatio n abou t  th e DIS -

C O U R SE SITUATIO N (th e se t  o f  action s performe d b y th e par -

ticipant s t o th e conversation )  rathe r  tha n th e descr ibe d SIT -

UATION (th e situatio n whic h i s th e topi c o f  th e conversation) ; 

th e participant s i n a  conversation s recove r  informatio n abou t 

th e latte r  fro m thei r  informatio n abou t  th e former .  C R T pre -

serve s muc h o f  th e forma l  machiner y o f  DRT ,  includin g th e 

updat e algorithm ;  bu t  th e D R S modelin g th e c o m m o n groun d 

as a  whol e (th e R O OT D r s )  i s re-interprete d a s consistin g o f 

informatio n abou t  th e occurrenc e o f  speec h act s or ,  a s I  wil l 

cal l  them ,  c o n v e r s a t i o n a l  events .  Eac h utteranc e thu s 

introduce s tw o situations :  a  conversationa l  evenf *  an d a  de -

scribe d situation .  Th e made-u p mini-dialo g i n (7 )  i s repre -

sente d i n C R T a s i n (8) . 

(7 ) 

A:  Engin e E 2 i s a t  Avon . 

B:  Th e boxca r  i s als o a t  Avo n an d i s 

hooke d t o it . 

(8 ) 

eel  t l  ce 2 t 2 s 

eel :  it\\(A,B,s : 

eel  @ t l 

eel :  ii\\{BA ,  s : 

eel  @ t 2 

X w 

enginefx ) 
Avon(w ) 

ai(x,w ) 

yu 

boxcarfy j 

sA(y,w ) 

hooked-to(>',M ) 

U =  X 

) 

) 

The D R S i n (8 )  represent s a  discours e situatio n i n whic h tw o 

conversationa l  event s occurred ,  ee l  an d ce2 ,  bot h o f  whic h 

ar e abou t  th e describe d situatio n s .  Th e first  tw o condition s 

asser t  tha t  ee l  i s a n even t  o f  A  tellin g B  tha t  th e describe d sit -

uatio n s  include s a n engin e locate d a t  Avon ,  an d tha t  ee l  too k 

'Spac e prevent s a  detaile d discussio n o f  th e algorithm . 
(KampandReyle ,  1993) . 

See ""i n Situatio n Semantics ,  event s ar e considere d a  specia l  typ e o f 
situation . 
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plac e a t  tim e tl .  Th e thir d an d fourt h conditio n asser t  tha t  ce 2 

i s a n event ,  takin g plac e a t  tim e /2 ,  o f  B  tellin g A  tha t  boxca r 

V i s als o i n Avon ,  an d i s hooke d t o u . 

Anaphori c accessibilit y  i s  preserve d b y modifyin g th e in -

terpretatio n o f  DRSs an d b y addin g a  ne w typ e o f  condition , 

indicate d i n (8 )  b y expression s o f  th e for m s:(l> .  A  D R S i s 

treate d i n C R T a s a  situatio n type ,  i.e. ,  a s denotin g th e se t  o f  sit -

uation s whic h ca n b e m a d e t o verif y th e condition s containe d 

i n th e D R S onc e appropriat e value s fo r  th e discours e referent s 

hav e bee n found .  Condition s lik e s.K ,  then ,  asser t  tha t  a  situ -

atio n s  i s o f  th e typ e specifie d b y th e D R S K .  Mor e precisely : 

Expression s i n C R T ar e assigne d a  valu e wit h respec t  t o a  situ -

ation ,  a  variabl e assignment ,  an d a  se t  o f  cases ,  on e fo r  eac h 

situation .  A n expressio n o f  th e for m s: K assert s tha t  s  i s o f  th e 

typ e specifie d b y K ,  an d furthermore ,  i t  shift s th e parameter s 

of  evaluatio n s o tha t  th e valu e o f  th e discours e marker s occur -

rin g i n K  i s provide d b y th e cas e associate d wit h th e valu e o f 

s.  Thi s ensure s tha t  th e D R S i n th e complemen t  o f  ce 2 i s eval -

uate d wit h respec t  t o th e sam e cas e tha t  i s use d t o evaluat e th e 

expression s i n th e complemen t  o f  ce7 ,  e.g. ,  tha t  x  i s accessibl e 

fro m withi n th e complemen t  o f  ce2 . 

The updat e algorith m o f  D R T i s (minimally )  modifie d a s 

follows .  Th e first  ste p i n th e D R T constructio n algorith m i s 

replace d b y th e applicatio n o f  a  C O N V E R S A T I O N AL E V E N T 

G E N E R A T I ON RULE S tha t  updat e th e existin g mode l  o f  th e 

discours e situatio n b y addin g tw o ne w discours e referent s ( a 

conversationa l  even t  an d a  time )  an d tw o conditions ,  on e as -

sertin g th e occurrenc e o f  th e appropriat e locutionar y ac t  (on e 

of  teil ,  ask ,  an d instruct) ,  th e othe r  recordin g th e tim e a t 

whic h i t  occurred .  Th e proces s o f  D R S constructio n ca n the n 

procee d m u c h a s i n ( K a m p an d Reyle ,  1993) ,  excep t  tha t  th e 

whol e proces s o f  rewritin g take s plac e withi n th e D R S tha t  i s 

th e complemen t  o f  th e locutionar y act .  DRSs lik e (8 )  ar e th e 

final  resul t  o f  thi s process . 

Th e mode l  i n (7) ,  althoug h a  ver y simplifie d representafio n 

of  th e conversatio n i n (8) ,  als o include s th e pragmati c infor -

matio n require d t o perfor m referenc e resolutio n an d speec h 

acts-base d reasoning ,  suc h a s inferrin g subordinafio n rela -

tions .  Th e subordinatio n relation s betwee n conversationa l 

event s ca n b e inferre d b y reasonin g abou t  th e agents '  inten -

tions ,  al l  informatio n that ,  a s well ,  coul d b e include d i n th e 

model  o f  th e conversatio n (althoug h fo r  simplicit y hasn' t  bee n 

represente d here) .  Althoug h th e description s o f  th e conversa -

tiona l  event s i n (8 )  ar e ver y abstract ,  the y ca n serv e a s th e ba -

si s fo r  reasonin g processe s suc h a s thos e discusse d i n (Alle n 

and Perrault ,  1980 ;  Trau m andHinkelman ,  1992) ;  i n fact ,  var -

iou s algorithm s o f  thi s sor t  hav e bee n develope d i n connectio n 

wit h TRAINS . 

Th e mode l  o f  interpretatio n underlyin g C R T involve s th e 

generatio n o f  multipl e hypothese s i n parallel ,  som e (o r  all )  o f 

whic h ar e the n discarded .  Th e model ,  base d o n a  'priorifized ' 

versio n o f  defaul t  logi c simila r  t o Brewka' s (1991) ,  an d ap -

pear s t o b e roughl y compatibl e wit h th e findings  o f  th e litera -

tur e o n lexica l  disambiguation ,  syntacti c disambiguafion ,  an d 

referenc e resolutio n (Seidenber g e t  al. ,  1982 ;  Gibson ,  1991 ) 

and wit h cognitivel y motivate d computationa l  model s o f  sen -

tenc e suc h a s Jurafsky' s S A L (Jurafsky ,  1992 )  an d C O M-

P E RE (Eiselt ,  Mahesh ,  an d Holbrook ,  1993) .  Th e mode l 

doe s no t  includ e a  commitmen t  t o th e wa y th e hypothese s ar e 

pruned . 

Micro Conversational Events 

Basi c Ide a 

The centra l  ide a o f  thi s pape r  i s tha t  a  mode l  o f  th e c o m m o n 

groun d suc h a s th e on e i n CRT ,  i n whic h th e c o m m o n groun d 

i s a  representatio n o f  th e discours e situation ,  generalize s nat -

urall y int o a  mode l  i n whic h th e apparentl y comple x effect s o f 

utterance s suc h a s thos e i n (1 )  ca n b e explaine d rathe r  simply . 

I f  w e accep t  tha t  th e c o m m o n groun d include s a  recor d o f  eac h 

utterance ,  i t  i s  bu t  a  smal l  ste p t o assum e tha t  th e c o m m o n 

groun d contain s a  recor d o f  th e event s o f  utterin g unit s smalle r 

tha n sentences ,  suc h a s singl e words ,  'fill-phrases '  lik e h m m, 

or  wor d fragments .  I n othe r  words ,  i t  become s easie r  t o thin k 

tha t  eac h minima l  contributio n t o a  conversation ^  consUtut e 

a 'micro-speec h act '  — o r ,  a s I  wil l  cal l  them ,  a  M I C R O CON-

VERSATIONAL E V E N T — w h o se occurrenc e lead s t o a  'micro -

update '  o f  th e c o m m o n ground. ^ 

For  example ,  le t  u s assum e tha t  speake r  A  utter s th e word -

for m the .  I  propos e tha t  a s a  resul t  th e c o m m o n groun d get s 

update d wit h th e followin g information : 

(9 ) 

...ce i  fice i  ut i 

ficei : utters(A,(s,"the") ) 

^ce \  @ fxt i 

sub(/[ice i  ,cei ) 

Thi s updat e i s th e resul t  o f  a  m ic ro -CONVERSat i ona l 

E V E NT GENERATION R U L E tha t  replace s th e conversationa l 

even t  generatio n rule s describe d i n th e previou s section .  Th e 

informatio n adde d t o th e c o m m o n groun d b y suc h a  rul e in -

clude s th e fac t  tha t  a  micro-conversationa l  even t  ̂ ice \  oc -

curred ,  uttere d b y A ,  an d wit h argumen t  th e word-for m the . 

The fac t  tha t  fxce i  i s subordinat e t o a  conversationa l  even t  ce i 

als o become s par t  o f  th e c o m m o n ground .  Th e expressio n 

{s ,  "the" )  denote s th e valu e o f  th e secon d elemen t  o f  th e pair , 

interprete d wit h respec t  t o th e cas e associate d wit h s . 

The updat e jus t  presente d m a y resul t  i n furthe r  update s a s 

othe r  processe s ar e 'triggered '  b y th e occurrenc e o f  th e micro -

t i  wil l  assum e her e fo r  simplicit y reason s tha t  th e 'minima l  in -
crementa l  units '  ar e words .  Othe r  hypothese s mad e i n th e literatur e 
ar e tha t  phoneme s o r  prosodi c phrase s serv e a s minima !  incrementa l 
unit . 

®The 'micro-utterances '  hypothesi s ha s bee n mad e i n wor k o n 
Situatio n Theor y suc h a s (Gawro n an d Peters ,  1990) ,  althoug h no t  i n 
relatio n wit h wor k o n processin g spoke n conversations .  I n tha t  liter -
atur e th e hypothesi s i s motivate d o n theoretica l  grounds ,  rathe r  tha n 
t o explai n phenomen a suc h a s thos e discusse d i n thi s paper ,  an d it s 
detail s haven' t  bee n worke d ou t  yet . 
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conversationa l  event .  I f  th e utteranc e fragmen t  i s recognize d 

as a  lexeme ,  a t  leas t  lexica l  interpretatio n an d disambiguatio n 

tak e place .  Th e formulatio n o f  a n hypothesi s abou t  lexica l 

interpretatio n ca n b e expresse d a s a  rewritin g operatio n tha t 

replace s th e wor d for m wit h it s lexica l  interpretation .  (Mor e 

tha n on e suc h hypothesi s wil l  b e generate d i n th e cas e o f  lex -

ica l  disambiguation. )  I n thi s example ,  th e assertio n tha t  A  ut -

tere d th e wor d for m th e wil l  b e replace d b y th e assertio n tha t 

A uttere d th e determine r  the ,  a s show n i n (10) .  Expression s 

suc h a s (̂ .[oe t  ̂ ^^1 )  ̂ ^  logica l  expressions ,  whos e "under -
specified '  semantic s i s describe d i n (Poesio ,  1994) . 

(10 ) Hcei : utters(A ,  {s,[Detthe]) ) 

The sam e proces s i s repeate d afte r  eac h utteranc e fragment . 

Assume thi s nex t  utteranc e fragmen t  i s agai n a  lexica l  item , 

th e wor d engine .  Afte r  lexica l  disambiguation ,  th e c o m m o n 

groun d contain s th e additiona l  information : 

(11) 

.. .  fice o nt 2 

Hce2: 

fice 2 ( 
sub(/ i 

curre n 

utters(/\,(s,[ N engine]) ) 

-e2,cei ) 

t-C E =  ce i 

At  th e en d o f  a n utteranc e unit ,  a  "macro '  conversationa l  even t 

(i.e. ,  a  speec h ac t  i n th e sens e traditionall y use d i n th e A l  liter -

ature ,  suc h a s 'inform' ,  'request' ,  etc. )  m a y the n b e obtaine d 

out  o f  th e micr o conversationa l  event s b y mean s o f  reasonin g 

processe s suc h a s thos e propose d i n th e A I  literature ,  excep t 

tha t  i n th e presen t  mode l  suc h inferenc e processe s d o no t  re -

quir e th e utteranc e o f  a  complet e sentence . 

Incremental Parsing 

I n orde r  t o discus s mor e i n detai l  h o w thi s mode l  ca n b e ap -

plie d t o accoun t  fo r  th e comple x interaction s betwee n pars -
ing ,  repair ,  an d referenc e resolutio n displaye d i n conversa -

tion s suc h a s (1) ,  severa l  assumption s abou t  h o w parsin g an d 

repai r  wor k nee d t o b e discussed ;  I  wil l  d o thi s i n th e nex t 

section .  I n orde r  t o provid e a n accoun t  o f  th e other-initiate d 

repai r  i n 10.1 ,  however ,  th e mode l  o f  updat e jus t  sketche d 
onl y ha s t o b e supplemente d wit h th e assumptio n tha t  a t  leas t 

some discours e interpretatio n processe s ca n wor k of f  micro -

conversationa l  event s withou t  waitin g fo r  a n 'utteranc e com -

pletion '  signal . 

Afte r  fj.ce 2 ha s bee n adde d t o th e c o m m o n ground ,  a  parse r 

workin g i n a n incrementa l  fashion ^  an d operatin g o n th e sub -

set  o f  micro-conversationa l  event s tha t  hav e bee n successfull y 

processe d b y lexica l  disambiguation ^  m a y determin e tha t  a 
Noun Phras e jus t  occurred. ^  Thi s informatio n m a y b e adde d 

^Evidenc e tha t  th e parse r  work s i n thi s wa y i s discussed ,  fo r  ex -
ample ,  i n (Grai n an d Steedman ,  1985 ;  Jurafsky ,  1992) . 

®See below . 
Î t  i s immateria l  fo r  th e presen t  purpose s whethe r  thi s decisio n 

t o th e c o m m o n groun d i n th e for m o f  a  conditio n t o th e effec t 

tha t  a  micro-conversationa l  even t  nce s o f  utterin g a n N P wit h 

constituent s  ̂ ce i  an d nce 2 occurred .  Afte r  thi s update ,  th e 

c o m m on groun d contain s no t  onl y th e fac t  tha t  a  determine r 

and a  nou n wer e uttered ,  bu t  als o th e fac t  tha t  the y combine d 

t o for m a  nou n phrase . 

(12 ) 

l̂ce 3 ut i 

fices : utters(/l,(s ,  [np^cc i  /xce2]) ) 

îce ^  @ nt 2 

subifice3,cei ) 

The parse r  m a y no t  hav e enoug h evidenc e t o combin e th e lex -

icall y interpretabl e micro-ce s int o micro-ce s describin g large r 

phrases ;  i n thi s case ,  n o large r  constituen t  i s  adde d t o th e com -

m on ground . 

Incremental reference resolution 

Th e other-initiate d repai r  o f  utteranc e 10. 1 i n (1 )  m a y b e take n 

as evidenc e tha t  definit e descriptio n interpretatio n take s plac e 

incrementally ,  a s well .  A t  tha t  poin t  i n th e conversatio n M ha s 

clearl y decide d tha t  th e engin e a t  Avo n i s no t  engin e E .  Thi s 

suggest s tha t  afte r  processin g utterance s 9. 2 an d 9. 3 M ha s 

enoug h informatio n t o star t  processin g th e definit e NP ,  hence , 

tha t  th e referenc e resolutio n proces s ca n b e triggere d b y th e 

occurrenc e o f  a  micro-conversationa l  even t  o f  utterin g a  def -

init e NP . 

Excep t  fo r  th e fac t  tha t  the y ar e initiate d b y a  micro -

conversationa l  even t  rathe r  tha n a  complet e conversationa l 

event ,  th e processe s concerne d wit h finding  th e referen t  o f  a 

definit e descriptio n an d wit h updatin g th e c o m m o n groun d i f 

tha t  referen t  i s identifie d procee d m u c h a s discusse d i n (Poe -

sio ,  1994) .  Th e discours e referent s associate d wit h th e situa -

tio n s  m a y serv e a s th e anteceden t  o f  th e definite . 

Applications 

Parsin g wit h Fille r  Phrase s a n d F r a g m e n t s 

I n additio n t o providin g a n explanatio n o f  h o w referentia l  ex -
pression s ca n b e interprete d befor e a  sentenc e i s completed , 

th e theor y jus t  discusse d suggest s a  simpl e mode l  o f  th e pro -

cessin g tha t  take s plac e whe n 'parsable '  inpu t  suc h a s lexica l 
item s alternate s wit h 'unparsable '  inpu t  suc h a s fill  phrase s 

or  wor d fragments .  T w o suc h case s ar e illustrate d b y th e ex -

ample s i n (13 )  an d (14) .  (Al l  o f  thes e example s ar e fro m th e 

T R A I N S corpus. ) 

(13 )  145. 1 
145. 2 
145. 3 

M:  n o w e / 
:  w e too k th e sh / 
:  u h dadadad a 

involve d pragmatica l  informatio n o r  wa s arrive d a t  o n th e basi s o f 
syntacti c informatio n only ,  i n a  completel y modula r  fashion .  I.e. ,  th e 
presen t  mode l  doe s no t  commi t  u s eithe r  t o a  'modular '  o r  t o a n 'in -
tegrated '  vie w o f  sentenc e processing . 
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145. 4 :  n o s t i l l  / 
145. 5 :  s t i l l  tak e th e shor tes t  rou t e 

(14 )  39. 4 :  s o the n sen d th e 
3 9. 5 :  sen d th e / 

[2sec ] 
3 9. 6 :  sen d th e o rang e ca r  . .  bac k 

I n (13) ,  th e utteranc e o f  th e initia l  part s o f  a  nou n phras e i s 

followe d b y 'fillin g phrases '  lik e uhhh .  I n (14) ,  th e speake r 

utter s sen d an d th e thre e time s eac h befor e continuin g it s ut -

terance . 

Althoug h on e coul d Ur y t o complicat e th e gramma r  i n orde r 

t o accoun t  fo r  suc h phenomena ,  th e mode l  o f  discours e up -

dat e jus t  presente d allow s fo r  a  simple r  explanatio n o f  th e pro -

cessin g tha t  goe s o n i n thes e cases .  Accordin g t o thi s account , 

th e parse r  i s no t  th e first  modul e t o operat e o n th e input ,  an d 

therefor e th e othe r  module s d o no t  ge t  onl y wha t  th e parse r 

'let s through' ,  a s i t  were .  Instead ,  everythin g tha t  i s uttere d 

becomes par t  o f  th e conversationa l  record ,  an d th e parse r  onl y 

work s o n th e subse t  o f  thi s inpu t  tha t  i t  i s actuall y competen t 

t o dea l  with .  Th e micro-conversationa l  event s tha t  ar e no t  rec -

ognize d a s lexica l  item s ar e eithe r  'skipped '  o r  deal t  wit h b y 

othe r  processes ,  a s w e shal l  se e below .  Th e followin g interac -

tio n betwee n th e parse r  an d th e res t  o f  sentenc e processin g ca n 

be envisage d o n th e basi s o f  th e micro-conversationa l  event s 

model : 

I. Every new micro-conversational event activates the lexi-

con ,  tha t  attempt s t o classif y th e ne w input . 

2. Whenever the input is recognized as a proper lexical item, 

th e parse r  i s activated .  Th e parse r  use d i n TRAINS ,  dis -

cusse d i n (Alle n e t  al. ,  1995) ,  make s us e o f  a  char t  t o gen -

erat e al l  interpretation s i n paralle l  an d relie s o n statistica l 

informado n t o choos e th e bes t  one .  Al l  interpretation s o f 

lowe r  plausibilit y  ar e discarded .  Th e onl y differenc e I  a m 

assumin g her e i s tha t  th e parse r  i s invoke d o n th e inpu t  af -

te r  ever y wor d o r  afte r  ever y phras e boundary ,  an d therefor e 

thi s proces s o f  paralle l  hyothesi s generatio n an d statistica l 

choic e i s repeate d ever y time ,  m u c h a s i n Jurafsky' s S A L 

architectur e (Jurafsky ,  1992) . 

3. The parser updates the discourse model by adding a new 

micro-conversationa l  even t  a s discusse d abov e wheneve r  i t 

has obtaine d a  singl e hypothesi s abou t  a  portio n o f  th e ut -

terance .  W h e n mor e tha n on e hypothesi s ar e statisticall y 

equivalent ,  n o micr o conversationa l  even t  i s added . 

Thus, in the case of (13), the fill-phrase sh uh dadadada is sim-

pl y skippe d ove r  b y th e parse r  sinc e i t  canno t  b e assigne d a 

lexica l  entry .  (Th e mor e comple x interactio n i n (14 )  i s  dis -

cusse d below. )  Thi s architectur e result s bot h i n a  simple r  the -

or y an d i n computationa l  advantage s (i n tha t  complicatin g th e 

grammar  alway s result s i n increase d ambiguities) . 

Parsing and Repairs 

The micro-conversationa l  event s mode l  als o allow s fo r  a  sim -

pl e theor y o f  th e interactio n betwee n parsin g an d a  'local ' 

model  o f  repai r  suc h a s th e algorith m i n (Heema n an d Allen , 

1994) ,  i n whic h speec h repair s ar e detecte d an d correcte d on -

lin e an d usin g onl y loca l  clues .  Th e assumption s abou t  th e 

structur e o f  repair s adopte d i n th e mode l  ar e show n i n (15 ) 

(fro m (Heema n an d Allen ,  1994) ,  p .  297) . 

(15 )  g o I  t o I  o r a n - I  u m I  g o I  t o I  C o r n i n g 

mi l  m2 1 x |  i n t  I  e t  I  m i l  in 2 I 

Thes e model s wor k b y identifyin g th e so-calle d INTERRUP-

TIO N POIN T (identifie d i n (15 )  b y a  - ) ,  skippin g ove r  EDIT -

IN G T E R MS suc h a s um ,  identifyin g th e R E P A r a n d u m ,  i.e. , 

th e part s o f  th e inpu t  t o b e replaced ,  an d replacin g th e reparan -

d u m wit h a  REPAI R PATTERN.  I t  i s  typicall y (althoug h no t 

always )  th e cas e tha t  th e repai r  patter n contain s on e 'match -

in g element '  fo r  eac h elemen t  i n th e reparandum ,  a s show n i n 

(15) . 

What  i s importan t  fo r  m y purpose s is ,  first  o f  all ,  an d mos t 

obviously ,  tha t  th e proces s o f  repai r  affect s th e parser ,  i n th e 

sens e tha t  i n th e syntacti c structur e eventuall y assigne d t o a n 

utteranc e th e repaire d term s hav e bee n replace d wit h th e term s 

of  th e repai r  pattern .  I n orde r  fo r  thi s t o happen ,  i t  i s  necessar y 

fo r  ther e t o b e a n exchang e o f  informatio n betwee n th e parse r 

and th e repai r  module .  Furthermore ,  thi s exchang e canno t  b e 

mono-directiona l  (e.g. ,  th e repai r  modul e alway s workin g of f 

th e outpu t  o f  th e repai r  module) ,  becaus e entir e phrase s ca n b e 

replaced ,  no t  jus t  lexica l  items ,  a s i n th e followin g examples , 

fro m Heema n an d Allen' s paper : 

(16 )  Afte r  th e orang e juic e i s  at -  th e orange s ar e a t  th e O J 

factor y 

(17 )  H o w woul d that -  h o w lon g woul d that.. . 

I n (16) ,  th e nou n phras e th e orange s replace s th e N P th e or -

ang e juice ;  i n (17) ,  th e wh-phras e ho w lon g replace s th e wh -

phras e how .  Bot h o f  thes e example s ca n b e reconduce d t o 

th e simples t  for m o f  repai r  (one-to-on e replacement )  i f  th e re -

pai r  modul e i s affecte d b y th e outpu t  o f  th e parser .  I n orde r 

fo r  th e interactio n betwee n parse r  an d repai r  modul e t o b e bi -

directional ,  a  c o m m o n leve l  o f  representatio n i s needed .  Th e 

micro-conversationa l  event s leve l  i s th e require d leve l  o f  rep -

resentation . 

Repairs and Reference 

Perhap s th e mos t  convincin g argumen t  i n favo r  o f  th e hypoth -

esi s tha t  repair s tak e plac e a t  th e micro-conversationa l  even t 

leve l  i s  th e fac t  tha t  th e processe s concerne d wit h referenc e 

interpretatio n an d thos e concerne d wit h repai r  interact .  Th e 

fragmen t  i n (1 )  contain s tw o example s o f  suc h interaction . 

One,  th e cas e o f  other-inifiate d repai r  i n 10.1 ,  ha s bee n dis -

cusse d above . 

A secon d exampl e o f  interactio n betwee n repai r  an d refer -

ence ,  an d furte r  evidenc e tha t  th e c o m m o n groun d i s update d 

befor e a  sentenc e i s completel y interpreted ,  i s th e fres h star t 

i n (1 )  (utterance s 13. 4 an d 13.5) .  S  replace s th e proposa l  in -

troduce d i n 9.1-13. 2 wit h a  ne w one ,  bu t  i n doin g s o he^ °  as -

10 The manage r  i n thi s conversatio n wa s playe d b y a  mal e studen t 
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sumes tha t  th e engin e a t  Avon ,  engin e E l  i s  par t  o f  th e com -

mon ground .  I f  th e repai r  proces s wer e t o tak e plac e befor e 

discours e referent s ar e establishe d an d referenc e resolutio n i s 

performed ,  th e referen t  woul d b e removed ,  an d w e woul d en d 

up wit h a  pronou n withou t  antecedent . 

Discussion 

The mode l  o f  updat e sketche d i n th e previou s section s i s a 

simpl e extensio n t o standar d DRT ,  ye t  th e resul t  i s  a  mode l  o f 

discours e updat e tha t  i s  appropriat e fo r  rea l  conversations .  I t 

can serv e a s th e basi s fo r  theorie s abou t  th e interfac e betwee n 

repair ,  incrementa l  parsing ,  an d reference ,  a s sketche d i n th e 

previou s section . 

Idea s suc h a s providin g a  leve l  a t  whic h differen t  module s 

can interac t  ar e familia r  fro m th e wor k o n 'blackboar d archi -

tectures '  (Hayes-Roth ,  1985) .  Som e aspect s o f  th e model , 

suc h a s th e wa y syntacti c an d lexica l  informatio n ar e inte -

grated ,  mak e i t  compatibl e wit h cognitiv e model s o f  sentenc e 

processin g suc h a s Jurafsky's .  On e wa y t o se e th e contributio n 

of  th e presen t  wor k i s t o spel l  ou t  th e detail s o f  a  conversatio n 

processin g mode l  consisten t  wit h suc h a n architecture ,  espe -

ciall y a s fa r  a s th e semanti c detail s o f  referenc e ar e concerned . 

The mode l  ha s bee n s o fa r  teste d onl y b y mean s o f  han d 

simulation s ove r  th e TRAIN S corpus .  Implementation s o f  th e 

module s discusse d her e (parsing ,  repair ,  reference ,  an d D R T 

update )  alread y exist ,  however ,  an d wor k o n a n integratio n i s 

unde r  way . 
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