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Abstrac t 

I n cooperativ e information-seekin g environments , 
we hav e observe d tha t  th e dialogue s hav e th e fol -
lowin g characteristics :  (1 )  the y contai n sufficien t 
relevan t  information ,  (2 )  the y ar e coherent ,  an d 
(3 )  the y ar e well-structured .  I n thi s paper ,  w e 
describ e a  mechanis m fo r  pla n inferenc e whic h 
take s advantag e o f  thes e observe d feature s t o re -
duc e th e numbe r  o f  alternat e interpretation s o f  a 
user' s statements .  Thi s reductio n i s achieve d a s 
follows :  initially ,  w e tak e advantag e o f  th e rele -
van t  informatio n trai t  b y usin g guidin g principle s 
and met a predicate s t o constrai n th e numbe r  o f 
possibl e interpretation s o f  a  singl e statement .  Dis -
cours e coherenc e consideration s ar e the n applie d 
t o integrat e subsequen t  statement s an d dro p in -
coheren t  interpretations .  Th e retaine d interpreta -
tion s ar e evaluate d usin g a  measur e o f  informa -
tio n content ,  whic h i s use d t o prefe r  th e interpre -
tation s tha t  hav e mor e relevan t  information .  Th e 
entir e mechanis m i s base d o n a n approac h tha t 
take s advantag e o f  th e well-structure d natur e o f 
information-seekin g dialogue s t o arriv e a t  th e in -
tende d interpretatio n a s efficientl y a s possible . 

Introduction 

I n thi s paper ,  w e presen t  a  mechanis m whic h infer s th e 
plain s an d goal s o f  a  use r  i n cooperativ e information -
seekin g settings ,  e.g. ,  trave l  agency .  Th e inferenc e i s 
done b y generatin g th e possibl e interpretation s o f  a 
user' s statements ,  evaluatin g the m an d the n selectin g 
th e mor e likel y interpretations .  A n interpretatio n o f  a 
user' s statement s consist s o f  a  sequenc e o f  plan s tha t 
th e use r  propose s t o carr y out ,  an d a  plzi n consist s 
of  a n actio n define d b y a  numbe r  o f  parameters .  Fo r 
instance ,  i n th e trave l  domain ,  th e proposa l  t o fly  fro m 
Melbourn e t o Sydne y o n Decembe r  1st ,  1990 ,  i s  a  plan , 
wher e flying  i s th e action ,  an d th e parameter s origin , 
destinatio n an d departur e dat e ar e instantiated . 

Our  inferenc e mechanis m operate s i n th e framewor k 
provide d b y a  Natura l  Languag e Interfac e (nli )  an d a 
planner .  However ,  i n thi s paper ,  w e focu s o n th e pla n 
inferenc e mechanism ,  an d th e onl y reference s t o th e 

NLI  an d planne r  concer n ou r  assumption s abou t  them . 

I n cooperativ e information-seekin g settings ,  w e hav e 
observe d tha t  th e diadogue s hav e th e followin g features : 
(1 )  the y contai n enoug h relevan t  informatio n s o tha t 
th e informatio n seeker' s plan s ma y b e understoo d eas -
il y  b y th e informatio n provider ,  (2 )  the y ar e coherent , 
and (3 )  the y ar e well-structured ,  i.e. ,  th e dialogu e con -
sist s o f  a n initia l  discourse ,  followe d b y a  clarificatio n 
interaction .  Fo r  instance ,  th e followin g dialogue ^  a t  a 
Melbourn e trave l  agenc y display s thes e features : 
Traveler :  " I  nee d a  ticke t  t o Sydne y tomorrow . 

I  a m goin g t o Hawai i  o n th e 11:0 0 a m flight. 
By th e way ,  I'l l  b e leavin g fro m Adelaide. " 

Agent :  "Wha t  abou t  you r  ticke t  t o Adelaide? " 
Traveler :  "Tha t  i s al l  arranged .  Than k you. " 

Our  pla n inferenc e mechanis m take s int o consider -
atio n thes e trait s o f  th e dialogu e whil e interpretin g a 
user' s statements .  I t  differ s fro m earlie r  mechanism s 
fo r  pla n inferenc e (Gros z 1977 ,  Schmidt ,  Sridhara n L 
Goodson 1978 ,  Alle n &  Perraul t  1980 ,  Sidne r  &  Israe l 
1981 ,  Carberr y 1983 ,  Litma n &  Alle n 1987 ,  Pollac k 
1990 )  i n tha t  i t  ca n handl e multipl e interpretations . 
The proble m o f  multipl e interpretation s ha s bee n han -
dle d b y Carberr y (1990 )  b y usin g plausibilit y  factor s 
of  alternat e hypotheses .  However ,  i n domain s suc h a s 
travel ,  wher e th e plcin s i n a n interpretatio n ar e define d 
by a  numbe r  o f  parameters ,  thi s approac h alon e doe s 
not  cop e wit h th e proble m o f  multipl e interpretations . 
The mechanis m presente d i n thi s pape r  addresse s thi s 
proble m b y usin g th e observe d feature s o f  cooperativ e 
dialogues ,  namely ,  relevance ,  coherenc e an d structure . 

Initially ,  w e tak e advantag e o f  th e relevanc e trai t  b y 
usin g guidin g principle s an d met a predicate s t o con -
strai n th e numbe r  o f  interpretation s o f  a  singl e state -
ment .  I n th e final  stages ,  th e amioun t  o f  relevan t  infor -
matio n i n a n interpretatio n i s measure d b y it s infor -
matio n content ,  an d i s use d t o prefe r  interpretation s 
wit h mor e relevan t  information . 

The coherenc e o f  a n interpretatio n i s determine d b y 

^Thi s dialogu e i s simila r  t o thos e foun d i n th e tran -
script s o f  telephon e conversation s a t  trave l  agencies ,  whic h 
were provide d b y Prof .  J .  Roac h an d D .  Sanfor d fro m th e 
Virgini a Polytechni c Institut e an d Stat e University . 
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th e relatio n betwee n th e interpretatio n o f  a  statenx-n t 
and th e interpretatio n o f  th e previou s discourse .  Lit -
m an an d Alle n (1987 )  hav e applie d idea s relate d t o 
discours e coherenc e i n orde r  t o selec t  a  preferre d plan . 
However ,  sinc e the y maintai n onl y on e preferre d op -
tion ,  the y m a y choos e a n interpretatio n tha t  i s locall y 
coherent ,  bu t  doe s no t  fit  i n wit h th e entir e dialogue . 
I n thi s research ,  thi s situatio n i s  prevente d b y main -
tainin g othe r  interpretation s wit h les s coheren t  rela -
tion s whil e pursuin g th e mor e likel y interpretations . 

Al l  dialogues ,  whethe r  well-structure d o r  otherwise , 
ca n b e handle d b y a  singl e approach ,  whic h w e cal l  th e 
cognitiv e approach .  I n thi s approac h th e syste m draw s 
bot h direc t  inference s base d o n th e user' s statement , 
and indirec t  inference s base d o n domai n an d worl d 
knowledg e fro m eac h statemen t  a s i t  i s  uttered .  Fo r 
instance ,  upo n receivin g th e first  statemen t  i n ou r  sam -
pl e text ,  th e system ,  afte r  maikin g al l  th e direc t  infer -
ences ,  wil l  g o o n t o m a k e th e indirec t  inferenc e tha t  th e 
speake r  i s probabl y leavin g fro m Melbourne ,  wher e th e 
conversatio n i s bein g conducted .  However ,  som e o f  th e 
system' s indirec t  inference s m a y hav e t o b e retracte d 
due t o informatio n provide d late r  on ,  a s whe n th e trav -
ele r  say s "B y th e way ,  I'l l  b e leavin g fro m Adelaide, " 
i n ou r  sampl e text .  Evidenc e provide d b y writte n an d 
spoke n text ,  wher e speakers/writer s addres s inference s 
presumabl y performe d b y thei r  hearers/readers ,  lead s 
us t o believ e tha t  thi s approac h model s h u m a n cogni -
tion .  Fo r  instance ,  met a comment s suc h a s "however, " 
"indeed "  an d "i n faict "  indicat e violatio n o f  expecta -
tions ,  realizatio n o f  expectation s an d violatio n o f  im -
plicatures ,  respectively . 

Th e cognitiv e approac h i s  computationall y expen -
siv e fo r  th e initia l  discourse ,  du e t o th e retraction s tha t 
m ay hav e t o b e performed .  Thes e retraction s m a y b e 
avoide d b y usin g anothe r  approach ,  namel y th e impk -
mentationa l  approach .  I n thi s approach ,  th e syste m 
first  draw s al l  th e direc t  inference s fro m al l  th e state -
ment s i n th e initia l  discourse ,  an d onl y the n draw s th e 
indirec t  inferences .  I n thi s case ,  ther e ar e les s chance s 
of  earl y unwarrante d inferences ,  an d hence ,  fro m th e 
viewpoin t  o f  implementation ,  thi s approac h i s attrac -
tive .  However ,  thi s approac h alon e canno t  cop e wit h a 
clarificatio n interactio n afte r  th e initia l  discourse . 

I n thi s paper ,  w e argu e fo r  a  hybri d approac h tha t 
take s advantag e o f  th e benefit s o f  bot h approache s 
by takin g int o accoun t  th e observe d structur e o f 
information-seekin g diaJogues .  I n th e hybri d approach , 
th e implementationa l  approac h i s  applie d t o th e ini -
tia l  discourse ,  an d th e cognitiv e approac h i s  apphe d 
t o subsequen t  statement s uttere d eithe r  afte r  a  paus e 
or  i n respons e t o a  quer y pose d b y th e system .  Th e 
res t  o f  thi s pape r  describe s ou r  mechanis m fo r  pla n 
inferenc e base d o n th e hybri d approach ,  wit h partic -
ula r  referenc e t o th e strategie s tha t  tak e int o accoun t 
th e characteristic s o f  cooperativ e information-seekin g 
dialogue s i n orde r  t o reduc e th e numbe r  o f  alternat e 
interpretation s o f  a  user' s statements . 

T h e M a i n M e c h a n i s m 

The inferenc e mechanis m operate s o n inpu t  provide d 
by th e NLI ,  consistin g o f  predicates ,  suc h a s FL Y an d 
G O,  an d met a predicate s tha t  indicat e th e modalit y 
of  th e statements ,  suc h a s W A N T.  Base d o n thi s in -
put ,  i t  generate s th e intende d plan s o f  th e user .  T h e 
mechanis m i s base d o n th e hybri d approac h an d i t  con -
sist s o f  tw o parts :  (1 )  th e implementationa l  par t  fo r 
handUn g th e initia l  discours e 5, ,  an d (2 )  th e cogni -
tiv e par t  fo r  processin g th e clarificatio n statement s Se -
Bot h part s appl y thre e mai n processes :  (1 )  Direc t  in -
ference ,  (2 )  Indirec t  inference ,  an d (3 )  Evaluatio n o f 
interpretations .  However ,  the y ar e applie d a t  differen t 
time s i n eac h part .  I n th e implementationa l  part ,  di -
rec t  inferenc e o f  al l  statement s followe d b y evaluatio n 
precede s indirec t  inference s followe d b y anothe r  evalu -
ation .  I n th e cognitiv e part ,  direc t  an d indirec t  infer -
ence s ar e interspersed ,  wit h th e evaluatio n performe d 
last .  Thes e thre e processe s ar e describe d belo w wit h 
referenc e t o th e tw o procedure s Implementational-Infe r 
an d Cognitive-Infer ,  whic h embod y th e tw o part s o f 
th e mechanism .  T h e se t  o f  interpretations ,  { IS} ,  i s 
initiall y  se t  t o nil . 

Procedur e Implementational-Infe r  (5, ) 
1 Fo r  eac h statemen t  s  i n th e discours e 5, -  do : 
2 Generat e a  se t  o f  interpretation s I{s )  usin g 

guidin g principle s an d met a predicate s 
3 Infe r  th e se t  R  o f  possibl e discours e relation s 

betwee n /(s )  an d {IS }  an d orde r  the m 
accordin g t o th e coherenc e measur e 

4 Combin e I{s )  an d {IS }  usin g R  t o creat e 
a ne w {IS} ,  an d determin e th e likelihood s 
of  th e interpretation s i n th e ne w se t 

5 Us e thes e likelihood s t o prun e unlikel y 
interpretation s fro m {IS } 

6 Fo r  eac h interpretatio n /  i n {IS } 

7 Us e th e informatio n conten t  o f  /  t o revis e it s 
likelihoo d 

8 Prun e unlikel y interpretation s fro m {IS } 

9 Fo r  eac h interpretatio n I  tha t  i s  lef t  i n { IS } 

10 Repea t  unti l  [  /  i s  full y  define d ]  o r 

[  th e informatio n conten t  o f  / 
canno t  b e increase d ] 

11 Infe r  value s fo r  al l  undefine d necessar y 

parameter s i n al l  th e plan s i n / 
12 Prun e {IS }  usin g informatio n conten t  (line s 7-10 ) 

Procedur e Cognitive-Infe r  {Sc ) 
1 Fo r  eac h statemen t  s  i n th e discours e S c do : 
2 Perfor m direc t  inference s a s i n line s 2- 5 i n 

procedur e Implementational-Infe r 
3 Perfor m indirec t  inference s a s i n line s 9-1 1 i n 

procedur e Implementational-Infe r  t o infe r 
th e value s o f  al l  necessar y parameters ,  an d 
updat e the m s o tha t  earlie r  inference s ar e 
not  refute d b y late r  weake r  inference s 

4 Prun e {IS }  usin g informatio n conten t  a s i n line s 
7-1 0 i n procedur e Implementational-Infe r 
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Di rec t  In fe renc e 

T h e direc t  inferenc e stag e (line s 2- 5 i n proce -
dur e Implemeniational-Infe r  an d lin e 2  i n procedur e 
Cognitive-Infer )  consist s of :  (l )  Inferrin g a  se t  o f  in -
terpretation s fro m eac h o f  th e user' s statement s (lin e 
2 i n procedur e Implementational-Infer) ;  (2 )  Inferrin g a 
set  o f  relation s betwee n eac h interpretatio n o f  a  user' s 
statemen t  an d th e previou s discours e (lin e 3) ;  an d (3 ) 
Generatin g a  se t  o f  ne w interpretation s (lin e 4) .  I n thi s 
process ,  th e likelihoo d o f  eac h interpretatio n i s deter -
mined ,  an d les s likel y interpretation s ar e no t  pursued . 

T h e inferenc e o f  interpretation s fro m on e statemen t 
issue d b y a  use r  consist s o f  inferrin g a  se t  o f  possibl e ac -
tion s whic h matc h thi s statement ,  an d computin g thei r 
likelihoods .  Thi s inferenc e i s don e b y usin g a  S T R I P S -
lik e operato r  librar y (Fike s i c Nilsso n 1971 )  an d pla n 
inferenc e rule s (Alle n &  Perraul t  1980) .  Sinc e th e num -
ber  o f  interpretation s base d o n jus t  on e statemen t  an d 
th e operato r  librar y ca n b e quit e larg e i n a  realisti c 
domain ,  w e contro l  th e activatio n o f  th e pla n inferenc e 
rule s b y mean s o f  guidin g principles ,  thu s reducin g th e 
number  o f  possibiUties .  I n addition ,  met a predicate s 
ar e use d durin g thi s stag e t o modif y th e strengt h o f 
th e pla n inferenc e rules . 

T h e inferenc e o f  th e discours e relation s betwee n th e 
interpretation s o f  on e statemen t  an d th e interpreta -
tion s o f  th e previou s discours e i s don e s o tha t  th e co -
herenc e o f  th e discours e i s increased . 

T h e inferenc e o f  a  ne w interpretation ,  base d o n a n 
interpretatio n o f  a  ne w statement ,  a n interpretatio n o f 
th e previou s discours e an d on e o f  th e inferre d discours e 
relations ,  i s  don e b y updatin g th e interpretatio n o f  th e 
previou s discours e usin g th e relatio n an d th e informa -
tio n i n th e interpretatio n o f  th e ne w statement .  T h e 
likelihood s o f  th e ne w interpretation s ar e determine d 
usin g Bayesia n theor y o f  probability ,  an d interpreta -
tion s whos e likelihood s Jir e lowe r  tha n a n acceptabl e 
threshol d ar e droppe d (Raskutt i  i c  Zukerma n 1991) . 

Indirect Inference 

T h e indirec t  inferenc e stag e (line s 9-1 1 i n proce -
dur e Implemeniational-Infer ,  an d lin e 3  i n procedur e 
Cognitive-Infer )  i s  use d t o infe r  informatio n tha t  ha s 
not  bee n explicitl y  state d b y th e user .  I n th e imple -
mentationa l  part ,  i t  i s  performe d afte r  direc t  inferenc e 
of  a  chun k o f  statements .  I n th e cognitiv e part ,  i t 
i s  performe d afte r  direc t  inferenc e o f  eac h statement . 
T h e strengt h o f  indirec t  inference s i s assesse d o n th e 
basi s o f  thei r  sourc e o f  information .  Fo r  instance ,  th e 
desire d m o d e o f  transpor t  betwee n Sydne y an d Hawai i 
m ay b e inferre d b y takin g int o consideratio n typica l 
assumption s abou t  th e domain .  Thi s typ e o f  inferenc e 
i s stronge r  tha n a n inferenc e base d o n genera l  'worl d 
knowledge' ,  bu t  weake r  tha n a  direc t  inference . 

Indirec t  inference s ar e applie d t o infe r  eac h o f  th e 
parameter s tha t  ar e necessar y fo r  pla n definition ,  an d 
inference s ar e draw n unti l  a  complet e interpretatio n i s 
inferre d o r  n o mor e inference s ca n b e draw n o n th e 

basi s o f  th e existin g information .  I n th e implementa -
tiona l  approach ,  onl y th e parameter s tha t  remai n un -
define d afte r  direc t  inferenc e ar e inferred .  I n th e cog -
nitiv e approach ,  however ,  al l  th e necessar y parameter s 
ar e inferred ,  an d previou s inference s m a y b e refute d o r 
corroborate d i n ligh t  o f  ne w inferences . 

Evaluation of Interpretations 

Afte r  a  chun k o f  statement s i s processed ,  th e gener -
ate d interpretation s ar e evaluate d usin g a  measur e o f 
informatio n content ,  aoi d th e interpretation s tha t  ar e 
bette r  define d accordin g t o thi s measur e ar e retained . 
Thi s evaluatio n i s performe d twic e i n th e implemen -
tationa l  approach ,  first  afte r  al l  th e direc t  inference s 
hav e bee n drawn ,  an d the n agsii n afte r  th e completio n 
of  th e indirec t  inference s (line s 6- 8 an d 1 2 i n procedur e 
Implemeniational-Infer) .  I n th e cognitiv e approach ,  o n 
th e othe r  hand ,  th e evaluatio n i s deferre d unti l  al l  th e 
statement s i n a  chun k ar e full y  processe d (lin e 4  i n 
procedur e Cognitive-Infer) . 

The Strategies in Detail 

I n thi s section ,  w e describ e th e strategie s tha t  ar e 
use d t o reduc e th e numbe r  o f  possibl e interpretation s 
of  a  user' s statements .  Thes e strategie s tak e int o ac -
coun t  tw o aspect s o f  observe d dialogue s i n information -
seekin g settings ,  namely ,  coherenc e an d relevance . 

Guiding Principles 

Guidin g principle s restric t  th e numbe r  o f  interpreta -
tion s tha t  matc h a  singl e statemen t  o f  a  use r  b y con -
trollin g th e searc h throug h th e operato r  librar y tha t 
define s th e basi c action s i n th e domain .  Eac h opera -
to r  i s define d i n term s o f  it s preconditions ,  effect s an d 
compositio n (als o calle d th e bod y o f  th e operator) . 

Durin g th e inferenc e o f  interpretation s o f  a  state -
ment  tha t  ha s bee n parse d int o a n inpu t  predicate ,  al l 
thos e operator s tha t  hav e th e predicat e i n th e defini -
tio n o f  thei r  precondition ,  effec t  o r  body ,  ar e chose n a s 
possibl e matches .  Thi s ca n lea d t o th e selectio n o f  a 
larg e numbe r  o f  operator s a s possibl e matches .  Hence , 
we us e th e followin g guidin g principles ,  whic h ar e base d 
on th e relevanc e trait ,  t o restric t  th e inferenc e process , 
so tha t  onl y justifiabl e inference s ar e drawn . 

1.  Leas t  Complicatio n -  require s tha t  th e mos t  primi -
tiv e o f  th e matche d operator s mus t  b e selected .  Fo r 
instance ,  whe n a  use r  say s " I  wan t  t o g o t o Syd -
ney, "  the n whil e bot h one-wa y an d two-wa y trave l 
ar e possibilities ,  one-wa y trave l  i s  chosen . 

2.  Leas t  Commitmen t  -  require s tha t  th e operato r  tha t 
need s th e leas t  numbe r  o f  additiona l  assumption s 
be chose n (Sacerdot i  1977) .  I n practice ,  thi s mean s 
tha t  mor e genera l  operator s ar e chosen ,  unles s ther e 
i s a n explici t  referenc e t o a  specifi c  operator .  Fo r 
instance ,  unles s ther e i s a n explici t  referenc e t o a 
means o f  transport ,  thos e operator s tha t  ar e uncom -
mitte d abou t  th e mean s o f  transpor t  ar e chosen . 
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M e t a P r e d i c a t e s 

Met a predicates ,  suc h a s C A N an d w a n t ,  ro|)r<'.scii t  tl w 
modalit y o r  prepositiona l  attitud e o f  th e stattiiients . 
The y ar e returne d b y th e NL I  i n orde r  t o retai n infor -
matio n tha t  m a y b e los t  whe n parsin g fro m natura l 
languag e t o predicates .  Th e presenc e o f  a  met a pred -
icat e enable s u s t o resolv e ambiguit y whe n th e inpu t 
predicat e appear s i n bot h th e preconditio n an d th e ef -
fec t  o f  a n operator .  Fo r  instance ,  i f  a  user' s reques t 
abou t  BEin g a t  a  plac e i s expresse d a s " I  wan t  t o b e .. . 
"  o r  " I  ca n b e .. .  , "  bu t  th e nl i  return s i t  a s be(...) , 
thi s predicat e ca n refe r  eithe r  t o th e preconditio n o r 
th e effec t  o f  a n operato r  wit h equa l  likelihood .  B y 
takin g int o accoun t  th e presenc e o f  a  met a predicate , 
we increas e th e bia s toward s th e appropriat e inferenc e 
rule ,  e.g. ,  i f  th e use r  ha d sai d " I  ca n b e .. .  "  the n th e 
likelihoo d o f  th e preconditio n rul e i s increased . 

Discourse Coherence 

Discourse coherence considerations are used during di-
rec t  inferenc e t o bia s th e inferenc e proces s toward s 
interpretation s tha t  m a k e th e discours e mor e coher -
ent .  T o thi s effect ,  th e inferre d relation s ar e assigne d 
likelihood s tha t  prefe r  norma l  pattern s o f  discourse , 
e.g. ,  th e elaboratio n o f  th e lates t  pla n i s preferre d t o 
th e elaboratio n o f  olde r  plans ;  th e likelihoo d o f  a n in -
troductio n i s reduce d i f  elaboratio n i s possible ;  an d i f 
ther e ar e cu e word s t o indicat e a  relation ,  the n thes e 
ar e use d durin g th e inferenc e o f  relation s (Raskutt i  & 
Zukerma n 1991) . 

A ne w statemen t  o f  th e use r  ca n eithe r  elaborat e o n 
an earlie r  topic ,  introduc e a  ne w topic ,  digres s fro m th e 
las t  topic ,  o r  correc t  som e informatio n specifie d ear -
lier .  Th e differen t  possibl e relation s couple d wit h th e 
differen t  topic s tha t  m a y b e correcte d o r  elaborate d 
giv e ris e t o a  numbe r  o f  differen t  interpretations .  Th e 
likelihood s o f  thes e interpretation s depen d o n th e likeli -
hood s o f  th e inferre d relations ,  whic h i n tur n depen d o n 
whethe r  th e NL I  ha s recognize d a  discourse-statemen t 
relationshi p and/o r  th e referre d topic .  Thus ,  ther e ar e 
fou r  possibilities : 

1.  I f  ther e i s a n explici t  referenc e t o a n earlie r  topic , 
an d a  discours e relatio n i s specified ,  the n th e syste m 
has n o uncertaint y abou t  th e topi c o r  th e relation . 

2.  I f  onl y a  topi c i s specified ,  the n w e assum e a n elab -
oratio n relation ,  e.g. ,  "Abou t  th e Hawai i  trip ,  I'l l  b e 
flying  QANTAS. " 

3.  I f  onl y a  discourse-statemen t  relatio n i s specified , 
e.g. ,  " O n secon d thought ,  m a k e i t  10:0 0 a m "  (correc -
tion) ,  th e syste m need s t o determin e whic h o f  th e 
earlie r  topic s i s bein g referre d to .  Notice ,  however , 
tha t  th e onl y possibl e discours e relation s pertainin g 
t o previou s topic s ar e Elaboratio n an d Correction . 
Thi s i s du e t o th e fac t  tha t  i n Introduction ,  th e in -
troduce d topi c i s unrelate d t o previou s topics ,  an d 
Digressio n i s considere d a s a  specia l  cas e o f  Elab -
oration ,  wher e th e likelihoo d o f  elaboratin g o n th e 

lates t  topi c i s substantiall y  reduced .  T h e determina -
tio n o f  th e topic s whic h ar e elaborate d o r  correcte d 
i s performe d b y followin g c o m m o n pattern s o f  dis -
course ,  wher e th e elaboratio n o r  correctio n o f  topic s 
mentione d late r  i n th e discours e i s preferre d t o tha t 
of  topic s mentione d earlier . 

4.  I f  neithe r  atopi c no r  a  discours e relatio n i s specified , 
the n th e inferenc e o f  discours e relation s i s performe d 
by firs t  determinin g whic h relation s ar e possibl e an d 
the n calculatin g th e likelihoo d o f  eac h postulate d re -
lation .  W e d o no t  postulat e tha t  th e ne w statemen t 
i s a  correctio n o r  a  digressio n unles s ther e i s a n ex -
plici t  indicatio n fro m th e NLI .  Hence ,  th e onl y pos -
sibl e relation s ar e Elaboratio n o f  eac h topi c i n th e 
interpretatio n o f  th e earlie r  discourse ,  an d Introduc -
tio n o f  a  ne w topic .  Lik e above ,  elaboratio n o f  topic s 
mentione d late r  i n th e discours e i s preferre d t o tha t 
of  topic s mentione d earlier .  Introductio n o f  a  ne w 
topi c i s alway s considere d a  possibility .  However ,  it s 
likelihoo d i s reduce d i f  Elaboratio n i s possible . 

Strength and Categorization of Inferences 

T h e strengt h o f  a n inferenc e i s directl y proportiona l 
t o th e reliabilit y  o f  th e informatio n sourc e o n whic h 
th e inferenc e i s based .  Hence ,  w e categoriz e differen t 
informatio n source s tha t  ar e use d t o dra w inference s 
an d lis t  the m belo w i n decreasin g orde r  o f  reliability . 

1.  User' s Statement s -  Direc t  inference s fro m wha t  i s 
explicitl y  stated .  Whil e thes e inference s ca n b e pre -
sumed correct ,  ther e i s stil l  a  degre e o f  uncertaint y 
i n relatin g a  ne w statemen t  t o th e earlie r  one s du e 
t o th e differen t  discours e relation s possible . 

2.  Doma i n Knowledge -  Indirec t  inference s tha t  ar e de -
rive d b y usin g th e system' s belief s abou t  th e user' s 
domai n knowledge .  A  typica l  exampl e i s th e infer -
enc e o f  th e arriva l  tim e a t  th e destinatio n onc e th e 
departur e tim e i s known . 

3.  Doma i n Assumption s -  Indirec t  inference s tha t  ar e 
derive d b y assumin g wha t  i s norma l  i n th e domain . 
For  example ,  whe n th e m o d e o f  trave l  i s  no t  speci -
fied,  i t  i s  possibl e t o deriv e thi s informatio n fro m th e 
usua l  m o d e o f  transpor t  betwee n tw o places . 

4.  Use r  Mode l  -  Indirec t  inference s tha t  ar e m a d e o n 
th e basi s o f  th e system' s mode l  o f  th e user .  T h e use r 
model  m a y b e a  defaul t  mode l  describin g a  typica l 
user ,  o r  i t  m a y b e mor e specific .  I n ou r  system ,  w e 
hav e adopte d a  defaul t  mode l  base d o n th e assump -
tio n that ,  typically ,  th e informatio n provide r  canno t 
for m a n extensiv e use r  model . 

5.  Common-Sens e -  Indirec t  inference s tha t  ar e derive d 
usin g c o m m o n notion s outsid e th e domai n o f  inter -
est .  Typically ,  suc h notion s ar e use d whe n w e pos -
tulat e retur n journey s base d o n th e assumptio n tha t 
peopl e usuall y d o no t  mov e fro m thei r  residence . 

T h e inferenc e type s ar e assigne d a  strengt h i n th e 
(0,1 ]  range ,  an d thi s strengt h i s use d durin g th e com -
putatio n o f  th e informatio n conten t  o f  a  parameter . 
T h e inference s derive d fro m th e user' s statement s hav e 
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a strengt h o f  1  an d al l  othe r  inferenc e type s hav e a 
progressivel y decreasin g strength ,  accordin g t o th e re -
liabilit y  o f  thei r  sourc e o f  information .  Th e undefine d 
parameter s ar e assigne d a  minimu m strength .  Thi s as -
signmen t  enable s u s t o distinguis h betwee n parameter s 
tha t  ar e define d inexactl y b y th e use r  an d parameter s 
tha t  ar e lef t  undefined ,  an d assig n les s informatio n con -
ten t  t o undefine d parameters . 

Durin g th e proces s o f  inferrin g th e valu e o f  a  parame -
ter ,  w e emulat e on e aspec t  o f  humao i  behavio r  whereb y 
onc e a  conclusio n i s accepte d wit h a  peu'ticula r  degre e 
of  confidence ,  peopl e conside r  i t  t o b e certai n whe n 
drawin g subsequen t  conclusion s (Gettys ,  Kell y k  Pe -
terso n 1982) .  T o thi s effect ,  eac h paramete r  i n th e 
plan s i n eac h interpretatio n i s tagge d wit h th e typ e 
of  inferenc e tha t  gav e ris e t o th e valu e o f  th e parame -
ter ,  withou t  talkin g int o accoun t  th e inferenc e type s o f 
othe r  parameter s tha t  wer e use d fo r  computin g th e pa -
ramete r  i n question .  Thus ,  lik e Carberr y (1990) ,  w e d o 
not  compoun d th e uncertaint y i n chain s o f  inferences . 

The strengt h o f  th e inferenc e typ e i n a  parameter' s 
ta g i s use d i n th e cognitiv e approac h t o determin e 
whethe r  a  particula r  paramete r  shoul d b e revise d b y 
a ne w inference .  I f  th e strengt h o f  th e ne w inferenc e i s 
th e sam e o r  highe r  tha n th e strengt h o f  th e inferenc e 
typ e i n th e tag ,  th e ne w inferenc e replace s th e ol d one . 
Otherwise ,  th e ol d inferenc e i s retained .  I n thi s maui -
ner ,  a  weake r  inferenc e i s prevente d fro m refutin g th e 
result s obtaune d fro m a  stronge r  inference . 

Information Content 

We defin e th e informatio n conten t  o f  a n interpretatio n 
as th e su m o f  th e informatio n conten t  o f  al l  th e plan s 
i n th e interpretation ,  an d th e informatio n conten t  o f 
a pla n a s th e su m o f  th e informatio n conten t  o f  al l 
th e parameter s tha t  ar e necessar y fo r  th e definitio n o f 
th e plan .  Th e informatio n conten t  o f  a  parameter ,  i n 
turn ,  depend s o n tw o factors :  (1 )  it s specificity ,  whic h 
i s define d a s th e reciproca l  o f  th e numbe r  o f  possibl e 
value s assigne d t o thi s parameter ;  an d (2 )  it s strength , 
whic h depend s o n th e sourc e o f  informatio n fro m whic h 
thi s paramete r  wa s obtained .  Thus ,  bot h a  paramete r 
wit h multipl e value s assigne d t o i t  an d a  paramete r 
derive d fro m a n unreliabl e sourc e o f  informatio n ar e 
deemed t o hav e a  lo w informatio n conten t  (Raskutt i  & 
Zukerma n 1991) . 

The informatio n conten t  measur e i s use d t o updat e 
th e likelihoo d o f  eac h interpretatio n i n th e se t  o f  inter -
pretations .  Thi s se t  i s  the n prune d b y droppin g thos e 
interpretation s whos e likelihood s fal l  belo w a  relativ e 
rejectio n threshold .  I n thi s manner ,  th e interpreta -
tion s wit h mor e relevan t  information ,  i.e. ,  thos e wit h 
a highe r  informatio n content ,  ar e chosen . 

Conclusions 

We hav e offere d a  mechanis m whic h direct s inference s 
toward s mor e likel y interpretation s o f  a  user' s state -
ment s b y usin g strategie s whic h tak e int o accoun t 

th e observe d trait s o f  information-seekin g dialogues , 
namely ,  relevance ,  coherenc e an d structure .  Currently , 
th e algorith m fo r  th e implementationa l  par t  i s  full y 
operational ,  wit h th e indirec t  inferenc e restricte d t o a 
fe w rule s fro m eac h category .  Th e cognitiv e par t  i s 
i n th e las t  stage s o f  it s implementation .  Finadly ,  ou r 
experiment s wit h a  fe w discours e sample s hav e indi -
cate d tha t  ou r  algorith m choose s th e sam e interpreta -
tio n tha t  peopl e choose .  Fo r  instance ,  i n th e exampl e 
presente d i n th e Introduction ,  ou r  mechanis m consid -
er s fou r  possibl e itineraries ,  an d the n choose s th e in -
tende d one ,  i.e. ,  Melbourn e —•  Adelaid e —» Sydne y —<• 
Hawai i  —•  Melbourne ,  a s th e bes t  interpretation . 
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