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Monash Universit y 

Clayton ,  V I C T O R I A 3168 ,  A U S T R A L I A 

email :  {banu,ingrid}@bruce.cs.monash.edu.a u 

Abstrac t 

Durin g natura l  languag e interactions ,  i t  i s  ofte n 
th e cas e tha t  a  se t  o f  statement s issue d b y a 
speaker/write r  ca n b e interprete d i n a  numbe r 
of  way s b y a  listener/reader .  Sometime s th e in -
tende d interpretatio n ca n no t  b e determine d b y 
considerin g onl y conversationz J coherenc e an d rel -
evanc e o f  th e presente d information ,  an d special -
ize d domai n knowledg e m a y b e necessar y i n choos -
in g th e intende d interpretation .  I n thi s paper ,  w e 
identif y th e point s durin g th e inferenc e proces s 
wher e suc h speciadize d knowledg e ca n b e success -
full y applie d t o ai d i n assessin g th e likelihoo d o f 
an interpretation ,  an d presen t  th e result s o f  a n 
inferenc e proces s tha t  use s domai n knowledge ,  i n 
additio n t o othe r  factors ,  suc h a s coherenc e an d 
relevance ,  t o choos e th e interpretatio n intende d 
by th e speaker .  Ou r  mechanis m ha s bee n devel -
ope d fo r  us e i n task-oriente d consultatio n systems . 
T h e particula r  domai n tha t  w e hav e chose n fo r  ex -
ploratio n i s tha t  o f  a  trave l  agency . 

Introduction 

Durin g nature d languag e interactions ,  i t  i s  ofte n th e 
cas e tha t  a  se t  o f  statement s issue d b y a  speaker/write r 
ca n b e interprete d i n a  numbe r  o f  way s b y a  lis -
tener/reader .  Fo r  instance ,  ther e ar e tw o possibl e in -
terpretation s o f  th e statement s "Joh n wa s depressed . 
He bough t  a  rope. "  O n e o f  the m i s tha t  Joh n ha s a 
pla n t o han g himself .  Anothe r  i s tha t  Joh n ha s a  pla n 
t o d o som e rop e skipping .  Th e first  on e i s th e interpre -
tatio n tha t  mos t  peopl e woul d prefer .  Thi s i s explaine d 
by th e fac t  tha t  i n coheren t  conversations ,  peopl e ex -
pec t  statement s t o b e linke d t o a  centrz d theme .  I n 
addition ,  th e interpretatio n tha t  th e rop e i s t o b e use d 
fo r  skippin g ha s n o explanatio n fo r  Joh n wantin g t o d o 
skipping .  Hence ,  al l  th e informatio n presente d canno t 
be use d relevantly .  Thus ,  i n thi s case ,  th e preferre d 
interpretatio n i s arrive d a t  b y takin g int o accoun t  con -
versationa l  coherenc e an d th e relevanc e o f  th e infor -
matio n tha t  wa s presented . 

However ,  ther e ar e situation s wher e th e intende d 
interpretatio n ca n no t  b e determine d b y considerin g 

thes e tw o factor s alone ,  an d specialize d domai n knowl -
edg e m a y b e necessar y i n choosin g th e correc t  interpre -
tation .  Fo r  instance ,  conside r  th e followin g (rea l  life ) 
reques t  o f  a  lad y t o he r  husband ,  a n hou r  befor e the y 
wer e du e t o repor t  a t  th e airpor t  fo r  thei r  retur n flight 
fro m overseas ,  "Ca n yo u fill  petro l  an d hav e th e films 
developed? "  T h e husban d inferre d tha t  th e job s coul d 
be performe d i n an y orde r  an d henc e filled  petro l  first. 
He ha d neglecte d t o us e th e domai n knowledg e tha t 
th e camer a sho p need s on e hou r  t o proces s th e film, 
and foun d ou t  tha t  the y coul d no t  proces s th e film. 

I n thi s paper ,  w e identif y th e point s durin g th e infer -
enc e proces s wher e specialize d knowledg e ca n b e suc -
cessfull y applie d t o ai d i n assessin g th e likelihoo d o f 
an interpretation ,  an d presen t  th e result s fro m a n in -
tegrate d mechanis m tha t  consider s multipl e interpreta -
tions ,  an d use s domai n knowledge ,  i n additio n t o othe r 
factors ,  suc h a s coherenc e an d relevance ,  t o choos e th e 
interpretatio n intende d b y th e speaker .  Ou r  mecha -
nis m ha s bee n develope d fo r  us e i n task-oriente d con -
sultatio n systems .  Th e particula r  domai n tha t  w e hav e 
chose n fo r  exploratio n i s tha t  o f  a  trave l  agency . 

An interpretatio n o f  a  user' s statement s i s a  se t  o f 
plan s tha t  th e use r  propose s t o carr y out ,  an d a  pla n 
consist s o f  a n actio n wit h a  numbe r  o f  parameter s 
definin g th e action .  Fo r  instance ,  i n th e trave l  domain , 
th e proposa d t o fly  fro m Melbourn e t o Sydne y o n De -
cember  1st ,  1991 ,  i s a  plan ,  wher e flying  i s th e action , 
an d th e parameter s deparlv n location ,  arriva l  locatio n 
an d departur e dat e ar e instantiated . 

A numbe r  o f  researcher s hav e considere d th e variou s 
factor s tha t  influenc e th e choic e o f  a n interpretation . 
Litma n an d Alle n (1987 )  tak e discours e coherenc e int o 
accoun t  t o prefe r  a n interpretation .  However ,  sinc e 
the y conside r  onl y on e interpretation ,  the y canno t  cop e 
wit h situation s wher e a  preferre d interpretatio n mus t 
be give n u p i n ligh t  o f  ne w information .  Fo r  instance , 
i f  th e abov e sampl e statement s regardin g Joh n ar e fol -
lowe d b y th e revelatio n "Skippin g alway s cheere d hi m 
up, "  the n th e intende d interpretatio n ca n b e arrive d 
at  onl y i f  th e previousl y discarde d interpretatio n i s re -
instated .  T h e proble m o f  multipl e interpretation s ha s 
bee n considere d b y Carberr y (1990 )  an d b y Goldma n 
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and Charnia k (1991) .  However ,  th e influenc e o f  dif -
feren t  factor s i s  hidde n i n th e prior s chose n fo r  th e 
differen t  hypothese s o r  contexts .  Thus ,  extension s t o 
thei r  system s t o accommodat e domai n knowledg e con -
sideration s wil l  no t  b e modular . 

I n thi s paper ,  w e presen t  a  metho d fo r  incorporat -
in g domai n knowledg e int o a  domai n independen t  in -
ferenc e mechanism .  I n ou r  discussion ,  w e refe r  t o th e 
inferenc e mechanis m presente d i n (Raskutt i  &  Zuker -
man 1991] .  Thi s mechanis m addresse s th e proble m 
of  choosin g th e intende d interpretatio n amon g multi -
pl e possibilitie s b y generatin g al l  possibl e interpreta -
tion s o f  a  speaker' s statement s an d taggin g the m wit h 
a likelihoo d measure .  T h e likelihoo d ta g i s use d t o de -
termin e th e interpretation s tha t  hav e t o b e maintaine d 
durin g th e processin g a s wel l  a s t o selec t  th e preferre d 
interpretation(s) .  Th e likelihoo d measur e use d b y th e 
mechanis m i s calculate d usin g Bayesia n theor y o f  prob -
abilit y an d i t  i s  base d o n tw o factors :  (1 )  discours e co -
herenc e — whic h favour s discourse s whic h ar e close r  t o 
norma l  pattern s o f  conversation ;  an d (2 )  relevanc e o f 
th e presente d informatio n — whic h i s determine d b y 
th e informatio n conten t  o f  a n interpretation .  I n thi s 
paper ,  w e ad d anothe r  factor ,  namel y domai n knowl -
edge ,  whic h favour s th e interpretation s tha t  ar e mor e 
likel y withi n a  particula r  domain . 

The incorporatio n o f  domai n knowledg e t o deter -
min e th e intende d interpretatio n i s  base d o n th e fol -
lowin g factors :  (1 )  th e exten t  o f  th e usag e o f  a  pla n fo r 
a particula r  purpose ,  (2 )  th e feasibilit y  o f  a  singl e pla n 
and o f  th e overal l  combinatio n o f  th e plan s i n a n inter -
pretation ,  an d (3 )  th e practicalit y o f  a  singl e pla n an d 
of  th e overal l  combinatio n o f  th e plan s i n a n interpre -
tation .  Th e subsequen t  section s discus s thes e factor s 
wit h referenc e t o th e mechanis m describe d below . 

The Main Mechanism 

I n thi s section ,  w e describ e briefl y ou r  algorith m fo r 
generatin g an d selectin g interpretation s fro m a  user' s 
utterances .  Th e algorith m m a y b e roughl y divide d int o 
tw o inferenc e processes :  (1 )  Direc t  inference ,  an d (2 ) 
Indirec t  inference .  Direc t  inference s ar e thos e tha t  ar e 
draw n o n th e basi s o f  th e user' s statements ,  th e defini -
tio n o f  domai n action s an d discours e coherenc e consid -
erations .  Indirec t  inference s ar e thos e tha t  ar e base d 
on domai n an d worl d knowledge . 

The direc t  inferenc e stag e consist s o f  th e inferenc e 
of  interpretation s tha t  ar e base d o n th e definitio n o f 
th e basi c action s o f  th e domai n an d th e user' s state -
ments .  Thi s stag e i s compose d o f  thre e parts :  (1 )  th e 
inferenc e o f  interpretation s fo r  eac h o f  th e user' s state -
ments ,  (2 )  th e inferenc e o f  discours e relation s betwee n 
th e interpretation s generate d fro m on e statemen t  an d 
th e interpretation s o f  th e earlie r  discourse ,  an d (3 )  th e 
generatio n an d selectio n o f  ne w interpretation s base d 
on th e first  tw o parts . 

The indirec t  inferenc e stag e i s use d t o complet e th e 
definitio n o f  th e plan s i n th e interpretation s generate d 

by th e direc t  inferenc e process .  Durin g thi s stage ,  pa r 
rameter s o f  a  pla n ar e instantiate d usin g source s othe r 
tha n th e user' s statements ,  suc h a s pla n relationships , 
and domai n an d worl d knowledge .  Th e pla n relation s 
we conside r  ar e causa l  relations ,  suc h a s Enab l e an d 
Constrain ,  an d tempora l  relations ,  suc h a s Be fo r e 
and A f te r .  Th e tempora l  relation s ca n b e eithe r  in -
ferre d o r  explicitl y  stated .  Othe r  base s fo r  inference , 
suc h a s domai n an d worl d knowledge ,  ar e organize d a s 
indirec t  inferenc e rules . 

Durin g bot h inferenc e stages ,  a  numbe r  o f  factors , 
suc h a s discours e coherence ,  relevanc e o f  th e presente d 
informatio n an d domai n knowledge ,  ar e take n int o ac -
coun t  t o deriv e th e likelihoo d o f  eac h o f  th e inter -
pretations .  W e hav e chose n Bayesia n probabilit y  the -
or y ove r  othe r  numerica l  method s fo r  reasonin g unde r 
uncertaint y durin g pla n inferenc e (Raskutt i  k .  Zuker -
m an 1991) .  Baye s theor y ha s ofte n bee n criticize d fo r 
it s computationa l  complexit y an d th e nee d fo r  inde -
pendenc e assumption s durin g conditiona l  probabilit y 
calculations .  Bu t  othe r  numerica l  methods ,  suc h a s 
Dempster-Shafer(D-S )  calculus ,  suffe r  fro m th e sam e 
drawbacks .  I n addition ,  the y ar e ofte n explaine d i n 
term s o f  probabilit y  thu s admittin g tha t  probabilit y 
theor y i s o n a  muc h firmer  footin g tha n othe r  numerica l 
method s (Goldma n k .  Charnia k 1991) .  Fo r  instance , 
D- S calculation s ar e a t  leas t  a s expensiv e a s probabil -
it y  updatin g sinc e a  limi t  cas e o f  th e D- S calculu s i s 
th e sam e a s point-value d probabilit y  theory .  Further , 
D- S calculu s require s th e availabilit y  o f  a  complet e se t 
of  disjoin t  hypothese s necessitatin g extensiv e indepen -
denc e assumptions . 

Afte r  eac h inferenc e stage ,  th e likelihoo d caJculate d 
usin g Baye s theor y i s use d t o choos e betwee n compet -
in g interpretation s b y droppin g thos e interpretation s 
wit h likelihood s lowe r  tha n a  rejectio n threshold .  Thi s 
rejectio n threshol d i s a  functio n o f  th e m a x i m u m likeli -
hoo d o f  th e possibl e interpretations ,  s o tha t  onl y thos e 
interpretation s wit h a  lo w likelihoo d relativ e t o th e 
most  likel y interpretatio n ar e dropped .  Fo r  instance ,  i f 
ther e ar e tw o interpretation s wit h likelihood s 0.5 4 an d 
0.4 6 (se e Sectio n A  Sampl e Run) ,  the n surel y ther e i s 
no clea r  winner .  Hence ,  bot h interpretation s ar e re -
taine d an d th e informatio n i n th e interpretation s i s 
use d t o quer y th e use r  intelligently . 

Domain Knowledge Considerations 

I n thi s section ,  w e discus s th e thre e type s o f  domai n 
knowledg e applie d b y ou r  system ,  namel y exten t  o f 
usage ,  feasibilit y an d practicality . 

Extent of Usage 

Th e inferenc e o f  interpretation s fro m on e statemen t  is -
sue d b y a  use r  consist s o f  inferrin g a  se t  o f  possibl e pla n 
schemas whic h matc h thi s statement ,  an d computin g 
th e likelihoo d o f  eac h plan-schema .  Th e inferenc e o f 
pla n schema s i s  don e b y usin g a  STRIPS-lik e opera -
to r  librar y (Fike s k ,  Nilsso n 1971 )  an d pla n inferenc e 
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rule s (Alle n &  Perraul t  1980) .  Eac h operato r  i n th e 
operato r  librar y represent s a  domai n action ,  an d i t  i s 
assigne d a  prio r  probabilit y  indicatin g th e exten t  o f  it s 
usage .  I n th e trave l  domain ,  th e exten t  o f  usag e o f  a n 
operato r  czuino t  b e determine d unles s som e o f  param -
eter s i n th e operato r  ar e instantiated .  Hence ,  al l  th e 
operators ,  suc h as ,  FL Y an d TAKE-TRAI N ar e assigne d 
3U1 equa l  prior .  However ,  i n othe r  domains ,  th e prio r 
ca n b e use d t o favou r  a  mor e commonl y use d opera -
tor .  Fo r  instance ,  i f  a  perso n want s t o sen d a  parce l 
overseas ,  i t  i s  mor e natura l  t o assum e tha t  s/h e woul d 
be goin g t o th e pos t  offic e t o d o it ,  an d th e prior s ca n 
be se t  t o reflec t  thi s preference . 

Exten t  o f  usag e ca n als o b e use d durin g th e indirec t 
inferenc e proces s whe n indirec t  inferenc e rule s ar e use d 
t o instantiat e th e puameter s o f  a  plan .  Fo r  instance , 
i n ou r  system ,  whic h operate s i n th e trave l  domain , 
th e transpor t  schedul e i s organize d s o tha t  th e listin g 
of  availabl e transport s i s i n th e orde r  o f  th e exten t  o f 
usag e o f  a  pairticula r  m o d e o f  transport .  Durin g th e 
inferenc e process ,  whe n th e mod e o f  transpor t  o r  th e 
departure/arriva l  tim e i s t o b e inferred ,  th e first  entr y 
i n th e transpor t  schedul e tha t  i s  i n agreemen t  wit h th e 
earlie r  inference s i s chose n t o instantiat e th e require d 
parameter(s) .  Thus ,  th e exten t  o f  th e usag e essentiall y 
allocate s a  likelihoo d o f  1  t o th e mos t  commonl y use d 
option .  I f  thi s optio n i s unacceptable ,  i t  ca n alway s b e 
altere d a t  th e user' s request . 

Feasibility 

Feasibilit y  o f  a  pla n indicate s whethe r  a  pla n i s achiev -
able .  Plan s tha t  ar e no t  feasibl e ar e no t  executabl e b y 
an y means .  Fo r  instance ,  a  pla n wher e th e departur e 
dat e i s afte r  th e arriva l  dat e i s no t  feasible .  Pollac k 
(1986 )  als o consider s plan s tha t  ar e no t  executable . 
However ,  th e focu s o f  he r  researc h i s o n understandin g 
th e menta l  processe s applie d b y th e speake r  i n devel -
opin g thes e plans ,  whil e ou r  focu s i s o n generatin g a n 
interpretatio n o f  a  user' s reques t  unde r  th e assumptio n 
tha t  th e preferre d interpretatio n shoui J b e feasible . 

A n interpretatio n i s feasible ,  i f  ai l  th e plan s i n i t 
ar e feasible ,  an d i t  i s  possibl e t o achiev e th e plan s i n 
th e inferre d tempora l  order .  Fo r  instance ,  whil e bot h 
th e plan s t o g o t o Canberr a toda y an d Sydne y tomor -
ro w ar e feasible ,  th e interpretatio n consistin g o f  th e 
tw o plan s i s feasibl e onl y i f  th e tri p t o Canberr a i s be -
for e th e tri p t o Sydney .  Interpretation s tha t  ar e no t 
feasibl e ar e assigne d a  likelihoo d o f  0 ,  thu s eliminat -
in g the m fro m th e se t  o f  likel y interpretations .  No -
tic e however ,  tha t  i f  th e use r  ha s explicitl y  requeste d 
a pla n o r  a  sequenc e o f  plan s tha t  i s no t  feasible ,  the n 
th e interpretatio n containin g thi s pla n o r  sequenc e i s 
retained ,  an d th e syste m mus t  generat e clarificatio n 
queries .  T h e mechanis m fo r  generatin g suc h querie s i s 
th e subjec t  o f  futur e research . 

T h e feasibilit y  o f  a n interpretatio n i s determine d i n 
tw o stages :  (1 )  b y determinin g th e feasibilit y  o f  al l  th e 
plan s i n it ,  an d (2 )  b y determinin g whethe r  th e plan s 

ca n b e performe d i n th e inferre d tempora l  order .  Th e 
syste m attempt s t o determin e feasibilit y  a t  th e earlies t 
possibl e opportunity .  T o thi s effect ,  wheneve r  a n infer -
enc e give s ris e t o a  ne w instantiatio n o f  a  parameter , 
th e syste m check s whethe r  i t  ha s enoug h informatio n 
t o determin e feasibility .  Fo r  instance ,  i f  a  ne w infer -
enc e instantiate s th e paramete r  mod e o f  tranapor i  t o b e 
train ,  an d th e origina l  pla n wa s t o trave l  fro m Adelaid e 
t o Lo s Angeles ,  the n clearl y thi s plan ,  an d henc e th e 
interpretatio n containin g thi s plan ,  ar e no t  feasible . 

Th e usag e o f  domai n knowledg e t o determin e feasi -
bilit y  i s  don e a t  th e followin g points :  (1 )  i n th e direc t 
inferenc e stage ,  durin g th e inferenc e o f  discours e rela -
tions ,  e.g. ,  whe n a  use r  request s fo r  a  flight  t o Hawai i 
an d the n ask s fo r  a  mean s t o ge t  t o Sydney ,  clearl y 
th e secon d reques t  canno t  b e elaboratin g o n th e pla n 
consistin g o f  th e flight  t o Hawaii ;  (2 )  i n th e indirec t 
inferenc e stage ,  durin g th e inferenc e o f  a  tempora l  se -
quenc e o f  plans ,  e.g. ,  th e rea l  lif e situatio n wher e th e 
tempora l  sequenc e o f  filling  petro l  an d the n goin g t o 
th e camer a sho p make s th e secon d pla n unexecutable ; 
(3 )  again ,  i n th e indirec t  inferenc e stage ,  durin g th e 
inferenc e o f  parameter s usin g indirec t  inferenc e rules , 
e.g. ,  i f  th e departur e tim e o f  a  tri p i s inferre d fro m th e 
user' s preference ,  an d ther e i s n o transpor t  schedule d 
at  tha t  time ,  the n clearl y th e pla n wit h th e inferre d 
departur e tim e i s no t  feasible . 

Practicality 

T h e practicalit y o f  a  pla n i s a  measur e o f  th e eas e wit h 
whic h th e effect s o f  th e pla n ca n b e achieved .  A  pla n 
i s practica l  whe n i t  i s  easil y executable .  Fo r  instance , 
a pla n t o servic e you r  ca r  a t  a  farawa y garag e i s im -
practical ,  thoug h feasible .  I n th e trave l  domain ,  a  pla n 
t o fly  oversea s fro m a n internationa l  airpor t  i s  practi -
cal .  Th e practicalit y o f  a  pla n ca n b e determine d a t  al l 
thos e point s wher e th e feasibilit y  o f  a n interpretatio n 
ca n b e assessed .  Fo r  instance ,  whe n bot h th e origi n 
an d destinatio n o f  a  tri p ar e known ,  the n th e practi -
calit y o f  th e tri p ca n b e determine d b y checkin g fo r  a 
direc t  rout e betwee n th e tw o places .  I f  a  direc t  mean s 
canno t  b e found ,  the n th e likelihoo d o f  th e interpreta -
tio n containin g th e pla n i s reduce d t o reflec t  thi s fact . 
However ,  th e reductio n i s no t  t o th e exten t  tha t  th e in -
terpretatio n woul d b e droppe d off ,  unles s i t  i s  alread y 
an unlikel y interpretation .  Thus ,  th e syste m ca n han -
dl e situation s wher e th e use r  intende d t o achiev e a n 
impractica l  pla n b y mean s o f  a  serie s o f  su b plans . 

Th e practicalit y  o f  a n interpretatio n i s a  measur e o f 
th e eas e wit h whic h th e sequenc e o f  plan s i n th e inter -
pretatio n ca n b e performed .  Fo r  instance ,  th e inter -
pretatio n consistin g o f  thre e plans ,  namely ,  droppin g 
of f  th e ca r  fo r  service ,  goin g t o wor k fro m th e garag e 
an d pickin g u p th e ca r  o n th e wa y home ,  i s practica l 
onl y whe n th e plan s ar e performe d i n thi s sequence .  A 
measur e o f  th e practicalit y o f  a n interpretatio n ca n b e 
determine d onl y whe n th e plan s i n th e interpretatio n 
hav e bee n completel y detailed .  Hence ,  i t  i s  determine d 
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Number  o f  completel y define d interpretation s i s 0 
Interpretatio n 1  wit h probabilit y 0.666 6 (0.6 )  consist s o f  2  legs : 

Fl y t o Sydne y 
Fl y fro m Adelaid e t o Hawai i 

departin g o n 16</ j  Marc h 199 1 a t  11:0 0 a m 

Interpretatio n 2  wit h probabilit y 0.333 3 (0.4 )  consist s o f  2  legs : 
Fl y fro m Adelaid e t o Sydne y 
Go t o Hawai i 

departin g o n 16</ i  Marc h 199 1 a t  11:0 0 a m 

Figur e 1 :  Interpretation s afte r  Direc t  Inference s 

Number  o f  completel y define d interpretation s i s 3 

Interpretation 1.1 with probability 0.4444 (0.3478) consists of 2 legs: 
Fl y fro m Melbourn e t o Sydne y 

departin g o n dat e <  I6t h Marc h 199 1 a t  tim e <  10:0 0 a m 
arrivin g o n dat e <  16</ i  Marc h 199 1 a t  tim e <  11:0 0 a m 

Fl y fro m Adelaid e t o Hawai i 
departin g o n I6t h Marc h 199 1 a t  11:0 0 a m 

Interpretation 2.1 with probability 0.2222 (0.2398) consists of 2 legs: 
Fl y fro m Adelaid e t o Sydne y 

departin g o n dat e <  IQt h Marc h 199 1 a t  tim e <  9:3 0 a m 
arrivin g o n dat e <  I6t h Marc h 199 1 a t  tim e <  11:0 0 a m 

Go fro m Sydne y t o Hawai i 
departin g o n IQt h Marc h 199 1 a t  11:0 0 a m 

Interpretation 2.2 with probability 0.1111 (0.1449) consists of 2 legs: 
Go fro m Melbourn e t o Hawai i 

departin g o n I6t h Marc h 199 1 a t  11:0 0 a m 
arrivin g o n Ut h Marc h 199 1 a t  11:0 0 p m 

Fl y fro m Adelaid e t o Sydne y 
departin g o n dat e >  IQt h Marc h 199 1 a t  tim e >  11:0 0 p m 
arrivin g o n dat e >  I6t h Marc h 199 1 a t  tim e >  12:3 0 p m 

Interpretatio n 1. 2 wit h probabilit y 0.222 2 (0.2173 )  consist s o f  2  legs : 
Fl y fro m Adelaid e t o Hawai i 

departin g o n 16</ i  Marc h 199 1 a t  11:0 0 a m 
Fl y fro m Hawai i  t o Sydne y 

Figur e 2 :  Interpretation s durin g Indirec t  Inference s 

afte r  al l  th e inference s hav e bee n performe d i n orde r 
t o enabl e prunin g o f  th e se t  o f  likel y interpretations . 

Our  system ,  operatin g i n th e trave l  domain ,  deter -
mine s a  measur e o f  practicalit y o f  a n interpretatio n a s 
follows :  (1 )  Betwee n a n interpretatio n wit h a  zig-za g 
rout e an d anothe r  on e wit h a  straightforwar d route , 
th e interpretatio n wit h th e straightforwar d rout e i s 
preferred ,  (2 )  I f  ther e ar e trip s overseas ,  a n interpre -
tatio n tha t  ha s unnecessar y countr y crossing s i s no t 
preferred .  W e conside r  countr y crossing s t o b e unnec -
essary ,  whe n th e distance s betwee n th e countrie s ar e 
relativel y large ,  e.g. ,  betwee n U.S.A .  an d Australia . 
On th e othe r  hand ,  i n Europe ,  wher e th e distance s 
betwee n countrie s ar e muc h smaller ,  a n extr a tri p be -
twee n countrie s ma y b e justified . 

I n additio n t o th e above ,  othe r  criteri a ma y als o b e 
used t o determin e th e practicalit y o f  a n interpretation . 

For  instance ,  th e duratio n o f  trave l  t o a  plac e an d th e 
duratio n o f  th e sta y a t  a  plac e ma y b e take n int o ac -
count .  However ,  w e hav e no t  foun d th e necessit y t o d o 
so i n th e curren t  implementation . 

A Sample Run 

Consider the following scenario: 
Traveler :  "Ge t  m e a  flight  ticke t  t o Sydney . 

I  a m goin g t o fly  t o Hawad i  a t 
11:0 0 a m th e da y afte r  tomorrow . 

I'l l  b e leavin g fro m Adelaide. " 

Thes e statement s ar e inpu t  t o th e mechanis m a s th e 
followin g thre e predicates : 

(1 )  FL Y (destinatio n =  Sydney ) 
(2 )  FL Y (dep.tim e =  11:0 0 am , 

dep.dat e =  da y afte r  tomorrow . 
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Number  o f  completel y define d interpretation s i s 1 

Interpretation 2.1.1 with probability 0.3781 (0.5400) consists of 4 legs: 
Fl y fro m Melbourn e t o Adelaid e 

departin g o n dat e <  I6t h Marc h 199 1 a t  tim e <  8:0 0 a m 
arrivin g o n dat e <  \6t h Marc h 199 1 a t  tim e <  9:3 0 a m 

Fl y fro m Adelaid e t o Sydne y 
departin g o n dat e <  I6i h Marc h 199 1 a t  tim e <  9:3 0 a m 
arrivin g o n dat e <  I6t h Marc h 199 1 a t  tim e <  11:0 0 a m 

Fl y fro m Sydne y t o Hawai i 
departin g o n I6t h Marc h 199 1 a t  11:0 0 a m 
arrivin g o n I6t h Marc h 199 1 a t  11:0 0 p m 

Fl y fro m Hawai i  t o Melbourn e 
departin g o n dat e >  I6t h Marc h 199 1 a t  tim e >  11:0 0 p m 
arrivin g o n dat e >  I6t h Marc h 199 1 a t  tim e >  11:0 0 p m 

Interpretatio n 1.1. 1 wit h probabilit y 0.621 8 (0.4599 )  consist s o f  4  legs : 
Fl y fro m Melbourn e t o Sydne y 

departin g o n dat e <  I6t h Marc h 199 1 a t  tim e <  8:3 0 a m 
arrivin g o n dat e <  I6t h Marc h 199 1 a t  tim e <  9:3 0 a m 

Fl y fro m Sydne y t o Adelaid e 
departin g o n dat e <  I6t h Marc h 199 1 a t  tim e <  9:3 0 a m 
arrivin g o n dat e <  I6t h Marc h 199 1 a t  tim e <  11:0 0 a m 

Fl y fro m Adelaid e t o Hawai i 
departin g o n 16t/ i  Marc h 199 1 a t  11:0 0 a m 

Fl y fro m Hawai i  t o Melbourn e 

Figur e 3 :  Interpretation s afte r  Completio n an d Prunin g 

destinatio n =  Hawaii ) 
(3 )  L E A V E (origi n =  Adelaide ) 

The mechanis m wa s ru n first  withou t  domai n knowl -
edge ,  an d the n ru n wit h domai n knowledge .  Th e ac -
tua l  outpu t  o f  thes e runs ,  wit h today' s dat e se t  t o th e 
14t h o f  Marc h 1991 ,  i s presente d i n th e Figure s 1 ,  2 
and 3 .  Th e likelihood s wit h domai n knowledg e con -
sideration s appea r  i n bracket s i n boldface ,  nex t  t o th e 
likelihood s withou t  domai n knowledg e considerations . 
I n thi s example ,  al l  th e interpretation s generate d with -
out  usin g domai n knowledg e consideration s ar e feasibl e 
eve n whe n domai n knowledg e i s used .  Therefore ,  th e 
interpretation s generate d durin g eâ r h ru n ar e identical , 
but  th e likelihood s o f  th e interpretation s ar e differen t 
due t o th e effec t  o f  th e practicalit y consideration s dur -
in g th e ru n whe n domai n knowledg e i s used .  Thes e 
difference s ar e discusse d below . 

Durin g th e direc t  inferenc e stage ,  whil e inferrin g dis -
cours e relations ,  th e ru n withou t  domai n knowledg e 
prefer s th e interpretatio n tha t  th e use r  i s flyin g fro m 
Adelaid e t o Hawai i  du e t o coherenc e considerations . 
The ru n wit h domai n knowledg e decrease s th e likeli -
hoo d o f  th e first  interpretation ,  sinc e ther e i s n o direc t 
means o f  transpor t  fro m Adelaid e t o Hawai i  (se e Fig -
ur e 1) .  Durin g th e indirec t  inferenc e stage ,  whil e usin g 
th e inferre d tempora l  sequenc e o f  plans ,  th e likelihood s 
of  interpretation s 2. 1 an d 2. 2 ar e highe r  wit h domai n 
knowledg e tha n without ,  sinc e Hawai i  i s  a n oversea s 
locatio n an d Melbourn e an d Sydne y ar e internationa l 
port s (se e Figur e 2) .  Durin g th e final  stage s o f  bot h 

runs ,  interpretatio n 2. 2 i s rejecte d owin g t o it s lo w ini -
tia l  probability ,  whil e interpretatio n 1. 2 i s rejecte d du e 
t o it s lo w informatio n conten t  (Raskutt i  &  Zukerma n 
1991) .  Th e interpretatio n intende d b y th e user ,  i.e. , 
interpretatio n 2.1. 1 i n Figur e 3 ,  i s  determine d t o b e 
more practica l  sinc e th e pat h o f  it s  itinerar y i s les s 
meanderin g tha n th e pat h o f  th e othe r  interpretation . 
Thus ,  wit h th e us e o f  domai n knowledg e th e interpre -
tatio n intende d b y th e use r  i s th e on e wit h th e high -
est  likelihood .  However ,  sinc e th e likelihood s o f  th e 
tw o interpretation s ar e clos e ther e i s n o clea r  winne r 
and th e use r  ha s t o b e querie d t o selec t  on e o f  thes e 
interpretations .  Durin g th e generatio n o f  a  dicrimi -
natin g query ,  th e informatio n inferre d durin g th e pla n 
recognitio n proces s ca n b e use d t o generat e a  sensi -
bl e query .  Withou t  th e us e o f  domai n knowledge ,  th e 
incomplet e interpretatio n tha t  doe s no t  represen t  th e 
user' s inten t  i s clearl y preferred ,  an d thi s interpreta -
tio n need s t o b e complete d b y mean s o f  a n informa -
tio n seekin g quer y tha t  woul d probabl y confus e th e 
user .  Hence ,  th e applicatio n o f  domad n knowledg e t o 
ai d pla n recognitio n an d th e subsequen t  respons e gen -
eratio n ca n mak e sens e ou t  o f  a n incoherentl y phrase d 
request . 

Conclusion 

I n thi s paper ,  w e hav e demonstrate d th e nee d t o us e 
domai n knowledg e t o choos e betwee n interpretations . 
We hav e describe d th e basi s o f  th e applicatio n o f  do -
mai n knowledg e i n ou r  system ,  an d hav e indicate d 
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th e point s durin g th e inferenc e proces s wher e domai n 
knowledg e ca n b e successfull y applied .  W e hav e als o 
presente d th e result s o f  th e applicatio n o f  ou r  idea s i n 
processin g a  sampl e reques t  a t  a  trave l  agency . 

Work in Progress 

I n orde r  t o generat e cooperativ e responses ,  th e inter -
pretation s generate d b y th e pla n inferenc e mechanis m 
have t o b e analyze d a s follows :  (1 )  I f  ther e i s onl y 
one vali d interpretatio n wit h sufficien t  relevan t  infor -
mation ,  the n i t  i s sen t  t o th e planne r  fo r  planning .  I f 
th e planne r  ca n com e u p wit h a n itinerar y tha t  sat -
isfie s th e user' s needs ,  the n th e syste m ha s t o infor m 
th e use r  abou t  th e propose d itinerary ;  (2 )  i f  ther e ar e 
multipl e possibilities ,  a s i n th e cas e o f  th e exampl e pre -
sente d above ,  the n th e possibilitie s mus t  b e analyze d t o 
determin e th e point s tha t  discriminat e betwee n them , 
so tha t  a  clarificatio n questio n ca n b e generated ;  fi-
nally ,  (3 )  i f  ther e ar e n o complet e interpretations ,  th e 
user  mus t  b e querie d t o complet e a n interpretation . 
Presently ,  w e ar e i n th e proces s o f  incorporatin g th e 
respons e generatio n modul e int o th e inferenc e mecha -
nism . 

Our  mechanis m fo r  pla n inferenc e ha s bee n mainl y 
used i n a  trave l  planne r  wher e th e domai n constraints , 
such a s tim e an d locatio n dependencies ,  ar e fairl y  clear . 
We ar e currentl y considerin g othe r  domains ,  suc h a s 
Yello w Page s director y assistanc e system ,  t o evaluat e 
th e portabilit y  o f  ou r  mechanis m (Zukerma n 1991) . 
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