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Abstrac t 

Andysis of naturally occurring information-
seekin g dialogue s indicate s tha t  informatio n 
provider s ofte n quer y a  use r  whe n ther e i s insuffi -
cien t  informatio n t o formulat e a  pla n tha t  satisfie s 
th e user' s intentions .  I n thi s paper ,  w e presen t  a 
mechanis m tha t  determine s whe n querie s ar e re -
quire d t o elici t  additiona l  informatio n fro m a  use r 
and th e manne r  i n whic h thes e querie s shoul d b e 
posed .  Quer y generatio n i s don e b y takin g int o 
accoun t  th e amoun t  o f  relevan t  informatio n i n th e 
user' s intention s ei s recognize d b y a  pla n recogni -
tio n mechanism .  Th e mechanis m fo r  quer y gen -
eratio n describe d i n thi s pape r  ha s bee n imple -
mente d a s a  componen t  o f  a  computerize d infor -
matio n providin g syste m i n th e trave l  domain . 

Introduction 

Conside r  th e followin g excerp t  fro m a  real-lif e conver -
satio n a t  a  Melbourn e trave l  agenc y (T A stand s fo r  th e 
trave l  agent ,  an d USER fo r  th e customer/user) . 

1. USER: I need to get some information 
abou t  flight s t o Bombay . 

2.  TA :  Ther e ar e n o direc t  flight s t o 
Bombay fro m Melbourne .  Th e bes t 
iax e I  C£Ln ge t  i s vi a Colombo . 
I s tha t  OK o r  ... ? 

3.  USER:  lo .  Tha t  i s no t  oha t  I  want . 
What  i s th e bes t  yo u ca n d o 
vi a Singapore ? 

4.  TA :  When ar e yo u plainnin g t o go ? 

The abov e excerp t  illustrate s a  salien t  featur e o f 
information-seekin g interactions ,  vi z tha t  huma n infor -
matio n provider s ofte n quer y a  use r  t o obtai n informa -
tion .  Querie s ar e generate d b y a n informatio n provide r 

'Thi s researc h wa s supporte d i n par t  b y gran t 
Y90/03/2 2 fro m th e Australia n Telecommunication s an d 
Electronic s Researc h Board . 

'  Currentl y employe d a t  Teleco m Researc h Laboratories , 
Australia . 

t o (1 )  disambiguat e betwee n multipl e possibilities ,  e.g. , 
th e quer y t o determin e whic h rout e th e custome r  ha s 
i n min d (lin e 2  i n th e abov e excerpt) ;  an d (2 )  obtai n 
additiona l  specifications ,  e.g. ,  th e quer y t o determin e 
when th e travelle r  i s plannin g th e tri p i n orde r  t o pro -
vid e informatio n abou t  th e fare s (lin e 4  i n th e excerpt) . 
A disambiguatin g quer y i s generate d whe n a n informa -
tio n provider ^  infer s man y possibl e goal s o n th e basi s 
of  th e user' s request .  A  quer y t o obtai n additiona l 
specification s i s is^e d whe n th e informatio n provide r 
infer s a  uniqu e goa l  underlyin g th e user' s request ,  bu t 
i s unabl e t o generat e a  pla n tha t  achieve s thi s goal . 

The importanc e o f  recognizin g plans/goal s fo r  re -
spondin g appropriatel y durin g a n information-seekin g 
interactio n ha s bee n widel y accepte d i n th e artifi -
cia l  intelligenc e community .  Th e incorporatio n o f 
pla n recognitio n capabilitie s int o computerize d infor -
matio n provider s ha s enable d a  rang e o f  cooperativ e 
behaviours ,  suc h a s supplyin g mor e informatio n tha n 
what  i s explicitl y  requeste d [Alle n &  Perraul t  1980] , 
respondin g t o ill-forme d querie s [Carberr y 1988] ,  an d 
understandin g (a )  indirec t  speec h act s [Perraul t  k 
Alle n 1980] ,  (b )  inter-sententia l  ellipsi s [Carberr y 1985 , 
Litma n 1986] ,  (c )  querie s base d o n invali d plan s [Pol -
lac k 1990] ,  an d (d )  sub-dialogue s initiate d i n orde r 
t o debu g o r  correc t  plan s [Sidne r  1985 ,  Litma n & 
Alle n 1987] .  Mor e recently ,  ther e ha s bee n researc h 
t o develo p pla n recognitio n system s tha t  ar e capa -
bl e o f  considerin g multipl e alternative s i n orde r  t o 
recogniz e intention s tha t  ar e develope d an d revise d 
over  multipl e utterance s [Kaut z &  Alle n 1986 ,  Car -
berr y 1990 ,  Raskutt i  &  Zukerma n 1991 ,  Goldma n k 
Charnia k 1991 ,  Appel t  &  Pollac k 1992] . 

However ,  th e pla n recognitio n system s describe d 
abov e ar e no t  concerne d wit h quer y generatio n t o pro -
mot e th e cooperativ e process .  Whe n ther e i s doub t 
regardin g a  speaker' s intentions ,  thes e system s us e 
heuristic s t o decid e whic h o f  thei r  inference s i s th e on e 
intende d b y th e speaker .  I f  th e heuristic s d o no t  resul t 

'Th e term s informatio n provider ,  syste m an d listene r 
ar e use d interchangeabl y i n thi s paper .  Similarly ,  th e 
term s informatio n seeker ,  use r  an d speake r  hav e th e sam e 
meaning . 
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i n a  singl e alternativ e tha t  ca n b e planne d for ,  the n th e 
speake r  i s expecte d t o provid e informatio n withou t  be -
in g requeste d t o d o so .  This ,  however ,  i s a n unrealisti c 
expectatio n sinc e th e use r  doe s no t  hav e acces s t o th e 
system' s inferences . 

Query generatio n fo r  th e purpos e o f  disambiguatin g 
betwee n multipl e possibl e interpretation s o f  a  user' s  re -
quest  ha s bee n considere d i n [va n Bee k k  Cohe n 1991 ] 
and [W u 1991] .  However ,  thes e system s d o no t  conside r 
a situatio n wher e a  singl e goa l  o f  a  use r  i s recognized , 
but  thi s goa l  doe s no t  hav e sufficien t  informatio n t o en -
abl e th e formulatio n o f  a  successfu l  plan .  Thus ,  thes e 
system s d o no t  elici t  informatio n whe n a  recognize d 
goal  lack s detail .  Quer y generatio n fo r  elicitin g infor -
matio n i s performe d i n GUS,  a  frame-drive n natura l 
languag e understande r  operatin g i n th e trave l  domai n 
[Bobro w e t  al .  1977] .  However ,  GUS' s domai n o f  dis -
cours e i s restricte d t o dea l  onl y wit h goal s involvin g 
retur n flights  fro m Pal o Alto ,  an d hence ,  i t  doe s no t 
need a  goa l  inferenc e proces s tha t  underlie s th e quer y 
generatio n mechanism . 

I n thi s paper ,  w e presen t  tw o approache s fo r  gen -
eratin g querie s tha t  elici t  information .  Th e firs t  ap -
proac h aim s t o kee p th e interactio n succinct ,  whil e th e 
secon d attempt s t o generat e querie s i n a  hierarchica l 
and sequentia l  manner .  Bot h approache s conside r  th e 
amount  o f  relevan t  informatio n i n a n inferre d goa l  i n 
orde r  t o determin e whethe r  a  quer y shoul d b e pose d 
about  th e goal . 

Query Generation: Input 

The quer y generatio n mechanis m describe d i n thi s pa -
per  i s implemente d a s par t  o f  th e respons e genera -
to r  modul e o f  R A D A R,  a  computerize d informatio n 
provide r  tha t  Recognize s An d Discriminate s betwee n 
Alternative s an d Responds .  R A D A R consist s o f  fou r 
modules :  (1 )  a  parse r  tha t  convert s th e natura l  lan -
guage inpu t  o f  a  use r  t o predicates ,  (2 )  a  pla n recog -
nize r  tha t  infer s possibl e intention s o f  th e use r  o n th e 
basi s o f  th e predicate s passe d b y th e parser ,  (3 )  a  pla n 
generato r  tha t  propose s on e o r  mor e mean s t o satisf y 
an intentio n recognize d b y th e pla n recognizer ,  an d 
(4 )  a  respons e generato r  tha t  generate s response s an d 
queries . 

The respons e generatio n i s don e o n th e basi s o f  th e 
alternative s inferre d durin g pla n recognitio n an d thei r 
probabilities .  I n R A D A R,  eac h o f  thes e alternative s i s 
calle d a n interpretation .  Eac h interpretatio n consist s 
of  a  sequenc e o f  actio n instances ,  wher e eac h actio n 
instanc e specifie s a  domai n actio n wit h a  numbe r  o f 
instantiate d parameters .  Fo r  instance ,  th e interpreta -
tio n tha t  Joh n intend s t o fly  t o Sydne y o n th e 1s t  o f 
Januar y 199 2 consist s o f  on e actio n instanc e tha t  spec -
ifie s th e actio n o f  FLYing .  Th e parameter s destination , 
departure-dat e an d departure-tim e o f  thi s actio n ar e in -
stantiated . 

The inpu t  t o th e respons e generato r  ma y consis t  o f 
zero ,  on e o r  m a n y interpretations .  I f  ther e ar e zer o 

interpretations ,  the n th e use r  i s aske d t o re-phras e th e 
request .  I f  ther e ar e man y interpretations ,  the n th e 
respons e generato r  issue s a  disambiguatin g quer y i n 
orde r  t o determin e th e interpretatio n intende d b y th e 
user  [Raskutt i  k .  Zukerma n 1992] .  I f  ther e i s on e in -
terpretation ,  the n th e cours e o f  actio n chose n b y th e 
informatio n provide r  depend s o n th e sufficienc y o f  th e 
informatio n containe d i n thi s interpretation .  I f  th e in -
formatio n i s sufficien t  t o formulat e a  pla n an d a  pla n i s 
formulate d b y th e pla n generator ,  the n th e use r  i s in -
forme d o f  th e system' s inference s an d o f  th e propose d 
pla n [Raskutt i  1992] .  I f  a  pla n i s no t  formulated ,  the n 
th e syste m engage s i n a  negotiatio n proces s whereb y 
th e user' s reques t  i s altere d unti l  a  vali d pla n i s formu -
late d [Raskutt i  1992] .  Finally ,  i f  th e informatio n i s no t 
sufficien t  t o formulat e a  plan ,  R A D A R seek s additiona l 
informatio n fro m th e user .  Thi s i s don e a s describe d 
i n th e subsequen t  sections . 

Determining the Sufficiency of 

In format io n 

I n orde r  t o obtai n additiona l  informatio n fo r  complet -
in g a n interpretatio n wit h insufficien t  information ,  th e 
respons e generato r  take s int o accoun t  bot h th e amoun t 
of  relevan t  informatio n i n th e interpretatio n an d th e 
amount  o f  informatio n tha t  i s  sufficien t  t o suppor t  th e 
generatio n o f  a  plan .  Th e amoun t  o f  relevan t  infor -
matio n i n a n interpretatio n i s determine d b y th e in -
formatio n conten t  o f  th e interpretation .  Th e amoun t 
of  informatio n tha t  i s considere d sufficien t  t o suppor t 
th e generatio n o f  a  pla n i s determine d b y a  threshol d a t 
whic h a n interpretatio n i s accepte d a s complete .  Thes e 
tw o measure s ar e detaile d i n th e followin g sections . 

Information Content of an Interpretation 

The informatio n conten t  o f  a n interpretatio n i s define d 
as th e su m o f  th e informatio n conten t  o f  eac h actio n in -
stanc e i n th e interpretation .  Th e informatio n conten t 
of  a n actio n instanc e i n tur n i s determine d b y th e su m 
of  th e informatio n conten t  o f  th e parameter s i n a  se t  o f 
necessar y parameters .  Thes e ar e parameter s tha t  ar e 
essentia l  fo r  th e definitio n o f  th e actio n instance . 

The determinatio n o f  a  se t  o f  necessar y parameter s 
i s complicate d b y th e fac t  tha t  a n actio n instanc e ma y 
have severa l  set s o f  necessar y parameters .  Fo r  instance , 
{origin ,  destination ,  departure-date ,  departure-time } 
i s on e suc h se t  fo r  th e actio n instanc e take-plane , 
and {origin ,  destination ,  arrival-date ,  arrival-time }  i s 
anothe r  set .  Inference s fro m th e instantiation s o f  th e 
parameter s i n on e se t  o f  necessar y parameter s auto -
maticall y defin e th e instantiation s o f  th e parameter s 
i n th e othe r  sets .  Hence ,  i n orde r  t o comput e th e in -
formatio n conten t  o f  a n actio n instance ,  th e syste m 
must  first  determin e whic h se t  o f  necessar y parame -
ter s shoul d b e considered .  Thi s i s don e b y choosin g 
th e se t  tha t  yield s th e highes t  informatio n conten t  fo r 
th e actio n instance . 
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T h e informatio n conten t  o f  a  paramete r  i n a n actio n 
instanc e depend s o n thre e factors :  N  -  th e numbe r 
of  possibl e veilue s assigne d t o thi s parameter ;  S  -  th e 
strengt h o f  th e belie f  i n th e parameter ;  an d Si g -  th e 
significeinc e o f  th e parameter .  T h e strengt h o f  th e be -
lie f  i n a  paramete r  i s directl y proportiona l  t o th e re -
liabilit y  o f  th e sourc e o f  informatio n fro m whic h thi s 
paramete r  wa s obtained .  Fo r  instance ,  th e strengt h o f 
a paremiete r  inferre d directl y fro m a  user' s statement s 
i s 1 ,  whil e a  parsunete r  inferre d o n th e basi s o f  com -
m on sens e notion s ha s a  strengt h o f  0.6 .  T h e signifi -
C2inc e o f  a  pMsmiete r  reflect s th e importanc e o f  thi s pa -
rameter' s definitio n fo r  th e overal l  definitio n o f  a n ac -
tio n instance ,  e.g. ,  i n th e trave l  domain ,  Sig{origin )  = 
Sig{destination) ,  an d Sig{departure/arriva l  time )  < 
Sig{departure/arriva l  date )  <  Sig{origin) . 

Borrowin g fro m Informatio n Theor y [Shanno n 1948] , 
th e informatio n conten t  o f  a  paramete r  p ,  IC(p) ,  i s 
define d a s follows : 

IC{p ) 

= { 

log 2 N(p)Sig(p ) 
log j  S{p ) 

i f  N ip )  ̂  I 

otherwis e 

For  example ,  i f  th e departur e dat e o f  a  tri p i s di -
rectl y inferre d fro m a  user' s statement s t o b e betwee n 
th e 9t h an d th e 15t h o f  May ,  1993 ,  the n th e informa -
tio n conten t  o f  thi s paraunete r  i s 

log 2 7{=N(p)lifVi^=sig(p) \  =  -4.39232 .  Thi s mea -
sur e range s ove r  th e non-positiv e values . 

Accordin g t o thi s formula ,  undefine d parameter s 
hav e th e leas t  informatio n content ,  sinc e the y ca n tak e 
on al l  possibl e value s i n th e domain .  Further ,  inex -
actl y define d parameter s o f  hig h significance ,  e.g. ,  ori -
gin ,  hav e a  lowe r  informatio n conten t  tha n inexactl y 
define d parameter s o f  lo w significance .  Thi s i s base d 
on th e observatio n tha t  ignoranc e abou t  a  significan t 
paramete r  contribute s mor e t o th e lac k o f  informatio n 
of  a n interpretatio n tha n ignoranc e abou t  a n insignif -
ican t  parameter .  Sinc e ther e i s n o lac k o f  knowledg e 
when a  paramete r  i s  exactl y defined ,  i.e. ,  N {p )  =  1 ,  th e 
parameter' s significanc e i s no t  take n int o accoun t  whe n 
computin g it s informatio n content .  Hence ,  i n thi s case , 
IC(p )  =  log 2 5(p) .  Thus ,  a  paramete r  inferre d exactl y 
fro m a  reliabl e source ,  i.e. ,  S{p )  =  1 ,  ha s a  m a x i m u m 
informatio n conten t  o f  0 .  T h e m a x i m u m valu e o f  th e 
informatio n conten t  o f  a n interpretatio n i s als o 0 ,  an d 
i t  i s  achieve d whe n al l  th e parameter s i n a  necessar y se t 
of  parameter s o f  it s  actio n instance s hav e a  m a x i m u m 
informatio n content . 

Completeness of an Interpretation 

A n interpretatio n i s deeme d complet e i f  it s  informatio n 
conten t  i s greate r  tha n a  particula r  threshold .  Thi s 
threshol d i s referre d t o a s ICcompUte ,  an d i t  range s 
ove r  th e non-positiv e values .  Th e valu e chose n fo r 
ICcompUt e affect s th e clarificatio n interactio n betwee n 
th e use r  an d th e syste m prio r  t o th e invocatio n o f  th e 
pla n generator .  Hence ,  b y judiciou s choic e o f  a  valu e 

Get  m e a  ticke t  t o Sydney . 
I  a m goin g t o Hawai i  o n th e 1 1 a m fligh t 

th e da y alte r  tomorrow . 
By th e way .  I'l l  b e flyin g fro m Adelaide . 

Figure 1: Initial Request of a Traveller 

fo r  ICcompUt e th e syste m i s capabl e o f  modellin g differ -
ent  attitude s o f  a n informatio n provider .  A  hig h valu e 
fo r  ICcompUt t  I  achieve d b y assignin g t o i t  a  smal l  nega -
tiv e value ,  result s i n th e generatio n o f  a  larg e numbe r  o f 
querie s t o complet e a n interpretation ,  thu s modellin g 
an informatio n provide r  w h o doe s no t  perfor m pla n 
formulatio n unti l  th e inferre d goa l  i s  wel l  defined .  O n 
th e othe r  hand ,  a  lo w valu e fo r  ICcompUte ,  achieve d b y 
assignin g t o i t  a  larg e negativ e value ,  represent s a n in -
formatio n provide r  w h o wil l  attemp t  pla n formulatio n 
eve n whe n th e goal s o f  th e use r  ar e no t  clearl y defined . 

I n R A D A R,  th e valu e o f  ICeompUt e i s chose n s o tha t 
an interpretatio n i s accepte d a s complet e fo r  pla n for -
mulatio n whe n al l  th e necessar y parameter s o f  hig h 
significanc e ar e specifie d exactly ,  an d som e o f  th e nec -
essar y parameter s o f  lo w significanc e ar e partiall y  spec -
ified .  Thus ,  i n general ,  R A D A R wil l  accep t  thos e in -
terpretation s wher e th e origin ,  destinatio n an d depar -
ture/arriva l  date s o f  th e actio n instance s ar e know n 
exactly .  Sinc e th e informatio n conten t  o f  a n interpre -
tatio n i s th e su m o f  th e informatio n conten t  o f  th e 
necessar y parameter s o f  it s  domai n actions ,  i n prin -
ciple ,  a n interpretatio n m a y b e accepte d a s complet e 
when a  singl e significan t  paramete r  i s no t  know n ex -
actl y an d al l  th e othe r  parameter s ar e know n exactly . 
However ,  du e t o th e us e o f  Sig{p )  i n th e computatio n 
of  th e informatio n content ,  thi s situatio n i s no t  likel y 
t o occur . 

To illustrat e a n inferre d goa l  wit h insufficien t  infor -
mation ,  conside r  th e interpretatio n i n Figur e 2  gener -
ate d b y th e pla n recognize r  o n th e basi s o f  th e reques t 
i n Figur e 1 .  Thi s interpretatio n i s inferre d whe n th e 
reques t  i s issue d a t  a  Melbourn e trave l  agenc y wit h 
today' s dat e se t  t o th e 14t h o f  Marc h 1991 .  I n th e 
interpretatio n i n Figur e 2 ,  th e departur e date s an d 
time s o f  thre e o f  th e trips ,  vi z Melbourne-Adelaide , 
Adelaide-Sydne y an d Hawaii-Melbourne ,  ar e no t  spec -
ifie d exactly^ .  Du e t o th e lac k o f  thes e specifications , 
th e informatio n conten t  o f  thi s interpretatio n i s les s 
tha n ICcompUt e •  Whil e i t  i s  possibl e t o infe r  som e o f 
thes e specifications ,  suc h a s th e departur e time s o f  th e 
trips ,  b y lookin g u p th e flight  tim e tables ,  othe r  specifi -
cations ,  suc h a s th e departur e date s o f  th e thre e trips , 
canno t  b e determine d b y suc h means .  Hence ,  addi -
tiona l  informatio n mus t  b e acquire d fro m th e use r  i n 
orde r  t o complet e th e interpretatio n i n Figur e 2 . 

'Th e Melbourne-Adelaid e an d Hawaii-Melbourn e trip s 
ar e postulate d b y R A D A R base d o n th e premis e tha t  peo -
pl e generall y depar t  fro m an d retur n t o thei r  plac e o f 
residence . 
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locatio n o f  trave l  agenc y =  Melbourn e 
today' s dat e =  14t h o f  Marc h 199 1 

Fl y fro m Melbourn e t o Adelaid e 
departin g o n dat e <  th e 16/ A o f  Marc h 199 1 

at  tim e <  8:0 0 a m 
arrivin g o n dat e <  th e 16 M o f  Marc h 199 1 

at  tim e <  9:3 0 a m 

Fl y fro m Adelaid e t o Sydne y 
departin g o n dat e <  th e I6t h o f  Marc h 199 1 

at  tim e <  9:3 0 a m 
arrivin g o n dat e <  th e I6i h o f  Marc h 199 1 

at  tim e <  11:0 0 a m 

Fl y fro m Sydne y t o Hawai i 
departin g o n dat e =  th e IQt h o f  Marc h 199 1 

at  tim e =  11:0 0 a m 
arrivin g o n dat e =  th e 16< A o f  Marc h 199 1 

at  tim e =  11:0 0 p m 

Fl y fro m Hawai i  t o Melbourn e 
departin g o n dat e >  th e 16t h o f  Marc h 199 1 

at  tim e >  11:0 0 p m 
arrivin g o n dat e >  th e llt h o f  Marc h 199 1 

at  tim e >  11:0 0 a m 

Figur e 2 :  R A D A R ' s Interpretatio n 

Seekin g Addit iona l  In format io n 

The proces s o f  elicitin g informatio n b y mean s o f  querie s 
i s directe d a t  increasin g th e informatio n conten t  o f  a n 
interpretatio n s o tha t  i t  i s  greate r  tha n ICcompiete -
The informatio n conten t  o f  a n interpretatio n ma y 
be increase d b y generatin g (a )  confirmatio n querie s 
t o increas e th e strengt h o f  som e inference s tha t  le d 
t o th e interpretation ,  and/o r  (b )  information-seekin g 
querie s t o obtai n specification s fo r  parameter s tha t 
ar e unspecifie d o r  inexactl y specified .  Th e numbe r  o f 
query/answe r  turn s neede d t o complet e a n interpreta -
tio n a s wel l  a s th e styl e o f  th e interactio n ar e influence d 
by th e approac h use d t o selec t  parameter s fo r  query -
ing .  I n R A D A R,  th e initia l  attemp t  a t  quer y genera -
tio n wa s directe d a t  keepin g th e interactio n succinct . 
However ,  th e interaction s resultin g fro m th e succinc t 
approac h ar e no t  suitabl e fo r  th e trave l  domain .  There -
fore ,  a n alternativ e approac h calle d th e hierarchi -
cal/sequentia l  approac h wa s attempted .  Thi s ap -
proac h yielde d interaction s tha t  mirrore d rea l  interac -
tion s i n th e trave l  domain .  Th e implementatio n o f  th e 
tw o approache s t o quer y generatio n an d thei r  advan -
tage s an d disadvantage s ar e discusse d i n th e followin g 
sections . 

I n bot h approaches ,  onc e a  paramete r  i s  chose n fo r 
querying ,  th e respons e generato r  pose s a  quer y tha t 
request s th e use r  t o specif y thi s parameter .  Th e infor -
matio n supplie d i n respons e t o th e quer y i s the n use d 
t o perfor m additiona l  inferences .  Th e proces s o f  pa -

ramete r  selection ,  quer y generatio n an d inferenc e o n 
th e basi s o f  th e supplie d informatio n i s repeate d unti l 
th e interpretatio n preferre d b y th e pla n recognize r  ha s 
an informatio n conten t  tha t  i s  greate r  tha n ICcompiet e • 
Thi s interpretatio n i s the n sen t  t o th e pla n generator . 

The Succinct Approach 

I n orde r  t o kee p th e interactio n dialogu e succinct ,  th e 
respons e generato r  mus t  pos e a  quer y whos e respons e 
increase s th e informatio n conten t  o f  a n interpretatio n 
t o th e greates t  degree ,  i.e. ,  th e paramete r  wit h th e 
highes t  potentia l  contributio n t o th e informatio n con -
ten t  o f  th e interpretatio n i s selecte d fo r  querying .  Th e 
selectio n o f  thi s paramete r  i s achieve d a s follows .  First , 
th e actio n instanc e wit h th e leas t  informatio n conten t 
i s chosen .  Next ,  th e se t  o f  necessar y parameter s tha t 
yield s th e highes t  informatio n conten t  fo r  th e chose n 
actio n instanc e i s selecte d a s th e se t  tha t  mus t  b e spec -
ified .  Fro m thi s se t  o f  parameters ,  th e paramete r  wit h 
th e leas t  informatio n conten t  i s  the n selecte d fo r  query -
ing .  Th e first  paramete r  tha t  i s  selecte d b y thi s ap -
proac h fo r  completin g th e interpretatio n i n Figur e 2  i s 
th e departur e dat e o f  th e las t  actio n instance ,  i.e. ,  th e 
Hawaii-Melbourn e trip .  Figur e 3  illustrate s th e inter -
actio n resultin g fro m thi s approac h fo r  th e reques t  i n 
Figur e 1 . 

The Hierarchical/Sequential Approach 

Analysi s o f  consultatio n transcript s i n th e medica l  do -
mai n [Shortliff e 1975 ]  an d th e trave l  domai n [Bobro w 
et  al .  1977 ]  indicate s tha t  consultant s i n thes e do -
main s procee d bot h hierarchicall y an d sequentially , 
i.e. ,  unspecified/under-specifie d parameter s wit h a 
highe r  significanc e ar e sough t  prio r  t o thos e wit h a 
lowe r  significance ,  an d th e actio n instance s ar e querie d 
i n th e orde r  i n whic h th e informatio n provide r  expect s 
the m t o b e performed . 

I n orde r  t o quer y hierarchically ,  R A D A R choose s th e 
actio n instanc e tha t  lack s th e definitio n o f  a  neces -
sar y paramete r  wit h th e highes t  significance .  I f  sev -
era l  actio n instance s hav e unspecifie d parameter s wit h 
th e sam e significance ,  the n R A D A R achieve s sequen -
tia l  behaviou r  b y choosin g th e actio n instanc e tha t  i s 
t o b e performe d first. 

We hav e als o observe d tha t  i n th e trave l  domain ,  i f 
a use r  omit s bot h departur e an d arriva l  informatio n 
fro m his/he r  initia l  request ,  a n informatio n provide r 
wil l  usuall y as k question s regardin g departur e infor -
matio n instea d o f  arriva l  information .  Thi s i s becaus e 
i f  th e arriva l  dat e an d tim e o f  a  tri p ha d bee n o f  impor -
tanc e t o th e traveller ,  e.g. ,  s/h e need s t o arriv e i n tim e 
fo r  a  conference ,  the n s/h e woul d hav e presente d thi s 
informatio n a t  th e outse t  a s constraint s tha t  mus t  b e 
satisfied .  However ,  i f  th e travelle r  omit s informatio n 
regardin g th e date s an d time s o f  a  trip ,  s/h e i s mor e 
likel y t o kno w th e departur e informatio n o f  th e tri p 
tha n it s arriva l  information .  Thus ,  i n general ,  ther e i s 
a preferre d se t  o f  necessar y parameter s tha t  i s  use d fo r 
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RADAR 

USER: 
RADAR 

USER: 
RADAR 

USER: 
RADAR 

USER: 
RADAR 

USER: 
RADAR 

:  Wha t  da y ar e yo u departin g 
fro m Hawai i  t o Melbourne ? 

The 30th . 
:  Wha t  tim e jur e yo u departin g 

fro m Adelaid e t o Sydney ? 
8:0 0 aun . 

:  What  tim e ao- e yo u eurrivin g 
i n Adelaid e fro m Melbourne ? 

9:3 0 eun . 
:  Wha t  da y ar e yo u zo-rivin g 

i n Adelaid e fro m Melbourne ? 
Tomorrow . 

:  What  da y aur e yo u departin g 
fro m Adelaid e t o Sydney ? 

The da y afte r  tomorrow . 
:  You r  trave l  itineraor y i s .  .  . 

Figure 3: Succinct Dialogue 

querying ,  an d thi s se t  contain s parameter s tha t  a  use r 
i s likel y t o b e abl e t o specify .  I n addition ,  i t  ha s bee n 
observe d tha t  trave l  agent s ofte n confir m th e essentia l 
aspect s o f  a  tri p prio r  t o proceedin g wit h it s details . 

Th e firs t  o f  thes e observation s i s incorporate d int o 
th e hierairchical/sequentiz d approac h b y assignin g t o 
eac h typ e o f  actio n instanc e a  designate d se t  o f  nec -
essan y parameter s tha t  th e respons e generato r  look s 
up whe n querying .  I n th e trave l  domain ,  fo r  primitiv e 
operator s tha t  perfor m transportation ,  th e designate d 
set  i s th e on e tha t  conteun s origin ,  destination ,  an d 
departur e dat e an d time . 

Th e secon d observatio n i s incorporate d a s follows : 
i f  a  paramete r  selecte d fo r  queryin g ha s a  lowe r  sig -
nificauic e tha n th e mos t  significan t  parameter s i n th e 
designate d set ,  an d th e strengt h o f  a t  leas t  som e o f  th e 
most  significan t  parameter s i s les s tha n 1 ,  the n a  con -
firmation  quer y i s issue d t o asser t  th e overal l  inten t  o f 
th e user .  I f  th e use r  answer s thi s quer y i n th e affirma -
tive ,  the n th e strengt h o f  al l  th e parameter s affecte d 
by thi s quer y i s update d t o tha t  o f  a  direc t  inference . 

Thi s approac h select s fo r  queryin g th e departur e 
dat e o f  th e first  actio n instanc e i n th e interpretatio n i n 
Figur e 2 ,  i.e. ,  th e Melbourne-Adelaid e trip .  However , 
prio r  t o thi s query ,  i t  generate s a  confirmatio n quer y 
(Figur e 4) . 

Choosing an Approach 

I n orde r  t o determin e th e quer y generatio n approac h 
tha t  mus t  b e use d b y a n informatio n provide r  dur -
in g a n interaction ,  th e tw o approache s wer e trie d o n 
8 differen t  type s o f  request s wit h th e followin g dif -
feren t  value s o f  ICeompUte -  0  -  whic h accept s onl y 
thos e interpretation s wher e al l  necessar y parameter s 
ar e exactl y define d b y mean s o f  direc t  inferences ;  —8 
-  whic h accept s interpretation s wher e som e o f  th e 
leas t  significan t  parameters ,  suc h a s departure/arriva l 
times ,  ar e no t  exactl y specified ;  an d —17 -  whic h ac -

2 RADAR: 

3 USER: 
4 RADAR: 

5 USER: 
6 RADAR 

7 USER: 
8 RADAR 

9 USER: 
10 RADAR 

11 USER: 
12 RADAR 

13 USER: 
14 RADAR 

Le t  m e ge t  thi s right , 
You jur e goin g fro m Melbourn e 
t o Adelaide ,  the n Sydne y the n 
Hawai i  an d the n Melbourne ? 

Yeah . 
What  da y ar e yo u departin g 
fro m Melbourn e t o Adelaide ? 

Tomorrow . 
What  da y ar e yo u departin g 
fro m Adelaid e t o Sydney ? 

The da y afte r  tomorrow . 
What  da y ar e yo u deptirtin g 
fro m Hawai i  t o Melbourne ? 

The 30th . 
What  tim e ar e yo u departin g 

fro m Melbourn e t o Adelaide ? 
8:0 0 am . 

What  tim e ar e yo u departin g 
fro m Adelaid e t o Sydney ? 

8:0 0 am . 
Your  trave l  itinerar y i s .. . 

Figur e 4 :  Hierarchical/Sequentia l  Dialogu e 

cept s interpretation s wher e al l  o f  th e leas t  significan t 
parameter s ar e inexactl y specified .  Th e valu e o f  0 
fo r  ICeompht e wa s Unacceptable ,  sinc e th e informa -
tio n provide r  aske d fo r  informatio n a t  th e slightes t 
doubt ,  an d henc e information-seekin g an d confirma -
tio n querie s wer e generate d unti l  al l  th e necessar y pa -
rameter s o f  al l  th e actio n instance s wer e exactl y spec -
ifie d b y mean s o f  direc t  inferences .  Th e value s o f  —8 
and —17 wer e foun d t o b e usefu l  a t  differen t  stage s o f 
th e information-seekin g process .  I f  th e use r  i s mak -
in g a  preliminar y exploration ,  the n th e lowe r  valu e i s 
preferable ,  whil e durin g th e actua l  pla n formulatio n 
stage ,  th e highe r  valu e i s preferable . 

To illustrat e th e effec t  o f  th e quer y generatio n ap -
proac h an d ICcompUt e o n th e resultin g interaction , 
conside r  th e interaction s obtaine d wit h th e tw o ap -
proache s whe n th e use r  make s th e initia l  reques t  pre -
sente d i n Figur e 1  (Figure s 3  an d 4^) .  Thes e interac -
tion s ar e generate d wit h ICcompUt t  se t  a t  — 8 .  W h e n 
R A D AR processe s th e sam e initia l  reques t  usin g th e 
lowe r  valu e o f  - 17 ,  the n th e use r  i s aske d onl y th e 
first  tw o question s whe n th e succinc t  approac h i s used , 
whil e th e hierarchical/sequentia l  approac h require s th e 
first  thre e information-seekin g question s i n Figur e 4 , 
i n additio n t o th e confirmatio n query .  Hence ,  th e ap -
proac h aime d a t  succinctnes s increase s th e informatio n 
conten t  o f  a n interpretatio n wit h a  fe w queries ,  par -
ticularl y whe n interpretation s wit h a  lo w informatio n 
conten t  ar e accepte d a s complete .  However ,  th e querie s 
generate d usin g thi s approac h d o no t  confor m t o th e 
expectatio n o f  hierarch y an d sequenc e i n th e trave l  do -

^Lin e 1  i n bot h dialogue s i s th e user' s initia l  request . 
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main .  Thi s lac k o f  conformit y become s mor e apparen t 
when th e valu e o f  ICeompiet e i s high ,  i.e. ,  clos e t o 0 , 
and a  larg e numbe r  o f  querie s i s posed . 

Thes e observation s indicat e tha t  th e approac h aime d 
at  succinctnes s i s usefu l  i n th e followin g situations : 
(1 )  i n domain s wher e a  singl e actio n instanc e i s consid -
ered ,  e.g. ,  retai l  consultatio n wher e th e use r  intend s t o 
buy a  singl e consume r  item ,  an d domain s wher e th e 
informatio n i s no t  organize d hierarchically ,  e.g. ,  ca r 
repai r  assistance ;  an d (2 )  durin g preliminar y consul -
tation s i n an y domain ,  wher e ICeompiet e i s se t  t o a  lo w 
value . 

Conclusion 

I n thi s pape r  w e hav e presente d tw o approache s fo r 
generatin g querie s tha t  obtai n additiona l  informatio n 
necessar y fo r  pla n formulation .  Bot h approache s tak e 
int o accoun t  th e amoun t  o f  relevan t  informatio n i n a n 
interpretation ,  an d thu s generat e a  quer y onl y whe n 
i t  i s  necessary .  Th e quer y generatio n mechanis m i s 
integrate d int o R A D A R,  a  computerize d informatio n 
providin g syste m i n th e trave l  domain .  R A D A R ha s 
been use d t o proces s a  numbe r  o f  request s o f  differen t 
type s wit h differen t  value s o f  ICeompiet e •  Th e querie s 
generate d b y R A D A R wit h th e hierarchical/sequentia l 
approac h wer e consisten t  wit h thos e generate d b y hu -
man informatio n provider s i n th e trave l  domain . 
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