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A n empir ical l y b a s e d computa t iona l l y tractabl e d ia logu e m o d e l 

Nils Dahlbftck and Arne Jdnsson 

Departmen t  o f  Compute r  an d Informatio n Scienc e 

LinkOpin g University ,  S -  58 1 8 3 LINKOPING ,  S W E D EN 

nda@ida.liu.se ,  aij@ida.liu.s e 

Abstrac t 

We describe an empirically based approach to the 
computationa l  managemen t  o f  dialogues .  I t  i s base d o n 
an explici t  theoreticall y motivate d positio n regardin g 
th e statu s o f  computatiaia l  models ,  wher e i t  i s  claime d 
tha t  computationa l  model s o f  discours e ca n onl y b e 
abou t  computers '  processin g o f  language .  Th e dialogu e 
model  i s base d o n a n extensiv e analysi s o f  collecte d dia -
logue s from  variou s applicatio n domains .  Issue s con -
cernin g computationa l  tractabilit y ha s als o bee n 
decisiv e fo r  it s development .  I t  i s conclude d tha t  a  sim -
pl e dialogu e gramma r  base d mode l  i s sufficien t  fo r  th e 
management  o f  dialogue s wit h natura l  languag e inter -
faces .  W e als o describ e th e gramma r  use d b y th e dia -
logu e manage r  fo r  a  Natura l  Languag e interfac e fo r  a 
databas e system . 

In t roduc t i o n 

Most, if not all, work on dialogues in present- day 
computationa l  linguistic s d o no t  m a k e explici t  t o whic h 
exten t  th e model s an d theorie s develope d shoul d b e see n 
as theorie s abou t  th e processin g o f  dialogu e b y comput -
er s o r  peopl e oi -  both .  Thoug h neve r  explicitl y  stated ,  th e 
underiyin g assiunptia i  see m t o b e tha t  th e theorie s ar e 
t o b e genera l  theorie s o f  discours e fo r  al l  kind s o f  agent s 
and situations .  Ther e are ,  however ,  a  numbe r  o f  reason s 
fo r  assumin g tha t  th e cognitiv e architectur e o f  presen t 
day computer s an d peopl e ar e sufficientl y differen t  t o 
make i t  necessar y t o clarif y t o whic h exten t  a  computa -
tiona l  theor y o f  discours e (o r  an y othe r  cognitiv e phe -
nomenon,  fo r  tha t  matter )  i s  primaril y t o b e see n a s a 
psychologica l  accoun t  o r  a n accoun t  o f  computer' s 
processin g o f  discourse .  Thi s i s no t  onl y tru e fo r  thos e 
tha t  ar e critica l  t o th e computationa l  theor y o f  mind ,  bu t 
als o fo r  tli e defender s o f  tha t  vie w (cf .  Pylyshyn ,  1984) . 
I t  i s  thus ,  i n a  sense ,  a n uncontioversia l  position .  Bu t 
what  i s perhap s les s so ,  i s  th e consequence s tha t  w e 
clai m o f  necessit y follow s fro m it . 

As fa r  a s th e internal ,  o r  representational ,  aspec t  i s 

Thi s researc h wa s financed  b y th e Swedis h Nationa l  Boar d fo r 
Technica l  Developmen t  (STU )  an d th e Swedis h Counci l  fo r 
Researc h i n th e l̂ umanitie s an d Socia l  Science s (HSFR) .  Th e 
author s name s ar e i n alphabetica l  order . 

concerned ,  w e wan t  t o clai m tha t  procedura l  computa -
tiona l  account s o f  th e proces s o f  discours e usin g con -
cept s from  presen t  da y compute r  technolog y canno t  b e 
see n a s a  psychologica l  account .  " T w o program s ca n b e 
though t  o f  a s strongl y equivalen t  o r  a s differen t  realiza -
tion s o f  th e sam e algorith m o r  th e sam e cognitiv e proc -
ess i f  the y ca n b e represente d b y th e sam e progra m i n 
some theoreticall y specifie d virtua l  machine "  Pylyshy n 
(1984 ,  p  91) .  A  consequenc e o f  thi s i s tha t  "an y notio n 
of  equivalenc e stronge r  tha n wea k equivalence ^  mus t 
presuppos e a n underiyin g functiona l  architecture ,  o r  a t 
leas t  som e aspect s o f  suc h a n architecture. "  (ibid ,  p  92 ) 
"Typical ,  commercia l  computers ,  however ,  ar e likel y t o 
hav e a  fa r  differen t  fiinctiona l  architectur e from  tha t  o f 
th e brain ;  hence ,  w e woul d expec t  that ,  i n constructin g a 
computationa l  model ,  th e menta l  architectur e mus t  firs t 
be emulate d (tha t  is ,  itsel f  modelled )  befor e th e menta l 
algorith m ca n b e implemented "  (ibid. ,  p  96) . 

Ther e ar e som e obviou s consequence s tha t  follow s 
from  this .  Th e mos t  importan t  i s tha t  most ,  i f  no t  all , 
presen t  da y theorie s i n computationa l  linguistic s ar e 
abou t  computer' s processin g o f  language ,  an d nothin g 
else .  W h y then ,  i s thi s important ? Becaus e w e kno w tha t 
languag e us e i s situatio n dep»endent .  Conten t  an d for m 
differ s dependin g o n th e situatio n i n whic h occur s (e.g . 
Levinson ,  1981 ,  1983) ,  bu t  als o dependin g o n tli e per -
ceive d qualitie s o f  th e interiocutors ;  languag e directe d 
t o childre n i s differen t  fro m languag e directe d t o grown -
ups (Phillips ,  1973 ,  Snow ,  1972) ,  a s i s  th e cas e wit h 
talkin g t o foreigners ,  brain-injure d people ,  an d peopl e 
tha t  d o no t  kno w w h o Joh n Lenno n was .  Th e abilit y t o 
modif y th e languag e t o th e perceive d need s o f  th e 
speake r  see m t o b e presen t  alread y a t  th e ag e o f  fou r 
(Shatz&Gelman ,  1973) . 

O ne simpl e bu t  importan t  consequenc e o f  th e posi -
tio n outline d abov e i s therefor e tha t  goal s o f  researc h o n 
dialogu e i n computationa l  linguistic s suc h a s 'Xjettin g 
computer s t o tal k lik e yo u an d m e "  (Reichman ,  1985) , 
or  developin g interface s tha t  wil l  "allo w th e use r  t o for -
get  tha t  h e i s questionin g a  m a c h m e "  (Gal ,  1988) ,  ar e 
not  onl y difficiil t  t o reach .  The y ar e misccxiceived .  W e 
alway s a d ^ t  t o th e qualitie s o f  ou r  dialogu e partner ,  an d 
tiiere  i s ever y reaso n t o believ e tha t  NLI-user s viril l  a d ^ t 
t o th e fac t  tlia t  the y ar e interactin g wit h a  computer . 

Anothe r  importan t  consequenc e i s  tha t  tli e lan -

I.e .  realizin g th e sam e input-outpu t  functio n (N.D .  &  A.J. ) 
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guag e sample s use d fo r  providin g th e empirica l  groun d 

of  th e computationa l  theorie s shoul d com e fro m rele -
van t  applicatio n domain s fo r  sucl i  softwar e technology . 
We ar e therefor e advocatin g a  sub-languag e approac h 
(Grishma n &  Kittredge ,  1986 )  t o studie s o f  dialogu e i n 
computationa l  linguistics ,  wher e languag e sample s use d 
t o develop ,  motivat e o r  illustrat e computationa l  theorie s 
ar e take n fix)m  th e relevan t  applicatio n domains . 

Finally ,  sinc e th e functiona l  architectur e o f  m a n 
and machin e ai e different ,  psychologica l  realis m o n th e 
representationa l  leve l  i s o f  n o interes t  here .  W e therefor e 
argu e fo r  a  positio n o f  'representationa l  agnosticism ' 
(Dahlbfick ,  1991b) . 

P r e v i o u s E m p i r i c a l  Studie s 

An increasing number of researchers have acted on 

position s simila r  t o th e on e outline d abov e (thoug h no t 
necessaril y  wit h simila r  explici t  theoretica l  commit -
ments) ,  an d ther e i s accumulatin g evidenc e i n suppor t  o f 
th e theoretica l  assumption s presente d here .  O n e impor -
tan t  sourc e o f  informatio n ha s bee n th e us e o f  so-calle d 
Wizard-of-O z investigations .  (Fo r  reviews,  se e Dahl -
bfic k 1991b ,  JOnssO T &  Dahlback ,  1988 ,  an d Gilber t  & 
Fraser ,  1991) .  A  numbe r  o f  linguisti c difference s be -
twee n th e languag e use d whe n communicatin g wit h a 
compute r  an d characterization s o f  huma n dialogue s 
hav e bee n observed :  Th e syntacti c variatio n i s limite d 
(Reilly ,  1987) .  Th e us e o f  pronoun s i s rar e (Guindon , 
198 8 an d Dahlbac k &  JOnsson ,  1989 ,  Kenned y e t  al . 
1988 )  an d th e anteceden t  o f  a  pronou n i s mostl y foun d 
m th e immediat e linguisti c contex t  (Dahlbfic k &  JOns -
son ,  1989) .  So-calle d 'ill-forme d input '  i s  ver y frequen t 
(Grosz ,  1977 ,  Guindo n e t  al. ,  1986) .  A  limite d vocabu -
lar y see m t o b e suflficiai t  fo r  communicatic m i n restrict -
ed domain s (Malhotra ,  1975) .  I n ou r  o w n wor k w e hav e 
foun d tha t  indirec t  speec h act s ar e rare ,  lac k o f  cu e 
phrases ,  abrup t  droppin g o f  topic s (whic h create s prob -
lem s fo r  plane-base d models) ,  frequen t  us e o f  domain -
specifi c  conceptua l  relation s and ,  mos t  importan t  fo r  ou r 
presen t  purposes ,  a  dialogu e structur e whic h differ s 
fro m th e ai e ofte n foun d i n huma n dialogues . 

D i a l o g u e M a n a g e m e n t  fo r  N a t u r a l 

L a n g u a g e Interface s 

Managing the dialogue in an NLI can be per-
forme d i n variou s ways .  Ther e ar e toda y tw o competin g 
approache s t o dialogu e management .  O n e i s th e pla n 
base d ̂ jproach ,  i.e .  t o reaso n abou t  th e user' s goal s an d 
mtaition s usin g plan s describin g th e action s whic h ma y 
possibl y b e carrie d ou t  i n differen t  situation s (c. f  Cohe n 
& Perrault ,  1979 ;  Alle n &  Perraul t  1980 ,  Litman ,  1985 , 
Carberry ,  1990) .  Th e othe r  approac h i s t o mode l  speec h 
act  informatio n i n a  dialogu e grammar . 

Th e pla n base d approac h i s mostl y use d i n searc h 
fo r  a  genera l  computationa l  mode l  o f  discourse .  Thi s i s 

a mor e comprehensiv e goa l  tlia n dialogu e managemen t 

fo r  natura l  languag e interfaces .  (Fo r  a  surve y o f  pla n 
base d approache s se e Carbeny ,  1990. ) 

Centra l  t o th e pla n base d approac h i s th e recogni -
tio n b y th e listener s o f  th e speaker s goals ,  wher e goal s 
ar e modelle d usin g plans .  Ther e exists ,  howevei ,  toda y 
no efficien t  pla n recognitio n algorith m fo r  genera l 
"STRIPS"-lik e planners .  Attempt s hav e bee n mad e b y 
addin g restriction s t o plan s t o ge t  the m mor e tractable . 
Chapman (1987 )  wa s th e first  t o presen t  a  pla n generato r 
tha t  coul d b e theoreticall y analysed .  H e presente d a 
planiun g algorith m tha t  subsume d mos t  previou s plan -
ners ,  fo r  instanc e STRIPS .  Chapma n showe d thai ,  unde r 
certai n conditions ,  plannin g i s undecidable .  BSckstrO m 
& KJei n (1991 )  showe d tha t  i t  i s  no t  possibl e t o con -
struc t  a  polynomial-tim e plannin g algorith m fo r  a  mor e 
restncte d clas s o f  problems ,  th e SAS-PU ^  class .  Fur -
thermore ,  th e S A S - P U clas s i s probabl y to o restricte d 
fo r  practica l  us e i n natura l  languag e processing .  Howev -
er ,  i t  shoul d b e note d tha t  recen t  results ,  (Bylander , 
1991 )  regardin g th e problem s t o b e solve d b y polynomi -
al  planner s migh t  b e a  bi t  mor e optimistic .  Moreover , 
hoi h Bylande r  an d BfickstrO m &  Klei n stat e tha t  a  care -
fu l  examinatio n o f  th e proble m migh t  provid e a  polyno -
mia l  planne r  fo r  som e proble m classes ,  bu t  ther e seem s 
t o b e n o singl e domain-independen t  plannin g algorithm . 

Vilai n (1990 )  present s a  parse r  tha t  ca n recogniz e 
plan s i n polynomia l  tim e usin g Eiarley' s algorith m (Ear -
ley ,  1970) .  Th e pla n formalis m use d b y Vilai n i s devel -
ope d b y Kaut z (Kautz ,  1991) .  Kaut z develope d a  pla n 
recognitio n formalis m fo r  recognizin g plan s whos e 
type s appea r  i n a n even t  hierarchy .  Thus ,  h e use s mor e 
restricte d plan s tha n thos e propose d b y Allen ,  Cohe n & 
Perrault ,  wher e ne w plan s ca n b e recognize d b y cham -
in g togethe r  th e precondition s an d effect s o f  othe r  plans . 
Kaut z maintain s thi s resbictio n becaus e otherwis e ". .  i t 
woul d lea d t o massiv e increas e i n th e siz e o f  th e searc h 
space ,  sinc e a n infinit e numbe r  o f  plan s coul d te  con -
structe d b y chainin g o n precondition s an d effects. " 
(Kautz ,  1991 ,  p .  72) .  I t  seem s therefor e tha t  pla n recog -
nitio n fo r  natura l  languag e dialogu e i s exponentia l  i f  i t 
i s base d o n th e STRIPS-formahsm . 

Anothe r  reason  fo r  ou r  doub t  concernin g th e us e o f 
pla n recognitio n fo r  dialogu e managemen t  i n certai n 
natura l  languag e mterfac e application s i s tha t  i n man y 
situation s i t  i s overkill ;  th e interactio n betwee n a  huma n 
and a  compute r  usin g wntte n languag e throug h a  termi -
nal  doe s no t  includ e al l  th e man y difficul t  phenomen a 
tha t  arriv e i n human-huma n interaction ,  c.f .  th e previou s 
section .  Furthermore ,  i t  i s  difficul t  t o correctl y describ e 
th e differen t  goal s an d intention s tha t  ca n b e canie d ou t 

-̂  SA S i s a  simplifie d versio n o f  th e actio n structure s (Sande -
wal l  &  Ronnquist ,  1986 )  wher e th e simplificatio n reduce s th e 
parallelis m tha t  i s  modelle d i n th e actio n struaure s an d i s thu s 
simila r  i n expressivenes s t o tha t  o f  regula r  planm^ s lik e 
STRIPS.  P  stand s fo r  post-uniqu e whic h mean s tha t  on e actio n 
achieve s onl y on e effec t  i n th e world ;  U  mean s tha t  i t  L s Unary , 
i.e .  ever y operato r  ha s onl y on e effec t  m th e world . 
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i n a  dialogu e situatio n (Guindo n 1988) . 
The othe r  approac h whe n buildin g a  dialogu e man -

ager  tha t  ca n efficientl y handl e a  limite d se t  o f  dialogu e 
feature s i s t o identif y adjacency-pair s (Scheglof f  & 
Sacks ,  1973 )  an d t o us e a  dialogu e gramma r  (e.g .  Reich -
man,  198 5 ,  Polany i  &  Scha ,  1984 ,  Frdilic h &  Luff . 
1990 ,  an d Bilange ,  1991) .  Thi s approac h ha s bee n cnti -
cise d fo r  no t  adequatel y describin g a  naturall y occurrin g 
discours e (se e fo r  instanc e Levinson ,  1983) .  However , 
fo r  a  restricte d sublanguage ,  suc h a s natura l  languag e 
communicatio n wit h computers ,  w e believ e tha t  thi s ca n 
be a  ver y efficien t  wa y o f  managin g th e dialogu e (cf . 
Levinson ,  1981 ,  p  114) . 

Our  wor k differs ,  however ,  fro m previou s pro -
pose d dialogu e grammars .  Reichma n an d Polany i  & 
Scha tr y t o manag e discours e i n general .  Thus ,  the y 
need rule s t o cove r  a  wid e variet y o f  phenomen a tha t 
seldo m occu r  i n interfac e interactions .  Frohlic h &  Luf f 
als o presen t  a  rich  grammar ,  basin g thei r  menu-base d 
natura l  languag e interfac e gramma r  o n studie s o f  hu -
man-human conversations .  Problem s wit h thi s approac h 
i s pointe d ou t  i n Dahlbac k &  Jonsso n (1989) . 

Bilang e designe d hi s syste m fo r  ora l  communica -
tio n whic h suggest s a  numbe r  o f  interestin g difference s 
compare d t o type d dialogue ;  fo r  instance ,  hi s nee d fo r 
elaboratio n a s th e thir d par t  o f  a n adjacency-pair ,  i.e .  h e 
demonstrate s tha t  th e structur e negotiation-reaction -
elaboratic n i s ver y c o m m o n i n ora l  dialogue .  Stubbs ' 
(1983 )  mode l  fo r  huma n dialogue s als o include s a  thir d 
confirmator y move .  Thi s patter n seem s no t  t o occu r  i n 
writte n human-compute r  communicatio n (Dahlback , 
1991a ,  b) . 

As fo r  dialogu e grammars ,  on e migh t  as k whethe r 
the y ar e als o complex ,  requirin g exponentia l  algorithm s 
fo r  parsing ? Th e repl y i s tha t  i f  a  dialogu e gramma r  ca n 
be writte n usin g a  context-fi-e e grammar ,  the n ther e ar e 
well-know n polynomial-tim e algorithms .  Th e questio n 
the n arise s a s t o whethe r  i t  i s possibl e t o writ e a  context -
fre e gramma r  fo r  th e dialogue s tha t  w e ar e intereste d in ? 

T h e E m p i r i c a l  S t u d y 

The dialogue model is based on the analysis of a 
number  o f  dialogue s collecte d b y th e mean s o f  Wizar d 
of  O z NLI-simulations' .  W e hav e use d five  differai t 
backgroun d systems ,  varyin g no t  onl y th e conten t  do -
main ,  bu t  als o th e 'intelligence '  o f  th e systems ,  an d th e 
number  an d type s o f  task s possibl e t o perfor m b y th e 
user .  Th e mos t  detaile d analysi s ha s bee n conducte d o n 

"*  Th e mode l  i s  implemente d a s a  modul e fo r  th e Swedis h NL I 
develope d i n th e LINLIN-project .  AhrMiberg ,  JSnsso n an d 
Dthlbic k (1990 )  give s a n overvie w o f  th e project .  Dahlbac k 
(1989 ,  1991a ,  1991b) ,  Dahlbac k an d JOnsso n (1989) ,  JOnsso n 
(1990) ,  an d JSnsso n an d Dahlbac k (1988 )  present s othe r  as -
pect s o f  th e empirica l  issues .  Furthe r  aspect s o f  th e imple -
mente d syste m ca n b e foun d i n Jdnsso n (1991 a an d 1991b ) 

a corpu s o f  2 1 dialogues . 
We hav e use d tw o databas e systems .  P U B i s a  li -

brar y D B m us e a t  ou r  department .  C-lin e i s a  simulate d 
DB containm g informatio n abou t  th e compute r  scienc e 
curriculu m a t  LinkOpin g University .  I n th e HiFi-systen i 
th e use r  ca n orde r  HiFi-equipmen t  afte r  havin g querie d 
a (simulated )  D B containin g informatio n abou t  th e 
availabl e equipment .  Th e Trave l  syste m simulate s a n 
automate d trave l  agenc y offerin g charte r  holiday s t o 
Gree k islands .  Thes e system s differ s fro m th e tw o abov e 
i n tw o respects ;  th e syste m i s mor e 'cognitively '  ad -
vanced ,  an d ther e ar e mor e action s tha t  ca n b e per -
forme d b y th e user ,  i.e .  no t  onl y askin g fo r  infoimatio n 
but  als o orde r  something .  Th e Win e syste m i s a  simulat -
ed advisor y system ,  capabl e o f  suggestin g suitabl e 
wine s fo r  differen t  dishes ,  i f  necessar y withi n a  specifi c 
pric e range .  (Th e experimenta l  setting s ar e describe d i n 
mor e detai l  i n JOnsso n &  Dahlback ,  1988 ,  Dahlbac k & 
JOnsso n 1989 ,  an d Dahlback ,  1991a ,  b ) 

Th e tota l  numbe r  o f  dialogue s i s 21 ;  P U B :  4 ,  HiFi : 
5,  C-line :  5 ,  W m e:  4 ,  Travel :  3 .  Th e tota l  numbe r  o f  ut -
terance s i s  1055 ,  wher e w e coun t  eac h tur n b y use r  o r 
syste m a s on e utterance .  Thi s give s u s a n averag e o f  5 0 
utterances/dialogue .  Th e loiges t  ar e i n th e trave l  do -
main ,  wher e th e averag e dialogu e i s 9 2 utterance s long , 
and th e shortes t  ar e th e P U B dialogue s wit h a n averag e 
of  2 5 utterances .  Apar t  fro m th e dialogue s analyse d 
here ,  w e hav e collecte d mor e tha n 6 0 others ,  usin g foiu -
othe r  rea l  o r  simulate d backgroun d systems .  Dahlbac k 
(1991b )  describe s som e o f  thes e i n mor e detail .  A  cur -
ren t  projec t  ha s collecte d anothe r  se t  o f  6 0 dialogues , 
some o f  whic h ar e describe d below . 

Analysi s a n d Result s 

The dialogue structure is analysed using only two 
basi c type s o f  moves ,  initiative s (I )  an d response s (R) . 
The definitio n o f  th e categorie s i s onl y base d o n loca l 
informatio a I f  th e mov e i s see n a s introducin g a  goa l  i t 
i s  score d a s a n initiative ,  i f  i t  i s  a  goal-satisfyin g move , 
i t  i s score d a s a  response .  O n e importan t  reaso n fo r  thi s 
i s tha t  th e categorie s ar e domai n independent .  W e ca n 
therefor e compar e dialogue s fro m differen t  domains . 
Anothe r  advantag e i s tha t  th e categorie s ar e (fairly )  sim -
pl e t o defin e an d identify ,  makin g i t  possibl e t o cod e th e 
dialogue s wit h sufficien t  inter-rate r  reliabilit y  (97%) . 

Discours e managemen t  move s suc h a s Welcom e t o 
WingHolidays .  Wha t  ca n w e d o fo r  you? .  C a n I  hel p yo u 
wit h anythin g more ? an d By e etc .  ar e al l  score d a s initia -
tives .  W e subcategoriz e the m a s D O (discours e open -
ing) ,  D C (discours e continuation) ,  arv i  D E (discours e 
ending) ,  t o mak e i t  possibl e t o exclud e the m fro m som e 
of  th e analysi s presente d below .  (Response s t o thes e 
kin d o f  initiative s ar e optiona l  i n th e model) . 

Sinc e w e onl y use d loca l  informatio n whe n ascrib -
in g a  categor y t o a  move ,  w e ca n ge t  a  measur e o f  th e 
structura l  complexit y o f  th e dialogue s b y analysui g 
the m usin g a  simpl e dialogu e tre e mode l  calle d L I N D A . 
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(Fo r  LINkOpin g DiAlogue ,  se e Dahlback ,  1991a ,  b  fo r  a 
detaile d description )  Th e mode l  onl y accept s unit s con -
sistin g o f  a n initiativ e followe d b y a  respons e o r  einbed -
ding s o f  suc h unit s i n highe r  IR-units ,  e.g .  ( I  R) ,  o r 

successiv e an d recursiv e embedding s suc h a s ( I  ( I  R )  R) , 
( I  ( I  R )  ( I  R )  R) ,  o r  ( I  ( I  a  R )  R )  R )  etc .  Al l  move s mus t 
belon g t o som e discours e segment ,  an d n o segment s 
wit h th e structur e ( I  IR )  o r  ( I  R  R )  ar e allowed . 

We find  tha t  9 2 % o r  mor e o f  th e dialogue s fit  thi s 
structure ,  se e Figur e 1 .  Furthermore ,  th e us e o f  recursiv e 
embedding s i s limited ,  a s see n i n th e hig h numbe r  o f  ad -
jacenc y pair s i n th e dialogues . 

PUB 

C-lin e 

HiF i 

TVavel 

Wines 

U N DA mode l  fi t 

100 % 

98% 

99% 

99% 

92% 

Adjacenc y pair s 

75% 

96% 

98% 

88% 

78% 

Figur e 1 :  U N D A mode l  fit. 

Thi s doe s no t  mea n tha t  th e dialogue s consis t  o f  a 
sequerx e o f  isolate d question s an d answers ,  a s ther e i s 
frequen t  us e o f  anaphori c expressions .  I n fac t  4 9 % o f 
th e initiative s contai n som e kin d o f  aiuphori c expres -
sio n (Dahlbac k &  JOnsson ,  1989) .  What  th e figures 
sho w i s rathe r  tha t  i n spit e o f  bein g clea r  case s o f  con -
necte d discourse ,  thes e dialogue s hav e a  muc h simple r 
structura l  complexit y tha n mos t  othe r  genres .  I t  thu s 
seems a s i f  mos t  man-machin e dialogue s i n natura l  lan -
guage ,  eve n whe n n o restriction s o n th e users '  wa y o f 
expressin g themselves ,  lac k mos t  o f  th e complexit y 
foun d i n othe r  type s o f  discourse .  Ou r  corpu s i s admit -
tedl y o f  a  limite d size ,  bu t  i t  cover s som e o f  th e mos t 
typica l  possibl e application s fo r  N O technology ,  and , 
apar t  from  th e advisor y typ e o f  system ,  i s no t  tie d t o on e 
particula r  topi c domain .  Take n together ,  thi s give s u s 
confidenc e i n believin g tha t  th e result s hav e som e gen -
eralizabilit y 

We hav e als o foun d (Dahlback ,  1991b )  tha t  th e 
LINDA-structur e ca n b e use d t o direc t  th e searc h o f  an -
tecedent s t o anaphors .  I t  i s  thu s no t  onl y possibl e t o de -
scrib e th e dialogue s usin g th e I R tre e structure ,  bu t  thi s 
structur e ca n the n b e use d t o guid e furthe r  processin g o f 
th e dialogue . 

name o f  dialogu e objects .  Th e conununicatio n i s hierar -
chicall y structure d usin g thre e difTeien t  categorie s o f  di -
alogu e objects .  Ther e ar e variou s proposal s a s t o th e 
number  o f  level s neede d an d the y diffe r  mainl y o n th e 
modellin g o f  comple x unit s tha t  consis t  o f  sequence s o f 
discours e segments ,  bu t  d o no t  compris e th e whol e dia -
logue .  Fo r  instanc e th e syste m develope d b y Polany i  & 
Scha (1984 )  use s five  differen t  level s t o hierarchicall y 
structur e a  dialogu e an d LOK I  (Wachtel ,  1986 )  an d 
SUNDIAL Bilang e (1991 )  use s four . 

The featur e characterizin g th e intermediat e leve l  i s 
tha t  o f  havin g a  common topic ,  i.e .  a n objec t  whos e 
propertie s ar e discusse d ove r  a  sequenc e o f  exchanges . 
When analysin g ou r  dialogue s w e foun d n o certai n cri -
teri a concernin g ho w t o divid e a  dialogu e int o a  se t  o f 
exchanges ,  h i  fact ,  a  sequenc e o f  segment s ma y han g to -
gethe r  i n a  numbe r  o f  differen t  ways ;  e.g .  b y bein g 
about  on e objec t  fo r  whic h differen t  propertie s ar e a t  is -
sue.  Bu t  i t  ma y als o b e th e othe r  wa y around ,  s o tha t  th e 
same propert y i s topical ,  whil e differen t  object s ar e 
talke d about .  (Thi s i s discusse d an d illustrate d i n mor e 
detai l  i n Ahrenberg ,  JOnsso n an d Dahlbac k (1990) ) 

I n ou r  mode l  th e instance s o f  dialogu e object s 
for m a  dialogu e tre e whic h represen t  th e dialogu e a s i t 
develop s i n th e interaction .  Th e roo t  categor y i s calle d 
Dialogu e (D) ,  th e intermediat e categor y Initiative-Re -
spons e (IR) ,  an d th e smalles t  unit ,  tli e move . 

An utteranc e ca n consis t  o f  mor e tha n on e mov e 
and i s thu s regarde d a s a  sequenc e o f  moves .  A  mov e 
objec t  contain s informatio n abou t  a  move .  The y ar e cat -
egorize d accordin g t o typ e o f  illocutionar y ac t  an d topic . 
Some typica l  mov e type s are :  Questio n (Q) ,  Assertio n 
and declaratio n o f  inten t  (AS) ,  Answe r  (A )  an d Direc -
tiv e (DI) .  Topi c describe s whic h knowledg e sourc e t o 
consul t  — th e backgroun d system ,  i.e .  solvin g a  tas k 
(T) ,  th e ongoin g discours e (D )  o r  th e organisatio n o f  th e 
backgroun d syste m (S) .  Fo r  brevit y whe n w e refe r  t o a 
move wit h it s associate d topic ,  th e mov e typ e i s sub -
scribe d wit h tĉ ic ,  e.g .  Qp . 

Followin g th e LINDA-model ,  th e onl y mtermedi -
at e leve l  consist s o f  recursivel y embedde d IR-units .  Th e 
initiativ e ca n com e fro m th e syste m o r  th e use r  A  typi -
cal  IR-uni t  i n a  question-answe r  dat a bas e applicatio i  i s 
a tas k relate d questio n followe d b y a  successfii l  answe r 
Qt/At .  Othe r  typica l  IR-unit s are :  Qs/A j  fo r  informatio n 
about  th e system ,  Qr/AS s whe n th e requeste d informa -
tio n i s no t  i n th e dat a base .  Qd/A o fo r  questiai s abou t 
th e ongoin g dialogue ,  e.g .  request s fo r  clarification . 

T h e L I N L I N Dialogu e M a n a g e r 

We have developed a dialogue manager based on 
th e LINDA-mode l  an d i n thi s sectio n th e dialogu e 
grammar  wil l  b e presented .  However ,  ther e ar e som e 
notion s from  tl» e LINLIN-syste m tha t  need s t o b e pre -
sente d befor e w e ca n presen t  th e dialogu e gramma r 

We refe r  t o th e consUtuent s o f  a  dialogu e b y th e 

A Dialogu e G r a m m a r  fo r  th e Car s Databas e 

The dialogue manager is implemented for yet an-
othe r  dialogu e domain ;  a n existin g INGRES-databas e 
containin g informatio n o n use d cars .  T o customiz e th e 
dialogu e manage r  t o th e ne w application ,  w e ra n a  ne w 
set  o f  Wizar d o f  Oz-experinienfs .  Th e numbe r  o f  dia -
logue s i s five  an d th e averag e numbe r  o f  utterance s pe r 
dialogu e i s 32 . 
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The structura l  analysi s ha s bee n carrie d ou t  ac -
cordin g t o th e principle s describe d above .  O n th e leve l 
of  a  mov e w e hav e onl y identifie d tw o differen t  illocu -
tionar y types :  Questio n (Q )  an d Answe r  (A) .  Th e mod -
ul e responsibl e fo r  translatin g th e syntacti c for m o f  ai ) 
utteranc e t o thes e categorie s i s  calle d th e instantiato r 
(Ahrenberg ,  1988) .  Th e instantiato r  wil l  identif y th e ill -
ocutionar y typ e o f  a n utterance .  So ,  fo r  instance ,  th e in -
stantiato r  wil l  interpre t  th e utteranc e Sho w dat a fo r 
Mercede s a s a  reques t  fo r  informatio n an d i t  wil l  thu s 
categoriz e i t  a s a  question ,  althoug h it' s syntacti c for m i s 
directive .  Th e instantiato r  wil l  no t  b e considere d furthe r 
i n thi s p^jer ,  a  simila r  modul e fo r  syntacti c an d seman -
ti c analysi s i s use d b y fo r  instanc e Litma n (1985 ,  p  15 ) 
andCaiberry(1990,p75) . 

The resultin g gramma r  i s contex t  free .  I t  i s  ver y 
simpl e an d consist s merel y o f  sequence s o f  task-relate d 
question s followe d b y answer s ( V A r  o r  i n som e case s 
an embedde d reparatio n sequenc e Qi,/^ > initiate d b y 
th e system ,  se e Figur e 2 . 

distinguis h betwee n computationa l  model s fo r  efficien t 
processin g o f  natura l  languag e an d simulation s o f  huma n 
processin g o f  natura l  language ,  o n th e concer n wit h com -
putationa l  tractabilit y  an d empirica l  validity .  Th e essen -
tia l  characteristic s o f  th e mode l  i s  th e us e o f  a  simpl e 
context-fre e dialogu e gramma r  generatin g a  dialogu e 
structur e o f  sequentia l  an d recursivel y embedde d initia -
tive-respons e (IR )  units .  I t  i s no t  t o b e see n a s a  psycho -
logicall y realisti c cognitiv e model ,  bu t  a s a  mode l  tha t 
wil l  successfull y emulat e huma n linguisti c behaviou r  i n 
th e situation s fo r  whic h i t  i s  intende d t o b e used ,  i.e .  nat -
ura l  languag e interfaces . 
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D :: = IR + 
IR::=(VAr|Q^A s 
Qi/Ar : 

Qd/Ad 
(i/As : 

= Or  (Qd/Ad) *  (Ar ) 

•=Qd(Ad ) 
= QrAs|QsA s IQdA s 

Figur e 2 .  A  dialogu e gramma r  fo r  th e Car s application ^ 

The grammar is not to be regarded as providing an 
accurat e descriptio n o f  ever y databas e informatio n re -
trieva l  applicaticxi ,  bu t  i t  wil l  accuratel y describ e th e di -
alogu e use d b y five  differen t  experimenta l  subject s 
interactin g wit h suc h a  syste m i n th e domai n o f  use d 
cars . 

The gramma r  presente d her e onl y show s tw o o f 
th e attribute s o f  ou r  dialogu e objects .  I n fact ,  w e us e a 
number  o f  descriptor s wit h attribute s describin g fo r  in -
stanc e focuse d object s (Ahrenberg ,  JOnsso n &  Dahl -
back ,  1990 ,  an d JOnsson ,  1991a) ,  bu t  thi s doe s no t  affec t 
th e typ e o f  gravunar .  Furthermore ,  i t  i s a  simplifie d ver -
sio n o f  th e gramma r  tha t  i s t o b e use d i n th e Car s  ̂ pli -
cation .  Acknowledgemen t  jiirase s Uk e Wait...Searchin g 
occu r  i n al l  ou r  dialogues ,  bu t  the y onl y serv e t o indicat e 
tha t  th e use r  utteranc e i s received .  Thu s the y ar e omitte d 
as the y pos e n o interestin g problems . 

Summary 

We have described a computational model of dia-
logu e managemen t  fo r  human-compute r  dialogue s i n 
natura l  language .  Th e developmen t  i s base d o n a  sub -
languag e approach ,  o n th e belie f  tha t  i t  i s necessaril y t o 

The *  i s  th e closur e operato r  meanin g zer o o r  mor e instanc -
es an d th e *  i s th e positiv e closur e denotin g on e o r  mor e in -
stances .  Parmthesi s denot e optionalit y an d vertica l  bar s 
denot e disjunaion . 
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