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M a k i n g C o n v e r s a t i o n F l e x i b l e ^ 

Elise H. Turner and Richard E. Cullingford 

School  o f  IC S 

Georgi a Institut e o f  Technolog y 

Abstract 

The goals of the speakers are the motivating force behind a 
conversation .  Th e difference s i n thes e goals ,  an d thei r  relativ e priorities , 
accoun t  fo r  man y o f  th e difference s betwee n conversations .  I n orde r  t o b e 
easil y understood ,  however ,  th e resultin g conversatio n mus t  b e 
constraine d b y th e languag e convention s share d b y speake r  an d hearer .  I n 
thi s pape r  w e describ e ho w th e us e o f  schema s fo r  conversationa l  contro l 
can b e mad e flexible  b y integratin g th e prioritie s o f  a  system' s goal s int o 
th e proces s o f  selectin g th e nex t  utterance .  Ou r  idea s ar e implemente d i n 
a syste m calle d JUDI S (Turne r  &  Cullingford ,  1989) ,  a  natura l  languag e 
interfac e fo r  a n advice-givin g system . 

A characteristic feature of conversation is flexibility; the "topic" or "point" being pursued 

shift s unpredictabl y a s th e conversatio n proceeds .  Clearly ,  th e conversant s adop t  a  serie s o f 
communicativ e goal s (Appelt ,  1985 ;  Cohe n k  Perrault ,  1979 ;  Grosz ,  1977 ;  Hobb s &  Evans ,  1980 ) 

and wor k cooperativel y t o achiev e thes e goals .  I t  i s clea r  a s wel l  tha t  a n importan t  componen t  o f 

conversatio n i s conventio n (McKeown ,  1985 ;  Reichman ,  1985) .  Tha t  is ,  w e no t  onl y pla n ou r 

utterance s i n th e presenc e o f  perceive d intentions ,  bu t  w e also ,  i n a  sense ,  recal l  ho w conventiona l 
conversation s wer e conducte d i n th e pas t  t o achiev e simila r  ends .  Thi s pape r  describe s a n 

implemente d conversationa l  system ,  JUDIS ,  whic h applie s a  knowledg e structure ,  th e 

conversatio n M O P,  t o provid e a  mean s o f  combinin g intentio n an d conventio n i n discourse .  Th e 

integratio n o f  proble m solvin g goal s an d linguisti c constraint s ha s bee n show n t o improv e 

comprehensio n (Carberry ,  1986 ;  Litma n &  Allen ,  1987 )  an d t o b e importan t  i n determinin g 

discours e structur e (Gros z &  Sidner ,  1986) .  Here ,  w e focu s o n ho w thes e tw o essentia l  aspect s o f 

conversatio n ca n b e unite d t o provid e flexible  generation .  W e presen t  a n exampl e o f  th e syste m 

processin g a  typica l  conversatio n wit h th e use r  durin g a  common kin d o f  naturalisti c 
conversationa l  task ,  commonsens e proble m solving . 

JUDIS 

JUDI S (Julia' s Discours e System )  provide s th e natura l  languag e interfac e fo r  Juli a 
(Cullingfor d &  Kolodner ,  1986) ,  a  highl y interactive ,  advice-givin g syste m bein g develope d a t  th e 

Georgi a Institut e o f  Technology .  Juli a i s designe d t o perfor m suc h commonsens e task s a s givin g 

directions ,  advisin g consumers ,  an d plannin g meals ,  it s  curren t  task .  I t  i s comprise d o f  severa l 

subsystem s whic h include :  a  from-scratc h planner ,  JUPITE R (Hinrichs ,  1988) ,  whic h plan s a 

meal  usin g traditionji l  method s fro m artificia l  intelligence ;  a  case-base d reasoner ,  JUL IAN A 

(Shinn ,  1988) ,  whic h use s previou s experienc e i n meal-plannin g t o hel p solv e th e curren t  problem ; 

and th e natura l  languag e interface ,  JUDI S (Turne r  t  Cullingford ,  1989) .  JUDI S handle s 

conversationa l  control ,  focusin g o n wha t  shoul d b e include d i n th e dialogu e an d whe n i t  shoul d 

appear .  Thi s syste m use s a n existin g softwar e system ,  th e NLPToo l  (Cullingford ,  1986) ,  t o 

generat e Englis h utterance s fro m concept s an d t o analyz e th e utterance s o f  th e user . 

^  Thi s researc h ha s bee n funde d b y N S F Gran t  IST-8608362 .  Thank s t o Richar d Billington ,  Jane t  Kolodne r  an d 
Roy Turne r  fo r  thei r  helpfu l  comment s o n earlie r  draft s o f  thi s paper . 
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Jl :  Woul d yo u lik e t o serv e guacamol e a s a n appetizer ? 

Ul :  Yea . 

J2:  Woul d yo u lik e chil i  a s a  mai n course ? 

U2:  Woul d w e hav e t o serv e i t  i n bowls ? 

J4:  Yes . 

J&:  D o yo u hav e enoug h bowls ? 

U3:  Yes . 

J6:  I  remembere d a  meal  wher e on e o f  th e guest s couldn' t  ea t  guacamol e becaus e sh e wa s allergi c t o tomatoes . 

J7:  D o yo u kno w i f  an y o f  you r  guest s ar e allergi c  t o tomatoes ? 

U5:  No ,  the y aren't . 

Figure 1: Dialogue with Julia. 

When the problem solving systems of Julia need to communicate with the user, they send a 

reques t  t o JUDI S i n th e for m o f  a  goal .  JUDI S mus t  respon d t o th e reques t  i n a  wa y tha t  no t  onl y 

i s understandabl e t o th e user ,  bu t  als o take s int o accoun t  th e urgenc y o f  th e request ,  reflecte d b y 

th e goal' s priority .  Sometime s th e reques t  i s s o unimportan t  t o th e proble m solve r  tha t  i t  ca n b e 

lef t  ou t  o f  th e dialogu e o r  brough t  int o th e conversatio n a t  a  mor e natura l  time .  Sometimes , 

JUDI S mus t  interrup t  th e conversatio n t o handl e a  request ,  suc h a s whe n a  piec e o f  informatio n i s 

neede d t o allo w a  proble m solve r  t o continu e a n importan t  task .  Othe r  time s th e reques t  relate s 

t o a  previou s topi c o f  conversatio n an d JUDI S mus t  interrup t  th e establishe d orde r  o f  th e 

conversatio n an d refe r  bac k t o a n earlie r  topic .  Figur e 1  show s a  portio n o f  a n actua l  dialogu e 

wit h Juli a wher e suc h a  reques t  i s handle d i n J 6 -  J7 .  T o manag e suc h infrequen t  request s 

effectively ,  J U D I S i s guide d b y bot h th e convention s o f  conversatio n an d th e need s o f  Julia . 

REPRESENTING DISCOURSE STRUCTURE 

JUDI S represent s it s knowledg e o f  discours e structur e i n conversatio n M O Ps 

(Kellerman n e t  al. ,  1989 ;  Turne r  &  Cullingford ,  1989) .  M O P s ,  o r  memor y organizatio n packet s 

(Schank ,  1982 )  ar e schemati c structure s use d t o organiz e long-term ,  conceptual ,  episodi c memory . 

Conversatio n M O Ps ar e muc h lik e othe r  rhetorica l  schem a (e.g. ,  M c K e o w n ,  1985 ; 

Reichman ,  1985) .  Eac h M O P contain s a n associate d goa l  o r  goal s whic h i s achieve d b y th e 

actions ,  o r  episode ,  specifie d i n th e M O P.  Th e episod e i s divide d int o scene s whic h ca n b e share d 

wit h othe r  M O P s .  A n exampl e o f  a  M O P,  on e fo r  conductin g th e proble m solvin g portio n o f  a 

conversatio n betwee n a  clien t  an d a  catere r  i s show n i n Figur e 2 .  Thi s M O P i s itsel f  a  scen e i n 

th e "complete-conversation-MOP" ,  an d th e M O P ' s scene s ar e als o M O P s .  The y ar e topi c M O Ps 

whic h i n tur n includ e th e scene s "topi c switch" ,  "discussion" ,  an d "clos e topic" . 

I n JUDIS ,  scene s ca n b e eithe r  executabl e act s o r  M O P s .  Th e scene s i n M O Ps ca n b e eithe r 

mandator y scenes ,  o r  optiona l  scene s whic h ar e no t  necessar y fo r  th e executio n o f  th e M O P bu t 

ar e ofte n associate d wit h it .  Th e scene s m a y b e actua l  utterance s i n th e dialogue ,  o r  the y m a y b e 

othe r  action s associate d wit h thos e utterances .  Thes e othe r  action s describ e ho w a n utteranc e 

affect s th e knowledg e o f  th e conversants .  Fo r  example ,  a  pars e include s action s t o updat e th e 

knowledg e bas e o f  th e hearer ,  an d a  topi c switc h contain s action s t o updat e th e focu s o f  th e 

dialogue .  Althoug h suc h action s ar e no t  fuU y implemente d i n th e curren t  versio n o f  JUDIS ,  thos e 

tha t  affec t  conversationa l  contro l  hav e bee n include d i n th e appropriat e M O P s . 

M O Ps ar e forme d whe n episode s ar e store d i n a  dynami c memor y (Kolodner ,  1984 ; 

Schank ,  1982) .  W h e n addin g a n episode ,  dynami c memor y use s th e salien t  feature s o f  th e 

episode ,  calle d predictiv e indices ,  t o fin d a  plac e fo r  i t  i n memory .  W h e n thi s happen s ne w M O Ps 

ar e create d whic h contai n generalize d episode s tha t  reflec t  th e similaritie s i n th e episodes . 
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Caterer' s Genera l  M OP 

goal: pl2Ln-ineal 

characters :  caterer ,  custome r 

part-of :  complete-conversation-MO P 

predictive-features :  problem-strateg y 

indices :  proble m solvin g strategy/chronologica l  orde r  —•  chronological-orde r  M OP 

proble m solvin g strategy/mai n course s first  —•  main-firs t  M OP 

activity :  genera l  info ,  dessert ,  appetizer ,  main-cours e 

mandatory-scenes :  general-info ,  dessert ,  appetizer ,  main-cours e 

Chronological Order MOP 

sequence of events: ((seq general-info appetizer) (seq appetizer main-course) (seq main-course dessert)) 

Main First MOP 

sequence of events: ((seq general-info miun-course)(seq meiin-course dessert)(seq main-course appetizer)) 

Figure 2: Caterer's MOP 

Specializations of a generalized episode can be found by treating salient features that differ 

from  th e generalize d episode' s a s predictiv e indices .  Fo r  example ,  th e "caterer' s genera l  M O P " 

has tw o specializations ,  eac h onl y differin g fro m th e mor e genera l  episod e becaus e a  scen e 

orderin g i s specifie d (th e onl y slo t  o f  thes e M O Ps show n i n Figur e 2) .  Becaus e th e "caterer' s 

genera l  M O P "  i s associate d wit h proble m solving ,  it s  specialization s ar e indexe d b y proble m 

solvin g strategie s suc h a s plannin g th e mea l  i n chronologica l  orde r  o r  considerin g th e mai n cours e 

first .  T h e specialization s fo r  othe r  M O Ps m a y us e differen t  indice s tha t  ar e importan t  t o thei r 

purpose .  Fo r  example ,  th e topi c switc h M O P ha s specialization s tha t  relat e t o whethe r  o r  no t  th e 

scen e ha s execute d an d th e kin d o f  chang e i n topic s tha t  wil l  tak e place .  I t  als o include s a 

specializatio n wit h n o utteranc e tha t  i s indexe d b y th e condition s tha t  allo w a n explici t  topi c 

switc h t o b e omitte d fro m th e conversation . 

Knowledg e o f  th e discours e structur e i s importan t  t o J U D I S an d canno t  b e buil t  durin g th e 

conversation ,  a s i n (Gros z &  Sidner ,  1986) ,  fo r  tw o reasons .  Firs t  o f  all ,  lik e (McKeown ,  1985) , 

th e schema s ca n b e use d a s store d plan s t o mak e generatio n easier .  Secondly ,  knowledg e o f  h o w 

th e discours e i s likel y t o procee d allow s J U D I S t o decid e whe n i t  ca n defe r  a  syste m goa l  an d wai t 

fo r  it s  topi c t o aris e naturall y i n th e conversation . 

CONTROLLING CONVERSATION IN JUDIS 

Conversatio n M O P s provid e J U D I S wit h knowledg e o f  conventiona l  conversations .  However , 

m a ny conversation s d o no t  follo w th e norm ,  ofte n du e t o th e need s o f  th e conversants .  So ,  instea d 

of  simpl y followin g a  schem a fo r  th e curren t  portio n o f  th e dialogue ,  J U D I S combine s informatio n 

abou t  th e prioritie s o f  it s  goal s an d th e norma l  cours e o f  conversatio n t o determin e whic h M O P 

t o follo w a t  executio n time .  W e wil l  discus s ho w a  M O P i s selecte d fo r  executio n afte r  a  brie f 

overvie w o f  processin g conversatio n M O Ps i n JUDIS . 

Overview 

W h en a  use r  begin s a  proble m solvin g sessio n wit h Julia ,  JUDI S know s tha t  i t  i s  expecte d t o 

hol d a  conversatio n wit h th e use r  tha t  include s plannin g a  meal .  J U D I S start s wit h th e complet e 

conversatio n M O P an d finds  th e specializatio n o f  it s  scene s tha t  fit  th e curren t  situation .  Thes e 
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MOPs, called active MOPs, form the template for a conventional conversation in which JUDIS 

maintain s th e initiative ;  i n othe r  words ,  the y for m a  high-leve l  pla n fo r  th e conversation . 

JUDI S use s th e expectation s provide d b y th e activ e M O Ps t o hel p satisf y th e request s o f  th e 

proble m solver s withi n th e confine s o f  a  coheren t  conversation .  Whe n JUDI S receive s a  request ,  i t 

searche s memor y fo r  a  M O P t o achiev e th e goal .  I t  the n trie s t o fit  thi s M O P int o th e overal l 

conversatio n b y searchin g u p part-o f  link s fo r  a n activ e M O P whic h may ,  directl y o r  indirectly , 

contai n th e ne w M O P.  Sinc e th e M O Ps represen t  convention s i n conversation ,  finding  th e 

containin g episod e allow s JUDI S no t  onl y t o satisf y a  goal ,  bu t  t o d o i t  i n suc h a  wa y tha t  i s  eas y 

fo r  th e use r  t o understand .  Th e ne w M O P an d th e episode s o n th e pat h betwee n i t  an d th e activ e 

M OP the n becom e activ e MOPs.  Thi s mechanis m allow s JUDI S t o observ e convention s i n 

couversatio n an d maintai n a  coheren t  dialogu e withou t  explicitl y  plannin g t o achiev e thes e goals , 

as i n (Appelt ,  1985 ;  Litma n &  Allen ,  1987) . 

JUDI S select s a  M O P fo r  executio n usin g th e algorith m describe d below .  I f  th e selecte d M O P 

i s a n executabl e ac t  tha t  ha s bee n execute d b y JUDI S o r  ca n b e inferre d t o hav e bee n execute d 

by th e user ,  i t  i s  marke d "executed" .  A  M O P i s als o marke d "executed "  i f  i t  i s  a  M O P tha t  ha s 

had al l  o f  it s  mandator y scene s executed .  Whe n a  scen e i s executed ,  th e episod e whic h contain s 

tha t  scen e i s considere d a n executin g M O P.  Th e executin g M O Ps includ e no t  onl y th e episod e 

tha t  thi s scen e wa s chose n t o hel p satisfy ,  bu t  als o an y othe r  M O Ps whic h shar e tha t  scene . 
These othe r  M O Ps ar e sai d t o b e serendipitousl y executing }  Serendipitousl y executin g M O Ps 
indicat e option s tha t  ar e no t  par t  o f  JUDIS '  origina l  plan .  Fo r  example ,  JUDI S ma y kno w tha t 
th e proble m solver s ar e followin g th e "chronologica l  order "  strateg y an d selec t  th e correspondin g 
"chronologica l  orde r  M O P " ,  show n i n Figur e 2 ,  a s a n activ e M O P.  However ,  i f  onl y th e 

"general-info "  scen e ha s bee n execute d an d on e o f  th e proble m solver s ha s a  questio n abou t  th e 
mai n course ,  JUDI S ca n pursu e th e serendipitousl y executin g "main-firs t  M O P"  an d as k th e 
question ,  o r  i t  ca n choos e t o continu e followin g th e activ e "chronologica l  orde r  M O P " . 

Selecting a MOP for Execution 

To determin e whic h M O P shoul d b e executed ,  JUDI S mus t  conside r  th e convention s fo r  th e 

conversatio n an d th e goal s o f  th e system .  I n orde r  t o combin e th e effect s o f  intentio n an d 

convention ,  JUDI S relie s o n a n activatio n metaphor .  Activatio n i s divide d int o tw o types : 

goal-base d activatio n whic h reflect s th e importanc e o f  a  M O P t o th e wor k o f  th e system ,  an d 

MOP-based activatio n whic h indicate s ho w wel l  a  M O P fits  th e schem a fo r  conventiona l 

conversation . 

Goal-based Activation 

Th e goal-base d activatio n o f  a  M O P i s determine d b y th e prioritie s o f  th e goal s tha t  th e M O P 

ca n hel p t o achieve .  Th e goal s associate d wit h th e M O P ar e considere d t o b e achieve d whe n th e 

M OP i s executed ,  s o thes e goal s contribut e t o th e goal-base d activation .  Also ,  mandator y scene s 

inheri t  goal s fro m thei r  containin g episode s becaus e th e executio n o f  al l  mandator y scene s i s 

necessar y fo r  a n episod e t o b e executed .  Finally ,  an y goal s o f  scene s tha t  ar e containe d i n th e 

M OP an d ar e no t  subsume d b y th e M O P ' s associate d goal s contribut e t o th e goal-base d 

activation .  Fo r  example ,  i f  a  discussio n o f  a  particula r  topi c wil l  includ e givin g th e use r  a  usefu l 

piec e o f  informatio n an d suggestin g th e dis h t o b e serve d fo r  a  course ,  th e prioritie s o f  thes e goal s 

wUl  b e adde d t o th e goal-base d activatio n fo r  th e topic .  B y allowin g goal-base d activatio n t o 

accru e t o th e containin g episode ,  JUDI S ca n mov e t o th e portio n o f  th e dialogu e whic h satisfie s a 

*  A  M OP i s no t  considere d t o b e serendipitousl y executin g unles s it s scene s hav e bee n execute d i n th e orde r  specifie d 
by th e MOP. 
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large number of goals, even if none of the individual goals have a high priority. 

MOP-based Activation 

MOP-base d activatio n i s aflPorde d t o th e M O Ps whic h follo w som e rhetorica l  conventio n tha t 

i s a t  pla y i n th e conversation .  Ther e ar e tw o type s o f  MOP-base d activation ,  reflectin g th e tw o 

type s o f  M O P s ,  activ e an d executing ,  tha t  influenc e conversation .  Activ e MOP-base d activatio n i s 

passe d fro m th e highes t  leve l  activ e M O P s ,  usuall y th e M O P fo r  th e overal l  conversation .  Sinc e 

activ e M O Ps indicat e th e system' s pla n fo r  th e conversation ,  th e valu e assigne d t o activ e 

MOP-base d activatio n shoul d expres s th e exten t  t o whic h JUDI S wishe s t o adher e t o it s origina l 

pla n an d t o remai n i n contro l  o f  th e conversation .  Executin g MOP-base d activatio n i s passe d fro m 

al l  executin g M O P s .  Sinc e al l  M O Ps tha t  ar e executin g represen t  a n accepte d schem a fo r 

conversation ,  it s  valu e represent s th e system' s commitmen t  t o followin g conversationa l 

conventions . 

MOP-based activatio n i s give n t o th e appropriat e M O Ps an d an y o f  thei r  scene s tha t  ar e 

read y t o execute .  A  scen e i s read y t o execut e i f  al l  o f  th e mandator y scene s whic h preced e i t  hav e 

execute d an d i f  n o scen e whic h i t  precede s ha s bee n executed .  Optiona l  scene s affec t  th e wa y 

activatio n i s passe d dependin g o n th e typ e o f  MOP-base d activation .  Fo r  activ e MOP-base d 

activation ,  a n optiona l  scen e wit h a n activ e associate d goa l  i s  treate d lik e a  mandator y scene . 

Here ,  th e optiona l  scen e ca n b e execute d t o hel p JUDI S achiev e a  goa l  an d s o ca n b e see n a s par t 

of  th e system' s plan .  However ,  optiona l  scene s d o no t  affec t  h o w wel l  a  dialogu e adhere s t o 

convention ,  s o thos e whic h ar e read y t o execut e an d th e mandator y scene s whic h the y preced e 

receiv e executin g mop-base d activation .  W h e n activatio n i s passe d i n thi s way ,  optiona l  scene s 

requir e a  highe r  goa l  priorit y tha n mandator y scene s t o b e include d i n th e dialogue .  Thi s i s a n 

extensio n o f  th e wor k o f  M c K e o w n (McKeown ,  1985) ,  wher e optiona l  scene s ar e selecte d base d 

on th e focu s o f  th e dialogu e an d th e availabilit y  o f  th e knowledg e th e scen e i s t o contain .  I n 

J U D I S ,  a n optiona l  scen e tha t  meet s thes e criteri a m a y b e omitte d fro m th e dialogu e i f  i t  i s  no t 

importan t  enoug h fo r  inclusion .  Thi s allow s JUDI S t o leav e ou t  informatio n tha t  i s ofte n relevant , 

bu t  m a y no t  b e pertinen t  t o th e curren t  situation . 

Eac h tim e J U D I S need s t o selec t  a  M O P fo r  executio n i t  choose s th e M O P wit h th e highes t 

activation .  I f  th e selecte d M O P i s no t  a n executabl e act ,  J U D I S mus t  choos e on e o f  it s scene s t o 

execute .  J U D I S use s th e metho d describe d abov e wit h th e selecte d M O P servin g a s th e sol e 

activ e an d executin g M O P t o pic k a  scen e t o execute . 

INTEGRATING REQUESTS INTO A COHERENT DIALOGUE 

T h e processin g fo r  conversationa l  contro l  describe d abov e allow s J U D I S t o produc e a  variet y 

of  conversationa l  meandering s tha t  ar e motivate d b y th e goal s o f  th e syste m bu t  moderate d b y 

th e conventiona l  structure s o f  discourse .  J U D I S use s th e priorit y o f  syste m goal s a s th e primar y 

facto r  i n determinin g wha t  t o sa y next ,  instea d o f  relyin g mainl y o n pre-describe d discours e 

structure s o r  rule s o f  focu s (Grosz ,  1977 ;  M c K e o w n ,  1985 ;  Reichman ,  1985 ;  Sidner ,  1983 ; 

Webber ,  1983). ^  However ,  sinc e JUDI S place s request s fro m th e proble m solver s i n conventiona l 

discours e structures ,  i t  i s  abl e t o integrat e the m int o a  coheren t  dialogu e tha t  i s als o responsiv e t o 

th e impor t  an d urgenc y o f  th e system' s goals . 

A n exampl e o f  a  reques t  forcin g a n interruptio n i n th e expecte d cours e o f  th e dialogu e i s 

show n i n Figur e 1 .  I n th e interes t  o f  brevity ,  w e wil l  addres s onl y thos e activ e M O Ps whic h pla y 

an interestin g rol e i n JUDIS '  decisio n an d ignor e serendipitousl y executin g scene s an d componen t 

^ A usefu l  extensio n t o JUDI S woul d b e t o includ e focu s t o hel p determin e whe n a n opportunit y ma y b e los t  t o 
handl e a  reques t  wit h ease .  Thi s woul d involv e explicitl y  incorporatin g focu s int o MOP-base d activatio n s o tha t 
request s tha t  ar e a t  a  hig h leve l  o f  focu s (Reichman ,  1985 )  ca n receiv e additiona l  activation . 

936 



TURNER,  CULLINGFORD 

MOP 
J5 
Desser t 
Appetize r 

besser t 
Appetize r 
Topi c switc h wit h failur e 
Topi c switc h withou t  failur e 
Discussio n 

Topi c switc h wit h failur e 
Topi c switc h withou t  failur e 
Discussio n 

executin g act . 
40 
0 
0 

Figur e 3 a 
40 
40 
40 
40 
0 

Figur e 3 b 
40 
40 
0 

Figur e 3 c 

activ e act . 
20 
0 
20 

20 
20 
20 
20 
0 

20 
20 
0 

goal  act . 
10 
20 
32 

20 
32 
2 
0 
30 

2 
0 
30 

tota l  act . 
70 
20 
52 

80 
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62 
60 
30 

62 
60 
30 

Figur e 3 :  Activation s fo r  Exampl e 

scenes which are not important to the example. In this conversation JUDIS has a strong 

commitmen t  t o keepin g th e dialogu e coherent ,  s o th e constan t  fo r  executin g MOP-base d 

activatio n i s 40 .  A t  th e star t  o f  thi s example ,  th e conversatio n M O P tha t  ha s th e "chronologica l 

orde r  M O P "  a s a  scen e i s a  top-leve l  activ e M O P.  JUDI S follow s th e dialogu e lai d ou t  b y thi s 

M OP throug h J 4 whic h cause s th e mai n cours e topi c M O P t o b e "executing" .  Here ,  on e o f  th e 

problem s solver s ha s notice d tha t  peopl e d o no t  ofte n hav e enoug h bowl s an d th e associate d 

questio n ha s bee n give n a  priorit y o f  10 . 

Meanwhile ,  th e case-base d reasone r  ha s requeste d JUDI S t o fin d ou t  i f  an y guest s ar e allergi c 

t o tomatoes .  Th e goa l  o f  th e reques t  ha s a  priorit y o f  4 0 sinc e i f  ther e ar e guest s tha t  ar e allergic , 

a ne w constrain t  wil l  b e adde d t o th e proble m whic h m a y affec t  bot h futur e proble m solvin g an d 

pas t  decisions .  W h e n JUDI S receive s th e reques t  i t  insert s i t  int o th e templat e fo r  th e dialogu e b y 

noticin g tha t  a  questio n i s par t  o f  a  discussio n o f  a  topic .  Th e subjec t  fo r  thi s topi c M O P wi U b e 

th e appetize r  becaus e tha t  i s th e focu s o f  th e case-base d reasone r  a t  th e tim e th e reques t  i s 

made. ^  Th e appetize r  topi c M O P ha s alread y bee n executed ,  bu t  sinc e th e topi c i s a  scen e i n th e 

caterer' s M O P,  a  ne w appetize r  topi c M O P i s forme d an d attax;he d t o th e caterer' s M O P.  Becaus e 

th e topi c M O P i s bein g added ,  i t  ha s n o precedin g scene s an d i s immediatel y capabl e o f  receivin g 

any mop-base d activatio n passe d fro m th e caterer' s M O P. 

JUDI S follow s th e indice s i n th e topi c switchin g M O P t o find  th e specializatio n whic h 

pertain s t o previousl y execute d topics .  Thi s specializatio n contain s it s ow n specialization s 

includin g many ,  suc h a s "Let' s g o bac k t o ..." ,  whic h canno t  incorporat e tellin g th e use r  abou t  th e 

failure .  On e specialization ,  " I  remembered... "  allow s thi s informatio n t o b e included. ^ 

N ow JUDI S mus t  decid e whe n t o execut e th e request .  T h e activation s fo r  th e M O Ps o f 

interes t  ar e show n i n Figur e 3a .  Th e M O P containin g J 5 ha s th e highes t  activation .  Althoug h 

ther e wa s a n activ e goa l  wit h a  muc h highe r  priority ,  th e fac t  tha t  th e mai n cours e scen e wa s 

currentl y executin g gav e J 5 enoug h activatio n t o execut e a t  thi s time .  Th e mai n cours e topi c i s 

marke d execute d afte r  J 5 ha s executed .  N o w th e caterer' s M O P become s th e executin g M O P an d 

bot h th e desser t  an d appetize r  M O Ps an d thei r  scene s receiv e activatio n fro m i t  a s show n i n 

Figur e 3b .  Th e ne w appetize r  topi c M O P i s chose n fo r  execution ,  bu t  i t  i s  no t  a n executabl e act . 

'We d o no t  addres s th e complexitie s o f  findin g th e topi c  o f  a  request .  Instead ,  w e rel y o n th e focu s o f  th e proble m 
solve r  t o correspon d t o som e topi c MOP.  Thi s  i s adequat e fo r  JUDI S sinc e th e conversatio n M O Ps closel y follo w 
th e proble m solvin g strategie s i n th e system . 

*Fo r  thi s typ e o f  topi c switching ,  w e allo w onl y entitie s explicitl y  mentione d i n th e previou s discours e t o b e used . 
Here ,  fo r  example ,  JUDI S ca n refe r  t o guacamole ,  bu t  no t  t o th e tomatoe s whic h i t  contains .  Thi s  i s a  simplificatio n 
which ,  onc e again ,  i s adequat e fo r  ou r  needs . 
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Using this topic MOP as both the active and the executing MOP, and repeating the selection 

algorithm ,  th e topi c switc h scen e i s selected .  Th e activatio n level s fo r  thi s selectio n ar e show n i n 

Figur e 3c .  Th e topi c switc h M O P tha t  include s th e failur e i s chosen .  Th e othe r  specialization s 

wil l  neve r  b e chose n becaus e th e topi c switc h scen e i n th e appetize r  topi c M O P i s marke d 

execute d an d thes e M O Ps ceas e t o receiv e activation .  No w th e appetize r  topi c M O P i s executing . 

Next  th e questio n M O P,  whic h satisfie s th e request ,  i s  selecte d an d execute d i n J7 . 

Othe r  request s ma y b e handle d differently ,  dependin g o n th e prioritie s o f  thei r  goals .  A 

reques t  wit h a  ver y hig h priority ,  sa y 100 ,  woul d caus e th e curren t  topi c t o b e interrupte d 

immediately ,  withou t  executin g a  topi c switch .  However ,  a  lo w priorit y reques t  tha t  i s  par t  o f  a 

topi c M O P whic h i s no t  ye t  read y fo r  executio n wil l  hav e t o wai t  unti l  it s  topi c i s execute d i n th e 

expecte d cours e o f  th e conversation . 

CONCLUSION 

Thi s pape r  describe s a n approac h t o th e contro l  o f  conversation ,  a s implemente d i n a  syste m 

calle d JUDIS ,  an d a n implemente d exampl e o f  it s  us e o f  conversatio n M O Ps t o flexibly  manag e 

an interactio n wit h th e user .  W e believ e JUDI S an d it s M O Ps provid e a  metho d fo r  combinin g 

intentio n an d conventio n t o generat e flexible  discours e an d a  mean s t o sequenc e th e 

conversationa l  activitie s requeste d b y differen t  proble m solver s i n a  composit e syste m 
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