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Natura l  languag e processin g system s mus t  con -
side r  bot h conventio n an d intentio n sinc e bot h ar e 

a par t  o f  language .  Th e convention s allo w a  soci -

et y o f  languag e user s t o agre e o n m a n y differen t 

facet s o f  th e language ,  fro m wor d meaning s t o dis -

cours e structure .  Althoug h i t  i s  eas y t o imagin e a 

situatio n wher e conventio n almos t  completel y gov -

ern s a  conversationa l  exchange ,  a  speake r  ofte n 

manipulate s th e convention s t o hel p achiev e som e 

goal .  W h e n thi s happen s th e heare r  mus t  b e abl e 

t o understan d th e intentio n o f  th e speake r  t o b e 

abl e t o full y  understan d th e utterance . 

Most  previou s wor k i n natura l  languag e process -

in g ha s focuse d o n eithe r  intentio n o r  convention . 
Findin g convention s an d usin g the m i n compute r 

syste m interface s ha s bee n th e focu s o f  a  grea t 

dea l  o f  researc h (fo r  example ,  Grosz ,  1977 ;  M c K e -

own,1985 ;  Reichman ,  1985 ;  Sidner ,  1983) .  I n thi s 

wor k hig h leve l  discours e structure s Jir e isolate d 

an d automate d s o tha t  conversationa l  flow  appear s 

natural . 

Othe r  researc h i n natura l  languag e processin g 

has focuse d o n th e intentiona l  componen t  o f  lan -

guage .  Philosopher s o f  languag e recognize d tha t 

eac h utteranc e i s a n ac t  and ,  a s such ,  ca n b e 

subjec t  t o th e sam e sort s o f  successe s an d fail -

ure s a s an y othe r  actio n (Austin ,  1962 ;  Searle , 

1969) .  Thi s insigh t  le d compute r  scientist s t o 

stud y speec h act s i n term s o f  plannin g (Alle n & 

Perrault ,  1980 ;  Carberry ,  1986 ;  Cohe n k  Perrault , 

1979 ;  Litman ,  1986) .  I n thei r  work ,  speec h act s 

functio n a s operator s i n plans .  Condition s tha t 

must  hol d fo r  th e speec h ac t  t o b e use d an d th e 

effect s o f  th e speec h act s ar e associate d wit h eac h 

operator .  Thi s metho d ha s bee n extende d t o han -

dl e difficul t  discours e suc h a s indirec t  speec h acts , 

wher e th e litera l  meanin g o f  th e speec h ac t  i s no t 
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intende d b y th e speaker ,  an d ellipsis ,  wher e a  par t 

of  th e utteranc e mus t  b e inferred .  Plannin g meth -

ods provid e flexibility  b y allowin g th e syste m t o 

reaso n deepl y abou t  th e intention s o f  th e speake r 

an d t o for m ne w dialogue s fro m action s whic h ca n 

be pu t  togethe r  i n an y wa y tha t  follow s th e plan s 

of  th e speake r  an d hearer . 

Plannin g method s ar e no t  cognitivel y plausibl e 

an d m a y expen d computationa l  effor t  unnecessar -

il y  becaus e the y d o no t  tak e advantag e o f  th e con -

vention s i n language .  Carberr y an d Litma n incor -

porat e discours e structure s int o thei r  systems ,  bu t 

bot h tak e a  plan-base d approach .  O u r  approac h 

follow s convention ,  wheneve r  possible ,  a s a  short -

cu t  i n planning .  However ,  th e convention s ar e rep -

resente d i n suc h a  wa y tha t  the y ar e flexible.  Th e 

convention s ca n als o b e use d £i s plan s fo r  inferrin g 
th e user' s pla n o r  finding  a n actio n fo r  th e sys -

te m i f  th e nee d fo r  tha t  informatio n warrant s th e 

additiona l  computation . 

We ar e implementin g ou r  idea s i n JUDI S (JU -

lia' s Discours e System) ,  a  syste m whic h provide s 

a natura l  languag e interfac e fo r  Juli a (Cullingfor d 

& Kolodner ,  1986) .  Juli a i s  a  highl y interactiv e 

advic e givin g syste m usin g a  variet y o f  proble m 

solver s t o provid e assistanc e i n c o m m o n sens e do -

mains .  Th e curren t  versio n o f  Juli a function s a s a 

caterer' s assistan t  helpin g th e use r  t o pla n a  meal . 
I n th e initia l  implementatio n o f  JUDIS ,  w e hav e 

focuse d o n th e beginnin g portio n o f  conversation , 

calle d th e initatio n phas e (Douglas ,  1984) ,  t o nar -

ro w consideration s t o thos e whic h ar e directl y af -

fecte d b y a  fairl y  conventional ,  ye t  potentiall y  flex-

ible ,  conversationa l  structure . 

MOPS AND CONVERSATION 
M O PS 

In our view, conversational conventions are 

learne d fro m m a n y pas t  experience s wit h conver -
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sation .  Thes e convention s ca n b e use d t o achiev e 

th e sam e goal s tha t  hav e bee n associate d wit h 

the m i n th e past .  However ,  sinc e n o conversa -

tio n i s  expecte d t o exactl y repea t  th e past ,  th e 

representatio n fo r  convention s mus t  allo w genera l 

rule s t o b e instantiate d fo r  a  specifi c  situatio n an d 

must  b e flexible  enoug h t o allo w th e intention s o f 

th e conversant s t o impac t  them . 

To represen t  thes e conventions ,  w e us e M O P s , 

or  memor y organizatio n packet s (Schank ,  1982) . 

A M O P i s a  schemati c structur e use d t o or -

ganiz e long-term ,  conceptua l  episodi c memory . 

Each M O P represent s a  generalize d episod e whic h 

satisfie s a  goal .  Th e buildin g block s o f  thes e 

episode s ar e scenes .  Scene s represen t  piece s o f 

th e episode s an d ar e associate d wit h instrumen -
ta l  goal s (Schan k &  Abelson ,  1977 )  tha t  ar e 

used t o achiev e th e highe r  leve l  goa l  o f  th e 

M O P.  Fo r  example ,  a  M O P t o represen t  buy -

in g theate r  ticket s coul d includ e suc h scene s 

as:  G E T - M O N E Y,  GO-TO-THEATER,  GO-TO -

BOX-OFFICE,  ASK-TICKET-AVAILABILITY , 

SELECT-SEATS,  PAY-FOR-TICKETS ,  an d 

CHECK-TICKETS.  Th e goal s associate d wit h th e 

scene s an d M O Ps ar e importan t  fo r  capturin g th e 

intentio n i n a  discours e fragment . 

M O Ps ca n b e store d i n an d retrieve d fro m a  dy -

nami c memor y (Kolodner ,  1984 ;  Schank ,  1982) .  A 

dynami c memor y store s M O Ps usin g indice s base d 
on thei r  importan t  feature s an d create s ne w M O Ps 

fro m specifi c  event s tha t  shar e features .  I n curren t 

implementations ,  th e programme r  decide s whic h 

feature s wil l  b e important ,  althoug h thi s coul d 

theoreticall y b e learne d b y th e memory .  A  specifi c 
valu e o f  a n importan t  featur e i s calle d a  predictiv e 

index .  Thes e ar e use d t o find  informatio n i n th e 
memory.  W h e n a  ne w episod e i s t o b e stored ,  a 

plac e fo r  i t  i s  locate d i n memor y usin g th e sam e 

indice s tha t  wil l  b e use d t o find  it .  I f  som e pre -
determine d numbe r  o f  episode s ar e foun d i n thi s 

location ,  a  generalize d episod e i s create d an d th e 

specifi c  episode s ar e indexe d unde r  th e M O P b y 

thei r  importan t  difference s fro m th e M O P.  I f  th e 

locatio n i n whic h t o stor e a n episod e alread y con -

tain s a  M O P,  th e episod e i s  indexe d unde r  thi s 
generalize d M O P. 

Ther e i s evidenc e tha t  conversatio n M O Ps rep -
resen t  conversationa l  structure s i n h u m a n being s 

(Kellermann ,  Broetzmann ,  Lim ,  an d Kitao ,  i n 

press) .  Kellerman n e t  al .  studie d th e M O Ps 

share d b y member s o f  a  society ,  focusin g o n con -

versatio n M O Ps tha t  represen t  informa l  initia l 

conversation s suc h a s thos e tha t  occu r  betwee n 

tw o peopl e meetin g i n a  grocer y stor e o r  a t  a  party . 

Th e conversatio n M O Ps tha t  ar e use d i n J U D I S 

reflec t  thes e share d M O P s . ^  J U D I S currentl y ha s 

conversatio n M O Ps representin g genera l  rule s o f 

conversation ,  suc h a s turn-takin g an d questio n an -

swering ,  a s wel l  a s rule s fo r  th e expecte d structur e 

of  a  complet e conversation .  A  complet e conver -

sationa l  syste m wil l  hav e ver y genera l  M O Ps fo r 
conversationa l  goal s tha t  aris e i n mos t  conversa -

tions ,  an d mor e specifi c  M O Ps t o captur e conven -

tion s fro m particula r  contexts .  Sinc e m a n y goal s 

m ay b e activ e i n on e conversatio n an d additiona l 

M O Ps wil l  b e chose n t o guid e th e conversatio n i n 

th e give n context ,  m a n y M O Ps wi U appl y a t  once . 

JUDI S doe s no t  construc t  a  complet e pla n fro m 

th e conversatio n M O P s ,  bu t  follow s a  M O P whe n 

an utteranc e o r  a  goa l  o f  th e syste m bring s th e 

M OP t o th e attentio n o f  th e planner .  (Detail s o f 

thi s proces s ar e discusse d below. )  Thi s metho d 
allow s th e syste m t o respon d t o use r  utterance s 

tha t  d o no t  fit  int o th e M O P tha t  th e syste m i s 

following .  Th e metho d demand s a  mechanis m fo r 

conversationa l  contro l  tha t  ca n kee p trac k o f  th e 

m a ny activ e conversatio n M O P s . 

Sinc e Juli a i s  a  caterer ,  JUDI S ha s a  caterer' s 
conversatio n M O P whic h give s th e topic s expecte d 

i n a  conversatio n betwee n a  clien t  an d a  caterer . 

Th e caterer' s M O P ha s a  scen e fo r  th e initiatio n 

phase .  W e hav e adapte d th e initiatio n phas e foun d 

by Kellerman n e t  al .  (i n press )  t o appl y t o a  com -

puterize d caterer' s assistant . 
A simplifie d versio n o f  a  conversatio n M O P fo r 

th e initiatio n phas e betwee n a  compute r  catere r 

and a  ne w clien t  appear s i n Figur e 1 .  Th e ini -

tiatio n phas e M O P contain s th e character s tha t 
appea r  i n thi s scene .  JUDI S assume s tha t  i t  i s 

functionin g i n th e rol e o f  caterer ,  bu t  i t  coul d us e 

thi s M O P i f  i t  wer e th e custome r  o f  a  caterer .  Th e 

goal  o f  th e M O P i s simpl y t o star t  a  conventiona l 

conversation .  Thi s goa l  coul d b e i n servic e o f  som e 

othe r  goa l  suc h a s gettin g t o kno w someone ,  get -

tin g information ,  or ,  i n th e cas e o f  Julia ,  bein g a 

goo d an d polit e businessperson . 

Th e scene s i n th e initiatio n phas e giv e th e ac -
tion s tha t  usuall y tak e plac e i n thi s phas e o f  th e 

conversation .  Th e scene s i n th e initiatio n phas e 

ar e fairl y well-defined ;  i n late r  portion s o f  th e di -

alogue ,  scene s m a y b e mor e vague .  Fo r  specifi c 

*  JUDI S doe s no t  currentl y lear n conversatio n MOPs,  al -
thoug h thi s i s a  long-ter m goa l  o f  thi s research .  W e believ e 
tha t  th e M O Ps th e syste m ha s bee n give n ar e potentiall y 
th e product s o f  generalizatio n i n a  dynami c memory . 
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chciracters: caterer, customer 

goal :  conventional-conversatio n 

scenes : 

greetin g 

The use r  an d Juli a exchang e greeting s suc h a s "Hello. " 

or  "Hi. " 

introductio n 

Juli a introduce s itself ;  th e use r  m a y introduc e him -  o r 

hersel f  i f  th e use r  i d give n a t  logi n i s no t  th e user' s nam e 

positive-evaluatio n 

exchang e "It' s  nic e t o mee t  you. "  o r  som e othe r 

positiv e evaluatio n o f  th e introduction . 

ask-healt h 

bot h ca n as k "Ho w ar e you? " 

reason-for-presenc e 

Juli a ask s th e reaso n fo r  th e person' s visi t 

seq-of-events :  greeting ,  introduction ,  positive-evaluation ,  ask-health ,  reason-for-presenc e 

mandatory-scenes :  greetings ,  introduction ,  reason-for-presenc e 

Figure 1: The Initiation Phase MOP 

rule s o f  conversation ,  scene s m a y b e ver y genera l 

actions ,  suc h a s formin g a  question .  Here ,  infor -

matio n fro m th e curren t  contex t  wil l  b e use d t o fill 

i n specific s o f  th e questio n a t  th e tim e th e ques -

tio n i s  asked .  T h e orde r  o f  th e scene s i s give n b y 

seq-of-events .  I n thi s initiatio n phas e M O P th e 

scene s ar e totall y ordered ,  bu t  ou r  representatio n 

als o allow s partia l  orderings .  Th e scene s liste d a s 

mandator y scene s ar e expecte d t o occu r  i n thi s 

phas e simpl y becaus e o f  convention ,  no t  du e di -

rectl y t o th e activ e goal s o f  th e system . 

Scene s whic h ar e no t  mandator y bu t  whic h 

ar e presen t  i n th e M O P ar e considere d optiona l 

scenes .  Th e syste m initiate s a n optiona l  scen e i f 

i t  want s t o achiev e th e associate d goal .  I f  th e use r 

initiate s a n optiona l  scene ,  th e syste m ca n infe r 

tha t  th e use r  ha d th e associate d goal .  Optiona l 
scene s giv e th e convention s som e flexibility  b y giv -

in g th e syste m a  conventiona l  wa y t o solv e a  goal , 

so i t  doe s no t  hav e t o d o extensiv e planning ,  bu t 

not  forcin g executio n i f  th e associate d goa l  doe s 

not  nee d t o b e achieved . 

Late r  portion s o f  th e conversation s wit h Juli a 

wi U b e controlle d mor e b y th e system' s an d th e 

user' s proble m solving .  Th e goal s associate d wit h 
conversatio n M O Ps ca n accoun t  fo r  intentio n i n 

conversation ,  an d th e us e o f  M O Ps i n th e prob -

le m solvin g system s o f  Juli a allow s th e proble m 

solvin g plan s o f  th e use r  t o b e availabl e t o JUDIS . 

Th e caterer' s conversatio n M O P allow s JUDI S t o 

hav e reasonabl e expectation s o f  topic s t o b e cov -

ere d durin g th e entir e cours e o f  conversation ,  with -

out  expendin g a  grea t  dea l  o f  computationa l  ef -

fort .  Thi s overvie w allow s JUDI S t o integrat e 

question s an d informatio n fro m Julia' s differen t 

proble m solvers .  I f  a n utteranc e requeste d b y on e 

of  Julia' s subsystem s doe s no t  relat e t o th e cur -

ren t  topi c an d th e utteranc e i s no t  to o importan t 

t o th e proble m solver ,  th e syste m ca n chec k t o se e 

when th e topi c wil l  b e discusse d an d includ e th e 

utteranc e a t  th e appropriat e time . 

AN OVERVIEW OF JUDIS 

The current focus of JUDIS is on using conversa-

tio n M O Ps i n th e initiatio n phase .  Thi s phas e 

i s guide d almos t  exclusivel y b y it s  conversatio n 

M O P.  Th e conversant s ar e concerne d wit h begin -

nin g th e conversation ,  no t  wit h an y proble m tha t 

m ay b e discusse d later .  Thi s limit s th e initiatio n 

phas e t o goal s tha t  ar e relate d t o conversatio n an d 

not  proble m solving .  Th e goal s associate d wit h 

th e optiona l  scene s wil l  b e persisten t  goals ,  lik e 

polite-conversation ,  tha t  wil l  se t  th e stag e fo r  th e 

res t  o f  th e conversation .  T o infe r  th e user' s pla n 
we d o no t  nee d t o loo k a t  possibl e proble m solv -

in g strategies .  Th e syste m ca n ak o ignor e relat -

in g proble m solvin g t o it s o w n plannin g a t  thi s 

stage .  Althoug h w e d o no t  conside r  highl y irreg -

ula r  dialogues ,  th e initiatio n phas e doe s contai n 
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optiona l  scene s whic h allo w u s t o stud y severa l 

aspect s o f  th e system' s potentia l  flexibility.  Th e 

initiatio n phas e als o force s th e syste m t o handl e 

severa l  M O Ps whic h accoun t  fo r  th e sam e utter -

ance . 

Finding the Initial MOPs 

Initially, JUDIS must choose which MOPs are per-
tinen t  t o th e conversation .  I t  start s wit h th e goa l 

of  bein g a  goo d catere r  whic h include s th e goal s 

fo r  carryin g ou t  a  coheren t  conversation .  Th e con -

tex t  o f  bein g i n th e caterin g environmen t  i s use d t o 

selec t  th e caterer' s conversatio n M O P fro m m e m-

ory .  Th e familiarit y o f  th e catere r  wit h th e clien t 

i s  use d a s a n inde x int o memor y t o selec t  th e M O P 

fo r  th e initiatio n phase . 

Othe r  conversatio n M O Ps ar e als o selecte d fro m 

th e memor y a t  thi s time .  Th e M O P fo r  turn -

takin g i s  selecte d becaus e o f  th e goa l  t o hav e a 

conventiona l  conversation .  Thi s M O P i s use d i n 

so man y context s an d ha s becom e s o genera l  tha t 

i t  i s  selecte d wheneve r  th e syste m participate s i n 
a conversation . 

Serendipitous Goal Satisfaction 

There are three different levels of activation that 

can b e associate d wit h a  M O P.  A  dorman t  M O P 

i s i n memor y an d i s  availabl e t o b e activate d b y 
th e conversatio n system ,  bu t  i s no t  associate d 

wit h an y activ e goa l  o f  th e syste m o r  doe s no t 

appl y i n th e curren t  context .  I n th e cas e o f  a 

ne w use r  loggin g int o Juli a fo r  th e first  time ,  th e 

initiatio n M O P fo r  familia r  user s woul d remai n 
dorman t  throughou t  th e session .  Th e question -

answer  M O P i s dorman t  a t  th e star t  o f  th e dia -

logu e becaus e i t  i s no t  neede d t o satisf y an y goals . 

An activ e M O P i s associate d wit h a  goa l  tha t  i s 

active ,  bu t  th e M O P i s no t  currentl y executing . 
I f  JUDI S ha s a  questio n tha t  i t  i s  waitin g t o fit 

int o th e conversation ,  th e question-answe r  M O P 

fo r  tha t  questio n i s active .  M O Ps ar e als o activ e i f 

the y ar e th e scene s o f  activ e M O P s .  Fo r  example , 

whil e th e initiatio n M O P i s executing ,  th e late r 

scene s o f  th e caterer' s conversatio n M O P ar e ac -
tiv e b y virtu e o f  bein g par t  o f  th e activ e caterer' s 

M O P.  Th e initiatio n M O P i s considere d t o b e a n 

executin g M O P becaus e i t  represent s a  pla n tha t 

i s  currentl y bein g followed . 

W h en a n executabl e ac t  o r  episod e bein g per -

forme d t o satisf y a  scen e i n on e M O P als o satis -

fies  a  scen e i n anothe r  M O P,  w e refe r  t o thi s a s 

aerendipitou a goa l  satisfaction .  W e d o no t  see k t o 

minimiz e th e numbe r  o f  action s execute d b y find-

in g serendipitou s goa l  satisfactio n becaus e w e tr y 

t o limi t  th e amoun t  o f  computing ,  no t  th e numbe r 

of  generations ,  performe d t o achiev e th e conversa -

tiona l  goal .  W e believ e thi s metho d mor e closel y 

reflect s h u m a n processing .  Ver y ofte n serendipi -

tou s goa l  satisfactio n occur s a s par t  o f  executin g 

a M O P an d doe s no t  nee d t o b e coerced .  Fo r  ex -

ample ,  a  question-answe r  sequenc e alway s satisfie s 

turn-taking . 

I t  i s  importan t  t o recogniz e whe n serendipitou s 

goal  satisfactio n ha s occurre d becaus e i t  allow s 

JUDI S t o avoi d repeatin g pla n step s (usuall y ut -

terances )  unnecessarily .  I t  i s  als o importan t  be -

caus e serendipitou s goa l  satisfactio n ca n chang e 

th e flow  o f  conversation .  T o find  serendipitou s 

goal  satisfaction ,  wheneve r  a n utteranc e i s made , 

JUDI S check s th e activ e M O Ps t o se e i f  th e ut -

teranc e ca n b e use d t o execut e a  scen e i n on e o f 

them .  I f  i t  ca n be ,  tha t  M O P i s see n a s executin g 

serendipitously . 
JUDI S currentl y onl y consider s activ e M O Ps 

when finding  serendipitou s goa l  satisfaction .  W e 
adop t  thi s strateg y t o hel p th e planne r  t o maintai n 

it s  focus .  W h e n serendipitou s goa l  satisfactio n oc -

cur s a s th e resul t  o f  a n actio n b y th e system ,  i f  a 

M OP wer e importan t  t o th e goal s o f  th e syste m i t 
woul d alread y b e active .  I f  th e actio n force d th e 

conversatio n int o followin g a  dorman t  M O P tha t 
was partiall y  satisfie d b y th e action ,  th e syste m 

woul d find  th e M O P whil e tryin g t o understan d 

th e user' s utterance .  I f  th e user' s utteranc e ex -
ecute d a  scen e tha t  wa s dormant ,  JUDI S woul d 

execut e th e currentl y activ e M O P s ,  i f  i t  could ,  t o 

respon d t o th e utterance .  However ,  a s w e wor k 
wit h mor e complicate d portion s o f  dialogue ,  w e 

m ay find  tha t  w e nee d t o examin e dorman t  M O Ps 

mor e carefully . 

Selecting a MOP for Execution 

When serendipitous goal satisfaction occurs, more 

tha n on e M O P i s executing .  Th e syste m canno t 

simpl y follo w th e M O P tha t  i t  originall y chos e 

t o execute ,  sinc e i t  i s  no t  th e cas e tha t  follow -

in g th e originall y chose n M O P wil l  guarante e th e 

continue d satisfactio n o f  th e M O P tha t  i s execut -
in g du e t o serendipitou s goa l  satisfaction .  Some -

time s th e wa y th e origina l  goa l  i s  achieve d de -

mands a  respons e from  outsid e o f  th e chose n 

M O P.  I f  on e perso n wante d t o ge t  th e atten -

tio n o f  another ,  h e o r  sh e coul d sa y "Hello "  o r 
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"What' s up?" .  "Hello "  leave s roo m fo r  a  wid e va -

riet y o f  response s availabl e i n th e initiatio n M O P, 

but  "What' s up? "  throw s th e dialogu e int o th e 

question-answe r  M O P an d demand s a n answer . 

The pla n fo r  conversatio n ca n als o b e disrupte d b y 

th e user .  Consequently ,  th e syste m mus t  choos e 

whic h scen e t o execut e next . 

The choic e o f  th e nex t  scen e t o execut e i s af -

fecte d b y thre e factors .  A s i s usua l  i n plan -

nin g systems ,  goal s ar e give n differen t  prioritie s 

and th e highe r  th e priorit y o f  th e goal ,  th e mor e 

likel y a  pla n fo r  th e goa l  wil l  b e chose n fo r  execu -

tion .  Thi s i s especiall y importan t  i n late r  phase s 

of  th e dialogu e whe n a n urgen t  nee d o f  proble m 

solvin g ma y requir e th e dialogu e t o b e disrupted . 

The priorit y o f  a  goa l  i s  usuall y se t  b y it s func -

tio n i n th e proble m solvin g task ,  althoug h goal s 

concerne d onl y wit h maintainin g th e conversatio n 

hav e a  hig h enoug h priorit y t o kee p th e dialogu e 

coherent .  Sinc e man y o f  th e mos t  genera l  rule s 

of  conversatio n ar e satisfie d i n th e cours e o f  ap -

plyin g othe r  conversatio n M O P s,  suc h a s satis -

fyin g turn-takin g whil e executin g th e question -

answer  M O P,  conversatio n goal s suc h a s polite -

conversatio n ar e give n a  lo w priorit y s o tha t  th e 

more specifi c  M O Ps hav e a  chanc e t o b e executed . 

Conversatio n M O Ps ar e powerfu l  becaus e the y 

can giv e mor e guidanc e tha n jus t  associatin g a 

pla n wit h a  goal .  Th e othe r  tw o factor s affectin g 
M OP selectio n concer n th e relationshi p betwee n 

scenes .  Th e strengt h o f  th e sequencing ,  whethe r 

or  no t  th e execute d scen e mus t  b e immediatel y fol -

lowe d b y th e scen e bein g considere d fo r  execution , 

affect s th e choic e o f  th e nex t  scene .  I f  a  ques -

tio n ha s bee n asked ,  i t  i s  importan t  t o answe r  i t 

wit h th e nex t  utterance .  O n th e othe r  hand ,  i f 

th e appetize r  scen e ha s jus t  bee n discussed ,  th e 

mai n cours e doe s no t  hav e t o follo w immediately . 

Anothe r  facto r  t o conside r  i n selectin g a  scen e i s 

whethe r  th e scen e bein g considere d i s mandator y 

or  optional .  I t  i s  importan t  t o execut e manda -

tor y scene s befor e optiona l  one s t o decreas e th e 

likelihoo d o f  th e dialogu e bein g terminate d whil e 

mandator y M O Ps ar e lef t  unexecuted . 

We us e a  simpl e activatio n mode l  fo r  scen e selec -

tion .  Eac h o f  th e thre e factor s abov e contribute s 

t o th e activatio n o f  a  M O P.  Th e activatio n con -

tribute d b y th e goa l  remain s proportiona l  t o th e 

priorit y o f  th e goal .  Th e priorit y o f  th e goa l  ma y 

increas e o r  decrease ,  an d whe n thi s happen s th e 

activatio n tha t  i t  contribute s t o th e scen e wUl 

increas e o r  decrease .  A s lon g a s a  goal' s prior -

it y stay s constant ,  th e amoun t  tha t  i t  contribute s 

t o th e scene' s activatio n remain s constant .  How -

ever ,  th e activatio n contribute d b y positio n an d 

whethe r  o r  no t  a  scen e i s mandator y i n th e M O P 

i s allowe d t o decay .  Thi s happen s becaus e a s th e 

tim e fro m on e utteranc e t o th e nex t  utteranc e i n 

th e M O P increases ,  executin g th e nex t  scen e i n 

th e M O P become s les s important .  Sometime s th e 

distanc e i s s o grea t  tha t  a  topi c shif t  mus t  b e ex -

ecute d i n orde r  t o execut e th e scene . 

For  example ,  suppos e on e conversan t  aske d tw o 

question s i n a  ro w withou t  allowin g th e responden t 

t o answe r  th e first.  Th e othe r  conversan t  mus t  de -

cid e whic h questio n t o answer .  Suppos e h e o r  sh e 

answere d th e first  questio n first  an d thi s le d t o a 

discussio n o f  th e answer .  Th e longe r  th e discus -

sio n continued ,  th e les s likel y i t  woul d b e tha t  th e 

secon d questio n woul d b e answered .  Thi s los s o f 

interes t  i s  reflecte d b y th e deca y o f  activatio n i n 

our  system . 
The activatio n mode l  als o ha s implication s 

fo r  processin g optiona l  scenes .  Sinc e optiona l 

scene s nee d stronge r  activatio n fro m th e goa l  tha n 

mandator y scene s do ,  fo r  th e syste m t o execut e 

an optiona l  scen e th e associate d goa l  fo r  th e scen e 

must  b e active . 

Two Examples of Initiation Phases 

An example of an initiation dialogue that could 

occu r  betwee n a  use r  (U )  an d Juli a (J )  appear s i n 

Figur e 2 .  Fro m th e login ,  Juli a know s tha t  thi s 

i s a  ne w user .  Th e use r  say s "hello "  a s par t  o f 

th e exchang e greetin g scene .  Thi s als o count s a s 

a tur n fo r  th e user ,  s o th e turn-takin g M O P i s 

executin g a s a  resul t  o f  serendipitou s goa l  satis -

faction .  Th e scen e o f  returnin g th e "hello "  mus t 

follo w th e user' s "hello" ,  s o JUDI S respond s wit h 

"hello" .  Th e nex t  scen e i n th e initiatio n M O P i s 

th e introduction ,  s o JUDI S ha s Juli a introduc e it -

self .  Ther e ar e n o mandator y scene s i n th e ini -

tiatio n scen e an d n o scen e mus t  follo w th e in -

troduction ,  s o JUDI S wait s fo r  th e use r  t o tak e 

hi s turn .  Sinc e th e use r  mus t  execut e thi s scene , 

th e syste m ca n onl y wait .  Th e use r  say s "Ho w 

ar e yo u today? "  whic h increase s th e strengt h o f 
th e conversationa l  goa l  o f  polite-conversation .  Th e 

"ask-health "  scen e contain s a n answe r  t o "ho w ar e 

you? "  buil t  int o it s M O P.  Whe n someon e say s 

"ho w ar e you? "  t o a  perso n h e o r  sh e ha s neve r 

met ,  th e heare r  doe s no t  actuall y answe r  th e ques -

tion ,  bu t  alway s say s somethin g positive .  JUDI S 

knows ho w t o respon d fro m th e initiatio n M O P 
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Ul: Hello. 

Jl :  HeUo . 

J2:  M y nam e i s Julia . 

U2:  Ho w ar e yo u today ? 

J3:  Fine . 

J4:  H o w ar e you ? 

U3:  Fine . 

J5:  Ma y I  hel p yo u pla n a  mea l  today ? 

Figure 2: Example Initiation Phase 1 

and doe s no t  nee d t o find  th e question-answe r 

M O P.  Thi s scen e continue s wit h th e syste m askin g 

th e user' s health .  Th e nex t  scen e t o b e selecte d 

fo r  executio n i s reason-for-presenc e scene .  Ther e 

ar e n o othe r  scene s i n th e initiatio n phase ,  s o thi s 

scen e i s  chosen .  I t  matche s th e caterer' s goa l  o f 

caterin g an d ca n no w b e execute d sinc e manda -

tor y scene s ar e no t  takin g precedence . 

I n th e first  example ,  th e use r  ha d th e goa l  o f 
bein g polit e a t  a  hig h enoug h priorit y tha t  h e ex -

ecute d th e optiona l  goal .  Bu t  i f  th e use r  di d no t 

hav e thi s goal ,  utterance s U 2 - U 3 woul d b e lef t  ou t 

of  th e dialogue .  Th e ne w dialogu e woul d b e exe -

cute d i n th e sam e wa y a s th e previou s exampl e 

fo r  th e first  tw o utterances .  A s before ,  bot h th e 
initiatio n M O P an d th e turn-takin g M O P ar e ex -

ecuting .  Th e initiatio n M O P ha s m a n y optiona l 
scene s an d n o scen e whic h need s t o directl y fol -

lo w th e introduction .  Juli a ha s a  goa l  t o cater , 

and th e reason-for-presenc e scen e i s  mandatory , 
but  th e scen e doe s no t  nee d t o closel y foUo w th e 

introductio n s o i t  doe s no t  hav e enoug h activatio n 
t o b e selecte d fo r  execution .  Th e use r  utteranc e 

i n th e turn-takin g M O P mus t  immediatel y follo w 

a syste m utterance ,  s o tha t  scen e i s  selecte d fo r 
execution .  Sinc e th e scen e mus t  b e execute d b y 

th e user ,  JUDI S waits .  Bu t  a s th e syste m waits , 

th e contributio n mad e b y th e strengt h o f  th e con -

nectio n betwee n th e scene s decays .  Eventually ,  i t 

decay s enoug h tha t  th e decisio n fo r  th e nex t  M O P 
relie s mostl y o n th e goals ;  "Ma y I  hel p you? "  i s 

execute d sinc e it s goa l  ha s mor e strengt h tha n th e 

goal  o f  polite-conversatio n tha t  i s associate d wit h 

turn-taking . 

C O N C L U S I ON 

JUDIS handles a restricted conversational behav-

ior ,  bu t  w e believ e i t  ca n b e extende d t o handl e 

much mor e complicate d part s o f  a  dialogue .  Som e 

of  th e powe r  o f  ou r  conversationa l  controlle r  wil l 

be derive d fro m it s  associatio n wit h a  dynami c 

memory an d wit h proble m solvers .  T h e dynami c 

memory i s usefu l  fo r  finding  th e appropriat e M O P 

fo r  a  give n context .  Th e proble m solver s ca n b e 

use d t o infe r  genera l  informatio n abou t  th e worl d 

neede d t o understan d a  conversation .  Thei r  prob -

le m solvin g capabilitie s ca n b e use d t o hel p pla n 

conversatio n whe n activ e M O Ps d o no t  specif y 

enoug h detail .  A s w e continu e ou r  research ,  th e 

conversatio n M O Ps themselve s wil l  nee d t o b e ex -
pande d a s th e syste m handle s dialogu e tha t  i s les s 

constrained .  Th e factor s contributin g t o th e ac -

tivatio n o f  a  M O P wil l  hav e t o b e expanded .  W e 

wil l  als o hav e t o conside r  mor e complicate d M O P s , 

suc h a s thos e fo r  topi c switching . 

As we move further into the dialogue, we will 
need t o explor e ho w proble m solvin g affect s th e 

use o f  convention .  Here ,  th e intentiona l  compo -

nen t  o f  natura l  languag e processin g wil l  b e eve n 
mor e importan t  an d a  user' s pla n wil l  mor e ofte n 

nee d t o b e inferred .  Th e syste m wil l  als o nee d t o 

make genera l  M O Ps mor e specifi c b y filling  i n in -
formatio n fro m th e proble m solvin g context .  Th e 

proble m solvin g system s an d th e use r  wU l  plac e 

mor e demand s o n JUDIS' s flexibility  an d wil l  re -

quir e m a n y M O Ps t o b e activ e a t  on e time . 

Although we must continue to develop our sys-
te m i n orde r  t o handl e mor e interestin g conver -

sationa l  phenomena ,  ou r  curren t  implementatio n 

has give n u s a  soli d bas e t o wor k from .  W e 

hav e use d th e philosoph y o f  minimizin g cogni -

tivel y implausibl e reasonin g effor t  i n a  syste m tha t 

ca n b e integrate d wit h mor e intensiv e reasonin g 

when necessary .  B y usin g conversationa l  M O Ps 

t o represen t  conversationa l  rules ,  w e hav e lai d th e 

groundwor k fo r  a  syste m whic h ca n b e flexible 

whil e retainin g th e eflficienc y o f  foUowin g conven -
tions . 
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