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t o Includ e i n Dialogue s betwee n Cooperatin g Agent s 
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Universit y  o f  Ne w Hampsliir e 

Durham,  Ne w Hampshir e 0382 4 
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Abstrac t 

When agents cooperate to solve complex problems in the real-
world ,  the y mus t  choos e whic h informatio n t o communicat e 
from  th e mas s o f  informatio n tha t  migh t  affec t  th e problem .  A 
speake r  shoul d communicat e th e informatio n tha t  wil l  b e mos t 
helpfu l  t o th e othe r  agent .  However ,  th e speake r  ma y no t  hav e 
a grea t  dea l  o f  knowledg e abou t  th e other .  I n addition ,  th e 
speake r  i s als o involve d i n reasonin g abou t  th e collaborativ e 
proble m solvin g task .  So ,  processin g tha t  i s don e solel y t o 
selec t  informatio n wil l  b e take n fro m th e resource s availabl e t o 
wor k o n th e primar y problem . 
I n thi s f)aper .  w e presen t  preliminar y wor k o n a  ne w approac h 
t o selectin g informatio n tha t  shoul d b e include d i n a  dialogue . 
Our  approac h use s th e speaker' s knowledg e o f  i u ow n prob -
le m solvin g t o determin e ho w usefu l  som e piec e o f  informa -
tio n migh t  b e t o othe r  agents .  Consequently ,  th e speake r  ca n 
make it s decisio n t o includ e informatio n i n th e dialogu e us -
in g n o additiona l  knowledg e an d fe w additiona l  computationa l 
resource s beyon d thos e require d t o reaso n abou t  th e primar y 
proble m solvin g task .  W e sugges t  heuristic s whic h translat e 
proble m solvin g int o estimate s o f  ho w usefu l  informatio n wil l 
be fo r  others . 

Introduction 

Information is one of the most important resources that can 
be share d b y cooperatin g agents .  Sinc e eac h agen t  ha s onl y 
partia l  knowledg e o f  th e world ,  agent s ca n buil d a  mor e com -
plet e representatio n fo r  proble m solvin g i f  the y exchang e thi s 
knowledge .  B y communicatin g result s a s the y reaso n sepa -
ratel y abou t  th e cooperativ e task ,  eac h agen t  give s th e othe r 
insigh t  int o it s proble m solvin g strateg y a s wel l  a s allowin g 
th e othe r  t o avoi d redundan t  proble m solving .  I n complex , 
real-worl d domains ,  ther e i s a  grea t  dea l  o f  infonnatio n tha t 
i s  pertinen t  t o an y tas k — s o m u c h informatio n tha t  i t  canno t 
al l  b e communicate d durin g proble m solving .  Therefore ,  a n 
agen t  mus t  choos e th e mos t  helpfu l  informatio n t o communi -
cat e t o others . 

We ar e particularl y intereste d i n h o w agent s ca n selec t  in -
formatio n whil e workin g withi n th e constraint s o f  cooperativ e 
proble m solvin g dialogues .  First ,  agent s hav e onl y a  partia l 
vie w o f  eac h other .  Therefore ,  the y canno t  rel y o n detaile d 
knowledg e o f  anothe r  t o sugges t  informatio n tha t  wil l  b e help -
ful .  Second ,  communicatio n i s i n servic e o f  som e primar y 
proble m solvin g task .  Sinc e resource s use d solel y t o proces s 
communicatio n wil l  b e take n fro m thos e availabl e t o perfor m 
th e primar y proble m solvin g task ,  processin g use d solel y t o 
produc e an d understan d message s shoul d b e kep t  t o a  mini -
mum. 

I n thi s paper ,  w e sugges t  h o w a  speake r  ca n selec t  infor -
matio n b y relyin g solel y o n knowledg e tha t  i s availabl e an d 
easil y accessible .  W e focu s o n a n often-overlooke d resource , 
knowledg e o f  th e speaker' s o w n proble m solving .  I f  bot h 
agent s ar e addressin g th e sam e goa l  an d hav e simila r  reason -
in g strategie s an d capabilities ,  informatio n tha t  i s  usefu l  t o 
on e o f  the m wil l  b e usefu l  t o th e other .  So ,  i f  a n agen t  ca n 
determin e th e rol e o f  som e informatio n i n it s o w n proble m 
solving ,  i t  gain s insigh t  int o h o w usefu l  tha t  informatio n wil l 
be t o others .  Sinc e th e agen t  simpl y monitor s it s o w n rea -
soning ,  determinin g th e usefuhies s o f  informatio n require s n o 
additiona l  knowledg e an d littl e computationa l  effor t  beyon d 
tha t  require d b y th e agen t  t o reaso n abou t  th e proble m solvin g 
task . 

We ar e particularl y intereste d i n exploitin g proble m solvin g 
t o allo w compute r  system s t o selec t  informatio n t o includ e i n 
dialogues .  T o achiev e this ,  w e mus t  aeat e heuristic s whic h 
translat e proble m solvin g int o a  usefulnes s ratin g fo r  informa -
tion .  Th e usefulnes s ratin g shoul d indicat e bot h h o w pertinen t 
th e informatio n i s t o th e curren t  proble m an d h o w difficul t  th e 
informatio n wil l  b e fo r  other s t o infer .  Th e usefulnes s ratin g 
ca n b e integrate d wit h existin g natura l  languag e processin g 
technique s t o selec t  informatio n t o includ e i n proble m solv -
in g dialogues . 

Using Problem Solving to Select Information: 

A n E x a m p l e D ia logu e 

Conside r  th e followin g fragmen t  o f  a  constructe d proble m 
solvin g dialogue .  Th e discours e take s plac e betwee n acquain -
tance s plannin g a  part y fo r  a  mutua l  friend .  Bot h conversant s 
hav e onl y limite d knowledg e o f  th e gues t  o f  hono r  an d o f  eac h 
other .  The y d o no t  kno w wha t  th e othe r  know s o r  ho w di e 
othe r  wil l  approac h th e problem .  W e assum e tha t  th e con -
versant s ar e pursuin g onl y th e goa l  o f  plannin g th e part y an d 
relate d subgoals .  Unde r  thes e circumstances ,  thei r  conversa -
tio n migh t  includ e th e following : 

Angela-1 : 
Bob-2 : 
Angela-3 : 
Bob^ : 

Angela-5 : 
Bob-6 : 

When shoul d w e hav e th e party ? 
Fre d an d Mar y g o t o dinne r  ever y Frida y night . 
What  abou t  Sunda y afternoon ? 
That' s fine. 
Fre d reall y like s Joey's ,  an d the y serv e a  grea t 
Sunday brunch . 
We coul d g o there . 
That  shoul d cos t  u s eac h abou t  $150 . 

N o w,  le t  u s conside r  h o w th e proble m solvin g o f  eac h indi -
vidua l  m a y hav e motivate d thei r  utterances .  F ro m th e infor -
matio n tha t  the y hav e considere d whil e reasonin g abou t  th e 
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Figur e 1 :  Ou r  architectur e fo r  proble m solvin g an d communication . 

cooperativ e problem ,  the y wil l  onl y communicat e tha t  whic h 
has a  hig h usefulnes s rating .  Speaker s mus t  als o b e abl e t o 
integrat e thes e usefuhies s rating s wit h othe r  availabl e knowl -
edge abou t  languag e processing ,  suc h as ,  linguisti c conven -
tions ,  hearer' s beliefs ,  an d speaker' s an d hearer' s goals .  Fo r 
example ,  Bob' s "that' s fine"  result s fro m B o b believin g tha t 
th e questio n "Wha t  abou t  Sunda y afternoon? "  require s a  re -
sponse . 

Bob is also trying to find a response to a question, "When 
shoul d w e hav e a  party?" ,  whe n h e consider s hi s knowledg e 
tha t  Fre d an d Mar y ar e bus y o n Frida y nights .  Thi s informa -
tio n rule s ou t  Frida y a s a  possibl e tim e fo r  th e party .  B y tellin g 
Angela ,  sh e ca n als o rul e ou t  Frida y nights .  Bob' s decisio n t o 
includ e thi s informatio n migh t  resul t  fro m a  heuristi c givin g 
hig h usefuhies s rating s t o informatio n tha t  serve s t o constrai n 
possibl e solutions .  Specifically ,  B o b communicate s informa -
tio n tha t  lead s t o a  pla n failur e s o tha t  Angel a wil l  no t  wast e 
tim e considerin g plan s whic h se t  Frida y nigh t  a s th e tim e o f 
th e party . 

In the next utterance, Angela also helps to constrain the 
solution .  Here ,  Angel a communicate s a  partia l  solutio n t o th e 
proble m b y suggestin g Sunda y afternoo n fo r  th e time .  I f  th e 
suggestio n i s accepted ,  Angel a an d B o b ca n concentrat e onl y 
on plan s fo r  th e part y whic h ca n tak e plac e a t  thi s time . 

Next, as Bob continues to think about the party, he begins to 
thin k o f  wher e th e part y migh t  b e held .  Bob' s nex t  utterance , 
"Fre d reall y like s Joey's ,  an d the y serv e a  grea t  brunch, "  migh t 
be considere d t o b e a  partia l  solutio n givin g th e location . 
However ,  Bo b m a y no t  hav e ye t  decide d tha t  Joey' s woul d b e 
a goo d plac e t o hav e th e party .  H e m a y hav e include d thi s 
informatio n becaus e i t  impact s th e proble m an d i s no t  hkel y 
t o b e know n b y Angela .  Fo r  example ,  i f  Fre d ha d onl y gon e 
t o thi s restauran t  once .  B o b m a y believ e tiiat  Fre d ha s neve r 
tol d Angel a abou t  it .  I f  a  complet e mode l  o f  Angela' s bebef s 
wer e available ,  Bo b coul d us e i t  t o determin e i f  sh e ab-ead y 
kne w abou t  th e restaurant .  I f  Bo b doe s no t  hav e a  goo d mode l 
of  Angela' s beliefs ,  h e need s a  heuristi c whic h ca n determin e 
when informatio n i s unUkel y t o b e know n b y anothe r  agent . 

Finally, in Bob-6, Bob tells Angela the cost of the party. 
Thi s calculatio n m a y hav e bee n difficul t  fo r  B o b t o make , 
and,  b y telUn g Angel a th e results ,  h e save s he r  th e ti-ouble 
of  repeatin g hi s calculation .  Thi s woul d sugges t  heuristic s 
whic h giv e a  hig h usefulnes s ratin g t o informatio n tha t  relie s 
on procedure s whic h ar e difficul t  fo r  th e hearer ,  o r  informatio n 
tha t  i s  th e resul t  o f  a  lon g chai n o f  inferences . 

F r o m P r o b l e m So lv in g t o U t t e r a n c e s 

Th e architectur e fo r  proble m solvin g an d conraiunicatio n tha t 
we us e i s show n i n Figur e I .  Durin g proble m solving ,  n e w 
goal s aris e whic h ca n b e achieve d throug h communication . 
Th e dialogu e manage r  choose s appropriat e discours e schema s 
fo r  achievin g thes e goal s withi n a  coherent ,  conventiona l  con -
versatio n (Turner ,  1990 ;  Turner ,  1992) .  Thes e schema s for m 
a templat e whic h guide s th e dialogu e manager .  I n ou r  archi -
tecture ,  usefulnes s rating s caus e th e proble m solve r  t o activat e 
a communicatio n goa l  t o sa y som e informatio n ite m whe n it s 
usefuhies s ratin g i s highe r  tha n som e threshold .  Usefulnes s 
rating s ca n als o b e incorporate d int o otiie r  type s o f  discours e 
systems ,  a s discusse d below . 

I n an y system ,  th e mos t  difficul t  ste p i s finding  th e useful -
nes s ratin g fo r  som e informatio n item .  T o d o this ,  heuristic s 
must  b e foun d whic h ca n conver t  proble m solvin g knowledg e 
int o usefuhies s ratings .  Th e exac t  heuristic s an d thei r  im -
plementatio n wil l  depen d o n th e reasoner s bein g use d b y th e 
agents .  W e ar e currend y implementin g heuristic s fo r  NONLI N 
(Ghos h e t  al. ,  1992 )  t o tes t  ou r  metho d wit h a  specifi c  prob -
le m solver .  Th e heuristic s use d i n tha t  implementatio n ar e 
derive d fro m ou r  findings  abou t  informatio n tha t  i s include d 
i n dialogue s an d a n initia l  se t  o f  heuristics .  W e devot e th e res t 
of  tills  sectio n t o a  discussio n o f  tiiese  preUminar y results . 

Information that Should be Communicated. 

Befor e w e sugges t  specifi c  heuristics ,  w e mus t  classif y th e 
type s o f  informatio n tha t  shoul d b e communicate d i n term s 
of  tiie  agents '  proble m solving .  W e hav e examine d bot h 
naturall y occurrin g dialogue s an d successfu l  communicatio n 
sti-ategie s fro m distiibute d artificia l  intelligenc e t o produc e 
basi c categorie s o f  use s fo r  information .  Informatio n i s usefu l 
i f  i t  help s th e agent s t o d o a t  leas t  on e o f  th e following : 

Avoi d redundan t  proble m solving .  Experiment s b y 
Durfee ,  Lesse r  an d Corkil l  (Durfe e e t  al. ,  1987 )  sugges t  tha t 
avoidin g redundanc y i n proble m solvin g reduce s th e overal l 
tim e neede d t o perfor m th e primar y proble m solvin g task . 
Agent s ca n avoi d redundan t  processin g b y communicatin g 
partia l  solutions .  Thi s i s particularl y usefu l  i f  m a n y inference s 
wer e neede d t o find  th e partia l  solution ,  o r  i f  severa l  potentia l 
solution s ha d t o b e compared .  Agent s ca n als o avoi d redun -
dan t  proble m solvin g b y includin g utterance s whic h expliciU y 
assig n a  subtas k t o a n agent ;  fo r  example ,  "I'l l  figure  ou t  h o w 
m u ch thi s wil l  cost " 

Pool  relevan t  facts .  A s agent s separatel y experienc e th e 
world ,  tiiey  develo p uniqu e model s fo r  it .  W h e n agent s joi n 
force s t o solv e a  problem ,  tiiey  ca n exchang e tiiis  individua l 
information .  Informatio n i s onl y usefu l  i f  i t  i s  relevan t  t o tiie 
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proble m a t  hand .  I n addition ,  th e les s likel y tha t  i t  i s  know n 
t o anothe r  agent ,  th e mor e usefu l  i t  wil l  b e t o communicat e 
tha t  information .  Agent s m a y als o communicat e informatio n 
tha t  anothe r  m a y k n o w bu t  m a y no t  b e ̂ plyin g t o thi s prob -
lem .  Fo r  example ,  a n agen t  m a y remin d anothe r  o f  pertinen t 
informatio n tha t  happene d i n th e distan t  pas t  o r  tha t  i s  no t 
directl y relate d t o informatio n tha t  ha s alread y bee n c o m m u -
nicated .  I n th e latte r  case ,  th e agen t  ofte n als o communicate s 
th e relevanc e o f  th e information . 

Prun e th e searc h space .  Fo r  comple x problems ,  th e 
searc h spac e m a y b e huge ,  includin g m a n y plan s fo r  solv -
in g th e proble m an d man y constraint s o n eac h o f  thos e plans . 
Agent s ca n hel p eac h othe r  t o prun e thi s tre e i n thre e impor -
tan t  ways .  First ,  the y ca n communicat e partia l  solution s s o 
tha t  onl y a  singl e solutio n fo r  som e subgoa l  need s t o b e con -
sidered .  Second ,  the y ca n communicat e failure s s o tha t  th e 
othe r  agent s ca n avoi d solution s whic h includ e thos e failures . 
Third ,  th e agen t  m a y indicat e it s proble m solvin g strateg y b y 
explicitl y  suggestin g a n approac h t o th e proble m o r  b y involv -
in g th e othe r  agent s i n a  discussio n o f  a  subgoal .  Fo r  example , 
i f  tw o agent s ar e plannin g a n evenin g out ,  on e m a y indicat e 
it s overall-strateg y wit h " H o w abou t  dinne r  an d a  movie? " 
an d late r  involv e th e othe r  i n th e discussio n o f  a  subgoa l  wit h 
"Whic h movi e shoul d w e see? " 

The Heuristics 

I n orde r  fo r  th e heuristic s t o b e useful ,  the y mus t  rel y o n 
specific ,  easil y monitore d aspect s o f  proble m solving .  The y 
als o mus t  captur e th e differenc e betwee n th e speake r  an d a 
heare r  w h o migh t  shar e genera l  proble m solvin g strategies , 
but  no t  specifi c  information .  I n addition ,  sinc e informatio n i s 
ofte n use d i n a  variet y o f  way s durin g proble m solving ,  w e 
must  b e abl e t o combin e heuristics .  H o w th e informatio n wa s 
use d i n proble m solving ,  knowledg e structure s wher e i t  wa s 
found ,  an d th e difference s betwee n proble m solver s m a y al l 
influenc e th e usefulnes s o f  information .  T o allo w heuristic s 
t o b e easil y combined ,  w e stat e th e heuristic s i n term s o f 
increasin g o r  decreasin g a  usefulnes s rating . 

Problem solving information needed Our heuristics draw 
fro m thre e specifi c  type s o f  proble m solvin g information : 

•  th e knowledg e structur e tha t  a  give n piec e o f  informatio n 
came fro m 

•  th e typ e an d difficult y o f  reasonin g use d t o reac h o r  infe r 
tha t  informatio n 

•  th e effec t  o f  tha t  informatio n o n performin g th e tas k 

The knowledge structure that contains a piece of informa-
tion ,  an d th e knowledg e abou t  th e informatio n containe d i n 
tha t  structure ,  i s  importan t  becaus e i t  m a y indicat e h o w likel y 
i t  i s  t o alread y b e know n b y th e hearer .  I f  th e knowledg e i s 
tagge d a s a n instance ,  o r  i f  th e knowledg e wa s learne d fro m 
a privat e source ,  th e heare r  i s unlikel y t o k n o w thi s informa -
tion .  Heuristic s base d o n th e knowledg e structur e m a y b e i n 
oppositio n t o one s base d o n reasoning .  Fo r  example ,  positio n 
i n th e knowledg e structur e indicate s tha t  th e les s genera l  in -
formatio n i s likel y t o b e mor e usefu l  t o communicate ,  despit e 
th e fac t  tha t  i t  i s  easie r  t o infe r  i f  known . 

The proble m solvin g whic h lead s a n agen t  t o som e piec e 
of  informatio n als o provide s clue s t o th e usefuhies s o f  tha t 
informatio n t o others .  B y considerin g onl y informatio n tha t 

an agen t  ha s com e upo n whil e proble m solving ,  w e ar e guar -
antee d tha t  th e informatio n wil l  i n som e wa y b e pertinen t  t o 
th e curren t  task .  Th e mer e fac t  tha t  a  piec e o f  informatio n wa s 
use d durin g proble m solvin g i s especiall y helpfu l  i n "brain -
storming "  situation s wher e agent s hav e no t  ye t  organize d th e 
proble m int o assigne d subproblems . 

I t  wil l  als o b e importan t  t o kno w th e detail s o f  th e proble m 
solving .  I f  th e ne w informatio n wil l  b e "difficult "  fo r  anothe r 
t o infer ,  communicatin g i t  wil l  allo w th e receive r  t o avoi d 
tha t  work .  I f  agent s proces s informatio n i n th e sam e way ,  th e 
sende r  ca n find  h o w difficul t  a n inferenc e wil l  b e fo r  a  receive r 
simply  b y examinin g it s o w n processing .  Th e numbe r  o f 
inference s m a d e an d th e alternative s o n th e decisio n path ,  fo r 
example ,  woul d indicat e h o w difficul t  i t  woul d b e fo r  anothe r 
t o infe r  th e sam e information . 

Anothe r  importan t  insigh t  fro m th e senders '  proble m solv -
in g i s th e rol e tha t  th e infonnatio n played .  Fo r  example ,  di d 
th e informatio n war n o f  a  failur e tha t  shoul d b e avoided ,  pro -
vid e a  constrain t  tha t  coul d hel p focu s proble m solving ,  o r 
conuibut e a  possibl e partia l  solution ? I f  so ,  th e infonnatio n 
i s likel y t o b e mor e valuabl e t o anothe r  agen t  workin g o n th e 
same problem . 

An initial set of heuristics 

1. The length of the chain of reasoning from shared knowl-
edg e t o th e informatio n bein g considere d shoul d b e di -
rectl y proportiona l  t o th e usefulnes s ratin g o f  th e infor -
mation .  Thi s heuristi c help s t o reduc e redundan t  proble m 
solvin g b y measurin g th e difficult y o f  inferrin g information . 
W h en agent s hav e simila r  reasonin g capabilities ,  i f  infor -
matio n i s difficul t  fo r  on e agen t  t o infer ,  i t  wil l  b e difficul t 
fo r  anothe r  t o infer .  B y communicatin g th e information , 
th e receive r  i s save d tha t  effor t 

Thi s heuristi c i s  implemente d b y simpl y countin g th e num -
ber  o f  inference s mad e b y th e speake r  fro m som e informa -
tio n ite m tha t  i s know n t o bot h speakers .  A n informatio n 
ite m i s assume d t o b e know n t o bot h speaker s i f  i t  ha s bee n 
communicated .  I n addition ,  i f  a n agen t  ha s a  mode l  o f 
anothe r  tha t  include s informatio n know n t o tha t  agent ,  tha t 
informatio n ca n b e considere d t o b e shared . 

2. The more choices made in the course of finding a partial 
solution ,  th e highe r  it s usefulnes s rating .  Thi s heuristi c 
prune s th e searc h spac e b y focusin g th e collaborator s o n 
th e sam e subproblem .  I f  reasonin g ca n procee d i n onl y 
on e way ,  i t  i s  eas y fo r  on e agen t  t o re-creat e th e reasonin g 
of  another .  However ,  eac h tim e a n agen t  make s a  choice , 
th e othe r  agen t  m a y hav e t o tr y al l  possibl e choice s befor e 
arrivin g a t  th e sam e conclusion .  Therefore ,  t o allo w othe r 
agent s t o follo w it s reasoning ,  a n agen t  shoul d communicat e 
th e result s o f  it s  choices .  Thi s heuristi c ca n b e implemente d 
simpl y b y countin g th e numbe r  o f  choice s tha t  a n agen t 
makes ,  countin g bot h th e choic e point s an d th e numbe r  o f 
possibl e value s a t  eac h o f  thes e points .  A s th e numbe r 
of  choice s increases ,  th e usefuhies s ratin g als o increases . 
Thi s mean s th e usefuhies s ratin g i s lo w whe n ther e ar e fe w 
choice s an d th e heare r  coul d tr y al l  possibiUties .  Th e ratin g 
get s highe r  a s th e hearer' s wor k t o reproduc e th e speaker' s 
result s increases . 
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3.  Th e m o r e ofte n a  give n informatio n ite m ha s bee n use d 
fo r  proble m solving ,  th e highe r  it s usefulnes s rating . 
Thi s heuristi c help s th e agent s t o poo l  relevan t  facts .  Th e 
agen t  ca n implemen t  thi s heuristi c b y simpl y inaeasin g 
a counte r  eac h tim e th e informatio n i s use d i n proble m 
solving .  Thi s heuristi c  i s mean t  t o poin t  t o salien t  feature s 
of  a n entity .  I f  th e informatio n i s usuall y important ,  i t  i s 
hkel y t o b e importan t  fo r  thi s specifi c  task .  Thi s heuristi c  i s 
als o appUcabl e t o Ustin g attribute s i n a  descriptio n o r  event s 
i n a  narrative . 

4. Information retrieved from a case, or a specific instance 
i n a  ISA-hierarch y shoul d b e give n a  hig h usefulnes s 
rating .  Thi s heuristi c als o help s t o poo l  relevan t  facts . 
Informatio n i n a  cas e o r  instanc e i s know n onl y t o agent s 
w ho hav e experience d th e cas e o r  instanc e o r  w h o hav e bee n 
tol d abou t  i t  Th e informatio n canno t  b e inferre d simpl y b y 
followin g link s t o mor e genera l  knowledge .  T o implemen t 
thi s heuristic ,  th e agen t  increase s th e usefulnes s ratin g o n 
any informatio n tha t  i s  retrieve d fro m a  cas e o r  instanc e 
durin g proble m solving . 

Initial Implementation in NONLIN 

We ar e currentl y testin g ou r  approac h b y implementin g heuris -
tic s fo r  NONLI N (Tate ,  1977) .  W h e n developin g th e heuristic s 
fo r  a  specifi c  planner ,  w e mus t  adap t  th e genera l  heuristic s 
describe d abov e t o th e specifi c  dat a structure s an d reasonin g 
use d b y tha t  planner .  W e ar e jus t  beginnin g thi s proces s fo r 
NONLIN.  I n thi s section ,  w e describ e th e origina l  heuristic s 
tha t  w e ar e developin g fo r  NONLIN .  W e hav e m a d e severa l  as -
sumption s fo r  thi s initia l  implementatio n tha t  w e wil l  loose n 
as w e gai n experienc e i n thi s testbed . 

The Implementation 

To implemen t  ou r  heuristic s w e ar e modifyin g th e implemen -
tatio n o f  NONLI N availabl e fro m th e Universit y o f  Marylan d 
(Ghos h era/. ,  1992) .  EachNONLi N agen t  run s i n it s  o w n C o m -
m on LIS P environmen t  Th e agent s communicat e throug h 
U N I X port s an d ca n conununicat e acros s th e internet . 

Our  domai n i s plannin g activitie s fo r  a n evenin g out .  Cur -
rently ,  th e plan s ar e fairl y  simpl e an d bot h agent s shar e th e 
same pla n library .  Th e agent s als o shar e knowledg e abou t 
source s o f  entertainment ,  suc h a s restaurant s an d movi e the -
aters .  Th e domai n i s rich  enough ,  however ,  tha t  w e wil l  b e 
abl e t o expan d th e plan s an d differentiat e th e agent s knowl -
edge a s w e continu e t o experiment . 

I n N O N U N,  a n agen t  use s schema s t o represen t  method s fo r 
achievin g goals .  Schema s ar e associate d wit h pla n node s a s 
th e agen t  build s it s plan .  Th e agen t  ha s a  tabl e o f  multipl e 
effect s ( T O M E )  whic h show s h o w pla n step s wil l  interac t  wit h 
eac h other .  Th e agen t  impose s a n orde r  o n som e pla n steps , 
or  linearize s thes e steps ,  s o tha t  harmfu l  interaction s wil l  b e 
avoided ,  nonli n agent s solv e problem s hierarchically .  A 
singl e schem a m a y se t  th e entir e (abstract )  cours e o f  actions . 
The agen t  select s a  ste p a t  rando m t o expand .  Thi s way ,  mor e 
and mor e detai l  i s  adde d unti l  al l  step s hav e bee n planne d t o 
th e leve l  o f  primitiv e actions . 

Heuristics for nonlin 

The genera l  heuristic s ar e mean t  t o poin t  t o pertinen t  infor -
matio n tha t  m a y b e difficul t  t o infer .  Fo r  nonli n w e ar e 

implementin g th e followin g heuristic s whic h reflec t  th e sam e 
philosophy .  Currently ,  w e ar e implementin g onl y thre e heuris -
tics .  Fo r  simplicity ,  tw o o f  th e heuristic s ar e state d i n term s 
of  creatin g a n informatio n ite m an d givin g i t  a n initia l  use -
fulnes s rating .  Thi s i s possibl e becaus e th e heuristic s d o no t 
currentl y interac t  I f  thes e heuristic s prov e beneficial ,  the y 
wil l  b e rewritte n t o operat e o n th e usefulnes s ratin g whe n th e 
heuristi c  se t  i s  extended .  Thes e heuristic s ca n b e see n a s com -
binin g th e mor e genera l  heuristic s s o tha t  the y ca n b e mor e 
easil y b e applie d i n NONLIN . 

1.  A  schema' s usefulnes s ratin g i s directl y proportiona l 
t o th e n u m b e r  o f  schema s whic h m a y b e use d t o sat -
isf y a  goal .  Thi s heuristi c serve s tw o purpose s i n NONLIN . 
when agent s ar e workin g togethe r  o n a  goal ,  the y ca n prun e 
th e searc h spac e b y focusin g o n th e schem a tha t  ha s bee n 
coDununicated .  W h e n agent s ar e workin g o n separat e sub -
problems ,  th e agen t  i s conununicatin g a  partia l  solutio n b y 
communicatin g th e chose n schema .  Thi s heuristi c  i s a  spe -
cializatio n o f  Heuristi c  # 2 above ,  nonli n finds  al l  schema s 
whic h coul d b e use d t o achiev e a  goa l  befor e selectin g on e 
t o us e i n thi s attemp t  a t  planning .  Thi s heuristic ,  then ,  i s 
easil y implemente d b y simpl y countin g th e schema s tha t 
wer e found . 

2.  A n informatio n ite m i s create d an d give n a  hig h useful -
nes s ratin g w h e n tw o action s tha t  interfer e wit h eac h 
othe r  ar e linearized .  Thi s heuristi c help s agent s t o avoi d 
redundan t  proble m solving .  Thes e kind s o f  linearization s 
ar e foun d b y reasonin g abou t  th e T O M E.  Sinc e tha t  reason -
in g i s likel y t o b e computationall y expensive ,  w e ca n thin k 
of  thi s heuristi c a s a  specializatio n o f  Heuristi c # 1 o f  th e 
genera l  heuristics .  Instea d o f  countin g eac h inference ,  w e 
simpl y giv e th e informatio n a  hig h usefulnes s rating . 

3.  A n informatio n ite m i s create d an d give n a  hig h useful -
nes s ratin g w h e n a  pla n variabl e i s bound .  Thi s use -
fulnes s ratin g i s increase d i n direc t  proportio n t o th e 
n u m b er  o f  possibl e values .  Th e first  par t  o f  thi s heuris -
tic  combine s Heuristi c  #1 ,  Heuristi c  #3 ,  an d Heuristi c #4 . 
Value s o f  a  variabl e ar e ofte n derive d fro m man y inference s 
tiiat  hav e bee n mad e Uiroughou t  Ui e plannin g process ,  s o 
th e actua l  chai n o f  inference s use d t o selec t  a  valu e m a y b e 
difficul t  t o trac e a s a  side-effec t  o f  proble m solving .  Also , 
variabl e binding s ar e importan t  becaus e the y m a y constrai n 
many step s o f  th e plan .  Furthermore ,  whe n agent s hav e dif -
feren t  knowledg e abou t  th e world ,  som e possibl e value s fo r 
variable s m a y no t  b e know n t o al l  agents .  Th e secon d par t 
of  thi s heuristi c  i s a  specializatio n o f  Heuristi c #2 . 

Other Approaches to Selecting Information 

I n thi s sectio n w e discus s tw o widely-accepte d approache s t o 
nahira l  languag e processin g an d thei r  implication s fo r  select -
in g informatio n t o includ e i n a  dialogue .  A  thir d metho d o f 
selectin g information ,  prunin g redundan t  information ,  i s als o 
discussed .  Fo r  eac h technique ,  w e sugges t  h o w usefulnes s 
rating s ca n b e use d t o selec t  information . 

Th e plan-base d approach .  Alle n an d Perrault' s  (1980 ) 
approac h t o generatin g "helpfu l  responses, "  followin g th e 
plan-base d theor y o f  speec h act s (Cohe n &  Perrault ,  1979) , 
suggest s tha t  a  speake r  mus t  infe r  a  hearer' s pla n i n orde r 
t o identif y helpfu l  information .  Unfortunately ,  di e nee d t o 
infe r  th e questioner' s pla n keep s tiiis  approac h fro m bein g 
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extende d t o th e genera l  cas e o f  selectin g informatio n fo r  co -
operativ e proble m solvin g dialogues .  First ,  th e speake r  m a y 
not  b e abl e t o infe r  anothe r  agent' s plan .  Withou t  knowledg e 
of  a  detaile d plan ,  th e speake r  canno t  determin e h o w a  specifi c 
piec e o f  informatio n wil l  fit  int o tha t  plan .  Second ,  eve n i f 
th e informatio n i s available ,  inferrin g th e hearer' s pla n take s 
a grea t  dea l  o f  valuabl e computationa l  effort .  Sinc e thi s rea -
sonin g i s redundan t  wit h th e hearer' s planning ,  th e effor t  i s 
wasted . 

We tak e fro m thi s approac h th e notio n tha t  informatio n 
abou t  another' s proble m solvin g shoul d b e take n int o consid -
eratio n whe n selectin g informatio n t o communicat e t o tha t 
agent ,  whe n i t  i s available .  Ou r  researc h addresse s th e limita -
tion s o f  thi s approac h becaus e i t  doe s no t  attemp t  t o simulat e 
th e other' s reasonin g fo r  th e sol e purpos e o f  selectin g infor -
mation . 

Th e schema-base d approac h Anothe r  metho d fo r  de -
terminin g wha t  shoul d b e include d i n a  dialogu e i s t o rel y o n 
schema s whic h captur e th e convention s o f  conversatio n (e.g. , 
(Hovy ,  1989 ;  M c K e o w n ,  1985)) .  Thes e schema s canno t  full y 
specif y th e conversation .  Instead ,  th e speake r  mus t  mak e 
decision s t o choos e betwee n alternative s i n th e schemas ,  t o 
includ e o r  omi t  a n optiona l  step ,  an d t o selec t  th e schema s 
tha t  wil l  guid e th e dialogue . 

Thes e decision s ca n b e mad e i n tw o ways .  Linguisti c 
knowledg e ca n b e use d (McKeown ,  1985) .  However ,  de -
cision s whic h reflec t  genera l  usag e m a y no t  b e appropriat e 
fo r  th e specifi c  proble m solvin g situation .  Anothe r  ̂ proac h 
i s t o selec t  schema s base d o n th e proble m solvin g goal s o f 
th e speake r  (Hovy ,  1989 ;  Turner ,  1990) .  Ou r  wor k suggest s 
specifi c  heuristic s whic h ca n b e use d t o se t  th e prioritie s o f 
thes e goals . 

Pruning redundant information. In an effort to avoid 
unwante d implicatur e (Grice ,  1975) ,  a  standar d techniqu e i s 
t o prun e informatio n tha t  i s know n o r  ca n b e inferre d b y th e 
hearer .  W e canno t  rel y solel y o n thi s approac h t o selec t  in -
formation .  First ,  th e techniqu e ca n onl y b e use d t o prun e 
informatio n fro m a  dialogue ,  no t  t o includ e i t  Second ,  thi s 
approac h seek s t o eliminat e informatio n tha t  i s represente d 
eithe r  explicitl y  o r  implicitl y  i n th e mode l  o f  a n agent .  T o find 
th e implicitl y  represente d knowledge ,  th e sende r  mus t  tr y al l 
reasonin g whic h coul d potentiall y  lea d t o th e use r  inferrin g 
th e information .  Thi s i s time-consumin g an d force s a n agen t 
t o b e distracte d fro m th e domai n task .  Finally ,  ther e ar e time s 
when informatio n tha t  th e heare r  alread y know s o r  ca n infe r  i s 
include d i n th e conversation .  Includin g already-know n o r  in -
ferabl e informatio n ca n mak e proble m solvin g mor e efficien t 
by servin g a s a  reminder ,  indicatin g th e speaker' s reasoning , 
or  savin g th e heare r  th e troubl e o f  inferrin g th e information . 
I n ou r  approach ,  i f  informatio n i s alread y know n b y th e hearer , 
th e speake r  ca n decid e i f  it s usefulnes s ratin g i s hig h enoug h 
t o warran t  remindin g th e speake r  o f  tha t  information . 

Conclusion 

I n thi s paper ,  w e hav e presente d preliminar y wor k o n a  ne w 
approac h t o selectin g informatio n tha t  shoul d b e include d i n 
a dialogue .  Ou r  approac h use s th e speaker' s knowledg e o f  it s 
o wn proble m solvin g t o determin e h o w usefu l  som e piec e o f 
informatio n migh t  b e t o othe r  agents .  Thi s addresse s som e 

limitation s o f  previou s approache s becaus e i t  doe s no t  cal l 
fo r  th e speake r  t o hav e an y knowledg e o f  th e othe r  agen t 
and require s onl y minima l  computationa l  effor t  beyon d tha t 
neede d fo r  th e primar y proble m solvin g task . 
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