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Abstrac t 

\Ms aigue diat discourse plans must capture the intended causal 
and decompositiona l  relation s betwee n communicativ e actions . 
We presen t  a  plannin g algorithm ,  D P O C L,  tha t  build s pla n 
structure s tha t  propert y captur e thes e relations,  an d sho w ho w 
thes e structure s ar e use d t o solv e th e problem s tha t  plague d 
previou s discours e planners ,  an d allo w a  syste m t o participat e 
effectivel y an d flexibly  i n a n ongoin g dialogue . 

I n t r o d u c t i o n 

The close connection between discourse and intention is by 
n o w nearl y universall y accepted :  generatin g discours e i s a n 
intentiona l  activity ,  th e structur e o f  discours e reflect s th e 
structur e o f  th e participants '  intentions ,  an d understandin g 
discours e involves ,  a t  leas t  i n part ,  recognizin g th e intention s 
of  th e languag e producer .  Researcher s workin g bot h o n gener -
atio n an d interpretatio n ar e won t  t o exhibi t  "discours e plans " 
tha t  represen t  th e intention s o f  languag e users .  However , 
dier e ha s bee n m u c h confusio n abou t  exactl y wha t  constitute s 
a discours e plan ,  an d wha t  lan d o f  algorithm s shoul d proces s 
diem .  Mos t  o f  th e wor k i n computationa l  linguistic s ha s buil t 
o n pla n rq>resentation s an d plannin g algorithm s tha t  ar e a t 
leas t  a  decid e old—^representation s an d algorithm s tha t  suf -
fe r  firom  bein g unprinciple d an d difficul t  t o analyze .  Thes e 
difficultie s hav e spille d ove r  int o th e N L system s tha t  rel y 
o n them .  Ye t  withi n th e pas t  fe w years ,  th e literatur e o n A I 
plannin g ha s g row n significantly ,  an d th e olde r  representa -
tion s an d algorithm s hav e bee n reanalyze d an d replace d wit h 
cleane r  representation s an d algorithm s whos e fonna l  proper -
tie s ar e amenabl e t o carefu l  analysis . 

I n thi s p£Q)er ,  w e illustrat e som e o f  th e problem s tha t  aris e 
fi?om  usin g dies e ol d pla n representation s an d plannin g algo -
rithms .  W e the n sho w h o w mor e recen t  plannin g algorithms , 
calle d partial-orde r  causa l  lin k ( P O C L )  planner s (McAlliste r 
and Rosenblitt ,  1991 ;  Penberth y an d Weld ,  1991) ,  ca n b e use d 
t o generat e discours e plans .  Th e particula r  plannin g algorith m 
we us e i s D P O C L,  a n algorith m tha t  introduce s actio n decom -
positio n int o a  P O C L framewor k (Young ,  Pollac k an d Moore , 
1994) .  W e sho w tha t  th e discours e plan s produce d b y th e 
D P O CL algorith m propo-l y captur e bot h th e intende d causa l 
an d decompositiona l  relation s a m o n g th e conununicativ e ac -
tions ,  an d thereb y solv e th e problem s o f  earlie r  system s an d 
allo w a  language-processin g syste m t o participat e effectivel y 
an d flexibly  i n a n ongoin g dialogue . 

P r e v i o u s A p p r o a c h e s 

Discours e i s typicall y viewe d a s havin g a  hierarchica l  struc -
tur e an d therefor e man y discours e planner s ar e base d o n 
th e origina l  N O A H (Sacerdoti ,  1977 )  mode l  o f  hierarchi -
cal  plannin g (Appelt ,  1985 ;  Cawsey ,  1993 ;  Hovy ,  1991 ; 
Maybury ,  1992 ;  Moor e an d Paris ,  1993) .  Thes e system s rel y 
on customize d plannin g algorithm s wit h procedura l  semantic s 
fo r  th e purpose s o f  solvin g specifi c  text-plannin g problems . 
Th e informa l  constructio n o f  thes e system s an d thei r  ̂ pli -
catio n t o particula r  problem s hav e resulte d i n successfu l  tex t 
generatio n fo r  limite d domain s an d tex t  types ,  whil e obscur -
in g th e undesirabl e propertie s o f  th e algorithms .  However , 
carefu l  analysi s o f  thes e program s show s tha t  ther e i s nothin g 
i n thei r  semantic s t o preven t  the m b o m generatin g incorrec t 
plans ,  generatin g plan s wit h redundan t  steps ,  o r  failin g t o find 
plan s i n situation s wher e the y exist .  T o th e exten t  tha t  thes e 
plaimer s hav e bee n abl e t o avoi d thes e problems ,  the y hav e 
don e s o b y severel y limitin g th e expressiv e powe r  o f  actio n 
description s and/o r  requirin g th e designe r  o f  actio n descrip -
tion s t o handcraf t  eac h descriptio n t o fit  correctl y int o th e 
a d ho c semantic s o f  th e specifi c  pla n fo r  whic h th e actio n i s 
intended . 

Withi n th e plannin g literature ,  i t  ha s bee n note d tha t  ther e 
ar e tw o differen t  way s i n whic h componen t  action s o f  a  pla n 
m ay b e related :  a n actio n A C T l  ma y provid e causa l  suppor t 
fo r  anothe r  actio n A C T 2 (i.e. ,  A C T l  establishe s a  precondi -
tio n o f  A C T 2 )  o r  a n actio n A C T l  m a y b e par t  o f  th e decom -
positio n o f  A C T 2 .  Simila r  distinction s hav e bee n note d i n th e 
N L literature ,  e.g. ,  Gros z an d Sidner' s (1986 )  distinctio n be -
twee n satisfaction-precedenc e an d dominanc e an d Pollack' s 
(1990 )  distinctio n betwee n enablemen t  an d generation . 

Th e mai n proble m wit h mos t  previou s discours e plannin g 
system s i s tha t  the y hav e no t  adequatel y represente d bot h th e 
causa l  an d decompositiona l  rel^on s betwee n action s i n a 
discours e plan .  Tha t  is ,  the y d o no t  reaso n abou t  interaction s 
betwee n th e effect s o f  action s i n th e plan .  Mor e specifically , 
the y d o no t  reaso n abou t  th e establishmen t  o f  preconditions , 
or  th e possibilit y  tha t  on e ste p i n th e pla n m a y accidentall y 
und o o r  obviat e th e effec t  o f  anothe r  step .  Moreover ,  i n case s 
wher e the y perfor m decomposition ,  the y d o no t  reaso n abou t 
th e relationshi p betwee n th e effect s o f  action s i n a  subpla n 
an d th e effect s o f  thei r  paren t  action . 

To illustrat e tw o o f  thes e problems ,  conside r  th e discours e 
plan s show n schematicall y i n Figure s 1  an d 2 .  I n thes e figures, 
conditions ,  denote d b y th e ĉ ,  appearin g t o th e lef t  o f  a n actio n 
denot e it s precondition s an d thos e appearin g t o th e righ t  o f 
an actio n denot e it s  effects .  Thes e plan s hav e structur e tha t  i s 
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Figur e 2 :  Schemati c Discours e Pla n Illustratin g Par -
ent/Subpla n Effect s 

typica l  o f  thos e produce d b y mos t  previou s discours e plannin g 
system s (Cawsey ,  1993 ;  Hovy ,  1991 ;  Maybury ,  1992 ;  Moor e 
and Paris ,  1993) .  Figur e 1  show s a  pla n wher e th e effec t  c l 
i s  establishe d b y tw o differen t  action s occurrin g i n differen t 
subtree s o f  th e plan .  Thi s ca n occu r  becaus e thes e planner s 
do no t  conside r  th e role s tha t  previou s actions '  effect s ca n 
pla y i n satisfyin g th e precondition s o f  subsequen t  discours e 
actions. '  Thus ,  the y canno t  detec t  whe n a n actio n adde d t o 
establis h on e particula r  conditio n ma y serendipitousl y satisf y 
condition s o f  othe r  step s i n th e plan .  Thi s failur e ma y lea d t o 
th e generatio n o f  text s tha t  ar e (unintentionally )  redundan t  o r 
repetitive.  A n analogous ,  an d possibl y eve n mor e damaging , 
proble m m a y resul t  whe n thes e system s fai l  t o notic e tha t  on e 
actio n undoe s th e effec t  o f  another . 

Figur e 2  show s a  pla n wher e ther e i s n o explici t  connectio n 
betwee n th e effect s establishe d b y th e paren t  actio n (c 4 an d 
c5 )  an d thos e establishe d b y it s subpla n (c 6 throug h c l  1) . 
Previou s approache s onl y represen t  th e relationshi p betwee n 
action s a t  differen t  levels ;  the y fai l  t o captur e th e relationshi p 
betwee n th e effect s o f  thos e actions .  I n Figur e 2 ,  th e top -
leve l  goa l  i s  c 4 A  c5 .  Suppos e tha t  c 6 unifie s wit h c4 ,  an d 
tha t  c8 ,  c9 ,  an d cl O togethe r  hav e a  consequenc e tha t  unifie s 
wit h c5 .  I n thi s case ,  c l  an d c l  1  ar e sid e effect s o f  choosin g 
th e decon^x)sitio n o f  th e P A R E N T - A C T I O N int o A C T I O N 1 , 
A C T I O N2 an d A C T I O N S .  Thi s fact ,  however ,  i s  no t  capture d 
i n th e discours e pla n o f  Figur e 2 .  Henc e a  syste m relyin g 
on thi s pla n coul d no t  distinguis h intende d effect s fro m sid e 
effects ,  an d s o woul d b e unabl e t o determin e tha t  th e failur e 
of  c 6 warrant s a  differen t  respons e tha n th e failur e o f  cl . 

I n short ,  thes e system s cannot ,  i n general ,  determin e h o w 
discours e action s ar e relate d t o on e another .  Yet ,  a s w e wil l 
illustrat e i n th e nex t  section ,  understandin g di e intende d rela -

'  Appel t  (1985 )  woul d solv e thi s proble m wit h chtics ,  i.e. ,  a d ho c 
procedure s tha t  chec k fo r  certai n type s o f  pla n interactions . 

tion s betwee n discours e action s i s crucia l  t o effectiv e languag e 
generation . 

The Significance of Discourse Plans 

Conside r  th e foUowin g sampl e discourse ,  a  firagment  o f  a 
politica l  discussio n betwee n tw o participants ,  Sharo n (S )  an d 
Harr y (H) . 

S: Wiggins will vote no on NAFTA. 
She' s a n all y o f  th e unions .  He r  dis -
tric t  i s  heavil y industrial . 

A plausible and typical analysis of this discourse is that 
Sharon' s primar y intentio n i s t o convinc e Harr y tha t  Wiggin s 
wil l  vot e n o o n N A F T A .  T o achiev e thi s goal ,  Sharo n as -
sert s th e propositio n i n questio n (tha t  Wiggin s wil l  vot e n o 
o n N A F T A )  an d the n support s i t  b y claimin g tha t  AMggin s i s 
an all y o f  th e unions .  T o convinc e Harr y o f  thi s late r  claim , 
Sharo n support s i t  b y claimin g tha t  Wiggins' s distric t  i s  heav -
il y  industrial . 

N o w conside r  dies e possibl e alternativ e response s b y Harr y 
t o Sharon' s statement : 

HI: I didn't think her district was indus-
trial . 

H 2:  Lot s o f  representative s fro m indus -
tria l  district s vot e agains t  th e union . 

H 3:  Well ,  she' s certainl y pro-union ,  bu t 
I  didn' t  thin k he r  distric t  wa s indus -
trial . 

H 4:  Well ,  she' s certainl y pro-union ,  bu t 
lot s o f  representative s firom  indus -
tria l  district s suppor t  N A F T A . 

H S:  I  didn' t  thin k he r  distric t  wa s indus -
trial .  A n d besides ,  lot s o f  represen -
tative s from  industria l  district s sup -
por t  N A F T A . 

How is Sharon to determine an appropriate response to 
thes e replies ? A s w e hav e pointe d ou t  (Moor e an d Paris , 
1993 ;  Moor e an d Pollack ,  1992) ,  Sharon' s respons e mus t 
tak e accoun t  o f  wha t  Harry' s repl y reveal s abou t  whic h part s 
of  Sharon' s discours e pla n wer e successful . 

For  example ,  i n H 1 Harry' s failur e t o believ e tha t  Wiggins' s 
distric t  i s  industria l  block s th e suppor t  tha t  thi s clai m woul d 
hav e provide d t o convinc e Harr y o f  Wiggins' s pro-unio n po -
sition .  A t  thi s poin t  Sharo n ha s severa l  options .  Sh e m a y tr y 
t o convinc e Harr y tha t  Wiggins' s distric t  is ,  i n fact ,  industrial . 
Alternatively ,  sh e m a y find  som e othe r  suppor t  fo r  th e clai m 
tha t  Wiggin s i s pro-unio n o r  sh e ma y find  som e othe r  mean s 
t o suppor t  th e anti-NAFT A clai m altogether . 

Implici t  i n Sharon' s initia l  statemen t  wa s he r  belie f  tha t 
Harr y believe d that ,  a s a  rule ,  a  representative' s positio n o n 
labo r  i s determine d b y th e industria l  make-u p o f  he r  district . 
Togethe r  wit h Sharon' s clai m tha t  Wiggins' s distric t  i s  indus -
trial ,  thi s rul e woul d hav e provide d suppor t  t o convinc e Harr y 
of  Wiggins' s pro-unio n position .  H 2 indicate s tha t  th e sup -
por t  fo r  Sharon' s clai m tha t  Wiggin s i s pro-unio n ha s failed . 
Sharo n mus t  eithe r  find  a n alternat e discours e strateg y fo r 
supportin g i t  o r  mus t  find  som e othe r  mean s t o suppor t  th e 
anti-NAFT A claim .  Notic e th e differenc e betwee n H I  an d 
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H 2.  A  plausibl e respons e t o H 1 ,  bu t  no t  H 2 ,  i s  t o reestablis h 
th e propositio n tha t  Wiggins' s distric t  i s  industrial . 

I n H 3 a s i n H 1 ,  Harr y expresse s doub t  tha t  Wiggin s come s 
fipom  a n industria l  district .  However ,  h e als o indicate s tha t 
he believe s tha t  Wiggin s i s pro-union .  Sharon' s intentio n t o 
get  Harr y t o believ e tha t  Wiggins' s distric t  i s  industria l  wa s 
not  achieved .  Consequentl y w e nsa y infe r  tha t  he r  intentio n 
t o ge t  h i m t o believ e tha t  Wiggin s i s pro-unio n als o failed . 
However ,  Sharo n nee d no t  tr y t o provid e alternat e suppor t  fo r 
eithe r  he r  pro-unio n o r  ant i -NAFT A claims .  Thi s i s becaus e 
Sharon' s intentio n t o convinc e Harr y tha t  Wiggins' s distric t 
i s  industria l  wa s hel d i n servic e o f  th e intentio n t o ge t  Harr y 
t o believ e i n Wiggins' s pro-unio n position .  Tha t  is ,  ther e wa s 
a causa l  connectio n betwee n th e industrial-distric t  intentio n 
an d th e pro-unio n intention ;  becaus e Harry' s respons e explic -
itl y  indicate s tha t  th e pro-unio n intentio n wa s achieved ,  th e 
outcom e o f  thos e intention s whic h serve d a s precondition s t o 
i t  o r  a s effect s i n subplan s o f  i t  ca n b e ignored. ^ 

Response s H 4 an d H 5 ar e variation s o f  H I  throug h H 3 . 
Thei r  analysi s i s  lef t  t o th e reader . 

As ca n b e see n i n thes e examples ,  a  wid e rang e o f  response s 
t o Harry' s replie s ar e possible .  Eac h o f  Harry' s replie s pro-
vide s feedbac k abou t  th e outcom e o f  a  smal l  subse t  o f  Sharon' s 
intentions .  I n orde r  t o respon d appropriately ,  Sharo n mus t  b e 
abl e t o determin e wha t  implication s thi s feedbac k ha s o n th e 
ultimat e succes s o f  he r  othe r  intentions . 

A Discourse Plan for Our Example 

We no w describ e ho w th e D P O CL syste m represent s Sharon' s 
utteranc e unde r  th e analysi s give n above ;  se e Figur e 3 . 

The manne r  i n whic h a  heare r  combine s th e informatio n i n 
an utteranc e wit h hi s prio r  belief s i s critica l  t o th e generatio n 
of  th e utterance .  Mos t  previou s wor k ha s mad e us e o f  highl y 
simpl e model s o f  thi s process :  fo r  instance ,  i t  ha s assume d 
tha t  th e effec t  o f  assertin g a  propositio n p  i s eithe r  tha t  th e 
heare r  believe s o r  doe s no t  believ e p .  I n fact ,  a  speake r  m a y 
g o t o grea t  length s t o convinc e th e heara -  o f  th e trut h o f  a 
proposition .  Sh e m a y first  asser t  it ,  the n suppor t  it ,  an d the n 
provid e suppor t  fo r  th e intermediat e statement .  I n suc h a  case , 
th e speake r  presumabl y believe s tha t  th e combinatio n o f  utter -
ance s i s wha t  lead s th e heare r  t o accep t  th e mai n proposition . 
A complet e mode l  o f  thi s phenomeno n i s beyon d th e scop e 
of  thi s paper ,  w e hin t  a t  i t  b y representin g th e combinatio n 
of  multipl e partia l  belief s wit h th e actio n Combine-Belief(!B) , 
wher e x  i s a  vecto r  o f  relevan t  beliefs .  Th e strengt h o f  belie f 
L tha t  a  hearo '  ha s i n a  particula r  propositio n P  i s represente d 
informall y b y th e formul a Bel(P ,  L ) . 

I n Figur e 3  w e abbreviat e proposition s a s follows :  N  repre -
sent s Wiggin s wil l  vot e N o o n N A F T A ,  U  represent s Wiggin s 
i s pro-unio n an d I  represent s Wiggin s come s fix>m  a n indus -
tria l  district .  Thos e condition s surrounde d b y boxe s ar e tru e 
i n th e initia l  stat e -  causa l  lin k arc s connectin g the m t o th e 
initia l  stat e ar e omitte d fo r  clarity . 

Th e D P O CL dat a structur e fo r  representin g plan s consist s 
of f ivecon^nents : 

•  Steps :  Eac h discours e actio n i n th e pla n i s represente d b y 
a step .  Thes e step s ar e th e node s i n th e pla n graph .  Step s 

Îf ,  o n A e othe r  hand ,  i t  i s  importan t  t o Sharo n (fo r  som e othe r 
reason)  tha t  Harr y als o believ e tha t  Wiggin s come s from  a n industria l 
district ,  the n sh e ma y nee d t o reconvinc e hi m o f  this . 

ar e instantiate d fixjm  actio n operator s representin g th e ac -
tion' s precondition s an d effects .  Step s m a y b e composite , 
representin g abstrac t  action s lik e Cau9e-to-Believe(I7) ,  o r 
primitive ,  representin g thos e action s tha t  ar e directl y exe -
cutabl e b y th e system ,  suc h a s Inform(/) . 

•  Decompositio n Links :  Decompositio n link s connec t  apar -
ent  ste p t o th e initia l  an d final  step s o f  th e subpla n tha t 
achieve s th e paren t  step' s effects .  Th e decoiiq)ositio n link s 
ar e show n usin g dashe d arcs ;  the y captur e th e hierarchica l 
structur e o f  th e plan . 

•  Causa l  Linlts :  Causa l  link s connec t  tw o step s whe n th e 
firs t  ste p establishe s a  preconditio n fo r  th e secon d step . 
The y ar e show n usin g soli d arc s an d ar e labele d wit h th e 
effect s tha t  the y contribute . 

•  Orderin g Constraints :  Th e se t  o f  orderin g constraint s 
define s a  partia l  tempora l  orderin g ove r  th e step s i n th e 
plan .  Fo r  readability ,  thes e constraint s ar e no t  show n i n 
Figures . 

•  Bindin g Constraints :  Th e se t  o f  bindin g constraint s pro -
vid e codesignatio n relationship s fo r  variable s occurrin g i n 
th e step s o f  th e plan .  Fo r  readability ,  al l  variable s i n th e pla n 
show n i n Figur e 3  hav e bee n replace d b y objec t  constant s 
specifie d b y th e plan' s bindin g constraints . 

DPOCL uses the standard technique of encoding the initial 
condition s an d th e goal s o f  a  plannin g proble m a s th e effect s 
of  a  nul l  initia l  actio n an d th e precondition s o f  a  nul l  final 
action ,  respectively .  Similarly ,  i n a n actio n deconqxisition , 
ther e i s a  nul l  initia l  actio n tha t  ha s a s it s effect s exacd y 
th e precondition s o f  it s  paren t  action ,  an d a  nul l  final  actio n 
tha t  ha s a s it s precondition s th e effect s o f  it s parent .  Th e 
D P O CL plaime r  attempt s t o achiev e th e precondition s o f  a 
subplan' s final  ste p i n th e sam e manne r  a s i t  achieve s al l  othe r 
unsatisfie d preconditions .  I n thi s wa y w e guarante e tha t  th e 
effect s o f  ever y composit e actio n ar e achieve d b y th e step s i n 
it s  subplan .  Furthermore ,  th e exac t  relationshi p betwee n th e 
action s i n a  subpla n an d th e establishmen t  o f  thos e effect s i s 
made explicit . 

By analyzin g th e causa l  an d decompositiona l  structur e o f 
th e discours e plan ,  w e ca n determin e a n appropriat e respons e 
fo r  eac h o f  Harry' s replie s discusse d above : 

• HI: In this case, the effect Bel(/, L9) asserted by the 
Inform(/ )  wa s no t  achieved .  F ro m ou r  representation ,  i t 
i s  possibl e t o trac e a  pat h o f  faile d effect s from  Inform (  J ) 
acros s causa l  link s an d u p decon^x)sitiona l  link s t o Cause -
To-Believe(/) ,  Support(C/̂ )  an d eventuall y t o Cause-To -
Believe(JV) .  Usin g thi s information ,  th e syste m ca n deter -
min e tha t  appropriat e response s t o H 1 ca n b e generate d b y 
tryin g t o convinc e Harr y tha t  Wiggins' s distric t  is ,  i n fact , 
industria l  (i.e ,  replannin g th e subtre e roote d a t  th e nod e 
Cause-To-Believe(/) ,  mos t  likel y b y providin g suppor t  fo r 
J) ,  finding  som e othe r  suppor t  fo r  th e clai m tha t  Wiggin s 
i s pro-unio n (i.e ,  replannin g th e subtre e roote d a t  th e nod e 
Support(I7)) ,  o r  finding  som e othe r  mean s t o suppor t  th e 
anti-NAFT A clai m altogethe r  (i.e ,  replannin g th e subtre e 
roote d a t  th e nod e Support(J\r)) . 

•  H 2 :  Th e D P O CL pla n i n Figur e 3  i s predicate d o n th e 
trut h o f  Bel(causes(7,17) ,  L 8 ) ,  i.e. ,  tha t  thi s propositio n i s 
an effec t  o f  th e initia l  step .  I n H 2 ,  Harr y reveal s tha t  thi s 
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propositio n i s false .  A s i n th e previou s case ,  a n appropri -
at e respons e result s from  th e re-plannin g o f  subtree s whos e 
executio n i s affecte d b y thi s failure .  Specifically ,  thos e 
subtree s roote d a t  Cause-To-Believe(causes(J ,  U ) )  acros s 
causa l  link s an d u p decompositiona l  link s t o Support(C/' ) 
an d eventuall y t o Cause-To-Believe(iV) .  Not e tha t  thi s 
doe s no t  includ e th e subtre e roote d a t  Cause-to-Believe(/ ) 
an d thus ,  unlik e i n H I ,  th e syste m wil l  no t  attemp t  t o 
reestablis h th e propositio n tha t  Wiggins' s distric t  i s  indus -
trial . 

•  H 3 :  I n thi s case ,  th e speake r  i s give n mor e informatio n 
abou t  th e succes s o f  th e origina l  plan .  A s i n H I ,  th e ef -
fec t  Bel(/ ,  L 9 )  i s no t  achieved .  However ,  her e Harr y als o 
indicate s tha t  th e effec t  Be\{U ,  l A )  o f  th e ste p Cause-To -
Believe(t/̂ )  ha s bee n achieved .  Cause-To-Believe(tr )  lie s 
alon g th e onl y causa l  pat h from  Inft)rm(/ )  t o th e plan' s 
final  step .  Sinc e i t  achieve d it s intende d effect ,  re-plannin g 
an y o f  it s  subplan s i s unnecessary . 

Althoug h thi s exampl e di d no t  explicitl y  illustrat e h o w ou r 
representatio n addresse s case s wher e actio n description s hav e 
multipl e effects ,  i t  i s  clea r  ou r  mode l  ca n handl e suc h case s 
appropriately .  O u r  solutio n rest s o n th e fac t  tha t  ou r  mode l 
loake s a  clea r  distinctio n betwee n effect s o f  discours e action s 
tha t  pla y a  role  i n achievin g th e top-leve l  goal s o f  th e discours e 
pla n an d effect s tha t  ar e no t  importan t  fo r  achievin g th e agent' s 
ultimat e goal s (i.e. ,  sid e effects) . 

How DPOCL Creates Discourse Plans 

So fa r  w e hav e focuse d o n th e representatio n use d b y DPOCL. 
We no w briefl y describ e ho w A e DPOCL algorith m works . 
I n DPOCL,  th e proces s o f  creatin g a  conq)lete d pla n involve s 
itoatin g throug h a  loo p tha t  choose s betwee n refinin g th e cur -
ren t  pla n decompositionall y (expandin g a  composit e actio n b y 
addin g it s subaction s t o th e plan )  o r  refinin g th e pla n causall y 
(choosin g som e action' s unsatisfie d preconditio n an d addin g 
a n e w actio n an d th e causa l  lin k establishin g it) .  Figur e 4 
summarize s th e D P O C L plannin g algorithm .  Fo r  mor e de -
tail s  o f  th e algorith m an d a  discussio n o f  it s  forma l  properties , 
see (Young ,  Pollac k an d Moore ,  1994) . 

Th e representatio n o f  eac h actio n i s separate d int o tw o part s 
correspondin g t o th e causa l  an d decompositiona l  roles  th e ac -
tion  plays :  th e actio n operator ,  an d a  possibl y etapt y se t  o f 
decompositio n operators .  Th e actio n operato r  capture s th e 
action' s precondition s an d effects .  Thes e precondition s an d 
effect s ar e set s o f  first-order  quantifie d sentence s simila r  t o 
th e typica l  precondition  an d add/delet e list s o f  S T R I P S (Pike s 
an d Nilsson ,  1971) .  Eac h decon^x)sitio n operato r  represent s 
a single-laye r  expansio n o f  a  cot^x)sit e step ,  essentiall y  pro -
vidin g a  partia l  specificatio n fo r  th e subpla n tha t  achieve s th e 
paren t  stq>' s effect s give n it s preconditions .  I n additio n t o 
^)ecifyin g th e step s i n th e subplan ,  th e decompositio n op -
erato r  specifie s an y variabl e bindin g an d tempcnra l  orderin g 
constraint s betwee n th e steps ,  an d th e causa l  link s betwee n 
step s o f  th e subpla n tha t  enabl e the m t o establis h th e paren t 
step' s effects . 

Th e forma l  specificatio n o f  th e D P O C L algorith m relie s o n 
nondeterministi c choic e t o guid e it s searc h throug h th e spac e 
of  partia l  plans .  Eac h choic e i s recorded ,  an d backtrackin g 
occur s w h e n appropriate .  Nondeterministi c choic e i s spec -
ifie d i n ordo -  t o allo w D P O C L implementation s t o specif y 

Termination :  I f  th e pla n i s inconsistent ,  the n backtrack .  Otherwise , 
remov e unuse d ste p an d retur n th e plan . 

Plan Refinement: Non-deterministically do one of the following: 

1. Causal Planning: 

(a )  Goa l  Selection :  Nondeterministicall y selec t  a  goal . 

(b )  Operato r  Selection :  Ad d a  ste p t o th e pla n tha t  add s a n effec t 
tha t  ca n b e unifie d wit h th e goa l  (eithe r  b y instantiatin g th e 
ste p from  th e operato r  librai y o r  b y finding  a  ste p alread y i n 
th e plan) .  I f  n o suc h ste p exisu ,  backtrack .  Otherwise ,  ad d 
th e bindin g constraint s require d fo r  th e condition s t o unify ,  a n 
orderin g constrain t  tha t  order s th e ne w ste p befor e th e goa l  ste p 
and ad d th e causa l  lin k betwee n th e two . 

2.  Decompositiona l  Planning : 

(a )  Actio n Selection :  Nondetemiinisticall y selec t  som e unex -
pende d composit e ste p i n th e plan . 

(b )  Decompositio n Selection :  Nondeterministicall y chos e a n ap -
propriat e decompositio n schem a fo r  thi s actio n whos e con -
straint s ar e satisfied .  Ad d th e step s an d subpla n component s 
of  th e decompositio n schem a t o th e pla n an d updat e th e lis t  o f 
decompositio n link s t o indicat e th e ne w subplan . 

Threat Resolution: Find any step that might threaten to undo any 
causa l  link .  Fo r  ever y suc h step ,  nondeterministicall y d o on e o f  th e 
following : 

•  Promotion If possible, move the threatened steps to occur before 
th e threa t  i n th e plan . 

•  Demotio n I f  possible ,  mov e th e threatene d step s t o occu r  afte r 
th e threa t  i n th e plan . 

•  Separatio n I f  possible ,  ad d bindin g consQaint s o n th e step s in -
volve d s o tha t  n o conflic t  ca n arise . 

Recursive Invocation CaU the planner recursively wiA the new plan 
structure . 

Figure 4: The DPOCL Algorithm 

doimun-dependen t  searc h control .  A s lon g a s searc h contro l 
heuristic s guarante e tha t  al l  possibl e choice s wil l  b e explored , 
th e implementatio n remain s complete . 

As a  resul t  o f  addin g step s t o a  plan ,  newl y create d step s 
m ay introduc e threat s t o existin g causa l  links .  A  ste p A 
threaten s a  causa l  lin k betwee n tw o step s B  an d C  w h e n A 
migh t  occu r  betwee n . B an d C  an d on e o f  A' s effect s migh t 
und o th e conditio n establishe d i n th e causa l  link .  T o ensur e 
tha t  n o causa l  link s ar e undone ,  eac h threa t  i s deal t  wit h 
befor e plannin g proceeds ,  eithe r  b y orderin g th e step s s o tha t 
th e threatenin g ste p canno t  occu r  betwee n th e tw o causally -
linke d step s o r  b y restrictin g th e variabl e binding s o f  th e step s 
t o eliminat e harmfii l  interactions .  Thi s proces s i s iterative , 
sinc e eac h modificatio n t o resolv e a  threa t  m a y introduc e ne w 
ones . 

I n th e exampl e discusse d earlier ,  th e D P O CL planne r  i s 
invoke d wit h di e partia l  pla n consistin g o f  th e nul l  initia l 
actio n 5-1 ,  whos e effect s ar e Bel(causes(l7 ,  iV) ,  L 7 )  an d 
Bel(causes(/ ,  U ) ,  £ 8 ) ,  an d th e nul l  final  actio n 5-16 ,  whos e 
onl y preconditio n i s Bel(JV ,  1 3 ) .  B y iteratin g throug h th e 
D P O CL loo p show n i n Figur e 4 ,  th e pla n show n i n Figur e 3 
i s constructed .  Thi s pla n i s completed ,  tha t  is ,  th e precon -
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dition s o f  al l  action s hav e bee n establishe d b y causa l  links , 
ther e ar e n o threat s t o an y o f  thes e links ,  an d al l  composit e 
action s hav e bee n decooiix>se d int o subplan s terminatin g i n 
executabl e action s a t  th e lea f  nodes . 

Thi s pla n make s explici t  th e causa l  connection s betwee n 
each effec t  an d th e preconditio n tha t  relies  upo n it .  Similarly , 
di e decompositio n link s mak e explici t  th e noanne r  i n whic h 
action s i n a  subpla n establis h th e effect s o f  th e paren t  step . 
Thi s representation  make s i t  possibl e fo r  a  syste m playin g th e 
rol e o f  Sharo n t o respon d appropriatel y t o eac h o f  Harry' s 
replie s a s describe d earlier . 

Conclusions 

I n thi s paper ,  w e hav e presente d a  structur e fo r  discouirs e plan s 
dia t  draw s o n state-of-the-ar t  A I  plannin g research .  Bod i  th e 
pla n representatio n an d th e discours e plannin g algorith m tha t 
we us e t o construc t  i t  hav e a  well-define d semantic s whos e 
forma l  propertie s ca n b e analyze d (Young ,  Pollac k an d Moore , 
1994) .  Further ,  w e hav e show n ho w D P O CL discours e pla n 
structure s ca n b e use d fo r  determinin g appropriat e response s 
t o utterance s tha t  indicat e a  failur e o f  som e par t  o f  th e dis -
cours e plan . 
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