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Par t i c ipa t in g i n P l a n - O r i e n t e d D i a l o g s 

Alex Quilici 

Artificia l  Intelligenc e Laborator y 

Compute r  Scienc e Departmen t 

3531 Boelte r  Hal l 

Universit y o f  Californi a 

Los Angeles ,  CA ,  9002 4 

Abstrac t 

Participants in plan-oriented dialogs often state 
belief s abou t  pla n applicabilit y  conditions ,  en -
ablements ,  an d effects .  Often ,  the y provid e 
thes e belief s a s piece s o f  mostl y unstate d chain s 
of  reasonin g tha t  justif y thei r  holdin g variou s 
beliefs .  Understandin g a  dialo g respons e re -
quire s recognizin g whic h belief s ar e bein g jus -
tifie d an d inferrin g th e unstate d bu t  neces -
sar y belief s tha t  ar e par t  o f  th e justification . 
A nd producin g a  respons e require s determining 
whic h belief s nee d t o b e justifie d an d construct -
in g th e reasonin g chain s tha t  justif y holdin g 
thes e beliefs .  Thi s pape r  present s a  knowledge -
structur e approac h t o thes e tasks .  I t  show s 
ho w participant s ca n us e general ,  conunon -
sens e plannin g heuristic s t o recogniz e whic h 
reasonin g chain s ar e bein g used ,  an d t o con -
struc t  th e reasonin g chain s tha t  justif y thei r 
beliefs .  Ou r  wor k differ s fro m othe r  wor k o n 
understandin g dialo g response s i n tha t  w e focu s 
on recognizin g justification s fo r  belief s abou t  a 
participant' s plan s an d goals ,  rathe r  tha n sim -
pl y recognizin g th e plan s an d goal s themselves . 
And ou r  wor k differ s fro m othe r  wor k o n pro -
ducin g dialo g response s i n tha t  w e rel y solel y 
on domain-independen t  knowledg e abou t  plan -
ning ,  rathe r  tha n o n domain -  o r  task-specifi c 
heuristics .  Thi s approac h allow s u s t o recog -
niz e an d formulat e nove l  belie f  justifications . 

1 Introduction 

In discourse processing, two major problems are under-
standin g th e underlyin g connection s betwee n successiv e 
dialo g responses ,  an d producin g coherent ,  cooperativ e 
dialo g responses .  I n m a n y plan-oriente d dialogs ,  re -
sponse s suppl y piece s o f  reasonin g chain s justifyin g be -
lief s abou t  wh y on e actio n shoul d b e execute d instea d 
of  another ,  abou t  whethe r  a  pla n ha s a  particula r  en -
ablemen t  o r  effect ,  an d s o on .  I n thes e dialogs ,  under -
standin g a  respons e involve s recognizin g it s underlyin g 
reasonin g chai n an d th e belief s i t  justifies .  And ,  i n thes e 

dialogs ,  producin g a  respons e involve s formulating  a n 
appropriat e reasonin g chai n fo r  a  belie f  i n nee d o f  justi -
fication. 

As a n example ,  conside r  th e followin g dialo g fragment . 

(1 )  X :  Th e A I  la b member s shoul d clea n th e lab . 

(2 )  Y :  Bu t  cleanin g interfere s wit h research . 

(3 )  X :  I f  w e don' t  clea n th e lab ,  w h o will ? 

(4 )  Y :  W e shoul d pa y someon e t o clea n th e lab . 
Tha t  wa y w e ca n d o ou r  research . 

(5 )  X :  Wher e d o w e ge t  th e money ? 

(6 )  Y :  Fro m th e fun d use d t o pa y salaries . 
(7 )  X :  Bu t  the n w e can' t  hir e a s m a n y R A s . 

(8 )  Y :  I' d rathe r  hav e a  clea n office . 

(9 )  X :  The n wh y no t  clea n i t  u p yourself ? I' d rathe r 
pay a n R A tha n a  janitor . 

I n eac h utteranc e X  an d Y  presen t  on e o r  mor e beliefs , 
usuall y a s par t  o f  a  shor t  chai n o f  reasonin g justifyin g 
or  contradictin g a  belie f  appearin g earlie r  i n th e dialog . 
I n (1) ,  X  start s b y statin g a  belie f  tha t  la b member s 
shoul d clea n th e lab .  I n (2) ,  Y  respond s wit h a  belie f 
tha t  la b member s cleanin g interfere s wit h thei r  doin g 
research .  Thi s belie f  justifie s Y' s  unstate d belie f  tha t 
th e la b member s shouldn' t  clea n th e lab .  Y' s  underlyin g 
reasonin g i s  tha t  the y shouldn' t  clea n th e la b becaus e 
i t  interfere s wit h thei r  preferre d pla n o f  doin g research . 
I n (3) ,  X  justifie s hi s origina l  belie f  wit h th e belie f  tha t 
th e la b member s ar e th e onl y one s w h o ca n clea n th e 
lab .  X' s  underlyin g reasonin g i s tha t  the y shoul d clea n 
i t  becaus e there' s n o othe r  wa y t o achiev e thei r  goa l  o f 
keepin g i t  clean .  And ,  i n (4) ,  Y  state s a  belie f  tha t  th e 
la b member s shoul d pa y someon e t o clea n th e lab ,  an d 
justifie s i t  wit h th e belie f  tha t  payin g someon e doesn' t 
interfer e wit h doin g research .  Y' s  underlyin g reason -
in g i s  tha t  the y shoul d pa y someon e becaus e doin g s o 
doesn' t  interfer e wit h thei r  goa l  o f  doin g research ,  un -
lik e thei r  cleanin g th e la b themselves .  T h e remainde r  o f 
th e dialo g follow s th e sam e pattern .  I n eac h response ,  X 
and Y  mus t  recogniz e whic h belief s th e othe r  i s justifyin g 
and th e unstate d reasonin g underlyin g tha t  justification . 
A n d X  an d Y  mus t  als o determin e whic h o f  thei r  belief s 
need t o b e justifie d an d selec t  a n appropriat e se t  o f  justi -
fyin g beliefs .  Bu t  ho w ca n the y accomplis h thes e tasks ? 
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Thi s pape r  present s a  knowledge-structur e approac h 
t o participatin g i n dialog s involvin g belie f  justifications . 
We sho w ho w a  dialo g participan t  ca n us e general , 
common-sens e plannin g heuristic s t o infe r  th e relation -
shi p betwee n state d belief s an d belief s discusse d earlie r 
i n th e dialog ,  a s wel l  a s t o construc t  justification s fo r 
thei r  beliefs . 

2 Representing Dialog Responses 

What types of plan-oriented beliefs appear in the re-
sponse s i n ou r  exampl e dialog ? An d ho w ca n thes e be -
lief s b e represented ? 

I n ou r  exampl e dialo g ther e ar e belief s abou t  whethe r 
or  no t  a  particula r  pla n shoul d b e executed ,  whethe r  o r 
not  a  particula r  pla n i s th e bes t  wa y t o achiev e a  goal , 
whethe r  o r  no t  on e actio n i s mor e desirabl e tha n another , 
whethe r  o r  no t  tw o action s someho w conflict ,  whethe r  o r 
not  a n acto r  ha s a  particula r  goal ,  an d whethe r  o r  no t 
a plci n ha s a  particula r  enablemen t  o r  effect .  W e repre -
sent  thes e belief s usin g belie f  {A,R) ,  wher e A  i s th e acto r 
(eithe r  X  o r  Y )  an d R  i s on e o f  th e plannin g relation -
ship s show n belo w i n Tabl e 1  (o r  thei r  negations ,  whic h 
aren' t  shown ,  bu t  ar e denote d a s noi-R) .  Here ,  A  denote s 
an actor ,  S  denote s a  stat e ( a descriptio n o f  propertie s 
of  objects) ,  P  denote s a  pla n ( a sequenc e o f  operator s 
that ,  whe n executed ,  effect s a  stat e change) ,  E  denote s 
an even t  (a n actor' s executio n o f  a  particula r  plan) ,  an d 
F denote s a  fille r  tha t  ca n b e eithe r  a  stat e o r  a n event . 

Tabl e 1 :  Plannin g relationship s i n ou r  exampl e dialog . 

Relationshi p Semantic s 

do{A,P ) 
ca.uses {  F,F ) 
enables(f',F' ) 
interferes(F,F' ) 
hasgoa.l{A,F ) 
pTe{eTs{A,F,F ) 
applies(£',F ) 
shou\d-do {  A ,  FJ ) 

A carrie s ou t  th e step s i n P 
F ha s F '  a s on e o f  it s effect s 
F i s necessar y fo r  F '  t o occu r 
F canno t  occu r  i f  F  doe s 
F i s a  goa l  o f  acto r  A 
F i s mor e desirabl e tha n F ' 
E shoul d occu r  t o achiev e F 
A shoul d execut e E 

Essentially ,  thi s representatio n combine s element s o f 
othe r  system s tha t  proces s utterance s involvin g plan -
oriente d belief s [4,5,9 ,  15 ]  an d extend s thei r  representa -
tion s t o includ e belief s abou t  plannin g choice s an d pref -
erences .  Mor e detail s o n thi s representatio n ca n b e foun d 
i n [U] ,  alon g wit h example s o f  it s us e t o represen t  th e 
plan-oriente d belief s i n user/adviso r  dialogs .  Here ,  how -
ever ,  w e illustrat e ou r  representatio n fo r  plan-oriente d 
belief s b y usin g i t  t o represen t  th e first  fe w response s i n 
our  exampl e dialog . 

I n (1) ,  X' s respons e contain s th e singl e belie f  tha t  th e 
la b member s shoul d clea n th e lab . 

ahould-do(lahhies,clean) 

I n (2) ,  Y  state s th e belie f  tha t  th e la b member s clean -
in g interfere s wit h thei r  doin g research .  Thi s belie f  i s 
par t  o f  a  shor t  reasonin g chai n tha t  justifie s Y' s unstate d 
belie f  tha t  la b member s shouldn' t  clea n th e la b ( a belie f 
tha t  directl y contradict s X' s originall y state d belief) . 

not-should-do(labbies,clean) 
t  justifie s 

int€rfer€s(do(labbies,clean),doflabbies,research ) 
prefers(labbie8,do(labbies,research),do(labbies,clean) ) 

Y's other unstated belief is that the lab members prefer 
doin g researc h t o cleaning .  W h y ca n X  safel y infe r  tha t 
Y hold s thi s belief ? Becaus e i f  Y  doesn' t  hol d it ,  Y' s 
belie f  tha t  cleanin g th e la b interfere s wit h doin g researc h 
isn' t  a  reasonabl e justificatio n fo r  th e la b member s no t 
cleanin g th e lab .  T o justif y no t  doin g a n action ,  tha t 
actio n mus t  conflic t  wit h a  mor e desirabl e action ,  no t 
one that' s les s desirable . 

I n (3) ,  X' s state d belie f  i s  tha t  n o on e othe r  tha n th e 
la b member s ca n clea n th e lab .  Thi s belie f  i s  a t  th e 
botto m o f  a  lengthie r  reasonin g chain . 

should-do(labbies,clean) 
I  justifie s 

has-goal(labbies ,  kee p la b clean ) 
applies(do(labbies ,  clean) ,  kee p la b clean ) 

t  justifie s 
causes(do(labbies,clean),kee p la b clean ) 

not-causes(do(other,clean),kee p la b clean ) 

The point of X's reasoning chain is to justify the belief 
tha t  th e la b member s shoul d clea n th e lab .  Th e justifi -
catio n fo r  thi s belie f  i s a  pai r  o f  unstate d beliefs :  tha t 
th e la b member s wan t  a  clea n lab ,  an d tha t  cleanin g th e 
la b i s th e bes t  wa y t o achiev e thi s goal .  Thi s latte r  belie f 
is ,  i n turn ,  justifie d b y anothe r  psii r  o f  beliefs :  X' s ex -
plicitl y  state d belie f  tha t  there' s n o on e els e t o kee p th e 
la b clean ,  an d X' s unstate d belie f  tha t  th e la b member s 
cleanin g th e la b result s i n a  clea n lab . 

Finally ,  i n (4) ,  Y  provide s a  pai r  o f  belief s ou t  o f  a 
slightl y mor e comple x reasonin g chain . 

applies(do(labbies, clean), keep lab clean) 
T justifie s 

causes(do(labbies,pay),kee p la b clean ) 
causes(do(labbies,clean),kee p la b clean ) 

preferre d (do(labbies,pa y ),do(labbies,clean ) 
T justifie s 

interferes(do(Iabbies,clean),do(labbies,research ) 
not-interferes(do(labbies,pa y ),do(labbies,research ) 

has-goal(labbies,do(labbies,research) ) 

This reasoning chain justifies Y's stated belief that the 
la b member s shoul d pa y someon e t o kee p th e la b clean . 
Thi s belie f  i s  justifie d b y a  se t  o f  unstate d beliefs :  tha t 
bot h payin g someon e an d cleanin g th e la b themselve s 
result s i n a  clea n lab ,  an d tha t  th e la b member s prefe r 
payin g someon e t o cleaning .  Thi s latte r  belie f  i s  justifie d 
by Y' s state d belie f  tha t  payin g someon e doesn' t  inter -
fer e wit h doin g research ,  an d b y Y' s unstate d belief s tha t 
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th e la b member s hav e a  goa l  o f  doin g research ,  an d tha t 
cleanin g th e la b interfere s wit h thi s goal . 

The remainin g dialo g response s hav e a  simila r  repre -
sentation . 

Thi s representatio n fo r  dialo g response s leave s X  an d 
Y wit h tw o specifi c  tasks .  First ,  the y mus t  infe r  eac h 
other' s hidde n reasonin g chain s fro m thei r  state d beliefs . 
Thi s involve s inferrin g whic h belief s ar e bein g justified , 
alon g wit h th e unstate d belief s tha t  for m a  necessar y 
par t  o f  tha t  justification .  An d second ,  the y mus t  for m 
th e reasonin g chain s the y provid e a s a  response .  Thi s 
involve s pullin g togethe r  a  smal l  se t  o f  justifyin g belief s 
fro m thei r  potentiall y  larg e collectio n o f  domain-specifi c 
plan-oriente d beliefs . 

3 Representing Planning Heuristics 

Our approach to inferring and forming these reasoning 
chain s rest s heavil y o n tw o assumptions .  Th e first  i s  tha t 
dialo g participant s us e general ,  common-sens e plannin g 
heuristic s t o justif y thei r  beliefs .  Th e othe r  i s tha t  thes e 
heuristic s ca n b e represente d a s collection s o f  abstrac t 
plannin g relationships .  Becaus e thes e heuristic s ar e use d 
t o justif y  beliefs ,  w e cal l  the m justificaUo n patterns . 

The first  fe w dialo g utterance s us e severa l  o f  thes e 
heuristics .  I n (2) ,  fo r  example ,  Y  use s on e t o justif y a 
belie f  tha t  th e la b member s shouldn' t  clea n th e lab . 

An acto r  shouldn' t  d o a n actio n i f  i t  interfere s 
wit h a n actio n th e acto r  prefers . 

Thi s heuristi c i s represente d as : 

JP:Prevents-Preferred-Action 

not-should-do(i4,£ ) 
t  justifie s 

intei{eTes(do(A,E),do{A,E') ) 
pie{eis{A,do{A,E'),do{A,E) ) 

Y's response instantiates this JP with the actor as the 
la b members ,  th e actio n a s cleanin g th e lab ,  an d th e 
preferre d actio n a s doin g research . 

I n (3) ,  X  use s a  pai r  o f  thes e heuristics .  X  use s th e 
first  t o justif y th e belie f  tha t  th e la b member s shoul d 
clea n th e lab . 

An acto r  shoul d d o a n actio n i f  it' s th e mos t 
appropriat e actio n fo r  a  goal . 

Thi s heuristi c i s represente d eis : 

JP:Best-Plan-For-Goal 

should-do(i4,£ ) 
t  justifie s 

has-goa.\{A,F ) 
a.pp\ies{do{A,E),F ) 

X's response instantiates this JP with the actor as the 
la b members ,  th e actio n a s cleanin g th e lab ,  an d th e goa l 
as keepin g th e la b clean .  X  use s th e othe r  heuristi c t o 
justif y th e belie f  tha t  th e la b member s cleanin g th e la b 
i s th e bes t  wa y t o kee p i t  clean . 

An acto r  shoul d execut e a n actio n fo r  a  goa l  i f 
no othe r  acto r  ca n execut e tha t  action . 

Thi s heuristi c i s represente d as : 

JP:Only-Action-With-Effect 

applies(do(/l,£'),f ) 
I  justifie s 

ca.uses(do {  A ,  E),F ) 
not-causes(do (  other- A ,E),F ) 

X's response instantiates this JP with the actor as the 
la b members ,  th e actio n a s cleanin g th e lab ,  an d th e 
effec t  a s keepin g th e la b clean . 

Finally ,  i n (4) ,  Y  use s tw o othe r  heuristics .  Th e first 
i s  use d t o justif y hi s  belie f  tha t  payin g someon e i s th e 
bes t  wa y t o kee p th e la b clean . 

An acto r  shoul d execut e a n actio n fo r  a  goa l 
i f  it' s  preferre d t o a n alternativ e tha t  als o 
achieve s th e goal . 

Thi s heuristi c i s represente d as : 

JP:Preferred-Plan-With-Effect 

applies(do(/l,£),f ) 
t  justifie s 

CAuses{do{A,E),F ) 
causes(do(^,£"),F ) 

pTe{eTs{A,do{A,E),doiA,E') ) 

Y's response instantiates this JP with the actor as the 
la b members ,  th e preferre d actio n a s payin g someone , 
and th e goa l  a s keepin g th e la b clean .  Y  use s th e othe r 
heuristi c t o justif y th e belie f  tha t  payin g someon e i s pre -
ferre d t o cleanin g th e la b themselves . 

An acto r  prefer s on e actio n ove r  anothe r  i f  i t 
doesn' t  interfer e wit h a  goa l  an d th e othe r  does . 

Thi s heuristi c i s represente d as : 

JP:Other-Plan-Prevents-Goal 

prefers(yl,do(/l,£'),do(/l,£;') ) 
t  justifie s 

interferes(do (  / i  ,E'),F ) 
not-interferes(do(̂ ,£),F ) 

has-goal(v4,F ) 

Y's response instantiates this JP with the actor as the 
la b members ,  th e preferre d actio n a s payin g someone , 
th e othe r  actio n a s cleanin g th e lab ,  an d th e goa l  a s 
doin g research . 

Each typ e o f  plannin g relationship—whethe r  a  pla n 
shoul d b e execute d fo r  a n action ,  whethe r  on e actio n 
i s preferre d t o another ,  an d s o on—i s associate d wit h a 
smal l  se t  o f  JPs .  Ou r  exampl e dialo g contain s twelv e dif -
feren t  justificatio n pattern s spannin g si x  differen t  plan -
nin g relationships . 

4 Recognizing Belief Justifications 

To understand each other's responses, dialog partici-
pant s mus t  find  a  chai n o f  instantiate d justificatio n pat -
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tern s tha t  connec t  state d belief s t o belief s tha t  hav e al -
read y appeare d i n th e dialog .  Essentially ,  ou r  approac h 
i s t o perfor m a  breadth-firs t  searc h throug h th e spac e o f 
possibl e reasonin g chziin s tha t  begi n wit h a  state d belie f 
an d en d wit h a  belie f  that' s directl y relate d t o th e dialo g 
(matche s o r  negate s a  belie f  state d o r  inferre d earlier) . 
T h e premis e i s tha t  a  participan t  present s a  belie f  eithe r 
t o justif y on e o f  thei r  earlie r  belief s o r  t o contradic t  a 
belie f  o f  anothe r  participant . 

We illustrat e th e detail s o f  th e searc h algorith m b y 
showin g h o w X  understand s Y' s respons e i n (4) .  It s in -
pu t  i s simpl y th e se t  o f  state d beliefs .  Here ,  tha t  mean s 
th e inpu t  i s a  pai r  o f  beliefs :  Y' s state d belief s tha t  th e 
la b member s shoul d pa y someon e t o clea n th e lab ,  an d 
tha t  payin g someon e doesn' t  interfer e wit h thei r  doin g 
research . 

applies(do(labbi€s,pay),heep lab clean) 
not-interferes(do(labbie3,pa y ),do(labbie3,research) ) 

The first step is to determine whether any of these 
state d belief s ar e directl y relate d t o th e dialog ,  and ,  i f 
the y are ,  t o mar k the m a s understood .  Here ,  X  notice s 
tha t  Y" s firs t  belie f  (tha t  th e la b member s shoul d pa y 
someone t o kee p th e la b clean )  contradict s on e o f  X' s 
earlie r  belief s (tha t  th e la b member s shoul d clea n th e 
la b themselves) .  Tha t  mean s X  ha s no w understoo d Y' s 
firs t  belief ,  whic h leave s X  t o worr y onl y abou t  w h y Y 
presente d th e othe r  belief . 

T h e nex t  ste p i s t o for m a n initia l  se t  o f  potentia l 
reasonin g chain s b y findin g an d instantiatin g JP s tha t 
ca n contai n tha t  belief .  O n e relevan t  J P i s J P : O t h e r -
P l a n - P r e v e n t s - G o a l ,  s o X  instantiate s thi s JP ,  re -
sultin g i n thi s potentia l  reasonin g chain : 

prefers(labbies,do(labbies,pay ),do(labbies,clean)) 
I  justifie s 

interferes(do(labbies,£'),do(labbies,research) ) 
not-interferes(do(labbies,pay),do(labhtes,research) ) 

has-goaI(labbies,do(labbies,research) ) 

There are also other JPs that correspond to Y's stated 
beliefs ,  an d thes e JP s ar e als o instantiate d an d adde d 
t o th e se t  o f  potentia l  reasonin g chain s (bu t  becaus e o f 
spac e hmitation s w e haven' t  show n the m here) . 

T h e nex t  ste p i s t o matc h th e belief s i n eac h o f  thes e 
potentia l  reasonin g chain s agains t  earlie r  dialo g beliefs . 
W h en a  matc h i s found ,  th e correspondin g reasonin g 
chai n i s furthe r  instantiate d wit h tha t  information .  T h e 
ide a i s tha t  th e mos t  likel y reasonin g chain s ar e th e one s 
partiall y  compose d o f  belief s alread y i n th e dialog .  I n ou r 
example ,  X  notice s tha t  on e belie f  i n th e abov e reasonin g 
chai n matche s a  belie f  Y  state d earlier .  Thi s belief ,  tha t 
some actio n interfere s wit h doin g research ,  correspond s 
t o Y' s earlie r  belie f  tha t  cleanin g interfere s wit h doin g 
research ,  s o X  instantiate s th e reasonin g chai n wit h thi s 
information . 

prefers(/a66iej,do(labbie8,pay),do(labbies,clean) ) 
t  justifie s 

interferes(do(labbies,clean),do(labbie8,research) ) 
not-interferesfdoflabbies,pay),do(labbies,research) ) 

has-goal(labbie8,do(labbies,research) ) 

The final step is to try to recursively connect one of 
thes e potentia l  reasonin g chain s t o th e dialog .  X  check s 
whethe r  an y o f  the m justif y a  belie f  tha t  directl y con -
nect s t o th e dialog .  T h e belie f  justifie d b y ou r  exam -
pl e reasonin g chai n (tha t  th e la b member s prefe r  payin g 
someone t o cleanin g th e la b themselves )  doesn' t  appea r 
i n th e dialog .  I t  does ,  however ,  fal l  withi n anothe r  se t 
of  JPs .  O n e o f  thes e i s J P : P r e f e r r e d - P l a n - W i t h -
E f fec t ,  whic h X  the n instantiate s an d Eidd s t o ou r  ex -
ampl e reasonin g chain . 

applies(do(labbies,pay),F) 
T justifie s 

causes(do(labbies,pay),f ) 
causes(do(labbies,clean),f ) 

prefers(labbies,do(labbies,pay),do(labbies,clean) ) 
t  justifie s 

interferes(do(labbies,clean),do(labbies,research) ) 
not-interferes(do(labbies,pay),d o (labbtes,research) ) 

has-goal(labbies,do(labbies,research) ) 

The belief justified by this reasoning chain (that the 
la b member s payin g someon e i s th e bes t  wa y t o achiev e 
some goal )  correspond s t o a  belie f  tha t  appeare d earlie r 
i n th e dialo g (Y' s state d belie f  tha t  payin g someon e i s 
th e bes t  wa y t o kee p th e la b clean) ,  s o X  instantiate s th e 
reasonin g chai n wit h thi s information . 

applies(do(labbies,pay),keep lab clean) 
T justifie s 

causes(do(labbies,pay),kee p la b clean ) 
causes(clo(labbies,clean),kee p la b clean ) 

prefers(labbies,do(labbies,pa y ),do(labbies,clean) ) 
t  justifie s 

interferes(do(labbies,clean),do(labbies,research) ) 
not-interferes(do(lahbies,pay),do(labbies,research) ) 

has-goal(labbies,do(labbies,research) ) 

At this point X has found a reasoning chain that connects 
Y state d belief s t o th e dialog . 

Once a  participan t  finds a  reasonin g chai n tha t  con -
nect s a  state d belie f  t o th e dialog ,  h e determine s whethe r 
th e belief s i t  contain s ar e shared .  Thi s i s don e b y com -
parin g hi s long-ter m domains-specifi c  belief s agains t  th e 
belief s i n th e reasonin g chain .  Doin g s o full y instantiate s 
th e reasonin g chai n an d bring s t o ligh t  an y contradictor y 
beliefs ,  whic h subsequen t  response s ca n the n address .  I n 
our  example ,  X  notice s tha t  h e fail s t o shar e a  pai r  o f 
belief s i n thi s reasonin g chain :  th e belie f  tha t  th e la b 
members shoul d pa y someon e t o clea n th e lab ,  an d th e 
belie f  tha t  th e la b member s payin g someon e result s i n 
a clea n lab .  Tha t  latte r  belie f  i s  addresse d i n X' s nex t 
response ,  whe n h e point s ou t  tha t  there' s n o mone y t o 
pay someone . 
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I n th e dialog s we'v e examined ,  we'v e observe d n o rea -
sonin g chai n longe r  tha n fou r  JPs ,  s o th e searc h termi -
nate s unsuccessfull y i f  i t  can' t  fin d a  connectio n t o th e 
dialo g involvin g fou r  o r  fewe r  JPs . 

5 Formulating Belief Justifications 

To provide a response, dialog participants must be able 
t o for m a  reasonin g chai n justifyin g on e o f  thei r  be -
liefs .  Ou r  approac h onc e agai n make s us e o f  th e genera l 
plannin g heuristics ,  thi s tim e performin g a  breadth-firs t 
searc h throug h th e spac e o f  possibl e reasonin g chain s 
tha t  migh t  b e use d t o justif y a  particula r  belief . 

The searc h fo r  a  justificatio n start s wit h a  particula r 
belie f  t o justify .  Consider ,  fo r  example ,  ho w Y  form s hi s 
respons e i n (2) .  Y  want s t o justif y a  belie f  tha t  contra -
dict s X' s belie f  tha t  th e la b member s shoul d clea n th e 
lab . 

not-should-do(labbies,clean) 

The first step is to form an initial set of possible 
justifyin g reasonin g chain s b y instantiatin g al l  th e dif -
feren t  JP s tha t  ca n justif y th e inpu t  belief .  Here , 
one o f  thos e JP s i s JP:Prevents-Pre fer red-Act ion , 
which ,  whe n instantiated ,  result s i n thi s reasonin g chain . 

not-should-do(labbies,clean) 
]  justifie s 

i n terferes(do(Iabbies,clean),do(labbies,£") ) 
preferred(Iabbies,do(labbies,£"),do(labbies,clean) ) 

Other JPs for this belief are also instantiated, so there is 
actuall y a  smal l  se t  o f  possibl e reasonin g chain s (bu t  du e 
t o spac e limitation s w e haven' t  show n an y o f  th e other s 
here) . 

The nex t  ste p i s t o instantiat e eac h o f  thes e reason -
in g chain s wit h belief s alread y i n memory .  Thi s tas k i s 
accomplishe d b y matchin g belief s i n th e reasonin g chai n 
wit h belief s alread y mentione d i n th e dialo g an d wit h 
long-ter m domain-specifi c  beliefs .  Wheneve r  a  matchin g 
behe f  i s found ,  th e reasonin g chai n i s furthe r  instanti -
ated .  Ou r  exampl e J P suggest s tha t  Y  searc h fo r  a  pai r 
of  beliefs :  tha t  th e la b member s cleanin g interfere s wit h 
some action ,  an d tha t  thi s actio n i s preferre d t o clean -
ing .  Y  find s belief s tha t  cleanin g conflict s wit h doin g 
research ,  an d tha t  researc h i s preferre d t o cleaning ,  re -
sultin g i n th e reasonin g chai n Y  present s i n (2) . 

Here ,  we'v e assume d tha t  th e matchin g belief s ar e eas -
il y  found .  Bu t  it' s  no t  alway s possibl e t o successfull y 
instantiat e JP s wit h belief s alread y i n memory ,  whic h 
means tha t  thos e belief s tha t  aren' t  hel d i n memor y mus t 
be themselve s justified .  Conside r  Y' s tas k i n formin g hi s 
respons e i n (4) .  Ther e Y  i s initiall y  tryin g t o justif y a 
belie f  tha t  there' s a  bette r  wa y t o kee p th e la b clea n tha n 
fo r  th e la b member s t o clea n i t  themselves . 

applies (do (lobbies, E),keep lab clean) 

O ne wa y t o justif y thi s belie f  i s  J P : P r e f e r r e d - P l a n -
Wi th -E f fec t ,  whic h Y  instantiate s as : 

applies(do(labbies,E),keep lab clean) 
t  justifie s 

causes(do(labbies,£),kee p la b clean ) 
causes(do(labbies,£'),kee p la b clean ) 

prefers(labbie s ,do(labbies ,  EJ )  ,do(labbies ,  £  *) ) 

At this point, Y searches memory for matching be-
liefs .  Y  find s on e relevan t  belie f  fro m earlie r  i n th e dia -
log :  cleanin g th e la b result s i n keepin g th e la b clean .  Y 
instantiate s th e reasonin g chai n wit h tha t  information . 

applies(do(labbies,£),keep lab clean) 
t  justifie s 

causes(do(labbies,£),kee p la b clean ) 
causes(do(labbies,clean),kee p la b clean ) 

prefers(labbies,do(labbies,£),do(labbies,clean) ) 

Y also finds a relevant belief in long-term memory: that 
th e la b member s payin g someon e t o clea n th e la b result s 
i n keepin g th e la b clean . 

applies(do(labbies,pay),keep lab clean) 
t  justifie s 

causes(do(labbies,pay),kee p la b clean ) 
causes(do(labbies,clean),kee p la b clean ) 

prefers(labbies,do(Iabbies,pa y ),do(labbies,clean) ) 

This leaves one belief that Y can't find in memory: that 
payin g someon e i s preferre d t o cleanin g th e lab ,  s o Y 
must  recursivel y tr y t o justif y  it .  Th e justificatio n pat -
ter n J P : O t h e r - P l a n - P r e v e n t s - G o a l  i s relevant ,  s o 
Y instantiate s i t  an d add s i t  t o th e reasonin g chain : 

applies(do(labbies,pay),keep lab clean) 
t  justifie s 

causes(do(labbies,pay),kee p la b clean ) 
causes(do(labbies,clean),kee p la b clean ) 

prefers(labbies,do(labbies,pa y ),do(labbies,clean) ) 
t  justifie s 

interferes(do(labbies,clean),F ) 
not-interferes(do(labbies,pay),F ) 

has-goa.\{labbies,F ) 

Y now searches memory for matching beliefs. Y finds 
one relevan t  dialo g belief :  tha t  th e la b member s cleanin g 
th e la b interfere s wit h doin g research .  A n d w e assum e 
Y find s belief s i n m e m o r y tha t  payin g someon e doesn' t 
interfer e wit h research ,  an d tha t  th e la b member s hav e 
tha t  a s a  goal .  Y  instantiate s th e reasonin g chai n wit h 
thi s information ,  resultin g i n th e reasonin g chai n pre -
sente d i n (4) . 

We actuall y us e a  bounde d versio n o f  thi s search ,  hm -
itin g potentia l  reasonin g chain s t o a  lengt h o f  four .  If , 
by tha t  point ,  a  dialo g participan t  can' t  find a  fully -
grounde d reasonin g chain ,  h e use s th e on e containin g th e 
fewes t  ungrounde d beliefs .  Ou r  rational e i s that ,  i n prac -
tice ,  response s rarel y provid e belief s i n reasonin g chain s 
requirin g mor e tha n thre e o r  fou r  JP s t o understand . 
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6 Curren t  Statu s an d Futur e W o r k 

The model discussed in this paper has been implemented 
as par t  o f  a  Prolo g program .  Tha t  progra m currentl y 
consist s o f  tw o mai n components ,  a  CoMPREHENDER 
and a  CONSTRUCTOR.  Th e inpu t  t o th e CoMPREHEN-
DER i s a  representatio n fo r  a  se t  o f  state d participan t 
beliefs .  Th e outpu t  i s th e belie f  bein g justifie d b y thes e 
state d beliefs ,  th e complete d reasonin g chai n tha t  con -
nect s thi s belie f  t o th e dialog ,  th e JP s use d t o for m tha t 
chain ,  an d a  lis t  o f  an y unshare d belief s i n tha t  reason -
in g chain .  Th e Constructo r  take s a  belie f  t o justif y 
as inpu t  an d use s th e sam e genera l  plannin g heuristic s t o 
formulat e a  justificatio n fo r  holdin g tha t  belief .  It s  out -
put  i s th e complete d reasonin g chai n tha t  justifie s th e 
inpu t  belief ,  alon g wit h th e JP s use d t o for m tha t  chain . 

Currently ,  we'r e tryin g t o determin e ho w sufficien t  ou r 
set  o f  justificatio n pattern s i s fo r  participatin g i n dialog s 
discussin g simpl e day-to-da y planning .  We'r e currentl y 
lookin g a t  man y variant s o f  ou r  A I  la b dialog ,  search -
in g fo r  th e presenc e o f  othe r  usefu l  justificatio n patterns . 
And we'r e usin g justificatio n pattern s fo r  relate d task s i n 
othe r  plan-oriente d domains ,  suc h a s recognizin g an d re -
spondin g t o th e misconception s o f  novic e compute r  user s 

[10 ,  11] . 
We ai e als o workin g o n improvin g ou r  model' s perfor -

meuice .  On e curren t  proble m i s tha t  th e mode l  assume s 
tha t  an y inpu t  belie f  ca n b e connecte d t o th e dialo g wit h 
a shor t  sequenc e o f  justificatio n patterns ,  an d tha t  infor -
matio n fro m late r  utterance s isn' t  necessar y t o complet e 
th e connection .  Bu t  i n man y dialog s a  sequenc e o f  re -
sponse s graduall y provid e th e piece s o f  a  length y chai n o f 
reasoning ,  whic h i s impossibl e t o understan d unti l  muc h 
of  th e chai n i s i n place .  Thi s implie s tha t  competin g 
possibl e justification s shoul d b e kep t  fro m utteranc e t o 
utterance ,  an d no t  throw n awa y afte r  processin g eac h 
ne w utterance ,  a s ou r  mode l  no w does .  Similarly ,  whe n 
constructin g justification s w e simpl y thro w awa y thos e 
reasonin g chain s tha t  couldn' t  b e completel y instanti -
ate d wit h belief s i n memory .  Bu t  i t  woul d b e bette r  t o 
keep incompletel y instantiate d reasonin g chain s around , 
sinc e th e neede d belief s ma y appea r  late r  i n th e dialog . 
We'r e no w revisin g ou r  mode l  t o accoun t  fo r  thi s phe -
nomena. 

Finally ,  we'r e considerin g variou s extension s t o ou r 
model .  S o fa r  ou r  mode l  suggest s on e wa y coheren t  jus -
tification s ca n b e inferre d an d formed .  Bu t  ou r  mode l 
say s nothin g abou t  ho w t o compar e an d evaluat e dif -
feren t  justifications .  An d i t  say s nothin g abou t  whic h 
piece s o f  th e reasonin g chain s i t  form s shoul d b e pre -
sente d a s a  response .  Dialo g participants ,  however ,  ar e 
capabl e o f  formin g a  se t  o f  coheren t  justification s fo r 
a belief s an d the n determinin g whic h lead s t o th e bes t 
possibl e response .  An d dialo g participant s als o rarel y 
presen t  a n entir e reasonin g chain .  Instead ,  the y selec -
tivel y presen t  on e o r  tw o beliefs .  Evaluatin g reasonin g 
chain s an d determinin g whic h belief s t o presen t  see m t o 
requir e a  detaile d mode l  o f  wha t  belief s dialo g partici -

pant s hold ,  beyon d th e belief s tha t  ar e par t  o f  th e rea -
sonin g chain s the y provide .  We'r e currentl y workin g o n 
mechanism s fo r  buildin g thi s mode l  an d the n reasonin g 
on i t  t o evaluat e th e newly-constructe d belief s justifica -
tion s an d t o determin e whic h o f  thei r  belief s t o present . 

7 Related Work 

Our approach to recognizing and formulating dialog re-
sponse s owe s muc h t o earlie r  researc h i n stor y under -
standin g an d case-base d plannin g [4 ,  15 ,  16 ,  6 ,  13] .  Thes e 
system s us e high-level ,  abstrac t  knowledg e structure s t o 
represen t  an d reaso n abou t  th e underlyin g them e o f  th e 
stor y an d t o understan d thei r  ow n plannin g errors .  Typ -
ically ,  thes e knowledg e structure s consis t  o f  a  se t  o f  ab -
strac t  plannin g relationships .  Ou r  approac h i s t o us e 
somewhat  simila r  structure s fo r  substantiall y  differen t 
tasks . 

Ther e ar e severa l  classe s o f  system s workin g o n simila r 
problems .  Th e first  consist s o f  system s tha t  attemp t  t o 
understan d th e conceptua l  connection s betwee n dialo g 
responses .  Bu t  thes e system s [3 ,  8 ,  7 ,  14 ,  l ]  primaril y 
focu s o n recognizin g th e participant' s pla n an d goal s an d 
not  o n thei r  belief s abou t  them ,  suc h a s wh y on e pla n 
shoul d b e use d instea d o f  another . 

The othe r  clas s o f  relate d system s dea l  explicitl y  wit h 
belie f  justifications .  SPIRI T [9 ]  detect s th e mistake n 
belief s underlyin g ba d plan s o f  user s o f  a  compute r  mai l 
program .  I t  infer s th e belief s tha t  le d th e use r  t o a  ba d 
plan ,  an d produce s a  respons e tha t  point s ou t  thes e er -
roneou s beliefs .  Ou r  tas k differ s i n tha t  we'r e instea d 
tryin g t o recogniz e th e connection s betwee n explicitl y 
state d beliefs ,  an d i n tha t  we'r e als o concerne d wit h 
providin g response s tha t  justif y ou r  beliefs .  OpE d [2 ] 
recognize s th e belie f  justification s presen t  i n economi c 
editorials .  Bu t  i t  teike s a  differen t  approach ,  relyin g 
on linguisti c clue s an d domciin-specifi c  reasoning ,  rathe r 
tha n o n mor e genera l  knowledg e abou t  planning .  OpE d 
i s als o unconcerne d wit h formulatin g response s tha t  in -
volv e belie f  justifications .  Abdul/Ilan a [s ]  trie s t o par -
ticipat e i n argument s tha t  requir e belie f  justifications . 
But  i t  use s a  se t  o f  task -  an d domain-specifi c  rule s t o 
recogniz e an d understan d belie f  justifications .  An d i t 
concentrate s o n selectin g fro m existin g justification s fo r 
it s  beliefs ,  rathe r  tha n o n formin g thos e justification s i n 
th e first  place .  Finally ,  ou r  ow n earlie r  wor k [10 ,  11 , 
12] ,  use d a  similar ,  bu t  les s general ,  approac h t o recog -
niz e an d respon d t o th e misconception s o f  novic e com -
pute r  users .  Ther e w e rehe d o n significantl y mor e com -
ple x justificatio n pattern s an d provide d n o metho d fo r 
dealin g wit h chain s o f  reasoning . 

8 Conclusions 

Previous dialog systems have focused primarily on recog-
nizin g a  participant' s plan s an d goals .  Bu t  participant s 
don' t  simpl y presen t  thei r  plan s an d goals .  Instead ,  the y 
presen t  plan-oriente d belief s a s par t  o f  mostl y unstate d 
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reasonin g chain s tha t  justif y thei r  beliefs .  I' o partici -
pat e i n a  dialog ,  it' s  necessar y t o recogniz e whic h rea -
sonin g chain s they'r e usin g an d wha t  behef s they'r e try -
in g t o justify .  An d it' s  necessar y t o determin e whic h 
belief s nee d furthe r  justificatio n an d t o formulat e rea -
sonin g chain s tha t  justif y thes e beliefs .  Thi s pape r  ha s 
presente d a  knowledge-structure-base d approac h fo r  ac -
complishin g thes e tasks . 

Our  approac h i s attractiv e fo r  severa l  reasons .  First , 
i t  build s a  mode l  o f  man y relevan t  bu t  unstate d partic -
ipan t  belief s a s a  side-effec t  o f  tryin g t o relat e thei r  ut -
teranc e t o th e dialog .  I t  ca n the n reaso n o n thi s mode l 
t o hel p determin e wher e exactl y tha t  participan t  wen t 
wrong .  Second ,  i t  understand s belie f  justification s us -
in g th e sam e general ,  common-sens e plannin g knowledg e 
tha t  i t  use s t o formulat e them .  That' s mean s th e sys -
te m i s capabl e o f  understandin g an y belie f  justificatio n 
i t  constructs .  An d finally,  i t  show s ho w nove l  belie f  jus -
tification s ca n b e understood ,  s o lon g a s they'r e forme d 
fro m genera l  plannin g heuristic s know n t o th e partic -
ipants .  Tha t  abiht y i s especiall y importan t  whe n in -
volve d i n dialog s betwee n participant s tha t  hol d differ -
in g beliefs ,  sinc e th e participant s can' t  b e expecte d t o 
posses s al l  possibl e justification s i n advance . 
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