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Abstrac t 

A method is proposed for argumentation on the bar 
si s o f  informatio n tha t  characterize s th e structur e 
of  arguments .  Th e propose d metho d cei n b e use d 
bot h t o detec t  argument s emd t o generat e candidat e 
argument s fo r  rebuttal .  N o assumptio n o f  a  pri -
or i  knowledg e abou t  attac k an d suppor t  relation s 
betwee n propositions ,  advance d b y th e agent s par -
ticipatin g i n a  dialog ,  i s  made .  Mor e importantly , 
by usin g th e method ,  th e relation s ar e dynamicall y 
estabUshe d whil e th e dialo g i s  takin g plcice .  Thi s 
aJlow s incrementa l  processin g sinc e th e agen t  nee d 
onl y conside r  th e curren t  utteranc e eidvance d b y th e 
dialo g participant ,  no t  necessaril y th e entir e argu -
ment ,  t o b e abl e t o continu e processing . 

I n t r o d u c t i o n a n d M o t i v a t i o n 
Argumen t  detectio n i s a n importan t  tas k i n build -
in g a n intelligen t  syste m tha t  ca n understan d an d 
engag e i n a n argument .  I n a n intelligen t  dialo g sys -

te m (IDS )  [6] ,  a n interactiv e syste m tha t  tailor s it s  re -

spons e accordin g t o th e user' s need s an d intentions , 

i t  i s  necessar y t o detec t  whethe r  a n utteranc e give n 

by th e use r  i s a n argumen t  agains t  a n utteranc e ad -

vance d b y th e system .  T w o agents ,  e.g .  th e syste m 

and th e user ,  m a y engag e i n a  conversatio n an d m a y 

not  alway s agree .  Eac h o f  the m m a y attemp t  t o re -

solv e issue s eithe r  b y attackin g a n agent' s clai m o r 

by defendin g it s position .  Thus ,  a n ID S mus t  b e abl e 

t o determin e whethe r  a  propositio n advance d b y a n 

agen t  i n a  dialo g attack s a  clai m currentl y hel d b y 

th e othe r  agent ,  support s it ,  o r  doe s neither . 

The metho d w e propos e here ,  use d b y ou r  syste m 

A R G U E R,  finds  a n argumen t  schem a whic h matche s 

th e dee p meanin g representatio n o f  a  proposition . 
The schemat a characteriz e genera l  pattern s o f  ar -

gument ,  simila r  t o thos e studie d b y [16 ,  3] .  Thes e 

type s o f  argument s ar e reasonabl e bu t  defeasible — 

the y incorporat e plausibl e assumption s i n th e ab -

senc e o f  complet e information .  A R G U ER use s a 

truth-maintenanc e syste m t o revis e it s  beliefs .  Thes e 

schemat a ar e use d t o establis h suppor t  o r  attac k re -

lation s amon g th e proposition s expresse d b y agent s 

over  th e cours e o f  a  dialog .  Th e schemat a allo w A R -

G U ER t o recogniz e attac k o r  suppor t  relation s be -
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twee n a n utteranc e an d an y prio r  utterance ,  no t  jus t 

an immediatel y precedin g one .  Separat e model s o f 

th e agent' s belief s ar e maintained ,  bot h fo r  th e sys -

te m an d th e user .  Hence ,  a  propositio n believe d b y 

th e syste m m a y no t  b e necessaril y  believe d b y th e 

user .  Th e syste m generate s a  respons e b y takin g int o 

consideratio n th e belief s hel d b y th e user . 

Th e wor k tha t  w e describ e her e focuse s o n th e 

proble m o f  relatin g a  propositio n t o a n existin g 

knowledg e bas e fo r  argumen t  detectio n an d rebut -

tal .  B y usin g argumen t  schemas ,  w e wil l  sho w h o w 

a syste m ca n detec t  an d rebu t  arguments ,  automati -

cally .  Th e relatio n o f  th e inpu t  propositio n t o exist -

in g knowledg e i s establishe d whil e th e dialo g i s ongo -

ing .  Thi s allow s a  dialo g participan t  t o conside r  onl y 

th e curren t  utteranc e advance d b y th e othe r  partici -

pant ,  no t  necessaril y  th e entir e argument ,  t o continu e 

processing . 

Background 

Argument and Argument Relations 

During a dialog, whenever a participant challenges an 

utteranc e o f  anothe r  participant ,  w e sa y tha t  a n argu -

ment  ha s started .  Th e proposition s tha t  ar e usuall y 

advance d b y th e participant s durin g th e exchang e ar e 

eithe r  a n attac k t o a  propositio n {i.e. ,  b y attackin g 

th e merit s o f  th e opponent' s  claim) ,  o r  a  suppor t  t o 

a previousl y hel d claim .  A n argumen t  relatio n i s ei -
the r  a n attac k o r  a  support .  W e us e rules ,  calle d ar -

gument  schem a rules ,  tha t  characteriz e th e structur e 

of  argument s an d ar e use d t o determin e whethe r  a n 

inpu t  propositio n attack s o r  support s existin g knowl -

edg e (o r  doe s neither) .  Thu s durin g th e exchange ,  i t 

i s  possibl e t o kee p trac k o f  th e relationship s betwee n 
utterance s b y maintainin g a  labele d directe d acycli c 

grap h whos e node s ar e th e proposition s correspond -

in g t o th e utterance s an d whos e arc s ar e labele d a s 

eithe r  attac k o r  support .  Thi s labele d directe d grap h 

i s calle d a n argumen t  grap h [4] .  I n thi s paper ,  w e 

refe r  t o a n argumen t  a s an y nod e i n th e argumen t 

graph . 

601 

mailto:angelo@uwin.odu
mailto:mcroy@uwm.edu


Relatio n t o Prio r  W o r k 

Argumentatio n ha s attracte d th e interes t  d I  rc -

searclier s i n philosoph y [IG] ,  la w [10 ]  an d artificia l 

intelligence .  Insid e th e field  o f  artificia l  intelligeiue , 

investigation s range d fro m understandin g argiunont s 

[1 ,  4 ,  11] ,  buildin g interactiv e system s [15 ,  17 ]  an d 

t o th e us e o f  argumentatio n t o dea l  wit h issuer s i n 

defaul t  logi c an d nonmonotoni c reasonin g [8 ,  5] . 

Our  curren t  wor k deal s wit h issue s closel y relate d 

t o understandin g argument s i n a n interactiv e en -

vironment ,  mor e specifically ,  i n a  dialog .  Recen t 

wor k i n interactiv e argumentatio n sy.stem s includ e 

IACAS[15 ]  an d N A G [17] .  lACA S allow s th e user s 

t o star t  a  disput e amd find  arguments .  However ,  i t 

does no t  addres s th e issu e o f  maintainin g separat e 

belie f  model s fo r  eac h participan t  i n a  dialog .  N A G, 

on th e othe r  hand ,  use s tagge d word s fro m th e in -

put  aji d use s Bayesia n network s t o find  th e bes t  se t 

of  node s tha t  ca n b e forme d a s a n argumen t  fo r  a 

proposition .  Neithe r  system ,  however ,  addresse s ar -

giunen t  detection ;  the y dea l  wit h issue s differen t  fro m 

th e one s tha t  concer n us .  [7 ]  focu s o n a  different ,  bu t 

related ,  proble m withi n dialog ,  th e collaborativ e con -

structio n o f  a  plan .  Thi s wor k consider s th e proble m 

of  decidin g whethe r  th e syste m shoul d accep t  o r  re -

jec t  a  user' s proposal ,  o n th e basi s o f  it s  consistenc y 

wit h th e system' s belief s an d th e evidenc e offere d b y 

th e user .  Unlik e ARGUER' s approac h t o decidin g 

whethe r  som e evidenc e support s a  belief ,  whic h re -

hes o n domain-independen t  schemata ,  thei r  system' s 

appro£u; h relie s o n domain-specifi c  pattern s o f  evi -

dence .  Othe r  system s lik e A B D U L / I L A N A [4 ]  an d 

H E R M ES [9 ]  d o no t  addres s th e issu e o f  ho w attac k 

and suppor t  relation s betwee n proposition s ma y b e 

establishe d computationally .  Alvarado' s OpE d [1 ]  al -

thoug h designe d t o understan d argument s i s limite d 

t o processin g editoria l  tex t  an d doe s no t  addres s th e 

issue s w e ar e concerne d i n dialo g processing . 

I n A R G U E R,  th e relation s betwee n proposition s 

ar e dynamicall y establishe d whil e th e dialo g i s takin g 

place .  Th e us e o f  argumen t  scheme s allow s incremen -

ta l  processin g o f  arguments .  Sinc e relation s betwee n 

proposition s ca n b e establishe d dynamically ,  th e sys -

te m ma y no t  alway s hav e t o wai t  unti l  th e complet e 

argmnen t  i s presented .  Moreover ,  th e metho d i s sym -

metrica ]  becaus e i t  ca n b e use d fo r  interpretatio n o r 

generatio n o f  arguments .  Thi s i s importan t  becaus e 

th e syste m ca n hav e th e rol e o f  observe r  o r  partic -

ipant .  Currently ,  A R G U ER doe s no t  addres s th e 

proble m o f  choosin g amon g a  se t  o f  possibl e argu -

ment s whe n generatin g a n utterance ;  thi s ha s bee n 

th e topi c o f  wor k b y [17] ,  fo r  example .  W e ar e cur -

rentl y workin g o n a  mode l  o f  preferenc e tha t  wil l  ad -

dres s thi s concern . 

A r g u m e n t  Detectio n an d Rebutta l 

The underlyin g principl e fo r  detectin g argument s i n 

A R G U ER i s t o find a  genera l  cas e o f  a n argumen t 

schema int o whic h th e meanin g representatio n o f  a n 

utteranc e ca n b e matched .  I n A R G U E R,  argumen t 

detectio n an d rebutta l  ar e establishe d vi a argumen t 

schema rules .  A n argumen t  schem a rul e character -

ize s th e structur e o f  a n argument .  Th e metho d finds 

al l  th e schemat a int o whic h th e dee p meanin g repre -

sentatio n o f  a  propositio n fits.  I f  a  matc h i s found , 

th e correspondin g variable s i n th e argumen t  schem a 

rule s ar e instantiated ,  thereb y establishin g attac k o r 

suppor t  relation .  Fo r  example ,  give n a  propositio n 

a correspondin g t o Tweet y i s a  bird ,  th e schema , 

N OT a ,  correspondin g t o Tweet y i s no t  a  bird , 

characterize s a n argumen t  agains t  a .  A  simpl e argu -

ment  schem a rul e tha t  allow s A R G U ER t o establis h 

an attac k relatio n betwee n th e tw o proposition s is :  a 

attack s N O T a . 

The sampl e dialo g o f  Figur e 1  wil l  b e use d through -

out  th e discussio n i n thi s paper .  Th e domai n 

knowledg e use d i n th e dialo g i s extracte d fro m 

th e America n Hear t  Associatio n Screene r  Technicia n 

Manual  [2] ,  a  manua l  fo r  teachin g peopl e ho w t o mea -

sur e bloo d pressur e an d wha t  t o sa y t o patients .  Tw o 

participatin g agent s i n th e dialog ,  th e syste m an d th e 

user ,  argu e abou t  th e nee d fo r  a  bloo d pressur e check . 

Si ,  S 2 an d S3  ar e th e system' s utterance s whil e U l 

and U 2 ar e thos e o f  th e user . 

SI Have your blood pressure checked. 
Ul  Ther e i s n o need . 
52 Uncontrolle d hig h bloo d pressur e ca n lea d 

t o hear t  attack ,  hear t  failure ,  strok e o r 
kidne y failure . 

U2 Bu t  I  fee l  healthy . 
S3 Unfortunately ,  ther e ar e n o sign s o r 

symptoms tha t  tel l  whethe r  you r  bloo d 
pressur e i s elevated . 

Figure 1: Sample blood pressure dialog 

We refer to an argument as any proposition cor-

respondin g t o a  nod e i n th e argumen t  grap h (se e 

Sectio n ) ,  e.g .  i n Figur e 1 ,  SI ,  Ul ,  S2 ,  U 2 an d S 3 

ar e possibl e arguments .  S i  tell s  th e use r  tha t  he/sh e 

must  hav e a  bloo d pressur e check .  Th e use r  respond s 

by tellin g th e syste m tha t  ther e i s n o nee d (Ul) . 

The syste m the n tell s th e use r  o f  th e possibl e con -

sequence s i f  th e use r  doe s no t  hav e a  bloo d pressur e 

check ,  i.e. ,  uncontrolle d hig h bloo d pressur e ca n lea d 

t o hear t  attack ,  hear t  failure ,  strok e o r  kidne y fail -

ur e (S2) .  The n th e use r  respond s tha t  ther e i s noth -

in g wron g wit h himself/herself :  'Bu t  I  fee l  healthy ' 

(U2) .  Th e syste m the n respond s usin g S3  that ,  unfor -

tunately ,  a  perso n migh t  hav e a  hig h bloo d pressur e 
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even i f  n o symptom s ar e felt . 

The Types of Knowledge 

ARGUER's knowledg e bas e contain s a t  leas t  thre e 

type s o f  information :  domai n knowledge ,  coninini i 

sens e knowledg e an d argumentatio n knowled̂ ĉ .  Thi s 

informatio n i s neede d t o detec t  argument s im d gen -

erat e possibl e response s t o them .  A R G U ER need s 

domai n knowledg e t o reaso n abou t  informatio n spe -

cifi c  t o th e topi c bein g talke d about .  Fo r  example ,  th e 

knowledg e associatin g sign s o r  symptom s wit h a n ill -

ness i s domai n knowledg e essentia l  i n understandin g 

and respondin g durin g dialog s abou t  health .  Genera l 

fact s ar e considere d a s common-sens e knowledge ,  e.g . 

requirin g x  fro m A  ma y impl y a  nee d o f  x  b y A .  I n 

addition ,  informatio n abou t  th e structur e o f  argu -

ments an d thei r  variou s form s i s use d t o detec t  ar -

gument s advance d b y agent s durin g a  dialog .  Th e 

argumentatio n knowledg e consist s o f  th e argumen t 

schema rules . 

The Knowledge Representation 

A R G U ER represent s al l  it s  knowledg e i n a  unifor m 

framewor k know n a s a  propositiona l  semanti c net -

work .  A  propositiona l  semanti c networ k i s a  frame -

work fo r  representin g th e concept s o f  a  cognitiv e 
agent  wh o i s capabl e o f  usin g languag e (henc e th e 

ter m semantic) .  Th e particula r  knowledg e represen -

tatio n syste m tha t  i s  use d b y A R G U ER i s SNeP S [14 ] 

whic h provid e facilitie s fo r  buildin g an d findin g node s 

as wel l  a s fo r  (first -  an d second-order )  reasoning , 

truth-maintenance ,  an d knowledg e partitionin g (fo r 

user -  an d system-models) .  Reasonin g i n A R G U ER i s 

computationall y tractabl e becaus e o f  th e knowledg e 
partitioning ;  onl y relevan t  portion s o f  th e knowledg e 

base(s )  ar e use d fo r  argumentation . 

For  brevit y an d clarity ,  i n thi s paper ,  w e shal l  us e 

equivalen t  logi c for m representation s i n ou r  sampl e 

interactions . 

Models of Belief 

A R G U ER use s a  separat e mode l  o f  belie f  fo r  eac h 

participan t  i n th e dialog .  I n Figur e 1 ,  th e syste m 

play s th e rol e o f  th e medica l  exper t  an d th e use r  i s 

th e patient .  Th e proposition s tha t  th e syste m be -

lieve s ma y no t  b e necessaril y  believe d b y th e user . 

The system ,  i n respondin g t o proposition s advance d 

by th e user ,  take s int o accoun t  th e belief s currentl y 

hel d i n th e (system's )  use r  mode l  (a s wel l  a s it s ow n 

beliefs) .  W e defin e a  belie f  mode l  M o f  a n agen t  A  a s 

follows : 

Definition 1 (Belief Model) 

Let  T  =  {cT j  I  a i  i s  a  propositio n believe d b y a n agen t 

A,  i  =  I. .  .n }  an d T '  — {o j  |o- j  ca n b e logicall y de -

rived  fro m T ,  iteratively} .  Th e belie f  mode l  o f  agen t 

A,  denote d M a ,  isTuT' .  Furthermore ,  i f  a  proposi -

tio n (J k  ̂  M a the n w e sa y tha t  agen t  A  i s ignoran t 

about  (Tk . 

According to Definition 1, the belief model of 

an agen t  i s th e se t  containin g al l  th e proposition s 

believe d b y th e agen t  togethe r  wit h al l  it s  logica l 

consequences^ .  I f  a  propositio n doe s no t  belon g t o 

an agent' s model ,  i t  i s  no t  necessaril y  false .  I t  ma y 

jus t  b e th e cas e tha t  th e agen t  i s  ignoran t  abou t  it . 

Durin g th e dialog ,  a s th e utterance' s meanin g rep -

resentatio n become s available ,  genera l  case s (corre -

spondin g t o argumen t  schem a rules )  ar e use d t o es -

tablis h th e argumen t  relations .  I n ou r  method ,  thi s 

proces s i s dynami c an d n o a  prior i  knowledg e o f  argu -

ment  relation s betwee n proposition s i s assumed .  Fo r 

brevity ,  w e conside r  onl y tw o argumen t  schema s i n 

thi s pape r  tha t  ar e necessar y fo r  th e example s tha t 

we discuss .  However ,  ou r  mode l  i s extensibl e an d 

does suppor t  othe r  argumen t  schemas . 

Argument Schemas 

Suppose someone makes a claim. A common way of 
challengin g tha t  clai m i s b y sayin g 'No ,  i t  i s  no t  th e 

cas e tha t  ...' .  Le t  u s refe r  t o th e firs t  speake r  a s th e 

proponen t  an d th e secon d speaker ,  opponent .  Th e 

proponen t  the n i s oblige d t o prov e o r  sho w evidenc e 

tha t  woul d suppor t  th e claim ,  i.e .  th e burde n o f  proo f 

lie s wit h th e proponen t  [16] .  I n Fragmen t  1 ,  w e intu -

itivel y kno w tha t  U l  i s  a  challeng e t o Si .  B y havin g 

a genera l  cas e o f  argumen t  schem a tha t  capture s thi s 

situation ,  i t  i s  possibl e t o establis h computationall y 

tha t  U l  i s  a  challeng e t o a  precedin g clai m mad e b y 

th e othe r  agent ,  i.e. ,  Si .  Th e sam e argumen t  schem a 

coul d als o b e use d fo r  rebuttal . 

Fragmen t  1 

SI  Hav e you r  bloo d pressur e checked . 
Ul  Ther e i s n o need . 

In Fragment 1, Si tells the user that there is a 

need fo r  a  bloo d pressur e check .  Thi s firs t  utteranc e 

makes th e clai m (b y implication) .  Th e use r  howeve r 

respond s b y challengin g th e clai m an d saying ,  Ul , 

tha t  ther e i s n o need .  B y usin g a n argumen t  schem a 

rule ,  i n thi s cas e th e rul e Ri b below ,  ou r  syste m ca n 

establis h tha t  U l  i s  a n attac k t o Si . 

T̂hi s i s a  simplifyin g assumption .  We ar e workin g o n 
a resource-limite d mode l  o f  belief . 
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Argumen t  Schem a 1  (Negation ) 
Let  a  an d P  b e propositions ,  then : 

Rla :  I f  a  i s a n utteranc e the n N O T a  i s a n attac k 

t o a . 

Rib :  I f  a  i s a n utteranc e implyin g (3 ,  the n N O T ( i  i s 

an attac k t o a . 

I n Fragmen t  1 ,  U l  attack s Si .  Th e utteranc e 'Hav e 

you r  bloo d pressur e checked '  impHe s tha t  'Ther e i s a 

need fo r  a  bloo d pressur e check. '  W e assum e tha t 

ther e exist s common-sens e an d domai n knowledg e 

tha t  allow s u s t o deriv e thi s knowledge .  Rule s i n 

th e common-sens e an d domai n knowledg e allo w u s 

t o deriv e tha t  'requirin g x  o f  A '  (whic h follow s fron j 

th e imperativ e for m o f  Si )  implie s 'th e nee d o f  A  fo r 

x' .  Th e rul e Ri b i n Argumen t  Schem a 1  allow s u s 

t o establis h tha t  th e utteranc e Ul :  Ther e i s n o need , 

i s  a  propositio n tha t  attack s th e utteranc e SI :  Hav e 

you r  bloo d pressur e checked .  I n thi s cas e a  i s S I  an d 

N OT 5  i s Ul . 

Conversely ,  suppos e th e use r  sai d S I  an d th e sys -

te m wcint s t o generat e a n attack .  Usin g eithe r  Rl a 

or  Ri b allow s u s t o generat e a  respons e tha t  attack s 

th e precedin g claim .  I f  a  i s  Si ,  the n ther e ar e tw o 

possibl e attack s t o a :  (1 )  N O T a  vi a Rl a an d (2 ) 

N OT 0  vi a Rib .  Th e bes t  possibl e respons e coul d 

the n b e selecte d usin g som e preferenc e criteria .  Th e 

metho d o f  selectin g th e bes t  respons e i s a  par t  o f  ou r 

ongoin g wor k (se e Sectio n ) . 

We conside r  a  mor e comple x cas e i n th e nex t  frag-

ment  o f  th e dialo g o f  Figur e 1 . 

Fragmen t  2 

Ul  Ther e i s n o need . 
S2 Uncontrolle d hig h bloo d pressur e ca n lea d 

t o hear t  attack ,  hear t  failure ,  strok e o r 
kidne y failure . 

I n Fragmen t  2 ,  on e wa y t o detec t  tha t  S 2 i s a n at -

tac k t o U l  i s  t o conside r  th e consequence s o f  Ul . 

Not  havin g a  bloo d pressur e chec k ca n lea d t o uncon -

trolle d hig h bloo d pressur e whic h ca n lea d t o event s 

lik e hear t  attac k o r  stroke .  Thes e event s i n tur n ca n 

lea d t o a  fata l  event ,  i.e. ,  death ,  whic h i s possibl y 

unacceptabl e t o th e user . 

Ther e ar e tw o differen t  type s o f  unsicceptabilit y 

tha t  w e conside r  here .  On e typ e i s subjective ,  i.e. , 

an agen t  subjectivel y determine s a  propositio n t o 

be unacceptabl e (suc h a s th e possibilit y  o f  his/he r 

death) .  Th e othe r  typ e i s motivate d b y reeison , 

i.e. ,  a  propositio n i s unacceptabl e t o th e agen t  be -

caus e th e agen t  believe s it s negatio n i s true .  Fo r 

example ,  th e statemen t  I t  i s  unacceptabl e t o 

me tha t  Tweet y ca n fl y  becaus e I  believ e tha t 

Tweet y caj i  no t  fl y  i s  o f  th e secon d type .  W e de -

fine  th e notio n o f  unacceptabilit y  a s follows : 

Definitio n 2  (Unacceptable ) 

Let  M a b e a  belie f  mode l  o f  agen t  A ,  S  b e a  propo -

sition ,  an d C, D b e th e se t  o f  fact s an d rule s o f  th e 

common-sens e an d domai n knowledge ,  respectively . 

Let  th e symbol ,  h ,  denot e logica l  derivation .  Fur -

thermor e le t  uc(5 )  b e a  propositio n equivalen t  t o 

th e statemen t  " S i s no t  acceptable" .  Th e proposi -

tio n 6  i s unacceptabl e wit h respec t  t o M a i f  an d 

onl y i f  (1 )  {M a U  C  U  D )  H  N O T S ,  o r  (2 ) 

(M^  U  C  U  D )  h  uc(6) . 

Definitio n 2  allow s tw o type s o f  unacceptability . 

The conditio n i n (1 )  mean s w e d o no t  accep t  th e 

propositio n becaus e w e believ e it s negation .  Th e con -

ditio n i n (2 )  mean s w e d o no t  accep t  th e propositio n 

becaus e w e simpl y believ e i t  i s  subjectivel y unaccept -

able .  I n Fragmen t  2 ,  a  i s U l  an d 6 ,  th e stat e whic h 

i s unacceptabl e t o th e user ,  i s  implie d b y S2 .  An y 

propositio n lead s t o 6  fro m a ,  attack s a .  Ou r  mode l 

uses bot h type s o f  unacceptabilitŷ . 

Argument Schema 2 

Let  a ,  l3 ,  J  an d 5  b e proposition s an d le t  th e sym -

bol ,  => ,  denot e logica l  implication ,  then : 

R2:  I f a ^  f/ 3 => •  7 ^  = > (J ,  wher e S  i s unacceptabl e t o 

th e agen t  utterin g a  the n (( 3 = > 7 )  i s a n attac k 

t o th e utteranc e a . 

Argumen t  Schem a 2  mean s tha t  an y se t  o f  rule s 

or  proposition s tha t  lead s t o a  stat e tha t  i s  unac -

ceptabl e t o th e speake r  i s a n attac k t o wha t  ha s jus t 

been uttered .  Th e flo w o f  reasonin g i s th e following : 

Suppos e tha t  ther e i s n o nee d fo r  a  bloo d pressur e 

check .  I f  bloo d pressur e i s no t  checked ,  bloo d pres -

sur e ma y becom e high .  Hig h bloo d pressur e ca n lea d 

t o hear t  attack ,  hear t  failure ,  strok e o r  kidne y failure . 

Havin g a  hear t  attack ,  hear t  failure ,  strok e o r  kidne y 

failur e i s unacceptabl e t o th e agent . 

Usin g R2 ,  th e syste m detect s tha t  th e propositio n 

'Uncontrolle d hig h bloo d pressur e ca n lea d t o hear t 

attack ,  hear t  failure ,  strok e o r  kidne y failure '  i s  a n 

attac k t o th e utteranc e 'Ther e i s n o need' .  Moreover , 

R2 ca n b e use d t o find  possibl e response s t o Ul .  Pos -

sibl e proposition s tha t  attac k U l  ar e (1 )  'I f  a  bloo d 

pressur e i s no t  checked ,  bloo d pressur e ma y becom e 

high '  an d (2 )  'Hig h bloo d pressur e ca n lea d t o hear t 

attack ,  hear t  failure ,  strok e o r  kidne y failure' .  Thes e 

proposition s enabl e th e flow  o f  reasonin g t o reac h a 

stat e tha t  i s  unacceptabl e t o th e speaker . 

A Sample Interaction 

I n thi s section ,  w e describ e a n implementatio n o f  th e 

method ,  use d i n A R G U E R,  tha t  detect s argument s 

^We ar e investigatin g eû gumentatio n issue s whe n ther e 
i s a n inconsistenc y betwee n th e use r  mode l  an d th e do -
mai n an d common sens e knowledge . 
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and als o find s possibl e way s t o respond .  Th e proble m 

tha t  w e ar e attemptin g t o addres s her e i s a  par t  o f  a 

large r  projec t  t o understan d variou s issue s involve d i n 

robus t  human-machin e communicatio n [12] .  W o wil l 

use a  portio n o f  Figur e 1  t o sho w ho w th e proposci l 

metho d works . 

A R G U E R 's knowledg e bas e consist s o f  common -

sens e knowledge ,  domai n knowledg e an d argumen -

tatio n knowledge .  Th e knowledg e bas e an d th e ut -

teranc e o f  th e participatin g agent s i n th e dialo g ar e 

represente d uniformly .  O n th e implementatio n level , 

th e unifor m representatio n allow s a  c o m m o n metho d 

of  accessin g an d processin g informatio n o f  differen t 

types ,  whic h i n thi s cas e includ e processin g informa -

tio n fro m domai n knowledge ,  argumentatio n knowl -

edge an d common-sens e knowledge .  Advantage s o f 

usin g unifor m representatio n ar e discusse d i n [12] . 

We ar e currentl y extendin g A R G U ER t o proces s 

natura l  languag e (usin g th e general-purpos e gram -

mar  o f  B 2 an d a  template-base d generatio n sys -

te m [12 ,  13]) .  Fo r  clarity ,  th e example(s )  belo w ar e 

shown i n English ,  A R G U ER assume s th e interprete d 

logic-base d representation s show n fo r  inpu t  (an d out -

put s simila r  representations) . 

An Example In the following example. Si, Ul and 

S2 ar e utterance s o f  th e agent s participatin g i n th e 

dialog .  S I  an d S 2 ar e utterance s o f  th e syste m whil e 

Ul  i s  a n utteranc e o f  th e user .  W e sho w ho w AR -

G U ER detect s correctl y tha t  U l  attack s Si ,  an d S 2 

attack s Ul .  Moreover ,  afte r  eac h utteranc e (U l  an d 

SI )  w e sho w ho w A R G U ER ca n us e th e sam e metho d 

t o generat e possibl e rebuttals . 

Fragmen t  3 

SI  Hav e you r  bloo d pressur e checked . 
Ul  Ther e i s n o need . 
S2 Uncontrolle d hig h bloo d pressur e ca n lea d 

t o hear t  attack ,  hear t  failure ,  strok e o r 
kidne y failure . 
Utteranc e S I  i s interprete d as :  agen t  'system '  re -

quirin g agen t  'user '  t o hav e a  bloo d pressur e check . 

(We assum e tha t  U l  ha s bee n modifie d t o th e for m 
'Ther e i s n o nee d fo r  a  bloo d pressur e check'. )  W e 

represen t  th e utteranc e S I  as : 

SI :  Require(system ,  user ,  *check-BP ) 

The variabl e *check-B P represent s a n unknow n agen t 

performin g a  bloo d pressur e chec k o n th e agen t  user . 

The utteranc e U l  i s  tru e i n th e user' s model ,  i.e. ,  a s 

fa r  ci s th e use r  i s concerned ,  th e use r  doe s no t  nee d a 

bloo d pressur e check .  Thi s i s represente d cis : 

Ul :  ^Need(user ,  *check-BP ) 

Sinc e model s fo r  th e use r  an d th e syste m ar e sepa -

ratel y maintained ,  thi s propositio n i s no t  believe d b y 

th e system ,  bu t  ca n b e use d t o detec t  a n argument . 

Detectin g a n argument :  U l  attack s S I  T o de -

tec t  tha t  U l  attack s SI ,  A R G U ER ask s th e questio n 

Attacks (Require (system, user, *check-BP), 

-'Need(user ,  *check-BP) ) 

[i.e. ,  i s  U l  a n attac k o n SI? )  an d use s tw o rule s t o 

answer : 

1. Rule Rib: If a is an utterance implying /?, then 

N OT / 3 i s a n attac k t o a . 

Rib: Va,^ Derived(a, (3) -> Attacks(a, ^P) 

2. a common-sense rule, CI, that states that if the 

syste m require s som e ac t  o f  a n user ,  the n th e use r 

need s th e require d act . 

Cl: Vu,a Require (system, u, a) -^ Need(u, a) 

When rule Cl is instantiated and used (with Si), 

A R G U ER deduce s th e consequen t 

Need(user, *check-BP) 

an d a  meta-leve l  propositio n tha t  represent s th e rea -

sonin g pat h o f  a  groun d rul e fro m th e anteceden t  t o 

th e consequent : 

Derived(Require(system, user, *check-BP), 

Need(user ,  *check-BP) ) 

Thi s meta-leve l  propositio n i s the n use d i n argumen t 

schema R i b (wit h a  =  Requir e (system ,  user ,  *check -

B P)  an d ( 3 — Need(user ,  *check-BP) )  t o conclud e 

tha t  th e use r  i s attackin g th e system' s utterance : 

Attack s (Requir e (system ,  user ,  *check-BP) , 

^Need(user ,  *check-BP) ) 

Generatin g a n a rgumen t  U l  tha t  attack s S i 

To generat e a n argumen t  tha t  attack s S I  (possibl y 

t o preemp t  a  use r  argument) ,  A R G U ER migh t  as k 

th e questio n 

Attacks(Require(system ,  user ,  *check-BP) ,  * X ) 

(wher e * X i s a  fre e unboun d variable )  an d deduce s 

possibl e attackin g proposition s t o Si .  A s before ,  thi s 
use s rule s R i b an d C l  t o fin d possibl e value s fo r  * X . 

I n thi s example ,  i t  onc e agai n finds : 

Attacks(Require(system ,  user ,  *check-BP) , 

^Need(user ,  *check-BP) ) 

We not e tha t  thi s metho d ca n fin d al l  argument s tha t 

attac k S I  {i.e. ,  no t  jus t  U l ) ,  dynamicall y an d wit h 

th e currentl y availabl e informatio n an d stat e o f  th e 
use r  model . 
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Generatin g a  rebuttal :  S 2 attack s U l  T o gen -

erat e a  rebutta l  t o Ul ,  A R G U ER ask s th e question : 

Attacks(-Nt'cd(user ,  *check-BP) ,  *X ) 

namely ,  wha t  attack s Ul .  I n thi s example ,  th(>s( > rule s 

ar e used : 

1. R2: V a,/3,7,<5 {Derived(c\. P) A 
DerivediP ,  7, i  A  Derivedh ,  6 )  A  uc{S) ) 

- > Attacks(a .  Derived((3 ,  l) ) 

2. C2: Va,x -^Necd{a,x) -^ -rDo{a,x) 

3. Dl: Va -Z?o(a, *check-BP) 
- ^  Possible{attribute(a ,  BP ,  high) ) 

4. D2: V a Possible{attribute(a, BP, high)) 

—̂  Possible(event(a ,  {stroke ,  heart-failure ,  heart -

attack ,  kidney-failure}) ) 

5. D3: uc(Possible(event(a, {stroke, heart-failure, 

heart-attack ,  kidney-failure})) ) 

Note that the simplest case of R2 is when a = (3 and 

7 =  J  (th e user' s utteranc e immediatel y lead s t o a 

consequen t  tha t  i s  unacceptable) .  C 2 i s a  common 

sens e rul e tha t  state s tha t  i f  a  agen t  doe s no t  nee d t o 

do a n act ,  th e agen t  wil l  no t  d o it .  D l  i s  a  domai n 

rul e tha t  state s tha t  i f  a n agen t  doe s no t  hav e thei r 

bloo d pressur e checke d the n hig h bloo d pressur e i s 

possible .  D 2 i s a  domai n rul e tha t  state s tha t  a n 

agent s havin g possibl e hig h bloo d pressur e ca n lea d 

t o a  possibl e stroke ,  hear t  attac k o r  failure ,  o r  kidne y 

failure .  D 3 i s a  domai n fac t  tha t  state s tha t  thes e 

outcome s ar e unacceptabl e t o th e user . 

To answe r  it s query ,  A R G U ER reason s a s follows : 

• Derived(-^Need(user, *check-BP), -^Do{a, *check-

BP) )  Fro m 0 2 an d Ul . 

• Derived(->Do{user,*check-BP), 

Possible(attribute(user ,  BP ,  high)) )  Fro m D l  an d 

C2. 

• Derived(Possible(attribute(user, BP, high)), Possi-

ble(event(user ,  {stroke ,  heart-failure ,  heart-attack , 

kidney-failure})) )  Fro m D2 ,  D l  an d 02 . 

Using R2 and D3 with this final derivation, ARGUER 

can conclude : 

Attacks{-̂ Need(user ,  *check-BP) , 

Derived(Possible(attribute(user ,  BP ,  high)) , 

Possible(eventfuser,{stroke ,  heart-failure , 

heart-attack ,  kidney-failure}))) ) 

Fro m this ,  A R G U ER decide s tha t  S 2 i s a n attac k t o 

Ul : 

S2:  Derived(Possible(attribute(user ,  BP ,  high)) , 

Possible(event(user,{stroke,heart-failure , 

heart-attack ,  kidney-failure})) ) 

Moreover ,  becaus e th e metho d i s symmetrical ,  i t 

coul d b e use d t o detec t  tha t  S 2 attack s Ul ,  t o predic t 

possibl e rebuttal s t o S2 ,  o r  t o answe r  th e questio n 

"What  attack s what? " 

Summary 

We hav e show n th e us e o f  argumen t  schem a bot h 
fo r  det,(!ctin g argument s an d generatin g possibl e re -

buttal s i n dialogs .  Th e metho d i s implemente d a s 

A R G U ER an d allow s u s t o establis h argumen t  relai -

tion s betwee n proposition s whil e th e dialo g i s ongo -

ing .  Moreover ,  th e metho d w e hav e propose d her e i s 

incrementa J i n tha t  i t  allow s processin g o f  eac h piec e 

of  th e utteranc e an d select s onl y a  par t  o f  th e argu -

ment  t o continue . 
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