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M e m o ry Representatio n an d Retrieva l  fo r  Editoria l  Comprehension * 

Sergi o J .  Alvarai o 

Michae l  G .  Dye r 

Margo t  Flower s 

Artificia l  Intelligenc e Laborator y 

Compute r  Scienc e Department ,  353 1 B H 

Universit y o f  Californi a 

Lo s Angeles ,  C A 9002 4 

Abstract 

I n thi s paper ,  w e presen t  a  proces s mode l  o f  editoria l  comprehension ,  representation ,  an d retrieval . 
Editoria l  comprehensio n involve s buildin g a n argumen t  grap h organize d b y abstrac t  argumen t  strategie s 
whic h ar e represente d declarativel y a s argumen t  unit$ .  Issue s include :  (a )  organizin g an d indexin g goals , 
plans ,  events ,  states ,  beliefs ,  an d belie f  justification s instantiate d durin g comprehensio n o f  editoria l  argu -
ments ;  an d (b )  retrievin g informatio n fro m conceptua l  representation s o f  editoria l  arguments .  Thi s pro -
ces s mode l  o f  reasonin g an d argumen t  comprehensio n i s currentl y bein g implemente d i n OpE d (Alvarad o 
et  al. ,  1985a) ,  a  compute r  syste m tha t  read s shor t  politico-economi c editorial s an d answer s question s 
abou t  them . 

1.  Introductio n 

Understandin g a  newspape r  o r  magazin e editoria l  require s buildin g interna l  conceptua l  representa -

tion s o f  editoria l  argument s tha t  includ e goals ,  plans ,  events ,  states ,  beliefs ,  an d belie f  justifications .  Thi s 

involve s applyin g linguisti c knowledg e (e.g. ,  knowledg e o f  lexica l  item s tha t  refe r  t o domain-specifi c 

objects ,  beliefs ,  causality ,  etc. )  a s wel l  a s recognizin g an d instantiatin g a  disparat e numbe r  o f  knowledg e 

structures ,  suc h as :  goal s an d plan s (Schan k an d Abelson ,  1977 ;  Wilensky ,  1983) ;  ideologie s (Carbonell , 

1981) ;  affectiv e reaction s (Dyer ,  1983) ;  belie f  an d belie f  justification s (Alvarad o e t  al. ,  1985a ;  Flowers , 

1985 ;  Flower s e t  al. ,  1982 ;  Toulmin ,  1979) ;  an d argumen t  unit s (Alvarad o e t  al. ,  1985a ,  b) .  Fo r  example , 

conside r  th e followin g editoria l  excerp t  fro m (Thurow ,  1983) : 

E D - T A R I F F S 

The Reaga n administratio n argue s tha t  Americ a doe s no t  nee d a n industria l  polic y sinc e al l  govern -
ment  ha s t o d o t o guarante e economi c succes s unde r  capitalis m i s kee p ou t  o f  th e way .  Ye t  th e Reaga n 
administratio n ha s jus t  .. .  increase[d ]  tariff s o n larg e motorcycle s fro m 4. 4 percen t  t o 49. 4 percent . 

Understandin g E D - T A R I F F S require s realizin g that :  (a )  th e Reaga n administration' s belie f  tha t  n o indus -

tria l  polic y i s neede d i s supporte d b y it s laissez-fair e belief ;  (b )  tariff s ar e P R O T E C T I O N - P L A NS use d b y 

th e governmen t  t o contro l  imports ;  an d (c )  th e Reaga n administration' s behavio r  i s  hypocritica l  sinc e 

increasin g tariff s g o agains t  a  laissez-fair e policy . 

T h e m e m o r y representatio n o f  a n editoria l  mus t  als o includ e indexin g structure s an d acces s link s 
whic h ar e create d durin g editoria l  comprehensio n an d late r  use d b y searc h an d retrieva l  processe s durin g 

questio n answering .  Fo r  instance ,  answerin g th e followin g questio n abou t  E D - T A R I F F S : 

Q:  Doe s Americ a nee d a n industria l  policy ? 

A:  T h e Reaga n Administratio n believe s tha t  Americ a doe s no t  nee d a n industria l  policy . 

requires :  (a )  indexin g structure s fro m genera l  an d specifi c  plan s t o thei r  instantiation s an d acces s link s 

betwee n instantiate d P L A N S an d thei r  associate d BEL IEFS ;  an d (b )  retrieva l  function s tha t  tak e P L A N S 

and G O A L S a s inpu t  an d retriev e appropriat e BEL IEFS . 

I n thi s paper ,  w e discus s memor y representatio n an d memor y retrieva l  technique s whic h ar e 

currentl y bein g implemente d i n O p E d (Opinion s to/fro m th e Editor )  (Alvarad o e t  al ,  1985a) ,  a  compute r 
progra m tha t  read s an d answer s question s abou t  short-politic o economi c editorials .  O p E d i s a n integrate d 

natura l  understandin g system ,  i.e. ,  i t  use s th e sam e conceptua l  parse r  durin g editoria l  comprehensio n an d 

questio n answering .  OpE^l' s desig n i s  base d o n th e demon-base d conceptua l  parse r  implemente d i n 

B O R I S (Dyer ,  1983 )  an d th e questio n answerin g theor y develope d b y Dye r  an d Lehner t  (1982 )  a s a n 

extensio n o f  previou s wor k b y Lehner t  (1978) .  T h e example s presente d i n thi s pape r  wil l  b e take n fro m 
th e followin g editoria l  segmen t  b y Milto n Friedma n (1982) : 

^Th c wor k o f  thc M kotho n wa a putlAll y rappoitcd  b y »  fiu t  t n m th « W .  M .  Kee k FoandatloD ,  wtt h imtchio c Aud i  fh>ii i  th e U C L A Schoo l 
of  Eb(liieerij> c an d Aî lle d Sdeoec .  Suppor t  w m aJi o provide d throng b u > IB M Facult y Developmen t  Awar d t o th e tecon d author . 
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E D - J O BS 

Recent  protectionis t  measure s b y th e Reaga n administratio n hav e disappointe d u s .. .  (voluntary ] 
limit s o n Japanes e export s o f  automobile s .. .  ar e .. .  ba d fo r  th e natio n .. .  Fa r  fro m savin g jobs ,  th e limita -
tion s o n import s wil l  cos t  jobs .  I f  w e impor t  less ,  foreig n countrie s wil l  ear n fewe r  dollars .  The y wil l  hav e 
les s t o expen d o n U.S .  exports .  Th e resul t  wil l  b e fewe r  job s i n expor t  industries . 

2. Conceptual Representation of an Editorial 

Th e memor y representatio n o f  a n editoria l  form s a  grap h o f  conceptua l  construct s instantiate d dur -

in g editoria l  comprehension .  Withi n thi s graph ,  instantiate d construct s ar e connecte d b y m e m o r y link s 

tha t  indicat e ho w the y relat e t o on e another ,  i.e. ,  th e link s indicat e knowledg e dependencie s suc h as : 

causa l  dependencies ,  support/attac k relationships ,  containmen t  relationships ,  an d indexin g relationships . 

Fiv e majo r  element s compos e th e conceptua l  grap h o f  a n editorial : 

1)  Instantiation s of :  domain-specifi c  object s (e.g. ,  nations) ,  goak ,  plans ,  events ,  states ,  affectiv e 

reactions ,  an d participant s i n editoria l  argument s (e.g. ,  th e editoria l  write r  an d hi s implici t 

opponents) . 

2)  Instantiation s o f  belief s o f  participant s i n editoria l  arguments . 

3)  A n argumen t  grap h (Birnbaum ,  1982 ;  Flower s e t  al. ,  1982 )  whic h include s al l  instantiate d 

beliefs ,  belie f  relationships ,  an d belie f  justification s involvin g th e differen t  participant s i n edi -

toria l  arguments . 

4)  Instantiation s o f  argumen t  unit s whic h organiz e abstrac t  knowledg e abou t  reasonin g an d argu -

mentation . 

5)  Indexin g structure s whic h allo w searc h an d retrieva l  processe s acces s t o th e argumen t  graph . 

I n thi s section ,  w e focu s o n beliefs ,  argumen t  graphs ,  an d argumen t  units . 

2.1 .  Belief s 

Compute r  comprehensio n o f  editorial s i s base d o n th e capabilit y  o f  recognizin g beliefs ,  belie f  sup -

ports ,  an d belie f  attacks .  Curren t  tex t  understandin g program s ar e capabl e o f  readin g storie s involvin g 
stereotypi c situations ,  goa l  an d plannin g situations ,  an d comple x h u m a n interaction s (Cullingford ,  1978 ; 
DeJong ,  1979 ;  Dyer ,  1983 ;  Lebowitz ,  1980 ;  Wilensky ,  1983) .  However ,  thos e program s canno t  rea d edi -

torial s sinc e the y lac k basi c mechanism s for :  (a )  understandin g an d keepin g trac k o f  belief s an d belie f 
justifications ,  an d (b )  usin g worl d knowledg e durin g reasonin g comprehension . 

Abelso n (1979 )  ha s pointe d ou t  tha t  eve n thoug h belie f  system s shar e c o m m o n groun d wit h 
knowledg e systems ,  belief s ca n b e se t  apar t  fro m structure d knowledge .  Belief s ar e no t  goals ,  plans , 
events ,  o r  states ,  bu t  rathe r  predication s abou t  thes e structure s an d thei r  relationship s (Abelson ,  1973) . 

For  example ,  th e followin g predication s ca n b e distinguished : 

£'i;a/uaiit;e ;  Free-trad e economist s believ e tha t  protectionis t  measure s ar e bad . 

Judgemental :  Free-trad e economists  believ e tha t  th e U.S .  shoul d no t  rene w voluntar y quota s o n 
Japanes e export s o f  automobiles . 

Causal :  Free-trad e economist s believ e tha t  voluntar y limit s o n Japanes e export s o f  automobile s wil l 
cos t  job s i n th e U.S. . 

Expectational :  America n aut o maker s believ e tha t  th e Reaga n administratio n wil l  rene w th e volun -
tar y quota s o n Japanes e export s o f  automobiles . 

Factual :  Th e Reaga n administratio n believe s tha t  America n aut o maker s hav e alread y returne d t o 
profitability . 

Belief s abou t  Belief s (Wilk s an d Bien ,  1983) :  Wester n countrie s believ e tha t  Easter n countrie s 

believ e tha t  Wester n countrie s wil l  launc h a  nuclea r  attack . 

H ow ar e belief s represente d i n O p E d ? W e conside r  tha t  eac h belie f  consist s of :  (a )  th e holde r  o f  th e 
belief ;  (b )  belie f  contents ;  an d (c )  link s tha t  indicat e whethe r  th e belie f  attacks ,  supports ,  o r  i s  supporte d 

by othe r  beliefs .  Fo r  example ,  Friedman' s belie f  tha t  voluntar y limit s o n import s wil l  cos t  job s i s 

represente d as : 

(BELIE F BELIEVE R (FR IEDMAKO ) 
CONTENT (PROTECTION-PLAN O - - thwar t - - > P -JOBO) ) 

wher e F R E D M A NO refer s t o a n instantiatio n o f  OpEd' s knowledg e abou t  Friedman ,  P R O T E C T I O N-
P L A NO t o a n instantiatio n o f  protectionis t  plans ,  an d P-JOB O t o a n instantiatio n o f  th e goa l 
P R E S E R V E - J O B. 
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I n general ,  content s o f  belief s involv e either :  (a )  a  causa l  dependency ;  (b )  a  chai n o f  causa l  depen -

dencies ;  o r  (c )  a n evaluativ e component .  Causa l  dependencie s usuall y includ e intentiona l  relationship s 

betwee n goals ,  plans ,  events ,  an d states ,  suc h as :  goa l  motivation ,  goa l  failure ,  goa l  achievement ,  goa l 

suspension ,  even t  realization ,  pla n intention ,  an d pla n enablement .  Thes e dependencie s ar e represente d 

by mean s o f  intentiona l  link s (I-links )  (Dye r  an d Lehnert ,  1982) .  Othe r  non-intentiona l  causa l  dependen -

cie s suc h a s relationship s betwee n economi c quantitie s (Riesbeck ,  1983) ,  ar e represente d usin g a  genera l 

causa l  link .  Fo r  example ,  E D - J O B S contai n th e followin g causa l  dependencies : 

Goal  Failure :  Executin g th e Reaga n Administration' s P R O T E C T I O N - P L A N (i.e. ,  th e limitation s o n 

imports )  thwart s th e goa l  P R E S E R V E - J O B S. 

Goal  Achievement :  Executin g th e P R O T E C T I O N - P L A N wil l  achiev e th e goa l  P R E S E R V E - J O B S. 

Consequen t  State :  Earnin g fewe r  dollar s motivate s havin g les s resource s t o bu y imports . 

Belief s whic h contai n evaluativ e component s (Abelson ,  1979 )  refe r  t o hig h leve l  abstraction s suc h 

as " X believe s tha t  Y  i s G O O D"  an d " X believe s tha t  Y  i s B A D "  tha t  indicat e whethe r  X  lead s t o posi -

tiv e o r  negativ e outcome s (e.g. ,  goa l  an d expectatio n failure s o r  achievements) .  W e believ e tha t  " G O O D " 

and " B A D "  ar e primitive s whic h ac t  a s plac e holders ,  muc h lik e D O i n Conceptua l  Dependenc y (CD ) 

theor y (Schank ,  1973 ,  1975) .  Fo r  example ,  i n th e C D representatio n o f  "Joh n kille d Mary" : 

(LEAD-T O ANTECEDENT (D O ACTOn (JOHN) ) 
CONSEQUENT (STATE-CHANG E STAT E (PHYS-STAT E CHARACTER (HART) ) 

FROy (  >  -1 0 ) 
TO (  <  -1 0 )  ) ) 

D O i s a  plac e holde r  fo r  John' s actio n whic h ca n late r  b e filled  i f  w e hea r  th e actua l  action s (e.g. ,  "Joh n 

strangle d Mar y t o death") .  Similarly ,  G O OD an d B A D ar e plac e holder s fo r  unknow n positiv e an d nega -

tiv e outcomes .  Thus ,  G O OD an d B A D als o trigge r  expectation s fo r  positiv e an d negativ e outcomes . 

2.2 .  A r g u m e n t  G r a p h 

Understandin g a n editoria l  require s integntin g explici t  an d implici t  belief s an d belie f  justification s 

int o a n argumen t  grap h (Birnbaum ,  1982 ;  Flower s c t  al. ,  1982) .  Withi n thi s graph ,  belief s ar e connecte d 

by link s tha t  indicat e whethe r  the y suppor t  o r  attac k on e another .  Durin g tex t  comprehension ,  ever y 

ne w belie f  o r  belie f  justificatio n i s integrate d int o th e grap h b y usin g thos e links .  Th e attac k an d suppor t 

relationship s ar e establishe d fro m th e applicatio n o f  th e inferenc e rule s for :  (a )  recognizin g belief s an d 

belie f  relationships ,  an d (b )  followin g belie f  justifications .  Fo r  example ,  th e followin g attac k an d suppor t 

relationship s ar e presen t  i n ED-JOBS : 

Suppor t  Relationshi p betwee n Beliefs :  Friedman' s genera l  belie f  tha t  th e limitation s o n import s ar e 

bad ^  i s supporte d b y hi s specifi c  belie f  tha t  th e limitation s o n import s wil l  cos t  job s i n th e U.S . 

Supportin g Cause-Effec t  Chain :  Friedman' s specifi c  belie f  i s supporte d b y th e cause-effec t  chai n tha t 
indicate s ho w a  reductio n i n import s produce s a  reductio n o f  job s i n expor t  industries . 

Attac k Relationshi p betwee n Beliefs :  Friedman' s specifi c  belie f  attack s th e Reaga n administration' s 

belie f  tha t  th e limitation s wil l  sav e jobs . 

I n general ,  suppor t  relationship s ar e themselve s supporte d b y warrants ,  i.e. ,  mor e basi c belief s 

whic h stat e tha t  conclusion s ca n b e draw n fro m supportin g evidence s (Flower s e t  al. ,  1982 ;  Toulmin , 

1982) .  Thes e warrant s ar e recognize d an d instantiate d b y inferenc e rule s fo r  recognizin g belief s an d belie f 

relationships .  I n addition ,  sinc e warrant s ar e jus t  beliefs ,  the y ca n themselve s b e attacked .  Fo r  example , 

th e suppor t  relationshi p betwee n Friedman' s genera l  belie f  tha t  th e limitation s ar e ba d an d hi s specifi c 

belief s tha t  th e limitation s o n import s wil l  cos t  jobs ,  i s  base d o n th e followin g principle : 

"I F a  P L A N - P thwart s a  P R E S E R V A T I ON G O A L ,  T H E N P L A N - P i s B A D . " 

Belief s o f  th e for m " X believe s tha t  C  cause s E "  ar e usuall y supporte d b y a  belie f  whos e content s 

represen t  a n expansio n o f  th e cause-effec t  relationship .  I n thi s case ,  th e warran t  o f  th e suppor t  relation -

shi p i s provide d b y th e followin g genera l  rule : 

"I F C  cause s E l  A N D E l  cause s E 2 A N D .. .  E n cause s E ,  T H E N C  cause s E. " 

For  example ,  Friedman' s specifi c  belie f  abou t  th e limitation s o n import s i s supporte d b y a  cause-effec t 

chai n i n E D - J O B S o f  ho w reduction s i n import s produc e reduction s i n exports . 

O p Ed Infer s Friedman' )  belie f  fro m th e affec t  deKriptio n "dlMppolnted " 
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2.3 .  Argumen t  Unlt a 

Argumen t  unit s (AUs )  ar e abstrac t  reasonin g structure s whic h organize :  (a )  belief ,  goals ,  an d plans ; 

and (b )  suppor t  an d attac k chain s o f  reasonin g an d relationship s i n arguments .  Seve n argumen t  uni t 

hav e bee n initiall y  identified :  AU-ACTUAL-CAUSE,  AU-OPPOSITE-EFFECT ,  AU-EXPECTATION-

FAILURE,  AU-HYPOCRISY,  AU-ACTUAL-EFFECT,  AU-EQUIVALENCE,  an d AU-RELEVANT-ISSUE . 

Each argumen t  uni t  ca n b e cue d b y specifi c  construct s whic h involve :  (a )  argumen t  connective s suc h 

as "o n th e contrary" ,  "fa r  from" ,  "but" ,  an d "yet" ,  whic h signa l  oppositio n an d expectatio n failures ;  an d 

(b )  goal ,  plan ,  an d belie f  relationships .  A s a  result ,  followin g a n argumen t  involve s recognizin g thes e con -

structs ,  accessin g th e specifi c  conceptualization s the y refe r  to ,  mappin g fro m the m int o thei r  appropriat e 

argumen t  unit ,  an d triggerin g tha t  argumen t  unit' s  inferenc e rule s fo r  recognizin g belief ,  suppor t  an d 

attac k chain s o f  reasonin g an d relationships .  Thi s recognitio n proces s relie s o n expectation s generate d 

afte r  a n argumen t  connectiv e i s found .  Thes e expectation s involv e specifi c  informatio n abou t  abstrac t 

goal ,  plan ,  an d belie f  relationship s tha t  preced e an d follo w eac h correspondin g argumen t  connective . 

Instantiatin g argumen t  unit s help s buil d argumen t  graphs .  Fo r  instance ,  conside r  AU-OFFOSITEJ -

EFFECT.  Thi s argumen t  uni t  embodie s th e followin g chai n o f  reasoning : 

Althoug h Y  believe s tha t  executin g hi s P L A N P  wil l  achiev e G O AL G ,  SEL F doe s no t  believ e thi s 

becaus e SEL F believe s tha t  executin g P  wil l  thwar t  G.  Therefore ,  SEL F believe s tha t  P  i s bad . 

wher e SEL F refer s t o th e characte r  wh o use s AU-OPPOSITE-EFFECT .  Th b chai n o f  reasonin g contain s 

a suppor t  relationship ,  a  warran t  o f  th e suppor t  relationship ,  a n attac k relationship ,  an d a  declarativ e 
opposit e relationshi p betwee n tw o causa l  dependencies : 

Suppor t  Relationship :  SELF' S genera l  belie f  tha t  Y' s P L A N P  i s ba d i s supporte d b y SELF' s specifi c 
belie f  tha t  P  thwart s G O AL G . 

Warrant :  I F th e executio n o f  a  P L A N P  thwart s a  G O AL G  whic h P  intende d t o achieve ,  T H E N P 

i s BAD . 

Attac k Relationship :  SELF' s specifi c  belie f  attack s Y' s belie f  tha t  Y' s P L A N P  achieve s G O AL G . 

Opposit e Relationship :  Thwartin g G  b y executin g P  i s th e opposit e o f  achievin g G  b y executin g P . 

These relationship s ar e illustrate d i n th e figure  below . 

AU-OPPOSITE-EFFECT 
•  - t 

BELIEF l  Believe r  (BELIEVERl )  fARRANT l  I 
/ ^  Conten t  (BA D PLAN-P )  •  •  j 
I  I  I F th e executio n o f  a  PLAN- P thwart s I  j 

support < suppor t  +  a  GOAL- G whic h PLAN- P intende d t o I  I 
I  lachieve ,  THE N PLAN- P i s BAD.  I  I 
I  ^  ^  I 

BELIEF2 < attac k >BELIEF 3 I 
Believe r  (BELIEVERl )  Believe r  (BELIEVER2 )  | 
Conten t  (PLAN- P -thwart- > GOAL-G)  Conten t  (PLAN- P -achieTe- > GOAL-G)  | 

I  I  I 
+ opposit e +  I 

+ • 

Argument participants commonly convey AU-OPPOSITE-EFFECT using the following constructs: 

1)  <Fa r  fro m ACHIEVIN G GOAL-G,  PLAN- P THWARTS GOAL-G> 

2)  <PLAN- P NOT-ACHIEVES GOAL-G.  O n th e contrary ,  PLAN- P THWARTS GOAL-G. > 

wher e "fa r  from "  an d "o n th e contrary "  indicat e th e relatio n o f  opposition . 

2.4 .  Buildin g Editoria l  M e m o r y 

How doe s th e comprehensio n proces s wor k an d wha t  doe s memor y loo k lik e afterwards ? Belo w fol -
low s a  simplifie d trac e o f  ho w OpEk i  processe s ED-JOBS : 

.  .  .  measure s .  .  .  disappointe d u s 
===> PLA N executio n --cau8e-- > NEGATIVE-AFFECT 

==infer== > Bl :  Friedma n believe s (measure s are  BAD) 

. . . limits . . . bad for the nation 
===> limit s --cau8e-- > GOAL FAILUR E U.S . 

==infer== > B2 :  Friedma n believe s (limits--cauBe-- > GOAL FAILUR E U.S. ) 
B2 support s B l 
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•. .  Fa r  fro m sayin g .. .  l imitat ion s coa t 
===> l imit s -- .chi .Te-- > P-JO B U . i t ,  --thw»rt-- > P-JO B 

I  I 
•  ~-o p posi t *  • 

==inf«r== > B 2 :  Friedma n bel isTe s (li.it B --thw»rt-- > P-JO B U.S. ) 
act lTat e AU-OPPOSITE-EFFEC T 
==infer== > B3 :  Reaga n sdm .  bel ieve s (limit s --»chieTe-- > P-JO B U.S. ) 

... import less ... earn fever ... less to spend ... fever jobs 
===> CAUSE-EFFECT-CHAINO 

^ impor t  --cause- > ^foreign- incom e --cau8e- > >|/ezpor t  --cause- > ^job s 

==infer==> B4: Friedman belieres (CAUSE-EFFECT-CHAINO) 
B4 support s B 3 

The following diagram shows a simplified version of the memory representation currently con-
structe d b y OpE d whil e parsin g ED-JOBS : 

AU-OPPOSITE-EFFECT 
Fr iedma n bel ieve s 
tha t 
l imitat ion s ar e BA D 

. *  * • 

Fr iedma n bel ieve s • 
tha t 
l imitat ion s -t- > P-JO B 

IBELIEF I  I  I  I F a  PLAN- P thwart s I 
I  /f ^  ^  suppor t  • a PRESERVATION GOAL,  I 
I  I  >̂ ^  I  I  THEN PLAN- P i s BAD.  I 
I  support < suppor t  lARRANT i  I  •  • 
I I  ^  '  , 
4..̂ ^  I  y ^  I  Reaga n adm .  believe s 
|BELIEF2 < attac k >BELIEF3 |  tha t 
•- -  A  *  l imitation s -a- > P-JO B 

I 

abbrev iat ions : 
a -  achievemen t 
c -  causatio n 
t  -  thwart in g 
^  -  decreas e 

support< - -support -
|I F C  cause s E i  | 
•AND E l  cause s .. .  E n I 
lAN D E n cause s E ,  I 

1̂  ITHE N C  cause s E .  | 
BELIEF 4 V ^  •  • 

Friedma n believe s tha t 
^IMPORT -c- > iFOREIGN-INCOM E -c- > 4-EXPORT -c- > JrJO B 

As th e abov e diagra m indicates ,  th e bul k o f  th e editoria l  memor y i s containe d i n th e argumen t  grap h 
tha t  depict s support/attac k relationship s betwee n belief s an d cause-effec t  chains .  Beside s organizin g 
severa l  support/attac k relationships ,  AU-0PP0S1TE>EFFECT provid e necessar y inference s for :  (a )  recog -
nizin g an d integratin g int o th e argumen t  grap h th e attac k relationship ;  an d (b )  recognizin g tha t  th e 
Reagan administratio n believe s tha t  th e limitation s wil l  sav e jobs .  I n addition ,  AU-OPPOSITE-EFFEC T 
capture s th e poin t  o f  Friedman' s argumen t  an d indexe s th e argumen t  grap h fo r  subsequen t  retrieval . 

3.  M e m o r y Retrieva l 

Durin g questio n answering ,  th e argumen t  grap h ha s t o b e accesse d b y searc h an d retrieva l 
processes .  Thus ,  initia l  entr y t o th e grap h mus t  b e provide d b y structure s tha t  inde x belief s an d belie f 
justifications .  W e hav e initiall y  identifie d fou r  indexin g schemes  base d o n ho w recal l  i s  don e whe n 
answerin g question s abou t  editorials :  (1 )  indexin g b y containmen t  (i.e. ,  goal ,  plan ,  event ,  an d stat e index -
ing) ;  (2 )  indexin g b y affects ;  (3 )  indexin g b y argumen t  participants ;  an d (4 )  indexin g b y argumen t  units . 

(1 )  Indexin g b y Containment :  Eac h instantiate d goal ,  plan ,  event ,  an d stat e indexes : 

a)  Belief s an d cause-effec t  chain s whic h contai n tha t  goal ,  plan ,  event ,  o r  state .  Fo r  example ,  th e 
goal  P R E S E R V ED J O B indexe s bot h Friedman' s specifi c  belie f  an d th e Reaga n administration' s 
belie f  abou t  th e administration' s P R O T E C T I O N - P L A N s. 

b)  Structure s use d i n representin g tha t  goal ,  plan ,  event ,  o r  state .  Fo r  example ,  th e goa l 
P R E S E R V E - J OB indexe s th e Reaga n Administratio n a s th e goal' s holder . 

(2 )  Indexin g b y Affects :  Eac h instantiate d affec t  indexe s it s associate d belief .  Fo r  example ,  Friedman' s 
N E G A T I V & A F F E CT indexe s hi s belie f  tha t  P R O T E C T I O N - P L A Ns ar e B A D . 

(3 )  Indexin g b y A r g u m e n t  Participants :  Eac h instantiate d argumen t  participan t  indexes : 

a)  Th e argumen t  participant' s lo p beliefs .  A  to p belie f  i s  on e tha t  doe s no t  suppor t  othe r  beliefs . 
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b)  Argumen t  unit s use d b y tha t  participant .  Fo r  example ,  OpE d accesse s vi a Friedma n th e 

instantiatio n o f  AU-OPPOSITE-EFFECT . 

(4 )  Indexin g b y Argumen t  Units :  Eac h instantiate d argumen t  uni t  indexe s belief s containe d i n it s 

chain s o f  reasonin g an d relationships .  Fo r  example ,  AU-OPPOSITE-EFFEC T indexe s bot h Friedman' s 

and th e Reaga n administration' s belief s abou t  th e administration' s PROTECTION-PLANs. 

Once a n argumen t  grap h an d indexin g structure s hav e bee n instantiate d i n episodi c memory ,  OpEk l 

demonstrate s it s comprehensio n b y answerin g question s abou t  th e editorial .  Selectin g appropriat e 

retrieva l  strategie s depend s upo n parsin g th e questio n an d analyzin g th e conceptua l  conten t  int o on e o f  a 

number  o f  conceptua l  questio n categorie s (Lehnert ,  1978) .  Differen t  questio n categorie s lea d t o differen t 

searc h an d retrieva l  processes .  Thes e processe s selec t  indice s accordin g t o th e question' s conceptua l 

information .  Onc e a n inde x i s selected ,  thes e processe s wil l  travers e acces s an d memor y link s i n orde r  t o 
locat e a n appropriat e memor y whic h wil l  b e retrieved . 

Belo w w e discus s a  numbe r  o f  searc h an d retrieva l  processe s alon g wit h example s o f  thei r  us e durin g 

questio n answerin g abou t  ED-JOBS .  Answe r  generatio n i n OpEx l  i s  b y recursiv e descen t  throug h instan -

tiate d concepts ,  usin g pattern s o f  generatio n associate d wit h eac h uninstantiate d knowledg e structure . 

For  example ,  th e followin g i s a n actua l  answe r  currentl y generate d b y OpExi : 

Q:  Wh y hav e th e limitation s disappointe d Friedman ? 

A:  M I L T O N F R I E D M A N BELIEVE S T H A T V O L U N T A RY E X P O RT RESTRAINT S O N 

A U T O M O B I L ES F R O M JAPA N N E G O T I A T ED B Y T H E R E A G AN ADMINISTRATIO N 
WILL C A U SE T H E LOS S O F JOB S I N T H E U.S . 

Notic e th e abov e answe r  i s a  detaile d accoun t  o f  wha t  OpE d know s abou t  Friedman' s belief .  Thus ,  th e 
answer  include s informatio n tha t  human s generall y omit ,  suc h a s th e fac t  tha t  th e limit s wer e negotiate d 

by Reagan .  However ,  a t  thi s poin t  w e ar e no t  concerne d wit h linguisti c styl e i n questio n answering .  Thi s 

i s a n are a fo r  futur e research . 

3.1 .  Retrieva l  usin g Goa l  Indexin g 

Intende d Pla n Retrieval :  Give n a n argumen t  participant' s goal ,  retriev e a  belie f  whic h contain s a  pla n o f 

actio n t o achiev e tha t  goal . 

Q:  Ho w i s th e Reaga n administratio n goin g t o sav e jobs ? 

A:  Th e Reaga n administratio n believe s tha t  th e limitation s o n import s wil l  sav e jobs . 

Argument  Participan t  Retrieval :  Give n a  goal ,  retriev e th e argumen t  participan t  wh o want s t o achiev e it . 

Q:  W h o want s t o sav e jobs ? 

A:  Th e Reaga n Administration . 

3.2 .  Retrieva l  usin g Pla n Indexin g 

Achieve d an d Thwarte d Goa l  Retrieval :  Give n a n argumen t  participant' s plan ,  retriev e belief s whic h con -

tai n th e effect s o f  tha t  plan' s execution . 

Q:  Wha t  i s th e effec t  o f  th e limitation s o n imports ? 

A:  Friedma n believe s tha t  th e limitation s o n import s wil l  cos t  jobs . 

The Reaga n administratio n believe s tha t  th e limitation s o n import s wil l  sav e jobs . 

Argument  Participan t  Retrieval :  Ther e ar e tw o cases : 

1)  Give n a  plan ,  retriev e th e argumen t  participan t  wh o i s th e acto r  o f  tha t  plan . 

Q:  W h o wil l  implemen t  protectionis t  measures ? 

A:  Th e Reaga n Administration . 

2)  Give n a  belie f  abou t  a  plan ,  retriev e th e argumen t  participan t  wh o hold s tha t  belief . 

Q:  W h o believe s tha t  th e limitation s o n import s wil l  sav e jobs ? 

A:  Th e Reaga n administration . 

Suppor t  Retrieval :  Give n a  belie f  abou t  a  plan ,  retriev e th e immediat e suppor t  fo r  tha t  belief . 

Q:  Why doe s Friedma n believ e tha t  th e limitation s o n import s ar e bad ? 

A:  Friedma n believe s tha t  th e limitation s o n import s wil l  cos t  job s i n th e U.S. . 

3.3 .  Retrieva l  usin g Even t  Indexin g 

Consequen t  Stat e Retrieval :  Give n a n event ,  retriev e a  belie f  tha t  contain s a  stat e o r  causa l  chai n cause d 

by tha t  event . 
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Q:  W h a t  wil l  happe n i f  th e U.S .  import s less ? 

A:  Friedma n believe s tha t  i f  th e U.S .  import s less ,  expor t  profit s o f  foreig n countrie s wil l  b e 

reduced .  Sinc e thi s wil l  reduc e thei r  tota l  capita l  fo r  importing ,  the y wil l  impor t  les s fro m th e 

U.S .  A s a  result ,  U.S .  expor t  industrie s wil l  los e mone y and ,  therefore ,  the y wil l  la y of f  work -

ers . 

Pla n Realizatio n Retrieval :  Give n a n event ,  retriev e a  belie f  abou t  a  pla n whic h realize d tha t  event . 

Q:  W h y wil l  th e U.S .  impor t  less ? 

A:  Friedma n believe s tha t  th e U.S .  wil l  impor t  les s becaus e o f  th e limitation s o n imports . 

3.4 .  Retrieva l  usin g Stat e Indexin g 

Causa /  Even t  Retrieval :  Give n a  state ,  retriev e a  belie f  tha t  contain s a n even t  whic h cause s tha t  state . 

Q:  W h y wil l  expor t  profit s o f  foreig n countrie s wil l  b e reduced ? 

A:  Friedma n believe s tha t  i f  th e U.S .  import s less ,  expor t  profit s o f  foreig n countrie s wil l  b e 

reduced . 

3.5. Retrieval using Affect Indexing 

Affec t  Motivatio n Retrieval :  Give n a n affec t  an d a n argumen t  participant ,  retriev e it s motivation : 

Q:  W h a t  ha s disappointe d Friedman ' 

A:  Voluntar y expor t  restraint s o n Japnnes e car s negotiate d b y th e Reaga n Administration . 

Associate d Belie f  Retrieval :  Give n a n affec t  an d it s cause ,  retriev e th e immediat e suppor t  o f  it s  associate d 

belie f  associated .  I f  th e suppor t  i s  no t  known ,  the n retriev e th e associate d belief . 

Q:  W h y hav e th e limitation s o n import s disappointe d Friedman ? 

A:  Friedma n believe s tha t  th e limitation s wil l  cos t  job s i n th e U.S. . 

3.0 .  Retrieva l  usin g A r g u m e n t  Participan t  Indexin g 

Top Belie f  Retrieval :  Give n a n argumen t  participan t  an d a  plan ,  retriev e th e argumen t  participant' s to p 

belie f  whic h contain s tha t  pla n an d it s immediat e sunport . 

Q l :  W h a t  doe s Friedma n thin k abou t  voluntar y limit s o n Japanes e cars ? 

A l :  Friedma n believe s tha t  th e limitation s o n import s ar e ba d becaus e the y wil l  cos t  jobs . 

Q 2:  W h a t  doe s th e Reaga n administratio n thin k abou t  voluntar y limit s o n Japanes e cars ? 

A 2:  Th e Reaga n administratio n believe s tha t  th e limitation s o n import s wil l  sav e jobs . 

Argumen t  Uni t  o r  To p Belie f  Retrieval :  Give n a n argumen t  participant ,  retriev e th e argumen t  unit s tha t 

contai n hi s to p beliefs .  I f  h e ha s no t  use d an y argumen t  unit ,  retriev e hi s to p beliefs . 

Q:  W h a t  i s Friedman' s argument ? 

A:  Tha t  voluntar y limit s o n Japanes e car s ar e ba d becaus e the y wil l  cos t  job s i n th e U.S. .  Fried -

m an believe s tha t  th e Reaga n Administratio n i s wron g becaus e th e administratio n believe s 

tha t  voluntar y limit s o n Japanes e car s wil l  sav e job s i n th e U.S. . 

4.  C o m p a r i s o n wit h othe r  W o r k 

I n contras t  t o th e conceptua l  proces s mode l  presente d here ,  Cohe n (1983 )  ha s postulate d a  struc -

tura l  mode l  fo r  argumen t  understanding .  Accordin g t o Cohen ,  understandin g a n argumen t  require s build -

mg a  tre e wher e argumen t  proposition s ar e connecte d b y a  singl e evidenc e link .  Th e roo t  o f  th e tre e con -

tain s th e majo r  clai m mad e i n a n argument .  Relation s betwee n proposition s ar e determine d b y using :  (a ) 
a propositio n analyze r  whic h produce s a  propositio n fro m th e inpu t  an d integrate s i t  int o th e tre e buil t  s o 

far ,  (b )  a  clu e interprete r  whic h analyze s th e rol e o f  specia l  linguisti c connective s (e.g. ,  "a s a  result" , 

"similarly" ,  etc.) ,  an d (c )  a n evidenc e oracl e whic h accesse s a  knowledg e bas e an d mode l  o f  th e speake r  i n 

orde r  t o determin e whethe r  a n evidenc e relatio n exist s betwee n an y tw o propositions . 

Asid e fro m th e fac t  tha t  Cohen' s mode l  wa s no t  implemented ,  i t  i s  theoreticall y limite d since ,  i n 

general ,  argument s d o no t  compl y wit h a  coheren t  tre e structure ,  bu t  rathe r  wit h a  grap h (Flower s e t  al . 

1982) .  Furthermore ,  Cohen' s non-conceptua l  tre e structur e doe s no t  sho w ho w explici t  an d implici t  con -

ceptualization s containe d i n a  propositio n relat e to ,  an d provid e evidenc e for ,  conceptualization s con -

taine d i n othe r  propositions .  Moreover ,  b y usin g a n oracle ,  th e mode l  avoid s dealin g with :  (1 )  ho w lexica l 
item s ar e mappe d fro m natura l  languag e int o conceptua l  structures ;  (2 )  ho w worl d knowledg e i s 

represente d an d applie d durin g th e comprehensio n process ;  an d (3 )  ho w abstrac t  argumen t  strategie s ar e 

represente d an d applied .  I n contrast ,  OpEx i  understand s comple x editoria l  argument s b y buildin g a  con -

ceptua l  grap h whic h capture s interaction s betwee n goals ,  plans ,  events ,  states ,  beliefs ,  an d argumen t 
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units .  Thi s conceptua l  grap h result s fro m recognizin g an d instantiatin g thos e knowledg e structure s alon g 

wit h causal ,  attack ,  an d suppor t  relationships .  I n addition ,  thi s comprehensio n proces s als o require s 

buildin g indice s whic h ar e subsequentl y use d durin g questio n answering . 

5. Future Work and CondusIonB 

We hav e presente d memor y organizatio n an d retrieva l  technique s fo r  us e b y O p E d i n understand -

in g an d answerin g question s abou t  shor t  politico-economi c editorials .  Currently ,  O p E d ca n rea d E D -

J O BS an d answe r  a  numbe r  o f  question s abou t  it s conceptua l  content .  Futur e question s tha t  nee d t o b e 

addresse d include : 

*  H o w i s editoria l  memor y organize d afte r  readin g severa l  editoria b whic h presen t  divers e opinion s 

on a  specifi c  issu e an d ho w i s memor y retrieva l  performe d i n thi s case ? 

*  H o w d o differen t  ideologie s affec t  editoria l  comprehension ,  memor y organizatio n an d retrieval ? 

*  H o w ar e argumen t  unit s use d i n orde r  t o generat e arguments ? 

Fiv e majo r  point s hav e bee n emphasize d i n thi s paper :  (1 )  th e interna l  conceptua l  representatio n o f 

an editoria l  ha s severa l  level s o f  complexit y tha t  includ e instantiation s o f  conceptua l  structure s whic h 

hol d worl d knowledg e an d abstrac t  knowledg e abou t  reasonin g an d argumentation ;  (2 )  a  majo r  portio n 

of  editoria l  memor y i s containe d i n a n argumen t  graph ;  (3 )  instantiatin g argumen t  unit s help s buil d th e 

argumen t  grap h b y supplyin g inference s an d argumen t  strateg y expectations ;  (4 )  searc h an d retrieva l 

processe s us e indexin g structure s t o acces s argumen t  graphs ;  (5 )  th e point s o f  a n editoria l  ar e hel d b y 

instantiate d argumen t  unit s containin g to p beliefs . 

We believ e tha t  al l  argument s ar e compose d o f  configuration s o f  a  fixed  numbe r  o f  abstrac t  argu -

ment  units .  Thus ,  w e se e th e proces s o f  argumen t  comprehensio n an d generatio n fundamentall y a s on e 
of  accessin g an d instantiatin g thes e units .  Wit h O p E d w e inten d t o explor e an d tes t  thi s proces s mode l 
of  reasonin g an d argumen t  comprehension . 
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