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A Coopera t iv e M o d e l  o f  Intuitio n a n d R e a s o n i n g fo r 

Na tu ra l  L a n g u a g e Processin g -  Microfeature s a n d Logi c 

Hideo Shimazu & Yosuke Takashima 

C & C Informat io n Techno log y Researc h Laboratorie s 

N E C Corpora t io n 

ABSTRACT 

This paper discusses problems of right retrievals of memory, preferential orderings, and script 

selection/withdrawa l  i n natura l  languag e processin g (NLP) .  Atmospher e i s introduce d t o solv e 

thes e problems .  I t  work s a s a  contextua l  indicato r  whic h roughl y grasp s wha t  i s bein g talke d about . 

An implementatio n mechanis m fo r  atmospher e i s presente d inspire d b y artificia l  neura l  networ k 

researches .  I t  i s characterize d b y microfeatur e representation ,  a  chronologica l  FIF O (First-I n First -

Out  memory) ,  an d threshold-base d selection .  Th e mechanis m construct s a n intuitio n modul e an d 

work s fo r  N L P whil e cooperatin g wit h a  logi c modul e whic h use s T M S t o chec k th e justification s 

of  preferentia l  decision s don e b y th e intuitio n module . 

MOTIVATION 

A problem solving task can be divided into two paradigms; solving by reasoning and solving 

by intuition .  Natura l  languag e processin g (NLP )  i s als o divide d int o thes e tw o solvin g paradigms . 

Example s o f  solvin g b y intuitio n i n N L P ar e foUowings : 

(Ex-1) Right memory retrieval: 

Whil e w e tal k abou t  tenni s i f  w e cal l  a  nam e Uk e Ron ,  w e ca n extrac t  a  memor y structur e 

correspondin g t o th e righ t  Ro n amon g man y Ron s w e know . 

(Ex-2 )  Preferentia l  ordering : 

Si .  Th e astronome r  marrie d a  star .  Sh e live d i n Hollywood . 

Si  i s  a  modificatio n o f  a n exampl e i n [1] .  Whe n w e rea d SI ,  w e naturall y interpre t  tha t 

a mal e astronome r  marrie d a  movi e sta r  wh o live d i n Hollywood .  Bu t  ther e i s anothe r 

logicall y correc t  interpretation ;  a  femal e astronome r  livin g i n Hollywoo d marrie d a  mal e 

movi e star .  Suc h a  preferentia l  orderin g i s wha t  human s d o an d A I  program s don' t  do . 

Right memory retrievals and preferential orderings are important tasks in NLP. However, AI has 

not  establishe d a  prope r  mechanis m whic h deal s wit h them .  W e introduc e atmospher e t o dea l 

wit h them .  Atmospher e i s a  contextua l  indicato r  whic h roughl y grasp s wha t  i s bein g talke d abou t 

now.  B y introducin g atmosphere ,  th e foUowing s ar e achieved : 

• Atmosphere-based memory retrieval: 

Righ t  memor y retrieval s an d preferentia l  ordering s ar e achieved . 
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• Atmosphere-based script selection/withdrawal: 

Scrip t  [16 ]  i s  a n importan t  knowledg e structur e t o expres s contextua l  information .  A  difficul t 

proble m i s t o select/withdra w script s a t  th e righ t  tim e an d place .  I f  eac h scrip t  i s  pre-define d 

it s typica l  atmosphere ,  distance s betwee n th e curren t  contextua l  atmospher e an d atmospher e 

definition s i n eac h scrip t  ca n b e calculated .  I f  th e atmospher e o f  a  scrip t  i s  closel y approximat e 

t o tha t  o f  th e curren t  context ,  suc h a  scrip t  ca n b e though t  o f  a  prope r  scrip t  a t  th e plac e an d 

time .  Th e compariso n o f  atmosphere s ca n als o b e use d t o decid e whe n t o withdra w script s 

whic h ar e no w bein g selected . 

In the following section, the strategy and approach of our research are described. Next, a micro-

featur e base d realizatio n o f  atmospher e inspire d b y artificia l  neura l  networ k (ANN )  researche s 

i s presented .  Then ,  a  cooperativ e mode l  o f  a n intuitio n modul e an d a  logi c modul e i s described . 

Finally ,  th e implementatio n detail s o f  th e mode l  i s  presented . 

STRATEGY AND APPROACH 

Recently artificial neural networks (ANN) [15] are paid attention as the first rival against AI. 

Als o i n natura l  languag e processin g fields ,  man y researcher s ar e doin g researche s usin g A N N [13][17 ] 

[9 ]  [8] .  A N N seem s a  goo d candidat e t o handl e atmospher e sinc e i t  ha s man y goo d feature s A I 

does no t  have .  Fo r  example ,  Rumelhar t  e t  al .  propose d a  completel y ne w poin t  o f  vie w toward s 

schema definitio n [14] .  However ,  A N N stil l  ha s man y har d problems ,  som e o f  whic h ca n b e deal t 

wit h b y AI .  The y ar e variabl e bindings ,  schema/rol e bindings ,  recursiv e structures ,  instantiations , 

inheritance ,  one-sho t  learning ,  sequentia l  input ,  et c  [7] . 

I n additio n t o thes e problems ,  fro m th e practica l  implementatio n poin t  o f  view ,  A N N i s har d t o 

develo p practica l  program s a t  th e curren t  stage .  A  schem a concep t  i s  abstrac t  an d doe s no t  hav e 

an explici t  boundar y a s a  modul e [14] .  I t  i s  har d t o define ,  modularize ,  maintai n an d chang e suc h 

knowledg e structures .  O n th e othe r  hand ,  i n A I  program s sinc e eac h knowledg e structur e ha s a 

concret e boundary ,  i t  i s  easie r  t o develo p an d handl e them .  Suc h portabilit y  i s  importan t  whe n w e 

construc t  a  practica l  N L P program .  Ou r  strategie s ar e th e followings : 

• To place right paradigms in the right places: 

Our  goa l  i s  t o creat e a  practica l  NL P mode l  whic h handle s atmospher e a s wel l  a s othe r 

require d feature s fo r  NLP .  Sinc e A N N an d A I  hav e man y contradictor y characteristics ,  i t 

i s  difficul t  t o construc t  a  uniqu e NL P paradig m whic h contain s al l  advantage s o f  bot h ap -

proaches .  Therefore ,  th e mode l  wil l  b e a  cooperativ e mode l  o f  A I  an d somethin g whic h hold s 

good feature s o f  A N N enoug h t o handl e atmosphere . 

• To extract good features of ANN and to create simpler mechanisms: 

Presentl y A N N model s ca n no t  b e practica l  NL P program s becaus e the y stil l  hav e man y 

functiona l  problem s an d developmen t  difficulties .  However ,  i t  i s  possibl e t o ski m th e neede d 

feature s fo r  expecte d function s fro m th e A N N mode l  an d t o creat e simple r  mechanism s fo r 

them . 

• To add good features of ANN without destroying AI's knowledge structures: 

Althoug h A N N stil l  adopt s knowledg e concept s lik e schem a o r  scrip t  whic h A I  onc e proposed , 

A NN destroy s AI' s conventiona l  structura l  skeleton s fo r  suc h knowledg e concept s [14] .  In -

stead ,  A N N introduce s microfeatur e base d distribute d representations .  Ou r  strateg y i s t o 
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Figur e 1 :  Overvie w o f  th e Cooperativ e Mode l 

kee p th e AI' s variou s structura l  skeleton s fo r  suc h knowledg e concept s an d t o stuf f  A N N 

base d representation s int o suc h structura l  skeletons . 

OVERVIEW OF THE COOPERATIVE MODEL 

The cooperative model consists of two separate modules; a logic module and an intuition module. 

The logi c modul e an d th e intuitio n modul e ru n i n parallel .  Bot h module s ge t  th e sam e inpu t 

sentences .  Figur e 1  show s th e overvie w o f  th e cooperativ e model .  Th e logi c modul e doe s ordinar y 

synta x parsing ,  semanti c analysi s an d contex t  analysi s t o inpu t  sentences .  I n additio n t o these , 

i t  check s fo r  th e justification s o f  variou s preferentia l  decision s don e b y th e intuitio n module .  Th e 

intuitio n modul e extract s a  curren t  contex t  atmospher e at s analyzin g inpu t  sentence s wor d b y wor d 

basis .  B y usin g th e curren t  contex t  atmosphere ,  th e intuitio n modul e make s preferentia l  decision s 

accordin g t o th e demand s o f  th e logi c modul e lik e th e preferenc e o f  semantic s fo r  ambiguou s word s 

and th e preferenc e o f  memor y retrieval ,  fo r  e.xample ,  lik e selectin g appropriat e Ro n amon g man y 

Rons.  Further ,  th e intuitio n modul e monitor s script s an d notifie s th e logi c modul e o f  th e prope r 

selection/withdrawa l  o f  scripts . 

Each knowledg e structur e hold s tw o differen t  representations ;  predicat e styl e knowledg e fo r  th e 

logi c modul e an d microfeatur e styl e knowledg e fo r  th e intuitio n module .  Microfeatur e definition s 

ar e plax:e d pe r  eac h wor d definition ,  entit y knowledge ,  an d script .  Thi s dua l  definitio n ha s a n 

advantag e fro m th e implementatio n poin t  o f  view .  Sinc e eac h knowledg e structur e ha s it s concret e 

skeleton ,  it s development ,  modularity ,  maintenance ,  an d partia l  chang e ar e easy ,  comparin g wit h 

full y  distribute d representatio n lik e [14] . 

The intuition Module 

The intuitio n modul e keep s ANN' s goo d feature s an d i s constructe d b y muc h simple r  mecha -

nisms .  I t  i s characterize d b y microfeatur e representation ,  chronologica l  F IFO ,  an d threshold -

base d scrip t  selection . 
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Microfeature representation [11] is well-suited to express atmosphere of a concept. At-

mospher e a t  a  specifi c  situatio n i s define d a ^  a  collectio n o f  a tmosphere s o f  word s appearin g 

latel y i n inpu t  sentences .  Fo r  example ,  i f  ther e appea r  word s lik e a  writte n oath ,  candle ,  rin g an d 

march ,  a n atmospher e lik e a s fo r  marriag e wil l  b e suggested . 

A simpl e chronologica l  F I F O structur e ca n b e th e containe r  t o stor e microfeatur e expression s 

of  word s appearin g lately .  Microfeatur e expression s o f  latel y appearin g word s ar e pushe d int o th e 

FIF O an d eac h microfeatur e i s calculate d it s numbe r  o f  appearance s i n th e FIFO .  Th e se t  o f 

microfeature s whos e numbe r  o f  appearance s i s mor e tha n th e syste m define d threshol d become s 

th e microfeatur e expressio n o f  a tmospher e fo r  th e curren t  situation .  Microfeature s whic h becom e 

ol d i n th e F IF O ar e automaticall y abandoned .  However ,  i f  a  contex t  proceed s i n a  sam e topic ,  th e 

microfeatur e organizatio n i n th e F IF O doe s no t  chang e rapidl y becaus e word s appearin g i n a  sam e 

topi c mus t  hol d simila r  microfeatur e expressions . 

The preferentia l  decision s fo r  lexica l  disambiguation s o r  righ t  memor y retrieval s ar e don e b y 

th e compariso n o f  distance s betwee n th e microfeatur e expressio n o f  th e curren t  situatio n an d mi -

crofeatur e definition s o f  candidat e concept s o r  memories .  Fo r  example ,  i f  a  wor d ha s tw o differen t 

meanings ,  a  meanin g whos e microfeatur e expressio n i s close r  t o tha t  o f  th e curren t  situatio n i s 

chosen . 

The selection s o f  script s ar e don e i n th e simila r  manner .  Eac h scrip t  i s  define d it s characteristic s 

wit h a  microfeatur e expression .  I f  th e distanc e betwee n th e microfeatur e expressio n fo r  a  specifi c 

scrip t  an d tha t  o f  a  curren t  situatio n become s smalle r  tha n th e syste m define d threshol d value , 

th e scrip t  i s  regarde d a s a  prope r  scrip t  fo r  th e curren t  situation .  I f  a  scrip t  i s  selected ,  th e scrip t 

change s th e microfeatur e organizatio n i n th e FIFO .  Eac h scrip t  i s  beforehan d enumerate d severa l 

keyword s i n i t  t o expres s th e characteristic s o f  th e script .  Eac h keywor d ha s it s microfeatur e 

expression .  I f  a  scrip t  i s  chose n a s a  prope r  script ,  th e microfeatur e expression s o f  enumerate d 

keyword s i n th e scrip t  ar e adde d int o th e FIFO .  A s th e effect ,  m a n y olde r  microfeature s i n th e 

FIF O ar e chronologicall y abandone d an d th e content s i n th e F I F O becom e dominate d b y th e 

newl y enterin g microfeatures . 

I n A I  base d N L P programs ,  eac h typica l  situatio n i s discretel y define d lik e script .  I n orde r 

t o mak e th e discretion s fine,  variou s approache s hav e bee n propose d lik e a  discrimination-ne t  i n 

F R U MP [4 ]  o r  a  hierarchica l  tre e i n A T R A N S [12] .  However ,  ther e sometime s happe n situation s 

whic h shoul d b e locate d betwee n classifications .  Th e threshold-base d scrip t  selectio n approac h 

achieve s mor e continuou s discriminatio n an d selectio n o f  script s tha n suc h conventiona l  approaches . 

Instea d o f  selectin g onl y on e fit  script ,  i t  regard s al l  script s whos e approximatio n t o th e curren t 

contex t  ar e clos e enoug h a s prope r  scripts ,  an d adopt s them . 

The Logic Module 

Sinc e th e logi c modul e mus t  find  logica l  mistake s i n th e preferentia l  decision s o f  th e intuitio n 

module ,  justificatio n mechanism s ar e necessar y fo r  th e logi c module .  Therefore ,  Trut h Maintenanc e 

Syste m ( T M S )  [6 ]  wa s introduce d fo r  th e logi c module .  I n T M S eac h predicat e i s followe d b y 

it s justification s whic h suppor t  th e predicate .  I f  a  conflic t  occur s betwee n tw o predicates ,  T M S 

trace s bac k alon g th e justificatio n link s (dependency-directe d backtracking )  an d discover s th e causa l 

predicat e o f  th e conflict .  W e ad d a  ne w justificatio n type ,  by-preferenc e i n T M S .  Thi s justificatio n 

typ e i s th e weakes t  compare d wit h othe r  type s o f  justifications .  Fo r  example : 

S2.  Person :  H o w i s Ro n going ? 

S3.  System :  H e wil l  b e divorce d nex t  week . 
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Figur e 2 :  Configuratio n o f  th e Cooperativ e Mode l 

SJ^. Person: No, he is single. 

Afte r  readin g S2 ,  th e syste m searche s it s memor y spac e an d finds  severa l  memor y entitie s eac h o f 

whic h expresse s a  perso n name d "Ron" .  Then ,  i t  calculate s th e distanc e betwee n th e microfeatur e 

expressio n o f  th e curren t  situatio n an d th e microfeatur e definitio n o f  eac h candidat e memor y entity . 

T h e syste m select s th e mos t  approximat e entit y t o th e curren t  situatio n a m o n g the m an d regard s 

i t  a s R o n mentione d i n S2 .  Then ,  i t  reply s S 3 t o th e person .  Afte r  readin g S4 ,  T M S i n th e logi c 

modul e o f  th e syste m finds  a  logica l  conflic t  sinc e th e ZLSsume d R o n i s no t  single .  Then ,  T M S 

discover s a  predicat e whic h say s tha t  th e memor y entit y fo r  Ro n wa s selecte d a s by-preference .  Th e 

predicat e i s remove d an d th e preferenc e i s retrie d an d a  ne w entit y fo r  "Ron "  i s  chose n again . 

DETAILS OF THE SYSTEM 

System Configuration 

Figur e 2  indicate s th e whol e syste m configuration .  Th e syste m consist s o f  th e followin g modules : 

• Microfeature FIFO (MF-FIFO) and Current Context Atmosphere Memory (CCAM); 

• Atmosphere Matcher (AM); 

• Logic Module (LM), which is monitored by TMS; 

• Script dictionary, Word dictionary, and Entity dictionary. 

Word dictionary holds the meanings of words and phrases. Entity dictionary holds the memories 

of  variou s entitie s lik e man y Ron s thi s syste m memorizes .  Scrip t  dictionar y hold s scripts .  Eac h 

word ,  entit y an d scrip t  ha s tw o differen t  representations ;  microfeatur e representatio n an d predicat e 

representation .  Th e microfeatur e representatio n i s implemente d a s a  fixed-sized  bi t  vector .  Th e 
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following is the general form of a script in Script dictionary. 

Scrip t  script-name : 

Microfeatur e definition , 

Keyword ,  keyword ,  keyword,.. . 

Loca l  rule s availabl e i n thi s script , 

Loca l  predicate s availabl e i n thi s script . 

Each scrip t  hold s severa l  keyword s whic h characteriz e th e script ,  loca l  rule s whic h analyz e sentence s 

under  th e loca l  domai n o f  thi s script ,  an d loca l  predicate s whic h describe s th e loca l  domai n o f  thi s 

script . 

MF-FIFO ,  C C A M an d A M construc t  th e intuitio n module .  MF-FEF O i s a  FIF O whos e length s 

ar e severa l  dozen s an d whos e width s ar e th e sam e a s tha t  o f  microfeatur e bi t  vectors .  C C A M 

calculate s th e numbe r  o f  O N (1 )  bi t  pe r  microfeatur e i n MF-FIFO ,  the n select s microfeature s 

whose numbe r  o f  appearance s i s greate r  tha n th e syste m define d threshold .  Th e se t  o f  th e selecte d 

microfeature s i s als o expresse d i n th e for m o f  a  bi t  vecto r  an d i s use d a s th e curren t  contex t 

atmosphere .  Th e microfeatur e se t  i n C C A M change s whe n a  ne w inpu t  microfeatur e i s adde d int o 

MF-FIFO .  A M get s a n inpu t  i n th e for m o f  microfeatures ,  the n calculate s th e distanc e betwee n 

th e inpu t  an d th e stat e o f  C C A M. 

L M i s monitore d b y T M S .  Justificatio n link s o f  T M S ar e mad e fro m predicate s i n L M t o othe r 

predicate s i n LM .  A  justificatio n i s als o linke d fro m a  predicat e i n L M t o a  bi t  vecto r  i n MF-FIF O 

i f  th e bi t  vecto r  wei s pushe d int o MF-FIF O b y th e predicate .  I t  mean s tha t  content s i n MF-FIF O 

ar e als o monitore d b y T M S . 

Flow of the System 

The typica l  flo w o f  thi s mode l  i s  describe d i n th e followin g sequence .  Number s fro m (1 )  t o (7 ) 

i n Figure- 2 ar e correspondin g t o th e followin g processes . 

(1 )  A  ne w inpu t  sentenc e i s give n t o th e system . 

(2 )  Lexica l  meaning s fo r  eac h wor d i n th e sentenc e ar e take n fro m Wor d dictionary .  Eac h meanin g 

consist s o f  tw o differen t  representations ;  th e predicat e for m o f  logica l  definition s an d th e bi t  vecto r 

for m o f  microfeatures .  I f  a  wor d ha s tw o o r  mor e meanings ,  al l  lexica l  meaning s ar e taken . 

(3 )  A M receive s th e lexica l  meanin g definitions .  I f  ther e i s onl y on e meanin g fo r  a  word ,  th e meanin g 

definitio n i s soo n passe d t o LM .  I f  a  wor d ha s tw o o r  mor e meanings ,  A M compare s th e microfea -

tur e definitio n o f  eac h meanin g wit h tha t  o f  C C A M.  Accordin g t o th e degre e o f  th e approximatio n 

betwee n eac h meanin g an d C C A M,  preference s ar e give n amon g th e competin g meanings .  Then , 

al l  o f  the m ar e passe d t o LM . 

(4 )  L M employ s th e mos t  approximat e meanin g t o th e curren t  contex t  atmospher e amon g compet -

in g meanings .  Th e logica l  definition s o f  th e employe d meanin g ar e loade d int o L M i n th e for m o f 

predicates ,  an d th e microfeature s o f  th e employe d meanin g ar e pushe d int o MF-FIF O i n th e for m 

of  bi t  vector .  Th e bi t  vecto r  i n MF-FIF O i s pointe d fro m th e correspondin g predicat e i n L M b y a 

dependency-directe d lin k o f  T M S . 

(5 )  Synta x parsing ,  logica l  semanti c analysi s an d contex t  analysi s ar e don e i n LM .  Whe n a  predicat e 

i s newl y derive d b y logica l  inference s i n L M an d i f  th e predicat e ha s it s microfeatur e definition ,  th e 

microfeatur e definitio n i s adde d int o MF-FIFO . 

(6 )  Th e syste m alway s measure s th e distanc e betwee n C C A M an d eac h scrip t  i n Scrip t  dictionary .  I f 

a distanc e betwee n C C A M an d a  scrip t  become s smalle r  tha n th e syste m define d threshold ,  C C A M 
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cLsynchronously sends an interrupt to LM and notifies that the script is proper to be selected as the 

curren t  context .  Loca l  rule s an d loca l  predicate s o f  th e scrip t  ar e take n fro m Scrip t  dictionar y an d 

loade d int o LM .  Keyword s o f  th e scrip t  ar e adde d int o MF-FIF O i n th e for m o f  microfeatures .  I f  a 

distanc e betwee n C C A M an d a  scrip t  whic h i s currentl y loade d int o L M become s large r  tha n th e 

syste m define d threshold ,  C C A M asynchronousl y notifie s th e even t  t o LM .  Then ,  L M remove s th e 

loca l  rule s an d th e loca l  predicate s o f  th e scrip t  fro m LM .  I f  ther e exis t  bi t  vector s i n MF-FIF O 

whic h wer e justifie d b y th e remove d predicates ,  suc h bi t  vector s ar e als o remove d fro m MF-FIF O 

at  th e sam e time . 

(7 )  I f  a  contradictio n occur s amon g logica l  predicate s i n L M ,  T M S finds  it s causa l  predicat e b y 

tracin g bac k dependenc y links ,  the n remove s th e causa l  predicate .  I f  th e causa l  predicat e Wci s 

justifie d b y by-preference ,  L M employ s anothe r  candidat e accordin g t o th e preferentia l  orderings . 

RELATED WORKS 

Hendler [10] combines microfeature with the marker passing approach. While he unites mi-

crofeatur e an d marke r  passing ,  w e constructe d a  cooperativ e mode l  o f  microfeatur e base d modul e 

and logi c base d module .  Wilks' s preferentia l  semantic s [18 ]  i s  simila r  t o ou r  intuitio n module .  Bu t 

hi s mode l  doe s no t  hav e a  logica l  justificatio n mechanis m fo r  preferentia l  decisions .  Charnia k [2 ] 

propose s th e cooperatio n mode l  o f  a  marke r  passin g modul e an d a  logi c module .  H e relie s o n th e 

marke r  passin g mechanis m an d let s th e mechanis m d o a s man y thing s a s possibl e includin g highe r 

leve l  inferences .  Ou r  stanc e i s th e opposite .  W e regar d th e logi c modul e i s mai n an d th e intuitio n 

modul e i s it s  assistan t  sinc e th e preferentia l  decision s o f  th e intuitio n modul e i s doubtful .  Charnia k 

and Goldma n [3 ]  propos e anothe r  mode l  whic h i s base d o n logic .  The y introduc e A T M S [5 ]  an d 

use it s justificatio n mechanism .  A T M S generate s man y assumptiv e interpretations .  However ,  i t  i s 

not  sur e ho w thei r  mode l  make s preferentia l  decision s amon g suc h man y interpretations . 

CONCLUSIONS 

I n thi s paper ,  w e hav e presente d a  solvin g b y intuitio n method .  W e introduce d atmospher e a s 

an instanc e o f  solvin g b y intuition .  Atmospher e i s usefu l  fo r  righ t  memor y retrievals ,  preferentia l 

orderings ,  an d scrip t  selection/withdrawa l  i n NLP .  Atmospher e i s realize d b y a  microfeatur e base d 

mechanis m whic h wa s inspire d b y A N N researches .  Th e mechanis m ca n b e see n a s a  simplifie d 

implementatio n o f  A N N .  I t  i s  characterize d b y microfeatur e representation ,  chronologica l  FIFO , 

and threshold-base d scrip t  selection .  Th e microfeatur e base d mechanis m work s fo r  N L P a s a n 

intuitio n modul e cooperatin g wit h a  logi c module .  Th e logi c modul e doe s synta x parsing ,  semanti c 

analysi s an d contex t  analysis .  I n additio n t o these ,  i t  check s fo r  th e justification s o f  preferentia l 

decision s don e b y th e intuitio n module .  Th e cooperativ e mode l  ca n construc t  a  practica l  N L P 

progra m sinc e i t  i s  eas y t o develop ,  modularize ,  maintain ,  an d chang e knowledg e structure s i n th e 

model . 
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