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1. Introduction: CLUSTER and the Context of an Utterance 

Thi s pape r  outline s a  theor y o f  modelin g th e contex t  o f  a n utterance .  I t  i s  par t  o f  th e C L U S T E R 

theor y o f  languag e understandin g i n contex t  (Arens ,  1986) .  I t  ha s bee n implemente d i n a  versio n o f  U C 

(th e U N I X Consultant )  (Wilensky ,  Arens ,  &  Chin ,  1984) . 

C L U S T ER build s o n th e followin g observation s concernin g th e proces s o f  languag e understanding : 

t  Languag e understandin g i s no t  sentence-based . 

•  N e w inpu t  i s understoo d i n referenc e t o th e context ,  no t  necessaril y th e previou s text . 

•  Th e contex t  i s  update d an d change d i n th e cours e o f  processin g input .  Insertio n o f  a  fac t  int o th e 

contex t  m a y caus e th e insertio n o f  a  grou p o f  associate d facts . 

•  Element s o f  th e contex t  hav e a  degre e o f  salienc e associate d wit h them . 

•  Thi s salienc e i s a  statu s tha t  decay s ove r  tim e an d m a y eventuall y b e lost . 

•  Informatio n i n th e contex t  shoul d b e recorde d periodicall y i n th e mor e permanen t  form . 

C L U S T ER theor y posit s severa l  level s o f  m e m o r y structures .  A t  th e lowes t  leve l  ar e entries ,  'atomic ' 

representation s o f  element s o f  th e context .  Entrie s ar e groupe d togethe r  i n clusters .  Suc h a  groupin g 

indicate s tha t  th e entrie s ten d t o co-occu r  i n th e world .  A  collectio n o f  cluster s i s  store d i n a n under -

standin g system' s Lon g Ter m Memory .  T h e mentio n o f  a n entr y i n a n inpu t  sentence ,  say ,  wil l  resul t  i n 

th e recal l  o f  cluster s containin g it .  T h e recalle d cluster s wil l  the n b e place d i n th e Contex t  Model ,  wher e 

the y wil l  b e availabl e t o an y processe s tha t  requir e knowledg e o f  th e context . 

1.1. Entries 

Ther e ar e thre e genera l  classe s o f  entries .  Eac h contain s representation s o f  differen t  aspect s o f  th e worl d 

withi n whic h th e understandin g syste m operates . 

Object s -  Entrie s i n thi s clas s stan d fo r  physica l  objects ,  events ,  an d actions .  A n entr y o f  thi s typ e 

must  b e presen t  i n th e Contex t  Mode l  befor e a  referenc e t o suc h a n objec t  m a y b e understood . 

Assertion s -  Entrie s i n thi s clas s describ e state s o f  th e world ,  state-changes ,  o r  action s tha t  hav e 

take n place .  A n entr y o f  thi s typ e mus t  b e presen t  befor e th e effect s o f  th e thin g i t  represent s m a y 

be accessed . 

Intention s -  Thes e entrie s describ e intention s th e understandin g syste m ha s o f  performin g certai n 

actions .  T h e action s th e syste m ca n perfor m includ e outpu t  t o th e use r  (i .  e. ,  sayin g something) , 

addin g o r  deletin g a n existin g entr y i n th e Contex t  Model ,  an d more . 

•  Some o f  th e wor k reporte d her e wa s performe d whe n th e autho r  wa s a t  th e Universit y o f  Californi a a t  Berkeley ,  wher e i t  wa s 
sponsore d b y th e Offic e o f  Nava l  Researc h unde r  contrac t  N000H-80-C-0732 ,  an d DARPA (DOD) ,  ARP A orde r  No .  3041 ,  monitore d 
by th e Nava l  Electroni c System s Command unde r  contrac t  N00039-82-C-023S .  Th e wor k performe d a t  th e Universit y o f  Souther n 
Californi a wa s supporte d b y th e US C Facult y Researc h an d Innovatio n Fund ,  an d b y T R W Defens e System s unde r  Subcontrac t  No . 
D71810ANSS. 
•  •  Contextua l  Languag e Understandin g wit h Salienc e Trackin g an d Environmen t  Recall . 
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T h e sam e real-worl d objec t  o r  even t  m a y b e represente d b y a n entr y o f  mor e tha n on e type .  Fo r  exam -

ple ,  th e system' s intentio n t o sa y somethin g t o th e use r  m a y als o b e represente d i n a n entr y o f  typ e 

object .  Thi s woul d permi t  th e syste m t o understan d reference s t o thi s intentio n i n th e user' s input ,  a 

situatio n tha t  woul d no t  b e possibl e otherwise . 

1.2. Clusters 

Entrie s d o not ,  a s a  rule ,  occu r  i n isolation .  A  collectio n o f  entrie s i s arrange d i n a  cluste r  i f  thos e entrie s 

ten d t o b e foun d together  i n th e rea l  world .  T h e choic e o f  associatednes s a s th e basi s fo r  cluste r  struc -

tur e i s supporte d b y psychologica l  evidenc e o f  it s  importance .  Ther e i s considerabl e psychologica l  evi -

denc e fo r  th e existenc e o f  a n automati c proces s tha t  make s informatio n availabl e o n th e basi s o f  associa -

tiv e relatednes s ( M c K o o n &  Ratcliff ,  1979 )  (Neely ,  1977 )  (Warren ,  1977 )  (an d se e Anderso n (1983 )  fo r  a 

eview) .  T h e cchoccurrenc e o f  entrie s signiDe d b y thei r  formin g a  cluste r  i s usuall y du e t o th e fac t  tha t 

the y represen t  on e o f  th e following : 

th e variou s parts  o f  a  comple x object ; 

th e severa l  step s o f  a  comple x action ; 

th e actor s an d instrument s o f  a  particula r  activity ; 

intende d o r  associate d use s o f  a  particula r  object ; 

standar d association s betwee n certai n stimul i  an d responses ,  cause s an d effects ;  o r 

action s relate d b y conventio n (e .  g. ,  a n inquir y int o whethe r  on e ca n pas s a  sal t  shake r  an d a  reques t 

tha t  th e sal t  shake r  actuall y b e passed) . 

For  example ,  a  cluste r  fro m th e U N I X domai n relatin g th e makin g o f  a  file  executabl e t o th e c o m m a n d 

tha t  mus t  be-issue d i n orde r  t o d o s o wil l  includ e th e followin g entries* : 

?F i s a  file 

? U issue s c o m m a n d 'chmod '  wit h argumen t  '755 ' 

?F change s it s 'executability '  stat e t o 'on ' 

The existence of this cluster in long term memory asserts, among other things, that the last two entries 

ar e related ,  i .  e. ,  issuin g th e c o m m a n d 'chmo d 75 5 < f i lename> '  i s associate d wit h makin g a  file  execut -

able ,  an d vic e versa .  Mentionin g an y on e o f  thes e tw o fact s i n a  conversatio n cause s th e secon d t o 

become presen t  i n th e Contex t  Model ,  henc e i n context . 

A mor e comple x cluster ,  containin g a  variet y o f  entrie s i s displaye d below : 

? A i s a n actio n 

? U ha s aske d h o w t o perfor m actio n ? A 

? U wishe s t o k n o w h o w t o perfor m ? A 

? U canno t  perfor m actio n ? A 

Syste m intend s t o find  pla n fo r  ? A 

? U expect s a  respons e 

Thi s cluste r  reflect s th e associatio n betwee n th e use r  askin g h o w t o perfor m som e action ,  th e user' s wis h 

t o k n o w h o w t o perfor m it ,  an d th e system' s intentio n o f  finding  suc h a  pla n an d informin g th e use r  o f  it . 

•  Eotrie s ar e preseote d i n &  simplifie d notation .  7 F an d 7 U ar e variables ,  allowin g thi s cluste r  t o b e use d regardles s o f  wh o th e par -
ticula r  use r  (?U )  is ,  an d whic h file  (?F )  i s involved . 
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1.3 .  Activatio n 

Entrie s i n th e Contex t  Mode l  ar e marke d wit h a  measur e o f  thei r  salienc e i n th e context ,  indicate d b y a 

leve l  o f  activation .  I n C L U S T E R,  th e leve l  o f  activatio n i s viewe d a s a  poin t  o n a  scale ,  thu s distinguish -

in g i t  bot h fro m Quillian' s (1969 )  an d Charniak' s (1983 )  marke r  passin g models .  Th e processin g o f  inpu t 

i s accompanie d b y th e activatio n o f  entrie s representin g concept s mentione d i n i t  an d a  flow  o f  activatio n 

fro m thos e entrie s t o other s i n thei r  cluster(s) ,  an d s o forth .  Throug h th e accumulatio n o f  activatio n flow 

fro m severa l  sources ,  th e Contex t  Modele r  ha s th e abilit y  t o identif y entrie s tha t  ar e salien t  i n th e curren t 

context ,  althoug h no t  closel y associate d wit h an y singl e entry . 

Activatio n flow  i s cluster-directed .  W h e n a n entry' s activatio n leve l  i s  increased ,  al l  cluster s t o whic h i t 

belong s ar e identified .  Th e entry' s increas e i s divide d b y th e numbe r  o f  cluster s an d tha t  amoun t  flows  o n 

t o eac h cluster .  Withi n eac h o f  th e clusters ,  however ,  ever y entr y receive s th e sam e increase ,  regardles s o f 

th e siz e o f  th e cluster .  I n thi s manner ,  C L U S T E R distinguishe s betwee n entrie s associate d wit h m a n y 

differen t  situation s (e .  g. ,  a  file  an d it s numerou s uses )  an d entrie s associate d wit h onl y a  fe w (e .  g. ,  th e 

notio n o f  execution) .  I n th e latte r  cas e w e woul d lik e t o infe r  tha t  th e curren t  contex t  i s  probabl y on e o f 

thos e fe w clusters/situations ,  regardles s o f  th e numbe r  o f  entrie s i n each .  Thus ,  whe n 'execution '  i s  men -

tione d w e ca n realiz e tha t  ther e i s som e progra m bein g discusse d regardles s o f  th e numbe r  o f  fact s w e 

kno w abou t  th e executio n o f  programs . 

The leve l  o f  activatio n o f  a n entr y i n th e Contex t  Mode l  influence s th e choice s mad e b y processe s tha t 

need t o kno w abou t  th e context .  A s a  rule ,  a  proces s i n searc h o f  a  particula r  typ e o f  entr y wil l  choos e 

th e on e o f  tha t  typ e wit h th e highes t  leve l  o f  activation .  Se e sectio n 2 .  fo r  examples . 

Unles s reinforced ,  a s describe d above ,  th e activatio n o f  al l  entrie s i n th e Contex t  Mode l  decay s graduall y 

wit h th e passag e o f  time .  W h e n th e activatio n o f  a n entr y decrease s belo w a  certai n threshol d i t  i s 

droppe d fro m th e Contex t  Model . 

Entrie s o f  th e clas s intentio n ar e triggere d whe n thei r  activatio n grow s hig h enough .  Thei r  intende d 

actio n i s the n carrie d out . 

1.4. Processing Outline 

N ew entrie s ar e passe d o n t o th e Contex t  Modele r  b y outsid e processes .  I n th e curren t  implementation , 

th e onl y suc h proces s i s th e languag e analyzer .  I t  occasionall y identifie s a  fragmen t  o f  th e inpu t  languag e 

tha t  i s meaningfu l  t o i t  an d passe s it s meanin g t o th e Contex t  Modeler .  T h e latte r  form s a n entr y 

representin g th e meanin g o f  th e languag e fragment .  Th e followin g proces s the n take s place : 

1.  Th e Contex t  Modele r  attempt s t o unif y th e ne w entr y wit h thos e alread y existin g i n th e Contex t 

Model .  Eithe r  a  matc h i s foun d o r  els e a  ne w entr y i s create d i n th e Contex t  Model . 

I f  a n existin g entr y i s found : 

2a.  Al l  cluster s o f  whic h th e existin g entr y i s a  m e m b er  ar e reinforced ,  wit h activatio n flow  continuin g 

on fro m those . 

Otherwise : 

2b.  Al l  cluster s associate d wit h th e ne w entr y ar e retrieve d fro m lon g ter m memor y an d thei r  member s 

ar e inserte d recursively . 

3.  Thi s proces s continue s unti l  stabilit y  i s  reached . 

4.  T h e Contex t  Mode l  i s inspecte d an d highl y activate d intention s ar e performed . 
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At  thi s poin t  th e Contex t  Modele r  await s ne w inpu t  fro m th e languag e analyzer . 

2. Usefulness of the Context Model to Language Analysis 

I n a  conversationa l  contex t  th e languag e analyze r  canno t  trea t  sentence s a s independen t  entities .  Rather , 

i t  mus t  relat e thei r  conten t  an d impor t  t o informatio n gathere d durin g th e processin g o f  previou s utter -

ances .  I n particular ,  objects ,  actions ,  an d an y othe r  concept s mentione d in ,  o r  whos e existenc e i s implie d 

by ,  a n utteranc e mus t  b e disambiguated .  Thei r  interpretation s mus t  b e identifie d fro m amon g thos e con -

cept s presen t  i n th e Contex t  Model .  Fo r  thi s t o tak e plac e th e languag e analyze r  mus t  b e capabl e o f  iden -

tifyin g meaningfu l  fragment s i n th e inpu t  an d passin g the m o n t o th e Contex t  Modele r  a s soo n a s possi -

ble . 

A languag e analyze r  wit h thes e characteristic s i s use d i n th e implementatio n o f  CLUSTER.  Thi s i s 

PHR.\N ,  th e PHRasa l  ANalyze r  (Wilensk y an d Arens ,  1980a ,  1980b) .  Upo n recognizin g a  phrasa l  con -

struc t  i n th e input ,  P H R A N construct s it s paire d concep t  an d passe s i t  t o th e Contex t  Modeler .  Th e con -

cep t  become s par t  o f  th e entr y representin g th e meanin g o f  th e recognize d languag e fragment . 

2.1. Ambiguity Resolution 

When P H R A N processe s inpu t  i t  ofte n encounter s ambiguous  languag e fragments .  I n suc h instance s 

entrie s representin g th e meanin g o f  al l  interpretation s ar e inserte d i n th e Contex t  Model .  I n th e absenc e 

of  an y selectiona l  restriction s o r  othe r  linguisti c clues ,  o r  i f  suc h restriction s ar e insufficien t  t o uniquel y 

determin e th e meaning,  P H R A N choose s th e mos t  highl y activate d entr y o f  th e appropriat e typ e a s 

representin g th e meanin g o f  th e ambiguou s fragment .  Naturally ,  th e presenc e o f  relate d cluster s i n th e 

Contex t  Mode l  wil l  caus e a n entry' s activatio n t o b e higher . 

2.2. Definite References 

By itself ,  a  languag e analyze r  i s incapabl e o f  determinin g precisel y whic h rea l  worl d entitie s definit e refer -

ence s refe r  to .  Thi s i s becaus e th e understandin g o f  mos t  definit e reference s inherentl y involve s th e us e o f 

informatio n no t  presen t  i n th e sentenc e bein g processed . 

The Contex t  Mode l  provide s a  poo l  o f  candidate s fo r  th e interpretatio n o f  referrin g expressions .  A s a  rule , 

th e languag e analyze r  wil l  choos e a s th e referen t  th e mos t  highl y activate d entr y consisten t  wit h th e res -

triction s provide d b y th e referrin g expression .  Whe n n o suc h entr y ca n b e found ,  th e Contex t  Modele r 

realize s tha t  a  ne w entit y i s bein g discussed .  I t  the n create s a n appropriat e ne w entr y an d insert s i t  i n th e 

Contex t  Model . 

2.3. Pronouns and Demonstratives 

As i s th e cas e wit h definit e references ,  th e languag e anlyze r  searche s th e Contex t  Mode l  fo r  a  highl y 

activate d entr y consisten t  wit h th e restriction s derivabl e fro m th e pronou n o r  demonstrativ e used .  Thes e 

wil l  ofte n includ e gende r  information . 

3. Processing Example 

Thi s sectio n contain s a n exampl e o f  th e operatio n o f  th e UNE X Consultan t  (UC) .  I  wil l  sketc h th e pro -

cessin g involve d i n engagin g i n th e dialogu e tha t  follows .  I  wil l  pa y specia l  attentio n t o th e determinatio n 

of  th e referen t  o f  th e wor d 'it '  i n lin e [5) . 
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1 User :  H o w d o I  prin t  th e file  fetch.l ? 

(2 1 U C :  T o prin t  th e file  fetch. l  typ e ip r  fetch.l' . 

(intervening commands and questions) 

3| User: Has the file fetch.l been printed yet? 

[4 ]  U C :  Th e file  fetch. l  i s  i n th e lin e printe r  queue . 

(5 )  User :  H o w ca n I  cance l  it ? 

[6 ]  U C :  T o remov e th e file  fetch. l  fro m th e lin e printe r  queu e 

typ e 'Ipr m arens' . 

The fragments recognized by PHRAN in the user's first question, (l), are, in the order in which they are 

identified : 

I 

th e file  fetch. l 

H o w d o I  prin t  th e file  fetch. l  ? 

The analysis of each fragment results in a structure representing its meaning. This structure is inserted in 

th e Contex t  Model .  Th e thir d fragmen t  recognize d i s a  reques t  concernin g printing .  It s processin g result s 

i n a  complet e cluste r  bein g retrieve d fro m lon g ter m memor y an d inserte d i n th e Contex t  Model .  T h e 

cluste r  contain s structure s describin g th e c o m m a n d t o print ,  it s  effect ,  th e objec t  printe d an d th e fac t  tha t 

a printe r  i s involved .  Thi s informatio n i s use d t o determin e th e answe r  provide d b y th e syste m i n [2] . 

Afte r  UC' s reply ,  th e Contex t  Mode l  contain s representation s o f  th e followin g object s an d actions : 

(1 )  Th e use r 

(2 )  Th e file  fetch. l 

(3 )  Th e lin e printe r 

(4 )  Th e reques t  t o prin t  fetch. l 

(5 )  Th e c o m m a n d t o prin t  th e file  ('Ip r  fetch.l' ) 

(6 )  A  printin g even t 

(7 )  Th e use r  ha s requeste d t o prin t  th e file 

(8 )  U C ha s tol d th e use r  ho w t o prin t  th e file 

The contents of the Context Model are now preserved in long term memory in the form of a new cluster. 

Thi s i s don e followin g a n explici t  reques t  b y th e user ,  a s thi s proces s i s no t  currentl y automatic .  T h e ne w 

cluste r  wil l  b e recalle d whe n th e representatio n o f  an y o f  th e entrie s (2) ,  (4) ,  (5) ,  o r  (7) ,  i s  encountere d 

again . 

The conversatio n no w shift s t o othe r  topic s an d th e structure s previousl y i n th e Contex t  Mode l  ar e gradu -

all y delete d du e t o deca y o f  thei r  activatio n levels .  B y th e tim e th e use r  ask s questio n [3] ,  ther e i s n o 

trac e lef t  i n th e curren t  contex t  o f  th e structure s use d i n th e earlie r  exchange .  Fo r  th e sak e o f  thi s exam -

ple ,  I  wil l  assum e tha t  whe n lin e [3 ]  i s  inpu t  b y th e use r  th e Contex t  Mode l  i s empty . 

W h en th e user' s secon d questio n i s processe d b y P H R A N,  th e followin g fragment s ar e recognized : 

th e file  fetch. l 

Has th e file  fetch. l  bee n printe d yet ? 

W h en a n entr y describin g th e first  on e i s create d i n th e Contex t  Model ,  i t  serve s a s a  ke y fo r  retrievin g 

th e ne w cluste r  describe d above .  Th e concep t  associate d wit h th e secon d fragmen t  recognize d cause s th e 

59 9 



retrieva l  o f  othe r  clusters .  Thes e cluster s enabl e th e syste m t o respon d wit h [4] ,  bu t  ar e otherwis e 

irrelevan t  t o thi s example . 

W h en questio n [6 ]  i s  aske d b y th e user ,  i t  i s  analyze d b y P H R A N an d th e followin g inpu t  fragment s ar e 

identified : 

I 

i t 

How ca n I  cance l  it ? 

The structur e create d t o describ e th e first  fragmen t  i s identifie d wit h th e structur e describin g th e user , 

whic h i s alread y presen t  i n th e Contex t  Model . 

W h en a  structur e i s create d t o represen t  th e meanin g o f  th e secon d fragment ,  it ,  n o determinatio n o f  it s 

precis e meanin g b y U C i s possible .  However ,  whe n th e las t  fragmen t  i s recognized ,  PIIRA N note s tha t 

th e referen t  o f  i t  mus t  b e a  command .  Th e onl y comman d foun d i n th e Contex t  Mode l  i s th e on e t o 

prin t  th e file  fetch.1 .  Thi s wa s entr y (5 )  i n th e cluste r  forme d afte r  processin g questio n [l] ,  whic h wa s 

store d i n lon g ter m m.emor y an d retrieve d durin g th e processin g o f  questio n [3 ]  above .  Th e identificatio n 

of  thi s entr y a s th e referen t  enable s U C t o correctl y interpre t  th e user' s questio n an d eventuall y t o pro -

vid e th e answe r  [6] . 
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