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1.  Introdactia a 
Thi s pape r  describe s th e languag e understandin g 

componen t  o f  th e Uni x Consultan t  (UC )  syste m bein g 
develope d a t  th e Berkele y Artificia l  Intelligenc e 
Researc h project .  Hi e purpos e o f  U C i s t o hol d a  conver -
satio n wit h a  naiv e use r  o f  th e Uni x operatin g syste m 
whil e h e o r  sh e i s workin g o n th e computer ,  answerin g 
question s an d solvin g problem s fo r  th e user .  Vc m syste m 
has severa l  othe r  components ,  includin g th e c o m m o n 
sens e planne r  PANDORA (Faletti .  1982) .  an d th e pla n 
understande r  PAMELA (Norvig .  1982) . 

Our  natura l  language  understandin g syste m con -
tain s a s a  subpart  th e PHRAN phrasa l  analysi s progra m 
nruensk y an d Arens .  1980a )  (WUensk y an d Arens .  1980b ) 
Arens .  1981) .  PHRAN' s knowledg e bas e consist s o f 

Pattem-CoQcep t  Pair s -  pairing s o f  languag e structure s 
wit h a  conceptua l  representatio n o f  thei r  meaning .  I t 
operate s b y matchin g th e patter n part s o f  th e pair s 
agains t  th e inpu t  an d usin g th e correspondin g concep t 
t o describ e it s meaning . 

The current  syste m attempt s t o dea l  wit h th e fac t 
tha t  P H R AN b y itsel f  unabl e t o dea l  wit h reference ,  an d 
canno t  disambiguat e unles s th e linguisti c pattern s use d 
requir e a  particula r  semanti c interpretatio n o f  th e 
words .  I n addition ,  w e wis h t o accoun t  fo r  th e fac t  tha t 
th e sam e utteranc e m a y b e interprete d diflerentl y i n 
differen t  contexts .  Thes e inabilitie s o n th e par t  o f 
P H R AN originat e i n th e fac t  tha t  PHRAN' s knowledg e i s 
almos t  entirel y o f  th e language ,  a s oppose d t o knowledg e 
abou t  th e entir e conversation ,  mor e genera l  worl d 
Imowledge .  etc .  Of  course ,  i n orde r  t o specif y th e pat -
terns .  P H R AN need s a t  leas t  som e informatio n abou t  th e 
semantic s o f  th e word s appearin g i n th e sentence s i t 
analyzes ,  bu t  thi s i s limite d t o th e semanti c categorie s 
th e object s describe d b y th e languag e belon g t o (e.g . 
Perso a Vehicle )  an d a  Conceptua l  Dependenc y represen -
tatio n (Schank .  1975 )  o f  th e actions .  I n orde r  t o bol d a 
meaningfu l  an d usefu l  conversation ,  however ,  i t  i s  clea r 
tha t  suc h a  syste m mus t  g o beyon d th e (almost )  purel y 
linguisti c analysi s o f  th e sentenc e t o includ e th e effec t 
and th e interactio n thi s iuialysi s ha s o n ou r  mode l  o f  th e 
conversatio n an d o n ou r  knowledg e a s a  whole . 

The syste m w e ar e currentl y constructin g ha s a  sin -
gl e mechanis m whic h addresse s m a n y o f  thes e problems . 
whic h w e cal l  th e Contex t  Uode L Th e Contex t  Mode l 
contain s a  recor d o f  knowledg e relevan t  t o th e interpre -
tatio n o f  th e discourse ,  wit h associate d level s o f  activa -
tion .  Ther e ar e rule s governin g ho w element s introduce d 
int o th e Contex t  Mode l  ar e t o influenc e i t  an d th e 
system' s behavior . 

P H R AN an d th e Contex t  Mode l  interac t  continually . 
P H R AN passe s it s limite d interpretatio n o f  th e inpu t  t o 
th e Contex t  Model ,  an d i t  i n tur n determine s th e focu s o f 
th e conversatio n an d use s i t  t o resolv e th e meanin g o f 
ambiguou s terms ,  o f  references ,  etc. .  an d passe s thes e 
bac k t o PHRAN. 

Althoug h i t  to o Involve s th e us e o f  spreadin g activa -
tio n an d association s amon g semanti c structure s fo r  th e 
purpos e o f  understandin g text ,  th e Context  Mode l  differ s 
substantiall y i n scop e fro m Quillian' s wor k i n TL C a s 
describe d i n (Quillian .  1969) .  TL C wa s concerne d mainl y 
wit h th e determinatio n o f  th e conceptua l  representatio n 
of  th e inpu t  sentence ,  a  tas k whic h i s handle d her e mostl y b y th e phrasa l  analyzer .  Th e Contex t  Mode l group s relate d entrie s i n i t  an d arrive s a t  a  notio n o f  th e 
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situatio n bein g discussed .  Alternativ e situation s i n whic h 
a concep t  m a y appea r  ca n b e ignored ,  thu s enablin g th e 
syste m t o hav e a  mor e directe d spreadin g o f  activation . 

(Crosz ,  1980 )  develop s i n grea t  detai l  a  schem e fo r 
determinin g focu s o f  a  tas k oriente d dialo g an d usin g i t 
t o resolv e references .  Grosz' s syste m relie s heavil y o n 
th e inheren t  tempora l  structurin g o f  th e tas k -  wherea s 
we ar e tryin g t o develo p a  mor e genera l  approach , 
independen t  o f  th e typ e o f  subjec t  matte r  discussed . 
Our  syste m mus t  hav e th e abilit y  t o shif t  focu s freel y 
accordin g t o th e user' s input ,  includin g th e abilit y t o 
stor e an d recal l  previou s context s int o focus . 

The resultin g syste m i s abl e t o convers e an d answe r 
questions ,  whil e allowin g th e use r  t o mov e i n a  relativel y 
fre e manne r  fro m on e topi c t o another ,  a s th e nex t 
exampl e illustrates . 
1.1. Enmple 

The exchang e describe d belo w take s plac e wit h th e 
UNDC Consultan t  (UC )  syste m bein g constructe d a t 
Berkeley .  Th e purpos e o f  th e syste m i s t o answe r  th e 
question s o f  naiv e user s o f  th e UNDC operatin g syste m 
wtiil e the y ar e usin g th e computer .  Se e (WUensky ,  1982) . 

[1 ]  Use r  Ho w d o I  prin t  th e file  fetcb. 1 o n th e lin e 
printer ? 

[2 ]  UC :  T o prin t  th e fil e fetch. 1 o n th e lin e printe r 
typ e 'Ip r  fetch.r . 

(intervening commands and questions) 
;3 Usen Has the flle fetch.1 been printed yet? 

4 U C Ih e flle  fetch. 1 i s i n th e lin e printe r  queue . 
| 5 User :  Ho w ca n I  cance l  it ? 
' 8 UC :  T o remov e th e fil e fetch. 1 tro m th e lin e 

printe r  queu e yo u mus t  typ e 'Ipr m arens' . 
In this example the user first asks a question [l] 
and receive s a  repl y fro m th e system ,  llie n com e 
severa l  othe r  question s an d answers ,  an d the n th e 
secon d par t  o f  th e example .  Hi e use r  ask s anothe r  rela -
tiwl y straightforwar d questio n an d the n a  mor e prob -
lemati c one .  I n orde r  t o repl y t o th e las t  questio n th e 
syste m mus t  fin d th e referen t  o f  'it' .  Th e languag e use d 
implie s tha t  thi s mus t  b e a  command ,  bu t  th e c o m m a n d 
i n questio n wa s issue d lon e ago .  Th e syste m i s abl e t o 
determin e th e meanin g o f  [5 ]  onl y becaus e th e contex t 
of  [1 ]  an d [2 ]  ha d bee n store d an d s o coul d b e recalle d 
upo n th e seein g o f  [3] .  Thi s exampl e wil l  b e discusse d i n 
mor e detai l  i n sectio n 3 . 

2. The CoatAzt Model and Its Hanipulatioa 
The Contex t  Mode l  i s i n a  constan t  stat e o f  flux. 

Entrie s representin g th e stat e o f  th e conversatio n an d 
th e system' s i-elate d knowledg e an d 'Intentions '  ar e con -
tinuall y bein g added ,  deleted ,  o r  ar e havin g thei r  activa -
tio n level s modified .  A s a  resul t  th e sam e utteranc e m a y 
be interprete d i n a  differen t  manne r  a t  differen t  times . 
Followin g ar e shor t  description s o f  th e differen t  ele -
ment s o f  th e system . 

2.1. Entries 
The Contex t  Mode l  consist s o f  a  collectio n o f  entrie s 

wit h associate d level s o f  activation .  Thes e entrie s 
represen t  th e system' s interpretatio n o f  th e ongoin g 
conversatio n an d it s knowledg e o f  relate d information . 
The activatio n leve l  i s  a n indicatio n o f  th e prominenc e o f 
th e informatio n m th e curren t  conversationa l  context ,  s o 
tha t  whe n intereste d i n a n entr y o f  a  certai n typ e th e 



syste m wil l  prefe r  a  mor e highl y activate d on e amon g al l 
thos e tha t  ar e appropriate . 

Ther e ar e variou s type s o f  entries ,  an d thes e ar e 
groupe d int o thre e genera l  categories : 
1)  ABaertioQ S -  statement s o f  fact s know n t o th e sys -

tem . 
2)  Object s -  object s o r  event s whic h th e syste m ha s 

encountere d eui d tha t  m a y b e referre d t o i n th e 
future . 

3)  InUntlooa -
a)  Entrie s representin g informatio n th e syste m 

intend s t o transmi t  t o th e use r  (i.e .  output )  o r 
othe r  component s o f  a n understandin g syste m 
(e.g .  goa l  tracker ,  planner) . 

b )  Entrie s representin g informatio n th e syste m 
intend s t o determin e fro m it s knowledg e base . 

2.2. QiuUn 
The entrie s i n th e Contex t  Mode l  ar e groupe d int o 

eluater s representin g situations ,  o r  associate d piece s o f 
knowledge .  I f  an y on e m e m b e r  o f  a  cluste r  i s reenforce d 
i t  wil l  caus e th e res t  o f  th e member s o f  th e cluste r  t o b e 
reenforce d too .  I n thi s manne r  input s concernin g a  cer -
tai n situatio n wil l  continu e reenforcin g th e sam e cluste r 
of  entrie s — thos e correspondin g t o tha t  particula r  situa -
tion .  Thu s th e syste m arrive s a t  a  notio n o f  th e topi c o f 
th e conversatio n whic h i t  use s t o hel p i t  choos e th e 
appropriat e interpretatio n o f  furthe r  inputs . 
2.3. Reenforcemeot 

When th e pars e o f  a  ne w inpu t  i s receive d fro m 
PHRAN th e syste m insert s a n appropriat e entr y int o th e 
Contex t  Mode l  I f  ther e alread y exist s a n entr y matchin g 
th e on e th e syste m i s addin g the n th e activatio n level s o f 
al l  entrie s i n it s cluster(s )  ar e increased .  Tb e leve l  o f 
activatio n decay s ove r  tim e withou t  reenforcement ,  an d 
urtie n i t  fall s  belo w a  give n threshol d th e ite m i s removed . 
2.4. Stored Quatan 

Upon insertin g a  ne w ite m i n th e Contex t  Mode l  th e 
syste m retrieve s fro m a  databas e o f  cluster s al l  thos e 
tha t  ar e indexe d b y th e ne w item .  Unificatio n i s don e 
durin g retrieva l  an d th e entrie s i n th e additiona l  cluster s 
ar e als o inserte d int o th e Model ,  followin g th e sam e pro -
cedur e describe d her e excep t  tha t  the y air e give n a 
lesse r  activation .  We thu s bot h avoi d loop s an d accom -
modat e th e intuitio n tha t  th e mor e intermediat e step s 
ar e neede d t o associat e on e piec e o f  knowledg e wit h 
anothe r  th e les s th e mentio n o f  on e wil l  remin d th e sys -
te m o f  th e other . 

The syste m begin s operatio n wit h a  give n indexe d 
databas e o f  clusters ,  bu t  cluster s representin g variou s 
stage s o f  th e conversatio n ar e continuall y adde d t o it .  I n 
principle ,  thi s shoul d b e performe d automaticall y whe n 
th e syste m i s cue d b y th e conversatio n a s t o th e shiftin g 
of  topic ,  bu t  currentl y th e syste m use r  mus t  instruc t  i t 
do so .  Upo n receivin g suc h a n instruction ,  then ,  al l  bu t 
th e leas t  activate d entrie s i n th e Contex t  Mode l  ar e 
store d a s a  cluste r  indexe d b y th e mos t  highl y activate d 
among them .  Thi s enable s th e sjrste m t o 'recall '  a  situa -
tio n late r  whe n presente d wit h a  relate d inpu t 
2.S. Operations on Entries in the Context Model 

Afte r  a  ne w entr y i s mad e i n th e Contex t  Mode l  th e 
proces s describe d abov e take s plac e an d eventuall y th e 
activatio n level s stabilize ,  wit h som e o f  th e item s bein g 
deleted ,  perhaps .  The n th e syste m look s ove r  eac h o f 
th e remainin g entrie s and .  i f  i t  i s  activate d highl y 
enough ,  perform s th e operatio n appropriat e fo r  it s  type . 
The allowe d operation s consis t  o f  th e following : 
1) Deleting an entry. 
2)  Addin g another  entry . 
3)  Transmittin g a  messag e t o anothe r  componen t  o f 

th e syste m (i.e .  outpu t  t o tn e use r  o r  dat a t o 
anothe r  program ,  e.g .  PANDORA (Faletti .  1982) ,  fo r 
mor e processing ) 

4)  A s par t  o f  th e U C system ,  gettin g informatio n fro m 
th e UNI X syste m directl y (an d insertin g a n entr y correspondin g t o th e result) . 

3.  DetaU s o f  th e Exampl e 
I n [l ]  th e use r  ask s a  simpl e question .  P H R AN 

analyze s th e questio n an d send s th e Contex t  Mode l  a 
strea m o f  entrie s t o b e Inserted .  Amon g the m ar e th e 
fac t  tha t  'fetch. r  i s  th e nam e o f  a  file,  an d tha t  th e use r 
aske d wha t  i s th e pla n fo r  printin g i t  o n th e lin e printer . 
The syste m record s thes e fact s i n th e Contex t  Model . 
Indexe d unde r  th e entr y representin g th e user' s desir e 
t o obtai n a  goa l  ther e i s a  cluste r  containin g entrie s 
representin g th e system' s inten t  t o find a  pla n fo r  th e 
goal  th e use r  ha s an d instructin g th e syste m t o tel l  th e 
use r  o f  thi s plan .  Thi s cluste r  i s instzintiate d her e wit h 
th e goa l  bein g th e particula r  goa l  expresse d i n th e ques -
tion .  Th e entr y expressin g th e system' s nee d fo r  a  pla n 
fo r  th e user' s goa l  lead s t o th e pla n i n questio n bein g 
introduce d also .  Thi s happen s becaus e th e syste m hap -
pen s t o alread y hav e thi s associatio n stored .  Whe n th e 
syste m look s ove r  th e entrie s i n th e Contex t  Mode l  an d 
comes t o th e on e concernin g th e nee d t o fin d th e pla n i n 
questio n i t  wil l  chec k t o se e i f  a n entr y fo r  suc h a  pla n 
alread y exists ,  an d i n ou r  cas e i t  does .  Bu t  i f  n o pla n 
wer e found ,  th e syste m woul d inser t  a  ne w entr y int o th e 
Contex t  representin g it s inten t  t o pas s th e informatio n 
abou t  th e user' s reques t  t o th e planner  PANDORA 
(Faletti .  1982) .  PANDORA wi U i n tur n retur n th e pla n t o 
be inserte d i n th e Contex t  Mode L 

So th e syste m finds  th e pla n (issuin g th e c o m m a n d 
above )  an d insert s a  ne w entr y instructin g th e syste m t o 
outpu t  i t  t o th e user .  An d eventuall y tha t  i s  don e -
henc e [2] . 

The topi c shift s an d th e previou s contex t  i s  store d 
(wit h th e operator' s aid ,  a s mentione d above) ,  indexe d 
by th e mos t  highl y activate d entries ,  includin g th e file 
name,  th e mentio n o f  th e lin e printer ,  th e even t  o f  print -
in g th e file,  an i  th e conunan d issued . 

I n [3 ]  an d [4 ]  w e hav e a n exchang e simila r  t o th e 
previou s on e excep t  tha t  th e syste m actuall y ha s t o con -
sul t  th e operatin g syste m i n orde r  t o find  th e answe r  t o 
th e question .  Ther e i s on e majo r  additio n howeve r  — a s a 
resul t  o f  th e existenc e o f  th e ne w cluste r  describe d 
above ,  th e syste m ha s al l  thi s extr a informatio n trig -
gere d an d loade d int o th e Contex t  Model .  An d thi s i s 
wtia t  make s i t  possibl e fo r  th e syste m t o determin e th e 
referen t  o f  'it '  i n [5] .  Severe d othe r  command s wer e 
mentione d an d execute d mor e recently ,  bu t  i n th e ne w 
cluste r  jus t  loade d m a n y entrie s matc h alread y existin g 
one s causin g al l  — includin g th e c o m m a n d intende d fo r 
cancellatio n — t o b e mor e h^hl y activated . 
4w abartcamings 

The syste m i s no t  currentl y abl e t o determin e o n it s 
own tha t  th e topi c ha s change d an d tha t  i t  mus t  stor e 
th e curren t  context .  I n additio n t o linguisti c  cues ,  w e 
shoul d b e abl e t o us e th e Contex t  Mode l  to o i n orde r  t o 
hel p i n suc h a  determination ,  bu t  thi s wor k ha s no t  bee n 
don e ye t 

When i t  i s  instructe d to ,  th e curren t  syste m store s 
essentiall y  a  cop y o f  th e mor e highl y activate d element s 
of  th e Contex t  Mode l  whe n creatin g a  ne w cluster .  The y 
ar e no t  assume d t o hav e an y particula r  structur e o r 
relation s amon g the m othe r  tha n al l  bein g highl y 
activate d a t  th e sam e time .  Thi s cause s tw o problems : 
1)  A s a  resul t  i t  i s  ver y difficul t  t o generaliz e ove r  suc h 

cluster s (cf .  Lebowitz ,  1980) .  Th e syste m m a y a t 
some poin t  determin e a  pla n fo r  changin g th e own -
ershi p o f  a  particula r  file,  an d stor e a  cluste r  con -
tainin g i t  I f  i t  i s  face d wit h th e nee d t o chemg e th e 
ownershi p o f  another  file,  however ,  th e syste m wil l 
not  b e abl e t o us e thi s information .  I n th e exampl e 
abov e thi s proble m wa s no t  encountere d becaus e 
th e cluster s use d wer e preprogramme d t o includ e 
variable s i n plac e o f  particula r  &es . 

2)  Ther e i s n o wa y t o compar e tw o cluster s an d deter -
min e tha t  i n fac t  the y ar e similar .  Thu s w e m a y 
hav e man y cluster s indexe d b y a  certai n entr y al l  o f whic h actuall y describ e essentiall y  th e sam e situa -tion . Anothe r  elemen t  missin g fro m th e syste m i s a model  o f  th e user .  Certai n assumption s ar e m a d e a s t o th e knowledg e th e use r  ha s o f  th e Uni x operatin g system ,  bu t  thes e ar e buil t  i n an d canno t  b e modifie d accordin g t o pas t  interactions .  Constructin g suc h a 
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model  wil l  probabl y requir e wor k beyon d th e scop e o f 
thi s project . 
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