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G e n e r a t i o n o f  S i m p l e S e n t e n c e s i n E n g l i s h U s i n g t h e 

C o n n e c t i o n i s t  M o d e l  o f  C o m p u t a t i o n 

Jugal Kalita and Lokendra Shastri 

Departmen t  o f  Compute r  an d Informatio n Science s 

Universit y o f  Pennsylvania ,  Philadelphia ,  P A 1910 4 

Marc h 13 ,  198 7 

Abstrac t 

Thi s pape r  dbcusse s th e desig n an d implementatio n o f  a  connectionis t  syste m fo r  generatio n 

of  well-forme d Englis h sentence s o f  limite d lengt h an d syntacti c variability .  Th e desig n employ s 

severa l  level s o f  interactin g unit s fo r  makin g appropriat e decisions .  I t  use s a  simpl e techniqu e fo r 

specifyin g assignmen t  o f  inpu t  concept s t o role s i n a  sentenc e an d aJs o ha s a  reusabl e subnetwor k 

fo r  th e expansio n o f  nou n phrases .  Th e sam e NP-subnetwor k i s use d fo r  th e expansio n o f  nou n 

phrase s correspondin g t o th e subjec t  a s wel l  a s th e objec t  phrase s o f  th e generate d sentences . 

The inpu t  t o th e syste m consist s o f  paralle l  activatio n o f  a  cluste r  o f  node s representin g con -

ceptua l  specificatio n o f  th e sentenc e wherea s th e outpu t  i s i n th e for m o f  sequentia l  activatio n 

of  node s correspondin g t o th e word s constitutin g th e sentence .  Th e syste m ca n produc e sim -

pl e sentence s i n bot h activ e an d passiv e voices ,  an d i n severa l  tenses .  Result s o f  a  simulatio n 

experimen t  performe d ar e als o included . 

1 Introduction 

It is generally accepted that text generation involves three distinct sequential phases - content 

determination ,  tex t  plannin g an d surfac e generation .  Conten t  determinatio n involve s identifyin g 

informatio n tha t  need s t o b e include d i n th e generate d text .  Tex t  plannin g i s concerne d wit h 

appropriatel y sequencin g th e intende d content s i n orde r  t o achiev e coherenc e i n th e generate d 

text .  Th e final  phas e — surfac e generatio n produce s th e actua l  sentence s give n thei r  interna l 

representations .  I n thi s paper ,  v̂^ e ar e no t  involve d wit h th e first  tw o phases .  Ou r  emphasi s i s o n 

th e generatio n o f  well-forme d sentence s assumin g tha t  th e initia l  tw o phase s hav e bee n successfull y 

performed . 

Currently ,  ther e ar e severa l  approache s t o surfac e generation .  Thes e includ e th e approac h base d 

on functiona l  gramma r  a s use d b y M c K e o w n i n he r  T E X T syste m [McKeow n 85] ,  th e propositiona l 

logi c base d syste m employe d b y Appel t  [Appel t  83 ]  an d th e stepwis e refinemen t  approac h take n 

by McDonal d i n th e M U M B LE syste m [McDonal d 83] .  Th e functiona l  g ramma r  approac h i s non -

deterministic ;  th e generatio n o f  a  sentenc e fro m a  conceptua l  specificatio n involve s th e proces s o f 

unificatio n whic h i s slo w an d inefficien t  takin g potentiall y  exponentia l  computatio n time .  Appel t 

assumes homogeneit y o f  variou s decisio n processes ;  hi s approac h whic h require s implementatio n o f 

theore m provin g technique s i s als o no t  easil y amenabl e t o a  parallelism .  M U M B LE employ s severa l 

level s o f  processin g t o achiev e it s goal .  Consequently ,  processin g requirement s ar e relativel y simpl e 

at  eac h leve l  enhancin g efficienc y an d modifiability .  I t  i s  deterministi c i n th e natur e o f  processin g 

involved . 

555 



Our  approac h t o surfac e languag e generatio n i s simila r  t o tha t  o f  McDonald .  W e hav e modele d 

th e generatio n proces s a s a  hierarch y o f  processin g levels .  Decision s hav e t o b e m a d e a t  eac h o f 

thes e level s unti l  node s correspondin g t o th e word s constitutin g th e sentenc e ar e activate d i n a n 

appropriat e order .  W e attemp t  t o implemen t  th e variou s processin g level s b y usin g th e connec -

tionis t  mode l  o f  computatio n i n th e spiri t  o f  [Feldma n e t  a l  82] .  Th e technique s employe d i n ou r 

implementatio n hav e bee n influence d b y Cottrell' s  syste m [Cottrel l  85 ]  fo r  v/ord-sens e disambigua -

tio n an d parsing .  W e successfull y generat e Englis h sentence s o f  limite d lengt h an d limite d syntacti c 

variabilit y  give n a  non-linguisti c specificatio n o f  thei r  contents . 

2 The Levels of Processing 

As indicated earlier, there are several levels of computation in the generation of a well-formed sen-

tence  fro m it s conceptua l  specificatio n i n ou r  generationa l  paradigm .  I n thi s respect ,  ou r  chose n ap -

proac h i s simila r  t o th e approache s t o perceptua l  processin g reporte d i n [McClellan d e t  a l  81,Sabba h 8 5 

wher e eac h leve l  o f  processin g i s concerne d wit h formin g representatio n o f  th e inpu t  a t  a  differen t 

leve l  o f  abstraction .  I n ou r  system ,  level s represen t  variou s decisio n step s tha t  nee d t o b e take n i n 

orde r  t o generat e a  sentence . 

T h e mai n level s o f  processin g employe d i n th e syste m ar e 

• input level 

• realization-class level 

• choice level 

• constituent level 

• morphology level 

The relationships among the various levels are shown in figure 1. 

Eac h leve l  o f  processin g i s carrie d ou t  b y on e o r  mor e speciall y designe d cluste r  o f  nodes .  Th e 

inpu t  leve l  node s represen t  a  communicativ e goa l  (alon g wit h som e constraint s t o b e discusse d 

later) .  Thi s informatio n i s i n th e for m o f  a  non-linguisti c conceptua l  specification s o f  wha t  need s 

t o b e conveye d throug h a n intende d utterance .  Example s o f  concep t  leve l  node s ar e concept-eat , 

concept-monkey-1 ,  concept-banana- 1 etc . 

Eac h concep t  nod e i s linke d t o a  realization-clas s node .  Severa l  concep t  node s m a y b e linke d 

t o th e sam e realization-clas s node ,  bu t  eac h concept  nod e i s connecte d t o a  uniqu e realization-clas s 

node .  T h e realization-clas s nod e whic h i s connecte d t o a  concep t  nod e determine s ho w tha t  concep t 

wil l  b e translate d int o English .  Th e translatio n o f  al l  concept s whos e correspondin g node s ar e 

connecte d t o a  realization-clas s nod e procee d i n a n identica l  fashion .  Example s o f  realization-clas s 

node s ar e sv o an d individual-item .  T h e sv o nod e require s concep t  node s linke d t o i t  b e translate d 

int o a  sentenc e wher e th e subject ,  ver b an d th e objec t  ar e al l  present .  Concep t  unit s correspondin g 

t o transitiv e verb s suc h a s eat ,  giv e etc. ,  ar e connecte d t o th e sv o node .  Concep t  node s suc h a s 

concept-monkey-1 ,  concept-baboon-1 ,  concept-banana-1 ,  whic h denot e individua l  object s tha t  ca n 

be expresse d i n Englis h i n term s o f  nou n phrases ,  ar e eac h connecte d b y a n excitator y lin k t o th e 

individual-ite m nod e i n th e realization-clas s level . 

Eac h realization-clcis s nod e ha s activatio n link s t o on e o r  mor e choic e leve l  nodes .  Th e choic e 

node s connecte d t o a  realization-clas s nod e for m a  winner-take-al l  network .  I n othe r  words ,  onl y 

on e o f  the m ca n b e activ e a t  an y instan t  o f  time .  Eac h choic e nod e connecte d t o a  realization-clas s 

556 



: > 
concept s ^  constraint s  ̂  I N P U T L E V E L 

lizati(Mi-cla ^ 

/role association/ if 

Q ^  choice-level ^ 

constituent-leve l 

morpholog y leve l 

Figur e 1 :  Variou s level s a n d thei r  interaction s 

nod e represent s a  differen t  grammatica l  wa y o f  realizin g a  concep t  linke d t o tha t  realization-clas s 

node .  Fo r  example ,  th e realization-clas s nod e sv o i s connecte d t o tw o choic e nodes :  active-svo -

choic e an d passive-svo-choice .  Thi s allow s a  concep t  suc h a s concept-ea t  (whos e correspondin g 

nod e i s connecte d t o th e sv o node )  t o b e translate d int o eithe r  a n activ e o r  a  passiv e sentenc e afte r 

it s  subjec t  an d objec t  role s ar e filled. 

Th e choic e node s hav e othe r  activatio n link s fro m constraint-specificatio n node s (whic h ar e 

inpu t  nodes )  inciden t  upo n them .  Activatio n o n eac h inpu t  lin k i s necessar y fo r  a  choic e nod e t o 

become active .  Th e constraint-specificatio n node s mus t  b e activate d b y th e tex t  planne r  befor e 

th e proces s o f  surfac e generatio n i s started .  Example s o f  constraint-specificatio n node s includ e 

current-voice-is-active ,  current-aspect-is-perfec t  etc .  I n orde r  fo r  th e active-svo-choic e nod e t -  b e 

active ,  i t  mus t  receiv e activatio n input s bot h fro m th e sv o nod e ( a realization-clas s node )  an d th e 

current-voice-is-activ e nod e ( a constraint-specificatio n node) . 

A choic e nod e ha s activatio n link s t o on e o r  mor e constituen t  leve l  nodes .  Th e constituen t 

node s specif y th e role s tha t  nee d t o b e filled  i n orde r  t o achiev e a  particula r  choic e o f  realizatio n 

of  a n inpu t  concept .  Example s o f  constituen t  node s connecte d t o th e choic e nod e active-svo-choic e 

ar e subject-slot ^  active-svo-ver b an d object-slo t  nodes .  Th e activatio n o f  th e constituen t  node s i s 

sequentialized .  Thus ,  th e translatio n o f  a  concep t  nod e connecte d t o th e sv o nod e ( a realization-clas s 

node) ,  assumin g th e current-voice-is-activ e nod e i s active ,  involve s filling  i n thre e role s i n sequence : 

subject ,  ver b an d object .  Sequencin g i s accomplishe d usin g sequentializatio n node s discusse d later . 

Each constituen t  nod e i s eithe r  connecte d t o on e o r  mor e node s tha t  handl e morpholog y o r 

a cluste r  o f  node s tha t  specif y rol e association .  Activatio n o f  a  constituen t  nod e m a y resul t  i n 

excitatio n o f  on e o r  mor e wor d node s i n a  predetermine d sequence .  I f  a  constituen t  nod e i s connecte d 

t o a  nod e tha t  specifie s rol e assignment ,  the n it s activatio n start s expansio n o f  anothe r  realization -

specificatio n nod e correspondin g t o th e conceptua l  specificatio n o f  a  par t  o f  th e sentenc e (e.g .  th e 

subjec t  o r  objec t  rol e o f  th e sentence) . 

The morpholog y handlin g leve l  contain s tw o type s o f  nodes :  generic-wor d an d wor d nodes .  I t 
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i s  assume d tha t  ctctivatio n o f  a  wor d nod e lead s t o th e wor d bein g spoke n alou d o r  writte n out , 

A generic-wor d nod e represent s a  wor d whos e lexicaJizatio n i s dependen t  upo n th e grammatica l 

context .  Fo r  example ,  th e nod e generic-word-ea t  i s connecte d t o th e wor d node s word-ea t  an d 

word-eats .  I t  shoul d b e note d tha t  comple x form s o f  verb s suc h a s ha s bee n eatin g (i.e. ,  thre e wor d 

nodes :  word-has ,  word-bee n an d word-eatin g whos e activatio n i s sequenced )  ar e als o connecte d 

t o th e generic-word-ea t  node .  Dependin g o n constraint s suc h a s curren t  tense ,  curren t  voic e an d 

curren t  aspect,  on e o f  thes e set s o f  wor d node s wil l  b e activated . 

I n additio n t o activatio n link s fro m binde r  an d constraint-specificatio n nodes ,  th e morpholog y 

node s m a y hav e activatio n link s fro m concep t  node s vi a th e cluste r  o f  node s specifyin g rol e asso -

ciation .  T h e realization-specificatio n nod e t o whic h a  concept  nod e i s connected ,  determine s th e 

structur e o f  th e phras e o r  claus e tha t  result s fro m th e concept' s translatio n throug h it s link s t o 

choic e an d constituen t  nodes .  O n e o r  mor e o f  th e wor d node s whic h nee d t o b e activate d t o fil l  i n 

th e slot s i n th e translate d phras e o r  claus e m a y b e determine d directl y b y th e concep t  nod e itsel f 

by havin g activatio n link s ont o specifi c  generic-wor d o r  wor d nodes . 

3 Implementation Details 

Each of the levels of processing discussed in the previous section has one or more unit types associ-

ate d wit h it .  Thus ,  w e hav e th e followin g uni t  types :  concept ,  constraint-specification ,  reahzation -

class ,  choice ,  constituent ,  generic-wor d an d word . 

Inpu t  node s whic h includ e concept  an d constraint-specificatio n node s ar e activate d b y th e tex t 

planner .  The y ar e activate d simultaneousl y an d thereafte r  the y driv e th e proces s o f  generation . 

Generatio n o f  a  well-forme d sentenc e involve s activatin g th e node s whic h correspon d t o word s 

i n th e sentence .  However ,  paralle l  activatio n o f  wor d node s canno t  b e considere d a s generatin g 

a sentence .  Sequentializatio n o f  activatio n o f  wor d node s i s imperativ e i n orde r  t o generat e a 

meaningfu l  sentence .  I t  shoul d b e note d a t  thi s poin t  tha t  a  connectionis t  mode l  i s inherentl y 

parallel ,  an d henc e additiona l  effort s ar e require d t o achiev e th e sequentializatio n neede d b y th e 

natur e o f  th e proble m unde r  consideration .  Th e sequencin g techniqu e discusse d nex t  i s simila r  t o 

th e on e employe d i n [Cottrel l  85] . 

I n orde r  t o achiev e appropriat e wor d sequencing ,  a  ne w uni t  typ e ha s bee n defined :  th e sequen -

tializatio n type .  Sequentializatio n node s als o assis t  i n meetin g th e crucia l  requiremen t  tha t  onl y 

on e wor d nod e remai n activ e a t  an y instan t  o f  time .  Feedbac k fro m a  correspondin g sequentializa -

tio n nod e turn s of f  a  wor d nod e a  fe w cycle s afte r  i t  ha s bee n activated .  Sequentializatio n node s 

als o facilitat e th e deactivatio n o f  unit s whic h hav e alread y participate d i n th e generatio n proces s 

an d ar e n o longe r  required . 

Eac h uni t  i n th e networ k ha s severa l  sites .  Th e natur e o f  thes e site s i s dependen t  o n th e uni t 

type .  A m o n g th e site s are :  or ,  and ,  expansion-complete d an d reuse-site .  A n o r  sit e compute s it s 

valu e t o b e th e highes t  amon g al l  it s  weighte d inpu t  signals ,  wherea s th e computatio n carrie d ou t 

i n a t  th e an d site s involve s selectin g th e m i n i m u m o f  it s  weighte d input s a s it s value .  Th e functio n 

of  th e othe r  tw o site s ar e discusse d later . 

T h e unit s ca n b e i n thre e possibl e states .  The y ar e initial-inactivation ,  activatio n an d final-

inactivation .  Al l  node s ar e initiall y  i n th e initial-inactivatio n state .  A  nod e i s switche d t o th e 

activatio n stat e o n receivin g appropriat e excitatio n signal s a t  it s  o r  o r  an d sites .  Onc e i n th e 

activatio n state ,  a  uni t  remain s s o unti l  suc h tim e whe n a  signa l  i s  receive d a t  it s  expansion -

complete d sit e fro m a  sequence r  unit .  Thi s force s a  uni t  t o final-inactivation  state .  Thus ,  whe n al l 

activit y ceases ,  th e node s whic h participate d i n th e processin g ar e lef t  i n final-inactivation  state . 

T h e uni t  behavio r  discusse d thu s fa r  i s  sufficien t  t o generat e simpl e sentences ,  bu t  i n orde r  t o 
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achiev e bette r  resourc e utilization ,  i t  i s  necessar y t o introduc e anothe r  sit e calle d th e reuse-site .  A 

positiv e inpu t  a t  thi s sit e o f  a  uni t  i n final-inactivation  stat e cause s th e uni t  t o chang e it s stat e t o 

initial-inactivatio n stat e s o tha t  th e uni t  ca n b e reused .  Reuse-site s ar e use d onl y fo r  th e node s i n 

th e subnetwor k fo r  nou n phras e expansion .  Thi s enable s u s t o us e th e sam e nou n phras e expansio n 

subnetwor k fo r  expandin g th e subjec t  a s wel l  a s th e objec t  o f  a  sentence .  Usin g tw o separat e 

subnetwork s fo r  nou n phras e expansio n -  on e fo r  th e subjec t  an d th e othe r  fo r  th e objec t  woul d 

lea d t o a  wastag e o f  resource .  Sinc e th e tas k i s essentiall y  th e same ,  w e hav e decide d t o desig n a 

reusabl e NP-subnetwork .  W h e n a  nou n phras e expansio n i s complete ,  a  speciall y designate d uni t 

i n th e N P expansio n subnetwor k get s activated .  Thi s unit ,  then ,  send s a  positiv e activatio n t o al l 

unit s i n th e nou n phras e subnetwor k a t  th e reuse-sit e a s a  resul t  o f  whic h th e unit s becom e read y 

t o resum e thei r  activity . 

This ,  i n ou r  view ,  i s a  significan t  featur e o f  ou r  implementation .  Supposin g w e ar e generatin g a n 

activ e sentence ,  th e subjec t  N P need s t o b e expande d first .  I n orde r  t o achiev e this ,  th e subject-slo t 

constituen t  nod e i s activated .  Thi s initiate s th e expansio n o f  th e subjec t  N P .  Onc e thi s expansio n 

i s complete ,  al l  node s tha t  participate d i n thi s expansio n i n th e N P subnetwor k ar e rese t  b y a 

signa l  a t  th e reuse-sit e a s explaine d earlie r  an d ar e availabl e fo r  reuse .  Afte r  subjec t  N P expansion , 

th e activ e ver b phras e i s generated .  Follov/in g this ,  th e sam e N P expansio n subnetwor k i s use d t o 

generat e th e nou n phras e correspondin g t o th e object . 

I n orde r  t o generat e activ e a s wel l  a s passiv e sentences ,  w e hav e a  passive-sv o choic e uni t 

connecte d t o th e realizatio n clas s uni t  svo .  Th e passiv e choic e uni t  get s activate d onl y whe n i t 

receive s activatio n fro m th e realizatio n clas s uni t  sv o an d th e constrain t  specificatio n uni t  current -

voice-is-passive .  Th e subnetwor k employe d fo r  generatio n o f  subjec t  an d objec t  nou n phrase s fo r 

activ e sentence s i s als o use d fo r  passiv e sentence s withou t  an y modification .  N e w sequencin g node s 

hav e bee n introduce d s o tha t  th e expansio n o f  th e objec t  phras e precede s tha t  o f  th e ver b an d agen t 

phrase s fo r  th e passiv e case .  Unit s fo r  handlin g passiv e form s o f  verb s hav e als o bee n implemented . 

Th e distinctio n betwee n th e tw o inactiv e state s i s introduce d t o preven t  oscillatio n o f  a  nod e 

betwee n activ e an d inactiv e states .  Thi s requiremen t  i s extremel y important ,  i n particular ,  fo r 

wor d node s i n orde r  t o achiev e prope r  sequentializatio n o f  utterance .  I n ou r  implementation ,  i t  wa s 

require d o f  a  uni t  t o remai n i n inactiv e stat e onc e ther e i s a  transitio n fro m activ e t o inactiv e stat e 

t o preven t  unexpecte d potentia l  an d stat e oscillations .  A  nod e whic h i s inactiv e t o star t  wit h play s 

it s appropriat e rol e i n th e proces s o f  generatio n b y becomin g activ e o n receivin g excitator y inputs . 

Consequently ,  i t  activate s othe r  units ,  an d i n turn ,  i t  become s inactiv e agai n (final-inactivation) . 

However ,  th e arriva l  o f  a  positiv e inpu t  a t  th e reuse-sit e cause s a  uni t  i n final-inactivatio n stat e t o 

make a  transitio n t o initial-inactivatio n stat e enablin g it s participatio n i n repetitiv e processing . 

Th e mechanis m b y whic h th e inpu t  t o th e networ k i s specifie d i s describe d belo w wit h th e ai d 

of  figur e 2 .  W e shoul d b e abl e t o associat e concept s wit h role s suc h a s subjec t  an d objec t  i n a 

sentence .  Correspondin g t o eac h objec t  tha t  ca n fil l  i n th e subject/objec t  rol e o f  a  sentence ,  w e 

hav e a  concep t  nod e suc h a s concept-monkey-1 ,  concept-banana-1 ,  et c a s discusse d earlier .  Eac h o f 

thes e concep t  node s i s connecte d t o th e realization-clas s uni t  individual-item .  Eac h o f  thes e concep t 

unit s i s als o connecte d t o tw o binde r  unit s fo r  th e purpos e o f  rol e association .  Conside r  th e concep t 

uni t  concept-monkey-1 .  I t  i s  connecte d t o tw o unit s labele d e-s- 1 an d e-o- 1 i n th e diagram ,  e-s- 1 

i s calle d a  subject-binde r  unit ;  e-o- 1 i s a n object-binde r  unit .  Ther e ax e tw o suc h unit s fo r  eac h 

concep t  tha t  ca n fil l  th e rol e o f  subject/object .  I n thi s example ,  e-s- 1 play s a  rol e i n associatin g 

concept-monkey-1  uni t  t o th e subjec t  role ;  aji d e-o- 1 help s associat e concept-monkey- 1 t o th e objec t 

role .  I t  shoul d b e note d tha t  eac h subject-binde r  nod e (fo r  eac h concept )  ha s a n activatio n lin k 

fro m th e subject-slo t  uni t  (whic h i s a  constituen t  uni t  drive n b y th e svo-active/svo-passiv e choic e 

unit s fo r  th e realization-clas s uni t  svo) .  Similarly ,  th e object-binde r  nod e fo r  eac h concept  ha s a n 

activatio n lin k fro m th e object-slo t  constituen t  unit . 
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global-subject -
enabl e 

global-object -
enabl e 

deep-subject-slo i  X 
(se e figure  3 ) 

e-s- n 

^  co n concept-monkey -

objec t  binde r subject-binde r 

object-dnve r subject-dnve r 

-expansion-drive r 

deep-object-slo t 
(se e figure  3 ) 

e-o- n 
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Figure 2: Binding of Concepts to Roles in Input Specification 

Several other units are also used in this process. Two such units are the global-subject-enable and 

global-object-enabl e nodes .  Thes e node s alway s kep t  active .  Ther e i s a  lin k fro m global-subject-enabl e 

nod e t o th e subject-binde r  nod e fo r  eac h concep t  node .  Ther e i s a  simila r  lin k fro m global-object -

enabl e t o th e object-binde r  nod e fo r  tha t  concept .  Initially ,  eac h suc h lin k i s i n a  disable d state . 

Appropriat e link s ar e enable d befor e processin g a  sentenc e t o specif y rol e assignments .  Enablin g 

of  rol e assignmen t  link s i s don e a t  inpu t  tim e befor e processin g i s initiated .  Thi s i s a  require d i n 

orde r  t o correctl y specif y a t  a  conceptua l  leve l  whic h concept  play s wha t  rol e i n th e sentenc e t o 

be generated .  If ,  however ,  ou r  syste m need s t o b e interface d wit h highe r  leve l  generatio n system s 

tha t  perfor m tex t  planning ,  suc h enablin g o f  link s wil l  hav e t o b e performe d automatically .  Thi s 

i s a  proble m whic h futur e researc h mus t  address . 

I n orde r  t o assig n th e concept-monkey- 1 uni t  t o th e subjec t  role ,  th e lin k fro m th e global-subject -

enabl e t o th e subject-binde r  uni t  fo r  concept-monkey- 1 (here ,  uni t  e-s-1 )  i s enable d a t  inpu t  time . 

(Pleas e not e tha t  al l  othe r  link s fro m global-subject-enabl e uni t  t o aJ l  othe r  subject-binde r  node s ar e 

sti U disabled. )  And ,  similarl y t o assig n anothe r  uni t  (say ,  concept-banana-1 )  t o th e objec t  role ,  th e 

lin k fro m global-object-enabl e uni t  t o th e object-binde r  uni t  fo r  concept-banana- 1 i s als o enabled . 

So,  th e crucia l  ste p i n specifyin g th e inpu t  properl y constitute s enablin g th e linkage s appropriatel y 

befor e th e processin g o f  a  sentenc e starts . 

T h e subject-binde r  an d th e object-binde r  node s ar e suc h tha t  the y nee d al l  thei r  input s t o ge t 

activated .  A  subject-binde r  nod e provide s excitator y inpu t  t o th e subject-drive r  node .  Excitatio n 

fro m an y subject-binde r  nod e excite s th e subject-drive r  node .  Similarly ,  ther e i s a n object-drive r 

nod e whic h receive s excitator y inpu t  fro m th e object-binde r  nodes .  T h e subject-drive r  an d th e 

object-drive r  node s hav e excitator y input s t o a n np-expansion-drive r  node .  Thi s nod e drive s a  nod e 

calle d th e binding-completion-signale r  whic h initiate s th e expansio n o f  th e choic e node s connecte d 

t o th e individual-ite m realization-clas s node .  Thus ,  excitatio n o f  th e binding-completion-signale r 
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' a s s i g n e m e n t 
7 

Th e dashe d line s 
indicate s sequencin g 

Figur e 3 :  A  sectio n o f  th e relevan t  portio n o f  th e networ k (als o se e figur e 4 ) 

unit which sits between the realization-class node individual-item and its choice units initiates the 

excitatio n o f  unit s tha t  lead s t o th e expansio n o f  th e nou n phras e correspondin g t o th e subjec t  o r 

objec t  o f  a  sentence . 

The choic e uni t  active-sv o ha s excitator y input s t o subject-slot ,  active-svo-ver b an d object-slo t 

unit s -  th e activatio n o f  thes e unit s i s sequentialized .  Thus ,  durin g th e expansio n o f  th e subject , 

onl y th e subject-slo t  uni t  i s  active ;  a s a  restilt ,  th e subject-drive r  nod e i s activate d (object-drive r 

node i s  off) .  Thi s lead s t o th e generatio n o f  a  nou n phras e correspondin g t o th e subjec t  o f  th e 

sentence .  Similarly ,  whe n th e object-slo t  uni t  i s active ,  th e object-binde r  uni t  correspondin g t o th e 

objec t  concep t  get s activated .  Thi s activate s th e object-drive r  nod e whic h finall y result s i n th e 

generatio n o f  a  nou n phras e correspondin g t o th e objec t  concept . 

4 A n E x a m p l e S i m u l a t i o n 

We will now briefly run through an example simulation showing the various steps involved in 

generatin g a  sentenc e give n th e conceptua l  specificatio n o f  it s  contents .  Th e networ k fo r  th e 

simulatio n wa s buil t  usin g th e ISCO N simulato r  [Fant y  85] .  Th e networ k ha s abou t  on e hundre d 

units .  Th e relevan t  portion s o f  th e networ k ar e show n i n figure s 3  an d 4 .  Sequentializatio n node s 

ar e no t  show n here . 

Initiall y  th e inpu t  unit s correspondin g t o th e conceptua l  leve l  descriptio n o f  th e sentenc e t o 

be generate d ar e activated .  Fo r  example ,  i n orde r  t o generat e th e sentenc e A  monke y i s eatin g a 

banana ,  w e activat e th e unit s correspondin g t o concept-eat ,  concept-monkey- 1 an d concept-banana -

1.  We als o activat e th e constraint-specificatio n unit s -  current-voice-is-active ,  an d current-aspect -
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Figur e 4 :  Sectio n o f  th e networ k handlin g nou n phrase s 

is-continuous. The units global-subject-enable and global-object-enable are also activated and the 

link s f r o m concept-monkey- 1 t o it s  subject-binde r  (viz. ,  e-s-1 )  a n d f r o m concept-banana- 1 t o it s 

object-binde r  (viz. ,  e-o-2 )  ar e enabled . 

Activatio n o f  th e concept-ea t  uni t  activate s th e realization-clas s uni t  svo .  Thi s alon g wit h th e 

fac t  tha t  th e current-voice-is-activ e uni t  i s  on ,  turn s o n th e choic e uni t  active-svo-choic e which ,  i n 

turn ,  sequentiall y  activate s th e thre e constituen t  unit s connecte d t o it ,  viz. ,  deep-subject ,  active -

svo-ver b a n d deep-object . 

M e a n w h i l e ,  activatio n o f  th e concept-leve l  uni t  concept-monkey- 1 h a d turne d o n th e realization -

clas s uni t  individual-ite m wh ic h feed s a n activatio n lin k t o th e binding-completion-signale r  nod e 

wh i c h however ,  remain s inactive .  A m o n g th e constituen t  units ,  th e deep-subjec t  uni t  i s  activate d 

first .  N o w ,  th e se t  o f  unit s wh ic h participat e i n th e bindin g proces s c o m e s t o pla y it s  role .  Sinc e 

deep-subjec t  uni t  i s  active ,  th e uni t  e-s- 1 receive s activatio n f ro m al l  it s  inputs ,  a n d thi s result s i n 

th e bindin g o f  th e concept-monkey- 1 uni t  t o th e subjec t  role .  Finally ,  a s a  resul t  o f  binding ,  th e 

np-expansion-drive r  uni t  provide s activatio n t o th e binding-completion-signale r  u m t  whic h become s 

active .  I t  feed s th e activatio n lin k t o th e choic e uni t  indefinite-n p whic h i s  turne d on .  I t  provide s 

excitator y inpu t  t o th e constituen t  unit s determine r  a n d n o u n p wh ic h ar e activate d resultin g i n 

th e sequentia l  activatio n o f  th e unit s word- a a n d word-monkey .  Expans io n o f  th e subjec t  i s  n o w 

complete .  A  specia l  sequence r  n o d e i s activated ;  i t  reset s th e variou s node s involve d i n th e expansio n 

of  th e subjec t  m a k i n g th e N P subnetwor k availabl e fo r  reus e fo r  th e objec t  phras e expansion ,  an d 

als o start s th e expansio n o f  th e ver b phras e b y sendin g a n excitator y signa l  t o th e active-svo-ver b 

constituen t  unit . 

T h e expansio n o f  th e ver b phras e o f  th e sentenc e lead s t o th e utteranc e o f  th e w o r d unit s word-i s 
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Figure 5: Graph of potentials of relevant units 

and word-eating in sequence. All units involved in the expansion of the verb phrase are turned off, 

and expansio n o f  th e nou n phras e correspondin g t o th e objec t  o f  th e sentenc e i s initiate d resultin g 

i n activatio n o f  th e wor d unit s word- a an d word-banan a i n sequence .  Thi s complete s generatio n 

of  th e whol e sentenc e an d i s followe d b y deactivatio n o f  al l  unit s tha t  too k par t  i n th e proces s o f 

generatio n an d ar e sti U active .  Finally ,  a  specialize d sequentializatio n uni t  i s  turne d on .  Activatio n 

of  thi s uni t  ca n b e use d t o generat e a n appropriat e paus e (i n cas e o f  speech )  o r  th e punctuatio n 

symbol  '. '  i n cas e o f  writte n text . 

A grap h showin g th e potential s o f  th e concept ,  restriction-specificatio n an d th e wor d unit s fo r 

thi s exampl e ar e show n i n figure  5 .  Thi s clearl y show s tha t  th e word s tha t  constitut e th e sentenc e 

ar e activate d i n prope r  sequence .  Eac h wor d uni t  i s  activ e fo r  a  shor t  perio d o f  tim e durin g whic h 

i t  i s  assume d t o b e spoke n o r  written .  Example s o f  othe r  sentence s tha t  ca n b e generate d b y ou r 

syste m includ e A  monke y ha s bee n eatin g a  banana ,  A  banan a i s bein g eate n b y a  monkey ,  A  baboo n 

was peelin g a  banana ,  etc . 

5 Discussions 

The sentences generated by the current network are aU of the form svo where a sentence contains 

a subject ,  a  ver b an d a n object .  The y ca n b e i n activ e o r  passiv e voic e an d i n severa l  differen t 

tenses .  Al l  nou n phrase s generate d hav e a  determine r  followe d b y a  noun .  Al l  verb s use d s o fa r  ar e 

transitive .  Also ,  a U passiv e sentence s currentl y generate d hav e th e 6y-phras e followin g th e verb . 
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We nee d t o incorporat e intransitiv e verb s an d allo w th e agen t  phras e t o b e optiona l  i n passiv e 

sentences .  Futur e researc h i s als o necessar y i n m a n y othe r  fronts ,  suc h as ,  incorporatio n o f  relativ e 

clauses ,  repeate d constituent s suc h a s prepositiona l  phrase s an d adjectives ,  anaphori c pronomina l 

phrases ,  etc . 

A n ope n proble m tha t  need s t o b e addresse d i s regardin g mechanism s fo r  interfacin g ou r  surfac e 

generatio n syste m wit h othe r  system s tha t  perfor m conten t  determinatio n an d tex t  plannin g i n 

natura l  languag e generation .  Ou r  approac h t o specifyin g thi s interfac e i s simple ,  bu t  inefficient .  A 

mor e sophisticate d techniqu e migh t  involv e usin g explode d cas e frame s introduce d i n [Cottrel l  85] . 

Thi s wil l  allo w u s t o prevent  th e generatio n o f  suc h absur d sentence s suc h a s A  banan a i s eatin g a 

monkey b y imposin g selectiona l  constraint s o n th e filler s o f  role s o f  th e verbs .  Thi s wil l  necessitat e 

th e incorporatio n o f  a n elaborat e knowledg e bas e describin g th e concept s tha t  ar e availabl e i n ou r 

domai n o f  interest .  T h e specificatio n an d organizatio n o f  suc h a  knowledg e bas e suc h tha t  response s 

t o pertinen t  querie s ca n b e elicite d efficientl y ca n b e modele d afte r  [Shastr i  85] .  Additionally ,  i n 

th e curren t  implementation ,  w e nee d tw o binde r  unit s -  a  subject-binde r  an d a n object-binde r 

fo r  eac h concep t  tha t  ca n fil l  th e subject/objec t  rol e o f  a  sentence .  Since ,  th e numbe r  o f  suc h 

concept s i s usuall y ver y large ,  i t  wil l  b e worthwhil e t o investigat e othe r  approache s t o th e proble m 

of  binding .  I n general ,  thi s proble m i s a n instanc e o f  th e bindin g proble m i n connectionis t  systems . 

Thi s proble m i s no t  specifi c  t o ou r  work ,  an d an y elegan t  solutio n t o i t  wil l  b e applicabl e here . 

Currently ,  w e ar e workin g o n automatin g th e proces s o f  buildin g u p th e networ k fro m a  declar -

ativ e specificatio n o f  th e realization-specifications ,  choice s an d constituent s an d th e bindings .  Thi s 

wil l  hel p i n addin g ne w sentenc e type s an d componen t  structure s easil y fo r  th e purpose s o f  testin g 

an d development .  I t  wi U als o involv e automaticall y identifyin g unit s whic h ca n b e share d amon g 

th e variou s constituen t  schemat a an d ho w sequentializatio n node s ar e t o b e interconnected . 

Anothe r  directio n i n whic h w e inten d t o pursu e furthe r  researc h i s regardin g th e choic e o f 

lexica l  token s i n th e generate d sentences .  Lexica l  choic e i s governe d b y a  larg e numbe r  o f  factor s -

syntactic ,  semanti c an d pragmatic .  Thes e includ e consideration s suc h a s relevan t  characteristic s o f 

th e speake r  an d th e hearer ,  thei r  interpersona l  goals ,  th e conversationa l  setting ,  etc .  Identificatio n 

of  suc h factors ,  an d a  carefu l  analysi s o f  th e natur e o f  thei r  interpla y i s essentia l  i n orde r  t o b e 

abl e t o develo p a  systemati c theor y o f  lexica l  choice .  I t  i s  believe d tha t  differen t  factor s provid e 

differen t  level s o f  evidenc e fo r  th e selectio n o f  competin g words ,  an d thes e hav e t o b e appropriatel y 

combine d i n orde r  t o b e abl e t o selec t  a  particula r  wor d ove r  it s competitors . 
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