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A C o n n e c t i o n i s t  T r e a t m e n t  o f  G r a m m a r 

f o r  G e n e r a t i o n 

Nigel Ward 

Computer  Scienc e Divisio n 
Universit y o f  Californi a a t  Berkele y 

A b s t r a c t 

Connectionis t  languag e generatio n promise s bette r 

interactio n betwee n syntacti c an d lexica l  considera -

tion s an d thu s improve d outpu t  quality .  T o realiz e thi s 

require s a  connectionis t  treatmen t  o f  grammar .  Thi s 

pape r  explain s on e wa y t o d o so .  Th e basi c ide a i s 

tha t  construction s an d thei r  constituent s ar e node s i n 

th e sam e networ k tha t  encode s worl d knowledg e an d 

lexica l  knowledge .  Th e principa l  novelt y i s relianc e 
on emergen t  properties .  Thi s make s i t  unnecessar y t o 

make explici t  syntacti c choic e o r  t o buil d u p repre -

sentation s o f  sentenc e strucuire .  Th e schem e include s 

nove l  way s o f  handlin g constituency ,  wor d orde r  an d 

optiona l  constituents ;  an d a  simpl e wa y t o avoi d th e 
problem s o f  instantiatio n an d binding .  Despit e th e 

nove l  approach ,  th e syntacti c knowledg e use d i s ex -

presse d i n a  for m simila r  t o tha t  ofte n use d i n linguis -

tics ;  thi s representatio n straightforwardl y define s part s 

of  th e knowleg e network .  Thes e idea s hav e bee n im -
plemente d i n FIG ,  a  'flexibl e incrementa l  generator. ' 

1 Introduction 

A generato r  i s  face d wit h a  grea t  numbe r  o f  interde -

penden t  options :  lexical ,  syntactic ,  an d conceptual .  T o 

produc e a  goo d utteranc e a  generato r  mus t  arriv e a t  a 

consisten t  se t  o f  choices .  Th e bes t  wa y t o d o thi s seem s 

t o b e wit h explici t  paralle l  consideratio n o f  al l  possi -

bl e option s an d paralle l  computatio n o f  thei r  interde -

pendencie s [War d 89c] .  Thi s ensure s tha t  th e relevan t 

informatio n i s al l  available ,  somethin g whic h i s dif -

ficult  fo r  generator s whic h mak e choice s i n sequenc e 

[War d 89b] . 

For  syntax ,  thi s implie s considerin g man y possibl e 

construction s a t  once .  Thi s techniqu e appear s t o b e 

"Thank s t o Danie l  Jurafsky ,  Rober t  WUensky ,  an d Deka i  Wu. 
Thi s research  wa s sponsore d b y th e Defens e Advance d Researc h 
Project s Agenc y (DoD) ,  monitore d b y th e Spac e an d Nava l  War -
far e System s Command imde r  N00039-88-C-O292 ,  an d th e Offic e 
of  Nava l  Researc h unde r  contrac t  N00014-89-J-3205 . 

use d b y huma n speaker s -  analysi s o f  speec h error s 

suggest s tha t  eve n norma l  speec h i s th e resul t  o f  com -

petin g 'plans '  [Baar s 80] .  [Stemberge r  85 ]  realize d 

that ,  i n particular ,  huma n speaker s ca n b e modele d a s 

havin g man y 'phras e structur e units '  bein g "partiall y 

activated '  simultaneously ,  an d stresse d th e importanc e 

of  emergents . 

I  hav e writte n a n intrinsicall y paralle l  generator , 

'FIG, '  motivate d b y consideration s o f  cognitiv e mod -

elin g [War d 89c] .  FI G i s a  structure d (ak a localist ) 

connectionis t  system .  Structure d connectionis m al -

low s parallelis m whil e makin g i t  relativel y eas y t o 

build ,  explain ,  an d debu g th e system .  ( A distribute d 

connectionis t  syste m woul d hav e othe r  advantage s bu t 

woul d b e harde r  t o develop. ) 

Thi s pape r  present s a  ne w approac h t o gramma r  fo r 

languag e generation .  Th e ke y innovatio n i s relianc e 
on emergen t  properties ,  instea d o f  makin g explici t 

choice s an d doin g explici t  structure-building .  Despit e 

th e nove l  approac h t o processing ,  ther e i s a  declarativ e 

representatio n fo r  linguisti c knowledge . 

To se e tha t  thi s approac h work s fo r  syntacticall y 

non-trivia l  examples ,  conside r  tha t  FIG' s output s in -

clude :  "onc e upo n a  tim e ther e live d a n ol d ma n an d a n 

ol d woman, "  "on e da y th e ol d ma n wen t  int o th e hill s 
t o gathe r  wood, "  " a bi g peac h bobbe d dow n toward s 

an ol d w o m a n fro m upstream, "  "a n ol d w o m a n gav e a 

peac h t o a n ol d man, "  an d "Mar y wa s killed; "  an d cor -

respondin g Japanes e sentences :  "mukashimukashiar u 

tokor o n i  ojiisa n t o obaasa n g a sund e imashita, "  "a m h i 

ojiisa n w a yam a e  shibakar i  n i  ikimashita, "  "kawakam i 

kar a ooki i  m o m o g a donburik o donburak o t o obaasa n 

e nagaret e kimashita, "  "ojiisa n w a meer i  n i  m o mo o 

agemashita, "  an d "meer i  o  koroshimashita. " 

Sectio n 2  overview s contrastin g an d relate d treat -

ment s o f  synta x i n generation .  Sectio n 3  summarize s 

th e FI G approac h t o generation .  Sectio n 4  present s a 

representatio n fo r  grammatica l  knowledge .  Sectio n 5 

describe s ho w thi s knowledg e i s used .  Sectio n 6  dis -

cusse s th e implementation ,  an d Sectio n 7  suggest s fu -
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tur e researc h directions . 

2 Previous Research 

Problem s o f  gramma r  fo r  generatio n hav e receive d 

a fai r  amoun t  o f  attentio n i n AI .  O f  th e wor k whic h i s 

concerne d wit h th e detail s o f  language ,  almos t  al l  i s 

base d o n syntacti c mechanism s adopte d from  linguis -

ti c  theories .  Mos t  linguisti c grammar s com e complet e 

wit h mechanisms :  transformations ,  parse-tre e traver -

sals ,  unification ,  an d s o on .  Ye t  thes e mechanism s ar e 

not  intende d t o b e computationa l  models .  The y ar e 

typicall y inspire d b y th e goa l  o f  explainin g sentenc e 

structure ,  a  goa l  probabl y originall y du e t o linguistics ' 

focu s o n grammaticality . 

Independen t  o f  linguisti c theories ,  th e mos t  c o m m o n 

metapho r  fo r  generatio n i s a s a  sequenc e o f  choice s 

among alternatives .  Fo r  example ,  a  generato r  m a y 

chos e amon g word s fo r  a  concept ,  amon g way s t o syn -

tacticall y realiz e a  constituent ,  an d amon g concept s t o 
bin d t o a  slot .  Thes e decision s ar e generall y mad e i n a 

fairl y fixed  (an d generall y top-down )  order ,  thu s mos t 

generator s ar e no t  easil y parallelizable . 

I n FI G gramma r  i s importan t  bu t  grammaticalit y i s 

not .  Gramma r  i s a  too l  use d i n th e proces s o f  express -
in g meaning ,  no t  a  goa l  i n itself .  Structur e building , 

structur e mapping ,  an d explici t  syntacti c choic e ar e 
dispense d with .  I n FI G th e structur e o f  th e outpu t  i s 

emergent ,  an d choice s ar e als o largel y emergent .  O n e 

advantag e o f  relyin g o n emergent s i s tha t  ther e i s n o 
need t o orde r  choice s [War d 89b] ,  an d thu s th e proces s 
i s naturall y parallelizable . 

Previou s connectionis t  researc h ha s i n genera l  no t 

straye d fa r  from  traditiona l  approache s t o grammar . 

[Stolck e 89 ]  directl y implemente d unificatio n gram -
mar.  [Kalit a an d Shastr i  87 ]  implemente d a  standar d 

symboli c generato r  [McDonal d 1983] .  Perhap s th e 

most  origina l  connectionis t  generato r  i s  Gasse r  ' s  C H I E 

[Gasse r  88] .  Ye t  eve n i n C H I E ther e ar e choice s (rep -

resente d b y neuro n firings)  an d thes e happe n sequen -
tially ,  i n order .  Th e exac t  timin g o f  firings  seem s cru -

cial .  C H I E freel y use s winner-take-al l  subnetworks , 

whic h als o cut s d o w n o n th e amoun t  o f  effectiv e par -

allelism . 

3 The FIG Approach to Generation 

The tas k i s generatio n o f  natura l  languag e fro m 
thoughts .  (Mos t  generators ,  presum e tha t  th e inpu t 
has bee n pre-processe d b y a  'what-to-say '  component , 

and thu s onl y nee d t o tak e th e 'message '  an d d o som e 

language-specifi c  processing .  I  thin k thi s divisio n o f 

th e tas k i s unnecessar y an d unwis e [War d 88b]. )  Re -

duce d t o bar e essentials ,  a  generator' s tas k i s t o ge t 

fro m concept s (wha t  th e speake r  want s t o express )  t o 

word s (wha t  h e ca n say) .  Fro m thi s poin t  o f  view ,  th e 

ke y proble m i n generatio n i s computin g th e relevanc e 

(pertinence )  o f  a  particula r  word ,  give n th e concept s t o 

express .  Syntacti c an d othe r  knowledg e mediate s thi s 

computatio n o f  relevance .  Therefor e FI G i s base d o n 

wor d choic e -  ever y othe r  consideratio n i s analyze d i n 

term s o f  h o w i t  affect s wor d choice . 

Processin g i n F I G i s don e wit h spreadin g activatio n 

i n a  network .  Th e basi c FI G algorith m is : 

1.  eac h nod e o f  th e inpu t  conceptualizatio n i s a 

sourc e o f  activatio n 
2.  activatio n flows  throug h th e networ k 

3.  whe n th e networ k settles ,  th e mos t  highl y acti -

vate d wor d i s selecte d an d emitte d 
4.  activatio n level s ar e update d t o represen t  th e ne w 

curren t  stat e 
5.  step s 2  throug h 4  repea t  unti l  al l  o f  th e inpu t  ha s 

bee n conveye d 

An utteranc e i s simpl y th e resul t  o f  successiv e wor d 

choices ,  thu s FI G i s incrementa l  i n a  stron g sense . 

Activatio n represent s relevance ;  flow  o f  activatio n 

represent s implication s o f  relevance ;  an d updatin g th e 

activatio n o f  a  nod e represent s computin g it s rele -
vance .  Th e genera l  directio n o f  activatio n flow  i s fro m 

concept s t o words ,  bu t  node s representin g synta x 're -

distribute '  activatio n also ,  an d feedbac k i s pervasive . 

The networ k mus t  b e designe d s o that ,  whe n i t  set -

tles ,  th e nod e whic h i s mos t  highl y activate d corre -
spond s t o th e bes t  nex t  word .  Thi s pape r  discusse s th e 
desig n o f  th e networ k structure s whic h encod e syntac -

ti c  knowledge . 

4 Knowledge of Syntax 

FIG' S treatmen t  o f  synta x i s base d o n Constructio n 
Grammar  [Fillmor e e t  a l  89] .  Thi s approac h describe s 

th e gramma r  o f  a  languag e 'directly ,  i n term s o f  a  col -
lectio n o f  grammatica l  constructions '  [Fillmor e 88] . 
The ke y characteristic s her e ar e tha t  Constructio n 

Grammar  i s declarativ e an d tha t  th e unit s o f  syntacti c 

knowledge ,  namel y constructions ,  ar e densel y relate d 

t o words ,  meaning ,  an d eac h other . 

The encoding s o f  syntacti c knowledg e show n belo w 

ar e take n directl y fro m FIG .  Thes e ar e fo r  illustrativ e 

purpose s only .  I  d o no t  clai m tha t  thes e represen t  th e 

fact s o f  English ,  no r  th e bes t  wa y t o describ e the m i n 

a grammar .  Th e example s ar e intende d simpl y t o il -

lustrat e th e representationa l  tool s an d computationa l 

mechanism s availabl e i n FIG . 

Figur e 1  show s FIG' s definitio n o f  noun-phr ,  rep -

resentin g a  simplificatio n o f  th e Englis h noun-phras e 

construction .  Thi s constructio n ha s thre e constituents : 
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(def p noun-ph r 
(constituent s (np- 1 ob i  articl e ((articl e ,8 )  (a- w .2 )  ) ) 

(np- 2 op t  adjective((adjectiv e .6)) ) 
(np- 3 ob i  nou n ((nou n .9)) )  ) ) 

Figur e 1 :  Th e Englis h Noun-Phras e Constructio n 

(def p go- p 
(constituent s (gp- 1 ob i  go- w ((go- w .1)) ) 

(gp- 2 op t  epar t  ((vparticl e .6 )  (direction r  .2)) ) 
(gp- 3 op t  nou n ((prep-ph r  .6 )  (dest r  .2)) ) 
(gp- 4 op t  ver b ((purpose-claus e .6 )  (purpose r  .2)) )  ) ) 

Figure 2: Representation of the Valence of "Go" 

(defp ex-there 
(inhibi t  subj-pre d passive ) 
(constituent s (et- 1 ob i  there w ((there w .9)) ) 

(et- 2 ob i  ver b ((ver b .9)) ) 
(et- 3 ob i  nou n ((nou n .5)) )  ) ) 

Figure 3: Representation of the Existential "There" Construction 

(defw peachw (cat noun) (expresses motnoc) (grapheme "peach") 
(nebor s (initial-phone r  consnt-init ia l  .5) )  ) 

(defs noun (maximals (noun-phr .4))) 

(defw go-w (cat verb) (expresses ikuc) (valence (go-p .2)) 
(graphem e (in f  "go" )  (pas t  "went" )  (past p "gone" )  (pres p "going") )  ) 

(defc introductoryc (engllsh (ex-there .1) (a-w .1)) ) 

(defr purposer (english (to2w .4) (purpose-clause .1)) 
(Japanes e (ni- w .6)) ) 

Figur e 4 :  Som e Knowledg e Relate d t o Construction s 

np-1 ,  np-2 ,  an d np-3 .  np- 1 an d np- 3 ar e obligatory , 

np- 2 i s optional .  Glossin g ove r  th e detail s fo r  th e mo -

ment ,  th e lis t  a t  th e en d o f  th e definition s specifie s ho w 

t o realiz e th e constituen t  Fo r  example ,  np- 1 shoul d b e 

realize d a s a n article ,  wit h th e defaul t  bein g a- w (rep -

resentin g th e wor d "a") ,  an d s o on . 

Figur e 2  show s th e constructio n fc» -  th e cas e frame 

of  th e wor d "go. "  Firs t  come s go-w ,  fo r  th e wor d "go, " 

whic h i s obligatory .  Nex t  com e (optionally) :  a  verb -
particl e rqwesentin g directio n (a s i n "g o away "  o r  "g o 

bac k home "  o r  "g o dow n t o th e lake") ,  a  prepositiona l 

phras e t o expres s th e destination ,  an d a  purpos e clause . 

Figur e 3  show s th e representatio n o f  th e existentia l 

"thwe "  construction ,  a s i n "ther e wa s a  poo r  cobblCT. " 

The 'inhibit '  field  indicate s tha t  thi s constructio n i s  in -

compatibl e wit h th e passiv e constructio n an d als o wit h 

subj-pred ,  th e constructio n responsibl e fo r  th e basi c 

S VO orderin g o f  English . 

Figur e 4  show s knowledg e abou t  whe n an d wher e 

construction s ar e relevan t  Construction s ar e associ -

ate d wit h wwds .  Fo r  exampl e noun-ph r  i s th e 'max -

imal '  o f  nou n (actually ,  o f  al l  nouns) ,  an d go- p i s 

th e 'valence '  (cas e frame )  o f  go-w .  Thes e link s en -

cod e knowledg e abou t  construction s an d thei r  heads ; 

othe r  relation s betwee n word s an d construction s ar e 

discusse d i n Sectio n S.S .  Construction s ar e als o asso -

ciate d wit h th e meaning s the y ca n express .  Fo r  exam -

ple ,  ex-ther e i s liste d unde r  th e concq) t  introductory , 

representin g tha t  thi s constructio n i s appropriat e fo r  in -

troducin g som e characte r  int o th e story ,  an d purpose -

claus e i s liste d a s a  wa y t o expres s th e purpose r  rela -

tion .  Construction s ar e als o associate d wit h othe r  con -

structions .  Fcf f  example ,  th e fourt h constituen t  o f  go -

p subcategorize s fo r  purpose-claus e (Figur e 2) ;  an d 

ther e ar e association s amon g incompatibl e construc -

tions ,  fo r  exampl e th e 'inhibit '  lin k betwee n ex-ther e 

and subj-pre d (Figur e 3) . 
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Figur e 5 :  A  Fragmen t  o f  th e Networ k 

5 U s i n g T h i s K n o w l e d g e 

Whil e th e abov e representation s resembl e thos e 

use d b y severa l  m o d e m linguisti c theories ,  FI G use s 

the m i n a  nove l  way . 

5.1 Constructions in the Network 

I n FI G construction s an d constituent s ar e node s i n 
th e knowledg e network .  Thei r  activatio n level s rep -

resen t  thei r  curren t  relevance .  Construction s receiv e 
activatio n fro m node s linke d t o them ,  an d transmi t  ac -
tivatio n t o othe r  nodes .  Figur e 5  show s a  fragmen t 
of  FIG' s network ,  wher e th e number s o n th e link s ar e 

thei r  weights .  Thi s i s partiall y  specifie d b y th e knowl -

edge show n i n th e previou s figures  ' .  I t  i s generall y 

possibl e t o giv e procedura l  interpretation s t o links .  Fo r 
example ,  th e lin k fro m p e a c h w t o noun-ph r  'advises ' 

tha t  i f  yo u wan t  t o sa y a  noun ,  yo u shoul d 'consult * 
th e knowledg e i n noun-phr . 

Activatio n flow  a m o n g th e variou s node s i n th e net -
wor k provides ,  a m o n g othe r  things ,  pervasiv e inter -

actio n a m o n g lexica l  choice s an d syntacti c considera -

tions .  T h e res t  o f  thi s sectio n explain s h o w thi s handle s 

some basi c function s o f  syntax . 

5.2 Constituency 

Th e link s define d abov e suffic e t o handl e con -

stituency .  Conside r  fo r  exampl e th e fac t  tha t  noun s 
nee d t o b e precede d b y article s i n thi s particula r  kin d 

of  nou n phrase .  Suppos e tha t  p e a c h w i s activated ,  per -

hap s becaus e a  peach c concep t  i s  i n th e input .  Activa -
tio n flows  fro m p e a c h w t o noun-phr ,  fro m noun-ph r 

t o article ,  an d fro m ther e t o a- w an d the-w .  a- w als o 

receive s activatio n vi a a  direc t  lin k fro m noun-phr . 

I n thi s w a y th e relevanc e o f  a  nou n increase s th e rel -
evanc e ratin g o f  articles .  Provide d tha t  othe r  activa -

tio n level s ar e impropriate ,  thi s wil l  caus e s o m e articl e 

t o becom e th e mos t  highl y activate d word ,  an d thu s 

be selecte d an d emitted .  Not e tha t  F I G doe s no t  first 

choos e t o sa y a  noun ,  the n a n article ;  bot h 'decisions ' 

ar e considere d an d m a d e together ,  a s activatio n level s 

settle . 

I f  ther e ar e additiona l  source s o f  activatio n (suc h a s 
in-context )  the n the- w wil l  receiv e m o r e activation , 

an d thu s "the "  wil l  b e outpu t  Also ,  i f  th e nod e vowel -

initia l  i s  mor e highl y activate d tha n th e nod e consnt -
initial ,  "an "  instea d o f  "a "  wil l  b e output ,  thank s t o th e 
inflectio n mechanis m (no t  describe d further) . 

Ther e i s  als o th e questio n o f  specifyin g wher e a 

give n concep t  shoul d appea r  an d wha t  syntacti c for m i t 
shoul d take .  Thi s problem ,  subcategorization ,  i s  han -
dle d i n F I G b y simultaneousl y activatin g a  concep t  an d 

th e syntacti c for m i t  shoul d take .  Fo r  example ,  th e 

thir d constituen t  o f  go- p specifie s tha t  'th e directio n o f 

th e going '  b e expresse d a s a  'verba l  jjarticle. '  Activa -

tio n wil l  thu s flow  t o a n appropriat e wor d node ,  suc h a s 
d o w n w,  bot h vi a th e concep t  filling  th e direction r  slo t 
an d vi a th e syntacti c categor y vparticle .  Thank s t o thi s 
sor t  o f  activatio n flow,  F I G tend s t o selec t  an d emi t  a n 
appropriat e wor d i n a n appropriat e for m [War d 88a] . 

Syntacti c consideration s manifes t  themselve s onl y 
throug h thei r  effect s o n th e activatio n level s o f  words . 

Synta x i s neve r  'i n control '  o f  wor d choic e ̂ ;  th e syn -

tacti c structur e o f  th e resul t  i s  emergent . 

'Th e mappin g fro m s-cxprestion s t o networ k itructure s i s no t 
»lw«y j  trivia l  Fo r  example ,  th e lin k fro m nou n t o peach w come s 
fro m th e sutemen t  tha t  peach w ha d 'cat '  noun ;  an d th e lin k fro m 
peach w t o noun-ph r  i s inherite d b y peach w fro m th e 'maximals ' 
infomiatio n c m noun . 

P̂ost  ho c examinatio n o f  FI G outpu t  migh t  mak e on e think ,  fo r 
example ,  'thi s exhibit s th e choic e o f  th e existential-ther e construc -
tion. '  I n FI G ther e i s indee d a n inhibi t  lin k betwee n th e node s ex -
ther e an d subj-pred ,  an d s o whe n generatin g th e networ k tend s t o 
reac h a  sut e wher e onl y on e o f  thes e node s i s highl y activated .  Th e 
most  highl y activate d constructio n ca n hav e a  stron g effec t  o n wor d 
choices ,  whic h i s wh y th e appearanc e o f  syntacti c choic e arises . 
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S 3 W o r d Orde r 

F I G i s a n incrementa l  generator ,  tha t  is ,  i t  select s 

and emit s word s on e b y on e i n order .  A t  eac h tim e th e 

activatio n leve l  o f  a  wor d mus t  represen t  it s curren t 

relevance .  T o thi s end ,  on e jo b o f  construction s i s t o 

activat e thing s whic h ar e currentl y syntacticall y appro -

priate .  I n FI G th e curren t  syntacti c stal e i s represente d 

i n th e stat e o f  eac h constructio n node ,  namely ,  thei r 

activatio n level s an d 'cursors. '  Th e curso r  o f  a  con -

structio n point s  t o th e currentl y appropriat e constituen t 

and ensure s tha t  i t  i s relativel y highl y activated .  T o b e 

specific ,  th e curso r  give s th e locatio n o f  a  'mask '  spec -
ifyin g th e weight s o f  th e link s firom  th e constructio n t o 

constituents .  Th e mas k specifie s a  weigh t  o f  1. 0 fo r  th e 

constituen t  unde r  th e cursor ,  an d fo r  subsequen t  con -

stituent s a  weigh t  proportiona l  l o thei r  closenes s t o th e 

curso r  ̂ .  Thi s  i s parallelis m a m o n g constituents . 

For  example ,  i f  th e curso r  o f  noun-ph r  point s  l o np -

1,  the n article s wil l  receiv e a  larg e proportio n o f  th e 

activatio n o f  noun-phr .  Thus ,  a n articl e i s likel y t o b e 

th e mos t  highl y activate d wor d an d therefor e selecte d 

and emitted .  Afie r  a n articl e i s emitte d th e curso r  i s 

advance d t o np-2 ,  an d s o on .  Advancin g cursor s i s 

describe d i n Sectio n 5.5 . 

I n thi s w a y construction s 'shunt '  activatio n t o word s 

whic h shoul d appea r  earl y i n th e inpu t  F I G ha s n o 

centra l  proces s whic h plan s o r  manipulate s wor d or -
der .  Eac h constructio n simpl y activate s node s whic h i t 

'thinks '  currentl y ar e relevan t  I n thi s sens e wor d orde r 
i s emergent . 

5.4 Optional Constituents 

W h en buildin g a  noun-phras e a  generato r  shoul d 

emi t  a n adjectiv e i f  semanticall y s^proprialc ,  other -

wis e i t  shoul d ignor e tha t  optio n an d emi t  a  nou n next . 

F I G doe s thi s withou t  additiona l  mechanism . 

To se e this ,  suppos e "the "  ha s bee n emitte d an d th e 

curso r  o f  noun-ph r  i s o n it s secon d constituent ,  np-2 . 

As a  resul t  adjective s ge t  activation ,  vi a np-2 ,  an d s o 

t o a  lesse r  exten t  d o noun s vi a np-3 .  Ther e ar e tw o 

cases :  I f  th e inpu t  include s a  concep t  linke d (indirectl y 

perhaps )  t o som e adjective ,  tha t  adjectiv e wil l  receiv e 
activatio n fro m i t  I n thi s cas e th e adjectiv e wil l  re -

ceiv e mor e syntacti c activatio n tha n an y nou n does , 

and henc e hav e mor e tota l  activation ,  s o i t  wil l  b e se -

lecte d nex t  I f  th e inpu t  doe s no t  includ e an y concep t 

linke d t o a n adjective ,  the n a  nou n wil l  hav e mor e acti -
vatio n tha n an y adjectiv e (sinc e onl y th e nou n receive s 

semanti c activatio n also) ,  an d s o a  nou n wil l  b e se -

lecte d nex t 

Most  generator s us e som e syntax-drive n procedur e 

t o inspec t  semantic s an d decid e cxpbcitl y  whethe r  o r 

not  t o realiz e a n optiona l  constituen t  I n FIG ,  th e de -

cisio n t o includ e o r  t o omi t  a n optiona l  constituen t  (o r 

adjunct )  i s emergen t  — i f  a n adjectiv e become s highl y 

activate d i t  wil l  b e chosen ,  i n th e usua l  fashion ,  other -

wis e som e othe r  word ,  mos t  likel y a  noun ,  wil l  be . 

5.5 Updating Constructions 

Recal l  tha t  FIG ,  afte r  selectin g an d emittin g a  word , 

update s activatio n level s t o represen t  th e ne w stale . 

I n particular ,  i t  mus t  advanc e th e cursor s o f  construc -

tion s a s thei r  constituent s ar e complete d ̂ .  W h y i s a 
separat e updat e mechanis m necessary ? Mos t  genera -

tor s simpl y choos e a  constructio n an d the n 'execute '  i t 

straightforwardly .  However ,  i n F I G n o constructio n i s 

eve r  'i n control. *  Fo r  example ,  on e constructio n ma y 

be strongl y activatin g a  verb ,  bu t  activatio n fro m othe r 

construction s m a y 'interfere, '  causin g a n adverbial ,  fo r 

example ,  t o b e emitte d instead .  Therefore ,  i n FI G con -

struction s nee d feedbac k o n wha t  word s hav e bee n out -

pu t 

Th e differenc e betwee n ob i  an d op t  constituent s i s 

whethe r  o r  no t  th e updat e mechanis m ca n ski p ove r 

them .  (Since ,  fo r  example ,  i f  ther e ar e n o adjectives , 

th e curso r  o f  noun-ph r  shoul d no t  remai n stuc k for -

ever  a t  th e secon d constituent )  Mor e tha n on e con -

structio n m a y ge t  update d afte r  a  wor d i s outpu t  Fo r 

example ,  emittin g a  nou n m a y caus e update s t o bot h 
th e prep-ph r  constructio n an d th e noun-ph r  construc -

tion .  Construction s whic h ar e "guiding *  th e outpu t 

shoul d b e score d a s mor e relevant ,  s o th e updat e pro -

ces s add s activatio n t o thos e construction s whos e cur -

sor s hav e changed .  I t  als o set s a  Aoo t  unde r  thei r  acti -

vatio n levels .  Afte r  th e las t  constituen t  o f  a  construc -

tio n ha s bee n completed ,  th e curso r  i s rese t  an d th e 

floor  i s removed . 

Thi s typ e o f  botlom-u p influenc e o n construction s 

model s a n importan t  facto r  affectin g th e syntacti c for m 

of  utterances .  [Boc k an d Warre n 85 ]  ha s show n tha t 

peopl e ca n realize ,  afte r  emittin g som e words ,  tha t  i n 

orde r  t o continu e the y mus t  us e a  certai n construction , 

fo r  example ,  a  passive .  Similarly ,  FI G m a y outpu t 
some word s withou t  an y syntacti c plan ,  then ,  base d o n 

th e word s output ,  th e updat e mechanis m wil l  activat e 

appropriat e constructions ,  an d thos e construction s wil l 
hencefort h hel p guid e production . 

^For  unordere d cxmttniaio n Ih e weigh t  o n al l  construction -
constituen t  link s i t  unifon n an d unchanging . 

^Detenminin g w h e n a  conitituen t  i s  complet e i s no t  trivial .  Th e 
curren t  implementatio n use s a  simpl e matchin g process ,  usin g th e 
'triggers *  o r  eac h constituen t  (th e thir d atom s i n thei r  descriptions) . 
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5. 6 N o Instantiatio n o r  Bindin g 

Most  generator s emplo y specia l  mechanism s fo r  in -

stantiatio n an d binding .  O n e thin g thes e ar e use d fo r 

i s  handlin g multipl e copies ,  fo r  example ,  severa l  nou n 

phrases ,  o r  severa l  instance s o f  "a "  i n a  singl e sentence . 

A connectionis t  syste m mus t  als o addres s thi s issue . 

An exampl e o f  a  proble m tha t  migh t  occu r  otherwis e 

is :  i n th e cas e wher e severa l  word s o f  a  categor y ar e 

highl y activated ,  a  nod e linke d t o al l  o f  the m woul d 

receiv e mor e activatio n tha n whe n onl y on e suc h wor d 

wer e active .  Fo r  exampl e noun-ph r  migh t  receiv e ac -
tivatio n fro m man y word s o f  categor y noun . 

For  thi s reaso n FI G use s a  specia l  rul e fo r  activatio n 

receive d acros s inherite d links :  th e m a x i m u m (no t  th e 

sum)  o f  thes e amount s i s used .  Fo t  example ,  thi s rul e 

applie s t o th e 'maximal '  link s fro m noun s t o noun -

phr ,  whic h mean s tha t  noun-ph r  effectivel y 'ignores ' 

al l  bu t  th e mos t  highl y activate d noun . 

An earlie r  versio n o f  FI G handle d thi s differently : 

by makin g copie s o f  word s an d constructions .  Fo r 

example ,  i t  woul d mak e a  cop y o f  noun-phras e fo r 

eac h noun-expressibl e concept ,  an d bin d eac h cop y 

t o th e appropriat e concept ,  an d t o copie s o f  a- w an d 
the-w .  Onc e I  ha d starte d usin g instance s an d bind -

ing ,  i t  seeme d natura l  t o us e thos e mechanism s fo r 

othe r  problem s (notabl y slot s an d cases) .  Thi s ap -

proac h worked ,  bu t  i t  meshe d s o poorl y wit h th e ba -

si c activation-flo w mechanis m tha t  I  wen t  bac k t o a 
more pur e spreadin g activatio n model .  I  conjectur e 

tha t  everythin g whic h seem s t o requir e 'instantiation ' 
or  'binding '  ca n b e handle d bette r  b y a n appropriat e 

refinemen t  t o th e spreadin g activatio n mechanism . 

5.7 Extended Example 

Thi s sectio n describe s h o w FI G produce s "th e ol d 

w o m an wen t  t o a  strea m t o was h clothes. "  Fo r  thi s 

exampl e th e inpu t  i s th e se t  o f  node s ikucl ,  old -
womanc l ,  sentakucl ,  kawacl ,  an d paste .  Thes e 

node s ar e linke d t o eac h othe r  a s follows :  ikucl' s 
agent r  i s  old-womancl ,  it s  purpose r  i s sentakucl , 

and it s dest r  i s  kawacl ;  an d old-womancl' s prag -

role r  i s to p ice .  Th e concept s her e hav e Japanes e 

names becaus e th e inpu t  i s th e resul t  o f  parsin g th e 
Japanes e sentenc e "obaasa n w a kaw a e  sentak u n i 

ikimashita, "  (old-woma n TOPI C strea m DES T wash -

clothe s P U R P O SE go-POLITE-PAST) . 

Initially ,  eac h nod e o f  th e inpu t  ha s 1 2 unit s o f  ac -

tivation .  Figur e 6  show s th e activatio n level s o f  se -

lecte d node s afte r  activatio n flows,  befor e an y wor d i s 

output .  A t  thi s poin t  th e mos t  highl y activate d wor d 

nod e i s the-w ,  thu s i t  wil l  b e selecte d an d emitte d 

first.  Th e majo r  sourc e o f  activatio n fo r  the- w i s th e 

firs t  constituen t  o f  noun-phr ,  np- 1 (show n i n capi -

tal s t o indicat e tha t  i t  i s  th e constituen t  currentl y un -

der  th e cursor. )  np- 1 receive s energ y fro m noun -

phr ,  noun-ph r  receive s mos t  o f  it s  activatio n fro m 

o ld-womanw ,  whic h receive s activatio n fro m old -

w o m a n cl  an d fro m noun ,  nou n i s activated ,  amon g 

othe r  reasons ,  b y th e first  constituen t  o f  subj-pred . 

O ne constructio n no t  mentione d previousl y i s back -

forep ,  th e constructio n responsibl e fo r  puttin g adver -

bial s o f  tim e an d plac e a t  th e beginnin g o f  a  sentence . 

Thi s constructio n ha s n o effec t  o n thi s sentence ,  sinc e 

ther e ar e n o concept s presen t  expressibl e i n thi s way . 

Afte r  "the "  i s emitte d noun-ph r  become s eve n mor e 

highl y activate d an d it s curso r  i s move d t o np-2 .  Tli e 

most  highl y activate d wor d become s o ld -womanw , 

largel y du e t o activatio n fro m np-3 . 

Afte r  "ol d w o m a n "  i s emitte d noun-ph r  i s rese t  -

tha t  is ,  th e curso r  i s se t  bac k t o np- 1 an d i t  thereb y 

becomes read y t o guid e productio n o f  anothe r  nou n 

phrase .  Also ,  n o w th e curso r  o n subj-pre d advance s 

t o sp-2 .  A s a  resul t  verbs ,  i n particula r  go-w ,  becom e 
highl y activated . 

go- w i s selected .  Becaus e past e ha s mor e activa -

tio n tha n present c etc. ,  go- w i s inflecte d an d emitte d 

as "went "  Afte r  thi s subj-pred' s curso r  advance s t o 

it s thir d constituent .  A t  th e sam e time ,  go-p' s curso r 

advance s t o it s secon d constituent ,  thu s i t  activate s di -

rectiona l  particles ,  althoug h i t  happen s tha t  ther e i s n o 

semanti c inpu t  t o an y suc h word .  Th e mos t  highl y ac -

tivate d word s ar e prepositions ,  du e t o activatio n fro m 
th e fij-st  constituen t  o f  prep-phr ,  whic h i n tur n receive s 

it s energ y fro m sp- 3 an d t o a  lesse r  exten t  from  gp-3 . 

Of  th e variou s prepositions ,  tol w receive s th e mos t  ac -
tivatio n fro m directionr ,  whic h als o receive s it s acti -

vatio n fro m th e thir d constituen t  o f  go-p . 
Afte r  "to "  i s emitted ,  th e curso r  o f  prep-ph r  i s 

advanced .  Th e ke y pat h o f  activatio n flow  i s n o w 

fro m th e secon d constituen t  o f  prep-ph r  t o nou n t o 

stream w t o noun-ph r  t o articl e t o a-w .  Thu s "a "  i s 
emitted . 

The n th e curso r  o f  noun-ph r  advance s an d "stream " 

i s emitted .  I t  i s  "stream "  rathe r  tha n som e othe r  nou n 

becaus e stream w i s linke d t o kawac ,  kawa c fills  a 
destination r  relation ,  an d destination r  i s liste d i n gp -

3. 

At  thi s poin t  th e curso r  o f  go- p i s o n gp-4 .  Fro m thi s 

constituen t  activatio n flows  t o purpose-clause ,  an d i n 
du e cours e "to "  an d "was h clothes "  ar e emitted . 

I n thi s wa y FI G ha s produced :  "th e ol d w o m a n wen t 

t o a  strea m t o was h clothes. "  Al l  th e node s o f  th e inpu t 
havin g bee n expressed ,  FI G ends . 

6 Implementation 
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- — P A T T E R NS 
16. 0 BACK-FOREP 

BF- 1 bf- 2 bf- 3 
4. 9 NOUN-PHR 

NP- 1 np- 2 np- 3 
3. 1 SUBJ-PRE D 

SP- 1 sp- 2 sp- 3 
2. 1 GO- P 

GP-1 gp- 2 gp- 3 gp- 4 
1. 8 PURPOSE-CLAUSE 

PC- 1 pc- 2 pc- 3 
0. 3 PREP-PH R 

PP- 1 pp- 2 

WORDS 
21, 3 THE- W 
21. 0 A- W 
12. 6 OLD-WOMANW 
10. 7 STREAMW 
10. 6 GO- W 

8. 6 RIVER W 
5. 5 WASH-CLOTHESW 
3. 4 T02 W 

CONCEPTS 
23. 6 IKUC l 
19. 7 OLD-WOMANCl 
16. 7 KAWACl 
15. 5 SENTAKUCl 
12. 0 PAST C 

9. 5 CONSNT-INITIA L 
6. 1 VOWEL- INITIA L 
5. 9 TO P IC C 

OTHER 
16. 0 TIME S 

3. 8 ARTICL E 
2. 6 NOUN 
1. 8 AGENTR 

Figur e 6 :  Activatio n Level s o f  Selecte d Node s Afte r  Activatio n Flo w 

FI G currentl y ha s si x type s o f  nodes :  concepts , 

relations ,  words ,  constructions ,  constituents ,  an d in -

stance s o f  concepts .  The y ar e distinguishe d fo r  clarit y 

and efficienc y bu t  no t  fo r  activatio n flow.  Th e curso r 

updat e proces s an d semanti c updat e proces s (no t  de -

scribe d further )  do ,  however ,  examin e nod e types ;  an d 

of  cours e onl y w w d s ar e selecte d an d emitted . 

Althoug h link s hav e bee n differentiate d abov e i n 

term s o f  thei r  intende d meaning ,  activatio n flows 

acros s al l  link s i n th e sam e way ,  excep t  1 .  ther e ar e 

englis h an d Japanes e links ;  n o activatio n flows  acros s 

th e one s fo r  th e languag e no t  i n use ,  2 .  th e weight s 

of  link s fro m construction s t o constituent s ar e modi -

fied  b y th e mas k accordin g t o th e cursor ,  an d 3 .  inhibi t 
link s transmi t  negativ e activation . 

I n accordanc e wit h th e intuitio n tha t  a  wor d i s no t 
trul y appropriat e unles s i t  i s  bot h syntacticall y an d se -

manticall y appropriate ,  th e activatio n leve l  fo r  word s 

i s give n b y th e produc t  (no t  th e sum )  o f  incomin g syn -

tacti c an d semanti c activation .  'Syntacti c activation ' 

i s  activatio n receive d from  constituent s an d syntacti c 

categories . 

CuirenU y FI G ha s 28 4 node s an d abou t  60 0 links . 

Befor e eac h wor d choice ,  activatio n flows  unti l  th e net -

wor k setUe s down ,  wit h cutof f  afte r  8  cycles .  Thi s 

take s abou t  .1 5 second s o n averag e (simulatin g par -

alle l  activatio n flow  o n a  Symbolic s 3670) ,  thu s FI G 

output s word s faste r  tha n a  huma n speaker . 

Th e correc t  operatio n o f  FI G depend s o n havin g cor -

rec t  lin k weights .  Thi s i s no t  a  majo r  problem .  M a n y 

of  th e lin k weight s ar e uniform .  Fo r  example ,  al l 

link s fro m syntacti c categorie s t o thei r  member s hav e 

weigh t  .8 ,  al l  'inhibit '  link s hav e weigh t  .7 ,  an d s o on . 

M a ny o f  th e other s hav e a  rationale :  fo r  example ,  th e 

lin k fro m np- 1 t o article s ha s relativel y hig h weigh t 

becaus e article s ge t  ver y littl e activatio n fro m othe r 

sources .  N o singl e weigh t  i s meaningful ;  th e wa y i t 

function s i n contex t  is .  Fo r  example ,  th e exac t  weigh t 

of  th e lin k fro m th e first  constituen t  o f  subj-pre d t o 

nou n i s no t  crucial ,  a s lon g a s th e produc t  o f  i t  an d th e 

weigh t  o n th e agent r  relatio n i s appropriate . 

Als o crucia l  i n generatio n i s th e flow  o f  activa -

tion  throug h th e networ k structure s encodin g world -

knowledge .  Worl d knowledg e i s als o use d whe n mon -

itorin g th e outpu t  an d updatin g activatio n levels .  Fo r 

detail s se e [War d 88a] . 

FI G is ,  o f  course ,  extensible .  Addin g ne w concepts , 

word s o r  construction s i s generall y straightforward ; 
the y ca n b e encode d b y analog y t o simila r  nodes ,  an d 

usuall y th e sam e lin k weight s suffice .  Occasionall y 

ne w node s an d link s interac t  i n unforesee n way s wit h 
othe r  knowledg e i n th e system ,  causin g othe r  node s t o 

get  to o muc h o r  to o litU e activation .  I n thes e case s i t  i s 

necessar y t o debu g th e network .  Sometime s trial-and -

erro r  experiment s ar e required ,  bu t  ofte n th e acceptabl e 

rang e o f  weight s ca n b e determine d b y examination . 

Thi s i s a  kin d o f  back-propagatio n b y hand ;  i t  coul d 

doubUes s b e automated . 

Beside s jus t  increasin g th e amoun t  o f  knowledg e i n 

FIG' s network ,  I  woul d lik e t o mak e i t  mode l  huma n 

speec h error s an d t o us e it s grammatica l  knowledg e 

structure s fo r  parsin g also . 

7 Summary 

FIG' s treatmen t  o f  synta x i s connectionis t  an d novel . 

I t  relie s heavil y o n parallelis m an d emergents .  I t  doe s 

not  buil d u p an y syntacti c structures ,  no r  eve n mak e 

explici t  syntacti c choices .  Th e onl y explici t  choice s 

neede d ar e th e successiv e choice s o f  words .  I t  i s  als o 

nove l  i n tha t  th e networ k representation s o f  linguis -

ti c  knowledg e affec t  wor d choic e an d orde r  directiy , 

rathe r  tha n jus t  affectin g a  pars e tree .  Thu s th e im -

plementatio n correspond s clearl y an d direcU y t o th e 

knowledge-leve l  theory . 
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Thi s treatmen t  o f  synta x work s wel l  wit h th e tes t  o f 

FI G — al l  type s o f  knowledg e ar e wel l  integrate d an d 

interac t  freel y a t  ru n time .  I  hav e explaine d elsewher e 

ho w thi s i s importan t  for :  accurat e an d flexibl e wor d 

choic e [War d 88a] ,  producin g natural-soundin g outpu t 

fo r  machin e translatio n [War d 89a] ,  an d modelin g th e 

key aspect s o f  th e huma n languag e productio n proces s 

[War d 89c] . 

Thi s wor k i s no t  traditiona l  linguistics ,  artificia l  in -

telligence ,  o r  connectionism ,  bu t  use s technique s fro m 

al l  thre e fields.  I  hav e presente d a  syntacti c mecha -

nis m whic h i s compatibl e wit h intuition s abou t  syn -

tacti c knowledg e and  als o wit h connectionis t  process -

ing .  I  hop e thi s wil l  stimulat e furthe r  wor k i n empirica l 

computationa l  linguistics ,  modelin g huma n languag e 

production ,  and  buildin g and  usefu l  paralle l  generatio n 

systems . 
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