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Abstrac t 

M a ny parsin g strategie s fo r  machin e translatio n system s ar e base d entirel y o n context-fre e 

grammars ;  t o tr y t o captur e al l  natura l  languag e phenomena ,  thes e system s requir e a n over -

whelmin g numbe r  o f  rules ;  thus ,  a  translatio n syste m eithe r  ha s limite d linguisti c coverage , 

or  poo r  performanc e (du e t o formidabl e gramma r  size) .  Thi s pape r  show s ho w a  principle -

base d "co-routin e design "  implementatio n improve s th e parsin g proble m fo r  translation .  Th e 

parse r  consist s o f  a  skeleta l  structure-buildin g mechanis m tha t  operate s i n conjunctio n wit h 

a linguisticall y base d constrain t  module ,  passin g contro l  bac k an d fort h unti l  underspecifie d 

skeleta l  phras e structur e i s converte d int o a  full y  instantiate d pars e tree .  Th e modularit y o f 

th e parsin g desig n accommodate s linguisti c generalization ,  reduce s th e gramma r  size ,  enable s 

extendibility ,  an d i s compatibl e wit h studie s o f  huma n languag e processing. ^ 

1 Introduction 

The problem addressed in this paper is to construct a parsing model that accommodates 

cross-linguisti c unifor m machin e translatio n withou t  relyin g o n language-specifi c  context-fre e 

rules .  Typicall y parsin g system s us e grammar s tha t  describ e languag e vi a complicate d rule s 

tha t  spel l  ou t  th e detail s o f  thei r  application .  Fo r  example ,  ATN-base d system s (Woods , 

1970 ;  Bates ,  1978 )  hav e severa l  hundre d gramma r  arcs ,  eac h wit h detaile d test s an d actions ; 

augmente d phrase-structur e grammar s a s i n Diagra m (Robinson ,  1982 )  spel l  ou t  th e type , 

position ,  an d probabiht y o f  occurrenc e o f  constituent s i n a  give n phrase ;  an d th e G P S G 

approac h (Gazdar ,  et .  ai ,  1985 )  use s a  "slash-category "  mechanis m t o incorporat e lon g 

distanc e relation s directl y int o th e gramma r  rules. ^  Suc h system s d o no t  wor k i n th e contex t 

of  translatio n acros s severa l  languages :  th e rule s o f  a  give n gramma r  ar e painstakingl y 

tailore d t o describ e a  singl e language ,  thu s forcin g a  los s o f  linguisti c generalization ,  limitin g 

th e additio n o f  ne w languages ,  an d inducin g inefficienc y (du e t o formidabl e gramma r  size). ^ 

^Frazie r  198 6 provide s recen t  psycholinguisti c evidenc e tha t  ther e i s a  tempora l  sequenc e o f  parsin g 

consisten t  wit h th e GB-base d mode l  presente d here .  Thi s wil l  b e mentione d briefl y i n sectio n 1 ,  bu t  i s no t 

th e centra l  focu s o f  thi s paper . 

^Barto n (1984 )  describe s thes e rule-base d system s i n mor e detail . 

^Fo r  example ,  Slocum' s M E T A L syste m (1984 ,  1985 )  develope d a t  th e Linguistic s Researc h Cente r  a t  th e 

Universit y o f  Texa s relie s o n numerou s language-specifi c  context-fre e rule s pe r  languag e solel y fo r  parsing . 

Th e typ e o f  gramma r  formalis m i s allowe d t o var y fro m languag e t o language .  Fo r  example ,  th e Germa n 
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Figure 1: Co-Routine Design of the Parser 

Furthermore, these systems fail to preserve the modular organization of new theories of 

g rammar . 

I n thi s pape r  I  describ e a n implementatio n o f  a  parsin g mode l  tha t  i s  base d o n subsystem s 

of  grammatica l  principle s an d parameters.' *  T h e parse r  follow s a  "co-routin e design: "  th e 

structure-buildin g mechanis m operate s wit h simultaneou s acces s t o linguisti c constraint s 

of  Governmen t  an d Bindin g ( G B )  theor y a s develope d b y C h o m s k y (1981 ,  1982) .  (Se e 

figur e 1. )  T h e structure-buildin g modul e assign s a  skeleta l  syntacti c structur e t o a  sentence , 

an d the n thi s structur e i s eliminate d o r  modifie d accordin g t o th e principle s o f  G B .  Thi s 

desig n i s consisten t  wit h recen t  psycholinguisti c studie s (se e Frazier ,  1986 )  tha t  indicat e tha t 

th e h u m a n processo r  initiall y  assign s a  (potentiall y  ambiguou s o r  underspecified )  structura l 

analysi s t o a  sentence ,  leavin g lexica l  an d semanti c description s fo r  subsequen t  processing . 

Furthermore ,  th e parse r  i s designe d s o tha t  i t  applie s uniforml y acros s al l  languages ,  allowin g 

th e use r  t o modif y th e parameter s o f  th e syste m t o accommoda t e additiona l  additiona l 

languages . 

T h e reaso n tha t  parsin g uniforml y acros s language s i s difficul t  i s  th e parse r  appear s t o 

requir e a  massiv e amoun t  o f  "knowledge "  i n orde r  t o pars e al l  possibl e phenomen a (an d thei r 

interactio n effects )  i n an y give n languag e withou t  allowin g ill-forme d sentence s t o als o b e 

parsed .  Conside r  (1) : 

(1) Le quiere a Juan 

'(She )  love s John ' 

Although (1) appears to be simple, it is not simple from the point of view of uniform 

parsin g sinc e th e equivalen t  sentenc e parse s differentl y i n othe r  languages .  T h e Spanis h an d 

parse r  i s base d o n phrase-structur e grammar ,  augmente d b y procedure s fo r  transformations ;  b y contrast , 

th e Englis h parse r  employ s a  modifie d G P S G approac h wit h n o transformations .  Regardles s o f  th e typ e o f 

grammar  formalism ,  eac h parse r  i s nevertheles s base d o n hundred s context-fre e rule s o f  a  language-specifi c 

nature .  Consequently ,  eac h parse r  operate s unilinguall y an d ha s a n increase d runnin g tim e ove r  parser s tha t 

acces s smalle r  grammars .  (A s note d i n Barto n (1984) ,  th e Earle y algorith m (1970 )  fo r  context-fre e languag e 

parsin g ca n quadrupl e it s runnin g tim e whe n th e gramma r  siz e i s double d ) 

*Fo r  example ,  ther e i s a  "constituen t  order "  paramete r  associate d wit h a  universa l  principl e tha t  require s 

ther e t o b e a  language-dependen t  orderin g o f  constituent s wit h respec t  t o a  phrase ;  th e paramete r  i s se t  b y 

th e use r  t o b e head-iniha l  fo r  a  languag e lik e English ,  bu t  head-fina l  fo r  a  languag e lik e Japanese .  Thi s i s 

discusse d i n sectio n 2.1 . 
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le,-quier e a Juan , 

Figur e 2 :  Spanis h an d Englis h Pars e Tree s fo r  a n Equivalen t  Sentenc e 

English parse trees for (1) are in figure 2} Literally, the English translation for (1) is (2), 

whic h i s ungrammatical : 

(2) him e loves to John 

The e stands for a null subject that is realized as she in English.® The parsing implementation 

presente d her e rule s ou t  sentenc e (2 )  withou t  sacrificin g th e abilit y  t o pars e (1) . 

T h e co-routin e desig n differ s fro m othe r  G B parsing/translatio n system s {e.g. ,  Sharp , 

1985 )  i n tha t  th e G B principle s ar e use d fo r  "o n line "  verificatio n durin g parsin g rathe r  tha n 

as well-formednes s condition s o n output .  Furthermore ,  i n Sharp' s system ,  context-fre e rule s 

(se t  u p fo r  English-lik e languages )  ar e hardwire d int o th e cod e rathe r  tha n generate d o n 

th e fl y usin g principle s o f  G B ;  thus ,  language s (lik e G e r m a n o r  Japanese )  tha t  d o no t  hav e 

th e sam e orde r  o f  constituent s a s EngHs h canno t  b e handle d b y th e system .  T h e primar y 

facto r  tha t  introduce s thi s malad y i n Sharp' s syste m i s tha t  th e use r  ha s limite d acces s t o 

th e principle s o f  th e system .  T h e syste m describe d her e allow s th e use r  t o specif y paramete r 

value s t o th e principles ,  thu s modifyin g th e effec t  o f  th e principle s fro m languag e t o language . 

Ther e ar e tw o classe s o f  G B principle s use d b y th e system :  thos e tha t  ar e applie d o n lin e 

{i.e. ,  a t  processin g time )  an d thos e tha t  ar e applie d of f  lin e [i.e. ,  a t  precompilatio n time). ^ 

^Subscript s ar e use d fo r  co-referrin g elements .  Thu s l e ( = him )  refer s t o Juan . 

^Sectio n 2. 3 discusse s th e nul l  subjec t  phenomeno n i n Spanish . 

^Experiment s ar e currentl y underwa y t o determin e th e "optimal "  balanc e o f  principl e clusterin g betwee n 

th e precompilatio n an d processin g phases .  I n orde r  fo r  th e G B constraint s t o b e applicable ,  a  structur e mus t 

firs t  b e created .  Th e questio n unde r  investigatio n i s ho w muc h structur e mus t  b e generate d a t  precompilatio n 

tim e i n orde r  t o perfor m o n lin e verificatio n o f  G B constraint s efficiently .  O n th e on e hand ,  incorporatin g 

a larg e numbe r  o f  constraint s int o th e precompilatio n phas e cause s th e gramma r  siz e t o becom e explosive , 

thu s slowin g dow n gramma r  searc h time ;  o n th e othe r  hand ,  eliminatin g a  larg e numbe r  o f  constraint s 

fro m precompilatio n force s a  hig h cos t  a t  constrain t  verificatio n time .  Frazie r  (1986 )  suggest s tha t  al l 

phras e structur e possibilitie s ge t  multiplie d out ,  leavin g onl y a  smal l  subse t  o f  G B constraint s t o appl y a t 

processin g time .  I n th e parse r  presente d here ,  a  relativel y smal l  numbe r  o f  G B constraint s (thos e concernin g 

skeleta l  phras e structure s an d empt y nou n phrases )  ar e accesse d a t  precompilatio n time ,  leavin g man y o f 

th e G B constraint s t o appl y a t  processin g time .  Tim e test s hav e show n thi s clusterin g o f  principle s th e mos t 

promisin g fo r  efficien t  parsin g usin g th e co-routin e design . 
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Bot h classe s includ e parameter s o f  variation . 

Th e modularit y impose d b y th e G B framewor k i s a n improvemen t  ove r  context-fre e base d 

system s fo r  severa l  reasons :  (a )  propertie s commo n t o al l  language s ar e no t  specifie d directl y 

i n rules ,  bu t  ar e abstracte d int o modularize d principles ,  thu s allowin g linguisti c generaliza -

tio n t o b e captured ;  (b )  multiplicativ e effect s o f  linguisti c constraint s ar e no t  spelle d ou t  i n 

th e for m o f  gramma r  rules ,  thu s reducin g gramma r  siz e (henc e processin g time) ;  an d (c )  a 

separat e descriptio n i s no t  require d fo r  eac h language ,  thu s th e parse r  i s easil y extendibl e t o 

additiona l  languages . 

2 Underlying Linguistic Theory 

In order to arrive at the modules that form the basis of the structure-building and GB 

component s o f  figur e 1 ,  w e mus t  separat e underlyin g subsystem s o f  gramma r  tha t  interac t 

t o gai n th e effect s o f  complicate d rule s systems .  Thi s sectio n describe s parameter s o f  varia -

tio n associate d wit h th e principle s o f  thre e G B subtheorie s (X-Theory ,  ̂ -Theor y an d Trac e 

Theory) ,  an d discusse s th e relevanc e o f  thes e parameter s withi n th e contex t  o f  th e parsin g 

model .  Th e goa l  i s t o incorporat e th e parameterize d principle s o f  G B (i n th e for m o f  modula r 

subsystem s o f  structura l  an d well-formednes s constraints )  int o a  single ,  cross-linguisticall y 

unifor m parsin g system . 

2. 1 X - T h e o r y P a r a m e t e r s :  C h o i c e o f  Speci f ier s a n d C o n s t i t u e n t 

O r d e r 

The central idea of X-Theory is that the dictionary (henceforth lexicon) specifies subcat-

egorizatio n frame s fo r  lexica l  item s {e.g. ,  th e fram e fo r  th e ver b pu t  include s tw o arguments , 

one tha t  i s a  nou n phrase ,  an d anothe r  tha t  i s  a  prepositiona l  phrase ,  a s i n pu t  th e ca r  i n 

th e garage) ,  an d phrase-structure s ar e projection s o f  a  lexica l  hea d X  ( = N ,  V ,  P  o r  A) . * 

X-Theor y assume s tha t  phras e structure s fo r  Englis h ar e derive d b y rule s o f  th e form : 

(3) X"^" ^ (Specifier) X (Complement) 

where X"^'^'^ is the maximal projection (more commonly called XP) of the lexical head X. 

The Specifie r  o f  X  i s determine d b y a  paramete r  settin g associate d wit h th e X  module ,  an d 

th e complemen t  o f  X  i s determine d b y th e subcategorizatio n fram e o f  th e verb .  Fo r  example , 

i f  X  i s a  noun ,  X"' "  i s  NP ,  a  possibl e Specifie r  i s  a  determiner ,  an d a  possibl e complemen t 

i s a  prepositiona l  phras e (dependin g o n whethe r  thi s i s specifie d i n th e lexica l  entr y fo r  th e 

noun) . 

Englis h require s tha t  specifier s o f  al l  lexica l  categorie s occu r  befor e th e lexica l  head ,  an d 

complement s follo w th e lexica l  head .  However ,  thi s rul e doe s no t  appl y t o al l  language s (e.g. , 

Navajo ,  German ,  Japanese ,  etc.) .  Fo r  example ,  conside r  th e followin g Navaj o sentence : 

®The lexica l  representatio n use d i n th e parse r  presente d her e i s base d o n th e input  representatio n require d 

by th e morphologica l  analyzer .  I t  include s th e roo t  form s o f  word s an d pointer s t o applicabl e affixe s Roo t 

verb s ar e store d wit h thei r  argumen t  structur e specification s an d ̂-rol e assignmen t  possibilities .  T h e lexico n 

i s discusse d i n Dor r  (forthcoming) ,  bu t  wil l  no t  b e emphasize d i n thi s paper . 
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(4 )  ashki i  at'ee d yiyii}ts 4 

'th e bo y sa w th e girl ' 

This sentence hterally translates as the boy the girl saw since Navajo requires the complement 

t o preced e th e head. ® I t  i s  assume d tha t  th e constituen t  orde r  o f  a  languag e i s determine d 

by a  paramete r  o f  variation .  Thus ,  befor e parsin g begins ,  X  rule s ar e se t  u p accordin g t o th e 

constituen t  orde r  o f  th e languag e bein g parsed .  Thi s i s crucia l  i n th e parsin g mode l  sinc e 

many o f  th e principle s o f  othe r  G B subtheorie s canno t  appl y unti l  a  vali d license d structur e 

(wit h predetermine d orderin g restrictions )  ha s first  bee n built ,  i.e. ,  X-Theor y provide s basi c 

template s t o whic h remainin g parsin g constraint s ca n apply . 

2.2 ^-Theory Parameters: Clitic Doubling 

^-Theory is the theory of thematic (or semantic) roles. A principle of this theory is 

th e ̂ -Criterio n whic h state s tha t  eac h nou n phras e argumen t  o f  a  ver b i s uniquel y assigne d 

a semanti c rol e (e.̂ . ,  agent ,  patient ,  etc. )  an d eac h semanti c rol e i s uniquel y assigne d t o 

an argument .  I n orde r  fo r  a  semanti c rol e (hencefort h -̂role )  t o b e assigned ,  ther e i s a 

principl e o f  ̂ -rol e transmissio n tha t  map s argument s i n th e dictionar y entr y o f  th e ver b t o 

thei r  correspondin g ̂ -roles . 

I n Spanish ,  th e phenomeno n o f  chti c doubHn g i s relevan t  t o parametri c variatio n o f  th e 

-̂rol e transmissio n principle .  A  cliti c  i s  a  pronomina l  constituen t  tha t  i s  associate d wit h a 

verba l  object .  Fo r  example ,  th e cliti c  l e i n th e followin g sentenc e i s a  cliti c  associate d wit h 

Juan ,  th e objec t  o f  th e ver b regale : 

(5) Le regale un libro a Juan. 

' I  gav e a  boo k t o John. ' 

The phenomenon of clitic doubling is defined in terms of the pair < clitic, lexical NP> where 

th e cliti c  mus t  agre e i n number ,  perso n an d gende r  wit h th e lexica l  NP .  I n (5 )  th e cliti c 

l e actuall y stand s fo r  a n N P tha t  doe s no t  ye t  hav e a  -̂rol e (namely ,  Juan) .  Thus ,  i n 

orde r  t o satisf y th e ̂ -Criterion ,  a  paramete r  o f  variatio n i s require d fo r  ̂ -rol e transmission . 

Jaeggl i  (1981 )  propose s tha t  clitic s suppl y  ̂ -role s t o objec t  NP s tha t  ar e double d vi a a  ̂-rol e 

transmissio n rule : 

(6) [CL -\-case, +6^] ... [NP +ca5e,] =» [CL +case^ +0^] ... [NP -\-case, +0^ 

This rule allows a doubled NP object to receive ^-role as long as the clitic and NP must 

hav e th e sam e case.̂ °  I f  a  cliti c  i s  no t  present ,  a  -̂rol e i s assigne d i n th e usua l  fashion , 

{i.e. ,  fro m th e ver b tha t  contain s th e argumen t  i n it s dictionar y entry) .  Thus ,  fo r  language s 

tha t  allo w clitics ,  cliti c  doublin g mus t  b e availabl e a s a  paramete r  o f  variatio n t o th e ̂-rol e 

transmissio n principl e o f  ̂ -Theory .  Th e -̂Criterio n ca n the n b e use d a s a  well-formednes s 

conditio n durin g parsin g s o tha t  cliti c  doublin g construction s wil l  b e rule d ou t  unles s (6 )  i s 

allowe d t o fire.  Thi s i s importan t  i n a  parsin g mode l  sinc e language s tha t  allo w clitic s coul d 

not  b e analyze d uniforml y withou t  suc h a  paramete r  o f  variation . 

^Hal e (1973 )  describe s ho w thi s an d severa l  othe r  phenomen a i n Navaj o revea l  parametri c variatio n t o 
GB principle s 

^̂ A descriptio n o f  Cas e Theor y i s no t  give n here .  Se e Chomsk y (1981) . 
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2. 3 T r a c e T h e o r y P a r a m e t e r s :  C h o i c e o f  T r a c e s a n d P r o - d r o p 

Trace theory is another subtheory of GB that is important for uniform parsing across 

languages ,  i n particula r  becaus e i t  provide s a n explanatio n fo r  th e distinction s betwee n 

language s tha t  allo w nul l  subject s (lik e Spanish )  an d othe r  languages .  A  trac e i s a n empt y 

sentenc e positio n tha t  i s eithe r  base-generate d o r  lef t  behin d whe n a  constituen t  ha s moved . 

The choic e o f  trace s fo r  a  languag e i s specifie d a s a  paramete r  settin g t o th e trac e module . 

Accordin g t o th e analysi s o f  th e nul l  subjec t  (o r  pro-drop )  paramete r  introduce d b y va n 

Riemsdij k an d William s (1986) ,  th e choic e o f  whethe r  a  languag e require s a  sententia l  subjec t 

i s  allowe d t o var y fro m languag e t o language .  I n Spanish ,  a s i n Italian ,  Gree k an d Hebrew , 

morpholog y i s ric h enoug h t o mak e th e subjec t  pronoun s redundan t  an d recoverable .  Thus , 

we ca n hav e th e sentence : 

(7 )  Habl e co n ella . 

'(I )  spok e wit h her. ' 

Sinc e th e inflectio n o n th e ver b i s firs t  perso n singular ,  th e subjec t  pronou n y o (=1 )  nee d 

not  b e used . 

The formulatio n o f  th e pro-dro p paramete r  h y va n Riemsdij k an d William s i s motivate d 

by th e observatio n tha t  subject s ar e missin g i n a  variet y o f  constructions ,  no t  jus t  i n case s 

lik e (7) .  Thes e construction s d o no t  appea r  i n man y othe r  language s {e.g. ,  English ,  etc.) ; 

thus ,  ther e mus t  b e a  paramete r  tha t  wil l  accoun t  fo r  th e distinctio n betwee n pro-dro p an d 

non-pro-dro p languages .  Th e pro-dro p parameter ,  then ,  i s a  minima l  binar y differenc e tha t 

does o r  doe s no t  allo w empt y nou n phrase s t o occup y subjec t  position .  (Fo r  detail s o n th e 

pro-dro p parameter ,  se e va n Riemsdij k an d Williams ,  pp .  298-303. )  Th e paramete r  settin g 

approac h i s mor e desirabl e tha n a  rule-base d approac h sinc e i t  account s fo r  severa l  type s o f 

nul l  subjec t  construction s withou t  requirin g severa l  independentl y motivate d rules.̂ ^  Th e 

pro-dro p paramete r  i s importan t  i n th e parsin g mode l  becaus e i t  allow s unifor m analysi s o f 

pro-dro p an d non-pro-dro p languages ,  ensurin g tha t  sentenc e withou t  a  subjec t  ar e rule d 

out  unles s th e pro-dro p paramete r  i s set . 

2.4 Principles and Parameters 

Table 1 contains a table summarizing the subsystems of principles and parameters (grouped 

accordin g t o subtheory )  relevan t  t o th e parsin g mode l  a s presente d here.̂ ^  Tabl e 2  summa -

rize s th e paramete r  setting s require d fo r  parsin g Spanis h an d English . 

3 Parsing Implementation 

The parser is one of three translation stages in an interlingual translation system, UNI-

"  A  rule-base d approac h {e.g. ,  G P S G (1985) )  woul d requir e a  separat e rul e fo r  ever y possibl e nul l  subjec t 

constructio n allowe d i n a  pro-dro p languag e includin g fre e subjec t  inversion ,  relativ e clauses ,  that-trac e 

constructions ,  resumptiv e pronouns ,  etc .  (Thes e construction s ar e no t  discusse d here .  Se e va n Riemsdij k 

and William s (1986). )  T h e paramete r  settin g approac h obviate s th e nee d fo r  independen t  treatmen t  o f  thes e 

closel y relate d phenomena . 

^-Becaus e o f  spac e limitations ,  onl y thos e parameter s tha t  ar e relevan t  t o a  condense d descriptio n o f  th e 

parse r  ar e presente d here .  Th e actua l  implementatio n currentl y ha s 2 0 parameters . 
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Theor y 

X 

e 

Trac e 

Principle s 

A phrasa l  projectio n (X"̂ "̂ )  ha s a  hea d (X) , 

a specifie r  an d a  complemen t 

[C L +cas€ ,  +$j ]  .. .  [N P 4-ca5e, ]  ^ 

[C L +case ,  +9^ ]  .. .  N P +case :  +$j ] 

i f  languag e allow s cliti c  doublin g 

Nul l  subject s ar e allowe d fo r  pro-dro p language s 

An empt y positio n ma y occu r  wher e trace s ar e allowe d 

Parameter s 

Constituen t  Order , 

Choic e o f  Specifier s 

Cliti c  Doublin g 

Pro-dro p 

choic e o f  trace s 

Tabl e 1 :  Principle s an d Parameter s o f  G B 

Theor y 

X 

9 

Trac e 

Parameter s 

Constituen t  Orde r 

Choic e o f  Specifier s 

Cliti c  Doublin g 

Pro-dro p 

Choic e o f  Trace s 

Paramete r  Value s 

Spanis h 

spec-head-com p 

V:  have-aux ;  N :  det ,  etc . 

applicabl e an d allowe d 

yes 

N ^ " ,  Wh-phrase ,  V ,  P"^ " 

Englis h 

spec-head-com p 

V:  have-aux ,  do-aux ;  N :  det ,  etc . 

not  applicabl e 

no 

N"^" ,  Wh-phrase ,  V ,  P'" " 

Tabl e 2 :  Paramete r  Value s fo r  Spanis h an d Englis h 

TRAN (Dorr, forthcoming), which is implemented in Commonlisp and currently translates 

simpl e sentence s bidirectionall y betwee n Spanis h an d English .  I n contras t  t o th e transfe r 

approac h {e.g. ,  M E T A L ,  Slocum ,  1984 ,  1985) ,  th e parse r  (an d othe r  translatio n modules ) 

i s unifor m acros s al l  language s wit h respec t  t o it s theoretica l  an d engineerin g basis .  (Se e 

figure  3. )  Th e transfe r  approach ,  o n th e othe r  hand ,  require s severa l  parser s an d a  thir d 

translatio n stag e (th e transfe r  stage )  i n whic h on e language-specifi c  representatio n i s mappe d 

int o another .  Thus ,  a  separat e parse r  mus t  b e supplie d fo r  eac h languag e i n th e transfe r 

approach ,  whil e i n th e interlingua l  approac h a  singl e parse r  i s use d fo r  al l  languages .  Th e in -

terlingua l  approac h mor e closel y approximate s a  tru e universa l  approac h sinc e th e principle s 

tha t  appl y acros s al l  language s ar e entirel y separat e fro m language-specifi c  characteristic s 

expresse d b y (user-modifiable )  paramete r  settings.̂ ^ 

Th e parameter s o f  tabl e 2  ar e represente d declaratively ,  an d ar e subjec t  t o modificatio n b y 

th e user .  (Se e figure  4. )  Ther e ar e tw o type s o f  procedure s (correspondin g t o th e tw o boxe s o f 

figure  1 )  withi n th e system :  th e first  typ e include s thos e procedure s tha t  perfor m structure -

buildin g action s (predicting ,  attachin g an d scanning) ,  relyin g primaril y o n phras e structur e 

template s generate d a t  precompilatio n time ;  an d th e secon d typ e consist s o f  constrain t 

verificatio n routine s (̂ -Criterion ,  empt y N P conditions ,  etc.) ,  performin g well-formednes s 

test s o n phrase-structure s buil t  b y structur e buildin g procedures . 

^̂ Th e approac h i s "universal "  onl y t o th e exten t  tha t  th e linguisti c theor y i s "universal. "  Ther e ar e 
some residua l  phenomen a no t  covere d b y th e theor y tha t  ar e consequentl y no t  handle d b y th e syste m i n 
a principle-base d manne r  Fo r  example ,  th e language-specifi c  Englis h rule s o f  li-msertto n an d do-tnsertio n 
canno t  b e accounte d fo r  b y parameterize d principles ,  bu t  mus t  b e individuall y stipulate d a s idiosyncrati c 
rule s o f  English .  Happily ,  ther e appea r  t o b e onl y a  fe w suc h rule s pe r  languag e sinc e th e principle-base d 
approac h factor s ou t  mos t  o f  th e commonalitie s acros s languages . 
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Englis h 

Paramete r 
Value s 

Sourc e 
Sentenc e 

Spanis h 

Paramete r 
Value s 

I 

Frenc h 
Paramete r 

Value s 

I 

Japanes e 

Paramete r 

Value s 

\ / 

v ^  Interlingua l 

~^ l  For m 
• > Generato r 

Targe t 
Sentenc e 

Figur e 3 :  Interlingua l  Desig n a s foun d i n Dor r  198 7 

(DEF-PARAM CONSTITUENT-ORDER 

:SPANIS H (SPE C HEAD COMP)  :ENGLIS H (SPE C HEAD COMP)) 

(DEF-PARAM CHOICE-OF-SPEC 

:SPANIS H ( V (HAVE-AUX )  N  (DET )  I  (N-MAX )  C  (WH-PHRASE) ) 

:ENGLIS H ( V (HAVE-AU X DO-AUX)  N  (DE T N-MAX )  I  (N-MAX )  C  (WH-PHRASE)) ) 

(DEF-PARAM CLITIC-DOUBLING :SPANISH (T T) :ENGLISH (NIL NIL)) 

(DEF-PARAM PRO-DROP :SPANISH T :ENGLISH NIL) 

(DEF-PARAM CHOICE-OF-TRACES 

:SPANIS H (N-MA X WH-PHRASE V  P-MAX )  :ENGLIS H (N-MA X WH-PHRASE V  P-MAX) ) 

Figure 4: Representation of Parameter Settings for Spanish and English 

Before parsing begins, the precompilation stage generates and stores a constant number of 

underspecifie d phrase-structur e template s pe r  languag e accordin g t o th e tw o X  parameter s o f 

figur e 4 :  constituen t  orde r  an d choic e o f  specifier .  W h e n th e parse r  i s activated ,  th e structure -

buildin g modul e draw s upo n thes e templates ,  processin g eac h wor d o f  inpu t  unti l  n o mor e 

structure-buildin g action s apply .  A t  thi s time ,  constrain t  verificatio n take s place ,  an d th e 

las t  thre e parameter s o f  figure  4  ar e accesse d i n orde r  t o modif y o r  eliminat e th e structure s 

derive d thu s far .  Th e pars e proceed s i n thi s fashio n unti l  al l  sentenc e constituent s hav e bee n 

successfull y scanned ,  an d al l  constraint s hav e bee n verified .  A  sentenc e i s rejecte d if :  (a )  ther e 

i s a  constrain t  violation ,  o r  (b )  afte r  consultin g th e constrain t  modul e n o structure-buildin g 

action s appl y t o th e remainin g inpu t  words .  A  sentenc e i s accepte d otherwise .  Becaus e th e 

constrain t  componen t  i s availabl e durin g parsing ,  th e phrase-structur e template s accesse d 

by th e structure-buildin g modul e nee d no t  b e ver y elaborate ;  consequentl y th e gramma r  siz e 

need not ,  an d shoul d not ,  b e a s larg e a s thos e foun d i n othe r  parsin g systems.̂ ' '  Thus ,  th e 

"̂•i n fact ,  th e numbe r  o f  phras e structur e template s tha t  ar e generate d pe r  languag e generall y doe s no t 
excee d 15 0 sinc e ther e ar e a  limite d numbe r  o f  configuration s pe r  languag e tha t  ar e allowe d b y th e X 
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(a )  Earle y 

NP V P 

aI c quier e a  Jua n 

(b )  Constraint s 

S 

NP V P 

e[+pro ] 

aI c quier e a  Jua n 

(c )  Earle y an d Constraint s 

s 

NP 

e[+pro ] 
agent 

V P 

V 

le-quier e 

le quiere^a Juan 

(d )  Earle y an d Constraint s 

s 

NP 

e[+pro ]  y 
agent 

V P 

PP 

le-quier e 
patien t 

a Jua n 

l e quier e a  Juan A 

(e )  Constraint s 

s 

NP 

e[+pro ]  y 
agent 

V P 

PP 

le,-quier e 
patien t 

l e quier e a  Juan ^ 

a Juan , 
patien t 

Figur e 5 :  Snapshot s o f  Parse r  i n Actio n 

system avoids high computational costs due to grammar search time. 

To clarif y th e abov e descriptio n o f  th e parsin g algorithm ,  th e nex t  sectio n present s an d 

exampl e o f  ho w th e parsin g module s operate . 

4 A n E x a m p l e 

Consider the problem of parsing (1) repeated here as (8): 

(8) Le quiere a Juan 

'(She )  love s John ' 

principle s accesse d a t  precompilatio n time .  Thus ,  th e runnin g tim e o f  th e parse r  i s no t  subjec t  t o th e sam e 

slow-down s tha t  ar e foun d i n othe r  systems . 
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Figur e 5  give s snapshot s o f  th e parse r  i n action .  Firs t  th e Earle y structure-buildin g 

componen t  predict s tha t  th e sentenc e ha s a  nou n phras e ( N P )  an d a  ver b phras e ( V P )  (se e 

(a)) ,  th e orde r  o f  whic h i s determine d b y th e "constituen t  order "  paramete r  a t  precompilatio n 

time.^ ^  T h e onl y structure s availabl e fo r  predictio n b y th e Earle y modul e ar e thos e generate d 

at  precompilatio n time ;  thus ,  a t  thi s poin t  n o furthe r  informatio n abou t  th e structur e i s 

availabl e unti l  th e linguisti c constrain t  modul e take s control . 

T h e constrain t  modul e accesse s th e "nul l  subject "  paramete r  (se e sectio n 2.3) ,  whic h 

dictate s tha t  th e empt y elemen t  attache d t o N P i s a  subject .  T h e [4-pro ]  (pronominal ) 

featur e i s associate d wit h th e nod e (se e (b) )  s o th e subject  wil l  accommoda t e bot h nul l 

subjec t  sourc e language s an d over t  subjec t  sourc e languages.' ^ 

I n snapsho t  (c) ,  th e Earle y modul e expand s V P an d scan s th e first  tw o inpu t  word s l e 

q m e r e V N o w th e Earle y modul e canno t  procee d an y further ;  thus ,  th e constrain t  modul e 

take s ove r  again .  Firs t  a  semanti c rol e (o r  ^-role ,  a s i t  i s  calle d i n G B Theory )  o f  agen t 

i s assigne d t o th e empt y subjec t  o f  th e sentence .  Thi s informatio n i s determine d fro m th e 

dictionar y entr y o f  quitr e whic h dictate s tha t  thi s ver b require s bot h a n agen t  (assigne d t o 

th e subjec t  o r  externa l  argumen t  o f  th e verb )  an d a  patien t  (assigne d t o th e objec t  o r  interna l 

argumen t  o f  th e verb) .  T h e dictionar y entr y fo r  quere r  (th e roo t  for m o f  quiere )  i s encode d 

as follows :  (querer :  [ext :  agent ]  [int :  patient ]  V  (english :  love )  (french :  a imer )  ... ) 

N ow th e constrain t  modul e predict s tha t  a  nou n phras e (correspondin g t o th e interna l  argumen t 

of  querer )  mus t  b e available .  Becaus e th e chtic-doubHn g paramete r  i s se t  t o ( T T ) ,  i t  i s  determine d 

tha t  th e N P l e ca n ac t  a s a n objec t  o f  th e ver b quiere ;  consequently ,  i t  receive s patien t  6-To[ e a s 

dictate d b y th e lexica l  entr y o f  querer .  Th e constrain t  modul e the n "records "  th e fac t  tha t  a  cliti c 

has bee n seen ,  s o tha t  th e N P correspondin g t o l e wil l  hav e a  ̂ -rol e transmitte d t o i t  late r  i f  i t 

appear s i n th e input.̂ ^  Onc e contro l  passe s bac k t o th e Earle y module ,  th e fina l  tw o word s ar e 

scanned ,  thu s completin g th e PP .  Snapsho t  (d )  show s th e pars e thu s far . 

At  thi s poin t  th e constrain t  modul e attempt s t o assig n ̂ -rol e t o th e N P Juan .  However ,  al l 

of  th e ̂ -role s fro m th e lexica l  entr y o f  quere r  hav e alread y bee n assigned ;  thus ,  assignin g a  rol e 

fro m thi s entr y woul d b e a  violatio n o f  th e ̂ -criterion .  O n th e othe r  hand ,  leavin g Jua n without 

a rol e als o violate s th e ̂ -criterion .  Consequently ,  th e constrain t  modul e determine s (vi a th e cUtic -

doubhn g paramete r  setting )  tha t  th e 5-rol e transmissio n rul e (6 )  i s applicable ,  an d recognize s tha t 

th e N P Jua n correspond s t o th e "recorded "  cliti c  precedin g th e ver b quier e (sinc e th e tw o matc h 

i n person ,  numbe r  an d gender) .  Thus ,  a  ̂ -rol e o f  patien t  i s  transmitte d t o Juan.^ ^  A s a  resul t  o f 

th e apphcatio n o f  th e ̂ -transmissio n rule ,  l e an d Jua n ar e coindexed ;  thus ,  thes e tw o constituent s 

ar e interprete d a s coreferentia l  durin g th e stage s followin g th e parse .  Th e final  pars e i s illustrate d 

i n snapsho t  (e) . 

^^Smce Spanis h i s a  head-mtUa l  language ,  N P mus t  preced e VP ;  however ,  thi s woul d no t  b e th e cas e fo r 

non-/iea<i-i7ii<ia /  languages .  (Se e fn .  5  fo r  a  descriptio n o f  th e "constituen t  order "  parameter. ) 

^®For  example ,  Italia n an d Hebre w d o no t  requir e a n over t  subject ,  bu t  Englis h an d Frenc h do ;  thus , 

durm g a  late r  stag e (generation) ,  e[pro ]  wil l  eithe r  b e lef t  a s is ,  o r  lexicalize d t o a  pronomina l  for m ( e g. ,  h e 

or  sh e i n English )  tha t  agree s wit h th e mai n verb . 

'̂Cliti c  adjunctio n i s generate d a t  precompilatio n time .  Th e presenc e o r  absenc e o f  a  cliti c  fo r  a  particula r 

languag e i s determine d b y a n adjunctio n paramete r  settin g associate d wit h X  Thi s paramete r  wil l  no t  b e 

discusse d here . 

'®Sinc e cliti c  doublin g i s optional ,  th e pars e wil l  no t  b e discarde d i f  th e correspondin g N P doe s no t  appea r 

i n th e input ;  however ,  i f  i t  doe s appea r  (a s i t  doe s i n th e abov e example) ,  i t  i s  correctl y assigne d ̂-role . 

^^Not e tha t  th e ̂-rol e patien t  i s  assigne d th e N P 7ua7i ,  no t  t o th e P P a  Juan ,  i n general ,  th e structura l 

entit y tha t  i s  assigne d semanti c rol e i s a n NP ,  regardles s o f  th e typ e o f  phras e th e containin g it . 
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5 C o n c l u s i o n 

The system described here is based on modular theories of syntax that include systems of prin-

ciple s an d parameter s rathe r  tha n complex ,  language-specifi c  rules .  Th e "co-routin e design "  allow s 

th e structure-buildin g mechanis m t o operat e wit h user-modifiabl e principle s o f  curren t  linguisti c 

theory .  Th e use r  ha s acces s t o parameter s associate d wit h th e syste m principles ,  thu s enablin g ex -

tensio n o f  th e syste m t o additiona l  languages .  Th e presenc e o f  linguisti c constraint s cillow s phras e 

structur e template s t o b e underspecifie d {i.e. ,  mor e general) ,  thu s reducin g th e gramma r  siz e o f  a 

give n language .  I n summary ,  th e modularit y impose d b y th e G B framewor k i s a n improvemen t  ove r 

context-fre e base d system s becaus e i t  facilitate s extension s an d alteration s t o th e ̂ stem ,  simplifie s 

description s o f  natura l  grammars ,  an d i s backe d b y psycholinguisti c evidenc e (se e fn .  3) . 
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