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Principle-based parsing, sometimes called principles-and-parameters pars-

ing ,  i s  a  relativel y ne w approac h t o languag e analysi s tha t  replace s th e tradi -

tionall y larg e se t  o f  rule s use d t o analyz e sentence s o n a  language-by-languag e 

basi s wit h a  muc h smaller ,  fixed  se t  o f  parameterized ,  universa l  principles . 

The principle s interac t  deductivel y t o replac e man y rules .  I n suc h a  syste m 

ther e i s n o "rule "  o f  passive ,  encode d perhap s i n context-fre e rule ,  if-the n for -

mat ,  o r  a  transitio n network ;  instead ,  ther e ar e broade r  axiom s fro m whic h 

one ca n "deduce "  th e possibilit y  o f  a  passive-typ e sentence .  Thu s th e shif t 

i s  muc h lik e tha t  ha s occurre d i n exper t  system s fro m a  shallo w if-the n for m 

t o a n explanator y syste m tha t  reason s fro m first  principles .  Th e underly -

in g linguisti c theor y i s mos t  ofte n associate d wit h th e so-calle d "principle s 

and parameters "  framewor k o r  government-bindin g (GB )  theor y o f  linguisti c 

analysis . 

But  thi s shif t  fro m rule s t o principle s raise s man y seriou s question s fo r 

cognitiv e science .  I s principle-base d parsin g possible ? Ca n i t  reall y wor k 

universally ,  fo r  man y differen t  languages ,  thu s raisin g th e possibilit y  o f  ma -

chin e translatio n onc e again ? H o w ca n eflUcien t  parsin g b e don e wit h genera l 

principles ? Wha t  implementation s ar e possible ? H o w d o alternativ e machin e 

architecture s fit  in ,  includin g connectionism ? I n th e five  symposiu m paper s 

tha t  follow ,  an d a  genera l  discussio n w e hop e t o addres s thes e an d othe r 

problem s i n thi s rapidl y developin g are a o f  natura l  languag e processing . 
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I  conside r  characterization s o f  principle-base d parsin g o r  government -

bindin g theor y parsin g (G B parsing )  tha t  hav e bee n mad e i n th e literature . 

A commo n them e i s th e transparenc y hypothesis ,  accordin g t o whic h ther e 

i s a  clos e correspondenc e betwee n th e theoretica l  construct s o f  G B syntac -

ti c theor y an d eithe r  th e dat a object s manipulate d b y th e parser ,  o r  th e 

procedure s tha t  mak e u p th e parser .  Ther e ar e a t  leas t  thre e differen t  mo -

tivation s fo r  th e transparenc y hypothesis :  (1 )  becaus e i t  give s substanc e t o 

th e convictio n tha t  syntacti c construct s represen t  rea l  objects ,  an d ar e no t 

jus t  convenien t  fictions ,  (2 )  becaus e i t  make s progra m verificatio n easier ,  (3 ) 

becaus e i t  serve s a s a  sourc e o f  inspiratio n fo r  ne w parsin g techniques . 

Motivatio n (1 )  i s unjustified .  Ther e ar e man y object s i n th e domai n 

of  parsin g tha t  ar e real ,  i n th e sens e o f  providin g th e bes t  explanatio n o f 

surfac e phenomena ,  bu t  whic h ar e neithe r  dat a object s no r  procedures .  Fo r 

example ,  i n a n L R parse r  generate d fro m a  gramma r  G ,  ther e i s n o dat a 

objec t  o r  procedur e tha t  ca n b e identifie d a s a  rul e o f  G ;  th e rule s o f  G  exis t 

onl y i n thei r  combine d consequence s fo r  th e L R tables .  Nonetheless ,  th e bes t 

explanatio n o f  th e behavio r  o f  th e parse r  i s i n term s o f  th e rule s o f  G . 

Motivatio n (2 )  i s valid ,  bu t  progra m verificatio n i s onl y on e concer n o f 

many i n softwar e engineering .  I f  (2 )  i s  ou r  onl y motivation ,  the n curren t 

wor k i n principle-base d parsin g accord s disproportionat e weigh t  t o progra m 

verification . 

Motivatio n (3 )  ca n hardl y b e faulted ,  thoug h i t  make s th e transparenc y 

hypothesi s o f  valu e onl y fo r  thos e peopl e w h o m i t  inspires .  I  conside r  som e 

GB-inspire d technique s tha t  hav e valu e independen t  o f  thei r  relatio n t o G B . 

1021 



Principle-Base d Mach in e Translatio n 

Bonni e J .  Dor r 

M I T Artificia l  Intelligenc e Laborator y 

Thi s tal k wil l  describ e U N I T R A N ,  a n implemente d principle-base d ma -

chin e translatio n system .  Th e tas k o f  cross-linguisti c translatio n i s difficul t 

becaus e ther e ar e severa l  type s o f  phenomen a withi n an y give n language ; 

moreover ,  th e numbe r  o f  way s i n whic h thes e phenomen a ca n b e exhibite d i s 

potentiall y  enormou s acros s differen t  sourc e an d targe t  languages .  Th e pri -

mar y characteristi c  o f  U N I T R A N i s tha t  i t  operate s uniforml y acros s English , 

Spanish ,  an d German ,  whil e stil l  accountin g fo r  knowledg e tha t  i s specifi c  t o 

eac h language . 

Conside r  th e followin g translatio n fro m Englis h t o Spanish : 

John broke into the room => Juan forzo la entrada al cuarto 

In this example, the source-language sentence diverges both syntactically and 

lexicall y fro m th e target-languag e sentence .  Th e syntacti c divergenc e show s 

up i n th e translatio n o f  th e single-objec t  constructio n int o th e roo m int o 

th e double-objec t  constructio n l a entrad a a l  cuarto .  Th e lexica l  divergenc e 

shows u p i n th e realizatio n o f  th e simpl e ver b brea k a s th e composit e for m 

forza r  l a entrad a (literally ,  forc e entry) .  Th e U N I T R A N syste m solve s thes e 

type s o f  divergence s b y makin g us e o f  tw o level s o f  processing :  a  syntacti c 

leve l  base d o n principle s an d parameters ,  an d a  lexical-semanti c leve l  base d 

on th e compositionalit y o f  lexica l  items . 

U N I T R AN differ s fro m othe r  translatio n system s i n tha t  i t  i s  abl e t o 

maintai n language-independen t  informatio n whil e stil l  processin g man y type s 

of  language-specifi c  phenomen a associate d wit h differen t  sourc e an d targe t 

languages .  Withi n thi s framework ,  language-independen t  conceptua l  repre -

sentation s ar e use d a s th e pivo t  betwee n th e sourc e an d targe t  languages , 

and language-specifi c  phenomen a ar e accounte d fo r  b y mean s o f  paramete r 

setting s an d lexically-specifie d information . 
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Recently ,  ther e hav e bee n som e interes t  i n th e implementatio n o f  gram -

matica l  theorie s base d o n th e principle s an d parameter s approach .  I n thi s 

framework ,  a  fixed  se t  o f  universa l  principle s interac t  deductivel y t o accoun t 

fo r  divers e linguisti c phenomena . 

I n thi s talk ,  I  wil l  addres s th e issu e o f  ho w t o organiz e suc h principle s fo r 

efficien t  processing .  Tha t  is ,  wha t  i s a n appropriat e 'machin e architecture ' 

fo r  parser s base d o n th e principles-and-parameter s framework ? I  wil l  discus s 

tw o possibl e approaches .  First ,  I  wil l  discus s th e desig n o f  parser s tha t  buil d 

complet e phras e structur e representation s an d the n appl y principle s i n orde r 

t o rul e ou t  thos e tha t  ar e ill-formed .  I n thi s approach ,  I  wil l  discus s whethe r 

i t  i s  possibl e t o exploi t  th e relatively-fre e interactio n o f  linguisti c principle s 

t o enginee r  mor e efficien t  parsers .  I n particular ,  I  wil l  sho w tha t  th e hithert o 

largel y ignore d issu e o f  principl e orderin g ca n hav e a  larg e effec t  o n parsin g 

efficiency ,  an d hence ,  shoul d b e o f  muc h concer n t o parse r  designers . 

An alternativ e approac h i s t o interleav e th e tas k o f  buildin g phras e struc -

tur e representation s wit h principl e application .  I  wil l  addres s th e question :  I s 

principl e interleavin g a  mor e effectiv e parsin g strateg y tha n a  non-interleave d 

approach ? I  wil l  discus s bot h th e condition s unde r  whic h interleavin g ma y 

be a  mor e effectiv e strategy ,  an d circumstance s wher e a  non-interleave d ap -

proac h ma y b e preferable . 

I  wil l  presen t  th e result s o f  variou s experiment s o n differen t  machin e 

configuration s i n th e contex t  o f  a n implemente d syste m tha t  wa s buil t  t o 

investigat e thes e issues .  Thi s syste m allow s th e automati c constructio n o f 

a whol e famil y o f  parser s wit h differen t  architecture s tha t  al l  us e th e sam e 

underlyin g se t  o f  principles . 
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One o f  th e difficultie s i n th e constructio n o f  computationa l  model s fo r 

Chomsky' s "Governmen t  an d Binding "  theor y i s tha t  th e appropriat e rep -

resentation s o f  a n utteranc e a t  differen t  linguisti c level s ar e determine d b y 

a syste m o f  tightl y interactin g principles .  Simple-minde d implementation s 

whic h construc t  thes e level s o f  representatio n on e b y on e canno t  full y  exploi t 

th e constraint s o n th e firs t  level s o f  representatio n the y construc t  impose d 

by othe r  a s ye t  unconstructe d levels :  a  disastrou s short-comin g sinc e thes e 

reduc e a n infinit e searc h spac e t o a  finit e one .  Thi s proble m ca n b e avoide d 

by determinin g i n advanc e som e o r  al l  o f  th e constraint s tha t  th e later ,  a s ye t 

unconstructe d level s o f  representation s wil l  impos e th e othe r  levels .  I t  lead s 

t o a  constraint-oriente d rathe r  tha n representation-oriente d perspective :  th e 

constructio n o f  on e representatio n require s onl y th e constraint s originatin g 

fro m th e othe r  representations ,  no t  th e representation s themselves .  I f  al l 

constraint s originatin g fro m som e leve l  o f  representatio n ca n b e determine d 

withou t  tha t  leve l  o f  representation ,  the n tha t  leve l  nee d no t  b e constructe d 

by th e computationa l  model .  Simpl e natura l  languag e parser s wil l  b e de -

scribe d tha t  functio n i n exactl y thi s way ,  avoidin g th e explici t  constructio n 

of  severa l  level s o f  representation ,  althoug h provabl y producin g analyse s tha t 

satisf y al l  constraint s o n al l  linguisti c level s (includin g thos e unconstructed) . 

Such computationa l  model s pos e interestin g problem s fo r  th e "menta l 

representatio n a s dat a structure "  analog y commo n i n cognitiv e science ,  sinc e 

arguabl y th e computationa l  mode l  doe s exploi t  al l  o f  th e level s o f  representa -

tion s o f  a n utteranc e (wher e els e coul d th e relevan t  constraint s com e from?) , 

eve n thoug h i t  doe s no t  construc t  dat a structure s correspondin g t o eac h leve l 

of  representation . 
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Conside r  parser s whic h ar e "principle-based "  i n th e followin g sense :  struc -

tura l  representation s ar e obtaine d b y deductiv e reasonin g fro m a n explicitl y 

represente d linguisti c theory .  Suc h parser s ca n stil l  diffe r  alon g man y dimen -

sions .  Fo r  linguist s an d psychologist s intereste d i n th e bearin g o f  linguisti c 

theor y o n account s o f  huma n parsing ,  th e difference s betwee n th e followin g 

principle-base d view s ar e significant ,  wher e Con(G )  i s th e se t  o f  consequence s 

of  gramma r  G : 

(G) Parsing from first principles: the Hnguists' grammar G is repre-

sente d an d use d directl y 

(EG) Parsing from equivalent principles: using a theory EG such that 

Con(EG)=Con(G ) 

(WG) Parsing from weaker principles: using a theory WG such that 

C o n ( W G)  i s a  prope r  subse t  o f  Con(G ) 

(DG) Parsing from different principles: using a theory DG such that 

Con(D )  i s no t  a  subse t  o f  Con(G) . 

Focusing on government-and-binding theory, it will be argued that (G) 

has seriou s complexit y problem s tha t  ca n b e avoide d b y a  logicall y equivalent , 

"relaxed "  approac h (EG) ,  whic h solve s parsin g problem s afte r  first  solvin g 

appropriat e approximations .  A  versio n o f  (EG )  togethe r  wit h a  plausibl e 

performanc e stor y woul d remov e th e motivatio n fo r  goin g t o ( W G ) ;  an d (DG ) 

i s th e leas t  appealin g option ,  onl y o f  interes t  i f  th e othe r  option s fail ,  an d 

the y haven't .  I  wil l  conclud e b y considerin g whethe r  th e presente d argumen t 

agains t  (G )  depend s o n assumption s tha t  hav e bee n effectivel y challenge d b y 

connectionis t  approache s t o constrain t  satisfaction . 
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