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A B S T R A CT 
Thi s pape r  introduce s a n implemente d schem e fo r  generatin g target-languag e sentence s usin g a  compositiona l 
representatio n o f  meanin g calle d lexica l  conceptua l  structure .  Lexica l  conceptua l  structur e facilitate s tw o 
crucia l  operation s associate d wit h generation :  lexica l  selectio n an d syntacti c realization .  Th e compositiona l 
natur e of "  th e representatio n i s particularl y valuabl e fo r  thes e tw o operation s whe n semanticall y equivalen t 
source -  an d target-languag e word s an d phrase s ar e structurall y o r  thematicall y divergent .  Fo r  example ,  th e 
Englis h ver b t o sta b ma y b e translate d a s th e composit e Spanis h for m da r  cuchillada s a  (literally ,  t o knif e o r 
t o giv e knife-wound s to) .  T o determin e th e correc t  lexica l  item s an d syntacti c realizatio n associate d wit h th e 
surfac e for m i n suc h cases ,  th e underlyin g lexical-semanti c form s ar e systematicall y mappe d t o th e target -
languag e syntacti c structures .  Th e mod e describe d constitute s a  lexical-semanti c extensio n t o U N I T R A N , 
a syntactic-base d translatio n syste m tha t  i s bidirectiona l  betwee n Spanis h an d English. ' 

I N T R O D U C T I ON 

Thi s pape r  describe s a n implemente d generatio n syste m tha t  matche s th e underlyin g conceptua l 

structur e o f  a  sentenc e t o th e appropriat e target-languag e lexica l  item s an d produce s th e structura l 

realizatio n o f  th e target-sentenc e b y mean s o f  syntacti c mapping s associate d wit h thes e lexica l  items . 

Thi s wor k represent s a  shif t  awa y fro m complex ,  language-specific ,  syntacti c generatio n withou t 

entirel y abandonin g syntax .  Furthermore ,  thi s wor k move s towar d a  mode l  tha t  employ s a  well -

define d lexica l  conceptua l  representatio n withou t  dependin g o n situationa l  context ,  expectations , 

or  comple x knowledg e representations .  T w o crucia l  operations ,  lexica l  selectio n o f  target-languag e 

term s an d syntacti c realizatio n o f  target-languag e forms ,  wil l  b e examined ,  an d structura l  an d 

themati c divergence s tha t  encumbe r  thes e tw o operation s wil l  b e discussed . 

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

(1) I stabbed John => Yo di cuchilladas a Juan (I gave knife-wounds to John) 

Two properties of the system enable it to provide an appropriate translation for cases such as (1). 

Th e firs t  i s tha t  th e syste m relie s o n th e notio n o f  compositionalit y i n orde r  t o selec t  target-languag e 

terms .  Fo r  example ,  becaus e o f  th e inherentl y compositiona l  natur e o f  th e Englis h source-languag e 

ver b stab ,  th e syste m i s abl e t o selec t  th e composit e Spanis h for m da r  cuchillada s a  (literally ,  t o 

knif e o r  t o giv e knife-wound s to )  a s th e target-languag e equivalent .  Th e secon d propert y o f  th e 

syste m i s tha t  i t  relie s o n a n abstractio n o f  lexical-semanti c informatio n fro m syntacti c information . 

For  example ,  th e syste m i s abl e t o choos e th e lexica l  ite m da r  (literally ,  give )  a s th e translatio n o f 

sta b withou t  regar d t o it s syntacti c realization ,  an d i t  i s  abl e t o realiz e th e phras e a  Jua n (literally , 

t o John )  i n plac e o f  Joh n withou t  regar d t o it s lexical-semanti c structure .  VV e wil l  se e i n th e 

overvie w sectio n tha t  compositionalit y an d lexical-semantics/synta x abstractio n ar e crucia l  t o th e 

model  presente d here . 

Othe r  generator s fo r  machin e translatio n hav e bee n eithe r  syntactic-base d (se e McDonald ,  1987 , 

M c K e o w n,  1985 ,  an d Slocum ,  1984 )  o r  semantic-base d (se e CuUingford ,  1986 ,  Lytinen ,  1987 ,  Niren -

bur g et .  al. ,  1987 ,  an d Schan k &  Abelson ,  1977). ^  W e wil l  se e tha t  syntactic-base d approache s 

ar e no t  adequat e fo r  translatio n i n case s suc h a s (1 )  sinc e the y d o no t  tak e advantag e o f  th e 

lexical-semanti c propertie s tha t  ai d th e selectio n process ;  i n addition ,  w e wil l  se e tha t  semantic -

base d approache s ar e no t  adequat e fo r  thi s exampl e sinc e the y d o no t  tak e advantag e o f  syntacti c 

informatio n tha t  aid s th e realizatio n process.' ^ 

'Se e Dorr ,  1987 . 
^Th e reade r  shoul d not e tha t  th e divisio n betwee n syntacti c an d semanti c approache s i s no t  a s clean-cu t  a s implie d 

here .  Fo r  example ,  system s suc h a s M U M B LE (McDonald ,  1983 ,  1987 )  an d T E X T (McKeown ,  1985 )  ar e no t  entirel y 
syntactic-base d i n tha t  the y us e discours e an d focu s constraint s t o deriv e message s (i.e. ,  underlyin g representationa l 
forms) ;  an d system s suc h a s S A M (CuUingford ,  1981 ,  an d Schan k k  Abelson ,  1977 )  an d M O P T R A NS (Lytinen , 
1987) ,  whic h rel y o n th e curren t  situationa l  contex t  an d expectations ,  ar e no t  entirel y semantic-base d sinc e the y tak e 
synta x int o accoun t  fo r  target-ter m positioning . 

^Th e syste m describe d her e i s implemente d i n Common Lis p an d i s currentl y runnin g o n a  Symbolic s 360 0 serie s 
machine .  Becaus e i t  translate s on e sentenc e a t  a  time ,  i t  doe s no t  incorporat e contex t  o r  domai n knowledge ;  thus ,  i t 
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BACKGROUND FOR THE GENERATION SCHEME 
The wor k o f  Jackendof f  (1983 )  ha s bee n th e primar y influenc e o n th e desig n o f  UNITRAN' s lexical -

semanti c generator .  Th e representatio n adopte d i s lexica l  conceptua l  structur e (hencefort h LCS )  a s 

formulate d b y Hal e an d Laughre n (1983 )  an d Hal e an d Keyse r  (1986) .  Eac h lexica l  entr y ha s tw o 

level s o f  description :  th e first  i s  th e syntacti c descriptio n (i.e. ,  d-roles ,  category ,  an d hierarchica l 

an d linea r  positionin g o f  eac h argumen t  associate d wit h a  lexica l  roo t  w o r d )  an d th e secon d i s a 

lexical-semanti c descriptio n {i.e. ,  th e L C S o f  th e lexica l  roo t  word)." *  Fo r  example ,  th e lexica l  entr y 

fo r  th e wor d sta b is : 

(2) (DEF-ROOT-WORD (STAB) 
; ;  Syntacti c descriptio n 
:CA T (V ) 
:INTERNA L (( Z N  GOAL) )  o r  (( Z N  GOAL)  ( Y P  INSTRUMENT INANIMATE) ) 
:EXTERNAL (( X N  AGENT ANIMATE) ) 
; ;  LC S descriptio n 
:LC S (CAUS E X  (GO-TEM P ( Y SHARP-OBJECT) 

(FROM (A T ( Y SHARP-OBJECT)  X) )  (T O (A T ( Y SHARP-OBJECT)  Z)))) ) 

The LCS description provides the meaning "X causes a sharp object Y to go (temporally) to Z."^ 

Give n thes e tw o component s o f  a  lexica l  entry ,  a  compose d L C S ca n b e constructe d fro m th e 

source-languag e pars e tre e (usin g th e lexical-semanti c description) ,  an d a  target-languag e pars e 

tre e ca n the n b e generate d fro m th e compose d L C S (usin g th e syntacti c description). ^  Notic e 

tha t  th e syntacti c leve l  determine s whic h o f  th e argument s a t  th e L C S leve l  wil l  b e syntacticall y 

realized .  Fo r  example ,  th e ver b sta b m a y o r  m a y no t  syntacticall y realiz e it s instrumen t  argumen t 

sinc e th e disjunctio n i n th e :  INTERNA L slo t  o f  th e roo t  wor d definitio n allow s fo r  bot h possibilities . 

Thus ,  i t  woul d b e possibl e t o generat e eithe r  h e stabbe d th e robbe r  o r  h e stabbe d th e robbe r  wit h a 

knif e (scissors ,  poker ,  etc.) .  I n th e nex t  section ,  w e wil l  se e ho w thi s representatio n i s use d i n th e 

generatio n scheme . 

OVERVIEW OF THE GENERATION PROCESS 
Two top-leve l  generatio n procedure s ar e activate d afte r  a  source-languag e sentenc e ha s bee n parsed . 

The first  i s a  lexical-semanti c compositio n procedur e tha t  map s th e source-languag e syntacti c tre e 

int o a n underlyin g compose d LCS ;  th e secon d i s a  syntacti c generatio n routin e tha t  map s th e 

underlyin g compose d LC S int o a  target-languag e syntacti c tree .  Th e lexical-semanti c compositio n 

tas k i s implemente d a s a  recursiv e procedur e tha t  convert s a  lexica l  wor d (hencefort h referre d t o 

as th e head )  int o it s correspondin g LCS ,  an d the n doe s th e sam e fo r  eac h o f  th e argument s o f 

tha t  head .  Thes e LC S form s ar e the n compose d int o a  singl e LC S tha t  underlie s th e source -  an d 

cannot  use discourse, situational expectations, or domain information in order to generate a sentence. Consequently, 
ther e ar e a  numbe r  o f  capabilitie s foun d i n system s suc h a s T E X T ,  M U M B L E,  M O P T R A N S,  an d S A M,  tha t  canno t  b e 
reproduce d her e includin g externa l  pronomina l  reference ,  paraphrasing ,  stor y telling ,  interactiv e question-answering , 
etc . 

*I t  i s  possibl e t o us e a  mor e genera l  linkin g strateg y tha t  relate s variable s i n th e LC S wit h variable s i n th e 
syntacti c structur e {e.g. ,  se e Jackendoff ,  1989) .  Suc h a  strateg y woul d allo w structura l  positionin g o f  argument s t o 
be determine d independen t  o f  th e lexica l  entries .  Thi s possibilit y  i s currentl y unde r  investigation . 

^Appendice s A  an d B  hav e th e Spanis h an d Englis h LC S definition s fo r  th e example s use d throughou t  thi s paper . 
The lexical-semanti c primitive s o f  th e syste m wil l  no t  b e enumerate d here .  T o summarize ,  I  adop t  Jackendoff' s 
notion s o f  EVENT an d STATE;  thes e ar e furthe r  specialize d int o suc h primitive s a s CAUSE,  GO,  BE ,  STAY,  an d LET .  Th e 
specialize d primitive s ar e place d int o Temporal ,  Possessive ,  Identificational ,  Circumstantial ,  an d Existentia l  fields . 
For  example ,  th e primitiv e GO-TEMP refer s t o a  Tempora l  (o r  Locational )  GO even t  (e.g. ,  th e meetin g wen t  ( = GO-TEMP) 
fro m 2:0 0 t o 4:00) .  I f  th e GO even t  wer e place d i n a  Possessiv e setting ,  i t  woul d becom e GO-POSS {e.g. ,  Bet h receive d ( = 
GO-POSS)  th e doll) .  I n additio n t o EVENTS an d STATES,  ther e ar e als o THING s {e.g. ,  BOOK,  DEFINITE-PERSON ,  REFERENT 
etc.) ,  PATHS {e.g. ,  TO,  FROM,  etc.) ,  LOCATIONS an d TIME s {e.g. ,  IN ,  AT ,  etc.) ,  PROPERTYs {e.g. ,  TIRED ,  HUNGRY,  etc.) , 
MANNERS {e.g. ,  FORCEFULLY,  WELL,  etc.) ,  an d INTENSIFIER s {e.g. ,  VERY,  etc.) .  On e differenc e betwee n Jackendoff' s 
representatio n an d th e on e show n her e i s  tha t  th e LOCATIONS ar e implemente d a s two-plac e predicates ;  thus ,  th e 
SHARP-OBJECT represente d b y th e variabl e Y  appear s bot h i n th e FROM PAT H an d i n th e T O PATH.  Althoug h th e syste m 
uses onl y a  smal l  se t  o f  lexical-semanti c primitives ,  th e se t  i s quit e adequat e fo r  definin g a  potentiall y  larg e se t  o f 
word s du e t o th e compositiona l  natur e o f  LCS's .  Furthermore ,  becaus e th e se t  i s s o small ,  th e searc h spac e durin g 
th e lexical-selectio n stag e o f  generatio n i s greatl y reduced . 

^Althoug h th e example s i n thi s pape r  describ e translatio n i n on e directio n only ,  th e compose d LC S i s actuall y a 
pivo t  (language-independen t  form )  fo r  translatio n i n eithe r  direction . 
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(a) Ei.gll.h Syntactic TVee (b) Composed LCS (c) Spai.wh Syntactic TVee 
(1 »tabb» d John )  (Y o d i  cuchilladai i  a  Juan ) 
C-MAX CAUSE C-MA X 

/  \  ^ ^  \ ^  /  \ 
C I-MA X ( U S )  CO-TKMP <? J-̂.* 1 
J N-MA X 1  V-MA X ,  -=C r  /  '  N-MAX I  VMAX 

I I  A T A T V  N-MAX P-MAX 
,tabbt: d JoA n ^ X ^  ^ v ^  ^ X ^ ^ ^  J .  ', ,  .  /  ^'w. v 

•^  ^  - ^  ^  d \  cuchillada a a  N-MA X Qkarp objectSC-Tc/ifrni j  Qliarp-objecnClcfin\tepcr3ut J | 

Figur e 1 :  Translatio n o f  /  stabbe d Joh n a s Y o d i  cuchilluda s a  J u a n 
Juan 

target-languag e sentences .  Th e syntacti c generatio n tas k i s als o a  recursiv e procedure ;  i t  map s a 

nod e i n th e compose d L C S t o a n appropriat e target-languag e head ,  an d the n doe s th e sam e fo r 

eac h o f  th e argument s o f  tha t  node .  Eac h target-languag e hea d i s the n projecte d t o it s phrasa l 

(o r  maximal )  leve l  an d attache d accordin g t o th e positionin g requirement s o f  th e lexica l  hea d tha t 

select s it. ' 

We retur n t o ou r  translatio n exampl e show n i n (1) .  Figur e 1  show s thre e snapshot s o f  th e 

translatio n fro m Englis h t o Spanish. *  W h e n th e LCS-compositio n procedur e i s applie d t o th e pars e 

tre e show n i n figur e 1(a) ,  th e head s / ,  stab ,  an d Joh n ar e isolated ,  an d th e correspondin g LCS' s 

ar e positione d accordin g t o th e syntax-to-LC S mappin g define d i n th e lexicon .  Thus ,  th e interna l 

argumen t  specificatio n (( Z N  GOAL) )  (se e th e definitio n o f  sta b i n (2) )  map s th e N-MA X projecte d 

fro m Joh n t o th e variabl e Z .  Similarly ,  th e externa l  argumen t  specificatio n (( X N  AGENT ANIMATE) ) 

maps th e N-MA X projecte d fro m /  t o th e variabl e X .  Th e resul t  i s  th e compose d L C S show n i n 

figure  l(b). 9 

Notic e tha t  th e SHARP-OBJECT argumen t  i s include d i n th e L C S eve n thoug h th e source-languag e 

syntacti c tre e doe s no t  realiz e thi s argument .  Includin g thi s argumen t  a t  th e leve l  o f  L C S allow s 

flexibilit y  i n generatin g th e target-languag e sentence ,  whic h m a y o r  m a y no t  requir e thi s argumen t 

t o b e realized .  Onc e thi s L C S ha s bee n composed ,  th e syntacti c generatio n componen t  undertake s 

th e task s o f  lexica l  selectio n an d syntacti c realizatio n t o produc e th e target-languag e tree .  W c wil l 

n o w examin e thes e tw o task s i n mor e detai l  befor e describin g th e proces s fo r  th e curren t  example . 

Lexica l  Selection :  Themati c Divergenc e 
Lexica l  selectio n i s th e tas k o f  choosin g th e target-languag e word s tha t  accuratel y reflec t  th e mean -

in g o f  th e correspondin g source-languag e words .  On e o f  th e diiTicultie s o f  thi s tas k i s th e fac t  tha t 

th e equiv̂ alen t  source -  an d target-languag e form s ar e potentiall y  thematicall y divergent .  A n exam -

pl e o f  themati c divergenc e show s u p i n th e translatio n o f  th e Spanis h wor d gusta r  t o th e Englis h 

wor d like .  Althoug h thes e tw o verb s ar e semanticall y equivalent ,  thei r  argumen t  structure s ar e no t 

identical :  th e subjec t  o f  lik e (/ )  i s  th e them e o f  th e action ,  wherea s th e subjec t  o f  gusta r  (e l  libra ) 

i s th e agen t  o f  th e action.̂ ' '  Thus ,  w e have : 

(3) Me gusta el libro (The book pleases me) =^ I like the book 

^For  discussio n o f  projectio n t o maxima l  leve l  b y th e X  componen t  o f  th e system ,  se e Dorr ,  1987 .  I n a  nutshell , 
X-MAX refer s t o th e X P phras e tha t  ha s a  lexica l  hea d o f  categor y X. 

*I n thi s case ,  ther e i s onl y on e possibl e parse ;  however ,  i f  th e structur e wer e ambiguous ,  othe r  possibilitie s woiik l 
be displayed .  Th e c  element s unde r  C  an d I  ar e syntacti c position s fo r  whic h ther e i s n o over t  lexica l  material . 

'Th e co-referrin g REFERENT node s hav e bee n shaded ;  thi s co-referenc e relatio n correspond s t o th e multipl e occur -
renc e o f  X  i n th e LC S definitio n o f  stab .  Th e first  occurrenc e o f  X  correspond s t o th e agen t  o f  th e CAUSE action ,  an d 
th e secon d occurrenc e correspond s t o th e sourc e o f  th e GO-TEMP action .  Notic e tha t  X  take s o n tw o role s a t  th e leve l 
of  LCS ,  bu t  i s onl y associate d wit h on e ̂-rol e (agent )  a t  th e syntacti c level ;  thi s distinctio n allow s th e <>-criterio n t o 
be satisfie d a t  th e leve l  o f  synta x (se e Dorr ,  1987 )  whil e stil l  allowin g multipl e role s t o b e assigne d a t  th e leve l  o f 
LCS. 

'"i n (3) ,  th e subjec t  o f  th e source-languag e sentenc e ha s freel y inverte d int o post-verba l  position ,  leavin g behin d a 
coindexe d pr o (empt y pronomina l  element) .  Thus ,  th e post-verba l  subjec t  i s considere d t o b e th e externa l  argumen t 
of  th e mai n verb .  Fre e subject-inversio n i s a  propert y  o f  pro-dro p language s (i.e. ,  language s suc h a s Spanish ,  Italian , 
Hebrew,  etc .  tha t  d o no t  requir e a  sentenc e t o hav e a  subject) ;  thi s propert y  i s take n int o accoun t  durin g syntacti c 
parsin g an d generation .  Fo r  furthe r  discussio n o f  th e principle s an d parameter s underlyin g th e parser ,  se e Dorr ,  1987 . 
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(a) Spa„i.h Syntactic TVee (D <' ..o.cd LCS <') n7!!'\^T"",'!" ^" 
/» < .  1  l u \  '  'ik *  "> « book ) 
(M« gust a e l  libro )  '  ' 
C-MAX CAUSE C-MA X 

I  N-MA X {  V-MA X (  koo k )  BB^IDKN T I  N-MA X |  V -MA X 

Jo I , ./ \ . ^ \. I / \ pro '  V-MA X N-MAX.  (̂ f̂̂ Za )  ^AT ^  '  y  N-MAX 
,  / \ -  ^zi:z2 .  ^ - ^  I  / \ 

tl  ttbr o / •  . '  .. T V  ^  ̂  v  /ti e (/i < tooi t 
/  \  Crcfirenl J I  please d 1 

me ffu««o  >• •  • -  • •  , •  V  • 
Figur e 2 :  Translatio n o f  M e j/uŝ a e /  /«7;r o a s /  lik e th e boo k 

I n a  syntactic-base d scheme ,  th e semantic s o f  th e ver b gusta r  woul d b e los t  sinc e th e litera l 

translatio n {t o please )  woul d b e selecte d fo r  th e target-languag e verb .  B y contrast ,  a  semantic -

base d syste m woul d generall y b e abl e t o mak e th e correc t  lexica l  selection ,  bu t  i t  migh t  hav e 

difficult y wit h syntacti c realizatio n o f  th e target-languag e argument s becaus e i t  ha s n o notio n o f 

syntacti c argumen t  divergence . 

I n th e L C S approach ,  th e underlyin g conceptua l  structur e fo r  gusta r  an d lik e i s  identical ,  bu t 

th e syntacti c mapping s associate d wit h thes e tw o verb s ar e language-specific .  Th e L C S reflect s th e 

fac t  tha t  THIN G X  i s pleasin g t o THIN G Y .  However ,  th e variable s X  an d Y  m a p t o differen t  syntacti c 

position s fo r  Spanis h an d English : 

, . gustar: :INTERNAL ((Y P THEME ANIMATE)) :EXTERNAL ((X N AGENT)) 

^  '  like :  :INTERNA L (( X N  AGENT) )  :EXTERNAL (( Y N  THEME ANIMATE) ) 

Thus, the agent of the action becomes the subject (external argument) in Spanish, and the object 

(interna l  argument )  i n English.̂ ^ 

At  syntacti c generatio n time ,  lexica l  selectio n o f  a  target-languag e hea d involve s matchin g th e 

compose d L C S t o th e appropriat e lexica l  hea d i n a  target-languag e possibilit y  set .  Fo r  example , 

suppos e th e syste m i s tryin g t o selec t  th e appropriat e target-languag e toke n fo r  th e compose d L C S 

tha t  correspond s t o th e source-languag e ver b gustar .  Severa l  targe t  head s (includin g like ,  stab ,  an d 

many other s tha t  us e th e CAUSE L C S )  ar e selecte d a s possibl e lexica l  possibilities .  Eac h o f  thes e 

possibilitie s i s the n examine d fo r  a  match :  no t  onl y mus t  th e top-leve l  L C S coincide ,  bu t  al l  LCS' s 

unde r  th e top-leve l  L C S mus t  als o coincide.̂ ^  Th e syste m immediatel y determine s tha t  th e lik e 

L CS i s a  matc h becaus e i t  contain s a  BE-IDEN T even t  whos e argument s coincid e wit h th e argument s 

of  th e BE-IDEN T i n th e compose d LCS.^ ^  Figur e 2  show s th e syntacti c tree s an d compose d L C S fo r 

thi s example . 

Notic e tha t  eve n thoug h th e argument s ar e no t  syntacticall y realize d i n th e sam e way ,  th e 

lexica l  selectio n procedur e stil l  succeeds .  Thi s i s  becaus e o f  th e separatio n betwee n th e syntacti c 

descriptio n an d th e conceptua l  description .  L C S description s provid e th e abstractio n necessar y 

fo r  lexica l  selectio n withou t  regar d t o syntax .  I n th e nex t  subsection ,  w e wil l  se e ho w syntacti c 

description s provid e th e necessar y mechanis m fo r  argumen t  realizatio n withou t  regar d t o conceptua l 

considerations . 

"Notic e als o tha t  th e syntacti c categorie s o f  th e them e ar e no t  th e same ;  thi s structura l  divergenc e show s u p 
durin g syntacti c realization ,  wliic h wil l  b e discusse d i n th e sectio n o n syntacti c realization . 

'̂ I n general ,  ther e ar e tw o classe s o f  LC S node s tha t  ar e take n int o consideratio n durin g th e matchin g proces s o f 
lexical-selection .  Th e mor e genera l  node s (e.g. ,  CAUSE,  BE-IDENT ,  etc. )  allo w th e matche r  t o determin e th e LC S clas s 
of  th e target-languag e term ;  th e mor e specifi c  node s (e.g. ,  PLEASED,  FORCEFULLY,  etc. )  ar e use d fo r  final  convergenc e 
on a  particula r  target-languag e ter m suc h a s lik e a s oppose d t o love ,  an d forc e a s oppose d t o cause . 

Ther e i s stil l  th e questio n o f  wha t  t o d o whe n th e LCS-matchin g procedur e doe s no t  adequatel y cu t  dow n th e 
target-languag e possibilities .  Fo r  example ,  ther e ar e man y open-ende d classe s o f  word s (i n particular ,  noun-phrases , 
adjectives ,  an d adverbs )  tha t  ar e no t  distinguishabl e b y thei r  LCS's .  I f  th e possibilit y  lis t  i s  stil l  quit e larg e (i.e. , 
more tha n tw o o r  thre e lexica l  items )  afte r  LCS-matchin g routine s hav e finished  th e lexica l  selectio n process ,  a  direct -
mappin g routin e i s use d her e instea d fo r  lexicalization .  Tha t  is ,  certai n lexical-item s (e.g. ,  me ,  I ,  John ,  etc. )  ma y b e 
selecte d o n th e basi s o f  a  direc t  mappin g t o th e surfac e form .  Pustejovsk y an d Nirenbur g (1987 )  provid e a n elegan t 
approac h t o generatio n o f  open-clas s lexica l  item s base d o n focu s information .  Becaus e th e syste m describe d her e 
does no t  includ e a  mode l  o f  discourse ,  th e direct-mappin g techniqu e i s use d fo r  suc h problemati c cases . 

77 



D O RR 

(a) Spjininh Syntactic Ttte (l>) Compoied LCS (c) Knglish Syntactic Tr«e 
(Y o teug o hambr. )  ( '  "' "  I'UiiKiy ) 
C - M AX 1>1>11)10N T C - M A X 

C"^  ̂ J T m A ^  ^ ^  ^ \ , ,  C  l-MAJ ^ 
I  N-MAX I  V-MAX C'̂ Ĥ̂ O ^ ^ ^ ' X ^  !  N-MAX |  V-MAX 

*"  .  V  N - M A X Qfcftfttti )  (  <.unt>rv )  '  e  V  A - M A X 

Xen^o (̂imftr c a m kungr y 
Figur e 3 :  Translatio n o f  Y o t(ikj o iKiiitbr c a s /  a m hungr y 

Syntactic Realization: Structural Divergence and Conflation 
Syntacti c realizatio n i s th e tas k o f  mappin g a  syntacti c descriptio n t o a  surface-syntacti c represen -

tation .  T w o problem s ar e associate d wit h thi s task .  T h e first  i s  tha t  source -  an d target-languag e 

form s ar e potentiall y  structurall y divergent .  A n exampl e o f  structura l  divergenc e i s th e realizatio n 

of  argument s i n th e translatio n o f  tene r  t o b e a s i n (5 )  (th e correspondin g argument-structure s ar e 

included) : 

Yo tengo hambre [v.max [v tener] [n.max hambre]] => 

(5 )  ( I  hav e hunger ) 

I  a m hungr y [v.ma x [ v be ]  [a.ma x hungry] ] 

Here, not only are the predicates tener and be lexically distinct, but the arguments of these two 

predicate s ar e structurall y divergent :  i n Spanish ,  th e argumen t  i s a  noun-phrase ,  and ,  i n English , 

th e argumen t  i s a n adjectival-phrase . 

As fo r  th e lexical-selectio n o f  th e appropriat e predicate ,  th e sam e L C S procedur e tha t  wa s use d 

i n th e stab-da r  cas e i s use d t o matc h th e LCS' s o f  tene r  an d be .  However ,  fo r  structura l  realizatio n 

of  th e PROPERTY argumen t  Y ,  th e syste m mus t  no t  onl y choos e th e appropriat e lexica l  head ,  bu t  i t 

must  choos e th e appropriat e syntacti c structur e {i.e. ,  th e categor y tha t  wil l  b e projecte d fro m th e 

head) . 

A syntactic-base d schem e i s inadequat e fo r  thi s exampl e becaus e i t  woul d choos e th e litera l  trans -

latio n hunge r  fo r  th e source-languag e wor d hambre .  Thi s choic e woul d b e semanticall y awkward , 

but  syntacticall y correc t  i f  th e translatio n wer e /  hav e hunger ;  however ,  i f  th e mor e appropriat e 

predicat e b e wer e chose n instea d o f  have ,  th e translatio n woul d b e bot h semanticall y awkwar d 

and syntacticall y incorrect :  /  a m hunger .  A  semantic-base d schem e woul d mak e th e correc t  lex -

ica l  selectio n (tha t  is ,  i t  woul d probabl y choos e a n argumen t  tha t  ha s a  "desir e t o eat "  propert y 

associate d wit h it) ,  bu t  i t  woul d hav e n o clu e a s t o th e syntacti c for m o f  th e argument . 

I n th e L C S approach ,  th e lexical-selectio n procedur e determine s tha t  bot h hunge r  an d hungr y 

lexicall y matc h th e L C S fo r  hambr e becaus e bot h ar e define d a s th e sam e L C S PROPERTY:  HUNGRY. 

I n orde r  t o choos e betwee n thes e tw o possil)ilities ,  th e syste m mus t  acces s th e :  INTERNA L slo t  o f  th e 

predicat e b e tha t  wa s chose n a s th e top-leve l  lexica l  head :  (( Y A)) .  Sinc e a n adjectiv e i s selected , 

th e nomina l  possibilit y  i s eliminated ,  th e adjectiv e hungr y  i s chosen ,  an d th e argumen t  i s projecte d 

up t o it s maxima l  leve l  (A-MAX) .  Figur e 3  show s th e syntacti c tree s an d compose d L C S fo r  thi s 

example . 

Th e secon d proble m fo r  structura l  realizatio n i s th e potentia l  fo r  a  divergen t  degre e o f  conflatio n 

betwee n th e source -  an d target-languag e predicates .  Accordin g t o Talm y (1985) ,  verb s m a y hav e 

a semanti c representatio n tha t  i s  no t  entirel y exhibite d a t  th e leve l  o f  syntacti c structure .  Fo r 

example ,  th e ver b ente r  incorporate s a  conflate d o r  "understood "  particl e int o a s par t  o f  it s meanin g 

structure ;  thi s particl e manifest s itsel f  i n th e simila r  composit e predicat e brea k into .  .A. s i t  turn s 

out ,  th e Spanis h equivalen t  o f  brea k int o {forzar )  ha s a n additiona l  conflate d argumen t  entrad a 

(literally ,  entry) ;  thi s argumen t  i s "understood, "  bu t  no t  syntacticall y realize d i n English : 

Juan forzo la entrada al cuarto [v.max [v forzar] [^.^ax la entrada] [p.max a 
(6 )  (Joh n force d entr y t o th e room ) 

Joh n brok e int o th e roo m [v.ma x [ v break ]  [p.̂ ,̂ ^  int o • 
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(I,) Co .CS <') E"«li^l' Syutaclic TVee 
(a )  Spanis h Syntacti c Trt t  CAUSE (Joh n brok e int o th e room ) 
(Jua n fori S l a enlrid a a l  cuarto )  ^̂____,̂--- '  I  ̂ ~~̂.,̂_ ^  C-MA X 

Jan ' Y NAIAX ,N j, ,, / \ 

/ \ CiifinW:ttts.o'TA ( room ) ^^^ r„om 
0 N -MA X \ J _ _ _ _ ^ ^  V  / 

t (  cuar< o 
Figur e 4 :  Translatio n o f  Jua n forz o l a entrad a a l  cuart o a s Joh n brok e int o th e roo m 

Thus, there are three difficult tasks in the translation oi forzar to break-}'^ selection of the predicate 

break ,  suppressio n (conflation )  o f  th e entr y argument ,  an d realizatio n o f  th e particl e into} ^ 

A syntactic-base d schem e ha s n o notio n o f  compositionalit y an d woul d fai l  immediatel y i n tryin g 

t o m a p forza r  (literall y force )  t o brea k (o r  vice-versa) .  Furthermore ,  i t  woul d hav e th e proble m 

of  choosin g th e appropriat e particle ,  eve n i f  i t  wer e abl e t o provid e th e correc t  structur e (i.e. ,  a 

prepositional-phrase) .  O n th e othe r  hand ,  a  robus t  semantic-base d schem e woul d hav e th e abilit y 

t o compos e forza r  an d entrada ,  bu t  i t  woul d no t  b e abl e t o determin e whethe r  th e target-languag e 

argumen t  wa s t o b e lef t  implici t  o r  whethe r  i t  wa s t o b e syntacticall y realized ,  sinc e ther e i s n o 

notio n o f  conflatio n i n suc h a  scheme . 

Th e L C S schem e use s compositionalit y t o m a p forza r  l a entrad a t o break :  th e L C S fo r  forza r 

contain s a  CAUSE,  an d th e L C S fo r  entrad a contain s a  GO-TEMP,  bot h o f  whic h combin e t o matc h 

th e composit e L C S fo r  break}* ^  A t  thi s point ,  th e structura l  realizatio n procedur e determine s tha t 

th e GO-TEMP L C S i s no t  par t  o f  th e syntacti c mapping s o f  break ,  s o i t  doe s no t  ge t  realize d (an d 

so fulfill s  th e conflatio n task) .  However ,  th e TO-I N PAT H argumen t  i s i n th e syntacti c mapping s o f 

break ,  s o th e syste m matche s thi s argumen t  wit h th e TO-I N PAT H L C S o f  into ,  an d th e phras e int o 

th e roo m i s realized .  Figur e 4  show s th e syntacti c tree s an d compose d L C S fo r  thi s example . 

STAB-DAR REVISITE D 
We no w retur n t o ou r  translatio n example :  /  stabbe d John .  Onc e th e L C S fo r  thi s sentenc e ha s bee n 

compose d (se e figur e 1(b)) ,  th e lexica l  selectio n procedur e mus t  choos e th e appropriat e Spanis h 

lexica l  hea d b y matchin g th e compose d L C S no t  onl y a t  to p level ,  bu t  a t  al l  lowe r  levels .  O f 

th e target-languag e roo t  wor d possibilitie s tha t  matc h th e L C S GO-TEMP,  onl y th e roo t  wor d da r 

matches .  Thus ,  thi s roo t  i s selecte d t o b e th e lexica l  hea d tha t  wil l  b e projected .  Next ,  th e 

syste m mus t  projec t  th e argument s o f  th e selecte d lexica l  hea d dar .  A  recursiv e cal l  i s  mad e t o th e 

selectio n procedur e i n orde r  t o determin e th e correc t  lexica l  hea d fo r  eac h o f  th e argumen t  LCS' s 

SHARP-OBJECT,  FROM,  an d TO.  Jus t  prio r  t o thi s recursiv e call ,  th e syste m accesse s th e :  INTERNAL an d 

:  EXTERNAL slot s o f  th e lexica l  hea d da r  t o establis h th e syntacti c categor y tha t  wil l  b e projecte d 

fo r  eac h o f  thes e arguments .  Notic e tha t  unlik e th e sta b definition ,  th e da r  definitio n require s th e 

SHARP-OBJECT an d T O argument s t o b e realize d a t  th e syntacti c level ;  thus ,  th e syste m perform s a n 

"invers e conflation "  i n orde r  t o arriv e a t  th e target-languag e realizatio n fo r  thi s example .  Th e lexica l 

head s chose n fo r  LCS' s REFERENT,  SHARP-OBJECT,  an d T O ar e yo ,  cuchilladas ,  an d a ,  respectively .  A s 

dictate d b y th e syntacti c argumen t  slot s o f  th e lexica l  hea d dar ,  thes e thre e head s ar e maximally -

projecte d a s N-MAX,  N-MAX,  an d P-MAX,  respectively .  Finally ,  th e DEFINITE-PERSO N L C S i s projecte d 

'̂ Ther e ar e thre e analogou s task s i n th e revers e direction .  Tha t  is ,  translatio n fro m Englis h t o Spanis h require s 
selectio n o f  th e predicat e forzar ,  realizatio n o f  th e entr y argumen t  (thi s i s actuall y a n "invers e conflation") ,  an d 
realizatio n o f  th e particl e a . 

'̂ Notic e tha t  th e LC S definition s o f  a  an d int o (se e appendi x A  an d appendi x B ,  respectively )  bot h hav e a n 
•  EXTERNAL*  argument .  Th e *EXTERNAL» marke r  i s a  place-holde r  fo r  a n LC S tha t  wil l  fil l  thi s positio n b y mean s o f 
lexical-semanti c composition .  Fo r  example ,  whe n th e LC S associate d wit h a  i s compose d wit h th e GO-TEMP LCS ,  th e 
argumen t  tha t  i s th e them e o f  th e GO-TEMP wil l  replac e th e •EXTERNAL*  marke r  o f  th e a  LCS . 

'̂ Notic e tha t  ther e ar e tw o LCS' s fo r  th e wor d brea k (se e appendi x  B) ;  th e firs t  i s th e matchin g GO-TEIMP LC S fo r 
thi s example ,  an d th e secon d on e i s a  GO-IDEN T LC S tha t  correspond s t o "breakin g a n object. "  Th e mappin g routin e 
of  th e lexica l  selectio n procedur e succeed s o n th e firs t  on e an d (correctly )  fail s  o n th e secon d on e fo r  th e brea k int o 
example . 
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as N-MAX according to the :INTERNAL slot of the lexical head a}"^ The final Spanish syntactic tree is 

i n figur e 1(c) . 

SUMMARY 
Thi s pape r  ha s demonstrate d tha t  lexica l  conceptua l  structur e ca n b e valuabl e fo r  sentenc e gen -

eration ,  particularl y i n th e contex t  o f  machin e translation .  T w o operations ,  lexica l  selectio n an d 

syntacti c realization ,  hav e bee n identified ;  i n addition ,  tw o potentia l  hazards ,  structura l  an d the -

mati c divergence ,  hav e bee n isolated .  L C S description s see m t o provid e th e abstractio n necessar y 

fo r  selectin g appropriat e target-languag e term s wit h minima l  dependenc e o n syntax .  I n addi -

tion ,  LCS' s provid e th e necessar y mechanis m fo r  realizin g argument s withou t  regar d t o conceptua l 

considerations ,  .\lthoug h thi s approac h i s relate d t o othe r  generatio n approaches ,  i t  differ s fro m 

syntactic-base d approache s i n tha t  i t  avoid s th e non-compositional ,  direct-mappin g wor d selection , 

and i t  differ s fro m semantic-base d approache s i n tha t  i t  doe s no t  entirel y abando n syntacti c con -

sideration s fo r  wor d selectio n an d structura l  realization .  I n summary ,  thi s pape r  ha s show n tha t 

th e combinatio n o f  lexical-conceptua l  descriptio n an d syntacti c descriptio n facilitate s th e lexical -
selectio n an d structura l  realizatio n processes ,  an d i t  als o aid s i n tacklin g th e associate d problem s 
of  themati c divergence ,  structura l  divergence ,  an d conflation . 

(DEF-ROOT-WORD (GUSTAR) '^ SPANISH DEFINITIONS 
:CAT (V )  lEXTERNA L (( X N  AGENT) )  :INTERNA L (( Y P  THEME ANIMATE) ) 
:LC S (CAUS E X  (BE-IDEN T Y  (A T Y  PLEASED))) ) 

(DEF-ROOT-WORD (DAR ) 
:CAT(\' ) 
:E.XTERNAL (( X N  AGENT ANIMATE) ) 
:IXTERNA L (( W X  INSTRUMENT INANIMATE )  ( Z P  GOAL) )  o r  (( Y N  THEME INANIMATE )  ( Z P  GOAL) ) 
:LC S (CAUS E X  (GO-TEM P W (FRO M (A T W X) )  (T O (A T W Z))) ) 

or  (CAUS E X  (GO-POS S Y  (FRO M (A T Y  X) )  (T O (A T Y  Z))) ) 
(DEF-ROOT-WORD (TENER ) 

:CAT (V )  :EXTERXA L (( X N  THEME) )  :INTERNA L (( Y N  GOAL) )  o r  (( Z N  CONDITION) ) 
:LC S (BE-POS S X  (A T X  Y) )  o r  (BE-IDEN T X  (A T X  Z)) ) 

(DEF-ROOT-WORD (FORZAR) 
iCA T (\' )  :EXTERNA L (( X N  AGENT ANIMATE) )  INTERNA L (( Z N  THEME) )  o r  (( Z C  THEME) ) 
:LC S (CAUS E X  Z  FORCEFULLY)) 

(DEF-ROOT-WORD (A) :CAT (P) :L\'TERNAL ((Y N)) :LCS (TO (AT •EXTERNAL* Y))) 

(DEF-ROOT-WORD (CUCHILLADA )  :CA T (N )  :LC S SHARP-OBJECT) 

(DEF-ROOT-WORD (ENTRADA) 
:C.'\ T (\ )  INTERNA L (( Y P  GOAL LOCATION) ) 
:LC S (GO-TEM P *EXTERNAL*  (T O (I N *EXTERNAL*  Y))) ) 

(DEF-ROOT-WORD (HAMBRE)  :CA T (N )  :LC S HUNGRY) 

(DEF-ROOT-WORD (LIKE) ^ ENGLISH DEFINITIONS 
:CAT (V )  :EXTERNA L (( Y N  THEME ANIMATE) )  :INTERNA L (( X N  AGENT) ) 
:LC S (CAUS E X  (BE-IDEN T Y  (A T Y  PLEASED))) ) 

(DEF-ROOT-WORD (GIVE ) 
:CAT (V ) 
:EXTERXAL (( X N  AGENT ANIMATE) ) 
:INTERNAL (( Y N  THEME INANIMATE )  ( Z P  GOAL) )  o r  (( Z N  GOAL)  ( Y N  THEME INANIMATE) ) 
:LC S (CAUS E X  (GO-POS S Y  (FRO M (A T Y  X )  (T O (A T Y  Z))))) ) 

(DEF-ROOT-WORD (BE ) 
:CAT (V )  :EXTERNA L (( X N  THEME) )  :INTERNA L (( Y A) )  o r  (( W P  LOCATION) )  o r  (( W P  TIME) ) 
:LC S (BE-IDEN T X  (A T X  Y) )  o r  (BE-TEM P X  (A T X  W)) ) 

(DEF-ROOT-WORD (BREAK ) 
:CAT (V ) 
:EXTERNAL (( X N  AGENT ANIMATE) ) 
INTERNAL (( Y P  GOAL LOCATION) )  o r  (( Z N  THEME INANIMATE) ) 
:LC S (CAUS E X  (GO-TEM P X  (T O (I N X  Y)) )  FORCEFULLY) 

or  (CAUS E X  (GO-IDEN T Z  (T O (A T Z  BROKEN)))) ) 

'̂ Th e prope r  nou n Joh n i s considere d t o b e a  member  o f  on e o f  th e many open-ende d wor d classe s discusse d i n 
footnot e 13 .  Thus ,  th e translatio n Jua n i s selecte d o n th e basi s o f  a  direc t  mappin g fro m th e source-languag e form . 
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(DEF-ROOT-WORD (STAB) 
:CAT (V ) 
:EXTERNAL (( X N  AGENT ANIMATE) ) 
:INTERNAL (( Z N  GOAL) )  o r  (( Z N  COAL)  ( Y F  INSTRUMENT INANIMATE) ) 
:LC S (CAUS E X 

(GO-TEMP ( Y SHARP-OBJECT) 
(FROM (A T ( Y SHARP-OBJECT)  X) )  (T O (A T ( Y SHARP-OBJECT)  Z)))) ) 

(DEF-ROOT-WORD (INTO )  :CA T (P )  INTERNA L (( Y N  LOCATION) )  :LC S (T O (I N •EXTERNAL *  Y)) ) 
(DEF-ROOT-WORD (HUNGER)  :CA T (N )  :LC S HUNGRY) 
(DEF-ROOT-WORD (HUNGRY)  :CA T (A )  :LC S HUNGRY) 
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