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Pattern-Base d Parsin g fo r  Word-Sens e Disambiguatio n 

Rajesh S. Virkar & John W. Roach 

Departmen t  o f  Compute r  Scienc e 

Virgini a Polytechni c Institut e an d Stat e Universit y 

Blacksburg.V A 2406 1 

Abstract 

I n th e stud y o f  natura l  languag e understanding ,  th e reductionis t 

approac h ha s bee n c o m m o n l y use d b y A ,  I .  researchers .  Her e w e develo p a 

techniqu e fo r  parsin g base d o n thi s approach .  W e us e a  se t  o f  semanti c 

primitive s t o represen t  wor d meaning s an d utiliz e pattern s o f  sentence s fo r 

mapp in g sentence s ont o meanin g structures .  T o assis t  th e parsin g process , 

w e develo p semanti c m a p p i n g s fo r  primitiv e sentences ,  semanti c 

transformation s fo r  decomposin g comple x sentence s usin g functio n word s 

an d axiom s tha t  encod e worl d knowledge .  W e the n explor e th e applicatio n 

of  ou r  approac h t o th e wor d polysem y problem . 

1. Introduction 

Au tomate d word-sens e disambiguatio n i s a n unsolve d proble m 

i n computationa l  linguistics ,  an d i t  form s th e goa l  o f  th e wor k presente d 

here .  W e develo p a  pattern-base d parsin g techniqu e an d giv e illustration s 

fo r  word-sens e disambiguation s usin g onl y th e sententia l  context .  Ou r 

solutio n t o thi s proble m utilize s th e semanti c primitive s approac h an d 

appear s t o b e a  significan t  ste p i n determinin g th e ultimat e consequence s 

of  thi s approach . 

We hypothesiz e tha t  mos t  o f  th e every-da y lexico n ca n b e 

represente d b y a  large ,  ye t  finite ,  n u m b e r  o f  semanti c primitives . 

Intuitively ,  w e forese e tw o kind s o f  connection s betwee n thes e primitives : 

a 'tangle d hierarchy '  o f  primitive s an d 'semanti c connections' .  Th e tangle d 

hierarch y i s use d t o establis h propertie s o f  a n objec t  inherite d al l  th e wa y 

d o w n fro m th e root-leve l  nodes ,  whil e semanti c connection s ar e thos e 

relationship s tha t  captur e worl d knowledg e an d provid e u s wit h clue s i n 

understandin g linguisti c expressions .  Sentenc e form s ca n n o w b e classifie d 

by th e patternin g o f  semanti c primitive s an d functio n words .  Functio n 

word s ar e certai n word s (namely ,  prepositions ,  conjunctives ,  etc. )  tha t  m a y 

appea r  i n a  sentence .  W e hypothesiz e tha t  al l  simpl e sentenc e form s ca n b e 

capture d b y a  ver y large ,  ye t  finite ,  se t  o f  patterns . 

We e m p l o y a  multi-tiere d approac h t o parsin g linguisti c 

expressions .  Thi s approac h account s fo r  th e thre e differen t  representation s 

of  expressions ,  namel y 1 .  th e surfac e representatio n o f  sentences ,  2 .  th e 

verba l  representatio n o f  semanti c primitiv e patterns ,  an d 3 .  th e dee p 

meanin g representation .  Processing ,  i n thi s approach ,  involve s transformin g 

th e surfac e structur e int o it s dee p meanin g representation . 
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2.  Semant i c Primitive s an d Thei r  Relationshi p t o M e a n i n g 

T h e se t  o f  semanti c primitive s w e us e i s quit e larg e (ove r  12 0 

semanti c primitives) .  Thes e primitive s ca n b e broadl y groupe d unde r  fou r 

classes :  E N T I T Y ,  E V E N T ,  A B S T R A C T an d R E L A T I O N A L ,  an d thi s 

categorizatio n form s th e foundatio n o f  th e dee p meanin g representation ,  a s 

wil l  b e see n late r  i n th e 'sentenc e meanin g structures' .  Thi s classificatio n 

schem e i s adapte d fro m Nida' s wor k o n componentia l  analysi s (Nida ,  1975) . 

Th e primitive s approac h t o developin g a  lexico n ha s bee n use d 

by severa l  computationa l  linguists ,  includin g Laffa l  (Laffal ,  1973) .  Laffal' s 

wor k resulte d i n a  se t  o f  11 8 semanti c categorie s tha t  wer e combine d t o 

expres s aroun d 23,50 0 word s o f  th e Englis h language .  Eac h wor d i n thi s 

'concep t  dictionary '  wa s expresse d b y on e categor y o r  b y concatenatin g a t 

most  tw o categories . 

Definitio n 1 :  A  semanti c primitiv e i s a  se t  tha t  represent s a  clas s o f  word s 

tha t  refe r  t o th e sam e concept . 

Examp l e semanti c primitive s o f  th e clas s E N T I T Y ar e P E R S ON 

(e.g .  John )  an d W R I T I N G - A R T I F A C T (e.g .  pen) ;  example s o f  E V E N T ar e 

D I R E C T I O N A L - M O T I ON (e.g .  come )  an d D I S T R I B U T E (e.g .  give) ;  example s o f 

A B S T R A CT ar e H E A L T H - N (e.g .  polio )  an d I N T E L L E C T (e.g .  smart) ;  whil e 

example s o f  R E L A T I O N A L ar e S P A T I A L (e.g .  inside )  an d T E M P O R AL (e.g . 

before) . 

Definitio n 2 :  Interpretatio n T  refer s t o mappin g a  lexem e ont o on e o f  th e 

possibl e sense s o f  tha t  lexeme .  Here ,  w e ar e acknowledgin g tha t  a  wor d o r  a 

sentenc e ca n hav e severa l  interpretations .  Sense s ar e represente d b y 

semanti c primitive s an d hence ,  w e ca n sa y tha t  I  :  w  -  P .  Th e se t  o f 

interpretation s I ^  o f  a  wor d w  i s equa l  t o th e se t  o f  semanti c primitive s 

P ^  tha t  ca n represen t  th e give n wor d i n differen t  situations . 

Definitio n 3 :  Th e m e a n i n g o f  a  wor d i s th e intende d sens e o f  th e wor d i n 

a give n sentence .  Thus ,  th e meanin g o f  a  wor d w  i n a  give n sentenc e refer s 

t o on e interpretatio n ij ^  represente d b y th e semanti c primitiv e P x î i  th e se t 

P ^  (i.e .  Pj .  E  P ^ ) .  Similarly ,  th e meanin g o f  a  sentenc e i s th e intende d sens e 

of  th e sentence . 

Primitiv e Cohesio n refer s t o tha t  aspec t  o f  languag e whic h 

enable s u s t o creat e newe r  (and/o r  larger )  meaningfu l  expression s b y 

combinin g words .  Fo r  example ,  b y knowin g th e meaning s o f  word s suc h a s 

'John' ,  'drinks '  an d 'water' ,  w e ca n combin e the m t o creat e a  meaningfu l 

expressio n suc h a s 'Joh n drink s water' .  Mean in g ha s th e propert y o f 

preservin g cohesion ,  i.e .  meanin g i s tha t  sens e o f  a  wor d tha t  conform s t o 

th e semanti c an d linguisti c constraint s an d contribute s t o th e 

meaningfulnes s o f  th e sentence . 

Definitio n 4 :  A  meaningfu l  expressio n i s a n expressio n tha t  describe s a n 

even t  wit h th e hel p o f  othe r  basi c classe s suc h a s entities ,  abstract s an d 
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relationals .  I t  i s  implie d tha t  t o describ e a n event ,  on e o r  mo r e o f  thes e 

basi c classe s m a y no t  b e required .  A  meaningfu l  expressio n i s neithe r 

anomalous ,  indeterminable ,  no r  contradictor y (Allan ,  1986) . 

Suppos e tha t  w e denot e th e se t  o f  al l  semanti c primitive s b y U . 

Then ,  n  ^  denote s th e se t  o f  al l  strings ,  o f  lengt h i  1 ,  o f  semanti c primitives . 

T h e languag e L ,  th e se t  o f  al l  meaningfu l  expressions ,  ca n n o w b e viewe d a s 

a subse t  o f  th e se t  o f  al l  possibl e string s derive d fro m n .  I n othe r  words ,  L 

C n  •̂ .  Natura l  languag e understandin g ca n n o w b e roughl y define d a s a 

mapping ,  U ,  tha t  translate s al l  meaningfu l  expression s i n L  ont o th e se t  o f 

"sentenc e meanin g structures "  ( S M S s ) ,  S ;  i.e. ,  U :  L  - > S . 

Definit io n 5 :  A  functio n w o r d i s a  wor d that ,  i n it s positio n i n th e 

sentence ,  signal s th e beginnin g o f  a  n e w (possibl y primitive )  meaningfu l 

expression .  Fo r  example ,  'Jac k an d Jil l  wen t  u p th e hill' .  T h e se t  o f  functio n 

word s F  contain s logica l  connective s suc h a s 'and '  an d 'or' ,  an d preposition s 

suc h a s 'for' ,  'of ,  etc . 

Definitio n 6 :  A  primitiv e sentenc e i s a  sentenc e tha t  convey s onl y on e 

"meaningfu l  expression "  (definitio n 4 )  i n a  language .  A  comple x sentence . 

o n th e othe r  hand ,  i s a  sentenc e tha t  expresse s tw o o r  m o r e (related ) 

meaningfu l  expression s connecte d b y on e o r  mor e functio n words . 

A simpl e comple x sentenc e i s on e tha t  ha s tw o meaningfu l 

expression s connecte d b y on e functio n word .  Hence ,  b y recognizin g th e 

functio n word ,  th e tw o expression s ca n b e separate d int o tw o primitiv e 

sentences . 

Developmen t  o f  som e sor t  o f  a  mappin g schem e i s essentia l  t o 

achiev e th e dee p meanin g representatio n fro m th e verba l  representation . 

Thi s mapp in g schem e shoul d accep t  a n incomin g sentenc e an d it s pattern , 

an d retur n a n S M S (sentenc e meanin g structure )  fo r  tha t  sentence . 

Definitio n 7 :  A  semanti c mapp in g i s a  functio n tha t  translate s a  sentence , 

base d o n it s correspondin g semanti c pattern ,  int o on e o f  th e possibl e 

interpretations .  A n exampl e o f  a  mappin g ca n b e give n a s follows : 

asi  :  PERSON DIRECTIONAL-MOTIO N DIRECTION-RELATIONA L ARTICL E LOCATIO N 

- ^  [SM S (ENTIT Y PERSON) 
(EVENT DIRECTIONAL-MOTION) 
(RELATIONAL LOCATION)  ] 

G^l  ca n b e applie d t o a  fairl y  larg e se t  o f  primitiv e sentence s bu t  w e 

conten d tha t  th e sam e meanin g i s expresse d b y al l  sentence s belongin g t o 

thi s set .  Here ,  th e thre e slot s (i n bold )  correspon d t o 3  o f  th e -12 0 

primitives .  I t  ca n b e show n tha t  an y meaningfu l  primitiv e natura l  languag e 

sentenc e ca n b e reduce d t o it s meanin g i n th e for m o f  a n S M S . 

Definit io n 8 :  A n a x i o m i s a  rul e base d o n th e patter n o f  semanti c 

primitive s representin g a  sentenc e tha t  allow s th e correc t  translatio n o f  th e 

sentenc e int o it s correspondin g meanin g structure .  A n ax io m help s th e 

parsin g proces s i n eliminatin g th e incorrec t  interpretation s o f  a  sentence . 

Executio n o f  a  semanti c mappin g mus t  b e guide d b y axiom s t o realiz e th e 
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correc t  mean in g representation . 

Le t  S = w i W 2 Wj .  b e a  sentenc e wit h r  word s an d P = P i P 2 P r  ^ ^ 

th e patter n o f  semanti c primitive s base d o n th e sentenc e S .  A n axio m aj ,  a s 

i t  govern s th e executio n o f  a  semanti c mappin g m; ,  ca n b e give n i n term s o f 

S an d P  a s follows : 

ai[mj(wiW 2 Wp piP 2 Pr) ]  ̂  a(wk,Pk,«wiW 2 W r » ) ,  V k e {1, 2 r } 

Here ,  a  i s a n admissibilit y  procedur e tha t  check s th e validit y o f  th e selecte d 

interpretatio n o f  a  wor d i n th e contex t  o f  th e presente d sentence .  T h e 

enclosin g symbol s ( « , » )  ar e use d t o represen t  th e sentenc e a s a  singl e 

entity ,  i.e .  a  meaningfu l  expressio n consistin g o f  a  strin g o f  words . 

a(wj,pi,«wiw 2 W r » )  - ^  « w i W 2 Wr»wi,p i  ̂  Pi  ̂  X-  wher e % e  n 

Here ,  '11 '  i s  a  forma l  relatio n name d 'i s  supporte d by' ,  an d th e formul a i s 

rea d a s follows :  fo r  th e î ^  wor d (wj )  i n th e sentenc e « w j W 2 W j . » ,  th e 

instantiatio n o f  th e chose n semanti c primitiv e (pj )  tha t  represent s it s 

meanin g i s supporte d b y th e se t  inclusio n propert y tha t  relate s p j  t o on e o f 

th e fou r  basi c classe s o f  semanti c primitives .  Th e sententia l  contex t  i s  use d 

fo r  guidin g a  i n a  give n axiom . 

T h e se t  o f  al l  axiom s A  ca n b e develope d b y addin g a  n e w 

axio m (o r  rule )  fo r  ever y n e w interpretatio n o f  a  word ,  produce d i n 

differen t  pattern s o f  primitive s containin g a t  leas t  on e primitiv e tha t 

represent s tha t  word .  I n othe r  words ,  eac h ax io m i n A  represent s 

"primitiv e cohesion "  o r  th e link s betwee n primitiv e concepts . 

We ca n clai m tha t  i f  i x  i s  a  newl y encountere d (fro m th e 

standpoin t  o f  A )  interpretatio n o f  a  wor d w j ,  i n a  sentenc e S  (represente d 

by a  patter n P ) ,  an d tha t  a n axio m governin g suc h a  semanti c mappin g doe s 

not  exist ,  the n th e se t  A  ca n b e augmente d b y addin g th e appropriat e 

axio m tha t  oversee s thi s semanti c mapping . 

Definitio n 9 :  A  semanti c transformatio n ca n b e define d a s th e proces s o f 

decomposin g a  comple x sentenc e int o tw o primitiv e sentence s usin g th e 

functio n wor d appearin g i n th e comple x sentence ,  withou t  alterin g th e 

'meaning '  expresse d b y th e origina l  comple x sentence . 

Le t  T  b e th e se t  o f  semanti c transformation s an d t j  b e som e 

semanti c transformation .  Le t  Wj  ( j  <  m ,  m i s th e lengt h o f  th e sentenc e S )  b e 

th e functio n word .  Thi s mean s tha t  S  i s a  simpl e comple x sentenc e tha t  i s a 

combinatio n o f  tw o meaningfu l  expressions .  The n w e ca n sa y tha t 

3 t j  e T suc h tha t  ti(S,P,wj )  = > <  (S],?] )  (S2,P2 )  > 

wher e <  (Sj,?! )  (S2,P2 )  >  preserve s th e meanin g expresse d b y (S,P) . 

I t  shoul d b e noted ,  howeve r ,  tha t  severa l  semanti c 

transformation s m a y exis t  fo r  a  give n functio n word ,  an d th e on e tha t  i s 

applie d i s selecte d base d o n th e semanti c patter n o f  th e sentence .  I t  shoul d 

als o b e note d tha t  a  semanti c transformatio n o n a  sentenc e tha t  doe s no t 
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contai n an y functio n word s i s equivalen t  t o applyin g a  semanti c mapping . 

I t  i s  possibl e tha t  afte r  applyin g a  semanti c transformation ,  on e 

or  bot h o f  th e resultin g sentence s wil l  b e complex .  Thi s ca n occu r  onl y i n 

th e presenc e o f  m o r e functio n words .  Thes e functio n word s ca n n o w b e 

use d t o appl y othe r  semanti c transformation s an d furthe r  reduc e th e 

sentences .  Sinc e ever y executio n o f  a  semanti c transformatio n reduce s th e 

complexit y o f  th e sentence ,  a  finit e numbe r  o f  semanti c transformation s 

guarantee s convergenc e t o primitiv e sentences . 

3. Word-Sense Disambiguation 

Word-sens e disambiguatio n ha s bee n a  ver y importan t  aspec t 

of  natura l  languag e understanding .  F r o m th e definitio n o f  ou r  semanti c 

primitives ,  w e k n o w tha t  differen t  meaning s o f  an y give n wor d refe r  t o 

differen t  correspondin g semanti c primitive s a s interpretations .  Thus , 

po lysem y i s n o w reduce d t o th e proble m o f  removin g extraneous/illega l 

interpretation s fro m th e se t  o f  al l  possibl e interpretation s unti l  w e hav e 

reache d th e appropriat e meaning . 

A typica l  cas e o f  polysem y occur s i n a  clas s o f  sentence s wher e 

s o me w o r d m a y b e use d i n severa l  differen t  place s i n a  sentence .  Here , 

differen t  interpretation s o f  th e wor d sui t  differen t  position s i n th e sentenc e 

and ,  i n thos e positions ,  hel p represen t  a  coheren t  meanin g structure .  Thi s 

ide a o f  m e a n i n g distributio n o f  multipl e sense s wil l  b e explaine d 

throug h th e followin g example . 

(1 )  Th e pe n i s i n th e box . 
(2 )  Th e bo x i s i n th e pen . 
(3 )  Th e in k i s i n th e pen . 
(4 )  Th e bul l  i s  i n th e pen . 
(5 )  Th e pe n i s i n th e pen . 

T h e analysi s o f  thes e sentence s give s a  c o m m o n meanin g 

structur e base d o n relationship s o f  th e constituen t  word s an d thei r 

interpretations .  Sinc e th e a m b i g u o u s interpretation s hav e no t  bee n 

resolve d yet ,  th e structur e (no t  full y  instantiated )  ca n b e give n as : 

Common Meanin g Representation : 
[SMS (STAT E is ) 

(?a l  ?a2 ) 
(RELATIO N in ) 
(?b l  ?b2 )  ] 

wher e "? "  suggest s a n uninstantiaie d variable . 

I t  i s  obv iou s tha t  'pen '  i s  th e a m b i g u o u s w o r d i n th e g rou p o f 

sentence s (1 )  throug h (5) .  T h e correspondin g c o m m o n interpretation s ar e a . 

a p e n a s a  writin g instrument ,  an d b .  a  p e n a s a  smal l  constructio n use d fo r 

con f i nemen t .  A x i o m s ca n n o w b e applie d t o resolv e th e ambigu i t y i n th e 

m e a n i n g o f  'pen' .  T h e incorporatio n o f  semant i c constrain. s an d c o m m o n 

w o r l d k n o w l e d g e int o thes e a x i o m s shoul d the n b e evident .  N o t e tha t  th e 

fo l lowin g analyse s ar e constructe d usin g onl y th e sententia l  context . 

Analysi s o f  (1) : 

a(Sp ]  .Sp2.. .  Sp6 ,  [Th e pe n i s i n th e box] ) 

resolve s 'pen ' 
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usin g th e functio n a(Sp2,[pen] ) 

a i n tur n validate s a  possibl e instantiation -

Check_Instantiation(WRITING-ARTIFACT ,  [pen] ) 

T h e reasonin g ca n b e presente d a s follows :  a  confinin g 

constructio n canno t  b e containe d i n a  box ,  whil e a  writin g instrumen t  ca n 

be containe d i n a  box .  Thi s result s int o th e resolve d meanin g structure : 

[SMS (STAT E is ) 
> (WRITING-ARTIFAC T pen ) 

(RELATIO N in ) 
(CONTAINER box )  ] 

Simila r  analyse s ca n b e performe d o n sentence s (2 )  throug h (4) . 

Th e las t  sentence ,  (5) ,  i s  a  ver y interestin g exampl e (du e t o Bar-Hillel) .  I t 

involve s tw o occurrence s o f  th e wor d 'pen '  i n whic h th e objec t  reference d 

by th e meanin g o f  on e occurrenc e i s containe d insid e th e objec t  reference d 

by th e meanin g o f  th e secon d occurrence .  N o w ,  le t  u s loo k a t  it s  analysis . 

Analysi s  o f  (5) : 
a(Spi.Sp2.. .  Sp6 ,  [Th e pe n i s  i n th e pen] ) 

resolve s th e occurrence s o f  'pen ' 

usin g th e function s a(Sp2,[pen] )  an d a(Sp6,[pen] ) 

a i n tur n validate s tw o possibl e instantiations -

Check_Instantiation(WRITING-ARTIFACT ,  [pen] )  - — > fo r  Sp 2 

and Check_InstantiatJon(CONSTRUCTION ,  [pen] )  — > fo r  Sp 6 

T h e reasonin g her e involve s th e worl d knowledg e abou t  th e 

size s o f  th e tw o 'pens' .  A n instanc e o f  a  constructio n canno t  b e containe d 

insid e a  writin g instrument ,  whil e a  writin g instrumen t  ca n certainl y b e 

kep t  i n a  storag e construction .  W e ar e assumin g tha t  an y objec t  canno t  b e 

store d withi n itself ,  an d i n th e even t  tha t  a  smalle r  'pen '  i s  kep t  insid e a 

large r  'pen '  (o f  th e sam e interpretation) ,  th e contex t  wil l  dictat e th e choice . 

Thi s reasonin g result s int o th e resolve d meanin g structure : 
[SMS (STAT E is ) 

> (WRITING-ARTIFAC T pen ) 
(RELATIO N in ) 

> (LOCATIO N pen )  ] 

F r o m th e exampl e sentence s i t  shoul d b e clea r  h o w axiom s 

incorporatin g semanti c constraint s ca n b e use d t o disambiguat e multipl e 

sense s involvin g meanin g distributio n i n th e sam e sentence . 

4. Results 

A natura l  languag e parse r  develope d usin g ou r  approac h o f 

semanti c primitive s an d thei r  pattern s i s operationa l  o n a  V A X 11/78 5 

wit h a  1  K L I P S Prolo g interpreter .  Th e example s presente d i n thi s pape r 

ar e actua l  result s a m o n g m a n y produce d b y th e program . 

Th e lexico n use d b y th e program ,  i n it s curren t  state ,  ha s ove r 

50 0 differen t  wor d senses .  Th e word s ar e divide d int o fou r  broa d classes : 

(a )  Entities ,  (b )  Events ,  (c )  Abstracts ,  an d (d )  Relationals .  Ther e ar e ove r 

twent y differen t  semanti c transformation s i n th e progra m base d o n 

functio n word s an d phrases .  T h e transformation s suppor t  ove r  fort y 
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semanti c mappings .  T h e progra m als o contain s ove r  fort y axiom s tha t  ai d i n 

reducin g sentence s int o thei r  respectiv e sentenc e meanin g structures . 

T h e technique s describe d i n thi s pape r  hav e bee n use d t o 

develo p a  natura l  languag e know ledg e assimilatio n syste m fo r  exper t 

system s (Virka r  &  Roach ,  1988) .  Thi s syste m augment s a n alread y existin g 

know ledg e bas e o f  a  dru g interactio n exper t  system ,  D I E (Roach ,  et .  al , 

1985 ) ,  b y readin g an d understandin g no t  onl y sentence s bu t  entir e 

researc h pape r  abstract s i n th e pharmacolog y doma i n thu s demonstratin g 

th e extensio n o f  thes e technique s t o th e text-level . 

5. Conclusion 

I n thi s pape r  w e hav e develope d a  pattern-base d techniqu e fo r 

natura l  languag e parsin g base d o n semanti c primitive s an d thei r  patterns . 

We hav e develope d ax iom s fro m th e semanti c primitive s fo r  encodin g 

worl d knowledge . 

We hav e give n example s o f  word-sens e disambiguatio n i n 

sentence s usin g onl y th e sententia l  contex t  unde r  th e clas s o f  meanin g 

distribution .  W e hav e shown ,  i n detail ,  h o w th e techniqu e i s use d t o arriv e 

at  th e correc t  meanin g representations . 

Futur e effort s wil l  focu s o n encodin g entailmen t  rule s tha t 

represen t  dee p inferencin g technique s an d semanti c contex t  structure s tha t 

dynamicall y evaluat e th e parsin g process . 
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