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M o d e l i n g th e Cos t s o f  A m b i g u i t y Resolutio n a n d Syntax-Semant ic s Interactio n 

Kavi Mahesh 
Coi]q>utin g Researc h Laborator y 

Box 30001 .  DeptSCR L 
New Mexic o Stat e Universit y 

Las Cruces .  N M 88003-8001 .  US A 
maheahecrl.nmsu.ed u 

A numbe r  o f  recen t  cognitiv e model s o f  huma n sentenc e 
processin g hav e appeale d t o cost s an d tradeoff s i n resourc e 
requirement s t o suppor t  thei r  position s o n modularit y an d 
interactio n effect s i n resolvin g syntacti c an d semanti c ambi -
guitie s (e.g. .  Stowe .  1991) .  However ,  conqnitatiraia l  model s 
tha t  analyz e di e quantitativ e aspect s o f  sentenc e processin g 
hav e onl y deal t  wit h syntacti c parsin g (e.g. .  Abne y an d John -
son .  1991) .  Suc h model s hav e no t  addresse d th e tradeoff s i n 
syntacti c parsin g dedsioo s vis-a-vi s loca l  ambiguitie s an d th e 
cost s an d benefit s  o f  makin g earl y commitment s i n semantics . 
A computationa l  mode l  o f  th e cost s an d benefit s o f  makin g 
bot h syntacti c an d semanti c decision s a t  differen t  point s i n 
tim e durin g sentenc e processin g woul d provid e a n excel -
len t  forma l  frameworic  fo r  analyzin g th e enq)irica l  factor s 
involve d i n sentenc e processin g an d fo r  designin g cognitiv e 
model s an d experiments .  I  presen t  suc h a  forma l  mode l  i n 
thi s poster . 

Ther e hav e bee n man y previou s analyse s o f  parser s a s push -
d o wn automat a tha t  provid e measure s sud i  a s th e stad c siz e 
tha t  enabl e on e t o compar e an d formall y evaluat e differen t 
parsin g algorithms .  However ,  on e debilitatin g featur e o f 
thes e model s i s tha t  thei r  measiu^s .  suc h a s th e stac k size . 
onl y tak e th e syntacti c complexit y o f  languag e int o accoun t 
withou t  regar d t o meanin g ot  th e complexit y associate d wit h 
ambiguitie s i n meanings .  Wors e yet .  som e analyse s d o no t 
eve n conside r  ambiguitie s o f  an y kind .  I n otde x t o perfor m 
a meaningfii l  evaluatio n o f  a  sentenc e processor ,  w e desir e a 
forma l  analysi s tha t  take s no t  onl y suc h syntacti c complexit y 
but  als o semanti c conq>lexit y int o accoun t  i n definin g a 
measur e t o b e use d a s a  yardstic k t o grad e differen t  sentenc e 
interpreters ,  no t  parsers ,  agains t  eac h other .  B y semanti c 
aniq>lexit y w e mea n suc h factor s a s th e cost s o f  lexica l 
semanti c ambiguities ,  o f  holdin g o n t o individua l  meaning s 
unti l  the y ar e compose d wit h other ,  an d s o on . 

I  propos e a n abstrac t  mode l  o f  a  sentenc e interprete r  i n 
th e for m o f  a n enhance d push-dow n automato n tha t  ha s 
a "graph-structure d stack "  (Mahesh .  1995 )  i n additio n t o a 
r^vla r  stack .  A  st t  o f  1 0 fcvma l  ĉ >eration s ar e define d o n thi s 
automat( » t o cove r  th e processe s o f  sentenc e interpretation . 
Usin g thi s sentenc e processin g automaton ,  I  deriv e a  cos t 
metri c tha t  take s int o accoun t  a t  leas t  di e followin g factors : 
(i )  th e cos t  o f  keq)in g aroun d th e part s o f  th e syntacti c 
structur e o f  a  sentenc e tha t  mus t  b e accesse d a t  a  late r  point . 
(ii )  th e cos t  o f  syntacti c ambiguities ,  (iii )  th e cos t  o f  holdin g 
o n t o individua l  wor d meaning s befor e the y ar e compose d 
wit h odie r  meaning s an d th e cos t  o f  holdin g o n t o sentenc e 
meaning s an d th e meaning s o f  an y embedde d clauses ,  (iv ) 

th e differenc e i n cos t  betwee n holdin g o n t o tw o individua l 
meaning s an d tha t  o f  holdin g o n t o thei r  composit e meaning . 
(v )  th e cos t  o f  lexica l  semanti c ambiguities ,  an d (vi )  th e cos t 
of  makin g an d holdin g o n t o expectations . 

Usin g th e abov e cos t  metric .  I  illustrat e severa l  tradeoff s 
i n sentenc e processin g wit h respec t  t o modularit y an d inter -
activ e effects .  Fo r  exan^le .  i n th e cas e o f  a  PP-attachmen t 
ambiguity .  I  illustrat e th e syntacti c an d semand c tradeoff s i n 
makin g attachmen t  decision s earl y (a t  th e preposition) ,  lat e 
(a t  th e en d o f  th e phrase) ,  o r  a t  intermediat e point s (e.g. .  a t 
th e hea d nou n o f  th e PP) . 
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