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CONTROLLING PARSIN G B Y PASSIN G MESSAGES 

Brian Phillips & James Hendler 
Texa s Instruments ,  Inc . 

1. 0 INTRODUCTION 

The functional segmentation of 
linguisti c knowledge ,  int o rule s abou t  for m 
and rule s abou t  meaning ,  ha s bee n vita l  i n 
unravellin g th e complexitie s o f  language . 
Ho»ever ,  i t  doe s no t  follo w tha t  th e proces s 
of  analysi s wil l  respec t  th e sam e boundarie s 
and s o th e ver y segmentatio n tha t  provide d 
th e insight s ca n b e troublesom e whe n on e 
seê ^ s t o creat e a  dynami c mode l  o f  language . 
Her e w e ar e concerne d wit h ho w linguisti c 
knowledg e i s use d rathe r  tha n wha t  knowledg e 
i s used .  Th e stud y o f  proces s i s on e o f  th e 
contribution s o f  a  computationa l  linguistic s 
t o th e stud y o f  languag e (Hays ,  1971) . 

Improper control strategies result in 
one o f  th e apparen t  paradoxe s o f  curren t 
knowledge-base d systems :  th e mor e 
knowledgeabl e the y are ,  th e mor e inefficien t 
the y become .  Th e system s ar e unabl e t o 
handl e th e combinatoria l  explosio n o f 
possibilitie s tha t  searche s o f  th e knowledg e 
spac e produce .  Thi s situatio n i s obviousl y 
counte r  t o intuition ,  an d t o huma n behavior : 
more knowledgeabl e system s shoul d perfor m 
better . 

We believe that a language understanding 
syste m shoul d hav e th e abilit y  t o brin g 
syntacti c an d semanti c knowledg e t o bea r  o n 
th e analysi s a t  man y point s i n th e 
computation .  Thi s enable s i t  t o resolv e th e 
alternative s a s soo n a s possibl e an d preven t 
th e flo w o f  extraneou s analyse s t o late r 
phases . 

Existing conceptual analyzers fall into 
thre e majo r  categories :  linea r  contro l 
parser s (Wood s &  Kaplan ,  1971) ,  semanti c 
grammar s (Hendrix ,  1977) ,  an d semanti c 
analyzer s (Schank ,  1975) .  Non e permit s th e 
flexible ,  data-governe d interactio n o f  synta x 
and semantics . 
t o 
communicating , 
problem-solvin g 
(Hewitt ,  1976) . 

Our  approac h t o creatin g suc h a  mode l  i s 
use th e notio n o f  a  societ y o f 

knowledge-based , 
experts ,  calle d "actors " 

Thes e actor s ca n communicat e 
by passin g message s t o an y othe r  acto r  i n th e 
system .  Thi s flexibl e contro l  structur e 
allow s actor s a t  an y leve l  o f  th e analysi s t o 
interac t  wit h actor s a t  othe r  levels .  Th e 
routin g o f  informatio n i n th e syste m i s 
determine d b y th e conten t  o f  th e linguisti c 
act ,  thu s achievin g a  data-drive n contro l 
structure .  Th e abilit y  t o direc t  informatio n 
t o th e acto r  tha t  need s it ,  i s  expecte d t o 
improv e efficiency .  Eac h subsyste m i n 
languag e contribute s t o th e proces s o f 
understanding ,  bu t  ofte n offer s severa l 
differen t  view s o f  th e data .  I n ou r  scheme , 
actor s communicat e t o achiev e a  mutuall y 
consisten t  analysis ,  ou t  o f  whic h come s a n 
understandin g o f  th e data . 
The capabilities of each actor are 
determine d b y th e functiona l  segmentation , 
e.g. ,  a n acto r  ca n hav e th e abilit y  t o us e 
constituen t  rule s tha t  describ e th e structur e 
of  a  nou n phrase ,  thu s retainin g thi s 
importan t  face t  o f  linguisti c theory . 

2. 0 DESIG N FEATURES 

In the system we are trying to achieve 
severa l  othe r  desig n goal s i n additio n t o th e 
gai n i n efficiency : 

We agre e wit h Schan k ( 
goa l  o f  analysi s i s no t  t o 
tree .  I t  shoul d no t  eve n b e 
th e cas e i n system s tha t 
pars e tree ,  the n pe r 
interpretation .  Th e pars e 
considere d a  dat a stru c 
constructe d incidentall y t o 
can b e constructe d i f  i t  i 
synta x canno t  b e ignored ;  i t 
i n determinin g antecedent s o f 
example . 

1975 )  tha t  th e 
produc e a  pars e 

a subgoal ,  a s i s 
firs t  produc e a 

for m semanti c 
tre e shoul d b e 

tur e tha t  i s 
th e analysis ,  o r 
s needed .  Bu t 

i s ofte n usefu l 
preforms ,  fo r 

Schank' s (1975 )  hypothesi s o f  semanti c 
predictio n appear s t o b e a  goo d approach . 
But  on e canno t  alway s hav e expectations .  We 
envisag e a  syste m tha t  ca n flo w int o a 
predictiv e mod e whe n th e situatio n i s 
appropriate ,  wit h a  defaul t  contro l  structur e 
of  syntax-then-semantics . 
The output of the system should be 
semanti c descriptio n o f  th e inpu t  a s 
instantiate d case-frames .  Th e novelt y o f  th e 
situatio n i s capture d b y th e wa y i n whic h 
thes e case-frame s ar e linke d an d b y thei r 
spatio-tempora l  settings .  Th e semanti c 
descriptio n augment s th e encyclopedia ,  th e 
stor e o f  worl d knowledge ,  an d i s thu s 
availabl e a s pragmati c knowledg e i n th e 
continuin g analysi s o f  th e input . 

3. 0 TH E ACTORS 

Most of our actors are "experts" on 
aspect s o f  th e primitiv e organizin g 
principle s o f  synta x an d o f  semantics .  The y 
become associate d wit h domai n knowledge , 
i.e. ,  th e gramma r  o f  a  language ,  o r  worl d 
knowledg e fo r  a  proble m area .  Th e jo b o f  a n 
acto r  i s t o instantiat e a  mode l  i t  ha s bee n 
give n (top-dow n analysis) ,  o r  i f  i t  wa s no t 
give n a  model ,  the n t o fin d a  mode l 
(bottom-u p analysis) .  Th e proces s o f 
instantiatio n i s performe d b y elicitin g 
informatio n fro m othe r  actor s tha t  ca n us e 
thei r  expertis e o n th e problem ;  they ,  o f 
course ,  may hav e t o consul t  stil l  othe r 
actors . 

3. 1 Th e Syntacti c Expert s 

The organizing principle of syntax is 
constituency ;  th e principa l  acto r  i n synta x 
thu s use s th e constituenc y rule s o f  th e 
grammar  t o associat e word s int o highe r  leve l 
constructs .  Th e constituen t  acto r  recognize s 
syntacti c construction s primaril y b y matchin g 
word s t o syntacti c rule s usin g th e dictionar y 
entrie s o f  word s t o determin e thei r  syntacti c 
categories . 

3. 2 Th e Semanti c Expert s 

The primitiv e organizin g 
conceptua l  knowledg e ar e 

contingency . seguence , 
equivp i  «>n̂« , 
(Phil : 
how 1 

•-  a  v/-»nrMn\ f 

principle s o f 
relation s o f 

enablement . 
nar*-—whn l  e . etc . 
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export ,  fo r  example ,  know s ho w t o uk p 
"continqpncy" ,  "sequence" ,  an d "enahle " 
1 inks . 
3.3 Translation Experts 

The actor s hav e 
peculia r  t o t 
iiier,!;aqo s may re q 
tcrminoloq y o f 
receiver .  Take , 
betwee n claus e 
actor s (CFA) .  T h 
subject ,  object , 
user ,  event ,  -tat e 
specia l  actor s i n 

vocabularie s tha t  ar e 
hei r  domains .  Therefore , 
uir o translatio n fro m th e 
th e sende r  t o tha t  o f  th e 

fo r  example ,  messaqe s 
actor s (CLA )  an d case-fram e 
e forme r  use s concept s lik e 
and verb ,  wherea s th e latte r 

aqent ,  etc .  Ther e ar e 
th e syste m t o handl e this . 

r,  . 0 OTIIK R TOPIC S 

It is our belief that ou 
cndtro l  structur e ca n 
improve d efficiency .  Sev e 
difficul t  problem s i n 
procer,sin q com e abou t  du e t 
differen t  type s o f  knowled q 
boar  a t  th e sam e time .  On e 
understandin q o f  th e ba s 
messaqe passin q w e woul d l i 
phenomena as : 

•i. l  Robustnes s 

r  messaqe-passin g 
yiel d mor e tha n 

ra l  o f  th e mor e 
natura l  lanquaq e 

o th e inabilit y  o f 
e t o b e brouqli t  t o 
e w e hav e a  bette r 
i c principle s o f 
ke t o loo k a t  suc h 

4. 0 A  fragmi-;n t  o f  a n analysi s 

Wp will show how the system analyzes: 

(1) The loft- front tire is flat. 
(2 )  I  wil 1 chanq e it . 

and determines the referent of "it" in (2). 

The qoal of the syrtem is to create a 
roeaninq  representatio n b y instantiatin q a  CF . 
Tlitouq h equivalenc y an d part-whol e relations , 
a CF ca n b e equivalen t  t o a  comple x o f  CF's ; 
ĥii s  th e top-leve l  instantiatio n may b e 

achieve d b y instan t  latin o th e lowe r  ran k 
CF's . 
A CFA normally has a model of a CF that 
i t  i s  tryin q t o instantiate .  Initiall y  thi s 
canno t  b e th e cas e an d th e syste m ha s t o 
rever t  t o a  bottom-u p approach .  Th e CF A 
rend s a  messaq e t o th e CL A requestin q tha t  i t 
be sen t  a  translatio n o f  a  syntacti c analysi s 
of  . 1 clause .  Th e CL A ha s t o fin d a  claus e 
usin q th e rule s o f  th e qramma r  in .  A  serie s 
of  instance s o f  th e constituen t  acto r  ar e 
invoke d t o analyz e th e rules .  A s the y 
proces s th e rules ,  the y simultaneousl y notif y 
an "inpu t  actor "  o f  th e termina l  categorie s 
tha t  the y hav e encountered . 

When all necessary constituents have 
been expanded ,  th e constituen t  actor s ar e 
halted ,  waitin g t o kno w whic h o f  th e pars e 
path s miqh t  b e consisten t  wit h th e input . 
The inpu t  acto r  prompt s th e use r  fo r  a  word . 
I t  the n send s message s t o constituen t  actor s 
t o caus e th e deletio n o f  path s inconsisten t 
wit h th e inpu t  an d the n message s t o thos e 
constituen t  actor s tha t  stil l  hav e vali d 
paths .  Effectivel y ther e i s paralle l 
processin g synchronize d b y th e input . 

When a  clause ,  i.e. ,  (1) ,  ha s bee n 
found ,  a  translatio n ca n b e sen t  t o th e 
case-fram e expert ,  bu t  firp t  i t  mus t  b e 
translate d a s discusse d i n th e previou s 
section .  A  reques t  i s sen t  t o th e 
transl. i  t  io n exper t  fro m th e claus e expert . 
Thi s translatio n ca n b e sen t  t o th e 
case-fram e exper t  directly . 

The CFA next knows to ask Chronology for 
th e NEXT-EVENT.  Chronolog y predict s tha t 
"chanq e tire "  wil l  b e th e nex t  act .  Th e 
Chronolog y Exper t  no w passe s thi s informatio n 
back t o th e CFA. 

The CFA has now processed the first case 
fram e t o th e bes t  o f  it s  abilitie s an d set s 
out  t o instantiat e th e prediction .  I t  i s  no w 
workin g i n a  top-dow n manner .  whe n th e 
predictio n i s passe d t o th e CL A an d 
translated ,  "tire "  wil l  b e availabl e a s a 
matc h fo r  th e pronou n "it" . 

Rathe r  tha n havin g a  predefine d selectio n o f 
rule s t o rela x (Sondheime r  &  Weischedel , 
1980) ,  o r  usin g exhaustiv e backtracking ,  w e 
believ e tha t  wit h messag e passin g w e ca n us e 
th e natur e an d contex t  o f  error s t o see k 
informatio n fro m othe r  actor s o n way s o f 
circumventin g th e impasse . 

5.2 Noun Groups 

Oft-foun d nou n group s s 
th e Selec t  Commissio n 
Refuge e Policy "  ar e fr a 
th e unwar y natura l 
Example s lik e thes e le d 
conclud e "Bot h linguis t 
ar e require d fo r  co r 
handlin g o f  nou n group s 
fo r  "th e advantage s 
applicatio n o f  bot h 
withou t  separatin g 
understandin g int o s y 
stages. "  (p .  57 ) 

5. 3 Parallelis m 

uch a s "Th e staf f  o f 
on Immigratio n an d 

ught  wit h peril s  fo r 
languag e processor . 
Gershman (1979 )  t o 

i c an d worl d knowledg e 
rec t  an d efficien t 

He wen t  o n t o argu e 
of  th e simultaneou s 

kind s o f  knowledge , 
th e proces s o f 

ntacti c an d semanti c 

The origin s o f  th e acto r  methodolog y ar e i n 
an investigatio n o f  paralle l  processing . 
Kornfel d (1979 )  ha s pointe d ou t  a n 
interestin g phenomenon ,  "combinatoria l 
implosion, "  i n communicatin g systems .  I n hi s 
example, a paralle l  an d communicatin g searc h 
algorith m dramaticall y reduce s th e tim e 
behavior ,  eve n whe n th e algorith m i s ru n i n a 
pseudoparallei ,  time-slice d environment .  On e 
of  ou r  overwhelmin g interest s i s t o fin d 
whethe r  thi s behavio r  i s manifes t  i n languag e 
understandin g system s writte n usin g th e acto r 
methodology . 
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