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I. Objectives 
Th e phenomeno n o f  h u m a n languag e comprehensio n ha s pose d a  considerabl e numbe r  o f  challengin g problem s fo r 

linguists ,  psychologists ,  philosophers ,  an d artificia l  intelligenc e researcher s alike .  O n e particularl y importan t  aspec t  i s th e 

robus t  manne r  i n whic h peopl e ar e abl e t o comprehen d nove l  utterances ,  man y o f  whic h deviat e fro m th e abstrac t  notio n 

o f  grammatica l  correctness .  Wherea s mos t  linguist s an d philosopher s focu s o n formulatin g competenc e theorie s o f  th e 

idealize d speaker ,  ou r  objectiv e i s t o mode l  human-lik e performanc e i n robus t  comprehensio n o f  naturally-occurrin g 

utterances .  Withi n tha t  genera l  objective ,  thi s pape r  present s a  concret e computationa l  mode l  o f  languag e interpretatio n 

capabl e o f  toleratin g grammatica l  deviations ,  approximatel y t o th e exten t  exhibite d i n h u m a n languag e comprehension . 

Unlik e th e psychologica l  approac h tha t  strive s t o mode l  th e fine-structure  interna l  proces s o f  a  cognitiv e task ,  w e see k 

onl y t o matc h observe d h u m a n performance .  Eliminatin g th e constrain t  o f  stric t  adherenc e t o h u m a n processin g — t o th e 

exten t  tha t  i t  ca n b e measure d o r  theorize d — enable s u s t o mak e muc h mor e rapi d progres s i n developin g a n effectiv e 
computationa l  model . 

Thus ,  ou r  objective s ca n b e summarize d a s follows : 

• Understand the information processing requirements of robust natural language comprehension, including the in-

tegratio n o f  syntactic ,  semanti c an d pragmati c knowledge . 

•  Buil d a n efTecUv e computationa l  mode l  fo r  experimentation ,  refinement ,  validation ,  o r  refutatio n o f  ou r  theoretica l 

precepts .  Thi s require s th e formulatio n o f  flexibl e contro l  strategie s an d fairl y rich  knowledg e representatio n 

formalisms . 

•  Appl y th e robus t  languag e interprete r  t o human-compute r  natura l  languag e interfaces ,  an d investigat e th e exten t  t o 

whic h suc h powerful ,  human-lik e abilitie s enhanc e th e communicatio n process . 

In order to realize these objectives, we developed an experimental parsing system called MULTIPAR [4J based on 

earlie r  wor k a t  Carnegie-Mello n University ,  suc h a s th e C A S P A R an d D Y P A R parser s [3.9.4.5] .  Unlik e previou s wor k 

o n ATN-base d robus t  parsin g [14.13.11.10] .  ou r  approac h i s base d o n mor e flexible  an d interpretiv e case-fram e instan -
tiatio n methods .  Th e case-fram e approac h enable s us  t o integrat e divers e syntacti c an d semanti c knowledg e int o a 

universa l  dat a structure ,  whic h ca n b e accesse d b y differen t  parsin g strategies .  I n essence ,  th e computationa l  mode l 

elaborate d belo w consist s o f  findin g th e bes t  possibl e pars e satisfyin g al l  th e syntactic ,  semanti c an d pragmati c constrain u 

an d expectations .  I f  on e fail s t o find  suc h a  pars e — perhap s du e t o missin g functio n words ,  misspellings ,  othe r 
grammatica l  errors ,  semanti c constrain t  violations ,  etc .  — th e constraint s ar e graduall y relaxe d i n a  principle d manne r  l o 

fin d th e bes t  possibl e parse<s) .  A  secon d them e interwove n wit h th e progressiv e relaxatio n process ,  i s th e notio n o f 

invokin g multipl e parsin g strategies ,  dependin g upo n expectation s o f  grammatica l  structure ,  semanti c role ,  an d suspecte d 

deviation s fro m th e correc t  grammar .  Th e bul k o f  thi s pape r  present s th e method s an d knowledg e source s tha t  mak e 
robus t  parsin g a n effectiv e computationa l  process .  Th e principle s underlyin g ou r  approac h are : 

• GrummaMcal tolamnce levels: The search space of possible interpretations of an utterance can grow prohibitively 

larg e i f  on e allow s compoundin g o f  al l  possibl e grammatica l  an d semanti c deviations .  Therefore ,  th e searc h i s carrie d 

out  usin g a  least-deviant-interprctation-firs t  strategy .  Thi s require s th e postulatio n o f  additiv e toleranc e levels .  Eac h 

grammatica l  deviatio n i s assigne d a  toleranc e level ,  an d multipl e deviation s i n th e sam e uueranc e correspon d t o th e 

su m o f  th e toleranc e levels . 

•  Multipl e stntegiesr .  Eac h know n deviatio n fro m grammatica l  well-formednes s indexe s on e o r  mor e recover y 

strategies ,  a s wel l  a s th e require d toleranc e leve l  incremen t  A n agenda-base d contro l  struaur e allow s strategie s t o 
pos t  hypothese s o f  suspecte d deviation s (an d thei r  associate d recover y strategies) ,  whic h ar e examine d subsequentl y 

n ^  resurc h wa s sponsore d i n pa n b y th e Defens e Advance d Researc h Project s Agenc y (DOD) ,  ARPA Orde r  No .  3S97 .  monitore d b y th e Ai r  Forc e 
Avionic s laborator y unde r  contrac t  F33615-78-C-1551 .  an d i n par t  b y th e Ai r  Forc e Offic e o f  Scientifi c  Researc h unde r  Conlrx t  F49620-79-C-0143 .  Th e 
view s an d conclusion s containe d i n thi s documen t  ar e thos e o f  th e author s an d shoul d no t  b e interprete d a s representin g th e officia l  policies ,  eithe r  exp iOK d 
or  impbed .  o f  D A R P A.  th e Ai r  Forc e Odic e o f  Scientifi c  Researc h o r  th e U S goveminen L 
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onl y i n ih c c;is e iha l  n o full y  grammalical .  o r  les s devi;in i  inlcrprelalio n i s found . 

•  Entity-orientedparsHf .  A n cniil y  i s a  generalize d tiisc-frame .  I n additio n l o storin g th e semanti c roles ,  headers ,  an d 

cas e markers ,  i t  ma y represen t  declaralivel y mullipl e syntacti c mapping s fro m th e surfac e inpu t  t o th e semanti c 

represeniiAion . 

The power of the MULTIPAR system lies in the integration of these principles into a cohesive computationaJ model. 

The centra l  objectiv e o f  th e syste m i s l o comprehen d less-lhan-perfec t  utterance s muc h a s human s would ,  rathe r  tha n t o 

hallucinat e al l  possibl e nonsensica l  interpretations .  Th e firs t  st̂ ig e i s t o develo p th e genera l  computation<i l  model ,  an d th e 

secon d i s t o tun e i t  l o find  onl y thos e interprelation s correspondin g t o human-iolerabl e grammalica l  deviations .  Afte r 

outlinin g th e continuation-passin g contro l  structur e an d th e eniity-base d knowledg e representation ,  w e presen t  i n som e 

detai l  on e exampl e o f  parsin g a  plausibl e bu t  imperfec t  utterance . 

The M U L T I P A R approac h differ s fro m earlie r  inference-intensiv e system s tha t  sough t  l o complet e a  pan w i n th e 

presenc e o f  a n unknow n wor d [7,2 ]  i n tha t  i t  provide s a  unifor m computationa l  framewor k t o recove r  fro m al l  gram -

matica l  difficultie s an d deficiencies .  Moreover ,  i t  differ s fro m text-scannin g approache s i n tha t  i t  doe s no t  reso n t o 
ignorin g larg e segment s o f  inpu t  i t  judge s eithe r  incomprehensibl e o r  uninterestin g (12.6] . 

I MULTIPAR Control Structure 

Lik e mos t  natura l  languag e parsers .  M U L T I P A R operate s b y searchin g throug h a  virtua l  spac e o f  possibl e parse s fo r  a 
give n inpu t  Th e siz e o f  th e searc h spac e depend s o n th e numbe r  o f  loca l  ambiguitie s tha t  ar e encountere d durin g th e 

parsin g process .  Becaus e M U L T I P A R i s expecte d t o pars e ungrammatica l  input ,  i t  i s typicall y confronte d wit h a  searc h 

spac e tha t  i s muc h large r  tha n tha t  explore d b y conventiona l  parsers .  Unlik e it s mor e conventiona l  predecessois , 
M U L T I P AR canno t  simpl y rejec t  a  partia l  pars e whe n a  grammalica l  constrain t  i s  violated .  Instead ,  variou s recover y 
technique s ar e applied . 

I f  th e bes t  pars e i s t o b e foun d i n a  timel y manner ,  th e exploratio n o f  alternativ e path s i n th e searc h spac e mus t  b e 

carefull y controlled .  Fo r  example ,  spellin g correctio n shoul d b e trie d befor e hypothesizin g a  missin g word ,  an d 
hypothesizin g on e wor d i s preferabl e t o hypothesizin g five.  Moreover ,  i f  a  strateg y fail s t o find a  correc t  pars e fo r  som e 
inpu t  i t  doe s no t  mea n tha t  th e recover y action s shoul d b e invoke d immediately .  I t  m a y b e tha t  som e othe r  strateg y wil l 

find  a  grammatica l  an d semanticall y consisten t  parse .  I f  so .  tha t  othe r  strateg y shoul d b e give n it s chanc e befor e an y 
recover y action s ar e attempted . 

To contro l  th e exploratio n o f  th e seard i  space ,  competin g alternative s withi n a  strateg y ar e explicitl y  specifie d usin g 
SPLI T statements .  W h e n a  SPLI T statemen t  i s encountered ,  th e compulatio n divide s int o separat e branches ;  eac h branc h 
has A  flexibility  incremen t  indicatin g th e additiona l  degre e o f  ungrammaticalit y tolerate d b y th e associate d continuatk>n .  A 
partia l  pars e i s generate d alon g eac h branch ,  an d eac h computatio n m a y procee d fiom  th e SPLI T statemen t  indepen -
dentl y o f  th e others. ^ 

(Split (^0 continuationA) 
(-•• 1 continuations ) 
(+ 3 continuatlonC)... ) 

Thus ,  a  SPLI T statemen t  suc h a s th e on e abov e produce s a  three-wa y branc h i n th e searc h tree .  Continuatio n A  doe s 
not  resul t  i n a  gai n i n flexibility  o f  th e associate d pars e (implyin g tha t  thi s continuatio n require s n o additiona l  relaxatio n 
from  grammatica l  correctness) .  Continuation s B  an d C .  i f  the y ar e eve r  pursued ,  wil l  resul t  i n gain s o f  on e an d thre e 

respectivel y (implyin g tha t  differen t  degree s o f  additiona l  relaxatio n fi-om  grammatica l  correctnes s ar e require d t o 
continu e ead i  parse) .  Al l  continuation s i n a  SPLI T statemen t  ar e poste d i n a  globa l  agenda ,  indexe d b y thei r  globa l 
flexibility  /eve/(explaine d b d o w ) .  Th e structur e o f  a  globa l  agend a look s like : 

[Agenda: (0 Continuation-A Contlnuatlon-B ...) 
( 1 Continuation- C ... ) 
( 4 Continuat1on- D . .  . )  ... ] 

^ULTIPA R i s implenwntt d i n Common Lisp . 

^  non-detenninii m provi(J« l  b y th e SPLI T sutenw i  i s als o etploiie d fijr  handlin g norma l  ambiguities .  When a  strateg y find s tha t  a  p a 
ambiguous ,  a  sepam e br»e h i s create d fo r  eac h altemaU w parse .  + 0 HexibiUt y increment s ir e use d for  eac h locaUy-ambiguou s continuation . 
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M U L T I P AR start s wit h u n agend a attainin g on e o r  mor e lop*leve I  strategic s a t  th e O-flcxihilii y  level ,  an d a  globa l 

flexibilit y  leve l  se t  t o 0  (i.e .  ful l  grainiTialicality) .  A s eac h strateg y i s applie d i t  ca n pos t  additiona l  continuation s i n th e 

agend a a t  th e 0  o r  highe r  (lexibilit y  levels .  Coniinuaiion s ar e poste d whe n SPLI T statement s ar e cnwuntercd .  an d th e 

flexibilit y  level s a t  whic h the y m c poste d correspon d t o th e su m o r  th e globa l  flexibilit y  leve l  an d th e flexibilit y  incremen t 

of  th e coniinualion .  W h e n a  continuatio n complete s executio n i t  i s  remove d fro m th e agenda . 

MULTIPAR pursues all the continuations at the O-flexibiliiy level. Ideally, exactly one of these yields a complete and 

consisten t  parse ,  indiailin g tha t  th e inpu t  wa s grammatica l  an d unambiguous .  I f  mor e tha t  on e pars e i s generated ,  w e 

hav e tru e ambiguity ,  whic h mus t  b e resolve d b y externa l  means .  I f  n o parse s ar e generate d a t  th e O-flexibilit y  level ,  th e 

inpu t  i s ungrammaiica l  (o r  semanticall y  ina)nsistent) .  an d M U L T I P A R goe s o n t o th e next-lowes t  flexibilit y  leve l  i n th e 

agenda ,  selectin g thi s on e a s th e ne w globa l  flexibilit y  level .  Th e proces s i s repeate d a t  thi s  flexibility  leve l  (perhap s 

resultin g i n mor e continuation s bein g poste d o n th e agenda) ,  an d if .  again ,  n o parse s ar e found ,  th e globa l  flexibilit y  leve l 

i s  onc e mor e augmented .  I n thi s fashion ,  th e searc h fo r  a  possibl e pars e continues ,  seekin g th e leas t  devian t  interpreta -

tion s firs t  I f  th e globa l  flexibilit y  leve l  reache s som e prese t  threshold .  M U L T I P A R judge s th e inpu t  t o b e incomprehen -

sibl e an d abandon s it s parsin g attempts . 

3. MULTIPAR Entities 

M U L T I P AR i s a n entity-oriente d parser .  A s describe d i n (81 .  eniity-orienie d parsin g i s a n approac h t o restricte d 

domai n natura l  languag e processin g i n whic h th e parse r  i s  drive n b y a  se t  o f  definition s o f  domai n entitie s (objects . 

operations ,  an d states) .  Th e entitie s ar e defme d a t  a  hig h leve l  o f  abstraction ,  primaril y i n term s o f  othe r  componen t 

entities .  Thi s approac h t o parsin g i s wel l  adapte d t o dealin g wit h ungrammatica l  input ;  i t  allow s a  parse r  t o interpre t  th e 

abstrac t  entit y definition s i n a  variet y o f  way s s o tha t  i t  ca n loo k fo r  th e entit y component s i n place s othe r  tha n th e 

syntacticall y corre a ones . 

A simplified example of an entity definition used by MULTIPAR is: 

(EntityName HoveConmand 
SemantlcCase s ( 

Objec t  (FileObjDes c o r  DirectoryObjDesc ) 
Sourc i  (OirectoryObjOes c o r  Logica10eviceObjD«$c ) 
Destinatio n (FileObjOes c o r  DirectoryObjDesc ) 
Locatio n (DirectoryObjDes c o r  LoglcalDevlceObjDesc) ) 

Constraint s ( 
(Destinatio n FileObjDes c >  Objec t  FileObjOesc ) 
(Objec t  DirectoryObjDes c >  Sourc e LogicalDeviceObjDesc )  .. . 
(Require d Objec t  Destination) ) 

SurfaceForm s ( 
(SFMame Icf-Canonica l 

Head <movehead > 
DirectObjac t  Objec t 
Cases ( 

(Prepositio n <sourcepreps > 
Bin d Source )  ...)) ) 

InstanceTemplat e ( 
Actio n 'MOV E 
Deviation s Deviation s 
Sourc e ( 

Is A (Is A i n Object ) 
Name (Nam e i n Object ) 
Extensio n (Extensio n i n Object ) 
Director y (Director y i n Objec t  o r  .. .  o r  Director y i n Location ) 
LogicalDe v (LoglcalOe v i n Objec t  o r  .. .  o r  LogicalDe v i n Location ) 
ObjDes c (Descriptio n i n Object ) 
SourceDes c (Descriptio n i n Source ) 
LocDes c (Descriptio n i n Location) ) 

Destinatio n ( 
Is A (Is A i n Destination ) 
Name (Nam e i n Objec t  o r  Name I n Destination ) 
Extensio n (Extensio n i n Objec t  o r  Extensio n i n Destination ) 
Director y (Director y I n Destinatio n o r  Director y i n Location ) 
LogicalDe v (LogicalDe v i n Destinatio n o r  LogicalDe v i n Location ) 
DestOes c (Descriptio n I n Destination ) 
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LocDes c (Descriptio n i n Locat ion))) ) 

Thi s define s th e "move "  c o m m a n d fo r  a n operatin g syste m interface .  Lik e al l  entit y definitions ,  i t  ha s fou r  m a m pans : 

• SemanticCases: this defines the basic structure of the entity in terms of the other entities that are its components. 

M o v e C o m m a n d.  fo r  instance ,  ha s a n objec t  (th e file**  o r  director y t o b e moved) ,  a  sourc e (th e director y o r  logica l 

devic e t o m o v e i t  from) ,  a  destinatio n (th e fil e o r  director y t o m o v e i t  to) ,  an d a  locatio n (th e director y o r  logica l  devic e 

i n th e contex t  o f  whic h th e m o v e lake s place) ,  fhes e semanti c case s (cxillecl i  vel y constitutin g a  case-frame )  d o no t  tel l 

M U L T I P AR ho w l o recogniz e th e cnliL y i n a n inpu t  utterance ,  the y jus t  defin e wha t  othe r  entitie s ma y o r  mus t  b e 

foun d i n th e inpu t  a s par t  o f  finding  ih e eniii y  defined .  Th e genera l  forma t  i s a  lis t  o f  cas e name s an d filler  types . 

•  Constraints :  Fo r  an y specifi c  instanc e o f  a n entity ,  th e constraint s specif y bot h relation s tha t  ar e require d t o hol d 

betwee n cases ,  an d predicate s o n individua l  cases .  Th e first  constrain t  fo r  M o v e C o m m a nd say s tha t  i f  th e Destinatio n 

cas e i s filled  b y a  file,  the n th e Objec t  cas e mus t  als o b e filled  b y a  file.  M a n y constraint s o f  thi s kin d ma y b e neede d t o 

full y  specif y a n entity .  Th e final  constram t  sa> s tha t  th e Objec t  an d Destinatio n case s ar e require d t o b e presen t  fo r 

any instanc e o f  M o v e C o m m a n d.  M U L T I P A R enforce s constraint s o f  bot h type s insofa r  a s i t  can .  I n othe r  words ,  i t 
prefer s parse s i n whic h th e constraint s ar e satisfied ,  bu t  wil l  accep t  (a s a  deviation )  input s i n whic h th e constraint s ar e 

violated . 

•  SurfaceFonns :  Thi s componen t  o f  a n entit y definitio n tell s  M U L T I P A R h o w a n entit y ca n b e describe d i n English . 

That  is .  i t  tell s  wher e i n th e inpu t  t o find  word s identifyin g th e entit y itsel f  (e.g .  "move "  o r  "transfer "  i n ou r  example) . 
as wel l  a s wher e t o find  fillers  fo r  th e SemanticCases .  Th e informatio n abou t  wher e t o loo k fo r  th e SemanticCase s i s 

implici t  i n th e specifi c  parsin g strategie s associate d wit h th e SurfaceFor m n a m e (Icf-Canonical ,  o r  "imperativ e cas e 

fram e canonical, "  above) .  Althoug h ther e i s a  1-to- l  mappin g betwee n SurfaceFor m an d strateg y i n th e curren t 
implemenution .  i t  i s  no t  necessar y tha t  thi s b e th e case .  A  strateg y ca n kno w h o w t o pars e mor e tha n on e surfac e for m 
and a  SurfaceFor m ca n b e use d b y mor e tha n on e strategy . 

The S F N a m e i s th e onl y attribut e c o m m o n t o al l  SurfaceForms .  Th e othe r  attribute s ar e specifi c  t o particula r  surfac e 
forms .  I n th e abov e example ,  th e Hea d attribut e define s th e imperativ e ver b t o b e use d t o identif y th e MoveCcMn -
mand.  th e DirectObjec t  attribut e indicate s whic h SemanticCas e i s th e syntacti c direc t  objec t  o f  th e imperativ e verb , 
and th e Case s attribut e define s whic h preposition s ar e use d t o mar k th e othe r  SemanticCase s i n Englis h inpu t 
Symbol s lik e <movehead > ar e non-terminal s i n a  g ramma r  use d b y D Y P A R [3,1 ]  (ou r  pattern-matcher )  an d expan d i n 

th e cours e o f  computatio n (e.g .  <movehead > - > m o v e |  transfer) .  SurfaceFor m slo t  fillers  tha t  ar e no t  surrounde d b y 
O' s ar e SemanticCas e name s an d tel l  th e strateg y whic h SemanticCas e t o bin d th e informatio n to .  Conside r  th e 
DirectObjec t  cas e o f  th e Icf-Canonica l  SurfaceFor m i n th e M o v e C o m m a n d.  Th e strateg y tha t  know s h o w t p pars e thi s 
kin d o f  surfac e for m wil l  b e passe d a n instanc e o f  th e M o v e C o m m a nd entit y definitio n an d a n inpu t  segmen t  t o wor k 
on .  W h e n i t  finds a  nou n phras e unmarke d b y prepositions ,  i t  wil l  chec k th e surfac e for m t o find  ou t  wha t 

SemanticCas e i t  shoul d b e tryin g t o fill.  Sinc e th e Ob je a SemanticCas e ca n b e filled  b y eithe r  a  FileObjDes c o r 
DirectoryObjDesc ,  i t  wil l  tr y t o pars e th e unmarke d segmen t  a s eac h o f  these .  Thi s wil l  resul t  i n call s  t o strategie s tha t 
kno w ho w t o handl e th e SurfaceForm s i n th e entit y definition s o f  FileObjDes c an d DirectonyObjDes c respectively .  I n 
general ,  a n entit y m a y hav e mor e tha n on e surfac e for m correspondin g t o differen t  f o n m o f  surfac e expressio n fo r  th e 
same underiyin g semanti c cases .  Th e entit y definitio n fo r  FileObjDesc .  fo r  example ,  ha s tw o SurfaceForms : 
Ncf-Canonical ^  an d Ncf-System .  Th e forme r  i s designe d fo r  recognitio n o f  inpu t  lik e "th e file s wit h extensio n Is p i n 

director y (c410jf90], "  whil e th e latte r  i s  use d fo r  recognitio n o f  description s tha t  includ e prope r  names ,  suc h a s "foo.ls p 
i n (c410jf901" . 

•  InstanceTemplate :  Thi s informatio n i s use d whe n a  strateg y ha s finishe d parsin g a n entity .  I t  tell s  M U L T I P A R th e 
final  representatio n t o us e fo r  th e entit y instanc e thu s produced .  I t  i s  essentiall y  a  metho d fo r  reformatting , 
"canonicalizing, "  an d pullin g informatio n ou t  o f  subordinat e entit y instance s t o compos e th e curren t  one .  Th e slo t 

fillers  i n th e InstanceTemplat e ac t  a s direction s t o a  routin e tha t  use s th e bindin p t o th e SemanticCase s produce d b y 
th e strategy .  A  singl e wor d mean s th e valu e o f  th e slo t  i s exactl y wha t  i s boun d t o th e SemanticCase .  A  lis t  withou t 
"or "  mean s th e valu e o f  th e slo t  i s whateve r  i s foun d i n th e slo t  wit h tha t  n a m e i n th e InstanceTemplat e boun d t o th e 

SemanticCase .  (e.g .  Is A i n Objec t  say s loo k a t  th e Is A field  i n whateve r  kin d o f  entit y i s  boun d t o O b j e a — i f  th e field 
i s no t  found ,  th e slo t  =  nil) .  Finally ,  direction s tha t  hav e on e o r  mor e "ors "  a a a s deterministi c disjuncts .  Eac h 

FileObjDes c mean s fil e objec t  deacription ;  othe r  abbreviation s ar e simila r 

^f is an abbreviation for NominalCaEeFranie 
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insiruclio n i s followe d unli l  a  non-ni l  v;ilu c i s Ibiind .  I n ihi s way .  "mov e MlOjIVOJiix )  l o m y direclory "  pnxluce s th e 

same InsUinceTemplai e a s "mov e f(X )  fro m (c410jlW l  l o m y direclor y "  I n ih e former ,  ih e direclor y nam e fo r  ih e 

sourc e o f  Ih e m o v e i s foun d i n th e FileObjDes c InsUniceremplai e boun d l o ih e Objec i  SemiuiiicCase .  I n ih c laiier , 

Ih e direclor y niim e fo r  ih e sourc e o f  ih e m o v e i s foun d i n ih e DirecloryObjDes c InsUinceTemplai e boun d t o th e 

Sourc e SemanticCase .  Finally ,  eac h Instanc e Templat e ha s a  specia l  slo t  calle d "deviations "  whic h ha s n o correspond -

in g SemanlicCase .  Thi s slo t  act s a s a  repositor y o f  informatio n abou t  th e recover y action s take n b y strategies . 

4. An Annotated Example 

T o mak e clea r  h o w al l  th e component s o f  M U L 1 I P A R combin e an d interac t  t o pars e bot h well-forme d an d ungram -

matica l  input ,  w e presen t  th e followin g extende d example .  Reader s ar e advise d t o refe r  frequentl y t o th e figures  i n thi s 

section ,  an d t o th e entit y definitio n show n i n sectio n 3 .  I n th e discussio n tha t  follows ,  functio n call s an d strateg y name s 

ar e writte n i n boldfac e type ;  entit y slot s an d value s ar e give n i n italic-s .  Th e notatio n "word....wor d "  refer s t o th e portio n 
of  th e inpu t  utteranc e st̂ u'tin g wit h word ,  an d endin g wil h wor d . 

Conside r  th e behaviou r  o f  th e syste m whe n th e use r  types : 

Move th e account s director y th e file  Data3. ^ 

Ste p I .  Initialization . 

Befor e an y par t  o f  th e inpu t  i s examined ,  th e • 

contro l  tre e i s initialize d a s i n Figur e 1 .  labe l 

(a) ^  Here .  M U L T I P A R set s u p a  branc h fo r 

eac h o f  th e c o m m a n d s i n it s curren t 
vocabulary .  Not e tha t  n o flexibility  incremen t 

i s  adde d t o th e initia l  valu e o f  zer o becaus e n o 
deviatio n ha s occurred .  T h e contro l  choose s 

th e first  leve l  0  branc h o n th e agend a fo r  con -

tinuation . 

Multlpi r  Contro l 
(t ) 

(b) 

Ste p 2 .  Tr y t o pars e 

DeleteCommand . 
'Move...Data3 "  a s a 

P«rstEntU y 
OdatiCommtn d 
••Mov«. .  .Dati3 " 

ICF-Strat 
DdottComfflan d 
"Mova...Oata3 " 
(d)[F*IL ] 

SPLI T 

ParsaEntlt y 
MovaCoamand 
"Moya...0ata 3 

I  \ 

PartaEntU y .. . 
LlstCamman d 
-Mova...Data3 -
[F*IL ] 

ParsaEntlt y 
EdltComnan d 
"Mova...Data3 ' 
[FAIL ] 

(f )  ICF-Strat/ICF-Caaa i 
MovaCommand 
'Mova...Data3 ' 

(g) unmarka d caa a li t 
ObJacfFiiaObjDai c 

(sa a Figur a 2 ) 

jnmarka d caa a li t 
Bbjae f 
OlractoryObJOas c 
(aa a Figur a 3 ) 

markad cata a li t 
ParseEntit y (Figur e l.(b) )  i s  a  functio n tha t 

m a ps entit y type s t o strategies .  A  reques t  fo r  a 

c o m m a nd entit y coul d resul t  i n th e tria l  o f  a 
n u m b er  o f  differen t  strategies .  A t  present . 

onl y top-dow n version s o f  th e parsin g 

strategie s exist ,  an d call s t o ParseEntit y tha t  loo k fo r 

strateg y (Figur e l,(c)) .  ImperativeCaseFrame-Stra t 

entit y an d wil l  fai l  withou t  schedulin g an y alternat e 

lop-dow n strategy) .  Failur e mean s tha t  processin g 

(Figur e l.(d) )  an d choose s anothe r  (Figur e l,(e)) .  O f 

m a p p ed a s abov e (Figur e 1.(0) . 

Ste p 3 .  Tr y l o pars e th e inpu t  a s a  M o v e C o m m a n d. 

ImperativeCaseFrame-Stra t  know s h o w t o us e th e Icf-canonica l  SurfaceFor m t o interpre t  th e inpu t  I n th e 

M o v e C o m m a nd entit y definitio n show n i n sectio n 3 ,  thi s i s th e onl y SurfaceForm .  A s linguisti c coverag e i s extende d t o 

include ,  fo r  example ,  declarative s an d interrogatives .  n e w SurfaceForm s mus t  b e defined .  ImperativeCaseFrame-Stra t 

coul d b e expande d t o interpre t  al l  top-leve l  form s o r  eac h for m coul d b e provide d wit h it s  o w n "expert" . 

T h e first  actio n tha t  ImperativeCaseFrame-Stra t  take s i s t o us e th e H e a d field  i n th e SurfaceFor m t o searc h fo r  a  lega l 

Figur a 1 . 
Annotata d Exaiapla .  Stap i  1 

c o m m a n ds ar e alway s mappe d int o call s t o th e imperativ e casefi^m e 
wil l  b e unabl e t o find  a n appropriat e ver b fo r  th e DeleteComman d 

branche s (i.e .  thi s ca n b e viewe d a s a  non-recoverabl e erro r  fo r  th e 

i s condnue d b y th e contro l  structur e whic h eliminate s thi s branc h 

course ,  th e n e w branc h als o contain s a  cal l  t o ParseEntity ;  thi s cal l  i s 

nii e grammaticall y correc t  vciso n o f  thi s sentenc e i s "^ov e t o th e account s director y th e fil e DataS. " 

Hereafter ,  simpl y Figur e l,(a) . 
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verb .  I l  finds  " M o v e "  an d ih e unparse d segmen t  i s reduce d l o "th e account s director y th e file  Dala3" .  T h e nex t  ste p i s t o 

cal l  a  routin e l o fill  th e SemanlicCase s o f  [h e M o v e C o m m a n d. 

Ste p 4 .  Us e ImperativeCaseFrame-Case s l o fill  M o v e C o m m a n d^  SemanlicCases . 

ImperativeCaseFrame-Casc s (Figur e 1.(0 )  i s no t  a  strateg y itsel f  bu t  onl y a  pa n o f  th e top-dow n imperativ e casefram e 

strategy .  T h e distinctio n i s importan t  becaus e th e responsibilit y  o f  a  strateg y i s t o retur n a n "instanc e list "  i.e .  on e o r  mor e 

instantiate d InsianceTemplales .  ImperativeCaseFrame-Case s wil l  retur n list s o f  consisten t  SemaniicCas e binding s whic h 

ImperativeCascFrame-Stra t  wil l  us e t o fill  i n InsianceTemplale s whe n buildin g it s instanc e lis t  Eve n i f 

ImperativeCaseFrame-Case s fail s  t o fill  an y cases .  ImperativeCaseFrame-Stra t  m a y retur n a  non-empt y instanc e lis L 

W h en filling  case s w e impos e no'orde r  o n thei r  appearanc e i n th e utterance ,  no r  d o w e fill  require d case s first  (doin g s o 

woul d eliminat e possibl e parse s a t  flexibility  level s greate r  tha n 0) .  A s w e tr y t o expan d a  partia l  pars e th e still-unfille d 

case s m a y b e constraine d i n th e kind s o f  value s the y ca n tak e o n b y th e value s boun d t o thos e case s alread y filled.  T h e 

Consiraini s field  o f  th e entit y definitio n specifie s th e requiremenis .  O f  course ,  a t  thi s poin t  n o case s hav e bee n filled  an d 

n o constraint s apply .  T h e unparse d segment ,  "th e account s director y th e file  Daia3" .  i s  examine d i n tw o ways : 

a.  T h e first  cas e w e tr y t o fill  i s  th e direc t  objec t  whic h i s unmarked .  (Figur e l.(g )  an d (h) ) 

b.  T h e first  cas e w e tr y t o fill  i s  on e o f  th e marke d cases .  (Figur e l,(i) ) 

Conside r  ste p 4.a .  W e ar e attemptin g t o interpre t  som e portio n o f  th e segmen t  a s th e Objec i  SemaniicCas e o f  th e 
M o v e C o m m a n d.  Sinc e th e entit y definitio n show s tha t  a n Objec i  ca n b e a n instanc e o f  eithe r  a  FUeObJDes c o r  a 

DirecloryObjDesc ,  w e wil l  tr y eac h o f  thes e i n tur n (Figure s 2,(a )  an d 3.(a)) . 

Ste p 5 .  Continu e ste p 4a. ;  tr y t o pars e 
Objec i  a s a  FileObjDesc .  (" •  f  jig" "  »(g » 

ImperativeCaseFrame-Case s want s t o find a  (, ,  Pirittntu y 
FileObjDes c i n "th e account s director y th e file  f  luobjci e _ 

Data3" .  T o d o so .  i t  mus t  cal l  PareeEntit y wit h y j ^ 

a reques t  fo r  a  nou n phras e tha t  ca n b e inter -  , ^ ^ ' ^ ^ ^ K \  '* '  ̂ '̂^ ^ 

prete d a s a  FileObjDesc .  Sinc e ther e ar e tw o ' ^  i T (>V^str..-c.n,„ic.uNcr-c... . 
SurfaceForm s fo r  parsin g nomina l  casefttunes ,  f  11•odjd.i c 
eac h wit h it s o w n associate d strategy ,  thi s cal l  ""*" '  """ ^ 

t o ParseEntit y result s i n a  S P L I T (Figur e C""- ]  y ^ ~ ^ ^ 
2.(b) )  W e wil l  examin e onl y th e pat h labelle d y y (  " ^ ^ 

NominalCaseFrame-Strat-Canonica l  (Figur e (d )  P.rt.Entn y (t )  parj.Entit y 
•y (f W DirtctoryOdjO»i e FlltOd C 
'̂y f̂ -  "accou(«ti...th« "  "Diti3 " 

Ste p 6 .  Fin d th e H e a d an d Quantifie r  o f  th e 
nou n phrase . 

.. .  -  ^  ~  Attrlbut«-Vilu»-Stri t 
As wit h unperauv e casetrames ,  th e first  ac -  fii*o*s c 

lio n take n t o fill a  nomina l  casefram e i s t o "oitis -
local e th e H e a d NominalCaseFrame-Strat -  „  „."'"'" •  ̂ , ,  „.< „ 
Canonica l  finds file  a s a  possibl e hea d an d 
break s th e remainde r  o f  th e inpu t  int o 
prenomina l  an d postnomina l  segments .  Th e strateg y the n look s fo r  a  quantifie r  o r  determine r  a t  th e lef t  en d o f  th e 
prenomina l  segmen t  an d finds  "the" .  "Account s director y the "  n o w constitute s th e prenomina l  segmen t  an d "Data3, "  th e 

postnomina l  segmen t  W e cal l  NominalCaseFrame-Cases ,  a  sub-routin e o f  NominalCaseFrame-Strat-Canonical ,  t o begi n 
filling  case s fro m th e prenomina l  segmen t  (Figur e 2,(c)) . 

Ste p 7 .  Pars e th e prenomina l  segmen t  "account s director y the" . 

Th e onl y FileObjDes c cas e w e wil l  b e abl e t o fill  fro m thi s segmen t  o f  th e inpu t  i s FileDirectory ,  a n instanc e o f  a 

DirecloryObjDesc .  Afte r  a  sequenc e o f  call s (Figur e 2.(d) )  a  sub-invocatio n o f  NominalCaseFrame-Strat-Canonica l  wil l 
retur n a n instanc e lis t  wit h a  singl e instance : 

(IS A DIRECTORY 

nThe reade r  shoul d kee p i n min d tha t  a t  eac h ste p i t  i s  possibl e t o hav e mor e tha n on e interpretatio n o f  th e input .  Thus ,  i f  ou r  inpu t  ha d been ,  '^ov e th e 
file  calle d transfe r  t o dskb, '  th e initia l  sca n for  a  ver b woul d hav e resulte d i n tw o partia l  pane s -  on e catchin g "move "  an d th e othe r  catchin g "transfer " 
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Name (accounts)) * 

Thus, we reium lo step 6 (Figure 2,(c)) wiih one case filled and the word "ihe" unused. 

Siep 8. Parse ihe poslnominal segment. "Dala3". 

We ar e iniercsic d i n extendin g an y partia l  piirse s create d i n ste p 7  b y usin g th e postnomina l  segmen t  t o fill  an y 

unboun d SemanlicCases .  Figur e 2,(e )  show s tha t  a  successio n o f  call s result s i n filling  th e FileNam e usin g th e Attribute -

Valu e strategy . 

Step 9. Return to step 4, Figure l.(g). 

Step s 7  an d 8  produce d on e consisten t  se t  o f  binding s fo r  tw o SemanlicCase s i n th e M o v e C o m m a nd wit h on e wor d 

leftover .  Althoug h ther e ar e unfille d cases ,  w e hav e ru n ou t  o f  inpu t  o n th e righ u Thus ,  th e instanc e lis t  o f  FileObjDesc s 
returne d b y th e cal l  t o ParseEntit y i n Figur e 2.(a )  ha s onl y on e element : 

(IS A FIL E 
Name (Data3 ) 
Director y (accounts ) 
Descriptio n ( 

Quantifie r  (the)) ) 

Referrin g t o ste p 4a .  (Figur e l.(g)) .  th e pos -
sibl e interpretation s o f  th e inpu t  suc h tha t  th e 

Objec t  i s  a  FUeObjDes c hav e bee n exhausted . 

I t  remain s t o examin e wha t  happen s whe n w e ( „ ,  Figur *  t(h) ) 

loo k fo r  a n Objec t  tha t  i s  a  DirectoryObjDesc . 

Again ,  w e wil l  cal l  ParseEntity .  spli t  an d 

suspen d on e o f  th e calls ,  an d examin e th e 
branc h labelle d NominalCaseFrame-Strat * 

Canonica l  (Figur e 3.(a )  throug h (c)) . 

n 
(1 )  PirivEntlt y 

OlrtetoryOtJOat c 
'lli«...0»ti3 -

-«0 •s ^ 
(b )  SPLI T 

(e )  NCF-StrIt-Canontci1/NCF-Ca>« > 
OlrtctoryObjOd c 
-tht...Ditl3 -

[FAIL ] 

Figur t  3 . 
Direc t  Objtc t  I S OlrtctoryObJOtt e 

Ste p 10 .  Continu e ste p 4.a. ;  tr y t o pars e th e 

Objec t  a s a  DirectoryObjDesc . 

We pic k u p th e head ,  "directory, "  an d th e 

quantifier/determine r  cas e a s i n ste p 6 .  Thi s 

leave s th e wor d "accounts "  i n th e prenomina l 

segment  an d "th e file  Data3 "  i n th e 

postnomma l  segmen t  Th e Attribute-Valu e 

strateg y finds  "accounts "  a s th e Name .  N o 

othe r  DirectoryObjDes c case s ca n b e filled,  s o 
thi s ste p returns : 

(Is A DIRECTORY 
Name (accounts ) 
Descriptio n ( 

Quantifie r  (the)) ) 

Ste p 11 .  Retur n t o ste p 4 . 

Conside r  Figur e 4,(a )  whic h correspcrd s t o th e " O R "  i n Figur e 1.( 0 Th e computation s show n i n Figure s 2  an d 3  hav e 

give n u s tw o partia l  parse s wit h th e direc t  objec t  filled;  onc e b y a  FUeObjDes c wit h th e wor d "the "  leftove r  an d n o inpu t 

lef t  1 0 fill  th e othe r  case s o f  th e M o v e C o m m a nd (Figur e 4,(b)) ,  an d onc e b y a  DirectoryObjDes c wit h "th e file  Data3 " 

leftove r  (Figur e 4,(c)) .  A s w e tr y t o exten d thi s secon d partia l  parse ,  w e hav e onl y marke d case s remainin g i n th e 

SurfaceForm .  Sinc e ther e i s n o matte r  a t  th e beginnin g o f  th e remainin g segmen t  w e hav e encountere d ou r  first  violate d 

expectation .  Th e recover y actio n associate d wit h thi s failur e i s t o hypothesiz e th e existenc e o f  th e missin g cas e marker . 

Thus ,  fo r  eac h o f  th e thre e remainin g SemanlicCase s w e schedul e a  continuatio n tha t  charge s thre e flexibilit y  point s fo r 

th e deviatio n (Figur e 4,(d)) .  Not e tha t  i f  som e othe r  branc h o f  th e searc h tre e wit h cumulativ e flexibility  les s tha n thre e 

succeed s i n consumin g th e enur e inpu t  segment ,  th e branche s jus t  spawne d wil l  neve r  b e reactivated . 

The fnstanetTtmpla u ha s man y mor e fidd s i n it ;  onl y tho K wii h a  non-ni l  valu e ar e shoim . 
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Ste p 12 .  Rclur n losie p 4.b .  (Figur e 4.(e) ) 

G)nside r  wha l  happen s w h e n w e ir y filling 

ih e marke d case s o r  ih e M o v e C o m m a nd tirs l 

(Figur e 1.(1 )  correspondin g l o Figur e 4.(e)) ; 

Ih e siiualio n i s identica l  l o ih e on e jus l  oui -

lined .  Fo r  al l  case s othe r  tha n th e direc t  object . 

th e segmen t  "th e account s director y th e fil e 

Dala3 "  mus t  hav e a  lef t  marker .  Sinc e i t  ha s 
none ,  w e hypothesiz e a  branc h fo r  eac h 

marke d cas e a t  th e curren t  flexibilit y  leve l  plu s 

thre e (Figur e 4.(e)) . 

Ste p 13 .  Al l  th e possibilitie s fo r  th e 

M o v e C o m m a n d h a \c bee n examined . 

(« )  ICf-Strtt/ICf-ClM t 
MoviCoaatn d 
•»«ov». .  .Oitt3 " 

^ /^ ^1 \ OH 

' l § v . , 
SPLI T 

(g ) 
SPLI T 

[F«IL ] 

[F«IL ] 

(• ) 
SPLI T 

continu e • / 
-[fro«]/[tp]/[1n ]  , 

til *  rii *  OataJ *  J 
[FAIL ]  / 

/ 

continu e • / 
-[to]/C1n ] 

th o iccount t 
...OittS -
[FAIL ] 

continu *  >/ o 
Ooitlnatlo n Cii o 

[FAIL ] 
A 

continu e a/ o 
Dtitlnttlo n Cia * 

[FAIL ] 

:* 5 
continu *  •It k 

"[rroa ]  th *  account * 
...OataS -

SUCCtSS • • 

Figur *  4 . 
Continuatio n o f  Figur *  I  Afto r 

Proc*i>1n g Co«pl*t* d b y Figur* *  2  an d 3 

We hav e succeede d i n finding  tw o way s t o 

fill  th e case s o f  th e M o v e C o m m a nd Befor e w e 
ca n retur n th e partia l  parse s fro m 

ImperativeCaseFrame-Case s t o 
ImperativeCaseFrame-Stra t  w e mus t  chec k 
whethe r  th e Require d cases ,  a s specifie d b y th e 
Constraint s field,  hav e bee n filled.  Indeed , 
eac h o f  th e partia l  parse s i s missin g th e re -
quire d Destinatio n case ,  a  violate d expectation . 

Th e recover y actio n associate d wit h thi s erro r 
i s  t o suspen d eac h o f  thes e partia l  parse s an d charg e tw o flexibility  point s pe r  missin g require d cas e fo r  thei r  continuatio n 
(Figur e 4,( 0 an d (g)) .  Sinc e n o parse s ha d al l  th e require d cases ,  th e leve l  0  coniinuaiio n o f  ImperativeCaseFrame-Case s 

return s a  failur e signa l  t o ImperativeCaseFrame-Strat . 

ImperativeCaseFrame-Stra t  return s a n instanc e lis t  wit h a  singl e instanc e whos e Sourc e an d Destinatio n fields  ar e nil . 
Thi s signifie s tha t  th e onl y par t  o f  th e strateg y tha t  succeede d a t  leve l  0  wa s finding  th e verb .  Sinc e ther e i s unuse d input , 
th e top-leve l  o f  M U L T I P A R interpret s thi s instanc e a s a  failur e an d signal s thi s t o th e control . 

Ste p 14 .  Exhaus t  leve l  0  o f  th e agend a lookin g fo r  a  non-deviatin g parse . 

Th e contro l  structur e take s ove r  an d continue s i n tur n eac h branc h suspende d a t  leve l  0 .  Thos e containin g request s fo r 
imperative s (Figur e l.(j) )  fai l  immediatel y a s i n ste p 2 .  Th e othe r  leve l  0  branche s wer e lef t  suspende d b y th e SPLIT S i n 
Figure s 2  an d 3 ;  thes e als o fail . 

Ste p 15 .  Exhaus t  level s 1  an d 2  o f  th e agenda . 

Havin g trie d al l  th e branche s i n leve l  0  withou t  success ,  th e flexibility  leve l  i s  incremente d an d th e contro l  structur e trie s 
t o choos e a  pat h suspende d a t  leve l  1 .  O u r  exampl e di d no t  spaw n an y leve l  1  branche s (singl e spellin g corrections) ,  s o th e 
flexibility  leve l  i s incremente d again .  Ther e ar e tw o branche s a t  leve l  2 ,  bot h i n th e sam e predicamen t  (Figur e 4 ,  ( 0 an d 
(g)) ;  eac h ha s a  missin g require d cas e an d leftove r  inpu t  I f  ther e ha d bee n n o leftove r  inpu t  (a s i n " M o v e foo") ,  the y 
woul d hav e succeede d a t  thi s level.̂ °  However ,  sinc e n o furthe r  recover y action s apply ,  eac h o f  thes e branche s fail s 
withou t  addin g t o th e contro l  tree . 

Ste p 16 .  Th e contro l  increment s th e flexibilit y  leve l  t o 3 . 

Ther e ar e tw o set s o f  branche s a t  thi s level : 

a.  Th e Objec t  cas e i s filled  an d th e missin g marke r  ha s bee n 

hypothesize d befor e "th e file  Data3" .  (Figur e 4,(d) ) 
b.  N o case s ar e fille d an d th e missin g marke r  ha s bee n hypothesize d 

befor e "th e account s director y th e file  Data3" .  (Figur e 4,(e) ) 

Althoug h consumin g th e entir e inpu t  woul d hav e guarantee d success ,  not e tha t  i f  som e branc h wit h cumulativ e nexibilit y  o f  0  o r  1  ha d succeeded ,  thea e 
branche s woul d neve r  hav e bee n retried . 

11 7 



Slc p 17 .  Conlinu e 16.1 .  (Figur e 4.(d) ) 

The Object case of the MoveCommand has been bound to a DirecioryObjDesc with the Name field bound to 

"(accounts)" .  Hypothesizin g th e appropriat e kin d o f  marke r  fo r  eac h o f  th e remainin g case s gives : 

a.  Source .  M o v e th e account s director y {from ]  th e fil e Data3 . 

b.  Destination :  M o v e th e account s director y [to ]  th e fil e Data3 . 

c.  Location :  M o v e th e account s director y (in )  th e fil e Data3 . 

Th e singl e recover y actio n o f  hypothesizin g a  missin g marke r  i s  no t  enoug h fo r  an y o f  thes e branche s t o succeed .  Eac h 

woul d b e reschedule d a t  leas t  on e mor e time .  I f  M U L T I P A R allowe d th e contro l  structur e t o searc h th e spac e in -

definitely .  17a .  woul d eventuall y succee d a t  flexibilit y  leve l  8  ( 3 point s fo r  a  missin g marker .  3  point s fo r  a  constrain t 

violaiion^ ^  an d 2  point s fo r  a  missin g require d case) .  17.b .  woul d eventuall y succee d a t  leve l  6  ( 1 missin g marker .  1 

constrain t  violation )  an d 17.c .  a t  leve l  8  ( 1 missin g marker .  1  missin g require d cas e an d 1  constrain t  violation) . 

Ste p 18 .  Continu e 16.b .  (Figur e 4.(e) ) 

Ther e ar e thre e branche s remaining ,  on e fo r  eac h o f  th e marke d case s i n th e MoveCommand,  wit h n o case s ye t  filled. 

Allowin g indefinit e expansion ,  th e followin g woul d occur : 

Source . 
a.  M o v e [from ]  th e account s director y th e file  Data3 . 

eventuall y succeed s a t  +  5 ;  3  fo r  missin g marker ,  2  fo r  missin g cas e 
b.  M o v e [from ]  th e account s director y [to ]  th e file  Data3 . 

eventuall y succeed s a t  + 8 ;  2  missin g markers ,  1  require d cas e 
c.  M o v e [from ]  th e account s director y [in ]  th e file  Data3 . 

eventuall y succeed s a t  + 1 3 :  2  missin g cas e markers ,  1  constrain t 
violatio n an d 2  missin g require d case s 

Destination: 

a.  M o v e [to ]  th e account s director y th e fil e Data3 . 
•» •  S U C C E E DS a t  thi s leve l  (leve l  3 )  ** * 

b.  M o v e [to ]  th e account s director y [from ]  th e file  DataS . 

eventuall y succeed s a t  + 8 :  2  missin g cas e marker s an d 1  missin g require d cas e 

c M o v e [to ]  th e account s director y [on ]  th e file  Data3 . 
eventuall y succeed s a t  + 1 3 ;  sam e a s Sourc e c 

Location: 

a.  M o v e [in ]  th e account s director y th e file  Data3 . 
eventuall y succeed s a t  +5 , 1 missin g marke r  an d 1  missin g cas e 

b.  M o v e [in ]  th e account s director y [to ]  th e file  Data3 . 

eventuall y succeed s a t  + 8 , 2 markers .  1  cas e 
c.  M o v e [in ]  th e account s direaor y [in ]  th e fil e Data3 . 

eventuall y succeed s a t  + 1 3 ,  sam e a s Sourc e c 

Ste p 19 .  A  successfu l  pat h i s foun d a t  leve l  3 . 

Hypothesizin g th e existenc e o f  a  marke r  fo r  th e Destinatio n enable s ImperativeCaseFrame-Stra t  t o continu e th e secon d 

branc h o f  Figur e 4,(e) .  N o w "th e account s directory "  ca n b e picke d u p a s th e Destinatio n an d "th e file  Data3 "  a s th e 

unmarke d direc t  objec t  Sinc e bot h require d case s ar e boun d an d n o inpu t  remains ,  M U L T I P A R retur n th e foUowing 

instanc e a s it s representatio n o f  th e input ; 
(Actio n MOVE 

Deviation s (MissingMarke r  Destination ) 
Sourc e ( 

Is A FIL E 
Name (Data3 ) 
Descriptio n ( 

Quantifie r  (the)) ) 

I n ConstmintsiObiec t  DinctoryObjDt x >  Sourc e LogicaiDevictObjDeK \ 
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Destinatio n ( 
Is A FIL E 
Name (Oat«3 ) 
Director y (accounts ) 
Descriptio n ( 

Quantifie r  ( t h e ) ) ) ) " 

5. Conclusion 

M U L T I P AR i s no i  a  detaile d cognitiv e mode l  o f  h u m a n languag e processing .  I t  i s  a n attemp t  t o emulat e th e 

performanc e o f  human s i n comprehendin g natura l  languag e utterance s tha t  deviat e fro m stric t  grammatica l  standards . 

M U L T I P AR use s multipl e parsin g strategies ,  an d i s drive n b y a  "grammar "  o f  description s o f  entitie s relevan t  t o th e 

domai n o f  discourse .  Th e multipl e strategie s ar e abl e t o interpre t  th e entit y definition s i n a  variet y o f  ways .  S o m e o f  th e 

ways depen d o n th e surfac e languag e constiiueni s bein g i n th e grammaticall y correc t  place .  Othe r  ways ,  thoug h mor e 

computationall y expensive ,  rela x th e grammatica l  constraints ,  an d ar e thu s abl e t o handl e grammaticall y devian t  inpu t 

T o contro l  th e potentia l  fo r  exponentia l  growt h i n th e searc h spac e o f  a  parse r  tha t  accept s ungrammatica l  a s wel l  a s 
grammatica l  input ,  M U L T I P A R incorporate s a  contro l  mechanis m tha t  allow s possibl e parse s t o b e explore d i n orde r  o f 

increasin g degre e o f  ungrammaticality .  Al l  o f  thes e feature s o f  M U L T I P A R ar e essentia l  t o it s performanc e a s a  robus t 
natura l  languag e parser . 
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