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ABSTRACT 

A well-known difference between human language understanding and typical computational theories of language 
understandin g i s i n th e degre e t o whic h the y handl e partia l  o r  errorfu l  input :  computationa l  model s ar e comparativel y 
brittl e i n th e fac e o f  inpu t  whic h deviate s fro m th e norm .  I n languag e generatio n ther e i s a n analogou s problem ,  tha t 
of  selectin g a n appropriat e lexica l  entr y whe n ther e i s non e i n memor y whic h matche s th e pragmatic/semanti c inpu t 
t o generation .  Thi s pape r  present s a  localize d connectionis t  mode l  o f  robus t  lexica l  selectio n fo r  bot h languag e 
understandin g an d generation .  Processin g take s th e for m o f  patter n completion ,  wher e pattern s consis t  o f  complexe s 
of  semantic ,  morphosyntactic ,  an d pragmati c features .  Th e syste m i s presente d wit h portion s o f  suc h pattern s an d 
retrieve s others .  I n generatio n th e give n informatio n i s pragmatic/semanti c an d i n understandin g mainl y 
morphosyntactic .  Thi s approac h i s no t  onl y a  natura l  wa y o f  accommodatin g bot h understandin g an d generatio n bu t 
i t  als o foster s th e robustnes s tha t  i s  characteristi c o f  huma n languag e processors . 

ROBUSTNESS IN PARSING AND GENERATION 

A well-known difference between human language understanding and typical AI language 

understandin g program s i s i n th e degre e t o whic h th e tw o system s handl e partia l  o r  errorfu l  input . 

AI  system s ten d t o b e brittle ;  whe n th e inpu t  t o a  parse r  doe s no t  confor m t o an y o f  th e pattern s 

store d i n memory ,  th e syste m break s down .  People ,  o n th e othe r  hand ,  ar e remarkabl y goo d a t 

interpretin g linguisti c inpu t  whic h deviate s fro m th e norm .  Th e best-know n example s o f  th e 

robustnes s o f  th e huma n parsin g mechanis m ar e utterance s whic h ar e almos t  completel y devoi d o f 

syntax ,  ye t  remai n interpretabl e o n semanti c grounds : 

(1 )  mar y paychec k receiv e g o ban k deposi t 

Yet the phenomenon is more general that this. It includes on the one hand the handling of 

phonologicall y degrade d inpu t  an d o n th e othe r  th e recognitio n an d interpretatio n o f  lexica l  item s 

use d i n non-standar d ways .  Thi s pape r  i s concerne d wit h th e latte r  typ e o f  robustness .  Conside r 

th e followin g sentence ,  a  varian t  o f  on e actuall y produce d b y a  non-nativ e speake r  o f  English . 

(2 )  H e deposite d hi s propert y t o hi s friend . 

Th e intentio n o f  th e speake r  wa s t o describ e a  situatio n i n whic h th e acto r  leave s hi s valuable s wit h 

a frien d fo r  safekeepin g whil e h e i s  awa y o n business .  Th e us e o f  deposi t  i n thi s sentenc e i s 

decidedl y odd ,  ye t  a  nativ e listene r  o f  Englis h woul d hav e n o troubl e understandin g i t  i n context . 

Less attention has been paid-to the corresponding ability in language generation. Consider the 

proces s o f  lexica l  selection ,  a  centra l  componen t  i n generation ,  thoug h on e tha t  ha s no t  bee n th e 

subjec t  o f  m u c h researc h (Level t  &  Schriefers ,  1987) .  Give n a  se t  o f  semantic/pragmati c feature s 

associate d wit h a  particula r  lexica l  item ,  on e shoul d no t  expec t  tha t  al l  o f  thes e feature s wil l  b e 

presen t  i n th e inpu t  t o th e lexica l  selectio n process .  Rathe r  enoug h o f  th e feature s nee d t o b e 

presen t  fo r  th e appropriat e ite m t o b e selected .  Thu s i n thi s sens e th e inpu t  t o generatio n m a y b e 

incomplete ,  requirin g robustnes s i n th e lexica l  selectio n process . 

Lexical selection is made more difficult when input features conflict with features of lexical entries, 

tha t  is ,  whe n ther e i s n o entr y i n m e m o r y whic h matche s al l  o f  th e feature s t o b e conveyed .  Thi s 

woul d correspon d t o th e proble m o f  havin g somethin g t o sa y bu t  n o completel y appropriat e wa y o f 

sayin g it .  Secon d languag e speaker s ofte n fac e suc h problems .  I n general ,  speaker s see m agai n t o 

be abl e t o cope ;  the y identif y th e lexica l  ite m whic h doe s th e jo b bette r  tha n an y other .  Sentenc e (2 ) 
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above is a good example. The speaker may know deposit only in its sense of transferring money 
t o a  financia l  institution ,  bu t  i t  stil l  seem s th e bes t  availabl e word . 

There are good reasons why people are robust understanders and generators. The utterances 
whic h on e encounters ,  especiall y i n spoke n language ,  ar e ofte n deficien t  i n on e wa y o r  another , 
and eve n whe n the y ar e well-formed ,  th e perceptua l  apparatu s ma y fai l  t o pic k u p al l  o f  th e relevan t 
features .  Likewise ,  speaker s ar e force d t o ma p a n infinit e variet y o f  potentia l  discours e topic s ont o 
a finite  se t  o f  lexica l  item s an d structures .  O f  necessit y th e se t  o f  semantic/pragmati c feature s w e 
choos e t o conve y a t  an y give n tim e wil l  rarel y matc h thos e associate d wit h particula r  lexica l  items . 
I n bot h processe s robustnes s permit s th e syste m t o cop e wit h th e rang e o f  potentia l  inputs . 

PARSING AND GENERATION AS PATTERN COMPLETION 

There is general agreement on the desirability of accommodating both language generation and 
comprehensio n withi n th e sam e system ,  thoug h ther e i s disagreemen t  o n th e degre e t o whic h 
knowledg e ca n b e share d b y th e tw o processes .  A t  th e ver y least ,  peopl e certainl y lear n mos t  o f 
what  the y kno w abou t  generatin g languag e throug h th e proces s o f  parsin g language ,  an d thi s fac t 
implie s a  significan t  amoun t  o f  sharing .  Th e processe s themselves ,  whil e largel y th e revers e o f 
each othe r  i n term s o f  thei r  input s an d outputs ,  ca n bot h b e viewe d a s a  for m o f  patter n 
completion .  Tha t  is ,  i f  linguisti c pattern s ar e see n a s complexe s o f  semantic ,  morphosyntactic , 
and sometime s pragmati c features ,  th e processin g syste m i s give n som e o f  thes e an d mus t  retriev e 
others .  I n parsin g wha t  i s give n i s mainl y morphosyntactic ,  an d wha t  i s retrieve d i s semanti c an d 
pragmatic ,  thoug h availabl e semanti c and/o r  pragmati c feature s normall y guid e th e proces s a s well . 
I n generation ,  th e give n feature s ar e mainl y semanti c an d pragmati c an d th e retrieve d feature s 
morphosyntactic .  O n thi s view ,  no t  onl y d o bot h parsin g an d generatio n consis t  o f  th e completio n 
of  incomplet e patterns ;  bot h processe s mak e us e o f  th e sam e patterns . 

In certain connectionist models (Feldman & Ballard, 1982; Rumelhart, Hinton, & McClelland, 
1986 )  th e dominan t  mod e o f  processin g i s patter n completion .  I n thes e model s activatio n o n a  se t 
of  unit s representin g a  portio n o f  a  familia r  patter n tend s t o lea d t o th e activatio n o f  th e othe r  unit s 
tha t  tak e par t  i n th e pattern .  Thu s thi s approac h i s idea l  fo r  modelin g parsin g an d generatio n withi n 
a singl e system .  Fo r  parsing ,  processin g i s initiate d throug h th e activatio n o f  a  se t  o f  unit s 
representin g morphosyntacti c an d possibl y als o semanti c o r  pragmati c features ,  an d th e outpu t 
consist s o f  th e activatio n o f  unit s representin g a  complet e se t  o f  semanti c and/o r  pragmati c features . 
For  generatio n processin g i s initiate d throug h th e activatio n o f  a  se t  o f  unit s representin g primaril y 
pragmati c an d semanti c features ,  an d th e outpu t  consist s o f  th e activatio n (i n th e appropriat e 
sequence )  o f  unit s representin g words .  Association s withi n th e networ k ar e bidirectiona l  s o tha t 
activatio n ca n sprea d i n eithe r  direction . 

Pattern completion in connectionist models is designed to find the best characterization in memory 
fo r  a  give n se t  o f  inpu t  features .  Thu s i t  i s  admirabl y suite d t o th e proble m o f  copin g wit h error s 
or  missin g informatio n i n th e inpu t  t o understandin g an d generation . 

This paper discusses the robustness of lexical access in the connectionist lexical memory 
(CLM)  mode l  o f  sentenc e processing ,  a  localize d connectionis t  approach .  Th e mode l  i s 
implemente d i n a  progra m whic h generate s an d parse s simpl e Englis h sentences . 

A CONNECTIONIST FRAMEWORK FOR PARSING AND GENERATION 

The main features of the CLM model are the following: 
1.  Memor y consist s o f  a  networ k o f  node s joine d b y weighte d connections .  Th e system' s 

knowledg e i s embodie d entirel y i n thes e connections . 
2.  Concept s ar e represente d a s frame s consistin g o f  subnetwork s o f  th e memory . 
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3. The basic units of linguistic knowledge are subnetwork frames associating surface-level form 
directl y wit h function .  Thes e form-functio n mapping s compris e a n inventor y fro m whic h 
selection s ar e mad e durin g generatio n an d parsing . 

4.  Processin g consist s i n th e paralle l  sprea d o f  activatio n throug h th e networ k startin g wit h node s 
representin g inputs .  Th e amoun t  o f  activatio n spreadin g alon g a  connectio n depend s o n th e 
connection' s weight .  Activatio n o n node s decay s ove r  time . 

5.  Decisio n makin g take s th e for m o f  competitio n amon g set s o f  mutuall y inhibitin g node s an d 
th e eventua l  dominanc e o f  on e ove r  th e others . 

6.  Processin g i s mor e interactiona l  tha n modular .  Pragmatic ,  semantic ,  an d syntacti c informatio n 
may b e involve d simultaneousl y i n th e selectio n o f  unit s o f  linguisti c knowledge . 

The system exhibits robustness in that it can find patterns to match input even when there are no 
perfec t  matches .  Othe r  aspect s o f  huma n languag e processin g whic h ar e modele d includ e 
1)  parallelis m an d competition ,  2 )  primin g effects ,  3 )  a  combinatio n o f  top-dow n an d bottom-u p 
processing ,  4 )  flexibilit y  i n generation ,  5 )  speec h error s involvin g substitution ,  an d 
6)  knowledg e i n th e for m o f  tendencie s wit h degree s o f  associate d strengt h rathe r  tha n stric t  rule s 
or  constraints .  I n addition ,  th e mode l  accommodate s bot h generatio n an d parsing .  A n earlie r 
versio n o f  th e C L M mode l  i s  describe d i n detai l  i n Gasse r  (1988) . 

Linguistic Memory 

Memory in the model is a localized connectionist implementation of a semantic network similar to 
Fahlman' s N E T L (1979) .  I n N E T L ,  roles ,  suc h a s ACTOR,  COLOR,  an d SUBJECT,  tak e th e for m 
of  node s rathe r  tha n links ,  an d link s ar e confine d t o a  smal l  primitiv e se t  representin g i n particula r 
th e IS-A ,  HAS-A ,  an d DISTINCTNES S relations .  I n th e presen t  model ,  thes e link s ar e replace d b y 
pair s o f  weighted ,  directe d connection s o f  a  singl e type ,  on e connectio n fo r  eac h direction . 

Linguistic knowledge is integrated into the rest of memory. The basic units of linguistic 
knowledg e ar e generalization s o f  tw o type s o f  acts :  illocution s an d utterances .  I n thi s pape r  I 
wil l  b e onl y concerne d wit h th e latter .  A  generalize d utterance ,  o r  entry ,  i s  a  frame  (implemente d 
as a  networ k fragment)  associatin g a  morphosyntacti c patte m wit h a  se t  o f  semanti c an d possibl y 
als o contextua l  features .  Entrie s includ e frames  fo r  clauses ,  nou n phrases ,  adjectiv e phrases ,  an d 
prepositiona l  phrases .  The y ar e arrange d i n a  generalizatio n hierarch y wit h syntacti c structure s a t 
it s  mor e genera l  en d an d phrasa l  lexica l  entrie s a t  it s  mor e specifi c  end .  Thu s lexica l  entrie s i n th e 
model  ar e jus t  a  relativel y specifi c  typ e o f  entry .  A n entr y normall y ha s a  nod e representin g th e 
whol e phrase ,  on e o r  mor e node s representin g constituent s o f  th e phrase ,  an d on e o r  mor e node s 
representin g semanti c o r  pragmati c aspect s o f  th e phrase . 

Figure 1 shows a portion of the lexical entry for the verb deposit in the sense of 'leaving money in 
a bank' .  Node s ar e denote d b y rectangle s an d pair s o f  connection s b y lines .  Fo r  convenienc e 
frame  boundarie s ar e indicate d b y fuzz y rectangle s wit h rounde d corners ,  bu t  thes e boundarie s 
hav e n o significanc e i n processing .  Nod e name s likewis e ar e show n fo r  convenienc e only ;  the y 
ar e no t  accessibl e t o th e basi c procedures .  Name s o f  lexica l  entrie s begi n wit h a n asterisk ,  an d 
lower-cas e name s indicat e roles .  Th e lexica l  entr y show n i n th e figure ,  *DEPOSm,  associate s 
clause s havin g a  for m o f  th e wor d deposi t  a s thei r  mai n ver b wit h instance s o f  th e concep t  o f 
ABSTRACT-TRANSFER havin g M O N EY a s thei r  OBJECT an d BAN K a s thei r  DESTINATION .  Th e 
frame  i s represente d a s a  subtyp e o f  *ABSTRACT-TRANSFER,  th e genera l  fram e fo r  clause s 
referrin g t o instance s o f  ABSTRACT-TRANSFER.  Othe r  subtype s o f  thi s fram e includ e entrie s suc h 
as *GIVE ,  *SEND ,  an d *STEAL . 
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Figur e 1 :  Portio n o f  th e entr y fo r  depositin g mone y i n a  ban k 

Note that the *DEPOSITl entry includes the information needed to associate semantic and synactic 

roles .  Fo r  example ,  ther e i s a  connectio n joinin g th e SUBJECT^  constituen t  wit h th e A C T OR o f  th e 

instanc e o f  ABSTRACT-TRANSFER tha t  i s  bein g referre d to .  Likewis e th e DIRECT-OBJEC T an d IN -

CONSTITUENT (th e constituen t  wit h i n a s cas e marker )  ar e associate d wit h th e appropriat e semanti c 

roles .  I n th e *ABSTRACT-TRANSFER entr y onl y on e constituen t  i s show n i n th e figure ,  th e TO -

CONSTITUENT̂  whic h refer s t o th e RECIPIEN T o f  th e transfer .  Not e h o w thi s i s linke d t o th e 

correspondin g role s i n th e *DEPOSIT l  entry . 

Processing in General 

Each node in the network has at any given time an activation level. When the activation of a node 

reache s it s threshold ,  th e nod e fire s an d send s activatio n alon g al l  o f  it s  outpu t  connections .  Th e 

firin g o f  a  nod e represent s a  decisio n mad e b y th e system .  Fo r  example ,  th e selectio n o f  a n entr y 

matchin g a n inpu t  patter n i s represente d b y th e firin g o f  th e hea d nod e o f  th e entry .  Followin g 

firing ,  a  nod e i s inhibite d fo r  a n interva l  durin g whic h it s stat e i s unaffecte d b y input s fro m othe r 

nodes .  Afte r  thi s interva l  ha s passed ,  th e nod e recover s wit h a  smal l  amoun t  o f  positiv e activatio n 

and ca n b e furthe r  activate d fro m othe r  nodes .  Ther e i s als o a  deca y mechanis m reflectin g th e 

importanc e o f  recenc y i n processing :  th e activatio n leve l  o f  al l  node s decrease s a t  a  fixe d rate . 

The amount of activation spreading from one node to another is proportional to the weight on the 

connectio n fro m th e sourc e t o th e destinatio n node .  I n mos t  case s activatio n fro m mor e tha n on e 

sourc e i s require d fo r  a  nod e t o fu-e ;  thu s processin g i s oriente d aroun d intersection s o f  path s o f 

activation .  Connectio n weight s m a y als o b e negative ,  i n whic h cas e th e relationshi p i s a n 

inhibitor y one . 

Sometimes we want only one node from a set to fire at a given time. For example, in the 

generatio n o f  a  clause ,  th e syste m shoul d selec t  onl y on e o f  th e se t  o f  ver b lexica l  entries .  I n suc h 

Î n it s presen t  for m th e enU- y applie s t o activ e clause s only . 

^Th c syste m doc s no t  hav e knowledg e o f  indirec t  objects ,  tha t  is ,  constituent s referrin g t o th e RECIPIEN T (o r 
BENEFACTOR)  tha t  tak e n o cas e marker . 
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cases the members of the set form a network of mutually inhibiting nodes called a winner-take-
al l  ( W T A )  networ k (Feldrna n &  Ballard ,  1982) .  W h e n tw o o r  mor e o f  thes e node s receiv e 
activation ,  a  proces s i s initiate d b y whic h node s wit h mor e activatio n i n effec t  dra w activatio n fro m 
thos e wit h less .  Thi s usuall y result s eventuall y i n th e firin g o f  on e o f  th e nodes ,  a t  whic h poin t  th e 
winner-take-al l  proces s terminates . 

Language Processing 

Language processing can be viewed as a series of selections, each made on the basis of a set of 
factor s makin g quantitativ e contribution s t o th e decisions .  Durin g sentenc e generatio n th e item s 
selecte d includ e genera l  morphosyntacti c pattern s fo r  th e sentenc e an d it s constituent s (e.g. , 
STATEMENT,  COULD-YOU-QUESTION,  COUNTABLE-NP)  an d a  se t  o f  lexica l  item s t o fil l  th e slot s i n 
thes e patterns .  Durin g sentenc e analysi s th e item s selecte d includ e wor d senses ,  semanti c role s t o 
be assigne d t o referents ,  an d intention s t o b e attribute d t o th e speaker . 

In the CLM model the selection process is implemented in terms of 1) the parallel convergence of 
activatio n o n on e o r  mor e candidat e node s an d 2 )  th e eventua l  dominanc e o f  on e o f  thes e node s 
ove r  th e other s a s a  resul t  o f  mutua l  inhibitio n throug h a  W T A network .  Conside r  th e cas e o f 
lexica l  selectio n i n generation .  Activatio n converge s o n a  se t  o f  candidat e lexica l  entrie s startin g 
fro m node s representin g conceptua l  feature s o f  a n input .  An y numbe r  o f  entrie s ma y receiv e som e 
activatio n fo r  a  give n input ,  bu t  becaus e th e entrie s inhibi t  eac h othe r  throug h a  W T A network , 
onl y on e i s selected . 

Input to generation consists of a set of firing nodes representing a goal of the speaker. As 
activatio n spread s fro m th e inpu t  nodes ,  i t  converge s o n node s representin g a  genera l  patter n 
appropriat e fo r  th e goa l  type ,  fo r  example ,  th e STATEMENT pattern ,  an d a  se t  o f  pattern s 
appropriat e fo r  th e propositiona l  conten t  o f  th e goal .  Thes e includ e lexica l  pattern s suc h a s 
•DEPOSITl  an d *MONEY an d grammatica l  pattern s suc h a s PAST-CLAUSE an d INDEFINITE-NP . 

The same basic mechanism works for parsing. Input consists of firing nodes representing words. 
Thes e ar e presente d t o th e progra m a t  interval s o f  fou r  tim e steps .  Activatio n fro m th e wor d node s 
converge s o n entrie s fo r  lexica l  an d syntacti c patterns .  Fo r  ambiguou s word s ther e ar e tw o o r 
more entrie s whic h inhibi t  on e anothe r  throug h a  W T A network .  Lexica l  selectio n lead s t o th e 
firin g o f  conceptua l  node s representin g th e interpretatio n o f  th e input . 

Alongside entry selection, the basic processing mechanism also implements the temporary role 
bindin g tha t  i s necessar y fo r  bot h generatio n an d parsin g an d th e appropriat e outpu t  sequencin g 
of  constituent s tha t  i s require d fo r  generation .  Thes e aspect s o f  processin g ar e no t  discusse d 
furthe r  i n thi s paper ;  fo r  details ,  se e Gasse r  (1988) . 

AN EXAMPLE 

Parsin g 

Consider first the selection of the verb lexical entry that takes place during the parsing of sentence 
(2) .  A  mor e complet e versio n o f  th e entr y *DEPOSIT l  i s show n i n Figur e 2 .  Her e a n abbreviate d 
notatio n i s used .  Connection s betwee n hea d an d rol e node s ar e represente d b y indentation ,  an d 
connection s amon g role s withi n th e sam e fram e ar e represente d usin g a  care t  precedin g th e nam e o f 
th e rol e a t  th e othe r  en d o f  a  connection .  Thu s th e SOURCE rol e i n *DEPOSIT l  i s connecte d t o th e 
ACTOR rol e withi n th e same'frame .  Th e dotte d lin e separate s semanti c fro m morphosyntacti c 
feature s withi n th e entry . 
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(*DEP0SIT1 *ABSTRACT-TRANSFER ABSTRACT-TRANSFER 
(acto r  HUMAN) 
(objec t  MONEY) 
(sourc e "actor ) 
(recipien t  BANK) 
(duratio n TEMPORARY) 
(purpose l  PREVENT ;;kee p mone y saf e 

(objec t  LOSE 
(objec t  "object)) ) 

(purpose 2 INCREASE-VALUE ;;ear n interes t 
(objec t  "object))) ) 

(verb "DEPOSIT") 
(subjec t  '"actor ) 
(direct-objec t  "object ) 
(in-constituen t  "recipien t 

(case-marke r  "IN")) ) 

Figure 2: Entry for depositing money in a bank 

The system also has two other entries for the verb deposit, one meaning 'the PHYSICAL-TRANSFER 

of  MONEY int o a  VENDING-MACHINE' ,  th e Othe r  'th e PHYSICAL-TRANSFER o f  PARTICULATE-

MATTER ont o a  HORIZONTAL-SURFACE throug h th e actio n o f  som e NATURAL-FORCE'. 

During the parsing process, nodes representing both conceptual and formal features of the input are 

activated ,  an d thes e i n tur n activat e role s i n variou s entrie s a s path s o f  activatio n intersec t  there . 

For  sentenc e (2) ,  th e parsin g o f  th e subjec t  result s i n th e firin g o f  th e A C T OR an d SUBJECT role s i n 

*DEPOSITl  a s wel l  a s th e correspondin g role s i n al l  entrie s wit h a  SUBJECT referrin g t o a  H U M AN 

ACTOR.  Th e recognitio n o f  th e ver b cause s th e VER B rol e t o fir e i n th e thre e entrie s whic h hav e 

deposi t  i n thi s slot .  Th e appearanc e o f  th e direc t  object ,  however ,  doe s no t  strongl y activat e th e 

DIRECT-OBJECT an d OBJECT role s i n an y o f  thes e entrie s becaus e i n sentenc e (2 )  th e direc t  objec t 

refer s no t  t o mone y o r  particulat e matte r  bu t  t o som e unspecifie d property .  Th e sam e i s tru e fo r  th e 

IN-CONSTITUENT.  I n thi s cas e th e inpu t  deviate s i n tw o way s fro m wha t  appear s i n th e *DEPOSIT l 

entry :  th e referen t  i s  no t  a  BANK,  an d th e CASE-MARKER i n th e constituen t  i s no t  "IN" . 

At this point, the most strongly competing entries are *DEPOSITl and *DEP0SIT2 ('put money in a 

vendin g machine') .  I n bot h case s th e entr y hea d node s receiv e activatio n fro m thei r 

SUBJECT/ACTOR role s (becaus e the y ar e linke d t o H U M A N)  an d from  thei r  V E R B role s (becaus e 

the y ar e linke d t o "DEPOSIT") .  Her e w e ca n imagin e a  variet y o f  informatio n tha t  a  huma n 

understande r  migh t  us e i n selectin g on e o f  th e tw o lexica l  entrie s ove r  th e other .  Thi s syste m i s 

currentl y no t  sophisticate d enoug h t o mak e elaborat e inferences ,  an d i t  need s som e hel p fro m th e 

context .  I n thi s case ,  w e assum e tha t  th e contex t  ha s le d th e syste m t o expec t  tha t  th e acto r  wil l 

want  t o protec t  hi s property .  Thi s lead s t o th e firin g o f  th e PURPOSE 1  rol e i n *DEPOSITl , 

providin g th e extr a activatio n tha t  thi s entr y need s t o wi n ou t  ove r  *DEP0SIT2 .  Figur e 3  illustrate s 

th e competitio n betwee n *DEPOSIT l  an d *DEP0SIT2 .  Th e fuzz y lin e denote s a n inhibitor y 

connection ,  th e thic k blac k border s firin g nodes ,  an d th e arrow s th e pat h o f  activatio n spread . 

Once the head node for *DEPOSITl has fired, it leads to the firing of more general entries 

associate d wit h thi s one ,  i n particular ,  *ABSTRACT-TRANSFER.  *ABSTRACT-TRANSFER contain s 

th e informatio n tha t  th e constituen t  referrin g t o th e RECIPIEN T i s normall y marke d wit h to .  Th e 

firing  o f  th e nod e fo r  thi s constituen t  provide s th e extr a activatio n neede d fo r  th e RECIPIEN T rol e i n 

*DEPOSITl  t o fire,  allowin g th e syste m t o recogniz e tha t  th e frien d referre d t o i n th e phras e 
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Figur e 3 :  Competitio n betwee n tw o entrie s durin g parsin g 

following to is the intended recipient of the property. For details on how this temporary role 

bindin g proces s works ,  se e Gasse r  (1988) . 

Generation 

Consider now the generation of sentence (2). Assume the speaker has an entry like the one in 

Figur e 2  excep t  tha t  sh e doe s no t  k n o w tha t  th e appropriat e cas e marke r  fo r  thi s sens e i s in . 

At the point in generation where the verb entry selection is to take place, a number of nodes 

representin g th e inpu t  concep t  wil l  hav e fired.  A s activatio n spread s fro m thes e nodes ,  i t  wil l 

intersec t  o n th e role s o f  som e entries .  Withi n *DEPOSITl ,  th e ACTOR,  S O U R C E,  RECIPIENT , 

DURATION,  an d PURPOSE 1  (protectin g th e transferre d property )  role s wil l  fire,  whil e th e OBJECT 

role ,  whic h i s a n instanc e o f  PROPERTY rathe r  tha n M O N E Y,  an d th e PURPOSE2 (earnin g interest ) 

role ,  whic h i s no t  applicabl e i n thi s case ,  wil l  no t  fire.  Th e firing  role s sen d activatio n t o th e hea d 

nod e o f  th e entry ,  whic h als o receive s activatio n firo m ABSTRACT-TRANSFER.  Th e hea d nod e 

compete s vi a a  W T A networ k wit h othe r  ver b lexica l  entries ,  includin g som e whic h wil l  als o hav e 

significan t  activation ,  suc h a s th e entr y fo r  give .  Th e W T A networ k see s t o i t  tha t  onl y on e o f  th e 

entr y hea d node s fires. 

The *GIVE entry, like *DEPOSITl, is associated with the general notion of ABSTRACT-TRANSFER. 

Lik e * D E P O S m,  i t  include s th e informatio n tha t  th e A C T OR an d S O U R CE o f  th e transfe r  ar e th e 

same,  bu t  fo r  *GIV E ther e i s a  tendenc y fo r  th e DURATIO N o f  th e transfe r  t o b e P E R M A N E N T.  Fo r 

th e example ,  *GIV E receive s inpu t  fro m ABSTRACT-TRANSFER an d fro m th e A C T OR an d S O U R CE 

roles .  *DEPOSITl ,  o n th e othe r  hand ,  receive s inpu t  fro m it s RECIPIEN T an d DURATIO N role s (an d 

other s no t  show n i n th e figure)  i n additio n t o ABSTRACT-TRANSFER an d th e A C T OR an d S O U R CE 

roles .  *DEP0SIT 1 win s ou t  ove r  *GIV E becaus e o f  th e activatio n receive d fro m a  greate r  numbe r  o f 

matchin g role s exactl y a s thi s happen s amon g competin g entrie s durin g parsing . 

RELATED WORK 

Work on robust parsing within traditional symbolic fi^ameworks has focused on problems of 

unfamilia r  lexica l  item s (e.g. ,  Zemik ,  1987 )  o r  ungrammaticalit y  (e.g. .  Fain ,  Carbonell ,  Hayes ,  & 

Minton ,  1985) .  Withi n th e connectionis t  paradigm ,  McClellan d &  Kawamot o (1986 ) 

demonstrate d tha t  connectionis t  model s ar e wel l  suite d t o th e proble m o f  mappin g syntacti c t o 

semanti c cas e i n th e presenc e o f  nove l  verb s o r  missin g arguments .  I n thi s paper ,  th e focu s ha s 

been o n accessin g entrie s fo r  know n lexica l  items ,  give n inpu t  tha t  deviate s fro m tha t  foun d i n th e 

entries .  Whil e th e mode l  require s refinemen t  an d furthe r  testin g befor e i t  ca n b e show n t o handl e 

al l  o f  th e categorie s o f  inpu t  tha t  thes e othe r  approache s do ,  i t  i s fel t  tha t  thes e othe r  type s o f 

processin g difficultie s wil l  b e accommodate d withi n th e singl e genera l  framewor k propose d here . 

Robustness in generation, on the other hand, has not come up in the literature. The generation 

wor k mos t  closel y relate d t o th e presen t  approac h i s tha t  o f  Kukic h (1987 )  an d W a r d (1988) . 

Kukic h traine d a  connectionis t  networ k t o associat e semanti c feature s wit h phrasa l  idioms .  Whil e 

sh e di d no t  specificall y addres s th e issu e o f  robustness ,  i t  i s clea r  tha t  he r  syste m woul d b e abl e t o 
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handle noisy or incomplete input. However, the fact that there are no roles in her model makes the 
representatio n o f  constituenc y i n concept s an d pattern s unwield y i f  no t  impossible .  War d use s a 
spreadin g activatio n approac h t o mode l  generatio n a s a  creativ e process .  Thus ,  a s i n thi s paper ,  h e 
i s concerne d wit h th e fac t  tha t  ther e ar e ofte n n o simpl e mapping s betwee n set s o f  inpu t  feature s 
and lexica l  entries .  However ,  h e doe s no t  mak e us e o f  th e competitio n amon g entrie s tha t  seem s t o 
be require d t o dea l  wit h inpu t  feature s tha t  d o no t  matc h an y entr y i n a  straightforwar d way . 

Unlike the current approach, none of the models discussed here handles lexical selection in both 
parsin g an d generation . 

CONCLUSIONS AND FUTURE WORK 

In this paper I have characterized robustness as a general feature desirable in both language 
understandin g an d generatio n system s an d hav e describe d a  mode l  whic h handle s lexica l  selectio n 
i n term s o f  th e genera l  mechanis m o f  patter n completion .  Thi s mechanis m no t  onl y provide s a 
natura l  wa y o f  treatin g understandin g an d generatio n a s simila r  sort s o f  processe s operatin g o n th e 
same memory ;  i t  i s  ideall y suite d t o copin g wit h inpu t  tha t  doe s no t  correspon d precisel y t o th e 
pattern s store d i n linguisti c memory . 

Current work is concerned with transforming the localized memory of the CLM model to a 
distribute d memory .  Th e advantage s o f  distribute d representation s includ e th e availabilit y  o f 
relativel y simpl e learnin g algorithms ;  a  mor e efficien t  us e o f  memory ;  toleranc e t o damag e t o 
memory;  an d mor e direc t  interactio n amon g th e relevan t  features ,  on e tha t  i s no t  mediate d b y hea d 
node s an d b y th e level s i n is- a hierarchies . 
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