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Abstrac t 

The paper introduces a general model of recovery from 
error s i n parsing .  Th e mechanis m propose d return s 
selectivel y o n th e choic e points ,  i n orde r  t o identif y th e 
one tha t  wa s badl y resolved ,  an d coul d hav e cause d th e 
error .  Then ,  i t  select s a n alternativ e previousl y discarde d 
and finall y selectivel y repair s th e appropriat e fragment s 
betwee n th e ambiguou s regio n an d th e breakdow n region . 
Bot h th e psycholinguisti c an d th e computationa l  feature s 
of  th e mode l  ar e pu t  i n evidence . 

I n t r o d u c t i o n 

The resoluiion of syntactic ambiguities has received much 
aiientio n i n th e literature .  Attachmen t  preference s hav e bee n 
devise d wit h bot h th e goal s o f  explainin g th e behavio r  o f  th e 
human parse r  (Kimball ,  1973 ;  Frazie r  &  Fodor ,  1978 ;  Ford , 
Bresna n &  Kaplan ,  1982 )  an d equippin g a  syste m wit h a n 
efficien t  mechanis m fo r  th e selectio n o f  a  promisin g 
syntacti c structur e (Shieber ,  1983 ;  Hobb s &  Bear .  1990 ; 
Huyc k &  Lytinen ,  1993) ;  part-of-speec h disambiguatio n ha s 
bee n deal t  wit h i n th e contex t  o f  deterministi c parser s 
(Milne ,  1986 )  an d automati c tex t  taggin g (Church ,  1988 ; 
DeRose,  1988 ;  Hindle ,  1989) . 

So far ,  cognitiv e model s hav e m a d e muc h progres s i n 
accountin g fo r  th e initia l  preference s i n huma n parsin g an d 
i n characterizin g garden-pat h sentences ;  automati c system s 
hav e improve d th e capabilit y o f  reducin g th e siz e o f  th e 
searc h spac e b y selectin g plausibl e structure s accordin g t o 
cognitiv e an d computationa l  criteri a an d restricte d domai n 
knowledge .  Pat h selectio n trie s t o optimiz e loca l  operations , 
when onl y th e curren t  inpu t  phras e an d som e portion s o f 
syntacti c (i n incrementa l  processin g als o semanti c an d 
contextual )  structure s ar e accessible . 

However ,  th e bes t  loca l  choic e ca n tur n ou t  t o b e wrong . 
Most  model s o f  huma n parsin g roughl y distinguis h tw o 
classe s o f  failures ,  irrecoverabl e garden-path s an d simpl e 
locall y revisabl e sentences ;  mos t  syste m architecture s 
includ e bookkeepin g mechanism s tha t  avoi d blin d 
backtracking .  Computationa l  model s o f  recover y ar e ver y 
rar e i n th e literature . 

The goa l  o f  thi s pape r  i s t o introduc e a  genera l  mode l  o f 
recover y tha t  Lake s cognitiv e insight s a s a  startin g point . 
The mode l  ha s bee n teste d o n a  se t  o f  heuristic s tha t  recove r 
some well-know n case s o f  breakdown ,  reporte d i n th e 
literatur e o n syntacti c ambiguit y an d garde n pat h theory . 

Th e organizatio n o f  th e pape r  i s  a s follows .  Th e nex t 
sectio n introduce s th e parsin g process ,  i n orde r  t o understan d 

what  situatio n th e syste m encounter s a t  th e breakdow n 
point ,  i n term s o f  activ e structure s an d abandone d paths .  Th e 
recover y mechanis m i s  describe d i n th e thir d section ,  b y 
considerin g th e specifi c  phase s tha t  compos e th e globa l 
process .  Finally ,  som e conclusio n an d comment s o n th e 
relate d wor k ar e reported .  Th e appendi x report s a  smal l 
subse t  o f  th e sentence s use d fo r  testing . 

The Parsing Algorithm 

The parsing algorithm goes left-to-right, pursuing a 
selectiv e top-dow n strateg y tha t  join s th e predictiv e powe r  o f 
top-dow n parser s an d th e bottom-u p filte r  provide d b y 
scannin g th e categor y o f  th e wor d i n input .  Thi s strateg y 
account s fo r  tw o aspect s o f  th e huma n processor :  o n on e 
hand ,  th e facilit y o f  committin g syntacti c expectations ,  o n 
th e other ,  th e data-drive n triggerin g o f  suc h a  facility .  A t  th e 
point s o f  non-determinism ,  th e parse r  pursue s a  limite d for m 
of  parallelism ,  i n orde r  t o evaluat e th e bes t  pat h t o follow . 
I n thi s phas e th e parse r  take s advantag e o f  th e notio n o f 
compac t  representatio n (subtre e sharin g an d loca l  packin g 
(Tomita ,  1987) )  i n orde r  t o avoi d duplicatin g th e sam e 
structur e o n severa l  path s (fig .  la) .  S o m e part s o f  th e 
structur e canno t  b e share d b y al l  th e paths :  fo r  instance ,  th e 
thre e edge s NP-PP ,  VP-PP ,  S-PP ,  i n fig .  l a ar e mutuall y 
exclusive .  T o signa l  tha t  som e element s canno t  occu r 
togethe r  i n th e sam e structure ,  th e processo r  label s the m 
wit h indices :  a n inde x ha s th e for m i.j ,  an d identifie s th e j-t h 
alternativ e fo r  th e i-t h poin t  o f  no n determinism .  Element s 
labelle d i. j  canno t  cooccu r  wit h element s labelle d i.k ,  k̂ ĵ . 
Give n th e top-dow n characte r  o f  th e parsin g process ,  a n 
inde x associate d wit h a n elemen t  i s intende d t o labe l  th e 
whol e subtre e roote d i n it .  Th e part s o f  th e structur e tha t  d o 
not  depen d o n a  particula r  choic e ar e lef t  unlabelle d an d ar e 
meant  t o belon g t o th e structur e whateve r  pat h i s followed . 
A pat h i s precisel y define d a s a n exhaustiv e se t  o f  indice s 
tha t  ca n cooccur ,  wher e exhaustiv e mean s tha t  th e se t 
contain s a t  leas t  on e representativ e o f  eac h ambiguit y 
encountered ,  and ,  becaus e o f  cooccurrence ,  i t  contain s 
exactl y one .  Th e structur e tha t  correspond s t o a  pat h i s on e 
possibl e parse . 

The pat h t o follo w result s fro m a n evaluation ,  i n term s o f 
syntacti c preferenc e an d semanti c consistency ,  o f  th e variou s 
partia l  structure s buil t  i n th e paralle l  phase .  O n e parse , 
calle d th e aciiv e pars e an d correspondin g t o a  specifi c  path , 
i s selecte d fo r  continuation .  Th e remainin g partia l  structure s 
ar e no t  deleted ,  eve n i f  no t  reachabl e i n th e currentl y aciiv e 
path ,  an d ar e possibl y reconsidere d i n th e recover y phase . 
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Figur e 1 .  T w o snapshot s i n parsing :  th e structure s ar e simplifie d t o poin t  ou t  th e inde x mechanism . 

Let  u s conside r  th e analysi s o f  th e sentenc e "Joh n sen t  th e 
boo k o n th e tabl e t o Anne "  (se e fig .  1) .  Th e attachmen t  o f 
"o n th e table "  i s  ambiguou s (fig .  la )  an d th e thre e 
alternative s ar e labelle d l.j ,  j £ (1 ,  2 ,  3} .  Th e thre e 
possibilitie s ar e mutuall y exclusiv e an d th e structur e i n fig. 
l a actuall y represent s thre e partia l  parses ,  eac h includin g jus t 
one o f  th e attachments . 

Attachmen t  preference s lea d t o a  preferre d structur e (th e 
alternativ e whic h i s preferre d i n fig.l b (1.1 )  correspond s t o 
Lat e Closure) .  Finally ,  th e las t  P P i s  attache d t o V P 
withou t  ambiguity ,  becaus e o f  th e subcategorizatio n 
constraint s give n b y "sent "  an d th e preferre d attachmen t  o f  a 
PP heade d b y "to "  t o a n aciio n (sent )  rathe r  tha n a n object . 
(table ,  book) .  Th e inde x 1. 1 als o label s th e ne w attachmen t 
becaus e V P ha s bee n mad e reachabl e afte r  th e selectio n o f 
1. 1 a t  th e previou s non-deterministi c poin t  (compar e wit h 
selectin g 1. 2 o r  1.3) . 

Recovery 

Psycholinguislic literature has not paid much attention to 
th e proble m o f  recovery ,  eve n i f  a  mor e o r  les s explici t 
mechanis m ha s bee n widel y conjectured ,  give n th e garde n 
pat h phenomen a an d th e genera l  limitation s o f  th e workin g 

m e m o r y ^ .  O n e o f  th e result s o f  th e psycholinguisti c 
researc h ha s bee n th e selectiv e rcanalysi s hypothesi s (Frazic r 
& Rayner ,  1982) ,  whic h suggest s th e existenc e o f  a  huma n 
capabilit y t o "quickl y identif y th e sourc e o f  a n erroneou s 
analysi s o f  temporaril y  ambiguou s material" . 

I n term s o f  a  computationa l  model ,  a n "intelligent " 
recover y mechanis m shoul d no t  tr y ou t  eac h choic e poin t 
(lik e a  standar d backtrackin g procedure) ,  bu t  shoul d carr y o n 
a selectiv e search .  Th e expectation s tha t  remai n unsatisfie d 
i n th e currentl y activ e pars e an d th e feature s carrie d b y th e 
inpu t  materia l  tha t  cause d th e breakdow n (include d a 
prematur e en d o f  sentence )  for m a  bod y o f  informatio n tha t 
guide s a  heuristic-base d searc h o f  choic e points .  Onc e th e 
wron g choic e i s identified ,  th e sam e informatio n contribute s 
t o selec t  a n alternativ e choic e amon g thos e previousl y 
discarded .  Finally ,  th e activ e pars e i s repaire d complyin g 
wit h th e pat h change . 

The recover y mechanis m presente d i n thi s pape r  take s th e 
selectiv e reanalysi s hypothesi s a s a  startin g point .  Th e 
model  (fig .  2) ,  tha t  ha s bee n equippe d wit h a  se t  o f 
heuristic s tha t  accoun t  fo r  c o m m o n breakdown s reporte d i n 
th e literature ,  consist s o f  thre e phases :  erro r  diagnosis ,  tha t 
u-anslate s th e informatio n availabl e a t  th e breakdow n poin t 
int o a  uniqu e symbol ;  selectio n o f  a n activ e inde x i. j  an d 
proposa l  o f  a n alternativ e inde x i. k  (k?tj) ,  give n th e erro r 
diagnose d an d th e activ e structure ;  repai r  o f  th e element s o f 
th e representatio n labelle d i.j .  Thes e phase s ar e describe d i n 
detai l  i n th e followin g sections . 

Diagnosis 

The output of the diagnostic module is an error type, a 
symbol  tha t  convey s th e usefu l  informatio n availabl e a t  th e 
breakdow n point .  Th e taxonom y o f  th e possibl e error s i s 
show n i n fig.  3 .  Ther e ar e tw o majo r  erro r  classes :  Extra , 
tha t  indicate s linguisti c materia l  i n exces s wit h respec t  t o 
th e expectations ,  an d Missing ,  tha t  indicate s tha t  a n elemen t 
tha t  wa s expecte d i s  "missing" .  Th e erro r  i s  mor e 
informativ e i f  i t  i s  possibl e t o identif y th e syntacti c categor y 
of  a  phras e i n exces s (e.g .  Extra-NP )  o r  expecte d (e.g . 
Missing-Verb )  o r  th e grammatica l  relatio n deducibl e fro m 
th e surfac e for m o f  a  phras e (e.g .  sh e Extra-Subj )  o r 
predicte d b y th e currentl y activ e subcategorizatio n fram e 
(e.g .  Missing-Obj) .  Th e lo w level s o f  th e taxonom y (no t  i n 
th e figure)  contai n ver y specifi c  type s tha t  accoun t  fo r 
furthe r  syntacti c features ,  lik e gender ,  number ,  finiteness  o f 
verb s 

(diagnostics) ^ 

erro r  cod e 

/^SELECTIO N O F A N 

ALTERNATIVE PAT H 
i -

<i.j ,  i.k > 

syntacti c structur e 

/ 
o 

Q 
/ 

K 

1 
R E P A I R 

'Som e exception s t o tlii s  claimin g ar e summarize d i n sectio n 5 . Figur e 2 .  Th e recover y model . 
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Error-Typ e 

Extra-Type Nlissing-Type pe Mi s 

/  \  /  \ 
Extra-Ca t  Extra-Cas e Missing-Ca t  Missing-Cas e 

Figur e 3 .  Taxonom y o f  erro r  types :  th e leave s ar e 
omitte d (the y depen d o n th e specifi c  gramma r  an d 
subcategorizatio n frames) . 

Here are some examples of garden paths, that if interpreted 
i n a n unbiase d contex t  originat e th e erro r  type s i n brackets : 

1) The horse raced past the bam/e// (Bever, 1970) 

{Extra-Verb ) 
2)  Th e prim e numbe r  fe w 0  (Milne ,  1982 )  (Missing-Verb ) 

3)  Tha t  informatio n i s importan t  i s  doubtfu l  (Tomita ,  1987 ) 

(Extra-Verb ) 
4)  I  gav e h£ r  foo d fo r  th e do g 0  (Missing-Recipient ) 

The breakdown point is indicated by a word in italics or 
th e symbo l  0  (en d o f  sentence) ;  th e ambiguit y point ,  wher e 
th e wron g choic e wa s made ,  i s  underlined . 

Th e diagnosti c modul e i s a  se t  o f  rule s tha t  tak e int o 
accoun t  th e situatio n a t  th e moment  o f  th e breakdown ,  i n 
term s o f  th e feature s o f  th e inpu t  wor d an d o f  structure s 
built ,  an d produc e a n erro r  symbol .  Mos t  breakdown s ar e 
covere d b y tw o ver y intuitiv e rules ,  namel y 
R l )  I F th e inpu t  phras e i s o f  categor y Ca t 

T H EN retur n Extra-Ca t 
R 2)  Le t  N  b e a  nod e 

I F end-of-sentenc e & 
a phras e o f  categor y Cat .  expecte d a s a  dependen t 

of  N ,  i s missin g 
T H EN retur n MissingCa t 

Specifi c  rule s diagnos e mor e informativ e erro r  symbols : 
R3)  I F th e inpu t  wor d i s a  finit e ver b & 

no subjec t  fo r  i t  ha s bee n foun d ye t 
T H EN retur n Missing-Sub j 

Eac h erro r  symbo l  cover s a  se t  o f  breakdow n phenomena : 
erro r  symbol s ar e determine d empiricall y an d thei r  numbe r 
depend s o n th e siz e o f  th e gramma r  an d th e expertis e o f  a 
syste m i n recovery .  A  subse t  o f  th e sentence s use d fo r 
testin g th e mode l  i s  displaye d i n th e appendix ,  togethe r  wit h 
th e erro r  cod e detected . 

Selection of an alternative path 

The goal of this phase is to identify an active choice i.j that 
le d t o th e breakdown .  Eac h erro r  cod e ha s a  searc h procedur e 
associated ,  tha t  select s i n th e activ e pars e a n elemen t  that , 
accordin g t o som e heuristic ,  coul d b e "related "  t o th e erro r 
code .  I f  thi s elemen t  i s labelle d wit h a n inde x (i.j) ,  thi s 
means tha t  it s constructio n wa s th e resul t  o f  a  preferenc e 
matte r  rathe r  tha n a  deterministi c process ,  and ,  then ,  i t  coul d 
be a  candidat e fo r  revision .  A n alternativ e inde x i.k ,  tha t 
satisfie s som e furthe r  conditions ,  i s  returned .  Th e searc h 

procedure s incorporat e som e rational e underlyin g th e erro r 
type .  Fo r  instance ,  i n th e cas e o f  Extra-verb ,  i t  coul d b e 
guesse d (se e S I  below )  tha t  som e wor d encountere d wa s 
incorrectl y parse d a s th e (current )  verb ,  thu s preventin g th e 
correc t  parsin g o f  th e curren t  inpu t  wor d ("raced "  i n ex .  1) . 
Her e ar e som e examples : 

Extra-Verb 
SI )  Searc h fo r  a  verba l  nod e labelle d wit h a n inde x i. j 

- > Retur n i. k  suc h tha t  introduce s a  ver b expectatio n 
S2)  Searc h a  subcategorizatio n fram e curretl y activ e suc h 
that : 

1.  i t  i s  labelle d wit h i. j 
2.  th e correspondin g ver b ha s a n alternativ e 

subcategorizatio n {labelle d i.k )  tha t  contain s a 
clausa l  complemen t 

- > Retur n i. k 

Extra-Subj 
S3)  Searc h fo r  th e curren t  SUBJ ,  sa y N P m,  labelle d wit h i. j 

•- > Retur n i. k suc h tha t  N P m i s no t  S U B J 

Missing-Subj 
S4)  Searc h fo r  th e N P immediatel y precedin g th e inpu t  ver b 

suc h tha t  it s  attachmen t  i s labelle d wit h a n inde x i. j 
" > Retur n i. k suc h tha t  N P i s S U B J 

The refinement of the error types guarantees the non-
overlappin g o f  th e applicabilit y  condition s fo r  th e searc h 
procedures :  a t  th e moment ,  th e testin g o n th e searc h 
procedure s hav e produce d incouragin g results ,  sinc e n o 
conflict s arose . 

Repair 

The last phase involves the adjustment of the syntactic 
structur e accordin g t o th e ne w activ e pat h give n b y th e 
previou s pat h wher e iJ c ha s replace d i.j .  Th e first  ste p i s t o 
includ e i n th e activ e pars e th e elemen t  E ,  labelle d i.k ,  tha t 
was selecte d i n th e previou s phase .  Then ,  repai r  compute s 
th e ne w node s suitabl e fo r  expansio n an d start s a  forwar d 
processin g tha t  i s ver y simila r  t o th e parsin g algorith m 
outline d abov e wit h som e differences .  Th e ai m i s t o sav e 
computatio n tim e b y reusin g thos e structure s tha t  ar e 
compatibl e wit h th e ne w activ e path ,  becaus e no t  dependen t 
on th e choic e indexe d i. j  tha t  reveale d t o b e wrong . 

The repairin g phas e i s describe d b y th e algorith m i n fig. 
4.  Th e repairin g phas e (se e fig.  4 )  "re-parses "  th e word s 
comprise d betwee n th e ambiguou s regio n (BEGIN) ,  jus t 
repaire d wit h th e ne w selection ,  an d th e disambiguatin g 
regio n ( E N D ) ,  wher e th e breakdow n occurred .  "Re-parsing " 
i s ver y simila r  t o th e syntacti c analysi s illustrate d i n sectio n 
2 wit h on e majo r  difference :  i f  th e wor d i n inpu t  i s alread y 
parse d i n a  structur e S  tha t  i s  stil l  activ e afte r  th e chang e o f 
pat h (i t  doe s no t  depen d o n th e wron g choice) ,  the n onl y th e 
attachmen t  t o th e ne w activ e structur e i s recompute d and ,  i n 
cas e o f  ambiguity ,  th e bes t  attachmen t  o f  S  i s evaluate d an d 
th e "re-parsing "  jump s t o th e inpu t  wor d tha t  come s afte r  S ; 
otherwis e w  i s parse d i n th e usua l  way .  W h e n th e "rc -
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parsing "  arrive s a t  th e inpu t  wor d tha t  cause d th e breakdown , 
th e parsin g proces s i s restarte d t o finis h th e analysis . 

set  B E G I N t o th e rightmos t  wor d i n th e 
ambiguou s regio n selecte d i n th e phas e 2 

set  E N D t o th e th e curren t  inpu t  wor d 
fo r  eac h wor d w  from  B E G I N t o E N D df l 

comput e th e se t  o f  reachabl e node s 
i f  w  alread y belong s t o a  s&uctur e S  tha t  i s 

activ e i n th e ne w pat h 
the n 

comput e th e possibl e attachment s o f  th e 
structur e S  t o th e reachabl e node s 

selec t  th e bes t  attachmen t 
jum p t o th e firs t  inpu t  wor d tha t  follow s 

th e structur e S 
els e pars e w 

Figur e 4 .  Th e repairin g algorithm . 

An Example 

The syntactic structure adopted in our implementation is a 
dependenc y tre e (se e fig .  5) ,  a  se t  o f  binar y head-modifier s 
relation s ove r  th e words ,  tha t  represen t  th e predicate -
argumen t  structur e o f  th e sentence. ^  Th e top-dow n left-to -
righ t  parsin g algorith m "creates "  node s o f  a  certai n syntacti c 
categor y an d the n "fills "  the m wit h on e inpu t  word .  Th e 
correc t  pars e o f  th e exampl e sentence ,  "Thoug h Hild a finall y 
agree d t o sin g th e song s sh e chos e turne d ou t  t o b e jus t 
awful" ,  i s  represente d i n fig .  5  (i n th e followin g figures ,  fo r 
th e sak e o f  simplicity ,  w e wil l  omi t  th e relatio n label s o n 
th e arcs) . 

though ' 

turne d 
p \ \  v-comp l s-comp l 

fub j 
\  song s ou t  t o 

re d d e ^  \r-claus e Y^c d 

agreed the chose be 

^"bj/Cadv /  >^-comp l  Luh ) 

Hilda finally to she 
\pre d 

\pre d 

awful 
aadv / 

Sin g jus t 

Figur e 5 .  Dependenc y tre e o f  th e sentenc e T h o u g h 
Hild a finall y agree d t o sin g th e song s sh e 
chos e turne d ou t  t o b e jus t  awful .  Th e wor d 
orde r  i s give n b y th e orientatio n o f  th e arcs .  Label s o n 
arc s represen t  th e function s o f  modifiers ,  an d ar e use d i n 
th e semanti c interpretation . 

The respectiv e merit s o f  constituenc y an d dependenc y 
approache s a s wel l  a s th e relativ e mathematica l  powe r  ar e 
discusse d i n a  numbe r  o f  publications .  Th e choic e o f  thi s 
structur e doe s no t  affec t  th e generalit y o f  th e recover y model . 

Afte r  th e unambiguou s parsin g o f  "Thoug h Hild a finall y 
agreed "  a s a  sententia l  complemen t  o f  a  "yet-to-come "  mai n 
ver b (empt y lef t  sid e o f  nod e V I  i n fig.  6) ,  th e attachmen t  o f 
"t o sing "  i s compete d betwee n a n Earl y Closur e o f  "agreed" , 
as woul d b e require d b y 
Thoug h Hild a finally  agreedi. )  t o sin g thos e song s sh e ough t 

t o b e a  sopran o 
and a  Lat e Closure ,  a s i n 
Thoug h Hild a finally  agree d t o sing(, }  th e song s sh e chos e 

turne d ou t  t o b e jus t  awfu l 
givin g th e attachmen t  labelle d 1. 2 an d 1. 1 respectivel y (fig . 
6) .  I f  w e follo w th e L C preferenc e (1.1) ,  th e attachmen t  fo r 
"th e songs "  i s ambiguou s betwee n a n E C an d a  L C o f 
"sing" ,  a s exemplifie d b y th e tw o possibl e continuation s 
Thoug h Hild a finally  agree d t o sing{. )  th e song s sh e chos e 

turne d ou t  t o b e jus t  awfu l 
Thoug h Hild a finally  agree d t o sin g th e songs(, )  sh e chos e 

ver y awfu l  tune s 
I f  w e prefe r  agai n L C (2. 1 i n fig .  6 ) ,  w e hav e tw o 
attachment s fo r  "she" ,  namel y "sing "  (LC )  an d th e mai n 
ver b o f  th e sentenc e whic h i s ye t  t o come ,  bot h acceptabl e 
i n th e globa l  context s give n respectivel y b y 
Thoug h Hild a finally  agree d t o sing(, )  th e song s sh e chos e 

turne d ou t  t o b e jus t  awfu l 
and 
Thoug h Hild a finally  agree d t o sin g th e songs(, )  sh e chos e 

ver y awfu l  tune s 
Th e choic e fo r  L C give s th e structur e i n fig .  6 ,  wher e th e 
currentl y activ e pat h i s give n b y th e se t  (1.1 ,  2.1 ,  3.1} ,  an d 
th e abandone d choice s ar e represente d a s dashe d arcs .  Notic e 
tha t  th e nod e V I  i s "empty "  i n th e activ e path . 

VI  (verb )  1- 1 2. 1 3. 2 

chose 3 

2-2 /  /3. 2 

Hild a finall y t o 

song s / 

the ' chose 

Figur e 6 .  Syntacti c structure s afte r  parsin g "Thoug h 
Hild a finall y agree d t o sin g th e song s sh e chose" . 
Th e activ e arc s ar e give n b y plai n lines ,  dashe d line s 
ar e par t  o f  abandone d paths .  Th e activ e pat h i s give n 
by th e se t  o f  indice s {1.1 ,  2.1 ,  3.1) .  "chose "  i n V I 
i s no t  active ,  sinc e it s inde x 3. 2 i s no t  active . 
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Figur e 7 . 

When the word "turned" arrives, an error Missing-Subj is 
generate d (rul e R3 )  an d th e procedur e S 4 select s th e N P 
roote d i n "songs "  an d th e inde x 2. 1 fo r  revision .  Th e 
alternativ e choic e 2. 2 connect s "songs "  wit h V I  (fig .  7) . 
The repairin g phas e insert s "turned "  int o th e structure :  th e 
reachabl e node s ar e "chose" ,  "songs "  an d empt y VI ,  bu t  th e 
onl y possibl e operatio n i s t o inser t  "turned "  int o VI .  Th e 
res t  o f  th e inpu t  give s n o problem s an d th e fina l  structur e 
wit h th e activ e indice s i s i n fig .  8 . 

Related Work and Conclusion 

The paper has introduced a general model of recovery that 
selectivel y return s t o th e point s i n th e structur e tha t  coul d 
hav e cause d th e error ,  retract s th e pan s tha t  wer e buil t  i n 
consequenc e o f  th e erro r  an d repair s th e appropriat e 
fragment s betwee n th e ambiguou s regio n an d th e breakdow n 
region ,  i n orde r  t o restar t  th e norma l  parsing . 

S o me recen t  attempt s i n th e literatur e hav e som e 
similaritie s wit h thi s mechanism .  Abne y (1993 )  introduce s a 

thoug h 

agreed 

/  l\ 
Hild a finall y t o 

1. 1 2. 2 
turne d 

songs out to 

/  V*  \ 
th e chos e b e 

she awful 

smg just 

Figur e 8 .  Th e complet e dependenc y structure ,  give n b y 
th e pat h (1.1,2.2,3.1) . 

repairin g mechanis m int o th e incrementa l  parse r  CASS. 
C A SS work s o n lagge d inpu t  tex t  an d th e repairin g filters 
propos e ne w phras e structure s i n correspondenc e o f  specifi c 
erro r  labels ,  tha t  ar e particula r  no n termina l  symbol s wit h 
production s associated .  Som e TMS-base d proposal s hav e 
trie d t o appl y genera l  technique s o f  reaso n maintenanc e t o 
natura l  language :  th e J T M S approac h (Zemi k &  Brown , 
1988 )  ha s bee n criticize d becaus e o f  th e impossibilit y t o 
evaluat e th e bes t  parsin g rout e i n presenc e o f  multipl e 
alternatives ;  th e A T M S approac h (Chamia k &  Goldman , 
1988) ,  whic h overcome s thi s drawbac k b y maintainin g 
multipl e interpretation s i n assumption-base d context s an d 
switchin g betwee n them ,  lead s t o a  combinatoria l  explosio n 
and i s no t  abl e t o perfor m defaul t  reasonin g (thi s approac h 
can b e simplifie d b y ATMS-stylin g a  char t  parse r  (Wiren , 
1990)) .  I n th e fiel d o f  cognitiv e modeling ,  Eisel t  (1989 ) 
describe s a  recover y mechanis m mostl y applie d t o lexica l 
ambiguit y resolutio n i n th e contex t  o f  a  computationa l 
model  calle d C O M P E RE (Mahes h &  Eiselt ,  1994) ; 
Stevenso n (1994 )  ha s introduce d a  unifie d mode l  fo r  parsin g 
and recover y tha t  aim s t o accoun t  fo r  th e fin e scalabilit y o f 
behavior s o f  huma n parsing ,  i n dependenc y o f  recenc y 
factors . 

I n psycholinguisti c terms ,  th e mode l  take s int o accoun t 
th e expertis e tha t  huma n subject s ow n o n recovery :  a n erro r 
labe l  refer s t o a  typ e o f  bloc k tha t  i s  recognizabl e b y a 
human listener ,  sinc e s/h e ahead y underwen t  an d overcam e 
th e sam e difficult y i n th e past . 

Thi s pape r  i s centere d o n syntacti c ambiguitie s an d th e 
consequence s derive d fro m a  wron g syntacti c choice . 
However ,  th e technique ,  whic h alread y account s fo r  error s i n 
subcategorization ,  ca n b e extende d t o cop e wit h genera l 
semanti c failure s an d erroneou s pragmati c inferences .  Th e 
heuristic s introduce d ca n b e furtherl y refine d throug h th e 
analysi s o f  th e large r  se t  o f  example s an d afte r  a  testin g o n 
rea l  texts .  A n interestin g proble m concern s th e revisio n o f 
interpretatio n triggere d b y th e appearanc e o f  furthe r  evidenc e 
i n favo r  o f  a n abandone d pat h an d no t  b y a  complet e 
breakdown .  Finally ,  ther e i s n o treatmen t  o f  ill-forme d 
input . 

Appendix 

Missing-Case 
a.  1 )  1  gav e he r  foo d fo r  th e do g A 

ERROR:  Missing-Dativ e (give ) 
AMBIGUITY:  ADJECTIVE/PRONOUN (her ) 
CHOICE:  ADJECTIV E 

a.2 )  I  pu t  th e boo k i n th e bathroo m A 

ERROR:  Missing-Destination(put ) 
AMBIGUITY:  P P ATTACHMENT (NPA'ERB ) 
CHOICE:  N P ATTACHMENT 

a.3 )  Joh n tol d th e gir l  jha l  h e ha d marrie d tha i  h e neve r  love d 

her 
E R R O R:  Missing-Obj(marry ) 
A M B I G U I T Y:  R E L P R O N / C O M P L E M E N T I Z ER (that ) 
CHOICE:  COMPLEMENTIZER 

a.4 )  Thoug h Georg e wen t  o n readin g th e stor y reall y 

bothere d hi m 
E R R O R:  Missing-Subj(bothered ) 
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AMBIGUITY:  LC/E C (reading ) 
CHOICE:  L C 

Extra-Case 
b.l )  H e pu t  th e cattl e i n th e bar n ou t  t o pastur e fo r  sprin g 

grazin g 
ERROR:  Extra-Destination(put ) 
AMBIGUITY:  P P A T T A C H M E NT (NP/VERB ) 
CHOICE:  VER B A T T A C H M E NT 

b.2 )  H e maile d th e ticke t  l o Londo n t o Mar y 

ERROR:  Exu-a-Destination(mail ) 
AMBIGUITY:  P P A T T A C H M E NT (NPA'ERB ) 
CHOICE:  VER B A T T A C H M E NT 

b.3 )  I  tol d th e gir l  iha i  yo u kisse d th e stor y 

ERROR:  Extra-Obj(tell ) 
AMBIGUITY:  RELPRON/COMPLEMENTIZER (that ) 
CHOICE:  COMPLEMENTIZER 

b.4 )  I  gav e h£ r  foo d t o th e do g 

ERROR:  Extra-Dative(give ) 
AMBIGUITY:  ADJECTIVE/PRONOUN (her ) 
CHOICE:  P R O N O UN 

Missing-Verb 
C.I )  Th e prim e numbe r  fe w A 

AMBIGUITY:  ADJECTIV E /NOU N (prime ) 
CHOICE:  N O UN 

C.2)  Th e woman rushe d t o th e hospita l  an d forgo t  he r 
laundr y A 

AMBIGUITY:  FINITE/INHNTT E (rushed ) 
CHOICE:  INFINIT E 

Extra-Verb 
d.l )  Th e hors e race d pas t  th e harnfel l 

/s^BIGUITY :  FINITE/INFINIT E (raced ) 
CHOICE:  FINIT E 

d.2 )  Tha t  informatio n i s importan t  i s  doubtfu l 

AMBIGUITY:  DET/COMPLEMENTIZER (that ) 
CHOICE:  DE T 
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