
UC Merced
Proceedings of the Annual Meeting of the Cognitive Science 
Society

Title
Center-Embedding Revisited

Permalink
https://escholarship.org/uc/item/79b6c7vx

Journal
Proceedings of the Annual Meeting of the Cognitive Science Society, 3(0)

Author
Kac, Michael B.

Publication Date
1981
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/79b6c7vx
https://escholarship.org
http://www.cdlib.org/


Center-Embeddin g Revisite d 

Michae l  B .  Ka c 
Dept .  o f  Linguistic s 

Universit y o f  Minnesot a 
Minneapolis .  MN 5545 5 

The severe comprehension difficulty associated 
wit h certai n center-embeddin g construction s i s per -
haps th e bes t  know n o f  psychosyntacti c phenomena . 
Most  attempt s a t  explanatio n hav e bee n variation s o n 
a singl e theme--tha t  th e c.e .  configuratio n lead s t o 
an overloa d o f  short-ter m memor y durin g processing . 
That  thi s i s no t  th e whol e stor y ca n b e see n fro m con -
siderin g th e fact ,  rarel y noted ,  tha t  c.e .  construc -
tion s exis t  whic h ar e understoo d quit e easily ,  e.g . 
(1) If either the Pope is Catholic or pigs 

hav e wing s the n Napoleo n love s Josephine . 

To this observation it might be replied that it is 
not  c.e .  pe r  s e tha t  cause s difficulty ,  bu t  rathe r 
MULTIPLE c.e. ;  thus ,  (1 )  woul d no t  b e expecte d t o 
pose problem s sinc e i t  i s  embedde d onl y t o a  dept h 
of  1 .  Bu t  th e sam e i s tru e o f 

(2) If if the Pope is Catholic then pigs 
hav e wing s the n Napoleo n love s Josephine . 

which is, at best, at the outer reaches of comprehen-
sibility . 

The facts regarding (1-2) can be accounted for by 
a fe w simpl e assumptions .  Th e firs t  i s  tha t  consti -
tuen t  recognitio n i s carrie d ou t  i n stric t  left-righ t 
fashion ;  assum e furthe r  tha t  i n attemptin g t o ana -
lyz e (1-2) ,  th e parse r  ha s a t  som e poin t  buil t  a 
structur e o f  th e for m 

(3) If/either S, then/or S^ then Sy 

and that at this point the following procedures are 
invoked : 

(4) a. When an ^l. is encountered, open an S 
at  tha t  point ;  th e locat e th e firs t 
the n t o th e righ t  o f  thi s _[ £ an d clos e 
at  th e en d o f  th e S  immediatel y follow -
ing . 

b. When an either is encountered, open an 
S a t  tha t  point ;  the n locat e th e firs t 

or  t o th e righ t  o f  thi s eithe r  an d clos e 
at  th e en d o f  th e S  immediatel y follow -
ing . 

Applie d t o (1) ,  (4 )  wil l  operat e i n straightforwar d 
fashion ;  i t  wil l  clos e th e S  beginnin g wit h H  di -
rectl y afte r  S, ,  an d th e S  beginnin g wit h eithe r  di -
rectl y afte r  S? .  Applie d t o (2) ,  however ,  i t  wil l 
nisparse ,  closin g th e S  beginnin g wit h th e firs t  i_ f 
prematurel y afte r  S2-- a garde n pat h effec t  o f  a  famil -
ia r  kind .  A  paralle l  accoun t  ca n b e give n o f  th e dif -
ferenc e betwee n 
(5) a. That for Harry to like Maxine would 

anno y Fre d bother s me . 

b. That that Harry likes Maxine annoys 
Fre d bother s me . 

where both involve nesting of complementizer-verb de-
pendencies ,  bu t  wher e (5b )  i s considerabl y mor e diffi -
cul t  t o proces s tha n (5a) .  Assum e tha t  complementi -
zer s ar e associate d wit h th e verb s tha t  the y mar k a s 
non-mai n b y th e followin g procedure : 

(6 )  a .  Lin k eac h fo r  an d t o t o th e firs t 
infinitiv e t o it s right . 

b. Link each that to the first finite 
ver b t o it s right . 

In (5a), that is linked to would while the for and to 
ar e bot h linke d t o like ,  a s desired ;  i n (5b) ,  howe -
ver ,  ther e wil l  b e a  garde n pat h sinc e th e firs t  tha t 
wil l  b e erroneousl y linke d t o like s rathe r  tha n annoys . 
Thus (5a-b )  an d (1-2 )  ar e treate d analogousl y i n tha t 
tha t  error s o f  prematurit y ar e committe d i n th e case s 
tha t  pos e comprehensio n difficult y bu t  no t  i n th e case s 
tha t  don't . 
The general idea embodied in the foregoing can be 
furthe r  extended .  Conside r  Objec t  relativ e construc -
tion s lik e 

(7) a. The rat that the cat chased squeaked. 

b. The rat that the cat that the dog bit 
chase d squeaked . 

Examples of this type are perhaps most familiar from 
discussion s o f  c.e .  Tha t  (7b )  shoul d b e mor e diffi -
cul t  t o proces s tha n (7a )  fall s  directl y ou t  o f  gene -
ra l  desig n feature s o f  a  syntacti c parse r  currentl y 
unde r  investigatio n calle d MULTIGAP ('multipl e pas s 
group-analyzin g parser' )  an d is ,  moreover ,  attribute d 
t o a  garde n pat h effec t  muc h lik e th e one s hypothesize d 
i n th e earlie r  case s discussed .  I n MULTIGAP,  althoug h 
simpl e NP' s (i.e .  NP' s withou t  clausa l  modifiers )  ar e 
identifie d earl y i n parsing ,  recognitio n o f  comple x 
NP' s i s forestalle d unti l  afte r  a n explorator y phas e 
durin g whic h th e parse r  build s a  structura l  represen -
tatio n calle d a  PREANALYSIS,  i n whic h th e sentenc e be -
in g parse d i s parcelle d u p int o a  sequenc e o f  unit s 
calle d BOUNDED GROUPS (b-groups) .  A  ke y notio n her e 
i s tha t  o f  th e TRANSITIO N fro m on e predicat e t o th e 
nex t  (o r  fro m th e las t  predicat e t o # ) ,  i.e .  th e ma -
teria l  tha t  intervene s betwee n th e forme r  an d th e lat -
ter .  I f  condition s ar e satisfie d fo r  construin g th e 
latte r  a s subordinat e t o th e forme r  (e.g .  i f  ther e i s 
an over t  subordinato r  i n th e transition )  the n th e tran -
sitio n i s o f  on e type ,  labelle d B' ;  otherwise ,  i t  i s 
of  a  differen t  type ,  labelle d B .  Cross-cuttin g thi s 
dichotom y i s a  distinctio n betwee n STRONG an d WEAK 
transitions .  I f  th e transitio n fro m a  predicat e o f  n 
place s t o th e nex t  predicate ,  o r  t o # ,  contain s a t 
leas t  n- 1 NP's ,  i t  i s  strong ,  wea k otherwise .  I n (7b) , 
th e transition s fro m bi_ t  t o chase d an d fro m chase d t o 
squeake d ar e bot h weak ,  whil e tha t  fro m squeake d t o # 
i s strong .  Abbreviatorily ,  th e fou r  transitio n type s 
ar e labelle d s  (stron g B ) ,  w  (wea k B ) ,  s '  (stron g B " ) , 
and w '  (wea k B ' ) .  Th e parse r  no t  onl y type s transi -
tion s accordin g t o thi s scheme ,  bu t  als o insert s int o 
eac h a  specia l  boundar y marker ,  1  ,  t o delineat e fa-
groups .  I f  a  transitio n i s o f  an y typ e othe r  tha n s_ , 
J i s positione d directl y afte r  th e initia l  predicat e 
i n th e sequenc e unde r  consideration ,  otherwis e direct -
l y afte r  th e las t  N P o f  th e transition .  (Recal l  tha t 
simpl e N P recognitio n ha s alread y take n place. )  Th e 
preanalysi s o f  (7b )  i s thu s 
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(8 )  Th e ra t  tha t  th e ca t  tha t  th e do g 
bi t  1  chased] ]  squeake d ] ]  # 

^1 W2 

Once th e preanalysi s i s set ,  th e parse r  look s fo r  pos -
sibl e openin g point s o f  comple x NP's--sequence s o f  th e 
for m NP-SUB- V an d NP-SUB-NP .  (Th e ful l  MULTIGAP desig n 
i s capabl e o f  dealin g wit h case s wher e n o over t  subor -
dinato r  occurs ,  bu t  discussio n wil l  b e limite d her e t o 
case s wher e ther e i s suc h a  subordinator. )  Th e open -
in g i s labelle d a s belongin g t o typ e 1  (Subjec t  rela -
tive )  o r  typ e 2  (other )  dependin g o n whic h typ e o f  o -
penin g sequenc e i s found .  Accordingly ,  th e parse r  wil l 
fin d tw o typ e 2  opening s i n (8) :  th e ra t  tha t  th e ca t 
and th e ca t  tha t  th e dog .  Closur e i s effecte d b y a  pro -
cedur e which ,  i f  th e openin g i s typ e 1 ,  close s a t  th e 
firs t  s  t o th e right ,  bu t  a t  th e firs t  w  t o th e righ t 
of  a  typ e 2  opening .  Thu s i n (7a) ,  th e comple x N P wil l 
be correctl y close d afte r  chased ,  bu t  i n (7b) ,  ther e 
wil l  b e prematur e closur e o f  th e large r  N P a t  w ^  ra -
the r  tha n a t  w, ,  a n erro r  o f  prematurit y exactT y ana -
logou s t o thos e discusse d earlier .  Note ,  moreover , 
tha t  c.e .  o f  a  typ e 1  relativ e i n a  typ e 2  construc -
tio n pose s n o problems : 
(9) The mouse that the cat who chased the rat 

sa w squeaked . 
While (9) is not absolutely straightforward, it can 
be understoo d wit h a  littl e effort ,  whic h i s no t  th e 
cas e wit h (7b )  eve n thoug h (9 )  i s o f  th e sam e dept h 
of  embedding .  Th e differenc e i s accounte d fo r  i n thi s 
treatmen t  b y th e fac t  tha t  th e large r  N P i s close d of f 
directl y afte r  sa w (i.e .  afte r  th e on e w )  whil e th e 
smalle r  on e close s directl y afte r  rat--a t  th e firs t  s . 
Becaus e ther e i s onl y on e w ,  n o erro r  o f  prematurit y 
occurs . 
Complex NP's actually come in two varieties, which 
we migh t  cal l  firs t  an d secon d degree ;  i n a  firs t  de -
gre e NP .  ther e i s onl y on e predicate ,  whil e i n a  se -
con d degre e N P th e mai n predicat e o f  th e constructio n 
has a  complement .  Th e tw o type s o f  N P ar e somewha t 
differen t  i n thei r  behavio r  i n tha t  whil e typ e 2  NP' s 
of  th e firs t  degre e alway s en d i n w-transitions ,  a 
typ e 2  N P o f  th e secon d degre e ma y en d i n eithe r  a  w 
or  a n £- ,  thu s compar e 

(10) a. The boy that Harry believes U likes 
Maxin e ] ]  sa w Su e I  #  w ' 

(11 )  Th e bo y wh o believe s tha t  th e gir l  wh o 
kisse d Harr y like s Maxin e sa w Sue . 

which, like (9), requires some effort, but is with-
i n bounds ;  however , 

(12) The boy who believes that the girl who 
think s tha t  Harr y like s Maxin e sa w Su e 
kisse d Samantha . 

evidently is not. In the case of (11), the inner NP 
i s parse d first ,  the n th e oute r  one ,  an d ther e i s n o 
erroneou s closure .  I n th e cas e o f  (12) ,  b y contrast , 
ther e ar e n o firs t  degre e NP's ,  an d th e N P beginnin g 
wit h th e bojf ^  i s close d prematurely ,  afte r  Maxine . 

Honesty compels mention of a perplexing case that 
thi s approac h canno t  handle .  If ,  i n a  c.e .  typ e 2 
relativ e o f  th e firs t  degree ,  on e o f  th e NP' s i s re -
place d b y a  pronoun ,  comprehensibilit y  seem s t o in -
crease : 

(13) The rat that the cat I saw chased 
squeaked . 

I have no explanation to offer for this fact. 

A general assumption underlies the treatment ad-
vance d here ,  a s follows :  i n a n optima l  parser ,  on e 
seek s th e simples t  procedure s tha t  wil l  appl y i n error -
fre e fashio n t o th e simples t  cases--case s i n whic h a 
constructio n o f  typ e x  contain s n o othe r  construction s 
of  typ e X .  Effect s o f  th e sor t  observe d her e ar e the n 
explaine d a s bein g du e t o som e o f  th e mor e comple x ca -
ses bein g tractabl e i n term s o f  maximall y simpl e pro -
cedure s whil e other s ar e not .  Give n th e result s de -
scribe d above ,  th e principl e seem s t o hav e a  measur e 
of  plausibilit y  a s a t  leas t  a  workin g hypothesis . 

^1 ^2 

b.  Th e bo y tha t  Harr y believe s ] ]  Maxin e 
like s I  sa w Su e J  s ' 

w £ 

In (10a), the Subject NP ends at s.^ while in (10b) it 
ends a t  w ,  correspondin g t o th e fac t  tha t  i n th e for -
mer  cas e th e hea d N P i s th e Subjec t  o f  th e complemen t 
claus e whil e i n th e latte r  i t  i s  th e Objec t  o f  tha t 
clause .  Th e parse r  cope s wit h thi s fac t  b y bein g e -
quippe d wit h tw o closur e mechanisms ,  on e fo r  firs t  de -
gre e comple x NP's ,  an d anothe r  fo r  secon d degre e NP's . 
A firs t  degre e N P ca n b e identifie d b y checkin g t o se e 
tha t  n o B "  intervene s betwee n th e openin g an d th e firs t 
B t o th e righ t  thereof ;  i f  suc h a  B '  i s  found ,  closur e 
i s forestalled .  Onc e al l  firs t  degre e NP' s hav e bee n 
closed ,  th e parse r  close s secon d degre e NP' s b y simpl y 
lookin g fo r  th e firs t  availabl e B  t o th e righ t  o f  an y 
openin g fo r  whic h n o correspondin g closur e ha s bee n 
made.  (An y B  tha t  ha s alread y bee n swallowe d u p in -
t o a  previousl y recognize d N P i s n o longe r  availabl e 
fo r  consideration. )  I t  i s  a  consequenc e o f  thi s fea -
tur e o f  th e parse r  tha t  a  secon d degre e comple x NP 
wit h a  c.e .  firs t  degre e N P shoul d b e mor e easil y pro -
cesse d tha n on e wit h a  secon d degre e NP ,  a n expecta -
tio n tha t  i s evidentl y born e out :  compar e 

124 


	cogsci_1981_123-124



