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Are Structural Principles Useful for Automatic Disambiguation ?
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TALANA-Université Paris 7 / CIS Dpt University of Pennsylvania
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Abstract

In this paper we discuss how structural Preferences can be
expresed within an LTAG framework on dependancy like
structures. We ague that the use of psychalinguisticadly mo-
tivated criteria is useful for building pradicd parse-ranking
applications.

I ntroduction

One the one hand computational linguists aim at parsing
red texts: it is a difficult task, esentially because of spuri-
ous ambiguity. The goa is then to find a single preferred
overall analysis for ead sentence either by resorting to
genera principles or to statistica methods, most of the time
by focusdgng on the dficiency of the technique used, rather
than on its theoreticd relevance So most of these disam-
biguation techniques do not take into accunt theoreticd
(i.e. cognitive) relevance, espedaly the incremental nature
of human sentence processng.

On the other hand, psycholinguists am at modeling the
very ealy preferences which people amploy in ambiguity
resolution during an incremental parse of a sentence, without
being concerned with the development of wide-coverage
parsing systems or the integration of their principlesin wide-
coverage grammars. Importantly, these ealy dedsions that
people make may or may not eventually be compatible with
the overall analysis of the sentence

In this paper we ague that the two approaches are not
antagonistic : wide-coverage disambiguation systems can
integrate psycholingusticaly motivated principles and yet
be dficient. We present structural preferences which are
expressed on dependency structures instead of constituent
trees, within the framework of Lexicdized Tree Adjoining
Grammars (LTAGS). In the first part of this paper, we
briefly introduce the LTAG formalism. Then we present the
preference principles used, and show that they work well in
pradice on large data. In a third part, we show why "pure"
lexicdist approadhes sam insufficient. In a fourth part, we
discussthe interadion between our preference principles.

1. Brief overview of LTAGS

A LTAG consists of a finite set of elementary trees
of finite depth. Each elementary tree must “anchor” one or
more lexicd item(s). The principal anchor is cdled “heal”,
other anchors are cdled “co-heals’. All leaves in elemen-
tary trees are dther “anchor”, “foot node” (noted *) or

“substitution node” (noted ). These trees are of 2 types :
auxiliary or initial>. An auxili ary tree has exadly one dis-
tingushed led, cdled “foot node” and marked *. Trees that
are not auxili ary areinitial. Elementary trees combine with 2
operations : substitution and adjunction. Substitution is
compulsory and is used essentialy for arguments (subjed,
verb and noun complements). It consists in repladng in a
tree (elementary or not) a node marked for substitution with
an initial treethat has aroot of same cdegory. Adjunction is
optional (althoughit can be forbidden or made cmpulsory
using spedfic constraints) and deds esentialy with deter-
miners, modifiers, auxiliaries, modals, raising verbs (e.g.
sean) and sentential complements (e.g. objed sententia
complements). It consists in inserting in atreein placeof a
node X an auxili ary treewith aroot of same cdegory . The
descendants of X then beame the descendants of the foot
node of the auxili ary tree Contrary to context-free rewriting
rules, the history of derivation must be made explicit since
the same derived tree ca be obtained using different deri-
vations. This is why parsing LTAGs yields a derivation
treg from which a derived tree(i.e. constituent tree can be
obtained. Figure 1 shows the dementary trees anchored
when parsing “Y esterday John kicked the bucket”?, as well
as the derivation trees obtained bah for the “literal inter-
pretation” and for the “idiomatic interpretations’ of the sen-
tence It also shows that both derivation trees yield the same
derived tre€’. The derivation treeis close to a dependency
structure (cf Candito & Kahane 98).

the well-
formulated

Moreover, lingustic oonstraints on
formedness of elementary trees have been
(Abeill €91) (Frank 92) :

e Predicate Argument Cooccurence Principle : there must
be aled node for eat redized argument of the head of
an elementary tree

! Traditionally initid trees are cdled a, and auxili ary trees B

2 All our examples follow lingustic analyses presented in
[Abeill € 91]. Thus we use no VP node and noWh na NP traces.
But this has no incidence on the gplicaion o our preference
principles.

° Dotted lines in derivation trees indicae asubstitution, plain
lines an adjunction. The number a eat node represents the al-
dress at which the operation took dace following Gorn conven-
tion.
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e Semantic consistency : No elementary treeis smanti-
cdly void

e Semantic minimality : an elementary tree orresponds at
most to one semantic unit

2. Three preference principles expressed on
derivation trees

A vast literature, going badk as ealy as (Kimbal 73),
addresses gructural parsing preferences. Older principles,
such as right association (RA) and minimal attachment
(MA) have been criticized : Among other things, the inter-
adion between these principles is unclea. These principles
ladk provision for integration with semantics and/or prag-
matics (Schubert (84)), do not clealy establish the distinc-
tion between arguments and modifiers® (Ferreira & Clifton
(86)) and are English-biased : evidence ggainst RA has been
found for Spanish (Cuetos & Mitchell (88)) and Dutch
(Bryshaat & Mitchell (96)). Newer structural principles, on
the other hand, such as "Attach anyway" (Foda & Inoue
98), are not integrated nor implemented into wide-coverage
grammars.

So, to acount for widely accepted preference principles,
which are difficult to formulate in terms of constituents trees
(idiomatic interpretation of a sentencefavored over itsliteral
interpretation (Abeill e 95) (Gibbs 85) (Gibbs & Nayak 89).,
arguments favored over adjuncts (Abney 89),(Britt & al. 92)
and attachment to closest potential governor), (Kinyon 99a)
has formulated the threefoll owing principle on dependency-
like structures within the LTAG framework :

1-Prefer the derivation treewith the fewer number of nodes
2-Prefer to attach an a-treelow in aderivation tree

3-Prefer the derivation treewith the fewer number of B-tree
nodes®

A discusson on the lingustic adequacy of these princi-
ples, as well as on why LTAGs are better than other lexi-
cdized formaisms such as LFG to formulate these princi-
ples can be found in Kinyon (99b).

Principle 1 acmurts for the preference we have for the
idiomatic interpretation of a sentence In LTAGs, al the set
elements of the expresson are present in asingle dementary
tree We have shown in Figure 1 the derivation trees ob-
tained when parsing “Yesterday John kicked the bucket”.
The derivation treefor the idiomatic interpretation, which is
preferred, has fewer nodes than the derivation tree for the
literal interpretation..

“ It is argued that MA and RA do dstinguish arguments from
modifiers, since aguments will yield a constituent treewith fewer
nodes, but this relies very heavily on the underlying syntadic
framework : it may be true for an X-bar theory, not necessarily for
amore "surfastic " theory of syntax.

® This principle was initially presented in (Srinivas & a 95),
formulated as "prefer to substitute rather than to adjoin”.

Principle 2 cgptures the preference for an argument to
attach to its closest potential governor. So in (al), “of the
demonstration” is preferably attached to “organizer” rather
than to “susped”. Similarly, in (a2), "To whom" attaches to
"say" rather than to "gives'. Figure 2 shows how principle 2
yieldsthe preferred derivation treefor sentence(al).

(al) John suspeds the organizer of the demonstration
(a2) To whom does Mary say that John gves flowers

Finaly, principle 3 acounts for the preference of argu-
ments over adjuncts. So it will alow to retrieve the right
attachment in (b1), where "le matin" (the morning) is argu-
ment of "regarde” (watches) rather than modifier. It also
allowsto retrieve the corred attachment in (b2) where "to be
honest" is argument of prefer, rather than sentence modifier.

(b)) Jean regarde le matin (John observes the morning /
John watches in the morning)
(b2) John prefers his daughter to be honest

These principles are eay to implement, so they have
yielded pradica results’ : A parseranker has been imple-
mented for French within the FTAG projed (cf Abeille & a
99,00), using a semi-automaticdly generated wide mverage
grammar of 5000 elementary trees (Candito 96). This parse
ranker, tested on 1000 TSNLP sentences, alowsto go dowvn
from 2.85 ckrivations trees / sentenceto 1.4 derivation trees
/ sentence without degrading the quality of parsing (i.e.
without discarding "corred" parse trees). These results hint
that the three principles are well-motivated from a cognitive
point of view. This parse ranker is currently being ported to
English and tested on the WSJ.

It is important to note that the distinction between argu-
ments and modifiers can be eaily expressed within LTAGS,
because in derivation trees elementary trees for arguments
are esentialy initial (a), while dementary trees for modifi-
ersare auxiliary (p).

It is also important to note that (contrary to RA) these
structural preferences are language independent, again be-
cause they are formulated on dependancy-like structures and
not on constituent structures : we have just seen that they
work well for French, athough French is argued to be an
"ealy closure" language (Zagar & a 97).

3. Antagonism with lexicalist approaches ?

It has been shown that humans do exhibit frequency ef-
feds in language comprehension (Truewell 96), but this
does not mean that structural principles are unsound and
espedally it does not demonstrate that disambiguation sys-
tems hould resort only to "pure” lexicdist approaches:

One agument against the structural principles presented
in 3 would be to say that these structural principles do not

* We do nd claim, however, that these principles have yielded
better results in automatic disambiguation than statisticd parsers
which integrate lexicd information (e.g. Collins 96). Clealy
though our technique is easier to pu to use, esp. for languages for
which notraining detais avail able.



exist (i.e. are not ohservable once frequency effeds are
taken into acoount). We disagreefor the foll owing reasons :

If the use of such principles was just a mere gproxima-
tion, it would make it hard to explain that the empiricd re-
sults are so good Pure lexicdist approaches have not
yielded such results to our knowledge on large red-world
data (very littl e data eout lexicd preferences are avail able
on alarge scde esp. for languages other than English).

Also, lexicdist approaches do not alow to explain how
two preferred subcaegorization frames interad. For exam-
ple, if "susped N of N" and "organizer of N" are two pre-
ferred redizaion frames for respedively "susped” and "or-
ganizer", one till neals to acourt for the fad that "demon-
stration” will be dtached to "organizer rather than to "sus-
ped" in "John suspeds the organizer of the demonstration"’
. With the same type of reasonning, although"put N in N" is
a common redizaion frame for arguments of "put", the
sentence (c) nonetheless gamsincomplete. This can also not
be acounted for with a pure lexicdist approach

(c) I've put the bodk that you were readingin the library

Moreover, lexicdist approaches aso do not necessarily
acourt for unkrown words® : in a sentence like (d) "at the
man" will most likely be preferred as argument of "plups’
rather than modifier, although we know nothing about the
preferred subcategorization of "plups'. So when considering
languege aquisition, unkrown words are still processed,
athouth no data is available regarding the preference of
redization of their arguments. Structural preferences thus
appea as a much more eonomicd way to aquire new
words : here "at the man" is argument of "plups" so "plups’
subcategorizes a PP introduced by "at", whereas if one had
to rely on frequency effed, it would take much longer to
encounter "plups’ many times before formulating a hypothe-
sis about its subcaegorization, and verifying it. Also, re-
sorting to very few structural preferences for disambiguation
seans much more eonomicd and pradicd than storing
huge quantities of frequency information about the lexicon,
espedaly since mntrary to structural preferences, informa-
tion on the lexicon has to change from languege to language.

(d) He plups at the man

Finaly, to oppae lexicdist approaches and suppart the
structural principles presented in 3, (Kinyon 00) formulated
the following hypothesis:

Regardless of which redizaion of arguments a verb favors,
if it can subcategorize aPP introduced by a given Prepaosi-
tion P, then in pradice when the verb and a PP introduced
by P appea in the same sentence, the PPis either an argu-
ment of the verb, or in a position where it can not be agu-
ment (i.e. argument of a doser potential governor, or located

" Whereas claiming that arguments prefer to attach to their clos-
est potential governors lvesthis problem.

® One may say that more general information is used when en-
courtering unknavn lexicd items, but this general ideais not im-
plementable & guch.

in another clause such as inside arelative, or modifier only
if the verb is alrealy saturated).

This hypothesis was validated on LeMonde, a one milli on
words annotated and shallow-parsed corpus for French
(Clément & Kinyon 00, Abeillé & a 00b). The 100 most
frequent verbs were extraded. 56 d these verbs could sub-
caegorize PRsintroduced by one or severa prepositions, for
a total of 71 subcaegorizaion frames. Then, for eat of
these subcaegorizetion frames, al the sentences where
Verb and Prep co-occur were extraded and examined manu-
ally. The main findings are the following :

1- Cases of possble anbiguous attachment remain (13.86 %
of the sentences examined)

2- 3% of these anbiguous cases are solved when attaching
the PP to the dosest potential governor. Moreover, the a-
tachment is deemed corred in al cases.

3- The probability for a verb to redize & an argument a PP
introduced by a given Prepasition P does not help disam-
biguation and dces not predict the propartion of ambiguous
attachments encountered when examining sentences where
Verband P co-ocaur.

4- Rather, the preposition itself is important : "a" yields
much more ambiguity then other prepasitions gich as "avec'
or "pour" becaise it often introduces a temporal or loca-
tional expresdon (e.g. "al'asembléenationale” (in palia-
ment) / "a 3 heures' (at 3 dclock)). In fad, 46% of the an-
biguous cases remaining after applying structural principles
2 and 3 are solved by resorting to very simple semantic in-
formation : a + location nouns , a + time nouns are over-
whelmingly adjuncts and not arguments.

Therefore, only 4.6 % of ambiguous attacdhments remain
(mainly set phrases such as "lancer un appel au came"),
which could be disambiguated by refining semantic disam-
biguation. Thus the hypothesisis validated, which indicates
that the use of structura principles + basic semantic infor-
mation allows very efficient disambiguation and again, in a
more e@nomicd manner than lexicd approades.

As discussd in (Kinyon 99b) though some lexicd pref-
erences eam useful, but formulated not at the level of lexi-
cd items, but rather at the level of parts of speed. So for
instance, grammaticd caegories are preferred over lexicd
categories. So in (el) clitic will be preferred over noun for
"ele", in (e2) "ére" (be) will be an auxiliary rather than a
lexicd verb, and in in (e3) "deux' will be a determiner
rather than a noun. General lexicd preferences of this type
have been incorporated in the parse-ranker discussed in 3.
Expressng lexicd preferences in such general terms is also
eoconomicd and alows to eliminate some caes of spurious
ambiguity.

(e1) Elle court (Sheruns/ It is her who runs)
(e2) Elle est venue (She has arrived / Sheis an arrival)
(e3) Je vois deux hommes (I seetwo men)



4. Conflicts between structural principles

One of the main argument against "traditional” structural
principles is that the interadion between them is unclea. It
has been said for example that in case of conflict, minimal
attachment prevail s over right association in a sentence such
as "He repaints the wall with cradks' thus allowing to ac-
court for the garden path effed. Of course, this suffers nu-
merous counter-examples.

With the structural principles presented in 3 and ex-
pressed on dependency like structures, it is griking that zero
conflicts were encountered, both on the 1000 sentences for
French, and on 3000 sentences from the wall stree journal
for English.

This grongly suggests that these principles are relevant
from a agnitive point of view.

Conclusion

We have presented threeparsing preference principles ex-
pressed on dependency like structures, and shown that these
language-independent principles are both psycholinguisti-
cdly relevant and useful to dsambiguate red-word dataon a
large scde (which has led to the development of a parse-
ranker). We dso came to the conclusion that an efficient
disambiguation scheme involving these structural prefer-
ences as well as limited semantic information and "simpli-
fied" lexicd principles (i.e. expressd in terms of parts of
speed) was more e@nomicd than aaquiring large anounts
of lexicd data, thus being more gpeding both from a prac-
ticd and from a @gnitive point of view. In fad, these
structural preferences are afirst step towards a psycholin-
guigticdly relevant processing model for LTAGs, which
allows among other things to predict garden-path phenom-
ena (cf Kinyon 99c, Kinyon 00b).
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