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Preface

This volume contains the proceedings of the 5th International Conference on
Logical Aspects of Computational Linguistics held April 28-30, 2005 in Bor-
deaux, France. This proceedings contains papers on a wide range of logical and
formal methods in computational linguistics, with studies of particular grammar
formalisms (Categorial Grammars, TAG, Dependency Grammars or Minimalist
Grammars) and their computational properties (complexity, determinism, unifi-
cation), language engineering (grammar development, parsing, translation) and
traditional questions about the syntax/semantics interface. Formal aspects are
moreover assessed with actual linguistic data from different languages (English,
French, Arabic), which is the sign of a maturing field.

This text, as well as the conference itself, is then the occasion to bring to-
gether people coming from different horizons: logicians, linguists, computational
scientists. This fits perfectly well with the mission of FoLLI, the Association of
Logic, Language and Information, and so this textbook inaugurates the new
FoLLI/LNALI series.

The Program Committee faced a difficult task because we received many
submissions (40% rejected), and the reviewing task had to be done quickly. We
thank all our reviewers and especially those who had to be recruited at the last
minute. We also thank very much the Organizing Committee. Bordeaux, known
as a wine capital, is now becoming a research center in this field.

We would like to thank all the people who made this 5th LACL possible: the
Program Committee, the external reviewers, the Organizing Committee, and
the LACL sponsors. Last, but not least, very special thanks to Christian Retoré
who has been, since the very beginning, the heart of LACL. This conference,
and these books, simply would not exist without him.

April 2005 Philippe Blache and Edward Stabler
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k-Valued Non-associative Lambek Grammars
(Without Product) Form a Strict Hierarchy of
Languages

Denis Béchet! and Annie Foret?

! LINA — FRE 2729, Université de Nantes & CNRS
2, rue de la Houssiniére — BP 92208, 44322 Nantes Cedex 03, France
Denis.BechetQuniv-nantes.fr
2 IRISA - Université de Rennes 1, Campus Universitaire de Beaulieu,
Avenue du Général Leclerc, 35042 Rennes Cedex, France
Annie.ForetQirisa.fr

Abstract. The notion of k-valued categorial grammars where a word
is associated to at most k types is often used in the field of lexical-
ized grammars as a fruitful constraint for obtaining several properties
like the existence of learning algorithms. This principle is relevant only
when the classes of k-valued grammars correspond to a real hierarchy
of languages. This paper establishes the relevance of this notion for two
related grammatical systems. In the first part, the classes of k-valued
non-associative Lambek (NL) grammars without product is proved to
define a strict hierarchy of languages. The second part introduces the no-
tion of generalized functor argument for non-associative Lambek (NLy)
calculus without product but allowing empty antecedent and establishes
also that the classes of k-valued NLg grammars without product form a
strict hierarchy of languages.

1 Introduction

The field of natural language processing includes lexicalized grammars such as
classical categorial grammars [1], the different variants of Lambek calculus [2],
lexicalized tree adjoining grammars [3], etc. In these lexicalized formalisms, a k-
valued grammar associates at most k categories to each word of the lexicon. For
a particular model of lexicalized grammars and their corresponding languages,
this definition forms a (strict) hierarchy of classes of grammars when k increases.
This hierarchy of grammars corresponds to a growing list of classes of languages
that does not necessarily form a strict hierarchy.

In fact, in the field of lexicalized grammars, the concept of k-valued grammars
is often used to define sub-classes of grammars and languages that satify some
property when the whole class does not satify it. In particular, this notion is
important for a lot of learnability results in Gold’s model [4]. Usually, to find a
positive result, some kind of restriction is necessary because very often the whole

P. Blache et al. (Eds.): LACL 2005, LNAI 3492, pp. 1-17, 2005.
(© Springer-Verlag Berlin Heidelberg 2005



2 D. Béchet and A. Foret

class of grammars corresponds to (at least) context free languages and this class
is known to be unlearnable no matter which grammatical system is used®.

Usually, when the learnability can be established for a particular k-valued
class of grammars, this property can also be proved for any k& € N. When this
assumption is true, for each k € N, there exists a learning algorithm that learns
the grammars of this class from positive examples even if the whole class is not
learnable (there does not exist a universal learning algorithm for all k£ € N): we
hope that all the interesting grammars (the grammars for natural languages, for
instance) are in a particular k-valued class.

In this context, we can wonder if, for a particular system of lexicalized gram-
mars and languages, the class of classes of languages forms a strict hierarchy. If
this assumption is not verified for a system, it usually means that for a certain
k the class of k-valued languages is the same as the whole class: the hierarchy is
truncated. The other possibility which is very rare consists in a hierarchy that
has infinite steps, some steps corresponding to several contiguous integers. In
this context, the proof that the hierarchy is not strict is usually a bad news for
the concept of k-valued grammars corresponding to a system. For instance, the
classes of k-valued classical categorial grammar form a strict hierarchy of lan-
guages [5] and for each k € N, the class of k-valued classical categorial grammar
is learnable from positive examples.

In the paper, we are interested to prove that non-associative Lambek gram-
mars without product (written NL) and non-associative Lambek grammars with-
out product but with empty antecedent (written NLg) form two strict hierarchies
of classes of languages. The results give a direct justification of the notion of k-
valued grammars for both systems. The paper also recalls a useful alternative
presentation of NL using generalized AB deductions (written GAB) and general-
ized functor-argument structures (written FA) that were used in [6] for defining
a learning algorithm but are a central notion in the paper for proving the strict
hierarchy. For NLg, the paper introduces similar notions: generalized AB deduc-
tions with empty applications (written GABp) and generalized functor-argument
structures with empty arguments (written FAg). This presentation is also proved,
in the paper, to be equivalent to NLg and the hierarchy theorem is given.

The paper is organized as follows. Section 2 gives some background knowl-
edge on non-associative Lambek categorial grammars (without product). Sec-
tion 3 focuses on (recently defined) structures, with alternative deduction rules
for NL-grammars (without product) as generalized FA-structures; in fact these
rules are extensions of the cancellation rules of classical categorial grammars that
lead to the generalization of FA-structures used here. Section 4 presents the proof
that the class of k-valued non-associative Lambek categorial grammars without
product form a strict hierarchy. Section 5 considers the NLy variant of NL ; we

! The class of context free language has a limit point: 3L, (L;)ien such that L =
U; enLiand Vi € N L; G Liy,. This property entails that any class of grammars that
corresponds to (a superclass of) context free languages (of strings) is not learnable
from positive examples.
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define generalized functor-argument structures for this variant and a strict hi-
erarchy theorem; we also revisit the case of AB (classical categorial grammars).
Section 6 concludes.

2 Background

2.1 Categorial Grammars

The reader not familiar with Lambek Calculus and its non-associative version
will find nice presentation in the first articles written by Lambek [2,7] or more
recently in [8,9,10, 11,12, 13]. We use in the paper two variants of Lambek calcu-
lus: non-associative Lambek calculus without product with (NLg) and without
(NL) empty antecedent.

Definition 1 (Types). The types Tp, or formulas, are generated from a set of
primitive types Pr, or atomic formulas, by two binary connectives? “/” (over)
and “\” (under): -

Tp = Pr | Tp\Tp | Tp/Tp

Definition 2 (Rigid and k-valued categorial grammars). A categorial
grammar is a structure G = (X, 1,S) where:

— X is a finite alphabet (the words in the sentences);

— I : X+ PI(Tp) is a function (called a lexicon) that maps a finite set of
types to each element of X (the possible categories of each word);

— S € Pr is the main type associated to correct sentences.

If X € I(a), we say that G associates X to a and we write G : a +— X.

A k-valued categorial grammar is a categorial grammar where, for every word
a € X, I(a) has at most k elements. A rigid categorial grammar is a 1-valued
categorial grammar.

2.2 Non-associative Lambek Calculi NL and NLy

NL/NLy Derivation Fng/FNL,. As a logical system, we use Gentzen-style
sequent presentation. A sequent I' - A is composed of a binary tree of formulas
I" (the set of such trees is noted 773,) which is the antecedent configuration and a
succedent formula A. A context I'[] is a binary tree of formulas with a hole. For
X, a formula or a binary tree of formulas, I'[X] is the binary tree obtained from
I'[-] by filling the hole with X. I" can be empty in NLg: I" belongs to T, U {0}.
In fact, to completely define the rules of NLg, we use two equivalence relations
on binary trees of formulas and the empty set®:

(0, 8)] =nr, I'A] =nz, T((4,0)]

2 No product connective is used in the paper.
3 One can define NLy without the two equivalence relations by specializing the rules
when one of the antecedents is empty but this gives a much longer definition.
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Definition 3 (NL/NLgy). A sequent is valid in NL/NLy and is noted I" i,
A/T Fnp, A iff ' A can be deduced from the following rules:
(I"B)F A (A, B
— Ax —— /R _—
AFA '+ A/B '+ A\B

IvA AAFB  I-A ABFC TrA AB|FC
ANFBE . S amanrc A ABIFC

Cut Elimination. We recall that the cut rule can be eliminated in Fpz and in
Fni, : every derivable sequent has a cut-free derivation.

NL/NLy Languages. £ denotes the set of non-empty strings over €. 7T¢ is
the set of (non-empty) well-bracketed lists (binary trees) of elements of €.

Definition 4 (Yield). If T is a tree where the leaves are elements of a set £,
yieldg(T) € E* is the list of leaves of T'.

This notation will be used for well-bracketed lists of words yieldy;, for binary
trees of formulas yields, and will be extended to FA structures (see further
Definition 7).

Definition 5 (Language). Let G = (X,1,S) be a categorial grammar.

— G generates a well-bracketed list of words T' € Ty (in NL/NLg model)
iff there exists I' a binary tree of types, c1,...,cn € X and Ay,..., Ap € Tp

such that:
FZT[Cl ——»Al,...,cn —*An]
I'bny S/TFn, S
where T'c; — Ai,...,cn — Ay] means the binary tree obtained from T by

substituting the left to right occurrences of ¢1,...,¢cn by Aq,..., Ap.

— G generates a string c;---¢c, € YT iff there exists T € Ty such that
yields,(T) = c¢1 - cp and G generates T'.

— The language of well-bracketed lists of words of G, written BLnp(G)/
BCNL, (G), is the set of well-bracketed lists of words generated by G.

— The language of strings corresponding to G, written Lni(G)/LnNL,(G), is
the set of strings generated by G.

One interest of NL when compared to classical categorial grammars lies in
its possibility to easily encode a restriction on the use of a basic category. For
instance when we want to distinguish between a noun phrase and pronouns in
subject position or object position, we can proceed as follows.

Ezample 1. Let X1 = {John, Mary,likes, he, she, him, her} and let Prq =
{S,N, X1, X>}. We define the following rigid grammar:
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G — John, Mary — N ; he,she — Ny,
L=\ him,her ~ +— Ny ;likes +— Ni\(S/Na).
where N; = X;/(N\X1) and N2 = X5 /(N\ X3).
We get: ((He likes) Mary) € BLnp(Gq) but: John likes she & Lni(G1).
With NLy, we can introduce a restrictive form of optional arguments; “little”,

in the following example, is optionally associated to proper nouns. This is not
possible directly with NL.

Ezample 2. Let Yo = {John, Mary, likes, little} and let Pro = {S N, L}.
John — (L\L)\N ; Mary — (L\L)\N
little — L\ L ; likes — N\(S/N)
G9 is a rigid (or 1-valued) grammar. We can prove that (((L\L)\N, N\
(S/N)), (INL\N) Fnig S and ((L\ND\N, N\(S/N)), (I\L, (I\L)\N)) Fnp, S
Thus, we get:

John likes Mary € Lnp,(Gg) ;  John likes little Mary € Lnp,(G9)
((John likes) Mary) € BLnp,(G9) ; ((John likes) (little Mary)) € BCng,(G9)

We define: G = {

2.3 Some Useful Models

Powerset Residuated Groupoids and Semi-groups. Let (M,.) be a
groupoid. Let P(M) denote the powerset of M. A powerset residuated groupoid
over (M, .) is the structure (P(M),o,=>, <, C) such that for X, Y C M:

XoY ={zy:zeX,yeY}
X=>Y={yeM:Vze X)zyeY}
Y<X={yeM:(VzeX)yzeY}

If (M,.) has a unit I ( that is: Vz € M : I.x = z.I = z), then the above
structure is a powerset residuated groupoid with unit (it has {I} as unit).

Interpretation. Given a powerset residuated groupoid (P(M),o,=, <, C), an
interpretation is a map from primitive types p to elements [p] in P(M) that is
extended to types and sequences in the natural way :

[Ci\C:] = [C1] = [C.] ; [C1/C2] = [Ci] < [Ca] ; [(Ch,C2)] = ([Ca] o [Ca])

By a model property for NL : If I" kg, C then [I'] C [C]
If (M,.) is a groupoid with a unit I, we add [@#] = {I} for the empty sequence
() and get a model property for NLg : if I" bz, C then [I'] C [C].

3 GAB Deductions and Generalized FA-Structures

In this section we focus on (recently defined) structures [6], with alternative de-
duction rules for NL-grammars (without product) as generalized FA-structures;
in fact these rules are extensions of the cancellation rules of classical categorial
grammars that lead to the generalization of FA-structures used here.
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3.1 FA Structures over a Set £

We give a general definition of FA structures over a set £, whereas in practice £
is either-an alphabet X or a set of types such as T'p.

Definition 6 (FA structures). Let £ be a set, a FA structure over £ is a
binary tree where each leaf is labelled by an element of £ and each internal node
is labelled by FApp (forward application) or BApp (backward application):

FAg == E | FApp(FAg, FAg) | BApp(FAg, FAg)

Definition 7 (Tree yield). The well-bracketed list of words obtained from a
FA structure F' over € by forgetting FApp and BApp labels is called the tree yield
of F over € (notation treeg(F)).

3.2 GAB Deductions

Definition 8 (GAB Deduction). Generalized AB deductions (GAB deduc-
tions) over Tp are the deductions built from formulas on Tp (the base case)
using the following conditional rules (C' +ni, B must be valid in NL):

A/B C C B\A
—  FApp T BApp

C N1 B wvalid in NL

GAB deductions can be seen as a generalization of AB deductions in the
following sense: for AB application rules C' and B must be the same formula.

Definition 9 (FA structure of a GAB deduction). To each GAB deduction
P, we associate a FA structure, written FAp,(P), such that each internal node
corresponds to the application of a rule in P and is labelled by the name of this
rule and where the leaves are the same as in P.

NP/N N
(NP\S)/NP
NP/N N FApp NP/N N
_ e S
NP/N N (NP\S)/NP NP
——  FApp — FApp
FApp FApp NP NP\S

BApp

BApp
Here, NP = X/(NP\X) and thus NP -y, NP



