Towards a Formalism for the Computational M orphology of Multi-Word Units

Agata Savary

Université Frangois Rabelais,
Laboratoire d’Informatique,

IUT de Blois, 3 pl. Jean-Jaurés, 41029 Blois cedex, France
agata.savary@univ-tours.fr

Abstract
Multi-word units (MWUSs) are linguistic objects placed on the frontier between morphology and syntax. A reliable computational
treatment of their inflectional morphology requires a fine-grained grammar-based approach allowing a description of general large-
coverage phenomena as well as of lexicalized counter-rules. We propose a formalism that answers these requirements. Due to a graph-
based description and a simple unification algorithm it allows to compactly and exhaustively describe the inflection paradigm of a MWU
in terms of its component words’ morphology as well as of some regular-language patterns.

1. Introduction

Multi-word units (MWUSs), are linguistic objects
placed on the frontier between morphology and syntax:
their compound structure suggests productivity which can
hardly be processed without a grammar-based approach,
while some of their morphological, syntactic and seman-
tic properties exclude their processing merely in terms of
the properties of their constituents.

The inflectional morphology of MWUs is one of the
areas in which a grammar-based approach must necessar-
ily be accompanied by a set of lexicalized counter-rules in
order for the automatic morphological processing to be re-
liable. Obviously, a reliable inflection processing of single
words is a necessary condition for the inflection process-
ing of MWUs. However, this condition is rarely a suffi-
cient one. For example, in order to obtain the plural form
of battle cry, battle royal and battle of nerves in English
not only do we need to generate the plural of battle, royal
and cry but also to know how different inflected forms
of these constituents combine (battle cries, battle royals
or battles royal, battles of nerves, but not *battles cries,
*battles royals, *battles of nerve).

Most of the former approaches to inflectional morphol-
ogy of MWU are based on a single word-to-word basis
(e.g. lemmatizing or stemming of constituent words, gen-
eration of all combinations of all inflected forms of the
constituents) or on ad hoc rules. Such approaches prove to
be robust but they suffer either from excessive generalisa-
tions or from overlooking of exceptions.

We propose a formalism that allows to exhaustively
and compactly describe the inflection paradigm of a MWU
in terms both of its component words’ morphology and
of some regular-language patterns. This description may
be used in the computational analysis and generation of
application-dependent MWUSs such as compounds, frozen
expressions, complex terms, multi-word named entities,
etc.

2.  Multi-word units. Scope and goal of the
paper

Multi-word units (MWUs) encompass a bunch of hard-
to-define and controversial linguistic objects (cf. (Habert

and Jacquemin, 1993), (Corbin, 1992)). Their numerous
linguistic and pragmatic definitions ((Benveniste, 1974),
(Downing, 1977), (Levi, 1978), (Bauer, 1983), (Gross,
1990), (Anscombre, 1990), (Silberztein, 1993), (Gross,
1996), (Cadiot, 1992)) invoke three major points:

e they are composed of two or more words

o they show some degree of morphological, distribu-
tional or semantic non-compositionality

o they have unique and constant references

However, the basic notions (a word, a reference, the
non-compositionality) and measures (degree of non-
compositionality), used in those definitions are themselves
controversial.

We define the scope of our work pragmatically: we
consider a MWU as a contiguous sequence of graphical
units which, for some application-dependent reasons, has
to be listed, described (morphologically, syntactically, se-
manticaly, etc.) and processed as a unit. Given a finite
alphabet for the given language, a graphical unit is either
a contiguous sequence of alphabet characters or a single
non-alphabet character.

Further, we limit ourselves to the formal description
of the inflectional paradigms of MWUs which requires to
answer the following questions:

e What is the MWU’s morphological class (nous, ad-
jective, etc.) and thus what inflection categories
(number, gender, case, etc.) are relevant to it?
(Przepio6rkowski and Wolifski, 2003) argue for a
morphosyntactically motivated definition of morpho-
logical classes: a morphological class should fully
determine the inflection categories the word inflects
for as well as those that are lexically fixed for the
word, e.g. in French, a noun has a gender and it in-
flects for number only; in Polish, a noun has a gender
and inflects for number and case.

e What are the exceptions to the inflection cate-
gories determined above? E.g. in Polish wybory
powszechne (general election) is a compound noun
but it doesn’t have a singular form (although its head
word wybory does).



e What are the inflectional characteristics (base form,
morphological class, inflection paradigm) of the sin-
gle constituents of the MWU? E.g. in French, porte
(door) is an uninflected verb in porte-avion (aircraft
carrier) while it is an inflected noun in porte-fenétre
(French window) which takes an s in plural (portes-
fenétres).

e How should we combine the inflected forms of the
single constituents in order to generate the inflected
forms of the whole compound? E.g. to inflect battle
of nerves and battle cry in number we need to inflect
the first and the last consituent, respectively.

3. Stateof theart

Most of the existing approaches to the inflectional
morphology of MWUs have been developed in view of
their direct application to either morphological analysis or
morphological generation.

One of the goals of morphological analysis is to deter-
mine the base forms and/or morphological features of in-
flected forms of MWUSs (e.g. customs officers — [customs
officer, plural]). In some domains of information retrieval,
as term acquisition and automatic indexing, the conflation
of morphological, syntactic and semantic variants of ex-
tracted compound terms proved to be crucial (Savary and
Jacquemin, 2003). In these domains, a frequent approach
to inflectional analysis of MWUs is stemming or lemma-
tizing of all their component words, e.g. (Daille, 1994),
(Dillon and Gray, 1983), and (Arampatzis et al., 1998).
This method may give erroneous results in some cases.

First, the lemma of a compound may contain words
that are not lemmas themselves. For instance, the singular
of customs barriers is customs barrier instead of *cus-
tom barrier. One may agree that an incorrect lemma such
as *custom barrier is an abstract reference form, as in
the case of stemming of single words (e.g. deni for de-
nied). However, this is inconvenient for two reasons: it
makes any human post-processing tedious, and it may re-
sult in spurious conflations with free form sequences, as
in custom barrier bags for protection of equipment.

Second, a single word may carry an inflection mark
of a compound although this word has no inflection as an
individual lexical item. For instance, in court martials,
good-for-nothings, stand-bys, etc. the underlined words
cannot be lemmatized by a standard dictionary-based mor-
phological analyzer. Such cases may be handled by a
stemmer though.

The lemmatizing of compounds in French is even more
complex due to the gender inflection of adjectives, as well
as to the important number of compounds with a non-
standard nominal construction, e.g. un porte-avions (air-
craft carrier), une deux-chevaux (a car with a two horse-
power engine).

A reliable inflection generation has two characteristics:

o the correctness: each generated form is correct

o the exhaustivity: all existing inflection variants may
be generated (e.g notary public in plural yields notary
publics, notaries public, and notaries publics)

The first issue is crucial for instance in the computer
aided translation. If we automatically replace a source lan-
guage term by its target language equivalent, a good strat-
egy is to possibly preserve the inflection features of the
original term (e.g. French windows — portes-fenétres).
This target form has to be fully correct in order to avoid
human post-processing.

The second issue is important in two kinds of appli-
cations: dictionary-based morphological analyzers, e.g.
(Paumier, 2003), (Silberztein, 2003), and (Evans et al.,
1991), and variant generators for phrase indexing (Sparck-
Jones and Tait, 1984), in which all inflection variants
of MWUs are generated beforehand, and then identified
through a straightforward string matching in the corpus.

Previously, we proposed (Savary, 2000) a formalism
which allows to avoid the above problems but requires
a good deal of manual lexicographic treatment. It is
based on the detection of the so-called characteristic con-
stituents (CC) of a MWU, i.e. of its headword and all
other words that morphologically agree with the head-
word, e.g. the first two constituents in the French term
réseau numérique par satellite (digital satellite network).
The inflectional paradigm of a MWU is determined im-
plicitly in the case of a regular inflection: the MWU has
the same inflection features as its CCs, and in order to in-
flect it we need to inflect all these constituents and only
them (réseaux numériques par satellite). Thus, the mor-
phological description only needs to point at the CCs. The
MWU are described by groups, as below:

#H+I+/-/-

réseau(réseau.N3:ms) numérique(numérique.A31:ms)
par satellite, N+NAPrepN:ms/+N

réseau(réseau.N3:ms) mondial(mondial.A32:ms) de
télécommunication,N+NAPrepN:ms/+N
liaison(liaison.N21:fs) multiple(multiple.A31:fs) par
satellite, N+NAPrepN:fs/+N

Each group contains the MWUSs having the same num-
ber of constituents and the same positions of their CCs,
which are described in the preamble of the group (+/+/-
/-). For each CC, its base form (réseau), the code of its
inflection paradigm (N3), and its inflection features (ms)
are listed. Additionally, the morphological class and type
(N+NAPrepN) of the whole MWU are given together with
its inflection features (ms) and the inflection categories it
inflects for (+N for number inflection).

In the case of irregular inflection some special lines are
added to the preamble as is the case below where no CCs
are present and two possible plural forms are created by
inflecting either the first or the second constituent while
leaving the other one intact.

#-1-

#p:p/-

#p:-Ip

battle(battle.N1:s) royal(royal.N1:s),N+NN:s/+N

The above formalism also includes a simple inheri-
tance mechanism: the inflection values that are to be at-
tributed to an inflected form of a MWU are the same as
those of its characteristic constituents. It also applies a
simple unification mechanism. Consider the following de-
scription:



#+/-

#C:C/C
cztowiek(cztowiek.N51:Mos)
kot(kot.N73:Mzs),N+NN:Mos/+C

It says that only the first constituent is characteristic,
however the case inflection concerns both contintuents.
In the second line of the preamble the case indentifier
C functions as a unification variable that may be instan-
tiated by any value of the domain described in a sepa-
rate file (C:M,D,C,B,I,L,W means that there are 7 possi-
ble case values in Polish). All appearences of the variable
get instantiated identically, thus, e.g. the locative (L) of
the whole entry, cztowieku kocie, (cat man) is obtained by
concatenation of the locative forms of both constituents.

The above formalism has some disadvantages. First,
the base form of a MWU appears as its particular inflected
form to which some inflection values are attributed, e.g.
the base form battle royal is described as singular, wybory
powszechne (general election) as plural, etc. However, lin-
guistically speaking, it is preferable to adopt the notion of
lemma as an abstract representative of the set of inflected
forms, i.e. possessing no inflection features itself. This
is for example the case in the morphological description
of simple words by (Courtois, 1990) where each lemma
is only attributed an inflection code, i.e. a pointer to its
paradigm’s description (e.g. numérique.A31).

Second, the inflection paradigm of a MWU is not ho-
mogeneous. Some parts of it appear on the entry level
(e.g. +N) while the rest is factorised and placed in the
preamble. It would be preferable to detach the paradigm
description from the particular data representation as it is
the case for simple words in (Courtois, 1990).

Third, the identifiers for inflection features and values
may only be single unique characters (e.g. N for number,
s for singular, etc.). This constraint may be too strong,
especially for highly inflected languages.

4. New formalism

In our new approach we try to avoid the disadvantages
of the former one (Savary, 2000) by a better modularity
and explicitness.

We suppose that, for a given natural language, an exter-
nal morphological system for simple words exists which
shares the alphabet as well as the morphological classes
(noun, adjective,...), categories (gender, case,...) and
values (masculine, singular, nominative,. ..) with our sys-
tem. Their description for Polish might be done as fol-
lows:

[Nb]:[sing],[pl]
[Gen]:[pers_masc],[anim_masc],[inanim_masc],[fem],[neut]
[Case]:[nom],[gen],[dat],[acc].[inst],[loc],[voc]

Thus, we allow the class, category and value identifiers
to be strings rather than single characters.

The simple words’ morphological system mentioned
above has to allow, for each simple word and a set of rele-
vant inflection values, the generation of the corresponding
inflected forms (one or more, in case of variants), e.g. for
reka (hand):

(reka,[Nb=pl,Gen=fem,Case=inst]) —
{rekami, rekoma})

A MWU is graphically defined as a concatenation of
graphical units, i.e. either contiguous sequences of alpha-
bet characters (e.g. dom, aujourd, NATO) or single non-
alphabet characters (e.g. a space, a hyphen, a dot, ...).
Each non-alphabet character is considered as an indepen-
dent MWU’s constituent, thus e.g. Athens ’04 contains
five constituents: Athens, space, apostrophe, digit 0, and
digit 4.

The inflectional paradigm of a MWU is represented as
a graph in which each path corresponds to one or more
inflected forms. For example, figure 1 represents the in-
flection paradigm of battle royal. Each of the numerical
variables $1, $2, and $3 represents the corresponding con-
stituent (battle, space, and royal). If the variable appears
alone in a box, the constituent is to be the same as in the
base form of the MWU. If the variable is accompanied by
a set of feature-value equations, the constituent has to be
inflected to the required form, e.g. $3[Nb = p] means
that the plural form of royal is needed. Each path in the
graph starts at the leftmost right arrow and ends at the final
encircled box.

Figure 1: Inflection graph for battle royal

Note that for each constituent only those feature-value
equations need to be provided that correspond to morpho-
logical categories the word’s class inflects for, and not
those the class has set. For example, figure 2 contains the
graph for French MWUs that inflect like bateau-mouche
(a Paris-style river boat, bateaux-mouches in plural). The
first and the third constituent are nouns so they have their
gender set. Thus, the corresponding boxes contain the
value assignment for number only. Note that both con-
stituents may or may not agree in gender, here bateau is
masculine while mouche is feminine. The rightmost box
of each path is the one that determines the full set of in-
flection values for the MWU: both the fixed and the vari-
able ones. They may be distinguished by two types of
assignments: double assignments (==) for fixed values
(e.g. Gen==masc), and single assignments (=) for the
categories the word inflects for (e.g. Nb=s).

[Gen==m,Nb=p]
Figure 2: Inflection graph for bateau mouche

Inflection graphs may contain unification variables.
For example, figure 3 shows a graph equivalent to the one
on figure 2. Both the singular and the plural forms are
represented here by the two possible instantiations of the
unification variable $n, i.e. $n=s and $n=p. The instanti-



ation is unique for all elements of one path: if we fix the
singular value for the first constituent, the same value has
to be set for the third one, as well as for the whole MWU.

{55132 - )—)—©)

[Gen==m,Nb=%n]

Figure 3: Inflection graph for bateau mouche using unifi-
cation variables

Unification variables are particularly usefull in highly
inflected languages. For example, in Polish most nouns in-
flect for number (2 values) and case (7 values), which im-
plies at least 14 different forms (if variants and syncretic
forms are distinguished). This score is even higher for ad-
jectives which inflect for number, case and gender (3 till
9 values, according to different approaches). If no unifi-
cation mechanism were available each of these numerous
forms would have to be described by a separate path in
the graph. The use of unification variables allows to dra-
matically reduce the size of the graph (to one path only
in most cases). For example, figure 4 shows the graph
for Polish words that inflect like pranie mézgu (brain-
washing). Their third constituent is always in genitive.
Their first and third constituent inflect in number indepen-
dently from each other (pranie mézgéw, prania mozgu,
prania mézgdéw). That’s why either of them has a different
unification variable for number inflection ($n1 and $n2).
The three inflection variables $n1, $n2, and $¢ may be
instantiated to any value from their respective domains
({sing,pl}, {sing,pl}, and {nom,gen,dat,acc,inst,loc,voc},
respectively). The whole MWU has its gender fixed to
neuter and inherits its case and number from the first con-
stituent. The single path in this graph would have to be
replaced by 28 different ones if the use of unification vari-
ables were not allowed.

—{$1iCase=$c,Nb=$n1] $3{Case=gen,Nb=$n2] -

O
[Gen==neut,Nb=%n1,Case=%c]

Figure 4: Inflection graph for pranie mézgu

Note that our formalism allows for any constituent to
be omitted or moved within different inflected forms if
there is a need for that. It also allows for the insertion of
extra graphical units which do not appear in the base form
of the MWU. This allows to extend an inflection paradigm
to a more general variation description, e.g. orthographic
or, partly, syntactic variation (see (Jacquemin, 2001) for
an extensive study on term variation). For example, in
English, student union appears in corpus also as students
union, and students’ union, in singular or plural in each
case. Our formalism allows to include both types of vari-
ation in one description (cf. figure 5).

5. Interface with the morphological system

of smplewords

In order for our formalism to be applicable to mor-
phological analysis and generation of MWUSs, an adequate

[Nb=%n]

Figure 5: Inflection graph for student union

system for morphology and contextual disambiguation of
simple words must exist which provides several automati-
cal or semi-automatical functionalities:

e For a given simple inflected form F, and a given
context (i.e. the MWU which contains F) iden-
tify all possible lemmas, the corresponding inflec-
tion paradigms, and inflection features relevant to
this context. For example, in French for the form
vive and the context mémoire vive (read-only mem-
ory) the lemma is vif, the inflection features are
[Gen=f,Num=s], and the inflection paradigm might
be N23.! These elements don’t have to be communi-
cated to the MWU maodule but are necessary for the
correct implementation of the functionality below.

e For a given lemma, inflection paradigm and a set
of inflectional values, generate all corresponding in-
flected forms. For example, in Polish, for the lemma
reka (hand), for the inflectional paradigm that could
be N488, and for inflection values [Case=inst], the
corresponding set of inflected forms would be {reka,
rekami, rekoma}.

This definition of interface between the morphological
system for simple words and the one for MWUs allows a
better modularity and independence of one another. The
latter doesn’t need to know how inflected forms of sim-
ple words are described, analysed and generated. It only
requires a set of correct inflected forms of a MWU’s con-
stituents. Conversely, the former system knows nothing
about how the latter one combines the provided forms to
produce multi-word sequences.

6. Grammar-based vs. lexicalized
decription

In our approach, an inflection paradigm is assigned to
each MWU in order to fully describe its inflected forms.
In this sense, the description is fully lexicalized. How-
ever, an important point that hasn’t been addressed up to
now is how inflection graphs are assigned to MWUs. We
think that this process may be automatic to a big extent. It
could rely on a grammar, i.e. some language-dependent
inflection regularities such as: ’in Polish, if a MWU is
composed of a noun in nominative followed by a noun in
genitive then in most cases the second noun is never in-
flected’, as in Swiadectwo dojrzatosci (secondary school
certificate). However, a human post-processing will al-
ways be necessary in order to detect exceptions to such

!Note that the contextual disambiguation in this case is not
equivalent to a classical tagging module, as the context of a sim-
ple word is limited to the MWU it appears in, without any larger
corpus occurence of this MWU.



general rules such as pranie mozgu (cf section 4.). The
expressive power of the presented graph formalism allows
to exhaustively describe these exceptions. The develop-
ment of such a grammar-based controlled description for
the assignment of graphs to MWU is our major perpective.

7. Critical remarksand perspectives

Some refinements of the proposed formalism are worth
examination. First, the definition, inspired by (Paumier,
2003), of an indivisible graphical unit we mention in sec-
tion 4. is arbitrary. If we wish to easily develop an in-
terface with any morphological system for simple words
meeting the requirements mentioned in section 5., then we
should be able to adopt this system’s conventions as to the
delimitiation of graphical units. A possible solution would
be to introduce a new interface requirement concerning the
simple words’ system: for a given sequence of characters
(i.e. a MWU), identify all graphical units appearing in it.
Then, the inflection graphs for MWUs would have to be
compatible with the admitted delimitation conventions, as
they are compatible with the morphological classes, cate-
gories and values defined for the simple words.

Another possibility would be to recursively describe
the inflection of MWUs in function of their constituents.
Let’s assume, in French for instance, that the inflection
of liaison numérique (digital link) has already been de-
scribed in the MWU morphological module. Then we
may consider liaison numérique par satellite (satellite dig-
ital link) as a compound composed of five units: liaison
numeérique, a space, par, a space, and satellite. The gener-
ation of the inflected forms of this compound could refer
to the inflection of liaison numérique as a whole instead
of liaison and numérique separately.

8. Conclusion

We have presented a proposal of a formalism for the
description of inflectional paradigms of multi-word units.
It is based on acyclic graphs fully and precisely describing
all inflected forms of MWUs, independently of the mor-
phological system of simple words to be used. It provides
compact representation of numerous inflected forms due
to a unification mechanism. It also allows for a joint de-
scription of different types of variation.
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