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Abstract

We present a lexical platform that has been developed for the Spanish language. It achieves
portability between different computer systems and efficiency, in terms of speed and lexical
coverage. A model for the full treatment of Spanish inflectional morphology for verbs,
nouns and adjectives is presented. This model permits word formation based solely on
morpheme concatenation, driven by a feature-based unification grammar. The run-time
lexicon is a collection of allomorphs for both stems and endings. Although not tested, it
should be suitable also for other Romance and highly inflected languages. A formalism is
also described for encoding a lemma-based lexical source, well suited for expressing linguistic
generalizations: inheritance classes, lemma encoding, morpho-graphemic allomorphy rules and
limited type-checking. From this source base, we can automatically generate an allomorph
indexed dictionary adequate for efficient retrieval and processing. A set of software tools
has been implemented around this formalism: lexical base augmenting aids, lexical compilers
to build run-time dictionaries and access libraries for them, feature manipulation libraries,
unification and pseudo-unification modules, morphological processors, a parsing system, etc.
Software interfaces among the different modules and tools are cleanly defined to ease software
integration and tool combination in a flexible way. Directions for accessing our e-mail and
web demonstration prototypes are also provided. Some figures are given, showing the lexical
coverage of our platform compared to some popular spelling checkers.

1 Introduction

The lexical framework presented in this article was developed because of the lack of
computerised lexical resources for the Spanish language at the time of its conception.

+ This work has been supported in part by the Spanish Plan Nacional de I+D, through the
project TIC91-0217C02-01, ARIES: An ARchitecture for Natural Language InterfacES with
User Modelling.
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The situation of Spanish language technology is far behind most of its European
counterparts. Even now, only a few dictionaries are publicly available in electronic
format!, and none of them are in a machine tractable form suitable for building
the lexical component for NLP applications. This situation is especially worrying if
we take into account the spread of Spanish around the world and, therefore, the
potential market for Spanish processing tools.

The work described here constitutes the lexical platform of the ARIES project.
This platform includes:

Morphological model: this model, presented in section 3, accounts for the inflectional
morphology of Spanish. It is based on feature unification and its rule com-
ponent, while very small, is bidirectional (valid for analysis and generation).
The most salient feature of this model is its linguistic rigour, that guarantees
neither over-acceptance nor over-generation.

Lexical formalism: this is used to encode the entries in a Source Lexical Base (SLB).
These entries include lemmas (main form of words), classes (feature bundles to
be incorporated in lemmas through multiple default inheritance), morphemes,
allomorphy rules (to generate different stems for groups of forms correspond-
ing to the same lemma) and lexicalized entries (for closed categories and very
irregular or auxiliary words). The formalism, described in section 4, also per-
mits the declaration of feature values and structures (useful for checking the
consistency of an SLB). Finally, the lexical formalism includes mechanisms
for specifying declaratively how to derive an object dictionary for a particular
purpose from the SLB by means of rules for manipulating the feature bundles
attached to entries, filtering, adding or modifying branches to the tree-shaped
feature bundles.

Tools: a set of tools have been developed to automate the production and use of dic-
tionaries. These include (section 5) aids for the lexicographer (verb classifier),
for the production of object dictionaries (dictionary compiler), for efficient
access from any application program (dictionary interface), for morphological
analysis (using a chart parser with unification). Other tools more or less linked
to the lexical platform, have been developed at our site, such as tokenizers,
an stochastic tagger (in cooperation with Universidad Autonoma de Madrid)
and a system for learning verbal subcategorization frames.

Lexical resources: Regarding lexical resources, a large lexicon (nearly 38,000 en-
tries) has been derived from several sources: corpora and other collections
of Spanish texts, machine readable dictionaries, etc. (section 4.7). Finally, the
whole platform has been evaluated for spell checking purposes in comparison
with commercial and public domain tools (section 6). Additionally, a demon-
strator has been implemented for the public evaluation of the platform. The
demonstrator permits the spell checking of texts and the morphological analy-
sis of individual words. It is accessible either through e-mail or WWW browsers.

! For instance, the first electronic version of the Diccionario de la Real Academia Espafiola
(RAE 1992), the reference dictionary for the Spanish language, has been released in
September, 1995.
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2 Design criteria and system architecture

Spanish, as well as some other Romance languages such Catalan, Portuguese, French
or Italian, is a highly inflected language, so, for any serious natural language
processing application built for it, an account of morphology is needed, or at least
of inflectional morphology?. This is true not only for reducing the size of the lexicon
to a manageable level, but also for capturing the linguistic fact that different entries
(word forms) are strongly related. The morphological model presented is based on
two basic principles:

Empirical rigour: all and only correct forms are analysed and generated, whether
regular or not; gaps in verb paradigms are observed; suppletive forms are con-
sidered valid, and so on. It is important to stress that it neither overgenerates
nor overaccepts.

Simplicity and generalization: a really straightforward rule component is employed
by the morphological model that captures the generalization of the combina-
tion of a stem and an ending to form an inflected word.

We have designed a language for lexical knowledge representation whose design
has been strongly influenced by such a model. The main features of this language
are:

Expressiveness: all the information needed in the lexical database can be expressed
in a structured way. Linguistic generalizations are captured by grouping related
entries in lemmas, or by using the mechanism of information inheritance. The
information related to a lemma is structured as an attached tree-shaped feature
bundle.

Versatility: different applications may have different lexical interfaces, depending on
programming languages. In our approach translation to other representation
formats and languages is easily done in a non-ambiguous way.

Economy of expression: the syntactic overload needed to structure the information
has been reduced to a minimum, without endangering either the expressive
ability or the non-ambiguity of the syntax of the formalism. However, read-
ability is not degraded, since source lexical databases are intended to be edited
by hand using any text editor.

Non redundancy: redundant information is kept to a minimum by exploiting de-
fault inheritance and the notational abbreviations included, such as value
disjunction.

Efficiency: the platform has been developed from a strong practical orientation.
Implementation efficiency issues, both in terms of access and storage, have
been considered of paramount importance.

This work presents a general purpose lexical platform for the Spanish language.
It has been designed and implemented as the core of a set of natural language
applications currently under development at Universidad Politécnica de Madrid.

2 The treatment of compositional or derivational morphology is not so critical.
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The overall lexical architecture of our platform is shown in figure 1. It considers
two different levels of lexical representation:

Source Lexical Base: this level captures linguistic generalizations by merging related
allomorph entries, by considering classes of lemmas or by specifying rules
to compute different allomorphic variants. Inflectional morphemes, which
constitute a closed group, are also included, as well as the set of lexicalized
word forms. Lexicographers modify the database at this level.

Object Dictionary: this level is related to the computer processing of the lexical
knowledge included in the Lexical Base. To facilitate such process, the lexical
entries are expanded to different allomorphs that constitute the key entries in
this level. It is automatically derived from the Source Lexical Base.

3 Morphological treatment

It is well known that morphological processes are divided into two types: pro-
cesses related to the phonological and/or graphic form (morpho-graphemics), and
processes related to the combination of morphemes (morpho-syntax). Each model
treats these facts from its particular perspective. Two-level morphology uses phono-
logical rules and continuation classes (in the lexical component). Mixed systems
such as Bear (1986) have different sets of rules. These so-called non-concatenative
processes are the most difficult single problem that morphological processors must
deal with. Experience has shown that this is not easy for any approach. Two-level
morphology (Koskenniemi 1983) uses rules that match lexical representations (lem-
mas) with surface representations (actual spelling forms). This approach has been
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claimed to be more elegant, but it is obvious that often the two-level model contains
many rules needed for very few cases, since every language has irregularities that
can only be treated as suppletive forms, e.g. soy (I am), era or fui (I was). In those
cases, suppletion of morphemes or words is a must.

The pure two-level/finite-state automata model is not the most suitable for the
treatment of some morpho-syntactic processes, and besides, in such cases one is
required to depart from this approach, for example by adding an extension in which
two-level rules are retained under the control of a feature based grammar, using
simple features (Ritchie et al. 1987), or structured ones (Trost 1990).

Good finite-state processors for Spanish exist, for example: Tzoukermann and
Liberman (1990), Badia et al. (1996), Carulla and Oosterhoff (1996), or even an
on-line system for several languages at the URL http://www.xerox.fr/mltt/Tools/-
morph.html, which is a pretty efficient implementation of the two-level model (Kart-
tunen et al. 1992; Karttunen 1994).

The successful treatment of morphological phenomena in some languages by
means of finite state automata appears to have led to the idea that this model is
the most efficient and linguistically motivated way to deal with morphology com-
putationally. However, we have opted to depart from the two-level approach, since
we believe that the simplicity of our approach successfully competes against two-
level /finite-state implementations for Spanish morphology. Our strongest argument
is that allomorphy in Spanish is not phonologically conditioned (for which two-level
models are the most suitable). Instead, sincretism and grammatically conditioned al-
lomorphy (i.e. non-automatic allomorph selection triggered by specific morphemes)
are the main features of fusional languages (cf. section 3.1). In addition, the defective
paradigms and the alternation of correct forms are easy and handled naturally in a
paradigmatic model, and they are much harder (although possible) to get in a two-
level model. Our claim is that, both theoretically and computationally, paradigmatic
morphology is the best suited for Spanish, and possibly for other languages with
the same typological characteristics’.

We claim that the following requirements for a morphological model are achieved
by our approach:

Efficiency: if allomorphs are precomputed or stored in the dictionary, the morpho-
logical processors only need to carry out appropriate morpheme concatenation
(Hausser 1991). In any case, unless a complete inventory of morpheme allo-
morphs is available, some device is needed for handling morpho-graphemic
processes. It seems that Chomsky’s hierarchy type 3 regular grammars are good
enough for such purposes. Robust and efficient tools for regular expression
processing also exist, so they can be used to implement morpho-graphemic
descriptions, provided that a rule formalism is developed for such a purpose.
Such descriptions will permit the off-line computation of the allomorphs by
appropriate tools.

3 Recently, Pirrelli and Battista (1996) have defended the paradigm-based approach for
Italian as a “succesful blending of descriptive economy and declarativity”, comparing
favourably with a syntagmatic two-level morphology for selecting stem alternants in Italian.
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Adequacy: suppletion is needed anyway — unless unique morpho-graphemic rules
for special cases are written — and it is a much simpler approach than rules.
We think it is more elegant to use a single, simpler device®.
The morpho-syntactic component can be included as part of a syntax gram-
mar. The origin of this work was the idea proposed by Lau and Perschke
(1987) for the EUROTRA project, that morphological and surface syntactic
processing can be combined into one context-free grammar augmented with
unification. Our model is implemented now by means of a parsing platform,
which is a chart-based context-free one augmented with feature unification,
and morphological rules written in a PATR-II like format (Shieber 1986).

3.1 Major issues in Spanish computational morphology

Spanish morphology is not a trivial subject. As an inflectional language, it shows
a great variety of morphological processes, particularly non-concatenative ones.
We will try to summarize the most significant problems which any morphological
processor of Spanish has to deal with:

1. A highly complex verb paradigm. For simple tenses, we consider 55 inflected
forms (see table 1), excluding the archaic future subjunctive, but including the
duplicate imperfect past subjunctive (six forms) and two courtesy imperative
forms. If we add the 50 possible forms for compound tenses, then 105 inflected
forms are possible for each verb’.

2. The frequent irregularity of both verb stems and endings. Very common
verbs, such as tener (to have), poner (to put), poder (to be able to), hacer
(to do), etc., have up to seven different stems: hac-er, hag-o, hic-e, ha-ré, hiz-
0, haz, hech-o. This example shows internal vowel modification triggered by
different morphemes having the same external form: hag-o; hiz-o, hech-o (The
first /-o/ is first person singular present indicative morpheme; the second
/-0/ is third singular preterit indicative morpheme; and the third /-o/ is
past participle morpheme — an irregular one, incidentally). As well as these
non-concatenative processes, there are other, very common, kinds of internal
variation, as illustrated by the following example:

/e — Jie/: quer-er (to want) — quier-o (I want)

2300 out of 7600 verbs in our dictionary are classified as irregular, and 5300
as regular, i.e. only one stem for all the forms as in am-ar, am-o, etc. (to love).
3. Gaps in some verb paradigms. In the so-called defective verbs some forms
are missing or simply not used. For instance, meteorological verbs such as
llover, nevar (to rain, to snow), etc. are conjugated only in third person
singular. Other ones are more peculiar, like abolir (to abolish) that lacks first,

* We refer to the device used at run-time by the morphological processor. The previous item
showed that rule application has been moved to an off-line process.

3 Our model accounts only for simple forms, since compound forms may have a syntactic
treatment.
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second and third singular and third plural present indicative forms, all present
subjunctive forms, and the second singular imperative form. In other verbs,
the compound tenses are excluded from the paradigm, like in soler (to do
usually).

4. Duplicate past participles: a number of verbs have two alternative forms, both
correct, like impreso, imprimido (printed). In such cases, the analysis has to
treat both.

5. Suppletion: There are some highly irregular verbs that can be handled only
by including many of their forms directly in the lexicon (like ir (to go), ser (to
be), etc.).

6. Nominal inflection can be of two major types: with grammatical gender (i.c.
concatenating the gender morpheme to the stem) and with inherent gender
(i.e. without gender morphemes). Most pronouns and quantifiers belong to the
first class, but nouns and adjectives can be in any of the two classes, with a
different distribution: 4% of the nouns have grammatical gender and 92%
have inherent gender, while 70% of the adjectives are in the first group.

7. There is a small group (3%) of invariant nouns with the same form for
singular and plural, e.g. crisis. On the other hand, 30% of the adjectives
present the same form for masculine and feminine, e.g. azul (blue). There are
also singularia tantum, where only the singular form is used, like estrés (stress);
and pluralia tantum, where only the plural form is allowed, e.g. matematicas
(mathematics). Some nouns and adjectives present alternative correct forms
for plural, e.g. for bambii (bamboo), bambii-s and bambii-es.

8. In contrast with the verb morphology, nominal processes do not produce
internal change in the stem caused by the addition of a gender or plural suffix,
although there can be alternative allomorphs produced by spelling changes:
luz, luc-es (light, lights).

All these phenomena suggest that there is no such universal model (e.g. two-level,
unification, or others) for (surface) morphology. Instead, we have approaches more
suited to some processes than others. The computational morphologist must decide
which is more appropriate for a particular language. We support the idea that
unification and feature-based morphology is more adequate for languages, such as
Spanish and other Romance languages, that have alternative stems triggered by
specific suffixes, missing forms in the paradigm, and duplicate correct forms.

The formalized description of the morphological phenomena of Spanish was
presented in Moreno (1991), where some interesting and well founded linguistic
generalizations are made: Paradigms’ for verbs are described to capture regularities
in the inflectional behaviour of the Spanish verbs, and the same is done with nouns.
All the lemmas belonging to a particular paradigmatic model not only share most
of contextual and grammatical features but also have the same allomorph number

¢ The percentages shown in this section are relative to the lexicon we have built.

7 These are not the traditional ones (Alarcos 1994), since they capture the problems arising in
written language, such as diacritical marks, different surface letters for the same phoneme,
etc.
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imprim impres

concat = vl concat = vl

conj = 3 conj = 3

stt = 100 stt = 99

sut = reg sut = partl
cat = v cat = v

lex = imprimir lex = imprimir

Fig. 2. Some entries for imprimir lemma.

and distribution. For instance, our model 11b has three allomorph stems, whose
distribution is shown in the paradigmatic model in figure 11.

3.2 The model

As previously stated, our model relies on a context-free grammar augmented with
feature unification that is particularly well suited for morpho-syntax. For morpho-
graphemics, our model depends on the storage — or off-line precomputation — of
all the possible allomorphs both for stems and endings. This feature permits both
analysis and synthesis to be limited to morpheme concatenation, as the general and
unique mechanism. This dramatically simplifies the rule component and permits
efficient implementation as a plus, since morphemes are no longer computed at run
time.

We present some examples of dictionary entries: two allomorph stems for im-
primir (figure 2), and two verbal ending entries (allomorphs) for the past participle
morphemes (figure 7).

There vm and v1 stand for the values of the ‘morphological category’ concat, that
we are using to drive rule processing. All the object dictionary entries must have
this morphological category. The inventory® of such categories follows:

w: For full inflected word forms.

wl: For words (nouns and adjectives) that can accept a number morpheme.
vl: For verb lexemes (stems).

nl: For nominal — nouns and adjectives — lexemes.

vm: For verb morphemes.

ng: For nominal gender morphemes.

nn: For nominal number morphemes.

We have introduced some contextual atomic features that impose restrictions on
the concatenation of morphemes through standard unification rules. Such features
are never percolated up to the parent node of a rule. Disjunction of atomic fea-
tures is permitted to improve storage efficiency, and is used only for contextual

8 Limited here to categories needed for verbal and nominal inflection. Our real system deals
with clitic pronouns attached to verbs and some derivational processes also, but we omit
them, for the sake of clarity.
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Table 1. Conjugation table: stem_type (stt) values

sing_.1 sing 2 sing.3 plu.l plu2 plu3 —

pres_ind 11 12 13 14 15 16
impf_ind 21 22 23 24 25 26
indf_ind 31 32 33 34 35 36
fut_ind 41 42 43 44 45 46
pres_subj 51 52 53 54 55 56
impf_subj“ 61 62 63 64 65 66
cond 71 72 73 74 75 76
imper 82 83 85 86

inf 00

ger 90

part 99

4 Two forms each.

Table 2. suffix_type (sut) values

reg pres pretl pret2
fut_cond imp_subj imper infin
ger partl part2

features: stem_type (stt), suffix_type (sut), conjugation (conj), gender_type (get)
and number_type (nut ).

In the conjugation table (Table 1), the stem_type (stt) values of the grammatical
features person-number (heading row) and tense-mood (heading column) are dis-
played in boldface. For example, sing_1 means first person, singular number; while
pres_ind means present tense, indicative mood.

Each of the 49 entries’ is represented by a numeric code!®, and the additional
value 100 is used as a shorthand for the disjunction of all of them (used for regular
verbs; see the entry example in figure 2). The contextual feature stem_type (stt) is
used to identify the verb stem and ending corresponding to each form, and the
contextual feature suffix_type (sut) distinguishes among several allomorphs of the
inflectional morpheme by means of a set of values (Table 2).

Since this value set is much smaller than the stem_type set, we have chosen an
alphabetic code. With the combination of both features, and the addition of a third
feature conj (conjugation), we can state unequivocally which is the correct sequence
of stem and ending for each case (see examples above, where imprim only matches

® The codes 83 and 86 stand for the courtesy imperative: imprima (usted ), impriman (ustedes ).
These word forms are the same as the 53 and 56 ones.

10 Actually, this number encodes a particular combination of person, number, tense and
mood features.
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bambu president

cat = n cat = n

concat = wl concat = nl

agr gen = masc get = mas2 fem
agr num = sing nut = plul

nut = plul plu2 lex = presidente
lex = bambu

Fig. 3. Entries for bambii and presidente lemmas.

doctor doctor

cat = n cat = n
concat = wl concat = nl

agr gen = masc get = fem
agr num = sing nut = no

nut = plu2 lex = doctor
lex = doctor

Fig. 4. Entries for doctor lemma.

ido for all features, and impres matches o, thus preventing ill-formed concatenations
such as imprim-o'' or impres-ido).

In the same fashion, we have two special contextual features for the nominal in-
flection, nut (number_type) and get (gender_type), to identify the various allomorphs
for the plural and gender morphemes, and associate them with the proper nominal
stems. The examples in figures 3, 4, 8 and 9 show those contextual features both in
nominal stem and morpheme entries.

These entries allow the analysis or generation of the word forms presidente, presi-
denta, presidentes and presidentas for the lemma presidente; doctor, doctora, doctores
and doctoras for doctor; and bambti, bambiis and bambiies for bambil.

The grammatical features category (cat), lemma (lex), tense (vinfo tense), mood
(vinfo mood), person (agr pers), number (agr num) and gender (agr gen) are the
only features that are delivered to the w node, and from this level can be used by a
syntactic parsing grammar.

A unification-based system usually relies very much on the lexical side. A large,
robust dictionary, properly coded, is needed. Additionally, our model depends on the
accessibility of all possible allomorphs, so their storage is also necessary. Fortunately,
there is no need to type all of them by hand, since this would be an impractical,
time consuming and error-prone task. Morpho-graphemics for Spanish is quite
regular and we have formalized and implemented the automatic computation of
the allomorphs of any verb. This is done by means of regular-expression based

1 Note that this is correct for indicative first singular, but not for past participle.
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% 1. Regular verbs % 2. Non-regular verbs

w -> vl vm w -> vl vm

<$1 conj> = <$2 conj> <$1 conj> = <$2 conj>
<$1 stt> = 100 <$1 stt> = <$2 stt>
<$1 sut> = <$2 sut> <$1 sut> =  <$2 sut>
<$0 cat> = <$1 cat> <$0 cat> = <$1 cat>
<$0 agr> =  <$2 agr> <$0 agr> =  <$2 agr>
<$0 vinfo> = <$2 vinfo> <$0 vinfo> = <$2 vinfo>
<$0 lex> = <$1 lex> <$0 lex> = <$1 lex>

Fig. 5. Rules for verbal morphology.

rules devised to compute these allomorphs automatically from the infinitive form,
capturing morpho-graphemic generalizations in the paradigmatic models. The rule
to compute the second allomorph (alo 2 stem) for the verbs in the model 11b in
figure 11 is invoked with the expression $rv11-2. We will show how it works below,
in the lexical formalism section.

3.3 The grammar

The rule component of the model is quite small, because most of the information is
in the lexicon. In particular, inflected verb forms are analysed or generated by two
rules. Actually, only one rule is needed, but as we used the value 100 for the stt
feature for regular verbs instead of a disjunction of all the possible stt values, we
split the rule in two. Verbal rules are shown in figure 5.

In the rules, $0 refers to the root of the feature bundle of the left-hand side, and
$1, $2 to the roots of the feature bundles of the right-hand side, from left to right.
As a notational shorthand, the context free part of the rules (w -> v1 wvm) is written
with the required values of the concat feature of each of the feature bundles.

Nominal inflection is slightly more complicated, because of the combination of
two inflectional morphemes (gender and number) in some cases. Our model needs
the four rules shown in figure 6 to handle this. The first one is for singular words,
when the stem has to be concatenated to a gender suffix (nifi-o, niii-a); the second
is for plural words, where an additional number suffix is added (nifio-s); the third
builds plurals from an allomorph stem and a plural morpheme (leén/leon-es); and
the fourth rule validates as words the singular forms (wl) obtained from the first
rule without further concatenation.

4 Lexical formalism

The main characteristics of the Source Lexical Base representation language are
described in this section. Further description can be found in Gofii and Gonzalez
(1995a). Examples will be given as needed, in order to illustrate the use of the lan-
guage and its semantics, and special encoding conventions, since a formal description
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% 1. Gender morphemes to stems % 3. Number morphemes to stems

wl -> nl ng w ->nl nn

<$1 get> =  <$2 get> <$1 nut> = <$2 nut>

<$0 nut> = plul <$1 nut> = plu2

<$0 agr> =  <$2 agr> <$0 agr gen> = <$1 agr gen>

<$0 lex> = <$1 lex> <$0 agr num> = <$2 agr num>

<$0 ninfo> = <$1 ninfo> <$0 lex> = <$1 lex>

<$0 cat> = <$1 cat> <$0 ninfo> = <$1 ninfo>
<$0 cat> = <$1 cat>

% 2. Number morphemes to words % 4. Singular words

w -> wl nn w —-> wl

<$1 nut> =  <$2 nut> <$0 agr> = <$1 agr>

<$0 agr gen> = <$1 agr gen> <$0 lex> = <$1 lex>

<$0 agr num> = <$2 agr num> <$0 ninfo> = <$1 ninfo>

<$0 lex> = <$1 lex> <$0 cat> = <$1 cat>

<$0 ninfo> = <$1 ninfo>

<$0 cat> = <$1 cat>

Fig. 6. Rules for nominal morphology.

will not be presented. A detailed description of the formalism and its syntax is given
in Goiii and Gonzalez (1995b).

Each entry in the Source Lexical Base is composed of an entry name (EN) — a label
— and an entry structure (ES) — a feature structure — restricted to be a tree. The ES
has a number of labelled features, that can have an atomic value — a label assigned
to that feature — or a structured one — another feature structure. Moreover, a string
of characters can be encoded as an atomic value for a feature. Value assignment to
a feature is achieved by an equation in the form:

p=010y ... Uy

where p is a sequence of one or more labels separated by blank spaces that constitute
a path for accessing the feature from the root of the tree. The v; are the atomic
values that this particular feature can have. Only one value is permitted if it is of
character string type. Paths in the left hand side of the equations are the mechanism
provided to define a tree-shaped feature structure. The multiple-valued features are
provided as a notational shorthand for disjunction.

The Source Lexical Base is split into sections, each one headed by a special
keyword. An include facility is also provided in order to promote physical division
of the Lexical Base into different computer files. The sections that may appear in
the Source Lexical Base are reviewed below.

4.1 Morphemes and words

The morphemes section is designed for the inclusion of inflectional morphemes,
which usually convey grammatical information such mood, aspect, person and tense
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ido o

concat = vm concat = vm
conj = 23 conj = 23
stt = 99 stt = 99
sut = reg sut = partl
vinfo tense = part vinfo tense = part

vinfo mood nofin vinfo mood = nofin

Fig. 7. Some entries for past participle morphemes.

o e a
agr gen = masc agr gen = masc agr gen = fem
agr num = sing agr num = sing agr num = sing
get = masl get = mas2 get = fem
concat = ng concat = ng concat = ng

Fig. 8. Entries for gender morphemes.

(verbs), or gender and number (nouns or adjectives). The entries in this section will
pass almost unchanged to the Object Dictionary upon compilation. Examples are
shown in figures 7-9.

The words section is intended for lexicalized words that are included as is in the
Source Lexical Base (see the example in figure 10). The most frequent clients of this
section are very irregular words, usually with an auxiliary function. The entries in
this section will also pass almost unchanged to the Object Dictionary. The section
is provided to physically separate morphemes from words, although the behaviour
of the entries in both sections will be almost the same when compiling the Object
Dictionary.

4.2 Classes

Information inheritance has been widely used in artificial intelligence, as a knowledge
representation mechanism, as well as a limited reasoning device. The use of such
a technique in Computational Linguistics is widespread as Daelemans et al. (1992)

s es
agr num = plu agr num = plu
nut = plul nut = plu2
concat = nn concat = nn

Fig. 9. Entries for number morphemes
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sé soy
cat = v cat = v
lex = saber lex = ser
concat = W concat = W
agr pers = 1 agr pers = 1
agr num = sing agr num = sing
vinfo tense = pres vinfo tense = pres
vinfo mood = ind vinfo mood = ind

Fig. 10. Entries for lexicalized words.

MViib (MV)

alo 1 stt = 012 13 14 15 16 21 22 23 24 25 26 31 32 33 34 35 36 \
61 62 63 64 65 66 85 90 99

alo 1 sut = reg

alo 2 stem = $rvii-2

alo 2 stt = 11 51 52 53 54 55 56 83 86

alo 2 sut = reg

alo 3 stem = $rvii-3

alo 3 stt = 41 42 43 44 45 46 71 72 73 74 75 76

alo 3 sut = fut_cond

Fig. 11. Verbal inflectional model 11b.

show. We have opted for a simple version of default inheritance. Our language
defines classes as bundles of feature-value pairs that can be inherited by any
particular entry defined to be a member of a class. The entries belonging to a
particular class inherit all the feature-value pairs present in their parent class.
Inheritance is overridden for those feature-value pairs explicitly stated in the entry.
This mechanism (default inheritance) provides a convenient and natural way to
express regularities and exceptions. Classes can be members of other classes if
desired and multiple inheritance is also allowed, so it is possible to build complex
inheritance hierarchies that group and optimize the information organization. As
multiple inheritance can cause conflicts, inheritance is expressed by means of an
ordered list, and a priority schema — the class precedence list — is established to
avoid conflicts. Although Russell et al. (1992) use a sophisticated strategy to build
this list, we chose a simple depth-first and left to right searching algorithm to avoid
conflicts, modified appropriately to remove duplicates.

A class definition is a label (EN) and a feature structure (ES) attached to it. If
the class defined is a member of a set of other classes, these are listed in parenthesis
after the EN. This also holds for entries in other sections (words, morphemes and
lemmas).

Allomorphy rules are usually stated in a class definition. Rule invocation, however,
is made when a particular child entry from that class is processed because of the

https://doi.org/10.1017/51351324997001812 Published online by Cambridge University Press


https://doi.org/10.1017/S1351324997001812

ARIES: A lexical platform for engineering Spanish processing tools 331

salir (MV11b C3)
usurpador (DOCTOR N)
mezzosoprano (LUNA N)

desosar (MV1 C1)
alo 2 stem = deshues

Fig. 12. Lemma entries.

inheritance mechanism. The EN of such entry acts as the argument for the rule.
Figure 11 shows an inflectional class that inherits information from the model MV. All
the verb lemmas that belong to this inflectional paradigm inherit such information
by default.

4.3 Lemmas

A lemma is a grouping of related entries that share common information. Each
lemma will be expanded to different entries when the Object Dictionary is compiled.
For our purposes a lemma groups the allomorphs needed to build all the inflected
forms, not all the possible surface realizations — for verbs, where 55 word forms are
possible, a maximum of eight allomorphs are encoded.

For regular and subregular inflection, entries can be very short if the inheritance
mechanism is used. For irregular lemmas, the entry is usually longer, because most
of the information must be provided inside. In figure 12 we show some examples of
lemma entries that make use of default inheritance. The last entry explicitly overrides
the value inherited for the alo 2 stem feature.

4.4 Allomorphy rules

Allomorphy rules are stated in a separate section, and are designed to build par-
ticular allomorphs for a given lemma entry. Rules are usually invoked in class
definitions, although they could be in a particular entry in the lemmas section in-
stead. The example above that illustrated the classes section (figure 11) had three
rule invocations'?. Rule invocation is always stated in the value for a particular
feature, and the value returned by the rule is assigned to such a feature. Rule in-
vocation is done by rule name, preceding it with the special character $. A special
invocation is provided with the token $$ for the identity rule!®. As previously stated,
any allomorphy rule invocation takes as its argument the relevant EN for the entry

12 Two of them are explicit, and the third, to compute alo 1 stem, is inherited from the MV
class.
13 That is, returns the EN of the entry.
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rv9a-2

X = .

{C = [bcdfghjklmnpgrstvwxyz]+}
$Xe$Cir -> $Xie$C

$Xo$Cir -> $Xue$C

Fig. 13. Allomorphy rule.

under consideration, and if invocation takes place in a class definition the argument
is the EN of the entry that inherits that feature.

Rule application is a pattern-matching process. The argument of the rule is
matched sequentially against the left hand side of each production in the rule. When
a match succeeds, the relevant right hand side is returned. If there is no successful
match, the rule fails and neither value is returned nor assigned to the feature that
invoked the rule. Patterns on the left hand side of the rule are a sequence of
characters and variables — that represent a regular-expression pattern declared in a
rule header. When the argument is successfully matched against the left hand side
of the current production, variable instantiation takes place. If the right hand side
of the production contains that variable, its instantiated value is used to compute
the returned value.

A rule contains a name, followed by local variable declarations and one or more
productions, whose left and right sides are separated by the special token ->. Variable
declarations are assignments — enclosed in brackets — of regular expressions to the
variable identifier (some single alphabetic character). Regular expressions are the
standard ones used in some UNIX' operating system commands (Kernighan and
Pike 1984), so we will not discuss them here. Variable invocation in the productions
are preceded by the special character §$.

The example in figure 13 shows one of the rules that are needed in the verbal
model MV9a. Provided that y is any consonant sequence, it computes an allomorph
from an infinitive form when it finishes in -eyir, by changing e to ie and deleting
the ir ending, or, if the infinitive form ends in -oyir it changes the o to ue, deleting
the ending also. These two productions can compute the allomorphs sient, requier,
muer or duerm from the forms sentir (to feel), requerir (to require), morir (to die)
and dormir (to sleep), respectively.

4.5 Type checking

This particular section has been designed to provide some kind of type checking.
Open (any value) and closed (fixed set of values) features have to be declared here.
For closed features all the possible values have to be declared too. We show some
example declarations in figure 14.

4 UNIX is a registered trademark of the X/OPEN Company Ltd.
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stem =
pers = 123
agr = 0@(gen num) @(num pers)

Fig. 14. Feature declaration.

stem is an open feature that can take any atomic value (including character
strings), pers is a closed one, and its legal values are only 1, 2 or 3, agr is
a closed feature that can take only a feature structure as its value, and some
restrictions are declared on its possible feature components: gender and number, or
number and person'’.

This section is of special interest for consistency checking throughout the whole
source lexical base, for detecting misspellings of feature names and values, and as
reference for lexicographer editors. It is used also by some tools to improve the
efficiency of the deliverable products, as closed feature values can be compiled out
because they form a finite set.

4.6 Object dictionary generation

In this section of the Source Lexical Base, rules are given for building the Object
Dictionary. Each rule is a sequence of tree manipulating operators that can be
used to modify, filter out or add some branches to the tree structure of the feature
bundles.

The section specifies a set of rules for each of the sections containing lexical entries
(lemmas, words and morphemes). From the point of view of Object Dictionary
construction all these three sections are equivalent, and it is because of these rules
that they behave differently.

This section is split into three subsections, each one headed by one of the labels
LEXEMES, MORPHEMES or WORDS. The rules in each subsection will be applied to the
entries defined in the relevant section of the Source Lexical Base. For each rule
succesfully applied, a new entry will be generated in the Object Dictionary.

Each rule consists of a sequence of equations. Their left hand side refers to the
entry generated in the Object Dictionary and the right hand side to the entry under
consideration in the Source Lexical Base. The special tokens $$ and @ refer to the
EN and to the ES respectively. All rules must have a value assigned to $$ and to
@, and the rule is successful if an effective value is assigned to $$ at runtime.

Tree branches can be accessed by their path from @, and assignments to non-
existing branches are considered tree augmenting. Deleting a branch is done by
specifying an incomplete copy: on the right hand side of an equation, after a subtree
specification, a sequence of paths to eliminate is written in parenthesis, preceding each

13 Tt is possible that only one of the features appears, but not gen and pers at the same time.
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LEXEMES MORPHEMES

$$ = @ alo 1 stem Q = @
@ = @ alo 1 (- stem) $$ = $3
[c] = @ (- alo - aux)

Q lex = $$

$$ = @ alo 3 stem WORDS

@ = @ alo 3 (- stem) ¢ = @
@ = @ (- alo - aux) $$ = $$
@ lex = $3 @ concat = W

Fig. 15. Rules for Object Dictionary compilation.

one with a minus (—) sign. Rules are invoked sequentially, and non-monotonically:
an equation can override a value assigned by previous equations.

For each possible allomorph that can be included in a lemma entry, a rule
should be included in this section. We have not considered iteration to enhance this
tree manipulating language to cope with an indeterminate number of allomorphs,
because we have always found a manageable number of them.

A sample of the rules is shown in figure 15. The entries in the morphemes sections
are just copied, while the concat feature, with the value w, is added to those in the
words section. For the lemmas the same set of operations is repeated for each of the
possible allomorphs (we show just the relevant rules for the first and the third ones).
The allomorph is converted to the EN and the older EN becomes the feature lex
of the target ES. Some deleting is also carried out.

Figure 16 shows the resulting entries in the Object Dictionary obtained by applying
such rules to the lemma entry salir (cf. figure 12).

4.7 The lexicon
The lexicon for this platform has been derived from different sources:

e The concise version of the COLLINS English-Spanish dictionary.

e The work done at New York University by A. Moreno and C. Olmeda in the
framework of the PROTEUS project (Grishman et al. 1993).

e The tag-set proposed by A. Martin (1994) at Universidad Autonoma de
Madrid for morpho-syntactic tagging of Spanish texts. See also Martin and
Goiii (1995).

e Corpora of Spanish texts compiled by the King’s College of London and by
the International Telecommunications Union. (A small part of the first corpus
has been tagged manually by Martin.)

e Collections of texts from Spanish newspapers (ABC, El Mundo, etc.) and lists
of words.

Morphological information has been derived in a semi-automatic way:
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sal

cat = v

conj = 3

concat = vl

stt = 012 13 14 15 16 21 22 23 24 25 26 31 32 33 34 35 36 \
61 62 63 64 65 66 85 90 99

sut = reg

lex = salir

salg

cat = v

conj = 3

concat = vl

stt = 11 51 52 53 54 55 56 83 86

sut = reg

lex = salir

sald

cat = v

conj = 3

concat = vl

stt = 41 42 43 44 45 46 71 72 73 74 75 76

sut = fut_cond

lex = salir

sal

cat = v

conj = 3

concat = w

agr pers = 2

agr num = sing

vinfo mood = imper

lex = salir

Fig. 16. Expanded entries.

1. Tools were implemented to classify words (nouns, adjectives and verbs) ac-
cording to morphological models from their surface form.

2. A Prolog generator, GRAMPAL (cf. section 5.4.3), was used to produce all
the inflected forms (or the most representative ones in the case of verbs) for
each dictionary entry. This was devised as a way to check manually the results
of the classifiers.

3. Finally, the inflected forms were checked manually by groups of semi-volunteer
students'®, and the entries were fixed accordingly.

16 They deserve special mention, but their names cannot be included here by obvious reasons.
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5 Tools
5.1 Verb classifier

As previously stated, morpho-graphemics for Spanish is fairly regular, and most
verbs can be classified in paradigmatic models attending to surface patterns. To help
dictionary building we have developed a verb classifier'” for verbal models by means
of regular expression patterns. Entry lemmas are matched against the patterns in
sequential order. When the first match happens, the lemma is arranged into the
conjugation model associated with the pattern.

These patterns are built based on empirical criteria and the evolution of Spanish
verb morphology thus allowing us to state classification rules confidently. As an
example we will show some of those patterns:

/pezar$/ {v("3a"); continue}
/aizar$/ {v("3a"); continue}
/comenzar$/ {v("3a"); continue}
/gonzar$/ {v("3a"); continue}
/orzar$/ {v("3a"); continue}
/zar$/ {v("2") ; continue}

With such rules, any verb ending in zar is classified into the model named 2,
except if the ending is one of the more specific ones, previously declared. In that
case it is classified into the model 3a.

Thus, verbs in the conjugation model 2 have two allomorphs: the first one is
regular (stripping the -ar ending), and the second one changes from z to ¢ for some
inflected forms, depending on the first character of the morpheme to be added!®.

In contrast, verbs belonging to the 3a model present four allomorphs: the first is
the regular one, and the last three ones account for vowel changes in the stem, such
as diptongation or marked diacritical stress, whether combined with the /z/ to /c/
spelling change or not.

With such a scheme, any particular verb can be classified into one of 34 conju-
gation models. After that, all the information needed for morphological recognition
or generation, including all the relevant allomorphs, can be obtained from this
paradigmatic model by means of inheritance devices. Note that we have been able
to extend the dictionary automatically from mere verb lists, and that we will be able
to add new verbs automatically to the dictionary.

We do not claim that this approach to verb classification can be generally
applicable to many languages, but only to those whose inflectional classes can be
predicted from the surface form of a word. In that sense, it could be useful to test
whether the classifier can be adapted to languages such as Catalan, Portuguese,
French or Italian.

17 In fact, it is a script for the program ‘awk’, included in any UNIX operating system.
13 In this case, the change is produced when the morpheme starts in e or ¢, because ze is not
possible under Spanish spelling rules.
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5.2 Dictionary compiler

Object dictionary generation is achieved by specialized tools that are guided by the
filtering rules seen above. These are a set of rules of a tree-manipulating language
that allows the filtering, addition or modification of the branches of the feature
bundle attached to each entry, as well as the computing of the different allomorphs
for each lemma and their assignment of the relevant feature bundle. The tools (all
of them implemented in C/C++) deal with:

1. Interpretation of filtering rules.

2. Inheritance searching algorithms, to assign the relevant feature bundle to each
entry in the compiled dictionary.

3. Interpretation of regular expression rules to compute the allomorphs. The
GNU regex package (Hargreaves and Berry 1992) has been used for such a
purpose.

4. Building the letter-tree index (trie) for efficient retrieval. This indexing system
will be described in the next section.

5.3 Dictionary interface

A flexible software access interface has been implemented to allow the applications
a fast retrieval of lexical entries. The implementation language adopted is C/C++
also. A trie index is built while the object dictionary is compiled. The storage
inefficiency of the wvanilla trie index is solved with some simple modifications of
the algorithm of the double-array trie described in Aoe et al. (1992). This indexing
mechanism allows the integration in this interface of the word segmentation needed
for morphological analysis. Thus, word segmentation is no longer a blind process,
since it is guided by the entries included in the lexicon. This module also includes a
software library for feature structure manipulation.

5.4 Parsing tools

Applications can be built in a modular way, selecting the software modules that are
best suited for them. Software interfaces between the different modules and tools are
cleanly defined to ease software integration and tool combination in a flexible and
modular way. Figure 17 shows the system architecture, in particular inter-module
dependencies within the implemented tools. In the following we describe all of them
briefly.

5.4.1 Unification modules

Two modules were built for the processing of feature structures contained in PATR-II
rules:

e A full unification module that allows real value sharing among features.
The algorithm implemented is an enhancement of the quasi-destructive graph
unification algorithms described by Wroblewski (1987) and Tomabechi (1991).
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Fig. 17. Parsing tools architecture.

o A pseudo-unification module that treats feature bundles as trees, without value
sharing. Our implementation is a modification of the pseudo-unification al-
gorithm described by Tomita et al. (1988). A lot of enhancements have been
added to maintain consistency in the unified feature structures, guarantee-
ing that all the values are exactly the same in the (pseudo) unified paths,

independently of the order in which the equations are given'.

5.4.2 The modular chart parsing system

Our modular chart parsing system, called NUCLEO, is a module that serves as
a basis for the development of chart parsers in C programming language. It is
based on the CMCHART architecture proposed in Thompson (1983), and includes
facilities for implementing parsers with different searching strategies, rule invocation
strategies, and top-down, bottom-up or mixed strategies.

5.4.3 Tools for morphological analysis/generation

A morphological analyser has been implemented using NUCLEO, the pseudo-
unification module?® and the lexical access interface (see figure 17). It is a modified
chart parser that interprets word formation rules like those in figures 5 and 6. This
implementation is reported in Gonzalez et al. (1995).

We also developed a prototype of morphological analyser/generator in PROLOG

19 Such enhancements include the smart sorting of the equations and double evaluation of
the equalities.

20 We chose this implementation for reasons of efficiency, following the claim of Tomita et
al. (1988) that best performance is achieved by such an algorithm.
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programming language, called GRAMPAL. It is, basically, a DCG grammar for
word formation. The advantages of this prototype are declarativity and bidirection-
ality. The lexicon needed for its operation is automatically derived from our source
lexical base. GRAMPAL is fully described in Moreno and Goifii (1995).

5.4.4 The parser

The parser is built on top of the NUCLEO system, and is integrated with the full
unification module. The grammars have to be written in a PATR-II like format to
feed the parser. A parser with the pseudo-unification module is also available, if so
desired.

5.5 Application tools
5.5.1 The tokenizer

A tokenizer for the Spanish language has been developed using flex, the GNU
generator of lexical analysers (Paxson 1995). This tokenizer is just a prototype, used
for evaluating the possibilities of a tool of this kind. It is planned to implement a
fully functional tokenizer in C in the near future.

The main goal of the tokenizer is to split a text into tokens, which most of the
time will be simple words, although multi-word tokens are allowed. The tokenizer
returns a token per line (which makes the post processing of the output easier) and
each of these tokens may be marked with a tag in order to differentiate between
types of tokens: proper nouns, text between quotes or parenthesis, beginning and
end of sentences, punctuation marks, paragraph delimiters or strange words (those
which contain both numeric and alphabetic characters, or non Spanish characters);
when the tokenizer returns a normal word, it is not tagged.

5.5.2 The stochastic tagger

In the context of the CRATER project’!, the Xerox Tagger (Cutting et al. 1992)
has been adapted to Spanish. The Xerox Tagger uses a statistical method for text
tagging. In this kind of systems, ambiguity of assignment of a tag to a word is
solved on the basis of the most likely interpretation. A form of Markov model is
used that assumes that a word depends probabilistically on just its part-of-speech,
which in turn depends on the category of the preceding two words.

One of the main advantages of the Xerox Tagger is that it does not need any
tagged corpus; only a lexicon with the more common words and their corresponding
tags, and a suffix lexicon which stores the set of tags which may correspond to a

2l This project (C orpus Resources And Terminology E xtRaction) is funded by the Commis-
sion of the European Communities under contract MLAP-93/20. Our group contributes
to this project as subcontractor of Laboratorio de Lingiiistica Informatica, Universidad
Auténoma de Madrid, Spain, with Fernando Sanchez being the project leader of the Span-
ish team.
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particular suffix’® are necessary. With these elements it is possible to train, even
with an untagged corpus, the Hidden Markov Model (HMM) in which the tagger
is based.

Once the tagger has been trained, it can be fed with a string or a text to be tagged.
First of all, the input is converted into a sequence of tokens which are passed to
the lexicon; if the token is in the lexicon, it is annotated with the tag(s) provided by
the lexicon. If it is not, but the token can be split into a verb form plus some clitic
pronouns, this decomposition is done, and each of the elements resulting from the
splitting is tagged as if it were a token originally obtained from the input text. If the
token is neither in the lexicon nor can be split, the suffix table is looked up in the
lexicon for a matching; if there is any, the set of tags corresponding to the matched
entry is returned. Finally, if all of this fails, a default set of tags is returned.

The output of the tagger could be used as input for a syntactic parser, or could
be used for compiling statistics on order and relations between different categories
of words.

The modifications made to the Xerox Tagger in order to adapt it to Spanish have
to do mainly with suffix handling and processing of clitic pronouns (Sanchez and
Nieto 1995).

5.5.3 The verbal subcategorization tool

Verbal subcategorization frames are the different syntactic structures that a particular
verb can admit: types of complements (and required prepositions), non-finite forms,
reflexive forms, auxiliaries, etc. A tool, called SOAMAS (Monedero et al. 1995),
has been developed to automatically obtain the frames corresponding to Spanish
verbs from tagged texts. The system includes three grammars. The first one, for
the analysis of the verb phrase, identifies main and auxiliary verbs (as well as the
possible intermediate prepositions or conjunctions and clitic pronouns). The second
one recognizes nominal, adjective and prepositional phrases inside the verb phrase.
The last grammar describes the structure of the verbal complements in Spanish.
Grammars have been implemented from the work in Hallebeek (1992).

There were 25 different subcategorization frames considered, including simple,
composed and auxiliary frames. The system has not been integrated yet with the
stochastic tagger and the current version of the morpho-syntactic analyser, but it
has been tested by using a 10,000 word text manually tagged by Martin (1994), but
no statistical analysis has yet been carried out.

5.6 Demonstrators

E-mail and Web interfaces have been built to show the capabilities of the tools
developed. E-mail requests can be sent to aries@mat.upm.es, with one of the
following subjects:

22 This suffix lexicon has been generated manually by Fernando Sanchez; the original tagger
has the possibility of generating suffixes automatically from a corpus, but this method
produces poor results in the case of Spanish.
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e ayuda: to get instructions (in Spanish) on the use of the demonstrator.

e comprueba: takes at most 10 lines of the message body or the first 100 words
and returns to the petitioner the lists of unknown and unanalysed words.

e analiza: to get the morpho-syntactic analysis of one word (the first word in
the message body). For instance, the answer obtained for the word volviais is:

lex = volver

cat = v

agr pers = 2

agr num = plu
vinfo tense = impf
vinfo mood = ind

that is, this word is the plural second, imperfect tense, indicative mood form
of the verb volver.

Using a Web browser, our ARIES page can be reached at the URL:
http://www.mat.upm.es/aries

where forms for the e-mail interface are also available, in addition to on-line papers,
licensing and other information. A special interactive interface is also provided for
morphological analysis.

6 Evaluation

A first evaluation of the ARIES platform has been carried out regarding its abil-
ity for spell checking purposes. Lexical coverage has been the only aspect under
consideration: comparison with other morphological analysers is difficult because
of the differences in their tag sets. What we are using as a spell checker is in fact
a morpho-syntactic analyser that generates, for recognized words, all their possible
analysis?. No alternative spelling is provided for unrecognized words.

The current version of the platform is relatively efficient in terms of space needed
for the storage of object dictionaries. No effort has been made however until now to
improve time efficiency. Anyway, an improvement of at least one order of magnitude
is considered a feasible goal in the very short term.

Evaluation has been carried out by using a collection of texts from the Culture
Supplement of the Spanish newspaper ABC. The text was previously tokenized
to filter out proper nouns, acronyms, quoted and bracketed expressions, etc. Of
course, the filtered output still contained foreign words and typographical errors. A
specialized dictionary of culture terms including around 400 words (less than 1200
inflected forms) was created to supplement the core dictionaries of the four spell
checkers used for evaluation: ARIES on the one hand and the Spanish versions of

23 Over-acceptance is marginal by design. Of course, the lexicon acquisition process is prone
to errors and some non-words might have been accepted.
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Table 3. Results of the evaluation

Spell Unrecognized Unrecognized
checker distinct words % error words % error”
ARIES 3,167 7.5% 4,264 0.6%
WORD 7 5,174 12.2% 9,128 1.3%
ISPELL 5,630 13.3% 9,919 1.4%
WP 5.1 9,245 21,8% 18,622 2.6%

4 Qver 42,364 distinct words.
b Over 714,124 words.

the WP 5.1, Word 7 and ISPELL 3.1.00 spell checkers on the other?*. The size of
the corpus used, after tokenization, is 714,124 words long. The number of distinct
forms is 42,364.

The results of the evaluation are shown in Table 3.

7 Conclusions and future work

The need for the development of our own lexical framework arose from the fact
that other existing formalisms presented some inadequacies in order to cover the
goals we stated at the first section of this paper, like verbosity of strong ideological
commitment to particular linguistic theories. Although we tried to minimize ideo-
logical commitment, some definitive decisions had to be made, like abandoning the
two-level morphology approach found almost everywhere, and adopting a new mor-
phological model. This has proved useful, since the formalism has been successfully
applied to account for the morphology of the Spanish language with an extensive
coverage (Goiii et al. 1995).

But this framework would be useless if it were computationally intractable. A
set of software tools has beed designed around it, setting-up the basis of our
lexical platform. Extensive work has been carried out at our site to develop a
loosely coupled, highly modular environment that allows us to integrate this set
of tools (Gonzalez et al. 1995a). Among them we will cite efficient dictionary
access libraries, conversion tools between source and object formats (this includes
regular expression rule interpretation, multiple inheritance management, etc.), and
morphological analyser and generator.

The current dictionary has a considerable size: around 38,000 lemma entries,
including 21,000 nouns, 7300 verbs, and 10,000 adjectives, and around 500 entries
for prepositions, conjunctions, articles, adverbs and pronouns. The model could be

2% WordPerfect is a trademark of Corel Corporation. Word is a trademark of Microsoft
Corporation. The Spanish ISPELL dictionaries used for this evaluation (version 1.4,
December 1994) have been developed by Rodriguez and Carretero (1996) at the Facultad
de Informatica, Universidad Politécnica de Madrid, Spain.
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used for derivational morphology and compounds as well, but this has not been
done fully yet?, since further linguistic analysis must be done to specify the features
needed to permit derivatives and compounds.

The full power of context-free grammars is not required for morpho-syntactic
processing, so we are planning to write morphological rules in a less elegant,
but more efficient, possible continuations or regular grammar implementation. This
can be done as the full recursion that context-free grammars provide us with is
not needed for morphology, so a regular grammar can be used, thus allowing us to
achieve further performance. For practical reasons, we opted firstly to test intensively
the morphological model with a Prolog prototype using the built-in DCG package
(Moreno and Goni 1995), and secondly to integrate morphological and syntactical
processing in existing parsing tools. In any case, the morphological model will remain
the same in both implementation approaches.
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