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Nicoletta Calzolari/Antonio Zampolli

From Monolingual to Bilingual Automated Lexicons:
Is There a Continuum?

Abstract

Lexical Data Bases (LDB) are investigated as essential tools in the storing and processing of lexical
data for their capability of providing direct and immediate access to sets of words sharing specific
properties or features. LDBs are considered as “multifunctional” in many respects: with respect to
the data, to the applications, and also to different linguistic theories. |

The Italian LDB and its future developments are seen as an example of implementation of a
LDB according to the lines described. The aim of the project is to create a large repository of lexical
data, where access is provided at the various levels of lexical units, properties, and relations. We are
tending towards an automated dictionary which represents lexical information by relations from
words to words, or from words to metalinguistic codes, using existing dictionaries as one of the
sources for the raw data. One of the purposes of implementing these relations is to transform a
particular natural language text, 1.e. definitions, into a knowledge base, and to relate natural
language words to an underlying and probably interlinguistic taxonomy or network of concepts. A
suitable structure makes it possible to obtain wide access to lexical information both in breadth and
in depth, and for a number of foreseeable applications. In the perspective of realizing a “neutral”
syntactic component, we are investigating the possibility of representing in the lexicon the linguistic
information used in parsers and generators in such a way that it can be reutilized in many different
theoretical frameworks.

A project is also described which uses bilingual machine readable dictionaries as a “bridge”
connecting two otherwise independent monolingual lexical data bases. One of the objectives is to
integrate the different types of information traditionally contained in monolingual and bilingual
dictionaries, so as to expand the informational content of the single components in the new inte-
grated bilingual system. In the new bilingual system, there would no longer be a source language and
a target language, since the look-up and access procedures are independent and neutral with respect
to direction. Bidirectional cross-references will also be automatically generated for the information

contained at each sense level as semantic indicators (i.e. synonyms, hyperonyms) or contextual
indicators.

1. Introduction

Over the past few years automated lexicons have become increasingly attractive fields of
research and development. From a theoretical point of view they are at the crossroads of
many areas of research, from morphology and syntax and semantics to sociolinguistics
and Artificial Intelligence. From an applicative point of view, the possibilities of use
range from simple spelling checkers to parsers or knowledge representation systems.
Unfortunately, what has been lacking so far is an effort of harmonization and of
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convergence either at the level of linguistic structures or at the level of computational
models.

We can however assert that a number of basic assumptions concerning monolingual
automated lexicons can nowadays be taken for granted, e.g.:

— the necessity to utilize as invaluable sources of data printed dictionaries which are already In
machine-readable form, e.g., for photocomposition;

— the necessity to organize dictionary data on a database structure provided with multiple access
procedures;

— the necessity to integrate various levels of information, from the phonetic to the morpho-
logical, syntactic and semantic level;

— the importance of exploiting the peculiarities of the sublanguage of definitions in order to

extract a number of semantic features and semantic relations to be implemented 1n the
database;

— the property of multifunctionalis.m_, - the possibility of utilization, through different modes
of access to differently organized virtual subsets, by different procedures for different applica-
tions or by human users;

— the property of multi-perspectiveness, i.e., the possibility of presenting the very same data
under various perspectives, according to the specific relations between entries considered
when querying the database;

— the property of being organized as a complex network of interconnected relational structures
arranged in a multi-dimensional way with nodes and labeled links.

While examining the importance of these properties for automated dictionaries, we have
to consider which of these notions, concepts, methods, structures and techniques are still
valid when dealing with the design of a computerized bilingual dictionary, which ones
must instead be changed and which discarded.

In particular we are concerned with the study of a model of a bilingual dictionary
which can be a valid tool for the connection of already available large monolingual
databases. In a certain sense, the bilingual dictionary should connect two descriptions of
the world, i.e., two differently organized knowledge bases; a different formal syntax for
the “bilingual entry” and a new explicit internal structure must be envisaged, certainly
different from the standard entry of a printed dictionary; new types of manipulations of
this structure must be allowed for different search strategies; if we consider each entry as
a set of properties and of relations with other entries, the overall external organization of
the entries should be conceived in terms of relations among subsets; given the importance
of context in determining the exact correspondence between source and target language
expressions, an integrated linguistic database (i.e., a lexical database plus a textual
database) must be at disposal in those cases in which it is also necessary to have on-line
access to large textual corpora through many search strategies.

2. Multifunctional Lexical Data Bases

Why lexical databases? Why multifunctional and multilingual lexical databases? By what
methods? For which purposes? By whom? In which environment? For which applica-
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tions? How have they developed so far? What is the present situation? What of future
developments? What are the main features?

These are only a few of the many possible questions that can be posed with regard to
electronic dictionaries and we shall try to answer some of them in this paper.

2. 1. Multifuncﬁmal” with respect to the data

As complex sets of phonologlcal morphologlcal syntacnc and semantlc ;nformatmn
words have many properties that interact with each other and that should be accurately
captured 1n a Multifunctional Lexical Database (MfLDB). Words must also be consider-
ed at each different Ievel of lmgulstic analysis, and these levels can be integrated with
each other in the many perspectives on the lexical entry offered by a MfLDB.

The first feature which makes LDBs essential tools in the stormg and processmg of
lexical data is their capablhty of providing direct and immediate - access to sets of words
sharing a specific pmperty or feature. This i1s possible because B

a) the lexical data elther have been inserted in the LDB in a codified way (where this is feasible,
as for grammatical category codes, style labels, field labels, POS, etc.), or have been or-
ganized in such a way that a number of morphological, syntactic, and semantic relations are

normalized and/or fermahzed (as for synonymy, hyponymy, word-formation, transitivity,

b) there are pmcedures allowing for specified scanning of the data (also in the form of codes or
of relatlons) and for the selection of specified subsets of entries which match given Searchlng
criteria. Sectwn 3. descnbes some of the possible querles 1mplemented in the Itahan LDB.

2.2. “Multifunctional” with respect to the applications

The lexicon is obvmusly an essential component in any Natural Language Processing
(NLP) system (for parsing, generating, machine translation (MT), question/answering
(QA), information remeval (IR), lemmatization, artificial mtelhgenae (Al), etc.). The
usual practlce is to construct an ad-hoc lexical component for each NLP project. It is
necessary to move towards large lexicons (both in extension and in depth of representa-—
tion), where information is represented in such a way that it can be easily interfaced by
different application procedures according to the different needs.

This means that the same set of data can be shared by the various applications. Each
interface will pm]ect on the specific application only that aspect of the data which is
relevant for the particular requirements.

This is again possible if the lexical data have been (}rganized as a database system,
where access to the units of information can be differentiated along many perspectives,
and many different paths can be traced among the recorded data. Each application has
thus its own “view” on the common set of basic data. For example, a morphological
analyzer will look only at that portion of the lexical entry which contains pieces of
information pertinent to morphology, such as POS, paradigm class, and so on.

In this respect, an essential property of MfLDBs is to be easily extensible, i. e., it must
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be possible for different researchers to add their own idiosyncratic information consist-
ently with the actual content of the LDB. For example, provision should be made for the

addition of frequency information both to a headword and to all of its inflections and/or
word-senses as they occur in a given corpus.

2.3. “Multifunctional” with respect to different linguistic theories

A large amount of work in computational linguistics (CL) is carried out on experi-
mental lines, with consequently small-sized lexical prototype systems. Furthermore, em-
phasis 1s traditionally placed on the representation, organization and use of linguistic
knowledge as encapsulated and expressed by linguistic rules and procedures. Lexical data

seem to be considered of secondary importance or, at least, to be handled with relative
ease. |

At a recent workshop held at the Institute of Science and Technology, University of
Manchester (UMIST) in 1985, (McNAUGHT, 1986) an informal poll representing a good
sample of today’s computational linguists was conducted among the invited speakers to
establish the average size of the lexicons used by their systems. With the exception of a
prototype MT system, the average size was about 25 words. This 1s probably true of a

large number of systems in the realm of computational linguistics, MT systems being the
only apparent exceptions.’

Today we are forced to consider the following facts:

a) Our CL community has recently been faced with the request for large-scale NLP systems,
owing to the recent advances in CL technology which make such applications feasible and to
the interest expressed by supranational and national public and private organizations.

b) For “real-world” applications, it is of fundamental importance that a CL system be able to
deal with tens of thousands of lexical items. The projects at present underway must be
completed within reasonably fixed time limits. The preparation of Natural Language Process-
ing dictionaries can be delayed no longer.

c) Various projects have been proposed for the same language. Up until now, it has been a fact
that each system has had its own ideas and conventions with regard to content, organization,
and structure of its lexicon. This makes it difficult or even impossible for various NLP systems
to share linguistically relevant information for the same language.

d) Duplication of efforts may be a very “sad” fact. Building a comprehensive, consistent NLP
dictionary is probably the most costly and time-consuming task in every NLP project. In this
situation, it is natural that not only researchers and developers, but also the promoting and
financing authorities should put forward the question as to whether it is possible to design a
rich, powerful, and flexible LDB, in which different linguistic theories and CL systems can
find the relevant lexical information required.

The problem of the feasibility of a neutral LDB and the assessment of even partial solutions
are obviously of primary importance for us, as we are only just starting to define the content and

the representation of the syntactic and semantic information which we have to implement 1n the
Italian Linguistic Data Base (ILDB).

' In general, the MT systems have always been characterized by a strong applicative motivation,

which requires a more or less “real-life-size” lexicon.
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3. The Italian LDB

In Pisa we have developed a large lexical data base of the Italian language (see CALZO-
LARI, 1982, 1983a, 1984).

The aim of the project is to create a large repository of lexical data organized in
database form, in which lexical units are stored together identifying many kinds of lexical
properties and lexical relations and in which access is provided at the various levels of
lexical units, properties, and relations. Already available, machine-readable dictionaries
or the typesetting tapes prepared for photocomposition have been used as source of the
data. Pl

Programs that parse existing machine-readable dictionaries can extract the different
types of information by decoding the typesetting codes and can distribute this informa-
tion to appropriate locations in a model entry scheme.

Furthermore, that part of the information which in the common dictionaries is pro-
vided 1n natural language (i.e., definitions) in our linguistic data base is processed by
definition parsing procedures and is transformed either into properties (for inherent
features), into attribute/value pairs, or into qualified relations and pointers (for mor-
phological and semantic relations). Thus, the entry is being formalized also at the seman-
tic level. | | | ' o |

As a matter of fact, we are now tending towards an automated dictionary which
represents lexical information by relations among words, or from words to metalinguistic
codes, using existing dictionaries as one of the sources for the raw data.

The lexicon will appear as virtually divided into as many subéets as the relations which
have been determined and formalized. The values of some relations will range over
restricted sets (e. g., of syntactic categories, usage labels, inflectional codes, etc.), while
the values of other relations will range over considerably larger and less determined sets
(i.e., the very words of the lexicon differently grouped and accessed according to their
different relationships, e.g., by synonymy, antonymy, derivation, thematic role, etc.).
By representing the lexicon as the set of all these relations, we can access the dictionary
either by lexical items, or by features, or by relations; we can search the network to see
where it matches with the query and retrieve different parts of the lexical content on the
basis both of the access point and of the options activated at this point. '

A suitable structure thus makes it possible to obtain wide access to lexical information
both in breadth and in depth, and for a number of foreseeable applications. Even now
we can, for example, retrieve on-line from the Italian LDB those lemmas with a given
grammatical/syntactic code or only dialectal lemmas, and we can interactively ask for
words with a given ending, or for synonyms, hyponyms, and so on along a number of
different dimensions.

In a LDB a rather rudimentary form of semantic representation can be reached that
allows commands such as:

— Give me a list of all the agent nouns.
— Display the verbs implying the use of an instrument.
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— List the verbs of motion.
— Give me the adjectives which can be predicated of sounds.

— List all the derived words implying the notion of ‘process’ together with their verbal base-
words.

These different types of searches demonstrate the fact that different modes of access give
rise to lexical activation of differently related groups of entries.

Besides the practical applications in NLP where information of this type is obviously
very useful (as for example in Information Retrieval Systems, MT, QA, computer-
assisted 1nstruction, etc.), a more theoretical application of the LDB is to use it as a
powerful tool for long-term research into the structure of the lexicon itself. We are
facilitated in investigations of the following type, e.g.:

— Which are the patterns characterizing the present-day semantic structure of the lex-
icon?

— Which are the most important semantic and lexical relation types?

— Which relations are given morphological evidence and which are not? and so on.

One of the purposes of implementing these relations is to transform a particular natural

language text, i.e., definitions (in a certain sense a sublanguage, with lexico-grammatical

restrictions that are very useful to exploit), into a knowledge base and to relate natural

language words to an underlying (possibly and probably interlinguistic) taxonomy or

network of concepts (typically the one which binds together the defining concepts in

dictionary definitions).

4. Perspectives for a neutral syntactic component

As we have said above, we are now starting to define the content and the representation

of the syntactic and semantic information which we have to implement in the ILDB.

It 1s a well-recognized fact that different linguistic theories and different methods of
computational organization may have important consequences on the construction of a
grammar. Less attention has been paid to the consequences on the lexicon. Although we
teel intuitively that lexicons designed for different linguistic theories may contain infor-
mation which from a certain point of view is identical, as it describes the same linguistic
facts, we have to assess the validity of this intuition before starting to implement in the
ILDB the information required by the NLP systems. A sound methodology for the
evaluation of this intuition may consist in the following steps:

— to review the existing parsers and generators for various languages and, in order to
assess the possibility of convergence, to examine the information contained in their
lexicons and the way they are represented;

— to conduct a feasibility study on a representative subset of the Italian lexicon to assess
the possibility of designing an ILDB which is “neutral” with respect to the major
linguistic theories.

Let us briefly consider these two problems.

LEXICOGRAPHICA 4/1988



136 Nicoletta CalzolarilAntonio Zampolli

4.1. Comparison of existing lexicons

On the occasion of the workshop “On Autematmg the chtzonary , organized in Gros-
seto in May 1986 (see D. WALKER et al., 1987), we have requested a comparative study of
the lexicons used in computatmnal parsers and generators to B INGRL& (1987) and to
S. CumMING (1987), respectively. a

A preliminary question to be answered is ebvmusly whether and to what extent the
directionality of linguistic processing, i.e., analysis or generation, influences the content
of the lexicon. Some systems are explicitly planned to be bidirectional, i.e., to use the

same lexicon for both analysis and generatmn but in practlce the two types of lexicons
tend to be rather different. i3

“The generation tasks set different priorities fer the lexieen mughly speakmg, a generation

lexicon has to put depth before breadth, while the reverse is true for understanding.” (CUMMING
1987)

The tollowing are examples ef the dlfferenees

— Parsers must be able to accept a variety of mputs frem the user: the grammar must be
comprehensive at least with respect to the subset of the language covered; the dictio-
nary must contain a large number of werds and suppert all the syntactic distinctions
that the grammar can make. |

— A generator does not need a full range of syntactlc capablhtles (nor does it need a VEry
large lexicon, e.g., one word for everything it needs to say, _a_n_d fewer syntactic
distinctions). Instead, it has to know more about the syntax lexicon: it needs a basis for
choosing between syntactic alternatives and lexical items, so as to be not only concep-
tually appropriate and grammatical but also cooperative, idiomatic, non-redundant,
etc. | | g g n

An analogy can be made with the experience of learning of a second language by a
human: typically, the range of appropriate language which the learner can produce is
more limited than the range which he can comprehend. __

The conclusion at the Grosseto workshop was that parsers and generaters may in
large part share the same bulk of lexical information. A LDB may easily contain the
union of the knowledge requested by both. Some of the information will eventually be
used in only one direction. We shall adopt this point of view for the ILDB.

From the point of view of the lexical information used by different parsers and
generators, B. INGRIA divided the NLP systems into two general sorts of orientation:

Syntactically oriented approaches: These systems typically categorize their lexical items
in terms of traditional parts of speech and perform detailed syntactic analysis of input sentences
or texts.

Semantically oriented approaches: The systems perform fairly idiosyncratic syntactic
analysis, devoting most of their efforts to the detailed semantic analysis of their input.

INGRIA decided to consider only the syntactically oriented approaches. While information
might be shared, with varying degrees of success between the syntactically oriented
systems, there is less likelihood of sharing information: (a) between syntactically and
semantically oriented systems, and (b) between different semantically oriented systems.
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Furthermore, the information required by semantically oriented systems does not very
often relate in a direct or obvious way to any particular linguistic theory or place specific
requirements on processing configurations and lexicon content and structure.

SMALL’S theory of word-expert parsing, for instance, places a heavy demand on the
lexicon (see SMALL, 1981): the lexical entries (word experts) are complicated programs
with routine structures, the specification of which requires detailed knowledge of the
architecture of the parser, judgement of what constitutes relevant information and how
to translate that procedurally, and readiness to bring in an arbitrary amount of more
general, common-world, knowledge (see BOGURAEV, 1987).

Obviously, we are very far from a generalzzatmn that allows the inclusion of this type
of information in a general-purpose and extensive LDB.

Several NLP systems, falling within the large class of ‘knowledge-based systems’,
require a significant amount of structured knowledge about the real world, or at least
about a particular domain of discourse. The ways in which knowledge-based systems
organize and maintain their knowledge bases differ widely. There is no firm consensus on
what kinds of structure are best suited for capturing the knowledge useful for NLP.
Nonetheless, it is possible to observe a common theme in a large number of NLP
systems.

A part of their knowledge is often represented using a scheme based on the general
notions of frame-like concepts with slot-like descriptions, organized into an inheritance
hierarchy.

Large, hierarchically structured networks of concepts are certainly a very useful
source of data for the construction of the knowledge of these systems, whether they
represent semantic knowledge in terms of decomposition into markers taken from a set
of primitives, formulae constructed from semantic primitives, frame-based structures, or
other information.

We have described above (Section 3.) how we use the definitions in our present
machine-readable dictionaries as an aid for the construction of various semantic relations
of this kind in the ILDB.

We summarize here the classification schemata of syntactical information suggested
by INGRriA (which largely coincides with the schemata of CuMMING), because the next step
of our project will probably broadly follow these schemata and will require choices
among different possible competing systems of representation.

4.2. Types of information

INGrIA and CUMMING consider the following types of information as generally present in

the lexicons of the computational systems revised:

a) Syntactic categories: Most lexicons agree in their assignment of lexical entries to the
major categories (N, V, Adj, Adv, Prep), though they may differ as to the exact
names of the categories.*

* For example, each is coded as ART, DET, ADJ, QUANT, DETERMINER respectively, in the
systems examined by Ingria.
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However, the treatment of other categories, and even of the subcategories of the
major categories, differs from one lexicon to the other. A very interesting example is
represented by the difference in the treatment of quantifiers. The problem, however,
i1s imited, because those categories constitute a “close” subset of the lexicon, and a
normalization may easily be reached through manual intervention.

b) Contextual features: This type of information may be defined in terms of the contexts

in which a given lexical entry may occur. Following CHomsky (1965), they may be
devided into two types:

Subcategorization: This specifies the complement structures, e.g., transitive verbs that occur
with an object NP.

Selectional restrictions: This specifies the nature of the items that can appear in complementary
or in subject position (e.g., transitive verbs that require a direct object to be animate). Some
systems regard selectional information as more syntactic in nature, others as more semantic.

c) Inherent features: These cannot easily be reduced to a contextual definition, e.g.:
countable/non-countable; abstract, animate, human, etc.

Some are treated as semantic (animate, human), others as syntactic (e.g., non-
count).

4.3. Types of representations

The authors also pointed out a set of diversities in the representations adopted by the

reviewed systems:

a) Syntactic categories: Simple symbols: each configuration of categories and sub-
categories i1s represented by a single code (e.g., the Kuno system (1965) has 133
different syntactic codes).

Complex symbols: each category and subcategory is represented by an independent

code. Each lexical entry 1s cross-classified with respect to an array of categories and
subcategories. |

b) Contextual features:
Subcategorization
Two main types are recognized:

1) using features which assign the entry to a specific class, whose syntactic behaviour is
described elsewhere in the system;

i1) specifying the number of slots and the types of elements that may appear as comple-
ments in each slot.

The second type has some operational advantages:

1) All kinds of subcategorizations and selectional restrictions which need to be stated as proper-
ties of particular lexical items can be easily handled without any special mechanism. Only the
allowed patterns are listed in the lexicon. Any combination of complement types may be
represented without having to decide beforehand on a particular inventory of possibilities.

2) All kinds of idioms and collocational restrictions can be potentially handled by specifying the
exact wording of the lexical phrase.
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3) An indefinitely large syntactic range may be “simulated” by treating as idioms syntactic
constructions that may not be generated by the grammar.

The principle may be extended to the point where the lexicon “takes over” most of the
grammar. If the principle is brought to its utmost effect, the grammatical patterns tend to

be represented only in the spec:tflcatmn of the lexical items to which they apply.
There are also some dlsadvantages

— the lexicon becomes larger; | |
— fewer phenomena are treated in a general way;
— updating and additions present problems of length and dlfficulty,

— properties of lexical items that may in fact be predictable (on the basis of other lexical
properties) must be specified anyway.

In some ways, the differences between the two systems may be reduced by automatic
procedures. For example, a case frame can be mapped onto a feature representation, in
which a given feature corresponds to a particular case pattern, or vice versa. E. g., the
feature “transitive” can be mapped onto a case frame representation containing a direct
object slot. Explicit representation of the case frame seems to allow more freedom. On
the other hand, since features can be thought of as an indication of the inclusion into
classes of lexical items, a single lexical feature may efficiently encode a range of possible
case frames that tend to co-occur with particular types of words.

In other words, all the subcategorizational possibilities of a particular sense of a verb
are taken to be predictable from a single feature representing its word-class membership.

Of course, in order to be able to take advantage of this type of generalization, one
must have a detailed theory of the word classes of a language; and it is clear that a
reasonably complete grammar must make reference to a very large set of such word
classes. |

This observation is, in a certain sense, the starting point for our feasibility study,
described below.

_Sgectioglal restrictions

Two principal ways of representation are recognized:
a) Semantic restrictions are explicitly associated to each slot of a lexical entry:
b) The restrictions are not represented directly in the lexicon but are captured in another

part of the system. E.g., in lexicons organized as semantic networks, hierarchically
ordered concepts can be related one to the other by relations that specify the semantic

roles of a given concept as well as the relations with other concepts that represent
possible fillers of each role.

4.4. A “neutral” scheme of classification

Encouraged by the results obtained by B. INGrRiA and S. CummING and also by the
discussions which followed the workshop held in New York July 1986, we have promoted
a working group which will involve outstanding representatives of the major current
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“linguistic schools”. The group will investigate in detail the possibility of representing the
linguistic information frequently used in parsers and generators (e. g., the major syntactic
categories, subcategorization and complementatmn verb classes, nominal taxonomies,
etc.) in such a way that they can be reutmzed n the follewmg theeretlcal frameworks:
government and binding; generahzed phrase stmcture grammar; lemcal functmnal gram-
mar; relational grammar; systemic grammar; categonal grammar Thzs group will work
on various languages. We shall start by examining in detail the treatment which the
foregoing theories will assign to a representative sample of English and Italian verbs.

Let us suppose we are descrlblng the Italian verbs by using the criteria, tests, and
formal apparatus of a given theory. At the end, we shall subdlwde the Italian verbs in
classes, regrouping in a class all the verbs with the same descrlptlon ‘We consider as
members of the same class those verbs which have received the same description. The
intuition we wish to prove is that the aforementioned theories will classify the Italian
verbs substantially in the same way; in any case, the different theories will identify the
same number of classes having the same members. Each theory will of course describe
the syntactic behaviour of a class using its own formal and explicative apparatus. If this is
true, it would be possible to label the verbs of the ILDB by distributing them into classes.
The interface between the ILDB and a given theory and its relevant computational
systems would thus contain the description of the syntactic behaviour of the different
classes according to that theory.

This 1s, of course, only an abstract scheme, and we should envisage a number of
strategies for its correct application. However, we feel that this intuition is the same as
stating that the properties taken into account by the different theones are in large part
the same, although differently described and explained. ' ' :

In this framework, it should be possible to reutilize the partial descriptions of the
[talian verbs so far produced by the different schools. In particular, the descriptions
performed following the model of M. Gross (see ELia, 1984) should prove very useful.

5. Bilingual Components

A new direction towards which computational lexicography and lexicology are moving is
the organization of bilingual lexical data base systems. We are now working on a project
which uses Bilinguaﬁl machine.—ireadable dictionaries as a “bridge” connecting two other-
wise independent monolingual lexical data bases (see CALZOLARV/PIcCHI, 1986). One of
the objectives is to mtegrate the dlfferent types of information tradltionally contained in
monolingual and blhngual dictionaries, so as to expand the informational content of the
single components in the new integrated system:.

Bilingual dictionaries contain more information about usage and fixed expressions, or
idioms. This kind of information can obviously be well integrated in the monolingual
dictionary and also made easy of access. This can be done automatically by means of
pointers going from each full-word to the expression or the example in which it appears,
with no redundancy in the storage of the data. The entries of the new system should
theretore be of a composite nature, perhaps organized at different levels according to the
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different possibilities of access. We can envisage the original monolingual lexical entries,

augmented with the different types of information coming from the corresponding bilin-

gual entry: different sense discriminations, other examples, syntactic information, collo-
cations, idioms, etc.

We can also reverse the perspective and examine bilingual entries provided with the
information traditionally contained in monolingual entries, mostly definitions.

One of the two different viewpoints, both virtually present in the integrated bilingual
system, will be simply activated and made available to the user by the first manner of
access to the on-line bilingual lexical data base.

We would like to maintain in a unique structure both the independent features of the
monolingual and bilingual dictionary sources and the integration of the two with different
views on the data.

Moreover, we would like to introduce within the integrated system:

— the possibility of a standard look-up of the information given in natural language in
traditional dictionaries;

— more sophisticated searching procedures for information retrieval operations on the
data of the mono- and bilingual lexical data bases where the “natural language” data
have been, where possible, transformed into “formalized” or “coded” data (features
or relations). For example, the information which appears in the form of examples can
also appear 1n a coded form giving the surface syntactic structure.

Some operations which can be performed automatically or semi-automatically on a

machine-readable bilingual dictionary are the following:

— checking the reversibility of the two sides of the dictionary: it appears that the two
sides actually present many differences in quantity, quality, and display of the informa-
tion;

— fitting together the two sides and unifying them into an integrated whole. (In this case
not everything can be automated.) This operation can be logically subdivided into two
complementary steps: a) elimination of redundancies; and b) addition of new links
from and to all the relevant lexical entries in both sides. A problem to take into
account here 1s the fact that there are cases in which the lexicographer does not want to
reverse his entries.

A monolingual lexical data base organized also as a thesaurus can prove to be very useful

in extending the information provided by a bilingual dictionary. In the CoLLINS EN-

GLISH—ITALIAN DicTiONARY this information falls into the category of what are called

“semantic indicators”. These may be field labels, synonyms, hyponyms, or contextual

indicators such as typical subjects or objects of verbs, typical nouns of which an adjective

can be predicated, etc.

The monolingual lexical data base can be used to expand the information, which 1s
provided as a single word to the whole set of words to which it actually refers.

For example, the entry pettinare has different translations according to the contextual
indicators referring to the object (in brackets):

pettinare ... (capelli) to comb
(tessuto) to comb, tease
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In a certain sense the generic semantic restrictions on the possible object can be taken as
a semantic feature and can be procedurally expanded by the monolingual thesaurus to all
the possible hyponyms (to be generated at the time of the query) so that the appropriate
translation can be chosen in any context where a specific name of tessuto (‘material’) 1s
found. This is already possible in our ILDB. ¥

Also with regard to bilingual dictionaries, the method we are adopting consists of
reusing available data in machine-readable form by analyzing and transforming the infor-
mation already contained in common dictionaries.

After the first processing phases that we have envisaged on the bilingual dictionary
data, it will make no difference which of the two languages is taken as a starting point. In
a certain sense, we would no longer have a source language and a target language, since
the look-up and access procedures are independent and neutral with respect to direction,
the dictionary being bidirectional. Bidirectional cross-references will also be automatical-
ly generated for the information contained at each sense level as semantic indicators,
i.e., synonyms/hyperonyms or contextual indicators.

It is important when using a bilingual dictionary to be able to start from “groups” of
words and to correlate them with a corresponding “group” of words in the other lan-
guage. The information that serves to discriminate among different word senses and that
can be formalized at the semantic level in a monolingual dictionary should in principle be
of the same type that is given in bilingual dictionaries in the form of “semantic indicators”
or “selective conditions” to constrain the choice of a particular translation.

Mapping between word senses in monolingual dictionaries and different translations
in a bilingual dictionary is one of the most interesting of the problems concerning the
connection of these different types of dictionaries. As one of the main problems In
translation is the correct choice among the various meanings of lexically ambiguous
words, we feel that it is absolutely necessary also for a Machine Translation or a
Machine-Assisted Translation system to be linked to a linguistic data base, 1. €., a source
of lexical information organized in the form of a thesaurus by multi-dimensional tax-
onomies, where the possibility of disambiguating lexical items is at least semiautomated.
One of the main uses of the system would be in machine-aided translation (MAT), as a
powerful aid for translators. The end result may in fact be viewed as a ‘translator works-
tation’, where access is provided to many types of dictionaries and other lexical resources

and where the power and the functions of lexical data bases and of textual data bases are
exploited to the best advantage.
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