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Other articles which appeared in the AILA Bulletin (Rondeau in 1979, N.2) were

concerned with the application of computers in terminolopgy. This article is a

brief overview of the uses of data processing in lexicology and lexicography.

These uses may be classified in different ways. The following scheme will be

followed:

= Text processing for the production of indexes, cQncordances, quantitative
data, etc.;

= The use of the computer in dictionary making;

- Machine dictionaries;

- Lexical/linguistical data bases.

l. INDEXES, COI:CORDANCES, QUANTITATIVE LINGUISTIC DATA

The first applications of the computer in the production of indexes and
concordances was by R. Dusa S.J. and began 1in 1949 (busa, 1951). The
diffusion of these text processing methods increased rapidly between  the
fifties and the sixties; nowadays the use of the comnputer in this sector is
accepted as routine.,

For a history of the development of these applications sece Zanpolli (1973a),
Les machines dans la linguistique (1968), various nunbers of Cahiers de
Lexicologie, of the Bulletin of the Association for Literary and Linguistic.
Computing, and of Computers and the lumanities, and in particﬁTE}, in this;

journal, the series of four articles by D. Purton on this subject.

Althougn the procedures implemented in the different specialized centres
differ from each other, they have a common logical scheme.

1.1 Acquisition of Texts in ilachine=Reacdable Form (iRF)

There are several alternatives when converting textual awaaterial into
machine-readable form: key=-punch; key to paper tape; on~line type-uriter; key
to disk;. selectric type-uriter; key-hoarding on visual display ternwinals; etc.
All these require that somecone types the text on a key-board, and until
recently this manual operation was a najor obstacle, owing to its cost.
Nowadays, the need to manually type a text is limited by the existence of four
rnajor sources of texts in }RF:

= onni=font scanners: devices ahle to recognize eraphic characters and to
record them on masnetic support:
= textual archives: in many countries specialized centres arc collecting texts

in 1IRF, and copies are often distributed on request, under particular
conditions.

— photocoriposition: many texts (books, newspapers, etc.) are now recorded v
publishing=houses in :3F, so that they nay bte printed usine photocomposition
techniques;

= word-processin;: "the airwaves and cables of the information society are
already filled with electronic digital texts” (Ausler, 1903), amd  in the

office automation fraumework the majority of texts are electronically i ited
for word processing purposes.




1f these sources are to he utilized, a nunber of problems must be resolved:

- organizational: how to exchange information and data between different
textual archives; .

- juridical: how to deal with the copyright of the different “owners":
authors, publishing houses, those responsible for textual archives, etc.;

-~ gcientific: some minimal norms are needed, the adoption of which nay
puarantee that the representation of a text in !?2F contains all the mininal

information requested by linguistic, lexicographical, phiilological
processing

1.2 Indexes anca cﬁncardanges
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Cach specialized centre has its own procedures to produce the results usually

requested by linguistic and literary text-procesting: direct and reverse
indexes, various types of frequency distribution, rhvie-indexes, in o
tneory |, coucordances, guotation slips. e€tLes

Sone saftuara packa es are paracetrized, 1.¢. they allow tneir users to

specify a number of “processing options”. As an exauple, let us discuss the
options for concordance preparation.
ature and Orpanization of Lntries
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Units of different llngui tic levels may function as concordance entries:
anhiie forms, lexical forns, lemmuwas and forms (1), syntagus, codes

representing syntactic, sentantic and thematic structures. In  some cases, the

internal oryanization of the entries 1is similar to the microstructure of a
dictionary entry.

Selectivity versus Completeness of Docunentation

e decision to print the ccuplete " concordance of a text, or to select

particular items of interest coucerns:

- The entries: for example, sone units may be excluded by a stop 1list, by

frequency criteria, or by manual intervention during the lemmatizing stage

- The occurrences: for example, only the global frequency or only the index

locorut is given for extrenely frecuent words. ixed documentation 1is often

rroduced, e.c. selected contexts and/or selected references, followed by the

indication of frequencies for the rewaining occurrences.

Construction of Contexts

The wuser can specify the mnaximur length of the context, which can be

constructec usine different algarzthmic rules:

- The word for which the context 1is beins constructed (Cs: contextualized
vord) is aluvays nlaced at the center of the context.

- The teut is segaented in  a  sequence of contextual units, identified by
delisitin fﬂctgra cthhosen v the user: chanves of references (new line,

VETSe, parasrapily etc.) pum:t”atinn warts (colon, exclacation wark, question
cari Y, raris which tiave boeen woanually in=~rteu aurin: the ore=editing stage.

cach contextual unit functinﬁﬁ as a context for all the (Vs 1t containse. The
so—called contrastive concordances constitute o very intercstine cases If
~witferent versiens o a text dre to Le conpared (trauslations or different
coitions), any word of any versioun will rocelve as its context aot only its
contertual waits  Lhut also the corresporciin:.  contentunel units of  the other
VeEGRIONs.

r

- The contelt vopends on the reaoatical pature of tue vorde For exanple, a

vreposibion gy e niven  lts cpeiasglrinng) roud 8 context. Obviously,
ti.is alyoritiv: presupposes iﬂﬁlUlQHi~,thﬁHatJ{Htl tae dn, of toe text.
= Thie coaputer ives an over=avundant context, wvoich is then anually reduced
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LY Lbe exclusion of interactively selected o
- The mogition of the OF in its contevt is  "adjusted”  according to  the



presence on  ltoth sides of predefined, hierarchically ordered, textual
phenonena (wezk punctuastionr marks: coma, wrackets, sesicolon; strono
punctuation: celon, question marl, exclanation nark; reference level: verse,
chapter, etc.). This systen is iy lerpe  the unst freguently chosen, asg it
seeus to provide the best covpronise between two opposing  reauirecments:
space saving and "significance”.

Crdering of Fleents

ﬁfdé?inﬁ'may affecct  both the sequeunce of the entrics (€ere the forns way he

listed under tieir lema in alphabetical or in g particular worpholovical

order) and the sequence of the contexts: test crder, chronological order,

alphabetical orler of the word preceding: and/or followin: the CW. This last

arrangeirent, in  fact, seens to Le preferred by classical philolorists, in

particular vhen studyine foriulas or the influencs of an author on successive
authors.

1.3 Lewinatization %

The dilewa "to  lerwatize 0r not to lersmatize" the concordances and the
indexes dates back to the very begcinning of the use of computers in data
collection in linpuistic and phillolojical text-=processin:.

The answer depends on various factors. The decision to lewnatize is usually

taken for hizshkly inflected languages, and for 1linvuistic or lexicogranhic
analysis versus philolopical or literary applications.
Two of the main obstacles to lemmatization arc:

- the lack of precise, widely accepted, linguistic noras, ensuring
conparability of lemmatizations perforned hv different researchers (Toubeur,
1883

= the high cost of lemmatization, especially if performed completely manually.

Althouzh lemmatization is in dﬂ%t cases still conpletely manual (2), various

semi-autonatic systems have been experinented. The most coumon of these
consists in the use of the so-called machine~dictionary (MD).

t‘achine-dictionaries are discussed in detail in section 3. llere we discuss

only their role in semiautomatic lemmatization. From this point of view, MDs
may be subdivided in two main groups:

1.3.1 :iDs of word-formns

An alphabetlcally ordered list of word-forms is recorded on a magnetic
support. LEach forn is accompanied by an “analysis”, i.c. a set of linguistic
information which includes the lemna (or the lewnas, 1if the fors is
homographic in the lexical system), and the crammatical categories of the foru
and the leana(s). |

The look=up algorithm receives as input the M1 and the concordances of the

text to be lemmatized, both in alphabetical order of foras.
The Algorithm:

= searches the word-form in the DM, i.e. identifies the fmrm in the IN: which
is ” raphlcally identical™ to the given word-fora.

= associates the "analysis" suprested by the DI to each word=-form “found” in
the Db;

= prints the concordances with each farn folloved Ly 1ts associated
"analy515"i

{ihen examining the concorcances, the lemnatizer:

= checks (if necessary) that the lemma associated to wunambiguous forms is

correct and, in particular, verifies that these forms are truly unaubiguous
In the text being analysed;



- checks the lemmas proposed for homographical forms and associates the
appropriate lesma to each sinrle occurrence of tiese fonas;

- assigns a lemma (or lemmas for homoyraphic forus) to forms not found in the
Me These "new” forms are then considered for the “updating® of the Dil.

1.3.2 MMDs of stems

From the very becinning, considerable efforts have been mnade by machine
translation projects to reduce the size or thelr liDs 1in order to optimize
look=up times and to save storage space. Technigies were already available in
the early “60s based on the decomposition of the word=form into substrings of
different types (prefixes, stems, sufiixes and endings) which were then
searched in different sections of the iD.

The 1D usually includes a stem dictiocnary, a table of endings (subdivided into
different inflectional paradigms), a table of possible enclitics, and
eventually affix (suffixes, prefixes) snd enclitic tables. .

All these elements are given worphological codes specifying their relative
compatibility: e.g. which inflectional paradign is couwpatible with which given
sfei.

An algorithms tries all the possible decompositions of a form according to
the following sequence: (PREFLIX)* “ROOT" (1LFIX) (SUFFIXES) * (ENDIUGS)
(ENCLITICS)*, and accepts the decomposition {(or decoupositions for homographic
forns) into elements with compatible morphological codes. The lexicographer
can interactively check the "analysis”™ proposed by the analyzer. tiew forms
(i.e. forms for which the analyzer has not found any corresponding analysis)

and honographic forms are signalled to the lexicographer, for manual
lemmatization.

1.3.3 Homograph disambiguation
Disambiguation of the homographs is a very time-consuming task. However, so

far only few attempts have been made at (semi)automatic disambiguation. These
can be subdivided into two basic approaches:

a) Local disambiguation
The algorithm wuwsually attempts to resolve homograpbhy between forms belonging

to different parts of speech. For each possible pair of parts ¢f specch, rules
are formulated which  examine the context immediately  surrounding the
nomograph, up to a certain number of contiguous words. Specific elements
(words or grammatical categories) or sequences of elements are searched. The
formulation of these rules 1s esgssentially based on the concept of
"impossibility” or “possibility” of co=-occurrence of a pair of given vords
and/or word=classes 1in a specified “span”® of context. These rules are often
aided by statistical algorithms which use quantitative lata, obtained by
examining previously lemmatized texts, to provide the fre vapecy distribution
of words and grammatical categories in the immediate context of homographs in
a sample corpus. At present, an estimated 30-907% of words in 2 text can be
successfully analyzed in certain systems (Ratti, 1982). The remaining 10-20%
are submitted to an interactive manual disambiguation process.

b) Disambiguation via syntactic-semantic parsers

PN A D i ke

Automatic parsing of natural language texts has always been the wmain interest
of computational linguists. On the contrary, up until now lexicographers have
never shown any particular interest 1in parsing systems. In computational
lexicography, parsers could be wused for different purposes: e.g. to study
collocations, to identify particular syntactic-semantic patterns for the
choice of “lexicographically interesting” quotations, to analyze the
definitions given in a dictionary, etc. Here we shall stress the possible use




of a parser as a homograph disambiguator. If a parser succeeds (i.e. if the
sentence is not in itself ambiguous and its overall syntactic structure is
recognized), it will obviously accept only one of the possible “"analyses” of a
homographic form.

The problem is that the Presently existing parsers are unable =~ to ouY
Knowledge - to exhaustively treat the large variety and quantity of phenoneaa

present 1in the types of corpora which usually constitute the basic
documentation of the lexicographer.

l.4 Quantitative data

Textual archives must also be regarded as a source for statistical research.
Although a certain amount of studies nhave already been carried out at the
phonological level, and others are now beginning at the syntactic level, the
majority of data are available at the lexical level. 1In fract, the statistical
unit "word"” 1in a certain sense (a string of 1letters between tuwo blanks) is
almost immediately given 1in a text 1in machine-readable form, whereas the
representation of syntactic structures must be inserted using an extrenely
time~consuming procedure.

As is known, the diffusion of text processing has partly falsified the models
and “laws” formerly established (Zauipolli, 1975). Within both  the
structuralist and transforrlist franeworks, some linguists have tried to draw
up a research program leading to the construction of a new explicative anodel
of frequency stability and variation in the texts. Both approaches agree with
the necessity of building such methods inductively by identifying, througi
frequency distribution analyses 1in sufficiently extended and stratified
corpora, the relaticnship between subsets of texts (literary genres, different
authors, diachronical distribution, etc.) and the stability or instability of
the frequencies of the linguistic units (Dolezel, 1969).

However, the major obstacle to the development of such research plans is the
scarcity of texts analyzed at different linguistic levels. We hope that the
cooperative effort required for the construction of a linguistic data base
(see section 4) will contribute towards extending the subset of analyzed
texts. Until now, a mnajor source of data is constituted by frequency
dictionaries, whose elaboration is known to be an enterprise demanding the

involvement of a computer (Bortolini et alii, 1981; Juilland et alii, 1964,
1973). ’

2. DICTIONARY MAKIMNG
Pictionary creation using the coaputer is usually divided in three stages:
- Acquisition of data

= Preparation and editing of dictionary entries
= Printing/Diffusion of data

2.1 Data acquisition

The editing of a dictionary, and 1in particular of large historical

dictionaries, traditionally first requires the creation of a collection of
documentary data. These can be of different types (monozraphs, gramnmatical
information, etc.), but can be divided into two nain groups:
= Collection of exigting dictionaries in the sane language
If these dictionaries are recorded in machine readable form they can be
consulted by using multiple-access tecniques as described later in 3.7,
=~ Collection of textual citations excerpted from a representative text Corpus

—-ﬂmnmﬂ_m

—'Traditiunali?; human excerptors were set to read tbhrough the texts,




selecting what they apprehended as unusual or particularly informative
examples and copying each textual citation onto s paper citation slip.

For the bulk of the corpus the "excerption density” was usually very low
(12). Only a snall fraction of the corpus, which is often called the "basic
archive” "could be read at a much higher excerption density, say 25 or 30%,
so as to take in mot only the more unusual and special = if you like,
lexicographically interesting = examples, but also a large representation of
the more common-place uses of common words" (Aitlen, 1383, De34)

Even 8o, those collections may contain several hundred thousands of
quotation-slips (for ex., the OLD in its present form contains about
1,820,000 quotations, selected from nearly six mtllion quotation slips).
Computers are nowadays increasingly successfully used for collecting textual
data. Computer generated wortd indexes, concordances, and quotation slips
are now widely used by iaxicographers. They are produced using the same
methodologies described in section 1. The main historical/academic
dictionaries which colilect and process large corpora of texts in
machine-readable form are: the Ttégmr‘gguiﬁ_iangue Francaise (Nancy), the
Dictionary of ng‘Eng%if%Z{Tarantaﬁr rhe Historical Dictionary EEHEEE_Hebrew
Language (Jerusalem), :he Tesoro della Lingua Italiana delle Origini
(Florence), the Dictionarvlgi_ghghgig_SEanish Language (Madison, Wisconsin),
the Dictionary of the Older Scottish Tongue (Edinburgh).

A number of "commercial® lexicographical projects have also started to use
computers to collzet or to store quotations, e.g. the DNew York Times

Everyday Dictionary, Merriam-Webster, lloughton=tiufflin, etc.

2.2 Preparation and editing of Dictionary Entries

The Tgkigagraphé?mﬁémting to compile the article for a dictionary entry has
to read, in principle, all the contexts of its word=-forms which appear in
rhe archive of concordances or slips collected manually or with the aid of a
computer (see Howlett, 1983, p.156 and Aitken, 1983, p.l45).

The editorial analysis consists of a "rapid shuffling and re-shuffling of
exauples” (Aitken, 1983, p.4l), in an iterative process in which the editor
selects from the archive “significant” quotations and tentatively arranges
them into senses with provisional definitions, thus progressively
constructing the microstructure of the entry. Furthermore, he may wish to
consult different types of complementary sources of information, ranging
fron bibliographic references to relevant entries of pre—existing
dictionaries.

Computing facilities are not yet widely used in this editing stage, and much
work is still necessary to take full advantage of the potential benefits
of fered by computational linguistics know-how and methodology.

2.2.1 Selection of quotations

Civen the quantity of contexts produced by computational text processing,
the problem of reducing the number of quotations to be treated editorially,
by a process of representative selection, appears in certain cases to be
very urjgent.

In other words, there are often far too many examples for the lexicographer
to o through manually, and strategies are needed to (serni)automatically
screen the material.

Among the solutions suggested for words of high frequency, the simplest is
to instruct the computer to select only one context every n, (where n grows
propressively (10, 20...100) with the frequency of the word) . i

A nore refined system consists in making the couputer select significant



collocations.

There are several possible ways of establisuing habitual collocations
statistically. One of these is to "start from the observed frequency between
node and collocate (3), compare it to an expected one (based on the
frequency of both elements in the corpus) and then to evaluate the possible
difference between observed and expected values by means of a standard
deviation” (Martin et al., 1983, p.85) (4).

It is obviously important to be able to systematically explore the archive
so that particular constructions may be emphasized.

“"Par exemple, pour la rédaction de debout disposer des exemples de debout en

emploi interjectif debout!; pour 1la rédaction d° homme explorer les
constructions du type homme ﬁ + infinitif” (Gorey, 1983, p. 122).

This type of interactive question-answering obviously requires a well
constructed interrogation language, operating both on word forms and on
grammatical taggings.

The ultimate goal would obviously be to dispose of a parser capable of
automatically producing the description of the syntactic—semantic structure
of the text. In this case it would be possible to identify quotations which
exemplify particular syntactic and semantic patterns. Unfortunately, the
existing parsers are not yet capable of exhaustively treating the variety
and quantity of phenomena present in the corpora which constitutes the
typical basic documentation of the 1lexicographer. However something new is
now moving in this sector. Examples are the DEREDEC system (Montréal)

(Plante, 1983) and the researches of the Institute for Computational
Linguistics of Pisa.

2.2.2 Towards a lexicographical workstation

A major challéﬁge is to develop a "lexicographic workstation”, by which the
lexicographer editing the dictionary entries can interact with a lexical
data base, conceived as a set of different knowledge sources (text corpus,
old archives of quotations, pre-existing dictionaries, bibliographical
references, etc.,) available on=line and accessible by means of appropriately
designed software tools.

According to some scholars, the publication of a dictiomary in the future
will represent a design decision made at an editor”“s workstation, in which
components of an underlying lexical data base are "sculpted” together in an
attractive visual form, without changing any of the underlying computer
data. This perspective may not be so far away for the updating of existing
traditional dictionaries.- The lexicographer could effectively examine and
characterize newly found c¢itations automatically extracted from incoming
text stream, modifying and creating lexical entries in an existing data
base, thus continually updating the dictionary to remain contemporary with
the use of the language (Amsler, 1983).

Far more conplex 1is the situation if one devises an integrated system for
the compilation of new dictionaries in which the gap between data collection
via electronic text ©processing and final photocomposition is filled by
computer—assisted editing of the entries. Some experimental projects
essentially aim at facilitating access to textual samples and dictionary
entries stored in a data base, and the storing of preliminary versions of
lexical entries for further processing (Lentz, 1981; Zampolli, 1983).

A first component ensures quick access to the data of the data base, thus
enabling the lexicographer to use the corpora interactively via terminal.
For example, the lexicographer can search specific word forums, word forms
matching (beginning, containing or ending with) a specified string of



graphemes, cooccurrences of word forms and/or grapheme strings in a given
span of text. If the texts are already lemmatized, the lexicographer may
operate on both lemmas and/or word forms. As output, the component provides
the lexicographer with information on the relative and absolute frequencies
of distribution in different sections of the corpus. The lexicographer nmay
then regquest the contexts of selected occurvences to be displayed on the
video screen or fro be output in printed fotn. The context, which 1is
algorithmically "cut out™ by the computer. wmay be interactively modified by
the addition or exclusion of selected svniapgms {(Picchi, 1983).
A second component enables the lsxicographer ©o consult existing
jctionaries in the data bhssa. The lexicograplber will obviously benefit
from the nultiple dicticu.ry access techniques described inm 3.7, which
enable him " to search difisvont information fielils in the entries of both
existing dictionaries and the dictionary which 1s being constructed.
Sumnarising,. it could 2 said that the lexicographer can construct the
"microstructure” of a laxical entry by interactively examining lexical
entries in existing di: ionaries and comparing their descriptions with
contexts in the corpus.
Specific functions perriit the insertion and cyclic reordering of selected
contexts under the <iffcvent sections of the microstructure, thus producing
a preliminary versiorn of the new dictionary entry. All stored information
can be altered, expanded and corrected at any time and used immediately by
rnultiple access oprocedures for consultation and comparison within the new
dictionary, in ordat %o halp homogeneity and coherence.
We feel that a greater cooperative effort between lexicographers and
computational linguists is needed 1if a complete experimental procedure is to
be consiructed. In vparticular, the operations which the lexicographer
performs when prepsring a dictionary éntry must be analysed accurately.
The objection of many lexicographers is that "no computer system offers a
way for the editor to shuffle and re-shuffle examples, of which the editor®s
work so largely consists.” (Kipfer, 1982). They think that the "traditional
dictionary-slips-~on=-the~table method” i{is still the best because “the
computer is limitzed in the number of slips one can see on one video—-screen”
{Kipfer, 1982). We could thus have to continue to print concordances or,
even hetter, citation slips which can be used by the editor i1in the
traditional manner. In order to avoid retyping the selected citations, all
the citations stored in the computer”s memory can be numbered. The editor
then keys 1in only the nicrostructure (headword, etymologies, grammatical
information, definitions, etc.) and for each section keys in the code
nunbers of the citations he wants.
The first explicit and peneral discussion on this problem was probably held
during a round-table between lexicographers from more that ten countries

held in Pisa, 1972. The conclusions wvere very uncertain. The situation today
is probably sonmewhat different due to the evolution of data base

methodologies and of workstation technologzy (5), which seem to offer today
the chance of "simulating” on the video the pganes of "solitaire"” which the

lexicographer has always played, ordering and reordering the traditional
slips.

2.3 Printing
Pnotocomposition tecniques are now coamonly used by most publishing houses
for the third stage, f.2. the printinpg of dicticnaries.

In order to bes photocowposed, the text of a dictionary must be registered in
macnine~yeadanble form.




A variety of editorial controls and readjustments are thus possible before
the final printing.

Quemada (1983, p. 27) provides some exanples:

"Citons en particulier, pour la mise au point de la nomenclature: les
inventaires cumulatifs des entrées figurant daus de nombreux dictionnaires,
en paralléle 2 17index de formes dans les corpus; 1les résolutions des
variantes graphiques; 1”élimination des mots cachés (oubliés) dans le text

du dictionnaire; pour la gestion des exemples et des citations retenus, leur
analyse, séléction et classement et les aménagevents textuels, etc. qui en
decoulent; pour le traitement des définitions, la normalisation des
définisseurs, 1“homogéneisation  du métalangage, etCoeey pour les
corrections et les contr8les divers du texte en cours d”élaboration et,
avant son achévement, les renvois, 1“équilibrage des exemples, la
normalisation et homogénéisation des informations, etc.”

Cther examples are given by Fnowles (1983, p. 136=87), by Howlett (1983, p.
157) Petersen (1983), Pfister (1983).

3. MACHINE DICTIONARIES

Over the past few years there has been a growing interest towards the
interplay between “lexical data" and the “computational approach”. Many
research groups are acknowledged to frequently refer to that relationship,
and there is a widely-shared awareness among scholars that the experience of
Machine Readable Dictionaries (MRD) is fundamental not only to lexicological
research or lexicographical practice, but to a large number of applications,
ranging from Natural Language Processing systems, to dictionary printing,
spelling verification, knowledge base systems, etc.

Many researchers are actually engaged in the creation and/or utilization of
different types of MRD, according to their different purposes. Almost every

dictionary has its own approach, methodology, data structure, computational
formats, etc.

We shall now examine and make some considerations about MRDs from the point

of view of sources, aims and purposes, access, potential users, evolution,
lexicological theory, possible applications, and so on.

3.1 Typology

The expression "Machine Readable Dictionary” - widely used nowadays in
Computational Linguistics =~ is employed in various frameworks and assumes
different meanings in correspondence with different objects. It is applied
either to the different approaches towards a coumon underlying generic
notion or to actually distinct concepts.

In order to clarify the terminology, we mnust therefore begin by drawing a
tentative typology of !MMRDs, and by classifying the main types usually

intended by this term. It must however be kept in mind that the following
categories are by no means rigid and definite.

a) Transcribed Printed Dictionary

The text of a printed dictionary 1is recorded in machine-readable form
without any supplementary information, apart from (eventual)
photocomposition codes. The TDs will probably increase in the near future
because of the diffusion of photocomposition.

p) Classified Transcribed Dictionar
Codes explicitly classifying different linguistic information are inserted

into the machine~readable text of a dictionary. In other words, information
on the nature and structure of the data is recorded not only implicitly via



changes in type-=faces (as a side effect of photocomposition commands) but
also via codes explicitly intended for future access and retrieval.
Unfortunately, there are only a very few cases of this so far. The

Longman”s Dictionarziggl Cnntemggrarz English 1is probably the best known

example.

c) Sometimes a “Transcribed Printed Dictionary” is progressively transformed
into a "Classified Transcribed Dictionary”. J. Olney”s work on Webster®s
Seventh New Collegiate Dictionary and op the New lMerriam=-Webster Pocket
Dictionary is well known.

Optical character readers may be used to put printed dictionaries into
machine readable formn, for example with the aim of publishing new, and
updated, editions. A recent interesting project intends to create a lexical
data base recording the (out-of=print) French=Danish Blinkberg and Hgybye
dictionary. Experiments were conducted in order to assess whether the
structure of the printed dictionary (special printed symbols, defining
formulae, etc.) may be used to create, fully or semi-automatically, an
explicit linguistic classification of the dictionary information.

d) The Lemmatizing Dictianarz:

The lemmas which appear progressively in a corpus of electronically
processed texts are recorded in MRF. The lemmas are supplied with
information which will be useful for the lemnatization of other texts: parts
of speech, inflectional paradigms, homographical relationships, brief
explanations of the meanings of lexical homographs, etc. Several centres for
literary, philological and lexicographical text-processing have created
dictionaries of this type.

) The Machine Dictionarz
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The lemmas of a printed dictionary, or of a set of dictionarics, are
recorded in MRF (mainly for the text=processing lemmatization stage)
together with selected information, extracted from the printed dictionary
but directly classified and encoded in a format suiltable for EDP.

£) The Parsing Machine Dictionary

UntET“'now, it was all too common for each separate natural language
processing project to construct its own dictionary.

These dictionaries are almost never related to any printed dictionary and
the number of 1lexical items is very limited, wusually restricted to a
technical domain. The dictionary is focused on syntactic and semantic (if
not pragmatic) information, hichly formalized and stronzly finalized to the
parsers (or the generation programs) that use it.

3) Lexical Data Base (LxDB)

The lexical data are organized in the form of a multifunctional database,
which offers multiple access points to a variety of "users”, both huaan and

computer programs, each of which will have a particular "view"” on the datsa
(Zimmermann, 1983). ®

This type, which will be the specific subject of the follow=up of this
paragraph, is a task for the near future.

3.2 Scopes

There is no doubt that almost whatever task is to be undertaken in the field
of Computational Linguistics, in one way or another, one has always to cope
with “"words”. It is thus necessary to be able to access to a lexicon in
which different types of information on words are stored.

The range of scope of MRDs can be very wide indeed, going from the nore
applicative to the theoretical area.

On such a complex and differently organized mnap of applications, the



rescarches and the vwvorl whiechy still rave to ¢ Zopre in this field are
considcdgerable.

J.3 Sources

One of the aost suitable sterting points Loy a .y is tie traditional
standard printed dictionary. such dictionaries provive in fact a  lar-e
amount of data wbhich can becore an  invaluavle source of inforation waen
organized according to proper linpuistic and cowutational structurces.

riany research groups are now well aware of this fact, see¢e for example the
rroups  in donn (Urustkern et nlii, 1943), and Licie (‘lichiels et alii,
1981).

Nowadays almost all new printed dictionaries are prepared in
sachine=readable forn if only for the printing, i.e. for photocoaposition.
This fact involves the publishing "world”™ in the ore jleneral issue of .lDs.
“Je can observe that there are an increasing nuasber of dJdictionary projects
relying on computer techniques, and it is also worth noting that a large
effort is currently being made to counvert the Oxford Enplish Dictionary into
machine readable form and into a lexical data base (LxDLL).

The conversion of a simple machine readable dictionary into a complex and
structured LxUD is really a major uncdertaking btotn fron the linquistic and
the comm~wifrtiong: -vint of viecu. A adictionary 1iun  its svrface 1s an
claborately forwmattel obtiect, and its conputerization is a complicated and
difficult nmatter, even more so if one wants to o0 beyond the surface data in
order to discover the underlying information.

3.4 Types of information

An imparfgﬁt'ﬁbiﬁl which w=ust be stressed 1is that the lexicon can be
considered somewhere at the c¢rossroads between the traditional levels of
linpuistic analysis: srapbical, phonetical, worpheolozical, syntactic,
semantic, but also cognitive, pragnatic, psychological, sociological issues
are not only of relevance when speaking about the lexicon, but are often
strongly interrelated. *

Information on each of these levels can and nust be codified (according to
different theories) in & lexicon, especially in the case of a computerized
rexicon.

Thus we are dealing with a domain of research shared by various distinct
sectors, which can be approached according to different perspectives.

In this framework the followinp fundamental question arises: 1is it possible
to reach a lexical descripntion = crossing the specific boundaries of each
area = which 1is sufficiently general and neutral enough to allow the
different theories to select and pick up from the stock of shared knowledge
only those elements relevant to the specific application or research.

We think this is the direction towards which LxDBs should move in the near
future, and efforts should be made, on a theoretical basis, to establish up
to which point a stock of structures and formats compatible with different

applications or also with different languages can be envisaged, defined, and
implemented.

3.5 Aids in word processing

One of the major applications of computerized dictionaries in the commercial

environment is the checking of texts in order to detect spelling errors.
some systems are also able to suggest the corrections to be made, by

displaying in a window on the screen some possible alternatives.
Although a simple application, and certainly not the most interesting from a




theoretical point of view, spelliny;; checking requires research to obtain
sophisticated techniques for word compression (organization in a tree
structure, hashing functions, etc.), 50 that continuvally  growing
dictionaries can still be stored on small personal computers. It also uses
statistics reparding the most common typos, determined for example by
keyboard layout, or by pronunciation.

Satisfactory results have been obtained in this area, and some systems now
avallable for certain languages are invaluable tools in detecting typing
errors, and extremely helpful and time-saving when combined with one of the
many word processors which can be found on the market.

More ambitious projects are emerging from this first stage: their aim is to
provide more complex alds for writing and composition, by means of several
functions accomplished by different modules. {le can mention the Epistle
project, developed at IBM Yorktown, and the Writer”s Workbench, designed by
Bell Communications Research.

Other cowponents envisaged for systems of this kind are: a syntactic parser
to detect errors in grammar, a synonym dictionary offering the choice of
nore suitable or alternative ways to express a concept, a general dictionary
in computerized form to control the exact meaning of a word, a stylistic
analyzer to eliminate simple errors in style, a statistic component to

calculate the number of rather vague words, or of difficult or rare ones,
etCs

3.5 Lenmatization

For many years [IRDs have been used 4in the so=-called (semi)automatic
lemzatization phase of text processing. We have already described these
applications in 1.3.

3.7 The Access issue

What is of crucial importance in the design of a LxDB is the "word access
issue™. A LxDB can obviously overcome all the limitations imposed by a
sequential alphabetical organization of the lexical entries. What appears
to be less obvious is instead how new and linguistically relevant search
methods can be developed. In addition to the possibility of access to the
dictionary by pronunciation, or the use of grammatical classes and
categories as access points (e.g. all the coordinating conjunctions, or all
the transitive verbs which can govern a that-clause), far greater advantages
and significant gains can come from using definitional data to construct
“semantic” equivalence classes. It is possible to construct virtual IS-A
ntierarchies, or to implement other taxonomies hased for example on the
"Part-i/hole™, or "Set-of” Relations, which help us to discover in the
lexicon new dimensions of "relatedness” between words. For each different
Relation, a different data structure and a different index to the dictionary
are required. It will be possible to see the original data as if through
different semantic relational ;rids, whicﬁ' structure and re-=structure the
data for the dictionary user accordin: to the different semantic relations
rejuested at the nonent of the query to the LxDI.

OUne can query a LxPB, ordered bty ideas, not only to find a word, but also to
2 certain extent a particular meaning, and this is possible efficiently and
interactively by exploring all possible paths and relating this general
seaning to  all the correlates nearby, according, to the different kinds of
selected Relations. The dictionary rrovides wus with a range of
perspectives. One can start with the notion of “sound , and look for all

the instruments producing sounds, or linmit the search to aninal sounds, or



search for ver's meaning “to produce a sound”, or see which adjectives can
be associated to names of sounds, and s0 on.

Uhile working with different procedures on patural lanpuage definitions of
standard dictionaries, in order to obtain a tool of the type described
above, We are nwovine towards the transformation of the netalanpuace of
definitions into a first nucleus of a larise Ilnouvledye bLase, where techniques
developed in Artificial Intellijence (as ¢.p. semantic networls structures)
or in Data Lase lLanagencent Lystome nust be taken into serious consideration.
in designine a lorical structure for the lexical data, with wmany access
points, (i.e. with .lany kinds of correlations), we are also tending towards
n  siaulation of membry orranization. Thus, the theories, methods, and
techniques inveolved in psycholinguistics are of areat importance.

3.8 bilingual or lwltilinpual Conputerized Dictionaries.
l.ittle rescarch seens to have been carried out so far in . the field of
Lilingual (RDs  whiel: ;0es beyond the storing of bilinpual dictionaries on
tapes ready  for photocomposition, or the coupilation of lists of
corresponding words for iiachine Translation.

This could be a very pronisins field for exploration in the next years, both
for theoretical and for applicative'reasons. It is not difficult to imagine
application areas which can dewand new tvpes of access to bilingual data.
vipreover, research in the logical design of a bilingual LxDB stimulates work
in related fields, and 1interesting 1issues are raised in epistemology,
knowledge representation, sociolinguistics, contrastive linguistics, etc.

In this respect, another issue to be considered is the following: are
printed bilingual dictionaries a good or useful source of information for
the implementation of bilingual LDBs, as acknowledped for monolingual
printed dictionaries, or is there a  need for other sources of infomation?,
is their structure computationally exploitable for the generation of correct
and valuable 1links not between simple lexical words, but between lexical
concepts? This is 1important for example in order to avoid what C. Miller
(in this Bulletin) calls “kidrule” errors in a bilingual context, i.e.
semantically anomalous sentences. Another question could be the following:
can bilingual dictionaries be used to connect two monolingual LxDBs?

e

3.9 The future: the commercial "teledictionary”.

We <can conclude by imagining a nulti-access dictionary with all the
properties so far described, and perhaps others, recorded on a diskette and
accessible to the normal wuser in his own home. We are here envisaging the

"dictionary of the future”™ or "teledictionary” for general consultation,
which will become the "dictionary of the present” within a few years.
llodern technology can certainly. support this prediction.

within this framework, it is a task of the computational linguist to try to
invent new search strategies for the look-up process. Ye should be able to
guess the possible needs of both the specialist and the normal wuser, and
their expectations when looking wup a dictionary. In this way, this
relatively new discipline, namely “computational lexicology”, can also move

to explore an old familiar object, the dictionary, so that completely new
requirements may be satisfied. '

4. LINGUISTIC DATA DBASES

R AL i i

Bernard Quemada has called “néo=-dictionnaires” the possible developments
described at the end of the previocus paragraph.



The "terminolojical data bases”, which have been available for several years
in both public and private organizations, may suggest similar ways to
construct and handle very large lexical/linguistic data bases (LDB).

we use LDEs to define a set of 1linguistic data of different types (not only

texts and dictionaries, but also, for example, the result  of
socio~linguistic studies, linguistic models, bibliographical data, etc.)
finalized for the interactive wutilization by mnultiple categories of
potential users, stored, structurec and linked for this purpose, and
associated to specialized software rnoduyles for access, interrogation and
on=-line processing.

The design of LDBs of this type 1is still under development, but several
projects in different countries are converging in this direction.

A LDB can fulfill a variety of tasks and objectives. First of all, it is
able to increase the potential use of continually growinz sets of linauistic
data in machine readable form.

Dearing in mind the widespread penetration of comnputing technologies in our
"information society” (terminals, personal computers, telematic networks),
which leads to a greater familiarity with computational tools, we should
like to suggest working with the following objectives:

a) To "release” the researcher from the static ordering of indexes and
concordances (and, even more so, of the traditional dictionaries),
profiting from data base methodologies and distributed access technologies,
in favour of nultiple dynamic interactive access to the data.

b) To "enrich”™ the archives, not only with regard to the quality of the
primary data (texts, dictionaries, etc.), but also and above all by the

explicit representation of the units and relations of the different
linguistic levels.

With this aim in mind, we must attempt to:

- Reduce the cost of linguistic analyses of texts, using automatic or
computer—assisted procedures (dictionary loolk=-up, parsers, etc.);

- Propagate minimal norms and computational tools which make it possible to
compare analyses performed by different researchers;

- Encourage collaborations not only for the acquisition of data in @F but
also for analyses. \hoever uses a test from an archive must “deposit™ the
analyses he has made, even if only partial, so that they can be exploited by
other users. |

¢) To "assist”™ the researcher in identifying and processiny pertinent data.
It seens necessary to:

- identify the "profiles” of potential wuser catezories, describing the
operations and the procedures which constitute their research activities;

~ create interrogation, processing and access functions to assist the
performance of these operations:

- make available in the same “interactive environment” possible different
“knowledge sources’ : dictionaries, bibliographies, rules, parsers,
statistical analyses, etc.

In the preceding paragraph we have described the different possible uses of a

nmachine~dictionary organized on a data base structure. "

A LDB also offers new possibilities to publishing houses. 1In fact, they nay

well find it of great advantage, on a practical and economic level, to have a

database of this type, plus advanced software, in order to be able to obtain a

nuaber of commercial versions and wvariations, revisions and updates of a

dictionary.

Under the best conditions, it will be possilile to produce from a LDE a variety
of different lexicographical products.




“"Fron the very mumbers of dictionaries of varyin: shapes and sizes that fellow
in the wake of the major ones, it i35 clear that different levels of detail are
appropriate to different people and to different kin's of use (...) The amount
of Information that these cditions contain is ¢learly chosen for larrely
econoxic reasons and fror the point of view of any dictionary user” (¥ay, £3,
pe 163).

If appropriately coded, the infornation structurud in a LU may allow the
editors to produce, (semi)autormatically, differert tirds of dictionaries
(rrinted or sold on magnetic support).

NOTES

(1) Ve shall use the followin; teruinolooy. A lexical unit is the kasic unit
of the lexical system of a lanruane, often coincidins with 4 siople "lexerne”
(see Cowie, 1733, pp.100=101). A 1lexical upi- usually corresronds to =a
cictionary entry, or article. A lexical unit 1is represented by a set of
related (word)-i‘orns (inflectional or wraphical viariants), one of uhich (e.c.,
the present infinitive ,for the verls) is wusually chosen as the headuvord, or
lenia, for the corresponding dictionary entrv.
If the sane vritten vord=form (i.e. the same strin: of letters) represents
word-forns of Jdifferent lexical units, or different inflections of the sane
lexical unit, wve call this written forw o hotio; raphe A written fora may
appear in different places of a text. Fach appearsnce of a written word-form

is an occurrence (of this word-=foni), and itsg frequency is the nuaber of its
occurrences.

(2) In our experience, lemmatization perforned for lexicograrhic projects
consists of the basic operations specified below (usually performed on the
concordances).

l. Lemnatization cf unambigpuous forms: the lemra is entered at the side of
the first occurrence of the fors. The profram then automatically assipns this
lemmia to all occurrences of the sane form.

2. Lermatization of homographic forms: the different lemmas which can be
assigned to a houmographic form in the text are written at the side of the
form. Each of these lemmas is given a number. The number of the lemma which
must be associated to that particular occurrence is entered at the side of its
context.

3. Composition and Decomposition of Forms: the procedure must permit:

a) the reconstruction of lexical forms which are divided in current spelling
e.2. locutions (head over heels), compound noun forms (station wagon),
compound verb forms (I have seen);

b) the decomposition of ﬁrthographicaf&y united forms e.p. enclitic and verb

forns, (dirtelo: dire+ti+lo), articles and prepositions (allo = a + lo),
etc.




4. Assignment of words into different processing categories: frequently, at
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least for some applications, there 1is a strongly felt desire to reduce the
nass of data by excluding part of the lexical material from the processing
work which may follow lemmatization. Normal procedures usually permit the
material to be assigned to different types of treatment. For some lemmas or
forms in concordances it 1s possible to print: a) only the frequency of

occurrence; b) only the index locorum; c¢) only some contexts, chosen by the
lemmatizer; d) all the contexts.

(3) Collocations may be defined as "the co-occurrency of two lexical items
within a specific context (...)s A “node” is the 1lexical item whose
collocational pattern we are looking at. A “collocate” is any 1lexical item
which co=occurs with the node within the specific co=text. A “span® 1is the

co~text within which the collocates are said to occur” (llartin et alii, 1983,
p«8h)

(4) "Collocational studies, (...) should go far in exploring the techniques of
meaning discrimination as established by classical lexicography. If one could
draw a distinction between the several readings of the 5,000 most frequent
words (many of which are polysemous) on the basis of their different
collocational behaviour, .... not only the problem of homography could be
solved, but the weaning of many polysemous words iv a particular co-text could
be established as well” (Martin et alii, 1983, p-87), thus offerinp new
perspectives for quotation selection. |

(5) Size of the screen, programmability of the characters, subdivision into
"windows"”; possibility of displaying a citation-slip like file from which
selected citations can be extracted, added to, reduced or overlain by movingy a
“mouse” or simply by touching the screen; possibility of writing directly on
the screen; possibility'of recalling and restoring at any moment previous
states of organization of the material referring to an entry, by a trial and
error process; immediate access and display, through temporarily opened
windows, of entries 1In other dictionaries or in the same dictionary
(eventually edited by other nembers of the editorial staff), of

bibliographies, of monographs, etc.; possibility of linking to video discs,
volce synthetizers, etc., in the near future.
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