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Abstract
This article describes a set of initiatives in the domain if electronic dictionary distribution. Their basis is the DicoPro server, which
enables secure acess to dictionary dataon a server. In the DicoEast and RERO projects, the goal is to acquire high-quality pulisher
data, convert it into numeric format, and provide acess to dctionary entries for the participating ingtitutions. We analyze the various
problemsthat appear throughout this processand describe te solutionswe found

1. Introduction: Dictionary Distribution
on Computer Networks

The use of computer interfaces for dictionary
consultation has increased the dficiency of lexical
searches bath in bilingual and monolingual dictionaries.
Several factors however hinder users from taking full
advantage of such tods. incompatible formats between
CD-ROM interfaces, need to dugicate data, risk of losses
on publisher sde duetoillegal copies, etc.

Dictionary consultation through a network answers
these problems, provided a universal interfaceis designed,
seaurity isses are addresed, and publisher data is
effedively acquired and converted to machine-readable
format. These were the main goals of a set of projeds
initiated by ISSCO. In this paper, we will focus on more
recent developments, starting first with a description of
these projeds, namely XDico/DicoPro, DicoEast and
RERO (Section 2). We then study the data cmnversion
process from publisher datato the numeric format used in
the DicoPro server (Sedion 3): the @nversion relies
mainly on XML stylesheds (XSL). Next, the dictionary
server is described from a tedhnical point of view
(Sedion 4). And finaly, we outline some research
perspedives opened upby thiswork (Sedion 5).

2. Challengesfrom Three
Operational Projeds

2.1. XDicoand DicoPro

The origins of the DicoPro server (Armstrong et al.
2000 go back to the 1980 s (Robert &Petitpierre 1997),
but the present version of the server was developed in
1998199 as a projed within the European MLIS
Program. It was developed at the University of Geneva.
The data was initialy acquired in the 80's for research
purposes in lexicon development and NLP and required
conversion of type-setting data. Once onverted, it became
clear that this data would aso be useful to the University
community at large. Note that at thistime I nternet services
were not widespread and on-line resources a rarity.

The firg version of the ‘Dico’ architedure is ill in
use on our university' $ntranet. The long experience with
this applicaion shows that publishers are willing to

provide data for ~ internal' use if seaurity concerns are
addressed as they werein this projed.

2.2. TheRERO Projea

Based on the success with the DicoPro server at the
University, we were mntacted by the library service
association, RERO (Network of Libraries from Western
Switzerland), to install DicoPro for the community they
serve. This community includes al higher institutions of
leaningin Western Switzerland with a potential user base
of some 40,000 students and staff.

New dictionary data was added, in particular, a large
English dictionary for non-native speakers as wel as
medium-sized hlingual dictionaries. This entailed new
negotiations with the data provider (HarperCollins
publishers) for a general license agreement for the
academic community served by RERO. The server was
modified according to spedfications provided by RERO.
The data is encrypted and seaure on a RERO server and
accessis controlled by IP addresses. Cf. sedions 3 and 4
for amore detailed de<ription of the data and the server.

The server has been up sincethe beginning of the year
and initial reactions have been positive. A log file of user
accessand queriesis kept that should serve to give insight
on how such a service is used. In the future we hope to
add new data, but have found that publishers are still quite
wary about making dota available over the Internet via a

third perty.

2.3. TheDicoEast Projed

The DicoEast projed, supported by the SwissNational
Science Fund wnder the SCOPES program, ams at
modernizing the lexicographic infrastructure aad methods
by building a dictionary server that could be used in the
three different institutions involved in this projed. The
dictionary tool is the DicoPro server provided by 1SSCO,
University of Geneva, and the Eastern European partners
arethe RACAI and LMD ingtitutes from, respedively, the
Bulgarian and Romanian Academies. The dictionary data
consists of fredy available dictionaries for Western
languages, and from Bulgarian and Romanian dctionaries
purchased within the project.

More spedficaly, the following developments were
proposed for thisthreeyear project (2001-2003:
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* Acquiring the Bulgarian and Romanian eledronic
form of the printed dictionaries from the cpyright
holders and converting them into HTML format
for use with the DicoPro tod. Negotiation of
copyrights for dictionaries that are in unstructured
eledronic formats.

* Processng of spedal characters (Romanian) and
of whole non-Latin alphabets (Cyrillic).
Portability of the server to recett OSs with
multilingual support. Ingalation of the DicoPro
tod and the new dictionaries in the two partner
ingtitutions.

+ Converson and ingdlation of the new
dictionaries for access inside the participant
laboratories.

* Improvement of the arricula for the Mager
degree program by including spedfics of DicoPro
methodol ogy and training.

At the University of Geneva, the Romanian and the
Bulgarian resources will thus be made available. This will
contribute to the diffusion of basic resources for non
Western European languages bath for reseach and
education. The projed will also contribute to extending
the dictionary consultation tod to a larger audience with
more data, in more varied formats, character sets and
languages.

The achievements of the first year of the DicoEast
projed lie mainly in the establishment of a common
dictionary framework, bath a the level of dictionary data
and dctionary software. For the Eastern European
partners, the DicoPro software that was installed and
explained thanks to the DicoEast projed provides the
basisfor dictionary distribution. A common know-how for
dictionary formatting hes been shared, as well as the
principles of copyrighting and distribution, synthesised
from the Swiss partner’s long-standing experience
Beneficial relations have been established with other
international projeds in favour of Eastern European
languages. The project working medings and training
medings have provided the partners with the opportunity
to enhance their competencies in dctionary servers and
computationa lexicography.

3. Conversion of Publisher Data
toXML and HTML

The DicoPro server answers queries for dictionary
entries by providing HTML-formatted dctionary data for
display. The data is stored in encrypted form on the
server, but it must be provided to the ingtallers as one
HTML file per dictionary. In redity, the file mntains a
series of <ENTRY> eements, each one having as an
attribute the headword of the @rresponding entry. The
main conversion task mug therefore transform the
publisher’s data into HTML that is well formed and has a
user-friendly asped for display.

Two main dfficulties appea, in genera, in the
conversion process from various in-house formats to a
machine readable standardized format: a conceptua and a
practicd one (seealso (Dillinger 2001)). Since publishers
often use in-house formatting guidelines, their tagging
conventions must be mnverted to more transparent
formatting, easily convertible to HTML. But the data itself
does not aways resped the in-house guidelines—
especially for entries with complex lexical phenomena—

therefore it must undergo some manual editing. This
verification isaso beneficial to the publisher.

3.1. TheConversion Problem

The mnversion problem which occupies us here is
easy to describe. In al of the threeprojeds, the publishers
provided a set of files containing the data, generaly in
annotated text format. We will focus here on the
formatting developed for the RERO project, described at
length in (Popescu-Belis, 2002. The publisher
(HarperCallins Ltd. ) provided six bilingual dictionaries
(al combinations of English, French, and German). Each
of them has about 25,000 headword entries, which are
published as middle-sized paper dictionaries. The initial
data was made up of six sets of 26 files each, one per
letter, al of them in text format, accompanied by separate
guidelines describing the publi sher’ s annotations.

3.1.1. Initial Format of the Data

The publisher annctation conventions that define the
format of the initiad data play a centra part in the
conversion process Each of the entries consistsin a series
of lines, each line starting with a label or tag, followed by
an e ementary pieceof information, related to the entry, of
the type described by the tag. The first line @ntains the
headword, which, depending on its type, may be tagged
<HWME>, <HWKE> or <HWAE>. The structure of each
entry is thus embadied in the sequence of lines and tags,
asillugrated in the foll owing example of the ‘ache’ entry.

<HWVE> ache

<PRON> el k

<PCSP> n

<TRAN> md $

<TGGR> m

<TRAN> douleu r $

<TGEER> f

<PCSP> vi

<LBSN> bes ore

<TRAN> fairem al

<TRAN> étred oul our eux*
<TRSB> euse

<LBSN> year n

<HWKT> toa che to do sth
<TRAN> mourird 'envie def aire gch
<PHRS> Iveg ot stomacha che {or} > a
st omach ache

<LBRN> US

<TRAN> jaim al al 'estonac
<PHRS> myhead aches
<TRAN> jaim al a la téte
<PHRS> I'ma ching all over
<TRAN> jaim al partout

Figure 1. Sourcetext for ‘ache’ entry

3.1.2. Publisher’'sAnnotation Guidelines

The guideli nes (written explanations) to the annotation
conventions were provided to us by the publisher. They
ae of course esentiad in order to understand the
annotation mechanism and to write appropriate initia
conversion scripts. It is quite strange to note, on ane rand,
the high degree of accuracy (i.e., of conformance to the
guidelines) of most of the 172,012 entries, and on the
other hand the fact that there were still several hundred
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entries that have smaler or bigger anomalies—that is,
whose structure does not match the one dictated by the
guidelines.

Below is a short except of the guideines for the
<LBIN> tag. It isquite dea that these guidelines grongly
rely on the sequentid order of the tags. The use of speda
marks (‘$, *>' and ‘*’") to indicate the place where the
content of some tags must be inserted into ahers (as in
Figure 1, line 16) further compli cates the formatting task.

<LBI N> -m eani ng label,g eneral. To be
output ini talic withinr ound ronan
br ackets, precededa nd follow ed by a
character space,u nless follow ing a
<TR .> or< XR .> tagw here it woul d be
preceded bya semi-colona nd char acter
space.

Figure 2. Annotation guidelinesfor <LBIN> tag

While most of the tags are identicd in all of the six
dictionaries, there ae some differences between them that
are not only due to linguistic matters, but sometimes only
to arbitrarily different conventions. Tags that are
particular to each dictionary do not pose such a big
problem as tags that have the same name but different
semantics in different dictionaries. A separate XSL
styleshed had to be written in this case. The encoding o
the phonetic characters and o the iso-latin-1 character set
will not be discussed here—see (Popescu-Béli s, 2002).

3.2. TheConversion Process

3.2.1. Overview

The numerous gages of the wnversion process have
been grouped into several scripts, that are triggered
hierarchically. Themain stages are:

»  Preprocessng of the publisher data to convert it to
well-formed (but “flat” or ungructured) XML
files. It is during this stage that the source files
had to be dlited, so that al incoherent data is
brought to a coherent, processable form. These
changes have been logged and sent back to the
publisher, being wseful to them for improving the
quality and coherence of their data.

* Conversion of the fla XML files into better
structured, displayable HTML fil es. The publi sher
tags are @nverted here to HTML tags using the
XSL (XML styleshed language) mechanism.

* Final processng of the spedal characters, so that
they are accepted by the DicoPro server, and
concatenation of the a-through-z files for each pair
of languages, so that the files are ready to be fed
into the server.

3.2.2. First Step: Conversionto XML

Our firgd goa was to convert the publisher data to
well-formed XML, usng minima processng, i.e. the
implicit structure of the data was not made eplicit at this
stage, but was left embodied in a flaa XML dructure.
However, the*’,*$', and ‘>’ codes were processed at this
stage. Figure 3 showsthe ‘ach€’ entry under XML format.

<ENTRY>

<HWVE>ache</ HWVE>

<PRON>e&#x26A; k</ PRON>

<PCOSP>n</ PCsP>

<TRAN>nmal <TGGR>m</TGGR></TRN>

<TRAN>doul eur <TGGR>f</TGGR></TRAN>

<PCSP>vi </ POSP>

<LBSN>be sore</LBSN >

<TRAN>f ai r e mal</TRAN >

<TRAN>&#234; t r e douloureux<TRSB>euse</TRSB >

</ TRAN>

<LBSN>year n</ LBSN>

<HWKT>t 0 achet o dos th</HWKT>

<TRAN>nourir denvied e fareq ch</TRAN>

<PHRS>| ' ve gots tomach ache< i>or</i>
<LBRN>US</LBRN>a stomach a che</ PHRS>

<TRAN>j ' ai mal & #224; I'estomac</TR AN>

<PHRS>ny head a ches</ PHRS>

<TRAN>j 'ai mal & #224; lat &#234;te</ TRAN>
<PHRS>| ' m achinga || over</PH RS>

<TRAN>j ' ai mal p artout </ TRAN>

</ ENTRY>

Figure 3. XML formatting o the ‘ache’ entry

3.2.3. Seoond Step: Conversion to HTML

The fina result is HTML code — only the <BODY>
element more exactly — that is to be displayed using the
interface window in a web browser. The criteria defining
the aspeds of this formatting are: resemblance with the
paper version, adaptation to the computer display (greder
spaceis available than on the compact paper form, colors
are available too, etc.), intrinsic coherence, readability,
clarity, etc. The finad asped as seen by the end-user is
shown in Figure 4.

ache[ekK]

2> mam
- douleur f

Vi
(= be sore)
- fairemal
-> ére douloureux(euse)
(= yearn)
to achetodo sth
- mourir d' envie de faire gch
I' ve gostomach ache or (US) a stomach ache
- j'a ma al’estomac
my head aches
- j'a ma alatée
I’m aching all over
- j’a mal partout
© HarperCollins Publishers

Figure 4. Resulting display of the ‘ache’ entry (HTML)

To oltain thiskind of formatting, one must convert the
XML tags to HTML tags that, interpreted by the web
browser, will lead to the formatting shown above. This
processrelies heavily on the XML styleshed mechanism
(XSL) described below. The extension of this mechanism
in order to produce amore structured XML output, that
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could prove useful to computer applications, is discussed
in our last sedion.

3.24. TheUseof XML and XSL

Once onverted to well-formed XML format, the
dictionary data is ready for further processng by tools
related to the XML standard. We do not chedk the XML
files for validity, since we do not attempt to write aDTD
for this format. As the <ENTITY> dements are
completely flat, the validity test would be of very little
use. At present, the main task is to convert these XML
files to HTML files displaying the dictionary data in a
coherent and user-friendly format.

The XML-Trans formatting tod developed at 1ISSCO
(Walker et d., 2000 was initialy used for this kind of
data conversion. Despite its intrinsic qualities, we
preferred for this new series of dictionaries to use the
XSLT dandard (eXtensible Styleshed Language
Transformations), which has now reached maturity and
considerable expressve power. XML-Trans was based on
transformation rules expressed using regular expressons,
smple operations (replacement, insertion, etc.), and
pattern-matching, whereas XSLT is more dedarative and
more XML-oriented, in that it proceses XML elements,
and alows functions and conditional branches to be
written. The operations performed by the XSL files were
outlined above. Script-based pre-processng was dill
neeaded in order to process some insertion marks; in this
way, the cde was much shorter to write.

3.2.5. Resultsof the Conversion Process

At present, the wnverson of the six hilingua
dictionaries has been completed. A sgnificant number of
corredions or changes had to be made in the source data
for the conversion processto go an automaticdly without
unpredictable breaks, and to produce ®herent data. So,
using the modified sources, the @nversion process—
scripts and XSL transformations—performs automaticaly
on al the six dictionaries. The @mnversion of the entire set
of 172012 entries tekes about Y2howr on a
SunBlade100™ workstation (Solaris 2.8).

The fina HTML formatting could of course be
improved. Some may feel that our choices for the display
arenot as clea as possble, and small incoherencies (such
as bdd for italics, or missng commas) have been
observed in a very small number of entries (estimated at
less than 0.1% of the total). Given the important
programming effort that would be needed to processthese
changes automatically, it is probably easier to only spot
them automatically, then change them manually in the
HTML files.

4. TheDicoPro Seaure Client/Server
Architedurefor Dictionary Distribution

The DicoPro architedure has now reached a stable
state that enables ISSCO to use it in application projeds.
We describe here the main features of the server
application, of the dient interfface ad o the seaurity
elements (data licensing, encryption and consultation
(Petitpierre & Murphy 1997). The freedistribution of the
program with an open-source license is currently under
consideration.

There is cetainly interest and possbiliti es to fredy
distribute the source @de. However, the main issle is the

cryptography module, linked to seaurity considerations.
Two posshilities are under consideration, distribution
without it (but ill with full access control) or
development of a new module, possbly within the open-
source @mmunity.

4.1. Behind the scenes

4.1.1. Data

In order for the indexer to extract individual entries
from the HTML output, comments need to be added to the
HTML code.

<l-- BEGIN -->

<l--  ENT=headword -->
Text of the entry

<l-- END -->

The main indexes are automaticdly created when the
entries are processed. The license file for the dictionary
must be prepared in order to encrypt entries. The HTML
output file and its associated fil e of headwords and offsets
are firg fed to a local SQL server and then fed back to
filesin a database export format. The SQL data files and
all related files are then packaged in a singe achive file
for different platforms.

4.1.2. Server/client install ation

The DicoPro server is based on serviet technology -- a
standard technology in Web development. The server is
written in Java, a very popuar, platform-independent,
standard object oriented languege. The server package is
installed and configured in an Apache Web server using
the SS_ encryption module.

We use aMySQL server as abackend to store the data.
The server sends arequest to the SQL server, which sends
the solution back to the dient through the deayption
module. The choice of these standard technologies allows
for a system independent and portable achitedure. Thus
the server can be installed on a variety of platforms such
as MSWindows, Linux or Unix.

The dient side is an applet also written in Java. This
applet is sent from the Web server to the browser when
the user is conneded to a DicoPro Web page. This only
requiresthat Java 1.3 plug-in isinstalled on the computer.

4.1.3. Seaurity mattersand configuration files

Searity was a very delicate issue in the DicoPro
MLIS projed. In order to entice ealitors to digtribute
dictionary data via such a server, searity must be
guaranteed. Seaurity issues include @ntrol of user access
to the server and the protedion and encryption of the data.

Access controls are parametrizeble on the server side.
The Apache Web server technology offers refined control
mecdhanisms such as limiting access to authorized IP
clients. The DicoPro server cen also limit the number of
smultaneous connedions or the number of entry
downloads. These mechanisms offer flexibility for
implementing different data li censing schemes.

The encryption of the dataisenforced by the dfinition
of a unigque licence key. This licence key is used as the
starting point for the encryption of the data in the SQL
database. Among the numerous licensng schemes
available, we opted for this lution as the easiest to
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implement for the given situation. This lution of a site
license refleds a payment scheme where the price is
proportional to the number of potentia users of the
service It isof course possble to install publicly available
data in an open manner without any encryption.

Once the license file for the dictionary has been
prepared (see Preparing the Dictionary License) the
signature and seaet dictionary key must be extracted. The
license signature is used to verify that the license file has
not been tampered with. This ensures that a dictionary
cannot be used outside of the license parameters. The
seaet key which is used to encrypt the dictionary is
generated as a function of this signature. Thus, even if a
user is able to tamper with the license file and generate a
valid signature, he or she will still not be able to deaypt
the dictionary data.

4.2. Connection and Use of the Server

4.2.1. Step one: the DISserver

The Dictionary Information Service (DIS) isaportal to
a series of dictionaries. The DIS alows a user to browse
severa dictionaries, possbly coming from heterogeneous
sources. The DIS aso dsplays publisher information
about the data, a strong commercial argument.

4.2.2. Step two: dictionary consultation

Options for dictionary consultation are based on a
powerful pattern-matching mecdhanism including prefix
matching, exact matching and regular expressons. The
indexing constraints on the database ae arrently indexed
on headwords only though other fields could be added
depending on the nature of the mark-up. By default,
dictionary lookup is =t for “Prefix” seach mode, a
method commonly employed for eledronic dictionaries.

Another posshility is a seach mode by patterns. In
this case, the seach key describes the primary keys of the
entries to seled by means of aregular expresson pettern.
This can be useful in case of uncertainty in spelling a
word, searching for ocaurrences of words with a given
suffix or asan aid for crossword puzzles.

Another search mode is case and accent insensitive
guery. As it is often cumbersome to type letters with
diacritic marks (such as accents), the posshility is given
to spedfy search keys where aplain letter stands for itself
as well as any of the associated accented characters. For
example the seach key “eleve’ will match the words
dlevé as wdl as déve. This works by mapping the
accented characters of both the seach key the primary
keys of the lexicd entries to the corresponding non
accented letters.

5. Perspectives

5.1. Future Work

One of our main perspedives is the conversion of the
present data to a more structured format, which better
refleds the ontent of a lexicd entry rather than the form
to be displayed. This format could increase productivity
on the publisher side, as well as boost applications thanks
to high-quaity data. Indeed, such resources have
numerous appli cationsin computational |exicography, and
information technology in general; computer-aided

trandation seems one of the most promising anes. The
resource ®uld be distributed or sold through an
appropriate organization (such as ELRA or LDC) to
companies wishing to use it commercialy, or to reseach
institutes, while the publishers still retain their copyright.
As for in-house uses, such resources would simplify the
dictionary revision and updating process while being easy
to convert to export/display formats such as HTML, for
use on serversor on CD-ROMS.

The present dictionary data could be mnverted to a
more nceptual form using the above mnversion
protocol. This form would refled in a more accurate way
the conceptual structure (the content) of a lexicd entry.
The XML e ementswould be enbedded according to their
logical dependencies, which would significantly depart
from the present flat structure, in which dependencies are
expreseed procedurally, using the rules given in the
formatting guidelines. Such a conceptua formatting
would require the definition of a variety of XML tags,
including also atributes that could store part of the
information regarding dements. A DTD or XML-Schema
would be required to chedk the validity of the resuilt.

It is to the XSL styleshed that the most important
effort should be dedicated. Given the present state of the
styleshed, roughly half of the work is already done, that
is, the interpretation of the sequentia order of the source
(Callins) markup. What neels to be differentiated, as
future work, is the set of replacament tags, as well as the
structure of each element in part, since the output options
would no longer be the five or six tags available in
HTML, but amuch greater set of tags.

5.2. Starting Points for Future Work

Several proposals dready exist in this diredion. One
of the best knows formats is the TEI diredives with the
DTD for (printed) dictionary encoding, a valuable starting
point for future work (Sperberg-McQueen and Burnard,
1999 chapter 12). More recent initiatives uch as the
CONCEDE projed have developed and criti cized the TEI
format for dictionaries.

The OLIF Consortium has been formed to develop the
Open Lexicon Interchange Format (OLIF, 2001), which
is a user-friendly vehicle for exchanging terminological
and lexical data. This encoding format is XML-compliant,
and covers awide and detailed range of linguistic features
related to lexical entries and terms. It thus offers support
to various natural language processng tasks (such as
machine trand ation).

The Computational Lexicon working goup of the
ISLE Project has defined the format of a multilingual
lexical entry, to be used in computationa applications
(ISLE CLWG, 2001). This work tries to extend existing
work on computationa monolingual lexica, such as
WordNet and EuroWordNet, to multilingual lexica. The
entries defined in this working group can be encoded in
XML format, and a tod has also been developed for
database-to-XML conversion.

The success of cooperative projeds for open-source
software (such as Linux) indicates that a smilar,
colledive, approach could work for the development of
lexical resources. A proposal by (Mangeot-Lerebours,
2001) describes a framework that handles and displays
large  ‘lexical databases, dlowing cooperative
development. The process leading from various lexica
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resources, available under eledronic form, towards the
development of machine-readable bilingual dictionaries
has also been analyzed by (Dillinger 2001). This work
highlights the importance of high quality input data, as
well as the necessty of automaticdly determining the
entries that need hand-vetting (manual revision). This
procedure parall el s the one adopted in our own task.

Therefore, it seams indeal to us highly advisable to
extend aur current work by converting the publi sher’s data
to a machine-readable format which encodes reationsin a
structural, not procedural way. The main strength of the
bilingual computational resources we processd is the
high quality of the input data, which exceels that of most
existing computational resources, sinceit is based on the
work of ateam of professonal lexicographers.

6. Conclusion

The present work has many implicaions for
computational lexicography and natura language
processng (NLP). It appeas that high-quality dictionary
data, as provided by the publishersthrough their long-term
lexicographic dfort, does not come in dredly usable
machine readable format, but has to be mnverted from a
“paper-oriented” format. Still, this data would be
extremely valuable to NLP applicaions. For instance
machine trandation would benefit from high-quality
machine-readable bilingual lexicons. Our projeds have
shown that formatting this kind o data is tractable but
neels an initia effort. However, publishers are reluctant
to give access to this data unless ®arity concens are
properly addressed.
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