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Abstract

This paper presents the Tilde Dictionary Browser (TDB), an innovative dictionary browsing
environment for a wide range of users: language learners, language teachers, translators, and
casual users. We describe several techniques to maximise the likelihood of providing users
with a useful result even when searched items do not have a direct match in the dictionary
due to misspellings, inflected words, multi-word items or phrase fragments, or where there is
a lack of data in the main dictionary. TDB is targeted for broad use on multiple platforms and
is implemented as desktop software, and a Web and mobile application. The desktop version
of TDB currently contains dictionaries for more than 20 language pairs, including the
languages of the Baltic countries, and is easily extendable to other languages. Besides the
data from translation dictionaries, TDB also provides information from different online
resources, such as terminology dictionaries, as well as integrates the machine translation
facility.

Keywords: electronic dictionaries; machine translation; spelling checker; morphological
analyser; text-to-speech synthesis.

1. Introduction

In the last two decades, electronic dictionaries have been established among the most
widely used software applications for non-English speakers, and the majority of users
prefer electronic dictionaries to printed ones (Koren 1997). Different models for
electronic dictionaries have been of interest to researchers for a long time (for an
overview, see de Schryver, 2003). In their work, Oppentocht and Schutz (2003)
describe the advantages of electronic dictionaries (e.g., explicit information,
consistency, reusability, etc.). Detailed analysis of electronic dictionaries from
different viewpoints is presented by Muller-Spitzer; her later findings are related to
user needs and usage scenarios of electronic dictionaries (Muller-Spitzer et al., 2011).
There has also been a lot of research on the typology of electronic dictionaries (e.g.,
Ide 1993; Sharpe 1995; Lehr 1996) and the different types of users.

When using a paper dictionary, the user usually must flip through pages to find the
sought-after entry, whereas when using an electronic dictionary, the user can type the
word in a search field or choose an entry from a word list. However, several authors
(Méchura 2008; Nessi and Haill 2002) point out that users often fail to locate the
information that they need. Users often search dictionaries for words that cannot be
found in them, or cannot be found in the form in which they have typed them:
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misspellings, inflected words, multi-word items, phrase fragments or even whole
sentences. Many electronic dictionaries fail to return useful results when being
searched for anything other than exactly matching units.

The aim of our work was to develop a dictionary software that is able to provide
useful information for all types of search queries and information needs, including
many problematic cases, i.e., when searched items do not have any direct matches in
the dictionary data.

In the dictionary software, Tilde Dictionary Browser (TDB), that is presented in this
paper, we have applied several techniques to maximise the likelihood of providing
users with useful results:

e The entries from a main dictionary and possibly several terminology and
explanatory dictionaries are merged in a single list, allowing users to get
consolidated information from several dictionaries simultaneously.

e In the case of incorrect spelling, TDB suggests possible corrections and
provides their translations.

e For languages with rich morphology, users can find translations for
words that are not in base form, as usually dictionary entries are. With the help
of the morphological analyser, possible base forms are obtained and their
translations are displayed.

e Users can also see all of the inflectional forms for a particular word.

e If a user wants to see usage examples for a particular word, the search
engine will show all dictionary entries containing this word, even if it is not a
headword or translation, but part of a longer multi-word phrase.

e Users can also search terminology dictionaries in the Web, and the results
will be displayed in the same uniform way along with the local dictionary
entries.

e If there is no entry in lexicon to a user’s request, the request can be
redirected to a machine translation (MT) system on the Web, which will then
translate and present the translation in TDB translation view.

e For those who are learning a language, TDB provides a text-to-speech
facility that allows to hear the pronunciation of the selected dictionary entry.

Currently, TDB includes numerous general and specialised dictionaries for 19
translation directions: from English, French, German and Russian into Latvian and
vice versa, from English, French, German and Russian into Lithuanian, as well as
Latvian-Lithuanian, Lithuanian-Latvian and Estonian-Latvian. More than 25
terminology dictionaries are integrated into the TDB.

The dictionary content is licensed from leading lexicographers (authors of printed
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dictionaries). The cooperation with authors goes beyond the licensing of existing
content of printed dictionaries: using corpora processing techniques we provide
lexicographers with lexical items that are not included into dictionaries as they have
appeared recently. Such lexical items are then investigated by lexicographers and
after validation added to the corresponding TDB lexicon. As a result TDB allows the
location of lexical items that are not yet available from any printed dictionary.

TDB has been incorporated into several commercial products (Tildes Birojs, Tildes
Biuras) and is also extended (while maintaining the same functionality) for dictionary
look-up on the Web and on mobile phones. It is one of the most popular software
applications in the Baltic countries, with about 400 000 users.

In this paper, we describe the functionality of the Tilde Dictionary Browser in detalil,
demonstrate the importance of language technologies in a modern electronic
dictionary, discuss scalability and interoperability issues in different media, and
present common application scenarios for a modern electronic dictionary.

2. Consolidation of data in dictionary entry creation

While a printed dictionary limits a search to the particular dictionary, electronic
dictionaries can provide users with the ability to work with several dictionaries
simultaneously. For this, entries from a main dictionary, and possibly several
terminology, explanatory and synonym dictionaries, are merged in a single
alphabetical list. Users can browse the entry just by clicking on a particular word in a
list or search for a particular word or phrase by typing or copying it in a search field.

2.1 Forming a lexical entry: merging different sources

A logical part of a dictionary is an entry. However, dictionary entries may have very
diverse formats. Some entries are very simple — just a word in a source language and
asingle or several translations in a target language.

More complex entries may contain translations grouped into several meanings,
pronunciations, grammatical information, comments, usage samples and their
translations, and explanations. Explanatory and synonym dictionaries usually have
entries in a single language, while entries in translation and terminology dictionaries
usually are in two or more languages.

The original formatting of dictionary entries is also very different: from simple tab or
space separated words to entries with a rich formatting. Some samples of diverse
dictionary formats are shown in Figure 1.
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imgerous ['demdsoros] ¢ pmojmens, ~ dless pavoyn-
saanda hea, -~ dedine pavopngas vadimounas, to look
- atrodyt suerzmtam pavojmgam

dangle ['daenel] v tabaluoti, kybwmot, kaboti, karoti:
pakabmt; to ~ one's fegs tabaluotmasdkatuoh kojas/
kojonis & to -~ sanfls @ front of, or Defore, sand smibh
kam ka sumdanéio, vilioh ka kuo

all # viss # Bce

all over # visam parl # Bechb

all over # visam pari # MONHOCTBD
allow # atlaut # noseondaTe

ader der Pilug, -"e

administraator der Admumstrator, -en
adressaart der Adressat, -en

adresseerima adressieren (an A), richten (an A)
advokaat der Rechtzanwalt, -"e

advokatawmr die Anwaltschaft, -en

Figure 1: Samples of different dictionary formats in printed dictionaries

The task of a modern electronic dictionary browser is to present the entries from
different sources in a uniform way. This is achieved by parsing original dictionaries
and internal representation of their entries in an XML format.

We have developed a special XML format for dictionary entry representation (Figure
2). This format differs from Text Encoding Initiative (TEI) guidelines, however, it can
be transformed to TEI rather easily. About twenty different XML tags mark the
different semantic parts of an entry, but not all of them are used in every dictionary.

<entry title="3bace">

<title>3bece<ititles

<gram=n</gram=

=<mean digits="1" symbol=""/=
<trans|=ABC</transl><comment={book)</comment=>

<transl=primer<ftransl= abece )

<mean digits="2" symbol=""/> n 1. ABC (book), primer; 2. ABC

<transl=ABC<ftransl> parn the rudiments; abeces

<usages érn{';uga . patiesiba - platitude, self-
ge=parm=/usag evidence, truism (man); ¢ ta ir

<transl=the rudiments</transl=
<from_sample=abeces patiesiba=/from_sample>
<to_sample>=platitude</to_sample>
<to_sample>self-evidence<fto_sample>

<to_sample=truism=/to_sample><comment=>{man)</c
omment:

<idiom (=
=from_sample=ta ir kinie3u dbece</from_sample>
<to_sample=itis all

Greek</to_sample><comment>(to
me)</comment=

<lentry=

kmieSu abece - it is all Greek (fo me)

Figure 2: Sample of dictionary entry in printed dictionary (right)
and XML format (left) for the dictionary entry abece.
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Each entry is included in <entry> tag. Every entry starts and must have at least one
<title> tag that represents the lexical entry. Other possible tags include:

e part of speech and other grammatical information, enclosed by a <gram> tag;

¢ in bi/multi-lingual dictionaries, there usually are one or several <transl> tags
which are used to describe the translation;

e <link> tag, used to point at another related entry;

e <from_sample> tag, enclosing a sample in the source language, and the
following <to_sample> tag, enclosing its translation into the target language.
In case of a monolingual dictionary, only the <from__sample> tag is used;

e <comment> tag, enclosing additional contextual information that is specific to
the entry, its translation, or sample phrase.

Diversity of XML tags helps to preserve the rich content of a dictionary, very close to
its original view. When a dictionary entry is presented to a user, the dictionary entry
is transformed from XML format to HTML view, and different XML tags are
specifically formatted: bold, italic, different font size and different font colour (Figure
3).

abece

1. ABC (hook), primer;

2. parn. ABC, the rudiments;
dbeces patiesiba

(man)ta ir kiniesu a.
Figure 3: Dictionary entry in the electronic dictionary for the word abece.

Although dictionary entries are merged, a user still has the possibility to search in a
single dictionary (or several dictionary sources), as TDB allows all dictionary sources
to be seen for each translation direction, or select a particular dictionary (or
dictionaries).

2.2 Adding terminology data

In addition to general language dictionaries, terminological data is another type of
resource that can be very useful for translation or comprehension of lexical units,
particularly if a user is dealing with a text in a specialized domain.

TDB provides two options for integrating terminological data. A terminology
resource can be added as an additional local terminology dictionary or accessed as a
remote online resource.

Local terminology dictionaries are provided in a similar manner, as lexical
dictionaries. Terms are automatically added to the list of all headwords for the source
language that is displayed on the left side pane of the Dictionary Browser (excluding
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duplicates, in case some similar general language headword is already present in the
list). Users can also access a terminological entry using the search feature.

Terminology entries that match the selected headword or a search query are
displayed in a separate terminology section on the right side pane of TDB.

Although representation of terminological entries is similar to that of lexical entries,
there are important conceptual differences. While in a lexical entry all of the
meanings are grouped under one headword, in the case of terminology data, there are
separate entries displayed for each term corresponding to the search criteria. This
approach is chosen because we follow the concept based principle for the
organisation of terminological data. According to this approach, every terminological
entry corresponds to one concept. One concept may have several lexical units
denoting it, but a single terminology entry may not depict more than one concept.

Figure 4 shows this approach for an example of terminology data found for the
search-word communication. Several terminology entries are displayed from a
number of terminology dictionaries on different subject fields.

Ll Varanicas

sakari efon. 5k arf sakars
communication, ties

Ekan 35, letvadibas arba organizacias (ELDOD) te
CEONOMIKaS, IietvediDas Un darba onganzacias | cLly ) e

satiksme akon,
service, communication

= [ Pl
Elmnmmik2e Febrardhac 1in darba arnanimsei=e [
ERONOMIK S, IE0S0IDgs UN Garta OnganEalsn | ELLAY ) 1

komunikacija muzeo!
communication

saskarsme ped,

Cilvekdarbibas procesos dlveku un to grupu mijiedarbiba, informacias apmaing (sazing) u. tml, uz
savstarpeiam attiedbam balstita garigd saskare, ieksEi sakne, Saskarsmes raksturs atkarigs no personibas
ipadibam, saskarsmes prasmes, Nonakot saskarsmé ar lielim personibdm, dlveks bagdtins, Uz personibas
atfisthu savu ietekmi atstj arf saskarsme ar parddbam un notkumiem apkartEa sabiedibd, daba,

communication, interaction, interface

sazina, sazinasands ped.

Process, kurd dara zingmas vienam ofra, dtam dita domas; savstarpEja informécijas apmaina starp
personam tiedi vai izmantojot dazadus tehniskos fidzekus, Datortehnias un datortidu attisiba devusi iesp&ju
cilvizkam sazinaties ar augstas tehnolodijas ierid - datoru - un sapemt informadiu, kida pieejama datoru tika
(3 Internet), Sk, a7 komunitaja communication

O R N UQUE e O SN ey
Fedaoqias e U SK3I0MC)Csa Vardnica

Figure 4: Representation of terminological data from multiple resources and domains

Terminological data of multiple domains can be very voluminous with many specific
and rarely used terms. This makes it impractical to provide all of these data locally.
Our approach is to limit the data stored on a user’s computer only to the most-used
domains, such as economics and finance, law, legislation and information technology.
Other terminological resources are accessed through dynamic querying of online
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sources. This also ensures the up-to-datedness of information, as new terms are
being introduced, and some older terms become depreciated or changed.

For TDB, such an external terminology resource is EuroTermBank!. It provides free
web-based access to the richest collection of European multilingual terminology from
a variety of collections and domains (Vasiljevs et al. 2008). Its database currently
contains approximately 2.6 million terms from 137 terminology resources in more
than 30 languages. EuroTermBank provides not only terms stored in its repository,
but also matching terms retrieved from external online terminology databases, such
as the database of the Terminology Commission of Latviaz and EU inter-institutional
terminology database IATES3.

EuroTermBank provides a common application programming interface (API) to
query its data by external systems. This API returns terminology data in the TBX
format. TBX (TermBase eXchange) is a standard format for terminology exchange
developed by the Terminology Special Interest Group of the recently dissolved
Localization Industry Standards Association (LISA). In 2008, this format was
adapted by ISO as international standard 1SO 30042:2008. Terminological data is
organized in data categories that are compliant to 1SOcat data category registry as
defined in I1SO 12620.

TDB queries EuroTermBank for the word searched by the user and processes the
received result to represent it in a way similar to that of terminology data from locally
stored resources. As online querying of EuroTermBank may take some time
depending on the speed of the user’s Internet connection, it is optional, and the user
can easily switch it on or off.

The terminology entry represented to a user includes such data as the term in the
source language, its equivalent in the target language, subject domain, definition (if
provided) and the source of data, e.g., information about the terminology resource
from which this particular entry originates.

3. Integration of language technologies

While the basic functionality of the electronic dictionary is realized through a
common data format and efficient search algorithms, the more advanced and
important features are realised through integration of several language technology
solutions. For different tasks, TDB uses spelling checker, morphological analyser,
text to speech engine, and machine translation services.

! http://www.eurotermbank.com
2 http://termnet.lv
3 http://iate.europe.eu
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3.1 Language technologies that enrich search facilities

The integration of spelling checker into TDB plays an important role for users in
two cases: (1) for a language with rich diacritics, a spelling checker helps to correct
mistakes of forgotten diacritics (see Figure 5), and (2) for users with insufficient
knowledge of a language (e.g. a foreign language learner or a child), spelling checker
helps to correct errors in words with complicated spelling. In both cases, the task of
spelling checker is to help the user find a translation in cases when an incorrect
lexical entry is requested.

cef |
Tranelafion not found in the dictionary. Please choose ane of the folowing suggestions: cels,
celt, cels, céls

Figure 5: Suggestion from spelling checker for incorrect Latvian word cel$

More advanced, but similar functionality is provided by the lemmatizer and
morphological analysis tools. These tools allow a user to find translations for
forms that differ from the lexical entry. This feature is very useful for highly inflected
languages where word form can vary significantly from the base form, as illustrated
in Table 1 for the verb iet (to walk).

Present | Past Future
1st pers. sing. eju gaju ieSu
2nd pers. sing ej gaji iesi
3rd pers. sing. iet gaja ies
1st pers. plur. ejam gajam | iesim
27 pers. plur. ejat gajat iesiet
3rd pers. plur. iet gaja ies

Table 1: Inflected forms for verb iet (to walk)

The morphological analyser can also play the role of disambiguator in a dictionary. In
the case of the entered word form corresponding to several base forms, the
morphological analysis tool allows to choose between them and leads to the most
appropriate translation (see Figure 6).

celuy
Other principal forms for this word are available: celis, celt,
cels

Figure 6: Suggestions of the morphological analyser for word form celu.
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Finally, the morphological analyser is used as a reference tool that allows all
inflectional forms of the word to be seen. As mentioned before, this is an important
feature for inflected languages with a rich morphology. For instance, in the Latvian
language, many palatalised forms occur for nouns. Although palatalisation rules are
rather regular, some exceptions exist for each particular case, forming a set of
exceptions, words which in many cases are spelled incorrectly even by native
speakers.

3.2 Content enrichment through machine translation

The language technologies described above enrich search facilities in dictionary
content and help users find a necessary dictionary entry. However, all dictionaries are
limited in size and content and no dictionaries contain all possible words for a
particular language and their translations. One possibility of how to extend coverage
of translation dictionary content is to apply machine translation. Translations
suggested by the machine translation system are not always perfect, but in many
cases, they provide an added value for the user. Moreover, integration of the machine
translation system into the dictionary software allows a user to translate a phrase or
sentence with a particular word, thus allowing the user to find its contextual meaning
(Figure 7).

Dictionaries Text translator

Lpaste (P Clear 5 copy

Es apsédos zala zale. [ sat in the green grass.

Es spéléju bumbu sporta zalé. I played the ball in the gym.

Figure 7: Machine translated samples for word zale (grass/hall)

4. Dictionary content in different media

As there are more and more different devices where dictionaries could be presented,
it is important to develop a dictionary browser that is interoperable between different
platforms and devices. TDB is implemented not only as a desktop application, but
also as a Web dictionary and mobile application. The same data modules are
searched to translate a word or phrase upon user request. Only the way in which
results are presented differs. The form in which results are presented depends on the
size of the device, Internet access and other limitations.

As a desktop application, TDB has no limitation in the presentation of results. If a
result does not fit on a visible part of the window, the result window has a scroll bar.
The results from main dictionaries, term dictionaries, and synonym dictionaries are
on separate foldable panels, which, if opened, show translations of particular types
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and while in a folded state, do not take up much space in the result window (see
Figure 8).

B¥ Tildes Datorvardnica ||

[.;-:ﬁlatvieéu-anglu vl‘x: O - uﬁﬂvg‘aﬁ o ~ o
Vardricas | Tekstu tulkotsjs |
Maja el&E ™ .. . ¥ -
sz — DA
ma:ja[s] 0 Tulkojamam vardam ir pieejamas ari citas pamatformas mat
majamatnieciska raofana skatit locfjumus pievienot jaunu tullkojumu
majamatnieciba zinot par trikstosu tulkojumu
majamatnieka darbs
majamatnieks
majamatnieku registracijas nodeva maja E
m;}:ﬁﬁg:g dienests 1. {(&43) house, I:rmlding; o
majas dzivajama m, - dwelling (Fousel (Eeudrdzivokiy) - blodk of flats
g appartment house; amer.;
EEE: darbs m&jas grémata -
majas izpaligs m&jas iemitnieks -
mains lana 2, (Ia{m.r)farm farmstead homestead;
mé}as mgrda majas siers - == B
majas mantas apdroding3ana 3 n(?:;’a?fm::?i m?;as_) hom
m&jas piegade
majas radiofikla standarts HomeRF |_I9§h§s DI:; mg@n} e Fa S
majas spiediena regulators M F =5 a Majast B
m@:asdarbs B am;:;us majas - out of d
mg:::—ﬁgtae majas darbi (GFEang) -
majastavs majas darbs (SkaEng)

darbs &rpus majas
neblt majas sar.
majas lapa o=t

majasveida uma
m&jas stradajosais

majSssedetijs P

majdarbs veco |aufum, - o

majdaringjums +

majdrébes vinam viss nav majas - 3
majdzemdibas there, he has a screw loo

majdzTvnicki pratin, nac majas - are

majdzTvnicks nolu vardnica
majele madja n

majgrauzis 1. block of flats, appartrrl ent I'|c|useJ amer

majgérbi majas gramata - :

m&jiens m&jas iemitnieks - r

majinieki 2 place; -

majinieku komanda il ||_90hES PEC majam mesick; i
miina arpus majas - out of doors;

Figure 8: Results for word maja in Tilde Dictionary Browser

In TDB, a user can click on a link and add a new translation to the current entry or
send a report to dictionary creators about a missing translation. A user can also
switch to the Text translation tab, which allows the user to translate texts with an
online Machine Translation service.

All dictionaries available from TDB are also available from the Web portal letonika.lv
(Figure 9). Here, advanced search options are also available.

In mobile devices, the window for result presentation is much smaller than for a
computer screen, and accordingly, less information can be displayed. Therefore we
show a limited number of translations from the main dictionary and a limited
number of usage samples (see Figure 10).
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x5 | [

Meklgét Vardnicas * Lat\.rieéu—anglu vardnica

maja 3i.

- . maja
maja[s; - - _

! LATVIESU—ANGLU VARDNICA
majamatniece
majamatnieciba :'na]a
majamatnieciska razoSana 1. (eka) house, building
majamatnieka darbs dzivojama maja - dwelling (house)
majamatnieks 2. (daudzdzivokiu) block of flats, appartment house
majamatnieku registracijas nodeva majas gramata - house register
majapripe majas iemitnieks - resident

— - 3. (lauku) farm, farmstead, homestead
majapripes dienests 4. (gimenes mitne) home, place
majas ilgoties p&c majam - to be homesick
majas- jotieties ka majas! - feel at home!; make yourself at h
majas darbs majas arests - house arrest

- majas darbs - assignment; homewaork
mejas faps majas gariné - brownie; hobgoblin
majas manta majas pavards - fireside; home-fire
majas mantas apdrogindiana arpus majas - out of doors
majas piegade maéjas darbi (t¥i$ana) - housework
majas radiotikla standarts HomeRF M35 Eiarbs {szﬁ_(ofenu} - _homework

darbs arpus majas - outside work
majas spiediena regulators nebit majas - to be out
majas stradajosais majas lapa (interneta) - home page v
majaslapa v veco lauZu maja - old people’s home
< >
=

Figure 9: Results for the word maja in Web application

<ta m~ Tulkojums

Latviesu-anglu

Maja

Latvian - English dictionary
maja

I.

n

dzwcjamé maja dwelling (house)
2. (daudzdzivokju) block of flats,

mat

Il

1
2.
3.
4.

far roku) to wave, to beckon (to)

(ar acim) to wink
(ar galvu) to nod
(ar asti) to wag

't*

>

Figure 10: Results for word maja on a mobile phone
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5. Other features to increase applicability

A number of usability features are implemented to facilitate fast and efficient work
with TDB. Users can switch between full view and compact view that provides only
the essential translation information in a smaller window. Compact view is
particularly useful if a user needs to consult a dictionary very often. Then, TDB can
stay open as a foreground application (always on top of other open windows) that
occupies relatively little space on the screen.

If a user is reading text in a Web browser, text editor, or some other application and
needs to quickly find a translation of a particular word, then TDB can be easily
accessed by pressing a hot-key combination. In several applications like popular Web
browsers and MS Word versions, the translation command is also included in the
context menu evocable by the right-click of a mouse.

To facilitate the typing of search words, the keyboard is automatically switched to the
target language layout. Special characters can also be typed by using an integrated
on-screen keyboard.

A user can also create user dictionaries that can be local or shared throughout an
organization. New entries in a user dictionary can be created from the TDB interface
or by directly writing into the dictionary file that has a simple to understand
text-based format.

Besides phonetic transcription of headword pronunciation, TDB makes it possible to
listen to a particular translation, a sample of usage, or even a fragment of text. This
feature is enabled through the integration of a text-to-speech engine. Currently,
TDB integrates Latvian TTS developed by Tilde (Goba and Vasiljevs 2007) and
English TTS provided by Microsoft. Microsoft Speech API is used for the TTS
integration making it easy to extend language support with other MS SAPI compliant
TTS engines.

6. Conclusion and tasks for the future

In this paper, we presented the electronic dictionary software TDB, that, in addition
to simple search and browsing, also supports different language technology driven
services that facilitate better retrieval of requested entries in non-trivial cases.

TDB can be used on different platforms, including mobile devices and the Web.
Currently, 20 language pairs are supported for general content dictionaries. However,
more language pairs can be easily incorporated, and additional dictionaries for
current language pairs can be added.

Development of a user-friendly dictionary is a never-ending process. Our
development plans include two directions: extension in content and extension in
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functionality.

With respect to functionality, two major extensions are planned. Firstly, we plan to
support specialists and language learners with extended context for a selected lexical
item by providing concordances from corpora. Secondly, closer integration with
machine translation is planned, thus allowing users to translate a full document
instead of a phrase, sentence, or small fragment of text.
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