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Abstract. Nowadays there are a lot of modern technologies in electronic lexicography: speech synthesis technology, cross-
referencing between dictionary modules, spell-checking functions, etc. The increasing availability of online information has
necessitated intensive research in the area of automatic text summarization within the Natural Language Processing commu-
nity. Belarusian scientists are also interested in this sphere and new lexicographical approaches for creating a linguistic data-
base are shown in the paper. The authors present English-Belarusian-Russian electronic dictionary TechLex. This is the
project of the 2™ English Department and the Department of Software for Information Systems and Technologies of the Bela-
rusian National Technical University. The linguistic database of the dictionary is compiled not by the traditional method
of processing a large number of paper dictionaries and combining the received translations, but by sequential processing
of scientific and technical English-language periodicals. While the designing the dictionary the authors have taken into ac-
count the analysis of modern electronic multilingual translation dictionaries and created a client-server application in the Java
programming language. The client part of the system contains a mobile application for the Android operating system, which
has been tested on tablets and smartphones with different screen diagonals. The interface of the TechLex dictionary is de-
signed taking into account the possibility of adding new subject areas and filling them with appropriate lexical material.
The main advantage of our dictionary is that it is the first technical multilingual electronic dictionary having a Belaru-
sian version.
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TEKCTOB MEPUOJMYECKUX HAYYHBIX H3JAHUK Y3KOW MpEeIMETHON 00JAaCTH C MOCIEAYIONMEH CHCTeMAaTH3aluel JIEKCHYECKHX
enuHUI. B mpomecce paGOTHI aBTOPH! M3YYMIIM MMEIOIIVECS MHOTOS3BIYHBIC SJIEKTPOHHBIC CIIOBApH M CO3JANIM KIIMEHT-
CepBEepHOE NPHIIOKEHNE Ha si3bIke Java. KilmeHTckas yacTh CHCTEMBI COIEPIKUT MOOMIBHOE NPHIIOXKEHHE JUTS ONIepariOHHON
cuctemsl Android, koTopoe OBIIO NMPOTECTUPOBAHO HA IUIAHIIETAX M cMapT(OHAX C Pa3IMIHBIMH AUATrOHATISIMH DKPAaHOB.
Wurepoeiic cnoaps TechLex pa3paboTaH ¢ y4eToM BO3MOXKHOCTH J0OaBICHHUS] HOBBIX IIPEAMETHBIX 001acTell U 3aIIoIHeHHS
UX HEOOXOJMMBIM JIEKCHYECKHM MaTrepHanoM. HeocrmopuMbIM JOCTOMHCTBOM IIPEIaraeMoro CJIoBapsi SIBJISIETCS TOT (aKT,
YTO ITO NEPBbIH TEXHUYECKUH 3JIEKTPOHHBIH MHOTOSI3BIYHBIN CJIOBaph, UIMEIOLINIT OEI0PYCCKYIO BEPCHIO IIEPEBOa.

KuroueBble cj10Ba: KOMIBIOTEpHAS JIEKCHKOTpadus, 00paboTKa €CTECTBEHHOTO SI3bIKA, JIMHTBUCTUYECKAs 0a3a JaHHBIX, TEp-
MUHOJIOTHYECKAs CUCTEMa, KIIMEHT-CEepBEPHOE MPHIIOKEHHUE, ONepalimonHas cucreMa Android
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Introduction

The term electronic dictionary can be used
to refer to any data collection in electronic form
concerned with the spelling, meaning or use of
words [1]. The early use of computers in lexicog-
raphy Computers were first employed in lexicogra-
phy in the 1960s. It was the associate editor of the
Random House Dictionary of English Language [2].
At the same time the Lexicographic Project at Sys-
tem Development Corporation in Santa Monica, Ca-
lifornia, developed Webster Dictionary. It was crea-
ted as a tape version of the paper-based Webster’s 7"
New Collegiate Dictionary and the New Merriam-
Webster Pocket Dictionary [3]. Advances in techno-
logy in the 1970s encouraged a more extensive use of
computers in lexicographical projects. Computer-
based compilation systems were employed to sort
and check entries in both the first Longman Dictio-
nary of Contemporary English (LDOCE) (1978) [4].
Corpus lexicography began in the early 1980s, with
the inauguration of the COBUILD project [5]. Lexi-
cographic information in machine-readable form
became increasingly available to lexicographers and
researchers. The Diccionario de la Lengua Espa-
fiola (1984) is considered as “the last large European
dictionary to be completed using exclusively the
traditional methods of handwritten slips and letter-
press composition and printing” [6].

The first electronic dictionaries with interfaces
designed for human users were an offshoot of a
calculator and Personal Digital Assistant techno-
logy, and became available in 1978. These were
the LK-3000 produced by the Lexicon Corpora-
tion, Florida (the rights were acquired by Nixdorf
that now is Siemens), the Craig M100 produced
by the Craig Corporation, Japan, and “Speak &
Spell”, an educational toy produced by Texas
Instruments [7]. Once the text of the dictionary
was digitized and online, it was also available to be
published on CD-ROM. The text of the first
edition was made available in 1987 [8].

Nowadays there are a lot of modern technolo-
gies in electronic lexicography: speech synthesis
technology, cross-referencing between dictionary
modules, spell-checking functions and etc. [9-11].
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The increasing availability of online information
has necessitated intensive research in the area of
automatic text summarization within the Natural
Language Processing (NLP) community. Over the
past half a century the problem has been investigated
by applied linguistics and addressed from many dif-
ferent perspectives in varying domains and using
various paradigms. The subfield of summarization
has been investigated by the NLP community for
nearly the last half century. Dragomir R. Radev de-
fines a summary as “a text that is produced from one
or more texts, that conveys important information in
the original text(s), and that is no longer than half of
the original text(s) and usually significantly less than
that” [12]. Belarusian scientists are also interested
in the development of NLP systems. The example
of such a system with possibility of translation
is TRT [13]. The linguistic base date of the system
includes electronic dictionary with semantic codes.
This approach makes possible to precisely define
semantic functions of the text keywords that are
situated in parsing groups and allows the automatic
system to avoid typical mistakes [14]. The main part
of TRT linguistic database (LD) is an alphabetical-
frequency dictionary with semantic codes. It was
used as a base for the creation of the electronic Eng-
lish-Belarusian-Russian dictionary. This is the project
of the 2™ English Department and the Department
of Software for Information Systems and Techno-
logies of Belarusian National Technical University.

Research objectives

The objective of this research is to develop an
electronic English-Belarusian-Russian dictionary
for helping students to accurately identify the
meaning of a word in a short period of time.
The research focuses on the following aspects:

1) to create LD for the dictionary using English
periodicals;

2) to develop a software for the dictionary;

3) to evaluate the suitability of the dictionary
for the students of Belarusian National Technical
University on specialty “Informatics” with text-
book “English. Computer Engineering” [15] and
specialties “Information systems and technolo-
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gies”, “Information technology software” with
textbooks “The art of unit testing” [16].

The methodology
of a linguistic database development

For the creating of LD for our electronic dic-
tionary, the selection and description of informa-
tics terminology in English, Belarusian and Rus-
sian languages was done. Afterwards the compari-
son of these descriptions and the harmonization
of terminological systems of the above-mentioned
languages were carried out. At the first stage, we
selected and analyzed 30 scientific and technical
English articles taken from periodicals “Interna-
tional Journal of Innovative Research in Computer
and Communication Engineering”, “Journal of
Computer Engineering & Information Techno-
logy”, “Journal of Applied & Computational Math-
ematics”, “American Journal of Computer Science
and Information Technology”, “Journal of Infor-
matics and Data Mining”. As a result, 7000 terms
were selected for dictionary LB. In the total number
of terms were chosen:

e one-component terms: frame (auen.) — @paiim
(ben.) — gpetim (pyc.); storage (anen.) — 3axoysam-
He (ben.) — xpanenue (pyc.); subset (amen.) — nao-
MHOCcm8a (ben.) — noomHodcCecmeo (pyc.),

e multicomponent terms: access control (anen.) —
Kipasanne oocmynam (ben.) — ynpasieHue 0ocmy-
nom (pyc.); information query language (awnen.) —
ingapmayvuina-nouykasas mosa (bein.) — ungop-
MAYUOHHO-NOUCKOBbII A3bIK (PVC.).

Since a significant part of the computer science
sublanguage are abbreviations, they were also
considered for inclusion in the linguistic database
of the dictionary: AIS/Alarm Indication Signal
(anen.) — CIAC/cienan inovikaywli asapwvilinaea
cmany (6en.) — CHAC/cuenan unouxayuu asapuii-
Hoz2o cocmoanus (pyc.); BIOS/Basic Input-Output
System (anen.) — 6azasas cicmama y600y-6biéa-
0y (ben.) — bazosas cucmema 6800a-6v1600a (pyc.);
GUI/Graphical User Interface (anen.) — epagiunot
inmapgetic kapvicmanvhika (ben) — epaguueckui
unmepgpetic  noavzoeamens  (pyc.); TB/terabyte
(anen.) — mopabaium (ben.) — mepabaiim (pyc.).
The number of abbreviations was 8 % of the total
number of selected vocabulary. This is due to the
presence of a large number of multi-component
technical terms in innovative developments.

The results of our terminological research were
placed in Excel table for further filling of English-
Belarusian-Russian  electronic  dictionary LD.
A fragment of the table is shown in Fig. 1.

Copy of TechLex - Excel B - 5 %
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5742 join 1.anyuaHHe (anepausiA panAuliiHail anrebpel).2. ( 1.coennHeHne (onepauua penAuNoHHOI anrebpel).2. (onepayna) eknyaowee UMK

5743 journal file
5744 journalizing

uaconic, yaconicHsl daiin

5745 joystick KaapAbIHaTHaR pyuKa, "BHOACUK" KOOPAWHATHaR PyuKa, "AHORCTAK"
5746 jump | nepaxos, Nepanaua KipasakHa nepexon, NepeAaUa ynpasneHU
5747 jump Il Nepax0A3ils, BLIKOHBALE MEPaXcy, NEPasaBals KNEPEX0ANTS, BINONHATS NEPEX0A, NepeAasaTL ynpaaneHie

5748 jump instruction
5749 jump table
5750 justification

Tabniya nepaxoaay, nepakniouaneHic
seipajHOyEaKHe [LkniouKa] paaKoy

5751 justify abipayHoyBaLs BLIpaBHMBaTE
5752 Kamaugh map xapra KapHo kapra Kapko
5753 Kbit Tkinabir, K6iT (1024 6ita)

5754 Kbyte xinaBaiir (1024 Gaiisi)

5755 kemel AAPO (anepausiivai cicTamel)

5756 kernel mode
5757 kernel aperation anepaugin Aapa

5758 key knrow; knagilwa (knasiATyper)
5759 key click NCTPEIYKa MPs! HALCKY KNaBiLue!
5760 key field none kKGYA; KKGYABOE None
5761 key in Apyragays nevarars
5762 key sorting capragarke na Kioel
5763 keyboard input

5765 keyed access
5766 keyed sequential-access method  nacnagajkel metag AocTyny 3 KkouaMi
5767 keypad [ 1 P
5768 keystroke Haujick knagiwb

5769 keyword parameter

AL0GTYN Na KNI0UbI, KNIoYasl A0CTYT

KIiQUaBkI NapameTp

Y PHEN, Ky pHAaNLHBI halin
KyPHANABAHKE (3anic iHpapmauki af anepaukli v xyprannzauns (3anuce uHpopmaunn of onepaunax e xypHan)

KaMaH7a NEPaXOAY. KaMAHAA NepaAaUL! KIPABAHH KOMAH1a NEPEX0/1d, KOMAKE NEpeAaUlt yNpaBneHIz
Tabnya nepexoaos, nepermioyarens
EkipaBHIBaHIS [BEIKNIOUKE] CTROK

{kunoBur, K6ur (1024 Gura)

runoBaitr (1024 Baira)

AAPO (ONepPaUOHHON CHCTeMb)

NPLIBINERBAHEI PIbIM, PIXbiM AAPA (ANEPALHITHE NPUBHNETMPOBAHKEII PEXIIM, PEXHUIM AAPa (0NEpaLMoHHOI CHCTE M)
onepaya Aapa

Knky: KnaBuwa (knagnaTyps!)

LUBNYOK NpH HaETMH KNagHWA

none kNioYa; KNIYeBoe None

COPTHPOBKA NO KUY

YBOA (AaA3eHblx) 3 KNaBIATYPLL. AaA3eHbIA, AKIA ¥ BBOA (AaHHbIX) ©
5764 keyboard knasiaTypa naenarypa
AOCTYN NO KN4y, KNHYeBOR 40CTyn
nocnesoBaTenLHLI METO A0CTYNa C KNlouaMN
BCROMOraTensHan [CreynanianposarHan] knanarypa
HEXaTHE KNaBULLN

KnloueBoi napamerp

Pbl: AaHHEIE, c Pt

5770 keyword xniouasoe cnosa Kniovesoe croso
5771 kill SHiWYaYs (TPa NPALFC); BLIAANALE (NPa NABEAAM YHAUTONETE (0 MPOLECCe); YASNATS (0 COOBUYEHI M YacT TercTa)

5772 kit wabop; Kamnnekr HaBop; Komnnexr

5773 Kludge BAPLIAKTHL 3aNIC (AKaA BLIKAPLICTOYBASLYA ANA 3 B3D ANA 0BX0AE CHCTEMEI KIHTPONA THTIOR)

5774 knowledge acquisition sBop seaay; nabyaosa Basw Benay

5775 knowledge base Gasa seaay Gasa anannii

cBOp aHaHwii; NocTpoSHHe Gagsl sHanmii

=

Ykaxate aueiiky v Haxmute BEOJ nan sbiGepute “Bcrasns”

TexHonorum | CTPOUTENLCTBO 1 apXHTEKTYpa | TPAHCMOPTHbIE KOMMYHIK ... () 4 v

Fig. 1. A fragment of the Excel spreadsheet with the English-Belarusian-Russian translations
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Electronic dictionary software realization

There are two common types of modern elec-
tronic dictionary software realization. They are
web application and mobile application. Both are
very popular and each of them has its own ad-
vantages and disadvantages. A web application is a
client-server application (the client is a browser,
and the server is a web server). Data in this app is
stored mainly on the server and is exchanged over
the network [17, 18]. It follows that to work with
a web application, the user needs access to the
Internet or to the organization local network if the
server is located there [19]. The main advantage of
choosing the client-server application is the fact
that users do not depend on the operating system,
so web applications are cross-platform and number
of people can use it at the same time. Also, they
do not require installation on a computer, tablet or
smartphone, i. e. they don’t occupy a device
memory unlike mobile applications. With mobile
applications, the situation is different. For chan-
ging the design, making any improvements, deve-
loping additional features the user needs to down-
load it himself from the store or another resource.
The disadvantage of the client-server solution is
its dependence on the network, so it can’t be used
offline.

The mobile application is installed on a mobile
device (tablet or smartphone) by downloading
from a suitable resource, afterwards the application
works offline. All the data that the mobile applica-
tion works with is stored on user’s device. This
approach makes the problem of accessibility easier
than web applications do it. Another advantage of
mobile applications is the user’s confidence in the
security of the product, because app developers
make thorough checking of the proposed product
for viruses. The disadvantage of mobile applica-
tions is as a rule a longer and more expensive
development process than for client-server deve-
lopment with similar functionality [20]. It should
also be noted that the mobile application is almost
always in addition to the web application, i. e. the
company begins with the development of a web
application and only then moves to its mobile
counterpart. Therefore, it was decided to use the
maximum advantages of the above options and
implement the web application to our electronic
dictionary with the ability to work in the local
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network of BNTU and its mobile counterpart for
the Android operating system [21-26].

In the process of English-Belarusian-Russian
technical dictionary development, a client-server
application was developed. It is created in the Java
programming language on the base of the architec-
tural pattern MVC (Model-View-Controller) [27, 28].
The General architecture of the application is
shown in Fig. 2.

Mobile application

"
T JSONHTTP

—

MySQL DB

L
JAVA EE Server

Inner
$QLite DB

Fig. 2. General architecture of the application

The server part of the developed system con-
tains MySQL database and JAVA EE (Enter-
prise Edition) server that operates with TomCat
servlet container. The client part of the system con-
tains SQLite database and a mobile application
for Android operating system. To create and design
the mobile application the standard tools of An-
droid Studio development environment were
used [29].

User manual for English-Belarusian-Russian
electronic dictionary TechLex

The web application of the electronic dictio-
nary TechLex is deployed in the local network
of Belarusian National Technical University
[http://172.16.11.72:4325], which must be typed in
the browser address bar from any University com-
puter. After that, the main dictionary window will
be displayed (Fig. 3).

The application interface is created in the Bela-
rusian language. The default translation direction
is “Amnrmilickas MoBa” — “bemapyckas moBa”. The
subject area “Information technologies” is filled
with linguistic terms described above. There is a
possibility to provide tabs for other subject areas:
“Water Supply”, “Civil Engineering and Architec-
ture”, “Transport Communications”, “Economics”,
“Power Plant Construction” and “Pedagogy”.
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Vemny  Crounsnsg. sopcin ars Android

Anirwicean wosa o] 3 | enapyexan usea

|
|

iE

%

‘ TamAngri ApEiTIRTYpa KAMYHE AL

bulk storage

N-bit architecture

reciprocal

i peotocal

writ besting toal

even party

Fig. 3. The main dictionary window of TechLex

To translate word, you need to start typing it of subject area “Information technologies” for the
in the search field, and all the words and phrases words with syllable buf (the aim of a user is the
containing the entered part will be displayed in the word buffer). The results of the search are five
lines for the translated values. So Fig. 4 shows words combinations displayed by the dictionary
a copy screen of TechLex for the translation in the in the form of a list.

direction of “English language” — “Pyckas moBa”

| Coerens ympassenen posfoms X @ Techies LI

“ O A Hesssmses | 1721610724 a 4« 6

Vema  Crasnmg. s g Andokd

AMTIRCIIR MOoBa v — Pycaas uosa
Q

‘ Faxmanarin ApETITYRA YN Byaajrma

batfer pesl

buffer

bufler thrashing

butfered input-output

butler register

Fig. 4. Searching the translation with the part of a word
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To add new words to TechLex database an ad-
ministration module is provided. For this purpose,
in the upper right corner of the dictionary you need
to click on the button “VYsaiicii”. After that, the
form shown in Fig. 5 will be displayed. If authenti-
cation is successful, the main page of the admi-
nistration module with the ability to add, edit,
delete words from LD will be displayed on the
screen. If the login or password is incorrect, an
error message will appear.

YBaxopg

Narix ShvedMO

Fig. 5. The input form of an administration module

It should also be added that after logging into
the administration module as an administrator, the
user has a possibility to create, delete, and edit
extra users. Clicking on the menu item “/lamamns
kapeicTanmpHika” the form of adding a user is
opened (Fig. 6).

Hapaub KapbicTanbHika

Narin PopovaYB

Maponb Secret

£ Anmitictpatap
4 BonasabscnausHHe
IHthapmMaUblnHbIA TaXHANOTIi
Mpaa aocryny BynayHiutea n Apxitektypa
TpaHcnapTHbIS KamyHikaLlbli
SkaHomika
SHepreTbiuHae BynayHiuTea

Mepnarorika

Fig. 6. The form for adding a user

CONCLUSIONS

1. Presented English-Belarusian-Russian elec-
tronic dictionary TechLex is a completely new
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electronic dictionary and has the following ad-
vantages:

o the linguistic database of the dictionary is
compiled not by the traditional method of pro-
cessing a large number of paper dictionaries
and combining the received translations, but by
sequential processing of scientific and technical
English-language periodicals;

o the dictionary database has the possibility of
simultaneous work of several users;

o the software of the proposed -electronic
dictionary is designed taking into account the ana-
lysis of modern electronic multilingual translation
dictionaries and is a client-server application in the
Java programming language;

o the client part of the system contains a mobile
application for the Android operating system,
which has been tested on tablets and smartphones
with different screen diagonals;

o the interface of the TechLex dictionary is
designed taking into account the possibility of
adding new subject areas and filling them with
appropriate lexical material;

e TechLex dictionary is the first technical mul-
tilingual electronic dictionary having an English-
Belarusian-Russian version.

2. Web-application and mobile version of the
TechLex dictionary were tested and included in
the educational process of students on the spe-
cialty 1-080101-07 “Professional training (Infor-
matics)” (Engineering and Pedagogical Depart-
ment) for the discipline “Foreign language (Eng-
lish)” (Act approved at the meeting of the 2™ Eng-
lish Department, 30.08.2019, Protocol No 1) and
the students on specialties 1-40 05 01 “Information
Systems and Technologies”, 1-40 01 01 “Infor-
mation Technologies Software” for the disciplines
“Software Testing and Debugging” and “Software
Reliability” (Act approved at the meeting of
Information Systems and Technologies Software
Department, 22.05.2019, Protocol No 11). In the
future, it is planned to connect the training compo-
nent to the electronic dictionary with the possi-
bility of using it in Learning Management Sys-
tems [30].
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