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Abstract. The article briefly reviews bilingual Slovak-Bulgarian/Bulgarian-
Slovak parallel and aligned corpus. The corpus is collected and developed as re-
sults of the collaboration in the frameworks of the joint research project be-
tween Institute of Mathematics and Informatics, Bulgarian Academy of Scienc-
es, and L. Stur Institute of Linguistics, Slovak Academy of Sciences. The multi-
lingual corpora are large repositories of language data with an important role in
preserving and supporting the world's cultural heritage, because the natural lan-
guage is an outstanding part of the human cultural values and collective
memory, and a bridge between cultures. This bilingual corpus will be widely
applicable to the contrastive studies of the both Slavic languages, will also be
useful resource for language engineering research and development, especially
in machine translation.
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1 Introduction

The multilingual digital resources are valuable multilingual dataset for language engi-
neering research and development; they contribute to preserving and supporting the
multilingual and multicultural world heritage, of which language is an outstanding
part.

For many of the pair languages, so called low and medium density languages, there
are no multilingual or bilingual resources easily available for scientific community.
The parallel sentence-aligned Bulgarian-Slovak/Slovak-Bulgarian corpus is currently
developed in the framework of the joint research project between IMI-BAS and
ISIL-SAS, coordinated by L. Dimitrova and R. Garabik. The corpus is widely appli-
cable to the contrastive and terminology studies of the both Slavic languages and will
also be useful digital resource for machine translation research, for lexical and termi-
nology databases and bilingual dictionaries development.
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2 Standards and Models for Corpora Encoding

In linguistics, a corpus or text corpus is a large and structured set (repository) of texts,
stored and proceed electronically. A corpus may contain texts in a single language
(monolingual corpus) or texts in multiple languages (multilingual corpus). Multilin-
gual corpora, as great repositories of digital natural language data, are very useful for
preservation and support of language cultural heritage.

A multilingual corpus that consists of parallel texts (a text placed alongside its
translation or translations) is called a parallel corpus. An aligned parallel corpus is a
corpus containing relations between corresponding chunks of text of multiple lan-
guages. An alignment is the process of relating pairs of words, phrases, sentences or
paragraphs in the texts in different languages which are translation equivalent. Com-
monly, parallel corpora are aligned at the sentence level — the alignment aims to pro-
duce a set of corresponding sentences (original and its translation(s)). (One of the
most well-known examples of parallel text alignment is inscribed on the famous Ro-
setta stone.) The result of the alignment of two parallel texts is a merged document,
called usually bi-text, composed of both source- and target-language versions of a
given text that retains the original sentence order. The software tools, generating bi-
texts, are called alignment tools, or bi-text tools, which automatically align the origi-
nal and translated versions of the same text. The tools generally match these two texts
sentence by sentence.

In order to make the corpora more useful for linguistic research, they are often sub-
jected to a process known as annotation: corpus annotation is the process of adding
linguistic or structural information to a text of the corpus. An example of a corpus
annotation is part-of-speech tagging, or POS-tagging, in which information about
each word's part of speech (verb, noun, adjective, etc.) in the form of labels — tags — is
added to the words of the corpus. Another example of a linguistic annotation is indi-
cating the lemma — the base form of each word. The structural annotation of a corpus
indicates the different structural levels of a corpus or text, for example, parts and
chapters of novels, sections of newspapers, articles of reference works, etc. The most
common division in this structural hierarchy is the paragraph. The structural annota-
tion allows the texts in the two languages (Bulgarian/Slovak and vice versa) to be
aligned at the corresponding level in order to produce aligned bilingual corpora.

2.1  Bulgarian Parallel Corpora

Bulgarian digital multilingual resources were developed for the first time under multi-
lingual research project MULTEXT-East (Multilingual Text Tools and Corpora for
Central and Eastern European Languages, MTE for short), (1995-1997). The MTE
project is a continuation of MULTEXT project (Multilingual Text Tools and Corpo-
ra), [8], that produced the language resources for six western European languages
(Dutch, English, French, German, Italian, and Spanish) and a freely available set of
extensible, coherent, and language independent tools for natural language processing
(NLP).
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MTE project developed significant language resources for six Central and Eastern
European languages: Bulgarian, Czech, Estonian, Hungarian, Romanian, Slovene, as
well as for English [1]. Three of these languages belong to the Slavic language group:
Bulgarian, Czech, and Slovene. The MTE digital lexical resources include a dataset of
language specific resources and multilingual MTE corpus, produced as a well-
structured and lemmatized CES-corpus [8, 9]. The MTE project has succeeded in
providing foundational resources for work in language engineering in Bulgarian, for
morphological, grammatical, semantic or other research, or as the basis for develop-
ment of new applications in NLP.

Recently created Bulgarian-Polish [4] and Bulgarian-Polish-Lithuanian [5] parallel
corpora follow the MTE model for the development of parallel corpora.

2.2 Slovak Parallel Corpora

The first bilingual parallel corpus has been the Slovak-Russian parallel corpus, pro-
duced as a common project of ISIL and Saint-Petersburg State University [7], acces-
sible through a web interface. It was later followed by the parallel Slovak-French
corpus [12], using very similar structure and interface. Both of these corpora are
lemmatized and POS tagged.

The Slovak-Czech parallel corpus contains mostly translations of fiction between
Czech and Slovak (in both directions), with a small part of independent translations
from other languages (75 % English, the rest German, Polish, Italian, French and
Ancient Greek) into both Czech and Slovak. Both Czech and Slovak parts of the cor-
pus are morphologically analyzed and lemmatized with the mor¢e software, the
Czech part uses the tagset used in the Czech National Corpus.

The Slovak-English corpus consists of original English language fiction and their
Slovak translations. The texts were obtained from various sources; the bulk of the
Slovak translations were already collected in the Slovak National Corpus, some of
them were scanned, OCRed and then proofread. A small amount of OCR-induced
errors remained in the texts, but presumably, it will not have significant effects on the
overall corpus quality. The Slovak texts are automatically morphologically annotated
with the same tagset as in the Slovak National Corpus. The English texts are lemma-
tized and POS-tagged, using the TreeTagger software [11].

All these parallel corpora use the Hunalign software for the alignment [13].

3 Description and Current Content of Bilingual Bulgarian-
Slovak/Slovak-Bulgarian Corpus

The parallel and aligned Bulgarian-Slovak/Slovak-Bulgarian corpus is currently
developed as language resource for the research and development of machine and
human translation systems, language analysis, automatic term extraction, semantic
analysis, supervised and unsupervised NLP tools training, incl. for machine transla-
tion. All collected texts in this corpus are texts published in and distributed over the
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Internet, so copyright issues for the texts are not a concern. The recent version of the
corpus is available via a web interface at http://korpus.sk:8090/.

3.1  Specific Features of Bulgarian and Slovak Languages

These two Slavic languages exhibit some specific features, occurring repeatedly in
several categories. First, there are different orthography traditions — the corpora are
based on written languages and the orthography forms an inseparable part of language
analysis. Another significant feature is the analytic character of Bulgarian, and the
synthetic character of Slovak. Old-Bulgarian had an elaborate case system but in the
process of evolution from a synthetic (inflectional language) to an analytic (flectional)
language Bulgarian has lost most of the traditional old Slavic case system. Bulgarian
case forms were replaced with combinations of different prepositions with a common
case form. Bulgarian has a grammatical structure closer to English or the Neo-Latin
languages than other Slavic languages. Bulgarian indicates also some innovations
such as a rich system of verbal forms, and a definite article that is morphological indi-
cator of the grammatical category determination (definiteness) — one of the most im-
portant grammatical characteristics of the modern Bulgarian language, whereas the
other Slavic languages lack the definiteness attributes altogether.

The differences between Bulgarian and Slovak morphology specification were ana-
lyzed: these differences can be caused either by inherent language dissimilarities, or
to different way of analyzing morphology in traditional grammars. All the parts of
speech category for Bulgarian and Slovak, with emphasis on the differences of the
MTE morphology tagset [10], were analyzed in detail [3].

3.2 Structure of the Corpus

The corpus currently contains translations of fiction in both languages, either from
Slovak into Bulgarian or from Bulgarian into Slovak. The main part of parallel corpus
contains texts in other languages translated into both Bulgarian and Slovak. The cor-
pus consists of two subcorpora: direct and translated [2].

The direct Bulgarian—Slovak parallel subcorpus consists of original texts in Bul-
garian, such as novels and short stories by Bulgarian writers and their translation in
Slovak, and original texts in Slovak, such as literary works by Slovak writers and
their translation in Bulgarian.

The translated Bulgarian—Slovak parallel subcorpus consists of Bulgarian and
Slovak translations of literary works in third language.

3.3 Bulgarian-Slovak/Slovak-Bulgarian Corpus — Parallel and Aligned

The Bulgarian—Slovak/Slovak-Bulgarian corpus contains parallel texts, aligned at the
sentence level. To align the text on sentence level we used the Hunalign software. The
program foresees the use of a corresponding bilingual dictionary to ensure a higher
accuracy of the alignment; however, no such dictionary has been available for the use
with the corpus.
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The corpus contains 376 200 words in parallel texts, aligned at the paragraph level
and at the sentence level. The set of aligned texts includes two Bulgarian novels:
Dimitar Dimov’s Doomed Souls (Ocwoenu oyuu) and Pavel Vezhinov’s The Barrier
(Papuepama) and their Slovak translations, the novel of Slovak writer Klara
Jarunkova The silent wolf’s brother (Brat mic¢anlivého vika) and its Bulgarian transla-
tion, the Slovak and Bulgarian translations of Jaroslav HaSek’s The Good Soldier
Svejk.

The following tables present some examples of aligned sentences (without a dic-
tionary) of the parallel and aligned corpus:

Table 1. Slovak original and Bulgarian translation of Jarunkova’s The silent wolf’s brother

To sa teda rozhodne mudrejSie da stravit’ ¢as so StraZom a Bojom .
Taka e MHOTO 1O - MBJIPO € JIa peKapaiil BpeMeto cu ¢be Ctpax u Boii .

Ked’ som bezal od potoka , ndrocky som bral zékrutu poza chatu .
Kato ce BpbIl[ax THUEHIKOM OT IIOTOKA , B3€X HAPOYHO 3aBOsI 331 XMKara .

Pri Tadovni obycajne lezia , aby sa skryli pred slnkom , pretoze bernardiny najva¢smi na svete
nenavidia teplo .

OOGHKHOBEHO Te JIeXKAT Kpail JISAHHKA , KPUAT C€ OT CIBHIIETO , 3alI0TO OT BCHYKO Ha CBETa
GepHapIMHATE Hall - MHOTO MPa3siT TOIUIMHATA .

V lete tplne schudnt a st celé utrapené od strachu , Ze uz nikdy neuvidia sneh .
Ilpe3 AATOTO CHBCEM OTCIAOBAT M CE U3MBYBAT OT CTPax , Ye HUKOra BEYe HAMA 1a BHIAT
CHSIT.

Table 2. Bulgarian original and Slovak translation of Vezhinov’s The Barrier

Ts csIKalll M3Ye3Ha B HAKAKBB M4 , TI0CII€ OTHOBO CE MOSBH .
Akoby sa bola odrazu pohruZila do hlbokej vody a potom sa opat’ vynorila .

— A3 cpM OWiia Ha €IMH Ball KOHIIEPT .
— Bola som raz na vasom koncerte .

W 3HaeTe 1 KaKBO MU HalpaBH HAif - CUIIHO BIieyaTieHue ? . . .
A viete , ¢o ma najvacSmi zaujalo ? . . .

Bammara Ge3ynpeuna , U3sIHa JOTHKa .
Vasa bezchybna , skvela logika .

Table 3. Slovak and Bulgarian translations of J. Hagek’s novel The Good Soldier Svejk

,, Ma ich tam byt dvanast’, “ povedal Svejk , ked’ si upil.
- TpabBame fa ca nBaHazgecer - peue I1IBefik , KaTo OTHH.

,» Pre¢o myslite dvanast’ ? “ opytal sa Bretschneider.
- 3aI110 bK ABaHajeceT ? - 3anuTa bpermHaiiaep.

,» Aby to i8lo do poétu , do tucta , lepSie sa to rata a na tucty je to vzdy lacnejsie , “ odpovedal
Svejk.

- 3a mo - ;mecHo , KaTo ca Ay3WHa , IO - JECHO ce OposT , MbK M Ha AY3WHH BCHYKO € II0 -
€BTUHO - oTroBopH I1IBeiik.
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4 Applications of Bilingual Corpus

The corpora are the main base of knowledge in corpus linguistics. The digital bilin-
gual corpora are widely applicable to the contrastive studies of Slavic languages [6].
The structural annotation allows the texts in the two languages (Bulgarian/Slovak and
vice versa) to be aligned at the corresponding level in order to produce aligned bilin-
gual corpora. Currently, the corpus is automatically aligned at the sentence level
without the help of a bilingual dictionary.

The aligned at the sentence level parallel corpora give more correct approach — in
contrastive studies, we are not comparing “word” with “word”, we compare word-
forms in a broader context, which allows us to obtain the word's meaning. Such cor-
pora are prerequisite for contrastive studies or other linguistics research, and can also
be used for searching/extracting of linguistic information. There one could find and
extract many examples of a word's usage because the corpus provides samples of the
word's meaning and usage in a wide context.

The main area of application of the corpora is language translation. The new de-
velopments are mainly in the direction of computer means to support the translators in
their activities. The bilingual aligned corpora are valuable resources for many NLP
applications: in systems for machine-aided human translation, for machine translation
research; and can be also used as a translation database and language learning materi-
als for training of translators — human and programming tools.

The web-presented bilingual aligned corpora are oriented both to human and ma-
chine users and are available for a wide area of applications: corpora and frequency
lists derived from them are useful for language teaching. Recently, the aligned corpo-
ra serve as a basis for development of new applications in multilingual digital librar-
ies.

In addition, the aligned corpora are the best resource for the development of bi-
and multilingual lexical or terminological databases, different kinds of digital diction-
aries, and other special type of lists, namely concordances.

A concordance is a list of occurrences of a given (specified) word or phrase used in
given large text, a book or a corpus, together with their immediate context.

Concordances have many applications in contrastive studies: they are used for
comparison of different uses of the same word (in a different context) and for creating
indexes and lists of words; in a keyword analysis and analysis of the frequency of
words; to locate and analyze phrases and idioms in a given text; to find the translation
of the essential elements of text, such as terms (in multilingual texts).

A dialogue box of the request for searching in Bulgarian—-Slovak/Slovak-Bulgarian
corpus is presented at the Fig.1:
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Fig. 1. Web search interface — a dialogue box in Bulgarian: searching the wordform ooiioe

The result of the request execution (some of the concordances of the wordform deiide

of Bulgarian verb odoitoa /come, arrive/) follow at the Fig. 2:

#44
Zeny ho éasto otravovali takymto idiotskym i ZeHnTe 4ecTO ro Ge3NOKoAXa IO TAKBE HAHOTCKH Hadue . AJa
sposobom - Ale potom mu prislo na um , ze by to | mocne My nofie Ha yM , 4e ToBa Ge HABAPHO TTIACLT Ha
5665 | mohol byt hlas niektorej z kitaZiek lasky , ktori | HIKOS OT KPUIIMTE HA TIOGOBTA , KOUTO KOHKYPEHIIMATA
konkurencia vyhnala zo San Sebastiana . Luizovi | 6e naronuna ot Can CeSacTHaH . TTyuc 1300110 He Mpaseie
sa vieobecne tieto Zeny nebridili . THS FKEHH -
. 5 . Creq ToBa HABAPHO 0e 7omwTa B X0TeNa ¢ TAKCH | Oe cligana ot
Potom sa pravdepodobne vratila do hotela taxikom | ale
1 » . . - 5 . S HEro . HO OIIEe IPH BXOa € NOYYBCTEVEANA NapaNH3HPAIIOTO
ked vystupila , uz pri vchode pocitila paralyzujici . . -
L 1.1 . 1 B . | JEHCTEHE Ha AMKOXO0Ja | [ThJIHATA HEBB3MOXKHOCT [1da MOHCKA KITH04Ya
ucinok alkoholu a totalnu neschopnost’ poziadat' o kI'a¢ -
. . . . . OT anapTaMeHTa CH | 1 H HE H3TBIHEHOTO C JIVOOMHTHH
od svojho apartmdnu | prejst’ priestrannou halou -
P o DE3ISIHHIH OPOCTPAHCTBO HA XOM4a . 1a CTHIHE [0 CTAHTE CH . II ﬁe
13566| preplnenou zvedavymi poval'ami , a dostat sa do E172a B Gapa , KolTo ce HaMHpale 1o CaMHL BXOX , ¢
svojich izieb . A tak vo$la do baru hned pri Ha,uema‘rapqé elHO CHITHO KI;E)C MOeme 18 £ ?
vchode , dufajuc , Ze po silnej kdve trochu - ~ 5 i
P . . o OTpe3BH , Jla H MOMOTHe Jia Aofide Ha cele cu . Ho
vytriezvie , pride k sebe . Lenze to vietko bolo P - 18 rHe A
. L. S . . - . BCHYKO TOBa Oe ¢hBCEM DE3MONEe3HO | 3al10TO HMEHHO cera
uplne zbytoéné , lebo alkohol iba zacinal posobit . B
AMKOXONBT MOYBAalle AeHCTBHETO CH -
On - paserdk narkotik rozmysTal | ako vyliedit Toit , koHTpaOaHAHCTBT Ea HAPKOTHIH , OOMHCIIAIIE KaK [1a ce
morfinistin | Uvedomil si, Ze sa podoba H3nexyea efEa MopdarreTra | JIoHTe My Ha yM , ge
niekdajsim banditom zo Sierry Nevady , ktori | mpmmmaame Ha HakoramHuTe Sannute or CHepa
14708| pachali viemo#né zloéiny , aby potom v Hepana , kOHTO BPEPIIEXa BCAKAKBH 3M0eAHHA , @ ClIel
niektorej jaskyni rozdavali chuddkom TOBA B HAKOA MeMepa Pa3napaxa MPaBoChINE H 9acT OT
spravodlivost’ s ¢astou svojej koristi . Odkedy | TISUKATA cU HA GeMHUTE . OTraxTo ce bpHa B Menanus |
savratil do Spanielska . spréva sa coraz hlipejsie . TOCTBHIKHATE MY CTABAXA BCEKH JIeH eJ[Ha OT JPYTa 10 - [IIVIABH _
- Rino zavolime lekara - Ak je to zradnik , bude | VIpe me noeukame nexap . — Ako ToBa & CBETHEHTOBO
15273| lepsie , ak pride fardr . - Ale to nie je zridnik _- X0po , 1Mo - foGpe e 1a Jofige cBemMeHHK | — He  tosane e
odvetil sucho Luiz . CBEeTHBHTOBO XOpO — CYXO0 Kasa JIyHe . —
. ) . - JIyue oTkasa exepri=no - 3@ HeMIacTHe ofade MapKU3IBT HA
Luiz energicky odmietol - Na ne§tastie viak ; P PRI
o . . . Tope bepMmexa , KaTo 4y TJ1aca Ha CBOATA MO3HANHNIA
markiz Tore Bermeja zbadal svoju zndmu z 0T TPAYKIAHCKATA ROMHA IT OME TIOREHE KATO BHIST
17675| obéianskej vojny a k tomu aj synovea , a P 5 N
- - p KPBEHHA CH IUTeMeHHHE , Ho0Ep2a caM Ja Joiile Ha
popondhl'al sa k ich stolu bez pozvania . Bol to P ; i p3a cam
R P MacaTa HM . Tofl npecTABIMEAme ApefHO TLPTABO CTAPUE
drobny , culy star¢ek . pripominajuci vevericku . - ,
) i n00oBHO Ha KATEPHYKA , B HIBEXTAN , HO N0OpE H3MMANeH KOCTIOM .

Fig. 2. Concordances of the Bulgarian wordform ooitzoe in the corpus
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3asexa|
[ Ctlovek " TbpceHe ]B Kopmyea: par-skbg-sk +

st 1rs

oty A AICDET LENOOORSTUUYE

dErneb uiisivHonpCTyd Xdmimp o A ABBL EAGIIAK IMHOIPCTYOXI I BEEOS

711

3a xopnvea * = ERE

#138

Len zviera sa pred mftvolou iného zvierata méZe chovat
tak bezeitne ako ty pred tymto mftvym | ktory ta Iibil a
ktory zomrel v tejto diere kvoli tebe - LenZe ty nie si
zviera , si €lovek . Ale strateny élovek

81594

Camo 5KHBOTHO Opef] TPYTA Ha PYTO KHBOTHO MOSKeE 71a CTOH Thit
Oe3uyBeTEEHO | KAKTO TH CTOHII TIPe]T TOSH MBPTRET . KofTo Te
oDHuaIe H KOATO YMps B TasH AyIKa sapaiy Tebe . A TH He CH
ZHHBOTHO , TH CH YOBCK , HO 33IY68H YOBEK . B Ts04Ta
Oe3uyBCTEEHOCT HMa HeIIO CTPAlIHO ...

51508 LenZe ty nie si zviera, si ¢lovek . Ale strateny

¢lovek . V tvojej bezeitnosti je &osi strasné .

CaMo JKHBOTEO Npefl TPYNa Ea APYTO #HEOTHO MOKeE /13 CTOH ThH
5e3uyBCTBEHO , KAKTO TH CTOHII IPEl TO3H MBPTBEI , KOHTO T8
obwdanme | KoATO yMp4 B TasH /ynka 3apafH Tebe . A TH He CH
SKHBOTHO , TH CH YOBEK , HO EHIY6EH YOBEK . B TR0ATA
6e39yBCTEEHOCT HMA HEIIO CTPANIHO

Spomenula si na vasnivé noci , ktoré s nim stravila . na
vilety . na drobné smiesne prihody . A ten isty
clovek , to isté telo , tie isté ruky , v objati
ktorych stracala vedomie - to vietko teraz lezalo
pri nej ako rozkladajuca sa a zapachajuca
mftvola . . . Aké to bolo vietko éudné .

COOMHH CH 33 HOIIHTE H CIafOCTPacTHATA . KOHTO be OpeKapeana
C HEr'o , 33 eKCKYP3HHTIE . 33 ]jJE'jZ‘IZI CMEIIHH CITYHKH . nu
CBINMAT TOZH YOEEK , CBIIOTO TOEA TANO , CBRINHTE
PERLE ., B YHHTO [IPEIPBAKH oe 3aMHpana , cera JISKele
0 Hed KaTO PasfIoeH H BMHPHCAH TPYI ... Komko
CTpaHHO Oe Bewuko ToBa !

Agua! A tie $panielske hlasy , tie zemité tvére a
oéi horiace ako uhliky , ti hladni , $pinavi a
viivavi Pudia , zomierajici na skvrnity tyfus ,
vyslovovali odveki kliatbu spanielskeho Tudu na
katolicke milosrdenstvo , na pépezov ,

~—Aqua!  Aqua! I THS MCIIAHCKH IJIacOBE , THA
TIPBCTEHH JIHIIA H TOPAITH KaTO BRIJICHH OYH , THA
VYMHPaImH OT HeTHHCT TH Xopa , IMalHH , MPECHH H
EBIUTHEH , IPOH3HACANA BEKOBHATA KJISTEA Ha
HCTIAHCKHA HApoJ| CPemy KaTOIHYeCKOoTo

Fig. 3. Concordances of the Slovak noun ¢élovek /man, person/ in the corpus

5 Future Work

Future work will focus on the interface: to ensure an efficient visualization of these

massive and humanities relevant data. A creation of a web page for presentation of the
parallel bilingual digital resources, with appropriate trilingual interface in Bulgarian,
Slovak and English for easy access to the corpus, is envisaged.

In order to achieve reasonable quality of the corpus, the alignment should be as
precise as possible. The project aims to create a small experimental bilingual Bulgari-
an-Slovak/Slovak-Bulgarian dictionary (several thousand words) suitable for automat-

ic alignment of the bilingual corpus.

We will also continue the enlargement and the enrichment of the first Bulgarian-
Slovak parallel and aligned corpus (in volume and by additional annotated infor-

mation).
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6 Conclusion

Parallel corpora are the most effective means for the creation of bi- and multilingual
dictionaries and contrastive grammars. This is of great importance not only for lan-
guage confrontation, but also for the typology of the studied languages. One has to
remember that parallel corpora comprise direct material for the evaluation of transla-
tions and their analysis will bring out the improvement of the quality of both tradi-
tional, human translation, and machine translation. Besides, texts extracted from par-
allel or aligned corpora prove the necessity of evaluating translations: it is common
that in translation words get omitted or word meanings get changed.

The parallel and aligned corpora are successfully used as language materials for the
training of translators, as well as in education — for language learning in schools and
universities. That is why online free-use parallel texts are also useful educational re-
source.
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