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Abstract. The paper describes the process of digitalizatod further processing of a Polish-
Ukrainian electronic dictionary, its technical aimjuistic preparation for future lexicographic Wwer
mainly: post-OCR problems and ways of their autoenadirrection, conversion of the dictionary file
into a database; defining the core set of lexicaties with the help of frequency lists; lexicaltgn
parsing procedure, automatic dictionary directi@versal. The approach presented here aims at
producing an updated dictionary as well as a layiaphic editing environment and a tool set for
further expansion and modification of the bilingdadtionary.

1 Introduction

Polish-Ukrainian lexicography, both paper and e@it, is represented nowadays by numerous snall- o
average-size dictionaries created on the basisadiee paper editions with the addition of the most
frequently used, essential new terminology coveth spheres of business, economy and tourism. An
extensive review of existing Polish-Ukrainian leogecaphic resources with their quality analysis e th
macrostructure (choice of entries) and microstmgcti@entry content and design) — is presented in [1]
During the four years since the appearance of pldication, several new sources that deserve our
attention became available. ABBYY Lingvo includedPalish—Ukrainian dictionary in its version x.3
(2008) [5]. It is based on a modern paper editiosh @unts ca. 42000 worddrident Software Electronic
Dictionary and Translator [3] includes the Podistlkrainian language pair. Unfortunately no inforroati
about the sources and size of the dictionary ivigeal, and the project is commercial. Considerable
progress, as compared to its state in 2005, caeée in the development of the Multilingual Diction

by Valentyn Solomko (updated in 2008), which is erated automatically from bitexts [6]. Dictionaries
for each language pair in the MS Excel file forraeg available for download under GNU General Public
License. The Polish-Ukrainian file contains 6500@rad¢ or word combinations with one-to-one
correspondence of translation equivalents. Thigaiary can be helpful for machine processing,ibist

not particularly human-friendly. Summing up, as & the size and the quality of entry descript®n i
concerned, there is still a need for a large moddectronic and freely available PolisttUkrainian
dictionary suitable for both public use and lingigisesearch.

2 From paper to digital version, preparing dictionary background

A large electronic Polish-Ukrainian dictionary wésveloped by a joint group of linguists of the ingée

of Slavic Studies of the Polish Academy of Scieneewl the Ukrainian Linguistic-Informational
Foundation of the National Academy of Sciences &fdihe during 2005-2009. The basic core of the
existing version of the Polish-Ukrainian electromictionary comes from the paper Polish-Ukrainian
dictionary in two (three physical) volumes editeg lhukiya Humetska and published in Kyiv in 1958.
This is the most comprehensive existing bilinguatidnary of very high lexicographic quality for Fsh
and Ukrainian. It contains about 100000 headwdsitsce it was created half a century ago, its elty
and, sometimes, entry content are considerablyatedidand do not fully reflect the modern state athb
languages. Some domains (computers, finance) dreepmesented at all, while others (e.g., agricaltu

" The study and preparation of these results haseived partial funding from the EC’$"#Framework Programme
[FP7/2007-2013] under grant agreement 211938 MOMNEXIL
YInformation about the size comes from ABBYY develspand concerns the electronic version of the dietip



are described in excessive detail. The dictionatp® biased ideologically, which is not surpristaging
into the consideration the time and political cir@tances of its appearance. Nevertheless, it isod g
ground for further lexicographic works.

2.1 Technical editing

The paper dictionary was scanned and processedgthithe FineReader optical text recognition program
in order to receive a text out of the scanned irmagjbe resulting text was saved in the MS Word &drm
Its quality left much to be desired. The first it of the dictionary file was the most tedious el
included correction of errors generated by the paloysical quality of the original paper edition and
failures of the optical character recognition (O@R)per. Some mistakes were systematic, which altbw
us to apply multiple automatic replacement bottcamtent and formatting. OCR mistakes were more
numerous than in ordinary text due to the bilingobbracter of the dictionary using two different
alphabets — Latin and Cyrillic — with several sanilooking letters; omnipresent stylistic and graatical
mark-up in an abbreviated form that is not foundtandard OCR dictionaries; shortened forms with th
common part replaced by the special charactetde]tietc.

Grammatical and stylistic mark-up is crucial in tigitalizing process as it helps define the stitestof
the dictionary (see Sections 4 and 6). It is afepadrtant to preserve its original formatting (icatr
boldface), as it is crucial for successful parsiligs often impossible to visually determine whatta
letter belongs to the Cyrillic or Latin alphabeft,‘€” and “c”, “k” and “x”, “p” and “p”, as well as “a, e, i, 0,
y", or Cyrillic , 1" that looks like Latin ,m” ) in italic. Therefore, a series of heuristics waed to unify
chains of letters delimited by a space to a sirapdabet. For one- and two-letter abbreviations, th
automatic replacement function of MS Word was usedcheck the consistency of alphabets and
formatting. Some misreadings had a regular characig were corrected automatically as well, eithex

supervised (one after another) or unsupervised(alagt once).

Examples of typical automatic substitutions (takiimg account adjacent spaces as well):
v) — 1) (number of meaning)

om. — orn. (stylistic label “ornithology”)

Spelling errors were also detected by preparimg@uincy list of space-delimited chains and cherkie
ones that contain up to five symbols and have thest frequenc$.According to Zipf's law, these are
candidates for misspellings. Even though such aatization facilitated the editing work considerably
much labour remained to be done by hand.

2.2 Preliminary edition of the content

While editing the technical side of the dictiondtryvas impossible to ignore its content either. Tive
peculiarities of this dictionary are that it wasedeaded with Soviet ideology and contained an
unforgivable number of Russisms (Polonisms were mate rarely). These were removed from the file
and replaced with more neutral and literary comesients respectively. All the changes were recorded
into a separate file. Below are some examplesadlayically biased entries.

“Party” words:

partyjny (“belonging to the party”). It is supplied with eessive examples of use and the party is
understood as the Communist Party of the USSRIlinsalgesaktyw ~napriiinuii aktus, -By (maprak-
THB); grupa ~namapriiina rpymna (maprrpyma); komitet ~mapriiinuii komiteT, -Ty (HapT-KOM, ITAPTKOMITET);
konferencja na napriiina kondpepenuis (maptkondepenuis); 1 e g i ty ma-c i @ ~na naprifiHuil KBUTOK,

2 Another option, suggested by JanusziBieould be the use of the programme Kolokacje (@mitions”) by
Aleksander Buczyski that can help detect unusual word combinatemd in this way find words with wrong
spelling. We did not experiment with it, though.

% We also leave here the original after-OCR formagite the idea what the dictionary text looked lieer scanning
and text recognition.



(mapTKBUTOK); MapTiiHMiI NpauUiBHUK, -Ka (MApT-HpauiBHUK); praca ~namapriiiHa pobora (maprpodora);
st ~ mapriitauit cTax, Ky (maprcrax); Szkof ~namapriiina mkona (maprukona); zebranirie napm,nni

. k>pH, -piB (mapr3bopu); zjazd ~ mapridHmii 3734, -my (mapt3i3m): (“activists, group, committee,
conference, membership card, worker, work, expedeschool, meeting, congress”).

The derivation fopartia (“party”) in its political sense is also overrepeatedpartyjnasé¢ (“the state of
belonging to the Party”OP (Partyjna Organizacja Podstawowa) Skeépsuuna mapriiiHa opraxizariis
(“primary party organization”), etc.

“Anti” words:

przeciwsocjalistyczny arrucorianiCTUUHUI  (“antisocialistic”); przeciwreligijny amrupeniriiauit
(“antireligious”); przeciwrepublikdski anTupecnybmikancekuii  (“antirepublican”); przeciwtydowski
anrueBpeiicekuii (“anti-Jewish”); przedkotchozowyokonrocamii (“pre-kolkhoz”); okres ~ od socjalizmu
do komunizmuepexiauuii nepiox Bix couianizmy 1o komyHizmy (“the transferring period from socialism
to communism”);~ rewolucji buguazyj-no-demokratycznej w socjalistygzrepepocranns GypxyasHo-
JeMOKpaTiiuHo1 peBouttowii B couianictuyny (“transformation of the bourgeois-democratic rewioin into
the socialistic”);~dy butuazyjnedypxyasui nepeacynu, -ais (“bourgeois prejudicies”); etc.

Russisms were used not only as translation equitglthere were many of them in additional explanatof
use, etc. Below are examples in the following fdrmaRussism — literary Ukrainian_word
(Russian_literary_equivalents) “English_translation

*Hy)aaTucs — Mati notpedy/motpebyBatu (Hyxaatecs) “have a need”; fory4icte — MOTYTHICTBH/Millb
(morymiecTBo) “power”; *sippoBka — MOTy3Ka/Hyp (BepeBka) “rope”; *marep — tabip (1areps) “camp”;
Mminineitcekuid *yuactok — aineHuLs (yaacTok) “police station; lot”; roxoxuit — nmoxiOHui (MOX0XKHiA)
“similar”; * caxapuuii — mykpouii (caxapusiii) “sugar, adj”; *kapke — neuens (xkapkoe) “stowed meat”;
*rpaBipoBKa *Iieyareit — rpasipyBaHHs nedatok (rpaBHpOBKa redareit) “engraving seals”; ¢kyunuii —
HygHuid (ckyunsiii) “boring”; *mueck — meckit (mieck) “splashing”; *okpacutu — modapOysaTu
(mokpacuTp) “paint, V”; *komaHaMpoBOYHI — 1000Bi/BiapsaaHi (komaHaupoBounsie) “travel allowance”;
*1oay00THHOK — miB400iToK (momy6oruHok) “(Kind of) shoes”; thiaxok — npanopens (draxok) “flag”;

*mepecaxaputu — TepelykpyBati (mepecaxapuTp) “put too much sugar”; fpomurarics —
npopaxyBatucst (mpocuutatbes) “miscalculate”; ‘iepemarounnii — nepenaBaibpHUN (EpeAATOYHbIH)

“transformational”; trotBopHMit — cHoniitHuii (CHOTBOpPHBIIT) “SOpPOrific”; *HanuTok — Hami#t (HAMUTOK)

“drink, n”; *mpuemuoro anerury! — Cwmaunoro! (mpusitHoro amnerura) “Bon appétit!”; *iranesnceke —
iTamiiiceke (utanesHckoe) “ltalian”; *isympyn — cmaparn (usympyn) “emerald”; *wokipyBath —
oKyBarH (IokupoBatk) “Shock, V”; *roToBuTHCS — roTyBarics (rOTOBHUTHCS) “prepare”.

3 Conversion to a database for mat

Working with the dictionary text in a text editarch as MS Word is very inconvenient, as it is ingilole

to directly access particular structural units ardventries, and the pace of processing largefilestis

very slow. This is why the dictionary was converiatb a database where its structure is reflected i
separate tables and their columns and rows. Thisdeae in several steps. First, dictionary text sy

into entries with the most primitive structure: theadword and the rest. This format enabled reltiv
convenient check and further edition of the dictign already as a database. After the second edhi®
larger part of the dictionary entry was further geatt and recorded into a more complex database (see
Section 6 for details).

4 Automated detection of structural elements boundaries of the dictionary

Information about the entry word limits, definedtie original by bold font and restored in the pOSIR
MS Word file, made it possible to mark the bordetween the headword and its explanation in the
database by placing them in separate columns. dteels between lexical entries were marked by line
breaks. The grammatical and stylistic informatibighlighted by italics within the dictionary entrnyas



marked up accordingly but retained in the sameroolior easier edition before the final, most detil
parsing.

To mark the boundaries of structural elements semi-automatic mode we used a variety of complex
context-dependent substitutions which took intcoaot punctuation, the alphabet used (Latin or Ggyil
text formatting: regular, italic or boldface forgnd the content of the word entry. In cases whisee t
context and the printing style were insufficientdearly identify an element, the correction wasdma
manually.

Upon analysing the word entry structure and foraigihs of structural elements, we can see the faligw
general picture:

Left-hand part
Headword (bold, new line)

* opt. homonym ([(1, 11, 111, IV)], [space])
* optional (additional forms, e.g., perfect aspiectns of verbs, phonetic variations, etc.)
grammatical forms ((* opt. [hyphen], [form], [comina* opt. hyphen [form], space)

mark grammatical categories [sort of] for declensi(italic, [form], * opt. (dot, comma)), italic,
[form], * opt. dot)

tags of style

tags of topics and terminology

* opt. valency frame ([(], ((* opt. prepositionsdrms) [)], space)

clarification / definition (__italic__: [(], [cont&] [)], [space])

interpretation: the basic form (Cyrillic, * opt(J] option ,])], [space]], END {[.], [;]. [.I}. s@ce)
* opt. phrases (bold: [1st part], [space], [2ndtp@ropt. [space], [3rd part]) sign [:])

* opt. verbal form "s" ([;], [space], [/ / ~ si], [space], [right side], [.])

Right-hand part

* opt. meaning number (integer, symbol [)], space)

tag style / theme and terms (italics, * opt. [*.ofptoint, point)], [dot] [space])

* opt. option value ([Cyrillic: (a, b, in)] D], [sace])

*opt. valency frame ([(], ((* opt. prepositionshrins) [)], space)

clarification / definition (__italic__: [(], [cont&] [)], [space])

interpretation: the basic form (Cyrillic, * opt(]J] option,[)], [space]], END {[.], [;I, [.1}, spae)
*opt. grammatical forms ((* opt. [hyphen], [fornfbomma]), * opt. hyphen [form], comma)

*opt. collocation examples ([;], * opt .[~], [vabée part], [space], * opt. [the rest of the
collocation], [space], [construction], {[;], [.]})

*opt. phraseological ([;], [space], [<*>], [spacé&]opt. [tag style])

[newline]
Here are examples of contextual replacements tuifgestructural elements of the word entry.
CONTEXT REPLACEMENT PATTERN
[new line] [Latin, bold] [new line] Ree> [Latin, bold]
[Latin, bold], *opt.[,] space, [non-bold] [Latin,did] </Pee>, *opt.[,] space, [non-bold]
space, [integer], [closed bracket], space spak8ux [integer], [closed bracket], HBu> space]
[Latin, bold], space {[I], [I1], [Il], [IV]} space | [Latin, bold], space @v>{[l], [Il], [Il], [IV]} </ Owm>




space

</Pee> space, [Latin, italic] JFee> space EpIl> [Latin, italic]

{</Pee>, <[H3u>}, space, [Cyrillic] {</Pee> </H3u>},space,Exs>[Cyrillic]

</Pee>[,] space [-] [Latin bold] Fee> [,] space €1IC3> [-] [Latin bold]

[Cyrillic], space, [-][Cyrillic] [Cyrillic],</ Exs> <Yc3>-[Cyrillic]

</H3u> space, [(][Cyrillic italic] <H3u>space,¥tou>[(][Cyrillic italic]

[Cyrillic italic], [)], space, [Cyrillic ] [Cyrillic italic], [)], space, ¥tou> <Eks> [Cyrillic
regular]

</H3u> space, [(],[Latin italic] H3u>space,fKep>,[(],[Latin italic]

space, jus.] space, [Latin bold] spacdkc>[nus.]</IToc>space,Axp> [Latin bold]

Tab. 1. Examples of context replacements in thitodiiary text for identification of structural elents

During the conversion some data were lost; in cade=re entries were split between columns or pages
this was systematic, although not too frequent.imduthe second edition the loose ends were added
manually and further errors resulting from oversiglring the first edition and parsing errors were
corrected.

5 Defining the corevocabulary

Already in this simple format, the dictionary deab has more functions than a simple text file,elgm
we can work with the entry list of the dictionaAs the actual database resulting from the papeioedi
appeared too large for experimenting with lexicpgia methods and producing preliminary ready-fag-us
results, it was decided to select a core vocabuhoa. 30 thousand lexical entries for the piletsion of
the dictionary. This selection is also the firsttpaf the dictionary that is intended for publide&se for
use through a web interface. The frequency paramess chosen as the criterion of selection. A
frequency list was generated from the IPI PAS cemiithe Polish languagevith the help of the program
Poligarp 1.2, which allows for statistic reports@rpora. Since Poligarp has restrictions on thegtke of
query reports, a query for each part-of-speecha(fiexeme in IPIPAN Corpus tagset presentation) was
run, which gave the additional advantage of suppglyihe frequency list with part-of-speech (POS)
information.

In order to avoid proper names, or rather to seépateem from common nouns, adjectives and nouns
starting with a capital letter were excluded frdra search. A typical query looks as follows:
[orth="[qwertyuiopasdfghjklzxcvbniténtdeas]).*" & pos="subst"] group by base sort by freq coali.

The table below shows the distribution of typesegated for a given flexeme.

Flexeme Tag Types
Adjective (starting with lowercase letters only) j ad 7157
Adjective (including those starting with a capitter) adj 7283
Adverb adv 2762
Conjunction conj 67
Punctuation interp 43
Predicative pred 19

4 Available athttp://korpus.pl



Preposition prep 66
Particle qub 448
Substantive (including those starting with a cdpétier) subst 19957
Substantive (starting with lowercase letters only) subst 16798
Verb verb 12411
Verb (together with gerunds) verb 12546
Sum (without proper name candidates and gerunds) 9778

Tab. 2. Distribution of flexeme types

Gerunds, or so-calledhie forms, are treated in the IPI PAS corpus in aigpe@y. They are included to both
‘verb’ and ‘noun’ categories, and their lemma isnitical with the infinitive of the correspondingrivePolish
gerunds are an important part of the vocabulamy thre used more widely than their formal Ukrainian
correspondents. However, their formation is notgletely regular: they are often homonymous withiraios
nouns. Their list was extracted from the corpushenbasis of the ending *nie. This list had to kenoally
cleaned afterwards.

In general, the procedure of extracting the lexibasing on the frequency criterion gave us thevaiig

advantages: singling out words of low frequencyt thiare included into the original dictionary versio
receiving a list of words of high frequency thatswaot included into the original dictionary versidris

information gives valuable information for furtheanipulation with the lexicon. For example, Polsbrds

that were not found in the IPI PAS corpus at allrézeived a minimal frequency rank) but whose Wiaa

equivalents receive high frequency rank in the Wiaa corpus call for revision as suspects for aisths.

This is the case with Polistbuwa’, obu®®, rozzuwé sie, przespiewanie zakipie, etc.

Inter-POS homonymy was accounted for due to POaliion of the search, while intra-POS homonymy
had to be ignored—the same frequency value wagrassifor all homonyms within the same part of
speech.

6 Parsingthelexical entry and recordingit in alexicographic database

The next step of the work is a proper lexical emqgaysing that enables creating a lexicographidreglit
tool. The selection of the structural elementstef tlictionary is carried out according to the ovédi
lexical entry design. Polygraphic formatting peatities can be used for automatic identificatiorteot
structure. In order to convert the primitive taliito a lexicographic database, special labels efiaed to
mark the beginning and the end of entries’ stradtparts. The following formal boundaries of stuuret
elements have been detected from the analysisoéitdries.

STRUCTURAL ELEMENTS LABEL
Polish register unit (word or phrase) Pee
Grammatical and semantic properties of a word edeint I'plla
Homonym number Om
Meaning number H3u
Ukrainian equivalent word ExB
Polish inflectional element I1C3

® There are 21 uses of forms lemmatipéde “put on shoes” in the IPI PAS corpus, 19 of thew garticiples form
obuty still in wide use, and only two are finite pagrly formsobul, both from a novel written in 1985. No
occurrence of its aspectual counterpdmiwa’ has been found at all.



Ukrainian inflectional element VYe3
Grammatical and semantic properties of a word edent I'Ex
Phrase (collocation) Kon
Polish prepositional agreement element [Tkep
Ukrainian prepositional agreement element Ykep
Phraseology label Dp3
Reference label IToc
Comparison label Top
Reference address Anp
Specification of meaning Yrou
Additional form (phonetic variant or verb aspectoheelements) Hox

Tab. 3. Structural elements of words, and theielsb

In comparison with monolingual dictionaries, théingual dictionary has more a complex and specific
structure. The main difference is that the explanatictionary in its left-hand part describes fatm
elements of the lexical unit and in its right-hapart deals with the content, its semantic elements.
Therefore the left-hand and right-hand parts ofwloed entry are clearly separated one from anather
(almost) all cases. The bilingual dictionary is rdtderised by a slightly different situation: tledtdhand
side of the word entry describes grammatical chargtics and semantic features of the source-laggu
units, while the right-hand one describes the auntepresented by equivalents of words and phriases
another language (in our case Ukrainian). Moreogkmments of the left-hand and right-hand parts are
given in a mixed order, creating a complex, intéres structure.

6.1 Parsing steps
Let us consider a relatively simple bilingual dictary entry:

dobry 1) no6puii; ~re stowo nobpe (mackase) cioso; ludzie ~rel woli nroau nobpoi Boxi; z ~ref woli 3
J00poi Boii, n06poBineHO; 2) (do czego)miaxoxuii (s 4oro); ~ do tej robotymimxoxuit mias i€l
poboty; 3) (na co)npuaaThuii (Ha 110); Materia~ra na pltaszcaarepist mpuaarHa Ha mwiaw; ¢ posu. a to
~re! or To6i i maem! or T06i i Ha! posm. ~ra naszaknama Gepe!

We can see in the entry the Polish headword ,dobitg’ three meanings are rendered by different
Ukrainian equivalents: np6puii” (,good”), , migxoxuii” (,suitable”), ,npumarauii” (,fit"). Further we
have Polish phrases (collocations) as examplesoofl wsage, and their Ukrainian equivalents. We can
notice Polish words in a truncated form in the gnivhere the initial part of the word is marked twé
tilde. When used independently (space- or punanaéeparated mode) the tilde indicates the register
word as a whole. Besides, in the above exampleetlae tags for prepositional agreement with
appropriate values, both of the Polish entry wand &s Ukrainian equivalents, phraseological label
stylistic tags likepozu. and so on.

Having replaced polygraphic formatting marks wikplecit labels — HTML tags for boldface and/or ital
fonts — we can get the entry to look as shown beldwe dictionary text that was marked up in thiywa
became the ground for further automatic entry pgrand additional tagging of the structural elersent

<B>dobry</B> 1)n06puii; <B>~</B>re stowonobpe (ackase) cnoro; ludzie <B>~rej</B> wolizronu
no6poi Bomi; z <B>~rej</B> woli3 nobpoi Boxi, mobposinbro; 2) (dO czego)miaxoxuil (s doro);
<B>~</B> do tej robotyrigxoxuii s miei pobory; 3) (Na coyipumarauii (Ha mio); materia <B>~ra</B>
na ptaszcaarepist mpuaatHa Ha mwiaw; ¢ <I>posm.</I> a to <B>~re!</B>ot 106i i maem! ot T00i i Ha!
<I>po3m.</I> <B>~ra</B> naszakaima Gepe!



After the rearrangement of the labels by meansarhpiex contextual replacements we receive the
following structural elements in a linear form wéRplicit marking of the limits (beginning and eraf)all
structural elements of the entry:

<Pee><B>dobry</B><Pee> <H3u>1)</H3u> <ExB>n06puii</Exs>; <Koa><B>~</B>re stowo<Koix>
<ExB>n00pe (mackase) cinoBo</Exks>; <Kon>ludzie <B>~rej</B> woli<Kon> <ExkB>momau no6poi
Boi</Exe>; <Kom>z <B>~rej</B> woli<Kon> <EkB>3 m06poi Boui, 106poBinsHO</EkB>;
<H3u>2)</H3u> <I1Kep>(do czego) dMKep> <Exp>minxoxuii</Exs> (mas goro); <Kon><B>~</B> do
tej roboty<Kon> <Exe>miaxoxwuii mis uiel pobotu</Exs>; <H3u>3) <H3u> <[IKep> (na co) <fIKep>
<Ex>npunarauii</Exs> <YKep> (ua mo) </YKep>;, materia <B>~ra</B> na ptaszcZEss>marepis
npuaartHa Ha miam</Exe>; <Op3>0</®p3> <[pII><I>pos3m.</I></TpIl> <Kox>a to <B>~re!</B><Konx>
<EkB>oT TO06i i Maem! ot T00i # Hal</ExB> <I[pII><I>posm.</I></pll> <Kon><B>~ra</B>
nasza!<Kon> <Exp>Hauia Oepe!</Exs>

The linear format can be further split into a hiehécal tree on the basis of links between enteyrants.
The figure below shows that the first meaning af fPolish headword corresponds to one Ukrainian
equivalent. Additionally, three examples of collbeas with the headword are given together withirthe
Ukrainian equivalents. The phraseology zone induitéo Polish phrases marked as colloquialisms, the
former corresponding to two Ukrainian equivaleats the latter only to one.

6.2 Tree-structured entry record

<<Pee><B>dobry</B><Pee>
<H3u>1)</H3u>
<ExB>n00puii</Exs>;
<Kon><B>~</B>re stowoKomx>
<ExB>106pe (11ackaBe) cinoBo</Exs>;
<Kon>ludzie <B>~rej</B> woli<Kox>
<ExB>ntonu 106poi Bomi</Exs>;
<Komn>z <B>~rej</B> woli<Konx>
<EkB>3 100poi BoIi, 106poBiabHO</EXB>;
<H3u>2)</H3u>
<[IKep>(do czego) dlKep>
<ExB>miaxoxuii</Exs> (1151 yoro);
<Kon><B>~</B> do tej robotyHon>
<ExB>miaxoxuit 1 miei po6otu</Exs>;
<H3u>3) <H3m>
<[IKep> (na co) <JIKep>
<ExB>npugarauii</Exs>
<VKep> (na mo) </YKep>;
<Kom>materia <B>~ra</B> na plaszcka/r>
<ExB>Mmarepis npujgarHa Ha iaim</Exs>;
<Op3>0</Dp3>
<I'pII><I>po3m.</I></TpIl>
<Kom>a to <B>~re!</B><Kon>

<ExB>o0tT T0O1 1 Maem! ot T061 i Ha!</ExB>



<IpII><I>po3m.</I></TpIl>
<Kon><B>~ra</B> nasza!¥on>
<EkB>Haiua 6epe!</Exp>

Fig. 1. The entry ,dobry” as a tree structure.
Another example of a word entry with more structetements:

ale 1) ane; ta (piowe); 2) (nicin 3anepeunoi wacmunu pevenns) a; nie tutaj,~ tameue tyt, a Tam; ¢ ~i tak
IeBHA pid, 3BMYaiiHO; npuk. Nikt nie jest bez nemae monunu O3 Bagu.

We can see her@ter alia, a clarification of the meaning, in this case tlgl providing the context of
usageunicis 3anepeunoi wacmunu peuentns “after the negative part of a sentence”; additionformation
about the frequency of use for one of the equivalemowe “more rarely”; not fully synonymous
equivalents separated with a semicolon; a marlcainlig a set expressiotpux. “saying”.

Upon the replacement of the formatting tags witpliex labels this entry looks as follows:

<B>ale</B> 1)amne; ta <I>(pigme)</I>; 2) <I>(micns 3amepednoi yactuuu peueHns)</I> a; nie tutaj,
<B>~</B> tamue TyT, a TaMm; ¢ <B>~</B> tak meBHa piu, 3Buuaiino; <I>mpuk.</I> nikt nie jest bez
<B>~</B>mnemac monunu 6e3 Baau.

Upon contextual replacements inserting structatadls:

<Pee><B>ale</B><Pee> <H3u>1)</H3u> <EkB>aine; ta</ExB> <I>(pimme)</I>; <H3u>2)</H3u>
<YTou><I>(micis 3anepeynoi yacTunu peueHns)</|></Yrou> <Exs>a</Exs>; <Kom>nie tutaj, <B>~</B>
tam<Kom> He Tyr, a Tam; <Op3>0</®p3> <B>~</B> tak <ExkB>meBHa piy, 3BHYaHHO</EKB>;
<IIpx><I>mpuk.</I></Tlpk> <Kom>nikt nie jest bez <B>~</B>Kon> <Exs>Hemae mtoauHu 6e3
Bau</ExB>.

6.3 Generalized structure of theword entry

Thus, a generalized structure of the word entrytlier Polish-Ukrainian dictionary can be presentét w
certain simplification in the following way. Elemisnof the right-hand side of the dictionary, i.e.
Ukrainian equivalents with their appropriate label® in italics.
Headword
Homonym number
Inflectional elements (can recur)
Variants or parallel forms (recurring)
Headword variant (phonetic variant or verb aspeanterpart)
Inflectional elements (recurring)
Variants or parallel forms (recurring)
Linguistic characteristics (labels for grammaticategories, style, terminology)
Inflectional elements (recurring)
Labels of style and/or terminology (recurring)
Number of meaning
Linguistic characteristics (labels of grammaticategories, style, terminology)
Valency frame (agreement labels)
Specification
Word equivalent



Inflectional elements (recurring)
Specification of meaning
Variants or parallel forms
Inflectional elements (recurring)
Specification of meaning
Phrase (recurring)
Phrase equivalents(recurring)
Grammatical parameters (stylistic labels)
Set expression (recurring
Set expression (recurring)
Grammatical parameters (stylistic labels)
Verbal forms with reflexivesi¢
Inflectional elements (recurring)
Variants or parallel forms (recurring)
Headword variant (phonetic variant or verb aspeanterpart)
Inflectional elements (recurring)
Variants or parallel forms (recurring)
Linguistic characteristics (labels of grammaticatiegories, style, terminology)
Inflectional elements (recurring)
Labels of style, terminology (recurring)
Number of meaning
Linguistic characteristics (labels of grammaticategories, style, terminology)
Valency frame (labels)
Specification
Inflectional elements (recurring)
Variants or parallel forms
Inflectional elements
Set expression (recurring)
Phrase equivalents(recurring)
Linguistic parameters (stylistic labels)
Set expression (recurring)
Set expression (recurring)
Linguistic parameters (stylistic labels)

Fig. 2. Generalized tree structure of the wordyeintithe Polish-Ukrainian dictionary.

7 Reversing thelanguagedirection in a bilingual dictionary

It is desirable in a bilingual lexicographic systémbe able to access this system not only thratigh
source-language entry list (the left-hand part bilmmgual dictionary) but from the target-languaggits
(the right-hand part) as well. Thus, the reverdathe bilingual dictionary so that the left-handdatie
right-hand parts of the entries change places besanother important task. The objective actuallioi



transform the Language~> Languaggdictionary into a Language-Languaggone. This task is far from
being trivial because, as we can see, the infoomabout the correspondence between words and word
combinations of the two languages is recorded aaogrto lexicographical tradition in a laconic,
compressed form, most economic and convenienh&user. This problem is solved through “unfolding”
the word entry into a set of basic equivalents, separating rows of original words or phrases thed
respective equivalents in the other language, aleitly the corresponding grammatical, stylistic and
thematic information.

The conversion of a word entry of the initial dictary into a set of elementary equivalents requires
several operations. First of all, abbreviated wonith tildes are to be replaced with their full siems,

ie., ,~ra", ,~re”, ,~rej” are restored to ,dobra”,dobre”, ,dobrej”. This is done automatically by
searching the first letter (after the tilde) of stertened word in the full-form word; the searsltarried

out from right to left. The part from the entry wloon the left of this letter gives us the stringhbt®
inserted instead of the tilde. The next step islétect the limits of the equivalents together vitikir
source-language counterparts. The boundary is etbfdue to obligatory occurrence of the equivalent
expression from the target language after any selamguage word or phrase. One word is often
translated as several words and/or phrases. Egquitgbre often presented by short synonymic rows,
where synonyms are separated by commas. A comrui iaa equivalent expression often, although not
always, means a limit between synonymous equivaldrtterefore, it can be used for dividing an entry
into basic sets of equivalents automatically.

Here is a fragment of our sample erdopry:

z ~rej woli 3 106poi BoJIi, J06POBiIBHO;
with the first step it turns into the line:

z dobregj woli 3 1o6poi Boui, 706pOBiNEHO,
with the second step the line is split into two ebasic sets of equivalents:

z dobrej woli 3 no6poi Bomi 1;

z dobrej woli no6posinbHO 2.
The equivalent rank, taken from the order of thelvaent expression in the entry, is assigned
automatically. It usually indicates a kind of pitgr a higher frequency or higher standard of the
translation equivalent of the entry in questionisTinformation can be useful for further stagesmofk
with the reverse dictionary. In our example we neeénformation about the priority of the transtati

equivalent 3 no6poi Bomi” (lit. ,of one’s free will”) for the Polish phrasgz dobrej woli”, although in
general another translation equivalenGposinsao” ,voluntarily”, is equally common.

Sometimes a comma inside the equivalent zone isangsign to separate two different (synonymous)
values, but is a part of an equivalent phrasenas i

~ (ten), ktéry to powiedziatrpii, sixuii (o) e ckazas”

In this case, 1oit, sxuii (110) ne ckazas” (lit. ,the person who (that) said this”) is artégral equivalent. At
the same time, brackets are another indicator dalbiity of the translation equivalent and poiot &
compressed translation. Thus, we have two elemeatprivalents here:

ten, ktory to powiedziat 1o, sikuii e ckasas”
ten, ktory to powiedziat tpii, o ue ckazas”

Apart from a pair of equivalent words or phrasethulie same meaning, an elementary equivalenaset,
we define it, should also include various labelailable for this pair. For this particular dictiogahese
are: grammatical category, peculiarities of morphalal forms, stylistic and terminological tags,vesl|

as an extended valency frame that also includewnrdtion about prepositional agreement. Although
prepositional agreement is also a kind of valentfprimation, a significant difference in rendering
information about proper valency frames is thatftrener ones are given in italics, and the lattegin



regular type and, normally, in brackets. Clearly iraseology, proverbs, etc., found in the origina
dictionary, preserve their status in the reverséatiary as well.
dobry 1) no6pui;

dobre stowo no6pe cioso 1;

dobr e stowonackase cioBo 2;

ludzie dobrej woli mroau 1o6poi Boi;

z dobrej woli 3 no6poi Bomi 1;

z dobrej woli no6posinbHO 2;

dobry 2) (do czegojriaxoxuii (1j1s 4oro);

dobry do tej robotytigxoxwuii s 1iei po6oTw;

dobry 3) (na coyipupatauii (Ha 110);

materiadobra na ptaszczrarepis npupaTHa Ha IJIAIL;

0 poau. a todobre! ot T06i # maem! 1

0 posm. a todobre! ot T06i i Ha! 2

0 posm. dobra naszahama Gepe!

The next step is to swap the elementary equivalertih is a trivial operation of replacement o tleft-
hand side of the line with the respective right<haide:
no6pwuit; dobry 1)

no6pe cioso 1; dobre stowo

nackase cioso 2; dobre stowo

nronu 1o6poi Boi; ludziedobrej woli

3 no6poi Bouti 1; zdobre woli

no6posiabHO 2; Zdobrej woli

nigxoxkuid (s goro); dobry 2) (do czego)

miaxoxuit s miei podotu; dobry do tej roboty

3) (na co)upuparnuii (da mro); dobry

materiadobra na plaszcziarepist npujaTHa Ha 1UIAII;

0 ot 1001 # Maem! 1 pozu. a todobrel

¢ ot 1061 1 Ha! 2 po3m. a todobrel

¢ mama Gepe! poau. dobra nasza!

However, the result of this reversing operation fasic equivalents is still quite distant from angiae
reverse bilingual dictionary formed according widegraphic rules. This is why the further stagevofk
requires a number of compression operations, fgltlie entry back into a different combination oftsin
First, a list of words and word combinations aJalain the initial dictionary Language-Languagein
the alphabetic order of Language created. In our case, basic equivalents exulatten the dictionary
become the basis for the Ukrainian word list. Thgtrstep is the formation of word entries of theerse
dictionary. The equivalents extracted from the jd6kentry, will appear in the entries containindeneant
Ukrainian equivalent expressions: noppuit” (,good”), ,mackasuii” (,kind”), , 10OpoBiNBEHO"
(,voluntarily”), , migxoxuii” (,suitable”), ,mpumarauii” (,fit"), , maru” (,have”), ,ma” (,0n"), , Oparu”
(,take™) and others. Clearly equivalents, for exdenjor ,maru”, used either as a frequent functional verb
or a noun (“have” or “mother”), will be gathereain various Polish headwords. To receive the basic (
called dictionary) forms of words, the lemmatizatiprocedure will obviously have to be used. The
Ukrainian Grammatical Dictionary together with gspporting software developed at the ULIF NASU



can serve for this purpose. Besides, it should tkcdhthat main words of collocations should be
determined during the compilation. These words béllthe input to collocations in the reverse diwiy.

If this choice is made and a system of grammaiidenhtification of lexical units (lemmatization and
paradigmatization) is available, the further creatiof the inverse dictionary can be carried out
automatically. Of course, some post-processing mlacheck and edition will be necessary anyway.

8 Database and an editing tool

After all basic cleaning and parsing stages théatiary database is ready for further lexicograptick.

A special editing environment is highly desirabte the more convenient work of the lexicographers,
enabling them to introduce systematic changes tiitodictionary. The lexicographical database of the
explanatory dictionary of the Ukrainian languag€n$euux ykpaincekoi mou”) developed at the ULIF
NASU can be used as a model. In particular thisesysallows the user to view entries, directly asces
individual structural elements, as well as modifytries, replace elements, change the sequence of
homogeneous structural elements, remove entries agltl new ones to the dictionary. Thus, the
lexicographical system is both a reference systanthie user (an electronic dictionary) and an dpega
tool for lexicographers who compile or edit a dickry. It should be noted that the structure ofindual
dictionary differs significantly from a monolinguekplanatory one, which turns the creation of agial
lexicographical database into a special indepentiesht for which new solutions have to be found. An
essential property of bilingual lexicographic sysseis enabling users to enter the dictionary thinoug
either of the two languages’ word list, which regsia reverse dictionary creation technology.

The approach presented here can produce an updiatexhary, as well as a lexicographic system as a
computer tool set for further expansion and moditfan of the bilingual dictionary.

9 Futurework

Lemmatization and paradigmatization allows us todewt further interesting experiments. The wort lis
of the Ukrainian part of the dictionary, with adreency index, can be mapped against the wordfligteo
explanatory Ukrainian dictionary. This can helpdedect more outdated words, Russisms and Polonisms
in an automatic way. It would also be interestiogée whether there are words of high frequendiien
explanatory dictionary that are not used in thangilal one and analyse this group.

On the other hand, we need to complete the bilihdigéionary with new terminology, e.g., of compute
science, business, law, technology. Preliminarydwists for these fields to work with have alredmben
extracted from the explanatory dictionary. Sindangual terminology is usually presented by oneste
correspondents, and our system allows for the seviamguage direction to work with lexical entritse
source language of terms is no longer so importamther work on existing lexical entries from hant

of view of consistency of the grammatical descoptiand presentation of semantic correlation of
meanings within lexemes must be done as well.

Another practical task, important for language dtats, is extraction of automatic interlingual
homonymy, or so-called translator’s false friends.

We also plan to use Polish-Ukrainian corpus (PolYfr acquisition of more translation equivalents,
either automatically or manually.
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