General architecture and lexical entry
structure of
the Polish-Ukrainian electronic dictionary



Plan

the process of digitalization and further processing of a
Polish-Ukrainian electronic dictionary

its technical and linguistic preparation for future
lexicographic works

post-OCR problems and ways of their automatic correction,
conversion of the dictionary file into a database

defining the core set of lexical entries with the help of
frequency lists

lexical entry parsing procedure
automatic dictionary direction reversal

further expansion and modification of the bilingual
dictionary



From paper to digital version,
preparing dictionary background

e joint group of linguists of the Institute of
Slavic Studies of the Polish Academy of
Sciences and the Ukrainian Linguistic-
Informational Foundation of the National

Academy of Sciences of Ukraine during 2005—
2009

e paper Polish-Ukrainian dictionary in two
(three physical) volumes edited by Lukiya
Humetska and published in Kyiv in 1958

e 100000 headwords



The paper version

does not fully reflect the modern state of both
languages

entry list and, sometimes, entry content are
considerably outdated

some domains (computers, finance) are not
represented at all

while others (e.g., agriculture) are described in
excessive detail

too biased ideologically

nevertheless, it is a good ground for further
lexicographic works



Technical editing

scanned, OCRed with FineReader and saved as MS Word
doc format

OCR mistakes more numerous than in ordinary text due to
the bilingual character of the dictionary:

two different alphabets — Latin and Cyrillic — with several

o 0 o

similar-looking letters, cf. “c” and “c”, “k” and “k”, “p” and
ao__ )

p”, as V\{’e(ll a)s “a, el, i, 0,y”, or Cyrillic ,,7° that looks like
Latin ,m” (m) in italic

omnipresent stylistic and grammatical mark-up in an
abbreviated form that is not found in standard OCR
dictionaries

shortened forms with the common part replaced by the
special character ~ (tilde), etc.

systematic mistakes allowed automatic replacement both
in content and formatting



Preliminary edition of the content

e overloaded with Soviet ideology
e contained large number of Russisms
e Polonisms were met more rarely

* obvious translation mistakes were corrected
(few)

 now widely used neologisms, e.g. komputer,

mysz 2 ,computer”, ,mouse 2” were added
(few)



“Party” words

e partyjny (“belonging to the party”), excessive examples of use and
the party is understood as the Communist Party of the USSR in all
usages:

e gktyw ~ napTinHWUIM aKTUB, -BY (NapTaK-TMB); grupa ~na napTinHa
rpyna (napTrpyna); komitet ~ napTinHWMIA KOMITET, -Ty (NapT-KOM,
napTKOMITeT); konferencja ~rna napTinHa KOHdepeHLU,is
(napTKoHpepeHuia), 1 egity ma-cia ~na napTinHNIA KBUTOK,
(MapTKBUTOK); NAapTIMHMIM NPaALLiBHUK, -Ka (napT-npaLiBHMNK); praca
~na napTinHa poboTa (napTpoboTa); staz ~ napTiIMHUIN CTaXK, -KY
(mapTcTax); szkolg ~na napTiHa wKona (napTwkona); zebranir n:e
napm,nHi .. K>pu, -pis (napt3abopwu); zjazd ~ naptinuum 3'i3a, -ay
(mapT3'i3a): (“activists, group, committee, conference, membership
card, worker, work, experience, school, meeting, congress”)

e derivation for partia (“party”) in its political sense is also
overrepresented: partyjnosc (“the state of belonging to the Party”),
POP (Partyjna Organizacja Podstawowa) skr. nepBMHHa NapTinHa
opraHi3auia (“primary party organization”), etc.



“Anti” words

przeciwsocjalistyczny antucouianiCTU4HUN
(“antisocialistic”)

przeciwreligijny aHtupenirinimnm (“antireligious”)
przeciwrepublikanski aHTupecnybnikaHCbKMI
(“antirepublican”)

przeciwzydowski anTneBpencbkmnm (“anti-lewish”)
przedkofchozowy pokonrocnHumn (“pre-kolkhoz”)

okres ~ od socjalizmu do komunizmu nepexiagHnn nepioA,
Bi, colianiamy Ao KomyHiamy (“the transferring period
from socialism to communism”)

~ rewolucji burzuazyj-no-demokratycznej w socjalistyczng
nepepocTaHHA byprKya3HO-AEMOKPATUYHOI peBONtoLii B
couianictnyHy (“transformation of the bourgeois-
democratic revolution into the socialistic”)

~dy burzuazyjne bypxya3Hi nepeacyan, -ais (“bourgeois
prejudicies”)



*Russism = literary_Ukrainian_word
(Russian_literary_equivalents) “English_translation”

used not only as translation equivalents but also parts of additional explanations of use

*  *yapeHui *kode - cmarkeHa KaBa (¥KapeHui Kode) “roasted coffee (beans)”

e *Hywpatuca > matu notpeby/notpebysaTtn (Hy»kaatbes) “have a need”

*  *moryyicTb = MoryTHicTb/miub (Morywectso) “power”

e *BipboBKa —» MoTy3Ka/lWIHYp (BepeBKa) “rope”

*  *narep -» Tabip (narepb) “camp”

*  MiniuencbKknit *yyactok = ainbHuLA (yd4actok) “police station; lot”

*  *rnoxoxui = nogibHun (noxoxmin) “similar”

*  *caxapHui = LYyKpoBMI (caxapHbin) “sugar, adj”

*  *)Kapke - neyeHs (xKapkoe) “stowed meat”

* *rpaBipoBKa *neyaTen - rpaBipyBaHHA Ne4yaTokK (rpaBMpPOBKa NevyaTten) “engraving seals”;
*  *nokpacutn = nodapbysatm (NnokpacuTe) “paint, v7;

e *KomaHAMpPOBOYHI = AoboBi/BiapAaHI (KomaHAupoBoUHbIe) “travel allowance”

*  *dnaxok - npanopeupb (pnaxok) “flag”

*  *nepecaxaputn - nepeuykpysatu (nepecaxaputs) “put too much sugar”

*  *npowwmTatmca - npopaxyBaTtuca (npocumtatbca) “miscalculate”

*  *nepepgaTtoyHuii = nepenaBanbHUi (nepeaatodHbii) “transformational”

e *CHOTBOPHMWN —> cHOAINHMI (CHOTBOPHDbIN) “soporific”; *Hanutok = Hanin (HanuTtok) “drink, n”
*  *npuemnoro anetuty! - CmauyHoro! (npuaTtHoro anneTtuTa) “Bon appétit!”

*  *iTanbAHCbKe - iTaniicbke (MTanbaHckoe) “ltalian”; *isympya - cmaparg (n3ympya) “emerald”
*  *wokipyBatm = wWokyBaTn (WoKkuposaTtb) “shock, v’

*  *rotoBuTUCA = roTyBaTtucs (rotoBuTbcA) “prepare”



Conversion to a database format

converted into a database where its structure is
reflected in separate tables and their columns and
rows

First, dictionary text was split into entries with the
most primitive structure: the headword and the rest

This format enabled relatively convenient check and
further edition of the dictionary, already as a database.

After the second edition the larger part of the
dictionary entry was further parsed and recorded into
a more complex database



Defining the core vocabulary

Flexeme (distribution of flexemesin IPI PAN corpus) | Tag Types
Adjective (starting with lowercase letters only) ad] 7157
Adjective (including those starting with a capital adj 7283
|etter)

Adverb adv 2762
Conjunction conj 67
Punctuation interp 43
Predicative pred 19
Preposition prep 66
Particle qub 448
Substantive (including those starting with a capital | subst 19957
|etter)

Substantive (starting with lowercase letters only) subst 16798
Verb verb 12411
Verb (together with gerunds) verb 12546
Sum (without proper name candidates and gerunds) 39771




Advantages of extracting the lexicon
basing on the frequency criterion

singling out words of low frequency that were included into the original
dictionary version;

receiving a list of words of high frequency that was not included into the
original dictionary version

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

Polish words that were not found in the IPI PAS corpus at all (or received a
minimal frequency rank) but whose Ukrainian equivalents receive high
frequency rank in the Ukrainian corpus call for revision as suspects for
archaisms (Polish obuwad, obuc, rozzuwac sie, przespiewanie, zakipiec,
etc.)

There are 21 uses of forms lemmatized obuc “put on shoes” in the IPI PAS
corpus, 19 of them are participles form obuty, still in wide use, and only
two are finite past verb forms obut, both from a novel written in 1985. No
occurrence of its aspectual counterpart obuwac has been found at all.



Automated detection of structural
elements boundaries of the dictionary

Left-hand part
Headword (bold, new line)
* opt. homonym ([(l, II, I, IV)], [space])

* optional (additional forms, e.g., perfect aspect forms of verbs, phonetic
variations, etc.)

grammatical forms ((* opt. [hyphen], [form], [commal]), * opt. hyphen [form],
space)

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

tags of style

tags of topics and terminology

* opt. valency frame ([(], ((* opt. prepositions), forms) [)], space)
clarification / definition (__italic__: [(], [content] [)], [space])

interpreta)tion: the basic form (Cyrillic, * opt. [[(], option ,[)], [space]], END {[,], [;],
[.]1}, space

* ())pt. phrases (bold: [1st part], [space], [2nd part] (* opt. [space], [3rd part]) sign
[:]

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




Automated detection of structural

elements boundaries of the dictionary

Right-hand part

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

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

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

*opt. valency frame ([(], ((* opt. prepositions), forms) [)], space)
clarification / definition (__italic__: [(], [content] [)], [space])

interpretation: the basic form (Cyrillic, * opt. [[(], option,[)], [space]], END
{1, 1, [}, space)

*opt. grammatical forms ((* opt. [hyphen], [form], [commal]), * opt.
hyphen [form], comma)

*opt. collocation examples ([;], * opt .[~], [variable part], [space], * opt.
[the rest of the collocation], [space], [construction], {[;], [.]1})

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



Examples of contextual replacements

CONTEXT

REPLACEMENT PATTERN

[new ling] [Latin, bold]

[new line] <Pee> [Latin, bold]

[Latin, bold], *opt.[,] space, [non-
bold]

[Latin, bold] </Pee>, *opt.[,]
space, [non-bold]

space, [integer], [closed bracket],
space

space, <H3H> [integer], [closed
bracket], </H3H> space

[Latin, bold], space {[I], [II], [I1I],
[IV]} space

[Latin, bold], space <Om>{[l],
[11], [11], [IV]} </Om> space




Parsing steps

e dobry 1) nobpunn; ~re stowo pobpe (nackase) cnoso; ludzie
~rej woli ntoan pnobpoi Boni; z ~rej woli 3 4obpoi BoAi,
nobposinbHO; 2) (do czego) niaxoxkum (ans yoro); ~ do tej
roboty niaxoxun ansa uiei pobotun; 3) (na co) npuaaTHMI
(Ha wo); materia ~ra na ptaszcz maTepia npuaaTHa Ha
nnaw; ¢ po3m. a to ~re! ot T06i 1 maew! ot T06i 1 Ha! po3m.
~ra nasza! Hawa b6epe!

e <B>dobry</B> 1) nobpwuit; <B>~</B>re stowo nobpe
(nackase) cnhoso; ludzie <B>~rej</B> woli ntoan nobpoi
BoAi; z <B>~rej</B> woli 3 nobpoi Boni, 4,06poBiNbHO; 2)
(do czego) niaxoxkum (ons yoro); <B>~</B> do tej roboty
NiaxoXun ansa uiei pobotun; 3) (na co) npngatHmum (Ha wo);
materia <B>~ra</B> na ptaszcz maTepia npmMaaTHa Ha naaL;
0 <I>po3m.</I> a to <B>~rel</B> o1 T06i 1 maeww! oT TO6i I
Ha! <I>po3m.</I> <B>~ra</B> nasza! Halia bepe!



Explicit marking of the limits of all
structural elements of the entry

<Pee><B>dobry</B></Pee> <H3H>1)</H3H> <EKB>006pnit</EKkB>;
<Kon><B>~</B>re stowo</Kon> <EkB>n06pe (nackase)
cnoBo</EkB>; <Kon>ludzie <B>~rej</B> woli</Kon> <Eks>ntogu
nobpoi Boni</Exke>; <Kon>z <B>~rej</B> woli</Kon> <EKkB>3 nobpoi
BOJi, ,06pOoBiNbHO</EKB>; <H3H>2)</H3H> <[MKep>(do czego)
</MKep> <ExkB>niaxoxkunimn</Exs> (ana yoro); <Kon><B>~</B> do tej
roboty</Kon> <EkB>nigxoxunit ana uiei pobotn</Exks>; <H3H>3)
</H3H> <MKep> (na co) </MKep> <EkB>npmnaatHnin</Exks> <YKep>
(Ha wo) </YKep>; materia <B>~ra</B> na ptaszcz <EkB>maTepisn
npuaaTHa Ha nnaw</Eks>; <Pp3> ¢ </dp3>
<MpM><I>po3m.</I></TpM> <Kon>a to <B>~rel</B></Kon> <EKB>OT
T06i 1 maew! ot T06i 11 Hal</EkB> <[plM><I>po3m.</I></Tpl>
<Kon><B>~ra</B> nasza!</Kon> <EkB>Hala bepe!</EKkB>



Tree-structured entry record

“=Pee=<Brdobry</ B><Pee>
“H3m>1=H3=>
<Err>mobopra< ExE>;
“Koa=<B>—B>re stowo<Fox>
<Exe=go0pe (sackase) caoso< ExEe;
“Korzludzie <B>-rej<iBZ woli</ Koaz
<Exe>mogs gobpoi eomi< Exe>;
“Kox>z <B=~rej</B> woli~Kox>
=<ExE>s gobpoisom, gobposlaeno</ Exe>;
<H3s>2 )~ H3g>
<IIKep=(do czego) <TIKep=]
<ErErmaxossi<s ExE> (118 uoro);
“Hox=<B>-</B> dote] roboty<Koa>
<ERE>Imaxo®Enl qouad mei podtotn< ExE>;
<H3u=>3)<H38~>
=ITEep= (na co) <TIEep=
= Exermpraa i< Exes
<¥VEKeap> (na mo) < VEep>;
<Koa>matena <B>~ra</B> na plaszez</Hoa>
<ExErnaTepld MpHIATHA Ha mram=</ExE>;
<Pps>0</dps>
=IpII==I=posa~T=<Tpll=
“Hoxa to <Br-re< B Fon>



Generalized structure of the word entry

Headword
Homonym number
— Inflectional elements (can recur)
e Variants or parallel forms (recurring)
— Headword variant (phonetic variant or verb aspect counterpart)
* Inflectional elements (recurring)
e Variants or parallel forms (recurring)
e Linguistic characteristics (labels for grammatical categories, style, terminology)
— Inflectional elements (recurring)
— Labels of style and/or terminology (recurring)
— Number of meaning
Linguistic characteristics (labels of grammatical categories, 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
Collocation (recurring)
translation equivalents of the collocation (recurring)
* Grammatical parameters (stylistic labels)
Set expression (recurring)
Set expression (recurring)
* Grammatical parameters (stylistic labels)



Structural mark-up inconsistencies
found with the help of parsing

e Additional explanatory information added to the description

of meanings in brackets, sharing the general function of
meaning specification, has to be further divided according to
its meaning and function, e.g.

pociggac

(po BignosinanbHocTi) lexical combination (in Ukrainian)

(npo xBoporo) lexical domain coverage

(36yaxKyBaTh notar go cebe) synonim or synonimic expression
(nuwe aookoH.) grammatical restriction of the word itself
(kogo do czego) KepyBaHHA — syntactic valency

(za soba) lexical combination (in Polish)



Reversing the language direction in a

bilingual dictionary

dobry 1) no6pui;

dobre stowo nobpe cnhoso 1;

dobre stowo nackase cnoso 2;

ludzie dobrej woli ntoagn gobpoi Boni;

z dobrej woli 3 pobpoi Boni 1;

z dobrej woli ,obpoBinbHO 2;

dobry 2) (do czego) niaxoxxun (ans yoro);
dobry do tej roboty nigxoxkun gna uiei poboty;
dobry 3) (na co) npngatHun (Ha wo);

materia dobra na ptaszcz maTtepia npnagatHa Ha naalw,;
O po3m. a to dobre! ot T06i 1 maew! 1

0 po3m. a to dobre! ot T06i 1 Ha! 2

0 po3m. dobra nasza! Hawa 6epe!



Reversing the language direction in a

bilingual dictionary

nob6pun; dobry 1)

nobpe cnoso 1; dobre stowo

Nnackase csoBo 2; dobre stowo

ntoan pobpoi Boni; ludzie dobrej woli

3 gobpoi Boni 1; z dobrej woli

nob6posinbHO 2; z dobrej woli

niaxoxxun (ans yoro); dobry 2) (do czego)
niaxoxxmm ana uiei pobotu; dobry do tej roboty
3) (na co) npmnaatHmn (Ha wo); dobry

materia dobra na ptaszcz maTtepia npnagatHa Ha naalw,;
¢ o1 T06i 1 maew! 1 po3m. a to dobre!

0 o1 T06i 1 Ha! 2 po3m. a to dobre!

0 Hawa b6epe! po3am. dobra nasza!



Conclusions and future work

complete the bilingual dictionary with new
terminology, e.g., of computer science, business, law,
technology

reverse language direction

consistency of the grammatical description and
presentation of semantic correlation of meanings
within lexemes

extraction of automatic interlingual homonymy, or so-
called translator’s false friends

using Polish-Ukrainian corpus (PolUKR) for acquisition
of more translation equivalents, either automatically
or manually www.corpus.domeczek.pl




