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AUTOMATIC TEXT TRANSLATION SYSTEM FOR ARTIFICIAL LLANGUAGES

The growing number and variety of artificial languages leads to the need and relevance of creating automatic dictionaries
for their translation in order to facilitate human communication. Such languages include languages where vocabulary, phonetics, and
grammar have been specifically designed to achieve specific goals and to communicate with a group of people by interests or place
of residence. These languages can be distributed among people of certain professions or among neighboring nations. Examples are
slang and surzhik. The common for them is that there is a basic language (literary), the intersection in spelling and meaning of words
and phrases with which is quite large. The main goal of the project is to create a system of automatic translation of words and texts
from / into arbitrary languages, including hybrid, artificial and slang ones. The proposed model shows the interaction and partial
interdependence of the creation and adjustment modules and the translation module of the dictionary, which is explained by tacking
the approach of reverse propagation of the translation error. To perform experiments and analyze the performance of the proposed
approach to the organization of automatic translation of texts from and into arbitrary language, a software application was developed,
which includes a subprogram of initial word processing for dictionary organization, one for creating a working dictionary and one for
two-way improvement of created dictionary by the inclusion of new texts in order to improve the quality of translation, including the
search for word phrases, idiom, and translation for them, the subprogram of dividing the dictionary into sub-dictionaries with a small
percentage of text, the subprogram of the translator itself. To test and analyze the results of the proposed generalized model, three
types of source texts were used. literary poetry translation, literary prose translation, literal prose translation. The results of the
experiments showed that the proposed approach provides a high level of translation (up to 98,8%) in similar languages (between
such languages as Ukrainian-Russian, or Ukrainian - Ukrainian-Russian surzhik wih equal word order in the sentence), especially with
a literally translated source text. It has become known that the use of artistic texts to generate dictionaries Is possible, but not very
effective.
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CUCTEMA ABTOMATHUYHOTI O IIEPEKJIAAY TEKCTY JJIS1I ITYYHUX MOB

3pocTaHHs  KifIbKOCTI Ta PIHOMAHITTS LUTYYHUX MOB [PpU3BOAUTE [0 HEOOXIAHOCTI Ta aKTya/IbHOCTI CTBOPEHHS
aBTOMaTUYHNX C/IOBHUKIB A/1S1 IX MEPEKIaAY 3 METOIO IOJIEMLEHHS JIFOACLKOro CrilfiKyBaHHSA. O Takux MOB BIAHOCATLCS MOBH, A€
JIEKCHKE, (POHETUKA | rpamMaTvika Gy i CrELIa/IbHO PO3POBIIEHI /15 BTIIEHHS EBHUX LiIed | CrIIKYBaHHS rpynv Jio4ed 3a iHtepecamu
abo micuyem rpoxuBarHs. lpuknagamm € cieHrv 1a Cypxuku. CrifibHUM 4J15 HUX € T€, O 415 HUX ICHYe 6a308a MOBa (/1ITepaTypHa,),
11EPETHH 338 HAMUCAHHSIM [ 3HAYEHHSIM C/TiB T C/IOBOCIIONYYEHb I3 SIKOIO € AOCUTb BEMKIA. METOI poBOTH € CTBOPEHHS y3arallbHEHOI
MOJEJ CUCTEMN aBTOMATUYHOIrO EPEK/IEAY TEKCTIB 3 AOBI/IbHOI HA AOBI/IbHY MOBH, BK/IIOYAKOYM LUTYYHI Ta IiOpUAHI MOBH.
3arnporioHoBaHa MOAEsb MOKa3ye B33EMOAI0 Ta YaCTKOBY B3AEMO3A/IEXHICTL MOAY/IB CTBOPEHHS Ta KOPUIYyBaHHS C/IOBHUKY Ta
MOAYIIO EPEKTIBAY, YO [IOSACHIOETECS [1IAX04OM 3BOPOTHLOIO PO3I0BCIOMKEHHS TOMWIKN EPEKIGAAHHSA. [19 BUKOHAHHS
EKCIrIepUMEHTIB 6y/10 pO3POB/IEHO MPOrpamMHii 3aCTOCYHOK, LU0 BK/IIOYAE B cebe rifnporpamMy repBicHOi 06pobKu TeKCTy A/1S
oprarizauii cI0BHUKY, MANPOrpaMy CTBOPEHHS pobBOYOro CI0BHUKY, MIAMPOrpaMy ABOCTOPOHHLOMO [MOKPALUYEHHS] CTBOPEHOO
C/IOBHUKY LUJISIXOM [OMOBHEHHSI HOBUMYU TEKCTaMu U1 MIABULUEHHS SIKOCTI [EPEKTIaAY, BK/IHOYaloqy [1OLYK C/I0BOCIIONYYEHb,
@pazeosioriamis, Ta NEPEKNAAY A/19 HUX, MIANPOrpamMy pO3OUTTS C/IOBHUKA Ha MACTIOBHIKY [IpH MA/IOMy BIACOTKY MEPETUHY TEKCTY,
nignporpamy rnepeknagaqa. [/is TectyBaHHs Ta aHani3y pesy/ibTartis poboTy 3arnporioHOBaHOY3araIbHEHEMOAE b, BUKOPUCTaHO TP
TUITN IOYATKOBUX TEKCTIB. XYLAOXHIV NEPeKas rnoesii, XyAOXKHIV nepekras nposu, A0CBHW MEPEKAZ po3u. Pe3yibTaTi oKkazam,
YO 3arPOrIOHOBaHMY NIAXIA AAE BUCOKMY PiBEHb repexkiagy (40 98,8%) 4n1a nogioHnx MoB (Takux, SK YKPAiHCbKa Ta pociiceka, abo
YKDAIHOKE T3 YKDEIHAKO-DOCHICHKIN CYPIVIK [3 QUHAKOBIM [IOPSILIKOM CTIiB Y PEYEHH]), 0COB/MBO 1Vt JOCTIBHO MEPEKITAACHOMY 0YATKOBOMY TEKCTL.
CTa/10 BJOMO, 1LO BUKODUICTAHHS XyAOXKHIX TEKCTIB /151 FEHEDALIT CTIOBHVKIB MOXIMBE, JJ/TE HE € EQHEKTUBHIM.

KI1t0408i ¢/108a:C/I0BHIK, 06pO6Ka, MOAE/L, TEKCT, MOBE, C/IEHI, KOMITIOTEPHA CUCTEMA.

Introduction

Lexicography is a very old type of linguistic activity, as evidenced by the first dictionaries that appeared as
early as the late twelfth century, to perform informative (allowing to access the accumulated knowledge in the shortest
way — via notation) and normative functions (through fixating the meaning and usage of words, they contribute to
improvement and unification of language as a means of communication), as well as to reflect the knowledge that
society has in a given era. Further development of computer and computing technologies has led to the emergence of
a new field in lexicography — computer (or electronic) lexicography, which provides the ability to use lexicographic
resources through computers or other electronic devices. In a broad sense, the main object of computer lexicography

research is the electronic dictionary [1,2]. Similar terms include "machine dictionaries”, "automatic dictionaries”,
"automated dictionaries”, “computer dictionaries™ [3]. The basis for the creation of electronic dictionaries are science-
intensive methods in the field of linguistic analysis, word processing, lexicographic databases, machine translation

(statistical machine translation, neural machine translation, machine translation based on rules, hybrid machine
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translation), etc.

Traditional lexicography || Electronic lexicography [ Cybernetic lexicography

Fig.1. Evolution of human linguistic activity

The wide spread and mass access to the Internet marked the beginning of the development of such field of
lexicography as cybernetic lexicography (cyberlexicography) (Figure 1), which involves the use of the Internet to
compile a dictionary. Many sources on pedagogical or philological sciences provide detailed classifications of
dictionaries. One such example is [4].

Dictionaries
classification
By the way of
describing words
Specialized:
General ] P o ]
- etyological dictionaries,
- foreign words dictionaries,
- dictionaries of new words,
- dictionaries of jargon,
- phraseological dictionaries,
- orpheme dictionaries ...
I 1
By the order of the By the number
material arrangement of languages By the purpose
Alphabetical Ideographic Monolingual Bilingual Scientific Educational
dictionaries ~[ dictionaries dictionaries =] dictionaries dictionaries ~[ dictionaries
Associative Multilingual Reference Translation
dictionaries = dictionaries = dictionaries = dictionaries

Fig.2. Systematization of dictionaries

The choice of using a particular dictionary depends on the task at hand, such as translating a text or
interpreting a term. Thus, translation dictionaries are designed to compare and transition from one language system to
another (Ukrainian-Belarusian, English-French, etc.), while special dictionaries, such as regional and private dialects,
reveal lexical meanings within a single dialect or dialect. (dictionary of jargon and slang) (Figure 2) [5, 6].

Related works
Nowadays, it takes a lot of time to translate slang or surzhik, as it is difficult to find a specialized translator.
All popular translators can only translate into a certain number of languages (Table 1), and it is quite difficult to scale
such dictionaries by adding new words for translation.

Table 1
Analysis of the analogues

Comparison Google translate Yandex. translator www.dictionary.com ABBYY Lingvo

criterion

Number of supported | 104 95 1 20

languages. (220 vocabularies)

Access Free. Free. Free. Paid.

Supported platfroms Windows, Linux; | Windows, Linux; | Windows, Linux, Android, | Windows, Android, 10S.
separate apps for | separate apps for I0S | 10S Requires separate
10S and Android. and Android. installation for each

platform.

Offline availability Online only. Online only. Online only. Both online and offline
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| | | | | modes is available. |

Using the table 1, one can understand that Google translate and Yandex translator have the most advantages,
however they only provide the translation from and into official state languages, without supporting the possibility of
expanding with new artificially created words and translating slang vocabulary and artificial languages. Given that
the number of artificial languages today is very large and constantly growing, new slangs are being generated due the
influence of languages on each other and depend on a certain area, the creation of separate dictionaries for each of
them is not appropriate. Slang is similar to its language of origin, with the addition or change of a small number of
words. However, it is not always convenient to understand and communicate freely with a group of people who have
a certain slang. In artificial languages, vocabulary, phonetics and grammar are specially designed to embody certain
goals, for example, to communicate with a group of people affected by a particular book, movie, game, and so on. It
is purposefulness that distinguishes artificial languages from natural ones [7].

Considering all the above, the creation of an automatic translator of slang and artificial words into official
languages is an urgent and demanded task in today's world.

The analysis of scientific works devoted to machine translation shows that to mobile applications for instant
translation in order to expand the vocabulary [8], real-time natural language translators for a limited number of foreign
languages [9] enough attention is paid. Translators are often a built-in module in NLP systems to determine the mood
and emotional state of dialogue participants in different languages [10, 11]. In spite of practical application of
translators, the basic algorithms in most proposed are such algorithms and numerical methods as Knut-Morris-Prata
[12], TF-IDF, word bag, neural networks, etc. Most studies are conducted for popular languages, such as English,
French, Spanish, but make mistakes in the translation of languages that are first provided to the system, or little known.
Multilingual translators are promising, where the target language is not only English, but any other language.

The goal of the given work

The growing number and variety of artificial languages leads to the need and relevance of creating automatic
dictionaries for their translation in order to facilitate human communication. Such languages include languages where
vocabulary, phonetics, and grammar have been specifically designed to achieve specific goals and to communicate
with a group of people by interests or place of residence. These languages can be distributed among people of certain
professions or among neighboring nations. Examples are slang and surzhik. The common for them is that there is a
basic language (literary), the intersection in spelling and meaning of words and phrases with which is quite large.

The object of this study is an automatic dictionary that can be used to translate and interpret slang or artificial
vocabulary, as one that is created at the intersection of several languages and has many common (borrowed) spellings
and meanings of words from different languages.

The main goal of the project is to create a model of the system of automatic translation of words and texts
from / into arbitrary languages, including hybrid, artificial and slang ones.

To achieve this goal, the following tasks must be solved:

- implementation of the possibility to use the prepared dictionary for translation;

- expansion of the vocabulary;

- creating new dictionaries based on existing ones;

- development of approach and creation of inverted dictionaries.

Proposed model

The paper proposes a generalized model of the system of automatic translation of texts from and into arbitrary
language (Figure 3). This system primarily provides the ability to translate even from / into artificial languages, such
as Esperanto, Talos, Interlingua, Lojban and others.

The given model shows the interaction and partial interdependence of the creation and adjustment modules
and the translation module of the dictionary, which is explained by tacking the approach of reverse propagation of the
translation error.

The texts submitted to the input of the proposed model must be presented in two arbitrary languages and have
the same number of sentences. Sentences are counted by the number of dots ("."), Exclamation mark ("!'"), Question
mark ("?") And three dots ("..."). In addition, each sentence must have at least one word. For example, if there are
only spaces, commas, quotation marks, and other punctuation marks between the exclamation mark and the question
mark, this will not be considered a sentence.

In addition, sentences with the same sequence numbers will be considered translations of each other, ie
changing the order of sentences will lead to incorrect operation of the program.

Let's explain the work of the module for creating working dictionaries, which will be the basis for the
translation of source texts.

Dictionaries use an algorithm that calculates the relative probability of translation based on the location of
words in a sentence, the percentage of corresponding sentences in which both words occurred, and their similarity
using the trigram method and the Knut-Maurice-Pratt algorithm [13-15].

However, since it is not always possible to find the same text in both selected languages, the paper proposes
to build a dictionary through existing ones.

MDKHAPO/IHUI HAYKOBUI XYPHAJL . 23
«KOMIT'IOTEPHI CUCTEMMU TA IHOOPMALINHI TEXHOJIOI'TI», 2021, Ne 3



INTERNATIONAL SCIENTIFIC JOURNAL
«COMPUTER SYSTEMS AND INFORMATION TECHNOLOGIES»

Return to the dictionary in case of low
translation quality

|

|

|

|

|

|

|

|

|

| .

rrect

! Corrected Translation Translated

: o \ocabulary vocabulary module based on i

i = S correction the created !

! 3 g dictionary !

[ L e |

' = I

l 2k !

: =< :

| |

| S |
Source texts for o !
creating working Formation of the X !

i first rank = l

| . . . Q = :

! dictionaries 5 ¢ |

| o « |

! w E :

|

Fig.3. Generalized model of the system of automatic translation of texts from and into arbitrary language

Let languages 1 and 2 be known languages, languages 3 and 4 be slang. In addition, there is a two-way
dictionary between languages 1-2, and there is also a two-way dictionary between languages and their slang. Let us
mark this on the graph, where each language is a vertex and the dictionary is an edge (Figure 4).

Language 1 Dictionary for languages 1&2 Language 2

Dictionary for languages 183 Dictionary for languages 2&4

Language 3 Language 4

Fig.4. The graph of languages and dictionaries between them in the initial position

Since there are edges between languages 3 and 1 and between 1 and 2, for each word from the 3rd language
we will try to find a translation into language 2 using a dictionary from the first to the second language. Since this is
not an exact translation, the probabilities of translations will be multiplied by each other, and multiplied by a correction
factor k, 0.8<k<1 (k = 1 if all probabilities are less than one). Let's mark the new dictionary between languages 2 and
3 with a dotted line on the scheme (fig. 5).

Language 1 Dictionary for languages 1&2 Language 2

Dictionary for languages 1&3 _.-""’_' Dictionary for languages 2&4
First rank dictionaries between languages 2 & 3

Language 3 S Language 4

Fig.5. The graph of languages and dictionaries between them after constructing a dictionary from 3 to 2
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Using the same idea, we will build a dictionary through languages 3-2—4. Then we get a dictionary with a
correction factor k = 0.64.

Language 1 Dictionary for languages 142 Language 2

Dictionary for languages 1&3 ‘ Dictionary for languages 2&4
First rank dictionaries between languages 2 & 3

Language 3 S — Second rank dictionaries between languages 3 & 4-------------------- Language 4

Fig.6. The graph of languages and dictionaries between them after constructing a dictionary from 3 to 4

This dictionary can also be further used to build new ones, but it is not recommended, as dictionaries with
rank 3 or higher contain very low probabilities of relative translations, and their use is not appropriate (dictionary rank
is defined as the sum of ranks of dictionaries that built it, increased by one) (Figure 6).

To improve the quality of newly constructed dictionaries, it is mandatory and necessary to supplement the
finished dictionary with new texts. To do this, in previous iterations it is necessary to save not only the word, possible
translations and the probability of these translations, but also the number of processed words and the total size of
sentences on which the dictionary was built.

After building the dictionary, we can use it to translate texts. When generating a dictionary, it is possible to
build not only a dictionary of word-for-word translations, but also a word-for-phrase and vice versa. In order to choose
the best opportunity to translate phrases, the following algorithm was used (Figure 7).

Nontranslated input text

/ Inputting of the Text /

Choosing not yet translated word

v

Choosing the optimal translation for
the word

v

Searching for all possible phrases,
beginning with this word, then
searching of possible translations

¥

Selection of the most probable
translation among all translations of —
the word or its phrases

v

Translated text

Fig.7. Algorithm for translating text with a phrases dictionary

As a result of the algorithm, the input text will be translated using dictionaries that were submitted to the
translator input. The algorithm tries to maximize the total probability of correct translation by maximizing the sum of
the probabilities of the relative translation of each word or phrase that have been recorded in dictionaries.

The results of the experiments
To perform experiments and analyze the performance of the proposed approach to the organization of
automatic translation of texts from and into arbitrary language, a software application was developed, which includes
a subprogram of initial word processing for dictionary organization, one for creating a working dictionary and one for
two-way improvement of created dictionary by the inclusion of new texts in order to improve the quality of translation,
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including the search for word phrases, idiom, and translation for them, the subprogram of dividing the dictionary into
sub-dictionaries with a small percentage of text, the subprogram of the translator itself.
To test and analyze the results of the proposed generalized model, three types of source texts were used:

literary poetry translation;
literary prose translation;
literal prose translation.
In addition, in Esperanto we will replace the ¢,
problems.

A

g

A A

h,j,8 tmac, g h j s ucharacters to avoid encoding

For a literal translation of prose, we use the texts shown in Figures 8a and 8b.

ARTOP 3CNepanTo, Nalape JWACBMK 3aMenrod, & 1B7H OYAyuM B NOCASAHEM KNACCE THMHAZMM
M YYack B YHMBREPCHTETE, JaMEHrOd WA NPOTAMEHMM NOMHWX CeMM NeT Ao 1885 rofa aopabate
Hakowey, B 1HEY B Bapuase NOARMACA NepRuA vy nog 3ar h CREETT
ARTOD MINAN YUEOHHK HE NOJ CROMM , & nog ne
Tenepe W CaM AZWK HASRAH 3TUM NCERAOHUMOM,

B 1913 rogy Nof PYKOROACTROM WIRECTHOrO PAHUYICKOrO NMCATENs TPUCTaHa BepHaph 3cnep
ONpeAenEHHWA TUTEPATYPHAA TEKCT Bl NEPEREEH HA MHOTWE AZMKH, MEXLY NPOUMM TaKKe W
A 3ATEM TOT ¥e TeKCT CHORa Dun ApYTUM opur

CAYHA

I "l-p Acneg

F A T [

FAKOHUMA NEPRMA NPOSKT AZIK.
RAN CROW AZNK.
HoxTopa IcnepaHTo”.

", T_& "TOT KTo HageeToA”.

AHTO NPOIKIAMEHORANN & CNEUMANBHOR KOMMCCHM.
Ha ICNEpanTo,
TEKCT, HAa AZGK OPHTHHANE .

PE3YNeTAT NOKAZaN, 4TO CaMuil COREPWEHHHA NepeRoj Dei CAENaH © NOMOWLK ICNEPAHTO, NOTOMY 4TO TEKCT, NepeReféHHWi obpaTHo © 3cNepanTo Gwn Hawbonee BAWIOK K OpWUrHHany .

Neprwf Boeobuwd kowrpeco acnepawTo Bun opr. L=

(o

) B 1985 rogy.

a)

La autoro de esperanto Lazary Ludovik Zamenhof en 1878 esan nel laste klaso de gimnazio endi et une projekto del lingo.
Trastudan nel universiteto, Zamenhof dum plene sep yaros ad la yaro 1885 prosesari e sue lingo.

Enden, nel yaro 1887 en varshava aperi la une manuelo sub la titulo “"Internacia

Lingvo de Doktoro Esperanto”.

La autoro no eldoni e manuelo sub sue namo, bat sub la pseudonimo “D-ro Esperanto”™, s_e "Kvele espera”.

pPrezenten la lingo same es namate segun eze pseudonimo.
Nel yaro 1913 sub la gvido de populare franse skritero Tristan Bernard os exiam

ini et esperanto en spesiale comiseo.

Definite literature texto esi tradukite al multe lingos, inter otren pam al esperanto,

ve posten la same texto esi retradukite per otre tradukistos, inkonante et originale texto, al lingo del originalo.

La rezulto montri, ke la plu perfekte tradukos esari farite per helpo de esperanto, kar la retradukite texto from esperanto esi la plu proxime al originalo.
La une universale kongreso de esperanto esari organizate en Boelongne-sur-Mer (Fransia) nel yaro 19@s.|

b)

Fig.8. Corresponding texts in different languages: a) in Russian, 6) in Esperanto

After using the program we get the following two dictionaries.

1878
1885 :
1887
1505 : 1905
1913 @ 1913
ad : cemn @,
al :

1878
1885
1887

8.8381 Gynywn 8.74485 nocnefHem 9.74495 knacce 8.68B089 B 0.1625 |
.95 ae 0.75 roga @.75 aet 9.7 popabaTtusan @.7

8.88651 papwage ©.73651 NORBMNCA B.67301 HakoHeu 9.608952 B 8.17143 |
8.73572 roay ©.16667 $panunn 8.11667 Gonowse 8.1 & 0.083333 |
B.89106 pyKoBOACcTROM 0.6821 rogy 0.2 noa B.18667 & 0.17333 |

B nonweix 8.75 neT @.75 npoTAxedun 8.7 ao 8.7 |

IENEPANTO B.12957 TeKeT ©.11442 w 0.11333 Takxe 0.11167 npoumm 9.11 |

aperi : noAsmncA @.73651 sapsase 8.67301 ywebuwk ©.56032 nepesh @.2 non 8.17143 |
autoro : asTop 8.74564 W3nan @.2 Nalape @.1B155 3CNepanTo @8.1375 yuebHuk @,09375
bat : ap ©.74732 ncenacwwwoM 8.6 a 0.175 MNCPINTE 8.175 wMemeneM ©.1635 |
bernard : npoak3amedoBank 9.8 GepHapn 0.6821 cneuwansHoR 8.6821 3cNepanTo 8.18667 TPHCTaHa @.
bolongnesurmer : dpanunn @.72857 1905 0.72857 Bonowwe ©.65715 rogy ©.16667 o 0.15 |

comisen : omMCCHM ©.14667 cneusanchol 8.13333 NposKIaMeNOBANH 018667 JCNepanTo B.0893332 bep
de : acnepawTo 9.57168 B ©.32715 nepesif 8.24187 A3uK ©.@50225 Gun 8.85797 |

de_esperanto @ JCHEPaNTO ©.18448 Gun ©.11594 B 8.10972 nanaps O.066668 nepiud 0065278 |
definite : onpenenéuHw@ @.8 nuTepaTyphuR @.7729 TekcT @.18667 Gun 8,18 nepesendw 9.17333 |
del : mIWK @.4B552 OpMrWHana @.7 OPHIKHANeWsR 8.@B6GG7 WeIHAKWMM B.8E3333 NepeRONYMKOM .08
doktoro : acnepanto 9.15714 AOKTOPA ©.14286 AN ©.12857 MexQyMapolmi @.11428 3aronoskom 0.1
P T_e @.74722 kT0 @.74722 wageeTcR B.69444 ToT 8.6 3cnepawTo 8.175 |

yHMBepeuTeTe 8,75 nporacenan 0.7 lamenrod 8.6 Ha 0.1875 o 0.17% |

© : nop 8.37778 nopabatwsan ©.2 rona @.1875 cood 8.1875 we 0.18472 |

eldoni : We 8.8 Wagan 0.60444 cBOMM @.60444 yuebuwk ©.1875 nog 0.1875 |

0 1 B B.A6519 JCHEPANTO ©.34362 nepoui B.27375 anuk 0.05 |

enden : Haxoweu 8.8 1887 9.67381 B @.18571 eapwase 0.14286 nomeunca @.12857 |

endi ! npoexT @.74485 A3kk 8.2 Nepewt B.175 IaKowuan 8.1625 ruMmHazne 9.15 |

©5 1 MARBAW ©.8 OTuM O.67I01 Cam 0.54604 ANMK 8.17143 ncengownmoM ©.14286 |

esan nocnegHes @.8 knacce 8.74485 Gyayus @.68800 ruMmaziM ©.6B809 1878 8.1625 |

esarl @ ¢ ©.26154 caenam ©.1893 Bun @.17464 pcnepanto ©.16631 & 0.1 |

esi : TekeT 8.14193 acnepanto @.13768 Bun ©,12609 nepesesid 2.1 Wa 8,1 |

espera @ HaeeTcA 9.60444 kTo 9.1625 TOT @.15 T_e @.1375 acnepanto @.125 |

esperanto : BCNEpanTo B.61158 Gun 0.99E57S TecT 0.057645 B 0.044792 |

et : A3wk 0,38643 3cnepawTo 0.805278 KoMMCCHM Se-06 HedwavamM Se-06 |

exzamini @ CNEUMANLHOR @.B KOMHCCWW @.74186 npoaxiaMeHosand @.6821 acnepawto 8.16 Gepwapa 8.1
2@ 1 BTMM 54604 NCEBACHMMOM ©.17143 HaNBaW ©.11428 AluK ©.0B5715 cam ©.057142 |

farite : nomcubw @.8 clenad @.72642 noToMy @.72642 ¢ @.72187 3cnepawto 2.19131 |

franse : TpecTawa @.8 Awcatenn 9.74106 bepuapa ©.74106 dpanuyickore ©.6821 denepanto @.17333
fransia : 1995 8.8 dpawums B.65715 rogy @.18333 Honowee 8.15 & 9.13333 |

from : wawBonee @.76321 Gnuzon @,.72642 K @.68963 ofpaTwo @.17391 nepependwhuR @.16522 |

D Takme 9.8 ApouMM @.7729 mexgy ©.74581 w 8.19233 anuke 0.18 |

azio : NPoEKT @.8 3aKOHuMN ©.GEEE9 nepesh 8.1875 AZK 8.1875 ruMHazMM @.1625 |

do @ WIRECTHOMD 8.8 PYKORONCTROM @.74106 dpawuy3ckoro 8.74186 nucaTens @.6821 noa @.17333
s onnToan: B 8 Ao B TIAAT ¢ 08 RRAIG acnensurn @ 10131 rewcr 8 18981 |

As a result of work among 202 words in both dicti

Fig.9. The result of the application. A dictionary for 202 words of the working Russian-Esperanto dictionary has been created

1878 :
1885 :
1887 :

1878 @.8619 en 8.7619 ludovik @.75595 lazary @.71191 zamenhof @.6 |
1885 0.9% yaro 0.75 prosesari 8.75 la 0.7 e 0.7 |

1887 ©.89021 yaro @.& nel @.75556 en @.71111 enden @.69841

1905 : fransia 8.8 1905 0.76428 nel 0.74286 bolongnesurmer 8.7380% en 0.68571
1913 : 1913 @.99228 yaro 8.8 nel 8.75789 sub ©.71579 la 0.67368 |

a : la @.63154 esperanto @.618B64 sue 8.4 posten 8.2 ve 8.19309 |

astop : la 8.8 autoro 9.75436 esperanto ©.4317% de ©.3619 no 8.1833a |
Gepuapn : skritero 8.8 franse 0.75228 tristan ©.75228 populare @.70456 bernard 0.70456 |
Gouzok @ esi 8.8 from @.73445 texto @.7@769 proxime @.78167 retradukite 8.67692 |
Gonouke @ organizate ©.8 esari @.74286 en 0.74286 esperanto 0.68571 bolongnesurmer @.67619
Bymyun 1878 @.75595 ludovik ©.71191 esan @.71191 zamenhof 8.56845 en 8.5 |

Buan : per 8.46573 texto 0.45855 esperanto 0.45084 retradukite ©.44558 la 837015 |

B i nel @.64486 en 8.53242 de 0.40507 yaro @.39574 la 0.3481 |

Bapwape ! en @.§ 1887 @.74921 varshava @.74921 yaro @.71111 aperi @.69841 |

veeobuvi ¢ une .8 1a 0.74286 universale 9.73809 kongreso ©.67619 de 0.62857 |

rumpazHd @ laste 0.8 nel 0.7619 klaso ©.75505 esan @.71191 1878 @0.68571 |

roga @ prosesari 8.8 1B85 @.75 yaro 8.7 sue @.7 @ 0.5625 |

roay @ yaro 0.56019 nel 0.52828 de 0.51579 la ©.44361 en ©.41955 |

no ¢ la @.75 1885 8.75 ad ©.7 prosesari 8.7 yaro 0.5 |

acxtopa : titule 8.8 inte cia 8.74921 sub 8.71111 lingve 8.69841 manuclo 8.66667 |
nopabatwsan : prosesari 8.75 1885 8.7 lingo @.7 ¢ 8.6 sue @.5625 |

ap : bat 9.75278 namo @.78555 sue B.66667 dro @.66667 pseudonime @.53055 |
Apyram @ tradukistos ©.8 otre ©.77376 inkonante ©.77376 per ©.74839 et 0.74839 |
we : la @.74839 retradukite @.74839 posten @8.72258 per 0.72258 same @.58043 |

ArONOBKOM © uné @.75556 sub @.75556 la @.71111 aperi @.66667 manuelo 8.6 |
naxonamn @ klaso 9.8 laste @.7559% nel @.72381 gisnazio 8.71191 esan @.68571 |
3amenrod @ zamenhof @,73995 la @.50881 nel 8.42035 lazary @.2 dum 9.2 |

la 0.8 posten .77376 ve @.74753 esperanto @.72258 same @.58043 |
la 2.61559 same 8,33707 lingo ©.32237 esperanto @,25826 trastudan Se-96 |
W3secTHOro @ gvido 8.8 la @.75789 de @.75789 sub 0.71579 populare 9.78456 |
wigan : la ©.75556 no ©.75278 eldoni 0.70555 ¢ 0.66667 autoro 8.6 |
WMemeHeM | manuelo 8.75556 e 0.71111 namo 0.70555 sub 0.575 sue @.56528
K ! esi 8.76923 proxime 8.73445 al @.78769 from 8.7@167 texto 8.67692 |
knacce : nel @.8 esan 9.75595 laste ©.75595 1878 0.71191 klaso @.71191 |
KOMMCCHH ! esperanto @.75789 exzamini @.75228 en @.71579 os @.7@456 et @.53334 |
wonrpece ¢ universale 0.8 une 0.74286 kongreso 9.73809 la o.68571 de 0.68571 |
KTo © esperanto .8 dro 8.75278 s_e @.75278 pseudonimo @.71111 kvele @,78555 |
nazape : de @.8 esperanto @.7619 la @.72381 lazary @.71191 autoro @.56845 |
net : la 0.8 ad 0.75 yaro @.75 yaros 8.7 1885 0.7 |
nuTepaTyphud : literature @.8 texto @.77419 definite @.77376 esi @.74839 tradukite @.72258
MenoRAK @ esperanto @.8 de @.7619 lazary 8.75595 autoro @.72381 ledovik @.71191 |
intar 0 8 linsae B TTITE atren 0 TTITA multe 8 TATEI oam 6 7a7e1 |

BaTEM :
LI

onaries 5 corresponding translations for each word with a

probability of more than 0.3 were found, and they were arranged in descending order of probability. Translations with
a lower probability are considered as noise. Translations with the highest probability are considered as correct

translation (Figure 9).

The analysis of the obtained translation result showed that 50% of words in the dictionary have translations
with the highest probability and correspond to the actual translation of the word. 90% of words also have their actual

translation in the dictionary among the five options offered,

although not with the highest probability.

To test the literary translation, we will use the beginning of Bulgakov's novel "The Master and Margarita".
We use an excerpt from the text shown in Figures 10a and 10b.
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OfHawis BECHOW, B 4al HelLBano Xaproro 33kata, 8 Mockee, Ha MaTPHapUMX NPYA3X, NOABAIMCE ABJ [ PaxO3HWHE .

Mepesid M2 HAX, OOETHA B NETHOO CEPEMBKYN Napy, Dwn MANEHLKOro POCTE, YOMTEH, AWC, CEON NPRIKNMYG WIANY MPONKOM HEC B pyKe,

3 Ha XOPOWo BLBPHTOM NHLE Ero NOMCUANMCE COEPXLECTECTBEHHWY PAIMEPOB OMKM B YCPHOR POroBOR onpase.

BTopoR MNEYHCTHR, PLUXEBATHA, BMXPICTHA MONOLOA YENOBCK B JJNOMAEHHOA Ha 3aTWNOK KNETYaTOR Kenke Gun B kopbofke, wepaHux Oendd OpOKaX W B YEPHLX Tano4kax.
Nepani OWA HE KTO MHOM, KaK MUXaun ANEKCaHApoRWY GEPRHO3, NPEACEfaTeNh NPARNEHWA CHOR W3 KPYNHERAWMX MOCKORCKWX NHTEPATYPHX AcC i, coxpauy y MACCONMT,
W PEAAKTOP TOACTOrG XYAOKECTEEHHOO XYPHaNa, a MONGAOR CNYTHWK Bro — NO3T Head NaHLpEs, A NOA NCEBAOHUMOM BEZNOMHBIA .

MON3E B TeHb YyTe JLNSHEOWMY AN, NUCATENW NepesM A0NToM GPOCHAMCE K NECTpo packpasedHol Gyaouke © wagnucew "Mneo w sogu”.

fa, cnegyer oTMETHTE NEPBYH CTPAHHOCTE 3TOMO CTPAWHOTD MaRcKoro Beuepa,

He Tonbko y Gynodsd, MO W B0 BCeR annee, napannensnod Manod BROMHOR ynmue, Me OKalanoch W OOMOTO Yenosexa.

B TOT 4ac, KOTAd YX, KaXeTCA, W CHA He Guno QueaTh, KOTOA CONHUE, PACKANHD Mockoy,

B CYXOM TYMaHE BANMAOCH KYAA-TO 33 CAAOR0E KONLLO, - HUKTO HE NPUUEN NOA WAL, WHKTO He CeN Ha ckameliky, nycTa Guna annes.

a)

Foje en Moskvo, dum malnormale varmega printempa sunsubire, du civitanej venis la gardenplacon de la Patriarha lageto.

La unua, vestita per griza somera kompleto, estis malalta, diketa, kalva, sian malfrivelan capelon li portis en la mano,

kaj sur lia bone razita vizago vastis kolosaj okulvitroj en nigra korna muntumo.

La dua, largasultra juna vire kun senorda rufeta hararo kaj kvadratita kaskede sur la nuko, surhavis buntan cemizen, cifitan blankan pantalenon kaj nigrajn sportosuejn.
La unua estis neniu alia ol Mihaelo Aleksandrovic Berlioz, redaktoro de dika beletra revuo kaj la prezidanto de Massolit,

unu el la plej grandaj moskvaj literaturasocioj, lia akompdr:dnla estis la juma poeto Ivano Nikelaic Ponirjov, verkanta 5ub la pseudonimo Senhejmulo.
Atinginte la ombron de apenau verdigintaj tiliej, la literaturistoj tuj jetis sin al bunta bude kun surskribo "Biero kaj Trinkajoj".

Nu, oni notu la unuan strangajon de tiu terura maja vespero.

Me nur antau la budo, sed en la tuta aleo paralela al la Malgranda Bronnaja strato, ne estis ec unu homo.

Je horo, kiam oni apenau povis spiri la varmegan aeron, kiam la suno, ardiginte moskvon,

en seka nebulo estis falanta ien trans Sadovaja-strate, neniu venis sub la tiliejn, neniu sidigis sur benkon, malplena estis la aleo.

b)
Fig.10. Corresponding texts in different languages: a) excerpt from the novel in the original language; 6) an excerpt from the novel
translated into Esperanto

As a result, we obtain the following dictionaries (Figure 11).
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667 cemizon ®.73333 buntan 8.7 |

budo 0.36047 |

46 sed 0.71746 |
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nax @.65785 wa 0.2 Bakata @.16 BeeR : en 0.7619 tuta @.75873 aleo 0.72381 sed a6 budo B.68571 |
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Fig.11. The result of the application

As a result of work among 304 words in both dictionaries 5 corresponding translations for each word with a
probability of more than 0.3 were found, and they were arranged in descending order of probability. Translations with
a lower probability are considered as noise. Five such words were found. Translations with the highest probability are
considered as a correct translation.

The analysis of the obtained translation result showed that 15% of words have translations in the dictionary
with the highest probability and correspond to the actual translation of the word. 40% of words also have their actual
translation in the dictionary among the five options offered, although not with the highest probability (Figure 11).

Such a low result was obtained because words that occur only once are taken as the most probable translations
of those that stand in their place in another language. However, among non-noise words that occur two or more times,
more than 40% have the most probable correct translation, and more than 80% contain the correct translation among
those suggested. In conclusion, if a literary translation of the text is to be used, a large amount of original text is
required.

To test the translation of poetry, we use the text shown in Figures 12a and 12b.

As a result, we obtain the following dictionaries (Figure 13).

As a result of work among 181 words in both dictionaries 5 corresponding translations for each word with a
probability of more than 0.3 were found, and they were arranged in descending order of probability. Translations with
a lower probability are considered as noise. Only 1 noise word appeared in the given text. Translations with the highest
probability are considered as a correct translation.

The analysis of the obtained translation result showed that 25% of words in the dictionary have translations
with the highest probability and correspond to the actual translation of the word. 60% of words also have their actual
translation in the dictionary among the five options offered, although not with the highest probability. (Figure 13).

Among all three tested variants, the best among the words that occur only once is a literal translation of the
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text. Words that are used more than once are more likely to be translated. In addition, all the words that were
considered noise were in Esperanto. This may be due to the specifics of the language, as this language contains nom-

translatable words, such as articles.

Hap 3emnéi HOBbIM YYBCTBOM BeeT,

W NpW3bIB pa3HOCMTCA MO CBETY;

OH Ha KpebAX, CNOBHO NErkuid BeTep,
0bneTaeT OLCTPO BCH MAAHETY.

He MeUYOM — OpYAbEM pazpylweHbA —

OH CNNOTUTHL XenaeT BCe Hapomdbl:
MopAM, YTOMMBWMMCA B CPaxeHbAX,
ObewaeT mup oH M ceoboay.

Bce, KTO BepUT B CYacCTbe [AHER pAAYWMX,
Cobpanucb MO MUpHble 3HAMEHa,

Mon 3Be340A Maeu BCemoryuein

CTanu Mbl CUAbHEE U CMNOYEHHER.,
CTeHbl HeAOBepbA BEKOBLIE

Pa3obwunn cTpaHbl M HapoAbl;

Ho cMeTeT npenATcTBUA Mbble
Csetnana nwboBb — cecTpa csobopmsl.
OBnajeBwu A3bIKOM obwWeHbA,

Xopowo Apyr Apyra noHumas,

ByAyT #uTb Hapodsl, 6e3 comHeHbA,
Kak cembA eauHaA 3emMHaA.

MofHbIe SHEPruWM U CTpacTy,

He ycTaHem APOCTHO TPYAUTbCA,

YTob MeuyTa, KOTOpOW HeT npekpacHei,
[nA nwaeid MOrna ocywecTBUTBLCA.

a)

En la mondon venis nova sento,
tra la mondo iras forta voko;
per flugiloj de facila vento
nun de loko flugu gi al loko.
Ne al glavo sangon soifanta

gi la homan tiras familion:

al la mond' eterne militanta

gi promesas sanktan harmonion.
Sub la sankta signo de 1' espero
kolektigas pacaj batalantoj,
kaj rapide kreskas la afero

per laboro de la esperantoj.
Forte staras muroj de miljaroj
inter la popoloj dividitaj;

sed dissaltos la obstinaj baroj,
per la sankta amo disbatitaj.
sur neutrala lingva fundamento,
komprenante unu la alian,

la popoloj faros en konsento
unu grandan rondon familian.
Nia diligenta kolegaro

en laboro paca ne lacigos,

gis la bela songo de 1'homaro
por eterna ben' efektivigos.

b)

Fig.12. Corresponding texts in different languages: a) excerpt in Russian; 6) an excerpt translated into Esperanto

Texts in the following pairs of languages were used to test the translation in Cyrillic languages: Russian and
Ukrainian; Ukrainian and Old Ukrainian; Ukrainian and Russian-Ukrainian surzhik; Ukrainian and Russian-game

surzhik.

afero ! Bremorymed .8 wiew 8.76 cTanw 9.76 3pe3nod 9.72 mu @.72 |

al @ ow 9.13 wapoaw ©.10333 Bce 9.10333 xendeT 0.10333 cnRoTwTe 0.10333 |

alian ! ByfyT 0.8 noWMMan @.74853 xWTe 0.74853 Apyra 0.69706 wapoaw @.175 |

amo : ceoboge ©.6921 cecTpa ©.63B16 — @.15 nwboBs @.1375 ceeTnaR 8.125 |

baroj : nefonn @.74606 cecTpa @.74606 CoETAAR B.6921 coobomw 06921 - 0.2 |
batalantoj : MmupHwe 8.8 3vaMeHa 8.76 noa 8.75 cobipanuce 8.72 rpAgymdx 9.17 |

bela : koTopoR @.8 meuTa @.75163 WetT @.75163 urob @.70326 npexpacHed @.78326 |

ben® : oCymecTBMTLCA .8 MOFAa ©.75163 neaed 9.70326 An 0.1647 npexpacked ©.15294 |
de @ ow 9.41025 becTpo .81 |

diligenta : auepruw 9.8 nonHue @.75163 CTpacTW 8.70326 W ©.18824 He 8.1647 |
disbatitaj : coofonu 0.1625 cecTpa 0.15 - 2.1375 mobosw ©.12% coernan 9.1125% |
dissaltos : mobue 0.8 npenAaTcTonA 0.74606 ceeThan @.74606 cMmeTeT 0.6921 nwbose 0.6021
dividitaj : cMeteT 8.8 wo 0.74686 NPeNnATCTEMA B.74606 nwbue 0.6921 Hapogw @.175 |
efektivigos : ocymecTonTacn 0.75163 morna ©.70326 moged ©.1647 ana 0.15294 npekpacwed
@n i ow 0.36438 Hag Se-06 CTPACcTH Se-06 coMMedeR Se-96 |

esparantoj ! cnnouBHHed @.B cHnbHes @.72 Mp @.68 W 8.19 cTanm @.16 |

CSPErO ¢ rPARYEMX ©.8 aweR 0,76 cobpankce @.76 cuacTee 8.72 nop 9.18 |

eterna : Morna 0.8 moged @.75163 OCywecTEMTRCA ©.75163 Ana 0.7@326 npekpacwed 0.1647
eterne ! yTOMMBEMMCA 8.75804 cpaweHbAX @.75894 nonsm 8.71780 obewaeT @.71789 B 8.6 |
facila : mevep 0.8 nérewit 9.75667 ofneTaet ©.75667 cromwo ©.71333 GucTpo 871333 |
familian : 3emuan @.74853 eguHan B.69796 cemsd 8.1625 Kax 0.15 coMmMeswsA 8.1375 |
familion : wenaeT @.75804 cnnoTWTe ©.71789 mogAM @.71789 ece 8.6 Hapomw ©.58632 |
faros : Ben 0.8 commernn ©.74853 xuTe 9.69706 Kax ©.69706 Waponu ©.50049 |

flugilej : cnoeMo .8 kpenbAx @, 75667 AErkWR ©.75667 Wa @,71333 sertep 0.71333 |
flugu ! nnawety B.75667 Bow 8.71333 GwcTpo @.17 obnetaeT @.16 eetep @.15 |

forta : coety 8.75667 Wa @.75667 no ©.71333 kpuieax 8.71333 o 0.2 |

forte : cTews 8.8 wegoseped ©.74606 sexoswe ©.6921 pazobuwim @.1625 cTpaws @.15 |
fundamento : xopowo 8.8 ofweHsA @.74853 apyr @.74853 A3wwoMm @.60706 apyra @.60786 |
Bi : om B.50766 ofewaet 2.1 B @.1 maaam 8.1 wapoaw 9.1 |

gis : urob @.8 TpyoMThCA ©.75163 MeuTa 8.75163 ApOCTHO @.70326 koTopoR @.7@326 |
glavo @ meuom 8.75804 opynbeM ©.75894 paspyweHbA ©.71789 — 0.64562 we 0.18 |
Brandan : eamwan .8 cemnn ©.74853 JemMan ©,74853 kak 0.69706 coMHewsn 0.64559 |
harmonion : coofogy @.75894 Mmap 0.71789 w 8.2 ofewaet @.17 cpaxewbAx 0,16 |

homan : cnnoTTe @.8 XenaeT @.75894 oW 0.56947 Bee @.18 paspywedsA 8.17 |

inter : cTpas 0.74606 pasobminn 9.6921 WO ©.6921 MapoaW ©.50131 w 8.2 |

iras i coeTy 0.8 no B.75667 paIwocMTCR B.71333 Wa 0.71333 on 0,19 |

kaj : 3vHaMesa 0.8 mupHee @.76 3Be3nod @.72 noag 8.71 cobpanmce @.17 |

kolegaro : meeprum ©.75163 cTPaCcTM 0.75163 noawue ©.708326 w 0.2 we 0.17647 |

kolektigas : cobpanmce ©.8 rpagywnx .76 nog 0.73 gHed 0,72 mipwse .72
komprenante : Apyr @.8 Xopomwo @.74853 Apyra @.74853 obweHuA ©.69786 NOHMMAR ©.69786
konsento : xak 8.8 CoMMensA 0.74853 cemwn 0.74853 Ge3 0.69706 eamwan ©.69706 |

brackas - wnasnnd 0 8 wnes 0 TE dusseus 0 73 aeessrimed 0 T3 senuse 0 17 |

Windows (CRLF) Pa 86, cven 70 100%

©.14118

>

Ge3 : faros 8.8 en 8.75204 konsento @.70294 alian ©.65882 popoloj @.56397 |
Byayt : alian 0.8 la ©.75294 popoloj ©.70588 komprenante ©.65882 unu 0.65294 |
BucTpo ¢ nun 8.8 vento @.76333 facila 8.72667 loko 0.68667 de @.47 |

B : la 8.48477 sankta @.38 de @.38 eterne @.2 signo 8.2 |

BeeT : nova 8.8 venis ©.76333 sento @.76333 mondon B.72667 tra 0.72667 |

BekoBse @ muroj 8.8 de @.75789 staras 8.75304 forte 8.70789 miljarej o.7e780 |
pepuT @ la @.76 signo @.76 sub @.72 de 8.72 sankta 8.6 |

werep : facila @.8 vento 9.76333 flugiloj ©.72667 nun 0.72667 de 0.50333 |

Bee : la @,71684 sankta @.36 familion 8.2 sub 8.2 tiras @.18843 |

Bremorymed ! afero 9.8 per @.76 kreskas @.72 laboro 8.72 rapide @.68 |

Bew @ onun @,76333 vento ©.72667 flugu 0.72667 loko ©.72334 facila 0.7 |

rpagywnx @ espero 8.8 1' .76 kolektipgas @.76 de .72 pacaj .72 |

ana ¢ 1*homaro @.8 de @.75556 por @.75425 songo @.78849 eterna @.7@840 |

aned @ 1" @.8 de 9.76 espero .76 signo 8.72 kolektigas 0.72 |

apyr ¢ komprenante 8.8 unu ©,75204 fundamento ©.75147 la 0.70588 lingva @.70204 |
apyra : la ©.75294 komprenante @.75147 fundamento 8.70204 alian @.70204 unu 8.7 |
eamnan @ grandan ©.8 rendon ©.75147 konsento ©.70294 familian ©.70294 en ©.65882 |
=enaet ¢ tiras @.8 homan @.75683 familion @.75683 la @.71579 gi 0.67368 |

=T ¢ alian ©.75147 la @.70588 faros ©.7@204 unu 8.62941 popoloj @.56397 |
sennoh : kreskas 0.8 rapide .76 kaj 0.72 afere 0.72 batalantoj o.68 |

semnin : la 8.8 mondon ©.76333 venis @.72667 nova 8.7 en 8.51 |

semnan : rondon @.8 grandan 8.75147 familian 0.75147 konsento ©.65882 en 9.61176 |
swamena : kaj 0.8 batalantoj ©.76 rapide @.76 pacaj 0.72 kreskas @.72

M i la 9.45361 de 9.31428 per @.24198 en @,19118 laboro @.07286 |

mnen @ kreskas @.76 afero @.76 rapide 8.72 per @.72 kaj @.68 |

kak : konsento @.8 en ©.75294 faros @.70294 grandan ©.70294 popoloj ©.65882 |

KoTopoR : bels 8.8 la @.75556 songo @.75425 de @.71111 gis @.70849

kpensRx @ voko @.76333 flugiloj @.76333 de @.73333 forta @.72667 per 9.53334 |

k1o @ la 0.8 sub ©.76 signo 0.72 de .68 sankta @.57 |

nérewh © flugiloj ©.76333 facila ©.76333 per 0.73333 vento 0.72667 de 0.52 |

mwfoee @ obstinaj @.8 baroj @.75394 per @.71579 dissaltos @.78789 sed @.67368 |

mobuse @ dissaltos 0.8 sed 9.75394 dividitaj 0.70789 obstinaj @.70789 popolej ©.67368 |
mened ; opor 8.8 1'homaro 0.75425 eterna 9.75425 de 9.71111 ben” 0.70849

monam ¢ omond’ @.75683 familion @.71369 eterne 9.71360 tiras @.67368 militanta @.67368 |
meuom @ al ©.8 glavo 0.75683 sangon ©.71369 soifanta 0.67052 ne 0.56895 |

mewTa @ la 8.8 gis 0.75425 bela 0.75425 lacigos @.70849 songo 0.70849 |

mup ! promesas @.8 sanktan @.75683 militanta @.71360 harmonion @.71369 eterne @.67368 |
mapnwe @ batalantoj 0.8 pacaj .76 kaj 0.76 kolektigas .72 rapide @.72

mofna @ eterna 8.8 por @.75425 ben’ 8.75425 1'homaro 9.70849 efektivigos e.7e849 |

My 1 oper @.76 afero @8.72 esperantoj @.68 kreskas @.64 laboro 8.6 |

Ha

: voko 0.8 forta 0.76333 iras 0.72667 flugiloj 0.72667 per 0.51 |
Ia B TAEET mandon 8 TIAAT wenie B T newa B AREAT en B 53334 |
Pa 95, cren 76

Windows (CRLF) 100%

Fig.13. The result of the application

The efficiency and example of the application is demonstrated for the Ukrainian-Old Ukrainian language
pair, for which Taras Shevchenko's work "On Easter Day Upon the Straw" was used in the original and in an adapted
form to generate a dictionary. The text is shown in Figures 14a and 14b.
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Ha BenukaeHb, Ha conomi Ha BenukaeHb, Ha conomi
MpoTu coHuAa, AiTu MpoTu coHuA, AiTw
rpanucs cobi kpawaHkamu, fpanicb cobi kpawaHkamu,
Ta W CcTann XBanUTUChL Ta A cTanu XBaluUTWUCb
ObHoBaMu. ObHOBaMM.

ToMy K CBATKam Tomy A0 CBAT

3 JIMUTBOK MOWWIK 3 BMWLWBAHKOHW MOWWK
Copoueuky, a Tii CTbOXKY, Copouky, a Tih cMyxky,
Tii cTpiuky wynuau; TilA CTpiyKy Kynuiau;
KOM? Wanoyky CcMywesy, KoMy wanoyky XyTpAaHy,
YobiTku wkanosi; YobiTku 3 wkipw;

KoMy CBWTKY. KOMy COpOYKY.

0OpgHa Tinbko

CuauTb Dez obHoewM
CupiTouka, pydeHATa
CXOBaBWLMW B pyKaea.

- MeHi maTu kynoeana.
- MeHli 6aTbKO CNpaBuB.
- A MeHi xpeweHa maTu
NMuTBY BUWMBANA.

"4 A B nona obipganal™
CupiTka ckazana.

OoHa Tinbkwu

CuauTh bez obHoBKM
CupiTouyka, pydeHATa
CXOBaBWM B pyKaea.

- MeHi maTu KynyBanu.
- MeHi baTbko zpobus.
- A MeHi xpeuweHa maTwu
CopouKy BUWMBanNa.

"A A B nona obiganal”
CupiTka ckazana.

a) b)
Fig.14. Texts for dictionary generation: a) original poem by Taras Shevchenko, 6) adapted for dictionary creation

After the program, we will delete the same words and get the result shown in Figure 15.

K : A0 0.8 Tomy @.7619 CBAT ©.7619 3 0.72381 BUWMBAHKOW ©.69571 |

NUUTBOW ! BUWMBAHKOW ©.82 nMowunu ©.79524 3 0.7619 CBAT ©.74881 copouky ©.7381 |
NUWTBY : COPOYKY ©.81429 maTu ©.71071 Buwueana ©.71071 xpeweHa 6.57143 |

CBUTKY ! WKipu ©.7819 4obiTku ©.71429 XyTpAHY ©.6619 wanouyky €.6381 KoMy @.59643 |
CBATKAM : CBAT ©.92857 Ao 0.7619 2 ©.7619 Tomy ©.74881 BUMWMBAHKOW ©.73381 |

CMYWleBY : XYTpAHY ©.81429 wanodyky @.77619 komy @.77381 4obiTku 0.7619 wkipn 0.70571 |
COpOYeuUKy : COpOYKYy ©.91587 nowwnnu ©.77857 a ©.7619 BuwmBaHkow ©.73381 Tik ©.72381 |
cnpaeue : 3pobuB ©.83333 6HaTbKo 0.61667 MeHi 0.4 |

CTLOXKY : CMyXKy ©.86429 Tii ©.79524 cTpiuky ©.75238 a ©.72381 kynunu @.71985 |
TinbKo : Tinbku ©.93333 ofHa ©.745 CuMAMTL ©.73667 6e3 0.64 06HOBM ©.57667 |

wkanoBi : wkipu ©.8019 4obiTkuM ©.77619 wanouky @.74286 xyTpaAHy ©.72381 komy 0.67262 |

Fig.15. The result of the application after deleting the same words

The result is eleven words, each of which is correctly translated and ten of which have a probability of
translation greater than or equal to 0.8.

Conclusion
A model of the system of automatic translation of words and texts from / into arbitrary languages, including
hybrid, artificial and slang ones was proposed. For analysis of the performance of the proposed approach to the
organization of automatic translation system using the developed software application, the results were summarized,
as shown in table 2.

Table 2
Summary for the level of translation
Type of tested text The percentage of words Percentage of words that have a valid
that have the most translation among the five proposed.
probable translation as
their actual one
A literal translation of prose between Russian and Esperanto 40,6% 90%
Literary translation of prose between Russian and Esperanto 15% 39,7%
Literary translation of poetry between Russian and Esperanto 25,2% 74,8%
Literal translation of prose between Russian and Ukrainian 98,8% 98,75%
A literal translation between Ukrainian and Old Ukrainian 98,65% 98,7%
Translation between Ukrainian and Ukrainian-Russian 98,72% 98,84%
surzhik
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| Translation between Ukrainian and Russian-game surzhik | 50,2% | 70% |

Testing has shown that the proposed approach provides a high level of translation (up to 98,8%) in similar
languages, especially with a literally translated source text. At least three different sentences with separate words are
needed for correct translation. It has become known that the use of artistic texts to generate dictionaries is possible,
but not very effective.

The results of the experiments also showed that the size of the source texts has a significant impact on the
quality of the constructed dictionaries — the larger the volume of the source pairs of texts, the better the dictionary is
generated. This applies not only to fiction, but to all texts in which the order of words in a sentence has been changed.
Some language pairs may not be compatible if their rules have a different word order, ie the efficiency of dictionaries
between languages such as English-Ukrainian or Esperanto-Ukrainian will be lower than between Ukrainian and
Russian.

The developed test application demonstrated a fairly good translation result (up to 98,8%) between similar
languages, such as Ukrainian-Russian, or Ukrainian - Ukrainian-Russian surzhik.

References
1. V. Ryzhkova, "Possibilities of Computer Lexicography in Compiling Highly Specialized Terminological Printed and
Electronic Dictionaries (Field of Awviation Engineering)," 2020 Ivannikov Memorial Workshop (IVMEM), 2020, pp. 40-42, doi:
10.1109/IVMEM51402.2020.00013.
2. B. Ranaivo-Malangon, S. Saee and J. F. Wilfred Busu, "Discovering linguistic knowledge by converting printed dictionaries
of minority languages into machine readable dictionaries," 2014 International Conference on Asian Language Processing (IALP), 2014, pp. 140-
143, doi: 10.1109/1ALP.2014.6973522.

3. G.R.Chumarina. Classification of electronic dictionaries in modern lexicography and lexicologists and features of their use
[Electronic resource] Baltic Humanitarian Journal. 2013. Ne4. C.123-126.

4. L.V.Popova. Typologies and classifications of dictionaries. Bulletin of the Chelyabinsk State University. 2012. Ne20 (274).
Philology. Art history. Ne 67. C.106-113

5. K. Manuel, K. V. Indukuri and P. R. Krishna, "Analyzing Internet Slang for Sentiment Mining," 2010 Second Vaagdevi
International Conference on Information Technology for Real World Problems, 2010, pp. 9-11, doi: 10.1109/VCON.2010.9.

6. F. Ren and K. Matsumoto, "Semi-Automatic Creation of Youth Slang Corpus and Its Application to Affective Computing,”
in IEEE Transactions on Affective Computing, vol. 7, no. 2, pp. 176-189, 1 April-June 2016, doi: 10.1109/TAFFC.2015.2457915.

7. Kazakov D. Artificial naturalness // Science and life. — 2017. — Ne 10. — C. 100-107.

8. C. Kongcharoen, S. Prasunpaengsri and T. Wongmeekaew, "Investigating applications of mobile translator for assisting

english vocabulary learning,” 2017 10th International Conference on Ubi-media Computing and Workshops (Ubi-Media), 2017, pp. 1-5, doi:
10.1109 / UMEDIA.2017.8074120.

9. A. Santosa et al., "The Architecture of Speech-to-Speech Translator for Mobile Conversation,” 2019 22nd Conference of the
Oriental COCOSDA International Committee for the Co-ordination and Standardization of Speech Databases and Assessment Techniques (O-
COCOSDA), 2019, pp. 1-6, doi: 10.1109 / O-COCOSDA46868.2019.9041196.

10. D. Mahajan and D. Kumar Chaudhary, “Sentiment Analysis Using Rnn and Google Translator,” 2018 8th International
Conference on Cloud Computing, Data Science & Engineering (Confluence), 2018, pp. 798-802, doi: 10.1109 / CONFLUENCE.2018.8442924.
11. A. Amin, |. Hossain, A. Akther and K. M. Alam, "Bengali VADER: A Sentiment Analysis Approach Using Modified

VADER," 2019 International Conference on Electrical, Computer and Communication Engineering (ECCE), 2019, pp. 1-6, doi: 10.1109 /
ECACE.2019.8679144.

12. D. Anggreani, D. P. I. Putri, A. N. Handayani and H. Azis, "Knuth Morris Pratt Algorithm in Enrekang-Indonesian Language
Translator,” 2020 4th International Conference on Vocational Education and Training (ICOVET), 2020, pp. 144-148, doi: 10.1109 /
ICOVET50258.2020.9230139.

13. S Zaiceva and O Barkovska, Analysis of Accelerated Problem Solutions of Word Search in Texts, The Fourth International
Scientific and Technical Conference «<COMPUTER AND INFORMATION SYSTEMS AND TECHNOLOGIES». Kharkiv: NURE. 2020. — p.66
DOI: https://doi.org/10.30837/1\VVcsitic2020201445

14. Olesia Barkovska, Oleg Mikhal , Daria Pyvovarova , Oleksii Liashenko , Vladyslav Diachenko and Maxim Volk, Local
Concurrency in Text Block Search Tasks, International Journal of Emerging Trends in Engineering Research. - Volume 8. No. 3, March 2020. —
P.690-694.

15. Barkovska O., Pyvovarova D. and Serdechnyi V., Pryskorenyj alghorytm poshuku sliv-obraziv u teksti z adaptyvnoju
dekompozycijeju vykhidnykh danykh. [Accelerated word-image search algorithm in text with adaptive decomposition of input data]. Systemy
upravlinnja, navighaciji ta zv'jazku 4 (56), 28-34. (in Ukrainian)

Olesia Barkovska

Ouecsa bapkoBcbka

Ph.D., Associate Professor of Department of Electronic Computers,
Kharkiv National University of Radio Electronics, Kharkiv, Ukraine
e-mail: olesia.barkovska@nure.ua ;

ORCID ID: 0000-0001-7496-4353,

Scopus Author ID: 24482907700,
https://scholar.google.ru/citations?hl=ru&user=Uj96xp4AAAA]

JIOLICHT K.T.H., IOLEHT Kadeapu
CJICKTPOHHNX O0YNCITIOBAIIBHIX
ManuH, XapKiBChbKUil HaIliOHATbHHI
YHIBEPCHTET PaiOCIeKTPOHIKH,
XapkiB, Ykpaina

Anton Havrashenko
AHTOH
TI'aBpaiieHKo

Department of Electronic Computers, Kharkiv National University of
Radio Electronics, Kharkiv, Ukraine
e-mail: anton.havrashenko@nure.ua

MaricTpanT, XapKiBChbKHA
HalliOHAILHUH YHIBEPCUTET
paioesieKTpoHikH, XapKiB, YKpaina

Vladyslav Kholiev
Buaaguciaas XoJieB

Department of Electronic Computers, Kharkiv National University of
Radio Electronics, Kharkiv, Ukraine;

e-mail: vladyslav.kholiev@nure.ua ;

ORCID ID: 0000-0002-9148-1561

acmipaHT, XapKiBCbKHU
HalliOHAILHUH YHIBEPCUTET
a/li0eNIeKTPOHIKH, XapKiB, YKpaiHa

Olena Sevostianova
Ounena
CeBoCTbSIHOBA

Assistant Lecturer of Department of Electronic Computers, Kharkiv
national university of radio electronics, Kharkiv, Ukraine
e-mail: olena.sevostianova@nure.ua.

ACHCTEHT Ka(eApu eJICKTPOHHHX
0OYHCITIOBATEHUAX MAIIKH,
XapKkiBChbKU HALIOHATbHUMA
YHIBEPCHUTET PajiiOCIeKTPOHIKH,
Xapkis, Ykpaina

30

MDKHAPOJIHUI HAYKOBHI XYPHAJT

«KOMIT'IOTEPHI CHCTEMHU TA IHOOPMAIIAHI TEXHOJIOI Ti», 2021, Ne 3



mailto:olesia.barkovska@nure.ua
https://scholar.google.ru/citations?hl=ru&user=Uj96xp4AAAAJ
mailto:anton.havrashenko@nure.ua
mailto:vladyslav.kholiev@nure.ua
mailto:olena.sevostianova@nure.ua.

