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Introduction

The prospect of developing machine translation of technical terms in the IT
industry using artificial intelligence is quite promising. Due to the constant growth of
information and the globalization of the IT industry, the need for fast and accurate
translation of technical documentation is becoming increasingly important. Artificial
intelligence and machine learning have already significantly improved the efficiency
of machine translation in general. However, technical terms in the IT industry have
their own peculiarities, such as complexity, specificity, and rapid changes.

In recent years, significant progress has been made in machine translation of
technical terms in the IT industry. The use of deep neural networks and the increasing
amount of available data has helped to improve translation accuracy and speed [1].

Future development prospects include continuously training models on larger
and more diverse datasets, expanding the vocabulary and improving contextual
understanding. It is also important to develop interactive tools that allow users to
make corrections and additions to the translation so that the models can learn from
this data and continuously improve. All in all, machine translation of technical terms
in the IT industry using artificial intelligence has the potential for further development,
and it is expected that even greater results in terms of relevance, accuracy, and
translation speed will be achieved in the future.

Related work

Early work describing state-of-the-art machine translation systems stated, that
they are typically trained to generate the "standard" target language; however, many
languages have multiple varieties (regional varieties, dialects, sociolects, non-native
varieties) that are different from the standard language. Such varieties are often low-
resource, and hence do not benefit from contemporary NLP solutions, MT included
[2]. Recent research papers introduce an effective solution for the typical architecture
of the intelligent Ukrainian-English machine translation system based on recurrent
neural networks [3]. Thanks to the development of machine learning technologies,
better results can be achieved than ever before. Neural Machine Translation (NMT)
is a recently proposed approach to machine translation that differs from traditional
statistical machine translation in that it focuses on creating a single artificial neural
network that can be jointly configured to maximize translation performance.
Automatic metrics are fundamental for the development and evaluation of machine
translation systems. Judging whether, and to what extent, automatic metrics concur
with the gold standard of human evaluation is not a straightforward problem [4].
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The majority of the systems in the last three years have been neural models, for
which most metrics have a high correlation with human judgements. BLEU has been
surpassed by various other metrics at every iteration of the WMT metrics shared task.
Despite this, and extensive analytical evidence of the limitations of BLEU in particular
and automatic metrics in general [5,6], the metric remains the de facto standard of
evaluating research hypotheses.

Materials and Methods

Software engineers at OKIN Facility have developed a new product for the
Internet of Things (loT) market - IOTOR. In order to optimize the costs of localizing
the product in the Ukrainian market, it was decided to use a machine translator. The
task is to choose the best model of machine translation of technical IT terms for the
company's new product.

Google Translator and DeepL are chosen for the work as the most common
machine translators widely used by experienced human translators. The task is to
use different machine translation models from English into Ukrainian, analyze
different machine translation models using artificial intelligence by evaluating the
quality of machine translation using the BLEU metric, and select the best machine
translation model for technical terms in the IT industry for OKIN Facility’s new product
IOTOR, the Internet of Things (loT). The text to be translated describes the
environment of the new product (IOTOR). In the Table 1 below there is the source,
reference translation and two machine translations:

Table 1
Source, Reference translation, Translation 1, Translation 2

Source

Reference translation

Translation 1 (Google)

Translaion 2 (Deepl)

SARAhub (Smart
Assets Rapid Action)

SARAhub (Smart
Assets Rapid Action)

SARAhub (Smart
Assets Rapid Action)

SARAhub (Smart
Assets Rapid Action) -

is easy-to- — uUe nmpocte 'y — ue npocrte y ue npocre y
use environment BUKOPUCTAHHI BUKOPUCTAHHI BUKOPUCTAHHI

for highly cepegosuLle ana cepegosuLle ana  cepegosuLle ans
responsive [0T. iHTepHeTy peden (10T) WBMAKOrO pearyBaHH BUCOKOYYTIMUBOIO
SARAhub acts as 3 Bucokum piBHem Ha loT. SARAhub gie IHTepHeTy peyeil.
a central nervous pearyBaHH4. K ueHTpansHa SARAhub  gie sk
system for your assets SARAhub  gie 4K HepBOBa cuCcTeMa ANA  LEHTpanbHa HepBOBa

—receiving informatio  yeHTpanbHa HepBOBa BawWKMX akTMBIB — CUCTEMa AnA BalMx
n, processing it cuctema Ans Bawmux OTpUMYE iHdopmauilo, akTuBiB -  OTPUMYE
and triggering pecypciB: oTpumye 006pobnse ]} Ta iHdopmMmalito,

action when iHdbopmaLito, 3anyckae aii, konu ue obpobnsae ) Ta
necessary in response 06pobnsae i Ta npu HeobxigHo, y 3anyckae aii, konu ue
to important events. It HeoOGXxigHOCTI BiANOBiAb Ha Ba)kKnuBi HeobXigHo, y
enables you to 3anyckae it y nogii. Le possonde BignoBiab Ha BaXJuBi
displays sensors and BignoBigb Ha BaxnuBi Bigobpakatu gartumku nogii. BiH ao3sonse
devices in hierarchical nogaii. Take Ta npucTpoi Ha BigoOpaxaTu gaTynku
dashboards, creating cepeaoBuLle iepapxiyHux Ta npucTpoi Ha
digital twin of your pgossonge iHcbopmavinHux iepapXxiyHmx

environment. It allows Bigobpakatn gatymkum naHensax, CTBOpHOOYM  gawbopaax,

you to set Ta npucTpor Ha UudpoBOro ABiiHUKA CTBOPIOKOYU

up automated iepapxiyHmx BALUOro cepegoBula. uUuppoBux ABIAHUKIB

responses to specific
situations, data
consolidation, and
many other features.
Integration and respo
nsiveness are key adv
antages of SARAhub.
Integration of both diff
erent systems on

iHcbopmMauinHux
naHensax, CTBOPKYU
UMdpoBOro ApinHMKa
BaLUOro cepeaoBuLLa.
Lle J03BONSAE
HanawrTyBaTu
aBTOMAaTUYHE
pearyBaHHs Ha
KOHKPETHI cuTyauii,

Lle J03BONSAE
HanawTyBaTu

aBTOMaTU4Hi  peakuii
Ha KOHKPETHI cuTyauil,
KOHcoOMigauito gaHux i
Bararto iHLIMX
dyHKUIR.  IHTerpadiqa
Ta LLIBUAKICTb
pearyBaHHs €

BALLOrO CepeaoBuLLA.
Lle J03BONsAE
HanawuTyBaTu

aBTOMaTU4He

pearyBaHHs Ha
KOHKPETHi  cuTyaulii,
KOHcOMigauilo  gaHux
Ta Barato  iHWUKX
dyHKUIR. IHTerpadia
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Continuation of the table 1

Source

Reference translation

Translation 1 (Google)

Translaion 2 (Deepl)

input  and  output
and different agendas
into one environment.
Thereis noneedtod
eploy various systems
for environmental mo
nitoring, equipment m
aintenance or reading
s and energy control.
All is in one
environment, in which
it is then possible to d
efine reactions to diffe
rent situations.

KOHcoMigauito agaHux i
farato iHLIMX
dyHKUIR.  IHTerpaudiqa
Ta OnepaTUBHICTL €
KMHOYOBUMM

nepesaramu

SARAhub. InTerpauia
pi3HUX CUCTEM  Ha
BXOAi Ta BUXOAi, a
TaKOoX Pi3HUX Nporpam
B OQHE CepefoBULLE.

Hemae HeobxigHocTi
posropTaTu pi3Hi
cucTeMM ans
MOHITOPUHIY
HaBKOMULUHLOTO
cepegoBuula,
06CNyroByBaHHS
obnagHaHHA abo
3HATTA NOKasaHb |
KOHTPOMIO
€HEepProcnoXXMBaHHA.

Bce 3Haxoautbca B

KMOYOBUMU
nepesaramu
SARAhub. IHTerpauis
K PiBHMX CUCTEM Ha
BXO4i, TaK i HA BUXOAi
Ta Ppi3HUX nnadHie B
ofHe  cepenoBuLLe.
Hemae HeobxigHoCTi
posroptaTtu
Pi3HOMAaHITHI CUCTEMM
MOHITOPUHTY
HaBKOJULUHbLOTO
cepenoBuLa,
06CNyroByBaHHSA
obnagHaHHsa yu
34YNTYBAHHSA MOKa3aHb
Ta KOHTPOMIO eHepril.
Bce B O4HOMY
cepenoBuLLi, B AKOMY

noTim MOXHa
BU3HAYUTU peakuii Ha
pi3Hi cuTyauii.

Ta onepaTtuBHICTb -
KITHOYOBI nepesaru
SARAhub. InTerpauiqa
K Pi3HMX cCUCTEM Ha
BXOAi Ta BMXOAi, TaK i
pisHUX nporpaMm B
ofHe  cepefoBULLE.
Hemae HeobxigHocTi
poaropTaTu pPi3Hi
cucTemMm ans
MOHITOPUHTY
HaBKOMULUHLOTO
cepegoBuula,
00CNYyroByBaHHS
obnagHaHHA abo
3HATTA  nNOKasaHb i
KOHTPOMIO
€HeprocnoXXMBaHHs.
Bce 3HaxoautbCsa B
OQHOMY CepenoBuLLi,
B SAKOMY MOTIM MOXHa
BU3HAYUTU peakuito Ha
pi3Hi cuTyauii.

OQHOMY CepenoBMLL,
B AKOMY MOTIM MOXHa
BU3HAYUTU peakuito Ha
pi3Hi cuTyauii.

To assess the quality of machine translation, we use the BLEU (Bilingual
Evaluation Understudy) metric. This metric was developed by a group of IBM
researchers in 2002, and since then it has been the most widely used metric for
evaluating machine translation quality [7]. The BLEU metric uses statistical tools
without taking into account linguistic knowledge [8] (M. Post 2018). It is not the only
and complete indicator of translation quality, but it still allows you to get a general
idea of the result.

The formula of the BLEU (Papineni K. et al. 2002):

BLEU=BP-exp(XN_; wnlogn)

BP (Brevity Penalty) — is a penalty for too short translation variants (for example,
if a translation contains only one word "and", it is likely to appear in all source
versions, but such a translation is not correct, which is calculated as the ratio of the
number of tokens in the translation to the number of tokens in the reference
sequence), is calculated as follows: if the machine translation has fewer tokens than
the reference translation, then BP=1. If the machine translation has more or the same
number of tokens as the reference translation, then BP=exp(1-
(reference_tokens/translation_tokens)); the second part of the expression is the
geometric mean of the modified n-gram accuracy: wn is the weight given to individual
accuracies (unigram, bigram, trigram, quadgram); pn is the accuracy calculated as
the ratio of the number of correctly guessed tokens to the number of all tokens in the
translation.

To use this formula to assess the quality of a given translation, you need to
collect the following data: collect two sets of texts: a reference translation (the text
that is considered correct) and a machine translation; break each text into separate
segments, for example, sentences or phrases (token words), calculate weights for
BLEU metrics.
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Machine translation quality scores based on BLEU values are usually expressed
as a percentage or on a scale from 0 to 1, where a higher value indicates better
translation quality.

To evaluate the quality of machine translation using the BLEU metric of the
sentences provided, you need to break them down into separate segments that will
be used for comparison. All the culculations are carried on the Colaboratory platform
(Colab). NLTK (Natural Language Toolkit) library can be used to calculate the BLEU
metric and other natural language tasks. NLTK resources are used for word
tokenization. The word tokens of all translations are saved as they will be needed for
further processing.

The number of words in the reference translation, Translation 1, and
Translation 2:

2y eoB R
‘/ ° def count_tokens(tokens):
num_tokens = len(tokens)
return num_tokens
translation_tokens = ["SARAhub", "(", "Smart", "Assets", "Rapid", "Action", ")", "=", "ue", "npocte", "y, "BukopucrtanHi", “cepegosuue", “an:

num_tokens = count_tokens(translation_tokens)
print("KinekicTe Tokenie y nepeknapi:", num_tokens)

KinekicTe TokeHis y nepexknagi: 143

Fig. 2 Number of refrence tokens

Number of words in the reference translation (length of the reference): 143

Py oo BRE
1 ° def count_tokens(tokens):
num_tokens = len(tokens)
return num_tokens
translation_tokens = ["SARAhub“, "(", "Smart", "Assets”, “"Rapid", "Action", ")", "-", “ue", "npocte"”, "y", "BMKkopucTawHi", "cepeposuwe”, "ana
num_tokens = count_tokens(translation_tokens)
int("KinbkicTe TokeHis y nmepexnagi:", num_tokens)
[ KimbkicTb Tokenis y nepeknapi: 141
Fig. 3 Number of tokens in Translation 1
Number of words in Translation 1 (length of Translation 1): 141
N
‘f_ ° def count_tokens(tokens):
N num_tokens = len(tokens)
return num_tokens
translation_tokens = ["Le", "nepeknag", "npuWknagHoro", "pedeHHA.SARAhub™, "(", "Smart", "Assets”, "Rapid", "Action", ")", "-",

num_tokens = count_tokens(translation_tokens)
print("KinexicTe TokeHis y nepeknagi:", num_tokens)

KinexkicTs TokeHis y nepeknapi: 142

Fig. 4 Number of tokens in Translation 2

Number of words in Translation 2 (length of Translation 2): 142
To calculate the number of matches when using the BLEU metric using the
NLTK library, we used the nltk.translate.bleu_score.sentence_bleu function.
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The number of matches in the BLEU metric reflects the number of words that
are matched between the translation and the reference translation. Precision or
accuracy in the BLEU metric is defined as the number of matches compared to the

reference.
Thus, precision reflects how accurately machine translation reproduces the

grammars found in the reference translation.

° def calculate_precision(reference_tokens, translation_tokens, n):
reference_ngrams = [tuple(reference_tokens[i:i+n]) for i in range(len(reference_tokens)-(n-1))]
translation_ngrams = [tuple(translation_tokens[i:i+n]) for i in range(len(translation_tokens)-(n-1))]

matching count = sum(1 for ngram in translation_ngrams if ngram in reference_ngrams)
precision = matching_count / len(translation_ngrams)

return precision

mAn w_w owm _w

reference_tokens = ["SARAhub", “(", "Smart", "Assets", "Rapid", "Action", ") =", "ue", "nmpocte”, "y", "Buxko

translation_tokens = ["SARAhub", "(", "Smart", "Assets", "Rapid", "Action",

" nouw om

" u
» nmpocte", "y", "Bum

3 ]
wyw o u_m o ow
) 3 y u=

precision_unigram = calculate precision(reference_tokens, translation_tokens, 1)

print("Mpeuu=ia unigram:", precision_unigram)

precision_bigram = calculate precision(reference_tokens, translation_tokens, 2)
print("Mpeunzia bigram:", precision_bigram)

precision_trigram = calculate_precision(reference_tokens, translation_tokens, 3)
print("Mpeunsis trigram:", precision_trigram)

precision_quadgram = calculate precision(reference_tokens, translation_tokens, 4)

print("Mpeunzia quadgram:", precision_quadgram)

G MNpeuyn=ia unigram: ©.8936170212765957
Mpeunzia bigram: 8.6857142857142857
Mpeuuzia trigram: B.5755395683453237
Mpeunzia quadgram: ©.4855072463768116

Fig. 5 Precision for each n-gram for Translation 1

For Translation 1 (Google): Unigram precision: 0.8936, Bigram accuracy:
0.6857
Trigram precision: 0.5755, Quadgram accuracy: 0.4855

reference_tokens = ["SARAhub", "(", "Smart", "Assets", "Rapid", "Action", ")", "=", "ue", "npocte", "y", "suxopucTawHi", "cepeposuue”, "ans", "inTepH
translation_tokens = ["SARAhub", "(", "Smart", "Assets", "Rapid", "Action", ")", "-", "ue", "npocte", "y", "sukopucTawHi", "cepeposuwe", "ans", "suco

precision_unigram = calculate_precision(reference_tokens, translation_tokens, 1)
print("Npeywsin unigram:", precision_unigram)

precision_bigram = calculate_precision(reference_tokens, translation_tokens, 2)
print("Npeuusis bigram:", precision_bigram)

precision_trigram = calculate_precision(reference_tokens, translation_tokens, 3)
print("Mpeuusia trigram:", precision_trigram)

precision_quadgram = calculate_precision(reference_tokens, translation_tokens, 4)

print("“Npeuusis quadgram:", precision_quadgram)

[» Mpeuusia unigram: ©.8928863309352518
MNpeunsis bigram: ©.7536231884057971
Npeunsis trigram: ©.6642335766423357
MNpeunsis quadgram: ©.5882352941176471

Fig. 6 Precision for each n-gram for Translation 2

For Translation 2 (DeepL): Unigram accuracy: 0.8921, Bigram accuracy:
0.7536, Trigram accuracy: 0.6642, Quadgram accuracy: 0.5882
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Product of precisions for Translation 1: 0.8936 * 0.6857 * 0.5755 * 0.4855 =
0.1713

Product of precisions for Translation 2: 0.8921 * 0.7536 * 0.6642 * 0.5882 =
0.2627

The geometric mean of the accuracy for Translation 1 and Translation 2:

) & BLEU meTpuka.ipynb B Komentysatu A% Mopinutica X3 |§‘r

daitn  3minuTa Mepernanytn Betasut CepefoBuile BUKOHAHHA IHeTpymenTn  [losigka
+ Kop + Texer o RoM = &

T m
© ivport math «BalE:

translationl_precisions = [8.8936, 8.6857, ©.5755, ©.4855]
(x) translation2_precisions = [8.8921, 8.7536, @.6642, 8.5882]

m_| ions = len(precisions)
for precision in precisions:
product *= precision
geometric_mean = product ** (1.8 / num_precisions

translationl_geometric_mean = geometric_mean(translationl_precisions)

int("r cepe, npeunsiin gna Mepeknagy 1:", translationl_geometric_mean)
metric_mean = geometric_mean(translation2_precisions)
4YHe cepepHe npeunsii gna Nepexnagy 2:", translation2_geometric_mean)

TeomeTpuyne cepeawe npeunsiii ana Mepeknagy 1: @.6432472948685846
FeomeTpuyne cepedde npeuusiii ana Mepeknagy 2: ©.7158871716586938

Fig. 7 Geometric mean of the accuracy for Translation 1 and Translation 2

Thus, the geometric mean of the accuracy for Translation 1 is about 0.6432.

The geometric mean of the accuracy for Translation 2 is about 0.7159.

Finally, you can calculate the BLEU metric using geometric averages of
precisions, products of precisions, and weighting factors. In this case, since unigram,
bigram, trigram, and quadgram are used, the weights will be: Unigram (1-gram): 1/4,
Bigram (2-gram): 1/4, Trigram (3-gram): 1/4, Quadgram (4-gram): 1/4

Results

The parameters of machine translation according to the BLEU metric are as
follows:

Translation 1 (Google Translate) received a parameter of 0.6432

Translation 2 (Deepl) received a parameter of 0.7159

The calculate_bleu() function accepts the precision values for the reference
translation, translation, and weight, as well as the lengths of the translation and
reference translation. It calculates the BLEU metric, including the geometric mean of
the precisions, the penalty for translation and weight shortness. The results of the
BLEU score and weighted BLEU score are displayed for each Translation.

The BLEU metric parameters for different translations, such as "Translation 1
(Google)" and "Translation 2 (DeeplL)," indicate the quality of these translations in
comparison to the reference translation. The BLEU metric ranges from 0 to 1, where
a higher value indicates better translation quality. In our case, "Translation 1
(Google Translate)" has a value of 0.6432, and "Translation 2 (DeepL)" has a value
of 0.7159.

This value shows that "Translation 2 (DeepL)" has a higher translation quality
compared to "Translation 1 (Google Translate)". The value of 0.7159 is closer to 1,
which is interpreted as a better translation using DeeplL. However, they are both still
far from a perfect translation, which would have a value of 1. These parameters of
the BLEU metric help to quantify translation quality and compare different machine
translation systems or models.
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To finalize the translation to improve the quality: translation editors, such as
translators or native speakers, can make corrections and improve machine
translation. Their knowledge and expertise will help correct mistakes and ensure
more accurate translation. It is also possible to post-edit the text. Manual post-editing
and corrections can significantly improve the result.

Conclusion

In this study, we evaluated the effectiveness of machine translation from English
to Ukrainian using the BLEU metric for localizing loT products. The results show that
the Al-based machine translation models provided by Google Translate and DeepL
demonstrate promising results when translating loT product localizations into
Ukrainian. The BLEU scores demonstrate the effectiveness of Al-powered machine
translation, although we recognize that these translations are not perfect and may
require manual editing or human translators to achieve the highest level of quality.

The findings of this study highlight the importance of using advanced Al machine
translation technologies to localize loT products efficiently and cost-effectively. By
using these tools, companies can optimize their localization efforts, enabling them to
enter new markets faster and reach a wider audience.

Thus, our study provides valuable insights into the potential of Al-powered
machine translation for localizing loT products in the Ukrainian market. The
combination of advanced translation technology with human expertise in post-editing
and localization ensures that high-quality translations that resonate with the Ukrainian
audience are delivered. As businesses seek to expand their global presence,
implementing these findings can help gain a competitive advantage and facilitate the
successful localization of loT products in Ukraine.
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