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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].

https://doi.org/10.36074/logos-22.12.2023.055
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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 (IoT). 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) 
is easy-to- 
use environment 
for highly 
responsive IoT.
SARAhub acts as 
a central nervous 
system for your assets 
- receiving informatio 
n, processing it
and triggering 
action when 
necessary in response 
to important events. It 
enables you to 
displays sensors and 
devices in hierarchical 
dashboards, creating 
digital twin of your 
environment. It allows 
you to set 
up automated 
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

SARAhub (Smart 
Assets Rapid Action) 
— це просте у 
використанні 
середовище для 
інтернету речей (IoT) 
з високим рівнем 
реагування.
SARAhub діє як 
центральна нервова 
система для ваших 
ресурсів: отримує
інформацію, 
обробляє її та при 
необхідності 
запускає дії у
відповідь на важливі 
події. Таке
середовище 
дозволяє 
відображати датчики 
та пристрої на 
ієрархічних 
інформаційних 
панелях, створюючи 
цифрового двійника 
вашого середовища. 
Це дозволяє
налаштувати 
автоматичне 
реагування на
конкретні ситуації,

SARAhub (Smart 
Assets Rapid Action) 
— це просте у 
використанні 
середовище для 
швидкого реагування 
на IoT. SARAhub діє 
як центральна
нервова система для 
ваших активів - 
отримує інформацію, 
обробляє її та 
запускає дії, коли це 
необхідно, у
відповідь на важливі 
події. Це дозволяє 
відображати датчики 
та пристрої на 
ієрархічних 
інформаційних 
панелях, створюючи 
цифрового двійника 
вашого середовища. 
Це дозволяє
налаштувати 
автоматичні реакції 
на конкретні ситуації, 
консолідацію даних і 
багато інших
функцій. Інтеграція 
та швидкість
реагування є

SARAhub (Smart 
Assets Rapid Action) - 
це просте у 
використанні 
середовище для 
високочутливого 
Інтернету речей. 
SARAhub діє як 
центральна нервова 
система для ваших 
активів - отримує 
інформацію, 
обробляє її та 
запускає дії, коли це 
необхідно, у
відповідь на важливі 
події. Він дозволяє 
відображати датчики 
та пристрої на 
ієрархічних 
дашбордах, 
створюючи 
цифрових двійників 
вашого середовища. 
Це дозволяє
налаштувати 
автоматичне 
реагування на
конкретні ситуації, 
консолідацію даних 
та багато інших 
функцій. Інтеграція

11.%2520%255bE-resource%255d:%2520IOTOR.%2520URL:%2520https:/www.iotor.io/%2520(date%2520of%2520request%252001.08.2023)
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Continuation of the table 1
______ Source______  
input and output 
and different agendas 
into one environment.
There is no need to d 
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.

Reference translation Translation 1 (Google) Translaion 2 (DeepL)
консолідацію даних і 
багато інших 
функцій. Інтеграція 
та оперативність є 
ключовими 
перевагами
SARAhub. Інтеграція 
різних систем на 
вході та виході, а 
також різних програм 
в одне середовище. 
Немає необхідності 
розгортати різні
системи для
моніторингу 
навколишнього 
середовища, 
обслуговування 
обладнання або 
зняття показань і 
контролю 
енергоспоживання.
Все знаходиться в 
одному середовищі, 
в якому потім можна 
визначити реакцію на 
різні ситуації.

ключовими 
перевагами
SARAhub. Інтеграція 
як різних систем на 
вході, так і на виході 
та різних планів в 
одне середовище. 
Немає необхідності 
розгортати 
різноманітні системи 
моніторингу 
навколишнього 
середовища, 
обслуговування 
обладнання чи 
зчитування показань 
та контролю енергії. 
Все в одному 
середовищі, в якому 
потім можна
визначити реакції на 
різні ситуації.

та оперативність - 
ключові переваги 
SARAhub. Інтеграція 
як різних систем на 
вході та виході, так і 
різних програм в 
одне середовище. 
Немає необхідності 
розгортати різні
системи для
моніторингу 
навколишнього 
середовища, 
обслуговування 
обладнання або 
зняття показань і 
контролю 
енергоспоживання.
Все знаходиться в 
одному середовищі, 
в якому потім можна 
визначити реакцію на 
різні ситуації.

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(£^=1 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 B P=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.

7.%2520M.%2520Post,%25202018.%2520
1.%2520Papineni%2520K.,%2520Roukos%2520S.,%2520Ward,%2520T.,%2520Zhu,%2520W.%2520J.%2520(2002)%2520BLEU:%2520a%2520method%2520for%2520automatic%2520evaluation%2520of%2520machine%2520translation%2520(PDF).%252040th%2520Annual%2520meeting%2520of%2520the%2520Association%2520for%2520Computational%2520Linguistics.%2520pp.%2520311%25d0%25b2%25d0%2582%25e2%2580%259c318
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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:

Ф ф со Q $ [! 

def count_tokens(tokens):

num_tokens = len(tokens)
return num_tokens

translation_tokens = ["SARAhub", "(", "Smart", "Assets", "Rapid", "Action", ")", ", "це", "просте", "0", "використанні", "середовище", "длі

num_tokens = count_tokens(translation_tokens) 
print("KinbKicTb токенів [yj перекладі:", num_tokens)

Кількість токенів у перекладі: 143

Fig. 2 Number of refrence tokens

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

Ф ф co □ ф [£ 

def count_tokens(tokens):

num_tokens = len(tokens)
return num_tokens

translation_tokens = ["SARAhub", "(", "Smart", "Assets”, "Rapid", "Action", ")", "це", "просте", "у", "використанні", "середовище", "для

num_tokens = count_tokens(translation_tokens) 
ргіп^"Кількість токенів у перекладі:", num_tokens)

І

Q Кількість токенів у перекладі: 141

Fig. 3 Number of tokens in Translation 1

Number of words in Translation 1 (length of Translation 1): 141

Ф
def count_tokens(tokens):

num_tokens = len(tokens) 
return num_tokens

translation_tokens = ["Це”, "переклад", "прикладного", "речення.SARAhub", "Smart", "Assets", "Rapid”, "Action", ")",

num_tokens = count_tokens(translation_tokens) 
ргіп^"Кількість токенів у перекладі:", num_tokens)

Кількість токенів у перекладі: 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.

9.%2520%255bE-resource%255d:%2520https:/colab.research.google.com/%2520(date%2520of%2520request%252001.08.2023)
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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+nj) for і in range(len(reference_tokens)-(n-l))] 
translation_ngrams = [tuple(translation_tokens[i:i+n]) for і in range(len(translation_tokens)-(n-l))] 

matching_count = sum(l for ngram in translation_ngrams if ngram in reference_ngrams) 

precision = matching_count / len(translation_ngrams)

return precision

reference_tokens = ["SARAhub"j "Smart”, "Assets", "Rapid", "Action", ", "це", "просте", "у”, "вико
translation_tokens = ["SARAhub", "(", "Smart", "Assets", "Rapid", "Action", ", "це", "просте", "у", "ви

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

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

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

precision_quadgram = calculate_precision(reference_tokens, translation_tokens, 4)
print("Прецизія quadgram:", precision_quadgram)

£> Прецизія unigram: 0.8936170212765957
Прецизія bigram: 0.6857142857142857
Прецизія trigram: 0.5755395683453237
Прецизія quadgram: 0.4855072463768116

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", ")", "це", "просте", "у", "використанні", "середовище", "для", "інтерні
translation_tokens = [“SARAhub", "(", "Smart", "Assets", "Rapid", "Action", ")", “це", "просте", "у", "використанні", "середовище", "для", "висої

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

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

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

precision_quadgram = calculate_precision(reference_tokens, translation_tokens, 4)
print("Прецизія quadgram:", precision_quadgram)

Q» npeuH3i« unigram: 0.8920863309352518
npeqH3ifl bigram: 0.7536231884057971
npeun3is trigram: 0.6642335766423357
npeUH3ifl quadgram: 0.5882352941176471

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: 

qq іш BLEU метрика.ipynb ☆
Файл Змінити Переглянути Вставити Середовище виконання Інструменти Довідка

+ Код + Текст

оО. import math

RAM___
Диск___

Щ Коментувати » Поділитися $

А

■t і в □ і) 2 ■ ;

W
translationl—precisions = [0.8936, 0.6857Л 0.5755, 0.4855]
translation2_precisions = [0.8921, 0.7536, 0.6642, 0.5882]

□ def geometric_mean(precisions):
product =1.9
num_precisions = len(precisions) 
for precision in precisions:

product *= precision
geometric_mean = product ** (1.0 / num_precisions) 
return geometric_mean

translationl_geometric_mean = geometric_mean(translationl_precisions}
print("Геометричне середнє прецизій для Перекладу 1:‘‘, translationl_geometric_mean) 
translation2_geometric_mean = geometric_mean(translation2_precisions)
printf'Геометричне середнє прецизій для Перекладу 2:", translation2_geometric_mean)

о Геометричне середнє прецизій для Перекладу 1: 0.6432472940605846
Геометричне середнє прецизій для Перекладу 2: 0.7158871716586938

Е]

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 (DeepL)," 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 DeepL. 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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BLEU Scores

Translation 1 Translation 2

Fig. 9 Blue Scores Fig. 10 Precision Scores

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 IoT products. The results show that 
the AI-based machine translation models provided by Google Translate and DeepL 
demonstrate promising results when translating IoT product localizations into 
Ukrainian. The BLEU scores demonstrate the effectiveness of AI-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 AI machine 
translation technologies to localize IoT 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 AI-powered 
machine translation for localizing IoT 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 IoT products in Ukraine.
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