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Abstract. The modern world and our immediate future depend on applied intelligent systems, as
new technologies develop every day. One of the tasks of intelligent systems is machine (automated)
translation from one natural language to another. Machine translation (MT) allows people to communicate
regardless of language differences, as it removes the language barrier and opens up new languages for
communication. Machine translation is a new technology, a special step in human development. This type
of translation can help when you need to quickly understand what your interlocutor wrote or said in a
letter.

The work of online translators used to translate into Kazakh and vice versa. Translation errors are
identified, general advantages and disadvantages of online machine translation systems in Kazakh are
given. A model for the development of a post-editing machine translation system for the Kazakh language
is presented.

OpenNMT (Open Neural Machine Translation) is an open source system for neural machine
translation and neural sequence training. To learn languages in OpenNMT, you need parallel corpuses for
language pairs. The advantage of OpenNMT is that it can be applied to all languages and can handle large
corpora. Experimental data were obtained for the English-Kazakh language pair. Experimental data were
obtained for the English-Kazakh language pair.

Applied intelligent systems play an important role in the modern world. One of their tasks is
machine translation (MT) from one language into another one. MT allows people to freely communicate
despite language barriers. This new technology is a special step in helping to understand what a
companion speaks, or writes to you. Automatic post-editing is the task of correcting errors present in texts
as a result of machine translation. Since MT cannot always give the desired result, it becomes necessary
to edit the translation. The drawbacks of the translation have to be eliminated by post- editing. This need
for post-editing is largely determined by the quality of machine translation: low-quality translation leaves
a lot of room for post-editing, and high-quality and human translations require minimal text editing. This
work describes the development of the light post-editing module for the English-Kazakh language pairs.
The neural network model is trained on pairs mt, pe and triplets src, mt, pe using the OpenNMT
framework. Then the results of the BLEU metrics mt - pe and mt - ape are compared, and a conclusion
about the quality of post-editing is made.

Key words: Opennmt, neural machine translation, bleu, automatic post-editing, network model

Introduction

Post-editing is one of the first and superficial stages in the ma chine translation (MT) post-
editing system. The light post-editing module includes getting the raw MT output and making as
few changes to the text as possible to make the translation clear, accurate in facts, and
grammatically correct [1]. The light post-editing module includes the following post-editing
tasks:
correction of only the most obvious typos, vocabulary, and grammatical errors
correction of machine errors
removal of unnecessary or redundant translation options created by the machine
agreement on the key terminology, but without careful check ing of terms
When translating from any language into Kazakh, we use different online translators. Very
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popular online translators: Yandex, Google.

But even in these online translators there are errors. Basically, errors are obtained when
translating complex sentences.

Also when translating phraseological units. In the online translator, phraseological units
are translated to as if. Also, some terms are changed, even if this was not taken into account.

The Kazakh language is a complex language in structure. Therefore, after receiving the
translation, human editing is required. This is called automatic post-editing.

There are three kinds of automatic post-editing. Such as full post-editing, medium post-
editing, light post-editing. All of these edits are included in automatic post-editing. After the
model is created, the translation is automatically edited. Created prior to this model, not all the
requirement fulfills the post-editing of the Kazakh language.

Therefore, post-editing of the Kazakh language requires the creation of a model. The article
created a transformer model. Also created post-editing model for the Kazakh language can be
used for other Turkic languages.

Because these languages are similar in vocabulary and also in the structure of languages.
In the following table, you can see the similarity of Turkic words.

Table 1. Turkic words
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But languages are different from other languages, they have special characteristics:
proximity of the lexical structure;

e the law of harmony;

agglutination — a series of affixes;

lack of a category;

lack of auxiliary words (prepositions);

special word order;

Therefore, when translating, the Turkic languages give out morphological, lexical, and
semantic errors. This article discusses training parallel corpus in Opennmt. The advantage of
Opennmt is its universal applicability to different languages, including the Turkic languages. We
also get the results of computational experiments for the Kazakh language. The rest of the paper
is organised as follows:

o Section 2 provides an overview of previous work carried out in this area.

o Section 3 presents Opennmt for Kazakh-English, English-Kazakh language pairs.

o Section 4 presents experimental NMT results for Kazakh-English, English-Kazakh
language pairs.

o Section 5 presents conclusions and suggests directions for future work.

Previous scientific work

In our country, in Kazakhstan, MT (machine translation) of the Kazakh language has been
developing since 2000. Professor U. A. Tukeyev was one of the first to study machine translation.
He managed to create a scientific school that is actively engaged in research in the field of MT.
Among domestic students, one can note the study of models and methods of semantics of
machine translation from Russian into Kazakh language [2], a statistical model of the alignment
of English-Kazakh words using the machine translation algorithm [3].

To improve the morphologies of the Turkic languages, vocabulary training on a parallel
corpus was used [4-6]. Learning on the parallel corpus of the English-German language pair in
Opennmt, studied in foreign works. In this work, 50k vocabulary was learned for each pair and
it was shown that in Opennmt Bleu was 17.60 [7]. Opennmt showed a better result than in the
Nematus Bleu system by 0.5. Also, the architecture and applicability of Opennmt in other areas
were considered.
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Automatic post-editing (APE) is an area of research aimed at studying methods that apply
editing operations to MT output to obtain better translations. APE covers a wide range of post-
editing approaches, from regular expressions applied to MT.

APE systems convert mt, a text received by MT, into mt’, a corrected version of the
translation in the same language. The APE task can be thought of as a monolingual translation
task in which the source and target languages are the same. Thus, APE implementations are very
similar to MT systems and even use similar methodologies. However, in the MT scenario, the
system learns pairs of sentences src, pe, where src is the texts in the source language, pe is the
high-quality texts in the target language. In the APE script, training Such data allows you to
successfully train the system to identify both simple spelling and syntax errors, and the
consistency of words in the original sentences. The learning process depends on the availability
of a sufficient amount of data and high-quality texts in the target pe language.

Algorithm for post-editing

An algorithm is used to post-edit a translation from a machine translation. The algorithm
is performed as follows: neuron machine translation from the target language x1: s to the desired
language W1:T p(wyrlx) = [T p(We|wie—1, x; 0) translates with distribution. Post-editing
model wl, w2, .., wt-1 translates source vector words into hidden vector words hl,... hs. The
target decoder in the model combines the source words with the vector and the corresponding
hidden words, and assumes the probability of the next processed words to appear [8,9]. The
maximum probability p (w_t | w_ (1: t-1), x; 0) is then used to obtain a sequence of processed
words. A hidden word sequence is needed to link the original word sequence to be translated and
the sequence of words to be translated. To maximize the probability of the model, it is necessary
to read and study the whole sequence of sentences in the case. Figure 2 shows the training of
neuron machine translation model in OpenNMT.

Cizgivi || pectin ! Cis O linse

Figure — 1. OpenNMT for learning neuron machine translation model

OpenNMT is an open source generated by neurons. OpenNMT can be downloaded from
GitHub (https://github.com/OpenNMT/OpenNMT). Thanks to OpenNMT, data does not take up
much memory, machine translation training takes less time. Implementation of training consists
of three stages [10]:

1) Data preparation. It consists of words, phrases and sentences in Kazakh and English,
created in parallel in two files.

Data preparation is performed using the code onmt_build_vocab -config toy_en_de.yaml -
n_sample 10000. The location of the file must be specified. Type in the YAML configuration
file:

data:

corpus_1:
23
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path_src: toy-ende/src-train.txt

path_tgt: toy-ende/tgt-train.txt
valid:
path_src: toy-ende/src-val.txt
path_tgt: toy-ende/tgt-val.txt
YAML configuration file Add the following information:
Monenbai OKBITY:
src_vocab: toy-ende/run/example.vocab.src
tgt_vocab: toy-ende/run/example.vocab.tgt
# Train on a single GPU
world_size: 1
gpu_ranks: [0]
# Where to save the checkpoints
save_model: toy-ende/run/model
save_checkpoint_steps: 500
train_steps: 1000
valid_steps: 500
In this model we prepare a learning step and a neural model. Then we run this model
onmt_train -config toy_en_de.yaml.
3) Translation
In translation, it translates 1000 words or sentences from a pre-rendered file. To translate
it, write onmt_translate -model toy-ende / run / model_step_1000.pt -src toy-ende / src-test.txt -
output toy-ende / pred_1000.txt -gpu 0 —verbose code.
To create a dictionary for further study, it is necessary to process (tokenize) the data
collected in a parallel cas
data:
save_data:OpenNMT /MT_ corpus/
eng _kaz/preprocessed_data/mt kaz/
src_vocab:OpenNMT/MT corpus/eng_kaz/
preprocessed_data/mt kaz.vocab.src
tgt_vocab:OpenNMT/MT corpus/eng_kaz/
preprocessed_data/mt kaz.vocab.tgt
train:
path_src:OpenNMT/MT_corpus/APE_data/
Eng _kaz data/eng_kaz 45000/mt_kaz_ train.txt
path_tgt:OpenNMT /MT corpus/APE data/
Eng _kaz data/eng_kaz 45000/pe_kaz train.txt
valid:
path_src:OpenNMT/MT_corpus/APE_data/
Eng kaz data/eng_kaz 45000/ mt_kaz_ valid.txt
path_tgt: OpenNMT /MT_corpus/APE_data/
Eng kaz data/eng_kaz 45000/ mt_kaz_ valid.txt

#Saving checkpoint

save_checkpoint_steps: 2000

To obtain a quality result, thetransformermodel was used to train the parallel corps.

50,000 steps were used to teach 45,000 parallel sentences in the case. Commonly used
settings can be seen in the following code:

#Validation steps

valid_steps:2000

#Training steps

train_steps:50000

#Optimization
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optim : adam

learning rate:2.0

# Model

decoder_type:transformer

encoder_type:transformer

The experiment was performed on a computer with the following characteristics: CPU -
Core i7 4790, 32 GB of RAM, 1 TB SSD and GPU-RTX 2070 Super.

Results

A Kazakh-English language pair was used for training. 109,772 sentences were used in the
corpus. These proposals were taken from the website : Akorda, Primeminister, mfa.gov.kz,
economy.gov.kz, strategy2050.kz. Of these, it was taken for train 80000, test 20000, validation
9772.1t took 36 hours to train at Opennmt.

OpenNMT is a deep learning framework specializing in the Sequence-to-sequence model
and covering a wide range of tasks related to machine translation, speech recognition, image- to-
text conversion, and more. Corpus training for post-editing is implemented using it. This
experiment explores post-editing for an English-Kazakh language pair. Obtained from open
sources and using the Bitextor application, 45,000 English-Kazakh parallel sentences were used
in this experiment. The parallel corpus for the English-Kazakh language pair was collected from
various official sites, and the corpora were aligned and tokenized. The translation As you can see
in the table BLEU is less compared to other languages as for English- German, English-French
pairs. Because the structure of the language of the Turkic languages is different from these
languages. More parallel data is required to improve this metric.

Table 2. The result

Language pair BLEU(MT) BLEU(APE)
Kazakh-English 18.45 20.56
English-Kazakh 16.55 20.05

The original src English corpus has been implemented by such machine translation systems
as Prompt, Yandex, and Webtran. To train the post-editing model mt - pe , the data was divided
into training 80%, validation 10% and test 10%.

The analysis of the results of improving MT was carried out using the bilingual evaluation
understudy (BLEU metric). BLEU is an algorithm for evaluating the quality of text translated
from one natural language to another. Quality is interpreted as the correspondence between the
results of the work of a machine and a person.

Conclusion

Additional experiments showed that OpenNMT improved the quality of translation by
creating a model of neural machine translation and processing the Kazakh translation from
Google, Yandex online translation. In the article, the model read and processed more than 100
thousand parallel sentences, which showed a much higher rate than after the machine translation.
In the article, the Kazakh language was chosen as one of the Turkic-speaking languages as an
experiment. As a result of the experiment on the Kazakh-English language pair, after processing,
the BLEU value was 20.56. The value of the translation from the unprocessed direct machine
translation was 15.70.

Reading the data takes less time and saves memory. As a result of experimental research,
it can be seen that the Kazakh-English and English-Kazakh language pairs gave good results in
translation. For further research, this model is to obtain translations from other Turkic-speaking
languages. For this purpose, a corpus will be assembled for other Turkic-speaking languages.
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KapaMacCTaH COUJICCYTC MYMKIH/IK 66p6,£[1, OUTKCHI OJI TULAIK KCACPI1iH1 KOSAJAbI JKOHC KaPpbIM-KAaTbIHAC

YILiH )KaHa TiaAep i amagsl. MamuHaibK aynapMa — Oy ’KaHa TEXHOJIOTHsI, alaM JaMybIHIaFbl epeKiIe
KajmaMm. AyJapMaHbBIH Oy Typi €Ki Typiii TiIme ceilleceTiH agaMaapIblH XaTTa He jKa3FaHBIH HEMece
alTKaHBIH Te3 TYCiHyTe KoMeKkTeceni. VHTepHeTTer! OHIaliH ayAapMalibUIapIblH MaKCaThl Ka3ak TilliHe
JKOHE KepiciHie aynapy. Makanaja ayqapMma KaTeliepi aHbIKTaIbl, Ka3akK TUTIHIET] OHJIAiiH MallnHAaIbIK
aynapma KyHeJepiHiH jKajImbl apTHIKIIBUTBIKTAPEl MEH KeMIIUTIKTepi KenTipinai. Kasak Timine apHanran
OHJICyIeH KeHIHT1 MalIMHANKBIK ayJapMa KYHEeCiH a3ipiey YArici YChIHBUTFaH.

OpenNMT (Open Neural Machine Translation) — HefipoMaHabIK ayapMara )oHE HEUPOHIBIK
Ti30EKTI OKBITYFa apHajJfaH amblK Oactanmkel kyiie. OpenNMT Timinae Tinaepni yipeHy yuwiH Tin
JKYTITAaphl )KUHAKTAJIFaH Mapajuiens Kopirycrap KaxeT. OpenNMT ap TBIKIIBUTBIFBL - OHBI OapJIbIK TUTAEpTe
KoJIJaHyFa OoJajpl JKOHE YJIKEH KOpIycTapAbl eHAeH anaabl. AFBUINIBIH-Ka3aK Timi >kyObl OOHBIHIIA
9KCIIEPUMEHTTIK JiepeKTep aiubiHabl. KonnanOansl HHTEIIEKTYal bl )Kyienep Ka3ipri 3aManfbl MaHbI3]Ibl
pen atkapaapl. OnapaplH MiHIETTEepiHIH Oipi - Oip TiAEH eKiHmm Tinre mMamuHameK ayaapma (MT)
konmany. MT agammapra TUIIIK KeAeprijiepre KapaMacTaH epKiH ceiiecyre MyMKiHIiK Oepeni. by skaHa
TEXHOJIOTHSI CEPIKTECTIH Ci3re HE COMICHTIHIH HeMece JKa3FaHbIH TYCIHYIe KOMEKTECETIH epeKIIe KajiaM
OonbIlT TaOBIIAABI. ABTOMATTHI OHJEYJEH KEHiHT OHAey — MAaIIWHANBIK ayldapMa HOTKECiHJE
MoTiHAepaeri Kartenepai Tysery MiHgeri. MT opkamaH KaXeTTi HOTIKEHI Oepe anMalTBIHIBIKTaH,
aylapMaHbl OHJIIEY KaxeT OoJiajpl. AymapMaHbIH KEMIIUIIKTEPiH KCHIHTT OHJIEY apKbUIBI XKOK KEpeK.
IMoct-penakroprney Oyl KaKETTUTIr HEri3iHeH MalllMHAJBIK ayJapMaHbIH CalachbIMEH aHBIKTAJaJlbl:
TOMEH camaibl ayJapMa KeWiHT1 eHJaeyre Kell OpbIH KaJABIPAbl, ajl KOFaphl CAlalibl )KOHE aJaMJIbIK
aymapMmajap MOTIHII €H a3 eHJIEYyli KaKeT eTeli. bys jKyMbIC arbUIIIBIH-Ka3aK TUTIHJETI JKYNTapra
apHaJFaH JKEHUT OHICYJICH KEWIHTT MOIYJbIIH JaMyblH CUIATTaiael. HeWpoHabIK kel Momeni
OpenNMT KypbUIBIMBI apKBIITBI Mt, pe jkaHe triplets src, mt, pe kynrapbiaaa oKeITeLansl. Coman Kehin
mt - pe sxoHe mt - ape BLEU MeTpuKachIHBIH HOTHKEIEPi CATBICTHIPBIIAIEI JKOHE KeHiHT1 OHIeY carmachl
TypaJibl KOPBITBIHBI JKacaja bl

Tyiiin ce3mep: Opennmt, HelipoMalIMHAJIBIK ayAapMa, bleu, aBTOMaTThl KeHiHTT OHEY, JKENiJIiK
MOJIETh.

IHHOCTPEJAKTUPOBAHUME JJIS1 KAZAXCKOI'O A3bIKA

O. Zbigniew! , I.P. Paxumora?, A.JK. Kynycosa®

Ulro6nuHcKuit TexHONOrMYECKHUi yHUBEpCUTET, JIFo0muH, [lonbmra
?Ka3axckuil HAlMOHAIBHbIN YHUBEPCUTET UMEHH anb-Dapabu, Anmarel, Kazaxcran
SKazaxckuii HalMOHAIBHBIN YHUBEPCUTET UMeHU alib-Dapadu, Anmatel, Kazaxcran
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AnHotamusa. CoBpeMeHHBIH MUp W Hamie Oirpkaiiiee Oyayiiee 3aBHUCAT OT MPHUKIATHBIX
WUHTEJUIEKTYAIBHBIX CUCTEM, TaK KaK HOBbIE TEXHOJIOTHH Pa3BUBAIOTCS KaxIbli JieHb. OJHON M3 3a1a4
MHTEJUICKTYAIBHBIX CHUCTEM SIBJSIETCSl MAIIMHHBIA (aBTOMAaTU3MPOBAHHBINA) MEPEBON C OJHOIO
€CTECTBEHHOr0 s3blka Ha JApyrod. Mammuubii nepeBon (MII) mo3Bonser monsMm oOmaThCs BHE
3aBHCUMOCTH OT SI3BIKOBBIX PA3NIUUWi, TaK KaK CHUMAET SI3bIKOBOM 0aphep M OTKPHIBACT HOBBIE SI3BIKU
uid oOmeHus. MaIIMHHBIA TepeBoJ — 3TO HOBas TEXHOJIOTHS, oco0as CTYNEHb B Ppa3BUTHU
yenoBeyecTBa. ODTOT BUJ IEPEeBOJa MOXKET IMOMOYb, KOTJa BaM HYXHO OBICTPO IMOHATH, YTO Ball
co0eceTHUK HAIMCAT UK CKa3all B MUChME.

Pabota oHmaitH-IEpeBOIYNKOB HCIIONB3YETCS IS MEPEeBOAa HAa Ka3aXCKHUH SI3bIK M HA0OOpOT.
BruBisitorest ommMOKM TepeBoAa, MPUBOIATCS OOLIME MPEUMYIIECTBA M HEJAOCTATKH OHJIAWH-CHCTEM
MAIIMHHOTO TIepeBOJia Ha Ka3axCkuil s3blk. [IpencraBieHa Monenb pa3pabOTKH  CHCTEMBI
MOCTPEAAKTUPOBAHHS MAITMHHOTO TIEPEBO/IA /ISl Ka3aXCKOTO SI3bIKA.

OpenNMT (Open Neural Machine Translation) — 3To cucrema ¢ OTKPBITBIM HCXOIHBIM KOJIOM
JUTs HEHPOHHOTO MAIIMHHOTO TIepeBoAa U 00yUYeHHs] HEHPOHHBIX MocieaoBaTenbHocTeil. s nzyuenus
s1361k0B B OpeNnNMT Hy»KHBI IapauiejbHbIe Kopiyca IS S3bIKoBBIX map. IIpenmymiecteo OpenNMT B
TOM, 9YTO €ro MOXHO NPUMEHSATh KO BCEM s3bIKaM U 00pabaThiBaTh OOJBIIME KOPITyCa.
OKcriepuMeHTaNbHbIE JaHHbIE OBUIM TONyYeHBI [T aHIJI0-Ka3aXCKOW S3bIKOBOW maphl. [lpuknanHeie
MHTEJUICKTYaJIbHbIE CUCTEMBI UTPAIOT BayKHYIO POJIb B COBpEMEHHOM Mupe. OAHOM U3 UX 3a1a4 sSBISETCS
MamuHHOTO nepeBoaa (MII) mepeBox ¢ omgHOro s3pika Ha Apyroi. MT mo3BoisieT 0aIM CBOOOIHO
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Post-editing for the kazakh language

Z. Omiotek, D.R. Rakhimova, A.Zh. Zhunussova _ .
O6I_HaTI>C$I, HECMOTpsS Ha SA3bIKOBLIC 6ap1>ep1>1. 3Ta HOBadA TCXHOJIOIUA — OCOGBII/I miar, ImoMorarommum

MOHSATB, YTO COOECETHUK TOBOPHUT HJIU MUIIIET BaM. ABTOMAaTUYECKOE ITOCTPEAAKTUPOBAHUE — JTO 33/1a4a
WCTIPaBIIEHNs OMMOOK, BO3HUKIINX B TEKCTaX B PE3yJbTaTe MAaIIMHHOTO repeBoja. Tak xak MII He
BCET/Ia MOJXKET NIaTh JKEIaeMbIil pe3ylIbTaT, BO3HWKAET HEOOXOAWMOCTh PEeNaKTHPOBAaHUS IEepeBOjA.
Henocratku miepeBojia MPHUXOMUTCS YCTPAHATH MOCTPENAKTUPOBAHUEM. OTa MOTPEOHOCTh B
MOCTPENaKTUPOBAHUN BO MHOTOM OIIPENIEISIETCS Ka4eCTBOM MAITMHHOTO TepeBOja: HeKadeCTBEHHBIN
MEPEeBOJ] OCTABIISIET MHOTO MECTa IS TOCTPENAKTHPOBAHNS, 3 KAYECTBEHHBIM M YEIIOBEYECKHIA TTEPEBOT
TpeOyeT MUHHMAJILHOTO PEAaKTUPOBAHHS TEKCTa. B maHHON paboTe omuchiBaeTCs pa3paboOTKa JIErKoro
MOJTyJISI IOCTPEAAKTUPOBAHUS [V aHTIIO-KA3aXCKUX S3BIKOBBIX Map. Moieb HeMPOHHOM ceTr 00y4aeTcst
Ha mapax Mt, pe u Tpumierax SIC, Mt, pe ¢ wucmoab3oBanueM @peiimBopka OpenNMT. 3arem
CpPaBHHMBAIOTCS pe3yibTathl MeTpuk BLEU mt - pe u mt - ape u nemaercss BBIBOJ O KadecTBE
MOCTPEIaKTUPOBAHUSL.

KiaoueBbie ciaoBa: Opennmt, HeHpOHHBIA MaIIMHHBIA mepeBod, bleu, aBroMaTHuecKoe
MOCTPEeIaKTUPOBaHUE, CETEBAsT MOJIEITb.
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