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Machine translation

Machine translation (MT) refers to the use of computer systems tasked to
automatically translate between languages with or without human intervention.

Approaches: rule-based, statistical, and neural methods.

Modern MT models are typically trained on large-scale parallel corpora
containing pairs of source and target language texts.




Kazakh Parallel Corpus: data collection

The corpus size: 371,902 rows in Kazakh, Russian, English, and Turkish.
Process of data collection: July 2021 — September 2023.
10 human translators: 41,600 hours of human effort

The data collected were screened to remove any information that could

potentially identify individuals, as well as to filter out instances of hate speech,
discriminatory language, or violence.
The data were segmented into sentences.




Domain

Mass media
General

Legal
documents

Education
and science

Fiction

Total

lines
#

120,547

94,988

77,183

46,252

32,932

371,902

%

32.4

25.5

20.8

12.4

8.9
100

Kazakh Parallel Corpus: domains

EN tokens
#

1,817,276

844,541

2,650,626

522,830

589,001
6,424,274

%

28.3

13.1

41.3

8.1

9.2
100

KK tokens
#

1,340,346

578,236

1,925,561

392,348

456,385
4,692,876

%

28.6

12.3

41.0

8.4

9.7
100

RU tokens
#

1,454,430

618,960

1,991,222

444,786

510,168
5,019,566

%

29.0

12.3

39.7

8.9

10.2
100

TR tokens
#

1,311,985

608,020

1,880,081

376,484

433,968
4,610,538

%

28.5

13.2

40.8

8.2

9.4
100




Data preprocessing

The data was segmented into language pairs.

Extraneous characters were systematically eliminated and homoglyphs
effectively replaced.

The characters responsible for line breaks (\n) and carriage returns (\r) were
removed.

The duplicated rows were removed.




KazParC pairwise statistics

Pair lines sents tokens types
KKEN 368,347 362,234 4670823 184,395

361043 6393435 59,030
362529 5000429 182915
62734 4667 123 184393
360,500 4607 550 175.621
ENeRU 368,429 500'c00 4098732 182,915
ENe:TR 366,064 300500 4578751 175621
1 [} 1 1
RU&TR 368.545 360500 4615551 175621

KK+RU 368,467

KK«TR 366,950




KazParC pairwise statistics: after splitting

. Train Valid Test
Pair

#lines #sents #tokens #types #lines #sents #tokens #types #lines # sents # tokens # types

286,864 3,690,674 164,986 72,445 923105 82,915 4,750 57,044 17,483

KKoEN 290877 286,130 5,054,426 54,321 72,120 72,385 1,263,142 31,840 4150 4,750 75,867 9,722
286,961 3,697,962 164,943 72,452 919,629 83,173 4750 57,044 17,483

KKeRU 290,973 287,085 3,953,907 165,618 72,744 72,453 984,583 87,698 4150 4750 61,939 18,801
286,715 3,691,291 164,744 72,231 918,788 82,799 4,750 57,044 17,483

KKoTR 289,784 285,650 3,644,221 157,820 72,445 72,161 907,080 81,201 4,750 4750 56,249 17,399
286,161 5,060,961 54,355 72,378 1,260,421 31,951 4750 75,867 9,722

EN-RU 290,943 287,137 3,952,614 165,619 72,736 72,470 984179 87,435 4150 4,750 61,939 18,801
285,907 5,024,415 54,271 72,029 1,252,488 31,830 4750 75,867 9,722

ENoTR 289,051 285,528 3,619,889 157,806 72,263 72,009 902,613 80,908 4150 4750 56,249 17,399
RUGTR 291,036 287,123 3,956,995 165,396 72 759 72,471 981,430 87,625 4,750 4750 61,939 18,801

285,818 3,653,913 158,004 72,409 905,389 81,352 4750 56,249 17,399




Synthetic Corpus (SynC)

Web crawled data from English-language websites.

Corpus size: 1,755,080 rows.

Sentences underwent an automated translation process into Kazakh,
Russian, and Turkish languages utilising the Google Translate service.




Synthetic Corpus (SynC)

# # # #

Pai
ar lines sents tokens  types

1,733,707 25,500,653 741,101

KKSEN 1,744,365 4 720 955 33,724,305 343,686

1,733,707 25,500,653 741,101

KKeRU 1.738.908 4709 304 28,858,799 738,017

1,733,707 25,500,653 741,101

KK TR 1,746,468 4 733,868 26,614,205 733 554

1,732,955 33,724,395 343,686

ENGRU 1,736,399 1709 394 28 858.799 738,017

1,732,955 33,724,395 343,686

ENGTR 1.740.100 4 733 868 26,614,205 733,554

1,729,394 28,858,799 738,017

RUTR 1.740.120 4 733 868 26.614.205 733 554




Synthetic Corpus (SynC)

Pair Train Valid

# lines # sents # tokens #types #lines #sents #tokens # types
KKOEN 1670926 15ciss) 3000020 s270r 7999 175249 s4taors 120831
KKORU 1666494 1ocscs 6,002,135 704654 775952 175,160 2.072.886 252850
KKOTR 1572587 1563506 ssarsens eoeesr 75470 175037 2esesee 241640
ENORU 1864393 1cyone 6002135 704634 792% 175160 222886 252850
ENGTR 1867412 15cy 06 23075008 oooear  799% 175237 2688562 241640
RUGTR 1867197 15y 706 23075808 cover 75908 175257 2668562 241640




FaceBook’s FLoRes dataset

204 languages;
2009 rows;

Wikivoyage, Wikijunior, and Wikinews resources.




Experimental Setup

Models: 1.3B Facebook’s No Language Left Behind (NLLB) models (baseline and
distilled).

Epochs: 3
Learning rate: 2-10-°
Optimizer: AdaFactor

Batch size: 8

Machine: 8 NVIDIA DGX A100 GPUs




Models

1. base, the off-the-shelf model,

2. parc, fine-tuned on KazParC data,

3. sync, fine-tuned on SynC data,

4. parsync, fine-tuned on both KazParC and SynC data.




Evaluation Metrics

BLEU: how closely the machine-produced translation matches human

references, by calculating precision in n-grams.
ChrF evaluates translation quality by considering character n-grams

instead of word-based approaches




Results: FLoRes

base parc sync parsync Yandex Google

bleu chrf bleu chrf bleu chrf bleu chrf bleu chrf bleu chrf

EN—KK 0.11 0.49 0.14 0.56 0.2 0.6 0.2 0.6 0.18 0.58 0.2 0.6
EN—RU 0.25 0.56 0.26 0.58 0.28 0.6 0.28 0.6 0.32 0.63 0.31 0.62
EN—-TR 0.19 0.58 0.22 0.61 0.27 0.65 0.27 0.65 0.29 0.66 0.3 0.66
KK—EN 0.28 0.59 0.32 0.62 0.31 0.62 0.32 0.63 0.3 0.62 0.36 0.65
KK—RU 0.15 0.49 0.17 0.51 0.18 0.52 0.18 0.52 0.18 0.52 0.2 0.53
KK—TR 0.09 0.48 0.13 0.52 0.14 0.54 0.14 0.54 0.12 0.52 0.17 0.56
RU—EN 0.31 0.62 0.32 0.63 0.32 0.63 0.32 0.63 0.33 0.64 0.35 0.65
RU—KK 0.08 0.49 0.1 0.52 0.13 0.53 0.13 0.54 0.12 0.54 0.13 0.54
RU—-TR 0.1 0.49 0.12 0.52 0.14 0.54 0.14 0.54 0.13 0.54 0.17 0.56
TR—EN 0.34 0.64 0.35 0.65 0.36 0.66 0.36 0.66 0.38 0.67 0.39 0.67
TR—KK 0.07 0.45 0.1 0.51 0.13 0.54 0.13 0.54 0.12 0.53 0.13 0.54
TR—RU 0.15 0.48 0.17 0.51 0.18 0.52 0.19 0.53 0.2 0.54 0.21 0.54
Avg 0.18 0.53 0.2 0.56 0.22 0.58 0.22 0.58 0.23 0.58 0.25 0.59




Results: KazParC

base parc sync parsync Yandex Google

bleu chrf bleu chrf bleu chrf bleu chrf bleu chrf bleu chrf

EN—-KK 0.12 0.51 0.18 0.58 0.18 0.58 0.21 0.6 0.18 0.58 0.3 0.65
EN—RU 0.31 0.64 0.38 0.68 0.35 0.66 0.38 0.68 0.39 0.7 0.41 0.71
EN—-TR 0.19 0.59 0.22 0.62 0.25 0.63 0.25 0.64 0.27 0.64 0.34 0.68
KK—EN 0.24 0.55 0.33 0.62 0.24 0.57 0.32 0.62 0.28 0.6 0.31 0.62
KK—RU 0.22 0.56 0.29 0.63 0.24 0.59 0.29 0.63 0.29 0.63 0.29 0.61
KK—TR 0.1 0.47 0.15 0.54 0.14 0.52 0.16 0.55 0.13 0.52 0.23 0.59
RU—EN 0.34 0.63 0.43 0.71 0.34 0.65 0.42 0.7 0.43 0.71 0.42 0.71
RU—KK 0.15 0.55 0.21 0.61 0.18 0.58 0.22 0.62 0.23 0.62 0.24 0.62
RU—-TR 0.11 0.49 0.16 0.56 0.16 0.55 0.18 0.57 0.16 0.55 0.22 0.6
TR—EN 0.31 0.61 0.38 0.67 0.32 0.63 0.38 0.66 0.36 0.66 0.37 0.66
TR—KK 0.08 0.46 0.14 0.53 0.14 0.52 0.16 0.55 0.14 0.53 0.19 0.57
TR—RU 0.17 0.5 0.23 0.56 0.2 0.54 0.24 0.57 0.23 0.57 0.26 0.58
Avg 0.2 0.55 0.27 0.61 0.23 0.59 0.27 0.62 0.26 0.61 0.3 0.63




Discussion

Misuse of second person pronouns;
Domains with the highest BLEU and ChrF: general and legal documents.
Tilmash may have struggles with new proper names and abbreviations.

Translation quality on control language pairs became lower than in the base

model.
. BLEU chrF
Pair
base Tilmash base Tilmash
DE—-FR 0.33 0.28 0.61 0.58
FR—DE 0.22 0.19 0.55 0.53
DE—-UK 0.15 0.04 0.49 0.36
UK—=DE 0.19 0.16 0.53 0.50
FR—=UZ 0.06 0.02 0.48 0.31

UZ—-FR 025 0.22 0.56 0.53




Examples

Pair Type Text BLEU chrF
source b:‘cmbffg KoHe ;{fena.-'.
Ystyq jane jeldi.
KK—EN reference It is hot and windy. 1.00 1.00
- Tilmash ~ [Ifs hotand windy. 055 081
Yandex Hot and windy. 0.00 0.66
Google Hot and windy. 0.00 0.66
source 1 KbipkyGekme beciHwi aHa enimi mipkenol.
1 gyrkuiekte besinshi ana olimi tirkeldi.
KK—EN reference On September 1, the fifth maternal death was registered. 1.00 1.00
- Tilmash A fifth maternal death was recorded on 1 September. 027 063
Yandex On September 1, the fifth maternal death was registered. 1.00 1.00

Google On September 1, the fifth maternal death was recorded. 0.81 0.86




Dataset and model

Both KazParC and Tilmash are available for download under the Creative Commons
Attribution 4.0 International Licence (CC BY 4.0) from our GitHub and Hugging Face
repository.

GitHub HuggingFace: Data and Model
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Thank you for your attention!
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