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The K'Ho language is used by the K'Ho ethnic group, who live in the
South Central Highlands, especially the districts of Don Duong, Duc
Trong, Di Linh, Da Huoai, and Lac Duong in Lam Dong province.
Currently, the provincial People's Committee and the Ethnic Minority
Committee of Lam Dong province are encouraging cadres and officials
in the province to learn the K'Ho language to contact and propagate the
guidelines, lines, policies, and laws of the Party and government to the
K'Ho people. In this paper, we utilize the K'Ho language resources and
support from many K'Ho language experts to build a Vietnamese -
K'Ho bilingual corpus to contribute the promotion and preservation of
the K'Ho language. The corpus includes more than 16,000 Vietnamese-
K'Ho bilingual sentence pairs, which are not easy to collect due to the
limitation of K'Ho language resource. Moreover, we use the OpenNMT
framework to build an automatic translation system based on the
collected bilingual data. The result can reach to an accuracy of 56.54%,
which is an acceptable result in the automatic translation field.
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Ngon ngtt K’Ho 1a ngdn ngir duoc su dung bai dan tdc K’Ho, sinh song ¢
ving Nam T4y Nguyén, dic biét 1a cac huyén Don Duong, Buc Trong,
Di Linh, Pa Huoai, Lac Duong thudc tinh Lam Ddng. Hién nay, ty ban
nhan déan tinh va ban dan toc tinh Lam Pong dang khuyén khich can bo
va vién chuc trong tinh biét tiéng K’Ho dé tiép xuc va tuyén truyén cac
chu treong, duong 16i, chinh sach, phap luat cua Pang va Nha nudc t6i
nguoi K’Ho. Trong bai bao nay, chung toi sir dung ngudn tai nguyén
tiéng K’Ho va su hd trg tir cdc chuyén gia tiéng K’Ho dé xay dung bo
song ngit Viét — K’Ho nham gép phan vao viéc quang ba va bao ton ngon
ngit K’Ho. B ngir liéu bao gom hon 16.000 cip cau song ngit Viét-
K’Ho, von khong d& dang thu thap do gioi han vé ngudn tai lidu lién quan
t6i ngdn ngit tiéng K’Ho. Chung t6i sir dung bo ma ngudn OpenNMT dé
xdy dung hé théng dich tu dong dwa trén bo dit liéu song ngir. Két qua
dich c6 thé dat duoc d6 chinh x4c 1én t6i 56,54%, 1a mot két qua co thé
chip nhan duoc trong linh vire dich ty dong.
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1. Introduction

In recent years, deep learning-based natural language processing, especially in machine
translation studies, has achieved outstanding results. Until now, there exist many researches
about automatic translation of text from Viethamese to English and vice versa [1]. Machine
translation from English to Vietnamese is based on a method with low efficiency [2]. In [3], [4]
the authors translated English - Viethamese documents with IWSLT data [5] which used more
data and combined complex models to improve translation efficiency. Phan-Vu et al. [6] created
a dataset for the English-Vietnamese bilingual translation and used the seg2seq method to
achieve a high BLEU index. Le and Nguyen [1] used the Transformer architecture with a BLEU
index of 32.1.

Currently, several domestic studies devoted to bilingualism between Vietnamese and ethnic
minority languages to help preserve of languages and improve the understanding of ethnic groups
about other cultures as well as regulations and policies of the government. The K'Ho language,
which is widely used in Lam Dong province, was studied by Dinh et al. in [7], [8]. The authors
built a bilingual dataset based on weather forecasts on Lam Dong radio in 2014 which had over
1,300 pairs of bilingual sentences. They applied statistical machine translation [7] and sample-
based translation [8] to translate from Vietnamese into the K'Ho language. However, the study
only used data on a narrow range of weather forecasts, so it could not be applied to other
documents. Therefore, in this paper, we enhance the scope of our automatic translation system to
cover not a specific field but different ones of K’Ho group using the dictionary-based format.

1.1. Motivation

Lam Dong is a province in the South Central Highlands with a big natural area and many
district-level administrative units. Among 47 ethnic groups, some minorities account for a high
proportion such as K'Ho, Ma, Churu, Nung, Tay, Hoa, and M'Nong. Most of the ethnic groups in
Lam Dong live side by side with the spirit of solidarity, equality, respect, and mutual
development. To contribute to the study of languages of ethnic minorities using modern
technologies and to provide an automatic translation system from Vietnamese to K'Ho and vice
versa, in this paper, we aim to build a Vietnamese - K'Ho bilingual corpus, then we use the deep
learning methods to build an automatic translation system, which improve the understanding
between the two languages.

1.2. Literature Survey
1.2.1. Vietnamese — K’Ho translate

In [7], [8], Dinh et al. studied a Vietnamese — K’Ho translation system for weather
forecasting. In [7], they applied the example-based machine translation method while they used a
Statistics Machine Translation-based application in [8]. Experimental data involved 212 pairs of
Vietnamese - K'Ho bilingual sentences extracted from the weather forecast bulletins from 2015 to
2017 of Lam Dong Radio and Television Station, Lam Dong newspaper, and Voice of Vietnam.
Both studies only used small data about 212 Vietnamese-K'Ho bilingual sentences and did not
evaluate the accuracy of the system. Moreover, the research was limited to the field of weather
forecasting.

1.2.2. RNN in the translation system

Luong et al. [9] proposed two RNN attentional mechanisms for NMT, in which the global
approach looked at all words, and the local one attended to a subset at once, to enable higher
learning efficiency and higher translation quality. The global model was more extensive than the
other and was impractical with long sequences, such as paragraphs and documents. Hence, the
local attentional approach was considered a better alternative.
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Convolutional Sequence to Sequence Learning (ConvS2S) [10] is a fully convolutional neural
network for NMT. Gehring et al. applied CNN which is less popular for NMT due to the lack of
capability for long time-series data. The authors incorporated gated linear units into the encoder to
optimize the gradient propagation. They also equipped a separate attention module in each decoder
layer. Thanks to these optimizations, ConvS2S outperformed GNMT [11], one of the best RNN
models for NMT, on WMT’14 English-German and WMT’14 English-French datasets.

Radford et al. [12] proposed a transformer-based language model called GPT-2 with 1.5
billion parameters. Based on the ConvS2S architecture, the authors proposed a new network by
modifying their previous work [13] with additional layer normalizations and modified residual
paths. GPT-2 trained on specific domains which was not the same with training datasets, thus, it
outperformed others method. It also showed a high capacity for several tasks without explicit
supervision needs.

2. Proposed methodology

In this paper, the proposed method includes two main parts: the first part is building a
Vietnamese - K'Ho bilingual corpus and the second one is researching a deep learning-based
approach to build an automatic translation system.

2.1. Viet — K’Ho bilingual corpus
2.1.1. Overview

True
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Figure 1. The flow diagram for bilingual data processing

To build a Vietnamese - K'Ho bilingual corpus, we proposed a procedure for acquiring,
processing, and synthesizing a dictionary from Viet — K’Ho bilingual texts. Figure 1 shows the
flow diagram for bilingual data processing. We collected bilingual texts from different K’Ho
documents, including K’Ho teaching and learning materials, a dictionary, and issues from Ethnic
and Mountainous Photojournalism.

2.1.2. Digitization and preprocessing

Language documents can be digitized using optical character recognition (OCR) or manually
input. Using OCR will speed up the digitization of documents that are high-definition images and
easy-to-see text. However, many documents are primarily old, so they must be manually input.

To type such special characters as in Figure 2, we need to use the software called
TayNguyenKey [14]. TayNguyenKey is a new solution for typing characters for the ethnic
minority in Central Highlands. Using this software, everyone can type words for many ethnic
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minorities including Rhade, Jarai, Bana, Sedang, Mnong, and K’Ho in different applications such
as Microsoft Word, Microsoft Excel, MS Access, etc.
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Figure 2. Some characters for the ethnic minority in the Central Highlands
After data digitization, the input should be preprocessed to find and correct invalid data, such
as spelling, editing, and encoding errors before being applied to the next steps. The characters in

Figure 2 use composite Unicode encoding, so they must be converted to the relative precomposed
Unicode to limit errors that occur when aligning words in the next step.

2.1.3. Dictionary augmentation and word alignment

It is possible to augment data by the two methods as follows:

Separated by commas: If a Vietnamese word in the dictionary has more than one meaning and
a comma separates it, then it can be separated into a new pair of words and meanings. The
examples are presented in Table 1 and Table 2.

Table 1. Original dictionary

Vietnamese word K’Ho meaning Vietnamese example K’Ho example
Bic B4, ba yung Bic cay qua sudi Ba yung tia da
Ban bat Rom, mprom Run ban bat vi rét Mprom nuat kop
Bat Torglos, go torglos Bat 1én Torglos guh

Table 2. Dictionary after separating by commas

Vietnamese word K’Ho meaning Vietnamese example K’Ho example
Bac Ba
Bic Ba yung Bic cay qua sudi Ba yung tia da
Ban bat Mprom Run ban bat vi rét Mprom nuat kop
Bat Torglos Bat lén Torglos guh

Table 3. Dictionary after combining Viethamese synonyms

Vietnamese word K’Ho meaning Vietnamese example K’Ho example

Ban thiu Bé bol Chan tay ban thiu Jong t€ bd bol

Bé bét B bol Quan 40 bé bét dat Oi au b6 bol u
Nhem nhuéc B bol

Table 4. Dictionary after combining Vietnamese synonyms

Vietnamese word K’Ho meaning Vietnamese example K’Ho example
Ban thiu Bé bol Chan tay ban thiu Jong t& bé bol
Do day B6 bol
Réch rac Ba bol
Bé bét B bol Quan 40 bé bét dat Oi au b6 bol u
Be bét Bé bol
Nhem nhuébc B& bol

Combining Vietnamese synonyms: If a Vietnamese word in the Viet-K’Ho dictionary has
synonyms in the Vietnamese synonyms dictionary [15], each corresponding synonym will be
alternated in the dictionary to form a new pair of word-meaning. Table 3 and Table 4 show
examples of combining Vietnamese synonyms. However, after augmenting the dictionary, there
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is no need to include examples in new word pairs because the example is not suitable for the
context of the new word. The data obtained from the bilingual texts cannot be used in training
natural language processing models and must be aligned with the corresponding translation.
Bilingual texts from Ethnic and Mountainous Photojournalism have almost been aligned at the
paragraph level and can be aligned at the sentence level and word level as presented in Figure 3.

| Paragraph alignment | | Sentence alignment | |  Wordalignment |

Figure 3. Alignment levels in bilingual text

Word tokenization is a process of splitting a sentence into compound words or phrases, also
known as tokens. This process is built in many Vietnamese natural language processing libraries
such as Python Vietnamese Toolkit (PyVi), VnCoreNLP, etc. In K’Ho texts, the Vietnamese
words that do not have corresponding words in K’Ho will keep the same words. K’Ho words will
be splitted by Unicode character changes (i.e. spaces). A word in the source language can be
associated with one or more words in the target language. In the word aligners, words are
separated based on spaces by default, so combining the Vietnamese word tokenization with the
word aligner is necessary for more efficient execution and accurate results. Word aligners can be
classified by different approaches, including IBM model-based [16], word class [17], and neural
networks [18].

2.2. Deep learning-based approach for the automatic translation system

Neural machine learning translation (NMT) is a method for machine translation that uses an
artificial neural network to learn and translate via the likelihood of a word sequence prediction.
NMT has been the widely-adopted machine translation approach since 2016. Generally, NMT
models the entire machine translation process via a deep neural network consisting of an encoder
and a decoder (Figure 4). Here, words are transcribed into vectors in the encoding and decoding
process, in which each vector has a unique magnitude and direction. Specifically, the translator
analyzes input text and then encodes it into vectors. The decoder takes these vectors and predicts
the likely correct translation. This approach helps NMT derive more natural and more human-liked
results than other legacy forms of machine translation, such as statistical machine translation.

Bi loh brod loi ? <eos>

L]
I I I T B et O O I O I B

‘ D l:l <eos> Bi leth brod leri ?

Anh  lam ngheé g ?

What do you do?
Figure 4. lllustration of a general NMT Vietnamese — K ’Ho

OpenNMT [19] is an open-source of NMT which was introduced in 2016 by Harvard
University and SYSTRAN. This framework aims to provide open-source code for the core
translation task, prioritize training and test efficiency, maintain model modularity and readability,
and support significant research extensibility. Unlike some NMT algorithms which are closed
source, many other NMT systems, such as GroundHog, TensorFlow-seq2seq, and seq2seg-attn,
are released as research code that provide minimal support to users. OpenNMT tackles this
limitation by helping academic and industrial communities to use the existing NMT
implementations easier.

OpenNMT provides implementations on two popular deep-learning frameworks, PyTorch
(OpenNMT-py) and TensorFlow (OpenNMT-tf). Benefitting from the used libraries, the
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OpenNMT-py is user-friendly and multimodal, and the OpenNMT-tf is modular and stable.
Despite the differences in implementation, advantages, and drawbacks, both open-source
implementations are highly configurable model architectures and training procedures and
scalable to other tasks such as text generation, image-to-text, and speech-to-text. They also
provide efficient model-serving capabilities for use in real-world applications. These open-source
projects provide many state-of-the-art NMT algorithm implementations, which are presented in
Table 5 as well as support many related features in model configuration, training, and decoding.

Table 5. The list of the OpenNMT supported models

OpenNMT-py OpenNMT-tf

ConvS2S [10] v

DeepSpeech2 [20] v (v1only)

GPT-2 [12] v v
Im2Text [21] v (v1 only)

Listen, Attend and Spell [22] v
RNN with attention [9] v v
Transformer [23] v v

3. Experiments

In this paper, we used ABBYY FineReader to digitize K’Ho documents into document files
and saved them in spreadsheet files, PyVi to tokenize Vietnamese words, and Eflomal [16] and
AWESOME [18] to align bilingual sentences. The result of the bilingual corpus is shown as
follows: The total number of words in the dictionary is 8,723; the total number of words after
augmenting by the dictionary is 19,864. The total number of bilingual sentences is 16,217. Table
6 shows the results of using Eflomal and AWESOME to align bilingual sentences. The rate is
only for the bilingual corpus’s evaluation and does not reflect that the others in the bilingual
corpus are wrong. More specifically, the result of aligned words in Eflomal is pointed out in
Table 7. Figure 5 displays the correlation of bilingual corpus.

Table 6. Bilingual corpus result

Eflomal AWESOME

Number of aligned words 38,200 78.218
Number of aligned words which are similar to words in the dictionary 1,080 674
Rate 2.83% 0.86%

Table 7. The result of aligned words in Eflomal

Vietnamese word K’Ho word Occurrences
18 hoi 1¢h cho 203
ban bon 202
dia phuong anih om 199
kh6 khan kal ke 198
cham prum 197

3.1. Experiment setup

In this experiment, we create a bilingual dataset consisting of Vietnamese and K’Ho pairs of
sentences and use it for training and validation. The training set takes 12,290 pairs of sentences,
and the validation test takes 3,927. Our experiment uses the OpenNMT framework for
implementation and follows its configuration for building vocals, training, and translating. For
training, we set the maximum truncate source sequence length to 400, the truncate target
sequence length to 100, the word embedding size to 128, and the size of RNN hidden states to
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512. We apply similar configurations for validation, except for the maximum truncate source
sequence length and truncate target sequence length, which are set to 1200 and 300, respectively.

200
150

100

K'Ho sentence length

0 50 100 150 200
Vietnamese sentence length

Figure 5. The correlation of bilingual corpus
3.2. Deep learning-based methods comparison

This experiment compares five NMT approaches, combining different encoders, decoders,
and attention models. The encoder set includes a bidirectional encoder (brnn), a simple RNN
encoder (rnn), and a convolutional encoder (cnn) [10]. Here, the brnn comprises two independent
encoders, in which one encodes the normal sequence and the other processes the reversed one.
The decoder's set includes an RNN decoder (rnn_dec) [9] and a convolutional decoder (cnn_dec)
[10]. The attention model set includes two options, from [9] and [24]. Table 8 describes the
comparison of several NMT methods. Method (2), which is the combination between the
bidirectional encoder and the decoder proposed by Luong et al. with the number of layers in the
encoder and decoder of one, achieves the lowest perplexity with 20.34, the highest accuracy with
56.54%, and the highest BLEU with 41.45 among the state-of-the-art on our bilingual datasets.
Besides, by increasing the depth of the network as (3), the translation accuracy reduces by 8%.
With the small size of our bilingual dataset, the bidirectional approach with the depth of one
shows fine capability, although it is not practical enough.

Table 8. Comparison between various methods, in which the best values are highlighted as bold

Methods Q) (2) 3) 4) 5)
Encoder brnn brnn brnn rnn cnn
Decoder rnn_dec rnn_dec rnn_dec rnn_dec cnn_dec
#Layers 1 1 2 1 1
Global attention [24] [9] [9] [9] [9]
Perplexity 24.31 20.34 31.79 20.67 81.06

Accurate (%) 54.98 56.54 48.06 56.12 40.74

As in Table 8, the current deep learning-based methods have not produced high translation
performance. In our observation, this drawback comes from the limitation of training data,
although the introduced extensive pre-processing process and data embedding have been applied.
For enhancing translation efficiency, we consider increasing the core of the Viethamese-K’Ho bi-
lingual dataset in both diversity and quantity.

4. Conclusion

In this paper, firstly, we built a Vietnamese - K'Ho bilingual corpus that includes more than
16,000 Vietnamese-K'Ho bilingual sentence pairs. Secondly, we use the OpenNMT framework
for implementation with the collected bilingual data to build an automatic translation system,
which achieves the highest accuracy with 56.54%. However, this is only the initial study for the
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Vietnamese - K'Ho automatic translation system because the bilingual corpus is limited. In the
future, we will continue to collect more data for the Vietnamese - K'Ho bilingual repository and
research new methods to improve the accuracy of the translation system.
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