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Abstract

We participated in the constrained track for
English-Japanese and Japanese-Chinese trans-
lations at the WMT 2024 General Machine
Translation Task. Our approach was to gen-
erate a large number of sentence-level transla-
tion candidates and select the most probable
translation using minimum Bayes risk (MBR)
decoding and document-level large language
model (LLM) re-ranking. We first generated
hundreds of translation candidates from multi-
ple translation models and retained the top 30
candidates using MBR decoding. In addition,
we continually pre-trained LLMs on the target
language corpora to leverage document-level
information. We utilized LLMs to select the
most probable sentence sequentially in context
from the beginning of the document.

1 Introduction

This paper details Team-J’s system submission
for the WMT 2024 Shared Task: General Ma-
chine Translation. We participated in the English-
Japanese (En—Ja) and Japanese-Chinese (Ja—Zh)
translation tasks under the constrained track.

As with last year’s competition, the use of pub-
licly available pre-trained models and metrics eval-
uated in the WMT Metrics shared tasks, such as
COMET (Rei et al., 2020), was permitted. Fol-
lowing the Kudo et al.’s (2023) system, we em-
ployed multiple machine translation (MT) models
to generate numerous candidate sentences for each
source text. We then applied minimum Bayes risk
(MBR) decoding (Fernandes et al., 2022) using the
COMET metric to select the optimal translations.

Additionally, contrary to the previous years, the
use of large language models (LLMs) was also
permitted this year. Our primary objective was to
use these LLMs to achieve consistent document-
level machine translation. Specifically, we aimed
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to develop models based on LLMs and also imple-
mented a reranking system. Figure 1 provides an
overview of our system. The following sections
describe its components in detail.

2 Dataset Construction

In this section, we describe the training data, the
process of synthetic data generation, and the data
cleaning methodologies.

2.1 Provided Data

Since we participated in the constrained track, we
solely used the data officially provided by the orga-
nizer.

Bitext data. We used all the provided bitext
data. For English to Japanese translation, we
used JParaCrawl v3.0 (Morishita et al., 2022a),
News Commentary v18, Wiki Titles v3, Wiki-
Matrix (Schwenk et al., 2021), Japanese-English
Subtitle Corpus (JESC) (Pryzant et al., 2018),
The Kyoto Free Translation Task (KFTT) Cor-
pus (Neubig, 2011), and TED Talks (Cettolo et al.,
2012). For Japanese to Chinese translation, we
used JParaCrawl Chinese (Nagata et al., 2024),
News Commentary v18, Linguatools Wiki Titles,
WikiMatrix, OPUS, and Neulab TED Talks (Tiede-
mann, 2012).

Monolingual data. We also used the follow-
ing provided monolingual data for Japanese
and Chinese: News Crawl, News Commentary,
Leipzig Corpora (Goldhahn et al., 2012), Common
Crawl (Buck et al., 2014), and Extended Common
Crawl (Conneau et al., 2020; Wenzek et al., 2020).
For the continual pre-training of the language mod-
els, we only used the Common Crawl and Extended
Common Crawl due to the limited availability of
document-level data beyond these two datasets.

Development data. We used NTREX-128 (Fed-
ermann et al., 2022), Flores-200 (Team et al., 2022;
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Figure 1: System overview

Goyal et al., 2022; Guzman et al., 2019) and the
past WMT test sets as development data. These
datasets were also employed to fine-tune the mod-
els.

2.2 Synthetic Data

We constructed synthetic data to augment the train-
ing dataset. We used the synthetic data created by
Kudo et al. (2023) for the En—Ja task, and newly
created data for the Ja—Zh task as follows. For pre-
processing, we tokenized the bitext (Section 2.1)
into truecased' subwords using a unigram language
model with Sentencepiece (Kudo and Richardson,
2018), with “byte_fallback™, and “split_digits” op-
tions enabled following Touvron et al. (2023);
Dubey et al. (2024); Kudo et al. (2023). After
that, we created a back translation model (Sennrich
et al., 2016), which we call an initial translation
model using the training configurations in Table 7
(Appendix C) and trained it on the bitext. Then,
we translated the Chinese monolingual data (Sec-
tion 2.1) with a beam size of 10 and a length penalty
of 1.0.

2.3 Data Cleaning

We conducted data cleaning on the corpus. Specif-
ically, we applied several rules to clean and fil-
ter out noisy sequences using HojiChar (Shinzato,
2023). HojiChar is a text preprocessing tool that
mainly supports monolingual corpus in Japanese

"https://github.com/moses—smt/
mosesdecoder/blob/master/scripts/
recaser/truecase.perl

and English, with typical filters preinstalled. We
first extended HojiChar to make it work with paral-
lel corpus and implemented a variety of rules with
careful investigation of the provided data. Table 1
shows the list of data cleaning methods we applied
on the bitext and monolingual data. Table 2 shows
the amount of data after filtering.

The following provides a detailed explanation of
the cleaning rules that were mainly implemented
using tools other than HojiChar.

Character count-based filtering. We qualita-
tively examined the Common Crawl and Extended
Common Crawl datasets. Our analysis revealed
that shorter sequences tend to be noisy. Therefore,
we discarded sequences that were less than or equal
to 200 characters for Japanese and 100 characters
for Chinese, respectively (see (26) in Table 1).
This threshold also helps us retain document-level
data that is suitable for the continual pre-training of
LLMs. To efficiently filter out shorter sequences,
we used the awk command.

Toxic content cleaning. Qualitative analysis of
the Common Crawl data revealed a significant
amount of low-quality toxic contents, such as adult
material, are included in the corpus. To address
this, we applied a toxic content filter to exclude
such samples from our training data ( (9) in Ta-
ble 1). For the Japanese data, we used filters origi-
nally implemented in HojiChar.? For the Chinese
corpus, we defined a list of toxic words based on

’pDiscardAdultContentJa in HojiChar.
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Filter & Cleaner Ja. Zh En-Ja Ja-Zh
(1) Discard content having identical source and target v v
(2) Discard content with invalid unicode characters v v v
(3) Remove non-printable unicode characters v v v v
(4) Apply NFKC normalization v v v v
(5) Normalize space-like characters to half-width spaces v v v v
(6) Restore escaped HTML symbols v v v v
(7) Discard content like progress bars v v v v
(8) Discard content having many square brackets v v v v
(9) Discard content containing keywords for porn contents v v
(10) Discard content containing keywords for online bulletin boards v v
(11) Discard content containing part of sequences like word lists v v v v
(12) Discard content containing having many punctuations v v v v
(13) Discard content containing having many numbers v v v v
(14) Reduce repeated space and punctuation characters v v v v
(15) Discard content having many same consecutive characters v v v v
(16) Discard content having many same consecutive N-grams v v v v
(17) Discard content having less punctuations v v
(18) Discard content having no punctuations in a sliding window of specified length v v
(19) Discard content having low compression ratio with zlib compression v v
(20) Discard content not in expected languages v v v v
(21) Remove ellipsis symbols v v v v
(22) Remove open bracket end symbols at the end of the sentence v v v v
(23) Remove parentheses with no content inside v VY v Ve
(24) Remove Unicode control characters v v Vv v
(25) Remove content starts with "&" v VY v v
(26) Discard too short content v v
(27) Convert traditional Chinese to simplified Chinese Ve
(28) Exact deduplication v v v v
(29) Fuzzy deduplication v
(30) Discard too long content v v
(31) Discard content having too large source/target token ratio v v
(32) Discard content having too large token/char ratio v v
(33) Discard semantically irrelevant translations v Ve

Table 1: List of data cleaning rules.

those used for the ChineseWebText (Chen et al.,
2023) dataset.

Compression rate-based cleaning. We used a
cleaning method based on the compression rate to
remove non-textual data ( (19) in Table 1).> Sam-
ples with a high compression rate typically con-
tain excessive repetitions, while those with a low
compression rate often consist of random strings.
Specifically, we calculated the compression rate for
each sample and removed those that did not fall
within a specified range.

Language detection. To ensure the collection of
data in the target language, we used language detec-
tion (20) in Table 1. Simple heuristic language
detection methods are implemented in Hojichar,
such as a method that checks for the presence of
hiragana or katakana. Alongside these simple
methods, we also used FastText-based language
detection (Joulin et al., 2017b,a).

3We referred to has_good_compression_ratioin

https://github.com/11lm-jp/llm-Jjp-corpus/
blob/main/scripts/filters.py

Conversion of traditional Chinese to simplified
Chinese. We converted Chinese data written in
traditional characters to simplified characters to
augment the bitext data ((27) in Table 1). We
used OpenCC* for these conversions.

Deduplication. Duplicate data in training sets
can negatively impact the performance of language
models (Lee et al., 2022). To mitigate this, we per-
formed exact deduplication using the sort com-
mand ( (28) in Table 1) and fuzzy deduplication
using MinHash (Broder, 1997) ((29) in Table 1).
We used the text-dedup tool (Mou et al., 2023)
for implementation.

Bitext similarity cleaning. We performed clean-
ing based on bitext similarity using LaBSE (Feng
et al., 2022) to filter out semantically irrelevant
pairs ( (33) in Table 1). We set the lenient thresh-
old of 0.5 for bitext and more strict threshold of 0.7
to synthetic data.

*https://github.com/BYVoid/OpenCC
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# samples # tokens

LLMs
Monolingual Ja 88.4M  35.8B
Monolingual Zh  137.4M  29.9B
Parallel En-Ja 29.8M 4.0B
Parallel Ja-Zh 3.8M 506.3M
Encoder-Decoder
Synthetic En-Ja 58T  12.9B
Synthetic Ja-Zh 291M  10.3B
Parallel En-Ja 28.2M 730.0M
Parallel Ja-Zh 6.3M 163.6M

Table 2: The amount of training data used for LLMs
and Encoder-Decoder MT models. The token count for
LLMs is based on the tokenizer of Mistral-7B, and the
count for Encoder-Decoder MT models is based on the
subwords on the target side.

3 Primary Translation Models

We developed translation models using two ar-
chitectures: Encoder-Decoder and Decoder-only
(LLMs).

3.1 Encoder-Decoder MT Models

For En—Ja, we used the existing translation mod-
els created by Morishita et al. (2022b); Kudo et al.
(2023). For Ja—Zh, we newly constructed transla-
tion models through pre-training and fine-tuning.

Pre-training. We trained the pre-training model
using the pre-training configuration in Table 7 (Ap-
pendix C). For the training data, we used the bitext
(Section 2.1) and the synthetic data (Section 2.2)
after applying data cleaning (Section 2.3). We
performed upsampling to achieve a 1 : 4.7 ratio
between the bitext and the synthetic data. More-
over, we applied the tagged back-translation tech-
nique (Caswell et al., 2019), adding a special token
<BT> at the beginning of the source sentences in
the synthetic data and storing this tag in the vocab-
ulary dictionary.

Fine-tuning. After pre-training, we conducted
fine-tuning using the development data (Sec-
tion 2.1) with the fine-tuning configuration in Ta-
ble 7 (Appendix C).

3.2 LLM-based MT Models

We used the Llama2-13B (Touvron et al., 2023) and
Mistral-7B (Jiang et al., 2023), which are permitted
for use in the constrained track. These LLMs were
used only for the En—Ja direction and not for the
Ja—Zh direction. For Mistral-7B, we also prepared
a variant with an expanded vocabulary to improve

its Japanese generation capability. For more details
on vocabulary expansion, please refer to Section B.

Continual pre-training. Although the datasets
used for training Llama2 and Mistral are not pub-
licly disclosed, it is generally believed that they
are predominantly in English. Consequently, con-
tinual pre-training has been conducted to enhance
performance on Japanese tasks (Fujii et al., 2024a;
Okazaki et al., 2024). This approach has been re-
ported to improve English-Japanese translation per-
formance. To further boost Japanese language ca-
pability, we also performed continual pre-training
using the cleaned monolingual corpus detailed in
Section 2.3. The training configurations are shown
in Table 8, 9, and 10.

Supervised fine-tuning After continual pre-
training, we conducted supervised fine-tuning for
the translation task. In this phase, we used the
cleaned bitext corpus and development data de-
scribed in Section 2. Initially, we fine-tuned the
model using the bitext corpus, followed by addi-
tional fine-tuning with the development data which
is relatively clean. To prepare for the Stepwise
MBR-Enhanced LLM decoding detailed in Sec-
tion 4.2, we used all combinations of the first n sen-
tences from each document as training samples for
the development data fine-tuning. Figure 2 shows
the prompt template, and Table 8, 9, and 10 shows
hyperparameters used in the training process.

Preference learning. To align the translation re-
sults with human preferences, we conducted prefer-
ence learning for Mistral-7B. > We used Contrastive
Preference Optimization (CPO) (Xu et al., 2024)
as the preference learning algorithm. In prelimi-
nary experiments, we also tried Direct Preference
Optimization (DPO) (Rafailov et al., 2023) as an
alternative to CPO. However, despite the decrease
in loss during training, we observed that the DPO
often resulted in output collapse (complete loss
of input-output correspondence) during decoding.
Therefore, we selected CPO as our preference learn-
ing.

Let Ly (mp) and Lyyer (7g) be the negative log-
likelihood of g and preference of output given by

>Due to computational resource limitations, we applied
LoRA fine-tuning (Hu et al., 2022).
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Figure 2: The general prompt for supervised fine-tuning. {src} denotes the source sentence. {tgt} denotes the target

sentence.

g, respectively, that is:

(s,r)~D [IOg 7T9(T | S)}
) (s8,r,yr)~D [lOg U(ﬁd)] , (D
d = log Tre(r | 5) —logmg(y | )

Lyt (mg) =

pref (7’[’

where ¢ is the Sigmoid function. Then, CPO mini-
mizes the following objective function during train-
ing:

mein [Lpret(m9) + aLniL(me)] . (2)

Here, D = {(s,r(®, 5®) }iil represents the
dataset. 7y denotes a parameterized policy, and «
and [ are hyperparameters. We used the develop-
ment data for training in preference learning. In
this context, s corresponds to the source text from
the development data, r to the reference text from
the development data, and ¢ to the output of the
model before preference learning.

To prevent the model output from collapsing, we
introduced a minor modification to the CPO ob-
jective function. Specifically, we implemented a
warm-up phase to reduce the impact of the prefer-
ence learning loss at the beginning of training. This
approach is formulated as follows:

min [min (1, ZZ> Lpret(mg) + aLnwr (7o)
" 3)

Here, ¢ represents the number of training steps, and
iw denotes the number of warm-up steps for the
preference learning loss.

4 Decoding

This year’s test set consists of segments with mul-
tiple sentences in context. Since most bitext cor-
pora are at the sentence level, translating larger
segments in one shot is not preferable. Thus, we
initially divided each segment in the test set into
individual sentences using spaCy (Honnibal et al.,
2020).° In case the resulting split was overly short,
we combined texts from its adjacent splits.

%We used “en_core_web_lg” model for English and
“ja_core_news_lg” model for Japanese.

hypotheses pseudo-references
top-p sampling epsilon sampling
En—Ja 1272.15 3288.5 3421.99
Ja—Zh 261.84 884.11 3108

Table 3: The average number of hypotheses and pseudo
references for each source sentence generated by the
Encoder-Decoder MT models. Note that due to errors
during decoding, the number of hypotheses and pseudo-
references generated for a single source sentence varies.

4.1 MBR Decoding

We apply minimum Bayes risk (MBR) decod-
ing (Eikema and Aziz, 2020) to select high-quality
translations from the set of hypotheses gener-
ated by the multiple translation models using
MBRS (Deguchi et al., 2024). Let Y be the out-
put space of translation models. We use the
Monte Carlo method to estimate the expected util-
ity (Eikema and Aziz, 2022), as follows:

yMBR = argmax E [u(h,?)],
heH +€R
1
= argmax —— u(h, ), @)
heH |R| Z (h,7)
TER
where yMBR is the selected translation by MBR

decoding, H C Y is the hypotheses set, and R
is the multiset (a.k.a bag) of translation samples’,
called “pseudo-references”. u: Y x Y — R is
the utility function that returns scores of the trans-
lation quality of the hypothesis under the given
pseudo-references, which is formally defined as
h=n < wu(h, ) > u(l,7) where = de-
notes the preference relation. We employ COMET-
228 (Rei et al., 2020, 2022) for the utility function
u. Therefore, the MBR decoding using COMET-22

is formulated as follows:
yMBR = argmax ——

ZCOMET 22(s, h, 7).
heH

TE
(5
Note that COMET-22 also takes the source sen-
tence s as input.

7The support set is a subset of the output space, i.e.,

Supp(R) C ¥
$https://huggingface.co/Unbabel/
wmt22-comet-da
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In our system, we select the 30-best translations
using MBR decoding instead of selecting the 1-
best translation as shown in Equation 4 to deter-
mine the final decision using another algorithm
than MBR decoding. In other words, MBR decod-
ing is used to prune translation hypotheses. We
generate hypotheses for each source sentence using
an ensemble of Encoder-Decoder MT models with
beam search decoding. In addition, we prepare two
types of pseudo-references by decoding with top-p
sampling (p = 0.9) and epsilon sampling (Freitag
etal., 2023) (e = 0.02). The number of hypotheses
and pseudo-references used in MBR decoding is
presented in Table 3.

4.2 Stepwise MBR-Enhanced LLM Decoding

Algorithm 1: Stepwise MBR-Enhanced
LLM decoding
Input: Dg.c = {S0,51,---,8n}
Output: Dy, = {ho, h1,..., hp}
1 Dtgt < {},
2 Shist — {},
3 fori < Otondo
// Generate candidates for

Si
H < LLMswmt(Si, Shist, Digt):
hi < MBR(H, H);
Dtgt — Dhyp U {hz},
| Shist < Shist U {si};

s return Dy,

N & &

During our preliminary experiments with fine-
tuned LLMs, we observed frequent issues where
some sentences were skipped during decoding.
This led to discrepancies in the number of sen-
tences between the source and the translated
output.  Additionally, we observed samples
where the same token was generated repeatedly.
To address these issues, we propose a decod-
ing method called Stepwise MBR-Enhanced
LLM Decoding (Algorithm 4.2). This method
translates documents sentence by sentence, consid-
ering the overall document context (see Figure 3).
This approach resolves the issue of mismatched
sentence counts between the source and hypoth-
esis. Furthermore, we applied MBR decoding
to achieve high-quality sentence-level translation
without repeated tokens or other errors (line 5 of
Algorithm 4.2). We used the outputs of four LLMs
for this method. Specifically, we used four LLMs

with different settings: Mistral-7B with and without
vocab expansion and with and without preference
learning.

5 LLM Reranking

As mentioned in Section 3 and Section 4, primary
translation models decode at the sentence level. To
improve the overall document-level consistency of
the translation results, we performed reranking us-
ing LLMs. We used the top 30 highest-scoring
hypotheses from MBR decoding as the candidate
pool and reranked them based on context-aware
scoring. Specifically, we used the LLMs fine-tuned
for the translation task described in Section 3.2
to calculate the likelihood of each hypothesis with
context information. We repeated this process to se-
lect hypotheses with the highest likelihood scores,
resulting in the final translation output. The details
are described in Algorithm 2. In our system, we use
supervised fine-tuned Mistral-7B as the reranker,
and we set the beam size to b = 2.

Algorithm 2: LLM Reranking Algorithm
Input: Dy = {s0,S1,...,5n}

Input: Dy, = {Ho, Hi,..., Hy}
Input: b: Beam size
Olltpllt: Dhyp = {ho, hl, ey hn}

1 Coeam {(@, _OO)};
2 P« 0
3 for H € Dyyps do
for (c, ) € Cpeam do
for h € H do
L ph 4 LLMyT(Dsre, €U {h}):
P — PU{(c.h, pn)}:

DN - LY I

o

Ty < Top, (P, with respect to pp,);
9 Coeam
{(cU{h}, pn) | (c.h, pr) € To}:

k% .
10 (c*,pl) < arg MAX (¢, p.)EChoan P
11 Dy, < €,
12 return Dy,

6 Post processing

Finally, we applied the following postprocessing
rules to the selected translations. The rules are
designed based on alignment errors commonly seen
in the model translations of the development sets.

* Apply NFKC normalization
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{hypl}

Figure 3: The prompt for stepwise MBR-enhanced LLM decoding from English to Japanese. This is an example
for translating {src2}. {srcO} and {srcl} correspond to Sp;s; in Algorithm 1, and {src2} corresponds to s; in
Algorithm 1. Line breaks are added for readability; there are no them in the actual prompt.

* Append an emoji to the end of the hypotheses
if it’s present at the end of the source sentence

« Replace Japanese brackets ( [] ) to its Chi-
nese counterparts ( ) (Ja—Zh only)

* Replace Japanese commas (. ) to its Chinese
counterparts (,) (Ja—Zh only)

* Remove whitespaces before and after paren-
theses

* Remove whitespaces before and after com-
mas, periods, exclamations, and question
marks

* Fix letter case of alphabets in the hypotheses
to match its counterparts in the source sen-
tence

* Fix punctuations in the hypotheses to match
their counterparts in the source sentence

7 Post Evaluation

We evaluated the performance of our system using
automatic evaluation metrics. Specifically, using
this year’s test set as the evaluation data, we con-
ducted the evaluation using COMET-22° (Rei et al.,
2022), MetricX-XL!'° (Juraska et al., 2023), and
CometKiwi-XL!' (Rei et al., 2023) as the evalu-
ation metrics. Note that, since several segments
in this year’s WMT test set contain multiple sen-
tences, the scores could not be computed at the
sentence level.

The results of the post-evaluation from En—Ja
are presented in Table 4, while those for the Ja—Zh
direction are shown in Table 5. In these tables,
“VE” refers to the vocabulary-expanded model, and
“CPO” refers to the model where Contrastive Pref-
erence Optimization was performed. Addition-
ally, “EncDec” represents outputs from Encoder-
Decoder MT models, “MBR (top-p)” refers to the
case where MBR decoding was performed using
pseudo references generated by top-p sampling,
and “MBR (epsilon)” refers to the case where ep-
silon sampling was used.

‘https://huggingface.co/Unbabel/
wmt22-comet—da

Yhttps://huggingface.co/google/
metricx—-23-x1-v2p0

Uhttps://huggingface.co/Unbabel/
wmt23-cometkiwi-da-x1

Performance of the LLM-based MT models.
Table 4 shows that the translation performance of
Llama2-13B is lower than that of Mistral-7B. One
potential reason for this is the limited amount of
data used for continual pre-training of Llama2-13B
due to constraints in computational resources.

Efficiency of vocabulary expansion. Compar-
ing the models with and without vocabulary ex-
pansion ((b) vs. (d)), there is no significant
difference in performance. However, as shown in
Table 13, the model with vocabulary expansion re-
quires fewer training tokens than the model without
it in our settings. The generation speed is also faster
for the model with vocabulary expansion compared
to the one without it. Thus, we believe vocabulary
expansion could be a good option for improved
inference efficiency.

CPO is effective but challenging. Comparing
the performance before and after preference learn-
ing, the model with vocabulary expansion shows
improvement across all evaluation metrics ( (d) vs.
(e)). On the other hand, the model without vocab-
ulary expansion exhibits a significant decrease in
performance for COMET-22 and CometKiwi-XL
((b) vs. (c)), leading to inconsistent results.

Qualitative analysis of outputs from the model
without vocabulary expansion (i.e., (c) ) revealed
instances where decoding of byte-fallbacked text
failed, resulting in text being replaced with replace-
ment characters. This may be due to insufficient
adjustment of the hyperparameters during CPO
training.

Difference in pseudo references for MBR decod-
ing. Comparing settings (A) vs. (B) and (C),
we observe that the performance improves when
using MBR decoding compared to the 1-best out-
put from the ensemble of models'?. The difference
in performance with regard to the pseudo-reference
generation algorithms ( (i) vs. (J) and (B) vs.
(C) ) was not significant.

’In the En—Ja, we use results from multiple models with
different vocabularies for MBR decoding; hence we cannot

compare the performance with the 1-best output from the
ensemble of all transformers.
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COMET-221 MetricX-XL] CometKiwi-XL1

(a) Llama2-13B 0.820 3.050 0.677
(b) Mistral-7B 0.841 2.806 0.711
(c) Mistral-CPO-7B 0.651 2.254 0.557
(d) Mistral-VE-7B 0.836 2.881 0.695
(e) Mistral-VE-CPO-7B 0.866 2.254 0.732
(£) NT5 (Morishita et al., 2022b) 0.847 2.697 0.718
(g) Stepwise MBR-Enhanced LLM Decoding 0.882 2.052 0.729
(1) EncDec — MBR (top-p) 0.885 2.263 0.737
(3) EncDec — MBR (epsilon) 0.884 2.264 0.743
(k) EncDec — MBR (top-p) — LLM Reranking 0.881 2.269 0.740

Table 4: Results of post evaluation in En—Ja.

COMET-221 MetricX-XL| CometKiwi-XL1

(A) EncDec ensemble 0.818 3.550 0.548
(B) EncDec — MBR (top-p) 0.841 3.168 0.570
(C) EncDec — MBR (epsilon) 0.841 3.230 0.566

Table 5: Results of post evaluation in Ja—Zh.

Performance of stepwise MBR-enhanced LLM
decoding. Stepwise MBR-Enhanced
LLM Decoding achieves the highest score on
MetricX-XL. Additionally, compared to using
a single LLM, the scores of COMET-22 and
MetricX-XL improved. This improvement is likely
because generating hypotheses at each step with
MBR decoding helps eliminate obvious errors,
such as repeated tokens.

Effectiveness of LLM reranking. LLM Rerank-
ing did not result in any significant improvements
according to automatic evaluation metrics. How-
ever, we noted improved consistency within seg-
ments qualitatively. We intend to evaluate perfor-
mance through human evaluation as part of future
work.

8 Submission System

For the final submission system, we adopted system

(k) for the En—Ja direction and system (B) for
the Ja—Zh direction. However, particularly in the
En—Ja direction, different systems ranked highest
across various automatic evaluation metrics, leav-
ing us uncertain about which system to select even
after post-evaluation. Thus, further refinement of
automatic evaluation metrics is essential to develop
a superior system.

9 Negative Results and Discarded Trials

Poor performance of LLMs for Japanese-to-
Chinese translation. We conducted continual
pre-training and supervised fine-tuning of LLMs
for Ja—Zh translation. However, the translation
performance did not meet our expectations, leading
us to exclude it from the submission system (see
Table 5 for post evaluation results). This shortfall
likely resulted from our computational resource
constraints, which limited continual pre-training to
Chinese datasets only. For further details, please
refer to Section A.

Use of LLM outputs as candidates for MBR de-
coding. We also explored the inclusion of LLM
outputs in the candidate pool for MBR Decoding.
However, we observed a decrease in translation
quality when these outputs were included, leading
us to exclude this approach from the final system.
This decline in quality can be attributed to two
main factors: i). a substantial difference in the dis-
tribution between the outputs generated by LLMs
and the pseudo references produced by Encoder-
Decoder MT models, and ii). inadequate tuning of
hyperparameters during decoding with LLMs.

10 Conclusion

This paper described our systems for the con-
strained track of the WMT 2024 Shared Task: Gen-
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eral Machine Translation. We developed transla-
tion systems for En—Ja and Ja—Zh. To achieve
consistent document-level machine translation, we
concentrated on investigating the application of
LLMs, which have become available for use this
year, employing methods such as LLM Reranking
and Stepwise MBR-Enhanced LLM Decoding.

Our submitted system consists of the following
steps: i) First, we generate translations using mul-
tiple Encoder-Decoder MT models. ii) Next, we
narrow down the generated candidates by selecting
the optimal translation through MBR decoding. iii)
Finally, we apply LLM reranking to incorporate
contextual information in order to determine the
final output (only for En—Ja). The results from the
post-evaluation did not provide quantitative con-
firmation of the final submission system’s effec-
tiveness. However, we did observe a qualitative
improvement in consistency within the documents.
We hope for future research on better automatic
evaluation metrics that can assess these document-
level translation performances.
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WGP EAM A —EE LUT B BRI -
JFE3C: {sre} B {tgt)

Figure 4: The general prompt for supervised fine-tuning.
{src} denotes the source sentence. {tgt} denotes the
target sentence. Line breaks are added for readability;
there are no them in the actual prompt.
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Llama2-13B 0.754 4.763 0.503
Mistral-7B 0.795 4.410 0.547
EncDec ensemble 0.818 3.550 0.548

Table 6: Post evaluation results of the LLM trained
for Ja—Zh translation. Compared to the ensemble of
Encoder-Decoder MT models, the performance of the
LLM for Ja—Zh translation was not sufficient.

A Japanese-Chinese LLM

Training configurations. We trained LLMs for
Ja—Z7h translation, although these were not in-
cluded in the final system. Due to time and com-
putational resource constraints, we only conducted
continual pre-training and supervised fine-tuning
on Chinese monolingual corpora. During super-
vised fine-tuning, we used the template shown in
Figure 4. Table 12, 13 lists the hyperparameters
used for training in the Ja—Zh direction.

Post evaluation. We conducted evaluations for
the LLMs trained for the Ja—Zh translation. Ta-
ble 6 presents the results. The performance of the
LLMs in the Ja—Zh translation was insufficient
compared to the ensemble of Encoder-Decoder MT
models. This is likely because we were limited to
continual pre-training using only Chinese corpora
due to computational resource constraints.

B Vocabulary Expansion for LLM

As described in Section 3.2, we aimed to improve
the Japanese language generation capability of
Mistral-7B by expanding the model’ s vocabu-
lary. Here, we provide details on the vocabulary
expansion.

Construction of additional vocabulary. We
first constructed a Japanese vocabulary using
the unigram algorithm of the Sentencepiece
tool (Kudo and Richardson, 2018). This vocabu-
lary was trained on a subset of 30,000,000 samples
from the Japanese Monolingual Corpus. We set
the vocabulary size to 27,000. During vocabulary

training, we enabled the options "byte_fallback"
and "split_digits".

Vocabulary initialization. We initialized the em-
beddings for the additional vocabulary using the
weighted average of the original Mistral embed-
dings. The weights were determined based on the
similarity scores between the new and original Mis-
tral vocabularies, computed by LaBSE (Feng et al.,
2022). The process is described by the following
equation:

o exp(w;)

N
= Z softmax (w; )v;
i=1

Here, vy represents the embedding for the ad-
ditional vocabulary, w; is the similarity score be-
tween the additional vocabulary and vocabulary
entry ¢ as calculated by LaBSE, v; is the vector of
the existing vocabulary entry ¢, and n is the size of
the original vocabulary. This method was also used
to initialize the language modeling head.

Given our focus on the English-to-Japanese
translation task, vocabularies other than English
and Japanese are considered less critical. There-
fore, we replaced any vocabulary not identified as
Japanese, English, or special tokens with the new
additional vocabulary. The determination of the
language for each token followed these rules:

(6)

Japanese: Tokens consisting of hiragana,
katakana, common-use kanji, symbols, JIS
level 1 kanji, and ASCII characters

English: Tokens consisting solely of ASCII char-
acters

Special tokens: Tokens split by byte fallback, as
well as bos, eos tokens, etc.

Consequently, we expanded the vocabulary to
51,200.

Vocabulary warmup training. To address incon-
sistencies introduced by adding new vocabulary,
prior research has proposed gradually training the
model while fixing specific parameters after adding
the vocabulary (Kim et al., 2024). We adopted
a similar method to resolve these inconsistencies.
Initially, we fixed the parameters of all transformer
layers except for the embedding layer and the lan-
guage modeling head and conducted the training.
The hyperparameters used during this initial train-
ing phase are detailed in Table 11.

222



C Training Hyperparameters

The hyperparameters during the training of each
model are shown in Table 7- 13.

Initial Translation Model

Subword Size
Architecture

Optimizer

Learning Rate Schedule
Warmup Steps

Max Learning Rate
Dropout

Gradient Clip

Batch Size

Max Number of Updates
Averaging

Implementation

32,000
Transformer (big) with 6 layers,
Encoder and Decoder FFEN size of

8,192

Adam
61 =0.9, B2 = 0.98,
e=1x1078,

weight_decay = 0.0
Inverse square root decay, Cosine
4,000
0.001
0.1
1.0
1,048,576 tokens
50,000 steps
Save a checkpoint every 500 steps
and average the last ten
fairseq (Ottetal., 2019)

Pre-training Configuration

Subword Size
Architecture 1

Architecture 2

Optimizer

Learning Rate Schedule
Warmup Steps

Max Learning Rate
Dropout

Gradient Clip

Batch Size

Max Number of Updates
Averaging

Implementation

16,000

Transformer (big) with 9 layers,
Encoder FEN size of 16,384, and
Decoder FEN size of 4,096
Transformer (big) with 9 layers,
Encoder and Decoder FEN size of
8,192

Adam
B1 =0.9, B2 = 0.98,
e=1x1078,

weight_decay = 0.0
Inverse square root decay, Cosine
4,000
0.001
0.1
0.1
1,048,576 tokens
50,000 steps
Save a checkpoint every 500 steps
and average the last ten
fairseq (Ottet al., 2019)

Fine-tuning Configuration

Learning Rate Schedule
Warmup Steps

Max Learning Rate
Dropout

Gradient Clip

Batch Size

Max Number of Updates
Averaging

Fixed

N/A

1x107°

0.2

1.0

14,400 tokens

1,000 steps

Save a checkpoint every ten steps
and average the last ten

Table 7: List of hyper-parameters. We used the initial
translation model to generate synthetic data, the pre-
training configuration to build the models described in
Section 3.1, and the fine-tuning configuration to develop
the models for submission. We created two models for
pre-training and fine-tuning, labeled as “Architecture 1”
or “Architecture 2,” and used them for ensembling. The
hyperparameters listed in the fine-tuning configuration
represent only the differences from the pre-training con-

figuration.
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Llama2-13B Pretraining

Vocab Size
Train Steps
Batch Size

Learning Rate Schedule

Warmup Steps
Max Learning Rate
Min Learning Rate
Optimizer

Gradient Clip
Averaging

Implementation

32,000

10,000

1,572,864 tokens

Cosine (Loshchilov and Hutter,

2017)

250

2x107°

1x107°

Adam
B1=0.9, B2 = 0.95,
e=1x1075,
weight_decay = 0.1

1.0

Save a checkpoint every 100 steps
and average the last five
Transformers (Wolf et al.,
2020), llm-recipies (Fujii
et al., 2024b)

Llama2-13B Supervised Finetuning

Vocab Size
Train Steps
Batch Size

Learning Rate Schedule

Warmup Steps
Max Learning Rate
Min Learning Rate
Optimizer

Gradient Clip
Averaging

Implementation

32,000

3,500

1,310,720 tokens

Cosine (Loshchilov and Hutter,

2017)

175

3x107¢

3x107"

Adam
61 =0.9, B2 = 0.95,
e=1x1075,
weight_decay = 0.1

1.0

Save a checkpoint every 100 steps
and average the last three
Transformers (Wolf et al.,
2020), llm-recipies (Fujii
et al., 2024b)

Table 8: A list of hyperparameters used when training

Llama2-13B on the En—Ja task.

Mistral-7B Pretraining

Vocab Size
Train Steps
Batch Size

Learning Rate Schedule

Warmup Steps
Max Learning Rate
Min Learning Rate
Optimizer

Gradient Clip
Averaging

Implementation

32,000

20,000

1,310,720 tokens

Cosine (Loshchilov and Hutter,

2017)

500

2x 1075

1x1076

Adam
51 =0.9, B2 = 0.95,
e=1x1075,
weight_decay = 0.1

1.0

Save a checkpoint every 200 steps
and average the last five
Transformers (Wolf et al.,
2020), 1lm-recipies (Fujii
et al., 2024b)

Mistral-7B Supervised Finetuning

Vocab Size 32,000
Train Steps 3,100
Batch Size 1,310,720 tokens
Learning Rate Schedule Cosine (Loshchilov and Hutter,
2017)
Warmup Steps 155
Max Learning Rate 1x107°
Min Learning Rate 1x107°
Optimizer Adam
B1=0.9, B2 =0.95,
e=1x107°%,
weight_decay = 0.1
Gradient Clip 1.0
Averaging Save a checkpoint every 200 steps
and average the last three
Implementation Transformers (Wolf et al.,
2020), 1lm-recipies (Fujii
et al., 2024b)
Mistral-7B Preference Learning
Vocab Size 32,000
Train Steps 250
Batch Size 144 samples
Learning Rate Schedule Constant
Learning Rate 1x107°
Optimizer Adam
B1 = 0.9, B2 = 0.999,
e=1x1078%,
weight_decay = 0.1
Gradient Clip 1.0
CPO 8 0.1
CPO o 1.5
iw (See Section 3.2) 740
Lorar 16
Lora o 32
Lora Dropout 0.1
Lora Target Layetr All linear layer
Implementation Transformers (Wolf et al.,

2020), TRL (von Werra et al.,
2020)

Table 9: A list of hyperparameters used when training
Mistral-7B on the En—Ja task.
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Mistral-7B (vocab expanded) Pretraining

Vocab Size
Train Steps
Batch Size

Learning Rate Schedule

Warmup Steps
Max Learning Rate
Min Learning Rate
Optimizer

Gradient Clip
Averaging

Implementation

51,200

12,283

1,376,256 tokens

Cosine (Loshchilov and Hutter,

2017)

300

2x107°

1x107°

Adam
61 =0.9, B2 = 0.95,
e=1x1075,
weight_decay = 0.1

1.0

Save a checkpoint every 200 steps
and average the last five
Transformers (Wolf et al.,
2020), llm-recipies (Fujii
et al., 2024b)

Mistral-7B (vocab expanded) Supervised Finetuning

Vocab Size
Train Steps
Batch Size

Learning Rate Schedule

Warmup Steps
Max Learning Rate
Min Learning Rate
Optimizer

Gradient Clip
Averaging

Implementation

51,200

2,000

1,310,720 tokens

Cosine (Loshchilov and Hutter,

2017)

100

1x107°

1x107°

Adam
51 =0.9, B2 = 0.95,
e=1x1075,
weight_decay = 0.1

1.0

Save a checkpoint every 200 steps
and average the last two
Transformers (Wolf et al.,
2020), llm-recipies (Fujii
et al., 2024b)

Mistral-7B (vocab expanded) Preference Learning

Vocab Size
Train Steps
Batch Size

Learning Rate Schedule

Learning Rate
Optimizer

Gradient Clip

CPO

CPO «

iw (See Section 3.2)
Lorar

Lora o

Lora Dropout

Lora Target Layer
Implementation

51,200

250

144 samples

Fixed

1x107°

Adam
B1 = 0.9, B2 = 0.999,
e=1x10758,
weight_decay = 0.1

0.1

All linear layers
Transformers (Wolf et al.,
2020), TRL (von Werra et al.,
2020)

Mistral-7B (vocab extended) Vocabulary Warmup

Vocab Size
Train Steps
Batch Size

Learning Rate Schedule

Warmup Steps
Max Learning Rate
Min Learning Rate
Optimizer

Gradient Clip
Implementation

51,200

1800

1,376,256 tokens

Cosine (Loshchilov and Hutter,

2017)

50

2x107*

6.6 x 1077

Adam
B1=0.9, B2 = 0.95,
e=1x10"°,
weight_decay = 0.1

1.0

Transformers (Wolf et al.,
2020), llm-recipies (Fujii
et al., 2024b)

Table 11: A list of hyperparameters used when training
Mistral-7B with vocabulary expansion for vocabulary
warmup on the En—Ja task.

Llama2-13B Pretraining

Vocab Size
Train Steps
Batch Size

Learning Rate Schedule

Warmup Steps
Max Learning Rate
Min Learning Rate
Optimizer

Gradient Clip
Averaging

Implementation

32,000

10,000

1,572,864 tokens

Cosine (Loshchilov and Hutter,

2017)

250

2x107°

1x1076

Adam
61 =0.9, B2 = 0.95,
e=1x107°,
weight_decay = 0.1

1.0

Save a checkpoint every 100 steps
and average the last five
Transformers (Wolf et al.,
2020), 1lm-recipies (Fujii
et al., 2024b)

Llama2-13B Supervised Finetuning

Vocab Size
Train Steps
Batch Size

Learning Rate Schedule

Warmup Steps
Max Learning Rate
Min Learning Rate
Optimizer

Gradient Clip
Averaging

Implementation

32,000
500
1,310,720 tokens
Cosine (Loshchilov and Hutter,
2017)
25
3x10°°
3x 1077
Adam
61 =0.9, B2 = 0.95,
e=1x107°,
weight_decay = 0.1
1.0
Save a checkpoint every 25 steps
and average the last three
Transformers (Wolf et al.,
2020), llm-recipies (Fujii

Table 10: A list of hyperparameters used when training etal,, 2024b)

Mistral-7B with vocabulary expansion on the En—Ja
task.

Table 12: A list of hyperparameters used when training
Llama2-13B on the Ja—Zh task.
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Mistral-7B Pretraining

Vocab Size
Train Steps
Batch Size
Learning Rate Schedule

Warmup Steps
Max Learning Rate
Min Learning Rate
Optimizer

Gradient Clip
Averaging

Implementation

32,000

20,000

1,310,720 tokens

Cosine (Loshchilov and Hutter,

2017)

500

2x107°

1x107°

Adam
B1=0.9, B2 = 0.95,
e=1x1075,
weight_decay = 0.1

1.0

Save a checkpoint every 200 steps
and average the last five
Transformers (Wolf et al.,
2020), llm-recipies (Fujii
et al., 2024b)

Mistral-7B Supervised Finetuning

Vocab Size
Train Steps
Batch Size
Learning Rate Schedule

Warmup Steps
Max Learning Rate
Min Learning Rate
Optimizer

Gradient Clip
Averaging

Implementation

32,000

420

1,310,720 tokens

Cosine (Loshchilov and Hutter,

2017)

25

1x107°

1x10°¢

Adam
61 =0.9, B2 = 0.95,
e=1x1075,
weight_decay = 0.1

1.0

Save a checkpoint every 10 steps
and average the last five
Transformers (Wolf et al.,
2020), llm-recipies (Fujii
et al., 2024b)

Table 13: A list of hyperparameters used when training
Mistral-7B on the Ja—Zh task.
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