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Abstract

There has been a surge in the development of
various Large Language Models (LLMs). How-
ever, text generation for languages other than
English often faces significant challenges, in-
cluding poor generation quality and reduced
computational performance due to the dis-
proportionate representation of tokens in the
model’s vocabulary. In this work, we address
these issues by developing a pipeline for adap-
tation of English-oriented pre-trained models
to other languages and constructing efficient
bilingual LLMs. Using this pipeline, we con-
struct Vikhr, a state-of-the-art bilingual open-
source instruction-following LLM designed
specifically for the Russian language. “Vikhr”
refers to the name of the Mistral LLM series
and means a “strong gust of wind.”
previous Russian-language models 4

lower training costs, Vikhr
tokenizer vocabulary an

attributed to ourfforts in expanding instruc-
tion datasets and«orpora for continued pre-
training. Vikhr not only sets the new state of
the art among open-source LLMs for Russian
but even outperforms some proprietary closed-
source models on certain benchmarks. The
model weights, instruction sets, and code are
publicly available!.

1 Introduction

Instruction tuning has unlocked in Large Language
Models (LLMs) vast zero-shot capabilities without
the need for careful prompt engineering (Ouyang
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et al., 2022). The most rapid research and develop-
ment efforts are currently devoted to English LLMs.
There has been a surge in English open-source mod-
eIS' Llama series (Touvron 023a,b), Mistral

.\2023a), their overall performance in
languages remains relatively limited.
they can usually generate portions of co-
texts, these models struggle with reason-
ing in non-English languages, lack culture-specific
nowledge, and are highly inefficient in terms of
tokenization. This inefficiency stems from how
byte-pair tokenization algorithms operate, as they
break down infrequent words into multiple tokens.
Since multilingual data typically represents a small
portion of the training dataset, non-English words
are often split into many pieces. As a result, this
increases the number of steps during prompt pro-
cessing and text generation, reduces the effective
context window, and ultimately degrades overall
performance (Tikhomirov and Chernyshev, 2023;
Petrov et al., 2024). This disparity places non-
English languages at a disadvantage.

There is also a research direction focused on de-
veloping multilingual LL.Ms designed to perform
well across multiple popular languages: BLOOMz
(Muennighoff et al., 2023), mGPT (Shliazhko et al.,
2022), Bactrian-X (Li et al., 2023), PALO (Maaz
et al., 2024), Ayal01 from CohereAl (Ustiin et al.,
2024), etc. These models are typically trained
on rich multilingual datasets and are less skewed
towards English. However, when aiming to per-
form well across multiple languages simultane-
ously, these models must still share their vocab-
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ulary and parameters. This often hinders their per-
formance for each particular language in isolation,
especially for the popular smaller model sizes, such
as 7B and 13B.

The aim of maximizing the LLM performance
for a specific language within a certain number of
parameters has led researchers to develop bilingual
LLMs (Sengupta et al., 2023; Pieri et al., 2024;
Faysse et al., 2024). These LLMs prioritize a re-
gional language, e.g. Jais(Sengupta et al., 2023)
focuses on Arabic, but they are trained also on
English data. The inclusion of English data in
pre-training alongside regional language data is
motivated by the significantly larger volume of En-
glish data available. This helps LLLMs substantially
enhance skills such as logical and common sense
reasoning, which are also applied when generat-
ing text in a regional language. Bilingual LLMs
is a perspective direction as they can remain small
and efficient, but at the same time comprehensively
capture linguistic nuances and cultural contexts of
the regional language.

This work seeks to develop a pipeline for adapt-
ing English LLMs to other languages facilitating
the development of bilingual LL.Ms. Specifical
we aim to build an instruction-following bilingua
LLM for Russian and English that could pege
multilingual natural language procesg @ ?

Russian is one of the high-regéurce [3

source LLLMs, such as
dexGPT, that meet
oriented flagship cQ
processing and
controllable TeSga
cess to LLM logitSand layer outputs, the ability to
modify weights and hodel architecture, and con-
sistent answers for reproducibility, which is often
impossible in closed-source LLMs due to their con-
stant development and retirement. There are only
a few open-source LLMs designed for Russian:
Saiga (Gusev, 2023), ruGPT (AI Forever, 2022),
ruadapt (Tikhomirov and Chernyshev, 2023), and
some others. Of these, only Saiga and ruadapt
are instruction-tuned. We aim to fill the lack of
instruction-tuned open-source LLM for Russian
that is both efficient and effective.

Building even a small LLM tailored to a specific
language from scratch demands a lot of computa-
tional resources. Consequently, many researchers

see https://aclanthology.org/2024 .mrl1-1.15.

opt to fine-tune LoRA adapters (Hu et al., 2021)
for English-oriented LLMs using some language-
specific data. While this approach can improve
model generation quality, it does not address com-
putational inefficiency because the tokenizer and
model vocabulary remain unchanged. In contrast,
our approach not only fine-tunes a base LLM on
Russian language data but also reconstructs its un-
derlying tokenizer and vocabulary, alongside sug-
gesting an improved method for continued pre-
training. Additionally, we have significantly ex-
panded the available Russian datasets for instruc-
tion tuning. The developed LLM achieves state-
of-the-art results for the Ruggjan language among
other open-source countgs qss a wide range
of benchmarks.

Contributions

Using the pipeline, we have constructed Vikhr
ate-of-the-art open-source instruction-
llowing LLM oriented on the Russian lan-
guage. In addition to its high generation qual-
ity, Vikhr features an efficient tokenizer that
enables rapid text generation and good context
utilization.

* We have expanded the datasets for continued
pre-training of Russian language models and
previously available instruction datasets.

* We have constructed two evaluation bench-
marks for Russian LLMs by translating the
English MMLU (Hendrycks et al., 2020) and
MMLU-pro (Wang et al., 2024b) benchmarks.

* We conducted an extensive evaluation of sev-

eral open-source LLMs on evaluation bench-

marks for Russian, demonstrating that Vikhr
achieves new state-of-the-art results. Ablation
studies confirm the effectiveness and validity

of the individual components within our LLM

adaptation pipeline.

2 Related Work

One of the first prominent series of generative
LLMs for Russian is ruGPT (Al Forever, 2022;
Zmitrovich et al., 2023). The authors developed
several models, trained on the standard language
modeling task, with sizes reaching up to 13 billion
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parameters. These models were created from the
scratch and trained on a large Russian corpus, en-
abling them to capture the linguistic nuances of
Russian more effectively than multilingual models.
Additionally, since the training data was mostly in
Russian, these models also have efficient tokeniza-
tion. However, the lack of multilingual data (e.g.
in English) limits their performance. Notably, the
ruGPT models are not instruction-tuned.

Gusev (2023) suggests to leverage reasoning ca-
pabilities of existing English-oriented LLMs and
adapt them to the Russian language by training
LoRA adapters. They created an Alpaca-like set
of Russian instruction-output pairs and performed
instruction tuning on it. As a result, they have es-
tablished the series of models called Saiga, which
demonstrate the competitive performance and used
to be a reasonable choice for an off-the-shelf open-
source Russian LLMs for the past years. However,
the tokenizer in these models is not adapted, so
they experience issues with the context size and
computational efficiency.

Tikhomirov and Chernyshev (2023) address
these issues in Saiga. In addition to model tun-
ing on Russian data, they also adapted the mo
tokenizer. They note that improving tokenizatio
helps to both enhance the efficiency of thg

ng on vast Russian-
cgularization for prevent-
ing “catastrophic foRggtting”, construct a novel ex-
tended set of Russian instruction-output pairs, and
perform instruction tuning. The created LLM adap-
tation pipeline along with the data for continued
pre-training and instruction tuning enables Vikhr
to achieve new state-of-the-art results for Russian,
maintain high performance for English, and demon-
strate high computational efficiency.

3 LLM Construction Pipeline

The construction of Vikhr starts from one of the
English-oriented LLMs. In this work, we discuss
the Vikhr model based on Mistral 7B (Jiang et al.,
2023). The strong logical and common-sense rea-

see https://aclanthology.org/2024 .mrl1-1.15.

Content | Length | Tokenization Result
Original 31 (ru) MammuHoe 00yteHue
Sentence U3MEHsIET MUP
[(en)  Machine learning
changes the world.
Mistral Tok- | 13 [‘(Ma’, ‘mmue’, ‘HO€’, ‘00’, ‘y’,
enizer ‘qyenwne’, ‘u3’, ‘men’, ‘s’ ‘er’,
AMI/I77 i Lp7 ]
Vikhr Tok- | 7 [‘Ma’, ‘mun’, ‘HOE’, ‘0bydUe-
enizer Hue’, ‘usmensier’, ‘mMup’]

Table 1: A comparison of tokenization between the
original Mistral model and Vikhr.

Tokenization Density for Different Tokenizers

o
Mistral-7B

llama3
.

Tokenization Density

Vikhr-7B

ruGPT-13B
.

40000 60000 80000

Vocabulary Size

FM efficiency of the Vikhr tokenizer for Rus-

n in comparison to tokenizers of other models.

100000 120000

soning capabilities, as well as the extensive world
knowledge present in Mistral LLMs provide an ex-
cellent starting point for our model. These features
partially transfer to Vikhr, enhancing its perfor-
mance in generating text in Russian. The process
of the LLLM adaptation to Russian starts with the
vocabulary adaptation. Then we perform continued
pre-training of the LLM on large Russian datasets
to mitigate the vocabulary shift and introduce cul-
ture specific knowledge. Finally, we perform fine-
tuning of Vikhr on a set of instruction-output pairs
in Russian.

3.1 Vocabulary Adaptation

The big drawback of English-oriented LLMs is that
each Russian word would be split into multiple
tokens: a common case is when symbols in the
word become individual tokens (see example in
Table 1). This slows down the generation by multi-
ple times, reduces the amount of information that
could be stored in the context, and drastically hurts
the generation quality.

To mitigate this problem in Vikhr, we adopt
the approach suggested in (Cui et al., 2023;
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Approx. size | Tokens
Data Source (GB) (Billion)
Scientific papers 20 2.5
News articles 4 1
Wikipedia 25 4
Habr 6 1
Other sources 20 2.5

Table 2: The statistics of the Russian-language datasets
for continued pre-training.

Tikhomirov and Chernyshev, 2023), where authors
rebuild the tokenizer using a language-specific cor-
pus. In particular, we trained a SentencePiece to-
kenizer (Kudo and Richardson, 2018) with a 40k
vocabulary on the RuLM dataset (Gusev, 2023).
As can be seen from Figure 1, the resulting tok-
enizer for Russian is much more efficient than the
tokenizer of the original English-oriented model.

3.2 Continued Pre-training

The new vocabulary requires new embedding matri-
ces and LM heads. The tokens that were present in
the original vocabulary are initialized with the old
embeddings, the new tokens are initialized by avgr-
aging the embeddings of their pieces in the ori

nal embedding matrix (Hewitt, 2021). The similar

approach is also applied to LM head, Q

and requires much
mitigate the shiftig

gources, including Rus-
sian Wikipedia, n&ys, articles, scientific papers
from peer-reviewed yOurnals and conferences, and
top 100k up-voted posts on Habr — a popular online
blog community focused on technology, software
development, and science. The statistics of these
datasets is presented in Table 2. We performed
deduplication of the collection on the level of para-
graphs using the MIHash algorithm (Cakir et al.,
2017). Furthermore, we performed filtration of
the collected data. For this purpose, we annotated
20k documents using GPT-4-turbo with the aim to
assess their informativeness, usefulness for study-
ing, grammatical correctness, style, and safety. Us-
ing these annotations, we fine-tuned a RuBERT-
tiny(Dale, 2021) filtration model and applied it to

, see https://aclanthology.org/2024 .mr1-1.15.

Hyperparam. | Value
LR 1x 1072
AdamW eps 1x10°8
Num warmup steps 10
AdamW betas 0.99, 0.95
Accumulation steps 128
Batch size 3
Epochs 1
Sequence length 1024

Table 3:
training.

The hyperparameters for continued pre-

the deduplicated corpus. After filtration, the total
number of tokens left for continued pre-training is
11 billion.

We observed that

ability distribution of Vikhr and the refer-
nglish-oriented LLM:

Lvikhr = Lcg + KL (Pyikhe || Pret ) - (1)

In practice, we implement the regularization using
the SLERP interpolation of model losses (Goddard
et al., 2024).

To speed up the process of continued pre-
training, we use an optimized Flash attention im-
plementation”. As an optimization algorithm, we
leverage AdamW, as it trades some memory effi-
ciency in favor of robustness to the hyperparameter
choice. The hyperparameters used for continued
pre-training are presented in Table 3.

3.3 Instruction Tuning

Instruction tuning is an essential step in reaching
high zero-shot performance with LLMs. It also
allows to obtain a more natural communication
with the model without complex prompting. Fur-
ther fine-tuning techniques such as RLHF (Ouyang
et al., 2022) or DPO (Rafailov et al., 2024), which
require input from the assessors, are also crucial
for such tasks as multicriteria alignment. How-
ever, the most significant performance gains are

Zhttps://huggingface.co/docs/optimum/
bettertransformer/tutorials/convert
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still achieved through instruction tuning (Jha et al.,
2023).

Previously, Gusev (2023) constructed an open-
source set of instruction-output pairs for the Rus-
sian language (Saiga). The core Saiga dataset was
created similar to Alpaca by querying ChatGPT
(gpt-3.5-turbo) (Taori et al., 2023). In this work,
we extend this set by translating two English in-
struction datasets. First, we translated instructions
for the FLAN model (Wei et al., 2021) and gener-
ated answers in Russian using ChatGPT. Originally,
FLAN instructions were constructed automatically
from annotated datasets using templates to facili-
tate multitask and zero-shot capabilities of seq2seq
models. Later, it was shown that this data also
helps to improve decoder-only chat-oriented mod-
els as well. Second, we construct Veles? by trans-
lating the English OpenHermes (Teknium, 2023)
instruction dataset. Third, we incroporate without
translation Nectar* (Zhu et al., 2023) — an English
instruction dataset. This ensures that Vikhr main-
tains strong performance in English as well.

Similar to the corpus for continued pre-training,
we performed deduplication of the instruction set.
Since the majority of the outputs were machi
generated there are many low quality outputs. T
mitigate this problem, we filtered out
pairs using a reward model trained o

Ig ality

quality instruction-output pairs, significantly en-
hancing the overall performance and reliability of
our instruction datasets. The statistics of the Vikhr
instruction datasets is presented in Table 4.
Contrary to Saiga, we do not use LoRA adapters
and just as in the phase of continued pre-training,
we update all model parameters. The hyperparame-
ters for the instruction tuning phase are presented

3https://huggingface.co/datasets/Vikhrmodels/
Veles-2.5

4https://huggingface.co/datasets/
berkeley-nest/Nectar

Shttps://huggingface.co/datasets/Vikhrmodels/
sbs

see https://aclanthology.org/2024 .mrl1-1.15.

Instruction Set | Language | # instances

Veles Russian 30k
Nectar English 50k
Saiga Russian 100k
ruFLAN Russian 500k

Table 4: The statistics of the instruction datasets.

Hyperparam. | Value
LR 1x107°
AdamW, eps 1x1078
Num warmup steps 10
AdamW, betas 0.99,0.95
Accumulation steps 64
Batch size 3
Num epochs 3
Sequence length 024

Table 5: The hyperpggamel@gs for insfruction tuning.

in Table 5.

4

xperiments

4.1 Experimental Setup

Benchmarks. The evaluation was performed on
MMLU (En-MMLU) (Hendrycks et al., 2021),
Ru-MMLU?®, Ru-MMLU-pro’, ruXNLI (Conneau
et al., 2018), CheGeKa (Mikhalkova and Khlyupin,
2022), Russian SuperGLUE (Shavrina et al., 2020),
and MERA (Fenogenova et al., 2024). The MMLU
(En-MMLU) benchmark assesses LLLMs across 57
subjects through multiple-choice questions, mea-
suring a model’s general knowledge and reason-
ing abilities. We utilize this benchmark to ver-
ify that the model retains its bilingual proficiency.
For this dataset, we report the accuracy@1 score.
We constructed Ru-MMLU and Ru-MMLU-pro by
automatically translating original English MMLU
and MMLU-pro to Russian. Translation was done
by GPT-3.5 and GPT-4 respectively. Just as for
MMLU, for these datasets, we report the accu-
racy@1 score. CheGeKa is based on the questions
from the Russian version of “Jeopardy” (the “Own

https://huggingface.co/datasets/NLPCoreTeam/
mmlu_ru

"https://huggingface.co/datasets/Vikhrmodels/
mmlupro-ru
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LLM Prl‘;'g:i‘:n"“ {flz't‘l‘l‘;‘dg En-MMLU | Ru-MMLU CheGeKa Suﬁ:rs(s}‘i%E MERA
MTS Al Chat 7B (closed-source) ¢ false sft+dpo - 0.689 0.083 0.56 0.479
GigaChat-7B (closed-source) © true sft+dpo - 0.67 0.451* 0.71* 0.479
ayalOl false pt+sft 0.41 0.37 0.005 0.36 0.320
Mistral-7B-Instruct-v0.2 false none 0.60 0.78 0.005 0.57 0.400
rccmsu/ruadapt-mistral-7b-v0.1 false pt+sft 0.61 0.72 0.005 0.64 0.421
rugpt13b true none 0.25 0.25 0.132 0.52 0.208
saiga-mistral-7b-lora false sft 0.60 0.76 0.223 0.64 0.442
saiga-llama3-8b false sft 0.59 0.78 0.225 0.66 0.476
(Ours) Vikhr-7B-instruct_0.2 true pt+sft 0.62 0.80 0.231 0.67 0.485

Table 6: Evaluation results for Russian and multilingual LLMs. Pre-train on Russian means that the model
underwent (continued) pre-training on Russian data. The following abbreviations are used: sft — instruction tuning,
pt — (continued) pre-training; dpo — direct preference optimization. < The results for GigaChat and MTS Al are
taken from the leaderboards. The best result among open-source models is highlighted with bold, the second best is
underscored. The best result among closed-source proprietary models is marked with *.

Prompt [ Answer of base Mistral-0.2-Instruct

Yro Takoe 4ebypek?
[What does cheburek
means?)

Yebypek - aTo Kaaccudeckoe dish cpenneasnar-
CKO# M PYyCCKOH KyXHH, KOTOPO€ BKJIIOYaeT B cebst
Toukuii lavash, saBepuyThIii B dpopme momymecsna
namn xkosibna. OH 06bI4HO HanosHeH meat (roesaau-
HOi1, GapannHoii min Kypuueii) u cheese. Vcropusa

MeH, KOTopble ToToBun nogobusie dishes us msica
u Tecra. ... Jebypek 4acTO MOJaeTcCsl KaK Iopsi-
4gee dish, >kapeHoe Ha CKOBOpOZE HJIM B IyXOBKE.
TecTo O6BIYHO TOHKOE U XPYyCTdAIllee CHAPYKH, a
BHYTPH MATrKoe U codHoe. Msco u ceIlp go6aBiisi-

1ot flavor depth u nurarenbHy!O LHEHHOCTS.
x

4yebypeKa HAYNHAETCHA C JAPEBHUX TIOPKCKHUX ILJIe- ;

| Answer of Vikhr A

Yebypek — 3TO TPaAUIMOHHOE GJIIOA0 KaBKa3-
CKOM KYyXHH, KOTOPOE IIPeACTaBiIsAeT coboi 60/b-
1I0¥, TOHKNI IMUPOT M3 NPECHOI'o TeCcTa C MsACHOM
Ha4YMHKOM, OGXKapeHHbI BO (gputiope. BuyTpu
4yebypeKa OGBIYHO HAXOAUTCA COYHBIN dapir n3 6a-
PaHUHBI UM TOBAJAMHBI, IPUIIPABIEHHBIN JIyKOM,
COJIBIO, IIEPLIEM U APYTHMU CIleUsMu. Biraromapst
oGxKapKe B MacJjle, TeCTO CTAHOBHUTCSH XPYyCTSLIUM
CHapy»K1, a HaYWHKa OCTAETCs MSIKON U COYHOM.
Vcropusi uebypeKa yXOAUT KOPHSIMH B JpEBHUE
BpeMeHa, KOrja KOYeBHUKU FOTOBHUJIM €0 Ha pac-
KaJIEHHBIX KaMHSX MM B GOJIBIIUX KOTJIAX C I'O-
PAYUM MacCJIOM.

v

Pacckarkm Ha PyCCKOM sI3bI-
Ke 9TO TaKoe XadallypPu
[Tell in Russian what
hatchapuri is]

]
Xauanypu (Xxadmypwu, Xaqballypu) — 9TO Tpaju-
IUOHHOE OJII0J0 IPY3WHCKONH KyXHH. DTO THUI
nunne nin sa Francia, seinosnmen oi 5 susie Kpyr-
JIOH MJIN MOJTYKPYTJION JIENEIMIKH, IOKPBITOH BEPXY
layerm layerim — cMmechio TOHKO Hape3aHHBIXIimO
splesses, ayka ..

)

Xadgalypu — 9TO TPaJUIMOHHOE IPY3NUHCKOE G0~

10, TPeACTaBIISONIee COOOM JIENemKYy C ChIPOM
BHyTpu. Bor penenrt xaganypu. VHrpeameHTs:
- Ons recta: - 3 crakaHa MyKu - 1 4. J. coun
-1 9. 1. caxapa - 100 M Temoit Boasr - s
cMa3bIBaHUsA: 1 CT. JI. TOIJIEHOTO Macia ...

Pacckarku Ha PYyCCKOM sI3bI-
K€ KaK IPUTOTOBUTEL XY
[Tell in Russian how to cook

(7‘\ Yy
VYxa (u3 Ppibbl) — Tpagunuonnoe 61010 PyCCKOH
KYyXHH, KOTOpoe roroBurcsi predominantly us mry-
KU niau okyHsa. Pac**re mpouenypy npuroros-

JIEHUs YXHU B JIOMAIlIHUX YCJIOBUAX!: Bb!ﬁepﬂ're
qucTyio peiby. Ouuncrurs e€ or mepcru ulCScone

VYxa — 3TO TpaJAUIMOHHOE pyccKoe 611010, Ipes-
craBidioniee coboil HaBaApPHUCTBIA CyIl U3 PBIOHI,
KOTOPBIl BapUTCs Ha MeJJIeHHOM orue. Bor 6aszo-
BBI pelenT yXu, KOTOPBIH MOXKHO aJalTHPOBAaTh
II0/1 CBOM BKYCOBBIE mIpejano4drenusi. VHrpenuen-
Tel: 1 Kr cBexkeil pbIGbl (MOXKHO HUCIOJIbL30BATh
HECKOJIBKO BHUJIOB, HAIIpUMED, Kapll, LyKa, CYJaK)
3-4 kaprodenunasl 1 KpynHas JIyKOBUuna 2-3 Mop-

a fish soup]|

/ BCeX MEJKHUX KOCTeil s...
~

KOBH ...

y

Table 7: Comparison of i
our model Vikhr

contains challenging
requiring logical reasoning
and world knowledge. It includes 29,376 training
and 416 test instances. The reported evaluation met-
ric is the F1 score. Russian SuperGLUE is a bench-
mark similar to well-known English SuperGLUE
(Wang et al., 2019). It tests LLMs on various natu-
ral language understanding tasks like reading com-
prehension and textual entailment. The metric re-
ported in the results is accuracy@1. The MERA
benchmark encompasses 21 evaluation tasks for
generative LLMs in 11 skill domains. Note that
among other tasks, MERA also includes CheGeKa,
RuMMLU, and one of the subtasks of SuperGLUE
(RWSD). The reported evaluation metric is the to-

eraled by the base LLM Mistral-0.2-Instruct (on the left) with texts generated by
s in the output are highlighted with red.

tal score, which is the average of scores across all
non-diagnostic tasks.

Baselines. We compare Vikhr to six open-source
and two proprietary closed-source competitors of
the similar size. Open-source models: ayalOl
(Ustiin et al., 2024) — a massively multilingual
LLM from CohereAl that follows instructions
in 101 languages®, it shows state-of-the-art re-
sults among massively multilingual LLMs; Mistral-
7B-0.2-instruct (Jiang et al., 2023) — an English-
oriented LLM that was used as the base model
for Vikhr; rccmsu/ruadapt_mistral_saiga_7b_v0.1
(Tikhomirov and Chernyshev, 2023) — a Russian-

8ht’cps: //huggingface.co/CohereForAl/aya-101
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oriented LLM that was constructed from the Mis-
tral model using similar adaptations of the tok-
enizer, token embeddings, and the LM head; saiga-
mistral-7b-lora and saiga-llama3-8b (Gusev, 2023)
—two versions of the Saiga models based on English-
oriented LLMs and obtained by fine-tuning LoRA
adapters on the Saiga instruction dataset’. Closed-
source proprietary models for Russian: MTS Al
Chat'? and GigaChat-7b. The access to GigaChat
weights is closed, so the reported results are taken
from the leaderboards!!. The results of MTS Al
Chat are also taken from the leaderboard!?.

4.2 Results in NLU Tasks

The evaluation results are presented in Table 6. As
we can see, Vikhr outperforms all open-source mod-
els, including the ones that were built specifically
for Russian. It also slightly outperforms its par-
ent model Mistral on the En-MMLU benchmark,
which might be the result of longer pre-training.
The second place with close scores for all 4 Rus-
sian language benchmarks is obtained by the Saiga
model based on recently released Llama-3. The
high scores of this model probably are the result
of the transfer of the outstanding performance
Llama-3. Since Saiga based on Llama-3 outpe
forms Saiga based on Mistral, we expe

oriented model has hot seen much Russian texts.
Note that the MTS Al Chat also shows very low
results on CheGeKa, which might also indicate the
lack of culture-specific knowledge.

The proprietary model GigaChat substantially
outperforms Vikhr on CheGeKa and notably on
Russian SuperGLUE. We assume this is due to the
use of much larger Russian datasets for pre-training.
However, surprisingly, it falls behind Vikhr on Ru-

9https://huggingface.co/collections/IlyaGusev

10https://huggingface.co/MTSAIR/multi_verse_
model

11https://mera.a—ai.ru/ru/submits/10257

12https://mera.a—ai.ru/ru/submits/10290

Vocab. Size | PPL| ruXNLIt
33k 10.2 0.42
40k 14.4 0.46
60k 16.7 0.43
80k 20.4 0.41

Table 8: Performance of the intermediate Vikhr mod-
els with different vocabulary sizes after continued pre-
training. The base model is LLaMa-2 7b. The vocabu-
lary size selected for the final Vikhr model is underlined.

| PPLL ruXNLIt | Ru-MMLU-prot
No filt. (17b tokens) 8.4 0.37 10.2
With filt. (11b tokens) (Ours) 7.2 0.46 11.1

Table 9: Performance metrics with and without filtration

U tasks. However, the perfor-
U does not always reflect the perfor-
Xt generation, as the former is based on
ssification and ranking capabilities of models.
check the performance of the model in text
eneration, we performed qualitative analysis of
LLM outputs. Table 7 compares several responses
of Vikhr with outputs of the base model (Mistral-
7B-Instruct-v0.2). As we can see from the pre-
sented examples, when Mistral generates Russian
text, it often injects English words. Moreover,
sometimes generated words consist of an English
and a Russian token. From the second example, we
see that Mistral also has issues with grammatical
coherence. In the third example, LLM suggests to
“clean a fish from fur”, which illustrates the lack
of understanding of word meanings in the Russian
language. We also note that Mistral tends to answer
in English even when the input prompt is in Rus-
sian. These issues appear very often and make the
base model useless for generation of Russian texts
in practical scenarios. On the considered examples,
Vikhr does not demonstrate any of these problems.
Texts generated by Vikhr are grammatically coher-
ent and correct.

4.4 Ablation Studies

We conducted several ablation studies to demon-
strate effects of various features of our model trans-
lation pipeline that allowed Vikhr to achieve high
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| PPL,  ruXNLIt
No regul. 8.1 0.34
With regul. (Ours) 7.2 0.45

Table 10: Performance with and without KL loss regu-
larization during continued pre-training.

Instruction Set | Ru-MMLU-pro
Saiga SFT 0.21
Translated Nectar 0.20
Ours 0.27

Table 11: Performance of Vikhr models fine-tuned on
various instruction sets. The base model is Llama-3 8b.

performance.

Selection of the vocabulary size. Table 8
presents the performance of intermediate Vikhr
models with different vocabulary sizes after the
stage of continued pre-training. We measure per-
plexity of the LLM on the instruction set and the
performance on the ruXNLI task (Conneau et al.,
2018). As we can see, perplexity increases with
the vocabulary size, indicating some degradati
However, the performance on the ruXNLI datas
is not monotonic. While the results for the largest

size of 40k tokens. We selected
improvements in the final t
increase in perplexity.

Effect of filtration
pre-training i
see, despite rgd
ing continued p

t the data, perform-
o the filtered corpus re-
sults in a model witalgwer perplexity and substan-
tially better scores in both considered end tasks: Ru-
MMLU-pro and ruXNLI. This again highlights the
importance of data quality for constructing good
LLMs.

Effect of loss regularization in continued pre-
training is illustrated in Table 10. The results
show that the KL regularization introduced in
our pipeline slightly reduces perplexity and sub-
stantially increases the model performance in the
ruXNLI task. This shows that continued pre-
training on its own might deteriorate LLM reason-
ing capabilities, and proper regularization helps
preventing the catastrophic forgetting.

, see https://aclanthology.org/2024 .mr1-1.15.

Effect of fine-tuning on various instruction sets
is illustrated in Table 11. The results demonstrate
that fine-tuning on our instruction set gives a big
boost in performance on NLU tasks compared to
Saiga and translated Nectar.

5 Conclusion

We have presented Vikhr — a new state-of-the-art
open-source instruction-following bilingual LLM
oriented on the Russian language. To create Vikhr,
we developed a comprehensive pipeline for adapt-
ing English-oriented LLMs to other languages. The
pipeline includes the adaptation of the tokenizer vo-

ncorporated into research agendas.

he future work, we plan to release in the
open-source new better versions of Vikhr. At
he moment, our best publicly available model
is Vikhr-Nemo-12B-Instruct'? based on Mistral
NeMo. We also plan to perform cross-lingual adap-
tion of LLMs to low-resource languages such as
Belarusian, Serbian, and Kazakh.

Limitations

We do not introduce additional restrictions to the
usage of our models. However, the users must
comply with the license of the base model and
instruction datasets.

We do not implement RLHF / DPO fine-tuning
of Vikhr due to the lack of the resources for hu-
man annotation. We expect further performance
improvements from these techniques.

We do not introduce additional instruction-
output pairs to facilitate LLM alignment. However,
we note that the majority of the data for supervised
fine-tuning of Vikhr are obtained from the Chat-
GPT model series, so our model partially inherits
its alignment.

Bhttps://huggingface.co/Vikhrmodels/
Vikhr-Nemo-12B-Instruct-R-21-09-24
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Ethical Considerations

The development and deployment of Vikhr raise
several ethical considerations that must be ad-
dressed to ensure its responsible use:

* Bias and Fairness: For developing Vikhr, we
use publicly available data. Despite efforts to
train Vikhr on diverse datasets, there is a risk
of inherent biases in the data which may be
reflected in the model’s outputs. Continued
monitoring and evaluation are required to mit-
igate any biases, ensuring fair and unbiased
performance.

Misinformation: As with any LLM, Vikhr
has the potential to generate misleading or
incorrect information. It is crucial to es-
tablish guidelines and mechanisms for users
to verify the information provided by the
model, promoting critical assessment and
cross-referencing with reliable sources.

Misuse: Vikhr can be used for malicious pur-
poses, such as generating harmful content,
spam, or deepfakes. Implementing usage
strictions and monitoring mechanisms to d
tect and prevent misuse is critical to sagfeguard
against these risks.
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