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Abstract

This report describes a data-centric approach aimed at improving multilingual chain-of-thought
(CoT) reasoning in language models. We present a multistep training pipeline that includes: (i)
continuous pre-training on a high-quality 120B-token multilingual corpus, (ii) supervised fine-tuning
with distilled and diversified CoT data, and (iii) reinforcement learning. Below is an overview of the
techniques used to build the model.

1 Continued Pretraining Corpus

1. High-Quality Translation: We first obtain high quality translations from a subset of the
FineWeb dataset.

2. Scaling: Subsequently, we rely on the Deepl. API to increase the volume. However, a few more

steps are needed to ensure sufficient quality.

1.1 Quality Filtering with a Learned Evaluation Model

We train a quality evaluation classifier based on the Llama-3.2-1B [2] model, framing this as a next token
prediction task. The training data comprises:

e Positive examples: High-quality translations.
e Negative examples: Synthetically degraded texts and plain DeepL translations.

For each document Text; in Dop, we compute a quality score:
Qcp(Text;) = Pprgyay,, (high_quality | Text;)

We then filter Dcp by selecting documents with a probability greater than 7cp% of being part to the
positive examples class:
cp = {Text; € Dcp | Qep(Text;) > Tep}

This ensures greater training stability than subsequent pretraining.

2 Reasoning CoT Traces

The reasoning dataset is derived from a curated internal question-answer pool Dqa using a two-fold pro-
cess: distillation from an existing reasoning model and dynamic diversification via curriculum learning.



2.1 CoT Distillation via Rejection Sampling

For each question x; € Dqga, we generate K = 8 candidate CoT answers using the DeepSeek-R1 [1]
model.
Each candidate is checked for correctness:

e Rule-based verification: For mathematical queries, a deterministic verifier ensures that the final
answer is consistent with y7.

e Model based verification: For general reasoning tasks, an external LLM acting as a judge
(judge) compares the predicted and ground truth answers.

Only candidates whose final answer matches the ground truth y; are retained; if no candidate passes, z;
is discarded.

2.2 Difficulty-Aware Question Diversification

To prevent overfitting and encourage exploration, we implement a difficulty-aware prompt generation
strategy:

1. Difficulty Estimation: For each question x, we compute a difficulty score based on the chain-of-
thought [7] length and final answer perplexity from a preliminary SFT checkpoint:

Diff(z) = a- Perplexity(y* | ) + B - P(Incorrect | Judge(x,y™))

2. Prompt Generation: A LoRA-adapted [3] Llama-3.1-8B [2] model is fine-tuned on high-difficulty
examples to generate new questions.

3. Diversity Maximisation: Generated answers are embedded using Sentence-BERT [5], and kernel
density estimation (KDE) is applied to the embedding space. Prompts are sampled preferentially
from low-density regions to ensure diversity.

4. Answer Verification: For each generated prompt, OpenAT’s ol-preview [4] model solves the prob-
lem multiple times (typically four) with majority voting determining the final answer. Agreement
with DeepSeek-R1 is required before a prompt is accepted into Dcor.

3 Reasoning Supervised Fine-Tuning Data

The SF'T dataset is constructed by merging the distilled and diversified CoT samples. Although the bulk
of data is machine-translated, we still retain source English samples to support prevent catastrophic
interference. Additionally, we leverage CoT length estimates—predicted by an auxiliary model—to
stratify and balance samples across difficulty levels, following insights akin to those in curriculum learning
frameworks.

4 Continued Pretraining

We initialize our base models from the Phi-4 decoder-only transformer, chosen for its parameter efficiency
and few-shot capabilities. We aim to improve its capabilities and performance on a subset of European
languages.

5 Reasoning Supervised Fine-Tuning

We optimize a standard SFT objective

|CoT|

Lspr(0) = —E(z,cor,y*)~Dsrr Z log Py(CoT; | ¢, CoT<t) + log Py(y™ | z, CoT)
t=1



6 Reinforcement Learning

6.1 Reward Design

Our RL framework uses a composite reward function that integrates:

e Rule-Based Components: Deterministic verifiers (e.g. unit tests for code) assess the correctness
of generated responses to well-defined queries.

e Model-Based Components: For open-ended writing, we train a reward model to assess the
stylistic quality of the text.

Additionally, we incorporate a cosine reward [8] term to gently bias the model toward efficient reasoning.
This term is defined as:

CosFn(Lgen, Limaz,76,77) i C =1,
Rcosine(Cy Lgen) = § CosFn(Lgen, Lingz, s ry) if C =0,

Te if Lgen = Lmaaz,

with

1 L en
COSF”(LgenaLmazanminvnma:v) = nmzn + 7(77max - nmzn) (1 —+ cos < g ﬂ-)) .

2 max

This encourages shorter but accurate CoT generations, while penalizing inefficiency when answers are
incorrect. This results in a more efficient use of the computational budget.

6.2 Proximal Policy Optimization

PPO [6] is used to update the model policy. The clipped surrogate objective is formulated as:

LELIP(g) = E(s,a,4701a) {min (WAWOM(S, a), clip <’/T9((1|8)), 1—e 1+ e) A“"ld(s,a))} ,

Told(a | s) Tod(a | s

where s denotes the state (input prompt and CoT history), a the action (next token), and A7l the
advantage computed via Generalized Advantage Estimation (GAE).

7 Preliminary Evaluation

We evaluate Vitruvian-1 on standard benchmarks to assess its performance in different domains. Al-
though we benchmarked the model on a larger set of datasets, we couldn’t complete a full evaluation due
to computational constraints. Therefore, although the results are satisfactory, we decide not to release
them yet to the general public to avoid the risk of overstating the model’s capabilities. However, we will
release a more thorough evaluation in the near future.

Benchmark Score
MATH 95.5
MMLU 90.2

Table 1: Preliminary benchmark results of Vitruvian-1.

8 Future Directions and Considerations

We have intentionally omitted key information from this report that we believe is potentially relevant to
our IP. This work is not intended to be a scientific article.

We see this as a promising starting point. We're expanding our computing capabilities and are already
working on our next generation of models, which will come in different sizes and performance levels.
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