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Abstract
PECAN (Programming Encoder Classification Analysis Network) is a research project focused on advancing lightweight, accurate programming

language identification using encoder-only neural models. The goal of this work is to design and evaluate efficient transformer-based encoders that
classify programming languages from raw code snippets while maintaining strong generalization across diverse and modern codebases. Existing

tools such as GuessLang and GitHub Linguist rely on heuristics or limited architectures, which often struggle with ambiguous snippets, mixed-

language repositories, and scale. PECAN addresses these limitations by introducing a unified experimental framework that evaluates encoder-only
models across a large and diverse corpus of programming languages with respect to accuracy, efficiency, and robustness. The study leverages a

dataset of over 42 million code samples spanning more than 300 programming languages and compares multiple encoder model families under
consistent evaluation criteria. The results provide a systematic benchmark for lightweight language identification models and offer insights into

accuracy–efficiency tradeoffs for real-world deployment. This work contributes to software engineering, code analysis, and the development of

scalable AI-assisted programming tools.

Motivation
Existing systems struggle with ambiguous snippets and mixed-language repositories.

Large-scale codebases demand scalable, efficient classifiers.

Lightweight models enable production deployment without sacrificing accuracy.

42M+
Code Samples

319
Languages

99.5%
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Approach
Train encoder-only transformers on raw code snippets.

Benchmark against GuessLang and GitHub Linguist baselines.

Evaluate accuracy, efficiency, and robustness across model families and baselines.

Run GuessLang in Docker; run Linguist, highlight.js, and GPT OSS inside the unified pipeline.

Scale training with distributed multi-GPU infrastructure.

Stack: PyTorch, Hugging Face Transformers, W&B, CUDA.

Dataset
We leverage GuessLang and a larger custom dataset with 42 million+ code samples spanning 319 languages to capture syntax variability and real-
world repository diversity.

Top 20 languages by rows (full dataset)

KiCad 3,421

Jupyter-Notebook 1,742,079 (4.14%)

Eagle 1,200,763 (2.85%)

PostScript 1,130,758 (2.69%)

G-code 1,009,587 (2.40%)

CSV 766,841 (1.82%)

Gnuplot 763,443 (1.81%)

SMT 759,455 (1.80%)

Gettext-Catalog 723,040 (1.72%)

Web-Ontology-Language 713,162 (1.69%)

Max 644,420 (1.53%)

edn 633,507 (1.50%)

WebAssembly 548,161 (1.30%)

YANG 486,603 (1.16%)

Mathematica 481,487 (1.14%)

Zig 408,247 (0.97%)

CSS 359,341 (0.85%)

VHDL 342,481 (0.81%)

Lasso 328,648 (0.78%)

Common-Lisp 323,761 (0.77%)

Source: Pecan512 full dataset distribution (n=42,093,925, 319 languages)

Source: Pecan512 full dataset distribution (provided counts).

Evaluation Pipeline
Evaluation routes depend on the model family. Fine-tuned encoder models are evaluated directly in the unified

pipeline. GuessLang runs inside its Docker container, while GitHub Linguist is executed in the same pipeline (no

Docker). We also evaluate with highlight.js and GPT OSS baselines for broader comparison.

Fine-tuned encoders: Standard pipeline evaluation (accuracy/efficiency/robustness)

GuessLang: Inference via Dockerized runtime

GitHub Linguist: Pipeline integration without Docker

highlight.js / GPT OSS: Additional baseline checks

Results & Contributions
Established a systematic benchmark for lightweight language ID models.

Quantified accuracy-efficiency tradeoffs for deployment.

Produced research artifacts for open-source release and publication.

CodeBERT fine-tuning sweep: eval accuracy over training steps.

Impact & Applications
PECAN enables stronger language detection for IDE tooling, repository analytics, and AI-driven software analysis. The lightweight architecture supports deployment in real-world systems where latency and compute budgets are constrained.

IDE/Editor tooling: Faster, more accurate language ID for mixed files and snippets.

Repository intelligence: Better language composition analysis for large codebases.

Security & compliance: Improved language-aware static analysis pipelines.

AI-assisted dev tools: More reliable code search, tagging, and dataset curation.
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