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Anomauin

GitHub cmas oonicto 3 Haunowuperiwux niamegopm 011 posmiugeHHs K00y ma iHMeieKmyaibHo20 aHanizy OaHUx
3 penosumopiie. O0nax 6udodymok euxionozo xody 3 GitHub’a cmeoproe mpyoHowi, 30Kpema cmpoze 00MeNCeHHs
6 30 3anumis 3a xeununy na API nowyxy. Mu npononyemo memooonozito 011 6udoOymky OaHux 3 penosumopiie
npozpammoo 3abesnedenis, 3achosany Ha ginocogii UNIX ma xonyenyii incmpymenmy 36ipku Make, cmasnsyu 6 npio-
pumem MOOybHULL OU3AUH, KOMIO3UYII0 Ma 6uei0 y mekcmosi haiiiu. 3anpononosanuti nioxio 3acmoco8ye npocpecuste
YmMouHeHHs ma Qinempayiro i nioxooums 05t 300py GUXIOHO20 NPOSPAMHO20 KOOY, Koau pereeanmti penozumopii Git
He 8i0omi anpiopi.

Kawuogi cjioBa: aHati3 mporpaMHOro Koy, 30ip perno3uTopiiB mporpaMHoro koay, GopMyBaHHS IPOEKTHUX BUOIPOK

Abstract

GitHub has become one of the most widely used platforms for code hosting and repository mining. However, mining
source code from GitHub presents challenges, most notably, a strict rate limit of 30 requests per minute imposed
on the search API. We propose a methodology for mining software repositories based on the UNIX philosophy and
the concept of the Make build tool, prioritising modular design, composition, and text-based output to files. The proposed
approach applies progressive refinement and filtering, and is suitable for collecting datasets of any kind of source code
where relevant Git repositories are not known a priori.
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Introduction

Over the past two decades, GitHub has become one of the most popular platforms for code hosting and
collaborating on open-source software. Consequently, most researchers use it as a platform for mining software
repositories (MSR). However, mining data from GitHub imposes challenges.

Notably, GitHub imposes rate limits on its API, restricting anonymous users to 1000 requests per hour
and authenticated users to 5 000 requests per hour. The search API is subject to a stricter limit of 30 requests
per minute. Multiple efforts have been made in the MSR area to overcome these challenges. In the following
sections, we overview these and propose our approach for mining source code from GitHub.

Related research

Mining of GitHub repositories can be organised into two broad categories: mining repository con-
tents (i.e., Git data), and mining platform events (i.e., GitHub-specific data), or a combination of both.
Approaches in the first category focus on data extractable from Git-repositories themselves, including file
contents and commit metadata. The second category of approaches encompasses a broader range of metadata
produced throughout the software development process, including issues, pull requests, comments, and events
arising from other platform activities; this data is inherently GitHub-specific.

There is a variety of MSR tools, which implement approaches from the mentioned categories. GHTorrent [ 1—-
3] is the most prominent and widely adopted tool [4], which falls strictly into the second one. The service



collects GitHub events including information about users, commits, issues, pull requests, etc., and provides
a downloadable dataset. It effectively helps MSR researchers overcome the GitHub API limit of 5 000 requests
per hour [1].

GitHub Search [5] and SEART Data Hub [6] are efforts of the Software Analytics Research Team (SEART)
that together employ a hybrid approach — collecting Git repositories and augmenting it with GitHub-specific
data. GitHub Search provides an alternative way to search GitHub repositories, addressing the 30 requests-
per-minute rate limit that is widely reported in the MSR research [4]. GitHub Search mirrors GitHub whilst
restricting its index to repositories with at least 10 stars. SEART Data Hub is a repository crawler and query
engine enabling users via a web interface to request a source code dataset built on demand. Built on top
of GitHub Search, SEART Data Hub constrain its index only to repositories containing at least one Java
or Python file.

These tools represent complex infrastructural projects comprising back-end servers and databases. Data-
bases in particular require specialised software and potentially local infrastructure to support human validation
and review. Furthermore, whilst these projects are well-suited to major use cases, their predefined filters make
them unsuitable for certain edge cases. For instance, the SEART Data Hub excludes approximately 95%
of Java repositories indexed on GitHub [5]. When outlying projects have to be collected, or when source code
in another programming language is required — such as Rust, C++, or Bash — an alternative data collection
tool is necessary.

The present work falls within the first category: mining Git-specific data whilst using GitHub solely
as a source. In contrast to other efforts, our approach is built around UNIX philosophy, chaining a number
of specialised programmes such as Git, Make, and GNU core utilities, with each step producing a text-based
file artefact for both the next step and the human validation. We discuss this in the next section.

The mining approach

Our methodology is rooted in the UNIX philosophy, prioritising modular design and the composition
of minimalist, single-purpose tools. In particular, we build the process around Make', and adhere to its core
concept that each step must produce a file as output. Consistent with the UNIX philosophy, the methodology
leverages text-based formats such as JSON, YAML, and plain text. Such files are intelligible without specialised
software; most outputs can be inspected using cat or less, or edited in a text editor such as Vim. The overall
process can be seen as a chain of Make recipes encompassing small programmes or shell scripts that take a file
input and transform it into another file output.

The overall repository mining methodkis illustrated by the Figure 1 as a data flow diagram. Nodes with
rounded corners represent functions — denoting commands or scripts — and carry identifiers prefixed with F.
Rectangular nodes with sharp corners represent input data (identifiers prefixed with /) and output data (identi-
fiers prefixed with O), each materialised as a file. A stacked rectangle indicates that the corresponding function
produces multiple outputs, or is invoked once per input file of the given type.

The mining process takes two user-supplied inputs: a list of repository scopes (//) from which mining
begins, and a list of repositories to be excluded (/3). In the subsequent step (£2), each scope is expanded
into a list of repositories (O2). These repositories are then filtered (#3) and cloned (F4), yielding a collection
of compressed repository archives (O4). File listings are extracted from these archives (F35) to produce O3,
which is analysed (F6) and reduced to a list of selected files (O6). The files identified in O6 are then
extracted from the repositories (#7), and the final output (O7) constitutes the target file collection. To explicate
the process, we will follow an example of collecting a dataset of Rust files.

' Make is a command-line tool originally designed by Stuart Feldman in 1976. It has a few implementations, sometimes referred
to as BSD Make, GNU Make, etc. Despite the variations between those implementations, we refer to the general tool concept.
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Figure 1: The repository mining approach

The initial user input (/7) is a list of repository scopes. The scope can be seen as a directory with repositories.
On GitHub, public repositories are scoped by their owner — either a user or an organisation. Scopes are fewer
in number than repositories, often by one or two levels of magnitude. Providing scopes as input is therefore
preferable when the repositories containing relevant files are not known in advance. The process prioritises
cloning all repositories within the scope, followed by relevance analysis and cleanup. Being familiar with
the Rust programming language, we may know that Mozilla’s repositories would be a good place to search for
such code.

The first function of the process (F#2) expands each repository scope into a list of repositories that can
be further cloned. Following the analogy, it can be seen as a call of the 1s command. In practice, this is a request
to the repository listing endpoint of the GitHub REST API. As the result, a JSON file with the raw API response
is stored (O2). In our example, if in the input list /7 contains mozilla GitHub organisation, the API request on
F2 would produce a file mozilla. json as the output O2.

Repository list filtering (F3) constitutes the central stage of the mining process. At this step, the list
of repositories is narrowed down by heuristically excluding irrelevant entries. On the Figure 1, this function
is illustrated as a multi-step action producing a single output. In fact, the filter comprises a list of predicates
against which each repository is evaluated: if any one holds, the repository is excluded. In our method, three
filtering predicates are proposed: F3.1 whether repository has a size of 0 bytes (i. e., is empty); F3.2 whether
repository is a fork; and /3.3 whether repository included to the ignore list (/3). Zero-sized repositories (F3.1)
contain no files and are therefore excluded as unworthy of cloning or analysis. Forks (F3.2) are likewise
omitted. A fork is a GitHub mechanism for managing write-access rights in cross-organisation collaboration;
it is effectively a duplicate of an existing repository residing under a different scope. Finally, repositories
present in the ignore list (#3.3) are excluded. This list comprises full repository names that are considered
irrelevant. It is initially empty and may be populated incrementally as cloned repositories are found to lack
relevant content, such as *. rs source files in our example. Additionally, the ignore list may contain repositories
that are considered too large and unsuitable for the target dataset. For instance, mozilla/REALISE-Performance



occupies 4 GB of disk space but consists predominantly of CSV data files, so could be ignored from mining
by its inclusion to /3. In our example, the raw repository list mozilla.json (O2) contains 2465 items. After
step F'3.1, 47 empty repositories are excluded; step F3.2 excludes 279 more repositories that are forks, and
the step F3.3 excludes the ignored mozilla/REALISE-Performance.

After filtering, a condensed list of repositories (O3) is constructed and passed for cloning (#4). By default,
Git clones a repository by creating a work tree and storing repository metadata within a .git subdirectory,
referred to as the bare repository. A bare repository consists of compressed object archives storing commit
metadata and file contents. The decompressed work tree can consume substantial disk space; as not all files may
be required for a given task, cloning only the bare repository avoids unnecessary extraction and decompression,
reducing disk usage and the processing time. This is particularly storage-efficient when the target artefacts
constitute a small fraction of the overall repository — for example, shell scripts are typically sparse in Rust
code bases. Disk usage can be reduced further via a shallow clone, which omits repository history. For MSR
purposes, however, retaining the full history may be beneficial. By this step, we have 2 139 bare repositories
cloned within the Mozilla organisation, e. g., mozilla/servo.git or mozilla/rkv.git.

At step F5, the file listing is extracted for each repository and stored alongside it (O5). For decompressed
work trees, the find command would achieve this result; however, git 1s-tree appears to be at least 8 times
more efficient in our experiments, as Git maintains a file list index and no file system traversal is required. F5
produces 2 139 text files, each corresponding to a cloned repository, and together listing 1 811 668 files.

At step F6, the file lists are filtered to retain only files of interest — for example, those matching the *. rs
pattern. Within Mozilla’s repositories, this step reduces the OJ lists to total 26 760 Rust files. The resulting
selection 06 is then processed for content extraction using git cat-file, producing 26 760 Rust files for
further research. While collecting Rust from Mozilla’s repositories served as an example, the proposed method
is suitable for mining source code of any kind available within GitHub repositories.

Conclusions

We presented an approach for mining software repositories based on the UNIX philosophy and built around
concepts of Make, where each step performs a single, well-defined action and produces a text-based file output.
Such outputs require no specialised software or infrastructure to inspect. This design is particularly suited
to scenarios in which the relevant repositories are not known a priori, as the pipeline begins from a high-level
entry point and applies progressive refinement and filtering.

Future work may include introducing an automated process for exploring and discovering new GitHub
scopes to download repositories from. Another improvement to the current process is adding a scheduled job
for refreshing the listing of repositories, cloning and analysing freshly found repositories within the selected
scopes. The currently proposed process does not account for ongoing changes to collected repositories; this
can be improved by introducing another scheduled job that pulls updates for already included repositories and
re-runs analysis on the fresher set of files.
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