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RResumen

Este trabajo se ha realizado con la intención de proponer una herramienta que 

permita validar la calidad de los mensajes de commit de Git antes de que estos sean 

persistidos y de esta forma procurar que el registro histórico del repositorio contenga 

información que le permita a cualquier revisor o mantenedor del código fuente entender 

de forma simple y consistente lo que se ha hecho en cada commit. 

El creciente uso de GitHub como la plataforma más usada para desarrollo 

colaborativo ha despertado el interés de investigadores debo a la riqueza de los datos 

que contiene. GitHub hospeda una gran cantidad de repositorios de código fuente de 

software Open Source (F/LOSS), el análisis de estos proyectos permite entender cómo 

el desarrollo de software se comporta en base a múltiples características, es por esto 

que para la validación de la herramienta de validación propuesta se han analizado los 

10 repositorios más destacados que usan como primer lenguaje de programación 

Python y que han sido desarrollados bajo la licencia Apache 2.0. 

Los parámetros de calidad propuestos se basan en reglas de formato de texto y 

sintácticas, las mismas se han aplicado a los mensajes de commit de los proyectos 

estudiados usando SpaCy para el procesamiento de lenguaje natural y se han obtenido 

resultados sobre su cumplimiento. 

Finalmente se ha intentado establecer un modelo lineal para explicar cómo el 

tiempo desde un commit a otro es influenciado por las reglas propuestas pero dicho 

modelo no ha sido lo suficientemente bueno y debe ser mejorado. 
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SSummary 

This work has been carried out with the intention of proposing a tool that allows 

to validate the quality of Git commit messages before they are persisted and in this way 

to ensure that the historical record of the repository contains information that helps any 

reviewer or source code maintainer understand in a simple and consistent way what has 

been done in each commit. 

The increasing use of GitHub as the most used platform for collaborative 

development has aroused the interest of researchers due to the wealth of data that 

contains. GitHub hosts a large number of repositories of Open Source Software 

(F/LOSS), the analysis of these projects allows us to understand how software 

development behaves based on multiple characteristics, that is why for the validation of 

the proposed tool, it has analyzed the 10 most starred repositories that use Python as 

the first programming language and that have been developed under the Apache 2.0 

license. 

The proposed quality parameters are based on text format and syntactic rules, 

they have been applied to the commit messages of the studied projects using Spacy for 

natural language processing, and the results about their compliance have been obtained. 

Finally, an attempt has been made to establish a linear model to explain how the 

time form one commit to another is influenced by the proposed rules, but that model has 

not been good enough and should be improved. 
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Software is present in many aspects of daily life, and that presence is 

continuously growing not exclusively in the technology industry but in health, energy, 

media, consumer retail, finance, public government and transportation for saying 

something. Due to the multiple types of scenarios in what software is part of operations 

and decision making, a functionality failure can produce economic losses, or in the worst 

case loss of human lives, for this reason, the capability to ensure software quality is a 

highly important topic in software development. 

Furthermore of failure prevention, the quality of software as a product can be 

categorized, according to ISO/IEC 25010:2011 [1], into eight characteristics  : 

1) Functional suitability: The degree to which the product or system provides 

functions and features that satisfied declared and implied needs when it is 

used under specific conditions. 

2) Reliability: Is the degree to which a system, product, or component performs 

specified functions under determined conditions and period. 

3) Performance efficiency: Referring to the performance relative to the amount 

of resources used under certain conditions. 

4) Usability: Refers to the degree to which a product or system can be used by 

specified users to achieve specified goals with effectiveness, efficiency, and 

satisfaction in a specified context of use. 

5) Security: Is the degree to which a product or system protects information and 

data in order to give appropriate access according to defined levels of 

authorizations to users or other products or systems. 

6) Compatibility: Is the degree in which a product, system, or component can 

exchange information with other products, systems or components and/or 

performs its required functions while sharing the same hardware or software 

environment. 

7) Maintainability: Is the degree of effectiveness and efficiency with which the 

intended maintainers can modify a product or system. 

8) Portability: The degree of effectiveness and efficiency with which a system, 

product, or component can be transferred from one hardware, software, or 

other operational or usage environment to another. 

In software engineering, maintenance is the general process of changing a 

system after it has been delivered [2] and it can be differenced in four types according to 

Lientz and Swanson: corrective, adaptive, perfective and preventive [3]. Previous 

categories depend on the nature of modification request according to whether they are 
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due to a proactive or reactive change or whether it is a correction or an improvement of 

the software system [4]. The maintenance is the longest stage in the software life cycle, 

for this reason, it has associated high costs so undoubtedly, investing efforts in that it 

can be carried out with the greatest possible efficiency represents a positive impact for 

all the related stakeholders. 

The aforementioned software maintenance concepts are based on the idea that 

software is delivered or released, and changes are made on demand or as improvements 

to cover vulnerabilities. With the arrival of software as a service and the adoption of agile 

methodologies, the activity of giving maintenance has been displaced by something 

closer to “perpetual development” than as maintenance as such. This “perpetual 

development” is especially evident in open source projects in which an undetermined 

number of developers participate and contribute to the evolution of them. 

One of the best practices in software development is source code management 

or version control, the main idea here is that the changes in the source code should be 

easy to track and facilitate the collaboration of multiple developers. In this way, the two 

basic functions of a Version Control System (VCS) are to keep the file version history 

and enable different teams to work together [5]. Nowadays, the most popular VSC is Git, 

an open source project that is the base of widely known systems like GitHub, GitLab, 

and AWS CodeCommit. 

One of the features that add more value to Git is the “commit messages” that are 

written at the moment in which the developer decides to commit their changes. On Git, 

“commit messages” are a free entry text, so its content can be very diverse; its objective 

is to add descriptive information about the changes made. 

As stated, a commit message allows the person who writes the content freedom, 

however, based on experience, it has been observed that certain guidelines must be met 

to the message to be useful and readable for other developers or to anyone who inspects 

the changes made in the repository. 

The motivation of this work is offers a tool that improves the maintainability of 

software projects in terms of efficiency and based on a Source Code Management Tool, 

Git. Some validation rules will be proposed that making use of natural language 

processing will aim to ensure the quality of “commit messages”. Afterward, empirical 

validation of what is the proposed will be carried out based on the information stored in 

GitHub of open source projects; the main objective is to find evidence that the proposed 

rules improve the performance of the development team. 
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The development of this work has involved several concepts and technologies 

that will be presented in this section to put the reader in the context of what the design, 

implementation and empirical validation of the proposal have required. 

2.1. Distributed Software Development 

The new forms of competition and collaboration originated by the global market 

has originated, among other things, phenomenons such as Distributed Software 

Development (DSD) [6].  

The main reasons why organizations adopt this work methodology are aimed at 

obtaining competitive advantages in terms of costs, quality and flexibility in the software 

development that produces an increase in productivity and a decrease in development 

associated risks [7]. In addition to cost savings, the DSD has other associated benefits, 

such as improvements in the organization’s processes. 

But not only private organizations (let’s say, for-profit) have been taking 

advantage of Distributed Software Development but Open Source Software projects too 

[8]. An Open Source Software is any software developed under an open source license 

that allows the inspection, modification, and redistribution of the source code without any 

charge.  

The open source software development teams are characterized by being a 

globally distributed force, and they carry a fast and reliable software development 

process, these teams somehow benefit from the advantages and overcome the 

disadvantages of distributed work, which makes their practices of great interest for 

software engineering in general. 

Below are some of the main challenges associated with Distributed Software 

Development. 

2.1.1. Communication and collaboration 

Since large-scale software engineering is mainly a social activity which involves 

numerous developers and professionals working closely together, achieve a fluent level 

of communication, and coordinate collaboration effort is vitally for the success of any 

development project.  
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Unlike collocated work team, a distributed team faces challenges to discuss any 

aspect of the project with the facility of doing face to face. Aspects such as different time 

zones or delays in response time represent the main problem to achieve the optimal 

operation of the team. 

2.1.2. Knowledge transfer problems 

The primary sources of knowledge transfer problems can be separated into two: 

 Transfer of software requirements. 

 Transfer of knowledge generated by the interaction between project 

development actors. 

In the first point, the challenge is keeping enlighten the development team with 

the software requirements and product owner feedback.  In the second one, there are 

more aspects as source code management, application of standards, technical 

documentation, and similar. 

2.1.3. Collective code ownership challenge 

This subject is based on the idea that the entire team owns a piece of code and 

at the same time, no particular member possesses it. When a code refactoring is needed, 

either to enter a new feature or to patch a fault, the entire team is involved in the process. 

To maintain the collective ownership of the code in a distributed environment, it is 

necessary the use of an appropriate Version Control System. 

2.2. The Open Source World 

In this section, it will explain the fundamental concepts behind the Open Source 

world that is relevant to understand the development of this work. 

2.2.1. A brief history 

Since the early 1970s, when the mainframes were the dominant computing 

hardware and the batch computing was the hottest topic for the computer programmers 

of those days, the world of computation and technology has undergone revolutionary 

improvements. Most of the base of the software products that today runs to support our 

digital and multimedia era were developed thanks to the collaboration of programmers 

in many cases, isolated geographically [9]. 



BACKGROUND 

 7 

With the evolution of ARPANET to the internet as we know nowadays, online 

communities began to increase; it was in this wat that in 1991, Linus Torvalds, at that 

time an ungraduated university student, released the version 0.0.2 of the Linux kernel. 

Once Linux kernel was released, its creator began to integrate it with GNU tools, a 

software package developed by Richard Stallman and that was how GNU-Linux born. 

There are an important number or relevant software packages that were 

developed as open source projects: 

 PEARL 1.0, the first version, was released in 1987. 

 Python, this programming language was released in 1990. 

 PHP/FI or most known as PHP, it was released in 1994. 

 Apache Web Server, from 1995 to today, has been the most used web server. 

 mSQL, MySQL, and PostgreSQL, these databases were released in the mid 

of 1990. 

 Mozilla project was beginning in 1998 when Netscape released the source 

code for its browser under an open source license. 

Is evident that previously mentioned projects have contributed significantly with 

the digital revolution, a high number of the first web sites used PHP as a backend 

programing language and not only that, the stack LAMP (Linux – Apache Web Server – 

MySQL – PHP) is until now widely deployed on the internet. 

As was said in section 2.1, the Open Source Software community and its principal 

characteristic, the distributed development, have managed to develop to create large, 

reliable and robust systems and that is the reason why its practices are of interest for 

software engineering. 

2.2.2. Open Source Licenses 

The basic definition for an open source certification, according to the first 

definition done by Eric Raymond [10], is: 

 The license shall not restrict any party from selling or giving away the software 

as a component of an aggregate software distribution containing programs 

from several different sources [11]. 

 The program must include the source code and must allow distribution in 

source code as well as compiled form. 
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 The license must allow modifications and derived works and must allow them 

to be distributed under the same terms as the license of the original software. 

 The license may restrict source-code from being distributed in modified form 

only if the license allows the distribution of patch files with the source code to 

alter the program at build time. 

 The license must not discriminate against any person or group of persons. 

 The license must not restrict anyone from making use of the program in a 

specific field of endeavor. 

 The rights attached to the program must apply to all to whom the program is 

redistributed without the need for execution of an additional license by those 

parties. 

 The License Must Not Be Specific to a Product. 

 The License Must Not Contaminate Other Software by placing restrictions on 

any software distributed along with the licensed software. 

According to the Open Source Initiative (https://opensource.org/licenses) the 

most popular Open Source Licenses, widely used or which ones that have strong 

communities are: 

Full name SPDX 
short 

identifier 

Open Source Initiative URL SPDX License URL 

Apache License 
2.0 

Apache-2.0 https://opensource.org/licenses/Apache-

2.0 

https://spdx.org/licenses/Apache-
2.0.html 

BSD 3-Clause 
“New” or 
“Revised” 

license 

BSD-3-

Clause 

https://opensource.org/licenses/BSD-3-

Clause 

https://spdx.org/licenses/BSD-3-
Clause.html 

BSD 2-Clause 
“Simplified” or 
“FreeBSD” 

license 

BSD-2-

Clause 
https://opensource.org/licenses/BSD-2-

Clause 

https://spdx.org/licenses/BSD-2-
Clause.html 

GNU General 
Public License 

2.0 

GPL-2.0 https://opensource.org/licenses/GPL-2.0 https://spdx.org/licenses/GPL-
2.0.html 

GNU General 
Public License 

3.0 

GPL-3.0 https://opensource.org/licenses/GPL-3.0 https://spdx.org/licenses/GPL-
3.0.html 
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GNU Library or 
“Lesser” 

General Public 
License 2.0 

LGPL-2.0 https://opensource.org/licenses/LGPL-

2.0 

https://spdx.org/licenses/LGPL-
2.0.html 

GNU Library or 
“Lesser” 

General Public 
License 2.1 

LGPL-2.1 https://opensource.org/licenses/LGPL-

2.1 

https://spdx.org/licenses/LGPL-
2.1.html 

GNU Library or 
“Lesser” 

General Public 
License 3.0 

LGPL-3.0 https://opensource.org/licenses/LGPL-

3.0 

https://spdx.org/licenses/LGPL-
3.0.html 

MIT license MIT https://opensource.org/licenses/MIT https://spdx.org/licenses/MIT.html 

Mozilla Public 
License 2.0 

MPL-2.0 https://opensource.org/licenses/MPL-2.0 https://spdx.org/licenses/MPL-
2.0.html 

Common 
Development 

and Distribution 
License 

CDDL-1.0 https://opensource.org/licenses/CDDL-

1.0 

https://spdx.org/licenses/CDDL-
1.0.html 

Eclipse Public 
License 

EPL-1.0 https://opensource.org/licenses/EPL-
1.0 

https://spdx.org/licenses/EPL-
1.0.html 

 

2.3. Version Control Systems 

In the domain of software engineering are also known as Source Code 

Management Systems (SCM), Revision Control System (RCS), Software Configuration 

Management, and Source Code Control. A Version Control System (VCS) is a system 

that manages the development of an evolving object [12]. 

The development software process involves for developers the continual activity 

of introducing and remove pieces of code from files; this is repeated a few times until a 

releasable version is produced. The task of keeping organize and manage the code 

becomes hard while the number of revisions grows and generates larger and complex 

systems. Hence, the utilization of VCS is the cornerstone in projects to accelerate and 

simplify the development process. 
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According to Otte [13], CVSs follows two different approaches depending on the 

way their repositories are storage, Centralized Version Control Systems (CVCS), or 

Distributed Version Control Systems (DVCS). 

2.3.1. Centralized Version Control Systems (CVCS) 

CVCSs are those that only have one central repository that acts as a server on 

where all tracked files, including their history, are stored. 

 
Figure 1. Centralized version control. Retrieved in June 2019. 

As is represented in Figure 1, CVCS history is only stored in the central server, 

and that supposes a problem because it represents a single point of failure. In the 

scenario that the server goes down, nobody will be able to collaborate at all or save their 

versioned changes. This schema has a potential risk of losing everything. 

Some CVCS are CVS, Subversion, IBM’s Rational ClearCase and Perforce 

2.3.2. Distributed Version Control Systems (DVCS) 

Considering the weakness of CVCS, Distributed Version Control Systems are a 

new approach. The main difference between DVCS and CVCS is that first one do not 

need a central server that contains the entire repository because it is distributed to each 

contributor, as is shown in Figure 2. 
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Figure 2. Distributed version control. Retrieved in June 2019. 

When a client requires repository server information, they get an entire mirror of 

it, including its full history, then if one of the nodes goes down, the repository information 

can be restored from any other one. This characteristic makes DVCS especially useful 

for support distributed software development. 

Examples of DVCS are Git, Mercurial, Bazaar, and Darcs. 

2.4. Git 

Git born in 2005, developed by the Linux kernel community, in particular by Linus 

Torvalds, the creator of Linux as a replacement of their previous proprietary DVCS called 

BitKeeper [14]. The most important of the goals of the new system were as follows: 

 Speed 

 Simple design 

 Strong support for non-linear development (parallel branches) 

 Fully distributed 
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 Able to handle large projects like the Linux kernel efficiently (speed and data 

size) 

Since its birth, Git has been evolving and maturing to becomes, nowadays in the 

most used DCVS for open source software projects. 

In Table. I have been summarized the features, pros, and cons of Git. 

Features Pros Cons 

Provides strong support for non-

linear development. 

Distributed repository model. 

Compatible with existing systems 

and protocols like HTTP, FTP, ssh. 

Capable of efficiency handling small 

to large sized projects. 

Cryptographic authentication of 

history. 

Pluggable merge strategies. 

Toolkit-based design. 

Periodic explicit object packing. 

Garbage accumulates until 

collected. 

Super-fast and efficient performance. 

Cross-platform. 

Code changes can be very easily and 

clearly tracked. 

Easily maintainable and robust. 

Offers an amazing command line utility 

known as Git bash. 

Also offers GIT GUI where you can 

very quickly re-scan, state change, 

sign off, commit and push the code 

quickly with just a few clicks. 

 

Complex and bigger 

history log become difficult 

to understand. 

Does not support keyword 

expansion and timestamp 

preservation. 

. 

Table. I. Characteristics of Git 

2.4.1. Git Basics 

In this subsection, the fundamentals for work with Git will be explained. 

2.4.1.1. The Three States 

The very first concept that anyone who works with Git is the Three States; they 

are the main states in what a file inside a Git directory can be: committed, modified, and 

staged. 

 Committed is the state when the data is safely stored in the local database. 
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 Modified is the state that indicates that a file is changed but have not 

committed in the local database yet. 

 Staged is the state when a file has been modified and marked to be committed 

into the next commit snapshot. 

Previous states lead us to the three main sections of a Git project: The Git 

directory, the working tree, and the staging area. 

  
Figure 3. Working tree, staging area, and Git directory. Retrieved in June 2019. 

The metadata and project database of a Git project is stored in the Git directory, 

and it is what is copied when the repository is cloned from another computer. 

The basic Git Workflow through the working tree is as follows: 

 One or more files are modified in the working tree. 

 The developer marks the modified files that will be part of their next 

confirmation and performs the necessary commands to add only those 

changes to the preparation area. 

 The developer does a commit, then the files in the staging area are stored 

permanently to the Git directory. 

In the next section, it is detailed the lifecycle of the status of the files and how 

they change in the Repository. 

2.4.1.2. Recording changes to the Repository 

Every file in the working Git directory can be in one of two states, tracked or 

untracked: 
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 Tracked files are those that were in the last snapshot, and they can be in one 

of three states: unmodified, modified, or staged. Tracked files are those that 

Git knows.  

 Untracked files are those that Git does not know about; they are the files in 

the working directory that were not in the last snapshot and are not in the 

staging area.  

 
Figure 4. The lifecycle of the file status. Retrieved in June 2019. 

The first time that a Repository is cloned, all cloned files are in a tracked and 

unmodified state. 

Git is permanently observing the files in the working tree, whenever a file is 

changed Git marks it as modified until it is staged and then committed, this cycle repeats 

during the life cycle of the project. 

2.4.2. Git Branching 

A Git branch is a powerful feature of Git; Branching is an operation that allows 

the current state of the Repository diverges to a new line of the development without 

messing the state of the original line. The new line of development maintains all the 

aspects of the original one, and the changes only are included in the new at least they 

be merged with the original one. 

The branches are commonly used for work in new characteristics of the repository 

without affecting the main line of development; this can happen while a new version is in 

development, also can happen when a developer is working fixing some bug. 

When the utility or lifecycle of a branch ends, the branch can be destroyed; if a 

branch is destroyed, all its references are destroyed too. 



BACKGROUND 

 15 

2.4.3. Distributed Git 

The distributed Git is based on the presence of a server in a Git environment; this 

server enables remote contributors the capability to integrate their local development 

with the hosted in the server.  

There are two operations by which a developer can integrate their changes with 

those present on a remote Git server; these operations are Pull and Push.  

2.4.3.1. Git push 

The Git push command allows the developer to integrate their local changes to 

the remote Git server. 

2.4.3.2. Git pull 

The Git pull command allows the developer to bring the status of the remote 

server to the local repository. 

2.4.4. Customizing Git: Git Hooks 

As other VCSs, Git has a way to run custom scripts when certain events of 

workflow occur the mechanism that Git implements are known as Git Hooks [15]. 

Git Hooks can be grouped in two types according to the scope on they run, either 

on the client or server side: 

2.4.4.1. Client-side Hooks 

These hooks are divided according to their use; in this way, are distinguish three 

groups: 

 Committing-Workflow Hooks 

This group is composed of four hooks and are related to the commit process; 

a graphical representation of the workflow is shown in Figure 6. 

o pre-commit: occurs right after the execution of “Git commit” command 

when are presented changes to commit. Fires even before the Git commit 

message is typed. Can be used to inspect the snapshot that will be 

committed. This hook can be omitted adding the flag “—no-verify” to “Git 

commit” command as is shown in Figure 5 
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Figure 5. A single node of retrieved data from GitHub public event timeline 

o prepare-commit-message:  is fired just before the commit message 

editor is launched but after the default message is created. It lets to the 

repository administrator edit the default commit message before the 

author sees it. 

o commit-msg: this hook takes the path to a temporary file that contains 

the commit message written by the developer, then analyzing the content 

of the file in the provided path, it is possible to validate the commit 

message content. 

o prepare-commit-message: right after the entire commit process is 

completed, this hook run. It is used generally to send notifications or in 

similar ways. 

 
Figure 6. Flow diagram of Git Hooks events in client-side when committing 

 E-mail Workflow Hooks 

Git has three Hooks related to an e-mail based workflow that can run in client-

side. 

o applypatch-msg 
o pre-applypatch 
o post-applypatch 

 Other client Hooks 

o pre-rebase  
o post-rewrite 
o post-checkout 
o post-merge 
o pre-push 
o pre-auto-gc 
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2.4.4.2. Server-side Hooks 

On the server-side, the Git Hooks behavior begins with the Git push is received, 

as is shown in Figure 7. 

o pre-receive 
o update 
o post-receive  

Figure 7. Flow diagram of Git Hooks events in server-side when committing 

2.4.4.3. An additional consideration of Git Hooks 

Is important to consider that client-side hooks are not copied when a repository 

cloned. If the purpose is to enforce a commit message policy, the way is to use the hooks 

on the server-side. 

2.4.5. About great Git commit message 

The Git commit message is a parameter that accompanies a commit, and that 

allows the developer to introduce a text. Ideally, this text should describe the changes 

introduced so that new developers or maintainers of the repository can read them and 

quickly understand what the changes have been included.  

2.5. GitHub 

GitHub is a collaborative platform for code hosting based on the Git version 

control system and is an iconic example of a knowledge-based workspace. An important 

feature that offers GitHub to encouraging the collaboration between its users is the model 

“fork & pull” which allows developers create their copy of a repository and submit a pull 

request when they what the project maintainer to pull their changes into the main branch 

[16]. Besides that, code hosting, collaborative code, and integrated issue tracking, the 

platform has integrated social features that will be explained in later subsections. 
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2.5.1. General aspects 

The platform is composed of user identities, internal project artifacts, and actions 

on them publicly visible across a wide-community [17].  

2.5.1.1. People 

Developers can create profiles that can contain identifying information like name, 

email address, organization, location, and a personal web page. A developer profile can 

be used for access to public repositories or private ones which have been granted 

access. 

2.5.1.2. Code artifacts 

GitHub host millions of code repositories. Although most of these repositories are 

from a single developer, a large number correspond to active projects of multiple 

developers. Each repository is associated with a web page from which you can see the 

source code files, history of commits, issues, pull requests, branches, releases, and 

other attributes associated with the project. 

2.5.1.3. Actions 

In GitHub, actions are the events that occur when people interact with whit code 

artifacts or other people in the platform. The actions over or associated with code include 

committing, forking, and submitting a pull request. Project owners can assign 

permissions to other users to make commits. 

In any case, a user is able to fork a project, creating a personal copy in which can 

make changes freely, if the user wants, after introducing changes to their forked project, 

ask the original repository owner for integrate their changes then send a pull request. 

Developers can also include comments on commits, issues, or pull request. 

Subscriptions are possible on GitHub through options of “following” and 

“watching”, the first one is the action in which a user subscribes to follow the events to 

another user and “watching” is for subscribing to repositories updates. 

In addition to these features, GitHub provides interfaces that allow developers 

access to de platform data or perform specific actions without needing to be directly 

interacting whit it; this allows the existence of a community that creates satellite 

applications or other services based on GitHub, the referred interfaces are the REST API 

and the GraphQL API. 
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2.5.2. REST API v3 

The REST implementation that GitHub does is based on the principles of this 

concept; they are below: 

 Stateless client-server connection. The client does not need to know the 

details of the implementation of the server, and this one does not have to 

worry about what the client does with the received data. 

 Each request sent to the server is independent. 

 Each resource of the REST service has a unique address, maintaining the 

generic interface. 

 It is based on the HTTP protocol for communication and data transfer. 

Due to the potential to analyze GitHub data, there is more than one project to 

make the task of retrieve data of users and repositories easier, two of the most popular 

and used are presented in the next subsections. 

2.5.2.1. GHTorrent 

GHTorrent is a project aimed to create a scalable, queryable, offline mirror of data 

offered through the GitHub REST API. 

GHTorrent is permanently monitoring the GitHub public event timeline exposed 

as a REST resource in (https://api.github.com/events), for each event, it retrieves the 

related information and stores it in a raw JSON document on a MongoDB database, and 

also extract their structure and stores it in a MySQL database. 
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Figure 8. A single node of retrieved data from GitHub public event timeline 

The more powerful feature of GHTorrent is it can work in a distributed manner 

through a message queue that is put between the event mirroring and data retrieval 

phases. 

 
Figure 9. GHTorret data retrieval system architecture [18] 
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2.5.2.2. PyDriller 

As is defined in its official GitHub page: 

PyDriller is a Python framework that helps developers in 

analyzing Git repositories. With PyDriller, you can easily extract 

information such as commits, developers, modifications, diffs, and 

source codes [19]. 

PyDriller is easy to install using the package manager “pip”. The use of the library 

is simple; the class RepositoryMining call all Repository methods and only needs one 

parameter to be instantiated, the path to the repository in GitHub, as is shown in Figure 

10.  

 
Figure 10. Code that uses PyDriller to print the hash and author name of commits in a 

repository 

In Figure 11 is presented a reference of how the classes in the library are related. 

The class RepositoryMining is the one that initializes and call others like Developer, 

Commit, or object events. 

 
Figure 11. Simplified class diagram of PyDriller library 
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2.5.2.3. GitHub REST API limitations 

Every connection established through Basic Authentication or OAuth token; any 

client can only make up to 5000 requests per hour, his means that all OAuth applications 

authorized by a user share the same quota of 5000 requests per hour when they 

authenticate with different tokens owned by the same user [20]. 

2.5.3. GraphQL API v4 

Since the needs of data consumption increase and becomes more complex, new 

concepts and architectures for API design and implementation have been created to face 

the new challenges. 

2.5.3.1. What is GraphQL? 

GraphQL is a query language for APIs and a server-side runtime for executing 

queries by using a type system defined by de API designer. GraphQL is not related to 

any database or storage engine, instead is a way to make the existing code and data 

available through the API [21], this means that GraphQL can have any backend data 

management implementation as MySQL, MongoDB, PostgreSQL, etc. 

2.5.3.2. GitHub GraphQL API 

The GitHub GraphQL API v4 represents an architectural and conceptual shift 

from the GitHub REST API v3.  

There are two main reasons that GitHub consider to choose GraphQL [22]: 

1) Scalability 

The API development team realize that REST API is responsible for over 

60% of requests made to GitHub database, the problem is because of the 

hypermedia navigation that requires the clients need to make repeatedly 

calls. In some cases, view the complete information of a resource requires 

two or three separate calls.  

2) Audit endpoints 

With REST API, the task to audit endpoints and collect meta-information 

about them is difficult. According to the declarations of the responsible 

team, none REST specification matched their needs. 
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Now that it has been discussed the REST API problems, the main advantages of 

implementing GraphQL API are presented:  

 Get what you need 

GraphQL query allows to developers specify which fields they want to be 

returned by the service; this is a powerful feature that improves the network 

traffic performance.  

 Nested data 

As in SQL queries, GraphQL queries allows nested data declarations; this 

feature avoids the need for multiple HTTP calls to get the information of more 

than one data entity.  

 Strongly typed 

Unlike the REST API, GraphQL response format is known by who makes the 

call before the response is received. 

 Introspective 

A GraphQL server can perform queries to itself to get an idea of the queries 

that support. GitHub GraphQL server has a client GraphiQL to explore the 

available information (see Figure 12).  

 
Figure 12. Screenshot of GraphiQL 
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2.6. Natural Language Processing 

Natural Language Processing (NLP) as a discipline began in the 1950s as an 

intersection between artificial intelligence and linguistics [23]. From the beginning, a 

differentiation between NLP and text information retrieval (IR) has been clarifying. 

A language can be defined as the different ways used to express thoughts and 

ideas to achieve communication between two or more entities. Languages can be 

distinguished in two groups, (1) natural languages such as English or Spanish and (2) 

formal languages such as programming languages, mathematical or logical languages. 

Therefore, natural languages are those that people use in daily life to establish 

communication between them [24]. 

The natural languages (NL) are highly expressive and have great value as a 

reasoning tool. At the same time, NL syntax can be modeled by a formal language, but 

due to the semantic complexity, the complete formalization of its grammar becomes 

difficult.  

The NLP consists of the techniques used to achieve communication between a 

computer and another computer or person through natural language. The use of NLP in 

this work is aimed to help to understand texts wrote by humans. 

Currently, there are developed several tools for NLP in different programming 

languages, in this work have been decided to use Python as the base programming 

language, therefore, here are presented two of the main available open source tools, 

NLTK and SpaCy. 

2.6.1. NLTK 

Is a full-featured tool, implements components for classification, tokenization, 

stemming, tagging, parsing, and semantic reasoning. The tool represents all data in the 

form of strings, which is hard to use in some advanced functionality. 

The official documentation is quite dense and complex for beginners. And the 

library is also a bit slow compared to other tools [25], but it is widely used because it is a 

great toolkit for experimentation, exploration, and allows combine algorithms. 
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2.6.2. SpaCy 

Spacy is a direct competitor of NLTK, mainly because it is faster in most cases 

but only has a single implementation for each NLP component. Unlike NLTK, SpaCy 

represents everything as an object rather than a string, which simplifies the interface for 

building applications.  

The number of languages that SpaCy supports is fewer than NLTK, but among 

its benefits are that it has a simple interface and good documentation. It is especially 

useful to be used in applications that must have a good performance in production 

environments and that do not require the use of a specific algorithm. 
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In 2006, Massey and Packard developed a tool for importing CVS into Git [26], 

their work was focused on taking advantage of the great expressiveness of relationships 

between revisions and across files that Git allows, they detected that the aforementioned 

expressiveness makes Git a platform ideal for gathering detailed longitudinal metrics for 

open source projects. Their purpose was that the F/LOSS that keep their repositories in 

other SCMs be able to use Git as an analysis tool since Git is fast enough so that it is 

practical to replay the entire deployment history and then collect and analyze the metrics. 

This first work aimed to show the potential of Git to maintain in a detailed way the history 

of changes in repositories of source code and to be able to take advantage of its analysis 

to obtain information, from that point, several works analyzing the information stored by 

Git have been published. 

In this section, it will expose the works that are most related to this research. 

3.1. Promises and Perils of Mining Git 

Ten years ago (2009), the importance of Git between the open source developers 

community was evident, and Bird et al. [27] researched the promises that the newly 

available data could mean and at the same time, the perils of a misinterpretation of it.  

As parallelism with the term “business intelligence”, in 2010, Hassan and Xie [28] 

coined the term “software intelligence” and highlighted the idea that the information 

derived from the analysis of software repositories can be very useful for developers, 

decision-makers an researchers. But the key to getting valuable information is to 

understand the VSC features and limitations. 

All the points in sections 3.1.1 and 3.1.2 are in the work of Bird et al. 

3.1.1. Mining Git Promises 

Because of its design, Git allows the source code to be shared between one or 

more developers without the need for a central repository, that is the reason why it is 

known as a distributed versioning system. The potential of this feature is that the 

historical records keep all the events that occurred in the repository and not only those 

of a stable version (Promise 1). 

Promise 1: Since any developer on a Git project can make 

their own repository publicly accessible, it is possible to recover more 
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history, including work in progress and work that never makes it into 

the stable codebase. 

A directed acyclic graph (DAG) is the way in that the commits and their directed 

parent-child relationships are represented; the Promise 2 refers to the capability of Git to 

recover the information of the commits by discriminating them according to their branch 

and associated merge. 

Promise 2: Git facilitates recovery of richer project history 

through commit, branch and merge information in the DAGs of 

multiple repositories. 

In Perils 3 to 6 are exposed some problems related to historical commits 

persistence, some scenarios in that information can be discarded or unreferenced, to 

deal with this, it must be considered the information stored in the private repositories of 

each developer within the logs directory where it is possible to obtain detailed data about 

the workflow that the developer has followed locally. An important consideration of this 

promise (Promise 3) is that the researcher must have access to the private repositories 

of each developer to obtain the desired information. Otherwise, the perils cannot be 

solved. 

Promise 3: Git records the information needed to correct 

Perils 3–6 in private logs. 

Since Git supports distributed development, it allows specifying several roles of 

those who interact with each commit, among them are signedoffby, ackedby, Cc, 

reportedby, reviewedby, and testedby. 

Promise 4: The signed-off-by and other attributes create a 

“paper trail.” 

This VCS was designed taking in mind the features of F/OSS projects, this kind 

of projects depend to a large extent on developers who voluntarily make their 

contributions to the work done by the explicit and main group of project developers. 

Maintaining the registry of the authors of each change allows total traceability of the 

changes introduced in each commit. 

Promise 5: Git explicitly records authorship information for 

contributors who are not part of the core set of developers. 
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When a Git repository is cloned, all the associated metadata is included in the 

cloning, this means that the local repository contains all metadata as it was declared in 

Promise 6. 

Promise 6: In Git all metadata, notably history, is local. 

Another noticeable feature of Git is the content tracking; this means that when a 

line in a file is removed, edited or if a new line is added, Git saves the information of 

those modifications. This line by line tracking is the most atomic of possible change 

control. 

Promise 7: Git tracks content, so it can track the history of 

lines as they are moved or copied. 

In this reviewed work about promises and perils, the authors conducted tests 

comparing Git with SVN and concluded that the performance of the first, both in speed 

and use of storage space exceeds that of the second (Promise 8). In addition to exploiting 

this advantage, several other VCSs can be converted to Git (Promise 9). 

Promise 8: Git is faster and often uses less space than 

centralized repositories. 

Promise 9: Most SCMs such as CVS, SVN, Perforce, and 

Mercurial (Hg), can be converted to Git with the history of branches, 

merges and tags intact. 

3.1.2. Mining Git Perils 

It should be noted that the first distinguished hazard affects those developers who 

already have previous with other SCMs, there is a problem of discordance with the 

names that Git assigns to their commands and concepts, so they must be carefully 

studied. 

Peril 1: Git nomenclature differs from that of centralized SCMs 

(CSCMs): a) similar actions have different commands; and b) shared 

terms can have different meanings. 

When two developers are simultaneously working and each one in their branch, 

at some point of the development, their branches must be merged into one, in this way, 

one of the merged branches is leaving as an implicit branch because of it is no longer 

among the active branches of development and only remains as a historical record. 
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Peril 2: Here Be “Implicit Branches!” 

A differential feature of Git is that it does not maintain a main line of development 

by default, which is why the DAG must always be taken into account for any analysis, 

this is highlighted by the Peril 3. 

Peril 3: Git has no mainline, so analysis methods must be 

suitably modified to take the DAG into account. 

Git allows several operations that modify the order of the commits from one point 

of time to another, these operations can be to remove a commit, squash multiple commits 

in a single one or joins several branches in one, this reordering constitutes a peril (Peril 

4) for the analysis because it causes that any experimentation or analysis is potentially 

not replicable. 

Peril 4: Git history is revisionist: a repository owner can rewrite 

it. 

Although when a commit is created, it is done on a branch, the subsequent 

changes can make impossible to retrieve this information, the commits do not explicitly 

save the branch on which they were created, this is identified as the Peril 5. 

Peril 5: You cannot always determine what branch a commit 

was made on. 

There are some conditions in which it is impossible to know the source of a merge 

in terms of a repository and one of its branches, for example in a “fast forward merge”. 

Peril 6: It is not always possible to track the source of a merge 

or even determine if a merge occurred. 

In some scenarios, for example, when a code review occurs over the commits in 

a branch, if they are rejected then the branch is destroyed, and the commits data is lost, 

only success selected commits in Git workflow are accessible, this is summarized in Peril 

7. 

Peril 7: The accessible data may only contain commits that 

are success selected. 
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3.2. Promises and Perils of Mining GitHub 

In 2014, Kalliamvakou et al. [16] published and study about the promises and 

perils of mining GitHub data; in this section, their findings will be presented. 

3.2.1. Mining GitHub Promises 

Since GitHub is a social platform, it stores the interactions between their users 

and also the Git related information (Promise 2). The information is accessible for 

developers and researchers through web APIs (Promise 1). 

Promise 1: GitHub provides a valuable source of data for the 

study of code reviews in the form of pull requests and the commits 

they reference. 

Promise 2: The interlinking of developers, pull requests, 

issues and commits provides a comprehensive view of software 

development activities. 

3.2.2. Mining GitHub Perils 

The authors divide the repositories into two types (1) base repositories, typically 

are the main repositories of a project, and (2) forked repositories which are cloned from 

base repositories, those forked repositories most of the times are created for work in 

changes and then ask to the main repository for a pull request, once the changes are 

integrated (or rejected) the forked repository can disappear, for this reason, they 

established the Peril 1.  

Peril 1: A repository is not necessarily a project. 

A quantitative analysis of projects metadata was carried out and they extract 

some interesting characteristics of GitHub hosted repositories. First, they looked at how 

the commits behave, both in the amount per repository and in the time range in which 

they were made. In this study, the authors found that only 10% of repositories have more 

than 50 commits, and based on it, they declare the Peril 2. In the same way, they found 

that 2.5% of the projects were the most active in terms of the elapsed time since the last 

commit (Peril 3). 

Peril 2: Most projects have very few commits. 

Peril 3: Most projects are inactive. 
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Since the point of view of repository content, the researchers applied a survey 

and identified that software development was not the only use that GitHub users gave to 

the platform. The uses vary between tool experimentation, hosting websites, and 

academic/class projects, this is declared in Peril 4. 

Peril 4: A large portion of repositories are not for software 

development. 

With the same instrument (survey) that researchers used to establish Peril 4, they 

concluded that most repositories are for personal use, to develop their projects and not 

with the intention of collaborating with others (Peril5). 

Peril 5: Two-thirds of projects (71.6% of repositories) are 

personal. 

Considering what was established in Peril 5, there is only a smaller percentage 

of collaborative repositories, of these repositories not all of them use the pull request 

mechanism (GitHub allows the owners of the repository decide if it is enabled or not). 

The pull request can be interpreted as a code review or peer-review mechanism and 

consists of an iterative interaction between the repository owner and the pull requester 

in which they exchange comments and commits, the platform only record the last 

interaction of each peer-review process (Peril 7).  

Peril 6: Only a fraction of projects uses pull requests. And of 

those that use them, their use is very skewed. 

Peril 7: If the commits in a pull-request are reworked (in 

response to comments) GitHub records only the commits that are the 

result of the peer-review, not the original commits. 

The different available ways to perform a pull request makes that there are cases 

in which GitHub does not contain all the information associated with it, there are 

differences between the data that is collected from a pull request made by the console 

to one that is accepted from the GitHub website. 

Peril 8: Most pull requests appear as non-merged even if they 

are actually merged. 

Some F/LOSS projects are originally hosted in other VCSs and are mirrored in 

GitHub; a mirrored repository not necessarily have all the software development 

information which can produce problems of misinterpretation. Even a repository is not 
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mirrored, there are many ways in which the software development activities were not 

conducted by GitHub, for example, for the code review process. This topic is reflected in 

Peril 9. 

Peril 9: Many active projects do not conduct all their software 

development in GitHub. 

3.3. Mining GitHub 

In this section, some research related to mining GitHub data and commit 

information will be presented. 

3.3.1. Commit frequency distribution 

A fundamental measurement index in the development of software that makes 

use of a source code management system is the frequency with its developers 

contributes to the code base; these contributions in Git are known as commits. In 2014, 

Kolassa et al. [29] explored the empirical commit frequency distribution of open source 

projects taking into consideration a large sample of open source projects. In order to 

measure the commits distribution, the researchers considered that the commits must 

have been made by the same committer. 

In the development of the work, the researchers found some threats to validity for 

their conclusions; these threats are related to Git and GitHub perils referred to in previous 

sections. The threats are: 

1) Committer vs. author: in some commits, the person who commits a change is 

not the same that introduce it. 

2) Invalid timestamps: some too older or too newer timestamps had been 

detected and taken as outliers. 

3) Different IDs in different Projects: in this research, the ID for committers was 

taken from ohloh.net database, which is derived from the email address so 

when committers use different email address than the registered, it can lead 

and unmatched and the analysis results could be distorted. 

4) Project rules for commit strategies: every project can have its own rules for 

committing, for example, do not commit new features close to a release date 

(feature freezing). 
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As conclusions, the authors found that committers have small commit 

frequencies with the average time between commits in the order of three days but the 

median commit frequency for the median author is higher, the researchers explain this 

by two reasons, the first is the commits authors try to slice their contributions in several 

commits or because the committers need to hotfix a commit in order to prevent breaks 

the build of someone else. Also, they highlight the importance of their research as a first 

step to create hypotheses for future research and as a benchmark to compare projects 

and developers. 

3.3.2. Analyzing developer sentiment 

The use of Natural Language Processing capabilities for Git commit messages 

or commit comments has aroused interest among researchers, this is the case of Sinha 

et al. (2014) that performs an analysis of developer sentiment in commit logs [30] in order 

to find relationships between the mood of the developer and other variables associated 

with a commit.  

For run the analysis, the researches took a dataset of all commit logs from GitHub 

Medium (September 2015) provided for the MSR 2016 challenge and through Boa 

scripts [31] without considering the empty Git commit messages. 

The results of the sentiment analysis considering the selected dataset indicates 

that most of the analyzed commits were categorized in neutral sentiment, but negatives 

were around twice more than positives. Also, an analysis by day was carried out, and 

the results pointed to in general the day with more negative sentiment was Tuesday but 

if only the top five projects in terms of the number of total commits were considered, the 

worst days are Wednesdays and Thursdays. Another important conclusion is that a 

positive correlation with sentiment and the number of changed files was found. 

3.3.3. Mining relations from commit messages 

One approach for analyzing the comment of commit messages in order to extract 

relationships between their entities was proposed by Andersson et al. (2014) [32] using 

a tool named Relex and a dataset of 600 randomly selected commit messages from the 

MSR 2014 Mining Challenge Dataset [33]. 

The author defines a relation as a couple of words that are semantically paired 

and pretends to show that this relation captures the intention of the commit. To execute 

the experimentation were considered three stages: 
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1) Prepare input text 

2) Classifies binary candidate relations as true or false 

3) Label the relation 

Previous stages consist of (1) process the messages with NLP techniques using 

Apache OpenNLP to generate the part-of-speech tagging then (2) generate all possible 

binary relations between Noun Phrases (NP), Named Entities (NE), or a combination 

and finally (3) the relations marked as true label using a simple heuristic. 

In the conclusions, after analyzing the coincidences between the automatic and 

manual classification, the authors identified that Relex, the automatic tool, shown a 

poorly performing and suggest the use of different features and algorithms that are not 

as sensitive to noisy data, considering that the NLP should be improved. 

3.3.4. The commit impact in software quality 

In recent years Behnamghader et al. (2017) [34] published a work that aimed to 

improve the understanding of Software Quality Evolution through commit-impact 

analysis. Their research was driven considering 38 repositories of Apache Java software 

systems and looking to understand how changes occur, why and by who. 

The main idea behind the research is to measure how the quality metrics change 

after a commit; the researchers identify three groups of quality metrics, basic, code 

quality, and security; each group contains some specific metrics, but for this review, there 

are not relevant. The aspect of being highlighted here is how commits have been used 

to characterize the evolution of software quality. 

An interesting conclusion is that on average, 48% of commits impact the main 

module that contains most of the source code and 2% of the impactful commits are not 

compilable. The results suggest that the impactful commits have a different impact on 

the different quality metrics; for example, it was found that security attributes change less 

frequently than others. 
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Much has already said about Git commit messages, but there is not exists a 

common standard or reference. Each project administrator defines their guidelines to 

assure the quality of commits messages in the repository. 

Although the commit messages must provide relevant information, no concrete 

evidence has been found that their content or structure affects the behavior of the project, 

that is why part of this work is to shed light on some data that may generate more 

questions and future studies. 

4.1. The importance of commit messages 

Any software project that has more than one developer is a collaborative project, 

and as such, for its development and fruitful interactions, it must have a communication 

protocol. 

We can imagine a project with more than one development team if each of them 

has their commit message convention would be normal that the developers of different 

teams find difficulties to look up some details inside the code base of a not own team. 

4.1.1. Case Study 1: Response time of incidents 

Let’s say a software engineer is already starting to work in a project and to figure 

out how it has been evolving decide take a look to the Git history and find something like 

shown in Figure 13, at this point; the software engineer has no more alternative than 

inspect the source code directly. 

Now imagine a scenario like described by Jimmy King [35], a software engineer 

is called by his/her product owner to ask “Why doesn’t this user see the same links that 

I do on the homepage?”, the software engineer does not know, so replies that would find 

out and get back to him. The first place where  he/she look for information is in the source 

code repository history and find a commit like shown in Figure 14, a well formatted and 

descriptive commit message which explain the reason for the filtering has to do with 

premium features, the message also contains a body with a bit of reasoning behind the 

change. In this case, the good quality of the commit message allows saving a great deal 

of time searching.  
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Figure 13. A low-quality Git commit messages 

 

 
Figure 14. A good-quality Git commit message 

4.1.2. Case Study 2: Synergy of the development 

team 

The value of good commit messages is especially evident in projects with a high 

number of collaborators, found not concise and inconsistent messages can be a terrible 

headache.  

Consider the next cases in Figure 15 and Figure 16; they are two different logs 

of commits from the same committer. The differences are both in structure and content, 

with the most recent commits being more comfortable to read. The ease of reading 
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encourages the inclusion of new developers and makes working on the files previously 

modified takes less time to developers who have not been involved in such changes. 

 
Figure 15. First commits from a developer in an Open Source project 

 
Figure 16. Most recent commits from a developer in an Open Source project 

Since each commit is associated with a group of modified files, the history of 

change is keep by Git, a common scenario is that developers leave the project or move 

to work in a different module, a good Git commit message allows that the original 

developer is not needed to carry out new changes because the knowledge about the 

source code evolution is contained in the Source Code Management System. 
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The proposed solution is based on seven basic rules that can be divided between 

commit message structural format and commit message content. 

Any change should not be committed without a good commit message, so the 

proposed tool intercepts commit events and launch some validations which accept or 

rejects the commit considering the message characteristics. 

For the validation, this work is based on the guidelines exposed for Chris Beams 

[36]. 

5.1. Rules 

As was mentioned before, rules should satisfy at least three aspects: 

 Style or structure: Includes aspects such as markup syntax, wrap margins, 

grammar, capitalization, and punctuation. The result of applying those 

conventions will be a remarkably consistent log. 

 Content: Defines the kind of information that should contain the body of the 

commit message. 

 Metadata: Refers to extra information like issue tracking IDs, pull request 

numbers, etc. 

 

As a summary, the proposed rules are: 

 R1: Separate subject from the body with a blank line. 

 R2: Limit the subject line to 50 characters. 

 R3: Capitalize the subject line. 

 R4: Do not end the subject line with a period. 

 R5: Use the imperative mood in the subject line. 

 R6: Wrap the body at 72 characters. 

 R7: Use the body to explain at least what is done. 

 

A good example of the application of previous guidelines is shown in Figure 17; 

it is s suggested template for commits of contributions in Spring Framework repository 

[37] 
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Figure 17. An ideal commit message template 

5.1.1. Separate subject from the body – R1 

The complete rule express: separate subject from the body with a blank line. 

In the Git official documentation for “Git commit” command, the next discussion 

[38] is proposed: 

Though not required, it’s a good idea to begin the commit 

message with a single short (less than 50 characters) line 

summarizing the change, followed by a blank line and then a more 

thorough description. The text up to the first blank line in a commit 

message is treated as the commit title, and that title is used 

throughout Git. For example, Git turns a commit into email, and it 

uses the title on the Subject line and the rest of the commit in the 

body. 

But clearly, not all the times a title is required, for example, when the change is 

so simple a single line can be enough to explain what was done. 

5.1.2. Limit the subject size – R2 

The complete rule express: limit the subject line to 50 characters. 

Limiting the maximum length of the subject ensures they are easily readable and 

forces the author to think for a moment about the most concise way to explain what is 
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going on which subsequently allows the reader to get a quick idea of the change in 

question.  

An important related aspect to this rule is the case in the author get difficulties in 

summarizing their work; in that case, the most probable is they need to separate the 

commit into smaller or atomic commits [39]. 

5.1.2.1. The Atomic Approach 

In simple words, an atomic change should revolve around one task or one fix, 

which allows the author to commit each fix or task as a separate change. The benefits 

of applying the atomic approach are: 

 Easy to roll back without affecting other changes. 

 Easy to make other changes on the fly. 

 Easy to merge features to other branches. 

5.1.3. Capitalize subject – R3 

The complete rule express: capitalize on the subject line. 

There is not much to say about this rule, as is simple as it sounds. The subject 

should begin with a capital letter. The purpose of this is to get consistent in the subject 

style. 

5.1.4. The subject end – R4 

The complete rule express: do not end the subject line with a period. 

By definition, a title does not end with a period; the subject is a title, then it does 

not end with a period. Besides, space is precious when you are trying to keep the length 

of the subject to 50 characters or less. 

5.1.5. Imperative mood – R5 

The complete rule express: use the imperative mood in the subject line. 

The imperative mood is a grammatical mood that forms a command or request 

and is easy to identify because it uses the root of a verb for all pronouns, for example: 

 Remove deprecated methods. 
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 Update getting started documentation. 

One idea to support this rule is that imperative is the mood that merges and 

reverts messages used by default, so when a commit message is written in an imperative 

mood, it is written following Git’s built-in conventions. 

 
Figure 18. Default Git merge message. 

 
Figure 19. Default Git revert message. 

A good tip to accomplish this rule is to follow the template in Figure 20; the 

structure works only for imperative mood sentences. 

 
Figure 20. Template for write subject in the imperative mood. 

5.1.6. Body wrap – R6 

The complete rule express: wrap the body at 72 characters. 

Git does not wrap or indent text automatically so the author must write the commit 

message in the right format manually. The recommended size is 72 characters to Git has 

plenty of space to indent text while still keeping everything under 80 characters overall. 

 

5.1.7. Explain what is done – R7 

The complete rule express: use the body to explain at least what is done. 

Good practice in source control is to provide messages that briefly explain what 

changes were made. 
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Let’s consider the commit shown in Figure 21 in which the author is giving the 

context of the change, now consider the summary shown in Figure 22 where is shown 

that three files was changed with eight additions and fifty-nine deletions, to review that, 

fellows and future committers should take some time if the information provided in 

commit message does not exist. Then, this rule aims to generate meaning value for the 

project collaborators. 

  
Figure 21. Example of commit message from Bitcoin Core [40] 

 
Figure 22. Default Git revert message 

If it is true that in Figure 22 also explains why and how generally code is self-

explanatory even if it is so complex, source code comments supplement this eventuality. 

5.2. Automatic validator 

In this section, the design, implementation, and functionality of the proposed tool 

will be exposed. 

5.2.1.1. Design 

Considering the Git Hooks guidelines, a first approach to validate commit 

messages has been proposed. 

In Figure 23 is shown as a component diagram, the main components of the 

solution. 
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Figure 23. Component diagram of the proposed tool 

Each validation rule has been implemented as an isolated plugin, in that way, 

some of them use SpaCy to perform NLP tasks, for example, in check the imperative 

mood. To implements the plugin architecture, it has been used the Python Module 

“PluginBase” which extends the Python import system to be able to handle the most 

commons forms of plugin usage. 

For each used Git Hook event, one file is implemented, in this version, a 

configuration file is associated with the file that performs the commit message validation. 

The configuration file contains the needed parameters to the execution of plugins as well 

as flags to determine if they can run, and their compliance with validation is mandatory. 

5.2.1.2. Implementation 

The Git Hooks are a native feature of Git that allows customizing launched events 

during Git workflow. For more details, see Section 2.4.4. 

In Figure 24, the basic content of any Git Repository is shown, is observable that 

a hidden folder named “Git” is inside, this folder contains all Git related information, one 

of the contained data is the folder “hooks” and its content is shown in Figure 25. 

 
Figure 24. Basic content of any Git Repository 
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The content of folder “hooks” are files with samples of every customizable hook. 

None of these files is active; therefore, they are not executed at any time in the Git 

workflow. 

 
Figure 25. Content of Git Hooks folder 

The proposed implementation consists of activating two of the hooks; these 

hooks are “prepare-commit-msg” and “commit-msg”. In Figure 26 is shown the directory 

after the described method. 

 
Figure 26. Git Hooks folder after enabling used hooks 

Before to proceed in modify the custom hooks, it is necessary to put into the 

hooks folder, the files required to execute the expected behavior. A folder, with the 

developed code, named “custom” contains all the necessary Python files to perform the 

validations. In Figure 27 is shown the tree view of the directory after including the custom 

files, it is important to keep in mind that the subfolders with name “__pycache__” are 

generated automatically before the execution of any Python file. 
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Figure 27. Tree View of Git Hooks directory after including custom files 

Once the custom files have been created and placed in the corresponding place, 

the content of the hook files that want to enable should be modified. In Figure 28 and 

Figure 29 is shown the content of custom files, both perform a call to a corresponding 

Python Script. 

 
Figure 28. File prepare-commit-msg 

 
Figure 29. File commit-msg 
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At this point, the environment for executing the validations has been deployed, 

and it will run on each Git commit execution. 

Syntactic validator 

The syntactic validator for determinate if in the body of the commit message is 

explained what was done, is based on the idea that in a sentence that explains what has 

been done, the root is a verb related to a noun, for example in the sentence in Figure 32 

“Add support for multiple task arguments …” the root is the word “Add” that is a verb 

related to the noun “support” as is shown in Figure 33 in the dependencies visualization, 

on the contrary, in a sentences like shown in Figure 30, there is none verb, the root word 

is a noun (results) and is not explaining what was done. 

 
Figure 30. Commit message with failed validation for R7 

 
Figure 31. Dependencies visualization of a message with failed validation for R7  

 
Figure 32. Commit message with success validation for R7 

 
Figure 33. Dependencies visualization of a message with success validation for R7 
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Taking into account what was said before, the implementation of the validator is 

based on the pseudocode shown in Figure 34. 

 
Figure 34. Pseudocode of R7 validation 

5.2.1.3. Demo 

For this documentation, a sample project named “CMQTest” that has been 

initialized as a Git Repository was created. 

 
Figure 35. Check if a change is pending to commit 

Figure 35 shows a console message indicating that there are changes that have 

not been staged and that could be committed. By executing the command “Git add .” all 

the modified files have been prepared to be included in the commit, in this case, it is only 

the “index.html” file. After the execution of the command “Git commit”, the execution of 

custom hooks starts.  



PROPOSED SOLUTION 

51 
 

 

Before committing, the entry of the commit message is requested, and the 

developer is informed about the rules that must be followed for the message to be 

correctly validated, this is shown in Figure 36. Once the message is confirmed, the 

“commit-msg” hook proceed to validate the introduced message according to the rules, 

the result of this first validation is shown in Figure 37 where all rules passed but the last 

one with the label “what_how” that validates if the body of commit message explain at 

least what was done, failed. 

 
Figure 36. Trying to commit an invalid message 

If one of the mandatory rules failed, the commit is not persisted, and a new 

commit message should be inserted. 

 
Figure 37. Validation failed 

A further attempt to commit the changes is shown in Figure 38, there a message 

that follows the validation rules is inserted. 
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Figure 38. Trying to commit a valid message 

The result of the validation for the message showed in Figure 38 is shown in 

Figure 39, there it is seen that all the rules have been validated satisfactorily and that the 

changes have been correctly committed. 

 
Figure 39. Success validation 

To confirm that the last commit was executed correctly, the commit history has 

been inspected, as shown in Figure 40. 

 
Figure 40. Confirmation of successfully committed 
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6.1. Methodology 

In this section, the methodology followed to carry out the empirical validation will 

be explained, the explanation considers some general and specific considerations and 

the detail about the analysis. 

The research question in this work is: 

 The proposed rules of validation for commit message quality affect the time 

that passes between one commit and another? 

6.1.1. General GitHub repositories considerations 

Some characteristics of GitHub repositories should be taken into consideration 

for any analysis; these considerations are exposed as perils by Kalliamvakou et al. [16]: 

1) A repository is not necessarily a project. 

2) Most projects have very few commits. 

3) Most projects are inactive. 

4) A large portion of repositories are not for software development. 

5) A large number of projects are personal. 

6) Only a fraction of projects has enabled the pull request characteristic. And of 

those that enable it, their use is limited. 

7) GitHub only stores the last commit of a pull-request process; it means that 

those commits done in the peer-review process is discarded but not the last 

one. 

8) Most pull requests appear as non-merged even if they are merged. 

9) Many active projects do not conduct all their software development in GitHub. 

 

6.1.2. Specific GitHub repositories considerations 

At the moment this document was written (June 18th, 2019), GitHub hosted 

58,993,808 public repositories. 

For this analysis, the next criteria will be considered: 

 Public repositories to be able to get information, this is the first filter for open 

source projects. 
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 Not mirrored repositories, mirror repositories are those that use GitHub as an 

unofficial repository, they will be ignored. 

 Not forks, most of the times, developers create forks with experimental 

purposes, and not all of them have an active community, for this reason, 

forked repositories will be ignored. 

 Not archived, an archived repository is read-only for all users and indicate 

that it is no longer actively maintained. Only active repositories will be 

analyzed. 

 The repositories to analyzed should have the same license and primary 

language. 

 The analysis should be oriented by clusters according to repository size. 

6.1.3. The analysis design 

The analysis was carried out in the following steps: 

1) Obtain the information from the repositories to analyze. 

2) Obtain the commits of the selected branch for each repository. 

3) Analyze each commit message and add to the database the information 

about its compliance of each rule. 

4) Statistically analyze the obtained data. 

6.2. Getting data 

In Section 2.5.3, some general GraphQL API features were reviewed, and some 

advantages of it over the REST API were commented. In the stage of data acquisition of 

this work, better performance of API v4 was evidenced, mainly due to the better time and 

number of needed requests to the server that was necessaries to obtain the required 

information. 

To obtain the data, three phases were met: 

1) The analysis of API v4 documentation. 

2) The definition of the queries needed to obtain the desired data. 

3) The implementation of some scripts to automatize the process of consulting 

and storing the information. 

The previous points will be detailed in the next sections. 
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6.2.1. GitHub GraphQL API Client 

As a REST API Server, GraphQL API Server is built to run over the HTTP 

protocol, in base on that a simple client was implemented to perform the data request.  

In Figure 41 is shown the deployment diagram of the implemented solution that 

is composed of three nodes: 

1) The GraphQL API Server: is the deployed node of the GitHub GraphQL API, 

has a communication port an HTTP point.  

2) The API Client: is the developed package, is composed of the components 

for data retrieving and by an adapter for communication with the node of data 

persistence.  

3) The Storage Database: due to the GraphQL API response in JSON format 

objects, the proposed solution stores them as were received in the document-

based database MongoDB to avoid unnecessary processing use. 

 
Figure 41. Deployment diagram of GraphQL API Client 

6.2.1.1. API client implementation 

The implementation in a macro view can be explained as an on-demand 

consumer due to the execution of each entity consumer changes depending on how the 

information is stored.  
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Applying a reverse engineering tool for the generation of the Python Class 

Diagram for the implemented solution, the image shown in Figure 42 was obtained. All 

classes inherit from the Python Object class, and there are not directly related between, 

because they are invoked by a single script that performs the data acquisition process. 

 
Figure 42. Python Class Diagram of GraphQL API Client 

The flow for the data acquisition process is carried out in the next steps: 

1) Get the repositories according to the defined rules 

2) Get the names of the branches in each repository 

3) Get the number of commits in each branch for each repository 

4) Get the commits of each branch that match with the defined rules 

Getting the repositories 

The code implemented is shown in Figure 43. The function uses the query 

defined in “getTopRepos.grahql” that will be explained in a later section. After to perform 

the query, the result is processed, and the next pages are requested if it was necessary. 
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Figure 43. Implementation of the method for retrieve Repositories 

Getting branches 

Due to the rate limit established by GitHub GraphQL API, it was preferred to 

separate the request of branch information. The first consideration is not including it in 

the repository request because it can exponentially increase the number of node results, 

and the second, because the GraphQL query used for getting the branches names do 

not have a connection with their commits. 

 
Figure 44. Implementation of the method for retrieve branches by repository 

A first function that prepares a list of repositories to be sent as a parameter for 

getting branches is performed, then by each result, a second function that invokes to the 

API is called.  
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The inner function calls to the “getBranchesByRepo.graphql” file, if the data is 

success obtained, is inserted in the database. 

 
Figure 45. Implementation of the method for retrieve branches 

Getting branch information 

Before to start to get commits of branches, is important know how many commits 

are associated with each one to be able to balance the load of each process that will be 

performing the requests and storing the retrieved data. 

 
Figure 46. Implementation of the method for prepare commit count by branch call 

In Figure 46 is shown the wrote method for the number of commits by each 

branch of a given Repository. The branches in a Repository can differ through the time 

because they can be created with a limited lifetime just for work in a feature that will be 

integrated into another branch, once the new feature is integrated, the branch which was 
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created can be destroyed.  This method gets the data of repositories and branches and 

then invokes to “commits_count_retrieve” function. 

 
Figure 47. Implementation of the method for retrieve and persist commits count 

The “commits_count_retrieve” function shown in Figure 47 is the implementation 

that performs the query for commits count per branch information retrieve. 

Getting commits 

To get the commits, as in previous cases, the first step is to collect the information 

about parameters (Figure 48), that are repositories and branches.  

 
Figure 48. Implementation of the method to prepare to retrieve commits call 
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When the program has the needed parameters runs the function 

“commits_retrieve” which execute the call to GitHub API using the query in 

“getCommitsByRepoBranch.graphql” file, as others methods, if the result is paginated 

then call to all pages per result and persist it on the database. 

 
Figure 49. Implementation of the method for retrieve Commits 

6.2.2. GraphQL Queries 

In this section, the queries used to retrieve the GitHub information will be 

presented and explained. 

There are three main entities involved, Repository, Branch, and Commit. 

6.2.2.1. Repositories Query 

The GraphQL query used to obtain the information of the repositories is shown in 

Figure 51. In the search specification is set a limit of ten results, this limit, together with 

the variables shown in Figure 50, allows obtaining the ten most starred repositories 

according to the programming language and license consulted. 

 
Figure 50. Variables of retrieving Repositories data 
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Figure 51. Implementation of the method for retrieve Repositories 

6.2.2.2. Branches and Branch information Query 

To get the information related to the branches, two queries have been defined to 

avoid the rate limit established by the GitHub API. The first query, shown in Figure 52, 

shows how the names of the branches of a repository are obtained. For its part, Figure 

53 shows the query used to get the number of commits for each branch. 
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Figure 52. GraphQL query for retrieving Branches names by Repository 

 
Figure 53. GraphQL query for retrieving the number of commits by Branch 

6.2.2.3. Commits Query 

The data of the commits are obtained by repository and branch name; the 

consulting fields can be seen in Figure 54 inside the “edges” node. 
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Figure 54. GraphQL query for retrieving Commits by Branch 
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6.3. Results 

For this section understanding, it is important to take in mind the rules identifiers 

as was presented in Section 5.1, in Table. II is detailed the reference one more time. 

Identifier Rule 

R1 Subject/Body 

R2 Limit subject size 

R3 Capitalize subject 

R4 Subject end 

R5 Imperative mood 

R6 Body wrap 

R7 What 

Table. II. Reference of rules identifier 

After running the validations, the results obtained are shown in Table. III, for each 

project was obtained the number of commits that each rule validation is success and in 

the same way, the number of those commits that match all rules at the same time. 
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Repository R1 R2 R3 R4 R5 R6 R7 All 
Rules 

Total of 
Commits 

magenta 610 611 426 950 635 616 509 71 1043 

bert 36 89 64 99 57 37 25 12 106 

Detectron 128 86 71 126 82 127 86 19 130 

wechat_jump_game 117 304 204 332 118 118 72 11 332 

compose 4835 3049 4193 4754 4058 4911 5166 1288 5333 

pyspider 209 767 132 965 658 212 944 65 976 

home-assistant 8300 13839 11903 19001 10487 8301 15672 1634 19483 

airflow 3136 3357 2064 6372 1829 3156 6385 437 6490 

luigi 2385 2253 1935 3459 2262 2401 3738 492 3814 

tornado 1812 2266 2300 2572 2659 1896 2704 284 4090 

Table. III. Number of commits and its rules matches 
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6.3.1. Repositories inspection 

In order to understand some attributes of the analyzed repositories, box plots and 

histograms of two variables have been generated. The first is the number of forks and 

the second, the space used on disk.  

Figure 55. Box plot and histogram of Number of forks and Disk Usage 

In a simple inspection, at first glance, it would seem that there is an outlier value 

if the use of disk space is considered, despite this fact, due to that only ten repositories 

are available, all of them will be considered for the analysis. 

6.3.2. Repositories categorization 

To discriminate the repositories, they have been grouped according to their size 

on disk (Disk Usage parameter) and according to the number of forks that are a good 

indicator of the size of their community.  
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Size      
Forks 

Small Medium large 

Few Detectron, 

bert, 

pyspider   

Medium 
 

tornado 

 

wechat_jump_game, 

magenta 

Many 
 

compose, 

luigi 

home-assistant, 

airflow 

Table. IV. Classification according to Disk Usage and Number of Forks 

 

6.3.3. Commit messages analysis 

As a first step to perform the analysis of commit messages, the percentage 

compliance of each rule by repository is shown, where the most obvious observation is 

that the rule with the best compliance index in all repositories is R4 (see Figure 56 and 

Figure 57). 

 

 

 

 

 

 

Figure 56. Histogram of compliance percentage of R1 and R2 
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Figure 57. Histogram of compliance percentage from R3 to R7 

To understand how scattered the compliance data are, a box plot has been 

generated (Figure 58) for each of the proposed rules and considering all commit 

messages from the selected repositories, as in the previous observation of histograms, 

the one that better compliance has, in general, is the rule four related to the end of the 

subject line without a period. On the other hand, the rules that have lower compliance 

are rule one and rule six, the first related to the separation of subject and body of the 

commit message and the second related to the maximum size of the body wrap. 
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Figure 58. Box Plot of rules compliance 

In order to provide a visualization of the percentage compliance of all proposed 

rules simultaneously versus those not in each repository, it has been considered as 

“Valid” commits those that all validations are check as true, and as “Not Valid”, those that 

the validation fails at least in one rule. As is shown in Figure 59, in all repositories, the 

percentage of commits that matches all the proposed rules is under thirty percent. 

 
Figure 59. Valid vs. Not Valid in percentage per Repository 

Another interesting indicator to see is the average time between commits on each 

Repository, to obtain it, every commit of the Repository is put in commit date and time 

order, and then is iterated, the difference between the current and the next is included in 
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commit data. The average time is calculated considering the previous introduced time to 

next commit. In  Figure 60, the result is shown in a grouped bar chart. It is observable 

that is not a clear trend of improvement of time between commits; the reasons for this 

fact can be so variable that they could not be clarified with this study. 

As one approach for data interpretation, and considering the differentiation in 

Table. IV, Table. V and Table. VI showed just the cases according to their results. By 

simple inspection, seems as if while larger disk usage the repository is, the impact of a 

good quality commit in the TBC is better. 

 
Figure 60. Average time in seconds per Repository 

Size      
Forks 

Small Medium large 

Few Detectron, 

pyspider   

Medium  tornado  

Many  luigi airflow 

Table. V. Repositories that average TBC do not improve 
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Size      
Forks 

Small Medium large 

Few bert   

Medium 
 

 

 

wechat_jump_game, 

magenta 

Many  compose home-assistant 

Table. VI. Repositories that average TBC improve 

With the obtained data, the ANCOVA linear model was executed considering the 

variables shown in Table. VII and the function (1). 

Variable  Datatype Type In 
model 

Outcome/ 
Predictor 

Description 

authored_by_commiter_in_next_commit Boolean Categorical Yes Predictor Indicates if next 

commit is 

authored by the 

same commiter 

files_changed_in_next_commit Int Continuous Yes Predictor Indicates the 

number of 

changed files in 

next commit 

body_wrap Boolean Categorical Yes Predictor Rule R6 

subject_body Boolean Categorical Yes Predictor Rule R1 

subject_capitalize Boolean Categorical Yes Predictor Rule R3 

subject_end Boolean Categorical No - Rule R4 

subject_size Boolean Categorical Yes Predictor Rule R2 

subject_imperative Boolean Categorical Yes Predictor Rule R5 

what_how Boolean Categorical Yes Predictor Rule R7 

seconds_to_next_commit Int Continuous Yes Outcome Time in seconds 

until next commit 

Table. VII. Description of variables for the linear model 
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In order to make the equation look better, the variables have been renamed as 

indicated below: 

 seconds_to_next_commit:  

 authored_by_committer_in_next_commit:  

 files_changed_in_next_commit:  

 subject_body:  

 subject_size:  

 subject_capitalize:  

 subject_imperative:  

 body_wrap:  

 what_how:  

The proposed hypothesis indicates that the time until the next commit depends 

on the proposed quality rules in addition to the number of changed files and if the author 

is the same person who commits. In this way, the model is shown in Equation (1). 

              (1) 

The R-squared value indicates how well the regression line approximates the 

actual points (Figure 61), the best value is 1 and means that any change in the dependent 

variable can be explained by the changes in the independent variables. In this case, the 

value of R-squared is 0.012, which means that the capability to the model to explain the 

dependent variable behavior is really weak. 
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Figure 61. Results of model execution
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7 Conclusions and 
future work
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7.1. Conclusions 

The formats and styles used to write the commit messages in Open Source 

repositories hosted in GitHub are so diverse, in most of the cases, the repository owners 

specify a format, but it is not necessarily similar to those used in other repositories.  

The style used in the language of commits messages as in other technical 

documentation should be written in a controlled language style, both to facilitate the 

human reading and to allows the machine interpretation which could lead to new analysis 

forms. 

The carried out empirical validation give some evidence that while bigger is the 

project in terms of disk usage space, the more is the impact that a good commit message 

has in the time between commits. 

The proposed line linear model has not been adjusted to the real data, so it has 

not been possible to check the effectiveness of the validated rules in improving the time 

from one commit to the next. No statistical evidence has been found that the proposed 

quality rules of commit messages affect the time between commits. 

7.2. Future work 

The identified future work points are in line with the major problems faced in the 

development of this work; they can be separated into two groups the first related to the 

volume of available data and the second related to the techniques for the analysis of 

natural language that should be applied. 

7.2.1. Big data challenges 

The number of commits in an active repository can easily exceed the ten 

thousand commits in the master branch, and the number of open source repositories is 

constantly growing. 

As the number of users continues to increase and the number of repositories 

grows with them, the amount of available data will increase, this is a problem that cannot 

be attacked in any other wat than through distributed computing techniques. 
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7.2.2. Natural language processing challenges 

Although the techniques and libraries used for processing natural language 

development for English language have achieved a remarkable efficiency, the problem 

of analyzing commit messages goes through its structure and content, some use list 

enumerating what was done and in other paragraphs describe how it was done, some 

include codes or hyperlinks to external systems in where include commit metadata and 

in other cases, the message includes emojis to express types or emotions. 

7.2.3. Study proposal 

There are two features in GitHub whose data could be studied to find relevant 

conclusions.   

7.2.3.1. Impact in pull request  

It is easy to assume that the better the commit message included in a pull request 

is, the easier it will be for the reviewer and the owner of the repository to understand the 

proposed change and, if accepted, integrated into the base branch, but as in other cases, 

the relevance here is in to design the study and give proofs about the veracity of the 

intuitive enunciated. 

7.2.3.2. Commit comments sentiment analysis 

Another feature of GitHub is to allow its users to interact with commits through 

comments; these comments can shed light on the quality of the commit messages to 

which they are associated. 
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GitHub GraphQL API 

In this section, it will present the schema reference of GitHub GraphQL API. To 

makes the reading easy, the next tables only contain those fields that can be relevant for 

the analysis. All information presented in this section has been obtained consulting the 

official web page of GitHub GraphQL API v4 [41]. 

PageInfo object 

Information about pagination in a connection. For GraphQL pagination corresponds 

to the same concept as in any other computer context, it is a way to divide the data into 

smaller groups to facilitate its management. In GraphQL, when a query obtains several 

results that exceed the established limit, then these are paginated, that is, they are 

returned into groups of the assigned size. The GitHub GraphQL API is limited to a 

maximum of one hundred nodes per query, if the number of results is higher, then in 

PageInfo node indicates where the next cursor of the next page starts. 

Field Type Description 

endCursor String When paginating forwards, the cursor to continue. 

hasNextPage Boolean Indicates if the paginating forwards have more items. 

hasPreviousPage Boolean Indicates if the paginating backward have more items. 

startCursor String When paginating backward, the cursor to continue. 

Table. VIII. PageInfo object specification 

Commit object 

Represents a Git commit and contains the information related to each one. In 

GithHub, a commit can be associated with a Pull Request object too. 

Field Type Description 

id ID Unique identifier obfuscated in Base64. 

repository Repository The repository of the commit belongs to. 

additions Int The number of additions in this commit. 

author GitActor Details of the commit’s author. 
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authoredDate DateTime The date and time when the commit was authored. 

changedFiles Int The number of changed files in the commit. 

committedDate DateTime The date and time when the commit was committed. 

message String The Git commit message. 

commitResourcePath URI The HTTP path for this commit. 

commiter GitActor Committership details of the commit. 

pushedDate DateTime The date and time when the commit was pushed. 

authoredByCommiter Boolean Indicates if the commiter and the author match. 

authoredDate DateTime The date and time when the commit was authored. 

deletions Int The number of deletions in the commit. 

status Status Status information for this commit. This object refers to the 

StatusState object. 

Table. IX. Commit object specification 

StatusState object 

These are the possible commit status states; GitHub uses descriptive words to 

represent them. 

 ERROR 

 EXPECTED 

 FAILURE 

 PENDING 

 SUCCESS 

CommitComment object 

The CommitComment object represents a comment on a given Commit. The users 

have the chance to include comments on commits to indicate whatever they want related 

to the committed changes. 

Field Type Description 

id ID Unique identifier obfuscated in Base64. 
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author Actor The actor who authored the comment. 

bodyText String The body rendered in text format. The field is different from 

“body” that returns the raw body string. 

commit Commit Is a reference to the commit associated with the comment if 

the commit still exists. This is the definition in the official 

documentation of API; this can mean that behind exists a 

kind of inconsistency. 

createdAt DateTime The date and time when the commit comment was created. 

createdViaEmail Boolean Indicates if the comment was created via email reply. 

editor Actor Identifies the actor who edited the commit comment. 

includesCreatedEdit Boolean Indicates if the comment was edited and edit with the 

creation data. 

lastEditedAt DateTime The date and time when the editor made the last edit. 

path String Identifies the file path associated with the comment. 

publishedAt DateTime The date and time when the comment was published at. 

reactionGroups ReactionGroup A list of reactions grouped by content left on the subject. A 

ReactionGroup object is a group of emoji reactions to a 

particular piece of content. 

repository Repository Indicates the repository associated with this commit 

comment. 

updatedAt DateTime Identifies the date and time when the commit comment was 

last updated. 

url URI The HTTP URL permalink for this object. 

Table. X. CommitComment object specification 

Deployment object 

This object represents a triggered deployment instance. GitHub can deploy the 

projects hosted in it on an external server configured by the repository owner. This object 

contains the information related to deploying event. 

Field Type Description 

id ID Unique identifier obfuscated in Base64. 
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commit Commit Is a reference to the commit object that is related to. 

createdAt DateTime Identifies the date and time when the deploy was 

launched. 

creator Actor Reference to the actor who triggered the deployment. 

description String The description of performed deployment. 

repository Repository Identifies the repository associated with the deployment. 

state DeploymentState The current state of the deployment.  

task String A description of the deployment task. 

updatedAt DateTime Indicates the date and time when the object was updated. 

Table. XI. Deployment object specification 

DeploymentState enum 

An enumeration with the possible states in which the deployment can be. 

 ABANDONED, when a pending deployment was not updated after 30 

minutes. 

 ACTIVE, the state when a deployment is currently active.  

 DESTROYED, indicates that deployment is transient inactive. 

 ERROR, when the deployment experienced an error. 

 FAILURE, indicates that the deployment has failed. 

 INACTIVE, indicates that the deployment is inactive. 

 IN_PROGRESS, when the deployment is performing. 

 PENDING, indicates the deployment is pending. 

 QUEUED, is the state when a deployment has queued. 

Issue object 

An Issue is a place to discuss ideas, enhancements, tasks, and bugs for a project. It 

is a place typically used for report bugs or not contemplated functionalities. 

Field Type Description 

id ID Unique identifier obfuscated in Base64. 
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comments IssueCommentConnection A list of comments associated with the Issue. 

author Actor The actor who created the issue. 

bodyText  String The description of the issue in text format. 

closed Boolean Identifies if the issue is closed or not. 

closedAt DateTime The date and time when the issue was closed. 

createdAt DateTime The date and time when the issue was created. 

publishedAt DateTime The date and time when the issue was published at, 

reactions ReactionConnection Is a connection object that refers to an array of Reaction. A 

Reaction is an emoji. 

repository Repository The repository associated with the issue. 

resourcePath URI The HTTP path for the issue. 

state IssueState Refers to the state of the issue. 

title String The title of the issue. 

updatedAt DateTime Indicates the date and time when the issue was last 

updated. 

url URI The HTTP URL for the issue in GitHub web site. 

Table. XII. Issue object specification 

IssueState enum 

These are the possible states that an issue can be. 

 CLOSED, when the issue is closed. 

 OPEN, when the issue is still open. 

RepositoryLockReason enum 

Enumerates possible reasons why a repository could be in a locked state, the 

reasons can be: 

 BILLING: indicates that the repository is locked due to a billing related reason. 

 MIGRATING: indicates that the repository is locked due to migration. 

 MOVING: indicates that the repository is locked due to a move. 
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 RENAME: indicates that the repository is locked due to a rename. 

RepositoryOwner interface 

This is an interface that represents the owner of a repository, is implemented by 

objects User and Organization. 

Field Type Description 

id ID Unique identifier obfuscated in Base64. 

login String The username used to login. 

repository Repository Find Repository. 

resourcePath URI The HTTP URL for the owner. 

Table. XIII. RepositoryOwner object specification 

Language object 

The Language object represents a language found in repositories. The object 

represents a programming language, not one spoken by humans. 

Field Type Description 

id ID Unique identifier obfuscated in Base64. 

color String The color defined for the current language. 

name String The name of the current language. 

Table. XIV. Language object specification 

License object 

An open source license of the repository. 

Field Type Description 

id ID Unique identifier obfuscated in Base64. 

body String The full text of the license. 

conditions [LicenseRule] The conditions set by the license. 
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description String A human-readable description of the license. 

featured Boolean Indicates if the license should be featured. 

key String The lowercase SPDX ID of the license. 

limitations [LicenseRule] The limitations set by the license. 

name String The full license name specified by 

https://spdx.org/licenses 

permissions [LicenseRule] The permission set by the license. 

spdxId String Short identifier specified by https://spdx.org/licenses 

url URI URL to the license on https://choosealicense.com 

Table. XV. License object specification 

LicenseRule object 

Describe the conditions, permissions, and limitations of a License. 

Field Type Description 

description String A description of the rule. 

key String The machine-readable rule key. 

label String The human-readable rule label. 

Table. XVI. LicenseRule object specification 

Ref object 

This object represents a Git reference. In GitHub, the Ref object is associated with 

the HEAD of a working tree; this entity can be used to get the name of the branches in 

the repository. 

Field Type Description 

id ID Unique identifier obfuscated in Base64. 

name String The ref name. 

prefix String The ref’s prefix, such as refs/heads/ or refs/tags/ 
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repository Repository The repository the ref belongs to. 

target GitObject The object the ref points to. 

Table. XVII. Ref object specification 

User object 

A user is an account on GitHub of an individual that owns repositories and can 

make new content. 

Field Type Description 

id ID Unique identifier obfuscated in Base64. 

login String The username used to login. 

status UserStatus Indicates if the paginating forwards have more items. 

Table. XVIII. User object specification 

UserEdge object 

UserEdge object represents a user. In GraphQL, when an object is associated 

with another one in for example, as a nested object, it should be accessed through an 

edge object which contains nodes of the represented instance. 

Field Type Description 

cursor String A cursor for use in pagination. 

node User The item at the end of the edge. 

Table. XIX. UserEdge object specification 

UserConnection object 

The connection type for User. A connection is a mechanism with GraphQL call nested 

objects as pagination interface. 

Field Type Description 

edges [UserEdge] A list of edges. 

nodes [User] A list of associated Users. 
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pageInfo PageInfo Information to aid in pagination. 

totalCount Int Identifies the total count of items in the connection. 

Table. XX. UserConnection object specification 

RepositoryCollaboratorConnection object 

The connection type for the User object. 

Field Type Description 

edges [RepositoryCollaboratorEdge] A list of edges. 

nodes [User] A list of nodes, in this case, is composed of User 

objects. 

pageInfo PageInfo Information to aid in pagination. 

totalCount Int Identifies the total count of items in the connection. 

Table. XXI. RepositoryCollaboratorConnection object specification 

CommitCommentConnection object 

The connection type for CommitComment object. 

Field Type Description 

edges [CommitCommentEdge] A list of edges. 

nodes [CommitComment] A list of nodes, in this case, is composed of 

CommitComment objects.  

pageInfo PageInfo Information to aid in pagination. 

totalCount Int Identifies the total count of items in the connection. 

Table. XXII. CommitCommentConnection object specification 
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DeploymentConnection object 

The connection type for Deployment. 

Field Type Description 

edges [DeploymentEdge] A list of edges. 

nodes [Deployment] A list of nodes, in this case, is composed of 

Deployment objects. 

pageInfo PageInfo Information to aid in pagination. 

totalCount Int Identifies the total count of items in the connection. 

Table. XXIII. DeploymentConnection object specification 

IssueConnection object 

The connection type for Issue. 

Field Type Description 

edges [IssueEdge] A list of edges. 

nodes [Issue] A list of nodes, in this case, are Issue objects. 

pageInfo PageInfo Information to aid in pagination. 

totalCount Int Identifies the total count of items in the connection. 

Table. XXIV. IssueConnection object specification 

LanguageConnection object 

A list of containing a breakdown of the language composition of the repository. 

Field Type Description 

edges [LanguageEdge] A list of edges. 

nodes [Language] A list of nodes, in this case, is composed of 

Language objects. 

pageInfo PageInfo Information to aid in pagination. 

totalCount Int Identifies the total count of items in the connection. 
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totalSize Int The total size in bytes of files written in that 

language. 

Table. XXV. LanguageConnection object specification 

PullRequestConnection 

The connection type for PullRequest. 

Field Type Description 

edges [PullRequestEdge] A list of edges. 

nodes [PullRequest] A list of nodes, in this case, are PullRequest. 

pageInfo PageInfo Information to aid in pagination. 

totalCount Int Identifies the total count of items in the connection. 

Table. XXVI. PullRequestConnection object specification 

Repository object 

Field Type Description 

id ID Unique identifier obfuscated in Base64. 

assignableUsers UserConnection List of users that can be assigned to issues in the 

repository. 

collaborators RepositoryCollaboratorConn

ection 

List of collaborators associated with the repository. 

commitComments CommitCommentConnection List of commit comments associated with the 

repository. 

createdAt DateTime Date and time when the repository was created. 

defaultBranchRef Ref Ref associated with the default branch of the 

repository. 

deployments DeploymentConnection Deployments associated with the repository. 

description String The description of the repository. 

diskUsage Int The number of kilobytes this repository occupies on 

disk. 
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forkCount Int Indicates the number of forks this repository has in 

the whole network. 

hasIssuesEnabled Boolean Indicates if the repository has issues feature 

enabled. 

hasWikiEnabled Boolean Indicates if the repository has wiki feature enabled. 

isArchived Boolean Indicates if the repository is unmaintained. 

isDisabled Boolean Indicates if the repository is disabled. 

isFork Boolean Indicates if the repository is a fork. 

isLocked Boolean Indicates if the repository has been locked or not. 

isMirror Boolean Identifies if the repository is a mirror. 

isPrivate Boolean Identifies if the repository is private. 

issues IssueConnection A list of issues that have been opened in the 

repository. 

languages LanguageConnection A list that contains a breakdown of the programming 

language composition of the repository. 

licenseInfo License The license associated with the repository. 

lockReason RepositoryLockReason The reason the repository has been locked. 

name String The name of the repository. 

owner RepositoryOwner The User who owns the repository. 

primaryLanguage Language The primary language of the code of repository. 

pullRequests PullRequestConnection A list of pull requests that have been opened in the 

repository. 

pushedAt DateTime Identifies the date and time the repository was last 

pushed to. 

updatedAt DateTime Identifies the date and time when the object was last 

updated. 

watchers UserConnection A list of users watching the repository. 

Table. XXVII. Repository object specification 

 


