EGAD: A moldable tool for GitHub Action analysis
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Abstract—GitHub Actions (GA) enjoy increasing popularity
in many software development projects as a means to automate
repetitive software engineering tasks by enabling programmable
event-driven workflows. Researchers and developers typically
analyze GA at the raw data level using batch tools to mine and
analyze actions, jobs, and steps within GA workflows. Although
this approach is widely applicable, it ignores the specific context
of the GA workflow domain. Consequently, researchers and
developers do not reason directly about the domain abstractions.

We present our preliminary steps in building EGAD (Ex-
plorable GitHub Action Domain Model), a moldable domain-
specific tool to depict and analyze detailed GA workflow data.
EGAD consists of an explorable domain model of GA workflows
augmented with custom, domain-specific views, and live narra-
tives. We illustrate EGAD in action using it to explore ‘sticky
commits” in GitHub repositories.

Index Terms—GitHub Actions, software evolution, moldable
development

I. INTRODUCTION

GitHub Actions (GA) have been increasingly adopted in
software development projects [1]. Although GA was publicly
released only in November 2019, it is already the dominant
continuous integration service on GitHub [2]. GA allows
actions to be triggered automatically based on events such
as commits, comments, issues, pull requests, and schedules.
For example, GA enables the automation of testing, code
reviews, continuous integration, communication, dependency
management, and security monitoring.

GA supports automation through workflows. Workflows
are specified in YAML files that describe the actions to be
triggered by specific events (e.g., the automatic treatment of
pull requests [3]). However, we observe that developers make
frequent mistakes in implementing the workflows and commit
multiple changes before running them correctly [4]. The only
tool they have for specifying workflows is the text editor,
which does not provide features for authoring, analyzing or
debugging. Therefore, developers are forced to validate their
workflows by pushing multiple versions to the repository.

To conduct studies into GA, researchers work at the raw data
level using batch tools to mine and analyze data of interest [1],
[3], [4] (see section III). Although this approach is widely
applicable, it ignores the contextual nature of the mining and
does not provide explorable domain models [5].

To support researchers and developers in studying GA
workflows, we present Explorable GitHub Action Domain
Model (EGAD), a domain-specific tool to depict and analyze
GA workflows and their evolution. EGAD offers an explorable
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Fig. 1. Architecture overview of EGAD.

domain model, custom views and live narratives that enable
researchers and developers to inspect and analyze workflows.

EGAD provides an approach to answer specific questions
about GA workflows. The procedure consists of four steps,
namely: (i) goal definition, (ii) wrapping the GA workflow data
in domain model entities, (iii) exploring the domain model,
and (iv) interpreting the results.

We give an overview of EGAD’s architecture in section II,
and illustrate its use by investigating so-called sticky commits
in GitHub software repositories in section III.

II. TOOL ARCHITECTURE AND IMPLEMENTATION

Figure 1 depicts the architecture of EGAD which consists
of (i) an explorable domain model, (ii) custom views, and (iii)
live narratives that access the raw repository data.

A. Domain model

The domain model wraps the GA workflow data. The model
includes: (i) the implementation of the workflow history,
including all the commits associated with a GA workflow, and
(ii) the representation of the workflow, containing components
such as events, jobs and steps.

A class diagram focusing on the most important entities
is shown in Figure 2. A WEHistories instance contains
a collection of WEHistory objects, each of which repre-
sents the history of workflows of a dedicated project. A
WEFileCommit object represents a commit revising a ded-
icated workflow by a new version (WEWorkflow), which in
turn consists of events, jobs and steps (WEEvent, WEJob and
Step).

As we shall see in the next section, we populate an ex-
plorable domain model by extracting data from GA workflow
files obtained from cloned software repositories.

B. Custom views

Custom views enable the exploration and navigation of
the domain model from multiple perspectives. Instead of
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Fig. 2. Representation of GA workflows and their evolution.

presenting the data generically, custom views provide critical
insights into the domain model, and make it possible to pose
questions and explore hypotheses. In order to answer domain-
specific questions, the views can be easily extended. This
feature allows the tool to be adapted to face new scenarios
to explore. We shall see several examples in the next section.

C. Narratives

Narratives link documentation, source code, and running
objects to specific questions or hypotheses of the domain
model. We use narratives to explain use cases, scenarios,
and features of the GA domain. The creation of narratives
is accomplished by (i) telling stories, or (ii) following a path
of custom views.

D. EGAD implementation

EGAD is developed on top of the Glamorous Toolkit!
(GT), a moldable environment for building live and explorable
domain models using hyperlinked notebooks, live domain
objects, and customizable, domain-specific views [6]. GT is
built on Pharo,? a modern, open-source Smalltalk environment.

III. EGAD IN ACTION

In this demonstration, we will work with a dataset
comprising selected GitHub repositories that (i) currently
use GA and contain at least one workflow file in the
.github/workflow directory, (ii) have been created af-
ter 2019-01-11 (GA official release date) and before
2022-12-14, and (iii) have at least ten stars and 500
commits. We used the GitHub Search tool to select repositories
(excluding forks) meeting these criteria [7]. We cloned the
repositories on 2022-12-14. For the purpose of this paper,
we limit our dataset to the first 50 repositories found.

For the sake of analysis and exploration, EGAD supports
a four-step process: (i) goal definition, (ii) wrapping the GA
workflow data in domain model entities, (iii) inspecting the
domain model, and (iv) interpreting the results.

We illustrate the EGAD approach in the context of sticky
commits. Figure 3 introduces the sticky commits narrative in
a single notebook page.

Thttps://gtoolkit.com
Zhttps://pharo.org

Sticky Commits narrative B -

Our goal is to detect one or more sequences of sticky commits through the exploration of the
history of the pythonpackage.yml.

We wrap the history of a workflow in a WEHistory

history
foryML:

:= WEHistory fromRepoPath: '../repositories/rich'
'pythonpackage.yml'

Similarly, we replicate the Sticky Commits candidates analysis considering all the GitHub
Actions workflows in a set of repositories.

First, we collect all the repositories:

FileLocator = 1imageDirectory parent / 'repositories'

Then, we create a collection of workflow histories:

histories := WEHistories  fromReposPath: '../repositories'

We wrap these histories in the next object example:
WEHistoriesExamples>>#historiesExample

a WEHistories o m i

Workflow Histories Initialized Histories Raw Print Meta

Repo YML file Size

../repositories/OpenBBTerm  gh-pages.yml 14

../repositories/OpenBBTerm  draft.yml 3

../repositories/OpenBBTerm  test.yml 165

../repositories/OpenBBTerm issue.yml 2

../repositories/OpenBBTerm m1_macos_build.yml 8

../repositories/OpenBBTerm  windows10_build.yml 9

../repositories/OpenBBTerm mac.yml 15

../repositories/OpenBBTerm  docker.yml 6 °

Fig. 3. The sticky commits narrative.

Sticky commits consist of a sequence of commits performed
immediately, one after another. The commits are made by the
same developer, and are intended to correct errors in workflow
specifications made in the previous commit. Sticky commits
suggest that the developer is having difficulty correctly imple-
menting some GA behavior. We call them “sticky commits”
because they are continuously pushed, as if they were sticky.

As an example of sticky commits, let’s consider the history
of the GA workflow file pythonpackage.yml [8]. This
file is part of the Rich GitHub repository [9]. The history of
this file consists of seventy commits.

A. Goal definition

Our goal is to detect one or more sequences of sticky
commits through the exploration of the history of the python-
package.yml file.

B. Wrapping the GA workflow data in the domain model

We wrap the GA workflow data in a WEHistory object.
Figure 3a shows the associated code snippet. Executing this
snippet yields a WEHistory object that we can explore.

The Workflows view of this object lists the GA workflow
files of the Rich repository (Figure 4a). Each custom view,
such as this one, has been developed in just a few lines of code,
to offer a new, dedicated perspective of the domain objects.


https://gtoolkit.com
https://pharo.org

aWEHistory (WEHistory REPO: . /rich YML: pythonpackage.yml) m i o

Workflows ~ Commits  StickyGroups ~ Raw  Print  Meta o
Icon  Name size Creation
a . - 2023-01-1522:48:57
D codespellyml 3338 2023-01-15 22:48:57
D commentyml 5318 2023-01-15 22:48:57
D newissueyml 7608 2023-01-1522:48:57
D pythonpackageyml 152k 2023-01-1522:48:57
0 readmechanged.ym| 9028 2023-01-15 22:48:57
aWEHistory (WEHistory REPO: ./fastai YML: docs.yml) m i o
Workflows ~ Commits  StickyGroups ~ Raw  Print  Meta °
Index  Author Timestamp  Delta Comment Category
1 Jeremy Howard 2019 na Initial commit il
2 Jeremy Howard 2020 274233712 Create docs.yml il
3 Jeremy Howard 2020 0:00:03:15 Update docs.yml il
4 Jeremy Howard 2020 0:00:37:15 Update docs.yml il
Jeremy Howard 2020 0:02:41:53 Update docs.yml il
6 Jeremy Howard 2020 0:03:29:06 Update docs.yml il
Jeremy Howard 2020 0:00:07:29 Update docs.yml il
8 Jeremy Howard 2020 0:00:07:50 Update docs.yml il
Jeremy Howard 2020 0:00:08:22 Update docs.yml il
2 WEHistory (WEHistory REPO: . /rich YML: pythonpackage.yml) m i o
Workflows ~ Commits  StickyGroups ~ Raw  Print  Meta °
Index  Author start End Number of commits
1 Will McGugan 2020-07-27T13:33:51-03:00 2019-11-10712:28:10-03:00 38
2 HedyLi 2020-08-21T06:22:34-03:00 2020-08-217T06:20:36-03:00 3
Will McGugan 2020-10-09T11:09:19-03:00 2020-10-09T10:59:19-03:00 2
4 Sondre Li 20201 : 2020-11-28T10:51:12-03:00 2
Will McGugan 2021-05-19T13:02:53-03:00 2021-05-19T12:50:09-03:00 4
6 Sondre Lillebo Gundersen 2021-05-24T09:11:42-03:00 2021.05-24T09:11:04-03:00 2
Yash Rathi 2021-09-15T00:13:51-03:00 2021-09-14T14:31:42-03:00 2
8 Will McGugan 2022.02-28T14:15:09-03: 202 T05:07:09-031 3
9 Darren Burns 2022-08-09T09:47:26-03:00 2022-07-14T11:12:50-03:00 9
10 Dave Pearson 2022-10-11T07:00:49-03:00 2022-10-10T11:47:23-03:00 3

Fig. 4. Different views of a WEHistory object: (a) Workflow view, (b)
Commits view, (c) Sticky Group view.

The Commits view lists all the workflow commits in chrono-
logical order (Figure 4b), of which only the first seven commits
are shown in the figure.

We now move to the Sticky Groups view, which lists groups
of sticky commits (Figure 4c). Sticky groups are computed as
a series of commits that are (i) related to GA workflows, (ii)
consecutive, and (iii) performed by the same author.

C. Inspecting the domain model

To analyse the presence of sticky commits, we inspect the
first group, which has 38 commits (Figure 4c). As a result,
we get a WEStickyGroup object (Figure 5) listing all the
commits within the group.

Inspecting the WEStickyGroup object (Figure 5), we
notice in the Duration column that the time between commits
4 through 9 is always less than 8 minutes. This is of interest
since we have a sequence of commits performed repetitively
in a short period of time.

To investigate this sequence of commits in depth, we
navigate through each commit and review the changes. Each
commit is a WEFileCommit object (Figure 6). This object
shows the code that was modified (the Diff view), highlighting
added and deleting lines of code in green and red, respectively.

D. Interpreting the results

Reviewing each commit modification, we realize that these
commits correspond to minor modifications that could have
been handled in a single commit. To record this particular
behaviour, we use the editable Category column, entering
“yes”, which means there are sticky commit candidates that
could be empirically validated (Figure 5).

aWEStickyGroup @ i o

Commits  Raw  Print  Meta

Will McGugan ~ 2019-11-10T12:28:10-03:00 na Initial commit nil
Will McGugan 2019-12-25T12:27:53-03:00 44:23:59:43 GH action to run rests on push nil
Wil McGugan  2019-12-25T12:37:28-03:00 0:00:09:35 use mypy nil
Will McGugan 2019-12-25T12:39:21-03:00 0:00:01:53 disable typecheck for now yes
Will McGugan  2019-12-25T12:41:49-03:00 0:00:02:28 add pytest-cov yes
Will McGugan 2019-12-25T12:45:12-03:00 0:00:03:23 install with poetry yes
Will McGugan 2019-12-25T12:50:04-03:00 0:00:04:52 don't use makefile yes
Will McGugan 2019-12-25T12:57:26-03:00 0:00:07:22 add pip install yes
Will McGugan 2019-12-25T12:59:14-03:00 0:00:01:48 nocando3.5 yes
Will McGugan ~ 2019-12-27T07:08:22-03:00 1:18:09:08 add typecheck to CI nil
Fig. 5. Commit view of the WEStickyGroup object.
a WEFileCommit m i =]

Details  Changes  Diff  Diff (twopanes) Raw  Print  Meta

name: Python package
on: [push]

jobs:
build:
runs-on: ubuntu-latest
strategy:
max-parallel: 4
matrix:
python-version: [3.5, 3.6, 3.7, 3.8]

steps:
- uses: actions/checkout@vl
- name: Set up Python ${{ matrix.python-version }}
uses: actions/setup-python@vl
with:
python-version: ${{ matrix.python-version }}
- name: Install dependencies
run: |
python -m pip install --upgrade pip
pip install -r requirements.txt
- name: Typecheck with mypy
run: |
pip install mypy
# make typecheck
make typecheck
- name: Test with pytest
run: |
pip install pytest
make test

Fig. 6. Diff view of the WEFileCommit object.

E. What’s next?

Are sticky commits pervasive in workflows of other repos-
itories? To answer this question, we replicate the analysis
considering all the GA workflows in a set of repositories.
A broader view of the presence of sticky commits in GA
workflows may guide the refinement of the heuristics for
computing sticky groups.

We replicate the analysis by wrapping the histories of GA
workflows from multiple repositories in the WEHistories
object (Figure 3b). To make this behavior easier to access,
we create the historiesExample example object in our
narrative (Figure 3c). The historiesExample object lists
all the histories from all the workflows of the 50 repositories.

To investigate the presence of sticky commits in these
histories we inspect the test.yml workflow file from the
OpenBBTerminal repository. The history of this file has
165 WEFileCommit (Figure 3c) and 32 WEStickyGroup
objects (Figure 7a).

Then, we inspect the WEStickyGroup with index 14
(Figure 7a), which contains 11 WEFileCommit objects
(Figure 7b). We notice in the Duration column that the
time between commits 3 through 5, and between commits 7
through 11 is always less than 8 minutes. As with our initial
exploration, this is of interest since we have a sequence of
sticky commit candidates.

To address our finding, we navigate the last five
WEFileCommit objects of the list using the Diff view
(Figure 7c). We observe a sequence of commits performing



aWEHistory (WEHistory REPO: . /repositories/OpenBBTern O M i aWEStickyGroup. o m i 2 WEFileCommit o m
Workflows ~ Commits ~ StickyGroups ~ Raw  Print  Meta Commits  Raw  Print  Meta Detalls ~ Changes  Diff  Diff(twopanes) ~Raw  Print  Meta
Index  Author Start End Number of com Index  Author Datetime  Duration Comment  Category runs-on: ubuntu-latest
i if: github.event_name == 'push' ||
1 Levi Blaney 2021-03-03T06  2021-03-01T05 11 1 DidierRLopes ~ 2021-07-04T 22:23:27:37  Mill Noteboo nil github.event.pull_request.head. repo. full_name !=
2 Levi 2021-03-03T11 2021-03-03T10 2 2 DidierRLopes  2021-07-23T 18:18:51:25  Updateignol nil github.repository
) steps:
3 Artem Vereme, 2021-03-05T02 2021-03-05T01 3 3 DidierRLopes  2021-07-23T  0:00:37:25 anothertryz nil ~ name: Checkout Code
4 Christian Claus  2021-03-05T17  2021-03-05T17 2 4 DidierRLopes  2021-07-23T codespellfix il uses: actions/checkout@v2
5 Artem Vereme, 2021-03-05T18 2021-03-05T17 2 DidierRLopes  2021-07-23T ignore dictio nil - name: Setup Python 3.9
Christian Claus  2021-03-06T08 2021-03-05T18 8 6 DidierRLopes  2021-07-23T codespellag ~nil uses: actions/setup-python@v2
ith:
7 Christian Claus  2021-03-06T20  2021-03-06T17 2 7 DidierRLopes  2021-07-23T codespell sk nil " ions w3 gn
python-version: "3.9
8 Artem Vereme, 2021-03-11T06 2021-03-11T06 3 8 DidierRLopes  2021-07-23T codespelltri  nil architecture: x64
9 clothespin ~ 2021-03-17T01 2021-03-17T00 4 9 DidierRLopes  2021-07-23T codespell wi nil - uses: actions/cache@v2
10 DidierRLopes ~ 2021-03-17T18 2021-03-17T18 2 10 DidierRLopes  2021-07-23T lowercase cc Nl with:
o X " path: ~/.cache/pip
11 Artem Vereme, 2021-03-24T02 2021-03-18T22 3 11 DidierRLopes  2021-07-23T final codespe nil -
key: ${{ runner.os }}-linting
12 Artem Vereme: 2021-04-22T02 2021-04-19T19 10 restore-keys: ${{ runner.os }}-linting
13 . -06- -05- - ;
Artem Vereme,  2021-06-11T17  2021-05-29T15 10 - run: pip install bandit black codespell flakes mypy
14 DidierRLopes  2021-07-23T20 2021-07-04T17 11 pyupgrade safety pylint
15 Artem Vereme:  2021-09-01T18 2021-08-21T11 4 - run: pip install types-pytz types-requests types-
. termcolor types-tabulate types-PyYAML types-python-dateutil
16 DidierRLopes ~ 2021-10-25T18 2021-10-18T19 2 - run: bandit -r . || true
17 ArtemVereme, 2021-11-02T13  2021-10-30T15 7 - run: black --check .
- run: codespell --ignore-words-
18 Artem Vereme,  2021-11-24T17 2021-11-03T15 4 list=pres, coo,navagation,ser,buil,operatio,mape,ba,hist -
19 Artem Vereme: 2021-11-25T13 2021-11-24T22 2 quiet-level=2 --skip=".git" --skip="+.yaml" --skip="*.json" --
20 Chavithra 2021-12-16T10  2021-11-27T16 4 skip=tx.html" —-skip=rx.ini
= run: codespell --ignore-words—
21 Colin Delahunt  2022-01-27T13  2022-01-15T00 4 list=press,coup,navagation,ser,buil,operatio,mape,ba,hist --
2 ColinDelahunt 2022-03-19T14 2022-03-16T16 2 A = P PO
. ) skip="x.html" --skip="*.ini"
23 Colin Delahunt  2022-03-26T09  2022-03-25T19 2 - run: flake8 . --count --ignore=E203,W503 —-max-line-
24 ColinDelahunt  2022-04-02T17  2022-04-02T15 2 length=122 --show-source --statistics
. osend - run: mypy --ignore-missing-imports .
25 jose-donato  2022-05-02T18 2022-04-13T01 2 _ run: shopt s globstar & pyupgrade —-py36-plus *%/%.py
2 didierlopes.ett  2022-05-26T12 2022-05-24T23 2 - run: safety check
27 Theodore Apte  2022-06-02T08  2022-05-31T09 2 - run: | . .
pylint terminal.py gamestonk_terminal tests
28 Theodore Apte  2022-08-03T08  2022-07-12T10 2 test:
29 Chavithra 2022-09-27T14  2022-09-20T11 2 name: ubuntu-latest - Python 3.9
needs: linting
30 James Simmor  2022-10-22T23  2022-10-20T17 2 runs-on: ubuntu-latest
31 montezdesous  2022-11-09T10  2022-11-08T10 2 o O if: github.event_name == 'push' || e
L 200011300 2031l AaT1e github. event .pull_request. head. repo. full_name !=

Fig. 7. Following a path of views for WEStickyGroup object inspection.

minor modifications one after another, within a short period
of time. Although not a confirmation, this finding suggests that
the presence of sticky commits is plausible in the context of
our narrative.

Then, as a next step, we could be interested in inspecting
the workflow structure in detail and, for example, being able to
check the implementation of events and jobs in the workflow.
This is a feature that will be implemented in the next release
of the tool.

We provide a full replication package [10] which in-
cludes documentation, installation instructions, and an exam-
ple dataset for running the tool.

IV. RELATED WORK

Seminal works from earlier days of mining software repos-
itories relied on artifacts that have been designed to answer
specific research questions [11], [12], while the reusability of
tools has been discussed largely at an architectural level [13],
[14], proposing a blackboard architectural style which we
adopt in EGAD.

To date, the well-known GHTorrent [15], [16] and Boa [17]
provide queryable offline mirrors to deal with massive amounts
of GitHub data. Other tools aim at helping developers in
curating their own datasets [18], providing facilities for
sampling [7], filtering [19], or finding similar software
projects [20]. Besides, there are initiatives for providing
archives of these data, fostering long-term preservation and
reproducibility [21], [22]. All of these efforts are orthogonal
to ours in the sense that EGAD can be combined with any of
them for populating its explorable domain model.

Next to curating large datasets serving as general research
platforms, a number of tools aim at supporting specific mining

tasks [20], [23], [24], potentially making use of bots to extract
the relevant information from software repositories [25]-[27].
The development of most of these tools has been initiated
prior to the public release of GA in November 2019, and the
analysis of GA workflows has not been considered.
Recently, researchers have started to mine GA using batch
tools at the raw data level. Kinsman et al. [3] studied how
developers use GA, creating a dataset that they later processed
to carry out their study. Decan et al. [1] investigated trends and
adoption patterns of GA through the generation of multiple
datasets for answer specific research questions. Similarly,
Valenzuela-Toledo and Bergel [4] investigated the evolution
of GA workflows, generating a single dataset that they then
used to conduct their research. In our work, we shift the focus
by introducing a reusable and extensible tool that provides
explorable domain models to conduct GA mining studies.

V. CONCLUSION AND FUTURE WORK

We have proposed EGAD, a moldable domain-specific tool.
We have illustrated our approach by means of the sticky
commit narrative. Our tool enables the study of GA through a
domain model, and provides an approach to replicate empirical
studies on this subject. Our efforts aid in the representation
and analysis of GA workflow data, and the creation of an
expandable bench for future research.

In future work, we plan to extend EGAD. We envision the
visualization of the evolution of GA to enable the discovery
of unseen patterns and the automated detection of specific
commit groups such as the sticky ones. Knowing the types of
commit groups made by developers can guide the development
of tools to help developers being more efficient in producing
correct workflow specifications.
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