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Abstract—Since its inception in 2009, DevOps has driven
significant advancements in software development in terms of
methodologies and support tools, developed both by industry, as
well as a result of academic research. In turn to further enhance
software development speed without compromising quality, this
paper argues that DevOps as such also requires a digital solution
for its automation. While previous studies have extensively
explored the evolution of DevOps and its associated
methodologies, these efforts have been insufficient. Existing
research lacks comprehensive analysis and fails to address the
full scope of DevOps formalization challenges and
opportunities, which is the key prerequisite for automation.
Researchers and practitioners are actively seeking innovative
approaches, such as model-driven engineering, to expedite
automation of software development processes even further.
This systematic literature review aims to fill these gaps by
providing a more thorough examination of the literature and
offering deeper insights into the potential of combining DevOps
and model-driven approaches. The paper investigates literature
of the last 15 years on how to streamline DevOps pipeline
generation that are grounded in model transformation
techniques.
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I. INTRODUCTION

The convergence of the Fourth Industrial Revolution [1]
and the accelerated shift to remote work during the COVID-
19 pandemic has precipitated a comprehensive digital
transformation across industries [2]. This rapid digitalization
has intensified the demand for accelerated application
development, making DevOps a critical component of modern
software engineering [3]. Since its inception in 2009, DevOps
has spurred the development of numerous tools and solutions
from private industry, open-source communities, and
academia. To further enhance software development speed
without compromising quality, this paper argues that DevOps
as such also requires a digital solution and formalization.

Enhancing software development speed has been a
persistent focus in research for several decades. While
traditional DevOps practices have yielded improvements [4],
there is growing interest in leveraging more advanced
techniques to accelerate this process. A pivotal moment in this
evolution was the first workshop on model-driven DevOps at
the 22nd ACM/IEEE MODEL-C conference in 2019 [5].
Building upon these foundational concepts, this paper
investigates how model transformation can be applied to
streamline DevOps pipeline [6] creation.
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As a preliminary step in developing an innovative solution
is research on related work in the area in turn to determine
whether effective solutions already exist or if there are
existing approaches that can be enhanced. This initial
investigation is crucial for identifying gaps in the current
landscape and ensuring that new developments build upon or
improve what has already been established. Without this
foundational research, efforts may be redundant or miss
opportunities for meaningful advancement. Therefore, the
goal of this paper is to conduct a systematic literature review
and analysis within the context of automatization solutions in
the area of DevOps pipeline generation using model
transformation, a well-established formalism in IT product
development [7]. The research aims to identify tools
employed for advanced pipeline generation from domain
models at different level of abstraction, assess the integration
of model transformation within DevOps solutions, and
investigate the input and output data notations used to perform
these transformations.

In-depth full-text analysis of 42 studies published since
2009 revealed that only nine explicitly demonstrated the
application of model transformations, primarily converting
UML or BPMN models in XML format to automation scripts
or Jenkins pipeline code. Nonetheless, the evolving landscape
of the field emphasizes the necessity for continued research.

The paper is structured as follows: Section 2 provides a
discussion on related work, Section 3 outlines the applied
research methodology, Section 4 discusses the research
findings, and Section 5 offers concluding remarks.

II. RELATED WORK

The origins of DevOps can be traced back to 2009 and the
visionary Belgian, Patrick Debois, the founder of the
DevOpsDays conference and movement. Prior to Debois's
pivotal role, Andrew Schafer, another influential figure, had
been advocating for the concept of "Agile Infrastructure" for
a few years. Their discussions on this topic at the Agile
conference in 2008 were significant in shaping the early stages
of DevOps. At the OReilly Velocity Conference, John
Allspaw and Paul Hammond presented their groundbreaking
case study at Flickr, demonstrating their ability to deploy to
production more than ten times daily. Patrick Debois was
among the online audience closely following their
presentation. Inspired by these stories and his own
experiences, Debois founded the DevOpsDays conference in
Ghent, Belgium [8] but since the name “DevOpsDays”
seemed too long for a hashtag to use on Twitter, a shortened
version #DevOps emerged [9]. Since then, the DevOps
movement rapidly gained acceptance among engineers



seeking to accelerate software development. This research
focuses on research conducted 2009 to mid-2024. Before
starting the research, four existing literature reviews that are
potentially similar to the research described in this paper have
been identified and then analyzed.

Over the 15 years since the emergence of DevOps, a
multitude of continuous practices have gained prominence,
each promising to accelerate specific stages of the software
development lifecycle. A systematic review published in 2016
[10] was conducted to review the state of the art of continuous
practices to classify approaches and tools, identify challenges
and practices in this regard, and identify the gaps for future
research. Of the 69 relevant papers analyzed, 25 delved into
the integration of various tools to construct effective
toolchains. At the time of this research, pipeline as code was
still an emerging concept and consequently underrepresented
in the analyzed studies. The authors identified several key
challenges hindering the widespread adoption of continuous
practices, including a lack of expertise, reliance on manual
configuration, and the dynamic nature of customer
environments. The authors further emphasized that
overcoming challenges necessitates a carefully designed
architecture and a deployment pipeline engineering as part of
the development phase. A notable omission from the analyzed
research is the concept of model transformation in continuous
practices as a potential solution to the identified challenges.

In 2018, Dr. Nicole Forsgren, a prominent DevOps
advocate and researcher, together with Jez Humble and Gene
Kim, co-authored the influential book [11] on science of Lean
Software and DevOps. This fundamental work was
subsequently recognized with the prestigious Shingo
Publication Award. Through four years of rigorous research,
including data from the State of DevOps reports conducted in
partnership with Puppet, later continued at Google [12], the
authors developed a quantitative framework for measuring
software delivery performance and identifying its key drivers,
using rigorous statistical methods. While the authors propose
a novel modeling approach for Continuous Delivery within
organizations, this research does not delve into the specific
methods and techniques associated with Model-Driven
Engineering (MDE) [13].

A qualitative study conducted in 2020 [14], two decades
after the widespread adoption of Continuous Integration,
sought to identify bad practices. A comprehensive
investigation encompassing 13 expert interviews from six
companies and an analysis of 2322 Stack Overflow posts
yielded a catalog of 79 CI anti-patterns (i.e. bad smells)
organized in 7 categories. The authors conclude that while
CI/CD adoption is on the rise, its implementation remains
challenging, even in  well-structured development
environments. One prominent anti-pattern identified in the
research was the inadequate versioning of pipeline code, often
attributed to immature tooling and a lack of formalized
practices. The study did not identify any anti-patterns
specifically related to model transformation for pipelines,
suggesting a limited adoption of this approach within the
surveyed companies and online communities.

Conversely, in the same year of 2020 [15], a
comprehensive literature review on deployment automation
technologies introduced an essential deployment metamodel.
This metamodel was grounded in a comprehensive analysis of
90 studies sourced from ACM and IEEE databases,
complemented by the top 100 findings from a Google Search.

Although primarily focused on cloud-native and infrastructure
deployment technologies, the resulting model provides a
valuable perspective on how a formalized approach can
benefit broader software development automation. The
authors further emphasize the necessity of such a model to
facilitate the automated transformation of models into
executable solutions. This research corroborates the notion
that employing model transformation for DevOps pipeline
development is an innovative concept with significant
potential for exploration.

A 2022 [16] survey underscores the growing prominence
of applying model-driven methods to software development
performed in IT companies practically. This research focused
on a five-year case study analysis to explore how bots and
model-driven  development can accelerate software
development processes. Of the ten case studies analyzed, three
incorporated the use of bots, each addressing a distinct
challenge within the software development lifecycle. Authors
concluded that there are interesting directions for further
research. Despite being the most contemporary survey on
model transformation applied to accelerating software
development identified by the authors, this research is
constrained by the following limitations:

e The five-year search scope from 2017 to 2021 may
have limited the breadth of conclusions regarding the
research object.

e The exclusive focus on artificial intelligence solutions,
such as bots, is insufficient for establishing a
comprehensive framework for the formalization of
automated pipeline creation within DevOps solutions.

Based on a comprehensive analysis of existing literature
reviews and exploring the integration of DevOps and model-
driven development principles, the authors arrived at the
following conclusions:

1) Given the ongoing relevance and value of DevOps
practices, further research in this domain is warranted:
scientific and industrial research continues to explore the
impact of DevOps on software development acceleration.
Scientific research methods will be instrumental in
quantifying these effects and identifying better practices.

2) Existing literature reviews show that DevOps
pipelines engineering lacks formalism: formalization would
guarantee automated pipeline development, encompassing
the entire process from application architecture to the
orchestrated chain of tasks involved in building and
deploying source code. A prevailing trend identified within
the literature is the exploration of model transformations as a
potential formalism, which may offer a significant
advancement in the field of software development.

3) The majority of related work concentrates on
infrastructure: existing literature primarily explores the
application of model transformations for DevOps solutions
within infrastructure management, encompassing cloud,
container and hardware domains. This limited scope is
insufficient to address the complexities involved in
orchestrating software build and deployment.

4) To recap: a comprehensive literature review
encompassing scientific publications from year 2009 to the
present, when it has achieved mainstream adoption [17], is
still required to establish a broader context and should



provide an in-depth insight into both theoretical and practical
aspects. The research underscores the necessity of conducting
a comprehensive literature review to identify foundational
studies on formalization applicable to automated build and
deployment within pipeline development.

Consequently, this systematic literature review focuses on
DevOps solutions that generate build and deployment
pipelines through the application of model transformation
techniques.

III. RESEARCH METHODOLOGY

The research is conducted using the systematic literature
review methodology used in [18]. The primary objective of
this research is to identify existing research on model
transformation techniques for advanced generation of
pipelines within DevOps solutions. To provide a focused
direction for the research, the three following research
questions (RQs) were formulated:

e RQI1: Which tools are used for developing build and
deployment pipelines within the model transformation
domain?

e RQ2: What input data and notation is utilized for
modeling build and deployment pipelines?

e RQ3: What is the essence of model transformation and
what input or output data is used for advanced pipeline
generation?

To address the RQs comprehensively, an initial literature
pool is constructed by examining five databases of scientific
papers. Firstly, the pool is filtered by reviewing study titles
and abstracts. Secondly, a full-text assessment is performed
for each remaining study to identify its relevance to the
research scope. Subsequently, a snowballing technique is
applied to identify additional relevant studies that may have
been missed due to not being found with the search query. The
following criteria are applied to select the initial pool of
studies:

e Database: Scopus, ACM Digital Library, IEEExplore,
Science Direct and Springer Link as the source
databases.

e Range: 2009-2024 as the year of publication.
e Language: English.
e Subject area: Computer science.

e Title or abstract or keywords contains word pair
“model driven” or “model-driven”.

e Title or abstract or keywords contains at least one of
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the words “architecture”, “software” or “engineering”.

e Title or abstract or keywords contains at least one of
the words “devops”, “build” or “deployment”.

e Title or abstract or keywords contains at least one of
the methods related to pipelines.

To identify potentially relevant studies, a search query is
developed. The following example demonstrates a search
query employed for Scopus, excluding keywords for brevity:

TITLE-ABS-KEY("model driven") AND (LIMIT-TO
(LANGUAGE, "English")) AND ( EXCLUDE ( DOCTYPE
, "ct" ) ) AND PUBYEAR > 2008 AND TITLE-ABS-

KEY(architecture OR software OR engineering) AND
TITLE-ABS-KEY(devops OR build OR deployment) AND
TITLE-ABS-KEY (pipeline OR script OR Toolchain OR
automation OR "configuration management" OR "Continuous
Integration" OR "Continuous Deployment” OR "Continuous
Delivery" OR "Release Management" OR "Platform
Engineering") AND NOT TITLE-ABS-KEY(...)

The initial search yields 80 studies on Scopus, with one
duplicate identified. A subsequent search on ACM Digital
Library produces 49 studies, including two duplicates from
the previous search. A continued search in IEEExplore results
in 111 studies, of which 23 are duplicates of previously
identified papers. Due to ScienceDirect's limitations in
complex query construction, three broad search queries are
used, resulting in a combined total of 52 records. Finally, 386
additional studies are retrieved from SpringerLink using its
full-text search function. A manual screening process of 643
studies identifies 25 relevant articles for in-depth full-text
analysis. By applying a snowballing technique to the initial 25
studies and four previously identified literature reviews,
additional 17 relevant papers are discovered, resulting in a
final pool of 42 studies for in-depth full-text analysis.

To facilitate subsequent analysis, the initial spreadsheet
includes columns for title, author(s), and publication year for
each study. A classification system with values "no" "partly"
and "yes" is applied to categorize studies based on their
alignment with the research objectives. Fig. 1 illustrates the
number of studies per year that align with the research
objectives. Additionally, columns for the addressed problem
and author comments are included in the analysis.

To effectively address RQ1, it is essential to identify the
specific tools employed for build, deployment, and pipeline
management. The choice of tools often varies based on the
specific programming platform employed. Consequently, it is
essential to document these variations. To facilitate in-depth
full-text analysis, the employed Integrated Development
Environment (IDE) were recorded.

To address RQ2 effectively, this research focuses on
identifying the input data formats, models and modeling
notations utilized by other researchers to eventually generate
build, deployment or pipeline automation. Consequently, all
the models, notations and their types are registered in
additional columns of the spreadsheet.

The motivation of RQ3 is to assess the maturity of model
transformation techniques within the field, identify the
primary tools and types of data employed for their
implementation, and evaluate the level of community
adoption for these approaches. An additional objective is to
identify the most widely used tool for the model
transformation or generation process. Additional columns are
added to the spreadsheet to facilitate subsequent analysis.
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Fig. 1. Relevant studies per year.



Following in-depth full-text analysis of selected studies
(a.k.a. marked as “partly”) which are excluded from the
further research, in addition to many excluded studies via the
search query or analysis of the title or abstract, two primary
trends emerged:

1) Infrastructure-focused: studies have proposed the use
of MDE approaches for pipeline generation, often resulting
in the orchestration of infrastructure components, such as
cloud resources or Docker containers. The objective of this
research is to investigate the orchestration of the component
creation process using an MDE approach as an alternative to
the current practice of manual scripting and configuration by
engineers.

2) Organization-wide: several studies use a wide
spectrum of input data to encompass various aspects of an
organization, often extending beyond the scope of software
development. Many of these studies are theoretical in nature
and have not been empirically validated in a field experiment.
While the vision of such research is compelling, achieving
tangible results through this approach may be challenging, if
not unattainable.

After in-depth full-text analysis and selection process
illustrated in Fig. 2, nine studies are eligible to address the
research questions.

IV. RESULTS

The nine studies selected after analysis present fourteen
alternative ways of model transformation applied to build,
deployment, or pipeline generation (see Fig. 2). While studies
[19], [20], [21] and [22] offer novel approaches to model
transformation for pipeline generation, and a Continuous
Integration system, they lack a practical validation. Future
research should prioritize tangible outcomes, such as real-
world implementations and case studies, to validate the
effectiveness of these approaches. [23], written in 2010,
predates the widespread adoption of pipelines and Continuous
Delivery concepts. However, it offers a valuable early
example of a model-driven approach and demonstrates the
application of model transformation techniques to generate
build steps for CruiseControl.net using UML Class diagrams
[24] from the software model. Studies [25] and [26] explore
the application of Platform-Independent Models (PIMs) to
address configuration and deployment challenges within
software development. Studies [27] and [28] present
innovative research on generating pipeline code for Jenkins
and GitLab systems.

A comprehensive mapping of source elements
(transformation input) into target elements (transformation
output) is conducted for each transformation path presented in
the examined studies to extract key insights and summarize
the existing research since 2009. The transformation path is
presented as a chain of identified elements (see Fig. 3 and Fig,
4):

- the predefined transformation source elements (input
type, input domain abstraction, input model and input
notation).

- the corresponding  transformation  elements
(transformation input data, transformation tool,
transformation output data).

- the obtained transformation target elements.

To enhance readability of the identified transformation
paths, the obtained transformation target elements are divided
into two schematic presentations:

1) Fig. 3 presents automation of build or deployment as
the transformation output of source, resulting in the
generation of build or deployment scripts within DevOps
solutions.

2) Fig. 4 presents automation of pipeline as the
transformation output, resulting in advanced pipeline
generation within DevOps solutions.

To address RQ1 regarding the tools employed for build
and deployment pipelines, it was necessary to differentiate
between tools specifically designed for build and deployment
processes and those that encompass the broader scope of
pipeline orchestration. Some studies discuss build and
deployment process automation, while others focus on the
generation of pipelines specifically. While build and
deployment processes have been foundational aspects of
software delivery for some time, the concept of pipelines as a
unified construct emerged more prominently around 2016,
gaining significant traction with tools like Jenkins 2.0 [29]. As
illustrated in Fig. 3, the mapping identifies six transformation
paths focused on build processes and four transformation
paths centered on deployment activities. The analysis revealed
the dominance of the tool Jenkins, while others like Pluto,
Maven, or CruiseControl.net demonstrated a more limited
presence. The comparative analysis of Fig. 4 for pipeline
generation shows a different result — a specific tool named
Urano combines two related transformation paths, when
Jenkins and GitLab each has one. When comparing Jenkins to
GitLab, it is important to take into consideration that GitLab
features pipelines only staring from 2015 [30]. Despite its
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prominence in the identified transformation paths, subsequent
research has not documented the continued development or
usage of the Urano tool beyond 2018.

To address the RQ2 regarding the input data and employed
notation, a classification and abstraction of the identified
transformation paths was necessary. Firstly, all input data had
a structural or behavioral property. A comprehensive analysis
of the input data led to its categorization into four distinct
domain abstractions used as transformation input:
Environment, System Architecture, Development Process,
and Pipeline Structure. Following the classification of input
data, various corresponding models were mapped to each
class. To complete the analysis, the following notations used
for visualizing the models are identified: UML Class diagram
[24], SPEM [21], Orientation models [22], UML State
diagram [24], UML Activity diagram [24], BPMN [31], and
UML Deployment diagram [24]. Analysis of Fig. 3 and Fig. 4
shows that structural and behavioral input are used with
similar frequency. Despite the diversity of models employed
across different transformation paths, System Architecture
and Development Process emerged as the predominant input
domain abstractions, accounting for six and four
transformation paths respectively. The Pipeline Structure
input domain abstraction is exclusively utilized for modeling
pipelines as output artifacts. Among the identified modeling
notations, UML Class diagrams were used more frequently
than others, while the UML Activity diagrams were often
employed to define sequential process steps. The three
transformation paths employing SPEM diagrams originated
from a single study, limiting their generalizability and
potential impact.

RQ3 aims to identify widely adopted tools that leverage
model transformation techniques for advanced pipeline
generation. While a handful of innovative research endeavors
have emerged over the years, the Eclipse framework and its
associated tools remain the predominant choice for the
majority of transformation paths. XML emerged as the most
common input data format in the analyzed transformation

paths, with ten out of fourteen paths utilizing this standard.
Three of the identified transformation paths were purely
theoretical, lacking empirical validation. The practical
implementations ~ within  the  transformation  paths
demonstrated the generation of various pipeline artifacts,
including Jenkins pipelines in both XML and Groovy formats,
GitLab Runner pipelines in declarative YAML format, and
Maven and CruiseControl.net pipelines in XML format. The
singleton transformation paths involving Megamodelbuild
and Urano were not accompanied by documented evidence of
continued development.

Beyond the primary research questions, the analysis
revealed a notable prevalence (eight studies of 28) of Java-
based programming ecosystems across the majority of studies.
While industry-specific trends are not readily apparent, the
driving motivation behind many studies is the increasing
complexity of pipeline automation and the shortage of skilled
professionals within organizations.

V. CONCLUSION

Since researchers are trying to automate software
development the formalization of DevOps solutions is crucial
for enhancing the whole development process to be more
efficient and scalable. One of the ways to achieve high enough
level of any process automation is integration of Model-
Driven Engineering principles. Application of model
transformations seems promising also in providing a structural
framework to formalize DevOps process. Therefore, it is vital
to explore the current state of the art in the research area. The
systematic literature review described in this paper aimed to
investigate the application of model transformation to
advanced generation of pipelines within DevOps solutions. By
conducting a systematic literature review and analyzing
relevant studies, key findings are the following:

e While steady progress has been made in the research
of model-driven approaches for DevOps pipeline
automation, further investigation is warranted to fully
realize their potential.



e A variety of tools and frameworks are employed for
model transformations, with Eclipse-based solutions
being particularly popular.

e While the literature offers valuable insights into novel
pipeline automation use cases, there is a need for more
focused research in pipeline generation from System
Architecture in combination with other models.

e To guide future research efforts and leverage existing
knowledge, focusing on generation of pipelines within
the Java ecosystem, with Jenkins or GitLab as
foundational technologies for the DevOps solution,
presents a pragmatic approach.

In conclusion, this research has provided valuable insights
into the current state of application of model transformation to
generation of pipelines within DevOps solutions in turn to
summarize existing advancements in the area, as well as to
identify potential directions for further development and
starting innovative directions that can significantly improve
automation process. While significant progress has been
made, there is still room for further innovation and research to
unlock the full potential of model transformation integration
within DevOps solutions.
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