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Abstract: This work deals with the concept of DevOps and its application in the improvement
of machine learning processes. DevOps practices have been increasingly used by software
development teams to automate and simplify processes ranging from integration, through
testing, approval, implementation, to the final delivery of the application to users. The present
study aims to focus on the possibility of applying this concept also in teams that work with machine learning and could benefit from the improvements brought with the adoption of DevOps.

1.

Introduction

Software development requires some good practices to be done efficiently. In this context, the concept of DevOps is
introduced – a term that represents the combination of Development and Operations – which can be defined as “a new
way of thinking” in the scope of software engineering [1]. Its main objectives consist of narrowing the gap between
development and operation areas, as well as ensuring that application development, deployment, and operation take
place with high quality [2].
Similarly, machine learning (ML) is a field of study that is increasingly on the rise, which aims to improve performance and build applications capable of acquiring knowledge and reproducing actions based on previous experiences [3]. Machine learning techniques are commonly used in different areas of industry, such as health, education, and
business, to automate processes and allow human activities that would take longer to be performed, to be optimized
and completed more quickly and accurately [3].
The objective of this work is to investigate the applicability of DevOps to improve ML processes, through planning
and practices of Continuous Integration (CI) and Continuous Delivery (CD).
2.

CI/CD to improve ML practices

Continuous Integration is a DevOps practice of having the development phase of the software fully automated, validating code as soon as changes are committed and merged to a central repository in source control [4]. Continuous
Delivery refers to the phase that comes after CI: the automated delivery of the application. When there is a new build
artifact, a release is triggered and the artifact is automatically deployed in the desired environment. In Continuous
Delivery, the process of triggering the deployment is manual. On the other hand, if the trigger from the development
phase to delivery is automatic, then the process is called Continuous Deployment. [4].
Artificial intelligence (AI) and ML practices can be benefited by DevOps. AI/ML practices are essentially based
on model iteration – which can take hours or even days, depending on the size of the model – until it is fully trained
and tested. DevOps can assist in the stabilization and optimization of these processes, through CI/CD practices.
Also, teams that work with ML suffer from the lack of a model that adds value over time – instead, they generally use a single model from the beginning to the end of the project. DevOps practices can help in planning and
implementing a lifecycle and continuous evolution of this model.
Moreover, building a machine learning model involves some characteristic steps, ranging from data collection
and preparation to training, validation, and testing [5]. Teams have their own methodologies and work approaches,
especially those related to data science, and many of them are not yet used to DevOps practices – which could be
very useful for the development, deployment, and monitoring of these applications, in a continuous cycle of system
improvement from the automated feedback of analyzed data and identified patterns.
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3.

Literature Review

In the literature, you can find studies such as [6], which shows how to apply machine learning + operations (MLOps)
using tools and platforms that aim to automate the implementation of machine learning models. The authors develop
a continuous integration system for machine learning to allow users to declare a wide range of integration conditions
following strict probabilistic guarantees. In the work of [7], the authors create an application lifecycle model based
on MLOps to optimize vision-based inspections in manufacturing processes. In [8], an example of MLOps applied
to the development of a framework to combine machine learning with edge computing in Artificial Intelligence of
Things (AIoT) applications is presented. And in [9], the study shows how to apply DevOps practices of CI and CD for
machine learning applications.
Many applications use machine learning techniques and it can be seen that such techniques, when applied in
isolation, are generally not enough – it is necessary to integrate with other modules and extensions that allow an
automated integration. Thus, the combination of DevOps and machine learning – aiming at greater efficiency of the
latter – shows itself as a field of study with wide possibilities for discoveries and applicability [10] – such as in the
areas of health and safety [11], with data analysis, or in the monitoring and automation of applications [12].
4.

Final Considerations

In practice, development and operations teams working in areas such as business intelligence, financial market data
management, manufacturing industry, among others, have not yet achieved the desired efficiency, as their machine
learning processes are often not well integrated into the continuous development and production cycle of their applications. As presented here, this study aims to contribute to the application of DevOps in machine learning practices, to
optimize those processes, and promote greater integration and applicability of concepts of software engineering with
machine learning. The next step of the study is to characterize the limitations and challenges of the area so that we can
propose improvements.
5.
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