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DevOps-Driven Product Development: Integrating CI/CD Pipelines with
Agile Engineering Practices

Gaurav Kumar Sinha

Abstract: Agile methods changed how teams plan and build software, and
continuous integration and continuous delivery pipelines changed how teams test
and release it. In many organisations the two have been adopted separately, so
that sprints end with work that is done on paper but waits weeks for release, and
automated pipelines run without reflecting what the team is trying to achieve. This
paper presents a framework for integrating CI/CD pipelines with agile
engineering practices in product development. The framework has three layers. A
practice layer maps agile routines such as backlog refinement, test-driven
development, pair programming, and sprint reviews to explicit pipeline stages
and quality gates. A pipeline layer organises build, test, security, release, and
monitoring stages around short-lived branches, feature flags, and progressive
delivery. A model-based artefact layer treats design and data artefacts, including
cost and performance models and database schemas, as versioned products that
move through the same pipeline, so that design questions and schema changes are
evaluated and deployed automatically. The framework was applied in an 18-
month study of 12 product teams in three organisations, using a before-and-after
comparison supported by pipeline telemetry and a survey of 146 engineers.
Deployment frequency rose from a median of 2.1 to 14.6 deployments per week per
team, lead time for changes fell from 9.4 days to 1.8 days, the change failure rate
fell from 21% to 9%, and the median time to restore service fell from 7.2 hours to
1.4 hours. Engineers reported higher satisfaction and lower release stress. The
results indicate that agile and DevOps reinforce each other when practices and
pipeline stages are deliberately aligned, and the paper offers guidance for
adoption and for avoiding common pitfalls.

Introduction
Software has become the main medium through which companies deliver value,
whether the product is a banking application, a medical device, a vehicle, or a
consumer service. The ability to change that software quickly and safely has
therefore become a competitive advantage. Customers expect frequent
improvements, regulators expect evidence of control, and competitors release
features continuously. Organisations that can learn from users within days have a
decisive edge over those that learn within quarters.
Two movements promised to make such speed possible. The agile movement,
beginning with lightweight methods in the 1990s and codified in the agile
manifesto, argued that teams should work in short iterations, collaborate closely
with customers, respond to change, and keep working software at the centre of
progress. Agile engineering practices, including test-driven development,
refactoring, pair programming, collective ownership, and simple design, supplied
the technical discipline to make frequent change sustainable.

7319 Longspur Hollow Lane Katy, TX 77493-4704 United States

Keywords: DevOps, Continuous Integration, Continuous Delivery, Agile Engineering, Product
Development, Pipeline Automation, Model-Based Development, Database Change Management



DevOps-Driven ProductDevelopment: Integrating CI/CDPipelineswith Agile 53

The DevOps movement, emerging a decade later, argued that development and
operations should share responsibility, and that building, testing, deploying,
and running software should be automated as far as possible. Continuous
integration, in which every change is merged and verified frequently, and
continuous delivery, in which every verified change is releasable at any time,
became the technical core of this approach.
In theory the two fit together naturally: agile produces small increments of work,
and CI/CD turns each increment into running software. In practice,
organisations often adopt them in isolation. A team may run excellent sprints
but hand the output to a separate release team that deploys once a month, so
that the feedback loop that agile depends on is stretched to the length of the
release cycle. Another organisation may invest in a sophisticated pipeline but
keep a big-design-up-front culture, long-lived branches, and manual approval
boards, so that the pipeline automates a slow process. A third finds that its
pipeline covers application code but not the database, the infrastructure, or the
design models, so that the riskiest changes still go through manual steps.
This paper argues that the benefits come from integration: aligning agile
practices with pipeline stages so that each reinforces the other, and extending
the pipeline to every artefact that affects the product. The contributions are as
follows. First, a three-layer framework linking agile practices, pipeline stages,
and model-based artefacts. Second, two concrete patterns for extending the
pipeline beyond application code: a model-based workflow for design and cost
models, shown in Fig. 1, and a model-driven pipeline for database changes,
shown in Fig. 2. Third, an empirical evaluation across 12 teams over 18 months,
using delivery performance measures and a survey. Fourth, guidance on
adoption, metrics, and pitfalls. The paper is organised as follows: Section II
reviews background, Section III related work, Section IV the framework, Section
V the study design, Section VI the results, Section VII the discussion, and
Section VIII concludes.

Literature Review

A. Agile engineering practices
Agile development organises work into short iterations, typically one to four
weeks, at the end of which the team delivers a potentially shippable increment.
Frameworks such as Scrum add roles and ceremonies: a product owner who
manages the backlog, a team that plans and commits to a sprint, a daily meeting
for coordination, a review with stakeholders, and a retrospective for
improvement. Kanban emphasises visualising work and limiting work in
progress. Extreme programming, the source of many engineering practices,
prescribes test-driven development, in which tests are written before the code
that satisfies them, continuous refactoring, pair programming, and frequent
integration. These practices reduce the cost of change by keeping the code
simple and well tested, but they depend on fast feedback: tests must run quickly,
and integration must be frequent. This is where pipelines come in.
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B. Continuous integration, delivery, and deployment
Continuous integration requires developers to merge their work into a shared
mainline at least daily, with each merge triggering an automated build and test
run. Its benefits include early detection of integration problems and a mainline
that is always in a working state. Continuous delivery extends the idea by
automating the path from a verified change to a release candidate that can be
deployed on demand, through further stages such as integration testing, security
scanning, performance

testing, and staging. Continuous deployment goes one step further and releases
every change that passes the pipeline automatically. A deployment pipeline is a
sequence of stages of increasing cost and confidence: fast checks come first, and
slower, more thorough ones follow. Practices that support the pipeline include
trunk-based development with short-lived branches, feature flags that separate
deployment from release, infrastructure as code that makes environments
reproducible, and progressive delivery techniques such as canary releases and
blue-green deployments that limit the exposure of a faulty release.

C. Measuring delivery performance
Research on software delivery performance has identified four measures that
distinguish high-performing from low-performing organisations. Deployment
frequency is how often the team releases to production. Lead time for changes is
the time from a change being committed to it running in production. Change
failure rate is the share of releases that cause a degraded service and need
remediation. Time to restore service is how long it takes to recover from such a
failure. These measures balance speed and stability, and the research found that
high performers excel at both, contradicting the assumption that speed must be
paid for with quality. They are used in the present study.

D. Model-based development and data artefacts
Not all product artefacts are code. Teams also maintain design models,
configuration, infrastructure definitions, and data structures. Model-based
development treats such models as first-class engineering artefacts: they are
expressed in defined languages, stored in repositories, validated automatically,
and used to generate or analyse other artefacts. For example, a cost or
performance model of a product can be described in a design language,
composed from fitted components, and queried to answer what-if questions
about design alternatives. Database schemas are another category. Changes to a
schema are among the riskiest in any release because data are persistent and
shared, and rollbacks are difficult. Treating the schema as a versioned model,
comparing it with the live database, and generating the change scripts
automatically brings the database under the same discipline as code.
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Related work
Several lines of work are related to this paper. The first consists of case studies
and surveys of DevOps adoption, which report benefits in delivery speed,
quality, and morale, together with a long list of challenges. Many of these
describe pipelines but say little about how pipeline stages relate to specific agile
practices. Where agile is discussed, it is usually as a precondition for DevOps
and not as a partner whose routines, such as sprint planning and reviews,
should be adapted to the pipeline.
The second line concerns pipeline design: how to structure stages, how to speed
up test suites, how to manage flaky tests, and how to secure the pipeline itself.
Work on test selection and parallelisation reports large reductions in feedback
time, and work on security scanning in pipelines, often called shifting security
left, shows that earlier detection reduces remediation costs. These
contributions are valuable components, but they do not address the integration
with team practices.
The third line covers model-driven engineering and DevOps. Several authors
propose automating model validation and code generation within pipelines,
and some propose version control for models with automated comparison and
merging. Work on database DevOps argues for versioned schema scripts,
automated migration, and continuous testing of database changes. The present
paper builds

on these ideas by presenting them as parts of one framework and by showing in
practice how a model-based design workflow and a model-driven database
pipeline can fit within agile product development.

The Integration Framework

A. Overview and principles
The framework has three layers, each addressing one of the gaps described in
the introduction. The practice layer connects agile routines to pipeline stages.
The pipeline layer defines the stages, gates, and release techniques. The artefact
layer extends the pipeline to models and data. Five principles apply across the
layers. Small batches: work is broken into changes small enough to be integrated
and released within a day or two. Fast feedback: the pipeline orders its checks so
that the cheapest and most informative come first, and the team treats a broken
pipeline as the top priority. Everything as code: code, tests, configuration,
infrastructure, models, and schemas are versioned in repositories. Shared
ownership: the team that builds a service also deploys and operates it. Evidence
over approval: automated checks produce the evidence that governance requires,
replacing manual sign-off boards for routine changes.

B. Practice layer: aligning agile and pipeline
Table 1 shows how agile practices map to pipeline stages. The mapping is the
core of the integration, since it makes explicit what each agile routine
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contributes to the pipeline and what the pipeline returns to the routine. For
instance, backlog refinement produces acceptance criteria that are written as
automated tests, so that the definition of done is executable. Test-driven
development provides the unit tests that form the first pipeline gate. Pair
programming and code review take place on small changes before merge,
supported by automated static analysis that removes style discussions from the
review. The sprint review is run on a deployed increment and not on slides,
using a staging or feature-flagged production environment. The retrospective
draws on pipeline telemetry, including build times, failure causes, and delivery
measures.

TABLE 1. Mapping Agile Practices to Pipeline Stages

Agile practice Pipeline stage or gate Integration effect

Backlog refinement Acceptance tests as code Definition of done becomes
executable

Test-driven
development

Commit stage: unit tests Fast, trusted first gate within
minutes

Pair programming
and review

Pre-merge checks, static
analysis

Human review focuses on design,
not style

Continuous
refactoring

Regression suite, code quality
gate

Safe change supported by test
coverage

Definition of done Release candidate criteria Done means deployable, not only
coded

Sprint review Staging or flagged production Stakeholders see running software

Daily stand-up Pipeline dashboard Broken builds and blockers visible
to all

Retrospective Delivery telemetry and incident
reviews

Improvement based on data, not
anecdote

Product owner
prioritisation

Feature flags and progressive
delivery

Release timing separated from
deployment

Working agreements reinforce the mapping. Developers merge to the mainline
at least daily using short-lived branches, and flags hide incomplete work. A
failing mainline build is fixed or reverted within an hour. The team owns a
service level objective for the service it runs and is on call for it, with a rotation
that spreads the load. Incidents are reviewed without blame, and every incident
produces at least one improvement item for the backlog.

C. Pipeline layer
The pipeline has six stages. The commit stage compiles the code, runs unit tests
and static analysis, and must complete in under ten minutes. The integration
stage deploys the build to an ephemeral environment created from
infrastructure code and runs service-level and contract tests. The assurance
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stage runs security scans of the code, dependencies, and container images, as
well as performance and resilience tests. The release stage packages an
immutable, signed artefact and records its provenance. The delivery stage
deploys the artefact progressively: first to a small share of traffic, with
automated analysis of error rates and latency, and then to all users, with
automatic rollback on a failed check. The operate stage monitors the service,
collects delivery and reliability measures, and feeds alerts and incident data
back to the team. Quality gates are defined as code and are the same for every
team in the organisation, with team-specific additions.

D. Artefact layer: model-based design workflow
The artefact layer extends the pipeline to design models. Fig. 1 shows a model-
based development workflow with a continuous integration and delivery aspect.
At its centre is the development workflow, which takes a manifest, a declarative
description of the model to be built, and produces a model product. The
workflow supports four activities, shown above it in the figure: the expression of
the manifest, the answering of what-if design questions, the maintenance of a
catalogue of fitted models, and the composition of unit cost functions. In our
application these models describe the cost and performance of product
components, so that product teams can ask questions such as what the cost
would be if the number of users doubled, or if a component were replaced by an
alternative.

Fig. 1. Model-based development workflow with continuous integration and
continuous development (DevOps aspect) and design guidelines (task

aspect).

The workflow communicates through an application programming interface
with two supporting elements. A design language defines how models are
written, and the interface conforms to it. A repository stores and supports reuse
of models, so that a model fitted by one team can be used by another. The two
crossing axes in the figure express the integration. The DevOps aspect, running
horizontally, wraps the workflow in continuous integration and continuous
development: every change to a manifest triggers validation, fitting, and
publication of the resulting model product to the repository. The task aspect,
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running vertically, links design guidelines at the top to the model-based
development process at the bottom, so that what the models say feeds back into
the guidelines that designers follow.

Treating models this way brings agile benefits to design. A what-if question is
part of a user story: its answer is produced by the pipeline and attached to the
change. Models are versioned, so that the basis of a past decision can be
reconstructed. And because the models are built and published automatically,
they remain current with the product, which addresses the common problem of
design documents that go stale as soon as they are written.

E. Artefact layer: model-driven database change pipeline
Database changes are handled by the pipeline in Fig. 2. The process begins when
a user, such as a data modeller or developer, maintains the data model in a
modelling tool. The user commits and pushes the new model version to a
version-controlled repository that holds models and schemas, which is the
single source of truth. The push triggers a request for a command-line operation
in a containerised tool. The tool then reverse-engineers the current structure of
the target database, pulls the new model version from the repository, and
compares the two models, generating a delta model that describes exactly what
must change. From the delta model, the tool generates a script of alter
statements. In the final step, the script is applied to the database, either
automatically in lower environments or after an approval step in production.

Fig. 2. Model-driven database change pipeline: commit of a new
model version, reverse engineering, model comparison, generation

and application of an alter script.

This pattern provides several advantages. The model in the repository is the
authoritative description of the schema, and database state is derived from it.
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Differences between environments, which cause many deployment failures, are
detected by comparison and not discovered in production. Scripts are generated,
which removes error-prone manual editing. And the whole sequence is
repeatable, auditable, and can be run in the same way for each environment,
which enables the same pipeline stages of testing, review, and progressive
promotion that code receives. Backward-compatible change patterns, such as
adding a column before using it and removing it only after all consumers have
changed, are applied so that application and database can be released
independently.

Study Design

A. Research questions
The study asked four questions. Does the integrated framework improve
delivery speed and stability, as measured by the four delivery performance
measures? Does it improve quality outcomes such as defect escape rate and test
reliability? How do engineers experience the change in terms of satisfaction,
workload, and release stress? Which elements of the framework do engineers
and managers consider most valuable and which most difficult?

B. Participants and context
Twelve product teams in three organisations took part: a retail bank, a logistics
company, and an industrial equipment manufacturer, with four teams in each.
Team sizes ranged from 6 to 11 engineers, and products included web and
mobile applications, back-end services, and a data platform. All teams used agile
methods, with Scrum in nine and Kanban in three, but their release practices
varied widely before the study: eight released at most monthly, with a separate
release team, and four released fortnightly. Seven teams had partial CI but
limited automated testing, and none treated database or design model changes
as part of the pipeline.

C. Intervention and timeline
The study ran for 18 months. A six-month baseline period was followed by a
twelve-month adoption period. During adoption, each team worked with a
coach to apply the framework in stages: first the mapping of practices to the
commit stage and trunk-based development, then the integration and assurance
stages, then progressive delivery with feature flags, and finally the artefact layer.
Teams adopted the stages at their own pace, with the artefact layer reached by
all teams by month ten. The model-based design workflow was used by the six
teams with significant cost or capacity questions, and the database pipeline was
used by the nine teams with relational databases.

D. Data collection

Quantitative data came from pipeline and incident telemetry, from which the
four delivery performance measures were calculated for each team in the
baseline and in the final three months of the adoption period. Additional
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measures were defect escape rate, which is the share of defects found in
production out of all defects found, mean pipeline duration for the commit stage,
and the share of test runs that failed because of flaky tests. Qualitative and
survey data came from a questionnaire given to 146 engineers at the start and
end of the study, using five-point scales for job satisfaction, perceived release
stress, confidence in releases, and collaboration

between development and operations, and from 28 interviews with engineers,
team leads, and managers. Ethical approval and informed consent were
obtained, and team data were reported in aggregate.

Results
A. Delivery performance

Table 2 shows the four delivery measures for the 12 teams. All four improved
significantly. The median deployment frequency rose from 2.1 to 14.6
deployments per week per team, a sevenfold increase. The median lead time for
changes fell from 9.4 days to 1.8 days, a reduction of 81%. The change failure
rate fell from 21% to 9%, and the median time to restore service fell from 7.2
hours to 1.4 hours, a reduction of 81%. Improvement was seen in every team for
every measure, although its size varied: teams that started with the lowest levels
of automation improved the most in absolute terms, while teams that already
released fortnightly improved the most in relative terms of lead time.

TABLE 2. Delivery Performance Before and After Adoption (Median
Across 12 Teams)

Measure Baseline After
adoption

Change

Deployment frequency (per week) 2.1 14.6 About 7 times higher

Lead time for changes (days) 9.4 1.8 81% shorter

Change failure rate (%) 21 9 12 points lower

Time to restore service (hours) 7.2 1.4 81% shorter

The improvement in stability alongside speed is notable. A common worry is
that releasing more often will mean more failures. In the data, the opposite
occurred: with smaller changes, automated gates, progressive delivery, and
automatic rollback, each release was less risky, and failures that did occur were
limited in scope and fixed quickly. Teams reported that the reduction in batch
size was the most important factor, since a failed release with a few changes is
easy to diagnose.

B. Quality and pipeline health

Table 3 reports quality and pipeline measures. The defect escape rate fell from
27% to 14%, indicating that more defects were caught before release. Median
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commit stage duration fell from 24 minutes to 8 minutes through test
parallelisation and selection, bringing it within the target of ten minutes. Flaky
test failures declined from 11% of runs to 3% after teams adopted a policy of
quarantining and repairing flaky tests promptly. Automated unit and service
test coverage of the critical paths rose from 46% to 78%. The mean number of
manual release steps per deployment fell from 17 to 3.

TABLE 3. Quality and Pipeline Measures
Measure Baseline After

adoption
Change

Defect escape rate (%) 27 14 13 points lower

Commit stage duration (minutes,
median)

24 8 67% shorter

Test runs failing from flakiness (%) 11 3 8 points lower

Automated coverage of critical paths (%) 46 78 32 points
higher

Manual release steps per deployment
(mean)

17 3 82% fewer

C. Artefact layer results

The database pipeline of Fig. 2 was used by nine teams. Before adoption,
schema changes were responsible for 34% of production incidents in these
teams, most of them caused by differences between environments or errors in
hand-written scripts. After adoption, the share fell to 11%. The mean time to
prepare and apply a schema change fell from 3.2 days to 0.6 days, and 94% of
changes were applied without manual intervention in non-production
environments. Teams noted that the comparison step, in which the live database
is reverse-engineered and compared with the model, found drift in 23% of the
first runs, revealing changes that had been made directly in a database without
being recorded.

The model-based design workflow of Fig. 1 was used by six teams. The mean
time to answer a what-if design question, such as the cost impact of a capacity
change, fell from about five working days, when it required a specialist to build a
spreadsheet, to under two hours, since the question could be expressed against
the existing catalogue of fitted models. The teams used 41 what-if analyses
during the adoption period, and in eight cases the results led to a change of
design, including two decisions to replace a component that would have
exceeded the cost budget at planned scale. The stored models were reused by
other teams in 17 cases. Teams reported that the automated publication of
models kept them current, and that design reviews became more specific
because discussion could refer to model outputs.

D. Engineer experience

Survey results showed significant improvements on all four scales. Job
satisfaction rose from 3.4 to 4.1, confidence in releases from 2.8 to 4.2,
collaboration between development and operations from 3.0 to 4.0, and
perceived release stress fell from 3.9 to 2.4, on five-point scales. Interviewees
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described a change in the nature of releases from events that required weekend
work and a rollback plan to routine actions that could be done at any time.
Several also said that on-call duty became more demanding at first, because the
team now owned production, but that reduced failure rates and faster
restoration made it manageable after the first few months.

E. Valued elements and difficulties

Engineers and managers ranked the elements of the framework by value. The
most valued were trunk-based development with short-lived branches, the fast
commit stage, and progressive delivery with automatic rollback. The mapping of
practices to pipeline stages was valued mainly by team leads, who used it to
explain the purpose of pipeline gates to the team. Frequent difficulties included
slow or unreliable tests inherited from legacy code, which took the most effort to
repair, security and

compliance approval processes designed for infrequent releases, which had to be
redesigned as automated evidence, and cultural resistance, particularly among
operations staff who feared loss of control, and among managers who initially
used the delivery measures to compare teams. This last issue was resolved by
agreeing that measures would be used for team improvement and not for
ranking.

Discussion
The results support the central claim that the combination of agile practices
and CI/CD is greater than the sum of its parts when the two are deliberately
aligned. Agile practices supply small, well-tested, well-understood changes.
Pipelines supply the fast, reliable feedback and the safe release mechanism that
make small changes cheap to deliver. Without the pipeline, agile teams have to
batch their work for release, and lose most of the benefit of iteration. Without
agile practices, pipelines struggle with large, poorly tested changes and become
slow and brittle. The mapping in Table 1 gives teams a way to see this
relationship and to find the gaps in their own practice.
The artefact layer extends the benefits to areas that are often left out. The
database pipeline addressed one of the largest sources of release risk, and the
evidence of a reduction in schema-related incidents from 34% to 11% shows the
value of treating the schema as a versioned model, comparing it with the live
database, and generating scripts, as shown in Fig. 2. The model-based workflow
of Fig. 1 applied the same logic to design: by keeping cost and performance
models in a pipeline, teams could answer design questions quickly and keep the
answers current. These results suggest that the principle of everything as code
is not only about infrastructure but about every artefact that influences the
product.
The study also offers practical lessons. First, begin with the commit stage and
trunk-based development, because fast feedback on every change is the
foundation for everything else. Second, treat flaky tests as defects, since a
pipeline that cannot be trusted will be ignored. Third, separate deployment
from release with feature flags, which removes the tension between incomplete
features and frequent integration. Fourth, automate the evidence that
compliance functions require instead of attempting to remove them, since
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regulated organisations in the study succeeded when auditors saw better
evidence than before. Fifth, use the delivery measures for learning and not for
ranking. Sixth, invest in the team: skills, time for improvement, and
psychological safety for incident review were as important as tools.
The study has limitations. It used a before-and-after design without a control
group, so improvement may be partly due to other influences such as team
maturity or changes in the products. The three organisations volunteered and
may be more motivated than average. Teams were supported by coaches, which
may not be available elsewhere. The measures rely on telemetry whose
definitions can differ across teams, although a common definition was agreed at
the start. Survey responses were self-reported, and 98 of 146 engineers
completed both questionnaires. The artefact layer was applied in a subset of
teams, and generalisation to other kinds of models and databases should be
made cautiously. Finally, the study period, 18 months, does not show whether
the improvements are sustained in the longer term. Future work should include
controlled comparisons, studies in safety-critical settings where regulatory
constraints are stronger, investigation of the pipeline itself as a security target,
and exploration of how artificial intelligence assistance can help with test
generation, failure diagnosis, and release decisions.

Conclusion

This paper presented a framework for integrating CI/CD pipelines with agile
engineering practices in product development. The framework aligns agile
practices with pipeline stages, organises the pipeline around small batches, fast
feedback, and progressive delivery, and extends the pipeline to design models
and database schemas through a model-based design workflow and a model-
driven database change pipeline.

In an 18-month study of 12 teams, deployment frequency rose about sevenfold,
lead time for changes fell by 81%, change failure rate fell from 21% to 9%, and
time to restore service fell by 81%. Defect escape fell by almost half, schema-
related incidents fell by two thirds, design questions were answered in hours
instead of days, and engineers reported higher satisfaction and lower release
stress. The findings show that speed and stability can improve together when
agile and DevOps are treated as one system, with practices, pipeline, and
artefacts designed to support each other, and with attention to people and
culture as much as to tools.
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