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Abstract

This thesis investigates critical software delivery latency at a large fintech organiza-
tion, where a modern micro-application architecture was severely bottlenecked by
a manual, ticket based approval system. This hybrid environment created an acute
organizational bottleneck, imposing high coordination burdens and unpredictable
delays on globally distributed feature teams.

Using an Action Research (AR) methodology, the study first established a high-
friction baseline, measuring the median Lead Time for Changes (LTC) at 20.2
hours. The core intervention involved replacing the mandatory manual approval
gate with a fully automated, self-service deployment model integrated directly into
the Continuous Integration/Continuous Delivery (CI/CD) pipeline.

The intervention successfully drove significant organizational efficiency, yield-
ing a 69% reduction in LTC, dropping the median time from 20.2 hours to 6.2
hours. Concurrently, Deployment Frequency (DF) increased by 213% (from 47 to
100 releases per week). This improvement solidified the organization's position
within the DORA elite performance tier.

The primary practical guidance derived from this case study is that sustained
software acceleration requires prioritizing the decentralization of control over the
deployment trigger. This is achieved not merely through technical automation, but
by deliberately eliminating all mandatory human coordination steps via external
systems (e.g., tickets), relying instead on real-time visibility tooling integrated into
the developer workflow. Additionally, and more importantly, this required a com-
plementary organizational culture shift, which involved transferring accountability
for production stability directly from administrative roles, such as the Program
Manager, to the autonomous development teams.

Keywords Software Release Management, Release Automation, Continuous Delivery,
DevOps, Software Delivery, Deployment Notification System
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Symbols and abbreviations

Symbols

11
Lo
Loa

L2b

Median time elapsed between Pull Request approval and
merge.

Median time elapsed between Pull Request merge and produc-
tion deployment.

Median time elapsed between Pull Request merge and ready
for production deployment.

Median time elapsed between Pull Request ready for deploy-
ment and deploy to production.

Abbreviations
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FTP
DevOps
ITSM
CI

CD
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HTTP
SRP
AR
PR
QA
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NPM
FaaS
AWS
REST
RegEx
SSO

Data Intelligence Provider
Plan Based Software Development
Agile Software Development
File Transfer Protocol
Development Operations

IT service management
Continuous Integration
Continuous Delivery

DevOps Research and Assessment
Deployment Frequency

Lead Time to Changes

Change Failure Rate

Mean Time To Recovery
Hypertext Transfer Protocol
Single Responsibility Principle
Action Research

Pull Request

Quality Assurance

User Interface

Release Candidate

Version Control System
Interquartile Range

Database

Node Package Manager
Functions as a Service

Amazon Web Services
Representational State Transfer
Regular Expression

Single Sign On



UUID Universal Unique Identifier
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1 Introduction

Software release management has undergone a significant transformation,
evolving from manual processes with granular controls to modern, auto-
mated continuous deployment models. The necessity for speed and agility is
paramount since, the ability to deploy software quickly and reliably has be-
come a key competitive advantage, enabling companies to respond to market
demands, customer feedback, and emerging opportunities with agility [1].

However, as software systems become more complex and interconnected,
managing releases has grown increasingly challenging. These inefficiencies
in the release processes lead to delays, deployment failures, and miscommu-
nication, which can negatively impact productivity, operational costs, and
customer satisfaction [1]. Many organizations that initially deployed updates
at a slow and controlled pace have found themselves struggling to scale to
managing hundreds or even thousands of deployments per week, exposing
the failure of manual and tedious release practices [1].

This structural disparity between the required organizational velocity and
the constraints of tedious release processes creates a critical friction point.
This thesis seeks to directly address this systemic challenge by investigating
and intervening within a specific, high criticality operational environment.

Therefore, this research investigates the frontend release workflow at a
large, global enterprise and proposes targeted refinements to accelerate its
software delivery. To protect confidentiality, the company is referenced
throughout this thesis by the pseudonym, Data Intelligence Provider Limited
(DIP).

DIP is a top provider of Al-powered market intelligence, serving institu-
tional investors and financial analysts in a highly competitive environment.
Founded in early 2010’s, the company successfully anticipated much of the
modern demand for data driven decision making, but it now faces intensified
rivalry with the rapid rise of generative Al solutions. In this context even
small delays in delivering new features or fixes can erode customer trust and
weaken DIP’s position in the market. As software only delivers value when it
reaches end users [1], the journey from idea to production must therefore
remain as frictionless as possible.

One point of friction to achieving a seamless delivery to production, which
is concurrently the final step, is the production release process. Although this
process has been iteratively refined as the company has scaled globally, it still
retains vestigial elements of earlier, less efficient practices that may continue
to impede its velocity.

Initially, the release process at DIP had followed a cadence inspired by the
waterfall methodology, where several updates were bundled within one re-
lease artefact. This allowed predictable and carefully controlled releases as
each release was tracked through a project management ticketing system and
required the necessary approvals from Release Managers.



As the organization grew, it gradually shifted to a more agile delivery ca-
dence with updates released independently. However, in its present state, it
continues to remain subject to the ticketing system to record and monitor
release progress while maintaining the formal approval step for a designated
subset of releases. This thesis will explore these dynamics in detail and iden-
tify incremental improvements to enhance overall release velocity while en-
suring the capabilities provided by the release ticketing system continue to
be satisfied.

1.1 Goals and Objectives of the Study

The primary goal of this thesis is to enhance the release management process
of DIP, for specifically the frontend repository, by leveraging automation
tools and integrating real-time tracking systems. The research aims to de-
velop a comprehensive understanding of the challenges faced in managing
software releases and to propose practical solutions to address these chal-
lenges. The specific objectives of the study are as follows:

e To analyse the current frontend release management practices with-
in the company and identify key pain points.

e Todesign and implement a solution for tracking frontend releases, in-
tegrating with existing pipeline tools.

e To incorporate notifications for real-time updates on release statuses
in order to reduce the need for manual tracking.

e To evaluate the impact of these tools on release efficiency and team
collaboration.

1.2 Research Questions

The study addresses the following key research questions:

1. How can the process of shipping features be streamlined without re-
lying on release tickets?

2. What are the key challenges and benefits of automating the release
process within a micro-application architecture?

These questions guide the research, focusing on practical solutions to en-

hance release management and contribute to the broader field of software
engineering.
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1.3 Scope and Limitations of the Study

The scope of this study is limited to the frontend release process of a company
transitioning to an agile cadence of software delivery. The research focuses
on the development and implementation of tools to streamline release man-
agement, including a dashboard for tracking releases and workflow integra-
tions for real-time notifications. While the study provides valuable insights
into the benefits of automation and tool integration, it is constrained by the
specific context of the case study company.

Limitations of the study include the reliance on data from a single organ-
ization, which may affect the generalizability of the findings. Additionally, the
study focuses primarily on frontend release processes, and the results may
not fully capture the complexities of backend or full-stack release manage-
ment. Future research could expand on these findings by exploring similar
solutions in different organizational contexts and across various components
of the software stack.

1.4 Significance of the Study

The significance of this study lies in its practical contribution to both DIP and
similar software enterprises. By examining a transition from a centralized
waterfall model for the release process to a hybrid micro-application archi-
tecture, this research surfaces the specific coordination challenges and inef-
ficiencies that emerge during organizational growth and architectural
change. The incremental refinements proposed here, ranging from stream-
lined release workflow to an asynchronous notification system, offer action-
able guidance for Release Managers and engineering leaders seeking to re-
duce cycle times, increase deployment frequency, and preserve developer au-
tonomy.

Together, these contributions show that even in complex, high cadence
environments, carefully designed process improvements can unlock signifi-
cant gains in throughput and quality. The insights generated here will be of
value to practitioners grappling with similar scaling challenges and to re-
searchers investigating the mechanisms by which release practices influence
organizational agility and competitive advantage.

1.5 Structure of Thesis
The structure of this thesis is designed to provide a comprehensive explora-

tion of software release management and the proposed solutions to enhance
it. The thesis is organized into the following chapters:
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e Chapter 1 provides an overview of the study, including the background,
goals, research questions, scope, and significance.

e Chapter 2 systematically reviews and synthesizes academic and indus-
try literature on the foundations of software delivery, decomposed ar-
chitectures, software delivery performance metrics and comparative
studies.

e Chapter 3 outlines the methodology employed in this study, describing
the research design, and data collection procedures.

e Chapter 4 describes the case background, presents the baseline perfor-
mance analysis, and details the technical design and implementation
of the proposed solution.

e Chapter 5 conducts a quantitative evaluation of the intervention's ef-
fectiveness, presenting the empirical results by systematically compar-
ing the established baseline metrics with the post-intervention perfor-
mance data.

e Chapter 6 provides a comprehensive synthesis of the study's findings,
critically contrasting the empirical results with the theoretical frame-
works established in the literature review and definitively addressing
the research questions.

By addressing the challenges of release management, this thesis aims to
provide actionable insights and practical solutions that contribute to the
broader field of software engineering. The implemented solution has the po-
tential to benefit development teams by improving workflow efficiency, fos-
tering better collaboration, and enabling data driven decision making
through the tracking of key performance metrics.

12



2 Literature review

This chapter systematically reviews and synthesizes the academic and indus-
try literature concerning modern software delivery, establishing the theoret-
ical and empirical context for the analysis of the frontend release process at
DIP. The review is specifically tailored to investigate the intersection of high-
velocity practices and architectural complexity, which are central to the chal-
lenges outlined in Chapter 1.

The goal of this synthesis is to first validate the strategic business impera-
tive of continuous, frictionless software flow, and second, to identify the the-
oretical basis for eliminating vestigial manual governance steps, such release
ticketing, within an agile, decomposed environment.

This chapter is organized to follow a logical progression, first defining the
ideal environment and then scrutinizing the key point of friction that is the
focus of this thesis. It is organized as follows:

e Section 2.1 defines the foundations of software delivery, tracing the
philosophical shift to the modern, autonomous delivery model.

e Section 2.2 reviews the principles for continuous delivery, establishing
the core prescriptive model for release procedures.

e Section 2.3 reviews the software delivery performance metrics, defin-
ing the industry standard framework for measurement.

e Section 2.4 reviews architectural evolution, detailing the industry tran-
sition from monolithic to micro-service systems.

e Section 2.5 presents comparative studies to provide external bench-
marks and define the research gap this thesis aims to address.

2.1 Foundations of Modern Software Delivery

The progression of software engineering methodologies provides the essen-
tial context for modern delivery practices, charting a movement away from
rigid, sequential processes towards adaptive, collaborative systems. This
foundational shift is characterized by the transition from the “Waterfall
model”, often referred to as Plan Based Software Development (PBSD), to
Agile Software Development (ASD). While the Waterfall model relies on cre-
ating a rigid, upfront plan that strictly sequenced phases, ASD emphasizes
adaptability, collaboration, and iterative development [2].

13



The foundation for understanding modern software delivery lies in ana-
lysing the traditional approaches it sought to replace, primarily the Waterfall
model.

As early as the 1970s, a research paper published by Winston Royce, a
computer scientist, described a release process that relies on rigid project
management system where software is delivered linearly [3]. Eventually, this
approach would be formally recognized as the "Waterfall Methodology”,
which involves unidirectionally cascading down through stages of develop-
ment, that begin with specifying the requirements to developing the design
solutions to eventually planning and executing the implementation, after
which meticulously verifying the quality of the produced software and then
finally reaching the last stage which is providing ongoing maintenance as re-
quired [4]. The “Waterfall Methodology” strongly cemented itself as a tradi-
tional project management workflow which mainly suited the needs of pro-
jects with few complicated requirements, predictable outputs and with little
likelihood of requirements shifting in later stages of development [4].

By the late 1990s, this methodology remained a standard in software com-
panies with several configuration management tools assisting in facilitating
this process, such as Aide de Camp, ClearCase, and Continuus helping to
track and organize software versions [5]. At that time, once a release was fi-
nalized, its components were locked, labelled, and stored within the configu-
ration management system. Nevertheless, this distribution process had sev-
eral pitfalls towards seamlessly discovering software versions, since users
had to be informed of a release through announcements, advertisements, or
via direct communication with the development organization so they could
request access to the software [5].

Due the widespread adoption of the Internet in the 1990s, the path
through which software was released and distributed had radically shifted.
Instead of relying on manual distribution methods, organizations began
hosting their software on File Transfer Protocol (FTP) servers and web plat-
forms, allowing users to access and download updates directly. These online
platforms made it easier for companies to share product details, distribute
both free trials and licensed versions, and streamline software availability on
a global scale [5]. Additionally, the rise of search engines, software reposito-
ries, and indexing services made it easier for users to discover and retrieve
software efficiently.

Although there have been major strides in mitigating pitfalls with the tra-
ditional methodology of software release processes, this process had critical
shortcomings due to the limited flexibility of the process itself. It dictates that
each phase is required to be completed with all issues resolved before initiat-
ing the subsequent phase, in addition, faults and oversights that arise after a
phase had begun could not be addressed immediately [4]. The traditional ap-
proaches often struggled to meet project deadlines and deliver software
aligned with customer expectations [6].
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As software development expanded, so did the demand for faster and
more reliable release cycles. Despite the critical role software delivery plays
in generating business value, many organizations still rely on manual release
processes which are prone to errors and are tedious. The increasing complex-
ity of modern software systems, combined with the pressure to release fre-
quently and reliably, has made traditional software release practices less ef-
fective in the current rapidly changing technology landscape [1].

By 2005, although the traditional methodology had still been widely in
use, a new set of methodologies called the agile development methodology
had started to spread through the software development sphere. The new
methodology claimed to mitigate several shortcomings of the traditional
method. While the traditional method is heavily reliant on processes as it en-
tails incrementally developing software through meticulous planning in ad-
vance, ensuring maximal control through measuring, predicting and refining
the processes [2], the new agile development methodology relies on smaller
incremental updates, great collaboration within the team and adaptability to
shifting specifications.

This transformation introduced new methodologies, such as Scrum and
Kanban, aimed at accelerating software delivery and ensuring more regular
updates to customers. The Scrum framework requires complex projects to be
split into smaller, incremental batches called sprints, and introduces specific
roles within the team, for example the Scrum Master and Product Owner, to
maximize efficiency and collaboration. In contrast, the Kanban methodology
mandates that work items be approached as a continuous flow of smaller
tasks, visualized on a board with strict limits on the maximum number of
tasks in progress. The successful application of these methodologies enabled
companies to increase productivity and reduce costs, as software was re-
leased in small increments over time. Furthermore, this approach increased
employee engagement and satisfaction since the engineers developing the
software were more involved with handling releases, thereby decentralizing
the release management control [7].

This methodology shift gained significant traction as organizations sought
to leverage the advantages of these Agile methodologies. Companies were
able to increase productivity across their engineering organization due to in-
creased efficiency and transparency, which in turn resulted in reducing waste
and saving costs. At the same time, companies witnessed an increase in em-
ployee engagement and job satisfaction due to the deeper involvement of en-
gineers in the development lifecycle and increased collaboration. Owing to
the practice of shipping software in smaller increments and continuous feed-
back from stakeholders, the deliverables were of higher quality and quicker
to reach the market at the same time [8].

Despite the myriad of advantages that the Agile methodologies offer over
the traditional Waterfall model, companies with practices already cemented
in the traditional style faced several hurdles while transitioning their release
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management system to comply with the Agile standard. Most of these chal-
lenges were due to a resistance in reorienting cultures to the new set of prin-
ciples. Although employees were required to undergo intensive training, in-
tegrating Agile successfully required a vital dramatic shift in mindset towards
collaboration, transparency and setting smaller milestones [9].

This literature underscores this as a significant challenge, which is the re-
quirement for a mindset change away from the structured nature inherent in
the Waterfall model. Organizations focusing exclusively on implementing
Agile practices often fail to reap the full benefits if the underlying mindset,
which emphasizes trust, responsibility, and decentralized decision making,
remains plan driven and centralized, constituting a complex change manage-
ment process [9]. Furthermore, prevalent obstacles hindering adoption in-
cluded organizational resistance, existing rigid frameworks, and critically,
concerns about losing management control and changing the mindset of pro-
ject managers [10]. This highlights that top management support emerges as
a critical success factor for Agile transformations, stressing its commonality
in successful change efforts [11].

The shift to Agile also involves complex organizational adjustments, in-
cluding the redefinition of roles and the transition to empowered, autono-
mous teams. Unlike the Waterfall model, which relies on extensive documen-
tation and lengthy development cycles, Agile prioritizes working software
and in person communication [2], advocating for shorter timeframes and in-
cremental delivery [8]. This culture also promotes a mentality towards failing
quickly and frequently, requiring an increased level of confidence and psy-
chological safety within the team to foster continuous experimentation and
innovation [7].

To further build on the challenges of integrating Agile into companies, a
survey conducted by A. S. Campanelli et al among expert practitioners, re-
ports on major impediments to implementing a model for measuring release
statistics, and project managers being resistant to change due to the loss of
control [10]. Furthermore, another survey conducted by S. Obrutsky resulted
in similar findings, where organizations reported resistance to change, the
inability to easily restructure existing frameworks and the lack of employee
training, among other frictions [9].

Considering these key cultural challenges, strategies to successfully inte-
grate Agile methodologies have been extensively studied through researching
companies. The conclusion of one of these studies states that small compa-
nies benefit from an incremental evolutionary shift into Agile mindset. This
involves introducing Agile practices in phases through transparent coherent
communication and strong support from management while ensuring align-
ment with organizational norms. With this style, the organization would have
sufficient time to adapt to the new Agile methodology and mindset while
slowly shifting existing systems [7].
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Ultimately, the limitations encountered in even advanced Agile environ-
ments, particularly the organizational and technological silos between devel-
opment and operations, led to the emergence of the Development Operations
(DevOps) methodology [12].

DevOps is widely considered an evolution of the Agile movement [12], tak-
ing the principle of continuous and iterative delivery and extending its scope.
While the Agile method focuses specifically on software development [13],
DevOps represents a behavioural evolution aimed at integrating software de-
velopment with implementation and operation.

This integration enhances the stability of the development cycle by focus-
ing on checking the level of effectiveness of what is produced in the work cy-
cles [14] through continuous monitoring [15]. In the professional commu-
nity, DevOps is often conceptualized as the combination of existing practices,
where DevOps is a combination of Agile, Lean and Information Technology
Service Management (ITSM) [16].

The union of these methodologies accelerates the software release process
and increases software quality, specifically in terms of reliability and main-
tainability [17]. This acceleration and standardization are achieved through
the technical implementation of Continuous Integration (CI) and Continuous
Delivery (CD) pipelines [18].

CI incorporates automating the merging of code changes with the rest of
the system through pipelines to ensure each change is compatible with the
entirety of the application ecosystem. While CD is the process of automating
the process leading up to the deployment of code to the production environ-
ment. These processes are supported by creating cross-functional teams, pro-
moting collaboration that extends beyond traditional Scrum roles to include
Release Engineers and System Architects [18].

The following sections will explore the core themes of CD and solidify the
theoretical basis upon which this thesis is grounded on.

2.2 Continuous Delivery

CD is the engineering practice that turns the theoretical promise of DevOps
culture into a functional reality. It is defined as a set of capabilities that ena-
ble software to be developed in short cycles and reliably released at any time.
Unlike Continuous Deployment, which automatically pushes every change to
production, CD ensures that code is always in a deployable state, allowing the
business to choose when to initiate the final release to users [18].

The core of CD is the deployment pipeline, which automates every step of
the process from code commit to release preparation, ensuring repeatable,
high-quality builds. This pipeline is built on the foundation of CI, where de-
velopers merge their code frequently into a shared repository. CI immedi-
ately triggers automated testing to provide rapid feedback, making problems
visible and fixable within minutes [1].
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By ensuring that the release process is fully automated and reliable, CD
significantly reduces deployment risk, enables faster feedback loops, and
makes releases routine rather than a rare occurrence.

2.2.1 Core Principles of Continuous Delivery

The successful implementation of CD, and the realization of its
corresponding organizational benefits, requires adherence to a set of
prescriptive principles that govern both technical practice and organizational
culture [1].

These core tenets, published by Humble et al [1]., were established
through the rigorous analysis and synthesis of empirical data drawn from
numerous successful software delivery projects over an extended duration.
These principles serve as the essential guidelines for optimizing the speed
and reliability of the release process [1].

1. Create a Repeatable, Reliable Process for Releasing Soft-
ware
The paramount objective of CD is to transform software release into
an everyday event by establishing a process so thoroughly tested and
automated that it is repeatable and reliable. Achieving this state de-
mands prioritization across three deployment tasks: provisioning and
managing the target environment, installing the precise application
version, and accurately configuring the application's state and data.
The aim must be to automate this entire lifecycle, grounding all con-
figurations in version control and utilizing modern virtualization tools

for infrastructure provisioning [1].

2. Automate Almost Everything

To enable a repeatable process, this principle states that organizations
must commit to automating almost everything within the delivery
pipeline. While human judgment remains necessary for certain activ-
ities, such as exploratory testing or regulatory compliance approvals,
the vast majority of tasks, including build processes, acceptance tests,
database schema management, and network configurations, can and
should be fully automated. Automation is considered the foundational
prerequisite for the deployment pipeline, guaranteeing consistent out-
comes. Teams are advised to adopt automation gradually, beginning
with the phase of the delivery process that currently constitutes the
greatest bottleneck [1].

3. Keep Everything in Version Control

The principle of keeping everything in version control is essential for
ensuring full traceability and reproducibility across the delivery
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lifecycle. This mandates that all components necessary to build, de-
ploy, test, and release the application, including requirements, auto-
mated test cases, and configuration and deployment scripts, must re-
side in versioned storage. Critically, every element contributing to a
specific build must be immediately identifiable via a single change set
or build number, allowing immediate correlation between the de-
ployed application, its environment, and its exact source materials [1].

. If It Hurts, Do It More Frequently, and Bring the Pain For-
ward

Perhaps the most critical heuristic is to address painful processes as
early and frequently as possible. This practice encourages teams to
move typically deferred activities such as integration, comprehensive
testing, and releasing, to the start of the project and execute them con-
tinuously. By minimizing the time interval between these activities,
teams prevent the accumulation of errors and complexity, thereby re-
ducing the pain associated with each event. This approach strongly en-
courages the pursuit of increasingly frequent releases [1].

. Build Quality In

This principle mandates that teams must prioritize preventing defects
and be disciplined about fixing defects immediately as they are iden-
tified by automated testing. Furthermore, quality assurance is not
treated as a discrete testing phase at the end of development, nor is it
the exclusive domain of testers rather, responsibility for the applica-
tion's quality should be shared across every member of the delivery
team [1].

. Done Means Released

A feature only yields value when it is actively utilized by the users. This
principle states that the minimum acceptable standard for the defini-
tion of done is successful demonstration and usage by user represent-
atives from a production-like environment [1].

. Everybody Is Responsible for the Delivery Process

Realizing this principle necessitates continuous, cross-functional
communication and the implementation of transparent, visible sys-
tems. These systems must display the real-time status of the applica-
tion, including its health, build status, and deployment environment
state, thereby enabling collective responsibility and fostering greater
collaboration [1].
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8. Continuous Improvement
The final principle is Continuous Improvement, recognizing that the
delivery process, like the application itself, must evolve throughout its
lifecycle. This requires the entire team, transcending organizational
silos, to regularly engage in formal retrospectives in order to continu-
ously apply incremental improvements [1].

Ultimately, the adoption of these eight principles fundamentally trans-
forms the delivery capability. Through these automations and the adoption
of complementary good practices, the software delivery workflow across all
environments becomes verifiable and reproducible, drastically eliminating
the ingress of production errors. This systemic approach ensures changes can
be deployed rapidly, allowing business value to be realized without friction
[1].

As demonstrated, the success of DevOps relies heavily on shifting to a
shared DevOps culture rather than merely implementing tools. This culture
advocates for development and infrastructure teams working together to-
wards the same goal [19], fostering empathy and trust, which in turn in-
creases the freedom for professionals to experiment and innovate [20].

However, adopting these DevOps methodologies remain a significant
challenge since it lacks a simple roadmap or standardized approach for its
implementation [21]. This necessitates that organizations define their own
integration processes and standards based on their unique level of maturity,
justifying the need for empirical research on specific organizational transi-
tions. DevOps leverages principles of automation, measurement, and shared
responsibility to achieve the highest standards of continuous delivery.

As organizations incorporate DevOps tools and practices to leverage the
speed and efficiency of releases, it remains crucial to be able to quantifiably
measure the performance of software delivery to ensure the systems are sim-
ultaneously evolving and maintaining stability. The next section will explore
the software delivery performance in more detail and provide the key success
metrics to measure them.

2.3 Software Delivery Performance

With the emergence of practices and tools for incremental and frequent
software updates, companies quickly adopting these practices have
concurrently observed a proportional increase in organizational
performance. The ability to deploy software quickly and reliably directly
translates into competitive advantage since it enables organizations to
pursue an experimental approach to product development by rapidly
validating assumptions via techniques like A/B testing [1].

This is evidenced by the transformation at Amazon in 2014, which
illustrates the direct link between architectural change and process
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automation. When Amazon restructured into small, autonomous teams
managing independent services, their manual release process became an
immediate bottleneck. The implementation of their internal deployment
engine, Apollo, removed this friction by reliably coordinating updates across
vast fleets of hosts without downtime. This system was engineered to manage
complexity, handling rolling updates, monitoring failure thresholds, and
balancing deployments across multiple data center, which collectively
enabled the company to achieve an average of over one deployment per
second and fuel a constant stream of feature improvements [22]. Similarly,
Etsy successfully transitioned from infrequent, manual releases to deploying
code hundreds of times per week, dramatically reducing their lead time for
features and critical bug fixes [23].

These cases highlight how optimizing release processes directly enhances
organizational performance by accelerating the delivery of new features,
enabling rapid course corrections, and ensuring faster resolution of defects
or outages [24].

Despite the demonstrable qualitative benefits of optimizing the delivery
pipeline, a critical requirement for establishing process maturity is the
quantitative validation of performance improvements. To ensure that
organizational initiatives are driving tangible business value, a standardized
set of metrics must be employed to provide an objective north star for
continuous improvement.

With this goal, Google Cloud founded a program in 2014, called DevOps
Research and Assessment (DORA), dedicated to deciphering the practices
that spearhead delivery of software and the performance of organizational
operations. The program achieves this by conducting surveys annually across
a diverse set of engineering teams in the industry, gathering information
about the performance of software delivery of their principal service or
application [25].

The responses are analyzed through cluster analysis, which is a statistical
method to clasify responses which share similarities to create contrasting
clusters of data, then subsequently, published on the yearly State of Devops
Report [25].

The DORA program additionally introduced a set of metrics to measure
DevOps performance in organizations called the DORA metrics. This
framework divides performance into two complementary dimensions, which
are throughput and stability. These are measured by four key metrics to
benchmark teams into categories ranging from low to elite performers,
providing clear targets for improvement [26].

The DORA metrics have since become widely regarded as the industry
standard for measuring DevOps performance since they provide an empirical
link between engineering practices and organizational outcomes, such as
profitability and market share [24].
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2.3.1 Throughput Metrics

Throughput metrics measure the speed and volume of code delivery,
quantifying how quickly work moves from conception to production. There
are two throughput metrics defined as part of the DORA metrics [24]. These
are as follows:

1. Deployment Frequency (DF)
This metric measures how often an organization successfully releases
code to production for its primary application or service. A high
deployment frequency is a proxy for small batch sizes, which reduces
risk and shortens feedback loops, thus being strongly correlated with
high performance [24].

2. Lead Time for Changes (LTC)
This is the time elapsed from a code commit being checked into
version control to that code successfully running in a production
environment, serving end users. A shorter lead time indicates lower
risk and faster ability to respond to market demands or correct
defects. Elite performers typically achieve a lead time of less than one
hour [24].

2.3.2 Stability Metrics

Stability metrics measure the quality of the software delivery process and the
resiliency of the system when failures occur. These metrics ensure that gains
in speed, i.e. throughput, are not achieved at the expense of reliability. Simi-
larly, there are two stability metrics, these are as follows:

1. Change Failure Rate (CFR)
This metric measures the percentage of deployments to production
that result in a failure, requiring immediate remediation (e.g., a
rollback, hotfix, or patch). A low CFR indicates high quality and
confidence in the CI/CD pipeline and testing practices.

2. Mean Time to Restore (MTTR)
This metric measures the time it takes to restore service after a service
incident or unplanned outage. MTTR is a key indicator of
organizational resilience and ability to respond to emergencies. A
shorter MTTR suggests mature incident response and operational
capabilities.

A key finding of the DORA research is the rejection of the traditional belief
that speed must be traded for stability. The data consistently demonstrates
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that high performing teams excel across all four metrics simultaneously,
achieving both high throughput and high stability [26].

The yearly “State of DevOps” report is composed from a cluster analysis
perfromed on these four key metrics to maintain consistency across reports
published each year. The research program strictly gathers clusters of data as
they emerge in the absence of pre-defined levels. This ensures the report
maintains a holistic overview across all respondents participating in the year
[27].

Based on the findings from the reports, efficient release management has
emerged as a vital determinant of organizational performance. Industry data
from the DORA 2024 State of DevOps report reveals that elite performing
companies deploy new code 182 times more often and achieve a mean time
to recovery that is 2293 times faster than that of their low performing peers
[27].

Increased deployment frequency enhances organizational performance by
accelerating the feedback loop on ongoing development, facilitating timely
adjustments, and expediting the delivery of new features and bug fixes to end
users. Likewise, minimizing product delivery lead times is advantageous
since it accelerates insight into the solution under development, supports
more agile course corrections, and when defects or outages occur, it enables
the rapid, reliable deployment of corrective patches [24].

Given that the core objective of this thesis is the acceleration of the
software delivery process, the subsequent analysis will focus exclusively on
the throughput metrics, i.e. DF and LTC. The success of the automated
governance artifact will be quantified entirely by its measurable impact on
increasing DF and decreasing LTC. While the Stability Metrics (CFR and
MTTR) are vital for holistic performance, they will serve as essential
contextual monitoring metrics to confirm that speed gains were not achieved
through the introduction of significant, unacceptable instability, but will not
be the primary variables of this research’s optimization.

2.4 Architectural Evolution

Software architecture fundamentally dictates the speed and reliability with
which an organization can deliver value. This section reviews the transition
from traditional monolithic architectures, which constrain the velocity of
releases, to modern decomposed architectures, which enable the
independent deployment necessary for high throughput.

2.4.1 Monolithic Release Architecture
A monolithic application is constructed as a single logical executable where

all primary components, including the client side user interface, database
interactions, and server side domain logic, are tightly coupled and deployed
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together. This architecture is a natural starting point for many systems,
allowing for easy division into classes and functions within a single process
and simple testing on a developer's machine [28].

However, as applications scale and teams grow, this unified structure
imposes significant constraints on the release process, directly conflicting
with the goal of achieving high throughput as measured by the DORA
metrics. There are several consequences of this approach.

Firstly, the defining constraint of the monolith is that any change, even to
a small part of the application, requires the entire monolith to be rebuilt and
deployed [28]. This necessity for a single, tightly coordinated release event
prevents the rapid flow of small changes through the deployment pipeline
[1]. The time elapsed from a code commit to production is artificially
extended because work must wait for this synchronized release train, thereby
increasing the LTC [23].

Secondly, monolithic systems naturally suffer from poor encapsulation
over time, making it difficult to maintain clear boundaries between logical
components. This tight coupling between logically independent structures
means that changes intended for one part of the application often have
unintended ripple effects across the whole system. This lack of clear
separation prevents the efficient collaboration necessary for large teams [1].

Finally, a single codebase and deployment process often create centralized
dependencies. As Newman in 2015 notes, if a single change breaks the shared
build, no other changes can proceed, and trying to manage multiple teams
sharing this giant build raises the question of who is in charge. Organizations
using this approach often fall back to just deploying everything together,
creating bottlenecks that throttle the independent work of development
teams [29].

In summary, the monolithic architecture, while simple for small projects,
becomes increasingly expensive and increased friction as systems evolve. It
fundamentally opposes the principles of continuous flow and independent
deployment, necessitating the adoption of decomposed patterns to achieve
modern velocity targets.

2.4.2 Decomposed Micro-frontend Architecture

To overcome the release constraints of the monolithic approach, organiza-
tions transition to decomposed architectures, which began with the micro-
service architectural style. Microservices are defined as an approach to de-
veloping a single application as a suite of small services, each running in its
own process and communicating via lightweight mechanisms, often a Hyper-
text Transfer Protocol (HTTP) resource API [28]. Critically, these services are
built around business capabilities and are independently deployable by fully
automated deployment machinery [28]. The principle of a micro-frontend is
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the necessary extension of this style to the user interface, aiming to achieve
the same independence at the presentation layer.

The theoretical justification for this decomposed structure, and the rea-
son it enables higher throughput, is rooted in the following core benefits:

1.

Decoupled and Scalable Development

The decomposed architecture provides significant advantages in man-
aging complexity and scaling teams. Microservices align with the Sin-
gle Responsibility Principle (SRP) which is the focus of service bound-
aries on specific business capabilities. This ensures that related code
is consistently grouped, preventing the common monolithic problem
where functionality becomes spread across the codebase [29].

Furthermore, decomposed architectures are essential when a code-
base grows too large for a single team to manage effectively [1]. By di-
viding the problem into smaller, more expressive chunks, micro-
services allow organizations to align their architecture with their
teams, enabling small, highly productive teams to manage their code-
bases autonomously [1, 30].

This structure also accounts for the fact that components often repre-
sent differences in the rates of change, or have different lifecycles, al-
lowing development teams to manage these cycles independently and
facilitating faster evolution [1].

Enhanced Agility and Faster Delivery

The paramount benefit of decomposition is the ability to deploy inde-
pendently, which directly addresses the lengthy change cycles of the
monolith. By separating the codebase, teams eliminate centralized
friction and reduce the need for monolithic build artifacts [1].

With microservices, a change to a single service can be deployed inde-
pendently of the rest of the system [29], allowing code to be deployed
faster. This supports the goal of CD, which requires the application to
always be in a releasable state, achieved by making all changes incre-
mentally as a series of smaller, releasable changes [1].

This practice of releasing small batches is solely enabled by independ-
ent deployment. The final benefit to agility is the ability to optimize
for replaceability. Individual services are small, lowering the cost and
risk of replacement, which makes teams comfortable with rewriting or
removing services entirely when required, as the small codebase size
mitigates both emotional attachment and replacement risk [29].
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3. Technology, Resilience, and Scaling
Beyond development velocity, decomposition provides benefits in sys-
tem qualities. Technology heterogeneity is enabled by having multiple,
collaborating services, allowing teams to choose different technology
stacks, for instance, a graph-oriented database for user interactions
and a document-oriented store for posts. This capacity to quickly
adopt new technologies provides a competitive advantage [29].

In terms of resilience, service boundaries isolate failures in the system.
This means if one service fails, the failure does not cascade, allowing
the rest of the system to operate, which contrasts sharply with a mon-
olithic service where a single failure stops the entire system [29].

Finally, decomposition supports targeted scaling. Instead of scaling
the entire monolithic application to satisfy a constraint in one compo-
nent, only those components that require greater resources are scaled.
This is more cost effective and provides superior performance by al-
lowing other parts of the system to run on smaller, less powerful hard-
ware [29].

4. Independent Deployments and Pipelines
The implementation of a decomposed architecture necessitates a cor-
responding shift in the build and release process. To manage the over-
head of multiple services, the system must be split into several differ-
ent deployment pipelines for parts that have a different lifecycle or are
functionally separate [1].

This dedicated pipeline approach is required to assert the viability of
each change for release. The build for each component follows the
same pattern as a whole system, including compiling the code, assem-
bling binaries, and running unit and acceptance tests [1].

This process, by ensuring the viability of each component, ensures the
application is always in a releasable state, thereby making the decom-
posed micro-frontend architecture the critical enabler for high
throughput software delivery.

2.5 Comparative Case Studies

The preceding sections established the theoretical necessity of the DevOps
culture and the decomposed micro-frontend architecture for modern soft-
ware organizations. This section now provides the empirical validation for
these principles through comparative case studies, demonstrating that or-
ganizations adopting streamlined delivery systems achieve superior business
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and operational outcomes. This comparative analysis is essential for estab-
lishing the definitive performance benchmarks that illuminate the ineffi-
ciency of DIP’s current process and justify the proposed intervention.

2.5.1 Benchmark Quantitative Data

The most compelling comparative studies are derived from the research
conducted by Nicole Forsgren, Jez Humble, and Gene Kim [24], as part of
the DORA program which analyzed thousands of organizations over several
years. As discussed earlier, this research empirically categorized organiza-
tions based on the four key DORA metrics (DF, LTC, CFR and MTTR) into
four distinct performance tiers, i.e., low, medium, high, and elite [24].

The comparative analysis across these tiers reveals a performance gap so
substantial that it directly mandates architectural and process interventions.
Elite performers, having mastered the streamlined delivery pipeline, demon-
strate capabilities that eclipse their counterparts by orders of magnitude:

e DF: High and elite performing teams can deploy multiple times per
day, often on demand, contrasting sharply with low performers who
deploy only once per month or less. This ability to deploy in small
batches is directly enabled by the ability for independent deployments
of decomposed systems and automated pipelines [24, 27].

e LTC: According to the State of DevOps report from 2024, elite per-
formers achieve an LTC of less than one day, compared to low per-
formers, whose LTC is between one month and six months. There are
127 orders of difference in speed between elite and low performers,
which demonstrates the dramatic friction caused by manual processes
and monolithic architectures [27].

Table 1. Benchmark DORA metrics from State of DevOps 2024 [27].

Performance level DF LTC CFR MTTR
Elite Several per week <1 day 5% | <1 hour
High 1 to 7 per week 1 to 7 days 20% | <1 day

Medium Once a week to 7 to 30 days 10% | <1 day
once a month

Once per month to
P 30 to 180 ., | 1 week to 1
Low once every 6 40%
days month
months
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Crucially, the DORA research established that this high throughput is not
achieved at the expense of stability. Instead, according to the 2024 State of
DevOps report shown in Table 1, high performers achieve higher stability
simultaneously, with a CFR 8 times lower and a MTTR of about 2300 times
faster than low performers [27].

This finding refutes the legacy belief that organizations must choose be-
tween speed and stability, providing the quantitative foundation for the the-
sis goal, which is to increase throughput without compromising quality.

2.5.2 Procedural Comparisons

To understand how the massive performance differential observed in the
DORA studies is achieved, a procedural comparison of release models is nec-
essary. The foundational work on CD [1] contrasts the two antithetical ap-
proaches to deployment.

The traditional model is characterized by a centralized release process
with several points of friction, i.e., infrequent and large batches of code, ex-
tended stabilization phases, and manual approval gates. This process in-
volved extended stabilization phases, the creation of release branches in ver-
sion control, and often resulted in cycles of weeks or months between re-
leases. This manual approach created deployment risk because the changes
were batched into large, infrequent releases, where failure investigation was
complex and time consuming [1].

In sharp contrast, the comparative process mandates a deployment pipe-
line. This pipeline transforms the release process from an infrequent, vulner-
able event into an automated, routine activity. This pipeline serves as the
technical mechanism that allows an application to remain in a perpetually
releasable state. By automating every step, from commit to production read-
iness, and enforcing small, incremental changes, the pipeline minimizes hu-
man error and reduces risk. This procedural shift is the necessary condition
that permits elite performers to achieve LTC of under a day [1].

While the DIP organization possessed the underlying CI and CD pipelines,
the thesis intervention's focus on automating governance and establishing
real-time visibility is the key mechanism required to translate that technical
capability into measurable organizational throughput, directly enabling the
quantitative results detailed in the DORA research.

2.5.3 Organizational Alignment
While technical automation is necessary, descriptive case studies confirm
that high performance can only be sustained when technical architecture is

aligned with organizational structure, which is a socio-technical alignment.
The DevOps Handbook details the transitions of organizations like Amazon
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and Netflix, which successfully moved from monolithic systems and siloed
teams to service oriented architectures [23].

These organizational case studies provide critical context that success is
not merely about writing automation scripts but about removing the organi-
zational friction that prevents the flow of value [23]. Key insights confirm
that organizations must treat the entire value stream as a single system to be
optimized, thereby forming small, autonomous teams capable of managing
the full lifecycle of their services. This structural change aligns the organiza-
tion with the ability to make independent deployments as afforded by micro-
services discussed earlier, thereby eliminating the functional need for a cen-
tralized, manual release authority.

This architectural decision to adopt a decomposed approach allows the
organization to overcome the constraints of a single, centralized release au-
thority. The move to independently deployable microservices aligns the ar-
chitecture with the organization, enabling the technical mechanism of the de-
ployment pipeline to function effectively and yielding the profound perfor-
mance differences observed by the DORA metrics.
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3 Methodology

This chapter details the methodological approach employed to systematically
address the research questions outlined in Chapter 1. This study adopts the
Action Research (AR) framework to optimize the software release process
within the DIP organization.

AR is a pragmatic, iterative methodology designed to solve a real-world
problem within a specific organizational setting while contributing to general
academic knowledge [30]. This framework is ideally suited for organizational
change initiatives as it involves a cyclical process of planning a change, acting
on the plan, observing the results of the action, and reflecting on those results
to inform the next iteration [31]. This approach provides a robust mechanism
for intervening directly in DIP's release process (i.e., introducing new auto-
mation and tracking tools) and then empirically measuring the impact of that
intervention on performance.

The following sections detail the specific phases of the AR cycle as applied
to the DIP environment and define the data sources.

3.1 Research Design

The research design is structured around a single, comprehensive AR cycle
that systematically progressed through the fundamental phases of planning,
action, observation, and reflection [31]. This deliberate bounding of the study
allows for a deep, empirical evaluation of the full automation artifact's impact
within the research timeline. The cycle phases were defined as follows:

1. Planning: This phase (see Section 4.1) involved the initial analysis of
the existing manual release process, stakeholder consultation with en-
gineering and release management, and the definition of the key in-
tervention goals e.g., eliminating manual ticketing, improving visibil-
ity, and enhancing communication. The initial research plan was for-
mulated based on collecting throughout metrics as baseline measures
prior to the intervention.

2. Action: This critical phase (see Section 4.2) involved the unified de-
velopment and deployment of the complete automation artifact. This
included building and integrating the automated release dashboard
for a centralized display, and the asynchronous notification compo-
nent. This combined intervention ensured all key deployment events
triggered actionable and asynchronous updates to relevant stake-
holder channels, thereby addressing both visibility and communica-
tion gaps simultaneously.
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3. Observation: Comprehensive data collection was performed (see
Chapter 5) following the deployment of the complete automation so-
lution. This included gathering the final quantitative data and collect-
ing qualitative data through semi-structured interviews with key per-
sonnel to understand the practical and cultural impact of the solution.

4. Reflection: The final analysis phase (see Chapter 6) synthesized all
collected quantitative and qualitative data. This reflection stage eval-
uated the overall effectiveness of the intervention against the research
questions and allowed for the formulation of generalized academic
conclusions regarding the automation of governance in decomposed
architectures.

3.2 Data Collection

The execution of this methodology relied on two approaches to data collec-
tion, which were quantitative and qualitative.

3.2.1 Quantitative Data

Quantitative analysis utilized the throughput indicators from the DORA met-
rics, i.e., DF and LTC to provide objective measures of release velocity before
and after intervention.

The quantitative data was collected by measuring the entire lifecycle of
code changes, from the moment a developer opened a Pull Request (PR) until
the code was successfully deployed to production. To achieve the required
level of detail and accuracy, a custom data aggregation system was imple-
mented.

The backend system responsible for consolidating release metrics com-
bined static PR metadata from Bitbucket, which included PR ID, title and
merge commit hash, with the dynamic PR lifecycle events sent from the CI
pipelines, which included timestamps for the most significant milestones in
the continuous delivery process, e.g., deployment times, PR creation and
merge times.

The aggregation was managed by an AWS Lambda function fronted by a
secured webhook URL. Each pipeline event issued an HTTP POST to this
webhook, allowing the lambda function to update a central DynamoDB data-
base. This DynamoDB table used the merge commit hash as its primary key,
accumulating a chronological history of the release process for every change,
ensuring data integrity and freshness without manual intervention.

The consolidated dataset residing in DynamoDB was accessed and pro-
cessed within a Jupyter Notebook environment. The analysis was performed
using the Pandas library for data manipulation and structuring. The resulting
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data frames were then passed to the Seaborn library to generate statistical
visualizations, enabling the identification of trends and correlations.

The analysis focused on comparing the performance of the DORA
throughput metrics, DF and LTC, across the baseline and the validation
phase.

DF was calculated as the average number of successful production deploy-
ments per week, derived from the total count of production deployment
events in the frontend repository over the specified observation period,
whether baseline or validation. This metric provides a simple and direct
measure of the overall organizational cadence.

LTC was calculated as the sum of two distinct time segments, designed to
isolate the organizational bottleneck from development work time. The me-
dian value for each segment was used to mitigate the impact of statistical out-
liers caused by infrequent events (e.g., abandoned or significantly delayed
releases), thus providing a representative measure of the typical team
throughput.

To accurately pinpoint the source of friction, this metric is broken down
into two parts, where the total LTC is the sum of these time segments:

1. PR Approval to Merge (L1): The median time elapsed from a PR
receiving final approval, signifying it is code readiness, until it is
merged into the main branch.

2. PR Merge to Deployment (L2): The median time required from
the moment the code is merged until it is successfully deployed to pro-
duction. This segment encompasses all subsequent technical pro-
cessing (CI/CD pipeline execution) and manual deployment waiting
time.

For visualization, the data was passed to the Seaborn library to generate
box plots. These plots provided a compact visual summary of the data distri-
bution, clearly illustrating the median, lower quartile, and upper quartile for
both the baseline and validation periods to empirically demonstrate the effect
of the intervention.

3.2.2 Qualitative Data

Qualitative data was collected through semi-structured interviews with key
stakeholders across development, operations, and product roles within the
organization. This data is necessary to illuminate the lived experience of the
teams that drive each deployment.

Accordingly, these interviews and contextual inquiries were conducted
with the participants described in Table 2.
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Table 2. Qualitative analysis participant title and roles in release process.

Title Role in release process
Feature team Initiates PRs, drafts release tickets, and monitors pipelines
developer

Quality Assurance | Validates build stability and confirms release readiness
(QA) Engineer

Scrum Master Facilitates day-to-day coordination, surfaces risks, and

maintains visibility across teams

Program Manager | Authorizes formal release milestones and communicates

status to executive leadership

Release Manager | Co-owns release documentation and executes production

rollouts

Product Owner Ensures alignment between release content and

customer-facing objectives

The qualitative data gathered through these semi-structured interviews
and contextual inquiries, underwent a rigorous, systematic analysis aimed at
extracting core conceptual themes directly from the dataset. This approach
ensured that the findings and derived themes emerged inductively from the
participants' insights and experiences.

The analysis proceeded through three distinct, iterative phases:

1.

Labeling: The first phase involved familiarization and labeling of the
raw data. The comprehensive interview notes were subjected to
multiple readings, and every significant statement, observation, pain
point, or suggestion was extracted and assigned a descriptive code or
label.

Clustering: Following this labeling process, the data was clustered
and categorized. Related codes were manually grouped together into
initial categories based on conceptual overlap. For example, labels
such as "lack of visibility," "difficult to find status,” and "manual
communication" were grouped into a higher level category related to
"information friction."

Thematic categorization: Finally, these categories were refined,

validated against the original data transcripts, and consolidated into
overarching themes. These themes represent the most prevalent and
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relevant patterns of experience and organizational friction identified
across all participants.

The final thematic output directly informed the design of the technical so-

lution, ensuring the proposed changes addressed the documented needs of
the users and organizational bottlenecks.
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4 Results

This chapter presents the empirical results of the AR cycle's observation
phase, detailing the data collected before and after the deployment of the
automated artifacts. The chapter follows the systematic progression of the
AR methodology by following the case background and establishing the base-
line performance (see Section 4.1) then documents the technical intervention
(see Section 4.2).

The analysis focuses on the quantitative changes in the DORA throughput
Metrics (LTC and DF) and triangulates these findings with qualitative data
gathered from key stakeholders.

4.1 Current State Analysis

In this section we review the evolution of DIP’s frontend architecture and
release practices, setting the stage for the enhancements described later.

The rapid growth and competitive pressures in the Al-driven market
research space, created an imperative for DIP to adopt a more agile, reliable
software delivery. To understand the origins of the current workflow
challenges, we begin with the legacy system architecture and trace the key
shifts that have shaped the current hybrid release pipeline.

4.1.1 Frontend Architecture Evolution

Initially, the entire frontend was contained within one monolithic application
which produced a new build artifact as a result of any updates to a part of the
User Interface (UI). This approach soon revealed significant drawbacks as
the development team expanded. Every feature change, bug fix or styling
update triggered a full re-build and re-deployment, leading to longer build
times, an increased the risk of merge conflicts and a heavily orchestrated
release schedule. Furthermore, to assure product quality, each bundled
release required an explicit approval for deployment to the Release
Candidate (RC) environment.

This RC environment is a staging instance that closely mirrors the
production system in configuration and data. It serves as the final validation
layer where fully integrated builds undergo final testing before any code is
promoted to live production.

Following the deployment to the RC environment, developers were
required to request an additional approval for deployment to the live
production environment. This approval process ensured all code has been
thoroughly manually tested before they reach the hands of the customers. In
addition, it ensured that deployments were always shipped to production in
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the correct sequence, i.e. the build artifact created first should be promoted
to production first.

Case 1: Deployment in correct order

Build Artefact B Build Artefact A updatc upr_fatc i
{updata A + update B) (update A) i

Sequence 2 Sequence 1 Production has update A and B

Case 2: Deployment with supersession

Build Artefact B / Build Arefact A\ i /update updata %, |
{update A + update B) \ [updats A] 7 B A i

iy

Sequence 1 undeployed Production has update A and B

Case 3: Deployment with unintended rollback

Build Artefact B Build Artefact A : update
{update A + update B) (update A} ] A 5

Sequence 1 Sequence 2 Production has only update A

Figure 1: Flow diagram depicting the consequences of not maintaining de-
ployment order.

Ensuring that production builds are deployed in their intended sequence
is essential. Misordering artifacts can lead to unintended rollbacks. As
depicted in Figure 1, if a newer build is released before an older one,
subsequently deploying that older build will omit the changes introduced by
the prior release. In effect the system will cause an unintentional rollback and
may trigger service disruptions or other production incidents.

To manage the release process and necessary approvals, DIP adopted the
use of a project management ticket system provided by Atlassian called Jira
to track the status and progress of releases. Each ticket served as the primary
mechanism for tracking release status deployment frequency, rollback events
and approval stage. This system required each developer to create a ticket on
the Jira system called a “release ticket” with all the necessary information
about the release and manually progress it through its release lifecycle stages.
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While the frontend monolithic application suited the needs for several
smaller teams, it soon began posing challenges as the development
organization grew to span multiple teams across multiple time zones. Since
all deployments to the frontend application shared the same deployment
queue, a growing number of contributors resulted in the deployment queue
becoming long and difficult to manage.

Recognising that a single large application had become a release
bottleneck, the company embarked on a modularisation effort. The frontend
codebase had begun to be decomposed into several micro-applications each
focused on a distinct feature area of the user interface.

Each micro-application unit encapsulates a discrete segment of the user
interface or functional capability and consequently is able to maintain an
independent deployment pipeline. This means, when a micro-application
update is prepared for release, only its specific build artifact is compiled,
packaged, and version labelled. This artifact then replaces its predecessor in
the target environment without affecting other components. As a result, the
deployment of micro-applications can proceed in isolation, leaving all other
micro-application artifacts in production unchanged.

Concurrently, the organization strengthened its quality assurance
practices by mandating higher automated test coverage thresholds and
delivering targeted training on testing methodologies to development teams.
This investment in end-to-end and integration testing fostered confidence
that individual micro-applications could be released safely without
introducing regressions elsewhere in the user interface. Accordingly, any
micro-application that met a predefined benchmark for comprehensive test
coverage was granted permission to deploy directly to production, bypassing
the need for centralized Release Manager approval.

Despite the ongoing migration to a micro-application architecture,
roughly half of the frontend codebase still resides in the original monolith.
Consequently, any changes to this remaining monolithic portion must
continue to follow the established approval workflow. Furthermore,
micro-applications that have yet to meet the organisation’s automated testing
standards remain subject to centralized release manager approval. Releases
to these micro-applications will be referred to as those which require “RC
approval”. DIP’s release workflow has conequently evolved into a hybrid
model that retains some of the original coordination overhead and limits the
full potential of the micro-application approach.

The following section will provide a detailed account of the current state
of that workflow, examining each step from code merge through production
rollout. The key actors, artifacts, and decision points involved will be
mapped, in order to establish a baseline against which the proposed
refinements will later be evaluated.
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4.1.2 Software Delivery Evolution

To contextualize the scale and urgency of these processes, it is useful to
consider recent deployment volumes. Between January 1 and October 7,
2024, DIP deployed 4010 total releases, of which approximately 1400, which
is about 35% of release, were frontend updates. Notably, 42% of those
frontend deployments were delivered entirely via the new micro-application
pipeline. Figure 2 illustrates both the throughput demands placed on the
current system and the potential leverage offered by targeted workflow
improvements.

Regular Frontend Releases
20%

Micro-app Releases
15%

Backend Releases
65%

Figure 2: Distribution of releases between 1st Jan 2024 - 7th Oct 2024.

As noted in the previous section, DIP’s frontend release workflow now
combines legacy gated deployments with the newer non-gated
micro-application pipelines. Figure 3 illustrates the granular steps of the
gated release process pathway, from ticket creation through ticket closure.
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Figure 3: lllustration of the 16 step gated frontend release process.

As illustrated in Figure 3, once a PR is approved, step 1 mandates the
developer to create a dedicated Slack channel and open a Jira release ticket
to track the deployment. Within that ticket they document the full scope of
the release, i.e. code changes, feature flags, configuration updates, and any
dependencies (step 2). This setup is essential for enhancing visibility across
distributed teams, however the manual labour with drafting release notes,
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tagging stakeholders, and linking related task tickets introduces notable
overhead.

Once the ticket is populated, the developer advances its status through a
series of preparatory stages, i.e. “In Progress” (step 3), “Ready for Testing”
(step 4), and “Start Pre-testing” (step 5). Each status change generates
notifications to the QA engineers and relevant stakeholders following the
slack channel.

After validations via preview links, the developer marks the ticket with the
status of “RC Approval” (step 6) and awaits authorization to merge (step 7).
This approval can take a few hours to a few days and it relies on the release
queue being clear. Upon receiving a sign-off from the Release Manager, the
PR is rebased and merged into the release branch (step 8). The developer
then monitors the RC pipelines until they complete successfully (step 9) and
updates the ticket to the “In RC” status (step 10). The developer has to
carefully monitor the release pipelines to ensure the pipeline has completed
successfully. Any failures would require re-running the pipeline or alerting
the relevant teams to investigate the cause of a failure to release to the RC
environment.

Once a successful RC build has been generated, the developer is required
to transition the ticket status to “Prod Approval” (step 11) which signals the
Release Manager to review and promote the candidate to production (step
12). The Release Manager promotes a release to production only when the
release is the first in the release queue to be deployed. This ensures
deployments are not released in an incorrect order.

Once production deployment is confirmed, the developer updates the
ticket status to “In Prod” (step 13). This phase carries high operational risk,
as misconfigurations or overlooked dependencies can lead to customer facing
incidents.

Finally, the developer closes the release ticket (step 14), closes the
associated task ticket (step 15), and archives the Slack channel created for the
release (step 16). Although these administrative steps require minimal effort,
they are often deferred, resulting in discrepancies between actual and
recorded release states in Jira.

Analysis of historical data reveals that the median elapsed time from PR
merge (step 8) through final ticket closure and Slack channel archival (step
16) is 19 hours, underscoring the cumulative impact of manual hand-offs and
environment coordination on release velocity.

As outlined earlier, the micro-application pipeline represents DIP’s
modernized release path. Figure 4 illustrates its streamlined sequence. The
following narrative describes each phase with reference to the corresponding
step numbers.
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As visualized in Figure 4, upon PR approval, the developer is required to

open a thread a dedicated Slack channel and continue the practice of creating
a Jira release ticket to track the deployment (step 1). The ticket is then
populated with all necessary release metadata, i.e. feature descriptions,
configuration parameters, and dependency notes (step 2). This initial phase
parallels the gated release process.

With the ticket prepared, the developer rebases and merges the PR
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directly into the micro-app’s release branch, without requiring an approval
from the Program Manager (step 3). The merged code automatically triggers
the RC pipelines, which the developer monitors until they complete



successfully (step 4). Upon passing all checks, the ticket status is updated to
“In RC” (step 5), indicating readiness for production deployment.

After verifying the RC build in its staging context, the developer waits for
the release to reach the head of the deployment queue (step 6). Once at the
front, the developer executes the production rollout (step 7) and then marks
the Jira ticket “In Prod” (step 8).

Finally, the developer closes the release ticket (step 9) and its associated
task ticket (step 10). Unlike the legacy workflow, no separate archival of a
Slack channel is necessary since only a thread is created within a channel.

Empirical analysis shows that the median elapsed time from pull-request
merge (step 3) through final ticket closure (step 10) is five hours, reflecting
the efficiency gains achieved by eliminating several manual stages and
consolidating environment management.

Occasionally, micro-application deployments occur out of sequence due to
human error, prompting Scrum Masters or Program Managers to intervene
by coordinating rollbacks and reordering releases. Such incidents reveal
opportunities to eliminate procedural overhead and further streamline the
release pipeline.

Having mapped the current release workflows for both the legacy gated
and the non-gated micro-application pipelines, we now turn to analysing the
root causes of velocity constraints within these processes utilizing the
quantitative and qualitative data collection methods for this research.

4.1.3 Baseline Quantitative Analysis

The quantitative analysis for the baseline state will measure the throughput
metrics, which is the DF and the LTC.

Deployment Frequency (DF)
There are two types of frontend releases, the gated release that requires RC
approval and micro-application release which does not require RC approval.

To quantify these workflows over the six month window from 24 April 2024
to 24 October 2024, release ticket data from Jira is visualized in Table 3.
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Table 3. Total and average baseline number of release tickets per release
type.

Jira Release tickets Total releases | Average releases per week

All 1124 46
RC approval required 589 24
RC approval not required | 535 22

These figures were obtained using JQL filters scoped to the DIP project,
selecting tickets of type “Release (simple)” or “Release-Microapp” with
statuses “In PROD” or “Closed” and production dates between December 21
2023 and October 20 2024.

Another metric to track the number of releases is to use the information
retrieved directly from Bitbucket pipelines, which is the Version Control
System (VCS) used in DIP. Each PR would be regarded as one release.
However, each PR merge does not warrant a release to production, since
changes which do not modify production artifacts do not need to be released
to the production environment. Examples of these changes include changes
to test files, changes to deployment scripts, changes to Bitbucket pipelines,
and so on.

Therefore, it is important to differentiate between PRs that were merged
and those that were deployed to production. Metrics retrieved from Bitbucket
PRs over a six month window from 24 April 2024 to 20 October 2024 is
presented in Table 4.

Table 4. Baseline DF per release type.

Metric Overall | RC approval No RC approval | Overall average
required required per week

PR merges 1855 800 1055 71

PR 1230 624 606 47

deployments

A noticeable differential exists between the total number of PR merges and
the count of PRs deployed to production over the sampled time period. This
difference in throughput is visually presented for comparison in Figure 5.
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Pull requests merged in between 24 April - 24 October 2024

Deployed with Release Ticket Not deployed

Deployed without Release Ticket

Figure 5: Segmentation of deployed PR merges from 24 April to 24 October
2024.

The data indicates that, of all frontend PRs merged during the six month
interval between 24 April and 24 October 2024, approximately one third
resulted in no production deployments. These merges typically involve
ancillary changes, such as updates to test suites, build scripts, pipeline
definitions, or configuration files that do not require formal release
procedures.

Moreover, nearly 6% of PRs that reached production were not associated
with a dedicated Jira release ticket. This discrepancy suggests that developers
either aggregated multiple pull-request merges under a single release ticket
or omitted the creation of release tickets entirely. Consequently, analyses
based solely on Jira ticket records will undercount a substantial portion of
repository activity and deployed changes.
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Figure 6: Bar chart comparing deployment frequency for each release pro-
cess between 24 April 2024 and 24 October 2024.

When comparing deployment counts drawn from Jira against those
recorded in Bitbucket as depicted in Figure 6, we observe a modest 6%
variance for releases that require RC approval, indicating reasonable
alignment between ticket based tracking and actual production deployments.
However, for independent micro-application deployments, the divergence
grows to approximately 12%. This larger gap implies that developers are
more inclined either to consolidate multiple micro-application changes
within a single Jira ticket or to omit ticket creation for these releases
altogether.

All in all, for the purposes of calculating true deployment cadence, we rely
exclusively on Bitbucket’s production deployment logs as the authoritative
source. Therefore, the DF for the frontend repository is 47 deployments per
week.

Lead Time for Changes (LTC)

This section evaluates the lead time from code readiness to production
deployment, with particular attention to the portion of that interval
attributable to manual deployment triggers. As detailed in the Methodology
(see Section 3.2.1), LTC measures the total elapsed time from code readiness
to production deployment. This evaluation is critical for quantifying the la-
tency introduced by manual governance and elucidating the potential gains
from further automation by isolating waiting times.
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Consistent with the methodological design, the total LTC is segmented
into two sequential intervals: L1 (PR Approval to Merge) and L2 (PR Merge
to Deployment). The total LTC is the sum of the median values of these two
segments.

The distribution of the PR approval to merge segment (L1) is depicted in
Figure 7. The box plots compare data across all PRs, distinguishing between
those that required RC approval and those that did not, based on data gath-
ered during the six month observation window between 24 April and 24 Oc-
tober 2024.

Distribution of hours from Approval to Merge (April24-Oct24 2024)

Hours

204

0

All RC Approval Non-RC Approval

Metrics

Figure 7: Baseline distribution of hours between PR merge and approval.

As illustrated in Figure 7, PRs that required RC approval experienced a
distinct waiting period before merge, while PRs which did not require RC
approval were typically merged promptly upon PR approval. This shows that
PRs that required approval may have stalled in the queue awaiting formal
approval.

The data from Figure 7 indicates that PRs that required RC approval
exhibited a broad spread, with a 75th percentile marginally above 50 hours,
whereas PRs that did not require RC approval reached a 75th percentile of 22
hours and a median of only 2.4 hours.

Thus, RC gating imposed a 6 fold increase in PR approval to PR merge
waiting time. Overall, the first segment of the LTC equation is established at
4.1 hours median.
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The baseline performance of the PR merge to production segment (L2),
which includes automated processing time and the production deployment
wait time, over the same six month time period is illustrated in Figure 8.

Distribution of hours from Merge to Deployment (May-Nov 2024)
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All RC Approval Non-RC Approval
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Figure 8: Baseline distribution of time between PR merge and deployment
to production.

Over the baseline observation period, the overall median time from merge
to production was 16.1 hours. Deployments requiring RC approval took a
median of 19.7 hours, which stands in stark contrast to the 3.9 hours required
for deployments without RC approval. This significant performance
differential suggests that the friction caused by the manual RC process
frequently defers deployment to the subsequent business day, while PRs
which do not require RC approval are deployed within the same working day.

To determine the proportion of L2 time consumed by automated
processes versus human waiting time, the segment is further broken down
into pipeline build time (L.2a) and production deployment wait time (1.2b).
To begin with, the time elapsed between PR merge and the code becoming
ready for the final manual trigger step is analyzed in Figure 9.
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Figure 9: Baseline comparison of pipeline run time across release types.

As Figure 9 illustrates, the median time required for CI/CD pipelines to
run is consistent across release types, resting at approximately 1 hour, i.e.
0.98 hours for those that required RC approval and 0.85 hours for the rest.
This indicates that the automated pipeline infrastructure does not represent
a significant bottleneck. Consequently, a major proportion of the total time
within the L2 segment must be attributed to the waiting period preceding the
manual deployment trigger, reported in Figure 10.

Distribution of hours Manual Trigger to Deployment (Apr24-Oct24 2024)
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Figure 10: Distribution of time between manual trigger and production de-
ployment across release types.
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As reported in Figure 10, a large portion of the 16.1 hours L2 median is
attributable to this final wait time for production deployment. The overall
median waiting time is 10.0 hours. Deployments requiring RC approval faced
a median latency of 18.1 hours, whereas deployments without RC approval
waited only 2.5 hours. This pronounced skew toward manual latency
suggests that, even after automated build and test pipelines complete,
deployments frequently await human intervention.

The Interquartile Range (IQR) for deployments that required RC approval
spanned 2.4 to 22 hours, with a median of 18.1 hours. This distribution
indicates a bimodal pattern, in which deployments either occur rapidly
within the same working day, or are deferred to the next business day,
inflating the median.

To contrast, the IQR for deployments that did not require RC approval lied
between 0.4 and 19 hours, with a median of only 2.5 hours. This indicates
that while a small fraction of these deployments also slipped to the
subsequent day, the majority completed within hours of merge.

The overall weighted median LTC for the baseline period is 20.2 hours.
The complete comparison of the two operational release paths, utilizing these
defined segments, is presented in Table 5.

Table 5. Baseline LTC breakdown per release type.

Metric Overall RC approval No RC approval
(hours) required (hours) required (hours)

L1: Approval to Merge 4.10 14.76 242

L2: Merge to 16.10 19.12 2.95

Deployment

L2b: Production (10.0) (18.1) (2.5)

Deployment Wait Time

Total LTC 20.2 34.8 5.4

These findings demonstrate that manual approval and deployment steps
constitute the principal bottleneck in DIP’s current release process and
validate the thesis premise that further automation of manual triggers and
gating mechanisms can substantially reduce total lead time.

While quantitative data illustrates the speed at which updates are coded
and shipped into production, qualitative data is necessary to complement the
experiences of various stakeholders involved with the release process. The
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next section will cover the qualitative data gathered through interviewing
several candidates within the company.

4.1.4 Baseline Qualitative Analysis

Qualitative data was collected across several roles within the organization
through semi-structured interviews. The responses from these interviews
could be consolidated within two themes, the importance of JIRA based
release tickets and the challenges associated with the release process.

Importance of Release Tickets

To begin with the importance of these release tickets, the analysis of
stakeholder interviews revealed that Jira release tickets served two principal
functions within DIP’s frontend delivery ecosystem:

1. Real-Time Tracking and Management of Release Progress

Release tickets operate as dynamic coordination artifacts that reflect
the status of a given deployment as it advances through the
development, RC, and production environments. By centralizing
environment-specific statuses and planned deployment dates, these
tickets enable multiple roles to synchronize their activities.
For instance, Scrum Masters leverage the ticket queue to prioritize
work. They identify critical fixes that must be promoted ahead of less
urgent releases and coordinate with developers to adjust deployment
order accordingly.

Program Managers, meanwhile, consult release tickets to assess queue
availability and preempt potential conflicts among parallel delivery
streams.

QA engineers depend on ticket statuses to determine which builds
require immediate regression testing, ensuring that high-risk changes
receive appropriate validation.

Developers refer to ticket approvals to ascertain when they may safely
proceed with merges and deployments, reducing uncertainty around
gating criteria.

Finally, Product Owners extract tentative timelines from ticket
metadata to communicate expected delivery windows to stakeholders.
In this way, release tickets function as a shared “source of truth,”
facilitating cross-functional alignment and minimizing ad hoc
communication overhead.
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2. Recording Release History
Beyond their role in live coordination, release tickets constitute an
auditable ledger of past deployments, capturing both technical and
contextual information that is indispensable for incident resolution,
retrospective reporting, and strategic planning.

Each ticket records the nature of included changes (whether new
features or bug fixes), the teams responsible for their implementation,
the individuals who executed the deployments, and a concise
“user/platform value” description that articulates the end-user
impact. For releases involving user-interface modifications, the
ticket’s metadata triggers updates in a dedicated Slack channel,
ensuring that downstream stakeholders remain informed of UX
alterations.

QA engineers and Scrum Masters draw upon this historical record
when investigating production incidents, tracing the provenance of a
regression to its originating release and thereby accelerating
root-cause analysis.

Program Managers and Product Owners rely on ticket archives to
compile upward-facing report, such as quarterly “Kick-off” and
“Wrap-up” communications, to senior leadership and
cross-organizational audiences, substantiating claims of delivery
throughput and stability.

Product Operations teams use the same information to draft formal
release notes for enterprise customers, ensuring that external
documentation aligns precisely with what was deployed.

Challenges of Release Process

Interviews with key stakeholders at DIP reveal 5 overarching categories of
friction that impede release velocity. These pain points span procedural
overhead, inter-team coordination challenges, and technical reliability
issues:

1. Manual Tracking and Tedious Processes
Stakeholders consistently report that the current process relies heavily
on manual status updates across multiple platforms, i.e. Jira,
Confluence, Slack, and even ad-hoc Google Sheets trackers.
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Scrum Masters describe spending significant portions of their
workday manually advancing ticket statuses, reconciling information
across disparate tools, and notifying team members of changes.

Program Managers echo this sentiment, noting that maintaining
Gantt charts and status dashboards in Google Sheets for upward
reporting to leadership is both error-prone and laborious.

QA Engineers further emphasize that incomplete or outdated ticket
information forces them to cross-reference Slack threads or
Confluence pages to determine which builds require regression
testing.

Developers, too, observe that redundant ticket updates divert time
away from coding and code review, while Product Owners struggle to
extract reliable delivery timelines from inconsistent ticket metadata.

. Queue Contention and Release Delays

The release queue for both gated and non-gated micro-applications
frequently becomes congested when multiple teams seek to deploy
concurrently.

Scrum Masters must negotiate sequence order by personally
coordinating with their peers, a process that can stall when teams have
equal urgency.

QA engineers raised concerns about critical hotfixes getting delayed if
another release is accidentally scheduled ahead of them, necessitating
emergency rollbacks or re-booked slots.

From a Program Manager’s perspective, this unpredictability
complicates planning for backend dependencies and alignment with
broader product launches.

In the most acute cases, releases requiring on-call support or
cross-team collaboration incur multi-day delays simply because the
queue lacks fine-grained prioritization.

. Inconsistent Usage of Release Tickets

Although Jira release tickets are intended as the single source of truth,
stakeholders report wide variation in how thoroughly tickets are
completed.
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QA engineers note that developers sometimes neglect to update
statuses after pipeline failures, making it difficult to discern which
releases are genuinely pending versus stalled.

Product Operations teams highlight that fields such as “user/platform
value” are often left blank, hampering the generation of coherent
release notes for enterprise customers.

This uneven documentation complicates post-release incident
investigations, as it obscures the linkage between a deployed change
and subsequent production behavior.

. Flaky Automated Tests
Unreliable CI/CD pipelines and intermittent test failures introduce
significant latency into the release process.

Program Managers cite flaky end-to-end and integration tests as a
recurrent blocker, forcing manual test execution or multiple pipeline
re-runs.

QA engineers confirm that such instability degrades confidence in
automated regression suites, causing them to revert to manual
verification, a time-consuming fallback that undermines the very
purpose of continuous delivery.

The cascading effect is that downstream stages in the workflow must
await manual sign-off, inflating both lead time and human effort.

. Challenges in Triaging Incidents with micro-applications
While the micro-application architecture was designed to decentralize
releases, QA and Product Operations observe that the speed and
frequency of these deployments can outpace their ability to monitor
and triage incidents.

Because micro-applicatons bypass RC approval, QA is not
systematically alerted to new production releases, leading to blind
spots when diagnosing customer-reported issues.

Product Operations recount episodes in which a series of rapid
micro-app deployments caused an unforeseen cross-module
regression, yet the team responsible for initial remediation lacked
sufficient context on the release that triggered the incident.
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This gap in oversight increases mean time to recovery and risks
customer satisfaction.

Proposed Enhancements

In response to the identified pain points, interview participants suggested a
suite of enhancements aimed at reducing manual burden, improving
reliability, and consolidating communication channels. These proposals fall
into four thematic areas:

1.

Automation in Release Process
Stakeholders advocate for automating routine status transitions and
metadata population within Jira release tickets.

Scrum Masters envision workflows in which pull-request merges
automatically trigger ticket updates to “In RC” or “In Prod,” alleviating
the need for manual gating.

QA proposes tighter integration between Bitbucket and Jira so that
pull-request metadata, including test results and branch-level
comments, feeds directly into ticket fields.

Program Managers further recommend event-driven automation that
flags ticket owners through Slack when a release is ready for their
action or when a downstream dependency completes, thereby
reducing manual notifications.

Slack Bot Integration for Real-Time Alerts

To centralize notifications and minimize context switching, several
stakeholders suggest deploying custom Slack bots. These bots would
automatically post concise summaries of pull-request statuses,
pipeline outcomes, and upcoming deployment windows into
dedicated channels.

Scrum Masters imagine a workflow where bot-driven reminders cue
developers to trigger production releases at appropriate times,
obviating the need to continuously monitor CI dashboards.

Product Operations also see value in archiving these bot messages for
historical auditing, replacing the current practice of manually saving
Slack threads.

This would reduce inefficiencies and workload for developers so they
would not need to monitor the pipelines constantly. Furthermore, it
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ensures developers are deploying their micro-application changes in
the correct order. Often times, developers may fail to read the
deployment queue file and may deploy micro-application releases in
the wrong order.

. Streamlined Testing Environments

Interviewees recommend reducing the number of mandatory test
stages, specifically by eliminating redundant DEV-only environments.
In addition, they suggest consolidating testing efforts within a single,
robust RC pipeline.

Program Managers note that this would expedite deployment by
shortening the path from merge to deployable artifact.
Complementing this, QA and Program Managers alike emphasize the
importance of investing in test flakiness remediation.

These measures aim to restore confidence in automation and reclaim
developer and QA time now lost to manual retesting.

. Consolidated Release Tracking

To address fragmented information sources, stakeholders call for a
unified tracking system that consolidates release metadata, criticality
ratings, deployment dates, and ownership into a single interface.

QA engineers suggest augmenting existing task tickets with additional
fields, i.e. planned dates, risk level, and team ownership thus reducing
the necessity for separate release tickets.

Similarly, Product Operations recommends codifying release notes
directly within Jira, pulling from structured ticket data to generate
user-friendly documentation.

Scrum Masters support the creation of a central dashboard, perhaps
embedded within Confluence or a bespoke web portal, that aggregates
real-time status across both gated and non-gated micro-application
pipelines.

4.2 Technical Implementation

This section details the design and implementation of the automated
governance artifact, developed in response to the challenges and
opportunities identified during the AR Planning and observation phase. The
primary objective of this design is to eliminate the bottlenecks caused by
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manual release ticketing and enhance the flow of information across the
software delivery pipeline, thereby improving the target DORA metrics.

The quantitative and qualitative analyses conducted in Chapter 4 revealed
three principal pain points within DIP’s release process: a lack of centralized,
real-time visibility into deployment status; reliance on error-prone manual
ticketing for release gating; and insufficient asynchronous communication
regarding production changes. Based on these empirical findings, the design
of the automation artifact was decomposed into a set of requirements
necessary for a successful organizational intervention.

4.2.1 Core Design Requirements

The following requirements informed the technical architecture and user
experience of the integrated solution, which combined a release dashboard
with a real-time notification system:

1. Changelog for Frontend PRs
Enforce the author of PRs to include a short log of what has been
changed in non-technical terms. This would be included within merge
checks to ensure the developer has filled in this field before merging
and deploying. Reviewers would also be encouraged to review the
change log to ensure the data is understandable and usable by other
stakeholders.

The purpose of this change log is to:

e Report upwards to marketing, upper management, company
wide audience in “Kickoff” or “Wrap up” emails.

e Help the support engineers handling an incident understand
what has been released in a non-technical way.

e Generate release notes for products

e Allow Product Managers to follow up on feature progress
without asking the team

e Create a visualization of the data where all the changes to a
service would be easy to read and look up.

2. Consolidated Release Tracking
As revealed by our quantitative and qualitative analyses, the existing
reliance on Jira tickets fails to capture a significant portion of PR
merges and production deployments. Moreover, stakeholders consist-
ently describe the manual creation and maintenance of release tickets
as unduly burdensome and prone to inconsistency. To address these
issues, we propose the implementation of an automated tracking
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system that directly ingests data from front-end pull-request pipelines
and outputs a real-time, comprehensive release dashboard.

This system will programmatically collect the following attributes for
each pull request and deployment event:

e PR author: The individual responsible for the code change

e Team responsible: The feature team creating the change

o Affected micro-applications: The micro-applications to be de-
ployed

e RC approval requirement: Whether the change affects a micro-
application requiring RC approval

e User/platform value: a concise description of the end-user im-
pact

e Merge timestamp: The date and time of the PR merge

e RC deployment timestamp: The date and time the build
reached the RC environment

e Production deployment timestamp: The date and time the
build reached the production environment.

e Rollback or hotfix indicator: Whether the deployment repre-
sents a corrective action

By sourcing this data directly from pipeline logs and version-control
events, we eliminate the need for developers to manually enter or up-
date fields in Jira. This approach ensures that the data remains accu-
rate, up-to-date, and free from human error. To facilitate downstream
analysis and reporting, stakeholders will be able to export the consol-
idated dataset into spreadsheet formats such as Excel. Proper access
controls and encryption protocols will be enforced to protect sensitive
information and comply with organizational security policies.

In practice, the automated tracker will operate as an independent mi-
cro-service that subscribes to pipeline webhooks and version-control
events. Each time a pipeline completes, or a pull request merges, the
service will append a structured record to a centralized database. A
lightweight web interface will allow Release Managers and Program
Managers to filter, sort, and visualize key performance indicators,
such as deployment frequency and lead time, across teams and envi-
ronments. This unified tracking system not only reduces the overhead
of ticket maintenance but also provides the transparency required for
continuous improvement and executive reporting.
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3. Slack-bot Integration with Release Pipelines

A second intervention emerged from stakeholder feedback on the re-
petitive, error-prone task of monitoring pipeline status and deploy-
ment queues. Developers currently must manually check Bitbucket for
pipeline outcomes and track when their release reaches the head of
the queue in order to trigger production deployment. To streamline
this process, we have designed a Slack bot integration that delivers
event-driven notifications at pivotal stages of the release pipeline.

The bot will issue the following notifications to the PR author:

e Deployment Queue Head Notification: When a release
reaches the front of the deployment queue, the bot will send an
immediate alert, indicating that the build is ready for produc-
tion promotion. This removes the need for developers to re-
fresh queue dashboards or coordinate with Release Managers.

e Supersession Alert: If a queued deployment is superseded
by another change, the bot will notify the original author that
their build has been displaced. In such cases, the author is in-
structed to refrain from manually triggering the superseded re-
lease, preventing unintended overwrites of another team’s
changes.

e Pipeline Failure and Progress Updates: The bot will sub-
scribe to CI/CD events and post succinct summaries of pipeline
failures identifying failed test suites or error code as well as in-
cremental updates such as build success, artifact publication,
and RC deployment completion. These real-time messages en-
able developers to react promptly to failures and avoid repeated
polling of the build system.

e Manual Trigger Reminders: Upon successful completion
of all automated checks, the bot will prompt the developer to
initiate the production deployment. This reminder will include
a direct link to the deployment action and a timestamp of when
the build became eligible for promotion.

Under the hood, the Slack bot will integrate with the CI/CD platform’s
webhook infrastructure and the consolidated release tracking data-
base. Message templates will be standardized to ensure clarity and
consistency and the notifications will be directed to a dedicated chan-
nel.
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A pilot deployment of the Slack-bot will be conducted with one feature
team. Success metrics will include a reduction in manual wait time, a de-
crease in superseded deployment incidents, and positive feedback in devel-
oper experience surveys. Upon validation, the integration will be extended to
all frontend teams, establishing a responsive, event-driven notification layer
that significantly reduces cognitive load and accelerates the end-to-end re-
lease process.

u Pull Request # 1 l
|

i l' o Slack notification: PROD ready to deploy!

l

v( Approved & Pipelines pass
Deploy pull request to production

@Hebﬂse & Merge PR >
: !l ; h

l hange task ticket to CLOSED >
.5 Slack notification: RC deployed!

i

Test changes in RC

- .

F.

Figure 11: Flow chart showing the streamlined process for releases.

In stark contrast to the legacy workflows described in Section 4.1.2, where
gated releases required 16 discrete developer actions and non-gated releases
required 10, the new flow consolidates the developer’s responsibilities into
just three key steps:

1. Merge and Notify
Once a PR that does not require RC approval has been approved and
all CI/CD pipelines have passed, the developer rebases and merges the
change. No Jira release ticket is required. Immediately upon deploy-
ment to the release-candidate environment, the integrated Slack bot
alerts the author, who may then perform any necessary validation in
RC.
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2. Production Trigger and Confirmation
When the build reaches the head of the deployment queue and is ready
for manual promotion, the Slack bot issues a “ready for production”
notification. The developer then initiates the production rollout. Upon
successful deployment, a final Slack message confirms that the change
is live.

3. Task Closure
With the release complete (or if the build has been superseded by an-
other change, as indicated by a supersession alert), the developer
simply closes the original Jira task ticket. No additional ticket updates
or environment specific status changes are required.

This condensed process eliminates redundant ticket maintenance, re-
duces waiting and monitoring overhead, and leverages real-time notifica-
tions to ensure that developers can focus on feature work rather than release
logistics. By reducing the number of manual steps, the new flow is designed
to minimize lead time and maximize throughput across DIP’s front-end de-
livery pipeline.

Building on the analysis findings and the agreed implementation plan, the
technical implementation will deliver two complementary automation tools.

The first tool is a unified release-tracker dashboard that consolidates
metadata directly from CI/CD pipelines and the VCS, providing a single
dashboard to track all frontend deployment events. The second tool is a Slack
bot integration that issues real-time notifications to developers at key mile-
stones, such as when their build is ready to be deployed to production or su-
perseded by a newer release.

To capture the user or platform value without relying on Jira tickets, the
PR template will be extended to include a mandatory “User/Platform Value”
field. The CI pipeline will enforce this requirement by failing any build in
which the field is left blank. Once populated, this text will be extracted auto-
matically into the release tracker dashboard, enabling the generation of com-
plete reports on frontend releases and their end-user impact. The following
section details the technical architecture and implementation of the unified
release tracker dashboard.

4.2.2 Release Tracker Dashboard

The release tracker dashboard’s primary functionality is to provide a user in-
terface which allows tracking the status of releases and generating reports for
upward reporting. This requires collecting the necessary data into a central-
ized database and displaying the data on an easy-to-use interface for relevant
stakeholders to access.
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Figure 12: Architecture diagram detailing the frontend release tracker.

As depicted in

Figure 12, when a PR enters certain stages in its lifecycle or pipeline steps,
it sends a request to a webhook URL with information about the PR stage
which triggers an AWS Lambda function. This function parses the infor-
mation received and either creates a new record in an AWS Dynamo Data
Base (DB) or updates an existing record with the provided state.

The release tracker application backend retrieves data about the pipelines
from the table in Dynamo DB and enriches it with the pull request data re-
trieved from Bitbucket APIs. The application frontend requests the pull re-
quest data from the backend and displays it on a data grid built with custom
components on React.

This application is hosted and built using the Forge platform, a cloud-na-
tive extension framework provided by Atlassian, which seamlessly integrates
with Bitbucket, the VCS for the frontend codebase.
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The following section will explore how the Forge platform works, and how
it was used for the technical development of the release tracker dashboard.

The Forge Platform

Forge is a cloud application development platform which serves developers
an infrastructure for hosting applications. The Forge infrastructure is auto-
matically managed, provisioned, monitored and scaled by Atlassian, allowing
developers to focus efforts solely on application development and business
logic [32].

Forge applications are written in JavaScript and supports the runtime ex-
ecution environment of Node.js, and consequently all Node modules,
whether they are built-in modules, local modules or third-party modules can
be imported within the application. It signifies that all Node libraries and
Node Package Manager (NPM) packages are all compatible, and so, the en-
tirety of the JavaScript ecosystem can be leveraged.

At the core of the Forge platform is a serverless Functions as a Service
(FaaS) platform, which utilizes Amazon Web Services (AWS) Lambda. Con-
sequently, applications developed with Forge are executed within a security
layer that invokes data egress restrictions by default. This means outbound
network requests are confined by an egress-control proxy, which enforces the
exact permissions declared in the app’s manifest.

Forge AWS account

/ Forge app Lambda \

Requests —) Outbound proxy
' App code '

No direct
Internet access

Forge runtime —'ﬁé

_________________________________

Figure 13: Diagram depicting the security model of the Forge platform [32].

The security model of the Forge platform is founded on strict isolation of
application execution and controlled access to data and external systems.
Since each Forge function runs within a dedicated AWS Lambda instance
with sandboxing for each application, it prevents one application from inter-
fering with or modifying the execution of another.

By separating functions in separate AWS accounts, Forge further mini-
mizes privilege scope, i.e., even in the event of a vulnerability that allows
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sandbox escape, the compromised account holds only the minimal entitle-
ments necessary for app operation.

Data management within Forge adheres to a shared-responsibility model.
Although the platform ensures that no in-memory or on-disk state persists
beyond the lifecycle of a function invocation, developers must also partition
any global caches by tenant identifier to prevent cross-customer data leakage.
This approach is essential in a multi-tenant environment, where accidentally
shared object, such as issue-key cache, could otherwise conflate data between
distinct customers.

Forge supports three distinct environments, i.e., development, staging
and production, with each maintaining its own code bundle, manifest config-
uration, module registry and set of environment variables.

The development environment permits log inspection and local tunnelling
for iterative debugging. The staging environment mirrors production re-
strictions but serves continuous deployment pipelines rather than ad hoc de-
velopment. The production environment enforces the highest security i.e.,
tunnelling is disabled, and site administrators retain the authority to restrict
access to logs and other sensitive diagnostics.

Forge clients additionally automatically attach the correct OAuth-2.0
scope declared in the app manifest to each request, ensuring that applica-
tions request only the permissions they require.

By shifting credential handling to the Forge infrastructure, the platform
eliminates a common source of security vulnerabilities and simplifies the de-
veloper experience, while preserving a least-privilege model that creates
end-user trust.

Forge runtime consists of a group of APIs which allow interaction with
Representational State Transfer (REST) endpoints. Forge automatically pro-
vides the context the function is executing within to these APIs. For instance,
when the Forge function is run within the Bitbucket service, it automatically
injects details of the current repository and workspace with the request. This
assures that functions are executed on the proper tenant.

Forge provides two tools for building user interfaces for applications. The
first of these is the UI Kit, which provides a set of Ul libraries and compo-
nents with similar visual appearance as Atlassian products. This option is vi-
able for a developer to get up to speed with developing the UI without the
need to build their own custom UI components.

On the other hand, the Custom UI toolkit provided by Forge gives full free-
dom to the developer to integrate any Ul libraries they require. This applica-
tion is run within an iframe, which then isolates the environment the UI is
served from.

The implementation of the release tracker dashboard employed the Cus-
tom UI toolkit since it provided flexibility with the visual appearance of the
UI components, thereby allowing the use of DIP component library, built on
top of Google’s Material UL
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When building applications with a frontend, whether it uses the UI Kit or
Custom UI toolkit, Forge provides resolvers. Resolvers are essentially func-
tions which enable development of a backend for the application. Within re-
solvers, it is possible to fetch external data and perform server-side opera-
tions.

All in all, utilizing Forge confers several benefits, i.e., seamless integration
with the Atlassian ecosystem, enterprise-grade security enforced by default,
and a serverless execution paradigm that scales elastically in response to user
demand. This architecture accelerates feature development, reduces mainte-
nance overhead, and delivers real-time visibility into frontend deployment
activity with minimal infrastructural complexity.

The next section will explain how data was retrieved and enriched within
the backend implementation of the application.

Application Backend

The backend layer of the release tracker dashboard is responsible for assem-
bling a comprehensive, real-time view of frontend delivery activity.

To achieve this, it integrates two complementary data streams, static pull
request metadata from Bitbucket’s REST API and dynamic pull request
lifecycle events emitted by the pipeline CI configuration. As depicted in

Figure 12, the pull request lifecycle events are consolidated in a Dyna-
moDB table where each record is keyed by the merge commit hash and in-
cludes timestamps for each significant milestone from pull request creation
to production deployment. The backend defines one Forge resolver function
named “getPullRequests” with the following pseudo code:

resolver.define ("getPullRequests", async (req) => {
const { days = DEFAULT DAYS OFFSET, context } = req.payload;

try {
const prLifecycles = await getPullRequestLifecycles (days);

const prs = await getPullRequests (days, context);
const enrichedPrs = await enrichPrs(prLifecycles, prs, context);
return enrichedPrs;

} catch (error) {

console.error (error) ;
throw error;

)
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The application backend programmatically retrieves pull request details
via a GET request to the Bitbucket 2.0 API endpoint “/2.0/reposito-
ries/{workspace}/{repo_slug}/pullrequests?q={query}&fields={fields}"

The endpoint requires passing the workspace and repository identifiers
via URL parameters, while it supports additional filtering and sorting
through the query parameters q and fields. By default, this endpoint returns
all open pull requests on the specified repository. Therefore, the application
backend supplies filters for retrieving only all merged pull requests within
the desired time range defined by the application client.

The endpoint returns several key information about the pull request in-
cluding the title, summary provided by the PR author, state, author, source
branch, destination branch, creation timestamp, last updated timestamp etc.
[33].

In order to limit the data returned, only relevant fields are specified in the
request to the endpoint. The relevant attributes are:

e PRID

o Title

e Summary

e Merge commit hash

The PR ID and title are relevant to display to the user on the UI for report
creation and visual purposes. The PR ID is additionally important for gener-
ating links to the PR.

Furthermore, the summary is important for extracting useful information,
i.e., the user entered “User/Platform Value” for reporting purposes. Every PR
summary includes a subsection titled “User/Platform Value” which prompts
the author to write a short description of what user or platform value the PR
provides. This would be extracted and included for reporting the added value
every PR provides in non-technical terms. It is also important for quickly tri-
aging incidents by engineers with little context of the changes introduced in
the PR. This field is extracted by the backend using the Regular Expression
(RegEx): /User Platform Value.*?\n\n(.*?)(\n|$)/

Finally, the merge commit hash is important since it is the key identifier
for records in the Dynamo DB table. This is the field used for linking the pull
request data with the pipeline events data.

Since the Bitbucket REST API for retrieving pull request information does
not expose enough details for building a comprehensive release tracker dash-
board, these details are manually collected via scripts instrumented at pre-
defined hooks within the Bitbucket pipeline configurations.

These hooks correspond to lifecycle events including pull request creation,
master branch pipeline start, RC pipeline start, RC deployment, production
pipeline start, pending production trigger, production deployment, and su-
persession by a subsequent release.
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Each script invocation issues an HTTP POST to a secured webhook URL,
transmitting the merge commit hash and a timestamp. An AWS Lambda
function, fronted by this webhook, processes each incoming event by updat-
ing or inserting a DynamoDB item whose primary key is the merge commit
hash. The table schema allocates dedicated attributes for each stage’s
timestamp and for flags such as “isHotfix” or “supersededBy”. Over time,
each DynamoDB record accumulates a complete history of its associated pull
request: when it was opened, merged, built, validated in RC, queued and pro-
moted to production, or superseded.

By joining the pull request metadata with the event driven pipeline rec-
ords, the backend service can serve the frontend dashboard with enriched
release documents. These documents include user value annotations, deploy-
ment timelines, and supersession alert, all without manual ticket entry. This
architecture not only ensures data accuracy and freshness but also provides
the foundation for actionable metrics on lead time, deployment frequency,
and risk reduction.

Application Frontend

The release tracker dashboard is surfaced as a Forge hosted application
within the primary Bitbucket repository’s side navigation, ensuring immedi-
ate access for any member of the DIP Bitbucket organization. By embedding
directly into the existing developer workflow, the dashboard requires no sep-
arate login and leverages the platform’s Single Sign On (SSO) capabilities.

This is achieved by defining the module within the Forge application man-
ifest file as below:

modules:
bitbucket:repoMainMenuPage:
- key: fe-release-tracker-repo-main-menu-page
resource: main
resolver:
function: resolver
title: Frontend Releases
function:
- key: resolver
handler: index.handler

Data is fetched via Forge resolver functions, which invoke a GraphQL end-
point backed by AWS AppSync. The AppSync layer routes requests to
Lambda resolvers that query the DynamoDB table. The pseudo code for the
frontend react hook that calls invokes the resolver function is displayed be-
low:
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import { invoke, view } from "Q@forge/bridge";

const usePullRequests = (days) => {
const [pullRequests, setPullRequests] = useState([]);
const loadPullRequests = useCallback(async () => {
try {
// Set error & loading states
const context = await view.getContext () ;
const response = await invoke ("getPullRequests", {
context,
days,

1)

setPullRequests (response) ;
}, [daysl):

useEffect (() => {
loadPullRequests () ;

}, [daysl):
return { loadPullRequests, pullRequests, ... };
}i

export default usePullRequests;

To maintain visual consistency with the rest of the DIP product suite, the
user interface was constructed using the internal DIP component library.
This provided a set of pre-styled form controls, buttons and layout primitives
that align with corporate branding and interaction patterns. Material UT’s
grid component was customised to display deployment records in a tabular
format.
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Figure 14: Screenshot of the release tracker dashboard frontend displaying
all the merged pull requests and relevant information. For confidentiality, data
shown in this screenshot has been anonymized.

As shown in Figure 14, the data grid supports multi-dimensional filtering
to help stakeholders isolate relevant deployments. Available filter dimen-
sions include:

e Time period: Selectable range up to six months of historical data.

e Environment: DEV, RC or PROD deployments.

e Applications: Specific micro-application names as affected by the
pull request.

e Teams: Filtered by the feature team responsible, inferred from the
branch name convention requiring each branch to begin with the
author’s team or username.

e RC approval requirement: Boolean flag indicating whether ap-
proval was required to merge this pull request.

Columns may be sorted in ascending or descending order. By default, the
grid presents the most recent production deployment at the top. A CSV ex-
port function enables users to download the filtered dataset with extended
attributes for offline analysis and upward reporting. The export includes:

e Hotfix indicator: yes or no flag
e Rollback indicator: yes or no flag.
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e User/Platform value: Text extracted from the pull request sum-
mary.

e Pull request author

e Supersession timestamp: Time when build was superseded.

Superseded deployments are visually highlighted in the grid with a yellow
status dot. This feature aids rapid identification of changes that were later
overridden.

feature/add-visualization-component JIR-123 team-a frontend-micro-app-a 29 Apr 2025, 29 Apr 2025, 2 May 2025, A .
c 15:57 16:05 10:39

'''''

Pull Request Details Deployment Timeline
(&) Merged: 29 Apr 2025, 15:57
anch  feature/add-visualization-component # RC Deployed: 29 Apr 2025, 16:05
@ Prod Superseded: 2 May 2025, 10:39

Jane Doe Created 29 Apr 2025, 11:41
Superseded Information

fane Do TR e seced by 153720

Approvals
User / Platform Value

Adds trend visualization elements to the frontpage

Affected Applications (1)

frontend-micro-app-a

Figure 15: Screenshot of the expanded state displaying more information
about a deployment. For confidentiality, data shown in this screenshot has
been anonymized.

Each table row may be expanded to reveal a detailed view of the deploy-
ment lifecycle. In the expanded pane the following information is displayed:

e Approvers: List of users who approved the pull request.

e Timestamps for all pipeline stages, from PR creation through pro-
duction deployment.

e Supersession history: Identifier of the release that displaced this
deployment, if applicable.

This custom-built application implements all the tracking requirements
defined during the AR planning phase. It provides a unified, real-time inter-
face for monitoring frontend deployments, supporting both high level report-
ing and detailed forensics without manual ticket upkeep.

While this release dashboard helps to alleviate the challenges with gather-
ing reporting data and tracking release real-time without manual ticket cre-
ation, a real-time notification system is necessary to ensure developers are
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informed about key milestones in the lifecycle of their releases without man-
ually checking release pipeline statuses and frontend deployment queues.

The next section will explore this notification system and the details of the
technical implementation to achieve a seamless developer flow when deploy-
ing pull requests.

4.2.3 Real-Time Notification System

To enhance the centralized visibility offered by the dashboard and eliminate
the overhead associated with manual status checks, a real-time notification
system was integrated directly within the Bitbucket deployment pipelines.
This notification mechanism provides immediate feedback to developers and
stakeholders at critical stages in the deployment lifecycle, thereby enabling
timely interventions and streamlined deployment workflows.

Real-time notifications are triggered at various significant pipeline events:
upon merging a pull request into the master branch, following successful or
failed deployments to the RC or production environments, when deploy-
ments are ready for manual promotion to production, and when a deploy-
ment has been superseded by a newer release.

Deployment Initiation Notifications

The initial notification event occurs immediately after a pull request is
merged into the master branch. Within the Bitbucket pipeline, a script is ex-
ecuted at this merge step, which posts a notification message directly into a
designated Slack channel. This notification explicitly mentions the author of
the pull request, facilitating prompt acknowledgment and response, as de-
picted in Figure 16.

(‘ Pipeline Notifier APP 5:54 pv
9)
D Deployment Started!

@ . your frontend deployment has started!
All messages related to this deployment will be posted in the thread here.

Repository: frontend

Commit: Merged in (pull request
#11692)

Pipeline: #145129

(:ID 3replies Last reply 4 days ago

Figure 16: Slack notification screenshot of a deployment that has started.

Due to privacy restrictions, Bitbucket's API does not provide the email ad-
dresses of PR authors directly, instead returning only a unique identifier
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known as the Bitbucket Universally Unique Identifier (UUID). However, to
send targeted Slack notifications to individual authors, it is necessary to
translate this Bitbucket UUID into a corresponding Slack user ID.

To solve this, a mapping between Bitbucket UUIDs, Bitbucket email ad-
dresses, and Slack user IDs is maintained. This mapping is programmatically
created by fetching and cross-referencing user data from both Slack and Bit-
bucket APIs.

First, the Slack API provides a list of all Slack users, including their email
addresses and Slack IDs. Next, the Bitbucket API returns user data that in-
cludes email addresses and their associated UUIDs. By matching users based
on their email addresses from these two datasets, a reliable map linking Bit-
bucket UUIDs to Slack user IDs is generated.

This mapping is then stored as a Yet Another Markup Language (YAML)
file and cached within the pipeline infrastructure. To ensure accuracy and
keep the map updated as new users are added or existing user information
changes, this process is executed automatically on a weekly basis.

The following is an example of the code responsible for generating this
mapping:

const createSlackBitbucketUserMapping = async () => {
const slackUsers = await getSlackUsers();

const emailToSlackId = slackUsers.reduce((acc, user) => {

const email = user.profile.email?.tolowerCase();
if (email && user.id) {
acclemail] = user.id;

}

return acc;

Yoo A1)
const emails = Object.keys(emailToSlackId);

const bitbucketUsers = await getBitbucketUsers (emails);

const users = bitbucketUsers
.reduce<UserIds[]>((acc, account) => {
const email = account.user.email.toLowerCase ()
const slackId = emailToSlackId[email];
if (!slackId) {
return acc;
}
acc.push ({email, slackId, bitbucketUuid: account.user.uuid});
return acc;
boo o [1)
.sort((a, b) => a.email.localeCompare (b.email));
const yamlData = yaml.dump (users) ;
await fs.writeFile (SLACK BITBUCKET USER MAPPING PATH, yamlData,
'utf8') ;
}s
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This approach ensures consistent, accurate, and privacy compliant com-
munication between the Bitbucket pipelines and Slack notifications.

Deployment Success and Failure Notifications

Similar scripts are invoked within Bitbucket pipeline steps to notify stake-
holders regarding successful or failed deployments to the RC and production
environments. As illustrated in Figure 17, these notifications include perti-
nent details such as a direct link to the pull request, precise timestamps of
deployment events, and any additional context required to promptly address
issues or acknowledge successes.

(6 Pipeline Notifier APP Friday at 8:16 PM
() ’\L Deployment Successful!

@ ,your frontend deployment to RC was successful!

Environment: RC
Repository: frontend
Commit: Merged in |

. (pull request #11760)
Pipeline: #145471

Figure 17: Slack notification screenshot of a RC build that was deployed.
Deployment Queue Based Notifications

Notifications for deployments that are ready to move into production or have
become superseded due to newer builds require more sophisticated logic in-
volving deployment queue analysis.

The deployment queue determines the order in which frontend pull re-
quests are deployed to production, and it is computed based on a detailed
analysis of the deployment graph. This graph is dynamically constructed dur-
ing specific steps within the Bitbucket pipeline, using custom pipeline scripts
designed to capture and visualize dependencies among deployments.

The deployment graph is generated at two critical points within the pro-
duction deployment pipeline (i.e., to-PROD):

1. Before Manual Deployment Trigger
When the pipeline reaches the stage immediately before the manual
production deployment trigger, a script is executed with an argument
labelled "ready-to-deploy".
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2. After Manual Deployment Trigger
Upon successful manual triggering of the deployment to production,
the script runs again, this time with the argument "deployed".

This two-step approach ensures that the deployment graph consistently
reflects the current pipeline status and captures accurate data at pivotal mile-
stones in the deployment lifecycle. Upon execution, the pipeline script first
retrieves all production related pipelines from the previous two weeks via
Bitbucket's REST API. Pipelines are sorted by their commit date and build
number, ordering them from newest to oldest. Each pipeline entry is then
enriched with critical metadata statuses, as follows:

e isCurrentPipeline: Boolean value set to true if the pipeline’s build
number matches the current pipeline invoking the script.

e failed: Indicates whether the pipeline has failed.

e deployed: Determined based on the pipeline state; if the pipeline is
currently executing the script, the "deployed" status is inferred from
the script argument. Otherwise, this status is retrieved from Bitbuck-
et's API state field (i.e., status = "DEPLOYED").

e readyToDeploy: Determined based on the pipeline state; if the pipe-
line is currently executing the script, the "ready-to-deploy" is inferred
from script argument. Otherwise, this status is retrieved from Bit-
bucket's API state field (i.e., status = "PAUSED").

At this stage, pipelines that do not include changes to any micro-applica-
tions are excluded from further analysis to maintain clarity and relevance
within the deployment queue.

With the enriched pipeline data, the deployment graph is constructed us-
ing “GraphLib”, a JavaScript based graph library capable of representing
complex dependency structures. Each pipeline is represented as a node
within the graph, identified uniquely by its pipeline build number.

Dependencies among deployments, i.e., pipelines that affect the same mi-
cro-application, are established via directed edges, ordered according to their
insertion sequence into the graph (newest to oldest).

The final constructed graph contains three primary components:

1. Pipelines graph: A comprehensive dependency graph where each

node is labelled with its unique build number and interconnected by
an edge with the nodes affecting the same micro-application.
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2. Pipelines per app: A mapping from each micro-application name to
an array of pipelines affecting it.

3. Superseded pipelines: A mapping from pipeline build numbers to
metadata indicating which subsequent pipeline has superseded it.

pipelinesGraph

g
il

pipelinesPerApp

app A 1 > 2 > app D 5 > 6 >
app B 3 > 5 > app £ 5 > 7 >
app C 4 > 5 > app F 5 > 8 >

Figure 18: lllustration of generated pipelines graph and pipelines per appli-
cation.

Once the complete graph is established, it undergoes several transfor-
mation steps to accurately represent the actionable deployment queues:

1. Pruning Deployed or Superseded Pipelines

Nodes representing pipelines already marked as "deployed" or "super-
seded" are removed, leaving only those deployments pending action.
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. Graph Segmentation

The resulting pruned graph is decomposed into independent sub-
graphs. Each subgraph represents a distinct group of deployments in-
terconnected by shared micro-application dependencies, with no de-
pendencies linking them to other subgraphs. For example, an original
unified graph containing two sequences A — B and C — D — E would
be segmented into two independent graphs: one containing A — B,
and the other C— D — E.

. Topological Sorting

Each subgraph is topologically sorted to produce a linear ordering of
deployments that respects all identified dependencies. The resulting
ordered array defines the precise sequence in which deployments
must occur to maintain functional integrity and avoid accidental over-
rides or rollbacks.

. Queue Representation
The sorted subgraphs are encapsulated into structured deployment
queue objects, each containing:

{
"deployment": "subgraph reference",
"order": ["sorted build numbers"]

}

. Queue Aggregation

Each independent deployment queue object is subsequently aggre-
gated into an array representing all active deployment queues await-
ng action.

. Queue Visualization and Reporting

To provide stakeholders with immediate visual context, an image rep-
resentation of the deployment queue graph is dynamically generated
from the aggregated subgraphs as shown in Figure 19. This visualiza-
tion is cached for rapid retrieval. Additionally, a structured deploy-
ment queue report is created for each queue and stored locally. These
resources aid Release Managers, developers, and program managers
in making informed decisions and identifying deployments requiring
immediate attention.
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Figure 19: Deployment graph depicting multiple interconnected deployment
queues.

In the visual representation of the deployment queue depicted in Figure
19, each box represents an individual production deployment build and the
order in which they should be deployed. Builds which include multiple appli-
cations in a single deployment are represented as hexagons, while builds
which require RC approval before proceeding to deploy are denoted with a
warning icon.

These deployment graphs are rebuilt and updated after a pipeline com-
pletes building the production deployment artifact, ensuring the graph rep-
resents the current state of the production builds at any given moment.

Finally, the system proactively informs developers of deployment queue
updates through real-time Slack notifications. Each deployment queue is an-
alysed for nodes without incoming edges, representing deployments that can
safely proceed to production immediately. For each of these ready-to-deploy
nodes, a Slack notification is dispatched via webhook, alerting the responsi-
ble developer that their deployment has reached the front of the queue, as
shown in Figure 20.
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®

Pipeline Notifier APP 38 minutes ago
f Ready to Deploy to Production!

@-, your frontend pipeline is ready for Production deployment.
The deployment queue is clear and you're up next! @"

Please review and trigger the deployment when you're ready.

Repository: frontend

Commit: Merged in

(pull request #11792)
Pipeline: #145546

¥ Deploy to Production View Deployment Queues

Figure 20: Notification for deployment ready to be deployed to production.

The system tracks notification timestamps and ensures duplicate alerts
are not sent within a 24-hour period for the same pipeline. Similarly, notifi-
cations are sent when pipelines become superseded due to subsequent de-
ployments, again with built in duplicate message suppression.

®

Pipeline Notifier APP  Thursday at 1:41 PM
I Production Deployment Superseded

@B, your frontend deployment to Production has been superseded by a newer

deployment.

Repository: frontend

Commit: Merged in [N (pull request #11572)

Your Pipeline: #144412

Please DO NOT deploy this pipeline to production.
This helps maintain deployment order and prevents conflicts.

Superseding pipelines per app:
e apps/frontend: #144766

o L AR S | View Deployment Queues

Sent from: #144766

Figure 21: Notification for deployment superseded by a newer build.

To maintain organizational clarity, notification metadata, which includes
Slack channel identifiers and thread reference, is cached using Amazon S3,
indexed by commit hash and commit date. Subsequent notifications related
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to the same deployment are posted within the original Slack thread, ensuring
cohesive and context rich communication.

In summary, the notification workflow comprises the following sequential
steps:

1. Pipeline scripts trigger notifications upon specific events e.g., merge
to master, deployment success/failure etc.

2. Bitbucket UUIDs are mapped to Slack IDs to accurately identify noti-
fication recipients.

3. Deployment queue statuses are dynamically analysed to determine
readiness and supersession scenarios.

4. Notifications are dispatched via Slack webhooks, delivering immedi-
ate visibility to relevant stakeholders.

5. Metadata regarding notifications is cached to maintain coherent Slack
messaging and to prevent redundant notifications.

The comprehensive integration of real-time notifications within the de-
ployment pipeline significantly streamlines communication, reduces manual
overhead, and enhances developer responsiveness during the deployment
lifecycle.

4.3 Addressing Challenges

Within the first six months following the technical rollout of the automa-
tion artifact, several organisational and cultural factors impeded the broader
adoption of the release dashboard within the company. These challenges un-
derscore the necessity of addressing socio-technical dimensions alongside
purely technical implementations to effectively achieve widespread adoption
of streamlined deployment processes.

A primary barrier was cultural resistance, largely stemming from previous
high-profile incidents involving inadvertent rollbacks and unexpected pro-
duction issues. These events had significantly diminished stakeholder confi-
dence in allowing developers to independently manage deployment pro-
cesses without explicit manual oversight. Consequently, stakeholders, partic-
ularly program managers, demonstrated reluctance towards transitioning
from established manual approval processes, even for micro-application re-
leases verified through extensive testing.

In addition, internal accountability structures contributed further to these
adoption challenges. Specifically, Program Managers bore direct
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responsibility for the frequency and severity of deployment incidents, creat-
ing a strong incentive towards maintaining conservative deployment con-
trols. This responsibility structure diverted attention away from addressing
underlying causes of incidents and process inefficiencies, reinforcing prefer-
ences for existing risk averse practices.

Program Managers also consistently emphasised the importance of uni-
formity across deployment workflows for both frontend and backend ser-
vices. The introduction of differing, more autonomous workflows exclusively
for frontend deployments was viewed as potentially adding complexity, de-
spite clear evidence demonstrating increased deployment efficiency and re-
sponsiveness.

Lastly, stakeholders initially exhibited low levels of trust in the newly in-
troduced automated release tracker dashboard. Feedback indicated that in-
cremental improvements, along with sustained exposure and familiarity with
the tools, would be necessary to increase confidence and enable full integra-
tion into existing deployment practices. Together, these impediments under-
line the necessity of addressing organisational and cultural dimensions
alongside technical implementations to effectively achieve widespread adop-
tion of automated and streamlined deployment processes.

4.4 Organizational Rollout

While the release dashboard initially faced resistance, the accompanying
Slack notification system was widely adopted within the first month of
rollout. The immediate success of the asynchronous notifications in provid-
ing real-time deployment visibility validated the underlying organizational
need for transparency without adding mandatory friction. This component's
rapid success provided the essential confidence foundation for the subse-
quent, mandatory organizational transition.

The final organizational rollout was driven by a conjunction of three stra-
tegic factors:

1. Structural Change and Accountability Shift:
The organizational decision to remove the Scrum Master, Product
Owner, and QA roles structurally eliminated several key manual gate-
keepers. Simultaneously, the responsibility for maintaining stability
was formally shifted entirely to the feature development teams.

2. Addressing Uniformity Concerns:
The resistance from Program Managers regarding the lack of uni-
formity between frontend and backend processes was addressed by
extending the governance principles of the automation artifact to
backend services. While full enforcement of deployment order was in-
itially limited on certain platform, e.g., Bitbucket, the commitment to
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unifying the visibility layer via the Deployment Registry App satisfied
the demand for a consistent, cross platform release audit trail.

3. The Automation Workflow:
The combination of the real-time notification system and the compre-
hensive audit logging of the Deployment Registry App provided a ro-
bust, data driven alternative to the subjective manual approval pro-
cess. This enabled leadership to make a data backed decision that the
fully automated process had reached sufficient maturity to replace the
manual gate.

These converging pressures culminated in a formal, organization wide an-
nouncement in November 2025, establishing a non-negotiable deadline for
the adoption of the new tooling and the simultaneous decommissioning of
the legacy systems.
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5 Validation

With the full deployment of the automated governance artifact described in
the previous chapter, the final phase of the AR cycle focused on objective
measurement and impact assessment over the final observation period. The
primary objective of this evaluation is to move beyond the high-level sum-
mary of results and perform the critical step of triangulation, where the ob-
jective performance metrics are interpreted against the subjective experi-
ences of key personnel.

This process isolates the specific causal link between the deployment of
the automated governance artifact and the observed organizational change.
The analysis is divided into the quantitative and qualitative analyses against
the metrics measured during the initial state assessment.

5.1 Quantitative Analysis

The quantitative analysis post-intervention focuses on the DORA throughput
metrics, i.e., DF and LTC. While the baseline period was selected to capture
a full six month cycle for robust statistical averaging, the post-intervention
data was collected over a three month period from 5th August 2025 to 5th
November 2025, immediately following the final deployment of the auto-
mated solution.

5.1.1 Deployment Frequency

As established in the methodology, DF is measured based on the average
number of deployments from the frontend continuous integration pipelines.
It is essential to note that not every PR merge necessarily correlates with a
deployment, as some changes may produce artifacts that are deemed un-
deployable (e.g., updates to test infrastructure or pipeline configurations).

The following analysis reports the deployment statistics for the frontend
micro-frontend over a three month final observation period, specifically be-
tween August 5th and November 5th, 2025. This timeframe was selected to
capture data from a period characterized by stabilized process flow and max-
imal adoption of the automation artifact.
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Table 6. Post-intervention DF per release type.

Metric Overall | RC approval No RC approval | Overall average
required required per week

PR merges 1595 76 1519 116

PR 1308 72 1236 100

deployments

Asreported in Table 6, the average number of PR merges during the meas-
urement period was 116 per week, resulting in an average of 100 PR deploy-
ments per week.

A crucial observation relates to the volume of deployments requiring the
former RC gating approval step, which was the focus of the organizational
change. Only 4.8% (76 out of 1,595) of all PR merges required RC approval,
and this resulted in 5.5% (72 out of 1,308) of the total deployments. This
demonstrates that an overwhelming majority of PR merges and deployments
have bypassed the centralized approval gate.

The observed trend validates the major organizational shift toward remov-
ing the RC gating bottleneck, thereby confirming that the automation artifact
successfully facilitated the shift to a decentralized, continuous flow model.

Pull requests merged in between 5 August - 5 November 2025
Deployed with Reledse Ticket

Not deployed

Deployed without Release Ticket

Figure 22: Segmentation of PR merges deployed from 5th August 2025 to
5th November 2025.
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The composition of the throughput metrics is further illustrated in Figure
22 which visualizes the distribution of PR merges based on deployment out-
come.

This visual representation highlights two key compositional findings from
the data presented in Table 6. First, 18% of all PR merges did not result in a
deployable artifact, primarily due to changes related to testing infrastructure
or pipeline configurations. This characteristic is common in continuous inte-
gration pipelines and is filtered out when calculating the DORA LTC. Second,
the overwhelming majority of merges and resulting deployments (95% and
94.5% respectively) did not require the RC approval.

To maintain methodological consistency with the DORA definition of DF,
which is the rate of successful releases to production, this paper utilizes the
frequency of successful deployments per week.

Consequently, the post-intervention DF is established at 100 deployments
per week, with only 5.5% of these successful deployments requiring the ves-
tigial RC approval gate. This concentration of deployments outside of the leg-
acy gate underscores the success of the organizational change in decentraliz-
ing governance

5.1.2 Lead Time for Changes

The post-intervention LTC data were collected using the identical tools
and data aggregation pipeline established in the Methodology (see Section
3.2.1). To accurately isolate residual bottlenecks, the metric retains the same
breakdown of two segments: PR Approval to Merge (L1) and PR Merge to
Deployment (L2). Furthermore, L2 is similarly sub-segmented to identify the
specific period of “Production Deployment Wait Time” (L2b).

These metrics were measured over the three-month observation period,
from 5 August to 5 November 2025. The results are subsequently compared
against the baseline quantitative metrics reported in the Results (see Section
4.1.3).

To begin with, Figure 23 illustrates the post-intervention distribution of
the L1 metric, representing the time from PR approval to merge.
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Distribution of hours from Approval to Merge (Aug-Nov 2025)
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Non-RC Approval

RC Approval
Metrics

Figure 23: Observation period distribution of hours between PR merge and
approval.

As Figure 23 illustrates, the overall median time for all approved PRs to
be merged was 1.7 hours. PRs that required RC approval were merged within
2.4 hours, and PRs that required no RC approval were merged in 1.7 hours.
This wait time may be attributed to discretionary factors, such as developers
synchronizing deployments with customer release announcements, adhering
to established deployment windows, or addressing minor supplementary
changes after initial approval.

Nevertheless, the post-intervention median of 1.7 hours is sufficiently
small, suggesting that this stage no longer represents a significant perfor-
mance bottleneck requiring further investigation at this performance tier.
Therefore, the first segment of the LTC equation is established at 1.7 hours.

The post-intervention performance of the PR merge to deployment seg-
ment (L2), which includes automated processing time and the production
deployment wait time, is illustrated in Figure 24.
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Distribution of hours from Merge to Deployment (Aug-Nov 2025)
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Al RC Approval Non-RC Approval
Metrics

Figure 24: Observation period distribution of time between PR merge and
deployment to production.

Over the observation period, the overall median time from merge to pro-
duction was 4.5 hours. Deployments requiring RC approval took 10.6 hours,
and deployments without RC approval took 4.3 hours. Consistent with the
baseline analysis, it is critical to determine the extent to which the L2 dura-
tion is composed of automated pipeline execution time versus the time spent
awaiting the final manual production deployment trigger. The median pipe-
line run time is illustrated across all release types in Figure 25.

Pipeline Build Time (Aug- Nov 2025)

0.43 mmm Time for pipelines to run

0.4
0.4+

0.3

Median Hours

0.14

0.0+
Al RC Approval Non-RC Approval

Figure 25: Observation period comparison of pipeline run time across re-
lease types.
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Similar to the baseline metrics, the pipelines took less than an hour to run
across all PRs. This demonstrates that the pipeline execution time constitutes
a negligibly small portion of the overall time between PR merge and deploy-
ment.

Delving deeper into the final component of the L2 segment, the wait time
for production deployment (L2b), Figure 26 illustrates this breakdown across
the different release types.

Distribution of hours Manual Trigger to Production Deployment (Aug-Nov 2025)

55 4

45 4

RC Approval
Metrics

Non-RC Approval

Figure 26: Observation period distribution of time between manual trigger
and production deployment across release types.

As shown in Figure 26, PRs not requiring RC approval showed a margin-
ally shorter wait time for production deployment (2.6 hours) compared to
RC-required PRs (3.6 hours). This minor difference suggests that the vestig-
ial RC gating process, though infrequent, still introduces a small residual
queuing delay compared to the fully autonomous path.
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Table 7. Observation period LTC breakdown per release type.

Overall RC approval No RC approval
(hours) | required (hours) | required (hours)
Li: Approval to Merge 1.7 24 1.7
L2: Merge to Deployment 4.5 10.6 4.3
L2b: Production Deployment | (2.6) (3.6) (2.6)
Wait Time
Total LTC 6.2 13 6.0

The LTC distribution is reported in Table 7, where the total LTC for all PRs
combined was 6.2 hours in the three-month time window between August
5th and November 5th, 2025.

5.1.3 Comparison of Performance Metrics

The intervention resulted in a statistically significant shift in the organiza-
tion's delivery performance, moving the capabilities closer to the industry's
high and elite performance tiers. The data presented in Table 8 illustrates the
dramatic reduction in change delivery time and the corresponding increase
in operational cadence.

Table 8. Comparison between baseline and validation metrics.

Metric Baseline Validation Improvement

DF 47 100 releases/week | + 213%
releases/week

LTC 20.2 hours 6.2 hours -69%

Production 10.0 hours 2.6 hours -74%

Deployment Wait Time

The LTC experienced a significant 69% reduction, decreasing from 20.2
hours to just 6.2 hours. Crucially, the production deployment wait time (L2b)
saw an even more pronounced decrease of 74%, dropping from a median of
10.0 hours to 2.6 hours. This drastic elimination of latency in the L2b seg-
ment confirms the successful removal of the manual handoffs and
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organizational queue time, validating the core hypothesis that the manual
approval gate was the primary bottleneck to delivery speed.

Furthermore, the Deployment Frequency (DF) more than doubled (213%
improvement), increasing from 47 to 100 releases per week, confirming that
the removal of this centralized friction points enabled teams to adopt smaller
batch sizes and deploy their independent micro-frontends with greater agil-
ity.
While quantitative data illustrates the speed at which updates are coded
and shipped into production, qualitative data is necessary to complement
and contextualize the experiences of various stakeholders involved with the
release process. The next section will cover the qualitative data gathered
through interviewing several candidates within the company.

5.2 Qualitative Analysis

The qualitative analysis sought to understand the experiential and cultural
shift resulting from the intervention, thereby providing the cultural context
for the observed quantitative improvements.

Data was gathered through semi structured interviews with key organiza-
tional stakeholders. The original set of participants considered for observa-
tion period analysis mirrored the six roles interviewed for the baseline as-
sessment (see Section 3.2.2 ), which were the feature team developer, Scrum
Master, Program Manager, Release Manager, Product Owner and QA Engi-
neer.

However, due to broader organizational realignment during the study pe-
riod, the Scrum Master, Product Owner, and QA Engineer roles were elimi-
nated and thus required no further interviews. Accordingly, the final qualita-
tive data was collected solely from the feature team developer, Release Man-
ager, and Program Manager, as these roles retained direct operational or gov-
ernance oversight of the new process.

The findings gathered from these interviews confirm that the new artifact
successfully addressed organizational pain points related to friction, visibil-
ity, and organizational dependency.

1. Elimination of Process Friction
The most significant qualitative finding across the developer demo-
graphic was the total elimination of redundant, nonvalue add work,
directly supporting the 69% reduction in LTC.

Interviews with a feature developer confirmed that prior practices,
such as "filling out release fields by hand" and "checking pipelines
manually before updating Jira," were highly time consuming and in-
troduced unnecessary overhead.
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The intervention fundamentally addressed this friction by eliminating
the manual ticketing gate entirely. The new process shifts the devel-
oper's focus back to code delivery, enabling them to "avoid manually
creating and updating Jira release tickets" and effectively moving
away from a complex Jira based system. This transfer of responsibility
from a human gatekeeper to automated checks fosters the enhanced
autonomy necessary for high performing teams.

. Real Time Visibility and Operational Stability

The qualitative data confirmed that the interventions dramatically im-
proved the utility of release information for incident response and op-
erational monitoring. Before the intervention, engineers and stake-
holders were forced to rely on "back and forth communication" with
PMs or manual checking to confirm the latest deployed code.

The new deployments registry and notification system resolved this by
providing real time, asynchronous communication. As a developer
noted, "Slack alerts show every RC/Prod deploy in real time," elimi-
nating the need to manually check the pipeline status.

The new release board provides the necessary audit trail to "pinpoint
the release that triggered an incident without chasing the PM." The
Release Manager confirmed that their primary intended use of the
new application is to monitor the queue for any "blocked" releases and
"checking releases that went to Prod or RC in case of incidents," vali-
dating the tool's use case for operational stability and release manage-
ment.

. Organizational Alignment and Scope Restriction

The interventions’ impact on reducing organizational friction aligned
with broader strategic shifts in the department's structure. While the
organizational removal of the Scrum Master, Product Owner, and QA
roles was a separate, pre-determined strategic change that occurred
during the study period, the successful implementation of the artifact
complemented this change by immediately reducing the administra-
tive workload for remaining stakeholders.

Specifically, the data confirms that roles such as Product Manager and
Technical Program Manager no longer need to use the new release
process for upward reporting. This outcome is a validation of the
study’s success, as it eliminated the need for these roles to be manually
involved in or track the flow of every individual micro-frontend de-
ployment.
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The observation that Program Managers do not track releases any-
more confirms that the necessary information is now disseminated
automatically and asynchronously, thereby removing a centralized de-
pendency and allowing these roles to focus on high value strategic
work rather than process administration.
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6 Discussion

This chapter interprets the results collected during the Observation phase of
the Action Research cycle (Chapter 4) against the theoretical and empirical
foundation established in the Literature Review (Chapter 2). The primary
purpose is to assess the degree to which the automated governance artifact
succeeded in addressing the core research problem: the acceleration of the
software delivery process by eliminating vestigial manual governance gates
within a decomposed micro-frontend architecture.

The discussion systematically synthesizes the quantitative performance
metrics with the contextual insights gathered through qualitative interviews,
demonstrating the direct relationship between the architectural intervention
and subsequent organizational performance gains. The full data analysis is
presented in Chapter 5.

6.1 Summary

The implementation of the automated governance artifact yielded statisti-
cally significant and substantial improvements across the core DORA
throughput metrics at the DIP organization, directly confirming the study’s
hypothesis.

The intervention resulted in dramatic performance improvements that
align the organization's delivery capabilities in the higher band of the elite
performance tier, as presented in Section 5.1.3.

The reduction of LTC from 20.2 hours to 6.2 hours signifies the successful
removal of the manual ticketing gate, further validated by the drop in pro-
duction deployment wait time from 10.0 hours to just 2.6 hours, which was
previously identified as the central bottleneck preventing continuous flow.
Simultaneously, the 213% increase of DF from 47 to 100 releases per week
validates that the elimination of friction enabled teams to adopt smaller
batch sizes and deploy their independent micro-frontends more routinely,
fulfilling the core promise of the CD model [1]. The qualitative data con-
firmed the mechanisms behind these gains:

1. Increased Visibility: The automated release dashboard and real
time Slack notifications provided a single source of truth for deploy-
ment status, eliminating the need for synchronous status checks and
increasing  organizational  confidence in  the  process.

2. Enhanced Autonomy: Development teams reported a significant

increase in ownership and autonomy, as they could initiate production
releases immediately upon passing automated checks, rather than
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waiting for an external, centralized approval process.

3. Process Compliance through Automation: The enforcement of
change log capture directly in the PR workflow ensured that the gov-
ernance requirement was met programmatically, substituting the un-
reliable and high friction manual check with a low friction, high com-
pliance automated check.

These findings collectively support the conclusion that the automated ar-
tifact successfully translated the technical benefits of the micro-frontend ar-
chitecture into measurable organizational performance gains.

6.1.1 Cultural Shift

The deployment of the technical artifact alone did not guarantee success.
Its organizational wide adoption required a significant, high-level organiza-
tional realignment, confirming that process improvement is inherently a so-
cio-technical challenge.

Initial adoption was hindered by cultural resistance from Program Man-
agers and stakeholders who preferred established, risk-averse, manual ap-
proval processes. This reluctance was rooted in an organizational structure
where accountability for production stability rested with administrative roles
(Product Managers and QA Engineers) that lacked the authority to fix or de-
ploy quickly.

The eventual, organization-wide rollout was driven by three strategic,
structural changes:

1. The formal removal of the Scrum Master, Product Owner, and QA
roles structurally dismantled the manual gatekeeping apparatus. Pro-
duction stability responsibility was formally shifted to feature deve-
lopment teams.

2. This shift created a critical impedance mismatch where the newly ac-
countable development teams were denied the necessary operational
autonomy by the lingering manual approval requirement.

3. The automated governance artifact became the mandatory tool re-
quired to align high accountability with high autonomy, replacing
manual approval with automated checks, real-time visibility, and an
immutable audit trail. This was the key reason for the final organiza-
tional mandate.

This transition effectively moved the organization from governance by
friction to governance by transparency. Stakeholder trust was successfully
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shifted from reliance on human gatekeepers to reliance on the objective, real-
time data provided by the Deployment Registry App and the asynchronous
Slack notification system.

The qualitative data strongly supports this interpretation, as interviewed
feature developers explicitly noted the elimination of "redundant, nonvalue
add work" such as "filling out release fields by hand" and avoiding a "complex
Jira based system."

Furthermore, the observation that roles like Program Manager, Technical
Program Manager, and Engineering Manager no longer needed to track in-
dividual deployments for upward reporting confirms the successful elimina-
tion of a centralized administrative dependency, allowing these roles to focus
on high-value strategic work.

6.2 Comparison with Industry Benchmarks and Literature

The measured improvements position the DIP organization firmly within the
elite performance tier, demonstrating a successful and immediate alignment
with the empirical findings of the DORA research [27].

The observed changes confirm that the automated governance artifact
functioned precisely as a mechanism for translating architectural independ-
ence (see Section 2.4) into demonstrable delivery speed, fulfilling the re-
quirements of CD [1].

Deployment Frequency (DF)

The 213% increase of the DF from 47 to 100 releases per week provides em-
pirical validation for the procedural necessity of small, decoupled batch sizes
[1]. The original DF was suppressed by the centralized release approval bot-
tleneck, which forced development teams to accumulate changes before sub-
mitting a manual request.

By removing this centralized constraint, the automated artifact allowed
the organization to:

e Reduce batch size since teams no longer felt penalized for submitting
a small change, thereby deploying their individual components more
frequently.

e Increase throughput, as evident by the 213% increase in LTC which
confirms the organizational capacity to consume the efficiency of the
underlying micro-frontend architecture.

This outcome demonstrates the direct link between removing organiza-

tional friction and achieving high performance. The organization's ability to
deploy 100 times per week now aligns it with the operational tempo of an
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elite performer, confirming the theory that high DF is a consequence of re-
ducing friction, not just a goal.

Lead Time for Changes (LTC)

The baseline median LTC of 20.2 hours formally positioned the organization
within the DORA elite performance threshold of less than one day [27]. How-
ever, this duration, which required over half a working day, often resulted in
code readiness occurring on one day and production deployment being de-
ferred until the subsequent day, which placed the organization within the
high performance tier LTC of between 1 to 7 days [27].

Following the intervention, the LTC realized a significant 69.0% reduc-
tion, decreasing to 6.2 hours. This reduction signifies a qualitative shift from
operating at the high performer tier to establishing a band deep within the
elite status, effectively ensuring continuous same day delivery of all changes.
This improvement directly correlates with the effective elimination of ap-
proximately 13.8 hours of organizational waiting time.

By achieving an LTC of 6.2 hours, the organization has validated the the-
oretical premise that removing organizational friction directly translates to
superior delivery speed. Consequently, the residual time is now predomi-
nantly accounted for by the fixed, necessary duration of automated pro-
cesses, including compilation, automated testing, and execution within de-
fined deployment windows, successfully shifting the primary operational
bottleneck from a manually coordinated process to technical efficiency
within the CI/CD pipeline.

6.2.1 Relationship to Continuous Delivery Principles

The findings of this study directly support the core prescriptive principles
outlined in the foundational literature on CD [1]. The automated governance
artifact functioned as the technical mechanism required to enforce these
principles within a legacy organizational structure.

Firstly, the “Automate Almost Everything” principle was addressed by au-
tomating the release ticketing, approval, and notification processes. This spe-
cifically eliminated the redundant manual work that contributed to the 13.8
hour queue time reducing human intervention to a minimum.

Secondly, the “Create a Repeatable, Reliable Process for Releasing Soft-
ware” principle was addressed by replacing the variable, high friction manual
gate with a programmatic, data driven system, i.e., the frontend releases
dashboard, the thesis ensured the release process became predictable and
repeatable. The system’s governance model shifted from subjective human
approval to objective, automated data checks.

Thirdly, the “If It Hurts, Do It More Frequently, and Bring the Pain For-
ward” principle adoption was empirically validated with the resulting 213%
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increase in DF. The removal of the central approval bottleneck allowed teams
to adopt smaller, less painful batch sizes, making the act of deploying a rou-
tine, frequent event rather than a deferred, risky one.

Fourthly, the “Keep Everything in Version Control” principle was rein-
forced by the artifact's non-functional requirement to mandate the "user plat-
form value’, i.e., the human readable release note, within the PR description.
This approach linked the essential release metadata to the immutable merge
commit hash via the PR metadata. This provided the necessary traceability
and eliminated reliance on external release documentation, upholding the
spirit of version control for all release artifacts.

Finally, the “Everybody Is Responsible for the Delivery Process” principle
was enacted through the strategic organizational shift. By structurally elimi-
nating dedicated gatekeeping roles such as, Scrum Master and QA, and trans-
ferring full accountability to the feature development teams, the organization
embraced the concept that deployment responsibilities should be shared by
everyone. The artifact provided the teams with autonomous tooling neces-
sary to manage this new level of accountability.

6.3 Addressing Research Questions

The findings from this study directly address the primary research questions
concerning the implementation of automated software delivery within a mi-
cro-application architecture. The results are summarized across the three key
research questions presented at the beginning of this thesis.

RQ1. How can the process of shipping features be streamlined without
relying on release tickets?

The implemented solution, which was a centralized, automated release track-
ing dashboard, mechanized the visibility layer of the delivery process. This
system served as the single source of truth for deployment and status infor-
mation across the organization, effectively eliminating the need for manual
ticketing. The implementation demonstrated that in high velocity micro-ap-
plication environments, real-time automation is a viable and superior alter-
native to sequential manual tracking methods, significantly reducing inher-
ent process latency and risk.

RQ2. What are the key challenges and benefits of automating the re-
lease process within a micro-application architecture?

Automation yielded significant and measurable benefits, including stream-
lined workflows and a demonstrable improvement in overall efficiency and
delivery speed. Conversely, the transition exposed a major critical challenge,
organizational adoption. Achieving sustained success necessitated dedicated
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effort in change management to ensure consistent stakeholder adoption and
to overcome resistance to altering established, manual processes. These find-
ings suggest that while the technical benefits of automation are readily
achieved, the organizational and integration complexities present the pri-
mary barriers to successful rapid transformation.

6.4 Implications

The primary implication of this study is that investment in automated gov-
ernance tools is most impactful when coupled with strategic organizational
restructuring that aligns accountability and autonomy.

The organizational decision to remove certain roles created the necessary
pressure for adoption, while the artifact provided the practical solution. The
organization has successfully shifted its focus from managing process com-
pliance to optimizing technical efficiency, as residual LTC is now dominated
by technical pipeline runtime and timing decisions driven by developers. Fu-
ture efforts should therefore focus on improving build pipeline speed to ad-
dress the remaining bottleneck.

A key practical implication for organizations transitioning from manual
processes to streamlined automation is the mandatory socio-technical align-
ment. Any technical solution must be explicitly coupled with strategic organ-
izational changes that grant development teams complete autonomy and
ownership over the quality and reliability of their work. This involves foster-
ing cultural changes to increase ownership within the development teams.
Furthermore, the technical automation must be designed to simplify the re-
lease owner's responsibilities, utilizing reliable automated data streams di-
rectly from the build pipelines and instrumenting a comprehensive notifica-
tion system to ensure continuous visibility and reduce cognitive load.

6.5 Conclusion

The implementation of the automated governance artifact, timed with a fun-
damental organizational shift in accountability, resulted in a rapid and sub-
stantial improvement in software delivery performance.

The study demonstrates that successfully moving an organization from a
high performing to an elite performing throughput tier requires not only the
introduction of technical automation but also the decisive dismantling of or-
ganizational structures that enforce manual governance. Replacing organiza-
tional gatekeepers with objective, real-time data and an asynchronous noti-
fication system, allowed the organization to shift its focus from managing
compliance to optimizing technical flow. The resulting process goverened by
transparency empowered development teams, dramatically reduced lead
time, and positioned the organization to sustain a high cadence CD flow.
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