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Abstract—Agile and DevOps are currently the most popular
software development techniques. Software methodologies
started with the application of the Waterfall model and other
models of Software development. It provides a general overview
of the approaches and their integration throughout the Software
Development Life Cycle (SDLC). SDLC phases are described
and different SDL.C methodologies are discussed with respect to
their impact on motivation, productivity and quality. A
comparison of the traditional Waterfall and newer
iterative/incremental/agile is identified, as are the reasons
behind this change, such as customer participation, timely
feedback, and quality improvement. The following issues are
common to all methodologies: architecture limitations,
scalability and organizational restrictions. It was identified that
the industry tends to follow a hybrid Agile-DevOps practice with
more emphasis on automation, continuous integration and
collaboration to achieve quick and competitive software
environments.

Keywords—Software Development Life Cycle (SDLC),
Software Development Methodologies, Waterfall Model, Agile
Software Development, DevOps, and Iterative and Incremental
Models.

1. INTRODUCTION

The term "software engineering" describes a process that
includes a number of treatments, including requirement
analysis, design, coding, testing, and maintenance procedures,
all of which support the production of labor. Methodologies
that offer structured procedures to handle complexity and
guarantee adherence to project objectives serve as some of the
guidelines for these procedures. Since then methods have
evolved as time has gone on based on users' preferences,
organizational needs, and technological advances [1]. This
evolution has given rise to a variety of models including
Waterfall, and more flexible and iterative options like Agile
and DevOps.

The software development life cycle consists of two parts:
software and process quality and processes [2]. All of these
parts contribute to making software. The agile software
development process is dynamic and iterative—requirements
can be adapted and changed to meet individual client needs
[3]. It simplifies time boxing and iterative development as

well as adaptive planning. It is a concept approach and enables
predictable interactions during the development process [4].

The Software Development Life Cycle (SDLC) is one of
the models used to pinpoint activities performed during each
phase of a software application development program, which
include waterfall, rapid software application development
(RAD), and spiral. All software development activities such
as planning, analysis, design, coding, testing, and maintenance
should be based on the needs of the client [5]. This relies on
the particular uses to choose the model.

This change is crucial in the modern cut-throat market
where companies need to be more innovative and responsive
to their clients' feedback than ever before [6][7]. The
combination of Agile and DevOps can transform how
development teams work, interact with each other and deliver
software, improving the development process, product
quality, and customer satisfaction.

Infrastructure as code, automated testing, continuous
integration and delivery, monitoring and logging, and
continuous integration and delivery are some of the key
practices of DevOps [8]. These methods could help
organizations deliver more software with fewer bugs, issues,
and downtime, leading to higher customer satisfaction and
profitability.

A. Structure of the Paper

The paper is organized is as follows: The SDLC, or
Software Development Life Cycle, is outlined in Section II.
Section III delves into the topic of traditional software
development approaches. Section IV reflects on evolutionary
trends and observations. A literature review is presented in
Section V. Finally, but just as importantly, Section VI
concludes the work and suggests future research directions.

II. OVERVIEW OF SOFTWARE DEVELOPMENT LIFECYCLE
(SDLC)

SDLC aids in producing high-quality software in a timely
manner while keeping costs down (see Fig 1). Though
individual programs may have wildly different quality levels,
some common metrics include:
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Fig. 1. Phases of (SDLC)

The SDLC is a method that divides the creation of
software into manageable, reusable steps. Phases of the SDLC
are guided by their own objectives and deliverables [9]. The
SDLC is a set of interconnected steps that, when followed,
provide a road map for teams to follow while making software
that satisfies stakeholders, project objectives, and consumer
expectations [10]. There are a number of SDLC models, and
they all take different approaches to the different SDLC
phases. Some models, like the waterfall model, have the stages
finished in a specific order. Agile and other iterative processes
allow for the simultaneous completion of multiple phases.

A. Phases of SDLC
The seven Phases of SDLC:

1) Project Planning

"What do they want?" is an important question to ask at
the beginning of the SDLC. In order to determine what
features the new software must have and how much its cost,
the software delivery lifecycle must include project planning

[11].

2) Gathering Requirements & Analysis

The second stage of the SDLC involves gathering
information from clients regarding their product requirements.
Discuss with the consumer all of the product's features and
aspects. The development team then considers the architecture
and source code of the software while analyzing the
requirements. The main goal of this stage is to make sure that
everyone is fully aware of the demand.

3) Design

In the third stage of the SDLC, the design phase, the
programmer makes sure the end product meets all user needs.
He also takes the client's technological, practical, and financial
requirements into account while assessing the project's
viability[12]. After settling on a strategy for the software's
architecture, the developer typically chooses among popular
programming languages like Oracle, Java, etc.

4) Coding or Implementation

This fourth step of the SDLC involves breaking the tasks
into smaller units or modules and assigning each developer
one of those [13]. The next step in building the system is for
the developers to start writing code in their preferred
programming languages. The SDLC includes this lengthy but
powerful phase. To put code into action, developers need
coding standards, interpreters, compilers, and debuggers,
among other tools.

5) Testing

The software is released into the testing environment once
development is complete. After that, the testing crew looks
over the system's functionality in general[14]. Testing is the
fifth step of the SDLC, and it's purpose is to make sure the end
product satisfies the client's needs.

6) Deployment

The sixth step in the software development life cycle is
releasing the product to customers. This happens when all the
testing is done, and the software is ready to be used [15]. The
deployment's complexity is proportional to the project's size.
The next step is for the users to get the necessary training or
manuals to run the software. Again, production goes through
a short testing process to find and fix any problems with the
new release that could be harmful to the environment.

7)  Maintenance

The client's use of the developed system presents the true
test, and it's important to fix these problems on a regular basis.
This seventh stage of the SDLC focuses on ensuring the
continued viability of the produced product. This software is
updated often to keep up with changes in the end user's
surroundings or technology. Included in Table I.

TABLE L THE SEVEN PHASES OF SDLC
Phase Key activities Deliverables
1. Planning Identify project scope,
goals and requirements Initial project plan
Fully detailed
2. Analysis Gather and review data | requirement
on project requirements documentation
3. Design Define project Software design
architecture document (SDD)
4. Coding Functional software
Write initial code prototype
3. Testing EReview code and | Eefined, optimized
eliminate bugs software
6. Deployment Deploy code to the | Software available to
production environment end users
7.  Maintenance Continual fixes and | Updated and
IMprovements optimized code

B. Role of Methodologies in SDLC Efficiency

The waterfall model captures the essence of the SDLC by
outlining the process phases in accordance with the logic
required to execute them. The output of one step is used as the
input of the next step [16]. In a typical workflow, the
following steps would be completed in the following order,
with the most crucial ones highlighted in parentheses:
feasibility, analysis, design, coding and unit testing, testing,
and implementation. The conventional result of a waterfall
process is a fully functional application [17]. Agile, spiral,
and prototype are some alternatives to waterfall that are
iterative and not sequential. An alternative to the waterfall
methodology that does not follow a strict sequential order
involves automating some functionality at a time through
iterative development. It can be shown in Table II.
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TABLE IL PERSPECTIVES FROM LIFE CYCLES AND METHODOLOGIES
Life Cvcles Methodologies
Characteri | Sequential SDLC Iterative SDLC - | Soft
stic Prototype, Agile | Systems Meth
ods -
Purpose Desizn and | Focus Focus on
implementation of | on functionality contexts and
work support | and/or timing of | stakeholder
systems delivery rights
Goal Complete functio On  time, short- | Contextualize
nality term delivery of | d design
partial
functionality
Perspective | Design This Organization,
thought processes | period's function | imformation,
ality technology,
and 50Ci0-
technical
aspects of the
problem

There is a lack of a thorough set of criteria for assessing
and thinking about things in relation to application
development in any of these SDLC and methodology options;
all they provide are tools and procedures [18]. The SDLCs and
methodologies do not, on their own, provide any guidance on
how to address the shortcomings of application development
or enhance them to meet the demands of modern applications.
The next part analyzes application development practice's
successes and failures to identify the most important qualities
of successful applications.

C. Sdlc Challenges Across Different Methodologies

Scalability, maintainability, and performance are three
arcas where software could suffer from inadequate
architectural design. An inflexible system that is hard to
change or expand can be the consequence of bad design
choices made early in the project [19]. This could also raise
technical liability and future maintenance expenses, reducing
the adaptability of the system to varying needs.

1) Mitigation Strategies

e Architectural Reviews: Regular architectural check-
up with experienced architects to find and correct
design flaws in their work early.

e Prototyping: Create prototypes of design to test
architecture decisions and solicit early design
feedback.

e Scalability Planning: Make sure the design of the
architecture is scalable, so that it can be expanded and
changed later on.

2) Best Practices for Effective Design
o Design Patterns: Resolve frequent design issues and
facilitate the reuse of effective tactics by making use
of well-known design patterns.
e Iterative Design: Embrace an iterative design
process that permits frequent input and improvement.
e Collaboration and Communication: Developers,
designers, and business analysts may work together
more quickly and communicate more effectively to
clarify and agree upon design goals and limitations.

III. TRADITIONAL SOFTWARE DEVELOPMENT MODELS

Software development models lay forth the groundwork
for planning and executing software delivery cycles and
milestones during an application's lifetime. Although there are

many distinct models for design and development, they all
essentially consist of the following steps: requirements
gathering, design, implementation (coding), and testing or
verification [20]. The execution of these stages is where the
two differ primarily. Variations on the classic waterfall model
are the most common development models used today.

A methodology outlining the various steps and processes
involved in developing software, the SDLC Model [21].
Agile, iterative/incremental, spiral, evolutionary prototyping,
and waterfall models are only a few examples of the numerous
types of models.

A. Waterfall Model

The initial methodology for creating software was the
waterfall model. Life cycle model with a linear sequential
component is another name for it. The model is easy to grasp
and put into practice. Following the completion of one stage
by another, the waterfall model proceeds to the next [22][23].
One of the first methods used in SDLC is the waterfall model.
Their paths cross precisely once in this model.

The success of the project and the development of
software products were greatly influenced by the prevalence
of the first approach in the SDLC, the waterfall method (Fig
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Fig. 2. waterfall model

The steps that make up the waterfall model in a logical
order are:

1) Requirement Analysis.

This phase is crucial for gathering all the necessary
requirements for the system development and documenting
them in the software requirement specification document.

2) System Design.

The requirements from the previous phase are studied in
this phase; these criteria help define the overall design and
architecture of the system.

3) Implementation.

The fourth step is the specification of detailed and explicit
requirements, which is followed by the development and
construction of the software product in compliance with the
specified standards. The software industry begins the process
of product design and coding [24][25]. The creation of the
software product's full functionality in accordance with the
requirements validated by senior team members and all
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project stakeholders is an example of a pre- and post-condition
that is put into place during this phase.

4) Integration and Testing

Testing strategies are defined at this stage of the SDLC. It
is at this step that modules are tested to ensure they are
working and acting according to the requirements provided in
the first phase or the standard definition.

5) Deployment

Once the product has been thoroughly tested and is
officially ready for deployment, it is sent out in stages based
on the company's deployment plans. At times, customer
feedback also plays a role in product launch.

6) Maintenance

Software modification to suit customer needs and market
trends is what this activity entails. To modify a system is to
bring it up to modern standards so that it can efficiently satisfy
the needs of the client and work with the technologies of
today.

B. V-Model (Verification & Validation Model)

The foundation of this approach is the V-Model, which
shows how each development step is associated with testing
(Fig 3.). Software development and testing occur
simultaneously because each step of development is
accompanied by its testing phase in a V-shape.

Requirement analysis Acceptance testing
N : T
System design | de— System testing
N ; 7
Architecture dOSign d== |ntegrq(i°n tesﬁng
N T
Module design ‘ &+| Unittesting

Cading ’
Fig. 3. V-model

1) Verification Phases:

e Requirement Analysis: In software development,
requirements gathering is the first phase. During
software development, requirements are to be
satisfied, which include business needs [26]. In order
to fully analyze an application's functionality from a
user's point of view, business requirement analysis
involves putting oneself in the customer's shoes.

o System Design: The process begins with the creation
of a blueprint for the future system or application. The
goal of system design is to create a comprehensive
software and hardware specification.

The following are subcategories into which system design
is further subdivided:

e Architectural Design: The primary focus of
architectural design is the specification of technical
approaches that used to accomplish software
development goals. Architectural design, sometimes
known as "high-level design," is concerned with
outlining the big picture of a service, product,
platform, or system.

e Module Design: The goal of module design, also
called "low-level design," is to define the logic that

used to build the system. They are now trying to show
how the modules relate to one another and the order
in which they interact.

2) Validation Phases:

e  Unit Testing Phase: The purpose of unit testing is to
find and repair bugs in specific modules. Running a
small section of code to see if it performs as expected
is all that is required for a unit test.

o Integration Testing: The phrase "integration testing"
describes the process of combining different bits of
code to ensure their seamless operation.

o System Testing: A system is ready to be tested once
it has been fully assembled. Running the application
in its intended environment allows us to determine if
the system can efficiently perform with minimal
response time.

e  User Acceptance Testing: The requirement analysis
phase is when the user acceptance test strategy is
born, as the program needs to pass a battery of tests
before it can be released into the wild to prove it has
served its purpose.

C. Iterative and Incremental Models

Software development methodologies like the iterative
model are commonly employed in Agile software
development. This methodology breaks down software
development into smaller, iterative cycles. A functional
version of the program is created during each cycle, and then
tested and feedback is collected. After that, it's business as
usual until the software is finished. The iterative model's key
benefit is that it facilitates quick feedback and development
[27]. Because of this, software may be written and refined
rapidly, with problems being found and fixed at an early stage.

Software development procedures that are characterized
by incremental development are encompassed under the
incremental model. The software's capability is enhanced with
each increment. In most cases, the first increment is rather
lengthy while the second one is pretty short. The main
advantage of the incremental model is that the client can
experience the product in its early stages. This allows for early
comments to be collected and used to enhance the product
going forward. By iteratively developing and testing new
features before moving on to the next, the incremental model
lowers project risk[28].

IV. EVOLUTIONARY TRENDS AND OBSERVATIONS

The agile context has changed dramatically. There is a
plethora of frameworks, techniques, and hybrid models for
firms to navigate, rather than simply deciding between agile
and waterfall approaches [29]. New possibilities and
challenges have arisen for agile professionals as a result of the
integration of new technologies such as ML, artificial
intelligence, and automation tools. It has become necessary to
modify the conventional agile frameworks due to the rise of
remote and distributed teams brought about by global events.

A. From Waterfall to Agile: Drivers of Change

There are two popular project management frameworks
that are used in the public sector: Waterfall and Agile. While
each has its pros and cons, the choice of approach can
significantly affect project delivery, particularly in a
regulatory environment.
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1) The Waterfall Methodology

The more traditional of the two methods is waterfall,
which has long been the standard method in many industries,
including the public sector. Waterfall was developed in the
manufacturing and construction industry and the process is
linear and sequential. Projects are broken up into different
stages, and each stage relies on the successes or failures of the
stage before it. Typically, the Waterfall methodology includes
phases such as:

e Requirements Gathering: Stakeholders collaborate
with project teams to set project goals, outcomes, and
needs.

e Design: The requirements are used to develop
detailed designs.

e Implementation: The product or service is produced
by the project team based on the design specifications.

e Verification: The final step is to validate and test the
product to make sure it meets all of the initial
specifications.

e Deployment: The product is installed in the
customer's / end user's environment. Maintenance
Ongoing support and maintenance are provided as
necessary after deployment.

2) The Agile Methodology

The Agile methodology differs from Waterfall with being
iterative and flexible and has become a very popular approach
in the last 20 years, especially in the software development
and IT industry [30]. Agility, collaboration, and adaptability
are the defining characteristics of agile. Project teams using
Agile methodology are able to work in cycles, or "sprints,"
rather than in a sequential, phase-based fashion. These cycles
enable the team to develop small, functional components of
the project incrementally, with each sprint culminating in the
delivery of a usable product or feature. Agile typically
involves key processes such as: Initial

e Planning: Agile, in contrast to Waterfall, does not
necessitate an initial stage with a precisely defined
project scope [31]. A more effective approach would
be to begin with a consensus on the project's broad
objectives and then move on to iterative strategy
sessions.

e Development Cycles (Sprints): Each sprint lasts a
set amount of time (usually 2—4 weeks) and results in
the delivery of a functional part of the product or
solution.

e Continuous Testing and Feedback: The project is
designed to incorporate testing and feedback at every
stage. At the conclusion of each sprint, stakeholders
offer feedback and participate in ongoing evaluations.

e Adaptation and Iteration: The product is refined
over time as the project team adapts and iterates in
response to stakeholder feedback and changing
requirements.

B. Impact on Software Quality and Productivity

The idea of software engineering was born out of the so-
called "software crisis"—a dire circumstance characterized by
low productivity, poor quality, budget slippage, and
inaccurate planning and cost estimation—in order to bring
quality and productivity together.

The techniques involved in software development are
distinct from those in conventional product manufacturing,

and there are inherent differences between software and other
goods as well [32]. One of the most domain-specific tasks that
calls for a dedicated adaption guide to establish a universal
quality standard is software development. One reason this
hasn't happened is because software quality assurance
techniques and methods can't just be copied from other
industries' well-established quality practices (see Fig 4.). Asa
result, there has been a significant push to develop new and
targeted models, processes, and methodologies for software
development and to get reliable adaptations of activities for
use in the development of other products.

=]

o]

Processes

Fig. 4. Software quality and productivity

V. LITERATURE REVIEW

The literature study in Table III examined traditional
software development approaches like Agile and DevOps. It
highlighted the advantages of Agile, such as its iterative
delivery and flexibility, and DevOps, which allows for rapid
and quality software production by linking development and
operations. The hybrid practices that embrace both Agile and
DevOps solve the problems of collaboration and such
organizational issues. The trends show a switch to DevOps-
enabled Agile, emphasizing continuous integration, delivery,
and improvement for the dynamic project environments.

Cao (2025) arranges and analyzes different models of
software development in a methodical fashion; these models
comprise the iteration-based, composite, flow-based,
structured, and structured models. It also assesses the models'
adaptability, risk management, skill requirements, and
applicability to projects of varying sizes and contexts. Using
eight critical criteria—flexibility, risk, time, expertise, project
size, client engagement, delivery frequency, and quality
assurance mechanisms—the literature review technique
analyzes contemporary paradigms (such as Waterfall, Agile,
and DevOps) [33].

Mumtaz et al. (2024) presented the software development
life cycle and its history, as a backdrop for exploring various
software development approaches. It thoroughly covers the
traditional models such as Waterfall model and Iterative
model, providing insights into their principles and
applications. It also covers agile methodologies such as RAD
and the Scrum model, exploring their suitability in today's
software development landscape. The new DevOps approach
is also thoroughly investigated, with an eye toward
understanding its guiding principles, best practices, and the
ways in which it combines both conventional and agile
approaches [34].

Narang and Mittal (2023) The research explore and
contrast the availability factor of important and selected
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features in software development methods. The software firms
benefited by choosing the appropriate method for the job. In
Traditional and RAD approaches, the iterative, Waterfall,
Prototype and Spiral development models are contrasted with
those of Agile approaches: Scrum, Kanban and XP, as well as
the DevOps automation culture and its key characteristics.
Analysis is performed by studying different methodologies
used in the development from current literature, Google and
stack over flow trends [35].

Tsapa (2022) This blending is complex and has
repercussions; it aims to face difficulties, propose solutions,
integrate a critique of integration, impact, and breadth, and so
on. Agile is iterative and user-centered, with DevOps practice
for coordination of automation and continuous deliveries. But,
there are obstacles to integration, including resistance to
integration, tool chain incompatibility, and rolling resistance.
Embracing automation allows organizations to tackle these
difficulties head-on and pave the route to success in this
industry. Implementing DevOps and Agile techniques can

lead to faster time to market, higher quality products, greater
innovation, and a more agile organization [36].

Al Masud et al. (2022) Software engineering has seen
significant improvements with the advent of Agile and
DevOps. Software quality and development time are both
significantly enhanced by these techniques. The high skill
requirements and lack of cooperation among software
project's development, testing, and delivery sectors are two of
the many obstacles that have been found in the practical
application of DevOps and Agile [37].

Gokarna and Singh (2021) The SDLC is evolving to
incorporate devOps practices. The term "DevOps" suggests a
merging of the two departments responsible for developing
and running a system. After then, the different phases of the
development lifecycle are integrated. The DevOps approach
can be seen as an evolution of the Agile technique, with
certain improvements. The DevOps technique prioritizes
security, feedback, continuous integration, delivery,
improvement, and improvement as key components of
software operations and development [38].

TABLE III. REVIEW OF SOFTWARE DEVELOPNT MODELS AND DEVOPS INTEGRATION
Authors Focus Area Key Findings Approaches Objectives Featherwork
(year)
Cao Comparison of | In terms of adaptability, | Analyzed Waterfall, Agile, | Categorize and | Adoption
(2025) software consumer involvement, and | and DevOps along eight | compare  models | guidance for
development incremental  delivery, agile | dimensions; reviewed | based on flexibility, | dynamic projects
models models (Scrum, XP) really shine. | literature on flow-based, | risk, expertise,
structured, iteration-based, | project size,
object-oriented, and | delivery, and QA
composite models.
Mumtaz et | Historical and | DevOps bridges development and | Comprehensive Explore Further integration
al. (2024) | modern SDLC, | operations, fostering | examination of SDLC | development studies of DevOps
traditional & | collaboration and improving | approaches approaches, with  traditional
agile methods software delivery efficiency including and agile
traditional,  agile, | methodologies
and DevOps
Narang & | Feature Trend towards DevOps; | Literature review, Google & | Aid industry in | Tracking evolving
Mittal availability in | comparative analysis of features | Stack Overflow trends, | selecting an | market trends in
(2023) software in Traditional, RAD, Agile, and | tabular comparison appropriate DevOps adoption
development DevOps methods methodology based
methodologies on required features
Tsapa Integration of | Agile + DevOps enhances speed, | Review &  critique of | Examine challenges | Solutions for
(2022) Agile and | quality, innovation, and | integration and benefits of | smoother Agile-
DevOps organizational agility; integration blending Agile and | DevOps
challenges include  cultural DevOps integration,
resistance and tool overcoming
incompatibility organizational
resistance
Al Masud | Agile and | Agile + DevOps improves | Literature review and | Bridge gaps | Development of a
et al. | DevOps hybrid | software quality and speed; | proposed hybrid model between Agile and | hybrid DevOps-
(2022) methodologies limitations include a lack of DevOps by | enabled Agile
collaboration and high skill integrating DevOps | methodology
requirements. principles into
Agile
Gokarna DevOps in the | DevOps enables CI/CD, | Review of DevOps building | Review  DevOps | Suggestions to
& Singh | Software continuous improvement, faster | blocks & models practices, improve DevOps
(2021) Development feedback, and security; extends challenges, and | adoption and
Life Cycle Agile methodology. future practices
improvements

VI. CONCLUSION AND FUTURE WORK

Evolutionary trends in  software  development
methodologies, from traditional plan-driven models like
Waterfall and the V-Model to the modern ones, which are
Agile and DevOps-oriented. The analysis indicated that the
early methodologies had the advantages of predictability,
documentation, and sequential control, which were suitable

for stable and well-defined requirements, but still had the
downsides of inflexibility, limited scalability, and inability to
cope with rapid change. On the contrary, the iterative and
incremental approaches, especially Agile, brought in
adaptability, continuous feedback, and stronger customer
involvement that made the processes very responsive and the
products very aligned with the users' needs. DevOps was also
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a big player in this shift — much of the collaboration was a shift
between dev and ops — and so there was a newfound visibility

acquired through the lens of automation, CI/CD. Overall, the
study indicates that there is no one right way to do it: software
development is becoming more context dependent, and hybrid
methods that are better aligned with the goals of the
organization, project complexity, and technology needs are
effective.

Future research could involve empirical testing of hybrid

Agile-DevOps models across different domains of industry,

especially safety critical

systems, large systems etc.

Furthermore, for the life cycle of software development
practices, the role of automation, smart testing and decision-
making support provided by Al is a promising path towards
further enhancement of the quality, productivity and
flexibility of software.
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