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Abstract:

The landscape of software development is
continuously evolving, with new technolo-
gies regularly emerging. This thesis aims
to investigate the potential of low-code de-
velopment, a rising technology, and its im-
pact on the software development process.
Additionally, it examines how the integra-
tion of generative Al, another trending tech-
nology, can further accelerate this impact.
By exploring the synergy between genera-
tive Al and low-code development, we aim
to understand its implications for the fu-
ture of software development and address
current limitations in low-code platforms.
Furthermore, a business analysis is con-
ducted to evaluate the market positioning
of these technologies. Our investigation re-
veals these technologies’ immense potential
in transforming the software development
landscape.
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Chapter 1

Introduction

In the ever-changing technological world, a revolution is brewing, ready to transform the
way software is developed. The growth of low/no-code development platforms represents
a signi cant shift in how software is designed, distributed, and managed in today's dy-
namic digital environment [1] [2]. This disruptive development method democratizes app
creation, taking it outside the traditional sphere of professional programmers. This shift
is driven by two major forces: low/no-code Development Platforms (LCDPs) and Gen-
erative Al (Gen Al). As these technologies become more prevalent in the industry, they
can democratize development, accelerate digitalization, and improve software production
ef ciency [1].

low/no-code development platforms (LCDPs) provide simple visual interfaces and pre-
built components, enabling anybody without coding knowledge to create usable appli-
cations [2]. This enables "citizen developers" (business users and non-technical users) to
contribute into software development, potentially increasing agility and innovation [3].The
growing need for solutions that simplify a company's operations has created opportuni-
ties for using platforms designed for low/no-code development. These platforms include
pre-packaged features that may be utilized by both non-programmers inside a rm and
software developers to construct software applications and automate operations without
the need for human programming [4]. However, the promise of LCDPs extends beyond cit-
izen development. By automating repetitive tasks, producing code snippets, and enabling
speedier prototyping, they can enhance traditional software development processes. This
has the potential to signi cantly enhance development ef ciency while cutting costs for
experienced professionals [5].

The low/no-code (LCNC) sector is quickly expanding, with excellent estimates and gures
demonstrating its importance in the IT industry. Gartner believed that the LCNC industry
would grow to $26.9 billion by 2023 [6], while Forrester expects a $45.5 billion market by
2025. Furthermore, by 2024, low-code approaches are predicted to account for 65% [6] of
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app development activity, indicating that these platforms are becoming increasingly pop-
ular.

The rise of gen Al is fueling this shift even further. This cutting-edge technology includes
several strategies that enable computers to produce innovative and creative outputs such
as text, code, and graphics [7]. gen Al has enormous potential to transform software de-
velopment by automating many processes formerly undertaken by humans, such as code
creation, testing, and documentation [8]. This automation can not only improve devel-
opment work ows but can also customize experiences and tailor solutions to individual
project demands, resulting in increased productivity and creativity.

The possible collaboration between LCDPs and gen Al is a positive indicator for the fu-
ture of software development. Integrating gen Al capabilities into LCDPs might simplify
development processes, empower citizen developers, and enable even more ef ciency and
creativity [9]. This collaboration has huge promise for many industries, enabling faster
time-to-market, improved software quality, and more business agility. However, manag-
ing in this changing environment has a variety of challenges. Ensuring the quality and
security of Al-generated code, addressing ethical concerns around gen Al development
and deployment, and managing potential disruptions to established development pro-
cesses are all key issues that must be carefully handled.

Given these successes and dif culties, we intend to explore the current state of software
engineering methodologies and identify the potential of low/no-code development to help
in the discussion of those development methodologies and provide a way to digital inno-
vation. Our research will concentrate on the low/no-code software development method-
ology and its implications on digitalization and business innovation. We intend to perform
an analysis from both business and technical perspectives. Furthermore, we will explain
how low code platforms work, identify the the life cycle of the development process and
investigate how Gen Al can manifest itself over the development process.

1.1 Research Motivation

In the fast-changing technology world, software development is considered to be one of
the biggest factors that foster innovation, productivity, and digital transformation in differ-
ent sectors. Traditional methods for software development were based on a coding process
that was complicated and required skilled programmers; for so long, it has served as the
main pillar of software development industry. Although the concept of low/no-code de-
velopment platforms (LCDPs) and generative Al technology (gen Al) is challenging the
traditional paradigm and reshaping the way software is created and delivered, the new
norm in the software industry will most probably be the adoption of these two trends [10].
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The motivation behind our research is the acknowledgement of the transformative power
of low/no-code development in addition to generative Al technologies. These innovations
serve as disruptive forces for all software developers that aim to speed up the digitaliza-
tion process and revolutionize the process for the creation of ef cient and accessible apps.
LCDPs allow individuals who do not have coding skills to be included in the development
process and help boost agility, innovation, and technology democratization. On the one
hand, the advancements of generative Al have made it possible to apply automation and
augmentation, which on the other hand will accelerate the work ows, enhance the cre-
ativity and come up with solutions that t the speci ¢ project requirements.

The core motivation of this research is the notion that low/no-code development, along
with generative Al, can revolutionize software development and digitalization processes.
Our goal is to examine how these technologies can be leveraged together and provide the
necessary instructions, thus allowing us to contribute to a future where software develop-
ment is increasingly affordable, faster, and inclusive.

1.2 Problem Statement

The integration of Generative Al and low/no-code development platforms promises to
revolutionize the future of software development. By combining the advance capabilities
of generative Al with the accessibility of low/no-code development platforms, these tech-
nologies can enhance productivity, reduce development time, and democratize software
developments. Hence, it leads us to the following problem statement:

"How will the offering of low/no-code solutions, enhanced by generative Al tech-
nology, affect the future of software development?"

To answer the problem statement of our thesis, we identi ed the following research sub-
guestions:

1.2.1 Research Sub-questions:

How have the limitations of traditional and modern software development method-
ologies in uenced the rise of low/no-code platforms and generative Al technologies?

What are the core components and key features that de ne a development approach
as "low/no-code" development?

How can the integration of generative Al across the stages of the low code develop-
ment process enhance its capabilities?

» How does integrating generative Al enhance the business value and competitive
market positioning of low/no-code development platforms?



1.3. Delimitation

1.3 Delimitation
There are several delimitations faced during the research process in this thesis:

» Theoretical Approach: Some aspects of this thesis, such as the integration of gen-
erative Al in low-code development, are discussed only theoretically without actual
implementation. The complexity of the topic requires more time and resources for
technical realization than was available for this thesis.

» Available Resources: The technologies under investigation—low-code development
platforms and generative Al—are relatively recent. Consequently, the research on
their synergy is limited, which constrains our ability to draw comprehensive conclu-

sions.

» Data Collection: Due to the limited research available, we intended to collect pri-
mary data by contacting relevant companies and conducting interviews. However,
our efforts were constrained by the availability and willingness of companies to par-

ticipate.

» Company Participation: Given that this technology is not widely adopted in our
region, we found only a single company specializing in this eld. Unfortunately,
our request for collaboration with this company was declined, limiting our access to
practical insights and rsthand information.



Chapter 2

Methodology

This chapter outlines the research approach and processes we followed to explore the cur-
rent state and potential of low/no-code development platforms and generative Al tech-
nologies. We will provide a summarized explanation of what we have done in each in-
dividual chapter of the report to address the problem formulation of our thesis and the
research subquestions identi ed in relation to our problem statement. By systematically
addressing each chapter's key focus and intended outcomes, this chapter will offer a clear
and structured framework for understanding how these emerging technologies can trans-
form current software development practices and create business opportunities as well as
digital innovation. The following sections will describe the methods we followed and the
insights we gained from our exploration of low/no-code development and generative Al
technologies.

2.1 Project Approach

In our research, we followed a document analysis approach so that we can gain a compre-
hensive understanding of the low/no-code development and generative Al technologies.
This involved systematically reviewing and analysing existing literature, academic papers,
industry reports, and relevant articles from databases like IEEE Xplorer, ACM Digital
Library, and Google Scholar to gain historical context and understand signi cant advance-
ment in these elds. We also looked at some industry reports and white papers from
different big companies and rms such as Gartner, Forrester, and McKinsey for getting
insights into the market scenario, trends and practical applications. We also reviewed and
went through different articles and blog posts from different reputed technology websites
and experts to stay updated on the latest developments and real-world case studies. By
accumulating this information, we could identify the current market trends as well as
emerging trends, and key insights that helped us to formulate our research questions and
focus areas.
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2.1.1 Background

For better understanding of the current software development methodologies we looked
into the history of these development practices, how they evolve over time from manual
coding to modern methodologies. We explored different traditional methodologies like
waterfall, and spiral models highlighting their limitations and the subsequent emergence
of iterative and incremental methods like rational uni ed process, agile, etc. This back-
ground study helped us to identify the core foundational shift that paved the way for

low/no-code development and generative Al.

2.1.2 State of the Art

In this chapter, we explored the current state of low/no-code development and generative
Al technologies. We looked at their functionalities, key features, bene ts of usage and
market adoption. We also looked at the differences between low and no code develop-
ment methodologies. We looked at some of the existing platforms to understand their
functionalities, features, and the challenges they currently have. We also discussed the
advancements and applications of generative Al in software development. We explored
the current implementation scenario of generative Al and low/no-code platforms as well
as challenges of implementation.

2.1.3 Business Analysis

For the business analysis section of our report, we evaluated the market and strategic
implications of low/no-code development platforms and generative Al technologies. We
analyzed what are the market trends, adoption rates of these technologies, and key com-
petitions available to understand the competitive landscape. We also utilized different
business analysis frameworks like swot analysis, porter's ve forces, value proposition
canvas, and the business model canvas to demonstrate the business opportunities and
challenges associated with the integration of generative Al technology into low/no-code
development platforms.

Stakeholder Analysis

In the stakeholder analysis, we identi ed the stakeholders relevant to the successful im-
plementation of generative Al into low/no-code development platforms. We made the
power-interest grid for the identi ed stakeholders and placed them into specic grids
based on their power, in uence, interest, and contribution to the idea of integration.

SWOT Analysis

We performed the SWOT analysis so that we could identify the core strengths, weaknesses,
opportunities, and threats associated with the integration of generative Al into the plat-
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forms. This helped us to identify different factors both internal and external that can have
an impact on the adoption and success of the integration.

Porter's Five Forces

We used the framework of porter's ve forces to evaluate the market scenario and competi-
tive landscape. This included analyzing the possible threat of new entrants, the bargaining
power that both suppliers and buyers have, the threat of substitute products on the market,
and the competitive rivalry intensity.

Value Proposition Canvas

The value proposition canvas was used to determine the kind of value that the users
of low/no-code platforms would obtain after integrating Al. We mapped out customer
requirements, pains they were facing, and this included generative Al integration that
could help solve their problems and give them the expected value.

Business Model Canvas

We also developed a business model canvas around the idea of integrating generative
Al into these platforms. We conceptually outlined the strategic positioning and potential
revenue models for the successful implementation of the idea. We identi ed all the key
components of the canvas, which helped us to understand how businesses can effectively
leverage these technologies to create value, reach target customer segments, and generate
sustainable revenue out of them.

2.1.4 Technical Analysis

The purpose of the technical analysis is to understand the architecture and functionality of
low-code platforms, as well as their development life cycle, to investigate how emerging
generative Al technologies can be integrated into this eld. This part will be solely based
on existing literature an research papers.



Chapter 3

Background

In this chapter, we provided a historical overview of software development methodologies
from different traditional models like waterfall, spiral to modern methodologies like ra-
tional uni ed process and Agile. We discussed their development processes, principles,
what kind of development is suitable for utilizing them, their advantages and disadvan-
tages, and later how the evolution of low/no-code development happened to mitigate their
limitations.

3.1 History of Software Development Practices

Software development approaches have transformed signi cantly in the last decades due
to technological enhancements, changes in business needs, and software delivery models.
The history of software development can be traced back as far back as the early 1950s and
1960s when programming was initially developed. During this period, the development
process was often non-sophisticated and heuristic in nature with a minimum organized
framework for a development process [11]. However, with the increased size of software
projects, many people realized the need for more formalized methodologies.

Waterfall model is recognized as one of the rst systematic approaches of software de-
velopment that was introduced in the late 1960s and early 1970s [12]. The waterfall model
developed by Winston W. Royce in 1970, offered a linear and strict methodology for soft-
ware development where phases are well-de ned [13]. While the Waterfall model offered
a clear plan of action, it was criticized for its rigid structure and inability to accommodate
changes in the requirements.

Later, in the 1980s and 1990s methods like incremental and iterative emerged to over-
come the dif culties of waterfall model. In 1986, Barry Boehm developed the spiral model
which combined the features of iterative and risk-based approaches that could be adjusted
and improved during the development phases [14]. In addition, some other approaches
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like rapid application development (RAD) and uni ed process (UP) emerged, focusing on
the iterative approach and the participation of end-users [15].

It was only at the beginning of this century that this concept called Agile movement was
popularised, claiming that the traditional methodologies had their shortcoming. The man-
ifesto of agility, issued in 2001, detailed a set of stated ideals centered on humans and
interactions, functional software, consumers, and rapid feedback to change [16]. This led
to the rise of numerous Agile frameworks like scrum, kanban, XP, and lean software de-
velopment, which encouraged iterative work, teamwork, and frequent delivery [17].

Alongside the agile movement, other complementary development approaches also gained
attraction. Some of them are:

* DevOps: DevOps methodology emerged in the late 2000s and intended to close
the communication gap between the operation and development teams to enhance
collaboration, automation and continuous delivery [18].

» Model-Driven Development: MDD focuses on utilizing models as the key assets for
software development, allowing automation and code generation [19].

» Continuous Integration/Continuous Delivery (CI/CD): Automating the build, test-
ing, and deployment procedures was a key component of CI/CD methods, which
allowed for frequent and dependable software releases [20].

Technologies such as cloud computing, containerization, and arti cial intelligence (Al)
have advanced signi cantly in recent years, impacting the software development land-
scape. Because of these improvements, new methods and techniques have evolved, such
as:

» Serverless Computing: Serverless computing allows for users to create and deploy
applications without managing the underlying infrastructure [21].

» low/no-code Development: This development method enables users (both technical
and non-technical) to create software applications using visual interfaces and pre-
buiilt components [22].

» Al-assisted Development: Using machine learning and Al approaches to help with
development, testing, and automatic code generation [23].

3.2 Tranditional Software Development Methodologies

Traditional software development has its roots in the early days of computer science, when
software was developed sequentially and document-driven. This technique, known as the
"Waterfall" model, was initially established in the 1970s and remained the predominant
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paradigm for software development for several decades. [24].

The waterfall approach is linear in nature, with activities carried out indirectly related
to the different stages of requirement gathering, design, implementation, testing, and de-
ployment [24]. This approach completely speci es about the outcomes of each stage of the
development process as well as the commitments of planning and documentation.

Over time, the traditional software development methodology has expanded to embrace a
variety of approaches, including the spiral model, the V-model. These techniques empha-
size prior planning, detailed documentation, and a disciplined phase-based approach to
software development [24].

Some of the most common traditional development methods and their descriptions are
described below:

» Waterfall Model: The waterfall model was rst introduced rst by Winston Royce,
which is linear in nature [25]. This approach divides the development life cycle into
segments that are convenient to manage. These phases are organized in a sequential
manner, where a new phase begins only once another phase has been completed
[26].

Figure 3.1: The Waterfall Model [27].

Phases of the Waterfall Model: The waterfall development model phases are de-
scribed below [27]:

— Requirements: In this phase the requirements of the users are collected and
documented properly.

— Speci cation: In this phase of the model, a formal document is created that
contains all the requirements of the application.

— Design: Based on the identi ed requirements and speci cations, the architec-
ture and design of the application are developed.
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the nal application is done based on the requirements.

Advantages and disadvantages of the waterfall model are described in the table:
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To translate the design into a functional system, the actual
source code is written based on the system design documents in this section.
Unit Testing: The components are tested individually in this phase of the de-

In this stage of model all the components are combined

Maintenance: In this last phase, the necessary enhancements and corrections of

Advantages

Disadvantages

— As the waterfall model is linear and
sequential in nature so it provides
a clear and structured approach to
software development [26].

— Each phase produces detailed doc-
umentation, which aids in mainte-
nance and knowledge transfer [26].

— The sequential ow of the model
simpli es project management, es-
pecially for large teams and com-
plex projects [25].

— The model assumes that all require-
ments will be collected at the begin-
ning of the development, providing
a clear roadmap for the develop-
ment process [25].

— It is difcult to go back to early

phases and make changes once a

phase is completed, which makes
the model less adaptable to evolv-
ing requirements [26].

— As testing is done after the imple-
mentation, it can result in late dis-
covery of critical issues [26].

— The model requires full under-
standing and documenting of the
requirements from the beginning
which is dif cult in real life scenar-
ios [25].

— The model's rigidity can lead to in-
ef ciencies and increased costs in
long-term projects where changes
are inevitable [25].

Table 3.1: Advantages and Disadvantages of the waterfall model [25]

The following types of projects are appropriate for the waterfall model [28]:

— Suitable for small-scale development.

— Stable and clear requirements are available/identi ed.

— Stable environment available.

— Stable development tools are available.
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— Has well-trained resources available.

» Spiral Model: It is a risk-driven software development process that was developed
by Barry Boehm in 1986 [29]. It is a higher-level model that integrates features of the
other categories, namely, incremental, waterfall, and prototyping models, offering an
orderly as well as cyclical method of developing application software.

Figure 3.2: The spiral model [29].

Phases of the Spiral Model: Different phases of the spiral model are as follows
[29]:

— Planning: It is the rst phase of the spiral model where the main purpose of
the project is identi ed. For the next phase of the model proper planning is also
done in this phase.

— Risk Analysis: In this phase the risk related to the project is clearly identi ed
and necessary assessment is also done for the identi ed risks.

— Engineering: After that the engineering phase comes where the software is
built following the requirements that were collected in the previous phase of
the model.

— Evaluation: Lastly in the evaluation phase, the software is evaluated to see
whether the developed software ful lls requirements of the customer and also
meets the quality standard.

Applications of the Spiral Model: It is commonly used for these kinds of
projects [30]:
» Large Scale Projects
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Advantages and disadvantages of the spiral model are described in the table below

[30]:

Advantages

Disadvantages

— Effective risk management through
iterative cycles and continuous as-
sessment.

— Flexibility in  accommodating
changes based on stakeholder feed-
back and evolving requirements.

— Allows for incremental releases,
providing early prototypes and par-
tial system implementations.

— Enhances user involvement
through regular reviews and
evaluations, leading to better re-
guirements validation.

— Complexity in managing multiple
iterations and maintaining detailed
documentation.

— Higher cost and time investment
due to iterative nature and contin-
uous risk analysis.

— Requires highly skilled project
managers and developers with ex-
pertise in risk management.

— Not suitable for smaller projects
due to its extensive planning and
resource requirements.

Table 3.2: Advantages and Disadvantages of the Spiral Model [30]

* V-Model:

It is the evolution of the traditional waterfall model and also known as
the veri cation and validation model. This model also incorporates a formal and

structured approach to software development that follows a step-by-step process of

software and puts importance on the veri cation and validation of the developed

software. It is a linear model that has testing phases for each different stage of a
project's development; therefore, it has a V shaped appearance [31]. This makes sure
that each process is checked and veri ed before moving to the next step and this

makes the work reliable and ensures the product quality.

Phases of the V-Model: The phases of the V-Model are as follows [31]:

— Requirements Analysis:

This phase involves identifying the requirements for

the system from stakeholders. These requirements are described in detail and
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Figure 3.3: Diagram of V-model [31].

form the basis for all other stages.

— System Design: After that, both functional and non-functional requirements
are described clearly, as well as the system elements and connections between
them.

— Architecture Design: In this stage software architecture is designed in detalil
based on the system design.

— Module Design: In this stage the actual software components are planned and
developed.

— Coding: The actual source code is then written based on the detailed design
documents in this phase. Every module or component is developed and then
tested separately.

— Unit Testing: Module tests are done to check whether each of the modules
is functioning in the right manner. This phase deals with the testing phase
whereby the correctness of a particular module is determined.

— Integration Testing: The modules are connected and the coupling between
them is veried. This phase con rms that the integrated system components
interact with each other in the desired manner.

— System Testing: To ensure that system has the required characteristics the veri-
cation of the integrated system is done in this phase.

— Acceptance Testing: This phase frequently includes end-users. In order to sat-
isfy the needs and requirements of the end-users the system is implemented in
the real world.
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Applications of the V Model:  The V-model is suitable and effective for projects
or developments where the requirements are well-de ned and have less chance of
modi cations [31].

— Suitable for small to medium-sized projects where requirements are clearly
speci ed and nalized.

— Projects that have technical resources available and essential technical expertise
also.

— Where accuracy and reliability are concerns and are often safety-critical as well
as require thorough validation.

The table below illustrates the key advantages and disadvantages of V-Model [31]:

Advantages

Disadvantages

— Enhanced quality assurance is
achieved through continuous ver-
i cation and validation at each
phase of the development cycle.

— Clear structure and different phases
make the project easy to manage
and track progress.

— Extensive documentation through-
out each phase helps in under-
standing and maintaining the sys-
tem.

— Early detection of defects through
systematic testing corresponding to
each development phase.

— Inexibility in accommodating
changes once the project is under-
way, similar to the Waterfall model.

— High documentation overhead can
be time-consuming and costly.

— Late discovery of some issues, as
testing phases occur after develop-
ment phases.

— Not suitable for projects with un-
clear or frequently changing re-
guirements.

Table 3.3: Advantages and Disadvantages of the V-Model

3.3 Modern Software Development Methodologies

The traditional approaches have been passed through a great deal of criticism due to their
limits, sequential nature, and document-centricity. These methodologies often end up
not being able to meet new requirements anymore, leading to problems such as delayed
projects, high costs, and substandard software [32]. These challenges paved the way for
the introduction of new methods of software development in an attempt to enhance the
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ef ciency of software development. They helped unblock the limitations of the old tech-
niques through an emphasis on exibility, cooperation, and continuous development [33].

Most of the software development processes that are followed today, like Agile, DevOps,
and Rational Uni ed Process, are iterative and incremental processes through which soft-
ware developers are able to respond to changes in requirements and deploy working soft-
ware much more quickly [34]. The current software development practices involve multi-
ple teams where developers, business people, and customers work together to ensure that
the software being developed re ects the needs of the business and its customers.

Key characteristics of modern software development methodologies include:
* |terative and incremental development
» Emphasis on collaboration and communication

» Continuous integration and deployment

Agility and adaptability
» Focus on delivering value
Some of the most known modern development methodologies are described below:

» Rational Uni ed Process (RUP): The Rational Uni ed Process (RUP) is an iterative
software development process that has been developed by the Rational Software Cor-
poration, which is currently owned by IBM. RUP aims to offer a structured frame-
work for project management and software development based on identi ed risks
and collaboration [35]. The concept is not a prescriptive recipe but a framework for
project teams and development organizations to follow and adapt to the needs as
they see t.

RUP is built around six best practices in modern software engineering. They are
[35]:

Developing lteratively

Managing the requirements

Employing component-based architecture

Modeling software visually

Continuous veri cation of quality
— Controlling changes

Phases of RUP: The key phases of RUP model are described below:
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Figure 3.4: Rational Uni ed Process Model [35].

— Inception: In this phase, the project scope is outlined and its feasibility is con-
sidered. This involves the formation of project objectives and goals, the assess-
ment of risks, and the development of an initial communication plan [35].

— Elaboration: The main emphasis is on de ning the vision, risk analysis, and
management of the project, as well as the subsequent creation of a detailed
project plan. In this phase, an architecture is also created [35].

— Construction: This is actually the most critical phase in the development of the
software system since the actual implementation of the system is done in this
phase. These components are integrated among themselves and with other
elements to guarantee the ful Iment of the requirements [35].

— Transition: It is moved from development to production, where the software
products are released to the actual users. Information on feedback and, when
necessary, modi cations to the tool and parameters is received [35].

Applications of RUP Model: Some of the applications suitable for the Rational
Uni ed Process (RUP) model are [36] [37]:

— Complex Software Development Projects
Object-Oriented Systems Development

Requirements Analysis and Documentation

Iterative and Incremental Development

Use Cases and Requirements Management
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— Component-Based Architecture
— Risk Management
— Collaboration and Communication

18

The table below illustrates the advantages and disadvantages related to the Rational

Uni ed Process Model:

Advantages

Disadvantages

— Decreases the possibility of project
failure by enabling ongoing input
and development [37].

— The emphasis is on risk minimiza-
tion and early detection, making
sure that possible problems are
dealt with as soon as possible [38].

— It can be customized so that it meets
the unique requirement of a project
due to its versatility and adaptive
nature [37].

— Ensures that everyone involved in
the project is aware of its current
state and direction [36].

— It might take a lot of time and re-
sources to install and maintain the
framework because it can be com-
plex [37].

— Experienced developers and project
managers are necessary for the suc-
cessful use of RUP [36].

— Development may be slowed down
by the emphasis on documentation
and procedure, which can create
additional overhead [38].

Table 3.4: Advantages and Disadvantages of the Rational Uni ed Process (RUP)

» Agile: Agile methodologies emerged in the early 2000s due to the rigid and in exible
nature of traditional software development models like waterfall. With the appear-
ance of the Agile Manifesto in 2001, Agile methodology and its foundations were
established [39]. This manifesto was authored by seventeen software practitioners
who wanted to promote more human-centric and adaptive methods of software de-

velopment.

The Agile manifesto has twelve principles and four core values, which primarily
put a lot of emphasis on iterative approaches, customer interaction, and exibility.

The four core values of the Agile Manifesto are [39]:

— People and Their Interactions over Procedures and Instruments

— Functional Software instead of Detailed Documentation
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— Consumer Involvement in Contract Negotiations
— Adapting to Change Rather Than Sticking to a Plan

The Agile Manifesto has twelve principles [40]:
— To meet the needs of customers by delivering valuable software on time and

consistently.

— Accepting changes in requirements, even if they arrive late in the development
cycle.

— Delivering working software frequently in shorter timescale.
— Close collaboration with business stakeholders and developers is required.

— Project should be built around motivated individuals and trust them to get the
job done.

— The most ef cient and effective way to deliver information is through face-to-
face conversation.

— Working software is the fundamental metric of progress.

— The sustainable rate of development should be maintained.

— Continuous focus on technical excellence and good design is required.

— The art of simplicity, or optimizing the amount of effort not done, is crucial.
— The best designs and architectures are produced by self-organizing teams.

— keeping a regular eye on ways to improve effectiveness and making the neces-
sary modi cations.

There are many phases in the Agile software development technique, each with a
distinct emphasis and set of tasks. The main stages of Agile are described below:

— Project Initiation: In this phase the project vision and ROI justi cation is dis-
cussed. The role of DevOps is considered, and the project charter is prepared
during project initiation to discuss the project vision and ROI justi cation [41].

— Planning: It is the foundational pillar of the entire project. Project team collab-
orates with the stakeholders to identify the features and functionalities of the
project. This phase involves release planning, backlog creation, and prioritiza-
tion based on business value and dependencies [42].

— Development: During this phase, the development is incremental and takes
place in sprints or iterations, which can be enhanced through Al and/or ma-
chine learning. The development stage is crucial to the agile approach; it per-
mits the construction of a product with only the bare necessities while imple-
menting the rest of the functionality afterward [42].
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Figure 3.5: Agile System Development Life Cycle [41].

— Testing: The primary activities in this phase include quality assurance activities,
the generation of technical documentation, and the veri cation that the software
is operating optimally. Unit, integration, and system testing are among the
several tests which are included in this phase. [41].

— Deployment: During this stage, the program is made available to end users.
In addition to making sure the software is installed and set properly, the team
needs to teach end users so they can utilize it ef ciently [42].

— Retirement: When it comes to this stage, it typically involves discontinuing the
product, which is usually because newer versions are available or there is a lack
of support [41].

Popular Agile Frameworks:  Some of the popular agile frameworks are:

— Scrum: This is a well-known Agile model that divides development work into
sprints, which are two to four-week-long xed-length iterations. Along with
roles like Scrum Master, Product Owner, and Development Team, it includes
sprint planning, daily stand-ups, sprint reviews, and retrospectives [43].

— Kanban: It is an agile approach that emphasizes reducing work-in-progress
and visualizing the process to increase productivity [43]. To monitor work and
encourage continuous delivery, it makes use of a Kanban board.
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— Extreme programming (XP): Through practices like test-driven development
(TDD), pair programming, and frequent releases, XP focuses a high emphasis
on technical excellence and continuous improvement [43].
The table below illustrates the advantages and disadvantages associated with the
Agile software development methodology:
Advantages Disadvantages

— As itis an iterative approach, teams can

react rapidly to shifting demands and
market situations, which increases cus-
tomer satisfaction. [44].

— Agile encourages constant communica-

tion and collaboration between stake-
holders and team members [45].

— Agile approaches guarantee that func-

tional software is accessible early and
throughout a project by providing it in
short, incremental cycles [46].

— Software quality is improved overall

when problems are found and xed
early on, thanks to continuous testing
and integration [47].

— In order to lower the risk of produc-

ing a product that does not ful Il user
demands, regular feedback loops make
sure the changing product satis es con-
sumer expectations [44].

— It might be dif cult to implement agile

in conventional, hierarchical businesses
since it demands a culture shift toward
cooperation and adaptability [48].

Consistency and dedication to iterative
procedures and feedback loops are nec-
essary for implementing agile principles
[49].

If changes are not properly handled,
the adaptability of Agile might result in
scope creep [47].

It can be dif cult to scale agile for big

projects or organizations, and additional
frameworks like SAFe may be needed
[50].

— There is a chance that as Agile grows,

its guiding principles will be compro-
mised, resulting in a "waterfall* method
disguised as Agile [49].

Table 3.5: Advantages and Disadvantages of Agile Methodology

3.4 Evolution of low/no-code Development

The origin of low/no-code development (LCND) goes back to the complexity of traditional
software development and the simpler, more accessible platforms that exist now. The jour-
ney began with traditional methods that, despite their systematic approach to software
production, usually resulted in lengthy development cycles. The 1980s and 1990s wit-
nessed a shift towards Rapid Application Development (RAD), which emphasized shorter,
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more iterative creation cycles and user interaction, establishing the foundation for acceler-
ating the development process [51].

Parallel to RAD, the invention of Fourth-generation Languages (4GLs) around the same
time was a revolutionary move from the more complex progeny languages, processing
raw coding to a higher level of abstractions and a more natural language similarity. These
language types were proposed as a way to reduce the technological limits of software de-
velopment from the initial stages [52].

In the late 1990s and early 2000s, contemporary LCND systems emerged, including drag-
and-drop interactivity and visual processes. This was a period of principle for these low-
code enthusiasts to open up the development of the application to a wider community as
expert developers. This was illustrated by tools and platforms including Microsoft Access
and Salesforce.com, leading to the organic acceleration of the application development of
the LCNDc [53].

The previous decade has seen rapid expansion and adoption of LCND systems by or-
dinary users, due to the availability of cloud computing in recent years. This advancement
has laid the framework for complicated software operating on LCND platforms to expand,
enhance its appeal, and become widely used in all sectors [54].

At present, LCND platforms are the leading actors of digital transformation operations,
allowing organizations to react swiftly to the market's demands, and innovate without
going through the old barriers that used to impede software development. New technolo-
gies, including Al and machine learning, incorporated into LCND systems will have a
profound impact on software creation making it more accessible and effective [29].

In the future, we anticipate seeing a lot more of LCND combined with new technologies
like generative Al, as the area of LCND has a bright future. These expected developments
will impact automation, ef ciency and software development and function, demonstrating
the leadership and implementation of LCND platforms [55].



Chapter 4

State of the Art

In this chapter, we explore the current advancements and trends in low/no-code develop-
ment platforms and generative Al technologies. We discussed the core features, bene ts,
and market adoption of these technologies, emphasizing their role in democratizing soft-
ware development and enhancing ef ciency. We also explored the challenges associated
with these technologies and how the handling of these limitations can bring numerous
opportunities.

4.1 Low/No Code Development

Low-code/no-code development platforms have evolved rapidly since their introduction

in the early 2000s. LNCD began in the early 2000s with the emergence of RAD (Rapid
Application Development) platforms, which aimed to provide a more visual approach to
application development. In 2016, a market research institute created the phrase "low
code" to refer to a variety of low code players [56].

Low code development is a visual method to software development that enables faster
application delivery with less hand coding. A low code development platform's graphical
user interface and drag-and-drop capability automate aspects of the development process,
reducing the requirement for traditional computer programming approaches [57]. These
low code development platforms make software development more accessible, especially
to "citizen" developers, enterprises that use minimal professional coding skills, such as
business analysts or project managers [57]. On the other hand, A no-code development
platform (NCDP), similar to low-code also lets the users to develop software with drag-
and-drop interfaces rather than traditional manual programming. Both low-code and no-
code platforms are developed to accelerate development process automation while also
providing scalability in these operations [57].

The rise of these platforms is a dramatic shift in the software development landscape

23



4.1. Low/No Code Development 24

that breaks the barrier of programming complexities, allowing anybody to use already

existing reusable building blocks of programs to create an application [58]. These plat-
forms empower both programmers already skilled in techniques and non-technical users
via graphical interfaces and pre-written templates, thus lowering the need for extensive
hand-coding of code [59].

LCND platforms implement abstraction and visual programming strategies. They pro-
vide a visual development environment in which users may drag and drop components
to create apps, graphically design processes, and set functions without dif cult coding
[60]. This template-based approach not only speeds up the development process, but also
makes it available to an increasing public, which is a symbol of the generalization of de-
velopment [61].

Among the core merits of the LCND tools are high productivity, low cost, and making
software development accessible to a large number of users, even those with no or little
technical skills [57]. Such platforms accelerate the prototyping and deployment of solu-
tions and, therefore, the company is able to respond to market demands and innovation
opportunities as quickly as possible [62]. Nevertheless, LCND platforms offer their advan-
tages, yet they are not free from weaknesses. However, critics are of the view that while
they offer unique features of accessibility and ef ciency, they might lack the high level of
exibility and customization that regular software development options offer. This could
cause performance and scalability problems when implemented in complex business sce-
narios [63].

The integration of Al and machine learning (ML) models into these low/no-code de-
velopment platforms can create new possibilities for automation capabilities, analytical
prediction, and decision-making. While these platforms are still in their early stages, if
they continue to advance, they will have a signi cant in uence on a variety of businesses,
particularly those that require rapid transformation yet have limited resources for software
development [64]. This phenomenon has not only democratized the software development
environment, allowing a larger part of the user community to create, but it has also re-
sulted in a more collaborative approach to software development, in which everyone con-
tributes their unique expertise to a given problem. Surpassing phone applications, such
as issues related to secure data security, regulatory compliance, and application perfor-
mance, remains a key priority. However, the basic notion symbolizes the continued role
of LCND platforms in future technological growth, as it functions as a force that allows
for simplicity of the process, ef ciency, and responsiveness to the changes experienced by
companies and society [62].
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4.2 Low Code Vs No Code

low/no-code development has been leading the current software development and tech-
nology area with its functions and capabilities. These are two different approaches of
creating software applications and solutions. Low-code is a method of software develop-
ment that employs tools and technologies to dramatically reduce the number of lines of
code required for a similar software solution. No code Development is de ned as a soft-
ware development approach that does not require coding to create a functional software
application [65]. Both speed up application development while appealing to a diverse
audience and use cases. Let's look at each individual's qualities and differences.

4.2.1 Low Code Development:

Low-code is a technique for developing applications that converts textual coding to visual
[58].

Low-code uses a model-driven, drag-and-drop interface approach instead of a techni-
cal coding environment. This development method allows developers of all skill levels
like beginner, professional developers, subject matter experts, business stakeholders, and
decision-makers — to create business applications that can create value [58].

Some of the characteristics of low code development and their bene ts are described be-
low:

» Visual modeling: Through drag-and-drop functionality and an integrated visualiza-
tion Ul, professional developers can boost their own performance; citizen developers
too can build all sorts of applications [58]. By using model-driven technology, the
user can graphically present how an application works, simultaneously launching
the one-click deployment. The bene ts of visual modeling are :

Make use of current personnel to develop and deliver apps more quickly.

Encourage participation in development from departments other than IT

Create a range of alternatives without spending a lot of money .

Improved cross-functional team cooperation and decision-making
— Allow expert developers to focus on more ambitious and intricate projects.
» Reusable components: Users can create cross-platform apps using pre-built logic,
connections, templates, and modules. Skilled developers can alter and expand the

functionality of low-code application components. The bene ts of reusable compo-
nents are as follows [58]:

— Accelerate development with increased effectiveness.
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— Depend on reusable components with performance and security testing com-
pleted beforehand.

— Create apps that are more scalable and consistent.
— Extend program features as soon as necessary

Collaboration tools: Capable of collaborative development with integrated features
for user stories, revision tracking, feedback loops, chat, and more. Low code keeps
everyone using the same programming language since it is visual. Bene ts are [58]:

— Divide departments to promote a more robust business-IT collaboration.
— Encourage enhanced inter-organizational communication.
— Simplify the development process and minimize rework.

Scalable environments: As consumer wants and company requirements change,
developers can swiftly implement new apps and enhance current ones [58]. Scalabil-
ity for both run-time and development-time on demand, exibility, and support for
continuous delivery are features of a cloud-based low-code platform. Bene ts are:

— Creating scalable, easily maintainable systems with cloud-native architecture.
— When required, assisting in making quick adjustments.

— Continuously improving end user experiences by means of engaging mobile,
web, conversational, or immersive experiences.

— Maintaining an adaptable organization in the face of change.

Data integration: Tntegration of data and logic can be done securely from any
source, system, or service. It can be done by either using APIs and connectors that
are pre-con gured or experienced developers can create custom integrations [58].

More than 30% of the developers' time can be reclaimed.
Creating and managing larger-scale systems.
Finding and sharing data between projects and teams with ease.

Easily accessing company data to create reusable components and microservices
more quickly.

Application lifecycle management: Integrative low-code platforms combine Agile
development principles and DevOps technologies to support all stages of the ap-
plication development lifecycle with tools that accelerate project management, re-
quirements management, version control, testing, deployment, and more. Bene ts
[58]:

— Moving apps through every stage of their lifetime with ease: Conceptualization,

creation, evaluation, implementation, and management.
— Automating and abstracting to accelerate every stage for faster delivery.
— Giving teams the freedom to operate independently and iteratively.
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4.2.2 Use Cases:

For companies looking to adapt digitally, cut costs, and quickly create applications, low-
code development has become an excellent option. Low-code development facilitates the
rapid and effective creation of applications by both developers and non-developers due to
its visual development tools, drag-and-drop capability, and low coding requirements [66].
The most common business use cases for low-code development include the following:

» Legacy application modernization: Modernizing and updating outdated systems is
a common use case for low-code platforms. This entails, without beginning from
scratch, converting outdated programs into more contemporary, effective, and scal-
able solutions [66].

» Process automation: Companies automate and simplify complicated business opera-
tions with low-code platforms. Increasing overall ef ciency and decreasing the need
for manual intervention, might involve anything from straightforward procedures to
complicated operational systems [66].

Figure 4.1: Low code development use cases [67]

» Digital experience solutions: In order to improve the customer experience, this
includes developing online portals, mobile applications, and other digital interfaces.
Low-code platforms, which frequently have responsive designs for cross-platform
compatibility, let companies create and implement these solutions fast [66].

» Rapid prototyping and development: Rapid development and prototyping are made
possible by low-code platforms. Companies can quickly develop and re ne new
concepts and apps by utilizing low-code platforms. This exibility is essential in a
fast-moving corporate environment, where requirements can change abruptly [66].
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« Data integration and management. Effective data management and integration of
several data sources are possible with low-code platforms. Businesses that need to
signi cantly combine vast volumes of data from many sources may nd this very
helpful [66].

» Custom business applications: These platforms enable businesses to develop unique
apps that are suited to their own business requirements and work ows. This can
include consumer applications, as well as internal tools for staff use [66].

» Customer relationship management (CRM) and sales automation: Low code plat-
forms can be used by businesses to improve customer engagement and sales pro-
ductivity by automating sales processes and developing or upgrading CRM systems
[66].

« Supply chain management. Supply chain processes, including distribution and
transportation, as well as inventory management, can be made more ef cient with
low-code [66].

» Reporting and analytics: Applications for improved reporting and analytics may be
developed by businesses, allowing them to make data-driven choices more quickly
and effectively [66].

» Compliance and risk management: Solutions to manage risk assessment and man-
agement, as well as compliance with various requirements, can be developed using
low-code platforms [66].

4.2.3 Challenges and Limitations:

Low-code development is becoming more and more popular, as it can accelerate software

development, save costs and promote cooperation. Businesses should be aware of the
challenges and limitations associated with this technique before using it. These are some

of the primary challenges and limitations that come with low-code development.

» Limited Flexibility and Customization: The limitation of low-code platforms lies
in the prede ned templates and components that limit the level of applications to
which they can be customized to meet speci ¢ business requirements. Finding a
suitable balance between speed and individualization is one of the most important
things.

 Integration Complexity: Integration of applications with existing systems and databases
is demanding, as these systems are becoming more and more complex. In order to
achieve effective integration with older systems as well as the third-party apps, low-
code platforms should provide powerful integration capabilities.
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» Security Risks: The security of low-code applications should be a top priority for
the platforms, as they ensure that the applications are safe from any vulnerability
and fall within the regulations of the industry. Inability to handle security correctly
can lead to data leaks and legal implications.

» Scalability Challenges: Low-code platform applications need to be adaptable enough
to meet evolving business needs and handle increasing loads. To achieve scalability,
extensive planning and architectural work are required.

» Dependency on Skilled Developers: Low-code platforms are meant to be user-
friendly, but in order to solve complicated issues and complete advanced activities,
experienced developers are required. Hiring a competent team that can fully uti-
lize low-code development's strength and potential is something that organizations
should focus on.

* Vendor Lock-in: Most low-code platforms do not allow access to the source code,
making it dif cult to migrate programs to different platforms. This limitation will
force the business to continue working on the same platform or rebuild it from
scratch, which will result in a substantial increase in time and cost.

» Team Collaboration: The shortcomings of low-code platforms often are that they
do not provide the appropriate platform for team cooperation. The lack of standard
mechanisms for code reviewing, as well as pull requests, can cause con icts or over-
writes with multiple people working on the project, and this may be the cause of the
issue of maintaining coherence.

» Developer Experience and Limitations: At this early stage, the user experience of
most existing low-code and no-code products is typically not up to the expected level
of quality. This can severely reduce development productivity, since developers may
have to choose between depth of feature and convenience of usage.

To deal with these problems, companies should consider adopting a hybrid development
model, establishing a dedicated team responsible for integration solutions, assigning an
unambiguous security position, establishing a scaling plan, and conducting continuous
staff training. Moreover, organizations would be responsible for a good appraisal before
adoption and ensuring the platform is scalable and meets the long-term needs of the entity.
Some of the most popular low code development platforms are [68]:

* OutSystems

* Appian

» Microsoft PowerApps

 Salesforce Lightning
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* Mendix

» Zoho Creator

Quickbase

e Creatio

4.2.4 No Code Development

With the use of the no-code software development process, anyone without any prior pro-
gramming experience or knowledge may develop and distribute apps without writing any
code. By utilizing a robust visual programming environment with drag-and-drop func-
tionality and pre-existing components, no-code development gives users the opportunity
to construct web and mobile applications without ever writing a line of code [69].

Some of the common functionality that no code tools provide is as follows:

» A good, user-friendly interface with a drag-and-drop editor, visual work ow, and
other capabilities that allow users to develop apps without writing any code [69].

A collection of already assembled components, such as forms, tables, buttons, and
other user interface elements commonly used in software systems [69].

» Users can use website, mobile, and work ow templates to start using their no-code
apps [69].

Integration with other tools and services, such as payment gateways, email mar-
keting platforms, and customer relationship management (CRM) systems, enables
users' apps to connect to other systems and data sources [69].

A variety of deployment choices, enabling customers to roll out their apps on other
platforms, the web, or mobile devices [69].

425 Use Cases:

No-code development platforms have been more popular in the last several years, allowing
companies and people to develop software applications without having to write traditional
code. These platforms meet a variety of demands and circumstances by providing a range
of use cases. The following are a few typical applications for no-code development plat-
forms [70]:

» Rapid Prototyping: Without requiring extensive coding skills, users may construct
and validate application prototypes using no-code development platforms. This case
study has several bene ts, particularly when it comes time to design and you require
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prototypes based on user feedback [70]. Programming visual tools and pre-built
modules speed up the approval and prototype process, cutting down on time-to-
market and length accordingly.

 Internal Tools and Automations: Organizations frequently need specialized internal
tools and automated processes to optimize operations and improve operational ef-
ciency. No-code platforms enable non-technical people to create solutions without
relying on IT resources [70]. From staff onboarding systems to data gathering forms
and work ow automation, no-code platforms allow the building of customized apps
that answer particular business objectives.

» Cost-Effective Solutions: It may be expensive and resource-intensive to develop
apps using standard coding techniques, particularly for startups and small enter-
prises. By eliminating the requirement for specialist developers and cutting down
on development timeframes, no-code platforms provide a more affordable option
[70]. Thanks to this use case, businesses may construct useful apps without having
to pay hefty costs for developing proprietary software.

» Reduced Maintenance Costs: Conventional software programs may be dif cult and
expensive to maintain and update, sometimes needing specialist knowledge and re-
sources. Due to its visual design and pre-built components, no-code systems of-
ten have cheaper maintenance expenses. The dif culty of updating and improving
custom-coded apps is decreased, as is the overhead involved in doing so.

» Agility and Iteration: No-code platforms provide for more agility and iteration in
application development. Because modi cations may be made fast and without con-
siderable coding, rms can swiftly adjust to changing requirements, user input, or
market situations [70]. This use case provides a more iterative development strategy,
allowing applications to be improved and re ned on a constant basis.

» Easier Maintenance and Over-the-Air Updates: Maintaining and upgrading pro-
grams becomes easier with no-code platforms. Many systems support over-the-air
(OTA) updates, which allow upgrades to be sent to deployed apps without the need
for manual intervention [70]. This use case streamlines the update process, ensuring
that apps are up to date with the newest features and advancements.

» Order management: No-code platforms may be used to create order management
systems that help organizations optimize their order processing and ful liment pro-
cedures. These apps can interface with a variety of systems, including inventory
management, shipping, and payment gateways, to provide a consolidated order
management solution [70].

» Employee directories: Employee directories are a common use case for no-code plat-
forms in business. Companies may use these platforms to create customized di-
rectories that include employee information, organizational hierarchies, and search
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functions [70]. Employees may instantly modify and access these directories, which
improves internal cooperation and communication.

4.2.6 Challenges and Limitations:

Much like low-code development platforms, no-code development platforms (NCDPSs)
have revolutionized software development by enabling non-technical individuals to write
programs using graphical user interfaces and con guration instead of traditional cod-
ing [71]. Though these platforms save development times and improve accessibility, they
have a number of drawbacks that may restrict their applicability in settings that are more
complicated or scaled. Some of the challenges and limitations associated with no code
development tools are described below:

» Limited Customization: Most no-code platforms come with ready to use templates
along with limited customization options making it hard to build robust applications
which cater the unigue business requirements [70].

» Scalability Concerns: No-code platforms may be not designed for managing large
amount of data or number of users so it would be dif cult to develop applications
that the broader audience uses them. Scale to handle more traf ¢ from users or
complex functionalities are still a limitation that many no-code tools have [70].

» Vendor Lock-In: The no-code platforms are proprietary, thus, if a project was build
with a certain platform, it can be hard to migrate or have another platform. It may
reduce the agility and portability of programming and hurt the chances to apply new
gadgets or methods [71].

» Limited Integration and Collaboration:  No-code platform may have a drawback of
integration of other systems and collaboration between technical and non-technical
personnel too. This can obstruct the smooth data ows and automation of work ow
among various tools [71].

» Data Security and Compliance: It may be dif cult to ensure data security and reg-
ulatory compliance while using no-code applications. Organizations should exercise
extreme caution when it comes to access restrictions, encryption, and data protection
to prevent unauthorized access or data breaches[71].

Some of the popular no-code development platforms are:
» Bubble

 Airtable

» Web ow

o Zapier
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¢ Quickbase

» FlutterFlow

4.2.7 Difference between low code and no code development

The following table highlights the key distinctions between low-code and no-code devel-
opment tool:

Figure 4.2: Low Code Development vs No Code Development [72]

4.3 Core Principles of Low/No-Code Development Platforms

Traditional application development always requires skilled coders and is typically de-
layed until the department of those coders in IT approves any creation or modi cation of
apps [73].

Low-Code Development Platforms (LCDPs) and No-Code Development Platforms (NCDPSs)
utilize visual programming, model-driven development, and automatic code generation
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concepts. These platforms are generally intended for users who are already familiar with
their company's department's technological stack, protocols, and work ows, independent
of their programming expertise level. Individuals with and without prior experience will
be required to participate under the concept [73].

The core principles are described below:

» Visual Programming (Drag-and-Drop Interfaces):  Drag-and-drop interfaces re ect
a paradigm shift in software development, with a focus on visual connections rather
than textual code. This interface allows users to create programs by dragging and
dropping objects such as texts, buttons, and connections onto a grid and organizing
them to construct a working user interface and work ow [73] [74]. This visual mode
converts fundamental coding logic into graphic blocks that are much easier to grasp
and work with, lowering the technical barrier to app creation. Not only accelerates
work ow and core tasks, but also democratizes software development, making it
available to a wide range of stakeholders, including business analysts, designers,
and subject matter experts [73].

Figure 4.3: Traditional Programming vs Visual Programming [74]

» Model-driven Design: Model-driven design is the basic idea behind LCND plat-
forms, which uses high-level concept models to de ne an application's design by
categorizing its structure, behavior, and interaction of application components. This
solution automates a substantial portion of the app production process; the system
converts technical models into operational apps using a set of prede ned rules and
a library of templates. The model-based architecture naturally encourages quick and
repeated simulations and versions of the application, as any changes to the model
are immediately re ected in the code without the need for manual intervention [58].

This exibility feature ensures that app development is done quickly and easily and
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Figure 4.4: Model Driven Development [58]

that any changes based on feedback and growing needs are properly addressed. On
the contrary, model-oriented design integrates technological and syntactical aspects
into the design solution in a smooth manner by focusing on the domain layer, which
is the logical part of software development. In addition to making the development
cycle more beautiful and deliberate, the idea also lends the application design a more
focused and strategic approach [58].

» Automatic Code Generation: Automatic code creation in low/no-code Development
platforms simpli es software development by eliminating the tediousness of manual
coding. These systems, such as OutSystems and Mendix, start code creation via a vi-
sual interface, turning user actions into executable code using model-driven concepts
[75]. Using pre-de ned templates and libraries, users, including citizen developers,
can focus on functions while the platform addresses technical needs such as reusabil-
ity and usability. Automation empowers developers by making app development
more accessible while also improving code quality, maintainability, and processes,
allowing for the effective and easy creation of software in a dynamic digital arena
[73].

Low-Code/No-Code (LCND) development is a more ef cient way to build software
than traditional coding. Here is an overview of the key steps involved.

» De ning the needs and desired outcome: To begin low/no-code software develop-
ment, the rst step is to determine the project's business requirements and end goals.
Recognizing the problem to be solved, the possible users and the data needed for the
required functionalities is critical at this stage [73].
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» Drawing a Business Process or Work ow: low/no-code Business Process Manage-
ment (BPM) and development technologies are used to establish and capture the
desired procedures and work ow. Dividing the application into modules based on
its intended use, and then generating these modules as independent components.
These modules can collect data, initiate actions or events, and combine to deliver all
desired results [73].

» Testing and Deploying the Project: After developing the application using low/no
coding platforms, the next step is to test and deploy the product. low/no-code sys-
tems that eliminate complexity from the back end, facilitating testing by IT specialists
and beta testers. Once the feedback-based adjustments have been implemented, the
application may be made available to the general public [73].

4.4 Current State & Trends of low/no-code Development

With the rise of low-code and no-code development platforms in recent years, the land-
scape of software development has undergone signi cant shift [76]. The process of devel-
oping software has been transformed by these newly developed tools, which enable both
technical and non-technical people to construct completely working software applications

without writing a signi cant amount of code.

Low-code and no-code development has evolved to meet the demand for quick, ef cient,
and accessible software. Customers from many business sectors perceive these platforms
as a strategic asset that enhances prototyping, streamlines procedures, and empowers citi-
zen developers [76]. Understanding the current and future of low-code and no-code devel-
opment requires understanding the key trends, developments, and challenges that shape
this dynamic ecosystem. Some of these patterns and present conditions are mentioned
below:

* Increasing Adoption and Mainstream Acceptance: A major factor in uencing low-
code and no-code development is the growing recognition of the platforms as more
people start using them. According to the 2022 survey by Mendix, 94% [76] of enter-
prises from different sectors used low-code solutions in comparison to 77% in 2021
[76], as stated earlier. Furthermore, 69% of the respondents acknowledge that their
companies need to adapt low-code options rather than utilize them only for tempo-
rary measures [76]. This transformation of view is an acknowledgment that low-code
and no-code development approaches become a strategic competitive advantage to
the business.

» Expanding Use Cases and Industry Adoption: Low-code and no-code development
is no longer restricted to speci c use cases or only for small-scale companies [76].
These platforms are being deployed across numerous elds, such as health care, e-
commerce, education, and public institutions. Employers take advantage of these
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tools to resolve issues related to logistics, the supply chain, and customer support
[77].

* Increasing Integration and Collaboration:  With the ongoing development of low-
code and no-code tools, collaboration and exchange become increasingly crucial [77].
Platforms are no longer con ned to very simple functionality but also provide more
advanced alternatives such as real-time or seamless interaction with current systems,
real-time collaboration, and version control tools. The company's continuous success
can be due to larger businesses' demand for a platform that allows for increasing
levels of cross-departmental connectivity [78].

» Emergence of Citizen Developers: The introduction of low-code and no-code devel-
opment has contributed to the concept of "citizen developers,” which are individuals
who can build apps themselves utilizing these platforms without prior coding ex-
perience [77]. Such movement will continue since technology increases user base
diversity and allows individuals to participate in software development while also
meeting their commercial objectives [78].

» Advancements in Al and Machine Learning:  The current trend is that low-code and
no-code development platforms integrate Al and ML to enable their users to create
more complex apps without having specialized technical knowledge. This trend is
anticipated to be faster as advanced technologies become more affordable and user-
friendly [77].

The evolution of Al-integrated platforms has greatly aided the expansion of the
worldwide low-code and no-code sectors that were valued at $13.2 billion in 2019
and growing at a rate of 21% per year [79]. Al-based support in these techniques is
expected to contribute to market growth, potentially increasing the number of users
from $50 billion to $167 billion over the next four years [79]. This integration aims
to boost the in uence of citizen developers on typical coding activities while also
improving performance. However, the language barrier between natural language
and generative Al can impede the democratization of software creation, necessitat-
ing instructional support [79].

» Evolving Pricing and Deployment Models:  As the low-code and no-code develop-
ment markets grow, pricing and deployment strategies will likely alter [78]. Plat-
forms may provide more exible and scalable pricing choices to meet the expanding
number of users and complexity of applications. Furthermore, cloud-based deploy-
ment and subscription-based models are expected to become increasingly common,
giving enterprises greater exibility and scalability [77].

To summarize, the current state of low-code and no-code development is characterized by
greater popularity, wider use cases, improved integration and collaboration capabilities,
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the rise of citizen developers, breakthroughs in Al and machine learning, and exible pric-

ing and deployment options. These advancements highlight the platforms' transformative
impact on the software development landscape, allowing both technical and non-technical
users to create new solutions with more ef ciency and effectiveness.

4.5 Existing Low/No-Code Development Platforms

In this section, we are going to explore some of the major players in the low-code and
no-code development arena that are currently shaping the market. We'll look at platforms
like OutSystems, Mendix, and Joget DX. Our discussion will dive into what makes each
platform tick—their key features, how they operate, and what sets them apart in terms of
strengths and weaknesses. This exploration will help us understand how these platforms
respond to different needs and operational requirements.

45.1 OutSystems

OutSystems is a leading low-code application development platform with a strong pres-
ence in the enterprise sector. OutSystems is designed to facilitate quick application devel-
opment and delivery, allowing enterprises to build and launch sophisticated applications
with little hand-coding [59]. The platform's novel approach has received praise from in-
dustry experts and research groups, establishing it as a leader in the low-code development
scene.

Visual Development Environment.  QutSystems' major component is its sophisticated
visual development environment, which abstracts away the complexities of traditional
coding. A drag-and-drop interface, pre-built components, and visual modeling tools can
help developers design and create apps quickly. This visual method accelerates the de-
velopment process, reduces human mistakes, and allows developers to focus on business
logic and application functionality rather than low-level code [59].

Model-Driven Architecture: It implements model-driven design, which views applica-
tion infrastructure through the lenses of logical, visual, and data layers. These designhs
offer increased exibility, easily accessible scalability, and the chance to reuse components
[80]. Developers may describe data models, business processes, and integration points,
and the platform leverages visual tools to generate the underlying code. This eliminates
the need for developers to start from scratch, ensuring that the output is consistent and
follows best practices [66].

Cloud-Native and On-Premises Deployment: In order to satisfy the diverse demands
of organizations, as well as location-independent requirements, OutSystems offers both
cloud-native and on-premises deployment options. The foundation of cloud-native de-
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ployment is containers, which combine with orchestration technologies to enable resilient
environments, automated upgrades, and enhanced load management [81]. Alternatively,
businesses can opt to integrate OutSystems into their infrastructure, which would enable
them to maintain control over any other service provider. All the while, they would capi-
talize on OutSystems' extensive feature set for solution development.

Enterprise-Grade Capabilities: It is designed to address the performance, security, and
scalability problems with corporate applications, which need a signi cant amount of com-
puting power. It offers extensive security features that others would not, such as data en-
cryption, role-based access control, and compliance with industry standards like HIPAA
and GDPR [82]. Additionally, pre-built interfaces for the APIs and integrated data sources
are there, along with functionality from other systems. The same technology is also used
to smoothly connect the bespoke integrations.

Ecosystem and Community: A vibrant ecosystem and community of developers, partners,
and clients have been established by OutSystems. Developers may exploit pre-existing re-
sources and shorten development cycles by taking advantage of the extensive selection of
reusable components, templates, and connectors available in the OutSystems Forge [83].
In addition, the OutSystems Community offers a cooperative setting for information ex-
change, best practices, and assistance, encouraging ongoing education and creativity.

Continuous Innovation and Roadmap: As part of its ongoing commitment to innova-
tion, OutSystems often updates its platform with new features and improvements. In
order to maintain the platform's leadership in low-code development, the business bases
its product roadmap on input from customers, market trends, and upcoming technologies
[84]. Improved DevOps integration for faster application delivery, improved mobile app
development tools, and more arti cial intelligence (Al) and machine learning (ML) capa-
bilities are some of the most recent advances.

Platform Architecture: The OutSystems platform's architecture is built for high-performance
low-code development, allowing programmers to easily create a variety of applications.
The platform provides several deployment options for various corporate infrastructures
and tech stacks [85]. OutSystems provides a layered environment that facilitates the devel-
opment of applications that modify internal business processes, expand systems of record,
restructure important business systems, and construct web and mobile applications. Key
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Figure 4.5: OutSystems Platform Overview [85]

Components of OutSystems Architecture are:

» Cloud-native Architecture (ODC): Developers may create and launch apps in a
cloud environment using OutSystems Developer Cloud (ODC), a cloud-native de-
ployment solution [85].

Figure 4.6: Cloud-native architecture: ODC [85]
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» Cloud-ready Architecture (OutSystems 11 Cloud): Building extensible apps that
can operate on a typical.NET application server is made easier with the common
architecture offered by OutSystems 11 Cloud, a cloud-ready platform [85].

» Key Tools and Environments [85]:

Figure 4.7: Key Tools and Environments [85]

— Service Studio: It's the environment for creating various part of the applica-
tion stack.

— Integration Studio: It is for creating components to extend the platform and
integrate with third party applications.

— Platform Server: This is the core server component that generates, optimized,
complies and deploys applications.

— Builders: SaasS tools to simplify the complex development activities like creat-
ing work ow apps and integrating with external systems.

» Management Consoles [85]:

— Service Center: It manages the operational aspects of the environments.

— LifeTime: This enables centralized management of development environments
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» Infrastructure and Security: Outsystems cloud uses AWS data centers with ded-
icated virtual machines and database instances. For security measurements, it in-
cludes AWS Security Groups, Web Application Firewall(WAF), and high availability
options [85]. Customers has the option to upgrade to a high-compliance Outsystems
Cloud For enhance security and compliance measures.

Although the OutSystems platform has many advantages, users and organizations should
be aware that it also has limitations and obstacles. These elements may have an effect
on the user experience as a whole, integration capabilities, and the development process.
Now let's examine the drawbacks and restrictions of the OutSystems platform.

» Licensing Model and Cost Constraints: The OutSystems licensing and application
object fees could probably be very challenging, for example, for enterprises that
need their business to expand. It is often dif cult to justify the expenses of future
developments due to high user license costs and user number restrictions [86].

» Migration Challenges: There might be some challenges involved such as the migra-
tion of data or applications from other platforms to OutSystems as there aren't many
language importers available in it. This makes the process of migrating the existing
applications or the data to the OutSystems platform smoothly challenging [86].

« Documentation Quality: There are a couple of issues with the OutSystems docu-
mentation, such as empty pages and duplicate or missing content, which are partic-
ularly in the best practices' standards. Such bugs make it dif cult for developers to
take full advantage of the platform, resulting in chaos and ineffectiveness [86].

» Limited Database Integration: OutSystems' incompatibility with numerous databases,
including PostgreSQL and Google Sheets, may limit the exibility and compatibil-
ity of programs built on the platform. Organizations that rely on certain database
systems may have issues as a result of the absence of native integration, potentially
reducing the platform's usefulness for their needs [86].

» Community Support and Isolation:  Because the OutSystems platform has a unique
community forum for member engagement, users might not be able to get help
outside of this of cial channel. When attempting to troubleshoot issues or engage
with a wider community, some users may nd it challenging to access forums and
nd solutions. This might have an impact on the project and their experience [86].

» Development Process Overhead: Small changes, e.g. adding a feature or modifying
the user interface, result in more complexity because the whole program has to be
published again. This can lead to disruptions in the smooth working of development
processes and make them in exible [86].

Although the OutSystems platform has several bene ts, such as low-code development,
scalability, and integration possibilities, users should be aware of its drawbacks and limits.
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Comprehending these concerns may aid businesses in making well-informed selections
and adeptly navigating the complex nature of software development through the utiliza-
tion of the OutSystems platform.

4.5.2 Joget DX

Joget DX is a cutting-edge open source application platform built to speed and simplify
digital transformation. Joget DX is a simple, adaptable, and open platform that combines
the best of business process automation, work ow management, and low-code app de-
velopment. Business and technical teams may collaborate to rapidly build full- edged

business applications visually, from anywhere, at any time [87].

Some of the features of Joget DX platform are as follows [87]:

» Non-programmers may create and manage apps from anywhere at any time using a
web-based visual approach..

Shortens the time to market from several months to a few weeks or days [87].

Joget DX-built applications are ready for the cloud and mobile devices.

It offers plugin architecture for extension and APIs for integration.
« It also has “App Store” for enterprise apps — Joget Marketplace

It emphasizes the following key focus areas [87]:

» Progressive Web Apps (PWA) and User Experience (UX): Joget DX encourages
Progressive Web Apps (PWA) development in order to provide apps that function
seamlessly and provide an app-like experience regardless of the device used. PWAs
are essential in current web applications since they enable of ine capabilities, load
quicker, and allow for platform-independent interfaces. This underlines the signi -
cance of user experience, which ultimately contributes to user approval [88].

* DevOps and Application Performance Management (APM): Joget DX makes use
of DevOps technics such as continuous integration and delivery (CI/CD) and en-
ables enterprises to do rolling updates quickly and manage the applications better.
Moreover, with Application Performance Management (APM), errors are detected
and xed to guarantee the speed of service levels to meet clients' expectations [88].

* Arti cial Intelligence (Al) and Smart Decisions: Joget DX integrates arti cial intel-
ligence (Al) into applications to enhance decision-making processes. Al in Joget gives
smart systems the capacity to make automated judgments on complex processes em-
ploying data-driven insights, resulting in more effective and ef cient operations [88].
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Figure 4.8: Joget DX focus areas [87]

» Extensibility via Add-On Builders and Enhanced Work ow: Extensibility is one
of the key features of Joget DX, as it gives users the ability to add builders in order
to tailor and extend the features of their applications. The enhanced capabilities
of work ows imply that, no matter how complicated a business may be, it can be
automated and controlled smoothly [88].

Platform Architecture: The Joget DX platform architecture is intended to offer a ex-
ible and scalable environment for developing and delivering corporate applications. It is
an open-source platform that employs a no-code/low-code approach, allowing users to
develop apps without signi cant programming skills.

Key Components of Joget DX Architecture:

Figure 4.9: Joget DX Pluggin Architecture [87]
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* Plugin Architecture: Standard Java Plugin and Dynamic OSGI Plugin are the two
forms of plugin packaging that Joget DX supports. Because of this architecture,
developers may add new plugins to increase the functionality of the platform [87].

» Embedded Git Integration: For cooperative development and deployment, Joget DX
works with Git. Due to this connection, deployment procedures may be automated
and several users or teams can work on the same application at once [88].

Figure 4.10: Joget DX Embedded Git Integration [88]

» Arti cial Intelligence (Al) and Smart Decisions: The platform contains plugins for
process choices and decision making, which may be linked to process routes. It also
includes a no-code TensorFlow Al plugin to integrate pre-trained Al models into
applications [88].

Figure 4.11: Joget DX Arti cial Intelligence (Al) and Smart Decisions [88]

» Extensibility via Add-On Builders and Enhanced Work ow: Pluggable Add-on
Builders are now supported by Joget DX, enabling the platform to be expanded with
other visual builders. Additionally, improved work ow plugins are included in this
feature so that work ow forms and behavior may be customized [88].
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