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Abstract

In today's rapidly evolving digital landscape, integrating artificial intelligence (Al)
technologies into platform development is crucial for enhancing efficiency and fostering

innovation.

This research delves into Al-driven use cases within the Red Hat integration platforms
development tools and identifies practical applications that optimise development
processes and business models. It provides examples such as code generation and support
by ChatGPT and introduces Al agents for intelligent error handling, monitoring, and

coordination in the development process.

Utilising qualitative research and case study methodology, the study explores historical
aspects, technological background, and real-world scenarios to offer actionable insights
and recommendations. By examining Al's impact on programming processes and business
models, the research highlights the potential of Al technologies to streamline workflows,

optimise resource allocation, and expedite project timelines within integration platforms.

The findings underscore the significance of strategic planning, collaboration, and iterative
data analysis in successfully integrating Al into development processes. Overall, the
research aims to provide valuable insights for professionals in the field and demonstrate
the benefits of Al-driven solutions in revolutionising integration platforms such as Red Hat

OpenShift.
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1 Introduction

In today's rapidly advancing technological landscape, Artificial Intelligence (Al) integration
has become a transformative power across multiple industries. As businesses strive to stay
competitive in an increasingly digital landscape, adopting Al technologies has become
imperative for driving innovation, enhancing efficiency, and unlocking new growth

opportunities.

Industry 4.0 is an extension of the Third Industrial Revolution, also known as the digital
revolution, which lasted from the 1950s to the early 2000s. This new era surpasses
previous technological advancements with four game-changing disruptive

technologies. (IBM, 2024)

Also, in 2016, Gartner explored the profound impact of Al on businesses, as Laurence
Goasduff conveyed a powerful message. Industrie 4.0 aims to enhance industrial
competitiveness through digital value chains. It requires a transformation emphasising

strategic goals, digitalising core competencies, and change management. (Goasduff, 2016)

Today, in 2024, we witness the realisation of these predictions as businesses undergo

strategic transformations to embrace the opportunities presented by Al in Industry 4.0.

This thesis examines the potential benefits of implementing Al technology beyond
technological advancements. The study investigates the integration of Al technology for
DigiFinland Oy and its potential impact on business models. The research aims to identify
1-2 applicable use cases within a specific field and propose relevant enhancements to the
business plan. These insights align with those provided by well-known Al-based tools such

as OpenAl ChatGPT and Al Agents.

1.1 The client

The client for the master's thesis is DigiFinland Oy, a development company partly owned
by the government and recently founded welfare areas. The government owns 33.4% of
the company, and the other owners are the welfare areas, Helsinki, and the Joint Authority
of the Helsinki and Uusimaa Hospital District. The company has an "in-house" status with

regard to the organisations mentioned above.
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DigiFinland Oy develops national digital solutions that improve the impact of social welfare
and healthcare. One of the company's products, known as 116117, is a healthcare
information and guidance service that includes 97% of the Finnish population as of 2021.
The company also provides digital solutions for rescue services, planning, and built

environment planning (Antila Mirva, 2023).

1.2 Background and problem statement

DigiFinland Oy is confronted with the ongoing challenge of optimising its software
development processes to achieve cost savings while maintaining efficiency and

innovation.

After evaluating multiple technological solutions, the client has decided to adopt the open-
source technology Red Hat, an open-source platform product. After thoroughly analysing
and considering various factors, this technology was deemed the most suitable option for
the client's needs. With a focus on programming within the Red Hat OpenShift platform,
the company seeks to explore the potential benefits of integrating Al technologies to
streamline development workflows and reduce programming hours, thus driving

development costs.
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Figure 1 Technology landscape chosen by the client

Furthermore, as the company evaluates the adoption of Al capabilities, it aims to assess
the broader implications for its business model. Understanding how the integration of Al

technology can not only enhance software development practices but also reshape the
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company's value proposition and revenue streams is essential for strategic decision-making

and long-term sustainability.

This research attempts to identify and analyse concrete use cases where implementing Al-
driven solutions on the Red Hat OpenShitft platform can lead to cost savings in software
development for the client. By examining the intersection of Al technology, software
development efficiency, and business model innovation, this study aims to provide
actionable insights that enable the client to harness the full potential of Al while navigating

the evolving landscape of digital transformation in social welfare and healthcare.

Integration is connecting different software components, applications, and data sources.
Integration platforms are software tools that facilitate integration solutions. Red Hat
OpenShift is a leading integration platform that leverages Al and machine learning to
provide intelligent features for integration tasks. This research focuses on the Red Hat
OpenShift platform, the client's chosen development tool, especially in the Quarkus and

Apache Camel frameworks.
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Figure 2 Scope defined for the research and thesis: Red Hat OpenShift and development frameworks
Quarkus and Apache Camel.

The development work on the integration platform is partly done with in-house resources

and primarily through purchased consulting services.



1.3 Aim of study

Through a comprehensive analysis of real-world scenarios and practical applications, the
intention is to provide actionable insights and recommendations to optimise the efficiency

and effectiveness of integration development processes within the organisation.

In addition to identifying use cases, another crucial aspect of this research is to evaluate
the impact of integrating Al technologies on the organisation's business model. The
approach is to comprehend the broader implications for the organisation's operations,
strategic planning, and revenue streams by evaluating how Al-driven integration
development can optimise resource allocation, streamline workflows, and accelerate

project timelines.

This study provides valuable insights and practical recommendations to empower the
organisation to harness Al's transformative potential in integration platform development.
By strategically leveraging Al technologies, the organisation can augment its competitive
edge, drive innovation, and achieve sustainable growth in the rapidly evolving digital

landscape.

2 Methods

The research method chosen for this thesis is qualitative and will use a case study
methodology. This methodology aims to offer descriptive information and propose
theoretical significance. Detailed descriptions allow for a deeper and more refined

comprehension of the case.

2.1 Description of the research

The research will analyse Al's impact on programming processes and the business model,
exploring its potential to optimise resources and accelerate project timelines. The findings
of this study will provide insights into Al's impact on integration development processes
and support the client in making informed decisions about implementing Al-based

integration platforms.

In the digital era, integration platforms like Red Hat OpenShift are pivotal in connecting

diverse applications. This study investigates how Al technologies can enhance such
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platforms to uncover practical use cases, optimise development processes, and improve
cost efficiency and productivity. Analysing Al's impact on programming and business
models offers valuable insights to support informed decision-making in implementing Al-

powered integration.

2.2 Case studies methodology

When conducting research, choosing the right research design that best suits your
objectives is essential. A case study is one type of design often suitable for obtaining solid,

situational, and detailed information about a specific real-world subject.

A case study is a qualitative research method that involves an in-depth examination of a
single event, person, group, or phenomenon. It allows the researcher to explore the case's
key characteristics, meanings, and implications in detail. This approach is considered
valuable when the researcher seeks a thorough understanding of a complex and

multifaceted subject.

This thesis was conducted by using efforts to gather information from a wide range of
reliable sources covering Al, ML, DevOps, Red Hat, and related technologies. Using a
qualitative research approach, case study methodology informed the investigation,
enabling systematic data analysis and theory development. Deep engagement in literature
and iterative data processing aimed to reveal findings and generate empirical knowledge.
Through careful inquiry, valuable contributions to academia and practical insights for
industry practitioners are expected, enhancing understanding and advancing research in

technology implementations.

Case studies provide a focused and manageable research project when the researcher does
not have the time or resources to conduct large-scale studies. By analysing a single case,
the researcher can gain valuable insights into the subject matter that can be used to

develop theories, models, or frameworks.

In summary, a case study is an appropriate research design when a researcher wants to
comprehensively understand a specific real-world subject. It allows for exploring key case
characteristics, meanings, and implications and is useful when resources or time are

limited.



2.3 Key research questions

The research method for the technical part of this thesis work was mainly based on case
studies of several proof-of-concept implementations related to the Red Hat platform. The

following research questions can be investigated:

— What Al-driven techniques are best suited for integration platforms like Red Hat

OpenShift, and how can they support the company's operations and objectives?

— To what extent does the use of Al affect the amount of work in development

processes compared to traditional methods?

— How will the adoption of Al in programming tasks impact the company's existing
business models, and what benefits and challenges are expected in specific areas of

developing the integration platform?

The research methodology involves analysing primary and secondary sources, focusing on

Al's impact on programming processes and business models.

3 Theoretical framework

This section will discuss Al's technical concepts, principles and applications, such as natural
language models, ChatGPT, neural networks, and deep learning. These concepts are
essential for understanding how Al can enhance the user experience of chatbots in
integration platform ecosystems. The theoretical framework will also discuss other

technologies and tools that are important and used by the client.

3.1 Artificial Intelligence from a historical perspective

The early history of Al and ML is covered in this section, and how these technologies have
evolved is explored. The two approaches to developing Al are discussed, and how hybrid

systems have been created by combining the strengths of both approaches is explained.



3.1.1 First Al models

Artificial Intelligence and machine learning have deep historical roots dating back to the
1950s when the first models in this field were developed. Today, Al is established as a

branch of computer science (Hauck et al., 2019, p. 143110).

As Bodgan M. Wilamowski and J. David Irvin stated 2018 that the oldest intelligent systems,
solving problems using Al methods, were so-called Neural Networks (NN), which could
solve practical problems using learning. (Bogdan M. Wilamowski & J. David Irwin, 2018,

pt. 1.3)

In autumn 2022, the public gained access to ChatGPT, an innovative product from OpenAl
that marked a significant milestone in Al technology. ChatGPT is a robust large language
model (LLM) capable of generating human-like text through conversational prompts and
context, utilising statistical language patterns derived from a vast collection of online text.
LLM Al is a remarkable advancement with the potential to draft full scientific

manuscripts.(Macdonald et al., 2023, p. 219)

3.1.2 Symbolic and connectionist Al

In the past, Al development has been driven by two approaches: symbolic Al and
connectionist Al. Symbolic Al uses logic and rules to solve problems, while connectionist Al
relies on neural networks to process information. Connectionist Al models learn through

training and operate like the brain. (Shavlik, 1994, pp. 321-322)

While symbolic Al systems were seen as more rule-based and straightforward,
connectionist Al models were viewed as more complex but with more potential for learning

and adaptability. (Russel & Norvig, 2022, p. 42).

Over time, when technological advancement, such as improvements in computer power,
enabled researchers to develop more sophisticated Al systems. By recognising the value of
both approaches, the researchers have unlocked the potential of artificial intelligence. By
creating hybrid Al systems, they have found a way to combine the strengths of each
approach, resulting in a more robust and efficient system. Factors that further influenced
the development of Al at this time were the growing amount of available data, research,

and different types of experiments conducted by researchers. (Shavlik, 1994, p. 323)
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Despite their differences, symbolic and connectionist Al have made impressive
contributions to the field. These two approaches grew together over time, and in the 1990s,
they were merged into a hybrid Al design, as described by Towell and Shavlik in the article
Knowledge-based Artificial Intelligence 1994. (Towell G. Geoffrey & Shavlik W. Jude,
1994).

ChatGPT, the conversational interface, was created via early Al technology advancements,
vast research data, and 1990s research-based algorithms. It uses a robust language model
with statistical language patterns from online texts, making it an exceptional tool for

various settings.

3.2 Artificial intelligence and machine learning — an overview

Al is an area of computer science that aims to develop machines capable of performing
tasks that require human-like intelligence. Natural language models are mathematical
models that generate or understand natural language based on statistical methods.
ChatGPT-type interfaces (prompts) include computer programs that use natural language
to interact with humans via text or speech. Neural networks are models that copy the
structure and function of biological neurons and learn from data. Deep learning uses

multiple layers of these models to complete complex tasks.

3.2.1 Artificial intelligence

What is Artificial Intelligence? Al is the replication of human cognitive abilities in computer
systems. These processes include learning, which involves acquiring information and rules
for utilising it; reasoning, which involves using rules and algorithms to arrive at approximate

or definite conclusions; and self-correction.

Al applications include expert systems, speech recognition in language models, and
machine vision. Al can be divided into narrow Al, designed for a specific task, and general
Al (GenAl), which displays human-like intelligence and can perform any intellectual task

that a human can.

Russell and Norvig (2022) describe the process of defining and blueprinting an Al program
as including the following human-like capabilities: natural language processing, knowledge

representation, automated reasoning, machine learning, computer vision, speech
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recognition, and robotics. In addition, the program must be able to behave according to a

human cognitive model. In other words, the program should be able to act in a human way.

(Russel & Norvig, 2022, pp. 19-22)

3.2.2 Machine learning

While Al encompasses a broad spectrum of techniques and approaches, machine learning
(ML) involves analysing data with algorithms, learning from it, and ultimately making
decisions or predictions. In ML, existing data (experience) is used to generate knowledge.
The available data are assigned to classes. Examples are differentiating e-mails into spam
and non-spam or deciding whether a football player should be hired. (Hauck et al., 2019, p.
143110)

Primary ML typically operates on cloud-based computing resources, accessing vast datasets
stored in remote servers. It meticulously iterates through the information, constructing a
model based on the most optimal outcome it achieves during the process. The resulting
model then gives the user predictions for various scenarios. (Russel & Norvig, 2022, pp.

669-670)

3.2.3 ChatGPT and language processing

ChatGPT is a user interface that uses advanced natural language models (NLMs) to perform
various language-related tasks, such as answering questions, generating text, and even
composing poems. These NLMs are trained on massive amounts of data, making them

competent and efficient (Mattas, 2023).

ChatGPT offers human-like text generation, image processing, audio capabilities, and video
support. It uses natural language models to process and generate information, providing

users with an efficient tool for diverse content generation and robust search capabilities.

3.3 Integration platforms and development tools

Integration Platforms have been widely used for decades to facilitate seamless
communication and data flow between systems and applications. Integrating systems and

applications through platforms is critical in reducing maintenance costs and accelerating
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the launch of various development tasks. This approach is crucial for minimising time to

market, which is essential for achieving business goals. (Linthicum David S., 2003, pp. 1-4).

3.3.1 Development and maintenance

Developing new features and performing maintenance work on integration platforms
requires a good understanding of various technologies and programming languages. In
2019, the Environmental Campus Birkenfeld's Institute for Software Systems researched
the challenges associated with developing new features and maintaining integration

platforms, focusing on the Internet of Things (loT).

Their findings highlighted a considerable demand for expertise across various domains,
including protocols, embedded programming, distributed systems, and development tools.
Additionally, their investigation emphasised the potential of Al as a cost-effective solution

in this field, offering promising opportunities for savings and progress. (Hauck et al., 2019).

3.3.2 Open-source solutions

Open-source software (OSS) is developed collaboratively, with the source code accessible
to all users. Unlike proprietary software, where only the original authors can modify the
code, OSS encourages community contributions and improvements. Examples of well-
known OSS applications are the Firefox and Chrome browsers and Android operating

systems. (Synopsys, 2024)

0SS tools and frameworks are essential in software development, especially in today's fast-
changing technological landscape. In his ‘Beginners Guide to Open-Source Innovation,’ Ingo
Boering outlines how OSS development can be split into three periods. The first one starts
as far back as the mid-80s with OSS Operating Systems, with Linux, one of the most
prominent, moving over to OSS databases, web servers, and compilers. The last period can
be seen now when Al and ML tools are incorporated into the software (SW) development

processes.

These tools enable developers to collaborate, innovate, and deploy solutions more
effectively. The programming language Python, combined with the TensorFlow OSS
platform and ML capabilities from PyTorch, as highlighted by Boering, plays an essential

role in the SW industry, particularly with the increasing prominence of Al and ML



11
technologies. Open-source platforms have made Al technologies more accessible and

flexible for everyone. (Boering, 2021)

The primary motivation for developers and businesses to select OSS in their SW
development programs is free access to the code and design files in the chosen frameworks
and toolkits. Other benefits, such as community support and customisation options, shall
also be mentioned when discussing the benefits of OSS. The array of available OSS
frameworks and toolkits in contemporary software development is extensive and diverse.
Developers use open-source resources like Python, TensorFlow, and PyTorch to create,

test, and implement Al in their SW solutions.

Some interesting examples where Al and ML tools have been successfully utilised in SW
development are OpenAl's Codex and GitHub's Copilot, which use Al to assist developers
in generating code snippets and suggesting solutions based on natural language
descriptions. If looking into the critical part of testing, Al-driven tools like Applitools and
Testim utilise machine learning algorithms to automate test case generation, execution,

and analysis. And finally, the commonly known ChatGPT. (White et al., 2019, pp. 2-3)

The open-source technologies the client has selected for the SW development are briefly
introduced in this section before moving on to the next one. RedHat Openshift is a cloud-
based platform that enables developers to build, deploy, and manage containerised
applications based on Kubernetes, an open-source system for orchestrating containers
across multiple hosts. Apache Camel is an open-source integration framework offering
components and patterns for connecting various systems and services, supporting multiple

protocols and data formats, such as HTTP, REST, SOAP, FTP, CSV, JSON, and XML.

Quarkus is an open-source library set that optimises Java applications for Kubernetes and
serverless environments. It offers a fast startup time, low memory usage, and live reload
capabilities. Developers can use these tools and frameworks to create secure, scalable, and

resilient software solutions that utilise Al's power.

In conclusion, integrating open-source tools and frameworks has become indispensable in
modern software development, revolutionising how developers collaborate, innovate, and
deploy solutions. From the emergence of OSS operating systems in the mid-80s to the
current era of Al and ML technologies, open-source platforms have continuously evolved

to meet the dynamic demands of the industry.
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3.3.3 Integration Platform As A Service

Integration Platform as a Service (iPaaS) has become essential to modern software
architectures. It enables effortless communication and data exchange between different
applications and systems. iPaaS provides cloud-based integration solutions that function as
centralised, application-independent systems connecting applications within any

enterprise.

Around the turn of the millennium, the term “enterprise application integration” (EAI)
gained popularity among IT departments. Until then, silo applications — e.g. custom-
developed or packaged, host- or client—server-based—were connected through numerous
point-to-point interfaces within system landscapes. The transition from traditional EAI,
characterised by complex point-to-point connections, to iPaaS, marked a shift towards

more streamlined and efficient integration solutions. (Ebert et al., 2017, pp. 375-376)

iPaaS solutions provide various benefits in today's business landscape. They streamline
integration processes, enhance operational efficiency, and improve agility in responding to
changing business requirements. By providing cloud-based integration capabilities, iPaaS
platforms enable organisations to adapt and scale their integration infrastructure more
effectively, which is particularly important in today's constantly changing business

environment.(Ebert et al., 2017, p. 376)

Furthermore, iPaaS platforms hold the potential for synergy with Al technologies. By
harnessing the power of Al, integration platforms can automate routine tasks, optimise
workflows, and provide intelligent insights into data integration processes. Integrating Al
capabilities into iPaa$S solutions enhances their functionality and enables organisations to
leverage data more effectively for informed decision-making and strategic planning.

(Dhruv, 2023)

3.3.4 Red Hat OpenShift framework

OpenShift is a container application platform developed by Red Hat that leverages
technologies such as Docker and Kubernetes. Docker provides a standardised way to
package and distribute applications and their dependencies into lightweight containers,
enabling consistent deployment across different environments. Kubernetes is an open-

source container orchestration platform that automates containerised applications'
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deployment, scaling, and management. Together, these technologies form the foundation
of OpenShift, allowing organisations to streamline their application development and

deployment processes with efficiency and scalability. (Red Hat, 2023)

By providing a self-service environment for on-demand application creation and
deployment, OpenShift reduces development time and accelerates the release cycle.
Additionally, OpenShift simplifies the process of composing applications by focusing on
service composition rather than individual application objects. This approach makes it easy
to integrate services, such as web containers reusing databases or exposing databases

directly to the network edge. (Cisco, 2019)

In conclusion, the Red Hat OpenShift Container Platform offers a robust solution for
organisations leveraging container technologies for application development and
deployment. By combining the strengths of Docker and Kubernetes, OpenShift provides a
user-friendly environment for managing containerised services, promoting agility,

scalability, and efficiency in modern IT infrastructures.

3.3.5 Apache CAMEL integration framework

Apache Camel is an open-source integration framework designed to help developers build
resilient and scalable applications. One key feature is its ability to support various Domain-
Specific Languages (DSLs) such as Java, XML, Groovy, Kotlin, and YAML. This feature ensures
developers can write code in a language they are comfortable with, improving productivity

and reducing the learning curve.

Additionally, Apache Camel is based on established Enterprise Integration Patterns. This
means that it provides a set of predefined patterns that developers can use to define
routing and mediation rules. This feature ensures that developers can rapidly and easily

create complex integration solutions without starting from scratch.

Apache Camel also uses Uniform Resource Identifiers (URIs) to work with different
transports or messaging models. This feature makes working with other systems, including
protocols such as HTTP, FTP, JMS, and similar systems, easier. Furthermore, Apache Camel
offers pluggable Components and Data Format options. This means developers can use

different data formats and components depending on their needs.
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Finally, Apache Camel provides seamless integration with frameworks such as Spring. This
ensures that the integration works smoothly and that the application is stable.
Furthermore, Apache Camel has extensive support for unit testing routes. This feature
ensures developers can thoroughly test their integration solutions and catch any issues

early in development. (2004-2024 The Apache Software Foundation, 2024)

3.3.6  Quarkus Java framework

Quarkus is a modern framework for Java developers working in a cloud-native
environment. Its Kubernetes-native architecture makes it a powerful toolset for building

robust applications with containers and microservices. (Quarkus, 2023)

As developed, Quarkus comprises high-quality Java libraries that conform to industry
standards. Its mission is to establish Java as the primary platform for Kubernetes and
serverless environments while empowering developers to address diverse distributed

application architectures.(Oh, 2021)

Java developers can benefit from Quarkus's range of practical advantages. Its reactive and
event-driven nature allows for the creation of scalable and efficient applications. In
addition, Quarkus includes various features that enable developers to optimise their
applications for resource utilisation, leading to more efficient performance on cloud

platforms.(Oh, 2021)

In addition to its many features, Quarkus includes an extensive set of extensions that
developers can use to add new functionality to their applications without writing additional
code. This allows developers to focus on building the core logic of their applications instead

of spending time on boilerplate code.

Modern SW architectures rely heavily on integration platforms, facilitating smooth
communication and data flow between systems and applications. iPaaS — solutions offer
cloud-based integration solutions that enhance operational efficiency and improve agility.
When combined with Al, iPaaS presents exciting prospects for automation and
optimisation. Thanks to its efficiency and scalability, the Red Hat OpenShift Container
Platform is an excellent tool for streamlining application development and deployment. By

leveraging integration platforms, organisations can cut costs, speed development, and



15
successfully achieve their business goals. The following sections will discuss potential Al
and other technological solutions that can be used to improve the integration platform's

effectiveness.

3.4 Al and ML in integration platforms

This chapter will explore the intersection of artificial Al and ML technologies with
integration platforms. Although integration platforms are significant, they pose challenges
and expenses in their development and maintenance. The upcoming sections will cover

crucial technical aspects.

3.4.1 Foundational concepts

The following section covers foundational concepts in machine learning, including
discussions of deep understanding, supervised and reinforcement learning, and
backpropagation. It also introduces OpenAl, a non-profit organisation that researches and

creates safe and beneficial Al systems.

The technologies discussed in the following sections are essential and represent the
backbone of Al and machine learning technologies. These revolutionise various fields by
automating complex data processing and feature extraction. Al's capability to handle
diverse tasks, learn from vast data, and adapt through reinforcement learning fosters
innovation and efficiency, transforming industries and unlocking new possibilities. These
are processes and technologies behind Al tools, such as ChatGPT and Agents, which are

discussed in the use cases of this research.

3.4.2 Machine learning methods

When discussing Al and ML, particularly deep learning (DL) techniques, some prominent
researchers, such as Geoffrey Hinton, Yann LeCun, and Yoshua Bengio, cannot be

overlooked. The representation learning model and deep learning field have greatly
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benefited from the work of these researchers, who have been instrumental in their
advancement. Additionally, they have developed deep learning techniques in areas such as
medical image analysis, drug discovery and genetic data to understand the genetic
determinants of diseases. They are also behind the development of Al and ML in the

transportation field.

In the past, ML technology became an essential tool in trading and sales. It was used in
various web types of searches, such as content filtering on social networks and e-commerce
recommendations. Additionally, it became highly efficient in trading for consumer products
like home electronics. ML technologies have been gradually applied across various
domains, including healthcare, finance, and transportation, based on their specific needs

and technological advancements.

Traditional machine learning techniques required careful engineering to design feature
extractors, such as methods and algorithms, that could transform raw data into a suitable
internal representation for pattern detection or classification. This method is referred to as
the representation learning model. Furthermore, Hinton, LeCun, and Bengio describe in
their research that deep learning is a type of representation learning where multiple layers
of non-linear transformations are used to learn hierarchical representations of data.
Utilising DL, automatic extractors of hierarchical features, scalability with increased
computational resources, strong generalisation capabilities, and ongoing algorithmic
advancements have made representation learning easier due to their ability to extract
features automatically, understand multiple levels of abstraction, scale with computational
power and data, generalise well to unseen examples, and benefit from ongoing algorithmic

advancements. (Hinton et al., 2015, pp. 436—437)

After explaining representation learning in the preceding section, the focus will be
exploring supervised learning and backpropagation models. Supervised learning is ML,
where the model is trained on labelled data; the data is paired in input data with
corresponding and correct output data. (Hinton et al., 2015, p. 439) One interesting way of
performing supervised learning is when a ‘free-ware application’ asks the user the question
‘Are you a robot?’ followed by the question 'Please select all the pictures where a bicycle

can be seen’.
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Additionally, reinforcement learning is machine learning. In conclusion, the role of Natural
Language Processing is to maximise some notion of cumulative reward. This approach is
well-suited for dynamic and uncertain environments, making it applicable to various tasks,
including autonomous decision-making and control. Reinforcement learning algorithms,
such as Q-learning and policy gradient methods, can be applied to train agents to make
intelligent decisions over time based on trial and error and environmental feedback.

(Shavlik, 1994)

Backpropagation is an algorithm for training neural networks. Backpropagation can be
utilised for image classification and training deep neural networks. A specific branch of
backpropagation is known as recurrent neural networks (also referred to as RNNs), which
incorporate an analysis of sequential inputs. This has been very useful when speech and
language models have been developed. One of the most promising applications is natural
language processing NLP, which is the ability of machines to understand and generate
natural languages. NLP can enable many valuable tasks, such as machine translation, text
summarisation, sentiment analysis, question answering, and conversational agents.

(Shavlik, 1994)

3.4.3 OpenAl

OpenAl is a non-profit organisation committed to ensuring that artificial general
intelligence (AGI) benefits humanity. The organisation strives to create safe and beneficial
Al systems, conduct innovative research, and revolutionise work and creativity through Al.
OpenAl focuses on research on generative models and aligning them with human values.

The ultimate goal is to create AGI that is both safe and beneficial for society.

OpenAl offers an API platform that provides access to its latest models, including ChatGPT.
The organisation is dedicated to understanding the potential risks and benefits of Al. It
emphasises safety and responsible development to mitigate any negative impact on

society.

The team at OpenAl comprises leading researchers and developers committed to pushing
the boundaries of Al research and development. OpenAl's work is focused on creating

advanced Al technologies capable of transforming industries and enhancing human lives.
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With a strong focus on safety and responsible development, OpenAl is shaping the future

of Al in a way that benefits all of humanity (OpenAl, 2024).

3.4.4 Natural language processing

Natural Language Processing (NLP) background technology involves various techniques and
methodologies for analysing and understanding human language using computational

methods.

Several methodologies are available for NPL, including machine learning and deep learning,
which were discussed in previous sections. Data preprocessing, feature extraction, topic
modelling, sentiment analysis, named entity recognition, and text summarisation are
fundamental in extracting insights, identifying patterns, and deriving meaning from textual

information. (Shaik et al., 2022, p. 56722)

Data preprocessing involves cleaning and transforming raw text data into a format suitable
for analysis by removing special characters, tokenising text into words or sentences,
handling capitalisation, and applying techniques like stemming or lemmatisation. Feature
extraction and topic modelling are essential techniques in NLP for extracting meaningful
information from textual data. Feature extraction involves converting text data into
numerical representations, such as Bag-of-Words, TF-IDF, or word embeddings, to enable

machine learning algorithms to process the data effectively.

Another method is topic modelling, which automatically identifies hidden topics or themes
within a collection of documents, aiding in organising and summarising textual content. By
combining feature extraction and topic modelling, NLP systems can efficiently analyse and
categorise text data, uncovering key patterns and insights for various applications such as
information retrieval, document clustering, and content summarization. (Shaik et al., 2022,

pp. 56732-56733)

Sentiment analysis, also known as opinion mining, determines the sentiment or emotional
tone expressed in a text, such as whether it is positive or negative. Named Entity
Recognition is a technique used to identify and classify named entities mentioned in text

into predefined categories such as names of persons, organisations, locations, dates, and
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more. Text summarisation generates a concise and coherent summary of a longer text

while retaining the most important information. (Shaik et al., 2022, pp. 56720, 56729)

These methodologies form the backbone of NLP applications, facilitating tasks ranging from
information retrieval and sentiment analysis to machine translation and text
summarization. By leveraging these methodologies, NLP systems can effectively process
and interpret natural language data, opening many possibilities for enhancing human-
computer interaction, automating tasks, and deriving valuable insights from textual

content.

In conclusion, the role of NLP technologies in modern computing systems cannot be
overstated. These technologies enable computers to understand, interpret, and generate
human language, paving the way for the development of assistants or co-pilots that assist
in more demanding tasks such as text generation, for example, in different programming

tasks or demanding analyses.

3.4.5 Alin programming tasks

This section discusses ChatGPT's roles in programming and development tasks. It discusses
ChatGPT's various capabilities, such as code completion, correction, snippet prediction,
error fixing, optimisation, and technical query answering, along with its potential to
enhance code quality and troubleshoot effectively. Additionally, the emerging field of
MLOps will be introduced, highlighting its fundamental principles and benefits for enabling

organisations to leverage the power of machine learning.

3.4.6 Boosting programming efficiency with ChatGPT and NLP

In the introduction of the article Role of ChatGPT in Computer Programming, Biswas states
that computer programming is a complex field that requires a deep understanding of

programming languages, algorithms, and data structures. (Biswas, 2023)

The article also discusses ChatGPT’s role in computer programming, highlighting its
capabilities such as code completion, correction, snippet prediction, error fixing,
optimisation, and technical query answering. Keeping up with the latest technologies and
best practices can be challenging for developers. It requires staying on top of industry

trends, identifying potential areas of improvement, and implementing new strategies to



20
drive success. However, with ChatGPT, developers have access to a powerful tool that can
help them stay informed, efficient, and successful. By leveraging ChatGPT, developers can
receive valuable guidance on the latest trends and best practices and assistance in
identifying and fixing technical issues. With ChatGPT's expert assistance, developers can

work more productively, innovate more effectively, and succeed tremendously.

ChatGPT has wide-ranging roles in programming tasks, such as code completion and
correction, code prediction and suggestion, automatic fixing of syntax errors and common

mistakes, and code optimisation and refactoring suggestions. (Biswas, 2023, pp. 9-12).

Guides exist for using ChatCPT with frameworks like Quarkus. They cover creating a new
application, configuring it to talk to ChatGPT, and defining the REST API (Application
Programming Interface) with annotations in Java interfaces. By integrating Al capabilities,
development and problem-solving processes are streamlined. ChatGPT is a valuable aid,
empowering developers to enhance their code quality and troubleshoot effectively. Its
versatility allows it to undertake diverse tasks, from answering queries to generating code

snippets. (Bueno, 2023)

Developers may find themselves stuck and unable to proceed when encountering a code
problem. During such circumstances, ChatGPT can offer priceless aid to developers.
ChatGPT can provide viable solutions or guidance through a simple explanation of the
situation. This service can potentially save critical time and prevent common errors from
occurring. Silkin also highlights the limitations of relying on ChatGPT, such as the possible
drawbacks of receiving incorrect or outdated information. ChatGPT and other Copilot-type
solutions should be seen as assistants, not replacements for skilled human resources.

(Silkin, 2023)

These ChatGPT roles can also make a practical and helpful base for improving efficiency in

programming, development, and maintenance tasks for the client.

3.4.7 Machine Learning Operations (MLOps)

DevOps is a software development practice emphasising communication, collaboration,

and automation between development and operations teams. By streamlining the
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software delivery process, DevOps aims to reduce the time it takes to develop and deploy

software. (Beattie et al., 2021)

MLOps, or Machine Learning Operations, is a relatively new and exciting domain closely
related to DevOps. It refers to the set of methods and tools that are used to deploy and
manage machine learning models in, for example, software production. Unlike traditional
software development, machine learning involves both code and data that are constantly
changing. This poses new challenges for testing, monitoring, debugging, and updating the
models. MLOps seeks to bridge the gap between data science and engineering by
establishing best practices and tools that enable faster and more reliable delivery of

machine learning solutions.

Some fundamental principles of MLOps include version control, continuous integration and
delivery, and automated testing and monitoring. Version control enables data scientists to
track changes in the models, code, and data over time, while continuous integration and
delivery will allow them to deploy updates quickly and efficiently to the models. Automated
testing and monitoring help to ensure that the models are accurate, reliable, and
performing as expected. Overall, MLOps is an emerging field that holds great promise for
enabling organisations to leverage the power of machine learning to solve complex
business problems. By incorporating MLOps into their DevOps processes, organisations can
accelerate their time-to-market, reduce costs, and deliver more innovative and impactful

solutions. (Symeonidis et al., 2022)

3.4.8 Al In SW Development Process

One of the pioneer studies on this topic was done by Kulkarni and Padmanabham (2017).
These researchers presented a framework for incorporating Al activities into various stages
of software development, such as requirement analysis, design, coding, testing, and
maintenance. They also proposed metrics to assess the impact of Al on different stages of
software development. These metrics evaluate the achievement of usability goals within
software applications, such as user satisfaction, efficiency, learnability, and error rates.
Other metrics assess the level of integration of Al activities within the software

Development process. It may encompass factors such as the extent of Al utilisation across
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different development stages, the depth of integration, and the impact on overall

development efficiency and effectiveness.

Earlier, the industry primarily utilised the waterfall model for software development, but
the landscape has shifted with the emergence of agile methodologies. Researchers like
Kulkarni and Padmanabham (2017) have explored how Al frameworks can be tailored to
accommodate both models, providing a reassuring adaptability. This adaptability is crucial
as modern software development, including DevOps practices highlighted in Machine

Learning Operations (MLOps), increasingly leans towards agile methodologies for their

flexibility and iterative approach.(Kulkarni & Padmanabham, 2017, p. 18)

The researchers used Al to support the programming process with intelligent agents. These
agents were used to automate repetitive tasks, summarise complex data, and provide
recommendations, aiding the software development process. As ML was trained, Al
allowed computers to learn without being explicitly programmed. Al was utilised to find
cost-effective choices and achieve high performance within given constraints, which is

important for planning and scheduling in software development.

Today, Al plays a significant role in automating repetitive tasks in software development,
simplifying the building of custom machine-learning models. Automation of machine
learning (AutoML) streamlines tasks such as model selection, hyperparameter tuning, and
training, relieving developers of the manual effort required and significantly speeding up

the development process. (Beres, 2023)

Al integration in SW development processes offers meaningful benefits to developers.
Developers can receive assistance and support through Al technologies throughout the
programming process. Al tools can provide valuable assistance by offering examples and
identifying errors the human eye may overlook. This enhances the efficiency of
development workflows, improves code quality, and reduces the likelihood of mistakes. Al
integration empowers developers to streamline their processes and produce higher-quality

software products. (Kulkarni & Padmanabham, 2017, pp. 19-20)

3.4.9 Al In Distributed Systems

Node and block-based development tools have emerged as invaluable resources for

constructing distributed systems integrated with Al applications. These tools offer intuitive
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visual interfaces, facilitating the design, deployment, and management of intricate systems
while harnessing the power of Al technologies. Node-RED, Ardublockly, Scratch, and Ernest
are examples of node and block-based development tools used for developing applications
for various purposes, including distributed systems and Al-based business models. (Hauck

et al., 2019, pp. 43110-143111)

These development environments facilitate the seamless data flow between visual
interfaces, allowing users to define computational tasks and specify data transformations
easily. Rather than laboriously writing code to articulate procedures and manage
communication channels, users can visually connect blocks or nodes, each representing

distinct operations or data transformations. (Hauck et al., 2019, pp. 143109-143110)

The development of visual programming approaches represents a departure from
traditional coding methodologies like object-oriented programming (OOP). OOP, first
developed by Norwegian scientists in the late 1960s, has significantly democratised
software development by enabling code reuse, modular design, and abstraction.(Black,

2013, pp. 5-7)

From a development and programming perspective, one of the tasks of this research is to
find ways for technical resources without deep programming experience to contribute to
complex tasks such as building and maintaining integration platforms. Another area of
interest is to find methods that enable individuals with less advanced programming skills

to participate in more demanding programming tasks.

3.5 Al-driven Business Model

The integration of Al technologies has revolutionised the business landscape, with notable
examples such as Airbnb, Uber, and Amazon leading the charge. These companies use Al
to fuel innovation and gain a competitive advantage. Shrutika Mishra and A. R. Tripath's
discussion in their journal ‘Al Business Model: An Integrative Business Approach’ (2023)
underscores the foundational role of Al and ML in these commonly known platforms. Al’s
role in automating processes, deriving insights from data analysis, and engaging with
Customers and employees ultimately leads to innovative business dynamics and enhanced
decision-making capabilities. Al's integration into business models facilitates a more

efficient, data-driven approach to business operations. (Mishra & Tripathi, 2021, pp. 1-3)
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Businesses leverage Al technology to revolutionise their business models in several key
ways. Firstly, Al-enabled personalisation leads to Enhanced Customer Experience, where
companies use data to anticipate and meet customer preferences, thereby boosting
satisfaction and loyalty. Secondly, Data-Driven Decision Making empowers organisations
to make strategic choices based on Al-generated insights, instilling confidence in the
decision-making process and leading to better outcomes and competitive advantages.
Additionally, Al facilitates business model experimentation by enabling cost-effective
simulation of different scenarios, allowing companies to test innovative models before full-
scale implementation and further enhancing their confidence in the potential success of

these models.(Lee et al., 2019, p. 1)

Al propels business model innovation by enabling product innovation and risk management
excellence. By analysing market trends, consumer behaviour, and competitor activities, Al
proactively empowers companies to develop products and services tailored to evolving
customer needs, instilling a sense of security in their ability to meet market demands.
Moreover, Al aids in risk identification and mitigation by analysing patterns, enhancing
business resilience, and minimising disruptions, thereby preparing companies for potential
risks. Utilising Al for product innovation and risk management helps companies stay ahead
of the curve, drive growth, and maintain competitiveness in today's dynamic business

landscape.(Lee et al., 2019, pp. 9-10)

Al and ML are critical in driving business innovation by enabling enhanced customer
experience, data-driven decision-making, business model experimentation, product

innovation, and risk management excellence.

3.6 Al-driven Cyber Security

The role of Al in safeguarding internet-connected systems from cyber threats, attacks, and
unauthorised access unveils several critical challenges. Al technologies offer promising
solutions to combat evolving cyber threats and enhance the resilience of internet-
connected systems. The escalating complexity of cyber-attacks necessitating advanced
detection and prevention methods; the overwhelming volume of data generated by
systems, posing a challenge for traditional security systems to process and analyse

effectively; and the reliance of conventional security systems on ad-hoc data processing,
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lacking the intelligence and dynamism required to meet the demands of modern

cybersecurity. (Sarker, 2021, pp. 1-2)

Some examples of cyber types of disturbance are malware attacks, ransomware, and
phishing. These incidents can cause significant disruptions and financial losses, emphasising
the need for advanced detection and prevention, which Al can provide. Al, ML, and DL
technologies offer practical solutions and tools to work against malware attacks. These can
detect cyber anomalies or attacks. In cybersecurity, deep learning methods can be used for
various purposes, such as detecting network intrusions, detecting and classifying malware

traffic, and backdoor attacks. (Sarker, 2021, pp. 8-9)

Cybercriminals increasingly use NLP and security defence tools that understand and
process unstructured data, which are useful for prevention. NLP can also be applied to
analyse unstructured data like user behaviour or system logs for phishing detection and

vulnerability analysis. (Sarker, 2021, pp. 9-10)

In conclusion, the use of Al in cybersecurity has become increasingly important as the
complexity and frequency of cyber-attacks continue to rise. Al offers promising solutions
to detect and prevent various types of cyber threats. These technologies can help enhance
the resilience of internet-connected systems and provide advanced detection and
prevention methods to combat evolving cyber threats. However, as with any rapidly
developing technology, the potential risks associated with Al must be considered and

addressed to ensure that it is used safely and ethically.

4 Result based on literature review

This study explores the integration of Al technology for DigiFinland Oy within the RedHat
Integration platform and its impact on business models. The primary objective of this
research is to identify use cases within a specific field where Al technology can be applied

and propose relevant enhancements to the business plan based on those findings.

The client's expectations and requirements are the basis for the Al-driven use cases in this
research and are applied to areas connected to the integration platform's development
process. The research scope includes Red Hat OpenShift, Apache CAMEL, and Quarkus

frameworks, which are development tools used daily by programmers.
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The use cases presented in this chapter have evolved into two clear branches during the
research process. One branch involves using Al as a ChatGPT solution to directly support
programmers in their work in the Quarkus Framework. The other branch utilises Al and
machine learning as background processes or agents for monitoring and error handling in
the Apache CAMEL framework. If the scope had been defined differently, other use cases
like GRAFANA could have been researched and discussed in more detail. Al solutions in the

GRAFANA framework will be addressed only as a future possible research area in this thesis.

4.1 Al behind ChatGPT and agents

This chapter explores the Al behind ChatGPT and agents, particularly within the context of
NLP technology and Apache Camel. It delves into the foundational concepts of

Connectionist Al and its crucial role in developing NLP models.

4.1.1 ChatGPT and ‘prompting’

As described earlier, Connectionist Al played an essential role in developing the earlier NLP
models. It effectively incorporated prior knowledge into neural networks, which is

necessary for complex NLP tasks requiring understanding and context.

The ability to extract symbolic rules from trained neural networks can aid in the
interpretability and explainability of NLP models. Symbolic rules also make NLP models
more transparent and trustworthy. The integration of symbolic and neural learning
represents a hybrid approach that leverages both methods' strengths, leading to a more

robust and effective NLP, as it is known today.

NLP uses models trained on large datasets to generate texts to predict and produce
sequences of words that form coherent sentences, also called the auto-regressive method.
One essential technique employed in NLP is auto-regressive language generation, where
models trained on large datasets predict and produce coherent sequences of words based
on the previous context. Techniques like auto-regressive language generation are used,
where the model predicts the next word based on the previous words in a sequence. Some
well-known examples of NLP models are, for instance, GPT-4 from OpenAl and BERT

developed by Google. (Yao, 2022)
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Generating code examples with NLP follows a similar process to text generation. Both tasks
involve training a model on a dataset specific to the desired output. For instance, when NLP
is prompted to generate poetry, it is trained on a dataset of poems. Similarly, when
generating code snippets, NLP is trained on a dataset of code examples, such as Java or
Phyton programming code. The model learns the syntax and structure of the programming
language, allowing it to produce new code snippets based on given contexts or prompts.
Similarly to any prompting provided through a ChatGPT interface, an NLP trained in
programming code generates programming code examples (snippets) in response. A
request in a programming context, mentioning keywords related to programming
languages, functions, variables, or specific programming problems, gives the user a

program snippet — not a spring poem.

The literature review has identified several processes and tasks that ChatGPT can facilitate
in programming situations. The technology has shown potential for supporting and
coaching purposes, quality management, performance monitoring, and testing processes.

These areas warrant further discussion and analysis in the upcoming chapters.

ChatGPT has exhibited high efficacy in providing developers with timely and relevant
support. The technology has proven helpful in guiding developers through complex coding
tasks, identifying potential quality issues, and monitoring the performance of software
products. ChatGPT has also been instrumental in streamlining the testing process, enabling

developers to deliver high-quality software products within tight deadlines.

As the transformative potential of NLP tools like ChatGPT in simplifying and accelerating
programming tasks has been explored, it becomes clear that these technologies are poised
to revolutionise the software development landscape within Red Hat's ecosystem.
However, researching and utilising these technologies are ongoing processes with much
yet to be uncovered. In the chapters ahead, a deeper exploration into specific applications
of NLP within programming will be undertaken, examining how these tools can streamline
code completion, enhance error detection, automate technical documentation generation,

optimise code refactoring, and facilitate problem-solving and troubleshooting processes.

Overall, the findings of this literature review suggest that ChatGPT is an asset in the
programming landscape. The technology has the potential to enhance developers'

productivity and efficiency while facilitating the delivery of high-quality software products.
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Conclusion:

NLP tools like ChatGPT have the potential to simplify and speed up programming tasks,
improving developer productivity and efficiency. ChatGPT has proven effective in providing
developers with timely and relevant support, guiding them through complex coding tasks,
and identifying potential quality issues. It can enhance code completion, optimise code

refactoring, and facilitate problem-solving and troubleshooting processes.

The technology has the potential to revolutionise the software development landscape
within Red Hat's ecosystem by improving developers' productivity and facilitating the
delivery of high-quality software products. In summary, NLP systems achieve greater
interpretability, trustworthiness, and effectiveness by extracting symbolic rules and
integrating them with neural network capabilities. Techniques like auto-regressive
language generation and dataset training enable NLP to generate coherent text and code

snippets.

4.1.2 Agents utilising Al

By utilising Al techniques, Apache Camel can effectively model agents' behaviour. These
techniques involve analysing historical data and patterns to predict how agents behave in
different scenarios. Using machine learning algorithms such as decision trees or

reinforcement learning, agents can analyse past interactions and make informed decisions.

One of the main benefits of Al in Apache Camel is that it enables agents to make intelligent
routing decisions based on real-time data and context. By analysing incoming messages or
events, machine learning algorithms can identify the optimal route or processing logic for

each message, thereby improving the efficiency and effectiveness of message routing.

Additionally, Al techniques allow agents to dynamically adapt their behaviour based on
changing conditions or requirements. This means agents can continuously optimise their

behaviour based on new patterns or environmental changes without manual intervention.

Another key advantage of Al and ML models in Apache Camel is their ability to perform
predictive analytics. By using predictive models, agents can forecast resource usage,

identify potential bottlenecks, or predict system failures before they occur. This allows for
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proactive management and optimisation, resulting in a more streamlined and efficient

system overall.

The distinction between Al in the form of NLP technology discussed earlier as ChatGPT or
‘prompting’ and Al agents is rooted in their level of visibility to the user, e.g. the
programmer. ChatGPT is noticeable to the programmer and requires their input and
guidance. At the same time, Al agents are designed to function autonomously,
communicating with each other and collaborating to achieve their objectives. Unlike
ChatGPT, which requires user programming and customisation, Al agents are self-
sufficient, utilising advanced algorithms and machine learning techniques to adapt better
and evolve to meet their objectives. This level of autonomy and collaboration makes Al
agents particularly effective in complex and dynamic environments, where they can work

together to solve problems and accomplish tasks more efficiently than traditional systems.

Apache Camel enables developers to create custom routing strategies based on specific
conditions. These routing strategies are the decision-makers, similar to agents with Al
capability. By studying the behaviour of these routing agents, developers can design
effective routing rules, thereby playing a crucial role in the process. Endpoints can be
dynamically selected based on runtime conditions using Apache Camel. Agents modify their
actions based on contextual information. Developers ensure the selection of the right
endpoints by studying the conduct of these agents and dynamically choosing them. (Li et

al., 2023, pp. 2-4)

Error handling is crucial in integration scenarios. Agents responsible for handling errors play
a critical role in the development process. Developers define error-handling routes (agents)
in Apache Camel. These agents handle exceptions, retries, and dead-letter queues. By

studying their behaviour, developers ensure robust error handling.

Integration flows involve multiple components working together, each of which can be
seen as an agent. Developers study how these agents collaborate within the flow.
Monitoring agents provide insights into system behaviour, which helps developers
optimise routes and identify bottlenecks. Thinking of components within Apache Camel as
agents with specific behaviours can lead to better-designed integration solutions. Studying

their conduct helps developers create robust, efficient, and reliable systems.
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Conclusion:

Apache Camel enables developers to create custom routing strategies and dynamically
choose endpoints based on runtime conditions. It also offers robust error handling by
incorporating Al and ML capabilities to define error-handling routes. Developers can
enhance integration solutions by conceptualising components within Apache Camel as

agents with specific behaviours and examining their collaboration within the flow.

Apache Camel utilises Al techniques to empower agents to make intelligent routing
decisions based on real-time data and adjust their behaviour dynamically. These Al agents
can work together to solve problems more efficiently than traditional systems, particularly
in complex environments. One key advantage of Al in Apache Camel is predictive analytics,
which facilitates proactive system management and optimisation. Additionally, the Al
techniques used in Apache Camel are often abstracted from developers or programmers,
allowing them to concentrate on building their application logic without concerning

themselves with the underlying Al infrastructure.

4.2 Al-Driven Use Cases

As discussed in the previous chapter, tools like ChatGPT and processes such as ‘prompting’
allow developers to discuss a problem or task with Al by ‘chatting’ about it. The developer
is integrating with Al through ChatGPT. ChatGPT uses ML algorithms to simplify and

accelerate programming tasks.

Another way to utilise Al, in the scope of this thesis, is to use Al agents, which perform
repeatable tasks in the background for the developer to save the developer time. Apache
Camel leverages Al techniques to empower agents to make intelligent routing decisions
based on live data and adjust their behaviour dynamically. These Al agents prove invaluable
in lightening the developer's workload, allowing them to concentrate on programming

tasks while the agents discreetly address issues in the background.

Use Case 1 describes how IBM utilised ChatGPT integration in Qurakus. The primary
purpose of this use case is for developers to describe programming tasks in natural
language, and ChatGPT (Quarkus-ChatGPT) assists them in generating the corresponding

code snippets or solutions.
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Use Case 2 is similar to Use Case 1; it also involves integrating ChatGPT into Quarkus
(Quarkus-ChatGPT). For example, IBM and Red Hat utilise Quarkus-ChatGPT to comment
on code. In this scenario, Al assists developers in programming by generating supportive
comments based on their code. Al capabilities are also utilised to expedite creating and

updating code documentation.

Use case 3 describes the CAMEL-AI framework, a research initiative that explores the
potential of building scalable techniques to facilitate autonomous cooperation among

communicative Al agents.

4.2.1 Use Case 1: Access the OpenAl ChatGPT API in Red Hat and Quarkus

The development tool Quarkus, created by Red Hat, provides a promising application of
NLP. Quarkus-ChatGPT provides intelligent code suggestions, autocompletion, and error
detection to assist developers in writing code more efficiently. Using a REST interface,
Quarkus allows ChatGPT to analyse natural language descriptions of programming tasks
and generate corresponding code snippets or solutions. This reduces the cognitive load on

developers and enhances productivity.

Integrating Quarkus with ChatGPT (e.g. Quarkus-ChatGPT) has attracted the attention of
prominent organisations such as IBM, Google, and Red Hat. IBM utilises the Quarkus-
ChatGPT integration to develop cloud-native applications more efficiently, while Red Hat
enhances the developer experience on its platform. Academic institutions such as MIT and

Stanford also use the integration to teach programming languages to their students.

IBM is utilising the Quarkus-ChatGPT integration to develop cloud-native applications more
efficiently. By leveraging the REST interface available for Quarkus, IBM's developers can
describe programming tasks in natural language, and ChatGPT assists them in generating
the corresponding code snippets or solutions. This has resulted in time savings and

improved productivity for IBM's development teams.

Red Hat, on the other hand, is leveraging the Quarkus-ChatGPT integration to enhance the
developer experience on its platform. ChatGPT's intelligent code suggestions,
autocompletion, and error detection features help Red Hat's developers write code more
efficiently and with fewer errors, leading to a more streamlined and productive

development process for its teams.
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Similarly, Google is leveraging ChatGPT to improve the developer experience on its
platform. Using ChatGPT's natural language processing capabilities, Google's developers
can more easily describe programming tasks and receive relevant code suggestions in real

time.

IBM, Google and Red Hat are examples of organisations benefiting from the Quarkus-
ChatGPT integration. By reducing developers' cognitive load and enhancing productivity,
this integration has proven to be an effective tool for improving software development

efficiency across various industries.

Below is an example of how the discussion with the ChatGPT through the integration might
look; in this case, the integration over the REST APl is prepared in GitHub (SW development
platform). This example is from A Software Deweloper’s Guide to Generative Al; Jason Beres

owns the following examples. (Beres, 2023)

count;

Figure 3 Example: The developer's first coding attempt, the issue with the numbers in the array is known

by the developer



to count numbers in the

Figure 4 Example: The developer is asking ChatGPT for assistance with the array by prompting

num

countMap[num] = (countMap[num] |

countMap[target

Figure 5 Example: ChatGPTs solution on the array problem

However, it is essential to consider the potential shortcomings and risks of generating
incorrect or inefficient code solutions when discussing the success of ChatGPT technology.
Developers must ensure the accuracy of the generated code, and there is a risk that
ChatGPT might not understand the full context of a programming task or requirement,
leading to incomplete or inaccurate code suggestions. Despite these risks, the Quarkus-
ChatGPT integration has proven to be an effective tool for improving software

development efficiency across various industries.

Conclusions:

Quarkus can integrate with OpenAl ChatGPT, which allows it to generate code snippets

from natural language descriptions of programming tasks. This integration reduces
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cognitive demand and enhances productivity. IBM, Red Hat, Google, and academic
institutions have benefited from this integration. However, it's important to note that there

is a risk of generating incorrect or inefficient code solutions.

4.2.2 Use Case 2: Enhancing Code Documentation with Quarkus-ChatGPT Integration

The technical implementation and integration of Quarkus-ChatGPT are the same in Use

Case 1 and Use Case 2.

Many programmers face challenges related to incomplete or outdated code comments and
documentation. Developers spend much time searching for relevant documentation or

understanding complex code segments.

Additionally, there might be struggles to ensure consistent and accurate documentation
across the entire codebase. One solution for this problem is to utilise the Quarkus-ChatGPT
integration, as mentioned in use case 1, instead for support in the coding process for code

commenting and documentation purposes.

The same type of integration, the Quarkus-ChatGPT, as in use case 1, can result in
numerous benefits, such as enhanced code documentation, reduced cognitive load for
developers, improved productivity, and facilitation of community collaboration through

open-source projects like the Quarkus-ChatGPT extension.

Christine Pinto owns the following two examples, which were released on the webpage

Writing Easier Code Comments with ChatGPT in March 2024. (Pinto, 2024)

st, chromium } from ‘@playwright/test";

landing: Landing;

pd

‘../..fbuild’};

Figure 6 Example: The original code snippet
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After prompting ChatGPT: Could you add good comments to explain the code to someone
who hasn't built it? The code commenting is generated as follows in Figure 7.

import { BrowserContext, Page, test as baseTest, chromium } from '@playwright/te
import path from 'path’;

import Landing from '../pages/landing"’;

const test = baseTest.extend<{
: BrowserCont
extensionId: string;
page: Page;

landing: Landing;

xt: async ({}, use) => {

Figure 7 Code after ChatGPT has generated appropriate comments for the code

Integrating ChatGPT with Quarkus presents challenges like natural language
understanding, safety, and model bias. To enhance code documentation successfully, it is

imperative to ensure responsible usage and continuous improvement.

Conclusion:

The Quarkus-ChatGPT integration offers a promising solution by enhancing code
documentation and commenting, reducing cognitive load, boosting productivity, and
fostering community collaboration. However, integrating ChatGPT with Quarkus presents
challenges, including natural language understanding and model bias. Responsible usage
and continuous improvement are crucial to successfully harnessing Al's benefits in code

documentation while mitigating risks.
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4.2.3 Use Case 3: Al and ML Capabilities for Apache CAMEL Through CAMEL-
Al

As discussed in the Theoretical Framework section, Apache Camel is an open-source
integration framework that facilitates seamless data exchange between different systems,
applications, and protocols. CAMEL-AIl is a ‘sub-category’ or research area with potential

that can be useful in the integration development process.

CAMEL-AI framework is a research initiative exploring the potential of building scalable
techniques to facilitate autonomous cooperation among communicative agents. The

rn

framework provides insights into these agents' "cognitive" processes, which can help

researchers develop more effective communication models.

One of the critical features of the CAMEL-AI framework is the introduction of a novel
communicative agent framework called "role-playing." This framework guides chat agents
towards task completion while ensuring consistency with human intentions. The role-
playing framework also enables the creation of more complex conversational structures,

which can be used to generate more accurate and nuanced chatbot responses.

In addition to facilitating the development of more effective communication models, the
CAMEL-AI framework also generates conversational data that can be used to study the
behaviours and capabilities of chat agents. This data can be used to investigate various
aspects of conversational language models, such as their ability to understand natural

language input, generate appropriate responses, and maintain context over time.

Developers who work with the CAMEL-Al framework define agent behaviours,
communication protocols, and decision-making rules. They can integrate existing Al models
(for example, NLP, reasoning, and planning) into the framework. CAMEL-AI can be used for
debugging, monitoring agent interactions, ensuring proper coordination, and addressing
conflicts. The framework provides tools for visualising agent interactions, analysing logs,

and improving system performance.

Error handling is crucial in any integration scenario. Agents responsible for handling errors
could play a critical role. Some concrete examples where developers could utilise CAMEL-
Al are error-handling routes (or agents) within the Apache Camel framework. Another
exciting area is integration flows, which often involve multiple components working

together. Each element in the integration flow (e.g., data transformation, validation,
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enrichment) can be seen as an agent. Developers study how these agents collaborate
within the flow. Finally, monitoring agents can be built to collect data about system
performance, message throughput, and resource utilisation. Developers configure
monitoring agents (e.g., IMX, Prometheus) in Apache Camel. These agents provide insights

into system behaviour.

Overall, the CAMEL-AI framework offers a powerful tool for programmers interested in
developing more advanced, autonomous communicative agents. Its combination of
advanced communication frameworks and sophisticated data generation capabilities make
it a valuable resource for anyone interested in exploring the potential of Al-powered

agents.
Conclusions:

CAMEL-Al is designed to enable autonomous cooperation among communicative agents in
the Apache Camel integration framework. The framework provides effective
communication models by offering insights into agents' cognitive processes and generating
conversational data. Developers can integrate existing Al models into the framework and
use it for error handling, monitoring, and coordination. As the demand for Al-powered
agents continues to rise, CAMEL-Al emerges as a valuable tool, driving innovation and
efficiency in integration tasks across diverse domains. The CAMEL-Al framework offers a
powerful tool for developing advanced, autonomous communicative agents, which can

support the development process of integration tasks.

4.3 Best practices based on the use cases

The client is requesting a thorough analysis of the current best practices regarding Al and
ML as of spring 2024 as part of the final assignment for this research project. This chapter

will gather best practice recommendations based on the research.

4.3.1 ChatGPT and ‘prompting’

Use natural language descriptions: When using ChatGPT, it's best to provide natural
language descriptions of programming tasks. This will help the system generate more

accurate code suggestions.
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Clearly define the programming challenge or problem. For example, before interacting with
ChatGPT, ensure a clear understanding of the coding problem. The best prompting results

will be received if the problem statement is clearly defined.

Providing context is vital for ChatGPT to generate accurate code suggestions. By providing
context, the system can understand what the developer is trying to achieve and provide

relevant recommendations.

Continuously improve the system: ChatGPT is an Al-powered system that learns over time.
By constantly providing feedback and improving the system, developers can get more

accurate and relevant code suggestions.

ChatGPT is a collaborative tool that offers creative suggestions and insights to help solve
problems and generate new ideas. Always remain open to alternative solutions and view
ChatGPT as a co-pilot or assistant. While ChatGPT is intelligent, it is still subject to errors

and limitations.

If an inaccurate response is received, reformulate the prompt instead of directly
contradicting ChatGPT. This approach preserves the context of the conversation. By
implementing this strategy, the user can ensure that they receive an appropriate and

accurate response from ChatGPT without disrupting the flow of the conversation.

Conclusion:

The programming challenge or problem should be clearly defined to optimise the results
obtained from ChatGPT. Contextual information is crucial for accurate code suggestions.
The system's effectiveness improves with continuous feedback and enhancement. ChatGPT
serves as a collaborative tool, offering creative insights. Reformulating prompts rather than
directly contradicting ChatGPT preserves conversation context, ensuring accurate
responses without disruption. Use ChatGPT as a tool, not a replacement: ChatGPT helps
developers write code more efficiently. It's important to remember that it's not a

replacement for human expertise and judgment.
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4.3.2 Al-agents

Utilise machine learning algorithms to empower agents to make intelligent routing
decisions based on real-time data and context, thereby enhancing the efficiency and

effectiveness of message routing.

Implement advanced Al techniques to empower agents to autonomously adjust their
behaviour in response to evolving conditions or requirements without manual
intervention. This capability ensures that the system continuously optimises its

performance based on real-time changes, enhancing efficiency and effectiveness.

Predictive models can forecast resource usage, identify bottlenecks, or proactively predict

system failures. This facilitates proactive system management and optimisation.

Design Al agents to operate autonomously, communicating and collaborating to achieve

objectives without requiring constant guidance or input from programmers.

Conclusion:

In conclusion, integrating ML algorithms and advanced Al techniques empowers agents
within Apache Camel to operate intelligently and autonomously. By utilising these
technologies, agents can make informed routing decisions based on real-time data and
context, leading to enhanced efficiency and effectiveness in message routing. Furthermore,
the ability of Al agents to autonomously adjust their behaviour in response to evolving
conditions ensures continuous optimisation of system performance without manual
intervention. Predictive models enhance system management by proactively identifying
resource usage, bottlenecks, and potential failures. Designing Al agents to operate
autonomously fosters seamless communication and collaboration, driving towards

achieving system objectives without requiring constant guidance from programmers.

4.4 Impact on business models

Industry 4.0, as briefly outlined in the introduction, signifies a revolutionary era in business
characterised by the influence and adaptations catalysed by advanced Al and ML
technologies. Numerous companies have long been anticipating and adapting to this

monumental shift. As highlighted within the theoretical framework, innovative businesses
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such as Airbnb, Uber, and Amazon have successfully utilised Al to enhance their operations
through dynamic pricing, personalised services, route optimisation, and supply chain
efficiency. These trailblazing companies have dramatically transformed the hospitality,
transportation, and retail sectors. Nevertheless, while these examples are impressive, they

may not fully meet the requirements of IT systems and technology providers.

4.4.1 Industry 4.0 and business models

Studies have also delved into the impact of Al on companies' business models, with an
overwhelming consensus that data-driven decision-making lies at the heart of Al-based
models. In contrast, traditional models rely on human judgment and historical data. By
leveraging sophisticated algorithms to rapidly and precisely analyse vast data, Al models
enable businesses to tailor their services to individual customers' unique preferences and
behaviours. The level of personalisation these models offer is often beyond the capabilities

of traditional models.

Al allows businesses to provide personalised products, services, and experiences based on
customer preferences and behaviour. This level of customisation is often unattainable with
traditional business models. Al-powered business models automate repetitive tasks and
processes, increasing efficiency and productivity. Traditional models may require more
manual intervention and time-consuming processes. With Al, businesses can predict future
trends, customer behaviour, and market changes with a high degree of accuracy. Al enables
enterprises to innovate and gain a competitive edge quickly through cutting-edge
technologies. Traditional models may struggle to keep up with technological advancements

and innovation. (Mishra & Tripathi, 2021, pp. 5-11)

In their January 2022 publication, Astrom, Reim, and Parida discussed aligning value
creation and capture, focusing on how value is generated for the customer. Al facilitates
the creation of additional value for customers by improving operational efficiency and
accelerating innovation. The potential of Al is to improve cost efficiency and, in the end,

revenue for end customers. (Astrom et al., 2022, pp. 2111-2112)

The integrations themselves create unique value for customers as they reduce manual
work, including, for example, time-consuming error handling. As the development can be

performed with support from Al, the end customers capture value through lower pricing
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or better service agreements. Innovative business models can differentiate offerings.
Scalability can more easily be considered, e.g. how well prepared the development

processes are for handling increased data volumes or additional customers.

Reliable sources such as Forbes discuss Al's advantages, especially in areas that enhance
decision-making processes and strategic planning. These technologies can analyse vast
amounts of data in real-time, extracting insights that human analysis might overlook.
Strategic planning becomes more accurate, adaptive, and efficient, allowing businesses to

pivot and seize opportunities quickly. (Grant, 2023)

4.4.2 Examples of business models

Several examples of business model approaches where Al is involved as a part of the
business have been investigated for instance, these examples:

Integrated Digital IT Operating Model:

- Impact: This model streamlines processes, enhances collaboration, and
ensures a unified view of technology capabilities.

- Business Model Change: Companies shift from separate digital and IT units
to an integrated approach, organising around technology capabilities
rather than specific assets or functions.

Networked Business Models for Sustainability Transitions:

- Impact: Co-developing networked business models integrates systemic
change toward sustainability.

- Business Model Change: Companies adapt their models to address
sustainability challenges, emphasising collaboration and shared value
creation.

Amazon’s Integration of Digital Business Models:

- Impact: Amazon seamlessly integrates loT technologies, sensors, and Al for
customer profiles and contactless payments.

- Business Model Change: Amazon’s business model leverages digital tools
to enhance customer experiences, drive growth, and transform retail.
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4.4.3 Handling return of investments

The integration of ChatGPT functionality and Al agents into development tools has the
potential to save money and increase effectiveness. However, calculating return on
investment (ROI) when Al assists developers daily is still challenging. As the understanding
of Al's impact on development processes evolves and tools for measuring ROl improve,
more precise insights into the tangible returns are anticipated to be gained. The focus
remains on using Al to streamline development workflows, enhance productivity, and drive

innovation within our organisation.

Insights from reputable sources such as Gartner are drawn upon, recognising Gartner as a
widely respected authority in the field. Gartner investigated assessing Al ROI, including
measuring value and cost, quick wins, use cases and transformative initiatives. Even if
Gartner does not provide examples from a broader perspective, insights are provided in
area strategic guidance for effectively using Al for business transformation and competitive

edge. (Wiles, 2023)

Evaluating technical and business metrics when assessing the ROI of Al initiatives is
essential. Gartner emphasises that Al-mature organisations tend to focus on combining
these metrics. Also, customer success-related business metrics are usually incorporated.
Technical metrics are often used to measure the value of Al use cases for less Al-mature

organisations. (Stamford, 2023)

In conclusion, based on Gartner's research, Al has the potential to improve productivity
and transform businesses significantly. To evaluate investments in Al, it is recommended
to simulate potential costs and value realisation across various Al activities. Prioritise Al
initiatives based on their impact, cost, and complexity and fund them with cost savings and
productivity gains. Executives should consider strategic, competitive, and market-level

impacts for transformational Al initiatives.

As Al technology has progressed, organisations have been reaping the benefits of
integrating it into their operations. However, decision-makers are understandably cautious
about investing in Al due to the potential for substantial costs and disruptions, with no
guaranteed return on investment. The main objective of incorporating Al is to improve
operational efficiency, with predictive, interpretive, and Al all offering unique advantages.

Forbes also points out that while the average enterprise sees a return on their Al
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investment within 16 months, it is worth noting that approximately 30% of organisations
do not see any returns. In these cases, Forbes advises reassessing the intended use cases

and goals. (Mahurkar, 2024)

Businesses can reap benefits from predictive Al, including increased revenue growth
through improved forecasting, optimised pricing, and reduced customer attrition. In
addition, predictive Al can aid in reducing operational costs and enhancing overall
efficiency by providing valuable insights from data. Interpretive Al, a subset of predictive
Al, mitigates potential risks from documents and images. Integrating predictive Al within
business operations can improve efficiency and effectiveness in processes. Overall, these
applications of predictive Al present a valuable opportunity for businesses to achieve a
positive return on investment while considering the implementation of Al technologies.

(Mahurkar, 2024)

According to Gartner and Forbes, the general payback time for investing in Al is estimated
to be 1-2 years. However, since Al is a broad concept, the payback time must be calculated
and analysed in each use case. It is essential to evaluate the specific applications of Al in
each use case, using examples such as the use cases in this thesis that show how Al has

been successfully implemented.

4.5 Potential future research area: Code analysis tool (GRAFANA)

Al-powered tools for code analysis have become increasingly popular in recent years. These
tools use advanced Al techniques like natural language processing, machine learning and
static code analysis to detect issues such as bugs, security vulnerabilities and code quality
concerns in seconds. They can also identify performance bottlenecks by analysing code
patterns and providing customised recommendations to enhance code quality and
maintainability. These tools have many functions, from detecting and resolving bugs to
enforcing coding standards and optimising code performance. In addition, these tools can
improve software's dependability, quality and maintainability. They provide developers
with valuable insights and practical recommendations for improving their code,

streamlining workflows and enhancing productivity.

For instance, Al-powered code analysis tools can provide developers with a detailed report

highlighting the most critical issues in their codebase and suggesting how to fix them. By
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automating the code review process, these tools can help developers save time, reduce

errors, and improve the overall quality of their code.

Al-powered code analysis tools are an essential part of modern software development
workflows. They can help developers produce high-quality code, reduce technical debt, and
improve time to market, making them invaluable assets for any software development
team. Although the possibilities of Al-powered tools within GRAFANA are only briefly listed
below and shall be considered out-of-scope for this thesis, they could be potential areas

for future research.

Monitoring of performance

ML models can predict system failures and performance issues in OpenShift environments
by analysing logs, metrics, and historical data. This can help organisations schedule

maintenance tasks, allocate resources efficiently, and minimise downtime.

Automated Testing

Al can automate testing processes by generating cases, predicting potential failure points,
and prioritising test scenarios. NLP techniques can analyse testing requirements and create

test plans or documentation.

Resource optimisation

Al algorithms can optimise resource allocation in Red Hat OpenShift clusters based on
workload demands, performance metrics, and cost considerations, improving system

efficiency while reducing infrastructure costs.

Monitoring of security

Al-powered security analysis tools can detect security threats and anomalies in Red Hat
OpenShift environments by analysing system logs, network traffic, and application
behaviour. ML models can learn standard behaviour patterns and identify deviations that

may indicate malicious activities, helping organisations mitigate security risks effectively.

In conclusion, Apache Camel Al agents and Al-powered tools in Grafana utilise artificial
intelligence techniques. However, they operate within different domains and serve various

purposes. Apache Camel Al agents enhance integration capabilities, while Al-powered tools
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in Grafana focus on improving the monitoring and observability of systems and

applications.

5 Discussion

The transformative potential of Al tools, such as ChatGPT, has been recognised in this
research. At first, their capabilities were underestimated due to limited familiarity and
expertise in Al. However, after a comprehensive exploration of background literature,
theoretical frameworks, and various real-world and hypothetical use cases, the profound
impact of ChatGPT-type solutions has been elucidated. The examples presented in the
theoretical framework and literature review demonstrate the considerable benefits that

ChatGPT-type tools and Al agents can bring to support developers.

Did this research identify the appropriate use cases when the scope was Red Hat Openshift
development tools, such as Quarkus and Apache Camel? The research questions, as stated

at the beginning of the research, are as follows:

— What Al-driven techniques are best suited for integration platforms like Red Hat

OpenShift, and how can they support the company's operations and objectives?

— To what extent does the use of Al affect the amount of work in development

processes compared to traditional methods?

— How will the adoption of Al in programming tasks impact the company's existing
business models, and what benefits and challenges are expected in specific areas of

developing the integration platform?

These aspects will be discussed in the following sections of this research.

5.1 The potential of Al in integration platforms

An effective incorporation of Al into development processes necessitates meticulous
planning, requisite expertise, and comprehensive understanding. Pilot testing and proof-
of-concept methodologies emerge as reliable and prudent strategies when introducing
novel technologies, such as Al. The requirement for Pilots, Proofs-of-concept and an overall

need for an increase in the level of knowledge when it comes to Al can be observed, both
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based on the knowledge gained from the literature review as well as from the internal
discussions held regarding Al and its potential and possibilities, within the client

organisation over the past six months.

During the early stages of discussions with the client, it was evident that identifying a use
case that would allow technically proficient individuals with limited programming
backgrounds to execute complex programming tasks on the integration platform was of

interest.

By utilising low-code components available on Quarkus and Apache Camel, along with
ChatGPT as a programming co-pilot within the Quarkus environment, individuals with less
programming experience could potentially participate in programming tasks more
effectively. This can be achieved by a blend of intuitive visual interfaces provided by low-
code tools in Quarkus, along with the assistance of ChatGPT in generating code snippets or
giving guidance. This could lower the barrier to entry for less experienced developers,

enabling them to contribute meaningfully to development projects.

Although Al agents are not overtly apparent tools for developers, such as ChatGPT's copilot
or assistant, they can effectively manage mundane and repetitive tasks in the developer's
background, leveraging their Al capabilities. Al utilised in these agents can also make
decisions autonomously, which can be particularly useful for developers working on clearly
defined tasks and functions. This reduces the cognitive load on the developer and

minimises the risk of human error, which can be costly in terms of time and resources.

Additionally, Al agents can learn from past decisions and improve their performance over
time, making them an asset for developers looking to optimise their workflows and
increase productivity. By relying on Al to handle more routine tasks, developers can focus
on more complex and creative work, ultimately leading to better outcomes and more

innovative solutions.

Conclusion:

In conclusion, integrating Al into development processes requires careful planning,
expertise, and understanding. Pilot testing and proof-of-concept approaches are essential
strategies for introducing Al technologies effectively. By identifying appropriate use cases,

such as those within Red Hat Openshift development tools like Quarkus and Apache Camel,
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and leveraging low-code components alongside ChatGPT as a programming co-pilot,
resources with less programming experience can contribute meaningfully to development

projects.

Al agents can effectively manage repetitive tasks, reducing the cognitive burden on
developers and minimising the risk of human error. Overall, Al agents enhance productivity
and facilitate innovation by allowing developers to concentrate on challenging tasks while

optimising workflows and improving performance over time.

5.2 Impact on the business model

Based on the extensive exploration of Al's impact on business models, Industry 4.0
represents a significant shift characterised by the pervasive influence of advanced Al and
ML technologies. Businesses across various sectors have embraced this transformation,
leveraging Al to enhance operations, drive innovation, and deliver personalised
experiences to customers. Adopting Al-powered business models enables organisations to

streamline processes, increase efficiency, and gain valuable insights from data.

Several studies have underscored the importance of data-driven decision-making in Al-
based business models, highlighting the role of Al in tailoring services to individual
customer preferences and behaviours. The level of personalisation offered by Al models

surpasses traditional approaches, leading to enhanced customer satisfaction and loyalty.

Furthermore, Al-powered business models automate repetitive tasks, freeing up resources
and enabling organisations to focus on strategic initiatives. Predictive analytics allows
businesses to anticipate trends, optimise resource allocation, and identify potential risks or
opportunities. Examples from industry leaders such as Amazon demonstrate how the
integration of Al technologies can revolutionise business operations and enhance customer

experiences.

Despite the potential benefits, evaluating Al initiatives' return on investment (ROI) remains
challenging for many organisations. However, insights from reputable sources like Gartner
and Forbes provide valuable guidance on assessing Al ROI, prioritising initiatives, and
measuring value realisation. Organisations can make informed decisions and strategically

allocate resources for Al implementation by simulating potential costs and benefits.
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Overall, while Al presents opportunities for significant productivity gains and business
transformation, organisations must carefully evaluate Al investments' specific applications
and potential returns. By embracing Al technologies strategically and leveraging insights
from industry experts, businesses can unlock new opportunities for growth and innovation

in the rapidly evolving digital landscape.

5.3 Al and governance

Managing Risks:

Through machine learning, Al helps businesses understand customer and employee
behaviour, perform tasks, support specialists in many fields, and strengthen security by
detecting bugs and cyberattack risks. However, every technology, Al included, has
downsides and challenges. Regarding risk, the sources for this research are Gartnes and

Forbes.

When Al is involved, risks can include bias and fairness in Al algorithms, data privacy and
security concerns, the potential for job displacement due to automation, and the ethical

implications of Al decision-making. (Weizman, 2023)

Bias and fairness are concerns in Al, as algorithms can perpetuate or even exacerbate
existing biases in the data they are trained on. This can lead to unfair treatment or
discrimination against certain groups. Ensuring fairness and mitigating bias in Al systems is
crucial for building trust and promoting equitable outcomes. One specific example of bias
in Al, which is not connected to programming tasks or integration platforms, involves facial
recognition technology. Facial recognition algorithms have been found to exhibit racial
bias, often misidentifying individuals with darker skin tones more frequently than those
with lighter skin tones. This bias can lead to discriminatory outcomes, such as increased
surveillance and targeting of minority groups by law enforcement agencies. Additionally,
biased facial recognition systems can affect access to services like banking or
transportation, as well as employment opportunities, further perpetuating systemic
inequalities. This highlights the importance of addressing bias in Al algorithms to ensure

fair and equitable outcomes for all individuals.
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Using Al for coding can lead to expensive mistakes, harming a company's infrastructure and
reputation. Al systems are vulnerable to cyberattacks, posing risks of financial losses and
security breaches. When Al is used in automated decision-making, and its speed is rapid,
there is a risk of multiple erroneous chained decisions being made. Al may also struggle to
comprehend human emotions, potentially resulting in insensitive interactions and

customer loss.

To help businesses handle the risks and challenges that Al brings, IBM, along with Gartner
and Forbes, has developed best practices and conclusions for managers in different types

of businesses. (IBM, 2024a)

The common factors for handling and mitigation risks that these prominent influences

suggest are:

e Controlling by governance (for example, GDPR)

e Models of transparency and documentation

e Robust Al Model validation

e Bias mitigation by regular audition

Conclusion:

In conclusion, while Al has the potential to benefit businesses in many ways, there are also
risks and challenges to be considered. These include issues related to bias and fairness,
data privacy and security, job displacement, and ethical implications. To mitigate these
risks, it is crucial to focus on governance, transparency, validation, and bias mitigation
through regular auditions. By addressing these concerns, businesses can harness the power

of Al while promoting equitable outcomes and building trust.

Ethical considerations:

The ethical approach to Al development involves several considerations. One crucial aspect
is incorporating diverse data sets, which can help reduce bias and ensure fairness in Al
models. Ethical considerations are important even in Al integration within integration

platforms and programming. One key aspect involves the careful selection and utilisation
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of diverse datasets. By ensuring that the Al algorithms within the platform are trained on
inclusive and representative datasets, potential biases can be mitigated, promoting
fairness and equitable outcomes. A proactive approach aligns with ethical principles and
enhances the integrity and reliability of Al-powered features within the platform.
Organisations can prevent biased outcomes and ensure fair treatment for all individuals by

utilising a wide array of data sets.

Another important consideration is the inclusion of ethicists in Al project teams. Ethicists
can provide unique insights and perspectives on ethical considerations during Al
development, helping to identify potential biases, assess risks, and promote responsible Al

practices.

Regular audits should be conducted to ensure the ethical integrity of Al systems. These
audits help identify unintended consequences or biases that may have emerged, and

organisations can take corrective action accordingly.

Transparency and explainability are also critical components of ethical Al development. Al
systems must be transparent and comprehensible, and companies should strive to explain

how decisions are made, particularly in vital areas such as lending, hiring, or healthcare.

The organisation must also clearly define accountability and responsibility for Al
development, deployment, and monitoring. This ensures that ethical considerations are

taken seriously and the organisation is held accountable for any ethical lapses.

Privacy protection is another crucial consideration in ethical Al development. Companies
must prioritise user privacy, and Al systems should handle personal data securely while

complying with privacy regulations such as GDPR.

While Al has the potential to create new jobs and improve productivity, there is also a
concern that it may take over tasks traditionally performed by humans. Organisations must
consider the impact of Al on the workforce and work to ensure that any job displacement
is minimised while also ensuring that workers are trained in new skills to adapt to the

changing job market.

Conclusion:
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Ethical Al development demands a comprehensive and responsible approach. Key
considerations include incorporating diverse data sets, including ethicists in project teams,
ensuring transparency and accountability, protecting user privacy, and considering the
impact on the workforce. By implementing responsible Al practices and ongoing education,
organisations can promote equitable treatment for all individuals and minimise any

negative impact.

Al and legal domains:

The pervasive influence of technology on daily activities and societal norms has ushered in
a new era of challenges and opportunities for legal professionals. From data privacy
concerns and e-commerce regulations to the complexities of Al and cybersecurity threats,
legal practitioners must navigate a rapidly evolving landscape to address emerging legal
issues effectively. Adapting to these technological shifts is essential for legal professionals
to uphold legal standards, protect individual rights, and foster innovation in a digital age.
The intersection of law and technology has given rise to various complex issues that require
careful consideration. Emerging themes and concerns in this field include artificial

intelligence, cryptocurrency, and data protection. (Brozek et al., 2023)

Ethical considerations are among the critical issues in the development of artificial
intelligence. These include addressing bias, accountability, and transparency in Al
development. Additionally, it is crucial to develop legal frameworks to govern Al

applications in areas like healthcare, finance, and autonomous vehicles.

Organisations must adhere to regulations like the GDPR to safeguard personal data in data
protection. In addition, establishing protocols for responding to data breaches and

mitigating risks to individuals' privacy and security is critical.

Finally, cybersecurity is another critical issue that must be addressed. This includes avoiding
evolving cyber threats, such as ransomware attacks and phishing schemes, to protect
critical infrastructure and sensitive information. Determining legal liability in cybersecurity
breaches and data theft cases is also a key concern, including the responsibilities of

organisations and individuals.

Digital rights are also a growing concern. This includes balancing freedom of expression

with regulating harmful content and misinformation on digital platforms. Addressing
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concerns about government surveillance, data collection practices, and protecting civil

liberties in the digital age is also critical.
Conclusion:

Integrating technology and law presents legal professionals with various challenges and
opportunities. From navigating Al ethics and data protection regulations to combating
cybersecurity threats and safeguarding digital rights, practitioners must adapt to an ever-
evolving landscape. Key concerns include addressing Al bias, upholding data privacy
standards, and ensuring legal liability in cyber breaches. Balancing regulatory oversight
with individual freedoms remains crucial in fostering innovation while protecting civil

liberties in the digital age.

6 Conclusions

The present research investigates the real-world implications of integrating advanced Al-
powered tools, including ChatGPT and Al agents, into the development processes of

integration platforms designed for Red Hat Openshift.

Initially, the capabilities of NLP or ChatGPT type of Al were underestimated due to the
researcher's limited familiarity and expertise. However, a comprehensive exploration of
the background literature and real-world use cases helped overcome this underestimation.
The use cases presented in this research demonstrate the potential benefits of integrating
Al technology into the development processes of the Red Hat platform, including reduced

costs, modified business models, increased efficiency, and new revenue streams.

The research suggests that the effective incorporation of Al into development processes is
a joint effort, requiring meticulous planning, requisite expertise, and a comprehensive
understanding of the technology from developers. Pilot testing and proof-of-concept
methodologies are reliable and prudent strategies for introducing novel technologies like
Al. By identifying appropriate use cases and leveraging low-code components alongside Al-
powered tools, resources with less programming experience can contribute meaningfully
to development projects. Furthermore, the study highlights how Al agents, such as
ChatGPT's copilot or assistant, can effectively manage mundane and repetitive tasks,

making the work of programmers more efficient and effective.
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Integrating Al-powered tools into development processes can transform how developers
work, leading to better outcomes and more innovative solutions. For instance, Al-powered
tools can automate repetitive and time-consuming tasks, freeing developers to focus on
more complex and creative tasks. Al can also analyse large volumes of data and provide
developers with insights that they might not have been able to obtain otherwise.
Additionally, Al-powered tools can help developers identify coding errors and security

vulnerabilities, improving the quality and security of their code.

Research supports the idea that integrating Al-powered tools into development processes
can lead to benefits. Studies have found that Al can help improve operational efficiency,
reduce costs, enhance decision-making processes, and identify new opportunities. By
automating repetitive and time-consuming tasks, Al can free developers to focus on more
complex and creative tasks. Additionally, Al-powered tools can help businesses improve

the quality and security of their code.

However, certain limitations and weaknesses exist when integrating Al into development
processes. Firstly, Al-powered tools may not be suitable for all programming tasks,
especially those requiring high human expertise and creativity. Al may not replicate the
human-driven creative process often required for complex and creative programming
tasks. Secondly, Al-powered tools may have data privacy and security limitations, requiring
developers to be aware of the potential risks associated with using Al-powered tools and

take appropriate measures to ensure the security of their data and systems.

Thirdly, using Al-powered tools may lead to over-reliance on technology, limiting the
development of human expertise and creativity. Hence, developers must balance using Al-
powered tools and developing their skills and expertise. Management and developers must
also be aware of the limitations of Al-powered tools and use them effectively and

responsibly.

Finally, developing and implementing Al-powered tools can be time-consuming and costly.
The client's management must be willing to invest the necessary time and resources to
integrate Al into the development processes effectively. Training developers to use and

integrate Al-powered tools effectively can also be a remarkable investment.

In conclusion, while there are certain limitations and weaknesses to consider when utilising

Al for programming purposes, the benefits of integrating Al into the development
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processes of the Red Hat OpenShift integration platform cannot be ignored. A balanced
integration of Al-powered tools into development processes can transform the way
developers work, leading to better outcomes and more innovative solutions. Developers
must be aware of the limitations of Al-powered tools and take appropriate measures to
use them effectively and responsibly. Integrating Al into development processes is a
continuous process that requires investment, expertise, and a comprehensive

understanding of the technology.

7 Future pathways based on the research

The thesis explores the integration of Al into development processes, focusing on its
potential impact on Red Hat's operations and objectives. It discusses how Al integration
can reduce development costs, its economic impact on the organisation, and the expected
benefits and challenges in developing integration platforms. The text also highlights the
transformative potential of Al tools like ChatGPT and Al agents in supporting developers
and reducing the cognitive burden on them. Additionally, it emphasises the potential of Al

in business models, referencing a paper on Al's impact on business approaches.

The research paper, conducted in the spring of 2024, aimed to understand better Al and
ML techniques in the chosen development frameworks. The extensive literature review
focused on the technology's theoretical framework. The study intended to navigate the
evolving waters of Al and ML and extract relevant and reliable information to meet the

research objectives.

The analysis examined the concepts, theories, and frameworks underpinning Al and ML
and the advantages and limitations of different techniques and methods—the research
aimed to deepen the understanding of Al and ML and its potential use in integration
platforms. The literature review was crucial in setting the foundation for subsequent study

and enabling a better comprehension of the research problem and context.

As discussed, integrating Al-powered tools into development workflows can potentially
transform software development profoundly. To ensure effective integration and mitigate
risks, a strategic approach is critical. This involves pilot testing, providing training and
support, monitoring performance, addressing privacy and security concerns, promoting

responsible use of Al, and staying informed. In conclusion, a few possible approaches to be
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considered are listed below. The first three specifically target the development and
programming process. The last ones are more general and target the organisation more

broadly.

Conduct POC and Pilot Testing:

Initiate pilot or proof-of-concept (POC) methodologies to assess the feasibility and
effectiveness of integrating Al-powered tools into development workflows. Gather
feedback from developers and stakeholders to evaluate the impact on programming tasks
and overall project outcomes. Discuss with other companies in the field to understand how

they have built up their development with Al in programming processes.

Provide Training and Support:

Offer training programs and support resources to developers to familiarise them with Al-
powered tools and help them leverage these tools effectively in their day-to-day work.
Ensure developers can access guidance and assistance as they integrate Al into their

development processes.

Monitor Performance and Impact:

Continuously monitor the performance and impact of Al-powered tools on development
processes, including metrics such as cost reduction, efficiency gains, and quality
improvement. Use feedback and data analytics to refine strategies and optimise the

integration of Al into development workflows.

Address Privacy and Security Concerns:

Implement measures to address data privacy and security concerns using Al-powered tools.
Develop protocols and policies to safeguard sensitive data and mitigate risks related to data

breaches and security vulnerabilities.

Promote Responsible Use of Al:

Promote a culture of responsible Al usage among developers and management,

emphasising the importance of ethical considerations, transparency, and accountability.
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Encourage collaboration and knowledge sharing to ensure the organisation uses Al

effectively and responsibly.

Stay Informed and Adapt:

Stay informed about advancements in Al technology and industry best practices, and be
prepared to adapt strategies and approaches as the technology landscape evolves.
Continuously seek opportunities to innovate and optimise development processes by

strategically integrating Al-powered tools.
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