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INTRODUCTION
An Overview of Open-source Software

The concept of Open-Source Software (OSS) revolves around the idea of open innovation in software
development. OSS provides its source code and original rights, encouraging collaboration and
knowledge sharing among programmers to enhance, modify, or fix aspects that need improvement.
The fundamental principle behind OSS is that open software is more efficient than proprietary
counterparts, as it promotes collaboration and knowledge exchange, resulting in the significant benefit
of leveraging the knowledge and expertise of a larger open community for software production [1].

OSS offers free software developed by its own community before being distributed to the public
with certain conditions. Several traditional software companies derive benefits from free software
by devising and utilising their business models within the OSS ecosystem. For instance, in the
mobile industry, there have been multiple attempts to establish open-source societies for Android
and Symbian projects. Utilising and relying on OSS are alternative approaches to minimising
development costs while remaining competitive in the market [2].

In essence, OSS is free-licensed software that allows programmers to modify the software
according to their needs and control its distribution. OSS has witnessed significant success and can
compete with proprietary software in the market. For example, the Linux Operating System covers
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approximately 30% of the server operating system market, while Microsoft Operating System
holds about 50% [3]. This paper aims to examine the impact of OSS on the information technology
industry.

Background History

The roots of OSS trace back to the 1950s and 1960s when computer software was shared exclusively
among developers and researchers with the goal of advancing technology. However, the concept of
OSS as it is known today emerged in the late 1970s and early 1980s, a time when major companies
monopolised the market with their proprietary software. Microsoft’s Bill Gates, in his “Open Letter
to Hobbyists”, remarked that software is detrimental to the public, but not to private property [4].
Influential figures such as Gates, Ellison, Cullinane, and Goetz advocated for a robust software
industry with closed code products [5].

These large companies sought to dominate the market to maximise profits. In response, software
programmer Richard Stallman established the Free Software Foundation in 1985 after successfully
launching the GNU project. This non-profit organisation introduced the concept of free software
for users, emphasising their rights to use them. The foundation facilitated the distribution of free
software along with its source code. The community greatly benefited from this initiative, as they
could make modifications and redistribute their work without violating the copyright of the original
software [6]. Stallman then initiated the GNU operating system, which comprised a set of tools that
were free, modifiable, and redistributable to any user.

The Gnu Project

The GNU project, founded by Stallman in 1983, is a collaborative effort in free software development.
It’s important to note that the term “free” in this context does not imply no cost, but rather underscores
the freedom to use, understand, modify, share, and distribute the software [7]. The GNU Project
focuses on four main aspects: users have the full capacity to utilize the software irrespective of their
intentions or purposes; users can understand how the software works and modify it according to
their needs; the software can be shared by anyone for the benefit of society; and, users can distribute
modified versions for the community’s benefit using the provided source code.

These principles are designed to enhance efficiency and effectiveness in software development,
prevent fraud, ensure convenience, increase revenue, and reduce production costs. The GNU Project
gained substantial popularity with the emergence of the Linux Operating System and Apache web
server, swiftly dominating their respective markets. The development of OSS continued through the
2000s and beyond. The foundation had approximately 3,000 sponsor members and over 200,000
monthly newsletter subscribers in 2009 [8].

The surge in the OSS community members illustrates people’s interest in understanding user
rights and challenging proprietary software offered by large companies. Presently, there are more
than 110,000 free software projects available, ranging from operating systems to software games [9].
Users have the option to choose alternative software instead of paying for proprietary counterparts,
often with comparable features. Table 1 presents an example of some proprietary and OSS available
in the market, along with their respective applications [10].
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Table 1: Examples of OSS and proprietary software based on application

Application Open Source Proprietary
Web browser Mozilla Firefox Microsoft Internet Explorer, Netscape
Web server Apache Microsoft IIS, Netscape
Application server Apache Tomcat, JBoss WebMethods
Office suite OpenOffice.Org Microsoft Office, Corel WordPerfect Office
Email/collaboration Ximian Evolution Microsoft Exchange, Lotus Notes
Database MySQL, PostgreSQL  IBM DB2, Oracle9i, MS SQL

WHAT IS ARTIFICTAL INTELLIGENCE AND MACHINE LEARNING?

Artificial intelligence (Al) refers to the capability of computers and machines to perform tasks
that typically require human-like cognitive functions, such as speech recognition, decision-making,
and visual perception. Realising Al involves the development of computer programmes and
algorithms that can simulate human intelligence and learning processes. The applications of Al are
vast, encompassing natural language processing, image and speech recognition, automation, and
predictive analytics. As mentioned in [11], Al is rapidly advancing, and people are incorporating it
into their daily lives.

Moreover, Al plays a crucial role in the development strategies of countries worldwide,
enhancing competitiveness and ensuring national security. Its applications are diverse, ranging
from precise task execution to data analysis for optimising operations such as agriculture, to
improving decision-making processes and boosting production rates [12]. According to [13], Al
holds immense potential for problem-solving, proving highly beneficial for both companies and
non-profit organisations. It assists humans in making better decisions and provides insights into the
future. The author highlights several benefits:

a) Al can complete highly complex tasks faster than humans with a higher success rate.

b) Alis less prone to errors and can perform numerous functions simultaneously.

¢) Al can make predictions and explore new avenues of knowledge, contributing to the
advancement of various fields.

The Relationship Between Oss, Ai and Machine Learning

OSS is freely accessible and can be modified without constraints. It plays a pivotal role in the
development and utilisation of AI. OSS is employed in various programming languages, including
Python, R, C++, and JavaScript, and is integral to implementing machine learning algorithms.
Frameworks like Scikit-learn in Python have effectively streamlined a wide array of algorithms
into a cohesive machine learning process, simplifying usage for data scientists in their daily tasks
[14]. Moreover, OSS accelerates the adoption of Al. As highlighted in [15], the technical quality
maintained by Open-Source Intelligence analysts is directly linked to Al system performance,
showcasing OSS’s potential to augment Al capabilities.

Advantages and Disadvantages of OSS

The advantages and disadvantages of OSS can be categorised into three main areas: users, developers,
and systems [16].
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Advantages

From a user’s standpoint, OSS offers better flexibility. Users can import any library or tool from
open archives and use them immediately, and gain insights into their functioning through community
knowledge sharing. Additionally, OSS provides users with access to its source code, allowing for
code modifications. For developers, OSS enables the creation of customisable solutions and the
option to seek assistance from the community when faced with challenges. The reuse of existing
code during tool or library modifications helps developers can reduce their development time. In
terms of system attributes, OSS is notably cost-effective and reliable, with a significant portion. OSS
communities contribute to the rapid development of OSS systems, thanks to their vast number of
development members.

Disadvantages

However, OSS systems are not without their shortcomings. Some users may encounter incomplete
or bad documentation, making it a challenge to learn the installed tools or address errors during
installation process. The absence of proper documentation can pose difficulties for new developers
in understanding the OSS workflow. Moreover, OSS systems lack formal, process-centralised
management, with no designated development team or single entity responsible for troubleshooting.
This increases the likelihood of a particular OSS project being abandoned.

IMPACT OF OSS ON INDUSTRIES

Presently, OSS is widely used in many industries, revolutionising the landscape in numerous ways.
OSS is typically free to use and distribute, making it an attractive choice for organisations looking
to reduce licensing costs. This cost-saving advantage allows smaller businesses to compete more
effectively with larger companies, narrowing the technology gap. Despite being termed as free
software, certain OSS programmes may involve additional costs for support, services, or additional
features, in contrast to the varying costs associated with closed-source software (CSS) depending
on complexity [17]

The overarching concept is that open-source technologies will significantly impact various
fields, such as Industry 4.0, machine learning, internet of things (IoT), big data analytics, and cloud
computing. In the current landscape, OSS plays an essential role in the development of IoT platforms
and prototypes. Additionally, many machine learning engines are open source, enabling developers
to experiment, collaborate, and learn from them [18].

Ai Industry

OSS exerts a significant influence on the Al industry. Despite the dominance of proprietary software,
the emergence of OSS has democratised access to powerful Al frameworks and libraries. This shift
prevented the monopolisation of Al technology by large corporations, allowing individuals to
experiment and enhance Al capabilities. Consequently, many OSS libraries, including TensorFlow,
Keras, PyTorch, Apache, have been developed and are extensively used in Al development,
facilitating the creation of complex models and algorithms.

OSS enables and encourages Al integration by reducing the need for deep mathematical and
technical understanding. The incorporation of intricate mathematical algorithms into code is known
to be challenging and time-consuming. As noted in [19], OSS software like SciPy, Scilab, and GNU
Octave, among others, serves as essential libraries | for numerical computing, aiding in computations
of complex equations, plotting 2D and 3D functions, and performing data analytics.
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The OSS community fosters collaboration and knowledge exchange, driving innovation
in Al. For instance, the Apache Spark project, an open-source Al software and data processing
engine, was collaboratively developed by the community based on existing code. This collaborative
approach also contributs to reducing Al bias, as the decentralised nature of the codes—contributed
by individuals from diverse organisations, backgrounds, and industries—makes it more likely for
the OSS community to create new and innovative code compared with CSS communities found in
large companies [20].

OSS is widely acknowledged for its potential to significantly reduce licensing costs, given
that most software libraries and tools are ecither free to use or come at a lower cost compared
with proprietary alternatives. From a public sector perspective, the adoption of OSS can result in
substantial cost savings. Furthermore, OSS adoption brings various benefits to a country across
multiple domains, including politics, economy, society, and technology [21].

Examples of Oss Application in AI Software

OSS applications have been extensively utilised in Al software. Table 2 provides a comparison of
some OSS applications used in Al software, as along with their features.

Table 2: Features offered by certain OSS

0SS Features
ClearML e Offers a hassle-free ecosystem for managing experiments
e Schedule tasks based on priority and resources
e Can run Bayesian hyperparameter optimisation effortlessly

H20.ai o Can integrate with Hadoop and Spark for big data analysis AI modelling
o Tons of Al libraries, unsupervised and supervised learning included
o Has data ingestion support across different sources with multiple formats available.

MyCroft.ai e Comes with modular architecture and can replace its internal components
e Instant compile, converting natural language processing (NLP) into machine-readable data
through Mozilla’s common voice partnership

OpenCV o Contains vast number of libraries tools (decision tree learning, K-nearest, artificial neural
network, etc.)
e Multiple platforms computability (e.g., Android, i0S, Windows MacOS, Linux, etc.)

PyTorch e Supports algorithms for computer vision and NLP
e Supports end-to-end mobile application development, from Python to iOS or Android
e Has performance optimization and training distribution.

TensorFlow e Supported by multi-language programming, including JavaScript
e Compatible across multiple TensorFlow version of trained Al or machine learning
e Has various applications, such as predictive analysis, classification of objects and
conversational Al

In conclusion, the implementation of OSS in Al software has resulted in the development of
many tools and libraries. These resources will significantly contribute to global AI development.
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CURRENT ISSUES AND CHALLENGES
Licensing

While OSS is free to use, certain software companies exercise control over the licensing of their
software. This approach, known as dual licensing or general public licensing, has gained popularity
as companies derive economic benefits while also providing advantages to the community. However,
some members of the OSS community argue that dual licensing does not serve the public interest
due to licensing limitations. These limitations hinder the full utilisation of OSS capabilities [22].

Data Quality and Quantity

OSS faces challenges concerning the quality and quantity of data. Despite being developed by
the community, OSS does not always offer a completely transparent and high-quality dataset.
Transparency in OSS requires the consideration of all features. Additionally, OSS Al software may
be implemented on “closed data”, meaning it is not entirely transparent, and the public cannot access
the data. Furthermore, OSS relies on continuous development from volunteers, and there is a risk
that developers may abandon the project, leading to its discontinuation [21].

RELATED WORK

Several researchers have used OSS in their research related to Al. The table below presents the
findings of these papers.

Table 3: Some related works by other researchers

Authors Findings

[23] The authors evaluate the use of TensorFlow, an OSS, as an Al software for classifying single-
cell images from cervical cytology samples. The algorithm achieved an accuracy of 80% for
conventional Pap smears and 86% for ThinPrep samples.

[24] These authors discuss the importance of open-source platforms and frameworks for Al and
machine learning. The paper highlights the significance of diversity in these fields to ensure
fairness in data-driven decisions made by Al and machine learning algorithms.

[25] This paper discusses the potential of using OSS for Al and the associated challenges. It proposes
seven recommendations to overcome these challenges and promote the use of open-source Al,
including defining an OSS Al assessment policy, performing a case study on OSS Al tools, and
promoting the use of open standards.

[26] This paper explores the benefits of using OSS in machine learning. OSS can help increase
reproducibility of research, facilitate fair comparisons between algorithms, and allow for quicker
detection and correction of bugs. It also provides access to bug fixes and extensions from external
sources, more efficient algorithms, and leverage of existing resources to aid new research.

[27] This research paper provides a comprehensive literature review on the advantages and
disadvantages of Al and machine learning, aiming to assist information professionals in
academic research.

[28] The research addresses comprehension and retention issues in students through Al and ML
algorithms, highlighting the potential benefits and advancements associated with these research
efforts.
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CONCLUSION

In summary, OSS holds immense potential to shape the Al industry positively. Appropriate regulations
should be put in place to harness the benefits of OSS effectively. Governments should ensure open
access to high-quality data for public institutions, fostering innovation in Al technology within the
OSS community. Furthermore, collaboration between the government and large corporations to
integrate their technologies into a cohesive ecosystem is crucial. This integration can bolster the
economy, fortify national security against threats, and generate new job opportunities within the Al
industry. However, regulations overseeing OSS development are essential to prevent issues like data
breaches and complications that could negatively impact society.
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