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Cybersecurity has become a key challenge for companies worldwide and while large and medium sized firms have developed and implemented critical capabilities in cybersecurity prevention and protection, smaller companies are often left vulnerable due to various reasons such as lack of funds, shortage of trained cybersecurity professionals and weak, outdated policies.
The thesis will understand various cybersecurity risks from the past, in the present, and possible risks in the future and explore how smaller companies can not only mitigate the challenges of cybersecurity but also create robust policies and critical capabilities to prevent cyberattacks and its related challenges.
Following the thesis, as part of my Bachelor’s project, specializing in cybersecurity, I will propose a risk-parameter matrix and strategies to use AI to create a robust, secure and reliable cybersecurity tool for small companies. The project will also be followed by a software demonstration, using C#, AI tools such as coco-analysis and basic log APIs, to create a working software model for small companies.
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My research begins with the following two hypothesis, which I would attempt to challenge and verify during the course of my theoretical researcher and practical project.
1. Small companies face significant higher risks with cybersecurity than large and medium companies.
2. By using risk-attribute matrixes, companies can better train employees using targeted training strategies.
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The thesis uses mix methodology approach, where I first use secondary literature from academic sources to establish the grounds of my research and develop a strong methodological and logical framework for the thesis.
While cybersecurity attacks have been associated with the rise of internet and smart computers, all forms of communication have been vulnerable.
The project has three major approach a real life need analysis approach, a technical approach and a software development approach.
For the real life needs analysis, I focused on challenges faced by small companies due to lack of funds, technical challenges, and inability to hire cybersecurity professionals.
For the technical approach, I focused on selecting the appropriate parameters and attributes, which can be used to quantifiably analyse various aspects of cybersecurity and provide a scientific analysis for observations.
The second part of the thesis focus on primary research and project, where using a risk-attribute matrix I identify the key components of cybersecurity and create a working model to identify which attributes affect more, for a particular user and create customized solutions for each worker.
For the software development approach, used the needs and requirements of a small company and the parameters and attributes to develop a scalable software, which could be adapted to personized needs of small companies and provide regular reports to management for assisting in developing well informed cybersecurity policies.

[bookmark: _Toc194418111]Introduction to Cybersecurity

Cybersecurity has become a major pillar of maintaining, safeguarding, upkeeping, and securing the digital, physical and network infrastructure, which has become a crucial aspect of our lives, society and the economy in the 21st century[footnoteRef:1]. As the world has become ever more interconnected, the role of securing the cyber space has gained importance for business continuity, education, government administration, human interactions etc. [1:  Vieira, 2017
] 

Cybersecurity encompasses a wide range of fields, technologies and practices which include securing the physical infrastructure and digital devices, security the networking tools such as wires, care, optic fibres, Wi-Fi router etc. and securing the software’s and human interactions with the digital machines[footnoteRef:2]. [2:  Cyber Security, n.d.] 

As home offices, e-commerce and digital education has transformed our lives and made the digital world an integral part of our lives, securing the digital world, from malicious actors has become an integral part of cybersecurity and cybersecurity experts, device various defence, offensive and vulnerability testing strategies to mitigate the risks of cyberattacks and prevent cyberattacks from damaging or affecting critical elements of the digital infrastructure[footnoteRef:3]. [3:  Admass et al., 2023] 

The main goal of cybersecurity experts is to reduce risks and protect systems, networks, and data from cyberattacks, unauthorized access, and other security vulnerabilities. Cybersecurity experts achieve this critical goal by implementing and constantly improving security measures, monitoring for threats, responding to incidents, and continuously improving and advancing defences[footnoteRef:4]. [4:  Cybersecurity Careers of the Future, 2018] 
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As the third and the fourth waves of industrialization brought it a wave of digitalization, it improved human productivity and accelerated societal development through technological innovations. But with this innovation and productivity gain, challenges of cybersecurity also grew.
Among the first documented cyberattack is the Morris Worm attack in 1988, which was a self-replicating worm and spread across the early internet (ARPANET) and affected thousands of computers.[footnoteRef:5] [5:  History of Cyber Attacks From the Morris Worm to Exactis | Mindsight, 2019] 

Since then, as the spread and reach of the cyber domain has grown, cyber-attacks have become more systematic, dangerous, creative and difficult to detect. Cyber security threats can happen at various levels, such as on the hardware level, the software level and the network level.
While over 1000 types of cyber security threats have been detected and documented in the Common Vulnerabilities and Exposures (CVE) database, some of the most common in small companies include, denial of service attacks, phishing, man in the middle attacks, etc.
At the software level, malware threats, which include viruses, trojans, worms, spyware etc. are used to damage or disrupt a software or steal information from the user. Another major attack at the software level includes SQL Injection, where attackers send malicious SQL code to manipulate, delete or copy a database[footnoteRef:6]. [6:  Luknar & Jovanović, 2024] 

Beyond malware threats and SQL Injection, Phishing and social engineering level attacks are carried out which prey on the victim and use their vulnerabilities to get access to their digital infrastructure.
At the hardware level, among various possible threats, hardware trojans are a major threat, where a specific code can alter the working of a chip and give backdoor access to the attacker. Another common hardware level includes supply chain attack, where a component of a digital ecosystem is replaced with compromised hardware components.
At the network level, Denial-of-Service (DoS), Man-in-the-Middle (MitM) Attacks, Packet Sniffing & Eavesdropping and DNS Spoofing & Poisoning are some common cybersecurity attacks.
In Denial-of-Service (DoS), the access to the internet or a particular webpage is controlled or denied by the attacker using physical blocks. In Man-in-the-Middle (MitM) Attacks, the attacker, listens and even alters the communication between two parties. In Packet Sniffing & Eavesdropping, the attacker captures the network traffic and steals information from the information packets[footnoteRef:7]. [7:  Luknar & Jovanović, 2024] 

In DNS Spoofing & Poisoning, the attacker redirects the user requests to malicious and compromised websites, which could steal, alter or delete the user’s data.
Another common network level cyberattack is the Rogue Access Points (Evil Twin Attacks), where the user is tricked to join a rouge Wi-Fi or access point, which steals, alters or deletes the user’s data[footnoteRef:8]. [8:  LPN-0 · Mobile Threat Catalogue, n.d.] 

While large and medium companies have invested large sums on developing proprietary anti-virus software and various other cyber security tools regularly conduct cybersecurity trainings and offer refresher courses to their employees., it is the smaller companies and startups, which face the burden of cybersecurity challenges, without proper infrastructure, software or access to expertise.
According to a study, conducted by the McKinsey Global Institute in 2014, over 50% small and medium sized companies (SMEs) have been victims of cyberattacks in the USA and over 60% went bankrupt because of those cyberattacks[footnoteRef:9]. [9:  McKinsey Global Institute, 2014] 
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Cyberattacks can happen at various level. The physical level, the software level and the network level. To understand and theorizes the levels of Cyber Attacks, various models have been proposed. Among those, the OSI model and the TCP/IP Model are the most popular models used for theoretical analysis[footnoteRef:10].  [10:  Rao & Nayak, 2014] 
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While various theoretical models have been proposed to better understand and explore the various aspects of cybersecurity, the OSI model and the TCP/IP Model are the most commonly used models. Both the models divide the threats between two layers, namely the network layer and the application layer[footnoteRef:11]. [11:  Rao & Nayak, 2014] 

OSI (Open Systems Interconnection) Model and the TCP/IP (Transmission Control Protocol/Internet Protocol) Model, while both are theoretical concepts, they can help better understand the structure and limitations of the cybersecurity infrastructure.
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The OSI model is divided into 7 layers, namely the Physical layer, the Data Link Layer, the Network Layer, the Transport Layer, the Sessions Layer, the Presentation Layer and the Application Layer[footnoteRef:12]. [12:  An Overview of the OSI Model and Its Security Threats, 2023] 

Layer 1 is the Physical layer, which deals with the physical connections between devices, such as wires, cables etc. The layer ensures the transmission of data through electrical, optical or radio signals.
The cybersecurity risk in this layer is this layer include physical damage, physical unauthorized access such as tapping etc.
Layer 2 is the Data Link Layer, which assists and manages the communication between adjacent network nodes. The layer uses MAC addresses for device identification.
The cybersecurity risk in this layer includes MAC spoofing, where the MAC addresses of the victim is cloned and used and ARP poising, where a malicious ARP package is sent over the Local Area Network (LAN).
Layer 3 is the Network layer, which handles routing and forwarding of data packets between networks. The layer uses IP address for device identification.
The cybersecurity risk in this layer includes IP spoofing, where the IP address of the victim is closed and used, and the Distributed denial-of-service attacks (DDoS attacks), where normal traffic to the internet is disrupted.
Layer 4 is the Transport layer, which ensures reliable data transfer between devices. It uses various protocols such as the TCP, for physical connections and UDP, for wireless connections.
The cybersecurity risk in this layer includes SYN flood attacks, where there is an attempt on denial of service for the user, and session hijacking, where the session is cloned and used to gather information and hijack the communication system.
Layer 5 is the Sessions layer, which manages sessions between applications. Its main function to help is session authentication and session restoration.
The cybersecurity risk in this layer includes session hijacking, where the entire or part of a session is hijacker and replay attacks, where a part of the session is replayed to gather data maliciously.
Layer 6 is the Presentation layer, which is responsible for translating data from binary to low level or even high-level language and encrypting and decrypting data.
The cybersecurity risk in this layer is data corruption or leaks due to weak encryption.
Layer 7 is the Application layer, which provides network service to applications through protocols such as Hypertext Transfer Protocol (HTTP), Secure Hypertext Transfer Protocol, (HTTPs) , File Transfer Protocol  (FTP) and Simple Mail Transfer Protocol  (SMTP).
The cybersecurity risks in this layer includes phishing, SQL Injection, where a malicious code is passed, which can manipulate or destroy a database, malware transfer and DNS spoofing, where the user is directed to fraudulent and malicious websites.
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While the OSI model presents a detailed theoretical framework, the TCP/IP model presents a more practical, real-life oriented model[footnoteRef:13]. [13:  Yang, n.d.] 

The TCP/IP Model is divided into 4 layers, namely the Network Interface (Link) Layer, the Internet Layer, the Transport Layer, the Application Layer.
Layer 1 is the Network Interface (Link) Layer, which is equivalent to OSI Model Physical and Data link layers. The layer manages physical transmissions and connections and MAC addresses.
The cybersecurity risk in this layer included, packet sniffing, where the data of a packet is accessed and analysed by unauthorized party and ARP poisoning.
Layer 2 is the Internet Layer, which is equivalent to the Network layer in the OSI model.
The layer uses IP address and routes data packages across the network.
The cybersecurity risks in this layer include IP spoofing and DDoS attacks.
Layer 3 is the Transport Layer, which is equivalent to the Transport layer in the OSI model. The layer uses various protocols such as TCP and UDP to ensure data delivers to the correct device within a network.
The cybersecurity risks in this layer include, Port scanning, which is method to detect which ports in a network are open and could receive or transport data and Denial of service attacks such as SYN flood attacks.
Layer 4 is the Application layer, which merges three layers in the OSI model, namely, the Sessions layer, the Presentation layer and the Application layer.
The cybersecurity risks in this layer include SQL injections, phishing and malware attacks.
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While the OSI model provides the more detailed theoretical framework, the TCP/IP model is preferred in real life and has become more popular due to its practical approach but joining the similar layers in the OSI model into single layers, thus reducing the number of layers[footnoteRef:14]. [14:  Rao & Nayak, 2014] 

Besides the OSI and TCP/IP models, various other models have been developed at the academic, scientific or corporate levels, to develop realistic frameworks and address the complexities of network architecture, communication networks, hardware and software.
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Some popular models besides the OSI and TCP/IP models include, the DoD Model (Department of Defence Model), which is also known as the ARPANET Reference Model. The ARPANET model was developed by the US Department of Defence.  The model focused on encryption and strict security protocols and also included protocols for war and other server conditions[footnoteRef:15]. [15:  ARPANET, 2014] 
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Another modern model is the Zero Trust Architecture (ZTA). The architecture works on the principles of "Never Trust, Always Verify.". The Zero Trust Architecture assumes that all devices can be a potential attacker, including the ones within a secured network. The model revolves around strict entry principles of verifying a device thoroughly before gaining access to the network and giving least privilege access and divides the network into smaller isolated zones, with strict entry rules and sometimes no entry at all. The also follows continuous monitoring of all the devices witing a network and remove access in real time[footnoteRef:16]. [16:  What Is Zero Trust Architecture?, n.d.] 

Although the model has presented itself as a viable alternative to the TCP/IP and the OSI models, it is very restrictive and costly due to the continuous monitoring and encryption architecture. Using open internet on this architecture would be challenging and bring in integration issues for various users and their devices[footnoteRef:17]. [17:  Sweny, 2024] 
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In Cybersecurity, the domain expertise is divided into two sections, known as the Blue Team and the Red team. While both the teams, perform a different task, within the large cybersecurity domain, their tasks complement each other for improving the overall cybersecurity infrastructure[footnoteRef:18]. [18:  Murphey, 2024] 

The red team is responsible to stimulate real life attack scenarios and test the security vulnerabilities or an organization. Among various others, their key objective is to identify vulnerabilities, exploit weaknesses, and assess how well the company can withstand attacks.
Various strategies used by the red team include, ethical hacking & penetration testing social engineering like phishing, exploiting software, hardware, and network vulnerabilities and simulating insider threats.
The blue team is responsible for preventing the cyberattacks by creating various preventive and defensive strategies. Among various others, their key objectives include strengthen security, prevent breaches, and responding effectively to threats.
Various methods used by the blue team include, penetration testing, threat monitoring & intrusion detection, incident response & forensic analysis, implementing firewalls, IDS/IPS, and security policies Security awareness training for employees[footnoteRef:19]. [19:  Murphey, 2024] 

Beyond the red and blue teams, there are also purple teams, which include aspects of both red and blue teams and provide a holistic approach towards cybersecurity[footnoteRef:20]. [20:  Murphey, 2024] 

Both Red team and Blue team together are part of a larger group of ethical hackers. Ethical hackers are professional cybersecurity experts, who exploit the weakness of the digital infrastructure to find issues and propose solutions. In the 21st century, the role of ethical hackers has become essential. Companies, government agencies and institutions employ ethical hackers for no only cybersecurity prevention, but also creating a robust, infrastructure and conduct trainings for employees[footnoteRef:21]. [21:  SentinelOne, 2024] 

Various startups and consultancy firms have also created cybersecurity testing, analysis, training policy advice as a product and have become an essential part of not only the tech ecosystem but also the international economy at large[footnoteRef:22]. [22:  Global Cyber Security Network, 2025] 
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While cybersecurity is often associated with modern day computers and digital world, privacy and challenges with information security have been a major concern for every technology throughout the centuries.
In pre-computer era, radio signals and telegraphs were a common form of communication, which were vulnerable to eavesdropping, denial of service and jamming risks. Radio signals and telegraphs could also be intercepted and given unauthorised access to information. In walkie talkies, or two-way radios, vulnerabilities similar to radio signs were present such as eavesdropping, jamming and denial of service. These devices used open analogue frequencies, which also had minimal encryption, making them vulnerable to information leaks and exploitation[footnoteRef:23]. [23:  Heinaaro, 2015] 

In 2G Phones, which are GSM based phones, better encryption was offered, but they were highly vulnerable to IMSI catchers (Stingrays attacks), where the victims calls and SMS could easily be in intercepted, blocked, or eavesdropped. The weak authentication in 2G phones and the SIM cars used also posed the vulnerability of device cloning and spoofing[footnoteRef:24]. [24:  (Security, 2024)] 

In 3G Phones, much stronger encryption techniques were used, but due to design flaws, the devices were highly vulnerable to man in the middle attack and eavesdropping. Security flaws in many 3G phones also allowed unauthorized tracking and spying[footnoteRef:25]. [25:  Security, 2024] 

Beyond the phones, during the dawn of the modern internet, dial-up internet connections, which made up majority of networks across the world between 1990s and early 2000s also faced various cybersecurity risks. Dial-Up Internet Computers didn’t have any firewall by default, which made them highly vulnerable to various cyber-attacks. They were also highly vulnerable to malware, spoofing, tracking and phreaking attacks, which were cyber-attacks over the telephone lines[footnoteRef:26]. [26:  Troy & NATL INST OF STANDARDS & TECH R.I.C., 1986] 

Also, beyond the technical challenges, human centric cyber security challenges such as fake and spam calls, malware updates in the shadow of software updates, social engineering through manipulative calls, messages, advertisements etc. became a common challenge. Furthermore, weak encryption and authentication in Dial-Up Internet Computers led to hacking, data manipulation and spying[footnoteRef:27]. [27:  International Modem Dialing Scams, 2020] 

Modern computers, post the era of Dial-Up Internet Computers, improved significantly in cyber security through enhanced encryption, multi-layer authentication and modern cyber security and preventive software. But despite the constant innovations and upgradations, challenges remained and still remain with modern computers and modern networking solutions[footnoteRef:28]. [28:  Admass et al., 2023] 

Modern computers and networks face cybersecurity risks such as phishing, ransomware, denial of service attacks, cloning of devices etc.
While the advancements in artificial intelligence and machine learning have made defensive software and cyberattack detection faster and more advanced, because of the advancements in AI, with artificial intelligence and machine learning, cyber-attacks have also become highly sophistic and multi layered, which have brough in a new set of challenges for cybersecurity experts. 
Furthermore, modern technologies such as cloud computing and internet of things have brough in a new era of cybersecurity vulnerabilities, which have caused severe challenges to the cybersecurity infrastructure and challenged the core cybersecurity principles and techniques[footnoteRef:29]. [29:  Admass et al., 2023] 
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While Cyber security has traditionally been limited the physical and digital domain of computer connected over open access internet, with new technologies, even closed network have become target of cyber security attacks[footnoteRef:30]. [30:  Makrakis et al., 2021] 

Closed systems, are isolated from external networks such as the internet and external devices and were often considered safer and more secure. There are used in military installations and in critical infrastructure such as nuclear power plants, dams, irrigation networks, electricity generation plans, coal plants etc.
But with the advancements of technologies, closed systems have also become vulnerable to cyber security attacks. Some forms of cybersecurity threats in closed systems include, Insider threats, Supply chain attacks, Electromagnetic (TEMPEST) Attacks, Removable Media Infections, Physical Security Breaches, Social Engineering, Firmware & Hardware Exploits and Maintenance & Update Risks[footnoteRef:31]. [31:  What Is a Supply Chain Attack? | CrowdStrike, n.d.] 

Insider threats happen when negligent or malicious employees, use their position and access to inject malware into the closed system. This malware could edit, delete, copy or manipulate information or commands in the closed system. Edward Snowden’s case is a classic example of Insider threats, where he used his position to leak classified data from closed systems[footnoteRef:32]. [32:  Cisomag, 2020] 

Supply chain attacks happen, when the software or hardware procured already had malware or backdoor access by design. The SolarWinds attack of 2020 in the United States is an example of such cyberattack, where hackers, installed backdoors, into a software update, and gained access to closed systems[footnoteRef:33]. [33:  Kerner, 2023] 

Electromagnetic (TEMPEST) Attacks is a highly sophistic cyber-attack strategy, where valuable data and information can be extracted by analysing the electromagnetic emission from a hardware, even if it’s in a closed system.
In the 1980s, Dutch scientist Wim van Eck demonstrated that by analysis electromagnetic emissions of the computer hardware, even from a distance, actual screen data could be regenerate[footnoteRef:34]d. [34:  Grey Dynamics, 2025] 

Removable Media Infections happen when an infected USB stick or CD is inserted in a closed system[footnoteRef:35]. An example of such type of cyber-attack is when in 2010 in Iran, the nuclear program was affected by the Stuxnet worm, injected through a USB stick[footnoteRef:36]. [35:  USB Attacks: The Threat Putting Critical Infrastructure at Risk, n.d.]  [36:  Kushner, 2024] 
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Military grade cybersecurity works on the following principles, it uses quantum encryption for ultra secure communications. The Military grade infrastructure employs a Zero trust architecture (ZTA) which ensures verification and re-verifications at every level. It employs air gapped, closed system networks, to prevent any outside access or communication. It uses AI to predict and test vulnerabilities in the system and gaps in logic. Military level cybercity also involved highly trained cybersecurity experts and well tested and reliable software, hardware and supply chains[footnoteRef:37]. [37:  U.S. Department of Defense, n.d.] 

But despite, the well calibrated strategies of miliary grade cybersecurity, there are always vulnerabilities, which are actively exploited by attackers and often exploited.
The NSA Data Breach (2016) is an example of such an attack, when despite having military grade cybersecurity measures, the attackers could exploit the system and steal information on top-secret cyber weapons. The hackers used various forms of cybersecurity attacks in closed systems and breached NSA’s systems and leaked the details of top-secret cyber weapons[footnoteRef:38]. Till date, the NSA has not been able to understand how and which vulnerabilities the attackers exploited, and an investigation is still ongoing since 2016[footnoteRef:39]. [38:  Schneier, 2016]  [39: (Biggest Data Breaches in US History (Updated 2025) | UpGuard, n.d.] 
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[bookmark: _Toc194418125]The United States of America
In the United States, various laws such as the Cybersecurity Information Sharing Act (CISA) (2015), focuses on sharing cyber threat information and data between the government and private companies. Health Insurance Portability and Accountability Act (HIPAA) focuses on securing healthcare data and patient’s records. Gramm-Leach-Bliley Act (GLBA) focuses on consumer data held by private companies, Federal Information Security Modernization Act (FISMA), this law deals with the storage and use of data of federal agents and various state level laws, such as the California Consumer Privacy Act (CCPA), which focuses on the data privacy of all residents of California[footnoteRef:40]. [40:  Cybersecurity Laws Every Business in the US Should Know About, 2025] 

Being the centre of global geopolitics and the largest economy of the world, the United States is a major centre of cyber security attacks. Some major cyber security incidents include JPMorgan Chase Data Breach (2014)[footnoteRef:41], Equifax Data Breach (2017)[footnoteRef:42], Colonial Pipeline Ransomware Attack (2021)[footnoteRef:43] and SolarWinds Cyberattack (2020-2021)[footnoteRef:44] . [41:  Rushe, 2017]  [42:  Center, n.d.]  [43:  The Attack on Colonial Pipeline: What We’ve Learned & What We’ve Done Over the Past Two Years | CISA, 2023]  [44:  Kerner, 2023] 
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In the European Union, laws such as the General Data Protection Regulation (GDPR) have become the backbone of data privacy for all residents of the European Union. GDPR follows strict data protection with laws on data protection, sharing and consent.
According to the GDPR, organizations must implement security measures from the outset of any system development, ensuring data protection is a built-in feature rather than an afterthought.
A major success of the law is that GDPR needs to be observed even beyond the borders of the European Union. Furthermore, GDPR mandates the reporting on any cyber-attack within 72 hours and has strict noncompliance penalties which range from Up to €20 million or 4% of global annual turnover, whichever is higher[footnoteRef:45]. [45:  Regulation - 2016/679 - EN - Gdpr - EUR-Lex, n.d.] 
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Besides the General Data Protection Regulation (GDPR), various national governments have implemented some more laws, such as the Federal Data Protection Act, in German Bundesdatenschutzgesetz (BDSG)[footnoteRef:46] and the  French Data Protection Act (Loi Informatique et Libertés)[footnoteRef:47] go beyond the GDPR with stricter compliance and penalties. [46:  Federal Data Protection Act (BDSG), n.d.]  [47:  La Loi Informatique Et Libertés, n.d.] 
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Beyond the GDPR, in the EU, the NIS 2 (Network and Information Security Directive) is a strong unified legal framework which is developed and implemented to uphold cybersecurity in 18 critical sectors across the EU. Sectors such as Energy generation, transmission and distribution, Transportation sector including air, rails, road and waterways, health sector, public administration etc. are covered under the NIS 2 directives[footnoteRef:48]. While GDPR focuses on general data privacy rules, NIS 2 focuses on cybersecurity. [48:  NIS2 Directive: New Rules on Cybersecurity of Network and Information Systems, n.d.] 

Both the laws, are backed with strong enforcement directives and are implemented with strict provisions to protect the citizens, social fabric and the economy within the European Union.
But similiter to the United States, the EU has been a victim of various cyber security attacks. Some major attacks include France TV5Monde Cyberattack (2015) - France[footnoteRef:49], European Medicines Agency (EMA) Cyberattack (2020) - EU[footnoteRef:50] and San Carlo Cyberattack (2023) – Italy[footnoteRef:51]. [49:  Corera, 2016]  [50:  (Cyberattack on EMA - Update 5 | European Medicines Agency (EMA), 2021)]  [51:   La Rocca, 2025] 
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Similarly to the EU, in the United Kingdom, UK GDPR is the key law which protects residents of the United Kingdom. The UK adopted GDPR while it was part of the European Union and kept the law post Brexit.
While various aspects of the UK GDPR overlap with EU’s GDPR, the UK version is more localized and newer laws in pipeline such as the Data Protection and Digital Information Bill in the UK could include various new provisions in UK’s cyber security laws.
Similar to the EU GDPR, the scope of the law extends beyond the borders of the United Kingdom for and includes strict financial penalties for noncompliance[footnoteRef:52]. [52:  ICO, n.d.] 

Major cyberattacks in the UK include Tesco Bank Cyberattack (2016)[footnoteRef:53], British Airways Data Breach (2018)[footnoteRef:54] and the UK Electoral Commission Hack (2021-2022, revealed in 2023)[footnoteRef:55]. [53:  Treanor, 2017]  [54:  BBC News, 2020]  [55:  Seddon, 2023] 
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In India, Information Technology Act, 2000 (IT Act)[footnoteRef:56] is the backbone of cybersecurity and privacy laws in the country. The law is comprehensive in its approach and reach and involves various aspects of data privacy, cybersecurity prevention and enforcement. Beyond the Information Technology Act, 2000, CERT-In Guidelines (2022)[footnoteRef:57] focus on the active reporting of cyberattacks withing 6 hours and the  Digital Personal Data Protection Act (DPDP Act), 2023 [footnoteRef:58]focuses on personal data protection of all Indian residents. [56:  IT Act 2000, Information Technology Act 2000, Bare Act, Information Technology Law, 2019]  [57:  BreachRx, 2022]  [58:  Data Protection Laws in India - Data Protection Laws of the World, n.d.] 

In India, the major challenge is in implementation of laws. Being a developing nation, India’s law enforcing agencies often struggle to uphold the law due to the large size of the nation and its population and the weakness of its institutional networks including the policing system, the public administration and the justice system[footnoteRef:59]. [59:  Agrawal, 2025] 

Despite the challenges, India has made considerable progress in improving its IT and Digital infrastructure and created a strong network of laws and regulations to secure the digital infrastructure and protect its citizens.
Major cybersecurity attacks in India include UIDAI Aadhaar Data Leak (2018)[footnoteRef:60], Cosmos Bank Cyber Heist (2018)[footnoteRef:61], AIIMS Hospital Delhi Cyberattack (2022)[footnoteRef:62]. [60:  BBC News, 2018]  [61:  Purkayastha, 2020]  [62:  Uberoi, n.d.] 

The cyber security and privacy laws in the United States, European Union, the United Kingdom and India overlap in various cases such as Data encryption and secure access controls, individuals right to digital privacy, incident reporting guidelines for private and public companies, employee trainings etc.
The difference between the laws includes that while European Union’s GDPR is has extra territory implications, Indian law is limited to Indian territory and cannot be applied abroad.

[bookmark: _Toc194418131]Future, Quantum-based cybersecurity
As cybersecurity attacks are getting more complex, advanced, and sophisticated due to the advancements in AI and various other technologies, various governments, institutions and private firms are working on finding solutions to deter cybersecurity attacks in a world of advance AI.
Various theories and technologies are being researched and studied and quantum-based cybersecurity is becoming a viable option for future cybersecurity growth and advancements. While AI based cybersecurity has shown great potential, in creating next generation cybersecurity tools, quantum computing might also present a new era, in the cybersecurity[footnoteRef:63]. [63:  Edwards, 2025] 

Quantum computers, work in a unique way from computers used till date and instead of binary bits, where either a function is 0 or 1, quantum qubits, can be either 0 or 1 or both 0 and 1 at the same time. The layer of complexity makes quantum based technology ideal for encryption methods and various researchers are trying to use quantum based encryption methods, to not only enhance cypher security infrastructures, but also create a layer of complex systems of quantum encryptions, which could make critical networking, such as in military highly secure.
Another reason for further research in quantum-based encryption is to prevent attackers from using quantum-based technologies, to crack and decrypt encryption codes in highly vulnerable industries. 
Encryption methods, such as the RSA (Rivest-Shamir-Adleman) and ECC (Elliptic Curve Cryptography) are used in banking and military operations and it is practically impossible for a regular computer or even a supercomputer to break these encryption methods, with the technology available today[footnoteRef:64]. [64:  Edwards, 2025] 

With the help of quantum-based decryption technology, it has been proven that even the most relatively secure encryption methods are highly vulnerable. Hence, the quantum research has moved ahead with Post-Quantum Cryptography (PQC). Post-Quantum Cryptography (PQC) is the method of developing encryptions, which can restrict and withstand quantum-based decryption.
A relatively successful application of quantum computing is the Quantum Key Distribution (QKD). In Quantum Key Distribution, quantum mechanics is used to enable ultra secure encryption and communication.
The United States is actively adapting quantum-based technology in their cybersecurity infrastructure and have created protocols, and procedures for quantum-based research, planning, execution and implementation[footnoteRef:65]. [65:  National Quantum Initiative, n.d.] 

While quantum-based computing and its cyber security applications are showing some successes in their applications for the future, the long term, and industry wide application is still challenged due to the high cost, challenges with scalability of creating and doing quantum research and the barrier to our knowledge about quantum physics and its limitations[footnoteRef:66]. [66:  Edwards, 2025] 

Various new areas of research are also being explored, newer areas, focused on more niche market are also being explored and developed. Some of the areas include Deepfake and Digital Identity Security, Bio-Cybersecurity & Neurosecretion, Space Cybersecurity.
To conclude, as hackers and attackers are getting more sophisticated, better equipped and technological advanced, newer technologies are paving the way for smarter, better, and more secure cybersecurity methods to protect against any unauthorized intrusion at the software, hardware or the network level.
[bookmark: _Toc194418132]Cybersecurity in Workspace
Cybersecurity in the workplace is the practice of security the entire digital infrastructure of the company, the data of its business, employees etc. and or security the physical, networking and software infrastructure from cyber threats.
While various companies have used various strategies to implement cybersecurity in workplace environments, some common practices include, Network Security using Firewalls, Intrusion detection systems (IDS) and Virtual Private Network (VPN), Data Protection & Encryption and backup strategies, Access Control & Authentication such as Multi-factor authentication (MFA), Incident Response & Monitoring, Cloud security, Database security, Government policy and best practices management and trainings.
These strategies can help an organization mitigate the challenges of cybersecurity and avoid major cyber incidents.
Among all the common measures adopted by various companies, it is reported that a majority of cybersecurity incidents occur due to human error, which brings to light the role of trainings and cybersecurity awareness programs in the overall cybersecurity planning. While various methods used by the blue teams and red teams might offset the flaws in the digital infrastructure, human error remains the key cause of cyberattacks. Therefore, the role of cybersecurity trainings in workplace is essential[footnoteRef:67]. [67:  Workspace Security: Challenges, Threats, and Security Solutions, 2024] 

According to a research, published by the IBM's Cyber Security Intelligence Index in 2014, more than 95% percent of cyber security incidents occurred due to human error. Most of those incidents were preventable and could be avoided with proper trainings[footnoteRef:68]. [68:  The Importance of Mitigating Human Error in Cybersecurity, 2022] 

Large companies in all major sectors have created proprietary software and training material for their employees to training on, which help mitigate the human error and prevent cybersecurity risks. These trainings are also regularly conduct and updated by professionals.
Smaller companies, on the other hand, due to limited funds are unable to hire and consult blue and red teams to detect cybersecurity vulnerabilities and fail to conduct regularly updated cybersecurity trainings for their employees, due to a which, they remain highly vulnerable to cybersecurity attacks.

[bookmark: _Toc194418133]Conclusion 

In the 21st century, as societies have evolved and adapted to the digital age, the role of cybersecurity professionals has increased over time and become critical.
While malicious groups and hackers are finding newer ways to exploit vulnerabilities in the systems, cybersecurity professionals are developing new systems, protocols and technologies to prevent and mitigate cybersecurity risks.
With the help of various theoretical models, such as OSI model and the TCP/IP model, hiring cybersecurity professionals and conducting trainings for employees, companies across the world are trying to de-risk their cybersecurity risk exposure.
For larger companies and government institutions, cybersecurity risks are professionally managed due to the availability of funds, technical expertise, manpower and the possibility to invest and create proprietary and custom-built technology for individual needs
But the smaller companies, due to lack of funds and expertise often face the burden and remain highly vulnerable to cybersecurity risks.
In second part of my Thesis, I explore a the theoretical and practical for a project, which is designed for small companies with limited resources and cybersecurity expertise. The project uses various attributes and datapoints and using AI and data analytics to provide guidance and suggestions for managers to prevent and mitigate cybersecurity risks.
For larger companies and government institutions, the tasks are mitigated due to the availability of funds, technical expertise, manpower and the possibility to invest and create proprietary and custom-built technology for individual needs.
For my hypothesis, using literature review from scientific and academic sources, I can conclude that small companies face significant higher risks with cybersecurity than large and medium companies.
The second hypothesis is studied in part two of my thesis, by using risk-attribute matrixes, I study if companies can better train employees using targeted training strategies.
That is the motivation for my project for the BPROF thesis, where I create a software, which can assist small companies, in being cybersecurity ready and assist them to take preventive and corrective steps in time, to prevent a major cyber security challenge.
Following the part 2, in part 3 of the thesis, I present a working model for the project, which uses all the theoretical knowledge and base from Part 1 the parameters and technical analysis from Part 2 of the thesis.
In conclusion, "The best defence is a good offense" in cybersecurity planning and execution strategy and companies, government organizations, institutions and individuals must be well prepared for all outcomes in cybersecurity.

[bookmark: _Toc194418134]Part 2: Cybersecurity Project for Small Companies

[bookmark: _Toc194418135]Continuation from Part 1
After building the theoretical background and literature review in Part 1, Part 2 focuses on a real-life project, which can help mitigate cybersecurity risks in small companies and provide a more robust and sustainable operating environment and cybersecurity infrastructure.
[bookmark: _Toc194418136]Need Analysis
Cybersecurity is a key challenge faced by companies, governments organizations and institutions across the world and has become a key consideration in a company’s security calculations to not only prevent cybersecurity attacks but also preserve market reputation and maintain business continuity.
While large companies and government organizations are often protected against cybersecurity risks due to high end, often proprietary cybersecurity tools, smaller companies are often more vulnerable to cybersecurity risks. With small companies, the issue is further exacerbated due to various other factors such as lack of funds to develop cutting edge proprietary software, shortage of skills cybersecurity professionals who could dedicate work on security company networks and hardware assets, data scientists and the lack of trainings.
As more and more companies are opting for remote or hybrid work opportunities, workers are enjoying the possibility to work from home or anywhere, which gives them more freedom and a better work-life balance. But this luxury comes at a cost and risk of increased vulnerabilities to cyber-attacks and other challenges.
While people are aware of the cyber security risks, a majority of cyber security attacks happen due to human failure. Therefore, the project focuses on smaller companies, seeking to advance their cybersecurity preparedness and provide a sustainable and scalable tool to early detect cybersecurity vulnerabilities and using targeted trainings and mitigation strategies, close the loopholes and gaps in their cybersecurity infrastructure.
The project is made with four main assumptions, which are often the four main challenges faced by small client companies, first the client companies have limited funds to procure, deploy and sustain expensive software and hardware, second, the client companies lack the technical skills to keep the application running, third the client companies lack IT or cyber security professionals as full time employees, and fourth, the client companies have limited knowledge about potential cyber security risks.

[bookmark: _Toc194418137]Step 1[footnoteRef:69] [69:  Rajesh: et al., 2024] 

To mitigate these four challenges, I first created a set of major attributes which affect cybersecurity. Following that, I divided the set into human vs machine scores, which helps in assessing if there is a human error involved or a technical flaw in the architecture. 

	Type 
	Attributes 

	Machine Scores 
	Public vs Private Wi-Fi 

	Machine Scores 
	Devices in the LAN 

	Machine Scores 
	Quality of hardware 

	Machine Scores 
	Number of Firewalls 

	Machine Scores 
	Settings on Firewall 

	Machine Scores 
	VPN 

	Machine Scores 
	Antivirus Results 

	Machine Scores 
	Software Updates 

	Machine Scores 
	Intrusion Detection System (IDS) Alerts 

	Machine Scores 
	Network Traffic Analysis 

	Human Scores 
	Using unauthorized websites 

	Human Scores 
	Compliance with accounts 

	Human Scores 
	Stress 

	Human Scores 
	Phishing Email Testing 

	Human Scores 
	Trainings score 

	Human Scores 
	Questionnaire 

	Human Scores 
	Authorized Software 


Source: Rajesh: et al., 2024: 5th International Congress on Scientific Research April 21-22, 2024, Türkiye by IKSAD Institute

	Attribute ID
	Name
	Function

	A1
	Layers of the Firewall 
	· More layers improve security by filtering threats at multiple points.
· Prevents unauthorized access and network intrusions.
· Helps in detecting and blocking malicious traffic.

	A2
	No. of Devices connected to the Wi-Fi network. 
	· More devices increase potential attack surfaces.
· Infected devices can spread malware across the network.
· Unauthorized devices may indicate a security breach.

	A3
	How many times is the Wi-Fi password changed in a month.
	· Frequent changes reduce the risk of password leaks.
· Prevents unauthorized access from old devices.
· Helps in mitigating brute-force attacks.

	A4
	Length of Wi-Fi encryption Key 
	· Longer keys make it harder to crack encryption.
· Ensures strong protection against eavesdropping.
· Reduces the chances of unauthorized decryption.

	A5
	Year of the Router. 
	· Older routers may have unpatched vulnerabilities.
· Newer models have better security features.
· Ensures compatibility with the latest security standards.

	A6
	Year of the User Device. 
	· Older devices may not support the latest security updates.
· Increased risk of software and hardware vulnerabilities.
· Lack of support for modern encryption protocols.

	A7
	Number of Days since the last Software Update.
	· Outdated software contains known security vulnerabilities.
· Updates patch critical security flaws.
· Reduces the risk of malware exploiting old software.

	A8
	How many Threats Detected by the Antivirus software in the last month. 
	· Indicates the level of exposure to cyber threats.
· Helps in assessing the effectiveness of security measures.
· High threat detection may signal a compromised system.

	A9
	How many Threats Detected by the Antivirus software in the last month. 
	· Monitors network traffic for suspicious activity.
· Helps in detecting cyberattacks before they escalate.
· Can prevent unauthorized access attempts.

	A11
	Intrusion Detection System. 
	· Monitor network traffic for suspicious activity.
· Helps in detecting cyberattacks before they escalate.
· Can prevent unauthorized access attempts.

	A11
	Total Amount of downloaded Data in Last week 
	· Large downloads may indicate data exfiltration.
· Helps in identifying unusual network activity.
· Can indicate unauthorized software downloads.

	A12
	Total Number of Files Downloaded in Last Week 
	· A high number of downloads may include malicious files.
· Helps in tracking unauthorized data transfers.
· Can indicate potential insider threats.

	A13
	Percent of total Logins hours when VPN was used 
	· VPN encrypts traffic, ensuring secure remote access.
· Reduces the risk of data interception on public networks.
· Helps in maintaining privacy and security.

	A14
	How many times user visited Blacklisted websites by company Last week 
	· Accessing blacklisted sites can introduce malware.
· Can indicate policy violations or insider threats.
· Helps in enforcing company cybersecurity policies.

	A15
	How many times Personal Accounts were used to Login in the last week 
	· Personal accounts may lack corporate security controls.
· Increases the risk of credential leaks.
· Can lead to data breaches if mixed with work credentials.

	A16
	How many days beyond 12 hours per day were worked in the last week 
	· Fatigue leads to human errors and security lapses.
· Increases risk of phishing and social engineering attacks.
· Can result in improper handling of sensitive data.

	A17
	How many times the user downloaded company Unauthorized Software
	· Unauthorized software can contain malware.
· Can lead to compliance and licensing issues.
· Increases the risk of security vulnerabilities.



[bookmark: _Toc194418138]Step 2
Following this initial analysis, a more complex analysis is done. Here, we further add directions to the attributes. The directions mean that if improving the attributes affects the cybersecurity positively or negatively. For example: It is generally agreed that by updating software in time, the network becomes more secure. This means that timely software updates have a positive effect on the cybersecurity, hence the direction of the attribute is 1.
On the other hand, increasing visiting blocked websites or working more hours, which causes stress can increase risks, hence the direction of the attribute is 0.
But some attributes might be like the Schrödinger cat or an electron with dual personalities. For example, firewall threat detection: If a firewall is showing us a lot of threats, that could mean both things, either our network is very unsafe, or the firewall works too well, or both. On the other hand, if the firewall detects too less or 0 cases, either our network is military grade secure, or our firewall doesn't work at all, or both. 
Similar dilemmas could be in intrusion detection systems, malware analysis or antivirus analysis. In these cases, we could set some generic rules, to create a balance of power and make some checks and balances. We could use the classic If-Else. If pyramid. For example: if firewall detects less threats, and the intrusion system detects less threats and antivirus analysis detects less threats then we can use this case as true. But, if either of the cases is not true, we can assume false. We could also add to the if-else clause more predictable measures such as percentage of time VPN was used etc. 
Going ahead with the attribute selection and their direction, I populated the matrix (see Figure 1) with possible real-life values for various attributes and test subjects.

[bookmark: _Toc194418139]Step 3: Data collection
All the data used in the risk-attribute matrix is randomised and anonymized real-life data, which can be used to simulate a real-life test case. The data was collected based on inputs from my classmates at the university and colleagues at my office.

[bookmark: _Toc194418140]Step 4: Coco analysis[footnoteRef:70] [70:  Pitlik, 2010] 

Component-based Object Comparison for Objectivity (COCO) is a data analysis technique, which uses a unique approach in establishing a relationship between an independent variable (X) and a dependent variable (Y).
In coco analysis, the staircase function is used, which assigns and allows variable wight to different variable, in contrast to traditional regression analysis, which gives equal weight to each variable.
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AI-generated content may be incorrect.]Figure 1: Various Attributes (OAM) used for the Risk Analysis (source: own presentation)[footnoteRef:71]  [71:  Rajesh: et al., 2024] 
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AI-generated content may be incorrect.]Figure 2: Ranking Based on Excel Solver Module (source: own presentation)[footnoteRef:72]  [72:  Rajesh: et al., 2024] 
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AI-generated content may be incorrect.]Figure 3: Excel Solver[footnoteRef:73]  [73:  Rajesh: et al., 2024] 
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AI-generated content may be incorrect.]Figure 4: Coco Analysis[footnoteRef:74] (online)[footnoteRef:75]  [74:  Pitlik, 2010]  [75:  Rajesh: et al., 2024] 
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AI-generated content may be incorrect.] Figure 5: Score Calculation Chart (based on two parallel calculation processes)[footnoteRef:76]  [76:  Rajesh: et al., 2024] 
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AI-generated content may be incorrect.] Figure 6: Score Chart (staircase functions)[footnoteRef:77]  [77:  Rajesh: et al., 2024] 
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AI-generated content may be incorrect.] Figure 7 Estimation of the risks (multidimensional optimized aggregation)[footnoteRef:78]   [78:  Rajesh: et al., 2024] 

 
[bookmark: _Toc194418141]Results
The results of the risk-attribute matrix can be used for two observations. The first being the risk scores of various employees and the second being the relative importance of some attributes over others.
For the first observation, by analysing the results of the risk-attribute matrix, cyber risk scores were calculated for each employee based on the data from various attributes. Employees which have a higher risk score are at a higher risk and vulnerability for cybersecurity threats and employees with a lower risk score are at a relatively lower risk and vulnerability for cybersecurity threats.
This information can be key knowledge source for managers to use targeted methods of training, software and hardware upgradation and cyber risk management to reduce the overall cyber security risks for the company. This can help save costs, protect business interests and reputation and avoid any unauthorized access, manipulation and loss of data.
For smaller companies, which have budget issues and lack of technical expertise, the results of this risk-attribute matrix can be highly relevant as they can dedicate their limited resources towards finding solutions, instead of organizing general trainings, or upgrading the entire hardware, software and network infrastructure.
For the second observation, various attributes have a different impact with varying degrees on the cybersecurity risk of them employees. By using coco-analysis, it could be determined that some attributes have a stronger influence on the cyber-risk scores of the employees and some attributes have limited influence on the cyber-risk scores.
By studying the relationship between relatively more important and relatively less important attributes, the project and the software can be customized according to client needs and budget. Based on the clients, needs, infrastructure and software availability, budgets, technical expertise and requirements, a tailor-made solution can be offered, which would make this product, adaptable, flexible and fit for the requirements of various kinds of business.
For example, the requirement of a small law firm, would include more focus on data access and privacy, due to attorney-client privilege laws and requirements, while a small marketing firm, focused on digital marketing, branding and advertising services would need to secure its physical infrastructure and networking infrastructure to ensure it can continuous and round-the-clock provide its digital marketing services.
Therefore, considering the two major observations from the risk-attribute matrix, the project can be used as a project for real life corporate, industrial and business needs[footnoteRef:79]. [79:  For further steps and analysis on how the, please refer to Annex 1, 5th International Congress on Scientific Research April 21-22, 2024, Türkiye by IKSAD Institute Risk-evaluation possibilities concerning IT-activities in home-office Presenter: Aadi Rajesh: Kodolányi János University Supervisors: László Pitlik (Jr.) & Dr. László Pitlik
] 

 
[bookmark: _Toc194418142]Practical Use
Using this software, small companies can gain the following benefits.

1. They can find the weak points in their cyber security infrastructure and dedicate resources in improving the weaknesses for an overall stronger architecture.
2. The companies can use targeted trainings for employees who are at a higher risk of cyberattacks and using this approach, the companies can save costs and improve the overall efficiency of their digital services.
3. Companies can add or delete attributes based on their needs, making the software a highly customizable.
4. The data from the software is based on real time information and provides constant feedback to managers and employees.
5. The companies don’t need to invest their limited resources in hiring specialized consultants fulltime, with this software, the company leadership can hire cybersecurity consultants and training for targeted seminars, which will reduce costs and save company’s reputation and market.
6. The software is open source, and the source code is shared with the companies, and they can customize it and scale it as per requirements.
7. For any company, financial interests are the key driving factor. By mitigating possible cyber security challenges, the company can save cost, protect reputation, provide continuous delivery of goods and services and save itself from the psychological challenges faced by victims of cyber security attacks.

[bookmark: _Toc194418143]Challenges and Future areas of improvements
The primary challenge on the software is data collection and the regulations governing data collection such as GDPR. 
In case a company decides to use this software, they will need to strictly monitor compliance with data safety and security and also constant inform the employees about their digital rights and responsibilities.
In terms of the future areas of improvement, the software in its current form provides real time information about cybersecurity vulnerabilities for small companies but has the potential to further improve.
The future improvements can be done on 3 levels, client feedback level, market need levels and changes in cybersecurity threats and vulnerability.

At the client feedback level, after gaining valuable user inputs from their experiences, the software can be fine-tuned to improve functionality and accessibility.
At the market needs level, as the software will enter newer markets, we can study the specific opportunities, risks and challenges a new market presents and improve our product to match market needs.
At the changes in cybersecurity level, as hackers are getting more proficient and cyberattacks are become more sophisticated due to AI and various other technological advancements, the software can use big data analysis, stronger cryptography tools and AI to improve security[footnoteRef:80].  Furthermore, the risk-attribute matrix, can be upgraded to a working software model, which can automatically gather information without manual data entry. [80:  Rikk et al., 2023] 

In Part 3 of my Thesis, I will present a working software model using the risk-attribute matrix proposed in Part 2.
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