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Abstract: Computer networks are integral to business, communication and personal activities in today's
society. However, the rapid expansion of computer networking capabilities has also increased cyber-attacks
and security threats. Artificial intelligence (Al) has been hailed as a promising technology for improving
network security. Al-based computer network security systems have the potential to automatically detect,
respond to and prevent network security threats. This research paper explores the concept of Al-based
computer network security systems, their benefits and limitations, and the potential for future developments.

Index Terms - Artificial intelligence (Al), Intrusion Detection Systems (IDS), Intrusion Prevention
Systems (IPS), Natural Language Processing (NLP).

|. INTRODUCTION

Computer networks are a critical part of our modern society, and they play a significant role in almost all
aspects of our lives, including business, communication and personal activities. However, as the use of
computer networks continues to increase, so do cybersecurity threats that can cause significant damage to
individuals and organizations alike. Data security has become a major concern for organizations in today's
digital age. Cyber-attacks have increased exponentially in the recent past, and they have become more
sophisticated and complex. [1] With the increase in the frequency and complexity of such attacks, traditional
security measures are no longer sufficient to protect computer networks. Therefore, there is a need for
advanced security systems that can mitigate the risks associated with these attacks. As such, a new approach
to network security is needed, with artificial intelligence (Al) playing an increasingly essential role in
developing more robust and efficient security measures. Artificial intelligence (Al) can be used to develop
computer network security systems that can detect and prevent malicious activities. [5] [6]

Il. IMPORTANCE OF NETWORK SECURITY

Network security has become a critical concern for organizations with the increasing dependence on computer
networks to store and process sensitive information. [2] Any data breach could result in a significant loss of
financial and reputation damages. Therefore, it is essential to secure the computer network to protect against
unauthorized access, data theft, and other malicious activities. [13]

I11. Current Network Security Approaches

Currently, organizations use a range of different security measures to protect their computer networks. These
include firewalls, intrusion detection systems (IDS), intrusion prevention systems (IPS), antivirus software,
and data encryption systems. [11] However, these methods are not foolproof, and some attacks still find their
way through these defenses. Furthermore, these systems often require significant human intervention to detect
and mitigate these attacks. [12]

Here are some of the current network security approaches:
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3.1 Firewalls: A key element of network security is the firewall. Based on pre-established security criteria,
they keep track of and regulate both incoming and outgoing network traffic. Firewalls are network packet
inspection and security policy enforcement tools that can be either hardware or software-based.

3.2 Intrusion Detection Systems (IDS) and Intrusion Prevention Systems (IPS): To identify and stop
unauthorised network access and attacks, IDS and IPS technologies are utilised. While IPS systems go one
step further by actively thwarting or stopping the threats they have identified, IDS systems monitor network
traffic and create alerts when suspicious activity is identified.

3.3 Virtual Private Networks (VPNSs): By encrypting the data exchanged between the user's device and the
network, VPNSs establish secure connections across open networks. With the use of VPNs, data is protected
from interception and tampering by maintaining confidentiality, integrity, and authenticity.

3.4 Secure Sockets Layer/Transport Layer Security (SSL/TLS): Secure internet communication is made
possible by the cryptographic technologies SSL and TLS, which succeeded it. They create secure connections
between web servers and clients, guaranteeing the confidentiality and integrity of any data transferred.

3.5 Network Access Control (NAC): Access to a network can be managed and controlled with the use of
NAC solutions. They often entail confirming users' and their devices' identities, examining compliance with
security policies, and, based on the findings, issuing the proper network access credentials.

3.6. Secure DNS: One of the most important parts of the internet's architecture is DNS (Domain Name
System). Digital signatures are added to DNS data by secure DNS protocols like DNSSEC (Domain Name
System Security Extensions), which ensure the authenticity and integrity of the data. By doing this, DNS
hijacking and other DNS-related threats are deterred.

3.7 Security Information and Event Management (SIEM): SIEM systems gather and examine security-
related data from a variety of network sources, including servers, firewalls, and IDS/IPS. By correlating and
analysing log data and producing warnings for questionable actions, they offer real-time monitoring, threat
detection, and incident response capabilities.

3.8 Application-level Gateways (ALGSs): In accordance with security guidelines, ALGs monitor network
traffic at the application layer and permit or deny particular protocols or services. They can offer extra security
features including content filtering, protocol validation, and deep packet inspection.

3.9 Network Segmentation: A network is segmented when it is broken up into several smaller subnetworks,
also referred to as segments or VLANS (Virtual Local Area Networks). This lessens the possible impact of a
security compromise by preventing unauthorised access and isolating key systems.

3.10 Next-Generation Firewalls (NGFW): With the addition of additional security features like application
awareness, intrusion prevention, deep packet inspection, and sophisticated threat intelligence, NGFWs
combine classic firewall functions. They give network traffic, including application-level controls, more
visibility and management.

V. Definition of Al-Based Computer Network Security System

An Al-based computer network security system is a security system that makes use of Al techniques to detect,
respond to, and prevent network security threats. This system is dedicated to automating the process of
monitoring and responding to potential threats, thereby freeing up security personnel to focus on more
strategic tasks.

V. BENEFITS OF AI-BASED COMPUTER NETWORK SECURITY SYSTEM

Al can help to improve the effectiveness of computer network security systems by providing more advanced
threat detection, analysis, and response capabilities. [3] Al tools can help to identify various types of cyber
threats, including zero-day exploits, targeted attacks, and malware. It can also detect unusual network activity
that might signal a possible attack. [4] Al-assisted systems can automatically respond to the detected incidents
and reduce the time required to detect and mitigate cyber threats.

The benefits of Al-based computer network security systems can be grouped into accuracy, speed, and
adaptability. [7] [8]

5.1 Accuracy: Al-based systems can be trained to recognize and classify a vast number of potential security
threats, often far more accurately than humans. They can also continue to learn and evolve over time, leading
to more accurate and effective responses to potential threats. By automating the threat identification process,
the risk of human error can be minimized, and the security system becomes more reliable.

5.2 Speed: Al-based computer network security systems can analyze vast amounts of data and detect potential
threats in real-time, significantly reducing the response time to an attack. They can also respond to threats
more quickly than a human analyst, thereby minimizing the damage that an attack can cause.

5.3 Adaptability: Al-based computer network security systems can adapt to new threats quickly. They can
self-learn new threat characteristics, thereby improving their ability to detect and prevent attacks in the future.
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VI. TECHNOLOGIES USED IN AI-BASED NETWORK SECURITY

There are several technologies that can be used in an Al-based network security system. [14] These include
machine learning algorithms, neural networks, natural language processing (NLP), and data analytics.

6.1 Machine Learning:

Machine learning algorithms are able to analyse enormous volumes of data and spot trends that point to
harmful behaviour. It can also detect unfamiliar activity that is inconsistent with a system's normal behavior.
Hence, it can help to accurately identify and mitigate cyber threats. [9] [15]

6.2 Neural Networks:

Neural networks can learn from previously analyzed data to detect and prevent cyber-attacks. They can help
to build a list of known attacks, and their features can help to identify new attacks. [10]

6.3 Natural Language Processing:

NLP can help in identifying unusual patterns in network traffic. It can help make the system more intelligent,
allowing it to detect potential threats by analyzing the language or content of network traffic.

6.4 Data Analytics:

Data analytics can be used to identify patterns in network traffic that could indicate an attack. It can also help
to analyze the large datasets generated by network security systems to improve the system's performance.

VIIL. LIMITATIONS OF AI-BASED COMPUTER NETWORK SECURITY SYSTEM

Despite the significant benefits of Al-based computer network security systems, there are also some
limitations. One of the most significant challenges is the potential for the system to generate false positives,
which can lead to a significant amount of irrelevant alerts and wasted resources. [16] [17] Additionally, an
Al-based system may be limited by its training data since it can only detect threats that have been previously
identified. Therefore, it is essential to ensure that the training data used in developing Al-based security
systems are comprehensive and well-structured.

Here are a few important considerations:

7.1 Limited Training Data: For Al systems to learn and develop reliable predictions, a large amount of high-
quality training data is necessary. Getting huge, diversified datasets that cover all potential threat scenarios
can be difficult in the realm of network security. The Al system may have trouble effectively identifying new
and emerging risks if the training data is inaccurate or biassed.

7.2 Adversarial Attacks: Adversarial assaults entail faking input data on purpose to trick Al systems.
Attackers can take advantage of holes in Al models by inserting harmful material that has been specifically
designed to go beyond security precautions. If the right countermeasures are not in place, adversarial assaults
could compromise the effectiveness of Al-based network security solutions.

7.3 Lack of Explainability: Many Al systems, including deep learning models, are referred to as "black
boxes" because they are opaque in how they make decisions. It may be difficult for network administrators
and security professionals to comprehend the rationale behind specific judgements or predictions due to this
lack of explainability. Trust issues, troubleshooting issues, and performance tuning issues may result as a
result.

7.4 False Positives and False Negatives: Al-based network security solutions could produce false positives
or false negatives, misclassifying harmless activity as harmful or failing to identify real threats. False positives
can cause a security team's workload to increase and unnecessary warnings to be sent out, which could cause
them to become alert fatigued and overlook real threats. Networks may become exposed to attacks as a result
of false negatives, which could result in breaches.

7.5 Rapidly Evolving Threat Landscape: Threats to network security are constantly changing and getting
more advanced. For Al models to quickly detect and counteract new sorts of threats, they must be flexible.
However, the process of training and upgrading Al models can take a while and may lag behind the quick
pace of new threats. Networks may become exposed to recently developed attack methods as a result of this
time gap.

7.6 Dependence on Historical Data: To make predictions, Al models significantly rely on past data.
Historical data may, however, become less useful or out of date if the danger landscape drastically changes.
The ability of Al-based network security solutions to detect and respond to innovative and zero-day attacks
may suffer as a result.

7.7 Ethical and Privacy Concerns: Network security Al technologies may cause ethical and privacy issues.
Process sensitive user data as part of network traffic monitoring and analysis to spot potential risks. It can be
difficult to strike a balance between respecting user privacy rights and effective security measures.
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VIIl. FUTURE DEVELOPMENT OF AI-BASED COMPUTER NETWORK SECURITY SYSTEM
The future development of Al-based computer network security systems is primarily in deep learning, a subset
of machine learning that involves training neural networks with large datasets. [19] By using deep learning,
Al-based security systems can learn and detect new kinds of threats, even without prior knowledge, which
will significantly improve their effectiveness in identifying and responding to cyber-attacks. Additionally, the
integration of blockchain technology into Al-based computer network security systems will enhance data
privacy and integrity, thereby creating more secure network systems. [18] [20]

IX. CONCLUSION

As the cybersecurity threat landscape continues to evolve, so must network security measures. Al-based
computer network security systems offer many advantages over traditional security measures such as
improved accuracy, speed, and adaptability. Despite some potential limitations, Al-based security systems are
becoming increasingly important in the development of a more robust and efficient network security system.
Al has the potential to revolutionize the field of network security. Al-based computer network security
systems can help to identify and mitigate cyber threats more efficiently than traditional security systems. They
can provide advanced threat detection, analysis, and response capabilities, making them essential to secure
computer networks. However, developing these systems requires overcoming several challenges related to
data quality, false positives, generalization, and causality, making it necessary to develop new methods and
approaches. The future of the development of Al-based security systems lies in deep learning and the
integration of blockchain technology.
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