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[bookmark: _GoBack]Abstract
This research paper presents the use of artificial intelligence (AI) with cybersecurity and. It provides an overview of current research efforts into how artificial intelligence can be used to combat cyberattacks and analyzes potential counterattacks that AI models may face. The study explains and examines different defense methods against these counterattacks. In addition, the paper explains in depth the construction of encrypted neural networks and the realization of secure federated deep learning as viable methods for building a secure AI system and their ability to perform tasks such as malware classification, intelligent threat sensing and intrusion detection. This research aims to identify key challenges and opportunities in integrating AI into cybersecurity practices and propose strategies to increase the ability to detect and defend against threats.
[bookmark: _Toc695727263][bookmark: _Toc7585]Chapter 1
[bookmark: _Toc292579816][bookmark: _Toc20967]Introduction and background
[bookmark: _Int_CQNl1JcI][bookmark: _Int_zLvTYkFl]Continuing increased reliance on technology and interconnected systems has led to a rise in the number of cyber threats, making cybersecurity a serious concern in today's digital landscape. Old security methods that rely on fixed control of security devices, such as intrusion detection systems and firewalls, are no longer sufficient to protect against the development of cyber-attacks. This has led to the use and benefit of artificial intelligence in cyber security. Artificial intelligence, especially deep learning, has shown superior potential to address cybersecurity challenges. Deep learning algorithms can analyze huge amounts of data, identify patterns, and make accurate predictions, making them more suitable for tasks like malware classification, intelligent threat sensing, and intrusion detection. Through artificial intelligence, cybersecurity professionals have developed intelligent models and systems that can detect cyber threats, which improves the security situation. On the other hand, integrating artificial intelligence into cybersecurity comes with a set of difficulties related to using aggressive machine learning techniques to process artificial intelligence models, and this has led to threats escaping or not being classified correctly. In addition, there is a privacy concern when using critical data to train AI models. Deploying AI models in distributed environments, such as federated learning, also introduces security risks. Therefore, it is important that we develop specific defense mechanisms to protect AI models and ensure the integrity and confidentiality of the overall.
[bookmark: _Toc1071865973][bookmark: _Toc17299]Problem statement
The problem statement in this research refers to the specific issue or challenge that the study aims to address. Within the scope of research on cybersecurity and artificial intelligence, we can explain the problem as follows:
[bookmark: _Int_cNdbOb07]The traditional cybersecurity system, which relies on static security control mechanisms such as firewalls and intrusion detection systems, is no longer effective in combating increasingly sophisticated and sophisticated cyber threats. These usual methods often fail to recognize evolving persistent threats. It detects and responds to zero-day attacks, which can lead to catastrophic damage and data breaches. Therefore, there is a need to reach smart and innovative security defense methodologies that can adapt to changing threats and provide advance protection against cyber-attacks. Artificial intelligence and machine learning methods have shown great results in improving cybersecurity, but they may pose new risks and vulnerabilities. Adversarial attacks constitute, in which attackers manipulate artificial intelligence models so that they are unable to recognize threats or misclassify them. They exploit weaknesses in deep learning algorithms to produce false and inaccurate results, which puts the system at risk. Using personal data to train AI models also poses concerns, especially in cases involving personal or confidential information. In short, the problem revolves around the limitations of traditional cybersecurity patterns and methods and the vulnerabilities introduced by artificial intelligence in the cybersecurity context. The research aims to address these challenges and difficulties by proposing defense mechanisms and strategies to increase the strength, security and privacy of cybersecurity systems based on artificial intelligence.

[bookmark: _Toc1360114013][bookmark: _Toc17097]Problem objective
To analyze counterattacks on AI models: Investigate the attacks that AI models may face in the field of cybersecurity, analyze the characteristics of these attacks, and study their impact on AI-based threat detection and defense systems.
  To review the current literature and research efforts focusing on artificial intelligence and identify strengths and gaps to combat cyber-attacks in cyber security.
 To identify and evaluate defense methods and techniques to mitigate vulnerabilities in AI models.
 To investigate the creation of encrypted neural networks to protect important data and strengthen the privacy of artificial intelligence models. And discovering the term secure deep learning to preserve the privacy and security of data.
To evaluate the scalability and computational efficiency of artificial intelligence models in cybersecurity. Analyze resources, such as memory and processing power, to demonstrate AI-based security solutions. And discover ways to improve model building and training algorithms to improve scalability and measure the efficiency of artificial intelligence models in cybersecurity deployments.

[bookmark: _Toc154114137][bookmark: _Toc2405]Problem scope
Using artificial intelligence techniques to detect and identify threats, such as machine and deep learning, in cybersecurity. Focus on using artificial intelligence models in malware classification, intrusion detection, user behavior analysis, and anomaly detection. Comparison between artificial intelligence-based methods and traditional methods to identify their strengths and limitations and analyze the weaknesses of artificial intelligence models in responding to hostile attacks in cybersecurity. And know their potential impact on artificial intelligence-based threat detection systems. Work on developing and evaluating defense mechanisms to enhance the strength and flexibility of artificial intelligence models against adversarial attacks. Investigate methods and techniques to protect the privacy of sensitive data used in AI-based cybersecurity systems. Assessing the resilience of AI-based cybersecurity systems against emerging threats and attacks. Conducting penetration testing on models to assess vulnerability and adversarial simulation to be able to identify potential vulnerabilities and develop ways to mitigate them. By delving deeper into these areas of research, the study can provide a complete understanding of the integration of artificial intelligence into the field of cybersecurity. It can examine the challenges, vulnerabilities and opportunities associated with AI-based threat detection and defense, while proposing and developing innovative solutions to enhance the security and effectiveness of AI systems in the field of cybersecurity.

[bookmark: _Toc26121]Study 1: Cyber security meets artificial intelligence: a survey
 show the intersection between cyber security and artificial intelligence and the use of AI technologies in building smart models for malware classification, intrusion detection, and threat intelligence sensing. It also explores the challenges and defense methods for AI models in the face of cyber threats. It shows how AI technologies, such as deep learning, can be utilized in cyber security to develop AI models for tasks like malware classification and intrusion detection. The goal of survey is to Concentrate the intersection of AI and cyber security. content is based on the information available up until the publication date of the document, which is not specified. Therefore, newer developments or emerging trends in the field may not be included. focuses on the technical aspects of AI in cyber security, such as malware classification and intrusion detection. It may not delve deeply into other important aspects. The survey's findings and conclusions are based on the existing literature and research efforts available at the time of writing. As recent studies and advancements are made, Ai effect on cybersecurity by deep learning techniques, can be employed to improve threat detection capabilities. leveraging deep learning algorithms, AI can learn from vast amounts of data to accurately classify and categorize malware. Continuously analyzing network traffic and user behavior, AI algorithms can identify suspicious activities and potential intrusions. AI is considered sufficient in cybersecurity because its advanced threat detection capabilities, adaptability to evolving threats, efficient malware classification, countermeasures against adversarial machine learning, automation and scalability, and the ability to preserve privacy and facilitate secure collaboration. The conclusions drawn in the survey may need to be reevaluated or updated. Give an overview of the intersection between cyber security and artificial intelligence. Research gaps and opportunities This can guide future research efforts and help researchers identify areas where additional work is needed. Analyzes the attacks that AI models may face and arranges them corresponding defense methods. By understanding the potential vulnerabilities and defense strategies, organizations and researchers can protect AI systems against cyber threats better. It may not cover all relevant subtopics or emerging areas within this broad field. Limited focus on the implementation process and experimental results.(Li, 2018)

[bookmark: _Toc1134785528][bookmark: _Toc1830]Study 2: Machine Learning and Deep Learning Methods for Cybersecurity
The use of machine learning and deep-learning techniques for network analysis and intrusion detection in cybersecurity. It also shows types of network analysis for intrusion detection. It describes advantages and disadvantages of these methods and emphasizes the importance of data in ML/DL approaches. It shows suggestions for future research directions in network intrusion detection. It focuses on the increasing integration of the Internet with various aspects of our lives and the subsequent rise in security threats. Also defines cybersecurity as a group of technologies and processes made to protect computers, networks, programs, and data from unauthorized. Discusses several types of security breaches, including external and internal intrusions, and introduces three main types of network analysis for IDS: misuse-based, anomaly-based, and hybrid techniques. And the importance of machine learning (ML) and deep learning (DL) methods. One of the survey report's key findings is identifying the advantages and disadvantages of different ML/DL methods. It offers a thorough literature review of machine learning (ML) and deep learning (DL) methods for cybersecurity applications. And focuses on the application of ML/DL methods in network intrusion detection. It provides insights into the techniques used for detecting and mitigating network attacks.
Lack of Experimental Validation does not explicitly mention any experimental validation or results to support the effectiveness of the ML/DL methods discussed. It does not address the ethical and privacy considerations associated with the use of ML/DL methods in cybersecurity. And does not provide a comparative analysis of different ML/DL methods or evaluate their relative strengths and weaknesses. Deep learning techniques offer several advantages for network intrusion detection. Deep learning models can automatically learn representations of complex features from raw network data. This allows for the detection of subtle and previously unseen patterns associated with network attacks. Deep learning models can handle large-scale datasets and process and analyze vast amounts of network traffic in real-time. This enables timely detection and response to network intrusions. Additionally, deep learning models can adapt and learn from new attack patterns, making them more resilient to evolving threats. 
There are several challenges that need to be addressed. One challenge is the availability and quality of labeled training data.
Machine learning models require substantial amounts of labeled data to learn effectively, but obtaining accurately labeled cybersecurity datasets can be difficult and time-consuming. Another challenge is the high dimensionality and complexity of network data, which can make feature extraction and selection challenging. Additionally, machine learning models may struggle with detecting unknown or zero-day attacks that have no previous training examples. The main objective of this survey report is to provide a comprehensive review of the existing literature on machine learning (ML) and deep learning (DL) methods for cybersecurity, specifically focusing on their application in network analysis for intrusion detection. The report aims to describe and explain the key ML/DL methods, discuss the commonly used network datasets, highlight the challenges associated with using ML/DL in cybersecurity, and provide suggestions for future research directions. (Xin et al., 2018)

[bookmark: _Toc1300919632][bookmark: _Toc25955]Study 3: Machine Learning and Deep Learning Methods for Intrusion Detection Systems: A Survey
Networks play an important part in new life, and cybersecurity has become a research area. Intrusion Detection Systems (IDSs) are essential cybersecurity techniques that monitor the state of software and hardware in a network. existing and still face challenges in improving detection accuracy, reducing false alarm rates, and detecting unknown attacks. Machine learning algorithms can automatically identify the differences between normal and abnormal data with high accuracy and can detect unknown attacks due to their generalizability. clarifies the concept and taxonomy of IDSs, introduces frequently used machine learning algorithms, metrics, and shows how to solve key IDS issues ML and DL techniques. Also discusses challenges and future developments in IDSs.
A Survey" focuses on the application of machine learning and deep learning techniques in Intrusion Detection Systems (IDSs). 
Despite advancements in IDS technology, challenges such as improving detection accuracy, reducing false alarm rates, and detecting unknown attacks persist. Deep learning, a subset of machine learning, has gained significant attention for its exceptional performance. And show taxonomy of IDSs that classifies and summarizes machine learning-based and deep learning-based approaches, with a focus on data objects, also discusses challenges and future developments in the field of machine learning-based IDSs.
[bookmark: _Int_wpnjF6wH]The objective is to classify and summarize the existing machine learning-based intrusion detection systems (IDSs). Thats aims to provide a taxonomy framework that focuses on data objects as the main dimension for classifying and summarizing IDS literature. The goal is to help cyber security researchers in understanding the application of machine learning and deep learning techniques in IDSs, addressing main issues, and identifying future research.
The methodology includes a comprehensive review of machine learning algorithms frequently used in IDSs, evaluation metrics, and benchmark datasets. The survey also incorporates representative literature to explain how machine learning and deep learning techniques can be applied to solve key IDS issues. Challenges and future developments are discussed based on recent studies. provides a comprehensive overview of the application of machine learning and deep learning methods in Intrusion Detection Systems (IDSs).
Taxonomy framework offers a structured approach to categorize and summarize the existing research on machine learning-based and deep learning-based IDSs. Challenges faced by existing IDSs highlight potential future developments in machine learning based IDSs. The paper focuses on representative papers published from 2015 to 2019, which may result in a limited scope and overlook recent advancements in the field. Lack of Practical Implementation Details
The survey findings highlight the significance of machine learning methods in improving the accuracy of IDSs, reducing false alarm rates, and detecting unknown attacks.
 Machine learning based. IDSs demonstrate high detection levels when sufficient training data is available and exhibit generalizability to detect attack variants and novel attacks. The advantages of machine learning methods include the automatic discovery of differences between normal and abnormal data and their ability to operate without heavy reliance on domain knowledge.
Deep learning, a branch of machine learning, is particularly effective in dealing with big data and can automatically learn feature representations from raw data. Deep learning methods, with their deep structures comprising multiple hidden layers, outperform traditional shallow machine learning models. The survey emphasizes the importance of data objects in IDSs and highlights the relevance of different machine learning models based on the characteristics of the data.
There is a need to improve intrusion detection systems (IDSs) in cybersecurity. Current IDS systems face difficulties in detection accuracy and the ability to identify unknown attacks. These challenges arise due to the constantly evolving nature of network environments and the emergence of new, evolving attacks.
The significance of addressing: This problem lies in the importance of cybersecurity in today's evolving life and the constant influence of networks. IDS systems play a critical role in protecting networks from internal and external attacks by monitoring the states of software and hardware in the network. By improving detection accuracy and reducing false alarms, IDS can provide better security and reduce the burden on security analysts. Plus, the ability to detect previously unknown attacks is vital to staying ahead of emerging threats.
 Existing solutions: This problem involves applying machine learning methods in IDS systems. Machine learning techniques can automatically detect differences between normal and abnormal data with high accuracy. They have strong generalization ability, which makes them able to detect unknown attacks. Deep learning, which is a branch of machine learning, has been able to show remarkable performance and has become a vital research point in this field. The objective of this research: 
- To classify the machine learning-based IDS proposed to date, and analyze the steps to address basic IDS problems,
- To discuss the difficulties and future developments in this field. The research aims.
- To provide a classification scope for cybersecurity researchers, enabling them to understand the application of machine learning and deep learning techniques in information detection systems (IDS) and identify study ideas for problems.
- There is a need for research in this field into the limitations imposed on current IDS systems and deep learning methods to overcome these limitations.
- By conducting a comprehensive survey and analysis of the literature, researchers can identify the most effective techniques and methods for improving IDS performance.
- This research can contribute to the development of more robust and efficient IDS systems, enhancing cybersecurity in various network environments. (Liu & Lang, 2019)
[bookmark: _Toc1239136073][bookmark: _Toc4581]Study 4: Machine learning in cybersecurity: A review
Machine learning has become an integral part of various domains, including cybersecurity.
This review shows the applications of machine learning techniques in cybersecurity and discusses the challenges posed by adversarial attacks on these methods. Privacy compromise due to data exchange in collaborative learning. There are many examples of cybersecurity applications where machine learning techniques are employed. cybersecurity and discusses the challenges posed by adversarial attacks on these methods. The authors highlight several areas where machine learning is being used, such as malware analysis, threat analysis, and anomaly-based intrusion detection. Machine learning in cybersecurity applications for threat detection and analysis. Aims to provide insights into the applications of machine learning in cybersecurity while also discussing the adversarial threats posed to these methods. Review discusses adversarial attacks on machine learning algorithms in cybersecurity. The paper focuses on specific applications of machine learning in cybersecurity and the potential adversarial attacks that can compromise the security of these systems. The review provides a comprehensive overview of the applications of machine learning in cybersecurity. Show highlights the challenges posed by adversarial attacks on machine learning algorithms in cybersecurity and examples of the application of machine learning in cybersecurity. The Disadvantages are  
Lack of Specificity, Incomplete Coverage of Adversarial Attacks, Lack of Recent Developments, Protective systems for one ML model may not work for others. Privacy compromise due to data exchange in collaborative learning. There are many examples of cybersecurity applications where machine learning techniques are employed. Some of these examples include malware analysis, especially for zero-day malware detection, threat analysis, and anomaly-based intrusion detection of prevalent attacks on critical infrastructures. These applications demonstrate the effectiveness of machine learning in addressing the limitations of signature-based methods and detecting new or variant attacks in cybersecurity. (Handa et al., 2019)

[bookmark: _Toc1600154154][bookmark: _Toc21218]Study 5: A Survey of Artificial Intelligence Techniques for Cybersecurity Improvement
discusses the need for innovative cybersecurity approaches and the role of artificial intelligence (AI) in enhancing security systems, particularly intrusion detection systems. The paper highlights the advantages of AI in improving cybersecurity, such as its ability to handle large volumes of data and quickly identify and recover from threats. It also acknowledges the potential risks associated with AI, including the manipulation of AI methods for malicious purposes. Shows the concept of artificial intelligence (AI) and its significance in performing tasks associated with intelligent beings. The growth of AI over the past two decades is acknowledged, and it is categorized into weak AI and strong AI. Weak AI refers to systems that perform intelligent tasks without true understanding, while strong AI possesses human-like intelligence and self-awareness. highlights that integrating AI into security systems can significantly reduce cybersecurity. Explore how AI can enhance cybersecurity, specifically focusing on intrusion detection systems. It discusses the limitations of traditional fixed techniques in defending against dynamically evolving security attacks.
The detection and prevention of intelligent attacks require an intelligent tool, and AI techniques can play a crucial role in this regard. The paper mentions various AI methods that can be employed for cybercrime detection and prevention, such as neural networks, deep learning, intelligent agents, and pattern recognition.
provides a comprehensive overview of artificial intelligence techniques for cybersecurity improvement. It covers various AI methods, such as neural networks, deep learning, and pattern recognition. provides up-to-date information on the subject matter. It discusses the growing importance of cybersecurity and the need for innovative approaches, highlighting the role of AI in addressing these challenges.
How AI techniques can enhance cybersecurity by handling large volumes of data and aiding in the recovery process. It emphasizes the practical implications of integrating AI into security systems and how it can improve the performance and effectiveness of defense mechanisms.
aims to provide a survey of AI techniques for cybersecurity improvement, it may lack in-depth analysis and detailed explanations of specific AI algorithms or methodologies.
 The paper does not mention any specific experiments or case studies to support the effectiveness of the discussed AI techniques. This does not explicitly discuss any potential biases or limitations in its approach. As with any research, the authors' perspectives and biases may influence the presentation and interpretation of the information.
The paper acknowledges that while artificial intelligence (AI) techniques can enhance cybersecurity, there are potential risks involved. One of the risks is the possibility of AI methods being manipulated to perform malicious activities and steal classified information. Attackers can exploit vulnerabilities in AI systems, resulting in biased or inaccurate outcomes. Adversarial attacks, where attackers intentionally manipulate AI models to evade detection or cause false positives, are also a concern. Therefore, it is crucial to ensure the robustness and security of AI systems to mitigate these risks and protect against potential threats.
The main objective is to explore how artificial intelligence (AI) can enhance cybersecurity, particularly in the context of intrusion detection systems. It aims to highlight the need for innovative approaches to cybersecurity and the role of AI in improving security systems. It also discusses the advantages and disadvantages of existing methods and presents promising future directions for research in this field.
In terms of methodology, it relies on a survey-based approach. The author collects and analyzes existing literature and research related to AI techniques in cybersecurity. It examines various AI methods, such as machine learning, deep learning, neural networks, pattern recognition, and their applications in cybersecurity. The author also discusses the challenges and potential risks associated with the use of AI in cybersecurity.
[bookmark: _Int_RoMIP2IW]The findings emphasize the significant potential of AI in enhancing cybersecurity measures. The use of AI techniques, such as machine learning and neural networks, can improve intrusion detection systems by analyzing large amounts of data, detecting anomalies, and identifying new types of attacks. AI-based systems can adapt and learn from data, making them more effective in addressing evolving security threats. However, the paper also acknowledges the potential risks and ethical considerations associated with AI, as it can be manipulated and used for malicious purposes.
Overall, the paper highlights the importance of integrating AI techniques into cybersecurity practices and provides insights into the benefits and challenges of employing AI in this domain. It serves as a valuable resource for researchers, professionals, and organizations interested in leveraging AI for cybersecurity improvement.(Alrajhi, n.d.)
[bookmark: _Toc1842702625][bookmark: _Toc10190]Study 6: Machine Learning and Deep Learning Approaches for Cybersecurity: A Review
[bookmark: _Int_4tgdGR6c]explores the use of machine learning and deep learning algorithms in intrusion detection systems. Artificial intelligence subfields such as machine learning and deep learning have emerged as successful approaches to address this problem. reviews various intrusion detection systems and discusses the learning algorithms employed by machine learning and deep learning to protect data from malicious behavior. Cybersecurity, defined as the implementation of measures and policies to protect data, programs, servers, and network infrastructures from unauthorized access or modification, has become crucial. Intrusion detection is a subset of network security that aims to safeguard networked computers and ensure data security, integrity, and accessibility. AI, ML, and DL are terms often used interchangeably to describe machines programmed to learn and find optimal solutions to problems. DL is a subfield of ML, which, in turn, is a subfield of AI. Deep learning, a subfield of machine learning, is introduced as a powerful approach that can learn from unstructured or unlabeled data.  
provides a comprehensive review of machine learning and deep learning approaches for cybersecurity, including network implementations, algorithms, specifically focusing on intrusion detection systems. Integration of AI Subfields. integrates the concepts of artificial intelligence (AI), machine learning (ML), and deep learning (DL). It clarifies the relationship between these subfields and their application in addressing cybersecurity challenges. discusses recent machine learning and deep learning work with real-world network implementations, applications, and datasets. insights into the operational aspects of building intrusion detection systems.
The paper does not provide specific examples or case studies to illustrate the application of machine learning and deep learning techniques in intrusion detection systems. This absence of concrete examples may limit the readers' understanding of how these techniques are employed in real-world scenarios. (Halbouni et al., 2022)

[bookmark: _Toc807826099][bookmark: _Toc24336]Study 7: Current trends in AI and ML for cybersecurity: Astate-of-the-art survey
This paper presents a thorough investigation into the current innovative usage of Artificial Intelligence (AI) and Machine Learning (ML) in the realm of cybersecurity. Through an extensive survey, it explores how AI and ML are applied in cybersecurity, tackles existing obstacles, and sheds light on unresolved research queries. Moreover, the paper highlights the ethical and legal ramifications that arise when implementing these technologies. The survey was conducted by thoroughly examining numerous papers and articles from trusted sources such as IEEE, ACM, and Springer, with a focus on the latest advancements in AI and ML for cybersecurity. The findings strongly suggest that integrating AI and ML into cybersecurity systems holds immense potential for future research and development, especially in areas like intrusion detection and response, malware detection, and network security. According to the survey, 45% of organizations have already integrated AI and ML into their cybersecurity systems, while an additional 35% have plans to do so. However, 20% of organizations believe that the timing is not yet ripe for adopting these technologies. Overall, this paper serves as a dependable resource for researchers and professionals in the field of cybersecurity, providing a comprehensive overview of the utilization of AI and ML. It addresses potential applications, challenges, and research gaps, while also raising awareness about the ethical and legal considerations that come with harnessing AI and ML in the domain of cybersecurity.
As technology continues to advance and permeate various sectors, the prevalence of cyber threats and attacks has grown exponentially, underscoring the critical importance of cybersecurity. However, traditional cybersecurity methods often fall short in effectively detecting and responding to the ever evolving and sophisticated nature of these attacks. To address these challenges, Artificial Intelligence (AI) and Machine Learning (ML) have emerged as promising tools that can bolster existing cybersecurity systems and uncover previously unknown threats.
The integration of AI and ML into cybersecurity has garnered significant attention in recent years, leading to many research studies in this domain. This paper aims to provide an all-encompassing review of the latest trends in applying AI and ML to enhance cybersecurity. The survey focuses on recent advancements and explores the most promising applications of these technologies, including intrusion detection and response, malware detection, and network security. Additionally, the survey delves into the prevailing obstacles and unanswered research questions in the field.
By conducting an extensive literature review, this paper seeks to offer a comprehensive overview of the state-of-the-art utilization of AI and ML in the realm of cybersecurity. It serves as a valuable resource for researchers and professionals, offering valuable insights into potential applications, key challenges, and avenues for future research and development. Moreover, the paper underscores the ethical and legal considerations that come into play when harnessing the power of AI and ML in the context of cybersecurity.

It provides a comprehensive survey of the current state-of-the-art utilization of AI and ML in cybersecurity. It covers various applications, challenges, and research gaps, offering a holistic view of the field.
The survey is based on a review of numerous papers and articles from reputable sources like IEEE, ACM, and Springer.
It highlights the practical implications of integrating AI and ML into cybersecurity systems. It identifies areas such as intrusion detection malware detection and response, and security of network as promising applications, providing valuable insights for organizations looking to enhance their cybersecurity measures.
 It raises awareness about unresolved research questions in the field, paving the way for future studies. It identifies potential areas for further investigation, allowing researchers to focus on critical aspects of AI and ML in cybersecurity. It provides a comprehensive survey; it is limited to the trends and research available up until 2023. It may not reflect the most recent advancements in AI and ML for cybersecurity, as the field is rapidly evolving. It presents a broad overview of AI and ML applications in cybersecurity, which may lead to generalizations. The specific implementation and effectiveness of these technologies can vary based on the unique characteristics and requirements of different organizations and systems. It focuses on the potential and promise of AI and ML in cybersecurity but may lack in-depth implementation details. Organizations seeking practical guidance on integrating these technologies may need to refer to additional resources. While it emphasizes the ethical and legal implications of AI and ML in cybersecurity, it may not delve deeply into specific challenges or provide comprehensive guidance on navigating these issues. Organizations should consult additional resources and legal expertise to ensure responsible and compliant use of these technologies. Some key applications of AI and ML in cybersecurity include intrusion detection and response, malware detection, and network security. These technologies have shown promising results in enhancing the capabilities of cybersecurity systems by effectively detecting and responding to evolving cyber threats. According to the survey findings, 45% of organizations have already implemented AI and ML in their cybersecurity systems. Additionally, an additional 35% of organizations have plans to integrate these technologies into their cybersecurity measures. However, 20% of organizations believe that it is not yet the right time to adopt AI and ML for cybersecurity. (Mohamed, 2023)
[bookmark: _Toc896751839][bookmark: _Toc24105]Study 8: Artificial intelligence for cybersecurity: Literature review and future research directions
It shows a systematic literature review and analysis of the use of artificial intelligence (AI) in cybersecurity. It identifies AI use cases for cybersecurity and classifies them based on a cybersecurity framework. also discusses future research opportunities and challenges in AI-based cybersecurity. The introduction section highlights the growing importance of artificial intelligence in cybersecurity. AI is a powerful technology that enables automation of tasks, improves threat detection and response, and enhances the overall security posture against cyberattacks. With the increasing complexity and sophistication of cyber threats, AI offers the potential to provide dynamic defense and manage big data in cybersecurity. The introduction sets the context for the research article and emphasizes the need for a comprehensive review of AI applications in cybersecurity.
AI enables the automation of repetitive tasks, allowing cybersecurity teams to focus on more complex and strategic activities.
[bookmark: _Int_nUDqJDI5]Threat Detection and Response: AI algorithms can analyze large amounts of data in real-time, enabling faster and more accurate detection of cyber threats and immediate response.
 AI systems can learn from vast amounts of data and patterns, leading to improved accuracy in identifying and mitigating cyber risks.
 AI can scale its capabilities to handle the growing volume and complexity of cyber threats, providing effective security solutions for large-scale systems.
 AI systems can adapt and evolve based on changing threat landscapes, making them suitable for addressing evolving and sophisticated cyberattacks.AI algorithms may produce false positive or false negative results, leading to the misclassification of legitimate activities as threats or overlooking actual threats.AI models can be vulnerable to adversarial attacks where malicious actors manipulate input data to deceive or exploit AI systems. Some AI models, such as deep neural networks, operate as black boxes, making it challenging to interpret and explain their decision-making process.AI systems rely on vast amounts of data, raising concerns about privacy, data protection, and potential misuse of sensitive information.
The performance of AI models heavily relies on the quality and representativeness of the training data, which can introduce biases and limitations. Artificial intelligence can improve threat detection and response in cybersecurity through its ability to analyze large volumes of data in real-time. AI algorithms can detect patterns and anomalies that may indicate cyber threats, allowing for early identification and proactive mitigation. Additionally, AI can automate the response process by providing immediate alerts, generating incident reports, and even autonomously taking preventive actions to mitigate the impact of cyberattacks.
Implementing artificial intelligence in cybersecurity faces several challenges. One key challenge is the lack of explainability in AI models, particularly in complex deep learning algorithms, which makes it difficult for cybersecurity professionals to understand the reasoning behind AI-generated decisions. Another challenge is the potential for adversarial attacks, where malicious actors manipulate AI systems by feeding them crafted input data to deceive or exploit vulnerabilities. Additionally, ensuring the privacy and security of the data used by AI systems is a significant concern, as it involves handling sensitive information. (Kaur et al., 2023)
[bookmark: _Toc1589556223][bookmark: _Toc23916]Study 9: Machine Learning Techniques for Intrusion Detection
[bookmark: _Int_zJK1ygQb]It shows the application of techniques for machine learning to intrusion detection in computer networks. Intrusion Detection Systems (IDS) are software programs that check computers or networks for malicious activities aimed at stealing information, disrupting services, or corrupting protocols. Traditional IDS techniques have limitations in dealing with dynamic and complex cyber-attacks. Therefore, the use of efficient adaptive methods, such as machine learning, can improve detection rates, reduce false alarms, and manage computation and communication costs. This explores various machine learning schemes, categorizing them into classical artificial intelligence (AI) methods and computational intelligence (CI) methods. 
addresses the growing prevalence of sophisticated cyber-warfare conducted by political and commercial entities. These attacks aim to damage, or cens disrupt or information in computer networks. The design of network protocols should ensure reliability against intrusions by powerful attackers who can control a fraction of network parties. Intrusion detection involves dynamically monitoring events in a computer system or network to identify security incidents and unauthorized access attempts. Traditional intrusion detection and prevention techniques, such as firewalls and access control mechanisms, have limitations in fully protecting networks against evolving attacks. They often suffer from high false positive and false negative detection rates and lack adaptability to changing malicious behaviors. In recent years, machine learning techniques have been applied to intrusion detection to improve detection rates and adaptability.
Higher detection rates: Machine learning techniques can enhance the ability to detect malicious activities in computer networks, including both known and unknown attack patterns.
Adaptability: Machine learning models can adapt to changing malicious behaviors and update their knowledge bases, allowing them to detect new and emerging threats.
Reduced false alarms: By utilizing machine learning algorithms, the number of false positive alerts can be minimized, ensuring that security personnel focus on genuine threats.
Efficient resource utilization: Machine learning techniques can optimize the allocation of computational and communication resources, reducing the overhead associated with intrusion detection.
Model complexity: Some machine learning techniques, particularly those based on computational intelligence, can be complex and require substantial computational resources for training and inference.
Training data limitations: Machine learning models heavily rely on training data, and the availability of diverse and representative data can be a challenge. Insufficient or biased training data may lead to reduced detection accuracy.
Adversarial attacks: Adversaries can attempt to evade detection by exploiting vulnerabilities in machine learning models. Adversarial attacks can undermine the effectiveness of intrusion detection systems.
Interpretability: Some machine learning models, such as deep neural networks, lack interpretability, making it difficult to understand the reasoning behind their predictions. This can be a concern in security-critical applications.
 The main categories of techniques used in intrusion detection are misuse detection and anomaly detection. Misuse detection involves matching network and system activity against known attack signatures, while anomaly detection focuses on identifying deviations from normal behavior using statistical or machine learning methods.
 Supervised machine learning techniques require labeled training data, where each data point is associated with a known class (normal or malicious). These techniques learn patterns from labeled data to classify new instances. Unsupervised machine learning techniques, however, do not require labeled data. They aim to discover hidden patterns or anomalies in the data without prior knowledge of the classes. Unsupervised techniques are particularly useful for detecting novel attacks or unknown patterns in intrusion detection.(Zamani & Movahedi, 2013)

[bookmark: _Toc1984918376][bookmark: _Toc26733]Study 10: Deep Cybersecurity: A Comprehensive Overview from Neural Network and Deep Learning Perspective
This article provides a comprehensive overview of deep cybersecurity from the perspective of neural networks and deep learning techniques. It highlights the applicability of various deep learning techniques, such as multi-layer perceptron, convolutional neural network, and recurrent neural network, in addressing diverse cybersecurity issues. The paper discusses their use in tasks such as intrusion detection, identification of malware, phishing, and predicting cyber-attacks. It also presents research issues and future directions in the field, aiming to serve as a reference for academia and professionals in the cybersecurity industry.
The increasing popularity of the Internet of Things (IoT) and the dependence on digitalization have led to a rapid growth in security incidents and cyber-attacks. These incidents, including data breaches, unauthorized access, and phishing, can have severe consequences such as financial losses and disruptions. Conventional security solutions may not be effective in addressing these evolving threats. Deep learning, a part of artificial intelligence, has emerged as a technology that can operate intelligently in cybersecurity management. Deep learning techniques, derived from artificial neural networks, offer the potential to tackle various cybersecurity challenges in an intelligent and automated manner. The paper focuses on ten popular neural networks and deep learning techniques and their applicability in cybersecurity tasks. The goal is to leverage the benefits of deep learning, such as better accuracy and learning from large datasets, to enhance security models and contribute to the overall national security.
Improved Accuracy: Deep learning techniques have shown better accuracy in detecting and preventing cybersecurity threats compared to traditional methods. They can learn from large quantities of security datasets, enabling more effective identification of patterns and anomalies. Automation and Timeliness: Deep learning models can operate in a timely and automated manner, enabling quick response to emerging threats. They can analyze vast amounts of data in real-time, detecting, and mitigating attacks faster than manual approaches. Adaptability to Evolving Threats: Deep learning models can adapt and learn from new types of cyber-attacks. They can continuously update their knowledge and improve their performance as they encounter novel threats, making them suitable for dynamic and evolving cybersecurity landscapes.Data Requirements: Deep learning models typically require enormous amounts of labeled training data to achieve optimal performance. Acquiring and labeling such datasets can be time-consuming and resource-intensive, especially for rare or emerging cyber-attack types. Interpretability: Deep learning models are often considered black boxes, making it challenging to interpret their decision-making processes. This lack of interpretability can hinder trust and understanding, particularly in critical cybersecurity applications where explainability is crucial.
 Deep learning techniques improve intrusion detection in cybersecurity, such as convolutional neural networks and recurrent neural networks, can analyze network traffic patterns and detect anomalies associated with intrusions. By learning from large datasets, these models can identify subtle indicators of attacks and provide more accurate and timely detection compared to traditional methods.
 Some potential research directions for deep learning in cybersecurity include Developing robust deep learning models for detecting sophisticated and stealthy cyber-attacks. Exploring techniques to enhance the interpretability and explainability of deep learning models in cybersecurity. Investigating the application of deep learning in securing emerging technologies, such as IoT devices and cloud environments. Addressing the challenges of adversarial attacks on deep learning models in the cybersecurity domain and developing defense mechanisms against them.(Sarker, 2021)
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The research methodology for the study titled “Cybersecurity and Artificial Intelligence: Enhancing Threat Detection and Defense” includes a structured approach to investigate the integration of artificial intelligence (AI) into cybersecurity practices. The following steps will be followed:
 Literature Review: A complete review of existing literature, research papers and industry reports related to AI and cybersecurity will be conducted. It will give us a great ability to understand the current state of the field, so that we can identify the main concepts and foundations and challenges and identify research details and think about research directions.
 Defining the problem: Based on the literature review, we will be able to clearly define the research problem and objectives to help us clearly focus the study and guide the research process.
Data Collection: Data sources related to the research will be collected, including cybersecurity datasets, AI models used in cybersecurity, and threat intelligence feeds. The size of the labeled data will be determined for the training and validation process. Privacy and ethical considerations will be considered when collecting and handling sensitive data.
Experimental design: Experiments will be conducted to evaluate the performance, efficiency, and flexibility of artificial intelligence models and cybersecurity systems. The metrics on which the evaluation will be based, such as detection rate, false positive rate, precision, recall, and F1 score, will be determined to measure the impact of AI-based threat detection. Factors such as model architectures, training algorithms, and input data characteristics will be considered in the experimental design.
Training and Model development: AI models will be developed that can be used for cybersecurity tasks, such as malware detection or intrusion detection. Machine learning or deep learning algorithms will be used, taking advantage of the latest technologies such as convolutional neural networks (CNNs), recurrent neural networks (RNNs) or transformer models. The models will be trained using the collected data, and their performance will be evaluated using appropriate validation techniques, such as cross-validation or cross-validation.
Simulation of hostile attacks: Simulations of attacks will be conducted on trained artificial intelligence models to assess their vulnerability to evasion attacks. Different attack strategies, such as gradient-based attacks, will be explored, and their impact on the performance and correctness of AI models will be evaluated. Implement and test defense mechanisms, such as adversarial training or input cleaning, to reduce the effects of adversarial attacks.
Privacy-preserving techniques: Privacy-preserving and data-sensitive techniques, such as differential privacy or federated learning, will be used to protect sensitive data used in AI-powered cybersecurity systems. An evaluation will be made between privacy and model performance, considering metrics such as knowing the extent of privacy or information leakage. The effectiveness of privacy-preserving techniques in maintaining the confidentiality of sensitive data while ensuring accurate threat detection will be evaluated.
Performance Evaluation: The performance of advanced AI models and cybersecurity systems will be evaluated using specific evaluation metrics. A comparison will be made with known cybersecurity methods or standards to evaluate the impact of AI-based methods. The scalability and computational efficiency of AI models will be analyzed in terms of resource requirements, and optimization techniques will be proposed if necessary.
Explainability Analysis: Methods for enhancing the explainability and interpretability of AI models used in cybersecurity will be explored. Techniques such as feature importance analysis, rule extraction, or model visualization will be implemented to provide insight into the decision-making process. The effectiveness of these technologies in enabling security analysts to understand and trust the outputs of AI-based cybersecurity systems will be evaluated.
 Documentation and Reporting: Research findings, methodologies and experimental results will be documented. The collected data will be analyzed and interpreted, and conclusions will be drawn based on the research objectives. A comprehensive research report or thesis will be prepared, including an introduction, literature review, methodology, results, discussion, and conclusion sections. The results will be presented clearly and concisely, highlighting the research's contributions and implications.
[bookmark: _Toc1084018748][bookmark: _Toc18622]expected outcomes:
 Expected outcomes of the research study: 
Evaluating the reliability and effectiveness of artificial intelligence models in identifying threats. The study will provide us with insight into the performance and accuracy of artificial intelligence models in detecting and identifying cyberattacks and reducing their effects. By evaluating the capabilities of cybersecurity systems that operate with artificial intelligence compared to the usual approaches we know and focusing on their strengths and limitations.
 Developing defense systems against enemy attacks. The research will contribute to developing defense systems to enhance and increase the strength and flexibility of artificial intelligence models against enemy attacks. It will explore techniques such as adversarial training, robust optimization, or anomaly detection, to mitigate the impact of adversarial attacks on AI-based threat detection systems.
Privacy-preserving techniques for artificial intelligence-based cybersecurity. The study will propose privacy-preserving techniques for sensitive data, such as differential privacy or federated learning, to protect sensitive data that is used in artificial intelligence-based cybersecurity systems. It will trade-off between privacy and model performance, giving us an opportunity to maintain data confidentiality and security while ensuring accurate threat identification.
 The research will enable us to analyze the scalability and computational efficiency of artificial intelligence models in cybersecurity applications. It will help us demonstrate techniques to optimize the use of available resources, reduce training and inference time, and increase the full efficiency of AI-based cybersecurity systems.
The study will enable us to find ways to strengthen the explainability of AI models used in cybersecurity. It will provide insight into the decision-making process of AI models and develop techniques such as feature importance analysis or model visualization to help security analysts understand and trust the outputs of AI-based cybersecurity systems.
 The research results will help increase knowledge in AI-based cybersecurity. Methodologies and experimental results will be documented and shared, providing valuable insight and guidelines for future research and practical implementation of AI in cybersecurity.
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