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Abstract -.The article discusses and researches how 

machine learning techniques can assist in defending zero-

day cyber-attacks, which are of the greatest concern in 

cyber defense. The research targets various machine 

learning algorithms like gradient boosting classifiers, 

random forests, decision trees, and support vector 

machines (SVM). The research analyzes how effective 

these algorithms are in detecting and blocking zero-day 

attacks. For this, we preprocess a dataset with various 

network features for processing so that categorical 

variables are treated correctly. We test and train the 

chosen algorithms on this dataset. According to the data, 

random forest performs better among all the algorithms 

in detection rates and accuracy. This is because random 

forest's capability to detect complex patterns associated 

with zero-day attacks is promoted by its ongoing learning 

from poor models. The findings show how machine 

learning can help enhance cybersecurity defense against 

emerging threats such as zero-day attacks. The CSE-CIC-

IDS2018 Dataset was employed in the study's 

implementation and evaluation. ([E-Journal UPI][1]) 
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1.INTRODUCTION 

 

Zero-day vulnerabilities represent a critical and 

escalating threat to cybersecurity, characterized by flaws 

in software that remain unknown to the software vendor 

or developer. This lack of awareness creates a window of 

opportunity for attackers to exploit these vulnerabilities 

before any protective measures, such as patches or 

updates, can be implemented [1], [2]. The term "zero-

day" signifies that the vendor has had zero days to address 

the vulnerability, leaving systems and data exposed to 

malicious activities. The impact of successful zero-day 

attacks can be far-reaching and devastating, 

encompassing data breaches, system compromise, 

financial losses, and reputational damage [3]. These 

vulnerabilities are particularly dangerous because 

traditional security measures, which rely on known attack 

signatures and patterns, are ineffective against them. The 

element of surprise inherent in zero-day exploits allows 

attackers to bypass conventional defenses and gain 

unauthorized access to sensitive information or critical 

systems. The consequences can range from the disruption 

of essential services to the theft of valuable intellectual 

property, underscoring the urgent need for advanced 

security strategies capable of proactively identifying and 

mitigating these elusive threats. The rise of increasingly 

sophisticated cyberattacks has amplified the risk 

associated with zero-day vulnerabilities, making them a 

primary concern for organizations and cybersecurity 

professionals worldwide. The proactive identification and 

mitigation of zero-day exploits are crucial in safeguarding 

digital assets and maintaining the integrity of critical 

infrastructure. 

● The limitations of traditional cybersecurity 

methods in detecting zero-day attacks. 

Traditional cybersecurity methods often struggle to 

effectively detect and mitigate zero-day attacks due to the 

inherent novelty of these exploits [2]. Signature-based 

detection systems, which form the cornerstone of many 

conventional security solutions, rely on pre-existing 

knowledge of attack patterns and malware signatures [4]. 

These systems are designed to identify and block known 

threats, but they are rendered ineffective when confronted 
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with previously unseen attack vectors. Since zero-day 

vulnerabilities are, by definition, unknown to the vendor 

and security community, no corresponding signatures or 

rules exist to trigger an alert. Reactive security measures, 

such as incident response plans and forensic analysis, are 

often insufficient to prevent the initial exploitation of 

these vulnerabilities [5]. By the time a zero-day attack is 

detected and analyzed, attackers may have already gained 

access to sensitive data or compromised critical systems. 

The limitations of traditional cybersecurity methods 

highlight the necessity for more proactive and adaptive 

approaches that can anticipate and neutralize zero-day 

threats before they inflict significant damage. These 

advanced strategies must incorporate elements of 

behavioral analysis, anomaly detection, and predictive 

modeling to identify potential vulnerabilities and 

suspicious activities that deviate from established 

baselines. The evolving nature of cyber threats requires a 

continuous refinement of security practices and the 

integration of innovative technologies to stay ahead of 

malicious actors. 

● The role of AI in enhancing zero-day threat 

prediction and mitigation. 

Artificial Intelligence (AI) offers a promising array of 

tools and techniques for enhancing zero-day threat 

prediction and mitigation, providing capabilities that 

surpass the limitations of traditional cybersecurity 

methods [1]. Machine learning (ML) and deep learning 

(DL) algorithms can analyze vast amounts of data, 

including network traffic, system logs, and software code, 

to detect subtle anomalies and predict potential 

vulnerabilities before they can be exploited [6]. AI-driven 

solutions can shift the focus from reactive detection to 

proactive defense, enabling organizations to anticipate 

and neutralize zero-day threats before they inflict 

significant damage [5]. By leveraging AI, security teams 

can identify patterns and indicators that would otherwise 

go unnoticed, providing early warnings of potential 

attacks. AI can automate the process of vulnerability 

discovery, penetration testing, and incident response, 

reducing the workload on security professionals and 

improving the overall efficiency of cybersecurity 

operations. Furthermore, AI can adapt to the evolving 

threat landscape, continuously learning from new attacks 

and refining its detection capabilities. The integration of 

AI into cybersecurity frameworks represents a paradigm 

shift, enabling organizations to move beyond traditional 

signature-based approaches and embrace a more 

proactive and intelligent defense strategy. The potential 

of AI in zero-day threat prediction and mitigation is vast, 

and ongoing research and development efforts are 

continually expanding its capabilities. 

AI Techniques for Zero-Day Vulnerability Prediction 

● Machine learning (ML) algorithms for 

identifying patterns and anomalies. 

Machine learning (ML) algorithms play a crucial role in 

identifying patterns and anomalies that may indicate the 

presence of zero-day vulnerabilities [5]. By analyzing 

historical vulnerability data, ML models can discern 

characteristics and patterns indicative of software 

components that are particularly prone to exploitation. 

These algorithms can be broadly categorized into 

supervised and unsupervised learning techniques. 

Supervised learning methods are effective for detecting 

known threats, where labeled datasets of previous attacks 

are used to train the model [7]. Unsupervised learning, on 

the other hand, is valuable for adapting to dynamic 

environments and identifying novel attack patterns that 

have not been previously encountered [7]. Anomaly 

detection is a key application of AI in cybersecurity, 

enabling the differentiation of usual network behavior 

from malicious activities [8]. By establishing a baseline 

of normal system behavior, ML algorithms can identify 

deviations that may signal a zero-day exploit. For 

example, clustering algorithms can group similar network 

traffic patterns, while outlier detection methods can flag 

unusual data points that do not conform to the established 

clusters. These techniques provide security teams with 

valuable insights into potential vulnerabilities and enable 

them to take proactive measures to mitigate risks. The 

continuous learning and adaptive capabilities of ML 

algorithms make them well-suited for addressing the 

ever-evolving landscape of cyber threats. 

Deep learning (DL) models for complex threat 

detection. 

Deep learning (DL) models have demonstrated 

exceptional capabilities in detecting complex cyber 

threats, including advanced persistent threats (APTs) and 

zero-day vulnerabilities [7]. These models, inspired by 

the structure and function of the human brain, can 

automatically learn intricate patterns and representations 

from vast amounts of data. Generative AI models, such as 

Generative Adversarial Networks (GANs) and 

Variational Autoencoders (VAEs), can enhance intrusion 

detection systems by analyzing patterns of both normal 
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and malicious behavior [9]. GANs, for instance, can 

generate synthetic attack samples to augment training 

datasets and improve the robustness of detection models. 

Deep learning techniques, such as Convolutional Neural 

Networks (CNNs) and Recurrent Neural Networks 

(RNNs), have shown high accuracy in threat detection by 

automatically extracting relevant features from raw data 

[10]. CNNs are particularly effective in analyzing 

network traffic data, while RNNs are well-suited for 

processing sequential data, such as system logs. The 

ability of deep learning models to automatically learn 

complex patterns and adapt to evolving threats makes 

them invaluable tools for zero-day vulnerability 

prediction. These models can identify subtle indicators of 

malicious activity that may be missed by traditional 

security systems, providing early warnings of potential 

attacks. The ongoing advancements in deep learning are 

continually expanding its capabilities in cybersecurity, 

making it an essential component of modern defense 

strategies. 

Predictive analysis using AI to anticipate potential 

vulnerabilities. 

Predictive analysis, powered by AI, offers the capability 

to anticipate potential vulnerabilities before they can be 

exploited, providing a proactive approach to 

cybersecurity [5]. AI and machine learning techniques 

can analyze a wide range of factors, including software 

code, historical vulnerability data, and network traffic 

patterns, to identify characteristics of software that are 

prone to zero-day vulnerabilities [5]. AI-driven solutions 

enable the early identification of high-risk areas within 

software systems, providing opportunities for proactive 

threat mitigation [5]. By leveraging previous attacks and 

contexts, organizations can predict future attacks and 

prepare their defenses using AI for predictive analytics 

[11]. For example, AI models can analyze code 

complexity metrics, such as cyclomatic complexity and 

lines of code, to identify modules that are more likely to 

contain vulnerabilities. These models can also assess the 

frequency of code changes and the number of developers 

working on a particular module to identify areas where 

errors are more likely to occur. By combining these 

factors with historical vulnerability data, AI can provide 

a risk score for each software component, enabling 

security teams to prioritize their efforts and focus on the 

most vulnerable areas. Predictive analysis not only 

reduces the risk of exploitation but also strengthens the 

overall resilience of digital ecosystems in an increasingly 

complex threat landscape. The ability to anticipate and 

prevent attacks before they occur represents a significant 

advancement in cybersecurity, enabling organizations to 

stay ahead of malicious actors and protect their valuable 

assets. 

AI-Driven Anomaly Detection for Zero-Day Attacks 

Using AI to establish baseline network behavior. 

Establishing a baseline of normal network behavior is a 

critical step in AI-driven anomaly detection for zero-day 

attacks. Machine learning models can learn the typical 

patterns and characteristics of network traffic, system 

activity, and user behavior to distinguish usual network 

behavior from malicious activities [8]. AI-powered 

security analytics solutions manage vast data volumes 

from security systems, logs, and devices, providing 

security professionals with insightful analysis [3]. This 

involves collecting and analyzing data from various 

sources, including network traffic logs, system event 

logs, and user activity logs. The data is then processed 

and transformed into a format suitable for machine 

learning algorithms. Once the data is prepared, various 

ML techniques, such as clustering, classification, and 

regression, can be used to model the normal behavior of 

the system. For example, clustering algorithms can group 

similar network traffic patterns together, while 

classification algorithms can learn to distinguish between 

normal and abnormal activities based on labeled data. 

Regression models can predict future system behavior 

based on historical data. By establishing a baseline of 

normal behavior, AI systems can effectively identify 

deviations that may signal a zero-day attack. This 

approach is particularly important for zero-day 

vulnerabilities, which traditional signature-based security 

solutions cannot recognize [8]. 

Identifying deviations from normal activity as potential 

indicators of zero-day exploits. 

AI systems play a crucial role in identifying deviations 

from normal activity, which can serve as potential 

indicators of zero-day exploits. These systems are 

designed to continuously monitor network traffic, system 

logs, and user behavior, comparing the current state of the 

system to the established baseline. AI systems identify 

unusual or suspicious behavior, such as unlawful login 

attempts or odd data flow patterns, as potential indicators 

of zero-day attacks [3]. Anomaly detection techniques are 

critical for the timely identification of anomalous 

behavior to prevent breaches and mitigate zero-day 

attacks [12]. AI algorithms can recognize patterns of 
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potential security breaches and automate mundane tasks, 

helping to identify and remediate vulnerabilities [13]. For 

example, if a user suddenly starts accessing files or 

systems that they have never accessed before, this could 

be a sign of a compromised account. Similarly, if network 

traffic patterns suddenly change, this could indicate a 

denial-of-service attack or other malicious activity. AI 

systems can also analyze the content of network traffic to 

identify suspicious code or data that may be indicative of 

a zero-day exploit. By continuously monitoring the 

system and identifying deviations from normal behavior, 

AI systems can provide early warnings of potential 

attacks, enabling security teams to take proactive 

measures to mitigate the risks. 

Reducing false positives and improving detection 

accuracy. 

Reducing false positives and improving detection 

accuracy are critical challenges in AI-driven anomaly 

detection for zero-day attacks. False positives, which 

occur when the system incorrectly identifies normal 

activity as malicious, can lead to alert fatigue and distract 

security teams from genuine threats. To address this 

challenge, AI-IDS can significantly reduce false positives 

and enhance the detection of zero-day attacks through 

adaptive learning [14]. A key challenge in AI-driven 

cybersecurity is ensuring high detection accuracy while 

minimizing false positives [15]. The integration of AI 

with large-scale data analytics allows for the correlation 

of seemingly unrelated events, revealing patterns that 

traditional systems often overlook [16]. This involves 

using advanced machine learning techniques to refine the 

baseline of normal behavior and improve the accuracy of 

anomaly detection models. For example, ensemble 

learning methods, which combine multiple machine 

learning models, can improve detection accuracy by 

leveraging the strengths of different algorithms. Feature 

selection techniques can identify the most relevant 

features for anomaly detection, reducing the 

dimensionality of the data and improving the efficiency 

of the system. Additionally, feedback mechanisms can be 

used to continuously refine the anomaly detection models 

based on the input of security experts. By continuously 

improving the accuracy of anomaly detection models and 

reducing the number of false positives, AI systems can 

provide security teams with more reliable and actionable 

threat intelligence. 

AI in Mitigating Zero-Day Attacks on SCADA 

Systems 

● The unique challenges of securing SCADA 

systems against zero-day threats. 

Securing Supervisory Control and Data Acquisition 

(SCADA) systems against zero-day threats presents 

unique challenges due to the critical nature of these 

systems and their integration with industrial processes. 

SCADA systems within critical infrastructure are 

vulnerable to zero-day attacks, which can compromise 

operations and endanger security [3]. Attackers might 

target SCADA systems using code injection, malware 

infection, or hardware and software defects [3]. The 

possible catastrophic consequences of security breaches 

in these systems raise concerns about hackers targeting 

them [3]. These systems are responsible for controlling 

and monitoring essential services, such as power grids, 

water treatment plants, and transportation networks. Any 

disruption or compromise of these systems can have 

severe consequences for public safety and economic 

stability. SCADA systems often operate in isolated 

environments with limited connectivity to the internet, 

making them difficult to monitor and protect. They also 

rely on proprietary protocols and legacy technologies, 

which may have known vulnerabilities that are difficult 

to patch or upgrade. The combination of these factors 

makes SCADA systems particularly vulnerable to zero-

day attacks. The potential for attackers to gain control of 

critical infrastructure through zero-day exploits 

underscores the urgent need for advanced security 

strategies that can effectively protect these systems from 

evolving threats. 

AI-based techniques for protecting SCADA systems. 

AI-based techniques offer a promising approach to 

protecting SCADA systems against zero-day threats, 

providing capabilities that surpass the limitations of 

traditional security measures. AI-powered security 

analytics solutions can manage vast volumes of data from 

SCADA systems, providing security professionals with 

insightful analysis [3]. AI-based techniques aim to 

enhance zero-day threat identification and prevention, 

guaranteeing the ongoing security and dependability of 

vital infrastructure [3]. AI can identify unusual behavior, 

including attempts at unlawful login, as potential 

indicators of a zero-day attack [3]. These techniques can 

be used to monitor network traffic, system logs, and 

process data to detect anomalies that may indicate a zero-
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day exploit. For example, machine learning algorithms 

can learn the normal operating parameters of a SCADA 

system and identify deviations that may signal a 

malicious attack. AI can also be used to analyze the 

behavior of operators and identify suspicious activities 

that may indicate a compromised account. By 

continuously monitoring the system and identifying 

potential threats, AI-based techniques can provide early 

warnings of zero-day attacks, enabling security teams to 

take proactive measures to mitigate the risks. The 

application of AI in SCADA security represents a 

significant advancement in the protection of critical 

infrastructure, providing a more robust and adaptive 

defense against evolving cyber threats. 

Case studies and examples of AI applications in SCADA 

security. 

Several case studies and examples demonstrate the 

effectiveness of AI applications in enhancing SCADA 

security and mitigating zero-day threats. An artificial 

intelligence-based technique is proposed to protect 

SCADA systems against zero-day assaults [3]. Research 

investigates zero-day vulnerabilities and other SCADA 

system hazards to identify the optimal approach for 

including security concepts into SCADA architecture [3]. 

AI-driven solutions can provide robust defenses against 

zero-day assaults in SCADA systems, underscoring the 

need to apply modern machine learning methods [3]. For 

example, AI-powered intrusion detection systems have 

been deployed to monitor network traffic in SCADA 

environments, identifying anomalies that may indicate a 

zero-day exploit. These systems use machine learning 

algorithms to learn the normal communication patterns of 

the SCADA network and detect deviations that may 

signal a malicious attack. AI has also been used to analyze 

process data in SCADA systems, identifying anomalies 

that may indicate a compromised sensor or actuator. For 

example, machine learning models can be trained to 

predict the expected output of a process based on 

historical data and detect deviations that may indicate a 

cyberattack. By providing early warnings of potential 

threats, AI applications can enable security teams to take 

proactive measures to mitigate the risks and protect 

critical infrastructure from zero-day attacks. 

 

 

 

Generative AI for Proactive Cybersecurity 

How generative AI can simulate potential attack 

vectors. 

Generative AI offers a powerful capability to simulate 

potential attack vectors, enabling security teams to 

proactively identify weaknesses in systems and networks 

before they can be exploited by malicious actors [9]. By 

analyzing vast amounts of data and identifying patterns 

of normal and malicious behavior, generative AI can 

improve the detection of previously unknown threats and 

zero-day vulnerabilities [9]. Generative models can be 

leveraged in cybersecurity for tasks such as anomaly 

detection, malware generation analysis, and predictive 

threat modeling [9]. These models can generate synthetic 

data that mimics real-world attack scenarios, allowing 

security teams to test the resilience of their systems and 

identify potential vulnerabilities. For example, generative 

AI can create realistic phishing emails to test the 

effectiveness of employee training programs or generate 

malicious code to evaluate the performance of antivirus 

software. By simulating potential attack vectors, 

generative AI can help security teams to identify and 

address weaknesses in their defenses before they can be 

exploited by attackers. This proactive approach to 

cybersecurity can significantly reduce the risk of 

successful attacks and improve the overall security 

posture of an organization. The ability of generative AI to 

simulate potential attack vectors represents a significant 

advancement in cybersecurity, enabling organizations to 

stay ahead of evolving threats. 

Using GANs, VAEs, and other generative models to 

enhance intrusion detection systems. 

Generative Adversarial Networks (GANs), Variational 

Autoencoders (VAEs), and other generative models can 

be effectively used to enhance intrusion detection 

systems (IDS) and automate security operations, 

providing a more robust and adaptive defense against 

cyber threats [9]. Generative AI can be integrated into 

cybersecurity frameworks to enhance protection against 

cyber threats [9]. These models bolster real-time response 

capabilities, providing a proactive approach to threat 

identification, prevention, and mitigation [9]. GANs can 

be used to generate synthetic attack samples, which can 

be used to train intrusion detection models and improve 

their ability to detect novel attacks. VAEs can be used to 

learn a compressed representation of normal system 

behavior, which can be used to identify anomalies that 

may indicate a cyberattack. By leveraging the capabilities 
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of generative models, intrusion detection systems can 

become more effective at detecting and responding to 

evolving threats. These models can also automate 

security operations, such as incident response and threat 

hunting, reducing the workload on security professionals 

and improving the overall efficiency of cybersecurity 

operations. The integration of generative models into 

intrusion detection systems represents a significant 

advancement in cybersecurity, providing a more 

proactive and intelligent defense against evolving cyber 

threats. 

Addressing the challenges and risks of deploying 

generative AI in cybersecurity. 

While generative AI offers significant potential for 

enhancing cybersecurity, it also presents challenges and 

risks that must be carefully addressed. Deploying 

generative AI in cybersecurity presents challenges and 

risks, including the potential for adversarial AI attacks 

[9]. Ethical implications of AI-driven decision-making in 

sensitive environments must be considered [9]. Data 

privacy concerns and transparency in AI decision-making 

processes are critical challenges that need to be addressed 

[6]. One of the primary concerns is the potential for 

adversarial AI attacks, where malicious actors attempt to 

manipulate or deceive AI models to evade detection or 

cause them to make incorrect decisions. For example, 

attackers can craft adversarial examples, which are 

carefully designed inputs that cause AI models to 

misclassify malicious code as benign. To mitigate these 

risks, it is essential to develop robust AI models that are 

resistant to adversarial attacks and to implement 

appropriate security measures to protect AI systems from 

manipulation. Ethical considerations are also important, 

particularly in sensitive environments where AI-driven 

decisions may have significant consequences. It is crucial 

to ensure that AI models are fair, transparent, and 

accountable and that they do not discriminate against any 

particular group or individual. Additionally, data privacy 

concerns must be addressed, particularly when AI models 

are trained on sensitive data. It is essential to implement 

appropriate data protection measures to ensure that 

personal information is not compromised. By carefully 

addressing these challenges and risks, organizations can 

harness the full potential of generative AI for 

cybersecurity while minimizing the potential for harm. 

 

AI-Enhanced Threat Detection in IoT Environments 

● The increasing cybersecurity challenges in 

IoT devices. 

The proliferation of Internet of Things (IoT) devices has 

led to a significant increase in cybersecurity challenges, 

making traditional security measures increasingly 

inadequate. The growing number of IoT devices has led 

to a surge in web-based assaults, necessitating advanced 

security measures [17]. IoT devices significantly 

contribute to the scale and impact of DDoS attacks due to 

inadequate security measures [18]. Securing edge 

computing has drawn much attention due to the vital role 

of IoT in 5G wireless networks [19]. These devices, 

which range from smart home appliances to industrial 

sensors, are often characterized by limited processing 

power, memory, and security capabilities, making them 

vulnerable to cyberattacks. The sheer volume of IoT 

devices, combined with their diverse range of 

functionalities and deployment environments, creates a 

vast attack surface that is difficult to monitor and protect. 

Many IoT devices are also deployed with default or weak 

passwords, making them easy targets for attackers. The 

lack of standardized security protocols and update 

mechanisms further exacerbates the problem, leaving 

many IoT devices vulnerable to known exploits. The 

increasing sophistication of cyberattacks, combined with 

the inherent vulnerabilities of IoT devices, poses a 

significant threat to individuals, organizations, and 

critical infrastructure. The compromised IoT devices can 

be used to launch denial-of-service attacks, steal sensitive 

data, or even control physical systems. The need for 

enhanced threat detection and mitigation strategies in IoT 

environments is becoming increasingly urgent. 

AI applications for anomaly detection and threat 

mitigation in IoT. 

AI offers a promising array of applications for anomaly 

detection and threat mitigation in IoT environments, 

providing capabilities that surpass the limitations of 

traditional security measures. AI can improve security in 

Internet of Things (IoT) settings through cognitive digital 

twin systems (CDTS) [17]. ML models improve detection 

accuracy and adaptability to evolving threats in cloud and 

IoT environments [20]. AI-driven systems enhance threat 

detection, automate threat intelligence, and mitigate 

evolving cyber risks in real-time [15]. Machine learning 

algorithms can analyze vast amounts of data from IoT 

devices, including sensor readings, network traffic, and 

https://ijsrem.com/
https://app.answerthis.io/shared/ai-for-zero-day-threat-prediction-and-mitigation#chunk_e8e92afe5a9b3656ca8e0829dbc947241ded82f231a373c7e24791f16deb6ee9
https://app.answerthis.io/shared/ai-for-zero-day-threat-prediction-and-mitigation#chunk_e8e92afe5a9b3656ca8e0829dbc947241ded82f231a373c7e24791f16deb6ee9
https://app.answerthis.io/shared/ai-for-zero-day-threat-prediction-and-mitigation#chunk_606d0971641bd893b525c3334ccc118718eace3637ce8ffce0770b26ebe56225
https://app.answerthis.io/shared/ai-for-zero-day-threat-prediction-and-mitigation#chunk_e1abd4f0e146fcce02866d136630228592e2d4128d0868cef89f4a14b48d2c3d
https://app.answerthis.io/shared/ai-for-zero-day-threat-prediction-and-mitigation#chunk_0e54a3d711861996fb51deb6ee66652fd8d9a8816560eee2608dbe6ececc0086
https://app.answerthis.io/shared/ai-for-zero-day-threat-prediction-and-mitigation#chunk_86b34966a6ffce9eed5f8d031e1afc881d69920d8a5b2deb69bbb44665ffcedc
https://app.answerthis.io/shared/ai-for-zero-day-threat-prediction-and-mitigation#chunk_e1abd4f0e146fcce02866d136630228592e2d4128d0868cef89f4a14b48d2c3d
https://app.answerthis.io/shared/ai-for-zero-day-threat-prediction-and-mitigation#chunk_04c9ffa96f996023b657fb0983b5fad674f16541a6cff7123dc50d1009e274a3
https://app.answerthis.io/shared/ai-for-zero-day-threat-prediction-and-mitigation#chunk_9f9b553a023fbe4b82e482476d0de1065f98c495e2a54041b2376e3071a5fa5b


      International Journal of Scientific Research in Engineering and Management (IJSREM) 

                         Volume: 09 Issue: 10 | Oct - 2025                                SJIF Rating: 8.586                                       ISSN: 2582-3930                                                                                                                        

 

© 2025, IJSREM      | https://ijsrem.com                                 DOI: 10.55041/IJSREM52984                                                   |        Page 7 
 

system logs, to detect anomalies that may indicate a 

cyberattack. For example, AI can be used to identify 

unusual patterns in sensor data that may indicate a 

compromised sensor or actuator. AI can also be used to 

analyze network traffic to detect malicious code or data 

being transmitted to or from IoT devices. By continuously 

monitoring the system and identifying potential threats, 

AI applications can provide early warnings of 

cyberattacks, enabling security teams to take proactive 

measures to mitigate the risks. AI can also be used to 

automate threat mitigation, such as isolating 

compromised devices or blocking malicious traffic. The 

application of AI in IoT security represents a significant 

advancement in the protection of connected devices, 

providing a more robust and adaptive defense against 

evolving cyber threats. 

Cognitive Digital Twin Systems (CDTS) for predictive 

security. 

Cognitive Digital Twin Systems (CDTS) represent a 

cutting-edge approach to predictive security in AI-

enhanced IoT environments, offering real-time 

monitoring, predictive analysis, and proactive security 

measures. Cognitive digital twin systems (CDTS) use AI 

methods to digitally represent physical IoT devices, 

providing proactive security measures [17]. These 

systems offer real-time monitoring and predictive 

analysis to anticipate and lessen the impact of security 

risks [17]. A new CDTS architecture combines cognitive 

learning skills, anomaly detection, and machine learning 

models [17]. CDTS create a virtual replica of physical 

IoT devices, systems, and environments, enabling real-

time monitoring and analysis of their behavior. AI 

algorithms are used to analyze the data collected from the 

digital twins, identifying anomalies and predicting 

potential security risks. For example, a CDTS can be used 

to monitor the performance of a smart building's HVAC 

system, detecting anomalies that may indicate a 

malfunctioning sensor or a cyberattack. The CDTS can 

also be used to predict potential security risks based on 

historical data and current conditions, enabling security 

teams to take proactive measures to prevent attacks. By 

providing a comprehensive and real-time view of the IoT 

environment, CDTS enable organizations to enhance 

their security posture and mitigate the risks associated 

with cyberattacks. The development and deployment of 

CDTS represent a significant advancement in IoT 

security, providing a more proactive and intelligent 

defense against evolving cyber threats. 

AI-Driven Intrusion Detection Systems (IDS) 

Enhancing traditional IDS with AI and machine 

learning. 

Traditional intrusion detection systems (IDS) face 

significant challenges in keeping pace with the evolving 

sophistication of cyber threats, necessitating the 

integration of AI and machine learning to enhance their 

effectiveness. Modern cyber threats have evolved, 

necessitating advanced intrusion detection systems (IDS) 

[21]. Traditional signature-based and rule-based IDS face 

challenges in identifying new and evolving attacks [21]. 

AI-driven detection solutions are being adopted to 

enhance detection accuracy while reducing false positive 

alerts [21]. Traditional IDS rely on predefined rules and 

signatures to detect known attacks, but they are often 

ineffective against novel or zero-day exploits. AI and 

machine learning can enhance traditional IDS by enabling 

them to learn from data, adapt to changing threat 

landscapes, and detect anomalies that may indicate a 

cyberattack. For example, machine learning algorithms 

can be used to analyze network traffic patterns, system 

logs, and user behavior to identify deviations from normal 

activity that may signal a malicious attack. AI can also be 

used to automate the process of threat intelligence 

gathering and analysis, providing security teams with up-

to-date information about emerging threats. By 

integrating AI and machine learning into traditional IDS, 

organizations can significantly improve their ability to 

detect and respond to cyberattacks. This enhanced 

approach to intrusion detection provides a more proactive 

and adaptive defense against evolving cyber threats. 

AI-based IDS architectures and methodologies. 

AI-based intrusion detection systems (IDS) employ a 

variety of architectures and methodologies to enhance 

their effectiveness in detecting and responding to cyber 

threats. An AI-powered intrusion detection system 

integrates machine learning (ML) and deep learning (DL) 

techniques [21]. Feature selection techniques like SHAP-

based analysis improve model interpretability and 

efficiency [21]. Reinforcement learning (RL) enables 

adaptive intrusion response mechanisms, enhancing 

resilience against evolving threats [21]. One common 

architecture involves using machine learning algorithms 

to analyze network traffic data and identify anomalies 

that may indicate a cyberattack. These algorithms can be 

trained on labeled data to distinguish between normal and 

malicious traffic patterns or can be used in an 

unsupervised manner to detect deviations from 
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established baselines. Another approach involves using 

deep learning models, such as convolutional neural 

networks (CNNs) and recurrent neural networks (RNNs), 

to automatically extract features from raw data and 

identify complex patterns that may indicate a cyberattack. 

AI-based IDS also employ various methodologies for 

responding to detected threats, such as automatically 

blocking malicious traffic, isolating compromised 

systems, or alerting security personnel. The specific 

architecture and methodology used by an AI-based IDS 

will depend on the specific requirements of the 

environment in which it is deployed and the types of 

threats it is designed to detect. By leveraging the 

capabilities of AI and machine learning, AI-based IDS 

can provide a more robust and adaptive defense against 

evolving cyber threats. 

Improving accuracy and reducing false positives in 

intrusion detection. 

Improving accuracy and reducing false positives are 

critical goals in the development and deployment of AI-

driven intrusion detection systems (IDS). False positives, 

which occur when the system incorrectly identifies 

normal activity as malicious, can lead to alert fatigue and 

distract security teams from genuine threats. AI-IDS can 

significantly reduce false positives and enhance the 

detection of zero-day attacks through adaptive learning 

[14]. A hybrid AI-based data analysis framework 

combines autoencoders, random forests, and CNN-

LSTM architectures to improve anomaly detection and 

classification [22]. The integration of AI with large-scale 

data analytics allows for the correlation of seemingly 

unrelated events, revealing patterns that traditional 

systems often overlook [16]. To achieve these goals, AI-

based IDS employ a variety of techniques, such as feature 

selection, ensemble learning, and adaptive thresholding. 

Feature selection involves identifying the most relevant 

features for anomaly detection, reducing the 

dimensionality of the data and improving the efficiency 

of the system. Ensemble learning combines multiple 

machine learning models to improve detection accuracy 

by leveraging the strengths of different algorithms. 

Adaptive thresholding involves dynamically adjusting 

the thresholds used to trigger alerts based on the current 

state of the system and the evolving threat landscape. By 

continuously improving the accuracy of anomaly 

detection models and reducing the number of false 

positives, AI systems can provide security teams with 

more reliable and actionable threat intelligence. This 

enhanced approach to intrusion detection enables 

organizations to respond more effectively to cyberattacks 

and minimize the potential for damage. 
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