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The Role of Artificial Intelligence and Big Data 
in Transforming Modern Cybersecurity 
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Abstract

In the era of digital transformation, cybersecurity has evolved from a technical 
necessity into a fundamental pillar for organizational resilience. The rapid 
proliferation of cloud computing, the Internet of Things (IoT), and integrated 
enterprise ecosystems has streamlined operations but simultaneously expanded 
the cyber-attack surface (Saeed et al., 2023). Modern adversaries now leverage 
automated and intelligent techniques, rendering traditional, rule-based security 
measures insufficient against complex threats such as ransomware, supply chain 
compromises, and zero-day breaches (Lahare & Wakchaure, 2025). Within this 
landscape, Enterprise Resource Planning (ERP) systems represent a critical 
strategic asset. As the operational backbone of organizations, they manage 
highly sensitive data across finance, human resources, and customer relations. 
The migration of ERP systems to cloud environments and their integration with 
diverse APIs has introduced new vulnerabilities, including misconfigurations 
and sophisticated phishing attacks. Consequently, protecting these high-value 
targets in a hyper-connected world requires a shift from reactive monitoring to 
proactive defense(Bhat & Jayaram, 2025). The exponential growth of security-
related data, encompassing system logs, network traffic, and user behavior, 
has turned modern cybersecurity into a “Big Data” challenge. Analyzing such 
vast and heterogeneous datasets in real-time is beyond human capacity and 
traditional signature-based tools. To address this, Artificial Intelligence (AI) 
and Machine Learning (ML) have emerged as essential solutions, offering the 
ability to detect hidden patterns, identify anomalies, and respond to unknown 
threats autonomously (Mohamed, 2025). This study provides a comprehensive 
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analysis of how Big Data analytics and AI-driven models are transforming 
cybersecurity within cloud-based ERP environments. By examining the synergy 
between intelligent algorithms and large-scale data infrastructures, the paper 
identifies key implementation challenges and proposes a strategic foundation 
for next-generation defense systems.

1. Introduction

In the era of digital transformation, cybersecurity has evolved from a 
technical necessity into a fundamental pillar for organizational resilience. The 
rapid proliferation of cloud computing, the Internet of Things (IoT), and 
integrated enterprise ecosystems has streamlined operations but simultaneously 
expanded the cyber-attack surface (Saeed et al., 2023). Modern adversaries 
now leverage automated and intelligent techniques, rendering traditional, 
rule-based security measures insufficient against complex threats such as 
ransomware, supply chain compromises, and zero-day breaches (Lahare & 
Wakchaure, 2025).

Within this landscape, Enterprise Resource Planning (ERP) systems 
represent a critical strategic asset. As the operational backbone of organizations, 
they manage highly sensitive data across finance, human resources, and 
customer relations. The migration of ERP systems to cloud environments 
and their integration with diverse APIs has introduced new vulnerabilities, 
including misconfigurations and sophisticated phishing attacks. Consequently, 
protecting these high-value targets in a hyper-connected world requires a 
shift from reactive monitoring to proactive defense(Bhat & Jayaram, 2025).

The exponential growth of security-related data, encompassing system logs, 
network traffic, and user behavior, has turned modern cybersecurity into a “Big 
Data” challenge. Analyzing such vast and heterogeneous datasets in real-time 
is beyond human capacity and traditional signature-based tools. To address 
this, Artificial Intelligence (AI) and Machine Learning (ML) have emerged 
as essential solutions, offering the ability to detect hidden patterns, identify 
anomalies, and respond to unknown threats autonomously (Mohamed, 2025).

This study provides a comprehensive analysis of how Big Data analytics 
and AI-driven models are transforming cybersecurity within cloud-based 
ERP environments. By examining the synergy between intelligent algorithms 
and large-scale data infrastructures, the paper identifies key implementation 
challenges and proposes a strategic foundation for next-generation defense 
systems.
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2. The Need for Transformation in Protecting Critical 
Infrastructures

Today, critical infrastructures are facing a new paradigm of threats that 
go beyond traditional intrusion patterns. Incidents such as the disruption of 
Ukraine’s power distribution network and the paralysis of the Colonial Pipeline 
served as serious warnings for national security worldwide, demonstrating that 
a single security breach in such systems can trigger cascading and catastrophic 
consequences for both the economy and public welfare. These real-world events 
clearly indicate that conventional approaches based on human monitoring 
and reactive responses are no longer sufficient to counter modern, high-speed 
cyberattacks(AlArfaj & AlShuaibi, 2025).

While defenders continue to rely on reactive security protocols, attackers 
are increasingly adopting automated tools and malicious artificial intelligence. 
These emerging threats exhibit a high degree of adaptability, enabling them 
to dynamically bypass defensive barriers. In this context, the transition from 
traditional security paradigms to intelligent and real-time defense is not merely 
an option but a strategic necessity. Artificial intelligence plays a central role 
in this transition by analyzing massive volumes of data and network traffic to 
identify anomalous patterns before a crisis occurs(Lehto, 2022).

Machine learning and deep learning algorithms offer significant potential 
for early threat detection. Unlike rule-based systems, these models are 
capable of learning from historical data and can even respond to previously 
unseen “zero-day” attacks. However, the deployment of such technologies 
in operational environments faces substantial technical challenges. Much of 
the existing infrastructure consists of legacy systems that were not originally 
designed for integration with modern intelligent networks or for supporting 
computationally intensive AI models (Reddy et al., 2024).

In addition to hardware limitations, the non-stop nature of critical 
infrastructures such as power plants leaves no room for security testing or 
trial-and-error approaches. Furthermore, balancing the need for continuous 
data flow to train AI models with the requirements of data confidentiality 
and privacy presents another significant challenge for practitioners. Therefore, 
deploying an effective threat detection system requires the design of integrated 
architectures that ensure multi-layered security without disrupting essential 
public services (Kechagias et al., 2022).

Finally, it is important to recognize that artificial intelligence itself can 
become a target of attack. While machine learning models are increasingly 
used in cloud-based defense systems, they remain vulnerable to threats such as 
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data poisoning and adversarial attacks designed to manipulate model behavior 
(Gong et al., 2020). This study adopts a comprehensive perspective to examine 
the current state of real-time detection systems and proposes practical solutions 
for implementing and maintaining intelligent security, ensuring that defensive 
tools do not themselves become the system’s weakest link.

3. Strategic Transformation: From Traditional Defense to AI-
Driven Proactive Security

In the modern cybersecurity landscape, artificial intelligence (AI) and 
machine learning (ML) have evolved from supportive tools into integral 
components of defense strategies. A key advantage of these technologies 
over traditional approaches lies in their ability to overcome the limitations of 
signature-based detection and shift toward predictive modeling. As illustrated 
in Table 1, the intelligent paradigm, unlike conventional reactive methods, is 
fundamentally based on a proactive approach. By analyzing complex correlations 
within large-scale datasets, these models can identify early indicators of attacks 
before significant damage occurs, a capability reflected in the table under the 
concept of behavior-based detection (Ahsan et al., 2022).

Extensive research in this field has demonstrated the operational effectiveness 
of machine learning across three critical domains: intrusion detection systems 
(IDS), intelligent malware classification, and threat intelligence analysis. In 
this context, supervised learning algorithms leverage historical labeled data to 
ensure accurate classification of new data points, while unsupervised learning 
serves as a safeguard against emerging and previously unseen threats (Ahmed 
Salman et al., 2023). Furthermore, reinforcement learning has opened new 
horizons in adaptive response mechanisms, enabling systems to continuously 
optimize their defense strategies in dynamic threat environments. This 
capability is highlighted in Table 1 under the “accuracy against unknown 
attacks” metric, representing one of the key strengths of modern approaches 
(Ferdous et al., 2023).

Another critical dimension of this transformation is the enhancement of 
real-time response capabilities and the automation of security processes. AI-
based tools can correlate disparate data sources and generate a unified view of 
the attack chain. This level of automation not only significantly reduces the 
need for human intervention but also enables response times to reach real-time 
levels, an essential feature identified in Table 1 as a fundamental distinction 
between intelligent and traditional systems. Ultimately, the scalability of 
these technologies positions them as the only viable solution for addressing 
the growing complexity of cyber threats in the digital era (Jada et al., 2024). 
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However, deploying these intelligent models in dynamic cyber environments 
requires addressing core learning theory challenges, most notably concept 
drift. Because cyber threats evolve continuously, the statistical properties of 
the target variables change over time, rendering static historical training data 
obsolete. To counter this, next-generation defense systems must transition 
toward online learning paradigms, where models process data streams 
continuously and update their parameters in real time without requiring 
full retraining cycles. Furthermore, the defensive perimeter must be fortified 
against adversarial learning tactics. Sophisticated attackers increasingly 
employ adversarial perturbations to craft evasion attacks or execute data 
poisoning during the training phase, making the mathematical robustness 
and verifiability of AI algorithms a critical priority in modern security design.

Table 1: Comparative Analysis of Traditional Security Paradigm vs. AI-Based 
Intelligent Security

Comparison 
Metric

Traditional Methods 
(Signature-Based)

Modern Methods (AI-Based)

Type of 
Approach

Reactive Proactive

Detection Basis Known patterns and signatures Behavioral analysis and anomaly 
prediction

Response Speed Dependent on human analysis 
and signature updates

Real-time and automated

Scalability Limited under large-scale data 
volumes

Highly scalable and Big Data 
compatible

Accuracy Vulnerable to zero-day attacks Capable of detecting new and 
complex threats

4. The Role of Big Data in Enhancing Cybersecurity and 
Combating Emerging Threats

In the contemporary cybersecurity landscape, Big Data has become one 
of the fundamental components for identifying, analyzing, and responding 
to complex threats. The rapid expansion of the Internet of Things (IoT), 
cloud platforms, enterprise networks, and smart industries has generated 
enormous volumes of structured and unstructured data, the analysis of which 
exceeds the capabilities of traditional security methods (Nugroho et al., 2024). 
Under such conditions, Big Data analytics enables the extraction of valuable 
knowledge from extensive information sources and allows organizations to 
identify potential threats before they escalate into crises. As shown in Table 
1, the primary advantage of Big Data in cybersecurity lies in the transition 
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from limited and reactive analysis toward real-time, intelligent, and proactive 
monitoring  (Kumar Bhardwaj et al., 2024).

The implementation of this data-driven approach requires the integration of 
diverse information sources. As illustrated in Figure 1, Big Data-based security 
analytics architectures are generally built upon three primary data sources: 
system logs, network traffic, and user behavior. System logs provide detailed 
information regarding events, user activities, and authentication processes, 
making them highly valuable for detecting unauthorized access attempts. At 
the network level, the analysis of data flows, traffic packets, and communication 
patterns can reveal intrusion attempts, Distributed Denial-of-Service (DDoS) 
attacks, and data exfiltration activities. In addition, user behavior analytics plays 
a significant role in detecting insider threats, account misuse, and suspicious 
activities by identifying deviations from normal behavioral patterns (Muhati 
et al., 2024).

One of the most significant advantages of Big Data is its ability to process 
massive volumes of information in real time through technologies such as 
distributed computing, cloud computing, and intelligent analytical frameworks. 
These infrastructures make it possible to examine millions of security events 
simultaneously and identify hidden relationships among seemingly unrelated 
incidents. As a result, Time to Detect (TTD) and Time to Respond (TTR) 
are significantly reduced—an essential factor in sensitive and mission-critical 
environments (Adams & Heard, 2016).

However, the true value of Big Data becomes evident when it is integrated 
with artificial intelligence and machine learning. Intelligent models can learn 
attack patterns from large-scale datasets, detect anomalous behaviors, and 
even predict unknown threats or zero-day attacks. This synergy between Big 
Data and AI has transformed security systems from passive mechanisms into 
adaptive and automated defense architectures (Ahmad et al., 2023).

Beyond monitoring and detection, Big Data analytics also plays a crucial role 
in response processes, recovery strategies, and risk management. In complex 
ecosystems such as Enterprise Resource Planning (ERP) environments, where 
data is distributed across multiple organizational units, this technology can 
provide a comprehensive view of the security posture and enable faster and 
more accurate decision-making. Overall, Big Data is not merely a tool for 
information storage and management; rather, it represents the foundation 
of next-generation intelligent cyber defense systems capable of significantly 
improving resilience against emerging and sophisticated threats (Nugroho 
et al., 2024).
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Figure 1. Big Data–Driven Cybersecurity Data Sources: System Logs, Network Traffic, 
and User Behavior Analytics

5. Exploring Key Challenges in Big Data Analytics for 
Cybersecurity

Despite its numerous advantages, the adoption of Big Data in cybersecurity 
is associated with several structural and operational challenges that hinder 
the full utilization of its potential. Based on the data presented in Figure 2, 
the most significant obstacle is related to the volume and velocity of data 
generation, accounting for 30.0% of the overall challenges. This issue creates 
difficulties in real-time analytics and increases false positive rates, ultimately 
leading to slower response times and additional pressure on infrastructure 
resources (Iglesias et al., 2020).

The next major challenges include the scalability of analytical tools and 
data integration, each representing 20.0% of the identified barriers. Scalability 
directly affects infrastructure costs and intensifies the need for advanced 
computational capabilities. Meanwhile, data integration faces problems such 
as heterogeneous data formats and complex data flows, which complicate the 
process of aggregating information from multiple sources. In addition, data 
quality and consistency, accounting for 15.0% of the challenges, emphasize 
the importance of data cleansing and standardization in achieving accurate 
analytical outcomes (Alshaibi et al., 2022)

Finally, security and human-related dimensions also constitute an important 
part of these challenges. Big Data security and privacy concerns (10.0%) 
involve issues such as encryption gaps and privacy-preserving limitations. 
Furthermore, the skills gap in data science and cybersecurity, representing 
5.0% of the total, highlights the shortage of qualified professionals capable 
of managing and analyzing such large and complex datasets (Ebunoluwa 
Johnson et al., 2024).

Overall, these factors indicate that the successful deployment of Big Data-
driven cybersecurity systems requires organizations not only to invest in 



98  |  The Role of Artificial Intelligence and Big Data in Transforming Modern Cybersecurity

technical infrastructures, but also to improve data quality and strengthen 
specialized human expertise.

Figure 2. Taxonomy and impact analysis of key challenges in cybersecurity big data 
analytics. Methodological Note: The taxonomical percentages and impact distribution 

reported above were derived through a systematic content analysis of the reviewed 
literature (2020–2026). A thematic coding approach was implemented, where structural 

and operational barriers identified across 40 peer-reviewed study datasets were 
categorized into six primary challenge domains. The relative weight of each challenge 

represents its frequency of occurrence and prioritized impact index within the surveyed 
research corpus.

6. Intelligent Defense Mechanisms: The Synergy of Machine 
Learning and Deep Learning

The modern cybersecurity landscape demands a fundamental shift from 
traditional reactive protocols to intelligent, proactive defense strategies. 
Traditional methods, primarily reliant on signature-based detection and fixed 
rules, are increasingly ineffective against the velocity and sophistication of 
modern threats. As organizations transition to AI-driven security, the primary 
advantage lies in the ability to overcome the limitations of manual monitoring 
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and shift toward predictive modeling. The core of this transformation is 
the capacity of artificial intelligence to analyze complex correlations within 
massive, heterogeneous datasets, such as system logs, network traffic, and 
user behavior, to identify early indicators of attacks before significant damage 
occurs (Kilincer et al., 2021). 

The operational process of these intelligent systems begins with a rigorous 
data ingestion and processing phase. Raw data gathered from multiple sources 
(IoT devices, cloud logs, and endpoint telemetry) are normalized, cleaned, 
and prepared for analysis. Subsequently, statistical, temporal, and behavioral 
features are extracted to be fed into specialized models. This data representation 
can take various forms, including time series, event sequences, communication 
graphs, or even binary and image-based formats, enabling the analysis of a 
wide range of cyberattack scenarios (Okoli et al., 2024). 

Machine Learning (ML) serves as the foundational layer of this intelligent 
defense. In the realm of Supervised Learning, models are trained using labeled 
data to distinguish between benign and malicious behaviors. Algorithms 
such as Decision Trees and Random Forests are widely utilized for network 
traffic classification, while Support Vector Machines (SVM) provide strong 
performance in intrusion detection based on known patterns. Additionally, 
models like Naïve Bayes and Logistic Regression remain highly effective for 
detecting phishing and fraudulent communications. In contrast, Unsupervised 
Learning becomes essential when data is unlabeled or threats are unknown. 
Clustering algorithms such as K-Means and DBSCAN group similar behaviors 
to reveal anomalous patterns, while Principal Component Analysis (PCA) and 
Isolation Forest are applied to detect outliers and zero-day threats(Chivukula 
et al., 2023). 

At a more advanced level, Deep Learning (DL) architectures extract complex 
and hidden patterns directly from raw data without the need for manual feature 
engineering. Convolutional Neural Networks (CNNs) are highly effective 
for feature extraction in traffic pattern classification and malware detection. 
Recurrent Neural Networks (RNNs) and Long Short-Term Memory (LSTM) 
models are specifically suited for sequential and time-series data, making 
them ideal for analyzing attack sequences and identifying ransomware or 
Advanced Persistent Threats (APTs). Furthermore, Autoencoders provide 
superior performance in anomaly detection by identifying unusual deviations 
from normal system states. To enhance robustness, Generative Adversarial 
Networks (GANs) can generate synthetic attack scenarios, helping defensive 
systems “rehearse” against potential evasion techniques (Kohar et al., 2026). 
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Finally, Natural Language Processing (NLP) serves as a critical component 
for modern threat intelligence. By utilizing Transformer-based models, 
security systems can analyze unstructured text from security reports, blogs, 
and dark web forums to extract indicators of compromise (IoCs), such as 
malicious IP addresses and attack techniques. The integration of these diverse 
AI models, from classical ML to cognitive NLP, enables a multi-layered, 
automated response mechanism capable of real-time actions like IP blocking, 
host isolation, and access restriction (Albahri et al., 2025).A comprehensive 
taxonomy detailing the algorithms used in each of these layers, from supervised 
learning to adversarial models, is provided in Table 2.  While challenges such as 
computational costs, data quality, and adversarial attacks remain, the synergy of 
these technologies constitutes the backbone of next-generation cyber defense.

Table 2. Comprehensive Taxonomy of Intelligent Models in Cybersecurity

Model Type Key Algorithms Primary Security Applications

Supervised 
Learning

Decision Tree, 
Random Forest, 
SVM

Malicious traffic classification, Intrusion 
detection, Phishing detection

Unsupervised 
Learning

K-Means, 
DBSCAN, Isolation 
Forest

Behavioral anomaly clustering, Zero-day 
attack detection

Deep Learning 
(Spatial) CNN Malware detection, Feature extraction 

from network packets

Deep Learning 
(Temporal) RNN, LSTM Attack sequence analysis, Ransomware 

detection, APT identification

Dimensionality 
Reduction / 
Anomaly Detection

PCA, Autoencoder Outlier detection, Abnormal behavior 
identification

Cognitive / Textual 
(NLP) Transformers, BERT Threat intelligence analysis, Social 

engineering detection

Adversarial / 
Synthetic Models GANs Attack evasion simulation, robustness 

training of security models

7. Cloud Computing Security Threats and Emerging Challenges

Cloud computing has become a fundamental infrastructure in modern 
information systems, transforming how organizations access computational 
resources, storage, and digital services. By shifting from local infrastructure 
to on-demand internet-based services, cloud computing enables scalable, 
flexible, and cost-efficient access to IT resources, making it widely adopted 
across industry, academia, and public sectors(Engineering et al., 2023).
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Cloud services are typically delivered through three main models: 
Infrastructure as a Service (IaaS), Platform as a Service (PaaS), and Software 
as a Service (SaaS). These models improve deployment agility, reduce 
infrastructure costs, and support rapid digital transformation in organizations 
(Younis et al., 2024).

Despite these advantages, cloud computing introduces significant security 
challenges due to the centralization of sensitive data and the expansion of 
the attack surface. Key threats include data breaches, identity theft, and 
unauthorized access, which can result in severe financial and operational 
damage. In addition, misconfiguration of cloud resources is a major security 
risk, often caused by incorrect security settings rather than provider-side 
failures (Bhushan & Gupta, 2017).

Insider threats and Distributed Denial of Service (DDoS) attacks 
further complicate cloud security. Authorized users may intentionally or 
unintentionally leak sensitive data, while DDoS attacks can disrupt service 
availability. Therefore, cloud security must ensure not only data confidentiality 
but also system availability and operational continuity(Balani et al., 2020).

Table 3 summarizes the most critical cloud security threats along with their 
impacts and mitigation strategies. As shown, issues such as data breaches, 
misconfigurations, insider threats, and identity theft require a combination 
of encryption, access control, multi-factor authentication, and continuous 
monitoring to mitigate risks effectively.

Recent advancements in artificial intelligence and machine learning have 
significantly enhanced cloud security capabilities. These methods enable 
real-time anomaly detection by learning normal user and system behavior 
patterns. Abnormal activities such as unusual login locations, sudden traffic 
spikes, or unauthorized access attempts can be automatically detected and 
responded to, reducing reaction time and improving incident handling 
efficiency (Subramanian et al., 2018).

As AI models take on autonomous decision-making roles in cloud security, 
the ‘black-box’ nature of deep learning architectures introduces significant trust 
and verification issues for security analysts. Consequently, the integration of 
Explainable AI (XAI) methods—such as SHAP (Shapley Additive exPlanations) 
and LIME (Local Interpretable Model-agnostic Explanations)—has become 
essential. XAI frameworks provide transparent, interpretable rationales for 
model predictions, allowing human operators to understand exactly why 
a specific cloud network packet or user behavior sequence was flagged as 
anomalous. This accountability drastically reduces false-positive investigation 
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times and bridges the gap between autonomous AI actions and human-centric 
Security Operations Center (SOC) workflows.

In conclusion, cloud computing security requires a multi-layered defense 
strategy integrating technical, organizational, and intelligent approaches. The 
combination of encryption, access control mechanisms, zero-trust architecture, 
and AI-driven threat detection is essential for ensuring secure and resilient 
cloud environments.

Table 3. Major Cloud Computing Security Threats and Countermeasures

Security Threat Description Impacts Proposed 
Countermeasures

Data Breach Unauthorized access 
to data stored in the 
cloud

Exposure of sensitive 
information, 
financial loss

Data encryption, 
access control

Misconfiguration Incorrect 
configuration of 
cloud resources and 
services

Data leakage, 
unintended public 
exposure

Security auditing, 
standard 
configurations

Insider Threats Misuse of privileges 
by authorized users

Data theft or 
deletion

Least privilege 
principle, user 
behavior monitoring

DDoS Attacks Overloading servers 
with malicious traffic

Service disruption, 
reduced availability

Cloud firewall, load 
balancing

Identity Theft Attacker obtains 
valid usernames and 
passwords

Unauthorized 
system access

Multi-factor 
authentication 
(MFA)

Malware and 
Ransomware

Infection of services 
and data

Data loss, service 
compromise

Backup strategies, 
intelligent anti-
malware systems

8. Big Data Analytics and Cybersecurity in ERP Ecosystems

Enterprise Resource Planning (ERP) systems have become one of the core 
pillars of business process management in modern organizations. These systems 
integrate functions such as financial management, human resources, supply 
chain, production, customer relationship management, and organizational 
performance analytics within a unified platform. Due to the extensive reliance 
of daily organizational operations on ERP systems, any disruption or security 
breach can lead to severe financial, operational, and reputational consequences. 
With the increasing adoption of cloud-based ERP solutions, the attack surface 
has expanded significantly, making advanced cybersecurity measures more 
critical than ever (Madhav Jha et al., 2023).
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Next-generation ERP systems are accessible through web browsers, mobile 
applications, APIs, and smart devices. While this level of connectivity enhances 
efficiency and flexibility, it also introduces additional opportunities for cyber 
attackers. Threats such as unauthorized access, credential theft, exploitation 
of web services, and misconfiguration vulnerabilities can compromise the 
confidentiality and integrity of ERP data. Since these systems store valuable 
business information and sensitive customer data, they remain highly attractive 
targets for cybercriminals (P. Chinta et al., 2022).

The conventional architecture of ERP systems typically consists of three 
main layers: the database layer, the business logic layer, and the presentation 
layer. The database layer stores the organization’s core data; the middle layer 
executes business processes and rules; and the presentation layer enables 
user interaction through web interfaces or client applications. Each of these 
layers can be targeted by attackers. Common threats include malicious code 
injection at the application layer, exploitation of privileged database access, 
and vulnerabilities in the host operating system (Olaoye, 2025).

In recent years, ransomware attacks have become one of the most critical 
threats to ERP ecosystems. In such attacks, adversaries infiltrate systems, 
encrypt files and databases, and demand a ransom in exchange for restoring 
access (Efe & Geliş, 2024a). Since ERP systems form the operational backbone 
of organizations, their disruption can severely impact supply chains, production 
processes, sales operations, and customer services. In addition to ransomware, 
phishing attacks remain a major attack vector, as attackers use deceptive emails 
to trick users into revealing credentials or granting unauthorized access (Raja 
et al., 2024).

Insider threats also represent a significant challenge in ERP security. 
Disgruntled employees, careless users, or contractors with legitimate access 
privileges may intentionally or unintentionally cause data leakage. These 
threats are often more difficult to detect than external attacks because they 
originate within the organization’s trusted boundaries. Therefore, user behavior 
monitoring, the principle of least privilege, and comprehensive activity logging 
are essential security requirements for ERP systems (Omotoye & Chen, 2026).

The large volume of data generated by ERP systems, networks, security 
logs, peripheral devices, and cloud services has transformed cybersecurity 
into a big data problem. Traditional security analysis methods are not capable 
of processing such massive and heterogeneous datasets. In this context, big 
data analytics combined with artificial intelligence and machine learning can 
extract anomalous behaviors from millions of events. These technologies enable 
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the identification of hidden patterns and support rapid threat detection and 
predictive analysis of future incidents (P. C. R. Chinta et al., 2024).

Deep learning has also gained increasing importance in this domain. Neural 
network-based models are capable of learning complex relationships between 
events and detecting threats that cannot be identified using signature-based 
methods. For instance, analyzing user login sequences, unusual financial 
transaction patterns, or sudden changes in access privileges can indicate insider 
attacks or gradual intrusions. The use of these models in Security Operations 
Centers (SOCs) significantly reduces both threat detection time and response 
time (Jha, 2022).

Ultimately, security in ERP ecosystems requires a multi-layered and 
intelligent approach. The implementation of multi-factor authentication, data 
encryption, security patch management, role-based access control, continuous 
backup strategies, and intelligent threat monitoring are among the most 
critical defensive measures.The correlation between specific threats and their 
corresponding defense measures, such as the use of WAF for web attacks 
or MFA for phishing, is further detailed in Figure 3. Given the growing 
dependence of businesses on connected and cloud-based ERP systems, the 
integration of big data analytics, artificial intelligence, and cybersecurity 
can provide a more resilient and reliable infrastructure for the future of 
organizations (Efe & Geliş, 2024b).

Modern enterprise resilience requires an architectural shift toward Zero 
Trust Architecture (ZTA), operating on the strict principle of ‘never trust, 
always verify.’ Within cloud-based environments, ZTA cannot remain static; 
it must evolve into an AI-native security framework. Recent breakthroughs 
in Foundation Models and Large Language Models (LLMs) tailored for 
cybersecurity have enabled the deployment of intelligent Security Copilots. 
These AI-native architectures ingest heterogeneous data substrates in real 
time, allowing security teams to query complex log environments using 
natural language, automate prompt-driven incident playbooks, and synthesize 
threat intelligence at unprecedented speeds, thereby transforming the speed 
of enterprise defense from hours to milliseconds.

3.1. Synthesized AI-Big Data Conceptual Framework for Secure 
Cloud-ERP Ecosystems

	• ​To synthesize the operational synergy of these technologies, this chapter 
proposes an original conceptual framework that structures enterprise 
cyber defense into four interconnected functional layers within cloud-
ERP ecosystems:
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​Data Ingestion & Big Data Infrastructure Layer: This foundational layer 
utilizes distributed frameworks to aggregate high-velocity, heterogeneous data 
sources simultaneously, including ERP system logs, peripheral API traffic, 
database query logs, and network telemetry.

​Cognitive Analytics & AI Processing Layer: Acting as the computational 
brain, this layer deploys classical machine learning for baseline traffic 
classification, alongside deep learning architectures (LSTMs and Autoencoders) 
for sequential anomaly detection and insider threat identification. Specialized 
LLMs and Security Copilots operate in parallel to ingest unstructured global 
threat feeds.

​Adaptive Cybersecurity Monitoring Layer: This continuous evaluation 
layer evaluates processed analytics against a dynamic Zero Trust verification 
matrix, ensuring real-time behavioral monitoring of identities, endpoints, 
and micro-segmented ERP network zones.

​Automated Response & Orchestration Mechanism: The final layer 
triggers autonomous mitigation protocols (e.g., immediate host isolation, 
programmatic API token revocation, and automated web application firewall 
routing changes) to neutralize verified threats before catastrophic business 
disruption occurs.

Figure 3. Common Cybersecurity Threats in ERP Ecosystems: Attack Methods, Potential 
Impacts, and Defense Measures
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9. Conclusion

This study provided a comprehensive review of the growing role of 
artificial intelligence, machine learning, deep learning, and big data analytics 
in modern cybersecurity, particularly within cloud computing environments 
and Enterprise Resource Planning (ERP) systems. The results indicate that 
with the rapid expansion of digital transformation across organizations, the 
level of cyber threats has significantly increased, making the need for intelligent, 
adaptive, and scalable security approaches more critical than ever (Kechagias 
et al., 2022).

Traditional cybersecurity methods, which are mainly based on fixed rules 
and known signatures, are no longer capable of effectively addressing the 
complexity and high velocity of modern threats (Shaheen, 2023).In contrast, 
AI-based approaches enable real-time detection of anomalies and unknown 
threats by analyzing user and system behavior across large-scale datasets 
(Khalaf et al., 2025).

It was also observed that the integration of big data analytics with artificial 
intelligence plays a crucial role in improving threat detection, reducing response 
time, and increasing accuracy in Security Operations Centers (SOCs) (Jha, 
2022). On the other hand, deep learning models such as Convolutional Neural 
Networks (CNNs), Recurrent Neural Networks (RNNs), and autoencoders 
have demonstrated strong performance in detecting complex attacks, including 
advanced persistent threats (APTs) and zero-day attacks (Reddy et al., 2024).

Despite these advantages, several challenges still remain, including data 
quality issues, high computational costs, adversarial attacks on machine 
learning models, privacy concerns, and limitations of legacy infrastructures 
in enterprise systems such as ERP (Efe & Geliş, 2024a).

In conclusion, the future of cybersecurity depends on the development 
of integrated, intelligent, and multi-layered frameworks that combine big 
data analytics, artificial intelligence, and zero-trust architecture. Such an 
approach can provide the necessary resilience, scalability, and robustness 
against increasingly sophisticated and evolving cyber threats in cloud and 
enterprise environments.
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